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Abblrrcl--Non-banded attraction i\ \uwsrcd to account for a host of differences in rhe physical propcntcs of ~1s 

and rrans oklins of ~hc ~ypc XHC=CHX The main predictions arc: (i) The cis isomer is more srabk than the van> 

Isomer; (II) The C-C bond is longer and OK C-X bonds are \horter for the cir isomer: (iill The r MO’s orhilal 

energies of the IWO isomers differ such that the rrans isomer IS a better clcclron donor and ekcrron acceptor than 

the cis isomer. Ab inirio calculations at OK ST0Mi and rhc C3lG kvels in suppon of the model arc presented. 

The phoroclecrron spccfra of c-is and franr difluoro. dichloro and dibromoethylenc are discussed. and found lo be 

m accord wrth our qualitative model. 

Recently. we have argued that non-bonded a11rac1ion 
plays a key role in delermining the relative srahility of 

geomelric isomers.’ In order IO further 1es1 the validity 
of this model, WC have carried OUI SCF-MO oh inirio 

calculations of the geomerric isomers of I.!-difluoro- 
ethylene. as model systems. Furthermore, WC have 

sought IO develop an understanding of how non-bonded 
attrac1ion is manifested in the physical properties of cis 

and rrons olefins by comparing the results of a6 inifio 

calculations with the existing chemical evidence. 

Theory 
In the course of our analysis. WC shall make use of the 

following general results of One Eleclron MO (OEMO) 
theory. 

(a) The inrcraction of a doubly occupied MO. 6,. with 

a vacant MO d,, leads IO IWO electron stabilization. 
which is inversely proportional IO the energy separarion 

of the two MO’s E, - E,, and direc1ly proportional IO the 
square of 1heir overlap integral. S,,. This is a well known 

result of perturbation fheory’ and the assump1ions in- 
volved in its derivation arc valid for rhe systems srudicd 

in (his work.’ The algebraic expressron for 1hc IWO 

electron stabilization is given below. where k is an 

energy conslant 

AE” = S$k - E,)%E, - E,). (1) 

(b) The interaction of two doubly occupied MO’s, b, 
and d,. leads IO four-electron dcctahiliza1ion which in- 

creases as the overlap rntegral of the IWO MO’s, S,,. and 
1hc mean of their energies, (E, + E,)/Z, increase.’ This 
resul1 is obtained by applica1ion of the variarional 
method IO the case of a IWO orbital four eleclron inrer- 
action and involves no special assumptions other than 
the usual approximation of the intcraclion ma1rix ele- 
ment as a linear funcrion of the overlap inrcgral.’ The 
four electron destahiliwrion energy is given hy cqn (2) 
where E, is the mean of the energies of the unperturbed 
MO‘s. 05, and 4,. 

AE’= 4S:,(E,,- k)/(l -St,. (2) 

In summarizing the results of our previous work. we 

now proceed IO outline briefly the pi non-bonded atlrac- 
tion concept by reference IO cis and wans I.?-difluoro- 
erhylenc as the model systems. 

Theoretically. 1.2ditluoroethylene can be viewed as 
1he result of the union of a central -CH=CH- fragment 

(fragment A) with two vicinal F a1oms. F, and F2 (frag- 

ment 9). We firs1 proceed IO construct the n .%40’s of 
fragmenr B from the Zp, AO’s of the F atoms. This is 
depicted in Fig. I. which illustrates the intcracrion be- 

tween 2p, AO’s of (he IWO F atoms. In rhc case of rhe cis 

isomer, the Zp, A0 of F, can overlap with tha1 of F,. 

F, C/S F, F, PWVS F: 
FrOqnnr Fmgmm 

0 B 

fg I Interaction diagram for cb and rranr difluoroelhylene 

describmg rhc group MO’s for fragment R(F, + F>I Symmetry 
desgnarions MC with respect to the plane bisecting ihe c‘=t’ bond 

(cir olefin) and ulrh respect IO rhe two-fold axes perpendicular IO 

the plane of the mokcuk (fmnr okfin) 
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Fig. 2. Interaction dragram for t-15 and rron~ difluorocthyknc 

dcscribmp, rhc I\ - B union. Symmetry dcrignationc ac in Fig. I. 

while in the frans isomer this type of overlap is sub- 
stantially reduced. Hence. the splitting between the n,(S) 

and n:(A) pi MO’s of the composite fragment (B) is 

greater in the case of the cis isomer and delectron 

destabilization favors the rrons over the rir isomer. 
Next WC construct the composite system of I.2- 

difluoroethylene from fragments A and B. The orbital 
interactions which obtain in this union are depicted in 
Fig. 2. Two types of interaction should be considered: 

