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TECHNICAL OBJECTIVES

I. Quantum Calculations of Fluoroether Polymers

The overall purpose of this research was to help understand polyfluoro-
ether chemistry with a combination of experinental results and quantum
mechanical calculations. Thus, we have worked in close colaboration with
Dr. Rosser at NASA-Ames Re;sea.rch Cepter who contributed to the exéer:!mental
counterpart of this research., The interpretation of the experimental results
obtained by Rosser and coworkers about the relative thermal and hydrolytic
stability of perfluoroalkylether substituted 1,2 ,1+-oxea,d.:i.ev.zo:l.el’2 and 1y3,5~
triazine? model compounds wes the initial motivaticn of this investigation.

The two general systems that we have considered are shown in figure 1.
The perfluoro and perfluorocether substituents used in the experimental model
compounds contain as rany as seven carbon atoms. For the case of‘ 1,2,k4-
oxadiazole, a model compound where Ry was a phenyl group bridging two 1,2,k
oxadiaznle moiesties has been synthesized and it has been found that its
thermal stability decreases with respect to completed perfluorinated derivatives.
For the case of l,3,5—triazine}1§as found that a branch (namely, a CH3 group)
at the carbon attached to the ring produced an extremely stable compound a:f;

high temperatures in different environments. Moreover, an unbranched

perfluoro substituent was completefy hydrolized by water at 325C.

Figure 1
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(a) 1,2,4-0xadiazole derivatives (b) 1,3,5-triazine derivatives



The theoretical aspect of this investigation was mainly & study of the
effect that different substitution produces on the electronic structure of
the heterocycle. Changes in geometry, atomic charge populations, and molecular
orbital energies were extensively examined, Substituents of smaller size
than those present in the expeyimenial model compounds have been used in the
calculations. These substituents simulated the general, characteristics of

the real ones, and have the advantage of reduced computational effort.

II. Quantum Chemical Calculations for a One-dimensional Conductor

Another application of state-of-the-art quantum chemical methods under
this contract was to a class of one-dimensional conductors. This class of
conductors, of which KEPt(GN)uBrO.S.xHQO (XCP) is one, has a chain structure
consisting of staggered square planar tetracyanoplatinate complexes9.

Different complexes can be formed with varying concentrations of
halogens which modify the oxidation states of Pt from +2.0 to as high as +2,4,
Examples of these complexes are given in Table I. A schematic diagram of
the tetracyanoplatinate chain is shown in Fig. 2. For metallic conduction,
the top valence band of these compleikes must be partially occupied. Since
the bonding along the chain is through d,z electrons, this implies that
partial oxldation depletes electrons from the d,. band. Prediction of

partial oxidation from specific orbitals requires an accurate knowledge of

the electronic structure. The objective of this research is to provide this

s

~ knowledge of the electronic structure for the tetracyanoplatinate ion and to
establish the orbitals from which'partial oxidation occurs. The behavior

of electrons in these orbitals are then correlated with the different Pt-Pt
separations and electrical conductivitiesl®., A more fundamental understanding

of the general trend of increase in conductivity resulting from increase
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Some Tetracyanoplatinate Complexes *

Comrilex
Pt metal
KoPt(CN)),
KoPt(CN)),Brg, 3
Cs Pt (CN) (FHF ), og

% from Refs (9) & (10)

ORIGINAL PAGE IS
OF POOR QUALITY

Tavle I

Figure 2
petani?],

Pt-Pt (A
2775
3.50
2.89
2,872
2.833

chain

-

Conductivity SElem-L

10%
10~7
800
300
2000



in oxidation number for Pt coupled with decrease in Pt-Pt separstion is sought.

RESEARCH ACCOMPLISHED

I, Quantum Calculations of Fluoroether Polymers

As a computational tool we started using the semiempirical MINDO/3
(Modified Intermediate Neglect of Differential Overlap) method of Dewar et ald,

(1) The s-triazine system

MINDO/3 calculations on the unsubstituted 1,3,5-triazine yielded a planar
molecule, This result is in agreement with experimental datau. Then we
started studying the effect of monosubstitution of CF3CFp. The five fluorine
atoms and ‘the triazine ring were chosen to stay in a staggered conformetion.
Rotation of the triazine ring around the C-C bond was allowed, with the
remaining geometrical parameters fixed. The goal of this calculation was to
locate the neighborhood of the equilibrium conformation. The resul®s of these
calculations indicated that the ;mst stable conformation was at a rotation
angle of about 135 degrees. Consequently we started a calculation where we
froze this angle and permit a partial relaxation of the geometry within the
CF3CFp group. The results obtained loock very unreqlistic: 8 large deviation
of the C-C-C and F-C-C angles from the tetrahedral value brings the fluorine
atoms to'an excessive proximity.

Repetition of the calculation at 90° gave the same kind of anomalous

.result. We concluded that the cause of this problem resides in the under-

estimation of lone pair - lone pair electron repulsion between adjacent
fluorine atom. in MINDO/B. Subsequently we decided to use the different
quantum mechanical method MNDO? (Modified Neglect of Diatomic Overlap) which

has proved to be more accurate than MINDO/3 for molecules containing hetero-

atoms.6:7



MNDO calculations were then performed for unsubstituted s-triazine,
and’ for monosubstitution of CF3CFp. For the latter case the optimized
geometry was much more realistic, and the heat of formation obtained was
much less exothermic than that obtained with MINDO/3., For unsubstituted
s-triuzine, MINDO/B and MNDO predicus practically the same geometry for the
ring. This agreement would have been expected since the absence of fluorine
atoms reduces the error coming from the underestimation of lone pair - lone
pair electron repulsion.

