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T a b l e  1. Powder data for Z n 2 Z r  a 

hkl I / l  I d (obs.)  d ( ta lc . )  

112 20 2-92 A 2..[)26 A 
220 44 2" 69 2" 6,(}9 
022 75 2-57 2"572 
22l  38 2"52 2.516 
122 100 2"44 2"438 
130 63 2"41 2"414 
131 63 2"28 2"281 
013 31 2"23 2"22l 
222, 113 15 2"13 2"133, 2"133 
230 18 2.12 2-117 
132 20 1-98 1.984 
140 22 1.85 1.851 
232 18 1.8l  1.809 
3 3 1 , 0 0 4  22 1.74 1.742, 1-741 
033, 240 5 1-71 B 1.715, 1.707 
042, ] 33 3 1.67 1.673, 1.673 
] 14 3 1.65 1.657 
142 31 1-63 1.635 
332 31 1.595 1.598 
124 22 1.550 1-551 
242, 34O 22 1.529 1.533, 1.527 

- -  3 1.511 .... 
- -  20 1.490 B - -  

-- 38 1.460 --- 
- -  31 1.447 - -  
- - 15 1.421 - -  
.... 38 1.410 - -  
- - 5 1.387 - -  
-- 38 1.372 - -  
- -  31 1.346 ---  
.... 31 1-310 - -  

.... 44 1.271 - -  
- -  8 1.252 - -  
- 18 1.236 - -  
---  5 1-218 - -  

T a b l e  1 (cont.) 

kkl I / I  I d (obs.)  d (ea lc.) 

---  20 1.205 ---  
- -  15 1.187 - -  

- - 5 1 . 1 7 0  - -  

- -  3 1.160 ---  
- -  10 1.135 B - -  
- -  8 1.109 - -  
-- - 5 1 . 0 9 7  - -  
--- 10 1.078 B - -  
- -  l0  1.065 --- 
- - 13 ! .042 - -  
- -  5 1.033 .... 
- - 5 1.027 ---- 
---  8 1.018 ---  
- -  8 1.010 - -  
- -  5 1.000 .... 
• - -  8 O "  9 ` ( ) 0  - -  
- -  5 0.983 - -  
-- 8 0.974 .... 

- -  8 0-960 --- 

N o t e  t h a t  B i n d i c a t e s  a broad l ine. 
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( ' ( m t i n u i n g  t h e  s y s t e m a t i c  X - r a y  i n v e s t i g a t i o n  o f  t h e  
u n s t a b l e  a n h y d r o u s  s u l p h a t e s  o f  b i v a l e n t  m e t a l s  u n d e r -  

t a k e n  b y  o u r  ] ) e p a r t m e n t ,  w e  a r e  s t u d y i n g  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  o f  C( tS()a  a n d  H g S O 4 .  T h e  t w o  s u b s t a n c e s  
w e r e  f o u n d  t o  b e  i s o s t r u c t u r a l  a n d  d i f f e r e n t  f r o m  t h e  
s u l i ) h a t e s  s t u d i e d  so  f a r .  I n  t h i s  p r e l i m i n a r y  c o m m u n i c a -  

t i()n a r e  g i v e n  t h e  u n i t - c e l l  d i m e n s i o n s  a n d  t h e  s p a c e  
g,.()tt I) ~)f t h e  c o m l ) o u n ( t s .  

A ( ' c o r ( l i n g  t o  t h e  l i t e r a t u r e  b o t h  s u b s t a n c e s  c r y s t a l l i z e  
in t h e  o r t h o r h o m b i c  s y s t e m .  C r y s t a l h ) g r a i ) h i c  m e a s u r e -  
r e ( m r s  a r e  g i v e n  o n l y  f o r  C d S O 4 ,  w h i c h ,  h o w e v e r ,  o w i n g  
t o  t h e  c h a n c e  a p p r o x i m a t i o n  o f  t h e  a n g l e  (011)  : (011)  
t() t h a t  o f  Z n S O 4 ,  w a s  e r r o n e o u s l y  a s s u r n e d  t o  b e  i so-  
m o r I ) h ( ) u s  t o  it  ( G r o t h ,  1908) .  T h e  v a l u e s  o f  t h e  a n g l e s  
(110)  : (110)  = 89 ° 58 '  a n d  (011)  : (011)  = 70 ° 5 2 '  g i v e n  b y  
( t r o t h ,  d i f f e r  c o n s i d e r a b l y  f r o m  t h e  v a l u e s  89 ~ 48" a n d  
71 ~ 2 6 '  r e s t ) e c t i v e l y ,  m e a s u r e d  o n  c r y s t a l s  p r e p a r e d  b y  us .  
T h e  l a t t e r  r e p r e s e n t  t h e  m e a n  o f  a s e r i e s  o f  m e a s u r e m e n t s  
(m d i f f e r e n t  c r y s t a l s ,  w h i c h  y i e l d e d  s o m e w h a t  d i f f e r i n g  
v a l u e s  b e c a u s e  o f  i m p e r f e c t  f a c e  g r o w t h .  T h e i r  a p p r o x -  
i m a t i o n  t o  t h e  v a l u e s  89 ° 4 9 '  a n d  71 ° 2 0 '  r e s p e c t i v e l y ,  

