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FOREWORD

This Literature Search updates and supplements Astronautics Information
Literaturc Search Mo, 341, “Organic Semaiconductors: Prope lies and Applica-
tions.” Most of the entries refer to material published or papers nresentzd in
the neriod July 1961 through September 1963. Translations of foreign articles
formerly referenced in the original language are cited. Literature Search No. 482
has becn prepared at the request of the technical staff of the Jet Propulsion
Laboratory and is published for distribution to interested organizations working
in the field of astronautics.

The references are lassified in four broad subject areas: Conductivity and
Semiconductivity, Photaconductivity, Excited States, and Dieclectric Effects.
Entries in each of the four areas are further grouped to comprise general refer-
ences. theory, experiment, svnthesis, and application. Within each of these groups
the material is arranged ulphabetically by source. An autaor index is included.

Severat subjects which were only sampled in Literature Search No. 341, such
as organic ’quids, biological molecules, and electron spin resonance. are morve
fully covered herc. lom, exciton, and electron conduction processes are con-
sidered for both extrinsic and intrinsic semiconductors. Varicus types of emis-
sion and absorption spectra are discussed in the section on Excited States. Many
of these entries may be coansidered as basic theory for Conductivity and Semi-
conductivity and Photoconductivity. A sampiing of available studies is presented
in the Dielectric Effects section.

The following reference scurces were consulted in the preparation of this
docuinent: Solid State Abstracts (SSA), Physics Abstracts (PA), International
Aerospace Abstracts (IAA), Chemical Abstracis, Chemical Titles, Current Chem-
ical Papers, National Aeronautics and Spacc Administration Scientific and Tech-
nical Aerospace Repcrts (STAR), Defense Documentation Center Technical
Abstract Bulletin, and JPL Library acquisitions, including periodicals, both
foreign and domestic, pe.tinent to the fields of chemistry, electronics, ~nd ontics.

The compiler wiches to ackuowledge the assistance of Dr. Alan Rembaum
and Dr. Jovan Moacanin of the Jet Propulsion Laboratory.

JPL LITERATURE SEARCH NGO. 482
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CONDUCTIVITY AND SEMICONDUCTIVITY
GENERAL REFERENCES

1. PROCEEDINGS OF THE INTLRMATIONAL
CONFERENCE ON SEMJICONDUCTOR IHYSICS.
PRAGUE, 1960
Academic Press, Inc., New York, N.Y., and
London, England, 1961

The conference, which was orgarized by the Czechoslovak
Academy of Sciences, took place from August 29 *o
September 2, 1960. It was held under the auspices of IUPAP
and was supported by the Czechoslovak Government and
UNESCO. About 760 scientists from 25 ccuntries attended
the conference, which was devoted to fundamental problems
in the physics of semiconductors, both from the experimental
and theoretical point of view. Topics covered included: band
struc ure and related problems; transport phencmena includ-
ing scattering processes, hot electrons, and galvanomagnetic
effects; recombination; radiation damage; optical properties;
optical and magneto-opticzl effects; photoconductivity; surface
phenomena; resonance; ‘hermal properties and thermoelec-
tricity; ionic crystals; and semiconducting materials. (PA,
1962, #21,113)

2. ORGANIC SEMICONDUCTORS
Garrett, C. G. B.
In “Proceedings of the International Conterence on
Semiconduct,r Physics, Prague, August 29--
September 2, 1960,” pp. 844-848
Academic Press, Inc., New York, N.Y., and
London, England, 1961

Various organic materials display an electrical condvzctivity
that increases with increasing temperature: many of these
show photoconductivity as well. Among well-defined sub-
stanices, one can distinguish two classes of organic semicon-
ductors: molecular crystals such as anthracene, and charge-
transfer complexes such as perylene-iodine. The properties of
materials falling into these two classes are reviewed. (PA,
1962, #23,304)

3. ELECTRICAL CONDUCTIVITY OF ORGANIC
SEMICONDUCTORS
Inokachi, H., Akamatu, H.
In “Solid State Physics-—Advances in ¥ esearch and
Applications,” Volume 1%, pp. 93-148
Seitz, F., Turnbull, 12., Editors
Academic Press, Inc.,, New York. N.Y., 1861

'The article covers the following: intracaction. including
histcrical survey of electrical cunduction in organic com-
pounds, concept of organic semconductors, classes of the
organic semicondactors, and structural aspect of the organic
semiconductors; preyiiations and purifications of orgaric semi-
conductors; electrical resistivity of orgenic semnicenductors,
including preparation of conduvctivity cells, survey of the re-

sistivity measurements, p.essure dependence ! r resistivity,
single crystals, results with thia films, and phthalocyanines;
photoelectric phenomena, incliding photoconductivity and
photovoltaic effect in organie semiconductors; discussion of
the energy gap. with the energy band model, the tunnel
effect, and the exciton; and semiconductive properties of the
aromatic-halogen moleculur complexes and of the alkali metal-
aromatic complexes. The molecular formulas of semiconduc-
tive organic compounds and the commercial names of vat
dyestufts are presented in append:ces.

4. CONDUCTION AND BREAKDQOWN IN LIQUID
DIELECTRICS
Sharbaugh A. H., Watson, P. K.
In “Progress in Dielectrics, Volume IV,” pp: 199-248
Birks, J. B., Hart, J., Editors
Academic Press, Inc., New York, N.Y., and
Heywooa & Company, Ltd., London, England, 1962

This is a review, mainly of work since 1957, on the con-
ductior and breakdown of purified organic liquids. The topics
considered include low-field and high-field conduction, elec-
trical breakdown rneasurements, miscellaneous high-field
phenomena, and mechanisms of electrical breakdown. 89 ref-
erences. (FA, 1962, #19,572)

5. GIANT MOLECULES AND SEMICONDUCTORS
Brillouin, 1., ’
Cahiers de Physique. v. 15 pp. 413425, October 1961

A discussion is presented of the relationship between the
bzhavior of large Liologiral molecules (proteins and nucleic
acids) and that of semiconductors. The ‘xork of many authors
is reviewed, and it is shown that their results suggest a close
similarity between these molecules and semiconducting cir-
cuits. 42 references, (PA, 1962, #6430)

6. ELECTRICAL PRUPERTI¥S CI' ORGANIC SOLIDS
Kearns, ). R.
1860
California, University of, Berkeley
Thesis

7. ORGANIC CONDUCTORS RESEARCH
Chemical and Engineering News, v, 40, no. 9, pp. 86-93,
February 26, 1262

The survey includes a discussion of conduction mechanisms
and conduction in anthracene, pelymers (including polydike-
tones and the polyacene quinone radical polyme:s), ionic
photoconductor dyes, the charge-transfer compiexes {includ-
ing 7,7,8,8-tetracyanoquino-dimethane and iodine-perylene).
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diamands and graphite. Work being done at various agencies
is pointed out, and the SSSR contributions to the field are
noted.

8. POLYMERIC SEMICONDUCTORS
Rembaum, A., Moacanir, J.
To be publisl d in “Progress in Dielectrics, Volume VI”
Heywood & Comzany, Ltd., London. England
(in publicatior: 1964)

9. SYMPOSIUM ON ELECTRICAL CONDUCTIVITY
IN ORGANIC SOLIDS
K:{lmann, H., Si'ver, M., Editors
Ioterscience Publishers. Inc., New York, N.Y., 1961
(Revicw 2w €. A. Klein available in Sclid-State Electronics,
v. 5, pp. 418—41¢, 1562)

Proceedings are presented of a conference (Duke Univer-
sity, Durham, North Carolina, April 1960} sponsored by the
Office of Ordnance Research, U.S. Army; the Office of Naval
Research. U.S. Navy; and the Office of Scientific Research,
U.S. Air Force. The conference was devoted entirely to this
“new” area in solid-state research. The following papers are
presented:

“Charge-Transport Processes in Organic Materials,” by
H. Kallmenn and M. Pope, pp. 1-25 (For abstract see
Entry #669, AI/LS 341.)

“Photoconductivity in Aromatic Hydrocarbon C.ystals,” by
Q. Simpson, pp. 27-38 (For abstract see Entry #712,
Al/LS 341.)

“Photoelectric Propesties of Semiconducting Organic Dyes,”
by A. Terenin, pp. 39-59 (For abstract sce Entry
#1682, AI/LS 341.)

“Observations on Aromatic Hydrocarbons in Connection
with Their Electrical Conductivity,” by N. Riehl, pp.
61-68 (For abstract see Entry #676, AI/LS 341.)

“Ine Photovoltaic Behaviors of Arcmatic Hydrocarbons,”
by H. Inokuchi, Y. Maruyama, and H. Akamatu, pp.
689-76 (For abstract see Entry #713, AI/LS 341.)

“Pulsed Photoconductivity in Anthracene,” by R. C. Kepler,
pp. 77-81 (For abstract see Entrv #715, AI/LS 341.)

“A-C and D-C Fhotoconductivity in Anthracene Single
Crystals,” by *4. Pope and H. Kallmann, pp. 83-104
(For abstract .ee Entry #717, AI/LS 341.)

“Spatial Distributisn of Trapped Electrons in Anthracene,”
by M. Silver aad W. Moore, pp. 105-111 (For abstract
sce Entry #7531, AI/LS 341.)

“Trapping Centers and Electronic Conduction Processes in
Anthraceue and 3,19-Dichloroanthracene,” by A. Bree,
P. J. Reucroft, and W. G, Schneider, pp. 113-125 (For
abstract sec Entry #716, AI/LS 341.)

“The Diftusion of Excitons and Charges in Molecular Crys-
tels,” by J. N. Murrell, pp. 127-145 (For absiract see
Eatry #732, AI/LS 341.)

“Molecular-Orbital Theory and Cryvstals,” by J. A. Pople,
pp. 147-162 (For abstract see Entry #7733, AI/LS
341.)

“Weak Traunsitions in Mriecular Crystals,” by D. P. Craig
and S. H. Walmslev, pp. 163-181 {For abstract see
Entry #734, AI/LS 341.)

“Emission Spectia in Ciystalline Naphthalene,” bv
H. Sponer, pp. 183-191 (For abstract see Entry #735,
AI/LS 341.)

“Absorption «nd Luminescence Spectra and the Spectral
Dependence of Photoemission and Photoconduction in
Aromatic Hydrocarbon Crystals,” by L. E. Lyors, pp.
193-203 (For abstract see Entry #736, AI/LS 341.)

“Paramagnetic Resonance of Phosphorescent Naphthalene
Molecules,” by C. A. Hutchison, Jr., pp. 205-218 (For
abstract see Entry #737, AI/LS 341.)

“Dispersion Forces in Molecular Crystals,” by D. S.
McClure, pp. 219-238 (For absiract see Entry #738,
AI/LS 341.)

“Electronic States of Aromatic Solids,” by D. Fox, pp.
239-245 (For abstract see Entry #739, AI/LS 341.)

“Ionic Organic Photoconductors,” by R. C. Nelson, pp.
247-256 (For abstract see Entry #710. AI/LS 341.)

“The Electrical Conductivity of Solid Free Radicals and
the Electrcn Tunneling Mechanisin,” by D. D. Eley
and M. R. Willis, pp. 257-276 (For abstract see Entry
#670, AI/LS 241.)

“The Chemical Aspects of Semiconductive Comnounds,”
by H. Akamatu and H. Inokuchi, pp. 277-290 (For
abstract see Entry #671, AI/LS 341.)

“PhotocorniCuction and Photovoltaic Effects in Carotenoid
Pigments.” by B. Ros:nberg, pp. 201-308 (For abstract
see Entry #711, AI/LS 341.)

“Semiconductive Pronerties of Molecular Complexes,” by
R. Sehr, M. M. Lzbes, M. Bose, H. Ur, and F. Wiihehn,
vp. 309-324 (For abstract see Entry #672. Al/LS
341.)

“Electric and Magnetic Properties of Some Low-Resistance
Organic Seraiconductors,” by J. Kommandeur and L. S.
Singer, pp. 325-336 (For abstract see Entry #8673,
AI/LS 341.)

“Electrical and Thermal Properties of Polr-Copper Phthalc-
cy.nine,” by A. Enstein and B. Wildi, pp. 337-357
(For ahstract see Eniry #674, AI/LS 341.)
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“Long Scintillation-Decay Times in Anthracene,” by P E.
Gibbons and D. C. Northrop, pp. 359-368 (For ab-
stract see Entry #740, AI/LS 341.)

“Biological Aspects,” by J. Gergely, pp. 369-383 (For ab-
stract see Entry #675, AI/LS 341.)

o

Energy Tranfer by Aqueous Solutions of Humun Serum-
Albumin (SAH): Photosensitized Reactions,” by P.
Douzou, J. C. Francg, R. Goldstein, and J. M. Thuillier,
pp. 385-394 (For absiract sce Entry #741, AI/LS
341.)

“The Infiuence of Electrode Material on the Photoconduc-
tivity in Anthracene,” by H. Boroffka, pp. 395-398 (For
abstract see Entcv #714, AL LS 341.)

10. ORGANIC SEMICONDUCTORS
Juster, N. J.
Journal of Chen ical Education, v. 40, no. 19, pp. 547-555,
October 1563

A review 1s presented including discussion of the terms in-
volved, the different mechanisms of semiconduction, the
organic materials which show photsconduction or dark con-
ductivity, and possible uses of conductive organics. 48 ref-
erences.

11, SEMICONDUCTING POLTMERIC MATERIALS
‘Topchiev, A. V.
Journal of Polymer Science, Pa.t A: General Papers,
V. 1, nG. 2, pp. 591-597, February 1963

This paper deals with theoretical and experiment:l data on
polymeric products with semiconducting properties. The data
show the possibility of producing, on the basis of polymers,
particularly polyacrylonitrile, substances characterized by
high electroconductivity and exponential deprndonce of the
latter on temperature. Possible chauges in electropliysical
properties of the materials are discussed. A quasimetallic
model of a polymeric semiconductor is described.

12. SOME RELATIONS O STRUCTURE OF SYNTHLETIC
SOLID POLYMERS TG THEIR ELECTRICAL
PROPERTIES
Baker, W. O.

Introductory Paper presented at the International Symposium
on Macromolecular Chemistry, Paris, France, July 1-6, 1963,
sponsored by the Internationa! Union of Pure and Applied
Chemistry, under the patronage of Monsieur le Ministre
d’Etat char;gé dela Recherche S :ientifique, under the
auspices ot the Délégation Générale a la Recherche
Scientifique et Techaique, and t 1e Nationa! Co:nmittee for
Chemistry

(To Le published in Journal of ¥ olymer Science, Part C:
Polymer Symposia)

13. ORGANIC SEMICONDUCTOLS
Kurcda, H.
Kagaku No Ryoiki, v. 17. pp. 113--120, 1963

A review is presented,

14. ZUR ELEKTRISCHEN LEITFAHIGKEIT VON
HOCHPOLYMEREN (ELECTRICAL CONDUCTIVITY
OF HIGH POLYMERS
Kaliweit, J. H.

Kolloid-Zeitschritt, v. 188, no. 2, pp. 97--114, April 1963

15. ORGCANIC SEMICONDUCTORS
Eley, D. D.
M & B Laboralory Bullctin, v. 3, pp. 51-57, 1963

A review is presented. 41 references.

16. ORGANIC SEMICONDUCTORS
Brophy, J. J., Buttrey. J. W., Editor<
The Macmillan Co., New York. N.Y., 1962

This book presents (1) a brief, semi-technical survev of the
highlights of the Inter-Industry Conference on QOrganic Semi-
conductors; (2) an up-to-date collection ¢ 7 reports on major
research activities; (3) a concise sunmary o: the present state
of knowledge; (4) technical papers on the decails of electrical
conduction processes in various organic materials; and (5)
suggestions for pussible new applicatiuns of organic semicon-
ductors in electronic devices.

The following papers are presented:

“Charge Carrier Mobility and Production in Anthracene,”
by B. G. Kepler, pp 1-20

“Electroni: Transport in Anthrecene and Other Organic
Systems,” by O, H. LeBlang, Jr., pp. 21-26

“Carrier Generation and Electrode Contact Effects in Photc-
conductiny, Anthracene,” by M. Silver, pp. 27-35

“Comparison of Measurements on Siugle Crystal and Cor.-
pressed Microcrystalline Mciecular Complexes,” by
P. L. Kronick and M. Labes, pp. 36—44

“Electronic Conduction and Exchange Tnteraction in a New
Class of Conductive Organic Solids,” by R. G. Kepler,
P. E. Bierstedt, and R. E. Merrifield, pp. 4548

“Electronic Conduction in Charge Transfer Molecular Cry-
stals,” by E. Menefee and Y.-H. Pao, pp. 49-78

“Electronic Properties of Organic Compounds: 1. Hetero-
cyclic Compounds,” by S. Aftergut and G. P. Brown,
pp. 79-88

“Electronic Properties of Organic Compounds: II. Theo-
retical Considerations on the Effect of Impurities,” by
G. P. Brown and S, Aftergut, pp. 89-89,
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“Effect of Impurities on the Electrical Conductivity of Simple
Polycyclic Aiumatic Hydrocarbons,” by Y. Okamoto,
T. T. Huang. A. Gordon, W. Brenner, and B. Rubin,
pp. 106-107

“Photoconductivity and Intermclecular Interaction in Non-
ionic Aromatic Crystals,” by M. Y, Kleinerman and
S. P, McGlynn, pp. 108-111

“An Open Shell Self-Consistent Field Method for Aromatic
and Olefinic Organic Molecules,” by U. W. Adams and
P. G. Lykos, pp. 115-122

“The Thermal Coeaductivity of Molecular Crystals,” by
R. W. Keyes, pp. 123-133

“Semicorduction in Polymers,” by H. A. Pohl, pp. 134-141

“Studies of Some Semiconducting Polymers,” by H. A.
Pohl, f. A. Borumann, and W. Itoh, pp. 142-156

“Electrical Coaductivity in Pyrolyzed Palyacrylonitrile,” by
W. D. Brennan, J. J. Brophy, and H. Schonhorn, pp.
156-168

“Current Noise in Pyrolyzed Polyacrylonitrile,” by J. J.
Drophy, pp. 169-179

“Electrical Properties of Fyrolytic Graphites,” by C. A.
Klein, pp. 180-239

“A Management Appraisal of Organic Semiconductors,” by
J. ¥. Bourland, pp. 240-243.

17. CONDUCTION PHENOMENA IN SOLID
DIELECTRICS
Lipseit, F. R., Rolfe, J.
In “Digest »f Literature on Dielectrics—1959,” Volume 23,
pp. 101-131
Trisce,, L. J., Callinan, T. D., Editors
National Academy of Sciences, National Research Council,
Washington, D.C., 196C (available as Publication 782

18. CONDUCTION PHENOMENA IN SOLTD
DIELECTRICS
Davisson, J. ., Pasternak, J.
In “Digest of Literature on Diclectrics--1961,” Volume 23,
pp. 14728
Parks, A. M., Editor
National Academy of Sciences, Nitional Research Ceun il
Washington, D.C., 1962 (available as Publication 1034}

For organic material;, ordinary conduction is cornsidered
on pages 173 through 176; photoconductivity on pages 196
through 198; electroluminescence on page 199; and electrets
on page 212,

19. ELECTRONIC PRCPERTIES OF SOLID POLYMERS
Pohl, H. A., Huggirs. M. L.
March 1962
National Academy of Sciences, National Research Council,
Washington, D.Z..

Technical Report, “Unsolved Problems in Polymer Science,”
pp. 182-187, ASD TR-62-283, AF 33(616)-1861
AD-282-067

A general review is presented of electricul condactivity of
polymers. These polymers generally possess a conductivity
intermediate between metals and insulators, i.e., in the range
of 10-3 to 10** ohm-'cm-!, and exhibit electronic, in countrast
to ionic, conduction. Some of them are noted as photocon-
ductors. Problems still to be solved are poivted out, such as
the foliowing: (1) development of inaterials that would be
suitable fc - pLotosynthesis, i.e., would have both catalytic and
power-cony 2rsion capabilities; (2) development of materials
that would be suitable for ion exchange and at least as con-
Jductive as sea water, thereby possibly permitting fresh water
preparation by an economical means; (3) development of
materials that would be suitable for electron exchange (redox
operation) and would Le conductive; and (4) development
of interpretative understandinT of organic semiconductive
processes that would carry over into useful understanding of
various important biological processes, such as the photo-
induction of cancer, enzyme action, photosynthesis, and vision.

20 PROGRAM AND ABSTRACTS: ORGANIC CRYSTAL
SYMPOSIUM, OCTOBER 10, 11 AND 12, 1962
National Research Council, Ottawa, Canada, 1962

This symposium was sponsored by the National Research
Council of Canada; United States Army Research Office,
Durham, North Carolina; and United States Office of Naval
Research, Washington, D.C. The sessions included: Optical
Properties; Charge-Transfer Complexes and Excitons; Experi-
mental Te hniques; Elecirical Properties (Theory, Arthra-
ce1 2 Miapnetic Properties; ar.d Charge-Transfer Complexes
aud Other Organic Systems,

21. POLYMER SEMICONDY'CTORS
A zemikov, V.
Nauka i Zhizn, no. 2, pp. 8-1¢, February 1961
(Translations available s« {PHS 4874 and JPRS:4592, Joint
Publications Research §2:+ ... ¥Washington, D.C., and
0O7TS8:61-27958 and OTS:61-2%:11, U.S. Dept. of Commerce,
Office of Technical Services, ¥ .« _hington, D.C.)

22. ORGANIC SEMICOM L2 TORS
Brophy, J. J.
Physics Today,v. 24 .. 5. pp. 40—-41, August 1961
{See also kntry # 14

A ceport is given ' s two-day conference held in April
1961 in Chicago under the cosponsorship of the Armour Re-
search Foundation and the magazine Electronics. The audi-
ence of nearly 300, dvawn from widely diverse organizations,
was lreated to eight invited addresses and fourteen contri-
buted papers. The object of the program was to present a
concise summary of the present understanding of a field in
which major research aclivities are only two years old. (PA,
1981, #17,676)
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23. THE PHYSICO-CHEMICAL ASPECTS OF ORGANIC
SEMICONDUCTORS
Pohl, H. A.
February 1, 1962
Princcton University, Plastics Lab., N.J.
Technical Report 64C, DA 36-039-s¢-89143
AD-273,720
(Also available through U.S. Dept. of Cormnmerce, Office of
Technical Services, Washington, D.C.)

A literature review of studies on organic semiconductors is
presented. There are certain aspects of the electronic behavior
of both monomeric and polymeric sem.conductors which need
considerable enlightenment. These include the origin of the
activation energy observed for the conduction processes, the
high conductivities of incompletely crystalline materials, and
the low sensitivity to impurity (and pussibly to morphology)
exhibited by large numbers of organic semiconductors. In
comparing the organic semiconductors with the best examples
of the inorganic ones, it <hould be noted that while overall
conductivities for cither class of material can be made quite
laxge and comparable with the conductivities of some metallic
substances, the organic semiconductors have not yet been
prepared with the high mobilities characteristic of the high-
est quality inorganic semiconductors. Certain attributes of
the presently avaiiable orgaunic semiconductors such as high
pressure sensitivity of certain organic resistors may offer
some advantage.

24, ORGANIC SEMICONDUCTORS
Krentsel, B. A.
Priroda, v. 50, no. 1, pp. 51-55, January 1961
(Translations available as JPRS:948C, Joint Publications
Research Service, Washington, D). C., June 19, 1961. and
O0TS:61-28617, U.S. Nept. of Cormnerce, Office of Technical
Services, Washington, D.C.)

25. ORGANIC SEMICONDUCTORS
Garrett, C. G. B.
Radiation Research, Supplement 2, pp. 340-348, 1966
(Proceedings of Bioenergetics Symposium, Brookhaven
National Laloratory, Upton, N.Y., October 12-16, 1959,
sponsored by the U.S. Atomic Energy Commission)

The following sections appear in the article: Introduction;
Survey of Experimental Results; Theoretical Models; and Sur-
face Effects vs, Volume Effects.

CONDUCYIVITY AND SEMICONDUCTIVITY ~-THEORY

26. ORGANIC SEMICONDUCTORS
Gutmann, F., Netschey, A.
Reviews of Pure and Applied Chemistry, v. 12, pp. 2-15,
March 1962

The sections of this review are: Introduction; Band Struc-
ture in Molecular Crystals; Mobility; Energy Gap; Excitons;
Tunneling, Other Hypotheses; and Semiconductivity and
Structure.

Information on the teraperature depend:nce of electrical
conductivity of organic semiconducters. representing much
of tue literature published before 1961, is tabulated. 45
references.

27. ORGANIC SEMICONDUCTORS
Traynard, P.
Revue de I Institut Francuais du Pétrole et Annales des
Combustibles Liquides, v. 18, pp. 62-82, 1963

A review is presented. 17 refevences.

28. USSR WORK ON SEMICONDUCTORS
Zhurnal Vsessyuznogo Khimicheskogo Obshc! estva imeni
D.1. Mendeleeva, v, 5, no. 5, October 1960
(Translations available as JPRS: 9293, Join: Publications
Research Service, Washin, tc -, D.C., May 26, 1961, and
OTS: 61-23009, U.S. Dept. of Commerce, Office of Techn cal
Services, Washington, D.C.)

This repo:t contains selected papers of USSR work on
semiconducters. The following articles are included: “The
Chemistry of Semiconductors and Electron Mechanisiis of
Chemical Reactions”; “Organic Dyestuffs-Semiconductors and
Their Photoelectric Characteristics”; “The Semiconductor Prop-
erties of Polymer Materials”; “New High-Temperature
Semiconductors and Their Application”; “The Chemistry of
Diamond-like Semiconductors”; “Chemical Reactions on the
Surface of Germanium, Silicon, and Their Electronic Ana-
logues”; “Vitreous Semiconductors”; “Physicochemical Analy-
sis of Semiconductors”; “Radioactivation Analysis of Pure
Materials and Prospects of its Development”; and “Physico-

chemical Problems of Dielectrics.”

THEORY

29. CALCULA™ION OF MOLFCULAR ORBITAL
ENERGIES OF MACROM:LECULES WITH
CONJUGATED DOUBLE BONDS
Kouteck?, J., Zahradrik, R.

In “Proceedings of the Internationa! Conference on
Seisiconductor Physics, Prugue,

August 29-September 2, 1660,” p. 849

Academic Press, Inc., New {ork, N.Y., and

London, £ngland, 1961

The energies of eight types of macromolecules (43 sub-
stances) were calculated by the simple MO-LCAO methad.
The results of the calculations show that the energy difference
between the highest filled energ ' level and the lowest empty
level is, in the case of certain of the nolecules studied, of the
same order of magnitude as the .. .ergy gap in normal semi-
conductors. (PA, 1962, #23,00)
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30. GIANT MOI XCULES AND SEMICONDUCTORS
Brillouin. L.
In “Horizens in Riochemistry,” pp. 205-318
Kasha, M., Pullman, B.. Editors
Academic Press, Inc., New York, N.Y., and
Londcn, Enzland, 1962

The purpose of this report is to give the viewpoint of a
theoretician, who has been at the origin of the whole theory
of semiconductors, and to discuss in very general terms the
conditions reyuired for a possible application ¢t the theory of
semicor-Juctors to macromolecules.

31. SEMICONDUCTIVITY IN BIOILOCICAL MOLECULLS
Eley,D.D.
In “Horizons in Biochemistry,” pp. 341-3586
Xasha, M., Pullman, B.. Editors
Academic Fress, Inc., New York, N.Y., and
London, England, 1962

The paper deals with semiconductor behavior, including
specific conductivity, electron transfer in crystals, the poten-
tial box (electron gas) mcdel, the energy gap, Ohwm's Law
and x, and mebility: the molecular types of solid free radi-
cals, charge-transfer complexes, porphyrins, preteins, nucleic
aci<ls, and nucleoproteins; photeconduction; and biological
systems, including cytochrome systems, chloroplasts, carci-
naZenesis, energy conversion in retinal reds, and irradiation of
proteins.

it is suggested that ar important function of adsorbed
water is to transfer clectrons to biological molecuies such as
proteins and nucleic acids, so as to form n-type laminae. The
intesacticn of quinones and other electron icceptors, such ax
a free rudical source with proteins in lipordal environments,
then forms p-type liminae. The juxtapositior of these struc-
tures, «s in transistors, will allow a wide range of slectron
conducton behavior, 2ad permit the. Iocalizations of oxidation
and reduction behavior in chloroplasts, mitochondria, ete.
This localization may be coupled with stereochemical con-
sideraticns to give a high degrez of specificity. This new
hypothesis may serve to unify the three concepts of Szent-
Gydrgyi. and is offered as a subject for ‘urther experimentation.

32. QUANTUM CHEMISTRY I': MO ECULAR BIOLOGY
Kasha, M.
In “Horizons in Biochemistry,” pp. 533-599
Kusha, M., Pullman, 8., Editors
Academic Press, Inc:., New York, N.Y., and
London, England, 1962

In this essay a numbor of topics in quantum chemistry
nave been singled out for evaluation and comment as an
indication of the potential which these topics offer for de-
tailed molecular electronic mechanisms in biological phe-
nomena A aumber of important topics, such as ligand-field
theory *f metal ions, the intricacies of intramolecular elec-
tronic excitation, and numercus others have heen omitted
from discussion here,

Among the topi's covered are basic thecries of energy
transfer and electrcn transfe,, inciuding the exciton theory of
energy transfer (excitation transfer), charge-transfer interac-
tion {donor-acceptor interaction). and electronic semiconduct-
ivity in molecular aggregates: and molecalac memory models.

33. A THEORY GF EXCITON TRANSFER IN
ANTHRACENE
Zalewski, K.
Acta Physica Polonica, v. 20, no. 4, pp. 313-319, 1961
(in English)

A continuity egnation describing tie maotion of localized
excitons in an anthracene crvstal is proposed. The intermolec-
ular transition probabilities are computed in the dipole ap-
proximation with a semicmpirical adjustment. as used by
Dexter. Simpeon’s experiment is discussed and his phenome-
nological theory reexamined. (PA, 1881, #17.473)

34. ELECTRONIC STRUCT URE OF DEOXYRIBOXUCLEIC
ACID. 1. APPROXIMATE CALCULATION OF THE
T-ELECTRON OVERLAP BETWEEN ADJACENT
NUCLEOGTIDE BASES. PROBABLE CONSEQUEXNCES
Ladik, J.

Acta Physiologica Academiae Scientiarum Hungaricae,

v. 11, np. 239-2.58, 1960

The approximate quantum mechanics =-electron overlap
integrals between the parallel nuclestide bases of deoxyri-
bonucleic acid (IDNA) at 3.36 A from one another indicate
the existence of a =-electron interaction which cannot be
neglected. The biological effect of physical or chemical
chanyes localized in smali parts of DNA is explained by tak-
ing into accotmt the mobil'ty of the electrons along the lcng
axis.

35. STATES INVOLVING CHARGE TRANSFER IN
ORGANIC SYSTEMS
Benderskii, V. A., Blyumenfeld, L. A.
Akad:miya Neuk SSSR, Doklady, v. 144, no. 4, pp. §13-316,
June 1, 1962

It is hypothesized that the local states, which determine
the magnetic and electric properties in two-component ac-
ceptor-cionor crystals, argaric polymers, and low-imolecular
weight compounds with conjugated bonds. are responsible
fer the charge transfer between molecules or between indi-
vidual segments in the molecule, thus explaining the forma-
tior, of carriers in dissociati.: comiplexes involving charge
trrnsfer. The potertial curves of a complex formed from two
raolecules in neutral and polar conditions were studied. The
focai state in a polar compizx represen:s an increasing dis-
location in which the mol---ius «re *..cated closer to each
other than in neutral ciystals. Tr.c electric conductivity of
molecvlar cn stals was stadied by -~culating the dissociation
and polarization enexgy of ihe lorul state irvolving a charge
transfer, and it wa. found that ine dissuciation energy de-
creased rapidly with the size of the molecule and increased
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polarization energy, indicating the appearance of charge car-
riers in molecular crystals. The concentration of curriers, p,
wes found by the equation p == N_ exp(—¢, / 2kT) + n
exp(—Eq / 2kT) + y[N, / (L + W, / W.)] exp(-¢, / 2kT),
where y = 1, and W, and W, are the probability factors of
deactivation and dissociation of the excitons.

36. ELECTRIC CONNDUCTIVITY AND ELECTRON SPIN
RESONANCE SIGNAL IN POLYMERS WITH
CONJUGATED DOUBLE BONDS
Levich, V. G., Markin, V. S., Chirkov, Yu. G.

Akaderniya Nauk SSSR, Doklady, v. 149, no. 4,
rp. 894-896, April 1, 1963

Expression- for electrical conductivity are presented, cor-
responding to .. model of a long-chain molecule with conju-
gated double bonds. Thermal vibrations and heterogeneities
in the chain represent the resistance to displacement of an
electron along the chain, The electrou spin resonance of the
model chain is discussed,

37. THE NATURE OF SEMICONDUCTION IN SOME
ACENE QUINONE RADICAL POLYMERS
Opp, D. A, Pohl, H. A.
American Chemical Scciety, Washington, D.C.
Paper 86, Division of Physical Chemistry, presented ai the
] 40th Meeting, ACS, Chicago, Ill., September 3-8, 1961

The polymers prepared by condensation of variou: substi-
tuted aromatic hydrocarbons with various aromatic ac’d an-
hydrides are scmiconductors which conduct electrenically and
not jonically. Determination of various <lectronic propert es,
such as the Secbeck coefficient, the conductivity, and s
changes with teraperature, pressure, and elz=ctrical field strength
afforded clues as to the nature of the processes basic to elec-
tror.ic conducticn in ruch molecular solidx.

Evidence for the existence of eka-conjugation in the various
organic polymers showing enhanced elect: onic semiconduction
is discussed. Eka-conjugaticn is said to arise when the degree
of conjugation is such that zppreciable amounts of biradical
(or exciton) state appear at room temperature. The energy
of formation of the excited stutes {in ev) can be approxi-
mated by the electron-in-a-box model as, AE o< E3 = n* n?
(n,2 — n,®) /8ma® =< 144 / x*, where x is the number of
conjugated double-single bonds asscciated, and the average
bond length is 1.40A, n, = 2, n, = 1, m = mass of electron,
a = width of potential well. Carrier motion is considered to
occur by hopping mechanism. The basic reactions important
for carrier formatior are considered to be:

(1) R=s R.; AF, = E3 = kT

(2) .R.+ R= .R:- + R*; AF, = AH, + TAS,
gving

(3) n; = (s/2) exp[(—AF, + Es)/ 2kT]

where n, is the concentration of carriers of either sign, s is
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the concentration of urj.aired electrons (spins/cm?). and
AF, is the free energy of formation of carriers. There is evi-
dence for a hopping process of very low saddle height
energy, E,, with the mobility p varving as p = (const.) T2
exp(—E*/kT), and involving carrier-exciton interactis in
the field-favored direction, i.e.,

(4) R+ R - R + R
{5) R*+ R.—» R. - R-.

38. CONDUCTION AND REFLAXATION IN POLYAMIDES
McCall, D. W,
American Chemical Society. Washington, D.C.
Paper 20, Division of Polymer Chemistry, presented at the
144th Me~ting, ACS, Los Angeles, Cal"",
March 31-April 3, 1963

An attempt is made to give a self-consistent discussion of
the conduction, polarization and relaxation processes in poly-
amides. The melting range is usually broad. presumably be-
cause of a distribution of crystallite sizes, and the crystalline
regions show a structure change well below the melting point.
The iatter change is associated with rotation abiut the chain
axes. The amorphous material exhibits a gliss transition,
which is sensitive to water, and a separate relixation region
associated with water dipole motions is obscrved at lower
temperatures. At stil .ower t nperatures a transition involv-
ing both crystalline and amorphous regions anpears and this
is ascribed to rotation about the chain axes. Inic conduction
in the amorphous regions gives rise to a substantiai dc con-
ductivity above the glass temperature, and an accompanying
low frequency polarization (Maxwell-Wagner) is observed.
The nature of the conduction mechanism is discussed.

39. ON THE ELECTRICAL PROPERTIES OF POLYMERS
AND THERIR PRECURSORS
Huggins, C. M,
American Chemical Society, Washington, D.C.
raper 30, Division of Polymer Chemistry, presented at the
14 tth Meeting, ACS, Los Angeles, Calif .,
Mas D 31-April 5, 1963

Considerable data exist on the electrical conductivity of
some polymeric systems, but it has not bzen possible to make
quantitative correlations with chemical or physical structures.
Several techniques of measuring the conductivity itself are
discussed, and it is shown that on'y undes the most optimum
circumstances will the measurement veflect the “true” bulk
conductivity. The difficulties inherent in making theoretical
arguments based on even the best of the e conductivity data
have minimized progress on the study of polymers.

This report describes the separation of the two main fac-
tors controlling conductivity, carrier generation and mobility,
with emphasis on hypothesized mechanisms in typical con-
ducting polymers. For a consideration of carrier transport in
a usual polymer, it is first necessary to ascertain the effect of



JPL LITERATURE SEARCH NO. 432

CONDUCTIVITY AND SEMICCNDUCTIVITY-THEQRY

random molecular orientation on the mobilities as well as any
self-polarization trapping. For a model corapound, meusure-
ments of photo-induced carrier generation and mobility are
made on crystalline and amorphous S-carotene, a highly efi-
cient photoconductor which can be considered to be a pre-
cursor to a linear conjugated hydrocarbon, The technique of
transient space-charge-limited photocurrents is used to meas-
ure genersiion, mobility, and the effects of structure and
impuritics on camrier trapping.

40. ELECTRONIC TRANSPORT IN ORGANIC CRYSTALS
LeBlanc, 0. 4., Jr.
American Chemnical Society, Washington, D.C.
Paper 31, Division of Polymer Chemistry, presented at the
144th Meeting, ACS, Los Angeles, Calif.,
March 31-April 3, 1962

Electronic dcift mobilities have been reported by several
workers, most notably by Kepler who has made a thorough
study of hole and electron mobilities in anthracen, including
anisotropy, temperature dependence over a wide range. and
pressure dependence. The drift mobilities are of the order of
1 em?/v-sec and decrease with incieasing temperatuie. Sim-
ilar results are obtained in other crystals.

The Hall effect has been observed in wetal-free and copper
phthalocyanine. The sign of the effect is that for majority
electrons in the former and for majority holes in the latter, with
Hali mobilities of ~0.4 and ~200 cm?/v-sec, vespectively.

These resuits can be interpreted in a straightforward, self-
consistent fashion with band formalism. From this point of
view the transport mechanism in organic crystals is qualita-
tively the same as that in valence semiconductors; quantitative
differences arise from the extremely narrow bandwidths in
organic crystals. Whether the ban< model really describes
what goes on in these crystals, or whether it is just a phe-
nomennlogical scheme that more or less accidentally gives
reasonable results, is still very much a moot question,

4). A CHEMICAL INTERPRETATION OF THE
SEMICONDUCTIVITY OF AMORPHOUS CARBONS
Weiss, D. E,

Austrdlian Journal .; Chemisiry, v. 14, p. 157, 1961

Qualitative relations are set up between change in
conductivity of C with carbonization temperature and the
supposed structural features of the C. The p-type semicon-
ductivity of C prepared at 600--800°C is thought to be due
to an electronic interaction betwsen carbonyl and ether
groups, through an aromatic residue,

42. SEMICONDUCTIVITY OF HEAT-TREATED ORGANIC
COMPOUNDS
Brooks, J. D.

Australian Inurnal of Chemistry, v. 14, pp. 645-546, 1961

The generdlity is questioned of Weiss's explanation of
semiconductivity of higher-temperature carbons as the inter-
action of ether and carbony! grouy.. The high-temperature
semiconductivity of carbonized poly {vinyhdine chloride) and
carbonized violanthrene is explaincd as painng of o-electrons
of broken bands with adjacent =-electrons.

43. THE ORGANIZATION OF CELLULAR ACTIVITY
Kuyper, Ch. M. A.
Elsevier Publishing Company, Amsterdam, The Nei.serlands,
and New York, N.Y,, 1962

44. ELECTFONIC PROCESSES IN PARAFFINIC
HYDROCARBONS. PART 2. VALIDITY OF A
BAND MODEL
McCubbin, W. L.

Faraday Society, Transactions of the, v. 59, pt. 4, no. 484,
pp. 769-T74, April 1963

(For Part 1, see Entrv #141.) Recent investigations on the
validity of 2 band model fcr organic materials have concen-
trated on unsaturated hydrocarbons. Because the approach
normally used makes no clear distinction between charge
generation and charge wansfer mechanisms, conclusions fre-
quently rest on assumptions which are sufficient but not nec-
essary. The present calculation answers only the question:
how fast does a positive charge—entirely free from the nega-
tive charge with which it may at one time have been assoc-
iated—move from one paraffin molecule to another? The
resuit shows that it is valid to describe charge transport in
terms of a band model.

An anparent contradiction arises from the experimental
result that the conductivity of lignid paraffin greatly exceeds
that of the solid at the melting point. By an extension of the
ideas embodied in the above-mentioned calculation, i is
possible to give a straightforward explanation in terms of
band theory.

45. ON THE THEORY OF IMPURITY LEVELS IN
AMOKPHOUS SEMICONDUCTORS
Gubanov, A. 1.
Fisika Tverdogo Tela, v. 3, no. 8, pp. 2336-2341,
August 1961
(Translated from the Russian in Soviet Physics—S¢'id Siate,
v. 3, no. 8, pp. 16941697, February 1962

Various hypotheses are proposed to explain the absence of
impurity conduction in amorphous semiconductors. It is
shown by theoretical analysis of these hypoti:eses that the
absence of impvrity conduction in amorphous semiconductors
can cnly be explained by a shift in local levels as the result of
a reorientation of the atoms in the vicinity of the defect.



48. THEORY OF CHARGE TRANSPORT ON THE
SURFACE OF SEMICONDUCTOR FILAMENTS
Chobanu, G.

Fizika Tverdogo Tela, v. 3, no. 8, pp. 2434-2441,

August 1961

(Translated from the Russian in Soviet Physics—Sclid State,
v. 3, no. 8, pp. 1767-1772, February 1962)

The effective {rms) mobility of carrier charges in a semi-
conductor flament of cylindrical symmetry is computed, tak-
ing into account the presence of a region with a space charge
at the surface of the filament. The computation is carried out
by means of the solution of the Boltzmann transport equation.
The obtained formulas are applied to the case when the space
charge has a poiential of parabolic form.

47. LCCAL FLUCTUATION LEVELS IN AMCRPHOUS
SEMICONDUCTORS
Gubanov, A. 1.
Fizika Tverdogo Tela, v. 4, no. 10, pp. x873-2879,
Qctober 1962
(Translated from the Russian in Soviet Physics—Solid State,
v. 4, no. 10, pp. 2104-2108, April 1963)

A theoretical study is made of the formation in araorphous
bodies nf local electron levels due to 8uctuations in tve posi-
tion of atoms. These electron or hole fluctuation traps may be
responsible for the absence of impurity conduction in glassy
semiconductors.

48. ON THE OBSERVATION OF TRANSIENT SPACE-
CHARGE-LIMITED CURRENTS IN INSULATORS
Silver, M., Mark, P., Olness, D., Helfrich, W., Jarnagin, R. C.
Journal of Applied Physics, v. 33, no. 10, pp. 2988-2991,
October 1962

The conditions for the observation of space-charge-limited
(SCL) transient current pulses in insulators are exarmined. A
parameter @ = 2¢,/r (t. = space-charge-free transit time and
7 = response time of the ciconit) is defined, whose value de-
termines the extent to which the pulses are distorted from their
ideal shape. For a >> 100, the pulses are undistorted. For
20 < < 100, the pulse shape becomes disto.ted from the ideal
case, and for «-Z20, pulses begin to be indistinguishable. It
is shown that carrier transport in any insulator may be in-
vestigated by transient SCL, current measurements provided
that trapping is not too severe and that ohmic contact forma-
tion (either transient or steady-state) is possible. (PA, 1962,
#23,259)

49. ERRATUM: OPTICAL AND OTHER ELECTRONIC
PROPERTIES OF POLYMERS
Tinoco, L, Jr. .
Journal of Chemical Physics, v. 34, no. 3, p. 1067,
March 1061

Corrections are made in the equations of a previous paper
(Entry #686, AI/LS 341) as a vesult of the criticism by
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Professor R. Feynman, California Institute of Technology.
that the former equatiors were not adeguate to give the cor-
rect oscillator strength or polarizabitity for a polymer.

50. BAND STRUCTURE AND TRANSPORT OF HOLES
AND ELECTRONS IN ANTHRACENE
LeBlane, O. H., Jr.
Journal of Chemical Physics, v. 35, no. 4. pp. 12751280,
October 1961

Previous mobility measurements indicate that the band ap-
proximation can be used to describe the behavior of injected
Loles and electrons in anthracene, and the present theoretical
investigation appears to confirm this. The structures of the
bands appropriate te a hole or electron are calculated with
the tight binding approximation. Hiickel linear combinations
of Slater-type atomic orbitals are used for the molecular basis
functions. Both bands are highty anisotropic and each is found
to be approximately 0.56 kT wide at room temperature.
Mobility tensors are derived using a simplified treatment f
scattering which assumes isotropic scattering parameters. The
calculated mobilities exhibit roughly the anisotropy that has
been observed experimentally. Magnitudes of the scattering
parameters are estimated from the observed mobilities, and
these are found to be reasonabl: (e.g., free path > lattice
distances). (PA, 1961, #17,451;

51. RESONANCE TRANSFER MODEL OF ELECTRON
AND HOLE CONDUCTION IN ANTHRACENE
Kearns, D.

Journal of Chemical Physics, v. 35, no. 8, pp. 2269-2270,
December 1961

A resonance transfer model is applied to the experimental
results of Kepler, Variation of electron and hole mobilities as
the reciprccal temperature agrees with experiment, but both
have the sarne dependence on temperature from the theory
which conflicts with experiment. Anisotropy of hole mobility
in the model shows good agreement with experiment but dif-
ferences occur in the case of electron mobility. (PA, 1982,
#4027)

o

52. SEMICONDUCTIVY. PRCPERTIES OF TETRA-
CYANOETHYLENE COMPLEXES AND THEIR
ABSORPTION SPECTRKA
Kuroda, H., Kobayashi, M., Kiaoshite, M., Takemato, S.
Journal of Chemicai Physics, v. 36, no. 2, pp. 457462,
January 15, 1962

The ahsorption bands characteristic of tke solid molecular
complexes of tetracyanoethylene are attributed to the charge
transfer .nteraction between tetracyanoethylene and donor
molecules. In the complexes with polycyclic aromatic hydro-
carbons, the energy gsp associated with the semiconductivity
agrees well with the energy of the charge-transier excitation
in the crystalline state, while the former is much smaller than
the latter in the complexes with pulymethylbenzenes and
azulene. (PA, 1962, #4040)
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53. ELECTRICAL CONDUCTIVITY OF PROTEINS.
. SEMICONDUCTION IN CRYSTALL:NE BOVINE
HEMOGLOBIN
Rosenberg, B.
Journal of Chemical Physics, v. 36, no. 3, pp. §16-823,
February 1, 1962

Evidence is presented to show that cry«taliine bovine
hemnoglobin is a semiconductor in the dry state. The semi-
conduction activation energv is 2.3 ev. This is similar to the
values obtained for a number of other proteins, cliromopro-
teins, and biological structures which have proteins as the
main constituent. The effect of adsorbed water is to increase
the conductivity enormously. The dependence on the amount
of adsorbed water is exponential, in agreement with the re-
su'ts « " Baxter and Spivey. In the “wet” state, the protein is
«tila ,ciniconductor, but the semicoriduction activation energy
i> lower. The dependence of the activation energy on the
amourit of adsorbed water is given by

EW - ED —-Sm.

It has been proved that this is the only effect of water in
causing the increase in conductivity. The value of ¢ in the
semiconduction formula is 7 X 103[Q-cm]-' and is indzpen-
dent of th: adsorbed water content. The effect of water ad-
sorption on the conductivity is reversible when the water is
desorbed. Experimental evidence, which strongly indicates
that the conductivity process in the wet protein is electronic
rather thau ionic. has been given previously by the author, A
theory is developed which shows that the effect of adsorbed
water in increasing the dielectric constant of the protein
lowers the wo~k necessary to separate the charges due to the
increase in the poiarizability of the medium. This leads to a
prediction that the dependence of the dielectric constant on
the adsorbed water conient shouid be of the form

x = K/(l - xxm).

Some previous measurements of Medley and King are in semi-
quantitative agreement with this. The theory also predicts
that for higher adsorbate concentrations, the conductivity
should become constant (saturation effect). Again, the mesas-
urements of Medley and King confirm this. This saturation
effect allows an estimate to be made ot the radius of the
pclarization (R) and the icnization energy minus the electron
affinity {I - A) for the protein. R =28 X 10-* ¢cm and
I—-A == 10 ev. Loth values are in reasonable agreement with
expectations. (PA, 1462, #6473)

54. ERRATUM: BAND STRUCTURE AND TRANSPORT
OF HOLES AND ELECTRONS IN ANTHRACENE
LeBlanc, O. H.,, Jr.

Journal of Chemical Physics, v. 36, no. 4, p. 1082,
February 15, 1962

{For original article, see Entry #50.) A mistake in one of
the equations is peinted out. Corrected values of the resonance
integrals are given. (PA, 1962, #8§186)

10

55. THEORY OF HOLE INJECTION AND CONDUCTIVITY
IN ORGANIC MATERIALS
Kallmann, H. P., Pope, M.
Jouvnal of Chemical Physics, v. 36, no. ¢, pp. 2482--2455,
May 1, 1962

The relationship Letwee. current and applied voltage is
calculated {or a procass in which a given number of charge
carriers of one sign is injectrd into matter which contains
orly a regligible density of charges of the opposite sign. Dif-
fusion effests are taken int~ account approximately. The cur-
rent-voltage relat-onship depends strongly on the image force
exerted on the injected carriers newr the electrode. The cal-
culated current-voltage curve agrecs qualitativel with that
observed in anthraceise under light evcitation. The yoltage at
which saturation is approached can be calenlated and de-
rends upon a recombinction velocity of the injected charge
with the injecting electrode, aud upon the image f{orce.
Different saturation voltages for varicus electrodes can he
explained by a difference in recombination velocities. The
dependence of the saturation voltage upon the intensity of
the saturation curient is also explained. For anthracene, the
recombination between holes and a water electrode is ex-
pressed as a velocity much greater than thermal velocities.
(PA, 1962 #14,521)

56. TUNNELING MODEL ¥OR ELECTRON TRANSPORT
AND ITS TEMPERATURE DEPENDENCE IN
CRYSTALS OF LOW CARRIER MOBILITY
Keller, R. A., Rast, H.E,, Jr.

Journal of Chemical Physics, v. 36, no. 10, pn. 2640-2643,
May 15, 1962

A tunneling model is used to explain electron transport
in crystals of low carrier mobility. Temperature is incorpo-
rated into the model by allowing the barrier width to vary
sinusoidally as a result of latticc vibrations. The maximum
amplitude of vibration is proportional to T%/2, The resulting
expression for the mobility exhibits a linear temperature
dependence. The model can also be used to estimate the width
of the condnction band. The calculated results are compared
with experimental results on anthraccne, and the agreement
is quite good for the mobilitv Lut noi as good for the temper-
ature dependence. ‘

57. ELECTRON CONDUCTION IN CHARGE-TRANSFER
MOLECULAR CRYSTALS
Menelee, E., Pao, Y.-H. —
Journal of Chemical Physics, v. 36, no. 12, pp. 3472-3481,
June 15, 1962

Molecular crystals consisting of strong electron donors and
strong electron acceptors in ordered array often possess elec-
tronic properties which are not found in other types of
organic solids. Molecular orbital calculations are carried out
for the triethylamsaonium (tetracyanoquino dimethane), crys-
tal. The LCAO-MO method combined with a crystal-field
splitting calculation results in a reasonably accurate value for



the activation energy observed for electron conduction. Or a
basis of the results of this calculation, it would be concluded
that this tupe of orgunic solid shoull not be expected to
exhibit the properites of cenvzntional inorganic semicondie-
tors. Bowever, the results do provide a basis for some Lypo-
thesee concerning electron conduction processes and possible
photoconduction mechanisms in these solids. (PA, 1962,
416,673)

58. CALCULATED ELECTRON MOBILITY AND
ELECTRICAL CONDUCTIVITY IN CRYSTALS OF
LINEAR POLYENES
Tobin, M. C.

Journal of Chemical Physics. v. 37, no. 5, p. 11586,
September 1, 1562

Using the theory of Bardeen and Shockley, *he nichility
and electrical conductivity of a crystal of long-chaiu laear

polyene molecules were calculated to be 1.4 cm?/v sec and
0.12 ohm™ cm-!. (PA, 1963, #4926)

59. ELECTRONIC CONDUCTIVITY IN MOLECULAR
CRYSTALS: AN ALTERNATIVE TO THE BLOCH-
FUNCTION APPROACH
Keller, R. A.

Journal of Chemical Physics, v. 3%, no. 5, pp. 1076--1083,
March 1, 1963

Bloch functions are not good basis functions for molecular
crystals in high electric fields. When the interaction with the
electric field is large with respect to ncxt-neighbor interac-
tions, it is better to use wave-functions which are localized
over molecular sites as basis functions. A treatment of eiec-
tronic mobility and diffusion in molecular crystals is de-
veluped using quantum mechanical transition probabilities
between localized energy levels and considering only nearest-
" neighbor interactions. The asymmetry of the pctential
function, caused by the electric field, and the conservation of
energy during transport are considered. The mobility is found
to be independent of temperature, and the diffusion constant
proportional to teinperature. The magnitude of the diffusion
constant calculated from phonon-induced transitions is quite
reasonable (4.6 X 10-3). Photon-induced transiticns do not
appear to be important.

60. DARK CONDUCTIVITY OF CATIONIC DYE
PHOTOCONDUCTORS
Nelson, R, C. .
Journal of Chemical Physics, v. 39, no. 4, pp. 859-863,
August 15, 1963

A theory is put forth to account for the dark conduction in
cationic dyes, which assumes thermal excitation trom grouad
state to conductive excited state, followed by trapping of the
hole at the anion. It is applicable in principle to any case in
which charge carriers are separated by an intrinsic thermal
process which is followed by deep trapping of the minority
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carrier. Where such processes take place, measurements of
thermally excited conduction will in general lead to one of
three results when interpreted by simple equilibrium theory:
the correct activation energy will be found, but the mobility
inferred will be impossibly high; or, the mobility will be of
the carrect order of magnitude, but the activation snergy wili
be too low; or both will be incorrect. The theory is applied to
data for dark conduction in eight triphenylmethane dye
halides. and it accounts for the observed thermal activation
energies in terms of optical energy levels, and leads to mobal-
ities which are similar and of acceptable magnitude.

61. BAND STRUCTURE AND TRANSPORT OF HOLES
AND ELSCTRONS IN HOMOLOGS OF
ANTHRACENE
Thaxton, G. D., Jarnagin, R. C., Silver, M.

Jeurnal of Physical Chemistry, v. 66, nc. 12, pp. 24612465,
December 1962

Calculations of the band structure and of the mobility of
excess holzs and of excess electrons in homologs of anthracene
have been completed. Following LeBianc, the ght binding
approximation was used and applied to naphthalene, tetra-
cene, and pentacene. Calculated mobility tensors and band-
widths indicate the mobility propertes of excess chuarge
carziers in all four molecular crystals to be much alike. Ex-
perimental resuits for the crystals other than anthracene are
not yet available.

62. CONDUCTANCE MECHANISM IN DORGANIC
SEMICONDUCTOR POLYMERS
Airapet; ants, A. V., Voitenko, R. M., Davydov, B.E.,
Krentsel, B. A.
Preprint 70, presented at the International Symposium on
Macromolecular Chemistry, Paris, France, July 1--6, 1963,
sponsored by the International Union of Pure and Applied
Chemistry, under the patronage of Monsieur le Ministre
d’Etat chargé de Ia Recherche Scientifique, under the
auspices ! the Délégation Générale & la Recherche
Scientifique et Technique, and the Naticaal Committee
for Chemistry
(To be published in Journal of Polymer Science, Part C:
Polymer Symposia)

A previous study of the dependence of differential thermal
EMF and temperature showed that the character of this
dependence is governed by the nature of the polymer when
experiments are conducted ia air. The preseut paper describes
how the adsorption of oxygen influences the electrophysical
propertics of semiconducting materials derived from poly-
acrylonitrile, The desorption of oxygen is accompanied by an
increase in conductivity and by a decrease in the energy of
activation of polymeric semiconductors. The desorption of
oxygen is also accompanied by a decrease in thermal EMF
(positive sign) which at definite temperatures characteristic
of each semiconductor passes through zero and changes its
sign. The desorption of oxygen thus causes the transition of
the hole-containing semiconductor (as the sior of thermal
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EMF shows) into electronic materials. The dependence bhe-
tween thr \hermal EMF of deaerated polymeric semicon-
ductcrs .nd temperature indicates the existence in the studied
example 3 of partially or completely degenerated current car-
riers; t'i¢iv concentration Joes not depend on the temperature,
and '~e exponential increrse of conductivity is determined by
exponentiul increases of the efficient mobility of the carriers.
Moreover, the assumnption that carriers degenerate is con-
firmed by the nature of the dependence between the thermal
EMF and electroconductivity.

63. ELECTRONS AND HOLES IN ALTERNANT HYDRO-
CARBONS
McLachlan, A. D.
Molerular Physics, v. 4, no. 1, pp. 49 -56. January 1961

The theory of creation and destruction operators is used
to give a new, simpler proof of the well-known pairing
relation between electronic states of alternant hydrocarbon
positive and negative ious. The method is like one that
Heisenberg used to explain why the atomic spectra of ele-
ments such as C (with two electrons in the 2p shell), and O
(with two holes) are so similar, It depeads on the analogy
between electrons in an orbital ¢’ and holes in the paired
antibonding orbital ¢’ of the =-electron chell. A modified
pairing relation holds also in a magnetic field. Applications of
the operators to other problems are suggested. (PA, 1961,
#14,071;

64. THE MOBILITY OF HOLES AND ELECTRONS IN
ORGANIC CRYSTALS
Murrell, J. N.
Molecular Physics, v. 4, no. 3, pp. 205-208, May 1961

Overlap integrals between the molecular erbitals of difter-
ent anthracene molecules in the crystal lattice are calculated.
In the ¢’ direction the highest occupied orbitals overlap to a
greater extent than the lowest vacant orbitals (a ratio of
4.7:1). This result explains the experimental fact that holes
are more mobile than electrons in this direction. It is predicted
that in the ab plane the mokilities of the holes and viectrons
should be approximately equal, and considerably greater than
in the ¢’ direction. {PA, 1962, #585)

85. ELECTRICAL CONDUCTION IN DIELECTRICS
Armstrong, H.
In “Digest of Literature on Diclectrics—1860,” Volume 24,
pp. 121127
Callingn, T. D., Parks, A. M., Editors
National Acadenty of Sciences, Natioral Research Council,
Washington, D.C., 1861 (available as Publication 917)

In a section on polymers and organic substances, Murphy’s
work on cellulose, silk, and water is reported, Conductivity of
nearly dry cellulose is represented as the sum of two terms,
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one representing ionic conduction, the second depending upon
absorbed water. Conductivity of the materials containing
appreciable amounts of water is expressed by a separate
formula: ¢ = ¢, (¢/a,)", where o, is conductivity at sat-
uration, o the amount of water in percent of dry weight, g,
the amount of water at saturation, and n a constant depend-
ent on the structure of the material.

68. IONIZED STATES AND CHARCL TRANSPORT IN
CRYSTALLINE CHARGE TRANSFER COMPLEXES
(ABSTRACT]

Tobin, M. C.

In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” pp. 4649

National Research Council, Ottawa, Cancda, 1962

It has often been reported that orystalline charge-transfer
complexes have dark conductivities orders of magnitude
higher than either component. This seems tc be due in good
part to a lessened activation energy.

Lyons and Fox have pointed out that for intrinsic conduc-
tion, only ionized exciton states of an organic crystal may be
involved, sinice these are the only ones which can be markedly
affected by an electric field. Lyons hypothesizes that an
ionized exciton raigrates to a trap, where the trapping energy
leads to disscciation. Fox, however, shows that the energetics
of the lowes. conducting state are such that conduction in
organic ¢rystals might often be intrinsic. In both pictures, a
major factor is the polarization energy of an isolated charge
in a crystalline lattice. To examine these questions, the ionic
energy levels in a hypothetical, ideal crystal of a charge-
transfer complex is considered, using Lyon’s approach. Lumi-
tations of the applicability of the arguments are pointed out.

67. POLARONS IN MOLECULAR CRYSTALS
[ABSTRACT]
Siebrand, W.
In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” pp. 36-60
Nationsl Research Council, Ottawa, Canada, 1962

in conventional band theory the electronic overlap term of
the total Hamiltonian is considered in zeroth order, producing
Bloch-type energy bands, whercas the interaction of the con-
ducting elecirons (or holes) with nuclear vibration: is treated
as a perturbation giving rise o scattering. In narrow band-
type semiconductors, such as inolecular crystals, the order in
which these terms have to be taken into account may be
reversed. The elec*zon—phonon interaction then will lead to
formation of polarons, i.e., electrons in self-induced potential
wells, and the electronic overlap will produce polaron bands
corresponding to the motion of a polaron as a whole. In this
note recent developments in polaron theory are applied in a
qualitative way to molecular crystals,
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68. TECHNIQUES AND INTERPRETATION OX
TRANSIENT MEASUREMENTS {ABSTRACT]
Mark, P.

In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1982,” pp. 75-79
National Research Council, Ottawa, Caunada, 1962

The salient features of SCL current transients in insula-
tors, first reported independently by Many, et al, and by
Helfrich and Mark, are illustrated. At t = 0 (it is 2ssumed
that the applied voltage rises instantaneously to its steady
state value), the injected space charge resides on the surface
of the crystal viewed as a capacitor. As ¢ increases, the crystal
begins to fill with space charge, located behind a well-defined
carrier front which advances through the crystal from the
injecting electrode by the action of the applied field. As the
crystal fills with space-charge, its capacitance in :reases with
time. This also causes the current to increase until the carrier
front arrives at the exit electrode (which may be either ohmic
or blocking) at the time t, = 0.786 t, (¢, = d2/uv, the uni-
form field transit tirue): t, is less than ¢, because the average
field seen by the carrier front as it traverses the crystal is
always greater than the uniform field v/d. A cusp appears in
the current at ¢, because at ¢, the space charge in the crystal
is concentrated near the exit electrode, while in the steady
state it is concentrated near the injecting electrode. As ¢
increases beyond ¢,, the redistnbution of the injected space-
charge causes the current to decay from the cusp to its lower
steady state value. The exact shape of the transient in the
interval 0 < ¢t << ¢, can be obtained analytically and has the
form

i(t) = 0.445 j,, [1

t 1?2 \
—Ez:] (amp/m?).

For t > t,, numerical methods are required to calculate the
decay to the steady state,

~»

69. ELECTRON-LAT1ICE INTERACTTONS IN ORGANIC
SEMICONDUCTORS [ABSTRACT]
Glaruz.,, S. H.
In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” pp. 84-89
National Research Council, Ottawa, Canada, 1962

To assess the potential of orgaaic materials for semicon-
ductor applications it iz necessary to know their carrier mo-
bility characteristics. in an electric field mobile charges drift
through a lattice, and a steady state is reached in which the
potential energy gained by these charges is converted into
lattice vibrational energy. Any a priori calculation of drift
mobilities must take into account the electronic and vibra-
tional states of the lattice, as well as their interactions. At
present, information concerning the properties of organic
lattices is so L.nited that such a calculation is not practical,
and to approsch the problem theoretically oversimplified
models are needed.

CONDUCTIVITY AND SEMICONDUCTIVITY - THEORY

As Emiting cases of carrier motion, two models are usually
cordidered—a band (delocalized) model and a hopping (lo-
calized) meodel. In thc forn.er case one visualizes carriers as
traveling in a wave-like fashion, traversing many lattice sitcs
before being scattered, while in the latter case carriers are
eavisioned as hopping in s random fashion from molecule to
molecule. The purpose of this discusson i~ to investigate
charge mobilities in both cases in terms of existing semicon-
ductor theory under conditions expected to occur in organic
molecular crystals, What may be expected from organic semi-
conductors in the way of high carrier mobilities? Mos favor-
able conditior:s arise when bands are wide and the lsitice is
isotropic. Even then, however, it is difficult to con.cive of
situations where the mobility exceeds 10-30 em?/v/sec, pro-
vided the tight-binding approximation holds.

One objection to this conclusion might be that the argu-
ments presented Lave assumed a simple lattice of translation-
ally equivalent molecules rather than a real lattice structure.
In the latter case it is possible to find configurations which
give much smaller effective musses at band edges, and there-
fore a mobility higher than thai to be expected for a simple
lattice. In organic molecular lattices, however, these advan-
tages are small, for the deformaticn potential is inversely
proportional to the effective mass. Tiis effect, combined with
the effects of lattice anisotropy, suggasts that little is to be
gained in seeking favorable lattice structures. It should also be
remembered that in this band model, multiphonon processes,
vibrational modulations of localized site energies, defect and
impurity scattering, and librational lattice modes have been
ignored—all factors which may be important, and which will
further reduce the mobility below that calculated. Unless it
can be shown that bandwidths in the ev region may occur
in organic crystals, so that the tight-binding approximation is
no longer adequate, the conclusions as to the magnitude of
electron mobilities in organic semiconductors are probably
correct.

70. THE PHYSICAL SIGNIFICANCE OF THE
ACTIVATION ENERGY FOR CONDUCTANCE IN
AROMATIC HYDROCARBONS [ABSTRACT]
Forster, E, O.

In “Y'rogram and Abstracts: Organic Crystal Symposium,
October 10--12, 1962,” pp. 125327
National research Council, Ottawa, Canada, 1962

The activation energy E as obtained from the change of
conductance with temperature has been used as an important
parameter in elucidating the conduction mecharism of or-
ganic substances. No satisfactory explanation has been ad-
vanced to account for the fact that the value of E does not
change monotonically with increasing size of the aromatic
molecules. To elucidat= this problem, availabie date for E
(using the form exp(—E/kI')) have been compared with
such molecular parameters as resonance energy, (RE), and
energy values (E®) for the transition from the ground state
to the lowest excited stote (3E,) (both for solutions of the
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respective 1wolecule in nonpolar solvents und for the solid
maverial). These quantities are cornpared for a series of linear
polyacenes, and a similar comparison is also made for com-
pounds derived from naphthaleae, Included are values of E,,
a predicted activation energy wliich was calculated from the
empirical relation E, = 0.067 p, where p is the number of
peripheral =-electrons, and 0.067 is a constant selected so as
to fit the experimental data for benzene. The existence is
suggested of two basic conduction mechanisms in aromatic
molecules. One merchanism, applicable to polyacenes with
less than 18 peripheral =-electrons, involves the injestion of
an electron at the cathode. The second mechanism. applicable
to polyacenes having more than 18 peripheral m-electrons,
involves the intrir "= formation of chargs carriers, a possi-
bility already considered by Fux. For molecules with 18
peripheral #-electrons, either mechanism can dominate or
Hoth can operate simultaneously.

71. MOLIONIC LATTICES [ABSTRACT]
Pott, G. T., Kommandeur, J.
In “Program and Abstracts: Crganic Crystal Svmposnum,
October 10--12, 1962,” p. 169
National Research Council, Gttawa, Canada, 1962

In most cases the conductivity observed in solid organic
and semi-organic donor-acceptor complexes is accompanied
by a strong electron spin resonance signal. In some cases the
number of spins is temperature dependent; in others it is not.
In all cases a temperature independent number of spins is
found below a certain temperature.

To explain this pheuomenon it is supposed that at 0°K the
crystal lattice of the compilexes is built up of ions and neutral
molecules in such a fashion tho! the lattice encigy is a mini-
mum, By calculations it is concluded that such a wininwum
is possible. For other arrangemerts the lattice energy will be
slightly higher. Then, at normal temperatures there will be
a statistical distribution over the several states of the lattice,
which under certain conditions will lead to conductivity. At
low temperaturss the whole lattice is in the lowest state and
a consiant number of spins is expected. If the energy differ-
ences betveen the various states of the lattice are large, there
will be no temperature dependence of the number of spins.

/

72. THE TEMPERATURE DEPENDENCE AND
ACTIVATION ENERGY OF ELECTRICAL
CONDUCTION IN HIGH POLYMERS
Warfield, R. W., Petree, M. C.

September 19, 1958

Naval Ordnance Laboratory, White Osk, Md.

NAVORD R-6246

{Also available as OTS: PB-145,826, U.S. Dept. of
Commerce, Office of Technical Servizes, Washington, D.C.)

The temperature dependence of the electrical resistivity of
a number of high polymers has been determined. By means
of an Arrhenius plot, the activation energy for the conduction
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process in taese polymers has beea calculated, and the results
have been interpreted in terms of an jonic difusion process.
The activation energy for the conduction process appears to
be a very sensitive index of the exient of polymerization.

73. LLECTRONIC PROPERTIES OF IMIDAZOLE
Aftergut, S., Brown, G. P,
Nature, v. 191, no. 4786, pp. 379-380, July 22, 1961

An energy gap of 2.8 ev was cbtained for imidazole using
the equation p = p, exp{E/2kT). This value was compared
with an estimated value of 5 ev for benzene, and it was con-
cluded that the hydrogen bonding of imidazole affects the
semiconduction. (PA, 1981, #17,743)

v4. ELECTRONIC PROPERTIES OF GRAPHITE AND ITS
CRYSTAL COMPOUNDS IN THE DIRECTION OF
THE c-AXIS
Ukbelohde, A. R.
In “Proceedings of the 5th Conference on Carbon,
Pennsylvania State University, University Park,
June 19-23, 1961,” Volume I, pp. 1-7
Pergamon Press, Ltd., Loadou, zngland, and
The Macmillan Co., New York, N.Y., 1962

Band theory can now be used to give a fairly satisfactory
account of electronic properties of graphite and of its ciystal
compounds in the direction of the g¢-axis but, as yet, yields a
much less complete account of corresponding properties in
the direction of the c-axis. Important information includes the
resistivity and thermoelectric power of va ous graphites, and
of crystai compounds derived from them.

For near-ideal graphites, the thermoelectric power shows
a large anisotropy numencally, and also has opposite signs in
the direction of the ¢- and g-axes. Formation of crystal com-
pounds either with electron douors or electron acceptors
suppresses the difference in sign, and g=-.crally reduces the
numerical anisotropy. Changes in resistivity and in its tem-
reratuve coeflicient give additional information. Traps and
sCa*touing effects may function anisctropically, for transport
of charge in the direction of the g-axis and c-axis.

75. THEORY OF THE ELECTRON TRANSPORT ‘
PROPERTIES OF SlNGLE-CRYSTALL}NE GRAPHITE
McClure, J. W., Smith, L. B. '

Tn “Proceedings of the 5th Conference on Carbon,
Pennsylvania State University, University Park, '
June 19-23, 1961,” Volmae II, pp, 310

Perguumon Press, Ltd,, London, England, and.

The Macmiiiun Co., New York, N.¥;, 1063

Caleul: \ions, expressed as functions of the temperature and
impurity ¢ ntent, are presented for the electrical resistivity,
magnetoresistance, Hall effect, and thermoelectnc power of
graphxtc single crystals,

I
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76. THEQORY OF TRANSIENT SPACE-CHARGE-LMITED
CURRENTS IN SOLIDS IN THE F\FSENCE OF
TRAPPING
Many, A., Rakavy, G.

Physical Review, v. 126, no. 6, pp. 1980--1988, June 15, 1962

The problem of transient space-charge-limited currents in
insulating and conducting crystals is treated mathematically.
With a number of simplifying assumptions, soluticns are
derived for the time-dependent current and space-charge ¢ 1s-
tribution foilowing the onset of injection, the latter taking
place via an ohmic contact under an applied voltage-pulse.
Exact analytical solutions arc given for the two limiting coscs
of no trapping and fast trapping. For flow in an insulator under
slow trapping, approximate expressions are derived which are
valid for ttapping times larger than twice the transit time, For
shorter trapping times the equations of flow are solved numer-
ically ar.d the solutions presented in graphical form.

77. ELECTRICAL CONDUCTIVITY OF GRAPHITE
Sugihora, K., Sato, H.
Physical Saciety of Japen, Journal of the, v. 18, no. 3,
pp. 332-341, March 1963

Theoretical calculations are given for the electrical conduc-
tivity of graphite in the hexagonal layer planes. The resistivity
increases with temperatures as T*2 between 25 and 77°K.
In the long wavelength Iimit, the lattice vibrations of graphite
are approximately grouped intc iwo modes, polarization being

in the layer plane in mode 1, and parallel to the c-uxis in
mode 2.

Contributions to the relaxation process due to the scattering
of carriers by the two modes are comparable in order of
magnitudes. The ratic of the electron-phonon coaplisig con-
stants which gives the best agreement to the temperature
dependence of the observed conductivity has been found to
he C,.C, = 6:1, where C, denotes the coupling constant
between caisiers and the [+h mode phonons.

The Hall coefficient is strongly field-dependent and the
present theory could not explain the positive sign of the Hall
coeflicient in the low field limit, Thus, in discussing the Hall
coefficient a mare refined theory seems to be necessary.

78. DIRECT STRUCTURAL Y VIDENCE FOR WELX
CHARGE-TRANSYER BONDS IN SOLILS
CONTAINING CHEMICALLY SATUFATED
MOLECULES
Hassel, O., Roemming, C.

Quarterly Revivws, Londen, v. 16, no. 1, pp. 1-18, 1962

In order to be able to draw advantage from the more direct
interfernmetric methods, particularly those with X-rays or
neutron beams, it was felt that crystal structure analyses
should be carried out on solid addition compounds expected
to exhibit weak charge-transfer bonds. Since 1954 a number
of papers dealing with compounds corresponding to “loose”
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complexes have appeared, and the aim of this article is to
surn up the results so far ¢btained regarding the atomic
arrangements jn the solid state and to discuss their signif-
icance for the charge-transfer bind.

79. DCNOR-ACCEPTOR INTERACTION
MeGlynn, S. P,
Radiation Reseaich, Supplement 2, pp. 300-323, 1960
{Proceedings of Bioenevgetics Symposium, Brookhaven
National Laboratery, Upton, N.Y., October 12-16, 1959,
sponsorzd by the U.S. Atomic Energv Commission)

This work has as its main purposc the delineation of those
properties of denor-acceptor complexes which would seem
to be of importance to the biochemist and biophysicist. Limi-
tations of space, however, have made necessary the omission
of any explicit discussion of iufrared and Raman spectra,
dipole moments, magnetic susceptibility, adsorption, self-
complexes, metallic m-complexes of unsaturates, and the spec-
trophotometric determination of equilibrium constants.

Besides the introduction, the following sections are in-
cluded: Basis of Electron Douor-Acceptor Interactions (with
both intramolecular and intermolecular donor-acceptor inter-
action); Charge-Transfer Transition (with energy, solvent
effects, polarization, intensity, and pressure effects included);
Energy and Charge Transport in Donor-Acceptor Complexes:
Poscible Biological Importance of Charge-Transfer Com-
plexes; and Effect of Complexing on Rc.ction Rates. Several
pages of references follow the text.

80. TRANSFER MECHANISMS OF ELECTRONIC
EXCITATION ENERGY
Forster, Th.
Radiation Research, Supplement 2, pp. 326-339, 1960
(Proceedings of Bioenergetics Sympusium, Brookhaven
National Laboratory, Upton, N.Y., October 1216, 1959,
sponsored by the U.S. Atomic Energy Commission)

The following scctions arc included: Experiments on
Energy Transfer in Oiological Systems; Possible Transfer
Mechanisms; General Principles of Resonance Transfer;
Theory of Slow Resonance Transfer; and Resonance Transfer
in Proteins.

81. ENERGY MIGRATION IN AGGREGATED PIGMENT
SYSTEMS AND BIOLOGICAL ENERGY CONVERSICON
Tollin, G.

Radiation Research, Supplement 2, pp. 387-406, 1960
{Proceodings of Bivenergetics Symposium, Brookhaven
National Laboratory, Upten, N.Y., October 12-16, 1959,
sponsored by the U.S. Atomic Energy Commission)

Sections of the report follow: Introducticn; Energy Migra-
tion by Exciton Transfer; Energy Migration by Charge-
Carrier Motion; Energy Conversion in Photosynthesis; and
Problems for the Future.

[NRRE
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82. ROLE OF ELECTRON AND EXCITON TRANSFER
IN CARCINOGENES!S
Masos, R,
Padiation Research, Supplement 2, pp. 452461, 1960
(Proceedings of Bioenergetics Symposium, Brcokhaven
National Laboratory, Upton, N.Y., October 12-16, 1359,
sponsored by the U.S. Atomic Energy Commission*

83. A MOLECULAR TEEORY OF ELECTROMAGNETIC
WAVE PROPAGATYION IN TWO-COMPONENT
ANISOTROPIC POLYMER SYSTEMS
Bullough, K. K.

Royal Society of London, Philosophica! Tronsactions of the,
Series A—Mathematical and Physical Sciences. v. 254,
no. 1044, pp. 397440, 1962

The principal refractive indices cf such a system are cal-
culated and given explicitly in terms of geueralized radial
distribution functicns The several electric fields within the
system are analyzed. (PA, 1962, #41186)

84. THE ELECIRICAL CONDUCTIVITY OF DRY
CYTOCHROME C: EVIDENCE FOR IONIC
CONDUCTION [ABSTRACT]

Tayloz, C. ». S.

In “International Biophysics Congress, 1961, Abstracts of
Contzibuted Papers,” pp. 214-215

Tryckeri Akticholaget Thule, Stockholm, Sweden, 1961

85. THE SO-CALLED “COMPENSATORY EFFECT” IN
ORGANIC SEMICONDUCTORS
Airapetyants, A, V., Voitenko, R. M., Davydov, B. E,
Serebryanikov, V. S.
Vysokomlekulyarnye Soedineniya, v. 3, no. 12, p. 1876, 1961
(Translated from the Russian in Polymer Science U.S.S.R.,
v. 3, no. 6, pp. 1148-1149, 1982; published May 1863)

The dependence of the energy of activation % on ¢,
as displayed in the diagram, shows that for the materials used
energy of activation does not rise with the increase of o, as
it did with Talroze and Blyumenfeld, but decreases; i.e., there
occurs the same type of dependence of E on ¢, as is found
with normal non-organic semiconductors.

86. ELECTROCONDUCTIVITY OF POLYMERS—VI.
CALCULATION OF SPECIFIC CONDUCTIVITIES IN
THE REGION OF DIPOLE-RADICAL POLARIZATION
Sazhin, B. L, Filippovich, D. S.

Vysokomolekulyarnye Soedineniya, v. 5, no. 8,
pp. 12071212, August 1963

Fermulas have been derived permitting calculation of the
dependence of the specific cubical resistance upon the tem-
perature and time of holding the specimen under tension in
the region of appearance of dipole-radical polarization. Ex-
perimental tests have shown that such calenlations can be
used for assessing the value of p, 2t comparatively low tem-
peratures from the dipole-radical polarization data obtained
in alternating ficlds,

87. STATES WITH CHARGE TRANSFER IN ORGANIC
SYSTEMS
Blyumenfeld, L. A., Benderskii, V. A.
Zhurnel Strukturnoi Khimii. v. 4, no, 3, pp. 405-414, 1963

88. STATES WITH CHARGE TRANSFER IN ORGANIC
SYSTEMS. TRANSFER EXCITONS AND
CCNDUCTANCE ELECTRONS IN MOLEUCULAR
CRYSTALS
Benderskii, V. A.

