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F i f t y - t h r e e  l ines  were  o b s e r v e d  for  B i B r  3, a n d  t h e  
p a t t e r n  cou ld  be  i n t e r p r e t e d  in t e r m s  of t h e  s a m e  space  
g r o u p  as  BiC1 a. T h e  l a t t i ce  p a r a m e t e r  is 9.23 A. Agree-  
m e n t  w i t h  t h e  d a t a  of U r a z o v  & S o k o l o v a  is r a t h e r  
p o o r  b u t  s o m e  c o r r e s p o n d e n c e  is r ecognizab le .  

T h e r m a l  ana lys i s  r e v e a l e d  B i B r  3 to  u n d e r g o  a t rans i -  
t i o n  a t  158 ° . H o w e v e r ,  t h e  X - r a y  p a t t e r n  fa i led  to  
r evea l  a c h a n g e  of s t r u c t u r e  u p  to  195 °C. I t  m a y  be 
t h a t  t h e  t r a n s i t i o n  is t h e  b e g i n n i n g  of free r o t a t i o n  of t h e  
m o lecu l e s  w i t h o u t  a c h a n g e  of c rys t a l  s y m m e t r y .  

Tab l e  1 l is ts  t h e  c o m p l e t e l y  i n d e x e d  p a t t e r n s  of BiC1 a 
a n d  B i B r  z, g i v i n g  b o t h  c a l c u l a t e d  a n d  o b s e r v e d  spac ings  
a n d  o b s e r v e d  in t ens i t i e s .  

T h e  a u t h o r s  w i sh  to  t h a n k  Mr A. J .  Da rne l l  of t h i s  

d e p a r t m e n t  for  m a k i n g  p u r e  a n h y d r o u s  BiC13 ava i l ab le  
for  th i s  w o r k  a n d  for  p r e p a r i n g  s o m e  of t h e  d i f f rac to -  
m e t e r  samples .  
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A ce r t a i n  a m o u n t  of con fus ion  exis ts  in  t h e  l i t e r a t u r e  
r e g a r d i n g  t h e  f o r m u l a t i o n  of a lka l i  m e t a l  a rsen i tes .  
T h u s  t h e  f o r m u l a e  Nag ITAsO a a n d  NaAsO~ are  u s e d  
s y n o n o m o u s l y  for  s o d i u m  arsen i te .  I t  has  b e e n  s h o w n  in 
ou r  l abo ra to r i e s  t h a t  t h e  d a t a  on  A . S . T . M .  ca rds  n u m -  
b e r e d  1-0905 (Nag i A s O s )  a n d  7-9  (NaAsO~.) a re  v e r y  
s imi la r  to  t h e  p o w d e r  p a t t e r n  of a c o m m e r c i a l  a r sen i t e  
w h i c h  ana lyses  as As203 . 0.62 Na~O. T h e  p o w d e r  p a t t e r n  
on  ca rd  No.  2 -0373  ( N a 2 i A s O 3 )  is a l m o s t  i den t i ca l  w i t h  
t h a t  r e p o r t e d  in  Tab l e  1 w h i c h  we  h a v e  o b t a i n e d  for  a 

Tab l e  1. Powder diffraction data for sodium 
pol ymetaar sen ite 

d (h) I hkl d (h) I hkl 
7.18 18 200 2.036 5 022 
4-93 67 210 1 985 19 412,231 
3.58 92 400 1.912 44 430 
3.55 54 21I 1.824 32 621 
3.40 4 020 1.792 20 800,431 
3.17 100 410 1.740 5 602 
2.822 45 021 1-731 < 1 810 
2.689 66 411 1.694 8 040 
2-627 10 221 1.642 4 630 
2.547 16 002 1.606 5 041,213 
2.386 16 600 1.582 < 1 820 
2.251 5 610 1.530 16 440,432 
2.213 < 1 421 1.513 17 821 
2.154 < 1 230 1.496 4 413 
2.072 < 1 402 1.465 5 802,441 