c a l c u l a t e d  f r o m  t h e  l a t t i c e  c o n s t a n t s ,  is c l o s e r  t h a n  t h a t  
o f  t h e  v a l u e s  g i v e n  in G r o t h .  

N o  c r y s t a l l o g r a p h i c  m e a s u r e m e n t s  o n  H g S ( ) 4  c r y s t a l s  
h a v e  b e e n  r e p o r t e d  in  t h e  l i t e r a t u r e .  O n  t h e  c r y s t a l s  
p r e p a r e ( t  b y  u s  t h e  v a l u e s  o f  t h e  i n t e r f a c i a l  a n g l e s ,  
c o r r e s l ) o n d i n g  t o  t h o s e  o f  C d S ( )  a g i v e n  a b o v e ,  a r c  89 ° 2 7 '  
a n d  72 ° 28 ' ,  in  s a t i s f a c t o r y  a g r e e m e n t  w i t h  t h e  v a l u e s  
89 ° 3 4 '  a n d  72 ° 2 7 '  c a l c u l a t e d  f r o m  t h e  l a t t i c e  c o n s t a n t s .  

T h e  s y s t e m a t i c  e x t i n c t i o n s  o n  W e i s s e n b e r g  a n d  p re ( ; e s -  
s i o n  p h o t o g r a p h s  m a d e  n e c e s s a r y  a r e o r i c n t a t i o n  o f  t h e  
c r y s t a l  a x e s ,  so  a s  t o  m a k e  t h e  s p a c e - g r o u p  s y m b o l  a g r e e  
w i t h  t h a t  g i v e n  in t h e  International Tables (1952) .  '1 'he 
c h a n g e s  a r e  a s  f o l l o w s :  

G r o t h  a --> Co, G r o t h  b ---> ao, G r o t h  c --> b 0 . 

T h e  ce l l  d i m e n s i o n s  g i v e n  b e l o w  w e r e  o b t a i n e d  f r o m  
p o w d e r  d i a g r a m s ,  t a k e n  w i t h  a e a l i b r a t e ( t  9 e r a .  U n l e a r n  
c a m e r a  f o r  C ( tSO 4 a n d  w i t h  a N o r e l c o  d i f f r a e t o m e t e r  f o r  
H g S O  4. T h e  i n d e x i n g  o f  t h e  p o w d e r  d i a g r a m s  w a s  
c a r r i e d  o u t  b y  u s i n g  t h e  l a t t i c e  c o n s t a n t s  o b t a i n e d  f r o m  



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

Weissenberg  and  precess ion d iagrams .  Cu K ~  rad ia t ion  
was used  (). = 1.5418 A). 

Cadmium sulphate (CdSO4) 

a o =4"709 + 0"001, b o =6 .562 + 0.0015, 

c o = 4.694 _+ 0.001 _~ ; V = 145-05 A a. 

The  axial  ra t ios  

ao:bo:c o =0 .7176 :1 :0 .7153  

are  in fair  a g r e e m e n t  wi th  those  ob ta ined  f rom the  
c rys ta l lograph ic  m e a s u r e m e n t s  

a:b:c =0"7190: 1 :0 .7165 .  

Mercuric sulphate (HgSO 4) 

ao=4"821 +_ 0"0005, b o =6.581 +0.0007,  

c 0 = 4 - 7 8 5 + 0 . 0 0 0 5  A;  V=151"83.~: ' .  

ao:bo:c  o =0 .7325 :  1:0.7271 

a : b :c = 0.7328 : 1 : 0.7258 (gon iomet r i ca l ly ) .  

F o r  a unit-cel l  c o n t e n t  of two uni t s  (CdSO4) or (HgSO,)  
densi t ies  of 4.757 and  6.487 g.cm.  -a respec t ive ly  are  
ca lcu la ted ,  as c o m p a r e d  wi th  the  values  4.691 and  6-470 
g.crn. -a given in the  l i t e ra tu re  (Handbook of Chemistry 
and Physics, 1958). 

