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E x p e r i m e n t a l  

H~I() 6 crys ta l l izes  in the  monoel in ic  sys t em,  space g roup  
I)21/n, with  

a = 5 " 3 1 ,  b = 1 8 . 3 6 ,  c = 4 . 9 5  ~ ;  f l = l l l ° 3 0  '. 

Assuming  4 molecules  per  un i t  cell, t he  d e n s i t y  was 
c'aleulate(t to be 3.37 g .cm. -a ;  the  e x p e r i m e n t a l  d e n s i t y  
is 3.39 g.cln. -a as d e t e r m i n e d  by  the  p y c n o m e t r i c  m e t h o d .  

I n t e g r a t e d  m u l t i p l e - f i l m  Weissenberg  p h o t o g r a p h s  
t a k e n  wi th  Me K,~ r ad i a t i on  were  use(t to record  the  
in tens i t ies  of the  (hkO), (hOl) and  (Okl) ref lect ions.  The  
in tens i t ies  were  m e a s u r e d  dens i t ome t r i ca l l y  and  correcte( l  
for  Loren tz  and  polar iza t ion  factors .  

D e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  

The  p a r a m e t e r s  of the  iodine a t o m s  were  easily deduce( t  
f rom tim [100] and  [001] P a t t e r s o n  projec t ions .  The  
posi t ion of the  o x y g e n  a t o m s  was found  by m e a n s  of the  
vec to r  conve rgence  m e t h o d  (Beevers  & Rober t son ,  1950). 
Signs of the  s t r u c t u r e  fac tors  were  ca l cu la t ed  f rom the  
d e d u c e d  posit ions,  a n d  Four i e r  syn theses  of the  [100] 
and  [001] p ro jec t ions  were  c o m p u t e d .  A Four i e r  syn thes i s  
of the  [010] p ro jec t ion  was of l i t t le  use, because  of the  
over lap  of the  o x y g e n  a toms .  The  p a r a m e t e r s  obtaine(l  
f rom the  Four i e r  syn these s  were  ref ined  bv m e a n s  of the  
leas t - squares  m e t h o d  using a F e r r a n t i  digi ta l  c o m p u t e r  
(Curtis, 1959). Due  to the  over lap  of the  oxygen  a toms ,  
it was no t  possible to ref ine the  [010] pro jec t ion .  The  
t e m l ) e r a t u r e  fac tors  were  a s s u m e d  to be isotropic and  
equal  for d i f f e ren t  a t o m s  of the  same  kin(t. The  final 
coord ina te s  and  the  e x p o n e n t s  of the  t e m p e r a t u r e  fac tors  
are  g iven in Table  1. The  vahms  of the  d i s a g r e e m e n t  
in(tcx, R, for the  th ree  p ro jec t ions  are :  

_ = n .2o ,  ' Rhko=8"3°'o, R~ot 12.0%, Rokz ~ .o .  

Table  1 

BI = 0.80 A 2 
Be = 1.15 A 2 

x y z 

I 0.327 0.121 0.463 
Oa 0-299 0.05 l 0.722 
()2 0.606 O.O82 0.419 
O a 0.090 0.064 0.162 
O 4 0.33(.) 0.196 0.208 
()5 0.038 0. 168 0-504 
O 6 0.543 0.182 0.77l 

Note: The exponents of tim temperature  factors are in good 
agreement with those of H I O 3 : B I = 0 - 7 5  A "~ and B e =  1.30 A 2 
(Garrett, l (.)54). 

D i s c u s s i o n  o f  t h e  s t r u c t u r e  

The  s t r u c t u r e  consists  of s l ight ly  def() rmcd o x y g e n  
o c t a h e d r a  wi th  io(tine in its cent res .  The  I - ( )  ( t istances 
h a v e  values  be tween  1.73 and  1.90 A. The  s t r u c t u r e  m a y  
be dcrive(t  f rom an  ideal model ,  based  on a hexagona l  
lat t ice,  cons is t ing  of double  layers  of close-pa( 'ked 
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Fig. 1. Ideal double layer of close-packed oxygens, enclosing 
a h~yer of iodines in H5IO6, based on a hexagonal lattice. 
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Fig. 2. Actual double layer of oxygens, enclosing a h~yer 
of iodines in H f i ( )  6. 
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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 .  
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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 .  


