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(7 )  Summary.

( 1 ) The m a g n e t i c  mass s u s c e p t i b i l i t y  o f  a number o f  s a l t s  

of ammonium and p o ta s s i u m  have b een  m e a s u r e d ,  and a l s o ,  a 

c e r t a i n ^ s a l t s  o f  magnesium, z i n c  and cadmium. S y s t e m a t i c  

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

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

b o t h  in  t h e  s o l i d  s t a t e s  and i n  s o l u t i o n .

(2 )  The p r e s e n t  v a l u e s  of  m o la r  s u s c e p t i b i l i t y  o f  t h e  

h a l i d e s  o f  ammonium and p o t a s s i u m  were m easu red  i n  b o t h  t h e  

' S o l i d  s t a t e  and i n  s o l u t i o n .  The s u s c e p t i b i l i t i e s  of s a l t s

i n  s o l u t i o n  were  a b o u t  Vfo h i g h e r  t h a n  f o r  t h e  s o l i d  , s t a t e ,  

e x c e p t  i n  t h e  c a s e  o f  c e r t a i n  d i v a l e n t  s a l t s  and t h e  n i t r a t e s  

a s  a g r o u p .

(3 )  M easurem ents  on d o u b le  s a l t s  o f  magnesium and z i n c

w i t h  ammonium and p o t a s s i u m  were made.  A d d i t i v i t y  r e l a t i o n s h i p s  

i n  t h e s e  s a l t s  i n  t h e  d i s s o l v e d  s t a t e  were fou n d  t o  be v a l i d .  

S l i g h t  d e v i a t i o n s  were found  in . t h e  c r y s t a l l i n e  s t a t e .  I n  

com par ing  t h e  m o la r  s u s c e p t i b i l i t y  o f  t h e  d o u b le  s a l t  

w i t h  i t s  m o l a r  volume i t  was ^oi'^^'îhat  ̂i n  t h e  c a se  of  d ou b le  

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

volume and m o la r  s u s c e p t i b i l i t y  a r e  b o t h  l a r g e r  t h a n  t h e  

c a l c u l a t e d ,  and so d i f f e r  f ro m  t h e  c a l c u l a t e d  i n  t h e  same 

d i r e c t i o n .  The r e l a t i o n s h i p  w i t h  t h e  m o la r  volumes was 

more complex i n  t h e  c a s e  o f  p o t a s s i u m  d o u b le  s a l t s .  T here



i s  a  f a i r  c o r r e l a t i o n  be tw een  t h e  m ag n i tu d e  of  t h e  d e v i a t i o n  

f o r  t h e  two p r o p e r t i e s .  The d e v i a t i o n  f rom  a d d i t i v i t y  

was found  t o  be l a r g e r  i n  t h e  c a s e  o f  c e r t a i n  d i v a l e n t  

e l e m e n t s .

(4 )  A s e r i e s  o f  m easu rem en ts  on d i v a l e n t  s a l t s  i n  s o l u t i o n

w0 f m a d e  a t  d i f f e r e n t  c o n c e n t r a t i o n s .  Some s i m p le  s a l t s  

and a c i d s  were  m e a s u r e d .  I n  some c a s e s  t h e  s u s c e p t i b i l i t y  

o f  t h e  s a l t s  and a c i d s  were c o n s t a n t  i n  s o l u t i o n  and 

showed no v a r i a t i o n s ,  w h i l e  o t h e r s  showed s l i g h t  c h an g e ;  

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

c o n c e n t r a t i o n  b e i n g  o b s e r v e d .

(5 )  The s u s c e p t i b i l i t y  o f  s o l u t i o n s  o f  s a l t s  o f  c e r t a i n  

d i v a l e n t  e l e m e n t s  showed a marked v a r i a t i o n  w i t h  t h e  

c o n c e n t r a t i o n .  T hese  changes  were e x p l a i n e d  i n  t e r m s

of  t h e  c o n ce p t  o f  h y d r a t i o n  num ber .  T h i s  may i n c l u d e > 

i n  a d d i t i o n  t o  s im p le  h y d r a t i o n  o f  t h e  c a t i o n , m o r e  complex 

io n  f o r m a t i o n  o r  t h e  f o r m a t i o n  o f  io n  p a i r s .

(6 )  M easurem ents  on s o l u t i o n s  o f  z i n c  h a l i d e s  w i t h  

e q u i v a l e n t  p r o p o r t i o n s  o f  u n i v a l e n t  e l e c t r o l y t e s  showed 

s y s t e m a t i c  r e l a t i o n s h i p s .
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( 1 )  INTRODUCTION

(1 )
On t h e  b a s i s  o f  t h e  e l e c t r o n i c  t h e o r y ,  L a n g e v i n  p u t  

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

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

D i a m a g n e t i s m  i s  a  u n i v e r s a l  p r o p e r t y  common t o  a l l  t y p e s  o f  

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

i n d u c e d  b y  a n  a p p l i e d  m a g n e t i c  f i e l d  u p on  t h e  movement o f  t h e  

e l e c t r o n s  w i t h i n  t h e  a t o m .  A c c o r d i n g  t o  t h e  c l a s s i c a l
( 1)

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

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

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

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

t h e  s y s t e m  e x h i b i t s  o n l y  d i a m a g n e t i s m .  L a rm o r  showed i n  1 9 0 5 ,  

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

on a p p l y i n g  a  m a g n e t i c  f i e l d  t o  t h e  s y s t e m  t h e  v e l o c i t i e s ,  and  

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

e f f e c t  i s  i n d u c e d  b y  t h e  m a g n e t i c  f i e l d  ( L a r m o r  p r e c e s s i o n ) .  

L a n g e v i n  d e v e l o p e d  t h e  t h e o r y  o f  d i a m a g n e t i s m  sh o w in g  t h a t  t h e  

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

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

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

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

s y m m e t r i c a l  a to m  o r  i o n  i s  g i v e n  b y  t h e  L a n g e v i n  e q u a t i o n .

*A = /
6m c  ̂ n.
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10
w h e re  e t h e  e l e c t r o n i c  c h a r g e  « ( 4 . 8 0 2 2  + 0 . 0 0 0 1 )  xlO a b s  e . s . u ,

10 -1
c t h e  v e l o c i t y  o f  l i g h t  = ( 2 . 9 9 7 9 0  ±  0 .OOOCQ)>clO cm. s e c .

23 -1
N t h e  À v o g a d ro  num b er  « (G # 0 2 2 8 ± 0 * 0 0 0 1 ) x l0  m o le s  and

nr
i s  t h e  mean s q u a r e  r a d i u s  summed o v e r  a l l  t h e  n o r b i t s  w i t h i n  

t h e  a to m  o r  i o n .

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

becom es  : -
1 0  o

= 2 . 8 3  X 10
n •

o r  i f  r  i s  e x p r e s s e d  i n  u n i t s  o f  n o r m a l  r a d i u s  o f  t h e  h y d ro g e n
-8

a to m  r ^  = 0 . 5 2 8  x  10 cm, t h e  e x p r e s s i o n  f o r  t h e  i o n i c  o r  a t o m i c  

d i a m a g n e t i c  s u s c e p t i b i l i t y  becom es

Z - . 7 8 9  X 10^ ^  ^  e . m . u / g  a to m .

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

i s  t h e o r e t i c a l l y  a ssu m ed  t o  be  t h e  sum o f  t h e  i n d i v i d u a l  v a l u e s

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

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

s u s c e p t i b i l i t y  o f  a f r e e  a to m  o r  i o n ,  i n  " e m p ty  s p a c e "

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

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

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

I n  t h e  f i e l d  o f  o r g a n i c  c h e m i s t r y  f o l l o w i n g  t h e  e a r l i e r
( 2 )

w ork  ’i)f C u r i e ,  P a s c a l  h a s  p o i n t e d  o u t  t h e  e x i s t e n c e  o f  a n  

a d d i t i v e  l a w  and  h a s  r e c o g n i s e d  t h e  c o n s t i t u t i v e  i n f l u e n c e  of



3 .

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

compounds a l s o  t h e r e  a r e  many f a c t o r s  s u c h  a s  v a l e n c y ,  c r y s t a l  

s t r u c t u r e  and  c o m p le x  f o r m a t i o n  w h i c h  may i n f l u e n c e  t h e  m a g n e t i c  

s u s c e p t i b i l i t y . ’ S u s c e p t i b i l i t y  m e a s u r e m e n t s  may b e  u s e d ,  t h e r e f o r e ,  

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

The a d d i t i v i t y  l a w  h a s  b e e n  m os t  w i d e l y  s t u d i e d  m a i n l y  i n  t h e  

f i e l d  o f  o r g a n i c  co m p o u n d s .
( 3 )

I n  t h e  y e a r  1 9 1 8 ,  A l p h e u s  W. S m i t h ,  and A lv a  W. S m i t h

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

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

a c e t i c  a c i d - b e n z e n e . They  showed t h a t  t h e  s p e c i f i c  s u s c e p t i b i l i t y

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

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

c o n c e n t r a t i o n  o f  one o f  t h e  c o m p o n e n t s .  B e tw een  1924 a n d  1 9 2 6 ,
( 4 )

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

e . g .  b e n z e n e - m - x y 1 e n e and  a l l y l  m u s t a r d  o i l - d i m e t h y l  a n i l i n e

m i x t u r e s ,  was s t r i c t  a d d i t i v i t y  d i s p l a y e d .  I n  t h e  y e a r  1 9 3 1 ,  s y s te m a t i c
( 5 8 )

i n v e s t i g a t i o n s  w e re  made on m i x t u r e s  b y  a  n u m b er  o f  w o r k e r s ,

i n c l u d i n g  R a nganadham ,  B u c h n e r ,  Rao,  G a r s s e n ,  K i d o ,  V e n k a t a c h a r i a ,

S e e l y ,  Trew and  S p e n c e r .
( 5 )

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

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

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

c a r b o n  d i s u l p h i d e .  E a c h  m i x t u r e  show ed o n l y  s m a l l  d e v i a t i o n  f r o m  

a d d i t i v i t y .
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( 6 )
Ranganadham  i n v e s t i g a t e d  t h e  m i x t u r e s  b e n z e n e  -  c a r b o n  

t e t r a  c h l o r i d e ,  a c e t o n e  -  c h l o r o f o r m ,  a c e t o n e  -  w a t e r ,  

e t h y l a l c o h o l - w a t e r .  W h i l e  e a c h  showed s m a l l  d e v i a t i o n s  f r o m  

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

m i x t u r e s .  M o l e c u l a r  d e f o r m a t i o n ,  d i p o l e - d i p o l e  i n t e r a c t i o n ,  

a n d  compound f o r m a t i o n  w e re  s u g g e s t e d  t o  e x p l a i n  t h e  d e v i a t i o n s .

As a  r e s u l t  o f  t h e  a b o v e  co m b in ed  e f f o r t  i t  h a s  now b e e n  

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

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

c u r v e s  a r e  n e a r l y  s t r a i g h t  l i n e s .  D e v i a t i o n s  o c c u r r i n g  due  t o  

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

o f  t h e  t o t a l  s u s c e p t i b i l i t y .

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

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

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

r e l a t i o n s h i p s  b e t w e e n  s i m p l e  and  c o m p le x  s a l t s  o r  o f  s a l t s  i n  

a q u e o u s  s o l u t i o n s  o f  v a r y i n g  c o n c e n t r a t i o n .  M ost  w o r k e r s  h a v e  

a s su m e d  a n  a d d i t i v e  r e l a t i o n s h i p  t o  h o l d .

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

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

t o  e a c h  o t h e r  t h a t  t h e i r  d i f f e r e n c e  a n d  e x a c t  r e l a t i o n s h i p  h a v e
( 7 )

o f t e n  b e e n  o v e r l o o k e d .  I n  1 9 3 2 ,  K id o  c a r r i e d  o u t  a  s e r i e s  o f  

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

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

r e l a t i o n s h i p  b e t w e e n  m o l e c u l a r  m a g n e t i c  m ass  s u s c e p t i b i l i t y  a nd  t h e  

n u m b e r  o f  e l e c t r o n s  i n  t h e  c a t i o n  f o r  s e r i e s  o f  s a l t s  w i t h  t h e
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same a n i o n ,  b u t  made no  a l l o w a n c e  f o r  s m a l l  d i f f e r e n c e s  d ue  t o

c h a n g e  i n  c o - o r d i n a t i o n  n u m b er  o f  t h e  i o n s .
( 8 , 9 ,  1 0 . )

B r i n d l e y  a n d  H o a r e ,  p r e s e n t e d  a  s e t  o f  d a t a  f o r  t h e  a l k a l i

h a l i d e s  w h i c h  a p p e a r  t o  b e  v e r y  r e l i a b l e .  Prom t h e i r  d a t a  t h e y  w e re

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

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

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

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

f o r  i o n s  i n  d i f f e r e n t  c o - o r d i n a t i o n  s t a t e s .  More r e c e n t l y  t h e
( 11 )

w o rk  on ammonium compounds b y  B e d w e l l ,  S p e n c e r  and  Trew showed
( l o c - c i t )

r e s u l t s  s i m i l a r  t o  t h o s e  o f  B r i n d l e y  f o r  t h e  ammonium s a l t s .
( 1 2 )  ( 1 3 )

Klermn an d  Trew p o i n t e d  o u t  i n d e p e n d e n t l y  t h a t  t h e  m o l e c u l a r

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

f u n c t i o n  o f  t h e  n u m b e r  o f  e l e c t r o n s  i n  t h e  c a t i o n ,  b u t  had  a
( 1 4 - 1 5 )

c h a r a c t e r i s t i c  ’ z i g - z a g *  p l o t .  S i n c e  t h i s ,  P r a s a d  an d  c o - w o r k e r s  

i n  t h e  y e a r s 1 9 4 9 - 5 2  h a v e  o b t a i n e d  v e r y  d i f f e r e n t  r e s u l t s  f o r  t h e  

e x p e r i m e n t a l  s u s c e p t i b i l i t i e s  o f  ammoniujn s a l t s ,  a l k a l i  s a l t s  and  

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

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

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

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

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

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

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

s u s c e p t i b i l i t y  o f  m ag n e s iu m  s u l p h a t e  h e p t a - h y d r a t e =  - . 5 4 6 * 1 0 ^  and  for 

z i n c  s u l p h a t e  h e p t a - h y d r a t e  =  - .  4 9 6 ^ 1 0 ^  had  b e e n  o b t a i n e d  by
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(1 6 )
P r a s a d ,  D h a r m a t t l  and  K a n e k a r .  H ow ever ,  i n  a l a t e r  c o m m u n i c a t i o n

(1 7 )
P r a s a d ,  D h a r m a t t l  and  Amin have  r e p o r t e d  t h e s e  s u s c e p t i b i l i t i e s

6 6
t o  be  5 5 0 X 1 0  and  - . 4 8 0 X  10 r e s p e c t i v e l y .  T h ese  d i s c r e p a n c i e s

and  o t h e r s  t h e r e f o r e  l e d  t h e  p r e s e n t  w o r k e r  t o  r e m e a s u r e  t h e

s u s c e p t i b i l i t i e s  o f  a l a r g e  num ber  o f  s i m p l e  s a l t s ,  b e f o r e

i n v e s t i g a t i n g  more c o m p le x  r e l a t i o n s h i p s .  H a v in g  c l a r i f i e d  t h e

p o s i t i o n  w i t h  t h e  s i m p l e  s a l t s ,  t h e  p r e s e n t  w ork  was m a i n l y  u n d e r t a k e n

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

and  c o m p lex  s a l t s  i n  t h e i r  a q u e o u s  s o l u t i o n s .

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

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

s t u d i e d  m a i n l y  on p a r a m a g n e t i c  s u b s t a n c e s .  Thus i t  was f o u n d  b y
(1 8 )  ( 1 9 )  ( 2 0 )

C a b r e r a ,  M oles  and  Guzman , b y  W eiss  a n d  B r u i n s  and  by  B r a n t

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

o f  n i c k e l  i n  a q u e o u s  s o l u t i o n  i s  c o n s t a n t  an d  i n d e p e n d e n t  o f  t h e
( 2 1 )

c o n c e n t r a t i o n .  W eiss  and  P ra n k h am p s  hav e  shown t h a t  t h e  same
( 2 2 )

a p p l i e s  t o  t h e  s i m p l e  f e r r o u s  s a l t s ,  w h i l e  C a b r e r a  and  h i s  c o - w o r k e r s

ha v e  f o u n d  t h a t  t h e  s a l t s  o f  chromium g i v e  c o n s t a n t  v a l u e s .  U n d e r

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

f o u n d  t o  have  a  c o n s t a n t  m o l e c u l a r  m a g n e t i c  s u s c e p t i b i l i t y  by  
( 2 0 )

B r a n t .  On t h e  o t h e r  hand  v a r i a t i o n  o f  t h e  s u s c e p t i b i l i t y  w i t h

t h e  c o n c e n t r a t i o n  h a s  b e e n  f o u n d  i n  some c a s e s .  C o b a l t o u s  s a l t s
( 2 2 )

h a v e  b e e n  s t u d i e d  b y  C a b r e r a  and  h i s  c o - w o r k e r s ,  a l s o  P i c c a r d  and  
(2 3 )  (2 4 )

C h e r b u l e i z  and  C a b r e r a  a n d  M oles  h a v e  f o u n d  t h e  s u s c e p t i b i l i t y  o f

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

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

o f  t h i s  p a r t  o f  t h e  p r e s e n t  w ork  was t o  s e e  w h e t h e r  a n y  v a r i a t i o n  i n  

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

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

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

s o l u t i o n .  The compounds w h i c h  h a v e  b e e n  s t u d i e d  a r e  z i n c  c h l o r i d e ,  

z i n c  b r o m i d e ,  z i n c  i o d i d e ,  s i l v e r  n i t r a t e ,  and  cadmium i o d i d e  

an d  c e r t a i n  m i x t u r e s  o f  t h e s e  s a l t s  w i t h  a l k a l i  s a l t s  w i t h  w h ic h  

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

c o n c e n t r a t i o n  on t h e  s u s c e p t i b i l i t y  a nd  p o s s i b l e  c o m p le x  i o n  

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

a l l  t h e  a c i d s  a n d  s a l t s  u t i l i z e d  in  t h e s e  m e a s u r e m e n t s .  The 

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

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

b r o m i c ,  h y d r i o d i c ,  and  a c e t i c  w e re  m e a s u r e d .  V a l u e s  f o r  t h e  ab o v e  

w e re  c h e c k e d  w h e r e ^ e v e r  a v a i l a b l e  and  f o u n d  t o  be  a g r e e i n g  f a i r l y  

w i t h  t h o s e  o f  o t h e r  w o r k e r s .

The p r e s e n t  w o rk  c a n  be  g r o u p e d  u n d e r  t h e  f o l l o w i n g  h e a d i n g s : -

I .  The s u s c e p t i b i l i t i e s  o f  s i m p l e  s a l t s  o f  G roups  I  & I I  o f  t h e  

p e r i o d i c  t a b l e .

I I .  The r e l a t i o n s h i p s  b e t w e e n  t h e  s u s c e p t i b i l i t y  o f  c o m p lex  

s a l t s  an d  t h e i r  s i m p l e  c o m p o n e n t s .

I T I .  The e f f e c t  o f  c o n c e n t r a t i o n  o f  s o l u t i o n s  on t h e  s u s c e p t i b i l i t y  

o f  d i s s o l v e d  i o n s .
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( 2 )  E X P E R I M E N T A L .

PREPARATION & ANALYSIS OF TES SUBSTANCES.

JL. The s a l t s  s t u d i e d  i n  t h e  i n v e s t i g a t i o n  w e re  o b t a i n e d  

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

K a h lb a u m ’ s " e x t r a  p u r e "  compounds v/ere  u s e d .  The m e a s u r e m e n t s  

on A n a l a r  s u b s t a n c e s  w e re  made w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

I n  o t h e r  c a s e s  t h e  p u r e  s a l t  e m p lo y e d  w g D g ' r e c r y s t a l l i z e d  f r o m  

d i s t i l l e d  w a t e r  a n d  9 5 ^  e t h y l  a l c j ^ o h o l .  O t h e r  s a l t s  c h i e f l y  

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

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

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

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

t h i o g l y c c f l l i c  a c i d  t e s t .  F o r  e # e r y  m e a s u r e m e n t ,  f r e s h l y  

p r e p a r e d  a n d  d r y  s p e c i m e n s  w ere  u s e d .  D e l i q u e s c e n t  compounds 

w e re  s t o r e d  i n  a n  e v a c u a t e d  d t s i c c a t o r .

2 . Q u a l i t a t i v e  t e s t s  w e re  c a r r i e d  o u t  f o r  i r o n ,  c o b a l t  an d  

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

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

• IRON. A p u r p l e  c o l o u r a t i o n  i s  g i v e n  on t h e  a d d i t i o n

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

s o l u t  i o n .

( I t  i s  s e n s i t i v e  t o  1 p a r t  i n  5 , 0 0 0 , 0 0 0 ) .

( b )  NICKEL. A Red C o l o u r a t i o n  o f  n i c k e l  d i m e t h y l  

g l y o x i m e  i s  g i v e n  when d i m e t h y l  g l o x i m e  i s  a d d e d  t o  t h e  a m m o n i a c a l  

t e s t  s o l u t i o n .

(The  s e n s i t i v i t y  o f  t h e  r e a c t i o n  i s  a b o u t  1 p a r t  i n  
5 0 0 , 0 0 0 ,  p a r t s  o f  s o l u t i o n ) .
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( c )  COBALT. An o r a n g e  c o l o u r a t i o n  i s  g i v e n  on t h e  a d d i t i o n  

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

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

( S e n s i t i v e  t o  1 p a r t  i n  1 ^ 0 0 , 0 0 0 ) .

( P r e p a r a t i o n : -  d i s s o l v e  0 . 2  gms o f  a  -  n i t r o  ^  s o  -  ^  -  

n a p h t h o l  i n  1 0 0  ml o f  c o l d  g l a c i a l  a c e t i c  a c i d  a n d  d i l u t e  w i t h  

1 0 0  ml o f  h o t  w a t e r  a n d  f i l t e r .

3 .  The p u r i f i e d  s u b s t a n c e s  w e re  t h e n  a n a l y s e d  q u a n t i t a t i v e l y .  

The r e s u l t s  a r e  g i v e n  i n  d e t a i l  on t h e  f o l l o w i n g  p a g e s .
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1 . DETAILS OP THE PREPARATION AND ANALYSES
OF SALTS.

M agnes ium  C o m pounds .

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

m ag n e s iu m  c o n t e n t  o f  t h e  s a l t  w i t h  ammonium p h o s p h a t e .  

( Q u a n t i t a t i v e  A n a l y s i s  by  Cumming & Kay ( p .  3 3 2 ) ^ .  The 

m ag n e s iu m  ammonium p h o s p h a t e . was i n  some c a s e s  t h i , ? wgg--

i g n i t e d  t o  t h e  p y r o - p h o s p h a t e  i n  a  Gooch c r u c i b l e  (2  Mg NH^PO^ =
c a s e s

2  NE^4 -H2 0  4 -Mg2 P2 0 y ) ,  o r  i n  o t h e r s  /w as  f i l t e r e d  i n t o  a  s i n t e r e d  

c r u c i b l e ,  d r i e d  a t  4 5 ^ 0  -  5 0 C ° ,  and  w e i g h e d  a s  t h e  h e x a - h y d r a t e  

o f  m a g n e s iu m  ammonium p h o s p h a t e .

1 .  M ag nes ium  C h l o r i d e  h e x a h y d r a t e  (MgClg.GEgO)

P r e p a r a t i o n

M a g nes ium  c a r b o n a t e  was n e u t r a l i z 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  t h e  s o l u t i o n  e v a p o r a t e d  u n t i l  i t  was a b o u t  t o  c r y s t a l l i z e  

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

a l l o w e d  t o  d r y ’ b e t w e e n  f i l t e r  p a p e r  i n  a i r .  As t h e y  w ereA
d e l i q u e s c e n t ,  t h e y  w e re  s t o r e d  i n  a  d e s i c c a t o r  o v e r  c a l c i u m  

c h l o r i d e .

A n a l y s i s . I  I I

i  wt. o f  MgClg. 6E0 =5 . 6 2 3 6  g  .6 3 3 2  g ^

i i  . .  . .  MggPgOy Si . 3 4 2 0  g . 3 4 5 0  y ^

M agn es iu m  f o u n d  =  1 1 . 9 7 ^  1 1 .8 9 %

M ag nes ium  C a l c u l a t e d  1 1 .9 6 %
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2 .  M agnes ium  b r o m i d e  h e x a h y d r a t e .  (Mg Bg .ôH gO ).

P r e p a r a t  i o n .

M agnes ium  c a r b o n a t e  and  h y d r o b r o m i c  a c i d  w e re  m ix ed  

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

l i q u i d  was e v a p o r a t e d  on a  s a n d  b a t h  a nd  t h e n  s e t  a s i d e  f o r  

c r y s t a l l i z a t i o n .  C r y s t a l s  w e r e  w a sh e d  w i t h  95% e t h y l  a l c o h o l  

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

i n  a  b o t t l e  and  k e p t  i n  a  d e s i c c a t o r .

A n a l y s i s .

The b r o m i d e  c o n t e n t  o f  t h i s  compound was d e t e r m i n e d

a s  s i l v e r  b r o m i d e  b y  p r e c i p i t a t i n g  w i t h  O .IN  s i l v e r  n i t r a t e

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

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

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

t e m p e r a t u r e  1 5 0 0 ° .  (The  m e th o d  u s e d  i n  t h i s  e s t i m a t i o n  i s
( 2 5 )

d e s c r i b e d  b y  Vog&l V o l .  1 .  p .  4 7 6 J .

R e s u l t s  ; -  I  I I

w t . o f  Mg B r g . 6 HgO t a k e n  ?  . 2 0 2 6  g .  . 2 0 5 0  g

................... AgBr «  . 2 5 8 9  g .  . 2 5 9 9  g

B ro m id e  i o n  f o u n d  =  5 4 .3 8 %  5 4 .4 8 %

. .  c à l c u l a t e d  ss 5 4 .6 8 %
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3 .  M a g n e s i u m i o d l d e  o o t a h y d r a t e ,  ( M g lg .  SHgO).

P r e p a r a t i o n .

I t  was p r e p a r e d  b y  t h e  c o m b in ed  a c t i o n  o f  m a g n e s iu m  a n d
( 2 6 )

i o d i n e  i n  w a t e r .  M agnes ium  f o i l  a n d  i o d i n e  w e re  m ix e d  i n  

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

A v i o l e n t  a c t i o n  t o o k  p l a c e .  The s o l u t i o n  w h i c h  was b r o w n i s h  

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

c o n c e n t r a t e d .  T h e n  i t  was p l a c e d  i n  a d e s i c c a t o r  c o n t a i n i n g  

s u l p h u r i c  a c i d .  C r y s t a l s  w e re  w a sh e d  w i t h  b e n z e n e  and  w e re  a t  

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

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

A n a l y s i s . I  I I

w t . o f  MglgGHgO =  .6 5 8 5  g .  . 5 6 6 5  g

. .  . .  Mg.NH^PO^ .6 HgO .3 8 2 6  g .  .3 2 9 2  g

M agn es iu m  f o u n d  =  5 .7 5 8 %  5 .75 9 %

c a l c u l a t e d  ^  5 .7 5 9 %.. . .

4 .  M a g nes ium  ammonium b r o m i d e  h e x a h y d r a t e .

(MgBrg.NH4  B r .C H gO ) .

The r e q u i r e d  m o l e c u l a r  q u a n t i t i e s  o f  A n a l a r  m ag n e s iu m

b r o m i d e  a n d  ammonium b r o m i d e  w e r e  d i s s o l v e d  i n  w a t e r  a nd  t h e

m ix e d  s o l u t i o n s  w e re  e v a p o r a t e d  on a  w a t e r  b a t h  a n d  when t h e

s o l u t i o n  was f a i r l y  c o n c e n t r a t e d  i t  was k e p t  a s i d e  f o r  
( 2 7 )

c r y s t a l l i s a t i o n .  The w h i t e  n e e d l e  l i k e  c r y s t a l s  w e re  

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



1 3 .

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

d e s i c c a t o r .

A n a l y s i s •
  I  I I

w t .  o f  Mg BrgNH^Br. 61^  = .7 5 9 9  g .  .7 3 9 6  g .

. .  . .  Mg2pg07 = .2 1 6 1  g .  . 2 1 0 0  g ;

Mg f o u n d  = 6 .2 1 0 %  6 .2 0 0 %

. .  c a l c u l a t e d  = 6 .2 3 %

5 .  M a g n es iu m  P o t a s s i u m  B ro m id e  h e x a h y d r a t e .

( M g B r g • K B r • 6 H g O . )

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

c o m p o n e n t s ,  a n d  t h e n  e v a p o r a t e d  a n d  c r y s t a l l i s e d  o u t  f r o m  h o t  
( 2 7 )

95% a l c o h o l .  B r o m id e  was e s t i m a t e d  i n  e x a c t l y  t h e  same m a n n e r  

a s  was e m p lo y e d  i n  t h e  c a s e  o f  m a g n e s iu m  b r o m i d e .

A n a l y s i s  I  I I

wt • o f  Mg B r g . K  B r .  6 HgO. — .4 5 5 5  g . . 4 5 4 6  g .

wt . o f  Ag B r  =  . 6232  g  . . 6 2 2 0  g .

B ro m id e  i o n  f o u n d  — 5 8 .1 9 %  5 8 .2 0%

B ro m id e  C a l c u l a t e d  5 8 .2 9 %

6 . M ag nes ium  ammonium i o d i d e  h e x a h y d r a t e .

(MglgMH^I.  6 HgO)

P r e p a r a t i o n . T h i s  was p r e p a r e d  b y  mixAng t h e  m o l e c u l a r  s o l u t i o n s  

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

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

p h o s p h o r u s  p e n t o x i d e .  Thus a  s l o w  e v a p o r a t i o n  t o o k  p l a c e  a n d
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f i n e  c r y s t a l s  o f  m a g n e s iu m  amnion ton i o d i d e  h e x a - h y d r a t e  w e re
( 2 7 )

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

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

f i t t e d  t o  t h e  m o u th  o f  t h e  c r u c i b l e  w i t h  t h e  h e l p  o f  a  c o r k .

The c r y s t a l s  w e r e  w a sh e d  w i t h  b e n z e n e  a n d  t h e n c e  t r a n s f e r r e d  t o  

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

a n  e v a c u a t e d  d e s i c c a t o r .

A n a l y s i s .

The compound was e s t i m a t e d  a s  s i l v e r  i o d i d e . The m e th o d  

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

m a g n e s iu m  i o d i d e .  ( Q u a n t i t a t i v e  a n a l y s i s  b y  Cumming & Kay 

p . 3 3 2 ) .
I  I I

«

wt . o f  Mg I g . m ^ I .  GEgO =  .7 4 1 0  g .  . 5 1 0 0  g .

. .  . .  Mg NH4  PO4 .6 H2 O =  . 3 4 2 2  g .  . 2 3 4 6 . g .

M a g n es iu m  f o u n d  -  4 . 5 7 4 %  4 .5 5 6 %

M agn es iu m  c a l c u l a t e d  -  4 .5 7 7 %

7 .  M a g n es iu m  ammonium c h l o r i d e  h e x a h y d r a t e .

(Mg C I2 .NH4  C l .  6 E gO ) .

P r e p a r a t i o n ;

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

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

c o n c e n t r a t e d .  The c r y s t a l s  w e r e  r e c r y s t a l l i s e d  t w i c e  

f r o m  h o t  w a t e r  a n d  95% e t h y l  a l c o h o l  r e s p e c t i v e l y  ( J .W .  M e l l o r ;  

v o l .  IV ;  p .  3 0 6 ) .
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I  I I

w t .  o f  MgClg.NE4 C I .  6 EgO = . 4 6 5 8  g  . . 4 9 8 6  g .

. .  Mgg Pg Oy = .2 0 2 0  g . . 2 1 6 2  g .

M agnes ium  f o u n d  3 . 9 .4 6 7 %  9 .4 6 6 %

c a l c u l a t e d  =  9 .4 6 9 %

8 . Ammonium i o d i d e  NH4 I .

A s p e c i m e n  o f  H a r r i n g t o n ' s  ammonium i o d i d e  ( p u r e  c h e m i c a l )  

was r e c r y s t a l l i s e d  f rmm h o t  95% a l c o h o l .  To a v o i d  d e c o m p o s i t i o n  

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

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

( V o g ^ l  P a r t  I  Page  4 7 6 ) .

