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T h e  c rys t a l  s t r u c t u r e  of scleroclase PbAs2S 4 ( f rom the  
L e n g e n b a c h  q u a r r y ,  B inn  Val ley,  Swi tzer land)  was  in- 
v e s t i g a t e d  b y  Nowack i ,  I i t a k a  et al. (1961), as a p a r t  of 
t he  s t u d y  on sulfosal t  minera l s  (Nowacki  & K u n z ,  1959, 
1961). T h e y  n o t e d  the  occur rence  of supe r l a t t i ce  reflec- 
t ions  co r r e spond ing  to  t he  3 × 1 × 11 t imes  g r e a t e r  cell 
c o m p a r e d  w i t h  t h e  pseudo-cel l .  T h e  cell d imens ions  a n d  
t h e  space  g roup  of t he  pseudo-cel l  were  

a '=19 .62_+0 .02 ,  b ' = 7 . 8 9 + 0 . 0 1 ,  c ' = 4 . 1 9 + 0 . 0 5  A;  

fl -- 90 °, C~h =P21/n • 

T h e y  d e t e r m i n e d  the  p s e u d o - s t r u c t u r e  which  is t he  
a v e r a g e  s t r u c t u r e  over  the  3 × 1 × 11 such  sub-cells,  a n d  
f o u n d  t h a t  t h e  bes t  a g r e e m e n t  b e t w e e n  the  obse rved  a n d  
ca l cu l a t ed  s t r u c t u r e  fac to rs  for  t he  a v e r a g e  s t r u c t u r e  is 
o b t a i n e d  w h e n  an iso t ropic  t e m p e r a t u r e  fac tors  are  intro-  
d u c e d  for  ind iv idua l  a toms .  T h e  a p p r o x i m a t e  va lues  of 
t h e  t e m p e r a t u r e  f ac to r  coeff ic ients  were  d e t e r m i n e d  b y  
d i f fe rence  F o u r i e r  syn theses ,  a n d  the  g r ea t e s t  va lues  
were  obse rved  on the  Bl l  a n d  B~a of ce r t a in  a toms ,  wh ich  
co r r e spond  to  t he  r .m.s ,  d i s p l a c e m e n t  of a b o u t  0-3 /~ 
f r o m  the  m e a n  pos i t ion  a long the  a- a n d  c-axis. 

I t  a p p e a r e d  l ikely t h a t  m o r e  precise  d e t e r m i n a t i o n  of 
t he  t e m p e r a t u r e  f ac to r  coeff ic ients  m i g h t  ind ica te  t he  
o r i e n t a t i o n  a n d  t h e  m a g n i t u d e  of t he  m o d u l a t i o n  wh ich  
is responsible  for t he  f o r m a t i o n  of t he  s u p e r s t r u c t u r e .  
T h e  p r e s e n t  c o m m u n i c a t i o n  descr ibes  t h e  resu l t  of 
d e t e r m i n i n g  m o r e  a c c u r a t e  coord ina te s  a n d  t e m p e r a t u r e  
f ac to r  coeff ic ients  b y  the  t h r ee -d imens iona l  leas t - squares  
m e t h o d  (SFLS p r o g r a m m e  descr ibed  b y  Mills & Ro l l e t t  
1961, a n d  C r u i c k s h a n k  et al., 1961) wh ich  was  ca r r ied  
ou t  a t  t he  Oxford  U n i v e r s i t y  C o m p u t i n g  L a b o r a t o r y .  

T h e  r e f i n e m e n t  was s t a r t e d  wi th  t he  a tomic  coord ina te s  

t Structural  investigations on sulfosalts from the Lengen- 
bach, Binn Valley (Ct. Wallis). Par t  4.--Contribution No. 122. 

a n d  an iso t rop ic  t e m p e r a t u r e  f ac to r  coeff ic ients  wh ich  
were  l is ted in t he  p rev ious  p a p e r  (Nowacki ,  I i t a k a  et al., 
1961). T h e  n u m b e r  of ref lec t ions  wh ich  were  used  for  t h e  
p r e s e n t  ca lcu la t ion  was  797. F o r  t he  f i rs t  t h r ee  cycles  
t he  fol lowing we igh t ing  s y s t e m  was a d o p t e d :  