MNDO calculations with the substituents CF(CF3)CFy and CF(CF3)OCF3 were
also performed, We successfully optimized all the geometrical parameters.
No significant differences at the triazine ring are detected in geometries,
charge distributions and molecular orbital diagrams for the three different
substituents employed.

A close scrutiny of the molecular orbitals indicated that the loss of
basicity of the triazine nitrogen atoms upon substitution is due to a drop
of 0.8eV in the energy of the highest occupied molecular orbital of
symmetry ¢, Nevertheless differences in basicity between the three substituted
s-triazine is not apparent. The differences in hydrolitic stability comld

be of thermodynamic and / or kinetic nature. Both possibilities are currently

being examined.

(2) The 1,2,4-oxadiazole system

We started studying the 1,2,4-oxadiazole simultaneously with the s-triazine
system. Consequently some MINDO/3 calculations were initially performed.
MINDO/3 results for the unsubstituted heterocycle revealed that all the atoms
of the ring lie in the same plane in agrecment with experimental dataa.

A OF3 group was subctituted at carbon 3. (see figure la), and rotation of it

around the C-C bond was allowed. The results indicated that: (a) a free

e
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rotation of CF3 is expected at roam temperature, and (b) the rotation is
practically rigid. ‘

Due to the shortcomings of MINDO/3 as seen in the s-triazine calculations,
we performed MNDO calculations on the unsubstituted 1,2,4-oxadiazole in
order to see how the results differed from those of MINDO/3. The MNDO heat
of formation was about 17 kcal/mol sbove the corresponding MINDO/S value,
suggesting that some underestimation of electronic repulsion might be present
in the MINDO/3 calculation. Also the geometry was somehow different. '
Nevertheless a planar molecule was predicted in agreement with MINDO/3 result.
With these results at hand, and recognizing the improvements of MNDO over
MINDO/3 for asystem with heteroatom56’7, we decided to continue the study of
this system with the MNDO method.

We have performed MNDO calculations for a series of molecules with
different substituents Ry and Rp [figure 1(a)). Table II shows all the
different cases considered. No detaills of all the different calculations
are prasented here, For this purpose the draft of a manuscript that we are
preparing for publication is attached as an appendix. Here, only a summary
of the conclusions achieved is given. Two important factors determine the
thermal stability of the 1,2,4-oxadiazole structure: (a) the total negative
charge inside the ring, and (b) the degree of homogeneity of such charge
distribution., For phenylated derivatives, a non-planar conformation is
the energetically most favored. Increasing the temperature would start
popuiating the planar conformation, and as a result a greater number of
electrons would be accumuleted inside the oxadiazole ring, thus leading to
reduced thermal stability. Stabilization of phenylated derivatives is
suggested by avoiding the planar conformation as well as by the introduction

of electron-withdrawing groups at ortho and para benzene ring positions,

N
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Table II
Rl R2 .
H H
CH3 H
CF; H .
Ga¥s a ’
2:
061{2 * .H3
Sors CP3
eH3Fp (’Fa
CF3 Cetls

]

* CgHs is —<:C§>“ '

*+ C6H3F2 is
<=

FH
II. Quantum Chemical Celculations for a One-dimensional Conductor

The proposed calculations are performed using the self-consistent-
field-XKX-Dirac-Scattered-Wave (SCF-Xo(-DSW) method! for the clusters
[Pb(CN)LJ"e and [Pt(CN)ll3 for several Pt-Pt separations. This method has
proven its utility in treating systems containing transition metals, and it
treats relativistic effects exactly, which is vital to an accurate description
of the Pt-Pt bond. The density of states is also calculated for each case.
This study is intended as the first of a series of electronic structure
calculations for one-dimensional conductors.

T\he monomer and trimer clusters each has Dy, point group symmetry. The
density of occupied states for the monomer [Pt(CN)uJ "2 i{s shown in Fig. 3.
The orbital with d,zcharacter is in the middle of the Pt-ligand valence
complex. This is to be expected since the monomer does not represent the

extended chain system.
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Substantial code dev-:lopments have been made for the SCF-XA-DSW computer
programs, so that it can handle the 27-atom trimer cluster E?e(CN)u]g‘.
The calculation for a Pt-Pt separation of 3.1A has just been completed and
the density of states is shown in Fig., 4., Preliminary analysis revesls that
the antibonding d s stotes are located at the top of the valence complex,
However, the density of states near the valence band edge (E,) is not | ;
exceeding.’ly. high. 7This is reasona;ble since the Pt-Pt separation used falls
between those for the insulator and conductor compounds as seen in Table I.
It is fair to speculate at this point that the denslty of states near Ey
will be lower for large Pt-Pt separations (insulator) and much higher for
smaller Pt-Pt separations (conductor), More detailed analysis of the trimer

electronic structure as well as calculations for three other separations

are ongoing.,

PRESENTATIONS

MINDO/3 and MNDO calculations on Polyperfluoroalkyl Compounds, J.P. Lopez,
C.,Y. Yang and R, Rosser, The Third Annual West Coast Theoretical Chemistry
Conference, Moffet Field, California, April 22-24, 1981.
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 APPENDIX 3 OF POOR QUALITY
IR
Moecubar-Srhitadtweews_Applicd to Structural Changes In

1,2,4~0Oxadiazole Substituents

INTRODUCTION

The literature describes the relative thermal stabilities of various

substituted 1,2,4-oxadiazole compounds, 1,2

General organic chemistry theory
leaves many questions unanswered concerning the rationale of existing experi-
mental data. .

