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IHTRQDUOTIOH

T h is  i n v e s t i g a t i o n  i s  c o n c e r n e d  c h i e f l y  w i t h  t h e  s t u d y  

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

w i t h  a r e  t h o s e  n e c e s s a r y  t o  make t h e  p o s i t i o n  more  

c l e a r  w here a  l a c k  o f  a greem en t i n  e x i s t i n g  d a t a  r e n d e r s  

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

The f i r s t  m o l e c u l a r  p o l a r i s a t i o n  m ea su rem en ts  on d i p h e n y l  

and i t s  d e r i v a t i v e s  w ere  p u b l i s h e d  i n  1 9 2 8 .  T h ere  had b e e n  

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

d i p h e n y l  m o le c u le  and i t  was th o u g h t  t h a t  a s tu d y  o f  t h e  

m o l e c u l a r  p o l a r i s a t i o n s  o f  4 , 4 * - d i s u b s t i t u t e d  d i p h e n y l s  

w ould h e l p  to  c l a r i f y  t h e  s i t u a t i o n .  T h is  was one o f  t h e  

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

s t r u c t u r e  by  d i p o l e  moment s t u d i e s  and , t h e  m ethod b e i n g  

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

a s  c o n c l u s i v e  a s  was h o p ed .

B r e t s c h e r  ( l )  made m e a su r e m e n ts ,  i n  b e n z e n e  s o l u t i o n s ,  

o f  d i p h e n y l ,  4 , 4 * - d i f l u o r o - ,  4 , 4 * - d i o h l o r o -  and 

4 ,4 *  - d ib r o m o d ip h e n y l  and fo u n d  t h a t  t h e y  e a ch  had z e r o  

d i p o l e  moment. T h ese  r e s u l t s  h e  was r e a d i l y  a b le  t o  e x p l a i n



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

H ow ever, h e  a l s o  m easu red  t h e  moments o f  4 , 4 * - d ia m in o -  and 

4 , 4 *- d im e th o x y d ip h e n y l  fou n d  v a l u e s  o f  1 .4 5 D  and 1 .521)  

r e s p e c t i v e l y ;  f o r  t h e s e  r e s u l t s  h e  o f f e r e d  no e x p l a n a t i o n .

In  t h e  same y e a r  W i l l ia m s  (2 )  p u b l i s h e d  p o l a r i s a t i o n  d a t a  

f o r  a  l a r g e  number o f  compounds i n c l u d i n g  s e v e r a l  d i p h e n y l  

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

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

d e r i v a t i v e s  by  a  s im p le  s p a c i a l  a r r a n g e m e n t .  S h o r t l y  a f t e r  

t h i s  W i l l ia m s  and W e is s b e r g e r  ( 5 ) ,  i n  a  p a p e r  d e v o t e d  more  

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

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

p r e v i o u s  anom alou s r e s u l t s  f o r  4 , 4 * - d i a l k o x y d i p h e n y l s  on 

t h e  b a s i s  o f  a n g u la r  o x y g e n  b o n d s . They h a d ,  h o w e v e r ,  t o  

r e s o r t  t o  a  f o l d e d  s t r u c t u r e  i n  t h e  c a s e  o f  4 , 4 *- d ia m in o -  

d i p h e n y l  s i n c e  t h e i r  meirisurements on p - p h e n y le n e  d ia m in e  

showed i t  t o  h a v e  a  moment i n d i s t i n g u i s h a b l e  from  z e r o .

L a t e r  work h a s  f a i l e d  t o  c o n f ir m  t h i s  and t h e  a c c e p t e d  

v a l u e  o f  t h é  d i p o l e  moment o f  p - p h e n y le n e  d ia m in e  i s  ab ou t  

1 .5 D  ( 4 ) ,  ( 5 ) ,  th u s  rem ov in g  t h e  b a r r i e r  t o  t h e  e x p l a n a t i o n  

o f  t h e  moment o f  4 , 4 * - d ia m in o d ip h e n y l  on t h e  b a s i s  o f  a  

m o l e c u l e  h a v in g  c o p la n a r  r i n g s .

In  t h e  f o l l o w i n g  y e a r  W e is s b e r g e r  and W i l l ia m s  (6 ) 

r e v i e w in g  t h e  p o s i t i o n  showed t h a t  f o r  4 , 4 *- d i s u b s t i t u t e d  

d i p h e n y l s  h a v in g  s u b s t i t u e n t s  o f  t h e  t y p e  - 0 1  o r  -NOg, 

f o r m u la e  i n  w h ic h  t h e  r i n g s  w ere  c o a x i a l  b u t  i n  p l a n e s



i n c l i n e d  to  one a n o t h e r  w ere  v a l i d  e q u a l l y  w i t h  f o m u l a e  i n  

w h ic h  t h e  r i n g s  w ere  c o p l a n a r .  A l s o ,  f o r  4 , 4 * - d i s u h s t i t u t e d  

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

l i n k a g e s  w i t h  m u t u a l ly  i n c l i n e d  v a l e n c i e s  t h e y  d i s c u s s e d  

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

t o  c i s  and t r a n s  t y p e  i s o m e r s .  They d id  n o t  h o w ev e r  r e a c h  

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

e x p e r im e n t a l  r e s u l t s ;  t h i s  was a l s o  t h e i r  a t t i t u d e  t o  t h e  

t h e n  s t i l l  anom alou s c a s e  c o n c e r n in g  p - p h e n y l e n e  d ia m in e  

and 4 , 4 ' - d i a m in o d i p h e n y l .

In  t h e  same p a p e r  t h e s e  a u t h o r s  c o n s id e r e d  t h e  c a s e  o f  

2 , 2 ’ - d i c a r b o x y m e t h y l d ip h e n y l  by t h e  same t e c h n i q u e  o f  co m p ariso n  

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

p h t h a l a t e .  H ere  t h e  d i p o l e  moment o f  t h e  l a t t e r  i s  h i g h e r  

th a n  t h a t  o f  any o f  t h e  i s o m e r i c  d ic a r b o x y m e t h y l  

d i p h e n y l s  b u t  some l i g h t  was throw n on t h e  s u b j e c t  by t h e  

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

i n  t h e  c o a x i a l  r i n g s .  F r e e  r o t a t i o n  a b o u t  t h e  c e n t r a l  bond 

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

e x p l a n a t i o n  o f  t h e  e x p e r im e n t a l  r e s u l t s .

The r e s u l t s  o f  an i n v e s t i g a t i o n  s i m i l a r  to  t h a t  J u s t  

d e s c r i b e d  w ere  p u b l i s h e d  i n  t h e  same y e a r  by  B r e t s c h e r  (7 )  

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

m ea su r e m e n ts ,  t h e r e  rem ain ed  no e v i d e n c e  i n  f a v o u r  o f  t h e  

K a u f l e r  fo r m u la  f o r  d i p h e n y l .  He a l s o  d ed u ced  from  h i s  

r e s u l t s  l o r  2 , 2 ' - d i n i t r o d i p h e n y l  and 2 , 2 *- d i c h l o r o d i p h e n y l  

t h e  r o t a t i o n  o f  t h e  r i n g s  r e l a t i v e  t o  one a n o t h e r .



4

W e is s b e r g e r  and S an gew a ld  (8 )  m easu red  t h e  moments o f  an 

a s s o r tm e n t  o f  compounds w h ic h  i n c lu d e d  t h e  i s o m e r i c  

m o n o c h lo r o d ip h e n y ls  t o g e t h e r  w i t h  2 , 2 * - d i c h l o r o -  and 

5 , 3 ' - d i c h l o r o d i p h e n y l .  To t h e  d i s u b s t i t u t e d  d i p h e n y l s  t h e y  

a p p l i e d  t h e  f o r m u la ,  b a se d  on t h e  a s s u m p t io n  o f  f r e e  

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

r e s u l t a n t  = / § .  |i ‘

w h ere  jji was t h e  v a l u e  f o r  c h lo r o b e n z e n e .  From t h e i r  r e s u l t s  

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

compared w i t h  t h a t  e x h i b i t e d  by d i  c h l o r e  t h a n e .  They  

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

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

d i p h e n y l  on t h e  b a s i s  o f  d i p o l e  moment m ea su rem en ts  s i n c e  

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

a c c e s s i b l e  t o  q u a n t i t a t i v e  s t u d y .  L a t e r  r e s u l t s  by  

M aeshagen ( 9 )  co n f irm ed  t h i s  p o i n t  o f  v i e w .

The f i r s t  m a t h e m a t ic a l  t r e a t m e n t  o f  t h e  moments in d u c e d  

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

was t h a t  u sed  by Hampson and W e is s b e r g e r  (1 0 )  i n  t h e  

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

m o n o c h lo r o d ip h e n y ls .  T h is  was an e x t e n s i o n  o f  t h e  t h e o r y  

a p p l ie d  by them t o  t h e  s u b s t i t u t e d  n a p h t h a le n e s  ( 1 1 ) and  

was b a s e d  on e a r l i e r  work by  Sm allwood and H e r z f e ld  ( 1 2 ) 

and Frank ( 1 3 ) .  For t h e  s y m m e tr ic a l  d i c h l o r o d i p h e n y  1 s  

Hampson and W e is s b e r g e r  c o n s i d e r e d  t h a t  t h e  e l e c t r o s t a t i c  

a t t r a c t i v e  and r e p u l s i v e  f o r c e s  l a r g e l y  c o m p e n sa te ,  and



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

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

m o l e c u l e s .  T h e ir  c a l c u l a t i o n s  on t h i s  b a s i s  showed t h a t  

i n  t h e  2 , 2 *- d i c h l o r o d i p h e n y l  t h e r e  would be  c o n s i d e r a b l e  

r e s i s t a n c e  to  f r e e  r o t a t i o n  w h i l e  i n  t h e  3 , 5 ' - d i c h l o r o 

d i p h e n y l  t h e r e  w ould  b e  no s i g n i f i c a n t  i n h i b i t i o n  o f  r o t a t i o n ,

Le F è v r e  and Le F è v r e  (1 4 )  m easu red  a  l a r g e  number o f  

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

c o r r e s p o n d in g  b e n z e n e  d e r i v a t i v e s  i n  an i n v e s t i g a t i o n  

d e s ig n e d  to  g i v e  some i n f o r m a t i o n  on t h e  t a u t o m e r i c  e f f e c t s  

i n  d ip h e n y l  d e r i v a t i v e s .  They p r o p o s e d  t h a t  s i n c e  t h e  

m eso m er ic  and t a u t o m e r ic  e f f e c t s  o p e r a t e  by t h e  same  

m echan ism , th e n  t h e  p r e s e n c e  o f  m esom erism  may be t a k e n  a s  

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

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

Hampson m d  W e is s b e r g e r  (1 0 )  on t h e  in d u c e d  moments i n  t h e  

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

The c o n c l u s i o n s  drawn from  t h e i r  e x p e r im e n t a l  work w ere  

t h a t  m esom erism  c e r t a i n l y  e x i s t e d  and t h a t  t h e  in d e p e n d e n t  

c o n j u g a t i o n  o f  t h e  n u c l e i  was g e n e r a l l y  n o t  so  c o m p le te  a s  

m ig h t  h a v e  b e e n  e x p e c t e d  from  e a r l i e r  d i s c u s s i o n s  on t h e  

s u b j e c t .

Le F e v r e  (md V in e  (1 5 )  made m ea su rem en ts  on a  s e r i e s  o f  

2 , 2 *- d i s u b s t i t u t ed d i p h e n y l s  i n  w h ic h  t h e  s u b s t i t u e n t  

g r o u p s  w ere  l a r g e .  They compared t h e  v a l u e s  o f  t h e  moments 

o b t a in e d  w i t h  t h o s e  o f  t h e  r e l a t e d  s u b s t a n c e s  i n  w h ich  an 

a d d i t i o n a l  p a i r  o f  s u b s t i t u e n t s  had b e e n  added i n  t h e
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4 , 4 - p o s i t i o n s ,  i n  an a t t e m p t  t o  d e t e r m in e  w h e th e r  t h e  

s u b s t i t u t i o n  o f  l a r g e  g r o u p s  i n  t h e  2 , 2 *- p o s i t i o n s  a f f e c t e d  

t h e  G o l l i n e a r i t y  o f  t h e  4 , 1 , 1 * , 4  * c a rb o n  a to m s . The r e s u l t s  

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

t h a t  t h e  s p a c i a l  arra n g em en t o f  a l l  d e r i v a t i v e s  o f  d i p h e n y l  

i s  r e c t i l i n e a r .  S m a l l  c h a n g e s  i n  moment w ere  fo u n d  w i t h  

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

c o n s i d e r  i t  p o s s i b l e  t o  d e c i d e  w h e th e r  t h e s e  a r o s e  from  

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

i n d i c a t e d  t h a t  s e v e r a l  o f  t h e  compounds w ere  n o n - c o p la n a r ,  

t h e  b e n z e n o id  r i n g s  b e i n g  a p p r o x im a t e ly  a t  r i g h t  a n g l e s  to  one  

a n o t h e r .

A f t e r  a  gap  o f  s e v e r a l  y e a r s  Lumbroso (1 6 )  r e i n v e s t i g a t e d  

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

He showed t h a t  4 , 4 ' - s u b s t i t u e n t s  h a v e  l i t t l e  e f f e c t  on t h i s  

a n g l e ,  w h ic h  i s  p r i m a r i l y  d e te r m in e d  by t h e  2 , 2 ' - s u b s t i t u e n t s ,  

and d i s c u s s e d  num erous o t h e r  f a c t o r s  a f f e c t i n g  t h e  r o t a t i o n  

i n d u e  i n g  t h o s e  d e a l t  w i t h  p r e v i o u s l y  by Hampson and W e is s b e r g e r  

(10) .

The l a t e s t  w ork , p u b l i s h e d  s i n c e  many o f  t h e  m ea su rem en ts  

r e p o r t e d  h e r e  w ere  m ade, h a s  b een  t h a t  o f  E v e r a r d ,  Kumar 

and B u tto n  (1 7 )  and E v e ra r d  and S u t t o n  (1 8 )  w h ic h  d e a l s  

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

c h i e f  p o i n t  a r i s i n g  from  t h i s  work w o u ld  a p p ea r  t o  b e  t h e  

in a d e q u a c y  o f  t h e  Haxapson f.ind W e is s b e r g e r  t r e a t m e n t  and t h e  

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

c o n ju g a te c i  s y s t e m  a c t i n g  t h r o u ^ i  t h e  medium o f  t h e  tt - e l e c t r o n s



B i m i l a r l y  t o  t h e  m eso m e r ic  e f f e c t .

The work r e p o r t e d  i n  t h i s  t h e s i s  was d e s i g n e d  t o  add t o
J

t h e  k n o w led g e  o f  t h e  e f f e c t s  upon t h e  p o l a r i t y  o f  t h e  

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

p o s i t i o n s ,  lAhich i s  o f  im p o r ta n c e  i n  r e l a t i o n  to  t h e  s p a c i a l  

a rra n g em en t w i t h i n  t h e  m o l e c u l e s  and t o  t h e  c h a r a c t e r  o f  

t h e  c e n t r a l  b on d . 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  a p p a r e n t  

d i p o l e  moments o f  num erous d i p h e n y l  d e r i v a t i v e s  i n  b e n z e n e  

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

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

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

MSTiiODB OF REBEAROH

B e c t io n  I •

A p p ara tu s

The a p p l i c a t i o n  o f  t h e  G l a u s i u s - i i o s o t t i - D e h y e  e q u a t io n  

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

compound i n  t h e  g a s e o u s  s t a t e  was e x te n d e d  by D ebye to  t h e  

c ; s e  o f  d i l u t e  s o l u t i o n s  o f  a  p o l a r  compound d i s s o l v e d  i n  

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

p o l a r i s a t i o n  and t h e  d i p o l e  moment o f  a  compound by t h i s  

m ethod i t  i s  n e c e s s a r y  to  d e t e r m in e  t h e  d i e l e c t r i c  c o n s t a n t s ,  

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

o f  g r a d e d ,  m o d e r a t e ly  lo w ,  c o n c e n t r a t i o n s . The a p p a r a tu s  

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

d e s c r i b e d  i n  t h i s  s e c t i o n .

Determinant i o n  o f  D i e l e c t r i c  C o n s tr u it s .

I t  was d e s i r e d  t o  m ea su re  d i e l e c t r i c  c o n s t a n t s  r a n g in g
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b e tw e en  2 and 5 w i t h  an a c c u r a c y  o f  a b o u t  * 0 .0 0 0 1  and f o r  

t h i s  p u r p o s e  an a p p a r a tu s  b a sed  on t h e  h e t e r o d y n e  h e a t  

p r i n c i p l e  a p p ea red  m ost  s a t i s f a c t o r y .  The a p p a r a tu s  u sed  was  

t h a t  d e s ig n e d  by Few, S m ith  and W it te n  ( l )  and b u i l t  by 

A.V. Few (2 )  to  whom t h e  p r e s e n t  a u th o r  i s  in d e b t e d  f o r  

v a l u a b l e  a d v i c e  on i t s  u s e  and m a in t e n a n c e .  In  i t  on e  s i d e  

o f  t h e  tu n ed  c i r c u i t  i n  e a c h  o f  t h e  two o s c i l l a t o r s  was 

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

w it h o u t  c h a n g e s  i n  t h e  f r e q u e n c y  du e  t o  hand c a p a c i t a n c e .  

V a r i a t i o n s  o f  f r e q u e n c y  w ere  r ed u c ed  by s u p p l y in g  t h e  s c r e e n -  

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

f r e q u e n c y  b e in g  i n s e n s i t i v e  t o  d e l i b e r a t e l y  im posed  v a r i a t i o n s  

o f  t h e s e  p o t e n t i a l s .  The two o s c i l l a t o r s  w ere  c o n n e c te d  to  

t h e  same lo w  t e n s i o n  s o u r c e .  A l l  anode l e a d s  and s c r e e n - g r i d  

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

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

( v i c e  G roves (3 )  ) c o m p l e t e ly  e l i m i n a t e d  a l l  t e n d e n c y  f o r  

* l o c k i n g - i n *  to  o c c u r .  H igh  q u a l i t y  s h o r t  wave t u n in g  

c o n d e n s e r s  w ere  u s e d ,  and t h e  i n d u c t  m e e s  w ere  made o f  24 S.W .G. 

e n a m elled  c o p p e r  w ir e  c l o s e l y  wound o n to  P a x o l i n  f o r m e r s .

L i s t  o f  Components 

V^ C o sso r  V . 9 .

Vg M arconi S . 2 4 .

V» R a yth eon  6 . S A .7 .

V^ Osram 2 . 2 1 .
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L j 30 t u r n s  o f  24 S .W .G , , 2 i n .  d i a m e t e r ,  c l o s e  wound

L2 7 ” " *' ”

Lg 34 " " ” ”

I 250  jjijĵ F s h o r t  wave v a r i a b l e  

( 7 oji F tr im m er
On (

I 200  i ĵjiF f i x e d , s w it c h e d  i n  o r  o u t

( D i e l e c t r i c  C e l l  and P r e c i s i o n  C on d en ser

( 75 p |aF s h o r t  wave v a r i a b l e  
Co (

{ 300  |i|AF f i x e d

Cg 200  j>|jiF f i x e d

C4 , G5 , 2 jJiF -  1000  v o l t s

Grj>, Cg, > 0^2 » ^13 1|aF — 350  v o l t s

C3 l | iF  -  800  v o l t s

G20  0.25|JiF -  450  v o l t s

G1 4 , C i5 2 |i|jiF tr im m ers

% ,  Rg 1 megohm

R3 , R4 0 .1  megohm

Rc 150  ohms%J
Rg 2 megohms

Hrj» 1 0 ,0 0 0  ohms 5 0 ,0 0 0  ohms v a r i a b l e

0 -  10  m ov in g  c o i l  m i l l i a m m e t e r

Ag 0 -  200  m ov ing  c o i l  microarrmieter

J  j a c k  f o r  e a r p h o n e s

% q u a r tz  c r y s t a l ,  a p p r o x im a t e ly  1 m e g a c y c le  

P s o c k e t  f o r  s c r e e n e d  c a b l e
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'The a p p a r a tu s  ( F ig u r e s  1 and 2) c o n s i s t e d  o f  a  c r y s t a l  

c o n t r o l l e d  o s c i l l a t o r  o p e r a t i n g  a t  a  f r e q u e n c y  o f  10^ c y c l e s  

p e r  s e c o n d ,  and a  v a r i a b l e  f r e q u e n c y  o s c i l l a t o r  c o n t a i n i n g  in  

t h e  c i r c u i t  t h e  p r e c i s i o n  c o n d e n s e r  and t h e  d i e l e c t r i c  c e l l .

S i n c e  t h e  p r e c i s i o n  c o n d e n s e r  used  had a  c a p a c i t y  r a n g e  o f  

300|>jJiF i t  c o u ld  be  m atched a g a i n s t  t h e  d i e l e c t r i c  c e l l  w i t h  t h e  

maximum a c c u r a c y  o v e r  t h e  w h o le  o f  t h e  r e q u ir e d  r a n g e  i f  t h e  

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

a p p r o x im a te ly  100|ji|iF. To e n s u r e  f u l l  u s e  o f  t h e  s c a l e  o f  t h e  

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

a t  a  f r e q u e n c y  o f  a b o u t  10^ c . p . s .  w i t h  a  t o t a l  c a p a c i t y  o f  

about 4ôÜ-500|;|JiF i n  t h e  c i r c u i t .  T h is  f i g u r e  a l l o w s  a b o u t  

100  -  150^^F f o r  t h e  minimum v a l u e s  o f  t h e  a d ju s tm e n t  c o n d e n s e r s ,  

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

th e  e q u a t io n ,

f  % — i ___

tilt; r e q u ir e d  v a l u e  o f  t h e  in d u c t a n c e  was fou n d  t o  b e  ab o u t  

50 m i c r o h e n r i e s .

The f i x e d  f r e q u e n c y  o b t a in e d  from  t h e  q u a r t z  c o n t r o l l e d

o s c i l l a t o r  was m ixed  w i t h  t h a t  from  t h e  v a r i a b l e  o s c i l l a t o r

i n  a s p e c i a l  v a l v e ,  t h e  o u t p u t  from  wkiich was f e d  to  an anode

bend d e t e c t o r .  An e a rp h o n e  was n e c e s s a r y  i n  t h e  d e t e c t o r

anode c i r c u i t  f o r  r a p id  a p p r o x im a te  s e t t i n g  o f  t h e  m ain c o n d e n s e r s

when m a tc h in g  a  new s o l u t i o n  i n v o l v i n g  a  l a r g e  ch an ge  o f

d i e l e c t r i c  c o n s t a n t . The f i n a l  s e t t i n g  t o  v e r y  low  b e a t  r a t e s ,

abou t 1 - 2  p e r  s e c o n d , w is made by u s i n g  t h e  m icro  ammeter i n

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



I

F i g . I. H e t e r o d y n e  B e a t  A p p a r a t u s .
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d e c r e a s i n g  w i t h  e a c h  b e a t .  Maximum ch a n g e  o f  d e f l e c t i o n  

o u r in g  each  b e a t  was a t t a i n e d  by a d j u s t i n g  e a ch  o s c i l l a t o r  

s e p a r a t e l y  to  g i v e  t h e  same i n c r e a s e  i n  d e t e c t o r  anode c u r r e n t  

above t h a t  o b t a in e d  when b o th  o s c i l l a t o r s  w ere  s w it c h e d  o f f .

Tlie u s e  o f  t h e  s u b s t i t u t i o n  t e c h n i q u e  made i t  p o s s i b l e  

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

c o n d e n s e r  i n t o  t h e  tu n ed  c i r c u i t ,  t h e  o t h e r  m ea n w h ile  b e i n g  

e a r th e d  on b o th  s i d e s .  H i i s  a l lo w e d  v e r y  r a p id  m a tc h in g  o f  

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

t h e  d i e l e c t r i c  c e l l ,  t h e r e b y  m in im is in g  t h e  e r r o r s  due t o  t h e  

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

o s c i l l a t o r s  w ere  h o u se d  i n  m e t a l  c o n t a in e r s  ; i n t e r c o n n e c t i o n s  

and c o n n e c t i o n s  t o  t h e  d i e l e c t r i c  c e l l  and p r e c i s i o n  c o n d e n s e r  

w ere  made by s c r e e n e d  c a b l e .

h i g h  T e n s io n  S u p p ly .

In  t h i s  i n v e s t i g a t i o n  t h e  h i g h  t e n s i o n  s u p p ly  was drawn 

from  t h e  A. C. m a in s  u s i n g  a  C larke* s  * A t la s *  e l i m i n a t o r  from  

w h ich  a  nuiaber o f  s e t  v a l u e s  o f  t h e  p o t e n t i a l  c o u ld  b e  p ic k e d '  o f f # :  

A p o t e n t i a l  o f  150  v o l t s  on t h e  a n o d es  and o f  9 0  v o l t s  on t h e  ^  

s c r e e n  g r i d s  o f  t h e  v a l v e s  was found t o  b e  t h e  m ost  s a t i s f a c t o r y  

c o m b in a t io n  o f  t h e  a v a i l a o l e  v a l u e s .  The a n o d es  ;;nd s c r e e n  

g r i d s  w ere  d e c o u p le d  to  e a r t h  by t h e  c o n d e n s e r s  G^, Gg, C^, Ĝ  

and G^^•

R e la y  U n i t .  ( F ig u r e  3 . )

S i n c e  i t  can be o p e r a te d  by a b e l l - p u s h  s i t u a t e d  a t  a
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c o n v e n i e n t  p o i n t  t h i s  s w i t c h  i s  p r e f e r a b l e  t o  t h e  m ercu ry  

cup t y p e .  S t r a y  c a p a c i t i e s  w e re  r e d u c e ô  by p o s i t i o n i n g  t h e  

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

co n d en ser^  th u s  p e i m i t t i n g  t h e  u s e  o f  s h o r t  l e a d s *  The 

c o n n e c t i o n  from  t h e  o s c i l l a t o r  com partm ent t o  t h e  r e l a y  was  

made by l o w  c a p a c i t y  s c r e e n e d  c a b l e ,  and r i g i d  12  8 . 1V.G. b r a s s  

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

and t o  t h e  p r e c i s i o n  c o n d e n s e r  t h e s e  b e i n g  a r r a n g e d  so  t h a t  

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

f r e q u e n c y  l e a d .  The r e l a y  c o n n e c t i o n s  w ere  a r r a n g e d  so  t h a t  

when t h e  d i e l e c t r i c  c e l l  was i n  t h e  o s c i l l a t o r  c i r c u i t  b o t h  

s i d e s  o f  t h e  p r e c i s i o n  c o n d e n s e r  w ere  e a r t h e d .  R e p e a ted  t e s t s  

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

rem a in ed  c o n s t a n t  d u r i n g  u s e ,  b u t  t o  e n s u r e  c o r r e c t  o p e r a t i o n  

t h e  r e l a y  c o n t a c t s  w ere  c le a n e d  w i t h  a  f i n e  em ery p a p e r  and 

f i n a l l y  p o l i s h e d  w i t h  s i l k  b e f o r e  e a ch  s e t  o f  m e a s u r e m e n ts .

P r e c i s i o n  C o n d e n s e r .

A S u l l i v a n  h .P .L *  c e r t i f i c a t e d ,  d i r e c t  d r i v e ,  p r e c i s i o n  

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

and a  m âocimum c a p a c i t y  o f  3 6 5 The  c o n d e n s e r  had  

a f i n e l y  d i v i d e d  d e g r e e  s c a l e  c o n s i s t i n g  o f  72 0  d i r e c t l y  

e n g r a v e d  d i v i s i o n s ,  and was f i t t e d  w i t h  a  s i m p l e  m ic r o s c o p e  

and a  v e r n i e r  r e a d in g  d i r e c t l y  to  o n e - t w e n t i e t h  o f  a  s c a l e  

d i v i s i o n .  T ii is  c o u ld  b e  i n c r e a s e d  to  o n e - f o r t i e t h  o f  a  s c a l e  

d i v i s i o n  by e s t i m a t i o n ,  s u c h  a  d i v i s i o n  c o r r e s p o n d in g  

a p p r o x im a te ly  t o  O . O l ^ p .
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U s in g  a  d i e l e c t r i c  c e l l  w i t h  a  c a p a c i t y  o f  1 0 0  

vjiien a i r  was t h e  d i e l e c t r i c  t h e  s c a l e  a c c u r a c y  e n a b le d  t h e  

d i e l e c t r i c  c o n s t a n t s  o f  t h e  s o l u t i o n s  t o  b e  d e te r r a in e d  t o  

an a c c u r a c y  o f  ^ 0 . 0 0 0 1 .  The t a p e r  b e a r i n g  o f  t h e  c o n d e n s e r  

a l lo w e d  v e r y  s m a l l  in c r e m e n t s  o f  c a p a c i t a n c e  to  b e  made n d  

by a p p l y in g  a  s m a l l  t o r q u e  t o  t h e  c a p s t a n  h e a d  t h e  b e a t  

f r e q u e n c y  c o u ld  be  changed by a  fe w  c y c l e s  p e r  s e c o n d .  T h is  

showed c o m p le t e  fr e e d o m  from  b a c k l a s h  i n  t h e  c o n d e n s e r  and 

i t  was p o s s i b l e  t o  a d j u s t  i t  t o  a  f a r  h i g i i e r  d e g r e e  o f  

p r e c i s i o n  th a n  t h a t  w i t h  w h ic h  t h e  s c a l e  c o u ld  be  r e a d .

Tiie c o n d e n s e r  was c a l i b r a t e d  by t h e  ’ s t e p *  m eth o d ,  

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

was a d j u s t e d  t o  read  z e r o ,  and by  o p e r a t i n g  t h e  r e l a y  a  

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

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

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

The o s c i l l a t o r s  w ere  t h e n  m atch ed  t o  z e r o  b e a t s  by  

a d ju s tm e n t  o f  t h e  tr im m in g  c o n d e n s e r s  i n  t h e  v a r i a b l e  

f r e q u e n c y  o s c i l l a t o r ,  t n e  f i x e d  c o n d e n s e r  was t h e n  rem oved  

from  t h e  c i r c u i t  by t h e  o p e r a t i o n  o f  t i i e  r e l a y  < nd th e  

o s c i l l a t o r s  w e r e  a g a in  m atched  by a d ju s tm e n t  o f  t h e  p r e c i s i o n  

c o n d e n s e r .  l i i e  new x*eading was r e c o r d e d . The p r e c i s i o n  

c o n d e n s e r  was r e a d j u s t e d  t o  z e r o  and t h e  a b o v e  o p e r a t i o n s  

r e p e a t e d . The mean o f  s e v e r a l  r e a d in g s  was t a k e n  a s  t h e  

c o r r e c t  c a p a c i t y  in c r e m e n t .

The p r e c i s i o n  c o n d e n s e r  was t h e n  a d j u s t e d  t o  t h i s  mean
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r e a d in g  and t h e  p r o c e ss ,  r e p e a t e d  f o r  t h e  s e c o n d  * s t e p * .

In  t h i s  f a s h i o n  t h e  w h o le  o f  t h e  s c a l e  o f  t h e  c o n d e n s e r  

was c a l i b r a t e d .  C h ec k in g  r e p e a t s  w ere  made a t  s e v e r ^ i l  

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

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

The r e s u l t s  o b t a i n e d  a r e  shown i n  F ig u r e  4 .

W h ile  i t  was e n d e a v o u r e d  t o  a d j u s t  t h e  c a p a c i t y  o f  t h e  

p r e c i s i o n  c o n d e n s e r  so  t h a t  when i t  w as i n  t h e  c i r c u i t  t h e  

b e a t  f r e q u e n c y  was t h e  same a s  when t h e  d i e l e c t r i c  c e l l  

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

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

p r e c i s i o n  c o n d e n s e r  was a d j u s t e d  by  t h e  minimum c a p a c i t a n c e  

ch a n g e  d e t e c t a b l e  on t h e  s c a l e .

From

d i f f e r e n t i a t i o n  w i t h  r e s p e c t  t o  G (L r e m a in in g  c o n s t a n t )  

g i v e s

dC ( 2 )

d i v i d i n g  ( l )  by (a )

-- - S

As Î' -  10^ c«p «s«  ;and C * 5 0 0  x  10  P (appx'ox . ) ,

f o r  a  c h a n g e  o f  c a p a c i t y  dC = 0 . 0 1  x  10"^^ F ,  from  ( s ) ,

â î i  _ 0.01
10® 2 X  500

i . e .  d f  = 10  c . p . s .
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Thus i t  i s  o n l y  n e c e s s a r y  t o  nu t c h  t h e  c a p a c i t y  o f 

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

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

e n s u r i n g  t h a t  t h e  h e a t s  w e r e  on t h e  same s i d e  o f  t h e  z e r o  

h e a t s  p o s i t i o n .

D i e l e c t r i c  C e l l . ( f i g u r e  5)

The o i e l e c t r i c  c e l l  was b a s i c a l l y  o f  t h e  t y p e  f i r s t  

in t r o d u c e d  hy Say c e  and B r i s c o e  (4 )  • A c c e s s  t o  t h e  

rm n ular  s p a c e  was p r o v id e d  hy two 3mm. ho r e  c a p i l l a r y  t u b e s  

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

t u b e  w ere  s u p p o r te d  by g l a s s  t i e - a r m s  c o n n e c t i n g  them  t o  

t h e  m ain body o f  t h e  c e l l .  T h ese  arms g r e a t l y  i n c r e a s e d  

t h e  c e l l ’ s  r e s i s t s m c e  t o  m e c h a n ic a l  s t r a i n ,  and t h e r e f o r e  

im p ro ved  t h e  s t a b i l i t y  o f  i t s  e l e c t r i c a l  c a p a c i t y .  The 

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

o f  t h e  c e l l  was e x te n d e d  a l o n g  t h e  a x i s  and f u s e d  i n t o  a

g l a s s  cup a t  t h e  to p  o f  t h e  c e l l .

The c e l l  was s i l v e r e d  t o  w i t h i n  5cm. o f  t h e  i n t e r n a l  

s e a l  by t h e  m ethod in t r o d u c e d  by  Sugden  ( 5 ) ,  f o u r  a p p l i c a t i o n s  

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

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

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

o f  t h e  s i l v e r i n g  s o l u t i o n  and i t  was n e o e s e a r y  t o  add a  

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

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

vVlien n o t  i n  u s e  t h e  c e l l  was k e p t  f i l l e d  w i t h  p u r e  b e n z e n e

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



G ol d  L eaf  
G uard  R ing

F ig . 5. D ielec tr ic  C e l l
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The d h i e f  a d v a n t a g e  o f  t h e  S a ^ c e  md B r i s c o e  t y p e  o f  

c e l l  i s  t h a t  t h e r e  i s  no s o l i d  d i e l e c t r i c  b e tw e e n  t h e  

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

e d g e .  A ls o  e a r t h i n g  t h e  o u t e r  p l a t e  p r o v i d e s  an a lm o s t  

c o m p le te  e l e c t r o s t a t i c  s c r e e n  and t h e  c e l l  a p p r o x im a t e s  v e r y  

c l o s e l y  t o  a  p e r f e c t  c o n d e n s e r .  H ow ev er , t h e r e  does e x i s t  

a  s m a l l  e d g e  e f f e c t ,  due c h i e f l y  t o  t h e  c a p a c i t y  b e tw e en  t h e  

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

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

g u a r d - r i n g  was i n t r o d u c e d ;  t h e  d i e l e c t r i c  i n v o l v e d  i n  t h e  

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

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

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

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

d i e l e c t r i c  a g a i n  b e in g  m ix e d ,  i n v o l v i n g  t h e  a i r  s p a c e  b e tw e e n  

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

two g l a s s  w a l l s .  T h is  e f f e c t  i s  o f  a  much l o w e r  o r d e r  t h e n  

t h e  fo r m e r  and can  be  n e g l e c t e d .

