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'3C-H Coupling Constants and Maximum Overlap 0rbitals 
in Some Three-Membered tIeteroeyelie Compounds 

By 

PHILLIP R. CERTAIN~ VIRGINIA S. WATTS~ and J. H. GOLDSTEIN 

The criterion of maximum total overlap, modified to permit inclusion of ionic structures, 
has been employed to determine the hybridized bonding orbitals for ethyleneimine, ethylene 
oxide, ethylene sulfide, and cyclopropane. 13C-H coupling parameters obtained from the NMg 
spectra of these compounds, which are linear functions of s-character in the appropriate carbon 
orbitals, served as experimental criteria for adjusting ionic content. The results appear rea- 
sonable as judged by calculated HCK angles and the order of heteroatom electronegativities. 

Le crit~re de recouvrement maximum total, modifi6 pour permet~re l'inclusion de struc- 
tures ioniques, a 6t6 utilis6 pour d6terminer les orbitales hybrides de l'6thyl~neimine, l'oxide 
d'~thyl6ne, le sulfure d'6thyl6ne et le cyclopropane. Les param~tres de couplage 180-H 
obtenus des spectrcs RNM de ces compos6s, qui sont des fonctions lin6aircs du caract~re s 
des orbitaux de carbone correspondants, servaient de crit6re exp6rimental pour l'ajustage 
du contenu ionique. Le calcul des angles HCH et l'ordre des 61ectron6gativit6s des h6t6roato- 
rues conduisent h conclure que les r6sultants sont raisonnables. 

Das Kriterium maximaler Uberlappung wurde in einer Modifikation, die den EinschluB 
ionischer Strukturen gestattet, zur Bestimmung der Hybridzust~nde von _~thylenimin, 
Athylenoxyd, Athylensulfid und Cyclopropan herangezogen. Die 18CH-Kopplungskonstanten 
der NMR-Spektren, die linear vom s-Charakter der entsprechenden Kohlenstoffzustiinde ab- 
h~ngen, dienten als experimentelles Kriterium ffir die Bestimmung der Anteils an ionischen 
Strukturen. Nach den berechneten HCH-Winkeln sowie der geihenfolge der Elektronegativi- 
t~ten der tteteroatome zu schliel]en, scheinen die Ergebnisse befriedigend zu sein. 

Introduction 
The  cri ter ion of m a x i m u m  to ta l  over lap  provides  a basis for de te rmin ing  a 

sui table  set of  hybr id ized  bonding orbi ta ls  which is in tu i t ive ly  appeal ing  bu t  
wi thou t  a sa t i s fac tory  theore t ica l  basis. Nevertheless ,  several  recent  develop- 
men t s  t end  to  encourage con t inued  in teres t  in th is  simple me thod  for approxi -  
ma t ing  the  electronic s t ruc tures  of molecules. 

As was shown b y  CovLso~ and  Goo])wI~ [3], the  m a x i m u m  over lap  orbi ta ls  
(MOO) for the  lower cycloalkanes  predic t  geometr ical  proper t ies  which are essen- 
t i a l ly  the  same as those emerging f rom the  earl ier  r igorous t r e a t m e n t  of CouLso~r 
and  MOrrITT. VWILL~D and  ])EL R n  have  s tud ied  cyclopropane and  cyc lobu tane  
in a similar  manner  and  have  po in ted  out  t h a t  the  f rac t ional  s -charac ter  of  the  
orbi ta ls  so ob ta ined  agrees r a the r  well wi th  t h a t  p red ic ted  f rom the  values  of  t he  
13C-H coupling cons tants  p rov ided  b y  N M R  spect ra  [12]. 

This pa ramete r ,  J (13C-H), is of  pa r t i cu la r  re levance in assessing MOO functions.  
As has  been shown b y  MCLL~R and  PmTCHAR]) [7] and  StrOOLE~u [11], t he  
following re la t ion holds to  a good app rox ima t ion  for 13C d i rec t ly  bonded  to H :  
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J (18C-H) = 500 ~2 (I) 

where ~ is the coefficient of the s-component in the carbon orbital. Insofar as this 
relation is valid, Eqn. (i) provides a direct experimental basis for evaluating MOO 
functions. 