p u r e  c o m p o u n d  NaAsO~, t h e  f o r m u l a  of w h i c h  was  es- 
t a b l i s h e d  b y  c h e m i c a l  ana lys i s .  S c h r e i n e m a k e r s  & de B a a t  
(1917) a n d  N e l s o n  (1941), w h o  s t u d i e d  t h e  Na~O-As~O 3- 
H~O s y s t e m ,  h a v e  also d e m o n s t r a t e d  t h e  ex i s t ence  of th i s  
c o m p o u n d .  Al l  d a t a  in  t h e  A. S .T .M.  X - r a y  P o w d e r  D a t a  
F i le  (1957) for  s o d i u m  a r sen i t e  are  t he r e fo r e  incor rec t .  
T h e  c o m p o u n d  NaAsO~, for w h i c h  t h e  n a m e  s o d i u m  poly-  

m e t a a r s e n i t e  is sugges t ed ,  is t h e  s u b j e c t  of t h e  p r e s e n t  
no te .  

S o d i m n  p o l y m e t a a r s e n i t e  m a y  be  p r e p a r e d  e i t h e r  b y  
t h e  r e a c t i o n  of s t o i c h i o m e t r i c  a m o u n t s  of s o d i u m  hy-  
d r o x i d e  a n d  a r sen ious  oxide ,  or  b y  c r y s t a l l i z a t i o n  of 
so lu t ions  of a r sen ious  ox ide  in s o d i u m  h y d r o x i d e  in  t h e  
a p p r o p r i a t e  r eg ion  of t h e  t e r n a r y  p h a s e  d i a g r a m  (Nelson,  
1941). 

Single  c rys ta l s  of s o d i u m  p o l y m e t a a r s e n i t e  we re  
o b t a i n e d  in t h e  f o r m  of t h i n  c l eavage  f lakes  b y  c r u s h i n g  
a so l id i f ied  m e l t .  Un i t - ce l l  d inaens ions  were  o b t a i n e d  
f r o m  d i f f r a c t o m e t e r  m e a s u r e m e n t s  on  p o w d e r  a n d  s ingle  
c rys ta l s  a n d  f r o m  back - r e f l e c t i on  p h o t o g r a p h s  of t h e  0kl 
re f lec t ions .  T h e  c rys t a l s  are  o r t h o r h o m b i c  w i t h  un i t - ce l l  
d i m e n s i o n s  (Cu K a l ~  ~ 1.54050, Cu Ka2A = 1-54434 /~) 

a---- 14.314, b----- 6-779, c---- 5.086 /~ .  

T h e s e  d i m e n s i o n s  are  c o n s i d e r e d  to  be  a c c u r a t e  to  w i t h i n  
:k0.005 A. A s s u m i n g  e igh t  f o r m u l a  u n i t s ,  NaAsO~,  p e r  
u n i t  cell, t h e  c a l c u l a t e d  d e n s i t y  is 3.49 g . cm.  -a. T h e  
c a l c u l a t e d  d e n s i t y  is s l igh t ly  h i g h e r  t h a n  t h a t  d e t e r m i n e d  
b y  p y c n o m e t e r ,  3.40 g . cm.  -a p r o b a b l y  because  of in-  
c o m p l e t e  d i s p l a c e m e n t  of a i r  f r o m  t h e  c rys ta l s .  O n l y  

finely divided, highly imperfect crystals were available 
in  suf f ic ien t  q u a n t i t y  for  t h e  d e t e r m i n a t i o n .  

T h e  e x t i n c t i o n s  o b s e r v e d  e s t ab l i sh  t h e  space  g r o u p  
u n i q u e l y  as  Pbca. An i n c l i na t i on  W e i s s e n b e r g  p h o t o -  
g r a p h  of a n  (100) c l eavage  f lake  of s o d i u m  p o l y m e t a -  

Tab le  2. Final parameters from Fourier syntheses 

Atom x y z 
As 0.080 0-103 0.250 
01 0-127 0.322 0.405 
O 8 0.154 0.568 0.810 
Na + 0.306 0" 102 0.250 
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hkl .Fo 
020 65 
040 177 
060 115 
080 32 
200 5O 
220 (6) 
240 42 
260 17 
280 22 
400 209 
420 (8) 
440 44 
460 32 
480 14 
600 119 
620 19 
640 97 
660 46 
680 41 
800 129 
820 53 
840 94 
860 70 

