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Crystal  data for some  dicyclopentadienyldinickel  alkyne compounds .  By o. s. MILLS a n d  :B. W .  
S~Aw, Department of Chemistry, University of Manchester, Manchester 13, England 

(Received 17 July 1964) 

I t  has been shown (Tilney-Bassett  & Mills, 1959; Tilney- 
Bassett ,  1961) tha t  dicyclopentadienyldin ickel dicarbonyl 
reacts wi th  acetylenes in a manner  similar to dicobalt  
octacarbonyl (Sternberg, Greenfield, Friedel,  Wotiz, 
Markby & Wender,  1954; Greenberg, Sternberg, Friedel, 
Wotiz,  Markby & Wender,  1956). I t  was suggested 
tha t  the  molecular structures of these nickel compounds 
would be comparable to the  corresponding cobalt 
derivatives,  the  structure of one of which has been 
de te rmined  (Sly, 1959). 

In  the  course of our verification of these proposals 
we have de te rmined  the  unit-cell dimensions of six 
derivatives and  these are given in Table 1. Measurements 
were made  on precession photographs taken  wi th  ei ther  
mo lybdenum K a  radia t ion (2 =0.7107 /~) or wi th  cobalt 
K a  radia t ion (;t= 1.7902 A). Densities were de te rmined  
by suspension in aqueous solutions of potassium iodide. 

The deteHnination of the  structure of der ivat ive A has 
been completed.  :No further  work on the  remaining 
compounds is contemplated.  
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Derivative 
Table 1. Crystal data for dicyclopentadienyldinickel alkynes 

A B C D E 

Space group 

Unit cell (A) 

b 
c 

oc 

7 
Dm (g.cm -a) 

Dx (g.cm -s) 

Z 

Ra~liation used 

Pna21 P21/n P21 or P21/m P212121 P1 or P1 /)1 or P1 

17.73(5) 23.87(6) 
9.49(3) 5.75(3) 

11.62(4) 10.63(4) 

92 ° 36'(5) 

1.45(2) 1.50(2) 
1.45(1) 1.50(1) 

4 4 

Cobalt Molybdenum 

A. Cy~Ni2 CsI-Is C2C6H 5 
B. Cy2Ni~HC2n-C4H 9 
C. Cy~Ni~CHsC~CH S 

6.15(3) 17.60(5) 10.90(4) 5-73( ) 
12.37(4) 20.17(5) 11.57(4) 10.71( ) 
8.75(3) 8.67(3) 18.99(4) 13.08( ) 

118 ° 47'(5) 101 ° 45' 
100 ° 36'(5) 91 ° 4'(5) 108 ° 57' 

90 ° 30'(5) 90 ° 2' 

1"52(2) 1"50(2) 1"41(2) 1"57(2) 

1.53(1) 1.50(1) 1.42(1) 1-57(1) 

2 4 2 2 

Cobalt Molybdenum Molybdenum 

D. Cy2Ni9 C61=Is C2 C9 C6HsNi~ Cy2 
E. Cy2Ni2C6HsC2C2CsH 5 
F. CY2Ni2C6HsC2H 

Molybdenum 
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Bond lengths  and thermal  vibrations in orthorhombic  sulfur. By AZMERY CA_RON and JERRY DONO~VE 
Department of Chemistry, University of Southern California, Los Angeles 7, California, U .S .A .  

(Received 15 June 1963 and 

Abrahams (1961) has recently re-refined the structure of 
or thorhombic sulfur, using an improved form factor curve 
(Dawson, 1960a, b) and  scale factors differing by 15 to 
24 ~o from the one used in his earlier work (Abrahams, 
1955). In  this note,  Abrahams gave two widely differing 
sets of r.m.s, thermal  displacements.  One set, labelled 
1960A, was obtained by assigning uni t  weights to 
observed reflections and  weights of 0.1 to the unobserved 
reflections for which the Fo were set a t  ½Fmin. In  obtaining 
the  second set, labelled 1960C, the Hughes (1941) 

in revised form 30 July 1964) 

weight ing scheme was used, with 4From = 100 and weights 
of 0.05 for the unobserved reflections. Individual  posi- 
t ional and thermal  parameters  and their  s tandard errors 
were not  given; values of R were not  ment ioned.  
Abrahams suggested tha t  there was correlation among 
the  thermal  parameters  and thus implied tha t  the  
thermal  displacement values which he presented should 
not  be discussed from a physical s tandpoint .  