In this paper a theoretical study of the effect that the electron doror
power of different substituents at positions 3 and 5 of the 1,2,4-oxadiazole
ring has on the electronic structure of the heterocycle is undertaken, The
results reported are all fram the semi-empirical quantum mechanical Modified
Neglect of Diatomic Overlap (MNDO) methodz. This method has proven to be
supcessful in the description of organic molecules containing heteroatoms.z“‘ We
will discuss the results of Mulliken population analysis and a correlaticn
molecular orbital diagram for a variety of selected molecules,

Figure I shows the general molecular system for which several calculations
have been performed and, for simplicity, it is designated Rl-OXA-R.2 in this paper.
The objective of the work was to understand how the different substituents Ry and
R?_ modify the thermal stability of the 1,2,4-oxadiazole ring. We seek an answer
to the cuestion of how a particular substituent affects the electronic structure
of the heterocycle, that is, does it favor dissociation of the ring or stabilize
itc,

"Differéxmt combinations of the following substituents have been employed in
the calculations: hydrogen, mt:hyl,perfluoranethyl, perfluorocethyl, phenyl and
~o=tt-fluorophenyl.

— a,é,'cﬁbéﬂqp,,ipgmué/g_
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wHAL c.l! O¥LAn
—7 Jhe-choice-of the substituents ham-been—mm:ad-by-mm fram

similar experimental model campounds tbat: are relevant to the synthesis of
thermally stable polymeric materials. Partmulurly', E)q)erixmnts have revealed
that substitution of perfluorocalkyl groups on both carbon positions of the

" oxadiazole structure greatly stabilizes the ring syst:emw‘e‘“ i.t{troduction
of a phenyl group on the oxadiazole ring yields cro?npomds_ which are not as stable
.as the completely perfluorinated der:.\:rat::wes:L .‘\" e A the mt}lgorinaced
derivatives, it is known that the unsubstituted 1,2,4-oxadiazole is § unst:able, ]

° et ithis stability is significantly enhanced by replacement of one of the hydrogens }

NG 6
by a methyl group:,

Changes in atamic charge populat'ions, geometries, and molecular orbital
energies were extensively examined and in particular the effect of rotational
conformers on the thermal stability of the phenyl substituted oxadiazoles will be
discussed. ‘ ‘

For M calculations where the phenyl group was present, the geometry
olabimirrssenp 7as kept fixed at that of free benzene molecule. A complete
opt:imizat:ion' .of the w "georret:rical parameters was qpe formed, For the
cases where the phenyl group'\gr%bsent, a complete optimization of the atomic
arrangement was undertaken.

RESULTS

(a) Rotational Barriers

wolecvles
The calculations on all the-differeni-malecutes R -OXA--R2 have shown

that. the five atoms of the oxadiazole ring lie in practically the same plane.
ﬁotations around single bonds present insignificant barriers, except for the
case of rotation of the pheayl group. 7Thus, the rotational barrier for
CF3-OXA—CF3 is only 0.1 kcal/mol, whereas for CgHg -OXA-CF4, 06}15-0XA-H, and

CFB-OXA-Céﬂs, they are 1,34, 1,28, and 1.16 kecal/mol respectively.
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The potential energy curve for rotation of/'phenyl group around the
C-C single bond i¢ depicted in Figure II for C.H.-OXA-CF,. The two minima

| . ;65 3 won-planar VL)
are at 64° and ~64 away from the planar conformation. Since these c\gaﬁed
conformations are separated from the planax( conformation by 1.34 kcal/mol it:

N S -plana
i thew“t\n.gaod conformations

. is expected that at room temperat:ure

LERSH

\),A.J"‘r % ‘Ml ) / v v ‘ won plavar
pop‘tf la ‘od\{ quas:.’- free pass gétwem the two conformations must be

expected because of the small barrier of separation between them (only 0.2 kcal/mol),
(b) Mulliken Population Analysis

' Results within the 1,2,4-oxadiazole ring are presented in Table I.
An oten T2
A-diiferent way to visualize the effect of substitution on the rearrangement of
the atomic charge, is by examining ‘the electron donor power of the substituents

at positions 3 and 5 of the 1,2,4-oxadiazole ring. These results are shown in

» Table III. Inspectim of the table reveals that the electron releasing power

increases according to the following order:
CgiyF, (NPL) < C,Fy < CF, < CH,F, (Ph) <CgHs (NPL)
<CgHie (Pl <H <CH,
what
The general ordering is in agreement mth je could be expected from
qualitative arguments. It is interesting to observe the effectiveness of
fluorine atoms in reducing the electron releasing power of the benzene structure.

aetam
Also, it is seen that position 3 is a better sa.nl;..oﬂalaosmns ‘than position 5,

probably due to the of the more electronegative oxygen atam

(compared with nitrogen).