The e d g e  e f f e c t  o f  t h e  S a y c e  and B r i s c o e  t y p e  o f  c e l l  

h a s  b e e n  s t u d i e d  i n  d e t a i l  by B a l l  (6 ) anc S u gd en  ( l o c . c i t . )  

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

l i q u i d s  up to  a  v a l u e  o f  a b o u t  3 0 .  On i g n o r i n g  t h e  edge 

e f f e c t  t h e  e x p e r i m e n t a l l y  d e t e r m in e d  v a l u e s  w ere  fo u n d  t o  

be s l i g h t l y  lo v ;e r  th a n  t h e  a b s o l u t e  v a l u e s ,  t h e  d i s c r e p a n c y  

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

s u b s t a n c e  u n d e r  e x a m i n a t io n .  The e d g e  c a p a c i t y  c o r r e c t i o n ,

0 ,  i n v o l v i n g  a  m ixed  d i e l e c t r i c ,  was shown by  Sugden  ( l o c . c i t . )
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t o  b e  r e l a t e d  t o  t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  l i q u i d ,  

and t o  t h a t  o f  t h e  o u t e r  w a l l ,  by t h e  f o l l o w i n g  e q u a t i o n

0

e-, £ 2

w h ere  d^ cind d^ a r e  t h e  t h i c k n e s s e s  o f  t h e  d i e l e c t r i c  

l a y e r s  o f  l i q u i d  and g l a s s  w a l l  r e s p e c t i v e l y .  The e d g e  e f f e c t  

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

d i e l e c t r i c  c o n s t^ o it  o f  t h e  l i q u i d .

The p r e s e n t  work h a s  i n v o l v e d  t h e  m easu rem en t o f  

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

fro m  t h a t  o f  t h e  p u r e  s o l v e n t  w i i ic h  h ad  i t s e l f  a  d i e l e c t r i c  

c o n s t a n t  o f  2 . 2 7  so  t h a t  t h e  e d g e  c o r r e c t i o n  i s  smaJ.1. I t  

was d e t e r m in e d  by t h e  t e c h n i q u e  o f  Su gden  i n  w h ic h  t h e  

c a p a c i t y  o f  t h e  c e l l  was m easu red  b o t h  n e a r  t o ,  and r em o te  

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

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

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

c e l l .  I t  was a b o u t  5 cm. l o n g  and was e a r t h e d .  By a l l o w i n g  

t h e  c o l l a r  t o  s l i d e  b e lo w  t h e  l e v e l  o f  t h e  e d g e  o f  t h e  

s i l v e r e d  s u r f a c e s ,  and a l s o  t o  move up a b o v e  t h e s e  s u r f a c e s ,  

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

e a r t h e d  t h e r m o s t a t  w a t e r .

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

a t  2 5 ^ , r e m o te  from  e a r t h e d  c o n d u c t o r s .  The c o l l a r  was  

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

was t h e n  d e t e r m i n e d .  Tiie c o l l a r  was moved up s o  t h a t  i t s  

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

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

T h is  v a l u e  was s l i g h t l y  g r e a t e r  th a n  i n  t h e  fo r m e r  c a s e ,  t h e  

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

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

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

d i e l e c t r i c  r a n g e  1 . 9  t o  2 . 7 .  A g r a p h  was p l o t t e d  ( lU g u r e  6 . )  

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

c o n s t a n t  o f  t h e  l i q u i d  c o n t a i n e d  i n  t h e  c e l l  ( l i n e  I )  t o g e t h e r  

w i t h  t h e  f i g u r e s  o b t a i n e d  by  Few ( l o c . c i t .  p . 1 8 )  f o r  a  c e l l  

n o t  h a v i n g  a  g u a r d - r i n g  ( l i n e  I I ) .  The c o r r e c t i o n  i n  t h e  

l a t t e r  c a s e  i s  s e e n  t o  b e  a b o u t  t e n  t i m e s  t h a t  found i n  t h e  

p r e s e n t  i n v e s t i g a t i o n .  Few , f o l l o w i n g  p r e v i o u s  w o r k e r s ,  show ed  

t h a t  t h e  e d g e  c o r r e c t i o n  was c a n c e l l e d  by t h e  c o r r e c t i o n  t o  b e  

a p p l ie d  on a c c o u n t  o f  t h e  u s e  o f  € = 1 f o r  t h e  d i e l e c t r i c  

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

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

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 .  In  t h e  p r e s e n t  work  

t h i s  i s  found  t o  h o ld  o n l y  up t o  t h e  v a l u e   ̂ = 2 .6  ( v i d e  

Method o f  C a l c u l a t i o n  o f  D i e l e c t r i c  C o n s t a n t s ) .  T h is  

i n c l u d e s  a l l  m e a su r e m e n ts  e x c e p t  t h a t  upon t h e  m o st  c o n c e n t r  t e d  

s o l u t i o n  o f  4 “ n i t r o d i p h e n y l  and i n  t h i s  c a s e  t h e  n e c e s s a r y  

c o r r e c t i o n s  w e r e  m ade.

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

a  bras»-, s t a n d  w h ic h  was c o n s t r u c t e d  s o  t h a t  t h e  c e l l  c o u ld
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b e  e a s i l y  i n s e r t e d  and rem o ved . I t  was im p o r t a n t  t o  e n s u r e  

t h a t  t h e  s t a n d  d i d  n o t  s t r a i n  t h e  c e l l ,  s i n c e  o t h e n ; ! s e  

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

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

t h e r m o s t a t  and i t  was f i t t e d  w i t h  two s t a i n l e s s  s t e e l  m ercu ry  

c u p s .  Two r o d s  o f  12  S.viT.0 .  b r a s s ,  b e n t  t w i c e  a t  r i g h t  

a n g l e s ,  s e r v e d  a s  c o n n e c t i o n s  fro m  t h e  c e l l  t o  t h e  m ercu ry  

c u p s ,  and f u r t h e r  b r a s s  r o d s  w e re  u s e d  a s  c o n n e c t i o n s  fro m  

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

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

d i e l e c t r i c ,  and r e q u i r e d  a b o u t  20  c . c .  o f  l i q u i d  t o  f i l l  i t .

R e f r a c t i v e  I n d i c e s

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

w e r e  d e t e r m in e d  a t  t h e  so d iu m  h - l i n e  u s i n g  an Abbe 

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

a t  25^ by r a p i d l y  c i r c u l a t i n g  w a t e r  from  t h e  t h e r m o s t a t  

th r o u g h  t h e  h e a t i n g  b l o c k  by  m eans o f  a  c e n t r i f u g a l  pump.

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

n o t  g r e a t e r  th a n  i  0 . 0 0 0 1 .

D e n s i t i e s

The d e n s i t i e s  w e re  d e t e r m in e d  r e l a t i v e  t o  t h e  d e n s i t y  

o f  w a t e r  a t  4^ a s  u n i t y .  F o r  t h i s  a  m o d i f i e d  S p r e n g e l  

t y p e  p y k n o m e te r  ( F i g u r e  7 . )  was u s e d  w i t h  a  c a p a c i t y  o f  a  

l i t t l e  o v e r  f o u r t e e n  c u b i c  c e n t i m e t r e s .  I t  had  two f i n e
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b o r e  c a p i l l a i y  s i d e  arms w h ic h  w e r e  f i t t e d  w i t h  grou n d  

g l a s s  c a p s  t o  p r e v e n t  l o s s e s  by e v a p o r a t i o n ,  and i t  was  

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

a t t a c h m e n t  to  t h e  b a l a n c e .  When i n  t h e  t h e r m o s t a t  i t  was  

s u p p o r t e d  by  a  brass , fr a m e .

R e p e a te d  t e s t s  w i t h  b o i l e d  o u t ,  d i s t i l l e d  w a t e r  

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

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

and n o t  on  t h e  a d ju s t m e n t  o f  t h e  p y k n o m e te r  t o  c o n s t a n t  

v o lu m e ,  t h e  a b s o l u t e  e r r o r  b e i n g  a b o u t  ± 0 . 0 0 0 0 2 .

W e ig h in g s

A S t a n t o n  M odel C .B .3 .  b a l a n c e  w as u s e d  i n  t h e  

p r e p a r a t i o n  o f  t h e  s o l u t i o n s  and f o r  t h e  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 .  I t  had  a  s e n s i t i v i t y  o f  2 . 3  d i v i s i o n s  p e r  

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

t o  b e  made a c c u r a t e  t o  0 . 1  m i l l i g r a m ^  S t a i n l e s s  s t e e l  

w e i g h t s  w e r e  c a l i b r a t e d  a g a i n s t  a  R .P .L .  c e r t i f i c a t e d  

f i v e  m i l l i g r a m  r i d e r ,  and a l l  g l a s s  a p p a r a t u s  t o  be w e ig h e d  

w as c a r e f u l l y  c l e a n e d  and h a n d le d  w i t h  s i l k  t h r o u g h o u t .

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

b e f o r e  b e i n g  weig^fied.

T e m p e ra tu r e  C o n t r o l

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

h e t e r o d y n e  b e a t  a p p a r a t u s  was s i t u a t e d  d i d  n o t  v a r y  by m ore  

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

fro m  d i r e c t  s u n l i g h t .

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

w a t e r  w h ic h  was e a r t h e d ,  t h e  l e v e l  b e i n g  marked on t h e  

g l a s s  w a l l  o f  t h e  t a n k .  I t  was k e p t  e f f i c i e n t l y  a g i t a t e d  

by t h e  u s e  o f  an e l e c t r i c a l l y  d r i v e n  s t i r r e r .  A t o l u e n e -  

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

lam p t h r o u g h  a  S u n v ic  Type E . A . 2 .  e l e c t r o n i c  r e l a y  and was  

a d j u s t e d  t o  m a i n t a i n  t h e  t h e r m o s t a t  a t  25^ Î  0 . 002 ° .

The t e m p e r a t u r e  r e g i s t e r e d  by t h e  Beckmann th e r m o m e te r  

show ed no d e t e c t a b l e  v a r i a t i o n  when i t  w as moved t o  num erous  

p o i n t s  i n  t h e  t h e r m o s t a t ;  t h e  th e r m o m e te r  had  p r e v i o u s l y  

b e e n  c a l i b r a t e d  by c o m p a r is o n  w i t h  a  H .P .L .  c e r t i f i c a t e d  

th e r m o m e te r .
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S e c t i o n  I I .

M ethod o f  C a l c u l a t i o n  o f  t h e  D i e l e c t r i c  C o n s t a n t s  

Ho a t t e m p t  h a s  b e e n  made i n  t h i s  i n v e s t i g a t i o n  t o  

d e te iT ii in e  a b s o l u t e  d i e l e c t r i c  c o n s t a n t s ,  a t t e n t i o n  h a v i n g  

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

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

s l i g i i t l y  from  t h e  v a l u e  f o r  t h e  p u r e  s o l v e n t .

Two r e f e r e n c e  s u b s  trances w ere  u se d  i n  t h e  d e te n r i in ^ it io n  

o f  d i e l e c t r i c  c o n s t a n t s ,  n am ely

p u r e  d r y  b e n z e n e  ^ 2 5  ® 2 .2 7 2 5  (H a r ts h o r n  ;nd  0 1 1 v e r ( 7 ) )  

d r y  n i t r o g e n  € 2 5  » 1 . 0 0 0 5  ( I . G . T . )

A l l  c o n d e n s e r  r e a d i n g s  w ere  c o n v e r t e d  i n t o  s t e p  nu m bers,  

and t h e  d i e l e c t r i c  c o n s t a n t s  com puted a s  f o l l o w s :

I f  Gq = c a p a c i t y  o f  t h e  c e l l  i n  v a c c u o ,

t h e n ,  0^6 * c a p a c i t y  o f  c e l l  w i t h  n i t r o g e n  a s  d i e l e c t r i c ,

” ** b e n z e n e  ” ,

Gq^3 = ” " s o l u t i o n  " ,

I f  % ,  H23 and Eg a r e  t h e  c o r r e s p o n d i n g  s t e p  num bers and

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

(a ssu m e d  c o n s t a n t  th r o u g h o u t  t h e  c o u r s e  o f  a  r u n ) ,  

t h e n ,
^ ( 1 )

® %  ( 2 )
Co^S + Oi, = %  (3 )
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From ( l )  anc ( 2 )

Go ( -  S )  = %  -  %  ( 4 )

From ( l )  and (S )

(^8  " ^8  ~ %  (^ )

Then

*“ = Hg -  %  (6 )

“ 4 N %  -  %

and e g  ,  % _ ! _ %  ( - €  ) + ( 7 )

H en ce  a. k n o w le d g e  o f  t h e  r a r c i n g s  E g , Eg and %  and o f  t h e  

v a l u e s  end t h e  d i e l e c t r i c  c o n s t a n t s  can  be  

c a l c u l a t e d  from  e q u a t i o n  ( 7 ) .

I f

%  -  %  .  y

]RB -

t h e n  t h e  v a l u e s  o f  when K « 1 , 1 . 2 5  and 1 .5 1  a r e

2 . 2 7 2 5 ,  2 . 5 9 0 5 q , 2 . 7 0 8 5 q .

W h erea s ,  i f  t h e  d i e l e c t r i c  c o n s t a n t  o f  n i t r o g e n  i s  assum ed  

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

c a l c u l a t e d  by  e q u a t i o n  (7 ) ,  a r e

2 . 2 7 2 5 ,  2 . 59O6 3 , 2 . 7 0 8 7 g ,

and t h e  e r r o r  i n t r o d u c e d  i s

z e r o  4. O.ÛOOI3 , 4.0 . 0 0 0 2 g  .

The v a l u e s  f o r  t h e  s o l u t i o n s  b e i n g  s l i g h t l y  h i g h e r  i n  t h i s  

c a s e  th a n  t h o s e  c a l c u l a t e d  u s i n g  1 .0 0 0 5  a s  t h e  d i e l e c t r i c
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c o n s t a n t  o f  n i t r o g e n .

In  p r e v i o u s  i n v e s t i g a t i o n s  i t  h ad  b e e n  fo u n d  t h a t  t h e  

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

o f  n i t r o g e n  i s  u n i t y  i n s t e a d  o f  1 . 0 0 0 5  was n u l l i f i e d  by  

t h e  c e l l  e d g e  c o r r e c t i o n .

E v a l u a t i o n  o f  t h e  E dge C o r r e c t i o n

U s in g  t h e  g r a p h  o f  t h e  e d g e  c o r r e c t i o n  ( F ig u r e  6 , l i n e  I )  

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

f o r  K -  1 . 2 5  and 1 . 5 0 ,  may b e  o b t a i n e d ;

» 2 .5 9 0 6 0  and -  2 .7 0 8 0 ^

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

»  2 . 59O63  and ® 2 .7 0 8 7 ^

The e f f e c t  o f  t h e  e d g e  c o r r e c t i o n  b e i n g  z e r o  a t  t h e

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

The t o t a l  e r r o r s ,  n i t r o g e n  e r r o r  and e d g e  c o r r e c t i o n  

a r e  t a b u l a t e d  b e lo w ,  

d . c .  o f  s o l u t i o n  H i t r o g e n  e r r o r  

2 .2 7 2 6

2 . 5 9  * 0 .0 0 0 1 ^

Edge e r r o r  T o t a l  e r r o r

- 0 .0 0 0 5 3

-O.OOOO5

» 0 . 000 lQ

+0. 0002_2 . 7 1  4. 0 .0 0 0 2 5

Thus i t  may b e  s e e n  t h a t  i f  t h e  d i e l e c t r i c  c o n s t - n t  

o f  n i t r o g e n  i s  assu m ed  t o  b e  u n i t y  and i f  t h e  c e l l  e d g e  

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

up t o  a  v a l u e  o f  ^ * 2 . 6 , a r e  f r e e  from  b o t h  e r r o r s  w i t h i n  

t h e  a c c u r a c y  a l lo w e d  by  t h e  s c a l e  o f  t h e  p r e c i s i o n  c o n d e n s e r
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i . e .  w i t h i n  *  0 . 0 0 0 1 .  T h is ,  a s  i t  h a s  b een  s t a t e d  a b o v e ,  

i s  s u f f i c i e n t  to  c o v e r  a l l  t h e  m easurem ents  made i n  t h i s  

i n v e s t i g a t i o n  e x c e p t i n g  t h a t  on t h e  m ost c o n c e n t r a t e d  

s o l u t i o n  o f  4 - n i t r o d i p h e n y l ,  and i n  t h i s  c a s e  t h e  n e c e s s a r y  

a d ju s tm e n ts  h a ve  been  made. The v a l u e s  o f  & o b t a in e d  from  

t h e  c o r r e c t e d  and u n c o r r e c te d  f i g u r e s  i n  t h i s  i n s t a n c e  w ere  

found t o  be  i d e n t i c a l .
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C a l c u l a t i on o f  t h e  M o le c u la r  P o l a r i s a t i o n s  

and. D i p o l e  Moments

The mo l e  o u i  r  p o l a r i s a t i o n  o f  a  p o l a r  compound c o n s i s t s  

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

from  t h e  d i s p la c e m e n t  o f  t h e  e l e c t r o n s  and t h e  a to m ic  

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

p o l a r i s a t i o n ,  P^ , due to  t h e  p r e s e n c e  o f  t h e  perm anent d ip o le ,  

I t  was f i r s t  shown by P eb y e  ( 8 ) t h a t  i n  t h e  c a s e  o f  a  

p o l a r  compound t h e  G la u s iu s - M o s o t t i  e q u a t io n  r e q u i r e s  a

f u r t h e r  term  due to  t h e  p r e s e n c e  o f  t h e  perm anent d i p o l e  and

t h e  e q u a t io n  d ed u ced  by Debye was

Pg » Pu = + 4-rIiru^ ( 1 )
' 3 9kT

The d e r i v a t i o n  o f  t h i s  e q u a t io n  in v o lv e d  th e  a ssu m p tio n  

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

i n t e r a c t i o n  b e tw een  them , and t h i s  r e s t r i c t s  t h e  u s e  o f  t h e  

e q u a t io n  to  g a s e s  a t  lo w  p r e s s u r e s .  D eb ye , h o w ev er , p o i n t e d  

o u t  t h e  a n a lo g y  o f  t h e  k i n e t i c  b e h a v io u r  o f  a  s o l u t e  

i n  d i l u t e  s o l u t i o n  and t h e  e q u a t io n  d e r iv e d  f o r  t h e  m o le c u la r  

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

be a p p l i c a b l e  to  t h e  c a s e  o f  a  s u b s t a n c e  a t  low  c o n c e n t r a t io n  

i n  a  n o n - p o la r  s o l v e n t ,  p r o v id e d  t h a t  t h e r e  i s  no s p e c i f i c
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m u tu a l  i n t e r a c t i o n .  The p o l a r i s a t i o n  o f  t h e  s o l u t i o n ,  

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

s o l v e n t  Lind s o l u t e ,

Pl2 = Pifi i- Pgfg = ilSlI-i , ( 2 )
12 1 1 ^ ^  &12 + 2 d i2

/

The s u b s c r i p t s  1 ,  2 and 12  r e f e r  to  t h e  s o l v e n t ,  s o l u t e  

and s o l u t i o n  r e s p e c t i v e l y .  Prom t h i s  e q u a t io n  t h e  m o le c u la r  

p o l a r i s a t i o n  o f  t h e  s o l u t e  can be c a l c u l a t e d ,  a ssu m in g  t h a t  

t h e  p o l a r i s a t i o n  o f  t h e  s o l v e n t  rem ain s c o n s t a n t  o v e r  t h e  

r a n g e  s t u d i e d .  The v a l u e  o f  Pg d e r iv e d  from  t h i s  e q u a t io n  

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  o f  t h e  s o l u t i o n  i n  a  manner  

w h ic h ,  so  f a r ,  ca n n o t be  c a l c u l a t e d  on any t h e o r e t i c a l  b a s i s .

Two m eth ods a r e  a v a i l a b l e  f o r  t h e  d e t e r m in a t io n  o f  th e  

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

f i r s t  o f  wiiich i n v o l v e s  a  g r a p h i c a l  e x t r a p o l a t i o n  o f  t h e  

c u r v e  p ro d u ced  by p l o t t i n g  t h e  c a l c u l a t e d  p o l a r i s a t i o n  a t  

e a c h  c o n c e n t r a t i o n  a g a i n s t  t h e  w e ig h t  f r a c t i o n  o f  t h e  

s o l u t e  p r e s e n t .  Sugden (9 )  h a s  shown t h a t  t h e  c a l c u l a t i o n  

o f  Pg from  e q u a t io n  ( 2 ) can be s i m p l i f i e d  by t h e  u s e  o f  t h e  

s p e c i f i c  p o l a r i s a t i o n s .  The m o le c u la r  p o l a r i s a t i o n ,  P%, 

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

Pg» and t h e  m o le c u la r  w e i g h t .  Mg, i t  f o l l o w s  from  e q u a t io n  ( 2 ) 

P l2  » 4 ?2 f2

t h a t

P l 2 “ ♦ P2W2 (3 )

w here w^ and w^ a r e  t h e  w e ig h t  f r a c t i o n s  o f  t h e  s o l v e n t  and 

s o l u t e  r e s p e c t i v e l y
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A ls o ,

' 1 2  -  • -1 2  (4 )

where i s  t h e  s p e c i f i c  volum e o f  t h e  s o l u t i o n .

S in c e  w^ ~ 1 ~ (5 )

t h e n ,  from  (3 )  and (5 )

P2 = P i  P l2  -  P i  (6)
vg

and. t h e r e f o r e

?2  = 1Ü2P2 = %2 ! P i  + E m . : _ 2 l  j (7 )
( "2 {

The v a l u e s  o f  P^, c a l c u l a t e d  by e q u a t io n  ( 7 ) ,  a r e  th e n  

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

and t h e  cu rv e  e x t r a p o l a t e d  t o  Wg = 0 .

T h is  method o f  c a l c u l a t i o n  o f  Pg i s  s u b j e c t  t o  two

d is a d v a n t a g e s .  F i r s t l y ,  t h e  c a l c u l a t i o n  o f  Pgooat a  

p a r t i c u l a r  c o n c e n t r a t io n  i n v o l v e s  t h e  d i f f e r e n c e  betw een  

two te r m s ,  and p^ , w h ich  a re  n e a r ly  e q u a l ,  and th e

p e r c e n t a g e  e r r o r  i n  Pg i n c r e a s e s  as  Wg d e c r e a s e s .  S e c o n d ly ,  

t h e r e  i s  no kn ow led ge  o f  t h e  manner in  w h ich  P^ v a r i e s  w ith  

th e  c o n c e n t r a t io n  o f  t h e  s o l u t e  p r e s e n t .  C o n seq u en tly  th e  

e x t r a p o l a t i o n  i s ,  i n  many c a s e s ,  u n c e r t a i n .

The second- method a v a i l a b l e ,  and t h a t  w h ich  was usôd  in  

t h i s  i n v e s t i g a t i o n ,  i s  due to  Sm ith and G leverdon  ( 1 0 ) .

In  i t  t h e  d i e l e c t r i c  c o n s ta n t  o f  t h e  s o l u t i o n  i s  assumed. %

to  v a r y  w ith  th e  w e ig h t \  f r a c t i o n  o f  t h e  s o l u t e  p r e s e n t  a c co r d iig
a

to  t h e  r e l a t i o n  ,- i

^ 1 2  “ h  ^ * '^ 2  *  ( 8 )
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where (X and a r e  c o n s t a n t s .

The v a l u e  o f  t h e  p a ra m eter  o( was d e ter m in e d  by p l o t t i n g  

th e  v a l u e s  o f  ** a g a i n s t  wg and e x t r a p o l a t i n g

l i n e a r l y  to  Wg = 0 ,  th e  i n t e r c e p t  a t  Wg -  0 g i v i n g  ^  . In  

t h i s  e x t r a p o l a t i o n  p r o p o r t i o n a t e l y  g r e a t e r  w e ig h t  was p la c e d  

upon t i ie  v a l u e s  o f  c o r r e s p o n d in g  t o  t h e  h ig h e r

c o n c e n t r a t i o n s ,  a s  t h e s e  were l i a b l e  to  a s m a l l e r  e r r o r  

th a n  t h e  v a l u e s  a t  t h e  lo w e r  c o n c e n t r a t i o n s .

The s p e c i f i c  v o lu m e js ^ f  t h e  s o l u t i o n s  were assumed to  

V a r y  l i n e a r l y  w i t h  th e  w e ig h t  f r a c t i o n  o f  t h e  s o l u t e ,  

a c c o r d in g  to  t h e  r e l a t i o n

-1 2  (9 )

where p i s  a c o n s t a n t .

The v a lu e  o f  p was d e term in ed  by t h e  r e l a t i o n

Û = ^ (V l2 -  V I )

' ^ ^ 2

t h i s  h a v in g  t h e  a d van tag e  t h a t  l e s s  w e ig h t  i s  p la c e d  on th e  

v a l u e s  o f  ( V jg  -  V j)  a t  low  c o n c e n t r a t io n s  where th e  

p o s s i b l e  e x p e r im e n ta l  e r r o r  i n  ( v ^2 -  v^) i s  l a r g e .  In

m ost c a s e s  t h e  v a l u e  o f  p  c a l c u l a t e d  a t  each  c o n c e n t r a t io n  was

c o n s t a n t ,  w i t h in  th e  l i m i t s  o f  e x p e r im e n ta l  e r r o r ,  but any
#

c a s e  in  v/hich i t  i s  found t o  v a r y  w ith  c o n c e n tr a t io n  may be  

d e a l t  w i t h  g r a p h i c a l l y  and t h e  l i m i t i n g  v a lu e  o f  p a t  wg = 0

o b ta in e d  as i n  th e  ca.se o f  t h e  p a r a m ete r  (K »



31

From th e  l i m i t i n g  v a l u e s  o f  th@ p a r a m ete rs  ol ,

th e  m o le c u la r  p o l a r i s a t i o n  a t  i n f i n i t e  d i l u t i o n  was 

c a l c u l a t e d  u s in g  th e  e q u a t io n  d e r iv e d  by H a lv e r s t a t  and 

Kumler ( 1 1 )
/ '■

Pg •  Ms P2  = %  ! J  (T, t f l -  (1 0 )

T h is  e q u a t io n  maŷ  r e a d i l y  be  d e r iv e d  by th e  co m b in a tio n  

o f  e q u a t io n  (4 )  w i t h  e q u a t io n s  (6 ) ,  ( 8 ) and (9 )  and 

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

c a l c u l a t i o n  h a s  t h e  a d van tag e  o v e r  t h e  form er  i n  t h a t  

l i n e a r  e x t r a p o l a t i o n s  are  used^w hich  are  b a sed  on r e a s o n a b le  

a ssu m p t io n s ;  a l s o  any e r r o r s  in  t h e  e x p e r im e n t a l ly  d e term in ed  

v a l u e s  o f  and v^g a re  e v id e n t  b e f o r e  c o m b in a t io n  i n t o  

p o l a r i s a t i o n  te r m s , where i n d i v i d u a l  e r r o r s  become masked.

In p r a c t i c e  t h e  v a l u e  o f  Pgo® by g r a p h i c a l  e x t r a p o l a t i o n  

o f  t h e  Pg “ Vg cu rve  to  Wg ■ 0 ,  and a l s o  t h e  v a lu e  o f  Pg 

o b ta in e d  by t h e  l i n e a r  e x t r a p o l a t i o n  o f  Pg a g a i n s t  t h e

vo lu m e p o l a r i s a t i o n  ^12  ~ 1 , t o  t h e  v a l u e  o f  P£ a t  -  1

^12  ̂ ^ ^  * 2 

i . e .  th e  volum e p o l a r i s a t i o n  o f  t h e  s o l v e n t ,  g i v e s  v a l u e s

w h ich  a r e  i n  good agreem ent w i t h  t h o s e  o b ta in e d  from t h e  

p a r a m e te r s ,  b u t w i t h  a  g r e a t e r  d e g r e e  o f  u n c e r t a i n t y ,  cmd 

p r o v id e  a check  on t h e s e  c a l c u l a t i o n s .

C a l c u l a t io n  o f  P i n o l e  Moments.

From e q u a t io n  (1 )  i t  i s  e v id e n t  t h a t  i n  o r d e r  t o  d e ter m in e
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t h e  o r i e n t a t i o n  p o l a r i s a t i o n  aind h e n c e  th e  d i p o l e  moment 

o f  a compound, i t  i s  n e c e s s a r y  t o  e v a lu a t e  th e  d i s t o r t i o n  

p o l a r i s a t i o n .  The d i p o l e  moment f o l l o w s  from  th e  v a l u e s  

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

i n  e q u a t io n  ( l l )

-  P2 <» -  Pd = ( 1 1 )

The d i s t o r t i o n  p o l a r i s a t i o n  i s  i t s e l f  composed o f  two t e im s ,

th e  e l e c t r o n i c  and t h e  a to m ic  p o l a r i s a t i o n s .  I t  was shown 

by M axwell (1 2 )  t h a t  f o r  a  n o n - p o la r  su bstc ince  n̂ o  ̂ ,

and s u b s t i t u t i o n  o f  th e  n̂ p̂ v a l u e  i n t o  t h e  L oren tz« L oran z  

m o le c u la r  r e f r a c t i o n  e q u a t io n  l e a d s  to  a  v a lu e  o f  t h e  

m o le c u la r  r e f r a c t i o n  w h ich  i s  i d e n t i c a l  w i t h  th e  m o le c u la r  

p o l a r i s a t i o n  c a l c u l a t e d  from  t h e  G la u s iu s - M o s o t t i  e q u a t io n .  

Thus

CEoc] = %  = PA + %  ( 1 2 )

In  th e  c a s e  o f  a  p o l a r  compound, t h e  m o le c u la r  r e f r a c t i o n  

c a l c u l a t e d  f o r  l i g h t  o f  lo n g  w a v e le n g th  ( i n f r a  red ) i s  eq u a l  

to  th e  e l e c t r o n i c  and a to m ic  p o l a r i s a t i o n s ,  t h e  o s c i l l a t i o n s  

b e in g  so  r a p id  t h a t  o n ly  e l e c t r o n s  and n u c l e i  undergo  

d is p la c e m e n t ,  t h e  p r e s e n c e  o f  a  perm anent d i p o l e  h a v in g  no 

i n f l u e n c e  on t h e  r e f r a c t i v e  in d e x .  T h e r e fo r e ,  by o b s e r v a t io n  

o f  t h e  r e f r a c t i v e  in d e x  in  th e  i n f r a  red r e g io n  o f  t h e  

sp ec tru m , t h e  t o t a l  d i s t o r t i o n  p o l a r i s a t i o n  can be c a l c u l a t e d .  

T h is  p r o c e d u r e  i s  e x p e r im e n t a l ly  tr o u b le so m e  ow ing to  th e  

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

red  r e g i o n .  By m easurem ents o f  t h e  r e f r a c t i v e  in d e x  f o r  l i g h t  

i n  t h e  v i s i b l e  r e g io n ,  a t  w h ich  f r e q u e n c i e s  o n ly  th e  e l e c t r o n s
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undergo  d i s p l a c e m e n t , t h e  e l e c t r o n i c  p o l a r i s a t i o n  can he  

c a l c u l a t e d ,  Sugden (1 3 )  h a s  i n d i c a t e d  t h a t  t h i s  v a l u e  o f  

t h e  e l e c t r o n i c  p o l a r i s a t i o n  i s  g e n e r a l l y  1 -  2 c . c .  g r e a t e r  

th an  t h e  v a l u e  o b ta in e d  by e x t r a p o l a t i o n  o f  th e  r e f r a c t i v e  

i n d i c e s  to  i n f i n i t e  w a v e le n g th  u s in g  a o n e - te r m  S e l l m e i e r  

e q u a t io n .  In  g e n e r a l  t h e  a to m ic  p o l a r i s a t i o n  i s  s m a l l ,  

u s u a l l y  n o t  more th an  5 c . c . ,  and J e n k in s  (1 4 )  h a s  p o in t e d  

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

a c c u r a te  t h e  work, t h e  lo w e r  i s  t h e  v a lu e  a s s ig n e d  f o r  th e  

a to m ic  p o l a r i s a t i o n  o f  a  p a r t i c u l a r  compound. There seem s  

to  be  no c l e a r  r e l a t i o n s h i p  b e tw een  d i p o l e  moment and a tom ic  

p o l a r i s a t i o n ,  and v a l u e s  cannot be a l l o t t e d  to  g r o u p s .

The p r o c e d u r e  now m ost u s u a l l y  adopted  i s  t o  maJce a sm a l l  

a l lo w a n c e  f o r  P^, and t h e  t o t a l  d i s t o r t i o n  p o l a r i s a t i o n  i s  

assumed to  be  e q u a l  to  1 .0 5  where (Rpl i s  t h e  m o le c u la r

r e f r a c t i o n  c a l c u l a t e d  f o r  l i g h t  a t  t h e  w a v e le n g th  o f  t h e  

sodium  D - l i n e .  In  t h e  p r e s e n t  work v a l u e s  o f  t h e  d i p o l e  

moment hav e  been  c a l c u l a t e d  assum ing  Pp * fRj)'] in  o r d e r  

to  f a c i l i t a t e  com parison  w i t h  e x i s t i n g  d a t a ,  b u t t h e  v a l u e s  

used i n  th e  d i s c u s s i o n  s e c t i o n  o f  t h i s  t h e s i s  a r e  e x c l u s i v e l y  

t h o s e  d e r iv e d  by t h e  l a t t e r  p r o c e d u r e ,  f o l l c w i n g  Le P èvre  

and Le P èv re  (1 5 )  who found t h a t  th e  t o t a l  p o l a r i s a t i o n  o f  

d ip h e n y l  and o f  4 ,4 * - d i e h l o r o d i p h e n y l  d i f f e r e d  o n ly  

s l i g h t l y  from t h e  c o r r e sp o n d in g  f i g u r e s .

The m o le c u la r  r e f r a c t i o n s  may be c a l c u l a t e d  u s in g  an 

e x p r e s s io n  a n a lo g o u s  to  e q u a t io n  (? )

LEdI * Mprg = Ho f  .O f
W2

[eqI » = Hg f  f l g g . , a  I (1 3 )
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w h ere

and ""I = (1 5 )
n ^ i  4* 2

C o m b in a tio n  o f  e q u a t i o n s  ( 9 ) ,  ( 1 3 ) ,  (1 4 )  and (1 5 )  w i t h  t h e  

e x p r e s s i o n

■ n^ + p w^ (1 6 )

i . e .  t h e  a s s u m p t io n  o f  a  l i n e a r  v a r i a t i o n  o f  n*^x2 w^,

i n  a  m anner s i m i l a r  t o  t h a t  o f  H a l v e r s t a t  and k u m ler  f o r  

o b t a i n i n g  t h e  m o l e c u l a r  p o l a r i s a t i o n  a t  » 0 l e a d s  to

t h e  f o l l o w i n g  e q u a t io n  \

(" I

w h ere  t h e  p a r a m e te r  j7 i s  o b t a in e d  from  t h e  e x p r e s s i o n

F  -  (1 8 )

T h is  m ethod h a s  t h e  a d v a n ta g e  t h a t  l e s s  r e l i a n c e  i s  p l a c e d

on t h e  v a l u e s  o f  (n ^ ^  -  n % )  a t  lo w  c o n c e n t r a t i o n s  w here

p o s s i b l e  e x p e r im e n t a l  e r r o r s  a r e  h i g h .

The d i p o l e  moments w ere  t h e n  d e te r m in e d  u s i n g  e q u a t io n

( 1 1 )

4  = ' 2 ^

hence .  Py (1 9 )

= o .2 fc l4 8 /P ^  a t  2 5 °  (2 0 )
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w here p i s  e x p r e s s e d  i n  D ebye u n i t s  i . e .  10"^^ e . s . u .

I t  i s  e v id e n t  t h a t  t h e  u n c e r t a i n t y  i n  th e  v a l u e  assumed  

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

i n  t h e  c a l c u l a t e d  d i p o l e  moment, a p a r t  from  any e r r o r  in  th e  

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

F or m o l e c u l e s  o f  lo w  m o le c u la r  w e ig h t  ( c a .  5 0 -1 0 0 )  and 

p o s s e s s i n g  d i p o l e  moments g r e a t e r  th an  1 .5 D  t h e  e r r o r  

in tr o d u c e d  i s  s m a l l .  F or  o f  h i g h e r  m o le c u la r  w e i # i t  ( c a .  20 0 -  

300) and p o s s e s s in g  d i p o l e  moments b e tw een  1 . 0  and 1 .5 D  t h e  

e r r o r  i s  o f  a  l a r g e r  o r d e r ,  as  i s  r e a d i l y  s e e n  from  t h e  

r e s u l t s  t a b u la t e d  i n  C hapter  I I ,  S e c t i o n  I I ,  e . g .  i n  t h e  c a s e  

o f  4 - i o d o d ip h e n y l

M (%) = W  ) “ 1 .4 5 D

and Y (Pjj -  1 .0 5  % ]  ) = 1.39D

The m o le c u la r  p o l a r i s a t i o n  i s ,  t h e r e f o r e ,  t h e  more s a t i s f a c t o r y  

p r o p e r ty  on id i ic h  to  b a s e  c o m p a r iso n s  b e tw een  d i f f e r e n t  p o l a r  

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

o n ly  s l i g h t l y .