We feel, however, tha t  the  1960A weight ing scheme is 
indefensible, a conclusion supported by common sense, 
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b y  t h e  h i g h e r  s t a n d a r d  d e v i a t i o n s  for  t h e  1960A resu l t s ,  
a n d  b y  A b r a h a m s ' s  (1955) c o m m e n t  o n  h is  d a t a  t o  t h e  
e f fec t  t h a t  ' T h e  s t a n d a r d  d e v i a t i o n  in  t h e  [observed]  
s t r u c t u r e  f a c t o r  was  t h e n  f o u n d  to  be ,  a p p r o x i m a t e l y ,  
a c o n s t a n t  p e r c e n t a g e  of t h e  s t r u c t u r e  fac to r ,  w i t h  
~(F~)_~0.071FII. T h i s  r e l a t i o n  is v i o l a t e d  m o s t  for  
IFil < 100.'  W e  also be l i eve  t h a t  t h e  i n t r o d u c t i o n  i n t o  
t h e  r e f i n e m e n t  of  u n o b s e r v e d  F ' s  a t  ha l f  v a l u e  m a y  
c r ea t e  s o m e  p r o b l e m s ,  p a r t i c u l a r l y  in  t h e  p r e s e n t  case 
w h e r e  a l m o s t  40 % of  t h e  r e f l ec t ions  were  u n o b s e r v e d .  
W e  t h e r e f o r e  d e c i d e d  to  u n d e r t a k e  a d d i t i o n a l  r e f i n e m e n t ,  
b a s e d  on  t h e  H u g h e s  w e i g h t i n g  s c h e m e ,  in  o rde r  to  o b t a i n  
n e w  va lues  for  t h e  p o s i t i o n a l  a n d  t h e r m a l  p a r a m e t e r s .  
T h i s  was  d o n e  w i t h  t h e  D a w s o n  (1960b) f o r m  f a c t o r  
c u r v e  a n d  t h e  P a l e n i k  (1962) f u l l - m a t r i x  p r o g r a m .  
A f t e r  f o u r  cycles ,  R d r o p p e d  f r o m  26.5 to  12 .4%.  A n  
e x a m i n a t i o n  of t h e  Fo'S a t  t h i s  p o i n t  r e v e a l e d  t h a t  s o m e  
of t h e m  were  so d i s c r e p a n t  as  t o  w a r r a n t  r e j e c t i on  
(see Tab l e  1). S u c h  gross  d i s c r epanc i e s  as  p r e s e n t e d  in  

T a b l e  1. Discrepant Pobs 

hkl Fo 1% hkl Fo Fc 
0,0,36 20 2 8,4,10 20 6 
5,1,23 81 6 14,4,6 27 3 
7,1,23 38 2 3,5,21 23 0 
1,3,31 30 11 5,5,29 23 2 
13,3,9 20 3 6,6,26 27 4 
4,4,24 29 5 1,7,23 27 6 
4,4,30 27 7 9,7,9 21 3 
4,4,34 56 16 8,8,18 22 4 
6,4,28 25 7 6,14,0 21 3 

Tab l e  1 cou ld  r e su l t  f r o m  er rors  in,  inter alia, i n d e x i n g  
or  r e d u c t i o n  of  r a w  d a t a ,  f r o m  t h e  R e n n i n g e r  effect ,  
or  f r o m  j u s t  p l a i n  m i s t a k e s .  I t  is i n t e r e s t i n g  t h a t  n e a r l y  
all  of t h e s e  F ' s  we re  also o u t s t a n d i n g l y  d i s c r e p a n t  in  
t h e  f o r m e r  w o r k  ( A b r a h a m s ,  1955, T a b l e  9). B e c a u s e  
t h e s e  d i sc repanc ie s  we re  a p p a r e n t l y  n o t  s y s t e m a t i c ,  
t h e s e  F ' s  we re  a s s i g n e d  w e i g h t  zero a n d  t h e  r e f i n e m e n t  
was  c o n t i n u e d  o n  t h e  r e m a i n i n g  651 Fobs. T h e  l a rges t  
of t he se  F ' s  o b v i o u s l y  d i d  suf fer  f r o m  s o m e  s y s t e m a t i c  
e r ror ,  s u c h  as e x t i n c t i o n  or  s o m e  o t h e r  e f fec t  w i t h  a 
s imi l a r  resu l t ,  as  m a y  be  seen  in  F ig .  1. C o r r e c t i o n  for  
t h i s  ' e x t i n c t i o n '  e f fec t  was  m a d e  w i t h  t h e  fo l lowing  