(c) Qorrelation Molecular QOrbital Diagram
| Diagram for seven of the molecules of Tables I and II is depicted in
Figure 1II. 1In addition, and for reference purposes, the benzene molecule has
also been included. The diagrams show the energies of only the highest double
occupied molecular orbitals of each molecule. In principle, a molecular orbital

is delocalized throughout the entire molecule; consequentl.l’it should have contributions



fram the oxadiazole ring as well as from the substituents. Nevertheless, an
_ inspection of the highest occupied orbit:.als reveals that they are practically '
restricted to the oxadiazole and/or the benzene ring for all but one of the cases
examined (the exception is Ci{a-OXA-H) ., Molecular orbitals with significant
" contributions of the perfluoroalkyl substituents are much lower in energy.
Since the 1,2,4-oxadiazole ring lies practically in the same plane for all the
calculated structures, it is possible to classify the molecular orbitals that |
are ''localized inside the ring' as of o and N1 symmetry. This notation is used
in Figure III for oxadiazole [Nl (o) and ¢ (0)] and for benzene (Il (b) and o (b)]. ,
This notation is an approximate representation of the MO because of the 1,2,4~-
oxadiazole ring je noé‘;%é?fectly planar, and because some tails from the
perfluoroalkyl substitbents are present in these orbitals. Morecever ,the notation
is useful because it shows the gross general character of the molecular orbitals.

The MO diagrams of CgHs (NPL)-ORA-CF, and Cefg (NPL) -OXA-H correspond
to conformations where the oxadiazole is perpendicular to the benzene ring., The
reasons why theie cor}fornations have been considered instead of the"n'\'o's"t stable
t:.N'PL art’awzlue to: (i) an easier assignment of the character of the
molecular orbital is performed, and (ii) the energies of the highest occupied MO
are practically identical in both kinds of conformatioms.

(d) Geometry

A cémpleteopt:imizatim of the geometry within the 1,2,4-oxadiazole
ring was performed in all tﬁ cases. In general a very weak dependence of geametry
upon. substitution was found. As an illustration of the rearrangement of the
atomic positions within the oxadiazole ring, the results of the equilibrium

distances a:/bond angles for four selected molecules are shown in Tabt.e III.
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DISCUSSION

(A) Perilvoroalkyl Derivatives .

R ht =
Degradation studies have shown that 3,5-bis (per‘flmroy-%’ptyl)-l,?. ) O

oxadiazole is thermally stablel' 2. It remains undissociated for temperatures

as high as 325°C in nitrogen and oxygen atmospheres; however, replacement of the
perfluoro-pi-heptyl substituent at position 3 by a phenyl growp yields a structure
which dissociates completely at 325°C, | '
Comparipons of the calculations for CF3-OXA—CF3 ) Czl"':.’--o}(A—GF3 énd
Cﬁl‘ls-OXA--CF3 help to rationalize the experimental results, For the phenylated
derivatives there is an obvious relationship between the heating process and the

distribution of conformational populations according to the results in Figure

II. A rise in temperature increases the relative population of the F.apar

conformatim; whereas {cw t:arperatmr‘e- most of the molecules will exist in the
nonp lanar confomntionx‘r It is worth noting that at 325°C the thermal energy is
of the same order of magnitude as the calculated rotational barriers betweén both
extreme conformations; consequent:ly, a significant increase in the population
of the planar conformation is expected at this temperature., The immediate
question that arises now is whether or not the existence of the planar conformation
m& be responsible for the loss of stability of the 1,2,4~oxadiazole ring, Thus
we need to see what properties of the heterocycle are modified in the transition
from the non-planar to the planar structure, and then to see how these changes
could eventually lead to a ring collapse, Changes in geometry, atomic charge
population and molecular orbital diagram will be examined,

(i) Geometry: Even when the presence of the benzene ring, particularly

in the planar conformation, produces the largest relative c{’ :‘S‘{n r.’b 3A  in the

oxadiazole ring, the changes are so small that it is difficult to know if they are

related to ring rupture,
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(ii) Atomic Charge Population: As can be seen from Table II, the
planar conformation yields a greater accumulation of electrons inside the
_oxadiazole ring. This excess ef negative charge could preduce strain inside the
ring leading to an eventual dissociation, On the other hand, the stable compounds
CF,-0XA-CF, and 02F5 -C;XA-CF3 present the least accumilation of nagative charge

3
\
in the ring, In sumary, the relative thexmal instability of the phenylated

derivatives seems "to be due to the greater accumilation of electrons inside the
l,2,4-oxadiazole‘ ring produced by population of the planar conformation at high
temperatures,

