Lawrence Berkeley National Laboratory
Recent Work

Title
SIMPLE MOLECULAR ORBITAL THEORY OF THE DICHLOROETHYLENES

Permalink
https://escholarship.org/uc/item/129363m§

Authors

Howe, J.A.
Muirhead, J.S.
Goldstein, J.H.

Publication Date
1961-09-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/12g363m8
https://escholarship.org
http://www.cdlib.org/

UCRL-9817

UNIVERSITY OF
CALIFORNIA

Ernest O fawronce
"Radiation
Laborator

4 Y
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
\. J

" BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. . . i '

RS




Fe

v

£

’ "'Journal of Chemlcal Physms ‘%

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, California

Contract No. W-7405-eng-48

SIMPLE MOLECULAR ORBITAL THEORY
OF THE DICHLOROETHYLENES*

J. A. Howe,~J:. S. Muirhead and J. H. Goldstein

UCRL-9817



')

UCRL-9817
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A simple moleculsr orbital trestment, including overlsp,

hag been employed %o canaam ‘the electron diatribution anﬁ
ensrgy eipenvaluss of the ainhlsr@ethylems. The mulm and
‘exeh&nga integrals uﬂe& vere those previously mloyed t‘mr
vinyl chloride apnd were ot a’ubéect to further wusmat in

the present calculations.
ionizatioa potentmle, eleatric dige).e moments, an& micleer
quadrupole data show, o the whole, a aa'biafacﬁery ngremnt
vetwsen cbaerved and calemteﬁ properties. 'mae results ob-
teined are cotisidered to provide support fo¥ the ovcurremce
of lone-pair conjugation in the vinyl halides.

* Pinancial support of the machine taleulations reported herein ves
provided by the U.S. Atomic Emergy Commigsion in conjunetion with
The lavrence Radiation Ladoratory.
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The idea that conjugated cystems can be viewed in terms of resonance
betueen two or move participsting strustures has formed the basis Lor a
widely used end often ‘auceessm method for the ratiomalisation of molecular
properties. Recently, howsver, Dowar and Schueising have taken the position
that resonance cffeots ere relatively wmimportant in the grownd states of
those organic molecules for which only a single classical structure can be
written, and that effects usually ascribed to resopance in such cases are in
reslity to be accounted for primarily by changes in the agtate of hybridization
of the carbon atoms. This viewpoiat hag been discussed by other authors>’S who
have reviewsd o variety of evidence which appemrs to indicate that hybridica-
tion alous 48 unlikely to be ths sole factor reaponsible for the characteristie
properties of conjugated systems.

The haloethylencs comprise a elass of molecules which have iong been
cited se exmmples of syotems vhoge properties are significantly affected by
msomsh In vinyl chloride, for example, an early ¢stimate of ~ £0%
doudble<bond character (GHE~€B=%£) vas inferred from the ghortentng of the C-C1L
bond based upon electron diffraction studies. Further support for the ex-
ietence of conjugntion Sn the vinyl halides (C1, Br, I) has been provided by
theoreticnl analyses of the hyperfine smetum in the mierowave spectrn of
these moleoules, which has its origin in the interection of the nuclesr elec-
trie gusdrupole with s non-vanishing electric field gradient in the imeﬂie.te}
vicinity of the mac‘leus.ﬁ This treatment is based upon the formmlution of a -
measure, 6, of charge transferred from the halogen etom to the ww-electron
system, which 45 to a very good approximation independent of the r~electron
syetem, and which con be expressed in terms of the experimentally detormined
quadrupole coupling conotants. Although the existence of 8 non-2ero value of
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8 4n the vinyl halides 15 to be interpreted as cupporting the 1dea of
lone-pair conjugation in these molgcules, the actual results inﬁ:laate
that extont af double-bonding is ~ %%, which is considerably cmaller than
the value of 20% previously reported.

In the su‘bmmnt &evmlepmn‘b of this a;grpmech, it vas shown that the
qusntity, 6, could bs used to determine empirically the value of the carbon-
halogen exchange ,
mem: of the ‘ff-:keieg‘fﬁmn' syctems of the vinyl halides.

integral; By, in the simple molechlar orbitel {M0) treat-
6 Moreover; without
mt&er adjutitueht: of any of the parameters imlvéa, the x*?esﬁl‘as of this

 ite] mmne vere foumd to predict other molecular mperties of sewaml

vinyl and phenyl halides in rather good agresnent, with obseivation. 7'