Fcorr --Funcorr/(1 -- 2gF~uncorr), w h e r e  a v a l u e  e x p r e s s i o n :  ~ - 
for  2g of 1.6 x 10 -s was  o b t a i n e d  b y  t r i a l  a n d  error .  
T h e  Funcorr we re  o n  a scale  of 0.7625 r e l a t i v e  to  t h e  
p u b l i s h e d  va lues .  I f  t h e  s y s t e m a t i c  e r ro r  e v i d e n t  in  
F ig .  1 is t r u l y  d u e  to  e x t i n c t i o n ,  t h e  c o r r e c t i o n  of t h e  
F2obs r a t h e r  t h a n  t h e  lobs is o b v i o u s l y  i n c o r r e c t ;  we  feel, 
h o w e v e r ,  t h a t  s ince  t h e  Iobs a re  n o t  ava i l ab le ,  i t  is fa r  

b e t t e r  to m a k e  t h e  i n c o m p l e t e  c o r r e c t i o n  to  t h e  F ~, r a t h e r  
t h a n  to  m a k e  no  c o r r e c t i o n  a t  all. : R e f i n e m e n t  was  t h e n  
r e s u m e d ,  a n d  R d r o p p e d  to  a v a l u e  of  10.5 %. T h e  sh i f t s  
in  t h e  l as t  cycle  were  all  less t h a n  10-% T h e  r e s u l t i n g  
p a r a m e t e r s  a n d  t h e i r  s t a n d a r d  e r ro rs  a re  s h o w n  in 
T a b l e  2. 
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Fig. 1. Agreement  be tween 2'o and Fc for the  24 s t rongest  
reflections: x uncorrec ted  t 'o,  O Fo corrected for 'extinc- 
t ion '  (see text) .  

I 

----I I u.. 

. . . .  i 
F"~-I -j ! r-'", ---u_~ 

-o.~o -o.'2o -o.1o 6 o.1o o-~o 

- -  Position-position 
...... Position-thermal 
---- Thermal-thermal 

0"i)0 

Fig. 2. His togram of inter-atomic correlations. 

T a b l e  2. Parameters obtained from the corrected Fobs 
All values have been mul t ip l ied  by 104. Values in parentheses  include the  l ibration corrections 

s(1) s(2) s(3) s(4) 

x 8563 (8563) 3 7845 (7842) 3 7076 (7066) 3 7860 (7855) 3 
y 9529 (9535) 3 10305 (10315) 2 9799 (9805) 3 9078 (9080) 3 
z 9516 (9511) 1 10762 (10763) 1 10039 (10037) 1 11296 (11300) 1 
Bl l  122 4 115 4 93 3 73 3 
Bu2 57 2 55 2 70 2 87 3 
Baa 13 < 1 16 < 1 15 < 1 13 < 1 
Bz~ 5 4 2 4 3 4  4 - -  6 4 
Bza 12 2 6 2 -- 8 2 10 2 
B~a 11 2 -- 11 2 1 2 4 2 
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x 

Y 
z 

B n  
B 2 ~ .  

Baa 

Bla 
B22 
G 

x 

Y 
z 

B n  
B u g .  

B33 
B12 

B~3 
G 

x 

1-0 
Y 

0.02 
1.0 

Table  3. Average intra.atomic correlation coefficients 

z 

0.04 
<0"01 

1.0 

B n  Bu2 Baa BI~ Bla 
--0.02 <0.01 0.02 --0.02 --0.01 

0"01 0.01 --0.02 <0.01 --0.01 
> --0.01 <0.01 --0.04 0.01 <0-01 

1.0 --0.09 --0.06 0.04 0.03 
1.0 -- 0.06 0.05 < 0.01 

1.0 < 0.01 0.04 
1.0 <0-01 

1.0 

Table  4. Max imum intra-atomic correlation coefficients 

B l l  B22 
-- 0.05 -- 0.05 
-- 0.04 0.07 
- -  0-04 0.04 

1.0 --0.10 
1.0 

x y z 
1.0 0.10 0.09 

1.0 --0.11 
1.0 

B23 G 

> --0.01 0.01 
--0.01 0.01 
- -  0-02 - -  0.02 
< 0-01 0-35 

0.02 0-33 
0.02 0.35 
0.03 0-02 
0-04 > -- 0.01 
1-0 0-01 

1-0 

Baa BI~ Bla B~ a O 
0.04 0.04 - 0.05 0-02 0-06 

- 0.04 - 0-04 - 0.02 0.03 - 0.04 
- 0 . 1 9  0.02 -0 .01  --0.08 --0.04 
- -  0"09 0.08 0"09 0.01 0-39 
- 0 . 0 9  0.16 0-02 0.12 0-39 