The MOO method in conjunction with Eqn. (1) has recently been applied to 
all of the halomethanes for which J-values were available, with apparently good 
results [6]. In these molecules the halogen (X) orbital was hybridized to the 
extent indicated by the appropriate nuclear quadrupole coupling constants [4] 
and the ionic character (C+X -) was adjusted to provide agreement with experi- 
mental values of J .  The ionic contents required for the series turned out to be in 
generally good agreement with the corresponding values inferred from the nuclear 
quadrupole data. 

This study has now been extended to a series of simple three-membered 
heterocyelie compounds (ethy]eneimine, ethylene oxide, and ethylene sulfide, 
with cyelopropane included for completeness), for which, unlike the case of the 
halomethanes, no independent criteria of the heteroatom hybridization are 
available. The results indicate that  with the inclusion of what appear to be 
sensible amounts of ionic structure, the MOO functions can be adjusted to provide 
agreement between experimental and calculated values o f J  (Cla-I{). These results 
and the methods used are discussed in some detail. 

Calculations 
The covalent overlap function 

s--= / (~, b, c) (2) 
where a, b, c are the hybridization parameters, was formulated following the 
procedure of CouLso~ and GOODWlN [3]. The structures employed for the cyclic 
compounds are listed in Tab. i. Using local cartesian coordinates, as shown in 
Fig. ~., and employing symmetry, the orbitals shown in Tab. 2 were obtained. 

H x H 

C 
Y Y 

X * x  

H 
Fig. 1. Local cartesian coordinates for the three membered he~erocyclic compounds 

22* 
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Table 1. Bond lengths 

Molecule 

Cyclopropane . . . . .  
Ethyleneimine . . . .  
Ethylene oxide . . . .  
Ethylene sulfide . . .  

.534 

.480 

.472 
:I .492 

and band angles/or the three-membered ring compounds* 

Rcc Rcx Rc~ Rx~ O~ O~ (9~ 

L534 1.085 1.085 150 ~ 60 ~ 60 ~ 
~.488 1.083 L000 159~ ' 60~ ~ 59o38 , 
1.436 i.082 - 159~ ~ 59~ ' 61~ ~ 
1.819 t.078 15i~ ' 57~ 65~ ~ 

* SUTTO:bT, L .  E . ,  Editor, Interatomic Distances, The Chemical Society, London, 1958. 

~ 

~5 

~_. ~ The to ta l  over lap  consists of  a sum of 
r 7 r ~" ~ r ~. ~ ~. integrals  for each bond  of  the  general  form 

t ~ S = 4 f q~cH~ ~fHco dv + 2 ~ ~0cx~ ~xc~ dv 

el el 
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~ - 2 ~ c x ,  ~ x c ,  dv § .~cc,oq)c, codv (3) 

where ~AB~ and ~AB, are the  components  
of  yJAB para l le l  and  perpendicular ,  respecti-  
vely,  to  the  bonding direct ion;  and  n = 0, i ,  2 
for 0 or S, N, C, respect ively .  

The th i r t een  over lap  integrals  requi red  
were ob ta ined  b y  l inear  in te rpola t ion  of  
publ ished Sla ter  over lap  values [8] and  are 
l is ted in Tab.  3. The m a x i m u m  value  of  S 
was ob ta ined  b y  numerica l  methods ,  using 
an I B M  i620 - I I  computer ,  and  the  values 
of  a, b, and  c appropr i a t e  to  this  maxi-  
m u m  were de termined.  The corresponding 
orbi ta ls  are shown in Tab.  4 and  Tab.  5 
gives the  in te rbond  angles computed  from 
these orbi tals .  The  calcula ted covalent  
values  of  J (laC-H), l i s ted  under  J0 in 
Tab.  6, were ca lcula ted  from the  express ion 
J0 = 250 (1 --  2a~). 

Ionic  charac te r  (CI-I~C+It2X-Hn) was 
in t roduced  b y  using the  unnormal ized  wave  
funct ion 