Tt 45 the purpose of this paper to present the meu-lts of sindlsy
caloulations for the three Aiéhlorethylemss. The MO parsmeters employed
haw:« bean slightly altered to Arefleet the dmproved velues éf the inter-
 nuelesr distances presently availsble for vinyl chloride. Aphrt i‘rem
thede minor changes, all the calculations vere carried out without edjust-

. ment of the paramesters choten at the outaet.
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The H&M ealoulations, with inclusion of overlap, réquires that
we solve the gimiltansous matrix equations
TEY - F | (1)
(2)

2
2
4

4 =

o @

el
e
&3

where § 4o the Heniltonisn in the A0 basts, § i the overlsp matrix in the
seme basis, E° 16 o dlagossl mtrix, and I 1s the unit metrix. These equations
may be rewritton in @ form suiteble for golution by high speed digitel compu-
e T st B 3 (3)
£2-2 (%)
S"%/ 2 15 readily obtained from s cerdes expansion in povers of & vihere
g5~ 1 The cus slectron HO's ave glven by
¥ece2d | (5)
We vext define as electron density mtrix, p°, vhich degoribes the dis-
 tribution of electross among the verious one-electron etgentunstions, ¥ . In
al and 50, 16 the muiber of electrons in the state ¥,

Witk this definition, the molseular expectation value, A , of an operabor A op

is given by the eguation , o

viiere A° 18 the matriz represemtative of A, in the MO basis. Traneformition
- of thig e@masm.%o the AO basisc gives: | ,
Katrpp | (7)
T Rs T I T ok @
Having briefly described the computational wethod, we mov prooceed to apply
| it to bhe 1% electron systems in the dichlovocethylenes. A total of six electrons
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mist be considered and the AC basis consists of 6 2p AQ centered on each

" of the carbon atcis and 8 3p AQ centered oil cach of the chlorine atoms.

The nex't etepse m the procedure are the evalugtion of the matrix ,§, and
the choice of suitsble values for the elements of g

?
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Bvaluation of § and 8

Velues of the reguired sme@ml paremeters were taken &s a(e-¢) = 1,333,
4(6-61) = 1.72% A, and < C-C-C1 = 123.6%; these values are based on recent |
axﬁmw studies of eséuscig and CH,0C, RE Using these values, By ~0.273
and sc -m & 0.137 wave wmam from publisked tables f’ar overlap inlegrals
of Slater functions.'’ Volues of 8y, g vere found to be move than & factor
of ten smaller. ‘A@eammgw both Boy o and Eﬁlﬁﬁ were set eqgual to wero.

As recommenfied by Mulliken,*? the valus of the carbon cowlowb Sntegral
was token as ge = «8,1% ev; Bc’e was thosen as ~5.23 av 80 68 0 reproduee the
shosrved ionization potential of etiylene when used with the 8, o velue sbove.
The value of the chlorine coulomb imtegral wes figed by the equation Hp, = Hy
+ (v  - er) = «10.6h ev, the V being sppropriate velence state @mms.’@

Since only nearest nedghbor mwm%im will be comsidered in this work

the otly remaining guantity to be deterained is zic 1’ As shown in Reference

6, this value may be fized by using the obse: apole coupling constants

ved guad
of GH, CHCL., Simce the proviously determinedfvalue wae based on different
structurel parameters this calculation hme been repeated with the resulle

The indicated cholee 48 H, o = -2.35 ev axud it wpy ve
aoted in passing that this valus correetly reproduced e cbeerved Sontzsbion
potential. ’ | |

. Tnis completes the specification of ff and §. We are now sble to gmrﬁ‘m*m

& pimple MO aalwlaﬁipn for the dichloroethylenes in whmh there are no adjust~
cble parampters. A1l of the computabtions described here were performed on en
BM TOb computer and were corried to elght significant figures. The sexies
xpansion for S“VQ vas carried through the tenth power of €.




UCRL-9817

The eammwa energy levels ave given $n Twble II. Since the Hearest
‘nedghbor gpproximetion is used here these values, and also the value of p,
apply equally well to both the cis and trams species. This calouistion there-
:_?@m predicts that the iMmﬁm yot@a?amis of tha -a’.is'mﬁ trins spevieg ave
identscal end are equal o -?Eg,- i.e., bave the velue of 9.66 evs It 1a dn-
teresting o note that although Weleh ' v
 for the cis and traos species of 9.85 &

s reported lonisation potentisl velues

pd 9.96 ev, more retent photoldnization
work by Watansbe, etyal., > vesulted in the values 9.65 + 0L sxd 966 + .03 ev.
Pertdnent eloments in ﬁh@ A0 basis of the ground stete density matrix |