Zhurnal Strukturnoi Khimii, v. 4, ro. 3, pp. 415-424, 1963

EXPERIMENT

89. SEMICONDUCTOR PROPERTIES OF ORGANIC
MOLECULAR COMPLEXES
Labes, M., Sehr, R,, Bose, M.
In “Proceedings of the Internatinnal Conference on
Semiconductor Physics, Prague,
August 28-September 2, 1960,” pp. 850-85"
Academic Press, Inc., New York, N.Y., an
London, England, 1961 -

For a large number of solid molecular complexes, resistivi-
ties lower than those normally expected for organic materials
were observed; for eight representative materials, resistivities
and Seebeck coefficients as functions of temperature, and un-
paired spm: concentrations were measured. The validity of
the electrical measurements, performed on compressed micro-
crystalline material is substantiated by their agreemant with

1¢

values obtained in the first case of single crystal measurements
on » molecular complex to be reported. (PA, 1982, #23,305)

90. PHOTOCONDUCTIVITY AND SEMICONOUCTIVITY
OF THE KEYNON-BANFIELD RADICAL
Chojnacki, H.
Acta Physiologica Polonica, v, 21, no. <, pp. 359- 363, 1662
{in English)

The surface conductivity of crystals of the Xeynon-Banfeld
radical was measured in the dark and ~fter UV illumination.
Dark conductivity rose exponentially with the temperatuve,
the “activation energy” ranging from 1.0 to 1.7 ev. After illu-
mination, a slo'v rise in conductivity way observed, probably
related to the formation. of an unstable intermediate in the
course of photoosidation. The absorption spectrum of the
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Keynon-Benfield radical in methano} solution is also given.
(PA, 1962, #14,584)

91. ELECTRICAL CONDUCTIVITY OF CHELATE
POLYMERS
Terentev, A. P., Rode, V. V., Rukhadze, E. G.,
Vozzhennikov, V. M., Zvonkova?Z. V., Badzh, dse, L. L.
Akademiya Nauk SSSR, Doklady, v. 140, no. 5,
pp. 1093-1095. October 11, 1961

The conductivities and activation energies were obtained
for sevesal metal chelate polymers found by treating orgapics
with métal acetstes. In all, 48 products were examined.
Polychelates of Cu have the highest conductivity and these
containing p-tolyl or diphenyl groups have higher conductivitv
than do other analogs in which methylene chuins are present.
Activation energy rses and conduciivity decreases in the
series Co, Zn, and Ni. The polymer with Co containing an
ethylene bridge shows enbanced conductivity and lowered
activation energy of conductivity along with reduced mag-
netic momeat (2.58) owing to the improved coplanarity of
the chelate nodes; a compound of this type with Ni has
higher conductivity and lower magnetic moment (1.11) than
does a similar polymer with a diphenyl groupine (moment of
2.62). Ethylene bridges ten: to favor square stribution of
metal to S bonds. In produe:s based on Cu, conductivity' rises
rapidly with temperat.re. In polychelates with rubeanic
structures, the conductivity declines in the series Cu, Ni, Cd.
In polychelates with Fe, the conductivity rises when metal
to N or O bouds are established.

92. THE INFLUENTE OF THERMAL INTERACTION ON
SYSTEMS CONSISTING OF POLYMERS AND
DISPERJEDD METALS
Levina, S. D., Lobanova, K. P., Vannikov, A. V.

Akademiya Nauk SSSR, Doklady, v. 141, no. 3, pp. 622-624,
November 21, 1961

Polymer-iron powder compositions were obtained bv the
method deserr v Kargin and Plate. All these compositions
possess p-tvpc . Juctivity. Fe-polyiscbutylene was chosen
for studying t:+ structure >f the polymer-layer current con-
ductor, and the system &--polyethylene was studied analo-
gously. Samples containiig 10, 20, and 30% polyicer were
studied. By warming a cumple with 30% in vacuo at 180-
200°C, specific resistar.~.» of the sample was lowered to 2-4
ohm cm, and the concactivity decreased as the temperature
decreased. The curve log ¢ vs. 1/T resembles those of mixed
semiconductors.

93, ELECTRODE 2FEHAVIOR OF HEAT-TREATED
POLYACRYLUN'TRILE
Frumkin, A. N., Boguslavskii, L. I., Serebrennikov, V. S.
Akademiya Nauk SSSR, DoKlady, v. 142, no. 4, pp. §78-880,
Febrvay 1, 1962

The electrochemical behavior of heat-treated polyacrylo.
nitrile, an organic semiconducic:, was studied and compared

CONDUCTIVITY AND SEMICONDUCTIVITY ~EXPERIMENT

with that of C obtained by carbonizction of viscose. Samples
under study were strands of several huadred threads -3 p
in diameter. The potentials in N H,8Q,, in N NaOH, and in
air were obtained. The activation encraies of conductivity
were determined on threads and correlated with the poten-
tial. A study of the difference between maxima and minima
of the potentials (100 inv. corresponding to three orders of
magnitude in terms of catalyzed reaction) may indicate some
connection with the specificity of organic catalysts i bio-
chemical systems.

94, THE FLECTRIC CONDUCTIVITY OF A
POLYAMIDE MELT
Bushin, V. V., Dumanskii, I. A., Dumanskii, A. V.,
Akademiya Nauk SSSR, Doklady, v. 143, no. 4, pp. 894-895,
April 1, 1962

The electric conductivity of polycaprolactam was measured
ot 230-290°C in the absence of O. The zamples, initially
heated for 50 min at the given temperature to remcve the
moisture from the polymer, showed specific eicotric conduc-
tivity increases with temperature from 4 to 15 ohm-* em-1,
Gamma-irradiation of 0.3-1.2 Mrad did not increase the elec-
tric conductivity. The activation enc:gy was 0.32-0.40 ev. The
specific clectric conductivity decreased slightly with time at
constant temperature, explained by volatilization of the re-
maining H,C. as well as other lowv mol. w-. substances.

¥5. ELECTRIC CONDUCTIVITY AND ACTIVATION
ENERGY OF DIYHIO-OXAMIDE, N.SUBSTITUTED
DITHIOCARBAMATE, AND THIOCYANATE
(CU, CO, NI) POLYMERS
Vozzhennikov, V. M., Zvonkova, Z. V., Rukhadze, E. G.,
Zhdancy, G. S., Glushkova, V. P.
Akademiya Nauk 858.%, Doklady, v. 143, 70, 5,
pp. 1131-1134, April } 1, 1882

The specific electric cnmdnctivity, o, and the respective
activation energy, E. of Cu, Ni, and Co chelates of dithio-
oxamide, N-substituted dithiocarbamate, and thiocyanate poly-
mers were measured at 17-227°C. Results are presented and
interpreted. The presence of r-elecrons increases ¢ and
lowers E. Values of ¢ and E of Cu SCN are also given.

96. THE SIGNIFICANCE OF CONJUGATION AND
ORDERLINESS FOR THE SEMICONDUCTING
PRO™MERTIES OF POLYMERS
Dulov, A. A., Slinkin, A. A,, Liog :nkii, B. I,
Rubinshtein, A. M. ‘

Akademiya Nauk 38SR, Dcklady, v. 143, no. 6,
pp. 13551357, April 21, 1962

Semiconducting properties of poiymers of the type
CI{C.H, (CH,),CsH,] w[N:NC,H,(CH,),CH,] ,Cl, where x
is 0, 1, or 2, were investigated. Introductior of CH, groups
between benzene rings, although the degree of conjugation
along the chains is reduced, does not diminish the semicon-
ducting cheracter of polymers, as shewn by activation ener-
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gies of clectric conductivity between 1230 avd 230°C. Meth-
ylene bridges, increasing the stiffness of macromolecular
chains and contributing f0 denser packing; of macremcle-
cules, facilitate eleciron interactions between mdividual chains,
With ivngtbening CH, bridges, the degrec of on .laikinity is
increased as shown by irmreversible conductivity changes nn
keating the polvmers. Polymers with x = 0 have the locsest
chain packing and, therefore, the irreversible changes of their
corductivity on heating wie geutest. All of these polymers
show relaxation polarization due to translc.ation of charged
segments of peh mer chains i the elect cstatic field.

97. ELECTRIC AND PARAMACNETIC PROPERTIES
OF PRODUCTS QOF THE RADIATION THAERMAL
TREATMENT OF POLYETHYLENE
Bakh, N. A, Bityukov, V. D,, Vannikov, A. V., Grishina, A. D.
Akademiya Nauk SSSK, Doklacy, v. 144, no. 1, pp. 135138,
May 1, 1962

A study is reported of progressive transformation of a di-
electric linear polymer (under radiation-thermal treatinent)
into semiconductor materal. Nonevacuated and evacuated
samples of high-pressure polyethylene were istadiated with
7.2 X 107,43 X 1023, and 1.5 X 10% ev/g at 60°C. Thermal
treatment at up to 92°C followea irradiation, The follow:ng
electro-physical properties of the products were investigated:
conductivity (8) in constant and alternating fields, activation
energy (AE), thermoelectric pewer, and structural properties
by electron paramagnetic resonance (EPR) spectra. The
value of § increases monotonically from 10-1$, for a samnpie
that had not been thermally treated, to 10-i ohm-cm-!, for a
sample treated at 800°C. An increased radiation dose yizlds
samrples more vulnerable to thermal ireatment. Temperature
dependence of § between --23°C and +150°C follows the
relation § = §, exp(—AE/2KT), with constant AE for each
sample. The value of AE changes adiabatically with charges
of § as a function of the temperature of thermal treatment.
Thermoelectric power is 250-254 uv/°C for samples ther-
mally treated at 620-930°C with p-type coaductivity in all
cases. In the presence of O, § and thermoelectric power arc
greater and AE is smaller than for evacuated samples, these
differences exist only below certain temperatures, above which
Loth evacuated and vonevacuated samples are identical. All
effects of O are reversible. Structural changes which produce
an increase of § (constant field) by a factor of 1015 are
shown by chaunges of specific resistance with frequency. EPR
spectra of irradiated, thermally treated and untreated samples
cousist of 2 single line, the intensity, width, and form of which
3" . The concentration of paraiuagnetic centers for samples
truwza at <660°C is the same in the prevence and absence
of O and increases with the irradiation dose. Below 600°C,
90 and .100% losses cecur for samples treated at 720 and
820°C, respectively, in the presence of O. Molecular O in-
creases the linc widih in EPR spectra without changing the
number of parainsgnelic centers, affects other factors and
blocks paramagnetic centers in treated samples at >800°C.
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Further studies are necessary to correlate these effects with
changes of § and thermaelectric power duc to O.

98. THE TEMPERATURE DEPENDENCE OF THE
ELECTRICAL BESISTANCE OF POLYCRYSTALLINE
GRATHITF AT PRESSURES UP TO 250,000 kg/cm:?
Semerchr., A. A,, Kuzin, N. N., Yereshchagin, L. F.

Akrder siya Nauk SESR, Doklady, v. 146, no. 4, pp. 803-804,

Octoler 1, 1862

{T- ansiuizd irom the Russian in Soviet Physics—Doklady,
7, no. 10, pp. 901-902, April 1863)

It was of interest to investigate the temperature depend-
ence of the electrical resistance of graphite at high pressures.
The investigated material was spectrally pure polycrystalline
graphite with a resistivity p =26 X 10-* ohm-cm. The re-
sistance at teraperatures from 20-20C°C was measured
at pressures of 30,000. 80,000, 140,000, 200,000, and
230,400 kg/cm?. Resistivity decreased with increased temper-
ature, and the values correlated well with other published
data.

99. ELECTRIC CONDUCTIVITY AND ACTIVATION
ENERGY OF CHELATE ¢OMPGUNDS OF
DATHIOCARBAMATES AND THIOAMIDES QOF
PYRIDINE DERIVATIVES
Terentev, A. P., Rukhadze, E. G., Vozzhennikov, V. M.,
Zvonkova, Z. V., Oboladze, N. S., Mochalinz, . G.
Akademiya Nauk SSSR, Doklady, v. 247, v.0. 5,
pp. 1064-1097, December "1, 1962

The conductivity of chelated polymers having 1, I, and I11
units, with R = 4,4’-biphenylylene, 3,3’-dimethyi—4,4’-bi-
phenylylene, and 3,3'-dimethoxy-4,4’-biphenylylene groups
and M = Cu, Co, or Zn, was determined at 383°K. The
values of conductivity were in the range 10-1° to 10-1* ohm-?
et Temperature coefficients of these polymers with respect
to conductivity indicated activation erergies of 1.28-5.2 ev.
The maximum values were for these substances free of metal
atoms. The seneral level of conductivity depends on M and
follows tue declining series Cu, Co, Zn.
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100. CONDUCTIWVITY OF FILMS OF A POLYMERIC
COMPLEX DJORMED BY TETRACYANOETHYLENE
WITH SOME METAYS
Boguslavskii, L. L., Siilbans, L. 8.

Akademiya Nauk SSSE, Doklady, v, 147, no. 5,
pp. 1114-1117, December 11, 1962

The dependence of the electric resistance of a polymeric
film depusited on Fe and Al was studied as a function of the
frequency and the established potentials at different tempera-
tures. A mathematic expression is proposed to calculate the
variation of the conductivity activation energy. The depend-
ence of the specific resistance of the film on Al as a function
of the reciprocal temperature was mvestigated for the fre-
quency limits 20 to 2 X 10" ¢ps; the activation energy de-
creases up o _ X 10* cps. The observed activation energy
increase stated for a frequency of 5 X 10% cps is explained.
The adopted modei departs from an assumption that the film
is formed by at least two kinds of polymeric structure.

101. MECHANISM OF CONDUCTIVITY IN ORGANIC
SEMICONDUCTOR POLYMERS
Airapetyants, A. V., Veitenko, R. M., Davydov,B. E.,
Krentsel, B. A.
Akademiya Nauk SSSR, Doklady, v. 145, no. 3, pp.
January 21, 1963

605-608,

Graphs are presented showing the conductivity-tempera-
ture relation in polyacrylonitrile samples in vacuum and an-
nealed at 580-700°C {with and without heatirg—cooling
cycles), and showing the thermo-EMF produced in polymer
fibers with such heat r-eatment, eliminary heating
to 420°C produced conductance three times as great in the
polymer annealed at 730°C and ten times as great in that
annealed at 320°C; all specimens, except that annealed at
730°C, showed inversion of sign for thermo-FMF and speci-
mens with hole conductance became electronic conductors.
(Anotner cycle treatment to 420°C again reversed the thermo-
TMF sign.) Mobility of current carriers was of the order
13 X 10-° em?/v/sec; heat treatment variation changed
mobility.

102. COMPENSATION EFFECT FOR THE ELECTRIC/L
CONDUCTIVITY OF CRYSTALLINE DIELECTRIC
POLYMERS
Sazhin, B. L., Podosenovs, N. G.

Akademiya Navk SSSR, Doklady, v, 148, no. 3, pp. 627-629,
January 21, 1963

The effect of temperature on electrical conductivity (with
subsequent determination of ¢, and change of E) was studied
for crystalline poly(ethylene terephthalate), poly(trifluoro-
chloroethylene), and poly{bis (chloromethyl) oxacyclobutane].
Conductivity above 1g increases by a factor of 10-1000
when degree of erystallinity increases from 10 to 50%. The
activation energy is shown to be equal to 0.7 log o,—21.

CONDUCTIVITY AND SEMICONDUCTIVITY —~EXPERIMENT

103. THE RECTIFYING EFFECT IN ORGANIC
SEMICONDUCTORS
Vannikov, A, V.
Akademiya Nauk SSSR, Dotlady, v. 152, no. 4, pp. 905-907,
Qatober 1, 1363

i94. TEMPERATURE DEPENDENCE OF THE X-RAY

LUMINESCENCE AND DARK CONDUCTIVITY OF
YAKUTSK DIAMONDS

Pogodaev, K. N,, Vilutis, E. S.

Akademiya Nauk SSSR, Izoestiya, Seriya Fizicheskaya,

v. 25, no. 3, pp. 373--375, 1961

{Paper presented at the Ninth Conference on Luminescence
—Entry #498; translated from the Russian in Bulletin of ti:e
Academy of Scieaces of the USSR, Physircl Senies, v. 25,

ne. 3, pp. 364-365, March 1961)

Data are reported for diamond twin crystals from Yakutsk.
Measurements are given for the dependence of vhe electric
conductivity on temperature. Both unexcited diamond and
diamond irraciated with X-rays were studied in the tempera-
ture range 50 to 330°C. Above 220°C, the temperature
dependence of the conductivity was exponential. Current
carrier activation energies were between 2.05 and 2.82 ev. In
X-irradiated diamonds the conductivity increased substantially
below 200°C, showing maxima at 180 and 110°C, but an-
nealing to 350°C caused these to vanish. The evidence shows
that the lJow-temperature conductivity is of n-type. The exist-
ence of two kinds of trapping level is inferred. (PA, 1962,
#23,253)

105. ENERGY TRANSFER OF ELECTRON EXCITATION
IN STABLE SOLUTIONS OF QRCGANIC MATERIALS
Andreeshchev, E. A., Kilin, S. F., Rozman, . M.,

Shirskov, V. L
Akademiya Nauk SSSR, Izvestiya, Seriya Fizicheskaya,
v. 7, no. 4, pp. 533-339, 1963

106. EFFECTS OF HIGH PRESSURE ON SOME

ORGANIC SEMICONDUCTING POLYMER

Pohl, H. A, Henry, A. W., Rembaum, A

American Chemical Jociety, Washington, D.C.

Paper 150, Division of Physical Chemistry, presented at the
141st Mecrting, ACS, Chicago, I, March 20-29, 1962

{See also Entry #116)

1t is shown that certain solid polyraers exhibit semicoanduc-
tion which is sensitive to applied pressure. The effect is
rather lorge and quite reversible, Over a pressure range in
which most metals clouble in conductivity {(about 40,000
atin) these solids incr>ase approximately 100-fold in condr.c-
tivicy. Part of che change is due to changes in the activution
energy, part to changes in the mobility. A simple theoretical
treatment of the effect is presented, based upon pressurc
effects on the intermolecular overlap of electron orbitals. The
equations appear to fit the experimental observations.
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107. RESISTIVITY STUDIES ON POLYMER
SEMICONDUCTORS
Pohl, H. A, Gogos, C. G., Cappas, C.
American Cheinical Society, Washington, D.C.
Paper 52, Division of Physical Chemistry, presented at the
142nd Meeting, ACS, Atantic City, N.J., September 9-.4,
1962
(Seu also Entry #190)

The class of polymers synthesizable from arcmatic hydrocar-
bons and their derivatives ana a:omatic acids by polyconden-
sation is outstanding in that the members are selnivonducting
and contain high concentrations of unpaired spins. The pres-
ent study is directed at delineating the effects ot synthesis
variables upon the electronic characteristics. Eighteen poly-
mers of this ciass were s;nthesized, varying degree and type
of substitution on the monomeric portions, as well as catalyst,
time, and temperature, The resistivities of the highly purified
polymers were found to be sensitive to the conditions of
synthesis and to temperature and pressure during resistance
measurement. The thermal energy interval (analogous to the
forbidden energy gap in single crystal semiconductors, E,)
ranged from 0.4 to 0.5 ev.

Although the formalism of the simple intrinsic semiconduc-
tor band model is not strictly applicable to data on these
polymers, especially because of their low mobilizes and lack
of more than short range (ca 200 A) order, such analysis
vras found instructive,

108. PIEZO-RESISTIVE CHARACTERISTICS OF SOME
SEMiCONDUCTING POLTMERS
Henry, A. W, Pohl, H. A,
American Chemical Society, Washington, D.C.
Paper 33, Division of Physical Chemistry, presented at the
14Snd Meeting, ACS, Atlantic City, N.J., September 8-14,
1962

The piezo-resistive behavior of a series of highly conjugated
polymers and of an elemental polymer (Te) was examined
over a range of high pressures. The resistivities of the or-
ganic polymers, ranging from 102 to 10" ohm-cm at room
temperature and at 18,400 atm, decreased 100-, and for some
polymers, 1000-fold as the pressure was increased to 35,000
atm. FElimination of voids and particle-to-particle contact
problems was obtained by preconditioning at high tcmpera-
ture and pressure, as evidenced by (1) absence of hysterssis
in the piezo-resis*.vity and (2) lcw measured permeation rate
to gas.

A correlavion between the extrapoluted zero-pressure activa-
tion energy for the polyacene quinone radicai polymers and
the number of fused rings in the aromatic portion of the poly-
mer was obtained, indicating a dependence of the conduction
parameters upon molecular structure as predicted.

The clemental semiconductor in polymeric form (p-type

tellurium) was observed to change from p- to n-type upon
compression. Both the resistivity and thermoelectric power
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were observed to chinge markedly with pressure. It appears
that the intrinsic energy gap is “comnpressible” to near zero
values, while the impurity level gap remains relatively unaf-
fected by pressure. This interpretation accounts for the ob-
served transition in carrier type, as the mobility of the eiectrons
is greater than that of the holes.

High piezo-resistive chunges were also observed in several
other types of poly-ners, namely, a Schiff's base polymer ob-
tained by polycondersation of naphthaquinene and p-toluene
diisocyanate, a polytevachlorothiophenol, and an infinite
order polymeric complex, prepared from pyrene and I,. The
highly conjugated monomeric material, nicke! phthalocyanine,
was also observed to show large piezo-resistive changes. The
resalts were considered to show good agreement with the
predictions based upon a theory built upon an absolute re-
action rate formalism.

109. MOLECULAR STRUCTURE PARAMETERS (N
CERTAIN SEMICONDUCTING POLYMERS
Kho, J. H. T., Cappass, C., Pohl, H. A.
American Chemical Society, Washiagton, [.C.
Paper 54, Division of Physical Chemistry, presented at the
142nd Meeting, ACS, Atlantic City, N.J., September 9-i4,
1962

Three series of highly conigated polyacene quinone radical
polymers (PAQR)} exhibiting semiconduction wese synth--
sized and their electronic behavior was studied. The effect of
the following variables on the electrical properties were exam-
ined: (1) hydrocarbon portion of the polymer, (2) acidic
portion of the polvmer, (3) copolymerization ard mole ratio
of starting monumers, (4) metallic sa't formation, and (5)
pressure and temperature.

Correiations between the structural parameters and the
macroscopic properties were established. Room temperature
resistivities were found to depend inversely on the num-
ber of fused aromatic rings of the monomer, on the ionization
ccnstont of the acidic monomer, on the sjquave root of the
external pressure, and directly on the energy interval (ancl-
ogous to the conventioaal fobidden energy gap term) in all
the PAQR polymers studied. Furtnermore, the pressure co-
efficient of resistivity, the energy interval, and the resistivity
at “infinite” temperature were observed to depend upon the
size ot the conjugated regions, expressed as the number of
fused rings in the monomeric portion, The piezo-resistive
coeflicient varies directly as the observed energy interval, The
concentration of unpaired electrons was observed to vary
directly as the carrier concentration, exceeding it by several
orders nf mugnitude. The spin concentration observed was
inversely proportional to the resistivity of the PAQR polymers.

For the PAQR polymers studied, room temperature re-
sistivities ranged froin 102 to 10*? ohm-cm. The Seebeck
coeflicie:ts ranged from 0.05 to 68 uv/°C and the spin con-
centrations from 107 to 10*® cm-3,
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110. ELECTRONIC PROPERTIES AND STRUCTURYE IN
CONJUGATED POLYMERS
Pokl, H. A., Chartoff, R. P., Reinisch, R. F., Cappas, C.
American Chemical Society, Washington, D.C.
Paper 53, Division of Physical Chemistry, presented at the
142nd Meeting, ACS, Atlantic City, N.J., September 9-14,
1962

The relation between chemical structure and electronic
properties for tnree classes of organic polymers containing
oxtensively coniugated double bonds was studied. These in-
cluded three linear polyalkynes, 11 wholly aromatic pclyben-
zimidazoles, and several dozen polyacene quinone radical
(PAQR) polymers.

The polyalkynes studied have high resistivities (ca 10
ohm-cm), but relatively low thermal energy intervals (E,)
{(ca 0.5 :0 0.7 ev). The polybenzimidazoles had resistivities
ranging from 10% to 10'¢ ohm-cm, E/’s rangiug from 1 to 3
¢v, and no detectable electron spin resonance. This can be
interpreted as due to the large araount of low molecular v-eight
material in the molecular weight distribution curve, diluting
the effects of the eka-conjugated molecules of higher molecu-
lar weight. The PAQR polymers studied here have properties
typical of this class, with resistivities ranging from 10+ to 101
ohm-cm, E’s ranging from 0.35 to 0.8 ev, sharp electzon
spin resonance spectra, and high concentrations of unpaired
electrons, low carrier mobilities, positive Seebeck coefficients
indicating dominance of p-type carriers, and high piezo-
resistive coefficients.

As structure is varied, spin concentration clearly parallels
conductivity, although exceeding carrier concentration, usu-
ally by crder of magnitude. A linear relation between the
thermal energy interval, E,, and the log of the extrapolated
resistivity at “infinite” temperature, o,, is well obeyed, except
for the most conductive polymers.

Infrared spectra taken, using a KBr pellet techrique, showed
one polymer (PAQR) made from phenol and phthalic an-
hydride to have phthalide groups linked in highly extended
conjugation forming the repeating groups. Polymers with sim-
ilar chemical structure have similar electronic properties.

Th~ wide vange of electronic properties observed in these
polymers lends support to the view thut highly conjugated
molecules can exist partially in the form of biradicals and
internal ionic states, characteristic of the electronically ex-
cited states of eka-conjugated molecules, and that the en-
hanced electronic behavior of these materials is directly
related to the observable electren spin resonance.

111 ELECTRONIC CONDUCTION AND EXCHANGE
INTERACTION IN A NEW CLASS OF
CONDUCTIVE ORGANIC SOLIDS
Kepler, R. G.

Amorican Chemical Society, Washington, D.C.

Paper 26, Division of Polymer Chemistry, presented at the
144th Meeting, ACS, Los Angeles, Calif.,

March 31-April §, 1963

CONDUCTIVITY AMD SEMICONDUCTIVITY -- EXPERIMENT

Salts of tetracyanoquinodimetlane (TCNQ)

(NC),C = @ = C(CN),

are found to exhibit high electronic conductivity. The salts
which exhibit the highest conductivity, on the order of 100
ohm-! em™, also exhibit 2 paramagnetic coatribution to their
magnetic susceptibility which is indepeadent of temperature,
whereas the salis with conductitity lower than about 1 ohm-!
om~! exhibit a paramagnetic contribution to their susceptibility
given by

X, = (2g2B*N/3kT) [1 + % exp(J/kT) ]

These results are interpreted as meaning that in the higher
conductivity materials th:. electrons of the TCNQ ion radicals
form a degenerate system such as that in a metal, while in
the less conductive materials these same electrons are paired
in quasi-molecular states, each having a triplet state lying an
energy J above a singlet ground state. The electronic prop-
erties of the higher conductivity materials are consistent with
the hypothesis of metallic character. Their conductivity is
large and relativelv indep~ndent of temperature, and they
exhibit relatively low thermoelectric powers. In the less con-
ductive salts the conductivity varies exponentially with tem-
perature and the thermoelectric power is large relative to
values observed in metals and semi-metals.

i12. DONOK-ACCEPTCR COMPLEXING AND
CONDUCTIVITY
Lates, M. M.
American Chemical Society, Washington, D.C.
Paper 27, Division of Polymer Chemistry, presented at the
144th Meeting, ACS, Los Angeles, Calif.,
March: 31-April 3, 1963

For a large number of solid organic complexes, conductivi-
ties higher than those normally expected for organic materials
have been observed. Extensive studies of the conductivity
and its activation energy, of the Seebeck coefficient, and of
magnetic properties of these interesting solids have been made
in the last few years and will be reviewed.

P

Most of the measurements have been made on compacted
microcrystalline material. However, utilizing micromanipu-
lative techniques, measurements have been performed on tiny
single crystals, and these results will be compared with pre-
vious measurements on compacts. A discussion of this rela-
tionship or lack thereof of crystal structure, chemiical str cture,
magnetic properties, and electronic properties will be pre.
sented.,

When one allows a gas to come in contact with an organic
crystal with which it may interact in a donor-acceptor sense,
pronounced effects on the bulk conductivity of that crystal
occur, Thus, 10-* mm Hg of iodine enhancer the dark cor-
ductivity of anthracene from 30- to 175-fold, depending on
whether the electrodes are attached perpendicular or parallel
to the ab plane; ammonis and alkylamines increase the bulk
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dark conductivity of a chloranil single crystal. These effects
are rapid and reversible and will be discussed in terms of
surface complexing leading to catrier injection 1nto organic
crystals.

113. ELECTRONIC CONDUCTIVITY OF COMPLEXES OF
POLY-p-PBENYLENE
Mainthia, 3. B., Kronick, P. L., Ur, H.,
Labes, M. M.
American Chemical Society, Washington, D.C.
Paper 25, Division of Polymer Chemistry, presented ot the
144th Meeting, ACS, Los Angeles, Calif.,
March 31-April 5, 1963

Poly-p-phenylene forms a molecular complex with the
electron acceptors iodine and tetracyanoethylene. Polymer-
iodine complex samples, prepared both in solution and by
exposing solid polymer to ijodine vapor, have remarkable
stability as compared to aromatic-hydrocarbon-iodine com-
plexes reported earlier. The formula for the weight-average
species in the indine-saturated system is [(C.H,),1,]19-10,
the resistivity of which is 2.5 X 10* ochm-cm, lower than that
of poly-p-phenylene by eleven decades and that of iodine by
four decades. The activation energy for conduction is 0.87 ev.
Poly-p-phenylene-iodine is believed to be the first reported
example of a conducting complex involving a polymer.

Chapman, E. F.,

1t is likely that charge separation due to the donor-acceptor
interaction plays a role in the conductivity, leading to some
orbital overlap between molecules containing delocalized
electrons,

114. ELECTRGNIC CONDUCTIVITY IN ORGANIC
MATERIALS

Pope, M.

Americav Chen.ical Society, Washington, D.C.

Paper 29, Division of Polymer Chemistry, presented at the
144t Meeting, ACS, Los Angeles, Calif.,

March 31-April 5, 1963

The prerequisites for conductivity are a supply of carriers
and & mechanism for their transport through the given ma-
terial. Among other ways, the carriers may be supplied by
thermal ionization of the host material or they may be in-
jected by the electrode. This work with different electrodes
has emphasized the role of charge injection. Using evaporated
metal electrodes on an anthracene crystal, saturation photo-
cwrrents can be driven through a crystal at sufficiently high
fields. Using NaCl electrolyte electrodes, saturation photocur-
rent can be attained at 4o the field strength of the metal
electrode configuration. Using iodine electrodes, large conduc-
tivity with light to which the crystal is transparent can be
obtained; with Ce%+ electrodes, saturation currents may be
reached in complete darkness. The differences in electrode
behavior may be understood in terms of an energetic criterion
for charge injectior and an image force analysis of the same
process.

In the presence of stmngly absorbed light. anthracene will
demonstrate a photovoltaic effect. If the electrodes are elec-
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trolytic, unusual chemical reactions accompany the flow of
current.

At sufficiently Ligh fields, both ac and dc, a large dark
current can be produced in anthracene, accorapanied by the
emission of light (electi luminescence). The light is char-
acteristic of the normal fluorescence of anthraceue. The volt-
ag> dependence of the brightness is typical of an impact
excitation rr.echanism.

The sc-lc and variety of these phenomena warrant the
close attention of those concerned with the interaction of
organic solids with cther substrates in the presence of addi-
tional encrgy such as light, and cspecially if electric fieids
are present.

115. ELECTRON-SPIN RESONANCE IN MOLECULAR
COMPLEXES. 1. ELECTRONIC SPLITTING AND
HYPERFINE INTERACTIONS IN THE SOLID
STATE
Buse, M., Labes, M. M.

Amcrican Chemical Society, Journal of &(, v. 83,
pp- 45054508, November 20, 1961

The resolution of the ESR absorption of several amine-
quinone complexes in the solid state establishes the existence
of uncoupled spins as a rather general feature of these ma-
terials. Hyperfine structure has also been observed. A delinea-
tion and discussion of the respects in which amine—quinones
differ from the paramagnetic hydrocarbon-halogen complexes
is given. The relationship of ESR data to information regard-
ing electronic conduction in the same materials is alse dis-
cussed.

116. EFFECTS OF HIGH PRESSURE ON SOMF
ORGANIC SEMICONDUCTING POLYMERS
Pohl, H. A., Rembaum, A., Henry, A
American Chemical Society, Journal of the, v. 84, no. 14,
pp. 2699-2704, July 20, 1962
(See also Entry #106)

Certain organic polymers are shown to possess a- very
high piezo-resistive coefficient. Compared to metals which
change up to two-fold in a given pressure range, these ma-
terials change by a factor of 100-foid or more. The results
are explained in terms of the easily compressible intermolecu-
lar distances and energy barriers for electron transfer. A more
quantitative theory in terms of an absolute reaction rate
formalism is presented. '

117. PREPARATION AND ELECTRICAL CONDUCTIVITY
OF COPPER TETRA-2,3-PYRIDINOPORPHYRAZINE
AND COFPER TETRA-2,3-PYRAZINOPORPHYRAZINE
Danzig, M. J., Liang, C: Y.; Passaglia, E,

American Chemical Society, Journal of the, v. 85, no. 6,
pp. 668-871, March 20, 1963

In order to relate s_emiconduction of. organic suBétances to
structure, copper tetra-2,3-porphyrazines were made contain-
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ing pyridmz and pyrazine rings. The measured resistivity of
Cu phthalocyanine, Cu tetra-2,3-pyridinoporphyrazine, and
Cu tetra-2,3-pyrazinoporphyrazine follows the equation p =
po €xp(Eq/2kT), where g, is a constant and E, is an activation
energy, Values of E, for the three substances are 1.3, 1.17,
and 0.81 ev, respectively, and p, is the same for the three
substances. It is deduced from these results that the mobility
for the materials is an activated process. The photocurrents
for these samples are proportiornal to the applied voltage at
various temperatures.

118. EFFECT OF GASES ON THE CONDUCTIVITY OF
ORGANIC SOLIDS. I. THE ANTHRACENE-IODINE
INTERACTION
Labes, M. M., Rudyj, O. N.

American Chemical Society, Journal of the, v. 83, no. 14,
pp- 2055-2059, July 20, 1963

Although gases are generally thought to affect the surface
conductivity of organic crystals alone, evidence is presented
that the bulk dark conductivity of anthracere is increased in
a sensitive, specific, and reversible manrner upon exposure
to iodine.

119. EFFECT OF GASES ON THE CONDUCTIVITY OF
ORGANIC SOLIDS. II. THE p-CHLORANIL-AMINE
INTERACTION
Reucroft, P. J., Rudyj, O. N., Labes, M. M.

American Chemical Society, Journal of the, v. 85, no. 14,
pp- 2059-2062, July 20, 1963

Ammonia and aliphatic amine vapors are shown to increase
the bulk dark conductivity of p-chloranil single crystals. These
data, when viewed m: conjunction with previous results on
the anthracene-~iodine interaction, suggest that a rather gen-
eral phenomenon exists—bulk conductivity of organic crystals
being affected by donor-acceptor interaction at the surface.

120. LOW-RESISTANCE ORGANIC SEMICONDUCTOR
Kommandeur, J., Hall, F. R,
American Physical Socisiy, New York, N.Y.-
Paper R2, presented at the Thanksgiving Meeting of the
American Physical Society, Case Institute of Technology,
Cleveland, Ohio, November 27-28, 1959

Addition of iodine to the aromatic hydrocarbon pyrenc
resulis in a material of much lower resistivity than either one
of the components by itself. The phase diagram of pyrene
and jodine shows the existence of a metastable complex of
composition 2 Py I,, as well as a stable complex of composi-
tion Py 2 I,. The latter material can also be prepared from
solutions of the constituent components; pressed pellets have
a specific resistivity of 75 ohm-cm at room temperature. From
the temperature dependence, the activation ensrgy for con-
duction is about 0.11 ev. A complex prepared of another
aromatic hvdrocarbon, perylene, and iodine, with the forn.ala
2 Per 3 I, has a specific resistivity of 8 obm-cm at room
temperature with an activation svergy <f 0.016 ev. Single
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crystals of this material show the same general behavior as
the pressed pellets. Since a Hall effect was not observed in
either substance, an upper limit for the mobility of 0.01
cm?v-isec! was inferred. The carrier dersities, therefore,
must be at least 7 X 10'*cm-* and 8 X 10'°cm-* for the py-
rene and perylene coraplexes, respectively.

121. ELECTRON SPIN RESONANCE IN SOME
ORCANICC SEMICONDUCTORS
Singer, L., Kommandeur, J.
American Physicsl Society, New York, N.X.
Paper R3, presented at the Thanksgiving Meeting of the
American Physical Society, Case Institute of Technology.
Cleveland, Ohio, November 27-28, 1959

Electron spin resonance measurements have been made on
organic semiconiducting complexes of pyrene and perylene
with jodine. /At room temperature, the spin concentraticn in
the pyrene-iodine complex is about 10'* g-1, The temperature
dependence of the spin concentration is exponential with an
activation energy close to that found for the electronic con-
duction. Furthermure, there is no anisotropy of the spin
resonance in single crystals, and the spin-lattice relaxation
tim:: T, approximately equals the inverse line width T,. These
observations suggest that the spin resonance is due to charge
carriers. At low temperatures the spin concentration becomes
independent of temperature, T, becomes much larger than T,,
and the resonance of single crystals becomes .‘ai'xisotropic;
these results indicate that some type of trappeY:spin is
present.

122. ELECTRON CURRENT THROQUGH THIN POLYMER
FILMS
Perry, R. L.
Amer:.an Physical Society, New York, N.Y.
Paper T3, presented at the Winter Meet ag of the American
Physical Society, California Institute of 1 echnsology,
Pasadena, Calif., December 18-21, 1963

Tte current through films of silicone polymer with thick-
nesses of 190-425 A has been measured as a function of
voltage and temperature. The polymer films were formed by
electron bombardment of a thin layer of silicone cil and the
metal electrodes were evaporated silver films on a glass sub-
strale. .\ dependence of the current on the temperature of the
form I = A expBT was found. The comp-rison of the data
with theory is discussed.

123. ES.R. STUDIES ON THE SEMI-CONDUCTOR
THEORY OF FREE ELECTRONS IN LARGE
ORGANIC MOLEGULES .

Allen, T., Ingram, D. }. E.

Archives des Sciences, v. 13, Special Number, pp. 219-223,
1960 (ia English) ,

(Paper presented at the Ninth Ampere Colloguium, Pisa,
September 12-16, 1960 — Entry #501)

Electron spin resonance spectra of tyrosine, leucine, egy
albumin, and mixtures of amino acids and proteits irradi-
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ated at 3600 A at 90 and 300°K were studied. In the first
two cases there was no signal at 300°K. It appears that
loosely bound water must be present for the energy level
system of the protein to act as a semiconductoer. (PA, 1961,
#11,115)

124. ELECTRICAL CONDUCTIVITY AND PHCTO-
CONDUCTIVITY OF THIN ANTHRACENE LAYERS
IN VACUUM
Gheorghita-Oances, C.
British Journal of Applied Physics, v, 12, no. 10,
pp. 579-580(L}, October 1961

Electrical conductivity and photoconductivity measure-
ments performed on thin evaporated layers of anthracene
are discussed. In order t7 eliminate as much as pu.sible the
surface phenomena produced by air and water vapor adsorp-
tion, cells were prepared inside the vacuum system used for
the electrical conductivity and photoconductivity measure-
ments. It was found that the dark and photocurrents increase
with increase of pressure. (SSA, #12,579)

125. A REVIEW OF RECENT INVESTIGATIONS INTO
ELECTRICAL CONDUCIION AND BREAKDOWN
OF DIELECTRIC LIQUIDS
Swan, D. W,
British Jourmnal of Applied Physics, v. 13, no. 5, pp. 208-218,
May 1982

Recert work concerning ele:trical breakdown and conduc-
tion in dielectric liquids is reviewed. Particular emphasis is
given to liquids of simple molecular structure, although refer-
ence is made to some invcstigations using complex oils where
the vesults obtained are alsu applicable to other liquids. Con-
duction measurements have been exiended to fields up to
1.3 Mv em~! using microsecond pulse techniques, and under
these conditions very large cucrents are observed. The evi-
dence concerning a collision ionization process is conflicting.
Negative ion mobility measurements have been reported for
fields of 500 kv cin-? in n-hexane, and both the positive and
negative ion mobilities in superfiuid liquid helium have been
thoroughly investigated, Electrical breakdown of liquid argon
has revealed pronounced electrode effects, and the influence
of the anode is parvicularly emphasized. Dissolved oxygen is
found to increase the strength of a liquid and to give rise to a
number of effects which can be explained hy assuming the for-
matiun of space charge layers a. the electrodes. Recent meas-
urements of formative and statistical time lags in n-hexane
have showr that previous interpretations were frequently in-
correct, 74 references. (PA, 1962, #11,383)

126, ELECTRICAL CONDUCTIVITY OF THIN
ANTHRACENE FILMS
Gheorghita-Oancea, C., Teodorescu, G.
Buletinul Institutului Politechnic Bucuresti, v. $2, no. 3,
pp. 13-18, July-September 1960 (in French)

24

The authors studied the electrical conductivity in vacuuin
of thin anthracene films obtained by thermal evaporation in
vacuum. The thin polycrystallite films exhibit polarization
which is stronger in air than in vasuum, and also hysteresis.
The electricas conductivity is strongly influenced by bumidity.
(PA, 1962, #6424)

127. CRYOSCOPIC AND CONDUCTIMETRIC PROPERTIES
OF PHENGL AND OF THE THREE CRESOLS

Perrin, R.
Bullstin de la Société Chimique de France, pp. 333-136,
1963

The melting points of very pure phencl (1) and ¢-, m-, and
p-cresol (II-IV) and their conductivities below melting points
were determined. The values for specific conductivities of
I-IV were 270 X 10-1° (at 50°C), 2.2 X 10-¢ (at 25°C),
2.8 X 10~ (at 25°C), and 2.3 X 10-° (at 25°C) Q- cm™,
respectively. The effect of traces of H,O or of Na was con-
sidered.

128. THE FFFECT OF THE AMBIENT OXYGEN ON
THE ELECTRICAL PROPERTIES OF AN
EVAPORATED FIIM OF PENTACENE

Kuroda, H., Flood, E. A.
Canadian Jeurnal of Chemistry, v. 38, no. 10,
pp- 19811088, 1961

The “oxygen-effect” on the dark current as well as that on
the photocurrent was investigated using thin evaporated films
of pentacene, 1,2-benzpentacene, 1,2,8,9-dibenzpentacene,
8,13-diphenylpentacene, and 5,7,12,14-tetraphenylpentacene.
No oxygen effect could be detected in the dark current.

From the photocurrent dependence on oxygen pressure
and from the rate of photocurrent decay, it is concluded that
additional charge carriers are produced on illumination by
photoexcitation of a surface complex.

129. THE ELECTRICAL CONDUCTIVITY OF ORGANIC
THIN FILMS: PERYLENE, CORONENE, AND
VIOLANTHRENE
Inokuchi, H., Kuroda, H., Atamatu, H.

Chenical Society of Javan, Bulletis of the, v. 34, ne. 6,
pp. 749-753, June 1061

A sardwich cell and a surface-type cell were used for
specimens in the rorm of thin film, and a quartz tubing having
two electrodes in it was used for a compressed powder (under
the pressure of 116 kg/cm?).The resistivity p, given by p = p,
exp (Ae/2kT), where Ae is the apparent energy gap, showed
values at 15°C as follows: perylene 4 X 10'® ohm cm (with
Ae = 2.0 ev), ~1013 (2.2}, and 10'¢ ~ 10" (2.0); coronene
1.7 X 1007 (L7), 102 ~ 10** (1.65), and 10'7 ~ 101
(1.8); and vioianthrene 2.1 X 101¢ (0.85), ~ 10° (0.9), and
~+ 101 (0.9}, for the compressed powder, the sandwich cell,
and the surface-type cell, respectively. An expianation is of-
fered for the discrepancies among the values, and substani it-
ing evidence is given,
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130. ORGANIC SEMICONDUCTORS WITH HIGH
CONDUCTIVITY. III. PERYLENE-IODINE
COMPLEX
Uchidr, T., Akamatu, H.

Chemical Society of Japan, Bulletin of the, v. 34. no. 7,
pp. 1015-1020, July 1961

(For Pait I, see Entry #80, AI/LS 341; for Part II, see
Eatry #42, AI/LS 341.) Preceding papers in the series have
presented a preliminary survey of the semiconducting prop-
erties of these complexes and he violanthrene-iodine system.
In this paper, the prep ration, composition, electronic prop-
erties, magnetic susceptibility, SR absorption and structure
are discussed for two complexes. Both complexes show re-
sistivity of 9 ~ 10 ohm cm and an energy gap of 9.08 ev

131. SEMICONDUCTIVITY AND ABSORPTION
SPECTRUM OF PFRYLENE SINGLE CRYSTALS
. Sano, M., Akamatu, H.
Chemical Society of Japan, Bulletin of the, v. 34, no, 11,
pp. 1569-1571, November 1961

Synthesis of perylene from naphthalene is described. When
the electric resistivity of perylene was measured, no departure
from Ohm’s law was observed in the voltag: region employed
up to 1.6 X 10% v/cm. The resistivity decreased with increas-
ing temperature and a good linear relationship was obtained
between the log of the resistivity and the reciprocal of the
temperature. The absorption spectra of a perylene crystal and
its solution in EtOH were obtained with a Cary Model 11
spectrophotometer, Anisotropy was found in regard to the
conductivity, but not to the value of the energy gap. It is cor
cluded that the anisotropy arises from the difference in the
mobility of free carriers, which is dependent on the direction
of drift, but not fiom the difference in the number of carriers,
which are in thermal equilibrium.

132. ELECTRICAL CONDUCTION IN THE
VIOLANTHRENE-IODINE SYSTEM
Uclida, T., Akamatu, H.
Chemical Society of Japan, Bulletin of the, v. 35, no. 6,
pp- 981-985, June 1062

Electrical conduction and ESR absorption in the violanthrene
iodine system have been investigated, varying the iodine con-
tent. Observation of the Hall effect has been attempted, but
the Hall voltage was so small that the effect could not ch
determined. It was pointed out that, concerning conductive
behaviors, the violanthrene-iodine system is analogous with
the nickel (II) oxide-lithium oxide solil solution, and that the
hopping model of electrical conductioa can be applied. From
such & viewpoint, the correlation between the observed un-
paired spins and charge carriers has been estimated.

133. ELECTRIC PROPERTIES OF SINGLE CRYSTALS
AND THIN FILMS OF o, -DIPHENYL.--
PICRYLHYDRAZYL
Inokuchi, H., Harada, Y., Maruyama, Y.

CONDUCTIVITY AND SEMICONDUCTIVITY ~EXPERIMENT

Chemiical Society of Japan, Bullstin of the, v. 35, n0. 9,
pp. 15591561, September 1965

The electronic conductivity of two forms of «, o/-dipkenyl-
B-picrylhydrazyl, we single crystal and the thin film, was
observed. The resistivity (p,;) at room temperature along
c-axis (1 X 10 Q cm) is 10° times lower than that per-
pendicular to the axis (1 X 10!* Q cm), but its activation
energy (Ae) against temperature is in good agreement (1.5
and 1.6 ev). This large anisotropy may be introduced from
that of the arrangement of molecules in the crystal. In the
case of thin film, the values of p,; and of Ae are ~ 10'° Q cm,
1.7 ev for a surface-type cell,and ~ 1012 Q cm, 2.7 ev for 4
sandwich-type cell, respectively. A great difference on the
characteristics of photoconduction and on tke current-voltage
relation in these two types of cell was found.

134, A NOTE ON THE EXCHANGE INTERACTION
BETWEEN DIFFERENT ELECTRON SPINS IN
ORGANIC MOLECULAR COMPLEXES
Kinoschita, M,

Chemical Society of Japan, Bullstin of the, v. 36, no, 3,
pp. 307-309, March 1963

An explanation is offered for the three observed g-values
of the complex of 2,2’-dinaphthyl disulfide with antimony
pentachloride. Experiments are reported which support the
theory. The complex p-phenylenediamine with p-chloranil,
and the aromatics-iodine system 2zre also considere.. The
g-values for the iodine complexes and for the monopositive
ions are tabulated for pyrene, perylene, pyrantirene, vio-
lanthrene, and phenothiazine. Mention is made of the relation
of ESR data to electron transfer and electrical conduction.

135. SEMI-CONDUCTIVITE ET PROPRIETES
LWLECTRIQUES DE LA GUANINE
(Tx'E SEMICONDUCTIVITY AND DIELECTRIC
PROPERTIES OF GUANINE)
Mesuard, ., Vasilescu, D.
Compies Rendus Hebdomudaires des Séances de U Académie
des Sciences, v, 255, no. 6, pp. 1081-1083, Augus* 6, 1062

Conductivity and diclectric properties were measured from
—120 to +100°T in dry end in slightly humid air. At 10-
mm, ¢ = a, exp —E/kT}; oy =~ 7 X 10* ohm-* cm! for
pellets compressec at 10 kg/cm?; o, increases with the pres-
sure up to 2 X 10'2 chm -! em-Y; £ = 0.14 ev. At room tem-
peratare, ¢ = 3 X 10-¢ ohm-t cm-!. Abnormally high
resistivity zones appear at —50, --90, and —105°C, but
outside these zone; the conductivity dzcreases with the tem-
perature, in dry air, Dielectric measurements are normal for
temperatures above :oom temperature. Below room tempera-
ture, the dielectric constant goes through a maximum at
—70°C. Large duviations occur in slightly humid air owing
to structural evolution and dipolar Debye relaxation. The
humidity tends ta increase the dielectric constaut and tan §.
No ferroelectric effect is obtained,
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136. CATALYSE SUR SEMI-CCONDUCTEURS ORGANIQUES
(CATALYSIS ON ORGANIC SEMICONDUCTORS)
Salle, R., Gallard, J., Traynard, F.

Comptes Rendus Hebdomadaires des Séances de I Académie
des Sciences, v, 256, no. 12, pp. 2588-2590, March 18, 1363

The present siudy was undertaken to show relation be-
tween catalylic propertics and electronic characteristics of
organic semiconductors. Catalysts studied iucluded phthalo-
cyanines, polybenzimidazole (1), polyacenequinone (pyro-
mellitic anhydride and quinone}, condensation polymer of
polyisoprene-benzoquinone and polyisoprene-chloranil (II),
and polyacrylonitrile (III) pyrolvzed in air or Ar. Catalysi
activities were expressed on the bacis of uni: weight and unit
area. Three catalysts (I, II, and III py.olyzed in Ar) had
greater activity for decomposition of N,O than NiQ (green).
GCther catalytic processes studied were simultaneous dehydro-
genation and dehydration of cyclohexanol and iso-PrOH,
isumerization of butene, and oxidation of Tetralin. All poly-
mers studied were conjugated structures and produced a signal
in electrenic paramagnetic resonance, and a* least some poly-
me:s were semiconductors. The catalytic properties of these
organic semicunductors are closely related to their electronic
properties.

137. CONDUCTIVITE ELECTRIQUE DE QUELQUES
AMINES ALIPHATIQUES SIMPLES: INFLUENCE
DE LA PRESENCE DE PETITES QUANTITE* IYEAU
(ELECTRIC CONDUCTIVITY OF SOME SIMCLE
ALIPHATIC AMINES; INFLUENCE OF THE
PRESENCE OF SMALL AMOUNTS OF WATER)
Pouyet, B. . .
Compies Rendus Hebdomadaires des Séances de ' Académie
des Sciences, v. 256, no. 13, pp. 28342836, March 25, 1963

Measurement of the electiic conductivities permits one to
put in evidencr: and to determine the amounts of very small
quantities of water in the amines. This sensitive method per-
mits a dosage of water from around 30 mg/]l. Conductivity ap-
pears in this case superior to cryoscopy, as a criterioa ¢f purity,
Meaylrements are reported on n-propylamine, n-batylamine,
and n-amylamine. The curves show variaiion of conductivity
of the amine-water mixtures as a {unctio of gquantities of
water at 25°C,

ELECTRICAL PROPERTIES OF THIN ORGANIC
FILMS

Bradley, A, Hamnes, J. P.

Elecirochemical Society, Journal of the, v. 110, no. 1,
Pp- 15-22, January 1963

138.

Thin organic polymer film specimens were prepared for
electrical conductivity measurements by the glow discharge
polymerization procossi' The experimental procedure for filn,
preparation is duscribed in detail. Data on film properties and
deposition efficiencies (g/kwhr) are presented for 'their po;-
sible bearing on the polymerization mechanisms. Dark con-
ductivities (o) were measured over the temperature range
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75-275°C. Plots of log o vs. 1/T,,, gencrally gave straight
lines ahove about 125°C with slopes characteristic nf t' e
chemical composition of the polymer film. Conductivities at
156°C ranged from 10-'" mho/cm (flms rich in haluzen! to
163 mho/cm (ferrocene, tetracyanoethylene). A nossible
relaticnship between structure and conductivity is divcussed.

139. CONDULTIVITY AND THERMOELECTRIC
POTENTIAL MEASUREMENTS ON PEKYLENE:
METAL HALIDE COMPLEXES
Frant, M. S, Eiss, £
Electrochemical Socieiy, Journal of the, v. 110, no. 7,
pp. 769-772. July 1963

The conductivities and Seebeck coefficients of a series of
perylene complexes with metal halides {rom groups IIB,
IIIA, IVA, VA, VB, VIB, VIIA, and VIII of ibe pericdic table
have been studied to determine possible depenacnce of these
properties on the nature of the halide. No direct correiation
was found between conductivity and position on the periodic
table. The complexes having a conductivity of >10-% mho/cin
(InCl,, PCl,, FeCl,, IC}, SbCl,, I,} were black in color; none
of the others were black. Activation encrgies were measured
for materials having a conductivity >10-1* mho/cm and were
0.60 ev or lower. There was 2~ .pproximate straight line
relationship between the lng conductivity and the activation
energy, indicating that conductivity for the series is deter-
mined primarily by the number of thermally activated car-
riers rather than by the reservoir of available carriers in
lower energy states. As a rule the most conductive materials
had the lowest Secbeck coefficients. It was found that
perylene:FeCl, could be prepared as either p- or n-type
depending on the initial reactant ratio, with the perylene-rich
material showing p-type properties.

140. SEMICONDUCTIVITY OF ORGANIC SUBSTANCES.
PART 6.—A RANGE OF PROTEINS
Eley, D. D,, Spivey, D. L.
Faraday Society, Transactions of the, v. 56, pt. 10, no. 454,
pp. 1432-1442, October 1360

The variation of dc¢ electrical conduciivity with tempera-
ture has been investigated in some fourteen proteins and
polypeptides in the dry state in vacuo. All the substances
show a reproducible semiconductivity, with relativel, high
energy gaps, 2.8 to 3.1 ev, and high mobilities of charge car-
riers, 102 to 10% ¢m? v~ sec™? assuming band theory equations
and an effective mass equal to the free electron. These results
confirm and extend earlier work on hemoglobin, and their
outstanding feature is the overall similarity of bel-avior in so
many suustances. The results are discussed in terms v, a model
in which the determining process is the penetration of a po-
tential energy barrier by thermally excited electrons. The basic
unit is regarded as the 4 z-electron >CO . . HNZ unit, excited
electrons traveling through a whole chain of these units of
length I, with barriers between units (which might be x-keratin
spirals). On the whole, the more ordered structures have
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Iowsr &e and higher mobility values, but the changes {c.g.,
due to denaturaticn) are small. Ohm's law deviations are also
smaller than in other organic semiconductors. Reference is
made to the correlation of theimal energy gaps with optical
transitions in the :olid, and a solid-state spectrum reported
for hemoglobin.

141. SEMICONDUCTIVITY OF ORGANIC SUBSTANCES.
PART 7.—THE POLYAMIDES
Eley, D. D., Spivey, D. L.
Faraday Society, Transactions of the, v. 57, nt. 12, no. 463.
pp. 22802287, December 1961

In an earlier paper, Baker and Yager demonstrated o con-
ductivity in polvamide 66 and 610, and suggested that the
amide protons acted as charge cnrriers. In this paper the dc
conductivity for nive polyamides is shown to be (3) 103
times that for the electronic semiconductors, proteins and
amino acids, (2) markedly time-dependent and non-ohmic,
(3) to possess an activation energy of ca 1.0 ev at high tem-
peratures changing to one of ca 2.5 ev below a transition
teraperature around 100°C. It is suggosted that protonic
charge carriers are generated by a self-ionization process, with
a beat of formation which gives rise to the high-temperature
activation energy. Below the transition temperature, the rate-
determining process is one of rotation of chain segments,
which is a necessary preliminnry to transfer of protons between
amide groups on neighboriug chains. Since chain rotation
is ruled out in proteins, pre on conduction cannot occur and
the observed conductivity arises from mobility of =-electrons.

142. SEMICONDUCTIVITY OF ORGANIC SUBSTANCES.
PART 8.—PORPHYRINS AND DIPYRROMETHENES
Eley, D. D,, Spivey, D. 1.

Faraday Society, Transactions of the, v. 58, pt. %, no. 470,
pp. 405410, February 1562

The porphyrins, and the copper and cobalt complexes of
4,4-diethyl-3,3',5,5'-tetramethyl dipyrromethene (dipyrro-
methene I or DI) have energy gaps of 1.8-1.9 ev, and this
fact suggests that there is a certain degree of resonance inter-
action between the two dipyrromethiene groups, although fot
steric reasons they canaot be exactly cnplanar.

The complexes of 5-hromo-3,4’-diethyl-4,3,5'-trimethyl-
dipyniemethene (dipyrromethene II or DII) have an energy
gap of 2.2 ¢v, which corresponds to electronic excitation
within a single dipyrromethene molecuie. The absence of
resonance interaction suggcsted by this result may arise from
the electron-attracting inductive effect of a Br atom tending
to favor tetrahedral ionic bonds between metal and N atoms.
The zinc complex sf mesomethy] 4,4’-di (2-methoxycarbonyl-
ethyl)-3,3,5,5-tetramethyl d.pyrromethene (dipyrro-
methene Ia or Dla) also has A = 2.2 ev. Presumably, here
the dipyrromethenes have a nonplanar configuration, because
the Zn atom is restricted to a tetrahedral sp* arrangement of
valencies.

t
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143. SEMICONEUCTIVITY OF ORGANIC SUBSTANCES.
PART 9.—-NUCLEIC ACID IN THE DRY STATE
Eley, D. D., Spivey, D. I
Faraday Society, Transactions of the, v. 58, pt, 2, no. 470,
pp. 411--415, February 1962

The dc conductivity of four samples of DNA and one of
RNA in the dry state has been examined, All five specimens
show similar behavior, with a specific resistivity of about
5 X 101 2 cm at 400°X and an energy gap of 2.42+0.05 ev.

1t is probable that the conduction arises from thermally
excited electrons on the paired bases traversing the whole
length of the axis of the DNA deuble helix, and tunneling
through the barriers between one DNA molecule and its
neighbor.

144. ELECTRONIC PROCFSSES IN PARAFFINIC
HYDROCARBONS. PART 1.—ON THE NATURE
OF CARRIER TRAPS
McCubbin W L.
Faraday Society, Transactions of the, v. 38, pt. 7, no. 475,
pp. 2307-2315, July 1962

Previous work in the field of radiation-induced conductiv-
ity in long-chain hvdrocarbons has left open several impoitant
guestions. The question dealt with here is the role which
indigienous impurities play in the phenomenon of carrier trap-
ping. The method involves a compa-ison of certain conduc-
tivity parameters of pure octacosane (C,,H,.) vwith those of
commercial polythene, which has already been studied. It
is a direct consequence of the different ways in which these
substances are prepared that most of the impurities which
are probable ii the one are lacking in the other.

The important physical quantities which are measured, or
deduced from conductivity measurements, include the follow-
ing: the activation energy of conductivity in the absence of
1adiation, the total density of traps, the approximate form of
the energy distribution of traps, and the free electron-hole
recombinaiion coefficient. It is found for octacosane that ali
values except the trap density lie close to the corresponding
values for polythene. This is shown to be inconsistent with the
idea that chemical impurities constitute the fundamental
traps in these materials and consistent with the theory that
long- or short-range ordering of molecules is the source of
the trapping phenomenon. (For Part 2, sec Entry #44.)

145. CHARGE-TRANSFER COMPLEXES OF LINEAR
PNOLYMERS
Slough, W.
Faraday Society, Transactions of the, v. 58, pt. 7. no. 475,
pp. 2360-2369, July 1962

A series of charge ransfer complexes in whicl: the elec-
tron donor was cue of the polymers—polystyrene, poly-a-
viny naphthalene, polyacenaphthylene or polyvinyl mesitylene
—and the electron acceptor was one of the species—tetra-
cyanoethylene, tetrachloro-p-benzoquinone (chloranil), 2,3-
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dichloro-5, 8-dicyano p-benzoquinone, or silver perchlorate—
Las been prepared and examined in the solid state. For the
polyvinylnaphthalene-tstracyanoethylene system the com-
plexes with a sterecregular (isotactic) polymer have also been
prepared and examined. All the complexes prepared showed
an expunential variation of specific conductivity with tempera-
ture in the range 20-75°C. Values of E and log,, ¢, calculated
from ¢ = o, exp(-—-E/2kT) were not found to be very sensi-
tive to the proporticn of the two components in the com:-
plexes. Seebieck coefficients were measured for certain of the
materials and showed the majority current carriers to be posi-
tively charged. From a combination of the conductance and
Seebeck coefficient data the carrier concentration and mobil-
ity have been calculated for these materials. In solution,
spectra showing charge-transfer absorption bands are recorded
for the polymers poly-o-vinyl naphthalene and polyvinyl-
mesitylene behaving as electron donors and tetracyanoethyl-
ene, or tetrachlorobenzoquinone (chloranil) behaving as
acceptors. The spectrum of one chloranil complex is also
recorded in the solid state. Spectra in the solid state are also
recorded for complexes in which polyvinyl naphthalene and
polystyrene behaved as w-electron domnors and silver ion was
electron acceptor. In these spectra n3 new absorption bands
appeored, but a slight red shift of the long wavelength edge
of the aromatic absorption band occurred, together with a
considerable increase in the intensity of absorption in com-
parison with the parent polymeric molecule.

The structure of the co:iplexes, particularty the effect of
the polymeric nature of the doncr, is disvussed in relation to
the observed properties.

146. EFFECT OF OXYGEN ON THE OPTICAL AND
ELECTRICAL PROPERTIES OF NUCLEIC ACIDS
Snart, R. §.

Faraday Society, Transactions of the, v. 59, pt. 3, no. 483,
pp. 754760, March 19563

The dc electiteal conductance of solid gels of deoxyribo-
nucleic acid, uuder high vacuum, shows a semiconductive
behavior, with an activation energy of 2.44 ev and a ¢, valae
of 6.2 X 16% chm™ em-. In an atmosphere of air or oxygen
the activation energy is decreased to 1.27 ev and the o, value
to 4 X 10-° ohm! cm™’, However, after heating at 75°C in
oxygen for a period of two days, the activation energy in-
areased to 1.56 ev and the g, value to 2.5 X 10~ ohm- em™,
which were reproducible under oxygen or a high vacuum. The
ubsorption spectrum of the sample that had undergone oxygen
treatment showed a higher degree of hypochromicity than
native DNA. A difference spectrum between oxygen treated
DNA and native DNA shows a peak at 300 myu which may
be due tu an increase in the hyperchromicity of the nucleic
acid. Experiments have demonstrated a phosphorescence at
470 my on illumination of a solid gel of DNA with 300-mp
light, which is possibly the wavelength correspouding to the
n—>7* transition in nucleic acids. Temperature curves have
shown that the oxygen-treated sample may be cross-linked.
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147. THERMOSTIMULATED E.M.F. APPEARING N
IREADIATED HYDROCARBONS UNDER A
TEMPERATURE GRADIENT
Frunkevich, E. L., Talrze, V. L.

Fizika Tverdogo Tela, v. 3, no. 1, pp. 180181, January 1961
(Translated from the Russian in Soviet Paysica—Solid Siate,
v. 3, no. 1, pp. 131~132, July 1961)

Paraffin and polyethylene were irradiated with 1.6-Mev
electrons at 200°K and allowed to warm up. The EMF was
measured for temperature drops across the specimens of less
than 20°K. “Bussts” of EMF appear between 250 and 280°K
for paraffin and 26G-280 and 340-380°K for polyethylene.
The maximum voltages were 50-1000 v. There must be cur-
rent carriers in shallow traps which may be radicals produced
by the irradiation. The dependence of the EMF on the tem-
perature gradient is probably due to the nonuniformity of
trapped carriers rather than the gradient of carrier concentra-
tion produced by the temperature grad’ent. The equivalent
electrical circuit is discussed. {PA, 1961, #17,842)

148. THEFMAL ACTIVATION ENERCY OF THE DARK
CGNDUCTIVITY OF ORGANIC COMPGUNDS
Vartanyan, A. T., Rozenshtein, L. D.

Fizika Tverdogo Tela, v. 3, no. 3, pn. 713-722, March 1961
(Translated from the Russian in Soviet Physics—Solid State,
v. 3, no. 3, pp. 520-526, Septembar 1961)

The activaiion energy was obtained from the temperature
dependence of the dark conductivity of solid layers of a
series of organic dyes and uncolored compounds. It was
shown that these values agree with the short-wavelength edge
of the phosphorescence band at low temperatures and with
the long-wavelength drop of the spectral absorption curves
of the corresponding substances. The free carriers are thus
thought to be created by a singlet-singlet electron transition,
(PA, 1961, #14,388)

149. THE TEMPERATURE DEYENDENCE OF DARK
CURRENTS IN ANTHRACENE
Plotnikov, Yu.l.
Fizika Tverdogo Tela, v. 4, no. 11, pp. 3104 -3109,
November 1962
(Translated from the Russian in Soviet Physics—Solid Statz,
v. 4, no. 11, pp. 22712274, May 1963)

Thermal activation energy values are given for dark cur-
rents in single-crystal and polycrystalline anthracene speci-
mens prepared by different methods. These values amountea
to 1.98 == 0.04 ev for both bulk and surface currents and no
dependence on crystallographic direction was observed.

In the presence of oxygen, the thermal activation energy
increased in the initial experiments, but in later experiments
decreased to 1.46-1.80 ev in correspondence with the E value
of anthraquinone, which is formed as the end product of
anthracene oxidation,



150. INVESTICALYION OF QORGANIC SEMICONDUCTORS
Aftergut, S., Brown, G. P.
July 1961
General Electric Co., Schenectady, N. Y.
Report for March 1960-March 1961 on Solid State
Research and Properties of Matter, WADC TR 5£-469,
1 - II, AF 33(616)-6208
AD-268,

Measurements of snecific resistivity vs. temperature were
performed on a variety of organic compounds including
phenazine and some of its derivatives, solutions of phenazine
in naphthalene, hydrogen-bondea compounds such as imida-
zole, benzimidazole, and 4-Fydroxypyridine, pigments ot the
aniline black type, polymers, and pyrolvzed polymers. Activa-
tion energies for semiconduction were computed. The mecha-
nism of semiconduction of organic compounds is discussed in
terms of the overlap of molecular orbitals. The recent litera-
ture is reviewed.

151. INVESTIGATION OF ORGANIC SEMICONDUCTORS
Aftergut, S., Brown, G. P,
May 1962
General Electric Co., Schenectady, N. Y,
Report for May 15, 1961-April 14, 1962, WANC TR 59-469,
Pt. II, AT 33(616)-8293

The temperature dependence of the electrical resistance
was obtained on polymers and simple substances includ-
ing pely(m-phenoxylene), poly(p-phenylene suitide), s
p-limethylborophane polymer, a polybenzimidazole, acri-
done, diphenylguanidine, carbanilide, and phenothiazire. The
resistance versus temperature of unidazole was measured in
a zone-refining tube; the encrey gap changed on zone-refining
but became constant after 39 passes. New (apparently poly-
meric) complexes of imidazole and copper, zinc, and cobait
were prepared. The recent Fte. tare on organic semicon
ductors was surveyr 1,

152. RADV} . V-INDUCED CHANGES IN SOME
PHYSICAL PROPERTIES OF CRAPHITES OF
VARIOUS DEGREES OF GRAPHITYZATION
Aleksenko, Yu. N., Kakushadze, L. E.

International Journal of Applied Radiction and Isotopes,
v. 8, no. 2-3, pp. 131132, July 1960

Volume increase of graphite after neutron uradiation is
assumed to result from deciease in size of the crystsllites,
i.e.,, to ygraphitization. Six samples of graphites of varibus
degrees of graphitization were irradiated by 6.2 X 102° neu-
trons cm-? at 350-450°C. The absolute radiation-induced
changes in electrical and thermal resistivities are, withit ac-
curacy of the measurements, independent of graphitization.
The relative changes are smaller for the less graphitized
samples. Thermal conductivity versus temperature indicates
that the radiation-induced breakdown of the crystal lattice
in graphite has the same effect on the propagation of thermal
vibrations as the crystallite boundaries or impurities. The
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mechanism by which radiation affects the electrical conduc-
tivity of graphite appears to be that of forming additional
waps for the current carriers. Radiation-induced changes in
the Hall coeflicient were observed previously. Swelling was
practically absent in these experiments which suggests that
this is due to less stable forms of radiation damage. (PA,
19€1, #17,586)

152. THE CONJUCTIVITY OF ARTIFICIAL GRAPHITE
Shulepov, S. V., Pashnia, M. 1.
Izvestiya Vysshikk Uchebnykh Zavedenii, Fizika,
no. 2, pp. 34-39, 1962

Electrical conductivity, Hall effect, and Nernst-Etiinghausen
effect were studied in powder and solid samples of graphite.
With increasing temperature of graphitization, electron mo-
bility ‘ncreases in comparison with holes. The type of con-
ductivity- n- or p-conductivity—depends on graphitization
temperature; above 2600°C n-type is present.

104, ELECTRIC CONDUCTIVITY AND NMELECTRIC
L.0SS IN POLY (VINYL CHLORIDE)} PLASTICS
Anikeenko, V. M., Xevroleva, K. M., Kesser:ikh, R. M.,
Sotnikov, V. G.

Izvestiya Vysshikh Uchebnykh Zazedents, Fizika,
no, 5, pp. 75-80, 1962

Electrical conductivity at 500-1500 v/cm at 48-97°C wd
dielectric losses at 10¢ cps were determined for poly (vinyl-
chlorid=) plastics of various compositions. The following results
were found: specific resistivity war 2 X 102 to 1 X 10!% ohm/
cm; dielectric permittivity varied with the temve iture and
increased to 9-10 at 97°C; tan & varied from 0.1 at 40°C
to 3-3.5 % 102 at 90°C.

155. EFFECT OF PRESSURF ON CONDUCTIVITY OF
3 OLYACENENUINONE RADICAL POLYMERS
fiembaum, A., Moacanin, J., Cuddihy, E.

In “Research Summary, Volume 36-14.” pp 152-154
Jet Propalsion Laboratory, Cslifornia Institule of
Technology, Pasadena, Calif., May 1, 1962

Condnetivity mieasurements were carried out in an appa-
ratus which consisied of a cell, press, ard electrometer. Using
this equipment, an evaluation was made of the properties of
four polyacenequinone radical PAQR powders. The conduc-
tivitics, forbidden energy gap E,, and pre-exponential factors
of thesz materials w-re studied as fuuctions of both pressure
and terrperature.

A study was made of the de conductivities of the four
powders at eight pressures from 7,900 to 57,000 atm end
temperatures of about 22, 80 and 93°C. For any given
polymel at constant tenperature, the conductivity increases
by about a factor of 100 over the pressure range investigated.
At constant pressure, conductivity increases by about a factor
of 10 over a 70°C temperature range. Experimcutal results
are graphed.
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155. ANIONIC POLYMERIZA TiON QF
9-VINYLANTHRACTNE AND SEMICONDUCTIVITY
OF POLY-9-VINYLANTHRACENE-IODINE
COMF: ZXES
R-.abaum, A., Henry, A., Waits, H.
In “Snacc Programs Summary, 37-19, Volume IV.”
pp. 103-110
Jet Propulsion Laboratory, California Institute of
Technology, February 28, 1963

it is concluded t. it the electrical’ efnauctivity of polymers
appears to be due mainly to mobile =-tlectrons, as for
example, in molecules containing conjugated double bonds,
or to charge transfer complexes such as polyevelic hydro-
carbuas and halogen addition compounds. Both types of com-
pounds possess a conductivity intennediate between metals
and insulators, i.e., in the range of 1073 to 1012 ohm-! em-1.
According to this classification Jehydrogenated PVA may
therefore be classified as s polymeric semicenductor. Conduc-
tivity o1 PVA is considerably enhanced by complexing it with
iodine and is probably duve to (1) the quinoncid structure,
and (2) the substituted anthracene structure.

The average iodine content of the compiex was found hy
elemental analysis to bc equal to 32.3%, and cn the basis
of reaction yields, the average amouant was 27.9%. One iodine
molecule per three anthracene units would require an icdine
conte.t of 28.6%%, which is in fair agreement + ith the experi-
mental results. Monomeric complexes of this kind contaiss
a much lzrger proportion of halogen and are generally easiiy
dissociated. Tais limits the temperature range at which elee-
trical measurements may he m:de and gencrally makes the
determination of resistivity a great 2<al more difficult. The
PVA-iodine complex is stable sver a wide temperature range,
and furthermore the uncomglexed iodine may be removed
by exiraction with boiling benzene or similar solvent. This
stability may be due to the comparatively high energy gain
which, according to Mulliken, counstitutes the attractive
charge-transfer force. The latter depends on the value of the
ionization potential of the donor component. It is likely that
the electrica. ¢. ~ductivity of charge-transfer complexes may
be correlated with this value of energy gain. Studies in this
direction may throw some light on the inechonisin of elec-
trical conduction in organic solids.

157. ELECTRICAL SURFACE PROPERTIES OF
POL{MEZRS CONTAINING BOUND ANIONiC
GROU'PS
{Jolmes, F. H., Perkins, P. C.

Journal of Applied Chemistry, v. 12, pp. 150-156, 1962

Sulfonated sheets of polystyrene cross-linked with divinyl-
benzene and sheets {with CO,H groups) of copolymerized
styreae, divinylhencene, and methacrylic acid exhibited sur-
face conductivities which increased with selative humidity.
Such increase is consistent with au increase in the dielectric
constant of the polymers.
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i58. CURRENT NOISE IN PYROLYZED
POLYACRYLONITRILE
Beophy, ). J.
Journal of Applied Physice, v. 33, wo. L, pp. 114-117,
January {962

Current noise measurements of the organic semiconductor
polyacrylonitrile pyroly ced in nitrogen at temperaturss from
350 to 900°C which reveal changes in conductivity similar
to those atiributed to carrier fluctuations in inorganic semi-
cunductors are reported. The current noise spectra exhibit
characteristic time constants of 102, 3 X 104, and 5 X }0-°
sec which are independent of pyrolysis temperature and are
tenatively associated with the molecular strocture leading
to vunductivity. The observed noire magnitude suggest, the
existence ot a large number of independent sub-volumes
which increase in size with tre itment temperature. Samples
pyrolyzed above 760°C exhibit noise that may bLe indicative
of a different molecular structure.

159. SPACE-CHARGE-LIMITED CURRENTS IN ORGANIC
CRYSTALS
Mark, P., Helfrich, W.
Journal of Applied Physics_v. 33, no. 1, pp. 205-215,
January 1962

Electrical conductivity measurements performed on thin
{50 ») single crystals of p-terphenyl, p-quaterphenyl, and
anthracene using aguevus electrodes are discussed. The
results strongly indicate that the acceptor electrode (an I-]
solution) can form chmic contact for hole injection into these
crystals and that space-charge-limited currents can be drawn
through them. The crysta’s were found to contain hole-
trapping states; the location-in-energy of these states can be
approximated by a decreasing exponential distribution above
the valence band. Measurements showed that the hole mobil-
ity in p-terpkLenyl! is about 3 X 10-2 em*/v-sec and is inde-
pendent of the field up to about 4 X 10¢ v/em, and that the
hole-trap concentration is at least 10'*cm-®, The acceptor
electrode used does not form chmic contact to crystals of
naphthalene and diphenyl; an explanation for this is pro-
pesed. Some theoretical aspects of ohmic contact formation
to organic crystals and space-charge-limited current flow in
insulators are alsn discussed. (SSA, #14,076)

160. PYROLYTIC GRAPHITES: THEIR DESCRIPTION
AS SEMIMETALLIC MOLECULANK SOLIDS
Klein, C. A.
Journal of Applied Physics, v. 33, no. 11, pr. 3338-3357,
November 1962

An investigation is made of the electrical, the gulvanomag-
netic, and the thermoelectiic properties of pyrolytic graphites
whose morphologicai fe itures are conditioned by the deposi-
tion temperature, the heat treatment, and the doping level.
(1) Rusal-plane magnetoresistance and c-direction specific
rusistance of deposits prepared at temperatures ranging from
1900 to 2500°C poiat to = remarkable improvement of
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the crystallites” alignment with rising deposition ternperature.
In both crystallographic directions the Seebeck coefficient
closely fcllows semi-empirical predicticns based on the two-
dimensional model of the =-electron bands. The Fermi level
of a standard deposit (2100°C) is at 0.025 =v below the
valence-band edge and thus indicates that crystal defects
trap alout 7.5 » 10'* electrons/cm3 at room temperature;
this figure is in accord witl, a Hall coefficient of 9.33 cm3/C.
The average in-plane mobility (930 cm? v-! sec!) corre-
sponds to a mean free path ot the order of the crystallite
diameter (250 A). (2) Post-deposition treatment at tempera-
tures abuve 2500°C results in (a) a rapid drop of the rcom-
temperature basal-plane resistivity down to 50 u( i1 or less,
{b) a Hall cffect convesion from p- to n-type in the early
stages of graphitization, and {c¢) a2 trend toward negative
Seebeck coefficients in the layer planes. In conjunction with
low-field magnetoresistance measurements these rcsults can
be described in terms of semimetallic concepts, the simul-
tancous presence of holes and electrens with equal concen-
trations {6 > 10'® cm™ at room temperaturej stemmiing
from a slight band overlap. Average mobilities imply that
the carrier behavior approaches single-crystal characteristics
{~= 10* ¢m” V! sec™! at room temperature) after heat treat:
ment above 3000°C. Normal to the layers, the specific
resistance always exceeds 0.4 Q cm, which points to a mole-
cular conduction process in this direction. (3) An in.corpora-
tion of boron intc the carbon-hexagon networks lowers the
electrical resistance of graphite particularly in the c-direction
{twenty-fold decrease at a composition of 0.6 at. % B); concur-
1ontly the two temnerature coefficients become approximately
equal to zero. Ia the rigid-lattice approximation band-
pooulation figures derived from the resistivity temperature-
dependence reflect the Hall coefficient behavior, the peak
occurring at an equivalent boron countent of 0.04%. The
ionization efficiency is of the order of 50% with a Fermi
level aepressed by more than 0.1 ev. Thermoelectric power
measurements in the ¢-direction accord with the view that
charge transport across the layer planes involves most of the
excess holes, and rev-al that boron enhances the Seebeck
anisotrupy of graphite. (PA, 1963, #828)

161. ELECTRICAL CONDUCTIVITY OF POLYPROPYLENE
Foss, R. A., Dannhauser, W.
Joumal of Applied Polymer Science, v. 7, no. 3,
pp. 1015-1022, May 1963

The steady-state (dc) electrical conductivity of polypro-
pylenc has been measured as a function of temperature
{25-150°C) and fieid strength (0~94 kv/cm). The tempera-
ture coefficient of the condnctivity is 34.6 kcal/mole ex-
pressed as an activation energy. This is much larger than
the activation energy for diffusion of small molecules in the
same polymer. Thus, jonization rather thar diffusion appears
to be the primary activation process. The conductivity is
nonohmic; the conductance quotient is a linear function of
field strength but is larger than predicted by Onsager’s theory.
The ion “jump distance,” as evaluated from the isothermal
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field dependence. is the s'me order of magritude as the
diffusional mecan free pach estimated from diffusion studies
in other polymers. Th: coaductivity, conduction activation
energy, and field dependence appear to be celatively insea-
sitive to polvmer crystallinity.

162. ELFCTRON SPIN RESONANCE IN COMPLEXES
O AROMATIC HYDROCARBONS WITH 10DINE
Singer, %. S., Kommandeur, J.

Jowsnal of Che:mical Physics, v. 34, no. 1, pp. 133-140,
January 1881

Accurate measurements of electron spin roncentration in
semjconduciing molecular complexes of perylene and uyrene
with iodine have indicated an exponential temperature de-
pendence i uxcellent agreement with the activation energy
for electronic conduction. The agreement of the megnitudes
of the spin concentrations with the carrier concentration
estimates obtained from electrical measurements further con-
firms the identification of the un;aired spins as charge car-
riers. At low temperatures, smail *emperature-independent
concentrations of trappec spin- or free radicals are observec.
Spin resenance line shap:s, relaxation times, and g-factor
anisotropies also have been det .rminzd

163. XLECTRICAL CONDUCTIVITIES NF o AND
B8-PHTHALOCTANLYE
Wihksne, K., Newkirk, A E.
Journal of Chemical Prysics, v. 34, nu. 6, pn. S184-2185,
June 1961

The two crystal modifications have <iferent conduciivitis:
a-phthalocyanine has a higher conductivity with ar 1ctivation
energy of 0.25 ev, while 8-phthalocy~nine has a condu :tivity
which is 10° times lower and an acti 1tion energy of 0.9 ev
The irreversible transition frora « t¢ 3 by heating can be
followed electrically. (PA, 1951, #14,393,

164. PHOTO- AND SEMICONDUCTION IN CRYSTA!LINE
CHLOROPHYLLS a AND b
Rosenberg, B., Camiscol, j. F.
Joumal of Chemical Physics, v. 35, no. 3, pp. 932-992,
September 1961

Measurements are reported on some chavacteristics of photo-
conduction and semiconduction in pure crystaline chlmo-
phylls @ and b. The semiconduction activation energy is 1.12
ev in chlovophyll @ and 1.44 ev in chicrophyll b (E/2kT).
The latter value is in excellent agreement with the triplet
state energy of 1.43 ev measured by the phosphorescence
method in chlorophyll b. The former value suggests that a
possible cause of the lack of detectable phosphorescence in
chlorophyll a is that it occurs in the infrared at about 11,000
A, The evidence indicates that the mobility of the predomi-
nant charge carriers (positive holes) is the same in both
crystals. Photoconduction is easily measured in chlorophyll b
and less easily in chlorophyll a, because of the much larger
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dark current. The photoconduction activation energy in
chlorophyll b is 0.36 ev. This supports Rabinowitch’s view
that photoconduction in chloro~hyll is not involved in the
primary act of photosynthesis.