A n a l y s i s . A b o u t  0 . 2  g .  o f  ammonium i o d i d e  c o n t a i n i n g  a p p r o x i m a t e l y

O . l g  o f  i o d i n e  was w e i g h e d ' o u t , a n d  d i s s o l v e d  i n  1 5 0 ^ l i t r e s  o f  w a t e r  

a n d  0 . 5  m i l l i l i t r e  o f  c o n c e n t r a t e d  n i t r i c  a c i d  was a d d e d .

A s o l u t i o n  o f  . IN  s i l v e r  n i t r a t e  was a d d e d  s l o w l y  w i t h  c o n s t a n t  

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

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

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

t o  s e t t l e ,  a nd  w h i l e  c o o l i n g ,  was k e p t  i n  a  d a r k  p l a c e .  A f t e r  

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

s i n t e r e d  c r u c i b l e  a n d  w a sh e d  w i t h  0 . 1 % n i t r i c  a c i d ,  u n t i l  f r e e  

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

a t  150°C  t o  a  c o n s t a n t  w e i g h t .

R e s u l t s ; -
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I  I I

w t .  o f  NH4  I .  =  . 1 8 2 8  g .  . 1 8 1 9  g .

. .  Ag I  2= . 2 9 6 1  g .  . 2 9 4 6  g .

I o d i d e  f o u n d  -  8 7 .5 5 %  8 7 .5 4 %

I o d i d e  c a l c u l a t e d  =  8 7 .5 8 %

9 .  Ammonium b r o m i d e .  (NH4  B r )

Ammonium b r o m i d e  was p r e p a r e d  b y  n e u t r a l i z i n g  ammonium 

c a r b o n a t e  b y  h y d r o - b r o m i c  a c i d .  The same m e th o d  was e m p lo y e d  

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

h e x a h y d r a t e .

A n a l y s i s .

The b r o m i d e  was e s t i m a t e d  a s  s i l v e r  b r o m i d e  i n  a  m a n n e r

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

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

I  ■ I I
wt . o f  NH4 B r  • =  . 1 4 2 1  g • .1 4 9 6  g .

. •  AgBr =  .2 7 2 5  g  . 2 8 6 8  g

B ro m id e  F o un d  =  8 1 .5 9 %  8 1 .5 7 %

B ro m id e  c a l c u l a t e d  =  8 1 .5 7 %

1 0 . M ag n es iu m  p o t a s s i u m  C h l o r i d e  h e x a - h y d r a t e .
(Mg C l g . K C l .  6  HgO)

The r e q u i r e d  m o l e c u l a r  q u a n t i t i e s  o f  t h e  p u r e  m a g n e s iu m
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c h l o r i d e  h e x a - h y d r a t e  a n d  p o t a s s i u m  c h l o r i d e  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  m ix e d  s o l u t i o n s  w e re  e v a p o r a t e d  on a w a t e r  h a t h .  

W h i te  n e e d l e - l i k e  c r y s t a l s  w e re  r e c r y s t a l l i z e d  f i r s t  f r o m  h o t  

w a t e r  an d  t h e n  f r o m  95% a l c o h o l .  The s a l t  , was s t o r e d  i n  a  

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

A n a l y s i s .

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

wt . o f  M g C lg .6 EgO.

. .  AgCl 

C h l o r i d e  f o u n d

c a l c u l a t e d

=  .2 0 1 6  g

=  . 3 1 1 8  g 

=  3 8 . 2 5 ^  

=  3 8 . 2 7 ^

I I

. 2 0 0 6  g  .

. 3 1 1 0  g .

3 8 . 3 4 ^

1 1 .  M a g n es iu m  a m m o n i u m ^ h e x a - h y d r a t e  (Mg 8 0 4 . (NE^)^ 8 Ô4  . 6 EgO)

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

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

w e r e  w a sh e d  and  r e c r y s t a l l i s e d  f r o m  h o t  w a t e r .

A n a l y s i s .
By t h e  p y i r o - p h o s p h a t e  m e t h o d . 

wt o f  Mg 8 O4 XNE4 ) 2  8 O4  .GHg = .3 9 8 2  g .

. .  . .  MggPgOy ^  . 1 2 2 0  g .

M a g n es iu m  f o u n d  6 . 6 9 0 %

• •  c a l c u l a t e d  =  6 .7 4 4 %

I I  

. 5 1 2 0  g, 

.1 5 8 2  g. 

6 .7 4 6 %
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1 2 .  M agn es iu m  p o t a s s i u m  â u l p h a t e .  h e x a - h y d r a t e  .

(Mg 8 O4 .K 2  80^  . 6 HgO ).

P r e p a r a t i o n *

T h i s  s a l t  was p r e p a r e d  i n  t h e  same m a n n e r  a s  t h e  

ammonium com p ou n d .  The d r y  c r y s t a l s  w e re  a n a l y s e d  g r a v i m e t r i c a l l y  

a s  m a g n e s iu m  p y r o - p h o s p h a t e .

A n a l y s i s .
I  I I

wt o f  Mg SÔ4 K2  'SO4  6 HgO =  . 5 7 3 8  g .  . 5 5 5 6  g .

.. .. Mgg Pg O7  , . — . 1 5 8 5  g .  . 1 5 3 5  g

M agn es iu m  f o u n d  =. 6 .0 2 9 %  6 .0,33%

c a l c u l a t e d  =  6 .0 3 8 %

1 3 .  M ag n es iu m  ^ I p h a t e  he  p t  a - h y d  r a t e  (Mg 8 0 ^ .  VHgO)

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

and  a n a l y s e d  i n  e x a c t l y  t h e  same m a n n e r  a s  d e s c r i b e d  f o r  t h e  

e s t i m a t i o n  o f  m ag n e s iu m  c h l o r i d e  h e x a - h y d r a t e .

A n a l y s i s .
I  I I

wt . o f  Mg 80^ .  7HgO . =  . 6 5 4 8  g .  . 6 5 6 6  g .

Mgg Pg O7  -  . 2 9 4 3  g .  . 2 9 7 1  g .

M agn es iu m  f o u n d  =  9 .8 1 5 %  9 .8 8 1 %

c a l c u l a t e d  9 .8 7 %
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C a d m i m  i o d i d e  ( C d l ^ ) ,
^ s a l t

1 4 /  A s p e c i m e n  o f  May & B aker*  s ^ (  Pur© C h e m i c a l )  was 

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

p h o s p h a t e  m o n o - h y d r a t e .

A n a l y s i s . To t h e  s o l u t i o n  a p p r o x i m a t e l y  c o n t a i n i n g  O .2  Eg o f  

cadmi.^ ium i n  1 0 0  m i l l i l i t r e s  o f  w a t e r  v/as a d d e d  a n  e x c e s s  am ount  

o f  d iam m onium  h y d r o g e n  p h o s p h a t e ,  ( A n a l a r  r e a g e n t )  w i t h  c o n s t a n t  

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

h a v i n g  w a sh e d  t h e  c r y s t a l l i n e  p r e c i p i t a t e  w i t h  w a t e r  a n d  60% 

e t h y l  a l c o h o l  r e s p e c t i v e l y  i t  was d r i e d  a t  lOO^C i n  a n  a i r  oven  

t o  a  c o n s t a n t  w e i g h t .
I  I I

wt . o f  C d ig  . 5= .6 0 2 6  g .  . 6 0 8 8  g .

. .  • .  Cd NH4 PO4  *Hg0 — . 4 0 0 2  g . . 4 0 4 6  g .

Cadmium..--:, f o u n d  — 3 0 .6 6 %  3 0 .6 8 %

. .  c a l c u l a t e d  =  3 0 .6 9 %

A n a l y s i s  o f  S i l v e r  n i t r a t e .

1 5 .  F i n e l y  p o w d e re d  ë i l v e r  n i t r a t e  ( A n a l a r  r e a g e n t ) was h e a t e d

a t  150°C f o r  one t o  two h r s . an d  t h e n  a l l o w e d  t o  c o o l  i n  a 

d e s i c c a t o r .  E x a c t l y  8 , 4 9 6 0  g .  o f  d r y  s i l v e r  n i t r a t e  was 

w e i g h e d  a n d  made t o  500 m l ,  o f  s o l u t i o n  i n  a  v o l u m e t r i c  f l a s k .  

S i l v e r  n i t r a t e  t a k e n  = 8 . 4 9 6  0 g

P r e p a r a t i o n  o f  S o d ium  C h l o r i d e  ( S t a n d a r d ) .

Finie3y /  p o w d e re d  s o d i u m  c h l o r i d e  v/as h e a t e d  a t  150^C f o r  2 - 3  h o u r s

a n d  a l l o w e d  t o  c o o l  i n  a  d e s i c c a t o r .  .V e r y  c a r e f u l l y  2 . 9 2 3  g . o f
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i t  was w e i g h e d  an d  d i s s o l v e d  t o  make 5 0 0 .  m l  o f  s o l u t i o n  i n  a  

s t a n d a r d  f l a s k .

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

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

a n  i n d i c a t o r .  The r e q u i r e d  q u a n t i t y  o f  s ' i l v e r  n i t r a t e  was n o t e d .  

A b l a n k  t i t r a t i o n  was a l s o  p e r f o r m e d  t o  make a c o r r e c t i o n  f o r  

t h e  i n d i c a t o r .

A n a l y s i s .

i .  25  ml. o f  s o d i u m  c h l o r i d e  s o l u t i o n  was u s e d  f o r
e a c h  t i t r a t i o n .

i i .  mean vo lum e  o f  s i l v e r  n i t r a t e  u s e d  s  2 5 . 0 5  m l .

B l a n k  t i t r a t i o n .

1  ml o f  i n d i c a t o r  was a d d e d  t o  2 5 .  m l  o f  w a t e r .

. .  The am oun t  o f  s i l v e r  n i t r a t e  r e q u i r e d  = .0 3  m l .

The f i n a l  v o lum e  o f  s i l v e r  n i t r a t e

=  ( 2 5 . 0 5  -  . 0 3 )

= 2 5 . 0 2  m l .

2 5 . 0 2 X  =  25% O-lNg

N ^ ^ 2 5 x 0  "INs 
2 . 5 . 0 2

» "0999  N
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Grams p e r  l i t r e  =  1 6 . 9 7 4 4  g 

, ,  500  ml =  8 . 4 8 7 2  g

P e r c e n t a g e  o f  s i l v e r  n i t r a t e  f o u n d

_  8 . 4 8 7 2  X 100 
8 . 4 9 6 0

g  9 9 . 8 9 ^

1 6 .  ANALYSIS OF SOLUTIONS OF HYDRO-BROMIC & HYDROCHLORIC ACID.

(M . & . B ' s  C h e m i c a l ) •

The b r o m i d e  i o n  c o n t e n t  i n  h y d r o b f o m i c o a c i d  and

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

s i l v e r  b r o m i d e  a n d  s i l v e r  c h l o r i d e  b y  p r e c i p i t a t i o n  w i t h  O . I j j

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

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

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

o ve n  a t  t h e  t e m p e r a t u r e  o f  150  ̂ C t o  a  c o n s t a n t  w e i g h t  

( v o g e l  ( i j  ^  476  ) •

A n a l y s  i s .

H y d r o b r o m i c  a c i d .

I  I I
w t . o f  o r i g i n a l  h y d r o b r o m i c
a c i d  t a k e n  s. . 5 4 8 0  g .  . 2 1 5 6  g

wt -o f  %e i g i n n - l  S i l v e r
b r o m i d e  =  . 4 2 2 8 ^ *  . 2 6 1 8  g

P e r c e n t a g e  o f  H y d r o b r o m i c
a c i d  i n  t h e  s o l u t i o n  =  5 2 .2 2 %  5 2 .2 0 %



H y d r o c h l o r i c  ^ c i d

2 2 .

I I

w t . o f  t h e  o r i g i n a l  h y d r o c h l o r i c  a c i d
t a k e n  = . 5 1 0 8  g .  . 2 4 9 5  g .

w t " o f  t h e  s i l v e r  c h l o r i d e  = . 4 5 2 2  g .  . 5 1 5 2  g .

h y d r o - c h l o r i c  a c i d  f o u n d  = . 5 5 . 5 7 %  5 5 . 5 5 %
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I I .  M5 ASURMMT OF MGNETIC M S S  SUSCEPTIBILITY.

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

s o l i d  s t a t e  a n d  i n  s o l u t i o n  b y  t h e  Gouy m e t h o d ,  u s i n g  a  t y p e
( 2 8 )

o f  Gou^y b a l a n c e  o r i g i n a l l y  d e s i g n e d  b y  Sugden  and  m o d i f i e d
( 2 9 )

by Trew and  W a t k i n s .  The e s s e n t i a l  f e a t u r e  o f  t h e  m e th o d  i s  t h e  

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

upon a  c y l i n d e r  o f  m a t e r i a l  s u s p e n d e d  f r o m  one a rm  o f  a n  a c c u r a t e  

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

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

maximum f i e l d  w h i l e  t h e  o t h e r  end  e x t e n d s  f a r  e n o u g h  t o  b e  

p r a c t i c a l l y  i n  z e r o  f i e l d .

The m e th o d  i s  b a s e d  on t h e  p r i n c i p l e  t h a t  i n  a  n o n -  

hom ogenous  m a g n e t i c  f i e l d ,  a l l  s u b s t a n c e s  e x p e r i e n c e  a f o r c e  

w h ic h  i n d u c e s  a  t e n d e n c y  f o r  d i a - m a g n e t i c s  t o  move away f r o m  

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

and f e r r o - m a g n e t i c s  t o  move i n t o  t h e  r e g i o n  o f  maximum f i e l d  

i n t e n s i t y .  The d i f f e r e n c e  i n  w e i g h t  o f  t h e  s p e c i m e n  when t h e  c u r r e n t  

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

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

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

e m p lo yed  a r e  r e l a t i v e  m e a s u r e m e n t s  c o m p a r i n g  t h e  f o r c e  on t h e  

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

know n.

The a p p a r a t u s  i s  shown i n  p l a t e  I  a n d  d i a g r a m  on t h e  

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

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

s
H i

N4 S
A
P

Ail
AJ/g

N

H.

H i

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

maximum f i e l d  a t  c e n t r e  o f  m agn e t  .
( p o s i t i o n  o f  b a s e  o f  c y l i n d e r . )  

maximum f i e l d  a t  t o p  o f  c y l i n d e r . 
l e n g t h  o f  co lum n  o f  s u b s t a n c e  i n  cm. 
n o r t h  a n d  s o u t h  p o l e s  o f  e l e c t r o m a g n e t ,  
a r e a  o f  c r o s s - s e c t i o n  o f  s u b s t a n c e  i n  cm^ 
f o r c e  u p w a r d s  o r  downwards  i n  d y n e s ,  
p e r m e a b i l i t y  o f  m a t e r i a l ,  
p e r m e a b i l i t y  o f  medium, ( e . g .  a i r ) .

The f o r c e  on a  m a t e r i a l  o f  p e r m e a b i l i t y  

i n  a  medium o f  p e r m e a b i l i t y / ^  i s  g i v e n  b y : -

) .  A. (H=|, -  Eg)1
8 ir

S u b a t i t u t i n g ^  s  1 + 4  TTK.

. .  P  = i  ( K i - K g ) .  A. ) .

i . e .  ^ 2P
A(H3_2 _ E 2 )

( 1 )

S i n c e  X  = m ass  s u s c e p t i b i l i t y  z: K .
d

w h e re  d = d e n s i t y  o f  t h e  s u b s t a n c e  a n d  d W
LA

(W-= wt. o f  t h e  co lum n  o f  m a t e r i a l ) .
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GOUY METHOD.

N Y L O N  T H R E A D

S U S C E P T i a i L I T Y  T U B E  
distan ce  PipCE.

S C A L E .
POLE. P O L E .

h __

E L E C T R O  M A G N E T .
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The a b o v e  e x p r e s s i o n  ( 1 )  c a n  be  w r i t t e n : -

% = L ^  Kg I  LA
w (h| - h|) w .

- 6
Kg = Voliime s u s c e p t i b i l i t y  o f  a i r  = . 0  294  x  10

“ 6
'■ % = : ------Ë Ï L i -----------  +  . 0 2 9 4  X 10 X LA.

w(h2 - h|) W.

I n  t h i s  e q u a t i o n  LA = V c v o l u m e  o f  t h e  m a t e r i a l

2P L - 6
W(H2 -  -h2) 4 -  . 0 2 9 4  x  1 0  x:: ?A.

1  2  ^

S i n c e  d i a m a g n e t i c  s u s c e p t i b i l i t i e s  a r e  o f  t h e  o r d e r  
- 6  6  

1 0  , m u l t i p l y i n g  b y  1 0

6  6  
** l O X s  2 F ] L x  10 .0 8 9 4  x  V

w ( hS  -  h | )  W.
1

When L i s  s u f f i c i e n t l y  l a r g e  t h e n  Hg b eco m es  z e r o ;  

and  t h i s  was a s s u m e d  t o  b e  t h e  c o n d i t i o n  i n  t h e  e x p e r i m e n t .  

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

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

f i e l d s  H,]_ a n d  Eg w e re  c o n s t a n t .

H ence  10® %= &F +  .0 2 9 4  x  V
w w
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P a/ŷoL ^
Where A •  2L x  10^ a  c o n s t a n t  f o r  t h e  a p p a r a t u s .  

 h £ 2 --------- -

F o r  c o n v e n i e n c e ,  F was m e a s u r e d  in  mg. L i n  cm. V i n  c c ,

and W i n  gms ; a n d  êu was e x p r e s s e d  i n  C . G . 8 . u n i t s .

th 6
^  X 981 X 10

ÏOÔÜ

T h is  e x p r e s s i o n  was u s e d  t o  c a l c u l a t e  t h e  f i e l d  s t r e n g t h .

The c o i l s  o f  t h e  m a g n e t  i n  i>ia;g (11) c o n t a i n e d  2 0 , 0 0 0  

t u r n s ,  an d  w i t h  a  p o l e  g a p  o f  1 . 5  cm an d  a c u r r e n t  o f  3 Amperes 

a t  200  v o l t s  g a v e  a  f i e l d  o f  4 , 5 8 8  g a u s s .  The  m e th o d  o f  

c a l c u l a t i o n  o f  t h e  f i e l d  s t r e n g t h  i s  g i v e n  on P .  ( 40 ) .

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

c o n n e c t e d  i n  s e r i e s  w i t h  t h e  c o i l s .  The p o l e s  w ere  k e p t  a t

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

m e a s u r e m e n t s  a s  t h e  f i e l d  v a r i e s  w i t h  p o l e - s e  pa r a t  i o n .

The w e i g h i n g  was p e r f o r m e d  b y  means  o f  a  s e n s i t i v e  Bunge

s h o r t - b e a m  b a l a n c e ,  m o u n te d  a b o v e  t h e  e l e c t r o - m a g n e t  a s  shown 

i n  t h e  p l a t e .  The l e f t - h a n d  pan  was r e p l a c e d  by  a  h o o k  .which  

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

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

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

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

t h e  f i e l d  f r o m  one  r e a d i n g  t o  t h e  n e x t .  N y lo n  t h r e a d  was 

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

t o  k i n k  i n  t h e  same way a s  p l a t i n u m  o r  p h o s p h o r - b r o n z e  w i r e .

A f u r t h e r  a d v a n t a g e  o f  i t s  u s e  i s  t h a t  i t  i s  v e r y  e a s y  t o  a d j u s t
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t o  an y  r e q u i r e d  l e n g t h .  The s u s c e p t i b i l i t y  o f  t h e  s p e c im e n

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

7 . 0  cm. f r o m  t h e  b o t t o m .  The t u b e  b e i n g  0 . 6  cm. i n  r a d i u s ,

g a v e  an  a r e a  o f  c r o s s - s e c t i o n  o f  m a t e r i a l  b e tw e e n  t h e  p o l e

p i e c e s  o f  1 . 1 3  cm^. The g l a s s  o f  t h e  t u b e  has  a low

m a g n e t i c  s u s c e p t i b i l i t y .  A l l  p r e c a u t i o n s  w ere  t a k e n  t o

o b t a i n  a p u re  s t a n d a r d  f o r  r e f e r e n c e ,  s u c h  a s  p u re  b e n z e n e .

May & B a k e r ’ s " m o l e c u l a r  w e i g h t "  b e n z e n e  was u s e d  a s  s t a r t i n g

m a t e r i a l ,  an d  was r e c r y s t a l l i s e d  b y  f r e e z i n g  and r e d i s t i l l e d ,

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

e m p lo y e d .  The p u r i t y  was t e s t e d  b y  d e t e r m i n a t i o n  o f  t h e

r e f r a c t i v e  i n d e x  ( u s i n g  t h e  sod ium  D l i n e  a t  2 0 ^ 0 )  w i t h  a

P u l f r i c h  r e f r a c t o m ete r .  The  s a m p le s  u s e d  w ere  f o u n d  t o  have

a r e f r a c t i v e  i n d e x  =  1 . 5 0 1 1 ' ,  i n  good a g r e e m e n t  w i t h
^ (3 0 )

t h e  f i g u r e  g i v e n  b y  Timmermans f o r  p u r e  b e n z e n e .

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

a s  s t a n d a r d s  w ere  shown t o  be  a b s e n t  on s h a k i n g  w i t h

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 .  No a p p r e c i a b l e  y e l l o w  c o l o u r

was o b t a i n e d .  T h io p h e n e  was shown t o  be  a b s e n t  b y  t h e  i s a t i n

t e s t .  B en zen e  was u s e d  t h r o u g h o u t  a s  t h e  s t a n d a r d  s u b s t a n c e

a s  i t  i s  r e l a t i v e l y  e a s y  t o  o b t a i n  a  p u r e  s p e c im e n u  and  i t s

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

-lO^jC =; .7 0 2 3  C .G .S .  u n i t s .  A s u i t a b l e  e x p e r i m e n t a l  t e c h n i q u e  .

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

by t h e  "Gouy" m e th od  p r e v i o u s l y  d e s c r i b e d  h a s  b e e n  d e v i s e d  by  French  
(5 1 )

and Trew . A n um b er  o f  s p e c i a l  p o i n t s  f o r  e n s u r i n g  g r e a t e r
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p r e c i s i o n  have  b e e n  a d o p t e d .

I n  t h e  "Gouy" m ethod  o f  d e t e r m i n i n g  m a g n e t i c  mass 

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

t h e  b o t t o m  i s  i n  f i e l d  t h e  s u s c e p t i b i l i t y  i s  g i v e n  b y : -

l o S c =  aP  4. *D294XV
w w

Where F i s  t h e  r e s u l t a n t  f o r c e  on t h e  l i q u i d  u n d e r  

i n v e s t i g a t i o n ,  and t h e  o t h e r  t e r m s  a r e  a s  b e f o r e : -

lO^X. = &F +  .0 29 4  w here  d =
W d

d e n s i t y  o f  s p e c im e n  = W
V

Hence f o r  l i q u i d  A;

10® %A =_____________ +. «0294

or . IQO Xfl - & PA 4. .0294
—   a r

where  vo lum e o f  s p e c i m e n  t o  t h e  m ark  

s i m i l a r l y  f o r  a s t a n d a r d  l i q u i d  B;

1 0 ^ =  a  FB . .0294
^  — Vdg  +  ---------------d i —

10® X a  -  . 0 2 9 4 / d i
^  = ' PAdB/PBdA-

IO ^ X b -  . 0 2 9 4 / d B  

S u b s t i t u t i n g  t h e  m e a s u r e d  v a l u e s  o f  and  Fg t h e  d e n s i t i e s  d;^
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and dg  o f  t h e  s p e c i m e n s  a t  t h e  t e m p e r a t u r e  o f  t h e  e x p e r i m e n t  

and  t h e  known v a l u e  o f  % g i v e s  whence
15 Z'

1 0 6 %^ = ( 10® X b -  . 0 2 9 4  ) X ( dR j +  ( . 0 2 9 4  )
■ai PsdA

The a b o v e  m e n t i o n e d  m ethod  e l i m i n a t e s  s e v e r a l  e r r o r s ,

and  Pg c a n  be  m e a s u r e d  t o  w i t h i n  0 . 1  -  0 . 2 ^ .  An a c c u r a t e

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

t e m p e r a t u r e s  a t  w h i c h  e x p e r i m e n t s  were  c a r r i e d  o u t .

I n  a d d i t i o n  t o  t h e  a b o v e  m o d i f i e d  ’ Gouy’ t e c h n i q u e

and m eth o d  f o r  l i q u i d s  a  b e t t e r  t e c h n i q u e  f o r  m e a s u r e m e n t s
( 3 2 )

on s o l i d s ,  d e v e l o p e d  b y  Trew ( i n  p r o c e s s  o f  p u b l i c a t i o n )

was e m p l o y e d .  An im p ro v e d  m ethod  o f  p a c k i n g  t h e  m a t e r i a l

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

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

d e s c r i b e d  b e lo w  i s  s u i t a b l e  f o r  t h o s e  s o l i d s  w h ic h  w ere

i n s o l u b l e  and  d i d  n o t  r e a c t  w i t h  b e n z e n e .  (Any s u i t a b l e

i n e r t  s o l v e n t  can  be  u s e d  i n  p r i n c i p l e ) .  The m ethod

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

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

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

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

The p o s s i b l e  s o u r c e s  o f  e r r o r  a r e  c o n s i d e r a b l e  and  h a v e  r e c e n t l y
( 3 3 )

b e e n  d i s c u s s e d  by F r e n c h  & H a r r i s o n ,  and  by  E g g l e s t o n  Evans &
( 3 4 )

R i c h a r d .  F r e n c h  & H a r r i s o n  p o i n t e d  o u t  t h a t  m e a s u r e m e n t s  on 

s o l i d s  m ig h t  be  i n a c c u r a t e  ow ing  t o  t h e  a i r  i n  t h e  i n t e r s t i c e s
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o f  t h e  p a c k e d  s o l i d ,  an d  t o  t h e  n e g l e c t  o f  a m e n i s c u s  c o r r e c t i o n  

when c o m p a r in g  a volume o f  a p a ck e d  s o l i d  w i t h  t h a t  o f  a  l i q u i d .  

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

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

e r r o r .  The m ethod  d e v e l o p e d  by Trew c o n s i s t s  o f  p a c k i n g  t h e  

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

t h e  l i q u i d  i s  em p loy ed  a s  s t a n d a r d .  The s u s c e p t i b i l i t i e s  i n  

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

t h e  e q u a t i o n : -

10®X.^ a  P .4 . .0294X  V
w w

Where a l l  t e r m s  a r e  a s  b e f o r e .

Hence f o r  a s t a n d a r d  m a t e r i a l ,  w h ic h  was b e n z e n e .

10® _ a  P r +  .0294xV .............. - - ( 1 ) .
 Wb --------  ---------Wg------

s i m i l a r l y  f o r  t h e  m i x t u r e  i . e .  t h e  s a l t + b e n z e n e :  -

10®Xt = a  Prp +  .0294xV  (2)
Wgi . Wrp :

To e l i m i n a t e  a. d i v i d e  e x p r e s s i o n  (2) by  Cl).

(10®Xt -  .0294xV )
Wt  _ P rp  X  Wb

Pb X  V/t'
(10®Xb -  .0294xV )

%

or (lOSXp -  .0294xV ) =  ( -  .0294xV) x Prp Wr

Wt WB Pb X Wrp
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S u b s t i t u t i n g  t h e  m e a s u r e d  v a l u e s  o f  P.p and  P g ,

o f  Wgi and  Wg, and  t h e  knov/n v a l u e  o f  %g, g i v e s  IGp,

t h e  s u s c e p t i b i l i t y  o f  t h e  packed  m i x t u r e  ( x  1 0 ^ ) .

A ssum in g  s t r i c t  a d d i t i v i t y ,  i t  f o l l o w s  t h a t

1 0 ^%rp = ?C:x:1 0 %  4- y x l O ^  b e n z e n e .
s a l t

w here  x  and y  a r e  t h e  w e i g h t  f r a c t i o n s  o f  s a l t  and  

b e n z e n e  .in t h e  t u b e  u p  t o  t h e  m a r k .

h e n c e  xx lO^X s a l t  = lO^Xrp -  yjc.lO^X B enzene

1 0 ^ % s a l t  -  IQ^Xrp -  yxlQ^X B en zen e
X
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i l l .  .BETAIL OF MAGNETIC SUSCEPTIBILITY MEASUREMENT.

To c a r r y  o u t  a  m e a su re m e n t  on a  s o l i d ,  some p u r e  

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

h a l f  f u l l ,  and  a b o u t  . 0 2  gms o f  pow dered  s o l i d  m a t e r i a l  whose 

s u s c e p t i b i l i t y  was r e q u i r e d  was a d d e d  a t  a t i m e  and  t h e  t u b e  

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

s e d i m e n t a t i o n .  A f t e r  h a v i n g  f i l l e d  t h e  m a t e r i a l  t o  t h e  m ark  

i n  t h i s  way t h e  e x c e s s  o f  b e n z e n e  was removed f r o m  t h e  t o p  

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

m e a s u r e m e n t ,  g r e a t  c a r e  b e i n g  t a k e n  t o  e n s u r e  f i l l i n g  e x a c t l y  

t o  t h e  m a r k .

The w e i g h t  o f  t h e  m a t e r i a l  packed  was n o t e d .  T h i s  c o u ld  

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

b e f o r e  and  a f t e r  p a c k i n g .  The t u b e  was t h e n  w e ig h ed  w i t h  and  

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

and t h u s  t h e  t o t a l  t h r u s t  on t h e  s o l i d  and  b e n z e n e  was n o t e d .

The t u b e  was c e n t r i f I t i g e d . The c o n t e n t s  o f  t h e  t u b e  w ere  

drawn i n  s l i g h t l y  i n  m o s t  c a s e s  and  t h e  ab ov e  p r o c e d u r e  r e p e a t e d .

The t u b e  was a lw a y s  c ' e n t r i f i u g e d  t o  a  c o n s t a n t  w e i g h t .  The 

r e s u l t s  i n ^ T a b l e s  ( s how t h a t  r e m a r k a b l y  c o n s i s t e n t  

v a l u e s  were  o b t a i n e d  i n  t h i s  way.  C a re  was t a k e n  t o  p l a c e  t h e  

s p e c i m e n : a l w a y s  i n  t h e  same p o s i t i o n  i n  t h e  f i e l d  and i n  s u c h  

a way t h a t  one end  o f  i t  l a y  e x a c t l y  a t  t h e  c e n t r e  o f  t h e  p o l e  

p i e c e s  and  t h e  o t h e r  end  i n  a r e g i o n  w here  t h e  f i e l d  was n e g l i g i b l e .  

W eigh ings  w ere  made t o  0 . 0 1  mg, t h e  l a s t  p l a c e  b e i n g  d e t e r m i n e d  

by t h e  o s c i l l a t i o n  m e th o d ,  u s i n g  s t a n d a r d  w e i g h t a  and  a l l o w i n g
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o n l y  s m a l l  A m p l i t u d e s  o f  sw in g  t o  e n s u r e  t h a t  t h e  t u b e  d i d  n o t  

sw ing  o u t  o f  t h e  u n i f o r m  f i e l d .  The m agne t  and  a p p a r a t u s  b e lo w  

t h e  b e n c h  w e re  b o a r d e d  i n  t o  p r e v e n t  d r a u g h t s .  Care  was t a k e n  

n o t  t o  a l l o w  t h e  c o i l s . t o  become t o o  h o t  a s  c o n v e c t i o n ,  c u r r e n t s  

c a u s e d  b y  h e a t i n g  d i s t u r b  t h e  o s c i l l a t i o n s .  T h i s  was a v o i d e d  by  

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

c o i l  b e lo w  t h e  m agnet  yoke  w i t h  a p l a s t i c  p o l y t h e n e  c o v e r  w h ic h  

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

f ro m  t h e  m ag n e t  b y  a s h e e t  o f  w i r e  g a u z e  p l a c e d  u n d e r  t h e  pan  

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

t h e  s t a i n l e s s  s t e e l  m i l l i g r a m  w e i g h t s .
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E xam ples  o f  C a l c u l a t i o n s .

C a l c u l a t i o n s  f o r  p o t a s s i u m  c h l o r i d e  ( s o l i d ) .  Paked i n  B e n z e n e .
0

T e m p e r a t u r e  20*4C .

V = V . 7 0 3  C . C . ,  Wg = 6 * 7 2 6 4 7  g . P g  = 6 * 5 6  m g  , = 1 1 * 3 5 3 9 5  g .

P i s  a n  upw ard  t h r u s t  t h r o u g h o u t ,  a s  a l l  m a t e r i a l s  i n v e s t i g a t e d  

w ere  d i a m a g n e t i c .

Pij, ■ 8 . 8 8  mg t h r u s t  u p w ards  

i . e .  wt w i t h  f i e l d  o f f  = 1 7 .5 8 4 6 5  g .

f i e l d  on = 17*57550 g .