(a) A Celectron destabilizing interaction between the 

n,(S) MO of the B fragment and the n,.,.(S) MO of the 
-CH=CH- group. In this case. the IWO variables in eqn 
(2) favor the cis over the tr~ns isomer. Specifically, the 

overlap integral between these MO’s is larger in the case 
of the rr~ns isomer because the normalization constant 

for the n,(S) MO has the form (2 + 2Syy) “’ and will be 
smaller in the case of the cis isomer since S,r(cis)> 

Sr~~rrons). Similarly, L. the mean energy of the n&S) 

and the n,(S) MO’s is more negative and. hence. leads IO 

a smaller (E., - k) value for the cis isomer. Therefore. on 

the basis of eqn (2). we conclude that this 4clcctron 
destabilizing intcracrion will lx smaller for the cis 
isomer. 

(bj A 2eleclron stabilizing interaction between n:(A) 
and n&(A). In this case. the following trends can be 

noted: (i) (he energy difference E,, - E,. is smaller in the 
cis isomer; (ii) the quantity (k - E,,) is greater for the cir 

isomer: (iii) the overlap integral S.,.. is larger for the cis 
isomer because the normalization factor of the n:(A)MO. 
given by the expression (2 - 2S& I”, IS greater for the 
cis isomer. We conclude, therefore. that the ?-electron 
stabilization will favor the cis over the frms isomer. 

The question now arises as ICI whether the destabilir- 
ing interaction involved in the F, l F, union or the in- 
teractions involved in the A * B union will dominate the 

relative stability of the IWO isomers. Clearly, the inrer- 
actions in the second union are much larger than that in 
the first union due IO a much larger overlap between 
fragments A and B than between F, and F,.’ Hence. 
although the F, + F, union favors the [runs isomer. the 
A + B union exerts a predominant effect in the opposite 
direction. 

A stmplifying reduction of rhc prececding analysis of 
stabilizing and destabilizing interactions can be accom- 

plished by recourse IO the concept of aromaticity. 
Specifically, we expect that l.2-difluoroethylene. a 6n- 
electron system, will Ix “aromatic” in the cis form and 
“non-aromatic” in the rrons. These ideas can also be 
extended IO analyze sigma non-bonded interactions. 

We shall now enumerate some of the physical mam- 

festations of non-bonded attraction and we shall com- 
pare our predictions with the results of ah inirio cal- 
culations and with the body of chemical evidence. 

I. Rtlatict stabilir,v of cis and trans o/&s 
As we have already stated, the cis olefin is predicted 

IO be more stable than the trans. This trend will be upset 
in cases where severe steric repulsions are present. 

II. Bond srrtngrh ond bond length 
The difference in the strength of MO interactions in 

[he cis and rruns isomers is expected IO be responsible 
for differences in bond strengths and lengths. 

Specifically. since the interactions of the second union 
(A + B) dominate those of the first union (F, + F,). the 

following results are expected: 
(a) Greater charge transfe? from n:(A) IO n&(A) in 

the cir isomer leads IO a weaker C=C bond and induces a 
partial bond between the IWO F atoms in the cis isomer. 

(b) The more favorable interactions (stabilizing and 
destabilizing) between fragments A and B in the case of 
the cis isomer will lead IO stronger and shorter C-F 
bonds in this isomer. 

III. Ioni:ation poltnrials 
According IO Koopmans’ Theorem.’ the ionization 

potential equals the negative energy of the MO from 

which an electron has been ejected. Accordingly. the 
validity of our model can be scrutinized by inspecting the 
ionization potentials of the n MO’s The relative energies 

of the occupied MO’s of cis and rrons difluoroethylcnc. 
as developed by means of the interaction diagram in Fig. 

2. are depicted in Fig. 3. The following trends can be 

noted: 

(a) E(&‘)> E(&,‘). This results from the larger in- 

teraction between the n&S) YO and the n,(S) MO in 
the case of the truns isomer. This is true even though the 

result of the initial union places the cir n,(S) MO lower 
in energy than that of the lrans since the interactions 

obtained in the second union will predominate. 