V W = I  if IFoI<F*, VW=F*/[Fo[ if IFo[>=F* 

F *  be ing  t a k e n  as 2-4 Fo, min. =12 .  F o r  t he  4 th  cyc le  
this  s y s t e m  was mod i f i ed  as 

VW=IFol/F* if IFoI <F*, 
(W=F*/[Eo[  if [Fo]>=F* a n d  

VW=F*/2IFo  [ if ]Fo[ __> 200, ( F * = 1 2 )  

so as to  p u t  smal le r  we igh t  for t h e  v e r y  large [Fo]. 
A l t o g e t h e r  four  cycles  of r e f i n e m e n t  were  ca r r ied  o u t ;  

t he  process  is ou t l ined  in Tab le  1. 

Table  1. The refinement process 

R %  l w ( I F o l  - IFcl) 2 

Start  18.7 18648 
after 1st L.S. cycle 17.3 14038 
after 2nd L.S. cycle 15-2 10892 
after 3rd L.S. cycle 14.7 10085 

T h e  ave rage  p a r a m e t e r  changes  du r ing  t h e  four  cycles  
of r e f i n e m e n t  were  a b o u t  0.03 /~ a n d  0.02 A in t h e  
a- a n d  b-direct ions.  H o w e v e r ,  t h e  Se a t o m  m o v e d  as 
m u c h  as 0.1 /~_ a n d  0.04 /~ a long the  a- a n d  b-axis. A t  
t he  s a m e  t ime,  we no t i ced  a s igni f icant  increase  in t h e  
t e m p e r a t u r e  fac to rs  wh ich  h a d  a l r e a d y  been  ind i ca t ed  
as a res idua l  a n i s o t r o p y  in t he  d i f fe rence  pro jec t ions .  
The  final  a t o m i c  p a r a m e t e r s  a n d  the  s t a n d a r d  dev ia t ions  
o b t a i n e d  f r o m  the  4th  cycle  a re  l is ted in Tab le  2. 

The  i n t e r a t o m i c  d i s t ances  are  s u m m a r i z e d  in Table  3. 

Tab le  2. Atomic coordinates and temperature factor coefficients with the standard deviations 

x y z B~I B22 B33 B12 
1)b 0.19373 0.08717 0.25000 7-09 4.78 3.39 -- 0.40 

_ 0.00014 + 0.00029 _+ 0.13 + 0.07 _+ 0.07 _+ 0.06 

As 1 -- 0.12773 -- 0.50402 0.25000 5.12 4.25 7.76 -- 0.53 
+ 0.00037 + 0.00079 _ 0.17 + 0.16 _+ 0"36 _+ 0.14 

A s  2 0.00459 0.80435 0.25000 9.24 7.61 6.74 -- 4.73 
_ 0.00055 __+ 0.00130 _+ 0.35 _+ 0.30 + 0.31 _ 0.27 

S 1 -- 0.22125 -- 0.35874 0.25000 4.74 2.82 2.92 - 1.10 
+ 0.00068 + 0-0013I +__ 0.33 __+ 0-24 _ 0.34 + 0.25 

S 2 0.15971 0.67467 0.25000 4.11 2.70 12.75 1.27 
_+ 0-00086 _+ 0.00170 _ 0.45 + 0.31 _ 1.22 _+ 0.30 

S a -- 0.07790 -- 0.97791 0.25000 2.98 3.41 6.12 -- 0.75 
_ 0.00064 +_ 0.00152 + 0.30 _+ 0.30 + 0.54 ___ 0.25 

S 4 0.05195 0.33385 0.25000 3.89 2.07 19.02 --0.28 
+ 0.00083 _+ 0.00139 _ 0.43 + 0-26 + 1.62 + 0.26 

Temperature  factors take the form, exp -- ¼ (Bllh2a *~ + B2~k2b*2 + Baal2c*2 + 2B12hka*b* ) 
assuming the mirror planes exist at z = ¼ and ¼. 
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Tab le  3. Coordination of the P b  and  As atoms 

