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” I  subm it a body o f  f a c t s  w hich cannot b e  in v a l id a te d .  

My o p in io n s  may be doubted , d en ied  or approved, accord in g  as  

th ey  c o n f l i c t  or agree  w ith  th e  o p in io n s  o f  each in d iv id u a l  

who may read than; bu t t h e i r  worth w i l l  be b e s t  determ ined  by  

th e  fo u n d a tio n  on w hich th e y  r e s t -  th e  in c o n tr o v e r t ib le  f a c t s . w

W illiam  Beaumont, M .D., 

P la tts b u r g h , 1833.
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The p o s s i b i l i t y  o f  o b s e r v i n g  s p e c t r a  a r o s e  f ro m  

Uewton*s  o b s e r v a t i o n  ( 1 6 6 6 '), t h a t  w h i t e  l i g h t ,  i n  p a s s i n g  t h r o u g h  

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

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

quency  o r  w a v e - l e n g t h .  W o l l a s t o n  and  F r a u n h o f e r  ( 1 8 0 2 - 1 3 1 7 )
*

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

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

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

h a s  p a s s e d  t h r o u g h  a medium, i s  known a s  t h e  a b s o r p t i o n  s p e c t ru m  

o f  t h e  medium*

When l i g h t  p a s s e s  t h r o u g h  an y  homogeneous  t r a n s p a r e n t  

medium, i t  em erg es  d i m i n i s h e d  i n  e n e r g y .  P a r t  o f  t h e  l i g h t  

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

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

t r a n s m i t t e d  e n e r g y  i s  s a i d  t o  be a b s o r b e d .  i t  may be t r a n s 

fo rm ed  i n t o  h e a t ,  i n t o  f l u o r e s c e n t  o r  p h o s p h o r e s c e n t  l i g h t ,  o f  

wave l e n g t h s  d i f f e r i n g  f ro m  i t s  own, o r  i t  may c a u s e  c h a n g e s  i n  

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

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

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

d i s c o v e r e d  by J .W .  R i t t e r  i n  1 801 ,  and  t h e  e a r l i e s t  r e c o r d e d  

o b s e r v a t i o n s  o f  a b s o r p t i o n  s p e c t r a  v^ere made by B r e w s t e r  i n  

18$5* t h o u g h  t h e  f i r s t  s e r i o u s  work  done ,  i n  t h e  u l t r a - v i o l e t  

r e g i o n  o f  t h e  s p e c t r u m ,  a p p e a r s  t o  h a v e  b e e n  t h a t  o f  W.A.

M i l l e r  and  d .G .  s t o k e s .  I n  1862  S t o k e s  and  M i l l e r  i n d e p e n d -



e n t l y  com m unica ted  t o  t h e  Roya l  S o c i e t y ,  t h e  r e s u l t s  o f  

e x p e r i m e n t s  on t h e  t r a n s p a r e n c y  o f  v a r i o u s  s u b s t a n c e s  i n  t h e
9

u l t r a - v i o l e t .  I n  S t o k e s  i n s t r u m e n t  t h e  u l t r a - v i o l e t  r a y s
»

w ere  r e n d e r e d  v i s i b l e  by f l u o r e s c e n c e ,  b u t  M i l l e r  s was  a t r u e  

q u a r t z  s p e c t r o g r a p h .  I n  1872 W.M. H a r t l e y  came i n t o  p o s s e s s i o n  

o f  t h e  i n s t r u m e n t ,  w h ic h  M i l l e r  h ad  u s e d ,  im p ro v ed  i t ,  and  c o n 

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

D u r in g  t h e  h u n d r e d  y e a r s ,  w h ic h  have  e l a p s e d  s i n c e  

B r e w s t e r s  o b s e r v a t i o n s ,  t h e  s p e c t r a  o f  an  enormous  num ber  o f  

s u b s t a n c e s  have  been  m e a s u r e d .  Much o f  t h e  work d o n e ,  p r i o r  

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

em ployed  w e re  o n l y  a t  b e s t  s e m i - q u a n t i t a t i v e ,  com pared  w i t h  t h o s e  

a v a i l a b l e  t o d a y .  H a r t l e y ,  an d  w o r k e r s  a f t e r  him, i n t r o d u c e d  

some u n i f o r m i t y ,  a n d  t h e  w a v e - l e n g t h s  o f  t h e  maxima r e c o r d e d  w ere  

f a i r l y  t r u s t w o r t h y .  The c u r v e s ,  h o w ev er ,  do n o t  g i v e  any  i d e a  

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

a b s o r p t i o n .  H a r t l e y ,  and l a t e r  H.C.G.  B a l y  and  o t h e r  w o r k e r s ,  

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

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

b u t  t h e y  i n v e s t i g a t e d  compounds w hose  s t r u c t u r e s  w e re  t o o  c o m p le x .  

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

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

t a t i v e  a b s o r p t i o n  m e a s u r e m e n t s ,  s u c h  as  t h a t  p r o d u c e d  by M e s s r s  

Adam H i l g e r  L t d . ,  London ,  d u r i n g  t h e  l a s t  t w e n t y  y e a r s ,  h a s  

r e s u l t e d  i n  t h e  q u a n t i t a t i v e  d a t a  w h ich  i s  a v a i l a b l e  t o d a y .



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

u s e d  by t h e  p h y s i o l o g i s t  K a r l  V i e r o r d t  (.1 8 /^3 , 1 6 7 6 ) ,  v'/̂ 10 a P P l i ec*- 

them to t h e  s t u d y  o f  body f l u i d s .  An e x c e l l e n t  a c c o u n t ,  o f  t h e  

work done i n  t h i s  f i e l d  s i n c e  t h a t  t i m e ,  i s  g i v e n  i n  t h e  t e x t
u n

book S p e c t r o p h o t o m e t r y  i n  M e d e e in e ,  by Dr Ludwig H e i l m e y e r .  

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

c a t i o n  o f  unknown compounds,  and i n  t h e  p r e d i c t i o n  and c o r r e l a 

t i o n  o f  s t r u c t u r e s .  They fo rm  a v a l u a b l e  t o o l  i n  o r g a n i c ,  and 

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

The work to  be d e s c r i b e d  i n  t h i s  t h e s i s  c a n  b e  c o n v e n 

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

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

i v e  t e t r y l  ( 2 : 4 . : 6 - t r i n i t r o p h e n y I m e t h y l n i t r a m i n e ) and  a number  o f  
i t s  d e r i v a t i v e s .  The s e c o n d  p a r t  d e s c r i b e s  a n  i n v e s t i g a t i o n  o f

t h e  mechanism o f  t h e  d e r m a t i t i c  a c t i o n  o f  t e t r y l ,  an d  T . N . T .  

( 2 : J 4 - ; 6 - t r i n i t r o t o l u e n e ) .  In  t h i s  c a s e ,  u l t r a - v i o l e t  s p e c t r o -  

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

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

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

T e t r y l  d e r m a t i t i s  r e p r e s e n t e d  more t h a n  h a l f  o f  t h e  

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

t h e  w o r l d  w ar  1939“ !  m e rc u ry  f u l m i n a t e  a p p r o x i m a t e l y  one 

t h i r d ,  and t . N . T . ,  ammonium n i t r a t e ,  s h e l l a c ,  p i c r i c  s h e l l i t e ,  

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

i r r i t a n t  e x p l o s i v e s  a r e  m e rcu ry  f u l m i n a t e  and t e t r y l ,  and  

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

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



' if,

v e ry  c o n f l i c t i n g .  T e t r y l  p r e s e n t s  a c o n t r a s t  t o  T.iT.T. i n  

t h a t  i t s  s y s t e m e t i c  t o x i c i t y  i s  low, and i t s  s e n s i t i z i n g  p o t e n 

t i a l  h ig h ,  w h i l s t  t h e  r e v e r s e  i s  t r u e  f o r  T .N .T .

Workers i n  t e t r y l  f a c t o r i e s  a r e  exposed  t o  d i r e c t  s k i n  

c o n t a c t  w h i l e  h a n d l in g  t h e  s u b s t a n c e ,  and t o  i n h a l a t i o n  o f  t h e  

d u s t ;  i n  s p i t e  of  p r e c a u t i o n s  t h e  s k i n  o f  t h e s e  w o rk e r s  i s  

a lm os t  a lw ays  s t a i n e d ,  and t h e  p r o p o r t i o n  o f  w o r k e r s ,  n o t  p r e 

v i o u s l y  exposed ,  who become s e n s i t i z e d ,  may be a s  h ig h  a s  30fo.

The p e r i o d  f o r  s e n s i t i z a t i o n  i s  u s u a l l y  be tw een  t e n  and f o u r t e e n  

d a y s .  The p r e v e n t i v e  m easu res  aim a t  m in im iz in g  c o n t a c t ,  by 

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

in  t h e  shops by p r o p e r  v e n t i l a t i o n ,  and by t h e  p r o v i s i o n  o f  a 

s c r e e n  be tw een  t h e  s k i n  and t h e  t e t r y l ,  i n  t h e  form o f  a b a r r i e r  

c ream, which i s  a p p l i e d  to  t h e  s u r f a c e  o f  t h e  exposed  s k i n .  I t  

has  been  o b s e r v e d ,  t h a t  l e s i o n s  a p p e a r  p r i m a r i l y  on expo sed  s k i n ,  

on t h e  h a nd s ,  f a c e ,  f o r e a r m s ,  w r i s t s ,  back o f  n e c k ,  a n k l e s  and 

f e e t .

The f o l l o w i n g  s h o r t  d i s c u s s i o n  on t h e  c o m p o s i t i o n  and 

p r o p e r t i e s  o f  s k i n ,  i s  im p o r ta n t  i n  t h e  c h e m ic a l  i n v e s t i g a t i o n  o f  

t e t r y l  d e r m a t i t i s .

The s k i n  p r o t e c t s  t h e  d e e p e r  t i s s u e s .  I t  c o n t a i n s  t h e  

p e r i p h e r a l  en d in g s  o f  many of t h e  s e n s o r y  n e r v e s ,  p l a y s  an  • 

im p o r t a n t  p a r t  i n  t h e  r e g u l a t i o n  o f  t h e  body t e m p e r a t u r e ,  and

p o s s e s s e s  l i m i t e d  e x c r e t o r y  and a b s o r b i n g  po w e rs .  I t  c o n s i s t s  

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

c o r ium ,  and  an  e x t e r n a l  c o v e r in g  o f  e p i t h e l i u m  te rm ed  t h e



4a.
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.Cerium
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—A section through the skin. Magnified. Diagrammatic
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sweat gland

t



A s e c t io n  through th e  sk in , showing th e  e p id e m is  

and corium , a h a ir  in  i t s  f o l l i c l e ,  th e  a r r e c to r  p i l i  

m u sc le , and seb aceou s g la n d s opening in t o  th e  h a ir  

f o l l i c l e *



5*

e p i d e r m i s .  B e n e a t h  the- e p i d e r m i s  t h e r e  a r e  c e r t a i n  o r g a n s  

■with s p e c i a l  f u n c t i o n s ,  nam ely  t h e  s w e a t ,  and  s e b a c e o u s  g l a n d s ,  

and  t h e  h a i r  f o l l i c l e s .  The p h o t o g r a p h s  on pag e  4 , show 

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

The a r t e r i e s  s u p p l y i n g  t h e  s k i n ,  f o rm  a n e tw o r k  i n  

t h e  s u b c u t a n e o u s  t i s s u e ,  and f rom t h i s  n e t w o r k  b r a n c h e s  a r e  

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

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

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

l a e .  The lymph v e s s e l s  o f  t h e  s k i n  fo rm  a  s u p e r f i c i a l  an d  a 

deep  n e t w o r k ,  w h ic h  co m m unica te  w i t h  e a c h  o t h e r ,  a n d  w i t h  t h e  

lymph v e s s e l s  o f  t h e  s u b c u t a n e o u s  t i s s u e s  by o b l i q u e  b r a n c h e s .

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

a c t s  a s  an  i n t e r m e d i a r y , b r i n g i n g  n u t r i t i v e  m a t e r i a l ,  and  

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

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

b i l i t y ,  a r e  f o u n d  i n  t h e  s k i n  an d  o t h e r  e p i t h e l i a .  F i l a m e n t s  

o f  t h e  n e r v e s  p a s s  up  to  and  b e tw e e n  t h e  e p i t h e l i a l  c e l l s ,  o r  

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

t i o n  i s  i m p o r t a n t ,  a s  t h e  n e r v e  e n d in g 's  w o u ld  be  r e a d i l y  a f f e c t 

ed  by c h a n g e s  i n  c e l l u l a r  m e ch an ism ,  s u c h  a s  m igh t  be p r o d u c e d  

by a n o x i o u s  a g e n t .

T h e r e  a r e  a l s o  p r e s e n t  i n  t h e  t i s s u e s ,  two s e r i e s  o f  

p ig m e n t s  to  w h ich  th e  name cy to c h ro m e  i s  g i v e n ,  and t h e s e  c a n

be s e e n ,  i n  l i v i n g  c e l l s ,  to  be u n d e r g o i n g  r e p e a t e d  o x i d a t i o n  

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

imm unologica l  c h e m i s t r y ,  a r e  a l s o  i m p o r t a n t ,  a s  we s h a l l  s e e  

l a t e r ,  i n  t h e  i n v e s t i g a t i o n  of  t e t r y l  d e r m a t i t i s .

I f  a d rop  of  d i l u t e  egg a lbum in  s o l u t i o n  i s  added  to  

t h e  serum o f  a normal  r a b b i t ,  t h e r e  i s  no c hange ,  o r  e v id e n c e  

o f  i n t e r a c t i o n .  But i f  t h i s  f o r e i g n  p r o t e i n ,  egg a lb u m in ,  i s  

i n j e c t e d  i n t o  t h e  same r a b b i t ,  an a l t e r a t i o n  s lo w ly  t a k e s  p l a c e  

i n  t h e  r e a c t i v i t y  o f  t h e  a n im a l .  The f o r e i g n  p r o t e i n  may be 

te rm ed  an  a n t i g e n  s i n c e  i t  s e t s  up changes  i n  t h e  r a b b i t  r e s u l t 

ing  in  t h e  a p p e a ra n c e  i n  t h e  a n im a l  serum, o f  new s u b s t a n c e s .  

These  a p p e a r  t o  be m o d i f i e d  serum g l o b u l i n ,  and a r e  t e rm ed  a n t i 

b o d i e s .  They a r e  c a p a b le  o f  r e a c t i n g  c h e m ic a l l y  w i t h  t h e  a n t i 

g e n ,  i f  t h i s  i s  i n t r o d u c e d  a g a i n ,  and o f  removing i t  from th e  

b lo o d  serum. A n t i b o d i e s  a r e  s p e c i f i c  f o r  th e  a n t i g e n  u s e d ,  and 

do n o t  r e a c t  w i t h ' o t h e r  a n t i g e n s ,  even  a l t h o u g h  th e y  a r e  o f  t h e  

same c l a s s *  F o r  example ,  egg a lbu m in  a n t i b o d y  does  n o t  r e a c t  

w i t h  h o r s e  serum a lb u m in .

S p e c i f i c  p o l y s a c c h a r i d e s ,  and e v en  c e r t a i n  l i p i d s ,  may 

a c t  a s  a n t i g e n s ,  bu t  i n  g e n e r a l  most a n t i g e n s  a r e  p r o t e i n s .

The t e rm  h a p te n  i s  a p p l i e d  t o  t h a t  p o r t i o n  o f  a complex a n t i g e n ,  

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

A l l e r g y  r e f e r s  t o  an a l t e r e d  s t a t e ,  i n  w hich  an 

a n im a l  becomes l o c a l l y ,  o r  w h o l ly ,  s e n s i t i v e  to  an a n t i g e n .  I f  

t h e  s e n s i t i z e d  an im a l  shows a l a r m i n g  o r  f a t a l  g e n e r a l i s e d  symp

toms on r e - i n j e c t i o n  o f  t h e  homologous a n t i g e n  h a p t e n ,  t h e  

phenomenon i s  c a l l e d  a n a p h y l a x i s .



E v id e n c e  h a s  ac  cumula t e d , t  hat; a n i m a l s  can be made 

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

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

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

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

t i o n ,  a t  p r e s e n t ,  w o u ld  seem t o  be t h a t  i n  c e r t a i n  i n d i v i d u a l s ,  

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

p r o t e i n ,  w h ic h  g i v e s  r i s e  t o  t h e  s e n s i t i z a t i o n  phenom ena .

D u r in g  t h e  l a s t  f i f t y  y e a r s ,  a  v a s t  amount o f  i n f o r m a 

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

t i e s  o f  a r o m a t i c  n i t r o - c o m p o u n d s .  The m a j o r  p a r t  o f  t h i s  e v i 

d en c e  i s  s t a t i s t i c a l ,  and o f  v e r y  l i t t l e  h e l p  i n  e l u c i d a t i n g  th e .  

m echan ism  o f  d e r m a t i t i c  a c t i o n .  One p a p e r  may be m e n t i o n e d ,  

h o w ev er ,  nam e ly  t h a t  by E n id  s m i t h  ( B r i t .  Med. J .  I ,  6 1 8 ,  -1913*“ ) .  

E a r l i e r  t h e o r i e s ,  on t h e  m echanism  o f  t e t r y l  d e r m a t i t i s ,  w e re  

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

( 1 )  The s h a r p  p o i n t e d  c r y s t a l s  o f  t e t r y l  may c a u s e  m e c h a n i c a l  

i r r i t a t i o n  o f  t h e  s k i n .

( 2 )  The t e t r y l  may be d i s s o l v e d  i n  t h e  n a t u r a l  g r e a s e  o f  t h e  

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

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

a c i d .

( 9 )  T e t r y l  d e r m a t i t i s  may be t h e  m a n i f e s t a t i o n  o f  a n  a l l e r g i c  

r e s p o n s e  t o  t h e  i r r i t a n t .
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D ur i n g  t h e  l a s t  few y e a r s ,  ho we ve r ,  K a r l •L a n d s t e i n e r  

and c o - v / o r k e r s  h av e  d e m o n s t r a t e d  w i t h o u t  r e a s o n a b l e  d o u b t ,  t h a t  

s k i n  s e n s i t i v i t y  i s  an  i m m u n o lo g ic a l  r e a c t i o n ,  i . e .  t h a t  i t  i s  

t h e  r e s u l t  o f  s p e c i f i c  a n t i b o d i e s .  The most  l i k e l y  way f o r  

t h i s  to  h a p p e n ,  f rom b o t h  c h e m i c a l ,  and  b i o l o g i c a l  e v i d e n c e ,  i s  

v i a  t h e  p r o d u c t i o n  by t h e  e x c i t a n t ,  o f  a c o n j u g a t e  w i t h  t h e  body 

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

P*Gr.H. D e l l  ( B r i t .  J .  o f  E x p e r i m e n t a l  P a t h o l o g y ,  2 5 ,

17 K, - 19KV“ ) h a s  f o u n d  t h a t  t h e  c o u p l i n g  o f  t e t r y l  w i t h . p r o t e i n  

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

s i n c e  compounds c o n t a i n i n g  t h e  N ~ 2 : K : 6 ~ t r i n i t r o p h e n y l a m i n o  

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

a t i o n  w i t h  t h e  amino g r o u p s  o f  p r o t e i n s ,  w ere  f o u n d  t o  h av e  t h e  

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

h i s  a t t e n t i o n  to w a r d s  t h e  d i s c r i m i n a t i o n  b e tw e e n  t h e  v a r i o u s  

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

t h e  s k i n  r e a c t i o n ,  t h e  a n a p h y l a c t i c  r e a c t i o n ,  and  t h e  p r e c i p i t i n  

r e a c t i o n .  He f o u n d  a c o n t r a s t  betwe'en t h e  s y s t e m i c  n a t u r e  o f  

t h e  s e n s i t i z a t i o n  p r o c e s s ,  o c c u r r i n g  v i a  t h e  lymph and  b l o o d  

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

s e n s i t i v i t y  r e a c t i o n s .  S e l l  c o n c l u d e s  t h a t  a n t i b o d i e s ' a r e  

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

t h e s i s  t h a t  t h e  a n t i b o d i e s  may a l s o  become f i x e d  i n  w a n d e r i n g  

c e l l s .

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

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

compounds and s k i n  p r o t e i n s .



A b s o r p t i o n  o r  e m i s s i o n  o f  l i g h t  w as ,  a t  one  t i m e ,  

t h o u g h t  t o  t a k e  p l a c e  by r e a s o n  o f  a c o r r e s p o n d e n c e  b e tw e e n  

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

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

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

e m i s s i o n  s p e c t r a .

Bohr  i n t r o d u c e d  t h e  quantum t h e o r y  i n  IJI2>  s t a t i n g

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

t a k e s  p l a c e  by t r a n s i t i o n  f ro m  one  e n e r g y  s t a t e  to  a n o t h e r ,  t h e

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

a to m s ,  i n  t h e  f o l l o w i n g  way.

F o r  a g i v e n  a to m ,  a s e r i e s  of  e n e r g y  s t a t e s  Bj. , ,

®3 , ----- a r e  p o s s i b l e .  T h e s e  en erg y  s t a t e s  c a n  p e r s i s t  w i t h o u t

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

r e d u c e d  f rom  E2 t o  3 ^ ,  t h e  d i f f e r e n c e  o f  e n e r g y  E 2 ~ E± i s

e m i t t e d  a s  m o n o ch ro m a t ic  r a d i a t i o n  o f  f r e q u e n c y  o f  v i b r a t i o n  v ,

d e t e r m i n e d  by B o h r* s  r e l a t i o n  hv = E 2 “ 'S t  w h e re  h » u n i v e r s a l  
*

J?lanck s  c o n s t a n t .

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

t h e  e n e r g y  l e v e l s  o f  t h e  a to m .  I n c r e a s e  o f  e n e r g y  f ro m  t o  

Ea , o an  t a k e  p l a c e  by a b s o r p t i o n  o f  a quantum o f  r a d i a t i o n  o f  

f r e q u e n c y  v ,  where  hv = E 2 -  E i  * T h i s  t h e o r y  has  b e e n  m o d i f i e d

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

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

e l e c t r o n i c  s t a t e s .
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I n  v apours  and  g a s  as  a t  low p r e s s u r e s ,  t h e  a b s o r p t i o n  

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

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

i s  b l u r r e d  by d i s t u r b i n g  i n f l u e n c e s ,  i f  t h e  m o le c u le s  a r e  b ro u g h t  

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

d i s s o l v e d  s t a t e .

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

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

o s c i l l a t i o n s  of a to m ic  n u c l e i  composing t h e  m o le c u le ,  r e l a t i v e  

t o  each  o t h e r ,  and r o t a t i o n  o f  t h e  m o lecu le  a s  a whole* and t h e  

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

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

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

t r o n i c  s p e c t r a  s h o u ld  i n v o lv e  a s u p e r p o s i t i o n  o f  b o t h  r o t a t i o n  

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

d e t e r m i n e  t h e  g e n e r a l  l o c a t i o n  o f  th e  band sy s te m ,  v i b r a t i o n  

t r a n s i t i o n  w i l l  d e te r m in e  t h e  p o s i t i o n s  of  t h e  i n d i v i d u a l  b a n d s ,  

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

each  b and .

Laws o f  A b s o r p t i o n .

q u a n t i t a t i v e  m easurements  o f  a b s o r p t i o n  a r e  b a se d  on 

two fu n d a m e n ta l  law s  c o n c e rn in g  t h e  r e l a t i o n s h i p  be tw ee n  t h e  

i n t e n s i t i e s  o f  l i g h t  t r a n s m i t t e d  by a l a y e r ,  o f  a b s o r b i n g  sub 

s t a n c e ,  and t h e  l i g h t  i n c i d e n t  on i t .
>

Lambe r t  s Law s t a t e s ,  t h a t  t h e  p r o p o r t i o n  of l i g h t  a b s o r b e d  by 

a s u b s t a n c e  i s  in d ep e n d en t  o f  t h e  i n c i d e n t  l i g h t  i n t e n s i t y .  By



1 1 .
l i g h t  i n t e n s i t y  i s  meant  t h e  q u a n t i t y  o f  l i g h t  e n e r g y  i n c i d e n t

2
i n  u n i t  a r e a  i n  one s e c o n d  ( e r g / c m  / s e c ) *  o r  i n  t e r m s  o f  t h e

quantum t h e o r y *  t h e  i n t e n s i t y  o f  a g i v e n  wave l e n g t h  i s  t h e
2

number  o f  q u a n t a  o f  c o r r e s p o n d i n g  f r e q u e n c y  r e a d i n g  1 cm i n  one 

s e c o n d .

