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P R E F A C E

- 0 O0 -

The  f o l l o w i n g  w o rk  i s  o r i g i n a l  e x c e p t  i n  s o  f a r  

a s  i s  n o t e d  i n  t h e  t e x t ,  w h e r e  due  r e f e r e n c e  i s  g i v e n  

t o  s o u r c e s  f r o m  w h i c h  i n f o r m a t i o n  h a s  b e e n  o b t a i n e d .  

The  e x p e r i m e n t a l  w o r k  was c a r r i e d  o u t  i n  t h e  C h e m i c a l  

R e s e a r c h  l a b o r a t o r y  o f  t h e  R o y a l  T e c h n i c a l  C o l l e g e ,  

G la s g o w ,  w h i l e  t h e  a u t h o r  was R e s e a r c h  A s s i s t a n t  t o  

t h e  l a t e  P r o f e s s o r  C a v e n .  I t  was t o  P r o f e s s o r  C av en  

t h a t  t h e  w o r k  owed i t s  i n i t i a t i o n ,  a n d  h e  was e v e r  

h e l p f u l  w i t h  c r i t i c i s m s ,  a n d  e n c o u r a g e m e n t ,  w h i l s t  i t  

was  i n  p r o g r e s s .

S e p t . ,  1 9 3 5 ,



i .

I N T R O D U C T I O N

- 0 O0 -

When a  s ' o l u t i o n  w h i c h  c o n t a i n s  two s a l t s  i s  e v a ­

p o r a t e d  o r  c o o l e d ,  t h e  f i r s t  c r y s t a l s  w h i c h  s e p a r a t e  

a r e ,  a s  a  r u l e ,  t h o s e  o f  o n e  s a l t  o n l y .  l a t e r ,  D o th  

t h e  d i s s o l v e d  s u b s t a n c e s  may s e p a r a t e  s i d e  b y  s i d e ,  

g i v i n g  a  h e t e r o g e n e o u s  d e p o s i t  i n  w h i c h  t h e  p r o p o r t i o n s  

o f  t h e  s u b s t a n c e s  v a r y  a c c o r d i n g  t o  t h e  c o n d i t i o n s ,  a n d  

a r e  n o t  i n  a n y  d e f i n i t e  m o l e c u l a r  r a t i o .  I n  c e r t a i n  

c a s e s ,  h o w e v e r , a  s o l u t i o n  o f  two s u b s t a n c e s  y i e l d s  

h o m o g e n eo u s  c r y s t a l s ,  w h i c h  c o n t a i n  d e f i n i t e  a n d  s i m p l e  

m o l e c u l a r  p r o p o r t i o n s  o f  b o t h  s u b s t a n c e s , a n d  p e r h a p s  a  

c e r t a i n  num ber  o f  m o l e c u l e s  o f  s o l v e n t .  When t h i s  

o c c u r s  t h e  p r o p o r t i o n s  o f  t h e  two s u b s t a n c e s  i n  t h e  

s o l u t i o n  may o f t e n  b e  v a r i e d  v e r y  c o n s i d e r a b l y ,  w i t h o u t  

c h a n g i n g  t h e  c o m p o s i t i o n  o f  t h e  c r y s t a l s  w h i c h  s e p a r a t e .  

To t a k e  t h e  o l d e s t ,  a n d  p r o b a b l y  b e s t  known e x a m p l e ,  

c r y s t a l s  o f  p o t a s h  a l u m  K g S O ^ .A lg C S O ^ Jg .S ^ g O  a r e  d e p o s ­

i t e d  f r o m  a  s a t u r a t e d  s o l u t i o n  c o n t a i n i n g  p o t a s s i u m  

s u l p h a t e  a n d  a l u m i n i u m  s u l p h a t e ,  a n d ,  w i t h i n  c e r t a i n  

l i m i t s ,  t h e  p r o p o r t i o n  i n  w h i c h  t h e  s a l t s  a r e  p r e s e n t  

i n  t h e  s o l u t i o n  makes no d i f f e r e n c e  t o  t h e  c o m p o s i t i o n  

o f  t h e  s o l i d  p h a s e .  C r y s t a l l i n e  s u b s t a n c e s  o f  t h i s



k i n d  a r p  t e r m e d  d o u b l e  s a l t s . .  An a q u e o u s  s o l u t i o n  

o f  a  d o u b l e  s a l t  shows  a l l  t h e  r e a c t i o n s  o f  b o t h  com­

p o n e n t  s a l t s ,  a n d  t h e  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  

a r e  u s u a l l y ,  q u a l i t a t i v e l y  a t  l e a s t ,  t h o s e  t o  b e  e x p e c t e d  

f r o m  t h e  p r o p e r t i e s  o f  s o l u t i o n s  o f  t h e  c o m p o n e n t s .  On 

t h e  o t h e r  h a n d  t h e  s o l u t i o n  may d e p o s i t  p h y s i c a l l y  homo­

g e n e o u s  c r y s t a l s ,  t h e  c h e m i c a l  c o m p o s i t i o n  o f  w h i c h  v a r i e s  

t o  a  g r e a t e r  o r  l e s s  e x t e n t .  When, f o r  e x a m p l e ,  a  

m ix e d  s o l u t i o n  o f  c u p r i c  a n d  f e r r o u s  s u l p h a t e s  i s  a l l o w e d  

t o  e v a p o r a t e  s l o w l y ,  a n d  t h e  c r y s t a l s  w h i c h  f o r m  a r e  

p i c k e d  o u t  f r o m  t i m e  t o  t i m e  a n d  a n a l y s e d ,  i t  i s  f o u n d  

t h a t  b o t h  s u l p h a t e s  may b e  p r e s e n t  i n  e a c h  c r y s t a l : .  , b u t  

t h e  p r o p o r t i o n  n e e d  n o t  b e  c o n s t a n t .  M i x t u r e s  l i k e  

t h i s  a r e  c a l l e d  s o l i d  s o l u t i o n s ,  p r e s u m a b l y  b e c a u s e  t h e y  

r e s e m b l e  o r d i n a r y  s o l u t i o n s  i n  b e i n g  h o m o g e n e o u s ,  an d  

b e i n g  o f  a  c o m p o s i t i o n  v a r i a b l e  w i t h i n  l i m i t s ,  w h i c h  a r e  

s o m e t i m e s  f i x e d ,  s o m e t im e s  i n d e f i n i t e .  The b e h a v i o u r  

o f  a  l i q u i d  m i x t u r e  w h i c h  may d e p o s i t  a  s o l i d  s o l u t i o n  

d i f f e r s  m a r k e d l y  f r o m  t h a t  o f  o n e  w h i c h  d e p o s i t s  o n l y  

p u r e  c r y s t a l s  o f  one  o r  more  k i n d s • The f o r m a t i o n  o f  

s o l i d  s o l u t i o n s  i s  o f  s p e c i a l  i n t e r e s t  i n  t h e  s t u d y  o f  

a l l o y s .  H e r e  we a r e  more  p a r t i c u l a r l y  t o  d e a l  w i t h  

t h e  f o r m a t i o n  o f  d o u b l e  s a l t s ,  a n d  h e n c e  s h a l l  h a v e  t o  

c o n s i d e r  t e r n a r y  s y s t e m s  c o n t a i n i n g  two i n o r g a n i c  s a l t s



h a v i n g  a  common a n i o n  i n  a q u e o u s  s o l u t i o n .

D o u b le  s a l t s  h a v e  a l w a y s  b e e n  o f  c o n s i d e r a b l e  t h e o ­

r e t i c a l  i n t e r e s t ,  a n d  f o r m u l a t o r s  o f  t h e o r i e s  o f  v a l e n c y  

h a v e  t r i e d  t o  a n s w e r  t h e  q u e s t i o n  o f  how t h e  s i n g l e  s a l t s  

a r e  u n i t e d  t o  f o r m  d o u b l e  s a l t .  A d i s t i n c t i o n  was 

f o r m e r l y  d ra w n  b e t w e e n  " a t o m i c  c o m p o u n d s"  w h i c h  w e re  

f o r m e d  b y  t h e  n o r m a l  e x e r c i s e  o f  v a l e n c y ,  a n d  " m o l e c u l a r  

c o m p o u n d s"  i n  w h i c h  " r e s i d u a l  a f f i n i t y "  a c c o u n t e d  f o r  

t h e  u n i o n  b e t w e e n  m o l e c u l e s .  As t h e  o u tc o m e  o f  h i s  

s t u d i e s  o f  t h e  ammines  W ern e r  d e v e l o p e d  a  much more  

s a t i s f y i n g  t h e o r y  o f  v a l e n c y ,  w h i c h  was e s s e n t i a l l y  

g e o m e t r i c a l .  W e r n e r Ts t h e o r y  m et  w i t h  c o n s i d e r a b l e  

s u c c e s s  n o t  o n l y  w hen  a p p l i e d  t o  am m ines ,  b u t  a l s o  w i t h  

s a l t  h y d r a t e s , a n d  d o u b l e  s a l t s .  A l t h o u g h  W e r n e r Ts 

t h e o r i e s  h a v e  b e e n  l a r g e l y  s u p e r s e d e d  y e t  r e s u l t s  i n  

q u a l i t a t i v e  a g r e e m e n t  w i t h  t h e  n e w e r  t h e o r i e s  w e r e  o f t e n  

o b t a i n e d .  A c c o r d i n g  t o  W e r n e r  o r d i n a r y  a lu m  i s  

A K H ^O g )^  . ( S O ^ ) g , K ,  t h e  w a t e r  h a v i n g  t o  b e  s u p p o s e d  

c o o r d i n a t e d  i n  d o u b l e  m o l e c u l e s  i n  o r d e r  t o  g i v e  t h e  

c o o r d i n a t i o n  num ber  s i x ,  On t h e  c o n t r a r y  l e t  u s  q u o t e  

S i d g w i c k  (The  E l e c t r o n i c  T h e o r y  o f  V a l e n c y ) :  " I t  c a n n o t

a l w a y s  b e  a s s u m e d  t h a t  a  Td o u b l e  s a l t T -  a  s o l i d  p h a s e  

w h o se  c o m p o s i t i o n  c a n  b e  e x p r e s s e d  a s  t h e  sum o f  a n  

i n t e g r a l  num ber  o f  s i n g l e  s a l t  m o l e c u l e s  o f  more  t h a n



o n e  k i n d  ( w i t h  o r  w i t h o u t  - s o l v e n t  m o l e c u l e s )  -  r e a l l y  

c o n t a i n s  a  c o m p l e x  m o l e c u l e ;  t h e r e  i s  a l w a y s  a  p o s s i ­

b i l i t y  t h a t  i t  i s  o n l y  a  c r y s t a l l i n e  a g g r e g a t e  o f  s i m p l e  

s a l t  m o l e c u l e s .  I t  i s  a n  e x p e r i m e n t a l  q u e s t i o n ,  w h i c h  

i n  g e n e r a l  c a n  o n l y  b e  d e c i d e d  b y  d e t e r m i n i n g  w h e t h e r  

t h e  c o m p l e x  e x i s t s  i n  s o l u t i o n ,  a l t h o u g h  i n  some c a s e s  

t h e  X - r a y  e v i d e n c e  o f  c r y s t a l  s t r u c t u r e  may b e  s u f f i c i e n t .  

P r o o f  t h a t  d i s s o c i a t i o n  i n t o  t h e  c o m p o n e n t s  o c c u r s  i n  

s o l u t i o n  i s  n o t  d e c i s i v e  a g a i n s t  t h e  e x i s t e n c e  o f  t h e  

c o m p l e x ,  u n l e s s  t h e  d i s s o c i a t i o n  c a n  b e  shown t o  b e  

c o m p l e t e :  many t r u e  c o m p le x  s a l t s ,  l i k e  t h e  f l u o s i l i c a t e S ,

a r e  c o n s i d e r a b l y  d i s s o c i a t e d  i n  t h i s  w a y . "

C a v e n  a n d  h i s  c o - w o r k e r s  o b t a i n e d  much e v i d e n c e  i n  

s u p p o r t  o f  h i s  i d e a  t h a t  c o m p le x  i o n s  a r e  o f t e n  f o r m e d  

i n  s o l u t i o n  p r e v i o u s  t o  c r y s t a l l i s a t i o n  o f  d o u b l e  s a l t .

H i s  v i e w s  may b e  s u m m a r i s e d  som ew hat  a s  f o l l o w s ,  ( C a v e n ,  

J o u r n . R o y . T e c h . C o l l , , 1 ,  1 8 ,  1 9 2 4 ) ,  A d o u b l e  o r  com­

p l e x  s a l t  i s  f o r m e d  i n  s o l u t i o n  f r o m  two s a l t s  w i t h  a  

common i o n  when  t h e r e  i s  s u f f i c i e n t  d i f f e r e n c e  i n  b a s i -  

g e n i c  c h a r a c t e r  b e t w e e n  t h e  two m e t a l s  f o r m i n g  t h e  

c a t i o n s  t o  y i e l d Ts i m u l t a n e o u s l y ; s u f f i c i e n t  c o n c e n t r a t i o n s  

o f  t h e  common i o n ,  a n d  t h e  u n d i s s o c i a t e d  s a l t  o f  t h e  

w e a k e r  c a t i o n  t o  c a u s e  t h e i r  u n i o n .  I n  t h i s  t h e o r y  i t  

i s  s u p p o s e d  t h a t  c o m p le x  i o n s  a r e  f o r m e d  i n  s o l u t i o n



p r e v i o u s  t o  c r y s t a l l i s a t i o n - o f  a  d o u b l e  s a l t ,  a n d  t h a t  

t h e r e  i s  no  r i g i d  d i s t i n c t i o n  b e t w e e n  a  d o u b l e  a n d  a  

c o m p l e x  s a l t ;  a n d  f u r t h e r ,  t h a t  d o u b l e  s a l t  f o r m a t i o n  

d e p e n d s  t o  some e x t e n t  o n  a  c e r t a i n  d i f f e r e n c e  o f  p o s ­

i t i o n  i n  t h e  e l e c t r o p o t e n t i a l  s e r i e s  b e t w e e n  t h e  two 

m e t a l s  c o n c e r n e d .

D o u b le  s a l t s  h a v e  b e e n  s t u d i e d  i n  many d i f f e r e n t  

w a y s .  Many i n v e s t i g a t o r s  w e r e  c o n t e n t  s i m p l y  t o  m ix  

s t r o n g  s o l u t i o n s  o f  t h e  s i n g l e  s a l t s ,  a n d  c a l l  t h e  s o l i d  

p h a s e  a  d o u b l e  s a l t  i f  i t s  a n a l y s i s  a t  a l l  c o r r e s p o n d e d  

w i t h  a  s i m p l e  s t o c h i o m e t r i c  r a t i o  o f  t h e  s i n g l e  s a l t s .

Once  t h e  v a l u e  o f  G i b b Ts p h a s e  R u l e  h a d  come t o  b e  a p p r e ­

c i a t e d  a  g r e a t  d e a l  o f  w o rk  o f  a  much m ore  f u n d a m e n t a l  

n a t u r e  was c a r r i e d  o u t .  I n  1887 Roozeboom made f a i r l y  

w i d e l y  known t h e  g e n e r a l i s a t i o n ,  w h i c h  h a d  b e e n  d i s c o v e r e d  

a b o u t  t e n  y e a r s  p r e v i o u s l y  b y  W i l l a r d  G i b b s .  G i b b s T 

w o rk  was r a t h e r  m a t h e m a t i c a l ,  a n d  h a d  l a i n  p r a c t i c a l l y  

unknown f o r  t h a t  t i m e .  Once  t h i s  p o w e r f u l  t o o l  h a d  

come t o  b e  u s e d ,  r a p i d  a d v a n c e s  w e r e  made i n  t h e  s t u d y ,  

a n d  c l a s s i f i c a t i o n  o f  c h e m i c a l  e q u i l i b r i a .  A f e w  y e a r s  

e a r l i e r  V a n Tt  H o f f  h a d  p r o p o u n d e d  h i s  " l a w  o f  t h e  i n c o m ­

p a t i b i l i t y  o f  c o n d e n s e d  s y s t e m s " , w h i c h  i s  i n  some r e s p e c t s  

s i m i l a r  t o  t h e  p h a s e  r u l e ,  b u t  i s  n o t  so w i d e l y  a p p l i c a b l e .  

The  s t u d y  o f  e q u i l i b r i a  was  r a p i d l y  a d v a n c e d  b y  a  b i g



a rm y  o f  w o r k e r s  among whom may h e  n o t e d ,  V a n f t  H o f f ,  

S c h r e i n e m a k e r s , a n d  R oozeboom .  As f a r  a s  w o r k  c o n c e r n ­

i n g  d o u b l e  s a l t s  i s  c o n c e r n e d  p a r t i c u l a r  n o t e  may b e  

t a k e n  o f  t h a t  d o n e  i n  V a n Tt  H o f f Ts  l a b o r a t o r y .  D u r i n g  

t h e  l a s t  t e n  y e a r s  o f  h i s  l i f e  h e  s p e n t  much t i m e  s t u d y ­

i n g  t h e  S t a s s f u r t  s a l t  d e p o s i t s .  I n  c o n n e c t i o n  w i t h  

t h i s  w ork  many s y s t e m s  o f  s a l t s  i n  a q u e o u s  s o l u t i o n  w e r e  

e x a m i n e d ,  a n d  i n c i d e n t a l l y  t h e  e x i s t e n c e  a n d  p r o p e r t i e s  

o f  many d o u b l e  s a l t s  d i s c o v e r e d .  A c c o u n t s  o f  much cf 

t h i s  w o r k  a r e  g iv e n  in  V a n Tt  H o f f Ts b o o k s ,  " V o r l e s u n g e n  

f tb e r  B i l d u n g  u n d  S p a l t u n g  v o n  D o p p e l s a l z e n "  a n d  " E t u d e s  

d e  D ynamique  C h i m i q u e " . T h i s  w o rk  was m o s t l y  v e r y  t h o r ­

o u g h  a n d  s e t  a n  e x c e l l e n t  e x a m p l e  t o  l a t e r  i n v e s t i g a t o r s .  

V a n 11 I-Ioff p l o t t e d  t h e  i s o t h e r m s  o f  many t e r n a r y ,  a n d  more  

c o m p l i c a t e d  s y s t e m s ,  a n d  d e v e l o p e d  v e r y  s e n s i t i v e  m e th o d s  

f o r  f i n d i n g  t h e  t r a n s i t i o n  t e m p e r a t u r e s  o f  s a l t  h y d r a t e s ,  

a n d  o f  d o u b l e  s a l t s •

The  m e th o d s  o f  X - r a y  c r y s t a l  a n a l y s i s  h a v e  b e e n  

a p p l i e d  t o  t h e  s t u d y  o f  d o u b l e  s a l t s  w i t h  many v a l u a b l e  

r e s u l t s .  S o m et im es  t h i s  w o rk  a l o n e  e l u c i d a t e s  t h e  

m e th o d  o f  b i n d i n g ,  a n d  t e l l s  w h a t  r e a r r a n g e m e n t s  h a v e  

t o  t a k e  p l a c e  i n  o r d e r  t h a t  t h e  s i m p l e  s a l t s  may u n i t e  

t o  f o r m  d o u b l e  s a l t .  P o t a s s i u m  a lu m  was n a t u r a l l y  one  

o f  t h e  f i r s t  d o u b l e  s a l t s - t o  b e  s t u d i e d  b y  t h e  B r a g g



m e t h o d .  T he  c r y s t a l  s y s t e m  i s  c u b i c ,  a n d  h e n c e  f a i r l y  

s i m p l e  t o  e x a m i n e .  T he  m a i n  i n t e r e s t  o f  t h e  w o r k  l a y  

i n  t h e  c o m p l i c a t i o n  i n t r o d u c e d  b y  t h e  p r e s e n c e  o f  s o  

much w a t e r  o f  c r y s t a l l i s a t i o n .  As t h e  r e s u l t  t h e  a r r a n g e  

m en t  o f  t h e  m e t a l l i c ,  s u l p h u r ,  a n d  o x y g e n  a to m s  i n  t h e  

s t r u c t u r e  h a v e  b e e n  a r r i v e d  a t  b y  V e g a r d  a n d  S c h j e l d e r u p ,  

n o t  d i r e c t l y ,  b u t  b y  a  p r o c e s s  o f  e l i m i n a t i o n  o f  a l l  t h e  

i m p o s s i b l e  a r r a n g e m e n t s  h a v i n g  r e g a r d  t o  t h e  a n g l e s  a n d  

i n t e n s i t i e s  o b s e r v e d .  The n e t  r e s u l t  i s  t h a t  t h e  

t w e n t y - f o u r  m o l e c u l e s  o f  w a t e r  o f  c r y s t a l l i s a t i o n  i n  t h e  

m o l e c u l e  KgAlgCSO^J^.EAHgO ( w h i c h  a p p e a r s  t o  b e  t h e  c o r ­

r e c t  c o n s t i t u t i o n a l  f o r m u l a )  a r e  d i v i d e d  i n t o  s i x  g r o u p s  

o f  (H g O )^ ,  w h i c h  a r e  c u b i e a l l y  d i s p o s e d  w i t h  r e f e r e n c e  

t o  t h e  f o u r  t e t r a h e d r a l l y  a r r a n g e d  s u l p h u r  a t o m s .

D o u b le  s a l t s  a r e  a l s o  o f  i n t e r e s t  t o  t h e o r i s t s  

i n t e r e s t e d  i n  t h e  t h e o r y  o f  s t r o n g  e l e c t r o l y t e s .  The  

t h e o r i e s  o f  Debye a n d  E u c k e l ,  a n d  t h e i r  l a t e r  i n o d i f i -  

c a t i o n s , h a v e  b e e n  a p p l i e d  w i t h  v a r y i n g  s u c c e s s  t o  s e v e r a l  

t e r n a r y  s y s t e m s .

I n  t h i s  l a b  o r a t o r y  much t i m e  h a s  b e e n  s p e n t  b y  

P r o f e s s o r  C av e n  a n d  h i s  c o - w o r k e r s  i n  d e t e r m i n i n g  t h e  

i s o t h e r m s  o f  t e r n a r y  s y s t e m s  o f  m e t a l l i c  s u l p h a t e s  i n  

a q u e o u s  s o l u t i o n  a t  t e m p e r a t u r e s  f r o m  0 °C t o  3 0 ° C , b u t  

m o s t l y  a t  25°C o r  3 0 ° C .  The  p r e s e n t  w o rk  e x t e n d s  t h e



v i i i .

s c o p e  t o  i s o t h e r m s  o f  s y s t e m s  c o n t a i n i n g  o t h e r  a n i o n s , 

a n d  a t  t h e  sam e  t i m e  i n c l u d e s  tw o  e x t r a  s e r i e s  o f  s u l ­

p h a t e s .  An a c c o u n t  w i l l  now h e  g i v e n  o f  s e v e r a l  m a t t e r s  

r e l a t i n g  more  c l o s e l y  t o  t h e  p r e s e n t  i n v e s t i g a t i o n .

The s y s t e m s  e x a m i n e d  a r e  t e r n a r y  o n e s  c o n s i s t i n g  

o f  two i n o r g a n i c  s a l t s  w i t h  a  common a n i o n  i n  a q u e o u s  

s o l u t i o n .  The f i r s t  c o n s i d e r a t i o n  i s  t o  f i n d  g r a p h i c  

m e th o d s  o f  r e p r e s e n t i n g  t h e  i s o t h e r m s .  The s i m p l e s t  

m e th o d  i s ,  p e r h a p s ,  t o  e x p r e s s  t h e  c o n c e n t r a t i o n  o f  e a c h  

s a l t  a s  g ra m s  o f  a n h y d r o u s  s a l t  p e r  1 0 0  gm. o f  w a t e r ,  

a n d  t o  p l o t  o n  r e c t a n g u l a r  c o o r d i n a t e s .  I f  no d o u b l e  

s a l t s  o r  s o l i d  s o l u t i o n s  a r e  f o r m e d  i n  t h e  s y s t e m  t h e  

i s o t h e r m a l  c u r v e  c o n s i s t s  o f  two s i m p l e  s o l u b i l i t y  c u r v e s  

( o n e  f o r  e a c h  s i n g l e  s a l t ,  w h i c h  i t  i s  h e r e  a s s u m e d  

c r y s t a l l i s e s  a s  o n l y  o n e  h y d r a t e )  m e e t i n g  a t  t h e  t r i p l e  

p o i n t ,  w h e r e  t h e  l i q u i d  p h a s e  i s  i n  e q u i l i b r i u m  w i t h  

b o t h  s o l i d  p h a s e s  ( F i g u r e  4 ) .  I f  t h e  m o i s t  s o l i d  p h a s e s  

a r e  a n a l y s e d  t h e  r e s u l t s  a r e  a g a i n  e x p r e a s e d  a s  g r a m s . o f  

e a c h  a n h y d r o u s  s a l t  p e r  100 gm. o f  w a t e r .  I f  d o u b l e  

s a l t s  a r e  f o r m e d  t h e  c o m p o s i t i o n s  o f  t h e s e  c a n  b e  f o u n d  

i n d i r e c t l y  f r o m  t h e  a n a l y s e s  o f  l i q u i d  p h a s e s ,  a n d  m o i s t  

s o l i d  p h a s e s  w i t h  w h i c h  t h e y  a r e  i n  e q u i l i b r i u m  ( S c h r e i n e -  

m a k e r s ,  Z . p h y s i k a l . G h e m . , 1 8 9 3 ,  1 1 ,  7 6 ;  B a n c r o f t ,  J .  

P h y s i c a l  C h e m . , 1 9 0 2 ,  6 , 1 7 9 ) ,

The  p o i n t s  r e p r e s e n t i n g  c o r r e s p o n d i n g  l i q i u i d  p h a s e s



a n d  m o i s t  s o l i d  p h a s e s  a r e  jo in ed , b y  l i n e s  c a l l e d  " t i e  

l i n e s " , a n d  t h e s e  m e e t  ( a s  w i l l  b e  s h o w n  l a t e r )  i n  a  

p o i n t  w h o se  c o o r d i n a t e s  g i v e  t h e  c o m p o s i t i o n  o f  t h e  

s o l i d  p h a s e  ( F i g u r e  9 ) .  I n  t h e  c a s e  o f  t h e  r e c t a n g u l a r  

d i a g r a m  t h e  c o m p o s i t i o n  o f  t h e  s o l i d  p h a s e  i s  g i v e n  i n  

gm. o f  e a c h  a n h y d r o u s  s a l t  p e r  100 gm, o f  w a t e r .  W h i l s t  

t h i s  m e th o d  o f  r e p r e s e n t a t i o n  i s  v e r y  e f f e c t i v e  f o r  

s h o w i n g  t h e  r e l a t i o n s  e x i s t i n g  i n  t h e  l i q u i d  p h a s e  i t  

b eco m es  r a t h e r  c l u m s y  when  t h e  t i e  l i n e s ,  i n d i c a t i v e  o f  

t h e  c o m p o s i t i o n  o f  t h e  s o l i d  p h a s e ,  h a v e  t o  b e  p r o d u c e d  

g r e a t  d i s t a n c e s  b e f o r e  t h e y  i n t e r s e c t .  The e x i s t e n c e  o f  

a n h y d r o u s  d o u b l e  s a l t  i s ,  o f  c o u r s e ,  shown b y  a  s e t  o f  

p a r a l l e l  t i e  l i n e s  ( F i g u r e  1 3 ) .  When t h e  two c o m p o n en t s  

c a n  f o r m  a  compound, t h e  i s o t h e r m a l  d i a g r a m  e x h i b i t s  

t h r e e  c u r v e s .  As b e f o r e ,  tw o  c u r v e s  r e p r e s e n t i n g  t e r n a r y  

s o l u t i o n s  i n  e q u i l i b r i u m  w i t h  e a c h  s i n g l e  s a l t ,  a n d  a n  

a d d i t i o n a l  o n e  t o  r e p r e s e n t  t e r n a r y  s o l u t i o n s  i n  e q u i ­

l i b r i u m  w i t h  d o u b l e  s a l t .  A n o t h e r  m e th o d  o f  r e p r e s e n t ­

i n g  t h e  i s o t h e r m a l  r e l a t i o n s  i n  a  t e r n a r y  s y s t e m  was 

s u g g e s t e d  b y  J a n e e k e  ( Z . a n o r g a n . C h e m . , 1 9 0 6 ,  5 1 ,  1 3 2 ) ,  

b u t  h a s  n o t  b e e n  u s e d  h e r e i n .