I . 10®XT .0 2 9 4  X 7J703 8 . 8 8  X 6 .7 2 6 4 7 ] Z7023 -  .0 2 9 4  x  7.703
1 1 .3 5 3 9 5  J 1 1 .3 5 3 9 5  X 6 . 5 ^ 6*72647

1 0 % ^  -  .0 1 9 9 4 -80195 X ( - . 7 3 5 9 6 ;

:  - . 5 9 0 2 0
10°Xt  :  - . 5 9 0 2 0  + . 0 1 9 9 4

= - . 5 7 0 2 6

Wj s a l t  p a c k e d  = 8 . 3 6 6 6  g ,  2 . 9 8 7 3  g ;  = 1 1 .3 5 3 9 3  g

X = 8 .3 6 6 6  ; y  -  2*9873
1 1 .3 5 3 9 5  1 1 .3 5 3 9 5

Where x  and  j  a r e  t h e  w e i g h t  f r a c t i o n s  o f  s a l t  and  b e n z e n e  I n

t h e  t u b e  u p  t o  t h e  m a rk  and  10®% B e n ze n e  = - . 7 0 2 3

h e n c e  y.lO®Xg = .29875  x  ( - . 7 0 2 3 )
1 1 .3 5 3 9 5

-  - . 1 8 4 7 7

A ssum ing  A d d i t i v i t y : -

10®%T = *-10®X-3 + y.io®Xg
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loo-xX^ = -  . 5 7 0 2 5  +  .1 8 4 7 7

= - . 3 8 5 4 9

l/j<% = - . 3 8 5 4 9  X 1 1 .3 5 3 9 5
8 .3 6 6 6

= - . 5 2 3 1

A f t e r  h a v i n g  t a k e n  t h i s  r e a d i n g  t h e  t u b e  was c e n t r i f u g e d

( t h e  c o n t e n t s  o f  t h e  t u b e  w ere  draw n down s l i g h t l y  i n  m ost  c a s e s )

and t h e  abo v e  p r o c e d u r e  was r e p e a t e d .

I I  V *  7 - 7 0 3  c c ;  Wg s  6 -7 2 6 4 7  g ;  Pb = 6*56 mg, Wrpc 1 1 - 4 9 1 5 5 .

Py z 8 "94 mg.

riO®3C„ -  .0 2 9 4  X 7 . 7 0 ^  [ 8 . 9 4  x  6 .7 2 6 4 7 " )  x  ( - .  7 3 5 9 6 . )
L 1 1 .4 9 1 5 5  J  = [ l l . 49155  x  6.561

[ lO ^ rp  - . 0 1 9 7 o ]  = ^ - .7 9 7 7 0 )  x  .7 3 5 9 6 ]

= - . 5 8 7 0 7

106%t = -  * 5 8 7 0 7 +  .0 1 9 7 0  

= - • 5 6 7 3 7

Wg = 8 .5 6 7 8  g ; W^ = 2 . 9 2 3 7  g ,  W j*  11*49155 g .

x  = 8*5678  . 7  = 2*9237  , t10®Xd sTs * 9237 x f “*V02^
T Ï 7 Ï 9 I 5 5 , l i  :4'gi5'5 1 1 :4 9 1 5 5  -1

. =  - . 1 7 8 6 2

1 0 ®Xt = XlO^Xg +  y io ^X g

%xl05%.^= - . 5 6 7 3 7 +  .178 6 2  

= - . 3 8 8 7 5
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10®%3 = - . 5 2 1 4

I I I .  V = 7 . 7 0 3  c c ,  Wg = 6*72647 g . P g r  6*56 mg.

= 1 1 .5 5 3 8  g .

Prp = 8 . 9 8  mg.

flOÔXr -  *0294 X 7 .7 0 3 )  _ [ 8 .9 8  x  6 .7 2 6 4 7 ]  % f } - . 73596^1 
L TrrsSSBO J = 13-1.5538 X 6.bgJ ]

I j i o e x r  - . 0 1 9 6 o J  = j ( - . 79695) x  .7 3596

= - . 5 8 6 5 2  

100%^ =. -  . 5 8 6 5 2 +  .0 1 9 6 0  

= - . 5 6 6 9 2

Wg= 8*6399  g ;  Wg= 2* 9110  g =  11*55380  g .

X -  8*6399 ; 7 = 2 . 9 1 10 ; y  1 0 ® % =  - 2 . 9 1 1 0  x  -7023
1 1 .5 3 3 8 0  11.55380 1 1 .5 5 3 8 0

s  - . 1 7 6 9 4

1 0 6 %  -  X. 1 0 ®% +  y  . 1 0 % g

.64, =

=. - . 3 8 9 9 8

xlO°%g= - . 5 6 6 9 2 +  .1 7 6 9 4

' oju — —•521513

mean 1 0 ®%. »  *5216s

-10®%M = 3 8 . 8 9

( E r r o r  = 0 . 2 / )
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DETAILS OF CALIBRATIONS OF APPARATUS.

I .  The m a g n e t i c  f i e l d  was c a l i b r a t e d  b y  t h e  u s e  o f
-6

s u b s t a n c e s  o f  a c c e p t e d  s u s c e p t i b i l i t y .  B e n z e n e  ( X - " - 7 0 2 3  x  1 0

C .G .S .  u n i t s ,  w h i c h  h a s  a  z e r o  t e m p e r a t u r e  c e - e f f i c i e n t , and—6
w a t e r  {% ="^7200 x lO  ) C .G .S .  u n i t s ,  w h ic h  h a s  a  v e r y  low

( 3 5 )
t e m p e r a t u r e  c o - e f f i c i e n t ,  w e re  u s e d  i n  t h e  c a l i b r a t i o n .  A 

s o l u t i o n  o f  c o p p e r  s u l p h a t e  o f  3 1 ^ ^ c o m p o s i t  i o n  was a l s o  u s e d .

D e t e r m i n a t i o n  o f  v a r i a t i o n  o f  f i e l d  w i t h  
t h e  c u r r e n t .

The m a n n e r  i n  w h i c h  t h e  m a g n e t i c  f i e l d  v a r i e d  w i t h

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

t h e  m a g n e t i c  f o r c e  e x e r t e d  on a  7#5  cm l o n g  t u b e  f i l l e d  w i t h
0

t h e  31% c o p p e r  s u l p h a t e  s o l u t i o n  a t  1 6 . 5 c  ( room  t e m p e r a t u r e ) ,  

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

a  f i x e d  p o l e  s e p a r a t i o n  o f  1*5 cm. A g r a p h  o f  t h e  p u l l  on 

t h e  c o p p e r  s u l p h a t e  s o l u t i o n  a g a i n s t  e x c i t i n g  c u r r e n t  was 

p l o t t e d  on f i g u r e  ( l ) a .  A s i m i l a r  e x p e r i m e n t  w i t h  w a t e r  was . 

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

c u r r e n t  was a t  a b o u t  5 a m p è r e s .  Hence i t  was e s s e n t i a l  when 

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

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

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

shown i n  t h e  d i a g r a m  ( 3 ) # i n  s e r i e s  w i t h  t h e  c o i l s ,

t h e  r e a d i n g s  o f  t h e  Crom pton  m o v in g  c o i l  am m ete r  A b e i n g  k e p t  

a t  3 .0Ô  a m p e r e s  d u r i n g  t h e  e x p e r i m e n t s .
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I I .  THE VARIATION OF MAGNETIC FORCE ON THE SPECIMEN
WITH THE HEIGHT OF THE BASS OF THE TUBE ABOVE 

THE POLE -  PIECE CENTRE.

T h i s  was d e t e r m i n e d  b y  f i l l i n g  t h e  t u b e  w i t h  b e n z e n e  t o  t h e  

mark and  t h e n  m e a s u r i n g  t h e  t h r u s t  a t  3 am ps ,  s h o r t e n i n g  t h e  

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

f rom t h e  p o l e - p i e c e  c e n t r e .  The g r a p h  ( i n  f i g u r e j l )  i n d i c a t e s  

t h a t  t h e  l e n g t h  o f  t h e  s p e c i m e n  s h o u l d  be  a t  l e a s t  4 * 0  cm o r  

a l i t t l e  l o n g e r  t o  be  s u r e  t o  h a v e  t h e  u p p e r  end  i n  t h e  z e r o  

f i e l d .  A c o n s t a n t  l e n g t h  o f  7*0 cm w a s ,  t h e r e f o r e ,  a d o p t e d .
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C a l c u l a t i o n  o f  B a l a n c e  C o n s t a n t  .

X  w a te r_  ■ ■ a  F ^  *0294 x  Volume o f  t u b e
wt. o f  w a t e r  t o  t h e  wt.  o f  w a t e r  t o  t h e

m ark  m ark

I .  ( - . 7 2 0 1  -  . 0 2 9 4  X 7.703'! z  - 7 . 6 3 3  ^
7 . 6 7 7 8 9  '  ̂ ' 7 . 6 7 7 8 9  '

' • a  =  ( - . 7 2 0 1  -  . 0 2 9 4  X 7 . 7 0 3  ) x  (- 7 . 6 7 7 8 9
7 . 6 7 7 8 9  7 . 0 5 3

-  ( - .7 2 0 1  -  . 0 2 9 4 9 )  x  (- - 7 . 6 7 7 8 9 )
 7 : 6 5 3—

= - . 7 4 9 5  X ( - 7 . 6 7 7 8 9 )
7 . 6 3 3

=  .7 5 3 9 9

I I .  ( - . 7 2 0 1  -  .0 2 9 4  X 7 . 7 0 3 )  = a ( - .  .7 .65  )
7 . 7 1 0 2 8  7 . 7 1 0 2 8

a  = ( - . 7 2 0 1  -  .0 2 9 4  X 7 . 7 0 3 )  x  f-;.:7.71028)
7 . 7 1 0 2 8  7 . 6 5

=  ( - . 7 4 9 4 7  X - 7 . 7 1 0 2 8 )
— 7 7 6 F ~ ^

= .7 5 5 3 7  V

I I I .  ( - . 7 2 0 1  -  .0 2 9 4  X 7 . 7 0 3  ) a  a ( , , - r 7 . 6 9 )
7 . 7 4 5 7 2  ■ 7 . 7 4 5 7 2

à. = ( - . 7 2 0 1  -  . 0 2 9 4  X 7*7 0 3)  x  ( -7*74572)  
7 . 7 4 5 7 6  7 . 6 9

=  ( - . 7 4 9 3 3  X - 7 . 7 4 5 7 2 '!
7 . 6 9  '

-  - 7 5 4 7 5 .

, ’ , mean à- = *7547
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C a l c u l a t i o n  o f  f i e l d  s t r e n g t h ; -

d  s  . 7 5 4 7 .  and  L = 8.100cm*

T h e r e f o r e  f r o m  t h e  e q u a t i o n

d  = 2 L X 10 6
H i2

H i  = ^ / 2  X 8 . 1  X 1 0 ^  X 9 8 4

7547

= /1 5 8 9 2 2 0

7547

2 1 0 5 7 6 3 8  

4 , 5 8 8  g a u s s

SWIvIARY OF CALIBRATION

The c a l i b r a t i o n  c u r v e s  b r i n g  o u t  t h e  f o l l o w i n g  p o i n t s ^  

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

( 1 .) The p o l e - p i e c e  s e p a r a t i o n  m us t  be  c o n s t a n t *

(2 )  The e x c i t i n g  c u r r e n t  m ust  be  k e p t  c o n s t a n t .

( 3 ) The l e n g t h  o f  t h e  s p e c im e n  column m ust  e x c e e d  4 . 0  cm i n
l e n g t h •

( 4 )  The t u b e  m us t  a lw a y s  be  i n  t h e  same p o s i t i o n  i . e .  i n  t h e

c e n t r e  o f  t h e  f i e l d  and  b e  a d j u s t e d  v e r t i c a l l y .  T h i s  was

e n s u r e d  by  t h e  s c a l e  shown i n  t h e  d i a g r a m  o f  t h e  a p p a r a t u s .
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D e n s i t y  m e a s u r e m e n t s

u
The d e n s i t y  o f  t h e  var ious  s o l i d s  a n d  s o l u t i o n s  i n v e s t i g a t e d  

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

s a l t  t o  b e  c a l c u l a t e d ,  a s  i t  was t h o u g h t  t h a t  some c o m p a r i s ô n : .  

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

and  s u s c e p t i b i l i t y .

The d e n s i t y  o f  a  s o l i d  i s  a  s c a l a r  p r o p e r t y ,  an d  t h e
of  O/rtoC

m o s t  e x a c t  m e t h o d s 1 )  The h y d r o s t a t i c  b a l a n c e  m e th od ^  ( 2 )

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

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

was u s e d  t o  m e a s u r e  t h e  d e n s i t y  o f  t h e  s o l i d s .  A known w e i g h t  W

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

b e n z e n e ,  whose  d e n s i t y  was p r e v i o u s l y  m e a s u r e d  r e l a t i v e  t o

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

A i r  b u b b l e s  w e re  e x t r a c t e d  b y  s h a k i n g  a n d  t a p p i n g  t h e  b o t t l e .
0

The s p e c i f i c  g r a v i t y  b o t t l e  was p l a c e d  i n  a  t h e r m o s t a t  a t  20C 

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

w e i g h t  Wg was f o u n d .  The s o l i d  was rem o v e d  a n d  t h e  b o t t l e  . 

was f i l l e d  w i t h  b e n z e n e  a l o n e  a n d  t h e  p r o c e d u r e  r e p e a t e d  and 

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

f o r m u l a

Dens  i t  y  o f  ■ “ Wxd 
t h e  s o l i d  (W.W]_-Wg)

Where W i s  t h e  w e i g h t  o f  t h e  s u b s t a n c e ,  t h e  w e i g h t  o f  t h e  

b o t t l e  a n d  b e n z e n e ,  Wg t h e  w e i g h t  o f  t h e  b o t t l e ,  b e n z e n e  a n d  

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

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

w a t e r  a t  20C, u s i n g  a two m i l l i l i t r e  g r a d u a t e d  gy lcnom ete r .  I t  had

a g rou n d  g l a s s  s t o p p e r  t o  p r e v e n t  e v a p o r a t i o n .  I t  was a l s o  p r o v i d e d

wit  h à  p l a t  i n l u m  ;wlre .  f a r  . e a s y  a t t a c  hment t o  t h e  ba  I a n  c e .

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

a n a l y t i c a l  b a l a n c e  s e n s i t i v e  t o  0 . 1  mg. The d e n s i t y  o f  t h e

s o l u t i o n  -  wt. o f  s o l u t i o n  t o  t h e  m ark  % *99823. 
wt" o f  w a t e r  t o  t h e  m ark

20
w here  d^ EgO = *9982^

The b u o y a n c y  c o r r e c t i o n  was n o t  a p p l i e d  a s  i t  am oun ted  t o  o n l y  

abou t  one u n i t  i n  t h e  f o u r t h  p l a c e  f o r  m ost  s o l u t i o n s .

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

volumes c a l c u l a t e d  f ro m  t h e s e  ( i . e .  MwJj/d^ ) a r e  r e c o r d e d  i n  ^Tableau
Varluuryt̂ S cUiA- ojUo JIoJjOo

Awith t h e  r e l e v a n t  s u s c e p t i b i l i t y  v a l u e s ^  The r e l a t i o n s h i p  b e tw e e n  

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

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



D e n s i t i e s  & E f f e c t i v e  M o l e c u l a r  Volume o f  S a l t s . 4 2 tx

D o ub le
s a l t s .

D e n s i t i e s  
a t  2 0 °  C.

M o l e c u l a r
w e i g h t .

C a l c .  M o la r  
Volum e.

MgClgNH^Cl.ôHgO. 1 . 5 0 5 7 . 2 5 6 . 8 2 1 7 0 . 5 6

MgprgKH^Br.ôEgO. 1 .9 8 8 6 3 9 0 . 0 5 1 9 6 . 1 4

MglgNE^I.ÔHgO. 2 . 3 4 4 2 5 3 1 . 2 4 2 2 6 . 6 2

MgClgKCl.ôHgO. 1 . 6 1 5 5 2 7 7 . 8 8 1 7 2 . 0 0

MgBrgKBr.ôHgO. 2 . 1 3 4 9 4 1 1 . 2 7 1 9 2 .6 4

MgïgKI.ÔHgO. 2 . 5 2 9 1 5 5 2 . 1 8 2 1 8 . 3 3

MgS04(KH4)p S 0 4 . 6 HgO, 1 . 7 0 0 3 3 6 0 . 6 3 2 1 2 .0 9

MgS0 ^KgS0 4 . 6Hg0 . 2 . 1 4 2 2 4 0 2 . 7 5 1 8 8 . 0 0

ZnSe4 ( NH^-^gSO^. 6HgO. 1 . 8 9 9 2 4 0 1 . 6 7 2 1 1 .4 9

Z nS0^K „S0^ .6H p0 . 2 . 2 4 4 9 4 4 3 . 7 0 1 9 7 . 6 4

“ "■M4 CI ■ ■ ' 1 :53 2 ^"  ' 5 3 . 5 0  ' 3 4 . 9 0

m ^ B r . 2 . 4 1 2 8 9 7 . 9 6 4 0 . 6 0

NH4 I . 2 . 4 9 9 5 1 4 4 . 9 6 5 7 .9 9

1 . 7 7 6 8 1 3 2 . 1 4 7 4 .3 7

K0 1 1 .9 9 0 9 7 4 . 5 6 3 7 . 4 5

KBr 2 .6 8 3 9 1 1 9 . 0 2 4 4 . 3 4

E l . 3 . 0 3 3 7 1 6 6 . 0 2 5 4 .7 2

K a 8 0 ^ .  . 2 . 6 4 9 6 1 7 4 . 2 6 6 5 .7 6

MgClg.ôHgO. 1 . 5 8 8 1  ' 2 0 3 .3 3 1 2 8 .0 3

MgBr2 . 6 E 2 0 . 2 . 0 6 3 9 2 9 2 . 2 5 1 4 1 . 6 0

Mglg.SHgO. 2 . 0 7 1 6 4 2 2 . 2 8 2 0 3 .8 4

ZaSO^.THgO. 1 .9 7 0 2 2 8 7 . 4 4 1 4 5 .8 9

ZnCls* 2 . 9 1 5 4 1 3 6 .2 9 4 6 . 7 4

MgSO^.TEgO. 1 . 6 3 6 0 2 4 6 . 5 0 1 5 0 .6 7
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( 3 )  R e s u l t s .

The d - l a m a g n e t i c  s^ u sc ep t  I b l l i t y  o f  a a e r i e s  o f  
s a l t s  i n  t h e  c r y s t a l l i n e  s t a t e  and  i n  s o l u t i o n

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

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

s t a t e  and  i n  a q u e o u s  s o l u t i o n .  M e a s u r e m e n t s  w e re  c a r r i e d  o u t  

a t  iDom t e m p e r a t u r e .  D e t a i l e d  T a b l e s  o f  i n d i v i d u a l  m e a s u r e m e n t s  

w i l l  b e  f o u n d  i n  t h e  a p p e n d i x  a t  t h e  end  o f  t h e  T h e s i s .  The 

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

g iv e n  i n  T a b l e  I  w e re  c a l c u l a t e d ,  a s  by  p r e v i o u s  w o r k e r s ,  

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

X. = W X + Wg X
M e a s u r e d  • s o l v e n t .  s o l u t e .

Where a n d  Wg a r e  t h e  w e i g h t  f r a c t i o n s  o f  s o l v e n t ,  ( i . e .  

g ram s  s o l v e n t  o r  s o l u t e  p e r  g ra m  o f  s o l u t i o n ) .  The m o la r  

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

w e i g h t .  The f o u r t h  co lu m n  o f  T a b l e  I  shows t h e  m o l a r  

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

t h e s e  a r e  a v a i l a b l e .  I n  t h e  l a s t  co lum n t h e  m o l e c u l a r  v o lum es  

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

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

c r y s t a l l i n e  s t a t e s  w e re  g e n e r a l l y  i n  good a g r e e m e n t  w i t h  

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

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



Table I

E xperim ental Molar S u s c e p t ib l l i t i e s  o f potassium , amonium 

magnesium and zinc sim ple s a l t s .

S a lt s S ta te -10^ ,701 -lO^.IDvî, L iterature M olecular ,,
Volunfô V = ^  d

P Ü ) 0%) (&D ( H )

NH^Cl s o l id 3 4 .2  3 5 .7  ; 36 .2  ; 3 6 .7  
3 2 .3 7  (1 4 )

n M s o lu t io n )8 .4 7 3 8 . 5 ( ^ )

NH^Br s o l id 46 .96
(42) ( 63 ) ( 6 2 ) ( 11 ) 

47 .4 ; 46 ,7 ; 46 .2 ; 47 .0; 
42.59

40 .60

II " s o lu t io n 4 9 .1 8 4 9 . 8 ( 11)

NH4I s o l id 64.07
(4 3 ) ( 6 3 ) ( 6 2 ) ( 11) 

6 6 . 0 ; 69 .5 ; 64 .1 ; 64 ,4;

59.84^^*^
97 .99

II It s o lu t io n 66 .39 6 6 . 4 ( 11)

KOI s o l id 3 8 .8 9
(6 4 ) (43 ) (65) (8 )  

3 9 f l i ,3 5 .8 ;  5 6 .1 5 :3 8 .8  

3 9 .4 ; 3 8 .4 7  ( 1*)

3 7 ^ 4

II II so lu t ion 40 .94
(6 6 ) ( 65)

3 4 .7 4 ; 39 .4 ;

KBr s o l id 49 .9 4
(64 ) (43) ( 63) (8 )
4 9 . | ï 4 ^ 4 8 .2 ; ( 4 f . l ;  49 .2;

42 .59: 9 0 .3 ;

43 .40 b

n II s o lu t io n 52 .0 9 40 .82(^ ^ ) I



S a lts State -io^.m -lO. '̂XJÆ, L iteratu re

----------— ----
Molecular 
Volume V= M

Kl s o l id 6 5 .8 4
(6 4 ) (43 ) (6 3 ) ,18 ) 

6 3 . 8; 62 .7 ; 6 3 . 9 ; 69.7 54.70

Il II s o lu t io n 6 8 .4 0 -

MgClgéHgO s o l id 5 0 .8 0
(67) (Ü4)

50.44; 47.45 128.05

Il « s o lu t io n 5 2 .7 1 -

MgBrgéHgO so l id 72 .89
(67)71.64 141.60

i t  II s o lu t io n 74 .38
—

MgIgBHgO s o l id 1 09 .69
(6 7 ) (79 ) 

109.42; 111.4 203.84

Il II s o lu t io n 111 .68 —

MgSO  ̂ ZHgO s o l id 44.23

(2 )  (14 )b (17) (4 3 )  
46 .57; 44 .85; 43 .8 6 ;4 1 .0 0 ;  

45.$4;(^%.07(^®)
150.67 b

n n so lu t io n 48 .69 43 .18;

Mg(N0̂ )g6Hg s o l id 4 2 .9 1

H II s o lu t io n 4 7 .6 0 -



S a lt s S ta te - 10^ .XM - 10^ .XM. L itera tu re Molecular 
Volume V = 1

MgCÔ  .JHgO so lid 52 .46

ZnClg s o l id 9 9 .7 2
(4 3 )

58^ 46.74

n II s o lu t i  on 60 .49

ZnBrg s o l id 78 .96

II II so lu t io n 9S40

Znig s o l id 108.72

II II so lu t io n If2

ZnSO .̂THgO so l i d 45 .67
^ 4^  K # ) (% ) U 7 ) 

47 . 25; 41.5O; 44 . 6; 5 2 .08; 145.89

II II s o lu t i  on 92 .9 1

Zn(NOj)g4HgO s o l id 91 .3 9

II m so lu t io n 62 .37
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im proved  m e th o d  o f  m e a s u r e m e n t .  Of t h e  f a c t o r s  t e n d i n g  t o  c a u s e

e r r o r s  i n  t h e  s u s c e p t i b i l i t y ,  f o r  w h ic h  a l l o w a n c e  m ust  be  m ade ,

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

c o r r e c t i o n ,  f o r  t h e  c o r r e c t  volume o f  t h e  t u b e  and (b )  a

c o r r e c t i o n  f o r  t h e  p r e s e n c e  o f  a i r  e n c l o s e d  i n  t h e  p acked  s o l i d .

The e f f e c t  o f  t h e s e  f a c t o r s  h a s  b e e n  c o n s i d e r e d  t o  some e x t e n t
(3 6 )

by p r e v i o u s  w o r k e r s .  N e t t l e t o n  and  Sugden c o n s i d e r e d  t h e  f o r m e r

i n  d e t a i l  b u t  do n o t  m e n t i o n  a c o r r e c t i o n  f o r  a i r .  V ery

r e c e n t l y  t h e s e  two p o i n t s  h a v e  b e e n  e m p h a s i s e d  by  F r e n c h  and 
( 3ù )

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

f o r  s o l i d s  a f t e r  h a v i n g  made c o r r e c t i o n  f o r  t h e  a b o v e .  I n  t h e

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

v a r i a b l e  volume o f  a i r  i n  t h e  i n t e r s t i ' c a s  o f  t h e  s o l i d  p a r t i c l e s .

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

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

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

I n  t h e  p r e s e n t  m eth od  o f  m ea su re m e n t  t h e  s o l i d  i s  s u r r o u n d e d

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

m e a s u r e d  and  h e n c e  t h e  e f f e c t  o f  a i r  b e tw e e n  t h e  s o l i d  p a r t i c l e s ,
(3 3 )

f o r  w h ic h  F r e n c h  and  H a r r i s o n  d e r i v e d  a  c o r r e c t i o n ,  i s  e n t i r e l y  

e l i m i n a t e d .  I n  a d d i t i o n ,  t h e  l i q u i d  m e n i s c u s  i s  t h e  same when 

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

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

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

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

7 c m . ' l e n g t h .  I n  m e a s u r e m e n t s  on l i q u i d s  t h e  e f f e c t  o f  d i s s o l v e d
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(3 4 )
oxygen  h a s  b e e n  r e p o r t e d  by  E g g l e s t o n  and  Evans t o  i n f l u e n c e  

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

t h a t  f o r  g r e a t e r  a c c u r a c y  t h e s e  m e a s u r e m e n t s  s h o u l d  be  made 

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

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

f o r c e  on t h e  s p e c i m e n  i s  b e i n g  m e a s u r e d  t o  t h a t  w h ic h  i t  has  

when b e i n g  em ployed  a s  s t a n d a r d  and  h e n c e  an y  e r r o r  due t o  

d i s s o l v e d  a i r  w i l l  be  r e d u c e d  t o  a minimum. I n  m e a s u r e m e n ts  

on s o l u t i o n s  t h e s e  w ere  a l l  s u b j e c t e d  t o  s i m i l a r  e x p o s u r e  t o  a i r  

and  h e n c e  i t  i s  u n l i k e l y  t h a t  e r r o r s  due  t o  d i s s o l v e d  a i r  w i l l  

be  a p p r e c i a b l e .  Checks on t h e  t h r u s t  on t h e  b e n z e n e  s t a n d a r d  

were  made a t  i n t e r v a l s  and  i t s  s u s c e p t i b i l i t y  r e l a t i v e  t o  w a t e r  

was d e t e r m i n e d  and i n  no  c a s e  c o u l d  a n y  a p p r e ^ c i a b l e  v a r i a t i o n  

w h ic h  m ig h t  be  due  t o  a d i f f e r e n c e  i n  t h e  d i s s o l v e d  a i r  c o n t e n t  

be  d e t e c t e d .  A few  o b s e r v a t i o n s ,  w ere  made on t h e  s u s c e p t i b i l i t y  

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

w a t e r .  The r e s u l t s  a r e  g i v e n  b e l o w .

M a g n e t i c  S u s c e p t i b i l i t y  o f  B en zen e
i .

-  1 0 6 % -10®X flO®X
Mean 0*70229

0 .7 0 2 3 2  0*70217 0*70238

0
R e c e n t  v a l u e s  f o u n d  f o r  b e n z e n e  a t  2 0 0 .
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A u t h o r s  -lO^X
(3 7 )

C a b r e r a  & F a h l e n b r a c h  0*6803
(3 8 )

Trew & S p e n c e r  0 -7 0 9 8
(3 9 )

S e e l y  0 -6 9 7 7
(4 0 )

Angus & H i l l  0*7023
(3 1 )

F r e n c h  & Trew 0*702

C u t f o r t h  & Selwood 0*7065

The p r e s e n t  v a l u e  f o r  b e n z e n e  a g r e e s  f a i r l y  w e l l  w i t h  t h e

v a l u e s  o f  o t h e r  i n v e s t i g a t o r s .  The mean f i g u r e  -0 * 7 0 2 3  x  lOG

was u s e d  f o r  t h e  c a l c u l a t i o n s .  The v a l u e s  i n  T a b l e  I  column 4

a l s o  show t h a t  f o r  a num ber  o f  t h e  s a l t s  t h e  v a l u e s  f o u n d  by

P r a s a d  and  c o - w o r k e r s  a r e  i n  many c a s e s  much l o w e r  t h a n  t h e

p r e s e n t  v a l u e s  n e i t h e r  do t h e y  a g r e e  w i t h  t h o s e  o f  o t h e r  w o r k e r s

w here  a v a i l a b l e .  The r e c o r d e d  v a l u e s  i n  T a b l e  I  show t h a t

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

a lw a y s  h i g h e r  t h a n  i n  t h e  c r y s t a l l i n e  s t à t e  i x c e p t  i n  t h e

c a s e  o f  t h e  d o u b l e  s a l t  MgS6 4 *(NH4 ) 2  SO4 . 6 H2 O w h ic h  seems t o

be  a n o m a l o u s .  I t  i s  a l r e a d y  w e l l  e s t a b l i s h e d  t h a t  t h e

s u s c e p t i b i l i t y  o f  i o n s  i n  c r y s t a l s  i s  . l e s s  t h a n  t h e  sum o f  t h e
( 42 )

f r e e  i o n s  c a l c u l a t e d .
(4 3 )

I n  1 9 3 2 ,  K ido  m e a s u r e d  t h e  m a g n e t i c  s u s c e p t i b i l i t y  o f  

c e r t a i n  a l k a l i  and ammonium s a l t s .  He n o t e d  a  l i n e a r  r e l a t i o n s h i p  

b e tw e e n  m o l e c u l a r  m a g n e t i c  s u s c e p t i b i l i t y  and  num ber  o f  e l e c t r o n s  

i n  t h e  c a t i o n  f o r  t h e  s e r i e s  o f  a l k a l i  s a l t s  w i t h  t h e  same a n i o n s ,  

and  a  s i m i l a r  r e l a t i o n s h i p  f o r  t h e  h a l i d e  s e r i e s  w i t h  t h e  same 

c a t i o n .  From t h e s e  r e s u l t s  he d e d u c e d  v a l u e s  f o r  t h e  i o n i c  mass
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s u s c e p t i b i l i t y  o f  a l k a l i  and  h a l i d e  i o n s  w i t h o u t ,  h o w e v e r ,

m a k in g  a n y  a l l o w a n c e  f o r  t h e  c o - o r d i n a t i o n  nu m b er  i n  t h e  s a l t s

c o n c e r n e d .  Some o f  h i s  m e a s u r e m e n t s  w ere  on s a l t s  i n  t h e  s o l i d
(4 4 )

s t a t e  and  some i n  s o l u t i o n .  L a t e r  B r i n d l e y  a nd  H oa re  c a r r i e d

o u t  a s y s t e m a t i c  i n v e s t i g a t i o n  o f  t h e  d i a m a g n e t i c  s u s c e p t i b i l i t y
(4 5 )

o f  t h e  a l k a l i  h a l i d e s .  I n  a  l a t e r  p a p e r  t h e y  showed t h a t  s l i g h t l y .