O b s e r v a t io n a l  E r r o r s

The a c c u r a c y  w i t h  w h ich  Pg can be  m easured  dep en d s n o t  

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

volum e d e t e r m i n a t i o n s ,  bu t a l s o  upon t h e  c o n c e n t r a t i o n  o f  th e  

s o l u t i o n ,  f o r  as th e  c o n c e n t r a t i o n  d i m i n i s h e s  so  d o e s  t h e  

q u a n t i t y  ( p i 2  ~ P i )  e r r o r s  i n  p ^ , and h e n c e  Pg, may become

c o n s i d e r a b l e .  The e r r o r  i n  p.> due to  t h e  above  v a r i a b l e s  c m
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b e  d e te r m in e d  as f o l l o w s :  

from  (6 ) ,

P 2 " P i  *  ' 1 2  ~ ' 1
W2

s i n c e  i s  c o n s t a n t

-  A ®12

and from  ( 4 ) ,

2  " j ± 0 1 2  ( 2 1 )
^̂ 2

I>1 2 * " -12

p a r t i a l  d i f f e r e n t i a t i o n  w i t h  r e s p e c t  t o  €^2  g i v e s

m 3'^12 , ^

(€12  * 2 ) 2

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

^ 1*12 = ^12  ~ 1

^^12  ^12  * ^
(2 3 )

From e q u a t io n  (2 1 )  u s i n g  e q u a t io n s  (2 2 )  and (2 5 )

I f  t h e  e r r o r  i n  t h e  d i e l e c t r i c  c o n s t a n t s  i s  * 0 .0 0 0 1  

and i n  t h e  s p e c i f i c  vo lu m es i s  * 0 . 00002 ., th e n  a t  t h e  a v e r a g e

v a l u e s  o f ^ -  2 . 5  and v  » 1 . 1 ,  th e  c o r r e s p o n d in g  e r r o r s  i n

Pg a r e  a s  f o l l o w s ,

a t  W£ ■ 0 .0 5  A.pg •  -  0 .05^

a t  W£ = 0 .0 1  A p g  » -  0 . ^

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

i n f i n i t e  d i l u t i o n  i s  more d i f f i c u l t  to  a s c e r t a i n  b u t  by 

assu m in g  a  l i n e a r  v a r i a t i o n  o f  Pg w i t h  wg, a s  i s  found to
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b e  p e r m is s a b l e  i n  m ost c a s e s ,  t h e  e r r o r  i s  p r o b a b ly  n o t  

g r e a t e r  th a n  -  0 . 0 ^ ,  and i n  some c a s e s  i s  p r o b a b ly  l e s s  

th a n  t h i s .

The a c c u r a c y  w i t h  w h ich  (%)) can be m easured  a l s o  d e p e n d s ,  

n o t  o n ly  on t h e  a c c u r a c y  o f  t h e  r e f r a c t i v e  i n d i c e s  and 

s p e c i f i c  v o lu m e s ,  but fkLso on 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 .  By a  p r o c e d u r e  a n a lo g o u s  to  t h a t  u sed  f o r  t h e  

d e t e r m in a t io n  o f  t h e  e r r o r s  in  p 2 , t \ . e  e r r o r  i n  (Rj^) can be  

c a l c u l a t e d  from  e q u a t io n  (1 5 )  

i . e .

I f  t h e  e r r o r  i n  t h e  r e f r a c t i v e  i n d i c e s  i s  -  0 .0 0 0 1  and t h e  

e r r o r  in  t h e  s p e c i f i c  v o lu m es i s ,  a s  b e f o r e ,  -  0 . 00002 , th en  

a t  t h e  a v e r a g e  v a l u e s  o f  n = 1 .5 0  and v  * 1 .1  t h e  c o r r e s p o n d in g  

e r r o r s  i n  r^ a r e  a s  f o l l o w s

a t  W£ « 0 .0 5  r^ = -  0 . ] ^

a t  Wq = 0 .0 1  To •  t  0 .

2 *"

The e r r o r s  d e te r m in e d  above  a r e  due to  t h e  l i m i t a t i o n s  

im posed  by t h e  m e a su r in g  in s tr u m e n t s  u s e d ,  and do n o t  ta k e  

i n t o  a c c o u n t  s y s t e m a t i c  e r r o r s ,  and e r r o r s  due t o  t h e  

e v a p o r a t io n  o f  s o l v e n t  a n d /o r  s o l u t e ,  o r  t o  t h e  e n tr a n c e  o f  

m o is t u r e  d u r in g  t h e  c o u r s e  o f  a  "run". T h ese  p o s s i b l e  

e r r o r s ,  h o w ev er , have  been  m in im ise d  by a d o p t in g  t h e  

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

E x p e r im e n ta l  P r o c ed u r e  

In  t h e  e a r l y  work u n d e r ta k e n  t o  d e te r m in e  th e  o v e r a l l  

a c c u r a c y  o f  t h e  a p p a r a tu s ,  u s i n g  compounds su ch  as  

p - c h l o r o a n i l i n e  (1 6 )  t h a t  had been  t h e  s u b j e c t  o f  a c c u r a t e  

m easurem ents by p r e v io u s  w o r k e r s ,  i t  was found t h a t  i n  o r d e r  

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

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

d e s i r a b l e  to  u s e  about s i x  s o l u t i o n s  o f  graded  c o n c e n t r a t i o n s ,  

p r e f e r a b l y  i n  t h e  ran ge  1 -  10^ w/w. Any a t te m p t  t o  work 

w i t h  more d i l u t e  s o l u t i o n s  g e n e i a l l y  r e s u l t e d  i n  a  l a r g e  

e r r o r  i n  t h e  c a l c u l a t e d  m o le c u la r  p o l a r i s a t i o n .  I t  i s  a l s o  

e v id e n t  t h a t  many v a l u e s  h a v e  been  p u b l i s h e d  w hich  are  

s u b j e c t  to  e r r o r s  due to  t h e  above f a c t o r ,  and to  t h e  u s e  by  

some i n v e s t i g a t o r s  o f  to o  few  s o l u t i o n s .  For exam p le , t h e  

v a l u e  o f  t h e  m o le c u la r  p o l a r i s a t i o n s  o f  2- c h io r o d ip h e n y l  

and 3 - c h l o r o d ip h e n y l  a t  i n f i n i t e  d i l u t i o n  i n  b e n zen e  w ere  

r e p o r te d  by ¥ e i s s b e r g e r  and Sangew ald  (1 7 )  a s  9 0 .5  c . c .  and 

123 c . c .  r e s p e c t i v e l y ,  l a t e r  Hampson and W e is s b e r g e r  (1 8 )  

u s i n g  t h e  same sa m p les  r e p o r te d  v a l u e s  o f  1 0 0 .2  c . c .  and 

1 1 3 .5  c . c .  r e s p e c t i v e l y ,  a  change i n  each  c a s e  o f  t h e  o r d e r  

o f  10^ .
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P r e p a r a t i o n  o f  t h e  S o l u t i o n s

The s o l u t i o n s  were prepared  in  150 c . c .  ^ Q u ic k f i t ’ , 

ground g l a s s  s to p p e re d  f l a s k s ,  w h ich  were graduated, a t  

90 C . C . ;  100 C . C . ,  and 110 c . c .  so t h a t  an a p p ro x im a te ly  

known volum e o f  s o l v e n t  could, he r a p i d l y  in t r o d u c e d .  They 

w ere c le a n e d  b e f o r e  each  *i*un* w i t h  a l c o h o l - n i t r i c  a c id  

c l e a n i n g  m ix tu r e  and washed w e l l  w i th  d i s t i l l e d  w a te r .  They 

were th e n  d r ie d  o v e r n ig h t  i n  an e l e c t r i c a l l y  h e a ted  oven  

c o n t r o l l e d  a t  120  ̂ and a f t e r  c o o l i n g  i n  a  d e s s i c a t o r  dry  

n i t r o g e n  was p a s s e d  i n t o  them from a c y l i n d e r  i n  o r d e r  t o  

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

c le a n e d  w i t h  s i l k  and th e  f l a s k s  p la c e d  i n  th e  b a la n c e  c a s e  

and w eigh ed  a c c u r a t e l y  to  0 . 1  mg. The s o l u t e  was th en  

in tr o d u c e d  r a p id ly  i n t o  th e  f l a s k s  w hich  w ere a g a in  w eighed  

a c c u r a t e l y  to  0 .1  mg. $be s o l v e n t  was added d i r e c t l y  from
S h

i t s  c o n t a in e r  by u s e  o f  th e  t r a n s f e r e n c e  ap p a ra tu s  (P ig u r e  8 ) ,  

th e  volum e added b e in g  c o n t r o l l e d  by th e  o p e r a t io n  o f  th e  

s c r e w - c l i p .  A saiüple o f  t h e  s o l v e n t  was t r a n s f e r r e d  to  a  

f u r t h e r  150 c . c .  f l a s k  by th e  same t e c h n iq u e  a t  th e  same 

t im e ,  so  t h a t  any p o s s i b l e  s l i g h t  c o n ta m in a t io n  o f  th e  

s o l u t i o n s  by w a te r  vapour  d u r in g  t h e  p e r io d  b etw een  p r e p a r a t io i  

and u s e ,  a l s o  occu rred  w ith  th e  s o l v e n t .  The s o l u t i o n  

f l a s k s  were th en  w eighed  a c c u r a t e l y  t o  0 .1  mg.

T h is  p r o c ed u r e  was adopted th ro u g h o u t t h e  work, t h e  

method o f  ad d in g  t h e  s o l u t e  d ep en d in g  on i t s  p h y s i c a l  s t a t e *  

Thus l i q u i d  s o l u t e s  were in tr o d u c e d  to  th e  f l a s k s  from  

a b u r e t t e  c lo s e d  a t  i t s  upper end by a tu b e  o f  d r y in g  a g e n t .
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and s o l i d  s o l u t e s ,  i n  a  f i n e l y  powdered c o n d i t i o n ,  were  

in tr o d u c e d  i n t o  t h e  f l a s k s  w ith  th e  a id  o f  a s h o r t -n e c k e d  

f u n n e l .

D e te r m in a t io n  o f  th e  D i e l e c t r i c  C o n sta n ts

Owing t o  t h e  h ig h  d i e l e c t r i c  c o n s ta n t  o f  w a te r ,  th e  

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

t r a c e s  o f  m o is t u r e .  In  o r d e r  to  m in im ise  t h e  e r r o r s  

p o s s i b l y  in tr o d u c e d  th e  d i e l e c t r i c  c o n s t a n t s  w ere m easured  

b e f o r e  t h e  d e t e r m in a t io n  o f  t h e  r e f r a c t i v e  i n d i c e s  and 

d e n s i t i e s .

The th e r m o s ta t  was f i l l e d  w ith  w a te r  a t  a p p ro x im a te ly  

25^ and e q u i l ib r iu m  c o n d i t i o n s  a llo w ed  to  become e s t a b l i s h e d ;  

a t  th e  same t im e t h e  h e te r o d y n e  b e a t  ap p ara tu s  was s w itc h e d  

on and a l lo w e d  to  warm up d u r in g  one hour b e f o r e  any 

m easurem ents w ere ta k e n .  The d i e l e c t r i c  c e l l  was d r ie d  by 

p a s s i n g  n i t r o g e n  through  i t  d u r in g  th e  same p e r io d .  The 

ground g l a s s  caps were t h e n  f i t t e d  i n  p o s i t i o n  and th e  

d i e l e c t r i c  c e l l  was low ered  i n t o  th e  b r a s s  s ta n d  in  th e  

th e r m o s ta t  b a th ,  f i t t e m  m in u te s  b e in g  a l lo w e d  f o r  t h e  c e l l  

to  r e a c h  th e  tem p era tu re  o f  t h e  t h e r m o s ta t .  The tu n in g  

c o n d e n se r s  were th e n  a d ju s te d  f o r  r e so n a n c e  w ith  th e  c e l l  in  

th e  c i r c u i t ,  and t h e  c a p a c i t y  o f  th e  p r e c i s i o n  co n d en ser  

was r o u g h ly  matched to  t h a t  o f  t h e  c e l l .  The th e r m o s ta t  

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

l e v e l  o f  th e  w a te r  c o n ta in e d  i n  t h e  b a th  were found to  

a f f e c t  th e  s t r a y  c a p a c i t i e s  to  a  sm a l l  e x t e n t ,  t h e  p r e c i s i o n
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c o n d e n ser  was f i n a l l y  a c c u r a t e l y  matched to  t h e  c a p a c i t y  

o f  th e  c e l l  by v i s u a l  o b s e r v a t io n  o f  th e  b e a t  f r e q u e n c y ,  ca re  

b e in g  ta k e n  a lw ays to  match on t h e  h ig h  c a p a c i t y  s i d e  o f  th e  

zero  b e a t  p o s i t i o n .  The c e l l  was th e n  l i f t e d  s l i g h t l y  from  

i t s  h o ld e r  and r e p la c e d ,  t h e  r e a d in g  a g a in  b e in g  n o te d ;  t h i s  

p r o c ed u r e  was r e p e a te d  a t  l e a s t  once  more, and was n e c e s s a r y  

i n  o r d e r  t o  c o n f ir m  t h a t  th e  c e l l  and i t s  l e a d  were c o r r e c t l y  

i n  p o s i t i o n .  In g e n e r a l  th e  r e a d in g s  were i d e n t i c a l  b u t  

o c c a s io n ja l ly  t h e r e  was a  s l i g h t  s h i f t ,  and th e n  th e y  were  

r e p e a te d  u n t i l  a  c o n s t a n t  v a l u e  was o b t a in e d .

The c e l l  was removed from t h e  th e r m o s ta t  and th e  o u t s id e  

d r i e d ,  and was f i l l e d  w ith  p u re  s o l v e n t  by u s e  o f  th e  

t r a n s f e r e n c e  a p p ara tu s  (F ig u r e  8 ) ,  t h e  d e l i v e r y  tu b e  h a v in g  

been  ground to  f i t  i n s i d e  th e  c e l l ' s  s i d e  arm, t h i s  p r e v e n te d  

t h e  e n tr a n c e  o f  a i r  and m o is tu r e  i n t o  th e  c e l l .  I t  was then  

r e p la c e d  i n  th e  th e r m o s ta t  and th e  r e a d in g s  n o te d  as b e f o r e .  

The s o l v e n t  was poured o u t o f  t h e  c e l l ,  and th e  c e l l  was 

r in s e d  o u t  t h r e e  t im e s  w i t h  t h e  f i r s t  o f  t h e  s o l u t i o n s  b e f o r e  

b e in g  f i l l e d  w i t h  i t .  The c e l l  was th e n  r e p la c e d  and th e  

r e a d in g s  ta k e n .  T h is  p r o c ed u r e  was r e p e a te d  w i t h  th e  

rem a in in g  s o l u t i o n s  and, f i n a l l y ,  th e  n i t r o g e n  and pu re  

s o l v e n t  r e a d in g s  were re  ch eck ed . I f  t h e r e  had been  any 

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

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

r e p e a t  r e a d in g s  were d i f f e r e n t  from  t h e  v a l u e s  r eco rd ed  

i n i t i a l l y ,  and th e  mean v a l u e s  w ere u sed  in  com puting th e  

d i e l e c t r i c  c o n s t a n t s  o f  t h e  s o l u t i o n s .
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D é te r m in â t io n  o f  D e n s i t i e s

The p y k n o m e ter  w as d r i e d  by  p a s s i n g  n i t r o g e n  th r o u g h  i t  

f o r  t h i r t y  m in u te s  from  a  c y l i n d e r ,  t h e  o u t s i d e  was c le a n e d  

w it h  s i l k  end i t  w as w e ig h ed  a c c u r a t e l y  to  0 .1  m g .; t h i s  

p r o c e d u r e  w as th e n  r e p e a te d  to  c o n s t a n t  w e ig h t .  I t  w as th e n  

f i l l e d  w it h  t h e  s o l v e n t  b y  a p p l i c a t i o n  o f  s u c t i o n  from  a  

w a te r  pump, cind p la c e d  i n  t h e  t h e r m o s t a t  f o r  tw e n ty  m in u te s .  

W h ile  s t i l l  in  t h e  th e r m o s t a t  t h e  p y k n o m eter  w as a d ju s te d  to  

c o n s t a n t  v o lu m e by a p p ly in g  a  f i l t e r  p a p e r  t o  th e  arm o t h e r  

th a n  t h e  m arked on e  and rem o v in g  t h e  e x c e s s  l i q u i d  b y  

c a p i l l a r y  a t t r a c t i o n .  The p y k n o m e ter  w as c a r e f u l l y  c le a n e d  

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

a t t a c h e d  and t h e  w h o le  w as p la c e d  in  t h e  b a la n c e  c a s e  f o r  

w e ig h in g .  A f t e r  w e ig h in g  i t  w as e m p t ie d , r in s e d  t w ic e  w it h  

t h e  f i r s t  o f  t h e  s o l u t i o n s ,  f i l l e d  w it h  t h i s  s o l u t i o n  and th e n  

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

t r e a t e d  s i m i l a r l y .

D e t e r m in a t io n  o f  R e f r a c t i v e  I n d i c e s

W ater from  t h e  t h e r m o s t a t  b a th  was c i r c u l a t e d  r a p id ly  

th r o u g h  t h e  b lo c k  o f  t h e  E i l g e r  Abbé r e f r a c t o m e t e r  by a  

c e n t r i f u g a l  pump and t h e  b lo c k  was l e f t  f o r  t e n  m in u te s  t o  

a t t a i n  c o n s t a n t  t e m p e r a tu r e .  The p u r e  s o l v e n t  w as p o u re d  

i n t o  t h e  c e l l  o f  t h e  in s tr u m e n t  and a l lo w e d  t o  warm up to  

2 5 ° .  The r e f  r a c to m e te r  w as th e n  a d j u s t e d  and t h e  r e a d in g  

n o t e d ,  a t  l e a s t  two r e p e a t  r e a d in g s  b e in g  made t o  a s c e r t a i n  

t h a t  t h e  l i q u i d  was a t  e q u i l ib r iu m .  The c e l l  w as t h e n  c le a n e d
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w it h  l e n s  t i s s u e  and p u r e  a c e t o n e ,  w ip ed  d r y  and t h e  a b o v e  

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



44

CHAPTEH I I .

S e c t i o n  I .

P r é p a r a t io n  cXid P u r i f i c a t i o n  o f  l i a t e r i a l s

In  t h e  p u r i f i c a t i o n  o f  th e  m a t e r i a l s  c o n s id e r a b le  

a t t e n t i o n  was g iv e n  to  t h e  e x c l u s io n  o f  m o is tu r e  from  

th e  f i n a l  p r o d u c t s .  E ach  s o l i d  p r o d u c t  was f r e e d  from  

t r a c e s  o f  m o is tu r e  by e v a c u a t in g  th e  d e s i c c a t o r  in  w h ich  

i t  was s t o r e d .  I t  was th e n  k e p t  u n d er  n i t r o g e n  i n  a  t i g h t l y  

s to 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 .  B a tc h e s  o f  s o l v e n t  and 

a l l  l i q u i d  p r o d u c t s  w ere  s to r e d  u n d er  n i t r o g e n  i n  t i g h t l y  

s to p p e r e d  v e s s e l s .  In  t h e  c a s e  o f  vacuum  d i s t i l l e d  p r o d u c ts  

n i t r o g e n  was l e t  i n t o  th e  a p p a r a tu s  a t  t h e  end o f  t h e  

d i s t i l l a t i o n .  L iq u id  s o l u t e s  w ere  u se d  n o t  m ore th a n  

t h r e e  d a y s  a f t e r  t h e i r  f i n a l  d i s t i l l a t i o n  imd d u r in g  t h i s  

t im e  t h e  v e s s e l s  w ere  s t o r e d  in  a  d e s i c c a t o r .

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

w ith  t h e  v a l u e s  o b ta in e d  by o t h e r  i n v e s t i g a t o r s ,  a r e  

r e c o r d e d  a t  t h e  end o f  e a c h  p u r i f i c a t i o n  m eth od , lûien 

m ore th a n  on e  sam p le  was p u r i f i e d  th e  a v e r a g e  v a lu e s  a r e  

q u o te d , t o g e t h e r  w it h  a  maximum v a r i a t i o n .  U n le s s  o t h e r w is e  

s t a t e d  b o i l i n g  p o i n t s  h a v e  b e e n  c o r r e c t e d  to  one a tm o sp h ere  

p r e s s u r e .
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B e n z en e  was p u r i f i e d  s i m i l a r l y  to  t h e  m ethod o f  

Few and S m ith  ( l ) ,  C oiam eroitil “c r y s t a l l i s a b l e ” g r a d e  was 

sh a k en  w ith  c o n c e n tr a te d  s u lp h u r ic  a c id ,  w ashed t w ic e  e a c h  

w it h  w a te r  and w it h  5^ aq u eo u s p o ta s s iu m  h y d r o x id e ,  and  

th e n  a  f u r t h e r  fo u r  t im e s  w it h  w a t e r .  A f t e r  d r y in g  o v e r  

p h o s p h o r ic  o x id e  i t  was f r a c t i o n a l l y  c r y s t a l l i s e c  o v e r  

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

m ass on f r e e z i n g .  I t  was th e n  d i s t i l l e d  from  p h o s p h o r ic  

o x i d e .  Tlie m id d le  f r a c t i o n  w as c o l l e c t e d  and w as in  e a ch  

c a s e  o f  c o n s t a n t  b o i l i n g  p o i n t ,  t o  w i t h in  0 . 02? .

B o i l i n g  p o in t  7 9 .8 °

= 0 .8 7 3 6 8 - 0 .0 0 0 0 3

n |S  = 1 .4 9 8 0 - 0 .0 0 0 1

Few and S m ith  ( l )  g i v e  B o i l i n g  p o in t  7 9 .7 °

= 0 .8 7 3 6 8 2 0 .0 0 0 0 3

d^® = 1 .4 9 8 1 ^ 0 .0 0 0 1

H a t . B u reau  o f  S ta n d a r d s  S p e c i f i c a t i o n  d |®  = 0 .8 7 3 6 8

J e n k in s  and S u t to n  ( 2 ) g i v e  d^^ = 0 .8 7 3 6 .

2-HITRODIPTfRHYT. .,nd 4-HlTR0T)I-pKliTa-V-r.

2- i r i t r o d ip h e n y l  fxnd 4 - h i t r o d i p h e n y l  w e ie  p r e p a r e d  

by t h e  m ethod o f  B e l l ,  Kenyon and R o b in so n  ( 5 ) .  1 2 0 g  o f

d ip h e n y l  w ere  d i s s o l v e d  in  t w ic e  t h e i r  w e ig h t  o f  g l a c i a l  

a c e t i c  a c id  and th e  s o l u t i o n  was h e a te d  t o  7 0 ° .  To t h i s  

t h e r e  was th e n  ad d ed , in  s m a l l  q u ^ m t i t ie s ,  t h r e e  m o le c u la r  

am ounts o f  fu e lin g  n i t r i c  a c id  (d = 1 .5 1  ) .  The s o l u t i o n



46

im m e d ia te ly  d a rk en ed  and , when ab ou t o n e - t h ir d  o f  t h e  

n i t r i c  a c id  had. b een  ad d ed , a  v i s i b l e  and s t e a d y  r e a c t io n  

b e g a n . The rem a in d er  o f  th e  a c id  was th e n  added m ore 

s l o w l y ,  th e  w h o le  a d d i t io n  t a k in g  ab ou t n in e t y  m in u te s .

A f t e r  c o o l in g  t h e  4 - n i t r o d ip h e n y l  w h ich  c r y s t a l l i s e d  

o u t  was f i l t e r e d  o f f ,  u s in g  a  s i n t e r e d  g l a s s  f i l t e r ,  and 

th e  m o th er  l iq u o r  d i l u t e d  w it h  w a te r .

The o i l  o b ta in e d  on d i l u t i n g  th e  m oth er  l iq u o r  was 

s e p a r a t e d ,  .washed w ith  warm w a te r , d r ie d  and th e n  s lo w ly  

d i s t i l l e d  u n d er  red u ced  p r e s s u r e  th r o u g h  a  s h o r t  

f r a c t i o n a t i n g  colu m n. The m id d le  f r a c t i o n ,  b o i l i n g  ran ge  

1 1 6 -1 1 8 ^ /o a .0 .5 m m .E g ., was c o l l e c t e d  end a llo w e d  to  

s o l i d i f y .  F o llo w in g  G u ll  and T urner (4 )  i t  was th e n  

d i s s o l v e d  in  a b s o lu t e  a lc o h o l  t o  g i v e  a  s a t u r a t e d  s o l u t i o n  

a t  20° w h ich  was c o o le d  to  0°  and t h e  2- n i t r o d ip h e n y l  t h a t  

c r y s t a l l i s e d  was f i l t e r e d  o f f  and d r i e d .  The p r o c e s s  was 

th e n  r e p e a te d  u n t i l  c o n s ta n t  m e l t in g  p o in t  was a t t a i n e d .

The 4 - n i t r o d ip h e n y l  o b ta in e d  ab ove  was r e c r y s t a l l i s e d  

to  c o n s t a n t  m e l t in g  p o in t  from  a b s o lu t e  a l c o h o l .

2 - E i t  r o d ip h e n y l  4 -1 ’i t  r o d ip h e n y l

Y ie ld  (m id d le  f r a c t i o n )  ( a f t e r  f i r s t
3 5 g . ( 2 ^ )  r e c r y s t a l l i s a t i o n )

7 5 g . (48^ )

M e lt in g  p o in t  3 8 .0 °  1 1 4 .0 °

B e l l ,  K enyon and R ob in son  (3 )  g i v e  35  - 3 7 °  and 114°

G u ll  and T urner (4 )  g i v e  37 - 3 8 °

Gomberg and Bachmann (5 )  g i v e  3 6 .7 °  and 114°

E lk s ,  H aw orth m dH ey (6 ) g i v e  37° and 1 1 3 °
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5-EITKQDIPHEl^L

5 - Î I i t r o d ip h e n y l  was p rep a red  by th e  m ethod o f  E lk s ,  

H aw orth anc Hey (6 ) .  1 3 8 g . o f  m - n i t r o a n i l i n e  w ere  added to

320  m l. o f  c o n c e n tr a te d  h y d r o c h lo r ic  a c id ,  t h e  w h ole  

h e a te d  u n t i l  t h e  b a s e  had d i s s o l v e d  and th e n  c o o le d ,  w ith  

s t i r r i n g ,  t o  b e lo w  5 ° .  To t h i s  c o ld  s u s p e n s io n  was th e n  

added g r a d u a l ly ,  w ith  c o n t in u o u s  s t i r r i n g ,  a  s o l u t i o n  

o f  68g .  o f  sod ium  n i t r i t e  in  100  m l. o f  w a te r , t h e  w h o le  

b e in g  m a in ta in e d  b e lo w  5 ° .  The d ia z o n iu m  s a l t  s o l u t i o n  

was th e n  f i l t e r e d  th r o u g h  g l a s s  w o o l and run in t o  two 

l i t r e s  o f  b e n z e n e , a t  5 - 1 0 ° ,  w ith  v ig o r o u s  m e c h a n ic a l  

s t i r r i n g .

A s o l u t i o n  o f  3 2 0 g . o f  sod ium  a c e t a t e  t r ih y d r a t e  

i n  800  m l. o f  w a te r  was g r a d u a l ly  added to  t h e  s t i r r e d  

m ix t u r e ,  t h e  te m p e ia tu r e  b e in g  m a in ta in e d  b e lo w  10°  and 

th e  s t i r r i n g  was c o n t in u e d  a t  t h i s  t e n ^ e r a tu r e  f o r  t h r e e  

h o u r s .  At t h e  end o f  t h i s  p e r io d  t h e  r e a c t io n  m ix tu r e  

was a llo w e d  to  come to  room te m p e r a tu r e  and th e  s t i r r i n g  

m a in ta in e d  f o r  a  f u r t h e r  f o r t y - f i v e  h o u r s .

On c o m p le t io n  o f  t h e  s t i r r i n g  th e  r e a c t i o n  m ix tu r e  

was f i l t e r e d  a t  th e  pump and th e  r e s id u e  w ashed w ith  

b e n z e n e . The b e n z e n e  l a y e r  o f  t h e  f i l t r a t e  was s e p a r a te d ,  

w ashed s e v e r a l  t im e s  w ith  w a te r  and d r ie d  o v e r  c a lc iu m  

c h l o r i d e .  The b e n z e n e  was d i s t i l l e d  o f f  and th e  r e s id u e  

d i s t i l l e d  a t  red u ced  p r e s s u r e ;  t h e  m id d le  f r a c t i o n ,  

b o i l i n g  ra n g e  1 9 0 -2 1 0 °  /  2 0 -3 0  mm. H g ., was c o l l e c t e d .

On s o l i d i f y i n g  i t  was r e c r y s t a l l i s e d  from  p e tr o le u m  

e t h e r  ( 4 0 -6 0 °  f r a c t i o n )  th e  s o l u t i o n  b e in g  b o i l e d  w ith
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b lo o d  oharCOa l  and f i l t e r e d  d u r in g  t h e  p r o c e s s .  I t  was 

th e n  r e c r y s t a l l i s e d  t o  c o n s t a n t  m e l t in g  p o in t  from  a b s o lu t e  

a l c o h o l .

Y ie ld  ( a f t e r  f i r s t  r e c r y s t a l l i s c t t i o n )  9 0 g . (4 5 ^ )

M e lt in g  p o in t  6 0 .5 °

Gomberg and Bachmann (5 )  g i v e  6 1 °

E l k s ,  H aw orth  and Hey ( 6 ) g i v e  6 1 °

2 . 2 '  -DIHITHQBIPHEMYL

2 , 2 * - D in i t r o d ip h e n y l  was p r e p a r e d  a c c o r d in g  t o  t h e  

m ethod o f  Shaw and T u rn er ( 7 ) .  The c o p p e r  pow der n eed ed  

f o r  th e  r e a c t i o n  was p r e p a r e d  s i m i l a r l y  t o  D avey  and L a t t e r  ( 8 ) ,  

C r y s t a l l i n e  'A .H . ' c o p p e r  s u lp h a t e  w as d i s s o l v e d  in  

w a te r  a t  room te m p e r a tu r e  and t h e  s o l u t i o n  made j u s t  

a c id  by  th e  a d d i t io n  o f  a  fe w  m i l l i l i t r e s  o f  s u lp h u r ic  a c id .

To t h i s  s o l u t i o n  was added g r a d u a l ly ,  w it h  s t i r r i n g ,  a  s l i g h t  

d e f i c i e n c y  o f  *A.K. ' z in c  d u s t  made in t o  a  p a s t e  w ith  w a te r .

The p r e c i p i t a t e d  c o p p e r  pow der was c o l l e c t e d  on a  B u ch n er  

f u n n e l ,  w ashed  w ith  d i s t i l l e d  w a te r ,  a l c o h o l  and e t h e r ,  su ck ed

d r y  a t  t h e  pump and f i n a l l y  d r ie d  in  a  vacuum  d e s i c c a t o r .

lOOg. o f  o - c h lo r o n i t r o b e n z e n e  was h e a te d  i n  a  w id e  

g l a s s  tu b e  i n  a  W ood's m e ta l  b a th  u n t i l  t h e  m o lte n  

o - c h lo r o n i t r o b e n z e n e  was b o i l i n g  b r i s k l y .  The u p p er  p a r t s  

o f  th e  tu b e  w ere  th e n  w iped  w ith  f i l t e r  p a p er  to  rem ove  

t r a c e s  o f  m o is t u r e  and c o p p e r  pow der was a d d ed , a  few  grm as 

a t  a  t im e ,  o v e r  tw e n ty  m in u te s ,  th e  m e lt  b e in g  s t i r r e d  

c o n t in u o u s ly  w it h  a  'm ilk  s c a l e '  th e rm o m e ter . Care was
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ta k e n  n o t  to  l e t  th e  m e lt  g e t  m ore th a n  t e n  d e g r e e s  ab ove  

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

IVhen 6 0 - 7 0 g .  o f  c o p p e r  pow der had  b e e n  added th e  m e lt  

becam e v e r y  v i s c o u s .  A f t e r  h e a t i n g  f o r  a  f u r t h e r  t e n  m in u te s  

i t  was a llo w e d  to  c o o l  s l i g l i t l y  and to  i t  w as added an e q u a l  

vo lu m e o f  o - d ic h lo r o b e n z e n e  w it h  v ig o r o u s  s t i r r i n g .  The m ass  

was f i l t e r e d  h o t  and on c o o l i n g  th e  2 , 2 ' - d i n i t r o d i p h e n y l  was 

p r e c i p i t a t e d  from  t h e  f i l t r a t e  by th e  a d d i t io n  o f  l i g h t  p e tr o le u m  

( 4 0 - 6 0 °  f r a c t i o n ) .  The p r o d u c t  was p u r i f i e d  by e x t r a c t i o n  w it h  

l i g t i t  p e tr o le u m  ( 6 0 - 8 0 °  f r a c t i o n )  i n  a  S o x h le t  a p p a r a tu s . The 

e x tr a c t e d  s o l i d  was f i l t e r e d  a t  t h e  pur%), w ashed  w i t h  s o l v e n t  

and f i n a l l y  r e c r y s t a l l i s e d  from  l i g h t  p e tr o le u m  ( 100 - 120°  

f r a c t i o n ) .

Num erous b a t c h e s  w ere  p r e p a r e d .

A v era g e  y i e l d  ( a f t e r  S o x h le t  e x t r a c t i o n )  4 3 g . (55>^)

M e lt in g  p o in t  1 2 5 .5 °

W illia m so n  and R odebush  (9 )  g i v e  1 2 4 .5 °

F u son  and C le v e la n d  (1 0 )  g i v e  1 2 5 .5  -  1 2 4 .5 ° .

2 -AIiIMûDIPHENYL (o-X E H Y L A n m )

2 -A m in o d ip h e n y l was p r e p a r e d  by th e  r e d u c t io n  o f

2 - n i t r o d i p h e n y l  w it h  ir o n  f i l i n g s ,  w a te r  and g l a c i a l  a c e t i c  

a c id .  7 5 g . o f  i r o n  f i l i n g s  w ere  j u s t  c o v e r e d  w ith  w a te r  i n  a  

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

a c e t i c  a c id  and t h e  w h o le  was th e n  h e a te d  in  a  b r i s k l y  b o i l i n g  

w a te r  b a t h .  V/hen t h e  m ix tu r e  b eg a n  to  e f f e r v e s c e  5 0 g . o f  f i n e l y   ̂

grou n c 2 - n i t r o d ip h e n y l  w ere  added w ith  v ig o r o u s  s t i r r i n g ,  a  wooden



50

\
s t i c k  b e in g  u se e  f o r  t h e  p u r p o s e . S in c e  i t  was e s s e n t i a l  

t h a t  t h e  r e a c t i o n  m ix tu r e  sh o u ld  n o t b e  c o o le d  down, b o i l i n g  

w a te r  w as added a t  i n t e r v a l s  t o  p r e v e n t  i t  d r y in g  up and 

t h e  s t i r r i n g  was c o n tin u e d  f o r  a  f u r t h e r  f i f t e e n  m in u te s  

a f t e r  th e  v ig o r o u s  f r o t h i n g  had c e a s e d .

On c o o l i n g  t h e  maæ was made a l k a l i n e  w it h  ammonia 

and e x t r a c t e d  w ith  a l a r g e  b u lk  o f  c o ld  a c e to n e  and f i l t e r e d  

a t  t h e  pump th r o u g h  a  pad o f  f i l t e r  p a p e r s ,  t h e  to p  p a p e r s  

b e in g  sc r a p e d  o f f  w h en ev er  th e y  te n d e d  to  becom e b lo c k e d .

The a c e t o n e  was th e n  d i s t i l l e d  o f f  l e a v i n g  t h e  cru d e  am ine  

and w a te r  t h a t  had n o t  b e e n  u s e d  in  t h e  r e d u c t io n  p r o c e s s .