1-0 0.13 0.10 --0.14 0.37 
1.0 0.08 0.07 0.04 

1.0 0-10 -0 .01  
1-0 O.O5 

1.0 

Since A b r a h a m s  (1961) sugges ted  t h a t  t he r e  is some  
' i n d e t e r m i n a c y '  due  to  cor re la t ion  effects  b e t w e e n  
p a r a m e t e r s ,  t h e  cor re la t ion  coeff ic ient  m a t r i x  was  
ca lcu la t ed  (Gantzel ,  Sparks  & Trueb lood ,  1962) w i t h  
t h e  resul ts  as shown  in Tables  3 a n d  4 a n d  Fig.  2. All 
t h e  coeff ic ients  a re  sa t i s fac to r i ly  low e x c e p t  those  h a v i n g  
to  do w i t h  t he  cor re la t ion  of t he  Bi~ w i t h  the  scale fac tor .  
This  ef fec t  is n o t  u n e x p e c t e d  a n d  is k n o w n  to  b e c o m e  
m o r e  a c c e n t u a t e d  as t he  n u m b e r  of a t o m s  in t h e  a s y m -  
m e t r i c  u n i t  decreases .  H o w e v e r ,  these  coeff ic ients  are  
n o t  so large as to  r e n d e r  t he  t e m p e r a t u r e  fac tors  m e a n i n g -  
less f r o m  a phys ica l  s t a n d p o i n t  or wor th less  for  a r igid- 
b o d y  ana lys i s  s ince t h e y  will a f fec t  t h e  mo lecu l a r  t rans -  
la t ional  p a r a m e t e r s  r a t h e r  t h a n  the  l ib ra t iona l  ones and ,  
thus ,  wou ld  n o t  bias t h e  b o n d  leng ths  or angles.  

T h e  t h e r m a l  p a r a m e t e r s  were  used  to  ca lcu la te  
(Coulter,  Gan tze l  & Trueb lood ,  1962) t h e  r .m.s ,  dis- 
p l a c e m e n t s  a n d  d i rec t ion  cosines of t h e  pr inc ipa l  axes  
of t h e  four  v i b r a t i o n  ellipsoids (Table 5). A c o m p a r i s o n  
of t he  d i sp l acemen t s  w i t h  t h e  1960C values  of A b r a h a m s  
shows t h a t  t h e y  are  of t h e  s ame  o rder  of m a g n i t u d e  
b u t  t h a t  t h e  f o r m e r  a re  gene ra l ly  larger.  A b r a h a m s  d id  
n o t  publ i sh  va lues  for  t h e  d i r ec t ion  cosines, so we shall  

Tab le  5. Ellipsoids of vibration 

'--;'lr-i 1/2 , A q~a ~ ~c 

S(1) 0-265 --0.9332 --0.1929 -0 .3033 
0.228 - 0.3126 0.8522 0.4195 
0.183 -0 .1776 --0-4863 0.8556 

S(2) 0.255 0.9516 - 0.1037 0.2892 
0.236 0.2842 0-6549 -- 0.7003 
0-196 0.1168 --0-7486 --0.6527 

S(3) 0.260 0.6062 0-7863 --0.1198 
0.221 0.4615 --0.4704 - 0.7522 
0.197 0.6478 --0.4007 0-6479 

S(4) 0.270 0.0458 - 0.9962 -0 .0744 
0.216 0-7227 --0.0184 0.6910 
0.181 0.6897 0.0854 - 0.7191 

n o t  mal~e f u r t h e r  de ta i l ed  compar i sons  of our  t h e r m M  
p a r a m e t e r s  w i t h  his. 