: ~feov -it- 2 ~ ~)ionic (4) 

where ~ represents  the  ionic charac te r  
per  C-X bond.  (There are two equiva len t  
ionic s t ructures ,  hence the  use of  2 A in 
Eqn.  (4)). The over lap  integrals  for the  
ionic s t ruc ture  (Tab. 3b) were compu ted  
Using the  previous  covalent  geometry ,  bu t  
wi th  appropr i a t e  values of Ze~f for each 
a tom as de te rmined  b y  Sla ter ' s  rules [5]. 
Using the  funct ion (4) the  ca lcula ted  value  
of  J (I~C-tt) is 
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J0 + 2 ~ J0l + 2 ~ Joe + Jt~ J n  + 2 )2 J12 + 22 j~o 
Jeale = t + 4~+  4), ~ "" (5) 

where Jo is the covalent  coupling cons tan t ;  Jl~ is the coupling of neut ra l  C in  the 
ionic s t ructure;  J22 is t ha t  of C + in the ionic s t ructure;  Jo~ is the exchange te rm 
between covalent  C and  neut ra l  C in the ionic s tructure ; Jo2 is the exchange term 
between covalent  C and  C + in  the ionic s t ructure;  and  J12 is the exchange te rm 

between neut ra l  G and  C +, both  in the ionic structure.  
J n  is de termined solely by  the s-character of C to H orbital  in the ionic struc- 

ture. J22 was calculated using the Z~f r dependence of the coupling as follows 

J22 [3"60~3 J '  

where J'22 includes the s-character of the C + orbital  bu t  is not  yet  scaled for 

Table 3a. Slater overlap integrals/or the covalent forms of the three-membered ring compounds* 

Overlap Integral Cyclopropane Ethyleneimine Ethylene sulfide Ethylene oxide 

(lsH, 2so) 
(ts~,2pzc) 
(2so, nsx) 
(2sc, npox) 
(2pac, nsx) 
(2pac, npax) 
(2p~c, np~x) 
(2sc, 2so) 
(2so, 2p~c) 
(2po c, 2p~c) 
(2p~c, 2p~c) 
(nsx, lsE) 
(npGx, ls~) 

.5715 

.4644 

.3447 

.3684 

.3684 

.3298 

.1952 

.3447 

.3684 

.3298 

.1952 

.5715 

.4644 

.5765 

.4649 

.3031 

.2960 

.3635 

.3102 

.1609 
,3682 
.3860 
.3320 
.2136 
.5502 
.4059 

.5751 

.4658 

.2866 

.3500 

.3019 

.3281 

.1521 

.3625 

.3818 

.3320 

.2090 

* Obtained by linear interpolation from Reference [8]. 

.5732 

.4651 

.2703 

.2433 

.3538 

.2814 

.1386 

.3717 

.3885 

.3320 

.2163 

Table 3b. Slater overlap integrals /or the ionic ]orms of the three-membered ring compounds* 

Overlap Integral 

(ts~, 2sc) 
(isis, 2p~c) 
(2sc, nsx--) 
(2pz c, nsx--) 
(2sc, npox--) 
(2p~c, npGx-) 
(2p~c, npnx-) 
(2so, 2so +) 
(2p~c, 2s(~c +) 
(2so, 2p~c +) 
(2po c, 2p~c*) 
(2p~c, 2p.c ~) 
(tSIE, 2SC ~ ) 
(Is., 2p, c*) 
(is. ,  nsx-) 
(ls~, npx-) 

E thyleneimine 

.5727 

.4649 

.3333 

.3765 

.3401 

.3235 

.t858 

.3320 

.3782 

.3361 

.3226 

.t846 

.5358 

.4221 

.587t 

.4457 

Ethylene s~fide 

.5752 

.4658 

.3093 

.3028 

.3839 

.3309 

.t673 

.3266 

.3732 

.3319 

.3213 

.1805 

.5384 

.4233 

* Obtained by linear interpolation from Reference [8]. 

Ethylene oxide 

.5732 

.465t 

.2703 

.3538 

.2434 

.2814 

.1387 

.3356 

.38ii 

.3387 

.3232 

.1874 

.5363 

.4223 
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Table  4. Calculated bonding orbitals ]or the covalent/orms o/the three.membered ring compounds 

Molecule A t o m  I n ~ /~* ns np~ npy np~ 

Cyclopropane  

E t h y l e n e i m i n e  

E t h y l e n e  sulfide 

C 

C 

N 

C 

S 

C 

0 

E t h y l e n e  oxide  

~CC 

Vcc 
~pcN 
VcK 
~PNc 

~n.  b. 

VCC 

Vcs 
VcE 
?fsC 
~])n. b. 

~pce 
Vco 
Vc~ 
y)oc 
~n.  b. 