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

t h e  d i s s o l v e d  s t a t e  t h a n  i n  t h e  c r y s t a l l i n e  s t a t e .  I t  may

be  s a i d  somewhat e m p i r i c a l l y ,  t h a t  t h e  d e f o r m i n g  a c t i n n s  w h ic h

t h e  i o n s  have  on e a c h  o t h e r  when p a c k e d  i n t o  a c r y s t a l  l o w e r
( 4 4 )

t h e i r  s u s c e p t i b i l i t y .  B r i n d l e y  an d  H oare  f o u n d  t h a t  w i t h  t h e  

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

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

a d d i t i v e  w i t h - i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r .  They 

s u g g e s t  r e a s o n s  f o r  t h e  non  a d d i t i v i t y  i n  t h e  l i t h i u m  s a l t s .
CL

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

l a r g e  a n i o n .  The a n i o n  a p p r o a c h e s  c l o s e l y ,  and  t h e  g r e a t e r

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

d i s t a n c e s  t h a n  would  be  e x p e c t e d .  The c a e s i u m  h a l i d e s  on t h e

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

a l k a l i  h a l i d e s  w h ic h  have  t h e  so d iu m  c h l o r i d e  s t r u c t u r e ,  and

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

h e r e .  T h e s e  w o r k e r s  a l s o  e x p l a i n e d  t h e  h i g h e r  v a l u e  o f  t h e

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

i n  t h e  c o - o r d i n a t i o n  n u m b e r ;  t h i s  f i n d i n g  i s  a l s o  c o n f i r m e d
(1 1 )

by t h e  i n v e s t i g a t i o n  o f  B e d w e l l ,  S p e n c e r  and  Trew on ammonium
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com po u nd s .  The c h ang e  i n  s u s c e p t i b i l i t y  on d i s s o l u t i o n  has

b e e n  e x p l a i n e d  b y  B r i n d l e y  & H oare  a s  due t o  a chan g e  i n  c o -
(4 6 )

o r d i n a t i o n  n u m b er  o f  t h e  i o n s .  B e g n a l  and  F o w l e r  had

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

num ber  i s  l o w e r  t h a n  i n  t h e  s o l i d  s t a t e .  The e l e c t r o n i c  f i e l d

o f  an  i o n  i s  t h u s  more r e s t r i c t e d  i n  t h e  s o l i d  s t a t e  t h a n  i n

t h e  s o l u t i o n ,  w i t h  a  c o n s e q u e n t  l o w e r i n g  o f  t h e  d i a m a g n e t i s m .
( 4 7 )

Lee h a s  a l s o  shown t h a t  t h e  t r a n s f e r  o f  an  i o n  f ro m  t h e

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

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

s t r o n g  f i e l d  i n  w h ic h  m u t u a l  d e f o r m a t i o n  oddur% and  a l s o  a

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

due  t o  t h e  i n t r o d u c t i o n  o f  a n  i o n  i n t o  - t h e i r  v i c i n i t y ,  w h ic h
(4 8 )

w i l l  l o w e r  t h e  s u s c e p t i b i l i t y  o f  t h e  s o l u t i o n .  P r i v o l d
( 4 9 )  (1 4 )

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

f o r  t h e  s u s c e p t i b i l i t y  o f  s a l t s  i n  s o l u t i o n ,  and  a l l  t h e s e
: J

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

The e x c e p t i o n  o f  m agnes ium  ammonium s u l p h a t e  may p o s s i b l y  be 

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

i n  t h e  s o l i d  s t a t e  and  a  s l i g h t l y  t o o  low v a l u e  i n  t h e  

d i s s o l v e d  s t a t e .

C e r t a i n  s y s t e m a t i c  r e l a t i o n s h i p s  e x i s t  b e tw e e n  t h e  

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

w h ic h  a r e  b e s t  shown g r a p h i c a l l y .  T h ese  r e l a t i o n s h i p s  a r e  

shown i n  f i g u r e s  3E(a) and  (b )  f o r  t h e  h a l i d e  s a l t s  o f  p o t a s s i u m  

and  ammonium. I n  t h e s e  g r a p h s  t h e  m o l a r  s u s c e p t i b i l i t y  o f  t h e
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s a l t s  i s  p l o t t e d  a g a i n s t  t h e  num ber  o f  e l e c t r o n s  i n  t h e  s a l t  f o r

b o t h  t h e  s a l t s  i n  s o l u t i o n  and i n  t h e  c r y s t a l l i n e  s t a t e .  F i g u r e

(®) shows t h e  s i m i l a r  r e l a t i o n s h i p s  f o r  t h e  m agnes ium  and z i n c

s a l t s  i n v e s t i g a t e d .  I n  t h e  c a s e  o f  h y d r a t e d  s a l t s  i t  was n e c e s s a r y ,  in

^ to  o b t a i n  v a l u e s  f o r  ̂ a n h y d r o u s  s a l t  .1 t o  s u b t r a c t  a c o n s t a n t

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

m o l e c u l e ,  ( i . e .  12*96 s u s c e p t i b i l i t y  u n i t s  f o r  e v e r y  w a t e r

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

t h e  w a t e r  i s  a d d i t i v e l y  a t t a c h e d ) .  The v a l u e s  so  o b t a i n e d  f o r  t h e

a n h y d r o u s  s a l t s ,  p l o t t e d  i n  F i g u r e ( jS )  a r e  t h e n  c o m p a r a b le  w i t h

t h e  v a l u e s  f o r  ammonium and  p o t a s s i u m .  A s i m i l a r  t y p e  o f  c u r v e

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

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

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

S i m i l a r l y  t h e  g r a p h s  f o r  t h e  m agnes ium  and z i n c  s a l t s  show

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

h a v i n g  t h e  same p a t t e r n  o v e r  t h e  c o m p a r a b l e  s e c t i o n s .  T h i s  t y p e
(1 3 )

o f  p a r a l l e l i s m  h a s  a l r e a d y  b e e n  shown t o  e x i s t  by Trew i n  t h e

v a l u e s  o f  B r i n d l e y  and  Hoare  f o r  t h e  a l k a l i n e  h a l i d e s ,  and  f o r  t h e
( 1 1 )

ammonium h a l i d e s  b y  B e d w e l l ,  S p e n c e r  and  T rew .  The p r e s e n t  

v a l u e s  a r e  i n  good a g r e e m e n t  w i t h  t h i s  b e h a v i o u r .  The t h e o r e t i c a l
( 1 2 )

b a s i s  o f  t h i s  t y p e  o f  curves ,  h a s  b e e n  shown b o t h  by  Klemm and
(1 3 )

Trew t o  be  i n  t h e  e l e c t r o n i c  a r r a n g e m e n t  o f  t h e  i o n s .  A c h an g e  

i n  t h e  s l o p e  o f  t h e  g r a p h  r e s u l t s  when an  i n c r e a s e  i n  t h e  

nu m ber  o f  e l e c t r o n s  o c c u r s  due t o  t h e  b e g i n n i n g  o f  t h e  d and  f  

o r b i t a l s  w i t h i n  t h e  i o n s .  T h i s  w i l l  i n f l u e n c e  t h e  s i z e  o f  t h e
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i o n i c  r a d i i .  F o r  a s p h e r i c a l  i o n  t h e  s u s c e p t i b i l i t y  may be  

t h e o r e t i c a l l y  f o u n d  f r o m  t h e  L a n g e v i n ' s  e q u a t i o n : -

6 2 I, -10 1
- l o X = _ L L .  £ 7  ^ £ . 8 5 x I0 2 t

^  6 TM.C

w  _<&
Where i s  t h e  mean s q u a r e  r a d i u s  summed o v e r  a l l  t h e  n

o r b i t s  w i t h i n  t h e  a to m  o r  i o n .

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

would n o t  be  e x p e c t e d  t o  be  i n  e x a c t  a g r e e m e n t  w i t h  t h e

e x p e r i m e n t a l  v a l u e s .  I t  i s  e v i d e n t  f r o m  L a g e v in * s  t h e o r y  t h a t  t h e

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

c r y s t a l s  t h e  i n t e r i o n i c  d i s t a n c e s  d e p e n d  on t h e  i o n i c  r a d i i  and

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

must  i n f l u e n c e  t h e  s u s c e p t i b i l i t y .  I f  a n  i n c r e a s e  i n  t h e  p a c k i n g

s i z e  o f  a n  i o n  l e d  t o  i n c r e a s e  i n  C r "  f o r  a n  i o n  i n  t h e  c r y s t a l ,

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

C o n f i r m a t i o n  o f  t h e s e  t y p e s  o f  z i g - z a g  c u r v e s  f r o m  a n o t h e r

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

f o u n d .  The e f f e c t i v e  m o l e c u l a r  vo lum es  o f  t h e  a l k a l i  h a l i d e  s a l t s

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

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

m e a s u r e m e n t s  f r o m  t h e  r e l a t i o n s h i p s  z M . I n  some c a s e  w here
d

t h e  d e n s i t y  was w e l l  e s t a b l i s h e d  i t  was n o t  d e t e r m i n e d  and t h e

m o l e c u l a r  v o lu m es  h e r e  have  b e e n  c a l c u l a t e d  f ro m  d e n s i t y  v a l u e s
( 7 ? )

i n  t h e  h a n d - b o o k .  ’T h e s e  a r e  i n d i c a t e d  by  t h e  i n d e x  (-&) i n  T a b l e  I .  

The e f f e c t i v e  m o l e c u l a r  volumes’o f  t h e  a l k a l i  h a l i d e s ,  i n c l u d i n g  

s u l p h a t . e s ,  a r e  p l o t t e d  s i m i l a r l y  t o  t h e  s u s c e p t i b i l i t y  a g a i n s t
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t h e  num ber  o f  e l e c t r o n s  i n  t h e  m o l e c u l e .  The g r a p h .  F i g u r e  (9 )  

shows a p p r o x i m a t e l y  t h e  same z i g - z a g  c u r v e  a s  t h a t  o f  t h e  

s u s c e p t i b i l i t y  c u r v e s  o f  F i g u r e  ILL- ( a ) and  ( b )  a n d ( fV ) fo r  t h e  

a m m o n iu y ^ p o ta s s iu m ,  z i n c  and  m ag n es iu m  s a l t s  m e a s u r e d ,  b u t  t h e  

e f f e c t  o f  c h a n g e  i n  t h e  c o - o r d i n a t i o n  n um ber  i s  more  o b v i o u s .

The g r a p h  f o r  t h e  ammonium s a l t s  i s  n o t  p a r a l l e l  t o  t h a t  f o r  t h e  

p o t a s s i u m  sa l ts* . .d u e  t o  t h e  d i f f e r e n c e  i n  c o - o r d i n a t i o n  num ber  

o f  t h e  s a l t s .  Ammonium i o d i d e  and  p o t a s s i u m  i o d i d e  have  t h e  

.same c o - o r d i n a t i o n  n u m b e r ,  i . e .  a c o - o r d i n a t i o n ^ o f  s i x .

Ammonium b r o m id e  and  c h l o r i d e  h a v e  a  c o - o r d i n a t i o n  num ber  o f  

e i g h t  a t  romm t e m p e r a t u r e ,  h a v i n g  t h e  b o d y - c e n t r e d  c a e s i u m  

c h l o r i d e  s t r u c t u r e ,  w h i l e  p o t a s s i u m  c h l o r i d e  and i o d i d e  have 

t h e  r o c k  s a l t  s t r u c t u r e ,  w i t h  c o - o r d i n a t i o n  num ber  s i x .  T hese  

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

F i g u r e  (VI. vYhile ammonium i o d i d e  h a s  a h i g h e r  m o l e c u l a r  volume 

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

h a v e  l o w e r  m o l e c u l a r  v o lu m e s  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 i u m  

s a l t s .  T h i s  i s  shown i n  F i g u r e ( ÿ )w h ere  t h e  c u r v e  f o r  t h e  

ammonium s a l t s  shows a  much g r e a t e r  s l o p e  b e tw e e n  t h e  b ro m id e  an d  

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

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

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

be  t h e  c a s e  i f  t h e  c o - o r d i n a t i o n  num b er  was t h e  sam e .  The r a t h e r  

low v a l u e  f o r  t h e  m o l e c u l a r  volume o f  p o t a s s i u m  s u l p h a t e  i s  a l s o  

s i g n i f i c a n t  a s  i s  m e n t i o n e d  l a t e r  o n ,  and  may be  due t o  t h e  

o c c u r a n c e  o f  r e s o n a n c e  i n  t h e  s u l p h a t e  i o n .  The h i g h  v d l u 6  f o r  

t h e  m o l e c u l a r  volume o f  ammonium s u l p h a t e  r e l a t i v e  t o  t h e
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5 2 .

p o t a s s i u m  s u lp h a . t e  i s  n o t  e a s y  t o  e x p l a i n .

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

can  be made f r o m  t h e  p r e s e n t  f i g u r e s .  L a n g e v i n ’ s e q u a t i o n  shows

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

t e rm Z L r  i . e .  t h e  sum o f  t h e  mean s q u a r e  r a d i i  o f  t h e  e l e c t r o n i c

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

known, t h e o r e t i c a l  v a l u e s  o f  t h e  s u s c e p t i b i l i t y  can  be  e a s i l y
( 5 0 )  (5 1 )  (5 2 )  (5 3 )

c a l c u l a t e d .  P a u l i n g  , S t o n e r ,  S l a t e r ,  and  Angus have

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

f o r  a to m s  and  i o n s .  The t h e o r e t i c a l  v a l u e s  o b t a i n e d  by  a l l  t h e s e

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

e x p e r i m e n t a l  v a l u e s .  The t h e o r e t i c a l  and  e x p e r i m e n t a l  value.8  .

a g r e e  more  c l o s e l y  f o r  i o n s  an d  m o l e c u l e s  o f  low a t o m i c  w e i g h t  and

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

f o r  t h e  h e a v i e r  i o n s  and  m o l e c u l e s .  F o r  s i m p l e  m o l e c u l e s ,  i n

w h ic h  p u r e  c o - v a l e n c y  i s  f o u n d ,  a t h e o r e t i c a l  v a l u e  d i f f e r i n g
( 5 4 ) .

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

t h e o r e t i c a l  v a l u e s  a r e  c a l c u l a t e d  f o r  f r e e  a tom s and  i o n s  and  h e n c e

a c e r t a i n  d i f f e r e n c e  b e t w e e n  t h e  o b s e r v e d  and  c a l c u l a t e d v a l u e  i s
(5 6 )

bound t o  e x i s t .  G ray  and  C r u i c k s h a n k  c o n s i d e r ,  t h a t  P a u l i n g * s

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

v a l u e s  i n  t h e  same d i r e c t i o n .  W hile  o t h e r  w o r k e r s  i n c l u d i n g  
( 5 7 )  ( / 3 )  (1 1 )

A n a n ta  Trew and  B e d w e l l ,  S p e n c e r  and  Trew r e f e r  t o
( 5 8 )

S l a t e r ’ s v a l u e s .  Angus h a s  a l r e a d y  p o i n t e d  ou t  t h a t  t h e  

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

t h e m s e l v e s  w i d e l y  d i v e r g e n t ,  and  i t  i s  n o t  p o s s i b l e  t o  s a y  i n  h i s
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o p i n i o n  w h i c h  t h e o r e t i c a l ,  * m e t h o d ,  t h e r e f o r e  g i v e s  t h e  m os t

r e l i a b l e  v a l u e s .  P a u l i n g ’ s v a l u e s  a r e  g r e a t e r  t h a n  t h o s e  o f

S l a t e r  w h ic h  a r e  s l i g h t l y  h i g h e r  t h a n  t h o s e  o f  Angus*

s u a e e p t i b i l i t - i iCK]. The l a t t e r  i n  g e n e r a l  a g r e e  more c l o s e l y  w i t h

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

S l a t e r ’ s f i g u r e s  a r e  more commonly a c c e p t e d  and  u s e d  a s  t h e y

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

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

i n  t h e  ammonium and  p o t a s s i u m  s a l t s  m easu red )  a p e  p l o t t e d  a g a i n s t

t h e  c h a r g e  on t h e  a n i o n  i n  F i g u r e ( E J  • T h i s  g r a p h  shows a  s h a p e

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

o f  t h e  h a l i d e  s a l t s  o f  ammonium, p o t a s s i u m ^ z i n c  and  m ag n es iu m .

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

and F i g u r e s  IE ( a )  a n d  (b )  and  (f]() shows t h a t  t h e r e  i s  a

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

c u r v e s  o b t a i n e d .  F o r  f u r t h e r  c o n f i r m a t i o n  t h e  sum o f  t h e
(5 9 )  ^

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

s a l t s  w e re  p l o t t e d  a g a i n s t  t h e  num ber  o f  e l e c t r o n s  i n  t h e  a n i o n
^  & VjTj

on f i g u r e s  ^ & # - )w h ic h  a g a i n  showi a  s i m i l a r  t y p e  o f  c u r v e .

I t  s h o u ld  b e  n o t e d  t h a t  t h e  p r e s e n t  e x p e r i m e n t a l  m o l a r  

s u s c e p t i b i l i t y  v a l u e s  o f  t h e  m agnes ium  and  z i n c  h a l i d e s  i n  t h e  

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

a l k a l i  m e t a l s .  T h e s e  a r e  a l s o  c o m p a r a b le  w i t h  t h e  i o n i c  r a d i i  

c u r v e s  f o r  t h e  m agnes ium  and z i n c  h a l i d e s  c a l c u l a t e d  s i m i l a r l y  

t o  t h e  p o t a s s i u m  and  ammonium o n e s  f r o m  P a u l i n g ’ s v a l u e s  f o r  t h e  

c r y s t a l  r a d i i .  The s i m i l a r i t y  b e tw e e n  t h e s e  c u r v e s  f o r  t h e  z i n c
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and m a g n e s i m  h a l i d e s  and  t h e  s i m i l a r  p a t t e r n  t h e y  show t o  t h e

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

i n  t h e  c r y s t a l l i n e  s t a t e  t h e  z i n c  and  m agnes ium  i o n s  a r e

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

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

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

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

r e f r a c t i o n s  o f  h a l i d e s  show s i m i l a r  r e l a t i o n s h i p s  t o  e x i s t .
(60  )

V ery  r e c e n t l y  I .  Padowa m e a s u r e d  t h e  m o l a r  r e f r a c t i o n s  o f  a

n um b er  o f  i n o r g a n i c  com pounds .  T hanks  a r e  due  t o  D r .  G.E. S m i t h

and  D r .  I  Padowa f o r  p e r m i s s i o n  t o  u s e  t h e s e  f i g u r e s  f r o m

D r .  Padowa*s P&D. t h e s i s  (London 1 9 5 4 ) .  The m o l a r  r e f r a c t i o n s

f o r  t h e  h a l i d e  s a l t s  a r e  p l o t t e d  on f i g u r e  ® )  w h ic h  shows t h e

c h a r a c t e r i s t i c  z i g - z a g  c u r v e  c o m p a r a b l e  t o  t h a t  o f  t h e

e x p e r i m e n t a l  and  t h e o r e t i c a l  m o l a r  s u s c e p t i b i l i t y  c u r v e s . Thus

t h i s  w o rk  o f  D r .  Padowa s e r v e s  a s  a n  a d d i t i o n a l  c o n f i r m a t i o n

o f  t h e  t y p e  o f  c u r v e  o t a i n e d  i n  t h e  p r e s e n t  m e a s u r e m e n t s .
(1 4 )

P r a s a d  and c o - w o r k e r s  have  o b t a i n e d  v e r y  d i f f e r e n t  

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

s a l t s  o f  t h e  a l k a l i s ,  o f  ammonium a n d  o f  t h e  a l k a l i n e  e a r t h s  t o  

t h o s e  o b t a i n e d  by  o t h e r  w o r k e r s .  ( A l l  r e f e r e n c e s  t o  t h e i r  work  

a r e  m ark e d  o r  i n  T a b l e  I ) .  The d i a m a g n e t i c  s u s c e p t i b i l i t y
(hi

of^ammonium i o n  ha s  b e e n  i n v e s t i g a t e d  by  Mata  P r a s a d ,  G.R. K a n e k a r ,
( 14 )

D.D. K h o d l k a r  and  M.G. D a t t a r ,  w h i l e  Mata P r a s a d ,  8 . 8 .  D h a r m a t t i
( 1 5 )

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

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

w h e re^ aa  t h e  z i g - z a g  p l o t  would  be e x p e c t e d  on t h e o r e t i c a l  g r o u n d s  

as  i n d i c a t e d  b y  t h e  r e s e m b l a n c e  b e tv /ee n  t h e  i o n i c  r a d i i ,  m o l a r  

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

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

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

f rom  t h a t  g i v e n  b y  t h e  p r e s e n t  f i g u r e s  and  t h o s e  o f  o t h e r  w o r k e r 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  i n  many c a s e s  t h e  v a l u e s  o f  

P r a s a d  and  h i s  c o - w o r k e r s  a r e  l o w e r  t h a n  t h e  p r e s e n t  o n e s .

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

work i s  n o t  o n l y  b o r n e  o u t  by  t h e  t h e o r e t i c a l  s u s c e p t i b i l i t y  

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

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

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

h a l i d e 5, s u l p h a t e s  and  n i t r a t e s  o f  m agnes ium  and  z i n c  f o l l o w  

a s i m i l a r  c h a r a c t e r i s t i c  g r a p h i c a l  p a t t e r n  a s  had  b e e n  e s t a b l i s h e d  

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

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

r e l a t i v e l y  f r e e  i o n s .  M o d i f i c a t i o n s  due  t o  t h e  e f f e c t  o f  t h e  

a d j a c e n t  i o n s  c a n  be  d e t e c t e d  a s  t h e  c u r v e s  a r e  n o t  q u i t e  p a r a l l e l ,  

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

t o  f r e e  i o n s .

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

i s  i n t e r e s t i n g  a s  i t  i s  fo u n d  i n  a l l  n i t r a t e s .  I t  may be  a t t r i b u t e d
(5 9 )

to  t h e  s h o r t e n i n g  o f  t h e  bond  when t h e  i o n  r e s o n a t e s .  P a u l i n g  

g iv e s  t h e  v a r i o u s  r e s o n a n c e  s t r u c t u r e s  f o r  t h e  n i t r a t e  i o n .
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Of t h e s e  a ,  b and  c would  have  t h e  same s u s c e p t i b i l i t y  and  d a 

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

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

c a r b o n a t e  i o n s .  T h i s  low v a l u e  f o r  t h e  s u l p h a t e  and  c a r b o n a t e  i o n  

may be  e x p l a i n e d  a s  due  t o  t h e  bond  s h o r t e n i n g  phenomenon i n
t k c

t h e  v a r i o u s  r e s o n a n a e ; s t r u c t u r e s  o f ^ s u l p h a t e  and  c a r b o n a t e  i o n s .

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

t h e s e  b o n d s  i s  due  t o  t h e  f a c t  t h a t  t h e  i o n s  r e s o n a t e  among 

a num b er  o f  s t r u c t u r e s  i n v o l v i n g  d o u b l e  b o n d s  f o r  exam ple
o "
I

0-— ^ = 0  " . A l o w e r  e x p e r i m e n t a l  s u s c e p t i b i l i t y ^ ,  f b r

0
n i t r a t e s , s u l p h a t e s  and  c a r b o n a t e s  t h a n  m ig h t  be  e x p e c t e d  f r o m  

a s i m p l e  f o r m u l a  w i t h  no  r e s o n a n c e  was f o u n d  f ro m  t h e  r e s u l t s  of  

t h e  p r e s e n t  w ork  a s  i s  shovm i n  f i g u r e s  [il ( a )  and  (b )  and  OY), 

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

f a l l  b e lo w  t h e  p o s i t i o n s  w h ic h  m ig h t  be  e x p e c t e d  f r o m  t h e  v a l u e  

o f  t h e  t o t a l  e l e c t r o n i c  c h a r g e  o f  t h e  s a l t s . y^As a l r e a d y  n o t e d  

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

same s a l t s  i n  t h e  s o l i i  s t a t e .  I t  was t h o u g h t  t h a t  t h e r e  m ig h t  

be  some r e g u l a r i t i e s  i n  t h e s e  c h a n g e s  i n  s u s c e p t i b i l i t y  on 

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

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

i n  s o l u t i o n  was c a l c u l a t e d .  T h e s e  v a l u e s  a r e  i n  T a b l e  I I  i n
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w h i c h  colijinn f i v e  shows t h e  p e r c e n t a g e  d i f f e r e n c e s  e x p r e s s e d  a s  

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

compounds a r e  a r r a n g e d  a s  a g r o u p  and  so a r e  t h e  s u l p h a t e s  and  

n i t r a t e s .  A c e r t a i n  g e n e r a l  t r e n d  can  be  n o t e d  among t h e s e  

p e r c e n t a g e s .  The p e r c e n t a g e  d i f f e r e n c e s  b e tw e e n  t h e
iyu

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

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

a r e  o f  t h e  same o r d e r .  I n  t h e  c a s e  o f  m agnes ium  s a l t s  t h e  

d i f f e r e n c e s  a r e  s m a l l e r ,  i . e .  f o r  t h e  c h l o r i d e ,  b r o m id e  and 

i o d i d e  t h e y  a r e  o f  t h e  o r d e r  o f  1%» I n  t h e  z i n c  h a l i d e s  t h e  

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

t h e  v a l u e  i s  much l a r g e r  t h a n  f o r  m a g n e s iu m .  T h i s  can  be 

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

i s  a d i v a l e n t  u n h y d r a t e d  i o n  and  h e n c e  w i l l  more r e a d i l y  

u n d e r g o  d e f o r m a t i o n  e f f e c t s  t h a n  t h e  m agnes ium  io n  w h ic h  i s  

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

s h e a t h .  A l l  n i t r a t e s  show g r e a t e r  p e r c e n t a g e  d i f f e r e n c e s  

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

T h i s  may be  due  t o  t h e  n i t r a t e  i o n ,  w h ic h  i s  known t o  be 

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

a l s o  a p p e a r s  t o  be  shown i n  t h e  bond  l e n g t h s  f o r  t h e  n i t r a t e  

i o n .  P a u l i n g ’s c a l c u l a t e d  bond l e n g t h  f o r  t h i s  i o n  , e v e n  

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

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

( W e l l s  p .  4 0 9 ) .  T a b l e  I I  seems t h e r e f o r e  t o  show t h e  

f o l l o w i n g  r e g u l a r i t i e s  : -



Table I I

D if fe r e n c e s  of Molar S u s o e p t ib i l i t l e s  o f  s a l t s  in  th e  s o l i d  s t a t e  and in  s o lu t io n .

S a lt C om position  
g/lOO g o f s jo lr

Molar îÆass S u s c e p t ib i l i t y  
- 10° .  XM

P ercentage
D ifferen ce

s o l id s o lu t io n

NH^Gl 24.74 36 .73 38.47 4.7

KCl 22 .4 5 38.89 40 .94 5 .2

ZnClg 2 9 .3 1 3^.72 6 4 .6 i 6;g

MgClg.6HgO 1 7 .73 128.56 130.47 1.48

NH^Br 4 1 .7 6 46 .96 4 9 .1 8 4.7

KBr 24.68 49.84 5 2 .0 9 4 .5

 ̂ ZnBi^ 25.03 7 8 .9 6 88.10 1 1 .5

MgBr^ÔHgO 6 5 .62 1 5 0 .6 5 152 .14 .99

NH4I 24 . 6b 6 4 .0 7 6 6 .3 9 3 .6

KX 14.31 6 5 .8 4 68.40 3 .8

Znig 20 .2 3 108 .72 112.65 3 .6

MglgBHgO 1 6 .9 6 213.37 2 1 5 .3 6 .93

Cdig 2 9 .9 6 112 .58 1 3 8 .7 7 23 .2



S a lt C om position  
g/100  g o f so l2 -

Molar Mass S u s c e p t ib i l i t y
-106 .Z&Î

Percentage
D ifference

s o l id s o lu t i  on

NĤ NÔ 18.20 3 2 .6 0 38.75 18.8

KNO;̂ 15 .62 32.83 3 6 .7 4 11.9

NaNO^ 2 3 .0 4 25 .33 2 7 .61 9 .0

' AgNO, 2 5 .0 9 46 .4 9 53.41 14.6

Mg(N0 , ) g 6H20 1 2 .5 0 120 .67 12 5 .3 6 $ .9

2n(NO^)g4HgO 29 .6 1 103.23 114.21

3 7 .5 7 6 7 .0 6 6 7 .7 0 .99

KgSO^ 8 .645 6 7 .4 7 70 .5 0 4 .5

MgSO  ̂ THgO 28.44 13 4 .9 5 159 .41 3.3

ZnSO^. THgO 4 6 .9 0 136 .39 143.63 9 .3

Alg(SO^) ISHgO 3^ .29 3 37 .33 34 4 .1 9 2 .0

 ̂ The v a lu e s  in  s o lu t io n  f o r  th e  z in c  h a l id e s  were taken from  th e  measurements in  the la s t  

s e c t io n  of th e  t h e s i s .  A 20$  or 29^ c œ p o s i t io n  was s e le c t e d  a s  b e in g  comparable with the

co n cen tra t io n s  fo r  th e  a lk a l i  s a l t s .
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( 1 ) ,  The p e r c e n t a g e  d i f f e r e n c e s  on s o l u t i o n  f o r  t h e  c o r r e s p o n d i n g  

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

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

a n d  i o d i d e ) .  T h i s  w o u ld  i n d i c a t e  a  s i m i l a r  c h a n g e  i n  t h e  

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

on s o l u t i o n .

( 2 )  The p e r c e n t a g e  d i f f e r e n c e  on s o l u t i o n  f o r  a l l  t h e  

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

t h e  a l k a l i  s a l t s .  T h i s  may b e  a s c r i b e d  t o  t h e  l y d r a t e d  s t a t e  

o f  t h e  m a g n e s iu m  i o n .

( 5 )  The p e r c e n t a g e  d i f f e r e n c e  on s o l u t i o n  f o r  z i n c  s a l t s  t e n d  t o

b e  h i g h e r  t h a n  f o r  t h e  a l k a l i  s a l t s  m e a s u r e d .  T h i s  i s

e s p e c i a l l y  ao  f o r  t h e  z i n o  s a l t s . , i n  w h i c h  t h e  z i n c  i o n  i s  

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

The d i f f e r e n c e  i n  t h e  c a s e  o f  t h e  s u l p h a t e , i n ' w h i c h  t h e  h e x a -

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

( 4 )  A l l  n i t r a t e s  show c o n s i d e r a b l y  g r e a t e r  p e r c e n t a g e  d i f f e r e n c e s  

on s o l u t i o n  t o  t h a t  shown b y  t h e  o t h e r  s a l t s .  T h i s  may b e  d u e  

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

n i t r a t e  i o n  i n  t h e  d i s s o l v e d  s t a t e  t o  t h a t  i n  t h e  s o l i d  s t a t e .
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( 4 )  A d d i t i v i t y  r e l a t i o n s h i p s  o f  d o u b l e  

s a l t s  i n  t h e  c r y s t a l l i n e  s t a t e  and  i n  s o l u t i o n

A n ^ o t h e r  aspec^ t  o f  t h e  p r e s e n t  Work was t o  t e s t  t h e  

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

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

F o r  t h i s  p u r p o s e  a  s e r i e s  o f  m e a s u r e m e n t s  h a s  b e e n  made on sDme 

d o u b l e  s a l t s  o f  p o t a s s i u m  a n d  ammonium w i t h  m a g n e s iu m  and  z i n c ,  

m e a s u r e m e n t s  b e i n g  made i n  t h e  s o l i d  s t a t e  and  i n  s o l u t i o n .

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

T a b l e  I I I .  I n  c o lu m n  two t h e  v a l u e s  f o r  t h e  m o l a r  m a g n e t i c  

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

g i v e s  t h e  m o l a r  s u s c e p t i b i l i t y  o f  t h e  p o l y - v a l e n t  co m po n en t  o f  

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

f i f t h  c o lu m n s  r e s p e c t i v e l y ,  i; ....' ( a s simièij^ s t r i c t  a d d i t i v i t y )  the 

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

s u s c e p t i b i l i t y  o f  t h e  d o u b l e  s a l t s  a r e  g i v e n , f o r  e x a m p l e : -
•f;

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

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

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

m ag n e s iu m  c h l o r i d e  h e x a - h y d r a t e  a s  g i v e n  i n  T a b l e  I .  The v a l u e s  

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

c o lu m n s  ( 2 )  a n d  ( 3 )  o f  T a b l e  I I I ,  and  a d d e d  g i v e  t h e  v a l u e  i n  . 

co lum n ( 4 ) .  Where  n e c e s s a r y ^ a s  i n  t h e  c a s e  o f  m ag n e s iu m  

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

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

o f  w a t e r  r e s p e c t i v e l y  w e re  s u b t r a c t e d  f r o m  t h e  v a l u e s  o b t a i n e d .
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5 9 .

<-♦*' 'Ta-'(ré!e,

i n  T a b l e  I  t o  g e t  t h e  f i g u r e s ^ I I I ,  co lu m n  3 ( i . e .  ^12*96 u n i t s  o f

s u s c e p t i b i l i t y  p e r  m o le  o f  w a t e r ) .  The l a s t  co lu m n  g i v e s  t h e

d i f f e r e n c e  A  X r  r  ^  " I n  T a b l e  IV s i m i l a r
 ̂ CAprt c a l c .

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

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

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

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

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

C o n s i d e r i n g  f i r s t  T a b l e  IV ,  t h e  v a l u e s  o f  t h e  m o l a r  

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

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

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

The maximum d i f f e r e n c e  i s  a b o u t  ore p e r c e n t  i n  t h e  c a s e  o f  

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

z i n c  ammonium s u l p h a t e .  T h i s  d e v i a t i o n  may b e  d u e  t o  t h e
V

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

s u s c e p t i b i l i t y  o f ^ s a l t  i n  s o l u t i o n  v a r y i n g  w i t h  t h e  c o n c e n t r a t i o n .

