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R e c e n t l y  Curt i ,  R i g a n t i  & Locch i  (1957) (C.R.L.)  h a v e  
u n d e r t a k e n  a n  X - r a y  d i f f rac t ion  inves t iga t ion  of t he  
s t r u c t u r e  of s i lver  chlor i te ,  AgC102. T h e y  f o u n d  t h e  
c rys ta l s  to  be  o r t h o r h o m b i c  a n d  r e p o r t e d  t he  space g roup  
to  be  D~-Cmma.  Coord ina tes  for t he  silver,  chlor ine ,  a n d  
o x y g e n  a t o m s  we re  ass igned on the  basis  of zonal  a n d  
pa r t i a l  th~ee-d imens iona l  da t a .  

A n u m b e r  of surpr is ing  fea tu res  in  t h e  r e p o r t e d  s t ruc-  
t u r e  h a v e  led  us  to  u n d e r t a k e  a re inves t iga t ion .  A m o n g  
these  fea tu res  a re :  (1) a s i lve r -ch lo r ine  d i s t ance  of 2 .20/~,  
w h i c h  is far  sho r t e r  t h a n  the  e x p e c t e d  ionic s epa ra t ion  
a n d  wh ich  was  i n t e r p r e t e d  b y  C.R.L.  as r ep re sen t ing  a 
cova l en t  b o n d ;  (2) a s epa ra t ion  b e t w e e n  oxygen  a t o m s  
of a d j a c e n t  molecu les  of on ly  2 .24/~ ,  wh ich  is far  sho r t e r  
t h a n  the  n o r m a l  v a n  de r  W a a l s  d i s t ance ;  (3) an  i r r egu la r  
e n v i r o n m e n t  of t he  si lver  a tom,  w h i c h  is surroLmded by  
two  oxygen  a t o m s  a t  d i s tances  of 2.22 A a n d  two  o thers  
a t  3.50 A. E v e n  t a k e n  separa te ly ,  a n y  one of these  
fea tu res  w o u l d  cas t  severe  d o u b t  on the  cor rec tness  of 
the  s t ruc tu re .  I n i t i a l  a t t e m p t s  to  d e d u c e  an  a l t e r n a t i v e  
s t r u c t u r e  based  on t h e  pub l i shed  d a t a  of C.R.L.  were  
unsuccessful ,  a n d  we h a v e  accord ing ly  col lec ted  new da t a .  
W e  h a v e  i n t e r p r e t e d  these  d a t a  in t e rms  of a sa t i s fac to ry  
s t r u c t u r e  wh ich  is qu i t e  d i f fe ren t  f rom t h a t  de r ived  b y  
C.R.L.  

Experimental  

R e a g e n t - g r a d e  AgNO3 a n d  NaC102 were  d issolved in h o t  
w a t e r  (90-95 °) in e q u i m o l a r  p ropor t ions ,  and  the  solut ions  
were  m i x e d .  T h e  m i x t u r e  was  cooled a n d  the  f ine pre-  
c ip i t a t e  was  f i l tered,  w a s h e d  spar ing ly  w i th  cold wa te r ,  
a n d  i m m e d i a t e l y  red isso lved  in h o t  wa te r .  U p o n  slow 
cooling of th is  solut ion,  yel low,  t r a n s l u c e n t  l aminae  or  
occas iona l ly  needles  of AgC102 were  fo rmed  which ,  a f t e r  
be ing  w a s h e d  a n d  dr ied ,  could  be  k e p t  a lmos t  indef in i te ly .  
E q u i - i n c l i n a t i o n  Wei s senbe rg  p h o t o g r a p h s  (copper  radia-  
t ion)  were  p r e p a r e d  for  l ayer  l ines 0 t h r o u g h  5 a b o u t  t he  
need le  axis ;  precess ion  p h o t o g r a p h s  ( m o l y b d e n u m  radia-  
t ion) we re  also p r e p a r e d  for  t he  two  zero- layer  ne t s  
para l le l  to  th is  axis.  In t ens i t i e s  were  e s t i m a t e d  v i sua l ly ;  
no  abso rp t i on  cor rec t ion  was  appl ied.  