I n  t h o s e  c a s e s ,  h o w e v e r ,  where-  t h e  t h r e e  c o m p o n e n t s  

b e h a v e  i n  much t h e  same m an n er  t o w a r d s  on e  a n o t h e r ,  r e c ­

t a n g u l a r  c o o r d i n a t e s  a r e  no t .  v e r y  s u i t a b l e ,  a n d  some



f o r m  o f  t r i a n g u l a r  d i a g r a m  i s  u s u a l l y  e m p l o y e d .  S e v e r a l  

m e th o d s  o f  r e p r e s e n t i n g  s y s t e m s  o f  t h r e e  c o m p o n e n t s  b y  

means o f  a  t r i a n g l e  h a v e  b e e n  p u t  f o r w a r d .  Of t h e s e ,  

o n l y  two h a v e  b e e n  much u s e d ,  G ib b s  p r o p o s e d  u s i n g  a n  

e q u i l a t e r a l  t r i a n g l e  o f  u n i t  h e i g h t .  The  m e th o d  u s e d  

h e r e  i s  t h a t  due  t o  R o ozeboom ,  a n d  c o n s i s t s  i n  e m p l o y i n g  

a n  e q u i l a t e r a l  t r i a n g l e  t h e  l e n g t h  o f  w h o se  s i d e  i s  

made u n i t y .  The  sum o f  t h e  f r a c t i o n a l  a m o u n t s  o f  t h e  

t h r e e  c o m p o n e n t s  i s  t h e r e f o r e  r e p r e s e n t e d  b y  a  s i d e  o f  

t h e  t r i a n g l e .  The  c o m p o s i t i o n  o f  a  t e r n a r y  m i x t u r e  i s  

d e t e r m i n e d  b y  t h e  d i s t a n c e s , i n  a  d i r e c t i o n  p a r a l l e l  t o  

t h e  s i d e s  o f  t h e  t r i a n g l e ,  o f  t h e  p o i n t  r e p r e s e n t i n g  i t ,  

f r o m  t h e  s i d e s  o f  t h e  t r i a n g l e .  The a p i c e s  o f  t h e  

t r i a n g l e  r e p r e s e n t  t h e  c o m p o n e n t s .  I n  t h e  s i m p l e  c a s e  

w h e r e  no  compound f o r m a t i o n  t a k e s  p l a c e  two c u r v e s  m e e t ­

i n g  a t  t h e  t r i p l e  p o i n t  a r e  a g a i n  o b t a i n e d .  Where 

d o u b l e  s a l t s  a r e  f o r m e d  a n  a d d i t i o n a l  c u r v e  i s  i n t r o d u c e d  

f o r  e a c h ,  r e p r e s e n t i n g  t e r n a r y  s o l u t i o n s  i n  e q u i l i b r i u m  

w i t h  i t .  I t  m u s t ,  o f  c o u r s e ,  b e  u n d e r s t o o d  t h a t  t h e  

t e m p e r a t u r e  i s  o n  t h a t  s i d e  o f  t h e  t r a n s i t i o n  p o i n t  on  

w h i c h  t h e  d o u b l e  s a l t  i s  s t a b l e .  F o r  t h e  i n d i r e c t  

d e t e r m i n a t i o n  o f  t h e  c o m p o s i t i o n  of t h e  s o l i d  p h a s e  t h e  

sam e d a t a  v i z .  c o m p o s i t i o n  o f  l i q u i d  p h a s e ,  a n d  o f  m o i s t  

s o l i d  p h a s e  i n  e q u i l i b r i u m  w i t h  i t ,  a r e  r e q u i r e d .  T h i s



t i m e  t h e  r e s u l t s  a r e  e x p r e s s e d  a s  f r a c t i o n a l  a m o u n t s  o f  

e a c h  c o m p o n e n t ,  a n d  p l o t t e d  i n  t h e  t r i a n g l e  e x a c t l y  a s  

f o r  t h e  l i q u i d  p h a s e .  The m o s t  s o l i d  p h a s e  c o n s i s t s ,  

on  t h e  d o u b l e  s a l t  p a r t  o f  t h e  c u r v e ,  o f  d o u b l e  s a l t ,  

t o g e t h e r  w i t h  a d h e r i n g  m o t h e r  l i q u o r .  A l l  p o s s i b l e  

c o m p o s i t i o n s  o f  t h e  m o i s t  s o l i d  p h a s e  m u s t  h e n c e  l i e  

b e t w e e n  t h a t  o f  t h e  e q u i l i b r i u m  s o l u t i o n  a n d  t h a t  o f  t h e  

d o u b l e  s a l t ,  a n d  t h e r e f o r e  f a l l  som ew here  o n  t h e  l i n e  

j o i n i n g  t h e  p o i n t s  r e p r e s e n t i n g  t h e  c o m p o s i t i o n s  o f  

t h e s e  two m e d i a .  T h u s ,  o n e  t i e  l i n e  i s  f i x e d ,  a n d  t h e  

c o m p o s i t i o n  o f  t h e  s o l i d  p h a s e  i s  show n  b y  t h e  p o i n t ,  

w h e r e  t w o ,  o r  m o re ,  t i e  l i n e s  i n t e r s e c t .  On t h e  R o o z e ­

boom t r i a n g u l a r  d i a g r a m  t h e  c o m p o s i t i o n  o f  a  h y d r a t e d  

d o u b l e  s a l t  i s  show n  b y  t h e  t i e  l i n e s  i n t e r s e c t i n g  w i t h i n  

t h e  t r i a n g l e ,  v / h i l s t ,  i f  t h e r e  i s  m ore  t h a n  o n e  d o u b l e  

s a l t  t h e r e  i s  more  t h a n  on e  s e t  o f  i n t e r s e c t i n g  t i e  l i n e s  

( F i g u r e  1 0 ) .  On t h e  o t h e r  h a n d  ( F i g u r e  1 4 ) ,  w hen  t h e  

d o u b l e  s a l t  i s  a n h y d r o u s ,  t h e  t i e  l i n e s  i n t e r s e c t  o n  t h e  

s i d e  o f  t h e  t r i a n g l e ,  a n d  show t h e  c o m p o s i t i o n  o f  t h e  

d o u b l e  s a l t  i n  f r a c t i o n a l  a m o u n t s  o f  t h e  two a n h y d r o u s  

s i n g l e  s a l t s .
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S i n c e  much  o f  t h e  w o rk  t o  b e  d e s c r i b e d  c o n s i s t e d  

i n  d e t e r m i n i n g  t h e  i s o t h e r m s  o f  m i x t u r e s  o f  two i n o r g a n i c  

s a l t s ,  c o n t a i n i n g  a  common a n i o n ,  i n  a q u e o u s  s o l u t i o n  

i t  s e e m e d  w e l l  t o  g i v e  t h e  g e n e r a l  e x p e r i m e n t a l  p r o c e d u r e  

h e r e ,  a n d  t o  t r e a t  t h e  d e t a i l s  u n d e r  e a c h  s y s t e m  a s  i t  

was c o n s i d e r e d  l a t e r .  I n  g e n e r a l  a s a t u r a t e d  s o l u t i o n  

o f  one  o f  t h e  s a l t s  a t  t h e  r e q u i s i t e  t e m p e r a t u r e  was 

p r e p a r e d  by  a g i t a t i n g  t h e  s a l t  w i t h  w a t e r  a t  t h a t  t e m p e r ­

a t u r e ,  u n t i l  e q u i l i b r i u m  was a t t a i n e d .  The e q u i l i b r i u m  

s o l i d  an d  l i q u i d  p h a s e s  w e r e  t h e n  s e p a r a t e d ,  b y  some 

m e th o d  w h i c h  d i d  n o t  i n v o l v e  c h a n g i n g  t h e i r  c o m p o s i t i o n ,  

an d  a n a l y s e d .  D u p l i c a t e  a n a l y s e s  w e re  p e r f o r m e d  on 

e a c h  s a m p l e .  To e n s u r e  t h a t  i t  was t h e  t r u e  e q u i l i b r i u m  

s o l u t i o n ,  w h i c h  was b e i n g  a n a l y s e d ,  t h e  s o l u t i o n  was 

a g a i n  a g i t a t e d  f o r  a t  l e a s t  a  d a y ,  an d  t h e  p r o c e s s e s  o f  

s a m p l i n g  a n d  a n a l y s i n g  r e p e a t e d .  I n  g e n e r a l  e q u i l i b r i u m  

was a t t a i n e d  a f t e r  two d a y s ,  b u t  i n  some c a s e s  ( f o r  

e x a m p l e  t h e  t r i p l e  p o i n t s  f o r  t h e  s y s t e m s  o f  c e r o u s  

s u l p h a t e  a n d  a l k a l i  s u l p h a t e s )  p e r i o d s  o f  o v e r  a  week  

w e r e  n e c e s s a r y .  The c o m p o s i t i o n  o f  s o l i d  a n d  l i q u i d  

p h a s e  was l i k e w i s e  d e t e r m i n e d  f o r  a  w h o l e  s e r i e s  o f



p o i n t s  a f t e r  a d d i n g  c e r t a i n  q u a n t i t i e s  o f  t h e  s e c o n d  

s a l t , u n t i l  f i n a l l y  t h e  a q u e o u s  s o l u b i l i t y  o f  t h e  s e c o n d  

s i n g l e  s a l t  was  d e t e r m i n e d .  At t h e  t r i p l e  p o i n t s  t h e  

c o m p o s i t e  n a t u r e  o f  t h e  s o l i d  p h a s e  c o u l d  o f t e n  b e  

r e a d i l y  d e m o n s t r a t e d  b y  m i c r o s c o p i c  o b s e r v a t i o n .  Thus 

i t  r e m a i n s  t o  d e s c r i b e  i n  t h i s  s e c t i o n s -

1 .  T h e r m o s t a t i c  a n d  s t i r r i n g  a r r a n g e m e n t s .
2 .  M eth o d  o f  s e p a r a t i n g  a n d  s a m p l i n g  l i q u i d  

p h a s e •
3 .  M e th o d  o f  s e p a r a t i n g  a n d  s a m p l i n g  s o l i d  

p h a s e .

1 .  T h e r m o s t a t i c  a n d  S t i r r i n g  A r r a n g e m e n t s .

At f i r s t  t h e  a p p a r a t u s  w h i c h  had  b e e n  u s e d  b y  p r e ­

v i o u s  w o r k e r s  i n  t h i s  l a b o r a t o r y  was  e m p l o y e d .  A b i g  

g a l v a n i s e d  i r o n  t h e r m o s t a t  b a t h  was k e p t  a t  t h e  p r e ­

d e t e r m i n e d  t e m p e r a t u r e  b y  a  g a s  f l a m e  p l a c e d  u n d e r n e a t h ,  

a n d  c o n t r o l l e d  b y  a  m e r c u r y  r e g u l a t o r  a s  d e s c r i b e d  i n  

F i n d l a y ’ s  ’’P r a c t i c a l  P h y s i c a l  C h e m i s t r y " .  A f l a t -  

b o t t o m e d  g l a s s  b o t t l e  c o n t a i n i n g  t h e  m a t e r i a l s  w a s  s e t  

on a t r a y  i n  t h e  t h e r m o s t a t ,  a n d  k e p t  u p  t o  t h e  n e c k  

i n  t h e  b a t h  w a t e r  by  a h e a v y  l e a d  c o l l a r .  S t i r r i n g  

was e f f e c t e d  by a g l a s s  r o d ,  w h i c h  w a s  b e n t  a t  t h e  en d  

t o  c a u s e  s u i t a b l e  a g i t a t i o n  o f  t h e  c r y s t a l s  i n  t h e  l i q u i d .  

The r o d  p r o t r u d e d  v e r t i c a l l y  f r o m  t h e  b o t t l e ,  a n d  was



r o t a t e d  b y  a n  e l e c t r i c  m o t o r  t h r o u g h  r e d u c t i o n  g e a r i n g .

Ohis  m e t h o d  s u f f e r e d  f r o m  t h e  f a c t  t h a t  i t  was  p o s s i b l e  

t o  c l o s e  t h e  m o u t h  o f  t h e  b o t t l e  o n l y  l o o s e l y ,  a n d  h e n c e ,  

s i n c e  t h e r e  w a s  a l w a y s  a l i t t l e  e v a p o r a t i o n  f r o m  t h e  

c o n t e n t s ,  i t  was r a t h e r  d i f f i c u l t  t o  e n s u r e  e q u i l i b r i u m .  

M o s t  o f  t h e  work  was d o n e  w i t h  much  i m p r o v e d  a p p a r a t u s .  

The t h e r m o s t a t  was h e a t e d ,  and  c o n t r o l l e d ,  e l e c t r i c a l l y .  

The h e a t i n g  e l e m e n t  was a  R o b e r t s o n ’ s 250 w a t t  l a m p  im­

m e r s e d  i n  t h e  w a t e r .  F o r  m a k i n g  a n d  b r e a k i n g  c i r c u i t  

a  m e r c u r y  r e l a y  was u s e d .  C o n t r o l  was b y  s e n s i t i v e  

m e r c u r y  r e g u l a t o r ,  an d  c u r r e n t  t o  o p e r a t e  t h e  r e l a y  was 

t a p p e d  o f f  f r o m  t h e  2 50 v o l t .  D. C. s u p p l y .  The m a t e r i a l s  

w e r e  c o n t a i n e d  i n  3 5 0  c c .  g r o u n d  g l a s s  s t o p p e r e d  b o t t l e s .  

The s t o p p e r  was b r u s h e d  r o u n d  t h e  e d g e  w i t h  p a r a f f i n  

w ax ,  a n d  t o t a l l y  i m m e r s e d  i n  t h e  w a t e r  o f  t h e  t h e r m o s t a t .  

T h e r e  i t  was c l a m p e d  i n  a  r e c t a n g u l a r  b r a s s  f r a m e ,  w h i c h  

c o u l d  c a r r y  t h r e e  s u c h  b o t t l e s  a t  a t i m e .  The f r a m e  was 

h e l d  h o r i z o n t a l l y  b e t w e e n  two p i n s  s e t  i n  v e r t i c a l  b r a c k ­

e t s  m o u n te d  on t h e  b o t t o m  o f  t h e  t h e r m o s t a t .  The f r a m e ,  

c a r r y i n g  t h e  b o t t l e s  u n d e r  w a t e r ,  was  r o t a t e d  a t  a b o u t  

t w e n t y  r e v o l u t i o n s  p e r  m i n u t e  by  m e a n s  o f  a  p a i r  o f  

t o o t h e d  w h e e l s ,  a id  a  v e r t i c a l  s p i n d l e  s e t  r e v o l v i n g  by  

a n  e l e c t r i c  m o t o r .  T h i s  m o t i o n  s e r v e d  n o t  o n l y  t o



a g i t a t e  t h e  c o n t e n t s  o f  t h e  b o t t l e s ,  b u t  a l s o  t o  s t i r  

t h e  w a t e r  i n  t  h e  t h e r m o s t a t  s u f f i c i e n t l y  w e l l  t o  m a i n t a i n  

a  u n i f o r m  t e m p e r a t u r e .  By t h i s  m e a n s  s o l u t i o n s  c o u l d  

be s h a k e n  f o r  l o n g  p e r i o d s  a t  c o n s t a n t  t e m p e r a t u r e .

2 .  M e th o d  o f  S e p a r a t i n g  a n d  S a m p l i n g  L i q u i d  P h a s e .

Where  t h e  n a t u r e  o f  t h e  s o l i d  p h a s e  p e r m i t t e d  i t ,  

t h e  s e p a r a t i o n  o f  s o l i d  and  l i q u i d  p h a s e s  was e f f e c t e d  

s i m p l y  by s e t t l i n g  an d  d e c a n t i n g .  A f t e r  s t i r r i n g  f o r  

t h e  d e s i r e d  t i m e  t h e  b o t t l e  was  u n d a m p e d  f r o m  t  h e  f r a m e ,  

a n d  t h e  s t o p p e r  r e m o v e d  w h i l s t  o n l y  t h e  n e c k  o f  t h e  

b o t t l e  was  e x p o s e d  f r o m  t h e  t h e r m o s t a t  w a t e r .  A s a m p l e  

o f  f r o m  5 t o  50  c c .  was t h e n  r a p i d l y  r u n  i n t o  a  c l e a n  

d r y  t u b e ,  p r e v i o u s l y  h e a t e d  t o  b a t h  t e m p e r a t u r e .  The 

t u b e  was t h e n  s t o p p e r e d ,  an d  im m e r s e d  u p  t o  t h e  n e c k  i n  

t h e  t h e r m o s t a t .  C a re  was t a k e n  a l w a y s  t o  h a v e  t h e  t u b e  

f i l l e d  t o  a s  n e a r  t h e  s t o p p e r  a s  p o s s i b l e ,  i n  o r d e r  t o  

a v o i d  t h e  e v a p o r a t i o n  an d  c o n d e n s a t i o n  w h i c h  w o u l d  h a v e  

e n s u e d  h a d  t h e r e  b e e n  a  c l e a r  s p a c e  a b o v e  t h e  l i q u i d .  

A f t e r  s t a n d i n g  f o r  a t  l e a s t  h a l f  a n  h o u r  a n y  s o l i d  p h a s e  

p r e s e n t  had  s e p a r a t e d  l e a v i n g  a  c l e a r  s u p e r n a t a n t  l i q u i d ,  

w h ic h  was  d e c a n t e d  i n  s u i t a b l e  q u a n t i t i e s  i n t o  t a r e d  

w e i g h i n g  b o t t l e s .  I t  was f o u n d  a d v a n t a g e o u s  t o  make 

a c o n s t r i c t e d  n e c k  t o w a r d s  t h e  b o t t o m  o f  t h e  s a m p l i n g



t u b e .  Then t h e  s o l i d  p h a s e  s e p a r a t e d  i n t o  t h e  b u l b  

a t  t h e  b o t t o m ,  a n d  t h e r e  was n o  f e a r  o f  m i x i n g  i t  w i t h  

t h e  c l e a r  l i q u i d  b e i n g  p o u r e d  f r o m  t h e  t o p  s i d e  o f  t h e  

c o n s t r i c t i o n .

W h i l s t  t h i s  m e t h o d  w a s  e x c e l l e n t  f o r  s a m p l i n g  

t h e  l i q u i d  p h a s e  i t  was  n o t  g o o d  f o r  t h e  s o l i d  p h a s e ,  

a n d  i n  a n y c  a s e  i t  s o m e t i m e s  c o u l d  n o t  be  a p p l i e d  b e ­

c a u s e  t h e  s o l i d  p h a s e  d i d  n o t  s e p a r a t e  w e l l  e n o u g h .

H ence  f i l t r a t i o n  was o f t e n  a d o p t e d .

5 .  M e thod  o f  S e p a r a t i n g  a n d  S a m p l i n g  S o l i d  P h a s e .

A s m a l l  B u c h n e r  f i l t e r  was w e l l  d r i e d  i n  t h e  s t e a m  

o v e n .  The s o l u t i o n  t o  be  s a m p l e d  was s h a k e n  u p ,  a n d  

f i l t e r e d  u s i n g  v e r y  g e n t l e  s u c t i o n ,  w h i l s t  t h e  B u c h n e r  

was k e p t  a s  n e a r l y  a t  t h e r m o s t a t  t e m p e r a t u r e  a s  p o s s i b l e .  

The f i l t r a t e  was a t  o n c e  p o u r e d  i n t o  s t o p p e r e d  w e i g h i n g  

b o t t l e s .  I t  was a t  f i r s t  f e a r e d  t h a t  t h i s  p r o c e s s  

m i g h t  a l t e r  t h e  c o n c e n t r a t i o n s  i n  t h e  l i q u i d  p h a s e  a  

l i t t l e ,  b u t  t e s t s  g a v e  r e s u l t s  i n  g o o d  a c c o r d  w i t h  t h o s e  

f o u n d  b y  s e t t l i n g  an d  d e c a n t i n g .  I f  t h e  m e t h o d  o f  

s o l u t i o n s  a n d  r e s t s  was b e i n g  e m p lo y e d  t h e  m o i s t  s o l i d  

p h a se  was q u i c k l y  t r a n s f e r r e d  t o  a w e i g h i n g  b o t t l e ,  a n d  

u s e d  f o r  a n a l y s i s .  I f ,  h o w e v e r ,  a d i r e c t  a n a l y s i s  o f  

t h e  s o l i d  p h a s e  w a s  t o  b e  u n d e r t a k e n ,  t h e  c r y s t a l s  w e re



pumped a s  d r y  a s  p o s s i b l e .  ^They w e r e  t h e n  w a s h e d  w i t h  

a  l i t t l e  c o l d  w a t e r  t o  r e m o v e  a d h e r i n g  m o t h e r  l i q u o r ,  

a n d  d r i e d  on a p o r o u s  p l a t e  i n '  t h e  a i r  f o r  som e  t i m e ,  

b e f o r e  b e i n g  a n a l y s e d .

The a n a l y t i c a l  w e i g h t s  u s e d  w e r e  c h e c k e d  a g a i n s t  a  

s e t  s t a n d a r d i s e d  a t  t h e  N a t i o n a l  P h y s i c a l  L a b o r a t o r y .  

A l s o ,  t h e  v o l u m e t r i c  i n s t r u m e n t s  u s e d  w e r e  s t a n d a r d i s e d  

o r  c a l i b r a t e d  b y  t h e  u s u a l  m e t h o d s  o f  w e i g h i n g  t h e  w a t e r  

w h i c h  t h e y  c o n t a i n e d  o r  d e l i v e r e d .



7.

P E R C H . X  O R A T E S  
- 0O0-

C o m p a r a t i v e l y  few  d o u b l e  p e r c h l o r a t e s  h a v e  b e e n  

r e p o r t e d .  W e i n l a n d  a n d  E n s g r a b e r  ( Z e i t s c h . A n o r g . C h e m .  

1 9 1 3 , 8 4 , 3 4 0 )  p u b l i s h e d  o b s e r v a t i o n s  on t h e  i n v e s t i ­

g a t i o n  o f  a  f e r r i p e r c h l o r a t e , a n d  on s o d iu m  f e r r i  t e t r a -  

p e r c h l o r a t e .  ■ They s t a t e d  t h a t  a l u m i n i u m  a n d  c h ro m iu m  

c o u l d  f o r m  a n a l o g o u s  c o m p o u n d s .  I n  t h e  s e c o n d  p a r t  o f  

t h e i r  p a p e r  i t  i s  shown t h a t  a l u m i n i u m  b e h a v e s  v e r y  l i k e  

i r o n .  I t  f o r m s  t h e  p e r c h l o r a t e  o f  t h e  h e x a q u o  b a s e ,  

AlCH^O)^I ( C I O ^ ) ^  a n d  s o d i u m  t e t r a p e r c h l o r a t 0 a l u m i n a t e

The s a l t s  f o r m  c o l o u r l e s s  c r y s t a l s .  f h e  a l u m i n i u m  

d o u b l e  s a l t ,  i n  c o n t r a s t  t o  t h e  f e r r i c  o n e ,  i s  h a r d l y  

h y g r o s c o p i c  a t  a l l .

The e v i d e n c e  o f  W e i n l a n d  a n d  E n s g r a b e r  f o r  t h e  

e x i s t e n c e  o f  s o d iu m  t e t r a p e r c h l o r a t o  a l u m i n a t e  i s  n o t  

g o o d ,  a i d  a  f u l l  t r a n s l a t i o n  o f  t h a t  p a r t  o f  t h e i r  p a p e r  

r e l a t i n g  t o  t h i s  s u b j e c t  i s  g i v e n  b e l o w .

H a . l 2 H 2 0 -  90 gm. o f  p a s t y  h y d r a t e d  a l u m i n a ,  c o n t a i n ­

i n g  3$  A l ,  w e re  d i s s o l v e d  i n  .252 gm. o f  2 0 $  p e r c h l o r i c

»lSodium t e t r a p e r c h l o r a t o  a l u m i n a t e



a c i d ,  a n d  m i x e d  w i t h  a  s o l u t j L o n  of 1 2 . 2 5  gm. o f  s o d i u m  

p e r c h l o r a t e  i n  a  l i t t l e  w a t e r  ( i l  s CIO^H s Na = 1  : 5 ;

i . e .  e tg u im o le cu la r  p r o p o r t i o n s  o f  t h e  s i n g l e  s a l t s ) .

The s o l u t i o n  w a s  c o n c e n t r a t e d  on t h e  w a t e r  b a t h ,  

a n d  l e f t  o v e r  s u l p h u r i c  a c i d  t o  c r y s t a l l i s e :  c o l o u r l e s s ,

g r a n u l a r  c r y s t a l s  w h i c h  w e re  s l i g h t l y  h y g r o s c o p i c .  

i n a l y s i s .

C a l c .  4 . 0 8 5 0 1 ; 59.90/oCK>4 ; 3 . 4 6 / l T a

Pound 4 .35 /o  5 9 . 8 8 /  3 . 5 5 /  H

I n t e r e s t  was  a r o u s e d  i n  t h e s e  s u p p o s e d  d o u b l e  p e r -  

d h l o r a t e s  when i t  was n o t i c e d  t h a t  t h e i r  e m p i r i c a l  

f o r m u l a e  m i g h t  s u g g e s t  th e m  t o  b e  o f  t h e  a l u m  t y p e .  Q5ius:

F u r t h e r m o r e  t h e  s t r u c t u r e s  a s s i g n e d  t o  t h e  p e r c h l o r a t e  

i o n  a n d  t h e  s u l p h a t e  i o n  b y  t h e  L e w i s - L a n g m u i r  t h e o r y  

o f  v a l e n c y  w e r e  s i m i l a r .



T h e se  f o r m u l a e ,  o f  c o u r s e ,  t a k e  n o  a c c o u n t  o f  

p o s s i b l e  h y d r a t i o n .  The m o s t  s t r i k i n g  d i f f e r e n c e  b e ­

t w e e n  t h e  s u l p h a t e  i o n , and  t h e  p e r c h l o r a t e  i o n  i s  t h a t  

w h i l s t  ( S 04) = i s  b i v a l e n t ,  ( C I O ^ ) -  i s  u n i v a l e n t .

Thus i f  CIO^ w e r e  t o  r e p l a c e  SO^ i n  a  compound t w i c e  

a s  many g r o u p s  ( o f  a p p r o x i m a t e l y  t h e  same s i z e )  w o u ld  

be r e q u i r e d  f o r  v a l e n c y  c o n s i d e r a t i o n s .  Thus  i t  was 

t h o u g h t  t o  b e  o f  i n t e r e s t  t o  s t u d y  t h e  d o u b l e  p e r c h l o r a t e s  

of  W e in l a n d  a n d  E n s g a b e r ,  a n d  t o  c o m p a r e  th e m  w i t h  t h e  

c o r r e s p o n d i n g  d o u b l e  s u l p h a t e s .

P r e p a r a t i o n  o f  A lu m in iu m  P e r c h l o r a t e  A l ( C I Q ^ ) 6EU0 .

The s a l t  was p r e p a r e d  by  t h e  m e t h o d  u s e d  b y  ? / e i n l a n d  

a n d  E n s g r a b e r  ( l o c . c i t . ) .

1 2 . 2  gm. o f  A1 w e r e  d i s s o l v e d  i n  9 3  gm.

o f  1 9 /  p e r c h l o r i c  a c i d ,  an d  t h e  s o l u t i o n  was h e a t e d  on 

t h e  w a t e r  b a t h  u n t i l  n o  m o re  h y d r o c h l o r i c  a c i d  f u m e s  

w e r e  e v o l v e d .  The s o l u t i o n  was e v a p o r a t e d  t o  s m a l l  

b u l k  and  p u t  i n  a  c r y s t a l l i s i n g  d i s h  o v e r  s u l p h u r i c  

a c i d .  Long  w h i t e  p r i s m a t i c  c r y s t a l s  s e p a r a t e d ,  a n d  w e r e  

f i l t e r e d  o f f  w i t h  s u c t i o n ,  a n d  w a sh e d  w i t h  a  v e r y  l i t t l e  

c o l d  w a t e r .  The c r y s t a l s  w e r e  shown t o  b e  f r e e  f r o m  

c h l o r i d e .  They w e re  l e f t  f o r a  week on a p o r o u s  p l a t e  

i n  v a c u o  o v e r  s u l p h u r i c  a c i d .



A n a l y s i s .

The a l u m i n i u m  i n  t h e  s a m p l e  w a s  d e t e r m i n e d  b y  

p r e c i p i t a t i o n  w i t h  am m o n ia  u s i n g  m e t h y l  r e d  a t  t h e  b o i l ­

i n g  p o i n t  t o  i n d i c a t e  when j u s t  s u f f i c i e n t  a l k a l i  had  

b e e n  a d d e d .  A f t e r  b o i l i n g  tw o  m i n u t e s  t h e  l i q u i d  was 

f i l t e r e d  an d  t h e  a l u m i n a  v e r y  t h o r o u g h l y  w a s h e d  w i t h  

h o t  2 /  ammonium n i t r a t e  s o l u t i o n .  The p r e c i p i t a t e  was  

t h e n  i g n i t e d  i n  a p l a t i n u m  c r u c i b l e  b e f o r e  t h e  b l a s t  

l a m p ,  an d  w e i g h e d ,  a f t e r  c o o l i n g ,  a s  A ^ O ^ .

A c c o r d i n g  t o  H i l l e b r a n d  a n d  L u n d e l l  ( M i n e r a l
oA n a l y s i s )  i t  i s  n e c e s s a r y  t o  h e a t  AlgO^ t o  1 2 0 0  G i n  

o r d e r  c o m p l e t e l y  t o  d e h y d r a t e  i t .  H e a t i n g  t o  t h i s  h i g h  

t e m p e r a t u r e  h a s  a f u r t h e r  a d v a n t a g e  i n  t h a t  i t  c h a n g e s  

t h e  o x i d e  t o  a  m ore  d e n s e  c r y s t a l l i n e  f o r m  w h i c h  i s  l e s s  

h y g r o s c o p i c , an d  h e n c e  i s  e a s i e r  t o  w e i g h  a c c u r a t e l y .

C a l c .  A 1(C104 ) 5 . 6 H 20 6 . 2 2 /  A l .

Found 6 . 1 1 5 /  A l .

The u s u a l  m e t h o d s  ( 1 .  I g n i t i o n ,  r e d u c t i o n  m e t h o d s ;

2 .  C o l o r i m e t r i c ;  3 . Wet r e d u c t i o n  -  s a y  w i t h  t i t a n o u s  

s u l p h a t e )  o f  e s t i m a t i n g  p e r c h l o r a t e  a r e  r a t h e r  c u m b r o u s  

and  u n t r u s t w o r t h y ,  a n d  c o u l d  n o t  w e l l  b e  a p p l i e d  t o  

t h e  a l u m i n i u m  s a l t .

B r i t t o n  (*T.C. S . , 1 2 1 ,  1 9 2 2  -  f u r t h e r  r e f e r e n c e s  a r e



g i v e n  i n  t h i s  p a p e r )  d e s c r i b e s  a  m e th o d  o f  a n a l y s i n g  

a l u m i n i u m  s u l p h a t e  by t i t r a t i o n  a t  t h e  b o i l i n g  p o i n t  

w i t h  c a u s t i c  s o d a ,  u s i n g  p h e n o l  p h t h a l s i n  a s  i n d i c a t o r .

He s t a t e s  t h a t  i t  i s  a d v i s a b l e  t o  work  witL s o l u t i o n s  

c o n t a i n i n g  l e s s  t h a n  0 . 1  gm. o f  a l u m i n a  p e r  100 c c .  W i th  

s t r o n g e r  s o l u t i o n s  t h e  en d  p o i n t  i s  m ask ed  b y  t h e  p r e ­

c i p i t a t e d  a l u m i n a ,  and  lo w  r e s u l t s  may be o b t a i n e d  due  

t o  some a l u m i n i u m  s u l p h a t e  b e i n g  c a r r i e d  down w i t h  t h e  

a l u m i n i u m  h y d r o x i d e .  T h i s  m e t h o d  was a d a p t e d  f o r  t h e  

a n a l y s i s  o f  a l u m i n i u m  p e r c h l o r a t e .  The c a u s t i c  s o d a  

w as  s t a n d a r d i s e d  u n d e r  c o n d i t i o n s  s i m i l a r  t o  t h o s e  i n  

w h i c h  i t  was u s e d ,  v i z .  b y  t i t r a t i o n  a g a i n s t  s t a n d a r d  

HgSO^ u s i n g  p h e n o l  p h t h a l e i n  a s  i n d i c a t o r  a t  t h e  b o i l i n g  

p o i n t .

Hound 6 7 * 2 5 $  COX'4

C a l c .  R a t i o  LT̂fd3 = n . 0 6  Pound  1 1 . 0 0 .

H ence  t h e  p r e p a r e d  s a l t  i s  A l(  0 1 0 ^ ) ^ .  6 ^ 0 ,  a n d  i s  p u r e .

I n  t h e  f i r s t  i n s t a n c e  a t t e m p t s  w e re  made t o  p r e p a r e  

d o u b l e  s a l t s  o f  a l u m i n i u m  p e r c h l o r a t e  w i t h  s o d i u m  p o t a s ­

s iu m  a n d  ammonium p e r c h l o r a t e s  b y  m i x i n g  f a i r l y  s t r o n g  

s o l u t i o n s  o f  t h e  a p p r o p r i a t e  s i n g l e  s a l t s  i n  d i f f e r e n t



p r o p o r t i o n s .  A l l  t h e s e  a t t e m p t s  m e t  w i t h  f a i l u r e ,  aid 

i t  was  f o u n d  ( f o r  s e v e r a l  t e m p e r a t u r e s ,  i n c l u d i n g  room 

t e m p e r a t u r e ,  a n d  f o r  w i d e l y  v a r y i n g  p r o p o r t i o n s  o f  t h e  

s i n g l e  s a l t s )  t h a t  a d d i t i o n  o f  a l u m i n i u m  p e r c h l o r a t e  

s o l u t i o n  t o  s o l u t i o n s  o f  t h e  p e r c h l o r a t e s  o f  t h e  a l k a l i s  

c a u s e d  t h e  l a t t e r  s a l t s  t o  c r y s t a l l i s e  o u t .

The m a t t e r  was much m o re  f u l l y  e x a m i n e d  by  d e t e r ­

m i n i n g  t h e  i s o t h e r m s  o f  s e v e r a l  t e r n a r y  p e r c h l o r a t e  

s y s t e m s .

Sodium P e r c h l o r a t e  w i t h  A lu m in iu m  P e r c h l o r a t e .

C o m m e r c i a l  s o d iu m  p e r c h l o r a t e  was d i s s o l v e d  i n  

a l c o h o l  an d  a s m a l l  r e s i d u e  o f  p o t a s s i u m  p e r c h l o r a t e  

f i l t e r e d  o f f .  The s o l u t i o n  was t h e n  e v a p o r a t e d  t o  

d r y n e s s  a n d  UaClO^.HgO c r y s t a l l i s e d  f ro m  w a t e r . ' Bor  

a n a l y s i s  t h e  s a l t  was d e h y d r a t e d  i n  t  he a i r - o v e n ,  a n d  

b y  t h e  m e t h o d  t o  be d e s c r i b e d  was f o u n d  t o  c o n t a i n  

1 8 . 9 1 $  Na.  NaClO^ r e q u i r e s  1 8 . 7 7 $ N a .

I n  t h e  e q u i l i b r i u m  s o l u t i o n s  a l u m i n i u m  p e r c h l o r a t e  

was f o u n d  by  t h e  m e t h o d  o f  e s t i m a t i o n  a s  A ^ O ^  a l r e a d y  

d e s c r i b e d .  S i n c e  p r e c h l o r a t e  i s  t r o u b l e s o m e  t o  d e t e r -  

m i n e  i t  was t h o u g h t  b e t t e r  t o  e s t i m a t e  t h e  s o d iu m  d i r ­

e c t l y .  B a r b e r  a n d  K o l t h o f f  p u t  i n t o  p r a c t i c e  a  m e th o d  

f o r  t h e  d i r e c t  d e t e r m i n a t i o n ,  o f  s o d iu m  ( J . A . C .  S . , 50 ,



1 6 2 5 ) .  Ohis  m e t h o d  w a s  f i r s t  s u g g e s t e d  b y  S t r e n g  

( Z . w i s s . M i k r o s k o p  3 ,  1 2 9 ,  1 8 8 6 )  a n d  was  a l s o  s t u d i e d  

b y  M i h o l i c  ( B u l l . A c a d . S c i . Z a g r e b .  1 9 2 0 ,  1 6 ) ,  an d  B l a n c h e -  

t i e r e  ( B u l l . S o c . C h e m .  3 3 ,  8 0 7 ,  1 9 2 3 ) .  Bi t h i s  m e t h o d  

t h e  s o d i u m  was p r e c i p i t a t e d  a s  s o d iu m  z i n c  u r a n y l  t r i ­

a c e t a t e .  The m e th o d  w as  t h e n  i m p r o v e d  by  G a l e y  a n d  

F o u l k  ( J . A . 0 . S . , 1 9 2 9 ,  5 1 ,  1 6 6 4 )  by  p r e c i p i t a t i n g  a s  

s o d i u m  m a g n e s iu m  u r a n y l  t r i - a c e t a t e .  The f o l l o w i n g  

s o l u t i o n s  w e re  p r e p a r e d .