(1ii) Molecular Orbital Diagram: The ionization potentials obtained
from Figure III, and assuming validity of Koopman's theorem, are: C6H5 (l’évOXA-CF
(9.92 eV, Cgle (l‘IPL)stOXA-GI"3 (9.99 eV), and CF3-OXA-CF3 (12.9 eV). The higher
ionization potential of CF ,-0XA-CF, could explain the relative ligh oxidative
stability of the completely perfluorinated derivatives, Introduction of“faenzene
ring decreases the ionization potential, so the highest occupied MO's have electrons
that are more readily transferable to an oxidizing agent. Inspection of MO
diagram (Figure III) shows that the two highest occupied MO0 for the -gﬁghd

conformation of CgHs- -0XA-CF,, are mainly localized in the benzene ring (at -9.99

3
and -10.10 ev). The next highest occupied MO belongs prkemtnf'a/l‘\y) to the oxadiazole
ring with an eigenvalue of -11.77 eV. TFor the planar conformation, as H‘e—eﬁd

be expected, a delocalization of the electronic charges to both ring systems is
found. Even when the IP does not change in a considerable amount, the character
of the highest M0 is altered, Now the HMO (at -9.92 eV) has a significant contri-
buti&m from the 2 P, orbitals of the atoms located at the oxadiazole ring. For
the planar conformation wt:he o:ddation)a’-aj\-gome extent) involves removgl of an
electron from the oxadiazole. This would explain the decrease in oxidative

thermal stability of tle phenylated derivatives: The probability of oxidation of

the oxadiazol: ring increases with an increment of the temperature because the

planar conformation has a greater population.
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(B) Establishment of a More General Relationship

The number of electrons accumulated inside the 1,2,4-oxadiazole ring
can be viewed as an 'index'" to pradict differences in thermal stability, But,
although this in‘ex explains the differences in stabilities bet:ween the completely

. . fluorinated and the phenylated dwivatiws,\)(igm the stabilities ‘ofi)

o

o —— A D gy T T e TR

<Cl’5 -0XA-H and H-OXA-H are é&ﬁp&red.f CHa-OXA-H is thermally more stable than
1 s ase #

H-OXA-H despite the fact that the oxadiazole ring has a greater negative charge
for the former case (see Table II), Thema-bettar—indernieadioto-ba-fourt. sSuch
AN |Hwex should include (in addition to the total number of electrons released

to the oxadiazole system) a measure of the charge distribution around the ring. it
could be intuitive that an homogeneous distribution of a definite number of electrons
will produce less strain in the ring than the same number of electrons put heterogenously
distributed, One wey to have an indication of the homogeneity of the charge
distribution is looking at the standard deviation of the charge, The results for
the standard deviation and the new tentative index Q are presented in Table IV.
The index is defined as,d_= total number of electrons released to oxadlazole

. ring X standard deviation. Thus :?;r smaller value of A is associated with a more
stable compound, A perfect correlation between} and those structures for which
experimental information is available t';)'.ﬁ"“gfound.

(C) Predictions of Thermal Stability

The' index A can be used to predict the relative thermal stability of
campounds for which experimental information is not available, The different
values of.ltare shown in Table IV,

The thermal stability of the phenylated derivatives can be improved
by decreasing the electron donor power of the benzene structure, This goal can
be accomplished by attaching electron withdrawing groups to the benzene ring, and
by avoiding the planar conformation, Both effects are nicely seen in 06H3F2-0X!\.—CF3

e
¢ which is predicted to be z more stable structure (the smallestA). In this case,
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DM
a veryj.lh‘ngxfotacimal barrier of 5.8 keal/mol separates the non-planar (now at

78%. from the planar conformation, A tenperature as high as 2630°C is needed in
order to provide a thexmal energy of 5.8 kcal/mol, thus the non-planar conformation
is expected to have greater population, '

Examination of M) diagram for 06113F2-OXA-C!3‘3 reveals & general lowering
of the energy levels campared with CGHS-OXA-CFS. The ionization potential
increases from 9.9 to 10,3 eV, In addition, the character of some of the highest
occupied MO's 1s also modifled, For the non-planar conformation the two highest
occupied M0's are mainly of benzene character (at -10,27 and -10,80 eV); but the
next highest M0 (at -11,84 eV) has contributions from both rings in contrast to
the equivalent MO of CGHS (NPL)-OXA—CF3 which is only localized in the oxadigzole

. o ¥
r - g /\t: o/ plan@r copformatdon o CGH Z'O ArCF ./ there

(see Wig a Yargey/ contxjbutiof of tjfe Waliazdle ting

eparaje i

regovay of elEdNrons from

benzéne riQg.

" The value of the total charge released to the oxadiazole ring is
about the same regardless if the phenyl group is attached to carbon 3 or carbon 5
as can be observed from Table IV for CgHy-OXA-CT, and CF,-OXA-CcHg respectively.
Butnp nyl group at position 5 generates a less homogeneous distribution of this
charge as can be deduced from the values of the standard deviation shown in Table

IV. Accordingly, substitution of%henyl group at position 5 ogkf ,2,4-oxadiazole

predicts conpounds thermally less stable,



o+
.