The oxygen adsorbed on the surface of the crystals forms
an oxygen-chlorophyll complex. This leads to an increase in
both the dark current and the photocurrent probably by
increasing the mobility of the surface charge carriers. There
is no detectable effect of oxygen upon the semiconduction
activation energy, since the increase of the magnitude of the
cuarrent is small (a factor of 4 to 10). The binding energy of
the oxygen-chlorophyll 6 complex is about 1.4 ev; that of
the orygen-chluruphyll b complex 0.63 ev. There is no de-
tectable activation. energy for the formation of the complex.
It is not 2 photo-uxidation process. Some evidence suggests
that a more ghtly Lound oxygen complex exists which has
no effect on electronic ~enductivity. This more stable com-
plex is converted by light into the weakly bound complex
described above (probably by photereduction of chlorophyli
in the coraplex). These results are similar to those of Arnold
and Sherwood’s work on dried chloroplasts. They favor their
alternative explination—that of an oxygen compound being
responsible for thermoluminescence and a thermal spike in
condutivity—rather than their first assump®ion, that of elec-
tron trapping and recombination in chlorophyii itself.

185. ORGANIZ SEMICONDUCTORS. AROMATIC
HYDROCARBON POSITIVE ONS IN SOLID3
Biomgren, C. E., Kommandeur, 1.

Journal of Chemical Physica, v, 35, no. 5, pp. 16361639,
Novemt -r 1981

Mixturss of aromatic hydrocerbors with antimony peuta-
chloride in carbon tetrachloride havs been studied bv the
ethods of eleciron spin resunance and visible spectroscopy.
‘The ohservation of a Tyndall effect and the spectroscopic
~roperties show that the mixtures are colloida! suspensions.
The visible : pectra are characteristic of aromatic ions, arnd
a comparisov of ic concentrations measured by visible spec-
trascopy and spin concentrations measured by spin resonance
indicaies tha* the aromatic ions in the solids are the only
paramagnetic species present. The sciids were found to
exhibit h'~h electronic_ ponductivity.

166. ORGANIC SEMICONDUCTORS COMPARISON CF
MEASUREMENTS ON SINGLE-CRYSTAL AND
COMPRESSED MICROCRYSTALLINF
MULECULAR COMPLEXES
Kronick, P. L., Labes, M. M.

Jeurnal of Chefideai Physics, v. 35, no. 6, pp. 2016-2:,19,
December 1961

Measurements of conduct'vity, activation energy of con-
duction, and Seebeck coefficient performed on charge-transfer
cor:. lex single crystals are reported. Very small single crystals
were grown using slow cooling or evaporative tectniques.
They were large enough to be handled by specialized micre-
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mampulauve methods, wbich are described to some detail.
Measurements or single crystals of three diamine-quinone
compleyes are reported and discussed in relaticnship to
measurements 2n the compressed materials. Detailed inter-
pretation of the data given must await crystallographic
analyses, since it is not known what kind of anolecular stack-
ing occurs in X, Y, and Z directions. (SSA, #13.104)

© 167. ON THEZ NATURE OF THE ELECTRODE FFFECTS

IN THE CONDUCTIVITY OF ANTHRACENE
MONOCRYSTALS

Ri—croft. P. J.

Journal of Chemical Phusics, v. 36, no. 4, pp. 1114-11186,
Fetouary 15, 1962

Dark conductivity m2asurements indicate that the electrode
barrier is indepondent of the work functicn of the metal of
the electrode. Non-ohmic behavior was ¢bserved with elec-
trodes of aguadag and copper iodide prepared by two
methods. A copper iodide electrode on one face is positive,
at zero current, with respect to 2 metallic electrode on the
opposite face; the potential difference correlates with the
work function of the metal. (PA, 1962. #8295)

168, SEMICONDUCTIVITY OF NAPHTHALENE
Bommann, j. A.
Journai of Chemical Physics, v. 36, nu, 6, pp. 16911692,
Marci, 15, 1922

Measurements on both high-purity and further zone refined
material showed an extremely sliarp 100G-fold drop in the
intrinsic resistance on melting of verv pur: naphthalene.
E =073 ev ({ = {, exp E/kT) for the solid and the resist-
ance charge was found to be indenendent of tae direction of
temperature change. (FA, 1962, #8369)

169. ELECTRONIC PROPERTIES OF POLYSULFUR
NITRIDE
Kronick, P. L., Kaye, H., Chapman, E. F,, Mainthia, S, B.,
Labes, M. M
Journal of Chemical Phyaics, v. 38, nr. 8, pp. 22352237,
April 15, 1962

This linear polymer of alteraating sulfur and nitrogen
atoms with corjugated double bonds is of irterest in con-
rection with studies of the electronic properties of conjugated
organic polymers, The value of 0.013 chm cm at 25°C for
the electrical resistivity of a compressed sampie extrapolated
to infinite pressure, the lowest that has been cbserved in any
alternant polymer chain, suggests that tnere ma; be unique
struct.ral festures in (SN), influencing its electrical prop-
erties. The materiai was synthesized by the method of
Coehring from tetrasulfur tetranitride.

The 3eebeck coefficient (S) wus measured on pressed
pellets 15 mm in diameter and 4 mim thick in an evacuated
die at various pressures,
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The resistivity as a function of {emperature was -neasured
in vecuo on a Kelvin double bridge, using platinus probes
and 2 thermocouple embedded in a sample compressea in
a spectal die at 5000 aim.

For organic conjugated pclymers it is calcuiated that
chain-chain interaction and the extent of delocaiization of
n-electrons within *he individaal chains are small. For (SN),
the individual chaius represent a conjugated system with
resonance forms in-olving the cliernalion of positive and
negative suifur atoms, which is believed to lead to a high
intrachain conductivitv. Iu addition, the expansion of the
sulfur valence shell gives more opportunity for interaction
involving the dr-orbivals., The extra elcctrons o1 the nega-
tively charged sulfur. situated in such an cxparded orbital,
might be expected then to facilitate charge transport between
chains.

170. ELECTRICAL PROPERTIES OF CHLORPROMAZINE
Gutmann, F., Netschey, A.
Journal of Chemical Physics, v. 38, no. 9, pp. 33552360,
May 1, 1962

Chlorpromazine {10-dimethylamincpropyl shenothiazine)
in the form of slabs cast from the melt is a semiconductor.
The activation energy of condurtivity has an average vaiue of
E = 2.1 ev, referring to the equation o = o, exp{—E/Z2kT),
above a transition temperature of 32°C. There is no signif-
icant change of E upon fusion, its value remaining constant
up to 80°C. The transiticn has beer confirmed by thermal
wnalysis, dielectric measurements, and by infrared spectro-
scuny. The spectra indicate that the side chain as well as
the 1ing system is affected by the transition, which is he-
lieved to be due to an unfolding of the side chain above
a critical ‘emperature, this causing a change in the micellar
association ni the substance. Values are reported, as functions
of temperature, for the refractive index, the permittivity at
I Mc and at 1592 cps, the parallel ac conductivity and the
loss tangent at the latter, lower, frequency. The substance is
diamagnetic.

171. CHARGE INJECTION INTO ORGANIC CRYSTALS:
INFLUENCE OF ELECTRODES ON DARK. AND
PHOTOCONDUCTIVITY
Pope, M., Kallmann, H. P., Chen, A., Gordon, P.

Joural of Chemical Physics, v. 36, nv. 9, pp. 2486-2492,
Mav 1, 1962

Studies have beer made of dark and photoconductivity in
thin anthracene single crystals using a Ce** solution as one
electrode and a 1MNaCl solution as the other electrode. It
was found that the Ce** electrode was capable of injecting
holes into anthracene ir the dark, the saturation current at
15,000 v/cm being about 1 pa/em® This current was ob-
served when the Ceé+ electrode was at a positive potential.
With the same polarity, it was found that chere was practi-
cally no increase in the saturation current upon illumination
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of the crystal with 3650- or 4300-A light. at low vouitages
there was a distinct photeeffect whick was attributed to the
emptying of polarization producing traps, thus increasing
the internal Seld, The satursticn currenl was proportional to
the six-tenths power of the Ce** concentration. At low volt-
ages, the cusrent was very smali until a certain voltage,
referred to as the ounset voluage, was reached, after which
the current increased rapidly. The onset voltage was larger
for the dark current than for the photocwrent. The efficiency
of carrier production by the Ce*- ion was about 10-1° based
cn a simple collision hyrothesis. Possible explanations for
this low efficiency were advanced but no definite mechanism
was choser. The use of Ce> jon was without effect in
increasing either the dark or photocurrent.

Using  ositive electrode of I, in glacial acetic acid, 1t
was found that there was nractically no hole injection, in
contrast with the marked hole injecting characteristics of
the aqueous I, — I- electrode. Furthermore, *he Ce* and
1, — I electrodes ‘vere ineffective with naphthalene. These
results are explained by reference to a criterion for hole injec-
tion 1, — W, — K, < 0, where W, is the work function of
the <lectrode, I, is the ionization energy of anthracene in
the solid, and E. is the externally supplied energy {optical,
thermal, electric field).

172. EFFECT OF PRESSURE ON THE RESISTANCE OF
PYROLYTIC GRAPHITE
Samara, G. A., Drickemer, H. G.
Journal of CFemical Physics, v. 37, no. 3, pp. 471-474,
August 1, 1962

The effecrt of pressure to several hundred kilobars was
measured on samples of pyrolvtic graphite of density 2.18
and 2.20. Measurements along the c-axis show a relatively
high resistance which decreases with increasing pressure and
levels at high pressure, apparently due to strongly decreas-
ing compressibility. Along the a-axis the resistance is low,
but increases at higher pressures, apparently due to recrystal-
lization. (PA, 1962, #18,633)

173. EFFECT OF PRESSURE ON THE RESISTANCE OF
FUSED-RING AROMATIC COMPOUNDS
Samara, G. A., Drickamer, H. G.
Journal of Chemical Physics, v. 37, no. 3, pp. 474-479,
August 1, 1862

The effect of pressure to several hundred kilobars was
measured on the resistance of seven fused ring aromatic
compounds, including two polyacenes and five quinones.
In general, there is a rapid drop in resistance at lower pres-
sures, followed by a marked leveling at above 200-250
kilobars. The leveling is apparently associated with the rapid
decrease in compressibility at high pressure observed by
Bridgman. The resistance at high pressure varied by several
orders of magnitude among the compounds. It seems to be
closely associated with the amount of overlap between ad-
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jacent molecules in the unit cell. The temperature coefficient
of resistance at high pressure was obtuined for three com-
pounds. They all remained semiconductors at the highest
pressure studied, but the activation energy was about one-
sixth of the atmo:yheric pressure value. (FA, 1962, #18,701)

174. ELECTRONIC TRANSPORT IN CRYSTALLINE AND
LIQUID PYRENE
LeBlanc, 0. H,, Jr.
Journal of Chemical Physics, v. 37, no. 4, pp. 916-917,
August 15, 1962

Electronic mobilities were measured in several organic
solids and liquids and the results suggest that the mechanism
of transport is different in the two phases, In the experiment
reported here, it was found that the hole mobility in pyrene
decreases abruptly by three orders of magnitude at the melt-
ing point; thus the transport mechanism is clearly different in
the solid and liquid phases. A possible transport mechanism
is suggested for the liquid phase. (PA, 1962, #23,256)

175. ELECTRIC CONDUCTION IN' LIQUID

HYDROCARBONS. 1. BENZENE

Forster, E. O.

Journal of Chemical Physics, v. 37, no. 5, pp. 1021-1028,
September 1, 1962

A technique has been developed which allows the deter-
mination of specific conductance in the bulk of a liquid,
independent of electrode materials or electrode separation. By
this method, the specific conductance of benzene saturated
with air was determined to be 1.1 = 0.1 X 10-* Q-1 em™?
for fields between 50 and 400 v/cm. Measurements of the
potential gradients between electrodes show them to be
strongly asymmetric. The temperature dependence of the
dark current conduction of benzene was shown to follow the
typical relation normally associated with semiconductance.
The value of E wa: determined to be 0.42 = 0.4 ev for both
liguid and solid benzene. The photoconductance of benzene
was bound to follow closely its spectroscopic behavior. The
experimental results are interpreted to suggest that conduc-
tion in both liquid and solid benzene is based on an electron
transfer mechanisin. The temperature dependence of this
mechanism s shown to be independent of impurities and to
be a property only of the bulk of the liquid. {PA, 1962,
#21,922)

176. EFFECT OF HALOGENS ON THE RESISTANCE
OF SINGLE CRYSTALS OF COPPER
PHTHACOCYANINE
Carry, J., Cassidy, E. P.

Jourmal of Chemical Physics, v. 37, no. 8, pp. 2154-2155,
November 1, 1962

The resistances of single crystals of semiconducting copper
phthalocyanine were determined in a vecunm and in the
presence of gaseous iodine, bromine and chlorine. The pres-
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2nce of halogens reduced the resistances by eight to ten
orders of magnitude. {PA, 1963, #6593)

177. ELECTRICAL MEASUREMENTS ON POLYVINYLENE
AND POLYPHENYLENE
Mainthia, S. B., Kronick, P. L., Labes, M. M.
Journal of Chemical Physics, v. 37, no. 10, pp. 2509-2510,
November 15, 1962

The resistivity of polymer samples depends markedly on
the presence of water. Different drying techniques led to
variations of 10* ohm cm. (PA, 1963, #4936)

178. INVESTIGATION OF BULK CURRF {TS IN
METAL-FREE PHTHALOCYANINE CRYSTALS
Heilmeier, G. H., Waifield, G.
lournal of Chemicat Physics, v. 38, no. 1, pp. 163168,
January 1, 1963

The bulk current in many single crystals of metal-free
phthalocyanine was found to exhibit ohmic behavior up to
fields of 10* v/cm and square-law depandence on voltage for
higher fields. Photocurrents in these crystals were ohmic over
the entire range. If one interprets these results as space-
charge-limited currents, trap densities of 10*2 to 10**/cm? are
found from the temperature behavior of the I-V characteristic.
From the t:ansition between ohmic and square-law regions,
the concentration of free carriers was calculated to be approx-
imately 10° to 107/cm3, in fairly good agreement with that
found from Hall raeasurements. Samples were measured
which had both dark and photocurrents which varied as V
at low fields, but as V-3-1.7 at higher fields. These observa-
tions are interpreted qualitatively in terms of~a model in
which a leyer of higher resistivity than the bulk ex:ends from
the contact into the bulk.

179. DIELECTRIC PROPERTIES OF SOME POWDERED
ORGANIC SEMICONDUCTOXS
Hugg ns, C. M., Sharbaugh, 4. H.
Joumnal of Chemical Physics, v. 38, no. 2, pp. 393-397,
January 15, 1963

The use of electrical conductivity measurements to char-
acterize the charge density and/or mobility parameters of a
material is discussed. The common practice of using simple,
pressed electrodes with dc measurements is felt to be grossly
inferior to four-probe techniques. Even this refinement, how-
ever, is subject to considerable error for powdered samples.
Many workers have used fairly simple ac techniques to
eliminate interparticle centact resistauces in organic semi-
conductors; this approach is shown t» have been misapplied.
I. is possible, however, to measure what appears to be a
specific conductivity (independent of packing pressure or
filling factor) by more elaborate ac analysis. Measurements
of the effective parallel resistance and capacitance are given
for anthracene (powder and single-crystal), metal-free
B-phthalocyanine, and a g-carotene tri-iodide complex for a
frequency range of 0.05 cps to 300 Mc (PA, 1963, #8557)
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180. CONDUCTICN IN HEXAMETHYLBENZENE
THROUGH THE CRYSTALLINE TRANSITION
Kronick, P. L., Labes, M. M.

Joumnal of Chemical Physics, v. 38, no. 3, pp. 776-777,
February 1, 1963 .

Hexamethylbenzene has beer shown to undergo a reversi-
ble transition from a triclinic crystal lattice below 109°C to
an orthorhombic lattice, ctable above this temperature. The
log of the resistance varies linearly with 1/T, with an appar-
ent activation energy of 0.89 ev. There seeins to be no dis-
continuity and no slope change at the 109°C transitior: point.

181. EFFECT OF PURIFiCATION ON THE
SEMICONDUCTICN OF IMIDAZOLE
Brown, G. P., Aftergut, S.
Journal of Chemical Physics, v. 38, no. 6, pp. 1356-1339,
March 15, 1963

The techmque of measuring the temperature dependence
of the electrical resistance of organic compounds directly in a
zone-refining tube has been explored with imidazole. The
temperature dependence, determined as a function of the
number of zone-reSning passes, became constant after 39
passes. The resrils ~vere compared with those of imidazole
purified by zucc essive sublimations. The contribution of hydro-
gen bonding t) the se.viconduction of imidazole is discussed.
(PA, 1963, #10,826)

182. RECTIFICATION P 1ENOMENA IN
POLYCRYSTALLINE, PHTHALOCYANINES
Haak, F. A, Nolta, J. F.
Journal of Chemical Phys'cs, v. 38, no. 11, pp. 2648-2651,
June 1, 1963

Rectification was observed on polycrystalli~e samples of
me:al-free, copper, nickel, and 1molybdenum phthalocyanines
when these materials were sandwiched between different
metal electrodes. The presence of a small amount of a liquid
polar impurity proved essential ior rectification, and it is
suggested that the observed rectification is caused by the
formation of an ionic space-charge barrier in the vicinity of
the least noble electrode. The high st rectification ratio ob-
served was 500 and was obtained with copper phthalocyanine
between a platinum and a silver electrode and also between
a silver and an aluminum electrode. "The effects of tcmpera-
ture, electrode material, and electrode size on the rectification
ratin are given.

183. ON THE VARIATION OF ELECTRICAL RESISTANCE
OF A POLYMER AS A FUNCTION OF THE
EXTENT AND NATURE CF SORBED WATER
Lawasaki, K.

Journal of Colloid Science, v. 16, no. 4, pp. 403410,
August 1961

Results are given for polymethylmethuciylate, polyviuyl
alcohol and gel cellophane. (PA, 1962, #6429)
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184. SYNTHESIS AND CHARACTERIZATION OF SOME
HIGHLY CONJUGATED SEMICONDUCTING
POLYMERS
Pohl, H. A, Engelhardt, E. H.

Journal of Physical Chemistry, v. 66, no 11, pp. 20852095,
November 1962

Conductivity, energy interval (correspounding to the energy
gap in single-crvstal semiconductors) thermoslectric power,
Hall coefficient, chmic behavicr. pin concentration, photo-
conductivity, and photoveli:- ¢ were studied, using a series
of synthetic organic pulyz-.<r semiconductors. These included
the polyacene quinor= radical polymers, polyquinazones, a
polyacene, and aniline black. Conduction was shown to be
electronic, not ionic, and, in a homologous series, to depend
upon the chemical structure. The conductivity-thermoelectric
power data are best fitted by a two-carrier model. A slight
field dependence of conductivity is observable. A common
feature of high conjugation appears in these semiconductors.
High spin concentration (ESR) parallels high conductivity,
but spin concentrations greatly exceed the apparent carrier
concentrations. (PA, 1963, #10,837)

185. THE NATURE OF SEMICONDUCTION IN SOME
ACENE QUINONE RADICAL POLYMELRS
Pohl, H. A., Opp, D. A.
Journd! of Physical Chemistry, v. 66, no. 11, pp. 2121-2126,
November 1962

Semiconduction ranges from 10-* to 102 mho/cm in 51
example: of organic polvmers prepared by condensing aro-
matic hydrocarbon derivatives with acids. Conduction is
clectronic, not ionic or electrolytic. It depends strongly on the
chemical nature of the monorseric units, mildly on the field
strength. The concentration of unpaired spins {ca 10'® cm-#)
is roughly 100-fold larger than the apparent carrier concentra-
tion. Certain of these substances are highly piezo-conductive,
reflecting sensitivity of orbital overlap tc intermolecular dis-
tance in these eka-conjugated structures,

186. SEMICONDUZTIVITY AND PHOTOCONDUCTIVITY
OF PURINES AND PYRIMIDINES
Basu, 5., Moore, W. J.
Journal of Physical Chemistry, v, 87, no. 7, pp. 1563-1564,
July 1963

tigh quantum yields in macromolecules suggest that an
exciton may travel freely through the molecule until it is
trapped at a site at which the elementary reaction of de-
activaticn can occur. Such exciton mechanisms are closely
related to the phenomenon of photocorductivity. If, during
the course of its motion, the exciton encounters a strong
donor or acceptor entity (i.e., » trapping, center), then either
the positive hole or the negative electron will be trapped,
leaving its counterpart mobile. The trapping effect, therefore,
leads tc the generation of charge carriers which can carry
electric current through a conduction band. In order to obtain
further information on such transfer processes in nucleic
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acids, the conductivity and the photoconductivity of their
constitucnt purines and pyrimidines were measured on thin
films of the powdered samples in air and in vacuo. The dark
conduction was the same in air and in vacuo, but the photo-
current was markedly higher in air. In air the photocurrent
was higher when the sample was illuminated through the
positive electrode than when it was illuminated throagh the
negative eiectrode, which is in accord with a mechanism in
which the predominant current carriers are pesitive holcs.
In vacuo the photocurrent was independent of the direction
of illumination. The activation energies for the semiconduc-
tion were calculated.

187. CONDUCTANCE IN DIMETHYLSULFOLANE
Eliassaf, J., Fuoss, R. M., Lind, J. E.
Journal of Physical Chemistry, v. 67, no. 8, pp. 17241725,
August 1963

The compound 2,4-dimetbylsulfolane was distilled at
100°C and about 1 mm, from sodium hydroxide. using nitro-
gen to sweep air out of the system; the solvent conductance
was 2—4 X 10-2, The viscosity at 25°C 15 0.0904. The dielec-
tric constant is 29.5 and the density is 1.1314. Tetraphenyl-
arsonium iodide was prepared as described by Lyon and Mann
and recrystallized twice from water. Trimethylpheiylammo-
nium jodide (Eastman) and potassium thiocyanate wece re-
crystallized from ethanol. Conductances were measured at
25°C in a celi with constant equal to 0.1245.

188. THE TEMPERATURE DEPENDENCE OF THE
CONDUCTIVITY OF DRY CELLULOSE
Murphyv. E. J.
Journal of Physics and Chemistry of Solids, v. 15, no. 1 -8,
pp. 66-71, August 1860

An experimental investigation of the electrical conductivity
is described. It leads to the following expression for the
conductivity:

o = 450 X 107 exp(—30.7 X 10%)/RT + 3.55 X 19-10
exp(—10.8 X 10¢)/RT

where o is the conductivity in (Q cm)-'. R the gas constant,
and T the absolute temperature. Thiz has the form usual in
the theory of ionic conduc*ion in crystals. From the coefficient
of the first term, the lattice constant for conduction can be
calculated: the value obtained is 5.4 A. The observed energy
in the Boltzmann factor for the first term can be regarded as
splitting into the sum of two terms: a dissociation energy of
40.2 kcal/mole and an activation energy for mobility of
10.6 kcal/mole; this gives (40.2/2) + 10.6 = 30.7, the
observed value. The second term, which is due to impurity
conduction of somz kind, has an activation energy for mobil-
ity of 10.68 kcal/mole. This agrees approximately with the
activation energy fir conduction in ice; consequently, the
second term is regarded us due to conduction in adsorbed
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water. The first term is regarded as representing volume con-
duction in which dissociation requires 40.2 kcal/mole, but
mobility is governed by the breaking of two hydrogen bonds.
The ratio 3.55 X 10-19/450 X 102 (= 9.79 X 10-?) is
proportional to the concentration of “impurities.” It is un-
usually small. A possible significance of this is discussed.
(PA, 1981, #17,832)

189. STRUCTURAL DEPENDENCE OF THE ELECTRICAL
CONDUCTIVITY OF POLYETHYLENE
TEREPHTHALATE
Amborski, L. E.

Joumnal of Polymer Science, v. 62, no. 174, pp. 331-3486,
December 1962

The de conductivity of thvee different forms of polyethylene
terephthalate was studied over a wide temperature and
voltage range to determine the structural dep~ndence of the
conduction process. From the films in the amorphous, crys-
tallized, and oriented and crystallized forms, it was deter-
mined that crystallization reduces the conductivity by more
than one order of magnitude. Crientation results in a six-fold
decrecse in conductivity. The conductivity does not change
over a wide range of molec!»~ weight or carboxyl end group
concentration. As skswn froxy model polymers and copoly-
mers, disruptiou of chain symmetry and molecular packing,
introductio'. «f side chains, or any other modification which
reduces ' crystallinity and order, result in greater conduc-
tivity, T" * structural deperdence of conductivity, the temper-
ature ¢ ‘wlence, and the current-voage relationships of
polyc  ae terenlthalate are consistent with a propnsed
ionie m. hanisr or the conduction process,

190. RESISTIVITY STULIES ON POLYMER
SEMICONDUCTORS
Poll, H. A.; Gogos, C. G., Cappas, C.
Journal of Polymer Science, Part A: General Papers,
v. 1, no. 6, pp. 2207-2212, June 1963
{See also Entry 3:107)

Eighteen polyacene polymers were synthesized, and their
resistivities were found to be of the order of 10*-10% ohm-cm.
The resistivity of these polymer semiconductors was found to
be sensitive to changes ir. the conditions of synthesis, changes
in the structure of the polymers, and variations of pressure
and temperature during experimentation, The forbidden en-
ergy gap for these polymers was about 0.5 ev. Although the
formalism of the simple intrinsic semiconductor band model
was niot strictly applicable to the data on these polymers, such
a treatment was found instructive.

101, RELATIONSHIF BETWEEN LUMINESCENCE AND
SEMICONDUCTING PROPERTIES OF SO:[E
SYNTHETIC POLYMERS
Kryszewski, M., Kurczewska, H., Szymanski, A.
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Preprint *'7, presented at the International Symposium on
Macramolecular Chemisiry, Paris, France, July 1-6, 1963,
sponsored by the International Union of Pure and Applied
Chemistry, under the patronage of Monsieur }« Ministre
d'Ztat chargé de 1z Recherche Scientifique, under the
auspices of the Délégation Générale & la Recherche
Scientifique et Technique, and the National Committes for
Chemistry

(To be published in Journal of Polymer Scivnce, Pari C:
Polymer Symposia)

The luminescence (fluorescerce and phosphore. :2nce) and
electrical resistance of polyamides and copolymers of vinyli-
dene chloride with vinyl chloride, as well as the influence of
ultraviolet irradiation on both phenomena occurring in these
polymers, were investigated. It was found that ultraviolet
irradiation influences in different ways the luminescence and
resistance of both kinds of polymers. In polyamides, ultra-
violet irradiation results in the decrease of duration of phos-
phorescence and resistance. The first phenomenon is due
to the formatiun of radicals and their subsequent oxidation;
the second is duc to the breaking of intramolecular hydrogen
bonds in the amorphous part of polymer, which enhances
chain mobility and proton transfer by appropriate orienta-
tion of segments in electric field. The ultraviolet irradiation of
vinyl polymers containing chlorine atoms causes formation of
vinylene chains and results in greater luminescence ability
and resistance decrease. The radicals being formed are more
easily oxidized without change of vinylene sequences so the
Iumin~scence is not desiroyed by the oxidation of radicals.

192. ETUDE DE LA CONDUCYIBILITE ELECTRIQUE
DE FILMS D’ACIDE DESOCXYRIBONUCLEIQUE
(STUDY OF THE ELECTRICAL CONDUCTIVITY
OF FILMS OF DEOXYRIBRONUCLEIC ACID)
Haxass, M., Douzou, P., Sadron, C.

Preprint 78, presented &t the International Sympozsium on
Macromolecular Chemistry, Paris, France, July 1-6, 1963,
sponsored by the International Union of Pure and Applied
Chemistry, under the patronage of Monsieur le Ministre
d’Etat chargé de la Recherche Scientifique, under the
auspices of the Délégation Générale i la Recherche
Scientifique et Technique, and the National Committee
for Chemistry

(To be published in Journal nf Polymer Science, Part C:
Polymer Symposia)

The study of electrical conductivity of dehydrated films of
DNA as a function of temperature presents a number of
difficulties, especially those of establishing good elecirical
contacts and of measuring currents of very low intensity.
Despite this it is possible to present some results of experi-
ments actually realized, (1) After the first cycle of heating,
one observes an important lessening of conductivity. (2)
Within the limits of experiment (20-100°C), one is able to
represent the variations of condnctivity ¢ by a law of the
form: ¢ = @, C-5/*7, where E = 0.86 = 0.1 ev. (3) At 90°C,
the resistivity of the samples is of the order of 10'® ohm-cin.
When the films of DNA are prepared by dialysis of a solution,
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the resistivity is not measurable above 10 chm-cm. This re-
sult tends to snow that the conductivity is of an ionic nature.

193. ON ELECTRICAL ASYMMETRY AT THE JUNCTION
OF CATIONIC AND ANIONIC PERMSFLECTIVE
MEMBRANES
Friedlander, H. Z.

Preprint 80, presented at the International Symposium on
Macromolecula: Chemistry, Paris, France, July 1-6, 1963,
sponsored by the International Union of Pure and Applied
Chemistry, under the patronage of Monsieur le Minisire
d’Etat chargé de la Recherche Scientifique, under the
auspices of the Délégation Générale i la Recherche
Scientifique et Technique, and the National Committee
for Chemistry

(To be published in Joumal of Polymer Science, Part C:
Polymer Symposia)

Previously electrical asymmetries and amplification of sig-
nals have been reported for arrays of separate ion-exchange
membranes, ion-exchange membranes in conjunction with
insulation layers, and ion-exchange membranes mixed with
metallic depolarizers, This communication describes the prep-
aration of integral bipolar ion-exchange merabranes, which
are eiectrolytir analogues of p-n junctions, from thermoplastic
sheets by compression molding. By use of this new, simplified
junction, the question of asymmetrical, electrolytic resistance
is examined for direct current, alternating current, and square
waves, and comparisons are made among junctions, arrays
of dissimilar membranes, and individual pieces for the case
of highly washed samples free from electrolyte. The saliniza-
tion-desalinization mechanism generally advanced for ex-
plaining asymmetry is analyzed with relation to these data.
A new method for the measurement of electrical resistivity of
ion-exchange membranes, namely, that of the equiconductive
electrolyte, is described. This new method compares the
resist.vity of the ion-exchange membrane to that of a known
electrolyte without the necessity of measuring the dimensions
of the membrane or the variabilities asenciated with pressur-
ing probes.

164, ... "CTRICAL CONDUCTIVITY OF MOLTEN
POLYCAPRCLACTAM
Bushin, V. V., Dumanskii, 1. A.
Khimicheskie Volokna, no. 1, pp. 23-25, 1963

The specific electrical conductivity of molten polycapro-
lactam changes with time and temperature, the latter depend-
ence analogous to that of polymer semiconductors. Gamma
irradiation has no significant effect.

195. INFLUENCE OF ADSORBED GASES ON
ELECTROPHYSICAL PROPERTIES OF
PYROLYZED POLYACRYLONITRILE FIBERS
Kustanovich, I. M,, Patalakh, L. L., Polak, L. S.

- Kinetika { Kataliz, v. 4, no. 1, p. 167, 1063

Pyrolyzed polyacrylonitrile fibers with semiconductive
prope:ties were subjected to desorption of pyrolysis products

37

PIEEE

a

o

arvarna s

et



JPL LITERATURE SEARCH NO. 482

CCNDUCTIVITY AND SEMICONDUCTIVITY -EXPERIMENT

in air for three hours at 200°C and 10~ mm pressure, with
an increase in conductivity from 10-% to between 10-3 and
10-2 ohm-! cm-1. The conductivity was independent of tem-
perature between —78 and +200°C. Electron conduction
was indicated, and the EPR signal intensity increased. A p-n
junction was prepared.

196. ELECTROCONDUCTIVE SILICONE RUBBER.
I. CARBON BLACK-COMPOUNDED ELECTRO-
CONDUCTIVE SILICONE RUBBER
Manami, H., Nishizaki, S.

Kogyo Kagaku Zasshi, v. 62, pp. §34-887, 1959

The compounding, curing, and testing of electroconductive
silicone rubber are reported. The rubker was tested for elec-
trical and other properties, and the effects of manufacturing
variables were investigated. Resistivity less than 10 ohm-cm

was exhibited.

197. ELECTROCONDUCTIVE SILICONE RUBBER.
II. HEAT DEGRADATION AND RESISTIVITY
OF ELECTRO-CONDUCTIVE SILICONE RUBBER
Manami, H., Nishizaki, S.
Kogyo Kagaku Zasshi, v. 62, pp. 887-890, 1959

The effect of temperature on resistivity from 25 to 150°C
is noted, and the change in resistivity by blending is dis-
cussed.

198. DIE BEEINFLUSSUNG DER ELEKTRISCHEN
LEITFARIGKEIT DURCH HOCH POLYMERE.
KONZENTRATIONS-DP-EFFEKT (INFLUENCE OF
ELECTRICAL CONDUCTIVITY THROUGH HIGH
POLYMERS. CONCENTRATION AND DEGREE OF
POLYMERIZATION EFFECT)

Kolos, F,, Treiber, E.
L.olloid-Zeitschrift, v. 189, no, 1, pp. 1-11, January 1962

ANOMALOUS ANISOTROPIC ELECTRICAL
CONDUCTIVITY OF TRIGLYCINE FLUORO-
BERYLLATE NEAR THE PHASE-TRANSITION
POINT

Gurevich, V. M., Zheludev, I. S.

Kristallografiya, v. 6, no. 5, pp. 778-779,
Septembex—October 1961

{Translated from the Russian in Soviet Physics—
Crystallograpl.y, v. 6, no. 3, pp. 624-6253(L),
March—-April 1982)

199.

Measurements of the electrical conductivity of triglycine
finoroboryllate in the temperature range 20-95°C are re-
ported. The resulte show that the temperature dependence of
cenductivity is exponential, but with an anomaly near the
phase transition point. The nature of the transition, i.e., first
order or second order, is still uncertain. (SSA, #1%,960)
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200. SEMMICONDUCTIVITY IN ORGANIC MOLECULAR
COMPLEXES
van der Hoek, J. A, Lupinski, J. H., Oosterhoff, L. J.
Molecular Physics, v. 3, no. 3, pp. 289-360, May 1960

Complexes of benzidine or tetramethylbenzidine with
1odine, bromine, or tetranitromethane were prepared and the
electrical conductivities measured at 27°C. The measurements
were made on compressed powders by a dc method. The
accuracies were not good and the complexes were ~_c¢ stoi-
chiometric. The electrical conductivities of the complexes
ranged from 10-3 ochm-! cm-! for benzidine:I, to 10-1° ohm-t
cm? for benzidine:Br, and tetramethylbenzidine:I,. (PA,
1981, #17,718)

201. STRUCTURAL DEPENDENCE OF THE
ELECTRICAL CONDUCTIVITY OF
POLY(ETHYLFNE TEREPHTHALATE)
Amborski, L. E.

1961

National Academy of Sciences, National Research
Council, Washington, D. C.

Publication 973, pp. 11-13

Substantiation of an ionic mechanism for de conductivity
is given by the following observations: ths log of the conduc-
tivity decreases linearly with polymer density, which is
proportional to the degree of crystallinity; the conductivity of
the crystalline forms is one to two orders of magnitude lese
than for the amorphous film; the temperature dependence of
conductivity is also less, and evidently the number of current
carriers or mobility, or both, is reduced; film orientation pro-
duces a six-fcld decrease in conductivity, because of decreased
segmental mobility and mobility of the curreat carriers. Re-
placing the terephthalate with isophthalate results in increased
conductivity by three to four orders of magnitude because
loss of symmetry disrupts packing and introduces greater
segmental mobility, Lowered internal viscosity, v-ith resultant
increased conductivity and lowered activation energy, is pro-
duced when 25% of the terephthalate is replaced by aliphatic
sebacate, and the use of glycols with > £ C atoms or with
lateral groups enhances these effects

202, RESISTIVITY MEASUREMENTS AND ANALYSIS
BY AC AND DC TECHNIQUES [ABSTRACT]
Huggins, C. M.

In “Program and Abstracts . Organic ¢ rystal Symposium,
October 10-12, 1962,” pp. 68-74
National Research Council, Gttawa, ¢ anada, 1962

The usual measuring technique consists of applying a
known voltage (E) across a sample of known dimensions and
measuring the induced curren. (/) in the external circuit.
Two major difficulties can arise immediately from the elec-
trode-sample contacts: the contact at the electrode-sample
interface may be of such high resistance as to effect a signifi-
cant voitage drop at the electrode rather than ucross the
sample, and/or the electrode system may in some way serve
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to change the nature of the sample itself. Measurements give
a value of the resistance, R, of the system, including sample,
electrodes, and measuring devices. This number can, and
does, have practical significance in many instances.

For the determinaticn of the specific conductivity, the
electrode-sample contact difficulty can be eliminated or mini-
mized by the use of a four-probe technique. In this method,
four probes (or contacts) are arranged in-line so that the
outer pair supply 112 current and the inner pair measure the
voltage gradient in the sample. Providing the inner pair are
sufficiently removed from the outer pair, the nature of all
these contacts is unimportant insofar as their resistance is
concerned. The conductivity as detr-mined above is often the
most refined measurement that can e made. However, ex-
treme caution shou'd be exercised in making thecretical
interpretations of « 1 this measurement. A variety of pitfalls
have been shown -~ be present. The electrical condiictivity
of most materials i+ “n extreme function of many, otherwise
minor, perturbations such as impurity content, dejree of
crystalline perfection, surface effects, and perhaps cosmic-ray
activity.

It is universally agreed that, wheré possible, conductivity
should be determined using large, perfect crystals. For many
materials, this concept has not been realized. Polymers simply
do not form large. single crystals; other materials resist the
formation of large crystals to a prohibitive limit. To obviate
this difficulty, three apprcaches have been used: simple dc
measurements on coiapressed powder, four-prove dc meas-
urements on mechanically fused samples, and ac methods on
powders. Each of thesc has its appealing features. Alteraating
current methods of resistance measurements have been used
by many wciers, 70 asv~l me:surements consist of deter-
mining the net efre~*./e recistance of a sample at audio or
radio frequencies b, bridge or Q-meter techniques. The
assumption is made that at sufficiently high frequencies the
high-resistance contact is electrically shorted by its »wn
capacitance, the remaining resistance then being ascribed to
the bulk resistivity of the particles themselves, As it is shown,
this assumption may prove valid.

Where single-crystal measurements have been made, most
valence semiconductors and molecular semiconductors show
marked crystalline orientation dependence of conductivity.
For example, one TCNQ compound exhibits conductivities
of 4.0, 0.05, and 0.001 mho ¢m-! along the three principal
crystal directions, Since the relative magnitudes of these
principal conductivities are intimately associated with the
proposed mechanism of conduction in TCNQ compounds, it
was essential to have them determined for single crystals.
No such information can possibly be obiined from de meas-
urements on powders.

Another technique, developed by Bean, De Blcis, and
Neshitt, utilizes the rate of decay of induced, diamagnetic
flux in a conductor as a measure of the spacific conductivity,
For metals, thi- method is quite successfu’ r.rticularly since

CONMDUCTIVITY AND SEMICONDUCTIVITY-EXFERIMENT

effects of sample geometry, electrodes and macroscopic in-
homogeneities are either removed or reduced. For organic
semiconductors with their large displacement currents and
non-degenerate carriers, it is not certain at this time whether
the method would be applicable. Some workers have used
square-wave, dc pulses in conductivity mecsurements. This
method is mainly used to avoid ohmic heating in high-current
measurements on good conductors. The wave-form analysis of
square-wave pulsing can also be used t :tudy frequency-
dependent effects such as discussed in relation to ac methods,
but the interpretation of results is severely complicated.

It is concluded that, because of the many pitfalls discussed
here, credible determinations of specific conductivities of a
crystalline material can only be made from de measurements
on single crystals. The ac methods as previously used are not
satisfactory; some improvements have been achieved. The
interpretation of mechanism for organic semiconduction is
now most severely limited by the lack of single-crystal meas-
vrements, including direct determinations of anisotropic con-
tributions.

203. THE SEMICONDUCTION OF IMIDAZOLE AS A
FUNCTION OF PURIFICATION [ABSTRACT]
Brown, G. P., Aftergut, S,

In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” p. 80
National Research Council, Ottawa, Canada, 1962

Elimination of the effect of impurities by successive puri-
fications. until constant electrical properties ure attained, has
been attempted. The temperature dependence of the resist-
ance of imidazole was measured on five samp.les which had
been sublimed up to five times, but the results did not con-
verge to a constant valuz. In addition, imidazole which had
been purified by recrystallization and sublimation was sub-
jected to zone-refining in a sealed glass tube which was
equipped with platinum electrodes for making electrical
measurements. It was found that a constant temperature
dependence was obtained only after 39 zone-refining passes.

204. ON THE INTRINSIC CONDUCTIVITY OF
ANTHRACENE [ABSTRACT] ‘
Helfrich, W., Riehl, N,

In “Program and Abstracts: Organic Crystal Symposium,
October 1012, 1962,” pp. 94-98
National Research Council, Ottawa, Canada, 1962

The conductivity of anthracene has been studied by many
wozkers, It is, however, not undeistood why the results differ
widely as to magnitude and temperature dependence. Agree-
ment exists only about the form of temperature dependence
of the conductivity o, which is always found to be

o = gy exp(—E/2kt)

where E = activation energy of conductivity. In this investi-
gation, single crystals of 10 to 100u thickness were used
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which had been 1-epared from the vapor phase- under re-
duced pressure (== 10-* Torr). They showed violet fluor-
escence. The crystals were clamped between polystyrol plates
having 4-mm-D hcles serving as electrodes when filled with
liquid. Distilled water was usually chosen, on the assumption
that it would not inject excess holes or electrons and that
it forms no complex with anthracene. A constant voltage
source connected to the sample produces s time variable
current, An initial current transient which is due, at least in
part, to the properties of the measuring circuit has decayed
after less than one minute, Yet, the current does not become
stationary but cuntinues to decrease, Even after 30 min no
stationary value is reached. A plot of current vs. time usually
shows two portions of reduced slope occurring after a few
minutes, The current at these particular sections is propor-
tional to the field strength up to the rather high value of
25,000 v cm-, the limit of this investigation. The logarithm of
current for a fixed value of field strength was plotted against
the inverse temperature. The rurrent was measured near the
end of the sections of reduced slope. The experimental points
are compatible with two straight lines having u slope corre-
sponding to the activation energy of 1.65 ev reported by
Mette and Pick. It is assumed that these two straight liner
indicate the temperature dependence of two separate cop-
duction mechanisms. For the lower line a value of ¢, = 3.1¢-3
ohm-1 em ! is found; the upper line leads to about twice that
value, Equal results were obtained with two different crystals,
one of which was 18u the other 52p thick. According to
Mette and Pick, 2.5 X 10~ < gy < 5 X 10-3 ochm! em™ is to
be expected for currents which flow, like these, perpendicular
to the ab plane. Thus, an extrapolation of the temperature
dependence of conductivity reported by Mette and Pick
agrees with the presen? results at much lower temperatures
of 20 to 50°C.

A model is proposed which may be able to account for the
existence of two apparently separate conduction raechanisms.
The familiar pair of excess carrier bands are called “dissocia-
tion bands.” These dissociation bands can be populated as
well by thermally dissociated, carriers as by injected carriers.
In addition, the existence is postulate 1 of another pair of con-
ducting bands which are populated when electron wave func-
tions belonging to a moleculur grcund state are replaced by
those of an excited state. These two additional bands are
called “excitation bands.” While thinking of a molecular state
of excitation, one would have to consider the exciton as
being smeared out over the eutire extent of the lattice. Re-
combination of the wave functions representing holes and
electrons in these excitation bands shouid occur bimolecu-
larly so that E in the equation is indeed the activation energy
of the molecule. In the case of anthracene it is suspected that
the exoited state may bs the first triplet state, Thermal excita-
tion alone determines the population of the excitation bands
which thus always contain equal numbers of holes and elec-
trons. Carriers in the excitation bands are not localized;
each molecule remaing electrically neutral and excess carriers
are not allowed to exist, Charge transport, ie., current,

40

through the excitation bands requires not only a driving
field but also the existence of sonrces and sinks for the
charges. Thus, the excitation bands may be compared to
water-filled pipes. The water cannct flow through such a
pipe even if the pipe is tilted, as long as at least one end of it
is closed. Objections to the model are presented,

205. THE MEASUREMENT OF DAKX CONDUCTIVITY
OF ANTHRACENE BY THE USE OF PULSE
TECHNIQUES [ABSTRACT]

Feilchenfeld, H., Many, A.

In “Program and Abstracts: Orgavie Crystal Symposium,
October 10-12, 1962,” pp. 89--101

National Research Council, Ottawa, Canada, 1962

In the present work, advantage is taken of the character-
istics of blocking contacts to measure the bulk conductivity of
single crystals of anthracene, and the transient rather than
the dc response is studied. A voltage pulse is applied across
the sample in series with a resistor (10° or 10 olim), which
serves as the grid resistor of a low input-capacitance high-
gain amplifier driving a CRO. To eliminate the large capaci-
tative rurge at the onset of the voltage pulse, a relay is
employed which short-circuits the grid resistor until a short
time (1 msec) after the pulse onsei. With this arrangement
a response time of about 5 msec is obtained to: _urrents above
10-2 amp. All samples are provided with a guard ring to
eliminate surface currents. The sample is enclosed in a cryo-
stat whose temperature may be continuously varied between
room temperature and 200°C,

A detailed study of the transient characteristics can afford
useful information regarding both m:tal-insulator contac.s
and trapping effects. In this paper, howaver, the emphasis is
on the bulk conductivity and its temperature dependence,
and so only the initial peak of the curreat is of interest.
Measurerments of peak current have been carried out along
the principal crystallographic crientations. Semilog plots of
the conductivity vs. 1/T are presented. All plots yield a value
of 0.5 ev for the activation energy, For comparison purposes
the “conductivity” plots derived from the steady-state current
are ulso included. For most contacts these plots exhibit an
activation energy of 0.8 to 1 ev, which is within the range
of values quoted for anthracene by dc measuzoments. An ex-
ception to this behavior is an evaporated alver contact,
where the steady-state activation energy approaches that
derived from the peak current (0.5 ev).

In conclusion, it is seen that contact effects may play a
dominant role in de conductivity measurements and may well
lead to erroneous interpretation of the experiimental data.
Transient measurements, on the other hand, seem to be a
promising tool for the study of high resistivity materials, Tt is
interesting to note that blocking contacts and large trap
densities, which in many cases are undesirable, are here the
factors which make the measurements possible,
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206. THE HALL EFFECT AND BAND MODEL IN
METAL FREE PHTHALOCYANINE SINGLE
CRYSTALS [ABSTRACT]

Heilmeier, G. H., Warfield, G., Harrison, S. E., Assour, J. M.
In “Program and Abstracts: Organic Crystal Symposium,
Octcber 10-12, 1962,” pp. 133-138

National Revearch Council, Ottawa, Canada, 1962

The conductivity of the crystals was measured along the b-
and c’-axes of the crystal using ohmic contacts of silver paste
over the temperature range from 26 to 350°C. The plot of
conductivity vs. the reciprocal of the absolute temperature
yielded a straight line over the entire temperature range from
which an activation energy of 1.86 ev was obtained. This
value was found to he independent of crystalline srientation.
However, the conductivity along the b-axis was ten (. mes
greater than that along the c¢’-axis. This indicates that the
mobility is anisotropic which is accounted for by the differ-
ence in the 7-orbital overlap in the two directicns. A striking
equality was found between the thermal activation energy
for conductivity and the onset of strong optical absorption.
The optical 2bsorption of the crystal which is similar to the
shifted molecular spectrum was obtained using an 80-hr
exposure on a Jarrel-Ash grating spectrometer. This was
nevessary due to the opacity of the crystals in their strong
absorption region. The measurements of conductivity were
repeated on four different crystals and reproduced on each.
It is felt that this cvidence speaks strongly for a conduction
process which involves the oxcitation of an electron from the
highest filled level to a conducting state deriving from the
molecular singlet state.

Previous attempts at Hall me:surements on organic semi-
conductor crystal and films have succeeded only in estab-
lishing an upper limit for carrier concentration and mobility.
The experimental apparatus used here consisted of a Cary
vibrating reed electrometer whose output can be displayed
on a recorder, a reversible balancing supply to remove spuri-
ous voltages due to any asymmetry in the positioning of the
Hall probes which was introduced into the feedback loop of
the electrometer to preserve its input impedance, a main
voltage supply for the sample current, and a Varian magnet.
The measurement technique consisted of recording the output
of the Hall probes with the electrometer as a function of time
with the m guetic field on, off and revcersed. A typical result
with field in a specific direction is shown. The data were
then integrated using a planimeter to eliminate the effects of
noise on the Hall voitage. The results of these measurements
on several samples are tabulated, assuming that in the calcu-
lation of the Hall coefficient, mobility, and carrier concen-
tration only one type of carr’er is mobile, a band model is
applicable, and the conductivity is isotropic, The assumption
of an isotropic conductivity is probably not completely valid,
as the separation of the molecules in the lattice is a function
of crystallographic direction, as is undoubtedly the case for
the overlap of the molecular wave functions. Thus, the as-
sumption is only a crude first approximation to ti ¢ true solu-
tion whach is much more complex,

CONDUCTIVITY AND SEMICONDUCTIVITY ~ EXPERIMENT

Results are compared with previous experiment and with
theory.

207. OBSERVATION OF HALL EFFECT II.
COPPER-PHTHALOCYANINE [ABSTRACT]
Deiacote, G., Schott, M.

In “Program and Abstracts: Orgaaic Crystal Symposium,
October 10-12, 1962,” pp. 143-147
National Research Council, Ottawa, Cenada, 1962

Hall mobilities- have-been measured in two monocrystals of
copper phthalocyaniue, in the range 400-620°K. As this work
is already in progress and extended toward lower tempera-
tures and to othcr zvabients,and as a detailed account of the
most important results of the first part of the work is to be
published, only a brief rovort is given.

The Hall mobility is close to the microscopic mobility,
which in Cu-phthalocyanine is definitely greater than the
macroscopic mobility already measured in sathracene; this
means that the theory of high molility semiconduciors may
perhaps be applied here, and supports the idea that a medel
of conduction through free carriers frequently trapped in
shallow levels can be more useful than the model of hopping
processes. The discrepancy between the. resulis of LeBleac
and Kepler, and those presented here, cin be explainec. by
(1) intrinsic difference: in the materials, (2) the existence
of shallow levels, and (3) a very field-dependent mobility,
but a value of <+2> /<> so different from unity is not
probable.

208. INVESTIGATION OF BULK CURRENTS IN
METAL-FREE PHTHALOCYANINE SINGLE
CRYSTALS [ABSTRACT]

Heilmeier, G. H., Warfield, G., Harrison, S. E.

In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1862,” pp. 148152

National Research Council, Ottawa, Canada, 1962

Direct-current measurements of the current-voltage char-
acteristics of metal-free phthalocyauine single crystals with
ohmic guard ring electrodes have been made. Phthalocyanine
is a molecular crystal having semiconductor properties, The
dark current at room temperature is characterized by an
ohmic dependence on voltage up to fields of 10* v/cm. A
square law behavior is obtained beyond this field streng:h.
Photocurrents were ohmic over the entire range of measure-
ment, indicating that the mobility was not field dependent.
Data are presented and the resulis are interpreted.

209. STUDIES OF THE CARBAZOLE-CHLORANIL
CHARGCE TRANSFER COMPLEX BY ELECTRON
SPIN RESONANCE [ABSTRACT]

Kohin, R. P., Miller, K. A., Hoegl, H.

In “Program and Abstracts: Organic Crystal Symposuim,
October 10-13, 1962,” pp. 170174

National Research Council, Ottawa, Canada, 1968

The ESR measurements on carbazole-chloranil samples
were mace with an X-band superheterodyne spectrometer
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usir.g low-frequency (73 cycle} magnetic field modulation.
For the equi-molar sample mainly studied, the resonance
consisted of a single Lorentzian-shaped line hoving a g-factor
of 2.0038 and a widd: of 4.4 gauss. Other equi-molai samples
prepared at different temperatures and pressures had in gen-
eral different line widths and in some cases the line shape
was more closely gaussian. All measuremments weie made at
reduced power levels {less than 25 uw) since the signal from
the complex was found to saturate for power jevels greater
than approximatelv 300 uw when using a cavity having a Q
of 2500. At room temperature, the intensity of the slgnal fromn
a certain equi-morar sample corresponded to 7 X 10 un-
paired spins/g, or approxzimately one unpaired electron for
everv 2000 donor or acceptor molecules.

As the temperaturc was lowered the inteusity of the signal
was found to decrease and could be fitted by the equation
I = T~ exp {-E/kT) where the activation erergy. E, had a
value of apnroximately 0.014 ev. Measureineats were made in
the temperat:re range from 150 tc 300°K. D ing intense
iltumination of a thin powdered sampie by visible light from
a filtered 200 w high pressurc mercury ‘zc lamp, the signal
was found to increase in intensity by approximately 40%
of that obtained from the sample in the dark. Variations in
the concentrations of the two components produced variations
i+ the concentration of unpaired electrons in the sample.

Since no spin resenance signal has been observed from the
c¢ymplex in solation, it is assumed the paramagnetism is not
associated with the donor-acceptor paih itself but must be
selated to properties of the solid. The behavior of th» gpin
resmance sigual from the carbazole-chloranil mixture is, to a
certain extent, similar to that reported for the pervlene-iodine
and some similar complexes, which shows an intensity tem-
peratuie dependence characteristic of a low thermal activation
energy. These complexes exhibit a spin resonance due to
therma] ercitation of unpaired conduction electrons or holes,
as iy supported by their large conductvity and the equiva-
lence between the thermal activation energ.es for both the
conduction and the wnpaired carrier -oncz tration. On the
nther hand, the complex strdied at present has a relatively
low ccnductivity (less than 10-° ohm-! cm-t).

210. ELECTRON SPIN RESONANCE AND THE
CONDUCTIVITY OF COPPER AND METAL-FREE
PHTHALOCYANINE [ABSTRACT]

Harrison, S. E. Assour, J. M

In “Prograi ... ° Abstracts Urganic Crystal Symposium,
October 10-12, 166, v, ,5-180

National Rr.-:arc’ f.ouncil, Mtawa, Canada, 1962

The electricat conductivity of metal-frec and copper
phthalocyanines nus been measured over a 300°C range
(56-350C). The In v vs. 1/T plots reveal straight lines over
.ae enlre temperature range. Measurenients or the same
compound «inw the respective slopes to be reproducible with
loss than 5% deviaiion. Thig is believed to be evidence in
favor of intrinsic conduciinn. The results indicate higher room
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temperature conductivity by three orders of magnitude for
the copper derivative, The activation energy (o = ¢,€¥/%7)
for the coppar compound is 1.35 vs. 1.65 ev for the etal-free
compound. Une possible source of this difference in conduc-
tivity can be found in ar analysis of the electron spin
resonance of copper phthalccyanine diluted in metal-free
phthalceyaniae. This analysis predicts a greater overlap of
=-electrous in the copper compound.

The important quoolitativa feature to be nowed is that there
must be considerable out-oi-plane r-oonding. The situation is
further complexed by the fact that from the phthalocvanine
orhital calculation the =-electron density is determined to be
20% higher on the ligating nitrogens than on the other atoms
of the phthalocyanine ring.

The increase 1n conductivity of copper phthalocyanine over
metal-free phthalocyanine can be explained in terms of the
increased m-electron flow through the center of the phthalo-
cyanine moleculz through positions of maximum overlap be-
tween paralle! molecules.

211. EFFECTS OF BULK AND SURFACE
CHARGE-TRANSFER COMPLEXING ON THE
CONDUCTIVITIES OF ORGANIC CRYSTALS
{ABSTRACT]

Labes, M. i,

In “Program and Abstracts: Organic Crvstal Symposium,
October 10-12, 1969, pp. 190-194

National Research Councit, Ottawa, Canada, 1982

The effect of exposure 10 iodine, water, suifur dioxide, oxy-
gen, hydrogen chloride and aitrogen dioxide on the bulk dark
conduc .ivity of anthracene was examined. Tc establish the
genera’ity of the gas-solid interaction observed, ihe case of an
electron-acceptor crystal interacting with an electron-donor gas
was investigated, using a single crystal of chloranil i.. amine
vapors. Results of the experiments are reported. A four-probe
technique for resistivity measurement is described.

212. ELECTRONIC PLOPERTIES OF TCNQ ANION
RADICAL SALTS [ABSTRACT]
Siemons, W. J.
In*“rogram and Ahstracts: Organic Crystal Symposium,
October 10-12, 1962,” pp. 195-197
National Research Council, Otizwa, Carada, 1962

Thermal-EMF and electrica) resistivity measurements were
made as a function »f temperature on a large number of organic
saits formed from the radical of tetracyanoquinodimethane
(TCNQ) and various cat'ons. In gencral, the activation energy
of coniuctivity, thermal EMF and electrical resistivity shcw the
same order of increasing magnitude in the various compounds.
They can be ciassified roughly into three groups. The first group
has clectrical conductivity high (> 10-* ohm-‘cm!), thermal
EMF lov (< 100 uv/°C), and activation energy of conduc-
tivity low ( < 0.1 ev). The compcunds in tius group have tem-
perature independen? paramagnetism. The second has electrical
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conductivity mediutn (10-%'-! ohm-?! c¢m-), thermal EMF
variable (0-1250 ;v,/°C), and activation energy of conduc-
tivity medium /0.1-0.3 ev). The compounds in this group have
paramagnetism as a result of a low-lying triplet state. The
third group has electrical conductivity medium to low (< 1C-2
ohm-lem-1), thermal EMF medium to high (> 200 ,Lv/"C)
and activation energy of conductivity racdium to high (> 0.2
ev). The compounds in this group are diamagnetic or have
only 2 small amount of paramagnetism.

Most of the samples were compacted powders. Single crystal
mensurements were only made on [(C,H;),NH] (TCNQ)..
[(CeH,) As(CH,)] (TCNQ), and Cs,(TCNQ),, ali belong-
ing to the second group. The effects of compacting and of im-
purities were investigated.

It was concluded that both holes and electrons acied as
carriers.

213. CONDUCTIVITY AND THEKMOELECTRICAL
POTENTIAL MEASUREMENTS ON
PERYLENE: METAI-HALIDE COMPLEXES
[ABSTRACT]
Frant, M. S. Eiss, R
In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” p. 198
Nationai Research Council, Ottawa, Canada, 1962

The effect on the conductivity and Seebeck ccefficients of
changing the natwe of the metal halide acceptor has “een
studied in a series using perylene as the donor. Complex«s have
been formed with acceptcrs from groups IIB, IIIA, IVA, VA,
VB, VIB, VIIA, and VIII of the Periodic Table. In 4 more de-
tailed study of a single compound, it was found that perylene-
FeCly could be prepared as either n- or p-type depending on
the initial reactant ratio, with the perylene-rich material show-
ing p-:ype properties.

214, CONDUCTION IN NUCLEIC ACID COMPONENTS
TABSTRACT]
Eley, D. D,, Leslie, R. B.
In “Program and Abstracts: Organic Crysial Svmposium,
October 10-12, 1962,” pp. 199-202
National Research Council, Ottawa, Canada, 1962

In order to gain further insight into the conduction mechan-
ism, the authors have investigated the units used in building up
the nucleic acids, namely, (1) the nucleotides—base-ribose-
phosphate units which are the “monomers” of the molec-
ular chains; (2) the nucleosides—base-ribose (or hase-
desoxyribose) units; and (3) the bases—aden:ne, thymine,
guanine, cytosine and uracil,

All five bases gave difficulties due to sublimation, which still
occurred even in a nitrogen atmosphere, and all that can be
stated is that their pecific resistivities were all around 1013
Q cm at 400°K. Thermal decomposition effects were also diffi-
calt to avoid, but the observed resistivity is consistent with
a predicted value of A¢ = 3 ev for this group.

CONDUCTIVITY AND SEMICONDUCTIVITY —EXPERIMENT

The nucleosides were found to have resistivities in the range
10v-30% Q cm at 400°/, and to have high-e ergy gaps of
4.5-5.0 ev, but good results were obtained by using specially
slow rates of cooling. The nucleotides, with resistivities gen-
erally in the range 10°-10'2 Q cm (riboflavia had nearly 10
Q cm) and 3¢ values of 2 ev, gave no expen'mem 2l difficulties,
The a)‘ﬂ!} xcep'.c': to this ga"(“dpiﬂg is 6uauu:nu—, a tud {cuaide,
with Ac = 2.1 ev. The results ure tabulated. Theocretical ex-
planation is offered.

215. THE ELECTRICAL CONDUCi*VITY AND THE
HALL COLFriCIENT OF GRAPHITE
Sugihars, K., Sato, H.
National Technical Report, Matsushita Electric Industrial
Co., Osaks, v. 7, pp. 254-257, 1961

The electrical resistivitv of graphite increases with *emper-
ature approximately proportional to T2 up to liquid-N
temperature. The Hall coefficient is strongl: field-dependent.
Theoretical explanation is offered. The lattice vibrations of
graphite are divided into two modes, cne on the layer plane
and one paralle] to the c-axis. The relation process is deter-
mined predominantly by the interaction of electrons with the
former mode, and the coupliag constant is five times as large
as that of the latter mode.

216. BULK CONDUCTIVITY IN ORGANIC CRYSTALS
Kallmsnn, H. P., Pope, M.
Natur:, v. 186, no. 4718, pp. 31-33, April 2, 1960

In fonner experiments an anthracene crystal was provided
with electrolyte clectrodes. One electrode compartment was
filled with 1 M scdium iodide solution saturated with iodine,
while the other eiectrode compartment was filled with 1 M
sodium iodide soluticn without iodine. The dark current
which flowed when the iodine compartment was made elec-
trically positive was 22 times that when the jodine compart-
ment was negative arnd 80 times the dark current when
neither compartment had any iodine. These results were
explained by assurning that the iodine extracted an electron
from the adjacent anthracene crystal, becoming an I- jon,
thereby injecting a positive hole into the anthracene

The energy balance is shown to be favorable for the extrac-
tion of an electron from the anthracene, and the injection
of a positive hole into the anthracene. At the opposite elec-
trode, the process is the discharge of the positive hole,
similar to the discharge of an ion at a metal e.ectrode,
probably producing free iodine. The magnitude of the current
(i—) which flows when the illuminated side of " = crystal is
at a negative potential is murkedly affected by the nature
of the vlectrode distant from the light, and in the same way
that the positive current is affected; the i— has almost the
same drpendence on the exciting light intensity as the
positive current: both negative and positive currents are
sturated at ab "ut the same voltage although at greatly dif-
ferent currents Most dark currents differ in behavjor from the
conductivity described in this communication.
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217. ENHANCED SEMICONDUCTIVITY IN PROTEIN
COMPILEXES
Davis, K. M. C,, Eley, D. D., Snart, R. S.
Nature, v. 188, no. 4752, pp. 724-725, November 26, 1960

An aqueous sclution of bovine plusma albumin was shaken
with p-chloranil, the excess p-chloranil fiitered off, aud the
solution evaporated to form a bovine plasma albumin-
chloranil complex film. Suck a film: contained a very small
amount of chloranil. approximately 3.5%, corresponding to
3 chloranil molecules to 1 molecule ¢ bovine plasma albumin.
This plasma-chloranil £l in the dr. state had a room tein-
perature resistivity of 3 X 10'°Q o and an energy gap of
1.06 ev, compared with values for a control dry fim of bovine
plasma albumi. of 8 X 10'7Q cm (extrapolated) and 2.80 ev.
Thus, the chloranil has raised the specific conductivity of the
protein by a factor 3 X 10°. The bovine plasma albumin-
chloranil complex showed a weak but definite electron reso-
nance signal, with a g-value of 1.998 and & line-width of
6 gauss. There was no optical absorption or photoconductivity
at a wavelength corresponding to the energy gap o1 1.06 ev.
Bromanil and iodanil compiexes gave very similar resulis.
Admission of water vapor at a vapor pressure chosen to give
spproximately a Brunauer-Emmett-Teller monolayer over the
(relatively small) available surface of the bovine plasma
albumin—chloranil comgplex gave a tweive-fold increase in
resistivity. This is in marked confrast to the offect of water
vapor in decreasing the resistivity of pure dry proteins,
including bovine plasma albumin. These results may be
explained on lines well known for inoiganic semiconductors.

218. SEMICONDUCTIVITY IN HYDRATED
HAEMOGLOBIN
Eley, D. D,, Spivey, D. X.
Nature, v. 188, no. 4752, p. 723, November 28, 1969

Hemoglobin is regarded as a model for a large class of
oxidation enzyme~ where electron mobility may be of
biological significance. In the dry state its very low specific
conductivity, about 10-1% ¢! em-! at 30°C, is attributed to
electron and hole mobility in the CO. .. HN bridge system.
Water is adsorbed on natural. or methanol-denatured, hemo-
globin, corresponding to a Brunauer-Emriett-Teiler “BET
monolayer volume” V, of 319 moles/10° g protein, whereas a
close-packed monolayer of water mok cules over all the
molecul .r surfaces throughout the crysial would involve 1.160
moles/10° g protein. The mnlecular dimensiors for the latter
calculation are taken from X-ray dats which also show that
water molecules do not penetrate within the actual mclecules,
but only over the molecular surfaces. A studv has been made
of the effect of adsorbed water on the semiconductivity of a
sclid specimen of methanol-denatured hemoglobin, allowing
three days for equilibrium for each pcint. The result shows
that there is a large increase in conductivity which reaches a
constant value at about V,,. Thereafter, there is little change
until a relative vapor pressure of about 0.9, corvesponding to
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4 V,, when the conductivity increases sharply to ahout
10-# Q-1 em~! at 30°C.

1 is suggested that initially water molkcules are held on
spe<ial sites and donate electrons into the conductivity band
of the p.otein molecule giving an n-type {negative) protein,
where a high mobility is expected throughout the crystal.
This view differs from that of Baxter, who suggested that
electrons tunneled from one adsorbed water molecule t. the
next. It may be that the relatively marked effect of water on
the conductivity of some polymers points to the operation of
vet a third effect due to adsorbed water on flexible chain
molecules contzining CONH groups, that is, the plasticizing
effect of water molecules on chain movement, facilitating
transfer of protons between NH and CO groups in different
chains, first described by Baker and Yeger.

219. ELECTRONIC PROPERTIES OF IMIDAZOLE
Aftergut, S., Brown, G. P.
Nature, v. 191, no. 4786, pp. 379-380, July 22, 1961

If the overlapping of molecular orkitals gives rise to semi-
conduction, then avy other factors which contribute to such
overlapping should also encourage semicsuduction, even if
only few =-electrons are present in the individual molecule.
Since intermolecular hydrogen bends may provide such over-
lap, it might be expected that activation energies in the
hydrogen-bonded compounds should be lower than antici-
pated sotely cn the basis of the number of =-electrons.

Supporting evidence for this view has now been found in 2
study of the resistivity of imidazole. Imidazole is extensively
hydrogez-bonded as 2dduced from its relatively high melting
and boiling points and from its spectra. In the present work,
imidazole was purified by severa: recrystallizations, distillation
at reduced pressure, and zone-refining. The resistivity was
measured as a function of temperature on a compacced poly-
crystalline cumple, and the results are graphed. The energy
gap computed from the equation ;== o, exp(E/2kT) was
2.6 ev in the temperature range of 28-6€°C. Slightly higher
resistivitics were obtained at a higher potential stress; it is ~.ot
known wiether this is a significant effect. Erergy gaps
ranging between 2.8 and 3.0 ev were ootuined on several
other samples which had not been as rigorously purified.

220. SEMICONDUCTIVITY OF CHLORPROMAZINE
Gutmann, F., Netschey, A.
Naiure, v. 191, no. 4796, pp. 13901391, September 30, 1961

Fifteen runs of heating and cooling cycles on four different
samples gave a plot of log R vs. 1/T' which shows five parts.
From 34 to 80°C (m.p. 56-85°C) a continuous curve was
obtained, corresponding to an activation energy of 2.1 =v,
The discontinuity at 32°C, where the temperature coefficient
of tosistance reverses sign. is associated with a crystallo-
graphic change. (PA, 1961, #19,875)



221. ELECTRICAL FROPERTIES OF PHENCTHIAZINE
Brown, G. P., Aftorgu, 5.
Nature, v. 193, no. 4813, pp. 361-362, January 27, 19<2

As part of an investigedion on the mechanism ot corruction
of organic substances, the dependence on temperature of the
electrical resistivity of phenothiazine has now been investi-
gaied. Resistivity mcasurements have beeu carried oui on a
number of specimens of the same substance i:: various stages
of purification. These measurements were made on disks of
polyu, stalline materials which had been compacted under
pressure nris: to the measurements.

In the present work, phenothiazine was purified by chroma-
tography, multiple vacuum sublimations and zone-refining.
Results obtained at potential stresses of 76 ard 760 v, cm on
a sample of phenothiazine which had been chromatographed,
sublmed, zone-refined and resublimed are presented in a
graph, as are the results for a sample puriued by chroma-
tograpny and one sublimation. Using the equation p = p,
exp(E 2kT), where p is the specific resistivity at absolute tem-
perature T, the energy gap E was compated as 1.6 ev over the
temperature tange oi oU-100"C. The values fOor resstivity
were reproducible and followed Ohm’s law.

Failure of the sublimed samples to show chmic resistivity is
tentatively attributed to impurities, and cn this basis the value
of the energy gap, 1.6 ev, of the zone-refined material would
aopes” s L the more reliable one. Work is continuing in
order to confirm this value and to clarify the nature of the
possible impurities involved in the behavior of the sublimed
samples; details of this work will appear elsewhere.

292, ELECTRICAL CONDUCTIVITY OF PROTEINS
Roset:berg, B.
Nature, v. 193, no. 4813, pp. 364365, Yanuary 27, 1962

A 1.0 mg sample of powdered crystalline bovine hemo-
globin (salt-free) was placed between electrodes in a spe-
cially prepared and dried conductivity cell. The thickness of
the pressed sample was 75 ., aud 43 v dc was applied while
the temperature was kept constant ( =0.1°C; at 8.5°C. After
an initial fall in the current, a steady state was obtained and
thereafter th= current remained constant, showing that the
process of cenduction is almost purely electronic. If jonic
conduction played any appreciable part, water would have
been electrolyzed and the current would have fallen as the
time increased. (PA, 1962, #8301)

223. MORILITY OF IONS IN LIQUID DIELECTRICS
Czowski, O.
Nature, v. 194, no. 4824, p. 173, April 14, 1962

Measurements of the mobility of negative and positive ions
produced by means of X-rays in n-hexane, n-heptane, n-
octzne, n-decane, and mixtures of n-octane-n-hexane and
n-decane-n-hexane in the temperature range 8-50°C were
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made by the layer method. All the liquids investigated had a
residual cenductivity k < 10-'* Q-t cin-*, The viscosity (7)
was measvured using Hoeppler and Arrherius viscosimeters,
The mokbility of negative ious in all the above liquids is greater
than that of the positive jons. The transit zme of the front
edge of the negative ion layer is sharply defiued, indicating
the existence of ions with sraall diffusion velocity. The diffuse
velceity spectrum for positive ions showed that several kinds
of ions were present. The negative jon mobility (u) is ex-
pressed by u == B! in agreement with Stokes's law, and that
of the positive ion by u = An3/2, where A = 1.2 X 10-7
cm?/v sec poise /3, (PA, 1962, #15,612}

224. ELECTRON-DONATING PROPERTIES OF CENTRAL
SYMPATHETIC SUPPRESSANTS
Lyons, L. E.,, Mackie, J. C.
Nature, v. 197, no. 4867, p. 589, February 9, 1963

Electron-transfer reactions between siganic substances
have often been implicated in various binlogical processes.
Recently, ¥ziicman, Isenberg, and Szent-Gyorgi have sug-
gested that certain central sympathetic suppressants act by
donating elecarons on the inside of the electric double layer
of the central nervous system. A consequence of this hypothe-
sis would be that pharmacologically active substances should
possess relatively low ionization potentials. Though the direct
measuremeini of ionization potential is quite difficult, it is
nevertheless vossible to derive values of this quantity from
photoelectric measurements on the selid.

The following table presents I, and I; (threshold energy)
for several central sy:rpathetic suppressants and for one
pharmacologically inactive substar.ce:

1 (ev) {o(ev)
Phenothiazine® 5.14 = 0.05 6.7
Promazine 5.16 * 0.05 6.8
Promazine hydrochloride 5.46 £ .05 7.1
Chlorpromazine 5.05 * 0.05 6.7
Chiorpromazine hydrochloride 5.22 *+ 0.05 6.8
Tritluoperazine dihydrochloride 5.68 * 0.10 7.3
Prochiorperazine 5.45 * 0.10 7.1
Reserpine 5.40 * 0.05 7.0

tlnactive pharmocolegivaily

The measurements indicate that these substances have
striking electron-donating properties.

225. DIE ELEKTRISCHEN UND THERMOELEKTRISCHEN
EIGENSCHAFTEN VON PHTHALOQCYANINEN
(ELECTRFCAL AND THERMOELECTRIC
PROPERTIES OF PHTHALOCYANINES)

Hamann, C., Storbeck, I.
Naturwissenschaften, v. 50, p. 327, 1963

Phthalocyanines \wore prepared, pressed at 4000 atm, and
contacted with Cu or Ag powder.
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The following cata came from measurements in N:

Thermo-

Activistion  elqctric Type of
Resistivity enurgy  power onduc-

Form (ohm-cm) {v) wef°C tion

HiCazHighs a. 7906 X 10’ e 1250 p-type
B- 42 X 10" .87 670 ptype

CuCs:H.sCIN, a- 1 X 107 0.36 910 p-iype
B- 2 X 10" 078 1170 ptype

NiCyHisNy a- 14 X 107 0.60 970  p-type
B- 4 X 10" 114 1280  ptype

ZaCyHiNy a- 4.7 X 10’ 0.43 60 ptype
B~ 0.043 X 10" 072 1750 p-type

InCICy2H 1sCINy 8- 3.8 % 10¢ 0.82 16190 n-type

Resistivity anc activation snergy of p-conductors vrere sensitive to C partial
pressure. Activation anergins of a-forms changed at 100-150°C.

226. ELECTRON SPIN RESONANCE OF TWO
BENZIDINE COMPLEXES IN WEAK FIELDS
Roest, R., Poulis, N, J., Horsman, G.

Physica, v. 28, na. 1, pp. 15-20, 1962 (in English)

Measurerments were carried out on the electronic spin con-
centration in two molecular complexes of benzidine, both of
which have semiconducting properties. The widths of the ab-
serption curves increase rapidly with decreasing temgerature.
Activation energy for conversicn of conducting tc noncon-
ducting states are 0.08 and 0.23 ev for the two complexes.

227. ELEKTRISCHEN EIGENSCHAFTEN ‘DUNNER
BENZOLPOLYMERISAT- UND KOHLEAUFDAMPF-
SCHICHTEN (ELECTRICAL PROPERTIES OF
THIN BENZENE POLYMER AND CARBON
EVAPORATION LAYERS)

Pagnia, H.
Physica Status Solidi, v. 1, pp. 469-511, 1961

In order to learn the conducting mechanisms of the higher
conductivity shown by these organic films when coked, thin
carbon layers, varying in compositior from H-free benzene
polymers to practically pure C, were prepared by three pro-
cesses: (1) by glow discharge in a benzene atmosphere, yield-
ing layers with specific electrical resistances of 10t10-10-2
chm-cra depending on: the hydrocarbon used; (2) by evap-
oration of C by the Bradley process in which layers were con-
densed on various hot bases, giving specific resistances of
1~10-% chm-cm; and {3) by pyrolytic decompositior: of gaso-
line in a tube fuinace at 1300°K. with resultant specific re-
sistance of 2 X 10-3 ohm cm, All samples showed increasing
electrical conductivity with increasing temperature. Activation
energies of 1-0.02 ev were calculatcd for benzene polymer
and carbon vaporization deposit layers; as the activation
encrgy increased, the conductivity decreased. The therms!
power and the Hall coefficients were also measured. The pyro-
Iytic C layer had a negative Hall constant. Nov all observa-
tions could be explained quantitatively with a simple mode}
of homogeneous semiconductor. 25 references.
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228. EFFET HALL ET MOBILITE DES PORTEURS DE
CHARGE DANS UN CRISTAL MOLECULAIRE
(PHTALOCYANINE DE CUIVRE) (HALL EFFECT
AND MOBILITY OF CHARGI: CARR(ER> IN A
MOLECULAR CRYSTAL, COPPER PHTHALO-
CYANINE)

Delacote, G., Schott, M.
Physica Status Solidi, v. 2, no, |1, pp. 14601465, 1962

The Hall effect was measured in a molecular crystal, in the
temperature range 400-600°K. The Hall mobility is of the
order of 100 cm?/v sec. The charge carriers aze holes, This
result shows that the usual model of free carriers in energy
bands can be applied to sume molecular crystals. {PA, 1963,
#2911)

229. CARRIER. DENSITIES AND MOBILITIES IN
PYROLYTIC GRAPHITE
Klein, C. A., Straub, W. D.
Physical Beview,v. 123, no. 5, pp. 15811583,
September 1, 1961

Based on conductivity, Hall effect, and magnetoresistance
measurements, an attempt is made to describe the behavior
of current carriers in the layer planes of vell-ordered pyrolytic
graphite. The total carrier roncentration decreases from ap-
proximately 11 X 108 cm-3 at room temperature to less than
4 X 10'¢ cm-3 at very low temperatures, in good agreement
with single-crystal results. The average mobility, which is
strongly dependent upon the crystallite size, was found to
exceed 3000 cm? v-! sec! at liquid nitrogen temperature in
speciriens deposited at 2500°C; the mobility ratic {(p./w,)
appears to remain ‘emperature independent and equal to
1.08 = 0.01. (PA, 1961, #12,447;

230. EVIDENCE OF SINGLE-CRYSTAL
CHARACTERISTICS IN HIGHLY ANNEALED
PYROLYTIC GRAPHITE
Klein, C. A,, Straub, W. D., Diefendorf, R. J.

Physical Review, v. 125, no. 2, pp. 468—470, January 15, 1962

It is demonstrated that wmassive specimens of pyrolytic
graphite heat-treated at 3600°C may exhibit electrical char-
acteristics comparsble to these of the best single crystals
presently availuble, Low-field magnetoresistance data taken
perpendicularly to the c-direction of these specimens yield
average carrier mobilities (1.3 X 10¢ cm?/’v sec at 300°K;
up to 8 X 105 em?/v sec at 4.2°K) in substantial agreement
with Soule’s and hxClure’s results for the layer planes of
highly purified natural graphite. In conjunction with temper-
ature Cependence studies of the zero-field resistivity, it is
founc that he carrier density reprodinces the theoretically
predicted behavior down to 77°K, but departs at lower tem-
peratures. Plausible interpretations cf this discrepancy and of
the “knce” in the resistivity curve are briefly discussed. (PA,
1962, #403%)
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231. MEASUREMENT OF THE HALL EFFECT IN
METAL-FREE FHTHALOCYANINE CRYSTALS
Heilmeier, G. H., Wartield, G., Harrison, S. E.
Physical Review Letters, v. 8, no. 8, pp. 303-311,
April 15, 1962

Experimenta! techniques for the measurement of the Hall
coefficient of organic semiconductors of very low electrical
conductivity are described and the results of measurements on
single crystals of metal-free phthalocyanine are reported. The
results are interpreted on the assumptions that only one type
of carrier is mobile, the band model is applicable, and the
conductivity is isotropic. A table is given showing the values
of the measured and the corrected Hall voltages, Hall coeffi-
cient, cairier concentration, Hall mobility and the sign of the
carriers. The sign of the Hall voltage is explained using the
molecular model of the crystal. (PA, 1962, #16,73))

232. ELECTRONIC CONDUCTION OF POLYMER SINGLE
CPYSTALS
Van Roggen, A.
Physical Review Letters, v. 9, no. 9, pp. 368-370,
November i, 1962

The current-voltage characteristics of microcrystals of
polyethylene were measured. Electrical contact with the crys-
tals was made by means of a metallic support and a cat’s
whisker. The characteristics show rectification and negative
resistance regions, dependert on the composition of the metal-
lic contacts and the structure of thc polyethylene crystals.
(PA, 1983, #8558)

233. RADIATION DAMACE IN WELL ORIENTED
PYROLYTIC GRAPHITES
Blackman, L. C. F., Szunders, G., Ubbelohde, A. R.
Physical Society, Proceedi..gs of the, London, v. 78, pt. § (ii),
pp. 1048-1055, November 15, 1961

Graphite formed by cracking methane under various condi-
tions was exposed to neutron irradiation, Changes in elec-
tronic properties were measured: (1) after radiation damage
by neutron doses of the order 10'7 neutrons/cm?; (2) after
“raild” annealing around 470°C: and (3) after “strong” an-
nealing at 2£00°C and above. Effects of radiation damage are
proportionately greatest in specimens whose properties are
initially nearest to those of ideal graphite. Some discrimina-
tion can be made between the types of disorder originally
present, and the disorder added by irradiation. Changes of
thermoelectric power of graphite in the direction of the c-axis
show “latent” increases attributed to disorder frozen in until
after miid annealing. (PA, 1962, #614)

234, ELECTRIC ZERO-INDICATOR APPARATUS FOR
THE MEASUXEMENT OF ELECTRICAL
CONDUCTIVIYY OF POLYMERS
‘POLYELECTROLYTES)

Batyuk, V. P, Rybalks, K. F., Gordienko, S. A.