* The  coefficient o f  m i x i ng  

2.0518 
1.4988 

t .8575  
2.6729 
1.4374 
t .8099 
1.6609 
1.6609 

2 A t 6 5  
2 . t664  
1.4548 
1.5862 
t .9081 

1.8572 
2 .843t  
1 .4 t68  
1.3502 
2.4210 

.4381 

.5550 

.4740 

.3504 

.5711 

.4836 

.5158 

.5158 

.4272 

.4191 

.5665 

.5333 

.4642 

.4741 

.3818 

.5767 

.5952 

.3818 

.7071 
0 

.5944 
- . 8041  

0 
.7071 
0 
0 

.7003 
- . 7 1 3 9  

0 
.7071 
0 

.5734 
- . 8 1 9 3  

0 
.707t 
0 

.5550 
- . 4 3 8 i  

.6495 

.4802 
- . 4 1 6 9  

.5158 
- . 4 8 3 6  
- . 4 8 3 6  

.5719 

.56t0  
- . 4 2 3 2  

.4642 
- . 5 3 3 3  

.6682 

.4676 
- . 4 0 9 2  

.3817 
- . 5 9 5 2  

0 
.707t 

0 
0 

.7071 
0 

.7071 
- . 7071  

0 
0 

.7071 
0 

.7071 

0 
0 

.7071 
0 

.707t 

f rom ~ = a (s + /~p) .  

Table  5. Calculated angles in the covalent ]orms o] the three-membered ring compounds 

Molecule 

Cyclopropune  . . . . .  
E t h y l e n e i m i n e * *  . .  
E t h y l e n e  sulfide . . .  
E t h y l e n e  oxide  . . . .  

< (~or 57) < (vo~, U-~) 

21o53 ' 21053 ' 
21o53 ~ 19~ ~ 
22029 ' 23~ ~ 
20~ ~ 2to49 ~ 

< (vx~,~-5) < (~o.,~o. ') 

21053 ' 116~ ' 
24~ ' 118058 ' 
23~ ' 118~ ~ 
30048 ' 119~ ' 

t18~ ' 
116~ ~ 
t t 6  ~ 
1 t6~  ' 

* See foo tno te  Tab .  1. 

** < (~0N~, plane)  = 124~ < (NH,  plane)  = 112 ~ (see foo tnote  Tab .  1). 

Table  6. Calculated values o /J  ( laC-H) with the inclusion o/ionic character 
in the C-X bonds/or the three-membered ring compounds 

Molecule Jexptl J0 ~s ~o Ia 

Cyclopropane  . . . . .  
E t h y l e n e i m i n e  . . . .  
E t h y l e n e  sulfide . . .  
E t h y l e n e  oxide . . . .  

~161~ 
168b 
170~ 
176b 

158.4 
163.0 
t60 .5  
166.3 

.000 

.080 

.191 

.163 

.00 
6.93 

13.84 
12.28 

a l~eference [7]. 
b MORTIMER, F. S., J .  Mol. Spec. 5, 199 (1960). 
c The  coefficient o f  m i x i n g  f rom ~ = ~cov + 2 ~ ~V~on~e ; a d j u s t e d  to give a g r e e m e n t  be tween  

Joule a n d  Jexpt]. 
d Pe r  C-X bond .  
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Table 7. Calculated bonding orbitals /or the ionic/orms o] the three.membered ring compounds 

Molecule 

Ethyleneimine 

Ethylene sulfide 

Atom n I 

C 2 

c i2 

N- 2 

C 2 

i 

C 2 

S- 3 

C 2 

C 2 

O- 2 

~ c c  + 

~OCN-- 

V'CH 

~c+c 
~ n . b .  

~0C+H 

~/)N-- C 

~/)n. b. 

~0N--H 

~Jn. b. 

~#cc + 

1]) c$ - 

~ICH 

~C+C 

~)n. b. 

~C+ J~l 
~S--C 

~cc + 

~CO-- 

~C+C 

~ n .  b. 