I f  I* * i n t e n s i t y  o f  i n c i d e n t  l i g h t  e n t e r i n g  t h e  medium, 

I  = i n t e n s i t y  o f  l i g h t  r e m a i n i n g  a f t e r  p a s s i n g  

t h r o u g h  p a t h  l e n g t h  1 , and

1 = p a t h  l e n g t h ,  p a s s a g e  t h r o u g h  w h ich  r e d u c e s  t h e  
K

l i g h t  i n t e n s i t y  t o  1 / l O t h  o f  i t s  o r i g i n a l  v a l u e ,  t h e n
-K1

I = lolO

K = c o n s t a n t ,  c a l l e d  t h e  e x t i n c t i o n  c o e f f i c i e n t

d e p e n d in g  on  t h e  medium, an d  1 i s  i n  c e n t i m e t e r s .

B e e r * s Law s t a t e s ,  t h a t  a b s o r p t i o n  i s  p r o p o r t i o n a l  to  t h e  num ber

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

p a s s e s ,  i . e .  t o  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 f  t h e  s o l v e n t

i s  as sum ed  t o  be n o n - a b s o r b i n g .

I f  I* = l i g h t  e n t e r i n g  t h e  s o l u t i o n ,

I  = l i g h t  a f t e r  pass ing-  t h r o u g h  l e n g t h  1 cm, a n d

c = c o n c e n t r a t i o n ,
- l t c .

t h e n  I  = I© 10

When c i s  e x p r e s s e d  i n  g r a m - m o l e o u l e s  o f  a b s o r b i n g  

s u b s t a n c e  p e r  l i t r e  o f  s o l u t i o n ,  and 1 i n  cms,  € becomes a

m e asu re  o f  a b s o r p t i o n  due  to  a s i n g l e  m o l e c u l e ,  o r  t h e  m o l e c u l a r  

e x t i n c t i o n  c o e f f i c i e n t .  The e x p r e s s i o n  l o g l e  i s  known a s

t h e  d e n s i t y  o f  t h e  a b s o r b i n g  medium.
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D e v i a t i o n s  f r o m  B e e r  s Law u s u a l l y  a r i s e  f ro m f o r m a t i o n

or d is in t e g r a t io n  o f  m olecu lar  ag g reg a tes*  in t e r a c t io n  betw een

s o lu te  and so lv e n t*  or d is tu rb a n c e  o f  e q u ilib r iu m , betw een two

ty p e s  of ab sorb ing  m olecu le  p r e sen t in  th e  sy stem .

Q*he fo l lo w in g  e q u a tio n , and u n its*  are w id e ly  used  in

sp e c tr o s c o p ic  measurements

Wave number = ------- 1™ — _  * Trw a v e - l e n g t h  Speed o f  l i g h t
“ 9

W ave-length  M illim ic r o n  = m eters x 10
Wave number = waves per cm, -12
Frequency F r e s n e l l  = f  = v ib r a t io n s  per ( s e c  x 10 )

10
Speed o f  l i g h t  * c » 3 x 10 c m /s e c .

In rec o rd in g  a b so r p tio n  d a ta , i t  i s  som etim es d e s ir a b le  

to  s p e c i f y  th e  band h a lf  w id th  and band s tr e n g th  Jt<Lv. Gjhe 

t h e o r e t ic a l  a sp ect o f th e  i n t e n s i t y  and w idth  o f  an a b so rp tio n  

band, i s  d isc u sse d  by N.G. Chako and !F.W. F o r s te r , and g iv e n  in  

a paper by R.A. Morton (Annual R ep orts o f th e  Ghem. s o c i e t y ,  - 1 9 4 .I-)



PART I .
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The T h e o r y  o f  U l t r a - V i o l e t  Ab s o r p t i o n  S p e c t r a .

The c o r r e l a t i o n  b e tw e e n  t h e  c o l o u r  o f  a n  o r g a n i c  

compound a n d  i t s  s t r u c t u r e ,  h a s  i n t e r e s t e d  c h e m i s t s  a lm o s t  f rom  

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

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

t h a t  a  compound may be c o l o u r e d  i . e .  a b s o r b  v i s i b l e  l i g h t .

( G r a e b e ,  G . ,  a n d  L ie b e rm a n n  0 . ,  B e r . ,  l o 6 , - 1 8 6 8 - ) .  T h i s  

i d e a  v^as e x t e n d e d  by O.N. W i t t  ( B e r ,  9* 55^* wk°  c a l l e d

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

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

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

i . e .  c o n t a i n i n g  no d o u b l e  b o n d s ,  a s  a u x o c h r o m e s ,  a n d  t h e i r  p r e 

s e n c e  e n h a n c e d  t h e  c h ro m o p h o r ic  p r o p e r t i e s  o f  t h e  c h r o m o p h o r e s .  

T h e se  i d e a s  o f  u n s a t u r a t i o n ,  and  c h r o m o p h o r i c  an d  a u x o c h ro m ic  

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

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

o f  D i l t h e y  and  W i z i n g e r ,  ( W i z i n g e r ,  R . K . ,  O r g a n i s c h e  F a r b s t o f f e ,  

F e r d .  Dummlers .  V e r l a g  B e r l i n  v Bonn ~ 1 9 3 3 ~ K

I t  i s  now knoY/n, t h a t  t h e  a b s o r p t i o n  o f  l i g h t  by 

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

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

c o n t a i n i n g  m u l t i p l e  bonds  (B u ry  G.R.  J .  Amer. Ghem. S o c . ,  5 7 ,

2115, - 1 9 3 5 " ) *  T h i s  i s  e s p e c i a l l y  t r u e  o f  d y e s t u f f s ,  w h ic h  

c o n t a i n  many d o u b l e  b o n d s  and  a r o m a t i c  g r o u p s  i n  c o n j u g a t i o n ,  

a n d  a num ber  o f  a t t e m p t s  h a v e  b e e n  made t o  c a l c u l a t e  t h e  a b s o r p 

t i o n  s p e c t r a  f ro m  a l m o s t  f i r s t  p r i n c i p l e s ,  f o r  a num ber  o f  s i m p l e r
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c o n j u g a t e d  s y s t e m s ,  ( s k l a r ,  A . L . ,  F o r s t e r  T . ,  M u l l i k e n  R . 3 . ,  and  

S p o n e r  H . )  F o r  b e n z e n e ,  f o r  e x a m p le ,  t h e  quan tum  m e c h a n i c a l  

s o l u t i o n  g i v e s  two r o o t s  Wg = ^ + 2 . 2fc<. and  We = w h e re  Q i s  

t h e  c o u lo m b ic  e n e r g y  a n d o C is  a s i n g l e  e x c h a n g e  i n t e g r a l  b e tw e e n  

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

a b s o r p t i o n  band  o f  b e n z e n e  s h o u l d  b e  2.2f<* / h ,  w h e re  h =* 6 .9 3  x
• 27

10 e r g .  s e c .  The same c a l c u l a t i o n  u s i n g  t h e  v a l u e  4-9E c a l . / m o l .  

for«£  h a s  b e e n  made f o r  a number  o f  o t h e r  c o n d e n s e d  r i n g  s y s t e m  

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

o b s e r v e d  v a l u e  o f  X max.

A .L .  S k l a r  ( J .  Chem. P h y s ,  7 , 98A* " 1 9 3 9 " )  c o n s i d e r s  

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

o v e r  u n s u b s t i t u t e d  b e n z e n e ,  t o  be a t t r i b u t e d  t o  t h e  d e s t r u c t i o n  

o f  t h e  s i x  f o l d  symmetry o f  b e n z e n e ,  by t h e  p a r t i a l  m i g r a t i o n  o f  

an  e l e c t r o n  t o  t h e  r i n g  o r  o u t  o f  i t .  I t  i s  known e m p i r i c a l l y ,  

t h a t  t h e  a b s o r p t i o n  o f  an o r g a n i c  compound i s  d e t e r m i n e d  by two 

f a c t o r s :  f i r s t  by i t s  s k e l e t o n  o f  u n s a t u r a t e d  b o n d s ;  a n d  s e c o n d

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

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

u s u a l l y  g o es  hand  i n  han d  w i t h  a l a r g e  d i r e c t i n g  p ow er .  The 

d i f f e r e n c e  b e t w e e n  t h e s e  two phenomena i s  p r i n c i p a l l y ,  t h a t  t h e  

d i r e c t i n g  e f f e c t s  d ep en d  upon  t h e  d i s t u r b a n c e  o f  t h e  g r o u n d  s t a t e ,  

( an d  a l s o  upon t h e  g r o u p s  b e i n g  a t t a c h e d ) ,  w h e r e a s  t h e  i n t e n s i 

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

e x c i t e d  s t a t e .  The same f u n d a m e n t a l  m echan ism ,  h o w e v e r ,  u n d e r 

l i e s  b o t h  phenomena,  n a m e ly ,  a d i s t o r t i o n  o f  t h e  s i x  f o l d
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symmetry  o f  b e n z e n e .

In  d e v e l o p i n g  h i s  t h e o r y  of  d i r e c t i n g  pow er ,  S k l a r  

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

c h a r g e  d i s t r i b u t i o n  by i n d u c t i o n ,  and a m i g r a t i o n  o f  c h a r g e  

b e tw e e n  t h e  r i n g  and  t h e  s u b s t i t u e n t .  The i n d u c t i o n  c a u s e d  by 

t h e  p o l a r i t y  o f  t h e  r i n g  r a d i c a l  b en d ,  may be t r e a t e d  a s  a 

d i s t u r b a n c e ,  w h ich  w i l l  a v e r a g e  t h e  e n e r g y  l e v e l s .  Two l e v e l s ,  

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

s t a t e , ,  may be m ixed ,  and  make t h e  f o r b i d d e n  t r a n s i t i o n s  p a r t i a l l y  

a l l o w e d .  The i n d u c t i v e  e f f e c t ,  how ever ,  d o e s  n o t  p r o d u c e  l a r g e  

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

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

A f t e r  a h i g h l y  m a t h e m a t i c a l  a c c o u n t  o f  t h e  m i g r a t i n g  

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

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

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

b a n d in g  P  e l e c t r o n s ,  an d  a n o t  t o o  l a r g e  r i n g  r a d i c a l  d i s t a n c e .

I .M .  K l o t z  ( J .  o f  Ghem, S d u c .  P . 3^8 ,  -19^5*“ ) s u m m a r i s e s  

t h i s  mode o f  t r e a t m e n t ,  by s a y i n g ,  t h a t  a s u b s t i t u e n t ,  w h ic h  

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

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

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

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

s e q u e n t l y ,  t h e  e x c i t e d  s t a t e  i s  s t a b i l i z e d  more t h a n  i s  t h e  

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

d e c r e a s e d *  The r a d i a t i o n ,  c o r r e s p o n d i n g  t o  a t r a n s i t i o n
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b e tw een  t h e s e  two s t a t e s ,  w i l l  be  s h i f t e d  t o  l o n g e r  w;'ave~ l e n g t h s

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

u n s u b s t i t u t e d  m o l e c u l e .

Gr.N. Lew is  and  M. G a l v i n  (Ghem. Review 2 5 , 273 ,  “ 1S,59’“ ) 

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

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

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

s y s t e m s .  In  t h e  a b s o r p t i o n  o f  l i g h t  t h e  e n e r g y  i s  t a k e n  up by 

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

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

o f  s i m p l e  q u a n t i z a t i o n .  T h i s  q u a s i - c l a s s i c a l  m odel  a f f o r d s ,  i n  

many c a s e s ,  a q u a l i t a t i v e ,  a n d ,  i n  a v e r y  f ew  c a s e s ,  a q u a n t i t a -  

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

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

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

t o r .  f h e  v a r i o u s  p o s s i b l e  mo'des o f  v i b r a t i o n s ,  and  t h e  l a w s  

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

a to m ic  v i b r a t i o n s  i n  t h e  m o le c .u le ,  a r e  c o n s i d e r e d .

When a l l  p a i n s  hav e  b e e n  t a k e n  t o  p r e p a r e  a s u b s t a n c e  

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

by t h e  u s e  o f  s u c h  a s o l v e n t  a s  h e x a n e ,  we s t i l l  f r e q u e n t l y  f i n d  

i n  .an a b s o r p t i o n  s p e c t r u m ,  t a k e n  t h r o u g h  t h e  v i s i b l e  and  w e l l  i n t o  

t h e  u l t r a - v i o l e t ,  a number o f  e l e c t r o n i c  a b s o r p t i o n  b a n d s .  L e w is

and G a l v i n  c l a s s i f y  t h e s e  a s r

A. F u n d a m e n ta l  b a n d s  o r  b an d s  o f  e l e c t r o n i c  o s c i l l a t i o n  w d t h i n  

t h e  m o l e c u l e  a s  a w h o l e ,  a n d ;
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B.  Bands o f  p a r t i a l  o r  l o c a l i z e d  o s c i l l a t i o n ,

A. b an d s  a r e  f u r t h e r  c l a s s i f i e d  a s  -

1* F u n d a m e n ta l  b ands  o f  t h e  f i r s t  o r d e r ,  t h a t  i s  b a n d s  due t o  

a t r a n s i t i o n  to  t h e  f i r s t  e x c i t e d  s t a t e .  T h e s e  a r e  ( a )  a 

s i n g l e  band (x  b an d )  c o r r e s p o n d i n g  t o  o s c i l l a t i o n  i n  a s i n g l e  

d i r e c t i o n  ( b )  two b a n d s  (x  a n d  y b a n d s )  d u e  t o  two m u t u a l l y  

p e r p e n d i c u l a r  o s c i l l a t i o n s ,  and  ( c )  t h r e e  b an d s  ( x ,  y ,  a n d  z 

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

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

d i m e n s i o n s .

2 .  F u n d a m e n ta l  b a n d s  o f  t h e  s e c o n d  o r d e r  du e  t o  a t r a n s i t i o n  

f rom  t h e  z e ro  s t a t e  t o  t h e  s e c o n d  e x c i t e d  s t a t e .

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

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

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

t r o n i c  b a n d s .

L ew is  and  G a l v i n  d i s a g r e e  w i t h  t h e  c o n c e p t i o n ,  t h a t  

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

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

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

s t r u c t u r e  o f  some s im p l e  p o l y a t o m i c  m o l e c u l e s ,  i s  g i v e n  by W.G. 

P r i c e  (A n n u a l  R e p o r t s  o f  t h e  C h em ica l  S o c i e t y ,  - 1 9 3 9 “ ) who g i v e s  

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

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

s h e l l s .



l t i .

One o t h e r  a r t i c l e  by A. Burawoy ( J . C . S .  1177* "*1939*") 

g i v e s  a c l a s s i f i c a t i o n ,  o f  a b s o r p t i o n  b an d s  i n  t h e  r e g i o n  2000 A 

1 0 ,0 0 0  A, d i f f e r e n t  f ro m  t h a t  o f  Lew is  and  G a l v i n .  T h i s  c l a s s i 

f i c a t i o n  i n v o l v e s  t h e  c o n c e p t i o n  o f  R and K c h r o m o p h o r e s ,  an d  

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

D u r in g  t h e  work; d e s c r i b e d  i n  t h i s  t h e s i s ,  t h e  a b s o r p 

t i o n  c u r v e s  o f  t h i r t y  s i x  a r o m a t i c  n i t r o - c o m p o u n d s  w e re  e x am in ed  

i n  t h e  r e g i o n  2000 -  5000 A. The m a j o r i t y  o f  t h e s e  compounds

c o n s i s t e d  o f  a s i n g l e  b e n z e n e  r i n g ,  c o n t a i n i n g  one o r  m ore  o f
GH3 c h 8

t h e  f o l l o w i n g  s u b s t i t u e n t s ,  -CH3 , -HH2 » ~H(GH3 ) 2 , - I f '

K0 S H
-NOa. ~0CH3 , - 0 1 ,  -OH, -H - 0 '  -0G2 H5 , a n d  - H ( 0 2 H5 ) g .  'The

NH , *0 .
compounds i n  t h i s  r a n g e  a r e  c a p a b l e  o f  b e i n g  a r r a n g e d  i n  t h r e e  

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

o f  b e n z e n e ,  n i t r o b e n z e n e  and p h e n o l ,  o b t a i n e d  f rom  t h e  l i t e r a t u r e  

( s e e  p̂ 2o ) ,  t h e  c h a n g e  i n  t h e  u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r u m  

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

zen e  to  t h e  complex m o l e c u l e  o f  t h e  e x p l o s i v e  t e t r y l ,  (2  

t r i n i t r o p h e n y l m e t h y l n i t r o a m i n e )  can  be e a s i l y  f o l l o w e d .  The

f o l l o w i n g  s c h e m e s ,  o f  c o u r s e ,  h a v e  no r e l a t i o n  t o  t h e  s t e p s

f o l l o w e d  i n  t h e  p r e p a r a t i o n  o f  t h e s e  com pounds .



S i m i l a r l y  we c a n  s t u d y  t h e  change  i n  s p e c t r u m  f ro m  

b e n z e n e  o r  p h e n o l  to  p i c r i c  a c i d  by t h e  f o l l o w i n g  s t e p s

o h oh

Th e re  a r e  s e v e r a l  p o i n t s ,  w h ic h  m us t  be rem em b ered  

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

i n g : -

( 1 ) T h e r e  may be e a s i l y  c o n v e r t i b l e  i s o m e r s  o f  t h e  same compound 

p r e s e n t ;

( 2 ) t h e  s o l u t e  may f o r m  d e f i n i t e  p o l y m e r s  i n  s o l u t i o n ;

( 3 ) t h e  s o l u t e  may fo rm  d e f i n i t e  s o l v a t e s  w i t h  s o l v e n t  m o l e c u l e s ;

(if) t h e  s o l u t e  may be c a p a b l e  o f  c o m b i n a t i o n  w i t h  a c i d  an d  b a s i c

s o l v e n t s ;

( 5 ) t h e - s o l u t e  may be c a p a b l e  o f  d i s s o c i a t i o n  i n  s o l u t i o n ;

( 6 ) t h e  s o l u t e  may fo rm  h y d r o g e n  bonds  b e tw e e n  i t s  s u b s t i t u e n t

g r o u p s ,  o r  w i t h  t h e  s o l v e n t .

T h e se  p o i n t s  w i l l  be rem em b ered  d u r i n g  t h e  d i s c u s s i o n  

o f  r e s u l t s ,  b u t  i n  g e n e r a l  t h e  compounds were  ex a m in ed  u n d e r  t h e  

same c o n d i t i o n s ,  a n e u t r a l  a q u e o u s  s o l v e n t  c o n t a i n i n g  20$  s p e c t r o 

s c o p i c  a l c o h o l  b e in g  u s e d .

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

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



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

t i o n ,  a r e  g i v e n  i n  t h e ' - f o l l o w i n g  t a b l e .  The a b s o r p t i o n  c u r v e s  

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

s o l u t i o n ,  an d  E S f - d i m e t h y l a n i l i n e  i n  2 : 2;A“ t r i m e t h y l p e n t a n e  s o l u -  

t i o n  a r e  r e p r o d u c e d  f ro m  a p a p e r  by W.R. R em in g to n  ( J .  Amer.  chem. 

5 o c .  6 7 , 1 8 3 8 , -19A5“ ) .  The a b s o r p t i o n  c u r v e  of  b e n z e n e  i s  

r e p r o d u c e d  f ro m  t h e  t e x t ~ b o o k " T h e  P r a c t i c e  o f  A b s o r p t i o n  S p e c t r o -  

p h o t o m e t r y ,  by F ,  Toyman and G.B. A l l s o p p ,  a n d  t h e  a b s o r p t i o n  

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

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

G. Kortum ( z .  P h y s i k a l , Chem . lf2B, 3 9 -6 6 , - 1 9 3 9 “ ) . A l l  t h e

o t h e r s  w ere  exam ined  by t h e a u t h o r •

Compound W av e-L en g th
A.

F r e q u e n c y
f .

M o l e c u l a r  
F x t  in c  t  i  on 
C o e f f i c i e n t

A n i l i n e max.
max.

2280
2800

1 3 1 5 .8  
1071* A

13*000
1 ,5 0 0

N - M o n o m e t h y l a n i l i n e max.
max.

2360 
28 AO

12 7 1 .2
1 0 5 6 .3

1 .1 ,0 0 0
1 ,6 0 0

O T ~ D i m e t h y l a n i l i n e max. 2A20 1 2 3 9 .7 9 ,8 0 0

o - H i t r o a n i l i n e max.
max.

2800
A030

1 0 7 1 . ^
7 5 5 .3

5 ,0 0 0
A, 600

p - N i t r o a n i l i n e max. 3820 7 3 5 . ^ 1 2 .3 0 0

2 • A“B i n i  t  r  o a n i l  i n e max.
max.

26'00
3 W

1 1 5 3 .3
8 7 2 .1

9 , 5 0 0
1 2 ,3 0 0

2 : i f - D i n i t r o m o n o m e t h y l a n i l i n e max.
max.
5960
w .20

2&A0
3810

1 1 3 6 . ^  
8 3 1 .0  
7 5 7 .6
7 2 8 .2

8 ,  A00 
1 5 ,2 0 0  

8 , 0 0 0  
7 , 2 0 0

2:A**Dinit ro  d im e t  h y l a n i  l i n e max. 3800 7 3 9 .5 1 6 ,0 0 0



21.

Com-oound N ave-Length  
A.

F r e q u e n c y
f .

M o l e c u l a r  
Fxt i n c t  ion  
C o e f f i c i e n t .

F i c r a m i d e max. 324-0 
max. 2|j03o

9 2 5 . 9
7 3 5 . 3

1 0 , 4-00
7 ,6 0 0

N - M e t h y l p i c r a m i d e max. 34-60 
3320
3920 
4- 320

8 6 7 . I
J&b.k-
Z 6 5 .5
&3k-.k

14-,000
7 . 0 0 0
6 , 4-00
6 .0 0 0

o - N i t r o d i e t h y l a n i l i n e max. 24.60 1 2 1 9 .5 1 0 ,0 0 0

p - N i t r o d i m e t h y l a n i l i n e max.  A200 7W -.3 2 0 ,0 0 0

m-Nit  r o t e t r y l max. 3600 8 3 3 . 3 1 1 ,6 0 0

m - H y d r o x y t e t r y l max.  3620 8 2 8 .2 1M,8 0 0

2 : A : 6 - T r i n i t r o p h e n y l -
n i t r a m i n e max. 3520 8 5 2 . 3 8 ,0 0 0

N N - D im e th y lp ic r a m id e max.  37^0 7 9 7 - 9 1 2 ,6 0 0

P i c r i c  a c i d max. 3520
3880
A120

8 5 2 .3
7 7 3 . 2
7 2 8 .2

1 3 , 5 0 0
1 0 ,0 0 0

3 , 0 0 0

A c o m p l e t e  l i s t  
s p e c t r a  a r e  p r o d u c e d  i s  as

o f  t h e  compounds 
f o l l o w s : -

, whose a b s o r p t  i o n

Compound Page

P i c r i c  a c i d ....................................
M e t a - h y d r o x y t e t r y l ............................................................................................... 2 2 s .
B e n z e n e ........................................................................................................................... 22b .
A n i l i n e ........................................................................................................................... 22b .
N - M o n o m e t h y l a n i l i n e ............................. .............................................................. 22b .
N N - D i m e t h y l a n i l i n e ................................................................................................22b .
o - N i t r o d i m e t h y l a n i l i n e ......................................... .................................................  .2 2 c .
p - N i t r o d i m e t h y l a n i l i n e . . . . ........................   2 2 c .
N N - D i m e t h y l a n i l i n e ..................................................................   2 2 c .
o - N i t r o a n i l i n e . .    . 2 2 d.
p-N i t  r o  a n i l i n e ..........................................................................................................2 2 d.
P i c  ram i  d e . .  . . . ........................................... . ............................................................22d.
2 : i f - D i n i t r o a n i l i n e ......................     2 2 d.
p - N i t  r o d i m e t  h y l a n i l i n e ...................................................................................... 2 2 e .
o - N i t r o d i - e t h y l a n i l i n e ..............................................................................  22 e .
2 :A “D i n i t r o a n i l i n e  ( a n a l y s i s )  .....................................................  2 2 f .
P i c r i c  a c i d  ( a n a l y s i s ) ........................................   . 2 2 f .



22.