A B

C r y s t a l l i s e d  A. R . t j r a n y l  
A c e t a t e ,  90  gm.
G l a c i a l  a c e t i c  a c i d  60gm. 
t o  1 0 0 0  c c .  w i t h  d i s ­
t i l l e d  w a t e r .

C r y s t a l l i s e d  m a g n e s iu m  
A c e t a t e ,  500 gm.
G lac ie l  a c e t i c  a c i d  60 gn. 
D i s t i l l e d  w a t e r  t o  lOOOcc

E a c h  s o l u t i o n  was h e a t e d  t o  7 0 °G  u n t i l  t h e  s a l t s  

w e re  d i s s o l v e d ,  a n d  t h e n  t h e  s o l u t i o n s  w e r e  m i x e d ,  l e f t  

a t  room t e m p e r a t u r e  f o r  a few d a y s ,  a n d  f i l t e r e d  i n t o  a  

d r y  b o t t l e .  Bor e a c h  a n a l y s i s  t h e  s a m p l e  o f  s o d i u m  

( a l u m i n i u m )  p e r c h l o r a t e  s o l u t i o n  w a s  e v a p o r a t e d  down 

t o  2 - 5  c c .  on t h e  w a t e r  b a t h ,  a n d  a t  l e a s t  100 c c .  o f  

t h e  a b o v e  r e a g e n t  a d d ed  a t  room t e m p e r a t u r e .  P r e c i p i ­

t a t i o n  t o o k  p l a c e  a t  o n c e ,  b u t  i n  o r d e r  t o  h a s t e n  t h e
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p r o c e s s ,  a n d  e n s u r e  i t s  c o m p l e t i o n ,  t h e  s o l u t i o n  was 

s t i r r e d  by a  w a t e r  t u r b i n e  f o r  30 t o  40 m i n .  The y e l l o w  

p r e c i p i t a t e  was t h e n  f i l t e r e d  o f f  i n  a Gooch c r u c i b l e ,  

a n d  w a sh e d  w i t h  9 5 $  a l c o h o l  u n t i l  t h e  w a s h i n g s  w e r e  c o l ­

o u r l e s s .  . The t r i - a c e t a t e  was d r i e d  i n  t h e  a i r  o v e n  

a t  1 0 5 - 1 1 0 ° C f o r  3 0 - 4 0  m i n u t e s  an d  w e i g h e d .  The a m o u n t  

o f  a l c o h o l  u s e d  i n  w a s h i n g  was m e a s u r e d ,  and  a v e r y  

s m a l l  c o r r e c t i o n  a p p l i e d  f o r  t h e  s o l u b i l i t y  o f  t h e  t r i ­

a c e t a t e  i n  t h i s  l i q u i d .  H o t  l e s s  t h a n  100 c c 0 o f  r e ­

a g e n t  w e r e  u s e d  i n  e a c h  c a s e ,  a n d  w h e re  t h e  q u a n t i t y  o f  

s o d iu m  e x c e e d e d  0 . 0 1  gm. t h e  n u m b e r  o f  c u b i c  c e n t i m e t r e s  

of r  e a g e n t  u s e d  was a t  l e a s t  t e n  t i m e s  t h e  n u m b e r  o f  

m i l l i g r a m s  o f  s o d iu m  p r e s e n t .  A c c o r d i n g  t o  G a le y  an d  

F o u l k  t h e  p r e c i p i t a t e  a s  w e i g h e d  i s  Hg( GgH^O^g.HaGgH^Og.  

3U02 (C2 H^02 ) 2 .6J-H2 0 a n d  c o n t a i n s  1 . 5 2 7 $  Ha.

The m e t h o d  was t e s t e d  w i t h  s t a n d a r d *  s o l u t i o n s  o f  

A.R.  H a .01, a l o n e ,  a n d  c o n t a i n i n g  v a r y i n g  p r o p o r t i o n s  o f  

a l u m i n i u m  c h l o r i d e  ( w h i c h  had  t o  b e  p r e p a r e d  s p e c i a l l y ,  

f r e e  f r o m  s o d i u m ,  s i n c e  t h e  b e s t  a v a i l a b l e  s a m p l e s  c o n ­

t a i n e d  s u f f i c i e n t , c o m p l e t e l y  t o  v i t i a t e  t h e  r e s u l t s ) .

The a n a l y s e s  w e r e  c o r r e c t  t o  w i t h i n  one  h a l f  p e r  c e n t ; a n d  

showed t h i s  m e t h o d  o f  s o d iu m  e s t i m a t i o n  t o  s u i t  t h e  

p r e s e n t  p u r p o s e  v e r y  w e l l .

The v a l u e  f o u n d  f o r  t h e  s o l u b i l i t y  o f  s o d iu m  p e r -
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15.

c h l o r a t e  i n  w a t e r  a t  5Q°C was 2 1 5  gm. NaClO^/ lOO gm.HgO. 

C a l c u l a t i o n s  f r o m  t h e  r e s u l t s  o f  P r e a t h  g a v e  2 1 9 . 7 ,  and  

C a r l s o n  2 0 8 . 5 .

P o t a s s i u m  P e r c h l o r a t e  w i t h  A lu m in iu m  P e r c h l o r a t e .

P o t a s s i u m  p e r c h l o r a t e  was s e v e r a l  t i m e s  r e c r y s t a l ­

l i s e d  f r o m  w a t e r  and  u s e d .  The m e th o d  d e v i s e d  f o r  t h e  

a n a l y s i s  o f  m i x e d  s o l u t i o n  o f  p o t a s s i u m  and  a l u m i n i u m  

p e r c h l o r a t e s  was v e r y  s i m p l e , a n d  s u f f i c i e n t l y  a c c u r a t e .  

The s a m p l e  o f  s o l u t i o n  t o  b e  a n a l y s e d  was  e v a p o r a t e d  

a l m o s t  t o  d r y n e s s  on t h e  w a t e r  b a t h .  S u f f i c i e n t  9 5 $  

a l c o h o l  t o  d i s s o l v e  t h e  a l u m i n i u m  p e r c h l o r a t e  was a d d e d ,  

a n d  t h e  r e s i d u e  o f  p o t a s s i u m  p e r c h l o r a t e  g r o u n d  u p  a n d  

s t i r r e d  i n  t h e  l i q u i d .  The p o t a s s i u m  p e r c h l o r a t e  was 

t h e n  f i l t e r e d  o f f  i n  a t a r e d  Gooch c r u c i b l e ,  w a s h e d  w i t h  

9 5 $  a l c o h o l ,  a n d  w e i g h e d  a f t e r  d r y i n g  a t  1 2 0 °C  i n  t h e  

a i r  o v e n .  A s m a l l  c o r r e c t i o n  f o r  t h e  s o l u t i o n  o f  a 

l i t t l e  p o t a s s i u m  p e r c h l o r a t e  i n  t h e  v o lu m e  o f  a l c o h o l  

u s e d  was  n e c e s s a r y .  The a l c o h o l i c  f i l t r a t e  c o n t a i n i n g  

t h e  a l u m i n i u m  was t h e n  e v a p o r a t e d  t o  d r y n e s s  on t h e  

w a t e r  b a t h .  Tte r e s i d u e  was d i s s o l v e d  i n  w a t e r ,  an d  

e s t i m a t i o n  b y  p r e c i p i t a t i o n  a s  AlgO^ c a r r i e d  o u t  a s  b e ­

f o r e  d e s c r i b e d .  The c u r v e  was f o l l o w e d  t o  t h e  p o i n t



w h e r e  a d d i t i o n  o f  a l u m i n i u m  p e r c h l o r a t e  had  s o  f a r  r e ­

d u c e d  t h e  c o n c e n t r a t i o n  o f  p o t a s s i u m  p e r c h l o r a t e  a s  t o  

make e s t i m a t i o n  o f  t h e  l a t t e r  s a l t  d i f f i c u l t .

■Ammonium P e r c h l o r a t e  w i t h  A lu m in iu m  P e r c h l o r a t e .

I n  t h e  f i r s t  i n s t a n c e  p u r e  ammonium p e r c h l o r a t e  

was p r e p a r e d  f r o m  t h e  c o m m e r c i a l  s a l t .  150 gm. o f  t h e  

s a l t ,  w h i c h  c o n t a i n e d  a  t r a c e  o f  i r o n ,  w e r e  d i s s o l v e d  

i n  600 c c .  o f  d i s t i l l e d  w a t e r .  A few c u b i c  c e n t i m e t r e s  

o f  b e n c h  ammonia  s o l u t i o n  w e r e  t h e n  a d d e d ,  a n d  t h e  l i q u i d  

k e p t  h o t  f o r  a n  h o u r .  The l i q u i d  w a s  f i l t e r e d  t h r o u g h  

a n  a s b e s t o s  p a d  and  ( a f t e r  e v a p o r a t i o n  and  c o o l i n g )  

ammonium p e r c h l o r a t e  c r y s t a l l i s e d  o u t  i n  p u r e  w h i t e  

g l i s t e n i n g  r h o m b i c  c r y s t a l s .  A f t e r  d r y i n g ,  t h e  c r y s t a l s  

a n a l y s e d  1 4 . 4 5 $  UH^GIO^ r e q u i r e s  1 4 . 4 9 $  F u r t h e r ­

m ore  t h e  c r y s t a l s  w e r e  f r e e  f r o m  i r o n ,  a n d  a  1 gm. s a m p l e  

l e f t  n o  a p p r e c i a b l e  r e s i d u e  a f t e r  v e r y  c a r e f u l  ( t h e  s a l t  

i s  l i a b l e  t o  e x p lo d e  i f  i g n i t e d  s t r o n g l y )  i g n i t i o n  i n  a 

p l a t i n u m  c r u c i b l e .  When t h e  s o l u b i l i t y  o f  t h i s  p u r i f i e d  

ammonium p e r c h l o r a t e  i n  w a t e r  a t  3 0 . 0 ° C  was d e t e r m i n e d  

( 2 8 . 0  gm. NH^CIO^ p e r  100 gm. w a t e r ) ,  i t  was f o u n d  t o  

d i s a g r e e  w i t h  t h a t  o b t a i n e d  b y  g r a p h i n g  a n d  i n t e r p o l a t i n g  

t h e  r e s u l t s  o f  G a r l s o n  ( K l a s o n ' s  T i d s s k r i f t ,  2 4 7 ,  1 9 1 0 ) .  

H ence  t h e  s o l u b i l i t y  was r e d e t e r m i n e d  a f t e r  t h e  s a l t  had
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-"been t w i c e  f u r t h e r  r e c r y s ^ t a l l i s e d  f r o m  f a i r l y  l a r g e  

v o l u m e s  o f  d i s t i l l e d  w a t e r .  The same v a l u e  was ob­

t a i n e d .

I n  a d d i t i o n  ammonium p e r c h l o r a t e  was p r e p a r e d  by  

n e u t r a l i s i n g  A. E. p e r c h l o r i c  a c i d  w i t h  s y n t h e t i c  

am m onia .  The c r y s t a l s  a n a l y s e d  1 4 . 4 3 $  a n d  g a v e

t h e  same v a l u e  a s  b e f o r e  f o r  t h e  s o l u b i l i t y  i n  w a t e r  

a t  3 0 . 0 ° C .  Ho d a t a ,  o t h e r  t h a n  C a r l s o n ' s ,  c o v e r  t h e  

s o l u b i l i t y  o f  ammonium p e r c h l o r a t e  i n  w a t e r  i n  t h i s  

t e m p e r a t u r e  r e g i o n .  H o w e v e r ,  when v a l u e s  f o r  t h e  

s o l u b i l i t y  o f  ammonium p e r c h l o r a t e  i n  w a t e r  a t  1 5 * 0 °C  

a r e  c a l c u l a t e d  f r o m  t h e  r e s u l t s  o f  Hofmann ,  H o b a l d  

an d  q u o o s  ( L i e b i g ' s  A n n . ,  3 3 6 , 30 4 ,  1 9 1 2 )  an d  C a r l s o n  

( l o c . c i t . ) ,  t h e y  a r e  f o u n d  t o  be  1 8 . 5  gm. HH^CIO^, a n d  

2 0 . 5 2  gm. HH^CIO^ p e r  100 gm. o f  w a t e r .  Thus a g a i n  

C a r l s o n ' s  r e s u l t  i s  h i g h .

I n  t h e  e q u i l i b r i u m  s o l u t i o n s  ammonium p e r c h l o r a t e  

was e s t i m a t e d  a s  f o l l o w s .  An a l i q u o t  p o r t i o n  c£ t h e  

s o l u t i o n  was p i p e t t e d  i n t o  a l o n g - n e c k e d  f l a s k .  A 

l o n g  d e l i v e r y  t u b e  w i t h  s p l a s h - t r a p  and  s a f e t y - b u l b  

l e d  u p  f r o m  t  h i s  f l a s k ? an d  t h e n  down t h r o u g h  a  w a t e r -  

c o o l e d  c o n d e n s e r  i n t o  a  c o n i c a l  f l a s k .  I n  t h e  c o n i c a l  

f l a s k  was a  m e a s u r e d  v o lu m e  o f  s t a n d a r d  s u l p h u r i c  a c i d ,  

a n d  t h e  e n d  o f  t h e  d e l i v e r y  t u b e  was l e d  b e n e a t h  t h e



s u r f a c e  o f  t h i s .  An e x c e s s  o f  a m m o n i a - f r e e  c a u s t i c  

s o d a  was  t h e n  r u n  i n  f r o m  a t a p  f u n n e l  f i t t e d  t o  t h e  

l o n g - n e c k e d  f l a s k .  The a l k a l i n e  s o l u t i o n  was b o i l e d  

g e n t l y ,  a n d  s t e a d i l y ,  f o r  h a l f  a n  h o u r ,  an d  a l l  t h e  

ammonia  d r i v e n  o v e r , a n d  a b s o r b e d  i n  t h e  c o l d  s t a n d a r d  

a c i d .  I t  was f o u n d  a d v i s a b l e  t o  ad d  a  l i t t l e  z i n c  

d u s t  t o  t h e  a l k a l i n e  s o l u t i o n ,  so  t h a t  t h e  s l o w  e v o l ­

u t i o n  o f  h y d r o g e n  m i g h t  p r e v e n t  b u m p in g .  The e x c e s s  o f  

s u l p h u r i c  a c i d  r e m a i n i n g  i n  t h e  r e c e i v i n g  f l a s k  was 

d e t e r m i n e d  by a d d i n g  a m e a s u r e d  v o lu m e  o f  s t a n d a r d  

c a u s t i c  s o d a ,  and  b a c k  t i t r a t i n g  w i t h  s t a n d a r d  s u l p h u r i c  

a c i d  u s i n g  m e t h y l  o r a n g e  i n d i c a t o r .  H ence  t h e  ammonium 

p e r c h l o r a t e  c o n t e n t  o f  t h e  e q u i l i b r i u m  s o l u t i o n  was  

c a l c u l a t e d .

The a l u m i n i u m  p e r c h l o r a t e  was  f o u n d  a s  a l r e a d y  

d e s c r i b e d  b y  p r e c i p i t a t i o n  w i t h  a m m o n ia , a n d  w e i g h i n g  

a s  A ^ O ^ *

Ammonium P e r c h l o r a t e  w i t h  C u p r i c  P e r c h l o r a t e .

G. S. S S r u l l a s  ( A n n . C h i m . P h y s .  ( 2 ) ,  4 6 ,  3 0 6 ,  1 8 3 1 )  

s t a t e d  t h a t  c o p p e r  p e r c h l o r a t e  f o r m s  l a r g e  b l u e  d e l i q u e s ­

c e n t  c r y s t a l s .  R. R o t h ' s  a n a l y s e s  o f  t h e  c r y s t a l s  g a v e  Gu 

(C 104 ) 2 .6 H 20 ( Z u r  K e n n t n i s  d e r  P e r c h l o r a t e ,  M & ichen ,  1 9 1 0 ) .  

T h a t  t h e  s a l t  c r y s t a l l i s e s  w i t h  s i x  m o l e c u l e s  o f  w a t e r



19.

o f  o r y s t a l l i s a t i o n  was c o n f i r m e d  by C. S m ee ts  ( N a t u u r -  

w e t e n s c h .  T ij d s ,  1 9 3 1 ,  1 3 ,  2 4 7 ,  2 5 3 ) .

The p r e p a r a t i o n  o f  c u p r i c  p e r c h l o r a t e  wqs f i r s t  

a t t e m p t e d  b y  G, S. S ^ r u l l a s ' s  m e t h o d ,  v i z : -  22 gm, o f  

b a s i c  c o p p e r  c a r b o n a t e  w e re  d i s s o l v e d  i n  200 gm, 20$

HGIO^ by  h e a t i n g  on t h e  w a t e r  b a t h .  The b a s i c  c o p p e r  

c a r b o n a t e  m o s t l y  d i s s o l v e d  q u i c k l y  i n  t h e  2 0 $  HCIO^, b u t  

a s m a l l  w h i t e  r e s i d u e  r e m a i n e d .  Q u a l i t a t i v e  a n a l y s i s  

showed  t h i s  t o  b e  s i l i c a ,  an d  p o t a s s i u m  p e r c h l o r a t e .

The s l i g h t l y  a c i d  s o l u t i o n  was f i l t e r e d  f r e e  f r o m  t h i s  

i n s o l u b l e  m a t t e r .  On e v a p o r a t i o n  a n d  c o o l i n g  b l u e - g r e e n  

d e l i q u e s c e n t  c r y s t a l s  w e re  o b t a i n e d .  These  c r y s t a l s
M

w ere  pumped a s  d r y  a s  p o s s i b l e  on a B u c h n e r  f i l t e r ,  

c r u s h e d  on a  p o r o u s  p l a t e ,  a n d  a n a l y s e d .  1 9 . 9 2 $  Gu; 

t h e o r y  f o r  Cu( C I O ^ ^ *  ^-^O  = 1 7 . 1 6 $  Gu.

T h i s  f i r s t  c r o p  o f  c r y s t a l s  was f o u n d  ( a s  t h e  a b o v e  

a n a l y s i s  m i g h t  s u g g e s t )  t o  be  b a s i c .  The m o t h e r  l i q u o r  

was a c i d i f i e d  w i t h  p e r c h l o r i c  a c i d ,  a n d  c o n c e n t r a t e d ,  

u n t i l  on c o o l i n g  i t  g a v e  a  m a s s  o f  d e e p  b l u e  c r y s t a l s .  

A f t e r  r e c r y s t a l l i s a t i o n  f r o m  one  p e r  c e n t  p e r c h l o r i c  

a c i d ,  t h e  c r y s t a l s  w e re  d r i e d  a s  f a r  a s  p o s s i b l e  b y  

c r u s h i n g  b e t w e e n  s h e e t s  o f  f i l t e r  p a p e r ,  and  a  s a m p l e  

w e i g h e d ,  a n d  made up  t o  250 c c .  s o l u t i o n .

The f o l l o w i n g  v e r y  e f f e c t i v e  m e t h o d  was d e v i s e d



f o r  t h e  e s t i m a t i o n  o f  p e r c h l - o r a t e  i n  t h i s  s o l u t i o n

The c o p p e r  i n  an  a l i q u o t  p o r t i o n  o f  t h e  s o l u t i o n

was c o m p l e t e l y  p r e c i p i t a t e d  b y  b u b b l i n g  i n  a n  e x c e s s  

o f  p u r i f i e d  h y d r o g e n  s u l p h i d e .  A b o u t  1 gm. o f  A. R. 

s o d i u m  c h l o r i d e  was a d d e d  t o  t h e  s o l u t i o n  b e f o r e  p a s s ­

i n g  h y d r o g e n  s u l p h i d e ,  i n  o r d e r  t o  p r o m o t e  c o a g u l a t i o n  

o f  t h e  p r e c i p i t a t e .  The p r e c i p i t a t e d  c u p r o u s  s u l p h i d e  

was r a p i d l y  f i l t e r e d  o f f  w i t h  s u c t i o n .  I t  was e x p o s e d  

a s  l i t t l e  a s  p o s s i b l e  t o  t h e  a i r ,  i n  o r d e r  t o  a v o i d  

o x i d a t i o n ,  an d  r e s o l u t i o n  a s  c u p r i c  s u l p h a t e .  The 

p r e c i p i t a t e  was w e l l  w a sh e d  w i t h  h y d r o g e n  s u l p h i d e  w a t e r ,  

an d  r e j e c t e d .  The f i l t r a t e  c o n t a i n i n g  p e r c h l o r i c  a c i d  

was b o i l e d  down t o  v e r y  s m a l l  b u l k  i n  o r d e r  c o m p l e t e l y  

t o ^ e x p e l  t h e  h y d r o g e n  s u l p h i d e .  A f t e r  c o o l i n g  a n d  

d i l u t i n g  t h i s  s o l u t i o n ,  a n  e x c e s s  o f  s t a n d a r d  c a u s t i c  

s o d a  was a d d e d ,  and  t h e  e x c e s s  e s t i m a t e d  by  b a c k  t i t r a ­

t i o n  w i t h  s u l p h u r i c  a c i d  u s i n g  m e t h y l  o r a n g e  i n d i c a t o r .

The s u l p h u r i c  a c i d  was s t a n d a r d i s e d  a g a i n s t  a  s t a n d a r d  

s o l u t i o n  p r e p a r e d  f r o m  d r i e d  A. R. s o d iu m  c a r b o n a t e .  As 

a c h e c k  f o r  t h e  m e th o d  t h e  s u l p h u r i c  a c i d  was  a l s o  

s t a n d a r d i s e d  a g a i n s t  a s o l u t i o n  o f  A.R. c o p p e r  s u l p h a t e ,  

t h e  m e t h o d  o f  t i t r a t i o n  b e i n g  s i m i l a r  t o  t h a t  d e s c r i b e d  

a b o v e  f o r  t h e  p e r c h l o r a t e .  The f e e t o r s  f o r  t h e  s u l p h u r i c  

a c i d  o b t a i n e d  by t h e  two m e t h o d s  a g r e e d  w i t h i n  \  p e r  c e n t .



21.

By t h i s  m e t h o d  o f  a n a l y s i s  t h e  s e c o n d  c r o p  o f  

c u p r i c  p e r c h l o r a t e  c r y s t a l s  was f o u n d  t o  c o n t a i n  1 6 . 5 4 $

Gu and  5 1 - 9 2 $  0 1 0 ^ .

B a t i o  < ^ 4  = 3 . 1 5 9 ;  T h e o r y  f o r  0 u ( C 1 0 4 ) 2 = 3 . 1 2 8 .

Although i t  was thus p o s s i b l e  t o  prepare pure c u p r ic  

p e r c h lo r a t e  from the  ca rb onate ,  y e t  i t  was found b e t t e r  

to u se  e l e c t r o l y t i c  copper f o i l  a s  a s t a r t i n g  produ ct ,  

and avoid  the l o s s  of  p e r c h lo r a t e  which was in v o lv e d  in  

the p u r i f i c a t i o n  by f r a c t i o n a l  c r y s t a l l i s a t i o n  when 

b a s ic  copper carbonate was used as the  source  of copper.

Gupric P er ch lo r a te  i n  q u an t i ty  was prepared by th e  

f o l l o w i n g  method: 58 .2  gm. o f  e l e c t r o l y t i c  copper were

c o v e r e d  w i t h  w a t e r ,  and  d i s s o l v e d  i n  100 c c .  c o n c .H N O , .
5

200 gm. o f  60$  A. R. p e r c h l o r i c  a c i d  w e re  t h e n  a d d e d ,  a n d  

t h e  s o l u t i o n  e v a p o r a t e d  down i n  a p o r c e l a i n  b a s i n .  The 

p r o c e s s  o f  a d d i n g  m o re  p e r c h l o r i c  a c i d  ( i n  a l l  270 gm. 

o f  60$ p e r c h l o r i c  a c i d  w e re  u s e d )  an d  e v a p o r a t i n g  down, 

was r e p e a t e d  u n t i l  t h e  m e a l  o f  c r y s t a l s  was f r e e  f r o m  

n i t r a t e .  The c r y s t a l s  w h i c h  s e p a r a t e d  c o u l d  n o t  be  

f r e e d  f r o m  t h e  l a r g e  e x c e s s  o f  p e r c h l o r i c  a c i d  w i t h o u t  

c o n s i d e r a b l e  l o s s .  Hence  an  e x c e s s  o f  c o p p e r  c a r b o n a t e  

was s t i r r e d  i n t o  t h e  a c i d  s o l u t i o n .  ( The c o p p e r  c a r ­

b o n a t e  was p r e c i p i t a t e d  by  a d d i n g  ammonium c a r b o n a t e  t o  

a  s o l u t i o n  of e l e c t r o l y t i c ' c o p p e r  i n  n i t r i c  a c i d .  B e f o r e
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u s e  i t  w a s  tb .orou.gh.ly  wa-shed w i t h  h o t  w a t e r ) .  The 

s l i g h t  e x c e s s  o f  c o p p e r  c a r b o n a t e  was  t h e n  f i l t e r e d  o f f ,  

and  e n o u g h  p e r c h l o r i c  a c i d  a d d e d  t o  make t h e  s o l u t i o n  

one t o  tw o  p e r  c e n t  a c i d .  On e v a p o r a t i n g  a n d  c o o l i n g  

t h e  s o l u t i o n  a g o o d  y i e l d  o f  b e a u t i f u l  s k y - b l u e  c r y s t a l s  

was o b t a i n e d .  The c r y s t a l s  d e l i q u e s c e d  i n  t h e  a i r ,  and  

s o ,  f o r  a n a l y s i s ,  a s a m p l e  was c r u s h e d  a s  d r y  a s  p o s s i b l e  

b e t w e e n  s h e e t s  o f  f i l t e r  p a p e r , a n d  w e i g h e d .

P o u n d :  1 6 . 6 6 $  Cu ; 52 . 2 4 $  CIO^

R a t i o  ^ 4  = 3 - 1 3 5 .

T h e o ry  f o r  Cu( C lo ^ )  2 * 6H20 17*16$Cu ; 5 3 * 6 7 $

R a t i o  = 3 - 1 2 8

I t  w as  n o t e d  t h a t  t h e  s a l t  m e l t e d  i n  i t s  w a t e r  o f  

c r y s t a l l i s a t i o n  a t  j u s t  o v e r  8 0 ° G .  P e r c h l o r i c  a c i d  was 

l o s t  when a  s a m p l e  was h e a t e d  a t  1 0 0 ° C .

I n  t h e  e q u i l i b r i u m  s o l u t i o n s  ammonium p e r c h l o r a t e  

was  d e t e r m i n e d  b y  b o i l i n g  t h e  s a m p l e  w i t h  e x c e s s  c a u s t i c  

s o d a ,  an d  a b s o r b i n g  t h e  l i b e r a t e d  ammonia  i n  a n  e x c e s s  

of c o o l e d  s t a n d a r d  s u l p h u r i c  a c i d .  F o r  t h e  t i t r a t i o n  

e x c e s s  s t a n d a r d  c a u s t i c  s o d a  was a d d e d ,  and  t h e  e x c e s s  

f o u n d  by t i t r a t i o n  w i t h  s t a n d a r d  s u l p h u r i c  a c i d  u s i n g  

m e t h y l  o r a n g e  i n d i c a t o r .  G u p r i c  p e r c h l o r a t e  w a s  e s t i m a t e d  

i o d o m e t r i c a l l y . About s i x  t i m e s  t h e  t h e o r e t i c a l  e q u i —



v a l e n t  o f  potass ium  io d id e  and s t r o n g  h y d ro c h lo r ic  a c id  

was added t o  the s o l u t i o n  t o  be t i t r a t e d .  The l i b e r a t e d  

io d in e  was th en  t i t r a t e d  w i t h  s tandard  sodium t h i o s u l p h a t e  

in  the  p resen ce  o f  the  f l e s h - c o l o u r e d  p r e c i p i t a t e  of  

cuprous i o d i d e .  J u s t  b e fo re  the end o f  th e  t i t r a t i o n  a 

l i t t l e  f r e s h l y  prepared s t a r c h  s o l u t i o n  was added t o  

g iv e  a sharper e n d -p o in t .  , The sodium t h i o s u l p h a t e  s o l ­

u t io n  was s ta n d a rd ised  by i o d i d e  and standard d ichrom ate ,  

and a l s o  a g a i n s t  A.R. cu p r ic  su lp h a te  s o l u t i o n .

.Ammonium P e r c h lo r a te  w ith  Thorium P e r c h l o r a t e .

P. T. C le v e  o b t a i n e d  an  a m o r p h o u s  m a s s  -  p r e s u m a b l y  

o f  t h o r i u m  p e r c h l o r a t e  -  by  t r e a t i n g  a t h o r i u m  s a l t  o f  

a  m ore  v o l a t i l e  a c i d  w i t h  p e r c h l o r i c  a c i d .  ( B u l l . S o c .  

Ghim. ( 2 ) ,  2 1 ,  1 5 6 ,  1 8 7 4 ,  an d  ( 2 )  2 9 ,  1 8 7 8 .  J .  C. S . , 2 3 4 ,  

1 8 7 5 ) .  He d e s c r i b e d  t h o r i u m  c h l o r a t e  a n d  p e r c h l o r a t e  

a s  s o a p y  h y g r o s c o p i c  b o d i e s .  The o n l y  p u r e  t h o r i u m  

s a l t  a v a i l a b l e  was t h e  s u l p h a t e  T h ( 3 0 ^ ) 2 <>8H20 , an d  i t  

was d e c i d e d  t o  p r e p a r e  t h e  p e r c h l o r a t e  f r o m  t h i s .  W i th  

t h i s  end  i n  v i e w  1 4 . 2  gm. o f  T h ( S 0 4 ) 2 .8 H 20 w e r e  d i s s o l v e d  

i n  s t r o n g  n i t r i c  a c i d , a n d  t h e  s o l u t i o n  d i l u t e d  t o  a b o u t  

a  l i t r e .  A s l i g h t  e x c e s s  o f  ammonia  was t h e n  a d d e d  

t o  t h e  warm s o l u t i o n ,  and  t h e  p r e c i p i t a t e d  t h o r i a  f i l ­

t e r e d  o f f ,  a n d  w a s h e d  t h o r o u g h l y .  The t h o r i a  w as  d i s ­

s o l v e d  i n  51 gm. o f  19$  p e r c h l o r i c  a c i d .  ( T h i s  was  l e s s



than had been c a l c u l a t e d  as n e c e s s a r y  accord ing  to  

the q u a n t i t y  o f  thorium su lp h a te  u s e d . )  On evaporat ion  

and c o o l i n g  a syrupy mass c o n t a in in g  long  f e a t h e r y  n e e d l e ­

l i k e  c r y s t a l s  was obta in ed .  A sm al l  sample of  the  

c r y s t a l s  was f i l t e r e d  o f f ,  washed w ith  a minimum of  co ld  

water ,  crushed between s h e e t s  of f i l t e r  paper,  and weighed 

f o r  a n a l y s i s .  I t  was found t h a t  the  c r y s t a l s  c onta ined  

too  high a percentage  of thorium. Since t h i s  might have 

been due t o  the presen ce  o f  ta s ic  s a l t ,  fu r th e r  sm al l  

samples were prepared and a n a ly s e d ,  adding to  the t h o r ia  

in  one c a s e  th e  f u l l  e q u iv a le n t  o f  p e r c h lo r ic  a c id  c a l ­

c u l a t e d  on the thorium su lp h a te  taken ,  and i n  th e  other  

twenty per c e n t  e x c e s s  o f  t h i s  amounjk. Again too  high  

a p r o p o r t io n  o f  thorium was found i n  the c r y s t a l s .  This 

discrep ancy  was then traced  to  the presence  of su lp h ate  

i n  the c r y s t a l s .  I t  was found t h a t  when t h o r ia  i s  

d i r e c t l y  p r e c i p i t a t e d  by s lo w ly  adding d i l u t e  ammonia 

s o l u t i o n  t o  a s o l u t i o n  of thorium su lp h a te  i n  n i t r i c  

or hy d ro ch lo r ic  a c i d ,  the p r e c i p i t a t e d  t h o r ia  c o n t a in s  

a c o n s id e r a b le  q u a n t i ty  of su lp h a te ,w h ic h  cannot be re ­

moved by prolonged washing w ith  hot water.  Sulphate  

was s t i l l  p r e s e n t  even when the t h o r ia  was p r e c i p i t a t e d  

in  v ery  d i l u t e  s o l u t i o n .  Hence the thorium was f i r s t  

se p a r a ted  from the ac id  s o l u t i o n  of i t s  su lp h a te  by the



a d d i t i o n  o f  a n i t r i c  a c id  s o l u t i o n  o f  potassium i o d a t e .  