CONDUCTIVITY ANU SEMICONDUCTIVITY ~EXPERIMENT

Plasticheskie '1assy, no. 4, pp. 61-64, April 1962
{Translated from the Russian in Soviet Plastics, no. 4,
pp- 3538, April 1962)

The present article describes work on measuring the re-
sistivity of a solution of polyelcctrolytes (polyrrers) by an
“alternating-current bridge,” providing separate measure:nent
of the active and icactive parts of a complex resistance.
In deveioping measuriag apparatus, attention was paid mainly
te ensuring maximum sensitivity and the requisite accuracy.
Simpiified bridge circuits with no balancing of the reactive
components are too crude, and the requisite sensitivity and
accuracy can be obtained only by a carefully constructed
“ac bridge,” i.e., a bridge circuit with separate adjustment of
the active and reactive components. Furthermore, to obtain
high sensitivity the seiecdon of a null-indicator, i.c., a device
indicating the degr:e of out-of-balance of the bridge, is
important. The best results are considered 20 be given by
frequency-sensitive null-indicators which eliminate various
sources of interference and the ¢ Tect of harmorics in the
output signal of the bridge circuit. Such a null-indicator was
used to improve the sensitivity of the bridge and increase
the accuracy of the apparatus. Such an indicator is also
essential becavse, to give the requisite sensitivity, ar: amplifier
with 2 sufficiently high amplification must be incorporated in
its circuit. The null-indicator with the apparatus for deter:nin-
ing conductivity can be used to characterize the aggregate
composition of soil and determine its connection with the
mobility of nutrients in a soil solution. Other applications are
mentioned.

235. SEMICONDUCTION IN PHTHALOCYANINE: A
STUDY IN ORGANIC SEMICONDUCTION
Heilmeier, G. H.

1962

Princeton University, N. J.

Thesis

(Microfilm availabfe as Mic 63-526, University Microfilnis,
Ann Arbor, fich.)

This work is a study of the semiconducticr: propeortics of the
organic molecular crystal, phthalocyanine. The band mcdel is
shown to be applicable to this maicrial, and the conduction
band is found frem optical absnrption data to consist of a
series of bands of width 0.56 kT (0.014 ev) separaicd by
0.049 and 0.12 ev. The optical absorption spectrum of the
crystals retains much of the characteristic spectrum of the
isolated molecule due to the relative’ weak intermolecular
binding forces. The importance of the first excited singlet
state in the conduction process 1s emphas: zed by the equality
of the zdge for optical absorpuion and photoconductivity and
the thermal activation energy for dark conduciivity.

The spectral respoase for photoconductivity is found to be
the same as the optical absorption spectrum. Further evidence
is preserted for the produc .n of carriers by incident radj- .,
ation in a direct process rather than through the intermediaté
formation of excitons. The photocurrent as a function of

i
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extinction coefficient is calculated for the case of non-zero
surface recombination velocity. Application of this relation-
ship together with the effective carrier lifetime determined
from photicondurtivity shows that thc carriers are created
mo-~ than a diffusion length from the surface. Hence the
measured lifetime should be characteristic of the bulk. This
lifetime is shown to b2 of the same order as the lifetime of the
carriers in the first excited singlet state, thus further empha-
sizing the role of this level in the conduction process.

From theoretical considerations of the conductivity and
Hall effect in narrow band semiconductors, the r.obility is
expressed as a function «f the width of the band and of the lat-
tice spacing. The Hall effect was measured by integrating out
the effects of noise, and a carrier density of 2~12 X 106/cm3
and a mobility of 0.1-0.4 cm?/v sec were found.

Bulk currents were measured in single crystals using guard
ring electrodes. The I-V characteristic is linear up to fields of
10* v/cm, and then becomes square law. If this behavior is
attributed to space-charge-limited currents, tae temperature
dependence indicates the presence of traps of depth 0.8 ev
and of concentration 10%%/cm?. This inte: preta ion predicts a
room temperature free carrier deasity of 8 X 108/cm® from
the transition voltage between ohmic and square law behavior.
This density is in agreement with that found from the Hall
effect measurements. (DA, 1962)

236. HIGE PCLYMER RESEARCH
Rahm, L. F.
August 1, 1859
Princeton University, Plastics Lab., N.J.
Quarterly Status Report 54 for May 1-July 31, 1959,
DA 36-039-s¢-78105
AD-266,372

Doped polymer carbon semiconductors are included as a
pact of one section of the report.

237. HIGH POLYMER RESEARCH
Rahm, L. F.
November 1, 1959
Princeton University, Plastics Lab., N.J.
Quarterly Status Report 55 for August 1-{ctober 31, 1959,
DA 36-039-5¢-78185
AD-230,916

Aluminum doping in high polymers was found to decrease
conductivity.

238. HIGH POLYMER RESEARCH
Rabm, L. F.
Februsary 1, 1960
Princeton Vniversity, Plastics Lab., N.]J.
Quarterly Status Report 36 for November 1, 1959
January 31, 1960, Report 5, DA 36-039-5¢-7510%
AD-234,610

Semiconduction in high polymers is included a5 one section
of the report.
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239. HIGH POLYMER RESEZARCH
Rahm, L. F.
May 1, 1960
Princeton University, Plastics L.ab,, N.J.
Quarterly Status Report 57 for February 1-April 30, 1960,
Report 6, DA 36-¢39-5¢-78105
AD-239,173

This report deals in part with both semiconduction and
dielectric behavior of high polymers.

246. HIGH POLYMER RESEARCH
Rahm, L. FF.
August 1, 1960
Princeton University, Plastics Lab., N.J.
Quarterly Status Report 58 for May 1-July 31, 1960,
Report 7, DA 36-039-s¢c-78105
AD-243,943

Polymers as sermiconductors and dielectrics are included.

241. HIGH POLYMER RESEARCH
Rahm, L. F.
Noverher 1, 1860
Princeton University, Plastics Lab., N.J.
Quarterly Status Repert 59 for August I-October 31, 1960,
Repoart 8, DA 36-039-sc-78165
AD-248.981

Semiconduction and dielectric behavior of polymers are
included among the topics discussed.

242. HIGH POLYMER RESEARCH

Rahm, L. F.

February 1, 1961

Princeton University, Plastics Lab., N.J.

Quarterly Status Report 60 for November 1, 1960-

February 1, 1961, Report 9, DA 36-039-s¢-78105

AD-253,073

The chemical section contains information on Ziegler poly-

merization of nonconjugated doul.le bond systems, directional
hydrogen bonding--property relationships in polyamidcs, ferro-
cene chemistry, and intramolecular mhydrogen bonding. In
the dielectrics section semiconduction in high polymsrs, melt
behavior of sheared high polymers, and stereoregularity and
dielectric be l:avior of high polymers are discussed. Mechanica!
properties are also considered in a third section,

243. HIGH POLYMER RESEARCH
Rahm, L. F.
June 1, 1961,
Princeton University, Piastics Lab., N. J.
Quart~rly Status Report 61 for February 1-June 1, 1961,
Report 10, DA 36-039-5¢-78103
AD-260,185
{Also available through U.S. Dept. of Commerce, Office of
Techuicsal Services, Washington, D.C.)

The topics considered are: polymerization of nonconjugated
double bond systems, directional hydrogen bonding-property



relationships in polyamides, and ferrccene chemistry; semi-
conduction in high polymers, and melt behavior of sheared
high polymers; dynamic mechanical properties of polyolefins,
polymer melt elasticity, and low temperature properties of
polypropvlene.

wHwnrw I

Rahm, L. F.

December 1, 196}

Princeton University, Plastics Lab., N.j.

Quarterly Status Report 63 for September 1-

November 30, 1961, Report 1, DA 36-039-sc-89143
AD-270-961

(Also available through U.S. Dept. of Commerce, Office of
Technica! Services, Washington, D.C.)

iER RESEARCH

Pelyacene quinone radical polymers exhibited changes in
conductivity and thermal activation energy upon application
of the pressure ranges used by Bridgman for metals. There
was a 100-fold change in conduction.

245. HIGH POLYMER RESEARCH
Rahm, L. F.
July 16, 1862
Princeton University Plastics Lab., N.J.
Final Report for March 1-July 15, 1962, Report 65,
DA 36-039-5¢-89143
AD-284,382
{Also available through U.S. Dept. of Commerce, Office of
Technical Services, Washington, D.C.)

Semiconduction in high polymers is included in the report.

246. FURTHER STUDIES OF SOME SEMICONDUCTING
POLYMERS
Boramann, J. A., Pohl, H. A.
Sepiember 10, 1961
Princeton University, Plastics Lab., N.J.
Technical Repurt 63A, DA 36-039-5c-78105
AD-264,772
(Also available through U.S. Dept. of Commerce, Oftice of
Technical Services, Washingtoa, D..) .

The structure of certain semiconducting polymers was
studied by means of conductivity and infrared measurements.
The polymers are formed by the reaction of aromatic hydro-
carbens with acids or acid anhydrides. The conductivities of
various alternate polymers indicate that it can be concluded
that the polymers prepared using phthalic anhydride are not
poly (aromatic) ketones, but possibly quinoid or lactone
structures, A variety of new polymers showing electronic
semiconduction wes prepared using either phenanthrene or
anthracene and various organic acidic compourds such as
acids, acid anhydrides, acid chlorides, and imides.

247. RESISTIVITY STUDIES ON POLYMER
SEMICONDUCTORS
Gogos, C. G, Pohl, H. A.
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November {, 1961

Princeton University, Plastics Lab., N. J.

Technical Report 63B, DA 36-039-5¢-89143,

DA 36-039-s¢c-78105

AD-268,707

(Also available through U.S. Dept. of Commerce, Office of
Technical Services, Washington, D.C.)

kighteen poivacene polymers were synthesized and their
resistivities were found to be of the order of 10* to 10*
ohm-cm. Resistivity of these polymer semiconductors was
found sensitive to changes in synthesis conditions, changes in
the structure of the polymers, and variations of pressure and
temperature during experimentation. The forbidden energy
gaps for these polymers was about 0.5 ev. 17 references.

248. SYNTHESIS AND CHARACTERIZATION OF SOME
HIGHLY CONJUGATED SEMICONDUCTING
POLYMERS
Engelhardt, E. H., Pohl, H. A.

January 1, 1962

Princeton University, Plastics Lab., N.J.

Technical Report 64A, DA 36-039-5¢-89143,

DA 36-039-5¢-78103

AD-273,723

(Also available through U.S. Dept. of Commerce, Office of
Technical Services, Washington, D. C.)

A series of highly conjugated, semiconducting polymers
was synthesized and electronically characterized. The con-
d ictivines of polymers produced ranged from approximately
10-3~10"* mho cm at room temperature. A correlation be-
tween conductivity in PAQR polymers and the siic of the
aromatic hydrocarbon monomer was established. Thermo-
electric power measurements and a Hall determination
generally indicated p-type conductivity in the polymers.
Additional electiical determinations included: thermal acti-
vation energy of conduction, ohmic behavior, carrier specics,
electron spin density, thermal and chemical stability, and
photo-electrical effects. The electronic nature of conduction in
the polyacene quinone radical polymers was proven by
observing a large (positive) Hall coefficient, and the stability
of conduction to large charge passage. Non-ohmic behavior
was observed at iow electric fieid strengths. 54 references.

249. SEMICONDUCTION IN METAL-DOPED
PYRO-POLYMERS
KRosen, S. L., Pohl, H. A,
January 15, 1962
Princeton University, Plastics Lab., N. J.
Technical Report 648, DA 36-039-s¢-89143,
DA 36-039-5¢c-78105
AD-273,724
(Also available through U.S. Dept. of Commerce, Office of
Technicel Services. Washington, D.C.)

The electronic properties of pyrolysis products of Na-, Ca-
and Th-doped ion-exchange resins were investigated. The re-
sulting pyro-pclymers were degenerate semiconductors whose
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resistivities decreased from approximately 0.1 to 0.01 ohm-cm
as the pyrolysis temperaturc increased from 800 to 1200°C.
Resistivities were altered roughly by a factor of 2 with appro-
priate doping. The materials #xhibit the negative resistivity-
temperature behavio: common to semiconductors, and have
small (0.005 to 0.05 ev) energy gaps. Small, negative (0 to
—90.05 cc/coulomb) Hall coefficients were cbserved. Carrier
concentrations were estimated at approximately 1-3<162%/cc,
with mobilities of 14 em?/v sec. 27 references.

250. ELECTRONIC PROPERTIES AND STRUCTURE IN
CONJUGATED POLYMERIC SYSTEMS
Chartcff, R. P., Cappas, C.
February 13, 1963
Princeton University, Plastics Lab., N.J.
Technical Report 66D, DA 31-124-ARO (D)-21

The relation between chemical structure and electronic
properties for three classes of organic polymers with systems
of cenjugated double bonds was studied. The three classes
include linear polyalkynes, wholly aromatic polybenzimida-
zoles, and highly cross-linked polyacene quinone radical
(PAQR) polymers.

The wide range of electronic properties observed for these
polymers lends support to the view that (1) highly conju-
gated polymer molecules exist in the form of stable biradicals,
and (2) the enhanced electronic behavior of these materials
is directly related to the biradical population which may be
observed by electron spin resonance speciroscopy.

Infrared absorption spectra were obtained {or several PAQR
polymers by the KBr pressed disk technique, and a structure
consistent with spectroscopic and chemical evidence has been
proposed for phenolghthalein PAQR polymers.

251. PIEZO-RESISTIVE CHARACTERISTICS OF SOME
ORGANIC SEMICONDUCTING POLYMERS
Henry, A, W., Cappas, C.

April 15, 1963
Princeton University, Plastics Lab., N.j.
Technical Report 67A, DA-31-124-ARO (D)-21

A series of highly conjugated polymers with semiconduct-
ing characteristics was examined to determine the piezo-
resistive behavior. The resistivities, ranging from 102 to 10"
ohm-cm at room temper~*:re anc 1840 atm, pressure,
decreased 106-fold (and for sume polymers, 1000-fold) as the
pressure was increased to 35,000 atm.

Elimination of voids and particle-to-particle coutact prob-
lems was obtained by the extreme pressures used, as evi-
denced by: (1) absence of hysteresis /n the piezo-resistivity,
and (2) low measured permeation rat: to air,

A correlation between the extrapolated activation energy
for the PAQR polymers and the number of fused rings in the
aromatic portion of the polymer was obtained.

30

An elemental polymeric semiconductor with high conduic-
tivity (i.e., p-t¥e tellurium) was also observed to have a
decreasing thermoelectric power with increased pressure ard
a relatively constant activation encrgy, both due to the p-type
Te0), impurity.

252, MOLECULAR STRUCTURE PARAMETFRS IN
CERTAIN SEMICONDUCTING POLYMERS
Kho, J. H. T., Cappas, C.

June 15, 1963

Princeton University, Plastics Lab., N.J.

Technical Report 67B, DA-31-124-AR0 (D)-21

Three series of highly cenjugated PAQR semiconducting
polymers were synthesized and their electronic tehavior
studied. The effects of the following variables on the electrical
r'roperties of the PAQR polymers were examined: (1) hydro-
carbon portion of the polymers, (2) acidic portion o1 the
polymers, (3) copolymerization and mole ratio of starting
raonomers, (4) metallic salt formation, and {5) pressure and
temperature.

Correlations between structural parameters and macro-
scopic properties were established. Room temerature resis-
tivity was found to be indirectly dependent vn the number of
fused rings of monomer, ionization constant of acidic mono-
mer, square rcot of pressure applied, and directly on the
energy interval of a’l the PAQR polymers studied. Relations
between number of fused rings of monomer and the following

_ properties were also found: pressure coefficient of resistivity,

energy interval, and resistivity at infinite temperature. Pres-
sure coefficient cf resistivity was found to be a direct function
of the energy interval of the polymers. Spin concentration
varies directly with carrier concentration and indirectly with
room temperature resistivity of the PAQR polymers,

For the PAQR polymers studied, room temperature resis-
tivities range from 102 to 1022 ohm-cmn. Seebeck coefficients
range from 0.05 to 66.1 uv/°C, and spin concentrations range
from 1017 to 10'® spins/g.

253. ELECTRONIC CONDUCTION IN SOME POLYMERIC
SYSTEMS
Krebs, J. A., Cappas, C.
June 30, 1963
Princeton University, Plastics Lab., N. J.
Technical Report 87C, DA-31.124-ARC (D)-21

The main features of electronic conduction in organic sub-
stances have been reviewed. Experiments were mude to
characterize semiconduetivity in powdured polyacenes and in
amorphous pelyphenylacetylene. The influence of variovs fac-
tors such as the number of fused rings per monemeric unit,
the introduction of monomers with carbonyl groups, and the
introduction of heteroaromatic monomers has been studied.
Spin concentratior and mobilities of some typical samples
were measured, The classical band theory was reviewed to
determine its applicability to organic polymers. Some new
ideas on the theory of polymer conduction were developed.
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254. ELECTRICAL CONLDUCTIVITY OF SOLID ORGANIC
COMPOUNLS
Htoe, M. S.
1961
Rensselaer Polytechnic Institute, Troy, N.Y.

Thesis
(Microfilm available as Mic 61-3945, University Microfilms,
Ann Arbor, Mich.)

The history of electrical conductivity measurements on
solid orgunic compounds such as proteins, dyes, polymers,
organic fibers, orgauic crystals, and organic molecular com-
plexes was reviewed. On the basis of this information, it was
decided to limit the investigation to white or colorless organic
powders since very little data have been reported in this area.

A special three-electrode assembly for measuring electrical
conductivity of organic powders was designed and constructed.
The design was a modification of the method developed by
Amey for plastic materials. By using this method, it was pos-
sible to measure both volume and surface resistivity values on
the same sample.

More than 100 organic powders, including saturated ali-
phatic compounds, unsaturated aliphatic compounds. mono-
nuclear cyclic compounds, polynuclear cyclic compounds,
heterocyclic compounds, imonomers (for polyelectrolytes),
and organcmetallic ¢ )mpounds, were used for initial conduc-
tivity measurements. The purpose was to screen out com-
pounds of very high electrical resistivity and to select low
resistivity compoundz for fur.her study.

The effects of relative humidity, temperature, applied volt-
age, and chemical structure on the electrical conductivity of
the selected organic compounds were investigated.

There was a correlation between the mechanism of con-
duction of the material and its electrical conductivity change
with relative humidity. Electrical conductivity of compounds
possessing ionic conductivity changed with relative humidity.
On the other hand, organic compounds reported o be elec-
tronic conductors had ccnstant electrical conductivity regard-
less of relative humidity ~onditions,

There was no consistent correlation between the electrical
conductivity and chemical structure of organic compounds.
Impurities appeared to cause greater changes than chemical
structure in electrical conductivity.

Four new organic semiconductors ( < 10 ohm ¢m in vol-
ume resistivity) were discovered. They were p-bromobenzo-
phenone, p-chlorobenzophenone, 2,4’-diznlorobenzophenone,
and p-bromoacetophenone. All of these except p-bromobenzo-
rhencne were white; p-brotaobenzophenone was tan. These
compounds lost their electrical conductivity on recrystailiza-
tion, indicating that they were intpurity or extrinsic semicon-
durtors,

The thermal activation energy of conduction for the four
new semiconductors ranged from 9.38 ev for p-bromoaceto-
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phenone to 1.08 ev for p-bromobenzophenon:. This was in
good agreement with values reported in litiatire for other
organic semiconductors,

Electrical conductivity measurements mace at varying ap-
plied voltage levels indicated that Ohm’s law was valid within
the voltage range of approximately 30 to 1600 v cm-1, (DA,
1961)

255. TEMPERATURE DEPENDENCE OF THE ELECTRIC
CONDUCTION OF NYLON 6
Nekafima, T., Torii, K.
Reporis on Progress in Polymer Physics in japar., v. 5,
pp. 209-210, 1962 (in English)
(Available through Kobayasi Institute of Physical Research,
Kokubunji, Tokyo, Japan)

Among a number of crystalline high polymeric substances,
nylon 6 (polycaproamide) containing hydrogen bonds be-
tween amide groups is, from the electric point of view, the
most interesting material. In order to nbtain some information
about the molecular processes which are responsible for the
electrical conduction, a preliminary investigation of conduc-
tion was carried out.

Measurements were made in the O to 13G°C temperature
range as temperature increased at the rate of about (.2 to
0.5°C/min, and at constant electric field of about 10* v/cm.
The logarithm of current ai constant field vs. 1/T is shown.
The sample was used at 24-hr intervals in vacuo. It was
found that the current decreases slowly at constant tempera-
ture. Logarithm of current vs. 1/T curves satisfy a relation
o T o exp(—E/kT).

The effect of water conient is noted, and the activation
energy E evaluated in the three temperature regions. Two
types of conduction mechanisms are suggested. Photocon-
ductive phenomena in nylon 6 will be reported elsewhere.

256, SEMICONDUCTIVITY GF POLYACEYYLENE
Haetano, M,, Sera, N., Kambara, S., OkamoZo, S.
Reports on Progress in Polymer Physics in Japan, v. 5,
pp- 211-214, 1962 (in English)
(Available throug h Kobayasi Institute of Physical Research,
Kokubunji, Tokyo, Japan)

High-molecular-weight crystalline or amorph.us polyacety-
lenes have been ob ained from acetylene by the use of
various catalyst systeris of the Ziegler-Natta and other types.
It was supposed that the resultant polyacetylene had a stereo-
regular structure of substantially transconjugated C-C double
bonds. Since it was expected that these polymers having long
conjugated systems might beh: ve as a semiconductor, the
electrical conductivity and its temperaiare dependency for
these polymers were measured. Measurements were made in
nitraogen to avoid oxidation and resultant rise in resistance.

The electrical resistance was measured by the direct cu:~
rent produced by a kiown applied potential. By using a

8i
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lever system, the specimen was compressed between two
metal electrodes under a pressure of up to 160 kg/cm? The
dimensions of the specimen were between 0.1 and 0.3 em in
height uuda $.503 cm? in cross section. The cell, together
with a thermometer, was placed in a thermostat which was
heated at {he rate of approvimately 0.5°C/min.

The relation between electrical vesistivity o and applied
pressure p can be written as

p=a+b/\p

and the formula is analogous to that for carbon black. The
resistivity was approsimately constant above 140 kg/om?,
and values measured at 160 kg/cm? were tabulated. The
temperature coefficient of the electrical resistance was nega-
tive in every case, with a linesr relation betweer: log  and
1/T correspending to p = p, exp(E/kT), where E is the
activation energy. The expression for resistivity can also be
written in a form analogous to that for intrinsic conductivity.
All of the observations seem to show the conduction is elec-
tronic. The polyacetylenes can be assumed to be so-called
intrinsic semiconductors because of the semiconducting be-
haviors. A ‘entative explanation is offered for the phenomena

observed.

257. ELECTRON SPIN RESONANCE OF POLYACETYLENE
Hatano, M., Kambara, S.
Reports on Progress in Polymer Physics in Japan, v. 5,
pp. 215-218, 1962 (in English)
{Available through Kobayasi Institute of Physical Research,
Kokubunji, Tokyo, Japan)

In the preceding paper, the semiconductivity of thesz
polymers is described briefly.

The polyacetylene having the semiconducting pr periies
had a stereoregular structure of substantially trans-conjugated
double bonds, a fact which was supported by various further
experimental results, Since it was expected that the polymers
containing long chains of conjugated double bends might
have stable free radicals, which arose from lattice defects
or conduction electrons, parzmagnetic properties of the poly-
mers were measured.

An appreciable conceniration of unpaired olectrons has
been found in all of the polyscetylenes through the applica-
tion of electron spin resorance spectroscopy. The figure, in
spin/g, for crystalline polyacetylene is 10, fur amorphous
polyacetylene is 108, and for oxidized polyacetylene is
10%7, The following data for these polyacetylenes are given:
conditions of preparuiinn; paramagnetic and electric prop-
erties; and chemical analyses of polyacetylenes. A typical
recorded curve of the electron spin resonance spectrur. of
polyacetylene 1s shown. Some explanation of the observed
line shapes is offeved.
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258. ELECTRIC CONDUCTION OF NYLON 6 (I1)
Nakajima, T , Matsamoto, Y.
Reports on Progress in Polymer Physics in Japan, v. 6
pp. 241-244, 1963 (in English)
(Available through Kobayasi Institute of Physical Research,
Kokubunii, Tokyo, Japan)

The electric surface conduction of the crystalline high
polymer nvlon 8 was reported in a provious paper. This
peper relates to the previous experiment. After being dried
sufficiently at roem temperature in a vacuum cell which
~ontained P,O; powder and which was packed with a silicone
Zrease, each of the specimens was placed between two quartz
plates and was heated at 220°C; after melting, it was sud-
denly cooled to about 50-19G°C. The measuring cell con-
sists of copper electrodes with very pure nickel plates stuck
on their surfaces, an electric furnace surrounding the elec-
trodes, a dummy electrode fm the purpose of measuring
the temperature of the specitaen which has the same heat
capacity as the electrodes, and the thermocouple which is
inserted in a vacuum vesscl. In addition, a device was used
to prevent induction noise and leak currents. After a specimen
was placed between the electrodes, a force of about 1 kg
weight was applied by a double spring system.

Measurements of the dark current wer made when the
specimen nearly reached thermal equilibrivm, with the cell
maintained at 10-3 mm Hg (at least) under vacuwn. It
was recognized that the contact between the specimen and
electrode was ohmic, and the dark current-voltage char-
acteristic, after the absorption current was decayed enough,
almost followed Ohm’s law in the range of applied potential
gradient from 103 to 10¢ v/cm.

259. ELECTRICAL PROPEKTIES OF PYROLYTIC
GRAPHITES
Klzin, C. A.
BReveiws of Modern Physics, v. 34, no. 1, pp. 56-79,
January 1962

Pyralvtie graphite can be prepared bv deposition from
methane over the temperature range 1700 to 2100°C. The
degree of preferred orientation and the galvanomagnetic
properties of this material are found to he strongly dependent
on its temperature of formation. Measurements of the Hall
coefficient and magneto-resistance over the temperature range
30 to 1300°K for varions samples are compared with X-ray
measurements of their degree of orientation. A qualitative
comparison is made between the experimental results and
the band model for graphite, together with its modification
as the crystallite size decreases. (PA, 1962, #12,494)

260. ELECTRIC ZONDUCTIVITY OF POLYCRYSTALLINE
B NAPHTHOL
Wolter, M., Zyezkowsks, T.
Rocaniks Chemii, v. 38, ;0. 127-140, 1964 (in English)

The specific conductivity o of crystalline B-naphthol at
60-11C°C in air or N was examined. No electrical conduc-
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tivity was indicated. The results conform to the equation
o = g, exp{—E/2kT), where the activation energy E i-
235 in air and 2.37 = 0.05 kcal/mole in N, and o, is
2 X 10% in N, This value of E corresponds to the visible
region of the optical spectrum, where B-naphthol solutions
do not absorb light. The behavior of this material thus dif-
fers from that of other simple aromatic molecules.

261. ELEC.RICAL PROPERTIES OF CRYSTAL
COMPOUNDS OF GRAPHITE. ! CONDUCTANCE
OF GRAPHITE/BROMINE
Blackman, L. C. F., Mathews, J. F., Ubbelohde, A. R.
Rowal Society cf London. Proceedings of the. Series A—
Mathematical and Paysical Sciences, v. 256, no. 1284,
pp. 15-27. May 31, 1960

Mezsurements are reported of the eiectrical resistance of
graphite/bromine of various compositions. Some of the ex-
periments refer to natural graphite, bur the majority deal
with specimens of pyrolytic graphite which show gocd orien-
tation with respect to both ¢- and c-axes. Changes of resist-
ance in these two directions have been measured as a function
of bromine uptake to limiti1.Z concertrations; cyclic sorption-
desorption studies have been included where appropriate.

Results are discussed in the light of current theories about
the electron band structure in graphite and in reation to
the nature of the bonding between bromiue and graphite.

262. ELECTRICAL PROPERTIES OF CRYSTAL
COMPOUNDS OF GRAPHITE. II. ACID SALTS
OF GRAPHITE
Blackman, L. C. F., Mathews, I. F., Ubbelohde, A. R.
Royal Society of London, Proceedings of the, Series A—
Mathematical and Physical Sciences, v. 258, no. 1294,
pp. 329-338, October 23, 1960

Experiments are described on the formation of crystal
compounds of various compositions by anodic oxidation of
well-oriented pyrolytic graphite. Concentrated sulphuric acid
was used in most cases; other acids hav 2 also been examined.
Chang+ in the electrical resistance are discussed in relation
to use of two- and three-dimensiona' electron energy band
structure models.

263. ELECTKICAL PROPERTIES OF CRYSTAL
COMPUGUNDS OF GRAPHITE. 1II. THE ROLE OF
ELECTRON DONORS
Blackman, L. C. F., Mathews, J. I'., Ubbelohde, A. R.

Royal Society of L.ondon, Proceedings of the, Series A~
Mathematical anci Physical Sciences, v. 258, no, 1284,
pp. 339-349, October 25, 1989

Crystal compounds between potassium and well-oriented
pyrolytic graphite hav> been prepared with a range of com-
positions up to saturation. Measurements have been made of
changes of eiectrical resistance and of thermoelectric power
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as a function of composition in both a- and c-axis directions.
Anisotropy of electrical resistance becomes smaller, and of
thermoclectric power sinks to practically zero, on compound
formation. Compounds between graphite and rubidium or
cesium have been studied more briefly under conditions
approximating to saturation.

In the direction of the a-axis, the large decreases of elec-
trical resistance observed can be interpreted i, the basis that
the alkali metal atoms inject electrons “uto the upper w-band
of graphite. This is confirmed by the observed changes of
thermoelectric power. Changes resemble but do not com-
pletely mirror those observed with electron acceptor com-
pounds; the fractional transfer of electrons appears to be
less complete with the electron donors.

In the direction of the c-axis, intercalatior: of the electron
donor alkali metal atoms leads to a much more striking de-
crease of electrical resistance than is observed with various
electron acceptor groups. To supplement results previsusly
published, brief studies are reported on crystal compounds
between graphite and aluminum chloride, and graphite and
iodine monochloride.

Possible band models for graphite compounds with both
electron donor and acceptor atoms are discussed in the light
of the experimental findings.

264. DEFECT STRUCTURE AND PROPERTIES OF
PYROLYTIC CARBONS
Blackman, L. C., Saunders, G., Ubbelohde, A. R.
Royal Society of London, Proceedings of the, Series A—
Mathematical and Physical Sviences, v. 264, pp. 19-40,
October 24, 1961

Defects were studied systematically in graphites prepared
by the pyrolysis of methane at temperatures in the range
1600 to 2200°C. Physical methods used included measure-
ments of the bulk density and stvdies of X-ray diffraction
photographs. Electronic properties examued were the elec-
trical .esistivity and its degree of anicotropy, the magneto-
resistance, the Hall effect, and the thermoelectric power. The -
uptake of brominc to saturation at room temperature was
used to characterize the structural disorder by chemical
means. Ope main conclusion is that a striking change occurs
in pyrolytic carbons as their deposition temperature pusses
through a critice! region, around 1900°C. Specimens pre-
pared below this temperature have low bulk densities, show
only a comparativelv small degree of preferred oriestation,
and contain appreciable concentrations of residue; hydrogen.
Specimens deposited above this temperature have bulk deu-
sities and other properties which tend toward those of perfect
grzphite. The crystal orientation improves progressively in
specimeits de posited ap to 2200°C and can be brought still
closer to idexl graphite by subsequent recrystallization at
around 2700°C. A second main finding is that the a-axis
thermoelectric power, whose values at room temperature lead
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to the same geueral conclusions about crystal defects as the
other methods used, shows vemarkable anomalies as the
temperature is low=resd to vaives of reduced temperature T/
around 0.03. A:-preliminary exaaina.’~n was inade of changes
in the anomalies re<ulting frum eryst -1 eomipound formations
and from ncatron hombardment. Tentative attribution of
these rnomalies can be made tc the interaction of charge
carriers with lattice vivrations. (PA, 1981, #17,523)

265. ELECTR:CAL CONDVUCTION AND HRFAXDOWN IN
LIQUID DIELECTRICS
Choag, P., Kawarabaysshi, T, Innkhi Y.
Technology Reportz of the Osaka U=iversity, v. 10,
P 25-30, jonmary 1960

The electrical conduction and breakdown phenomena in
n-hexane and uitrobenzene are investigated with the applica-
tivn of dc and rectanguiar pulse voltages. For the dc experi-
ments a thyratron diverter circuit was used in paratic! with
the test gap, which enabled more reproducibl: results up to
the breakdown fietd strength. Experimests with pulse volt-
ages were carried out fur informetion about the dynamical
praperties of conduction processes. The following relations
were obtained between the current & ard E. At low field
streugth in n-hexane containing se‘era’ pescent of ethyl
alechol, log i varies in proportion to VVE rzather ihan to E.
But at higher field strengths, especially just below break-
dowr, it increases very abruptly, and scme electronic »ra-
cesses jeading to breakdown appear. Direct-cirrent breakdowm
strength of n-bexane is about 0.7 Mv/cm. (PA, 1962,
#11,384)

266. CONDUCTIVITY INDUCE®» EY INJECTED
ELECTRONS IN LIQUID DIELECTRICS
Chung, P., Inuishi, Y.

“Technology leports of the Osaka University, v. 10,
pp. 345551, October 1960

Conductivity induced by injected electrons in n-hexane
and benzene was investigated. The drift mobilities 1. of the
injected electrons in n-hexane and benzene were found to be
1.0 X 102 and 0.45 X 10-* em? v-' at 20°C, being almost
independeat of the applied fizld strengths up to 0.5 Mv cm1,
This small value of the dr:ft mobility shows that the injected
electrons do not behave as free electrons such as in gases. From
the temperature dependence, assuming p=pu, exp( —Aen/kT),
the activation energy of the drift mobility can be estimated
as 0.16 ev both in n-hexane and in benzene. This activation
energy does not coincide with that of the viscosity. Possible
mechanisms for these small drift mobilities are discussed. The
mag.itudes of induoed charges were greatly atfected by the
condifioning of the electrodes, which may be due to the
ionization of absorbed gases on the electrode surfac:. Elec-
tron multiplication due to collision ionization in the liquid
itself was not observed below field strengths of 0.5 Mv cm-
(PA, 1962, #9288)
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267. FLECTRIC CONDUCTIVITY OF SYNTHETIC
CERESIN IN THE MELTING RANCE
Bondarenke, A. V., Nikitenko V.1
Trudy Novocherkasskogo Paxckhmchakogo Insistuts
Raboty Kafedry Fizichestcgo. v. 73, pp. $3-46, 1939
{See also R: ‘eraticnyi Zhurnal, Hmmya, 1961, £ 2N356)

Dependenice on temperature of the electrical corductivity
of synthetic ceresin was studied. Measuremzats were tak=n at
intervals of 2-5°C, v-ith the rate of heating {or cooling} 1°C
for each 2-10 min. In heating up to 57°C {tue melting point
of low-r:clecular-weight compoenent paraffins), one constant
was mainiained in rate of change of log o, {specific volume
r istance}, while above 57°C this rate of chunge had an-
oifier, i yer constant. In the melted state the structural
orientaticn seemed to be varied by the electrical Geld and as
a result the cooling curve deviated from the heating curve,
crossing it at the middie of the melt regicn.

268. TRANSMISSION OF ENEKGY IN Ai{THRACENE
CRYSTALS DOPED WITH PEENAZINE AND
ACRIDINE
Korsurskii, V. M., Faidish, 0. M.

Ukrains’kii Fizichnii Zhu-nal, v. 8, pp. 683658, 1963

. TEMPERATURE DL PENDENCE OF THE
ELECTRICAL CONDUCTIVITY OF SOME MELTS
OF POLYMORFHIC SUBSTANCES
Urazovskdi, S. § , Kanevskaya, Z. M.

Ukrains’kii Khimicheskii Zhurnal, v. 27, pp. 206-302, 1961

Discussion, graphed data, and explanation are offered for
the temperature dependence of the electrical corductivity of
menochloroacetic acid, benzophenone, salol, raenthol, and
ac :tophenone in liquid and supercocled-liquid state. Transition
points show as breaks in the curves.

270. NEW METHOD OF STUDYING CONFIGURATIONAL
CHANGES OF POLYMERS
Urazovskii, S. S., Ezhik, 1. I.
Ukraing’kii Khimicheskii Zhuraal, v. 28, pp. 329-332, 1962
(in Russian)

The change in phase angle of high-frequency electric cur-
rents produced by solutions of high polymers in organic
sulvents is plotted against temper:t:ire. Measurements were
.made by a Q-meter. Line breaks occur near temperatures at
which conformational changes of the polymers take place.

271. THE THERMAL CONDUCTIVITY OF ARTIFICIAL
GRAPHITES AND ITS RELATIONSHIP TO
ELECTRICAIL RESISTIVITY
Mason, 1. B, Knibbs, R. H.

March 1962

United Kingdom Atomic Energy Authority, Research
Group, Atoinic Fnergy Research Establishment,
Harweall, Berks, England

AERE-R-3973



Measurements of thermal conductivity at room temperature
covering a wide range of commerciai and experimental gra-
phites are presented. 1n addition, somne graphites of interest
in the nuclear field wers examined up to 800°C. {t is demon-
strated that for a given material thermal resistivity (inverse
conductivity ) varies lincarly with electrical resistivity when
either the orientation c: the crvstallinity varies. F.xpressions
correlating these two quantities are given. It is a'50 found
that one cuch evnrecsion fits the data for over 40 Aifferent
graphites, and enables the thermal resistivity to be estimated
from elecirical measurements to vithin *15%. A airly
simple theoretical analvsis of the data suggests that the tem-
perature variation of thern.a! conductivity of most graphites
can be represented by a single famiiy of curves. On this Lasis
it is indicated how values of therma! conductivity at elevated
temperatis=s may be estimated from room temperature Jata
(PA, 1962, #23,083)

272. A STUDY OF THE KINETICS OF INTERFACIAL
POLYCONDENSATION BY THE MEASUREMENT
OF ELECTRICAL CONDUCTIVITY
Fainberg, E. Z., Mikhailov, N. V.
Vysokomolekulyamye Soedineniya,v. 2, no. 7, pp. 1039-1044,
Kily 1960
T anslated from thc Russian in Polymer Science U.S.S.R.,
v. 3. no. 2, pp. 222-228, 1962; published August 1962)

A method has been developed for the study of the kinetics
of polycondensation at an interfacial boundary, based on the
measurement of the electrical conductivicy of the aqu ous
phase {diamine solution). The study of the reaction was
carried out on systems consisting of benzene solutions of
adipyl and sebacyl chlorides and aqueous solutions of hexa-
methylenediamine. A quatemary ammonium base of the type
of triethylbenzylammonium hydroxide was used as detergent.
As has already been noted, for the purpose of the investiga-
tion it is sufficient to know the change in concentration of the
diamine; hence, platinum electrodes, sealed into the vessel,
were immersed in the agueous phase and conszquently dis-
turbance of the organ c-solvent phase, the upper layer, was
avoided. This enabled the experimental error to be reduced
considerably because agitation of the upper phase makes
possible the transfer of substancer to the aqueous phase which
would alter its electrical conductivity and fulsify the value of
the diamine concentration determined from the electrical con-
ductivity. Moreover, it seems that even under static conditions
with no disturbauce of the upper phase (organic solvent)
some distortion of the value of the electrical conductivity of
the aqueous phase (diamine solution) is possible, caused by
penetration of reaction products into this phase.

For a stringent, quantitative study of the reaction kinetics
this factor should be taken into account and, if necessary, a
correction applied. This method seems quite satisfactory for
a comparative study. In the first stages of the experiment the
measurement was made by means of a valve inillivoltmeter.
The results obtained in this work indicate that this method
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can be used for the study of the kinetics of polycondensation

reactions in various systems

273. ON TRE SO-CALLED “COMPENSATION EFFECT”
IN ORGANIC SEMICONDUCTOR MATERIALS
Airapetyants. A. V., Vuitenko, R. M., Davydov, B.E.,
Serebryanikor, V. S.

Y yeokomolc kulyarnye Soedineniya, v. 3, so. 12, p. 1876,
December 1951

It bas been shown that semiconductors obtaired on the
hasis of polyacrylonitrile swith electroconductivity 2 X 16-7 ¢
26 shm-lcm™* at room temperature display a fall in the acti-
vation energy of conductivity {E) with increase in value of
the pre-exponential factors of the expression o, exp(E/2kT);
i.e., the same relation between E and ¢, holds in the case of
ordinary semiconductors.

274. TLIE SYNTHESIS AND SOME PHYSICAL.
PROPERTIES OF POLY-p-DIETHYNYLBENZENE
Kotlyarevskii, 1. L., Fisher, L. B., Dulov, A. A,

Slinkin, A. A., Rubinshtein, A. M.

Vysokomolekulyarnye Soe dineniua, v. 4, no. 2, pp. 174-181,
February 1962

{Translated from the Russian in Polymer Science US.S.R.,
v. 4, no. 1, pr. 58-68, 1863)

Many papers have been published recently on the synthesis
aad physical properties of polymers containing systems of
conjugated bonds. It has been found that such compoiunds
possess special electrical and magnetic properties reminiscent
of the properties of inorganic semiconductors and paramag-
netic materials. In this field poly-p-diethynylbenzene, a poly-
mer in which triple bonds are conjugated with benzene rings,
has been synthesized and some physical properties have been
examined.

The clectrical conductivity was measured at constant cur-
rent ‘n vacuo (5 ¥ 10-3 mm), uzing tablets of the oligomer
compressed at 5000 atm. Specimens of polymer were pre-
pared by heating the tablets at different temperstures for
20 hr in a current of nitrogen. The temperature dependence
of the specific conductivity followed the usual experimental
law ¢ = o,e-5/4T, The results showeu good reproducibility
when the temperature of measurement was repeatedly raised
and lowered, the relative error being not more than *15%.

The conductivity of the oligomer at rcom termperature be-
fore heat treatment was less than 10-1¢ ohm-icm-! and at
120°C o = 5 X 101" ohm em-t. The energy of activation
for conductivity, E, in the temperature intcrval 120-200°C
was 0.86 ev.

The conductivities of spccimens heated at 220-800°C are
given. With increase in the temperature of previous heat
treatment the electrical vesistance falls and the energy of ac-
tivation for conductivity decreases. There is a point of in-
flection in the plots of log o against 1/T, and the temperature
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correspending to this point increuses as the heat-treatment
temperature increz ses.

When specimens jreviously heated at 220°C are ‘rradiated
with ultraviolet light the conductivity iacreases instantane
ously by several orders of magnitude. When the irradiation is
stopped the conductivit - reverts to the previous value almost
instantaneously. When th= specimer; are heated at 300°C the
effect s very much weuker, and with specimens heat-treated at
500 and 66G°C, irradiation has no effect on the resistance.

Determination «f the sign of the thermal EMF of a spec.-
men heat-treated at 600°C aud also the reversible decrease
in resistance on absorptior of cxygen indicate the “hole”
nature of the conductivity.

Magnet, susceptibiility was als.. measured and ESR spe-tra
plotted.

Results confirm that the eiectrical and magnetic properties
are deperdent on the crysiallinity of the polymer. In fact,
specireens heated at the lower temperatutes (up to 220°C;
are amorphous and give a narrow ESR signal, the intensity
of which increases witk increasing heat-treatineat tempera-
ture. The value of x for the uncompressed specimen in this
lower interval of temperature is the same as that of the orig-
inal polymer. The electrical resistance and energy of activa-
tion for conductivity are verv high, and the conductivity
increases markedly under the action of ultraviolet radiation.
Consequently, these specimens still do not have a crystalline
structure but consist of weakl: associated conjugated seg-
ments; hence their electrical and magnetic properties are
determined by the behavior of the individual, weakiy inter-
acting, unpeired electrons within a given segment and by the
energy barriers between the segments. Consequently, it would
be expected that in this region of heat-treatment tempera-
tures the pumber of unpaired electrons calculated from the
ESR data would coincide with the number obtained from the
magnetic susceptibility.

Sirce the intensity of the ESR signal varies in the sawne
manner as the electrical conductivity, it may be considered
that in polymers heat-treated at lower temperatures the un-
paired elecitons detecte¢ by the ESR and static magnetic
susceptibility methods take part in the process of conductivity.
1u2 high activation energies are due to the potential barrieis
at the buindaries of the conjugated segments.

In the general cuze, a correlation between changes in con-
Auctivity and the numler of unpaired elecirons calculated
from dic narrow ESR signals should not be expected. Coa-
sequently, the dentification of unpaired electrons with con-
ductivity electrons in complexes with a “transfer of charge”
suggested by Eley is scarcely justifiable, particularly sir.ce the
changes in conductivity that he obtained do not correspond
to the changes in intensity of the ESR signal in these com-
plexes. There is also little basis for the attempt to explain the
increase in conductivity of polymers on heating by an increase
in the content of biradical structures because, as was shown
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above, heating at high temperstures leads to the disappear-
ance of th.» narrow ESR signal with a simultaneous 1 :ease
in conducidvity.

275. STUD S IN THE EL:ICTRGCONDUCTIVITY OF
POT YMFRS. V. POLYCARBONATE, POLY-
ETHYLENETEREPHTRBALATE, MIXED POLYTESTER
AND POLYOXYMETHYLENE
Sazhin, B. 1., Eidelnant, M.P. ™
Vysckomolekulyarnye Soedineniya, v. 4, nu. 4,
pp. 583-590, April 1962

The resultc are described of the experimental determina-

tion of the resistivity of polycarbonats, polyethylenetereph-
thalate, n.ixed polyester of terephthalic and sekac:c acids with
ethylene glycol, and polyoxymethylene, depending upon the
temperature { — 186 to 200°C) and the dusation of loading
of the specimen (0.01 to 1200 sec). It has been shown that
for T < T, the value of g, is greatly dependent upon the
establiskment of dipole radical polarization. The crvstsllization
of the first twe named polymers is accompanied Ly « consid-
erable increase in p,. (For Part VI, see Entry #86)

276. SOME PROPERTIES OF POLYMERIC
SEMICONDUCIORS
Davydov, B. E., Raskina, E. M., Krentsel, B. A.
V ysokomolekulyarnye Sovdineniya, v. 4, no. 10,
pp- 1664-1603, Ocicber 1962
& study was made of the temperature dependence of the
thermal electromotive force of seniconductor pclymers; it
wa: shown that they may be classified as semiccndactors,
semimetals, and metais. It has been found that at etevated
temperatures a number of polymers change the sign of the

thermal EMF and hence the sign of the current carriexs
{determined by the sign of the EMF).

277. EIN NACHWEIS DER RAUMLADUNG BEIX
RAUMLADUNGSBESCHRANKTEN
DEFEKTELEKTRONENSTROMEN IN ANTHRAZEN
(DETECTION OF THE SPACE CEARGE IN SPACE.-
CHARGE-LIMITED DEFECT ELECTRON CURRENTS
IN ANTHRACENE)

Helfrich, W., Mark, P.

Zeitschrift fiir Physik, v, 168, no. 5, pp. 495-503,

July 25, 1962

A method is described with which the space charge of the

excess hole current in anthraccne, flowing under space-cherge
limitation, can be detected in spite of the short persistance of
this charge in the crystal. One injecting (ohmic) and one
non-injecting (blocking) electrode are used. After space-
charge-limited current flow is established, a reverse voltage
is suddenly applied which causes the excess space charge in
the crystal to flow out through the ohmic electrode without
additional carriers entering through the blocking electrode.
The magnitude of the space charge so m=asured agrees with
that expected from the capacitance of the crystal, (PA, 1962,
#16,715)
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278. EINE BESTIMMUNC DER EFFEKTIVEN
ZUSTANDSDICHT¥ 1DES BANDES FUR
UBERSCHUSSIGE DEFEKTELEXTRONEN IN
ANTHRAZEN (DETERMINATION OF THE
EFFECTIVE DENSITY OF STATES OF THE BAND
FOR EXCESS DEFECT ELECTRONS IN
ANTHRACENE)

Helirich, W., Mark, P.
Zeitschrift fiir Physik, v. 171, no. 3. pp. 527-536,
December 28, 1963

Steady-state space-charge-limited current measurements
were used to obtain the effective densicy of states in the ba~d
appropriate to excess hole motion in anthracece. Since the
energetic trap density decreases exponentially with the en-
ergy Jistance from the band, the traps are filled by the space
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ch -ge up to a certain quasi-Fermi level. The thermal activa-
tion energy of the current should be a kind of spatial averare
of this level. This energy was measured and used to calculate
the effective density of states. The result, 4 X 197! ¢m-3,
is close to the double mclecular density which is 8.4 X 10~
cm-3. A discussion on traps is given in an appendix. (PA,
1963, #4844)

%72. THE ELECTRICAL CONDUCTIVITY OF SEVERAL
AMINATES OF TRIVALENT THALLIUM IN
NITROBENZENE SOLUTIONS
Kulha  F. Y., Mironov, V. E_ Tszin-¥aa, T.,

Filippova, Z. G.
Zhurnal Neorganiches’:oi Khimii, v. 8, no. 3,
pp- 672-875, 1963

SYNTHESIS

280. ELECTROPHYSICAL PROPERTIES OF FOLYMERIC
COMPLEXFES FORMED BY TETRACYANOETHYLENE
WITH METALS
Berlin. A. A., Boguslavskii, L. 1., Burshtein, R. Kh.,
Matveeva, N. G., Sherle, A. I, Shurmavskaya, N. A.
Akad«miy.' Nauk SSSR. Doklady. v. 136, no. 5,
pp. 1127-1129, February 11, 19€1

Polymeric chelate coatings were formed by treating etched
surfaces of Cu, Fe, Ni particles with vapors of tetracyano-
cthvlene at 150-400°C from 5 "0 20 hr at 103> mm Hg (of
th.ckness 5 X 10-° to 3 X 10-% cm). With an ac bridge, the
cap ity and resistance of films were measured in vacuo as a
frnc.on of temperature. The specific conductance, o, fluc-
tuated with polymerization temperature, depending on the
time ot heating and the pretreatment of the metal surface.
A thin film forined on Fe chip< by reaction at 250°C for 3 hr
showed o of 3 X 10-? ohm-! ecm-1, and the effective dielectric
constaut ¢ of 7 at 3000 cps. Beating samples an additional 3
hr caused ¢ to become 3 X 10-" ohin? em™? and ¢ 6. In-
creasing the resction temperature from 250 to 400°C and
heating for 10 hr gave o equal to & X 1+ ohm-! cm-?, and
¢ 70. The thermoelectric power is based on p type conduction.

281. SYNTHESIS AND SOME PROPERTIES OF POLY-
(TETRACYANCETRYLENE)
Berlin, A. A, Matveeva, N. G.
Akademiya Nat k SSSR, Doklady, v. 140, no, 2,
pp. 368-370, Septc.nber 11, 1961

Tetracyanoethylene was polymerized in the presence of
reagents capable of opening the TN group, alcohols, phenols,
amines, and amnides, at 200°C. Of various reagents tried,
EtOH was most effective with 43.7% polymer formed. The
polymer was table up te 300°C, but suffered some weight
loss at 350°C; this became greater ai higher temperature,
with complete destruction at 500°C. The polymers had a
conductivity of about 10-"~10-* ohm-t cm-? and an activation

energy of 7-13 kcal/mole. Temperature dependence of con-
Juctivic was shown graphically, The ' olymers gave a narrow
electron paramagnetic resonance signal with spacing of 4-6
oersteds between peaks and g-factor = 2; the concentration
of paramagnetic pasticles was 10%°-102/g.

282. SYNTHESIS OF POLYMERS WITH CHARGED
HETERO-ATOMS IN THE CHAINS OF THE
MACROMOLECULES. ONIUM POLYMERIZATION
Berlin, A. A., Razvodovskii, E. F.

Akademiya Nauk SSSR, Doklady. v. 140, no. 3,
po. 598-600, September 21, 1961

Heating pure 4-chloropyridin.: at 50-60°C, or maintaining
it at 20°C, yields a yellow-brown polymer consisting of a
para-connected chain of pyridine rings with pyridinium chlo-
ride units at the N-junctions; the polymer contains some 90%
titratable Cl and the chain length is 8-14. The rate of reaction
is greatly increas~d by addition of 0.5-2% compounds with
reactive Cl [chloranil or already prepared poly(pyridine
chloride)j. The presence of pyridine stops chain formation.
The polymer decomposes at 160-165°C and shows a narrow
band, electron paramagnetic resonance (EPR), spectrum with
8 oersted bandwidth and ¢-factor 2; the content of para-
magnetic units in the polymer is 3.8 X 10'8/g. This may be
explained by facilitated unpairing of the =-electrons and their
delocalization along the chain. Copolymers were obtained
between chloranil and y,y’-bipyridine in a melt at 130°C or in
toluene solution. The polymer gives a symmetric EPR signal
corresponding to 5 X 10'$/g paramagnetic units; g-factor
2.0 and Landwidth 8 oersted are reported. 4-Pyridylpyridi-
nium chloride-HCI has conductivity §, 3 X 10 and §;,,
3 X 105 with E = 35.8 kcal/mole; poly (chloropyridine)
gives respective values: 10, 10-7, 18.2; copolymer bipyridine
and ckloranil give respective values: 105, 10-%, 21.7. These
results indicate a sharp rise of conductivity w:th elevation of
the temperature in these polymers.
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283. OXIDATION PRODVICYTS OF HIGH-MOLECULAR-
WEIGHT CONJUGATED POLYENES
Bertin, A, A., Aseevs, R. M,, Kalyaev, G. 1., Frankevich, E. L.
Akademiya Nauk $.3SR, Doklady, . 144, no. 5,
pp. 1042-1045, Juz.e 11, 1462

Polymeric polyeaes were formed by dehydrochlerination of
poly (vinyl chloric2) (1) or chlorinated i resin by NaOAm
and subjected to r.itd oxidation at 20°C They gave a narrow
slectron paramagnetic r2sonance (EPR) signal correspording
t 10'® paramagnetic particles per gram, The signal from the
p-oduct derived from 1 was the wider of the two, indicating
lesser exchange interactions between the uvapa.red electrons.
The oxidation with O was followed kinetically in ultraviolet
light or visible light. The polymers changed color, and the
EPR signal disappeared. The polyene from I reacted the mesze
rapidly of the two. The final oxidation product contained
32.5% bound O and appeared to contain peroxide units,
possibly as O bridges across C atoms adjacent to residual
double bon.'s. If the oxidation products are heated to 150~
200°C withut access of air, the color deepens and the EPR
signal appears again. The conductivity rises simulianeously.
This product contains but 15% bound O and appears to have
an aromatic type of conjugation. A brown polymer formed
after the loss of some 50% of iuitially contained O gives a
narrow EPR signal with 10'7/g unpaired electrons. The
peroxides shown above can convert tetrahydronaphthalene into
C,,H,. Heating the peroxides of palyenes from chlorinated I
in air does not result in the breakdown of the former, and
the products actually become more and more stable as hea.:-
ing proceeds. Heating and pressing resnt in strong plastics
with good heat resistance. " he dielectric properties of varous
wolymers are improved by incorporation of tbe polyene
peroxides described above.

284, SYNTHESIS AND CHARATTERIZATION OF SOME
HIGHLY CONJUGATED SEMICONDUCTING
POLYMERS
Pohl, H. A, Englehardt, E. H.

American Chemical Society, Washington, D.C.
Paper 22, Division of Polymer Chemistry, presented at the
140th Meeting, ACS, Chicago, Ili., September 3-£, 1961

Highly conjugated semironducting polymers are produced
by the condensation of an acene ‘vith aromatic acid anhy-
drides, in the presencc of zinc chloride, at temperatures of
about 200 to 400°C. Specific conductivities ranging from
102 t0 10-’¢ mho cm-! were observed by varying the type and
conceutration of aromatic hydrocarhon in the polymer. Acti-
vation energies of the conduction proccss in these polyacene
quinone radical (PAQR) polyiners are observed to range
0.1 to 0.5 ev, and are cl~sely related to the room temperature
resistivity as quoted above.

The series of PAQR polymers prepated here exhibit a
range of Seebeck coefficiants (thermoelectric power) of frum
—19 to +345 ;w/°C. As the temperature ‘ncreases, the
Seebeck ~oefficient becomes more and more negative, hence

also the carrier type. Said in anotber way, the materials range
from p-type to n-type.

The corduction mechan.cm in the PAQR polymers is elec-
tronic, as evidenoed by unchanging resistivity during pro-
innged electrolysis experiments, and by the existence of a
relatively large Hall coefficient. Non-ohmic behavior has been
established by comparison of the polymers with ohmic re-
sistacs in a Whertstone bridge.

A semiquantitative relationship betw=en electron spin d=ns-
ity and conductirn has been established in the PAQR poly-
mers. This indicates that the conduction in polymers in this
series is related more by the number of carriers than by the
carrier mobility. though nol entirely. A high density of elec-
tron spins with narrow peak half-widths is observable (10'%
to 10%cm:-3); hence these polymers are polyradical:.

The PAQR polymers have a dissimilar siructure and mode
of electronic conduction from that of pviopoiymers.

285. REACTIONS OF METAL HALIDES WITH
'AROMAT-C COMPOUNDS
Kovacic, P.
American Chemical Socic-:y, Washineton, D.C.
Paper 42, Division of Petrcieum Chemistry, presenied at the
142nd Meeting, ACS, Aiantic City, N.J.,
September 9-14, 1962

A variety of reactions, including halogenation, side-chain
attack, niclear coupling, and polvmeriza.on, can occu: with
aromatic compounds and the Lewis acid metal halides, ferric
chloride, antimony pentachloride, or cupric chloride.

Ferric chloride and .ntimony pentachloride are kuown to
effect nuclear chlorination with halobenzenes, alkylbenzenes,
and polynuclear hydrecarbons. The cupric halides are less
active halogenating agents. Side-chain involvement, observed
with alkylated benzenes, produced di-, tri-, and tetraaryl-
methanes, dleproporuonphon, and probably polymerization.
With m-xylene and mesitylene, nuclear coupling and chlorin-
ation resulted fcom the ferric ‘hloride reaction. Benzene can
be polymerized in the system, cupric chloride-aluminum
chioride-water, under cemarkably mild conditions to a solid
possessing the properties of p-pclyphenyl. Evidence for the
p-polyphenyl structure is based upon elemental analyses,
infrared spectrum, X-ray diffraction pattern, insclubility, and
thermal stability. The mechanistic aspects of the various re-
aclions are discussed..

286. POLYMERIZATION OF NON.CUONJUGATED DIYNES
BY COMPLEX METAL CATALYSTS
Stille, J. K., Frey, D. A.
Americen Chemical Society, Journal of the, v. 83, no. 7,
po. 1697-1701, April 5, 1961

The polymerization of 1,6-heptadiyne by Ziegler-type cata-
lysts leads to soluble, highly colored polymers of 10,000
20,000 molecular weight, whicl: contain aiternating double
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and single bonds wivng the backbone of the polymer chain
and a cycic recurring unit as the main structural features.
Polymerization of 1,7-octadi;ne and 1,8-ronxdiyne under the
same conuitions, however, affords mostly cross-linked polymers.

287. NEW ORGAMOMETALLIC SEMICONDUCTOR
Dewar, M. J. S., Talati, A. M.
American Chemical Society, Journal of the, v. 85, no. 12,
P 1874, June 20, 1963

The expected electrica1 properties of coardination polymers
are discussed, and the synthesis of a 1.ow organome.aallic semi-
conductor of this kind is reported, (e cupric derivative of
the dinxime of 1,5-diacetv]-2,68-diy 'roxynaphthalene. The
conductivity of the polymer was measwred in compressed
disks (prepared at about 9 X 10* psi) at room temperature.
Three sampies of the jwolymer, prepared in different ex-
periments, had resistivit-es of 88 X 107, 74 X 107 and
8.0 X 107 ohm-cm.

283. POLYMERIC CONDUCTOKS AND SEMICONDUCTORS
Becher, M., Mark, H. F.
Angewandte Chemie, v. 73, pp. 641-646, 1961

Preparation of electrically conducting polymers by building
ioncgenic groups into the structure or by introducing mobile
electrons through cnnjugaced systems is explained. Work on
the electrical and raagnetic properties, as well as the prepara-
on, of polymers containing heteroatoms, metal cheiate poiy-
nnws, and polyvinylenes is summarized.

289. DONOR-ACCEPTOR COMPLEXES
Muitiken, R. S., Pe.son, W. B.
In’ Annual Review of Physical Chemistry,” Volume 13,
pp. 197-126
Eyring, H., Edito.
Annual Reviews, Inc., Palo Alto, Calif., 1962

Very recent material not fully covered in Briegleb’s book
(Entry #334) is reviewed, and current thinking, which in
some respects goes beyond or differs from that in the litera-
ture and in Briegleb’s book, is presented.

290. SFMICONDUCTING POLYMERS CONTAINING
COORDINATED METAL IONS
Bolto, B. A, Weiss, D. E.
Australian Journal of Chemistry, v. 15, pp. 653-667, 1962

Conducting compounds thought to be polycoordinated
quinoxalophenazine derivatives were. prepared by heatiug
chloranil (I) (1 mole) o-phenyienediamine (II) (2 moles),
and a metal salt (0.87 mole) in N at 250-400°C for 30 min,
grinding the reaction rass and extracting with EtOH until the
extract was colorless. Of the metals examined (Cr, Mn, Fe,
Co, Ni, Cu. Zn, Cd, Mg, Ca, Ba, Ru, and Os), Fe as FeCl,
gave the best conductor (resistivity 38,000 ohm-cra for prep-
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aration temperatures from 350 to 450°C>. At 250-350°C, 1,
I1, and FeCl, gave compounds shose con Juctivities were 20
times greater than those prepared with 1'eCl,. The conduc-
tivity of these polymers is attributed to interac’ion between
donor N atoms and acceptor groups, su-h as the metal i .n,
quinones, and quaternary N atoms linke1 within a fully ‘-
jugated polycyclic system. The existence of the metal in more
than one oxidation state, as may occur a the FeCl, polymer,
may b¢ of further benefit. '

291. CYCLIZING TRIMERIZATION OF ALKYNES BY
MEANS OF CARBONYL COMIOQUNDS
Hiibel, W., Hoogzand, C.
Chemische Berichte, v. 93, pp. 102-115, 1960
(For full abstruct, see Chemical Alstracts, 1060, Entry 9839f)

Convers.iou to betizene derivative:. of mono- and disubsti-
tuted acetylenes by heating with imall amounts of metal
carbonyl derivatives, with or withjut solvent, is reported.
Unsymmetrical alkynes of the typ: RC:CR’ yielded under
these conditions exclusively benzene derivatives with identical
substituents in the 1,2,4- and 3,5,6-positions, respectively.
It was postulated that the trimerization proceeded via an
intermediate organic metal carbony| complex.

292. ON THE SYNTHESIS AND 1'LECTRONIC
PROPERTIES OF POLYACE’ YLENIC
HYDROCARBONS
Okamoto, Y., Gordon, A., Movsoy icius, F., Hellman, H.,
Brenner, W.

Chemistry & Industry, London, no. a2, pp. 20042006,
December 9, 1961

Fhenylacetylene was thermally polymerized under oxygen-
free, dry nitrogen at refiox temperatures for 20-85 hr in the
absence of solvent as well as in 10-20 wt.%* solutions of
decalin, xylene, diethylene glycol dimethyl ether (diglyme),
and chlorobenzene. In all cases deep red solids were obtained
in near quantitative yields, which became vellow-orang>
powders upon reprecipitation from benzene, acetone, carbon
tetrachloride, or chloroform solutions by adding methanol,
ethanol, or petroleum ether. To determine the electroconduc-
tivity of the material, a temperature-resistivity profile was
made under purified nitrogen on compressed pellets. The
bulk polymer appears to obey the 1sual exponential law for a
semiconductor, pa exp(E/kT), where p = nresistivity, ohm-
cm; E apparent energy gap, sv; k is Boltzmann's constant; and
T is absolut: temperature. The low molecular w=ight mate-
rials obtained to date do not show conductivities significantly
lower than those of many other non-conjugated polymer
systems. A room temperature resistivity of 10'¢ ohm-cm and
a nigh apparent energy gap of 0.963 ev place the polymer in
the dielectric categor~, even though it conducts better than
linear polystyrene by a factor of 1000. Further studies on
such polymers are now in progress.
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205. POLYMERISATION OF DICYANOACETYLENE
Benes, M., Pesks, J., Wictterle, O.
Chemistry & Irdusiry, London, no. 12, pp. 562-583,
March 24. 1962

Polymerizaticn of acetylenic monomers to linear polycon-
jugated polymers has attracted increasing interest in recent
years. Dicyanoacetylene (DCA} prepared according to
Moureu and Bongrand was chosen for these polymerization
experiments, The darkening of this compound induced by
caustic soda as “escribed Ly the French authors indicates an
ability to undergo base-cztalyzed polymerization. According
to <his extended investigation, DCA is polymerized easily by
many other anionic catalysts. e.g., N-ethylpiperidine, triethyl-
phosphir.c, butylmagnesium bromide, potassium benzophe-
none, sodium naphthalene in tetrahydrofuran (THF),
butyllithivm in THF or hexane, sodium cyauide in dimethyl-
formamide.

The paramagnetic behavior of this polymer, prepared with
THF, was given by ESR spectrum which shows a narrow
signal with a half-line width ot approximately 7.5 gauss. The
g value was foand to be 2.0029 + 0.0003 and the amount
of unpaired spius of the order 10'8/g, as calculated by com-
parison with a standard of diphenylpicrylhydrazyl. Further
work on the polymerization of 1>7.A and related compounds,
and the investigation of the structure and electric and mag-
netic properties of the polymers formed, are in progress.

294. POLYMERISATION DU PHENYLACEYYLENE SOUS
L’ INFLUENCE DES CATALYSEURS ORGANO-
METALLIQUES (PGI.YMERIZATION OF PHENYL-
ACETYLENE UNDER THE INFLUENCE OF
ORGANOMETALLIC CATALYZERS)

Champetier, G., Martynoff, M.,
Comptes Rendus Hebdomadaives des Séances de I Acadeémie
des Sceences, v. 252, no. 5, pp. y33--836, January 30, 1961

Contrary to acetylene, the pheayacetylene is rot polymer-
ized in an appreciable quantity by the catalyzers obtained
by the action of ferri~ chloride un hs .rganomagnesia com-
pounds mixed or symmetric. In usirj the tetrachloride of
titanium and a symmetric organomagnesia, it is possible to
obtain soluble yellow polypl:enylacetylenes containing, as an
average, thirteen monomers, and insoluble orange polymers of
higher molecular masses,

295, CATALYSE PAR LE POLYACRYLONITRILE
PYROLYSE (CATALYTIC ACTION OF PYROLYZED
POLYACRYLONITRILE)

Gallard, J., Traynard, P,
Comptes Rendus Hebdomadaires des Séances de I’ Académie
des Sciences, v. 254, no. 20, pp. 3529-3531, May 14, 1962

Polyacrylonitrile needles heated to 400°C become black,
and the powder formed dark red-brown, the two forms being
very stable to heat and semiconducting., They give a para-
magnetic signal of about 1018 centers/g. Only NiO semicon-
ductor had a higher catalytic activity with N,O than the
powder forra of pyrolized polyacrylonitrile,

60

296, SYNTHESIS OF POLYMERIS. MATERIALS
PCSSESSING SEMICONDUCTOR PROFPERTIES
Geyderikh, M. A., Davydov, B. E., Krentsel, B. A.,
Kristanovich, 1. M,, Polak, L. S., Topchiev, A V.,

Voitenko, R. M.

In “Mezhdunar sdnyi Simpozium po Makromolekulyarnoi
Khimii, Mezhdunarodnyi Soyuz Chistoi i Prikladnoi Khimii,
Komissiyar Makromolelculyernoi Khimii, Doklady i
Avtoreferaty (International Symposium on Macromolecular
Chemistry, The International Union of Pure and Applied
Chemistry, Committee on Macromolecuiar Chemistry,
Papers and Summaries), Moscow, June 14-18, 1960,”

v. 3, pp. 85-92

Izdatelstvo Akademii Nauk, SSSR, Moscow, 1960
(English translation available in AEC-tr-4470, 1961,

pp. 22-28, U.S. Atomic Energy Coinmission, Technical
Information Service Extension, Qak Ridge, Tenn.)

Among the materials synthesized are: polvcondensation
products of phthalic anhydride with hydroquinone and with
p-phenylenediamine; the substances obtained by dehydro-
chlorination of polyvinyl chloride; and the products of thermal
conversion of polyacrylonitrile. Paramagnetic and electrical
properties of the polvmors are tabulated and graphed. The
conductivity mechanism 15 considered.

297. SYNTHESIS AND PRCPERTIES OF SOME
AROMATIC POLYMERS
Berlin, A, A,, Liogonkii, B, \, Parini, V. P,
In “Mezhdunarodnyi Simpozium po Makromolekulyarnoi
Khimii, Mezhdunarodnyi Soyuz Chistoi i Prikladnoi Khimii,
Komissiya Makromolekulyarnoi Khimii, Doklady i
Avtoreferaty (International Symposium on Macromolecular
Chemistry, The International Union of Pure and Applied
Chemistry, Committee on Macromolecular Chemistry,
Papers and Summaries), Moscow, June 14-18, 1960,”
v. 3, pp. 115-123
Izdatelstvo Akademii Nauk, SSSR, Moscow, 1960

Linear polynuclear aromatic compounds were synthesized
on decomposing bisdiazo compounds by a cuprous amraonia-
cal solution. Equivalent quantities of the bisdiazo salt, based
on benzidine and 3,3"-benzidinedicarboxylic acid, and of the
cuprous ammoniacal solution were used. The procedure was
performed both by the addition of the salt to the solution and
by the reverse addition of the materials,

298. POLYMERIZATION OF BENZENE TO p-POLYPHENYL
BY MOLYBDENUM PENTACHLORIDE
Kovacic, P., Lange, R. M.
Journal of Crganic Chemisty, v, 28, no. 4, pp. 968-972,
April 1983

Benzene is polymerized by molybdenum pentachloride
under mild conditions to p-polyphenyl. The polymer, which
contained a small amount of chlorine, was identified by
elemental analyses, irfrared spectrum, X-ray diffraction pat-
tern, pyrolysis products, oxidative degradation, insolubility,
and thermal stability. The low molecular weight organic prod-



uct, prescnt in trace amounts, contained 4,4’-dichiorobiphenyl,
dichlorobenzene, and chlorobenzene. Facile dehydrogenation
of 1,4-cyclohexadiene to benzene by molybdenum penta-
chloride lends support to the proposal that the reaction
proceeds by oxidadive cationic pclymerization, The polymer
formed under more drastic conditions possessed a daiker color
and z higher C/(H + Cl) atomic ratio

299. REACTION OF AMTIMONY PENTACHLORIDE
WITH MONOALKYLBENZENES
Kovacic, ., Sparks, A K.
Journal of Qrganic Chemistry, v. 28, no. 4, pp. 972-974,
April 1963

The products formed from antimony pentachloride and
monoalkylbenzeunes included chloroalylbenzenes, diaryl-
methane-type hydrocarbons, disproportionation products, and
polymeric material. Ethylbenzene yielded chloroethylbenzene,
1-(ethylpheny1)-1-phenylethane, and polymer. Cumene gave
chlorccumene, benzene diisopropylbenzene, 2-{isopropyl-
phenyl)-2-phenylpropane, and polymer. Evidence was found
for a cocatalytic effect i the cumene-antimony pentachloride
reaction involving side-chain .itack.

300. POLYBENZIMIDAZOLES, NEW THERMALLY
STABLE POLYMERS
Vogel, H., Marvel, C. S.
Journal of Polymer Science, v. 50, no. 154, pp. 511-539,
April 1961

Wholly aromatic polyber.zimidazoles were synthesized from
aromatic tetraamines and difunctione! aromatic acids and
characterized as new thermally stable polymers. The melt
polycondensation of aromatic tetraamines and the diphenyl
esters of aromatic dicarboxylic acids was Jleveloped as a gen-
eral procedure of wide applicability. Polybenzimidazoles >on-
taining mixed aromatic units in the chain backbone were
prepared from 3,3’-diaminobenzidine, 1,2,4,5-tetraamino-
benzeae, and a variety of aromatic diphenyl dicarboxylates.
Pheny! 3 4-diaminobenzoate could also be polymerized by
melt condensation to give poly-2,5(68)-benzimidazole. The
polyraers were characterized by a high degree of stability,
showing great-resistance to treatment with hydrolytic media
and an ability (0 withstand continued exposure to elevated
temperatures. Most of the polymers were infusible, but some
had melting points abov+ about 400°C. Many of the polymers
exhibited no caange in properties on being heated to 550°C
and showed a weight loss of less than 5% when heated under
nitrogen for several hours to 600°C. The polymers were
soluble in concentrated sulfuric acid and formic acid, pro-
ducing stable solutions. Many of the polymers were soluble
in dimethyl sulfoxide and some also in dimethylformamide.
The inherent viscosities of a number of polymers in 0.5%
dimethyl sulfoxide solution ranged from approximately 0.4
to 1.1, The hi; ner polymers could be cast into stiff and tough
films from formic acid and dimethyl sulfoxide solutions.
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301. COLLECTIVE INTERACTIONS IN POLYMERIZATICON
PROCESHES AT LOW TEMPERATURES AND IN
POLYMERS WITH CONJUGATED BONDS
Semenov, N. N.

Joumnal of Folymer Science, v. 55, no. 182, pp. 563-596,
December 1961

The first put of the paper is concerned with iow-
tumperature polymerization, and a hypothesis explaining its
mechanism is proposed. Physical properties of new classcs of
polymers are discussed in the second part. The importance of
electron collectivization ar ! energy levels both in polymeriza-
tion processes and in physical properties is emphasized.

302. POLYMERS WITH SYSTEMS OF CONJUGATED
FONDS AND HETEROATOMS IN THE
CON]JUGATED CHAIN
Berlin, A. A.

Journal of Folymer Science, v. 55, no. 162, pp. 621-641,
December 1961

(Paper presented at the IUPAC .nternational Symposium on
Macromolecular Chemistry, Moscow, June 1969)

Review and discussion are presented of the synthesis and
study of the properties of polymers having conjugated bond
systems and heteroatoms (in particular, metal atoms) in the
conjugated chain. A characteristic featurs of such polymeric
substarnces is the great degree of delocalization of the m-elec-
trons in the macromolecule. The decrease in the internal
energy due to the delocalization of =-electrons and the energy
gain in the unpairing of the m-electrons in the conjugated
chain are respcnsible to a considerable degree for the high
thermostability of macromolecules containing systems of con-
jugated bonds. The decrease in the energy of excitation to the
triplet state and the decrease in the ionization potential for
long conjugated chains give rise to semiconductivity and
specific magnetic, electron-exchange, opticul, and chemical
properties of these substances.

The polymers are divided into those with acyclic conju-
gated sivstems (polyvinylenes), those containing aromatic
structures in the conjugated chain, and those containing
heterocyclic and me iallocyclic structures in the cunjugated
chain.

303. SYNTHESIS AND PROPERTIES OF SOME
AROMATIC POLYMERS
Berlin, A. A., Liogonkii, B. 1., Parini, V. P.
Journal of Polymer Sciencz, v. 33, no. 162, pp, 675-682,
December 1961

Multinuclear aromatic compounds are distinguished by con-
siderable thermostability. In a number of cases they have
been shown to be endowed with semiconductor properties,
In view of this, the development of a method of synthesis
and investigation of aromatic polymers witl\x a common system
of conjugated bonds has both theoretical and practical inter-
est. Such substances have been synthesized by the authors on
decomposing bisdiazo compounds by an ammoniacal solution
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of univalent copper, and also on decomposition of bisnitroso
acetates, In particular, 4,4’-bisdiazebiphenyl, 4-4’-bisdiazo-
bitoly], 4-4’-bisdiazobiphenyl-3,3-dicarboxylic acid, and
benzidine, N,N’-bisnitroso acetate were employed. On decom-
position of the bisdiazo compounds, a powder of orange to
brown color was formed, soluble in concentrated sulfuric acid
and insoluble in most organic sclvents. Analysis showed it
probably to possess the composition;

m-l}@@xhu ]—[Q_//:\}]u
R R ‘Lr Y

where R may be H, COOM, or CH,. On the :\erage one
azo group is present for rach 4-10 benzene rings and two
chlorine atoms for each 10-20 rings. The mean molecular
weight determined for one of the carboxylated polymer speci-
mens was found to be 3000. On heating to 400°C the polymer
decarboxylates, At 450°C decomposition sets in. Viscosity
curves of the solutions (plots of »,,/C vs. C) exhibit an anom-
alous rise within the limits C = 0.1-1%. The concentration of
unpaired electrons in the polyners was shown by the electron
resonance method to be ~1(1%/g. Heating the substances
leads to an increase in concentration of unpaired electrons by
1-2 magnitudes. The spectra and X.ray diagrams cof the
suostances were obtained. Evidently the formation of poly-
mers from bisdiazo compounds is of a radical nature, leading
to the formation of stable radicals of low activity, Low molec-
tlar fractions isolated from the polymers are fusible and
soluble in benzene. They are capable of reacting with di-
ethynylbenzene with the formation of nonmelting and insol-
uble thermostabls proGucts. Carboxylated polymers form salts
with transition elements that evidently are of thc nature of
intracomplex compounds with intcrmoleculer cross-linkage.
Products of the decomposition of benzidine bisnitroso acetate
are in general similar to those resulting from bisdiazodi-
phenyl, but contain less unpaired electrons,

304. SOME RESULTS OF CESIUM-INITIATED DIENE
POLYMERIZATION AND COPOLYMERIZATION
Rembaum, A., Ells, F. R., Morrow, R. C., Tobolsky, A, V.
Journal of Polymer Science, v. 81, no. 171, pp. 155165,
Secptember 1962

A study of the homogeneous polymerization of isoprene
and butadiene by means of alkali armnatic complexes con-
firmed the influence of polarity of the medium on the
microstructure of the homopolymer. Cesium naphthalene in
tetrahydrofuran yielded a high concentration of the 1,2-
adduct (28% ) and 3,4-adduct (43%) in polyisoprene, but
a comparatively low concentration of 1,2-structmes /74.5% )
in polybutadiens. Practically pure, 1,2-polybutadiene was
synthesized by means of Li naphchalene. A gradual decrease
in the concentration of 1,2-polybutadiene structures was noted
as the electropesitivity of the alkali counterion increased.
The influence of solvent, temperature, and molecular weight
on the struchwre of polybutadiene was examined. Copolymer-
ization of the isoprene-stysene monomer pair yielded block
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polymers. The determination of the torsional modulus~
temperature spectrum afforded a simple method for dis-
tinguishing block from randcm copolymers.

305. SYNTHESIS AND SOME ELECTROPHYSICAL
PROPERTIES OF POLYMERS WITH SYSTEM CF
CONJUGATED BONDS
Korshak, V. V., Vinogradova, $. V., Sosin, §. L.,

Sladkev, A. M.