Compound

N - M e t h y l p i c r a m i d e  ( a n a l y s i s ) ......................................................... . . .  22g.
2 : i f - D i n i t r o m q n o m e t h y l a n i l i n e  ( a n a l y s i s ) ...................................... 22g .
T e t  r y l  ( 2 :if 26- t r i n i t  r o p h e n y l m e t  h y l n i t r  am ine  22h .
2 : 2f ; 6 - T r i n i t  r o p h e n y l n i t r a m i n e ............................................................... 22h .
M e t a - n i t  r o t  e t  r y l ......................................................................................• . .  • 22h .
2 ; i f - D i n i t r o m o n o m e t h y l a n i l i n e .  ..................................................... 22h.
2 : i f - D i n i t  rophenyl.me t h y l n i t r a m i n e ....................... ................................22h .
N - M e t h y l p i c r a m i d e .  ........................................... ........................ .. 2 2 i .
2 ; J f - D i n i t r o d i m e t h y l a n i l i n e .................................................................   2 2 i .
N N - D i m e t h y l p i c r a m i d e ......................................................................................2 2 i .
N N - D im e th y lp ic r a m id e  -  p i c r y l  c h l o r i d e  c o m p l e x . . ...............  2 2 i .
2 ; 2f • b - l ' r i n i t  r o d i p h e n y l m e t h y l a m i n e ..................................................... 22 j .
2 : 2f t 6 - T r i n i t r o d i p h e n y l a m i n e .  .................. .....................................22 j .
2 :li.-6 - rf  r i n i t  ro  t o l u e n e ......................................................................... .. 22 j .
2 : 6 - D i n i t r o - l f - h y d r o x y l a m i n e t o  l u e n e . .   ........................................... 22 j .
S - t r i n i t r o b e n z e n e . .  ........................................... ..........................................22k .
2 : 6 - D i n i t r o - i f - a m o n o t o l u e n e ..........................................................................22k .
M e t a - d i n i t r o b e n z e n e ........................................................................................... 22k .
P i c r a m i c  a c i d .   ......................................................     22k .
5 ~ N i t r q - m - p h e n y l s n e d i a m i n e ....................    2 2k .
2 *2 : 6 : 6 - T e t  r a n  i t  r o -V s l f - a z o x y  t o l u e n e ................................................... 2 2 1 .
2 : 2f j 6 “T r i n i t  r o b e n z a l d e h y d e ..........................................................................2 2 1 .
2 ; i f : 6—T r i n i t  r o b  enzo i c  a c i d ........................    2 2 1 .
B e n z e n e ......................................................................................................................... 22m.
P h e n o l  / N i t r o b e n z e n e .................... 22m.
D i n i t r o b e n z e n e ,  o r t h o ,  met a ,  a n d  p a r a . . .........................................22m.
3 - T r i n i t r o b e n z e n e ...............................................      22m.
N i t  ro p h e n o l ,  o r t h o ,  m e t a ,  an d  p a r a ......................................................22n .
2 : i f - D i n i t r o p h e n o l   ..................................   22n.
2 : l f - D i n i t r o a n i s o l e ...........................................................................   22n .
3 : 5 ~ D i n i t r o a n i s o l e ............................................................................................. 22n .

The above  compounds a r e  t o o  com plex  f o r  a quantum 

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

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

e s t a b l i s h e d  by quan tum  m e c h a n i c s ,  a n d  f ro m  a k n o w le d g e  o f  t h e  

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

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

In  g e n e r a l ,  we w i l l  b e  c o n c e r n e d  o n l y  w i t h  t h e  p o l a r i z 

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

i n d u c t i v e  and mesomeric  e f f e c t s ,  r e s p e c t i v e l y .  I f  an a tom o r

g roup  a t t r a c t s  e l e c t r o n s  more s t r o n g l y  t h a n  hydrogen  does ,  i t  i s  

s a i d  t o  e x h i b i t  a - I s e f f e c t ;  i f  i t  a t t r a c t s  e l e c t r o n s  l e s s  

s t r o n g l y  th a n  h y d rog en  ( o r  i f  i t  r e p e l s  th e m ) ,  i t  e x h i b i t s  a + I S 

e f f e c t ,  and i s  s a i d  t o  be an e l e c t r o n  r e l e a s i n g  g r o u p .

In  n i t r o b e n z e n e ,  th e  i n d u c t i v e  e f f e c t  i n c r e a s e s  t h e  

e l e c t r o n  a v a i l a b i l i t y  o v e r  t h e  w hole  n u c l e u s .  The mesomeric  

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

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

In  a d d i t i o n  t o  t h e  no rm al  o r  g ro u n d  s t a t e s ,  we may 

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

b e n zene ,  and s - t r i n i t r o b e n z e n e , r e s p e c t i v e l y .

*J— 2

m -D in i t r o b e n z e n e  ^ - T r i n i  t r o b e n z e n e

F o r  a n i l i n e  and p h e n o l ,  we have  to  c o n s i d e r  t h e

f o l l o w i n g  s t r u c t u r e s ; -
oG oR +. 4 O R

tl
\

N
I

+ MR, 
i i

\

+  oR

U
/ \ .  /  \

il I
V /

sv 0/?

Jit MR, h >1
4

 ̂ / /



We r e a l l y  h a v e  two o p p o s in g  e f f e c t s

( “ I ,  +M) i n  r e l a t i o n  .to t h e  s u b s t i t u e n t s *  b u t  e x p e r i m e n t a l  

e v i d e n c e  shows t h a t  + M . > - I *

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

a  d i s c u s s i o n  of  t h e  s t r u c t u r e s  o f  mono, d i ,  and  t r i n i t r o  d e r i v a 

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

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

amino g r o u p  w i l l  be d i s c u s s e d  s e p a r a t e l y *

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

e f f e c t  o f  t h e  amino and n i t r o  g r o u p s  a r e  c o n s i d e r e d : -

( a )  p a r a - a m i n o  + p a r a - n i t r o ;

(b )  p a r a - a m i n o  + o r t h o - n i t r o ;

( c )  o r t h o - a m i n o  + o r t h o - n i t r o ;

( d )  o r t h o - a m i n o  + p a r a - n i t r o ;

I t  w i l l  be  remembered  t h a t  a n i l i n e  s t r u c t u r e s  have  i n c r e a s e d  

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

b e n z e n e  e l e c t r o n  d e f i c i e n c y  a t  t h e  o r t h o  an d  p a r a - p o s i t  i o n s *

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

f o r  p - n i t r o a n i l i n e  i n  t h e  e x c i t e d  s t a t e .
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F o r  o - n i t r o a n i l i n e  we have  t h e  f o l l o w i n g  s t r u c t u r e s
 ̂H

po s s i b l e
■V */

} \ J i

N+-/

✓ V C

Ju

Li . H

. /

li I 
V

IV

\  N +

(o -a m in o  p - n i t r o ) ( o - a m i n o  o - n i t r o )  ( p - a m in o  p - n i t r o ) ( p - a m i n o

T h i s  i n d i c a t e s  t h a t  we hav e  a t  l e a s t  two p o s s i $ i e r °^

e x c i t e d  s t a t e s ,  n a m e ly ,  ( a )  r e p r e s e n t e d  by I ,  I I I  and  IV, an d

( b )  by I I .

I n  t h e  same way, t h e  e x t r e m e  r e s o n a t i n g  f o rm s  o f  

2 : l f - d i n i t r o a n i l i n e ,  a n d  2 : 2f : 6~ t r i n i t r o a n i l i n e  can  be  r e p r e s e n t e d  

by

♦ N

o

II
O O

r e s p e c t i v e l y .  I t  oan  be s e e n  t h a t  i n t r o d u c t i o n  o f  an amino

g r o u p  rem o v es  one  p o s i t i v e  c h a r g e  i n  m - d i n i t r o b e n z e n e ,  an d

s “ t r i n i t r o b e n z e n e  m o l e c u l e s ,  r e s p e c t i v e l y .

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

i n t o  t h e  amino g r o u p ,  we h a v e  t h e  f o l l o w i n g  s t r u c t u r e ,  w h ic h
*

r e q u i r e s  t h e  c o n t r a v e n t i o n  o f  L .  P a u l i n g  s a d j a c e n t  c h a r g e  r u l e
i» * *

(I 'he  I l a t u r e  o f  t h e  C h e m ica l  Bond p p , 1 9 9 ? £ )  owing t o  t h e  f a c t



t h a t  t h e  amino n i t r o g e n  c a n n o t  have  more t h a n  f o u r  c o v a l e n c i e s .
o

However* H.D. S p r i n g a l l  ( P r i v a t e  O o m m u n ic a t io n $ ) h a s
AQ

g i v e n  a v a l u e  f o r  t h e  g r o u p  e n e r g y  a s  b e i n g  207 & /m*
-H  m z

w h ic h  n u t s  t h i s  g r o u p  e n e r g y  i n  t h e  am ide  and  n o t  t h e  
- K  -HO*

amine  c l a s s ,  and  shows t h e  a b s e n c e  o f  a d o u b l e  bond  b e tw e e n  

t h e  n i t r o g e n  a t o m s ,  su c h  a s  w o u ld  be f o rm e d  by t h e  m i g r a t i o n

I n  any  c a s e ,  t h e r e  i s  i n c r e a s i n g  e v i d e n c e  t h a t  P a u l i n g  s 

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

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

o f  one  o r  two m e th y l  g r o u p s  i n  t h e  amino g r o u p .  T he  a b s o r p t i o n  

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

s u b s t i t u t e d  by m e th y l  g r o u p s  t o  fo rm  n i t r o - N - m e t h y l a n i l i n e s ,  o r  

t n i t r o j  ^F,N*“d i m e t h y l $  a n i l i n e s  a n d  f o r  a n  e x p l a n a t i o n  o f  t h i s  

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

The m e t h y l  g r o u p  i s  known t o  have  a +1 e f f e c t  i n  t h e  t o l u e n e  

m o l e c u l e ,  an d  L.  P a u l i n g  ( p . 212)  e x p l a i n s  t h e  f a c t  t h a t  m o n o - a l k y l  

g u a n i d i n e s  and  H . H - d i a l k y l  g u a n i d i n e s  a r e  w e a k e r  b a s e s  t h a n  

g u a n i d i n e  i t s e l f ,  by t h e  f o l l o w i n g  r e a s o n .  The r e p l a c e m e n t ,  o f
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one o r  two h y d r o g e n s  of  an  -HHg g r o u p  by a l k y l  r a d i c a l s ,  t e n d s  

t o  p r e v e n t  t h e  d o u b le  band  f ro m  s w in g in g  t o  t h i s  g r o u p ,  b e c a u s e  

c a r b o n  i s  more e l e c t r o - n e g a t i v e  t h a n  h y d r o g e n ,  and h e n c e  t e n d s  

t o  c a u s e  t h e  a d j a c e n t  n i t r o g e n  atom n o t  t o  assume a p o s i t i v e  

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

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

F > 0 l > B r  >I >OGH3 >  Q6 H5, >  H>CHS 

- I  I

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

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

c h a r g e  on t h e  amino n i t r o g e n  a tom ,  c o n t r o l  t h e  t e n d e n c y  t o  fo rm  a 

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

t h e  t e n d e n c y  t o  p a s s  t o  t h e  e x c i t e d  s t a t e . .

C om par ison  o f  t h e  a b s o r p t i o n  c u r v e s  w i t h  t h e  v a r i o u s  

s t r u c t u r e s  o u t l i n e d  ab o v e  d o e s  n o t  a l l o w  u s  t o  a s s i g n  any  p a r t i 

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

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

f i i e  f o l l o w i n g  o b s e r v a t i o n s ,  -however,  may be m a d e ; -

( 1 )  Any s u b s t i t u e n t  i n  t h e  b e n z e n e  m o l e c u l e  d e s t r o y s  t h e  c l o s e l y  

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

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

g e n e r a l ,  a t  l o n g e r  w a v e - l e n g t h s ,  and hav e  i n t e n s i t i e s  v e r y  much 

h i g h e r  t h a n  t h o s e  o f  t h e  b e n z en e  a b s o r p t i o n  b a n d s .

( 2 )  S u b s t i t u t i o n  i n  t h e  a n i l i n e  m o l e c u l e ,  o f  one  o r  more n i t r o  

g r o u p s ,  i n  g e n e r a l ,  m o d i f i e s  t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e
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a b s o r p t i o n  b a n d s ,  and moves them t o  l a r g e r  w a v e - l e n g t h s *  S u b 

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

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

n u c l e u s .

( 3 )  Comparing  t h e  r e s o n a n c e  s t r u c t u r e  w i t h  t h e  a b s o r p t i o n  s p e c t r a  

o f  e a ch  compound, i t  can  be s e e n  t h a t  t h e  number o f  p o s i t i v e  

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

i m p o r t a n t .  N i t r o b e n z e n e  w i t h  one p o s i t i v e  c h a r g e ,  shows a weak 

a b s o r p t i o n  band  i n  t h e  r e g i o n  2702-2380  A, m - d i n i t r o b e n z e n e  w i t h  

two p o s i t i v e  c h a r g e s ,  and  ^ s - t r i n i t r o b e n z e n e  w i t h  t h r e e  p o s i t i v e  

c h a r g e s  show o n l y  g e n e r a l  a b s o r p t i o n ,  w h e r e a s  p - d i n i t r o b e n z e n e  

w i t h  a p a r a - q u i n o n o i d  s t r u c t u r e ,  shows i n c r e a s e d  s e l e c t i v e  a b s o r p 

t i o n  a t  2563^ -  h av e  f u r t h e r  e v i d e n c e ,  f ro m  t h e  s p e c t r u m

a n a l y s i s  o f  compounds showing  i n f l e x i o n s  on t h e  m a in  a b s o r p t i o n  

b a n d .  P i c r a m i d e  and N - m e t h y l p i c r a m i d e  h a v e  two p o s i t i v e  c h a r g e s  

i n  s y m m e t r i c a l  p o s i t i o n s  and  e x h i b i t  two b a n d s ;  2 ; i f - d i n i t r o a n i -  

l i n e  and 2:A"’d i n i t r o m o n o m e t h y l a n i l i n e  w i t h  one  p o s i t i v e  c h a r g e  

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

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

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

t i o n  o f  2 ; i f - d i n i t r o a n i s o l e  and  3 : 5 “ d i n i t r o a n i s p l e .  The i n t e r 

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

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

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

g r o u p  i n  2 ; A : 6 - t r i n i t r o t o l u e n e  h a v i n g  o n ly  a weak i n d u c t i v e
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e f f e c t  d o e s  n o t  a f f e c t  t h e  c h a r g e  d i s t r i b u t i o n ,  an d  t h e  a b s o r p 

t i o n  r e m a i n s  g e n e r a l .

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

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

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

b ands  s i m i l a r  t o  o - n i t r o a n i l i n e  but  o f  h i g h e r  i n t e n s i t i e s ,  

p - n i t r o p h e n o l  shows one  band  s i m i l a r  t o  p - n i t r o a n i l i n e ,  a n d  p i c r i c  

a c i d ' s h o w s  two b ands  s i m i l a r  i n  t y p e  to  t h o s e  o f  p i c r a m i d e .  D a t a  

f o r  c o m p a r i s o n  o f  2 : 2f - d i n i t r o p h e n o l  i n  a q u e o u s  s o l u t i o n ,  w i t h  

2 : l t - - d i n i t r o a n i l i n e  i s  n o t  a v a i l a b l e .

( 5 )  Comparing t h e  a b s o r p t i o n  c u r v e s  o f  a n i l i n e  w i t h  N -m o n o m e th y l -  

a n i l i n e ,  2 : l f ~ d i n i t r o a n i l i n e  wri t h  2 : 2j . - m o n o m e t h y l a n i l i n e ,  p i c r a m i d e  

w i t h  N ~ m e th y l p i e r a m i d e ,  we s e e  t h a t  i n t r o d u c t i o n  o f  on e  m e th y l  

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

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

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

( 6 ) I n t r o d u c t i o n  o f  tw o m e t h y l  g r o u p s  t o  fo rm  -N(CH3 1is c a u s e s  a 

more m arked  e f f e c t ,  a s  s e e n  by c o m p a r in g  t h e  a b s o r p t i o n  o f  

U - m e t h y l a n i l i n e  w i t h  N N - d i m e t h y l a n i l i n e ,  2 ; i f - d i n i t r o m o n o m e t h y l -  

a n i l i n e  w i t h  2 : i f - d i n i t r o d i m e t h y l a n i l i n e ,  N - m o n o m e th y lp i c r a m id e  

w i t h  N N - d l m e t h y l p i e r a m i d e ,  a n d  o - n i t r o a n i l i n e  w i t h  o - n i t r o -  

d i m e t h y l a n i l i n e .  m  t h e  f i r s t  t h r e e  c a s e s  t h e  num ber  o f  b a n d s  

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

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

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

e x c i t e d  s t a t e .

( 7 ) 2 :As6 “i ' r i n i t r o p h e n y l n i t r a m i n e  e x h i b i t s  f a i r l y  s t r o n g  s e l e c 

t i v e  a b s o r p t i o n ,  b u t  i n t r o d u c t i o n  o f  a m e th y l  g r o u p ,  t o  g i v e  t h e
yN02

t e t r y l  m o l e c u l e  by f o r m i n g  t h e  g r o u p  - F  , g i v e s  r i s e  to
NCH3

g e n e r a l  a b s o r p t i o n .  S i m i l a r l y ,  t h e  compound 2 : 2 f - d i n i t r o p h e n y l ~  

m e t h y l n i t r a m i n e  e x h i b i t s  o n l y  g e n e r a l  a b s o r p t i o n .  A& t h i s  

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

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

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

W.R. R em in g to n  ( J .  Amer. Ghem. s o c .  6 7 , 1 8 3 8 , - 1 9 ^ 5 " )  

d i s c u s s e d  t h e  s u b j e c t  o f  t h e  e f f e c t  o f  s t e r i c  i n h i b i t i o n  o f  r e 

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

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

h a v e  much more d o u b l e  bond c h a r a c t e r  i n  t h e  f i r s t  e x c i t e d  s t a t e ,  

t h a n  i n  t h e  u n e x c i t e d  s t a t e ,  where  i t s  d o u b l e  bond c h a r a c t e r  i s  

v e r y  s l i g h t .  A d o u b le  bond i n  t h i s  p o s i t i o n ,  r e q u i r e s  t h a t  t h e  

e n t i r e  m o l e c u l e  ( w i t h  t h e  e x c e p t i o n  o f  m e th y l  h y d r o g e n  a to m s )  be 

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

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

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

s t r a i n  must be p r e s e n t .  He a s su m e s  t h a t  n o n - p l a n a r i t y ,  o r  s t r a i n ,  

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

t h e  u n e x c i t e d  s t a t e :  t h e  c o r r e s p o n d i n g  a b s o r p t i o n  w i l l  o c c u r  a t
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h i g h e r  f r e q u e n c i e s .  A ls o ,  s i n c e  t h e  u n e x c i t e d  m o l e c u l e  w i l l  

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

by t h e  e x c i t e d  s t a t e ,  t h e  p r o b a b i l i t y  o f  e x c i t a t i o n  w i l l  be 

d e c r e a s e d :  t h e  a b s o r p t i o n  w i l l  be o f  l o w e r e d  i n t e n s i t y .

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

t h e  e x c i t e d  s t a t e ,  and  t h i s  t o o  may be  r e s p o n s i b l e  f o r  a d e c r e a s 

ed i n t e n s i t y  o f  a b s o r p t i o n .

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

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

b e n z e n e  r in g ' ,  a r e  c o - p l a n a r .  The X - r a y  s t r u c t u r e  o f  p i c r y l  

i o d i d e  by G. Huse a n d  H.M. P o w e l l  ( J . Ghem. s o c .  p . 1 4 0 0 , - 1 9 A 0 - ) 

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

8o° t o  t h e  b e n z en e  r i n g ,  n e e d  n o t  be c o n s i d e r e d ,  s i n c e  t h e  i n t e r -  

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

s o l u t i o n .

!Phe f o l l o w i n g  d a t a  was o b t a i n e d  f ro m  A .2*. W e l l s  

( S t r u c t u r a l  and I n o r g a n i c  C h e m i s t r y )

Bond L e n g t h s  (P ag e  AO5)

F -  F. 1.1*81, F = F 1 . 2 8 1

C ~ F l.M>A 0 * N I . 27I

C o v a le n t  R a d i i  (P ag e  81)

H 0 . 3 7  0 0 . 7 7  H 0 .7 A  0 0 . 71*

From L .  P a u l in g  ( p . 1 8 9 )

Y ande r  Waal R a d i i

F lo5A H 1 . 2 1  GHa 2.0A 0 1.A0A
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The s t r u c t u r e  of  t h e  n i t r o  g r o u p ,  R“N02 g i v e s  a 

t e t r a h e d r a l  v a l u e  1 2 5° 16  ̂ f o r  t h e  0~N=0 bend  a n g l e ,  and  t h e  

p r e d i c t e d  v a l u e  l . l ^ A  f o r  t h e  N~0 d i s t a n c e ,  t h e  t h r e e  a toms of  

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

w i t h  t h e  two o x y g e n s  s y m m e t r i c a l l y  r e l a t e d  t o  t h e  R~N a x i s  

( L .  P a u l i n g ,  p . 2 0 1 ) .

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

we may q u o t e  f rom N.V.  S i d g w ic k  (The o r g a n i c  C h e m i s t r y  o f  N i t r o g e n  

p .  4-0.) I n  t h e  c a s e  o f  a r y l  a m i n e s ,  t h e  r e s o n a n c e  f a c t o r  c a u s e s  

t h e  two f r e e  e l e c t r o n s  o f  t h e  n i t r o g e n  atom t o  be  p a r t i a l l y  

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

o f  t h e  n i t r o g e n  a tom,  become p a r t l y  d o u b le  bond i n  c h a r a c t e r ,  w i t h  

t h e  r e s u l t ,  t h a t  t h e  w h o le  m o l e c u l e  must t e n d  t o  a ssum e a p l a n a r  

s t r u c t u r e .

From t h e  two d i m e n s i o n a l  d r a w in g s  shown,  i t  c an  be s e e n  

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

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

o f  t h e  p h o t o g r a p h s ,  h o w ev er ,  shows t h a t  r o t a t i o n  o f  t h e  m e th y l  

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

be n e g l e c t e d .  I f  we i g n o r e  t h e  Van d e r  W aal  r a d i i ,  t h e  o n l y  

s t e r i c  h i n d r a n c e  w ou ld  a p p e a r  t o  come f rom  t h e  N ~ n i t r o  g r o u p .  

C om p ar iso n  o f  t h e  s t e r i c  h i n d r a n c e  e f f e c t s ,  w i t h  t h e  a b s o r p t i o n  

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

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

r e f e r e n c e  t o  t h e  a d j a c e n t  n i t r o  g r o u p s .
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C o m p a r i so n  o f  t h i s  p h o t o g r a p h  w i t h  t h a t  on t h e  

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

c a u s e d  b y  r o t a t i o n  o f  t h e  IT m e t h y l  g r o u p .
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2-2{--Dini t r o p h e n y l m e t h y l  
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T e t r y l

P i c r a m i d e
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g r o u p

Hone,
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g r o u p

Hone
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A b s o r p t  i o n

Hon s e l e c t i v e  
h u t  g r e a t e r  
t h a n  t e t r y l .

G e n e ra l

S e l e c t i v e

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

S e l e c t i v e  of  
h i g h  i n t e n s i t y .

Use o f  t h e  Van d e r  Waal r a d i i  w o u ld  make t h e  s t e r i c  

h i n d r a n c e  much g r e a t e r  i n  e a c h  c a s e ,  and i n v o l v e  t h e  anom aly  o f  

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

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

I t  would  a p p e a r  t h e n ,  t h a t  t h e  c h a n g e  to  g e n e r a l  a b s o r p 

t i o n  i n  p a s s i n g  f rom H H ~ d im e th y lp ic r a m id e  t o  t e t r y l  i s  b r o u g h t  

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

t i v e  e f f e c t  o f  t h e  =H -  GH3 g r o u p .