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

m e a s u r e m e n t s  f o r  w h i c h  a r e  g i v e n  i n  t h e  A p p e n d i x ,  b u t  n o t

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

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

( T a b l e  I I I )  a r e  r a t h e r  l a r g e r  t h a n  i n  t h e  d i s s o l v e d  s t a t e .  S i n c e

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

a s  g i v e n  i n  s e c t i o n  ( 5 )  d u r i n g  t h e  d i s c u s s i o n  o f  s i n g l e  s a l t s ,

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

p o l a r  compounds  c o n s i s t i n g  o f  tw o  u n i - n u c l e a r  s p h e r i c a l l y  

s y m m e t r i c a l  i o n s  s u c h  a s  wa  a n d  C l ,  i t  c a n n o t  s t r i c t l y  a p p l y
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6 0 .

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

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

w i l l  m o d i f y  i t s  s u s c e p t i b i l i t y .  An i n c r e a s e  i n  c o - o r d i n a t i o n  

w i l l  d e c r e a s e  t h e  s u s c e p t i b i l i t y  a n d  v i c e  v e r s a .  I n  - h y d r a t e d  

compounds t h e  c o - o r d i n a t i o n  o f  w a t e r  may a f f e c t  t h e  a n i o n  o r  

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

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

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

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

i n d i v i d u a l  i o n i c  s u s c e p t i b i l i t y  w i l l  be  a f f e c t e d ,  s i n c e ,

i t  d e p e n d s  on t h e  i o n i c  r a d i u s .  T h e r e f o r e  a  c e r t a i n

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

l i k e l y  t o  e x i s t .  A c o m p a r i s o n  o f  t h e  s u s c e p t i b i l i t y  w i t h  t h e

s i z e  o f  t h e  i o n s  i n  t h e  c r y s t a l l i n e  s a l t  a s  g i v e n  b y  t h e

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

a c o m p a r i s o n  a r e  t a b u l a t e d  i n  T a b l e s  (VIA V I I ) .  Prom t h e

m e a s u r e d ,  o r  k n o w n , d e n s  i t i e s , o f  t h e  s a l t s ' t h e  m o l a r  v o lu m e s

i n  T a b l e  I  w e r e  o b t a i n e d .  Thus  f o r  t h e  c r y s t a l l i n e  d o u b l e

s a l t s ,  c a l c u l a t e d  v a l u e s  f o r  t h e  m o l a r  v o lu m e s  w ere
d4

d e r i v e d  i n  e x a c t l y  t h e  same way a s  j u s t  d e s c r i b e d  f o r  t h e  

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

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

t a b u l a t e d  i n  T a b l e  VI w h i c h  shows t h e  e x p e r i m e n t a l  and  

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

s u s c e p t i b i l i t y  and  t h e  m o l a r  v o lu m e s  o f  t h e  s a l t s  m e a s u r e d .

I n  c o m p a r i n g  t h e  m o l a r  s u s c e p t i b i l i t y  o f  t h e  d o u b l e  s a l t s
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6 1 .

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

c o n t a i n i n g  t h e  ammonium i o n  t h e  e x p e r i m e n t a l  m o l a r  vo lum e  a n d  m o l a r  

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

t h e  c a l c u l a t e d  i n  t h e  same d i r e c t i o n .  The i n c r e a s e  i n  t h e  s i z e  

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

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

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

c a s e  o f  m a g n e s iu m  ammonium b r o m id e  w h e re  t h e  d i f f e r e n c e  i n  t h e  

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

m o l a r  v o l u m e .  I t  was e x p e c t e d  t h a t  a  s i m i l a r  d i f f e r e n c e  would  show 

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

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

shown i n  t h e  m o l a r  v o lu m e s  o f  t h e  c h l o r i d e  and  b r o m i d e  t h a n  

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

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

m ag nes ium  ammonium b r o m i d e  i s  u n e x p e c t e d .  The e x p e r i m e n t a l  v a l u e  

seems t o  b e  low a s  t h e r e  i s  no  c o r r e l a t i o n  w i t h  t h e  d i f f e r e n c e s  

i n  m o l a r  v o l u m e s .

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

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

once  a g a i n  b o t h  p r o p e r t i e s  c h a n g e  i n  t h e  ^same d i r e c t i o n .  I t  may 

be t h a t  s m a l l  e r r o r s  o f  i n d i v i d u a l  e x p e r i m e n t a l  v a l u e s  h a v e  a d d e d
dnTLcL d(L

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

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

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

m agnes ium  p o t a s s i u m  c h l o r i d e ,  b r o m i d e  and  i o d i d e  i n  t h e  s o l i d
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s t a t e s  and  i n  t h e  s o l u t i o n  i . e .  t h e  v a l u e s  i n  T a b l e  V i n d i c a t e s  

t h a t  t h e  e x p e r i m e n t a l  v a l u e  f o r  m agnes ium  p o t a s s i u m  b ro m id e  may 

be  3 -  4 u n i t s  lo w .

T a b l e  V

S a l t s s o l i d e
-XMxlO

d i f f e r 
en c e  

-  XMxlO^

s o l u 
t i o n

-XMxlO^

d i f f e r 
e n ce  

-  iCMxloG

r e m a r k

Magnesium C h l o r i d e  
h e x a - h y d r a t e

Magnesium b r o m id e  
h e x a - h y d r a t e

128*6

150*6
2 2 . 0

130*5

1 5 2 . 1
2 1 . 6

t h e  
d i f f e r e n c e  

i s  n o r m a l

P o t a s s i u m  c h l o r i d e  

P o t a s s i u m  b ro m id e

3 8 . 9

49*8
1 0 . 9

4 0 . 9 4

5 2 . 9
1 1 .2

fehe 
d i f f e r e n c e  

i s  n o r m a l

Magnesium P o ta s s iu i i  
c h l o r i d e  & ŵ o.

Magnesium P o t a s s i u i i  
Bromide  6

1 1 6 6 .9

1 1 9 4 .1

.........

2 7 . 2

1 7 2 . 7

203*7
3 1 . 0

d i f f e r e n c e  
seems 3 - 4  
u n i t s  low
ôV S ohoC

(1

(2

T h i s  i s  h o w e v e r ' s t i l l  n o t  s u f f i c i e n t  t o  e x p l a i n  why i n  t h e  c a s e

o f  t h i s  s a l t  and  t h e  c h l o r i d e  t h e  m o l a r  vo lum e shows a  g r e a t e r

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

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

i o n s  may be  i n f l u e n c i n g  t h e  s u s c e p t i b i l i t y  in  t h e s e  c a s e s .

A n o t h e r  i n t e r e s t i n g  p o i n t  w h ic h  can  be c o n s i d e r e d  f ro m  t h e

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

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

i t s  s a l t s .

F o r  e a s y  c o m p a r i s o n  T a b le  V I I  g i v e s  t h e  m o l a r  s u s c e p t i b i l i t i e s  

and  m o l a r  v o lu m es  o f  t h e  s i n g l e  and  d o u b l e  s a l t s  o f  ammonium
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and p o t a s s i u m  w h ic h  have  b e e n  a r r a n g e d  i n  p a i r s ,  w i t h  t h e  d i f f e r e n c e s  

in  t h e  two p r o p e r t i e s  fo u n d  on p a s s i n g  f ro m  t h e  p o t a s s i u m  t o  t h e

ammonium s a l t .  The f i g u r e s  i n  t h e  t a b l e  show t h a t  i n  t h e  c a s e  o f

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

s a l t  i s  a lw a y s  l a r g e r  t h a n  t h a t  o f  t h e  p o t a s s i u m  d o u b l e  s a i t ^ .  T h i s  

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

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

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

f o l l o w i n g  f i g u r e s .  .
NH4  k"-

P a u l i n g  c r y s t a l  r a d i i  C: 1*48 1«33

- lO^X c a l c u l a t e d  s u s c e p t i b i l i t y  z  15*0 14*4
ion, ( S l a t e r )

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

and t h e  c h a n g e  i n  c o - o r d i n a t i o n  num ber  i n  t h e  d i f f e r e n t  c r y s t a l s  

seems i m p o r t a n t  h e r e .  The c o - o r d i n a t i o n  num ber  i n  ammonium 

c h p r i d e  and  b ro m id e  a t  room t e m p e r a t u r e  i s  8 , (C3 I  s t r u c t u r e )  w h i l e  

f o r  a l l  t h e  o t h e r  h a l i d e s  i t  i s  6 . ( r o c k  s a l t  s t r u c t u r e ) .  The 

change f ro m  6  t o  8 -  f o l d  c o - o r d i n a t i o n  i s  s u f f i c i e n t  t o  b r i n g  t h e  

m o la r  volume i n  t h e  c a s e  o f  ammonium c h l o r i d e  and  b ro m id e  b e lo w  

th e  p o t a s s i u m  v a l u e  a s  shown i n  t a b l e  V I I .  T h i s  i s  a l s o  shown a s  

n o te d  e a r l i e r  on t h e  g r a p h  f i g u r e  5 ,  w h e r e a s  i n  t h e  i o d i d e s ,  i n  

which nb c h an g e  i n  c o - o r d i n a t i o n  num ber  o c c u r s , t h e  ammonium s a l t  

has t h e  l a r g e r  m o l a r  volume'.  I n  t h e  c a s e  o f  t h e  s u s c e p t i b i l i t y  

th e  c h l o r i d e  and  b ro m id e  show a s i m i l a r  e f f e c t  t o  t h a t  o f  t h e  

inolar v o lu m e .  The l o w e r  v a l u e s  o f  t h e  s u s c e p t i b i l i t y  f o r  t h e
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Comparison of Molar Volumes and m olar s u s c e p t i b i l i t i e s  of potassium  and 

anmonium s a l t s  and Double s a l t s .

S in g le S u s c e p t ib i l i t y Molar Volume 
E xperim ental

Double S u s c e p t ib i l i t y Molar Volume 
Experimental

-1 0 ° ^K-NH^ s a l t -10° .%M K-NH^ VM K-NH,4

NH^Gl

+ 2 .1 6

3 4 ^

+ 2 .5

M geipN H .ei. 
GHgO  ̂ _

168 .6

—1 .7
175 .9

"9.9
KCl 38 ^ 9 97.4 MgCl^KCl.

6H^0
1 6 6 .9 172.0

NH^Br 4 7 .0

+2.8
40.6

+ 9 .7

MgBr^NH.Br.
6HgO^

1 9 8 .5

- 4.4
196.1

-9 .9

KBr 4 9 .8 44^3 MgBr„.KBr.
6HgO^

194 .1 192.6

6 4 .1 5 8 .0 Mgl^HH.I.
6Hg5

2 5 2 # 226.6

+ 1 .7 - 9 .9 -0 .6 -8 .3

KI 6 5 .8 5 4 .7 MglpKI. 
6H2 0

2 5 1 .8 218.3

i (NH4 ) 2S0^ 6 7 .0 6

+0.41

74.4

- 8 .6

MgSO^(NH^)g 

SO  ̂ 6HgO

1 9 4 .0

-1 2 .1

212.1

- 24.1

6 7 .4 7 6 5 .8 MgSO^KgSO^

6HpO

181.9 188.0

MgSO^.VHgO 1 3 4 .9
j + 1 .9

146.2
- 0 .9

ZnSOi(HH,)g
SO4.6H2O

194.9
+ 0 .6

211.5
-19 .9

ZnSO^-7HgO 1 3 6 .4 ' 1 4 5 .9 ZnS0*K_S04
6H2O

1 9 4 .9 197.6 ■
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ammonium s a l t  may t h e r e f o r e  be  a t t r i b u t e d  t o  t h e  c h an g e  i n  t h e  

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

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

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

t h e  p o t a s s i u m  s a l t  v a l u e .

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

t h e  i o d i d e  i t  c a n  be  s a i d  s o m e j v h a t  e m p i r i c a l l y  t h a t  some a d d i t i o n a l  

f a c t o r s  o t h e r  t h a n  t h e  m o l a r  vo lum e m ust  be  a c t i n g  h e r e ,  p o s s i b l y  

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

ammonium and  p o t a s s i u m  i o n s .  I n  ammonium and p o t a s s i u m  s u l p h a t e s  

t h e  same p r o b l e m  a r i s e s .

The m o l a r  vo lume o f  p o t a s s i u m  s u l p h a t e  i s  l e s s  t h a n  t h a t  o f  

ammonium s u l p h a t e  a s  m ig h t  be  e x p e c t e d ,  b u t  t h e  s u s c e p t i b i l i t y  i s  

s l i g h t l y  h i g h e r ,  a l t h o u g h  o n l y  by  a s m a l l  a m o u n t .

I n  t h e  c a s e  o f  t h e  h e p t a - h y d r a t e d  z i n c  and  m agnes ium  

s u l p h a t e s  ( s i n g l e  s a l t s )  i t  i s  n o t  c l e a r  why t h e  z i n c  s a l t  b a s  

a s m a l l e r  m o l a r  volume t h a n  t h e  m agnes ium  s a l t . *  I t  has  a  l a r g e r  

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

two i o n s  m ag n es iu m  and  z i n c  i n  t h e  p e r i o d i c  s y s t e m .

The m ag nes iu m  d o u b l e  s u l p h a t e s  show a n o r m a l  r e l a t i o n s h i p  

b e tw ee n  t h e  m o l a r  vo lum e a n d  s u s c e p t i b i l i t y ,  t h e  v a l u e s  f o r  b o t h  

p r o p e r t i e s  b è i n g  h i g h e r  f o r  t h e  ammonium s a l t  t h a n  f o r  t h e  

p o t a s s i u m  a s  i n  t h e  h a l i d e  d o u b l e  s a l t s .  Once a g a i n ,  t h e  z i n c  

d o u b le  s u l p h a t e s  seem  a n o m a l o u s .  Z in c  p o t a s s i u m  s u l p h a t e  h as  

a s l i g h t l y  h i g h e r  s u s c e p t i b i l i t y  t h a n  t h e  z i n c  ammonium s a l t .

This  d i f f e r e n c e  i s  v e r y  s l i g h t  a n d  may b e  due  t o  t h e  a c c u m u l a t i v e  

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

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

( U n i v a l e n t  s a l t s  w i t h  v a l u e s  a t  d i f f e r e n t  c o n c e n t r a t i o n s  

s h o w in g  l i n e a r  r e l a t i o n s h i p s )

I n  t h e  p r e v i o u s  s e c t i o n s  i t  h a s  b e e n  shown t h a t  

i n  s o l u t i o n  t h e  more p o l a r  s a l t s  s t u d i e d  show v a l u e s  

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

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

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

s u r r o u n d i n g  t h e  i o n s .  I n  a few c a s e s ,  h o w e v e r ,  t h e  

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

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

S i m i l a r l y  when c o n s i d e r i n g  t h e  a d d i t i v i t y  r e l a t i o n s  o f
:

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

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

a l m o s t  e x a c t l y  t h e  sum o f  t h e  s i n g l e  s a l t s ,  i n  t h e  c a s e

o f  z i n c  ammonium c h l o r i d e  and  t h e  a lum s a n d  t o  a l e s s

e x t e n t  i n  m agnes ium  ammonium c h l o r i d e  a n d  m agnesium  

p o t a s s i u m  c h l o r i d e  and  z i n c  ammonium s u l p h a t e  r a t h e r  

l a r g e r  d e p a r t u r e s  f r o m  a d d i t i v i t y  w e re  f o u n d .  I t  was 

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

m ark e d  v a r i a t i o n  o f  t h e  s u s c e p t i b i l i t y  o f  s a l t s  i n
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s o l u t i o n  w i t h  c h an ge  i n  c o n c e n t r a t i o n  c o u l d  be  d e t e c t e d .

Even s m a l l  v a r i a t i o n s  m ig h t  e x p l a i n  t h e  f a c t  t h a t  i n  T a b l e

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

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

v a l u e s  f o r  t h e  s i n g l e  s a l t s  f ro m  v /h ich  t h e y  a r e  f o r m e d .

I n  a d d i t i o n ,  i n  t h e  c a s e ,  f o r  e x a m p le ,  o f  z i n c  and  cadmium

s a l t s  more m ark ed  v a r i a t i o n  o f  m o l a r  s u s c e p t i b i l i t y  w i t h

c o n c e n t r a t i o n  m ig h t  be  e x p e c t e d  owing  t o  t h e  p o s s i b i l i t y

o f  t h e  e x i s t e n c e  o f  c o m p lex  i o n s  i n  s o l u t i o n s  c o n t a i n i n g

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

w i t h  t h e  s o l v e n t ,  w h ic h  i s  l i k e l y  t o  be  more m ark e d  f o r

d i v a l e n t  i o n s .

The a d d i t i v e  l aw  h a s  o f t e n  b e e n  u s e d  i n  c a l c u l a t i n g

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

o f  t h e  s o l u t i o n  and  t h e  s o l v e n t ,  b u t  v e r y  few  w o r k e r s  have

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

c o n t a i n i n g  d i a m a g n e t i c  i o n s .  The s y s t e m a t i c  i n v e s t i g a t i o n ^

o f  d i a m a g n e t i c  compounds i n  s o l u t i o n  h a s  b e e n  u n d e r t a k e n
( 7 0 )

by  t h e  f o l l o w i n g  i n v e s t i g a t o r s .  R e i c h e n e d e r  i n v e s t i g a t e d
(7 1 )

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

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

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

c o n c e n t r a t i o n  and  f p u n d  d e p a r t u r e s  f ro m  l i n e a r i t y  i n  t h e
(7 2 )

c u r v e s .  V a r a d a c h a r i  h a s  a l s o  m e a s u r e d  s u l p h u r i c  a c i d
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( 7 3 )
s o l u t i o n s .  Ranganadham  a n d  Q u r e s h i  h a v e  m e a su re d  t h e

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

a d e p a r t u r e  f r o m  l i n e a r i t y  i n  t h e  c u r v e s  o f  n i t r i c  a c i d
( 7 4 )

c o r r e s p o n d i n g  t o  f o u r  h y d r a t e s .  B l a i r  an d  S c o t t

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

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

c o n c e n t r a t i o n  i n  l i t h i u m  c h l o r i d e  s o l u t i o n s  t o  be  noix-

u n i f ü r m  o v e r  t h e  e n t i r e  r a n g e .  On t h e  o t h e r  hand  t h e y

c o n s i d e r e d  t h e  v a r i a t i o n  o f  h y d r o c h l o r i c  a c i d  t o  be
( 7 5 )

q u i t e  n o r m a l .  I k e n m e y e r  i s  t h e  o t h e r  i n v e s t i g a t o r  who

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

v a r i a t i o n  t o  be q u i t e  n o r m a l .  Very  r e c e n t l y  N a y a r ,
(7 6 )

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

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

a n d  l e a d  n i t r a t e .  P r a s a d ,  D h a r m a t t i ,  K a n e k a r  and  
( 1 4 )

B i r a ] 7(dar  h a v e  a l s o  m e a s u r e d  t h e  s u s c e p t i b i l i t y  o f  some 

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

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

C o n c l u s i o n s  o f  t h e  v a r i o u s  i n v e s t i g a t o r s  seem t h e r e f o r e  

t o  be  a t  v a r i a n c e  e v e n  a s  r e g a r d s  one s u b s t a n c e .

T h i s  s e c t i o n  o f  t h e  p r e s e n t  work  was c a r r i e d  o u t  

m a i n l y  t o  s e e  w h e t h e r  t h e  s u s c e p t i b i l i t y  shows any  c h a n g e  

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

w o rk  i t  was n e c e s s a r y  t o  i n c l u d e  m e a s u r e m e n t s  on s i n g l e  

s a l t s  a s  w e l l  a s  c o m p lex  s a l t s  t o  o b t a i n  c o m p a r a t i v e  

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

A s e r i e s  o f  measiiremonts on t h e  s o l u t i o n s  o f  s i m p l e  

s a l t s  i . e .  p o t a s s i u m  c h l o r i d e ,  ammonium c h l o r i d e  and  

p o t a s s i u m  i o d i d e  w ere  made a t  d i f f e r e n t  c o n c e n t r a t i o n s ,  

a s  w e l l  a s  on t h e  a c i d s ,  h y d r o - c h l o r i c  a c i d ,  h y d r o b r o m ic  

a c i d ,  h y d r i o d i c  a c i d  a n d  a c e t i c  a c i d .  T h e s e  a c i d s  w ere  

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

h y d r o l y s i s  o f  z i n c  s a l t s  i n  c e r t a i n  c a s e s .

The r e s u l t s  a r e  t a b u l a t e d  i n  t h e  T a b l e s  V I I I  t o  

XIV. T h e s e  show t h a t  f o r  ammonium c h l o r i d e  and h y d r o g e n  

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

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

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

e x p e r i m e n t a l  e r r o r .  The h y d r o g e n  b r o m id e  s o l u t i o n s  show, on 

t a k i n g  a n  a v e r a g e  o f  t h e  f i g u r e s ,  an  a l m o s t  c o n s t a n t  

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

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

T h e r e  would  be  a d e f i n i t e  f a l l  i f  i t  w e re  n o t  f o r  t h e  h i g h  

r e s u l t  o b t a i n e d  in  one s e t  o f  m e a s u r e m e n t s .

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

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

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



Table VIII

S u s c e p t ib i l i t i e s  of hydriodic acid so lu t io n s

H I
g/100  ml. 
S olu tion

H I
g/lOOg. 
of so lu tio n

Mean - 10^.X 
so lu t io n

- 10 .̂%
HX.

-lO^KM HI

12.15 11.17 .68540 .4105 52.48

6 . 5.85 .70184 .4086 52.56

1.215 1.205 .71620 .4047 51.78

0.606^ 0.604 .71810 .4055 51.87

0.5052 0.305 .7191 .4200 53.71

0.1215 0.121 .7194 Too d ilu te  to  be accurate
............  .............  1

Preparation of so lu tio n

A stock  so lu tio n  o f approxinately ^1$ HI was used. From a

gravim etric determ ination, as s i lv e r  iod id e , the concentration  of

HI in  th is  a c id  was found to be ^4 . 4^ g /l00g of so lu t io n . A small

trace of fr e e  iod ine was p resen t, but was considered n e g lig ib le .

The o r ig in a l acid was then d ilu ted  to  give the stron gest so lu t io n

above. From gravim etric measurements the weight of HI in  the f i r s t

so lu tio n  measured = 12. 1)g /100  m l. The subsequent so lu tio n s  were

made by d ilu t io n  in  th is  case and in  the case of the other s o lu t io n s

stu d ied  in  the subsequent s e c t io n s . In most of the fo llow ing expert-

ne nts two and sometimes more com pletely d iffe r e n t  s e ts  of so lu t io n s

were made up and measured. Good agreement was found in  most cases

fo r  the measurements on so lu tio n s  cf the same concentrations as th e  

T ables show.



Table IX 

Ammonium Chloride S olu tion

S u sc e p tib ility  o f so lu tio n  and s a l t .

Percent age 
g/lOOg of 

s o l .

M olality Mean/
- lo f  X X 

so lu tio n

-10  .X
s a lt

l<f. XM 
s a lt

5 .1 0 1.004 .71995 .7191 58.47

10.12 2.104 .71981 .7181 58.41

15.08 5.519 .71934 .7189 58.46

15.12 5.519 .11977 .7186 58.44

20.01 4.675 .71935 .7191 58.47

21.46 5 .1 0 .71960 .7181 58.41

25.01 5.586 .71991 .7196 58.49

24.82 6.170 .71972 .7188, 58.45



Table X

S u s c e p t ib i l i t i e s  of hydrobromic acid s o lu t io n .

approximate
normality

g/lOO g . of 
s o l .

Mean, 
- 10° .X  

so lu tio n

- 10  ̂.X  
HBr

- 10^.XM 
HBr

51.35 .62547 ,4120 55.55

N/1 7.702 .69652 .4124 55.57

.5N 5.96 .70786 .4155 55.54

. 2N 1.61 .71507 .4142 55.51

51.55 .62267 .4095 55.15

H/1 7.751 .69675 .4196 53.95
.......

•5N 5.971 .70785 .4136 55.46

. 2N 1.611 .715O8 .4149 .
-4f:' ... -1

55.57



T a b le  XI a  

P o ta s s iu m  c h l o r i d e  s o l u t i o n .

C o m p o sitio n  
g/100  g . . s o l .

M o la l i ty Mean 
- 10° .X 
S o lu t io n

- 10  ̂.X 
S a l t

-10  .XM 
S a l t

5.11 .7207 .71147 .5550 41.23

10.10 1.506 .70504 .5520 41.15

15.11 2.587 .69446 .5510 41.10

15.12 2.589 .69440 .5506 41.05

18.11 2.966 .68925 .5502 41.04

18.20 2.984 .68874 .5482 40.87

21.44 5 .66 .68552 .5499 41.02

22.45 5 .88 .68189 .5492 40.95



T ab le  U  b 

P o ta s s iu m  c h l o r i d e  S o lu t io n

çscjsLf^c y&;

M olal i t y X  , . -  X  , s o lv e n t  s o l . T rue W t. 
F r a c t i o n

True
M o la l i ty

h y d r a t i o n
n um ber.

.7 2 0 7 .0086 •O5 I 8 I .7 5 2 0 1 .1 9

1 .5 0 6 .0 1 7 1 .1 0 3 0 1 .5 4 0 1 .2 5

2 .5 8 7 .0 2 5 7 .1 5 4 8 2 .4 5 6 .6 5 4

2 .5 3 9 .0 2 5 7 .1 5 4 8 2 .4 5 6 .6 5 4

2 .9 6 6 .0 5 0 9 .1 8 6 1 5 .0 6 7 .6 1 5

2 .9 3 4 .0 5 1 4 .1 9 0 9 5 .1 6 4 1 .0 6

5 .6 6 .0 3 6 6 .2204 5 .7 9 2 .5 5

5 .8 8 .0 3 8 2 .2 3 0 1 4 .0 0 8 .4 5 7
-



Table XII 

Potassium iod id e so lu t io n  

S u s c e p t ib i l i ty  o f s o lu t io n  and s a lt

Percentage 
g/100  g . o f  

so l*

M olality Mean
- 1 0 6 . x
so lu t io n

' - lO^.X
s a l t

- 10  ̂.ZM
s a lt

1 5 .1 1 1 .0 7 2 .67548 .4121 68.41

20.11 1 .5 1 6 .6 5 8 0 6 .4120 68.40

30.06 2 .5 9 1 .6 2 7 2 9 .4118 6 8 .5 6

40.11 4 .0 5 3 .59595 .4 1 0 6 6 8 .1 6

' 5 0 .0 6 6 .0 5 7 .5 6 4 6 2 .4 0 9 5 67.97



Table XTIÜ.

S u s c e p t ib i l i t i e s  of hydroch lo ric  acid  so lu tio n .

Normality g/lOO g of 
s o l .

Mean -1 0^ .X 
s o l .

-10^ .X  
HCl

-10^ Jtill 
Hei

N/1 3.487 .71782 .6 5 7 9 2 3 .9 9

5 .0 9 .71680 .6 5 7 1 2 3 .9 6

10,10 .7 1 3 6 6 .6 5 7 2 2 3 .9 6

20.00 .7 0 6 9 5 .6 5 4 8 2 3 .8 8

5 5 .3 5 .6 9 5 2 6 .6 4 9 9 2 3 .7 0



Table JCIVI

S u s c e p t ib i l i t i e s  of A cetic aoid s o lu t io n

N o rm a lity g /lO O  g o f  s o l . M ean/
- 10°.%

s o l .

- 10^ .X
HAc

-1 0 ^  .XM 
HAc.

.503 5 .0 1 .71605 .5885 ' 3 5 .33

.5031 5 .0 1 .71601 .5877 35.28

1 .006 6 .0 1 .71015 .5821 3 4 .9 4

1.046 6 .233 .71079 .5719 3 4 .3 3

1.046 6 .233 .71088 .5753 34.42

1 .9 8 0 11 .71 .70006 .5497 33 .00

2 .0125 11.69 .69999 .5517 3 3 .1 2

2 .0 9 2 5 12.34 .69960 .5547 3 3 .3 0

o r ig  i n a l 9 9 .0 1 .53285 .5381 3 2 .3 0
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h y d r o g e n  c h l o r i d e ,  and  a c e t i c  a c i d  s o l u t i o n s  t h e  f a l l  i n  

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

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

'X  a - g ,  show t h a t  t h e r e  i s  a l i n e a r  r e l a t i o n s h i p  b e t w e e n  

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

c o n c e n t r a t i o n  ( g . s a l t  p e r  100  g . o f  s o l u t i o n ) .  S u c h  a 

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

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

O nly  one  d e f i n i t e  s l o p e  t o  t h e  g r a p h  w i l l  b e  f o u n d  i f  

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

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

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

w i t h  i n c r e a s i n g  c o n c e n t r a t i o n .

C a l c u l a t i o n  o f  t h e  L i m i t i n g  S l o p e

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

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

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

a s s u m e d  t o  be  c o n s t a n t  w i t h  c h a n g i n g  c o n c e n t r a t i o n  was 

c a l c u l a t e d  a s  f o l l o w s

From  t h e  m i x t u r e  l a w  f o r  s o l u t i o n s .

-  X  ( 1 - p )  -h p  X
s o l u t i o n  s o l v e n t  ^  s a l t .

% s o l  r: Xo ~ X o P ‘+"X/sp.
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w h e r e  X = s u s c e p t i b i l i t y  o f  s o l u t i o n  i . e .  m e a s u r e d
s o l  s u s c e p t i b i l i t y ,

Xo = s u s c e p t i b i l i t y  o f  s o l v e n t  and

Xs = I d e a l  s u s c e p t i b i l i t y  o f  s a l t ,  c o n s t a n t  w i t h
c h a n g e  i n  c o n c e n t r a t i o n .

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

X -  Xo = P (Xs -  Xo) - ................ ( 1 )
s o l

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

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

w i t h  c o n c e n t r a t i o n  i s  o f  t h e  f o r m : -

X = Xq + à. p
s o l

w h e r e  Xo “ s u s c e p t i b i l i t y  o f  s o l v e n t  a n d  & is -  a c o n s t a n t ;  

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

X -  Xq z a p --------------( 2 )
s o l

w h ence  f r o m  ( 1 )  a n d  (2 )  i t  f o l l o w s  t h a t

à » ( X  — " X  ) f  ------ - - ( 3 )
s a l t

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

o^ s o l u t i o n  w i t h  c o n c e n t r a t i o n ,  when t h i s  i s  c h a n g i n g

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

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

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

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

s u s c e p t i b i l i t i e s  o f  t h e  s a l t  bo i n f i n i t e  d i l u t i o n  and  

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

p l o t t e d  on t h e  g r a p h s .  I n  t h e  c a s e  o f  h y d r i o d i c  a c i d ,  and  

ammonium c h l o r i d e  t h e  i d e a l  s l o p e  seem s t o  c o i n c i d e  

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

e x p e r i m e n t a l  e r r o r .

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

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

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

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

s u s c e p t i b i l i t y  o f  t h e  s a l t  ( s e e  T a b l e  X I  a )  f o r  p o t a s s i u m  

c h l o r i d e  e x t r a p o l a t e  t o  a  v a l u e  o f  -1 0 X ‘.̂ = . 5 5 4 .  The s l o p e  

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

i n  t h e  g r a p h  f i g u r e  (X C ) .  S i m i l a r l y  f o r  p o t a s s i u m  i o d i d e  

t h e  î d e a l  s l o p e  was c a l c u l a t e d  an d  p l o t t e d  i n  f i g u r e  (X d ) .  

The v a l u e s  i n  T a b l e  X I I  g a v e  a n  e x t r a p o l a t e d  v a l u e  f o r  

p o t a s s i u m  i o d i d e  « - lO X  * *4 1 2 4 .

The e x t r a p o l a t e d  v a l u e  f o r  h y d r o c h l o r i c  a c i d  

r -lÛ^X ■ .6 5 8  f r o m  t h e  d a t a  t a b u l a t e d  i n  T a b l e  X I I I .

The i d e a l  and  e x p e r i m e n t a l  c u r v e s  a r e  shown i n  f i g u r e  X e . 

The i d e a l  s l o p e  f o r  h y d r o b r o m i c  a c i d  i s  shown i n  f i g u r e  X f .
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b y  a d o t t e d  l i n e ,  c a l c u l a t e d  f r o m  t h e  mean^OCxlO^ = - . 4 1 5 0 .
Cs a It)

I n  t h e  c a s e  o f  a c e t i c  a c i d  t h e  i d e a l  s l o p e  was c a l c u l a t e d
X ' ( o  = -j"??

f r o m  t h e  r e s u l t s  i n  T a b l e  X I T h e  i d e a l  s l o p e  a l o n g
the,

w i t h  t h e  e x p e r i m e n t a l  i s  p l o t t e d  on g r a p h  f i g u r e  X - , g .