Results  

T h e  u n i t  cell was  con f i rmed  as be ing  o r t h o r h o m b i c  w i t h  
t h e  d imens ions  r e p o r t e d  b y  C.R.L.  (we h a v e  n o t  re- 
d e t e r m i n e d  t h e  e x a c t  l a t t i ce  cons tan ts ) .  H o w e v e r ,  t he  
presence of a relatively large number of weak reflections 
whose  indices  are  n o t  compa t ib l e  w i t h  t he  C-cen te red  cell 
of C .R .L .  i nd ica t e  t h e  t r u e  space g roup  to  be Dsh-Pcca. 
( In  o rder  to  con fo rm wi th  this  space  g roup  se t t ing ,  t he  
b a n d  v axes  of C .R.L.  h a v e  been  i n t e r c h a n g e d ;  a re- 
m a i n s  t h e  need le  axis.) T h e  m a g n i t u d e  a n d  d i s t r i bu t i on  
of t h e  in tens i t ies  of these  w e a k  ref lec t ions  ind ica t ed  t h a t  
on ly  t h e  o x y g e n  a t o m s  c o n t r i b u t e  to  t h e m  a n d  h e n c e  
t h a t  t he  s i lver  a n d  ch lor ine  a t o m s  con fo rm to  t h e  C- 
centered symmetry. 

* Contribution No. 2594 from the Gates and Crellin Labo- 
ratories. 

Tab le  1. Final parameters and estimated probable errors 

Space group : Pcca. 
a=6.07 ,  b--6.68, c----6.13 A .  

4 A g i n  4(c) 0, y, ~etc. y = 0.112_+0.002 
4C1 in 4(c) 0, y , ~ e t c ,  y---- 0.638_+0.007 
8 0  in 8(f) x , y , z  etc. x = 0-36 _0"01 

y = 0.23 ±0.01 
z = 0.095 ± 0.01 

A l t h o u g h  the re  were  m a n y  s igni f icant  d i sc repanc ies  
be tween  our  observed  s t r u c t u r e  factors  and  those  r epo r t ed  
b y  C.R.L.  (see Tab le  2), t he  genera l  p a t t e r n  of a g r e e m e n t  
ind ica t ed  t h a t  t he  coo rd ina t e  y = 0 . 1 2  ass igned b y  t h e m  
to  t he  si lver  a t o m  m u s t  be  a p p r o x i m a t e l y  correc t .  T h e  
pos i t ion  of t he  ch lor ine  a t o m  was  d e d u c e d  f rom an  
e l ec t ron-dens i ty  p ro jec t ion  on to  (100) (this p ro jec t ion  
was  s imi lar  in genera l  a p p e a r a n c e  b u t  d i f fe ren t  in de ta i l  
f rom Fig.  l(a) of C.R.L.)  and  was  conf i rmed  b y  a l ine 
syn thes i s  a long (0, y, ¼) ca l cu la t ed  f rom the  c o m p l e t e  
t h r ee -d imens iona l  da ta .  A d j u s t e d  y p a r a m e t e r s  for  t h e  
si lver a n d  chlor ine  a t o m s  a n d  a p p r o x i m a t e  y a n d  z coor- 
d ina tes  for t he  oxygen  a t o m  were  de r ived  f rom a differ- 
ence  p ro jec t ion  on to  (100); f inal  x, y, a n d  z coord ina tes  
for  t he  oxygen  a t o m  were  a r r ived  a t  b y  t r ia l  a n d  e r ro r  
a d j u s t m e n t s  based  on the  w e a k  ref lect ions  h a v i n g  (h + l )  = 
2n + 1. N o  a t t e m p t  for  a c c u r a t e  r e f i n e m e n t  was  m a d e ,  
T h e  final  coord ina te s  are  l is ted in Tab le  1. . : 

I n  Tab le  2 t he re  are  l is ted our  observed  a n d  ca l cu la t ed  
s t r u c t u r e  fac tors  for  t h e  zero a n d  first  l aye r  l ines;  for  
compar i son ,  t he  va lues  of C .R.L.  are  also l is ted.  Our  
ca l cu la t ed  structLtre fac tors  inc lude  a t e m p e r a t u r e  f ac to r  
w i th  B = 0.95. 

T h e  s t r u c t u r e  of AgC102 v i ewed  a long t h e  a axis  is 
shown  in Fig.  1. W i t h i n  the  ch lor i te  ion t he  C1-O d i s t ance  
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Fig. 1. The structure of AgC102, viewed along the a axis. 
Dashed lines are drawn from a silver a tom to its six neigh- 
boring oxygen atoms, which form a distorted tr iangular 
prism. 
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C.R.L.  

hkl go 2"c 
000 - -  320 

1 100 112 
2 46 - -55  
3 79 -- 80 
4 130 -- 124 
5 65 -- 65 
6 < 20 - -2  
7 < 20 10 
8 69 69 

002 227 --251 
1 86 -- 100 
2 30 45 
3 56 76 
4 113 114 
5 69 63 
6 < 20 3 
7 < 20 -- 10 
8 54 -- 67 

004 168 184 
1 76 79 
2 31 - -  34 
3 54 - -  67 
4 93 - -98 
5 56 - -55  
6 < 20 - -3  