S in c e  t h e  am in es w ere  o n ly  t o  be u s e d  a s  in t e r m e d ia t e s  in  

t h e  p r e p a r a t io n s  o f  t h e  c o r r e s p o n d in g  h a lo g e n o d ip h a n y I s  th e y  

w ere  n o t  r e q u ir e d  in  a  s t a t e  o f  g r e a t  p u r i t y  on d , t h e r e f o r e ,  

t h e  o n ly  p u r i f i c a t i o n  p r o c e s s  u sed  in  t h e  c a s e  o f  th em on o-  

a m in o d ip h e n y ls  w as to  d i s s o l v e  t h e  r e s id u e  from  th e  d i s t i l l a t i o n  

i n  h o t  d i l u t e  h y d r o c h lo r ic  a c id ,  f i l t e r . t h e  s o l u t i o n  and make 

a l k a l i n e  w it h  amm onia. The p r e c i p i t a t e d  am ine was th e n  w ashed  

s e v e r a l  t im e s  w ith  w a te r  by d é c a n t a t io n .  The l i g h t  brown 

m ass o f  am ine s o l i d i f i e d  on c o o l i n g  and s t i r r i n g ,  was 

f i l t e r e d  and d r i e d .

S e v e r a l  b a t c h e s  w ere  p r e p a r e d .

A v era g e  y i e l d  3 2 g . (75^ )

M e lt in g  p o in t  4 5 -4 6 °

Some o f  th e  am ine was p u r i f i e d  by r e c r y s t a l l i s a t i o n  o f  > 

i t s  h y d r o c h lo r id e  and th e n  p r e c i p i t a t i o n  by a d d i t io n  o f  ammonia. 

I t  was f i l t e r e d ,  w ashed  th o r o u g h ly  w it h  w a te r  and d r ie d .

M e lt in g  p o in t  4 9 -5 0 °



51

F ic h t e r  and S u lz b e r g e r  (1 1 )  g i v e  4 4 -4 5 °

S ca rb o ro u g h  and W est (1 2 )  g i v e  4 9 -5 0 °

Morgan and. W a lls  (1 3 )  g iv e  4 7 -4 8 °

P e a i'l  (1 4 )  g i v e s  4 4 -4 5 °

3-MiINQDIFHmY'L  (m-KSNYL-AlxIhE)

3 -A m in o d ip h en y l was p r e p a r ed  from  3- n i t r o d ip h e n y l  

by a  p r o c e s s  i d e n t i c a l  t o  t h a t  g iv e n  a b o v e . S e v e r a l  

b a tc h e s  w ere p rep a i'ed  on t h e  ab ove  s c a l e .

A verage y i e l d  3 4 g . (80/i )

M e lt in g  p o in t  2 7 -2 9 °

F ic h t e r  and S u lz b e r g e r  ( l l )  g i v e  30°

O ar^ aign e and R eid  (1 5 )  g i v e  3 1 - 3 1 .5 °

4-AMIR0DIRE# Y L  (v-X m iL A M im  )

4 -A m in o d ip h e n y l was p r e p a r e d  from  4 - n i t r o d ip h e n y l  

s i m i l a r l y  to  t h e  p r e p a r a t io n  o f  2 - amino d ip h e n y l  g iv e n  

a b o v e . S e v e r a l  b a tc h e s  w ere  p r e p a r ed  on t h e  above s c a l e .

A verage y i e l d  3 2 g . ( 7 ^  )

M e lt in g  p o in t  4 7 -4 8 °

Morgan and W a lls  (1 3 )  g i v e  5 0 -5 2 °

2 . 2 '  -DIAlimODIRHEHYL

2 , 2 ' -D ia m in o d ip h e n y l was p r e p a r ed  by t h e  r e d u c t io n  

o f  2 , 2 ’ - d i n i t r o d i p h e n y l  u s in g  th e  method o f  Shaw and T urner (7 )  

on w h ich  th e  p r e p a r a t io n s  d e s c r ib e d  above f o r  m on o-am in od i-  

p h e n y ls  a r e  a  s l i g h t  v a r i a t i o n .  The 2 , 2 ' - d i n i t r o d i p h e n y l  was 

red u ced  in  5 0 g . b a t c h e s ,  l lO g .  o f  ir o n  f i l i n g s  b e in g  used  in
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e a c h  c a s e .  A f t e r  p r e c i p i t a t i o n  from  d i l u t e  h y d r o c h lo r ic  

a c id  s o l u t i o n  by a d d i t io n  o f  ammonia m d  w a sh in g  w ith  w a te r  

t h e  am ine w as f i l t e r e d  o f f  and p u r i f i e d  by  e x t r a c t i o n  w ith  

l i g h t  p e tr o le u m  (4 0 -6 0 °  f r a c t i o n )  in  a S o x h le t  a p p a r a tu s . 

F i n a l l y  th e  l i g h t  fawn p r o d u c t  was f i l t e r e d  o f f ,  w ashed  

w ith  a  l i t t l e  s o lv e n t  and d r ie d .

A verage y i e l d  2 6 . 5 g . (70^ )

M e lt in g  p o in t  8 1 °

Sako (1 6 )  g i v e s  7 8 -8 0 °

L a b r io la  and F e l i t e  (1 7 )  g i v e  8 0 -8 1 °

W illia m so n  nnd R odebush (9 )  g i v e  7 8 .5 °

2-FLUORODIPHSir/L

2 -F lu o r o d ip h e n y l  was p r e p a r ed  a c c o r d in g  t o  th e  m ethod  

o f  Schiem ann nd R o s e l iu s  ( 1 8 ) .  5 0 g . o f  2 -a m in o d ip h e n y l

w ere  d i s s o l v e d  in  h o t  d i l u t e  ( 1 : 1 ) h y d r o c h lo r ic  a c id  and th e  

s o l u t i o n  c o o le d  in  i c e  w ith  v ig o r o u s  s t i r r i n g .  The r e s u l t i n g  

s u s p e n s io n  was th e n  d i a z o t i s e d ,  th e  w h o le  b e in g  m a in ta in e d  

b e lo w  10^ th r o u g h o u t . A s l i g h t  e x c e s s  o f  sod iu m  n i t r i t e  

s o l u t i o n  was added d r o p w ise  and t h e  u n r e a c te d  n i t r o u s  a c id  was 

decom posed by th e  a d d i t io n  o f  u r e a  u n t i l  t h e  e v o lu t io n  o f  

n i t r o g e n  c e a s e d . The d ia z o n iu m  s a l t  s o l u t i o n  was f i l t e r e d  

th r o u g h  g l a s s  w o o l and to  t h e  f i l t r a t e  t h e r e  w ere th e n  added  

110  m l. o f  c o n c e n tr a te d  f l u o b o r i c  a c id  (42gg w /w ) . The 

r e s u l t i n g  y e l lo w  p r e c i p i t a t e  o f  d ip h e n y l - 2-d ia z o n iu m  

boro  f l u o r i d e  was f i l t e r e d  o f f ,  w ashed w ith  w a te r ,  su ck ed  d ry  

and f i n a l l y  d r ie d  in  a  vacuum d e s i c c a t o r .  I t s  d e c o m p o s it io n
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tem p er a tu r e  was d e term in ed  u s in g  a s m a ll  amount in  a  

m e lt in g  p o in t  a p p a r a tu s .

Y ie ld  o f  d ia zo n iu m  b o r o f lu o r id e  6 7 . 5 g . {S&fa)

D e c o m p o s it io n  tem p er a tu r e  95°

The b u lk  o f  t h e  d ia zo n iu m  boro f l u o r id e  was decom posed  

in  an a p p a ra tu s c lo s e d  to  th e  a tm o sp h ere . T h is  c o n s i s t e d  o f  

a  tw o-n eck ed  f l a s k  m a in ta in e d  a t  about te n  d e g r e e s  above  

th e  d -ecom p osition  te m p e r a tu r e , in  a  W o o d 's-m eta l b a th , to  

w h ich  was a t ta c h e d  a  lo n g  a i r  c o n d e n ser  t e r m in a t in g  in  a  

w a te r  tr a p  to  ab sorb  th e  boron  t r i f l u o r i d e  e v o lv e d . To 

th e  o th e r  n eck  o f  th e  f l a s k  was f i t t e d  a  w id e  tu b e  w ith  

a p i s t o n ,  from  w h ich  th e  d ia zo n iu m  b o r o f lu o r id e  was added  

in  sm a ll  q u a n t i t i e s .

A f t e r  th e  d e c o m p o s it io n  was com p leted  c a u s t i c  so d a  

s o l u t i o n  was added and t h e  m ix tu r e  steam  d i s t i l l e d .

The 2- f lu o r o d ip h e n y l  s o l i d i f i e d  in  th e  co n d en ser  and t h i s  

had to  be d r a in e d  p e r i o d i c a l l y  to  p r e v e n t  i t  from  becom ing  

b lo c k e d . The s o l i d  p r o d u c t was f i l t e r e d  from  t h e  d i s t i l l a t e  

and r e c r y s t a l l i s e d  to  c o n s ta n t  m e lt in g  p o in t  from  a b s o lu te  

a lc o h o l .

Y ie ld  ( a f t e r  f i r s t  r e o r y s t a l l i s a t i o n ,  3 3 g . ( 6 ^ )
on b a s i s  o f  am ine u s e d )

M e lt in g  p o in t  7 4 .5 °

Schiem ann and R o s e l iu s  (1 8 )  g iv e  D e c o m p o sit io n  tem p era tu re  81°

M e lt in g  p o in t  72°
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5-FIDORQDIFHElTYL

o -F lu o r o d ip h e n y l was p rep a red  from  3 -a m in o d ip h e n y l by 

a  p r o c ed u r e  i d e n t i c a l  to  t h a t  d e s c r ib e d  above f o r  

2- f lu o r o d ip h e n y l .  The d ia zo n iu m  b o r o f lu o r id e ,  from  5 0 g . o f  

am ine, was o b ta in e o  as a  y e l lo w  powder (Schiem ann and 

R o s e l iu s  g o t  a  g r e y  d ia zo n iu m  b o r o f lu o r id e ) .

Y ie ld  7 1 . 5 g . (90^ )

D e c o m p o sit io n  tem p er a tu r e  89°

In  v ie w  o f  t h e  low  d e c o m p o s it io n  tem p er a tu r e  th e  v e s c e l  

in  whicki t h i s  p r o c e s s  was c a r r ie d  ou t was c o n v e n ie n t ly  

h e a te d  in  a b o i l i n g  w a ter  b a th . The p r o d u c t , a f t e r  steam  

d i s t i l l a t i o n ,  was a  c o lo u r l e s s  l i q u i d  t h a t  c r y s t a l l i s e d  

by s c r a t c h in g .  T h is  was r e c r y s t a l l i s e d  by o b t a in in g  a  

s a tu r a te d  s o l u t i o n  in  a b s o lu t e  a lc o h o l  a t  30° and th e n  

c o o l in g  to  0 °  in  a  r e f r i g e r a t o r .  T h is  p r o c e s s  was r e p e a te d  

to  g iv e  c o n s ta n t  m e lt in g  p o i n t .

Y ie ld  ( c a l c u l  ted  as f o r  2 - f lu o r o d ip h e n y l)  2 8 g . (55^) 

M e lt in g  p o in t  2 9 .5 °

Schiem ann and R o s e l iu s  (1 8 ) g iv e  D e c o m p o sit io n  tem p era tu re  91°

M e lt in g  p o in t  2 6 -2 7 °

4-FIDORODIRIDmYD

4 -F lu o r o d ip h e n y l  was p rep ared  from  4-am inod ip h e n y l  

by th e  m ethod o f  Sciiiem onn and R o s e l iu s  (1 8 ) w h ich  i s  

i d e n t i c a l  to  th a t  g iv e n  above f o r  2- f lu o  rod ip h e n y l .  5 0 g . 

o f  am ine w ere used  and th e  p ro d u ce  was r e c r y s t a l l i s e c  to  

c o n s ta n t  m e lt in g  p o in t  from  a b s o lu te  a lc o h o l .
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Y ie ld  o f  d ia zo n iu m  b o r o f lu o r id e  6 8 . 5 g . ( 86^ )

D e c o m p o sit io n  tem p er a tu r e  1 26°

Y ie ld  ( c a l c u la t e d  a s ab ove) 2 9 g . (57^ )

M e lt in g  p o in t  7 5 .0 °

Schiem ann and R o s e l iu s  (1 8 ) g iv e  D e c o m p o sit io n  tem p er a tu r e  116°

M e lt in g  p o in t  7 4 -7 5 °

Adam and R u s s e l l  (1 9 ) g iv e  ” ” 7 4 .5 °

2 .2 '  -DIFIDORODIRHEEYD

2 , 2 *-D i f lu o  r o d ip h e n y l was p rep ared  by th e  m ethod o f  

Schiem ann and R o s e l iu s  ( 2 0 ) .  3 5 g . o f  2 ,2 '-d ia m in o d ip h e n y l

was su sp en d ed  in  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  and 

m a in ta in e d  b e lo w  5° th ro u g h o u t i t s  d i a z o t i s a t i o n .  On 

a d .d it io n  o f  130 m l. o f  f lu o r b o r ic  a c id  (4 ^ w /w  ) to  th e  

f i l t e r e d  d ia zo n iu m  s a l t  s o l u t i o n  d ip h e n y 1- 2 , 2 * - b i s -  

d ia zo n iu m  b o r o f lu o r id e  was o b ta in e d  as a  y e l lo w  p r e c i p i t a t e .

I t  was f i l t e r e d  o f f ,  w ashed , d r ie d  and f i n a l l y  decom posed to  

2 ,2 * - d i f lu o r o d ip h e n y l .  A f t e r  steam  d i s t i l l a t i o n  th e  p r o d u ct  

was r e c r y s t a l l i s e d  to  c o n s ta n t  m e lt in g  p o in t  from  a b s o lu te  

a lc o h o l .

Y ie ld  o f  d ia zo n iu m  b o r o f lu o r id e  5 9 g . (80^ )

D e c o m p o sit io n  tem p er a tu r e  156°

Y ie ld  ( c a lc u la t e d  as ab ove) 2 3 . 5 g . (6 ^ )

M e lt in g  p o in t  1 1 8 .5 °

Schiem ann and R o s e l iu s  (2 0 ) g iv e  D e c o m p o sit io n  tem p era tu re  134

M e lt in g  p o in t  117°

F ab er  (2 1 ) g i v e s  « « 1 1 7 .5 °
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2 -  CHLQRODIBIEMYL

2- Ohio r o d ip h e n y l was p rep ared  by th e  m ethod o f  Z aheer  

and F a se e h  ( 2 2 ) ,  b a sed  on th e  Scmdmeyer r e a c t io n .  Cuprous 

c h lo r id e  was o b ta in e d  by b u b b lin g  su lp h u r  d io x id e  th ro u g h  

a warm s o l u t i o n  o f  3 0 g . o f  c r y s t a l l i n e  cop p er  s u lp h a te  and 

lO g . o f  sodium  c h lo r id e  u n t i l  th e  su p e r n a ta n t  l iq u id  was 

a lm o st c o l o u r l e s s .  A f te r  c o o l in g ,  t h e  p r e c i p i t a t e d  cuprous  

c h lo r id e  was f i l t e r e d  o f f ,  w ashed w ith  su lp h u r o u s  a c id  and 

su ck ed  d r y . W hile t h i s  r e d u c t io n  was p r o c e e d in g  5 0 g . o f

2-a m in o d ip h e n y l was d i a z o t i s e d  and th e  e x c e s s  n i t r o u s  a c id  

d ecom p osed , as d e s c r ib e d  in  th e  p r e p a r a t io n  o f  2- f lu o  rod ip h en y  3, 

and th e  d ia zo n iu m  s a l t  s o l u t i o n  was f i l t e r e d  th ro u g h  g l a s s  

w o o l.

Tkie f i l t r a t e  was run d r o p w ise  in t o  a  b e a k e r  c o n ta in in g  

a  s o l u t i o n  o f  th e  f r e s h l y  p rep a red  cuprous c h lo r id e  in  

c o n c e n tr a te d  h y d r o c h lo r ic  a c id  and th e  vdiole was th en  l e f t  

a t  room tem p er a tu r e  w ith  o c c a s io n a l  s t i r r i n g  u n t i l  th e  

e v o lu t io n  o f  n i t r o g e n  had c e a s e d . The b u lk  was th e n  made 

a l k a l i n e  w ith  sod ium  h y d r o x id e  and steam  d i s t i l l e d ,  some o f  

th e  2- c h io r o d ip h e n y l  c r y s t a l l i s i n g  in  th e  c o n d e n ser  as an 

o f f  w h ite  s o l i d .  I t  was e x tr a c te d  from  th e  d i s t i l l a t e  w ith  

e th e r  and t h e  com bined e x t r a c t s  d r ie d  o v e r  anhydrous sodium  

s u lp h a t e ,  a f t e r  w h ich  th e  s o l u t i o n  was f i l t e r e d ,  th e  s o lv e n t  

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

red u ced  p r e s s u r e .

The column used  f o r  th e  f r a c t i o n a t i o n  was tw e lv e  in c h e s  

lo n g  and packed  w ith  F en sk e  h e l i c e s .  The o u t s id e  was wound 

w ith  r e s i s t a n c e  w ir e ,  b etw een  la y e r s  o f  a s b e s t o s  p a p e r , f o r
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e x t e r n a l  h e a t in g ,  and t h i s  was la g g e d  w ith  a s b e s t o s  r o p e . 

The co m p le te  a p p a r a tu s , w h ich  was u sed  f o r  th e  p u r i f i c a t i o n  

o f  a l l  l i q u i d  p r o d u c ts  in  t h i s  i n v e s t i g a t i o n ,  i s  shown 

d ia g r a m m a tic a lly  in  F ig u r e  $L. The f i r s t  and l a s t  ru n n in g s  

w ere c o l l e c t e d  s e p a r a t e ly  from  th e  b u lk  ^ i c h  d i s t i l l e d  

s t e a d i l y  as a  c o lo u r l e s s  l i q u i d  a t  1 1 1 - 1 1 3 ° /3  mm. Hg. The 

d i s t i l l a t e  s o l i d i f i e d  on c o o l in g  and was r e c r y s t a l l i s  ed. by 

th e  m ethod u sed  in  th e  p u r i f i c a t i o n  o f  2- f lu o  r o d ip h e n y l.  

Y ie ld  (m id d le  f r a c t i o n  o f  d i s t i l l a t e )  3 3 . 5 g . (6 Q^)

M e lt in g  p o in t  3 2 .5 °

Z aheer and F a s e eh (2 2 ) g iv e  31°

E lk s ,  H aworth and Hey (6 ) g i v e  34°

3 -  CHLORODIFHENYL

An a ttem p t was f i r s t  made to  p r e p a r e  3 - c h io r o d ip h e n y l  

by th e  method o f  E lk s ,  Haworth and Hey (6 ) w h ich  was s im i la r  

t o  th e  p r e p a r a t io n  d e s c r ib e d  above f o r  3- n i t r o d ip h e n y l ,  

th e  s t a r t i n g  m a t e r ia l  b e in g  m - c h lo r o a n i l in e  and th e  

sod ium  a c e t a t e  used  in  t h a t  p r e p a r a t io n  was r e p la c e d  h e r e  

( f o l lo w in g  th e  a u th o r s )  by sodium  h y d r o x id e . On d i s t i l l i n g  

th e  p r o d u c t un der red u ced  p r e s s u r e  th e r e  was o b ta in e d  as  

d i s t i l l a t e  a  b r ig h t  y e l lo w  compound th a t  r e a d i ly  s o l i d i f i e d  

in  t h e  a i r  c o n d e n se r  and was o b v io u s ly  n o t 3 - c h lo r o d ip h e n y l .  

The p r e p a r a t io n  was r e p e a te d  th r e e  t im e s  w ith  s im i la r  r e s u l t s

3 - Ohio rod ip h e n y l  was e v e n tu a l ly  p rep ared  by th e  

Sandjneyer m eth od . 5 0 g . o f  3 -a m in o d ip h e n y l w ere d ia z o t i s e d  

by th e  m ethod d e s c r ib e d  a b o v e . The r e s u l t i n g  d ia zo n iu m  s a l t
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s o l u t i o n  was t r e a t e d  w ith  u r e a , f i l t e r e d  th r o u g h  g l a s s  w oo l  

and th e n  added d r o p w ise  to  a  c o o le d  s o l u t i o n  o f  f r e s h l y  

p r e p a r e d  cu p rou s c h lo r id e  in  c o n c e n tr a te d  h y d r o c h lo r ic  a c id .

The r e a c t io n  m ix tu r e  was th e n  a llo w e d  to  s ta n d  a t  room  

te m p e r a tu r e  u n t i l  th e  e v o lu t io n  o f  n i t r o g e n  had. c e a s e d , made 

a l k a l i n e  w ith  sod ium  h y d r o x id e  and stea m  d i s t i l l e d .  The 

d i s t i l l a t e  was e x tr a c t e d  w ith  e th e r  and t h e  com bined e x t r a c t s  

d r ie d  o v e r  anh ydrous sod ium  s u lp h a t e .  I t  was th e n  f i l t e r e d ,  

t h e  e th e r  d i s t i l l e d  o f f  and th e  r e s id u e  f r a c t io n a t e d  u n d er  

red u ced  p r e s s u r e  in  th e  a p p a r a tu s  p r e v io u s ly  d e s c r ib e d .  The 

m id d le  f r a c t i o n ,  a  c o l o u r l e s s  l i q u i d  o f  c o n s ta n t  b o i l i n g  p o i n t ,  

w as c o l l e c t e d  f o r  u s e .

Y ie ld  (m id d le  f r a c t i o n  o f  d i s t i l l a t e )  1 4 g . (25^ )

B o i l i n g  p o in t  104® /  1mm. Hg.

Gomberg and Bachmann (5 )  g i v e  284-285®

E lk s ,  H aw orth and Hey (6 ) g i v e  1 5 0 -1 6 0 ® / 6mm. Hg.

4 -  QBLORODimmrL

4 -C h lo r o d ip h e n y l  was p r e p a r e d  by th e  Sandjneyer m ethod  

s i m i l a r l y  to  i t s  i s o m e r s ,  5 0 g . o f  4 -a m in o d ip h e n y l b e in g  u s e d .  

A f t e r  a d d i t io n  o f  th e  f i l t e r e d  d ia z o n iu m  s a l t  s o l u t i o n  to  th e  

s o l u t i o n  o f  cu p rou s c h lo r id e  i n  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  

t h e  r e a c t io n  m ix tu r e  was warmed, w ith  s t i r r i n g ,  in  a  w a te r  

b a th  A m a in ta in e d  a t  4 0 -4 5 ® , u n t i l  th e  e v o lu t io n  o f  n i t r o g e n  

c e a s e d .  I t  was th e n  made a l k a l i n e  and stea m  d i s t i l l e d ,  th e  

w a te r  b e in g  em p tied  from  th e  c o n d e n se r  o c c a s i o n a l l y  to  p r e v e n t  

b lo c k in g  s i n c e  t h e  4 - c h lo r o d ip h e n y l  r e a d i l y  s o l i d i f i e d .
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The s o l i d  p r o d u c t  was f i l t e r e d  from  th e  d i s t i l l a t e  and 

r e c r y s t a l l i s e d  to  c o n s ta n t  m e l t in g  p o in t  from  a b s o lu t e  

a l c o h o l .

Y ie ld  ( a f t e r  f i r s t  r e c r y s t a l l i s a t i o n )  5 1 g . (55^ )

M e lt in g  p o in t  7 7 .0 ^

Gomberg and Bachmann (5 )  g i v e  7 7 .7 °

E lk s ,  H aw orth and Hey (6 ) g i v e  77°

Mam and B u s s e l l  (1 9 )  g i v e  75 .5®

2 . 2« -BIQHLQROBIIHEHYL

2 ,2 *  -D i c h lo  r o d ip h e n y l  was p r e p a r ed  by th e  m ethod o f  

M a s c a r e l l i  and G a t t i  ( 2 5 ) .  2g .  o f  2 , 2 *- d in i t r o d ip h e n y l  w ere

m ixed  w it h  4 m l. o f  t h i o n y l  c h lo r id e  in  a  C a r iu s  tu b e  and 

t h e  tu b e  c a r e f u l l y  s e a l e d .  I t  was th e n  p la c e d  i n  a  G arius  

fu r n a c e  and h e a te d  a t  2 10° f o r  e ig h t  h o u r s .  A f t e r  b e in g  

l e f t  o v e r n ig h t  to  c o o l  th e  end o f  th e  tu b e  was h e a te d  in  a  

B unsen  f la m e  and. when h o t  th e  e x c e s s  p r e s s u r e  b le w  o u t .  The 

tu b e  was th e n  opened  m ore f u l l y  and th e  p r o d u c t  w ashed in t o  

a  f l a s k  w ith  carb on  t e t r a c h l o r i d e .  T h is  was t r e a t e d  w ith  w a te r ,  

made a l k a l i n e  w ith  sod ium  h y d r o x id e  and stea m  d i s t i l l e d .  The 

p r o d u c t  was s e p a r a te d  from  th e  d i s t i l l a t e  in  carb on  

t e t r a c h l o r i d e  s o l u t i o n  and a f t e r  rem ova l o f  t h e  s o lv e n t  i t  

s o l i d i f i e d  on c o o l i n g .

The ab ove p r o c e d u r e  was r e p e a te d  many t im e s  in  o r d e r  

to  o b ta in  a s u f f i c i e n t  q u a n t i ty  o f  p r o d u c t .  I t  was found  

to  b e  e s s e n t i a l  to  u s e  p u re  s t a r t i n g  m a t e r ia l  s i n c e  cru d e  

2 , 2 *- d i n i t r o d i p h e n y l  ( i . e .  n o t  e x t r a c t e d  i n  a S o x h le t )  g a v e
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v e r y  p o o r  y i e l d s .

Tile combined p r o d u c ts  w ere d i s s o lv e d  in  l i g h t  

p e tr o le u m  (40-60®  f r a c t i o n )  and r e f lu x e d  w ith  5 g . o f  

c h a r c o .X . A f te r  f i l t e r i n g  and c o o l in g  a w h ite  c r y s t a l l i n e  

m ass was o b ta in e d . P u r th e r  tr e a tm e n t  w ith  c h a r c o a l and 

s e v e r a l  r e c r y s t a l l i s a t i o n s  from  m eth y l a lc o h o l  howevei" 

w ere n e c e s s a r y  to  g iv e  a p r o d u c t o f  c o n s ta n t  m e lt in g  p o i n t .  

A verage y i e l d  ( a f t e r  f i r s t  r e c r y s t a l l i s a t i o n )  80^ 

M e lt in g  p o in t  61.5®

M a s c a r e l l i  and G a tt i  (2^  g iv e  59®

\V illia m so n  cmd Rodebush (9 )  g iv e  5 9 -6 0 .5 ®

Sch w ech ten  (2 4 ) g iv e s  60.5®

HampBon and W e issb e r g er  (2 5 ) g iv e  6 0 .2 -6 2 ®

R o b b ie , P ox and Gauge (2 6 ) g iv e  59°

2-BR0MQRIPHiDMYL

2-B rom od ip h en yl was p rep ared  by th e  Sandmeyer r e a c t io n .

5 0 g . o f  p u r i f i e d  2 -a m in o d ip h e n y l w ere d is s o lv e d  in  warm d i l u t e  

h yd rob rom ic a c id  and th e n  c o o le d  in  i c e  to  b e lo w  5 ° .  M eanw hile  

an aqueous s o l u t i o n  o f  3 0 g . o f  cop p er  s u lp h a te  anc IB g . o f  

sodium  broBiide was t r e a t e d  s lo w ly  w ith  an e x c e se  o f  f i n e l y  

pow dered sodium  s u l p h i t e .  The p r e c i p i t a t e d  cuprous brom ide  

was f i l t e r e d  o f f ,  washed w ith  su lp h u ro u s  a c id  and sucked d r y .

The c o ld  s u s p e n s io n  o f  2 -a m in o d ip h e n y l hydrobrom ide  

was d i a z o t i s e d  in  th e  u su sil manner and u n re a c te d  n i t r o u s  

a c id  decom posed w ith  u r e a . The r e s u l t i n g  s o l u t i o n  was f i l t e r e d
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th rou gii g l a s s  w ool anc added d rop w ise  to  a s o lu t io n  o f  th e  

cuprous brom ice in  c o n c e n tr a te d  hydrobrom ic a c id .  Tiie 

r e a c t io n  m ix tu re  was th e n  warmed, w ith  s t i r r i n g ,  in  a w ater  

b ath  m a in ta in ed  a t  4 0 -4 5 °  u n t i l  th e  e v o lu t io n  n itr o g e n  

had c e a se d . The p ro d u ct was i s o l a t e d  in  th e  manner d e sc r ib e d  

f o r  2- c h lo  rod ip h e n y l and from  th e  f i n a l  d i s t i l l a t i o n  was 

c o l l e c t e d  as m id d le  f r a c t io n  a c o lo u r le s s  l iq u id  o f  c o n sta n t  

b o i l i n g  p o in t .

Y ie ld  (m id d le  f r a c t io n )  3 4 .5 g . (50^)

B o i l in g  p o in t  128® /ca . 6 mm.Iîg.

Zaheer and E ase eh (22 ) g iv e  1 6 0 ° /  11 mm. Hg.

S-BKOHORIPHEHYL

3-B rom odiphenyl was prepared  by th e  method o f  Huber, 

Rossow , Reno 11 and Mowry ( 2 7 ) .  50g . o f  2-am in od ip h en y l

were d is s o lv e d  in  110 m l. o f  p y r id in e  and tr e a te d  w ith  

3 1 .5  m l. o f  a c e t y l  c h lo r id e ,  th e  w hole b e in g  c o n tin u o u s ly  

s t i r r e d  and coo led  to  m a in ta in  i t  a t  10-15® . A fte r  

s ta n d in g  fo r  an hour th e  m ix tu re  was poured in t o  150 m l. 

o f  c o n c en tr a ted  h y d r o c h lo r ic  a c id  c o n ta in in g  crushed i c e ,  

f i l t e r e d ,  washed and d r ie d  to  g iv e  crude 2-a c e to a m in o -  

d ip h e n y l.

Y ie ld  59g . (97^)

M e lt in g  p o in t  ( a f t e r  r e c r y s t a l l i s a t i o n  from
aqueous a c e t i c  a c id )  118°

59g . o f  2 -a ce to a m in o d ip h e n y l w ere d is s o lv e d  in  500 m l.

o f  g l a c i a l  a c e t ic ,  a c id  and t r e a te d  r a p id ly  w ith  a s o lu t io n

o f  15 m l. o f  brom ine in  380 m l. o f  g l a c i a l  a c e t i c  a c id .
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A f t e r  s t a n d in g  o v e r n ig h t  t h e  w h o le  was p o u red  i n t o  a

l a r g e  q u a n t ity  o f  w a te r  and t h e  2 -  ac  e t  o amino -  5-h rom od ip h en y  1

t h a t  s e p a r a te d  was f i l t e r e d  o f f  and d r i e d .

Y i e ld  7 6 g . (92ÿg)

M e lt in g  p o in t  ( a f t e r  r e c r y s t a l l i s a t io n  from
m e th y la te d  s p i r i t )  127®

T h is  m a t e r ia l  was th e n  d i s s o l v e d  in  120  m is .  o f  h o t

a l c o h o l  c o n t a in in g  90  m l. o f  c o n c e n tr a te d  h y d r o c h lo r ic

a c id  and r e f lu x e d  f o r  fo u r  h o u r s .  The r e s u l t i n g  l i q u i d  was

p o u red  i n t o  a  l i t r e  o f  w a te r  and s u f f i c i e n t  sod iu m  h y d r o x id e

s o l u t i o n  added to  l i b e r a t e  th e  f r e e  b a s e .  On c o o l in g  th e

2" am ino"5-b ro m o d ip h en y 1 s o l i d i f i e d .  I t  w as f i l t e r e d  o f f ,

r e d ig e s t e d  w it h  h o t  w a te r ,  f i l t e r e d  and d r i e d .

Y i e ld  6 2 g . (9 6 ^ )

M e lt in g  p o in t  53-55®

The y i e l d  o f  2 -a m in o -5 -b r o m o d ip h e n y l w as d i s s o l v e d  in

200  m l. o f  e t h y l  a l c o h o l  and 28 m l. o f  c o n c e n tr a te d  s u lp h u r ic

a c id  w ere  added s l o w l y ,  t h e  te m p e r a tu r e  b e in g  k e p t  b e lo w  50®.

A f t e r  c o o l i n g  to  5® i t  w as d i a z o t i s e d  w it h  25 g .  o f  sod ium

n i t r i t e ,  and 3 g . o f  e th e r -w a s h e d  c o p p e r  b r o n z e  w ere  th e n

ad d ed . On w arm ing g e n t l y  a  v ig o r o u s  e v o lu t io n  o f  g a s e s
/

o c c u r r e d  a t  40-45®  and a  c o o l in g  b a th  was a p p l ie d .  When t h i s  

e v o lu t io n  had s u b s id e d  th e  s o l u t i o n  was r e f lu x e d  f o r  two h o u rs  

and th e n  s te a m  d i s t i l l e d  a t  1 5 0 -1 8 0 ® . The d i s t i l l a t e  was 

e x tr a c t e d  w ith  b e n z e n e  and t h e  e x t r a c t  t r e a t e d  s u c c e s s i v e l y  

w ith  d i l u t e  sod iu m  h y d r o x id e  s o l u t i o n ,  w a te r  and c o n c e n tr a te d  

s u lp h u r ic  a c id .  I t  was th e n  d r ie d  o v e r  p o ta s s iu m  c a r b o n a te ,  

t i ie  b e n z e n e  d i s t i l l e d  o f f  and t h e  3 -b rom od ip h en y  1 f r a c t i o n a t e d
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u n d er  red u ced  p r e s s u r e  u s in g  th e  a p p a ra tu s  d e s c r ib e d  under

2- c h io r o d ip h e n y l .  The m id d le  f r a c t i o n ,  a  c o lo u r l e s s  l iq u i d

o f  c o n s ta n t  b o i l i n g  p o i n t ,  was c o l l e c t e d .

Y ie ld  2 6 .5 g . (45^ on l a s t  s t a g e ;
5^  on b a s i s  o f  2- am inod ipheny 1 u se d )

B o i l i n g  p o in t  113® /imm^ E g.

Gomberg and Bachmann (5 )  g iv e  299-301®

M a r v e ll ,  G im sberg and H e u e l le r  (2 8 )  g i v e  163-173® /17m m .H g.

H uber, R e n o l l ,  Eos sow and Mo wry (2 7 ) g i v e  158-167® /llm m .H g.

4-BEOMOBIPHmYB

The a u th o r  i s  in d eb ted  to  P r o f e s s o r  E .E . T urner f o r  th e  

lo a n  o f  a  sam ple o f  4 -b rom od ip h en y1 . I t s  s o l u t i o n  in  

a b s o lu t e  a lc o h o l  was b o i l e d  w ith  c h a r c o a l ,  f i l t e r e d  and th e  

m a t e r ia l  r e c r y s t a l l i s e d  to  c o n s ta n t  m e l t in g  p o i n t .

M e lt in g  p o in t  90.5®

Gomberg and Bachmann (5 )  g i v e  91.2®

Adam and R u s s e l l  (1 9 )  g iv e  89®

E lk s ,  H aworth and Hey (6 ) g iv e  90®

Gomberg and Bachmann (2 9 )  g iv e  8 9 .5 -9 0 ^

2 .2 *  -DIBROMOBIPHEHYB

2 , 2 * -I)ib ro m o d ip h en y l was p rep ared  by th e  m ethod d e s c r ib e d  

by S ch w ech ten  ( 2 4 ) .  1 8 .4 g . o f  2 , 2* -d iam in oc  ip h e n y l  w ere

d i a z o t i s e d  i n  d i l u t e  s u lp h u r ic  a c id  s o l u t i o n  in  th e  u s u a l  

manner and f i l t e r e d .  To th e  f i l t e r e d  s o l u t i o n  was th e n  added  

an aqueous s o l u t i o n  o f  24 g .  o f  p o ta s s iu m  brom ide and 1 5 g . o f  

m e r c u r ic  n i t r a t e  and 83 m l. c o n c e n tr a te d  hyd rob rom ic a c id .



6 4

The y e l lo w  p r e c i p i t a t e  w h ich  fo rm ed , o f  p r o b a b le  c o m p o s it io n  

(G12H3ÎÎ4 ) (H gB r^)^ , was f i l t e r e d  o f f ,  w ashed  w i t h  w a te r  and 

a c e t o n e ,  and su ck ed  d r y . In  d a y l i g h t  t h i s  compound tu r n e d  

b r ig h t  g r e e n  b u t th e  c o lo u r e d  m a t te r  was r e a d i l y  rem oved on 

w a sh in g  w it h  a c e t o n e ,  g i v i n g  an i n t e n s e  g r e e n  s o l u t i o n .

