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oxygens  enclos ing a layer  of iodine,  paral le l  to  the  (010) 
plane.  The  H J ( )  e s t r u c t u r e  is found  by  d i sp l acemen t  of 
the  a t o m s  and  a sl ight  d e f o r m a t i o n  of the  ideal  un i t  cell 
as shown in Figs.  1 and  2. 

I n  the  ideal  s t r u c t u r e  ha l f  of the  oxygens  are  in the  
posi t ion y = l / 1 6  and  the  o the r  half  in the  posi t ion 
y = 3 / 1 6 .  The  iodine a t o m s  lie in the  p lane  y = l / 8 .  ]n  
the  ac tua l  s t r u c t u r e  these  va lues  are :  

I :  y = 1 / 8 - 0 . 0 0 4 ;  ()~: y = 1 / 1 6 - 0 . 0 1 2 ;  
O.,: y=1/16+0.019; 03: y = l / 1 6 + 0 - 0 0 1 ;  
Oa: y = 3 / 1 6 + 0 . 0 0 8 ;  O~: y = 3 / 1 6 - 0 . 0 2 0 ;  
O6 : y = 3/16 - 0-006. 

The  un i t  cell con ta ins  four  of these  double  layers  of 
oxygen  p e r p e n d i c u l a r  to the  b-axis, c o n n e c t e d  by  the  

Table  2 

Ol(x, y, z)-O~ (x, y, z) = 2.76 
O6(x, y, z)-(); (x, y, z) = 2.79 
O2(x, y, z)-O~'(x, y, z) = 2.69 
Oa(x, y, z)-O2 (Y~, ~, 2) = 2.64 
On(x, y, z)-O4(½+x, ½--y, ½+z) = 2.81 A 

Note: The parameters in brackets give the symmetry  rela- 
tion between the oxygen atoms and the primes refer to an 
oxygen atom in neighbouring unit cells (see Fig. 2). 

s y m m e t r y  e lements .  As the  s t r u c t u r e  of AI(OH) 3 is also 
de r ived  f rom the  same  ideal model ,  the  c rys ta l  s t r u c t u r e  
of Hn[O 6 is closely re la ted  to t h a t  of Al(OH)a (Megaw, 
1934). I n  AI(OH).~ two of the  th ree  oxygen  o c t a h e d r a  
are  filled by  a l u m i n i u m .  ]n  H~IO 6 only  one of the  th ree  
o c t a h e d r a  con ta ins  an iodine a tom.  The  shor tes t  d is tances  
be tween  oxygen  in ne ighbou r ing  o c t a h e d r a  are  shown in 
Tab le  2. These  d i s tances  give the  impress ion  t h a t  an 
oxygen  o c t a h e d r o n  in a doub le  l ayer  is l inked  by  th ree  
h y d r o g e n  bonds  to o c t a h c d r a  in the  same  layer  and  by 
two h y d r o g e n  bonds  to o c t a h e d r a  of a d j a c e n t  layers.  
An  a t t e m p t  will be m a d e  to d e t e r m i n e  the  posi t ions <>f 
the  h y d r o g e n  a t o m s  f rom n e u t r o n  d i f f rac t ion  da t a .  

I wish to t h a n k  D r  Aaf je  Vos and  Prof .  D r  E . H .  
Wiebenga ,  U n i v e r s i t y  Groningen,  the  Ne the r l ands ,  and  
Prof .  D r  J .  A. Goedkoop,  R e a c t o r  C e n t r u m  N e d e r l a n d ,  
the  N e t h e r l a n d s  for the i r  va luab le  suggest ions  and  the i r  
in te res t  in the  progress  of this work .  
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3'he c rys ta l lograph ic  proper t ies  of Na.~WO 4. 2 H 2 0  h a v e  
only  been superf ic ia l ly  inves t iga ted .  Mar ignac  (1863) 
found  t ha t  the  c rys ta l l ine  subs t ance  is o r t h o r h o m b i c  
b ipy ramida l .  His  gon iomet r i c  m e a s u r e m e n t s  ind ica te  t h a t  

a:b:c = 0 - 8 0 0 2 : 1 : 0 . 6 4 7 0 .  

Bake r ' s  A n a l y z e d  R e a g e n t  g rade  Na.,~,VO a. 2 H.20 was 
used in the  p resen t  inves t iga t ion .  The  c o m p a n y ' s  analys is  
is as follows: insoluble  m a t t e r  0 .002%;  a lka l in i ty  (as 
Na2CO:~ ) 0.08% ; chlor ide  (as Cl) 0 .001%;  n i t rogen  corn- 
pounds  (as N) 0 .0003%; sul fa te  (as SO4) 0 .003%;  arsenic  
(as As) 0 .0001%; h e a v y  me ta l s  (as I)b) 0-0002%; iron 
(as Fe) 0"0001°/+o and  m o l y b d e n u m  (as Mo) 0.0001°,'o . 
The  subs t ance  was  used  w i t h o u t  f u r t he r  pur i f ica t ion .  