b

Consequently, a greater inertness to removal of electrons from the |
oxadiazole ring is expected for the non-planar conformation of CcH,F,-OXA-CF,,
This relative inertness is partially lost for the planar conformation of
CGHSFZ-OXA-CFS because a larger contribution of the oxadiazole ring in one of
the highest occupied M)'s is observed, (This wolld be expected due to m delocali-
zation to both rings - see Figure III). Accordingly, more eiectrons of the
oxadiazole ring are now available for removal, Nevertheless, due to the huge
rotational barrier, population of the planar conformation will be important
only for very ., igh temperatures (over 2000°C), In summary, the oxidative thermal
stability of the oxadiazole ring is predicted to be improved by the presence of

the 2-fluorine substituents on the phenyl ring,
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SIMMARY

The loss of stability of the 1,2,4-oxadlazole ring with various substituents
is due to population of the less stable planar conformation at high temperatures,
which by accmulatio;x of excessive number of electrons inside the heterocycle could
lead tn dissoclation, The thexmal oxidation seems to be favored by Il delocaliza-
tion since some fraction of the electrons are now located in high energy levels
of the 1,2,4-oxadiazole ring,

Recognizing that two important factors det:ermin‘g‘ the stability of the
1,2, 4~oxadiazole st:rmt:ure;";? the total negative charge inside the ring, and its
corresponding distribution, a tentative index to predict thermal stability has
been proposed,

Stabilization of the 1,2,4-oxadiazole ring for the cases of phenylated
derivatives is suggested by avoiding the planar conformation as well as by the

introduction of electron withdrawing groups gt?f:%gzene ring positions,
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Bimonthly Technical Progress Report I
for the period
Octaober 1, 1981 to November 30, 1981

"Quantum Chemical Calculations for
Polymers and Organic Compounds"

I. Tetracyacoplotinate Compounds

The SCF~-X%£-DSW relativistic calculations for Pt(CN)42' that we completed
previously were performed with the following maximum 2-value for partial-wavz
expansion at each center: Outer sphere, nmnx = 4; Pty Q 0y = 3; C and N,
lmax = 2. A non-relativistic calculation with an identical basis set was
undertaken in order to establish a detailed comparison with the relativistic
results. This calculation was performed also with the SCF-X«<-DSW method, but
setting the speed of light to infinity. The results should be identical to
those obtained using the SCF-X«¢-SW (Schroedinger) method, However, the molecular
orbital energies resulting from this non~-relativistic calculation are signifi-
cantly different from those obtained by Interrante and Messmer in a previous
SCF-X«-SW calculation.l There are two fundamental differences between our
calculation and that of Interrante and Messmer: (1) they used a smaller basis
set (outer sphere, lmax = 3; Pt, Qmax = 2; C and N, gumx = 1); (2) in our
calculation the orbitals 5s and 5p on Pt are considered as core states, whereas
Interrante and Messmer include these among the valence states. Consequently,
we have a total of 48 valence electrons instead of 56, In order to have an .
indication of the magnitude of the ligand field shift and splitting of the 5s
and 5p orbitals of Pt, we performed an energy search for them by using the
last converged potential obtained for our non-relativistic calculation of
Pt(CN)42'. We include also in this search the 4f states since they are even
higher in energy than the 5s orbital. 1In all cases the splittings and shifts
were negligible, Thus, we feel that the consideration of 5s, 5p and 4f as core
states would not produce any significant change in the SCF energy of the
molecular orbitals, In order to understand the importance of the size of the
basis set we performed a non-relativistic (c-»«) SCF-X£L-DSW calculation with
identical,ﬁmax values than those used by Interrante and Messmer (however, we
kept only 48 valence electrons). The molecular orbital energies are only
slightly different from those obtained in the non-relativistic calculation with
the extended basis. The difference with Messmer calculation is still significant.
Thus, in order to ascertain the proper convergence of the DSW results to the
Schroedinger SW ones, we performed a calculation with the latter. The results
obtained are identical to those of DSW with c»w. We think that the error in
the Interrante and Messmer calculation could come from three different sources:
(1) computer precision, (2) convergence criterion, (3) since overlapping
interatomic spheres are considered, negative intersphere normalization might be
present in their calculation.
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Finally, a relativistic SCF-X«-DSW calculation with a basis set of
intermediate size was also performed. In thia calculation Q,,, of outer sphere
was 4, & .. of Pt was J, and Sax ©f C and N was 1. Molecular orbital energy
dizgrams for all the calculations already described are shown in figures 1 and
2. The heading of each column has the following meaning: Messmer 56 corresponds
to the Interrante and Mesamer calculation; Schro48 is a SCF-Xe«t-SW (Schroedinger)
calculation with the reduced basis set; NRDirac48 is a non-relativistic SCF=-X«-DSW
calculation with the reduced basis set; NRDiPoFn48 is a non-relativistic
SCF~X«-DSW calculation with the extended basis set; ReDiPoFn48 is a relativistic
SCF-Xk-DSW calculation with the extended basis set; and 04Pt3CNl is a relativistic
SCF-Xd=DSW calculation with the basis set of intermediate size.
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II. Fluoroether Compounds

A MNDO calculation for the protonated specie shown in figure 3. has been
completed, The convergence was very slow: complete optimizat:ion was obtained
after 95 SCF calculations, The protonation appears to .2 a highly endothermic
process, with a protonation enthalpy of the oxder of 200 kcil/mole, Addition

Figure 3
’/\' CF CF 3
Y
of a proton produces significant changes in the geometry of the triazing ring;
the bond distances as well as the bond angles are modified. The molecular
orbital energies are all smaller compared with the unprotonated structure; a
manifestation of this 1is the increase in the ionization potential from 12.3 to

17.2 ev.