006 115 -- 142 
1 51 -- 67 
2 22 26 
3 37 60 
4 65 83 
5 49 47 

T a b l e  2. Observed and calculated structure factors 

This  work  

2,0 Fc 
320 

46* 100 
24 - -29  
42 -- 48 

120 - -115 
76 -- 64 
44 -- 43 
17 - -20  
67 69 

116" - -190 
76 -- 80 
30 - -29  
39 27 

171 138 
91 79 
31 20 

< 1 0  1 
68 -- 58 

113 120 
54 58 
41 30 
23 - -17 

132 --119 
74 -- 70 
20 -- 12 

85 - -118 
36 - -44  

< 1 0  8 
22 24 
74 67 
42 40 

C.R.L.  

hkl Fo Fc 
111 57 -- 51 

2 134 ( - - )134  
3 124 - -134  
4 60 --41 
5 64 70 
6 140 129 
7 87 85 
8 27 - -5  

102 - -  - -  

3 - -  - -  

5 - -  - -  

113 52 47 
2 106 113 
3 106 115 
4 33 37 
5 50 -- 65 
6 134 -- 121 
7 78 - -80  

104 - -  - -  

115 43 - -38  
2 90 - -90  
3 74 - -97  
4 33 - -33  
5 37 58 
6 100 109 

106 - -  

117 32 31 
2 79 75 
3 52 82 

* These  obse rved  values  p r o b a b l y  are  a f fec ted  b y  ex t inc t ion .  

is 1.55 A,  t h e  O • • • O d i s t a n c e  is 2 .55 A a n d  t h e  O - C 1 - O  
a n g l e  is 111 °, t h e  p r o b a b l e  e r r o r s  b e i n g  a b o u t  0 .05 A 
a n d  3 °. E a c h  A g  + i on  is s u r r o u n d e d  b y  s ix  o x y g e n  a t o m s  
w h i c h  f o r m  a d i s t o r t e d  t r i a n g u l a r  p r i s m ;  t h e  A g - O  dis-  
t a n c e s  r a n g e  f r o m  2.4 t o  2.6 A.  T h e r e  is n o  d i r e c t  Ag-C1  
c o n t a c t .  T h e  s h o r t e s t  i n t e r m o l e c u l a r  O - O  d i s t a n c e  is 
3-25 /~. T h e  p a c k i n g  e x p l a i n s  t h e  m a j o r  c l e a v a g e  w h i c h  
we  o b s e r v e  t o  b e  p a r a l l e l  t o  (010).  

T h e  s t r u c t u r e  c o n f i r m s  t h e  e x p e c t e d  ion ic  c h a r a c t e r  o f  

This  work  

2'o 2"e 
52 -- 45 

135" -- 186 
96 -- 102 
32 -- 29 
14 15 
92 98 
49 60 
16 20 

47 --31 
5 - -4  

32 26 
11 8 
17 - -18  

8 - -10  

75 72 
145 152 

61 59 
15 14 

< 14 4 
79 -- 75 
39 -- 63 

15 - -15  

38 -- 36 
94 -- 108 
44 -- 58 
15 - -17 

< 1 2  9 
55 70 

11 6 

15 16 
58 80 
32 49 

AgC102.  I t  a l so  s u g g e s t s  t h a t  t h e  m a j o r i t y  o f  t h e  n e g a t i v e  
c h a r g e  on  t h e  c h l o r i t e  ion  is b o r n e  b y  t h e  o x y g e n  a t o m s ,  a s  
w o u l d  b e  e x p e c t e d  f r o m  a c o n s i d e r a t i o n  o f  t h e  r e l a t i v e  
e l e c t r o n e g a t i v i t i e s  o f  c h l o r i n e  a n d  o x y g e n .  
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g r o w s  f r o m  b e n z e n e  as  w h i t e - n e e d l e  s h a p e d  c r y s t a l s .  

(Received 29 August 1960) 

S e v e r a l  X - r a y  p h o t o g r a p h s  h a v e  b e e n  t a k e n  u s i n g  
Cu  K a  r a d i a t i o n .  W e i s s e n b e r g  a n d  p r e c e s s i o n  p h o t o -  
g r a p h s  h a v e  s h o w n  t h e  u n i t  cel l  t o  b e  m o n o c l i n i c  w i t h  
d i m e n s i o n s :  

a=5 .98+__0 .02 ,  b = l l . 0 0 + 0 - 0 3 ,  c = 1 0 . 8 1 _ + 0 - 0 3 / ~ ;  
fl = 112 ° 24 '  + 20 ' ,  

w h e r e  a is p a r a l l e l  t o  t h e  l e n g t h  of  t h e  n e e d l e .  


