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Introduct ion  

I t  h a s  b e e n  s h o w n  (Crevecceur ,  1961) t h a t  Cu a n d  A g  
a re  so lub le  in  NbS~. T h e  s t r u c t u r e  of t h e  p h a s e  k_) 
CuxNbS2 (-~ 0"6 _~ x _~ 0"8) h a s  b e e n  d e t e r m i n e d .  T h e  
p h a s e  A g y N b S  2 (--~ 0-6 _< y _< 0.8) shows  a s imi la r  p o w d e r  ( ~  
d i f f r a c t i o n  p a t t e r n ,  l ikewise  t h e  c o m p o u n d  Cu0.esNbSe~, 
b u t  Ag0.65NbSe2 s h o w s  e x t r a  d i f f r ac t i on  lines,  w h i c h  
cou ld  n o t  be  i n d e x e d .  

Preparat ion  

T h e  s u l p h i d e s  w e r e  p r e p a r e d  b y  h e a t i n g  w e i g h e d  q u a n -  
t i t i es  of t h e  c o m p o n e n t s  Cu a n d  NbS= in e v a c u a t e d  
q u a r t z  t u b e s  a t  800 °C for  a few d a y s  a n d  s u b s e q u e n t l y  
coo led  s lowly.  S ingle  c rys t a l s  c o u l d  n o t  be  i so la ted .  

Crystal lo~,raphic  invest i l~ations 

F o r  t h e  s t r u c t u r e  d e t e r m i n a t i o n  t h e  p h a s e  w i t h  com-  
p o s i t i o n  Cu0.esNbS 2 was  chosen .  P o w d e r  p h o t o g r a p h s ,  
t a k e n  w i t h  a G u l n i e r - d e  Wol f f  c a m e r a ,  cou ld  be  i n d e x e d  
on  a h e x a g o n a l  l a t t i ce .  To  m e a s u r e  t h e  lmi t -ce l l  d i m e n -  
s ions  a c c u r a t e l y  t h e  p h o t o g r a p h s  were  c a l i b r a t e d  w i t h  
KCI.  T h e  cell c o n s t a n t s  a re :  

a c 

C u o . e 5 ~ b S  2 3.35/~ 13.13 A 
Ago.7~TbS2 3.35 14.46 
Ch.lo.65Nb Se 2 3.47 13-53 

Cf. NbSz 3 .31A 11.89/k (JeUinek, 1960) 
NbS% 3.43 12.51 

T h e  p y c n o m e t r i c a l l y  m e a s u r e d  d e n s i t y  of Cu0.65NbS2 
w as  f o u n d  to  be  4.7 g . c m  -a w i t h  2 m o l e c u l e s  p e r  un i t -ce l l .  
A d e n s i t y  of 5.1 g . c m  -a is c a l cu l a t ed .  

S ince  t he se  c o m p o u n d s  s h o w  s t r o n g  p r e f e r r e d  o r i en ta -  
t ion ,  a l t h o u g h  less t h a n  MoS 2 a n d  NbS2, t h e  G u i n i e r -  
de  W ol f f  m e t h o d  cou ld  n o t  be  u s e d  for  i n t e n s i t y  m e a s u r e -  
m e n t s  for  t h e  s t r u c t u r e  d e t e r m i n a t i o n .  T h e  i n t e n s i t y  was  
t h e r e f o r e  m e a s u r e d  w i t h  a Ph i l i p s  d i f f r a c t o m e t e r .  I n  
o rde r  to  a v o i d  t h e  p r e f e r r e d  o r i e n t a t i o n  t h e  p o w d e r e d  
s a m p l e s  were  a l l owed  to  fall  t h r o u g h  a v e r y  f ine s ieve  
on  a t h i n  l aye r  of p e t r o l a t u m  in t h e  s a m p l e  ho lde r .  
Cu Ka r a d i a t i o n  was  used .  