The d i p o l e  moments, f o r  o n l y  a few o f  t h e  ab o v e  compounds 

a r e  g i v e n  ( J .  F a r a d a y  S o c i e t y ,  30 ,  7^9* “ 3*93V") •

D i p o l e  Moments (Debye U n i t s )

B e n z en e 0 H - M e t h y l a n i l i n e 1 . 6 if
n i t r o b e n z e n e 3 .9 6 H H - D i m e t h y l a n i l i n e 1 .3 8
o - D i n i t r o b e n z e n e 6 .0 o-H i t  ro  an  i l i n e
m - D i n i t r o  b e n z e n e 3 . 7 p - U i t r o a n i l i n e 6 .3 0
p -D in  i  t  ro  b en z en e 0 p - H i t r o d i m e t h y l a n i l i n e b .8  7
^ - T r i n i t r o b e n z e n e 0 P h e n o l 1 . 7
A n i l i n e  1 1 .5 5 o - H i t  r o p h e n o l 3 .1 0

p - H i t r o p h e n o l 3 - 0 3 .
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L, P a u l i n g  ( p . 222) e x p l a i n s  t h e  ve ry  h ig h  d i p o l e  

moments o f  p - n i t r o a n i l i n e  and p - n i t r o d i m e t h y l a n i l i n e ,  a s  b e in g  

due t o  i n c r e a s e d  r e s o n a n c e ,  and t h i s  a g re e s  w i t h  th e  s t r o n g  

a b s o r p t i o n  band e x h i b i t e d  by t h e s e  compounds.

In  c o n c l u s i o n ,  i t  would ap pea r  t h a t  q u a l i t a t i v e  e x p la n 

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

i n  t h e  u l t r a - v i o l e t  r e g i o n ,  depends on th e  e l u c i d a t i o n  o f  t h e i r  

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

and i n t e n s i t y  o f  t h e  a b s o r p t i o n  band sy s te m  of each compound i s  

however ,  n o t  y e t  p o s s i b l e .  F u r t h e r  c l a s s i f i c a t i o n ,  t h e r e f o r e ,  

of  t h e  bands on,  f o r  example ,  t h e  Lewis G a lv in  sy s te m  i . e .  

bands  of  t o t a l  o s c i l l a t i o n ,  ( F i r s t  and Second e x c i t e d  s t a t e s )  

and  o f  p a r t i a l  o s c i l l a t i o n ,  w i l l  n o t  be a t t e m p t e d .
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A H i l g e r  Eft. 98 medium q u a r t z  s p e c t r o g r a p h  was u s e d  f o r  

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

i n c i d e n t  on t h e  s l i t  i s  c o l l i m a t e d  by a q u a r t z  l e n s ,  and t h e n  

p a s s e s  t h r o u g h  a q u a r t z  p r i s m  o f  two halv'es^ e ac h  h a v i n g  o p p o s i t e  

o p t i c a l  r o t a t i o n ,  t o  a n n u l  d o u b l e  r e f r a c t i o n  o f  t h e  q u a r t z *  I t  

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

s p e c t r u m  on t h e  p h o t o g r a p h i c  p l a t e .

The w i d t h  o f  t h e  s l i t  i s  c o n t r o l l e d  by a s c rew  m echan

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

o u t  t h e  i n v e s t i g a t i o n  was 0 . 0 2  m.m. A s h u t t e r  i s  s i t u a t e d  

b e tw e e n  t h e  s l i t  and t h e  c o l l i m a t i n g -  l e n s .

The p h o t o g r a p h i c  p l a t e ,  on  w h ich  t h e  s p e c t r a  a r e  

r e c o r d e d ,  i s  10 i n .  x k  i n .  i n  s i z e ,  and  i s ' s u p p o r t e d  i n  a p l a t e  

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

v e r t i c a l  d i r e c t i o n  by means o f  a s p e c i a l  mechanism,  t h e  p o r t i o n  

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

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

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

F o r  a b s o r p t i o n  s p e c t r a  m e a s u re m e n t s  a H i l g e r  s p e k k e r  

P h o t o m e t e r  i s  u s e d ,  i n  c o n j u n c t i o n  w i t h  t h e  q u a r t z  s p e c t r o g r a p h .  

The p h o t o g r a p h  on pag e  3 6 s* i l l u s t r a t e s  t h e  l i g h t  p a t h  w i t h i n  t h e  

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

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

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

b e n ch  o f  t h e  s p e c t r o g r a p h  i s  shown i n  t h e  p h o t o g r a p h  on p ag e  3 5 9 *
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The H i l g e r  E 498  Medium Q u a r t z  S p ec t ro g ra p h *



A s p a r k  d i s c h a r g e  b e tw een  t u n g s t e n  s t e e l  e l e c t r o d e s ,  

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

a sound  i n s u l a t i n g  box$  and  t h e  l i g h t  em erg ing  v i a  a q u a r t z  w in 

dow i n  t h e  b o x .  I t  was fo u n d  t h a t  n i t r i c  a c i d  was fo rm e d  i n  

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

h i g h  v o l t a g e  c u r r e n t ,  and  s i n c e  t h e r e  was no way o f  e s c a p e  f o r  t h e  

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

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

owing to  a b s o r p t i o n  by n i t r i c  a c i d  v a p o u r ,  and  s c a t t e r i n g  o f  t h e  

l i g h t ,  by t h e  c o n d e n s e d  v a p o u r  on t h e  q u a r t z  window. T h i s  was 

r e m e d i e d  by d r a w in g  a c u r r e n t  o f  a i r  t h r o u g h  t h e  sound  b o x .  The 

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

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

i n s e r t e d .  The a i r  was drawn f rom  t h e  box by means o f  a vacuum 

pump, v i a  a b u b b l e r  c o n t a i n i n g  a l k a l i  s o l u t i o n ,  t o  remove t h e  

a c i d  v a p o u r .  S u f f i c i e n t  a i r  was ‘a b l e  t o  e n t e r  t h e  box t o  m a in 

t a i n  t h e  f l o w ,  and to  p r e v e n t  t h e  f o r m a t i o n  o f  a vacuum i n s i d e .

A c u r r e n t  s u p p l y  o f  2lf0 v o l t s  i s  s t e p p e d  up t o  1 2 ,0 0 0  

v o l t g ,  by a 0*25 K i l o w a t t  t r a n s f o r m e r ,  t h e  e l e c t r i c a l  c i r c u i t  

i n c l u d i n g  a c o n d e n s e r  o f  c a p a c i t y  0 .0 0 5  m i c r o - f a r a d s ,  c o n n e c t e d  

i n  p a r a l l e l  w i t h  t h e  s p a r k  g a p ,  and a n  i n d u c t i o n  c o i l  o f  0 .0 6  

m i l l i - h e n r i e s ,  The e l e c t r o d e s  a r e  f i l e d  t o  a wedge s h a p e ,  and  

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

t h e  s p e c t r o - p h o t o m e t e r , and e x a c t l y  A m.m, a p a r t .  The s e l f  

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

i n t e n s i t y  o f  a i r  l i n e s  due t o  n i t r o g e n  and o x y g en .



A Diagram o f  th e  L ig h t Path  in  th e  Spe&ker 

Photometer*



The spark d isch arge  g iv e s  a spectrum ex ten d in g  to  

I 8 5 0 !  a t  the  so u rc e ,  and w ith  many l i n e s ,  so that the spectrum  

i s  alm ost c o n t in u o u s .  The l i g h t  p a sse s  towards the inner  edges  

o f  two quartz rhombs C,C, from which beams are d iv e r te d  upwards 

and then downwards, to be then r e f l e c t e d  forward. The beams, 

from th e  rhombs p a s s ,  one through a f i x e d  r e c ta n g u la r  a p e r tu re ,  

and the  o th er  through a v a r ia b le  a p e r tu re .  The v a r ia b le  aper

tu r e  i s  governed by a micrometer screw, and has a d ir e c t  read ing  

s c a le  a ttach m en t. The beams then pass through tu b es  F, F, in

th e  upper o f  which i s  p laced  th e  s o l u t i o n ,  and in  the  low er , th e  

s o l v e n t .  T h is system  e l im in a te s  e rr o rs  due to a i r  a b so rp t io n ,  

and the  r e f l e c t i o n  o f  the end p l a t e s .  A f te r  p a ss in g  through  

th e  s o l u t i o n  and so lv e n t  r e s p e c t i v e l y ,  th e  l i g h t  beams pass  

through l e n s ,  £ , £ ,  o f  q u artz , whose f o c a l  le n g th  i s  such th a t  an 

image o f  the  l i g h t  source  i s  formed on the fa c e  o f  the s p e c tr o 

graph s l i t .  A second p a ir  o f  quartz rhombs H, H are arranged  

to  br in g  th e  beams o f  l i g h t  to g e th e r  on to th e  s l i t ,  in  such  a 

way, th a t  th e  image from th e  top rhom b,‘and th a t  from the bottom  

rhomb f a l l i n g  on the s l i t ,  form a complete image o f  the  l i g h t  

so u r c e .  The beams from the s l i t  pass on w ithout any v i g n e t t in g ,  

in to  th e  i n t e r i o r  o f  th e  sp ec trog rap h , to  form an image o f  th e  

ap ertu re  at th e  prism , and to  be co n cen tra ted  as monochromatic 

images o f  th e  s l i t ,  a t  th e  photographic  p l a t e .

The o p t i c a l  c o n s tr u c t io n  o f  th e  spekker Photometer i s  

su ch , th a t  a t  3 ,  E th ere  are equal f lu x e s  o f  uniform r a d ia t io n ,  

which may be r ep re sen ted  by I per u n it  a rea . Let 3  ̂ and 3 2 be
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the  a reas  o f  apertu re  corresponding  to th e  s o l u t i o n  and th e

s o lv e n t  r e s p e c t i v e l y .  3?hen the q u a n t i t i e s  o f  r a d ia t io n ,

tr a n sm it te d  through the a p er tu re , are 13* I  and S g l .  A f te r

tr a n sm is s io n  through the s o lu t io n  and s o l v e n t ,  th ese  become 
-<*1 , “ d 2 , h

(B iI j lO  and (Sa 1)10 w,ere dt and d8 are the o p t i c a l

d e n s i t i e s  o f  the s o l u t i o n ,  and s o lv e n t ,  r e s p e c t i v e l y .  On exam

in a t io n  o f  th e  s e c t i o n  o f  th e  photographic p la t e  i l l u s t r a t e d  on 

page37a, i t  can be se e n , th a t  each double spectrum has one or  

more w h ite  s p o t s  marked in  i t ,  corresponding to  equal o p a c i ty  o f  

th e  s p e c tr a ,  corresponding to  the s o lu t io n  ( lo w er)  and th e  s o lv e n t  

(u p p e r ) .  !fhe b lack  and w h ite  on th e  p o s i t i v e  p r in t  i s  r e v e r se d

on the  n e g a t iv e  photographic p l a t e .  . I f  E* i s  the area  o f  f i x e d

a p e r tu r e ,  and the  area o f  v a r ia b le  a p e r tu re ,  then at the match 

p o in t ,  s in c e  equal o p a c ity  in d ic a t e s  equal amounts o f  l i g h t  

rea ch in g  th e  p la t e ,  we have th e  r e la t io n s h ip ,
d t djg.

(E2 X) 10 * (S * I )  10

where d* and d2 are  the d e n s i t i e s  o f  s o l u t i o n ,  and s o l v e n t ,

r e s p e c t i v e l y ,

then lo g  1 0

fh e  drum reads lo g  1 0  Sl. , whence we g e t  a d ir e c t  read ing  o f  th e  

d e n s i ty  o f  the  s o l u t i o n  i . e .  lo g  1 0  I bl w ith  r e fe r e n c e  to th e  

s o lv e n t ,  and corresponding to  the wave le n g th  at which th e  match 

p o in t  i s  foun d . From the va lue  o f  lo g  10 we can c a l c u l a t e  

th e  m olecu lar  e x t i n c t i o n  c o e f f i c i e n t  o f  each double spectrum , and 

th e s e  v a lu e s  are p lo t t e d  a g a in s t  th e  w a v e - le n g th s  o f  th e  c o r r e s 

ponding match p o in t s .
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The H ilg e r  Spekker Photom eter, th e r e f o r e ,  p ro v id es  by 

s im p le  adjustm ent to  th e  proper va lue  on th e  s c a l e ,  a d ir e c t  

read in g  o f  th e  d e n s i ty  o f  the s o lu t io n ,  correspond ing  to  th e  wave 

le n g th  va lu e  o f  th e  match poin t at that rea d in g .

Each photographic  p la t e  c o n v e n ie n t ly  record s  tw en ty -on e  

double s p e c t r a ,  and a comparison spectrum and s c a l e ,  at top  and 

bottom. For each p la te  exposed , a record o f  a l l  th e  d e t a i l s  i s  

kept on s p e c i a l  t a b l e s .  irhe r e l a t i v e  exposure t im es  f o r  each  

va lu e  o f  l o g  ia- are  as f o l l o w s : -

l o g  ia- 0 . 0  0 . 1  0 . 2  0 . 3  O.lf 0 .5  0 . 6  0 .7  0 . 8  0 . 9  1 .0  1 . 1

Exposure 1 1 1.5 2 .5  2 .5  3 k. 5 6 8 10 12
( s e c o n d s )

Log Je. 1 . 2  1 .3  l . l f  1 .5  1 .6  1 .7  1 .8  1 . 9  2 .0

Exposure 15 20 25 32 ko 50 60 80 100
(seco n d s  1

T his b a s ic  s c a l e  o f  exposures i s  c a lc u la t e d  from th e  

e x p r e s s io n ,

Exposure = 'A1 a n t i  lo g  d,

Where ‘A’ -■ s u i t a b l e  exposure fo r  i n i t i a l  va lue  o f  lo g  , 

and d =* read ing  on the d e n s i ty  s c a le  o f  the  photom eter. 'A' de

pends on th e  l i g h t  so u rce ,  photographic  p la t e ,  the  r e g io n  o f  s p e c 

trum, where the  matfh p o in t  o f  the  photograph in  q u e s t io n  i s  

ex p ected  to  l i e ,  and on th e  development c o n d i t io n s .  The exp os

ure  req u ire d  may be a sim ple m u lt ip le  o f  th e  b a s ic  exposure s c a l e .

The fo l lo w in g  d e t a i l s  o f  th e  ty p e s  o f  p l a t e s  u sed , and 

th e  d e v e lo p in g  c o n d it io n s  r eq u ire d , are g i v e n ; -



k o .

(a )  I l f o r d  Rapid P ro c ess  Panchrom atic, exposure tw ice  b a s i c ,  

d ev e lo p er  I .D .1 5 ,  5 7  seconds a t  18°G to  1 m inute 27  secon d s a t  

12 ° 0 ;

(b )  Kodak u l t r a - v i o l e t  s e n s i t i s e d  I I I  0 , exposure f i v e  t im es  

b a s ic ,  d e v e lo p e r  I .D .1 5 ,  1 minute 30 seconds a t  18°C, two m inutes  

at 12°C;

( c )  I l f o r d  I s o -Z e n ith  H and D 700 , b a s ic  exposure, d ev e lo p er  I .D .2 ,  

1 m inute 30 secon ds a t  18°C;

(d) I l f o r d  Thin F ilm  H alf Tone, exposure f i v e  t im es b a s i c ,  

d ev e lo p er  I .D .1 3 ,  1 minute 50 seconds at 18°C to  2  m inutes 20 

secon ds at 1 2 °G fo r  d e n s i ty  read in gs under 0 . 7 , and 2  m inutes 2 5  

secon ds at 18°C to  2 m inutes 55 seconds at 12°G, f o r  d e n s i t y  

rea d in g s  above 0 . 7 *

I l f o r d  S p e c ia l  Rapid Panchromatic, and Kodak B .1 0 ,  

p l a t e s  were a l s o  used . I t  was found, by u s in g  I l f o r d  s p e c i a l  

Long Range Spectrum p l a t e s ,  th a t  th e  tu n g sten  s t e e l  spark sp e c 

trum does not g iv e  a s u f f i c i e n t  number o f  in te n s e  l i n e s  beyond 

5500A. A bsorption  sp e c tr a  measurements were, th e r e fo r e ,  

recorded o n ly  in  the reg io n  o f  the spectrum below 5500J . S p e c ia l  

p la t e s  were ordered from M essrs Kodak L t d . ,  namely u l t r a - v i o l e t  

s e n s i t i s e d  I I I  0 ,  so th a t  a b so rp t io n  read in gs could  be taken as  

f a r  in to  the u l t r a - v i o l e t  as 2100A. A l l  the p l a t e s  m entioned  

above are norm ally  s e n s i t i v e  o n ly  down to 2 3 0 0 J ,  but i t  was found  

th a t  by u s in g  the  f a s t  I l f o r d  I s o -Z e n ith  H. and D* 7 0 0  p l a t e s ,  

g iv in g  them f i v e  tim es b a s ic  exposure, and d ev e lo p in g  fo r  two 

m inutes at 18°C w ith  I .D .  2  d ev e lo p er ,  that read in gs  could  be



u .

taken  down to  2100A.

A l l  p la t e s  were f i x e d  fo r  tw enty m inutes, in  a f i x i n g  

s o l u t i o n  c o n ta in in g  ifOO gms. o f  sodium t h io s u lp h a te ,  and 2 5  gms. 

potassium  m e ta b isu lp h ite  per 1000 gms. d i s t i l l e d  w ater , and 

t h e r e a f t e r  washed fo r  one hour in  running w a ter . A l l  lo a d in g ,  

d e v e lo p in g  and f i x i n g  o p e r a tio n s  were c a r r ie d  out in  com plete  

d ark n ess .

In th e  absence o f  a d en s itom eter  fo r  reading the match 

p o in t s  o f  th e  photographic p l a t e s ,  th e  fo l lo w in g  method was u sed ,  

fh e  photographic  p la t e  v/as i l lu m in a te d  by d ir e c t  l i g h t ,  which  

was d i f f u s e d  by the  in c l in e d  ground g l a s s  sc r e e n  su p p o rt in g  th e  

p l a t e .  1?he match p o in ts  are  then  marked in  ink on th e  g l a s s  

s id e  o f  the p l a t e ,  and below each double spectrum, w ith  the  a $ id  

o f  a hand m agnify ing g l a s s .  A p a le  b lue f i l t e r  d e c r e a s e s  the  

eye s t r a i n  in v o lv e d ,  in  reading th e  match p o in t s  by t h i s  method.

A read in g  p l a t e ,  composed e n t i r e ly  o f  w a v e -len g th  s c a l e s ,  was 

p r in te d ,  and used f o r  l o c a t in g  th e  match p o in t s  f o r  o th e r  p l a t e s .

A number o f  aromatic n i t r o  compounds were prepared , 

and o th e rs  were s p e c i a l l y  p u r i f ie d  by r e - c r y s t a l l i s a t i o n .

Methods o f  P r e p a r a t io n .

P icram ide, ( 2 : ^ . ; 6 - t r i n i t r o a n i l i n e ) 10 gm. o f  p i c r y l  

c h lo r id e  were d i s s o lv e d  in  a b s o lu te  a lc o h o l ,  10 c . o .  o f  0 . 8 8 0  

ammonia added, and th e  s o lu t io n  r e f lu x e d  on the  w ater  bath fo r

one and a h a l f  hours. The p icram ide was f i l t e r e d  and c r y s t a l l 

i s e d  from d i l u t e  a c e t i c  a c id .  (M .Pt.



^2,

2 , l^ ;6 ^ r i n i t r o p h eny ln itra m in e  was prepared by the  

n i t r a t i o n  o f  s u lp h a n i l io  ao id  according to the method g iv e n  by 

W.W. Jones and F.G. W illso n  ( J .  Ghem. S o c .  227 7 , ~ 1 9 3 0 ~ ) .

2 :̂>j.6 - y r i n i t r o p h e n e t o l e . 2 0 0  o . c .  o f  hot e t h y l  a lc o h o l  

c o n ta in in g  1 0  gm. p i c r y l  c h lo r id e  were added to  1 0 0  c . c .  o f  

sodium e th o x id e  s o lu t io n  c o n ta in in g  1 . 5  gm* sodium, and r e f lu x e d  

f o r  h a l f  an hour. S u f f i c i e n t  a lc o h o l  was d i s t i l l e d  to a l lo w  

c r y s t a l l i s a t i o n  to  take p la c e .  !£he p r e c ip i t a t e d  compound was 

then  f i l t e r e d ,  washed w ith  hot w ater, then w ith  c o ld ,  and r e d i s 

so lv e d  in  e th y l  a lc o h o l .  I t  was then r e f lu x e d  w ith  animal 

ch a rco a l  fo r  twenty m in u tes , f i l t e r e d ,  and r e - c r y s t a l l i s e d .

F in a l  c r y s t a l l i s a t i o n  from e th y l  a lc o h o l  gave c o lo u r l e s s  n e e d l e s .  

(M .Pt. 7 8 .5 #C).

2 ;lt-;6 - f r in i t r o d ip h e n y la m in e . 5  gm* o f  a n i l i n e  

d is s o lv e d  in  hot e th y l  a lc o h o l  were added to a hot e t h y l  a lc o h o l  

s o l u t i o n  c o n ta in in g  1 0  gm. o f  p i c r y l  c h lo r id e*  3?he product  

c r y s t a l l i s e d  im m ediately , and was r e c r y s t a l l i s e d  from e th y l  

a lc o h o l  g iv in g  orange y e l lo w  n e e d le s  (M .Pt, l 8 l ° 0 ) ,

2 : lf:6 ~q?rln itrodiphenylm ethylam ine. 1 0  gm. p i c r y l  

c h lo r id e ,  and 5  gm. m onom ethylan iline, were r e f lu x e d  t o g e t h e r  in  

a lc o h o l i c  s o l u t i o n  f o r  one hour. On stan d in g  overn igh t an o i l y  

m a te r ia l  s e p a r a te d ,  which was r e f lu x e d  w ith  anim al ch a r co a l  in  

e t h y l  a lc o h o l  s o lu t io n  fo r  one hour, f i l t e r e d ,  and c r y s t a l l i s e d ,

g iv in g  dark red e lon g a ted  p la t e s  (M .Pt. 104-°G).

B e i l s t e i n  r e p o r ts  t h i s  compound a s  having two c r y s t a l l i n e

form s, M .Pt. 108°G and 1 2 8 .9°C, both  dark red c r y s t a l s ,  w ith  equal  

ab so rp tio n  s p e c t r a .



A m io r o -a n a ly s is  was, th e r e fo r e ,  c a r r ie d  out and gave  

th e  fo l lo w in g  r e s u l t s : -

r e f lu x e d  in  1^0 ml. o f  water fo r  th ree  hours, during which tim e  

th e  s o l u t i o n  changed to  a deep y e l lo w  brown c o lo u r .  A f te r  c o o l 

in g ,  and f i l t e r i n g ,  the  f i l t r a t e  was a c i d i f i e d  w ith  d i l u t e  m ineral  

a c id ,  e x tr a c te d  w ith  e th e r ,  and the e th er  evap orated . i*he 

r e s u l ta n t  y e l lo w  s o l i d  was r e c r y s t a l l i s e d  from l i g r o i n  (M.Pt 9Jk-°0) .

2 ; lf -D in itro m on om eth y lan il in e . ( I .G .  Holden, P r iv a te  
Communicat i o n ) .

20 gm. 2 s i f -d in i tr o d im e th y la n i l in e  were r e f lu x e d  w ith  

d i l u t e  n i t r i c  acid  ( 1 9  o . c .  conc. n i t r i c  acid^il.if2  in  200 c . c .  

w ater) u n t i l  th e  heavy o i l y  la y e r  o f  2 :4 .-D in itr o d im e th y la n i l in e  

suddenly  changes to  th e  s o l i d  2:Jf“d in itr o m o n o m e th y la n il in e .  Tlie 

m a te r ia l  was f i l t e r e d  and r e c r y s t a l l i s e d  from a c e to n e .  (M .P t,1 78°C ).

d in itrom on om eth y lan il in e  d i s s o lv e d  in  5 0  c . c .  o f  a c e t i c  anhydride  

were added in  th e  c o ld ,  s lo w ly  and w ith  s t i r r i n g ^ .  I t  was l e f t  

fo r  one hour, and poured in to  ex ce ss  w ater . The crude m a te r ia l  

was r e f lu x e d  w ith  a lc o h o l  g iv in g  y e l lo w  hexagonal shaped prism s  

(M .Pt. 1 1 5 ° 0 ) .

Found C a lcu la ted

Carbon
Hydrogen
H itrogen
Oxygen

it.9.06

3 0 .1 6

t i o n ).
2: if-D in i  t ro -  5 -me t  a -  c re so 1 (T. C urrie , P r iv a te  uommunica

* lo  gm. gamma T .is .T . ,  and 10 gm. sodium a c e t a t e  were

2 ; l f~D in it ro p h e n y Im e t h y I n i t r a m in e  (I.Gr. H o ld en )

5 c . c .  o f  fuming n i t r i c  a c id  d 1 .5  to  5  Sm- o f  2;Jf-



Mi-.