~) C+ I-I 

~O--C 

Ethylene oxide 

i 

L9869 
2.5531 
1.4170 

i 1.6981 
4.9869 
1.3571 
1.4259 

, 3.6925 
i 1.5240 

1.5240 

2.1063 
2.2363 
1.4422 
1.745~ 
4.1757 
1.3649 
1.1480 

2.0018 
2.932i 
1.3685 
t.6539 
5.3538 
t.3650 

.8255 

.4496 

.3647 

.5766 

.5074 

.1966 

.5932 

.5742 

.2614 

.5486 

.5486 

.4289 

.4082 

.5698 

.4972 

.2329 

.5910 

.6568 

.4469 

.3228 

.5900 

.5174 

.1836 

.5910 

.7712 

np~ 

.6300 
-.7766 

0 
.3613 

-.9324 
0 

-.4143 
.9101 
0 
0 

.6894 
-.7244 

0 
.4242 
.9056 
0 

-.4374 

.5855 
-.8106 

0 
.3351 

-.9422 
0 

-.3986 

npu np~ 

.6333 0 

.5137 0 
-.4093 .7071 

.7822 0 

.3031 0 
-.3848 .7071 

.7062 0 

.3215 0 
-.4461 .7071 
-.446i -.7071 

.5838 

.5555 
-.4t87 

.7569 
-.3545 
-.3882 

.6142 

.6764 

.4886 
-.3882 

.7874 

.2801 
-.3883 

.4964 

0 
0 
.7071 
0 
0 
.7071 
0 

0 
0 
.7071 
0 
0 
.707i 
0 

* The coefficient of mixing from ~ = a(s + #p). 

increased Z. I n  order to est imate the cross terms we have assumed a geometric- 
mean  relationship 

1 

J01 = (J0 J l l )  Y (7) 

1 1 

J0s = (J0 J2~) -f = (1.359 J0 J~.2) v (8) 

1 1 

J l ~ =  (JllJ22) ~ = (l.359J~lJ'~2) T (9) 

where the prime has the same significance as before. 
After evaluat ing each of these terms and  inserging them into Eqn.  (5), 2 was 

adjus ted  to ob ta in  agreement  with Jexptl. and  the  fractional  ionic character per 
C-X bond  was determined as [2] 

I = ~/(l + 2 ~) . (10) 

The MOO funct ions for the ionic s t ructures  are listed in  Tab.  7. The values of 2 
and  I obta ined are shown in Tab.  6. 

D i s c u s s i o n  

As can be seen in  Tab.  6, maximiza t ion  of to ta l  overlap, using only the cova- 
lent  structures,  leads to coupling values (J0) which are in all cases wi thin  60/o of 
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the observed values. The amount of ionic structure (I) which must be included 
for exact agreement appears to be of a reasonable magnitude, and in the case of 
N and 0 follows the order expected from Pauling's electronegativity values [9]. 
The value of I for ethylene sulfide appears to be somewhat high. This may be due 
to some degree of participation of d-orbitals, not considered here, or it may reflect 
the fact that  the orbital electronegativity is in this case larger than Pauling's value. 

The calculated value of Jo for eyelopropaue is about 2.5 cps smaller than Jexptl. 
We find that  exact agreement is obtained by including 2.590/0 ionic structure of 
the form H-C+H (CH2) z. Inclusion of these structures in the other three mole- 
cules would decrease the values of I shown in Tab. 6. 

The calculated bonding orbitals are not parallel to the line joining the nuclei, 
as can be seen from Tab. 5. This is consistent with the results reported previously 
[3, 12], which were presented as evidence for bent bonds in molecules of this type. 
The CH bonds are not expected to be bent, however. The angle between the C to H 
orbitals is in all cases within 2.2% of the experimental I-ICH angle. 

The presence of non-bonding electrons in the heteroeyclie molecules creates a 
problem that  is absent in the MOO treatment of the cycloalkanes. In the latter, 
all valence shell electrons participate in bonding. This serves to restrain the 
tendency towards arbitrary hybridization of some bonds in order to maximize the 
overlap of the others. Lone-pair electrons contribute nothing to the total overlap 
function and are, so to speak, at the mercy of the bonding orbitals. Therefore, 
unless some constraint is incorporated, the MOO method may lead to totally 
unrealistic results where non-bonding electrons are involved. In the case of the 
halomethanes such a constraint was provided by using a constant fraction of 
s-character in the halogen orbitals, as inferred from analyses of nuclear quadrupole 
coupling data [6]. 