U n d e r  the  microscope  the  c rys ta ls  have  the  a p p e a r a n c e  
<)f basal  table ts ,  e longa ted  paral le l  to  a or b, w i th  a 
per fec t  {001}, and  less per fec t  { l l0} a n d  {120} cleavages .  
T h e  ot)tic p lane  is (010); r<v  s t rong.  The  re f rac t ive  
indices for N a D  l ight  are  

nx = 1"5530 + 0 . 0 0 l ,  ny = 1.5535 +0-001, 
nz = 1.5650 +0 .001 ;  n z - n x  =0"012;  
( + ) 2 V = 2 6 ° ;  X = a ,  Y=b,  Z = c .  

* Publication No. 202 of the Inst i tute of Geophysics. 
+ Present address: National Physical Research Laboratory, 

South African Council for Scientific and Industrial  Research, 
P.O. Box 395, Pretoria, Transvaal, Union of South Africa. 

The  X - r a y  powder  d i f f rac t ion  p a t t e r n  of f inely g round  
Na2WO t. 2 H20  a t  25 °C. was  ob t a ined  in a Nore lco  h igh 
angle  record ing  d i f f r ac tomete r ,  using Cu K s  r ad i a t i on  
()~ = 1-5418 .~) and  a Ni filter. The  scann ing  speed was  
1/8 ° (20) per  min .  H i g h - p u r i t y  sod ium chlor ide  was  used 
as an in t e rna l  s t a n d a r d .  

The  a s s ignmen t  of the  peaks  was m a d e  wi th  the  aid of 
some runs  emphas i z ing  p re fe r red  o r ien ta t ion ,  and  by  
us ing the  gon iomet r ic  va lue  for a : b : c. All of the  observed  
d i f f rac t ion  peaks  could  be sa t i s fac tor i ly  ass igned as being 
due  to an o r t h o r h o m b i c  la t t ice  wi th  the  fol lowing uni t -cel l  
d imens ions ,  ob t a ined  by  a leas t -squares  t r e a t m e n t :  

a 0 = 8-456 _ 0.005, b 0 = 10.601 +_ 0.005, 
c o = 13.842 _+ 0.005 A .  

The  p resen t  axial  rat io,  

a0:b0:c0 =0 .7978 :1 :2 (0 .6530)  , 

agrees r easonab ly  well  w i th  the  gon iomet r i c  va lue  
(Marignac,  1863). 

The  ca lcu la ted  ( lensi ty of Na2WO4.2  H20  a t  25 °C., 
a s suming  8 molecules  per  un i t  cell, is 3.532 g .cm.  -a. 
Clarke  & Davis  (1877) found  t h a t  the  p y c n o m e t r i c  
dens i ty  a t  19 °C. is 3.2314 g.cm. -3. H o w e v e r ,  accord ing  
to Z a m b o n i n i  (1923) this va lue  is too low. His  p y c n o m -  
etr ic m e a s u r e m e n t s  on carefu l ly  selected ma te r i a l  gave  a 
dens i ty  a t  15 °C. of 3.50 g.cm. -a, which  is in fair  agree-  
m e n t  wi th  X - r a y  dens i ty .  



S H O R T  C O M M U N I C A T I O N S  317 

The observe( l  a n d  c a l c u l a t e d  d - spac ings ,  a s s i g n e d  in- 
d ices  a n d  o b s e r v e d  r e l a t i v e  i n t e n s i t i e s  a r e  l i s ted  in 
T a b l e  1. T h e  se lec t ion  ru les  a p p e a r  to  be :  

do (A) 
6.902 
5.959 
5.288 
4.773 
4.238 
4.209 
3.(.)36 
3.782 
3.613 
3.463 
3-418 
3.308 
3.218 
3" 17O 
3.066 
2.985 
2.95O 
2.897 
2.745 
2.680 
2.664 
2.598 
2.551 
2.468 
2.451 
2.392 
2.355 
2.343 
2-338 
2.306 
2.29(; 
2.178 
2-144 
2.138 
2.120 
2-114 
2.104 
2.O3O 
14)90 
1 .(.)67 
1.912 
l -~92  
1-883 
1 . 8 7 ~  
1.861 
1.854 
1 "808 
1.781.I 
1.783 
1.764 
1.745 
1.724 
1.710 
1.697 
i .692 
1.682 
1.675 

bOO: h = 2 n  hOl: l = 2 n  
Ok(): k = 2 n  hkO: h = 2 n ( ? )  
00/: l = 2 n  hkl: no  r e s t r i c t i o n  
Okl: k = 2 n  

do (A) 
1.65()  
1"616 
1 . 6 0 9  
1.603 

T a b l e  1. Powder data 

de (A) hkl (I/lo) x 100 1.560 
1 "539 

6"921 002 100 1 "531 
5-965 111 20 1.519 
5.301 020 25 1.508 
4"780 112 22 1.485 
4.228 200 67 ! .480 
4.208 022 68 1.473 
3-927 210 2 1.463 

3.784, 3.778 113, 21 l 16 
3"608 202 69 1"451 
3"460 004 20 1"445 
3.416 212 II  !.417 
3"305 220 48 1"404 
3"218 123 14 1"395 
3.174 131 75 
3.066 l 14 50 1.383 