Prepriv¢ 69, presented at the International Symposium on
Macromolecular Chemistry, Paris, France, July 1-8, 1963,
sponsored by the Iutermational Union of Pure and Applied
Chemistry, vnder the patronage of Monsieur le Ministre
d’Etat chargé de la Recherche Scientifigue, under the
auspices of the Délégation Générale i Ia Recherche
Scientifique et Technique, and the National Comn.ittee for
Chemistry

(To be published in Journal of Polymer Scien. _Part C:
Polymer Symposia)

Polymers with a conjugated system of carbon-nitrogen and
ca: bon—-carbon bends have been obtained by the treatment of
aliphatic and aromatic nitriles, aromatic diamines, and di-
phenols with tert-butyl peroxide (polyrecombination reaction).
By this reaction polymers containing iron (polyferrocene) and
germanium have also been obtained. Polymers and copolymers
with conjugated system of carbon-carbon and carbon-other
element bonds have been obtained from acetylene and bis-
ethynyl derivat.ives of silicon, germanium, and tin by the
oxidative polydehydrocondensation reaction. By means of the
polycoordination reaction some polymer:z with chelate bonds
have been synthesized which contain metals in the main chain
such as copper, zinc, cobalt, beryllium, nickel, and others.
In the polymers with a conjugated system of bonds thus
obtained, the presence and the intensity of a single line of the
ESR spectrum were determined to be due to the electron
delocalization along the chain; the dependence of *he electric
conductivity on the temperature has been shown to have an
exponential character. The values of the activation energy for
conductivity and magnetic susceptibilicy were determined.
The data obtained indicate thr% the polymers studied have
some properties characteristic of semiconductor materials.

396. CONDUCTING POLYMERS FROM CYCLO-
PENTADIENE
Blatz, P. E.
Preprint 71, presented at ths International Symposium on
Macromolecular Chezuistry, Paris, France, July 1-6, 1963,
sponsored by {he International Union of Pure and Applied
Chemistry, under the patronage of Monsieur le Ministre
d'Stat chargé d2 la Recherche Scientifique, under the
auspices of the Délégation Générale & la Recherche
Scientifique et Technique, and the National Committee for
Chemistry
(To be published in Journal of Polymer Science, Pari C:
Polymer Symysosia)

Simdlar infraied spectra ave observed when cyclopentadiene
is polymerized with soy of the following catalysts: stannic
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chloride, titanium tetrachioride, or the combination of tita-
nium totrachloride and alu ainum alkyl. When the resulting
polymer is brominated, it spontaneously undergoes a spec-
tacular dehydrobromination which gives a series of color
changes and finally a black carbonlike mater’ 1l that is insolub:e
in common laboratory seivents. Consideration of the remaining
bromine content of the dehydrobrominated polymer along
with the visual spectrum produced by the actively dehydro-
brominating polymer, the infrared and ultraviolet spectra and
the visnal spectrum of the original and isomerized polyeyclo-
pentadiene indicate the structure of the polymer and the mode
of polymerization. The bromodehydropolycyclopentadiene
shows unusual physical properties; it has a resistivity of 10¢
ohm-cm and an electron spin density of 10 spins/g. The
polymer also exhibits unusual thermal stuvility. In a nitrogen
atmospiiere st 900°C it is still 50% intact and is not com-
pletely pyrolyzed until a temperature of 1100°C is reached.

307. POLLYMERES A LONGUES SEQUENCES DE
DOUBLES LIAISGNS CONJUGUEES: PREPARATION
ET PROPRIETES (POLYMERS WITH LONG
SEQUENCES OF CONJUCATED DOUBLE BONDS:

B PREPARATION AND PROPERTIES)

- Roth, J. P., Rempp, P., Perrod, J.

Preprint 72, presented at the International Symposium on

Macromolecular Chemistry, Paris, France, Jaly 1-6, 1963,

sponsored by the International Union of Pure and Applied

Chemistry, under the patronage of Monsieur le Ministre

d’Etat chargé de la Recherche Scientifique, under the

auspices of the Délégation Générale & la Recherche

Scientifique et Technique, and the National Committee for

Chemistry

(To be pablished in Journal of Polymer Science, Part C:

Polymer Symposia)

Macromolecular chain molecules bearing long sequences
of double bonds cannot be readily obtsined by polymeriza-
tion reactions, but it is possible to create such unsaturated
blocks on suitable saturated polymers by an elimination re-
action. It appears that polyvinyl halides are quite suitable for
this purpose. An attempt was made to get compounds as well
defined as pos.ible. Therefore, thermal dehydiohalogenation
was not used as it usually yields cross-linked samples, nor was
elimination by means of organic bases, which leads to substi-
tution side-reactions. Lithium chloride (and some other salts)
is quite effective, in dimethylformamide (DMF) solution, on
polyvinyl halides; this reaction, if carried out at moderate tem-
perature, creates very long polyenic sequences on the PVC
macromolecules. These substarces are usually dark violet
powders and exhibit strong light absorption near 550 mp. To
elucidate further the dehydrohalogenation mechanism sys-
tematic experiments have been carried «. t, and it has been
shown that the chloride anion behaves in DMF solution as a
strong hase, and is responsible for the observed reaction.
Electrical conductivity measurements have been undertaken
on the dehydrohalogenated polymers at constant frequency
(1520 cps). Resistivities at room temperature are quite high,
but typical semiconductive behavior has been observed ifor
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their thevmal varlation. The activation energizs have Leen
found to decrcase wvith increasing insaturation.

308. POLYDICYANOACETYLENE: PREPARATION AND
PROPERTIES
Benes, M., Peskd, J.. Wicheerle, O.
Preprint 74, presented at the International Symposium on
Macromolecular Chemistry Paris, Frarnce, july 1--8, 1863,
sponsored by the Internetiosial Union of Pure and Appliad
Chemistry, ander the p.trenage of Monsieur le Ministre
d’Etat chargé de la Rerherche Scientifique, under the
ausp.ces of the Dél¢égatiun Généraie 2 la Recherche
Scientifique et Technique. ind the National Coremittee for
Chemiistry
('To be published *a Journal of Pelymer Science, Part C:
Tolymer Symposia;

Synthesis of conjngated polvmers by direct catalytic poly-
merization of suitable monomers is studied. Polymerization of
dicyanoacetylene (DCA) with which foriaation of polymers
analogoas to the well-known “black Orlon” could be expected
is described in detail. DCA polymerizes by the action of
anionic polymerization catalysts. The reaction is strongly
exothermal and requires a large amount of catalyst. The
method of g:~dual addition of the catalyst to the solution of
the monomer was therefore adopted. Under these conditious
a low molecular weight (< 10%) polymer is formed, and the
conversion is directly proportinnal to the amount of the cata-
Iyst {butyllithium). With Li saphthalene or benzophenone-
Li-ketyl, initiation by electron transfer was observed, as neither
naphthalene nor benzophenone is bound to the polymer. The
polymer has apparently the structure of polycyanopolyene,
as strong CN absorption is found in the infrared spectrum,
persisting up to 200°C. The polymer is soluble in water and
in polar organic solvents. It is paramagnetic and the ESR spec-
trum shows a single narrow signal (7 gzuss) without any fine
structure. Electric conductivity in the solid state was meas-
wred in pressed disks between Pt electrodes under pressure
in high vacuum. Conductivity at room: temperature o,, was
found to be in the range 10-*-10-2 ohm-! em-!, and the
activation energy (E/2kT) was 0.8-1.2 ev, differing accord-.
ing to the method of synthesis.

309. CATALYSE SUR '‘OLYMERES PRESENTANT DES
PROPRIETES DE RESONANCE P2RAMACNETIQUE
ELECTRONIOE (CATALYSIS OF PRESENT
POLYMERS WITH PROPERTIES OF ELECTRON
PARAMAGNETIC RESONANCE)

Dawans, 7., Gallard, J., Teyssie, Ph., Travuard, Ph.
Preprint 75, presented at the International Symposium on
Macromolecular Chemistry, Paris, France, July 1-6, 1963,
sponsored by the Internationsl Union of Pure and Applied
Chemistry, under the patronzge of Monsieur le Ministre
d’Etat chargé de la Recherche Scientifique, under the
auspices of the Délégation Générale i la Rechexrche
Scientiique et Technique, ana the National Commitize for
Chemistry

(To be published in Journal of Polymer Science, Port C;
Polyner Syn:posic’

63
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MNew polymers synthesized by conlensation of unsaturated
polyrers (polydiencs) with chloruiil and benzoquinone ex-
hihit 2 strong electron spui vesonance: signal (2 > 1071 spirs/g)
comparable to that of thermaii. treated polvacrylonitiile.
All these polymers have a noticeable catalytic activity on the
decumvosiion of N,O, the dehydrition of cyclehexanol. and
the somerization cf l-butene. An interesting paralle] was
establishcd between the cataly‘ic activity of all these pro-
ducts and their spin conceniration:.

310. POLYVINYLANTHRAQUINONE REDOX RESINS
(ELECTRON EXTHANGE POLYMERS)
Manecke, G., Storck, W.
Preprint 81, prusented at the International Symposium on
Macromolecular Chemistry, Paris, France, July 1-6, 1963,
sponsored by the Internationa! Union of Pure and Applied
Chemistry. under the pat: onage of Monsieur I Ministre
d’Etat chargé de Ia Recherche Scientifique, under the
auspices of the Délégation Générale & la Rechesche
Scientifique et Technigue, and the National Comniittee for
Chemistry
{To be publish=d in Journal of Poiinner Science, rart C:
Polymer Symyosia)

Polycondensation redox resins (eleciron exchange poly-
mers) with z-guinone/hydroquinone redox gronps show at
the potentiometric titration, ir. compar:on with comparable
moncmer redox systems, higher normal redox potentials and
also raised index potentials. To investigate the reason for this
behavior, hydroguinone, phenol, and fornialdehyde redox ~om-
pounds of iow and uniform molecular weight were synthe-
sized and their redox nroperties studied. The titration curves
were analyzed theoretically. As the struz'ure of the polycon-
densation rednx resins is not uniform ard as they are alsc
chemically not very stable, new redox resins with uniform
structure and better chemical properties were synthesized.
For this purpose 2-methyl-3-vinyl-1,4-raphthoquinone and
2-vinyl-9,10-anthruquinone were synthesized. The naphtho-
quinone compound polymerized very badly. The new svnthesis
of the 2-vinylanthraquinone yielded a very pure monomer
vwhich showed very good polyraerization- and copolymerization-
properties. A cross-linked copuiymer of styrene, divinyl-
benzene, and 2-vinylanthraquinone was sulionated. The
so-produced swellable tedox resins of relative uniform struc-
ture are resistant to miid oxidizing agents and hetaicaily stable
at ali pH regions. The cation exchange capacity, the redox
capacity, the novma! redox potentials, and the infrared absorp-
tion were investigated as functious of the cornposition of the
redox resing. The possibility of catalyzing the slow establish-
ment of equilibrium of the redzx resins during the redox
reactions is discnisad.

311. FORMATION DE COMPLEXES MOLECULAIRES
SUR RAUTS POLYMERES (FORMATION OF
MOLECULAR COMPLEXES OF HIGH FCLYIERS)
Smets. ., Balogh, V., Castille, J. P.

64

Preprint 82, preseat :d at the International Symposium on
Macromolecular Clemistry, Paris, France, July 1-6, 1963,
sponsured by the I iternational Union uf Pure and Applied
Chemistry, und=r the patronage of Mcrsieur le Ministre
d’Etat chargé de 'a Recher ~he Scientifique, under the
suspices of the I élégation Générale 2 Iz Recherche

Sciens ‘“que et Technique, and the National Committee for
Chemistry

(To be publish :d in Journal of Polymer Science. Part C:
Polymer Sywny osia;

The 2,4-dinitroy vlvstyreae, obtained by nitration of poly-
styrene, supplies tre EDA complexes with hvdrocarbons and
naphthalene amires (a-naphthylamine). Similarly, the poly-
styrene p-dimeth' lamine binds the dinitro- and trinitrobenzene
with for.nation o/ pairs of contact and complex. The behavior
of the polymers is compared %o that of the homologs of low
molecular weights, such as 2 4-dinitrocumene, and cumene
p-dimethylamin:. The equilibrium constants of cumplexing
are compared :mong themselves, and discussed. Their spec-
trometric evzluation is made dificult by the changing in
position of the maxima and coefficients of absorption. In a
similar wagy, the absorption pewer of the hydrocarbons has
been studied ‘with regard to the coordination complexes ob-
tained by alcing nickei thiocyanate to poly-4-vinylpyridine.
Although it is not possible to out»in a coordinaiion complex
from two baszs by the nickel ion, nevenu.cless the electronic
assesstnent n' arumatic hydracarbons is importac* enough,
and essentially a functinn of the wealth of difflerent nc
aromztics. The aliphatic hydrocarbons are only very feeble
adsorbers. The adsorption of alcohols and amine has been
equally cons dered.

312. NEW FERRCUS-CONTAINING POLYMERS BASED
ON FERROCENE AND THEIR ELECTROPHYSICAL
PROYERTIES
Paushkis, I. M., Polak, L. S., Vishnyakova, T. P.,

Patal: kh, 1. 1., Machus, F. F.. Solinskaya, T. A.

Prepr nt 83, presented at the International Symposi.m on
Macromolecular Chemistry, Paris, France, July 1-6, iv63,
spons red by the International Union of Pure and Applied
Chemistry, under the patronage of Monsieur le Ministre
d’Eta: chargé de la Recherche Scientifique, under the
auspi es of the Délégation Générale & 1a Recherche
Scientifique et Tachnique, and the National Committee for
Cheniistry

(To te published in Joumal of Polymer Science, Part C:
Polyiner Symposia)

A aumb:r of new polymers based on ferrocene were pre-
pared and their electrophysical properties iuvestigated, The
polymers rvere obtained from the polyrecombination, i.e., by
linkage of the p.imary monomers of ferrocene with a number
of aroma.ic compounds (naphthalene bromide, p-dichloro-
benzene, quinoline, benzonitrile, diphenyl, diphenviamine) in
the presence of tert-butyl peroxide. The prepared polymers
are black powders infustble up to 500°C. Approximately 18-%
of a pol'/mer is a soluble product and correspondingly %-%
are insoluble parts. Molecalar weights of the soluble polyme:zs
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are within the range of 2000-3000; elementary composition
and Fe content are in good agreement with the given formu-
lae. The polymers give a peak in the EPR spectrum. Polymers
obtained fromm alkyl ferrocenes (from i-C ,H,C ,H ,FeC.H.-
C.H,,C.H,FeC.H,), e.g., tert-butylferrocene, are soluble, and
melt at 290-300°C, but these pelymers do not give a peak
in the EPR spectrum. Unlike benzene and its homologs, ferrc-
cene forms high molecular compounds by polycondensation
with acetonc; tlese polymers have molecnlar woights of
3000-3200, melting points of 320-360°C, and give a peak in
the EPR spcctrim. Polycondensation of acetvl, aikyl acetvl,
and diacetyl ferrocenes forms soluble and insoluble polyiaers
giving a peak in the EPR spectrum. For a number of the pre-
pared polvmers electrophysical properties have been defined.

Measurements of conductivity were made in vacaum
{1 X 10+ mm Hg) by the compensation n.ethod within the
temperature range of 20-200°C. All samples have a positive
thermal ccefficient of conductivity and i« the iavestigated
range of temperature are subjuzated t ‘ne exponential de-
rendency of conductivity on temperature ¢ = ¢ ,7E/%¥7 which
is character 'stic of ustal semiconductors. The value of specific
electroconductinity at 50°C is 110715 — 5X10 8 ohm™! ¢m™
and the activation energy is 1.74-0.47 ev.

313. MOBILE ELECTRON-CHARGE-TYPE MOLECULAR
COMPLEXES
Tsubomura, H., Kuboyama, A.
Kagaku To Kogyo, Tokyo, v, 14, no. 6, pp. 537--547,
Swme 1961

Mulliken’s vieory initiated experimental as well as theo-
retical studies on mchile electron-charge-type molecular com-
plexes, und led to the j-esent level of works. A significant
contribution in this field was the elucidation of electron
structure and bonding characteristi~s of molecular complexes,
and an understanding of electron and vibration spectra was
further deepene?. Information obtained i+ being utilizea for
analyses of reaction mechanisms, action of soiid catalysis, and
solid-state physics.

314, SYNTHESIS AND PROPERTIES OF POLYMERS
WITH SYSTEMS OF CONJUGATED BONDS
Khimicheskaya Promishlennost, v. 5, pp. 23-30,
July—August 1960
{One page translation available as “Theoretical Infermation
on the Manufacture of Polymers With Desired
Somiconducting and Heat-Resistarce Properties,"{.,

AlD 60-81, Library of Congress, Air Information Div,,
Washington, D. C., November 7, 1960)

This article is a theoretical discussion based on materials
published recently or unpublished at the time of the appear-
ance of the urticle. In this review emphasis is placed on the
synthesis of polymers with structwes and distributions of
energy on the Londing electrons which display desired phys-
icochemical properties. Such properties include high thermal
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stability, increasing conductivity, and good semiconducting,
magnetic, clectricul, 'nd jon-exchange properties.

315. SYMPOSIUM OGN NEW SYNTHETIC POLYMERS
Kogyo Kagaku Zasshi, v. 65, pp. 658-742, 1962

A number of the polymers for which syntheses were pre-
sented at the symposium are semiconducting. Specific papers
concerning these are referenced in the following eutries.

316, PARAMAGUNGTIC AND ELECTRIC PIFOPERTIFS
OF POLYACL TYLENE
Hatano, M., K:mbara, S., Gkamoto, S.
Kogyo Kagaku Zasshi, v. 65, pp. 716-719, 1962

The at thors have obtained high molecular weight., crys-
talline or amorphous polyacetylene by the use of various
catalyst systerr- of Ziegler-Natta type. The resultant poly-
acetylen> had a stereoregtlar structure of substantially trans-
conjugated C = C double bonds. Since it was expceted that
these polvmers containing long chains of conjugated double
bonds might have stable free radicals, paramagnetic an:!
semiconducting properties of the polymers were measured. An
appreciable concentiation ot unpaired elecirons has been
found in all of rhe polyacetyl~nes bv means of electron spin
resonance spectroscopy. Thus the authors had the figure, in
spins/y, for amorphous polyacetylene, 10>, for crystallice
polyacetylene, 10, and for oxidized polyacetylene, 161*. Eacl
of these spectra consisted of a narrow singlet having 8 to 10
gauss of the line width. The g-factor of thc spectra of poiy-
acetylene was 2.0028. Hence, thc unrzied electrons in pol -
acetylene would be expected to be unlocalized electrons
which are stabilized via resonance in hich conjugations.
Then the conductivities of the pressed sampics were meas-
used at various temperatures by a direct current method. The
vaiations of resistance of polyacetylenes with temperature
were found to obey the usual equation for an intrinsic semi-
conductor.

317. POLYMERIZATION OF ACETYLENE BY BINARY
SYSTEMS COMFPOSED OF TRIETHYLALUMINUM
AND VARIOUS ACETYLACETONATES OF
TRANSITION METALS
Kambara, S., Hatano, M., Hosoe, T.

Kogyo Kagal;’: Zasshi, v. 63, pp. 720-723, 196%

Recently, the authors have found that polyacetylene ob-
tained by the use of Ziegler catalysts behaves as a typical
organic semiconductor. In the present paper, a new catalyst
systerr which is capable of synthesis of such polyacetylene
as mentioned above ne~ Loon ctudied. In the polymerization
of acctylene, if catalyst vyctems are pregared from electro-
philic transition metal compounds, ¢.g., TiCl,, with A1(C H.),,
acetylene is converted to amorphous polymer. On the other
hand, if a less electrophilic compound, e.g., Ti(OCH,),. is
used as a component of catalyst, high crystalline polyacetylene
might be obtained trom acetylene. The preferred catalyst
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~omponents might be compounds containing no halogen atom
rather than electrophilic compounds.

With these consideraticns in mind, the authors tried the
volyn-erization of acetylene by the uve of binary systems
composed of triethylaluminem and scme transition metal
chelate compounds containing stable ind neutral ligands.
Various combinations of 2,4-pentadizne compounds of
metals of groups IV to VIII, eg., Ti, V, Cr, Co, Fe, with
AH(C,H,)., w+r. used. In those combinations, the complex
catalysts from VO{CH,COCHCOCH,), Al{C,H,), or TiO.
(CH,CQCHCOC, ) AI(C,H,), have been found to be very
effective as the catalyst for the polymerizaticn of acetylene to
crystalline polymer. On the contrary, binary systems of the
other comhination werz less effective or nct at ali effective.

318, THE STRUCTURE OF CRYSTALLINE
POLYACETYLENE
Hatano, M.
Kogyo Kagaku Zasshi, v. 63, pp. 723-727, 1962

The polyiners obtained from acetylene by using catalysts
of Ziegler type behave as a typical organic semiconductor and
have uunlocalized unpaired electrons. The author undertook
the present study to learn more about the structure of these
polymers as well as about the length cf their conjugation, by
means of th: measurements of infrared spectra, specific
resistunces and X-ray diffraction patterns. It was supposed that
the polyacetylene had < itereoregular structure of substantially
trans-trans conjugated! double bonds, and support for chis
view came frcm the data on infrared spectra and l.-ray
diffractions of the polyme:. Thus_ acety{ene-d, was polymer-
ized to poly(acetylenc-d,) by the catalyst, and infrared
spectra of poly(acetylene-d,) were compared with that of
polyacetylene, and then each band of these polymers was
assigned, respectively. This comparison showed that the poly-
acetylene had fully extended trans-conjugated double bends.
The X-ruy diffraction patterns indicated that the molecular
layers were kept separate from each other by 3.754 A. This
value of intermolecular distance might be near enough to
allow the electron in the crystallite to jump from one molecule
to the next. A tentative consideration suggested that the
conjugation might be more than 25 for the crystalline poly-
mer, and less than 14 for the amorphous polymer.

312, RADIATION.-
TRIPLE BONDS
Okamura, §., Hayashi, K., Yamamoto, M., Nakamura, Y.
Kogyo Kagaku Zasshi, v. 65, pp. 728-731, 1862

UCED POLYMERIZATIONS BY

The mechanism of radiation-induced polymerization of
monemers having a triple bond such as acetonitrile, propargyl
alcohol, propargyl bromide, and phenylacetylene was investi-
gated. The rate of polymerization is proportional to the first
order of dose rate and not influenced Ly the existence of air,
The activation energy is very small, As compared with the
results of radical, cationic and anionic polymerization using

€6

catalysts, it may be concluded that polymerization of acetoni-
trile proceeds by the anionic mechanism. In the case of other
monomers, it is not clear which mechanism is wredominant.
The g-values and degrces of polymerizatica are small.

Produced polymers have conjugated double bonds and are
colored dark brown.

320. RADIATION-INDUCED LIQUID- AND SOLID-PHASE
POLYMERIZATIONS OF ACETYLENE
Tabata, Y., Saito, B., Shibane, H., Sobue, H., Oshima, K.
Kogyv Kagaku Zasshi, v. 65, pp. 731-734, 1962

Radiation-induced polymerization of acetvlene was investi-
gated in the hiquid and solid states of monomer. It was
concluded from these experimental results that the liquid
phase polymerization proceeds by cationic mechanism.

It was fourd that the structures of the polymer obtained
in the liquid and the solid state polymerizations are quite
different. that is, in the forme:, cis-form polyacetylene is
rich, and in the latter, trans-form is rich. These facts confirm
that a stereospecific pelymerization is possible in solid state
polymerization, using ionizing radiation, as was previously
pointed out by the authors.

The authors proposed a new mechanism, “electronic poly-
merization,” for solid-state polymerizations at low tempera-
tures.

321. PREPARATIONS AND ELECTRICAL
CONDUCTIVITIES OF POLY(VINYLLANTHRACENE)
AND OF ITS MOLECULAR COMPLEXES
Inoue, H., Noda, X., Talduchi, T., Imoto, E.

Kogyo Kagaku Zasshi, . 65, pp. 12861200, 1962

9-Vinylanthracene (I), m.p. 64.5-87°C, and 1-vinylanthra-
cene (II), m.p. 64-66°C, were synthesized from correspord-
ing acetylanthracenes through 1-{1-anthryl)ethanol. II gave
a polymer in 75% yield at 76°C for 72 hr by using 0.1-1.0
mole % (Bz0), as an initiator. I gave 10-50% polymer in
24-94 hr when 0.2-1.0 mole % (tert-BuQ}, was used as an
initiator at 115-140°C. The degree of polymerization and
melting point of these polymers were in the region 4-6 and
120-1806°C, respectively. For the p..puse of obtaining the
steroregulated polymer, 1 was pulymerized by Ziegler cata-
lysts with various ratios of AlFt, to TiCl,, The yield of the
polymer at 80°C increased from 20 to 90% according to a
decrease of the ratio trom 4 to 2. Even with TiCl, alone, poly-I
was obtained in an approximate 80% yicid at 80°C. BF, OEt,
also gave poly-I in a 91% yield ever. at roum temperature.
The repeated addition of iodine to poly-I prepared by the
radical-type initiator finally gave a molecular complex (III)
having a mole ratio of anthracene to iodine of 1.7, By a
similar procedure, a molecular complex (IV) havi . the ratio
2.8 was ob:ained from poly-I prepared by Ziegiur catalysis.
Resistivity (p) of the polymers and their molecuiar complexes
was determined at various temperatures and the energy gap
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(¢) was calculated from p = p, exp(e/2kT). Values of p at
20°C were 1 X 103, 4.6 X 103, 2,1 X 10", and 3.7 X 10°
ohm-cm and ¢ values were 1.59, 1.32, 1.02, and 1.03 ev with
respect to poly-1 prepared by the radical initiator and poly-I
prepaced by Ziegler catalyst, I1I, and 1V, respectively. The
iow ¢ value of poly-I prenared by Ziegler catalyst in compari-
son with poly-1 prepared by the radical initiator is thought tv
be due :c the difference in polymer structire as suggested by
the X-ray diffraction diagram. Values of ¢ and p generally
increased with the decrease in the iodine content of the
complexes. Trinitrobenzene and Br also gave complexes with
poly-I prepared by Ziegler catalysis, having p 1.2 X 10% and
7.2 % 10" ohm-cm and ¢ 1.03 and 1.50 ev, respectively.

322. PREPARATION AND ELLCTRICAL
CONDUCTIVITIES OF METAL CHELATE
POLYMERS
Inoue, H., Hatashi, S., Takiuchi, T., Imoto, E.
Kogyo Kagaku Tasshi, v. 65, pp. 1622-1626, 1962

Thirty-one metal chelate polymers were prepared by com-
bining five different ligands, 2,3-diacetylresorcinol (DAR),
2, 4-diacetylresorciuol oxime ' DOR), 1,4- and 1, 5-dihydroxy-
anthraquinone (1,4-DOA, 1,5-DOA) and 1. 5-dihydroxy-
phenazine (DOP), with metal ions, Cu**, Zn**, Fe**, Ni*+,
Co'*, Cr***, Pb**, Sn**, and Sn:*. Electrical conductivities
were studied. The electrical resistivity is 10*-10*¢ ohm cm at
20°C with an energy gap 1-3 ev. With each ligand, the energy
gap is smaller as the ionization teadency of the metal ion is
higher, and, with each metal ion, (DOP) > (DOR) >
(i, 4-DOA)}, (1,5-DCA) > (DAR).

323. SEMICONDUCTING POLYMLAS
April 12, 1961
Lib.ary of Congress, Air Information Division,
Science and Technology Section, Washingtea, D. C.
AlD 6149
AD-255,791
(Also available through U.S. Dept. of Commerce, Office of
Technical Services, Washington, D. C.)

This report, a brief analysis of current Soviet experiments
on chelate-type semiconducting polymers, presents translations
from (1) “Some Electrophysical Properties of Polymer Com-
plexes Formed by Tetracyanoethylene With Moatals,” Akade-
miya Naulk SSSR, Doklady, v. 138, pp. 1127-1129, 1961;
(2) “Lecter to the Editor,” Akademiya Nauk SSSR, Izvestiya,
Otdeleniye Khimicheskikh Nauk, v. 12, p. 2261, December
1959; and (3) “Method of Obtaining Chelate Polymer Com-
pouands” (Authors’ Certificate 126612), Byulleten Izobretenii,
v. 5, p. 38, 1960. Source 1 describes experiments in which
thrrcughly cleanied copper, iron, or nickel plates are expused
to vapors of tetracyannethylene at 150 to 406°C and covered
with thiu fAlms of a polymer consisting of carbon, nitrogen,
and metal bound with ordinary and chelate-type valences into
an assumedly azoporphyrin structure. Similar polymers were
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obtained by A. A, Berlin and associates in 1959 (source 2) by
the condensaticn of copper-acetonylacetonate with tetra-
cyanoethylene at 16¢-300°C. Source 3 lists an Authors’ Cer-
tificate (126612) for a method of manufacturing heat-resistant
chelate polymers, issued April 7, 1959, This method provides
both for film production on metal plates and for hot pressing
of tetracyanoethylene with finely dispersed metuls.

324. CONJUGATED POLYMERIC SCHIFF'S BASES.
THERMALLY STABLE POLYMERS WITH LOW
ELECTRICAL RESISTIVITY
Akitt, J. W, Kaye, F. W,, Lee, B. E., North, A. M.
Makromol:kulare Chemie, v. 56, pp. 195-199, 1962
{in English)

Polymeric Schiff’s bases have been obtained by the conden-
sation of conjugated dialdehydes, such as glyoxal and tereph-
thalaldehyde, with conjugated diamiues such as phenylene
diamine or diamino phenol, Low molecular weight colored
polymers are obtained from aqueous systems, while high
molecular weight black polymers are obtained by dilute
solution condensation in dimethyl sulphoxide. The electrical
conductivities of these polvmers at room temperature range
from 10-7 to 10-2'ohm-'cm-?. Spectroscopic, electron spin
resoiance, and conductivity measurements all suggest consid-
erable electron delocalization both through the —CH=N-
linkage and across the meta positions of the aromatic nucleus.
The high molecular weight compounds exhibit remarkable
thermal stability.

325. CRGANIC SEMICONDUCTORS
Biehi, E. R., Deebel, G. F., Dolle, R. E., Wildi, B. S.
December 30, 1961
Monsanto Research Corporation, Dayton, Ohio
Scmiannual Scientific Report 1 for May-December 1961,
AFCRL 62-245, AF 19(604)-8497
AD-281,892
(Also available through U.S. Dspt. of Commerce, Office of
Technical Serviees, Washington, D. C.)

The synthesis, purification, and single crystal growth of
coronene, perylene/iodine complex and chloranil/durenedi-
amine complex are described. The usual purification methods
of organic chemistry, i.e., chromatography, crystallization, and
vacuum subliznation, have heen employed. Attempted analyti-
cal methods for determination of impurities in the above
compounds are described, The polymer of 2,4,6-tricyano-s-
triazine was prepared and shown to be a semiconductor.

326. ORGANIC SEMICONDUCTORS
Wildi, B. S., Biehl, E. R, ’
May 15, 1862
Monsanto Research Cuzporation, {iayton, Ohio
Final Report for *ay 1, 1941-April 30, 1942,
MRC DA-3, AFRCL G2-600, AF 18(604)-5407
AD-277,4%4
(Also available through U.S, Dept. of Cominerce, Office of
Technical Services, Washingion, 1. C.)

67
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The synthesis, purification, and single crystal growth of
coronene, perylene/iodine complex and chloranil/durenedi-
amine complex are discussed. The usual purification methods
of organic chemistry, namely, chromatography, recrystalliza-
tion, sublimation and zone refining where applicable, were
employed. Purification of coronene coutaminated with 1:12-
benzoperylene-1:12-C-14 (11,000 ppm) and coronene 1:2-
dicarhoxylic-1:2-C-14 anhydride (15,000 ppm) reduced the
impurity concentration to 37 and 0.25 ppm, respectively.
Attempted analytical m«thods for determination of trace
impurities in the above compound are described. IR, UV, and
fluorescence spectra apparently cannot determine impurity
levels of the order of 1 ppm. X-ray analysis of coronene
crystals, pzrylene /iodine crystals, and chloranil/durenediamine
crystals revealed counsideiable strains and distortions. The
electrical properties of the single crystals of the above semi-
conductors are deseribed. Polymers of 2,4, 6-tricyano-s-triazine
and terephthalonitrile were prepared and shown to be semi-
conductors.

327. PURIFICATION AND CRYSTALLIZATION OF
SOME ORGANIC COMPOUNDS [ABSTRACT]
Sloan, G. J.

In “Program and Abstracts: Organic Crystsl Symposium,
October 10-12, 1962,” pp. 68-67
National Research Council, Ottawa, Canada, 1962

Zone refining and normnal freezing have been applied nut
only to the purification of anthracene but te the quantitative
estimation of purity. Gas chromatcgraphic analysis of zone
refined commercial anthracr.ne showed at least 12 impurities,
although oniy four were detectable in the starting material.
Effective segregation coefficients were determired fiom nor-
mal freezing experiments at various rates for fluorene, anthra-
quinone, tetracene, and carbazcle in anthracene, both with
and without stirring.

A !echnique has been developed for zone refining anthra-
cene in an inert atmosphere in a sealed system, and for
transferring the purest fraction to a crystallizing tube for
crystallization in vacuum, without opening the wuhe to the
atmosphere. New techniques for crystallizing from soiution

are described.

328, RESFARCH ON THE PREPARATION OF
PURE METALS
Brexiner, W., Marsel, C. J.
March §5, 1963
New York Univarsity, College of Engineering, N. Y.
Final Report, AFCRL-63-97, AF 19(604)-4124

...Basic research on the preparation and characterization of
orginic serdironducrors is discusred, with emphasis on the
effect of chemical purity on the electronic properties of a
series uf polycyclic aromatic hydvocarbons. The preparation
and electronic properties of certain acetylenic polymers are
iscussed. 70 references. (STAR, 1963, N63-16739)

e8

329. TRAPPED RADICALS IN CRGANIC DEPQSITS
Mangiaracina, R., Mrozowski, S.
In “Proceedings of the 5th Conference on Carbon,
Pennsylvania State University, University Park,
June 19-23, 1961,” Volume II, pp. 8696
Pergamon Press, inc., London, England, aud The
Macmillan Co., New York, N. X., 1963

Polymeric deposits showing an electron spin resonance
absorption were made by passing an electrical discharge
through vapors of relatively simple organic compounds. Very
high spin concentrations (10%/g) were obtained in films
formed using naphthalene (C,,H,) and anthracene (C, H,,)
vapors. Paramagnetic spin centers were also found in films
dencsited from vapors of decalin (C,,H,;) and of secondary
buty! alcohol (C,H,,0) but with much lower concentratica.
The free radical structures are either formed in the discharge
itself and then trapped in the deposit or created by bombard-
ment of the film after deposition, and seem to be predomi-
nantly of an arowmatic nature. By studying the heat-treatment
dependence of the spin resonance in th: temperature range
0--1000°C, differences are noted from films charred at tempera-
tures above 400°C.

330. SYNTHESIS OF ACENAPHTHYLENE, ITS
POLYMERS, AND COPOLYMERS WYTH OTHER
MONOGMERS
Golubevs, A, V., Neimark, O. M., Usmanova, N. F.,
Sivograkova, K. A., Bezborodko, G. L., Meerzon, A. A.
Plasticheskie Massy, no. 8, pp. 3-6, 1960

Acenaphthylene (I) was synthesized in 88% yield by
catalytic dehydrogenation of ace»aphthene at 640-650°C.
Polymers of I were very brit'le, bu: the 20:80 copolymer with
styrene (If) had better heat resisiance than polystyrene and
good dielectric and mechanical properties. I was polymerized
by the block method in the presence of Bz,0, and by the
emulsion method with X,S,0; initiator and sulfanol emulsifier,
Copolymers of II and I were prepared by the block method in
a sealed ampul and by emulsion in a stream of N at 80-85°C.
The copolymer was separated by coagulation with a 5%
solution of K alum, washed, and dried to constant weight.
Properties were determined for the 50:50-10:90 copolymers
and for polystyrene. The 20:80 copolymer and polystyrene
show the following: power factor at 10% cps 0.0005, 0.0003;
dielectric constant at 10° cps 2.6, 2.5: volume resistivity (ohm
cm) 4 X 16%, 1 X 10%, and surface resistivity (ohms)
3.0 X 10, 1 X 1077,

331. DEPOSITION OF THIN FILMS OF HYDROCARBON
POLYMERS GF VARYING CONDUCTIVITIES
Pagnia, H,

Physica Status Solidi, v. 1, pp. 80-93, 1963 /in German)

During ion or electron impact from glow discharge in a
benzene atmosphere, polymeric layers are built up on exposed
surfaces from the molecular fragme.ts produced. The polymer
layers vary with the pressure in the discharge vessel, the
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electrode distance, the strength of current and voltage, and
the temperature. In particular, low temperatures and voltages
produce Lydrocarbon films of econductivities =10-1°/ohm cm;
high temperatures and voltages produce carbon flms with
conductivities up to 109/ohm cm. The temperature stability
upholds the conclusions.

332, CHARGE-TRANSFER MOLECULAR COMPLEXES
AND THEIR ROLE IN CHEMICAL REACTIONS
Booth, D.

Science Progress, v. 48, no. 161, pp. 435-435, July 1961

333. POLYMERS AS CONDUCTORS AND
SEMICONDUCTORS
Atlas, S. M., Becher, M., Mark, H. F.
SPE (Society of Plastics Engineers), Transactions
of the, v. 1, no. 4, pp. 169-173, August 1961

The introduction of mobile ions (conduction by ion pairsj,
the introduction of mobile electrons (polymers with conju-
gated double bonds), the preparation of polymers with
metallo-cyclics in the chain of conjugation, and the prepara-
tion of polymers containing heteroatoms are explained as
methods of increasing polymer conductivity to the point of
semiconduction and even conduction for low-frequency oper-
ation. 'The paramagnetic as well as electrical properties are
discussed for polymers prepared by the four methods above.

334. ELEKTRONEN-DONATOR-ACCEPTOR KOMPLEXE
(ELECTRON-DONOR-ACCEPTOR COMPLEXES)
Briegleb, G.

Springer-Verlag, Berlin, Germany, 1961

335. CONDUCTIVE MATERIAL
Gul, V. E,, Kap'unov, Ya. N., Maizel, N. S., Ostryakov, I, A,
December 27, 1960 (application date)
U.S. Department of Commerce, Washington, D. C.
USSR Patent 140,110
(See also Byulleter Izobretenii, no. 15, p. 2%, 1961)

The inaterial is based on a furfurolacetone polynier, acety-
lene soot, and acetone.

336. SEMICONDUCTOR DEVICE MADE FROM
ORGANIC SEMICONDUCTORS
Bohlmann, F., Dexheimer, H., Fuchs, O., Kraemer, H.
April 20, 1961 (patent application, September 38, 1957)
U.S. Department of Commerce, Washington, D. C.
German Patent 1,091,657 (assigned to Farbwerke
Hoechst A.-G.)

Polynes of the formuia R(C : C), R’ expcsed to light or
heat form semiconductors. An example of heated 3- ( 1-napi:thyl-
carbamoyloxy) propyl is detailed; the resistivities at 50 and
200°C were 10'° and 10° ohm cm, respectively.
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337. ORGANIC SUBSTANCES WITH SFMICONDUCTIVE
ELECTRICALL PROFERTIES
Ratusky, J., Sorm, F., Ulbert, <.
September 15, 1861 (patent application, May 28, 1960)
U.S. Department of Commerce, Washington, D. C.
Czechoslovakian Patent 100,972

Semiconductive materials which are more chemically and
thermally stable than the corresponding inorganics are formed
by thermal decomposition of salts of acetylene- and poly-
acetylenecarboxylic acids. An example is detailed.

338. VOLATILE ORGANIC LIQUIDS OF INCREASED
ELECTRICAL CONDUCTIVITY

van der Minne, J. L., Hermunie, P. H. J.

December 12, 1961 (Netherlands pua.ent application,
December 30, 1952)

U.S. Department of Commerce, Washington, D. C.
U.S. Patent 3,012,969 (assigned to Shell Qil Co.}

Increase in electrical conductivity of an organic Lquid
containing 90 mole % C,, and having a dielectric constant
less than 4 is claimed by the use of certain additives. Two
additives are used for the compound, one a multivalent metal
organic salt of molecular weight = 200, th~ other an O-
contaiwing compound: of molecular weight = 200 and in
wwhich the sroduct of this molecular weight and the specific
conductivity in CoH, at 1 g/l is == 10%°, The two additives
skould not have an ion in common, Use of Cr diisopropyl-
salicylate and Na dioctyl sulfosuccinate increases the con-
ductivity of the solution containing both to 165 times as great’
as the sum of the conductivities of the solutions containing
only one &f each.

339. ELECTRICALLY CONDUCTIVE POLYMERIC
FIBERS AND FILMS
Campbels, T. W,
C:-ember 26, 1961 (patent application, Dcember %, 1957)
U.S. Department of Commerce, Washington, D. _.
U.S. Patent 3,014,818 (assigned to E. 1. du Por.t de
Nemowrs & Co.)

A claim is made for production of ele.trically conductive
polymers by mixing a solution of a svathetic hydrophobic
jolymer with a reducible salt of Ni, o, Cv, o1 Fe, forming
the mixture into a shared article, and then reducing the metal
salt to the free metal by NaBH, or /ther reducing agent. The
metals, which are more electronegative than Cr, are finely
livided particles ha.ing an average diameter of < 1p. The
smount of meal is 0.1-35% by weight of the article. The
shaped articles, preferably’ films or fibers, can be plated with
Ni, Co, Cu or any metal more electronegative than Mn. An
example is given of a copolymer of acrylonitrile, Me acrylate
ana Na styrenesulfonate mixed with FeCl, and HCONMe,.

69



JPL LITERATURE SEARCH NO. 482

CONDUCTIVITY AND SEMICONDUCTIVITY—-SYNTHKESIS

340. SEMICONDUCTING POLYMERS FROM THE
CONDENSATION OF ALDEHYDES AND KETONES
Lomonosov, M, V.,

March 12, 1962 (patent spplication, Janvary 4, 1961)
U.S. Department of Commerce, Washington, D. C,
French Petent 1,277,189 (assigned to Moscow State
University)

Preparation of a heat-resistant polymer which has semi-
conducting properties is claimed, by polycondensaticn of
Me,CO in the presence of a Lewis acid. Me,CO with an-
hydrous ZnCl, as a catalyst yields a dark purple polymer heat-
resistant at 500°C. Other polymers are obtained by the
following carbonyl compounds and catalysts: Me.CO, TiCl,;
Me,CO, FeCl,; PhAc, ZnCl,; and AcH, ZnCl,.

341. SEMICONDUCTING POLYMERS
Okamura, S., Hayashi, K., Ohdan, K.
August 8, 1962 (patent application, June 21, 1760}
U.S. Department of Commerce, Washir *w, D. C.
Japanese Patent 10,594 (assigned to Ja) .nese Association
for Radiation Research on Polyrmers)

A claim is made for preparatior, of a red-brown, trans-
parent elastomer with specific resistance (p) of 3 X 10*
ohm-cm at 20°C, and a pale-yellow transparent resin with p
of 4 X 10* ohm-cm. The former is composed of acrylonitrile,
HCONMe,, and AgNO, irradiated by gamma irradiation of
1.2 X 10° r; the latter consists of acrylonitrile, a lesser amount
of HCONMe,, and AICI,.

342. SEMICONDUCTIVE POLYMERS
Topchiev, A, V., Krentsel, B. A., Kargin, V. A,
Davydov, B. E., Makhova, 1. E.
February 13, 1963 (patent application, May 30, 1961
U.S. Department of Commerce, Washington, D. C,
British Patent 918,368 (assigned to Institut
Neftekhimicheskogo Sinteza, Akademiya Nauk, SSSR)

Semiconductive polymers were produced by condensation
of phthalic anhydride (I) with hydroquinone (II) in the
presence of metal salts, such as CdCl,, ZnCl,, or AICl,. An
example is given of equimolecular amounts of I and II heated
to 238-252°C in the presence of 10 wt. % ZnCl, for 17-21 hr,
the polymer formed washed and dried and then pressed into
tabiets which showed a specific conductivity of 10-¢ -10-¢
ohm-lcm ! at room temperatur: and an activation energy of
0.6-0.8 ev.

343. ELECTRICAL CONDUCTIVITIES OF
POLYCONDENSKD BENZOPYRAZINE AND
RELATED COMPOUNDS
Inoue, H., Imoto, E.

University of Osaka Prefecture, Bulletin of the, Series A—
Engineering and Natural Sciences, v. 10, pp. 61-70, 1961

Heteroaromatic compounds in which benzene rings fused
alternately with dihydropyrazine rings were formed by the

70

reaction of 4,5-dichlerocyclohexene-3,6-dione with NH, (resis-
Livity ~ 10t1-10%% ohm-cm) . Dehydrogenation changed resistiv-
ity tc the order 1G'3-10'¢ ohm-cm, Metal chelates of this
material showed resistivity of ~ 10'2-1013, and iodine com-
plexes of the material, ~ 07108,

344. ON THE POLYMERS OF CHELATE COMPOUNDS
Berlin, A. A.
Uspekhi Khimii i Tekhnologii Polimerov, Sbhornik,
v. 3, pp. 3-13, 1960

The synthesis of meta! chelate polymers is proposed as
one answei to the current search for polymer compounds with
high thermal stability, electroconductivity, magnetic perme-
ability, electrono-ionic exchauge capacity, and other proper-
ties. Syntheses are described for a number of the chelate
polymers, and the relative merit of using Cu**, Co*, Zn*,
Ni*, and Cd+ for the metal is pointed out.

345. AROMATIC POLYTRIAZENES
Berlin, A. A., Liogonkii, B. I., Parini, V. P.
Vysokomolekulyarnye Soedineniya, v. 3, no. 10,
pp. 1491-1494, October 1961
(Translated trom the Russian in Polymer Science U.S.S.R.,
v. 3, no. 6, pp. 1000-1004, 1962; publishec May 1963)

The preseat communication deals with the preparation and
study of aromatic polytriazenes of the general formula

"

Aromatic polytriazenes have been prepared, of evidently
linear structure and of greater heat resistance than monomeric
triazenes. Anomalous viscosities suggest association of rigid
macromolecules in solution. The strength and nature of the
ESR spectra of the polymers indicate that conjugation is
maintained along the macromolecules and that unpaired elec-
trons exist in the ground state of the material. The rigidity
of the macromolecules, manifested in the anomalous viscos-
ities, also confirms the preservation of conjugation. At room
temperature che aromatic polytriazenes are virtually insulators.
At higher temperatures their electrical conductivity increases
considerably.

The method of preparation described may be considered
to be applicable generally for derivatives of aromatic poly-
triazines with difierent substituents in the benzene ring.

346. POLYMERIZATION KINETICS OF HYDROCARBONS
WITH CONJUGATED BONDS—I[I. POLYMERIZATION
OF PHENYLACETYLENE AND THE PARAMAGNETIC
PROPERTIES OF THE POLYMERS
Shantarovich, P. §. Shiyapnikova, 1. A,
Vysokomolekulyamye Soedineniya, v. 3, no. 10,
pp. 14551499, October 1961



(For Part I, see Lintry #7067, AI/LS 341.) The products
of the thermal polymerization of phenylacetylene have been
investigated. The polymer has a chain length of 6-17 mon-
omer units. All specimens exhibit durable EMR spectra in
the form of a narrow-line singlet without hyperfine structure.
With elevation of temperature the mean molecular woight of
the polymer falls and the EMR signal increas:s. At tem-
peratures of 400-450°C carbonization takes place, accom-
panied by a sharp increase in the EMR signal to 10:%-10%
active particles per gram,

347. ELECTRICALLY CONDUCTING SYSTEMS BASED
ON POLYMERS—I. INVESTIGATIONS OF THE
STRUCTURE OF CONDVCTIVE SYSTEMS BASED
ON UNCURED RESINS
Gul, V. E,, Maizel, N. S., Kamenskii, A. N., Fodiman, N. M.
Vysokomolekulyarnye Soedineniya, v. 4, no. 5, pp. 642-648,
May 1962
(Translated from the Russian in Polymer Science U.S.S.R.,
v. 4, no. 2, pp. 207-214, July 1963)

The structure of current conducting compositions consisting
of unsolidified pheno! formaldehyde resin of the resol type
and of epoxide resin E-40 together with varying amounts of
acetylene black has been investigated. It has been shown that
when the concentration of the black reaches a value of 30%
an abrupt fall in the specific electrical resistance takes place.
The structural and mechanical properties of the composition
showed that at sufficiently high degrees of filling a difference
arises in the yield value of the filled resins. This indicates
structuration of the black. The structure formation was con-
firmed by electron microscope studies which revealed chain
structures of the black particles at a concentration of about
30% carbon black. The reason for the higher conductivity of
compositions based on phenol formaldehyde resin than upon
epoxide resin for equal black contents is due to better com-
patibility of the former resin with the black. Electron micro-
scope studies confirnied the fact that the chemical nature of the
binder has an important infiuence on the electroconductivity
of the cumposition.

348. ELECTRICALLY CONDUCTING SYSTEMS BASED
ON POLYMERS—IL INVESTIGATIONS OF THE
SYRUCTURE OF CONDUCTIVE COMPOSITIONS
BASED ON HARDENED RESINS
Gul, V. K, Maizel, N. S,, Kamenskii, A. N., Fodiman, N. M.
Vysokomoi-kulyarnye Soedineniya, v. 4, no. 5, pp. 649-654,
May 1962
(Translated from the Russian in Polymer Science U.S.S.R.,
v. 4, no. 2, pp. 215-221, July 1863)

The present work is concerned with the examination of the
hardening process whereby the materials under examination
pass gradually from the viscous-fluw to the solid state during
the pericd of observation. The authors followed the structural
changes occurring during the hardening of compositions
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based on a phenol-formaldchyde resole resin and the epoxide
resin E-40 containing vurious proportions of acetylene biack,
and compared the results with the cusults of the measure-
ment of electrical properties.

In experiments on the hardening of the resins, the speci-
mens were held for a suitable time at a high temperature—
the phenol-formaldehyde compositions at +150°C and the
epoxide compositions at +80°C,

In order to study the structural changes occurring during
the curing process, an apparatus was designed which, in con-
junction with a Polyani dynamometer and a PMT-3 micro
hardness gauge, enabled the variation in viscosity of the
polymeric systems during hardening to be followed. The ap-
paratus was a modification of the Volarovich and Tolstoi dyna-
mometer in conjunction with a Polyani dynamometer. By
measuring the limiting load P required to stretch rods of the
hardened compositions, it is possible {0 determine the abso-
lute shear stress.

349. NITROGEN-CONTAINING POLYMERS WITH
PARAMAGNETIC PROPERTIES
Maltsev, V. 1., Lebedev, V. B, Itskovich, V. A., Petrov, A.A.
Vysokomolekulyarnye Soedineniya, v. 4, no. 8, pp. 848-850,
June 1962

Insoluble powders with paramagnetic and semiconductor
properties have been obtained on oxidizing aromatic amines
(aniline, diphenylamine and triphenylamine). The intensity
of the EPR signal increases after heating or UV irradiation of
the specimens or after passing an electric current through
them, or cooling them to —180°C. The products obtained
apparently conta’n quinoid and amine groupings, interaction
of which in the solid polymer is of the same nature as that
taking place in paramagaetic mixtures of quinone and amine
powders or in polyphenyleninoquinones.

350. CONJUGATED BOND POLYMERS WITH
HETEROATOMS IN THE CONJUGATED CHAIN.
XIX. SOME PROPERTIES OF ANILINE BLACK
Parini, V. P., Kazakova, Z. S., Berlin, A. A.
Vysokomolekulyamye Soedineniya, v. 3, no. 12,
pp. 18701873, December 1961

It has been shown that aniline black obtained by dichro-
mate oxidation of aniline gives electron paramagnetic vesonance
spectra containing a wide line (ca 450 oersteds) with super-
position of a narrow (11-12 oersteds) signal. The wide line
disappesrs on heating the specimen. Removal of chromium by
treatment with hydrochloric acid and reprecipitation from
acetic acid does not change the nature of the EPR spectrum.
Aniline black possesses catalytic properties and is a semicon-
ductor. The electroconductivity of the base is .0-*%-10-8
ohm-tem-* and of hydrochlorides 10-5~10-2chm-*cin-*. The
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authors associate these properties of aniline black with the
accumulatiz:. in the molecule of quinonodiimir:e gicupings.

351. CONJUGATED BOND POLYMERS WITH
HETEROATOMS IN THE CONJUGATED CHAIN.
XX. SYNTHESIS OF POLYMERIC PHTHALO-
CYANINES AND INVESTIGATION OF THEIR
BASIC PHYSICOCHEMICAL PROPERTIES
Berlin, A. A., Cherkashina, L. G., Balabanov, E. 1.
Vysokomolekulyarnye Soedineniya, v. 4, no. 3, pp. 376-382,
March 1962

Polymeric phthalocyanines were synthesized on the iasis
of pyromellitic acid and 3,3, 4,4’-tetracarboxydiphenyl ether
as well as mixtures of each of the compounds with phthalic-
anhydride, and their principal magnetic and electrical prop-
erties were investigated. The synthesis was carried out with
the objective of obtaining substances with semiconductor
properties. It was found that the polyphthalo-vanines being
relatively thermostable (300-350°C) possess enhanced elec-
troconductivity o3p00x = 10--10-8 ohm-! cm-* with E = 7-9
kecal/mole and are characterized by wide electron paramag-
netic resonance lines ol high intensity (10%°-102°), A definite
" correlation has been found to exist between the EPR signals
and the electroconductivity of these substances.

352. CONJUGATED BOND POLYMERS WITH
HETEROATOMS IN THE CONJUGATEL CHAIN.
XXI. POLYMERIC COMPLEXES OF
TETRACYANETHYLENE
Berlin, A. A., Matveeva, N. G., Sherle, A. I, Kostrova, N. D,
Vysokomolekulyarnye Soedineniya, v. 4, 0. 8, pp. 860868,
June 1962
(Translated from the Russian in Polymer Science US.S.R.,
v. 4, no. 2, pp. 260-268, July 1963)

Polymeric complex compounds have been obtained for the
first Hzae on reaction between tetracyanethylene with copper,
iron and magnesium acetylaceconates, both in the presence
and absence of solvents as well as with various metal.. The
polymers are black, non-melting substances, partially solubie
in dimethylformamide, pyridine, triethanolamine and con-
centrated sulfuric acid. The polychelates are stable ap to
400-450°C, possess enhauced magneii> susceptibilities, con-
ductivities from 10-5 to 10-'2 ohm-! em-! and activation ener-
gies of conductivity 10-15 kcal/mole. The infrared spectrum
shows; no absorption bands in the region 700-1200 cmn?,
but a ~C=N vibration peak at 2210 em- that disappears
on heating,

353. CONJUGATED BOND POLYMERS WITH
HETEROATOMS IN THE CON)UGATED CHAIN,
XXII. PRODUCTS OF THE RFACTION BETWEEN
bis-DIAZO COMPOUNDS AND QUINONES
Parini, V, P., Kazakova, Z. S., Okorokova, M, N., Berlin, A. A,
Vysokomolekulyarnye Soedineniya, v. 4, no. 4, pp. 510-5185,
April 1962

Polymers of the proposed general formula

o (4] (o]
Y 7 7
G [-Grveww] [-Gowe] o
el y
where Ar is the corresponding aromatic group with possible
cubstituents, have been obtained by reaction of p-benzo-
quinone with bis-diazo compounds prepared from p-phenylene-
diamine, benzidine and benzidine-3,3’dicarboxy lic acid. The
polymers contain 0.55-11.6% N and 2.0-8.4% ClL They
possess electron exchange properties and give a nasrow ESR
signal, Some of them lose not more than 3% of their weight
at 300°C, possess electroconductivities of the order of 10-1°
ohm-! em- at room temperature, and react with heavy metal
salts with the probable formation of cross-linked chelate
structures.

354. CONJUGATED BOND POLYMERS WITH
HETEROATOMS IN THE CONJUGATED CHAIN.
XXIV. SYNTHESIS AND INVESTIGATION OF THE
PROPERTIES OF LINEAR AROMATIC POLYMERS
WITH METHYLENE GROUPS BETWEEN THE
BENZENF. RINGS
Berlin, A. A, Liogonkii, B. L., Parini, V. P,, Leikina, M. S. -
Vysokomolekulyarnye Soedineniya, v. 4, no. 5, pp. 662-669,
May 1962
(Translated from the Russian in Polymer Science U.S.S.R.,
v. 4, no. 2, pp. 221-230, July 1962)

Aromatic polymers with —CH,— and —CH,—CH,—
groups between the benzene nuclei, and including some azo
groups, have been prepared by the reduction of the products
of bis-diazotization of 4,4-diaminodiphenylmethane and 4,4’
diaminodibenzyl. The average molecular weight of the an-
fractionated products was 1200-1600 and 2400-2600, respec-
tively, The absence of significant anomalies in the viscosity
of the solutions bore evidence of a less rigid structure for the
molecules of the polymers than that possessed by polyphen-
ylenes. The polymers exhibit electron resunance absorption,
the intensity of which diminishes with increase in the number
of methylene groups in the backbone. They possess a high
temperature dependence of electroconductivity which in com-
bination with thcir high thermal stability makes them promis-
ing stock for the preparation of materials with considerable
electroconductivity at high temperatures.

355. CONJUGATED BOND FOLYMERS WITH
HETEROATOMS IN THZ CONJUGATED CHAIN.
XXVI. POLYAZOPHENYLENFERROCENES
Berlin, A. A, Liogonkii, B. 1., Pavini, V. P.
Vysokomolekulyarnye Soedineniya, v. 5, no. 3, pp. 330-337,
Maurch 1963

The reaction of ferrocene with salts of diphenylbisdiazon-
ium-4,4’-dicarboxylic-3,3’-acid and diphenylbisdiazonium-4,4 '~
dicarboxylic-3,3-acid affords polymers apparently of ribbon



structure, containing 3-8 dipheny! residues per 1 atom of Fe.
The resultant compounds are partially soluble in organic
solvents and completely soluble in concentrated sulfuric acid,
wher :as the carboxyl-containing polymers dissolve also in
dimethylformamide. Al are capable of compression molding
(the carboxyl-containing polymers being inferior in this re-
spect). The benzene-suluble fraction possesses a mean
molecular weight of abouc 1000-1400 and yields films from
solutions. Of much higher molecular weights are the benzene
insoluble fractions. The polymer fractions insoluble in organic
solvents are nonmelting and of high thermal stability in an
inert atmosphere, losing in weight about 2% at 400°C, about
4% at 500°C, about 7% at 860°C, and about 8% at 700°C,
They are not thermostable in air. All the polymers give EPR
signals and possess static paramagnetism, The electroconduc-
tivity of these polymers at room temperature is 10-1°-10-16
ohm-t cm-1,
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356. SYNTHESIS OF ELECTROCONDUCTIVE POLYMERS
WITH A SYSTEM OF CONJUGATED DOUBLE
BONDS
Pshenitsyna, G. M., Shantarovich, P, S.
Vysokomolekulyarnye Soedineniya, v, 5, no. 8,
pp. 1228-1231, August 1963

The polycondensation of benzidine and quinone has been
investigated. Conditions have been shown for preparing or-
ganic materials of high electroconductivity,

357. SYNTHESES OF HIGH-POLYMERIC
SEMICONDUCTORS
Hatano, M.
Yuki Gosei Kagaku Kyokai Shi, v, 20, pp. 326-342,
1962

A review is presented. 121 references.

APPLICATION

358. GRAPHITE, A BADLY KNOWN SEMICONDUCTOR;
¥TS USE IN THE PREPARATICN OF PURE
METALS AND SEMICONDUCTORS [SI,GE]

Millet, Y.
Bulletin de la Société Francaise des Electriciens, v. 2,
Series 8, no. 13, 1961

A review is presented.

359, ORGANIC SEMICONDUCTOR CHALLENGE
Pohl, H. A.
Chemical Engineering, v. 68, no. 22, pp. 104-110,
October 30, 1961

Potential applications for organic semicondnctors include
catalysis, sea water conversion, electron exchange resins,
thermoelectric power, solid-state batteries, solid-state elec-
trolytes, and information storage components. This survey
considers conductivity factors, electronic properties of
monomers, coordination polymers and molecular complexes,
polymers as semiconductors, and organic superpolymers. (EI,
1962) :

360. INDUSTRIAL APPLICATIONS OF THE METAL
ORGANIC COMPOUNDS
Harwood, J. H.
Clemistry & Industry, London, no. 11, pp. 430-436,
March 16, 1963

This article is concerned mainly with the non-electric
usable properties of these counpounds. It is mentioned, how-
ever, that cyclopentadienyl compounds of transition elements
show promise in printed electrical circuits; titanium alkoxides
ave usable in electrical equipmeat; and antimony ethoxide

may be used to produce in electrically conductive mirror
coating.

36i. ENERGCY CONVERSION STUDY OF
SEMICONDUCTOR ELECTRODES
Tannenbaum, 1. R.
June 1962
Electro-Optical Systems, Inc., Pasadena, Calif.
Final Report for February-December 1961, EOS-1640,
ASD TDR-62-89, AF 33(616)-7939
AD-282.849

This work is a preliminary investigation of the parameters
of semiconductor electrodes, Four electrodes—lithiated nickel
oxide, zinc oxide, anthracene, and phenanthrene~have been
studied. Sample preparation is described; overvoltage, specific
reaction rate constants, stoichiometric number, rate limiting
steps, exchange currents and equilibrium potentials are de-
termined; and the application of these data to fuel cell tech-
nology is discussed.

362. CONDUCTIVE ADHESIVES
Wentzel, H.
Fertigungstechnik und Beirieb, v. 12, no. 8, pp. 520524,
1962

These compounds were prepared by mixing 50-u Al plates,
12-p Ag powder, 40-u Cu platelets and 1.5-1.6 p Ni powder
with various organic castable resins, and applying pressures
of 0.3-3 kg/cm?. Resistance was independent of casting time,
but was lower with finer power, The lowest resistance, 3 milli-
ohms cm?, was found for 3-u Ni with a powder-to-resin ratio
of 3:10. Conductive bonds were tested in humidity chambers,
under SO,, in vacuum, and with high current flow, deteriora-
tion with increased joint resistance occurring in each case.

"7
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363. RESEARCH AND DEVELOPMENT OF HIGH
TEMPERATURE STRUCTURAL ADHESIVES
Ruetman, 8. H., Wrasidlo, W. J., Levine. H. H.

November 30, 1962

Narmeco Industries, Inc., San Diego, Calif.

Final Summary Report for November 1, 1961-Oztober 31,
1962, NOw 61-0254-c

AD-291,711

Constructive pyrolysis of silicone-phenolic laminates in
argon at 1800°F resulted in semiconducting specimens with
increased oxidation resistance and improved high tempera-
ture strengths. Constructive pyrolysis of silicone-phenolic
laminates in the presence of small amounts of hydrogen sul-
fide further improved their high temperature performance.
Several arsenic compound cured epoxy-novolac adhes.ve sys-
tems were developed which offer useful strengths after 30
min at 1000°F or after 1000 hr at 500°F. Mechanistic studies
of ortho-linked phenolic model compounds showed the ether
and the direct carbori~carbon linkages to be most stable under
oxidative conditions at elevated temperatures. A material
containing organic groups and showing outstanding oxidation
resistance was obtained when silicone dioxide in the “E” glass
formula was replaced by a phenyl silicone resin. Improvement
in oxidation resistance of a commercial novolac was obtained
after treatment with certain arseric compounds. Synthesis of
suliur contaming phenglics by reaction of thiophenol with
formsldehyde of phenol with sulfur dichloride resulted in
very low molecular weight products.

364. ELECTRICALLY CONDUCTIVE PLASTIC
COMPOSITIONS
Lewis, A. S.
November 26, 1958 (application date)
U.S. Department of Commerce, Washington, D. C.
U.S. Patent 3,003,975 (assigned to Myron A. Coler)

Molded, electrically conductive plastic articies are claimei,
which are usable for multi-contact switches. Spaces within
the network are filled with a conductive material compris.ng
fine conductive powder in a synthetic organic plastic. Frepar-
ation of the material is described.

365. POINT CONYACT RECTIFIER DEVICE
Epstein, A. S.
April 18, 1961
U.S. Department of Commerce, Washington, D. C.
U.S. Patent 2,980,833 (assigned to Monsanto Chemical Co.)

Fabrication of organic point contact devices employing
raonomeric metal phthalicyanine, formed from tetrafunc-
tional pyromellitonitrile, is described, The degree of p-type
or n-type conductivity will vary with the excess of deficiency
of the metal stoichiometrically required. A device produced
from copper polyphthalocyanine, employing a point contact
of gold-plated copper, gives a rectification ratio of about 3 to 1.
(SSA, #11,073)

74

366. ELECTRICALLY CONDUCTIVE ORGANIC BONDED
GRINDING WHEEL
Norton Grinding Wheel Co., Ltd.
December 20, 1961 (U.S. patent application, D=cember 30,
1958)
U.S. Department of Commerce, Washington, »). C.
British Patent 885,162

¥ormation is claimed of an electrically conductive grinding
vhee), or other abrasive article, from abrasive grains, an
crganic bond for the grains, a filler of solid particles of elec-
trically conductive material, and an electrically conductive
liquid selected from formamide, dimethylforraamide, dicthyl-
formamide and their mixtures. The grinding wheel has a
resistivity = 1 meg cm. An exemple is giver of the use of
ALO,, phOH-HCHO resin, powdered graphite, CaO powder,
and dimethylformamide to form a grinding wheel,

367. SHEET MAGNETIC PARTICLE CARRIER WITH
{(MPROVED ELECTRICAL CONDUCTIVITY
Eichler, W., Brueck, R., Abeck, W., Kranes, F.
January 23, 1962 (patent application, November 14, 1959)
U.S. Department of Commet ce, Washington, D.C.
German Patent 1,122, 725 (assigned to Agfa A.-G.)

A claim is made for a sheet magnetic particle carrier with
improved conductivity. One form is a 15-u foil of terephthalic
acid-glycol polyester coated on one side with 0.1 u of Ag, in
turn covered with 1 p of lacquer. On the oppusite side of the
foil is a magnelizable layer of cubic lattice of Fe,O, in a mixed
polymer—poly (vinyl chloride) and poly(vinyl acetate)—
about 10 p thick. The whole structure has a resistance of 102 to

10! ohuns, and no static charging can be detected. An improve-
ment over the former two-foil structure is noted.

ELECTRICALLY CONLUCTIVE WEBS

Pattilloch, D. K., Polowezyk, C.

February %0, 1962 {patent appitcation, February 13, 1958)
U.S. Dejartment of Cominerae, Washington, D, C.

U.S. Matent 3,022,213 (assigned t+ Michigen Research
Laboratories, Inc. and Electri-Ctuem Fiber Seal Corp.)

Treparation of a conductive swspenviion, which is formed
into a web an? may be used for Inpiinated panels and other
structures, is claimed. An aquesus suspension of fibrous web-
forming material (cellulose asbest »:; is treated with 0.5-5%
of dicyandiamide-HCH{ cou.tunsation product. The treat-
ment with an aqueous colluir’il _ilica solution containing
1-40% of silica is followe? . sddition of up to 300% by
weight of a finely dividud cudicdve material (graphite, Zn).

365. HIGH-VOLTAG,' SHIELDING COMPOSITION
Anaconda Wire acd Cable Co.
April 11, 1962 (U.5. putent application, February 10, 1959)
U.S. Depariment of Commerce, Washington, D, C.
British Patent 893,587

A claim is made for an Og-resistant, elastically resilient, elec-
trically semiconductive composition suitable for use in shielding
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high-voltage electric power cables. Chlorosulfonated polyethyl-
ene, a copolymer of jsobutylene, and a small proportion of a
diene, a finely dispersed metallic conductor, and 0.2-3% by
weight of an antioxidant, N,N’-dialkyl p-phenylenediamine, of
at least eight C atoms are combined and the product cured.

370. CONDUCTIVE COATING
Price, 1. E.
April 17, 1962 (patent application, September 15, 1959)
U.S. Department of Commerce, Washington, D. C.
U.S. Patent 3,030,537 (assign- 4 to North American
Aviation, Inc.)

A conductive coating is claimed, which exhibits good
adhesion to a nonconducting lightweight base material and
also possesses decreased resistivity. It 1s composed of carrier
resins, such as phenolics, polyesters, and alkyds, and metallic
pigment particles. The pigment particles should be approxi-
mately 44 u or less in size, and a combination of flakes and
ball particles. The prefeired pigment is Ag, although Al, Cu,
and Au may also be used. The ratio of pigment to carrier
resin should be approximately 156:40 t{o prevent setthing and
provide maximum adhesion Metallic driers are used to pro-
duce the desired end pr.duct.

371. POLYACRYLONITRILE FIBERS OR FABRICS
WITH SEMICONDUCTING PROPERTIES
Vseso Yuznyi Nauchno-Issledovatelskii Institut
Iskusstvennogo Volokna and Institut Neftekhimicheskoyo
Sinteza, Akademii Nauk USSR
April 20, 1962 (patent application, May 15, 1961)
U.S. Department of Commerce, Washington, D. C.
French Patent 1,291,163

The fibers were heat-treated in two steps (at 200°C and
500-1106°C) while they were stretched to 10-23 times their
original length. The conductivities can be changed from 10-¢
to 102 ohm-! c¢m~? by varying the temperature and the dura-
tion of the heat treatment as well as the atmosphere in which
the fibers are heated. Fibers with increased electrical con-
ductivity brought about by combined heat treatment and
stretching are claimed.

37% SEMICONDUCTIVE VARNISH
Nicolas, H.
May 28, 1962 (French patent application, March 8, 1955)
U.S. Department of Commerce, Washington, D. C.
East German Patent 23,202 (assigned to Compagnie
Generale d’ [Mectricité)

A varpish usable in semiconductive coatings on high-
frequency cables, wires, or insulated conductors is claimed,
which is prepared by dissolving, in MeCOEt, 15-20 wt, %
of a copolymer of vinyl chloride »nd vinyl acetate, in the
presence of a plasticizor, such as tritolyl phosphate, adding
6-10% acetylenc black, and stirring,

CONDUCTIVITY AND SEMICONDUCTIVITY ~APPLICATION

373. ORGANIC SEMICONDUCTOR T"HERMOELECTRIC
DEVICE
Wildi, B. S.
July 24, 1962 (patent application, March 7, 1960)
U.S. Department of Commerce, Washington, D. C.
U.S. Patent 3,046,322

Preparation of pyrolysed pyromeilitonitrile-H,S reaction
products is claimed, which are usable as components or ele-
ments in thermoelectric devices. The resistivity on one of the
samples, measured under vacuum of 10-! mm, was found to
be 190 ohm/cm at 23°C. Thermoelectric jower (TEP) of
—24 uv/°C was determined. The sample had n-type con-
Anctivity, as shown by the negative sign. A second pellet
was given a further heat treatment at 560°C and 0.2 wm
pressure for 40 hr, and exhibited conductivity of 22 ohm-cm
and a TEP of +1.8 uv/°C. Thus, it can be seen that by the
additional heat treatment a pyrolyzed pellet can be produced
which has a p-type conductivity. Maximum p-type conductivity
can be obtained by using optimum treating temperatures and
time of treatment. Methods of fabricating thermoelectric gener-
ating or cooling devices from these elements are described.

374. SEMICONDUCTIVE POLYACRYLONITRILE
MOLDINGS
Ohdan, T.
September 4, 1962 (patent appiication, April 3, 1961)
U.S. Department of Commerce, Washington, D. C,
Japanese Patent 12,933 (as -igred to Shin-Etsv Chemical
Industry Ce., Ltd.)

Powdered polyacrylonitrile was heated in vacuo at 150°C
for 4 hr, crushed, and then molded. The product was again
heated in vacue at 500°C for 2 hr to give a solid article
having a specific electric resistance of 6.5 X 16¢ ohm-cm. The
molding is carricd out at 1000 kg/cm?, and the dimensions
of the mold should be decided on the basis of the volumetric
contraction caused by secondary heating. The time and tera-
perature limits acceptable in primary and secondary heating
are mentioned.

375. THERMOPLASTIC MANUFACTURE OF
MECHANICALLY STABLE HIGH-MOLECULAR-
WEIGHT ORGANIC SEMICONDUCTORS
Schiosser, E. G., Fuchs, O.

November 13, 1962 (patent application, Apri' 27, 1961)
U.S. Department of Commerce, Wachington, 5. C.
German Patent 1,139,588 (assigned to Farbwerke
Hoechst A.-G.)

A claim is made for the shap.ag of formerly patented or-
ganic powders {(German Fatent 1,097,037) iato films, tablets,
or rods for transistors or rectifiers, without binding agents.
Molding is done at about 300°C, which is below melting
point. Hard bodies are produced which have a conductivity
of about 2 X 1012 ohm-! em-? at 30°C and 10-" ohm-* cm
at 300°C, i.e., 500 times and 10 c..nes, respectively, that of
the original material.

™
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376. PHOTOCONDUCTIVITY OF ACETYLENE
POLYMERS
Mylpikov, V. §., Putseiko, E. X., Terenin, A. N.
Akeademiya Nauk SSSR, Doklady, v. 149, no. 4,
pp. 897-900, Apci 1, 1965

a77. ELEKTACNENOBERFUHRUNG DURCH
LICHTABSORPTICN UND -EMISSION IN
ELEKTRONEN-DONATOR-ACCEPTOR-KOGMPLEXEN
(ELECTRON TFANSFER BY MEANS OF LIGHT
ABSORPTION iND EMISSION IN ELECTRON-
DONOR-ACCF . PTOR-COMPLEXES)
Briegieb, G., {.zekalla, J.
Angewandte Chemie, v. 72, no. 12. pp. 451113, June 1960

A review with 58 ceferei.ces is presented.

37S. PROCEEDINGS OF THE 1861 INTERNATIONAL
CONFEREWGE ON PHGTOCONDUCTIVITY,
NEW YORK, AUGUST 21-24
Levinsteia, L, Editor
Joumal of Physics and Chemistry of Solids, v. 22,
Decembe. 1961

The conference was sponsored by the International Union
of Pue und Applied Physics, the American Physical Society,
anc tl e Office of Naval Research. (FA, 1962, #6486)

379. ELECTRICAL PROPERTIES OF ORGANIC SOLIDS
Keams, D.
Aadiation Research, Supplement 2, pp. 407-43", 1960
{Proceedings of Bioenergetics Symposicm, Brookhaven
National Laboratory, Upton, N. Y., October 12-16, 1958,
sponsored by the U.S. Atomic Energy Con:mission)

Discussions are included of: .iaterials; kinetics of photo-
current decay; flash photeconductivity rise; results with sand-
wich cells and annealed samples; temperature and voltage
dependence of steady-state photocurrent and dark cunvent;
spectral response of steady-state photoconductivity; effect of
ambient illumination on flash photoconductivity; experimental
procedure; results of experiments on dark conductivity. steady-
state photoccnductivity, electron spin resonance, light-
induces! polarization, thermoelectric power, and flasn-induced
photoconductivity; special results with tetracene and penta-
cene: and conclusions reached.

THEORY

380. CARRIER GENERATION IN PHOTOGCONDUCTING
ANTHRACENE
Silver, M., Nfoore, W.
In “Proceedings of the International Corference on
Semiconductor Physics, Prague, Angust 20-September 2,
1960,” pp. 854-857
Acsademic Press, Inc., New York, N. Y., and London,
England, 1961
An analysis based on recently reported results on the spatial
distribution o1 trapped charge in anthracene is presented.
This analysis shows that antiracene is an extrinsic rather than
an intrinsic photcconducior. Further cxperimental evidence
is presented which indicates that most of ‘he free electrons
are injected mto the anthracene at the negative electrode.
(PA, 1962, #23,449)

381. THE PHOTOCCNDUCTIVITY OF MOLECULAR
CiVSTALS
Murrell, J. N.
Farcday Society, Discussiors of the, no. 28, pp. 36-47, 1959
Tueoretical expressions are derived for the photocurrent of
a molecular crystal in the form of a power series in the light
intensity, which includes the first- and second-order terms.
The current depends in the first instanc= on: the relative values
of the potential Aifference across the ceystal. the extinction
coeflicient of the crystal, and the rate at which free cavriers

76

r.e trapped. It is shown that the expenmental results can only
ke understood if it is assumed that the trapping of charge
carriers is wuore important in limiting the carrier concentration
than the discharge of the carriers at the eiectrodes. From the
sign of the rectifying effect it is deduced that the pasiiive
carriers sre the more mobile. (PA, 1961, #2419)

382. ORGANIC PHOTOCONDYICTORS. V. A MODEL
FOR PHOTOCONDUCTIVITY IN CATIONIC DYES
Nelson, R. C.

Journal of Chemical Physics, v. 30, no. 2, pp. 463—409,
+‘ebruary 1959
(For Part IV, see Al/LS 341, Entry #163.) It is shown
that there is a elose rclationship between the excited state
associated with the lowest optical transition of the molecuie
in solution and that asscciated with phciocenductivity in the
solid dye. The model considers the solid dye as a periodic
array of potential wells having discrete bands of allowed
energies corresponding to the ground state and excited state
of the molecule. In the case of dyes whose conductive prop-
erties are strongly temperature-dependent, it is assumed that
an excited electron can move in the array by passing over the
mnter-molecular barrier. Extension of this assumption to dyes
in which the conductive properties depend only slightly on
temperature leads to contradictions, and it is assum:d in this
case that electrons move through the array by tunneling. It is
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shown that in such « system the diffusivity will be ve.y large
and the mobility very small, and that the Einstein diffusivity-
mobility relationship does not hold. The modei Las properties
which are in accord with those observed for the two classes
of dyes (PA, 1959, #3500)

383. PHOTOCONDUCTIVITY OF ORGANIC MOLECULAR
CRYSTALS AND THE TRIPIET STATE
Kleinerman, M., McGlynn, S. P.
Journal >f Chemical Physics, v. 37, no. 8, pp- 13691370,
September 15, 1962

Arguments are presented to refute the tnplet-siate *heory
of conduct.vity and the correlation of photoconduction active-
tion energies with a vibrational quantumn or two. (PA, 1963,
#4951}

382. SOME COMMENTS ON THE PHOTOQCONDUCTIVITY
OF ORGANIC MOLECULAR CRYSTALS AND THE
TRIPLET STATE
Rosenberg, B.

Journal of Chemical Physics, v. 37, no. €, pp. 13711372,
September 15, 1962

The criticisms ot Kleinerman and M-Glyan {preceding
abstract) are answered. (PA, 1963, #4932)

385. EXCITON -EXCITON INTERACTIONS AND
PHOTOCONDUCTIVITY IN CRYSTALLINE
ANITHRACENY,

Choi, S., Rice, S. A.
Journal of Chemical Physice, v. 38, no. 2, pp. 366-373,
January 13, 1963

The mechanism of photoconductivity in crystalline anthra-
cene is considered. It is shown that two excitons may ineeract
to form a pair of charge carriers and an unexcited molecule.
The computed rate of generation of charge carriers is 3.7
X 108 cm-4 gec-! in satisfactory agreement with the (approxi-
mate) experimental vaiue of 7.2 X 10® em-3 sec? when the
exciton concentration is 1.2 X 101° cm-3, Other qualitative
features of the rmropused mechanism are in agreement with
observation if electron-hole recombination is accounted for.
Recent experiments by Silver demonstrating a photocurrent
proportional to the square of the light intencity, and hy
McGlyan demonstrating the necessity for singlet states as the
kinetic intermediate in charge-carrier generation, are in agree-
ment with the model proposed. (PA, 1963, #8568)

386. CRGANIC PHOTOCONDUCTORS. VI. THE
NATURE OF THE CONDUCTIVE EXCITED STATES
Nelson, R, C.

Journal of Molecular Spectroscopy, v. 7, no. 6, pp. 439448,
December (951
(For Part V, see Zntry #382.) By means of measurements
of the work function and electron affinity of solid dye films,
it is shown. that the energv of an electron in the conductive
excited state is very nearly equal to that of one in the first

PHOTOCONDUCTIVITY—-THEORY

singlet excited state of the dye molecule. This scbstantiates the
feature of tne author’s model for photoconduction in dyes
which postulates a clase relationship between the two states.
It is also shown that the values of the energy levels associated
with photoconduction in catiomc dyes are affected only
slightly by the choice of the anion. {PA, 1982, #8493)

387. ORGANIC PHOTOCONDCUCCTORS. VI COLLEC1IVE
AND LOCALIZED CONDUCTION PR :SSES
Nelson, R. C.

Journal of Malecular Spectroscepy, v. 7, no. 6, pp. 449-459,
December 1961

Although the photoconductive behavior of cationic dyes is
lirtle affected by the nature of tie anion, the dark céonduc-
tivity is highly dependent upon it. In certain cases the anion
has the formal character of a donor impurity. No materials
were found in which intrinsic semiconductivity was indis-
putably present, and one type of film was observed in which
it was certainly absent. In the latter case, the character of the
photovoltaic effect at a dve-cadmium sulphide junction was
consistent with a localized process model for conduction;
where substantial dark conductivity existed, the photovoltaic
effect vras consistent with a collective or band model. (PA,
1962, #6492)

388. THE INTERACTION OF RAL:ATION WITH
MATTER
Mohanty, S. R.
Journal of Scientific Research of the Banaras Hindu
University, v. 12, pt. 2, pp. 299-3186, 1961-1962

The interaction of radiation with solids produces effects
depending upon the nature of the solid and upon the nature
and energy of the incident radiation. The effects are primarily
excitation, ionization, the displacement of atoms from lattice
sites, and transmutation of nuclei. Interstitials and vacancies
from displacement events, and holes. electrons, and cxcitons
generated in excitation and ionization, are capable of migra-
tion through the crystal. The holes, electrons, and excitons
produce chemical damage in molecular crystals and ionic
solids with puiyatomic ions. (PA, 1963, #2841)

389. EXCITON-EXCITON INIiERACTIONS AND
PHOTOCONDUCTIVITY IN CRYSTALLINE
ANTHRACENE [ABSTRACT]

Choi, S., Rice, S. A.

in “Program and Abstracis: Organic Crystal Symposium,
October 10-12, 1982,” pp. 50-52

National Research Council, Ottawa, Canada, 1962

(See also Physical Review Letters, v. 8, no. 10, pp. 410-413,
May 15, 1962)

Of the various suggestions for the origin of photoconduc-
tivity in organic crystals, that of Northrop and Simpson is
selected for discussion. These investigators conclude from
studies of photoconductance and fluorescence quenching in
doped anthracene that exciton-exciton interaciions are re-

77
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sponsible for the promoticn of electrons into conducting
states. To render this mechanism plausible, it must be demon-
strated that the transfer of excitation energy between two
excited molecules with nonoverlapping electronic wave func-
tions has a significant probability. In this paper the properties
of crystalline anthracene are considered. It is found that a
transfer of excitation energy beiween degenerate states can
occur very readily and therefore that excilon-exciton inter-
action can lead to photoconductivity.