The e x p e r i m e n t a l  c u r v e s  b e g i n s  t o  show a s l i g h t  c u r v a t u r e

a t  h i g h e r  c o n c e n t r a t i o n s .

S i n c e . p o l a r  s a l t s  e x i s t  i n  t h e  i o n i c  f o r m  e v e n  i n

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

a t  a l l . r e a s o n a b l e  c o n c e n t r a t i o n s .  The i o n s  a r e  n o t

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

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

o f  e l e c t r o s t a t i c  a t t r a c t i o n s  a n d  t h e  i o n s  may i n t e r a c t

w i t h  t h e  s o l v e n t  ( w a t e r ) .

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

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

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

i n t e r a c t i o n  b e tw e e n  t h e  i o n s  an d  t h e  s o l v e n t  w h ic h  can

be e x p r e s s e d  a s  a h y d r a t i o n  e f f e c t .  F o r  t h e  s a l t s  and

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

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

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

g r e a t l y  w i t h  t h e  c o n c e n t r a t i o n  b u t  r e m a i n s  n e a r l y  c o n s t a n t .
( 7 8 )

S t o k e s  and R o b in s o n  have  e x p r e s s e d  t h e  v a r i o u s  f a c t o r s  

w h i c h  may i n f l u e n c e  t h e  p r o p e r t i e s  o f  i o n s  i n  s o l u t i o n ^ s u c h  

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

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

I n  t h e i r  a t t e m p t  t o  e x p l a i n  t h e  e x p e r i m e n t a l

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

t h e y  f o u n d  t h a t  t h e  h y d r a t i o n  n um b er  v a l u e s  w ere  g r e a t e r

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

o f  h y d r a t i o n , , w h i c h  w ere  l a r g e l y  b a s e d  on t h e  t r e a t m e n t
(4 6 )

b y  B e r n a l  and  F o w l e r  o f  a p p a r e n t  m o l a r  v o lu m e s  i n

d i l u t e  s o l u t i o n .  A c c o r d i n g  t o  t h e  l a t t e r  a u t h o r s  v iew

t h e  l a r g e r  a n i o n s  6 1 ,  B r  and  I  a r e  u n h y d r a t e d ^ t h e r e f o r e  t h e

h y d r a t i o n  n u m b er  d e p e n d s  on t h e  c a t i o n s .

H av in g  a c c e p t i n g  t h i s  i d e a  t h a t  i t  i s  t h e  c a t i o n

r a t h e r  t h a n  t h e  a n i o n s  w h ic h  a r e  h y d r a t e d ,  S t o k e s  and  
( l o c - c i t  )

R o b in s o n  e m p h a s i z e ,  h o w e v e r  t h a t  t h e  h y d r a t i o n  n u m b er  

i s  n o t  t h e  same t h i n g  a s  t h e  c o n v e n t i o n a l  nu m ber  o f  w a t e r  

m o l e c u l e s  i n  t h e  f i r s t  l a y e r  rou n d  t h e  i o n .  They  s u g g e s t  

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

a v e r a g e  e f f e c t  o f  a l l  i o n - s o l v e n t  i n t e r a c t i o n  and may t h e r e  

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

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

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

g i v e n  c a t i o n  a s  f o l l o w s .  I n  a c o n c e n t r a t i o n  r a n g e  

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

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

f i e l d  o f  an  ion.,  and  i t s  n e i g h b o u r s ,  w h ic h  o f  c o u r s e



74

d e p e n d s  on t h e i r  d i m e n s i o n s .

The w ork  o f  S t o k e s  & R o b in s o n  showed t h a t  a s  t h e  

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

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

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

t o  be  i n  l i n e  w i t h  t h e ^ s u s c e p t i b i l i t y  r e s u l t s  and  i t  was 

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

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

i f  a n y  a g r e e m e n t  i s  f o u n d  w i t h  t h o s e  o f  S t o k e s  and 

R o b i n s o n .  As t h i s  e f f e c t  was more  p r o m in e n t  f o r  b i v a l e n t  

s a l t s  i n  s o l u t i o n  i t  i s  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .
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6 .  M e a s u r e m e n t s  sh o w in g  n o n - l i n e a r  

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

I n  t h e  f i r s t  p a r t  o f  t h i s  t h e s i s ,  i n  t h e  s t u d y  o f  

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

i t  was n o t e d  t h a t  i n  t h e  r e s u l t s  r e c o r d e d  f o r  z i n c  

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

a d d i t i v i t y  w e re  r a t h e r  l a r g e .  T h i s  d e v i a t i o n  m ig h t  be  

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

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

s o l u t i o n .

On t h e  b a s i s  o f  t h e  i n v e s t i g a t i o n  o f  r e c e n t  

y e a r s  i n t o  a c t i v i t y  c o - e f f i c i e n t s  o f  s a l t s  i t  may be  

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

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

s o l u t i o n  i s  a lw a y s  a c c o m p a n ie d  b y  more  o r  l e s s  e x t e n s i v e  

c h a n g e s  i n  o s m o t i c  c o c Q f f i c i e n t s , a c t i v i t y  c o ^ e f f i c i e n t s , 

c b n d u c t i v i t i e s  and  t r a n s p o r t  n u m b e r s .  S u c h  c h a n g e s  a r e  

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

and  e s p e c i a l l y  so  i n  t h o s e  c a s e s  w he re  c o m plex  io n ^  

f o r m a t i o n  c a n  o c c u r .  S i m i l a r  v a r i a t i o n s ,  c an  a l s o  be 

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

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

d e v i a t i o n  f r o m  s t r i c t  a d d i t i v i t y .  S e r i e s  o f  m e a s u r e m e n t s
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w ere  made on a q u e o u s  s o l u t i o n s  o f  s i l v e r  n i t r a t e  and  

some e l e c t r o l y t e s  o f  2 : 1  v a l e n c y  t y p e ,  e x t e n d i n g  o v e r  

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

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

i n v e s t i g a t i o n  was t o  show w h e t h e r  t h e  .m agne t ic  m e a s u r e 

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

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

o r  o t h e r  c o m p le x  s o l v e n t  e f f e c t s .  The r e s u l t s  c a n  be  

c o n s i d e r e d  i n  s e v e r a l  g r o u p s : -

( 1 )  S i l v e r  n i t r a t e  s o l u t i o n s  r a n g i n g  f r o m  5 ^  -  70%

( 2 )  Cadmium I o d i d e  . .  . .  . .  10% p 45%

( 5 )  Z in c  I o d i d e  . .  . .  5% -55%

( 4 )  Z in c  C h l o r i d e  . .  . .  . .  5% -  65%

( 5 )  Z in c  b r o m id e  . .  . ,  . .  5% -  59%

( 6 )  Z in c  i o d i d e  1 E q . o f  p o t a s s i u m  i o d i d e  5% -  54 .55 %

( 7 )  Z in c  i o d i d e  2.Eq. o f  p o t a s s i u m  ^ io d id e  5% -  54%

( 8 )  Z in c  C h l o r i d e  1 Eq.Ammonium c h l o r i d e  5% -  66%
/

( 9 )  Z in c  C h l o r i d e  2 Ammonium c h l o r i d e  5% -  59%

The s t u d y  of  s i l v e r  n i t r a t e  s o l u t i o n s "  was n o t  i n  t h e

o r i g i n a l  programme b u t  w h i l e  t h e  w ork  on s o l u t i o n s
]X t (7 9 )

was i n  p r o g r e s s  P r o f e s s o r  C . # .  D a v i e s  and^M organ  

r e p o r t e d  a t  a m e e t i n g  o f  t h e  C h e m i c a l  S o c i e t y  ( i n  

' F e b r u a r y  195 4 )  t h a t  t h e y  ha«(.> o b t a i n e d  some i n t e r e s t i n g  

a n o m a lo u s  r e s u l t s  i n  m e a s u r e m e n t s  on t h e  s o l u b i l i t y
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o f  s i l v e r  s a l t s .  The s o l u b i l i t y  v a r i e d  w i t h  c h an ge  i n

c o n c e n t r a t i o n  i n  a m a n n e r  w h i c h  i n d i c a t e d  t h e  e x i s t e n c e

o f  a n  Agg i o n .

The r e c o r d e d  d a t a  f o r  s e v e r a l  p r o p e r t i e s  o f  s i l v e r

s a l t s  i n  a q u e o u s  s o l u t i o n  show a n u m b er  o f  a n o m a l i e s .

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

and  so  a r e  t h e  t r a n s p o r t  num ber  r e s u l t s  f o r  t h i s  s a l t .

The s o l u b i l i t y  o f  s i l v e r  a c e t a t e  i n  s o l u t i o n s  o f  o t h e r
(7 9 )

s a l t s  was f o u n d  by  M a cD o u g a l l  and  h i s  c o l l a b o r a t o r s  t o
(7 9 )

show u n u s u a l  f e a t u r e s .  S c h w a r z e n b a c h  and  P r u e ,  i n  t h e i r  

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

s i l v e r  was u n i q u e  among t h e  m e t a l s  i n v e s t i g a t e d  i n  

T f o r m i n g  compounds c o n t a i n i n g  two m e t a l  a t o m s .  I o n

p a i r s  and  c o m p lex  i o n s  h a v e  b e e n  e v o k ed  t o  e x p l a i n  some 

' o f  t h e s e  r e s u l t s ,  b u t  a g e n e r a l l y  s a t i s f a c t o r y  e x p l a n a t i o n  

on s u c h  l i n e s  d o e s  n o t  seem  p o s s i b l e .

I t  seem ed i n t e r e s t i n g  t h e r e f o r e  t o  i n c l u d e  t h i s  

^  s a l t  i n  t h e  s e r i e s  s t u d i e d .  //The r e s u l t s  a r e  r e c o r d e d  i n  

T a b l e T h e  r e s u l t s  a r e  a l s o  d e p i c t e d  by  t h e  c u r v e  

j i n  f i g u r e  X la ^  i n  w h ic h  t h e  s u s c e p t i b i l i t y  o f  t h e  

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

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

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

a d d i t i v i t y  sh o w in g  a * s i g m o id *  t y p e  o f  c u r v e .  The c u r v e  

shows a p r o g r e s s i v e  f a l l  i n  s u s c e p t i b i l i t y  b e lo w  a 

l i n e a r  s l o p e ( t h r o u g h  t h e  v a l u e s  a t  l o w e s t  c o n c e n t r a t i o n ^



78

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

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

r i s e  t o  t h e  * s ig m o id *  t y p e  o f  c u r v e .  A p l o t  o f  t h e  ,

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

i n  s o l u t i o n ,  a s s u m i n g  t h e  m i x t u r e  law  a s  i n  t h e  e a r l i e r  

c a s e s )  a g a i n s t  p e r c e n t a g e  c o n c e n t r a t i o n  shows t h a t  tbs  

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

t o  p a s s  t h r o u g h  a  minimum and t h e n  r i s e  a g a i n ,  ( s e e  

g r a p h  f i g u r e  X I ,  fe).

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

t h e  n a t u r e  o f  t h t b  s i g m o id  c u r v e  was s t u d i e d .  I t  i s  

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

P = po f  4- JBc^ T o ^  e t c  t o  a  c u r v e  o f  t h i s  k i n d

w here  p i s  t h e  p r o p e r t y  c o n s i d e r e d  à- and  jg and  T  a r e  

c o n s t a n t s  o f  e i t h e r  p o s i t i v e  o r  n e g a t i v e  s i g n  and  c ,  

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

on t h e  r i g h t  hand  s i d e  w i l l  be  d o m in a n t  f o r  t h e  m os t  

d i l u t e  s o l u t i o n s ,  (w h e re  c^ an d  c^ a r e  n e g l i g i b l e )
I

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

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

a can  be  e v a l u a t e d  i t  g iv e s  t h e  l i m i t i n g  s l o p e  o v e r  t h e  

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

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

a t  i n f i n i t e  d i l u t i o n  t o  be c a l c u l a t e d .  I n  t h i s  t y p e  o f
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c u r v e  t h e  s i g n  o f  à  i s  n e g a t i v e .  The t h i r d  t e r m  on t h e  

r i g h t  hand  s i d e  i f  i s  o f  n e g a t i v e  s i g n ,  a s  was f o u n d  

t o  be  t h e  c a s e ,  i n d i c a t e s  a n  i n c r e a s i n g  c u r v a t u r e  o v e r  t h e  

l i n e a r  s l o p e ,  a s  was j u s t  b e c o m in g  a p p a r e n t  f o r  a c e t i c  a c i d  

i n  t h e  p r e v i o u s  g r o u p .  T h i s  t e r m  becom es  s i g n i f i c a n t  o v e r  

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

t e r m  and  t h e  c o n s t a n t  Y  o f  p o s i t i v e  s i g n  w i l l  e x p l a i n  

t h e  u pw a rd  c u r v a t u r e  a t  h i g h e r  c o n c e n t r a t i o n  i . e .  t h e  t y p e  

o f  c u r v e  i s  f i t t e d  by  a n  e q u a t i o n : -

Q <2
p = Po ~ &0  -  ^#c f  r c +   h i g h e r  t e r m s  i f  r e q u i r e d .

A p p l y i n g  t h i s  t o  t h e  s u s c e p t i b i l i t y  i t  f o l l o w s

2 % “ -  ̂ c ^  +. y
s o l u t i o n  " s o l v e n t

( A l l  s u s c e p t i b i l i t i e s  i n  t h i s  d i s c u s s i o n  a r e  i n  C.G-.S. 

u n i t s  X ( - 1 0 ^ ) .  ,

The c o n s t a n t s  â ,  ^  and  r  c a n  be s o l v e d  f o r  t h e  s i l v e r  

n i t r a t e  s o l u t i o n  a s  f o l l o w s .

-  %o 2 a c  + ^ c ^ +  t c f i

F o r  20% s o l u t i o n :  0 * 2 j l4 -0 « 0 4 ^  •OOQy  % -" 0 8 0 1   .......................I

F o r  40%  s o l u t i o n :  0*4ai-f-0 .16y3 + •064y- * - - 1 7 2 7  ......................... I I

F o r  60% s o l u t i o n :  0 # 6 &  4 - 0 . 3 6 ) )  + . B 1 6 f  = - . 2 6 7 1  ............................ I l l
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E q u a t i o n  I  l a  m u l t i p l i e d  b y  2 and  t h e n  

E q u a t i o n  I I  i s  s u b j i t r a c t e d .

.4a, + . 0 8 #  + . 0 1 6 f  = -*1 6 0 2

. 4 a  f . l 6 #  + . 0 6 4 y  = - . 1 7 2 7

—. 08)8 — . 0 4 8 y  s  .0 1 2 5  

. 0 8 g  + . 0 4 8 f  Ç - . 0 1 2 5 .......................... IV

Eq I I  I s  m u l t i p l i e d  by  3 and  Eq I I I  by  2 and  s u b ; S t r a c t e d . 

1 . 2 a  + .4 8 ^  + . 1 9 2 y  = - . 5 1 8 1

1 . 2 a  f- . 7 ^  + . 4 3 2 r  = - . 5 3 4 2

- . 2 4 /  + . 2 4 0 r  = # .0 1 6 1

2 4 /  -i-.240r  » - . 0 1 6 1  ........................V
1

Prom E q u a t i o n  IV and  V : -

• 2 4 /  + . 2 4 0 y  .  - . 0 1 6 1

. 2 4 /  + .1 4 4 7 '  = - . 0 3 7 5

. 0 9 6 r  -  .0 2 1 4

t  -  .0 2 1 4
.096

= .22 3

S u b s t i t u t i n g  t h e  v a l u e  f o r  T  we g e t .

• 0 8 / + r « 0 4 8  X  . 2 2 3 ; = - . 0 1 2 5

. 0 8 /  = - . 0 1 2 5  -  .0 1 0 7  

* —.02 32

/  ■ - .2 9 0
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F o r  èi u s i n g  t h e  same e q ; -

•4A + -+*016r r  - . 1 6 0 2

"4K 4-(.08 X •29j+C.016 x  .223)  « - . 1 6 0 2  

. 4 à  -  .0 2 3 2  + .0 0 3 5 6 8  = - . 1 6 0 2

#4K * - . 1 4 0 6  

a  « - . 3 5 1 5

( 1 )  à « - . 3 5 1 5

( 2 )  ^  « - . 2 9 0

( 3 )  r  -  . 2 2 3 .

Thus t h e  e q u a t i o n  t o  t h e  c u r v e  i n  F i g u r e  X I a ,  f o r

s i l v e r  n i t r a t e  i s  X -  %q -  .3 5 1 5  e - . 2 9 0 d B  + .2 2 3 c 3

w h e re  OCq r  .7 2 0 1 ,  t h e  s u s c e p t i b i l i t y  f o u n d  f o r  t h e  s o l v e n t

w a t e r  when X = . 7 0 2 3 .
B en zen e  ^.

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

s u s c e p t i b i l i t é s  f o r  15% and 45% o f  t h e  s a l t  and  gave  

v a l u e s  in^ a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  o n e s .  At t h e  

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

a n  e f f e c t  w h ic h  i s .  more  m arked  i n  some o f  t h e  o t h e r  c a s e s  

s t u d i e d ^  owing t o  t h e  n e g l e c t  o f  h i g h e r  t e r m s .  The 

e q u a t i o n s  w i t h  t h e  c o n s t a n t s  K, and  T  f o r ^ t h e  o t h e r  

s a l t s  s t u d i e d  a r e  s u m m a r i s e d  b e l o w .
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( 1 ) AgNOg, 9C = .7 2 0 1  -  .3 5 1 5 0  -  .290% + .2 2 3 0 0 ®

( 2 ) C d l 2 , X  » .7 2 0 1  -  .2 7 8 0  -  . 2 6 9 1 0 ^ +  .1660®

( 3 ) Z n l 2 , X - . 7 2 0 1  -  . 3 3 3 6 0  -  . 2 2 3 4 0 ^  + . 2 3 3 3 0 ®

( 4 ) KÔ1, X = .7 2 0 1  -  . 1 6 6 0  .......................... L i n e a r

( 5 ) K I , X = .7 2 0 1  -  . 3 1 0 4 0

( 6 ) Z n l2  +1 eq K I , X  = .7 2 0 1  -  .3 1 0 4 0  -  .18500% + . 1 1 3 0 ^

( 7 ) Z n l2 + 2 eq K I , X  = .7 2 0 1  -  .3 1 0 4 0  -  .1300% + .1 5 0 0 ®

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

s a l t s  t h e  l i m i t i n g  s l o p e  a t  low c o n c e n t r a t i o n s ,  c o u l d  be
oJb -ia ti C,ance/rvtkaM <7r^

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

v a r i a t i o n ^ w i t h  c o n c e n t r a t i o n  i s  l i n e a r .  I n  f i g u r e s  XIa  — 

XVa t h i s  i d e a l  l i m i t i n g  s l o p e  i s  shown b y  t h e  d o t t e d  

l i n e ,  a n d  g i v e s  t h e  s l o p e  w h i c h  would  be  shown i f  t h e  

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

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

i n f i n i t e  d i l u t i o n  t o  be  c a l c u l a t e d  a s  b e f o r e ,  i . e .

À = X  -  X o
s o l u t e

I. e Xg « a ,  a n d  a  * - . 5 5 1 5
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« .7 2 0 1  -  .3 5 1 5

-  .3 6 8 6

T h i s  v a l u e  i s  o b v i o u s l y  i n  good  a g r e e m e n t  w i t h  t h e

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

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

t h i s  e x t r a p o l a t i o n  c a n n o t  be  made v e r y  a c c u r a t e l y .

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

o f  t h e  s a l t  a t  i n f i n i t e  d i l u t i o n  ■ . 3 6 8 6 .  The m o l a l i t i e s ,

m o l e s  s a l t  p e r  1000 g w a t e r ,  o f  t h e  s o l u t i o r s  m e a s u r e d

w e re  a l s o  c a l c u l a t e d  f r o m  t h s .  c o n c e n t r a t i o n  i n  g ram s

s a l t  p e r  100 g ram s  s o l u t i o n .  Knov/ing Xq i d e a l ,  t h e
( l o c - c i t )

h y d r a t i o n  n u m b e r  a s  d e f i n e d  b y  S t o k e s  a nd  R o b i n s o n  was 

c a l c u l a t e d  a s  f o l l o w s : -

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

To f i n d  t h e  t r u e  m o l a l i t y  and  * h y d r a t i o n  number* 

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

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

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

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

Now, i f  t h e  s u s c e p t i b i l i t y  had  shown c o m p l e t e  a d d i t i v i t y  

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

t h e n .

•v.ryv
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X  -  d - p " )  X  + p ' '  X
s o l  s o l v e n t  s a l t  ( l i m ) .

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

i n  e . g . s .  u n i t s . ,  x  ( - 1 0 ^ ) /  X  = s u s c e p t i b i l i t y
s o l v e n t

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

a c i d  o r  h y d r i o d i c  a c i d  e t c ,  and  p -  i s  t h e  t r u e  w e i g h t  

f r a c t i o n  o f  t h e  s a l t  o r  * i d e a l *  w e i g h t  f r a c t i o n ;  

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

a s s o c i a t e d  w a t e r  and  ( 1 - p - )  i s  t h e  t r u e  w e i g h t  f r a c t i o n  

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

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

b e  w r i t t e n  l i k e  t h i s : -

y  a ( 1 - p -  ) oc+(p-  X Zj. 

o r  y  = X -  p- p ' z .

(%-y ) = p -  ( x - Z ) .

p̂ - -  36- y
%-Z

Where x  « X , f r e q u e n t l y  X  = *7201
s o l v e n t  HO

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

= e x t r a p o l a t e d  s u s c e p t i b i l i t y  o f  s a l t  o r  X

The q u a n t i t y  p-  ̂ w h i c h  i s  t h e  t r u e  w e i g h t  f r a c t i o n ,  a l l o w s
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f o r  some o f  t h e  w a t e r  a s s o c i a t e d  w i t h  t h e  i o n s  a s  w a t e r  

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

t h e  t r u e  m o l a l i t y  m^ t o  be  c a l c u l a t e d .

i . e .  i f  pr z t h e  n u m b e r  o f  g ram s  s a l t  p e r  100 

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

( 1 0 0 - p ^ )  s  w e i g h t  o f  w a t e r  a c t i n g  a s  s o l v e n t

( P .̂ X 1 0 0 0 1
100 -  p -  = w e i g h t  o f  s a l t  p e r  1000  g o f  w a t e r

(p*̂  X 1 0 0 0 ) 

(100 - p^)M = m o le s  o f  s a l t  p e r  1000  g o f  w a t e r

Z vaf t h e  t r u e  m a l a l i t y

I f  t h e r e  w ere  no  h y d r a t i o n  t h e n  5 5 * 5 1  m o le s  o f  

w a t e r  ( 1 0 0 0  g ) a r e  p r e s e n t  p e r  m m o le s  o f  s a l t .  Vfhere 

m i s  t h e  w e i g h t  o f  t h e  s a l t  w e i g h e d  out*. I f  n  m o le s  o f  

w a t e r  p e r  one  mole?: o f  s a l t  i s  t h e  * h y d r a t i o n  number* . , 

T hen  (5 5 * 5  -  n  x m) m o le s  o f  w a t e r  a r e  a c t i n g  a s  t r u e  

s o l v e n t  t o  g i v e  a  t r u e  m o l a l i t y  m^ .

Hence  m^ = 5 5 * 5 1  ;
m ( 5 5 * 5 1  -  nm)

o r  n  "  ( m* -  m

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

c a l c u l a t e d  f r o m  t h e  w e i g h t  w e i g h e d  o u t ,  an d  mt t h e  t r u e
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m o l a l i t y  c a l c u l a t e d  f r o m  p̂ - t h e  t r u e  w e i g h t  f r a c t i o n .

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

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

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

s u c h  w e re  a v a i l a b l e .

T a b l ^ ^  a  -  X lX k  s h o w , f o r  t h e  s a l t s  s t u d i e d , t h e  

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

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

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

a n d  n o t  a l l o w i n g  f o r  t h e  h y d r a t i o n  e f f e c t ,  T a b l e s X V I  b -

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

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

i n  t h i s  s e c t i o n .

The c o r r e s p o n d i n g  g r a p h s  a r e  p l o t t e d  i n  F i g u r e s  X I ,  -  

XVV. The F i g u r e s  w i t h  s u f f i x  ( a )  show t h e  g r a p h s  o f  

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

(g  / lO O  g s o l u t i o n ) .  T h o se  w i t h  s u f f i x  ( b )  show t h e  

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

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

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

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

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

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

s o l u t i o n  i s  shown i n  F i g u r e  XVI f o r  t h e  f o u r  s a l t s  s t u d i e d .



Table ^  (a )
S ilv e r  n i t r a t e  s o lu t io n .

S u s c e p tib il i ty  of s o lu tio n  and s a i t .

Composition 
g/lO O g. so l

Mol al i t) Mean
-1 0 ^  X
S o lu ti on

-10  .X 
S a it

1 -10^  .%H. 
S a i t .

5 .0 .5098 .70215 .3651 61 .6 9

5 .0 .5098 .70214 •3629 6 1 .65

9*991 .565 .68295 .3489 5 9 .2 7

10*09 .660 .68258 .3471 5 8 .9 7

10*09 .6605 .68241 .3482 5 9 .1 6

10 .09 .660 .68249 .3482 5 9 .1 6

10 .11 .661 .68228 .5469 5 9 .1 5

10*11 .661 .68245 .5484 5 9 .1 9

15*12 1.04 .66162 .3339 5 6 .73

15*0) 1.04 .66252 .3362 57.12

20.08 1.48 .64015 .5225 5 4 .7 6

20*09 1.47 .64012 .3225 5 4 .7 9

2 0 .1 2 1.48 .64000 .3224 5 4 .7 7

2 5 .0 4 1 .9 7 .6 1 8 2 0 .3136 53.28

2 5 .0 9 1 .9 7 .61825 .5144 53.41

5 0 .0 6 2 .5 5 .59459 .3027 5 1 .4 2

5 0 .0 7 2 .5 5 .59456 .3028 5 1 .4 4

5 0 .0 9 2 .5 3 .59464 .3033 5 1 .5 3

55.01 5 .1 7 .57159 .2963 5 0 .3 4

5 5 .0 1 5 .1 7 .57159 .2960 5 0 .2 9

40.00 5 .9 2 .54744 .2884 48.99



X V a.

C o m p o sitio n  
g /lO O g . s o l

M o la l i ty
*

iifeanr 
-1 0 °  % 

S o lu t i o n

- 10^ .X  
S a l t

-lO ^.X H
S a l t .

40.08 3 .9 4 .5 4 7 5 6 .2 8 9 2 4 9 .1 3

4 4 .9 9 4.81 .5 2 4 1 0 .2845 48,53

4 5 .0 4 4.82 .5 2 5 4 8 .2356 48.18

4 5 .0 5 4.82 .5 2 5 7 5 .2845 48.29

4 5 .0 5 4.82 .5 2 4 0 4 .2847 48.57

5 0 .0 4 5 .8 9 .4 9 9 6 9 .2796 4 7 .5 0

5 0 .0 6 5 .9 0 .4 9 9 6 9 .2799 4 7 .5 5

5 0 .0 6 5 .9 0 .4 9 9 5 1 .2795 47.48

5 0 .1 2 5 .9 1 .49349 .2787 4 7 .5 5

5 4 .8 8 7 .1 5 .47746 .2767 47.01

5 4 .9 1 7 .1 7 .47665 .2768 47.02

5 5 .1 0 7 .2 2 .47587 .2768 47.02

5 5 .1 0 7 .2 2 .47621 .2775 47.1A

6 0 .1 0 8 .8 6 6 .4 5 5 0 4 .2758 '■ 46.85

6 0 .1 2 .45305 .2759 46.87

6 1 .5 9 9 .4 7 .4 4 7 5 0 .2775 47.14

6 4 .3 3 1 0 .6 1 - .4 5 5 7 4 .2780 47.22

6 4 .9 2 10.89 .45980 .2784 4 7 .5 0

6 9 .5 1 1 3 .4 2 .4 1 9 5 0 .2874 48.82

70.12 1 5 .8 1 .41796 .2 8 9 2 4 9 .1 5

« /% ^  ,> ^ (lX u je s  C o ic u T y t̂ '-^   ̂ a é-lecô n ^ c^ ^  (tA S ^ o /yru /n ^  i/ m /i

•'iu tri^  ûyà <pyy V o-itce^  ^^x></yyt,et^c^



Table . XV)(a)

Cadmium Iodide So lu tions

Composition  
g/100 gra. s o l

M olality Mean 
-10^ .X  
s o lu t io n

-10^.7;
S a lt

-10^ . XM. 
Salt

10 .10 .3067 .68982 .4211 154.25

10.11 .307 .68978 .4211 154.25

1^.08 .485 .67326 .4102 150.24

1^.09 .485 .67346 .4115 150.71

20.08 .682 .65506 .3965 145.22

20.11 .6872 .65495 .5965 145.22

25 .1 0 .9149 .63602 .3853 141.12

29 .98 1.169 .61777 .3789 158.78

3 0 .1 0 1.175 .61720 .3784 138.59

3 0 .6 0 1.204 .61479 .3761 157.75

. 50.84 1.217 .61591 .3760 157.71

55 .01 1.471 .59736 .3697 , 155.40

55.08 1 .58 .59665 .3685 154.89

5 5 .1 0 1.476 .59638 .3677 154.67

55.11 1.477 .59619 .3671 154.45

35 .12 1.478 .59594 .3667 154.50

37.46 1.635 .58695 .5656 133.17

38.70 1.724 .58225 .3639 133.28

3 9 .79 1.804 .57781 .5626 152.80

40.02 1.82 .57680 .3621 152.62

40.05 1.824 .57650 .3612 152.29



XV f a..

Composition 
g/lOO gm. s o l .

M olality Miean̂
-IQOjC

so lu tio n

- 10^.X
S a lt

-10^ . w .
S a lt

45.61 2.111 .56317 .5605 131.96

44.95 2.229 .56042 .3649 133.64

45.16 . 2.248 .56076 .3673 134.52

-------------



Table XVN a

Zinc iodide so lu t io n .

Composition 
g/lOOgm. s o l .

M olality îvlean
-1 0 6 .x
so lu tio n

- 10  ̂.X 
S a it

-10^ .%M
S a it

; i  ty 
of So lven t.

5 .1 0 .1633 .70278 .33422 122.65 0.0019

10.12 .3527 .63464 .37273 II8 .9 8 0.0040

14.84 .5458 .66619 .35901 114.60 0.0062

15.21 .5619 .66443 .35665 113.35 0.0065

20.25 .7944 .64543 .35289 112.65 0.0080

25.93 .9354 .63041 .3474 110.90 0.0105

25.54 .9354 .63130 .3474 110.9 0.0102

50.22 1.356 .60433 .34061 103.73 0.0143

51 .99 1.473 .59715 .3375 107.74 0.0164

55.21 1.702 .53309 .33273 106.21 0.0133

36.86 1.323 .57702 .3336 106.49 0.0197

40.82 2.16 .55962 .3286 104.90 0.0225

43.87 2.448 .54770 .32362 104.90 0.025

49.09 3.021 .54074 .3241 103.46 0 .C55

49.26 3 .0 4 .52351 •33285 106.25 0.0332

5 5 .0 0 3.83 .50993 .3394 103.34 0.0402



Table XVIII a

S u s c e p t ib i l i t i e s  of zinc ch lo ride  s o lu t io n s .

P ercentage 
g/lOOg s o l .

Norm ality 
of s o l .

X X lO"*’
solvent 

from graph

Mean - 10^.X 
solution.

-lO ^.X
sa lt

f . l l . 0157N .71995 .70947 .5149

10.07 .OI678N .71992 .69776 .4998

10.70 . 0172N .71992 .69647 .5007

10.65 .0171 .71992 .69647 .4997

19.85 .0170 .71991 .67419 .4893

20.11 .0169 .71991 .67389 .4910

29.51 .0181 .71990 .64788 .4740

50.11 .0168 .71991 .64668 .4766

50.07 .018 .7199 .64665 .4893

55.10 .0188 .7199 .63167 .4684

39.13 .0269 .7198 .62008 .4648

39.98 .0262 .7198 .61868 .4667

59.99 .0221 .7198 .61841 .4663

40.13 no acid .61836 .4667

45.10 .60405 .4627

45.11 .60333 .4614

50.01 .59030 .4606

50.10 .59025 .4610

50.10 .59029 .4610

50.11 .0557 .71979 .59016 .4611



X V IH et, .