Table  3. Calculated and 

Fc hkZ 
82 10,0,0 

-- 181 10,2,0 
-- 103 10,4,0 

23 10,6,0 
49 12,0,0 

5 12,2,0 
--36 12,4,0 
--20 12,6,0 

13 14,0,0 
- -  1 6 6  1 4 , 2 , 0  

- -  14 14,4,0 
53 16,0,0 
24 16,2,0 

3 16,4,0 
-- 112 18,0,0 

--19 210 
86 230 
5O 250 

-- 35 270 
--109 410 

--49 430 
81 450 
65 

observed structure factors for sodium polymetaarsenite 

Fo 
37 50 

(13) 8 
39 --43 

( 1 1 )  --23 
71 76 
31 36 
61 --57 
40 -- 52 
57 63 

( l l )  17 
53 --40 
(9)  0 
(9) --10 
(6) 0 
34 -- 60 

125 --118 
46 -- 64 
35 39 
53 50 

173 --163 
213 --208 
(12) 1 

hkl Fo Fc 
470 110 98 
610 47 42 
630 ( l l )  3 
650 (13) --18 
670 (12) 4 
810 66 68 
830 107 99 
850 (14) 7 
870 55 -- 49 

10,1,0 47 40 
10,3,0 85 82 
10,5,0 (14) --2 
10,7,0 47 --63 
12,1,0 30 27 
12,3,0 26 30 
12,5,0 (11) - 1 o  
14,1,0 22 --31 
14,3,0 52 --57 
14,5,0 (8) 5 
16,1,0 32 --33 
16,3,0 38 --44 
18,1,0 II --20 

hkl Fo 2'c 
002 278 -- 271 
004 157 145 
006 77 --97 
020 66 79 
022 125 -- 85 
024 69 49 
040 134 -- 167 
042 141 136 
044 117 -- 94 
060 82 --85 
062 85 89 
O64 64 -- 66 
080 (16) 17 
021 241 -- 202 
023 209 185 
025 108 -- 111 
041 78 -- 85 
043 44 49 
045 5O --53 
061 87 85 
063 50 --61 
081 64 60 

Figures in brackets denote reflections which were not  observed experimentally.  
These reflections were allocated half the minimum intensity observable. 

a r sen i t e  was  used  to  r eco rd  0kl ref lect ions .  F u r t h e r  cleav- 
age,  para l le l  to [010], gave  c rys ta l s  su i tab le  for r o t a t i o n  
a b o u t  t he  c axis,  wh ich  were  used  to  r eco rd  hk0 reflec- 
t ions.  R o t a t i o n  p h o t o g r a p h s  showed  a p p r o x i m a t e  ha lv ing  
of t h e  a axis.  I n t e n s i t y  m e a s u r e m e n t s  of 0kl a n d  hkO 
re f lec t ions  were  m a d e  b y  visual  c o m p a r i s o n  of spots  on 
a ca l i b r a t ed  scale w i t h  mul t ip le - f i lm Weis senberg  photo-  
graphs .  The  in tens i t ies  of hk0 ref lec t ions  were  co r r ec t ed  
for abso rp t ion  us ing  the  g raph ica l  m e t h o d  of Roger s  & 
Mof fe t t  (1956). 

Arsenic  a t o m s  were  loca ted  f rom P a t t e r s o n  p ro jec t ions  
whi le  t he  r e m a i n d e r  of t he  a t o m s  were  loca ted  us ing  
F o u r i e r  p ro jec t ions  a n d  spat ia l  re la t ionships .  P a r a m e t e r s  
were  re f ined  us ing  Fo--Fc syn theses .  The  final  para -  
m e t e r s  are  l is ted in Table  2. The  p e r c e n t a g e  d i s c r e p a n c y  
b e t w e e n  the  obse rved  a n d  ca lcu la t ed  s t r u c t u r e  a m p l i t u d e s  
(Table 3) was  12.0 for t he  0kl ref lec t ions  a n d  15.0 for t he  
hk0 ref lect ions .  A n  an i so t rop ic  t e m p e r a t u r e  fac tor ,  
exp  [--  (Bx cos 2 co÷By sin e w) (sin 0/2) 2] w i t h  Bx = 1-85, 
By = 1-07 A ~- was  used  for t he  hk0 ref lect ions ,  a n d  
exp  [--  (B v cos 2 ~ + B z  sin 2 o~) (sin 0/2,) 2] w i t h  By = 2.02, 
Bz = 1.07 A 2 was  used  for t he  0kl ref lect ions .  In  b o t h  
cases w is the  angle  b e t w e e n  the  b axis  a n d  the  n o r m a l  
to  t he  p lanes  (hkl). 