Y i e ld  1 0 4 g . (9 5 ^ )

Two b a tc h e s  o f  t h e  com p lex  w ere  p r e p a r ed  on t h i s  s c a l e .  In  

t h e  f i r s t  th e  co m p lex  s a l t  was m ixed  w ith  t w ic e  i t s  w e i ^ t  o f  

f i n e l y  pow dered  p o ta s s iu m  b rom id e  and a  sam p le  was h e a te d  

c a u t i o u s l y  i n  a  t e s t - t u b e  t o  d e te r m in e  w h e th e r  o r  n o t  th e  

d e c o m p o s it io n  was to o  v i g o r o u s .  I t  was th e n  p u t  i n  a  P y r e x  

tu b e ,  100  cm. lo n g  and 3 cm. i n t e r n a l  d ia m e te r ,  one end o f  

w h ich  was c lo s e d  and t h e  o t h e r  was f i t t e d  w it h  an a i r  c o n d e n ser . 

The m ix tu r e  was sp r e a d  a lo n g  th e  tu b e  and h e a t e d ,  s t a r t i n g  

from  t h e  c o n d e n s e r  en d , s u f f i c i e n t l y  s t r o n g l y  to  d ecom p ose  

th e  co m p lex . On c o o l in g ,  t h e  in o r g a n ic  m a t t e r  was e x tr a c te d  

w it h  w a te r  and t h e  o r g a n ic  m a t e r ia l  w ith  e t h e r  and t h e  s o l v e n t  

th e n  rem oved .

Y i e ld  (c r u d e )  1 2 . 5 g . (4Q^)

The d e c o m p o s it io n  te m p e r a tu r e  o f  t h e  seco n d  b a tc h  o f  

co m p lex  was fou n d  by th e  same m ethod a s  w as u se d  f o r  th e  

d ia z o n iu m b o r o f lu o r id e s .

D e c o m p o s it io n  te m p e r a tu r e  175®

The b u lk  was th e n  m ixed w ith  an e q u a l w e ig h t  o f  p o ta s s iu m  

brom id e  and decom posed g r a d u a l ly  in  a  v e s s e l  m a in ta in e d  a t  

185® i n  a  W ood's M e ta l b a th , t h e  a p p a r a tu s  b e in g  i d e n t i c a l  

to  t h a t  u sed  in  t h e  p r e p a r a t io n  o f  2 - f lu o r o d ip h e n y l .  Steam
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d i s t i l l a t i o n  o f  th e  r e s u l t îs n t  m ass g a v e  a c le a n  s o l i d  p r o d u c t .  

Y ie ld  from  steam  d i s t i l l a t i o n  1 8 * 5 g , (59^^)

The cru d e m a t e r ia l  o b ta in e d  by th e  f i r s t  m ethod was a ls o  

ste a m  d i s t i l l e d  and th e  com bined y i e l d s  w ere r e c r y s t a l l i s e d  to  

c o n s ta n t  m e lt in g  p o in t  from  m eth y l a l c o h o l ,  b e in g  t r e a t e d  w ith  

c iia r c o a l  d u r in g  th e  p r o c e s s .

M e lt in g  p o in t  81.5®

S ch w ech ten  (2 4 )  g i v e s  80-81®  '

B o b b ie , F ox  and Gauge (2 6 ) g iv e  81®

./

2-IODQDIPHEMYL

2 - 1 o do d ip h e n y l  was p rep a red  by th e  g e n e r a l  method f o r  

a r o m a tic  iodo-com pound s .  2 5 g . o f  2 - a m in o d ip h en y l w ere  

d i s s o l v e d  in  d i l u t e  ( 1 : 1 ) h y d r o c h lo r ic  a c id ,  c o o le d  i n  i c e  

and d i a z o t i s e d .  A f te r  a d d i t io n  o f  u r e a  to  decom pose any 

u n r e a c te d  n i t r o u s  a c id  th e  d ia zo n iu m  s a l t  s o l u t i o n  was t r e a t e d  

d r op w is e  w ith  an e x c e s s  o f  a  c o ld  s o l u t i o n  o f  p o ta s s iu m  

i o d id e  w ith  sh a k in g . The sh a k in g  was c o n tin u e d  u n t i l  th e  

e v o lu t io n  o f  n i t r o g e n  c e a se d  and th e  r e a c t io n  m ix tu r e  was 

t r e a t e d  w ith  sod ium  m e ta M s u lp h ite  to  rem ove t r a c e s  o f  io d in e .  

I t  was th e n  e x tr a c t e d  w ith  e t h e r ,  th e  com bined e x t r a c t s  washed  

tw ic e  w ith  10^ sod ium  h y d r o x id e  s o l u t i o n  and tw ic e  w ith  w a te r .  

A f t e r  d r y in g  o v e r  anhydrous sodium  s u lp h a te  th e  e th e r  was 

d i s t i l l e d  o f f  and th e  r e s id u e  was f r a c t io n a t e d  under red u ced  

p r e s s u r e  in  th e  a p p a ra tu s  d e s c r ib e d  u n d er  2- c h lo r o d ip h e n y l .

The m id d le  f r a c t i o n ,  a  c o lo u r l e s s  l i q u i d  o f  c o n s ta n t  b o i l i n g  

p o i n t ,  was c o l l e c t e d .
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Y ie ld  (m id d le  f r a c t i o n )  

B o i l i n g  p o in t  

Z ah eer and F a se e h  ( 2 2 ) g iv e  

Gook (3 0 ) g i v e s  

Bowden (3 1 ) g i v e s  

Goodman and W ise (3 2 ) g iv e

2 4 .5 g . (60^ )

1 0 8 ® /c a . 0.5mm. Hg. 

181® /21mm. Hg. 

140®/3-4mm. Hg. 

1 8 9 -1 9 2 ® / 36mm.Hg. 

1 7 6 .5 ® / 21mm.Hg.

3-I0D0I)IPHENYL

3 - I o d o d ip l ie n y l  was p rep a red  u s in g  th e  m ethod o f  

Gampaigne and R eid  ( 1 5 ) .  2 5 g . o f  3 -a m in o d ip h e n y l w ere

d i s s o l v e d  in  d i l u t e  s u lp h u r ic  a c id  and d i a z o t i s e d  in  th e  

u s u a l  m anner. The r e s u l t i n g  s o l i d ,  y e l lo w  d ia zo n iu m  s a l t  

was m ixed w ith  500 m l. o f  t o lu e n e  and v ig o r o u s ly  sh a k en .

To th e  s u s p e n s io n  th e r e  was th e n  added d r o p w ise  a s o lu t io n  

o f  p o ta s s iu m  i o d i d e ,  th e  w h o le  b e in g  m a in ta in e d  b e low  5® 

th r o u g h o u t . The r e s u l t i n g  red com p lex  decom posed s lo w ly  a t  

room tem p er a tu r e  ;Hnd was l e f t  to  s ta n d  o v e r n ig h t .  The 

b la c k  to lu e n e  la y e r  th a t  s e p a r a te d  was w ashed s u c c e s s i v e l y  

w ith  sod ium  m e t a b is u lp h it e  s o l u t i o n ,  sod ium  h y d r o x id e  s o lu t io n  

and w a te r . I t  was th e n  d r ie d  o v e r  anhydrous sodium  s u lp h a te ,  

f i l t e r e d  and t h e  to lu e n e  d i s t i l l e d  o f f .  The r e s id u e  was 

f r a c t io n a t e d  u n d er  red u ced  p r e s s u r e  a s d e s c r ib e d  above and 

th e  m id d le  f r a c t i o n ,  a  c o lo u r l e s s  l iq u id  o f  c o n s ta n t  b o i l i n g  

p o i n t ,  was c o l l e c t e d .

Y ie ld  (m id d le  f r a c t i o n )  2 4 g . ( 5 8 / )

B o i l i n g  p o in t  138® / c a .  1mm.Hg.

Bowden (3 1 )  g i v e s  1 8 8 -1 8 9 ® /16mm.Hg.

Gampaigne and R eid (1 5 ) g i v e  1 4 9 -1 5 2 ® / Imm.Hg.
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4-IQDODIPIMYL

4 - lo d o d ip h e n y l was p rep ared  from  4 - am in od ip h en yl by 

th e  g e n e r a l  m ethod, 25 g , o f  th e  amine w ere d is s o lv e d  in  

1 :1  h y d r o c h lo r ic  a c id  and d i a z o t i s e d ,  c o n c e n tr a te d  p o ta ss iu m  

io d id e  s o lu t io n  b e in g  th en  added to  th e  f i l t e r e d  d iazon ium  

s a l t  s o l u t i o n .  The r e s u l t a n t  m ix tu re  was a llow ed  to  sta n d  

o v e r n ig h t  and was th en  h e a te d  on a w a ter  b a th  f o r  t h i r t y  

m in u te s . The p ro d u ct was f i l t e r e d  a t  th e  pump and washed
I

s u c c e s s i v e l y  w ith  sodium  m e ta b is u lp h ite  s o l u t i o n ,  sodium  

h y d ro x id e  s o lu t io n  and w a te r .

A fte r  b e in g  sucked dry th e  p ro d u ct was r e c r y s t a l l i s e d  

from  aqueous a c e t i c  a c id ,  th e  i n i t i a l  s o lu t io n  b e in g  b o i le d  

w ith  th r e e  s u c c e s s iv e  5g . q u a n t i t i e s  o f  c h a r c o a l . Some 

d i f f i c u l t y  w as, how ever, en co u n tered  due to  im p u r it ie s  

com ing o u t in  th e  f i r s t  crop o f  c r y s t a l s .  To overcom e t h i s  

a s l i g h t  d e f i c i e n c y  o f  s o lv e n t  was u sed  so th a t  ^̂ Alen 

b o i l i n g  much o f  th e  im p u r ity  rem ained u n d is s o lv e d  as a  b r ig h t  

red  o i l .  The f i n a l  p ro d u ct was an o f f - w h i t e  s o l i d  o f  

c o n s ta n t  m e lt in g  p o in t .

Y ie ld  ( a f t e r  f i r s t  r e c r y s t a l l i s a t i o n )  27g . ( 6 5 / )

M e lt in g  p o in t  114.0®

S ch len k  (53 ) g i v e s  112®

Rape and I s e l i n  ( 3 4 ) g iv e  113-114®

Brand and S teph en  (3 5 ) g iv e  113®

IQBOBiasrZRHE

lo d o b en zen e  was p rep ared  by th e  method o f  Lucas and 

Kennedy ( 3 6 ) .  50g . o f  a n i l i n e  w ere d is s o lv e d  in  d i l u t e
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h y d r o c h l o r i c  a c id  and to  t h i s  was added a l a r g e  q u a n t i t y  

o f  c ru sh ed  i c e .  The a n i l i n e  was d i a z o t i s e d  and t h e  

r e s u l t i n g  m ix tu r e  was f i l t e r e d  th ro u g h  g l a s s  w o o l .  An 

aqueous s o l u t i o n  c o n t a i n i n g  8 9 g .  o f  p o t a s s iu m  i o d i d e  was 

added to  i t  w i t h  s t i r r i n g  and t h e  w h o le  was a l lo w e d  t o  s ta n d  

o v e r n i g h t .  I t  was th e n  h e a te d  u n d er  r e f l u x  on a  stea m  h a th  

u n t i l  no more n i t r o g e n  was e v o lv e d  when i t  was l e f t  to  

s e t t l e .

A f t e r  s t a n d in g  t h e  h u lk  o f  t h e  aqueous l a y e r  was 

s ip h o n e d  o f f  and t h e  r e s i d u e  made a l k a l i n e  and steam  

d i s t i l l e d  d i r e c t l y .  The l a s t  t h ir d  o f  t h e  s team  d i s t i l l a t e  

was c o l l e c t e d  s e p a r a t e l y  and added t o  t h e  aqueous l a y e r s  

from  t h e  e a r l i e r  d i s t i l l a t e .  T h is  was th e n  a c i d i f i e d  w i t h  

10m l. o f  c o n c e n tr a t e d  s u l p h u r ic  a c id  and once  more steam

d i s t i l l e d .  The y i e l d s  w ere combined and d r ie d  o v e r  c a lc iu m

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

u n d er  red uced  p r e s s u r e  u s i n g  t h e  a p p a ra tu s  p r e v io u s l y  

d e s c r i b e d .  The m id d le  f r a c t i o n ,  a  c o l o u r l e s s  l i q u i d  o f  

c o n s t a n t  b o i l i n g  p o i n t ,  was c o l l e c t e d .

Y i e l d  (m id d le  f r a c t i o n )  7 7 g . ( 7 0 / )

B o i l i n g  p o i n t  S8®/2mm.Hg.

D a v is  and B r e w s te r  (3 7 )  g i v e  . 184-186®

Varma and S r e e n iv a sm u r th y a c h a r  (3 8 )  g i v e  186-189®

L ucas and Kennedy (3 6 )  g i v e  77-78®/20mm.Hg.
and 63-64®/8mm.Hg.
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S e c t i o n  I I .

TABIES OF EXPERIICTTAL RESULTS

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

i n  c . c .

The 2 -F lu o  rod ip h e n y l  ( S e r i e s  I I )  m easurem ents w ere  

c a r r ie d  o u t  tow ard s t h e  end o f  t h i s  i n v e s t i g a t i o n  as a  

check  on th e  a u t h o r ' s  e a r l y  t e c h n iq u e .

jr i s  t h e  d i p o l e  moment c a l c u l a t e d  on t h e  a ssu m p tio n

t l ia t  %  = (Rj)) v h i l s t  i s  t h a t  o b ta in e d  on t h e  a ssu m p tio n

t h a t  = 1 .0 5  (% )).

( S e r i e s  I )  

( S e r i e s  I I )

1 . 2 - F lu o r o d ip h e n y l  i n  B e n z e n e .

2 . 2 - P lu o r o d ip h e n y l  i n  B e n z en e .

3 . 3 -F lu o r o d ip h e n y 1 i n  B e n z e n e .

4 . 4 - F lu o r o d ip h e n y l  i n  B e n z e n e .

5 . 2 - O h io ro d ip h en y 1 i n  B e n z en e .

6 . 3 -G h lo r o d ip h e n y l  i n  B e n z en e .

7 . 4 -G h lo r o d ip h e n y l  i n  B e n z en e .

8 . 2 -B rom o d ip h en y l i n  B e n z en e .

9 . 3 -B rom od ip h en y l i n  B e n z e n e .

1 0 . 4 -B rom od ip h en y l i n  B e n z en e .

1 1 . 2 - I o d o d ip h e n y l  i n  B e n z en e .

1 2 . 3 -Io d O d ip h e n y l  in  B e n z e n e .

1 3 . 4 - I o d o d ip h e n y l  i n  B e n z e n e .

1 4 . 2 - N i t r o d ip h e n y l  i n  B e n z en e .
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c o n t .

1 5 .  5 -H itr o d ip h e n y l  in  B en zen e .

16 . 4-lTi tro d  ip h e n y l  in  B en zen e .

17 . 2 , 2 ' - D i f lu o r o d ip h e n y l  in  B enzen e.

1 8 .  2 , 2 ' -D io h lo r o d ip h e n y l  in  B enzen e.

1 9 . 2 , 2 ' -B ih rom od ip h en y l i n  B en zen e .

2 0 .  2 ,2 * - B in i t r o d ip h e n y 1 in  B en zen e .

21 . lo d o b en zen e  in  B en zen e .
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1 ,  2 - F lu o r o d ip h e n y 1 i n  B e n z e n e ( S e r i e s  I )

1 0 0  wg

0.0000

0 .5 7 2 5

1 .0 6 3 2

1 .8 0 7 8

2 .3 7 7 3

2 .8 7 1 9

3 .7 6 5 0

4 .6 7 8 0

^ 1 2

2 .2 7 2 5

2 .2 7 7 9

2 .2 8 6 8

2 .2 9 6 8

2 .3 0 4 6

2 .3 1 1 1

2 .3 2 3 3

2 .3 3 5 4

^ 1 2

1 .1 4 4 5 9

1 .1 4 3 1 2

1 .1 4 1 9 5

1 .1 4 0 0 6

1 .1 3 8 5 7

1 .1 3 7 4 2

1 .1 3 5 1 4

1 .1 3 2 8 1

1 .4 9 8 0

1 .4 9 8 3

1 .4 9 8 7

1 .4 9 9 1

1 .4 9 9 4

1 .4 9 9 9

1 .5 0 0 6

1 .5 0 1 2

2 .2 4 4 0  

2 .2 4 4 9  

2 .2 4 6 1  

2 .2 4 7 3  

2 .2 4 8 2  

2 .2 4 9 7  

2 .2 5 1 8  

2 .2 5 3 6

1 2 /^ 2

0 .9 3 6

1 . 3 4 2  

1 .3 4 5  

1 . 3 5 2

1 .3 4 3  

1 .3 4 9

1 .3 4 4

0 .2 5 6 8

0 .2 4 8 3

•0 .2 5 0 6

0 .2 5 3 2

0 .2 4 9 7

0 .2 5 1 0

0 .2 5 1 8

M.W. = 1 7 2 .1 9 2  = 1 .3 3 9  ^ = - 0 . 2 5 1 3

= 8 9 .1 8  5 1 .5 3  Pp = 3 7 .6 5

p  = 1 .3 6  Y * 1 . 5 1

0 .1 5 7 2

0 .1 9 7 5

0 .1 8 2 5

0 .1 7 6 6

0 .1 9 8 5

0 .2 0 7 2

0 .2 0 5 2

0 .1 9 6 1  

Pp‘ = 3 5 .0 7



2 .  2 - F I uqr o d i p h e n y l  i n  B e n z e n e  ( S e r i e s  I I )
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100w2

0.0000

1 .0 2 4 0

1 .5 0 0 3

1 .8 7 9 1

3 .0 6 4 8

^12

2 .2 7 2 5

2 .2 8 6 0

2 .2 9 2 7

2 .2 9 7 5

2 .3 1 3 7

■^12

1 .1 4 4 6 2

1 .1 4 2 0 5

1 .1 4 0 8 2

1 .1 3 9 8 7

1 .1 3 6 9 1

n D

1 .4 9 8 0

1 .4 9 8 7

1 .4 9 8 9

1 .4 9 9 2

1 .5 0 0 0

n 2
D

2 .2 4 4 0  

2 .2 4 6 1  

2 .2 4 6 7  

2 .2 4 7 6  

2 .2 5 0 0

^ 1 2 /w 2

1 .3 1 5

1 .3 4 6  

1 .3 2 9

1 .3 4 6

1 2 /^ 2

- 0 . 2 5 1 0

- 0 . 2 5 3 3

- 0 . 2 5 2 8

- 0 . 2 5 1 6

0 .2 0 5 1

0 .1 8 0 0

0 .1 9 1 6

0 .1 9 5 8

[.W. = 1 7 2 .1 9 2  «  « 1 .3 3 5 - 0 . 2 5 2 1 r / « 0 .1 9 2 8

= 8 9 . 0 2  D%]= 5 1 .3 8  Pp = 3 7 .6 4  Pp = 3 5 .0 7

1 . 3 6 1 . 3 1
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3 . 5 - F lu o r o d ip h e n y l  i n  B e n z en e .

100w2

0.0000 

1 .1 2 0 3  

1 .6 6 1 7  

2 .2 2 7 8  

2 .4 6 4 6  

3 . 26 67 

3 .3 6 5 4  

4 .4 7 6 6

^ 1̂2

2 .2 7 2 5

2 .2 9 1 7

2 .3 0 1 4

2 .3 1 1 1

2 .3 1 5 6

2 .3 2 9 1

2 .3 3 1 4

2 .3 5 0 3

^12

1 .1 4 4 6 2

1 .1 4 1 8 4

1 .1 4 0 4 6

1 .1 3 9 0 4

1 .1 3 8 4 6

1 .1 3 6 5 4

1 .1 3 6 2 1

1 .1 3 3 5 2

%

1 .4 9 8 0

1 .4 9 8 8

1 .4 9 9 1

1 .4 9 9 4

1 .4 9 9 6

1 .5 0 0 1

1 .5 0 0 2  

1 .5 0 0 9

2 .2 4 4 0  

2 .2 4 6 4  

2 .2 4 7 7  

2 .2 4 8 2  

2 .2 4 8 8  

2 .2 6 0 3  

2 .2 5 0 6  

2 .2 5 2 7

M.W. = 1 7 2 .1 9 2  

Pgoo = 1 0 1 .9 7

^12/w g V l^ W 2 n^jj/wg

1 .7 1 6

1 .7 3 9

1 .7 3 3  

1 .7 4 9

1 .7 3 3  

1 .7 5 1  

1 .7 3 8

= 1 .7 3 0  

5 1 .6 2  

« 1 .5 7

- 0 .2 4 8 1

- 0 .2 5 0 3

- 0 .2 5 0 5

- 0 .2 4 9 9

- 0 . 2 4 7 3

- 0 .2 4 9 9

- 0 .2 4 8 0

- 0 .2 4 9 0  

Pp = 5 0 .3 5  

JJl' * 1 .5 3

0 .2 1 4 2  

0 .1 9 8 6  

0 .1 8 8 5  

0 .1 9 4 8  

0 .1 9 2 9  

0 .1 9 6 1  

0 .1 9 4 3  

2; = 0 .1 9 5 3  

Pp * 4 7 .7 7
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4 .  4 - F lu o r o d ip h e n y l  i n  B en zen e

lOOw^ ^ 1 2 ^12

0 .0 0 0 0 2 .2 7 2 5 1 .1 4 4 5 4 1 .4 9 8 1

0 .5 1 9 0 2 .2 8 0 6 1 .1 4 3 3 0 1 .4 9 8 4

1 .1 1 9 8 / 2 .2 9 0 3 1 .1 4 1 7 5 1 .4 9 8 9

1 .6 2 5 1 2 .2 9 8 4 1 .1 4 0 5 0 1 .4 9 9 2

2 .2 5 2 8 2 .3 0 7 9 1 .1 3 9 0 1 1 .4 9 9 6

2 .6 4 9 4 2 .3 1 4 2 1 .1 3 7 9 6 1 .5 0 0 0

2 .9 6 8 5 2 .3 1 9 2 1 .1 3 7 1 3 1 .5 0 0 2

3 .4 6 5 2 2 .3 2 6 9 1 .1 3 5 9 0 1 .5 0 0 6

^12/w g "̂ 12 /^ 2 n^^/wg

2 .2 4 4 3 - - -

2 .2 4 5 2 1 .5 5 3 - 0 .2 3 8 9 0 .1 7 3 4

2 .2 4 6 7 1 .5 9 2 - 0 .2 4 9 2 0 .2 1 4 3

2 .2 4 7 6 1 .5 9 6 - 0 .2 4 8 6 0 .2 0 3 1

2 .2 4 8 8 1 .5 8 3 - 0 .2 4 7 7 0 .2 0 1 5

2 .2 5 0 0 1 .5 7 5 - 0 .2 4 8 4 0 .2 1 5 1

2 .2 5 0 6 1 .5 7 2 - 0 .2 4 9 6 0 .2 1 2 2

2 .2 5 1 8 1 .5 7 1 - 0 . 2 4 9 3 0 .2 1 6 4

H.V. = 1 7 2 .1 9 2

f

S *  1 .6 0 4 p s  - 0 .2 4 8 5 If « 0 .2 0 9 9

Pgco » 9 7 .9 0 [P D >  5 2 .1 2 Pp -  4 5 .7 8 Pp' = 4 3 .1 7

p = 1 .5 0 p' '» 1 .4 6
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lOOw^

0.0000

1 .0 3 5 4

1 .5 4 0 9

2 .1 7 1 2

2 .4 5 3 6

3 .1 6 7 1

3 .5 2 0 4

4 .3 7 2 6

!

n-i 2
T  

2 .2 4 4 0  

2 .2 4 6 4  

2 .2 4 7 5  

2 .2 4 8 8  

2 .2 4 9 7  

2 .2 5 1 2  

2 .2 5 2 7  

2 .2 5 5 1

12

2 .2 7 2 5  

2 .2 8 7 4  

2 .2 9 4 0  

2 .3 0 3 4  

2 .3 0 7 6  

2 .3 1 6 7  

2 .3 2 1 6  

2 .3 3 4 2

^1 2 /^ 2

1 . 4 4 1

1 . 3 9 5  

1 .4 2 1  

1 .4 2 8

1 . 3 9 5  

1 . 3 9 4  

1 . 4 1 1

^12

1^ 14459  

1 .1 4 1 6 7  

1 .1 4 0 2 8  

1 .1 3 8 4 5  

1 .1 3 7 7 4  

1 .1 3 5 7 3  

1 .1 3 4 7 1  

1 .1 3 2 2 7

v ^ g /w g

- 0 . 2 8 2 6

- 0 . 2 7 9 7

- 0 . 2 8 2 8

- 0 . 2 7 9 2

- 0 . 2 7 9 8

- 0 . 2 8 0 6

- 0 . 2 8 1 8

%

1 .4 9 8 0

1 .4 9 3 8

1 .4 9 9 1

1 .4 9 9 6

1 .4 9 9 9

1 .5 0 0 4

1 .5 0 0 9

1 .6 0 1 7

^D^/^2

0 .2 3 2 2

0 .2 1 4 2

0.2211

0 .2 3 2 3

0 .2 2 7 3

0 .2 4 7 1

0 .2 5 3 9

one
On p l o t t i n g  nj) a g a i n s t  W g /g e t s  ^ * 0 .2 5 6  w h ic h  w ou ld  i n d i c a t e  

t h a t  np f o r  b e n z e n e  g i v e n  ab ove  i s  i n  e r r o r  by 0 . 0 0 0 1 .

M.V. " 1 8 8 .6 4 9  ÔC s 1 . 4 1 1  f  * - 0 . 2 8 0 8  « 0 .2 5 6

Pgoo •  9 8 . 6 0  D%)] ■ 5 7 .1 6  P|i = 4 1 .4 4  = S 8 .5 8

U •  1 . 4 3  u' = 1 . 3 8
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lOOwp

0.0000

0 .8 6 2 2

1 .3 5 4 5

1 .4 7 9 0

2 .2 4 9 5

2 .9 6 3 6

3 .9 5 7 8

/

* 1̂2

2 .2 7 2 5  

2 .2 8 8 5  

2 .2 9 6 8  

2 .2 9 9 4  

2 .3 1 3 6  

2 .3 2 6 7  

2 .3 4 5 0

^ 12

1 .1 4 4 6 2

1 .1 4 2 1 6

1 .1 4 0 8 2

1 .1 4 0 4 0

1 .1 3 8 2 1

1 .1 3 6 1 8

1 .1 3 3 3 7

%

1 .4 9 8 0

1 .4 9 8 8

1 .4 9 9 3

1 .4 9 9 4  

1 .5 0 0 1  

1 .5 0 0 8  

1 .5 0 1 9

2 .2 4 4 0  

2 .2 4 6 4  

2 .2 4 7 9  

2 .2 4 8 2  

2 .2 5 0 3  

2 .2 5 2 4  

2 .2 5 5 1

^1 2 /^ 2 ^1 2 / ^ 2

1 .8 5 5

1 .8 2 4

1 .8 2 0

1 .8 2 9

1 . 8 3 0

1 .8 3 1

0 .2 8 5 3

•0 .2 8 5 5

•0 .2 8 5 3

0 .2 8 5 0

0 .2 8 4 8

0 .2 8 4 2

0 .2 7 8 4

0 .2 9 2 2

0 .2 8 4 0

0 .2 8 0 1

0 .2 8 3 4

0 .2 8 0 5

M .¥ . * 1 8 8 .6 4 9  1 .8 2 0

Pgoo = 1 1 2 .9 0  [ % ] =  5 7 .7 2

p  « 1 . 6 5

p  « - 0 . 2 8 4 7  Jj = 0 .2 8 2 6  
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2 .2 5 2 7 1 .4 6 1 - 0 . 5 6 0 8 0 .2 1 9 1

2 .2 5 4 2 1 .4 6 7 - 0 . 5 6 1 7  ; 0 .2 2 0 8

5 1 2 .0 1 6  X »  1 .4 0 0

P^oo* 1 5 6 .3 7  [ R ^ >  6 6 . 5 2

Y -  1 .8 7

p « - 0 . 5 6 1 4  P 

Pp = 6 9 .8 5  Pp‘

U' = 1 . 8 1

0 .2 2 1 6

6 6 .5 2
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lOOWg

0 . 0 0 0 0

0 .2 5 0 6

0 .3 7 2 0

0 .6 0 0 9

0.77:39

0 .9 3 5 7

1 .3 6 3 7

^ 1 2

2 .2 7 2 5  

2 .3 0 2 2  

2 .3 1 6 9  

2 .3 4 4 8  

2 .3 6 5 5  

2 .3 8 6 1  

2 .4 3 9 9

^ 12

1 .1 4 4 5 9

1 .1 4 3 4 9

1 .1 4 2 9 4

1 .1 4 2 0 1

1 .1 4 1 2 9

1 .1 4 0 5 4

1 .1 3 8 7 6

1 .4 9 8 1

1 .4 9 8 3

1 .4 9 8 4

1 .4 9 8 6

1 .4 9 8 7  

1 .4 9 8 9  

1 .4 9 9 2

2 .2 4 4 3  

2 .2 4 4 9  

2 .2 4 5 2  

2 .2 4 5 8  

2 .2 4 6 1  

2 .2 4 6 7  

2 .2 4 7 6

^12/T^2 ^ 12 / %

1 1 .8 4 8  

1 1 .9 4 6  

1 2 .0 2 8  

1 2 .0 3 2  

1 2 .1 4 5  

1 2 .2 3 3

•0 .4 3 8 9

•0 .4 4 3 5

•0 .4 2 9 4

•0 .4 2 7 0

•0 .4 3 2 8

0 .4 2 1 4

0 .2 3 9 4

0 .2 4 1 9

0 .2 4 9 6

0 .2 3 2 9

0 .2 5 6 5

0 .2 4 1 1

M.W. s  2 4 4 .2 0 0  1 1 .7 8 5

Pgoo * 5 9 3 .2 6  [ % ]  -  6 2 .4 6

Y * 5.10

P = - 0 . 4 3 0 9  

Pp -  5 3 0 .8 0  

| i  •  5 . 0 9

V •  0 .2 4 4 1  

Pji’ = 5 2 7 .6 8
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2 1 .  lo d o b e n z e n e  i n  B en zen e

lOOw^

0.0000

1 .1 2 5 0

1 .8 6 4 1

2 .4 2 9 1

3 .1 5 9 6

4 .6 5 2 8

5 .5 1 3 5

6 .7 2 6 2

^^12

2 .2 7 2 5  

2 .2 8 6 0  

2 .2 9 4 9  

2 .3 0 1 5  

2 .3 1 0 3  

2 .3 2 8 5  

2 .3 4 8 4  

2 .3 5 4 1

^ 12

1 .1 4 4 6 2

1 .1 5 7 9 2

1 .1 3 3 5 7

1 .1 3 0 1 5

1 .1 2 5 8 7

1 .1 1 6 9 1

1 .1 1 1 8 1

1 .1 0 4 5 9

1 .4 9 8 0

1 .4 9 8 7

1 .4 9 9 1

1 .4 9 9 4

1 .4 9 9 9

1 .5 0 0 7

1 .5 0 1 2

1 .5 0 1 9

2 .2 4 4 0  

2 .2 4 6 1  

2 .2 4 7 3  

2 .2 4 8 2  

2 .2 4 9 7  

2 .2 5 2 1  

2 .2 5 3 6  

2 .2 5 5 7

^ 1 2 /^ 2

1 . 1 9 8

1.201

1 .1 9 4

1 .1 9 5  

1 .2 0 5

1 .1 9 6  

1 .2 1 3

M.W. = 2 0 4 .0 2  OCs 1 . 1 9 8

^200 * 7 9 . 3 8  [ % ]  = 3 9 .7 0

Y = 1 . 4 0

V12/W.

•0 .5 9 5 6  

•0 .5 9 2 8  

•0 .5 9 5 7  

•0 .5 9 3 4  

■0.5956  

0 .5 9 5 1  

0 .5 9 5 1

p = - 0 . 5 9 4 9  

Pp « 3 9 .6 8  

u' = 1 .3 6

0 .1 8 6 7

0 .1 7 7 0

0 .1 7 2 9

0 .1 8 0 4

0 .1 7 4 1

0 .1 7 4 1

0 .1 7 3 9

V ■ 0 .1 7 5 5  

Pp' a 3 7 .6 9
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OHAPTRR I I I .

DISCUSSION OP KBSULTS

S e c t i o n  1 .

Survey o f  K e le v a n t  P u b l i s h e d  D a t a »

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

may be d iv id e d  i n t o  two s e c t i o n s ,  f i r s t l y  d a t a  d e a l i n g  w i t h  

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

m o n o s u b s t i t u t e d  b e n z e n e s .  A c o l l e c t i o n  h a s  b een  made o f  a l l  

th e  e x i s t i n g  f i g u r e s  and th e y  w i l l  be d i s c u s s e d  s h o r t l y .  

H owever, b e f o r e  any a t te m p t  can be made a t  com paring t h e s e  

f i g u r e s  among t h e m s e lv e s  o r  w i t h  t h o s e  o b t a in e d  in  t h e  p r e s e n t  

work i t  h a s  been  foun d  n e c e s s a r y  to  r e c a l c u l a t e  them by th e  

m ethod u s e d  f o r  t h e  r e s u l t s  r e p o r te d  in  C hapter  I I ,  nam ely  

t h a t  o f  H a lv e r s t a d t  and Kumler ( l ) ,  and t h i s  h a s  b een  c a r r i e d  

o u t  i n  a l l  c a s e s  w here t h e  p u b l i s h e d  f i g u r e s  h ave  b een  

s u f f i c i e n t l y  d e t a i l e d .  In  o r d e r  to  do t h i s  a l l  m ethods o f  

e x p r e s s i n g  th e  c o n c e n t r a t i o n s  o f  t h e  s o l u t i o n s  had to  be  

c o n v e r te d  i n t o  p e r c e n t a g e  c o m p o s i t io n s  by w e ig h t  ( 'w e ig h t  

p e r c e n t ’ ) and t h e  f o l l o w i n g  d e r i v a t i o n s  o f  t h e  n e c e s s a r y  

c o n v e r s io n  e q u a t io n s  w ere made.

C o n v e r t io n  o f  H o le  F r a c t io n s  t o  h e i g h t s  P e r c e n t :

L e t  f^  be t h e  m ole  f r a c t i o n  o f  t h e  s o l u t e ,

W2 be  t h e  w e ig h t  f r a c t i o n  o f  t h e  s o l u t e
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and l e t  •  lOOw^,

i . e .  ¥2  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 e  i n  v /e ig h t  p e r c e n t .  

Then, s i n c e

f p  - ___ ^ ____
n i  + ng

w here  n^ and ng a r e  t h e  numbers o f  gram m o le s  o f  s o l v e n t  and 

s o l u t e  r e s p e c t i v e l y ,  

f o r  lOOg. o f  s o l u t i o n
¥2
Mg

100-Wg ¥g

“ %  ^ %
w here and ai'e t h e  m o le c u la r  w e i g h t s  o f  t h e  s o l v e n t  end 

s o l u t e  r e s p e c t i v e l y .