(H i l leb ra n d  and Lundell  -^M ineral  A n a l y s i s ) .  The 

thorium i o d a t e  was w e l l  washed, and converted  t o  t h o r i a .  

The t h o r i a  was d i s s o l v e d  in  a c i d ,  p r e c i p i t a t e d  i n  d i l u t e  

s o l u t i o n  w ith  ammonia, and w e l l  washed. This gave pure  

t h o r i a  f r e e  from s u lp h a te .  An e q u iv a le n t  of  p e r c h l o r i c  

a c id  was used t o  d i s s o l v e  the t h o r i a .  On e v a p o r a t io n  

and c o o l i n g  lo n g  c r y s t a l s  o f  thorium p e r c h lo r a t e  were 

o b ta in ed .  The s a l t  was d e l i q u e s c e n t ,  and very  s o l u b l e  

in  w ater .  I t  was a s c e r t a i n e d  to  be pure,  but no attempt  

was made t o  i s o l a t e  d e f i n i t e  h y d ra te s .  Since th e  s a l t  

was so very  s o lu b le  i t s  s o l u b i l i t y  was n o t  determined  

q u a n t i t a t i v e l y ,  and no i so th erm s  of  thorium p e r c h lo r a t e  

w ith  o ther  m e t a l l i c  p e r c h lo r a t e s  in  aqueous s o l u t i o n  

were found.

I t  was thought t o  be s u f f i c i e n t  t o  i n v e s t i g a t e  the  

c r y s t a l l i s a t i o n  of mixed s o l u t i o n s  o f  thorium p e r c h lo r a te  

with  ammonium p e r c h lo r a te  in  var io u s  m olecular  propor­

t i o n s .  Thus s trong  s o l u t i o n s  of  thorium p e r c h lo r a te  

and ammonium p e r c h lo r a t e  were mixed in  wide ly  vary ing  

proport ions  , aid s t i r r e d  a t  room temperature  u n t i l  

c r y s t a l s  s e p a r a te d .  In each case the c r y s t a l s  were 

f i l t e r e d  o f f  w i th  s u c t i o n ,  washed w ith  a minimum of c o ld  

w a te r ,  and a n a ly s e d .  Ho e v id en ce  f o r  double s a l t  f o r -



m a t i o n w a s  o b t a i n e d ,  b e c a u s e  . f o r  a l l  t h e  m i x t u r e  e x a m i n e d  

t h e  s o l i d  p h a s e  was  f o u n d  t o  be  ammonium p e r c h l o r a t e .

D i s c u s s i o n  of  t h e  P e r c h l o r a t e s .

F i g u r e  1 .  sh o w s  t h e  c u r v e  o b t a i n e d  f o r  t h e  t e r n a r y  

^ r s t e m  HaGlO^. A l(  C 1 0 ^ ) ^ . H 20 a t  3 0 . 0 ° C .  T h e re  i s  n o  

d o u b l e  s a l t  c u r v e  i n  e v i d e n c e .  At t h e  t r i p l e  p o i n t  t h e  

s a t u r a t e d  s o l u t i o n  c o n t a i n s  7 6 . 2 6  gm. A l ( G l O ^ ) ^  p e r  

100  gm. H20 , a n d  43* 8 4  gm. NaClO^ p e r  1 0 0 'gm. H20 .  A d d i t ­

i o n  o f  a l u m i n i u m  p e r c h l o r a t e  t o  s a t u r a t e d  s o d i u m  p e r ­

c h l o r a t e  s o l u t i o n  c a u s e s  t h e  l a t t e r  s a l t  t o  c r y s t a l l i s e  

o u t ,  u n t i l  t h e  t r i p l e  p o i n t  i s  r e a c h e d .  L i k e w i s e  

a l u m i n i u m  p e r c h l o r a t e  c r y s t a l l i s e s ,  when s o d iu m  p e r ­

c h l o r a t e  i s  a d d e d  t o  i t s  s a t u r a t e d  s o l u t i o n .  The s o l i d  

p h a s e s  w e r e  n o t  a n a l y s e d  q u a n t i t a t i v e l y ,  q u a l i t a t i v e  

a n a l y s i s  b e i n g  s u f f i c i e n t  t o  c h a r a c t e r i s e  t h e  c r y s t a l s . .

W h i l s t  s o d iu m  p e r c h l o r a t e  i s  v e r y  s o l u b l e ,  an d  

c r y s t a l l i s e s  f r o m  a q u e o u s  s o l u t i o n  w i t h  one  m o l e c u l e  o f  

w a t e r ,  p o t a s s i u m  p e r c h l o r a t e  i s  b u t  s p a r i n g l y  s o l u b l e  

i n  w a t e r ,  an d  c r y s t a l l i s e s  a n h y d r o u s .  F i g u r e  2.  sh o w s  

t h a t  a l u m i n i u m  p e r c h l o r a t e ,  e v e n  i n  r a t h e r  s m a l l  q u a n t i t i e s  

r e d u c e s  c o n s i d e r a b l y  t h e  s o l u b i l i t y  o f  p o t a s s i u m  p e r ­

c h l o r a t e .  I n  f a c t  i t  i s  shown t h a t  t h e  r e s u l t  o f  a d d ­

i n g  a l u m i n i u m  p e r c h l o r a t e  t o  s a t u r a t e d  p o t a s s i u m  p e r -
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c h l o r a t e  s o l u t i o n  i s  a p p r o x i m a t e l y  t h a t  c a l c u l a t e d  fmn 

t h e  m a ss  a c t i o n  e f f e c t  o f  t h e  a d d e d  p e r c h l o r a t e  i o n s .  The 

s o l u b i l i t y  o f  p o t a s s i u m  p e r c h l o r a t e  i n  w a t e r  a t  30°C was 

f o u n d  t o  be ( 2 . 5 2 8 / 1 3 8 . 5 6 )  g m .m o l .  p e r  100 gm. o f  w a t e r .  

Thus  t h e  s o l u b i l i t y  p r o d u c t  o f  p o t a s s i u m  p e r c h l o r a t e  a t  

3 0 . 0 ° G  i s t h a t  i s  3*329 x  1 0 ~ ^ .  S i n c e  p o t a s s i u m  

p e r c h l o r a t e  i s  a s p a r i n g l y  s o l u b l e  b i n a r y  e l e c t r o l y t e  i t  

was  a s s u m e d  t h a t  i t  was c o m p l e t e l y  d i s s o c i a t e d  e v e n  i n  

s a t u r a t e d  s o l u t i o n ,  a n d  t h a t  t h e  c a n c e l  t r a t i o n  o f  t h e  un ­

d i s s o c i a t e d  p a r t  was  n e g l i g i b l e  a s  c o m p a red  t o  t h a t  o f  

t h e  i o n s .  F u r t h e r  i t  s eem ed  r e a s o n a b l e  t o  assum e ( f o r  

s m a l l  c o n c e n t r a t i o n s  o f  a l u m i n i u m  p e r c h l o r a t e ) ,  t h a t  t h e  

a l u m i n i u m  p e r c h l o r a t e  a d d e d  was c o m p l e t e l y  d i s s o c i a t e d  i n t o  

a l u m i n i u m  an d  p e r c h l o r a t e  i o n s .  Thus t h e  i n c r e a s e  i n  

p e r c h l o r a t e  i o n s  f o l l o w i n g  on e a c h  a d d i t i o n  o f  a l u m i n i u m  

p e r c h l o r a t e  was c a l c u l a t e d ,  a n d  h e n c e  a l s o  t h e  c o n c e n t r a ­

t i o n  o f  p o t a s s i u m  p e r c h l o r a t e .

T h u s ;

L e t  e n o u g h  a l u m i n i u m  p e r c h l o r a t e  be  a d d e d  t o  r e d u c e  

t h e  c o n c e n t r a t i o n  of p o t a s s i u m  p e r c h l o r a t e  i n  t h e  l i q u i d  

p h a s e  t o  1 . 0 0  gm. p e r  100  gm. o f  w a t e r .

Then (k+]  = f ^ r g lT = 7 - 216 x  10~ 5 g m . i o n  p e r  100gm .H 20
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But £ k+J [ c1 0~J  = -3 .3 2 9  x 10“ 4

[ a o - j .  ■ < • « ’  a ^ - A o o * .  . 2 o

jciO~j from A1(C104 ) 5 = ( 4 .6 1 3  x 10"2) -  ( 7 . 2 1 6  x lCT3

= 3*891 x 10““2 gm.ion/lOOgm H2  ̂

|a1(C104 ) ^  = 1 .2 9 7  x 1CT2 gm.mol./lOO gm„H20

= 4 .220  gm./lOOgm. H20 .

Thus when the  l i q u i d  phase i n  eq u i l ib r iu m  with* KCIO  ̂

c o n ta in s  4*220 gm. A1(C10^)^ per 100 gm. H20 ,  the concen­

t r a t i o n  of potassium p e r c h lo r a t e  in  i t  i s  1 .0 0  gm. per  

100 gm. H20 .

S i m i l a r l y  a whole s e r i e s  of o ther  v a lu e s  was c a l ­

c u l a t e d ,  and the  r e s u l t s  p l o t t e d  on a r ec ta n g u la r  d ia ­

gram a l o n g s id e  those  obta ined  e x p e r im en ta l ly .  The curves  

were remarkably s i m i l a r ,  and almost  c o in c id e d  a t  the  

lower c o n c e n tr a t io n s  of  aluminium p e r c h lo r a t e ,  where the  

s u p p o s i t i o n s  made f o r  the purpose of  c a l c u l a t i o n  were 

most l i k e l y  to  be t r u e .  Whilst  the  above method of  

c a l c u l a t i n g  the  e f f e c t  of  adding an e l e c t r o l y t e  w ith  a 

common io n  to  a s o l u t i o n  of another i s  now l a r g e l y  super­

seded by the newer t h e o r i e s ,  .y e t  i t  was thought t o  be of  

i n t e r e s t  to  show j u s t  how c l o s e l y  the c a l c u l a t e d  r e s u l t s  

agreed w i t h  the  e xper im en ta l .  This agreement adds w e ig h t



t o  t h e  f i n d i n g  t h a t  t h e r e  i s  n o  d o u b l e  s a l t  c u r v e  i n  t h e  

i s o t h e r m  o f  t h e  s y s t e m  KCIO^. A l(  G IO ^ ) ^ ,H 20 a t  3 0 ° C.

The s o l u b i l i t y  of ammonium p e r c h lo r a t e  i s  i n t e r ­

m ed ia te ,  between t h a t  of p o t a s s iu m , and t h a t  of  sodium per­

c h l o r a t e .  The c r y s t a l l i s a t i o n  of ammonium p e r c h lo r a t e  

ensues  as more and more aluminium p e r c h lo r a te  i s  added 

to  a s a t u r a t e d  s o l u t i o n  of the  former s a l t .  (F ig u re  3*)

In f a c t  so  e f f i c a c i o u s  i s  aluminium p e r c h lo r a t e  i n  causing  

the s e p a r a t i o n  of ammonium p e r c h lo r a t e  from s o l u t i o n  t h a t  

a t  the t r i p l e  p o in t  the e q u i l ib r iu m  s o l u t i o n  a t  3 0 . 0 ° C .  

c o n t a i n s  1 0 7 ^ 7  gm. Al( CIO^) ^,and only 0 . 9 1  gm. NH^CIO^. 

Q u an t i ta t iv e  a n a l y s i s  of  the  s o l i d  phases was u n n ecessa ry ,  

because m ic r o sc o p ic  examination showed t h a t  the  c r y s t a l s  

were rhombic and l i k e  ammonium p e r c h lo r a t e ,  and fu r t h e r ­

more q u a l i t a t i v e  a n a l y s i s  showed them to  be contaminated  

from the l i q u i d  phase w i t h  on ly  a t ra c e  of aluminium 

p e r c h l o r a t e ,  which could be removed b y  washing them with  

a very  l i t t l e  c o ld  water or a l c o h o l .  Again the system  

showed no double s a l t  curve ,  nor did anything but ammon­

ium p e r c h lo r a t e  c r y s t a l l i s e ,  when strong s o l u t i o n s  of  the  

two s a l t s  in  w ide ly  varying  proport ions  were s t i r r e d  a t  

d i f f e r e n t  tem peratures .

The i s o t h e r m  o b t a i n e d  f o r  t h e  s y s t e m  HH^CIO^. Cu( C IO ^ )2 

oH20 a t  3 0 . 0 ° G  ( F i g u r e  4) was o f  a t y p e  v e r y  s i m i l a r  t o



the above.  The ammonium p e r c h lo r a t e  s e c t i o n  of  the  

curve was lo n g ,  and a t  the t r i p l e  p o in t  the l i q u i d  phase  

c onta ined  2 .0 8  gm. NH^ClO^and 1 41 .0  gm. Cu(C104 ) 2 .

On the lo n g e r  s e c t i o n  of  the curve the  s o l i d  phase  

was shown to  be NH^CIO  ̂ by th e  use  of  the m ic r o s c o p e , and 

by q u a l i t a t i v e  a n a l y s i s .  Ammonium p e r c h lo r a te  was but  

s l i g h t l y  s o l u b l e  in  sa tu ra te d  cu p r ic  p e r c h lo r a t e  s o l u t i o n ,  

and caused hard ly  any change i n  the s o l u b i l i t y  of  the  

l a t t e r  s a l t .  No e v id e n c e  for. double s a l t  form ation  was 

obta ined from t h i s  i so therm . Over a wide temperature  

range i t  was always ammonium p e r c h lo r a t e  which c r y s t a l l i s e d  

from s o l u t i o n s  c o n ta in in g  ammonium p e r c h lo r a te  and cupric  

p e r c h lo r a t e  i n  various c o n c e n t r a t io n s .

I t  was a l s o  shown t h a t  when d i f f e r e n t  q u a n t i t i e s  o f  

strong  thorium p e r c h lo r a t e  s o l u t i o n  were  s t i r r e d  w ith  a 

s tron g  s o l u t i o n  of  ammonium p e r c h lo r a t e  the  c r y s t a l s  

which sep a ra ted  were th o s e  of ammonium p e r c h lo r a t e .

In r e p r e s e n t in g  th e  r e s u l t s  obtained w ith  the above  

t e r n a r y  sys tem s i t  was found most convenient  to  express  

them in  grams of  anhydrous s a l t  per hundred grams of  w a te r ,  

and to  p l o t  on a system of  r e c ta n g u la r  c o o r d in a t e s .

The double p e r c h lo r a t e s  reported  by Weinland and 

Ensgraber cou ld  n o t  be prepared. Furthermore no e v id e n c e  

f o r  the e x i s t e n c e  of double s a l t s  of a l k a l i  p e r c h lo r a t e s
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w ith ,  t h e  p e r c h l o r a t e s  o f  b i - ,  t e r - ,  o r  q u a d r i - v a l e n t  

m e t a l s  h a s  b e e n  o b t a i n e d .  Thus  p e r c h l o r a t e s  do n o t  r e ­

s e m b l e  s u l p h a t e s  i n  t h e i r  p o w e r  o f  f o r m i n g  d o u b l e  s a l t s .  

H e r e  i t  may b e  n o t e d  t h a t  t h e  p e r c h l o r a t e s  a r e  n o t  i s o -  

m o rp h o u s  w i t h  t h e  c o r r e s p o n d i n g  s u l p h a t e s .  I t  s ee m s  

p r o b a b l e  t h a t  t h e  d i f f e r e n c e  i n  v a l e n c y  o f  s u l p h a t e  a n d  

p e r c h l o r a t e  may be  a n  i m p o r t a n t  f a c t o r  g o v e r n i n g  d o u b l e  

s a l t  f o r m a t i o n .  A l t h o u g h  ( G 1 0 ^ )“ a n d  ( S 0 ^ )“" h a v e  p o i n t s  

i n  common, y e t  t h e  d i f f i c u l t y  o f  f i t t i n g  t w i c e  a s  many 

( C 10^)~  g r o u p s  i n t o  t h e  l a t t i c e  ( e v e n  w i t h  t h o r i u m )  may 

p r e c l u d e  d o u b l e  s a l t  f o r m a t i o n .



THE SYSTEM NaClÔ . Al( CIÔ ) _.HgO at 30.0°C.

LIQUID PHASE SOLID PHASE

G.NaC104/3D0G.H20 G. A1 ( C104 ) 3 / l 0 0  G. H20

2 1 5 . 0 — U a(C 1 0 4 ) . H 20

1 3 5 . 4 2 7 . 7 6 t»

1 1 6 . 6 3 7 . 3 0 M

1 0 0 . 7 4 5 . 5 9 II

5 0 . 6 4 7 2 . 4 6 I t

4 3 - 8 4 7 6 . 2 6 HaG104 .H 20 & 
Al(  C104 ) ^ a q .

3 0 . 0 2 8 3 . 8 7 A1(G104 ) 3 a q .

— 1 1 0 . 1 i t



THE SYSTEM KCIÔ . Al( C10*J3 .HaO at 30.0°C.

LIQUID PHASE SOLID PHASE

g . k c i o 4/ loog . h 2o G. A1 ( G104 ) 5/ 1 0 0 G . H 20

2 . 528 — z g i o 4

1 . 4 6 2 2 . 6 5 2
. ____  .... . . i

1 . 3 5 7 3 . 0 4 3

1 . 0 2 8 4 . 9 5 6

0 . 7 0 4 1 8 . 1 5 8

0 . 2 1 1 5 3 4 . 5 6

CALCULATES PBOM SOLUBILITY PBOSUCTS.

LIQUID PHASE
G.KG104 / 1 0 0  g. h 2o G. Al(  G104 ) 3/ 1 0 0 G .H 2 0 '

2 .  528
2 . 0 0 0 0 . 9 3 6
1 . 3 0 0 2 . 8 3 0
1 . 0 0 0 4 . 2 2 0
0 . 5 0 0 9 .  6X0
0 . 2 0 0 2 4 . 8 6
0 . 1 0 0 4 9 . 9 4



THE SYSTEM NH4CL04.A1(C104) .H20 at 30.0°C.

LIQUID HIA.SE S O U L  PHASE

o . ; : h  c i o  / i c o  3 . h  o . G .A 1 ( 0 1 0 4 ) ^ A 0 0  g .H „ 0

2 8 . 0 0 hh 4 c i o 4

2 5 . 0 3 3 . 1 3 M

2 3 . 1 0 5 . 2 5
I

I t

1 8 . 6 6 9 . 7 7 I f

1 5 . 1 2 1 4 . 0 9 fl

1 3 . 1 5 1 7 . 4 7 II

1 0 . 4 7 2 2 . 9 0 I I

8 . 5 9 2 6 . 1 9
I I

2 . 3 6 5 5 . 6 9 I I

0 . 9 1 1 0 7 . 7 BH4 C104 & 
A1 ( CIO ^

----- 1 1 0 . 1 A l(  C104 ) ^ a q .



THE SYSTEM. NĤ CK̂ . Cn( C104)2.H20 at 30.0°C

LIQUID PHASE SOLID PHASE

n &.NH4 C1 0 4 / l 0 0  G.H2 0 G .C u(C 104 ) 2 / 1 0 0  G.H20

HH4 a l 0 42 8 . 0 0 —

1 7 . 9 9 1 4 . 8 9 tt

1 4 . 2 8 2 2 . 5 1 11

1 1 . 4 2 5 0 . 0 0 i»

1 0 . 1 5 5 4 . 0 4 11

5 . 5 2 2 5 8 . 1 2 11

5 . 0 5 9 9 0 . 9 3 11

2 . 0 7 5 1 4 1 . 0 HH4 C104  & 
Cu(C104 ) 2 .6Hp

_ 1 4 1 . 6 C u (0 1 0 4 ) 2 .6H„
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I n  many r e s p e c t s  t h e  c h r o m a t e s  a r e  s i m i l a r  t o  t h e  

s u l p h a t e s ,  a n d  c o r r e s p o n d i n g  s a l t s  a r t  i som orphous .  T h e re  

a r e  many r e f e r e n c e s  i n  t h e  l i t e r a t u r e  t o  d o u b l e  c h r o m a t e s ,  

b u t  i n  c o m p a r a t i v e l y  few c a s e s  h a s  t h e  i n v e s t i g a t i o n  b e e n  

a t  a l l  e x h a u s t i v e .  G r ^ g e r  ( Z e i t s c h . A n o r g . G h e m . , 5 4 ,  1 8 5 ,  

1 9 0 7 )  a n d  B a r r e  ( C o m p t . r e n d . , 1 5 8 ,  4 9 5 ,  1 9 1 4 )  h a v e  e a c h  

p r e p a r e d  a  c o n s i d e r a b l e  n u m b e r  o f  s u p p o s e d  d o u b l e  c h r o ­

m a t e s .  Many d o u b l e  s u l p h a t e s  h a v e  a l r e a d y  b e e n  v e r y  

f u l l y  i n v e s t i g a t e d  i n  t h i s  l a b o r a t o r y ,  an d  h e n c e ,  f o r  

c o m p a r a t i v e  p u r p o s e s ,  some a t t e n t i o n  w a s  g i v e n  t o  a  few 

of  t h e  a b o v e  d o u b l e  c h r o m a t e s .

P rep a ra t io n  of Calcium Ohromate.

.Among t h e  m e t h o d s  t h a t  h a v e  b e e n  s u g g e s t e d  f o r  t h e  

p r e p a r a t i o n  o f  c a l c i u m  c h r o m a t e  a r e : -

( 1 )  F u s i n g  c a l c i u m  c h l o r i d e  w i t h  s o d iu m  c h r o m a t e .
( 2 )  A d d in g  s t r o n g  s o d iu m  c h r o m a t e  s o l u t i o n  t o  a  

c o n c e n t r a t e d  s o l u t i o n  o f  a c a l c i u m  s a l t .

( 5 )  By t h e  a c t i o n  o f  c h r o m i c  a c i d  on c a l c i u m  
c a r b o n a t e  or  m i l k  o f  l i m e .

M e th o d s  ( 1 )  an d  ( 2 )  r e q u i r e  s o d i u m  c h r o m a t e .  The 

b e s t  c o m m e r c i a l  s o d iu m  c h r o m a t e  c o n t a i n s  c o n s i d e r a b l e  

q u a n t i t i e s  o f  s u l p h a t e  w h i c h  i s  n o t  r e a d i l y  s e p a r a t e d  

f ro m  i t .  H ence  some p u r e  s o d i u m  c h r o m a t e  was p r e p a r e d



a s  f o l l o w s  -  50 gm. o f  ch rom ium  - s e s q u i o x i d e , p r e p a r e d  

f r o m  ch ro m e  a l u m ,  w e r e  f u s e d  w i t h  46 gm. o f  s o d iu m  p e r ­

o x i d e  i n  a n i c k e l  b a s i n ,  and t h e  m e l t  was e x t r a c t e d  w i t h  

w a t e r .  The s o l u t i o n  was n e u t r a l i s e d  w i t h  h y d r o c h l o r i c  

a c i d ,  a n d  f i l t e r e d .  The s o d i u m  c h r o m a t e  s o l u t i o n  t h u s  

p r e p a r e d  w as  p o u r e d  i n t o  a n  e q u i v a l e n t  o f  c a l c i u m  c h l o r i d e  

s o l u t i o n  made f r o m  A.R .  c a l c i u m  c a r b o n a t e  a n d  h y d r o c h l o r i c  

a c i d .  The c a l c i u m  c h r o m a t e  was p r e c i p i t a t e d  a t  t h e  

b o i l i n g  p o i n t , w h e n  t h e  pH had  b e e n  a d j u s t e d  by a d d i n g  a 

few d r o p s  o f  c a u s t i c  s o d a .  T h i s  m e t h o d  g a v e  a good  y i e l d  

o f  c a l c i u m  c h r o m a t e ,  b u t  t h e  p r o d u c t  was n o t  s u f f i c i e n t l y  

p u r e  f o r  t h e  p r e s e n t  w o r k ,  an d  c o u l d  n o t  r e a d i l y  b e  p u r ­

i f i e d .

A c c o r d i n g  t o  J .  F.  B a h r ,  C a C r O ^ . S ^ O  c a n  be  o b t a i n e d  

by t r e a t i n g  c a l c i u m  c a r b o n a t e  w i t h  a  s o l u t i o n  o f  c h r o m i c  

a c i d .  H o w e v e r ,  i t  was f o u n d  t h a t  c h r o m i c  a c i d  w o u ld  

d i s s o l v e  ( u n d e r  v a r i e d  c o n d i t i o n s  o f  c o n c e n t r a t i o n  and  

t e m p e r a t u r e )  o n l y  h a l f  i t s  c a l c u l a t e d  e q u i v a l e n t  o f  c a l ­

c i u m  c a r b o n a t e .  The s a l t  w h i c h  w a s  t h u s  o b t a i n e d  c o n ­

s i s t e d  o f  v e r y  d a r k  r e d  n e e d l e s ,  a n d  was v e r y  p r o b a b l y  

a n  a c i d  c h r o m a t e  o f  c a l c i u m .

I t  was f o u n d  t h a t  t h e  b e s t  m e t h o d  o f  p r e p a r i n g  

c a l c i u m  c h r o m a t e  was t h a t  g i v e n  by  M y l i u s  an d  Von V/rochem 

( B e r . ,  5 5 ,  5 6 8 9 ,  1 9 0 0 ) .  These  a u t h o r s  s t a t e  t h a t  s o l ­
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u t i o n s  c o n t a i n i n g  m ore  t h a n  t w e n t y - f i v e  p e r  c e n t  o f  

c a l c i u m  c h r o m a t e  c a n  be p r e p a r e d  b y  s a t u r a t i n g  c h r o m i c  

a c i d  w i t h  m i l k  o f  l i m e  a t  0 ° C .  The s o l u t i o n  i s  n o t  

s t a b l e . f o r  l o n g ,  a n d  c a n  b e  r e g a r d e d  a s  s u p e r s a t u r a t e d .

On s t a n d i n g  i t  g i v e s  y e l l o w  c r y s t a l s  o f  c a l c i u m  c h r o m a t e ,  

and  by  w a rm in g  a t h i c k  m e a l  o f  c r y s t a l s  i s  q u i c k l y  ob­

t a i n e d .  The s o l u t i o n  i s  b r o u g h t  t o  1 0 0 ° C  t o  d e h y d r a t e  

t h e  s a l t ,  a n d  CaCrO^ i s  t h e n  o b t a i n e d  i n  a  f o r m  w h i c h  i s  

b u t  s l i g h t l y  s o l u b l e .

50 gm. A. R. GrO^ w e r e  d i s s o l v e d  i n  150 c c .  o f  w a t e r ,  

and  28 gm. o f  OaO w ere  s l a k e d  an d  made i n t o  a  t h i n  s l u r r y  

w i t h  150 c c .  o f  w a t e r .  The c h r o m i c  a c i d  s o l u t i o n  w as  

p o u r e d ,  s l o w l y  and  w i t h  s t i r r i n g ,  i n t o  t h e  l i m e  w h i c h  

was i n  s l i g h t  e x c e s s .  The s o l u t i o n  w a s  n o t  a l l o w e d  t o  

h e a t  a b o v e  0 ° C , a n d  r e m a i n e d  s u p e r s a t u r a t e d  w i t h  c a l c i u m  

c h r o m a t e .  The e x c e s s  l i m e  was f i l t e r e d  o f f ,  a n d  t h e  

f i l t r a t e  h e a t e d  up  t o  g i v e  a g o o d  y i e l d  o f  f i n e  y e l l o w  

p o w d e r y  c a l c i u m  c h r o m a t e .  T h i s  p r e p a r a t i o n  was e n t i r e l y  

s a t i s f a c t o r y  e x c e p t  f o r  a s m a l l  q u a n t i t y  o f  c h o c o l a t e -  

c o l o u r e d  c o l l o i d a l  m a t t e r , w h i c h  c o n t a m i n a t e d  t h e  p r o d u c t .  

A c o n s i d e r a b l e  t i m e  was g i v e n  t o  d i s c o v e r i n g  t h e  n a t u r e  

and o r i g i n  o f  t h i s  i m p u r i t y .  I t  was f i n a l l y  f o u n d  t o  

b e  c h r o m i c  c h r o m a t e ,  d e r i v e d  f r o m  a l i t t l e  c h r o m i c  s a l t  

p r e s e n t  a s  i m p u r i t y  i n  t h e  -A. R. c h r o m i c  a c i d .  A. R.



c h r o m i c  a c i d  a s  s u p p l i e d - b y  M erck  a n d  by B.D. H. was 

t e s t e d ,  a n d ,  i n  e a c h  c a s e ,  f o u n d  t o  c o n t a i n  a  t r a c e  o f  

s i l i c a  a n d  c h r o m i c  s a l t .  When a n  a q u e o u s  s o l u t i o n  o f  

t h e  a c i d  w as  n e u t r a l i s e d  w i t h  p u r e  s o d i u m  c a r b o n a t e ,  a 

b r o w n i s h  o p a l e s c e n c e  g r a d u a l l y  a p p e a r e d .  The brown 

m a t e r i a l  was o f  a  c o l l o i d a l  n a t u r e ,  and  i t  was d i f f i c u l t  

to s e p a r a t e  b y  f i l t r a t i o n .  A l i t t l e  o f  i t  was c o l l e c t e d ,  

w e l l  w a s h e d ,  and  shown b y  a n a l y s i s  t o  be  c h r o m i c  c h r o m a t e .  

H ence  i n  t h e  p r e p a r a t i o n  of  c a l c i u m  c h r o m a t e  t h e  p r o d u c t  

had  t o  be  p u r i f i e d  f r o m  t h i s  i m p u r i t y .  T h i s  was e f f e c t e d  

a s  c o m p l e t e l y  a s  p o s s i b l e  by  f i l t e r i n g  t h e  s u p e r s a t u r a t e d  

s o l u t i o n  t h r o u g h  a  t h i c k  p a d  o f  a s b e s t o s , b e f o r e  h e a t i n g  

t o  p r e c i p i t a t e  c a l c i u m  c h r o m a t e .  The s p a r i n g l y  s o l u b l e  

c a l c i u m  c h r o m a t e  was h e a t e d  w i t h  a l i t t l e  v e r y  d i l u t e  

a c e t i c  a c i d ,  a n d  f i n a l l y  b o i l e d  up  w i t h  d i s t i l l e d  w a t e r  

and f i l t e r e d .  The s a l t  was d e h y d r a t e d  i n  t h e  a i r  oven  

a t  2 5 0 -  5 0 0 ° C .  At t e m p e r a t u r e s  b e lo w  2 00°C  t h e  h e m i -  

h y d r a t e  i s  o b t a i n e d  a s  shown b y  t h e  f o l l o w i n g  a n a l y s e s  

on  two d i f f e r e n t  s p e c i m e n s .  ( 1 )  7 0 . 4 2 $  OrO^j ( 2 )  6 9 . 5 8 $  

CrO^, w h i l s t  CaCrO^.- i l^O r e q u i r e s  7 0 . 2 6 $  OrO^.

A n a l y s i s  o f  p r e p a r e d  C a l c iu m  C h ro m a te  ( n o t  d e h y d r a t e d ) .

$  Ca * 1 8 . 5 0  $  C r0 4 = 5 2 . 2 8

B a t i o  ijjg&f- = 2 . 8 5 7  -  I h e o r y  -  2 . 8 9 5
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C a l c i u m  C h r o m a te  w i th .  P o t a s s i u m  C h r o m a t e .

C r B g e r  ( Z e i t s c h .  A n o r g .  Chem. 5 4 ,  1 8 5 ,  1 9 0 7 )  p r e p a r e d  

K2 C a ( C r O ^ ) 2 *2H20 by  m i x i n g  s t r o n g  p o t a s s i u m  c h r o m a t e  

s o l u t i o n  w i th ,  c a l c i u m  c h r o m a t e  s o l u t i o n .  The s a l t  was  

a l s o  p r e p a r e d  by  B a r r e  ( Compt .  r e n d . , 1 5 8 ,  49 5, 1 9 1 4 ) .

I t  i s  t h e  e x i s t e n c e  o f  t h i s  d o u b l e  s a l t  w h i c h  p r e v e n t e d  

t h e  p r e p a r a t i o n  o f  c a l c i u m  c h r o m a t e  f r o m  c a l c i u m  c h l o r i d e  

and  p o t a s s i u m  c h r o m a t e .  I t  was t h o u g h t  t h a t  i f  e q u i v a l e n t  

q u a n t i t i e s  o f  c a l c i u m  c h l o r i d e  a n d  p o t a s s i u m  c h r o m a t e  

w e re  m ix e d  i n  b o i l i n g  s o l u t i o n  c a l c i u m  c h r o m a t e  m i g h t  

be o b t a i n e d .  H o w ev e r ,  i t  w as  shown t h a t  t h e  p r o d u c t  a l ­

w ays  c o n t a i n e d  d o u b l e  s a l t .  The r a t i o  t h e  p r o d u c t

was ( 1 )  3 . 6 4 ,  ( 2 )  3*72 f o r  two d i f f e r e n t  p r e p a r a t i o n s .