P e r c e n t  age  
g /lO O g s o l o

N o rm a li ty  
o f  s o l *

^  *  ^solw sw t 
fro m  g ra p h

Mean - 10^ .%  
s o l t f t4ff>*

- 10^ .X  
s a l t

5 0 .1 1 .5 8 9 9 4 .4 6 0 4

5 5 .0 5 .5 7 7 3 7 .4 6 0 7

5 5 .1 2 .5 7 6 ^ 8 .4597

5 5 .1 5 .0 6 4 7 .7 1 9 7 .5 7 6 2 0 .4 6 1 1

5 7 .6 0 .5 6 9 4 2 .4585

5 9 .5 8 .5 6 6 5 1 .4 6 1 5

5 9 .9 8 .5 6 3 8 4 .4 5 9 6

6 0 .6 5 .0 7 4 .7 1 9 6 .5 6 2 4 2 .4 6 0 5

6 1 .0 5 .5 6 1 7 3 .4 6 0 7

6 3 .5 4 .5 6 0 4 7 .4681



Table XIX a.

S u s c e p t ib i l i t i e s  of zinc bromide so lu t io n

in  N /l hydrogen bromide

Percentage 
g/100  g s o l .

Normal i t  y -10^ .X  
so lu tio n

- 10  ̂.X  
so lv e n t  
graph

-10^ .X 
s a lt

5.11 N/1 .67829 .6910 .4424

5-11 n .67855 It .4432

10.07 It .66468 II
.4296

10.09 It .66417 It .4301

15 .09 n .64960 It .4166

20 .09 It .63412 It
.4079

20 .10 It .63421 It .4085

2 5 .0 ) It .61597 ft
•9912

25.10 It .61576 n
•9912

5 0 .0 7 It .59657 It
•9769

30 .0 8 It .59650 It. •9768

55 .00 It .57754 n .3668

55.05 It •^7732 It .3664 ^

40 .05 It •99669 It •9996

40.05 It .59669 It •9996

45 .08 It •99878 It
•9999

45.09 It •99874 It

•9999
5 0 .0 1 It .52287 It •9948

5 0 .09 It .52223 It •9940

5 5 .12 It .50896 It
•9607



X/X ct, •

Percentage 
g/100 g s o l .

Normality -lO ^.X
so lu tio n

- 10^ ,X 
so lven t 
graph

-lO ^.X
s a l t

79.10 N/1 .50001 .6910 .5678

59.55 It .498I2 tt .5656



TàbleXV;  (b)

S ilv e r  N itra te  S o lu tio n s .

C a lcu la tio n  of True M olality  and Hydration Number

(X -  z) = .3519

M ola lity ^ so lv e n t” ^Sol True Wt. 
Fracti on

True
M olality

hydration
number

.5098 .0180 .0512 .5176 4.588

.3098 .0180 .0512 .5176 4.588

.965 .0572 .1058 .6965 6.18

.660 .03 78 • 1072 .7067 9 .9 0

.6605 .0577 .1072 .7045 9.36

.660 .0377 .1072 .7067 9 .9 0

.661 .0578 .1075 .7089 9 .9 8

.661 .0577 .1072 .7067 5 .6 2

1.04 .0989 .1664 1.174 9.25

1.04 .0978 .1658 1.152 6.11

1.48 .0800 .2275 1.755 .. 9 .7 4

1.47 .0800 .2275 1.753 9 .74

1.48 .0801 .2278 1.736 9 .9 4

1.97 .1019 .2899 2.405 5 .0 8

1 .9 7 .1019 .2899 2.405 5.O8

2.93 .1299 .5970 3.267 4.96

2.93 .1299 .5970 5.267 4.96

2 .93 .1299 .5970 5.267 4.96

3 .1 7 .1485 .4224 4.504 4.62

_ j '17 .1485 1 .4224 4.504 4.62



M o la lity ^ 3olvent"^ 3o l True Wt. True hydration
F racti on M olality number

3 .9 2 .1727 .4915 9.684 4 .399

5 .9 4 .1727 .4915 9.684 4 .527

4.81 .1960 .9976 7.418 4.062

4.82 .1966 .9993 7.470 4.08

4.82 .1964 .9978 7.424 4.04

4 .82  , .1961 •9987 7.492 4.07

5 .8 9 .2204 .6270 9.894 5.82

5 .9 0 .2204 .6279 9.919 5.82

5 .9 0 .2206 .6270 9.894 5 .8 0

9 ,9 1 .2516 .6504 10.04 3 .87

7.19 .2426 .6901 13.107 3.933

7.17 , .2455 .6927 13.27 3.963

7.22 .2442 .6947 13.39 5 .9 4

7.22 .2459 .6958 13.34 3.93

8.866
....

.2671 .7998 18.61 5.28

8.866 .2671 .7998 18.61 5 .28

9 .4 7 .2726 .7799 20.55 3 .138

10.61 .2844 .8O91 24.95 2.88

10.89 .2812 .7974 23.16 2 .7 0

15.42 .5008 .8997 34 .90 2 .9 9

15 .81 .5022 .8994 39 .98 2 .4 7



Table XVI  (b)

Cadmium Iodide S o lu tio n

M ola lity ^ so lv e n t” ^ so l True Wt. 
F raction

True
M olality

hydrati on 
number

.3067 .0505 .1089 .3336 14.94

.307 .0305 .1069 .3336 14.77

.485 .0468 .1685 .5524 14.04

.485 .0466 .1676 .5497 15.47

.682 .0650 .2538 .8331 14.23

.6872 .0651 .2345 .8363 14.47

.9149 .0841 .3025 1.184 15.86

1.169 .1025 .3679 1.589 12.57

1.175 .1029 .3701 1.604 12.65

1.204 .1053 .3787 1.664 12.77

1 .217 .1062 .5820 1.69 12.75

1.471 11227

1.58 .1235 .4442' 2.18 15.09

1.476 .1257 .4449 2.19 12.27

1.477 .1239 .4456 2.194 12.29

1.478 .1242 .4467 2.204 12.58

1.635 .1331 .4791 2.511 11.85

1.724 .1379 .4956 2.682 11.51

1.804 .1425 .5 II8 2.862 11.58

1.82 .1433 .5154 2.905 11.57

1.824 .1458 •5172 2.924 12.22



Ta ŷ^r't̂ , XV! '■C.

M olality ^ so lven t “ ^ s o l . True Wt. 
F raction

True
M olality

hydrati on 
number

2 .111 .1569 .5645 5.556 10.63

2.229 .1597 .5744 5.684 9.844

2.248 .1595 .5750 5.663 9.547



Table X¥ir . b 

Zinc iodide

(X -  z )  = .3556
Composition 
g /100  gm .sol

M olality ^solvent"* ^ e o l . True Wt. 
F raction

True 1 
Molal it]

hydration  
iT numbe r .

5 .1 0 .1683 .01712 .05107 .174 11.9

10.12 .3527 .03512 .1065 .580 11.5

14.04 .5458 .05555 .1625 .620 11 .8

15.21 .5619 .05522 .1666 .626 10.15

20.25 .7944 .07419 .2239 .9037 8.46

25.95 .9354 .O89OI .2688 1.151 8 .25

25 .54 .9854 .08815 .2661 1.155 7 .5 0

50 .22 1 .356 .11443 .3456 1.654 7 .55

5 1 .99 '1 .4 7 3 .1221 .3687 1.829 7.42

5 5 .21 1.702 .136 .4106 2.182 7 .21

36.86 1.628 .1421 .4289 2.55 6 .7 4

40.82 2 .1 6 .1594 .4811 2.904 6 .5 9

43.87 2.448 .17123 .5167 5 .549 6 .08

49.09 3.021 .1779 .5577 5.643 3 .1 4

49 .26 3 .0 4  . .18995 .5743 4.226 5 .1 2

5 5 .0 0 5.83 .20847 .6300 5 .53 4.100



Table XVIIIb

Zinc chloride s o lu t io n

C a lcu la tio n  o f True M o la lity  and Hydration Number
(see  page 85)

-  2 ) = .207

M olality % so lv en t-  
% s o l .

True wt. 
F raction

True
M ola lity

Hydration
Number

.395 .0106 .0512 .3958 .285

.879 .0222 .1075 .8819 .208

.879 .0234 .1152 .9366 3 .8 9

.874 .02345 ,1152 .9366 4.25

1.814 .0457 .2208 2.079 3 .9 0

1.846 .04602 .2225 2.097 5.63 .

1.846 .04602 .2225 2.097 3.63

5.042 .07202 .3479 3 .914 4 .0 7

5.15 .07326 .5539 4.018 3.82

5 .1 6 .07323 .5557 4.01 3.72

5 .9 7 .08823 .4262 5 .45 3 .8

4 .8 9 .1011 .4884 7.004 3.42

4 .9 I8 .1015 .4903 7.058 3 .4 2

6 .027 .1161 .5608 9 .368 3.28

6 .029 .1168 .5642 9.499 3 .3 6

7 .252 .1298 .6270 12.33 5 .17



Table XVIIIb continued

M olality X so lv e n t-  
X s o l .

True w t. 
F ra c t io n

True
Mol al i ty

Hydration
Number

7 . 3 6 9 . 1 5 0 2 .6289 1 2 .4 5 5 . 0 7

7 . 3 6 9 . 1 2 9 9 .6 2 7 5 1 2 . 5 6 5 . 0 4

7 . 3 6 6 . 1 2 9 9 .6 2 7 5 1 2 . 5 6 5 . 0 5

9 . 0 1 5 . 1 4 5 9 .6 9 5 1 1 6 . 7 2 2.84

8 . 9 8 .1427 .6893 1 6 . 2 7 2 . 7 1

1 1 . 5 1 .1 5 7 7 . 7 6 1 8 2 5 . 4 6 2 . 5 4

1 2 . 6 b . 1 5 9 6 . 7 7 1 0 2 4 . 7 0 2 . 1 5
1



Table XlXb

Zinc bromide s o lu t io n .

(X~Z) =.2559 C a lc u la tio n  of True M ola lity  and h y d ra tio n
number (see page 85)

M ola lity X so lv e n t 
-X s o lu tio n

True w t. 
F ra c ti  on

True
M olality

hydration
number

.2591 .0127 .0558 .2525 ( 18 .40 )

.497 .0265 .1114 .5569 12.22

.789 .0814 .1754 .9449 11.65

1.116 .0569 .2412 1.412 10.45

1.482 .0569 .2412 1.412 10.45

1.482 .0750 .3179 2.070 10.28

1.487 .0752 .2187 2.078 10.62

1.909 .0944 .4001 2.962 10.55

1.910 .0945 .4005 2.967 10.56

2 .5 9 .1155 .4811 4.118 9.76

2.594 .1157 .4819 4.152 9.76

2.966 .1545 .5693 5.872 9.27

5.644 .1522 .6451 8.075 8.57

5 .646 .1525 .6456 8.092 8.57

4.442 .1681 .7125 11.00 , 7.45

4.456 .1688 .7155 11.17 7.49

1 . 4 5 3 , .
.1821 .7719 15.04 6 .4 9

6.416 .1910 .8096 18. 88 . 5 .71

6 .477 .1929 .8177 19.92 5 .7 9
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An e x a m i n a t i o n  o f  t h e  T a b l e s  and  g r a p h s  shows 

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

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

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

t h r o u g h  a  minimum a n d  t h e n  i n c r e a s e s  a g a i n .  The 

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

o r  c o n c e n t r a t i o n .  L i t t l e  w e i g h t  was g i v e n  t o  t h e  

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

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

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

t h e  h y d r a t i o n  n u m b e r .  A m ore  m ark e d  f a l l  w i t h  

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

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

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

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

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

i n  t h e  d e v i a t i o n  o f  t h e  h y d r a t i o n  n u m b e r ,  seems t h e r e f o r e
A

t o  show a m ark e d  i n f l u e n c e  on t h e  s u s c e p t i b i l i t y .

I t  seem s b e t t e r  t o  e x p r e s s  t h e  r e s u l t s  i n  t h i s  

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

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

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

w i t h  c o n c e n t r a t i o n .  Figure:.* A± » XVI seems t o  i n d i c a t e ,  

t h a t  t h e  z i n c  and  cadmium s a l t s  u n d e r g o  more  m a rk e d  

c h a n g e s  i n  t h e  h y d r a t i o n  n u m b e r  a s  t h e  c o n c e n t r a t i o n
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i n c r e a s e s  t h a n  d o e s  t h e  s i l v e r  n i t r a t e ^ .  T h i s  w ould  he  i n

a g r e e m e n t  w i t h  t h e  t e n d e n c y  t o  f o r m  com plex  i o n s  and  i o n

p a i r s  i n  t h e  c a s e  o f  t h e  d i v a l e n t  s a l t s .
( 8 0 )

V e ry  r e c e n t l y  S t o k e s  h a s  r e p o r t e d  t h e  a n o m a lo u s  

b e h a v io u r  o f  t h e s e  s a l t s .  R o b in s o n  h a s  a l s o  o b t a i n e d  some
+ -h

e v i d e n c e  f o r  i o n - p a i r  f o r m a t i o n  b e tw e e n  Cd and  GdX^

f r o m  u n p u b l i s h e d  m e a s u r e m e n t s  on dd d i g  -  d a d l g  m i x t u r e s .

The a n o m a lo u s  b e h a v i o r  o f  z i n c  h a l i d e s  i s  a l s o  r e p o r t e d  
( 8 0 )

by  S t o k e s  d u r i n g  t h e  th e r m o d y n a m ic  s t u d y  o f  b i v a l e n t  m e t a l
I

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

c o n c e n t r a t i o n  t h e  a c t i v i t y  o c x ^ f f i c i e n t  d e c r e a s e s  r a p i d l y .
( 8.0)

He s u g g e s t s  t h i s  b e h a v i o u r  i s  due  t o  t h e  f o r m a t i o n  o f  com plex

i o n s  o f  t h e  t y p e  2 n C l ^ .  W h a t e v e r  t h e  f a c t o r s  a r e  t h a t

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

a c h a n g e  w i t h  t h e  c o n c e n t r a t i o n  t h e y  may r e a s o n a b l y  be

e x p e c t e d  t o  a f f e c t  b t h è r  p h y s i c a l  p r o p e r t i e s  o f  th&u

s o l u t i o n s .  No e x a c t  c o r r e l a t i o n  c o u l d  h o w e v e r  be  g e n e r a l l y

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

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

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

and  t h e n  t o  r i s e  i n  t h e  same m a n n e r  a s  i n  f i g u r e s X I c ^ .  XV c r

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

a p p e a r s  t o  be  o f  t h e  same o r d e r  o f  m a g n i t u d e j a s  t h o s e

f o u n d  b y  S t o k e s  and  R o b in s o n  w here  c o m p a r i s o n  i s  p o s s i b l e .
( 7 8 )

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

t o  be 1 * 9 ,  compared  w i t h  t h e  maximum v a l u e  o f  1*2 f r o m  

t h e  s u s c e p t i b i l i t i e s .  They g i v e  no f i g u r e s  w h ic h  w i l l  

e n a b l e  a c o m p a r i s o n  t o  be made f o r  s i l v e r  n i t r a t e .  F o r  

z i n c  inJ. z i n c  p e r ^ c h l o r a t e  s o l u t i o n s  t h e y  g i v e  a  v a l u e

o f  2 0 * 0 .  T h e ^ v a l u e  c a l c u l a t e d  f r o m  t h e  s u s c e p t i b i l i t y

r e s u l t s  on z i n c  i o d i d e  i s  o f  t h e  o r d e r  1 2 'j[5rand i n  t h e

c a s e  o f  t h e  c h l o r i d e  U -  5 and  b r o m id e  / J - 4  j iu t

T h ese  v a l u e s  a r e  o f  t h e  same o r d e r ,  a s  t h a t  i n  t h e

p e r c h l o r a t e ,  b u t  t h e  h y d r a t i o n  o f  t h e  z i n c  i o n  w i l l  be

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

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

c a t i o n .
( l o c  c i t )
S t o k e s  h a s  p o i n t e d  o u t  i n  c o n s i d e r i n g  a c t i v i t y  

c o - e f f i c i e n t  d a t a  t h a t  t h e  e f f e c t  o f  t h e  a n i o n  i s  

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

t h e  mean e f f e c t i v e  d i a m e t e r  o f  t h e  i o n s .

A l t h o u g h  i n t e r p r e t i n g  t h e  s u s c e p t i b l i t y  r e s u l t s  

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

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

i o n  f o r m a t i o n .  S t o k e s  h a s ,  a s  i n d i c a t e d  a b o v e ,  shown 

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

a c t i v i t y  c o - e f f i c i e n t  d a t a  i n  t h e  c a s e  o f  z i n c  and  

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

a t e n d e n c y  t o  fo rm  Z n c l ^  , ZnBr^ and  Zn i o n s  i n  t h e
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s o l u t i o n  w h i l e  cadmium t e n d s  t o  f o r m  s i m i l a r  edX^. i o n s .  

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

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

c l o s e r  a p p r o a c h  o f  t h e  h a l o g e n  t o  t h e  c e n t r a l  m e t a l  a to m  

i n  t h e  c o - o r d i n a t e d  c o m p lex  i o n  t o  t h a t  i n  t h e  p u r e l y  

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

s u s c e p t i b i l i t y  o f  t h e  z i n c  and cadmium h a l i d e s  w i t h  

i n c r e a s i n g  c o n c e n t r a t i o n  i s  t h e r e f o r e  c o n s i s t e n t  w i t h  

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

c o n c e n t r a t i o n  i s  c o n s i d e r a b l y  more  m ark ed  f o r  t h e s e  

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

n i t r a t e  s o l u t i o n s ,  a s  i s  shown by  t h e  h y d r a t i o n  

n u m b er  -  c o n c e n t r a t i o n  g r a p h .  T h i s  would  s u p p o r t  s u c h  a n  

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

Some s e r i e s  o f  m e a s u r e m e n t s  w e re  made o f  t h e  

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

a d d i t i o n  o f  e q u i v a l e n t  p r o p o r t i o n s  o f  u n i u m i v a l e n t  

e l e c t r o l y t e s ,  t o  s e e  w h e t h e r  t h e  e f f e c t  o f  c o m p l e x 

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

T a b l e s  XX and ](XI g i v e  t h e  r e s u l t s  f o r  t h e  

s u s c e p t i b i l i t i e s  o f  s o l u t i o n  o f  z-inc h a l i d e s  w i t h  one

e q u i v a l e n t  and  two e q u i v a l e n t s  o f  a l k a l i  s a l t s  a d d e d .

The two s e t s  o f  f a m i l i e s  o f  c u r v e s  f o r  z i n c  i o d i d e -  

p o t a s s i u m  i o d i d e  s o l u t i o n s ,  and  z i n c  c h l o r i d e  -  ammonium 

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

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

p l o t t e d  a g a i n s t  c o n c e n t r â t  i o n  ( F i g u r e  XVII'.' a & b ) .



Table XX a

Zinc iodide so lu tio n s  with 1 Eg of Kl

g/lOOg of 
sol 

Double 
s a i t

Mean 
-10° .X 
s o l .

Mean/
. -lO^X 
'D . s a l t

Composition of the  so lu t io n

2n Ig Kl Wt. of the. 
Final s o l .

5 .11 .70428 .4 1 2 5 1 .2 7 1 0 .6 6 1 0 5 7 .7 4 4 0

1 4 .9 7 .6 7 0 0 8 .5 8 6 5 5 .1 9 9 2 1 .6 6 0 2 5 2 .4 6 0 9

2 0 .1 2 .6 5 0 4 4 .5 7 4 5 5 .0 5 5 i i590 • 25-. 0862

2 9 .9 5 .6 1 5 0 6 .5 6 9 5 5 .1 9 9 2 1 .6 6 0 2 •i 6'.2oo6

5 0 .1 1 .6 1 2 5 1 .5 6 2 5 4 .0 1 0 2.084 2 0 .2 5 5 6

4 0 .0 9 .5 7 2 1 5 .5 5 1 1 4.871 2 .5 5 5 18.4658

4 4 .9 8 .5 5 1 2 5 .5 4 4 7 5 .0 5 4 2.628 1 7 .0 7 6 6

5 0 .1 1 .5 5 4 0 1 .5488 5 .1 6 6 2.685 1 5 .6 6 7 2

5 4 .5 5 .5 1 9 4 7 .5 5 2 5 5 .2 6 5 2.757 1 4 .6 6 5 2



Table XXI J
X

Zinc iodide so lu tio n  with 2 Eq: of Kl

g/100  g s o l .  

Double s a it
Mean/

-10  .;i 
so lu t i on

Mean/
-lO^.X

D .sa lt

Composition of the so ln tio n

Znl 2 Kl Final wt. 
of s o l .

^.11 .70517 .4501 .4124 .4505 16.4648

15.09 .67171 .4000 1.245 1.292 16.8088

15.11 .6754 . 5995 ' 1 .550 1.402 18.2152

17.85 .66795 .5981 2.297 2.587 29.5402

20.08 .65353 .5889 1.671 1.898 17.7698

25.12 .63671 .5885 2.652 2.769 21.5804

25.49 .63403 .5827 1.7717 1.8428 14.1776

29.97 .61553 .5707 2.595 2.491 16.2975

30.06 .61842 .5820 5.170 3.294 21.4974

39 .96 .57987 .5695 3.279 3.425 16.7816

40.13 .58147 .5748 3.057 3.177 15.5338

45.01 .56045 .5642 3.361 3.510 15.2640

45 .10 .56242 .5705 6.5842 6.6408 28.8756

45.29 .56124 .5694 5.1922 3.3204 14.5792

50 .03 .54556 - .5669 . 3 .452 3.585

54 .92 .52965 .5741 4.4045 4.5957 16.5856



Table XXI a

Zinc ch lo ride  so lu tio n  with 1 Eq of NH^Cl

g/100 g 
of

so lu tio n

Mean
-106 X %  

S olu tion

Mean
-1061
Double

S a it

 ̂ Composition o f the so lu tio n

: ZnOlg Nfl^Cl Final wt, of 
the so lu tio n

5 .1 1 .71529 .9888 .8982 .5368 j 23 .3812

5 .1 1 .71525 .9881 .7949 .3119 21.6294

9 .97 ) .70645 .5859 .20174 7.9I8 28.1677

10.10 .70645 .5859 .20174 7 .9I8 28.1677

10.10 .70624 .5856 4.0940 1.606 56.4268

10.11 .70607 .5826 3.8279 1.5025 52.7176

20.07 .68864 .5657 5.1592 2.0252 35 . 7852

20.08 .66955 .5515 5.5848 2.1157 24.9256

20.09 .68851 .5652 2.8590 1.1144 19.6754

20.10 .68842 .5628 5.7255 2.2474 59.6532

29.11 .67951 .5577 2.-9865 1.1750 16.5698

50.02 .66952 .5518 3.5584 1.5968 16 .5048

30.08 .66955 .5515 5.5848 2.1157 24.9256

30.11 .66921 .5515 6.9933 2.7451 52.5546

30.12 .66977 .5550 6.5205 2.4810 29.2190

35 .10 .65855 .5442 4.2587 1.6658 16.8122

40.03 .64728 .5385 7.1657 2.8128 24.9260

40.09 .64726 .5385 6.2578 2.4485 21.6864

40.42 .64626 .5375 4.4204
l---------------------------------------------!

1.7552
*

15.2290

1



Table XXI a continued

g/lOOg of 
s o lu t i on

Mean
-ioG.%
so lu tio n

Mean
-icr.%
Double
S a lt

Composition of the s o lu t io n

ZnClg NH^Cl Final w t. 
of the s o l .

40.08 .64714 .5582 7.8546 5.0852 27.2884

44.84 .65759 .5557 5.3655 2.1060 16.6625

50.02 .65759 .5557 5.3653 2.1060 16.6625

50.02 .62688 .5538 6.4742 2.5414 18.0244

50.05 .62678 .5337 11.8086 4.655 32.8505

50.11 .62592 .5322 14.8974 5.8479 41.5924

50.15 .62642 .5332 7.3363 2 .8798 20.5792

55.12 .61662 .5324 7.6828 5.0158 19.4084

60.11 .60867 .5347 19.8757 7.8021 4 6 .0446

60.11 .60779 .5332 9.9427 3.9029 25.0500

60.15 .60765 .5332 11.0458 4.3351 25.5842

65.81 .60568 .5376 15.6290 5 .35 99.7406

66.00 .60099 .5396 12.0512 4.7306 2 5 .4248

66.24 .60045 .5394 14.1792 5.5659 29.8048

66.46 .60056 .5402 22.9686 9.0162 48.1258



Table XXI b

Zinc ch lorid e so lu tio n  with 

2 Eq of NĤ Cl

g/lOOg of 
S olu tion

Mean
- i c f . *
S o lu tion

Mean
-100.%
Double
S a it

Composition of the so lu t io n

Znûlg NĤ Cl F in a l wt. 
of th e s o l .

5 .1 2 7 .71488 .6202 8 .2 9 7 0 .6513 2 8 .8 85 1

1 5 .0 8 .70510 .6079 1.8420 1 .4460 2I.79O 8

2 0 .0 0 .69610 .60 2 7 2 .5 5 2 6 2.0059 22.7142

2 0 .0 6 .69656 .6021 2 .2 5 3 6 1.7535 1 9 .8 6 6 4

2 9 .8 2 .68090  - .5889 4 .6 2 4 7 3 .6307 2 7 .6 7 9 8

5 0 .0 6 .68077 .5896 5 .1 1 1 0 2 .0059 22.7142

5 9 .9 s .66556 .5796 5 .5 2 7 0 4.1821 25.7810

4 9 .8 5 .64587 .5712 6.475a 5.0840 2 5 .1888

5 0 .0 5 .64661 .5753 ' 5 .9 5 9 7 4.6789 21.2542

5 9 .4 4 .65028 .5690 8.8780 6 .9 7 0 0 2 6 .6 5 9 8

5 9 .6 5 .65 1 08 .5709 10.4102 8.1728 .5 1 .1 5 0 4  '
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show t h a t  t h e  m a g n e t i c  s u s c e p t i b i l i t y  r e l a t i o n s h i p s  i n  

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

t h e  s i n g l e  a l k a l i  s a l t  and  t h e  z i n c  h a l i d e  a r e  p l o t t e d  

on t h e  same g r a p h  t o  show t h e  s y s t e m a t i c  r e l a t i o n s h i p .  

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

show t h a t  t h e  s u s c e p t i b i l i t y  o f  t h e  m ix ed  s o l u t i o n s  

a r e  n o t  t r u e l y  s t r i c t l y  a d d i t i v e  a s  was i n d i c a t e d  i n  

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

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

o f , t h e  z i n c  i o d i d e ,  i . e .  t h e  s u s c e p t i b i l i t y  o f  z i n c  

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

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

t h e  s a l t s  c o n c e r n e d ,  f o r  e x a m p l e : -

S o l u t i o n s  w i t h  one e q u i v a l e n t  o f  p o t a s s i u m  

i o d i d e  a d d e d . '■

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

z i n c  i o d i d e  was w orked  o u t  a s s u m i n g  t h a t  t h e  p o t a s s i u m  

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



Zn Ip. s o l u t i o n s  w i t h  one e q u i v a l e n t  o f  KI 

a d d e d :

92

C o m p o s i t i o n  
g / lO O  g s o l .

-10® .X
D o ub le

s a l t

C o n t r i b u 
t i o n  o f  

KI

- l o S .% 
Zn Ig  

C a l c u l a t e d

-10® .X
Zn Ig  

E x p e r i m e n t s

1 5 ^ .3 8 6 5 .1 4 0 9 .37 3 5 .3 5 6 6

20% .37 4 3 .1 4 0 9 .3 5 4 7 .3 5 2 9

Z0% .3 6 9 9 .1 4 0 9 .3482 .3 40 6

4:0% .3 5 1 1 .1 4 0 0 .3 1 7 4 .3 2 8 6

bO% . 3 4 8 8 .1 3 9 8 .32 3 1 .3 3 2 9

I t  w i l l  be  n o t i c e d  t h a t  i n  t h e  more d i l u t e  s o l u t i o n s  

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

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

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

(•02NV I n  t h e  d i l u t e  s o l u t i o n s  t h e r e  w i l l  be  l i t t l e  

t e n d e n c y  t o  f o rm  i o n - p a i r s  o r  c o m p le x  i o n s  and  i t  a p p e a r s  

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

t o  i n c r e a s e  t h e  i o n i s a t i o n  o f  t h e  z i n c  i o d i d e  i . e .  t o  

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

t h a n  a c o v a l e n t  m o l e c u l e .  As t h e  s o l u t i o n s  become more 

c o n c e n t r a t e d ,  h o w e v e r ,  t h e  f i g u r e ^ c a l c u l a t e d  f ro m  t h e
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d o u b l e  s a l t  m easu rem en ts^  f a 1I5 b e lo w  t h e  e x p e r i m e n t a l  one

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

a s  due  t o  a  g r e a t e r  t e n d e n c y  f o r  co m p lex  i o n s  t o  be fo rm e d

i n  t h e  p r e s e n c e  o f  t h e  1 : 1  e l e c t r o l y t e ,  t h a n  i n  t h e  more

n e a r l y  n e u t r a l  s o l u t i o n  i n  w h ic h  t h e  co m p lex  would  have
++ - -  ( 80 ) 

t o  be o f  t h e  t y p e  Zn Znl^,

T h i s  somewhat com plex  b e h a v i o u r  would  e x p l a i n  t h e
(It 2.

n a t u r e  o f  t h e  d e v i a t i o n s  i n  T a b le s  I I I  & IV^. An e x a c t l y  

s i m i l a r  r e s u l t  i s  shown i n  F i g u r e  XVII b f o r  t h e  z i n c  

c h l o r i d e  and  ammonium c h l o r i d e  s o l u t i o n s .

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

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

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

Had t i m e  p e r m i t t e d  a  f u r t h e r  s t u d y  o f  t h i s  a s p e c t  o f  

t h e  w o rk  would  have  b e e n  o f  i n t e r e s t .
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ÔN
4

H )  G

G  G

N G

O N I O



f
g
<p
g

NN
ODX
ro

X

N O•
ro
o

&
B

<J\

k
N n
o

( m
B•

45-

k
N N
r o

ro*
X
CD
X
H*

O N

N N
OD

X
45“

N O«
ro
o

B

N O

M
ro
Bm
B

O N

k

ON

O N
#
O N

9

CD

B

O
O N

o ?

1-3
a
a

M45“
k

N Nr\D

9

N N

à
N n
45*

l a
G
P  CD

B

ro

à
a

ro
#
CD

Nn
X

B

$

Ss
o ?

k
a

#

M
OD
CD

H * G  O* 
O  H* 

O N  (-»  
H*

•S-

N N

N O

N N00
a

CD

•• è i  
s  ?

O N  H* 
»-• 
H *

4 ^

■ C

H i  3 ^  >-3 < î  
3* c+ o* o

■ " I s
CH G  

H j  H j

a a  

a |

§
g
G

C+

g-
G

O ’
G
3
N

3
G

" 45-NNNn 
O N  O N  O N  CTN• 45- 45-
O N - nJ  h
o N n ( R  o

Il II II

X  o  00

B
o



fp3

B

g

II

•
ON
NN
r o

N N

X

I
ON

OD
•
ON

NO

B

r i r

NO

X
o
X
H*00
CP
B•

ON
•
X
X

g

r o
#

NO
N N

S '

a
ro
r o

N N

a
a

OD

(gB

X*
NO
NO

<M
B

NO

N N
O n
ON
ro
o

00•
ON

NO

a
N N

O N
#O
X

8 ^

4=5
ON
h-'

X
ro

N N

ro
a
ON

8

Nn
N n
ODlO

♦
ON
ON

X

a

a

a
ON
O

§ f

r*- c  *-3
G CD o
HJ c»- cH

E

CD Hi

CÜ CH G •
3
N  O  
G  H t

g

TJ ^  p c+ O •
G  Q  P Ht
H* CD

3 g,
ma cH

H*
3

1

H ,

w
G
3

%

S

I
CD

P TJ1̂1
g : :  « ^

. k . g
Ht O  

H-" G  
O  CD TJ 

I P  c-H0>-i H"cH cr

H*
4

3
ro

ON33
H i C

P f CH 3 - o
• T H-'

C d d

8 -
O
H t

0 )
cH

o t d O o
H t G H t H t

W
3
N H i - i

G G d d
3 3 c r c r
%

G G G

g II II II

ON O  X
II • •

X r o  X
ON r o  X o
* ON Nn

N n 45- 
O N X

^ 9  • •



CO
•XNO

I

#
ro
O NNN

N NO

CO

ro
N O

g
9

<
p.

N n

o
ON

Nn
O N
O N

N O
o

'on
a

OD

X
f O

I

ro
Nn
O N

B

00
o
§

r o N N N N
• •

N O O
X N O W
N N ro N N
o p X

9 9 9
# « •

Nn
O N
O N00
O N

«
NnM
Nn
o

00
•
O N
X

B

h->

45-
XO

00
«O
o

N n
O N
O N

N N
O N

Nn

N N

CO

p .
c +

o

CD
P

ON̂
o ?