Thus

f g  ( I 0 0 - W 2 )  *  fg V g  _  Wg

I-Ig

and h e n c e lOOfg  
Wg = Ml

£ 2
Mg Ml

i . e .  Wg = lOOfgMg , \
M l 4. fg(M g -  M l)  '

C o n v er s io n  o f  M o la r i t y  to  W eight P e r c e n t s  

L e t  %2 t h e  m o l a r i t y  o f  t h e  s o l u t e ,

M2 be  t h e  m o le c u la r  w e ig h t  o f  t h e  s o l u t e ,  

v%2 (* ^12) t h e  s p e c i f i c  volum e o f  t h e  s o l u t i o n ,

and l e t  v ^2 * v^ ^ ^2

w here v^ i s  t h e  s p e c i f i c  vo lum e o f  t h e  p u re  s o l v e n t ,  Wg i s

t h e  w e ig h t  f r a c t i o n  o f  t h e  s o l u t e  and p  i s  a  c o n s t a n t .
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%2 g . m o i s . / l i t r e  

X2M2 g . / l i t r e

s  w»

-  f E g  g . / c . c .
1000

-  ^  g / g
1000012

= XgM„
-  r - r r ^  g ./ lO O g . = x # g T i2  = ^2

10^12 10

But ~ ^ W2 »

wg 10 '

s XgMg( lO O Ti *  p Wg)
ÏÔÔÔ ^

i-®- ^2 = 100%#2^i (2)
1000 - %2^^^

The a p p l i c a t i o n  o f  e q u a t io n  ( l )  i s  s t r a i g h t f o r w a r d  and

p r e s e n t s  l i t t l e  d i f f i c u l t y .  H ow ever, e q u a t io n  (2 )  r e q u i r e s

a  k n o w led g e  o f  t h e  v a l u e s  o f   ̂ m d  v ^ ,  and i t  h a s  been  

fou n d  t h a t  i n  m ost c a s e s  i n  w h ich  t h e  c o n c e n t r a t i o n s  a r e  

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

s o l v e n t  and s o l u t i o n s  a r e  n o t  g i v e n .  T h is  n e c e s s i t a t e s  t h e  

a ssu m p tio n  o f  a  v a l u e  f o r  v^» t h e  a c c u r a c y  o f  w h ich  ca n n o t  

be d e te r m in e d ,  and a l s o  t h e  u s e  o f  t h e  v a l u e  o f  p found i n  

t h e  p r e s e n t  work. Thus r e s u l t s  c a l c u l a t e d  by t h i s  seco n d  

m ethod a r e  s u b j e c t  t o  e r r o r s ,  .the  m a g n itu d e s  o f  w h ich  a re  

n o t  d e t e m i n a b l e ,  sxid i t s  a p p l i c a t i o n  cannot be reg ard ed  

a s  w h o l ly  s a t i s f a c t o r y *
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T a b le  1 .  c o n t a i n s  a  simmaiy o f  t h e  p u b l i s h e d  v a l u e s  

f o r  t h e  m o le c u lc ir  r e f r a c t i o n s ,  t h e  m o le c u la r  p o l a r i s a t i o n s  

a t  i n f i n i t e  d i l u t i o n  and t h e  d i p o l e  moments o f  th e  

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

t o g e t h e r  w i t h  t h e  f i g u r e s  o b t a in e d  by r e c a l c u l a t i o n  on th e  

b a s i s  o f  H a lv e r s t a d t  and K um ler’ s  m eth od .

T a b le  1 .

jrtib lish ed  f i g u r e s
P2*> .

( c . c . ) ( c . c . )  (D)

‘ R e c a l c u l a t e d  figures

(g)
2 - n i  t r o d i p h e n y l ( 4 . 0 - 3 0 5 ) 3 .7 9 In su ff le n t  data 2)

5 6 .0 351 3 .8 0 5 5 . 0  358 3 .8 6 3)

5 6 .7 3 6 6 .4 3 . 8 2 5 6 .7  576.5  3 .9 6 4 )

3 - n i  t r o d ip h e n y 1 ( P i - 0 * 3 2 3 ) 3 . 9 0 I n s u f f le n t  d a t a 2)

4 - n i t r o d i p h e n y l (p2 . 0=390) 4 . 2 8 I n s u f f la i t  d a t a 2)

5 6 .0 425 4 .1 7 5 5 .0  4 3 1 .2  4 .2 9 3)
5 8 .8 4 5 7 .3 4 .4 1 Samexoethoâ as here 3)

4 - f l u o  rod ip h e n y l 5 5 .6 98 1 . 5 0 5 0 .1  9 7 .7  1 .5 3 3)

2 -  Ohio r o d ip h e n y l 5 5 .6 9 0 .5 1 . 3 0 5 5 . 0  9 1 . 0  1 .3 3 6 )

0= 44 ) 1 .4 4 I n s u f f i c i e n t  dda, 2)
5 6 .8 1 0 0 .2 1 .4 5 5 6 .9  9 8 .7  1 .4 3 7)

3 - c h lo  r o d ip h e n y l 5 6 .7 123 1 .7 9 5 7 .6  1 2 3 .4  1 .8 0 6 )

5 7 .9 1 1 3 .5 1 .6 4 5 8 . 0  1 1 3 .8  1 .6 5

4 -  Ohio r o d ip h e n y l 5 5 .6 103 1 .5 3 5 7 .1  1 0 5 .2  1 .5 4

0= 56) 1 ,6 3 I n s u fr ic io i t  dda %
5 7 .6 1 1 2 .6 1 .6 3 5 7 .7  1 1 1 .2  1 .6 2

V
7')^

5 5 . 108 1 .5 8 5 5 .2  1 0 7 .5  1 . 6 0 , 3i
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4 -b r o m o d ip h e n y l 58 117 1 .6 4 5 8 .1  1 1 9 .0 1 .7 3 (3 )

6 0 . 5 1 1 5 . 9 1 .6 5 Same method as  h e r e (5 )

2 , 2 ’ - d i n i t r o d i p h e n y l 65 596 5 .1 2 I n s u f f i c i e n t  d a t a  (8 )

66 623 5 .1 9 5 8 .4  5 9 5 .0 5 .1 3 (9 )

2 , 2 ’ - d i c h l o  r o d ip h e n y l 6 2 . 0 1 2 4 . 1 1 . 7 2 I n s u f f i c i m a t d a t a (8 )

6 5 .9 131 1 .7 7 5 8 .6  1 3 1 .2 1 .8 9 (6 )

6 0 . 5 136 1 .9 1 6 0 .4  1 3 7 .1 1 .9 4 (7 )

The. above  r e s u l t s  a r e sum m arised h e r e  f o r  c o n v e n ie n c e and w i11

be  d e a l t  w i t h  i n  r e l a t i o n  to  t h e  f i g u r e s  now o b tr ln ed . i n  t h e  

f o l l o w i n g  s e c t i o n s  o f  t h i s  c h a p t e r .  There a r e ,  h o w ev er , t h r e e  

c a s e s  i n  T a b le  1 .  w h ich  a r e  n o t  a t  f i r s t  s i g h t  s e l f - c o n s i s t e n t  

and r e q u ir e  some f u r t h e r  e x p l a n a t i o n .  The a n o m a lie s  o c c u r  

i n  th e  f i g u r e s  f o r  4 - f  lu o  r o d ip h e n y l  m d  4 - c h lo  r o d ip h e n y l  due  

t o  Le F è v r e  and Le F e v r e  (2 )  and i n  t h o s e  f o r  3 - c h lo  r o d ip h e n y l  

due to  ¥ e i 8 s b e r g e r  and Sangew ald  ( 6 ) .  In  e a ch  o f  t h e s e  

i n s t a n c e s  t h e  a u t h o r s ’ v a l u e  f o r  t h e  o r i e n t a t i o n  p o l a r i s a t i o n  

i s  g r e a t e r  th a n  t h a t  o b t a in e d  upon r e c a l c u l a t i o n  imd y e t  t h e  

Ifa lu e  o f  t h e  d i p o l e  moment i s  found  t o  be g r e a t e r  i n  t h e  c a s e  

o f  th e  r e c a l c u l a t e d  f i g u r e s .  T h is ,  i t  i s  a lm o s t  c e r t a i n ,  i s  

due to  t h e  u s e  o f  d i f f e r e n t  v a l u e s  f o r  t h e  u n i v e r s a l  c o n s t a n t s  

and would h ave  been  a p p a re n t  i n  more c a s e s  had t h e  o r i g i n a l  

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

w i t h  t h e i r  d i f f e r e n c e s  i n  t h e  same s e n s e  a s  th o se  m en tio n ed  

a b o v e . As an i l l u s t r a t i o n  o f  t h i s  e f f e c t  one may ta k e  

t h e  f two s e t s  o f  f i g u r e s  f o r  4 - n i t r o d i p h e n y l  i n  T ab le  1 .  

d e r iv e d  from  t h e  m easurem ents o f  Le F e v r e  and Le F ev r e  (3 )
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from  w h ich  i t  may he s e e n  t h a t  t h e  i n c r e a s e  i n  t h e  moment on 

r e c a l c u l a t i o n  i s  much g r e a t e r  th a n  would he e x p e c te d  s o l e l y  

from  t h e  i n c r e a s e  i n  t h e  t o t a l  p o l a r i s a t i o n .

C o n s id e r a t io n  o f  th e  P u b l i s h e d  P o l a r i s a t i o n  D a ta  on th e  

M o n o s u b s t i tu t e d  B e n z e n e s .

The f i g u r e s  t h a t  h ave  b een  p u b l i s h e d  f o r  t h e  p o l a r i s a t i o n  

o f  f l u o r o - ,  c h l o r o - ,  brom o-, i o d o -  and n i t r o - b e n z e n e  a r e  

v e r y  numerous and a  c o m p re h e n s iv e  s u r v e y  would be a  d i f f i c u l t  

t a s k .  I t  i s  n e c e s s a r y  f o r  t h e  p u r p o se  o f  t h e  s u c c e e d in g  

s e c t i o n s  o f  t h i s  c l ia p te r  to  hav e  an a c c u r a t e  k n ow led ge  o f  

t h e  v a l u e s  o f  t h e  d i p o l e  moments o f  t h e  a b o v e -m e n t io n e d  

b e n z e n e  d e r i v a t i v e s  i n  o r d e r  t h a t  c a l c u l a t e d  v a l u e s  may be  

o b t a in e d  f o r  t h e  moments o f  t h e  s u b s t i t u t e d  d i p h e n y l s .  W ith  

t h i s  aim i n  v ie w  a s u r v e y  was c a r r i e d  o u t  a lo n g  t h e  l i n e s  to  

be d e s c r i b e d  b e lo w .

The work o f  o b t a i n i n g  v a l u e s  o f  th e  d i p o l e  moments o f  

t h e  m o n o s u b s t i t u t e d  b e n z e n e s  was d i v i d e d  i n t o  t h r e e  s e c t i o n s .  

F i r s t l y ,  i n  t h e  c a s e s  o f  f lu o r o b e n z e n e ,  c h lo r o b e n z e n e  and 

brom obenzene th e  v a l u e s  t o  be u se d  h av e  b een  a r r i v e d  a t  

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

f i g u r e s  w ere m a in ta in e d  a t  m a n a geab le  p r o p o r t i o n s  by  

i g n o r i n g  a l l  m easurem ents i n  s o l v e n t s  o t h e r  th an  b en z e n e  and 

by r e s t r i c t i n g  c o n s i d e r a t i o n  to  t h o s e  m easurem ents made a t  

o r  n e a r  25®. T h is  l e d  t o  v a l u e s  i d e n t i c a l  w i t h  t h o s e  

r e c a l c u l a t e d  by B v erard  and S u t to n  (1 0 )  and r e c o r d e d  

b e lo w  i n  T ab le  2 .  S e c o n d ly ,  i n  t h e  c a s e  o f  n i t r o b e n z e n e  a
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h i g h l y  c o m p re h e n s iv e  s u r v e y  o f  t h e  p u b l i s h e d  d a t a  was 

c a r r i e d  o u t  by S m ith  and G leverd o n  (1 1 )  and t h e  r e c a l c u l a t e d  

v a l u e  a t  w h ich  t h e y  a r r i v e d ,  t h e  v a l u e  to  be u sed  h e r e ,  i s  

r ec o rd ed  i n  T ab le  2 .  F i n a l l y ,  t h e  d i p o l e  moment o f  

io d o b e n z e n e  h a s  been  r e d e te r m in e d  a s  p a r t  o f  t h e  p r e s e n t  

i n v e s t i g a t i o n  and t h e  v a l u e  obtcoined i s  found t o  be i n  good  

agreem en t w i t h  t h a t  d e r iv e d  from  t h e  m easurem ents o f  

T ig a n ik  (1 2 )  th ou gh  t h i s  i s  r a t h e r  lo w e r  th a n  th e  one due t o  

S axb y , q u o ted  by E v era rd  and S u t to n  ( l o c . c i t . ) .  T i g a n i k ’ s  

d a t a  on r e c a l c u l a t i o n  l e d  t o  a  v a l u e  o f  1 .5 9 D .

T ab le  2 .

F lu o r o b e n z e n e  p « 1 .4 8 D

G Jilorobenzene 1 .6 0 B

Brom obenzene 1 .5 7 D

Io d o b e n z en e  1 .4 0 D

N it r o b e n z e n e  Jj .̂OlD

The f i g u r e s  i n  T a b le  2* a r e  t h o s e  i n  w h ic h  a l l  t h e  

c a l c u l a t e d  v a l u e s  f o r  th e  d i p o l e  moments o f  t h e  s u b s t i t u t e d  

d i p h e n y l s  i n  t h e  l a t e r  s e c t i o n s  o f  t h i s  c h a p t e r  a r e  b a s e d .
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S e c t io n  1 1 .

The Mono s u b s t i t u t e d  De r i v a t i v e s  o f  D ip h e n y l .

Le F e v r e  and Le F è v r e  (3 )  r e v i e w in g  t h e  s u b j e c t  o f  

e l e c t r o n i c  d i s p la c e m e n t s  w i t h i n  t h e  d ip h e n y l  n u c lu ü s  p o i n t e d  

o u t  t h a t  from  t h e  work o f  Le F e v r e  and T urner (13 )  and o f  

G u ll  and T urner (1 4 )  on t h e  n i t r a t i o n  o f  n i t r o d i p h e n y l s  i t  

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

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

th r o u g h  t h e  m o le c u le  b u t  o f  t a u t o m e r ic  d i s p la c e m e n t s  t h a t  were  

so  reduced  a t  th e  b r id g e  bond t h a t  th e y  e x e r te d  no e f f e c t s  

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

They w ere  o f  t h e  o p in io n  t h a t  t h e  d ev e lo p m en t  o f  t h e  l a t t e r  

e f f e c t s  i n  t h i s  n u c le u s  m ig b t  be i n f e r r e d  from  a s tu d y  o f  

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

m esom er ic  and t a u t o m e r ic  e f f e c t s  o p e r a te  by t h e  same m echanism  

and t h e  p r e s e n c e  o f  one may be t?aken a s  e v id e n c e  f o r  t h e  

p o s s i b i l i t y  o f  t h e  o t h e r .

The m esom eric  e f f e c t  i n  an a r o m a t ic  n u c le u s  i s  a  

p e im a n e n t  e l e c t r o n i c  rearra n g em en t o c c u i r i n g  by t h e  m echanism  

o f  t h e  ta u to m e r ic  e f f e c t  and h e n c e  t h e  m esom eric  s t a t e  o f  a  

m on oh a log en o b en zen e  and a  s i m i l a r l y  ' s u b s t i t u t e d  d ip h e n y l  may 

be r e p r e s e n t e d  by t h e  cui*ved arrow s shown in  d iagram s (a )  

and ( B ) .
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/Tv 0

(A'l

I t  i s  e v id e n t  t h e r e f o r e  t h a t , X b e in g  h a lo g e n ,  t h e  

o b s e iv e d  moment w i l l  c o n s i s t  o f  t h e  moment o f  t h e  G-X l i n k  

p l u s  a l l  t h e  in d u ced  moments a r i s i n g  from  t h e  i n t e r a c t i o n  o f  

t h e  C-X moment w i t h  t h e  po l a r i  s a b l e  atoms c o n s t i t u t i n g  t h e  

r em a in d er  o f  t h e  m o le c u le  m inus t h e  somewhat s m a l l e r  perm anent  

moments r e s u l t i n g  from  t h e  m esom eric  e f f e c t .  The c o n t r i b u t i o n  

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

e x i s t e n c e  i s  h e ld  t o  e x p l a in  wl'iy t h e  h a lo g e n o b e n z e n e s  h ave  

s m a l l e r  moments th a n  t h e  c o r r e s p o n d in g  t e r t - b u t y l  h a l i d e s  in  

w h ich  no su ch  r e v e r s e d  moments a r e  o p e r a t i v e  ( 1 5 ) .  Thus, i f  

t h e  p r o c e s s  i l l u s t r a t e d  in  (B) w ere  t o  o c c u r  t o  any e x t e n t ,  

t h e  4 - h a lo g e n o d ip h e n y l s  sh o u ld  show g r e a t e r  r e v e r s e d  

p o l a r i t i e s  thiun t h e  r e l a t e d  b e n z e n e  compounds and th e  

o b ser v ed  d i p o l e  moments would be  e x p e c te d  t o  be  s m a l l e r  th^n  

t h o s e  o f  th e  b e n z e n e  d e r i v a t i v e s  by a p p r o x im a te ly  t h e  amount 

o f  t h e s e  ch an ges  i n  t h e  m esom eric  e f f e c t .

The e x p e r im e n t a l  d a t a  o f  Le F e v r e  and Le F e v r e  d id  n o t  

b e a r  o u t  t h e  ao ove  and t h i s ,  t h e y  p r o p o s e d ,  was due to  e i t h e r  

t h e  moments incjuced i n  th e  u n s u b s t i t u t e d  p h e n y l  n u c le u s  by th e  

G-X moment o u tw e ig h in g  t h e  m esom eric  moment, o r  t h e  

n o n - t r a n s m i s e io n  o f  t h e  m esom eric  e f f e c t  a c r o s s  th e  1 , 1 ’ -b o n d .  

The l a t t e r  s u g g e s t i o n  i s  d i s c o u n t e d  by t h e  f a c t  t h a t  t h e  X -r a y  

e x a m in a t io n  o f  d ip h e n y l  p r o v i d e s  e v id e n c e  t h a t  i t  i s



101

d e g e n e r a t e ,  w i t h  c o n t r i b u t i o n s  from  s t r u c t u r e s  o f  t h e  t y p e  (G)

M esom eric  e f f e c t s  can t h e r e f o r e  o c c u r  i n  d ip h e n y l  

i t s e l f  and i t  woulci app ear  u n l i k e l y  t h a t  t h e y  would he a b s e n t  

i n  i t s  d e r i v a t i v e s .  As a c o n se q u e n c e  o f  t h i s  th e y  c a l c u l a t e d  

t h e  s u b s id ia r y  moments in d u ced  i n  t h e  m o le c u le s  by t h e  

p r i n c i p a l  moment and t h e i r  r e s u l t s  w i l l  be c o n s id é r é e  

t o g e t h e r  w i t h  t h o s e  o b t a in e d  by t h e  p r e s e n t  a u th o r  l a t e r  i n  

t h i s  s e c t i o n .

More r e c e n t l y  S v e r a r d  and S u t t o n  (1 0 )  h a v e  d i s c u s s e d  i n  

d e t a i l  t h e  v a r i o u s  i n t e r a c t i o n s  b e tw een  a  s u b s t i t u e n t  group  

and tm a r y l  r a d i c a l  t o  id i ic h  i t  i s  l i n k e d .  T h ese  co m p rise

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

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

a t  p r e s e n t  r e g a r d e d  a s  t h e  r e s u l t a n t  o f  two com ponents

( i )  t h e  ’ G la s s r e a l*  i n d u c t i v e  e f f e c t ,  I q , a  p u r e l y  

e l e c t r o s t a t i c  p r o c e s s  i n f l u e n c i n g  b o th  cr and 

e l e c t r o n s ,  and

( i i )  t h e  ’î î o n - c l a s s i c a l ’ i n d u c t i v e  e f f e c t ,  %  l e a d in g  

to  c h a n g es  o f  “tr -bond o r d e r ;

(b )  t h e  m esom er ic  e f f e c t  a r i s i n g  th r o u g h  t h e  ten d e n c y  

tow a rd s  fo r m a t io n  o f  a  -bond b e tw een  t h e  s u b s t i t u e n t  

and t h e  carbon atoms to  w h id i  i t  i s  l i n k e d ,  and 

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

i n  t h e  r a d i c a l .
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I t  haÆ b e e n  shown by Prank (1 6 )  t h a t  t h e  Iq  e f f e c t  d e c r e a s e s  

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

th u s  o f  r e l a t i v e l y  s h o r t  I'ange; bu t t h e  n o n - c l a s s i c a l  e f f e c t  

i n f l u e n c e s  t h e  w h o le  o f  a  c o n ju g a te d  s y s te m ,  and h e n c e  i t  

becom es v e r y  c l o s e l y  a s s o c i a t e d  w i t h  t h e  m esom eric  e f f e c t ,  

a l t h o u g h ,  l i k e  th e  I q e f f e c t  i t  may e i t h e r  r e i n f o r c e  o r  

o p p o se  t h i s  e f f e c t .  As t h e s e  ch a n g es  i n  - e l e c t r o n  

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

cT -b o n d s  betw een  th e  carbon  atom and t h e  s u b s t i t u e n t  

group  and t h o s e  b e tw een  one carb on  atom and a n o th e r  t h e  w hole  

p ro b lem  i s  s e e n  t o  be o f  a  com p lex  n a t u r e .

C l a s s i c a l  In duc t i v e  E f f e c t s .

Due to  t h e  f a c t  t h a t  t h e  m easurem ents upon d ip h e n y l  

d e r i v a t i v e s  h a v e  been  made i n  s o l u t i o n ,  and c o n s e q u e n t ly  th e  

v a l u e s  o f  t h e  d i p o l e  moments deduced  from  them a r e  m o d i f i e d  

by an a p p r e c ia b le  and unknown s o l v e n t  e f f e c t ,  no e x a c t  

c o r r e l a t i o n  b e tw een  t h e o r y  and o b s e r v a t i o n  i s  to  be e x p e c t e d .  

I t  i s ,  h o w ev e r ,  o f  i n t e r e s t  in  t h e  f i r s t  i n s t a n c e  t o  d e te r m in e  

t h e  e x t e n t  t o  vd:iich t h e  o b ser v ed  moments can be i n t e r p r e t e d  

on t h e  b a s i s  o f  th e  c l a s s i c a l  i n d u c t i v e  e f f e c t .

A c co r d in g  to  th e  t h e o r y  d e v e lo p e d  by Sm allwood and 

H e r z f e ld  (1 7 )  and by Prank (1 6 )  t h e  moment, p ,  o f  a  

s u b s t i t u e n t  w i l l  in d u c e  moments and r e s p e c t i v e l y  

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

v a l u e s  o f  t h e  in d u c e d  moments b e i n g  g i v e n  by



103

ol- ( ^  * 2 ) ,  y ( 1  2 ) . My
s  “y

w here i s  t h e  p o l a r i s a h i l i t y  o f  t h e  po l a r i  s a b l e  s y s te m ,

1 i s  t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  medium  

and E^, Ey a r e  t h e  com ponents o f  t h e  p o l a r i s i n g  f i e l d

r e s p e c t i v e l y  p a r a l l e l  to  and p e r p e n d ic u la r  to  t h e  

in d u c in g  moment, 

and E a r e  g i v e n  by th e  e x p r e s s i o n s

3 c o s  0  -  1 a 3 CO80 s i n  0

w here r  i s  t h e  d i s t a n c e  b e tw een  t h e  d i p o l e  and th e  p o l a r i s a h l e  

c e n t r e  and 0 i s  t h e  a n g le  b e tw e en  u  and r .

Thus p

u .  i L ± ± l L  . (1 )  .
\ % Û.

and Yy. *  ^  4 2 )  .  5 c o 8 0 ^ s in 0  (2 )

E o l lo w in g  th e  method by w h ich  Hampson and W e is sb e r g e r  a p p l i e d  

t h i s  t h e o r y  t o  n a p h th a le n e  compounds (1 8 )  and to  t h e  i s o m e r i c  

m o n o c h lo r o d ip h e n y Is  (7 )  and Le F e v r e  and Le F e v r e  (5 )  u sed  i t  

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

a b o v e ,  a  mono s u b s t i t u t e d  d ip h e n y l  m o le c u le  may be reg a r d e d  as  

t h e  c o r r e s p o n d in g  d e r i v a t i v e  o f  b e n z e n e  to  w h ic h  an a d d i t i o n a l  

p o l a r ! s a b l e  g ro u p , nam ely  a  b e n z e n e  r i n g ,  ha© b e e n  added .

The p o l a r i s a b l e  c e n t r e  o f  t h i s  a d d i t i o n a l  g r o u p in g  may be  

ta k e n  a s  b e in g  a t  t h e  m id d le  o f  t h e  un s u b s t i t u t e d  r i n g ,  w h i l s t  

CK i s  t h e  p o l a r i s a h i l i t y  o f  b e n z e n e ,  i . e .  1 2 .5 x 1 0 “ ^^ i n
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t h e  p la n e  o f  t h e  r i n g  and 6 . 2 5  x  10“ "̂̂  a t  r i g h t  a n g le s  to

t h a t  p l a n e  ( 1 9 ) ;  ^ i s  t h e  d i e l e c t r i c  c o n s t a n t  o f  b e n z e n e ,  2 .2 7 ,

The q u e s t io n s  v /h ich  rem ain  to  be answered, b e f o r e  any

c a l c u l a t i o n s  can be ca rr ie d , o u t  a r e  t h o s e  concerned, w i t h  t h e

v a l u e  t o  be a s s ig n e d  t o  t h e  p o l a r i s i n g  d i p o h  and i t s  ’p o i n t

o f  a c t i o n ’ . Hampson and W e is s b e r g e r  u s e d  t h e  d i p o l e  moment

o f  t h e  c o r r e s p o n d in g  b e n z e n e  d e r i v a t i v e ,  a s  d id  Le F e v r e  and

Le F e v r e ,  w i i i l e  Eve r a id  and S u t to n  m en tio n  b r i e f l y  t h a t  t h e y

u se d  t h e  c o r r e s p o n d in g  group moment. Two d i f f i c u l t i e s  a r i s e

i n  r e g a r d  to  t h i s  l a s t  p r o c e d u r e .  F i r s t l y ,  t h e  t r u e  moment

o f  t h e  ^ (arom atic)*"^  d i p o l e  i n  t h e  h a lo g e n o b e n z e n e s  can n ot

be e v a lu a t e d  w i t h o u t  c e r t a i n  a s su m p t io n s  s i n c e  i t  sh o u ld

i n c l u d e  t h e  c o n t r i b u t i o n  o f  t h e  moment due to  t h e  m esom eric

e f f e c t  a s  was m en t io n e d  e a r l i e r  i n  c o n n e c t io n  w i t h  t h e  vn rk

o f  Le F e v r e  and Le F e v r e .  F u r t h e r ,  t h e  in d u c e d  d i p o l e

p ro d u ced  i n  t h e  s u b s t i t u t e d  r i n g  m ust a l s o  c o n t r i b u t e  to w a rd s

t h e  in d u c e d  moment i n  t h e  se co n d  r i n g  a s  t h e  l a t t e r  i s ,  in

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

r i n g .  For t h e s e  r e a s o n s ,  and on t h e  grou n d s o f  s i m p l i c i t y ,

t h e  d i p o l e  moment o f  t h e  c o r r e s p o n d in g  b e n zen e  d e r i v a t i v e ;  
ta k e n

h a s  b e e n / a s  t h e  in d u c in g  d i p o l e  i n  t h e  c a l c u l a t i o n s  t h a t  

f o l l o w .  The a c t u a l  v a l u e s  u s e d  a r e  t h o s e  o b t a in e d  from  

m easu rem en ts  made w i t h  b e n z e n e  a s  s o l v e n t  s i n c e  i t  appeared  

l i k e l y  t h a t  t h e  e r r o r s  due t o  t h e  s o l v e n t  e f f e c t  may be  

m in im is e d  by t h i s  p r o c e d u r e ,  t h e  b e n z e n e  and d ip h e n y l  

d e r i v a t i v e s  b e in g  r o u g h ly  t h e  same sh a p e  and h a v in g  

s i m i l a r  e l e c t r i c a l  p r o p e r t i e s .  By u s i n g  t h e  o r d in a r y
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G( a l k y l g r o u p  moment a s  was a p p a r e n t ly  em ployed by  

E v era rd  and S u t to n  ( l o c . c i t . )  o n e  g e t s  a  s l i g h t  e x a g g e r a t io n  

o f  t h e  e f f e c t s  w h ich  w i l l  be d i s c u s s e d  l a t e r .  For s i m i l a r  

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

compounds t h e  d i p o l e  h a s  b een  ta k e n  a s  l o c a t e d  a t  t h e  ’p o i n t  

o f  c o n t a c t ’ o f  th e  carbon ?jnd h a lo g e n  a tom s, i . e .  on t h e  

c a r b o n -h a lo g e n  bond and 0 .7 7 5 A  from  th e  carbon n u c l e u s .

F or  t h e  n i tro -com p ou n d s t h e  d i p o l e  h a s  b een  ta k e n  as a c t i n g  

e f f e c t i v e l y  a t  t h e  c e n t r e  o f  th e  n i t r o g e n  atom. The 

i n t e r a t o m i c  d i s t a n c e s  t h a t  h a v e  b een  u sed  a re

C-G (a r o m a t ic )  1 . 4 0  A

0-G ( c e n t r e  bond) 1 .5 0  A

G-E 1 .4 5  A

When t h e  two r i n g s  a r e  c o p la n a r  t h e  in d u c in g  f i e l d  and
in

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

and h e n c e  t h e  v a l u e  o f c ^ f o r  t h e  p l a n e  o f  t h e  r in g  i s  

a p p l i c a b l e .  On t h e  o t h e r  hand when t h e  r i n g s  a r e  n o t  

c o p la n a r  t h e  f i e l d  h a s  t o  be  r e s o l v e d  i n  d i r e c t i o n s  p a r a l l e l  

t o  and a t  r i g h t  a n g le s  t o  t h e  p la n e  o f  t h e  u n s u b s t i t u t e d  r in g ,  

and t h e  a p p r o p r ia t e  v a l u e s  o f  u se d  i n  ea ch  c a s e .  As t h e  

p o l a r i s a h i l i t y  i s  l e s s  i n  t h e  d i r e c t i o n  a t  r i g h t  a n g le s  to  

t h e  r in g  th e  e f f e c t  o f  t h e  in d u c ed  moment on t h e  r e s u l t a n t  

moment d e c r e a s e s  p r o g r e s s i v e l y  w i t h  i n c r e a s i n g  a n g le  b e tw een  

t h e  p l a n e s  o f  t h e  r i n g s ,  and becom es a  minimum i n  th e  r i g h t  

a n g l e s  p o s i t i o n .

The v a l u e s  o f  r  and 0  f o r  t h e  v a r i o u s  t y p e s  o f  d ip h e n y l  

compounds to  be d i s c u s s e d  h a v e  b een  c a l c u l a t e d  i n  a c co r d a n ce



106

w i t h  t h e  above p r e m i s e s ,  t o g e t h e r  w ith  t h e  t h e o r e t i c a l  r a t i o s  

o f  t h e  moments o f  t h e  d ip h e n y l  and b e n z e n e  d e r i v a t i v e s  

c a l c u l a t e d  f o r  t h e  two ex trem e  p o s i t i o n s ,  t h a t  i s  w i t h  t h e  

r i n g s  (a )  c o p la n a r ,  and (b ) i n  p l a n e s  a t  r i g h t  a n g l e s .  In  

d e r i v i n g  c a l c u l a t e d  moments f o r  com p arison  w i t h  t h e  o b serv ed  

v a l u e s  t h e  moments o f  t h e  h a lo g e n o b e n z e n e s  and o f  

n i t r o b e n z e n e  used  h a v e  b e e n  t h o s e  r eco rd ed  i n  T a b le  2 .

A f u r t h e r  p r o p e r ty  o f  i n t e r e s t  in  t h i s  in r k , and one  

t h e  e v a l u a t i o n  o f  w h ich  i s  i n h e r e n t  in  t h e  method o f  

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

o f  ea ch  o f  t h e  compounds i n v e s t i g a t e d .  The f i g u r e s  o b t a in e d  

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

i so m e r ism  and w i l l  b e  compared w i t h  th e  v a l u e s  d e r iv e d  by 

a d d in g  t h e  d i f f e r e n c e  b e tw een  t h e  m o le c u la r  r e f r a c t i o n s  o f  

d i p h e n y l ,  5 2 .4 1  c . c .  ( 2 0 ) ,  and b e n z e n e ,  2 6 .2 1  c . c . , t o  t h e  

m o le c u la r  r e f r a c t i o n s  o f  t h e  c o r r e s p o n d in g  b e n z e n e  d e r i v a t i v e a ,  

T a b le  3 .  c o n t a i n s  t h e  v a l u e s  u s e d ,  b a se d  on t h e  f i g u r e s  o f  

V o g e l ,  G r e s s w e l l ,  J e f f r e y  and L e i c e s t e r  (2 1 )  f o r  t h e  

s u b s t i t u t e d  b e n z e n e s .

T a b le  5 .

F lu o r o d ip h e n y l  = 5 2 .1 8  c . c .

Chlo r o d ip h e n y l  5 7 .3 4  c .  c .

B rom odiph en yl 6 0 .1 9  c . c .

lo d o d ip h e n y l  6 5 . 3 5  c . c .

H i t r o d ip h e n y l  5 8 .9 2  c . c .
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The 5 - S u b s t i t u t e d  D e r i v a t i v e s  o f  D ip h e n y l

The 3 - h a l o g e n o -  anc 5 - n i t r o - d e r i v a t i v e s  o f  c ip h e n y l  

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

t h e  a d d i t i o n a l  m esom er ic  and n o n - c l a s s i c a l  i n d u c t io n  e f f e c t s  

brougkit ab ou t by t h e  i n t r o d u c t i o n  o f  a  secon d  r in g  would be  

e x p e c te d  t o  be a minimum. U s in g  2 .2 7  a s  t h e  v a lu e  o f  th e  

d i e l e c t r i c  c o n s t a n t  o f  th e  medium and t h e  v a l u e  o f  t h e  

p o l a r i s a b i l i t y , oc , quoted a b o v e ,  e q u a t io n s  (1} and (2 )  may 

be reduced  t o

" 7 .8 3 4 .  -------   — -----*^PhX
3 c o s^  0 - 1 (3 )

r

COS0 s i n 0
= 2 5 .5 0 .

I f  p  i s  t h e  r e s u l t a n t  moment, th e n

9  = h m s .  ^ * Vy

F or  th e  c a s e  o f  t h e  3 -  h a lo g e n o d ip h e n y l s  in  b o th  th e  

c o p la n a r  and r i g h t  a n g le s  p o s i t i o n  i t  can be  s e e n  from  

F ig u r e s  10 (a )  & ( b ) ,  w h ich  a r e  draim  to  s c a l e ,  t h a t

r .  c o s  -  2 .1 7 5 c o s 6 0  t  4 .3 0

and r . s i n  cp = 2 .1 7 5 c o s 3 0

from  w h ic h  (Ç = 1 9 °  1 9 '

h e n c e  0 » 40°41*  and r  = 5 .7 1  A

S u b s t i t u t i o n  o f  t h e s e  v a l u e s  i n t o  e q u a t io n s  ( 3 ) ,  (4 )  and

(5 )  l e a d s  t o  t h e  r e s u l t s

Yx. -  0 . 0 3 0 5 ^ j ^

{iy = 0 .0 6 2 4 ^ p j ^  

and ^ = 1 .0 32 |ip jjx



F i g . I O a. 3  - H alogenodiphenyl  ( R ings C o p l a n a r )

F ig. I O b . 3 - H al ogenodiphenyl / R ings In P lanes  At

\ R ight  A ngl es

F ig IO c . 3  -  N itrooiphenyl  ( R ings C o p l a n a r )



1 0 8

f o r  t h e  c o p l a n a r  h a l o g e n o - d e r i v a t i T e s ,  S i m i l a i ' l y  from  

P i g u r e  1 0 ( c )  i t  can  b e  s e e n  t h a t

r .  c o s  d) = 2 , 8 7 c o s 6 0  t  4 . 3 0  

and r . s i n  cüj = 2 . 8 7 c o s 3 0

fro m  w h ic h  = 23^ 3 6 ’

h e n c e  e  = 36^ 3 4 ’ and r  * 6 . 2 5  A

S u b s t i t u t i o n  o f  t h e s e  v a l u e s  i n t o  e q u a t i o n s  ( 3 ) ,  ( 4 )  and (5 )  

g i v e s  = 0 . 0 3 0 0  ^

= 0 . 0 4 b 0  y. 

and y  = 1 . 0 3 1  y  p^ilO^

The c a s e  i n  v /h ich  t h e  p l a n e s  o f  t h e  r i n g s  a r e  a t  r i g h t  

a n g l e s ,  a s  i l l u s t r a t e d  f o r  t h e  h a l o  g  e n o - d e r i v a t i v e  by  

P i g u r e  1 0 ( b ) ,  i s  l e s s  s i m p l e .  I f

y^  i s  t h e  com p on en t o f  t h e  in d u c e d  moment i n  t h e  p l^uie  a t  

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

y^  i s  t h e  com p onent o f  t h e  in d u c e d  moment i n  t h e  p i  n e  o f  

t h e  u n s u b s t i t u t e d  r i n g ,

t h e n  y^  » p ^ c o s 3 0  -  jiyCosOO ( 6 )

and

Y& " ^ x c o s 6 0  4» ^yCosSO ( 7 )

The a p p r o p r i a t e  v a l u e  o f  K can  o n l y  b e  b r o u g h t  i n t o  t h e  

c a l c u l a t i o n  a f t e r  t h i s  r e s o l u t i o n  h a s  b e e n  m ade, and on  

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

|ij. = I / 3 ( S c o s %  * 1 )  -  5 c o B 0 s in © |^ p h X

and

f-B * I 5 c o s ^ 9  -  1 + y S c o s e s i n e j ^ p h Z  (^ )

I n t r o d u c t i o n  o f  t h e  a p p r o p r i a t e  v a l u e s  o f  r  and 0 i n t o  t h e s e
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e q u a t i o n s  g i v e s

F r  -  - 0 . 0 0 2 4 jip ]^

and
F s  “ 0 .0 6 9 3 y p ^ ^

C o m b in a t io n  o f  t n e  v a l u e s  o f  ^i^.and ^3 g i v e s  t h e i r  

r e s u l t a n t  ^^^ich i s  i n  t h e  same p l a n e  a s  ^phX from

t h i s  l a t t e r  p a i r  o f  v a l u e s  ^  may b e  c a l c u l a t e d *

f t  ~ (Fr + Fs)^ (10)
and

F = (Ft F§hx  ̂ 2\itFphJC°°  ̂ Ï (1 1 )
S u b s t i t u t i o n  o f  t h e  f i g u i ' e s  o b t a in e d  a b o v e  f o r  yir and jig i n t o  

e q u a t i o n s  ( lO )  and ( 1 1 ) g i v e s

F t  " 0 .0 6 9 5 j i p>,Y

and
P “ l « 0 5 4 j ip^Y 

S i m i l a r l y ,  f o r  5 - n i t r o d i p h e n y l  t h i s  p r o c e d u r e  y i e l d s  t h e  

v a l u e s
F r  “ 0 . 0015jip ]]2^og  

jig = O .O 5 4 8 j ip ^ 0 g  

Ft " 0 .0548jip îgog

F ® I 'O S O jip ^ Q g

The a b o v e  r e s u l t s  a r e  r e c o r d e d  f o r  c o n v e n i e n c e  i n  T a b le  4 .