N~Me t  hy I p  i  q r a  mi de ( 2 s l f s 6 - ( r r i n i t r o p h e n y l m e t h y l a m i n e )  

(I .Gr.  H o l d e n ) .  0 . 2  gm. o f  2 :  V d i n i t r o p h e n y l m e t h y l n i t r a m i n e  was 

d i s s o l v e d  i n  2 o . o .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  and t h e  

s o l u t i o n  d i l u t e d  w i t h  1 .5  c . c .  o f  w a t e r .  some m a t e r i a l  was f i r s t  

t h ro w n  o u t  o f  s o l u t i o n ,  b u t  t a k e n  up a g a i n  a s  t h e .  t e m p e r a t u r e  

r o s e .  A f t e r  a few m i n u t e s ,  t h e  s o l u t i o n ,  w h ic h  h ad  c h a n g e d  i n  

c o l o u r  f rom  p a l e  y e l l o w  t o  o r a n g e ,  was d i l u t e d  w i t h  w a t e r ,  and  

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

a l c o h o l  ( M . P t .  l l V ’C ) .

N.U-Dimet h y l p i e r a m i d e  ( 2 *ii.:6 - T r i n i t r o d i m e t h y l a n i l i n e ) 

( P .  van  Romburgh, R e c .  T r a v .  Ghim. 2 ,  105» - 1 8 8 2 - ) ,  An a l c o h o l i c  

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

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

t a t e  was  f o rm e d ,  w h ich  c r y s t a l l i s e s  f ro m  b e n z e n e  i n  t r a n s p a r e n t ^  

p l a t e s .  ( M . P t .  1 3 8 ° C ) .

2 s l n 6 ~ f f r i n i t r o d i m 6 t h y l a n i l i n e  -  P i c r y l  C h l o r i d e .

A d d i t i o n  Compound (P .  van  Romburgh, l o c .  c i t . )

(Phis a d d i t i o n  compound was o b t a i n e d  f ro m  d i m e t h y l  am ine  

and  a n  e x c e s s  o f  p i c r y l  c h l o r i d e .  (1  m o l .  H . K - d i m e t h y l p i c r a m i d e ,  

1 m o l .  p i c r y l  c h l o r i d e ) .  M .P t .  l l ^ - U V ’C.

Compounds 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 r  d i s t i l l a t i o n .

2 s 2 *6 t 6% e t r a n i t r o - i f s i f - a z o x y t o l u e n e .  M . P t .  2 l6 ° C .

2 s 6 - D i n i t r o t o l u e n e - l ^ - h y d r o x y l a m i n e .  M .P t .  155°C.  

2 : 6 - D i n i t r o - i f - a m i n o t o l u e n e .  M .P t .  l 68 °C.

2 s l f : 6 - ( P r i n i t r o b e n z o i c  a c i d .  M .P t .  227°C.

2 : l f 26- T r i n i t r o b e n z a l d e h y d e . M .P t .  119°C .



1 : 5 ; 5 " T r i n i t r o b e n z e n e .  M .Pt. 121°G.

2 : l i - : 6 - ! 3 ? r i n i t r o t o l u e n e . M .P t .  8 l . 5 ° c .

2 : 3 : V “T r i n i t r o t o l u e n e .  M .P t .  1 1 2 . 0°C.

2 : i f : 5 - a ? r i n i t r o t o l u e n e .  M .P t .  10Aj-°G.

2 : l f : 6 - T r i n i t r o p h e n o l  ( P i c r i o  A c id )  M .P t .  1 2 2 . 5°G.

2 : If: 6- f r i n i t r o c h i o r o b e n z e n e  ( P i c r y l  C h l o r i d e )  M . P t .  8 ^ ° 0 .

2 r i f * 6 - T r i n i t r o p h e n y l m e t h y l n i t r a m i n e  ( t e t r y l )  M .Pt. 130°C .

2 * 2 f : 6 ~ ! F r i n i t r o p h e n y l n i t r a m i n e  ( D e f l a g r a t e s  a t  8 o ° C ) .

2 ; l f r 6 - T r i n i t r o p h e n y l m e t h y l a m i n e  (I~Meth y l p i e r a m i d e ) M .Pt. l l i f ° 0 .

2 ; i f : 6 - ! P r i n i t r o ~ 3 “^ y (i r o x y p h e n y lm e th y  I n i  t r a m i n e  (m- h y d ro x y  t e t r y l )
M .P t .  1 7 ^ °C .

2s 5 slt-:6 -T et r a n i  t r o p h e n y l m e t h y  I n i  t r a m i n e  ( m - n i t r o t e t r y l ) M.Pt , l l f 5 ° 0 .  

2 : i f : 6 - ,i r r i n i t r o p h e n y l m e t h y l a m i n e .  M . P t .  lO*f°G* 

2 s l f t 6 - T r i n i t r o d i p h e n y l a m i n e .  M . P t .  179°0*

A n i l i n e  B . P t .  l82f°C.

IT-Monomet h y l a n i l i n e  B . P t .  1 9 6 .1 ° C .

N . N - D i m e t h y l a n i l i n e  B . P t .  1 9 2 . 5 “ 1 9 3 .5 ° G .  

o - N i t r o a n i l i n e  M .P t .  71.5°C. 

p - N i t r o a n i l i n e  M .P t .  12f8°C. 

p - N i t r o d i m e t h y l a n i l i n e  M .P t .  l 6 3 ° G .

2 : i j . -D in i t  ro a n i l i n e  M .P t .  188°G.

2 : i f - D i n i t r o - ^ - m e t a - c r e s o l  M . P t .  7^°G* 

m - D i n i t r o b e n z e n e  M .P t .

2 : i f - D i n i t r o m o n o m e t h y l a n i l i n e  M . P t .  178°G.

2 * i f - D i n i t r o d i m e t h y l a n i l i n e  M . P t .  8 7 ° 0 .

2 s i f -D in i  t r o p h e n y l m e t h y  I n i  t r a m i n e  M . P t .  115°G.

2 s i f  s  6 - T r i n i t  ro  a n i l i n e  ( P i c r a m i d e )  M . P t .  192°C.
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2jlf ; 6- T r i n i t r o d i m e t h y l a n i l i n e  (N .N -D im e th y l  P i c r a m i d e )  M . P t . l 3 8 ° C .

IT .N-Dimethyl  p i c r a m i d e  -  P i c r y l  c h l o r i d e  a d d i t i o n  com plex
M .P t . l l l f ° C .

2 : l f s 6 - T r i n i t r o p h e n e t o l e  M .P t .  7 8 . 5 ° G .

i f : 6 - D i n i t r o - 2 - a m i n o p h e n o l  (P ic r a m iC e  a c i d )  M .Pt. l 6 8 - l 6 9 ° G .  

5 - N i t r o - m - p h e n y l e n e d i a m i n e . M .Pt. l i fO - l i f l °C .

A t o t a l  o f  t h r e e  h u n d re d  an d  f o r t y  one  a b s o r p t i o n  p h o t o 

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

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

d e c i d e d  n o t  t o  g i v e  t h e  r e s u l t s  i n  t h e  fo im  o f  a t a b l e  w h ich  w o u ld  

i n c l u d e  t h r e e  co lum ns  w i t h  f i f t e e n  t h o u s a n d  r e a d i n g s  i n  e a c h  

co lum n,  b u t  t o  r e c o r d  t h e  r e s u l t s  g r a p h i c a l l y .  T r a c i n g  p a p e r ,  

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

m e thod  o f  exam i i l ing  t h e  a b s o r p t i o n  c u r v e s  r e p r o d u c e d  i n  t h i s  t h e s i s .



PART I I .
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THE ULTRA-VIOLET IRRADIATION OF AROMATIC NITRO-COMPQUNDS. 

In tr o d u c t io n .

In a c tu a l  p r a c t i c e ,  o p e r a t iv e s  engaged in  f i l l i n g  

f a c t o r i e s  are  exposed t o  a f i n e  dust o f  th e  e x p lo s iv e ,  which  

s e t t l e s  on u n p ro tec ted  p o r t io n s  o f  t h e i r  sk in .  T h is  dust may he  

a llow ed  t o  remain th e re  fo r  some t im e, and th e  p r e sen ce  o f  

su r fa c e  m o istu re  o f  s l i g h t  organic  a c i d i t y ,  in  c o n ju n c t io n  w ith  

th e  "body tem perature, r e s u l t s  in  a sm all p r o p o r t io n  o f  th e  

e x p lo s iv e  b e in g  adsorbed a t  the  su rfa ce  o f  th e  sk in .  I t  i s  

p o s s i b l e  th a t  s u n l ig h t  may have an e f f e c t  on t h i s  adsorbed  

e x p lo s iv e  in  v iew  o f  the  f a c t  th a t  i t  i s  known th a t  d e r m a t i t i s  

reach es  i t s  h ig h e s t  in c id en ce  in  summer. For t h i s  rea so n , i t  was 

d ec id ed  t o  determ ine th e  s e n s i t i v i t y  to  u l t r a - v i o l e t  l i g h t ,  o f  

th e  e x p lo s iv e  compounds, a lpha, b e t a ,  and gamma T.N *T., s - t r i -  

n itr o b e n z e n e ,  2 :4 :6 - t r in i t r o b e n z a ld e h y d e ,  t e t r y l ,  p i c r y l  c h lo r id e ,  

and 2 : 4 : 6 - t r in i t r o p h e n e t o l e .  I t  was dec id ed  th a t  i r r a d i a t io n  of:,' 

a v ery  d i l u t e  aqueous: s o lu t io n ,  o f  pH 5 .5  and tem perature 25°C, 

would conform c l o s e l y  w ith  th e  c o n d it io n s  a c t u a l ly  e x i s t i n g  in  

human sk in .

I t  may be assigned th a t  th e  degree  o f  p e n e tr a t io n ,  o f  

th e  ep iderm is  by u l t r a - v i o l e t  l i g h t ,  and th e  consequent photo

chem ical decom position  o f  th e  e x p lo s iv e ,  w i l l  be in f lu e n c e d  by  

such f a c t o r s  as p igm en ta tion  o f  th e  sk in .  The p e r m e a b i l i ty  o f  

th e  ep id erm is  to  u l t r a - v i o l e t  rays i s  g iv e n  by K.A. H asselbach  

(Skand. Arch.P. P h y s io l .  25, 55, - 1 9 1 1 - ) ,  in  th e  fo l lo w in g  

f i g u r e s .  The c o e f f i c i e n t  o f  ab sorp tion  i s  J / J 0 , where J= in t e n s 

i t y  o f  t r a n sm it te d  l i g h t ,  and = i n t e n s i t y  o f  in c id e n t  l i g h t .
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W ave-length (i* q) lfOlf 3 6 0  332f 3 1 3  3 0 2  29 ^ 2 8 9

C o e f f i c i e n t  2 .3  4. .2  6 . 6  8 . 5  1 2 . if 1 7 . 5  3 9 . 0

B.S* Lucas (Biochem. J .  2 3 , 3 7 , - 1 9 3 1 - }  f in d s  much 

h ig h er  a b so rp t io n  than th e se  f ig u r e s  in d ic a t e .

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

a l p h a  T . B . T . ,  w e re  made by 3 .  M o l i n a r i  and M. Giua  ( E s c a l e s  

B i t r o - p r e n g s  t o f f e  293- 2 9 6 ) ,  and  by G. S c h u l t z  and K . L .  G angu ly  

( B e r .  3 8 , 702 f - I 923- ) ,  a method o f  s e p a r a t i o n  o f  two i r r a d i a 

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

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

w ere  made by M.M. P a v l i k ,  (Ch im ie  et I n d u s t r i e ,  S p e c i a l  B o .  21^3*

3 9 * “2.933"*)* who recorded a b sorp tion  sp ec tra  measurements in  the  

v i s i b l e  r e g io n .  There are no r e fe r e n c e s  in  the  l i t e r a t u r e  to  

u l t r a - v i o l e t  i r r a d ia t io n  o f  any o f  th e  o th er  arom atic n itr o -o o m -  

pounds examined in  t h i s  work.

E xp er im en ta l.

The quartz vacuum mercury vapour lamp, used  as the  

source  o f  u l t r a - v i o l e t  l i g h t ,  and o f  dim ensions Ilf cms. long  

and 1 -|- cm. d iam eter , was s i t u a t e d  2 8  cms. from the  c e n t r a l  a x i s

o f  the 300 m l. quartz f l a s k  used to  co n ta in  the s o l u t i o n .  The
.1*

s o l u t i o n s  werfe m aintained at 23 + 2 ° 0 , and a f t e r  exposure th e  

i r r a d ia t e d  s o lu t io n s  were f i l t e r e d  through a Bo. it- s in t e r e d  g l a s s  

c r u c i b l e .

The spekker p h o t o - e l e c t r i c  absorp tion m eter  was used  to  

compare th e  c o lo u r  i n t e n s i t i e s  o f  the ir r a d ia t e d  s o l u t i o n s ,  w ith  

the  t im e s  o f  i r r a d ia t io n ,  and w ith  compounds c o n s id er ed  to  be



p o s s i b l e  products  o f  i r r a d i a t i o n .  In t h e s e  r e a d in g s ,  the  Bo. J 
blue  f i l t e r s  su p p l ie d  w i th  the  instrument were u sed .  The 

a b s o r p t io n  spectrum, of  each s o l u t i o n ,  was examined b e f o r e ,  and 

a f t e r  i r r a d i a t i o n .

The samples o f  T .B .T . ,  used f o r  i r r a d i a t i o n ,  were 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 :  alpha T .B .T .  m .p t .  8 l . 5 ° C ;  beta

T .B .T .  m .p t .  1 1 2 .0°G; gamma T.B.T.  102*..0°C.

A c e t i c  ac id  s o l u t i o n s  o f  each isomer, o f  pH 5*5* an(2 

c o n c e n tr a t io n  M/2000, were i r r a d i a t e d  f o r  f o r t y - e i g h t  hours .  

Further  i r r a d i a t i o n s  o f  alpha T .B .T .  in  g l a c i a l  a c e t i c  a c i d ,  and 

a l s o  i n  carbon t e t r a c h l o r i d e  s o l u t i o n s ,  were made. The carbon 

t e t r a c h l o r i d e  was p u r i f i e d  by washing w i th  water,  d r i e d  w i th  

calc ium  c h l o r i d e ,  and r e d i s t i l l e d .  3 . 0 0 7 5  grammes o f  pure alpha  

T .B .T .  were d i s s o l v e d  in  500 ml. o f  carbon t e t r a c h l o r i d e ,  and th e  

s o l u t i o n  was i r r a d i a t e d  f o r  100 hours .  A f t e r  i r r a d i a t i o n ,  th e  

a i r  space above th e  s o l u t i o n ,  and th e  carbon t e t r a c h l o r i d e  

s o l u t i o n  i t s e l f ,  were t e s t e d  f o r  B0a w i t h  the su lph ani lam ide  -  

alpha naphthylamine reagent (W.M. Gumming and W.A. A lexander ,  

A nalys t  68, 810, 2 7 3 - 2*., - 1924.3 - ) .  The i r r a d i a t i o n  product was 

subm itted  t o  chromatographic a n a l y s i s ,  u s ing  a quartz tube o f  

dim ensions ,  30  cm. long x li  cm. diameter ,  w i th  alumina as  th e  

adso rb en t ,  th e  apparatus being so d es ign ed  that  a p r e s su r e  

r e d u c t io n  o f  1 0  cm. o f  mercury could  be o b ta in e d .

A c e t i c  a c id  s o l u t i o n s  of  t e t r y l ,  pH 5*5* anci c o n c e n tr a 

t i o n  M/5000, were i r r a d i a t e d  f o r  w ide ly  vary ing  p e r io d s  o f  t im e .  

Tom assis t  s o l u b i l i t y ,  15 $  o f  s p e c t r o s c o p ic  a l c o h o l  was added.
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A s i m i l a r  s o l u t i o n  o f  t e t r y l  was kept at 37.5°G f o r  120 hours ,  

in  absence  o f  l i g h t ,  and a c o n tr o l  sample o f  s o lv e n t  was i r r a d i 

a ted  f o r  lf.8 hours,  under th e  above c o n d i t i o n s .

S o l u t i o n s  o f  2 :4 . -d in i troph en y lm ethy ln i tram ine ,  2:2*.*6- 

t r i n i t r o p h e n y ln i t r a m i n e ,  2 :lf: 6 - t r i n i t r o p h e n e t o l e ,  and p i c r y l  

c h l o r i d e ,  o f  c o n c e n tr a t io n  m/ 5 0 0 0  were i r r a d i a t e d  in  2 0 ^ aqueous  

a l c o h o l i c  s o l u t i o n ,  s p e c t r o s c o p ic  a lc o h o l  being used in  a l l  c a s e s .  

Alpha, b e ta ,  and gamma T .B .T .

R e s u l t s .

An M/2000 aqueous s o l u t i o n  o f  alpha T .B .T . ,  o f  pH 5*5* 

becomes orange in  c o lo u r  on i r r a d i a t i o n  f o r  6 o hours, and a brown 

p r e c i p i t a t e ,  s o l u b l e  in  sp e c t r o s c o p ic  e t h y l  alcoholto i s  formed.

The aqu eo us  s o l u t i o n  can be e x t r a c t e d  w i t h  a c e t o n e .  A d d i t i o n  o f  

a l , k a l i  to  th e  aqueous i r r a d i a t e d  s o l u t i o n ,  and to  t h e  a l c o h o l i c  

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

t h e  i n t e n s i t y  b e in g  re d u c e d  by a d d i t i o n  o f  m in e r a l  a c i d .  The 

a c t i o n  o f  a l k a l i ,  on n o n - i r r a d i a t e d  aqueous a lp h a  T . B . T . ,  i s  

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

p roduced  from t h e  i r r a d i a t e d  s o l u t i o n .

m/2000 s o l u t i o n s  o f  b e ta ,  and gamma T .B .T . ,  both g i v e  

y e l lo w  s o l u t i o n s  on i r r a d i a t i o n  f o r  4-8 hours and i n  each c a s e ,  a 

p r e c i p i t a t e  i s  formed, which i s  s o lu b le  in  s p e c t r o s c o p ic  a l c o h o l .  

A d d it io n  o f  a l k a l i  to the i r r a d i a t e d  s o l u t i o n s ,  and to  the  a l c o 

h o l i c  s o l u t i o n s  of  t h e i r  p r e c i p i t a t e s ,  i n c r e a s e s  th e  i n t e n s i t y  

o f  c o lo u r  in  each case ,  and once aga in ,  t h e  co lou r  i n t e n s i t y  i s  

r e v e rse d  by a d d i t io n  o f  mineral  a c id .  The a d d i t io n  o f  BaOH, to
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the a l c o h o l i c  s o l u t i o n  o f  i r r a d i a t i o n  p r e c i p i t a t e  o f  gamma T .II .T . ,  

c a u se s  gradual  form ation  o f  a deep blue c o lo u r ,  f o l lo w e d  by a 

change t o  deep orange red .  The i r r a d i a t i o n  o f  alpha T . H . f .  w i th  

u l t r a - v i o l e t  r a y s ,  from which the  v i s i b l e  r a d i a t i o n  has been 

f i l t e r e d ,  c a u se s  a charge s im i la r  to  that  p r e v io u s ly  d e s c r i b e d .

I t  seems probable  t h a t  the wave l e n g t h ,  r e s p o n s ib l e  f o r  t h e  change,  

i s  in  th e  r e g io n  o f  3 6 3 OA, which i s  w i th in  th e  range o f  ordinary  

s u n l i g h t .

i r r a d i a t i o n  o f  a la r g e r  q u an t i ty ,  5 . 34-16  gms. alpha  

T.N.T. in  3 0 0  ml. g l a c i a l  a c e t i c  a c id ,  f o r  4 0  hours ,  g i v e s  a p a le  

y e l l o w  s o l u t i o n ,  and no p r e c i p i t a t e .  On i n c r e a s in g  the  pH v a lu e  

to  6 ,  th e  s o l u t i o n  becomes dark red ,  and a brown su b s ta n ce  i s  

p r e c i p i t a t e d .  This  substance ,  on e x t r a c t i o n  w ith  w ater ,  d i s s o l v e s  

r a p id ly  and almost com p le te ly ,  to g iv e  a d a rk -red d ish  b lack  

s o l u t i o n ,  but i s  r e p r e c i p i t a t e d  on a d d i t io n  o f  con cen tra ted  

h y d ro ch lo r ic  a c i d .  The remainder o f  the p r e c i p i t a t e  i s  i n s o l u b l e ,  

and co n ta in s  unchanged T.N.T. Complete p r e c i p i t a t i o n  o n ly  ta k e s  

p la c e  a t  pH J in  about 4 8  hours, owing to  the f a c t  that  t h i s  

substance  (B) i s  so lu b le  in  a c e t i c  a c id .

The n i t r o g e n  content  o f  t h i s  p r e c i p i t a t e  was found to  

be between 1 1 . 1 #  and 1 2 .0 # ,  but owing to i t s  very  hygroscop ic  

nature  and i n s t a b i l i t y ,  an accu ra te  value could not  be o b ta in e d .  

M icroscop ic  examination in d ic a t e d  that  B was pure, but amorphous. 

Drying at  110°C was found to g i v e  d ecom p osi t ion ,  w i th  a low 

n i t r o g e n  v a lu e  of  9 . 1 # .  Substance B m elts  above 28o°C, w ith  

decom p osit ion ,  and d e f l a g r a t e s  on h eat ing  in  an open c r u c i b l e .
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Substance  B i s  very  so lu b le  in  w ater ,  a ce to n e  and 

dioxane,  s o l u b l e  in  e t h y l  a l c o h o l ,  e th y l  a c e t a t e ,  and g l a c i a l  

a c e t i c  a c i d .  I t  i s  r e p r e c i p i t a t e d  from aqueous s o l u t i o n  by 

a d d i t io n  of  concen tra ted  a c id ,  but not by a d d i t io n  o f  g l a c i a l  

a c e t i c  a c i d .  A f t e r  dry ing ,  i t  i s  in s o lu b l e  i n  w ater ,  but i t  i s  

s t i l l  s o l u b l e  in  a c e to n e ,  and can s t i l l  be p r e c i p i t a t e d  by hydro

c h l o r i c  a c id .

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

n e u t r a l i s a t i o n ,  and f i l t r a t i o n ,  was e x t r a c t e d  w ith  v a r io u s  

s o l v e n t s .  None of  the s o l v e n t s  t r i e d ,  namely, carbon t e t r a 

c h l o r i d e ,  ch loroform, benzene,  e th e r ,  e t h y l ^  a l c o h o l ,  a c e t o n e ,  

cyc lo hex ane ,  dioxane,  e th y l  a c e t a t e ,  gave any e x t r a c t i o n .  

Concentrated hydroch lor ic  ac id  reduces  th e  c o lo u r  o f  th e  s o l u t i o n  

t o  p a le  y e l l o w ,  w ithout  form at ion  of  a p r e c i p i t a t e .  F a i l u r e  to  

e x tr a c t  the i r r a d i a t e d  s o l u t i o n  w ith  a c e to n e ,  dioxane or e t h y l  

a c e t a t e ,  in  a l l  o f  which su bstance  B i s  very  s o l u b l e ,  shows th a t  

in  t h i s  c a se ,  th e r e  are two products  of  i r r a d i a t i o n .  To i n v e s t i 

g a t e  th e  f u n c t i o n  of the  methyl group, in  the  i r r a d i a t i o n  changes  

o f  alpha F .N .T . ,  an aqueous, and an a l c o h o l i c  s o l u t i o n  of  s - t r i -  

n i trobenzen e  were i r r a d i a t e d .  Each s o l u t i o n  was i r r a d i a t e d  

over  p er io d s  up to  k-Q hours. I t  was found, that  prolonged  

i r r a d i a t i o n  o f  aqueous s - t r i n i t r o b e n z e n e  had v e ry  l i t t l e  e f f e c t ,  

only  changing th e  co lour  to  a very p a le  y e l l o w .  s i m i l a r l y

2 : A :6 - tr in i t r o b e n z a ld e h y d e  was i r r a d i a t e d  in  aqueous a l c o h o l i c  

s o l u t i o n  f o r  1+.8 hours. The ab so rp t io n  sp e c tr a  f o r  t h e s e  two 

i r r a d i a t e d  s o l u t i o n s  are  shown on pages52a and52b .
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E a c h  i s o m e r  o f  T .N .T .  e x h i b i t s  o n l y  g e n e r a l  a b s o r p t i o n  

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

an  i n c r e a s e  i n  g e n e r a l  a b s o r p t i o n ,  bu t  no s e l e c t i v e  a b s o r p t i o n .