CaCrO^ r e q u i r e s  = 2 . 8 9  5 ,  an d  K2 C a ( C r O ^ ) 2 .2 H 20 r e ­

q u i r e s  tt—4' ~ 5 * 7 8 6 .  Thus p u r e  c a l c i u m  c h r o m a t e  was

n o t  t o  b e  o b t a i n e d  by t h i s  m e t h o d ,  s i n c e  t h e r e  was a l w a y s  

some d o u b l e  s a l t  a s  w e l l .

The i s o t h e r m  a t  5 0 . 0 ° C  f o r  t h e  s y s t e m  K ^ C r O ^ . ^ O  was 

o b t a i n e d .  The p o t a s s i u m  c h r o m a t e  was  o f  A. R. g r a d e ,  an d  

by  i o d o m e t r i c  a n a l y s i s  was  shown t o  be  9 9 * 8 $  p u r e .  I n  

t h e  e q u i l i b r i u m  s o l u t i o n s  c a l c i u m  c h r o m a t e  was d e t e r m i n e d  

v o l u m e t r i e a l l y  by  t h e  o x a l a t e  m e t h o d .  i n  e x c e s s  o f  

s t a n d a r d  ammonium o x a l a t e  s o l u t i o n  was a d d e d  t o  t h e  s o l ­

u t i o n  f o r  a n a l y s i s ,  a f t e r  m a k i n g  s l i g h t l y  a c i d  w i t h  a c e t i c
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a c i d .  When p r e c i p i t a t i o n  was c o m p l e t e ,  t h e  c a l c i u m  

o x a l a t e  was  f i l t e r e d  o f f  w i t h  s u c t i o n ,  an d  w e l l  w a s h e d .  

The e x c e s s  o f  ammonium o x a l a t e  i n  t h e  f i l t r a t e  was d e t e r ­

m in e d  b y  t i t r a t i o n  w i t h  s t a n d a r d  p e r m a n g a n a t e  a t  6 0 ° C . , 

i n  s u l p h u r i c  a c i d  s o l u t i o n .  The c a l c i u m  w a s  a l s o  

d i r e c t l y  d e t e r m i n e d  i n  t h e  p r e c i p i t a t e  by  d i s s o l v i n g  i n  

d i l u t e  n i t r i c  a c i d ,  a n d  t i t r a t i n g  w i t h  s t a n d a r d  p e r m a n ­

g a n a t e .  The t o t a l  c h r o m a t e  i n  t h e  e q u i l i b r i u m  s o l u t i o n s  

was f o u n d  b y  a d d i n g  a n  e x c e s s  o f  p o t a s s i u m  i o d i d e  and  

h y d r o c h l o r i c  a c i d ,  and  t i t r a t i n g  t h e  l i b e r a t e d  i o d i n e  

w i t h  s t a n d a r d  s o d i u m  t h i o s u l p h a t e  s o l u t i o n ,  a d d i n g  s t a r c h  

s o l u t i o n  t o w a r d s  t h e  e n d  t o  g i v e  a s h a r p  e n d - p o i n t .  The 

t h i o s u l p h a t e  was s t a n d a r d i s e d  a g a i n s t  A. R. p o t a s s i u m  di-tr 

c h r o m a t e  b y  t h e  same m e t h o d .  Prom t h e  r e s u l t s  o b t a i n e d  

f o r  t o t a l  c h r o m a t e ,  a n d  f o r  c a l c i u m ,  t h e  p o t a s s i u m  

c h r o m a t e  c o n t e n t  o f  t h e  s o l u t i o n  w a s  c a l c u l a t e d .  The 

a d d i t i o n  o f  p o t a s s i u m  c h r o m a t e  t o  s a t u r a t e d  c a l c i u m  

c h r o m a t e  s o l u t i o n  c a u s e s  a m a r k e d  i n c r e a s e  i n  t h e  s o l u ­

b i l i t y  o f  t h e  l a t t e r  s a l t .  At t h e  t r i p l e  p o i n t  t h e  

s o l u t i o n  c o n t a i n s  9 * 9 6  gm. CaCrO^,  an d  5*43 gm. K^CrO^.

On the o th er  hand very  l i t t l e  change i n  c o n c e n tr a t io n  

of potass ium  chromate i n  the l i q u i d  phase r e s u l t s  when 

calcium chromate i s  added t o  sa tu r a te d  potass ium chromate  

s o l u t i o n .  At th e  t r i p l e  p o i n t  the  r e s p e c t i v e  concen­



t r a t i o n s  i n  t h e  l i q u i d  p h a s e  a r e  1 . 1 2  gm. CaCrO^ , a n d  

6 5 . 9  gm. K ^CrO ^.  She d o u b l e  s a l t  c u r v e  i s  c u t  b y  t h e  

l i n e  r e p r e s e n t i n g  s o l u t i o n s  c o n t a i n i n g  c a l c i u m  c h r o m a t e  

and  p o t a s s i u m  c h r o m a t e  i n  e q u i m o l e c u l a r  p r o p o r t i o n s ,  a n d  

h e n c e  C a G r O ^ . K ^ 2 H g O  i s  n o t  d e c o m p o s e d  b y  w a t e r .  The 

l i m i t s  o f  e x i s t e n c e  o f  t h e  d o u b l e  s a l t  a t  3 0 . 0 °C a r e  

d e f i n e d  by  t h e  t r i p l e  p o i n t s  g i v e n  a b o v e .  The i s o t h e r m  

f o r  t h e  s y s t e m  GaCrO^.K^OrO^oI^O a t  3 0 . 0 ° C  b e a r s  a  s t r i k ­

i n g  s i m i l a r i t y  t o  t h a t  f o r  t h e  s y s t e m  CaSO^.K^SO^.HgO a t  

0°C  o b t a i n e d  by Gaven a n d  R o o n ey  ( J . R o y . T e c h . C o l l . , 3 2 ,  

1926).

S t r o n t i u m  C h r o m a te  w i t h  P o t a s s i u m  C h r o m a t e .

PBSPARATIOB' OP STROffTIUM CHROMATE.

2 S r C l 2 .6 H 2 0 +  > 2 SrCrO^

5 3 3 . 3  2 9 4 . 3  4 0 7 . 3

53 gm. S r C l 2 .6 H 20 w e r e  d i s s o l v e d  i n  200 c c .  o f  w a t e r ,

and  30 gm. o f  A. R. K2 C*20y  w e r e  d i s s o l v e d  i n  100  c c .  o f

w a t e r .  The s o l u t i o n s  w e r e  b o i l e d ,  an d  m i x e d .  D i l u t e

ammonia was  s l o w l y  a d d e d  u n t i l  t h e  c o l o u r  c h a n g e d  f r o m

o r a n g e  t o  m o r e  y e l l o ? / .  A g o l d e n  y e l l o w  p r e c i p i t a t e  was

o b t a i n e d .  1 0 0  c c .  o f  a l c o h o l  w e r e  a d d e d ,  an d  t h e  m a ss

o f  f i n e  c r y s t a l s  f i l t e r e d  o f f .  The p r o d u c t  was t h e n

washed  f r e e  o f  c h l o r i d e  w i t h - h o t  w a t e r .  The S r C r O .w a s4



pumped a s  d r y  a s  p o s s i b l e  a t  t h e  f i l t e r  pump,  a n d  f i n a l l y  

d r i e d  on a p o r o u s  p l a t e  i n  t h e  a i r  o v e n  a t  1 4 0 ° C .

A n a l y s i s .

P o u n d :  5 5 . 9 0 $  CrO^ ; 4 2 . 3 4 $  Sr

B a t i o  = 1 . 320

T h e o r y  f o r  S rC rO ^ :  5 6 . 9 6 $  CrO^ ; 4 3 . 0 1 $  S r

B a t i o  ^ 2 . ^  = 1 . 3 2 4

P o r  t h e  a n a l y s i s  t h e  s a m p l e  w as  d i s s o l v e d  u p  i n  

f a i r l y  s t r o n g  h y d r o c h l o r i c  a c i d ,  a n d  t h e  s o l u t i o n  a t  

o n ce  d i l u t e d  t o  250 c c .  Then 25  c c .  o f  t h i s  s o l u t i o n

w e r e  d i l u t e d  t o  100  c c . ,  and  d i l u t e  ammonia  a d d e d  t o

c h a n g e  t h e  c o l o u r  t o  y e l l o w .  The l i q u i d  becam e  s l i g h t l y  

t u r b i d .  I t  was b o i l e d ,  an d  t r e a t e d  w i t h  5 c c .  b o i l i n g  

6U s u l p h u r i c  a c i d .  A f t e r  a d d i n g  100 c c .  o f  a l c o h o l  

t h e  s o l u t i o n  w?as l e f t  o v e r n i g h t .  The s t r o n t i u m  s u l p h a t e  

was t h e n  f i l t e r e d  o f f ,  w a sh e d  f i r s t  o f  a l l  w i t h  f i f t y  p e r  

c e n t  a l c o h o l  c o n t a i n i n g  a  s m a l l  p e r c e n t a g e  o f  s u l p h u r i c  

a c i d ,  and f i n a l l y  w i t h  a l c o h o l  s l o n e ^ u n t i l  t h e  w a sh  was 

f r e e  f r o m  s u l p h a t e .  The p r e c i p i t a t e  was t h e n  d r i e d ,  

i g n i t e d  i n  a p l a t i n u m  c r u c i b l e ,  a n d  w e i g h e d  a s  SrSQ^# To 

b e  q u i t e  s u r e  t h a t  c h r o m a t e  d i d  n o t  a p p r e c i a b l y  i n t e r f e r e  

t h e  e s t i m a t i o n  w a s  r e p e a t e d ,  a f t e r  f i r s t  b o i l i n g  t h e



s o l u t i o n  with a l c o h o l  and h y d r o c h lo r ic  a c id  i n  order to  

reduce to  chromic s a l t .  The r e s u l t  confirmed th e  f o r e ­

going one. As b e f o r e ,  chromate was found i o d o m e t r i c a l l y .

The s o l u b i l i t y  of s tront ium  chromate i n  w a ter  a t  3 0 . 0 ° C  

was found t o  be 0 . 1 0 0  gm. SrCrO^ per  100 gm. o f  w a ter .  

Previous f i g u r e s  g iv en  f o r  the  s o l u b i l i t y  o f  s tr o n t iu m  

chromate were:

0 . 1 2  gm. SrCrO^ p e r  100 gm. w a t e r  a t  1 5 ° C  ( F r e s e n i u s )  

0 . 1 1 9 g m .  SrCrO^ p e r  100 gm. w a t e r  a t  16 °G  (M esch tschersky)  

When a  l i t t l e  s t r o n t i u m  c h r o m a t e  was s t i r r e d  f o r  s e v e r a l  

d a y s  a t  3 0 . 0 ° C  w i t h  s a t u r a t e d  p o t a s s i u m  c h r o m a t e  s o l u t i o n ,  

no c h a n g e  i n  t h e  c o n c e n t r a t i o n  o f  p o t a s s i u m  c h r o m a t e  in- 

t h e  l i q u i d  p h a s e  t o o k ,  p l a c e ,  a n d  s t r o n t i u m  c o u l d  n o t  be  

d e t e c t e d  i n  t h a t  m ed ium .  On t h e  o t h e r  h a n d  when p o t a s ­

sium- c h r o m a t e  was a d d e d  t o  s a t u r a t e d  s t r o n t i u m  c h r o m a t e  

s o l u t i o n ,  a n d  s t i r r e d  a t  3 0 . 0 ° C  f o r  s e v e r a l  d a y s ,  t h e  

l i q u i d  p h a s e  was  f o u n d  t o  c o n t a i n  a l l  t h e  p o t a s s i u m  

c h r o m a t e ; a n d  n o  s t r o n t i u m  c h r o m a t e .  The y e l l o w  p o w d e r  

which  s e p a r a t e d  was  shown b y  t h e  m i c r o s c o p e ,  an d  by  

a n a l y s i s ,  t o  be  s t r o n t i u m  c h r o m a t e .  Thus u n d e r  t h e s e  

c o n d i t i o n s  ( a n d  i n  a q u e o u s  s o l u t i o n  a t  room t e m p e r a t u r e )  

p o t a s s i u m  c h r o m a t e  and  s t r o n t i u m  c h r o m a t e  do n o t  y i e l d  

a d o u b l e  s a l t .  G-rSger ( Z e i t s c h .  A n o r g .  C hem . , 54 ,  1 8 5 , 1 9 0 7 )  

p r e p a r e d  w h a t  he c o n s i d e r e d  t o  be  d o u b l e  s a l t s  o f  s t r o n t i u m



an d  b a r i u m  c h r o m a t e s  w i t h  p o t a s s i u m  c h r o m a t e .  The a b o v e
it

o b s e r v a t i o n s  show t h a t  t h e s e  f i n d i n g s  are  in  e r r o r .  Groger 

prepared t h e  supposed double s a l t s  by m ix in g .v e r y  s t r o n g  

s o l u t i o n s  of  the  s i n g l e  s a l t s  a t  room tem p er a tu r e .  The 

c r y s t a l s  which sepa ra ted  were s a i d  to  be double s a l t ,  but  

must have been a m ix tu re .  S ince  ca lc ium  and p o tass iu m  

chromates y i e l d  a double s a l t  i t  would be r e a so n a b le  to  

expect  t h a t  s tro n t iu m  and barium chromates might both do 

so a l s o ,  but the  sp ar in g  s o l u b i l i t y  of the  l a t t e r  s a l t s  

must be remembered.

Magnesium and Potassium Chromates.

MgO + CrO  ̂ . MgCrO^

4 0 . 3  1 0 0 . 0  1 4 0 . 3

45 gm. o f  A. R. m a g n e s iu m  o x i d e  w e re  g r a d u a l l y  s t i r r e d  

i n t o  a s o l u t i o n  o f  100 gm. A. R. CrO^ i n  200 c c .  o f  w a t e r .  

The s o l u t i o n  was f i l t e r e d  t h r o u g h  a  t h i c k  p a d  o f  a s b e s t o s  

i n  o r d e r  t o  re m o v e  t h e  e x c e s s  o f  m a g n e s i a ,  and  t h e  

c h o c o l a t e - c o l o u r e d  c o l l o i d a l  m a t t e r ,  ( H e r e  a g a i n  t h e  

c h r o m i c  a c i d  was s l i g h t l y  r e d u c e d ,  an d  when i t  was  n e u ­

t r a l i s e d  w i t h  m a g n e s i a  t h e  o p a l e s c e n c e  due  t o  c h r o m i c  

c h r o m a t e  r e s u l t e d ,  a s  was  f o u n d  when p r e p a r i n g  c a l c i u m  

c h r o m a t e . )  The s o l u t i o n  w hen  c o n c e n t r a t e d  a n d  a l l o w e d



t o  c r y s t a l l i s e  a t  room t e m p e r a t u r e  g a v e  y e l l o w  p r i s m s ,  

i s o m o r p h o u s  w i t h  M gS0^ .7H20 .  M ag n e s iu m  c h r o m a t e  h a s  

b e e n  f a i r l y  f u l l y  i n v e s t i g a t e d  b y  Kopp a n d  b y  M y l i u s  a n d  

P unk .  The h e p t a h y d r a t e  y i e l d s  y e l l o w  t r a n s p a r e n t  p r i s m s ,  

r h o m b i c ,  an d  i s o m o r p h o u s  w i t h  t h e  s u l p h a t e  MgS0^«7H20 ,  

w i t h  w h i c h  i t  f o r m s  m i x e d  c r y s t a l s .  I t s  s o l u b i l i t y  i s

7 2 . 3  gm. MgCrO^ p e r  100  gm. o f  w a t e r  a t  1 8 ° C ,  The 

c r y s t a l s  l o s e  w a t e r  when  e x p o s e d  t o  t h e  a i r  a n d  g i v e  

M gG r0^ .5H 20 ,  w h i c h  i s  a l s o  t h e  s a l t  t h a t  c r y s t a l l i s e s  

f r o m  s o l u t i o n  a b o v e  3 0 °C .  On h e a t i n g  t o  1 2 0 ° C  i t  l o s e s  

more  w a t e r ,  an d  y i e l d s  t h e  d i h y d r a t e  M g G r 0 ^ .2 H p , f r o m  

w h ic h  t h e  r e m a i n i n g  w a t e r  i s  o n l y  e x p e l l e d  on d e c o m p o s i t i o n .

A s o l u t i o n  c o n t a i n i n g  50 gm. o f  m a g n e s iu m  c h r o m a t e  

i n  a b o u t  100  c c .  o f  w a t e r  was m i x e d  w i t h  one  c o n t a i n i n g  

50 gm. o f  p o t a s s i u m  c h r o m a t e  i n  t h e  same v o lu m e  a t  16°G .

The s o l u t i o n  was s t i r r e d  f o r  a t i m e  a t  1 6 ° C . , a n d  t h e  

y e l l o w  c r y s t a l s  w h i c h  s e p a r a t e d  w e r e  f i l t e r e d  o f f ,  and  

w ashed  w i t h  a v e r y  l i t t l e  c o l d  w a t e r .  They w e re  t h e n  

l e f t  on a p o r o u s  p l a t e  e x p o s e d  t o  t h e  a t m o s p h e r e  f o r  

seme t i m e .  F u r t h e r  c r o p s  o f  c r y s t a l s  w e r e  o b t a i n e d  b y  

a l l o w i n g  t h e  m o t h e r  l i q u o r  t o  e v a p o r a t e  s l o w l y  a t  room 

t e m p e r a t u r e .



43.

A n a ly s i s  - 

Found: 5 9 . 1 #  CrO^ ; 6 . 9 6 #  Mg

T h e o r y  f o r  K2 C r0 4 .MgCrC>4 .2 H 20 : 6 2 . 6 #  0 r 0 4 ; 6 . 5 6 #  Mg. 

L a t e r  f r a c t i o n s  o f  t h e  c r y s t a l s  w e r e  a l s o  d o u b l e  s a l t .

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

M a g n e s iu m  c h r o m a t e  a n d  p o t a s s i u m  c h r o m a t e  f o r m  t h e  

d o u b l e  s a l t  Cr0 4 . MgGrO4 . 2H20 . C a l c i u m  c h r o m a t e  f o r m s

t h e  d o u b l e  s a l t  K2 C r04 . C a C r 0 4 . 2 H2 C w i t h  p o t a s s i u m  c h r o m a t e .  

The i s o t h e r m  f o r  t h e  l a t t e r  s y s t e m  h a s  b e e n  o b t a i n e d ,  an d  

i s  s i m i l a r  t o  t h a t  f o r  t h e  c o r r e s p o n d i n g  s u l p h a t e s .  T h a t  

s t r o n t i u m  a n d  b a r i u m  c h r o m a t e s  do  n o t  f o r m  d o u b l e  s a l t s  

w i t h  p o t a s s i u m  c h r o m a t e  i s  p e r h a p s  t o  be  e x p l a i n e d  by  

t h e  v e r y  l o w  s o l u b i l i t y  o f  t h e s e  s a l t s .  I t  h a s  a l r e a d y  

b e e n  p o i n t e d  o u t  t h a t  t h e  c h r o m a t e s  r e s e m b l e  t h e  s u l p h a t e s  

i n  many r e s p e c t s ,  e s p e c i a l l y  i n  t h e  i s o m o r p h i s m  o f  t h e i r  

s a l t s ,  a n d  h e r e  i t  i s  f o u n d  t h a t  t h i s  a n a l o g y  e x t e n d s  t o  

t h e  d o u b l e  s a l t s .  The r e l a t i o n s  b e t w e e n  a n h y d r o u s  

c a l c i u m  c h r o m a t e ,  a n d  i t s  h y d r a t e s  h a v e  b e e n  c a r e f u l l y  

s t u d i e d  b y  M y l i u s  a n d  v o n  Wroehem ( ? b e r . , 1 1 ,  1 6 8 9 ,  1 9 0 0 )f 

and  a g a i n  s i m i l a r i t y  t o  t h e  s u l p h a t e  i s  sh ow n .  The f o l l o w ­

in g  m o d i f i c a t i o n s  w e re  s t u d i e d  -  a n h y d r o u s  s a l t ,  h e m i -  

h y d r a t e ,  m o n o b y o r a t e ,  m o n c c l i n i c  d i h y d r a t e , a n d  r h o m b i c  

d i h y d r a t e .

— 0 O0—



THE SYSTEM CaCrO, -  K2 CrO, -  H20 a t  30 .0°C

LIQUID PHASE SOLID PHASE

G. CaCrO . / lOOgm.HgO G.K2 C r 0 . / 1 0 0 g m . H 20

2 . 0 2 7 — C aC rO .

4 . 4 8 3 1 . 5 5 1 II

( 1 )  7 - 6 9 1 ( 1 )  2 . 6 3 4 II

( 2 )  7 - 7 3 4 ( 2 )  2 . 7 7 7 II

9 . 7 7 0 3 - 3 4 8

9 . 9 5 6 3 . 4 2 6 Ca CrO/,. an d 
Ca GrO 4 . K2 CrO 4 . 2H20

5 . 0 6 6 1 7 . 0 4
1

CaGr04 .K 2 C r 0 4 . 2 H 20

3 - 8 2 3 3 6 . 3 9 II

( 1 )  1 . 1 2 0 ( 1 )  6 5 . 8 3 Ca Gr 0 ̂ O r  0 ̂  2H 20
( 2 )  1 . 1 1 8 ( 2 )  6 6 . 0 3 and K2 Gr04

— ( 1 )  6 5 . 1 2 )
( 2 )  6 5 . 4 0 )  6 5 - 5
( 3 )  6 5 . 8 9 )
( 4 )  6 5 . 4 6 )

E2 C r ° 4



THE DOUBLE SALTS OF CEROUS-SULPHATE WITH THE SULPHATES
OF THE ALKALI METALS.

— 0O0—

. A n a l y s i s  o f  C e r o u s  ' S u l p h a t e .

Two s a m p l e s  o f  c e r o u s  s u l p h a t e  Ce2 (SO^)^oQHgO w e r e  

s u p p l i e d  a s  p u r e .  E ach  o f  t h e s e  was v e r y  c a r e f u l l y  a n a ­

l y s e d .  A b o u t  4 gm. o f  t h e  w e l l - c r y s t a l l i s e d  s a l t  was  

d i s s o l v e d  i n  a l i t t l e  d i l u t e  h y d r o c h l o r i c  a c i d ,  a n d  t h e  

s o l u t i o n  d i l u t e d  t o  250 c c .  S u l p h a t e  was e s t i m a t e d  b y  

d i l u t i n g  25  c c .  o f  t h i s  s o l u t i o n  t o  a b o u t  1 5 0  c c .  b o i l i n g ,  

and  d r o p p i n g  i n  a  s l i g h t  e x c e s s  o f  3 $  b a r i u m  c h l o r i d e  

s o l u t i o n .  The l i q u i d  was k e p t  h o t  s e v e r a l  h o u r s  a n d  t h e  

p r e c i p i t a t e  f i l t e r e d  o f f ,  w e l l  w a s h e d ,  d r i e d ,  i g n i t e d  an d  

w e i g h e d  a s  BaSO^. I n  a n o t h e r  25 c c .  o f  s o l u t i o n  c e r i u m  

was e s t i m a t e d  b y  t h e  m e t h o d  p r e f e r r e d  b y  H i l l e b r a n d  a n d  

L u n d e l l  i n  t h e i r  b o o k  on m i n e r a l  a n a l y s i s .  To 25 c c .  o f  

t h e  s o l u t i o n  h y d r o c h l o r i c  a c i d  was  a d d e d ,  s u f f i c i e n t  t o  

g i v e  a b o u t  7 5  c c .  o f  l i q u i d  0 . 5 U  w i t h  r e s p e c t  t o  HC1. Hae 

s o l u t i o n  was  b o i l e d ,  a n d  a  h o t  c o n c e n t r a t e d  s o l u t i o n  o f  

o x a l i c  a c i d  a d d e d  i n  c o n s i d e r a b l e  e x c e s s .  C e r o u s  o x a l a t e  

r a p i d l y  c r y s t a l l i s e d  i n  b e a u t i f u l  g l i s t e n i n g  n e e d l e s .  The 

s o l u t i o n  w a s  l e f t  o v e r n i g h t ,  b e f o r e  f i l t e r i n g  o f f  t h e  

p r e c i p i t a t e ,  and  w a s h i n g  i t  w i t h  d i l u t e  o x a l i c  a c i d  s o l ­

u t i o n .  A f t e r  d r y i n g ,  t h e  c e f o u s  o x a l a t e  was  i g n i t e d  i n



p l a t i n u m  b e f o r e  a  b l a s t  l a m p  t-0 CeOg ( w h i c h  w a s  y e l l o w  

a n d  p o w d e r y ) , and  w e i g h e d .  Many a n a l y s e s  w e re  p e r f o r m e d  

i n  o r d e r  n o t  o n l y  t o  t e s t  t h e  p u r i t y  o f  t h e  s a l t ,  b u t  

a l s o  t o  c h e c k  t h e  a n a l y t i c a l  m e . th o d .  The r e s u l t s  o f  

some o f  t h e s e  a r e  g i v e n ,  a n d  show  t h e  c e r o u s  s u l p h a t e  t o  

be s a t i s f a c t o r y .  ( G a r v e r  a n d  B r i n  t o n ,  J .  A. C. S . , 4 9 ,  943> 

1 9 2 7 ) .

F o u n d :  $  Ce ( 1 )  3 9 . 5 6  ; ( 2 )  3 9 . 1 5  ; ( 3 )  3 9 . 3 0

* S 0 4 ( 1 )  3 9 . 8 2  ; ( 2 )  3 9 . 6 8  $ ( 3  ) 39 - 7 9 .

B a t i o  = 1 . 0 1 6

t h e o r y  f o r  Ce2 ( S O ^ ^ . S H g O :  39 * 3 2 $  Ce j 4 0 . 4 3 $  SO^

f c i t i o  I & -  = 1 . 0 2 8

H o w e v e r ,  i n  a n a l y s i n g  some o f  t h e  d o u b l e  s a l t s  t h e

r a t i o  o f  t h e  tw o  s i n g l e  s a l t s  was  f o u n d  t o  b e  n o t  ̂ u s t

e x a c t l y  s t o c h i o m e t r i c ,  a n d  h e n c e  i t  was d e s i r a b l e  t o  t e s t  

t h e  p u r i t y  o f  t h e  s i m p l e  s a l t s ,  a n d  t o  c h e c k  t h e  a n a l y t ­

i c a l  m e t h o d s  v e r y  c a r e f u l l y .

I f  was l u s t  p o s s i b l e  t h a t  a l t h o u g h  t h e  r a t i o  o f  

s u l p h a t e  t o  c e r i u m  i n  t h e  c e r o u s  s u l p h a t e  had b e e n  f o u n d  

t o  be f a i r l y  n e a r  t h e o r e t i c a l ,  y e t  t h e  s a l t  was lm j ;u r e  

and  c o n t a i n e d ,  s a y ,  r a r e  e a r t h  s u l p h a t e s  i n  s u c h  p r o p o r ­

t i o n s  a s  t o  g i v e  t h e  c o r r e c t  r a t i o  o f  s u l p h a t e  t o  c e r i u m



by the  above methods o f  a n a l y s i s .  That t h i s  was n o t  

the c a se  was v e r y  n e a t l y  shown by de term in ing  the  cer ium  

by a v o lu m e t r i c  method which i s  s p e c i f i c  f o r  cer ium , and 

showing t h a t  t h e  r e s u l t  thus  ob ta in ed  was in  e x c e l l e n t  

agreement with  t h a t  by the o x a l a t e  method.

Volumetric  D eterm ination  o f  Cerium.

K h c r r e 1s  c l a s s i c a l  p e r s u l p h & e  m e t h o d  h a s  b e e n  r e ­

i n v e s t i g a t e d  by  l i n d e m a n  a n d  H a f s t a d  ( Z . A n a l . C h e m . , 7 0 ,  

4 3 3 ,  1 9 2 7 ) .  They f o u n d  t h a t  when t h e r e  was m o re  t h a n  

4*9 gm. o f  s u l p h u r i c  a c i d  p e r  100 c c .  o f  s o l u t i o n  h y d r o g e n  

p e r o x i d e  was f o r m e d ,  a n d  t h e  r e s u l t s  w e re  h i g h .  On t h e  

o t h e r  h a n d  s u l p h u r i c  a c i d  c o n c e n t r a t i o n s  b e l o w  2 . 7  gm. 

p e r  100  c c .  c a u s e d  t h e  s e p a r a t i o n  o f  b a s i c  e e r i e  s u l p h a t e ,  

a n d  c o n s e q u e n t  low r e s u l t s .  F o r  t h e  e s t i m a t i o n  th e y  

recommend t h a t  t h e  c e r o u s  s u l p h a t e  s o l u t i o n ,  c o n t a i n i n g  

4 gm. o f  s u l p h u r i c  a c i d  a n d  5 gm- o f  magnesium  s u l p h a t e  

p e r  1 0 0  c c .  be b o i l e d  w i t h  5 gm. o f  ammonium p e r s u l p h a t e  

u n t i l  e f f e r v e s c e n c e  c e a s e s .  A f t e r  c o o l i n g  a n  e x c e s s  o f  

s t a n d a r d  f e r r o u s  s u l p h a t e  s o l u t i o n  i s  a d d e d ,  and  t h e  

e x c e s s  t i t r a t e d  w i t h  s t a n d a r d  p e r m a n g a n a t e .  The o t h e r  

r a r e  e a r t h s  and  t h o r i u m  do n o t  i n t e r f e r e .

W i l l a r d  a n d  Young ( J .  A . C . S . , 5 0 ,  1 3 2 2 ,  1 9 2 8 )  u s e d  

a  s l i g h t l y  d i f f e r e n t  m e th o d  o f  o x i d i s i n g  t o  t h e  e e r i e



s t a t e .  1 0 0 - 3 0 0  c c .  o f  s o l u t i o n ,  c o n t a i n i n g  0 . 1  t o  0 . 3  gm 

o f  c e r i u m ,  2 . 5 - 1 0  c c .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  a n d  

t e n  d r o p s  o f  d e c i n o r m a l  s i l v e r - n i t r a t e , w e re  b o i l e d  f o r  

t e n  m i n u t e s  w i t h  1 - 5  gm. o f  s o l i d  ammonium p e r s u l p h a t e .

E a c h  o f  t h e s e  m e t h o d s  was  f o u n d  t o  g i v e  g o o d  r e s u l t s  

i n  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 o s e  o b t a i n e d  b y  t h e  

c e r o u s  o x s l a t e  g r a v i m e t r i c  m e t h o d .  Thus t h e  c e r o u s  

s u l p h a t e  was p u r e .  The p e r m a n g a n a t e  was s t a n d a r d i s e d  

a g a i n s t  M o h r ' s  s a l t ,  an d  a g a i n s t  f r e s h l y  d r i e d  A. R. s o d iu m  

o x a l a t e .

F o u n d :  3 9 . 1 2 $  Ce.

The e s t i m a t i o n  o f  s u l p h a t e  i n  s o l u t i o n s  c o n t a i n i n g  

c e r i u m  was a l s o  i n v e s t i g a t e d .  I t  w as  f o u n d  t h a t  t h e  

b a r i u m  c h l o r i d e  s o l u t i o n  had  t o  be a d d e d  v e r y  s l o w l y  

f r o m  a b u r e t t e  t o  t h e  b o i l i n g  t e s t  s o l u t i o n  i n  o r d e r  t o  

m i n i m i s e  c o n t a m i n a t i o n  o f  t h e  p r e c i p i t a t e d  b a r i u m  s u l ­

p h a t e .  I n  a d d i t i o n  t h e  b a r i u m  s u l p h a t e  was k e p t  i n  t h e  

h o t  l i q u i d  f o r  a t  l e a s t  s i x  h o u r s  t o  e n s u r e  c o m p l e t e  

p r e c i p i t a t i o n ,  b e f o r e  i t  was f i l t e r e d  o f f .  When t h e s e  

p r e c a u t i o n s  w e r e  c a r e f u l l y  o b s e r v e d  t h e  m e t h o d  g a v e  

f a i r l y  good  r e s u l t s ,  w h i c h  s o m e t i m e s  f l u c t u a t e d  t o  t h e  

e x t e n t  o f  one  p e r  c e n t ,  b u t  w h i c h  w e r e  n o r m a l l y  i n  b e t t e r  

a g r e e m e n t .  P r e v i o u s  s e p a r a t i o n s  o f  c e r i u m  a s  o x a l a t e



d i d  n o t  a l t e r  t h e  r e s u l t s .