T a b le  4 *

r e t^Fphx F/FPhx
c o p l a n a r  r i ^ t  a n g l e s  
p o s i t i o n  p o s i t i o n

3 - h a l o g e n o d i p h e n y l s  5 . 7 1  40^41* 1 .0 3 g  1 .0 3 ^

3 - n i t r o d i p h e n y l  6 . 2 5  3 6 0 3 4 ’ l .O S ^  l .O S ^

w h i l s t  t h e  e x p e r i m e n t a l  r e s u l t s ,  i n c l u d i n g  t h e  p a r a m e t e r s  ^ ,
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p and D a r e  t o  be found i n  T a b le  5 .  t o g e t h e r  w i t h  t h e  

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

From t h e  d a t a  sum marised in  T a b le  4 .  and T a b le  5 .  i t  i s  

p o s s i b l e  t o  compare t h e  o b se r v e d  and c a l c u l a t e d  moments and t h i s  

i s  done m ost c o n v e n i e n t l y  i n  T a b le  6 .  The v a l u e s  o f  t h e  

c a l c u l a t e d  moments a r e  t h o s e  o b t a in e d  on t h e  a ssu m p t io n  t h a t  

t h e  p l a n e s  o f  t h e  r i n g s  a r c  a t  r i g i i t  a n g l e s  and f o r  t h e  m ost  

p a r t  th e y  d i f f e r  by l e s s  th a n  O.OID from  t h e  v a l u e s  o b t a in e d  

on t h e  a s s u m p t io n  o f  c o p la n a r  r i n g s .

T ab le  5 .

N. - 1 0 ^ 1 0 ^ 1*2» c a l c . F

3 - f l u e r o d i p h e n y l 1 .7 3 0 2 4 9 .0 195 1 0 2 .0  5 1 .6 5 2 .1 8 1 .5 7

3 - c h l o r o d ip h e n y l 1 .8 2 0 2 8 4 .7 383 1 1 2 .9  5 7 .6 5 7 .3 4 1 .6 5

3 -b r o m o d ip h e n y l 1 .5 0 6 4 3 4 .5 263 1 1 5 .1  6 0 . 2 6 0 .1 9 1 .6 4

3 - i o d o d i p h e n y l 1 .1 1 0 5 1 1 .9 295 1 1 0 .2  6 6 . 7 6 5 .3 5 1 .4 6

3 - n i  t r o d i p h e n y l 9 .5 2 3 3 3 3 .0 301 4 0 5 . 0  5 8 .7 5 8 .9 2 4 . 1 2

T a b le  6 .

^ o b s . \^ c a lc .

3 -  f  lu o  r o d ip h e n y l 1 .5 7 1 . 5 3 - 0 . 0 4

3 - c h l o r o d ip h e n y l 1 .6 5 1 .6 5 0 . 0 0

3 -b r o m o d ip h e n y l 1 .6 4 1 . 6 2 - 0 . 0 2

3 - i o d o d i p h e n y l 1 .4 6 1 .4 5 - 0 . 0 1

3 - n i t r o d i p h e n y l 4 . 1 2 4 . 1 3 - 0 . 0 1

I t  i s  r e a d i l y  s e e n  t h a t  i n  each  c a s e  t h e  o b s e r v e d  moment 

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

j u s t i f i e s  t h e  m ethod u sed  f o r  com p u tin g  t h e  c l a s s i c a l  i n d u c t i v e  

e f f e c t .  In  v i e w  o f  t h e  u n c e r t a i n t i e s  w h ich  b e s e t  t h e  u s e  o f
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t h e  Ph-X moment i n  t h e  c a l c u l a t i o n  t o g e t h e r  w i t h  t h o s e  due to  

any s o l v e n t  e f f e c t  t h e  above  agreem ent m ust be c o n s id e r e d  

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

Com parison o f  t h e  f i g u r e s  i n  T a b le  5 .  w i t h  t h o s e  o f  

p r e v i o u s  w o rk ers  i n  T a b le  1 .  f o r  5 - c h l o r o -  and 5 - n i t r o d i p h e n y l  

show s t h a t  i n  t h e  c a s e  o f  t h e  ch loro -com p o u n d  t h e  p r e s e n t  

f i g u r e  i s  in  good agreem ent w i t h  t h e  r e d e te r m in e d  v a l u e  o f  

Hampson and ¥ e i s s b e r g e r  (7 )  w h i l s t  f o r  th e  5 - n i t r o d i p h e n y l  

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

by îJaesh agen  ( 2 ) ,  i t  i s  d i f f i c u l t  t o  f i n d  a  r e a s o n  f o r  t h i s  

d i s c r e p a n c y .

The m ost n o t a b l e  f i g u r e s  in  T a b le  6 .  a r e  t h o s e  r e l a t i n g  

t o  5 - f l u o r o d i p h e n y 1 . They w i l l  n o t  be  d i s c u s s e d  a t  l e n g t h  

h e r e  b u t  w i l l  be c o n s id e r e d  l a t e r  in  c o n j u n c t io n  w i t h  t h o s e  

f o r  t h e  p o s i t i o n a l  i s o m e r s  w h ic h  w i l l  a l s o  be shovm t o  b e ,  

i n  v a r y in g  d e g r e e s ,  a n om alo u s . A com p a rison  o f  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 s  o f  t h e  m o le c u la r  r e f r a c t i o n  shows th a t  

f o r  th e  m ost p a r t  t h e  agreem ent i s  good p a r t i c u l a r l y  s i n c e  

t h e  d i f f e r e n c e  b e tw e en  t h e  r e s u l t s  deduced from  t h e  r e f r a c t i v e  

i n d e x  m easurem ents  on s o l u t i o n s  and t h o s e  o b t a in e d  by  

m easu rem en ts  on t h e  compound i n  t h e  p u re  s t a t e ,  i f  i t  i s  a  

l i q u i d ,  i s  o f t e n  found  t o  be o f  t h e  o r d e r  o f  a  c u b ic  

c e n t i m e t r e .

One may t h e r e f o r e  s u m a a r ise  t h i s  s e c t i o n  by s t a t i n g  

t h a t ,  in  g e n e r a l ,  t h e  e l e c t r o n i c  t r a n s i t i o n s  w i t h i n  th e  

m o le c u le  o f  a  3 - s u b s t i t u t e c l  d ip h e n y l  a r e  a d e q u a t e ly  a c c o u n te d  

f o r  on .the  b a s i s  o f  t h e  c l a s s i c a l  i n d u c t i v e  e f f e c t ,  and may 

be r e g a r d e d  as s u b s t a n t i a t i n g  t h e  s t a t e m e n t  o f  E v erard  and
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S u t t o n  (1 0 )  t h a t  t h e  o n ly  e f f e c t  o f  m e t a - s u b s t i t u t i o n  o f  

a  c o n ju g a t e d  sy s te m  i n t o  a  b e n z e n e  d e r i v a t i v e  s h o u ld  b e  an 

i n d u c t i v e  o n e ,  and t h i s  would be e x p e c t e d  to  be s m a l l .

The 2 - S u b s t i t u t e d  D e r i v a t i v e s  o f  D ip h e n y l

S i n c e  i n  t h e  p r e v i o u s  p a r t  o f  t h i s  s e c t i o n  i t  was shown 

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

j u s t i f i e d ,  i t  w i l l  now b e  a p p l ie d  t o  t h e  o t h e r  m o n o - s u b s t i t 

u t e d  d e r i v a t i v e s  o f  d i p h e n y l .  P or t h e  2 - h a l o  g  en o d ip h e n y  1 s  

i t  can b e  s e e n  from  F ig u r e  1 1 ( a )  t h a t  

r .  c o s  cp = 4 . 3 0  + 2 .1 7 5 c o s 6 0  

and r .  s i n  cp = 2 .1 7 5 c o s 3 0

from  w h ic h  ^ = 30^28*

h e n c e  9 ** 8 9 ^ 3 2 ’ and r  » 3 . 7 3  A

F o r  t h e  c o r r e s p o n d in g  n i tro -com p ou n d  shown i n  F ig u r e  1 1 ( c )  

r .c o s c p  = 4 . 3 0  f  2 .8 7 c o s 6 0

and r . s i n c ^ -  2 .8 7 c o s 3 0

t h u s  e 40® 57*

w h i l e  9  * 79^3* and r  -  3 .7 9  A

C o n s id e r in g  t h e  c a s e  i n  w h ich  t h e  r i n g s  a r e  c o p la n a r ,  

s u b s t i t u t i o n  o f  th e  above  f i g u r e s  i n  e q u a t io n s  ( 3 ) ,  (4 )  and 

(5 )  l e a d s  to  t h e  v a l u e s

Yx ^ -0 .1 5 0 9 y .p ]^

Yy = o.oo4i^phx
and Y * 0 . 8 4 9 ^ p ^

f o r  t h e  2 - h a l o g e n o d ip h e n y I s ,  and



F i g  IIa. 2 - H a l o g e n o d i p h e n y l

( R i n g s  C o p l a n a r )

F i g . I Ib . 2 - H a l o g e n o d i p h e n y l  ( R i n g s  In  P l a n e s  A t  R i g h t  A n g l e s )

F i g . l i e .  2 - N i t r o d i p h e n y l  ( R i n g s  C o p l a n a r )



1 1 3

■ -0 .1 2 8 y p b g O g

Yy « 0 .0803yiph N 02  

and p  ~ 0.876y.jj^]^Q^

f o r  2 - n i t r o d i p h e n y l .

C o n s i d e r a t i o n  o f  t h e  c a s e  i n  w h ic h  t h e  p l a n e s  o f  t h e  

r i n g s  a r e  a t  r i g h t  a n g l e s  sh ow s t h a t  e q u a t i o n s  ( 6 )  and (7 )  

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

= y-xOosSO 4. |AyCOs60 (12)
and

jig " jiyCosSO -  jixCosôO (1 5 )

Thus e q u a t i o n s  (8 )  and ( 9 )  a r e  r e p l a c e d  i n  t h i s  i n s t a n c e  b y  

" - "3^" ( / 3 ( 3 c o B ^ e  -  1 )  4 S c o s e s i n e j  jiphx ( 1 4 )

and
j s / S c o s e s i n e  -  5 c o 8 ^ e  t  i j  j^phX (1 5 )

I n t r o d u c t i o n  o f  t h e  a p p r o p r i a t e  v a l u e s  o f  r  and 9  i n t o

e q u a t i o n s  (1 4 )  and ( 1 5 )  t o g e t h e r  w i t h  e q u a t i o n  (1 0 )  and t h e  

e x p r e s s i o n

f  = ( | ^  + VPhX X

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

f r  “ - 0 . 0 6 5 3 | i p j ^

F s  '  G .0 7 5 5 | i p ^

|it " 0.0998^piix 
and p  = 0.906^pjj;^

f o r  t h e  2 - h a l o g e n o d i p h e n y l s ,  and 

F r  = - 0 - 0 3 5 | ip i j j 0 2

F s  " O' ^^^"^FPbFOp 

Yt  ■ 0 '1383 |ip j ij f0 2  

and Ÿ " O'GOBppgbirOg
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f o r  t h e  2 - n i t r o d i p h e n y l .  As in  t h e  c a s e  o f  t h e

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

b e lo w .
T a b le  7 .

r t e e .

2 - h a l o g e n o d i p h e n y l s  3 . 7 3  

2 - n i t r o d i p h e n y l  3 . 7 9

0 . 8 4 g

0 , 8 7 g

0# 90^  

0 . 9 0 q

a
89^32*

7 9^ 3 '

The p o l a r i s a t i o n  d a t a  o b t a i n e d  i n  t h e  p r e s e n t  vjo rk f o r  t h e  

2 - s u b s t i t u t e d  d i p h e n y l s  i s  su m m arised  i n  T a b le  8 .  and t h e  

c o m p a r iso n  o f  t h e  c a l c u l a t e d  end o b s e r v e d  mom ents c o n s t i t u t e s  

T a b le  9 .

T a b le  8

R - 1 0 ^ 1 0 ^ P20Q [%)] ^

2 - f l u o  ro d i p h e n y l 1 . 3 4 6 2 5 1 .4 196 8 9 . 4 5 1 .6  1 . 5 6

2 -  Ohio r  o d i p h e n y l 1 .4 0 9 2 8 0 . 8 256 9 8 . 5 5 7 . 2  1 . 4 2

2 -b r o m o d ip h e n y l 1 . 2 7 9 4 1 5 .9 24 8 1 0 6 . 7 6 0 . 8  1 . 5 0

2 - i o d o d i p h e n y l 0 .8 9 7 5 1 1 .9 28 4 1 0 0 . 0 6 7 . 1  1 . 2 7

2 - n i  t r o d  ip h e n y 1 7 . 7 2 0  

T a b le  9

3 2 3 .7

.

28 5 3 3 8 . 0 5 8 .8  3 . 7 0

2 - f l u o  r o d i p h e n y l

T
( o b s .

1 . 3 6

u Au
b a l e .  '

) c o p la n a r  
1 . 2 6  - 0 . 1 0

U

o a l  c . 
r t . a n g l e s  
1 . 3 4  - 0 . 0 2

2 -  c h l o r o d i p h e n y l 1 . 4 2 1 .3 6 - 0 . 0 6 1 . 45  0 . 0 3

2 -  b r  omo d ip h e n y  1 1 . 5 0 1 . 3 3 - 0 . 1 7 1 . 4 2  - 0 . 0 8

2 - i o d o d i p h e n y l 1 . 2 7 1 . 1 9 - 0 . 0 8 1 . 27 0 . 0 0

2 - n i t r o d i p h e n y l 3 . 7 0 3 . 5 1 - 0 . 1 9 3 . 64  - 0 . 0 6

C om parison  o f  t h e r e s u l t s r e c o r d e d  i n  'f a b l e 8 .  w i t h  t h o s e

a l r e a d y  p u b l i s h e d ,  T a b le  1 . ,  f o r  2 - o h l o r o -  and 2 - n i t r o d i p h e n y l  

sh ow s t h a t  t h e  p r e s e n t  v a l u e  f o r  t h e  d i lo r o -c o m p o u n d  i s  i n
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g o o d  a g r ee m e n t  w i t h  t h o s e  o b t a i n e d  b y  Haxapson and 

V /e is s b e r g e r  (? )  and by h a e s h a g e n  (2 )  w h i l s t  t h e  p r e s e n t  

v a l u e  f o r  t h e  n i tro -co m p o u n d  i s  c o n s i d e r a b l y  lo w e r  th a n  

t h o s e  fou n d  by IJaeshagen  ( 2 ) ,  Le P e v r e  and Le P e v r e  (S )  and 

by Lumbroso ( 4 ) .  Of t h e  compounds m ea su red  h e r e  t h i s  show s  

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

I t  may b e  p o i n t e d  o u t  t h a t  t h e  p r e s e n c e  o f  t h e  4 - i s o m e r ,  

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

n i t r a t i o n  o f  d i p h e n y l ,  i n  t h e  sa m p le  u s e d  w ou ld  c a u s e  t h e  

o b s e i v e c  r e s u l t  to  b e  t o o  h i g h .

Prom t h e  f i g u r e s  r e c o r d e d  i n  T a b le  9 .  i t  may b e  

c o n c lu d e d  t h a t  i n  g e n e r a l  t h e  2 - s u b s t i t u t ed d i p h e n y l s  h a v e  

an a n g le  b e tw e e n  t h e  p l a n e s  o f  t h e i r  r i n g s  w h ic h  i s  c l o s e  t o  

90®. 'There a r e ,  h o w e v e r ,  s e v e r a l  a n o m a l ie s  -^ i ic h  m ust be  

d e a l t  w i t h  i n d i v i d u a l l y .  The io d o -co m p o u n d  ivould  a p p ea r  to  

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

r i g l i t  a n g l e s  and t h i s  may be s a i d  t o  f i t  w e l l  w i t h  t h e  

c o n c e p t i o n  o f  an i o d i n e  atom  o f  c o n s i d e r a b l e  b u l k .  The 

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

w ould e x p e c t  t o  h a v e  a  s t r u c t u r e  som ew hat n e a r e r  to  a  

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

moment i s  b e tw e e n  t h e  v a l u e s  c a l c u l a t e d  l o r  t h e  c o p la n a r  

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

o b t a in e d  f o r  t h e  l a t t e r  c o n d i t i o n .  By analogy^ i t  m.:y be  

e x p e c t e d  t h a t  t h e  moment o f  t h e  2 - f l u o r o d i p h e n y l  w ou ld  b e  

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

c l o s e r  t o  i t s  c o r r e s p o n c i n g  c o p la n a r  v a l u e  th a n  i s  t h e  

c h lo r o -c o m p o u n d .  T h i s ,  h o w e v e r ,  i s  n o t  found to  be t h e  c a s e ;
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t h e  o b s e r v e d  v a l u e  i s  s e e n  t o  be g r e a t e r  th a n  t h a t  

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

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

t h e  p r e s e n t .

The o b s e r v e d  v a l u e  f o r  t h e  moment o f  2 - n i t  r o d i p h e n y l  i s  

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

a n g l e s  p o s i t i o n  o f  t h e  two r i n g s .  T h is  i s  n o t  so  anom alou s  

a s  i s  t h e  c a s e  o f  t h e  f l u o r o - d e r i v a t i v e  s i n c e  t h e  m eso m er ic  

e f f e c t  due t o  t h e  n i t r o - g r o u p  a c t s  i n  t h e  o p p o s i t e  s e n s e  to  

t h a t  du e  t o  a  h a l o g e n  and t h e r e f o r e  t e n d s  t o  i n c r e a s e  t h e  

r e s u l t a n t  moment. From F ig u r e  1 1 ( c ) .  i t  i s  s e e n  t h a t  

s t e r i c  f a c t o r s  make i t  a p p e a r  u n l i k e l y  t h a t  2 -  n i t r o d i p h e n y l  

w ou ld  rem ain  c o p l a n a r .  One p o s s i b i l i t y  i s  t h a t  t h e  n i t r o -  

g ro u p  may r o t a t e  a b o u t  t h e  C-U l in l c a g e .  T h i s ,  h o w e v e r ,  may 

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

o u t  o f  t h e  p l a n e  o f  t h e  r i n g  to  w h ic h  i t  i s  a t t a c h e d  wouM 

p r e v e n t  t h e  p o s s i b i l i t y  o f  ^T-bond f o r m a t io n  and t h e  

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

moment, b u t  t h i s  i s  c o n t r a r y  t o  t h e  o b se r v e d  r e s u l t .  One 

m ust assum e t h a t  t h e  m o st  p r o b a b le  s t a t e  o f  t h i s  m o l e c u l e  

i s  one  i n  w ii ich  t h e  p l a n e  o f  t h e  n i  t r o - g r o u p  i s  s l i g h t l y  

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

and a l s o  t h a t  t h e  p l a n e s  o f  t h e  two r i n g s  are" i n c l i n e d  to
\

on e  o t h e r ,  t h e  a n g l e  b e tw e e n  t h e s e  p lu m es  b e in g  

i n s u f f i c i e n t  t o  p r e v e n t  i r - o v e r l a p .

The m o st  im p o r ta n t  p o i n t  a r i s i n g  from  T a b le  W. i s  t h a t  

t h e  v a l u e  o f  t h e  o b s e r v e d  moment f o r  2 -b r o m o d ip h e n y l  i s  

c o n s i d e r a b l y  i n  e x c e s s  o f  t h e  c a lc u l a t e d ,  v a l u e s 4 T h is  i s
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made t o  seem  more an om alou s by t h e  f a c t  t h a t  t h e  v a l u e  

o b t a i n e d  f o r  2 - i o d o d i p h e n y l  i s  w e l l  i n  a g r ee m e n t  w i t h  t h e  

c a l c u l a t e d  v a l u e .  A p o s s i b l e  s o u r c e  o f  e r r o r ,  w h ic h  w ou ld  

c a u s e  an i n c r e a s e  i n  t h e  o b s e r v e d  moment, w ou ld  b e  t h e  

p r e s e n c e  o f  4 - b r o m o d ip h e n y l  due t o  t h e  u s e  o f  im pure  

2 - a m in o d ip h e n y l  i n  t h e  p r e p a r a t i o n .  T h is  was e l i m i n a t e d  by  

t h e  u s e  o f  brom o-com pound d e r i v e d  from  2 - a m in o d ip h e n y l  t h a t  

had b e e n  s u b j e c t e d  t o  c o n s i d e r a b l e  p u r i f î c a t i o n  b e f o r e  u s e .

The n o n - c l a s s i c a l  i n d u c t i v e  e f f e c t  m e n t io n e d  e a r l i e r  

o p p o s e s  t h e  m e so m e r ic  e f f e c t  i n  t h e  h a l o g e n s ,  e n h a n c in g  t h e  

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

2 -b r o m o d ip h e n y l  may p o s s i b l y  be  a  p a r t i a l  e x p l a n a t i o n  o f  t h e  

h i g h  moment o f  t h a t  compound. The v/ork o f  Guy ( 2 2 ) ,  

h o w e v e r ,  i n d i c a t e s  t h a t  t h e v  ^ o v e r la p  a c r o s s  t h e  c e n t r a l  

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

t h e  p l a n e s  o f  t h e  r i n g s  i n c r e a s e s  a b o v e  tt/ 4 and t h a t  i t  

b eco m es z e r o  when t h i s  a n g l e  r e a c h e s  S 'r r /S .  T h e r e f o r e ,  i f  

t h e  b u lk  o f  t h e  s u b s t i t u e n t  b ro m in e  atom  i s  s u f f i c i e n t l y  

l a r g e ,  a s  a p p e a r s  l i k e l y ,  t h e n  t h e  a n g l e  b e tw e e n  t h e  p l a n e s  

o f  t h e  r i n g s  i n  2 -b r o m o d ip h e n y l  w i l l  b e  g r e a t  enougfi t o  

r e d u c e  t h e  m eso m e r ic  and n o n - c l a s s i c a l  i n d u c t i v e  e f f e c t s .

I t  i s  s u g g e s t e d  t h e r e f o r e  t h a t  r e s t r i c t i o n  o f  t h e  m eso m er ic  

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

t h e  r i n g  from  t h e  G-Br bond t h u s  c a u s i n g  an i n c r e a s e  i n  

t h e  p r im a r y  d i p o l e ,  i t  b e i n g  assumed t h a t ,  a f t e r  a l l ,  t h e  

n o n - c l a s s i c a l  i n d u c t i v e  e f f e c t  w i l l  be  by c o m p a r iso n  o f  

s e c o n d a r y  im p o r t a n c e .  On t h e  b a s i s  o f  t h i s  e x p l a n a t i o n  one
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w ou ld  e x p e c t  2 - i o d o d i p h e n y l  t o  e x h i b i t  a  s i m i l a r  e l e v a t i o n  

o f  t h e  o b s e r v e d  moment a b o v e  t h e  c a l c u l a t e d  v a l u e s .  That  

t h i s  i s  n o t  t h e  c a s e  w ou ld  a p p e a r  t o  i n d i c a t e  t h a t  t h e  

m e so m e r ic  moment due t o  a  s u b s t i t u e n t  i o d i n e  atom  i s  

c o n s i d e r a b l y  s m a l l e r  th a n  t h a t  a s s o c i a t e d  w i t h  a  b rom in e  

atom  s i m i l a r l y  s i t u a t e d .

O om parison o f  t h e  o b s e r v e d  v a l u e s  f o r  t h e  m o l e c u l a r  

r e f r a c t i o n s  w i t h  t h e  c a l c u l a t e d  f i g u r e s  i n  T a b le  3 .  show s  

t h a t ,  a s  w i t h  t h e  i s o m e r i c  3 - s u b s t i t u t e d  d i p h e n y l s ,  t h o s e  

o b t a i n e d  f o r  t h e  c h l o r o - ,  brom o- and n i t r o - d e r i v a t i v e s  a r e  

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

f o r  t h e  f lu o r o -c o m p o u n d  i s  lo w e r  th a n  c a l c u l a t e d  w h i l s t  

t h a t  f o r  t h e  io d o -co m p o u n d  i s  h i g h e r  th a n  c a lc u la t e d ,  b u t  i n  

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

a t t e n t i o n .

The 4 - S u b s t i t u t e d  D e r i v a t i v e s  o f  D i p h e n y l .

As can  be s e e n  from  F i g u r e s  1 2 ( a ) ,  (b )  and ( c )  t h e  

c a l c u l a t i o n  o f  i n d u c t i v e  e f f e c t s  f o r  t h e  4 - s u b s t i t u t e d  

d i p h e n y l s  i s  much s i m p l i f i e d  by t h e  f a c t  t h a t  9  = 0 °  and 

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

g i v e n  d e r i v a t i v e ,  and in d e p e n d e n t  o f  t h e  a n g l e  b e tw e e n  t h e  

p l a n e s  o f  t h e  r i n g s .  F or  t h e  h a l o g e n - d e r i v a t i v e s .

F i g u r e s  12  (a )  and ( b ) , r  ® 6 .4 7 5 A  w h i l s t  f o r  t h e  n i t r o -  

d e r i v a t i v e  r  « 7 .1 7  A an d , b e i n g  z e r o ,  s u b s t i t u t i o n  i n  

e q u a t i o n  (3 )  g i v e s  t h e  c o r r e s p o n d in g  v a l u e s  o f  a s  0 .0 5 7 8 |r ^ ^  

and 0 . 0425jip]^Q^ , and t h e s e ,  by a p p l i c a t i o n  o f  e q u a t io n  

( 7 ) ,  l e a d  to  t h e  v a l u e s  o f  t h e  r e s u l t a n t  moment i n d i c a t e d



F k s Q a  4 - H a l o g e n o d ip h e n y l  ( R in g s  C o p l a n a iO

%

F i g Q b . 4 - Ha l o g e n o d ip h e n y l  ( R in g s  In  P l a n e s  At  R ig h t  A n g l e s^

F ig I 2 c .  4 - N i t r o d i p h e n y l  (R in g s  C o p l a n a r )
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i n  T a b le  1 0 .
T a b le  1 0 .

® K V p h x
4 - h a l o g e n o d i p h e n y l s  6 . 4 7 5  0 1 . 0 5 q

4 - n i t  r o d i p h e n y l  7 . 1 7  0  ' 1 .0 4 ^

T a b le s  1 1 .  and 1 2 .  c o n t a i n  r e s p e c t i v e l y  a  sunimary o f  

t h e  p o l a r i s a t i o n  d a t a  f o r  t h e  4 - s u b s t i t u t e d  d i p h e n y l  m easu red  

h e r e  and a  c o m p a r iso n  o f  t h e  o b s e r v e d  and c a l c u l a t e d  m om ents.

T a b le  1 1 .

a - 1 0 ^ 1 0 ^ ^2® [ % ] y
4 - f l u o  r o d i p h e n y l 1 .5 8 9 2 4 8 .4 210 9 7 . 4 5 2 . 1 1 . 4 9

4 - c h lo  r o d i p h e n y l 1 . 8 5 0 2 8 4 .6 286 1 1 4 . 0 5 7 . 8 1 .6 6

4 -b r o m o d ip h e n y l 1 .5 3 9 4 3 4 . 3 267 1 1 6 .8 6 0 . 3 1 . 6 6

4 - i o d o d i p h e n y l 1 . 1 1 0 5 3 1 .3 3 1 2 1 0 9 .7 6 7 . 0 1 . 4 5

4 - n i t  i^ o d ip h en y l 1 0 .6 7  

T a b le  1 2 .

3 3 6 .7 333 4 4 7 .7 5 9 .7 4 . 3 6

^ ( o b s . ) ^ ( c a l c

4 - f l u o  r o d i p h e n y l 1 . 4 9 1 . 5 7 - 0 . 0 8

4 - c h lo  r o d i p h e n y l 1 .6 6 • 1 . 6 9 - 0 . 0 3

4 -b r o m o d ip h e n y l 1 .6 6 1 . 6 6 0 . 0 0

4 - i o d o d i p h e n y 1 1 . 4 5 1 . 4 8 - 0 . 0 3

4 - n i  t r o d i p h e n y 1 4 . 3 6 4 . 1 8 - 0 . 1 8

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

und brom o-com pounds a r e  s e e n  t o  b e  i n  go od  a g r ee m e n t  w i t h  

t h o s e  o f  t h e  p r e v i o u s  w o r k e r s  su m m arised  i n  T a b le  1 .  The 

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

h ig k ier  th a n  t h o s e  o b t a i n e d  p r e v i o u s l y  W i i l e  f o r

4 - n i t r o d i p h e n y l  t h e  f i g u r e  now r e p o r t e d  i s  d i s t i n c t l y  h i g h e r
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th a n  t h o s e  due t o  ÎTaeshagen (2 )  and Le p W r e  and Le k è v r e  (5 )  

h u t  som ewhat lo w e r  th a n  t h a t  r e c o r d e d  by E v e r a r d ,  Kumar and 

S u t t o n  ( 5 ) ,  t h i s  l a s t  m e n t io n e d  v a l u e  b e i n g  d e r i v e d  from  

m e a su r e m e n ts  on o n l y  t h r e e  s o l u t i o n s .  ^

F or  t h e  m o st  p a r t  t h e  o b s e r v e d  v a l u e s  o f  t h e  moments 

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

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

o f  t h e  m e so m e r ic  e f f e c t .  The p a r a - p o s i t i o n  o f  t h e  s u b s t i t u e n t  

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

and t h e  low  v a l u e s  o f  t h e  o b s e r v e d  moments o f  t h e  h a l o g e n -  

d i p h e n y l s  w ou ld  be e x p e c t e d  from  a  c o n s i d e r a t i o n  o f  t h e  

d i r e c t i o n  o f  t h e i r  m e so m e r ic  m om en ts . On t h e  o t h e r  hand t h e  

m e s o m e r ic  e f f e c t  due to  a  n i t r o - g r o u p ,  a s  s t a t e d  e a r l i e r ,  

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

t h e  same s e n s e  a s  d o e s  t h e  i n d u c t i v e  e f f e c t  and i n  t h e  o p p o s i t e  

s e n s e  t o  t h a t  a s s o c i a t e d  w i t h  t h e  h a l o g e n s .  T h i s ,  i t  i s  s e e n ,  

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

I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t ,  f o r  t h e  m ost  p a r t ,  th e  

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

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

t h e  c o r r e s p o n d i n g  2 - ,  and 5 - s u b s t i t u t e d  i s o m e r s ,  and t h i s  may 

b e  ta k e n  a s  f u r t h e r  s u p p o r t  f o r  t h e  a b o v e  e x p l a n a t i o n s  o f  

t h e i r  d i p o l e  m om en ts, i t  b e i n g  assum ed t h a t  t h e  amount o f  

d o u b le  bond c h a r a c t e r  i n t r o d u c e d  i n t o  t h e  c e n t r a l  bond by  t h e  

m eso m e r ic  e f f e c t s  i n  t h e  4 - s u b s t i t u t e d  i s o m e r s  i s  r e s p o n s i b l e  

f o r  t h i s  i n c r e a s e .

To r e t u r n  to  t h e  d i v e r g e n c e s  shown by t h e  t h r e e  i s o m e r i c
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n io n o f lu o r o d ip h e n y l s  o n e  can  s e e  t h a t  t h e  4 - s u b s t i t u t e d  i s o m e r  

i s  t h e  l e a s t  a n om alou s and can  b e  e x p l a in e d  a lo n g  t h e  l i n e s  

s e t  o u t  a b o v e .  In  t h e  c a s e  o f  5 - f l u o  r o d i p h e n y l  t h e  d i s c r e p a n c y  

b e tw e e n  t h e  t h e o r e t i c a l  and e x p e r i m e n t a l  v a l u e s  o f  t h e  moment 

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

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

t h e  m a in te n a n c e  w i t h i n  t h e  s u b s t i t u t e d  r i n g  o f  m eso m er ic  

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

th a n  o f  t h e  l a r g e r  v a l u e s  one  would e x p e c t  i n  t h e  more  

e x t e n s i v e l y  c o n j u g a t e d  d i p h e n y l  s y s t e m .  A l s o ,  t h e  m eso m er ic  

e f f e c t  due t o  a  f l u o r i n e  atom  b e i n g  assum ed l a r g e r  th a n  t h a t  

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

c o n s i d e r a t i o n ,  t h e  a b o v e  s t a t e  o f  a f f a i r s  would n o t  be  

e x p e c t e d  t o  b e  o b s e r v a b l e  to s u c h  a  marked e x t e n t  i n  t h e  

r e m a in in g  3 - h a l o g e n o d i p h e n y l s .

The h i g h  f i g u r e  o b t a i n e d  f o r  t h e  moment o f  2 -  f l u o  r o d ip h e n y  ] 

may n o t  be e x p l a i n e d  i n  t h e  same m anner a s  t h a t  o f  t h e  

c o r r e s p o n d in g  b r o m o - d e r i v a t i v e  s i n c e  t h e  b u lk  o f  t h e  

s u b s t i t u e n t  f l u o r i n e  atom  i s  n o t  s u f f i c i e n t  t o  p r e v e n t  r o t a t i o n  

i n t o  t h e  p l a n e  o f  t h e  u n s u b s t i t u t e d  r i n g .  F u r t h e r  one w o u ü  

e x p e c t  t h e  p r im a r y  d i p o l e  t o  b e  r e d u c e d  by t h e  m eso m er ic  

e f f e c t .  H ow ever , t h e  d i r e c t i o n  o f  t h e  r e s u l t a n t  m eso m er ic  

moment w ou ld  b e  a l o n g  t h e  a x i s  o f  t h e  c e n t r a l  bond and i n  a  

s e n s e  s u c h  t h a t  v e c t o r  a d d i t i o n  w ou ld  show an en h an ced  

r e s u l t a n t  moment. H ere  a g a in  i t  m u st b e  s t a t e d  t h a t  t h e  

m eso m e r ic  e f f e c t s  due t o  a  f l u o r i n e  atom  a r e  assum ed l a r g e  i n  

c o m p a r iso n  w i t h  t h o s e  due to  t h e  r e m a in d e r  o f  t h e  h a l o g e n s .