The a b s o r p t i o n  c u r v e  o f  i r r a d i a t e d  s - t r i n i t r o b e n z e n e ,  i n  a q u e o u s  

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

a l p h a  T . N . T .  s o l u t i o n ,  and  a l s o  o f  i r r a d i a t e d  2 : i f : 6 - t r i n i t r o b e n z -  

a l d e h y d e ,  t h e  l a t t e r  b e i n g  known to  fo rm  2 : A ~ d i n i t r o - 6 - n i t r o s o -  

b e n z o i e  a c i d  on i r r a d i a t i o n ,  by a m i g r a t i o n  o f  a n  o x y g e n  atom 

f ro m  t h e  o r t h o  n i t r o  g r o u p ,  to  t h e  a l d e h y d e  g r o u p .  ( P .A .  L e i g h t o n  

and F.A.  L uc y ,  J .  Chem. p h y s . ,  2, 7 5 6 , -193it - - ) .

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

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

t e t r a c h l o r i d e ,  i t  seemed p o s s i b l e ,  t h a t  i r r a d i a t i o n  o f  a l p h a  T . N . T .  

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

t h e s e  s u b s t a n c e s ,  and l e a v e  u n c h a n g ed  a l p h a  T .N .T .  i n  s o l u t i o n .

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

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

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

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

i r r a d i a t i o n .  On t h e  o t h e r  han d ,  d u r i n g  t h e  i r r a d i a t i o n ,  a  l i g h t  

brown p r e c i p i t a t e  was fo rm e d ,  w h ic h  c o n s t a n t l y  i n c r e a s e d  i n  q u a n 

t i t y  d u r i n g  t h e  i r r a d i a t i o n .  None o f  t h i s  was p r o d u c e d  by 

i r r a d i a t i o n  o f  a c o n t r o l  sample  o f  c a r b o n  t e t r a o h l o r i d e . No

e v i d e n c e  o f  p r e s e n c e  o f  N02 i n  t h e  a i r  s p a c e  above  t h e  s o l u t i o n ,  

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

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

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

w ou ld  n o t  t a k e  p l a c e  so r e a d i l y  i n  c a r b o n  t r t r a c h l o r i d e  s o l u t i o n .  

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

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

i n  e t h e r ,  m e th y l  a l c o h o l ,  and e t h y l  a c e t a t e .

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

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

o f  a c e t o n e  f o r  s a t u r a t i o n ,  s o  t h a t  10 m l .  o f  p u r e  a c e t o n e  s h o u l d  

be drawn o f f  a t  t h e  b e g i n n i n g  o f  e a c h  t r i a l ,  b e f o r e  any p r o d u c t s  

p a s s e d  o u t .  I n  e a c h  e x p e r i m e n t ,  a f t e r  s a t u r a t i o n  o f  t h e  co lum n,

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

a d d e d .  A f t e r  t r i a l  o f  a l a r g e  number  o f  s o l v e n t s ,  i t  was d e c i d e d  

t o  d e v e l o p  t h e  ch rom atogram  w i t h  a c e t o n e .  I'he r e s u l t s  i n  e a c h  

t e s t  made w e r e ; -

( i )  A brown band  was fo rm e d  a t  t h e  t o p .

( i i )  On d e v e l o p i n g  t h i s ,  two p i n k  bands  s e p a r a t e d  a n d  w ere

w ashed  o u t  o f  t h e  co lumn,  and t h e  f r a c t i o n s  c o l l e c t e d .

( i i i )  The f r a c t i o n s  w ashed  o u t  o f  t h e  column w e re  s u c c e s s i v e l y ,  

y e l l o w  ( x ) ,  o r a n g e  p in k  ( y ) ,  and p i n k  ( z ) .  The l a t t e r  

two w ere  d e r i v e d  f rom  t h e  two p i n k  b a n d s .

( i v )  The brown band c o u l d  n o t  be f u r t h e r  d e v e l o p e d  by any s o l 

v e n t  u s e d ,  and t h e  co lumn was c u t  t o  remove t h i s  p o r t i o n .

On s t i r r i n g  w i t h  a c i d i f i e d  a c e t o n e ,  t h e  a c e t o n e  became 

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

No f u r t h e r  b an d s  were  o b s e r v e d  by e x a m i n a t i o n  o f  t h e

column u n d e r  u l t r a - v i o l e t  l i g h t .



A l l  t h e s e  a c e t o n e  e x t r a c t s  w ere  c o n c e n t r a t e d ,  by 

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

On c o n c e n t r a t i n g  t h e  a c e t o n e  s o l u t i o n  d e r i v e d  f ro m  ( y ) ,  

t h e  s o l u t i o n  became o r a n g e  i n  c o l o u r .  D u r in g  t h e  f i n a l  s t a g e s  

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

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

g l o b u l a r  n o n - c r y s t a l l i n e  n a t u r e .  The s u b s t a n c e  c o u l d  be r e d i s 

s o l v e d ,  and r e p r e c i p i t a t e d  a t  w i l l .  t r a c t i o n  ( x )  g a v e  a  s i m i l a r  

p r e c i p i t a t e  on c o n c e n t r a t i o n .  f r a c t i o n  ( y )  l o s t  i t s  p i n k  c o l o u r  

on c o n c e n t r a t i o n  and became y e l l o w .  The f i n a l  f r a c t i o n  ( z )  

g a v e  a s m a l l  amount o f  n o n - c r y s t a l l i n e  m a t e r i a l .

D i s c u s s i o n ; -

gamma T .N . T .  a r e  s e n s i t i v e  t o  t h e  a c t i o n  o f  u l t r a - v i o l e t  l i g h t ,  

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

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

u s e d .  A lp h a  T . u . f .  i s ,  h o w ev e r ,  n o t  so s e n s i t i v e  t o  u l t r a 

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

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

a n d  p a r a  q u in o n e - o x im e  s t r u c t u r e s  f o r  them ,

The r e s u l t s  show, i n  g e n e r a l ,  t h a t  a l p h a ,  b e t a  an d

S c h u l t z  and  Ganguly  ( l o c .  c i t . )  c l a i m e d  t o  h a v e  a n a l y s e d

C H a O H Cl-^OH

N O j

o - q u in o n e - o x i m e p - q u i n o n e - o x i m e
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The a b s o r p t i o n  c u r v e s  f o r  t h e  i r r a d i a t e d  s o l u t i o n s  o f  

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

t a t e  fo rm e d  on i r r a d i a t i o n ,  a r e  g e n e r a l ,  and  c o r r e l a t i o n  o f  t h e s e  

c u r v e s  w i t h  t h o s e  o f  known compounds was n o t  a t t e m p t e d .

The f a c t ,  t h a t  i r r a d i a t i o n  o f  s - t r i n i t r o b e n z e n e  i n  

a q u e o u s  s o l u t i o n  g i v e s  no c h an g e  i n  t h e  c o l o u r  o f  t h e  s o l u t i o n ,  

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

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

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

p l a y s  a d e f i n i t e  r o l e .  T h i s  s u p p o r t s  t h e  S c h u l t z - G a n g u l y  

p o s t u l a t i o n ,  o f  an i n i t i a l  m i g r a t i o n  o f  an oxygen  a tom ,  f ro m  a n  

o r t h o  n i t r o  g r o u p  t o  t h e  m e th y l  g r o u p .

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

t i o n  c u r v e  o f  2 ; A : 6- t r i n i t r o b e n z a l d e h y d e  i r r a d i a t e d  s o l u t i o n ,  t o  

t h o s e  o f  i r r a d i a t e d  a l p h a  T .N .T .  a n d  s - t r i n i t r o b e n z e n e  s o l u t i o n s .

A l t h o u g h  t h e  f o r m a t i o n  o f  q u in o n e  c a n n o t  be c o n f i r m e d ,  

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

d e r m a t i t i c  p r o p e r t i e s  o f  T . N . T . ,  s i n c e  c e r t a i n  q u i n o n e s  a r e  

known t o  combine  w i t h  a m i n o - a o i d s ,  a n d  p r o t e i n s .  Only  o c c a s i o n 

a l l y ,  how ever ,  c o u ld  s u n l i g h t  be  e x p e c t e d  t o  c a u s e  f o r m a t i o n  o f  

s u f f i c i e n t  i r r a d i a t i o n  p r o d u c t ,  t o  combine w i t h  s k i n  p r o t e i n ,  and  

h e n c e  c a u s e  d e r m a t i t i s .

T e t r y l  a n d  R e l a t e d  Compounds.

R e s u l t s

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

s o l u t i o n  o f  t e t r y l  was f o u n d  t o  h a v e  c h a n g e d  to  g r e e n i s h  y e l l o w .
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The i n c r e a s e  o f  c o l o u r  i n t e n s i t y ,  w i t h  i r r a d i a t i o n ,  i s  shown by 

t h e  f o l l o w i n g  r e a d i n g s  on t h e  S p e k k e r : -

Drum B e a d in g

N o n - i r r a d i a t e d  t e t r y l  s o l u t i o n s  M/5000 1*00

i t  h r s  : ; s : 0 .7 6

3 : : : s : 0 .6 6

5 : s s : : 0 . 6 2

7 1 : : : :  0 . 6 l

A f t e r  7 h o u r s ,  t h e  drum r e a d i n g  r e m a i n e d  c o n s t a n t  a t  0 . 6 l .

Ho p r e c i p i t a t e  was fo rm e d  d u r i n g  t h e s e  s h o r t  p e r i o d s  o f  

i r r a d i a t i o n ,  b u t  w i t h  a r e d u c e d  d i s t a n c e  o f  20 c m . ,  b e tw e e n  lamp 

and  f l a s k ,  a n d  a n  i r r a d i a t i o n  t im e  o f  60 h o u r s ,  a n  o r a n g e  brown 

s u b s t a n c e  was p r e c i p i t a t e d .

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

in g  t o  kOOOAf bu t  a f t e r  i r r a d i a t i o n  f o r  t h r e e  h o u r s ,  t h e  a b s o r p 

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

€=  1 0 ,5 0 0 0  a t  A * 5k60A, an d  a n  i n f l e x i o n  a t  A *  ^lOOA. The

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

r e a c h i n g  i t s  h i g h e s t  v a l u e  a f t e r  5 h o u r s  i r r a d i a t i o n  ( S e e  page&7a.) .  

W i th  t h e  l o n g  p e r i o d  o f  60 h o u r s  i r r a d i a t i o n ,  t h e  a b s o r p t i o n  

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

ed  i n  s p e c t r o s c o p i c  a l c o h o l ,  show on ce  a g a i n ,  o n l y  g e n e r a l  a b s o r p 

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

i n  c o l o u r ,  f ro m  y e l l o w  to  o r a n g e .
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The a b s o r p t i o n  c u r v e  o f  t e t r y l ,  k e p t  a t  5 7 .5 ° C ,  f o r  

1^0 h o u r s ,  i n  a b s e n c e  o f  l i g h t ,  was i d e n t i c a l  w i t h  a s am ple  

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

c o l o u r l e s s .  Ho a b s o r p t i o n  above  2150A was p r e s e n t  i n  t h e  s p e c 

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

t i o n  p r o d u c t s  o f  e t h y l  a l c o h o l  a r e  g a s e o u s  (H. Grandechon an d

D. B e r t h e l o t  Oompt. Rend,  233» - 1 9 1 3 - K  a n d  c h a n g e s  i n  t h e

s o l v e n t  as  a w ho le  c a n  be  n e g l e c t e d .

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

e x a m in e d ,  a r e  shown on p a g e s  22a t o  22n  , an d  o f  t h e s e ,  o n l y  two 

hav e  b ands  o f  a t y p e  s i m i l a r  t o  t h a t  o f  i r r a d i a t e d  t e t r y l .

P i c r i c  a c i d  has  a  band w i t h  maximum t  = l i f , 0 0 0  a t A  = 3520A,

bu t  t h e r e  i s  no i n f l e x i o n  a t A =  iflOOA. On t h e  o t h e r  h a n d ,  

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

t h a t  o f  i r r a d i a t e d  t e t r y l ,  h a v i n g  a band  w i t h  maximum U  l i +.,000 

a t  34.6OA, and  an  i n f l e x i o n  a tA .=  iflOOA.

The i n t e n s i t i e s  o f  t h e  c o l o u r s  o f  M/5000 s o l u t i o n s  o f  

H - m e t h y l p i c r a m i d e ,  p i c r i c  a c i d ,  and  t e t r y l  ( i r r a d i a t e d  f o r  3 

h o u r s )  w e re  compared  on t h e  S p e k k e r  a b s o r p t i o n m e t e r .  I n  

a d d i t i o n ,  t h e  e f f e c t  o f  a d d i t i o n  o f  0 . 5  m l .  0 . 1  H HaOH, t o  10 m l .  

o f  t h e  a b o v e  M/5000 s o l u t i o n  i s  r e c o r d e d .  The n e u t r a l  and  

a l k a l i n e  c o l o u r s ,  o f  a  s o l u t i o n  c o n t a i n i n g  80$  M/5000 H - m e t h y l 

p i c r a m i d e  + 20$  d i s t i l l e d  w a t e r  a r e  v e r y  c l o s e  t o  t h e  r e s p e c t i v e  

c o l o u r  i n t e n s i t i e s  o f  t e t r y l  s o l u t i o n  i r r a d i a t e d  f o r  5 h o u r s .
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Drum R e a d in g

H - M e t h y l p i c r a m i d e  M/5000 O.5 8 8

20$ w a t e r  + 80$  H - M e t h y l p i c r a m i d e  M/5000 0 . 6l^0

H o n - i r r a d i a t e d  t e t r y l  M/5000 1 . 0 0 0

5 h o u r s  ; : :  0 .6 6 0

P i c r i c  A c id  M/5000 0 . 7 5 0

I n t e n s i t i e s  two m i n u t e s  a f t e r  a d d i t i o n  o f  a l k a l i  -  

N - M e t h y l p i e r a m i d e  M/5000 0 . 5 0 0

20$ w a t e r  + 80$  H - M e t h y l p i c r a m i d e  M/5000 O.iflO

5 h o u r s  i r r a d i a t e d  t e t r y l  M/5000 O.kkO

P i c r i c  A c id  M/5000 O.7 6 0

20$ t e t r y l  + 80$  N - M e th y lp i c r a m id e  M/5000 0 . 1 9 0

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

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

n i t r o u s  a c i d ,  (W.M. Gumming and W.A. A l e x a n d e r ,  A n a l y s t ,  6 8 , 8 1 0 ,  

275- 2724., —194.5—  ̂ and  s l s o  f o r  n i t r i c  a c i d ,  by r e d u c t i o n  w i t h  z i n c  

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

i n  t h e  l a t t e r ,  a  s l i g h t  p o s i t i v e  r e s u l t  was g i v e n .  The i n t e n s i t y  

o f  c o l o u r  was n o t  s u f f i c i e n t ,  h o w e v e r ,  to  d i s t i n g u i s h  b e tw e e n  an y  

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

o f  t h e  t e t r y l .

On i r r a d i a t i o n ,  a n  M/5000 s o l u t i o n  o f  2 : 4 ~ d i n i t r o p h e n y l -  

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

y e l l o w .  The s o l v e n t  c o m p o s i t i o n ,  and i r r a d i a t i o n  c o n d i t i o n s  

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

t i o n  i s  shown by t h e  S p e k k e r  r e a d i n g s ,  and t h e  c o l o u r  i n t e n s i t y
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6o,

o f  2 : 4 - d i n i t r o m o n o m e t h y l a n i l i n e  s o l u t i o n  i s  compared*

Drum R e a d i n g .

2 : 4 - d i n i t r o p h e n y l m e t h y l n i t r a m i n e  2 h r s .  I r r a d
0*740

O.6 6 0

0 .6 1 0

2 : 4 ” d i n i t r o m o n o m e t h y l a n i l i n e  m/ 1 0 , 0 0 0 0 .7 2 0

Ho p r e c i p i t a t e  was fo rm ed d u r i n g  t h e  s i x  h o u r s  i r r a d i

a t  i o n .  The  a b s o r p t i o n  c u r v e  o f  2 ; l f - d i n i t r o p h e n y l m e t h y l n i t r a m i n e  

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

b a n d , \  = 956OA i s  p r e s e n t .  The v a l u e  o f  maximum £ i s  8 , 0 0 0 ,  

f o r  t h e  s o l u t i o n  i r r a d i a t e d  f o r  2 h o u r s ,  and  1 1 ,0 0 0  a f t e r  if 

h o u r s .  The a b s o r p t i o n  c u r v e  o f  2 : V " d i n i t  r o m o n o m e t h y l a n i l i n e  

has  an  a b s o r p t i o n  band o f  t h e  same t y p e  as  t h e  i r r a d i a t e d  s o l u 

t i o n ,  w i t h  maximum 1 6 ,000  a t  A = 3590A. (S ee  p a g e  5 9 a . ) .

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

g r e e n i s h  y e l l o w ,  no p r e c i p i t a t e  b e i n g  fo rm ed  d u r i n g  an  i r r a d i a 

t i o n  p e r i o d  o f  5 h o u r s .  The f o l l o w i n g  S p e k k e r  r e a d i n g s  r e c o r d  

t h e  p r o g r e s s  o f  i r r a d i a t i o n  and compare t h e  i n t e n s i t i e s  o f  t h e  

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

An m/5000 s o l u t i o n  o f  2 : 2 f : 6 - t r i n i t r o p h e n y l n i t r a m i n e

P i c r a m i d e  m /5000

2 ; l f : 6 - t r i n i t r o p h e n y l n i t r a m i n e  m/ 5000 

I r r a d i a t e d  1-J- h o u r s  - d o -

I r r a d i a t e d  5 h o u r s  - d o -

Drum R e a d i n g .

O.7 6 0

0 . 9 4 0

0 .8 1 0

0 .6 2 0

2 *2f : 6- t r i n i t r o p h e n y l n i t r a m i n e  s o l u t i o n  h a s  a  band
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w i t h  maximum $= j6<j0 ,  a t  /{ *■ 34-60A. The i r r a d i a t e d  s o l u t i o n  

e x h i b i t s  a s i m i l a r  band d i s p l a c e d  t o  t h e  w a v e - l e n g t h  328OA, and  

w i t h  a s l i g h t l y  i n c r e a s e d  e x t i n c t i o n  v a l u e .  The e x t i n c t i o n  

v a l u e s  i n  t h e  r e g i o n  AOOO-ASOOA, a r e  i n c r e a s e d ,  c r e a t i n g  an  

i n f l e x i o n  a t  A000A.

2 ; A : 6 - t r i n i t r o p h e n e t o l e  s o l u t i o n ,  M/5000,  e x h i b i t s  

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

3 h o u r s ,  t h e  a b s o r p t i o n  c u r v e  e x h i b i t s  two b a n d s ,  maximum 

8,A00 a t  3A80A and maximum t  = 7 ,0 0 0  a t  Mt-OOA, a n d  a f t e r  6 

h o u r s ,  two b a n d s ,  maximum t  = 9 ,6 0 0  a t  3560A and  maximum £ =  7 , 800 

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

t o  o r a n g e  r e d .  An M/5000 p i c r y l  c h l o r i d e  s o l u t i o n ,  w h ic h  a l s o  

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

3 h o u r s  and  e x h i b i t s  an a b s o r p t i o n  band  o f  maximum t » 3 3 0 0 , a t  

3530A* The n a t u r e  o f  t h e  p r o d u c t s  o f  i r r a d i a t i o n  o f  2 ; A : 6 -  

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

l i s h e d .

D i s o u s s i o n ; -

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

c l e a r  t h a t  p i c r i c  a c i d ,  and  N - m e t h y l p i c r a m i d e ,  a r e  c l o s e l y  

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

The f o r m a t i o n  o f  p i c r i c  a c i d ,  a s  an  i r r a d i a t i o n  p r o d u c t ,  

c o u l d  a r i s e  f rom h y d r o l y s i s ,  w i t h  f o r m a t i o n  o f  m e t h y l n i t r a m i n e .
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V a r i o u s  r e a c t i o n s  o f  t e t r y l  w i t h  am in es  i n v o l v i n g  f i r s t  

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

n i t r a m i n e ,  h a v e  been  r e p o r t e d  by P . Van Romburgh and A.D. M a u ren -  

b r e c h e r  ( V e r s l a g  £ .  Akad Wefctenschappen,  Amsterdam, 1 3 , J 3 1 * - 1 9 0 7 " )  

by C .F .  D u in  ( U t r e c h t  R e c .  T r a v .  Ghim. 3 8 , 8 9 - 1 0 0 ,  - I 919- ) ,  an d  

by T .C .  J a m e s ,  J . I . M .  J o n e s ,  and R.X.  Lewis  ( J .  Ghem. S o c .  1273* 

- I 920- ) .

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

E . C . C .  B a ly  an d  G.H. Desoh ( J .  Ghem. S o c .  93* 17^7* - 1 9 0 8 - ) ,  h a s  

a b a n d  a t  256OA. A more a c c u r a t e  d e t e r m i n a t i o n  h a s  been  g i v e n  by 

G. Kor tum (Z .  P h y s i c a l  Ghem. B.i-t-3* 2 7 1 , - 1 9 3 9 " ) •  However ,  i f  

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

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

i a t e d  t e t r y l .

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

e l i m i n a t i o n  o f  -  H02 a s  HNOs

A l th o u g h  no work has  b e e n  r e p o r t e d  on t h e  i r r a d i a t i o n  

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

c i r c u m s t a n c e s ,  has  been  r e p o r t e d .  K.H.  M e r t e n s  ( B e r .  1 9 * 2123 ,  

- I 8 8 6 - ) ,  o b s e r v e d y  t h a t  t e t r y l  h e a t e d  i n  v a r i o u s  s o l v e n t s ,  

e v o l v e d  n i t r i c  o x i d e  and  fo rm e d  H - m e t h y l p i c r a m i d e . s i m i l a r l y ,  

by a c t i o n  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a t  100°G, t h e y  were  

a b l e  to  i s o l a t e  H - m e t h y l p i c r a m i d e .  They s u g g e s t  f o r m a t i o n  o f
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n i t r i c  a c i d ,  and N -m e th y lp ie ram id e ,  by h y d r o l y s i s ,  and r e p o r t  

a p o s i t i v e  t e s t  f o r  n i t r i c  a c i d  w i th  d ip h e n y la m in e .

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

t h a t  the  i r r a d i a t i o n  p ro d uc t  of  t e t r y l  i s  U - m e th y lp ic r a m id e ,  

t h e  c o r r e l a t e d  c u rv e s  f o r  m ix tu r e s  o f  H -m e th y lp ic ra m id e  and 

t e t r y l  be ing  p a r t i c u l a r l y  c lo s e  to  t h a t  o f  i r r a d i a t e d  t e t r y l  

( s e e  page 57a. ) .  However, a s  a d d i t i o n a l  e v id e n c e ,  t h e  Spek ke r  

r e a d i n g s ,  f o r  the  n e u t r a l  and a l k a l i n e  s o l u t i o n s ,  g i v e  v e ry  

c l o s e  v a l u e s .  T e t r y l ,  i r r a d i a t e d  f o r  3 h o u r s ,  g i v e s  v a l u e s  

a g r e e i n g  w i t h  8 o$Hknethylpicramide.  The c o l o u r  i n t e n s i t y  wdth 

a l k a l i ,  however,  does no t  a g r e e  w i t h  a v a lu e  o f  20$  r e s i d u a l  

t e t r y l .  The r e s i d u a l  t e t r y l  must be l e s s  th an  5$* and t h e  o t h e r  

1 5 $  sho u ld  be r e p r e s e n t e d  by s e co n d a ry  p r o d u c t s ,  such a s  2 :V* 

d i n i t r o p h e n y l m e t h y l n i t r a m i n e ,  which have g e n e r a l  a b s o r p t i o n ,  and 

g i v e  v e ry  s m a l l  c o l o u r  changes  w i th  a l k a l i  i n  d i l u t e  s o l u t i o n .

Under t h e  c hosen  c o n d i t i o n s ,  t h e n ,  t e t r y l  may be s a i d  

to  be v e r y  s e n s i t i v e  to  u l t r a - v i o l e t  i r r a d i a t i o n .  . I t  was a l s o  

n o t e d y  t h a t  p ro lo n g e d  i r r a d i a t i o n  f o r  60  h o u r s y  c o m p le t e ly  

d e s t r o y e d  th e  N -m ethy lp ie ram id e ,  r e s u l t i n g  i n  p r o d u c t s  p o s s e s s -  

in g  o n ly  g e n e r a l  a b s o r p t i o n .  T h e i r  i d e n t i f i c a t i o n  by s p e c t r o -  

,g r a p h i c  means was not  a t t e m p t e d .