L

The version of the MNDO program that we have been using until now can
handle a maximum of 75 basis orbitals. We have been working in modifying the
code with the aim to study systems of larger molecular size. Recently we have
succeeded in this task: molecular systems with up to 160 basis orbitals (only
valence electrons are considered) can now be considered. We have tested the
program with the molecule shown in figure 4 which contains a total of 156 orbitals,

Flgure &4
CFa N CF3

! \
CFg—0— F Gy \I[—CF——O-CF:,,

N> N
\Cﬁ—o — CF3
cF3
We know positively that the iterative process 1is working correctly; we have been
able to perform one calculation with 99 iterations; nevertheless self-consistency
has not yet been achieved. The CPU time used in this calculation was about
5 hours (in a VAX machine). We have incremented the number of iterations but for

some unknown reason the execution is sometimes interrupted or the output file is
empty., Thus, clearly there is a problem with the computer system that we are

b3

m i e L st e e g




using, This machine is very slow, and when the elapsed time is too large (fox

a CPU time of 5 hours the elapsed time was 17 hours) there are inconsistenciea

in the response of the system, These facts are suggesting that MNDO calculations
for large systems in a VAX computer are becoming to be very impractical. Thus,
we are planning to transfer our modified MNDO program to the CRAY 1 computer
which should be able to handle these systems more efficiently,

References

(1) L.V, Interrante and R.P, Mesamer, Chem, Phys, Lett, 26, 225(1974)
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Bimonthly Technical Progress Report II
for the period
Noverber 23, 1981 to January 22, 1982

"Qquantum Chemical Calculations for
Polymers and Organic Compounds'

I. Tetracyanoplatinate Compounds

Both relativiatic and non-relativistic cnlculntionl on the monomer have
shown that the (HIEENST-UCCRPRINCRNEISGLRS ERI% SN ) has significant
contributions from d-1ike orbitals: 37% (d componenc) for non-relativistic
and 57% for relativistic. In both cases there is an orbital that is mostly
platinum d,2-1ike. This orbital is 0.48 eV and 1,13 eV below the HOMO for the
relativistic and non-relativistic calculations respectively, The d 22 chsractcr
also appears 1n some other orbitaln for both kinds of cllculltionl. ] ’

l- . - v "- 1 w ;‘i“’ E ,.!!'E "zg‘ W .'M x“";‘"‘;
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Results wit:h two different Pt-Pt distances have been obt:a'. ned' )

N L . ke B8 :.,.'. 3 b ‘V e v “f‘”’ M l}r:& !.)‘., --t.\» s

culationa corresponds to the one that we
called of "{ntermediate size" in the previous report, that is.l(&»for the outer
sphere, X 43 for Pt atoms, and XL €1 for C and N atoms. Energy level diagrams
for these two distances are shown in figure 2. The relativistic energy levels

of the monomer (obtained with an equivalent basis set) have also been added to
figure 2 for comparison purposes., For the calculation at a Pt-Pt distance of

3.5 A we found that the HOMO has 427 Pt character. Most of this charge is on

the central Pt, having an important contribution from d orbitals in the plane of
the ligands, The orbital with the most d 2 character (49% at the central atom
and 5% at each peripheral Pt atoms) appears 1.28 eV below the HOMO., When the
Pt-Pt distance is shortened to 2,89 A, the HOMO has now a greater amount of d,2
charater: 57.5% (30.1% from central Pt and 13.7% from each peripheral atom),

In addition, this HOMO is much more localized on Pt atoms than the HOMO at the
larger distance: 85% (at 2,89 A) va 42% (at 3.5 A), The d,2 character is also
present in some other orbitals for both distances., Its partial contribution

to each MO can be easily seen in figure 3 where the d 2 partial density of states
of the central Pt atom is shown for each separation for a wide range of energies.
These results so far are pointing towards the following preliminary scenario on
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the relationship between partial oxidution and conduction wechanism, Thae
oxidizing agent (the halogen) is removing eletrons from planes parallel to the
Pt-Pt chain; subsequent shortening of the Pt-Pt distance produces a rearrange-
ment of the orbitals which results in the partial occupation of a d 2-like
energy band, This partially filled band would be responsible for conduction
along the Pt-Pt chain, We also performed calculations where 0,9 eleactrons

(in effect creating an oxidation state of 42,3 for each Pt atom) were removad
from the d 2 like HOMO. In this case the HOMO still consista of mostly d,2
character, but the d_2 partial density of state shows a significant decrease
at the top of the vafence band, Extensive analysis of these results are ongoing,
and will be presentad in the next progress repoxt,

The results obtained for the monomer and trimer will be presentaed at the
March meeting of the American Physical Society to be held in Dallas, Texas.