Calculat ions  

T h e  d i f f r ac t i on  p a t t e r n  of Cu0.e5NbS 2 s t r o n g l y  r e semb le s  
t h a t  of h e x a g o n a l  MoS= (D ick in son  & P a u l i n g ,  1923). 
T h e  ca l cu l a t i ons  were  t h e r e f o r e  s t a r t e d  on  t h e  a s s u m p -  
t i o n  t h a t  t h e  space  g r o u p  m i g h t  be  t h e  s a m e  a n d  t h e  

a t o m s  m i g h t  o c c u p y  t h e  p o s i t i o n s  of t h e  Me  a t o m s  
in MoS 2 (Fig. l(b)). Th i s  p o s i t i o n  dif fers  f r o m  t h a t  in 
h e x a g o n a l  NbS~ (Je l l inek ,  1960) (Fig. l (a)) .  4/3 Cu was  
a s s u m e d  to  be  s t a t i s t i ca l ly  d i s t r i b u t e d  in t e t r a h e d r a l  
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Fig. 1. Section parallel to (1150) in the structures of 

(a) NbS 2, (b) MoSs, (c) Cuo.e5NbS 2. 

in te r s t i ces .  Ca lcu la t ions  w e r e  also ca r r i ed  o u t  w i t h  t h e  
• b  p o s i t i o n  as in  t h e  N b S  e s t r u c t u r e .  T h e  resu l t s  s h o w e d  
th i s  to  be  incor rec t .  A n  a l t e r n a t i v e  poss ib i l i t y  for  t h e  
Cu a t o m s  m i g h t  be  a s t a t i s t i ca l  d i s t r i b u t i o n  in o c t a h e d r a l  
s u r r o u n d i n g s  on  t h e  t w o f o l d  p o s i t i o n  0, 0, 0;  0, 0, ½. 
H o w e v e r  in  th i s  case Cu w o u l d  n o t  c o n t r i b u t e  t o  ref lex-  
ions  w i t h  1 = o d d  a n d  so t he se  s h o u l d  h a v e  t h e  s a m e  
in t ens i t i e s  as in  t h e  N b S  2 a n d  MoS2 s t r u c t u r e  respec-  

Tab l e  1. Comparison of observed and calculated 
~ntensltles 

hkl sin ~ Oo sin ~ Oc lo Ic 

002 0.0137 0.0137 50 55 
004 0.0551 0.0550 14 2 
100 0"0703 0"0704 57 59 
101 0.0737 0.0738 25 31 
102 0.0842 0.0842 11 8 
103 0-1012 0.1014 60 47 
006 0.1241 0.1238 ] 8 12 
104 0.1254 0.1254 ( 
105 0.1564 0.1564 87 80 
106 0.1942 0.1942 3 9 
110 0.2113 0.2112 30 40 
008 0.2201 0.2201 15 12 
112 0-2249 0.2250 5 7 
107 0"2392 0.2390 - -  1 
114 0.2661 0.2662 3 1 
200 0.2816 0.2816 3 6 
201 0.2851 0.2850 2 4 
108 0.2909 0.2906 7 11 
202 0.2954 0.2954 1 1 
203 0.3126 0-3126 6 7 
116 0.3354 0-3350 ~ 14 
204 - -  0.3366 t 5 __ 

0,0,10 0-3443 0"3440 5 1 
109 0"3490 0"3490 4 - -  
205 0"3674 0"3676 14 17 
206 0.4052 0.4054 1 2 

1,0,10 0.4151 0.4144 4 
118 0.4315 0.4314 9 23 
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t ively.  I t  was evident  t ha t  this is not  so. The calculated 
intensities, listed in Table 1, were corrected wi th  the 
appropr ia te  L P  factor and  scaled to the observed inten- 
sities. No correction for t empera tu re  m o v e m e n t  was 
applied. The a tom positions used in the calculation are:  

Space group P6ammc 

4 S  i n f  1 2 ~ , ~ , z ;  . . . ;  z = s  ~ (assumed); 
2 N b  in d ½, 2 2 :~ ¼; ~, ~; ~, 3, 

4 /3Cu  i n f  ½, 2 5 ,  z ; . . .  ; z = 0 " 5 6 3  ( a s s u m e d ) .  