The a b s o r p t i o n  curve  of  2 : i f - d i n i t  rophenylme t h y l n i t r a -  

mine s o l u t i o n  i r r a d i a t e d  f o r  if h o u r s ,  can be c o r r e l a t e d  a lm o s t  

e x a c t l y  w i t h  t h a t  o f  a m ix tu re  o f  63$  2 : i f - d in i t r o m o n o m e th y l -  

a n i l i n e ,  and 35$ 2 : i f - d i n i t r o p h e n y l m e t h y l n i t r a m i n e  ( s e e  p age59a .  ) .



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

i n v o l v e s  s p l i t t i n g  o f f  t h e  non n u c l e a r  n i t r o - g r o u p ,  an d  i t s  

r e p l a c e m e n t  by a h y d ro g e n  a to m .

t h e  i r r a d i a t i o n  o f  t e t r y l .  Once a g a i n ,  t h e  r e a d i n g s  on t h e  

S p e k k e r  s u p p o r t  t h e s e  c o n c l u s i o n s .

On a s i m i l a r  b a s i s ,  i r r a d i a t i o n  o f  2 ; A : 6 - t r i n i t r o -  

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

n i t r o - g r o u p ,  t o  g i v e  p i c r a m i d e .

n i t r a m i n e  l i e s  be tw een  t h e  two b an d s  o f  p i c r a m i d e ,  and  i d e n t i f i 

c a t i o n  o f  a p r o p o r t i o n  o f  p i c r a m i d e ,  i n  2 : A : 6~ t  r i  n i t r o  p h e n y l  -  

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

t h r e e  b a n d s .  I r r a d i a t i o n ,  how ever ,  moves t h e  band o f  2 gif;6~ 

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

w a v e - l e n g t h  band o f  p i c r a m i d e ,  a n d  i n  a d d i t i o n ,  t h e  e x t i n c t i o n  

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

l e n g t h  b an d  o f  p i c r a m i d e .  A f t e r  a p e r i o d  o f  5 h o u r s  i r r a d i a t i o n  

t h e  S p e k k e r  r e a d i n g  shows a h i g h e r  i n t e n s i t y  t h a n  t h a t  o f  an  

M/5000 s o l u t i o n  o f  p i c r a m i d e .  U nder  t h e s e  c i r c u m s t a n c e s ,

T h i s  change  c o r r e s p o n d s  to  t h a t  t a k i n g  p l a c e  d u r i n g

However,  t h e  a b s o r p t i o n  band o f  2 : A : 6 ~ t r i n i t r o p h e n y I -



6$.

t h e r e f o r e ,  i t  may be c o n c l u d e d ,  t h a t  2 : 2 f « 6 - t r i n i t r o p h e n y l n i t r a m i n e  

i s  v e r y  s e n s i t i v e  to  u l t r a - v i o l e t  i r r a d i a t i o n ,  and one o f  t h e  

p r o d u c t s  o f  i r r a d i a t i o n  may be p i c r a m i d e .

The ex t r e m e  s e n s i t i v i t y  o f  t e t r y l  to  u l t r a - v i o l e t  

i r r a d i a t i o n ,  i n d i c a t e s  t h a t  t e t r y l  migh t  be ch an g ed  t o  N - m e t h y l -  

p i c r a m i d e ,  a f t e r  a d s o r p t i o n  on t h e  s k i n .  P .G .H .  G e l l  ( B r i t .  J .  

E x p t l .  P a t h o l o g y  25 , 1 Jk-9 -19Mf~) h as  shown t h a t  N - m e t h y l p i c r a m i d e  

i s  a n  a c t i v e  d e r m a t i t i c  a g e n t .  F o r  t h i s  r e a s o n ,  t h e  r e a c t i v i t y  

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

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

d u c t  o f  2 : i f : 6 - t r i n i t r o p h e n e t o l e ,  h a s  y e t  t o  be i n v e s t i g a t e d ,  and  

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

o f  t h e  c h a r a c t e r i s t i c  n a t u r e  o f  t h e  a b s o r p t i o n  s p e c t r u m '  o f  t h e  

i r r a d i a t e d  s o l u t i o n .
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TH3 3STIMAT ION OF IMPURITIES IN TBTHTL

I n t r o d u c t i o n

T e t r y l  i s  p r e p a r e d  by t h e  n i t r a t i o n  o f  d i m e t h y l a n i l i n e  

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

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

a r e  n o t  c o r r e c t ,  t h e  p r o d u c t  may be s o f t  a n d  p u t t y ,  o r  c o a g u l a t e d .

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

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

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

t e t r y l .

P r e v i o u s  work h a s  e s t a b l i s h e d ,  t h a t  t h e r e  i s  a l o s s  i n

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

t i o n  s t a g e ,  and t h e  w a t e r  d e v e l o p s  a m arked  a c i d  r e a c t i o n .  The 

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

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

i n g ,  i s  due to  t h e  h y d r o l y s i s  o f  m e t a - n i t r o t e t r y l  ( 2 : 3 : l f : 6 - t e t r a -  

n i t r o p h e n y l m e t h y l n i t r a m i n e ) , an  i m p u r i t y  known to  be p r e s e n t  i n  

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

b i l i t y  o f  t e t r y l .

The e x i s t i n g  m e th o d s ,  o f  d e t e r m i n a t i o n  o f  m - n i t r o t e t r y l ,

a r e  a l l  b a s e d  on t h e  h y d r o l y s i s  o f  m - n i t r o t e t r y l ,  t o  m -h y d r o x y -  
t  r  i**

t e t r y l  ( 2 ; l f : 6 - n i t r o - 3" h y d r o x y p h e n y l m e t h y l n i t r a m i n e ) on b o i l i n g  w i t h  

w a t e r .  The s i m p l e s t  m ethod ,  by d e t e r m i n a t i o n  o f  t h e  l o s s  i n  

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

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

v a r y i n g  am ounts  o f  t e t r y l ,  w h ic h  a r e  d i s s o l v e d  a t  t h e  same t i m e .



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

by t h e  h y d r o l y s i s

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

g i v e s  a c i d  v a l u e s  r a n g i n g  from 1 .2  t o  1 .8  gm. e q u i v a l e n t s  p e r  

m o l e c u l e .  T h e re  a r e  a c i d  v a r i a t i o n s ,  due t o  o x i d a t i o n  t o  n i t r i c  

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

one  gm. e q u i v a l e n t ,  nam ely ,  t h a t  due to  m - h y d r o x y t e t r y l  c a n  be 

r e l i e d  o n .

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

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

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

i o d i n e .

MeONO + HI-^MeOH + NO + I  

T h i s  method i s  b a s e d  on t h a t  f o r  d e t e r m i n a t i o n  o f  m e t h a n o l

( W i l l i a m  E n d e r ,  Angew Ghem. 2f7, 227- 8 . - 1 9 3 V - )» by f o r m a t i o n  o f  

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

and  t i t r a t i o n  o f  t h e  l i b e r a t e d  i o d i n e  w i t h  sod ium  t h i o s u l p h a t e .  

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

sw e e p in g  o u t  t h e  m e th y l  n i t r i t e ,  and t h e  r e a c t i o n  p e r i o d ,  a r e

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

M e t a - n i t r o t e t r y l  i s  a l s o  h y d r o l y s e d ,  by r e f l u x i n g  w i t h

NOa (CH3 

(MD2 )s  '
_>06 H6H02 + MeOH------

J J Q  f  O T I \HT

+MeONO
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The f i g u r e s  o b t a i n e d ,  by th e  ab ove  m ethod  f o r  e s t i m a t i n g  m - n i t r o -  

t e t r y l ,  a r e  f o u n d  to  be  h i g h e r  th a n  t h e o r e t i c a l  by 6 $ .  A 

c o r r e c t i o n  r a t i o  has  t h e r e f o r e  t o  be a p p l i e d  to  g e t  f i g u r e s  w i t h 

i n  1 $>, and  p r e s e n c e  o f  e x c e s s  t e t r y l  d o es  n o t  i n f l u e n c e  t h e s e  

r e s u l t s .

A l l  t h e  e x i s t i n g  m e th o d s ,  h o w e v e r ,  i n v o l v e  an i m p i r i -  

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

l o s s  by w e ig h in g ,  and  s i n c e  t h e  m e th y l  n i t r i t e  p r o c e s s  i n v o l v e s  

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

t h e  c o m p le te  v a l u e ,  f o r  m e th y l  n i t r i t e  fo rm e d ,  may i n c l u d e  p a r t i a l  

h y d r o l y s i s  o f  t e t r y l  -1I02 g r o u p s ,  and  a s e c o n d  g r o u p  from

t h e  m - n i t r o t e t r y l  m o le c u le .

I t  was, t h e r e f o r e ,  d e s i r a b l e  to  f i n d  a m ethod f o r  d e t e r -  

.m in in g  t h e  t e t r y l  d i s s o l v e d ,  so  t h a t  b o i l i n g  l o s s e s  c o u l d  be 

more a c c u r a t e l y  c o r r e l a t e d  w i t h  m - n i t r o t e t r y l  c o n t e n t ,  and  to  

e s t i m a t e  d i r e c t l y  m - h y d r o x y t e t r y l  fo rm ed , so t h a t  e r r o r s  in  

e s t i m a t i o n  by p a r t i a l  h y d r o l y s i s  o f  m ore t h a n  one  N02 g r o u p ,  p e r  

m o le c u le  o f  m - n i t r o t e t r y l ,  c o u ld  be  e l i m i n a t e d .  F o r  t h i s  r e a s o n ,  

i t  was d e c id e d  t o  employ a c o m b in a t io n  o f  s p e c t r o g r a p h i c , and  

c o l o r i m e t r i c  m e th o d s ,  w i t h  t h e  o b j e c t  o f  c o n f i rm in g  t h e  p r e s e n c e  

o f  m - n i t r o t e t r y l  as  an  i m p u r i t y ,  e s t i m a t i n g  t h e  amount o f  m - n i t r o 

t e t r y l  p r e s e n t ,  and o f  f i n d i n g  w h e th e r  any  o t h e r  i m p u r i t i e s  w e re  

p r e s e n t .

E x p e r i m e n t a l .

Samples o f  pure t e t r y l  M .P t .  1 3 0 °G, m -hyd roxyte try l

M .P t . 173°G , m - n i t r o t e t r y l  M .P t .  IV? °C, and  2 ;A - d in i t r o m o n o -
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m e t h y l a n i l i n e  M .P t .  178°G w ere  p r e p a r e d  a n d  u s e d  i n  t h e  e s t i m a -  

t  i o n s .

The c o l o u r  i n t e n s i t y  r e a d i n g s  w ere  made on t h e  S p e k k e r  

a b s o r p t i o m e t e r , u s i n g  Mo. J  b lu e  f i l t e r s ,  and  1 cm. q u a r t z  c e l l s .

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

l i g h t  a l l  r e f l u x i n g  e x p e r im e n t s  wre r e  c a r r i e d  o u t  i n  d a r k n e s s ,  and  

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

Mo. A s i n t e r e d  g l a s s  c r u c i b l e s ,  and made up to  s t a n d a r d  v o lu m e s .

The e f f e c t  o f  a d d i t i o n  o f  2MDH s o l u t i o n ,  t o  M/5000 

s o l u t i o n s  o f  m -hydroxy  t e t r y l ,  t e t r y l  and  2 j l f - d i  n i t r o  mo n o m e th y l  

a n i l i n e ,  f o r  a q u e o u s ,  a q u e o u s : a l c o h o l i c ,  and  a q u e o u s r a c e to n e  

s o l u t i o n s ,  wage d e te r m in e d .

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

an d  i n  a c i d  (pH 2 . 3 ) a q u e o u s  s o l u t i o n ,  w ere  d e t e r m in e d .  The 

s o l u t i o n s ,  d e r i v e d  from  b o i l in g -  th e  t e t r y l  s a m p le s ,  w ere  a l s o  

exam in ed  by a b s o r p t i o n  s p e c t r o p h o t o m e t r i c  m e th o d s .

F i v e  q u a n t i t i e s  o f  p u r e  d ry  t e t r y l ,  w e re  w e ig h e d  

a c c u r a t e l y ,  r e f l u x e d  t h i r t y  m in u te s ,  w i t h  AO m l. d i s t i l l e d  w a t e r  

i n  a b s e n c e  o f  l i g h t ,  and c o o le d  to  13°G. The s o l u t i o n s  w ere  

t h e n  f i l t e r e d  i n  No. A s i n t e r e d  g l a s s  c r u c i b l e s ,  and t h e  f i l t r a t e  

c o l l e c t e d ,  so  t h a t  t h e  t e t r y l  i n  s o l u t i o n  c o u ld  be  t e s t e d  c o l o r i -  

m e t r i e a l l y .  The c r u c i b l e s  w ere  d r i e d  f o r  two h o u r s  and  w e ig h e d  

b e f o r e ,  an d  a f t e r  f i l t r a t i o n .  A q u i c k - f i t  b o i l i n g  t u b e  o f

c a p a c i t y  30 m l,  and q u i c k - f i t  condenser ,  were used  f o r  the  

r e f l u x i n g  experim ents .  The f i l t r a t e  was made up to lo o  ml. in

e a c h  c a s e .
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F o r  t h e  p u rp o s e  o f  t h e  c o l o r i m e t r i o  m ethod l a t e r  

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

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

by r e a d i n g s  on t h e  S p e k k e r .  The s t a n d a r d  s o l u t i o n s  w ere  o f  

c o n c e n t r a t i o n  m /3 0 0 0 , and t h e  c o l o u r  i n t e n s i t y  p ro d u c e d  by 1 m l.  

o f  2NK0H, on 10 m l.  o f  a q u e o u s  t e t r y l  s o l u t i o n ,  \va$e d e t e r m in e d .  

The a c e t o n e  c o l o u r s  l a t e r  r e f e r r e d  t o ,  w e re  d e t e r m in e d  w i t h  1 m l .  

o f  2NK0H, 3 ml .  a c e t o n e ,  and  10 m l.  s t a n d a r d  aq u e o u s  m -h y d ro x y -  

t e t r y l ,  a n d  t e t r y l  s o l u t i o n s .  D i l u t i o n s  w ere  o b t a i n e d  by 

t a k i n g  x m l.  o f  s t a n d a r d  s o l u t i o n s  and a d d in g  10 -  x m l.  o f  

w a t e r ,  t o  g iv e  10 m l. o f  a q u e o u s  s o l u t i o n .

E le v e n  s y n t h e t i c  m i x t u r e s  o f  t e t r y l ,  and m -h y d ro x y -  

t e t r y l  s o l u t i o n ,  w ere  made up and u s e d  t o  t e s t  t h e  c o l o r i m e t r i c  

m e th o d .  F iv e  q u a n t i t i e s  o f  a s am p le  o f  b a t c h  t e t r y l ,  a n d  t h r e e  

q u a n t i t i e s  o f  a d i f f e r e n t  sam ple o f  b a t c h  t e t r y l ,  w ere b o i l e d  

w i t h  w a te r  and  t h e  r e s u l t i n g  s o l u t i o n s  exam ined  c o l o r i m e t r i c a l l y . 

I n  a few  c a s e s ,  t h e  l o s s  i n  w e ig h t  on b o i l i n g  a n d  t h e  p e r c e n t a g e  

o f  m - h y d r o x y t e t r y l  i n  t h e  s o l u t i o n  was d e t e r m in e d  by a b s o r p t i o n  

s p e c t r o p h o t o m e t r i c  m e a su re m e n ts .  I n  a d d i t i o n ,  t h e  s o l u t i o n s  

d e r i v e d  from  c o a g u la t e d  t e t r y l  an d  c o n t in u o u s  t e t r y l ,  r e s p e c t i v e 

l y ,  by b o i l i n g ,  w ere exam ined c o l o r i m e t r i c a l l y  and  t h e i r  a b s o r p 

t i o n  s p e c t r a  d e te r m in e d .  i n  e a c h  c a s e ,  10 gm. o f  t e t r y l  w ere  

b o i l e d  f o r  one and a h a l f  h o u r s  w i th  A00 m l.  o f  d i s t i l l e d  w a t e r ,  

i n  d a r k n e s s ,  and  a f t e r  c o o l i n g  t o  1 5 ° 0 f f i l t e r e d  th r o u g h  a N o.A . 

s i n t e r e d  g l a s s  c r u c i b l e ,  and made up  t o  300 m l . ,  w i th  d i s t i l l e d  

w a t e r .  In  a d d i t i o n ,  f i v e  q u a n t i t i e s  o f  m - n i t r o t e t r y l ,  a c c u r a t e -
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l y  weighed, o u t ,  w ere  r e f l u x e d ,  and th e  p e r c e n t a g e  o f  m -h y d ro x y -  

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

a n d  com pared  w i t h  th e  c a l c u l a t e d  v a l u e .

A sam p le  o f  a c i d  l i q u o r ,  d e r i v e d  d u r i n g  t h e  s a m p l in g  

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

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

an d  t h a t  o f  t h e  a c i d  l i q u o r  i t s e l f ,  w ere  d e t e r m in e d .

R esu l t s .

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

ex am in ed ,  a r e  shown on page«  7 0a . . Th© a b s o r p t i o n  c u r v e s  o f

m - h y d r o x y t e t r y l ,  and 2 : A - d i n i t r o m o n o m e t h y l a n i l i n e ,  a r e  shown on 

p a g e s2 2 a .  t o  2 2 n , The a b s o r p t i o n  c u r v e s  show t h a t  t h e  i m p u r i t y  

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

i s  m - h y d r o x y t e t r y l ,  and  n o t  2 :A ~ d i n i t r o m o n o m e th y la n i l i n e  w h ich  

was a t  f i r s t  th o u g h t  to  be  a p o s s i b l e  im p u r i t y  due to  u n d e r  

n i t r a t i o n # .  The m - h y d r o x y t e t r y l  i s ,  o f  c o u r s e ,  d e r i v e d  from  

o r i g i n a l  m-tojLctinf&rytetryl, by h y d r o l y s i s .  ' The a b s o r p t i o n  c u r v e ,  

d e n o te d  a s  h y d r o ly s a b l e  c o n t e n t  i n  th e  g r a p h s ,  i s  t h a t  g i v e n  by 

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

shown f o r  t h e  a c i d - l i q u o r ,  and f o r  th e  p r e c i p i t a t e  p r e s e n t  i n  

t h e  a c i d - l i q u o r ,  a r e  n o t  s u f f i c i e n t l y  d e f i n i t e  f o r  them  t o  be 

i d e n t i f i e d .

The m - h y d r o x y t e t r y l  c o n t e n t  o f  t e t r y l  can  be e s t i m a t e d  

by t h e  s p e c t r o g r a p h i c  m e th o d .  The a b s o r p t i o n  band  f o r  m -h y d ro x y 

t e t r y l  h a s  maximum 1=  1A#800 a t  \  = 361OA. From t h e  c u r v e ,  i t  

i s  p o s s i b l e  to  d e te r m in e  a n  unknown c o n c e n t r a t i o n  o f  m -h y d ro x y -
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t e t r y l  in  any s o lu t io n  d er iv ed  from r e f lu x in g  a known w eigh t o f

orude t e t r y l  w ith  w ater . T e tr y l has no ab sorp tion  band, and

does not a f f e o t  th e  e s t im a t io n . The c a lc u la t io n  i s  as f o l lo w s ; -

lo g  Ip = e od 
I

£ s  maximum i, » l i | - , 8 0 0  from absorpt ion  curve o f  m -hydroxy-
t e t r y l .

lo g  * d e n s ity  reed in g  at th e  maximum o f  the a b so rp tio n  
I band o f th e  unknown s o lu t io n

d a le n g th  o f c e l l .

o « m olecu lar  c o n c e n tr a t io n .

•  * C a lo g  X». X 1 
I  t d

a 1
x

c in  g m / l i t r e  = M olecu lar w eight o f  m-hydroxy t e t r y l .
~ x

I t  i s  p o s s ib le  to e s t im a te  a c o n c e n tr a tio n  to  w ith in  

0 . 0 0 0 5  gm, so t h i s  method was used  as a stan dard  fo r  the c o lo r i 

m etr ic  method. The a b so rp tio n  curve of m -h yd roxy te try l does  

not vary in  the range pH 2 . 5  to  7»°* an(l  hence a c id i t y  d evelop ed  

on b o i l in g  crude t e t r y l  i s  not im portant.

C o lo r im etr ic  Method.

I t  was d isco v ered  th a t m -h yd roxy tetry l does not g iv e  

any change in  c o lo u r  in t e n s i t y  on a d d itio n  o f  a lk a l i  to  i t s  

aqueous s o lu t io n ,  whereas i t  g iv e s  a red c o lo r a t io n  w ith  a l k a l i  

in  p resen ce  o f a ceto n e . This c o lo r a t io n  in c r e a s e s  in  in t e n s i t y  

g r a d u a lly  w ith  tim e, w ith in  a p er iod  of ten  m in u tes . A d e f i n i t e  

p ro p o rtio n  o f  a ceto n e , p r e fe ra b ly  5 0 $  o f th e  aqueous s o lu t io n  by

volum e, and not sim ply a t r a c e , i s  n ecessa ry  fo r  c o lo u r  form a-
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form ation . F in a lly ,  th e  co lou r  in t e n s i t y  i s  m arkedly in f lu e n c e d  

"by tem perature.

T e tr y l s o lu t io n  g iv e s  a red  c o lo r a t io n  w ith  a l k a l i ,  "both 

in  aqueous and aq u eou s-aceton e s o lu t io n . The form er i s  n o t r e la t e d  

t o  tem perature or tim e , “but th e  l a t t e r  i s  in f lu e n c e d  hy tem per

a tu r e , and f a l l s  o f f  r a p id ly  in  in t e n s i t y  w ith  tim e.

At f i r s t ,  i t  would appear th a t  l i t t l e  u se  cou ld  h e  made 

o f  c o lo u r  i n t e n s i t i e s  so v a r ia b le ,  hut e x te n s iv e  exp erim en ts have  

shown th a t  t h i s  i s  not th e  ca se . The f i r s t  p o in t  i s  th a t  a c t io n  o f  

a q u e o u s -a lk a li  g iv e s  a co lo u r  in t e n s i t y  d i r e c t ly  p r o p o r t io n a l to  

th e  t e t r y l  con ten t a lo n e , as m -h yd roxy tetry l con ten t i s  n o t a f f e c t 

ed in  ,c o lo u r  hy a q u e o u s -a lk a li . The d e term in a tio n  o f  th e  c o lo u r  

in t e n s i t y  produced hy a c e t o n e - a lk a l i ,  on a m ixture o f  t e t r y l  and 

m -h y d ro x y te try l in  aqueous s o lu t io n , o b v io u s ly  g iv e s  a c o lo u r  

in t e n s i t y ,  t o  which both  c o n s t i tu e n ts  c o n tr ib u te . However, a s  from  

th e  a q u e o u s -a lk a li  in t e n s i t y  read in g  th e  p ercen ta g e  o f  t e t r y l  

p r e se n t i s  known, a llow ance fo r  t h i s  in  th e  a c e t o n e - a lk a l i  in te n s 

i t y  read in g  may he made, and th e  m -h y d ro x y te try l co n ten t o b ta in ed  

hy d if f e r e n c e .  The fo llo w in g  c o n d it io n s  were observed , and have  

r e s u lt e d  in  l in e a r  r e la t io n s h ip s  betw een co lo u r  in t e n s i t y  and 

c o n c e n tr a tio n  o f  th e  s o lu t io n s .

(a) The i n i t i a l  tem perature o f  th e  s o lu t io n ,  p r io r  to  a d d it io n  o f  

a ceto n e  and a l k a l i ,  must be n o ted . D if fe r e n t  tem p eratures g iv e  

s t r a ig h t  l i n e s  w ith  d i f f e r e n t  in te r c e p t s  on th e  y - a x i s .  The tem

p era tu re  must be measured b e fo r e  a d d it io n  o f  a c e to n e , s in c e  th e r e  

i s  a tem porary r is e  o f  tem p erature, due to  h ea t o f  s o lu t io n  o f  

aceto n e  in  w ater.
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Ob) The co lou r  in t e n s i t y  o f th e  a c e to n e -a lk a l i  s o lu t io n s  must 

he m easured two m inu tes e x a c t ly  a f t e r  th e  a d d it io n  o f  a l k a l i .  

During t h i s  tim e th e  m -h yd roxytetry l co lo u r  in c r e a s e s ,  and th  e 

t e t r y l  co lo u r  d e c r e a se s , and two m in u tes tim e has been  found to  

g iv e  th e  b e s t  r e s u l t s .

