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Dawson (1960a) has  r e c e n t l y  found  the  scale f ac to r  for 
the  emI)irical fo rm fac to r  of sul fur  (Abrahams ,  1955), in 
t he  range  0.3 _~ sin 0/). < 0.6 :~-1, to be abou t  25% tot) 
high in compar i son  wi th  a new (Dawson,  1960b) fo rm 
fac tor .  ] ) o u b t  was cast ,  in the  1960a paper ,  on the  reli- 
ab i l i ty  of the  1955 a tomic  coord ina tes  and  hence  on the  
final S-S  bond d is tance .  

The  1046 m e a s u r e d  o r t h o r h o m b i c  sul fur  s t r u c t u r e  
fac tors  (Table 9 in t he  1955 paper)  h a v e  now been  use(1 
in two sets of comple t e  leas t - squares  r e f inement s ,  using 
the  Dawson  (1960b) fo rm factor .  ]n  these  r e f i n e m e n t  sets, 
the  t h r ee  posi t ion an(t six t h e r m a l - v i b r a t i o n  p a r a m e t e r s  
for each  a tom,  as well as the  single scale factor ,  were  the  
variables .  The  B u s i n g - L e v y  (1959) p rogram wr i t t en  for 
the  1BM 704 c o m p u t e r  was used.  Two of the  four  sets 
of weights  e x a m i n e d  in 1955 were  assigned,  co r respond ing  
to (a) and  (c) in p a r a g r a p h  7 of t h a t  paper .  ]n  the  first 
set, h e r e a f t e r  re fe r red  to as 1960A, all s t a n d a r d  devia-  
t ions in Fracas. were  t a k e n  as un i ty ,  e x c e p t  for the  un- 
()[)served s t r u c t u r e  fac tors  (one-half  of its m a x i m u m  
value  given in the  1955 Table  9 was used  in each  such 
case) for which  the  s t a n d a r d  ( leviat ions were  a rb i t r a r i ly  
t a k e n  as 10. In  the  second set, h e r e a f t e r  1960C, for 
]~'meas.i "-> 100, (yFmeas.=0-l 'Fmeas. I; for IFmeas.l<100, 
aFmeas. = 10, and  for unobserve( t  t e rms ,  (~Fmcas. = 20 (as in 
ease 1960A, one-ha l f  m a x i m u m  value  was used for each 
tmobse rved  te rm) .  

The  resul ts  of th ree  r e f i n e m e n t  cycles  in each  of t he  
1960A and  C sets (in which  comple t e  conve rgence  was  
()btaine(1) are  l ) resented in Table  1 wi th  the  co r respond ing  
1955 values .  

Two  i m p o r t a n t  conclusions  can be d r a w n  f rom Table  1. 
Firs t ,  it is e v i d e n t  t h a t  the  scale f ac to r  has  a high degree  
of d e p e n d e n c e  upon the  we igh t ing  s c h e m e ;  second,  the  
bond lengths  h a v e  a low (lel)en(tenee Ul)On the  scale 
fac tor .  The  c()rrelation b e t w e e n  t)ond lengths  and  weights  
is subl le  an(1 is d i f f icul t  to c o m p u t e ,  a l though  it is 
( lemonstrabk~ t)oth f rom Table  1 of this  l)aper and  f rom 
'l 'abh, 5 of the  1955 l)al)er. 

The  COml)lete least-s( tuares analys is  also alh)ws the  
c( ) ,nputa t ion  ()f the  r .m.s,  c o m p o n e n t s  of t h e r m a l  dis- 
l ) l acement  a long the  pr inc ipa l  axes  of the  v ib ra t iona l  
(qlipsoH. These  values  are  given in Table  2 for the  two 
sets ()f weights  used. 

Table  2. R.m.s. thermal displacements along the 
principal axes (A) 

1960A 1960C 
A 

1 2 3 1 2 3 
S~ 0.247 0.1(,}4 0.153 0.176 0.222 0.257 
S,, 0-161 0.215 0.243 0.189 0 . 2 2 8  0.250 
S 3 (1.242 I).195 (}.174 (1.253 0.214 0-190 
S 4 0.244 0.189 0.15l 0.264 0.207 0.170 

The  s tan( lard  ( leviat ion in the  1960A set  is 0"005-0-006 
~ ,  and  in the  1960C set  it is 0-004 A. The  m a x i m u m  (tif- 
fcrence  be tween  these  two sets occurs  for the  a m p l i t u d e  
of d i sp l acemen t  of a t o m  $I a long its th i rd  pr incipal  axis. 
Compar i son  wi th  its s t a n d a r d  dev ia t ion  ind ica tes  this  
d i f ference  to be v e r y  h igh ly  s ignif icant .  A similar,  and  
coml)ensa t ing ,  d i f fe rence  is ob ta ined  b e t w e e n  the  1960A 
and  1960C scale fac tors  (Table l). The  a p p a r e n t  correla-  
t ion be tween  scale factor ,  weights ,  and  t h e r m a l  (lisplace- 
m e n t s  (e.g., cor re la t ion  coeff icient* for scale and  fl:,:~(S1) 
is 0.39), t o g e t h e r  wi th  o the r  possible c()rrelations n o t  
revealc(i  because  of the  l imi ted  n u m b e r  of var iables  in 
this  analysis ,  indica tes  some i n d e t e r m i n a c y  in these  
( tuanti t ies .  

The  i)rincipal reason for this  c o m m u n i c a t i o n  is to 
re-es tabl ish  t he  va lue  for the  m e a n  S-S d i s t ance  in 
o r t h o r h o m b i e  sulfur.  This  d i s t ance  is 2-041 ± 0.003 A f rom 
the  1960C set, cons idered  here  to be based  on the  best  
set  of weights.  The re  is no s ignif icant  d i f fe rence  be tween  
this va lue  and  the  1955 va lue  of 2.037 _+ 0.005 .~, based on 
a coInbined leas t - squares  and Four i e r  series d e t e r m i n a -  
t ion, nor  wi th  the  1960A value  of 2.043 + 0.003 .~. 
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actions and the correlation matr ix has re(.ently been given 
by Geller (1960). 

Table  1. 1955 and 1960 S 8 scale factors and bond lengths 

1960A 1955(l 1960C 1955c 

Scale factor 0.850 + ()'008 1.000 O.762 ± 0.015 1"000 
S1-S 3 2.047 ± 0.0(}6 A 2.044 _+ 0.007 A 2.038 _+ 0.005 X 2.038 ± 0.007 A 
s 2 S:~ 2.047 _ (}.006 2.047 _+ (}.007 2.041 ± 0.004 2.044 ± 0-007 
S 2 S~ 2.037 +_ 0-006 '2.0"29 +_ 0-007 2.041 ± 0.(105 2.036 ± 0.007 
Sj-S~ 2.027±0.008 2.027±0.01(I 2.041 ±0.007 2-037 ± 0.010 
$4-S~ 2.058 _+ 0.008 2.(156 +_ 0-010 2.046 ± 0.007 2.(}36 ± 0.010 

Mean S-S 2.043 ± 0.003 2.040 _+ 0.004 2.041 + 0.003 2-038 ± 0.004 