2.q91,2.983 213,222 71 1.356 
2.950 132 2 1.338 
2-8!)8 024 22 
2.741 124 10 1.330 

2.678, 2.673 204, 31 l 54 1.317 
2.663, 2.661 133, 231 34 
2.603, 2-596 041, 214 6 1.308 

2.554 115 2 1.299 
2.475 042 3 1.281 

2.450, 2.454 32 l, 025 6 1.275 
2.390 224 13 1.269 
2.357 125 5 1.258 
2.346 313 17 1.244 
2.338 233 9 1.235 
2.307 006 6 
2.298 043 6 1.226 

2.176, 2.178 331, l l 6  39 1.218 
2.141 314 7 1.203 

2.134, 2.136 234, 242 4 
2.114 400 poorly )" 5 
2"110 135 vesolv. "( 17 
2. i 04 044 5 

2.034, 2.025 151,206 29 
1.986, 1.989, 1.989 412, 333,216 2t, 

1.964, 1-97I 420, 152 7 
1.912, 1.914 341,045 4 

1.889, 1.891, 1.895 422, 413, 250 21 
1.884, 1.883 244, 136 4 

1.878 251 32 
1-860, 1.859 342,334 2 
1.851, 1 "853 325,027 (i 

1.807, 1.804, 1.810 423, 404, 127 8 
1 "785 3O6 4 

1.781, 1.779 343, 414 6 
1.761, 1.767 316, 060 15 

1.744 245 11 
1.724 335 14 

1.708, 1.712 424,062 12 
1-695, i.697 108, 227 5 
1.691, 1.692 137, 326 3 

1.682 351 19 
I'678, 1-674 162, 118 21 

'[ ,able 1 (cont.) 

dc (A) hkl (I/Io) × 100 
1.653, 1.651, 1.650 440, 155, 063 0 

1.615, 1.619 128, 2~1 2 
1.609, 1.607, 1.608 246, 434, 442 3 
1-601, 1.600, 1.602, 208, 317,425, 521 5 

1.600 
1.590 1.591 353 12 
1"586 1.585, 1"583, 1.587, 047, 218,262, 345 10 

1.584 
1.559, 1.558 406, 147 5 
1.535, 1.537 156, 263 2 
1.528, 1.533 138, 228 3 
1.521, 1.520 523, 504 6 

1.504 514 3 
1.484 247 12 
1.481 346 12 

1.475, 1.475, 1.472 264, 308,337 5 
1.463, 1.461, 1.461, 452,524, 318, 362 8 

1.463 
1.449 048 4 
1"445 355 8 

1.418, 1.418 271,541 7 
1.405, 1.403 265,066 4 

1.394, 1.396, 1.396, 22!t, 272, 534, 542 6 
1.396 

1.384, 1.384 166, 0, 0, l0 5 
1.356, 1.356, 1-355 460, 621, l, l, l0  12 
1.339, 1.339, 1.337, 319, 408, 437, 5 
1.337, 1.338, 1.339 613; 239; 0, 2, l0 
1-330, 1.331, 1.330 049,266, 462 4 
1.317, 1.317, 1.318. 365,455,544,  6 
1.316, 1.318, 1.318 551,274, 067 

1.308, 1.308 329, 630 3 
1.298, 1.299 428, 552 4 

1.282 373 3 
1.274, 1.274, 1.276 083, l, 3, 10, 517 4 

1.268, 1.269 447,249 11 
1.258 267 3 

1.244, 1.244 640, 282 3 
1-235, 1"235, 1"236, 419,554, 068,1, 1,11 6 

1"236 
1"226 471 2 
1.218 465 5 

1 "203, 1 "203, 1"203 349, 562, 606 4 
1"1943 1.1936,1.1947,1.1951, 367,381,448,  3 

1.1936, 1.1951, 1.1943 457,616, 25!) 
I. 1870 I. 1865 268 3 
1.1751 1.1740,1.1760 1 , 3 , 1 l ;  2 ,2,11 4 
1.1727 1.1721, 1.1732, 1.1729 3, 3 , 1 0 ; 4 3 9 , 6 2 6  5 
1.1558 1.1549 376 3 
1.1373 1.1367, i-1375 0 ,4 ,11 ;  653 6 
1.1272 1.1278, 1.1266 732; 1,4, l l  5 

'[ 'he space  g r o u p  is p r o b a b l y  e i t h e r  Pbcn-1)~], or l'bca-D~,. 
I f  t h e  v e r y  w e a k  1210) p e a k  is real ,  t h e  space  g r o u p  m u s t  
be Pbca-D~,, b u t  t h e  pos s ib i l i t y  t h a t  th i s  r e f l ec t ion  is 
s p u r i o u s  c a n n o t  y e t  be ru led  ()lit w i t h  c e r t a i n t y .  All of 
t h e  o t h e r  o b s e r v e d  p e a k s  a re  a l l owed  in b o t h  of  t h e  a b o v e  
space  g roups .  
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