Sodium S u l p h a t e  w i t h  G e ro u s  S u l p h a t e .

A .R .  s o d i u m  s u l p h a t e  was  u s e d .  When t h e  s o l u b i l i t y  

o f  c e r o u s  s u l p h a t e  h a d  b e e n  d e t e r m i n e d  a b o u t  a g ram  o f  

s o d i u m  s u l p h a t e  was a d d e d ,  a n d  t h e  s o l u t i o n  s t i r r e d  u n t i l  

e q u i l i b r i u m  was a t t a i n e d .  M i c r o s c o p i c  o b s e r v a t i o n  sh ew e d  

t h e  s o l i d  p h a s e  t o  c o n t a i n  c r y s t a l s  o f  c e r o u s  s u l p h a t e ,  

an d  o f  d o u b l e  s a l t .  A t  t h i s  t r i p l e  p o i n t  t h e  l i q u i d  

p h a s e  c o n t a i n e d  8 . 4 8  gm. o f  C e ^ S O ^ ) ^  p e r  100 gm. o f  H20 ,  

an d  s o  l i t t l e  s o d i u m  s u l p h a t e  t h a t  i t  c o u l d  n o t  b e  e s t i ­

m a t e d .  A d d i t i o n  o f  a l i t t l e  m o r e  s o d i u m  s u l p h a t e  c a u s e d  

t h e  s o l i d  p h a s e  t o  be c h a n g e d  e n t i r e l y  t o  d o u b l e  s a l t ,  

and  t h e  c o n c e n t r a t i o n  o f  c e r o u s  s u l p h a t e  t o  be  g r e a t l y  

l o w e r e d  i n  t h e  l i q u i d  p h a s e ,  f o r  t h e  p r e s e n c e  o f  e v e n  

v e r y  s m a l l  q u a n t i t i e s  o f  s o d i u m  s u l p h a t e  i n  t h a t  m ed iu m .  

The d o u b l e  s a l t  c u r v e  e x t e n d e d  r i g h t  t o  t h e  t r i p l e  p o i n t ,  

w h e re  t h e  l i q u i d  p h a s e  c o n t a i n e d  n o  c e r o u s  s u l p h a t e ,  a n d  

27*88  gm. o f  s o d iu m  s u l p h a t e  p e r  100 gm. o f  w a t e r .  T h e r e  

was j u s t  o n e  d o u b l e  s a l t  -  Ce2 ( S O ^ ) ~  f o r m e d  

b y  t h e s e  s a l t s  a t  2 5 . 0 ° C .  At f i r s t  a f t e r  a n a l y s i s  o f  

t h e  l i q u i d  p h a s e  h a d  shown t h a t  e q u i l i b r i u m  had  b e e n  

e s t a b l i s h e d ,  t h e  s o l i d  p h a s e  was  r a p i d l y  s e p a r a t e d  by  

vacuum f i l t r a t i o n ,  w ash ed  w i t h  a minimum o f  c o l d  w a t e r ,



d r ied  on a porous p la te - ,  and a n a ly s e d .  W hils t  th e  

a n a l y t i c a l  r e s u l t s  were s u f f i c i e n t  t o  show t h a t  through­

out the curve th e  one double s a l t  Ce2( SO^) ylTa^SO^.2 ^ 0  

was c r y s t a l l i s i n g ,  y e t  the  f i g u r e s  were n o t  as a c c u r a te  

as might be d e s i r e d .  This i s  r e a d i l y  e x p la in e d  when 

the  d i f f i c u l t y  of  s e p a r a t in g  the s o l i d  phase from the  

mother l i q u o r ,  w ithout  changing the  co m p os i t io n  o f  the  

former,  i s  c o n s id e r e d .  Although the double  s a l t  i s  

no t  decomposed by water (when brought t o  e q u i l ib r iu m  i n  

aqueous s o l u t i o n )  y e t  washing w i t h  water may p r e fe r e n ­

t i a l l y  d i s s o l v e  one of the s i n g l e  s a l t s ,  e s p e c i a l l y  when 

th e re  i s  a b ig  d i s p a r i t y  i n  s o l u b i l i t y ,  as i n  the c ase  

of cerous and sodium s u l p h a t e s .  Again, when the m o is t  

double s a l t  i s  l e f t  on a porous p l a t e  in  the a i r  to  dry 

i t  may n o t  l o s e  a l l  i t s  a d v e n t i t i o u s  water ,  or the  hydrate  

which i n i t i a l l y  c r y s t a l l i s e d  from s o l u t i o n  may n o t  be 

s t a b l e  under t h e s e  c o n d i t i o n s .

These d i f f i c u l t i e s  were overcome by u s in g  the  

method o f  s o l u t i o n s  and " res ts"  proposed by Schreinemakers  

( Z .p h y s ik a l .  Chenu , 1 1 ,  7 6 ,  1 8 9 3 ) *  The th e o r y  of  t h i s  

method was d i s c u s s e d  i n  the i n t r o d u c t i o n .  When r ep ea ted  

a n a l y s i s  had shown th a t  e q u i l ib r iu m  had been e s t a b l i s h e d  

between double s a l t  and s o l u t i o n  the  c r y s t a l s  were sep­

arated  from most of the  mother l i q u o r  as r a p i d l y  as
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p o s s i b l e .  Two s a m p l e s  of_  t h e  m o i s t  s o l i d  p h a s e  w e r e  

a t  o n c e  t r a n s f e r r e d  t o  s t o p p e r e d  w e i g h i n g  b o t t l e s ,  a l l o w ­

ed  t o  c o o l ,  a n d  w e ig h ed ' .*  I n  some c a s e s  t h e  s o l u t i o n  

was s t i r r e d  f o r  a n o t h e r  d a y  o r  t w o ,  a n d  m o i s t  s a m p l e s  

o f  t h e  s o l i d  p h a s e  a g a i n  a n a l y s e d .  T h e se  a n a l y s e s  o f  

s o l u t i o n s  and  " r e s t s ” w e r e  p e r f o r m e d  f o r  s e v e r a l  p o i n t s  

on t h e  d o u b l e  s a l t  c u r v e .  I n  p l o t t i n g  t h e  r e s u l t s  t h e  

p o i n t  r e p r e s e n t i n g  a c e r t a i n  c o m p o s i t i o n  o f  t h e  l i q u i d  

p h a s e  was a l w a y s  j o i n e d  b y  a  ”t i e  l i n e "  t o  t h a t  r e p r e ­

s e n t i n g  t h e  c o m p o s i t i o n  o f  t h e  m o i s t  s o l i d  p h a s e  w i t h  

w h i c h  i t  was  i n  e q u i l i b r i u m .  When t h e  r e s u l t s  w e r e  

p l o t t e d  on a  r e c t a n g u l a r  d i a g r a m  ( c o m p o s i t i o n  o f  l i q u i d  

p h a s e ,  a n d  o f  m o i s t  s o l i d  p h a s e  b e i n g  e x p r e s s e d  i n  g r a m s  

o f  e a c h  a n h y d r o u s  s a l t  p e r  1 0 0  gm. o f  w a t e r )  t h e  t i e  

l i n e s  i n t e r s e c t e d  a t  a p o i n t  w h o se  c o o r d i n a t e s  g a v e  t h e  

c o m p o s i t i o n  o f  t h e  d o u b l e  s a l t  i n  g ra m s  o f  e a c h  a n h y d r o u s  

s i n g l e  s a l t  p e r  100 gm0 o f  w a t e r .  The c o m p o s i t i o n  o f  

t h e  d o u b l e  s a l t  was r a t h e r  m o re  n e a t l y  a r r i v e d  a t  b y  

p l o t t i n g  t h e  r e s u l t s  b y  t h e  e q u i l a t e r a l  t r i a n g l e  m e t h o d  

s u g g e s t e d  by Roozeboom ( F i g u r e  6 ) .  H e re  t h e  a n a l y t i c a l  

r e s u l t s  w e r e  i n  e a c h  c a s e  c a l c u l a t e d  a s  p e r c e n t a g e s  o f  

t h e  w h o l e .  The m e t h o d  o f  p l o t t i n g  i n  t h e  t r i a n g l e  was 

g i v e n  i n  t h e  i n t r o d u c t i o n .  The p o i n t  o f  i n t e r s e c t i o n  

o f  t h e  t i e  l i n e s  was w i t h i n  *fhe t r i a n g l e ,  a n d  l a y  c l o s e



51.

e n o u g h  t o  t h e  c a l c u l a t e d  v a l u e s ,  t o  show t h a t  t h e  d o u b l e  

s a l t  w as  Ce2 ( S O ^ ) ^ * H a 2 S0 ^ e 2 H2 0 .

I n  t h e  e q u i l i b r i u m  s o l u t i o n s  a n d  i n  t h e  m o i s t  

s o l i d  p h a s e s  c e r i u m  was e s t i m a t e d  b y  p r e c i p i t a t i n g  a s  

c e r o u s  o x a l a t e ,  i g n i t i n g  i n  p l a t i n u m  b e f o r e  t h e  b l a s t  

l a m p ,  an d  w e i g h i n g  a s  OeOp a s  a l r e a d y  f u l l y  d e s c r i b e d .  

The t o t a l  s u l p h a t e  was t h e n  f o u n d  b y  t h e  b a r i u m  s u l p h a t e  

m e t h o d ,  e x e r c i s i n g  t h e  p r e c a u t i o n s  p r e v i o u s l y  n o t e d  a s  

b e i n g ' n e c e s s a r y .  The s o d i u m  s u l p h a t e  was t h e n  c a l c u ­

l a t e d  f r o m  t h e  v a l u e s  f o u n d  f o r  c e r i u m ,  and  f o r  t o t a l  

s u l p h a t e .

When t h e  d o u b l e  s a l t  was e x a m i n e d  u n d e r  t h e  l o w  

pow er  o f  t h e  m i c r o s c o p e  t h e  c r y s t a l s  p r e s e n t e d ,  i n  p l a n ,  

h e x a g o n s  o f  t h e  s h a p e  sh o w n .

The d o u b l e  s a l t  c r y s t a l l i s e d  w e l l ,  a n d  m o s t  o f  t h e  

c r y s t a l s  w e r e  v e r y  w e l l  f o r m e d , a n d  r e g u l a r .  On t h e  

o t h e r  hand  when c e r o u s  s u l p h a t e  c r y s t a l s  w e r e  e x a m i n e d  

i n  t h e i r  m o t h e r  l i q u o r  t h e y  p r e s e n t e d  t h e  a p p e a r a n c e  o f  

l o n g  w o rn  n e e d l e s .  Thus  i t  was an  e a s y  m a t t e r  t o  d i s ­

t i n g u i s h  t h e  tw o  t y p e s  o f  c r y s t a l .  The s o l u b i l i t y  o f  

t h e  d o u b l e  s a l t  i n  w a t e r  w a s - l o w ,  a n d  was r e d u c e d  b e y o n d



t h e  d e t e c t i n g  p o w e r  o f  t h e  m e t h o d s  o f  a n a l y s i s  b y  t h e  

p r e s e n c e  o f  m o r e  t h a n  o n e  g ra m  o f  s o d iu m  s u l p h a t e  p e r  

h u n d r e d  g r a m s  o f  w a t e r  i n  t h e  l i q u i d  p h a s e .  The s o l u ­

b i l i t y  o f  c e r o u s  s u l p h a t e  o c t o h y d r a t e  i n  w a t e r  a t  2 5 * 0 °G 

was f o u n d  t o  b e  8 . 2 2 2  gm. o f  Ce2 ( S 0 ^ ) ^  p e r  100 gm. o f  

w a t e r  -  a  v a l u e  w h i c h  a g r e e d  v e r y  w e l l  w i t h  t h e  v a l u e  

8 . 2 2 4  gm. Ce^CsO ^)^  p e r  1 0 0  gm. o f  w a t e r  g i v e n  by W i r t h .

F o r  s o d i u m  s u l p h a t e  d e c a h y d r a t e  t h e  v a l u e  2 7 . 6 1  gm. 3fa2 SP^ 

p e r  100 gm. o f  w a f e r  was f o u n d ,  w h i l s t  B e r k e l e y  r e c o r d e d  

2 7 . 6 7  gm. S a 2 S0^ p e r  100 gm. o f  w a t e r  a s  t h e  s o l u b i l i t y  

ox t h i s  s a l t  i n  w a t e r  a t  2 4 . 9 0 ° C .

P o t a s s i u m  S u l p h a t e  w i t h  Q e ro u s  S u l p h a t e .

A. 2 .  p o t a s s i u m  s u l p h a t e  w as  t w i c e  r e c r y s t a l l i s e d

f r o m  d i s t i l l e d  w a t e r .  On a n a l y s i s ,  a f t e r  d r y i n g  i n

t h e  a i r  o v e n ,  t h e  s a l t  g a v e  5 5 * 0 4 ^  S O . , t h e o r y  f o r  2 L S 0 .
4 2  4

r e q u i r i n g  5 5 . 1 2 ^  3 0 ^ .  3ae s o l u b i l i t y  o f  p o t a s s i u m  

s u l p h a t e  i n  w a t e r  a t  2 5 * 0 °C  was f o u n d  t o  be  1 2 . 0 4  gm.

E^SO^ p e r  100  gm. o f  w a t e r .  B e r k e l e y  g a v e  1 2 . 0 4  gm.

IlpoC^ p e r  100 gm. o f  w a t e r  a s  t h e  s o l u b i l i t y  a t  2 5 . 0 ° C .

P o t a s s i u m  s u l p h a t e  d i d  n o t  l o w e r  t h e  c o n c e n t r a t i o n  

o f  c e r o u s  s u l p h a t e  i n  t h e  l i q u i d  p h a s e  q u i t e  a s  e f f i c ­

i e n t l y  a s  d i d  s o d i u m  s u l p h a t e ,  an d  t h e  l i q u i d  p h a s e  

c o n t a i n e d  2 gm. o f  K ^30A p e r  100 gm. o f  w a t e r ,  b e f o r e
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t h e  c e r i u m  e s c a p e d  d e t e c t i o n .  I n  t h i s  c a s e  t h r e e  d o u b l e  

s a l t s  w e r e  f o u n d .  T h ese  w e r e : -

( 1 ) Ce2 ( w h i c h  c r y s t a l l i s e d  b e t w e e n

t h e  p o i n t s  w h e r e  t h e  l i q u i d  p h a s e  c o n t a i n e d  p r a c t i c a l l y

n o  p o t a s s i u m  s u l p h a t e ,  and  a b o u t  0 . 0 5  gm. K^SO^ p e r  1 0 0  gm 

o f  w a t e r .

( 2 ) Ce2 ( S O ^ ) ^ . 5K2 S0 ^ . 8 H2 0 , w h i c h  was  t h e  s o l i d  p h a s e  

p r e s e n t  when t h e  l i q u i d  p h a s e  c o n t a i n e d  b e t w e e n  0 . 0 5  gm 

K2 S04 p e r  1 0 0  gm. o f  w a t e r ,  and  a b o u t  0 . 5  gm. K2 S04 p e r  

1 0 0  gm. o f  w a t e r .

( 5 ) Ce2 ( S O ^ )y 5K2 S0 4 , w h i c h  was  t h e  s o l i d  p h a s e  

p r e s e n t  when t h e  c o n c e n t r a t i o n  o f  p o t a s s i u m  s u l p h a t e  i n  

t h e  l i q u i d  p h a s e  e x c e e d e d  1  gm. o f  P©r 1 0 0  gm. o f

w a t e r .

The i s o t h e r m  f o r  t h i s  s y s t e m  a t  2 5 . 0 ° C  ( H g u r e  ? )  

d o e s  n o t  show t h r e e  d o u b l e  s a l t  c u r v e s .  T h i s  was b e c a u s e ,  

e v e n  w i t h  t h e  f i r s t  d o u b l e  s a l t ,  t h e  s o l u b i l i t y  was so  

low t h a t  t h e  c h a n g e s  c o u l d  n o t  be  s e e n .  N e v e r t h e l e s s  

t h e  s y s t e m  was i n v e s t i g a t e d  r i g h t  up  t o  t h e  s a t u r a t i o n  

p o i n t  o f  p o t a s s i u m  s u l p h a t e .  The m e th o d  o f  s o l u t i o n s  

an d  r e s t s  was n o t  e m p l o y e d ,  b e c a u s e  e a c h  d o u b l e  s a l t  

e x i s t e d  f o r  o n l y  a  l i m i t e d  r a n g e  o f  c o n c e n t r a t i o n s  i n  

t h e  l i q u i d  p h a s e ,  w h i c h  made i t  i m p o s s i b l e  t o  g e t  t i e  

l i n e s  a t  a n  a n g l e  s u f f i c i e n t l y  b i g  t o  make t h e  p o i n t  o f
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i n t e r s e c t i o n  a t  a l l  a c c u r a t e .  When t h e  l i q u i d  p h a s e  

h ad  a t t a i n e d  e q u i l i b r i u m  w i t h  t h e  s o l i d  p h a s e  r e c o u r s e  

was t h e r e f o r e  h a d  t o  d i r e c t  a n a l y s i s  o f  t h e  s o l i d  p h a s e .  

The c r y s t a l s  w e re  f i l t e r e d  o f f  f r o m  t h e  l i q u i d ,  w a sh e d  

w i t h  a  v e r y  l i t t l e  c o l d  w a t e r ,  d r i e d  i n  t h e  a i r  on a  

p o r o u s  p l a t e  f o r  a b o u t  a  m o n th  (s h o w n  by  t e s t s  t o  b e  

a m p le  t i m e ) ,  an d  a n a l y s e d .  By t h i s  m e th o d  t h e  e x i s t e n c e  

o f  t h e  a b o v e  t h r e e  d o u b l e  s a l t s  was s h o w n ,  t o g e t h e r  w i t h  

H ie  a p p r o x i m a t e  c o n c e n t r a t i o n  r a n g e s  i n  t h e  l i q u i d  p h a s e  

f o r  w h ic h  t h e y  e x i s t e d .  The e x a c t  p o i n t  o f  t r a n s f e r  

f r o m  e a c h  d o u b l e  s a l t  t o  i t s  n e i g h b o u r  w as n o t  a c c u r a t e l y  

f o u n d .  When p o t a s s i u m  s u l p h a t e  w as s t i r r e d  w i t h  s a t u r ­

a t e d  c e r o u s  s u l p h a t e  s o l u t i o n  a t  2 5 * 0 ° C ,  i n  q u a n t i t y  i n ­

s u f f i c i e n t  t o  c h a n g e  a l l  t h e  s o l i d  p h a s e  t o  d o u b l e  s a l t ,  

n o  p o t a s s i u m  s u l p h a t e  was d e t e c t e d  i n  t h e  e q u i l i b r i u m  

l i q u i d  p h a s e ,  a n d  t h e  c o n c e n t r a t i o n  o f  c e r o u s  s u l p h a t e  

t h e r e i n  h a d  g o n e  u p  b u t  a  m i n u t e  a m o u n t .

Ammonium S u l p h a t e  w i t h  C e r o u s  S u l p h a t e *

A .B . Ammonium s u l p h a t e  w as  t w i c e  r e c r y s t a l l i s e d  

f ro m  d i s t i l l e d  w a t e r ,  d r i e d  on a p o r o u s  p l a t e  i n  t h e  

a i r  o v e n ,  a n d  f o u n d  t o  c o n t a i n  7 2 .7 2 9 6  SO^* T h e o ry  f o r  

(H H ^)2 S0^ r e q u i r e s  7 2 . 7 3 $  SO^.

Ammonium s u l p h a t e  was m uch  l e s s  e f f i c i e n t  a t  r e ­

m o v in g  c e r o u s  s u l p h a t e  f rd S i s o l u t i o n  t h a n  e i t h e r  o f  t h e
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o t h e r  a l k a l i  s u l p h a t e s  had  been-. A t t h e  t r i p l e  p o i n t ,  

w h e re  t h e  s o l i d  p h a s e  was c o m p o se d  o f  OSgCSO^)^.QHgO a n d  

Ce2 ( S 0 4 ) 5 . (B H 4 ) 2 S04 .8 H 2 0 ,  t h e  l i q u i d  p h a s e  c o n t a i n e d  

7 . 8 8 4  gm. C e r^ S O ^ )^  and  0 , 7 1 8  gm. (N H ^ ^ S O ^  P e r  1 0 0  S111* 

o f  w a t e r .

When t h e  c o n c e n t r a t i o n  o f  ammonium s u l p h a t e  h a d  

r i s e n  t o  6 3  gm. p e r  1 0 0  gm. o f  w a t e r  t h e  l i q u i d  p h a s e  

s t i l l  c o n t a i n e d  0 , 0 8 7  gm. o f  C e^CSO ^)^ p e r  1 0 0  gm. o f  

w a t e r .  T h e r e  w e re  tw o  d o u b le  s a l t s  i n  t h i s  s y s t e m : -

( 1 ) Ce2 ( S O ^)y (U H ^ )2 SO4 . 8 H2 O -  s t a b l e  i n  s o l u t i o n s  

c o n t a i n i n g  f r o m  0 . 7 2  gm. t o  a b o u t  3 5  gm. o f  (HH^JgSO^ 

p e r  1 0 0  gm. o f  w a t e r .

( 2 ) Ce2 ( 3 0 ^ ) ^ . 5 (N H ^)2 S0 4  -  f o r m e d  i n  s o l u t i o n s  c o n ­

t a i n i n g  m o re  t h a n  3 5  gm. o f  (N H ^Jg  SO^ p e r  1 0 0  gm. o f  

w a t e r . '

H e re  t h e  d o u b l e  s a l t s  w e re  r a t h e r  m o re  s o l u b l e  i n  

t h e  a l k a l i  s u l p h a t e  s o l u t i o n  t h a n  i n  t h e  p r e v i o u s  c a s e s  

e x a m i n e d ,  a n d  t h e  i s o t h e r m  show s c l e a r l y  ( F i g u r e  8 ) 

w h e re  t h e  c h a n g e  f r o m  t h e  one  t o  t h e  o t h e r  o c c u r s .  How­

e v e r ,  a t  t h e  t r i p l e  p o i n t ,  w h e re  t h e  s o l i d  p h a s e  i s  com­

p o s e d  o f  (H H ^ )2 S0^ a n d  Ce2 ( SG^) y  5 (H H ^)2 SO4 , n o  c e r i u m  

c o u l d  b e  d e t e c t e d  i n  t h e  l i q u i d  p h a s e ,  a n d  t h e  c o n c e n ­

t r a t i o n  o f  ammonium s u l p h a t e  w as t h e  sam e a s  i n  i t s  

s a t u r a t e d  a q u e o u s  s o l u t i o n . ^
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C o m p o s i t i o n  o f  t h e  s o l i o U p h a s e s  was d e t e r m i n e d  

b o t h  by  d i r e c t  a n a l y s i s  a f t e r  f i l t e r i n g  o f f  a  s a m p le  

f r o m  t h e  e q u i l i b r i u m  s o l u t i o n ,  a n d  by  t h e  m e th o d  o f  

s o l u t i o n s  a n d  r e s t s .  F o r  t h e  d i r e c t  a n a l y s e s  t h e  d o u b l e  

s a l t  c r y s t a l s  w e r e  f r e e d  f r o m  m o t h e r  l i q u o r  by  w a s h i r g  

w i t h  a  l i t t l e  c o l d  w a t e r ,  d r i e d  on a  p o r o u s  p l a t e  f o r  

a b o u t  a  m o n th ,  and  a n a l y s e d .  The r e s u l t s  f o r  t h e  i n ­

d i r e c t  d e t e r m i n a t i o n  o f  t h e  s o l i d  p h a s e  w e r e  p l o t t e d  on 

a r e c t a n g u l a r  d i a g r a m  ( F i g u r e  9 ) .  The p o i n t  o f  i n t e r ­

s e c t i o n  o f  t h e  l o w e r  t i e  l i n e s  sh o w s  t h a t  t h e  d o u b l e  

s a l t  i s  h e r e  CtegC3 0 ^ ) (N H ^ )2 SO4 . 8 H2O. T h a t  t h e  d o u b l e  

s a l t  f o r m e d  a t  h i g h e r  c o n c e n t r a t i o n s  o f  ammonium s u l p h a t e  

i s  a n h y d r o u s ,  was show n b y  t h e  p a r a l l e l i s m  o f  t h e  o t h e r  

t i e  l i n e s .  On t h e  Roozeboom  t r i a n g u l a r  d i a g r a m  ( F i g u r e  

1 0 ) t h e  c o m p o s i t i o n  of t h e  tw o  d o u b l e  s a l t s  i s  c l e a r l y  

show n by t h e  i n t e r s e c t i o n  o f  t h e  c o r r e s p o n d i n g  t i e  l i n e s .  

T h a t  o f  t h e  h y d r a t e d  d o u b l e  s a l t  w i t h i n  t h e  t r i a n g l e ,  

w h i l s t  t h e  a n h y d r o u s  d o u b l e  s a l t  i s  r e p r e s e n t e d  by  a 

p o i n t  on o n e  s i d e .

D i s c u s s i o n  o f  D o u b le  S a l t s  o f  C e ro u s  S u l p h a t e  

w i t h  S u l p h a t e s  o f  A l k a l i  M e t a l s .

B a r r e  ( C om pt. R e n d . , 1 5 1 ,  871?  1 9 1 0 )  e x a m in e d  t h e  

l o w e r i n g  o f  t h e  s o l u b i l i t y  o f  c e r o u s  s u l p h a t e  i n  w a t e r  

by  a l k a l i  s u l p h a t e s .  H i s ^ e s u l t s  f o r  s o d iu m  s u l p h a t e
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o
a p p l y  t o  19 C w h i l s t  t h o s e  o r  p o t a s s i u m  a n d  ammonium 

s u l p h a t e s  a r e  f o r  1 6 ° C .  He l e f t  t h e  s u b j e c t  i n  a n  

e m p i r i c a l  s t a g e ,  w i t h o u t  e x a m i n i n g  t h e  p h e n o m en a  i n  

t h e  l i g h t  o f  t h e  p h a s e  r u l e .  H i s  r e s u l t s ,  so  f a r  a s  

t h e y  g o ,  a r e  i n  q u a l i t a t i v e  a g r e e m e n t  w i t h  t h o s e  r e c o r d e d  

h e r e .  He g a v e  a l i s t  o f  t h e  d o u b l e  s a l t s  w h ic h  h a d  b e e n  

f o u n d  i n  t h e s e  s y s t e m s  u p  t o  t h a t  t i m e ,  b u t  h e  h i m s e l f  

g a v e  n o  a n a l y t i c a l  f i g u r e s  c o n f i r m i n g  t h e i r  e x i s t e n c e .  - 

He d i d  n o t  s t a t e  on w h ic h  p a r t s  o f  t h e  c u r v e s  h e  o b t a i n ­

e d ,  t h e  d i f f e r e n t  d o u b l e  s a l t s  c r y s t a l l i s e d .  He a l s o  

f o u n d  t h a t  t h e  s o d iu m  a n d  p o t a s s i u m  d o u b l e  s a l t s  w e re  

v e r y  s p a r i n g l y  s o l u b l e  i n  a l k a l i  s u l p h a t e  s o l u t i o n ,  

w h i l s t  t h e  s o l u b i l i t y  o f  t h e  ammonium o n e s  i n  ammonium 

s u l p h a t e  s o l u t i o n  was g r e a t e r .  The s a m e  a p p l i e d  t o  

t h e  d o u b l e  l a n t h a n u m  a l k a l i  s u l p h a t e s .  Up t o  t h e  t im e  

o f  B a r r e ’ s  w ork  o n l y  t h e  f o l l o w i n g  d o u b l e  s a l t s  w e re  

d e f i n i t e l y  known t o  be  fo r m e d  by  c e r o u s  s u l p h a t e  w i t h  

s o d iu m ,  p o t a s s i u m ,  and  ammonium s u l p h a t e s :

CeQ( S O , ) , . H a o S0/ . 2Ho0 ( J o l i n ,  B u l l . S o c .  Ghim, 2 ,  2 1 ,  
d 4  5 4  5 5 3 ,  1 8 7 4 )

Cteo ( S 0 , ) , . K o S 0 , . 2 H o0 ( G z u d n o w ic z ,  J o u r . p r a k t .  G hem ., 1 ,  
d 4  5 . 4  ■ . 8 0 ,  3 1 , 1 8 6 0 )

Ceo ( S 0 . ) , . ( H H / ) o S0y1.8 H o0 ( W y r o u b o f f ,  B u l l .  S o c .  M i n . , 1 4 ,  
2  4 j 4 ^ ^ 8 3 ,  1 8 9 1 ;  a n d  i n n ,  C h im .P h y § ,  8 ,

9 , 290, 1906) .

B a r r e  s t a t e d  t h a t  he v e r i f i e d  t h e  e x i s t e n c e  ctf t h e s e ,
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and  a d d e d  o t h e r s  t o  make t h e  L i s t  e x a c t l y  t h a t  w h ic h

ha£  b e e n  f o u n d  i n  t h i s  w o r k .  n e v e r t h e l e s s  i t  s ee m e d
«•

d e s i r a b l e  t o  r e i n v e s t i g a t e  t h e  m a t t e r  b y  p h a s e  r u l e  

m e t h o d s ,  a n d  t o  e s t a b l i s h  n o t  o n l y  w h a t  d o u b l e  s a l t s  

c o u l d  b e  f o r m e d  by  t h e s e  c o m b i n a t i o n s ,  b u t  u n d e r  w h a t  

c o n d i t i o n s  e a c h  was f o r m e d .  The r e s u l t  o f  t h e  p r e s a i t  

i n v e s t i g a t i o n  h a s  b e e n  t o  s u b s t a n t i a t e ,  a n d  g r e a t l y  ex­

t e n d ,  B a r r e f s  e a r l i e r  w o r k .  n o t  o n l y  h a v e  a l l  h i s  

d o u b l e  s a l t s  b e e n  shown t o  b e  c a p a b l e  o f  e x i s t e n c e ,  b u t  

t h e i r  c o n d i t i o n s  o f  f o r m a t i o n  a t  2 5 - 0 ° C  h a v e  b e e n  d i s ­

c o v e r e d  by  a  f u l l  i n v e s t i g a t i o n  o f  t h e  i s o t h e r m s ,  an d  

a n a l y s i s  h a s  p r o v e d  b e y o n d  d o u b t  t h e  c o m p o s i t i o n  o f  

e a c h  d o u b l e  s a l t .

B e f o r e  t h i s  i n v e s t i g a t i o n  w as u n d e r t a k e n  i t  w as  

t h o u g h t  t h a t  e x i s t e n c e  o f  t h e  s i m p l e r  d o u b l e  s a l t s ,  p r e ­

v i o u s l y  l i s t e d ,  h ad  b e e n  f a i r l y  w e l l  e s t a b l i s h e d ,  b u t  

B a r r e ' s  a d d i t i o n a l  o n e s  ( e s p e c i a l l y  t h e  a n h y d r o u s  o n e s  

c o n t a i n i n g  f i v e  m o l e c u l e s  o f  p o t a s s i u m  o r  ammonium 

s u l p h a t e  t o  one o f  c e r o u s  s u l p h a t e )  s eem ed  t o  r e q u i r e  

f u r t h e r ,  a n d  f u l l e r  e x a m i n a t i o n .  D e t a i l e d  i n v e s t i g a t i o n  

h a s  c o n f i r m e d  t h e  e x i s t e n c e ,  n o t  o n ly  o f  t h e  s i m p l e r  a n d  

b e t t e r - k n o w n  d o u b le  s a l t s ,  b u t  a l s o  o f  B a r r e ' s  m ore  

c o m p l i c a t e d  o n e s ,  w h e re  t h e  s t o c h i o m e t r i c  r a t i o s  o f  t h e  

s i n g l e  s a l t s  i n  t h e  d o u b l e  s a L t  i s  l e s s  s i m p l e .
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I n  q u a l i t a t i v e  a n a l y s i s  - c e r i u m  i s  u s u a l l y  p r e c i ­

p i t a t e d  a s  h y d r o x i d e  i n  G roup  I I I A .  A f t e r  s e v e r a l  

s e p a r a t i o n s  h a v e  b e e n  p e r f o r m e d ,  a  s o l u t i o n  i s  o b t a i n e d  

w h ic h  may c o n t a i n  t h o r i u m  an d  s e v e r a l  r a r e  e a r t h s .  I t  

i s  t h e n  c u s t o m a r y  t o  s e p a r a t e  t h e s e  f u r t h e r ,  by  a d d i n g  

p o t a s s i u m  s u l p h a t e .  The d o u b l e  s a l t s  o f  l a n t h a n u m ,  

c e r i u m ,  z i r c o n i u m ,  a n d  t h o r i u m  c r y s t a l l i s e  o u t ,  a n d  l e a v e  

t h e  y t t r i u m  e a r t h s  i n  s o l u t i o n .  The p r e s e n t  r e s u l t s  

show t h a t ,  a s  f a r  a s  c e r i u m  i s  c o n c e r n e d ,  e i t h e r  s o d iu m  

o r  p o t a s s i u m  s u l p h a t e  may b e  u s e d  t o  g i v e  a  s p a r i n g l y  

s o l u b l e  d o u b l e  s a l t ,  a n d  t h a t  s e p a r a t i o n  i s  v i r t u a l l y  

c o m p l e t e ,  e v e n  when t h e  c o n c e n t r a t i o n  o f  a l k a l i  s u l p h a t e  

i n  t h e  l i q u i d  i s  b u t  one o r  tw o  g ra m s  p e r  1 0 0  gnu o f  

w a t e r .  I f  ammonium s u l p h a t e  w e re  u s e d ,  h o w e v e r ,  t h e  

l i q u i d  w o u ld  r e q u i r e  t o  be  a l m o s t  s a t u r a t e d  w i t h  t h e  

s a l t  t o  e n s u r e  c o m p l e t e  s e p a r a t i o n  o f  c e r i u m .  T h e re  i s  

l i t t l e  t o  c h o o s e  b e tw e e n  so d iu m  a n d  p o t a s s i u m  s u l p h a t e s  

f o r  e f f e c t i n g  t h e  s e p a r a t i o n  o f  c e r i u m .  H e re  i t  i s  

shown t h a t  s o d iu m  s u l p h a t e  i s  s l i g h t l y  t h e  m o re  e f f e c ­

t i v e ,  w h e r e a s  B a r r e f s  r e s u l t s  show ed  p o t a s s i u m  s u l p h a t e  

t o  b e  j u s t  t h e  m o re  e f f i c i e n t .  Sodium d o u b l e  s a l t s  

a r e  u s u a l l y  m o re  s o l u b l e  t h a n  t h e  c o r r e s p o n d i n g  p o t a s ­

s iu m  o n e s ,  a n d  t h e y ,  t h a n  t h e  ammonium o n e s .  H e re  t h e  

r e s u l t s  a r e  r e v e r s e d ,  a n d  t h e  f a c t  t h a t  t h e  s o d iu m  s a l t
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i s  s l i g h t l y  t h e  l e s s  s o l u b l e  a c c o r d s  w i t h  t h e  g r a d a t i o n  

o f  s o l u b i l i t y  o f  t h e s e  d o u b l e  s a l t s .

