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Fig. 1. The first part  of the difference diagram of the powder photograph of a-Cu(NHa)gCl 2. The unit  cell is orthorhombic C 
centered with a=7 .78 ,  b=  10.65, c=5.82 /~. Instead of Q we have used directly sin 9" 0. The thick numbered lines below the 
horizontal axis mark the first sin e 0 values measured, and each line above the axis represents a difference between a pair of 
measured sin e 0. The whole number  of the measured lines was 34. 

c en t e r ed  cells, f u r t h e r  va lues  become  forb idden .  F o r  
example  w i th  a B c e n t e r e d  monoc l in ic  cell, for  a g iven 
hk, 1 is e i ther  a lways  even  or odd.  There fo re  the  di f ference 
of t he  squares  is divis ible  b y  four.  

F o r  a t r igona l  u n i t  cell (wi th  hexagona l  indices),  
t he  s i tua t ion  is m o r e  compl i ca t ed .  H e r e  for a g iven  h, k 

l=lo+3n, ( n = 0 ,  +1 ,  + 2  . . . .  ) (1) 

w h e r e  1 0 = - 1 , 0 ,  + 1 ,  d e p e n d i n g  on h a n d  k. So for  
example  

½Na=½(lg-I "2) =(n -n ' ) [3 (n  +n') + 2/0] . (2) 

B o t h  fac tors  on the  r i g h t - h a n d  side h a v e  t h e  same  p a r i t y  
(and  a re  odd  only  w h e n  n is even  a n d  n '  is odd  or con- 
versely) .  Us ing  the  abb rev i a t i ons  

A = n - n ' ;  B=3(n  +n') +21 o , (3) 

½ N  3 = A .  B 

= [(A + B ) / 2  + (A - B ) / 2 ] .  [(A + B ) / 2  - (A - B ) / 2 ] .  (4) 

B u t  A + B  is a lways  even,  the re fo re  ½(A _ B )  is in tegra l ;  
t h a t  is 

½N~ = (m + m ' ) .  (m - m ' )  = m  ~ - m ' L  (5) 

w h e r e  m a n d  m '  are  in tegers .  I t  can be  shown  in a s imilar  
w a y  t h a t  we  can  f ind an  a p p r o p r i a t e  n a n d  n" to  each  
m and m' .  

N o w  if we p r epa re  in t he  usua l  w a y  (see Fig .  1), t he  
d i f ference  d i a g r a m  f rom the  d a t a  m e a s u r e d ,  we f ind 
qu i te  a few m a x i m a .  W e  h a v e  to  g roup  these  in to  two  
sets  ( t e t r agona l  a n d  hexagona l  sys tem)  or th ree  sets 
( o r tho rhombic  sys tem) .  K n o w i n g  the  fo rb idden  va lues  
m e n t i o n e d  above ,  this  process  is cons ide rab ly  fac i l i ta ted .  
Of course  t he re  a re  a lways  some acc iden t a l l y  appea r ing  
fo r tu i tous  m a x i m a ,  a n d  on the  o the r  h a n d ,  i t  can h a p p e n  
t h a t  no m a x i m a  be long  to  some permiss ib le  va lue .  

Our  expe r i ence  shows,  t h a t - - a t  least  in t he  or tho-  
r h o m b i c  a n d  t e t r a g o n a l  s y s t e m s - - t h e  h ighes t  m a x i m a  
be long  usua l ly  to  N (or N1, Ne, N a ) = 4  , 8, 16 . . . .  and  
he re  a re  to be f o u n d  m o s t  of the  di f ferences  for  t he  
s t ronges t  lines. 

T h e  a u t h o r  is i n d e b t e d  to Prof .  D r  E .  N a g y  for  his 
he lpfu l  discussions.  
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T h o u g h  the  gon iomet r i e  d a t a  are  r eco rded  b y  G r o t h  
(Vol. I I ,  1908), t h e  uni t -ce l l  d imens ions  of c o m m o n  
'washing soda', Na2CO a. 10H20 , are not given in any 
of the standard compilations and appear not to have 
been measured. Whilst remedying this omission, we 
were led to a study of the heptahydrate, Na2C03. 7H20 , 
and of the similarly hydrated sulphite, Na2S03.7H20. 