Pb:  2.95 A ($2) -t- 3"05(2S1) -t- 3"22(2S 1) + 3"22(2Sa) 
+ 3"33(S 2) q- 3.42($4) 

As 1 : 2.14($1) + 2.56(2S 2) + 2"92(2S 4 ) 
As2: 2.36(Sa) + 2"59(2Sa) + 2"87(2Sa) 

I t  shou ld  be  no t i c ed  t h a t  m a r k e d l y  large t e m p e r a t u r e  
fac tors  a re  obse rved :  t h e  B l l  of Pb ,  As2 a n d  the  Baa of 
As1, $2, Sz, $4, a m o n g  t h e m  the  va lue  of t he  Bsa for 
S2 a n d  $4 are  surpr is ing.  I n  v i ew of t he  fac t  t h a t  this  
s t r u c t u r e  is t h e  ave rage  s t r u c t u r e  over  t he  3 × 11 sub-cells  
w h i c h  are  e x t e n d e d  in t he  a- a n d  c-axis d i rec t ion ,  it  m a y  
be  cons ide red  t h a t  t hese  va lues  ind ica te  t he  d i rec t ion  
a n d  a m e a s u r e  of t he  m a g n i t u d e  of t he  a tomic  displace-  
m e n t s  w h i c h  w o u l d  m o s t  l ike ly  occur r  w i th in  t he  super-  
s t ruc tu re .  

Tab le  4. R.m.s. displacement of the atoms along the 
three principal crystallographic axes 

l la II b I[ c 
Pb 0.30 A 0.25 /i~ 0.21 /~ 
As 1 0.26 0.23 0.31 
As~ 0.34 0.31 0.29 
S 1 0.25 0.19 0.19 
S 2 0.23 0-19 0.40 
S 3 0.19 0.21 0.28 
S 4 0.22 0.16 0.49 

I n  Tab le  4, t h e  r o o t - m e a n - s q u a r e  d i sp l acemen t  of t he  
a t o m s  a long the  a- a n d  c-axis are  l is ted w h i c h  are  cal- 

cu l a t ed  b y  t h e  fo rmu la  B = 8 ~ #  2. 
I t  is in te res t ing  to  no t e  t h a t  as i l lus t ra ted  in Fig .  l ,  

t he  sulfur  a t o m s  w h i c h  h a v e  an  e x t r a o r d i n a r y  large Ba3 
va lue  are  those  wh ich  connec t  t he  p y r a m i d a l  AsS3-groups 
to form a chain. If we asstune that these sulfur atoms are 
displaced, say for example, 0.5 /~ either upwards or 
d o w n w a r d s  a long t h e  c-axis, some  o[ t h e  As -S  d is tances  
w o u l d  be  a b o u t  2 .17 /~  (this is t he  n o r m a l  As-S  dis tance)  
whi le  o thers  w o u l d  be a b o u t  2.98 /~ w h i c h  is too large 
to  a s sume  t h a t  a s t rong  b o n d i n g  exists  b e t w e e n  the  
As a n d  S a toms .  As discussed in t he  p rev ious  p a p e r  
(Nowacki ,  I i t a k a  et al., 1961), t he re  is a morpho log ica l  
ev idence  to  a s sume  t h a t  t he  As -S-cha ins  do n o t  e x t e n d  
t h r o u g h o u t  t h e  crys ta l .  

H o w e v e r ,  as t h e  e n v i r o n m e n t  of t he  P b  a t o m s  is 
c h a n g e d  b y  t h e  d i s p l a c e m e n t  of t he  S a t o m s  fo rming  
a gap,  i t  m i g h t  h a p p e n  t h a t  the  P b  a t o m s  are  d i sp laced  
(p robab ly  a long the  a-axis) so as to fill up  t he  gap ;  t h e  
comple t e  ana lys is  of the  super  s t r u c t u r e  m a y  be  v e r y  
compl ica ted .  

We are indebted to the ~wiss Nati0nal ~cience Founda- 
tion for  a g ran t .  Most  of t he  ca lcu la t ions  were  ca r r ied  

( 

$1 
(s~) 

Fig. 1. The chain of the AsS3-grou p found in seleroclase 
(there are two kinds of chains each constituting AslS1S 2 
and As2S3Sd). 
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