D i h y d r a t e d  s o d iu m  c e r o u s  s u l p h a t e  i s  t h e  o n l y  

d o u b l e  s a l t  f o r m e d  a t  2 5 . 0 °C  by so d iu m  s u l p h a t e ,  a n d  

c e r o u s  s u l p h a t e .  A s i m i l a r  d o u b l e  s a l t  o f  p o t a s s i u m  

s u l p h a t e  e x i s t s ,  t o g e t h e r  w i t h  2 Ce2 ( S O ^ )^ .  SO4. . SHgO

a n d  Ce2 ( SO^) 5K2 S 0 ^ . A l l  t h e s e  d o u b l e  s a l t s  a r e  v e r y  

s p a r i n g l y  s o l u b l e .  Ammonium s u l p h a t e ,  on t h e  o t h e r  

h a n d ,  d o e s  n o t  fo rm  a  d i h y d r a t e d  d o u b l e  s a l t  w i t h  c e r o u s  

s u l p h a t e .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h i s  c a s e  

t h e  d o u b l e  s a l t  i s  m o re  h i g h l y  h y d r a t e d ,  Ce2 ( SO^) y  

. 8 H2 0 , a n d  i s  c o n s i d e r a b l y  m o re  s o l u b l e  t h a n  t h e  f o r e ­

g o i n g .  The o n l y  o t h e r  d o u b l e  s a l t  f o r m e d  by ammonium 

s u l p h a t e  a n d  c e r o u s  s u l p h a t e  i s  Ce2 ( S O ^ ) y 5 (H H ^ )2 S 0 ^ , 

w h ic h  r e s e m b l e s  t h e  c o r r e s p o n d i n g  p o t a s s i u m  o n e  i n  b e i n g  

a n h y d r o u s ,  an d  h a v i n g  a  low  s o l u b i l i t y .

oQ 0 "" ***
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^ .S Y S T E M . Ce2 ( S 0 4 ) 5 .Jffa2S04 .H20 '

A n a l y s e s  o f  P h a s e s  a f t e r  d r y i n g  a t  Hoom D e m p e r a tu r e
f o r  a b o u t  a  m o n th .

LIQUID PHASE SOLID PHASE

ff .C e2 ( S 0 4 ) 3/ 1 0 0  H2 0 G.Na2 S0 A/ 1 0 0  H2 0 f ! SO,

T ( 1 )  4 . 2 6 5 )  , ?afi 
I * ( 2 ) 4 . 5 0 7 )  4 , 2 8 6

W ashed t h r e e  t i m e s  
w i t h  l i t t l e  cold water

(1) 36 .88  
( 2 ) 3 6 . 6 7 -

( 1 ) 5 0 .6 6  
( 2 ) 5 0 .4 7

TT (1) 0.05075)
(2) 0.04774) 49 5

( 1 )  0 .5®  5) o expo 
( 2  ) 0.5446) 0 ,5 5 2 0

One w ash  w i t h  c o l d  
w a t e r .

( 1 )  3 6 .3 2  ( 1 )  4 9 . 3 6

Hi. 7 .4 3 7
( I

One w a sh  w i t h  c o l d  
w a t e r .

3 6 .3 3  
( 2 ) 3 6 .6 7

( 1 )  5 2 .9 9
( 2 ) 5 3 .9 5

T h e o ry  CegCS04 ) j .K a g S O ^ .2 H 2 0 

28026Ce 7 4 6 .5 5 = 3 7 - 5 5

ft SO. = 3 8 426  = 5 1 .4 7
4  7 4 6 .5 5
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1 VÔt- 
00 00 • •
ooCM CM

H*cm

O
CM

w
CM♦
O
03

CSJ|

OCM
W
Oi—1 •
O
03

O  •
g to

-sd*
O
03

CM
0
O•
c3

/•—.
M-

O
03

CM
0O

" 00 .....
CO

o
03

CM
0O (1

) 
4
8
.2

0
 

(2
) 

4
6
.5

9

(1
) 

5
9
.8

8
 

(2
) 

5
9
.7

0
(1

) 
6
1
.1

0
 

(2
) 

6
0
.8

4 •'=t* CM 
rH ^  • ♦
m in

rH*CM*

0
•
CO

O
03
'w '

CM
0O

\ O in  cm rH O- CM
i—1 CM C- O- C

o , ' • •  • • • • CO O O-
CM CM CM CM 03 CM CM in CM co

iU 03 03 03 03 03 03 • • •
• CO 00 00

dj ,---------- V -x --- . 00 r - o-
H  CM rH rH CM

N_/  V--*

'M*
pq H 00 00
03 o 00 CM C-

• <£ 03 I 1 1 i—1 CM CM r - o cn
s 3 CM » 1 1 1 • • • CO vo
tlOH 0 o C c- • • o

{S' M3 1—I HI
o P • /—\ rH CM CM
O  H CtJ rH rH CM
rH {13

< y
H
P rH

00 0 m 00
CT» to t— o
in 00 t - rH

CO • • # • 1 I 1 1 Y
F- D -t- O 1 1 1 1 b

o /-3/-V /-N
03 H  OJ rH
V—X '—̂

CM
(S3
O \A

•M
•

M
•

>
•

>
•M •

H
c5 M M

M
M > H

>



in
a

ly
si

s 
of 

So
li

d 
Ph

as
es

 
af

te
r 

dr
yi

ng
 

at
 

Ro
om

 
T

em
p

er
at

u
re

fo
r 

ab
ou

t 
a 

m
o

n
th

.

m
*4
Ph

P
H
P
O
CO

CO

Ph

pM
POf

o
CO

0o

o
CM

W
do
oo<*st*o
CO

CM
w

o

o

dbo
o

<
tO

o
CO
V -/

CM
0

O

d .

o
CM

wCO
to

o
CO

'  CM 
0 O

CM
CM
CM

CO

O
CM

W
CM

•

O
CO

CM
M

t
t o

o
CO

CM
0o

o
CM

 P  “CO
«
CO

'>=*•
o
CO

CM
0O

I I

r—1 CM CO

IACM CO 
M - t O O
CM COCO

CO 00 00

H  CM CO

WM

CM CM 
x l  CO C"~ 
ra •  •
0 i n t o  
g  t o  t o

HI CM

H
CM
O

•
O

H  CM

CT\
men 
lO  t o  

• .  
t o  t o

H  CM

H
H
M

t o

H V O  VO
-p vo cn

d o t o t o h co m
LO LO

H—’ i—I CMra |H  CM

s i
ra
0  t —^  
5  H  i—I 

•  •
0  i-H H
£  COCO
O

H PH

O
IP

CM
LO
VO
■H

CM
O
C -
LO

•
o

>
M

^  CM
t o c o  

•  •
t o  t o
CM CM

i—I CM

t o
H

HtH
i—I )—I

s i
raCS VO oo 
>g CM CM • •
0O o
£  CM CM 
O

i—I CM

VO
VO

•
oI—I

M
>

O
CQ

CM
M

o
CO

>14-

CM
c n

•
i—i 
rH

H
H
*>

O
•

CM
rH

M
M>

t o

c n
■sj-

VO
CM

LO
r -

•
co
c -tH

II

<o
CQ

cn
cn

•
LO
t o

tH
t o

•
CM
CM

11
II

00CM 4
LOnJ- OOvo C- D—e^CM • H > -

O OO
00 t - IICMC—

0
O

O
CM

w
CM

«

o
CO

CM

CM
W

CM
O

•
t o
C"-

W II
• '
to ■.

^  o 00
'SJ'VO •

O  00 oo
CO v o E-*
w  LO D-

CM
0
O ||

t o
o  ^

f ?
o
0jd

EH

o
CO

CM
0o



CM
H

•
i—i
t o

oC\J
rHVO
LO

CM
c n

t -

II

0o

o
[CO o  H-
t o  v o
O CO
CO
I—I

CO
t o
vo  e'­

e n

II

CM DO 
•  •

e- jo
too

COCM

I—I 
I—I

CO
•

t o
o
COrH

do co 
H O  vo 

CM
II cm 

i n

t o
o
CO
H

II

o
CO

to

o
CO
s_Z

CM
0o

'M-o
CO

CM

CH

cn

o
vo
o
coCM

0
O

c—
t o

•
t o
LO

£ô
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61.

THE DOUBLE SALTS OF HTTOKAZIUE MOHOSULPHATE WITH THE 

SULPHATES OF B I ,  TER, AHD QUADRI-VALEHT METAIfi.

- 0 O0 -

P r e p a r a t i o n  o f  H y d r a z i n e  Mono s u l p h a t e .

O r d i n a r y  h y d r a z i n e  s u l p h a t e  i s  t h e  d i s u l p h a t e

I t  i s  n o t  v e r y  s o l u b l e  i n  w a t e r  -  <3,302 gm 

o f  ITgHgSO^ p e r  1 0 0  gm, o f  s a t u r a t e d  a q u e o u s  s o l u t i o n  a t  

2 5 °G , T he  m o n o s u lp h a t e  i s  v e r y  s o l u b l e  i n  w a t e r ,  a n d  

c r y s t a l l i s e s  w i t h  o n e  m o l e c u l e  o f  w a t e r  o f  c r y s t a l l i s a t i o n  

2HgH4 ,H2SQy»HgO, o r  (HgHgJSO^.HgO. The t r a n s i t i o n  p o i n t  

b e t w e e n  t h e  a n h y d r o u s  s a l t ,  an d  t h e  m o n o h y d ra te  i s  4 7 ,3 ° C .  

Sommer a n d  YV'eise ( Z e i t . A n o r g . C h e m . , 9 4 ,  5 1 ,  1 9 1 6 ,  a n d  Z e i t .  

A n o r g .C h e m . ,  8 6 , 8 5 ,  1 9 1 4 )  c a l l e d  t h e  m o n o s u lp h a te  d i h y -  

d r a z o n iu m  s u l p h a t e ,  a n d  t h e y  p r e p a r e d  i t  b y  s t i r r i n g  a  

h o t  s o l u t i o n  o f  t h e  o r d i n a r y  s u l p h a t e  w i t h  b a r i u m  c a r ­

b o n a t e ,  t h e  r e a c t i o n  b e i n g  -

-f* B a C O ^ U g H ^ g S O ^  BaS04  +■ H gG +• COg 

T h e  s o l u t i o n  b ecam e  a l l a l i n e ,  a n d  was made f a i n t l y  a c i d  

w i t h  s u l p h u r i c  a c i d ,  a n d  f i l t e r e d .  The f i l t r a t e  was 

e v a p o r a t e d ,  a n d  c o o l e d  i n  i c e ,  A c r y s t a l l i n e  p o w d e r  o f  

t h e  m o n o h y d r a te  s e p a r a t e d .  On r e c r y s t a l l i s a t i o n  f r o m  

w a t e r  t h e  s a l t  f o r m e d  l a r g e ,  t r a n s p a r e n t ,  d o u b l y - r e f r a c t ­

i n g ,  t a b u l a r  c r y s t a l s ,  A q u a n t i t y  o f  t h e  mono s u l p h a t e



w as p r e p a r e d  b y  t h i s  m e th o d ,  b u t  i t  w a s  f o u n d  b e t t e r  t o  

p r e p a r e  t h e  m a in  b u l k  o f  h y d r a z i n e  m o n o s u lp h a t e  f o r  u s e  

i n  t h i s  i n v e s t i g a t i o n  f r o m  h y d r a z i n e  m o n o h y d r a te  s o l u t i o n ,  

250 gm . o f  50f* h y d r a z i n e  h y d r a t e  s o l u t i o n  w e re  n e u t r a l i s e d  

w i t h  125 gm, 9 8 ^  s u l p h u r i c  a c i d ,  t h e  a c i d  f i n a l l y  b e i n g  

a d d e d  v e r y  s l o w l y  u n t i l  t h e  s o l u t i o n  was j u s t  a c i d  t o  

l i t m u s ,

2(3SrgH4 .H g 0 )  +■ H2 SQ4  - >  (H2H5 )S0 4 ,H2 0  +  HgO

1 0 0 ,1 3  9 8 .0 8  1 8 0 .1 9

2  p a r t s  50^  : 1  p a r t  9 8 ^

T he  s o l u t i o n  was e v a p o r a t e d  down o n  t h e  w a t e r  b h t h  t o  a  

f a i r l y  t h i c k  s y r u p .  The l i q u i d  was c o o l e d  i n  i c e ,  a n d  

g a v e  a  g o o d  y i e l d  o f  w e l l - c r y s t a l l i s e d  h y d r a z i n e  m ono- 

^ u l p h a t a .  The c r y s t a l s  w e re  f i l t e r e d  o f f  w i t h  s u c t i o n ,  

a n d  l e f t  o n  a  p o r o u s  p l a t e  i n  t h e  a i r  t o  d r y  f o r  a  w e e k ,  

b e f o r e  s a m p le s  w e re  a n a l y s e d .  I n  s p i t e  o f  t h e  r a t h e r  

h i g h  s o l u b i l i t y  o f  t h e  s a l t  t h e  c r y s t a l s  show ed  no  s i g n  

o f  d e l i q u e s c i n g  w hen  e x p o s e d  t o  t h e  a i r ,  a n d  t h e  a n a l y s e s  

sh o w ed  t h a t  t h e  m o n o h y d ra te  was q u i t e  s t a b l e  i n  t h e  a i r  •

D e t e r m i n a t i o n  o f  H y d r a z i n e ,

A c c o r d i n g  t o  p e t e r s o n  ( Z e i t .A n o r g .C h e m ,  5 ,  1 ,  1 8 9 4 )  

w hen  h y d r a z i n e  dS o x i d i s e d  b y  p e r m a n g a n a te  i n  t h e  p r e s e n c e  

o f  a  6 - 1 2 ^  s o l u t i o n  o f  s u l p h u r i c  a c i d  t h e  r e a c t i o n  w h ic h

o c c u r s  may b e  r e p r e s e n t e d  b y  t h e  e q u a t i o n ;



63.

171T2H4 ■+■ 130 I 13HgO + 14HHg +  10Hg 

He s t a t e d  t h a t  f o r  t h e  d i r e c t  t i t r a t i o n  t h e  s o l u t i o n  

c o n t a i n i n g  t h e  h y d r a z i n e  m u s t  h e  a t  a  t e m p e r a t u r e  o f  

6 0 -7 0 ° C . ,a n d  t h e  e n d  o f  t h e  r e a c t i o n  m u s t  h e  t a k e n  a t  t h a t  

p o i n t  a t  w h ic h  t h e  p i n k  c o l o u r ,  w h ic h  i s  some t i m e  i n  

c o m p l e t e l y  f a d i n g ,  becom es d a r k e r  on  t h e  a d d i t i o n  c f  m ore  

p e r m a n g a n a t e .  T h i s  m e th o d  was t h o r o u g h l y  t e s t e d ,  a n d  

f o u n d  t o  h e  r a t h e r  u n s a t i s f a c t o r y .  The end p o i n t  was 

d i f f i c u l t  t o  j u d g e ,  a n d  t h e  m e th o d  g a v e  r e s u l t s ,  w h ic h  

w e r e  s o m e t im e s  a s  much a s  4 - 5^  o u t .  I t  was d i s c o v e r e d  

t h a t  c u p r i c  s u l p h a t e  was a n  e x c e l l e n t  c a t a l y s t  f o r  t h e  

o x i d a t i o n  o f  h y d r a z i n e  h y  p e r m a n g a n a te  i n  s u l p h u r i c  a c i d  

s o l u t i o n .  When 0*1 gm. o f  c u p r i c  s u l p h a t e  was a d d e d  t o  

t h e  s o l u t i o n  t o  h e  t i t r a t e d  t h e  r e a c t i o n  w e n t  i n  t h e  c o l d ,  

a n d  t h e  r e s u l t s  w e re  much m ore  c o n s i s t e n t .

H o w e v e r ,  a  much s u p e r i o r  m e th o d  o f  a n a l y s i s  was f o u n d  

t o  h e  t h a t  g i v e n  i n  " V o lu m e t r i c  I o d a t e  M e th o d s ” h y  G.S. 

J a m i e s o n .  The m e th o d ,  w h ic h  was f i r s t  p r o p o s e d  h y  A ndrew s 

( J .A m e r .C h e m .S o c . ,  2 5 ,  7 5 6 ,  1 9 0 3 )  f o r  t h e  t i t r a t i o n  o f  a  

n u m b er  o f  r e d u c i n g  s u b s t a n c e s  s u c h  a s  f r e e  i o d i n e ,  i o d i d e s ,  

a r s e n i t e s ,  a n d  a n t i m o n i t e s , i n  a  v e r y  s a t i s f a c t o r y  m a n n e r ,  

d e p e n d s  u p o n  t h e  f o r m a t i o n  o f  i o d i n e  m o n o c h l o r i d e ,  a n d  

t h e  d i s a p p e a r a n c e  o f  t h e  i o d i n e  c o l o u r  i m p a r t e d  t o  a n  

i m m i s c i b l e  s o l v e n t  s u c h  a s  c h l o r o f o r m  o r  c a r b o n  t e t r a ­



c h l o r i d e .  The t i t r a t i o n  g i v e s  v e r y  s h a r p , c o n s  1 s t ®nt, 

a n d  a c c u r a t e  r e s u l t s .  S i n c e  a l l  o f  t h e  i o d i n e  w h ic h  

r e m a i n s  d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  t i t r a t i o n  i s  

c o l l e c t e d  i n  t h e  s m a l l  v o lu m e  o f  i m m i s c i b l e  s o l v e n t ,  

t h e  a c c u r a c y  o f  t h e  end  r e a c t i o n  i s  e x t r a o r d i n a r y .  When 

a  t i t r a t i o n  h a s  a c t u a l l y  b e e n  c o m p le t e d  t h e r e  i s  no  r@- 

t u r n  o f  i o d i n e  c o l o u r  e v e n  a f t e r  s t a n d i n g  f o r  a d a y .  I t  

i s  n e c e s s a r y  t o  h a v e  a t  l e a s t  t w e l v e  p a v c e n t  o f  h y d r o ­

c h l o r i c  a c i d  p r e s e n t  i n  t h e  t i t r a t e d  s o l u t i o n ,  o t h e r w i s e  

h y d r o l y s i s  o f  t h e  i o d i n e  m o n o c h l o r i d e  with t h e  f o r m a t i o n  

o f  i o d i n e  i s  l i k e l y  t o  o c c u r .  l o d a t e  t i t r a t i o n s  c a n  

b e  m ade i n  t h e  p r e s e n c e  o f  f i l t e r  p a p e r ,  a l c o h o l ,  formal- 
d e h y d e ,  a c e t i c  a n d  o t h e r  s a t u r a t e d  organic a c i d s ,  m  w a l l  

a s  m any o t h e r  k i n d s  o f  o r g a n i c  m a t t e r .  The m e th o d  h m  

t h e  f u r t h e r  a d v a n t a g e  t h a t  t h e  potassium i o d s t e  i s  e x ­

c e e d i n g l y  s t a b l e ,  and- Jamieson s t a t e s  t h a t  h e  k e p t  a  

solution for t e n  years, a n d  could n o t  d e t e c t  a n y  c h a n g e  

i n  c o n c e n t r a t i o n  thereafter. To t e s t  t h e  m e th o d  f o r  

e s t i m a t i n g :  h y d r a z i n e  a  s t a n d a r d  s o l u t i o n  o f  A#B , h y d r a z i n e  

d isu X p h a .b e  w as  p r e p a r e d #  Zh eo# p o r t i o n s  o f  t h i s  s o l ­

u t i o n  w e r e  p l a c e d  I n  Z S O ^ m  e e .  b o t t l e s  w i t h  g r o u n d  

g l a s s  s t o p p e r s #  To e a c h  b o t t l e  w as a d d e d  2 0  e e #  o f  

e o n c e n t r a t @ d  h y d r o c h l o r i c  a c i d ,  a n d  6  c e #  o f  c h l o r o f o r m #  

jthem  t h e  s t a n d a r d  p o t a s s  in ®  l o d a t e  w as ip ^ad n a iX y  m n  i n



f r o m  a  b u r e t t e ,  w i t h  s h a k i n g .  ^ T he c h l o r o f o r m  b e cam e  

c h e r r y  r e d ,  a n d  t h e n  a f t e r  a  c e r t a i n  q u a n t i t y  o f  i o d a t e  

h a d  b e e n  a d d e d  t h e  c o l o u r  b e g a n  t o  d i m i n i s h  a g a i n ,  f o r  

e a c h  a d d i t i o n  o f  i o d a t e .  M e a n w h i l e g a s  w as e v o lv e d  

w h en  t h e  h y d r a z i n e  r e a c t e d  w i t h  t h e  p o t a s s i u m  i o d a t e .  A 

v e r y  s h a r p  en d  p o i n t  was o b t a i n e d ,  w hen t h e  a d d i t i o n  o f  

t h e  s m a l l e s t  d r o p  o f  s  t a n d a r d  i o d a t e  c a u s e d  t h e  c h l o r o f o r m  

t o  c h a n g e  f r o m  p i n k  t o  w a t e r  w h i t e .  The m e th o d  g a v e  v e r y  

c o n s i s t e n t  a n d  a c c u r a t e  r e s u l t s ,

UgH^.HgSO^-f KlOg + 2HC1 « Hg -f- IC 1  +  KC1 +  H g S O ^ S H g O  

T h e  p o t a s s i u m  i o d a t e  u s e d  was t h e  A .R , s a l t ,  s p e c i a l l y  

p r e p a r e d  f o r  u s e  a s  a  v o l u m e t r i c  s t a n d a r d .  The s a l t  

w as d r i e d  i n  t h e  a i r  o v e n  a t  120°C  f o r  two a n d  a  h a l f  h o u r s ,  

a n d  c o o l e d  i n  a  d e s i c c a t o r .  T h e n  7 .4 3 8 1  gm. w e r e  d i s ­

s o l v e d  i n  w a t e r ,  a n d  t h e  s o l u t i o n  d i l u t e d  t o  two l i t r e s .

1 cc  o f  t h i s  s o l u t i o n  was e q u i v a l e n t  t o  0 ,1 4 0 9  gm. o f

( % H5>2S04 ’

The f o l l o w i n g  a d d i t i o n a l  r e f e r e n c e s  a r e  o f  i n t e r e s t ,

A V o l u m e t r i c  M eth o d  f o r  t h e  D e t e r m i n a t i o n  o f  H y d r a z i n e ,  
( J a m i e s o n ,  A m , J o u r n . S c i , , 3 3 ,  3 5 2 ,  1 9 1 2 )

The V o l u m e t r i c  A n a l y s i s  o f  H y d r a z i n e  b y  t h e  I o d i c  
A c i d ,  B ro m in e ,  a n d  H y p o c h lo r o u s  A c id  M e th o d s ,
( B r a y  a n d  G u y , J .A m e r .C h e m .S o c • ,  4 6 ,  8 5 8 ,  1 9 2 4 ) ,

T he  V o l u m e t r i c  A n a ly s e s  o f  H y d r a z i n e  b y  t h e  I o d i n e ,  
B r o m a te ,  I o d a t e ,  a n d  P e r m a n g a n a te  M e th o d s .
( K o l t h o f f , J .A m e r  .C h e m .S o c . ,  4 6 ,  2 0 0 9 ,  1 9 2 4 ) .



T he  v a r i o u s  p r e p a r a t i o n s  o f  h y d r a z i n e  m o n o s u l p h a t e  

w e r e  a n a l y s e d ,  a f t e r  t h e  c r y s t a l s  h a d  "been o n  a  p o r o u s  

p l a t e  i n  t h e  a i r  f o r  p e r i o d s  up  t o  t w e l v e  d a y s .  T he  

h y d r a z i n e  was d e t e r m i n e d  b y  Jam i‘e s o n Ts v o l u m e t r i c  m e th o d ,  

w h i l s t  s u l p h a t e  was r e a d i l y  d e t e r m i n e d  a s  b a r iu m  s u l p h a t e .  

The c r y s t a l s  p r e p a r e d  f r o m  A .R . h y d r a z i n e  d i s u l p h a t e  a n d  

b a r i u m  c a r b o n a t e  c o n t a i n e d  50.66f*  SO4  a n d  3 4 .3 4 ^  H2H4 ,

R a t i o  * 1 . 4 7 5 ,  T he s p e c im e n  p r e p a r e d  f r o m  5$> h y d r a ­

z i n e  m o n o h y d r a te  a n a l y s e d  5 2 . 1 5f° SO^ a n d  3 4 ,9 4 ^  H2H4 ,

R a t i o  z  1 . 4 9 3 ,  T h e o r y  f o r  ( HgHg) 2 SO4  .Hg0 r e q u i r e s

5 3 ,3 1 ft SO^ a n d  3 5 ,5 6 ^  H2H4 , R a t i o  = 1 . 4 9 9 ,
s.

C o p p e r  H y d r a z i n e  D o u b le  S u l p h a t e .

T h e  s o l u b i l i t y  o f  c u p r i c  s u l p h a t e  p e n t a h y d r a t e  i n  

w a t e r  a t  2 5 .0 ° C  was e s t i m a t e d  a s  2 2 .7 2  gm, CUSO4  p e r  100 

gm, o f  w a t e r .  The c o p p e r  was d e t e r m i n e d  i o d o m e t r i c a l l y  

a s  b e f o r e  d e s c r i b e d .  When q u a n t i t i e s  a s  s m a l l  a s  0 .0 5 g m  

o f  h y d r a z i n e  m o n o s u lp h a te  w e re  a d d e d  t o  a  s m a l l  q u a n t i t y  

o f  s a t u r a t e d  c u p r i c  s u l p h a t e  s o l u t i o n  a t  2 5 .0 ° C  a  b l u i s h -  

g r e e n  p o w d e r  o f  d o u b l e  s a l t  s e p a r a t e d  a l m o s t  a t  o n c e .

A f t e r  s t i r r i n g  f o r  some t i m e  t h e  p r e s e n c e  o f  h y d r a z i n e  

i n  t h e  l i q u i d  p h a s e  c o u l d  j u s t  b e  d e t e c t e d ,  xhe  d o u b l e  

s a l t  was a l s o  s p a r i n g l y  s o l u b l e  i n  s t r o n g  h y d r a z i n e  

m o n o s u l p h a t e  s o l u t i o n .  I n  g e n e r a l  i t  w a s  f o u n d  t h a t  

t h e  d o u b l e  s u l p h a t e s  o f  h y d r a z i n e  m o n o s u lp h a te  w i t h  t h e
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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  h a d  a  lo w  s o l u b i l i t y ,  a n d  

h e n c e  t h e  i s o t h e r m s  f o r  t h e s e  s y s t e m s  w e re  n o t  d e t e r m i n e d .  

I n s t e a d  t h e  d o u b l e  s a l t s  w e re  p r e p a r e d ,  a n d  a n a l y s e d ,  a n d  

t h e i r  s o l u b i l i t y  i n  w a t e r  a t  2 5 .0 ° C  f o u n d .

The c o p p e r  d o u b l e  s a l t  was p r e p a r e d  b y  s t i r r i n g  t o ­

g e t h e r  a t  ro o m  t e m p e r a t u r e  f a i r l y  d i l u t e  s o l u t i o n s  c o n ­

t a i n i n g  e q u i m o l e c u l a r  q u a n t i t i e s  o f  t h e  s i n g l e  s a l t .  The 

m e a l  o f  b l u i s h - g r e e n  c r y s t a l s  was f i l t e r e d  o f f ,  w a s h e d  

w i t h  a  l i t t l e  c o l d  w a t e r ,  a n d  d r i e d  o n  a  p o r o u r  p l a t e  i n  

t h e  a i r  f o r  s e v e r a l  w e e k s .  F o r  a n a l y s i s  3 , 3 3 4  gm. w e r e  

b o i l e d  w i t h  20  c c .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  a ^d  

t h e  s o l u t i o n  d i l u t e d  t o  250 c c .  I n  o n e  p o r t i o n  s u l p h a t e  

w as e s t i m a t e d  a s  b a r i u m  s u l p h a t e ,  a n d  i n  a n o t h e r  c o p p e r  

was f o u n d  b y  t h e  m e th o d  o f  R i v o t .  An e x c e s s  o f  s u l p h u r  

d i o x i d e  was b u b b l e d  i n t o  t h e  s o l u t i o n ,  an d  t h e n  ammonium 

t h i o c y a n a t e  s o l u t i o n  was a d d e d  d r o p  b y  d ro p  w i t h  s t i r r i n g .  

T he  f i r s t  g r e e n i s h  p r e c i p i t a t e  o f  c u p r i c  a n d  c u p r o u s  t h i o -  

c y a n a t e s  b e ca m e  a l m o s t  v / h i t e  w hen a  s l i g h t  e x c e s s  o f  t h i o ­

c y a n a t e  h a d  b e e n  a d d e d .  A f t e r  s t a n d i n g  o v e r n i g h t  t h e  

p r e c i p i t a t e  was f i l t e r e d  o f f , w a sh e d  w i t h  c o l d  w a t e r , 

t h e n  2 0 <f*> a l c o h o l ,  d r i e d  a t  1 1 0 -1 2 0 '°G, a n d  w e i g h e d  a s  

CUg(CNS)g. H y d r a z i n e  whs n o t  d e t e r m i n e d  b e c a u s e  t h e  

i o d a t e  m e th o d  was n o t  v e r y  a c c u r a t e  i n  t h e  p r e s e n c e  o f  

c o p p e r ,  a n d  t h e  c o p p e r  a n d  s u l p h a t e  e s t i m a t i o n s  w e re  s u f f i c -



l e n t  t o  c h a r a c t e r i s e  t h e - d o u b l e  s a l t *

F o u n d :  19.65?&Cu ; 57.27?» S04

T h e o r y  f o r  Cu(H 2H5 ) 2 (S 0 4 ) 2  r e q u i r e s  1 9 , 7 5 ^  C u , a n d  5 9 , 6 9 f> 

S04 . T he  d o u b l e  s a l t  w a s  so  s l i g h t l y  s o l u b l e  i n  w a t e r  

a t  2 5 ,0 ° C  t h a t  t h e  c o p p e r  i n  t h e  s a t u r a t e d  s o l u t i o n  was 

d e t e r m i n e d  c o l o r i m e t r i c a l l y  a s  f e r r o c y a n i d e .  The s o l u ­

b i l i t y  i n  w a t e r  a t  2 5 .0 ° C  w as  f o u n d  t o  b e  0 . 1 1 4  gm. o f  

C u(H 2H g )2 (S 0 4 )g  p e r  1 0 0  gm, o f  s a t u r a t e d  s o l u t i o n .