The manrer of caiculation is detailed. From the calculations
it is estimated that under the conditions used by Northrop
and Simpson where the densitv of excitons is about 3.5 X
10" the rate of carrier generation = 3.2 X 1013 cm* sec.
Northrop and Simpson estimated the rate of production of
charge carriers in anthracene to be 1.2 X 10'7 sec? and
concluded that the mobility of the positive charge carrier
has to be 5 X 10~ en? v! sex-!. Their value for the rate
of production, when corrected to yield the result of recent
measurements of the mohility, is 3.5 X 10!z em™ sec™?, in
agreement (the uncertainties introduced in the theory coupled
with the experimental error make order of magnitude agree-
ment satisfactory; note that the theory predicts a rate of
carrier generation which is larger than the crude observed
value) with the theoretical estimate quoted. Because North-
rop and Simpson’s determinaticn of the rate of carrier pro-
duction is subject to considerable uncertanty, the results
presented here should he regarded as a demonstration of the
plausibility of the mechanism whereby charge carriers are pro-
duced from exciton~excitor: interactions in a molecular crystal.

399. THE PHOTOCONDUCTIVE AND EMISSION
SPECTROSCOPIC PROTERTI%S OF ORGANIC
MOLECULAR MATERIALS
Kleinevman, M., Azarraga, L., M¢ 3lynn, S. P.

In “Luminescence of Organic and Inorganic Materials,”
International Conference Proceedings, New York University,
N. Y., 1961, pp. 196-225

Kallmann, H. P., Spruch, G. M., Editors

Jobn Wiley & Sons, Iuc., New York, N. Y., 1962

The initiating act in the generation of a photocurrent is
the absorption of a light quantum or quanta. Thereafter, three

energy-dissipative processes ensue: (1) luminescence emis-
sion, (2) nonradiative degradation into vibrational mction of
lattice and/or molecule, and (3) production of cur-ent car-
riers. It is noted that processes 1 and 2 are subtractive with
respect to 3. Despite this, it is the thesis of the presert paper
that (a} the better photoconductors will be found among
luminescent species. (b) the occurrence of intenrolecular
interaction, as exemplified for instance by fluorescence selii-
quenching, enhances process 3, and (c) a significant triplet
state population density, somewhat contrary to existing belief,
indicates improbability of process 3.

391. EIN REAKTIONSKINETISCHES MODELL MIT
FONF UBERGANGEN FUR PHOTOILEITER UND
LUMINOPHORE (A REACTIONKINETIC MODEL
WITH FIVFE TRANSITIONS FOR PHOTO-
CONDUCTOKS AND PHOSPHORS)

Baer, K. W., Voigt, J.
Zeitschrift fiir Naturforschung, v. 16a, no. 9, pp. 875-879.
September 196)

A simple reaction-kinetic model is proposed which shows
electron transitions to the conduction band and also considers
transitions to the valence band by a single effective transition
parameter. This model is discussed at steady-state conditions
for the conductance-electron concentration and the lumines-
cence intensity and seems to fit the experimental data more
closely than do other models.

392. ON THE MECHANISM OF THE OPTICAL
SENSITIZATION OF SEMICONDUCTORS
BY ORGANIC DYES
Terenin, A., Akimov, 1.
Zeitschrift fiir Physikalische Chemie, Leipzig, v. 217,
no. 5-6, pp. 307- 320, June 1961 (in English)

The diderent theories for the mechanism by which the
inner photoeffect in semiconductors can be sensitized by
adsorbed dyes are discussed. On the basis of experimental
data, it is shown that the excitation energy of the dye mole-
cule is transferred to electrons in surface traps, and not an
electron from the excited dye nxlecule to the conduction .
band of the semiconductor, (PA, 1162, #6438)

EXPERIMENT

393. ELECTRON SPIN RESONANCE (ESR)
INVESTIGATIONS ON RADIATION-INDUCED
CHEMICAL EFFECTS IN BIOLOGICAL SPECIES
Blyuniemfeld, L. A., Kalmanson, A. E,

In“The Initial Effects of Ionizing Radiations on Cells,”

pn. 55-68

Harris, R. J. C., Edétor

Academic Press, Ino.. London, England, and New York, N.Y..
1961}

(Proceedings of a symposium held in Moscow, October 1960,
supported by UNESCO and TAEA, sponsored by Academy
of Scienve, USSR)

78

The ESR method may be used to investigate radiation-
pruduced unpaired electrons in lyophilized biological struc-
tures. The authors have studied nearly all the amino acids,
.2 number of di- and tripeptides and various proteins, nucleo-
proteins, and tissues.

The number of free radicals prodiced in v-irradiated
lyophilized proteins is some two or three orders of magnitude
less than in amino acids and peptides. It is suggested that
“conductive channels” may exist and that electrons can
migrate along tnese, thus “healing” the nijnries.
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394. COMPARISON OF CERTAIN PROPERTIES OF
SOLID AND 1.IQUID JIELECTRICS DURING
IRRADIATION
Kolomoitsev, F. I, Mitskevich, P. K., Bobyl, V. G.,
Yakunin, A. Ya.

In “Fizika Dielektrikov Shornik,” np. 510-517
Akademii Nauk SSS&, Moscow, 1969
(See also Referativuyi Zhurnal Fizika, 1961, #9E157)

Electrical conductivity curves of solid dicluctrics {mica,
quariz, polyethylene, pclystyrene, polytetrafivoroethiylene,
poly (methyl methacrylate)) and liquid dielectiics (CHCL,.
CHBr,~Et,0, CHPr.-anisole, CHI ~E¢,O, chlurophenol. PhEr)
sre compared. The increase in ¢ during irradiation is shown to
depend on the nature and intensity of inadiation and on the
purity of the dielectric and is due to fixing of the current
carrier on metastable levels. The decrease witi: time in o after
cessation of irradiation is shown to be proportionai to the
thermal liberation of the current carrier from metastable
levels. At fields up to ' v/em, Ag is proportional to the
field strength. For liquid dielectrics Ao is two to three orders
of magnitude higher than for solid dielectrics.

395. DETERMINATION OF THE CURRENT IN
DIELECTRICS BEING iPRADIATED WITH
GAMMA-RAYS
Vul, B. M.

Akgdemiya Nauk SSSR, Doklady, v. 139, ne. 6,

pp. 1339-1341, August 21, 1961

(Translated from the Russian in Soviei Physics—Doklady,
v. 6, no. 8, pp. 725726, February 1962)

Gamma irradiation of dielectrics produces ionization which
gives rise to aa increase in the electrical conductivity of the
material. The increase in conductivity is directly proportional
to the intensity of the radiation. A mechanism for the phenom-
enon is proposed, and expressions are derived that agree
with the results of rneasurements on quurtz, polyethylene,
sulphur, ceramics, and other materials. (PA, 1962, #21,205)

396. THE SEMICONDUCTING PROPERTIES OF
BLOOD PIGMENTS
Vartanyan, A. T.
Akademiya Nauk SSSR, Doklady, v. 143, no. 8,
pp. 1317-1320, April 21, 1962
(Translated from the Russian in Soviet Physics—Doklady,
v. 7, no. 6, pp. 332335, October 1962)

The temperature dependence of electrical conductivity for
layers of haemin, haematin, and haematoporphyrin was in-
vestigated in vacuum and in oxygen. The dependence of
photocurrent and of optical absorption on wavelength for
haemin and haematoporphyrin was measured for 350-850 p.
Both properties exhibited a peak at ~ 400 p. (PA, 1962,
#18,718)

387. PHOTOSEMICONDUCTIVE PROYERTIES OF
ACETYLENE POLYMERS
Mylnikov, V. S., Sladkov, A. M., Kudrysvtsev, Yu. P.,
Luneva, L. K., Korshak, V. V., Terenin, A, N,

PHOTACONDUCTIVITY —EXPERIMENT

Akademiya Nauk SSS7, Doklady, v. 144, no. 4,

pp 840-843, Tune 1, 1962

(Traaslated from the: Rus.1an *a Proceeddings of the
Acaden.y of Scie. .~es of the U:> SR—Physical "hemistry
Section, v. 144, nc. 1-6, May-iune 19€2)

Six out of eight acetyiene polyrers synthesized at the
autho:s’ laboraturies were fou..d to possess photoeiectric
preperties vith either p- or n-tvpe conductivity, the maximum
photo EMF observed amounting to 10 mv/mw. Photo-EMTI’
spectra obtainec for two of the substances studieu had a
maximum at A = 780 my. illumination of Lae” p-type speri-
mens with ultravioiet light (» < 366 mu) in vacuum brousght
about a ronsiderable increase in their photo EMF which,
however, decreased again when the specimens were exposed
to the action of atmospheric oxygen, this be:ng a reversible
effect. (PA, 1982, #23,371)

398. OPTICAL AND PHOTOELECTRIC PROPERTIES
OF Mg PHTHALOCYANINE AS INFLUENCED
BY ELECTRON-ACCEPTING ADDITIVES
Putseike, E. K.
Akadesiiiya Nauk SSSR, Doklady, v. 148, ne. 5,
pp. 1125-1128, February 11, 1963

The absorption and photoelectric sensitivity spectra of
amorphous and microcrystalline layers of Mg phthalocyanine,
either de:yosited in vacuo (10-* mm Hg) on mica and quartz
or precipitated from concentrated acetone and ether solu-
tions, activated by electron-accepting additives, were studied.
Experimental apparatus is enrplained. Layers deposited in
vacuo on mica or quartz (20°C) are amorphous. In their
absorption spectrum, maxima at 680 and 690 mp appear.
The evaporation method, temperaiure of mica and qu-rtz,
and the pressure influence the state of aggregation. After the
deposition on mica and quartz (100-150°C), on which preavi-
ously a Au or a Pt layer had been deposited, a new absorp-
tion maximum at 820-840 my appears. The same maximum
appears when layers are treated with liquid acetone, ether,
or EtOH, or when precipitated from concentrated acetone
sulvtion, This effect is attributed to the presence of a crys-
talline form (possible B-form) with included molecules of
the solvent. The thermal activation in water vapors in vacuo
or the treatment by solvents causes an increase of photo-
electric effect and the formation of a new photoelectric effect
with the rnaximum at 840 myp. Adsorption of quinone from
dilute EtOH on amorphous layers raises the photocle:tric
sensitivity 100-103¢ times; at the same time the new photo-
electric effect maximum at 840 myu appears, attributable to
the formation of superficial impurity centers on which elec-
trons are fastened. The analogous effect can be observed in
deposition on cells of photoelectric resistors. The conductivity
increases by three to five orders under the action of moisture,
and the photosensitivity decreases by two to three orders, but
regenersticn is possible by means of adsorption of quinone
from EtOH solution.
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399. SPECTRAL PDISTKIBUTION OF CHLOROPHYLL-A
PBOTOCONDUCTIVITY AS DEPENDENT ON THE
THICKNESS O’ THE CHLOROPHYLL LAYER
Vartanyan, A. T,

AXademiya Nauk SS3R, Doklady, v. 149, no. 3, pp. 563568,
Marck 21, 1963

400. ACTIVATION ENCRGY OF DARK CONDUCTIVITY
AND PHOTOCONDUCTIVITY OF CHLOROPHYLL-A
Vartenyan, A. T.

Akademiya Nauk SSSR, Dokiedy, v. 149, no. 4, pp. 812-815,
April 1, 1963

The photocurrents induced in amoirphous chlorophyll-a
film by exposure to light from an incandescent lamp oper-
ar’ng at - -jous temperatures of the filament were measured.
The thermal activation energy was fourd to be 1.74 ev; that
for chlorophyll (a + b) was 1.77. The activation energy ob-
tained from photoelectric curves was determined at 1.77 ev
for chlorophyll-a. After two days of exposure to O atmosphere
in the dark the activation energy dropped to 1.63 ev while
the conductivity rose by a factor of 10, providing an explana-
tion for the anomalous results reported by Rosenberg and
Camiscoli. Temperature dependence of photocurrent in the
chlerophyli-a layer was measured i1y vacuo at various levels
of illumination. Explanatior. of the data is given.

401. AN INVESTIGATION OF THE INTERMOLECULAR
ELECTRON TRANSFER IN TETRAPYRROLE
PIGMENTS UNDER PULSED ILLUMINATION
Shakhverdov, P. A,, Terenin, A. N.

Akademiya Nauk SSSR, Doklady, v. 150, no. 6,
pp. 1311-1314, June 21, 1963

402. PHOTOSEMICONDUCTING PROPERTIES OF
METAL ACETYLIDES
Mylnikov, V. S., Terenin, A. N.
Akademiya Nauk SSSR, Doklady, v. 133, no. 6,
pp. 13811384, December 21, 1863

403. MICROWAVE PROPAGATION IN AROMATIC
- COMPOUNDS
Kusnezov, N.
June 1961
California, University of, Electronics Research Lab.,
Berkeley
Series 60, Isswe 365, AFOSR-1187; AF 49(638)-1043
AD-265,790
(Also available through U.S. Dept. of Commerce, Office of
Technical Services, Washington, D. C.)

An investigation of those :zlectrical properties of aromatic
compounids which are related to théir potential uses as micro-
wave modulators or mixers is presented. The study includes:
repeat measurements of conductivity and variations of con-
ductivity of aromatic materinls as function of the intensity
and frequency of the irradiating light; measurement of the
Hall constants of the materials; investigation of the variation
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of the dielectric constant of the materials in X-band range in
the darl- and while irradiated by light; and investigation of
the X-band magneto-optical properties of the materials. In-
terest i« in the photosemiconducting compounds, and anthra-
cene, naphthalene and phthalocyanine are the materials.

404. PHOTOCONDUCTION OF CRYSTALLINE
9,10-DIBROMOANTHRACENE AND
9,10-DICHLOROANTHRACENE
Smith, I. C., Bock. E.

Canadian Jouraal of Chemistry, v. 40, no. 6, pp. 1216-1218,
1962

In order to facilitate .he elucidation of tue role played by
the triplet state in the photoconduction process, it was de-
cided to investigate the photoronductivity of 9,10-dibromo-
anthracene, and also the temperature dependence of the photo-
cuirent in 9,10-dichloroanthracene —a dependence not hitherio
determined.

All measurements were made on optically clear crystals
grown from solution by cooling or by recirculating super-
saturated sclvent over seed crystals.

Only dc conductances were measured. The electrodes were
always mounted on the same face of the prismatic crystals —
a “surface cell” arrangement. Contact was made by thin
platinum wires attached to the crystals by means of an alco-
holic suspension of graphite. Except in special cases, all
measurements were made in vacuo or under dry nitrogen.
Th~ dependence of the surtace photocurrents on applied field
wis fousd to be linear up to 3000 v cm~! for all crystals
scudied of each compound. The variation of the photocurrent
in 9,10-dibromoanthracene with light intensity was also linear
for the wavelengths 3650, 4050, and 4360 A. The tempera-
ture dependence of the photocurrent fitted an expression of
the form i = i, exp/ —AE/kT). For crystals stored under
nitrogen, AE = 0.14 * .01 ev. Crystals stored in air showed
a discontinuity in 2 plot of log i vs. 1/T, yielding two straig
lines of different slope. 1he high-temperature portions of
these carves yielded AE = 0.11 = .01 ev. The low-tempera-
ture portions gave AE = 0.20 = .01 ev The level of photo-
conductivity in the chloro compound was several orders of
magnitude higher than that in the bromo compound under
similar conditions.

These results show that 9,10-dichloroanthracene and $,10-
dibromoanthracene are easily oxidized on exposure to air,
and that the oxidation products affect their surface photo-
conductivities. The reversibility with respect to adsorbed
gases shows that the gases also affect the photocurrent
through electrical double-layer formation,

The relative orders of magnitude of the photocurrents are
not what one would expect on the basis of the triplet-state
theory. Further measurements on the dark conductivities are
being made to confirm this statement. The effect of gases on
the surface photocurrent shows the majority charge carriers
to be positive holes,



405. THE PHOTOVOLTAIC 3EHAVIOR IN On%GANIC
COMPOURDS
Inokuchi, H., Maruyama, Y., Akamatu, H.
Chemical Society of Japan, Bulletin of the, v. 34, no. 8,
pp. 1093-1096, August 1961

Photovoltages of about 10 mv were produced with white
light, using aromatic compounds between two conducting lay-
ers, one of which was partially transparent. The latter layer,
when irradiated, became negative. The type of metal used for
coriacts inHuenced the decay.

406. PHOTOCONDUCTIVITY OF POLYCYCLIC
AROMATIC COMPOUNDS
Sano, M.
Chemical Society of Japan, Bulletir: of the, v. 34, no. 11,
pp. 1668-1673, November 1961

The voltage, light intensity, and temperature dependence
for photocurrent in polycyclic compounds (pyranthrene, viol-
anthrene, and perylene) were studied as well as the effect
of limiting the area of illumination. The photocurrent was
ohmic at 100-7000 v/cm, increasing linearly with the inten-
sity of light in the region of low light intensity, up to 101
photons/sec cm?, and increasing as the fractional power of
the light intensity in the region of high intensity (perhaps
caused by a trapping process for charge carriers). Photocur-
rext increased with an increase of temperature at 175-293°K.
Activation energy was independent of waveiength and light
intensity. The results indicated that conduction in polycyclic
aromatic compounds was due predominately to electrons
which were generated in the bulk of the aromatic films.

407. CHARGE CARRIERS IN PYRENE CRYSTALS
Inokuchi, H.. Ohki, X.
Chemical Suctety of Japan, Bulletin of the, v, 38, no. 1,
pp. 105-107, January 1963

The sign of the charge carriers in molecular crystals of an
organic semiconductor has been investigated by observing the
rectifying behavior of photoconduction. The ratio of forward
to reverse photocurrer: corresponds to the ratic of mobilities
e/ s, Where p, is the mobility of electron, and , is that of
hole. The ratio for pyrene crystals exceeds unity with repeated
purification, 1.e., the predominant charge carrier is changed
from: hole to electron with increasing purity of the crystals.
(SSA, #18,541)

408. PHOTOCONDUCTIVITY 1.. AN ORGANIC
LIQUID SOLUTION
Sauo, M., Akamatu, H.
Chemical Society of Japan, Bulletin of the, v. 36, no. 4,
pp. 480481, April 1963

In the present experiment the photoconductivity of solu-
tions was investigated preliminarily in relation to the inter-
molecular energy transfer. Measurement was made with
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benzene solutions of pyranthrene (3.3X10-> mole/1), tetracene
(2.0 X 10-* mole/1), and pyrene (1.3 X 10-* mole/1), ali of
which sliow intense absorption spectra in the range of
370 ~ 500 mp. A photocell was made of teflon, with two
purallel Nesa-glass electrodes (1.3 cm? in area), forming a
sandvrich-type cell. The distance between the electrodes was
fixed at 3 wvm. Through one of the electrodes the solution was
illuminated by monochromatized light. The currents were
measured by a dc method. The dark currents through the
solutions, a- ‘vell as the benzene, followed Ohm’s Jaw below
the electric. field of 10° v/em. The specific conductivity of
benzene was 6 4 X 10-7*Q! em?, judging from the vbserved
current in this ohmic range. Beyond the electric field of the
above vaiue, che current increased:nonlinearly and showed a
tendency to saturate in accordance with an applied voltage.
Similar behavior was found in the photocurrent in the solu-
tions. Benzene itself did not show any response to illumina-
tion in the visible spectral region; :he benzene solution of
pyranthrene exhibited a remarkable , hotocurrent in the spec-
tral region between 400 and 500 mpu. Some explanation is
presented {or the observed phenomena.

409. CONTRIBUTION A L'ETUDE DES PROPRIETES
ELECTRIQUES DU POLYETHYLENE IRRADIE
(CONTRIBUTION TO THE STUDY OF THE
ELECTRICAL PROPERTIES OF IRRADIATED
POLYTHENE)

Fallah, E., Coelho, R.
Comptes Rendus Hebdomadaires des Séances de I Académie
des Sciences, v, 256, no. 4, pp. 946-949, Januacy 21, 1963

Observations of the conductivity induced by low intensity
X-rays were used to study the permanent changes in samples
of high pressure polythene effected by irradiation in a reactor
or with a cobalt source. (PA, 1963, #10,866)

410. PHOTOCONDUCTIVITY IN THIN ORGANIC FILMS
Bradley, A., Hammes, J. P.
Elect: .chemical Society, Journal of the, v. 110, no. 6,
pp- 343-348, June 1863

Organic films of approximately 1 p. thickness were prepared
by glow-discharge polymerization of monomers containing
nitrogen, sulfur, selenium, and certain metals, and tested for
photosensitivity,. Conductivities (in the dark ranging from
10-17 to 10-** mho/cm at room temperature) were enhanced
by as much as three orders of magnitude by 10 w/in.?2 of
white light excitation, Nit ile groups and sulfur appeared
most promising as chemical substituents in the polymer films
for promoting conductivity to useful levels. Addition of traces
of iodine to the discharge during the deposition of a poly-
naphthalene film increased its dark and photoconductivity
over 1000-fold. Activation energies of photoconduction of
the order of 0.25 ev wzre found (25-175°C). Short-circuit
photocurrents of consistent polarity in all lms were observed
and attributed to a photovoltaic effect at the interface be-
tween the film and the transparent electrode.
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411. PHOTCXCONDUCTIVITIES OF o AND B FORMS OF
METAL-FREE PHTHALOCYANINE
Liang, C. Y., Scalco, E. G.
Electrochemical Society, Journal of the, v. 110, no. 7,
pp. 779783, July 1963

Some experimental results on the photoconductivities of
a and B forms of metal-free phthalocyanine are presented
and discussed. It is found that the photocurrent threshold
energy is lower for the a sample than that for the 2 sample.
The activation energies for dark conduction are about 1.9 ev
for the B sample and 1.4 ev for the a sample, while the acti-
vation energies for photoconduction are about 0.34 ev for
the 8 and 0.42 ev for the a. All these differences are inter-
preted as due to the disordered structure of the « sample.

412 THE EFFECT OF GAMMA RADIATION ON THE
ELECTRICAL CONDUCTIVITY OF INSULATORS
Vul, B. M.
Fizika Tverdogo Tela, v. 3, no. 8, pp. 22642274,
August 1961
(Translated from the Russian in Soviet Physics—Solid State,
v. 3, no. 8, pp. 1644-1650, February 1962)

Under the influence of ionizing radiation the concentration
of free charges in the dielectric wan be significantly increased,
causing an increase in the electrical conductivity. A descrip-
tion is given of measirements made on various materials, in-
cluding fused quartz, glass, ceramics, sulphur, polyethylene,
and rubber used as insulation fer electrical cables. Effects of
intensity of irradiation, temperature of surrounding medium,
and duration of irradiation are discussed. (PA, 1962, #3998)

413. INFLUENCE OF CRYSTAL STRUCTURE ON THE
OPTICAL AND PHOTOELECTRIC PROPERTIES
OF PHTHALOCYANIN WITHOUT METAL
Mylnikov, V. S., Putseiko, E. K.
Fizika Tverdogo Tela, v. 4, no. 3, pp. 772-7179, March 1962
(Transtated from the Russian in Sovist Physics—Solid State,
v. 4, no, 3, pp. 566-571, September 1962)

A study was made of the effect of the crystal structure on
the absorption, photo-EMF and photoconductivity spectra,
and on the sign of photocurrent carriers in vacuum-sublimated
layers and powders of phthalocyanin without metal. 1t was
wund that the two different crystal modifications, « and 8,
of the pigment have different absorption and photoelectric
specira. In crystals of the B8-modification, which have closer
molecular packing, n-type conduction was observed due to
overlapping of intermolecular potential barriers.

The spectrum of the photoconduction quanium yield of
vecuum-subiimated layers was also investigated.

414. PHOTOELECTRIC SENSITIVITY SPECTRA IN
SEMICONDUCTORS DETEM™INED BY VARIOUS
METHODS
Akimov, 1. A,, Putseiko, E. K.

Fizika Tverdogo Tela, v. 4, no. 6, pp. 1542-1548,
June 1962
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(Translated from the Russian in Soviet Physics—Solid Stato,
v. 4,n0. 8, pp. 1133-1137, December 1362)

The spectral characteristics of the internal photoeffect in a
number of organic and inorganic semiconductor luyers of dif-
ferent thicknesses were investigated by different methods,
namely, photoconductivity, condenser photo EMF, contact
potential and photodielectric foss methods.

Analysis of the curves obtained and comparison with the
corresponding absorption spectra provided information con-
cerning the nature of the photoresponse in these materials.

415. SPECTRAL DISTRIBUTION OF THE INTERNAL
PHOTOEFFECT IN PHOTOCHEMICALLY SENSITIVE
SEMICONDUCTORS
Akimov, L A,

Fizika Tverdogo Tela, v. 4, no. 8, pp. 1549-1558, June 1562
(Translated from the Russian in Soviet Physica—Solid State,
v, 4, no. 6, pp. 1138-1144, December 1962)

A velocity method was used to investigate photoconductiv-
ity and photo-EMF spectra in dyed and undyed silver halides
in microcrystalline powder form. Cyanine dyes were used and
the measurenents were carried out in the region from 350 to
1000 mp. The semiconductor was irradiated with erergies of
the order of 10-¢ w/cm?.

The change in the photoeffect in the region of the semi-
conductor absorption edge is explained by the formation of
electron trapping levels as a result of chemical decomposition
of the silver halide. Experiments with dyed layers cornfirm
the mechanism of energy transfer from the dye to the semi-
conductor and the importance of acceptor levels in the semi-
conductor in regard to optical sensitization.

416. NON-UNIFORM PHOTOCONDUCTIVITY IN
ORGANIC SEMICONDUCTORS
Barshtein, A, L
Fizika Tverdogo Tela, v. 5, no. 5, pp. 1264-1278, May 1963

417, THE CONDUCTIVITY GF POLYTHENE UNDER
GAMMA IRRADIATION
Wintle, H. J.
International Journal of Applied Radiation and lsotopes,
v. 8, no. 2-3, pp, 132-134, July 1960

The increase in electrical conductivity of polythene per unit
of gamma irradiation at 0.014 rad/min is comparable to the
increases obtained by others at much higher dose rates, How-
ever, in contrast to previous works, the rise and decay times
were of the same order. (PA, 1961, #17,636)

418. GAMMA-RAY INDUCED CGNDUCTIVITY IN POLY-
ETHYLENE AND TEFLON UNDER RADIATION
AT HIGH DOSE RATE
Yahagi, K., Danno, A.
Jourral of Applied Physics, v. 34, no, 4, pt. 1, pp. 804-809,
April 1963
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The conductivity irduced by gamma radiation from Co®
has been measured for polyethylene and teflon as functions of
temperature, dose rate, and applied voltage. The range of
dose rates was from about 102 to 10° r/hr ard of the temper-
ature from 190 to 300°K. The value of A, which shows the
dependence of the induced current i on the dose rate R, i.e.,
i o« RA, varies from 1 {characteristic of the monomolecular
recombination) to % (characteristics of the bimolecular re-
combination) with decreasing temperature. In both polymers,
below about 240°K the induced current at thermal equilib-
rium was independent of temperature, although it was slightly
increased with decreasing temperature. From the investiga-
tion of temperature and dose-rate dependences, it 1s consid-
ered that the thermal electrons are dominant as charge
carriers above 230°K, but fast electrons at below that tem-
perature. (PA, 1963, #10,874)

419. ELECTRICAL PROPERTIES OF ORGANIC 50LIDS
IV. CHARGE CARRIER DIFFUSIVITY IN
METAL-FREE PHTHALOCYANINE
Kearns, D. R., Calvin, M.

Journal of Chemical Physics, v. 34, no. 6, pp. 20222025,
June 1961

The pulsed light technique has been applied to determine
the charge carrier mobility in microcrystalline or aniorphous,
metal-free phthalocyanine layers. This appears to be of the
order of 10-% to 10-2 ¢cm? sec™* v-!, and the positive holes are
the majority carriers. The low values are attributed to the
phiysical state of the layer.

420. PHOTOCARRIER GENERATION IN ANTHRACENE
Hoesterey. D. C.
Journal uf Chemical Physics, v. 36, no. 2, pp. 357-558,
January 15, 1962

Crystals between conducting electrodes were excited by
2-usec sparks in air. The crystal surfaces were contaminated
by various organic substances to determine their effects on
the hole photocurrent and the electron photocurrent perpen-
dicular to the ab plane, relative to their value for a clean
crystal. In general, the hole current was increased and the
electron current decreased by the electrophilic iiapurities,
which act as electron traps. Photocarriers were generated only
at the surface. (PA, 1982, #4059)

421. TEMPERATURE LEPENDENCE OF PHOTO-
CONDUCTIVITY OF METAL-FREE
PHTHALOCYANINE
Liang, C. Y., Scalco, E. G., Oneal, G., Jr.

Journal of Chemical Physics, v. 37, no. 2, pp. 459-460,
July 15, 1962

After the sample was pressed into a disk, two electrodes
were attached to one side of the disk with about 1-mm sepa-
raticn. Into one side of the sample, a small hole was drilled
and a thermoco ple inserted. This assembly was put in a
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container with the electrode side tacing its quartz window.
The contziner was evacuated during measurement. The resis-
tance and photocurrent were measured by a General Radio
electrometer. Using a tungsten light source, the quartz prism
monochkromator was set at about 1000 mu, where the sample
was highly photose 1sitive. A measuring resistance R, was nsed
ard a bias potential was connected to the grourd terminal
in order to balance the dark current for photozonductivity
measurement. The sample resistances R, measured between
0 ard 100°C obeyed the equation R, = R, exp(AE/2kT)
with an activation energy fer dark conduction AE = 1.9 ev.
In studying the photoconductivity, the voltage across th:
sample i the temperature range studied was maintained it
essentially 90 v, the voltage of the battery supply. The acii-
vation energy Ae proved to be about 0.34 ev.

Another method was used to observe the temperature de-
pendence of photoconduction with constant voltage across the
sample. The sample was kept at constant temperature; photo-
currents were measured at various values of applied voltage,
and the voltage across the sample was computed; and the
activation energy Ae was again 0.34 ev.

P

422. SPECTRA AND PHOTOCONDUCTION OF
PHTHAJLOCYANINE COMPLEXES (I)
Day, P., Williams, R. J. P.
Jour.aal of Chemical Physics, v. 37, no. 3, pp. 567-570,
August 1, 1962

Reflection spectra of Co, Ni, Cu, Zn. and metal-free phthalo-
cyanines were measured. The Davydov splitting of the main
absorption peak in the metal compounds correlates with the
relative tendencies of the metals tc out-of-plane bonding.
Photoconduction respouse curves were measured between
1500 and 300 mp for single crystals of these compounds.
Besides a high response following the crystal absorption,
metal-free Ni and Cu phthalocyanines also had cousiderable
photosensitivity in the near infrared, peaking at 900-1100 mg.
The effect on the short-wavelength photoconduction of meas-
uring in vacuo instead of in air also correlates with the ability
of the metals to bond out-cf-plane groups. (PA, 1962,
#18,751)

423. EMISSIVITY AND PROTCCONDUCTIVITY OF
ORGANIC MOLECULAR CRYSTALS
Kleinerman, M., Azarraga, L., McGlynn, S. P.
Journal of Chemical Physics, v. 37, no. 8, pp. 1825-1834,
October 15, 1963

The materials investigated in this work were of three ex-
treme types with regard to their fluorescence characteristics:
(1) materials which are strongly fluorescent at room temper-
ature in both the solid and the dilute neutral solution, and in
which quenching of all sorts is small; (2) materials which are
nonfluorescent in both solid and dilute neutral solution at
room temperature and also at ~- 190°C, but which are strongly
phosphorescent at —190°C, and in which the inersystem
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crossing-rate constant is very large (kp ~ 1012 sec1); (3) ma-
terials which flucresce strongly in dilute neutral solution at
room temperature, but m which the flucrescence efficiency
decreases markedly with increasing concentration until in the
single crystal it may be absent or weak, and in which the self-
quenching rate constants of a bimolecular or higher-order
process must be very large. Many materials intermediate in
their luminescence behavior between these extremes were in-
vestigated, and. in particular, materials in which kg was
increased by a number of different ways were studied. These
metheds all function by increasing the spin-orbital coupling
in the molecule and are: (a) appeunding a heavy atom, as a
substituent, to the molecular framework; (b) decreasing the
St > T energy spl’; (c) forming charge-transfer coruplexes;
(d) designing the molecuie such that 5, =* levels intervene
between Sx,z- and T x,» states. The conclusious to be drawn,
with reservations, are as follows: (1) Photogeneration of car-
riers proceeds with significantly higher probability from the
lowest singlet excited state than for the lowest triplet state.
(2) As a corollary of 1 it may be concluded that the heiter
photoconductors will be found among those species which
have simultaneously the highest quantum yield of fluorescence
and the lowest fluorescence rate constant. (3) The difference
in probability quoted in 1 is such that the intersystem
crossing process leading to triplet-state population may be
considered in a kinetic sense to be competitively concurrent
with charge carrier formation. (4) Photoconductivity increases
in a fashion which corresponds roughly to the extent of in-
creasing intermolecular interaction in the solid. (5) As one
corollary of 4 it is not surprising that the best photocon-
ductor investigated, namely rubene, shows complete self-
quenchiug of fluorescence in the solid. (8) The process which
provides energy for the carrier generation act is predomi-
nately, or perhaps even completely, communal; it requires the
patticipation of two or more mulecules. It may be fixst order,
but it is not monomolecular. It is possible that conclusion 2
is relevant only because the singlet exciton is mors mobile
than the triplet exciton and can more readily attain the sur-
face or an appropriate defect where it then degrades to a
triplet, or because a biphotonic bimolecular process is in-
volved, one molecule being a S’ species, the other a triplet
species. The simple biphotonic process, in which the second
photon causcs excitation entirely within the triplet manifold
of a previously excited molecule, is not excluded either. (PA,
1063, #3060)

424. PHOTOCONDUCTIVITY IN METAL-FREE
PHTHALOCYANINE SINGLE ©RYSTALS
Heilmeier, G. H., Warfleld, G.

Journal of Chemical Physics, v. 38, no. 4, pp. 897-901,
February 15, 1963

The spectral response of photoconductivity in metal-free
phthalocyanine crystals was obtained in the region 2500-
25,000 A, and was found to have the same response edges as
the optical absorption spectrum. The correspondence between

84

the valley-to-valley separation of the stracture found in the
strong response regions of the spectral r=spcase of photo-
conductivity and :he peak-to-peak separation of the infrared
optical absorption specirum has been used tu formulate a
model for photoconductivity in metal-free phthalocyanine
crystals which involves the direct creation of carriers Ly
suitable radiation. An expression for the effective lifetime of a
photoexcited carrier in 2 cryst«l with a finite surface re-
combination velocity was derived. Tiiz was found experi-
mentally to be approximatelv 0.9 X 1% sec. Using this
lifetime and the mobility determined by Hall effect mieasure-
ments, the diffusion length for electrons was calcalated to be
5 X 10-%f ¢cm. A comparison of this diffusion length wich the
reciprocal of the extinction coefficient indicatss that the free
carriers excited by 7300-A radiation are produced further
from the surface than a diffusion length. Thus, the lifetime of
the frce carriers should be more nearly characieristic of the
bulk. The experimentally determined lifetime is in rough
agreement with the theoretical dccay time for fluorescence.
This emphasizes ths importance of the first excited singlet
state in the conduction process. The structure of the spectral
response of photoconductivity was used in conjunction with
previous discussions of the applicability of the band model to
infer the nature of the conduction band in metal-free phthalo-
cyanine crystals. (PA, 1963, #10,890)

425. GAMMA-RADIATION-INDUCED CONDUCTANCE IN
LIQUID HYDROCARSONS
Freeman, G. R. ’
Journal of Chamical Physics, v. 38, no. 4, pp. 1622 1023,
February 15, 1863

The cenductance of n-hexane under the influence of gamma
radiation was meacured as a function of voltage. The fact that
the conduciance values are unaltered by the addition of
oxygen 1s an indication that escaped electrons behave as
massive inas even in “pure”’ n-hexane. Electron mobility,
u = 1.40 X 10~ cm?® v-1 sex?, and yield of escaped electrons
are given for n-hexane.

426. PHOTOELECTRIC PHENOMENA IN EEMOGLOBIN
AND DYED GELATIN
Nelson, R. C.
Journal of Chemical Physics, v. 39, no. 1, pp. 112-115,
July 1, 1963

Hemoglobin shows photoconductivitv with a thresholu st
about 3.9 ev, A similar phenomenon is founa in dyed gelatin
films. In the latter case, the response sarises from light ab-
sorbed by the protein rather thau by the dye, and it is
suggested that the energy is transferred to the dye by a non-
radiative resonance process involving the aromatic amino acid
residues in the protein, and that the dye functions only 25 a
relatively -asily ionizoble center in the solid. ‘The same is
presumably true of the porphyrin group in hemogiobm. No
evidence for the existence of band-model structire in these
proteins could be inferred from the data,
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427. ELECTRON SPIN RESONANCE STUDY OF SCME
ORGANIC PHOTOCONDUCTCHS
Cho, B.-Y., Nels~n, R. C., Browa, L. C.
Juurnal of Chemical Physics, v. 39. no. 3, pp. 499- 503,
August 1, 1963

In dye photoconductors which have a very high density of
traps, such as rhodamine B and crystal violet, it is possible to
build up a density of spins ~101%/cm3 in strong ilhunination.
The kinetics of rise and decay of these spins can he dir=ctly
related to those of photoconductivity, and the spins are
believed to be associated with trapped conduct.on electrons.
Since the magnitude of the ESK signal is a measure of the
number of electrons, the assumptions regarding mobility
which have been made to account {or the condnctive bebavior
can be tested. In general, tie conclusion that the meaa or
drift mobility has an exponential temperature dependence
corresponding to a monoenergetic trap depth has beer con-
firmed. The mean mobility of elestrons is estimated to be
~1 X exp(~L,/kT) cm:/v-rsec. The previouslv cbserved
irregularities in the photeconductive behavior of chodamine-B
arise from the existence of a considerable population of
unpaired electrons which do not contribute Girectly to con-
duction, but interchange with ttose which do. Some salts cf
cryst~! violet which have appreciable semiconductivities were
found to have spin densities ~ 10'7/cm? in the dark.

428. PHOTOCONDUCTIVATY IN ORGANIC SINGLE
CRYSTALS
Kommandeuw, J.
Jorimal of Physics and Chemistry of Solids, v. 22,
pp- 339-319, December 1961
(Paper preseared at the International Confe: ence on
Photoconductivity, New Yok, N.Y,, August 21-24, 1961 —
Entry #378)

In general, it is very difficult to define a “band gap” in
organic materials, The ultraviolet :pectrum of the solid is
almost identical #o that of the molecules in the vapor phase.
Therefore, light absorption is es=rtially determiied by the
single molecules. Thus, no relatior between thermal and
opiical band ap is to be expected or found, Pheromenolog:-
cally, anthracene can be ased for an illustration of most of the
prcp -ities encountered. Surface cwrrents aud bulk currents
were observed and separated experimentally. Under inhomo-
yeneous illumins2~n, space charge effects, the Dember effect
and many sther related phenomena were detected. The photo-
response is closely rela ~d to the absorptiion spectrum «nd
depends critically on the geometrical arrangement. ‘The mate-
rial is exceedingly sensitive to neutron jrradiation. The high
impedance of the material precinde: measurements of the
Hall or photceleciromagnetic effects, but recently the hole
and electron mobilities were measured by a pulsed photo-
conductivity technique. It was found that the mobilities are
of the order »f 1 cm?/v-sec and anisotropic. A theoretical
calculation of this anisotropy is successful. The magnitude of
the photocurrents and \heir spectral sensitivity can be changed
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markedly by absorption of electron acceptors, or donors, on
the surface of the crystals. This leads te the conclusion,
already inferred from other work that most of the charge
carriers are geuerated in the surface layer, (PA, 1962, #8428)

429. TRANSIENT SFACE-CHARGE-LIMITED
PHOTOZURRENTS IN ANTHRACENE
Silver, M., Swicord, M., Jarnagin, R. C., Mary, A.,
Weisz, 8. Z., Simhony, M.

Journal of Physics and Chemistry of Solids, v. 23,
pp. 419-422; April 1962

The interpretation of iransient photocurrents in the absence
and presence of space-charge effects is discussed. Theory
suggests that for the space-charge-limited case (1) the initial
amplitude varies as {applied voltage)?; (2) the transit time ¢,
of the first front of carriers is about 20% more than the transit
time in the absence of space-charge; (3) the form of the
photocurrent veisns time curve represents a combination of
the rise with time due to space-charge effects anc *hc decay
due to trapping 2nd surface recomtbination; and (4) for
t > t, the photocurrent decavs even in the absence of trap-
ping. Measurements in anthracene crystals were found to be
in agreement with the theoretical predictions. Space-charge
effects were observed at very low current densities due to the
very low carrier mobility. (PA, 1962, #14,578)

430. SYNTHESIS AND STUDY OF THE PHOTOELECTRIC
PROPERTIES OF POLYAZINES AND “HIFF
POLYBASES '

Topchiev, A. V., Korshak, V.V, Popov, U.A,,
Rgsenstein, L. D.

Preprint 68, presented at the International Symposium

on Macromolecular Chemistry, Paris, France, July 1-6, 1833,
sponsored by the International Union of Pure and
Applied Chemistiy, under the patronage of Monsieur le
Ministre d’£tat chargé de la Recherchie Scientifique, under
the auspices of the Délégation Générale a la Recherche
Scientifique et Technique, and the National Committee
for Chemistry

(To Le published in Journal of Polymer Science,

Part C: Polymer Symposic)

Th= method of linear polycondensation of cicarbonyl com-
pounds with hydrazine or with its salt in organic acids or in
a water-alcohol medium with addition of hydroxides of zikal
metals as catalysts has been used to produce a nwnber of
polyazines. They zre culored substarces with a relatively low
molecular weight and with a very limited solubility in organic
solvents. The structure of many polyazines is crystalline.
Their resistance depends on temperature and is governed by
an exponential law; the energy of activation ranges from 1.56
to 2.82 ev and their specific electrocouluctivity ¢,, varies
from 7.08 X 10-'2 {0 1.12 X 10-** chm-! c1e-!, A number of
Schiff polybases with a system of conjugated bonds have been
syathesized from p-phenylenediamines and 2,6-disninopyri-
dine with carbonyl derivatives: diacetyl, benzyl, glyoxal, ter-
ephthalic dialdehyde, maleic dialdehyde, diacetylpheny! oxide,

8%
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and diacetyldiphenyl sulfide. The color of the resulting poly-
mers was black to grey. The polymers are soluble in dimethyl-
formamide and acetic, formic, and sulfuric acids. The electric
properties of Schiff polvbases were investigated. The terapera-
ture dependence is governed by the equation o = e 25/
and the energy of activation varies from 3.8 to 0.8 ev. Photo-
electric sensitivity has been found in a number of compounds.
The voltampere, luxampere, and temperature dependence of
photocurrent has been established. The phenomenon of polar-
ization was investigated in the polymer product of the
polycondensation of benzyi with p-phenylenediamine.

431. MCDIFICATION OF ELECTRON:iC PROPERTIES
OF SOME SYNTHETIC POLYMERS
Kryszewski, M., Skorko, M.
Preprint 76, presented at the Internatisnal Sympesium
on Macromolecular Chemistry, Paris, France, July 1-6, 1963,
sponsored by the International Union of Pure and
Applied Chemistry, under the patronage of Monsieur le
Ministre d’Etat chargé de la Recherche Scientifique, under
the auspices of the Délégation Générale i 1s Recherche
Scientifique et Technique, and the National Committee

for Chemistry
(To be published in Journal of Polymer Science,
Part C: Polymer Symposia)

Changes in electronic propertiss of ultraviolet-irradiated
chlorine-containing vinyl polymers (saran and PVC) on addi-
tion of Zn and Cd ions and Tn and Cd sulfides were investi-
gated. The Zn and Cd iuns were introduced into polymer film:
by swelling in appropriate mixtures of solvent and aqueous
salt solution. The sulfides were formed in the swollen films by
diffusion of H,S (amorphous sulfides) or introduced by
casting or pressing of films from mixtures with crystalline ZnS
or CdS. It was found that the Zn and Cd ions accelerate the
ultraviolet degradation, causing discoloration and a large de-
crease in resistance. The presence of these ions in the studied
films yields the disappearance of photoconductivity found in
pure irradiated films. The amorphous and crystalline sulfides
influence the resistance only very slightly but enha:ce the
photoconductivity of irradiated films, especially those con-
taining crystalline semiconducting powders. Filins containing
ZnS showed a larger polarization than the pure irrudiated
films, Some experiments carried out with polystyrene sugge.t
that these effects are not only related to the presence of small
amounts of semico?fducting compounds, but to intrinsic changes
in' the polymeric materials during irradietion. Some sugges-
tions are given in order to explain the observed phenomena.

432. SENSITIZED PHOTOCONDUCTIVITY IN
ANTHRACENE
Steketeo, J. W, de Jonge, J.
Koninklijke Nedzrlandse Akademie van Wetenschappen,
Proceedings, Series B: Physical Sciences, v, 63, no. 2,
pp. 76-79, 1963 (in English)

The photoconductivity of anthracene single crystals has
been studied in a sandwich type of cell with electrolytic

electrodes. If very small amounts of certain water-soluble
organic dyes are added to the pusitive electrode compartent,
photocurrents can be observed due to light that is absorbed
by the dyes. (PA, 1963, #13,129)

433. ELECTRONIC TRANSPORT IN ORGANIC
SOLIDS AND LIQUIDS [ABSTRACT]
LeBlanc, O. H.,, Jr.
In “Program and Abstracts: Organic Crystal Symposium,
October :2-12, 1962,” pp. 81-83
National Pcsew.cch Council, Ottawa, Canada, 1962

Electronic mobility measurerents in hydrocarbon crystals
and liquids have revealed a remarkable dependence of the
transport mechanism on phase. Transport in the crystal is
described by the band model; transport in the liquid by the
hopping model. The liquid data, which are relatively un-
familiar, are reviewed briefly. As in the pulsed photoconduc-
tivity experiments, transit times are determined from transient
currents produced by charge carrier pulses. The method of
generating the carrier pulses has usually been different in the
liquid experiments, however, since those hydrocarbon; that
are liquids at room temperature are usually not photo-
conducting to light in the visible or near ultraviolet regions.
Many different carrier generation techniques have been used.
Reiss irradiated dilute solutions of anthracene in n-hexane
with UV, presumably producing “free” electrons and anthra-
cene mono-positive ions. The respective mobilities were
py = L3 X 10-% and p, = 9.9 X 10 at 25°C. Gzowski ard
Terlecki ionized n-hexane directly with a spatially narrow,
pulsed X-ray beam and measured p, = 1.3 X 10-% and p, =
4.1 X 10 at 19°C.

The author injected electrons into n-hexane from a photo-
cathode and measured p,, = 1.4 X 10-* at 27°C, The mobility
exhibited an Arrhenius temperature dependence with acti-
vation energy, AE = 0.14 ev. Chong and Inuishi, using the
same technique, found g, = 1.0 X 10-* at 20°C, AE = 0.16
ev for n-hexane and p, = 4.5 ¥ 10~ at 20°C, AE = 0.16 ev
for benzene.

The internal photoeffect was used to generate carriers in
crystalline and liquid pyrene (svprisingly, the photoconduc-
tivity of liquid pyrene proved to be comparable to that of the
solid). The hole mobility in the crystal just below the melting
point (150°C) is ~0.3 and increases with decreasing tem-
perature; the hole mobility in the liquid just above the
meiting point is ~3 X 10-¢ and increases with increasing
temperature, The decrease of three otders of magnitude and
the change in temperature coefficient thus occur abruptly at
the melting point. Paradoxically, the 1000-fold decrease in
mobility at the melting point of pyrene is accompanied by a
100-fold increase in conductivity. Riehl and Bornmann have
observed a similar increave in the conductivity of naphthalene
upon melting, and o. perusal of Bornmann’s data is of interest.
His results are fittec: weill by ¢ = o, exp(—E/kT), but with

different values of «, and E for the solid and liquid. The



parameter o, is in fact two or three orders of magnitude lower
in the liquid than in the solid, but the effect of o, on ¢ is over-
whelmed by a corresponding decrease in E. There is no
necessary contiadiction involved in the mobility and conduc-
tivity changes, although an explanation of the conductivity
must now bridge quite a few orders of magnitude. Where
before one had a factor of 10 in conductivity to account for,
now one has a factor of 105 in carrier concentration. A expla-
nation of this phenomenon must await the long-sought theory
of dark conductivity.

Transport mechanisms are discussed.

434. ELECTRON AND HOLE MOBILITY iN
ANTHRACENE CRYSTALS [ABSTRACT]
Kepler, R. G.
In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” p. 90
National Research Conncil, Ottawa, Canada, 1962

In an attempt to determine the intrinsic behavior of elec-
trons and holes in anthracene, their drift mobilities have been
measured in a large number of crystals as a function of crystal
orientation, temperature, and pressure. The measurements
were made using a pulsed photoconductivity technique.

435. TRAPPING OF PHOTOCARRIERS IN ANTHRACENE
BY ANTHRAQUINONE, ANTHRONE, AND
NAPHTHACENE [ABSTRACT]

Hoestery, D, C.

In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” pp. 91-93

National Research Council, Ottawa, Canna., 1962

To obtain a more quantitative measure of the effects of
impurities, the bulk, transient photocurrents in anthracene
crystals intentionally doped with anthraquinone, anthrone,
and naphthacene have been studied. The apparatus in which
the measurements were performed is similar to that described
by Kepler. The 0.2-sec exposure comes from a condenser-
nowered air-spark whose output was controlled so that the
phiotocurrents were not space-charge limited.

In the undoped crystals, the hole and electron trapping life-
times range between 150 and 250 usec. (With small electric
fields, about 103 v/cm, no transit is observed and the photo-
currents decay exponentially with time ovytr their entire
measurable range. The lifetime is defined as thie time constant
of this decay.) The decay of the photocurrent must arise from
trapping and not recombination, since carriers are generated
only at the illuminated surface and their relative mction
separates them so that thev cannot recombine.

The behavior of the anthraquinone- and anthrone-doped
crystals is similar. Assuming .hat the trapping lifetime is an
accirate indicator of the impurity concentration, these data
show that both impurities (1) have a distribution coeflicient
in anthracene which is less than unity, (2) are more effective

JPL LITERATURE SEARCH NO. 482
PHOTOCONDUCTIVITY —EXPERIMENT

at trapping electrons thau holes, and (3) in relatively small
concentrations, are effective in controlling the photoconduc-
tive behavior of aathracene. These impurities are better
electron acceptors than anthracene and i* is not too surprising
therefore that they are better trap: for electrons than holes.

In the naphthacene-doped crystals, the impurity conteni in
various portions ot the ingots was detcrmined Ly standard
spectrophotometric metheds. For naphthacene-in-anthracene
the distribution co: Jicient is 0.01 and the saturation solubility
appears to be about 100 ppm. Naphthacene is not 2a effective
electron trap. For exampl.. the electron lifetimes are 20 and
80 usec in crystals containing 40 and 10 ppm of niaphthacene,
cespectively. The behavior suggests that naphthacene is acting
as a shallow trap and that the drift mobility of the hole is
being controlled by multiple trapping. According to the free-
carrier *reatment of multiple trapping by Shockley and Read,
the trap depth is 0.43 cv. Yurthermore, the mobilities i the
naphthacene-doped civstals are correctly predicted “by this
theory if it is assumed that (1) the microscopic mobility is
that found in the undoped crystals, (2) all of the naputhacene
molecules are effective as traps, and (3) the effective density
of states in the hole band is equal to the density of anthracene
molecules.

Additional measurements on the naphthacene-doped crys-
tals show that (1) the quantum efficiency for carrier gener-
ation is the same as in undoped crystals, (2} no carriers are
generated by light absorbed in the lowert energy absorption
band of the naphthacene, and (3) the hole capture cross
section is greater than 10-*5 cm2,

436. TRANSIENT PHOTOCURRENTS IN ANTHRACENE
FROM LONG WAVELENGTH EXCITATION
[ABSTRACT]

Silver, M., Olness, D., Swicord, M., Colby, G. H.,
Jarnagin, R, C.

In “Program and Abstracts: Organic Ciystal Symposium,
October 10-12, 1952,” pp. 102-105

National Research Council, Ottawa, Canada, 1962

If the surface is the only source of free carriers, then under
high intensity flash illumination the transicnt current will be
space-charge-limited. Just such a result has been previously
found. However, under extremely high intensity illumination,
an initial transient over and above that prescribed by space-
charg~ limitatio.. has also been observed previously. One
possible explanation for this result is that the flnorescent light
is generating carriers throughout the bulk of the crystal. This
possibility has been investigated by observing transient photo-
currents in anthracene with microsecond hashes of high
intensity fluorescent light and light of wavelengths longer
than 4000 A, Three different electrode configurations have
been used — electrolytic, blocking, and pressed tin oxide elec-
trodes — the latter being used to observe the current transients
as a function of temperature.
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437. PHOTO-"LECTROLYSIS AT ANTHRACENE-
ELECTROLYTE INTERFACES [ABSTRACT]
Gillitand, J.. Jr., Jarnagin, R. C.

In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1862.” pp. 117-124
National Research Councit, Ottawa, Canada, 1962

Recent work emy:loying electrolytic soluticus as contacts to
anthracene crystals and demonstrating the enhancement cf
photocurrent by selected electrolytes has nade it desirable to
better understend the processes occurring during conduction
at the anthracene-electroiyte interfaces. .\ single crystal of
anthracene <endwiched between two elecoolytic solutions to
which electrical connections are made via platinum wires is
analogous to two electrolysis cells connected 1n series through
a high value resistance. If positive current is passed through
the cells from left to right, then a net oxidation mus® occur in
interfacial regions ! and 3, and a net reluction mrist occur
in interfacial regions 2 and 4. Seme aspects of the o.idation(s)
which ocuvar at the anthrscene-electrolyte interface analogous
to region 3 during photoelectrolysis have been exan.ined.

Antbracene single cystals cleaved and polished in the
ab (C01) plane have beeu subjected to photoelectrolysis. The
0, concentration in the Cark electrolyte solution (illuminated
only by light transmitted through anthracene) was monitored
polarographically. Two classes of experiments were done:
{1) high O, case, in which the dark solution was initially air-
saturated and the cell naintained in an ambient air atinos-
phere; and (2) low O, case, in which the dark solution was
initially N, scrubbed zand the cell maintained in an a::bient
N, atmosphere. Results are presented and interprated.

438. ELECTRONIC CONDUCTION IN TWO
CRYSTALLINE FORMS OF HEXAMETHYLBENZENE,
[ABSTRACT]

Kronick, P. L.

In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962.” p. 128

National Research Cot ncil, Ottawa, Canads, 1962

Electronic conduction perpendicular to the iamellae ‘n films
of this material as it passes through its transition is contiuous
with no change in sicpe. Smail changes i crystalline packing
and large changes in symmetry are then not significant in
determining the thermal excitation and mobility of carriers.

Using electrolyte for electrodes, the conductivity is me.:-
sured parallel and perpendicular to the molecular planes in
single crystals. Studies are rcported of photoconduction excited
by ultraviolet light. The sign of the mobile photoramies is
Aeduced to be positive, since illumination of the cathodée~

- luces no photocurrent.

439. ELECTRONIC PROPERTIES OF QUATERRYLENE
[ABSTRACT]
Invkuchi, H., Harada, Y., Maruyama, Y.
In “Program and Abstracis: Organic Crystal Symposium,
October 10-12, 1862, pp. 129~132
Nationat Research Council, Ottaws, Canada, 1952

The techniques of recrvstallization from trichlorobenzene
and also of sublimation in high vacuam were effectively
applied to make specimens for measuring its electronic prop-
erties. The single crystal (0.2 X 0.2 X 5.C mm) was grown
by sablimation in a glass vessel which was evacuated to a
pressure of 10-*-10-* mm Hg. The cells used in this work
were sandwich type and surface type. To make an appropriate
cell for an observatic + of photielectromotive force, the evap-
oration of the metal (Al) anl the srganic compound was
carnied out in vacuo successively to avoid a contact of oxyge::
with intersurface of the films. The aromatic hydrocarbons
have electrical resistivity as ow as 10°-10® ohm-cm for a
direction along the ab-plane. I'rora the results of two types of
cells. a substant’zal anisotropy -~f the resistivity was found by a
factor of 107-10%; 10° ohm-cr1 for surface-type cells and 10°3
ohm-cm for the sandwich t.pe. The crystallites of quater-
rvlene are in aligament with their a’i-planes parallel with the
film susface. The nearest ap yroach »f neighboring molecules
is found in the ab-plane, a1d the tverlapping of molecular
orbitals of =-electrons betveen neighboring molecules may
take place along the direct on parallel to the ab-plane. This
result is cousistent with that observed with single ervstal.
Comparison with other ar~matic compounds is given.

440. THERMOELECTRI(. AND PHOTCELECTRIC
EVIDENCE FOR POSITIVE CHARGE TRANSFER
IN FERRGCENE CRYSTALS [ABSTRACT]
Mette, H., Loscoe, C.
In “Program and Ab- z;cts: Organic Crystel Sympesium,
October 10-12, 1962, " pp. 139-142
Naiional Research Council, Ottawa, Canada, 1962

It was thought to be dosirable to perform charge carrier
determinations i a material by thermoelectric power, and to
compare these results with the photoconductivity measure-
ments. The materi:! selected tor the present investigation was
ferrocene, a metallo-organic compound that crystallizes in the
monoclinic lattice and possesses electrical properties in an
accessible range. Siogle crvstals were obtained from zore
refined material by three metheds: slow evaporation of a
saturated benzene solution, growing {roc. the vapor phase,
and growing from the melt. The resistivity was measured as a
function of temperature and showed the e..ponential behavior
of organic solids with an activation energy of = (1.6 ev. The
room temperature resistivity is 1.2 X 10'3 Q ¢m, which is sev-
eral orders of magnitude lower and ther<fore in a more
accessible range than most other organic solids. The current-
electric field strengti: characteristics of the material show the
typical “soft” behavior of organic solids with deviations from
Ohm's law beginning at 300¢ v/cn1. Electrical contacts to the
material were made with silver paint.

The measurement of the photoconduriivity was performed
in a manner similar to that reported earlier by Kepler and
Boroffka. The photoconductive cell is connected in series with
a de battery and fed directly in a Tektronix Type 121 pre-
amplifier. Strong microsecond Strobotac ligh. pulses icicase
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from the cell electric current pulses thai pruduce a voltage
drop across the 10G-nieg input of the preamplifier and are
smplified and reproduced on the screen of a Tektronix Type
345 orcilloscove. The samples were siugle crystals with areas
of 0.7 X 0.7 en? ard 1 to 13 mils thick. One side was glued
with silver paint to a strip of conducting glass. The other
(iluminated ) surface of the erstal was provided with a sem-
transparent but well conducting contact hy the application
of either a thin Ag or Cu,l, suspension. An alternate nethod
of prepariug photacells consisted of pressing ferroceie powder
between either conducting glass or transparent Cs! (TI)
single crystal disks and heating them for a short mon.ent
above the meiting point of ferrocene. Upon solidification,
large area cells with good contacts to the conducting glass
were obtained.

It is irdicated that photoconductivity in organics cannot be
interpreted on the basis of a simple model where photocarricrs
are generated at one electrode and leave the crystal at the
uther electrode, but that other mechanisms, e.g., replcnishment
of carriers at one electrode upen leaving the other electrode,
or trapping processes may be taken into account.

441. PHOTOCONDUCTYIVITY OF METAL FREE
PHTHALOCYANINE SINGLE CRYSTALS
[ABSTRACT]

Heilmeier, G., Warfield, G.

In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” pp. 153-155

National Research Council, Ottawa, Canada, 1962

The spectral response ¢f pLotoconductivity in metal-free
phthalocyanine crystals was obtained using ohmic contacts,
and it was found to have the same spectral response edges as
the optical absorption spectrum aad thermal activaiion energy
for conductivity. The correspondence between the “valiey-to-
valley” separation of the structure found in the strong response
regions of the spectral response of photeconductivity and the
“peax-to-peak” separation ot the infrazed optical absorption
spectrum has been used to formulate a model for photo-
conductivity iu metal-free phthalocyanine crystals which in-
volves the direct creation of carriers by suitable radiation.
The experimental results obtained for metal-free phthalo-
cyanine crystals are consisteni with a direct carrier producirg
absorption m-chanism where the surface lifetiine of free
carriers is less than that of the bulk. The structure in the
spectral response of photoconductivity data and the infrared
absorption spectrurn can also be used, in conngction with the
discussion on the applicability of a band model and the photo-
conduction process, to infer the general nature of the c¢on-
duction bands in metal-free phthalocyanine crystals. The first
one is seen to consist of discrete levels of width .014 ev and
separ.tion 395 cm-: and 960 ¢cm-!, This band is located at
1.68 ev abov= the highest filled band. A secornd conduction
band is found at 3.2 av for which there is qualitative evider:ce
for discreteness froin photoconductivity data,
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442. THE CONDUCTION STATE IN THE CHARGE-
TRANSFER SOLID COMPLEXES [ABSTRACT]
Akamatu, H., Kuroda, H.

In “Program and Abstracis: Organic Crystal Symposium,
October 10-12, 1962,” pp. 181-185
National Research Council, Ottawa, Canada, 1962

Solid complexes of charge-transfer type which are poor
serniconductors and do not show any appreciable ESR absorp-
tion are investigated. They are complexes between aromatic
hydrocarbons {donors) and tetracyanoethylene (TCNE),
1,3,5-trinitrobenzene (TNB) or halogenated quinones (ac-
ceptors). They are of interest since a simple picture of the
r2lation between the charge-transfer state and the conduction
state may be anticipated for these loose molecular complexes,
in contrast to the complexes with a strong interaction.

Thesc solid complexes show photoconduction, and the
spectrai dependence of photocorductance is useful to clarify
the relation between the exciton state and the conduction
state.

443. PHOTOCONDUCTION AND SEMICONDUCTION
IN SINGLE CRYSTALS OF CHARGE-TRANS:ER
COMPLEXES. THE 1:1 PERYLENE-FLUORANIL
COMPLZEX [ABSTRACT]

Kokady, H., Hasegawa, K., Schncider, W. G.

In “Program and Abstracts: Organic Crystal Symposium,
Octoker 10-12, 1962,” pp. 186-189

Naticual Research Council. Ottawa, Canada, 1962

Attempts were made to find a suitable complex which can
be prepared conveniently in the form of single crystals and
which is also a moderately good photoconductor. Several sys-
tems whici. approach these conditions were found. These
include either peryvlene or pyrere as the clectron donor, and
chloranil. Auoanil, or tetracyanoquinodimethan as electron
acceptors. In each case the crvstals tend to be elongated along
one axis anC are bluish-black in color. Crder of magnitude
comparisons of the conductivities of some of these complexes
are tabulated.

The perviene-fluoranil complex has been ir estigated
in greater detail. Mono-crystals (approx. 10 X 2 X 2 mm)
were grown from toluene solution. With polarized light the
crystals are strengly dichroic. The complex has a I:1 mole
ratio of the components. An X-ray analysis carried out by
Dr. A. Hause shows the crystal to be monoclinic, with unit
cella = 17.3, b = 749, ¢ = 6.97A and B = 20.4 deg. There
are four molecules, i.e., two complex units to the unit cell. The
donor and acceptor molecules are alternately stacked, the
stacking direction being the ¢ crystallographic axis. (The
crystals tend to be elongated along the c-axis.) The perpen-
dicular interplanar spacing tetween donor and acccptor mole-
cules is 3.547A. The molecular planes are inclined at an angle
of 69.7 deg to the c-axis.

The anisotropy in the electronic conduction was measured
wih the aiu of a four-nrobe method, The results are tabulated,

Bl <2
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together with the thermal activation energy for semiconduc-
tion and photoconduction. These is roughly a three-to-ten-fold
greater conductivity along the c-axis than that normal to this
axis.

The spectral dependence of the photoconductivity of
perylene-fluoranil monocrystals is illuctrated. For these mea-
surements electrodes were applied to the ends of the crystal,
essentially a surface-cell arrangement, with current flow along
the c-direction. t was established tnat the presence of oxygen
had no effect on the photocurrents, and accordingly the
measurements were made in dry air or nitrogen. the light
source consisted of an Osram XBO-1001 xenor discharge
lamp together with a Beckman monochromator.

444, OKGANIC PHOTOCONDUCTIVE SYSTEMS
[ABSTRACT]
Mehl, W., Greig, H. G., Wolff, N. E.
In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” pp. 204-208
Natioual Research Council, Ottawa, Canada, 1962

Organic photoconductive systems are describec which con-
sist of the solution of a photoconductor in an insulating
polymer matrix. The polymer matrd. itself does not show
photoconductivity.

A larze number of triphenylmethane and benzophenone
derivatives have been used for the photoconductor. A small
amount of dye (< 1% by weight) derived from these uncol-
ored dye precursors activates photoconductivity in the visible
region. The unique property of these films is that they show
photoconductivity although only short range order exists in
them and although the pliotoconducting molecules are sep-
arated from each other by an insulating polymer. The inves-
tigation of these systems promises tc give new information
on the mechanism of charge transfer in organic photocon-
ductors mainly because in these systems the distance between
the photoconductor molecules can be varied over a wide range.

The photoconductivity of these films has been studied for
the system bis(4,4’-dimethylominophenyl) phenyl methane
(compound Ij in a viny! chloride/vinyl ucetate copolymer.
Single crystals of comnpound I were grown from solution. They
absorh in the UV sud show phctoconductivity. Dye sensitiza-
tion of these crysta’s has not been obtained so far. Photo-
conductivity in the system here discussed was observed
with 10 to 70% by weight of compound I in the polymer.
The upper limit is given by the miscibility limit of the pol--
mer and compound 1. For all measurements reported here
compound I constitutes 30% by weight of the total system.
Sensitization in the visible was achieved by adding a small
amount of the cationic dye malachite green, the oxidation
product of compound I, as the chloride to the system. The
concentrations were determined by optical absorption mea-
surements. Photoresponse curves were determined with a
calibrated monochromator and normalized for equal photons.
The incident light was 2 X 10!* photons cm-2sec! at 6300 A.
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To stuly the eect of concentration of the sensitizing dye on
the photoresponse, films with different dye concentrations of
malachite green were prepared. Within experimental error
the photocurrent was directly proportional to the dye present.
The quantum efliciency of these films was estimated.

445. PHOTOCONDUCTIVITY OF MANGANOUS
PHTHAL(OCYANINE
Day, F., Scregg, G., Williams, R. J. P.
Nature, v- 197, no. 4867, pp. 589-590, February 9, 1963

Manganous plithalocyanine differs in its behavior from the
other members of the scries of metal-free and transition-metal
phthalocyanines .n a striking manner. The measurements were
made on the needle-shaped crystals using two electrodes. No
guard ring was used, and the arrangement is therefore equiv-
alent to a surface conductivity cell.

The dark resistivity of the manganous compound 1s much
lower than that of the other phthalocyanines. While the photo-
conductive action spectra of compounds other than mangan-
ous phthalocyanine were generally similar, having two or
more peaks in the region of 5000-8500 A, and another, usu-
ally weaker, peak in the region 10,000-12,000 A, manganous
pathalocyanine showed its spectral response over the range
7000-20,000 A (the limit of our monochromator) with broad
maxima at 13,500 and 16,000 A. The photocurrent in the
infrared was stronger in this compound than in any of the
others. The photocurrent is depressed in a remarkable way by
gases.

446. PHOTOCONDUCTIVITY OF SODIUM
DECXYRIBONUCEEIC ACID IN THE DRY STATE
Liang, C. Y., Scalco, F. G.

Nataure, v. 198, no. 48735, pp. 86-87, Ap:it 6, 1963

A surface cell was prepared by attsching two electrides
about 1 mm apart tc a quartz plate. A thin film from a
Na-DNA water solution was then deposited and afterwards
dried between the electrodes. Conductivity measurements
were made in vacuo. For photocurrent observations, a tung-
sten light source was used.

The durk resistance of the sample is plotted against inverse
absolute temperature, and the photocurrents of the sample
observed at various temperatures and various applied voltages
are siso plotted. The activation energy for dark conduction,
E,, was found to be 2.43 ev. The activatior. energy for photo-
conduction, E,, was found to be 0.89 ev. Equations are pre-
sented for the relations.

447 SNERGY TRANSFERS BETWEEN SENSITIZER AND
SUBSTRATE. IH. SENSITIZATION BY TP.CK DYE
FILMS
Nelson, R. C,

Optical Society of America, Journdl of the, v. 51. no. 11,
pp. 11821186, November 1961
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Photoconductivity can be sensitized in cadmium sulphide
films by specially prepared films of pinacyanole and krypto-
cyanine having a thickness ~ 1 u. Preparations of this sort
offer considerzbly more oppertunity for experiment than those
sensitized by monolayers of dyes. Their properties sunport the
validity of the electron-trausfer mechanism. (PA, 1961,
#17,797)

448. ENERGY TRANS#ERS BETWEEN SENSITIZER AND
SUBSTRATE. IV. ENERGY LEVELS IN SOLID
DYES
Nelson, R. C.

Optical Society of America, Journal of the, v. 51, no. 11,
pp. 1186-1191, Novembher 1961

The work function, or ionization energy, for eight solid
dyes was measured. In each case it was found that tkis vnergy
was equal to the sum of the electron affinity of the dye, as
previously measuced by the author, and the energy required
to produce a charge carrier in the solid dye. The data confirm
the point of view that electron-transfer pricesses in dye sen-
sitization are energetically possible. (PA, 1961, #17,798)

449. THE INFLUENCE OF THE RE-ABSORPTION G¢
LIGHT ON THE SPECTRAL DEPENDENCE OF
PHOTOCONDUCTIVITY IN MOLECULAR
CRYSTALS
Agranovich, V. M., Konobeev, Yu. V.

Optika i Spektroskopiya_ v. 11, no. 4, pp. 4908-503,
October 1961

(Translated from the Russian in Optics and Spectroscopy,
v. 11, no. 4, pp. 269-272, October 1961)

The influence of the re-absorption of light on the spectral
dependence of photoconductivity in molecular crystals is dis-
cussed. Considerable overlapping of aosorption and emission
spectra occurs in many crystals leading to more re-absorption.
The re-absorption increases the photon lifetime in the crystal,
and consequently increases the total number of excitons. This
increase must be accompanied by an increase of photocurrent.
The re-absorption effect is examined by use of a model of
volume conductivity in anthracene proposed by Kommandeur
and Schneider. It is demonstrated that the occurrence of re-
absorption in an anthracene crystal increases the magnitude of
the photocurrent and noticeably modifies its spectral curve,
(SSA, #13,299)

450. PHOTOCONDUCTANCE AND SPECTRAL
ABSORPTION OF ANTHRACENE
Steketee, J. W., de Jonge, J.
Philips Research Reports, v, 17, uo. 4, pp. 363-381,
August 1962

The photoconductivity of anthracene crystals is measured
in a sandwich type of cell, the crystals being illuminated
through the positive electrolytic electrode with plane-polar-
ized light. Photocurrent and spectral absorption of anthra-
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cene crystals are measured with the same optical system.
A plot of the photocurrent per quantum of incident light
against wavelength shows a close correspondence to the
absorption spectrum. the current being a function of the ex-
tinction coefficient. The wavelength dependence observed con-
firms the theory that absorbed energy is transferred as excitons
to the positive surface of the crystal where charge separation
can take place. The electron is captured by the electrode
while the positive hole moves through the crystal to the oppo-
site negative electrode. The diffusion length of the exciton is
about 1200 A. A very small photocurrent found when the
negative electrode is illuminated appears also tc be due to the
light absorbed in a region close to the positive electrode. (PA,
1963, #2970)

451. IMPERFECTION PHOTOCONDUCTIVITY IN
DIAMCND
Elmyren, J. A., Hudson, D. E.
Physical Review, v. 128, no. 3, pp. 1044-1053,
November 1, 1962

The effect of monochromatic light throughout the visible
region on the rzte of decay of a persistent internal field in
diainond was studied. The persistent field was generated by

_spacially separated trapped electrons and holes, and was

sampled by the counting rate of the polarized diamond acting
as a nuclear particle counter. Under the influence of light the
interna] field decayed exponentially with time in a fashion
characterized by an intensity-depc.dent decay constant. The
decay constants, normralized to a coramon photon flux density,
varied over more than four orders «f r 1gnitude in the photon
energy range from 1.8 to 3.5 ev. The results are interpreted
in terms of imperfection photoconductivity avising from im-
perfection levels with photoionization energies of 2.5 and 3.0
ev. This photoconduction model utilizes a decay mechanism
which has been overlooked in previous diamond work. An
alternate conventional interpretation in terms of detrapping
is also presented. (PA, 1963 #2875)

452. FROTOGENERATION OF FREE CARRIERS IN
ORGANIC CRYSTALS VIA EXCITON-EXCITON
INTERACTIONS ,

Silver, M., Olness, D., Swicord, M., Jarnagin, R. C.
Physical Review Letters, v. 10, no. 1, pp. 12-14,
January 1, 1963

In this note, some results are presented which not only
support the exciton-exciton theory, but also yield a bimolecu-
lar rate constant in good agreement with that calculs -4 by
Choi and Rice.

A current is observed which increases with the square of
the light intensity and also increases with temperature in the
superlinear region.

Transient current pulses for high- and low-intensity, weakly
and strongly absorbed light in a 1.45-mm anthracene crystal
(800 v applied, 19 ps+c/cm) are graphed as is current density
vs. incident light intenrsity for weakly absorbed light for 1000 v



JPL LITERATURE SEARCH NO. 482

PHOTOCONDUCTIVITY—-EXPERIMENT

applied. Surface or near-surface generation of carriers is also
considered.

453. DRIFT MOBILITY OF PHOTO-INJECTED
ELECTRONS IN HEXANE-SILICONE MIXTURE
Chong, P., Inuishi, Y.

Physical Society of Japan, Journal of the, v. 16, no. 7,
p- 1482, July 1961

In this paper the mobility of photo-injected erectrons in
n-hexane-silicore oil mixture is mentinned. The silicone oil
used has mean molecular weight 1260 and viscosity 6 X 10-2
poise at 20°C. The dependence of the drift mobility of photo-
injected carrier on the viscosity of the mixture is shown.

454. EFFECY -OF GASES ON THE PEOTOCONDUCTION
OF ANTHRACENE
Nakada, L., Kaiyoh, H.
Phyeical Society of Japan, journal of the, v. 17, no. 1,
pp. 93-99, january 1962

Measurements of photoconductivity in the ab-plane of
an anthracene single crystal in various gas ambients are de-
tailed. In <rder to examine the depth of the surface region in
which the free carriers are influenced by ahsorbed gases, bulk
and surface currents are mieasured separately. The magnitude
of the surface current is increased by a factor of abuvut three
when the ambient is changed from nitrogen to oxygen. Water
vapor eliminates the effect of the oxygen and approximately
the same value as in the nitrogen ambient is obtained. Bulk
current is only slightly influenced by adsorption. The range
of influence of adsorption is estimated to be: less than C.1 mm
from the crystal surface. (SSA, #15,218)

455. PHOTOCONDUCTIVITY OF HEAT-TREATED
POLYACRYLONITRILE
Ohigashi, H.
Reports on Progress in Polymer Physics in Japan, v. 6,
pp. 244-248, 1963 (in English)
(Available through Kobayasi Institute of £hysical Research,
Kokubunji, Tokyo, Japan)

Although the photoelectric effects of organic molecular
crystals of polynuclear aromatic hydrocarbons have been
studied extensively, few investigations on the effect of semi-
conducting polymers have been reported. Therefore, there
is much interest in obtaining information on the photoelectric
effects of heat-treated PAN. In this w1k, spectral sensitivity
of the photocurrent, its relation with optical absorption, and
the temperature dependence of dark condustivity have been
studied.

PAN powder, prepared by redox polymerization, was dis-
solved in dimethylformamide and made into a film on a
glass plate. The film was heated in a quartz tube in various
conditions as tabulated. The steady-state photocurrent was
measured with a vibrating reed electrometer in vacuo (< 10-*
mm Hg) for a surface-type cell with applied field of 10% v/cm.
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Aluminum was evaporated on the film as dc electrodes which
were separated by a gap of 0.1 cm, The monochromatic light
for photoconductivity measurements was obtained from a
50-w tungstes lamp dispersed by a quartz prism monochroma-
tor. Temperature deper-ence of the dark conductivity was
measured in dry air for a sandwich-type cell at temperatures
from 300 to 480°K. Thickness of the film in the cell was 0.1
to 0.2 mm, and the strength of the applied field was 5 X 103
v/em.

456. COLOR SENSITIZATION OF PHOTOCONDUCTIVE
MATERIALS BY DYES. SUPERSENSITIZATION OF
ZINC QXIDE
Namga, S., Hishiki, Y.

Rika Gaku Kenkyusho Hokoku, v. 39, no. 1, pp. 27-34, 1963

457. TRANSIENT PHOTOCONDUCTIVITY OF POLY-
STYRENE AND POLYISOBUTYLENE EXPOSED TO
PULSES OF NEUTRON AND GAMMA RADIATION
Coppage, F. N.

June 1962

Sandia Corporation, Albuquerque, N. Mex.

SCR-525

(Paper CP-62-1238, presented at the AIEE Summer General
Meeting and Aero-Space Transportation Conference,
Denver, Cclo., June 1962)

Photoconductivity in polystyrene and polvisobutylene-
impregnated Kraft paper dielectrics has been measured dur-
ing and following exposures to short-duration, high-intensity
pulses of nuclear radiation. Absorbe dose rates were < 1 X
107 rad/sec, Temperatures of the dielectric samples were
controlled in the range from —8 to +80°C. Radiation sources
utilized were the Sandia Pulsed Keactor and the TRIGA Mk F.
The prompt reactor periods for the study ranged from 30
to 300 psec for the SPR and 4 msec for the TRIGA Mk F.
(STAR, N63-18,272)

458. MEASURED BEHAVIOR OF GAMMA-RAY PHOTO-
CONDUCTIVITY IN ORGANIC DIELECTRICS
Harrison, S. E., Prouix, P. F.

June 1963

Sandia Corporation, Albuguerque, N. Mex.

SCR-526

(Paper CP-62-1231, presented at the AIEE Summer General
Meeting and Aero-Space Transportation Conference,
Denver, Colo., June 1962)

Photoconductivity measurements are reported for poly-
ethylene, polystyrene, a mica-filled epoxy formulation, poly-
propylene, nylon, teflon, diallylphthalate, and H-flm. The
gamma-ray measurements were made at intensities within the
interval from 1.0 X 10-* rad (H_O)/sec to 1.0 X 10* rad
(H,0)/sec, and at temperatures which ranged from 38 to
71°C. Conductivity was found to have distinct features in
three time intervals. (STAR, N63-18,974)
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459. A STUDY OF GAMMA-RAY PHOTOCONDUCTIVITY
IN ORGANIC DIELECTRIC MATERIALS
Harrison, S. E.
1962
Sandia Corporation, Albuquerque, N. Mex.
SCDC-2580, AEC-TID-1548%, AT(29-1)-789

The gamma-ray photoconductivities of polyethylene, poly-
styrene, polyvinylchloride, polypropylene, tefiny, nylon, Kel-F,
and three thermosetting resins dencted as Epoxy 1478-1,
1478-3, and 1478-22 were measured. Conductivity changes
resulting from steady-state gu:ima-ray exposures were mea-
sured continuously throughout the exposure and after the
exposure. The conductivity was found to exhibit distinet
features ir. nree time intervals: interval 1 is where photocon-
duction is responding to a step increase in radiation inteasity;
interval 2 is where the photoconductivity has reached an ~qui-
librium value whose marmitude is defined by radiation inten-
sity and temperature; and.interval 3 is where the conductivity
is recovering upon sample removal from the gamma-ray en-
vironment. The time required during interval 1 for the con-
ductivity to reach the equilibrium values of interval 2 is defined
as the rise time (7,) and was experimentally found to decrease
with increased irradiation intensity according to the relation-
ship 7, = r/R-#. The equilibrium conductivity values of
interval 2 give a dependence of photoconductivity on irrsdia-
tion intensity at a given temperature which is characterized to
good approximation in one or more regions, within which con-
ductivity () is expressed as ¢ = o, R5. Experimental values
of 8 range from 0.00 to 2.72. Conductivity decays with time
{#) from an equilitiium value (o) after abruptly stopping
radiation exposure. The photoconductivity decay is character-
ized tc good approximation by ¢(t) = o.q [Ae~t/Ts + Be /7|
when r; and r, are two distinct decay constants. Conductivity
was observed to vary with temperature under both dark and
radiation-induced conductivity conditions according to the
relationship ¢ = 0,e-%/*7, The thermal activation energy (E)
is lowered by irradiation except for Epoxy 1478-1 which has
one intensity interval, within which E is unchanged.