As s ta ted  above, for zs the value ~ has been assumed. 
For  Zcu the above-ment ioned  value is calculated by  
assuming equal distances from Cu to the corners of the  
S te t rahedron .  A bet ter  fit would probably be obta ined 
by slight shifts in these parameters .  However ,  for such 
a ref inement  the s tudy of the isomorphous Se compound  
seems to be more suited. On the basis of the chosen para- 
meters ,  a tomic distances are as follows: 

Nb-S  2.5/~ 
Cu-S 2.5 
N b - C u  2.5 
Cu-Cu 2.5 

D i s c u s s i o n  

The s t ructures  of NbS2, MoS 2 and Cu0.65NbS 2 are com- 
pared in Fig. l(a), (b) and (c) respectively.  The shift of 
the Nb from its positions in NbS2 to those in Cu0.6sNbS2 
is the more  remarkable  since we were unable to prepare  
an analogous compound  CuxMoS2 (--- 0.6 _< x _< 0.8). The 
dis tance Nb-Cu  is comparable  to the sum of the metal l ic  
a tomic radii. 

The au thor  wishes to express his thanks  to Prof. Dr 
C. H. MacGillavry and Prof. Dr  A. E. van Arkel  for their  
k ind interest  dur ing this work and for permission to use 
the d i f f rac tometer  in the Labora tory  of Crystal lography,  
Univers i ty  of Amste rdam.  Also to Mr A. Kreuger  of the 
Dutch  Organizat ion for Pure  Research (Z.W.O.) for 
prepar ing the samples for the diffractometer .  
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In  a review article on small ring compounds,  Vogel (1960) 
ment ions  several interest ing tricyclic dimers of various 
derivat ives of cyclobutene and cyclobutadiene.  Al though 
all of these compounds  possess the same basic eight- 
membered  3-ring skeleton, there is considerable un- 
cer ta in ty  about  the configuration of individual  members  
of this series. Criegee (1958) has shown from chemical  
evidence and dipole m o m e n t  measurements  tha t  in the 
dimer  of t e t r amethy lcyc lobu tad iene  the two cyclobutene 
rings are in a syn configuration. Ki tahara ,  Caserio, 
Scardiglia & Rober ts  (1960) suggest tha t  the dimer  of 
f luorotr iphenyl  cyclobutadiene is anti-l,2-difluoro-3,4,5, 

25 a l 6,7,8-hexaphenyltr icyclo[4.2.0.0,  ]oc t -3 ,7 -d ' ene .  In  an 
X- ray  diffraction investigation of this compotmd Fri tchie  
& Hughes  (1962) confirm this s t ructure.  Vogel & Roos 
(1962) have  recent ly  prepared the dimer  of cyclobutene- 
1,2-dicarboxylic acid d imethyl  ester. Al though the gross 
s t ruc ture  resembles tha t  of the above compounds  there 
is no conclusive evidence of whether  the compound  is 
syn or anti. We have therefore unde r t aken  an X- ray  
diffraction s tudy  of this compound.  

The mater ia l  was recrystall ized from methanol  as th in  
te t ragonal  blocks. Small single crystals were chosen for 
X- ray  examinat ion.  Rota t ion  and Weissenberg photo- 
graphs around the a and c axes showed the substance 
to be tetragonal ,  with 

a - - 7 . 1 1 + 0 . 0 1 ,  c=33.37+_0"03 

(~ Cu Ka = 1.5418 A ) .  

The density,  as measured  pycnometr ica l ly  with t -butanol ,  

October 1962) 

is 1.29 g.cm-3; the densi ty  calculated for four molecules 
of the dimer  per uni t  cell is 1.33 g.cm -3. The systemat ic  
condit ions l imiting possible reflections on the Weissenberg 
photographs,  namely  (h00) wi th  h =2n and (00/) wi th  
l=4n,  indicate tha t  the space group is the noncentr ic  
space group P41212(D~ ) or the related P43212(D~ ). 

The general equivalent  positions of these space groups 
are eightfold. Placing the atoms in the special fourfold 
positions would lead to a chemical ly unrealistic s t ructure  ; 
therefore each molecule mus t  contain two halves re la ted 
by one of the s y m m e t r y  elements  of the space group. 
The only s y m m e t r y  e lement  leading to discrete molecules 
is the diagonal twofold axis. Unfor tuna te ly ,  the  presence 
of a twofold axis in the molecule will not  lead to a distinc- 
t ion between the syn and anti forms, nor  does it  lead to 
a choice from packing considerations. No fur ther  work 
is p lanned on this s t ructure.  

We are indebted  to Dr  O. Roos for providing the 
crystall ine samples and to the Rober t  A. Welch Founda-  
t ion for support ing the work. 
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