Z in c  H y d r a z i n e  D o u b le  S u l p h a t e ,

A s o l u t i o n  o f  7 gm. A .R . ZnS04 .7H20 i n  25  c c .  o f  

w a t e r  was m ix e d  w i t h  4  gm. o f  (HgHg )gS 04 .H20 d i s s o l v e d  i n  

20 c c ,  o f  w a t e r .  The s o l u t i o n s  g a v e  a n - i m m e d i a t e  p r e c i ­

p i t a t e .  A f t e r  some t i m e  t h e  c r y s t a l s  w e r e  f i l t e r e d  o f f ,  

t h r o u g h l y  w a s h e d  w i t h  c o l d  w a t e r ,  a n d  d r i e d  f o r  s e v e r a l  

w e ek s  o n  a  p o r o u s  p l a t e  i n  t h e  a i r .  The h y d r a z i n e  i n  

t h e  p r o d u c t  was r e a d i l y  f o u n d  b y  t h e  i o d a t e  m e th o d ,  a n d  

tw o  d i f f e r e n t  s p e c im e n s  g a v e  1 9 .9 1 ^  a n d  19 .85fa  NgII4 , 

w h i l s t  t h e o r y  f o r  Z*i(N2H6 ) 2 (S 0 4 ) 2  r e q u i r e s  1 9 .8 1 ft \-

T he  s o l u b i l i t y  i n  w a t e r  a t  2 5 ,0 ° C  was e s t i m a t e d  b y  i o d a t e  

t i t r a t i o n  t o  b e  0 . 6 7 5  gm, Zn(R 2H g ) 2 (S 0 4 ) 2  p e r  100 gm, o f  

s a t u r a t e d  s o l u t i o n .

M an g a n e se  H y d r a z i n e  D o u b le  S u l p h a t e .

A s o l u t i o n  o f  18 gnw A .R . m anganous  s u l p h a t e  i n
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90 c c .  o f  w a t e r  was s t i r r e d  -a t  room  t e m p e r a t u r e  w i t h  

30 c c .  o f  a  s o l u t i o n  c o n t a i n i n g  1 0 . 5  gm. o f  ( NgHg)gS 0 4 .HgO. 

^ C r y s t a l s  a p p e a r e d  a f t e r  a b o u t  a n  h o u r .  A f t e r  f i l t r a t i o n  

a n d  w a s h i n g  w i t h  c o l d  w a t e r  t h e y  w e r e  l e f t  f o r  s e v e r a l  

w eek s  o n  a  p o r o u s  p l a t e  i n i . t h e  a i r .

A n a l y s i s  h y  t h e  i o d a t e  m e th o d  sh o w ed  t h e  c r y s t a l s  

t o  c o n t a i n  2 0 . 3 t h e  t h e o r e t i c a l  f o r  MnCNgHg 

b e i n g  2 0 .4 6 ^  R2H4 . The s a t u r a t e d  a g u e o u s  s o l u t i o n  a t  

2 5 .0 ° C  c o n t a i n e d  p e r  100 g m , , 1 .7 7  gm. o f  M n (N g H g ^C S O ^)^ .

C o b a l t  H y d r a z i n e  D o u b le  S u l p h a t e .

A s o l u t i o n  o f  12 gm, (N gH ^gSO ^.H gO  i n  60 c c .  o f  

w a t e r  was g r a d u a l l y  s t i r r e d ,  a t  room  t e m p e r a t u r e ,  i n t o  

o n e  c o n t a i n i n g  2 1  gm. A .R . C0 SO4 . 7H2 O i n  120 c c .  o f  w a t e r .  

T h e  p i n k - c o l o u r e d  d o u b l e  s a l t  c r y s t a l l i s e d  a l m o s t  a t  

o n c e .  T h e  s o l u b i l i t y  i n  w a t e r  a t  2 5 .0 ° C  was f o u n d  t o  b e  

0 . 4 4 1  gnu o f  C o ( I 2H5 ) 2 (S 0 4 ) 2  p e r  100 gm. o f  s a t u r a t e d  

s o l u t i o n ,

N i c k e l  H y d r a z i n e  D o u b le  S u l p h a t e .

9 gm, o f  A .R . N iS0 4 . 7H20  w e re  d i s s o l v e d  i n  90 c c .  

o f  w a t e r  a t  ro o m  t e m p e r a t u r e ,  a n d  a  s o l u t i o n  c o n t a i n i n g  

12  gm. o f  ( % H 5 )gS 04 .H20 i n  30 c c .  o f  w a t e r  was a d d e d .  

C r y s t a l s  b e g a n  t o  s e p a r a t e  a f t e r  a  fe w  h o u r s .  The s a l t  

was w e l l  w a s h e d  w i t h  c o l d  w a t e r ,  a n d  d r i e d  i n  t h e  a i r



o n  a  p o r o u s  p l a t e .  I t  was f o u n d  t h a t  0 . 3 9 1  gm. o f  

N i(N 2H5 ) 2 (S 0 4 )g  w e r e  p r e s e n t  i n  1 0 0  gm. o f  s a t u r a t e d  

a q u e o u s  s o l u t i o n  a t  2 5 .0 ° C .

I n  a d d i t i o n  t o  t h e  a b o v e  i t  was f o u n d  t h a t  a  s o l ­

u t i o n  o f  h y d r a z i n e  m o n o s u lp h a te  g a v e  c r y s t a l l i n e  p r e c i ­

p i t a t e s ,  p r e s u m a b l y  o f  d o u b le  s a l t s ,  w i t h  f e r r o u s ,  c a d ­

m ium , a n d  m ag n es iu m  s u l p h a t e s .

H y d r a z i n e  M o n o s u lp h a te  w i t h  A lu m in iu m  S u l p h a t e .

The A .R .  A lu m in iu m  s u l p h a t e  c r y s t a l s  s u p p l i e d  w e r e  

a n a l y s e d ,  t h e  a lu m in iu m  b e i n g  p r e c i p i t a t e d  w i t h  ammonia 

a s  b e f o r e  d e s c r i b e d ,  a n d  t h e  s u l p h a t e  b e i n g  d e t e r m i n e d  a s  

b a r i u m  s u l p h a t e .

F o u n d :  9 .1 4 7 ^  A l ;  45 ,91?s  S04 . R a t i o  -  5 . 0 2 0 .

T h e o r y  f o r  A lg ( S 0 4 )5 .18H g0 : 8 .0 9 3 ^  A l ,  43.24f=  S04

R a t i o  -S ji t  s  5 . 3 4 3 .  The s a l t  w as o b v i o u s l y  i m p u r e ,

a n d  t h i s  was t r a c e d  t o  t h e  p r e s e n c e  o f  b a s i c  s a l t ,  a n d  

a l k a l i  m e t a l  a lu m .  The c r y s t a l s  w e re  p u r i f i e d  a s  f o l l o w s  

3 00  gm, w e r e  s t i r r e d  w i t h  d i s t i l l e d  w a t e r ,  i n s u f f i c i e n t  

t o  d i s s o l v e  a l l ,  f o r  s e v e r a l  h o u r s ,  a n d  t h e  s o l u t i o n  

f i l t e r e d .  C r y s t a l l i s a t i o n  o f  t h e  s o l u t i o n  y i e l d e d  a  

p r o d u c t  w h ic h  was s t i l l  n o t  q u i t e  p u r e  e n o u g h .  The s a l t  

w as  d i s s o l v e d  up  a g a i n ,  a n d  r e c r y s t a l l i s e d  f r o m  w a t e r  

c o n t a i n i n g  a l c o h o l ,  a n d  a  l i t t l e  s u l p h u r i c  a c i d .  The



c r y s t a l s  w e re  f i l t e r e d  o f f ,  a n d  f r e e d  f r o m  a l c o h o l .

A f t e r  b e i n g  r e c r y s t a l l i s e d  f r o m  w a t e r  t h e  a lu m in iu m  

s u l p h a t e  was s u f f i c i e n t l y  p u r e .  Some o f  t h e  c r y s t a l s  

w e r e  p r e s s e d  o n  f i l t e r  p a p e r ,  a n d  a n a l y s e d .

F o u n d :  3 9 ,3 6 ? i  SO4 ; 7 . 3 9 ApJo A l .  R a t i o  s  5 ,3 2 3

T h e o r y  f o r  A l 2 (S 0 4 )g ,1 8 H g 0 :  43.24?o SO4 ; 8 ,G9 3 /o A l .

R a t i o  1 ^ -  = 5 . 3 4 0 .

T he s o l u b i l i t y  o f  a lu m in iu m  s u l p h a t e  i n  w a t e r  a t  

2 5 .0 ° C  was f o u n d  t o  b e  3 8 .4 5  gm. A lg ( S 0 4 )g p e r  100 gm, 

o f  w a t e r .  The r e s u l t ^  o f  K rem ann a n d  H u t t i n g e r  ( S e e  

S e i d e l l  -  " S o l u b i l i t y ” ) w e re  p l o t t e d ,  an d  t h e  v a l u e

3 8 . 3  gm, A lg (S O 4)«3 p e r  100 gm, o f  w a t e r  r e a d  o f f .  When 

a  s o l u t i o n  c o n t a i n i n g  a  m i x t u r e  o f  A lg (S  0 4 )3 , 1 8 ^ 0  a n d  

h y d r a z i n e  d o u b l e  s a l t  a s  s o l i d  p h a s e  was s t i r r e d  a t  

2 5 .0 ° C  u n t i l  i t  r e a c h e d  e q u i l i b r i u m ,  t h e  l i q u i d  p h a s e  was 

f o u n d  t o  c o n t a i n  3 8 .7 7  gm. A l 2 ( 2 0 4 )3 , an<^ ^ . 7 1  gm. 

(N2H5 ) 2S0 4  p e r  1 0 0  gm. o f  w a t e r .  d o u b le  s a l t  f o r m e d  

t h e  s o l i d  p h a s e  b e tw e e n  t h i s  p o i n t ,  a n d  t h e  t r i p l e  p o i n t  

w h e r e  t h e  c o n c e n t r a t i o n s  o f  A l 2 ( 2 0 4 ) 3  a n d  ( ^ g % ) g S 0 4  p e r  

100 gm, o f  w a t e r  w e r e  1 2 .3 0  gm. a n d  1 8 9 .2  gm. r e s p e c t i v e l y .  

H y d r a z i n e  m o n o s u lp h a t e  was fo u n d  t o  h a v e  a  s o l u b i l i t y  o f

1 8 6 .3  gm. ( ^ 2% ) 2 S0 4  p e r  1 0 0  gm. o f  w a t e r  i n  w a t e r  a t  

2 5 . 0 ° C . ,  t h e  s o l i d  p h a s e  b e i n g  The s o l i d

p h a s e  p r e s e n t  on  t h e  d o u b le  s a l t  p a r t  o f  t h e  c u r v e  w as
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e x a m in e d  u n d e r  t h e  lo w  p o w er—o f  t h e  m i c r o s c o p e .  The 

c r y s t a l s  w e re  a t  o n c e  s e e n  t o  d i f f e r  f r o m  t h o s e  o f  a lu m ­

i n i u m  s u l p h a t e ,  a n d  o f  h y d r a z i n e  m o n o s u l p h a t e .  T h ey  

w e r e  m b s t l y  r a t h e r  w o rn ,  p r o b a b l y  w i t h  t h e  c o n s t a n t  

a g i t a t i o n  t o  w h ic h  t h e  s o l u t i o n  was- s u b j e c t e d ,  b u t  many 

se e m e d  o c t o h e d r a l .  To s e t t l e  t h e  p o i n t  s o l u t i o n s  o f  

a lu m in iu m  s u l p h a t e ,  an d  h y d r a z i n e  s u l p h a t e  w e re  m ix e d ,  

a n d  s e t  a s i d e  t o  c r y s t a l l i s e .  T h i s  t im e  many f i n e  o c t o ­

h e d r a l  c r y s t a l s  w e re  f o u n d  a m o n g s t  t h o s e  w h ic h  s e p a r a t e d .  

T h i s  l e f t  l i t t l e  d o u b t  t h a t  t h e  d o u b l e  s a l t  was a n  a lu m ,  

a l t h o u g h  t h i s  p o i n t  was n o t  p r o v e d  c o n c l u s i v e l y  b y  ana-< 

l y s i s .  I n  t h e  e q u i l i b r i u m ,  s o l u t i o n s  a lu m in iu m  a n d  h y d r a ­

z i n e  w e re  b o t h  e s t i m a t e d ,  t h e  f o r m e r  a s  a l u m i n a ,  a n d  t h e  

l a t t e r  b y  t h e  i o d a t e  m e th o d  ( F i g u r e  1 1 ) .

H y d r a z i n e  M o n o s u lp h a te  w i t h  T h o r iu m  S u l p h a t e .

T h o r iu m  s u l p h a t e  was s u p p l i e d  a s  p u r e .  When t h e  

t h o r i u m  was p r e c i p i t a t e d  a s  i o d a t e , a n d  s u b s e q u e n t l y  d e ­

c o m p o se d  b y  am m onia , t h e  p e r c e n t a g e  o f  t h o r i u m  was f o u n d  

t o  b e  4 0 . 8 2 # .  S u l p h a t e  a n a l y s i s  show ed  t h e  s a l t  t o  

c o n t a i n  3 3 .8 1 #  SO4 . T h e o ry  f o r  Th(SO^Jg.SHgO r e q u i r e s

4 0 .8 6 #  T h , a n d  3 3 .8 1 #  SO4 .

I n  t h e  e q u i l i b r i u m  s o l u t i o n s  h y d r a z i n e  was e s t i m a t e d  

b y  t h e  i o d a t e  m e th o d ,  a f t e r  t e s t  a n a l y s e s  h a d  show n t h a t  

t h o r i u m  d i d  n o t  i n t e r f e r e .  The b e s t ,  a n d  m o s t  c o n v e n i e n t ,



method, o f  d e t e r m i n i n g  t h e  c o n c e n t r a t i o n  o f  t h o r i u m  

s u l p h a t e  was f o u n d  to  b e  p r e c i p i t a t i n g  t h e  t h o r i u m  a s  

o x a l a t e .  H y d r a z i n e  m o n o s u l p h a t e  d i d  n o t  i n t e r f e r e .  The 

s o l u t i o n  was d i l u t e d  t o  250 c c .  a n d  2 - 3  c c ,  o f  s t r o n g  

h y d r o c h l o r i c  a c i d  a d d e d .  The s o l u t i o n  was b o i l e d ,  a n d  

3 0 - 4 0  c c .  s t r o n g  b o i l i n g  o x a l i c  a c i d  s o l u t i o n  g r a d u a l l y  

s t i r r e d  i n t o  i t .  The d e n s e  s a n d y  c r y s t a l s  o f  t h o r i u m  

o x a l a t e  w e re  l e f t  i n  c o n t a c t  w i t h  t h e  l i q u i d  o v e r n i g h t ,  

b e f o r e  f i l t e r i n g  o f f ,  a n d  w a s h in g  w i t h  o x a l i c  a c i d  s o l ­

u t i o n ,  A f t e r  d r y i n g ,  t h e  p r e c i p i t a t e  was i g n i t e d  i n  

p l a t i n u m  b e f o r e  t h e  b l a s t  l a m p ,  a n d  w e ig h e d  a s  ThOg.

The s o l u b i l i t y  o f  ThC SO ^Jg^H gO  a t  2 5 ,0 ° C  was f o u n d  

t o  b e  1 .8 4 6  gm, T h (S 0 ^ ) 2 p e r  100 gm, o f  w a t e r ,  a  v a l u e  

w h ic h  a g r e e d  v e r y  w e l l  w i t h  t h e  1 , 8 5  gm. T h (S 0 4 ) 2  p e r  

1 0 0  gm, o f  w a t e r  g i v e n  b y  R oozeboom , b u t  n o t  so  w e l l  w i t h  

1 , 7 2 2  gm, T h (S 0 4  )g  p e r  100 gin. o f  w a t e r ? g i v e n  b y  B a r r e .  

T he  r e s u l t  g i v e n  b y  B a r r e  i s  i n  e r r o r .  Vi/hen s m a l l  q u a n ­

t i t i e s  o f  h y d r a z i n e  m o n o s u lp h a te  w e re  s t i r r e d  w i t h  s a t u r ­

a t e d  t h o r i u m  s u l p h a t e  s o l u t i o n  a t  2 5 ,0 °C  t h e  s o l i d  p h a s e  

r e m a i n e d  T h (S 0 4 ) 2 .8H 20 , t h e  h y d r a z i n e  m o n o s u lp h a te  a l l  

d i s s o l v e d ,  a n d  t h e  c o n c e n t r a t i o n  o f  t h o r i u m  i n  t h e  e q u i ­

l i b r i u m  l i q u i d  p h a s e  r o s e  s t e a d i l y  w i t h  e a c h  a d d i t i o n  

o f  t h e  h y d r a z i n e  s a l t .  The maximum was r e a c h e d  a t  t h e  

t r i p l e  p o i n t ,  w h e re  t h e  s o l i d ,  p h a s e  was a  m i x t u r e  o f
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Th(S04 )r> w i t h  a n d  w h e re  t h e  l i q u i d  p h a s e

c o n t a i n e d  3.94-5 gm. l h ( S 0 4 ) 2  a n d  2 .1 2 2  gm. (HgH5 )gS 04  p e r  

100 gm, o f  w a t e r .  T h e r e a f t e r  came t h e  d o u b l e  s a l t  c u r v e ,  

a n d  a s  t h e  c o n c e n t r a t i o n  o f  h y d r a z i n e  m o n o s u lp h a te  i n  t h e  

l i q u i d  p h a s e  r o s e ,  s o  d i d  t h a t  o f  t h o r i u m  s u l p h a t e  f a l l .

A p o i n t  was r e a c h e d  a t  w h ic h  t h e  c o n c e n t r a t i o n  o f  t h o r i u m  

s u l p h a t e  h a d  f a l l e n  t o  s u c h  a  lo w  v a l u e  t h a t  t h e  e s t i ­

m a t i o n  o f  t h o r i u m  b ecam e  d i f f i c u l t .  B ig  q u a n t i t i e s  o f  

s o l u t i o n  h a d  t o  h e  t a k e n  i n  o r d e r  t o  g e t  w e i g h a b l e  p r e ­

c i p i t a t e s  o f  t h o r i u m  o x a l a t e ,  a n d  s i n c e  t h e  s o l u t i o n  c o n ­

t a i n e d  m uch h y d r a z i n e  m o n o s u l p h a t e  e a c h  e s t i m a t i o n  i n ­

v o l v e d  t h e  e x p e n d i t u r e  o f  a  c o n s i d e r a b l e  q u a n t i t y  o f  

t h a t  s a l t .  H e n ce  i t  was f o u n d  p r a c t i c a b l e  t o  f o l l o w  t h e  

d o u b l e  s a l t  c u r v e  o n l y  t o  t h e  p o i n t  w h e r e  t h e  e q u i l i b r i u m  

l i q u i d  p h a s e  c o n t a i n e d  0 . 8 0  gm. o f  T h (S 0 4 ) 2  a n d  1 2 .6 6  gm. 

o f  ( HgHg)2 S04  p e r  100 gm. o f  w a t e r ,  The d o u b l e  s a l t  

c r y s t a l s  d i f f e r e d  v e r y  m a r k e d l y  f ro m  t h e  " w a r t y "  i r r e g u l a r  

m a s s e s  o f  T h (S 0 4 )g .8 H g 0 .  The d o u b le  s a l t  c r y s t a l l i s e d  

v e r y  w e l l  i n  t h e  f o r m  o f  l o n g  n e e d l e s . When s t i r r e d  up 

w i t h  l i q u i d  t h e  c r y s t a l s  h a d  a  " s i l k y ” a p p e a r a n c e ,  a n d  o n  

b e i n g  a l l o w e d  t o  s e t t l e  i n  t h e  m o th e r  l i q u o r  t h e y  f o r m e d  

a  " f e l t - l i k e "  m a s s .  T he i s o t h e r m  f o r  2 5 . 0 ° C . ,  p l o t t e d  

o n  r e c t a n g u l a r  c o o r d i n a t e s ,  i s  show n ( F i g u r e  1 2 ) .

The c o m p o s i t i o n  o f  t h e  s o l i d  p h a s e s  was f o u n d  i n -
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d i r e c t l y .  On t h e  r e c t a n g u l a r  d i a g r a m  ( F i g u r e  1 3 )  t h e  

p a r a l l e l  t i e  l i n e s  show  t h a t  t h e  s o l i d  p h a s e ,  t h r o u g h o u t  

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

On t h e  Roozeboom  T r i a n g u l a r  D ia g ra m  ( F i g u r e  1 4 )  t h e  t i e  

l i n e s  m e e t  o n  o n e  s i d e  o f  t h e  t r i a n g l e ,  a g a i n  s h o w in g  t h e  

d o u b l e  s a l t  t o  b e  a n h y d r o u s ,  a n d  t h e  p o i n t  sh o w s  t h e  

d o u b l e  s a l t  t o  b e  T h ( S 0 4 )2 #(KgH5 ) gS0 4 *

D i s c u s s i o n  o f  D o u b le  S a l t s  o f  H y d r a z i n e  M o n o s u l p h a t e .

A c c o r d i n g  t o  Sommer a n d  W eise  ( Z e i t . A n o r g . C h e m . , 9 4 ,  

5 1 ,  1 9 1 6 j a n d  i b i d . ,  8 6 , 8 5 ,  1 9 1 4 )  h y d r a z i n e  d i s u l p h a t e  

HgHg.SO^ d o e s  n o t  y i e l d  d o u b l e  s a l t s  w i t h  o t h e r  m e t a l l i c  

s u l p h a t e s  u n d e r  o r d i n a r y  c o n d i t i o n s . T h ey  s t a t e d ,  how ­

e v e r ,  t h a t  t h e y  o b t a i n e d  a  d e f i n i t e  d o u b l e  s a l t  b y  a d d i n g  

h y d r a z i n e  s u l p h a t e  t o  a  l a r g e  e x c e s s  o f  h o t  c o n c e n t r a t e d  

ammonium s u l p h a t e  s o l u t i o n .  T h i s  i s  t h e  o n l y  known d o u b le  

s a l t ,  o f  h y d r a z i n e  d i s u l p h a t e ,  a n d  i t s

e x i s t e n c e  h a s  n o t  s  i n c e  b e e n  c o n f i r m e d .

C u r t i u s  a n d  S c h r a d e r  ( J o u r n . P r a k t  .Chem, ( 2 ) ,  5 0 ,  3 1 1 ,  

1 8 9 4 ) ,  h o w e v e r ,  s u c c e e d e d  i n  p r e p a r i n g  s e v e r a l  d o u b le  

s u l p h a t e s  f r o m  t h e  m ore  s o l u b l e  h y d r a z i n e  m o n o s u lp h a te  

(H gH gJgSO ^. The d o u b l e  s a l t s  w e re  f o u n d  t o  b e  m o s t l y  

b u t  s l i g h t l y  s o l u b l e  i n  w a t e r ,  an d  t o  b e  a n h y d r o u s .

Sommer a n d  W e ise  o b t a i n e d  no  d o u b l e  s a l t s  w i t h  s o d iu m ,
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p o t a s s i u m ,  a n d  ammonium s n l p h a t e s ,  b u t  d o u b l e  s a l t s  w e r e  

e a s i l y  o b t a i n e d  f r o m  l i t h i u m ,  c a l c i u m ,  m a g n e s iu m , a n d  

s e v e r a l  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 ,  w i t h  h y d r a z i n e  

m o n o s u l p h a t e .  H y d r a z i n e  m o n o s u lp h a t e  may b e  c o n s i d e r e d  

a s  a  s u b s t i t u t e d  ammonium s u l p h a t e  (MHg^HOgSO^., 

(HHg.NH2 ) 2 S04  o r  ( % H 5 ) 2S0 4 .

T he s u l p h a t e s  o f  t h e  f o l l o w i n g  b i v a l e n t  m e t a l s ,

Gu, Z n , Mn, Oo, H i ,  y i e l d e d  d o u b l e  s a l t s  w i t h  h y d r a z i n e  

m o n o s u l p h a t e .  A l l  o f  t h e  d o u b l e  s a l t s  w e re  a n h y d r o u s ,  

a n d  s p a r i n g l y  s o l u b l e  i n  w a t e r .  The d o u b l e  s a l t s  w e re  

a n a l y s e d ,  a n d  t h e i r  s o l u b i l i t y  i n  w a t e r  a t  2 5 .0 ° C  was 

f o u n d .  The o r d e r  o f  i n c r e a s i n g  s o l u b i l i t y  i s  Cu, H i ,  Oo,

Z n , Mn, I n  a d d i t i o n  f e r r o u s ,  cadm ium , a n d  m ag n es iu m

s u l p h a t e s  g a v e  c r y s t a l l i n e  p r e c i p i t a t e s  w i t h  h y d r a z i n e  

m o n o s u l p h a t e ,  w h ic h  w e re  i n  a l l  p r o b a b i l i t y  d o u b l e  s a l t s .  

Thus h y d r a z i n e  mono s u l p h a t e  r e s e m b l e s  ammonium s u l p h a t e  

a t  l e a s t  i n  r e g a r d  t o  t h e  c a s e  o f  c r y s t a l l i s a t i o n ,  a n d  

n u m b er  o f  d o u b l e  s a l t s  w h ic h  i t  f o rm s  w i t h  b i v a l e n t  

m e t a l s .  H o w e v e r ,  t h e  d o u b l e  s a l t s  f o r m e d  b y  h y d r a z i n e  

m o n o s u l p h a t e  c o n t a i n  l e s s  w a t e r  o f  c r y s t a l l i s a t i o n  a n d  

a r e  l e s s  s o l u b l e  i n  w a t e r , t h a n  t h o s e  f o r m e d  b y  ammonium 

s u l p h a t e .

The o n l y  t e r v a l e n t  m e t a l  w h ic h  was c o n s i d e r e d  was 

a l l u m i n i u m .  H e re  t h e  c o m p o s i t i o n  o f  t h e  d o u b le  s a l t  was
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n o t  d e f i n i t e l y  s e t t l e d ,  b u t ^ t h e  i s o t h e r m  a t  2 6 .0 ° C  f o r  

t h e  s y s t e m  A lg ( S O ^ ) g .  ( ^ 2 ^ 5   ̂2 ^ 4  •■̂■2 ?  s h o w e d ,  q u i t e  d e f i n ­

i t e l y ,  t h a t  a  d o u b l e  s a l t  w as f o r m e d ,  a n d  t h e  a p p e a r a n c e  

o f  t h e  s o l i d  p h a s e  u n d e r  t h e  m i c r o s c o p e  s u g g e s t e d  a n  

a lu m .  T h i s  i s ,  o f  c o u r s e ,  w h a t  m ig h t  b e  e x p e c t e d  f r o m  

a n a l o g y  w i t h  ammonium s u l p h a t e .

The l i t e r a t u r e  c o n t a i n s  no r e f e r e n c e  t o  d o u b l e  s a l t s  

o f  h y d r a z i n e  m o n o s u lp h a t e  w i t h  t h e  s u l p h a t e s  o f  q u a d r i ­

v a l e n t  m e t a l s .  H ence  i t  was o f  i n t e r e s t  t o  make a  s e a r f i i  

f o r  t h i s  new t y p e  o f  d o u b l e  s a l t ,  a n d  i f  s u c c e s s f u l ,  t o  

c a r r y  o u t  a s  c o m p le t e  a n  i n v e s t i g a t i o n  a s  p o s s i b l e .  T h o r ­

ium  s u l p h a t e  i s  w e l l  known t o  f o r m  many d o u b l e  s a l t s ,  nob 

o n l y  w i t h  t h e  s u l p h a t e s  o f  u n i v a l e n t  m e t a l s ,  b u t  a l s o  w i t h  

t h a t  o f  m a n g a n e s e  /  C av en  ( J . C . S . ,  3 5 4 ,  2 4 1 8 ,  1 9 3 2 ) .  A 

s t a r t  was t h e r e f o r e  made w i t h  t h o r i u m  s u l p h a t e  a n d  h y d r a ­

z i n e  m o n o s u l p h a t e .  I t  was s o o n  shown t h a t  a  d o u b l e  s a l t  

was f o r m e d .  The t h o r i u m  s u l p h a t e  p a r t  o f  t h e  i s o t h e r m  

was t y p i c a l  ( o f ,  t h e  m a n g a n e s e  t h o r i u m  s y s t e m  i n v e s t i g a t e d

b y  C a v e n ,  l o c . c i t . )  i n  t h a t  t h e  c o n c e n t r a t i o n  o f  t h o r i u m
o

s u l p h a t e  i n  t h e  l i q u i d  p h a s e  a t  2 5 .0  C r o s e  m ore  t h a n  tw o ­

f o l d ,  b e f o r e  s e p a r a t i o n  o f  d o u b l e  s a l t  com m enced. The 

s y s t e m  was i n v e s t i g a t e d  t o  t h e  p o i n t  w h e re  t h e  c o n c e n t r a ­

t i o n  o f  t h o r i u m  s u l p h a t e  i n  t h e  l i q u i d  p h a s e  was r e d u c e d  

t o  0 . 8 0  gm. o f  T h (S 0 4 ) g p e r  100  gm. o f  w a t e r ,  a n d  h e r e
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t h e  n e e d l e s  o f  d o u b l e  s a l t_ ,  w h ic h  s e p a r a t e d  w e re  c l e a r l y  

s h o r n  t o  h e  l h ( S 0 4 ) 2 .(I\fgH5 ) 2 S 04 o r  Th(H gH5 ) 2 , (S04 )3 . I t  

i s  t o  h e  n o t e d  t h a t  we h a v e  h e r e  a g a i n  a n  a n h y d r o u s  

d o u b l e  s a l t .  I n  t h i s  c a s e  we c a n n o t  t a l k  o f  t h e  s o l u ­

b i l i t y  o f  t h e  d o u b l e  s a l t ,  b e c a u s e  t h e  i s o t h e r m  a t  S5 . 0 °G 

sh o w s t h a t  t h e  d o u b l e  s a l t  i s  d eco m p o sed  b y  w a t e r .

Thus h y d r a z i n e  m o n o s u lp h a t e  fo rm s  d e f i n i t e ,  w e l l  

d e f i n e d ,  d o u b l e  s a l t s  w i t h  t h e  s u l p h a t e s  o f  b i ,  t e r ,  a n d  

q u a d r i v a l e n t  m e t a l s .  The g e n e r a l  c h a r a c t e r i s t i c s  o f  

t h e s e  d o u b l e  s a l t s  a r e  t h a t  t h e y  c o n t a i n  l i t t l e  w a t e r  o f  

c r y s t a l l i s a t i o n ,  many b e i n g  a n h y d r o u s ,  a n d  t h a t  t h e y  

a r e  o n l y  s p a r i n g l y  s o l u b l e  i n  w a t e r .  The l a t t e r  s t a t e m e n t  

a p p l i e s  e s p e c i a l l y  t o  t h o s e  o f  t h e  b i v a l e n t  m e t a l s .

0 O0 —
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DOUBLE SALTS OF HYDRAZIDE MODOSULPHATE.

F o rm u la  o f  D o u b le  S a l t
S o l u b i l i t y  i n  w a t e r  a t  2 5 . 0 ° C .  
E x p r e s s e d  a s  gm. o f  a n h y d r o u s
d o u b l e  s a l t  p e r  100  gm. o f  
s a t u r a t e d  s o l u t i o n .

Ou( ^ 2^ 5  ̂2^ 4 ) 2 0 . 1 1 4

ZnCl^Hcj) 2 ( S04 ) 2 0 . 6 7 4

Mii(U2 H5 ) 2 ( S 0 4 ) 2 1 . 7 6

c o ( n 2h 5 ) 2 ( s o 4 ) 2 0 . 4 4 1

N i(U 2H5 ) 2 ( S 0 4 ) 2 0 . 3 9 1



ME SYSTEM. Alg( S0.4)-.(E2H5)2S04.H20 at 25.0°C

LIQUID PHASE SOLID PHASE

a . A i 2 ( s o 4 ) 5/ i o o g  h 2o G .(N 2 H5 ) 2 S04 / 1 0 0 g  HgO

3 8 . 4 AL2 ( SO4) 5 .1 8 H 20

3 8 .7 7 4 .7 1 0 AL2 ( g o 4 ) , . i 8 H2o
and D o u b le  S a l t

2 9 .4 7 4 5 .1 4 D o u b le  S a l t

1 6 .9 1 1 0 9 . 4 D o u b le  S a l t

1 2 .3 0 1 8 9 .2 [N2 H5 ) 2 S04 .H 20 
and D o u b le  S a l t

- 1 8 6 . 3 ;rr2H5 ) 2 s o 4 .H 2o
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