The  a c c u r a c y  of the  a t o m i c  p a r a m e t e r s  is cons idered  
to  be low excep t  for t he  arsenic  a toms .  This  is a n a t u r a l  
consequence  of t he  fac t  t h a t  t he  c o n t r i b u t i o n  of t h e  
arsenic  a t o m s  to  t he  s t r u c t u r e  fac to r s  la rge ly  ou twe ighs  
t h e  c o n t r i b u t i o n  f rom the  o the r  a toms .  I n  add i t ion ,  
copper  r ad i a t i on  was  used  so t h a t  r e l a t ive ly  few reflec- 
t ions  were  accessible for m e a s u r e m e n t  a n d  absorp t ion  
effects  were  large.  Also, in t he  two  p ro jec t ions  s tud ied ,  
t he  sod ium a t o m s  were  obscured ,  in one case by  arsenic  
a toms ,  in the  o the r  case by  one set of o x y g e n  a toms .  

Neve r the l e s s  t he  m a i n  f ea tu res  of t h e  s t r u c t u r e  m a y  be 
desc r ibed  w i t h  some conf idence .  E a c h  arsenic  a t o m  is a t  
t h e  apex  of a t r i a n g u l a r  p y r a m i d  h a v i n g  t h r e e  o x y g e n  
a t o m s  fo rming  the  base.  AsOs g roups  are  l inked  t o g e t h e r  
in p o l y m e r i c  cha ins  b y  sha red  o x y g e n  a t o m s :  

O O 
I I 

- A s - O - A s - O - A s - .  
I 

O 

F o u r  chains  r u n  t h r o u g h  t h e  u n i t  cell paral le l  to  t h e  
c axis,  b o u n d  t o g e t h e r  in two  sets  by  the  e lec t ros ta t i c  
a t t r a c t i o n  of shee ts  of sod ium ions. 

S o d i u m  p o l y m e t a a r s e n i t e  appea r s  to  be s t r u c t u r a l l y  
r e l a t ed  to  t he  monoc l in ic  fo rm of a rsen ious  oxide  r a t h e r  
t h a n  to  t h e  cubic mod i f i ca t ion .  A l t h o u g h  b o t h  poly-  
m o r p h s  are  bui l t  up  of p y r a m i d a l  AsO 3 groups ,  t h e  cubic  
m o d i f i c a t i o n  has  a c o m p a c t  molecule ,  As406 (Bozor th ,  
1923), whi le  t he  monoc l in ic  mod i f i c a t i on  is po lymer ic ,  

o 
O O / 

(B6t t icher ,  P l ie th ,  R e u b e r - K i i r b s  & St ransk i ,  1951). 
I n  th is  connec t ion  i t  is w o r t h  n o t i n g  t h a t  t he  monoc l in ic  
fo rm crysta l l ises  f rom p o t a s s i u m  h y d r o x i d e  solut ions  of 
a r sen ious  oxide.  

The  a u t h o r  wishes  to  express  his i n d e b t e d n e s s  to  D r  
C. W. B u n n ,  a n d  to  Dr  D. R.  H o l m e s  of I .C.I .  P las t ics  
Divis ion for  useful  adv ice  a n d  discussion,  a n d  to Messrs. 
I .C.I .  L td . ,  for  permiss ion  to  w o r k  in the i r  l abora tor ies .  

This  n o t e  is pub l i shed  w i t h  t he  permiss ion  of Messrs. 
Af r i can  Explos ives  a n d  Chemical  I n d u s t r i e s  L imi t ed .  
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