%
o

CD

^  1 '^  M T Ha
H »

4

t CD

«  CD ro 
o r  p  o  

P  CD«-►'•acH

O N  H-»

r o

O N33
ro

o

o  td
H) H»H, G

G  G

O N  D û

Nn

ot B



V-M#VNJs-
ro
M
ro

ro

ro
V-N
•p>
0

1

!■

s
<

&

VJl
' S
V>J

X

o

o
00

\ o•VN
V-N

B

ÏO
à
VNVD
O

roCTn
K

1

•\J1
ONMD

V-N

#
VJI Vn
ro V > l
w o
■ > VO
CD \o i

* •
Vjl \JI
o o o

VJJ 'Nl VN
M o VO

♦
V-N

55
“N j

00
ON

a
o

ro6i
ONv>i

ro

' S

O ? ?
% CO 

ON JC h-3

o ?

o ^

8 -

t
s

*TJ •
8 o i*r H)
CDp. 0: 
• P

g

%I
CO

J-i s  w
X § 

M H*
o  (D

O N  H* 

H *

4

CO

: 8^  CO o 
0 )  P  CD M *rJ

C +  C + -

X g
}_i H*

CT\ H*
4

M
ro

o

O tX3 O O 
Hj CD H> ^

CD CD

CD CD

ONro



<
fiCD

° .
ON

•NJ -N i -N j• •
•P> O N Mro 4>- O N

B B B
1 ■§• • •

Vû
«

OD

ON
ON

ON

V>4

M
00
i-*

VJ>I

4>-->vj
g

VsD
O Nro
->
VN

ON
*ro
ONro
00

1

ON
•ON
ON
ON

• •
VJl on VJI
4̂ On - n J

VJI H-* CTs
M v o CT\
4i> 0 0 4 ï -

4̂~OI
M
ON

CD
oo
O N00
S\

4̂

I
00

oVD
ONro

%

4̂-O
8

O S
Î3 -3 CD

O' P
CD 3
p . g

c+

&

CD
P

Cd
CD0
g
g

-3
O
c+

g

^  C+- 

§ •
S'R,
o-
• CD

P

g

a

O ?
ON«

> g l
X  CD 

^ S ? .
H*

M CD

°os
H*

%

CD
^  S

üi CD O 
P) CD
S ’S-

J_J H*
O o'

ON H- 
M 
H**
4 "

ON
ro

ON
Mro
o

dI
C+-

oW N 
CD CDO ÔN ® 
CD
g

b H5  CD CD

Il II II
ONO "Ni • • •

‘ i f
• o

II

\J1 ^ ON-Nj

| ‘§ S •



ON

-vj
0

1

-Nj
4*-

4>-
VO

ro•
ON
4^
ON
O

9
P
3
<&s

Ol
Ol
ON

X

ON
4^
4 s -VD

ON

ON
•
ON
4s-

I

■Nj
4^e
-Njro

B

fo
CD
CTN
4^

o n Vn VJl
• •

M ro 4i-
-ti j-»
ro œ CD
4>- ON O

"B *§ 1* • •

#
On On o n
M h-* MMD ro o n
ro o 00

Ol
0

1

vg

s

• #
ON ON
4i- On
ON On
M VO
lO ON

-a
CO?
e-g  (+ (+

§

CD
P

o f
o f

s
CD
P
3
»-35

-̂3

$

T J ?

l a
CD
Pu CD
• a

c+-

$
a

I

r*-

X

-Io  (D
ON

%
M
H*4

X

CD

^  CD O
p  CD
P  XiC*" C+* 

H*

Ï p:
ON M  

H*
4 "

I
v^°

ON
Wro
O s  •

a a
I I
c4*

O CD 
*-t CD

3
CD N 
CD CD
3 5N ®
P

P  

Hj %
II
P  P

M II II

II
ON 

-Nj
ONfO 
• ON 
O n 4s- 
ON*«vi

O  -Nl • •ro NJ

8



-Nj

O N

I
ON
a
B

G3 ,

'" S+ ror*-O
: f

f
p
3

a
P'

I
o

r o
o

VO
O N

<s

O N

O N

g4>-
•§

VO
On
Oio

<§

ONI00
<§

VO

0
-N j
GO

VO

1
o n

o o
" nJ

CD

•-3
O
(+

o f
o f

*T}
PO
ÏÏ a
P*

CO
P

O CD 
Hj CD

3
CD N 
P  P  
3  3

a

ovro

g

g

O N

O N
- N l
00
o

ON
4i-00
•N j
• N l

1

O N

00
œ

« a

o f

On
N J
On

X
M

%

O N
O
M

&

O N

a

ON

«
NJ X

o  p

COll
I -

CTN h-* 
H*

4

CO

O n
4>-
- x j4i-

o n4i-
N l
-Nj

o n4i-
•N J
On

I ro CO o

X  C+- C+-

H-' O'
CD H* 

O N  M  
H*

4 "



g

pM
g

4>-
N J

'S

X

0 0 0 0
•

0 0
•

e n  S
03 h 3  p

4 i - 4 f h-* I - !  3 -  P
O 4=- ( + 3  3

B B B +  B  ^

% ' g < g a  ^  ^
• • •

O N

CO *-3
1—' w p  o
h-» M O H-’ ç +
# • c +  p

O n O n X O
0 0 N J O n +
4 i - O N M
4 ï - o o O N O  c +

o n O O O N  •

1
< § B

• • •

0 0 0 0
•

N j
• T )  •

o o v o N O P  _
r o o O N O  O

8 .
O N
0 0 8 K

p .  e n

? B 1
•  P

M
# • • c +

r o r o O N c +
• •

O N O N O
C T \ N J o

O N
8

r o M )
0 0 N J

O

1
?

" g %
# • O N

e n
P

:  w
« 0 • î 8  S  o

O n O n O n ( +  H '  ro
r o r o O N X  "O
CTN O N 0 0 C+- c +

V J I r o  - 4 s - X  p
M O O 3  CT 

l->  P  H -
O  H '  

O N  H *

4

e n
r î

•
4 i -

•
4 i -

•
4 > >  I- v j N j N J P  P

4 s - O N O N e n  » o

O ■IS- r o

x & g
H "

O  H-* 
O N  H*

4

N
&O4i-
N J

O
-3 ^  ^  <
? r ? a
g o ^ 0C+- Hb c*" CD
O W H) p 3
CD N  
P  P

S g
P

g

a a
(+
S'

Il II II

II
N Jf ' r o

N J  " N i N JGNVNI o
•  o n  B  O N  

o

b 1  • *0



<5

g
II

JS-
gOO
X

°,
ON

OO OD
•

OO
M

o o
•

o oo

CD S  
p  *-3 P

1
*

1

B

•

+  ro *-9

%  p .
ON

•
œ
r o
ON

ON
O n

"g
«

6 i

e

cm
s
»

O n

6 s
ON

ON
ON

B
•

CD 1-3 
P  O  
M  c+  
r*- P

3 '

ON
•

VÛ
VO
0

1

M
ON

« S
CD
O

•

j- '
ON

1
r o

?

h j  *

8  a

S T c o

r o

O i

B
•

ro

&

« s

B
•

r\3 
•  ^

8 ^

8

9
e

•

a
o

3

- S

ON
ON

CD
NJ
O

&

8
ON

CD

^  g  ^
M  P  O  
O  H* 

CTN W

4

^  g
0) CD o

M * S
X  c+  c+  

M-
H-* O* 
O  H" 

ON M  
H*

4

•
4i-

•
4 i-

ro

#

O

N3O
ro

Hï ®



s

E
g

OnOOD

I
O N

M#
ro

o o

M,
B

r oM

CD•On4>
O NOO

ro
•
O n4>-
-g

O N
On

&

r o
o o

M
B

ro

O
'S
o oNJ

CD
à
On
O N

ro

a

•
O N

•
O N O N

O O O O o o
O N O N O N

O N 4i-
r o M O n

O N

Ni

H'M•I-*
r o

r oo•
O n

O NO

Nl
o o-P-
- >O

r o

&M
O N

O N
O n
ko

CD

&

o
%
O N

3 §
S* *-3

a
P

CD - 3  

& § -

O N

o f

sX} •

I»pu ro • ço

S

> o  6
H î  O

M H* cl*
O  X  H -

a
3 P

C+-
%
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Appendix {Solutions t>yv 5.)

Volume of tube = 7 *70$ c . c .  
Thrust of tube = .27 
Wt. of benzene = 6 . 73^6 gm. 
Thrust of benzene = 6.39  ™ê®*

Thrust Negative  
Tube + M aterial

Mean Total 
Thrust 

M aterial

Weight o f  
M aterial

-X  X 10  ̂
S o lu tio n

-X X 10  ̂
Solute

8.44  mgm.
8.43 "
8.43 "

8.163 mgm. 8.21652 gm. .7197 .7190

8.44  mgm. 
8.42  ^  
8.46  "

8 .17  mgm. 8.22547 gm. .7197 .7190

8.44  mgm.
8.44  " 
8.46  "

8 .17  mgm. 8.22547 gm, .7197 .7190

8.44  mgm.
8.44  ^
8.44

8 .1 7  mgm. 8.22545 gm, .7198 .7194

Mean Value =.7191 x 10

NH^Br ( s o l )  41.76^ ^/w

8.82 mgm. 
8.86 ” 
8.84 "

8 . 5 7  mgm. 9.8875^mgn . ‘ .6 2 8 9 .5 0 1 9

k

8 . 8 3  mgm. 
8 . 8 6  " 
8 . 8 5  "

8.585 " 9 .9 0 2 9 7  " . 6 2 9 0 .5 0 2 1

8 . 8 5  ” 
8 .8 5  " 
8.87 "

8 . 5 8  " 9 .8 9 6 2 7  " . 6 2 9 2 .5 0 2 5  

— , - .6  —Mean Value = .3021 x 10



Volume o f  tu b e  
T h r u s t  o f tu b e  
W t. o f  Benzene 
T h r u s t  "

7*703 c .c .
. 2 7  mgm. 
6.72647 gm.
6 .5 6  mgm.

( s o l . )  24 . 68# * /w

T h r u s t  N e g a tiv e  
Tube + M a te r ia l

M ean t o t a l  
T h r u s t ,  M a te r ia l

W t. of m a te r ia l -X X 10^ 
s o l u t i o n

-X X 10^ 
s o l u t e

6.44 mgm.
8 . 4 3  " 
8.46 "

8 .1 7 3  mgm. 9*06383  gm. .6 5 5 4 .4582

8.44 mgm. 
8.46 "
8 . 4 3  "

8 .1 7  mgm. 9 * 0 6 2 9 2  gm. .6 5 5 5 .4578

8 .4 3  mgm. 
8.42 ^ 
8.46 "

8 .1 7 3  mgm. 9 .0 6 3 9 9  gm. .6 5 5 4 .4580

Mean V alue .4580 x 10

KgCOj ( s o l . )  1 3 .5 1 #  */w

8 .3 7  mgm.
8 .3 5  "
8 .3 6  "

8 .0 9  mgm. 8 .5 3 6 5 0  gm. .68462 .4 5 4 9

8 .3 ^  mgm.
8 .3 6  "
8 .3 7  "

8 .0 9  m@n. 8 .5 8 5 1 2 .68474 .4551

8 .3 6  mgm.
8 .3 6  "
8 .3 6  "

8 .0 9  mgm. 1 8 .5 8 6 1 2  " .68465 .4544

Mean V alue -%
s o l u t e = .4^48 X 10



Volume of tube = 7*70)  c . c .  
Thrust of tube = .27  mm.
Wt. of benzene = 6 . 7)^o gm. 
Thrust o f benzene = 6*39 nigm.

Kêl ( s o l . )

Thrust Negative 
Tube + M aterial

Mean to ta l  
Thrust of Mater

Weight of 
i a l  M aterial

-X X 1 0 ^
so lu t io n

-X X 10  ̂
so lu te

3 .9 9  ingni.
8 .5 9  "
8 .6 0  "

8.323 mgm. 8.892950 gn. .68160 .5492

8 .60  mgm.
8 .6 0  "
8.61 "

8.335 mgiB* 8.86515 »m. .68165 .5493

8.61 mgm,
3 .6 0  "
8 .6 0  "

8.333 mgm. 8.36524

1

gm. .68I62 .5493

Mean Value . = .9492 x 10so lu te  ^

(NH^)2 SO  ̂ ( s o l . )  57 .57# Vw

8.55  mgm.
8 .5 5  
8 .5 4  "

8.276 mgm. 9 . 34267gm. .6420 .5126

8 .56  mgn.
8 .53 "
8.52  "

8 .276 mgm. 9.3444 gm. .6419 .5123

.6



Volume of tube = 7.703 c . c .  
Thrust of tube = ,2 7 mgm.
Wt. of Benzene = 6.72647 cm. 
T hrust of Benzene = 6 .96  mgm.

EBr ( s o l . )  24 . 68# V>

T hrust Negative 
Tube + M aterial

Mean to ta l  
T hrust of M aterial

Wt. of 
M aterial

-X X 10  ̂
so lu tio n

-X X 10^
so lu te

8 .9 4  mgm.
8 .92  ”
8.93  "

8.26 mgm. 9.25912 .6501 .4367

8 .98  mgm.
8.99 "
8.52  "

8.28  mgm. 9.26029 .6203 .4376

8.55 mgm. 
8.24  "
8.56 "

8.28  mgm. 9.22249 .6206 .43 88

Mean Value -X = .4377 x 10so lu te  ^

KI ( s o l . )  14.51# "/w

8.08  mgm.
8 .09  * 
8.08  "

7.6I5 mgm. 8.98O49 gtn . .66074 .4116

6.09 mgm.
8 .10  " 
8.10  "

7.826 mgm. 8.99421 gm , .66083 .4122

6 .09  "
8 .1 0  " 
8 .1 0  "

7.826 mgm. 8.99589 m , .66086 .4122

Mean Value -X , . = .4120 x 10so lu te



Volume of tube = 7.705 c .o .  
Thrust of tube = .27 mgm.
Wt. of Benzene = 6.72047  gm. 
Thrust of Benzene = 6 .9 6  mgm,

KNOj ( s o l . )  19.62/0 Vw

Thrust N egative  
Tube 4- M aterial

Mean t o t a l  
Thrust 
Mater ia l

Weight of 
M aterial

1 r
-X X 10°

so lu t io n
-X X 10^

so lu te

8 .00  mgm. 
8.04  " 
8 .08  "

7 .77  mgm. 8 .4 8 I9 I  gm. .66459 .3649

8.02  mm.
8 .03  *
8 .04  "

7.76 mgn. 8.47575 .66435 .3636

8.02  mgm.
8 .06  "
8.04  "

7 .77  mgm. 8.48658 gm, .66404 .3617

Mean Value -X = .3654 x 10
so lu te

NaNOj ( s o l . )  23 .04# "/w

8 .0 7  mgm. 
8 . 0 5  " 
8 . 0 9  "

7 .80 mgm. 9 . 0 0 4 1 0  gm, . 6 2 8 9 6 .3 2 3 1

8 . 0 9  mgm. 
8 . 0 6  "
8 .04  "

7.78 mgm. 8 .9 6 9 9 0  gm,
i

.6 2 9 2 8 .3 2 6 2

8 .0 7  m ^ .  
8 . 0 9  ^  
8 . 0 5  "

7.30 mgm. 8 . 9 9 6 9 0  gn . 6 2 9 0 9 .3 2 5 4

-

s o lu te



Volume of tube = 7*705 c*c* 
Thrust of tube = .27 mgm.
Wt. o f  Benzene = 6 . 720 47 gm* 
Thrast of Benzene = 6 .9 6  gm.

NH.NO, ( s o l . )  18 . 20# "/w

T hrust N egative 
Tube + M a te ria l

Mean t  o ta l  
T hrust 

M a te ria l

Weight of 
M a te r ia l s o lu t io n

-be X 10
so lu te

7 .9 8  mgm.
7 .9 9  "
8 . 0 0  "

7 .7 2  mgm. 8 .2 7 0 0 9  gm. .67706 .4840

8 .00  mgm.
7 .9 7  "
8.00  "

7 .7 2  mgm. 8 .2 6 9 6 7  gm. .6 7 7 0 9 .4842

7 .9 9  mgm.
7.99  "
7.99  "

7 .7 2  mgm. 8 .2 6 9 7 7  gm. .67709 .4842

"solute

KgSO  ̂ ( s o l . )  8.645#

8.12  mgm.
8.15 " 
8.11  ”

7 .89  mgm. 8.22452 gm. .69279 .4050

8.11  mgm. 
8 .10  ^ 
8 .D9 "

7.85 mgm. 8.20456 gmj[ .69269 .4059

8.10  mgm.
8.10  ^  
8 .10  "

7.85 mgm. 8 .I9 2 I8  gm. .69270 .4050

Mean Value -X = .4046 x 10
s o lu te



Volume of tube = 7*705 c . c .  
Thrust of tube = .27  mgm.
Wt. of benzene = 6.72647  gn* 
Thrust o f benzene = 6 .9 6  mgm.

Zncl^ ( s o l . )  12.17# %

Thrust N egative  
Tube + M ateria l

Ifean t o t a l  
Thrust of 

M ateria l

Weight o f  
M aterial

-X X 10^
s o lu t io n

Jx X 10^
s o lu te

8.56  mgm.
8.57  mgm.
8.59 mgm.

8 .0 9  mgm. 8.96270 gn. .68655 .4490

8 .5 9  mgm.
8.58
8 .5 5  "

8.09 mgm. 8.96589 gm. .68645 .4442

8 .59  mgm.
3.56
8.56  "

8.086  mgm. 8.96200 gn. .68625 .4429

Mean Value -^gg^uLe ” *4459 ^ 10

Alg (SO^)^ I8H20 ( s o l . )  5 5 .2 9 #  */w  } 0 3-
. i - S 9

8 .6 0  mgm.
8 .6 0  "
8 .61  "

8 .555  mgn. 9 .52131  gm . .6482 .5165

8 .6 0  mgm.
8 .6 1  " 
8 .6 0  "

8.555 mgn. 9 «31975 gm. .6482 .5165

8 .62  mgm.
8 .6 0  "
8 .6 0  "

8 .3 5 6 -mgm, 9 «5 25 25 go . .6482 .5165

so lu te



Volume of tube = 7*705 c . c .  
T hrus t  o f  tube = .27 
Wt. of Benzene = 6.7596 gm. 
Thrust  of Benzene = 6 .99  mgm.

MgSO^ /"HgO ( s o l . )  28.44# ®/w

Thrust  Negative 
Tube + M a te r i a l

Mean t o t a l
Thrust
M a te r ia l

Weight of 
Ivlateri a l

Ix X 10^
so lu t  ion

-X X 10^ 
s o lu t e

8.66  mgn. 
8.64  "
8 .6 9  "

8 .5 8  mgm. ' 8 .9 9 1 1 4  gm. .6 7 5 9 .5 6 5 0

8 .6 4  mgm. 
8.68  " 
8 .6 0  "

8 .5 7  mgm. 8.97992 gm. .6 7 6 1 .5 6 5 7

8 .6 2  mgm.
8 .6 5  "
8 .64  "

8 .5 6  mgm. 8 .9 4 9 5 7  gm. .6 7 7 2 .5 6 6 1

Mean Value -X = . 9 6 9 6  x 10
s o l u t e

ZnSO^ 7H2 O ( s o l . )  4 6 . 9 0 # */w

9 . 0 0  mgm. 
8 . 9 9  " 
8 . 9 8  "

8 . 7 2  mgm. 1 0 . 2 6 6 4 6  gm . . 6 1 6 7 .4 9 9 7

8 . 9 9  mgm.
8 . 9 9  "
8 . 9 9  "

8 . 7 2  mgm. 1 0 . 2 6 6 9 1  gm. . 6 1 6 7 .4 9 9 7

8 . 9 9  mgm. 
8 . 9 8  " 
9 . 0 0  "

8 . 7 2  mgm. 1 0 . 2 6 7 9 6  gn . . 6 1 6 7 . 4 9 9 7

ivlean Value -X , . = . 4 9 9 7  X 10s o lu t e



Volume of tube = 7*705 c .c .  
Thrust of tube = .27 mgm.
Wt. of Benzene = 6.72647  gn. 
Thrust o f  Benzene = 6 .^6  mga

w

Thrust N egative 
Tube + M aterial

Mean t o t a l  
Thrust 

Materi a l

Weight of 
M aterial

-r- ■ r  ........-
-X X  10 -3 

so lu t io n
X  10^
so lu te

8.28 mgm.
8.28 " 
8.23 "

8.01 mgm. 8 .2 4 1 1 6  gm. .7 0 5 9 8 6 4 0 9

8 .2 7  mgm.
8.27 "
8.27 "

8.00 mgm. 8 .2 2 6 1 8  gm. . 7 0 6 5 5 6 4 5 0

8 .2 7  mgm.
8.28 ^ 
8.28 "

8 .0 0 6  mgm. 8 .2 5 6 2 8  gm. .7 0 6 0 4 .6412

r
Mean Value -X

so lu te

MglgSHgO ( s o l . )  1 6 . 96# "/w

8.24 mgm. 
8.28  " 
8.20  "

7.97 mgm. 8.45728 gm, .68458 .5100

8.25 mgm.
8.25 "
8.25 “

7.966 mgn. 8.45552 gm

i .

,• .68455 .5100

8.25 mgm.
8.25 " 
8.24  "

7 .9 7  mgm.

„ - ..............‘

8.45820 gm .68450 .5100

r
Mean Value -X , . = .5100 X  10so lu te



Volume of tube = 7*705 c .o .  
Thrust of tube = .27 mgn.
Wt. of Benzene = 6.7556  gm. 
Thrust of Benzene = 6.59  mgm.

w

Thrust Negative  
Tube + M aterial

Mean t o t a l  
Thrust 

M aterial

We igh t of 
Mater i  al

X X 10^ 
so lu tio n

------- 1
-X X 10 

s olute

9*46 mgm.
9.44  "
9.45 "

9 .1 8  mgm. 1 1 .5 5 6 5 1  go. .58910 .5 2 0 5

9*48 mgm. 
9*47 
9 . 4 9  "

9*21 mgm. 1 1 .5 7 1 4 1  gn. .5895 .5208

so lu te

M gei, NH.Cl 6H„0 ( s o l . )  24 . 25# ®/w.2 4

9*01 mgm.
9.01 "
9.01 "

7.94 mgn. 8.15535 m .7064 .6659

9.02 mgm.
9.00 "
9.01 "

7.94 mgm. 8.15466 gm .7065 .6655

8.19 ngm.
8 .20 " 
8.18  "

7.92 mgm. 8.11720 gn . .7061 .6626

Mean Value -X = .6653
so lu te



Yoiiarae of tube = 7*70  ̂ c#c . 
Thrust o f tube = . 2? mgm*
Wt. of Benzene = 6*72647 
Thrust of Benzene = 6*^6 mgm*

w

Thrust Negative 
Tube + M aterial

Mean t o t a l  
Thrust of 

M aterial

Weight o f  
M ateria l

- I  X  1 0 ^

8 Glut ion
-X X  1 0 ^  

so lu te

8.04  mgm* 
6 . 0  ̂ mgm. 
B .o6 mgm*

7*73 mgm* 8*16750 gm* .69112 .4889

8*07 mgm* 
8.05 mgm. 
8*05 mgm*

7.78  mgm* 8*16722 gm. .69115 .4890

8*05* mgm*
8 .D5 mgm* 
8 .0 5  mgm*

7*76 mgm* 8*16720 gm* .69115 .4890

'so lu te

MgBr„_KBr 6h„0 . ( s o l . )  1^.82%

8.50 mgm.
8 .^0  " 
8*510 "

8*25 mgm* 8*8^707 gm, .67570  ̂ .4968 I

8*50 mgm.
8*51 " 
8.52 "

8*24 mgm* 8.87294 gm, .67550 .4949

8*^0 mgm*
8.49 " 
8.51 "

8.25 mgm* 8*86298 gm . .67520 .4944

Mean Value -X , . 10 x .4955so lu te



Volume of tube = 7-703 c .c .  
Thrust of tube = . 2? mgm. 
Wt. of Benzene = 6 . 735  ̂
Thrust of Benzene = 6*39

MgCl„ KCl 6h„0 ( s o l . )  25.08^ V W

Thrust Negative 
Tube + M aterial

Mean to ta l  
Thrust of 

M aterial

Weight of 
M ateria l

-X X 10 °
so lu t io n

~ X  X 10 °  1 
so lu te  1

8 .61  mgm. 
8.82  " 
8.80  "

8 .54  mgm. 8.88947 gm. .69710 .6 2 0 8

8 .8 5  B g m .
8.84  " 
8.62  "

8.36 mgm. 8.90716 gm. .69740 .6221

8.80  mgm.
8.80  " 
8.81  "

8.336 8.88094 gm. .69730 .6217

1
Mean Value -X

so lu te
= .6213 X 10

MgBrg NĤ Br 6h^0 . */w

8.96  mgm.
8 .9 5  "
8 .97  "

8.69  mgm. 10.06936 gm, #6266 .5149

8 .9 5  mgm.
8 .9 6  "
8 .96  "

8.686 mgm 10.06703 gm. •6264 .5144

8 .95  mgm.
8 .96  " 
8 .9 4  "

8.68  mgm, 10.03933 gn. .62631 .3147

C
Mean Value -X = .3146 X 10

s o lu te



Volume of tube = 7*703 c .o .
Thrust of tube = .27 mgm.
Wt. of Benzene = 6.72047 gm- 
Thrust of Benzene = 6 .3 6  mgm.

MglgCNH^)!- ÔHgO ( s o l . )  22.54/, * /w .

Thrust N egative 
Tube + M aterial

Mean t o t a l  
Thrust 

M aterial

Weight of 
M aterial

-X X 10  ̂
s o lu t i  on

-X X 10^
so lu te

8 .3 8  mgn.
8 .3 9 8.113 mgm. 8.83309 gm. .66598 .4803

8 .3 8  mgm.
8.37 "
8 .39  "

8.11  mgm. 8.84078 gm. .66664 .4832

8.39  mgm.
8 .58  "
8.59 "

8.116 mgm. 8.83497 gm, .66608 .4807

Mean Value ""^solute ~ ^ 1  ̂

MgIgKiéHgO ( s o l . )  1 6 .0 /  V w

8.23  mgm.
8 .27   ̂
8 .2 9  "

8.00  mgm. 8.55260 gm .67940 .4662

8.28  mgm.
8.28  " 
8.29  "

8.013 mgm. 8.56296 gm , .67972 .4681

8 .27  mgm.
8 .2 7  "
8 .28  "

8.003 mgm. 8.55502 gm . .67965 .4675

Mean Value ” *4672 x 10
/ ........
D



Volume of tube = 7*703 c .c .  
Thrust of tube = . 2? mgm.
Wt. o f  Benzene = t . 73^6 gn * 
Thrust of Benzene = 6.39  mgm.

w

Thrust N egative  
Tube +  M aterial

Mean t o t a l  
Thrust 

Materi al

W ei^ t o f  
M aterial

~ X  X 10 ^
s o lu t io n

-X X 1 0 ^  

so lu te

8 . 3 1  mgm.
8 . 3 3  "
8 .3 0  "

8 . 0 4 3  mgm. 8 . 3 1 2 6 4  gm, , .6440 . 5 5 7 1

8 .3 0  mgn.
8 . 2 9  " 

8 . 5 1  "

8 . 0 3  mgm. 8 . 3 0 0 3 1  gm . .6840 . 5 5 7 1

8 . 3 1  mgm.
8 . 5 2  "

8 . 5 2  "

8.046  mgn. 8 .3 I8 9 7  gm . .68595 . 5 5 6 6

so lu te
ZkT SÔ  G • ( So Ĵ. /3- f /  7oJ%

8 .1 7  mgm.
8 .1 7  "
8 .1 9  "

7.906 mgm. 8 . 50804 gm. .6885 .4925

8.20  mgm.
8.20  " 
8.20  "

7.95 mgm. 8.55556 gm. 16884 .4916

8 .10  mgn. 
8 .20  " 
8 .2 7  "

7.92 mgm. 8.52795 @nj .6882 .4902

Mean Value -X  ̂ . = .4913 % 10s o lu te  ^
5T



Volume of tube = 7*703 c . c .  
Thrust of tube = .27  mgm.
Wt. of Benzene = 6.72047 
Thrust of Benzene = 6 .36  mgm,

ZnSo^ KpSÔ  6HpO ( s o l . )  12 . 97 /̂  Vw

T hrust Negative 
Tube + M a te ria l

Mean t o t a l  
T hrust of 

M ateria l

Weight of 
MaXeri al

-%  X 10^
s o lu t io n

6
-X X  10 

so lu te

7*93
7 .9 2  * 
7 .94  "

7*93 mgm» 8.40460 gm. .6850 .4502

7 .9 0  mg. 
7.89  "
7 .88  "

7 .8 9  mgm. 8.33796 gm. .6852 .4518

7*94
7.92
7.93

7.93  mgm. 8 .39730 gm* .68566 .4548

Mean Value «-X , , = .4322s o lu te

MgSO  ̂ KgSO  ̂ üügO ( s o l . )  13.88# Vw

8 .2 9  mgm.
8 .3 0  " 
8 .28  "

8.02  mgn. 8.55055 gm. .68292 .4867

9 .3 1  mgm.
9 .3 2  " 
9 .5 2  "

8.046 mgm. 8.55254 gm. .68546 .4899

9.51  mgm.
9 .51  ”
9.52 "

8.043  mgm. 8.55012 gm. .68559 .4899

Mean V alœ  -X = ,4888 x 10
so lu te



Volume of tube = 7*703 c .c .  
Thrust o f  tube = .27 mgm.
Wt. of Benzene = 6*7356 
Thrust o f  Benzene = 6*39 mgm.

w
ZnClo 4NH^pl ( s o l . )  3 9 »73# A *

Thrust Negative  
Tube + M aterial

Mean t o t a l  
Thrust 

M aterial

W e i^ t  of 
Materi a l

~X X 10^
s o lu t io n

6
X X 10 

so lu te

8.76  mgm.
8.77 "
0 . 7 5  "

8 >49 mgm. 9 .14681 gm, .6981 .6027

8.77 mgm.
8 . 7 5  " 
8 . 7 9  "

8.30 mgm. 9.14604 gm .6742 .6047

8.74  mgm.
8.74 "
8.74 "

8.47 mgm. 9*13189 gtt, .6752 

----- ------------. . 6

.6022

so lu te



Volume of Tube = 7 *70)  o»G. 
Thrust of " = .27
Wt. of Benzene = 6 . 7)^ 6g . 
Thrust of Benzene = 6.^9  ^ '

A lg  (SO^)^ (m ^ )2 5 0 ^  24HgO

T hrust Negative 
Tube + M a te ria l

Idean T o ta l 
T hrust

wt. of 
M ateri a l

-  % 10^
s o lu tio n

-X X 10  ̂
so lu te

8 .19  mg.
8 .19  " 
8.14  "

7.876 8.67258 *7098 .59)7

8.19 "
8.19  ” 
8.16  "

7.885 8.08177 .7056 .5920

8 .15  "
8.15 "
8.15 "

7 .8 8 8.07576 .7059 ' . 59)4

Mean Value = *595  ̂  ̂ 10
so lu te

6

Wt. of Tube = 7*705 c .c#  
Thrust of Tube = .27 mg*
Wt. of Benzene = 6.72647 g- 
Thrust o f Benzene = 6 .56  mg.

Alg (SO^)^ KgSÔ  .24320

8 .0 6  mg.
8.07
8 .0 7  "

7.796 8.09685 .70297 .5 )5 6

8 .07  "
8 .07  "
8.07  "

7.80 8.05175 .70291 . 5)56

8.07  "
8 .08  " 
8.08  "

7 . 806 8.05685 .70505 .5)67

so lu te



Volume of Tube = 7 . 70)  c .o . 
Thrust of Tube = .27 i%.
Wt. of Benzene = 6.72047 g . 
Thrust of Benzene = 6 .9 6  mg.

Zn (NOj)^ 4HgO.

T hrust Negative 
Tube +  M a te ria l

Mean T otal 
Thrust

w t. of 
M a te r ia l

-%  X  1 0 ^

s o lu tio n
-%  X  10^

so lu te

8 .21  mg.
8 . 2 2  ^  

8.25  "

7.95 9.05529 . 6)58 . 4)58

8 .24  "  

8 . 2 0  "  

8 . 2 2  "

7.95 9.05524 . 6)58 . 4)58

8 . 2 2  "  

8 . 2 2  "  

8 . 2 2  "

7.99 9.06615 .65676

I-

. 4)89

s o lu te
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