Crystals of all three hydrates can be grown from 
aqueous solution. Na2C0 a . 7 HzO, in contact with aqueous 
solution, is thermodynamically stable only between 
35 and 32 °C; but it was sometimes obtained at lower 
temperatures--presumably an example of the operation 
of 0stwald's law of successive reactions. Suitable frag- 

m e n t s  of Na2SO 8. 7 t i 2 0  could  a l t e r n a t i v e l y  be  cu t  f rom 
the  in te r io r  of t h e  la rge  c rys ta l s  c o m m e r c i a l l y  ava i lab le .  
All  t h r ee  subs t ances  effloresce r a p i d l y  w h e n  exposed  to  
n o r m a l  a t m o s p h e r i c  condi t ions ,  a n d  t h e  smal l  c rys ta l s  
su i tab le  for  X - r a y  s t u d y  h a d  i m m e d i a t e l y  to  be sea led  
in to  th in -wa l l ed  glass tubes .  Copper  Ka-radiation was  
used.  I n t e r n a l  ca l ib ra t ion  was  p r o c u r e d  b y  superpos ing  
on the  s ame  Weissenberg  d i a g r a m  the  p o w d e r  lines f rom 
a f ine coppe r  or  a l u m i n i u m  wire,  for wh ich  a a t  20 ° was  
t a k e n  as 3.6149 a n d  4.04907 A respec t ive ly .  T h e  n e w  
c rys ta l  d a t a  a re  co l lec ted  in Tab le  1. T h e  s t a n d a r d  
dev ia t ions  shown are  based ,  in each  case, on a least-  
squares  t r e a t m e n t  of a b o u t  20 h igh -o rde r  ref lexions 
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T a b l e  1. Crystal data 
(Unit-cell dimensions are expressed in A × 10 -a, with their  
s t andard  deviat ions in parentheses.  Where  given for angles, 
the  s t andard  deviat ions are in minutes .  Z is the  number  of 
formula  uni ts  per  cell; Dx is the  calculated density,  and 

Dm t ha t  observed) 
Space 

Dm Z Dx group 
Na2COs.101:I20 a ----12571(10) 1.45 4 1-454 C2/c 

(286-15) b = 9049(8) 
c ---- 13469(7) 
fl = 121°26'(3) 

Na2CO a.7HeO a =19491(7) 1.51 8 1.559 Pbca 
(232.10) b = 7OO8(3) 

c =14477(4) 

Na2SO 3.7tI~O (i) a = 19899(9) 1-56 8 1.588 B21/a 
(252.15) b = 7260(2) 

c ---- 14635(9) 
fl = 94° 6'(2) 

(ii) a" =12765 4 1.588 P2~/n 
c' = 11922 
Z' = 107 ° 22' 

(iii) a"----11399 2} 1.588 - -  
c" = 8510 
¢ ~ , , = 9 3 o 3 o  , 

Na~SO 4.10H~O a ----11520(3) 1.485 4 1.469 P21]c 
(322.20) b ---- 10344(10) 

c = 12840(3) 
fl ---- 107°48"(1) 

Tab l e  2. Axial ratios 

Groth X-ray  

Nag COs.10H~O 1.4186:1:1.4828, 122020 " 1.3892:1:1.4885 

Na~COa. 7H~O 2-7747:1:2.0832 ~ 2.7813:1:2.0658 
(1 : 0.3604: 0.7508) 

Na2SO a. 7H~O, 1.5728:1:1.1694, 93o36 " 1.5701:1 : 1.1722 
cell (fii) 

Na~SO4.10H20 1.1158:1:1.2380, 107o45 , 1.1137:1:1.2413 

w h i c h  were  c o m p a r e d  w i t h  n e i g h b o u r i n g  l ines of t h e  
s t a n d a r d .  T h e  d e n s i t y  of t h e  s u l p h i t e  was  d e t e r m i n e d  b y  
f l o t a t i o n  in  a c h l o r o f o r m - c a r b o n  t e t r a c h l o r i d e  m i x t u r e ,  
a n d  t h o s e  c i t ed  for  t h e  o t h e r  s u b s t a n c e s  are  t a k e n  f r o m  
Gro th .  