" axe given in Table IIT; the A0's ave lsbellsd according to the scheme
€1(3)-6(1)-6(2)-CL{}). The caloulated valus of the lons pair defect is

= 051, wmmxy no precige experimental value of & ie avail
sble for osmparison. Nowsver date from the microwave spettrum of eis L,R-8ichloro«

ethylene infiente that 8 has a probable value in the range -.0%-.-06.3“:6

ity of the demsity metris is

An additions)l check on the probable vall
afforded by calowlating the dipole moment of the 7 electron systen aceording
to the equation u, = eZ IR, - eTr 8 I, Z being the charge of the Jih mucleus

when gtripped of its w éh{;‘a), ,133 the corvesponting position vedtor, and

I betng the matriz of the electronic position vector. T required elemento
of 7 may be caleulated in closed form from Slater functions aud the molecwlar
geowstry. The result is that u ls opposite to the expected direction of the
¢ homent and bes o megoitude of 0.60 P. "

In order to compare this value with @mvmm 1t {8 necegmory t9 cecue
indspendence of the ¢ aud T momenbs and then to cotimate the value of W v
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from the observed momenits of suiteble saturated molecules. In the present

.;17 a o woment of

case, in order to reprofuce the observed momeat of 1.89%
2.5 D 48 required. Using the structursl parameters mviaxtsl,y given this 1
equtvalent 0 & mment of 1.5D dyiag along cach OF the C-O1 bonds. Stace
Mm glves the value of the C-€1 boﬁﬁ wouent 88 1. 46D, the caloulsted m
of L is in ecteptable agrecmont with experiment, par ml‘? 1n view of

the simplications and spsu - '

be applied Yo the cam of 1,i-diohloroethylene. The previcusly given valuss

for the elemsnts of J and § are sppropriste bere oithough the mstrices them-
selves will reflect the faet that the tuo carbon cemters are no longer cquiva-.

lent. Again, 1% should be pointed out that there aze mo ediusteble paramsters.

The resulis of the energy level calenlations are given in Table II, whore
cted firet ionization

they mey be compared with those for CHOLCHCL. The pred
potential bag the value 9.78 ev. From Rydberg eeries dats Toegen m P imlg
find the value 9.46 ev; theve appesrs 4o Ym no photolonisabion value &mﬁ&bm )
Singe it appears unlikely that the lonisation potential of agggm? te vmw
tim that of CHUIGHC) this experimental value is subject ¢o swspicion.
Resul‘bs of the electron fensity caloulation for the @"Wﬂﬂ« elertronic
state ave shom in Table IV; the labelling cchems is given by G()-c(2)-C1(3)-
(k). In this gase the mmma value of & ic .060. Prom their study

of the microvave spectrum of 1.l-dichloroethylene, Sekino and Wisliava’®

Feps As before, the electron Gensity matrix mey also be wsed im caleulstion
of the electric dipole moment arieing from the six T electroms. In this vay
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1t 1 deternined that Wi hes the magnitufe 1.39D and is opposite to the

‘expected direction of the moment repulting from the ¢ electrons. In thie

case, bYecauce large snductive effects between the ‘we' £<C1 vond morénts am
likely; attempts Yo assign @ o moment seem unprofiteble. However, refereice
to Table ¥ would indicate that the calculated w moment is substantielly in

agreement vith expeviment.
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The regults of the calculations described above indicate that the
general approech and the velues of the MO parameters euployed in the dase
of vinyl chlorids can be saccesafully transferred to the d&ehlmrwthyz.eneg
Az for os experimental dnta are auvailsble for comparison, the amtaﬁwlms
of &,p, and I appenr %o m in satisfactory agreement with observation. These
results further strengthen the contention that Wﬁmbh mnjn@tm exists
between the lome-peir electrops na a halogen stom apd the w-electron systen’
to which 1¢ iz bonde

3, and that the effects of this conjugation are evident
in at lesst some of the important molecular properties of the raloethylenes.
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Toble T
CH,,CHOL
- c'_el’ €.V, ‘ I, e.V. » | B
2.35 10.00 .061
b . 997 . .066
Exptl. 10.00% .061°
Ref. 15
Ref. 9

- Pable II
Galculated MO Energies (ev)

5, 3.33
B 9066 - IR 9.78

20.79 10.64

-E
By 11.29 11.35
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Elsctron Density in CHCLCHCL

B 1P | 0.826
Cngmy 1.0k
“Jz S o8

nls:ngﬁ - 0.056

- Eloctron Pensity im mama
ny, - 0.9.343
B . C o 0.716
%3’% | o 1.940
312 ' . 0,757

S 0.088
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