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1 2
PRESSURE TRANSDUCER The complex of pyrene and TCNE is prepared by preferably
! - dissolving epproximately equal portions of thess materials in a
ORIGIN OF THE INVENTION ' suitabie solvent such as ethylacetate. Additional other suitabie

The invention described hereir was made in the per- _ solvents will include, for example, benzene, tolucne,
formance of work under a NASA contract and is subject tothe 5 tetrahydrofuren and the like.

provisions of Section 305 of the National Aeronautics and The two components can be dimolved in a large excess of
Spece Actof 1958, Public Law 83-568 (72 Stat. 435; 42 USC ~ solvent without heating. However, it is preferable to dissolve
2457). each component in solvent and heat same to between about
10 50° and 80° C. or up to the boiling point of the solvent. The in-

BACKGROUND OF THE INVENTION dividual hested solutions are then mixed together. The solu-

" 1. Field of the [nvention tion of pyrene and TCNE may be evaporated in a beaker

vaenaonnmtheﬁeldofpwretmsdumuom under a hood ot in a flask by applying & low vacuum. The size
particularly, the inventioa relates to the novel utilization of a of the resulting crystals deperds on the tme period of
particulsr monomeric charge-transfer complex as a sensing 1§ €vaporation. The slower the rate the evaporation the larger
element in 2 pressure trunsduser and the resulting transducer  the Crysials obtained. After formation of the crystals, they are
whzcn passesses bxgh -pressure sensitivity. filicred from the remaining solvent in the reaction vessel.
2. Description of the Prior An . Tt is often desirabie to provide the resulting compiex in the
PFrior 1o the berein invention, severai studies have beencon-  form of a singie crystal to which conductive plates could be
ducted relating to the pressure dcnend-:ace of the conductivi- 20 adequaicly bonded. Th process to obtzin a sins= crystal s
ty of organic semiconductors. TLz studies have included the same as previously described for several crystals, however
matenials such as polycyclic aromatic  hydrocarbons, the golvent ic eveporated much slowsr. A tyrics! arysialon te
polymers, charge-transfer complexes, free radicals polymers order to 3X4 millimeters/2 millimeters thick can thus be
sock: s polyvinyl-antiracene-iodine and monomeric charge- formed upon slow eveporation over, for example, a several
tranefer complexes. From the studies of these various materi- 25 day period. This slow evaporation might occur, for example,
als, it was found that their electrical conductivity increassd by  under a nitrogen gas atmesphere,
a factor of from 10 to 13,000 for a tenfold increase of pres- In addition to providing a single relatively large cryetal, &
sure. In other words, the maximum sensitivity of the prior art’ pellet of many small crystals can be used. It hes been found
orpanic semiconductor devices was a threc order magnitude that ground or crushad crystals of the comgplex can be pressed
increase in conductivity for a tenfold increase in pressure. 30 into a coherent peliet mass; this pellet can be utilized in the
This rangc of sensitivity was not sufficient to provide  same manner as a single crystal with good results. As can be
widespread utilization of these materials for pressure ransdu-  appreciated, the formation of such a pellet enablesone tocon-
CeTS. trol the size of th: sensing element formed from the compiex.
. Referring tc: FIG. 1, there is seen 2 singlc crysal 1 of the
ORIECTS AND SUMMARY OF THE INVENTION 35 pyrene-TCNE complex. To the opposite largest surfaces of the
Thus, an object of this invertion is to provide a pressire crystal are bonded conductive plates 33 which can be formed
transducer utilizing a novel sensing element. of silver or other suitable highly conductive material. The
A further obiect of this invention is to provide a sensingele-  plates can be bonded to the crystal by silver pasie, solder or
_ ment for a pressure transducer which possesses a significantly 40 other like conductive adhesive-type material.
greater seositivity L0 increase in pressure than similar prior art Individuzl Izads 1S arc affixed o each of the plat:s 13 and
materials, ' . are directed to both a power source 17 and a meter 19 forming
The above and other objects of the invention are derived a circuit such that the variance in conductivity of the complex

V . from the utitzation of the monomeric charge-iransfer com- 11 can be adzquately measured with charnges in externat pres-

plex pyrene-tetracyanoethylene as the sensing elcment in a 45 sure upon the plates 13. The power source can supply virtually
pressure transducer. This chargs-transfzr complex can be pro- any voltage up to 100 volts. Above this excessive heating will |
vided in the form of a polycrysisline powder comprised of & occur. Voltages as low as microvolts can be used provided the
plurality of crysta!s, or preferably one relztively large single current is sufficient to achieve the desired results.

crystal o which can be anached conductive wdectrodes. {.zads For many epplications it is particularly desirable that the
from thesz electrcdes then will reficct the changed condus tivi- 50 crystalline complex E1, together with its associated plazes 13
ty of the complex when subjocted to compression in a be isolated from the surrounding environment. This ts particu-
girection normal to the plates. Further, the item can beencap- - larly so when the device would be utilized in underwater en-
suiated in 2 flexible pmwcl:ive housing such that it can be util- vironments. Thus, the crystal sad p}g(g; may be encepsulated
ized in underwater environmer.ts and the like, to obtgin depth by with a suiteble material 21 which can be 8 fi=xible resin
measurernaents and othor desizabie pressure data. As will be 55 material such as epoxy resins, alkyd resins and other known
shown, the charge-transfer complex. has an electroconductivi-  eoatings. Additionally, a rubber base nzferiid can be used.
ty which is much more sensitive to pressure other than other The main requiremerts of the encapsiulsting material 21, of

charge-transler complexes, course, {3 that it be flexible and efiow ieflection of the plates
- : 2ito ide a compression of the crysial 11, when pressure is
BRIEF DESCRIPTION OF THE DRAWINGS 60 exenedp“i’;the direction of the arrcw shown.