Tab l e  2 shows  t h a t  t h e  ax ia l  r a t ios  i m p l i e d  b y  t h e  
X - r a y  m e a s u r e m e n t s  for  t h e  t w o  c a r b o n a t e s  agree  
sa t i s f ac to r i l y  w i t h  t h o s e  g i v e n  b y  Gro th ,  a f t e r  s o m e  
re -a l loca t ion  of ax ia l  s y m b o l s .  F o r  t h e  s u l p h i t e  t h e  
c o n n e x i o n  was  less obv ious .  Choice  of t h e  d o u b l y -  
p r i m i t i v e  cell (i) r evea l s  a close r e l a t i o n s h i p  w i t h  t h e  
h e p t a h y d r a t e d  c a r b o n a t e .  Th i s  cell has  e q u i v a l e n t  posi-  
t i ons  ( 0 , 0 , 0 ;  ~,O, 1)+_(x,y,z;x, ½-Y, ½+z), and  i ts  
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Fig. 1. Alternat ive uni t  cells for Na2SO S. 7H20 as seen when 
projected along the  b-axis. Cell (i) is indicated by eout inuous  
lines, cell (ii) by broken lines, and the  sub-cell (iii) by 
do t ted  lines. 

o r i e n t a t i o n  w i t h  r e s p e c t  to  t h e  p r i m i t i v e  cell (ii) is 
e x p l a i n e d  b y  F ig .  1. T h e  i n t e n s i t y  d i s t r i b u t i o n  in t h e  hOl 
r ec ip roca l -ne t  for  cell (i) r e s emb le s  t h a t  for  Na2CO 3 . 7 H 2 0 ,  
a n d  t h i s - - t o g e t h e r  w i t h  t h e  s imi la r  cell d i m e n s i o n s - -  
sugges t s  a s t r u c t u r a l  r e s e m b l a n c e ,  t h o u g h  t h e  t w o  
h e p t a h y d r a t e s  be long  to  d i f f e r en t  c rys t a l  s y s t e m s .  
T r a u b e  (1894) f o u n d  t h a t  each  wil l  c rys ta l l ize  w i t h  a 
cons ide rab le  p r o p o r t i o n  of t h e  o t h e r  in  solid so lu t ion .  
H i s  f ind ings  were  q u e s t i o n e d  b y  Foe r s t e r ,  B r o s c h e  & 
N o r b e r g - S c h u l z  (1924), b u t  t h e y  are  in acco rd  w i t h  t h e  
c r y s t a l l o g r a p h i c  r e l a t i o n s h i p  r e v e a l e d  b y  our  X - r a y  
m e a s u r e m e n t s .  

N e i t h e r  cell (i) n o r  cell (ii) agrees  w i t h  t h e  g o n i o m e t r i c  
r a t ios  g i v e n  b y  G r o t h .  C o r r e s p o n d e n c e  can  be a c h i e v e d  
b y  r e l a t i ng  t he se  r a t ios  to  t h e  sub-cel l  (iii) i n d i c a t e d  b y  
d o t t e d  l ines in  F ig .  1. T h e  t r a n s f o r m a t i o n  m a t r i x  
1,0,2/0,1,0/1,0,-1 gives  Miller  ind ices  for  cell (i) in 
t e r m s  of t hose  for  (iii). T h u s  t h e  m o s t  p r o m i n e n t  fo rms ,  
de sc r i bed  b y  G r o t h  as {100}, {001}, a n d  { l l0} ,  w o u l d  
n o w  be  i n d e x e d  as {101}, {201} a n d  {111}. 

F r o m  s o d i u m  s u l p h i t e  so lu t ions  t h a t  h a d  b e e n  e x p o s e d  
to  t h e  air  for  s o m e  t i m e  c rys ta l s  we re  o b t a i n e d  h a v i n g  
t h e  cell d i m e n s i o n s  g i v e n  in t h e  las t  r ow  of Tab l e  1. 
I n  fac t  t h e y  cons i s t  of t h e  s u l p h a t e ,  Na2SO 4. 10H~O, 
as was  c o n f i r m e d  b y  c o m p a r i s o n  w i t h  t h e  axia l  r a t io s  
in Tab l e  2, a n d  in a g r e e m e n t  w i t h  t h e  X - r a y  m e a s u r e -  
m e n t s  of R u b e n ,  T e m p l e t o n ,  R o s e n s t e i n  & Olovsson  
(1961). 
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