A r i g i d - b o d y  ana lys i s  (Cruickshank,  1956) was  t h e n  
m a d e .  The  t r ans l a t iona l  a n d  l ibra t ionM a m p l i t u d e s  a n d  
t h e  d i rec t ion  cosines of t h e  pr inc ipa l  axes  of t h e  T a n d  ¢o 
tensors  are  g iven  in Table  6. Since t h e  S s molecu le  is 
loca ted  on a twofo ld  axis  paral le l  to  c, one  p r inc ipa l  
axis  of b o t h  ca a n d  T is r e s t r i c t ed  to  t h a t  d i rec t ion .  
I t  should  be n o t e d  t h a t  t h e  r e m a i n i n g  ~ a n d  T axes  
d i f fer  in d i rec t ion  f r o m  the  o the r  two  mo lecu l a r  axes  
b y  on ly  a b o u t  8.9 ° a n d  2-7 ° r espec t ive ly .  F u r t h e r m o r e ,  
t he  two  larges t  a n d  n e a r l y  equal  l ib ra t iona l  a m p l i t u d e s  
are  assoc ia ted  w i t h  t h e  two  lowest  a n d  e q u i v a l e n t  
m o m e n t s  of iner t ia .  This  qua l i t a t i ve  reasonab leness  of 
t h e  t r ans l a t i ona l  a n d  v ib ra t iona l  m o t i o n s  acco rd ing ly  
lends s u p p o r t  to  t h e  a s s u m p t i o n  t h a t  t he  molecu le  m a y  
in fac t  be t r e a t e d  as a r igid b o d y  a n d  a t t e s t s  to  t h e  
phys ica l  s ignif icance of t h e  t h e r m a l  p a r a m e t e r s .  I n  t h e  
fol lowing n o t e  A b r a h a m s  (1965) refers  to  an  u n p u b l i s h e d  
in f ra red  s t u d y  in wh ich  the  i n t e rna l  v ib ra t ions  of t h e  
mo]ecule  were  der ived .  The  d i sp l acemen t s  of 0.049 A, 
3"26 ° a n d  4.93 ° q u o t e d  b y  h i m  for  r, 0 a n d  ~, r e spec t ive ly ,  
co r re spond  to  m e a n  square  d i sp l acemen t s  in t h e  pos i t ion  
of a n  a t o m  of 0.0006, 0.0012 a n d  0.0030 A ~ respec t ive ly .  
T h e  va lues  of ca (5.6 °, 5.2 ° a n d  2.5 °) co r respond  to  m e a n  
squa re  d i sp l acemen t s  of 0.0098, 0.0086 a n d  0.0106 A% 

I t  thus appears that the internal vibrations are, as 
expec ted ,  v i r t u a l l y  negligible c o m p a r e d  w i t h  t h e  t h e r m a l  
v ib ra t ions  a n d  well w i t h i n  t he i r  ass igned s t a n d a r d  errors .  

The  posi t ional  p a r a m e t e r s  were  t h e n  t r a n s f o r m e d  to  
t he  o r thogona l  s y s t e m  of pr inc ipa l  axes  of ca, a n d  each  
coo rd ina t e  was  co r r ec t ed  as follows: Xcorr ---- Xtmcorr 
(see coy+sec  ¢oz-1) ,  where  ¢0y a n d  coz are  t h e  r .m.s .  
angles  of l ib ra t ion  a r o u n d  t h e  r ede f ined  y a n d  z axes.  
The  co r r ec t ed  coord ina tes  r e c o n v e r t e d  to  t h e  s y s t e m  of 
t h e  c rys ta l  axes  are  g iven  in Tab le  2. 

F r o m  these  n e w  coord ina tes ,  b o n d  l eng ths  a n d  angles  
were  ca lcu la ted .  These  va lues  a re  p r e s e n t e d  in Table  7, 
t o g e t h e r  w i t h  t h e  p re sen t  u n c o r r e c t e d  va lues  a n d  those  
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Table 6. Translational and librational parameters 

i ]-~11/~, A I-~o211/2, deg. qia 
1 5.58_+0"39 0 
2 5.16_+0"33 --0.7375 
3 2.54_+0"82 --0.6753 

1 0.189_+0"006 0 
2 0.213_+0"014 --0.6620 
3 0" 105 _+_ 0"026 -- 0.7495 

1 (molecular axes) 0 
2 --0.6237 
3 --0.7816 

qtb qtc 
0 1 

0.6753 0 
-0.7375 0 

0 1 
0.7495 0 

- 0.6620 0 

0 1 
0.7816 0 

-0-6237 0 

of Cooper, Bond & Abrahams  (1961) set 1960C. The 
s t andard  deviat ions for the  corrected bond  lengths 
include the  contr ibut ion from the s t andard  deviations,  
~ ( r ) ,  of the  r igid-body least-squares fit. 