FiG. 1 is 2 schematic diagran: of a technical pressure trans- It should be pointed out that the “esulting p~cssure trans-
ducer of the inveaticn, together with a circuit in which it ducer 23 shown in FIG. 1 is not of an inhetentiy novel con-
would be utilized. struction .n.dthaxwxdclauwdecmbcuuhmdmdagum

FIG. 2 is a chart disclesing the change in resistivity of the ¢4 such a transducer. The novelty of tie transducer, however,
compie: of the material in relation to pressure. lies in the particular use of the comp.2x of pyrene and TONE

. as a sensing element £l to provide the unusus! and unex.
DESCRIPTION OF T.i2 PREFERRED EMBODIMENTS pected highly sensitive pressure dependence.

Prior to the herein invention, the complex of pyrene and Though the specific embodiment chown disclones cnnduc-
tetracyanoethylene, hereinsfter referred to as TCNE, was 70 tive pizies affixed to the crystal coiaplex materal, mere elec-
known, trical leads can be bonded to thie surfaces cf a single crystal or

Unexpeztedly, however, in the course of the development pellet and dic desired results obtained. ‘Thus, any suituble con-
of the hercin invention, it hes been found that this complex ductive electrode material is contemplated.
heas an electrical resistivity that iz much more sensitive to pres- I3 is believed that the invention wili e better rx.'u-.stood
sute than any other known material of a siznilar nature. 15 from the following detsiled cxample:
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EXAMPLE . the squares.
Equal molar portions of and TCNE were dissolved in When the same example was repeated utilizing one-half

) . i . . inch diameter anvils the results odtained were 3 indicated on
;‘:nﬁy""g&u Spec:ﬁca;.":d. 2»;02 g. of pmyre;:dwa_;i:olved I the graph of FIG. 2 is indicated by the circles. At can be seen,
2V ml °"‘wa the mixture | unUlthe PYrent g e resistivity of the crystels decreases by a factor of 7 orders
dissolved. 1.28 g. of TCNE was dimolved in 5O ml. of = o oo omitude between 3.5 and 33 kilobars. This is believed to
cthylacetaie and mixture heated _unu\ the TCI_\'E dizsolved. be the largest reported decrease in resistivity for any known
The two hot solutions were then mixed together inaglass ves-  chyrps transfer complexes and polymers over such g pressure
tel. After the solution was achieved, the mixture was then al- range. Although the restlts shown in FIG. 2 are with regard to
lowed to stand under 2 hood end the solvent slowly |0 plurality of fine crystals between conductive plates, it should
evaporated over a period of 12 hours. Remaining in the bot-  be pointed cut that essentialiy the same results will be
tom of the vesse] were dark blue crystals of the complex of achieved from a single large crystal.

pyrenez.nd'!CNE.Tbeajmlswercthenﬁ!tﬂedfmmme What is claimed is:
remaining solvent. 1. A presyure transducer comprising: '
The resulting crystals were then gmund in a motar. T‘hxs was 15  two spaced-apart electrically conductive electmdc surfaces,
donce to prevent the crysials from expioding out of the pres- and
sure spparatus used, as well as insuring a high density of the 8 senzing element disposed between said mrfasea formed of
crystais pes volume within the pressure apparatus. the chargetransfer complex of pyrene-teta
The ground crystals were then placed in a pressure ap- cyanczthylene.

paratus which utilized twc opnosed vanadium alloy steel aavils 20 2. The transducer of claim 1 wherein said sensing element is
having a diameter of one-fourth of an inch. The anvils were comprised of a pluraiity of crystals.

conmnected by jeajs to 2 Foithey Electometer such that re- 3. The transducer of ciaim i wherein said sensing element is
sistivity determinations could be made. This test arrangement a peilet formed from a piurality of pressed crysials.
is described v page 82 of Progress in Dielectrics, Vol. 6, 4. The transdecer of claim § wherein the sensing element is
Academic Press, Inc., (1965). The anvils were placed in a 25 comprised of a single crystal.
hydraulic prees tvpe of pressure zppemtis so that variouz 8. Thz transducei of cishiu € wheretn:
pressures could be applied between them, Care was tzken to said electrically conductive electrode surfaces are bmded
ensure that any spuricis voltsges across the samples were a to opposite sides of said crystal. .
factor of 100 or greater isss than the applied voliage. All the 6. The transducer of claim 4 further comprising:
measurements resulting from varying the pressure on the 30 encapsuisting suid sensing element and electrode surfaces
crystais between the anvils was made at room temperature. in a flexible hcusing.
The results are shown in the graph of FIG. 2 as indicated by L B
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