In the cyclic molecules studied here the fixed ring geometry appears to provide 
a fairly effective and realistic constraint. However, in the case of ethyleneimine 
this contraint alone was inadequate, since in addition some decision was required 
regarding the disposition of the two out-of-plane nitrogen orbitals, N-H and 
lone-pair. For example, if the hybridizations in these two orbitals were allowed to 
vary independently the resultant structure was found to be planar sp ~ with the 
lone-pair occupying a pure p~ orbital. I f  we restricted the lone-pair electrons to 
the s-orbital, the three bonding I~ orbitals were necessarily p3. The final structure 
obtained was based on the condition that  the N-H and lone-pair orbitals be alike. 
This assumption, arrived at after several trial calculations, was accepted only 
because it yielded an angle of inclination of the N-H bond reasonably near the 
experimental value. In the case of O and S, with two occupied non-bonding orbi- 
tals, we have no way of determining how realistic the non-bonding MOO functions 
are. 

I f  the fixed ring geometry of the cyclic compounds with lone-pair electrons ac- 
tually provides a constraint upon the overlap function of these molecules, then we 
should expect the MOO technique to yield unreasonable results when applied to 
molecules in which this constraint is not operative. Indeed, when we applied this 
technique to dlmethyi ether and dimethyl sulfide, we obtained sp-hybridization 
of the oxygen and sulphur bonding orbitals if the geometries of the molecules were 
allowed to be dictated by the overlap function. Fixing the geometry at the experi- 
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menta l  values led to more reasonable hybridizat ions of the bonding orbitals, bu t  
predicted angles between the bonding orbitals were greater than  the angles be- 
tween the lines joining the nuclei. Microwave evidence tha t  this is actual ly the case 
for dimethyl  ether has been presented elsewhere [1]. 

The foregoing remarks are not  intended to disparage the MOO method.  On the 
contrary,  it is felt t ha t  the agreement obtained between the calculated and 
observed values of  the 1sC-H coupling constants and H C I I  bond angles in this 
s tudy  is quite encouraging to fur ther  inquiry. The point  stressed here is tha t  the 
method might  be improved if an additional constraint,  reflecting the effects of 
rehybridizing the non-bonding electrons, were added to the original requirement 
tha t  Stota 1 be a maximum.  PAUSING has suggested the use of the s-p promotional  
energy for a ra ther  similar purpose [10]. Such an approach,  al though it appears to 
neglect the compensat ing energy gained through rehybridizat ion of the bonding 
orbitals, m a y  provide a basis for the needed modification. 

We wish to thank the National Institutes of Health for a Grant in partial support of this 
work. One of us (P. 1%. CERTAIN) thanks the National Science Foundation for support 
t.hrough the Undergraduate Research Participants program. 

References 
[1] BLUKIS, U., P. I-I. KASAI, and tl. J. MYERS: J. chem. Physics 38, 2753 (1963). 
[2] COVLSO~. C. A.: Valence, Ist Ed., Oxford University, London, 1952, pp. 104-5. 
[3] -- ,  and T. H. GOODWIN: J. chem. Soe. 1962, 2851. 
[d] DAILEY, B. P.: J. chem. Physics 83, 1641 (1960); TOWNES, C. H., and B. P. DAILEY: 

J. chem. Physics 17, 782 (t949); TOWNES, C. H., and B. P. DAILEY: J. chem. Physics 
23, t18 (t955). 

[5] EYRINO~ H., J. WALTEtr and G. E. I~MB~LL : Quantum Chemistry, John Wiley and Sons, 
Inc., New York, N. Y., t944, pp. 762--3. 

[6] GOLI)S!rEIN, J. I-I., and R. T. HOBGOOD, Jr. : J. chem. Physics 40, 3592 (1964). 
[7] MULLEI~, N., and D. E. PUITCHA~D: J. chem. Physics 81, 768, 147t (1959). 
[8] MULHKE~, 1~. S., C. A. RIEXE, I). OnLOFF, and H. 0ULOFF: J. chem. Physics 17, 1248 

(1949). 
[9] PAULI~G, L.: The Nature of the Chemical Bond, 3rd Ed., Cornell University Press, 

Ithaca, N. Y., 1960, pp. 91~t02. 
[10] - -  The Nature of the Chemical Bond, 3rd Ed., Cornell University Press, Ithaca, N. g., 

1960, pp. t62--3. 
[11] SHOOLE~u J. N. : J. chem. Physics Ill, 1427 (1959). 
[12] VEILLA~D, A., and G. ])EL I~E: Theoret. ehim. Acta 2, No. 1, 55 (1964). 

(Received July 31, 1964) 