Table 7. Bond 
Standard errors × 10 a 

lengths (A) and bond angles (o) 
in/~_ and × 10 in degrees in parentheses 

Abrahams This work, This work, 
1960C (1961) uncorrected corrected 

S(1)-S(3) 2.045 (5) 2.045 (5) 2.058 (5) 
S(3)-S(2) 2.051 (4) 2.050 (5) 2.062 (5) 
S(2)-S(4) 2.048 (5) 2.050 (5) 2.063 (5) 
S(1)-S(1') 2.043 (7) 2.042 (6) 2-058 (7) 
S(4)-S(4') 2.050 (7) 2.045 (7) 2.057 (7) 

Mean S-S 2.048 (2) 2.047 (3) 2.060 (3) 

s(1)-s(3)-s(2) 107.2 107.2 (2) 107.1 (2) 
S(3)-S(2)-S(4) 108.0 108.0 (2) 107.9 (2) 
S(2)-S(4)-S(4') 109.0 109.0 (2) 108.9 (2) 
S(l')-s(1)-s(3) 108.2 108.2 (2) 108.1 (2) 

Mean S-S-S 107.9 (1) 108.1 (1) 108.0 (1) 

I n  order to insure t h a t  the  a~(r) are meaningful ,  
s t anda rd  deviat ions  were computed  for the same quan- 
t i t ies using only the  s t andard  deviat ions of Bij according 
to the  expression: 

(~s(r) 2 = 2:mZ~J a~Zii)m [aA (r)/a(Bij)m] 2, 

where (~B(r) iS the  s t andard  devia t ion  for the  r th  bond 
length correction, /1 (r) is the  r t h  bond length correction, 
a(B~l)m is the  s t andard  devia t ion  of the Bi I of the ruth 
a tom.  The change of the r th  bond length correction wi th  
respect  to the  Bit of the  mth  a tom,  ~A(r)/a(Bij)m, was 
computed  numer ica l ly  using increments  of Btj of the  
same order of magn i tude  as its s t anda rd  deviat ion,  
name ly  2 × 10-L The result ing values of aB(r) are given 
in Table 8, toge ther  wi th  those of a~(r). I n  addi t ion,  
since the  in t roduct ion  of the ext inct ion correction seemed 
to have  general ly raised the B~ 1 values, a new set of bond 
length corrections was calculated wi th  Bll values obta ined 
from a ref inement  wi th  uncorrected  data .  The deviat ions 
of this  set of bond  length corrections from the previous 
set are negligible and  also appear  in Table 8. On the 
average,  a~,(r) is 1.5 t imes as large as aB(r); thus,  the 
s tandard  deviat ions derived from the  r igid-body analysis 
appear  meaningful  and  reflect, to some extent ,  the  
uncer ta in t ies  in the  Bil. 

In  conclusion, the  the rmal  parameters  seem to have  
physical  significance and  indicat ions are tha t  the accuracy 

Table 8. Standard deviations (A) for the libration corrections 
of the bond lengths 

All values have been multiplied by l0 s 

Libration Extinc- 
Bond correction (lB(r) (~oj(r) tion zJ 

S(1)-S(3) 121 l0 12 --1 
S(3)-S(2) 123 8 13 -- 1 
S(2)-S(4) 132 9 13 0 
S(1)-S(I') 139 10 14 1 
S(4)-S(4') 123 9 16 -- 1 

of the  da ta  warran ts  the appl icat ion of the  l ibrat ion 
corrections to the bond lengths.  I t  is no tewor thy  t h a t  
the  corrected bond lengths are significantly longer t han  
the  uncorrec ted  values, and,  unt i l  be t t e r  exper imenta l  
da ta  become available,  yield the  best average value of 
2.060_+0.003 J~ for the  S-S bond length and  108.0 _+0-1 ° 
for the S-S-S  bond angle in the  S s molecule. The average 
l ibrat ion correction found here of +0.013 J~ is bu t  
+0.005 A larger t han  the  m a x i m u m  correct ion of 
0.008 A ment ioned  by Abrahams  (1955) in his first paper  
as possible for this effect. 

This work was suppor ted  by  a gran t  f rom the  Nat ional  
Science Founda t ion .  Most of the  calculations were done 
a t  the  Western  Da t a  Processing Center. 
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