460. EFFECT OF TEMPERATURE ON THE PHOTO-
CONDUCTIVITY OF SOLUTIONS OF CHLOROFORM,
BROMOFORM, AND IODOFORM IN ETHYL ETHER
Mitskevich, P. K., Bobyl, V. G., Kopylov, Yu. A.

Sbomik Nauchnykh Trudov NDnepropetrovskogo Inzheneme-
Stroitelnogo Instituta, no. 9, pp. 139-142, 1960
(See also Referativnyi Zhurnal, Fizika, 1961, #12D80)

An increase in temperature ( —16 to -+ 16°C) increased the
photoconductivity. Corfirmation was given an earlier thcory
of temperature dependence of photoconductivity: ¢ = (A/T)
exp{—B/T), whers A and B are constant voefficicnts for
voltage of the electrical field and intensity of incident light.

4€¢1. DEPENDENCE OF THE PHOTOCONDUCTIVITY
AND THE INTENSITY OF LUMINESCENCE OF
ANTHRACENE CRYSTALS ON THE EXCITATION
WAVELENGTH

PHOTOCONDUCGTIVITY —EXPERIMENT

Eremenko, V. V., Medvedev, V. S.

Soviet Physics—Solid State, v. 2, no. 7, pp. 1426-1428,
January 1961

(Translation of Entry #215, Al/LS 341)

462. THE RED BOUNDARY OF PHOTOCONDUCTIVITY
OF ETHER SOLUTIONS
Romanets, R. G., Nemchenko, A. M., Bobyl, V. G.
Ukrains’kii Fizichnii Zhurnal, v. 8, pp. 803-808, 1961

Solutions of bromcaaniline, CH,I,, Mel, and CHI, in Et,O
were investigated. Electrocenductivity and photoconductivity
were studied in an electrical field (1000 v/cm) at room tem-
perature. The current was allowed to reach a steady vulue
in the dark. Then the sample was irradiated with monochro-
matic ultraviolet light, and the increase in the current strength
was measured,

463. INCREASING PHOTOSENSITIVITY OF PHOTO-
CONDUCTIVE MATERIALS
Shely, B. L.
December 18, 1962 (patent application, June 3, 1960)
U.S. Department of Cemmerce, Washington, D.C.
U.S. Patent 3,069,363 (assigned to Minnesota Mining
and Manufacturing Co.)

An organic solution of Fosin Y dye is used as a sensitizer
for ZnO photoconductive material. The solvents EtOAc,
BuOAc, PrOAc, MeCOEt, BuOH, and EtOH were more
successful than MeOAc and the latter better than Me,CO.
Several still less successful solvents are noted. Dark con-
ductivity was obtained from current measurements on the
unilluminated sample; photoconductivity measurements were
made after 5 sec of illumination from a 200-w tungsten bulb
operating at 3100°K and placed to allow 0.0045 w/cm?® of
radiant energy to fall on the sample. For three samples using
EtOH as solvent and treated as follows: dark-cdapted ZnO
and dyed in dark, nondark-adapted ZnO but dyed in dark,
and a sample dyed in light. the sensitiviiies were, respectively,
580 X 10-?, 210 X 10-9, and 130 X 10-* mhos.

464. INDUCED ELECTROMOTIVE FORCE AND
ELECTRICAL STRENGTH OF IRRADIATED
POLYVINYLCHLORIDE
Kuchin, V. D., Shastova, A. K.
Vysokomolekulyarnye Soedineniya, v. 4, no. 12,
pp. 1863-1866, Decem:ber 1962

X-ray-induced EMF in polyvinylchloride increases expo-
nentially with increase in radiation intensity, tending toward
a saturation value. With increase in temperature the induced
EMF decreases, independently of the radiation intensity. The
electrical strength of PVC increases with increase in dosage,
evidently due to decrease in size of the defects and to the
action of the space churge genecrated by the radiation. An
analysis of the experimental results is presented, and the
mecharnism of the piocesses in PYC caused by irradiation is
discussed.

23
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465. PHOTOCCNDUCTIVITY IN ORGANIC MATERIALS
Pope, M.
In “Luminescence of Organic and Inorganic Materials.”
International Conference Proceedings, New York Unive:sity,
N.Y,, 1961, pp. 276-281

Kallmaunn, H. P., Spruch, G. M., Editors
John Wiley & Soas, Inc., New York, N.Y., 1962

Two problems face workers in this field. The first is the
apparent discrepancy between the energy requirements for
ionization in the solid crystal and the much lower optical
energy threshold at which conductivity starts. The second
problem relates to the method by which the carriers move
inside the crystal from one molecule to the other, frora one
side of the crystal to the other. Expefiments are reported for
the anthracene crystal. It is shown {hat photoexcitation is not
necessary for the induction of h gh conductivity i organic
crystals. By a suitable choice of the electrodes, considerable
charge injection can be effected. When photoexcitation is in-
volved, the excitativn diffuses to the surface where dissocia-
tion takes place as a result of an interaction with the
electrode, the electron passing preferentially into the electrode
or being trapped there and the hole becoming free to move
through the crystal. When the electrcde is absent or blocking,
dissociation may occur at ap impurity at the surface. The
mobility of the carriers as determined by Kepler is about 1
cm?,/v-sec. In the case of anthracene the extent of the true
negative electron current is not greater than about 0.3% of
the hole conductivity, and there is also some trapping of

holes.

466. RONTGFN-PHOTOLEITUNG, UV-PHOTOLEITUNG
UND FLUORESZENZ IN ANTHRAZEN (X-RAY
PHOTOCONDUCTION, UV PHOTOCOCNDUCTION
AND FLUORESCENCE IN ANTHRACENE]
Hartmann, H. K.

Zeitschrift fiir Angewandte Physik, v. 14, no. 12,
pp. 727-734, December 1962

X-ray excitation produces a homogeneous distribution of
electrons and holes, The X-ray-induced current shows linear
dependence on applied voltage. The current decreases with
accumulated X-ray dose but is still ohmic. Temperature
dependence is complex-exporncutial, giving various activation
energies in different ranges, all dependent on X-ray dose.
UV-excited currents are not ohmic, but pure anthracene shows

a single activation energy for temperature depe~dence, decreas-
ing with previous X-ray dose. Flaorescenie also d creases
witih dose. Specimens with 1etrazeae impurity are alse studied
Theoretical interpretations re given. (PA, 1963, #6628)

467. UBFR DEN MECHANISMUS DR DUNKEL-
UND PHOTOLEITFAHIGKEIT * ON RHODAMIN B
(MECHANISM OF DARK AND PHOTOCONDUCTIVITY
OF RHODAMINE B)
Hauffe, K., Kaufhold, J.
Zeitschrify fiir Eizktrocl smie, v. 66, no. 4, pp. 316-525,
April 30, 1962

It was found that photoconductivity of filirs of rhodamine
B showed no maximum at 0°C and decreased below a
measurable value at —40°C, and that oxygen lowered pholo-
conductivity though the effect was ~eversitle. The conduc-
tivity seems to be caused by sur{ace electronic charge carriers.

468. LIGHT ABSORPTION BY ELECTRONS OF NON-
METALLIC CRYSTALS IN AN ELECTRIC FIELD
Yskovlev, V. A,

Zhumal Eksperimentainoi i Teorctichesko. Fixiki, v. 40,
no. 6, pp. 1695-1698, june 1961

{Translated from the Russian in Suviet Physics—]C1'P,
v. 13, no. 6, pp. 1194-1196, December 1961)

The effect is determined of a strong electric field on the
optical absorption coefficient due to the conduction electruns
of a nonmetallic crystal (semiconductor, insulator).

469. PEOTOIONIZATION OF ORGANIC VAPORS IN THE
VACUUM REGION OF THE SPECTRUM
Vilesov, F. 1.
Zhurnal Fizicheskoi Khimii, v. 35, ro. 9, pp. 2010-20!5,
September 1961
(Translated from the Russian in Russian Journal of Physical
Chemistry, v. 35, no. 9, pp. 986--989, September 1961)

The photoionization potentials of aniline (1), m-tolidine
(1), benzene, toluene, o-xylene, m-xylene, p-xyiene, mesity-
lene, durene, pentamethylbenzene, hexamethylbenzene, and
N,N-dimethylaniline were shovm to be 7.69, 7.50, 9.24 - 0.02,
8.81 =2 0.02, 8.56 = 0.02, 8.59 = 0.02, 8.44 * 0.02, 8.41 =
0.02, 8.05 = 0.02, 7.92 = 0.02, 7.85 + 0.02, and 735 ev,
respectively. Theoretical discussion of 1 and II is presented.

SYNTHES!IS AND APPLICATION

470. GAMMA INDUCED PHOTOCONDUCTIVITY IN A
POLYETHYLENE TEREPHTHALATE CAPACITOR
Conrad, E. E., Marcus, S. M, :
May 4, 1962
Diamond Ordnance Fuze Laboratories, Washington, D.C.
DOFL-TR-1€37

Results of photoconductivity measurements are presented
for mylar capacitors at gammsa radiation fluxes ~f 102 to
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4 X 10% r/sec. The results are compared with a semiempirical
relation. (NSA, 1962, #21,088)

471. PHOTOCONDUCTIVE LAYERS FOR ELECTRO-
PHOTOGRAPHIC PROCESSES
Schaum, G., Haydn, H., Koenig, A. v., Seibet, H,
November 14, 1958 (application date)
U.S. Department of Commerce, Washington, D.C.,
German Patent 1,108,558 (assigued to Agfa A.-G.)
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'The mateiials claimed contain derivative. of polyeyclic con-
densed hydrocarbons of the form:

(1

Z represents atoms {o cumplete a benzene, pyridine. pyridone,
pyrimidine, or pyrimidone ring; R and R’ are CN, NO,, H,
a haloger, alkyl r - aryl groups, or alkvl- or arylamino groups.
R” depends on the ring .ompleted vy Z. These compounds
are more light ensitive than usual organic conductors, and
are sersitive to visible lighc as well as ultravioiet. An example
is detailed.

472. PHOTOCONDUCTING FILMS FOR ELIICTRO-
PHOTOGRAPHIC PROCESSES
Schaum, G., Haydn, H., Koenig, A. v., Seibert, H.
November 14, 1956 (application date)
U.S. Department of Commerce, Washington, D.C.
German Patent 1,104,823 (assigned to Agfa A.-G.)

Condensaies of the type YN(R’)(X)CH:CHCH,R are
claimed, in which Y is the residue of a heterocyclic ring to
which may he fused « Ph or naphthyl ring, which may also
Uear substituents; R aid R’ are substituent groups; and X is
an aprion. These concensates are prepared from aromat’ -
aldehydes and salts of -quinaldine, benzoquinaldine, or pico-
line. When they are itcorporated into film-forming resins,
such as cellulose, polv( inyl chloride), polvurethans, poly-
esters, polyamides, polyc:rbonates, or silicones, the films ob-
tained are sensitive to visitle light and can be used in copying
apparatus. Exarnples are given.

473. PHOTGCONDUCTIVL FILMS FOR ELECTRO-
PHOTOGRAPHY
Schaum, G., Haydn, H., }.oenig, A. v., Seibert, H.
November 14, 1956 (appiication date)
U 8. Department of Comnerce, Washington, D.C..
German Patent 1,105,273 (assigned to Agfa A.-G.)

A product is claimed of cryst:lline aromatic nitriles, such as
1,4- and 1,5-dicvanonaphthale.ie, aminophthalonitrile, and
nitrophthalodinitsile, embedded in a film by adding to a
solution of the rtrile and film n.atrix another solvent which
dissolves only the latter. A high level of charge is produced,
and a smaller dark conductivity than usual with organic
photoconductors results.

474. POLYACRYLONITRILE CONTAINING SILVER OR
INSOLUBLE SILVER SALTS
Hendricks, R. W.

PHOTOCONDUCTIVITY—-SYNTHESIS AND APPLICATION

October 2, 1962 (patent application, September 28, 1959)
U.S. Department of Commerce, Washington, D.C.

U.S. Paten: 3,056,109 (assigned to E£. 1. du Pont de
Nemours & Co.)

A ~laim is made for the prepa:ation and use of the material,
Acrylonitrile monomer (15-70 mole % ) is mixed with AgNO,
(5-35 nole % ) and H,0 (17-73 mole % ), polymerized with
catulysts and heat or radiation, and enbsequently shaped, or if
flm, criented. Light sensitizers may be added to film. The
AgNQ, is converted to Ag, AgS, or Ag halide, and the polymer
1s driec. The materia) exhibits lov- surface resistivities. It is
usable for electrical apparatus, wave guides, and radiant heat-
ing umt parts, as well as seat covers. decorated surfaces, ete.

475. PHOTOCONDUCTIVE LAYERS
Miller, A., Haydn, .
May 20, 1958 (patent eupication, Dececmber 14, 1956)
U.S. Denartmert ¢f Commerce, Washington, D.C.
German Patent 1,931,127 (assigned to Agfa A.-G.)

Phctocunductive layers are claimed, which are composed
of binders of polycarbonates of 4,4°-bis (4-iyd: xyaryl) alkanes.
and of photoconductors of either inorganic material or organic
(anthracene, anthraquinone, p-diphenylbenzene, benzan-
throue, 1,5-dicanonaphthalene, or aminophthalodinitrile).
Advantages of the layers are pointed out, the preparation is
explained, and an example is detailed.

76. PHOTOELECTRIC CELLS CONTAINING LIGHT-
SENSITIVE DYES
Kostelec, J.
March 12, 1859 (application date)
U.S. Department of Commerce, Washington, D.C.
1.S. Patent 3,3¢:9,00€ (assigned -0 General Aniline and
Fila Corp.)

A cotdnuous film of a light-sensitive dye (phthalein or
rose beugal) is used to extend the spectral sensitivity of
photoconductive ZnO. The cell using such a film is claimed in
the patent.

477. PHOTOSENSITIVE POLYPHTHALOCYANINE
COMPOUNDS FCR PHOTOELECTRIC DEVICES
AND SOLAR CELLS
Wildi, B. S., Epstein, A. S.

June 1, 1959 (application date)
U.S. Department of Commerce, Washington, D.C.
U.S. Patent 3,000,981 (assigned to Monsanto Chemical Co.)

The use of photosensitive polyphthalocyanines in photo-
electric and solar devices is claimed. The example of Cu
polyphthalocyanine is explained; a p-type conductivity is pro-
duced with stoichiometric excess of Cu, n-type with less than
stoichiometric amount of Cu, the degree of n- or p-type vary-
ing with deficiency or excess of Cu. Similar results are found
with other metals. Doping techniques are explained.
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478. ELECTROPEOTOGRAYHIC MATERIAI, CONTAINING
ORGANIC COMPOUNDS
Gevaert Photo-Frodncten N.V.
April i, 1960 (British patent application, ¥ebruary 5, 1959)
U.S. Department of Commerce, Washington, D.C.
Belgian Patent 585,507

Organic compounds of the formula R(A), R’ are claimed
as photoconductive layers. R ang R’ represent aryl or substi-
tuted aryl radicals; A is CH:CH; and n is 1 or 2. Several suit-
able compounds and their preparation are presented.

479. ELECTROPHOTOGRAPHIC MATERIAL CONTAINING
ORGANIC COMPIOUNDS
Cevaert Photo-Producten N.V.
April i, :86¢ (patent application, December 9, 1959)
U S. Department of Commerce, Washington, D.C.
Belgian Patent 585,450

Benzofuran derivatives are claimed as photoconductors for
electrophotographic material. Preparation of 6-hydroxy-2,3-
bis { p-dimethyl-aminophenyl)benzofuran is described and
several other furans (similarly prepared) are named.

480. PHOTOCONDUCTORS WITH OPTIMAL DARK
RESISTIVITY
Cassiers, P. M., Nys, J. M., Willems, J. F.
August 5, 1960 (British patent application, February 5, 1859)
U.S. Department of Commerce, Washington, .C.
Belgian Patent 587,300 (assigned to Gevaert
Photo-Producten N.V.)

An improved photoconductive layer in close surface con-
tact with conductive foil is claimed. Tk« substance is purified
by recrystallization, and a concenirated solution prepared by
dissolving in a strong organic solvent which is easily evapor-
ated; the warm solution is spread on the foil and quickly
dried. Vacuum coating of the organic photoconductive sub-
stance onto the foil is also recommended.

481. ELECTROPHOTOGRAPHIC MATERIAL CONTAINING
ORGANIC COMPOUNDS

Gevaert Plioto-Producten N.V.

August 5, 1960 (British patent application, February 5, 1959)
U.S. Department of Commerce, Washington, D.C.

Belgian Patent 587,301

Organic compounds of the 1,2-dihydropyridine, 4-selenazo-
line, 4-thiazoline, 4-oxazoline, or 4-pyrroline series are claimed
as photoconductors for an electrophotographic material.

482. ELECTROPHOTOGRAPHIC MATERIAL
Gevaert Photo-Producten N.V.
August 19, 1960 (patent application, February 19, 1960)
U.S. Depariment of Commerce, Washington, D.C.
Belgian Patent 587,794

Diphenylmethanes and phenothiazines are claimed as con-
stituents of the photoconductive layer. Several specific com-
pounds are mentioned.
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483. ELECTROPHOTOGRAPHIT PrOCESS
Casuicrs, ¥. M., Hart, R. M,, Ceniz A. J., Nys, J. M.,
Willems, J. F.
August 26, 1960 (British patent agplication,
February 26, 1959, April 22, 1959, January 20 1950)
J.S. Department of Commerce, Washington, D.C.
Belgian Patent 588, 049 (ass.gned tc Gevaert
Photo-Producten N.V.)

A polymeric substance, with dark resistivity of 10i2-10
ohm-cm which can be reduced by electromagretic radiation
such as ultraviolet or visible ligkt, is claimed as materiaf tor a
photoconductive layer in close surface contact with a conduc-
tive substrate, Among the suitable substcnces are polyesters,
pulvethers, and polymerized or copolymerized «‘vyl i otals,
vinyl esters, vinyl derivatives of heteroc «lic com.pounds,
acrylic acid derivatives, and styrene derivatives.

484, ELECTROPHOTOGRAPHIC MATERIAL CCNTAINING
PHOTOCONDUCTIVE VINYL POLYMERS
Cassiers, P, M., Hart, R. M,, Nys, J. M., Willems, J. F.
August 26, 1960 (British patent application,
February 26, 1959, April 22, 1959, January 29, 1960)
U.S. Department of Commerce, Washiugton, D.C.
Belgian Patent 588,050 (assigned to Gevaert
Photo-Producten N.V.)

The photoconductive layer of the claimed electrophoto-
graphic material contamns vinyl polymers or copolymers. The
following subsequent patents increase sensitivity of this photo-
conductor: Belgian Patent 589,994, by additicn of nitroben-
zene derivatives; Belgian Patent 589,995, by addition of a
triazule derivative; and Belgian Patent 590,299, by addition
of a hydrazine derivative.

485. ELECTROPHOTOGRAPHIC MATERIAL CONTAINING
ORGANIC COMPOUNDS
Gevaort Photo-Producten N.V.
September 30, 1960 (patent application, March 31, 1960)
U.S, Department of Commerce, Washington, D.C.
Belgian Patent 589,239

A pyrroie or indole derivative is claimed as a constituent of
the photoconductive layer of an electrophotographic material.
An example is given of the use of an indole.

486. ELECTROPHOTOGRAPHIC PROCESS
Cassiers, P. M., Nys, J. M., Willems, J. F., Hart, R. M.
October 24, 1960 (British patent application, April 22, 1959)
U. S. Departnient of Commerce, Washington, D.C.
Belgian Patent 589,996 (assigned to
Gevaert Photo-Producten N.V.)

The conductivity of organic polymers used ‘n the photo-
conductive layer of the material is given & lasting increase by
addition of a small amount of sadiation-sensitive compound.
Suitable organic polymeric photoconductors include acetals,
vinyls with unsaturated groups or heterocyclic or aromatic
polyeyclic rings in the side chain, polyesters, cellulose deriva-
tives, and amylose acetate. The radiation-sensitive compounds
include benzenediazonium salts or complexes with amino or



aze groups. stilbene derivatives, organic halies, chloranil, and
organic peroxides.

487. POLYMERIC ACRYLONITRILES i ELECTRG-
T'10TOGRAPA Y
Hoegl, ¥.. Schlesinger, H.
June 20, 1962 (application d-te, May 30, 1959)
U.S. Departmen? of Commerce, Wash: ngton, D.C.
German Pate at 1,131,988 (assigned to Kalle A.-G.)

A claim is made for N-substituted acrylonitriles of the for-
mula [C(RV)[CON(R?)R*]CH ], to be used in photocon-
ductive laveis. RYis 2n alkyl group:; R? and R* are H or 2 simple
or substituted aryl group or heterocyclic group (or N, R?, and
R? together may be part of a heterocyclic group): and n is an
integer > 1. When n is large, the materials are resinous and
can be used without 2 binder. Mixed polymers are also useful.
Optimum irradiation frequencies and methods of further sensi-
tization of the layers are mentioned.

488. ORGANIC PHOTOCONDUCTING MATERIALS
Renker-Belipa G.m.b.H.
August 15, 1962 (German patent application, Aprii 29, 1961)
U.S. D¢partment of Commerce, Washington, D.C,
Belgiaa Patent 617,032

Sheets for xerographic printing vwere made by coating elec-
trically conducting foil or paper with a film containing photo-
conductive conjugated ketones or thio-ketones of the types
(XA),C(:Y), XAC(:Y)(CH:TH),AX, and XA(CH:CH),,C
(:Y)(CH:CH) ,AX, where % is O or S, X is a group which
may contain active hydrogen, and A is an aromatic or un-
saturated heterocvcelic nucleus. Some of the photoconductive
agents were treated with epoxy or isocyanate prepolymers and
integrally bonded to the base sheet.

An example of the procedure is detailed, using 4-diethyl-
amino-2-hydroxy-2/-carboxybenzophenone as the photocon-
ductor, rhcdamine B as sewsitizer, and cvclohexanone as
primary solvent.

489. PHOTOCONDUCTOGRAPHIC PRODUCTS
Graniza, E. P., Knox, W. J,, Jr.
August 15, 1962 (U.S. patent application, May 1, 1961)
U.S. Department of Commerce, Washington, D.C.
Belgian Patent 617,025 (assigned to Kodak)

Amines (NR,) o ammonium salts (R,NX) in amounts
of 0.01-4% of ZnO in a phkotoconducting coating are claimed
to jucrease sensitivity, y, and D,,,,. The R’s may be the same
or different, and may be H; alkyls of 1 to 22 C atoms, satu-
rated or unsaturated; (CH,),NH.,, where n is 2-22: or
(CH,CH,NH) ,H, where n is 1-11. X is a halogen.

490. PHUTOELECTRIC CELL USING ORGANIC
MATERIALS
Calvin, M., Kearns, D. R.
October 9, 1962 (patent application, October 1, 1959)
U.S. Department of Commerce, Washington, D.C.
U.S. Patent 3,057,947

JPl. LITERATURE SEARCH NO. 482
PHOTOCONDUCTIVITY ~SYNTHESIS AND APPLICATION

Thotoelectric cells responsive to visible, ultraviolet, and
infraed radiation were constructed from (1) a polynuclear
homo- ur heterocyclic condensed ring compound having large,
flat planar molecular configuration with primarily m-electron
system, and (2) an organic material that could act as either
an oxidizing ag:nt or a reducing agent with respect to the
first compcaent. Examples are detailed. In the first, Mg
phthalocyanine (I) and an acetone solution of air-oxidized
tetramethyl-p-ph< nylenediamine were used to develop vnltage
of 200 mv with light frora a 500-w lamp. In other examples,
I was used with B-carotene; I was used with dibrominated
tetramethylphenylenediamine (II); Ni phthalocyanine was
used with if: decacylene was used with If; perylene was used
with p-chloranil; and coronene was used with o-chluranil. The
potential set up on light absorption depended on the nature
of the electron donor, electron acceptor, and the matrix
containing them. The organic photocells could be more eco-
:omical than the inorganic and elemental semiconductors
because there is a wider variety of starting materials, the
manufacture of organic semiconductors is not dependent on
the delicate crystal growth conditions of the inorganic, and
photosensitivity is achieved without predetermined impurity
dispersions.

421. ELECTROPHOTOGRAPHIC MATERIAL
Renker-Belipa G.m.b.H.
December 28, 1962 (German pater* application,
September 13, 1961)
U.S. Department of Commerce, Washington, D.C.
Belgian Patent 622,409

Materials are claimed for application to an Al foil having a
porous 1-8 p film of Al,(4,. Thus, 250 g Me 4-diethylamino-
2-hydroxybenzophenone-2’-carboxylate, 500 g svnthetic resin
(styrenc + Et maleate), and 7.5 g Safranine T are dissolved
in 2 liters hot cyclohexanone and diluted with 3-6 liters EtOH.
This solution is applied to an Al foil having a 2-4 u film of
Al O, deposited by ancdization, to give, after drying, a 0.004-
0.91 mm film of electrophotographic material. The production
and development of an image are outlined.

492. COMPOSITION FOR ELECTROPHOTOGRAPHIC
REPRODUCTION
Societa per Azioni Ferrania
March 14, 1963 (Italian patent application,
December 4, 1961)
U.S. Department of Commerce, Washington, D.C.
Belgian Patent 625,567

Condensation products of polymers, having free OH or
NH, groups, with SO,Cl or COCI derivatives of 1,2-naphtho-
quinone 1-diazide, 1,2-naphthoquinone 2-diazide, and
o-benzoquinone diazide, are claimed as suitable compositions.
These photosensitive compounds change in conductivity when
exposed to radiations of adequate wavelength The photo-
transformation is irreversible and permits prolongation of the
time between exposure and developing,.
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493. THE ELECTRONIC SPECTRA OF AROMATIC
MOLECULAR CRYSTALS
Wolf, H. C.
In “Solid State Physics—Advances in Research and
Applications,” Volume 9, pp. 1-81
Seitz, F., furnbull, D., Editors
Academic :ress, Inc., New York, N.Y., 1959

A brief survey of the spectia of organin molecules, particu-
larly those of the arcmatic type, is givei.. The w-electrons of
the rings are responsible for the essential form of the spectra.
In the region where the ele tron excitation spectra are ob-
served, their intensities can be described in termis of two
selection rules: (1) In the allowed transitions the totally
symmetrical molecular vibrations are excited most intensely.
(2) Forbidden transitions can be made “allowed” as a result
of the presence of vibrations which are not totally symmetric.
Experimental investigation of the spectra of aromatic molec-
ular crystals is presented. The methods developed to under-
take the quantitative measurements of absorption, fluorescence,
and reflection spectra are described, and the results are
discussed for several types of organic molecular crystals. The
theory of spectra of molecular crystals is presented and a
comparison with experiments is made, (SSA, #9392)

4%4. ORIGIN AND EVOLUTION OF BIOLUMINESCENCE
McElrey, W. D,, Seliger, H. H.
In “Horizons in Biochemistry,” pp. 91-101
Kasha, M., Pul'man, B., Editors
Academic Press. Inc., New York, N.Y., and London,
Engiand, 1862

Bioluminescence is randomiy distributed throughout the
animal, plant, and microbial world. The chemical reaction
which creates the excited state in ali forms is oxidative in
nature, making use as it does of molecular oxygen as the
ultimate eleciron acceptor. Except for two species, none of
the oxidizahle substrates (luciferins) from these various or-
ganisms will react with any but its own enzyme (luciferase),
ieading to the suggestion that luminescence is not uniquely
associated with any single organic subsiance. It has heen
suggested, however, that despite the apparent diversity of the
various luciferins they are part of a chemical reaction that
is fundamental to all organisms.

It'is proposed here that in the evolution of organisms from
an anaerobic to an aerobic form of life there was, initially,
a struggle for anaerobic existence. Because of thé toxic nature
of oxygen to anaerobes, it is suggested that the organisms that
survived initially were those that were able to reduce mnlecu-
lar oxygen directly and quick'y. This struggle for anaerobic
conditions led to the selection of organisms having specific
oxidases (luciferase) which -catulyzed the rapid removal of

oxygen; all primitive forms were therefore potentially lumi-
nescent. The gradual selection and evolution of electron
transport processes in which oxygen was reduced stepwise
to form water gave rise finally to the aerobic forms. With the
appearance of the latter the luminescent, oxidative reaction
was no longer of selective advantage. Thus, it is argued that
bioluminescence is a vestigial system of organic evolution,
but that through secondary evolutionary processes the lumi-

nescent system has been preserved in various aad unrelated

organisms by virtue of the fact that it has been adapted for
other useful purposes.

495. INTERNATIONAL SYMPOSIUM ON LUMINESC%NCE,
BALATONVILAGOS, JUNE, 1961
Akademiai Kiado (Publishing House of the Hungarian
Academv of Sciences), Budapest, Hungary, 1962

This volume reprints the 28 papers presented at the confer-
erice (held by the Hungarian Academy of Sciences) which
have already been published in Acta Physica Hungarica, v. 14,
no. 2-3, 1962. The 27th paper is given in abstract only, as
its full text has not yet been published. (PA, 1963, #13,194)

96, ZUR PHYSIK UND CHEMIE DER KRi{STALL-
PHOSPHORE (PHYSICS AND CHEMISTRY OF
CRYSTALLINE PHC ;PHORS)

Ortmann, H., Witzmann, H., Editors
Akademie Verlag, Berlin, Germany, 1960

Thirty-five papers were presented at the session of the
Physikalische Gesellschaft in der Deutschen Demokratischen
Republik (Physical Society ia the GDR), held at Greifswald,
April 26-29, 1959. (PA, 1962, #4163)

497. TRANSACTIONS [IN PART] OF THE EIGIITH
CONFERENCE ON LUMINESLCEHCE (MOLECULAR
LUMINESCENCE AND LUMINESCENCE ANALYSIS)
Akademiya Nauk SSSR, Isvestiya, Seriya Fizicheskaya,

v. 24, no. 5, pp. 488-630; no, 6, p,.. 724-783, 1960
(Translated from the Russian in Bulletin of the Academy of
Sciences of the USSR, Physical Series, v. 24, no. 5,

pp. 495-630; no. 6, pp. 727~-786, 1960)

This conference was held at Minsk on October 19-24,
1959. Some of the transactions are cited in the above litera-
ture; the remaining transactions on molecular luminescence
are published in Uspekhi Fizicheskikh Nauk (translation
available in Soviet Physics—Uspekhi) and in Optika i Spek-
troskopiya (translation available in Optics and Spectroscopy).
The transactions concerned with luminescence analysis appear
as “Metody Lyuminestsentnogo Aualiza, Matsrialy ViIZ Sove-
shchaniya po Lyuminestsentsii,” published by Akademiya
Nauk Belorusskoi SSR, Institut Fiziki, 1960.
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493, TRANSACTIONS OF THE NINTH ALL-UNION
CONFERENCF. ON LUMINESCENCE {CRYSTAL
PHOSPHORS)

Akademiya Nauk SSSR, Izvestiya, Seviya Fizicheskaya,

v, 25, no. 1, pp. 2-50; no. 3, pp. 314-439; no. 4, pp. 442-564,
1961

(Translated from the Russian in Bulletin of the Academy of
Scien- ~f the USSR, Physicel Series, v. 25, no. 1, pp. 3-50;
no. 3, pp. 303-427; no. 4, pp. 435-361, 1981)

Papers presented at a conference held at Kiev, June 20-25,
1960 inclxded those on the following topics: luminescence of
semiconductor crystals with excitation in the discrete struc-
ture region of the absorption spectrum; role of impurities in
the luminescence of molecular crystals at low temperatures;
piezospectroscopic cffect in anisotropic centers in cubic crys-
tals; mechanism nf energy storage by crystal phnsphors;
effect of isostructwe on the spectra of activated mixed crys-
tals. (PA, 1962, #12,614)

499. ROLE OF IMPURITIES IN THE LUMINESCENCE
OF MOLECULAR CRYSTALS AT LOW
TEMPERATURES
Shpak, M. T.

Akadeiniya Nauk SSSR, Izvestiya, Seriya Fizicheskaya,

v. 25, no. 1, pp. 13-19, January 1961

{Paper pre=ented at the Ninth Conference on
Luminescerce—Entry #498; translated from the Russian in
Bulletin of the Academy of Sciences of the USSR, Physical
Series, v. 25, no. 1, pp. 13-19, January 1981)

A review is presented of work perfoimed in the Institute of
Physics of the Ukrainian SSR Academy of Sciences on the
luminescence of a variety of organic molecules dissolved in
single crystal inctrices and measured at liquid nitrogen or
liquid hydrogen temperatures. Simple polynuclear aromatic
compounds, compounds with benzene groups linked by carbon
atoms cxtrancous to the benzene rings, compounds with con-
densed benzene groups as well as derivatives and deute-ated
torms of sr—~ ~f these substances have all been studied. The
results arc 1ssed under the following headings: (1) Gen-
eral Characteristics of Molecular Crystal Spectra; (2) Nature
of Impurity Centers; (3) Rolc of Defects; (4) Miror Sym-
metry and Lattice Vibrations; (5) Polarization of the Absorp-
tion Bands; (6) Effect of Mutual Interactions of Impurities
and (7) Nature of the Luminescence of Molecular Crystals.
It is concluded that few of the observed effects can be ex-
pliined in detail at the present time, mainly because of the
inucrent difficulty of the crystal field problem. However, the
experimental results can be useful in the practical applica-
tions {organic scintillators, ete.). (PA, 1962, #14,742)

500. TRANSACTIONS OF THE TENTH CONFERENCE
ON LUMINESCENCE, DEDICATED TO THE
MEMORY OF S. 1. VAVILOV
Akademiya Nauk SSSR, Izvestiya, Seriya Fizicheskaya,
v. 26, no. 1, pp. 2-113, January 1962; no. 4, pp. 435-538,
April 1962

EXCITED STATES—-GENERAL REFERENCES

{Translated from the Russian in Bulletin of the Academy of
Sciences of the USSR, Ph,sical Series, v, 26, vo, 1, pp. 3-111,
January 1962; no, 4, Aptil 1962)

The conterence was held in Moscow in June and July 1961, -
Among topics discussed were: life and work « 8. I, Vavilov,
Cherenkov radiation and its use in high-energy physics;
luminescence of complex molecules; luminescence of gado-
linium salts; uses of luminescence in biological research; and
photoluminescence of halide salts of heavy metals and semi-
conductors. {z.x, 1963, #8612)

501. NINTH AMPERE COLLOQUIUM (PISA,
12-16 SLPTEMBER, 1960)
Archives des Sciences, Geneva, v. 13, Special Number, 1960

At this conference a total of 124 papers was presented in
the following groups: (1) dielectric relaxation, paramagnetic
relaxation, radioirequericy and microwave molecular spectra;
(2) paramagnetic resonance; and (3) nuclear and quadrupole
magnetic resonance.

502. EFFECTS OF THE ENVIRONMENT ON THE
FLUORESCENCE OF AROMATIC COMPOUNGS IN
SOLUTION
Van Duuren, B. L.

Chzmical Reviews, v. 63, no. 4, pp. 325-354, 1883

A review with 187 references is presented.

503. LUMINESCENCE AND ITS APPLICATIONS
Patrovsky, V.
Chemicke Listy, v. 56, pp. 755-803, 1962

A review with 47 references is given.

504. SYMPOSIUM ON LUMINESCZNCE, PRAGUE 1962
Czechoslovak Journal of Physica, Seciion B, v. 13, no. 2,
pp- 85-171, 1963

The symposium was o:gamzed under the auspices of the
Institute of Solid State Physics of the Institute of Physics of
the Czechoslovak Academy of Sciences and of the Union of
Czechoslovak Mathematicians and Physicists. There were 65
participants from nine countries. Eighteen pagers were pre-
sented. (P4, 1963, #10,977)

505. HUNCARIAN CORFERENCE ON LUMINESCENCE
Froelich, H. C.
October 31, 1961
Officc of Naval Research, London, England
TR-ORNL-C-17-61

This report contains summaries of papers presented at this
confcrence. The program encompassed three main areas of
interest: zinc sulphide (crystals and powders) and electro-
luminescence; luminescence of Jrganics; and lamp phosphors
and miscellaneous subjects.
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506. SEECIAL LECTURES PRESENTED AY 1HE
INYERNATIONAL SYMPOSIUM ON MOLECULAR
STRUCTURE AND SPECTROSCOPY, TOKYQ, JAPAN,
SEPTEMBER 10-15, 7962
Pure ana Applied Chemistry, v. 7. 0. 1, 1962

The entire issu- is devoted to the lectures.

507. FORMATION AND DiSSOCIATION OF EXCYTED -
DIMERS
Forster, T.
Pure and Apglied Chernistry, v. 7, no. 1, pp. 73-78, 1962
{Paper present~d at the Juternational Symposium on
Molecular Structure and § rectroscopy, Tokyo, Japan,
September 10-15, 1962)

A review is presented of flunrescence and fluorescence
quenching in acridine orange; crystalline pyrene, both pure
and containing perylene; pure liquid pyrene; pyrene in hep-
tane, liquid paraffin. nonane, and hexadecane; pyrene deriva-
tives such as 4-methyl-, 3<yano-, and 3-bromwopyzene in
organic solvents; pyrene-sulphonates in aguecus solution;
concentrated naphthalene solutions and crystalline naphtha-
lene; naphthalene in toluene; derivatives of naphthalene such
as l-methyl- and 1,6-dimethylnapkthalene; 1,2-benzanthra.
cene; phenanthrene; and 2,5-diphenyloxazole. Some explana-
tion is presented of the variation in phenomena exhibited.

508. LUMINESCENCE OF ORGANIC AND INCRGANIC
STSTEMS
Spruch, G. M., Brown, F. H.
Physics Today, v. 15, no. 2, pp. 24-27, March 1962
(See also Entry #514)

'This is the repo:t o an internation2! conference held at the
Uaiversity of New York from October 3-13. 1961 under the
sponsorship of the Air Force Aeronautical Research Labora-
tory, the Army Research Office, the Office of Naval Research,
and New York University. (PA, 1982, #10,613)

509. MOLECULAR ELECTRONIC ABSORPTION SPECTRA
Mason, S. I.
Quarierly Reviews, London, v. 15, pp. 2687-371, 1961

The sections of thi: long ieview article are: Introduction,
Factors Determining the Absorption of Light, Selection Rules,
Saturated “ompounds, Olefins and Dienes, Triple-Bonded
and Cumulative Systems, Carbenyl Compounds, Unsaturated
Sulphur and Nitrogen Compounds, Aromatic Systen.s, Non-
alternant Hydrccarbon: , Heteroaromatic Systems, Carbanions
and Carbonium Ions, Linear and Cyclic Conjugated Systems,
Churge Transfer Spectra, Steric Effects, and Envirenmental
Effects.

510, ENERGY TRANSFER IN NONAROMA.IC CHEMICAL
SYSTEMS
Allen, A. O,
Radiation Research. Supplement 2, pp. 471479, 1960

10C

(Proceedings of Bioenergetins Symposium, Brookhaven
National Laboratory, Uptun, N.Y., October 12-16, 1959,
sponsored by the U.S. Atosiic Energy Commission)

In aliphatic compounds, which constitute the bulk of the
organic matter present in hving cells, the excitea states lie
at higher energies than in the aromatic and their lifetime is
very short. These compounds absorb light only in the far
ultraviolet and the excited state then formed is likely to un-
derge chemical decomposition very quickly. Whether or not
time is available for energy to br transferred from one mole-
cule to another befcre the brezkup of the molecule oceur is
questionabie. This paper reviews such scanty information as
is available.

511. FINAL DISCUSSION
Platt, 1. R.
Radiation Research, Supplement 2, pp. 639-672, 1960
{Proceedings of Bioenergetics Symposium, Brookliaven
National Laboratory, Upton, N.Y., October 12-16, 1959,
sponsored by the 7J.S. Atomic Energy Commission)

In addition to the introduction {The Straight and Narrow
Borderline), and a table of questions, experiments, and tools
for molecular biclogy, the following sections are included:

Is There Any Real Biologicz] Evidence for Energy Migration?

Genetic Inversion Experimcut
Quantum Yield Problem

Are Mutations Random?
The Two-Hit Argument
Heat Transfer ESR Experiment
Energy Reflection at Broken Ends
Crystaiiine Protein Action Spectrum
Reality of Duuble-Layer Structures
Ultrasonic Microscope
X-ray Diffraction From Oriented Layvers In Vivo
Multi-layers In Vitro

Reason for Long-Wavelength Low Quantum Yield in
Photosynthesis

Are Triplet States Important in Biology?
Criteria of Triplet States
Reflection Spectra for Detecting Binding of Water
Hydrogen-Bond Spectra in the Far-Infrared

Experiments and Theory on Mechanisms of Bio- and
Chemiluminescence

Theory and Measurements on Purines and Pyrimidines

Need for Homogeneity and Known Seguence ‘n Experi-
ments

Nuclear Magnetic Resonance Measurements of Deuterated
Proteins

Models of Energy-Transfer
Supersensitizers
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Non-observability of Sensitizets and Acceptors; The
Collective Model

Discriminative Photesensitization by Dyes
Phototaxis

Electrotaxis

Ejectric Field Detection

Interaction Effect: in Radiation Sensitivity

Changes in Spectra of Colored Haptens When Bound

Discrimination Betweer Hydrogen-Bond and Charge-Transfor
Complexes

Other New Teols
Fluorescence and Carcinogenicity
Low-Energy Excitation by Neutrons
Vacuum-Ultraviclet Tecliaiques
Time-Resolution Pho<phorescence
Enhancement cf Optical Rotation Using Absorbed Dyes
Prebes for Configurations in 19-° Seconds

512. PROCEEDINGS OF THE UNIVERSITY OF
NEW Mg£XICO CONFERENCE ON ORGANIC
SCINTILLATION DETECTORS, AUGUST 13-17, 1960
Daub, G. H., Hayes, i". N., Sullivan, E., Editors
U.S. Atomic Energy Commission, Office of Technical
Information, Oak Ridge. Tenn.
(Available as TID-7612, U.S. Dept. of Commerce, Office of
Technical Services, Washington, D.C.)

Twenty-three papers are included which were presented
at the Conference on Qrganic Scintillation Detectors. The
topics treated range from :aeasurements cf organic phosphor
properties to liquid and plastic scintillation detectors. (NSA,
1961, #29,402)

EXCITED STATES—-THEORY

513. PROCKESS IN PLASTIC SCINTILLATORS
Basile, L. J.
In “Proceedings of the University of New Mexico Conference
on: Organic Scintillation Detectors. August 1517, 1960,”
pp. 161-176
U.S. Atomic Energy Commission, Office of Technical
Information, Oak Ridge, Tenn.
(Avzilable in TID-7612, U.S. Dept. of Commerce, Office of
Technical Services, *Vashing.on, D.C.)

A review of plastic scintillators is presented which treats
preparation, luminescence properties, mechanism of energy
transfer, and applications of these scintillators. {NSA, 1961,
#29.411)

5:4. LUMINESCENCF OF ORGANIC AND INGRGANIC
MATERIALS
Kallmana, H. P., Spruch, G. M., Editors
John Wiley & Sons, Inc., New York, N.Y., 1952

Contained in this book are proceedings of an international
conference (New York University, N. Y., 1961) sponsored
by the Air Furce Aeronautical Research Laboratory, U.S. Air
Force; Army Research Office at Durham, N. C.; Offce of Naval
Research, U.S Navy; and New Yok University, N.Y.

515. GENERAL DISCUSSION OF ORGANIC SYSTEMS
In “Luminescence of Organic and Inorganic Materials,”
International Conference Proceedings, New York University,
N.Y., 196}, pp. 282--301
Kallmann, H. P., Spruch, G. M., Editors
John Wiley & Sons, Inc., New York, N.Y., 1962

Communications, triplet states, lifetimes, and energy trans-
fer are discussed.

THEORY

516. NONRADIATIVE TRANSITIONS AND LUMNES-
CENCE OF MOLECULES. DERIVATIVES OF THE
DIPHENYLMETHYL CATION AND OTHER
TORSIONABLE AROMATIC SYSTEMS
Simon, Z.

Academia Republicii Populare Romine, Studii gi Cercotdri
de Chimie, v. 9, pp. 667-672, 1961

The ubsence of t'.. fluorescence in molernlar jons of the
type diphenylmethy! is nicted in contrast with the fluorescence
of diphenylamine, diphenyl polyenes, biphenyl, and diphenyl-
methyl. An approximate calculation of the energy variations
of the states of the diphenylmethyl ion in relation to the
torsion of the phenyl nuclei is used in an attempt to <xplain
this absence. It is demonstrated that the difference in fluo-
rescence behavior in these cases is due to the fact that in the
diphenylmethvl cation the electron deficiency configurations
of one of the phenyl nuclei are more stable than those defi-
ciency configurations on the certyal CH group (in the absence

of the interaction, the groups C,H, and CH). This leads
through torsion of the molecule to a degeneration between
the fundamental state and the first excited state. Such degen-
eration does not occur in the other molecules, and so the
fluorescence is permitted.

517. ON THE QUESTION OF THE SPHERE OF ACTION
IN THEORIES RELATING TO CONCENTRATION
DEPOLARIZATION OF FLUORESCENCE LIGHT
Szalay, L., Sarkany, B.

Acia Physica et Chemica, v. 8, no. 1-2, pp. 25-29, 1962
(in German)

Jablonski gave the relation R’ = 1.327 R, for the radius
&' of the sphere of action of the dye molecule during quench-
ing by foreign additives, and R, the critical separation of the
molecules defined by Forster. The theory of concentration
depolarization leads to R (radius in this case) = 1.367R,.
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Previous measuiements on Na fluorescein in aqueous glycerol
gave R = 70.8A, while absorption and emission spectra led to
the value R, = 51.868A, agreeing well with the second equa-
tion. Hence R’ = 88.55A from Ysblouski’s equation. The
discrepancy between R and R’ is considered to be greater
than that arising from experitaental error. (PA, 1963, #3808)

518. FLUORESCENCE, ABSORPTION AND TEMPER-
ATURE RADIATION OF SOLUTIONS
Ketskeméiy, 1., Dombi, J., Horvai, R.
Actu Physica Hungarica, v. 14, no. 2~3, pp. 165-166, 1962
(in English)
(Paper presented at the International Symposium on
Luminescence—Fntry #495)

A comparutively simple expression connecting the absorp-
tion spectrum and the emission energy spectrum of fluorescent
solutions obtained by Stepanov was generalized using some
new fairly evident conditions relating to the process of fluo-
rescence. The new expression, which contains the fluorescence
yvield, alsc renders possible the calculation of the yield as a
function of the exciting wavelength when the above-inentioned
spectra have been determined. The generalized formula is
well supported by the experimental data obtained on several
dye solutions. (PA, 1963, #1695)

519. ENERGY TRANSPORT PHENOMENA IN THE CASE
OF MOLECULAR FLUORESCENCE
Budé, A., Ketskeméty, 1.
Acta Physica Hungarica, v. 14, no. 2-3, pp. 167-178, 1962
(in German)
(Paper presented at the International Symposium on
Luminescence—Entry #495)

Secondary fluorescence is exanzined with regard to its theo-
retical effect on direct measurements of emission spectrum,
yield, decay time, and degiee of polarizatior: i1 a solution.
Agreement with experiments on fluorescein is shown for yield
and polarization. The case of sensitized fluorescence is con-
sidered, where two materials are in solution. Using results for
a solution with one solutc, the overall emission spectrum can
be derived by a linear combination of the two component
spectra, the coefficients in the combination being in agree-
raent with previous theories of energy transfer. (PA, 1963,
#3808)

520. THEORETICAL INVESTIGATIONS OF THE
SPECTRA OF FLUORESCEIN
Hoffmann, T. A.
Acta Physica Hungarica, v. 14, no. 2-3, pp. 177185, 1862
(in English)
(Paper presented at the International Symposium on
Luminescence—Entry #495)

The near uitraviolet, visible, and near infrared spectra of
fluorescein were calculated theoretically by the LCAO-MO
method of gquantum chemistry. Conclusions were drawn re-
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gardinig the interpretation of the observed spectra of adsorbed
and solute fluorescein. (PA, 1963, #2647)

521. THEORY OF FLUORESCEIN-ACTIVATED
Al:O; X H.O LAYER PHOSPL.ORS
Lendvay, E.
Acta Physica Hungarica, v. 14, no. 2-3, pp. 187-210, 1962
{in English) i
(Paper presented at the International Symposium on
Luminescence—Entry #493)

The luminescent spectra of Al,O, X H,O-fluorescein layer
phosphors depend on the duration of the adsorption time and
the chemical treatment of the oxide film. The change of the
luminescent intensity and the shift of the maximum emissiv-
ity are connected with the rate of generation of adsorbing
centers with respect to the alteration of the rate of adsorption.
The measured Juminesrent band contains some elementary
luminescent bands, which are characteristic for the lumines-
cence of different kinds of adsorption centers. From analysis
of the measured spectra, the quality of the surface and the
adsorption can be concluded. (P4, 1963, #3036)

522. MAGNETIC AND DIELECTRIC PROPERTIES OF
HIGHLY DRDERED MACROMOLECULAR
STRUCTURES
Blyumenfeld, L. A., Benderskii, V. A.

Akademiya Nauk $SSR, Dokledy, v. 133, no. 6,

pp. 1451-1454, August 11, 1960

(Translated from the Russian in Soviet Physics— -Doklady,
v. 5, no. 4, pp. 919-921, February 1961)

Past use of electromagnetic resonance and static suscepti-
bility techniques has opened the study of the magnetic prop-
erties of nucleic acids, nucleoproteins, and certain classes of
synthetic polymers with conjugated bonds. Observations in
the latter case have becn made only on the solid phase. The
widtn and form of the resonance curves, their thermal be-
havior, and the attairment of permanent magnetization in
very low fields in experiments on static magnetism, indicate
that the investigated compounds do not appear to te of the
ordinary paramagnetic type and that their magnetic properties
are determined by collective spin interaction. The absence,
however, of initial moments in conjunction with each and
every experimental value precludes classifying these com-
pounds as ferro- or antiferromagnetic.

It has previcusly been shown that the anomalous magnetic
properties of biopolymers are closely connected with the con-
servation of native highly ordered structures, and that thc
anomalous magnetic properties of synthetic polymers are re-
lated to the normal packing of planes of conjugated structures
(even of relatively low molecular weight) in the solid lattice.
In this paper, these properties will be provisionally termed
“pseudoferromagnetism” of highly ordered organic structures.
Any adequate interpretation of the observed effects mus ex-
plain the appearance of unpaired valence electrons in satu-
rated organic structures of this type, and also provide a
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mechanism of collecti re spin interaction leading ic the above
stated properties. An attempt is made to formulate a qualita-
tive basis for such a theory.

Besides the investigated anomalous dielectric properties,
the indicated systemns should possess unusual magnetic char-
acteristics. Polarized structures represent essentially one-
dimensional spin chains, since unpaired =-electrons cn the
surface of aromatic rings cannot influence exchange inter-
actions in a perpeundicular direction along the axes of the
chains. The estimated value of | for 2 p,-electrons with an
interval of 3.4 A is ] = + 0.030. This does not contradict
experimental values for the migrating charge complex. Obvi-
ously, with increased chain length the number of interacting
unpaired electrons increases, creating total-molecular orbits
extending the entire length of the chain; this leads to some
decrease in the energy of the system, or to an increase in the
effective value of J in connection with estimates at one pair.
Calculation shows that ], increases relatively slowly down
to N = 20, and thereafter remains practically constant. One
can assume that for sufficiently lengthy chains J,,, > kT
throughout the investigated temperature interval.

The presence of strong spin-orbitel coupling in individual
nitrogenous bases in conjunction witn anisotropy of the inter-
nal electric field must lead to strong magnetic anisotropy,
developing in great breadth, and to usymmetry of magnetic
resonance lines, and, more specifically, to splitting of Zeeman
pianes in a zero magnetic field. Thus, under certain conditions
affecting the value of the ionization potential. electron affinity,
and exchange interaction, highly ordered and essentially linear
organic structures (individual macromolecules, polymer “crys-
tallites,” crystalline monomers) must possess surprising elec-
trical and magnetic properties. Evidently, cases can be
realized where, with an increase in N, such chains will
change over from a diamagnetic to a paramagnetic state, and
thereupon to a pseudoferromagnetic statc. The magnitude of
the magnetic effect is due to the increase in the exterior elec-
trical field.

¢ is possible that the biological specificity of nucleic acids
and nucleoproteins is connected not as much with the se-
quence of nucleotide, in the chain, as with the dimensions
and reciprocal interaction of regions with electrical and mag-
netic anomalies. The clouds of unpaired electrons in these
regions probably play a substantial role in the catalytic activ-
ity of these compounds.

523. INTERNAL CUNVERSION FROM THE FLUORES-
CENCE TO THE PHOSPHORESCENCE LEVEL
IN NAPHTHALENE DERIVATIVES
Ermolaev, V. L., Kotlyar, L. P., Svitashev, K. K.
Akademiya Nauk SSSR, Izvestiya, Seriya Fizicheskaya,
v. 24, no. 5, pp. 492495, 1960
(Paper presented at the Eighth Conference on Luminescence
~Entry #497; translated from the Russian in Bulletin of
the Academy of Sciences of the USSR, Physical Series,
v. 24, no. 5, pp. 489-502, 1960)

EXCITED STATES—THEORY

Internal conversion of organic molecules from the fluores-
cent (singlet) to the phosphorescent (triplet) state is inter-
preted as a process of excitation energy transfer operating by
the exchange-resonance mechanism. The probability for inter-
ral conversion in naphthalene derivatives increases greatly
with halogen substitution. The change in the spin-orhit inter-
action in the singlet state, responsible for the increased con-
version probability, is greater than the corresponding change
in the spin-orbit interaction in the triplet state. The spin—orbit
coupling is much greater in quinoline than in naphthalene,
but decreases when the N atom of quincline enters into a
hydrogen bond. (PA, 1962, #14,746)

524. ON THE fOSSIBLE ROLE OF TEMPERATURE
OTTENCHING IN SCINTILLATION OF ORGANIC
+B>TANCES
Rozman, I. M.
Akademiya Nauk SSSR, Uzcestiya, Seriya Fizicheskaya.
v. 24, no. 5, pp. 567-571, 1960
(Paper presented at the Eighth Conference on Luminescence
—Entry #497; translated from the Russian in Bulletin of
the Academy of Sciences of the USSR, Physical Series,
v. 24, no. 5, pp. 573-577, 1960)

In order to explain the reduced scintillation efficiency for
slow e-particies accompanied with fast B-particles, an aitempt
is made to correlate it with the temperature dependence of
luminescent efficiency for the bulk materials. Localized tem-
perature sources along the a-particle track are assumed with
the instantaneous therma: energy/cm taken as % the specific
energy loss/em of the a-particle, giving rise to an initial
gaussian temperature distribution with adjustable mean ra-
ius. The theory does not yet explain the experimental data.
(PA, 1962, #14,739)

525. DIELECTRIC EFFECTS AND THE ELECTRONIC
SPECTRA OF POLYATOMIC ORGANIC MOLECVYLES
IN SOLUTIONS
Bakhshiev, N. G.
Akademiya Nauk SSSR, Izvestiya, Scriya Fizicheskaya,
v. 24, no. 5, pp. 587-590, 1960
(Paper presented at the Eighth Conference on J uminescence
—Entry #497; translated from the Russian in Bulletin of
the Academy of Sciences of the USSR, Physical Series,
v. 24, no. 5, pp. 393--396, 1960)

The purpose of the paper is to consider the universal
interactions, methods of investigating them, and ways of
isolating them from the total effect observed experiment:lly.

In accord with modern views, molecular interactions in
solutions can be divided into two basic types: (1) universal
interactions connected with the influence of the aggregate
(collective) of the surrounding solvent molecules on the
solute molecule, and (2) specific (individual) interactions
betwees: the solute molecule and one or more of the sur-
rouncing particies. ~%ic terminology is meaningful inasmuch
as the indicated types of interaction are obviously not equiva-
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lent: systems can be imagined in which there are no specific
interactions, whereas collective interactions obtain in all cases.

1n this paper, the theory is advanced that a couplete de-
scription of an actual system can be realized only by consid-
ering both the collective (macroscopic description) and the
individual (microscopic description) effect of the molecules
of the surrounding medium on the spectrum of the sclute
molecule. In actual systems specific interactions are ulways
present to some degree. Therefore, the molecule of the
dissolved substance, linked by specific interactions with a
molecule of the solvent or an extraneous particle, must be
regarded as a new center of absorption or emission subject,
in turn, to the universal action of the aggregate of the sur-
rounding particles, which are described by the internal field
in the solution. In view of this, the first stage in elucidating
the influence of the soivent must consist in investigating the
general, universal effects and clarifying their countribution to
the phenomenon as a whole. Taking into account this univer-
sal interaction is particularly importani precisely from the
standpoint of investigation of specific interactions, which
always and inevitably are evinced against the “backiround”
of the universal influence of the medium.

In view of the abuve, the question of the influence of
molecular interactions on the spectra of solutions must be
approached in the following mannei. First, the influence of
universal interactions on the spectrum of the absorption or
emission centers must be taken into account, and after
analyzing the spectrum of the centers, the nature and strength
of the specific interactions must be judged. Then the diver-
gence between experiment and the theory describing the
universal influence of solvents will be a measure of the specific
interactions.

526. PRESENT VIEWS REGARDING THE INFLUENCE OF
THE SOLVENT ON THE SPECTRA OF COMPLEX
ORGANIC MOLECULES (SUMMARY OF REPORT)
Zhmyreva, £. A.. Zelinskii, V. V., Kolobkov, V. P.
Kochemirovskii, A. S., Rezuikova, I. 1.

Akademiye Nauk SSSR, Izvestiya, Seriya Fizicheskaya,

v, 24, no. 5, pp. 596-600, 196¢

(Paper presented at the Eighth Conference on Luminescence
—Entry #497; translated from the Russian in Bulletin of

the Academy of Sciences of the USSR, Physical Series,

. §44, no. 5, pp. 602-6086, 1960)-

The action of solvents on the electronic spectra of organic
compounds is considered from three viewpoints. The effects
of the macroscopic characteristics of the solvent on the dipole-
dipole interactions are considered, and also the influence of
microiuteraction of the solvent and solute. A further mecha-
nism ic proposed for the differences in the variation of absorp-
tion and fluorescence spectra. This is based on a more detailed
discussion of the energy levels involved in the optical transi-
tions and the equilibrium separations of the various states.
(PA, 1962, #15,595)
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527. LUMINESCENCE OF SYSTEMS WITH HYDROGEN
BONDS
Zadorozhnyi, B. A.. Naboikin, Yu. V.,
Akademiya Nauk SSSR, Izvestiya, Seriya Fizicheskaya,
v. 24, no. 6, pp. 758-762, 1860
(Paper presented at the Eighth Coaference on Luminescence
—Entry #497; translated from the Russian in Bulletin of
the Academy of Sciences of the USSR, Physical Series,
v. 24, no. 8, pp. 761-764, 1960)

Both theory and experiment have shown that the hydrogen
bond is evinced in the luminescence of substances in a manner
similar to its manifestation in absorption spectra. Further
consideration of the question has ied the authors to the
following cconclusions: (1) the formation of hydrogen bonds
{intermolecular or intramolecular) leads to increase of the
Stokes drift; (2) the hydrogen bonds may be ruptured inci-
dent to electronic transitions (absorption or emission); this
Jeads to the appearance of Huorescence bands strongly dis-
placed to the long-wavelength side; and (3) in many cases
there may be present simultaneously two luminescence bands
in the spectra of substances with hydrogen bonds. (PA, 1962,
#14,703)

528. PRESENT STATE OF THE THEORY OF LUMINES-
CENCE OF COMPLEX MOLECULES
Stepanov, B. I.
Akademiya Nauk SSSR, Izvestiya, Seriya Fizicheskaya,
v. 26, no. 1, pp. 32-41, January 1962
(Paper presented at the Tenth Confercnce on Luminescence
—Entry #500; translated from the Russian in Bulletin of
the Academy of Sciences of the USSR, Physical Series,
v. 26, no. 1, pp. 32-42, January 1962; published 163)

The various approaches include (1) universal relationships
obtained from thermodynamic considerations, (2) classical
dipole theory, (3) the probability method for describing the
redistribution of vibrational energy, (4) the method of mo-
ments for characterizing the spectra, (5) entropy considera-
tions, (6) Fourier representation of vibronic bands, (7}
quantum-mechanical theory of predissociation, and (8) the
vector-parametric method for the consideration of anisotropy.
The following aspects of luminescence theory are discussed:
one-dimensional models; nonlinear luminescence; systems of
four electronic levels; and luminescence quenching. (PA,
1963, #10,488) -

529. CONTRIBUTION TO THE THEORY OF
LUMINESCENCE QUENCHING BY
EXTRANEOUS SUBSTANCES [COMMENTARY
ON THE REPORT OF B. I. STEPANOV]
Samson, A. M,
Akademiya Nauk SSSR, Izvestia, Seriya Fizicheskaya,
v. 26, no. 1, pp. 4142, January 1962
(Paper presented at the Tenth Couference on Luminesceuce
—Entry #500; translated from the Russian in Bulletin of
the Academy of Sciences of the USSR, Physical Series,
v, 26, no. 1, pp.. 42-43, January 1962; published 1963}
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In an attempt to generalize the theory of impurity quench-
ing, an expression is obtained for the luminescence decay law
which may be applied to either resonance or diffusion quench-
ing. The concentration dependence of the relative lumines-
cence yield and decay time is evaluated for typical parameter
values. (PA, 1963, #9465)

530. ENERGY MIGRATION IN SOLUTIONS AND THE
ASSOCIATION THEORY OF LUMINESCENCE
QUENCHING
Levshin, V. L.

Akademiya Nauk SSSR, Izvestiyu, Seriya Fizicheskaya,

v. 26, no. 1, pp. 43-52, January 1862

(Paper presented at the Tenth Conference on Luminescence
—Entry #500; translated from the Russian in Bulletin of
the Academy of Sciences ¢f the USSR, Physical Series,

v. 25, no. 1, pp. 44-53, January 1962; published 1963)

Studies of concentration’ quenching of luminescence and of
molecular aggregation (dimer formation) in dye solutiors
(rhodamine 3B, S. 6G, magdala red, etc.) are reviewed. It is
concluded that in these systems the quenching reduces to two
processes: (1) intermal quenching, and (2) migration of
energy from excited monomer moalecules to the noalumines-
cent ~ggregates. The heat of dissociaticn of the aggregates
is greater than 5 kcal/mole for rhedamines, magdaia red and
other dyes, consistent with hydrogen bonding. but the lower
values obtained for fluorescein dyes and the porphyrins sug-
gest that the aggregates are held together by van der Waals
forces in these cases. (PA, 1963, #9466)

531. CONCENTRATION QUENCHIXG OF
1L.UMINESCENCE
Levshin, V. L.
Akademiya Nauk SSSR, Izvestiya, Seriya Fizich-skaya,
v. 27, no. 4, pp. 540-559, April 1963

Luminescence quenching by associated moclecules in solu-
tion can be achieved by (1) nonactive direct absorption of
energy by the associated molecules, (2) resonant energy
transfer to the associated molecules, (3) diffusion of excited
molecules plus resonance, and (4) energy migration through
monomer molecules plus resonance. There are 105~107 quench-
ing particles for one excited particle. The influence of energy
migration in 4 can be obtained from the depolarization of
luminescence, which, as shown by calculation, is practically
complete after the first to third energy transfer. In H,O,
mechanisms 1 and 3 are predominant, and formulas are
derived for quenching in thick and thin layers as a function
of concentration. Comparison with experimental iesults is
reported.

532. FLUORESCENCE OF VAPORS OF COMPLEX
MOLECULES
Borisevich, N. A.
Akademiya Nauk SSSR, Izvestiya, Seriya Fizicheskaya,
v. 27, no. 4, pp. 562-569, April 1963

EXCITED STATES—THEORY

_The fluorescence yield y is given by the formula y =
(E% — E*) /(E% - E}) (the ratio of the difference between
energies of all molecules having nonradiative transitions from
the excited state, E“;, and all molecules having the excited
state, E¥*, to the difterence between E¥ and the energy of
molecules emitting flucrescence, E_;‘; ). Activation energy and
the two differences are given for tetramethyldiamino-,
3-dimethylamino-6-amiio-, 3-amino-, and 3,8-diaminophthali-
mide, 1-aminoanthraquinone, S-naphthylamine, perylene, and
anthracene. The ratio y/7 = f (probahility of radiative transi-
tion) is tabulated for four of the compounds.

533. APPLICATION OF A UNIVERSAL RELATION TO
STRUCTURED FLUORESCENCE AND ABSGRPTION
SPECTRA OF VAPORS OF AROCMATIC MOLECULES
Gruzinski, V. V.

Akademiya Nauk SSSR, Izvestiya, Seriya Fizicheskaya,
v. 27, no. 4, pp. 586583, April 1963

The formula 2,,,, AT = h{vexe = ve1)., Where ¢y, is the
vibrational heat capacity and AT the difference between the
temperature of molecular excitation, T*, and the experimental
temperature, T, is applied to determination of c¢,;,, for
B-naphthylamine and perylene.

534. INTERPKETATION OF MOLECULAR ELECTRONIC
SPECTRA
Kasha, M. N
American Chemical Sociéty, Washington, D.C.
Paper 136. Division of Physical Chemistry, presented at
the 140th Meeting, ACS, Chicago, 1I1., September 3-8, 1961

One of the fundamental classifications of molecular elec-
troni¢ spectra distinguishes between electronic absorpticn
bands which arise from the promotion of w-electrons to
available r-orbitals, and the promotion of lone-pair electrons
of either bonding or nonbonding type to available =-orbitals.

The various orbital types involved in molecular electronic
transitions can often be identified by use of chemical tech-
niques such as protonation, or in many cases polarized light
could be used to separate electronic transitions. Further ex-
perimental techniques are available.

However, among the most powerful methods for identifying
electronic transitions are those using differential solvent effects
on the absorption band analysis. A number of different phe-
nomena are observed, such as blue shifts or high frequency
displacements of bands for transitions involving lone-pair
electrons, as contrasted with the normal dispersion red shift.
In more subtle cases, differences in absorption spectra are
too small to be definitive, but the emission spectra of the
molecule often permit a clear resolution of bands.

The use of the diverse techniques available to the elec-
tronic spectroscopist today permits the study of molecules of
considerakle complexity, from simple ring compounds, such
as pyridine and pyrimidine, to relatively complex wolecules,
surh as chlorophyll, polynucleotides, and nucleic acids.
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535. THE THEORY OF CARBON-13 SPLITTING IN
ELECTRON SPIN RESONANCE sPEC1RA
Fraenkel, G. XK.
American Chemical Society, Washington, D. C.
Puper 139, Division of Physical Chemistry, presented at
the 140th Meeting, ACS, Chicago, Y11, September 3-8, 1961

A quantitative theory of the isotropic C* splitting in the
electron spin resonance spectra of organic free radicals is
presented and applied to a number of =-2lerticon radicals. The
splittings arise from sigma-pi (sp) interactions which polarize
both the 1s and 2s electrons. The 1s-orbital spin polarization
is show~, to contribute a term of negative sigr: vith a magni-
tude comparable to that from the 2s electrons.

For an sp, hybridized carbon atom that is bonded to three
atoms, X; (i = 1, 2, 3), the hyperfine constant a® has the foum

3 3 -
= (54 TO&)or+ TG

EEN i=1
where o™ and p¥ (i = 1, 2, 3) are the r-electron spin densi-
ties on atoms C and X;, respectively. The contribution of the
1s electrons is determined by SC and that of the 2s elerirons
by the Q’s, where QJ. is the sigma-pi parameter for the
nucleus of atom A resulting from the interaction between the
bond BC and the =-electron spin density on atom B. Calcula-
tion- for a planar CHC, fragrient model yield 5¢ = — 12.7
gauss, QS = 19.5 gauss, Qf, = 14.4 gauss, and QF,, =
—13.9 gauss.

The theory predicts both the magnitude and sign of the
hyperfine splittings and is readily applied to a variety of com-
pounds. Comparisons with e available experimental data
indicate excellent agreement. Tie theory shows that the
calculated C* interactions depend on the =-electron spin
densities in a very sensitive way, and therefore measurements
of C's splittings provide a useful criterion of the validity of
approximate molecular wave functions.

536. OPEN SHELL SELF-CONSISTENT FIELD
MOLECULAR ORBITAL DESCRIPTIONS OF
ORGANIC n-ELECTRON RADICALS
Snyder, L. C.

American Chemical Society, Washington, D. C.

Paper 126, Division of Physical Chemistry, presented at
the 144th Meeting, ACS, Los Angeles, Calif.,

March 31-April 5, 1963

Spin-polarized open shell self-consistent field molecular or-
bital calculations have been made to describe a large number
of organic w-electron radicals, The present calculations include
the single annihilation techniques recently developed by Hall
and Amos. Computed -electron spin densities are related to
empirical vaiues derived from isotropic hyperfire structure in
the electron spin resonance spectra of several radicals, A quali-
tatively good agreement between calculated and empirical
spin densities is found when semi-empirical integral values,
similar to those used by Pariser and Parr, are employed. It is

106

found that “theoretical * integral values give less satisfactory
predictions. The computations have been mude for even alter-
nant, odd alternant, and nonalt:mant hydrocarbon w-electron
radicals.

537. HYPOCHRCOMISM AND OTHER SPECTRAL
PROPERTIES OF HELICAL POLYNUCLEOTIDES
Rbodes, W.

American Chemical Socie'y, ] ournal of the, v. 83, no. 17,
pp. 3608-3617, Septembe:r 5, ,.961

Exciton interaction in a doable-stranded helical polyme:,
such as a homogeneous polynuclentide, leads to a splitting of
each excit~d electronic energy lavel of the monomer into two
exciton bands of energy levels. Consideratior: of the selection
rules derived from zeroth-order functions shows that for double-
stranded polynucleotides x> #** transiticns are allowed to,
at most, one exciton level of each hand, both polarized perpen-
dicularly to the helix axis; wheeas n—~* transiticns are
allowed orly to one Jevel of the usper band, that being polar-
ized parallei to the helix axis. Iixamination of the spectral
properties of the four censtituents of deoxyribonucleic acid
(DNA) reveals that cithough exc ton bands probably exist in
regions of spectral overlap, there shuuld be isolated energy
levels lying biow the maiu ¢ .cit. .. bands. These levels may
act as localized enc:gy treps Curing excitetion propagation
throuch the Lelix. In order tu treat the prcblem of hypochrom-
ism, it is necessary ‘o Lse first-order fiunclions. An egaaton
(simifar *. one deriv.d by Tinoe)) is ceveloped which takes
into acc - .1t the etrect of excion interection a-.d di persion-
force ir  .stion un the c-cillator strengt™ ¢’ the helix. apgpli-
cation  this egrotion 0 a kclice!, double-siranded poly-
adenylic .cid Fiving tie configu -ation of DNA indicates that
petturbation: resultine &=+ “spersion-force lnteraction among
the bases can accouni 1 2 ohserved hypochromism,

538. Z.VISCHENMOLEKULARE ENTCICGIEWANDERUNG
UND KONZENTRATIONSDEPOLARISATION
DER FLUORESZENZ (INYERMOL..CULAR ENEraY
TRANSFER AND CONCENTRATION
DEPOLARZATION OF FLUORESCENCE)
Kawski, A.
Annalen der Physik. v. 8, ro. 1-2, pp. 116-119,
June 14, 1961

R,, the critical molecular separation when ihe probability of
emission is equal to the probability of transfer of excitation
energy, has previously been c.lculated tor fluorescein in glye-
erol and anthracene in perspex. The corresponding critical
concentrations C,, for these solutions are 2.4 ¥ 10-2 and 1.2 X
10-2 mole/l. Former experimental data on concentration de-
polarization in these solutions are plctied for the abe ve values
of C, as relative fluorescence polarization aga.nst y, where
y is the (concentration) X (1/C,) X (relative fluureccence
yield)/2. The experimental results are shown tc agree well
with Férster's theory of concentration depolarization as
mudified by Ore. (PA, 1961, #15,888)



559. UBER DEN EINFLUSS DER SELBSTAUSLOSCHUNG
AUF DIE V.OUNZENTRATIONSDEPOLARISATION
DER FHOTOLUMINESZENZ BESTANDIGER
LOSUNGEN (THE INFLUENCE OF SELF-
QUENCHING ON THE CONCENTRATION
DEPOLARIZATION OF THE PHOTO-
LUMINESCENCE OF STABLE SOLUTIONS)
Bojarski, C.

Annalen der Physik, v. 8, no. 7-8, pp. 402411,
September 4, 1961

A formnula is developed for the dependence Jf the polariza-
ton on dyestufi concentration, based on Jablowski’s theory of
concentration depolarization and also taking account of self-
quenching effects. it is assumed that no chemical reactions
occur. Data for fluorescein and rhodamine B in glycerol given
by Feofilov and Sveshnikov are shown to disagree with
Jablonski’s formula but to be reasonabiy well representea by
the new [.rmula. The emission probabilities in these two
solutions are calculated. They agree roughly with the same
constants calculated from the wock of several other authors.
(PA, 1962, #55)

540. MOLECULAR VIBRATIONS IN THE EXCITON
THEGRY FOR MOCLECULAR AGGRECATES.
1. GENERAL THEORY
McRae, E. G.
Australian Journal of Chemistry, v. 14, no. 3, pp. 329-343,
August 1961

A molecular aggregate is defined ‘as an ordered array of
identical molecules. This definition includes molecular crystals,
dimers, and certain polymeric aggregates of dye molecules.
The vibronic states of an electrically excited molecular aggre-
gate are studied theoretically. The aggregate is treated as an
array of non-rigid molecules in a rigid lattice. The simplest
torm of the excitron theory is assumed to be correct except with
regard to intramolecular vibrations. The molecules in the
aggregate are considered as harmonic oscillators with one
vibrational degree of freedom, whose individual wave functions
are Born-Oppenheimer separable. The molecules are assumed
to interact by a purely electronic mechanism.

Born-Oppenheimer separable wave functions for the whole
aggregate, here called E-V functions, are defined. 1t is shown
that the interaction integrals between E-V functions may be
expressed in terms of integrals which depend only on the
properties of individual molecules. Explicit expressions are
given for the latter integrals.

The resonance interactions between E-V functions are de-
scribed. On this basis, the limiting conditions under which the
E-V functions steadily approach vxact vibronic state functions
of the aggregate are specified.

The vibrational overlap integrals between E-V and electronic
ground-state wave functions are studied. These integrals may
be expressed as sums of products of vibrational overlap inte-
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grals for individual molecules. Explicit expressions for the
latter integrals are obtained th:ough an approximation to
Hutchisson’s theory.

541. MOLECULAR VIBRATIONS IN THE EXCITON
THEORY FOR MOLECULAR AGGREGATES.
i1. DIMERIC SYSTEMS
McRae, E. G.
Australian Journal of Chemistry, v. 14, no. 3, pp. 344--353,
August 1961

The theory of Part I of this series is developed in detail for
dimeric systeras. The simplest possible theory of the exciton
states for a system of two non-rigid molecules is obtained
through the use of perturbation theory. The theory makes
possible the prediction of electronic band structures in absorp-
tior and fluorescence spectra as functions of the theoretical
Davydov splitting for two rigid molecules.

Numerical calculations are made for a dimer of a typical
aye, and the results are compared with the observed absorption
spectrum of the 1,1’-diethyl-2,2’-pyridocyanine iodide dimer.

542. MOLECULAR VIBRATIONS IN TUE EXCITON
THEORY FOR MOLECULAR AGGREGATES.
1I1. POLYMERIC SYSTEMS
McRae, E. G.
Australian Journal of Chemistry, v. 14, no. 3, pp. 354-371,
August 1961

The theory of Part I of this series is developed for aggregates
ot many molecules. The low-energy excitoa states are consid-
ered on the basis of perturbation theory. The conditions for
applicability of perturbation theory based on E-V wave func-
tions are examined. It is shown that perturbation theory is
valid where the intermolecular interaction in the exciton state
is strong and/or the vibronic progression in the monomer
spectrum is short.

Expressions relating to the vibrationz! struture in electionic
absorption and cmission spectra and the vibrational inhibiticn
of intermolecular interaction are derived. A formula connecting
the polarization ratios in absorption and fluorescence is given.
The formula is shown to be relatively free from uncertainties
arising from the use of perturbation theory, and offers a new
method of caiculating the theoretical Davydov splitting for a
system of rigid molecules from experimental data,

Numerical calculations are made for a linear aggregate, and
the results are compared with the observed electronic spectra
of the N,N’-diethyl-y-cyanine dye polymer.

It is shown that the rigid-lattice model is an adequate rep-
resentation of the cyanive dye polymer, but not of the anthra-
cene crystal.
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543. MOLECULAR VIBRATIONS IN THE EXCITON
THEORY FOR MOLECULAR AGGREGATES.
IV. EXCITED STATES OF WEAKLY-COUPLED
SYSTEMS
McRae, E. G.
Australian Journal of Chemistry, v. 16, no. 3, pp. 295-314,
June 1963

The theory of the vibronic states of an electronically excited
molecular aggregate is developed for the case of weak inter-
molecular interaction. The resulting description is comple-
mentary to that derived for the cas= of strong intermolecuiar
interaction in Parts I-III of this series.

The intermolecular interaction term in the Hamiltonian is
treated as a small perturbation. A particalar set of zeroth-order
functions for the problem, here called m-m functions, is de-
fined. The interaction integrals between m-m functions are
studied aud certain of the m-m functions are corrected to the
first order of perturbation theory. A criterion for the validity of
the perturbation treatment is given.

The effect of molecular vibrations in exciton theory is to
inhibit intermolecular interaction. Expressions are obtained for
the vibrational inhibition factors, and their properties are
related to the molecular distortion in the vicinity of the elec-
tronically excited molecule.

All theoretical results are discussed in comparison with those
of Parts I-[I1. The results of the two methods of treatment are
combined to give a general description of the excited states
of molecular aggregates. It is shown that an exciton together
with the ussociated molecular Jdistortion in polymeric aggre-
gates may be regarded as a quasiparticle analogous to the
polaron in a molecular erystal.

544. DIFFERENT POSSIBLE EXPLANATIONS OF
ANOMALOUS MAGNETIC PROPERTIES OF
MACROMOLECULAR COMPOUNDS
Blyumenfeld, L. A., Benderskii, V. A, Kalmanson, A. E.
Bicfizika, v. 6, pp. 631-637, 1961

A review with 22 references is presented.

545, ESTIMATION OF THE INFLUENCE OF FOREIGN
ATOMS IN THE CORE OF CONJUGATED BONDS
ON THE SPECTRUM AND THE CHARGE
DISTRIBUTION IN THE MOLECULE
Woinicki, W., Kwiatkowski, S.
Bulletin de F Acadéniie Polonaise des Sciences, Série des
Sciences, Mathématiques, Astronomiques et Physiques,
v. 9, no, 1, pp. 36-42, 1961

FEMO calculations, taking into account the influence of
foreign atoms in the core, were carried out for pyridine and
pyrimidine. Theoretical estimates for the absorption bands
and bond orders are given. (P4, 1961, #9936)
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546. EXCITED STATES OF ACETYLENE
Woznicki, W.
Bulletin de U Académiie Polonaise des Sciences, Série des
Sciences, Mathématiques, Astronomiques et Physiques,
v. 9, no. 4, pp. 273-279, 1961

A 10-electron calculation using the ASMO method is re-
ported. The 1s electrons on the carbon atoms are not included.
The calculatinns are carried through assuming ar sp carbon
valence state and for states with increasing p characte up to
sp,. It is found that the linear state (sp hybrids) forms the
most stable ground state, while the most stable form for the
first excited (electronic) state is that formed from carbon
a{oms in a pure sp, hybrid state. (PA, 1961, #14,082)

547. BIO-ORGANIC CHEMISTRY QUARTERLY REPORT,
DECEMBER 1962 THROUGH FEBRUARY 1963
March 29, 1963
California, University of, Lawrence Radiation Lab., Berkeley
UCRL-10743, W-7405-eng-48

Among the topics considered are: (1) studies on the
guantum-conversion process in photosynthesis using photo-
induced electron spin resonance in solutions of organic elec-
tron donors and acceptors; and (2) a theorstical study of
the fluorescence of oriented dye-macromolecule complexes
using a planar dye molecule that can be bound with its plane
either parallel or perpendicular to the polymer axis.