The  only s y s t e m a t i c  ex t inc t ions  arc  those  of the  hk0 
ref lexions  when  h + k  is odd.  

Assuming  f rom the i r  a p p e a r a n c e  t h a t  the  c rys ta l s  are  
ho lohedra l  wc deduce  D'.~-Prnmn as the  mos t  p robab le  
space grou I) for  both  subs tances .  

We wish to express  our  t h a n k s  to the  R o y a l  Hellenic: 
Resea rch  F o u n d a t i o n  for suppor t ing  our  research  pro- 
g r a m  by  d o n a t i n g  a precession c a m e r a  to our  Depa r t -  
m e n t .  
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A l though  it has  been s t a t e d  (West,  1935) t h a t  the  
f luorobora tes ,  M(BF4)=,.6 H,,() ( M = M g  e+, M n 2+, Fe  e+, 
Co 2+, Ni 2+, Zn 2+, Cd2+), are  i somorphous  wi th  the  cor- 
r e spond ing  perchlora tes ,  none  of the i r  la t t ice  cons t an t s  
appea r  to h a v e  been rccor(ted. The  la t t ice  cons t an t s  and  
m e a s u r e d  and  calculate(t  densi t ies  are  rec.ortled in Table  1, 
where  t h e y  are  eomt)ared  wi th  t im values  o b t a i n e d  by 
West  for the  pereh lora tes .  The  Mg, Mn, Fe, Co, Ni, an(l 
Zn salts  are  hexagona l  and  are  ve ry  s imilar  in size to 
the co r respond ing  pe rch lo ra tes :  t he  c a d m i u m  salts h a v e  
a (:losely re la ted  t r igonal  s t r u c t u r e  wi th  a one half  of 
t h a t  shown in Table  l ;  thc  t rue  va lue  is doub led  for 
compar i son  with  the  o the r  salts. Wes t  has  shown t h a t  the  
copper  salts are  no t  i somorphous  wi th  o the r  d iva len t  
salts.  T h e o r y  (O,'gel & Duni tz ,  1957) would  p red ic t  a 
d i s tor t ion  of the  o c t a h e d r a  of o x y g e n  a t o m s  a b o u t  the  
Cu 2+ ions. 

L i t h i u m  f luorobora te  exists  in a t  least  two forms.  
LiBF4.H2() ,  s table  above  23 °, is t e t ragona l ,  a = 5 - 7 4 ,  
e =4"88 .~. L i B F  4. 3 H,zO crystal l izes  f,'om aqueous  so[u- 

t ion below 23 °C. and  is hexagona l ,  i somori)hous wi th  
the  corrcs i )onding pe rch lo ra t e  (West,  1935). The  only 
phase  t h a t  we couhl  crys ta l l ize  f rom such solut ions is 
hexagona l ,  a =9.(,)0, c =5 .53  A, but  is no t  i somorphous  
with the  pe rch lo ra t e  t r i h y d r a t e .  

The  hy( l ra tes  were  prepare(1 f rom soluti(ms of the  
app rop r i a t e  ca rbona t e s  in f luoroboric  acid. X - r a y  i)()w(ter 
ph() tographs  were  t a k e n  wi th  a 9-era. c a m e r a  using 
Cu Kx,  Co or Cr rad ia t ion .  

T h a n k s  are  due  to tile D e p a r t m e n t  of Scientific a,l(l 
I n d u s t r i a l  Resea rch  ( [ ) .R.R.)  and  the  H e r t f o r d s h i r e  
C o u n t y  Council  (K.C.M.) for m a i n t e n a n c e  grants .  
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M "  a 

Mg 15.52 
Mn 15-70 
Fe 15.58 
Co 15.52 
Ni 15.46 
Zn 15.52 
Cd 15.92" 

Table  1. Lattice constants and densities 

M"(C104) 2 . 6 H20 

Measured Cal(;ub~ted 
e density density a 

5.26 ~ 1-(181 I'!t9 15"36 
5"30 2-102 2. I 0 15.46 
5"24 2"147 2"17 15"4(̀ ) 
5.20 2.198 2.22 15-33 
5.17 2-252 2.25 15.32 
5.20 2-252 2"26 15"24 
5"30 2"368 2"38 15"96" 

M"(BF4) 2 . 6 H20 

Measured Calculated 
c density density 

5.38 ,~ 1.849 1.85 
5.44 ! .(,)82 1.98 
5.33 2"038 2.02 
5.22 2.081 2.11 
5-16 2.136 2.16 
5" 30 2.120 2.16 
5.58 2.292 2.12 

* See text. 