.+. . +A)-An:(A) 
.#a; l T:(A) - An:(A) 

it 
i-t 

4. r;.(S)-An,(S) +“,’ r,.(S)- An,(S) 

+;-n;(A)*Aq:(A) 4;.n,(A)+Aq;(A) 

St 4-b 
+’ -n,(S) l Aq(S) 

c/s lrOnS 

Fig. 3. The r-MO relative energies for rir and rronr dilluoro- 

erhykne as predicted by he non-bonded awaction model. 
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lb) EC& ) a ,5(&O. The cis n:(A) MO is destabilized (a) The total pi overlap population is greater for the 
with respecI IO the rrans n:(A) MO in the initial union cis isomer as expected on the basis of the qualitative 

IF, - F,). However. the former is lowered in energy with analysis. Furthermore. the F F long range pi overlap 

respect to the latter MO due IO the interaction between population is positive, albeit small. as predicted. 
Ihe n:(A) %10 and the n&JA) MO in the second union (b) The relative C-C and C-F pi overlap populations 
(A + B). The n&.(Abn:(A) interactions arc weak due to are in agreement with the qualitative predicttons. 
a large energy gap separating the Iwo inreracling orbitals. (c) The negative C-F overlap population suggests that 
Consequently. it cannot be predicted qualitatively at this level of computation the 4-electron dcstabilizmg 
whcrher the inieractions of rhc A + B union will n,(S) - n&S) inleraclion dominates and fd\OrS the ris 
dominaIc those of the F, + F, union. form. 

(c) Et&,‘ I< Et&‘). Here. a sIronger n&S) - n,(S) 
interaction in lhe case of the vans isomer will result in a 
higher energy !vtO than the corresponding MO for the cis 
isomer. 

Table I. ST0.H; and 4-3lG optlmved geometric parameter\ and 

Iolal encrgws 

‘The electron affinity and reduction potential of a 

molecule are related IO the energy of the Lowesr Ckcu- 
pied MO (I.USIO). Figure 3 shows that E(c#,‘)> E(+,‘). 

This is Ihe result of the interaction between the 

n:(A) MO and the n&(A) MO obtained in the final 
combinarion which is stronger for the cis isomer. 

Ah inilio compufarions 
In order IO gauge the imporiance of pi non-bonded 

altraction in determining Ihe relative stability and Ihe 

differcnccv in Ihe physical propenies of the cis and tram 
isomers of I,~dIlTuoroeIhylene, Ihcsc systems were in- 
vc\IigaIed with the STO-3G’ and 43lG‘ basis SCIS. All 

compurarronc were carried out using a Gaussian 70 series 
of programs.’ In these computations, the C-H bond 
lengths were kept fined at 1.07 A and all other parameters 
wcrc optimized. The optimum geometrical parameters.” 

the total energies computed. and the pi orbital energies 

are listed m Tables I and 3. 

Geomclric paramclcr C,X Iran5 

I STO-3G 

‘C-C t/Q I 1x4 1.32% 
‘(‘-F(6) I3cnl I 3c? 
‘C-H Ii) l O? I 07+ 

<CCF I24.Y 1”.9W __ 
< (‘(‘H I!O.!Y I21 84 

‘Total energy (ad.) - 27 I .9u49! - ?‘I 98531 
rolal energy1 (a.~., 272 Ol!8: Y!.OlU! 

II. 4-3lG 
‘C-C (A, I 3062 1.300!.( 
‘C-F(A) I 3595 13601 
‘C-H (,i, IOff IO” 
<CCF l24.lJ” I21 13’ 

<CCH I?‘647 __ 125.W 
Tolal energy (a.u.) - !?C.MiI 275.36919 

! SOI oprimtzed. 

tThcte valuer are ohfamed from a 3 x 3 (‘I treatment. encorn. 

passing. m addition IO rhe ground state. he lowest Gnglc and 

doubly exictcd configuratlons. 

IUXLTS A%D LMSCIXWION 

We arc now ready IO compare our qualitative prcdic- 
Cons u-rrh the computational results and with the 
avarlable chemical data. The results of the ab initio 

calculations pertaming IO total energy and molecular 
geometry Uablc I) have been summarized in a previous 

paper” and are included in this work for completeness. 

However. a detailed analysis is now presented in order IO 

highlighr the correlation of cenain computational trends 
with the qualitative predictions. 

Table 2. Electron diffraction dala for rig and van3 wmer\ of 

difIuorocth~lcne+ 

He/afire srahilirv of cis and Irans l.2-di~uorocrhyl~e. 

All the computations of the model systems indicate that 
the /rum isomer is more stable than the cis isomer. 

Furthermore. 3 x 3 Cl seems IO emphasize this prcf- 
erencc.” Thus. the a6 inirio calculations fail IO 

reproduce the experimental results. In a previous pub- 

lication.” ue have poinied out that the failure of the 
crtendcd basis SCI (43lG) IO reproduce the right order of 

slahiliry of <is and rram difluoroethylene is likely IO be 

attrrhuted IO deficiencies of this basis WI.” 