548. THE NEAR-ULTRAVIOLET SPECTRA OF SOME
9-ALKYLPHENANTHRENES
Anet, F, A, L., Bavin, P. M. G.
Canadian Journal of Chemistry, v. 41, no. 9, pp. 2160-2164,
September 1963 )

Hyperconjugation does not seem to explain the bathochromic
shifts relative to phenanthrene of the a-band. The rotameric
forms of the alkyl substituents influence the tand envelope,

549, THE ELECTRONIC SPECTRA OF
N-HETEROAROMATIC SYSTEMS.
PART X. FIVE-MEMBERED RING SYSTEMS
Mason, S. F.
Chemical Society, Journal of the, London, v, 1963,
pp. 3996-4002, August 1963

(For others in series, see Entries #842-850.) The elec-
tronic absorption spectra of the aza derivatives of indoli-
zine, indole, and 1-methyl-1-pyrindine are analyzed in terms
of a common energy-level scheme, given by the Hiickel
theory for the indenyl anion, and first-order perturbation
theory. It is concluded that =-electron delocalization is the
miore extensive in the uzaindolizine series than in the azaindoles,
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550. A SEMI-EMPIRICAL THEORY OF THE
-ELECTRONIC SPECTRA OF AROMATIC
DERIVATIVES
Nichimoto, k., Fujishiro, R.

Chemical Society of Jaran, Bulletin of the, v, 35, no. 6,
pp. 905-910, June 1962

5%1. ELECTRONIC STRUCTURES AND SPECTRA OF
NON-BENZENOID HYDROCARBONS: FULVENE,
HEPTAFULVENE, FULVALENE, HEPTAFULVALENE
AND SESQUIFULVALENE
Nakajima, T., Katagiri, S.

Chemical Society of Japan, Bulletin of the, v. 35, no. 6,
pp. 910-916, June 1962

552. ¢ ELECTRONIC STRUCTURES AND SOME
PHYSICOCHEMICAL PROPERTIES OF
HALOGENATED-CONJUGATED HYDROCARBONS
Morokuma, K., Fukui, K., Yonezawa, T., Kato, H.
Chemical Society of Japan, Bulletin of the, v. 36, no. 1,
pp. 47-53, January 1963

553. THE INTERPRETATION OF ABSORPTION SPECYKA
OF CONDENSED POLYCYCLIC AROMATIC
HYDROCARBONS BY USING A SIMPLE RESONANCE
THEORY. 1. THE RESONANCE STRUCTURE OF
THE EXCITED STATE IN CORRELATION
WITH PLATT'S THEORY
Handa, T.

Chemical Society of Japan, Bulletin of the, v. 36, no. 3,
pp. 235-247, March 1963

554. THE ELECTRONIC SPECTRUM AND STRUCTURE '

OF THE s-TRIAMINOBENZENIUM ION
Mataga,N. -

Chemical Society of Japan, Bulletin of the, v. 36, no. 3,
pp. 357-358, March 1963

Theoretical calculations are reported on the electronic spec-
tra of s-triaminobenzene and s-triaminobenzenium ion and on
the stabilities of the protonation products of amincbenzenes,
which give a basis for interpretation of the absorbed results.
The calculated spectra are in satisfactory agreement with the
observed values. Although the hyperconjugation wus excluded
in this calculation, it may be taken into account by some
ap,vwoximate method. Tables are presented of (1) calculated
electronic spectra in comparison with the observed values and
{2) localization energies of some aminobenzenes.

555. THE ELECTRONIC SPECTRA AND STRUCTURES
OF +TRIAMINGBENZENIUM AND SOME
RELATED IONS
Mataga, N.

Chemical Socizty of Japun, Bulletin of the, v. 36, no. 0,
pp. 11091118, September 1963

EXCITED STATES—THEORY

586. PHYSICAL PROPERTIES AND CHEMICAL
REACTIVITY OF ALTERNANT HYDROCARBONS
AND RELATED COMPOUNDS. II. STUDY OF TLE
DERIVATIVES OF BENZENOID HYDROCARBONS
BY THE SIMPLE M.0.-L.C.A.0. METHOD
Zshradnik, R., Koutecky, J.

Collection of Czechoslovak Chemical Communications,
v. 28, pp. 204-934, 1963

The euergies of MO of 97 models of compounds derived
from benzene, naphthalene, phenanthrene, anthracene, tri-
phenylene, benz(c)phenanthrene, pyrene, chrysene, benz{a)-
anthracene, naphthacene, picene, perylenc, pentaphene, benz-
(a)pyrene, dibenz(a,c)anthracene, dibenz(a,h)anthracene,
dibenz(a,j)anthracene, pentacene, anthanthrene, dibenz (a,h)
pyrene, and coronene by attaching one substtuent were
calculated. The group of compounds consisted of 44 members
and included amino, hydrexy, chloro, and bromo derivatives.
The values of the total r-electron energies, the highest occupied
and lowest free MO, and the N — V, energies are tabulated.
Relations between various theoretical quantities were studied,
and the importance of the valuev(v = p?;,/8,) for the extrac-
tion of various theoretical indexes was stressed, Fairly close
parallelism betweeu theoretical (#,) and experimental (7,)
excitation energies was found. Equations of the type 7, = a 7,
+ b satisfy the dependence for L;, L,, and B, bands in elec-
tronic spectra.

557. NGUVELLE INTERPRETATION DU SPECTRE
D’ABSORPTION DU NAPHTALENE CRISTALLISE
A BASSE TEMPERATURE (A NEW
INTERPRETATION OF THE ABSORPTION
SPECTRUM OF SOLID NAPHTHALENE AT
LOW TEMPERATURES)
Ciiiis, A., Pesteil, P,
Comptes Rendus Hebdomadaires des Séances de
V' Académie des Sciences, v. 254, no. 5, pp. 849-851,
January 29, 1962

Numerous very weak lines have been observed by earlier
workers. The authors attribute them to the effect of the crystal-
line Stark field lifting the degeneracy of exciton states of. the
same quantum number. The frequencies of many of these lines
are recorded together with their polarizations. (PA, 1962,
#12,595) ‘

558. CINETIQUE DE LA COMPOSANTE RAPIDE DE
LA SCINTILLATION DANS UN MILIEU ORGANIQUE
PUR. APPLICATION AU CAS DE L'ANTHRACENE
(KINETICS OF THE FAST COMPONENT OF
SCINTILLATION IN A PURE ORGANIC MEDIUM.
APPLICATION TO THE CASE OF ANTHRACENE)
Blanc, D, Cambou, F., Gervais de Lafond, Y.
Comptes Rendus Hebdomadaires des Séances de
I'Académie des Sciences, v. 254, no. 18, pp. 3187-3189,
April 30, 1962

A formula is presented for specific intensity of fluorescence,
An application of the formula to anthracene is made, and the
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results are confirmed by experiment. An exponential decrease
in fluorescence with the same time constant as that for electrun
excitation is noted.

559, ON THE DIFFUSION MODEL OF LOCALIZED
EXCITON IN THE PHOTOSYNTHETIC SYSTEM
Takeyama, N.

Experientia, v. 18, no. 6, pp. 280-291, 1962

In a system such as chlorophyll-g, in the plotosynthetic
apparaius there exists a shori-range molecular order, but no
long-range orGer as for example in a crystal. It is possible
therefore to have localized excited states and consequently the
transfer of energy by the movement of the excited state from
one molecule to a neighboring one. From a consideration of the
absorption and fluorescence bands, calculations are carried out
of the diffusion consiant, and the diffusion distance of a
localized exciton in the chlorophyll-a system; in addition, the
frequency of energy transfer is calculated. Figures are given
showing the relation between (1) diffusion constant and
(2) transfer frequency and chlorophyll concentration. For a
system with chlorophyll concentration of 9.1 mole/1 the transfer
frequency is calculated to be 4.07 X 10* sec!, An experi-
mental value of 1 X 1011 sec has been reported by Teale
(Entry #815) from the measurement of the fluorescence
dipolarization of chloreli]a. (PA, 1962, #16,633)

§60. ELECTRONIC STATES OF LONG POLYENES WITH
ALTERNATING BOND LENGTHS
Pople, J. A., Walmsley, S. H.
Faraday Society, Transactions of the, v. 38, no, 471, pt. 3,
pp. 441-448, March 1962

A description of the electronic states of long polyenes is
given in which the basic functions correspond to the extreme
case of localization of the w-electrons to double bonds in the
chain. Two types of electronic excited states are found: (1)
those at higher energies in which the excited electron and hole
are dissociated, corresponding to conduction states; and (2)
energy states falling below the conduction band in which the
electron and hole are bound.

Calculations, using the semi-empirical LCAO molecular
orbital theory of Pariser and Parr, are made for a case of weak
and strong alternation. The lowest excited state predicted for
the former agrees fairly well with the observed limit of the
lowest absorption band as the chain length tends to infinity,
An estimate of the effects of polarization on the states predicted
by this model is made,

561. CONTRIBUTION TO THE EXC'TON ABSORPTION
BAND EDGE THEORY
Agranovich, V. M., Konobeev, Yv. V.
Fizika Toerdogo Tela, v. 3, no. 2, pp. 360-369,
February 1961
{Translated from the Russian in Soviet Physica—Solid State,
v. 3, no. 2, pp. 260--268, August 1961)
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The retarding interac*ion betweer: electrons in a crystal Jeads
to the creation of new elementary excitations, texmed poieti-
tons, in place of excitons and transverse photons. It is shown
that this effect leads to the occurrence of long-wave absorprion
which, for positive effective exciton mass and high oscillator
powers, determines the form of the long-wave edge of the
exciton absorption band. The benzene molecular parameters
are used as an illustrative example.

562. EXCITON ABSORPTION IN MIXED MOLECULAR
CRYSTALS
Broude, V. L., Rashba, E. I.
Fizika Tverdogo Tela, v. 3, no. 7, pp. 1941-1949, July 1961
(Translated from the Russian in Soviet Physice—Solid State,
v. 3, no. 7, pp. 1415-1420, January 1962)

A simplified theory was developed for the exciton absorption
of light 'n mixed molecular crystals. A preliminary comparison
was made between theory and experiment, showing that the
main regularities observed in experiments are correctly de-
scribed by the theory and are rconnected with the simultanecus
excitation of molecules of different kinds.

563. THE ROLE OF LEFECTS IN EXCITON
LUMINESCENCE OF MOLECULAR CRYSTALS
Konuvbeev, Yu. V.,

Fizika Tverdogo Tela, v. 4, no. 12, pp. 3634-3639,
December 1962

(Translated from the Russian in Soviet Physics—Solid State,
v. 4, no. 12, pp. 2658--2661, June 1963)

A calculation is made for the probability of an exciton being
converted into light by a defect in the crystal structure without
accompanying localization of the electron excitation energy at
the defect. It is shown that this process actually occurs in a
number of favorable cases and can compete with ex iton
capture by an impurity,

564. THE LOCALIZFD CHARGE IN THE AVERAGE
FIELDS OF ATOMS IN ORGANIC MOLECULES
Sparatore, E.

Gazzetta Chimica Italiana, v. 80, pp. 1348-1364, 1960

Equations are developed which define the atomic charge g,
of an atom r as the integral to the region Vr (i.e., a sphere of
the radius 0.8 A, as defined for this purpose) of the global
electronic density. The effect oa g, of the r-electrons localized
on the various linking orbits of the molecule, and the displace-
ment of these orbits, as well u3 the effects of the n-electrons,
are expressed in equations. The integrals of partial super-
imposition or displacement for the 1s, 2s, 2p,, and 2p, orbits
of H, C, and N atoms (useful in calculating q,) are tabulated.
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565 RECHERCHES SUR LE STRUCTURE
ELECTRONIQUE DU NAPHTALENE PAR LA
METHODE L.C.A.0. ANMELIOREE (INVESTIGATION
OF THE ELECTRONIC STRUCTURE OF
NAPHTHALENE BY A MODIFIED L.C.A.0. METHOD)
Julg, A., Francois, P., Mourre, R.

Journal de Chimie Physique et de Physicoclsimie Biologique,
v. 39, no. 4, pp. 363-366, April 1962

The electronic structure ot naphthalene was studied by a
modified LCAO method. The calculations were performed for
three different geometries. The resultant electronic charges,
alttough always close to unity, showed significant variations,
The dotermination of transition energies led to a new inter-
pretation of the absorption spectrum. The caleulated ionization
potential is in good agreement with exneriment. (PA, 1962,

#22,992)

566. ETUDE THEORIQUE DE LA POLARISATION DE
FLUORESCENCE DES MACROMOLECULES
PORTANT UN GROUPE EMETTEUR MOBILE
AUTOUR D'UN AXE ROTATION (THEORETICAL
STUDY OF THE POLARIZATION OF THE
FLUORESCENCE OF MACROMOLECULES
CARRYING A MOBILE EMITTER GROUP
AROUND THE AXIS OF ROTATION)

Gotlib, Yu. Ya., Wahl, P.
Journal de Chimie Physique et de Physicochimie Biologique,
v. 60, no. 7-8, pp. 849-8536. July—August 1963

A simple mode! can be used to explain the polarization of
fluorescence of a solution of macromolecules catryirg a fluo-
rescent group fixed by covalent bonds; the flucrescent group is
assumed mobile around a rotational axis linked to a spherical
macromolecule. The calculation is directed first to the case
in which the rotation is entirely free, then to that ia which the
rotation takes place by discontiiuous jumps between deter-
mined positions. Finally, the theory is applied to experiments
carried out on poly-p-aminostyrene.

567. PROCESSUS EXCITONIQUES DANS LES
CRISTAUX MOLECULAIRES. 1. EXCITON
PERTYRBEE PAR LES VIBRATIONS (EXCITON
PROCESSES IN MOLECULAR CRYSTALS.

1. VIBRATIONALLY PERTURBED EXCITONS)
Iguchi, X.

Journal de Physique et le Radium, v. 23, no. 7, pp. 433-445,
July 1962

The general theory of vibrationally perturbed excitons is
developed, and the expression of the electric dipole transition
moment by the inclusion of the vibrational interaction is
obtained. It is shown that a non-radiative transition occurs from
§¢ to §; in naptthalene with a probability of about 10'* sec
at 300°K. The first terms of the multi-phonon traasition are
obtained by expanding the perturbed vibrational functions
into series. The correction factor f for the energy transfer is
con.puted. This explains the Davyvdov splitting or the spectrum
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of naphthalene. In naphthalene the radiation is absorbed to
the S? tiee exciton state; then it degrades to the 3; perturbed
exciton which plays the principal role in long-range transfer
of energy. The energy is cmitted spontareously as fluorescence
or may be captured by imperfections, or a part 1s transferred
to the lowest triplet siate where phosphorescence occurs, In
anthracer» and diphenyl the situation is simpler. (PA, 1962,
#23,122)

568 COLOR AND CHEMICAL CONSYITUTION
Juster, N. J.
Journal of Chemicel Education, v. 39, uo. 1}, pp. 596-6901,
November 1962

A general discussion of ight and its reception, and a history
of work in the field of color and chemical constitution are
followed by a section on the principles of color production.
The following explanation is taken from that section.

Early spectrographic work led to the conclusion that when
energy (heat, light. or other wave forms) is absorbed by matter
the energv gain 1s directly proportional to the frequency.
Thus, E, — E, = kv, where E. and E, are guantum energy
levels (usually ground state and excited state, respectively),
h = Planck’s constant and v is the frequency. The energy
absorbed causes a qu *ntum jump from E, to E, by electrons
when the frequency of the impinging energy matches that
described by Planck’s equation for one or more “allowable”
quantum jurap(s), as determined by the nature of the sub-
stance involved; this frequency has been ternied the “natural”
or “resonant” frequency of the electron wave, The mechrvism
involved is simply an addition of electrical and magnetic
vectors of the resonant light frequency with the molecular
electron system. A widely supported thesis which is derived
from wave mechanics pictures conjugated unsaturation in a
molecule as consisting of a delocalized electron wave pattern
erising from the overlap of parallel n-orbital electrons to form
a single polarizable n-cloud (a molecular ortital). When the
adjoining p-orbitals cannot be aligned in parallel fashion, such
overlap does not occur and there can be no delocalization.
In order to have the vector addition mentioned above, the
impinging electromagnetic radiation must encounter electro-
magnetic vector forces in the molecule at tue “natu.al” or
“resonant” frequency. This occurs primarily when the mole-
cule possesses a permanent dipole and/or a delocalized electron
system that is polarizable by the interacting electromagnetic
vectors.

Subsequently the excited state returns to the ground state
and the energy is relatively rapidly reradiated as heat (via
collisions with other molecules), fluorescence and/or phos-
phorescence. Thus, the frequencies that may be absorbed
depend on the number and types of transitions possible for
the molecule, including espccially electron transitions, The
electron delocalization leaves the system at a lower quantum
enerqy level, so that quantum jumps to the close-lying more
localized excited states involve a greater number of smaller

LAk
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energy transitivns. Due to vikrational and rotational energies,
the pumber of energy differer.ces or quantum jrmps [and
hence frequencies) are incre.sed by smai imounts near ti
electronic state transition:. Because of the close spacing of
the quantum level transitions there is also a fairly wide, but
closely spaced, band of frequencies which can be absorbed.
For gases and for liquids ond solid: at very low temperatures
the frequencies may still be separated »s individual absorption
frequency bands merge and there results a region of continuous
absorption. Thus, a substunce will appear colored only if
sele~tive absorption occurs in the visible region of the spec-
trum: this is related to tize resonant fiequency of the molecular
electron wave. At ordinary temperatures most of the molecules
are at an essentially zero-point of vibrational energy and in
their lowest electronic state. As energy is absorbed they go to
a higher electronic state, bt not necessarily to the zero-point
of vibrational energy for this state. This excess vibrational
energy is quickly lost in coiiisions. Jn ordinary nonfluorescent
and nonphosphorescent substances, the ‘ransition to the lower
electronic state is bridged by going from a Jow vibrational
energy in the excited statc to 2 high vibrational energy ‘n the
ground sizte (E;). The result 1 a compiete return without
the emissive of visible radiation (light is converted to kinetic
energy at various stages ).

When the epergy level available in the ground state is very
much lower than the zero vibrational energy level in the
excited state, visible radiation (fuorescence) results. Because
of the initix) loss of vibrational energy before the transition
involving radiation, the frequency of the emitted radiation is
lower than that of the absorbed radiation and nearly inde-
pendent of it. If the molecule in the grouad state has a high
vibrational energy when absorption occurs, the frequency of
the emitted radiabon muy be higher than that of the absorbed
radiation In phosphorescence, the molecule in the exciied
state loses vibrational energy and reacher a semistable level
from which a transition to a lower le- 21 does not occur readily.
it ordinarily leaves this level by fi:. absorbing energy {rom
outside, usually from mclec:lar collisicus, then going to a
slightly higher cnergy level, and finally emitting radiant energy
te return to the ground state. The length of time it remains
in the semisiable level determines the time lag between absorp-
tion and emission. Examples of color-producing organics are

cited.

579. ZERO-FIELD “FI.01
ZEEMAN . .. .S
McWr. . P
Journdl of Cuemical Physics, v. 34, no. 2, pp. 399401,
February 1961

NG OF MOLECULAR

This paper deals with the <eneral theory of electron spin-spin
coupling by means of & “coupling anisotropy function” defined
in terms of the iwo-electron density matrix, and involves
app-oximations which lead from the general results to simple
{orbit: 1) approximations. The theory is applied to the phos-

112

phorescent tripiet state of naphthalene; some correlation with
experiment is noted.

In reply to J. H. van der Waals’ subsequent comment that
more rigorous treatment would be difficult because of singu-
larities encountered, McWeery considess the caloulations
again {ibid.. no. 3, pp. 1065-1066. March 1961).

570. QUANTUM MECHANICS OF MOBILY ELECTRONS
IN CONJUCATED BOND SYSTEMS. 1. GENERAL
ANALYSIS IN THE TIGHT-BINDING FOERMULATION
Ruecdenberg, X.

Tournal of Chemical Fhysics, v, 34, no. 6, pp. 18611877,
June 1561

The quantum-mechanical treztinent is carried through for a
se: of electrons in a homonuclear conjugated bond system of
arbitrary size, including electronic interaction and all overlap
effects between neighbors. All framework contributions are
obtained by explicit integration over the tramework Hamil-
tonian, including the effect 0 nonconjugated neighhor atoms
and differentiating between different types of conjugated aicms
(joint, nonjomts, etc.). Expressions are giver for the ground-
state energv, ionization potential, electron affinity. electro-
negativity. a.ad for the configuration interaction matrix for the
calculation of excited states, assuming singly excited config-
urations. The results take simple forms permitting instructive
interpretations. The partial additivity of one-electron binding-
erergy contributions, 2btained as eigenvalues of tepological
molecular orbitals, and the approximate validity'of the “neglect
of differential vverlap are proved. (PA, 1361, #9940)

371. QUANTUM MECHANICS OF MOBILE ELECTRONS
IN CONJUGATED BOND SYSTEMS. I\ AUGMENTED
TIGHTI-BINDING FORMULATION
Ruedenberg, K.

Journal of Chemical Physics, v. 34, no. 6, pp. 1878-1883,
June 1951

The analysis of homonuclear conjugated systems, which is
given within the limits of the tight-binding approximation in
Fart I, is extended to include the interactions between non-
neighb r atoms and the variation in the interactions betweea
neighbor atoms. Both kinds of interactions are included as
perturbation effects on the tight-binding approximation. As a
consequence, tie formahsm developed for the latter is not
being complicated ond the interpretations remain unchanged.
Application to benzenz and naphthalene illustrates the ap-
proach. (PA, 1961, #9941

572. QUANTUM MECHANICS OF MGRBILE ELECTRONS
IN CONJUGATED BOND SYSTEMS. III. TOPOLOGI-
CAL MATRIX AS GENERATRIX OF BOND OKDERS
Ruedenberg, K. :

Journal of Chemical Physics, v. 34, no. 6, pp. 18841891,
June 1961
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It is shown that in hcmonuclear conjugated systems the
varinus bond orders and sin..iar quantities can be wrtten as
matrix fuactions of the topotegical incidence matrix. This
entails the existence of a number of useful general relations
between these various quantities. The relations inchude as
speciui cases: Coulson and Rushbrook~'s theorem on charge
orders in alternants; Hall's theorem on hond orders in alter-
nants; McWeeny's theorem on the formal charges; iiam and
Ruadenbere’s correlation hetween Coulson and Maullilkan hond

enberg’s correlation between Cou
orders for nexghbors in altemants. The Ham-Ruedenberg-
Platt relation between valence-bond bond orders and awoleculur
orbital theory is closely related. A number of new relations
between bond orders are derived and discussed. Tre general-
ization from alternants to nonalternants is given particular
attention. (PA, 1961, #9942)

573. QUANTUM MECHANICS OF MOBILE ELECTIRONS
IiN CONJUGATED BOND SYSTEMS.
IV. INTEGRAL FGRMULAS
Ruedenberg, K
Journal of Chemical Phyzsics, v. 34, no. 6, pp. 1892-1896,
June 1461

Formulae are established for all carbon and hydrogen pene-
tration integrals occurring in the tight-binding approximation
of the theory of mobile electrons. The orbital exponents of *he
penetrated shieldiag orbitals may differ from the orbital expo-
nent of the penetrating 2p=-electrons. A simple correlation
between kinetic encrgy integral and overlap integral is found.
(FPA, 1961, #9943}

574. QUANTUM MECHANICS OF MOBILE ELECTRONS
IN CONJUGATE. BOND SYSTEMS. V. EMPIRICAL
DETERMINATION OF INTEG RALS BETWEEN
CARBON ATOMIC ORBITALS FROM
EXPERIMENTAL DATA ON BENZENE
Ruedenberg, K., Layton, E. M., Jr.

Journal of Chemical Physics, v. 34, no. 6, pp. 1897-1907,
June 1961

It is shown that the experimental information given in the
ultraviolet spectruin of benzene uniquely determines the two-
center coniomb integrals between the 2px atomic orbitals of
carbun as a function of the internuclear distance. The calcu-
lations are carried out includmg all terms invalving neighbor
overlap. For the many-center electron-interaction integrals, the
Mulliken approximation and th.: London approximation are
both considered with little difierence in the results. Some
peculiar preperties of the empirically determined distance
dependence are compured with the theoretical behavior of
two-center couiomb integrals. The empirical values for the
resonance integral and *he couvlomb integral are also found.
The investigation differs from similar work of Pariser by the
inclusion of overlap effects, (P.y, 1961, #9944)
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575. QUANTUM MECHANICS OF MGBILE ELECTRONS
IN CONJUGATED BOND SYSTEMS.
VI. THEORETICAL EVALUATION OF ENERGY
CONTR'BUTIONS
Ruedenberg, K.
Journal of Chemical Physics, v. 34, no. 6, pp. 1807-1913,
June 1961

The general formuiae of Part I are used to analyze the energy
contributions of the mulecular fiarnework of a =-electron sys-
tem in detail, without use of additiona! assumptions. The
valence-state potential of carbo;, used in the framework
potent:al, and the 2p= atomic orbitals are determined by a
minimum principle. The coulomb integ-al and resonance inte-
gral are evaluated fiom their constitent integrals in the tight-
binding approximation. The agreenicnt with the empirical
values is unsatisfactory for the coulamb integral but very good
for the resonance integral The approximate proportionality
between energy inatrix elements and overlap integyals is proven
for a variation of the intemuclear distance betweer: 1.26 and
1.54 A. {PA, 1961, #9945)

576. COHERENT STIMULATYS Y EMISSION FROM
ORGANIC MOLFI'T.aR CRYSTALS
Brock, E. G., Ur sv-szky. P., Hormats. E., Nedderman, H. C.,
Stirpe, D., Un‘crleiiner, F.
Journal of . hemical Physics,
Augast 14131

v. 35, no, 2, pp. 759-760,

The propertics of conjugated :nolecules strungly suggest
several methods in which mase: action may be obtained. At
microwave frequencies, the peprviation of the Zeeman levels of
the first triplet state may be used. and this maser action would
occur only when ophica’ excitation was applied. Stimulated
emission at optical wavelengths is proposed using radiative
transitions from metestable triplet states. Factors affecting the
feasibilitv of these experiments are discussed. (PA, 1961,
*12,489)

377. PARAMACKNETIC EXCITONS IN
CRYSTALS
Sternlicht, H., McComnell, H. M
Journal of Chemical Physics, v. 35, no. 5, pp. 1793-1800,
November 1961

MOLECULAR

The possibility of nsing ESR to study paramagnetic excited
electronic states ot aromatic crystals is explored. T'wo limiting
cases are comsidercd’ on the one hand the excitation energy
moves from moleenle to molecule by a diff  “on process; on
the other the triplet excitation is described by a Frenkel
exciton. In eithier case nitermolecuiur propagation of the triplet
excitation is assumed to preceed through virtual triplet ioni-
zatica states, The theory of the spin resonance of triplet
exciton. is developed in some detail. It is shown that there is
only a wea' dependence uf the spectra on the k vector of the
uxeiton wave, except when k is near rvegions or band degeaera-
cies. Band degeneracies arse from time-reverssl symmetry in
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benzene, naphtbalene, and coronene crvstals and occur on
boundary planes of the fi~st Brillouin zone. A spin Hamiltonian
is calcuiated for these three aromatic crystals for most k vectors
which are far removed from regions of band degeneracy.
Two-line spectra (with nc hyperfine structure}, representng
an average over the molecular sites in the unit cell, are ob-
tained. Scattering of the exciton wave by lattice vibrations
can cause line broadening and also can serve as a mechanism
for spin lattice relaxation.

578. STRUCTURAL REQUIREMENTS OF ORGANIC
LIQUID SCINTILLATORS
Heller, A.
Journal of Chem::al Physics, v. 35, no 6. pp. 1980-1986,
December 1961

A theery is proposed to explain the relationship oetween the
structure and *he scintillation efficiency of organic liquid scin-
tillators. The requirements for good scintillation properties in
given sclvent-solute systems are found to be (1) the existence
of pairs of energy levels in the solute which are identical with
those involved in the excitation of the solvent, and (2) a non-
rigid structure in the solute, capable of undergoing conforma-
tional changes in the excited state. It was found that the
behavior of liquid scintillators satisfied these requirements.
Good scintillation properties were predicted for some hitherto
unknown scintillators. (PA, 1962, #1157)

579. DYNAMIC ASPECTS OF BOND ALTERNATION
IN CYCLIC POLYENES
Gouterman, M., Wagniére, G.
Journal of Chemical Physics, v. 28, ne. 5, pp. 1188-1196,
Mazrch 1, 1562

The theoretical shapes of the potential curves for bond
alternation in ground and excited states in cyclic polyenes are
given. It is shown that the current MO model tends to give a
rather small barrier to tunneling between the two zlte-nating
nuclear configurations, and that the barrier disappears in the
excited states. If the potential curves do differ between ground
and excited states, peculiar progressions should appear in the
spectrum. An analysis is presented of the low-temperature
spectrum of C,,H;, that shows no such effect. It is suggested
that the success that bond alternation has had in interpreting
various phenomena is dve to the fact that it makes the electrons
less free than current models would, but that this effect may
stemn from other subtler causes, (PA, 1962, #8121)

380. EXCITATION OF MOLECULAR VIBRATION BY
SLOW-ELECTRON IMPACT

Chen, J. C. Y., Magee, J. L.
Journal of Chemical Phyuics, v. 36, vo. 8, pp. 1407-1411,
March 15, 1062

A mechanism for excitztion of molecular vibration by slow
electron impact involving negative-ion states as intermediates
is proposed and discussed. It is believed that this mechanism
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is the most important energy loss mechanism for slow elec-
trons for energy regions in which it occurs. Calculation of the
vihraticnal excitation cross section using the proposed mecha-
nisin has been carried out for hvdrogen molecules, and the
result s compared with the experimertal observations. The
estimated cross section is in the order of 1 Az

581. PARAMAGNETIC EXCITONS IN SOLID FREE

D ATNCAY C
ARSI AR

McConnell, H. M, Lynden-Beii, R.
Joumal of Chemical Phunics, v. 38, no. 9, pp. 23932397,
May 1, 196%

It is suggested that the low-temperature paramagnetism of
many aromatic free-radical solids may be due to triplet exci-
tons, and that the formation of these exciton states rather than
other low-temperature magnetic states is due to low-
temperature crystal lattice structures thac favor a singie pair-
ing of electrons on neighboring molecules. As ar example, it is
shown that the paramagnetic resonance spectra of cestain
TCNQ charge-transfer complexes observed by Chestnut and
Phillips may be interprete in terms of triplet excitons.

582. COMPARISON OF LOCALIZED AND DELOCALIZED
MODELS FOR n-s>n* TRANSITIONs: A POSSIBLE
INTERPRETATION OF THE OBSERVED
SYM-TETRAZINE FLUOKESCENCE
El-Bayoumi, M. A., Kearns, D. R.

Journal of Chemical Physics, v. 36, no. 9, pp. 2516-2517,
May 1, 1962

Different theories of n—>=* transitions in monocyclic azines
have been examined in detail in order to explain recent
axperimental results; in particular, the observed fluorescence
from the lowest n,z* singlet state of sym-tetrazine. Two essen-
tially different theoretical models for n—=* transitions have
been suggested. In the “delocalized model” which has been
used by Mason and by Goodman and- Harrell, an electron is
promoted from a noibonding MO (formed by taking the
proper linear combination of the nitrogen nonbonding AOs)
to the lowest unfilled »* MO. El-Sayed and Robinson sug-
gested an irndependent systcms model, ie. a “lucalized
model,” in order to explain certain features of the spectra of
diazines trapped in rare-gas matrices at liquid-helium temper-
atvres (4.2°K). In this model n—=* transitions are assumed
to be highly localized due to the coulomb attraction of the
excited electron and the hole it leave; behind, and involve
excitation vi a nitrogen nonbondirg electron to a p-orbital
localized on the same nitrogen wiom In ‘he diazines two
orbitally degenerate singlet n.z* stutes result, The degeneracy
is removed hy i:king into account electron-electron inter-
artion, anC this gives rise to two no:.degenerate n,n* singlet
states.

The semiempirical theory for n—s=* transitions of mono-
cyclic azines presented in this paper seems to account for
most experimental observations much rvore satisfactorily. The
treatment may be summarized as follows:
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(1) The form and energy of the lowest unfilled MO may
be determined from the benzene orbitals by the use of a
perturbation scheme suggested by Coulson and Longuet-
Higgins.

(2) The singlet-triplet splittings of n,=* states will vary
according to the coefficients of the =*-p AO on the nitrogen
atoms for different azines.

(3) The treatment starts with a zero-order approximation
in which each n—* transition invoives the icne-pain elec-
trons of a single nitrogen atom. Depending on the number of
nitrogen atoms in the azine there are degenerate n,=* states
for each multiplicity. By appiving first-order configuration
interaction the orbital degeneracy is removed. The splitling
of the orbitally degeneraie states increases with a decrease ir
the N-N distance and is larger for the singlet states thar for
the corresponding triplet siates.

This tteatment azcounts for the variation of the center of
gravity of the singlet components 2ud correctly predicts the
selection rules. For pyrazine the Jow-energy component is
predicted to be forbidden, in agreement with the predictions
and observations of El-Sayed and Robinson. For the other
azines which have been studied {e.g., pyndazine and sym-
tetrazine) the low-energy componen* is predicted to be al-
lowed, corresponding to what is observed. An explanation is
oftered for the n,=* fluorescence of sym-tetrazine which has
been observed, although it is nnt usual for fuorescence to
occur if a triplet n,z* state is the lowest excited state. By
this theory the lowest singlet n,x* state is predicted to be
slightly lower in energy than the lowest triplet state of sym-
tetrazine, and the.only radiative path is fluorescence since no
competing intersystem crossing exists.

583. VIBRATIONAL STRUCTURE OF MOLECULAR
EXCITON STATES
Merrificld, R. E.
Journal of Chemical Physics, v. 36, no. 9, pp. 25192520,
May 1, 1962

The Born-Oppenheimer separation of nuclear and elec-
tronic motion~is not valid for molecular exciton states; how-
ever, if the Bom~Oppenheinier approximation is valid for the
individnal molecules, such a separation can be obtained, and
an effective Hamiltonian derived for the nuclear motion. (PA,
1982, #16,635)

584. ORGANIC LIQUID SCINTILLATORS. III. ON THE
QUANTUM YIELD OF FLUORESCENCE AND
THE QUENCHING OF FLUORESCENCE
BY OXYGEN
Heller, A.
Journal of Chemical Physics, v. 36, no. 11, pp. 2858-2861,
June 1. 1962

Expression:s for the quantum yield of fluorescence of aro-
matic hydrocarbons in benzene and alkylbenzenes are derived
assuming zero internal quenching, These expressions indicate
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that the molecular quantum yicld of Auorescence increases
with (1) the lifetime of the first excited singlet state of the
soivent, (2) the transition probabilities from the levels of the
solute that correspond to the levels involved in the excitation
of the solvent, and (3) the increase in the degree of degen-
eracy in the solute levels corresponding to those involved in
the excitation of the solvent. Minimum values of the molecular
quantum yield of fiuorescence of a group of aromatic hydro-
carbons are computed at different concentrations of he
solutes. The cumpounds with the highest value: are p-divinyl-
anthracene, perylene, p-quaterphenyl and p-terphenyl. The
dimensions of the excited aggregates that aie formed by the
exchange interaction between the rmolecules in liguid or
plastic scintillators are estimated from Basile’s data for solu-
tiuns of PB;) in polyvinyltoluene. The number of monomer
units per aggregate is about 1.2 X 10° and thec radius of
interaction about 18 A. The quenching of fluorescence by
oxygen is expliined by the existence of w-electron level pairs
of almost simcilar energy difference in the solvent and the
solvent-oxygen complex (Tsubomura and Mnlliken, 1960),
and b the short lifetime of the coraplex compared with that
of the solveni. The latter results from the lower order of
symmetry of the complex in comparison with that of the
=-electron system in benzene. (PA, 1962, #13,347)

585. RELATIONSHIP BETWEEN ABSORPTION INTENSITY
AND FLUORESCENCE LIFETIME OF MOLECULES
Strickler, S. J., Berg, R. A.

Intrnal of Chemical Physics, v. 37. no. 4, pp. 814-822,
Auyast 15, 1962

The equations usually given relating fluorescence lifetimie
to absorption intensity are strictly applicable only to atomic
systerns, whose transitions are sharp lines. This paper gives
the derivation of a modified formula

1/7, = 2.880 X 10 n? <¥f2 > Av? (g/g,) fedIn¥,

which should be valid for broad molecular bands when the
transition is strongly allowed. Lifetimes calculated bv this
formula are compared with measured lifetimes for a number
of organic molecules in solution. In most cases the values
agree within experimental error, indicating that the formula
is valid for such systems. ‘The limitations of the formula and
the results expected for weak or forbidden transitions are also
discussed. (PA, 1962, #20,782)

586. STUDY OF THE ELECTRON DEISITY
DISTRIBUTION IN THE SIMPLER HYDROCARBONS
Roux, M., Cornille, M., Burnelle, L.

Journal of Chemical Physics, v. 37, no. 5, pp. #33-936,
September 1, 1962

The electronic charge distiibution is calculated in the mole-
cules of aceiylene and cthylene by making use of a function
which characterizes the effect of bond formation on the
electronic density. In agreement with earlier results on
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methane, the effect is found to cousist in a charge removal
from the vicinity of the nuclei and a buildup of electron
density in the regions of the bonds. In acctylene the calcula-
tion of the charge drifts suhsequent to the bonding indicates
that these are fairly small, as had been found earlies in
simpler n.olecules. It is also observed that the electrons
associated with the C~C bond tend to accumulate, in ethylene,
above and below the molecular plane, and in acetylene. at
some distance from the C-C axis. This point is in favor of the

bent multiple bonde, (PA) 1982 #20 R40)

Dokl o alatecon F
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587. ANGULAR DISTRIBUTION OF INTENSITY AND
POLARIZATION IN THE TRIPLET-SINGLET
EMISSION OF BENZENE
Hameka, FI. F.

Journel of Chemical Physics, v. 37, no. 5, pp. 1085-1087,
September 1, 1962

The angular distribution of inteusity and polarization in the
triplet-singlet emission of benzene is calculated for the fol-
lowing mechanisms: (1) a magnetic quadrupole transition
caused by the interaction between the electron spins anad the
radiation field; (2a) an electric dipole transition where the
wave functions are first corrected for spin o:bit coupling and
then for vibronic interactions; (2b) an electric dipole transi-
tion where the triplet functions are first corrected for vibronic
interactions and then for spin orbit coupling. (PA, 1962,
#20,843)

588. EFFECT OF WEAK COUPLING ON THE
ABSORPTION SPECTRUM OF AN AGGREGATE
OF CHROMOPHORES
DeVoe, H.
Journal of Chemical Physics, v. 37, no. 7, pp. 1534-1540,
October 1, 1962

A theory is developed for the absorption spectrum of chro-
mophores in a molecular aggregate ‘vith weak coupling in
which they interact through their vibrenic transition moments
while vibrating independently. The change upon aggregatio:.
of the oxcillator strength of a vibronic line, due to interacticn
with other vibronic lines of the same electronic band or other
bands, is treated by first-order perturbation theory. Equations
are derived which relate the aggregate extinction coufficient
of a band, as a function of wave number, to the monomer
chromophure spectra and certain factors for the interaction of
electronic transition moments in the aggregate. The inter-
action of degenerate electronic transition moments can be
evaluated from the experimental monomer nnd aggregate
spectra, and used in cases of simple aggregate geometry to
determine whether weak coupling applies to the aggregate.
The effects of weak coupling upon the shapes and oscillator
strengths of bands are illustrated by. an exampie which shovs
that weak coupling of two overlapping bands in the spectrum
of u planar dye molecule may explain the hypsochromic shift
of the wave number of maximum absorption observed upon
aggregation of the dye. (PA, 1962, #22,985)

118

589. PROPOSED EFFECT OF HIGH PRESSURES ON
THE RADIATIONLESS PROCESSES
El-Sayed, M. A.
Journal of Chemical Physics, v. 37, no. 7, pp. 1538-1569,
October 1, 1562

Gregg and Drickamer found that for two organic com-
pounds, for increasing pressures, the phosphorescence lifetime
decreases and the fluorescence and absorption bands show a.
red shift. These authors’ explanation is criticized and an
altamativg explination propnsed: namely, the decreased life-
time of the excited triplet state (T,) is due to an increase of
the rate constant of the T,—S,; radiationless process, probably
caused b/ an increase in vibrational overlap. (PA. 1963,
#3059)

590. SYMMETRY OF HELICAL POLYMERS.
ELECTRONIC STATES OF DOUBLE-STRANDED
POLYNUCLEOTIDES
Rhodes, W,

Journal of Chemical Physics, v. 37, no. 10, pp. 24332439,
November 15, 1962

The symmetry properties of a model double-stranded
polynucleotide, containing only one tvpe of monomer unit,
are investigated by the application of the theory of space
groups. The rotational parts of the symmetry operations of
such a helix form a group which is isomorphic to the point
group D,,, indicating that there is sufficiently higl. symmetry
to make formal treatment by group theory profitable for
applications to the molecular dynamics of related helical
polymers. A melhod of developing the irreducible repre-
sentations of the rmace group is discussed, and some features
of the irreducible representations so obtained are described.
Electronic spectral properties related specifically to a,x*
and n.x* states are then discussed within the framework of
the group theoretical results, particular emphasis being placed
on the nature of the exciton bands produced by excitation
resonance interaction among the monomer units, selection
rules restricting the mixing of states, selection rules for
electric-dipole transitions between the ground state and states
of the various exciton bands, and the expected effents of state
mixing on the electronic spectral intensities of transiticns to
mn* and n,m* exciton bands. (PA, 1963,#2682)

591. VIBRONIC-SPIN-ORBIT PERTURBATIONS AND THE
ASSIGNMENT OF THE LOWEST TRIPLET
STATE OF BENZENE
Albrecht, A, C.
Journai! of Clemical Physics, v. 38, no. 2, pp. 354365,
January 15, 1963

Second-order perturbation theory in electron configuration
and spin space using hoth vibronic and spin-orhit perturba-
tions reveals a number of routes for bringing dipole aliowed
character into a spin-forbidden transition. Apart from direct
spin-orbit interaction, there are threc additional mechanisms:
(1} direct spin-vibronic coupling (a very weak, though frst-
order term), (2) spin-orbit coupling with vibrome coupling



in the singlet manifold, and (3) vibronic coupling in the
triplet manifold with spin-orbit coupling. In the case of ben-
zene, vibrational analysis alone of the phosphorescence spec-
trum can neither discern the route tor bringing allowed singlet
character into the triplet state nor can it lead to an assignment
of that state. It happens that pelarized luminescence data are
able to show that route 3 is dominant, and, given this,
vibrational analysis leads to a 3B,, assignment. The vibronic
characteristics of the various routes are discnssed. Estimates
are made of the relative importance of the various routes
based on energv considerations within the framework of
second-order perturbation theory. Approximate oscillator
strengths are obtained and compared with the experimental
value showing, independently, that route 3 is dominant and
that the aseignment must be B,,. Other possible examples
where mixed vibronic-spin-orbit terms are important to phos-
phorescence are mentioned suggesting the fruitfulness of
detailed polarized phosphorescence exp:riments, both to aid
in assigning excitcd states and to test vibronic theories. (PA,
1963, #8289)

592. EXCITON IMI'URITY LEVELS IN MOLECULAR
CRYSTALS
Merrifield, R. E.
Journal of Chemical Phyasics, v. 38, no. 4, pp. 920-924,
February 15, 1963

Impurity levels for excitons in molecular crystals are dis-
cussed in terms of the wave functions and energy levels of a
crystal containing a single substitutional impurity molecule.
The problem is formulated in general terms and found to be
solvable in the special case in which the transition dipole
moment of the impurity molecule is parallel to those of the
host molecules. A simple criterion for the existence of localized
bound states is derived, from which it is concluded that such
states should be of widespread occurrence. In particular, it is
found that bound states can arise even where the impurity
molecule has a higher excitatica energy than the molecules
of the host crystal if its transition moment is sufficiently large.
Bound sta'es can also arise where the “impurity” is a host
molecule at a site of localized strain. The specific case of a
one-dimensional crystel with nearest-neighbor interactions is
treated in some detail as 2 numericai example.

593. PHOTYON-INDUCED ELECTRONIC TRANSITIONS
IN MOLECULAR CRYSTALS
Sags, M. L.
Journal of Chemical Physics, v. 38, no. 5, pp. 1083-1085,
March 1, 1983

The electric dipole transition matrix element of a molecular
crystal in the presence of an eleciric field is caleulated. It is
found to be propertional to the matrix element of the zero-
field Hamiltonian between nearest neighbors and inversely
proportional to the electric field strength for the limit of strong
fields.
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594. ELECTRONIC EXCITATION TRANSFER AND
RELAXATION
Robinson, G. W., Frosch, R. P.
Joumal of Chemical Physics, v. 35, nc. 5, pp. 1187-1203,
March 1, 1963

One purpose of this paper is to point out that so-called
intermolecular resonance transfer, intermolecular nonresonance
transfer, and inuramolecular electronic relaxation in solid
media are simply all special cases of radiationless transitions
between nonstationary states of the entire svstem of molecules
plus environment. Intermolecular resonance transfer is also a
special case of the pure crvstal exciton problem. The theo-
retical results from a previous paper are applied to radiation-
less transitions in =-electron systems, and the importance of
the Franck-Condon factors is emphasized. One role which
the vibrational facters play in these processes is illustrated by
the large isotope effects which can arise when the radiationless
transition converts a large amount of electronic energy into
vibrational energy of the system. Quantitative calculations are
made of the radiationless transition probability for 1B,,—3E,,
(8;~»T,) and 'B,,—3B,,(S,—7T,) “intersystem crossing” in
CeH,. It is further shown that the 3B,,'A,,(T,—8,) and
1B,,~»'A,,(8,—>8,) processes and other similar processes are
slow because of the small vibrational factors which accom-
pany the large energy gop between initial and final electronic
states. Calculations cannot rule out the relative importance of
the §,— S, radiationless transition compared with fluorescence
and singlet-triplet nonradiative processes. An empirical method
bv which the Franck-Condon factors may be ascertained from
the electronic-energy gaps in =-electron molecules is pre-
sented, and the results are used to estimate radiationless
transition probabilities for a number of systems. The enhance-
ment of multiplicity forbidden radiationless traumsitions by a
heavy-atom environment is treated, and, in the case where
the environment is a solid rare gas, a third-order mechanism
accounts for the observed efect. Temperature effects and
other kinds of environmental effec:s upon nonradiative trans:-
tions are also dealt with. It is shown that the use of high-
energy excitation may increase, but never decrease, Qp/Qy,
the relative quantum yields of phosphorescence to fluores-
cence. Radiationless transitions for the interesting case of
azulene and the enhancement by a heavy-atom enviroament
of the triplet-triplet emission spectrum of this molecule are
discussed. Many needed experiments are suggested.

595. VIBRATIONAL EFFECTS IN MOLECULAR
EXCITON MOTION ALONG A POLYMER
Goad, W,
Journal of Chemical Physics, v. 38, no. 5, pp. 1£45-1250,
March 1, 1963

Two aspec.is of the effects of molecular vibrations on exci-
tsn motion are considered: First is the reversible evolution
of an electronically exci*ad state of a system of molecules, in
each cf which many v...ational excitations are possible upon
electronic excitation. Vibrational structure of the ground state
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is ignored. The reversible, or cokerent, propagation is found
to depend on the parameter 2xv28-!, where v2 is the inter-
molecular coupling energy of individuzl vibronic levels, and §
is the spacing of vibrational levels. Second is the irreversible
effect of vibrational relaxation in individual molecules through
interaction with the solvent. The result of a heuristic treat-
ment is that simple diffusive motion occurs if the relaxation
time is much smaller than 2xh8-%; the diffusion coefficient
is calculated. Throughout, an infinite, linear array of mole-

cules is dealt with,

546, TRIPLET-TRIPLET ANNIHILATION AND DELAYED
FLUORESCENCE IN MOLFCULAR ACGREGATES
Sternlicht, H., Nieman, G. C., Robinson, G. W.

Journal of Chemical Physics, v. 38, no. 6, pp. 1326-i335,
March 15, 1963

This paper deals with triplet—triplet annihilation in pure
and mixed organic crystals. In crystals containing a small
concentration of impurity traps, triplet excitation migration
may proceed from trap to trap on a time scale which is short
compared with the long triplet state lifetime but which is
long compared with the normal fluvrescence lifetime. Nearest-
neighbor and long-range mutual a:nihilation of two triplets
may then take place giving rise to delayed fluorescence. The
rates of long-range triplet excitation migration and annihila-
tion show a concentration dependence, a temperature depen-
dence, and a solvent dependence. Providing the triplet-triplet
annihilation rate is not too fast, the intensity of the delayed
fluorescence can be shown to depend upon the square of the
intensity of the exciting light. This expectaticn is borne out
by experiments, briefly reported here, on delayed fluorescence
in dilute isotopic mixed crystals. In crystals containing high
concentrations of such impurity traps, or in pure crystals, the
annihilation rate becomes extremely rapid, and this mecha-
nism effectively quenches phosphorescence in many, but not
all, classes of pure organic crystals. The kinetics of the over-
all process is discussed within the }imits of fac: and slow
annihilation rates. A theoretical investigation of ths origin ot
the annihilation matrix element is carried out, and it is shown
that exchange interactions play the largest role in determining
annihilation rates. Past work (by H. Svoner, Y. Kanda, and
L. A. Blackwell and by N. W, Blake and D. S. McClure) on
defayed flucrescence of assmmned pure naphihaleae crystals
containing very small amounts of B-taethyi nsphthalene
(traps) can be understood within the framework of this
paper. The need in organic crystals for the major delayed
fluorescence mechanism to be based upon ionization and
electron trapping seems now tu be considerably lessened.

557. RESONANCE FLUORESCENCE IN GASES AND
MOLECULAR CRYSTALS
Hameke, H. F,
Journal of Chemical Physics, v. 38, no. 8, pp. 20802100,
May 1, 1863
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A general thzoretical description is derived for the reso-
nance fluorescence of dilute gases and molecular single
crystals, with special emphasis on optical rotation spectra. The
validity of previous theoretical work on dilute gases is con-
firmed by proving that the damping constants connecting
excited states on different molerules are zero. It is shown that
the intensities of optical rotation spectra of molecular crystals
are much larger than the corresponding quantities for gases.
An important theoretical prediction is that the natural line
breadth of a resonance flucrescence emission band belonging
to an exciton state in 2 molecular crystal should be larger than
the width of the corresponding optical absorption line. The
dependence of the inteusity of the optical rotation spectrum
on the relative orien‘ation of the crystal -vith respect to the
incidert beam of light is discussed.

598. PI ELECTRON.IC STRUCTURE OF THE
BENZENE MOLECULE
Moskowitz, J. W., Barnett, M. ©.
Journal of Chemical Physics, v. 39, no. 6, op. 1557-1560,
September 15, 1963

An understanding of the electronic structure of the benzene
molecule is of central importance to much of theoretical
organic chemistry. For this reason, and because certain formal
simplifications follow from the molecule’s symmetry, numer-
ous theoretical calculations have previously been made of the
electronic structure of benzene.

This paper presents some results tnat were obtained using
(1) accurate values .or the three- and four-center integrals
which hitherto have been ignored or approximated, and
(2) rather more configurations than have been used by eaclier
workers. The calculations can be compared with those of
Parr, Craig, and Ros., which are here extended in the two
ways mentioned. Previous theoretical work is reviewed and
these new calculations are presented and discussed.

599. MAGNETIC DIPOLE TRANSITION IN THE
ELECTRONIC SPECTRUM OF FORMALDERYDL
Callotnon, J. iH., Innss, K. K.

Journal of Moleceular Spectroscopy, v. 10, no. 3, pp. 166181,
March 1963

Explanations that have been advanced for the appearance
o the weak 0-0 band of the 3500-A system of H,CO are
reviewed. The entirely similar 2v,/~0 band is analyzed as a
type-A band of normal intensity distributicn. The established
symmetries of the combining states are then compatible only
with a magnetic transition moment parallel to the carbon-
oxygen bond, the first example to be established in a poly-
atranic molecule,

600. ON THE ESR SINGLET SPECTRA FREQUENTLY
OBSERVED IN IRRADIATED POLYMERS AT A
LARGE DOSE
Ohnishi, S.-I., ikeda, Y., Sugimoto, S.-I., Nitta, I.

Jous aal of Poiymer Science, v. 47, no. 149, pp. 503-507,
Noverber 1880



Irradiated polymers have been known to give a variety of
ESR spectra. Recently it has been found that many polymers
such as polyethylene (PE), polypropylene (PP), polyvinyl
chloride (PVC), rubber (smoked shect), polymethyl meth-
acrylate (PMMA), and polyvinyl alcohol (PVA) give singlet
spectra wher, they are highly irradiated or heated after
irradiation. For example, PE gives the sextet spectrum when
lightly irradiated {~10° rad) and, when irradiated more
(107-10% rad), the spectrum becomes a complex one nvolving
a ceptat. At higher doses {~109 rad) PE gives onlv a singlet

spectrur1.

The singlet spectra can be interpreted as arising from the
unpaired electren 1 some conjugated double bond systems;
for example, in the case of PE and PVC, the radical might
be of the polyenyl type:

—CH,-CH- (—CH=CH-),~CH,~,

In radicals of such a type, the unpaired electron delocalizes
and is stabilized by hond resonance. If n = 0, however, the
electron localizes on the central carbon and, as a result of the
well-known hyperfine interaction (hyperconjugation and con-
figurational interaction) with the adjacent five protons, the
radical gives the sextet spectrum, the hyperfine separation
(AH.,,,) being 30 gauss, and the AH,,,, of each peak being
13 gauss. When n = 1, the unpaired electron celocalizes, and
two resenance {~.ms are possible.

If the interpretation is correct, 1l might be concluded that
radiation produces double bonds in carbon-chain polymers
and, as the dose increases, the conjugation region of the
double bonds extends. This proceeds, it might be added,
asymptoiically toward that containing more or less 11 double
bonds. The ease with which the conjugation proceeds differs
from polymer to polymer, of the polvmers investigated, con-
jugation proceeds most easily in PVC, less e~-ily in polypro-
pylene, and with more difficulty in polyethylene. When the
polymers are heated after irradiation, double bonds of shorter
conjugations decay faster, those of the longer conjrgation
region, i.e., of narrower singlet spectra, rems'nine, as shown
in the cases of polyethylene and polyvinyl chloride.

60l.. THE DETERMINATION OF NUMBER-AVERAGF
MOLECULAR WEIGHTS OF POLYMERS USING
FLUORESCENCE SPECTROSCOPY
Fourrval oy Polymer Science, Part B: Polymer Letters,
7. 1, no. 12, pp. 669-670, December 1963

A mcre generalized expression is derived for My to increase
the applicability of Heintz’ study on determination of M, for
polyst.ene and polyisobutylene by means of fuorescence
spectroscopy.
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6802. SUR LA NATURE DES CENTRES PARAMAG-
NETIQUES DETECTES PAR RPE DANS LES
POLYMERES CONJUGUES (ON THE NATURE OF
PARAMAGNETIC CENTERS DETECTED BY EPR
IN CONJUGATED POLYMERS)

Nechtschein, M.

Preprint 73, presented at the International Symposium on
Macromolecular Chemistry, Pa.is, France, July 1-6, 1963,
sponsored by the International Union of Pure and 4 pplied
Chemistry, under the patronage of Mousieur le Ministre
d’Etat chargé de la Recherche Scientifique, under the aus-
pices of the Délegation Générale a Ia Recherche Scientifique
et Techrique, and the Nationa! Committee for Cheraistrv
(To be published in Journal of Polymer Science, Part C:
Polymer Syniposia)

The nature of the paramagnetic centers which give an
electron paramagnetic resonance signal in conjugated poly-
mers is not yet quite clear. Are they conduction electrons
transferred in the conduction band by thermal excitation. or
triplets in the ground state corresponding to macrobiradicals,
or free bonds giving macroradicals stabilized by the high
ercrgy resonance of the conjugated polymers, or simply de-
fects in the periodicity of the alternant bonds? After showing
how the free spins observed seem to corresprnd to ground
states, these various models are zviewed and discussed.

603. SUR LE ROLE EVENTUEL DES “DOUBLETS
ELECTRONIQUES” DANS LE COMPORTEMENT
QUANTIQUE DES BIOPOLYMERES (ON THE
POSSIBLE RGLE OF ELECTRONIC DOUBLETS ON
THE QUANTUM BEHAVIOR OF BIOPOLYMERS)
Douzou, P., Franeq, J. C., Ptak, M., Sadron, C.

Preprint 79, presenied at the International Symposium o1
Macromolecular Chemistry, Paris, France, July 1-6, 1963,
sponsored by the International Uni~n of Pure and Applied
Chemistry, under the patronage of Monsieur le Ministre
d’fitr¢ chargé de la Recherche Scientifique, under the
auvspices of the Délégation Générale a la Recherche
Scientifique et Technique, and the National Comn. itee
for Chemistry

(To be published in Journal of Polymer Science, Part C:
Polymer Symsosia)

Biopulymers, especially spherical proteins, indicate transfer
of chemical energy. The polypeptide lattice is assumed. At-
tention is drawn to elcctrons of the “free dgublets” which do
not stay with cne role in their original molecule but establish
liaisons with partners in other polymer chains. Optical emis-
sion experiments permit determination of the transitional
characteristics for the doublets and discussion of their effect

"on the conceptions of quantum bel.avior of both free mole-

cules and polymers. A lcgical result of these experiments is
research, by EPR studies, on the mctastable radicals possibly
formed from the optical excitation. A suw:mary of these works
is presented. and an attempt is made to show the perspectives
of tne problem of quantum:. behavior of biopolymers.

604. THEORY OF MOLECULAR EXCITONS
Davydov, A. S.
Kasha, M., Oppenheimer, M., Jr., Translators
McGraw-Hill Book Company, Inc., New York, N.Y., 1962
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Davydov’s book summarizes the use of the exciton model
in mony electronic and optical problems, and its perceptive
treatment suggests many starting points for further extensions.
The book was published originally in 1951 by the Ukranian
Acudemy of Sciences, Kiev, Ukranian 8SR, under the title
“Theory of the Absorption of Light in Molecular Crystals.”
The repbrased tle stresses the principal theme of the hook —
the resonance interaction of excited states of weakly coupled
molecular systems. To bring this edition more up to date, two
appendixes are included which cover principal literatnre on
related topics to December 1961, The future publicaticn of
this book in English was noted in Entry #776, AI/LS 5341.

In addition to an introduction, the bock comprises the
followirg chapters:

“Translations and Rotativnal Vibrations of Molecules in a
Molecular Lattice”

“Influence of the Tnteraction Forces Between Molecules of
a Molecular Lattice on the Intramolecular Vibrations”

“Quantum Theory of Absorption and Comkbinational Scat-
tering (Raman) Spectra in Molecular Crystals (Zeroth
Approximation)”

“General Equations Determining the Energy States of Mo-
lecular Crystals”

“Free Excitoas in a Molecular Lattice”

“Excitation of Free Excitons Simultaneously With the
Excitation of Lattice Vibrations”

“Local'zed Excitons in a Molecular Lattice”

“Transformation of Absorbed Energy Into Heat and Radia-
tion”

“Comparison of Theory With Experiment”

“Application of Exciton Concepts to the Calculation of the
Energy States of Several Polyatomic Molecules™

“Conclusion.”

The publications of Davydov and a suppiementary bhibh ;-
raphy o publications are appended to the text.

605. SELF-CONSISTENT FIELD THEORY OF THE ELEC-
TROM SPIN DISTRIBUTION IN w-ELECTRON
RADICALS
McLachirn, A. D.

Molecular Physics, v. 3, no. 3, pp. 233-232, May 1960

In a radical the single determinant wave function which
gives the lowest electronic energy is one where electrons of
opposite spans occupy different sets of molecular orbitals and
thereby lower the “exchange” part of the energy. The un-
paired spin ensity may be negativ: in a wave function of
this type and is easily found by perturbation theory if certain
exchange integrals are small. It is shown that the spin density
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is then almost the same zs is found by combining the usual
single determinant function (with one unpaired electron, and
2n paired ones in n orbitals) with its singly excited doublet
configurations. In alternant hydrocarbons the Pariser and
Parr theory leads to a simple formula for the spin density:
Pr = €% — A Z,7,,C,q%, where ¢, is the Hiickel coefficient of
the odd orbital on atom 7, #,, is the mutual polarizability of
atoms r and &, and XA is a constant derived from the theory.
The observed byperfine structure in the electron resonance
spectra of naphthalene, anthracene, perylene, diphenyl, phen-
anthrene, and pyrene negative ions agrees well with this
formula, provided the constant Q0 defined by McConnell is
about —24.2 gauss. The non-alternant negative jons of
acenaphthylene and fluoranthene also agree; acepleiadylere
does not. The theory predicts identical spin densities in corre-
sponding positive and negative ions. In neutral alternant
radicals negative spin densities are found on all the unstarred
atoms of triphenylmethyl, perinaphthenyl, allyl, ana berzyl.
The calculated negative densities are a little too small to fit
the spectra of the first two radicals, but fit just as well as
the valence bonds. (PA, 1961, #14,108)

606. THE EFFECT OF BOND LENGTH VARIATIONS IN
MOLECULAR ORBITAL CALCULATIONS OF
7 ELECTRON SPECTRA—ANILINE
Peacock, T. E.
Molecular Physics, v. 3, no. 5, pp. 453-456, September 1360

The effect of bond-length changes on ground and excited
state energies is examined. The results are applied to aniline.
(PA, 1961, #14,085)

607. THE CRYSIAL SPECTRA OF VERY WEAK
TRANSITIONS. 1. THEORETICAL
Craig, D. P., Walmsley, S. H.
Molecular Physics, v. 4, no. 2, pp. 113-124, March 1961

{Fur Part 1, see Entry #1000.) The theory of intermolec-
ular resonance effects in the spectra of molecular crystals is
extended to very weak systems in which the pure electronic
transitions are either forbidden (as in the benzene 2600-A
systera) or comparable in intensity with accompanying vibra-
tionally induced transitions (as in the naphthalene 3200-A sys-
tem). For the purc electronic transitions the intermoiecular
coupliag is through transition octupole moments, giving split-
tings and intensity trausfers of the saine type as, thougl smaller
than, those familiar in the stronger, dipole-coupled systems.
Values of octupole—octupcie and octupole—dipole interaction
sums are reported for naphthalene, and the crystal spect.am is
calculated. For vibration-induced transitions it is sk swn that
the intermolecular effects are due only to the small component
of “stolen” character, thus allowing the lack of splitting and
intensity transfer to be understood. The nature of such bands
as arising from Jocalized excitation can thus be explained in
the framework of the simple rigid-lattice exciton theory. (PA,
1961, #14,553)
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608. ELECTRONIC ABSORPTION SPECTRA OF CRYSTALS
OF AROMATIC COMPOUNDS AT LOW
TEMPERATURES
Sirkar, S. C.

Naticnal Institute of Sciencex ¢f india, Proceedings of the,
Part A, Physical Sciences, v. 27, no. 6, pp. 568-578,
November 1961

The experimental results of investigations on the ncar UV
bsorption spectra of crystals of benzene at low temperatures
1p to —259°C reported by previous workers and the various
hevries put forward to expiain these resuits are briefiy re-
viewed. The application of Davydov’s theory (1951) to the
absorption spectra of crystzls of anthracene and naphthalene
made by some previous workers is critically examined, and it
s pointed out that the experimental results do not conclu-
ively verify Davydov’s theory and that in the case of
absorption bands with low oscillator strengths the average
ralue of transition moment derived from oscillator strength
rannot be used to calculate the Davydov splitting. It is fur-
her pointed out that Jarge splitting of the absorption bands
vas observed in the near UV absorption spectra of poly-
rrystalline masses of a large number of aromatic compounds
with polar molecules at -~ 180°C, and that such splitting can
e explained partly by modifying Davydov’s theory and
aking into account the interaction of the permaneat electric
moments of the nearest neighbors on the fransition moment
of the molecule in the crystal. (PA, 1962, #8525)

609. THE ELECTRONIC SPECTRA OF MIXED
CRYSTALS [ABSTRACT]
Craig, D. P.
In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” pp. 7-8
National Research Council, Ottawa, Canada, 1962

The main phenomenon in the optical spectra of pure molec-
ilar crystals is the Davydov splitting of individusl molecular
mergy levels according to the structure of the unit cell.
ieveral examples are known in which the magnitude of the
plitting has been calculated theoretically in quite good
igreement with experiinent. A second phenomenon in pure
rystals is the mixing by cyystal forces of different molecular
xcited states; this results in the transfer of intensity between
nolecular transitions and is observed as a departure of the
ntensity ratio for absorption measured along different crystal
ixes from the value calculated from the oriented gas model.
Nhile ihe Davydov splitting is caused by a resonance be-
ween the energy levels of identical molecules, the intensity
ransfer is not a rescnance phienomenon and can be expected
o persist in mixed cry-tals (as a coupling between levels of
lifferent molecules, instead of coupling between different
wvels of identical molecules) as in a pure crystal.

A typical aromatic mixed crystal is that of tetracene con-
ained as impurity in anthracene. Tetracene is the guest
nolecule present in very low concentration (in the order
0-* M) in anthracene as host crystal. Experimental studies
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by Choudhury and Genguly indicate a marked departure
from oriented gas behavior. The absorption spectrum of the
tetracene can be measured parallel to the a and b crystal axes
of the anthracene crystal, leading to a polarization ratio b/a
of about 1.9, compared with the oriented gas value of 7.7:1.
‘This result, which indicates a substantial degree of inter-
action Letween guest and host, can be expiained satisfactorily
using the idea that the 4800-A transition of tetracene steals
so:ne intensity from the anthracene transitions at 3800 A
and 2500 A.

In the fluorescence spectrum of the same mixed crystal, the
polarization ratio is again reduced from the oriented gas
value, but not to the same extent as in the absorption spec-
trum. It is believed that several distinct causes operate to
produce this lack of symmetry between the absorption and
fluorescence behavior. One cause is a small change in equi-
librium orientation of the guest in the host’s lattice that
occurs during the radiative lifetime; another is a loral change
in the lattice dimensions because of changed intermolecular
forces in the excited state. The former cause seems more
probable.

In mixed crystals in which the lowest level of the guest
is below the lower limit of the host’s exciton band, simple
perturbation methods suffice to calculate spectral effects. In
other cases, such as those of guest and host being isotopically
related, more precise treatment is necessary, This shows that
the polarization behavior still follows satisfactorily from ele-
mentary perturbation arguments. The cnergetics are more
complicated. For example, at high guest concentrations one
expects splitting arising from guest-guest interactions with a
magnitude depending sensitively on the strength of inter-
molecular interaction in relation to the energy gop between
host and guest levels.

610. EXCIMER FLUORESCENCFE IN ORGANIC
SOLUTIONS AND CRYSTALS [ABSTRACT]
Birks. J. B.
In “Prug:am and Abstracis: Organic Crystal Symposium,
October 10-12, 1962,” pp. 9-12
National Research Courcil, Ottawa, Canada, 1962

The fluorescence of pyr:me in solution is considered first.
The ratio (I,/1))s01n. of the quantum yields of D and M
is proportional to the ccncentration ¢. M is the normal
mcnomer emission; D is the emission of excited dimers
(excimers) formed by the diffusion-controlled association of
excited and unexcited molecules. The excimers dissociate on
emission, This interpretation of the origin of M and D has
been confirmed by detailed studies of their rise and decay
times, following excitation by a pulsed light source, as a
function of concentration, viscosity, and temperature,

If k;y, ki and k,c are the rate parameters (sec?) ¢
monomer fluorescence, monomer internal ¢uenching, and
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excimer formation. respectively, and g, is the excimer fluores-
cence quantwn efficiency, then

Ip qokpc
2 = 20D (1
(I M )soln. kiu )

The fluorescence decay time 7, of M, in the absence of oxy-
gen or other quenching iinpurities, is given by

1~y = koy + ki + kpe (2)

For a diffusion-controlled process at temperature T
8KT N
k, = 3000 7 14 (3)

where 5 is the viscosity, and p is the probability that an
encounter between excited and unexcited monomer raolecules
results in excimer formation. From an analysis of the meas-
urements of r,, as a function of ¢, 9, and T from 280-340°K,
it is found that

p = p, exp(—W/kT) (4)

where W = —0.37 ev, corresponding tc a decrease in p with
increase in 1. This value may be compared with that of
0.76 ev obtained for the energy separation of the excited
monoiner and excimer emitting levels from the fluorescence
spectra, and that of 0.39 ev = (0.76-0.37) ev calculated
independently for the dissociation enthalpy of the pyrene
exc.mer,

Férster has explained the flucrescence behavior of pyrene
in the following manner. The two lowest excited singlet levels
of the pyrene molecule are 'L, and 'L,. The fluoresceuce
emission M occurs from the lower level 1L, which has a very
weak transition moment to the ground state. This is con-
firmed by the value of 7, = 450 nsec observed at 20°C in
oxygen-free solutions ac low ¢. 1L,, which is adjacent to 'L,,
has a strong transition moment te the ground. state. Conse-
quently the large splitting of the 1L, level in the excited dimer
produces the lowest excited singlet ievel 'L, from which the
excimer emission D occurs.

The fluorescence spectra of solution of 32 comr.ounds which
exhibit excimer fluorescence at room temperature have been
studied.

611. INTERSYSTEM CROSSING AND DONOR-ACCEPTOR
INTERACTION [ABSTRACT]
McGlynn, S. B.. Chrisiodouleas, N.. Daigre, J.
In “Program and Abstracts: Organic Crystal Symposium,
* Qctober 10-12, 1962,” pp. 33-37
National Research Council, Ottawa, Canada, 1962

It has been shown that the phosphorescence to fluorescence
quantum yield ratio, ¢,/¢;, of anthracene in an ether-
isopentane glass at 77°K is increased by a factor of 10 when
complexation with sym-trinitrobenzene (TNB) is effected in
the sam« matrix, and thai the phosphorescence of the anthra-
cene (to the exclusion of the fluorescence) may be excited by
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irradiation in the charge-transfer absorption region of the
complex. Nc¢ further work along these lines seems to have
been carried out, although there does seem-to exist a gereral
feeling that charge-iransfer complexation shouid ecnsitize
phosphorescence of the donor partner of the complex. It is
now accepted that oxygen effects on singlet «> ciplet ‘ransi-
tion probabilities are due to increased spin-o:bit. 1 coupling
caused by complex formation with oxygep, and a complexed
intermediate has been invoked tu explain the external heavy
atom spin-orbital coupling effect. In v.ew of the above, and
the recent results of Czckalla whe #iowed that complevation
caused a decrease in the phaspborescence lifetime of vari-
ous aromatics, it seems necess'ry to discuss the effect of
complexation on the ratio ¢,/4;. Such a discussion is pre-
seated in this paper; the sabject is divided into three sections,

{1) The external heavy atem spin-orbital coupling effect is
considered. A sampling of the results obtained with naphtha-
lene in various media is tabvl-ted, and a graphie illustration is
given. It seems rcasonable tc conclude that the room-
temperature quenching of fluorescence caused by various
heavy-atom containing perturbe:s can be attributed to singlet
depopulation via an enhanced intersystem crossing process.
It also seems reasonable that one result of the heavy-atom
perturbation is a mixing of the charge transfer singlet and
donor triplet states,

(2) Charge transfer and heavy-atom spin-orbital coupling
effects are also discussed. A sampling of the results obtained
with napl.thalene-acceptor systems of relatively large equi-
librium constant is tabulated, nznd the effects of concentra-
tion variation for a typical case are shown. The results show
the efficacy of a large equilibrium constant, a significant
‘acrease in ¢,/¢; by a uon-paramagnetic non-heavy atom
cortaining acceptor (TNB) in a CT complex, the additicnal
«fectiveness of heavy .toms in the acceptor nartner, and the
et of anceptor concentration,

() Discussion is giver: of both cases, although the first
is simy'e. For case 2, discussion incledes the CT state as an
intermec. e in an energy cascade process, and the loss of
the validity of the spin concept. Two processes ere suggested
to account .or the results, and *the two meclianisms are
generalized.

612. LOW FREQUYNCY VIBRATIONS OF MOLECULAR
CRYSTALS [ABSTRACT]
Pople, J. A. )
In “Program aud Abstracts: Organic Crystal Symposium,
Octuber 10-12, 1962,” pp. 3941
National Research Council. Ottawa, Canada, 1962

Such low-frequency (< 500 cm-!) spectra generally in-
volve relative motion of large groups of atoms and are relaied
to mechanical and thermal — but not electrical — properties.
However, it is pointed out that quanta of such vibrations an
sometimes found in combination with electronic excitation and
some have been observed in Raman spectra. This particular



paper ic concerned with observations (and their interoreta-
tion) in the far infrared.

613. THE ENERGIES OF IONIZED STATES IN
MOLECULAR CRYSTALS; AND SOME RELATED
PROPERTIES [ABSTRACT]

Lyons, L. E.

In “Program and Abstracts: Grganic Crystal Symposium,
October 10-12, 1962,” pp. 42-45

N tional Research Council, Ottawa, Canada, 1862

The following subjects are included: the calculation of the
crystal values, 1. (ionization potential) and A, (elcetron
affinity), of molecular crvstals from the gas values I; and A,
by evaluating charge-dipole and dipole-dipole interactions;
calculation of x« (average molecular polarizability) from I,
and I, and comparison with experimental results; polarization
energy P: the temperature dependence of intrinsic dark con-
ductivity in molecular crystals, including the theory behind
observations and the possibility of further intrinsic conduc-
tivity as yet unobserved; the number of charges at thermal
equilibrium in a molecular crystal (mobile charges of rrob-
able importance in biological systems) and the EPR signal;
the threshold of intrinsic photoconductivity; and spectral
maximum of photoemission.

614. THEORY O¥F THE VIBRATIONAL STRUCTURE OF
MOLECULAR EXCITON STATES [ABSTRACT!
Merrifield, R. E.

In “Prograra and Abstracts: Organic Crystal Symposium,
October 1012, 1962,” pp. 53-55
Naticnal Research Council, Ottawa, Canada, 1962

It has been recognized for some time that the Born-
Oppenheimer separation of nuclear and electronic motion -
not, in general, valid for molecalar exciton states. However,
whenever the Born-Oppenheimer approximation is valid for
the individual molecules, such a separation can be obtaired
in the sense that an effective Hamiltonian for the nuclear
motion can be derived.

1 he total vibronic wave function of a state of a molecular
crystal in which the molecule at R, is electronically excited
mav be written x,(r,Q) = ¢,(r,Q0)A,(Q), whure r and Q
represent all of the electronic and internal vibrational co-
ordinates, respectively, of the molecules in the crystal. The
electronic part of the wave function ¢, (r,Q) may be written

qsn(’:Q) =t (70,0n) 51,},. “(%Q.) '

where u(r;,Q;) and u’ (¢;,Q;; are the ground and excited
state electronic wave functions, respectively, of the individual
molecules. In the absence of intermolecular interactions, the
vibrational wave function, A,{Q), can be factored similarly
into molecular vibrational wave functions, but in general this
will not. be possible.

|
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E,(Q), the total intramolecular vibraticna! potential energy
in the absence of intermolecular interaction, is represented by

E,(Q) = :27 V(Q,) + V' (Q,) ,

where V(Q;) and V’ (Q;) are the vibrational potential energy
functions of the ground and excited electronic states, respec-
tively, of an individual molecule.

Finally, a general equation is derived +. hich represents the
vibronic behavior:

[Ty + E.(Q)]AL(Q) + 2’ exp(tk°Ry) H,p Ay (0Q)

= Ek An(Q) .

The first term on the left-hand side of the equation simply
determines the molecular vibrations in the absence of uny
intermolecular interaction, while the summation represents
the effect of the exciton motion on the vibixtions. This repre
sents a generalization to crystals of Witkowski and Moffitt’s
treatment of the vibronic states of dimers and is closely
related to recent work of McConnell on the “slf-trapping”
of excilons through interaction with intramolecular vibrations.

Since a general method of solution for this equation has
not been found, a simple exactly soluble example has been
selected which allows numrei:cal solution over the entire
range of coupling strengths.

Preliminary calculations have been carried out which
illustrate the simple behavior of the energy levels and spectra
in the weak and strong coupling limits and the very complex
behavior in the intermediate coupling region.

615. VIBRONIC POLARIZATION IN MOLECULAR
CRYSTAL SPECTRA [ABSTRACT]
McRae, E. G.
In “Program and Abstracts: Organic Crystal Symposium,
October 10-12, 1962,” pp. 61-65
National Research Council, Ottawa, Canada, 1962

The object of this communication :s to show how variations
of polarization ratio within electro.ic band systc:as in mole -
ular crystal spectra may be interpreted in terms of vibronic
interactions. The vibronic states considered here correspond
to the excitation of intramolecular vibrations only; as lattice
vibrations are left out of the theory, the results refer to the
gross vibrational structure in spectra.

The model and tl.:2oretical assumptions are thie same as in
the simplest form of the exciton theory, except that each
molecule is allowed to vibrate in one normal mode. The
vibration is assumed to be ha:monic and the force constant
is taken to be tne same in the ground and excited electronic
statces.

The 1iethod of treatment is tha: of perturbatior theory.
The intermolecular interaction energy is considered as a
small perturbation, so that the zevoth-order description of
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the crvstal corresponds to the case of “weak ceupling.” The
proceduse: followed here is to obtain a frst-orGer correction
to the wave functions, and then to calcvlate the trausition
moment integral invoiving the appropriate corrected wave
function for a wvibronic transition. of arbitrary polarization.
The vibronic polarization ratics may be obtained in general
as ratios ¢f sguares of the reieveni timisitdon moments. The
vresent discussion is limited for definitencss to-a crystal
with two mclecules per unit cell.

The zeroth-order wave functions are buiit up from p-cJucts
of vibronie wave furctions fcr the individual molecules. These
products are characterized by two numbers, p and d, respec-
tively designating the number of vibrational quanta excited
and the number cf molecnies participating in vibronic exci-
tation. In the derivations the basis set is limited to those wave
functions which can be constructed frem products charac-
terized by @ - 1; ie., prcducts reprusenting vibronic exci-
taticn of one mnjecule only.

" 616: ELEC[RON AFF]!\I’HLS OF ORGAN(C MOL.ECULES
Batley, M:, Lyons, L. E. -
-=  Nature, v. (Dﬁ.nq 4854, £p. .p73——574 \uvember 10, 1962

The ‘simp'est relahons}up bet\wen the E's of two acceptors
depends on a number of assumptions :ml‘ follows, from the
expression for the energv, hv, of the max.mum of tve charge-
transfer band being gxwu b} the expression

. hy=1D) —E(4) * ¢ -

(1)

where I(D) is the icnization potential of the dono: molecule
D; E(A), the electron affinity of the acceptor, A.

The difference in E for two m')lecﬁles, i and j, for a g ven
donor 15 then:

E(A-) — E(A,)) =hv; — hv; + ¢;p (2)

—~ ¢ip
Tﬁe assumptior: that the right-hanC side of equation 2 is
approxxmately €4nal to hv,— hy; can be tested by- determin-
ing E{A;) —E{A)) for a scries of donors, Using available
data for various donors, it kas been possible to compile a
tahle of electron affinities for molectles which act as acceptors

in charge-transfer spectra, -

617. DELAYED FLUORESCENCE SPECTRUM OF
PYRENE SOLUTIONS AT LOW TEMPEBATURES
TanakazG:, Tanaks; J;, Huttor; E. Stevens,B T
Namm, V. 198 no. 4386,;} 180, June

ATaty, ;unié na, 1563 -

de.aycd ﬂuo.escence exhxbxted by dlssmved aromahc hydro-
carhons A originutes-in the interaction of two-triplet states,

and that at low light intensjties the overall process 1, followed
by is controlled by the. first-order process 3 which is almost
entxrelv respousible * for mplet-state decay under these
condxtnous. . .

[y
'

- atvery low temperatures.

A+ 3A>1A% + A (n
A% SA + hivy (2)
A-A (3

To account for the presence of the dimer band in the delaved
fluorescence spectruin of pyrene, it has been suggested that
process 1 involve