II. Fluoroether Compounds

A manuscript entitled "MNDO Calculations Applied to Structural Changes in
1,2,4~0oxadiazole Substituents', is being sent to Journal of Molecular Structure
for publication,

Referencas

1. M,L. Morean-Colin, Bull, Soc, Roy, Sci. Liege, 34, 778 (1965).

2, C. Peters and C,F. Eagen, Phys, Rev, Lett, 34, 1132 (1975),

3, J.M, Williams, J,L. Petersen, H.M. Gerdes, and S.W. Peterson, Phys. Rav,
Lett. 33, 1079 (1974),
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Bimonthly Technical Progress Report III
for the period
January 23, 1982 to March 22, 1982

"Quantum Chemical Calculations for
Polymers and Organic Compounds"

The results of several calculations for the trimer [Pt(CN)-241 have
been extensively analyzed, and a suitable mechanism of the insulator-
conductor transition has been formulated. These results were presented
during the weeting of the American Physical Society, Dallas, Texas,

3-12 March, 1In addition, we are in the process of preparing a manuscript
to be sent for publication within a few weeks, The findinigs are summarized
below.

The oxidizing dopant removes electrons fijom a (dl + dg ) -like orbital
of the insulator, generating an unstable partially oxidized structure. This
structure is stabilized by a process which results in a decrease of the 2
inter-stack distance, accompanied by the energy level reordering of the dz
ard (dg + dg ) orbitals and partial occupation of the dz2-like orbital.
Figure 1 shows a contour map of the electron density of the (dp+ dy ) orbital
in the plane of the 3 Pt atoms and 2 CN groups ,of the central Pt(CN)42' unit
of the cluster. Fig. 2 is a similar contour map, but for the dzé¢-like orbital.

The HOMO in the trimer with the insulator inter-stack separation is
essentially a non-bonding orbital that is 99.5% localized in the central
unit, Since there are no evidences of "surface states" as a result of the
cluster model, this orbital probably represents the true nature of the
valence band edge in the extended chain. Partial oxidation or removal of
ng electrons from this band will #reate a heterogeneous distribution of
charges along the Pt(CN) , units, This decrease in negative charges
of half of the Pt(CN) 6 units must in turn produce a decrease in the inter-
stack Coulomb repulsion and consequently a shortening of the inter-stack
distance. Hence, the antibonding dz2-like orbital will be pushed up in
energy, becoming the new valence band edge. At the same time that the
energy crossing of these orbitals is taking place, homogenization of the
charge distribution is occuring. Tr= excess of positive charge (in relative
terms) generated every other unit due .> the removal of electrons from the
completely localized (d ¢ + dg ) MO's is returned to the delocalized dz2-
like orbital. This condition is met by transfer of ng electrons from the
dz2-like to the (dp+ d‘ Yy-like band. The resulting valence band is partially
filled, the charge of each stack being -2 +q. 7Two competing factors resulting
from the partial oxidation of the dz2-band are principally —esponsible for
maintaining the equilibrium prescribed above. Since the dz2 valence band
is antibonding between neighboring Pt atoms, its partial oxidation results
in a strengthening of the Pt-Pt bond. However, further bond-length
contraction is prevented by the net positive charge g created around each
Pt atom.
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Monthly Technical Progress Report
for the period
March 23, 1982 to April 22, 1982

"oy ysntum Chemical Calculations for
F.lymers and Organic Compounds"

A first draft of a manuscript reporting the phenomenon of transition
from insulator to conductor in tetracyanoplatinate complexes was
finalized during this period. This paper deals principally with the
characteristics of the highest occupied molecular orbitals (HOMO) because
of their key role in the partial oxidation process. Concurrently we have
started examining the charge densities originated from MO's located at
energies below the HOMO. Of special interest is the local bonging along
the Pt backbone. The charge densities for the trimer [Pt(CN)4 ], at a
Pt-Pt separation of 3.5A have been obtained for several MO's. Th
results for three of these MO's are shown in g%gures 1 to 3. 1In all cases
the contours are expressed in electrons bohrs’'~, Their values are:
0.00001 (0), 0.00005 (1), 0.00025 (2), 0.00100 (3),; 0.00200 (4), and
0.00500 (5). The orbital shown in Figure 1 (with an eigenvalue of
~0.686 Rydbergs) is dzz-like, and has bonding character between Pt atoms.
Figures 2 and 3 correSpond to charge densities of uis + d11)-like
orbitals with eigenvalues -0.541 and -0.563 Rydbergs respectively. These
orbitals have charges localized on the peripheral Pt(CN) units, and
consequently do not contribute to bonding between stacks. All the other
MO's studied to date contribute.very little to bonding between Pt(CN)4
units. Analyses of the remaining orbitals are ongoing.

SCF-X o¢-DSW calculations leading to the intesgretation of photo~
absorption spectra of aqueous solution of Pt(CN) (1] have been
initiated. In these calculations we make use of the transition state
concept introduced by Slater [2] in which the relaxation effects of the
orbital energies produceéd by electron excitation are taken into
congideration. Our calculations are useful in this study since
relativistic effects have been taken into account fully within the one-
electron local exchange framework. Comparisons with previous nonrelati-
vistic work by Interrante and Messmer [3) are being made and will be
summarized in the next progress.report.

Consultation with Dr. M. Golub is continuing on gquantum chemical
computations. The principal approach used by Dr. Golub is the semi-
empirical MNDO molecular orbital method. In conjunction with Dr. Golub,
discussion of MNDO results on dichloroethyl ether and sulfide have been
ongoing.
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