Geomernc parameter (‘IS Iran5 

‘C-C (A, I.331 r 0.004 -1 329 * 0 004 

‘C-F(A) I.335 t 0.002 I344~0.001 

‘C-H Ii\) l.084IOOO7 lOl?@r0wfl 

<(‘t-F I23 i2 t 0 24 119.33’-OR4 
< (‘CH 1!1.56’* 0 90 lz9.Yt * I 2 

‘1. I.. Carlos. R. R. Karl and S. H Haucr. Faraday II. / (‘km 
sot. 70. In (1974). 

Table 3. I MO parlern for I% and rranj dilluurcwh~lcnc 

M~leculor geomertie.r. Inspection of Table I shows 
Ihat. uhercas the minimal basis set (ST03G) fails IO 
reproduce Ihc right order of the C-F bond lengths. the 
cxtcndcd hasps (4-3lC) results are in agreement with our 

qualitative predrctions and the experimental data (Table 
21. namclg. a longer C-F bonds for the vans isomer. 

AI thus point. an examination of the various com- 
poncnts of the total pi overlap population is informative. 
The pcrrinenr data arc shown in Table 5. The following 
trends are srgnificant: 

OrbItal encrgk (cV, 

ST0.X; 4.3IG 
oprlmizcd oprlmircd 

Molecular orbnal (icomerrj gcomclr\ pcomclrj 
._. 

& (‘IS -R 331 +4.tl3 I 

frunr -8 333 -4 .cft9 

6, ric -8.010 IO.992 

lranr x.019 - 10.9uO 

b: (‘(5 - 14.16? - 18.33.c 

rmnr - I4.2u.5 - lKC44 

4, C,J - 15.450 - 19.092 

rranr - 15.499 19.1% 

‘The MO’\ arc latxllcd accordmp to FIR 3 
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Table 4 Phorockctron spectroscopic I MO paIrems for CIJ and 

tranr dichlorocrhyknc and dihromoelhyknet 

0rb1Ial encrgks (cV) 

Molecular 

orbiral Isomer DtbromoeIhyknc Dichbroerhykne 

br CiS - 9.63 - 9&l 

rranr - 9.~5 - 9.80 

b: cis - II.55 - 12.47 

Irans - ll.S7 - 12.64 

d, ClS 12.86 - 13.76 

rrans - 12.90 - 13.79 

‘See Ref. 15. 

‘Table 5. 4-31G Pi overlap populalions of cir and rran~ difluoro. 

crhyknc 

Morn pair 

Isnmcr C,CI C,F, F,F, ToIal+ 

CU O.?SIW - 0.0074 0.0002! 0.2154 

lmns 0.2532 - o.Oc@l 0.OOoO1 0.2126 

JP’ -00014 + 0.0014 + 0.00024 + 0.0028 

‘P’ Total is the sum of all a-obcrlap populations including 

P;,pz and P;,F, which were noI included in Ihis labk. 

Pi MO energies 
(a) Ab initio nsubs. The computed orbital energies are 

displayed in Table 3. II is evident that our predictions 
regarding the occupied orbitals. as summarized in Fig. 3. 
are reproduced at the 4-3lG level and only partly at the 
STO-3G level. Specifically, at both levels the 4, lone pair 
MO is lower in energy in the case of the UMJ isomer. 
whereas the 4, pi type MO is lower in energy in the case of 
the cis isomer only at the 4-3 1G level. Finally, the extended 

basis set (431G) reproduces our predictions regarding the 
relative energy of the & vacant pi type MO. 

(b) kpetimenfol evidence. Basch ef a/.‘. have repor- 

red that the ionization potenrial corresponding to the 
n,.JS) MO’s of cis and rrons difluoro-ethylene are 

10.43 eV and 10.38 eV. respectively, in agreement with 
our qualitarive model and the ob inifio results. Un- 

fonunately. the ionization potentials of the low energy 
orbitals of I .2difluoroethylene were not obtained. 

However. such data are available” for the isomers of 

I .?dichlorocthylene and I .2dibromoethylenc. The 

results are presented in Table 4. Here, the first ionizalion 

potentials of the isomers of 1.2dichloroethylene were 
found to be identical PI 9.80 eV. All other comparisons of 
the cis and fmns isomers were found to be in agreemcnl 

with the predictions of the non-bonded attraction model. 
Unfortunately, electron affinity data and/or reduction 

potentials of these systems have not been reponed. 
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