Thus t h e  e f f e c t  d i s c u s s e d  would n o t  be e x p e c t e d  t o  m a n i f e s t
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i t s e l f  i n  t h e  c a s e  o f  t h e  c h l o r o - d e r i v a t i v e .  I t  i s  s t a t e d  

i n  c o n c l u s i o n  t h a t  .a l l  t h e  e x p l a n a t i o n s  t h a t  h a v e  b e e n  p u t  

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

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

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

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

p u r e l y  q u a l i t a t i v e .
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S e c t i o n  I I I .

The 2 , 2 * - L i s u b s t i t u t e d .  D e r i v a t i v e s  o f  L ip h e n v l  

The t h e o r y  o f  i n d u c t i v e  e f f e c t s  u sed  i n  S e c t i o n  I I .  h a s  

a l s o  b e e n  a p p l i e d  t o  t h e  2 , 2 * - d i s u b s t i t u t e d  d i p h e n y l s  i n  t h e  

c i s  and t r a n a  c o n f i g u r a t i o n s  and f o r  t h e  c a s e  i n  w h ic h  t h e  

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

i s  t h a t  i n  w h ic h  t h e  s u b s t i t u e n t s  a r e  i n  t h e  w h o l ly  t r a n s  

p o s i t i o n ,  F ig u r e  1 3 ( b ) ,  a s  i t  i s  r e a d i l y  shown t h a t  t h e  

r e s u l t a n t  moment i s  z e r o .  F o r  t h e  w h o l l y  c i s  c o n f i g u r a t i o n  

o f  t h e  m o l e c u l e .  F ig u r e  1 3 ( a ) ,  r e s o l u t i o n  i n  two d i r e c t i o n s  

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

o u t .  I f

A , is  -the r é s u l t e n t  moment a l o n g  t h e  a x i s  o f  t h e  c e n t r a l  

b on d , and

B i s  t h e  r e s u l t a n t  moment a t  r i g h t  a n g l e s  t o  t h e  a x i s  

o f  t h e  c e n t r a l  b on d , t h e n  

A ® ji%;C0860 -  j iy c o s 3 0  * -  | i^ c o s 6 0  + y ^ c o s 3 0

•  0 

and

B •  2 (  *** |%xcos30 4̂  | iy C o s6 0  |

- Ÿ



F ie 13a 2 ,2 * -  D ihaloccnooiphcnyl ( C is C o i f̂icuration)

r;Jx

Fie 13b. 2 . 2 ' - OlHALOCENOOtPHENYL ( T raNS CONFIGURATION)

Fie. I3c. 2 , 2 ' - D ih a l o g e n o d ip h e n y l  ( R in g s  In  P l a n e s  A t  R ig h t  A n g l e s )

R i n g I IR ing I
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S u b s t i t u t i o n  o f  t h e  v a l u e s  o f  and o b t a i n e d  i n  t h e  

c a l c u l a t i o n s  on t h e  2 - s u b s t i t u t e d  d i p h e n y l s  i n  t h e  p r e v i o u s  

s e c t i o n  g i 'v e s  f o r  t h e  d ih a lo g e n o -c o m p o u n d s  

Y " 0 . 8 4 9 / 3 | i p ^  t  0«0041 |ip^X  

S 1.475^pllj;; 

and f o r  t h e  d i n i t  ro  -  compound

- 1.
F or  a l l  b u t  t h e  d i f l u o r o - d e r i v a t i v e  t h e  c i s  p o s i t i o n  i s  

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

In  t h e  c a s e  w h ere  t h e  p l a n e s  o f  t h e  r i n g s  a r e  a t  

r i g h t  a n g l e s ,  5’i g u r e  1 3 ( c ) ,  t h e  c a l c u l a t i o n  i s  s l i g h t l y  mo r e  

c o m p le x .

jfor t h e  f o r c e s  i n  t h e  p l a n e  o f  r i n g  1 .

A i * ^pi;^cos60 t  ^^cosôO -  |iyC os30

a n d

« ^Ph%oo830 t  j]^ c o s3 0  f  |iy C o s6 0  

Fox t h e  f o r c e s  i n  t h e  p l a n e  o f  r i n g  2 .

Ag •  ^phxoosôO  ^ ^ ^ c o s 6 0  -  | i y c o s 3 0

a n d
® yph% oos30 t  ^-^00830 4- |XyCos60 

B u t A i and Ag c a n c e l  w h i l e  Bp and Bg f o r t i f y  on e  a n o t h e r

P  [ 4 ^ 4 f

A l l  t h e  f o r c e s  i n  Bp amd Bg a r e  i n  p l a n e s  a t  r i g h t  a n g l e s  to  

t h o s e  o f  t h e  r i n g s  i n  w h ic h  t h e  i n d u c t i o n  i s  b e i n g  b r o u g h t  

a b o u t  and t h e r e f o r e  t h e  v a l u e  o f  t h e  po l a r i s  a b i l i t y ,  OC , t o
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b e  u s e d  i s  6 . 2 5  x  10^^^. Thus t h e  v a l u e s  o f  | ix  and t o  

b e  u s e d  i n  t h i s  s u b s t i t u t i o n  a r e  h a l f  t h e  v a l u e s  used  i n  

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

a b o v e .  H ence f o r  t h e  h a l o g e n o - d e r i v a t i v e s

^  (^phx ♦ ^x) f y  j

“ FphX ( 0 . 9 2 5 / S  .  0 . 0 0 2  )
2

* 0 . 802 |i

a n d  Ü «  l . l 5 4 | J i p h x  

w h i l e  f o r  t h e  n i t r o - d e r i v a t i v e

B l  '  p p m o g  ( 0 . 9 3 6 / 3  t- 0 . 0 4 0 )
2

8 0.831|ipj3jfOg

a n d  Y “  ^ •2 .7 5 |ip j j j j0 2

T a b le s  13 and 14 c o n t a i n  r e s p e c t i v e l y  a  sumaaxy o f  t h e  

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

f e w  2 , 2 * - d i s u b s t i t u t e d  d i p h e n y l s  and a  c o ii^ a r iB o n  o f  t h e

o b s e r v e d  moments w i t h t h o s e  c a l c u l a t e d  a s shown a b o v e .

T a b le  13

s  - 1 0 ^ io3j; P200

2 f 2 *- d i f l u o r o d i p h e n y l 2 . 1 2 0  3 2 0 .9 127 1 2 2 . 5 5 0 .5  1 . 8 8

2 ,2 *  - d i  c h lo  rod iphen^ri 2 . 0 9 5  3 5 8 .7 2 3 1 1 4 0 .1 6 1 . 2  1 .9 7

2 ,2 *  - d ib r o m o d ip h e n y l 1 . 4 0 0  5 6 1 .4 222 1 3 6 .4 6 6 . 5  1 .8 7

2 , 2 * - d i n i t r o d i p h e n y l 1 1 .7 8 5  4 3 0 .9 244 5 9 3 .3 6 2 . 5  5 . 1 0
T a b le  14

o b ï . oaÇ c.
U

c a l c .
c i s r t . a n g l (

2 , 2 * - d i f l u o r o d i p h e n y l 1 . 8 8 2 . 1 8 1 .6 8

2 , 2 ’ - d i  c h l o r o d i p h e n y l 1 . 9 7 2 . 3 5 1 . 8 1

2 , 2 ’ - d ib r o m o d ip h e n y 1 1 . 8 7 2 . 3 2 1 . 7 8
2 , 2 ’ - d i n i  t r o d i p h e n y 1 5 . 1 0 6 . 3 8 4 . 7 1
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The f i g u r e s  o b t a in e d  i n  t h e  p r e s e n t  work f o r  

2 , 2 ’ - d i c h l o r o d i p h e n y l  a g r e e  w e l l  w i t h  t h o s e  o b t i i in e d  on 

r e c a l c u l a t i o n  o f  t h e  f i g u r e s  o f  H ar^son  and W e is s b e r g e r  (7 )  

a s  do t h o s e  f o r  t h e  d in i t r o - c o m p o u n d  w i t h  t h e  v a l u e  o f  

B r e t s c h e r  (8 )  and t h a t  d e r i v e d  by  r e c a l c u l a t i o n  o f  t h e  r e s u l t s  

du e t o  Le P e v r e  and V i n e  ( 9 ) .  F u r t h e r ,  from  Tab3e 1 4 .  i t  i s  

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

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

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

Hampson tmd W ^eissberger (7 )  h a v e  d i s c u s s e d  t h e  c a s e  o f

2 , 2 ’ - d i c h l o r o d i p h e n y l  a t  l e n g t h  and h a v e  e v a l u a t e d  t h e  f o r c e s

w h ic h  t h e y  c o n s i d e r e d  d e te r m in e d  t h e  c o n f i g u r a t i o n  o f  t h e

m o l e c u l e .  They c o n c lu d e d  from  t h e i r  c a l c u l a t i o n s  t h a t  s i n c e

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

c o m p e n sa te  e a c h  o t h e r ,  t h e  c o n f i g u r a t i o n  i s  d e te r m in e d

p r e d o m in a n t ly  by t h e  London d i s p e r s i o n  f o r c e s  b e tw e e n  t h e

c h l o r i n e  a to m s .  T h i s ,  i n  t h e i r  o p i n i o n ,  was t h e  r e a s o n  f o r

t h e  h i g h  moment o f  2 , 2 * - d i c h l o r o d i p h e n y l  i n  c o m p a r iso n  w i t h

t h a t  o f  t h e  3 , 5 * - i s o m e r .  . The g e n e r a l  method u s e d  w as, t o

c a l c u l a t e  t h e  sum o f  t h e  p o t e n t i a l s .  ^  v ,  due t o  t h e

e l e c t r o s t a t i c  and quantum m e c h a n ic a l  f o r c e s  f o r  v a r i o u s  v a l u e s

o f  t h e  a n g le  b e tw e e n  t h e  p l a n e s  o f  t h e  r i n g s ,  ^  , and t o

c o n s t r u c t  from  t h e s e  B o ltzm a n n  terras t g i v i n g  t h e
® kT

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

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

from  t h e  fo r m u la
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r ir /

kT
e

^  “ 2}i'

o o s^  ^
(1)

k T .d ^

w h ere  i s  t h e  com ponent o f  e a c h  o f  t h e  c o n s t i t u e n t  C~C1 

moments p e r p e n d i c u l a r  t o  t h e  a x i s  o f  t h e  c e n t r a l  b on d , and 

i s  ta k e n  a s  z e r o  i n  t h e  c o p la n a r  c i s  p o s i t i o n .

I n  c o m p u tin g  t h e  e l e c t r o s t a t i c  p o t e n t i a l s ,  Hampson and

W e is s b e r g e r  r e g a r d e d  t h e  d i p o l e  a s  form ed by p o s i t i v e  &ind
I

n e g a t i v e  c h a r g e s  o f^ m a g n itu d e  ^ a t  t h e  c e n t r e s  o f  t h e  

c o n s t i t u e n t  a to m s ,  Ç- b e i n g  e q u a l  t o  y / d ,  i^rhere y. i s  t h e  moment 

and d i s  t h e  d i s t a n c e  b e tw e e n  t h e  a to m ic  c e n t r e s .  H ence t h e

e l e c t r o s t a t i c  p o t e n t i a l  i s  g i v e n  by

V \  r i j
w h ere  rj^j i s  t h e  d i s t a n c e  b e tw e e n  t h e  p o i n t s  o f  c h a r g e  

and j  and v a r i e s  w i t h  t h e  a n g le  o f  rot& ^ron

 Î---
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T hen, from  d ia g r a m  (D)

r  = (b^ t" 4 a ^ s in ^  'J//2  

r» = (b*^ + ( a  -  a * ) ^  + 4 a a ' s i n ^  f / 2 ) ' ^  

and r" = ( b “2 t  4 a * 2 s i n 2 '4^/2 

w h ere  r ,  r ’ and r ” a r e  t h e  v a r i a b l e  d i s t a n c e s  b e tw e e n  01^ and 

O lg , 01^ and Cg and b e tw e e n  0% and Cg r e s p e c t i v e l y .

The t o t a l  e l e c t r o s t a t i c  p o t e n t i a l ,  U , f o r  e a c h  a n g le  i s

€■2 ( Î  j

C om parison  o f  t h e  f i g u r e s  d e d u ce d  by t h i s  m ethod w i t h  t h o s e

o b t a i n e d  b y  Sm yth, D o m t e  and W ils o n  (2 5 )  show s t h a t  t h e r e  is

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

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

The London p o t e n t i a l ,  L, f o r  c h l o r i n e  was ta k e n  a s

115  X 1 0 ~ ^ P /r ^ ,  ter m s  i n v o l v i n g  h i g h e r  p o w ers  o f  r ,  w h ic h

becom e im p o r t a n t  o n l y  when t h e  atom s a p p ro a ch  v e r y  c l o s e  to

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

Hampson and W e is s b e r g e r ^ s  c a l c u l a t i o n s  showed t h a t  t h e

e l e c t r o s t a t i c  p o t e n t i a l s ,  i\jhich f a v o u r  t h e  t r a n s  c o n f i g u r a t io n ^

a r e  l a r g e l y  o v e r -c o m p e n s a te d  by t h e  London p o t e n t i a l s  and

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

e n t i r e l y  upon t h e  l a t t e r .  S i n c e  t h e s e  d e c r e a s e  w i t h  t h e

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

t h e  p o t i s i o n s  w i t h  s m a l l  v a l u e s  o f  0̂  , t h e  p r o b a b i l i t i e s  o f

t h e  v a r i o u s  c o n f i g u r a t i o n s  b e i n g  g i v e n  by t h e  n u m e r ic a l  
« (U -  L )

v a l u e s  o f  @ tT —  • ^ ^ i r  f i g u r e s  i n d i c a t e d  t h a t  t h e

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

c o n f i g u r a t i o n ,  w i t h i n  t h e  l i m i t s  s e t  by s t e r i c  f a c t o r s .  P or  

^  = 35^ t h e  G l-G l  d i s t a n c e  i s  t h a t  o f  t h e  two c h l o r i n e  atom s
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i n  a  c h l o r i n e  m o l e c u l e  i . e .  i s  i m p o s s i b l e ;  f o r  'V = 60^ i t  

h a s  a  v a l u e  e q u a l  t o  t h a t  f o r  t h e  two c h l o r i n e  atom s i n  

m e t h y le n e  c h l o r i d e  i n  w h ic h  m o le c u le  t h e r e  © - t i l l  a p p e a r s  t o  

be a  s l i g h t  r e p u l s i o n  b e tw e e n  t h e  c h l o r i n e  a to m s .  Thus 

c o n f i g u r a t i o n s  h a v in g  a  s m a l l e r  v a l u e  o f  can  h a v e  o n ly  a  

lo w  p r o b a b i l i t y  and t h e  p r o b a b i l i t y  f u n c t i o n  m ust show a  

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

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

T h ese  a u t h o r s  c a l c u l a t e d  t h e  e q u i l i b r i u m  d is t^ m c e  by  

w h a t ,  i n  t h e i r  o p i n i o n ,  was t h e  l e a s t  h y p o t h e t i c a l  m eth od .  

They r e g a r d e d  t h e  r e p u l s i o n  p o t e n t i a l  a s  a  r i g i d  b a r r i e r  cxnd 

found by t r ic ^ l  and e r r o r  t h e  a n g l e  a t  w h ic h  t h e  p r o b a b i l i t y  

c u r v e  m ust b e  c u t  by a  l i n e  p a r a l l e l  t o  t h e  p r o b a b i l i t y  a x i s  

t o  o b t a i n  t h e  e x p e r i m e n t a l  v a l u e  o f  t h e  moment from  e q u a t io n  

( l ) .  T h is  a n g l e  was found t o  b e  62®, c o r r e s p o n d in g  to  a  

d i s t a n c e  o f  3 . 0  A b e tw e e n  t h e  c e n t r e s  o f  t h e  c h l o r i n e  a to m s ,  

^ l i c h  i s  i n  good  a g reem en t  w i t h  t h e  v a l u e  2 . 9 8  A g o t  by  

f o l l o w i n g  t h e  s u g g e s t i o n  d u e  t o  S id g w ic k  (2 4 )  o f  a d d in g  0 . 5  A 

t o  t h e  r a d i u s  o f  t h e  c o v a l e n t l y  bound atom s e . g .  t h e  0 1 - 0 1  

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

Mi a l t e r n a t i v e  m ethod o f  c a l c u l a t i o n  u s e d  was to  m u l t i p l y

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

r e p u l s i o n  term  o f  t h e  form  b e " " ^  w h ic h  i s
e kT '

d e r i v e d  from  t h e  r e p u l s i o n  la w  f o r  i o n s  d u e  t o  B o m  and 

ixoyer  (2 5 )  w h ere  b i s  a  c o n s t a n t  c h a r a c t e r i s t i c  o f  t h e  i o n  

i n  q u e s t i o n  and jO was found f o r  t h e  a l k a l i  h a l i d e s  to  h a v e  

a  mean v a l u e  o f  0 . 3 4 5  A. Hampson and W e is s b e r g e r  w ere  o f  t h e
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o p i n i o n  t h a t  t h i s  la w  co u ld  h e  assum ed t o  h o ld  f o r  

c o v a l e n t l y  hound atom s ?and a p p l i c a t i o n  o f  t h e  m ethod g a v e  a  

p r o b a b i l i t y  c u r v e  w i t h  a  p e a k  a t  62®. I t  was c o n s i d e r e d ,  

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

j u s t i f y  t h e  e v a l u a t i o n  o f  a  t h e o r e t i c a l  moment. In  a d d i t i o n  

no a l lo w a n c e  was made f o r  i n d u c t i o n  e f f e c t s ,  w h ic h  t h e s e ,  

a u t h o r s  c o n s id e r e d  w ould  b e  s m a l l  a l t h o u g h  a t  t h e  same t im e  

s u c h  e f f e c t s  w ould  f a v o u r  c o n f i g u r  é t io n s  w i t h  s m a l l  v a l u e s  

o f  .

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

seem  t o  i n d i c a t e  t h a t  t h e  c o n t r i b u t i o n  t o  t h e  moment cu e  t o  

i n d u c t i v e  e f f e c t s  i s  by no m eans a s  s m a l l  a s  Hampson and 

W e is s b e r g e r  t h o u g h t ;  f o r  exam ple  i n  t h e  c a s e  o f  a  m o l e c u l e  

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

i n d u c t i v e  e f f e c t s  would be  f w h i l e  t h e

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

e f f e c t s  i s  1 .4 7 ^ ^ ^ ^  . H ence t h e  v a l u e  o f  ^  d e r i v e d  by  

t h e s e  a u t h o r s ,  n am ely  62®, f o r  t h e  p r o b a b le  c o n f i g u r a t i o n  

o f  2 , 2 * - d i  c h lo  r o d i p h e n y l  may be  c o n s i d e r e d  t o  r e q u i r e  

m o d i f i c a t i o n .

Lumbroso ( 4 )  c o n s i d e r e d ,  i n  a d d i t i o n  t o  t h e  e f f e c t s  

enum erated  by Htmipson and W e is s b e r g e r ,  t h e  a c t i o n  o f  t h e  

P a u l i  r e p u l s i o n  f o r c e s  w h ic h  become s i g n i f i c a n t  a t  s h o r t  

d i s t a n c e s  and may b e  r e g a r d e d  a s  an e x p r e s s i o n  o f  t h e  

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

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

im p o r t a n c e .  Prom Hampson and W e is s b e r g e r * s  e x p e r im e n t a l  

r e s u l t s  h e  d e r i v e d  t h e  v a l u e  W o b s e r v e d  *
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R e c e n t  work by  B a s t i o n s en (2 6 )  o n - e l e c t r o n  d i f f r a c t i o n  

m ea su r em e n ts  l e a d s  t o  a  mean v a l u e  o f  ^  fcr  

2 ,  2* - d i c h l o r o d  ip h e n y  1 o f  74®; f o r  2 ,  2 * -d ib r o m o d ip h e n y  1 t h e  

v a l u e  i s  75®.

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

two b e n z e n e  r i n g s  rem a in  a t  a  f i x e d  a n g l e  t o  on e  a n o t h e r  -  a  

t r u e r  p i c t u r e  w ou ld  u n d o u b te d ly  i n d u c e  a  t w i s t i n g  v i b r a t i o n  

o f  lo w  f r e q u e n c y  a b o u t  t h e  c e n t r a l  bond -  i t  i s  o f  some 

i n t e r e s t  t o  c a l c u l a t e  t h e  a p p r o x im a te  v a l u e  o f  t h e  mean 

i n c l i n a t i o n  o f  t h e  two p l a n e s  from  t h e  o b s e r v e d  d i p o l e  moment 

v a l u e s .  I f  t h e  v a l u e s  o f  ^  r e p o r t e d  by B a s t i a n s e n  a r e  

a c c e p t e d  t h e n  i t  would a p p e a r  u n l i k e l y  i n  v i e w  o f  t h e  work  

o f  Guy ( 2 2 )  t h a t  any ir - o r b i t a l  o v e r l a p  can  t a k e  p l a c e  a c r o s s  

t h e  c e n t r a l  bond and i t  may t h e r e f o r e  b e  i m p l i e d  t h a t  any  

m e so m e r ic  e f f e c t s  w i l l  be o f  l i t t l e  im port& m ce. In  v i e w  o f  

t h i s  t h e  mean i n c l i n a t i o n  o f  t h e  p l a n e s  o f  t h e  two r i n g s  may 

be  o b t a in e d  by e x t e n d i n g  t h e  t h e o r y  o f  i n d u c t i v e  e f f e c t s  u s e d  

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

r e s u l t a n t  moment y  to  t h e  a n g l e  b e tw e e n  t h e  p le in e s  o f  t h e  

r i n g s  Y  . T h is  may b e  c a r r i e d  o u t  a s  f o l l a v s : -

S i n c e  t h e  m o le c u le  i s  s y m m e t r ic a l  a b o u t  a  p la n e  

p e r p e n d i c u l a r  to  t h e  a x i s  o f  t h e  c e n t r a l  bond and c u t t i n g  i t  

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

a x i s  w i l l  h a v e  z e r o  r e s u l t a n t  and b e  n e g l e c t e d .

C o n s id e r in g  t h e  moments a s s o c i a t e d  w i t h  t h e  p r im a ry  d i p o l e  

i n  r i n g  1 .  and r e s o l v i n g  t h e s e  a t  r i g h t  a n g l e s  t o  t h e  a x i s  o f  

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

^ ( ^ y ) c o s 6 0  -  (y % )cos3 0
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w h ere  and iyy )  i n c i c a t e  t h a t  no v a l u e s  can  b e

a st  igr ied  t o  and yy  u n t i l  t h e s e  h a v e  b e e n  f u r t h e r  r e s o l v e d

i n t o  and a t  r i g h t  a n g l e s  t o  t h e  p l a n e  o f  r i n g  2 .

Tlien t h e  s t a t e  e x i s t i n g  a f t e r  carrer i n g  o u t  th is  r e s o l u t i o n ,  

s i n c e  t h e  a n g le  b e tw e e n  t h e  p i ,  n e s  o f  t h e  r i n g s  i s  , may 

b e  r e p r e s e n t e d  by d ia g r a m  (E)

9lA*Jc âw ,

(E )

i n  w h ic h  and y.y a r e  t h e  v a l u e s  c a l c u l a t e d  on t h e  b a s i s  o f  

Ck = 1 2 . 5  X 10"^ ^, w h i l e  and ^y* a r e  t h e  v a l u e s  c a l c u l a t e d  

on t h e  b a s i s  o f  ck ® 6 . 2 5  x  10~^ ^ . S i m i l a r l y  i n  t h e  c a s e  o f 

t h e  p r im ary  d i p o l e  i n  r i n g  2 .  one f i n d s  an i d e n t i c a l  grou p  o f  

m oments thougiri i n c l i n e d  a t  an a n g le  ^  t o  t h o s e  d ie  t o  t h e

p r im a r y  d i p o l e  i n  r i n g  1 .  C o m b in a t io n  o f  t h e  two gm  u p s  o f
l e a d s  t o

momentq t h e  s t a t e  r e p r e s e n t e d  by d ia g r a m  (? )

V- - *  ̂ \_̂

(E)

from  w h ic h  i t  may h e  s e e n  t h a t  t h e  r e s u l t a n t  moment i s  g i v e n  

by ji = 2 1 0 0 8  ^ / 2  4 2 I4 c o s(9 0  -  ^  + H ^/2)

“ 21008  ^ / 2  + 2M sin y / 2
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I n t r o d u c i n g  t h e  v a l u e s  o f  L and M i n t o  t h i s  e q u a t io n  one

^ K 2 I |^iPh%oo830 t  {^ycos60-^x0os30)oos jc o s 'y /S

- V ( ^ ^ c o s 6 0 - ^ io o s 5 0 ) s in  ^  s i n  

B u t y.%, Yy d i r e c t  f u n c t i o n s  o f  , h e n c e  ^  » 2^^ and

Vy = 2 y y

T h e r e f o r e

p  S 2 |ppj^COS30COS V^/2 t  (pyGOSdO-jlxCOSSO) (00  8 ^ 0 0 8 ^ 2

^ i&sln'Y 8 l n 4 / / 2 )  j

By c o n v e r s i o n  o f  t h e  f u n c t i o n s  o f  i n t o  f u n c t i o n s  ofM f'/2  and

by s u b s t i t u t i o n  o f  t h e  n u m e r ic a l  v a l u e s  o f  cosSO® and cos60®  

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

p. -  ( '/® ‘^EhX 1" I c o b^ / 2

w h ic h  i n  t h e  c a s e  o f  t h e  d i h a l o g e n o d e r i v a t i v e s  may b e  shown  

to  be

ji » ( 1 * 7 3 2  -  0 , 2 5 7 oos^'4(^/2)cos V^/2

w h i l e  f o r  t h e  d i n i t r o d e r i v a t i v e  i t  b ecom es

^  ■ ( 1 . 7 3 2  -  0 . 1 4 2 c o s 2 v y / 2 ) c o s  v^/2

and b o t h  t h e s e  l a t t e r  e q u a t i o n s  may be shown t o  g i v e  V a lu e s  

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

s p e c i a l  c a s e s  i n  w h i c h = 0*̂  and ^  = 90®.

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

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

b e tw e e n  t h e  p l a n e s  o f  t h e  two b e n z e n e  r i n g s  r e c o r d e d  i n  

T a b le  15^
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T a b le  1 5 . ^

2 , 2 ’ - d i f l u o r o d i p h e n y l  71®

2 , 2 * - d i c l i l ü r o d i p h e n y l  77®

2 , 2 ’ -dibrornoc îp h e n y l 83^

2 , 2 ’ - d i n i t i o d i p h e n y l  79®

H ow ever , i t  i s  s t i l l  neoessar^^ t o  c o n s i d e r  t h e  e f f e c t

upon t h e  v a l u e s  o f  r e c o r d e d  i n  T a b le  1 5 .  o f  t h e  moment

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

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

g i v e n  a b o v e .  T h is  n e c e s s i t a t e s  a  k n o w le d g e  o f  t h e

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

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

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

and t h e  r a d i u s  v e c t o r  from  i t s  p o i n t  o f  a c t i o n  t o  t h e

p o l a r i s a b l e  c e n t r e .  The d i f f e r e n c e  b e tw e e n  th e  p o l a r i s a b i l i t y

o f  t h e  h a l o g e n  atom  o r  n i t r o ^ g r o u p  and t h a t  o f  h y d ro g e n

may be o b t a in e d  a p p r o x im a t e ly  from  t h e  bond r e f r a c t i o n s ,

e . g .  O-sD^C-Br = 9 . 3 9 c .  c .  and (®D)0-H = 1 . 6 8 c .  c .

h e n c e  (B r) -  (H) = 7 . 7 1 c . c .

from  w h ic h  ^  (B r) -  (H) = 7 . 7 1  = 5 . 0 6  x  10"^^
iT T l.

S i m i l a r l y ,  t h e  p o l a r i s a b i l i t y  f o r  c h l o r i n e  was fou n d  t o  be

1 . 9 1  X and t h a t  f o r  t h e  n i t r o - g r o u p  2 . 2 4  x  10**^^. The

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

o f  h y d r o g e n  and t h e r e f o r e  t h e  c a l c u l a t i o n  f o r  2 , 2 ’ - d i f l u o r o -  

d i p h e n y l  r e q u i r e s  no c o r r e c t i o n  f o r  t h i s  e f f e c t .  The v a l u e s  

o f  t h e  bond r e f r a c t i o n s  u s e e  i n  t h e s e  c a l c u l a t i o n s  w ere  t h o s e
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o f  V o g e l  e t  a l i a  ( 2 1 ) .  The p o l a r i s a h l e  c e n t r e  o f  t h e  

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

atom  w h i l s t  i n  t h e  c a s e  o f  t h e  n i t r o - g r o u p  i t  h a s  been  

assum ed to  be 0 .5 A  p a s t  t h e  c e n t r e  o f  t h e  n i t r o g e n  atom  

a l o n g  t h e  a x i s  o f  t h e  C-h b on d . P o r  t h e  r e m a in d e r ,  t h e  

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

i l l u s t r a t e d  b e lo w  by t h e  c a s e  o f  2 , 2 ’ - d ib r o m o d ip h e n y l .

^  _

L e t  A be t h e  c e n t r e  o f  b e n z e n e  n u c l e u s  1 .  c o n t a i n i n g  t h e  

d i p o l e  a t ’L" Æ d “B t h e  c e n t r e  o f  n u c l e u s  2 .  w i t h  t h e  

po l a r i  s a b l e  c e n t r e  o f  t h e  h a lo g e n  a t  G. L e t  G* be t h e  

p r o j e c t i o n  o f  G i n t o  t h e  p l a n e  o f  r i n g  1 .  and t h e  a n g le  

b e tw e e n  t h e  p l a n e s  o f  t h e  r i n g s .  L e t  LJG , Dl^A and G’^B be  

r i g h t  a n g l e s .

T hen, s u b s t i t u t i n g  t h e  v a l u e s  o f  t h e  bond l e n g t h s  and a to m ic  

r a d i i ,

AB -  1 . 4 0 t l . 5 0 4 1 .4 0  = 4 . 3 0  , AD = 1 .4 0 + 0 .7 7 5  = 2 . 1 7 5 ,

BG = 1 .4 0 + 0 . 7 7 5 + 1 .1 1  = 3 . 2 8 5 ,  CE = BCoosSO^ = 2 . 8 4 5 ,

AE -  ADcosôO® = 1 .0 8 7 5  , m  = A D cos30° = 1 . 8 8 3 ,

FE = GO = AB-(Ab>BE) = 1 .5 7  , G*E = CEgos^  -  2 .8 4 5 o o s

GG» = GEsinvy= 2 . 8 4 5 s i n  ^  , DG = BE-G*E = 1 . 8 8 3 - 2 . 8 4 5 o o s \^  ,

EG " OEtanSOO ® 1 . 0 8 7 - 1 . 6 4 5 o o s  ^  ,
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HO» = HG^HS = 2 .6 7 5 -1 .6 4 5 C O S  ,

HD = HGcosecSO® = 2 . 1 7 4 - 3 . 2 9 0 c o s ^ ,

= DG^^C'G^fO'O^ = 1 4 . 1 0 5 - 1 0 . 714COS 

and HC^ = C’ H^fG’ G  ̂ = 1 5 . 1 5 4 - 8 . 7 4 2 c o 8 l ^ - 5 . 3 8 8 o o s ^  .

L e t  ÜDH = e
GD  ̂ + DH^ -  HC^

“ 20D.DH

w h i l e  u x  = 3 . 0 5 x 4 . 2 7 . (Z c o s^ e  -  l )  -  n o i -  (3 c o s ^ 0  -  l )
p — T - 2T2? ODS-  -  ^ 3

and Vy = 1 . 9 1 2 .
I f  OD^

i ’u r t h e r  lU = GLoos© , JH » DH-DJ ,

JH = JHcosSO® and JC = GDsinS .

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

1 .7 3 2 ^ 2 -. c o s y / 2  ; 

t h e  c o n t r i b u t i o n  o f  a lo n g  JK i s  JhyLy and a lo n g  GC’ i s
JO

OCfu_ from  w h ic h  t h e  c o n t r i b u t i o n  o f  i n  t h e  r e s u l t f j i t
JC r y
d i p o l e  i s  2JK ^ y . c o s ^ / 2  -  2GG»|iy. s i n  ^ / 2 ,

T h u s t h e  m a g n itu d e  o f  t h e s e  e f f e c t s  may b e  c a l c u l a t e d  f o r  g iv m  

v a l u e s  o f  ^  and t h e  r e s u l t s  u sed  t o  c o r r e c t  t h e  f i g u r e s  

o b t a i n e d  e a r l i e r  a ssu m in g  no m u tu a l  i n t e r a c t i o n  o f  t h e  

s u b s t i t u e n t s .  T h is  h a s  b e e n  c a r r ie d  o u t  f o r  t h e  r i c h l o r o - ,  

d ib ro m o -  ana d i n i t r o - d e r i v a t i v e s  a t  num erous i n c l i n a t i o n s  o f  

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

r e c o r d e d  i n  T a b le  1 6 .
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T a b le  1 6 .

Y
I n t e r

n u c l e a r
d i s t a n c e

(A)

v . d .  W aals  
r a d i i  

x2  
(A)

C o v a le n t
r a d i i

x 2
(A)

2 , 2 ’ - d i f l u o r o d i p h e n y l 71® 5 . 2 5 2 . 7 0 1 . 4 4

2 , 2  *- d i  c h lo  r o d ip h e n y 1 71® 5 . 5 5 5 . 6 0 1 . 9 8

2 , 2 * - d ib r o m o d ip h e n y l 7 2 ° 5 . 5 0 5 . 9 0 2 . 2 2

2 , 2 ’ - d i n i t r o d i p h e n y 1 7 2 ° 5 . 2 5 5 . 0 0 1 . 4 0

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

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

show  t h a t  su c h  e f f e c t s  a r e  n o t  n e g l i g i b l e  a s  was assum ed by 

Haaipson and V e i s s b e r g e r  (7 )  i n  t h e i r  c a l c u l a t i o n s  on 

2 , 2 ’ - d i c h l o r o d i p h e n y l .  I t  may a l s o  be n o t e d  t h a t  t h e  v a l u e s  

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

from  t h e s e  m o d i f i e d  v a l u e s  o f  [ j /axe  o f  t h e  same o r d e r  a s  t h e  

sums o f  t h e  v an  d e r  W aals r a d i i  (2 7 )  o f  t h e  atom s c o n c e r n e d ;  

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

w i t h  t h o s e  o b t a i n e d  by d o u b l i n g  t h e  c o v a l e n t  a to m ic  r a d i i .  In  

t h e  c a s e  o f  t h e  d i n i t r o - d e r i v a t i v e  t h e  f i g u r e s  r e f e r  t o  t h e  

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

The v a l u e s  o f  ^  g i v e n  i n  T a b le  1 6 .  a r e  i n  rem a rk a b ly  

c l o s e  a g r ee m e n t  w i t h  t h e  mean i n t e i p l n n a r  a n g l e s ,  74®^5^ 

and 7 5 ^ -5 ^  r e s p e c t i v e l y ,  d e d u ce d  by B a s t i a n s e n  ( 2 6 )  f o r  

2 , 2 ^ - d i c h l o r o -  and 2 , 2 * -d ib r o m o d ip h e n y l  from  e l e c t r o n  

d i f f r a c t i o n  m ea su rem en ts  upon t h e  v a p o u r s .  They a r e  a l s o  

i d e n t i c a l  w i t h  t h e  i n t e r p l a n a r  a n g l e s  o f  72® r e p o r t e d  by  

Smare (2 8 )  f o r  c r y s t a l l i n e  2 , 2 ’ - d i c h l o r o b e n z i d i n e  and o f  71® 

fo u n d  by E ow w eather  and H a r g r e a v e s  ( 2 9 )  f o r  2 , 2 * - d i m e t h y l -
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b e n z i d i n e  h y d r o c h l o r i d e .  Thus i t  i s  e v i d e n t  t h a t  t h e  mean 

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

a s  s t u d i e d  by B a s t i a n s e n ,  and i n  s o l u t i o n ,  a s  s t u d i e d  h e r e ,  

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

c r y s t a l ,  t h e  su b s  t i e n t  g r o u p s  i n  e a c h  c a s e  ha'v ing  a  c i s  

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

c i s  o r i e n t a t i o n  t h e r e f o r e  seem s t o  a r i s e  th r o u g h  f o r c e s  

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

o f  t h e  t y p e  s u g g e s t e d  by Hampson and W e is s b e r g e r  (7 )  and 

m e n t io n e d  e a r l i e r  i n  t h i s  s e c t i o n ,  n a m e ly  London d i s p e r s i o n  

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