(c ) The r a t io  o f  volume o f  aceton e  to  volume o f  aqueous s o lu t io n  

sh ou ld  be m ain ta in ed .

U sing standard  s o lu t io n  and standard c o n d it io n s , th en , 

th e  c o lo u r  i n t e n s i t i e s  produced by a c e t o n e - a lk a l i ,  and aqueous- 

a l k a l i  fo r  t e t r y l  and m r-hydroxytetryl s o lu t io n s ,  were determ ined. 

A specim en ta b le  i s  g iv e n , but th e  f u l l  r e s u l t s  are  g iv e n  on 

p ages73a  , to 7 3 e  •

T e tr y l s o lu t io n , and aceton e  a l k a l i ,  15-g^C. 1 m l. o f  

2U KOH and 5 m l. o f  aceton e  are added in  each d e term in a tio n .

Drum read in g  a t 1 .0 0  g iv e s  zero  d e f le c t io n ,  w ith  w aters in  b oth  

c e l l s .

T e tr y l S o lu tio n . D i s t i l l e d  Water. T e tr y l. Drum
M/5000

m l.
ml. C one ent r a t i  on. 

(g m /lit r e )
Reading:.

6 .0 4 .0 0 .0344 0 . 32
5 .5 4 .5 0 .0316 0 .3 6 5  '
5 .0 5 .0 0 .0287 0 .4 2
4 .5 5 .5 0 .0258 0 .4 8 5
4 .0 6 .0 0 .0230 0 .5 4
3 .5 6 .5 0. 0201 0 .6 0
3 .0 7 .0 0. 0172 0 . 66
2 .5 7 .5 0 .0144 0 .7 3
2 .0 8 .0 0 .0115 0 .7 9
1 .5 8 .5 0 .0086 0 .8 4
1 .0 9 .0 0.0057 0 .9 0
0 .5 9 .5 0 .0029 0. 94

There i s  one o th er  im portant c o n s id e r a t io n  which must be  

a p p lie d . A l l  s o l u t i o n s  co n ta in in g  t e t r y l  must be r e f lu x e d  in  

d ark n ess, as th e  photochem ical change produced by r e f lu x in g  in
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d a y lig h t , g iv e s  th e  s o lu t io n  an in c re a se d  in t e n s i t y  in  c o lo u r ,  

owing to  form ation  o f  N -m ethylpicram ide. I f  an aqueous n e u tr a l  

s o lu t io n ,  co n ta in in g  t e t r y l ,  i s  r e f lu x e d  in  d ark n ess, th e  c o lo u r  

in t e n s i t y ,  due to  th e  t e t r y l ,  i s  n e g l ig ib le .  I t  was a ls o  found, 

th a t  th e  co lo u r  in t e n s i t y  in c r e a s e , produced by a q u e o u s -a lk a li  

in  t e t r y l  s o lu t io n , was th e  same, whether a lo n e  or in  p r e sen ce  

o f  m -h y d ro x y te try l.

The method o f  d eterm in ation  was checked by making up 

s y n th e t ic  s o lu t io n s  o f t e t r y l ,  and m -h y d ro x y te try l.

M ixtures o f  t e t r y l ,  ahd m -h y d ro x y te try l.

A cetone a l k a l i .  Temperature 13-§°C.

T e tr y l. m -h yd roxy tetry l. Observed. C a lc u la ted .

_ 0.0606 0. 63 0 .5 9
0 .0029 0 .0576 0 .5 8 5 0 .5 6
0 .0057 0.0545 0 .5 4 0. 52
0 . 0086 0.0515 0 .5 0 0 .4 8
0 .0115 0 .0484 0 .465 0 .4 2
0 .0172 0. 0424 0. 395 0 .345
0 .0230 0 .0364 0. 32 0. 27
0 .0287 0.0303 0 .2 5 0 . 19

The comparison o f  th e  l o s s  in  w eight on b o i l in g  pure  

t e t r y l  sam ples, and th e  c o lo r im e tr ic  r e s u l t  fo r  th e  t e t r y l  d i s 

s o lv e d  by th e  w ater, shows th e  e x te n t  o f  th e  m ech an ica l l o s s  in  

an e s t im a tio n  o f t h i s  k ind .

T e tr y l Sample A B O D E

L oss in  w eight on 0 .QO6 I  0 .0061  0 .0 0 6 0  0 .0 0 7 0  0..0066
b o i l in g ,  gm.

Amount o f  t e t r y l  in  0. 0030 0 .0030  0 .0 0 2 8  0 .0 0 3 4  0 .0 0 2 8  
f i l t r a t e ,  gm.

The fo llo w in g  r e s u l t s  are g iv e n  fo r  th e  e s t im a t io n s  on

b a tch  t e t r y l  sam ples.
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Sample. Wt. taken. L oss in  Wt. T e tr y l. m -hydroxyte t  ry1 m -n itro

I  A.

(gm-) 

2 .9532

(gm* )

0.0777

(gm.) 

0. 0109

(gm .) % 

0 .0 4 3 8  1 .4 8

t e t r y l .
O '/°
1 .6 2

B 2 .8672 0. 0739 0 .0071 0 .0 4 6 8  1 .6 3 1 . 7 9
C 2 .7299 0 .0660 0 .0085 0 .0402  1 .4 7 1 . 6 1
D 3 .0083 - 0. 0208 0 .0 4 9 0  1 .6 3 1 .7 9
3 3 .0011 — 0.0093 0 .0 4 2 0  1 .4 0 1 .5 3

I I  A 3 .0154 — 0 .0061 n i l
B 3 .0078 — 0 .0070 n i l
0 3 . 0189 _ 0 .0108 n i l —

The fo llo w in g  r e s u l t s  are g iv e n  fo r  m - n i t r o t e t r y l ,  

q u a n t i t ie s  o f  which were w eighed out a c c u r a te ly , r e f lu x e d  one 

hour w ith  w ater, and made up to  a standard volume. The p e r ce n t

age m -h yd roxy tetry l was determ ined c o lo r im e t r ic a l ly ,  and "by 

c a lc u la t io n ,  assuming 100% h y d r o ly s is . M iss E .B . Dumming 

(P r iv a te  Communication) has found th a t  m -n it r o te t r y l  h y d r o ly se s  

Immediateaiy in  m ethyl a lc o h o l s o lu t io n , and a ls o  in  co n cen tra ted  

m in era l a c id  s o lu t io n .

Sample. Wt. o f  m -n itr o Wt. o f  m -h y d ro x y tetry l (gm .)
t e t r y l  taken  Oh served . C a lc u la ted .

LsbJ
V 0 .0112
W 0 .0087
X 0 .0099
Y 0 .0113
Z 0 .0094

A few c o lo r im e tr ic  rea d in g s are c o r r e la te d  w ith

sp ec tro g ra p h ic  rea d in g s.
m -H yd roxytetry l.

Sample. C o lo r im etr ic  Method. S p ectrograp h ic  Method.

I  A 0 .0 4 3 8  0 .0 4 1 0
B 0 .0 4 6 8  o. 0415
C 0 .0402  0 .0 4 7 0

I I  A. N i l .  <  0 .0030

0 .0098  
0 .0084  
0 .0086  
0.0100 
0 .0074

0 . 0102  
0. 0079 
0 .0 0 9 0  
0. 0103 
0 .0 0 8 6
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D i s c u s s i o n *

A l l  t h e  S p ek k e r  r e a d i n g s  a r e  "based on a Spelcker 

s e t t i n g ,  w a t e r  t o  w a t e r ,  a t  drum r e a d i n g  1*00 • A l th o u g h  t h e  

a c c u r a c y  o f  t h e  m ethod  ca n  h e  i n c r e a s e d  h y  t a k i n g  a l a r g e  am ount 

o f  c r u d e  t e t r y l ,  and  h e n c e  i n c r e a s i n g  t h e  m - h y d r o x y t e t r y l  con

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

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

t o g e t h e r  g i v e  a drum r e a d i n g  w i t h i n  t h e  r a n g e  0*00 t o  1 .0 0  f o r  

a c e t o n e - a l k a l i  c o l o u r  i n t e n s i t y .  However, a p a p e r  h y  J .  L i t t l e  

( J .S o c .  Chem. In d .  64 , 1 1 8 -1 1 9 ,  - 1 9 4 5 - )  h a s  i n d i c a t e d  a new 

m e th o d  f o r  s e t t i n g  t h e  S p e k k e r .  By t h i s  m e th o d ,  t h e  S p e k k e r  i s  

s e t  w a t e r  t o  w a t e r  .a t  a drum r e a d i n g  2 . 0 0 , h u t  t h e  r e a d i n g s  a r e  

r e c o r d e d  om t h e  a c c u r a t e  p o r t i o n  o f  t h e  drum h e tw e e n  0 .0 0  a n d

1 .0 0  . T h e r e f o r e ,  tw ic e  t h e  c o n c e n t r a t i o n  o f  m - h y d r o x y t e t r y l  

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

I n  p r a c t i c e ,  t h e  w e ig h t  o f  c ru d e  t e t r y l  t a k e n  s h o u ld  

h e  a d j u s t e d  t o  g i v e  a drum r e a d i n g  a s  n e a r  0 .0 0  a s  p o s s i b l e ,  

h e n c e  g i v i n g  a h ig h  c o n c e n t r a t i o n  o f  m - H y d r o x y t e t r y l ,  an d  

i n c r e a s e d  a c c u r a c y .  The w a t e r  volum e f o r  r e f l u x i n g  s h o u ld  h e  

100 m l.  o r  l e s s ,  so  t h a t  t h e  amount o f  t e t r y l  d i s s o l v e d  i s  a s  

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

s o l v e d ,  i n  t h e  few ex am p les  q u o te d ,  show how u n c e r t a i n  any  

e m p i r i c a l  c o r r e c t i o n  can  h e .  The d i l u t i o n  r e q u i r e d  f o r  S p e k k e r  

r e a d i n g s  w i l l  h e  n o r m a l ly  t h e  same a s  i n  t h e  exam ple  q u o te d  

b e lo w . The volume o f  100 m l. o f  w a t e r  i s  s u f f i c i e n t  t o  d i s s o l v e

0 .5  gm. o f  m - h y d r o x y t e t r y l ,  a n d  h y d r o l y s i s  i s  n o r m a l ly  c o m p le te  

w i t h i n  one h o u r .  A v e r y  a p p r o x im a te  v a l u e ,  f o r  m - h y d r o x y t e t r y l  

c o n t e n t ,  c a n  h e  fo u n d  h y  m e a s u r in g  t h e  n e u t r a l  c o l o u r  i n t e n s i t y
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a n d  u s i n g  t h e  g ra p h  on p a g e 7 3 e  .

The g r a p h s  on p a g e s  7 3 a - e ,  do n o t  g i v e  r e l a t i o n s h i p s  

f o r  a l l  t e m p e r a t u r e s  "between 10* G an d  20° C, s i n c e  l a c k  o f  

t h e r m o s t a t i c  c o n t r o l  on t h e  S p ek k e r  p r e v e n t e d  a c c u r a c y  f o r  tem

p e r a t u r e s  d i f f e r e n t  from  roaik t e m p e r a t u r e ,  and  i t  i s  recommend

ed  t h a t  M/5000 s t a n d a r d  s o l u t i o n s  o f  t e t r y l ,  an d  m -h y d ro x y 

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

o f  r e s u l t s ,  and  room t e m p e r a t u r e .  A 20% a q u e o u s - a l c o h o l i c  s t a n d 

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

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

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

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

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

num ber o f  e s t i m a t i o n s  h a s  b e e n  made.

D e t a i l e d  A n a l y t i c a l  P ro c e d u re *

A q u a n t i t y  o f  c ru d e  t e t r y l ,  t h r e e  t o  t e n  gram m es, i s  

a c c u r a t e l y  w e ig h e d ,  an d  r e f l u x e d  w i t h  100m l.  o f  w a t e r ,  i n  d a r k -  

h e s s ,  f o r  n i n e t y  m i n u t e s ,  c o o le d  t o  15*0 a n d  f i l t e r e d  t h r o u g h  a 

No. 4 s i n t e r e d  g l a s s  c r u c i b l e .  The f i l t r a t e  i s  made up t o  500ml. 

w i t h  d i s t i l l e d  w a t e r ,  a n d  t h e  f o l l o w i n g  r e a d i n g s  t a k e n  on t h e  

S p e k k e r  a b s o r p t i o m e t e r .

(a )  N e u t r a l  c o lo u r  i n t e n s i t y ,  drum r e a d i n g .

(b) C o lo u r  i n t e n s i t y  w i t h  a q u e o u s - a l k a l i ,  drum r e a d i n g .

(c )  C o lo u r  i n t e n s i t y  w i t h  a c e t o n e - a l k a l i ,  drum r e a d i n g .

The t e m p e r a tu r e  i s  a l s o  n o te d .

The s o l u t i o n  i s  d i l u t e d  w i th  w a t e r ,  i f  n e c e s s a r y ,  t o  b r i n g  

t h e  drum r e a d in g  w i t h i n  a d u i t a b l e  r a n g e ,  e . g .  5 m l .  made up t o  

10 m l.  r e p r e s e n t s  a d i l u t i o n  r a t i o  o f  1 :1  .
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The r e s u l t s  a re  th e n  o b ta in e d  from  th e  g ra p h s  and  th e  

fo l lo w in g  exam ples i l l u s t r a t e s  th e  c a l c u l a t i o n .

A. I n i t i a l  w e ig h t o f  sam ple (gm .) 2 .9 5 3 2

B. D i lu t io n  r a t i o 1 :1

C. N e u tra l  drum re a d in g 0. 85

D. A q u e o u s -a lk a li  drum re a d in g 0 .3 5

E. C o rre c te d  a q u e o u s - a lk a l i  drum re a d in g  ( l  -  C + D ) 0 .5 0

P. T e t r y l  c o n c e n tr a t io n  g m . / l i t r e  (Page73a) 0 .0109

G. T e t r y l  c o n c e n tr a t io n  gm /500.m l. a llo w in g  f o r  
d i l u t i o n . 0 .0 1 0 9

H. A c e to n e -a lk a l i  re a d in g  f o r  t e t r y l  a t  14®C (Page73b ) 0 .7 8

J . A c tu a l a c e to n e - a lk a l i  r e a d in g  drum ». 0 .4 4

K. Drum re a d in g  due to  m -h y d ro x y te try l  ( l  -  H + J  ) 0 .6 6

L. C o n c e n tra t io n  o f  m -h jrd ro x y te try l g m / l i t r e  (Page73c ) 0. 0438

Ivl. C o n c e n tra t io n  m -h y d ro x y te try l  gm/500 m l. 
a llo w in g  f o r  d i l u t i o n . 0. 0438

N* P e rc e n ta g e  o f  m - n i t r o t e t r y l  in  sam ple

= 0* 0458 x 352 x 100 = 1 .6 2 .
2 .9532  x 303

I n  c e r t a i n  c a s e s  a more r a p id  m ethod f o r  e s t im a t in g  

m - n i t r o t e t r y l  was d e s i r a b l e ,  and f o r  t h i s  r e a s o n  th e  fo l lo w in g  

s im p l i f i e d  c o lo r im e t r ic  m ethod was d e v is e d .

A n a ly t ic a l  P ro c e d u re .

A q u a n t i ty  o f  c ru d e  t e t r y l ,  t h r e e  t o  t e n  gram m es, i s  

a c c u r a te ly  w eighed , and r e f lu x e d  w ith  100 m l. o f  w a te r  in  

com p lete  d a rk n e ss  f o r  one h o u r • The s o l u t io n  i s  th e n  c o o le d  t o  

15*0, f i l t e r e d  th ro u g h  a num ber 4 s i n t e r e d  g l a s s  c ru c i ia le ,  and  

made up to  500 m l.

The a p p a ra tu s  f o r  t h i s  m ethod , c o n s i s t s  o f two t e s t
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t u b e s  o f  e q u a l  d i a m e te r .  L e t  t h e s e  t u b e s  b e  d e n o te d  b y  'a ' a n d (B'«

A s t a n d a r d  m - h y d r o x y t e t r y l  s o l u t i o n ,  c o n t a i n i n g  0 .1 0 0 0  gm /500 m l.  

i s  p r e p a r e d  ( d e n o te d  b y  H.T. ) A s t a n d a r d  a q u e o u s - a l c o h o l i c  

s o l u t i o n  o f  t e t r y l ,  c o n t a i n i n g  0 .0 3 0 0  gm/500 m l . ,  i s  p r e p a r e d  

( d e n o te d  b y  T. ) .  The l a t t e r  s o l u t i o n  m u st b e  c o l o u r l e s s .

( 1 ) .  Add 10ml. o f  H .T . t o  tu b e  rA*, a n d  10ml. o f  unknown s o l u t i o n  
t o  tu b e  'B.

(2) Add 1 m l.  o f  2N KOH t o  e a c h  tu b e  a t  t h e  same i n s t a n t .

(3 ) Add volum e o f  T t o  lAf s u f f i c i e n t  t o  m a tc h  c o l o u r  i n t e n s i t i e s  
i n  ‘A1 and 'B ',  an d  n o t e  volum e ad d ed .

(4) Add 5 m l.  a c e t o n e  t o  ‘A' a n d 'B ' a t  t h e  same i n s t a n t *

(5) Two m in u te s  a f t e r  a d d i t i o n  o f  a c e t o n e ,  a d d  d i s t i l l e d  w a t e r  t o
u p t i l  'A' and  (B’ a r e  a g a in  m a tc h e d ,  when v ie w e d  h o r i z o n t a l l y  

t h r o u g h  t h e  l i q u i d  i n  b o t h  t u b e s .  L e t  t h e  vo lum e o f  w a t e r  
a d d e d  t o  !A b e  x m l.  an d  l e t  t h e  volum e o f  T a d d e d  t o  'A' b e  y  m l .

Then t h e  c o n c e n t r a t i o n  o f  m - h y d r o x y t e t r y l  i n  t h e  unknown

s o l u t i o n

= C o n c e n t r a t i o n  o f  H .T. S o l u t i o n  x Volume i n ' B *
T o t a l  volum e i n  'A'.

= 0 » 1000 x 1 6 .0  gm/500 m l.
1 6 .0  + x + y

The D uboscq c o l o r i m e t e r  h a s  a l s o  b e e n  u s e d  i n  t h e  e s t i m a t 

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

fo u n d  t o  b e  b e tw e e n  t h o s e  o f  t h e  S p e k k e r ,  a n d  s im p le  T e s t - t u b e
*

m e th o d s ,  r e s p e c t i v e l y .
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E x p e r im e n ts  on t h e  I n t e r a c t i o n  o f  A ro m a t ic  

N itpo-C om pounds  w i t h  A m ino-A cids an d  P r o t e i n s .

I n t r o d u c t i o n .

I t  i s  g e n e r a l l y  assum ed t h a t  s im p le  c h e m ic a l  s u b s t a n c e  s 

w h ic h  c a u s e  s e n s i t i z a t i o n ,  do so  h y  v i r t u e  o f  t h e i r  p o w er  t o  

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

i n t o  t h e  "body*

C.R . H a r in g to n  (Chem. & I n d u s t .  No. 10 , - 1 9 4 4 - )  h a s  

e s t a b l i s h e d  t h a t . n o  d e r i v a t i v e  o f  t e t r y l  l a c k i n g  t h e  f u l l  com ple

m en t o f  a r o m a t ic  n i t r o  g r o u p s ,  g i v e s  any  r e a c t i o n  when s k i n  t e s t s  

d r e  made on g u in e a  p i g s .  P .G .H . G e l l  ( B r i t .  J .  E x p t l .  P a t h o l o g y ,

2 5 ,  1 7 4 , - 1 9 4 4 - )  exam ined  a num ber o f  com pounds, i n  a n  a t t e m p t  t o  

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

g u in e a  p i g s .  The f o l l o w i n g  r e s u l t s  i n c l u d e  t h e  m ore  i m p o r t a n t  comr- 

p o u n d s ,  e a c h  (+) r e f e r r i n g  t o  t h e  i n t e n s i t y  o f  t h e  s k i n  r e a c t i o n  

o b t a i n e d

P i c r y l  G ly c in e  (+) 2 : 4 : 6 - T r i n i t r o p h e n e t o l e  (+++) P i c r a m i d e  (+) 

N -M e th y lp ic r a m id e  (++) N N -D im e th y lp ic ra m id e  (+) P i c r y l  C h l o r i d e (++) 

m - H y d r o x y te t r y l  ( - )  m - N i t r o t e t r y l  ( - )

G e l l  d e s c r i b e s  m e th o d s  o f  m ak in g  p i c r y l - a n t i g e n s  from  

P i c r y l  c h l o r i d e  an d  r a b b i t  serum , o r  g u i n e a  p i g  g l o b u l i n ,  b u t  

f o u n d  t h a t  g u in e a  p i g s  w ere  o n ly  w e a k ly  o r  n o t  a t  a l l  s e n s i t i z e d  

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

T h ese  r e s u l t s  i n d i c a t e d  t h a t  a m ore  d i r e c t  c h e m ic a l  i n 

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

w i t h  s k i n  p r o t e i n  was n e c e s s a r y .  W.T. A s tb u r y  ( N a tu re  1 40 , 9 6 8 -9 ,  

- 1 9 3 7 - )  h a s  i n d i c a t e d  t h a t  f i b r o u s  p r o t e i n s  su c h  a s  k e r a t i n ,  a n d  

g l o b u l a r  p r o t e i n s  such  a s  egg a lb u m in  h a v e  t h e  same s t r u c t u r e  an d  

a r r a n g e m e n t  o f  a m in o - a c id s .  I t  was d e c i d e d , t h e r e f o r e ,  t o  u s e  c r y s -
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c r y s t a l l i s e d  egg a lb u m in  i n  p r e l i m i n a r y  e x p e r i m e n t s ,  t o  i n d i c a t e  

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

c i d e  w h ic h  a m in o - a c id s ,  i f  an y , g i v e  a r e a c t i o n  w i t h  t h e  n i t r o 

compounds u s e d .

The f o l l o w i n g  d a t a ,  on t h e  a m in o - a c id  c o n s t i t u t i o n  o f  

c r y s t a l l i s e d  egg a lb u m in ,  i s  g iv e n  h y  H.O. C a lv e r y  ( J .  B i o l .  Chem 

9 4 ,  6 1 3 -3 4 ,  - 1 9 3 2 - )  a n d  H.B. V ic k e r y  a n d  A. S h o re  (B iochem . J .  26 

1 1 0 1 -6 ,  - 1 9 3 2 - )

A r g in in e 5.03% T ry p to p h a n e 1.28!

H i s t i d i n e 2 .4 4 P r o l i n e 4 .1 5

L y s in e 6 .4 1 G lu ta m ic  A c id 1 3 .9 6

T y r o s in e 3 .2 0 A s p a r t i c  A c id 6 .0 7

C y s t in e

toto.H
H y d ro x y -G lu ta m ic  A c id 1 .3 6

A c id  M e la n in 0. 34 Humin 0 .9 2

H.C. E c k s t e i n  (P ro c .  Soc. E x p t l .  B i o l .  Med. 3 2 ,

1 5 7 3 -4 ,  - 1 9 3 5 - )  and  R . J .  B lo c k  ( I b i d .  1 5 7 4 -5 )  g i v e  t h e  Amino- 

a c i d  c o m p o s i t io n  o f  human s k i n  a s : -

A r g i n in e  5 .9 $  L y s in e  4 . 6 8 /  H i s t i d i n e  0 . 6 4 /

C y s t i n e  3*82 T y r o s in e  3 .4 2  T ry p to p h a n e  1 .8 0

E x p e r im e n ta l .

The r e a c t i v i t y  o f  N - m e th y lp ic r a m id e ,  a n d  p i c r a m i d e  t o 

w a rd s  c r y s t a l l i s e d  egg a lb u m in ,  was d e te r m in e d  b y  a d d in g  0 . lgm. 

t o  100m l. (M /1 0 ,000) o f  e a c h  o f  t h o s e  s u b s t a n c e s ,  a n d  l e a v i n g  

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

c u r v e s  o f  t h e s e  s o l u t i o n s ,  and  o f  a l l  o t h e r  s o l u t i o n ^  s u b s e q u e n t 

l y  s e t  u p ,  w ere  d e te rm in e d .  The r e a c t i v i t y  o f  l ( - )  t y r o s i n e  a n d  

l ( - )  c y s t i n e  to w a rd s  p i c r a m id e  a n d  H - m e th y lp ic r a m id e  was d e t e r 

m in e d  b y  a d d in g  50ml. o f  t h e  am ino -  a c i d  s o l u t i o n  (M/2000) , t o
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50m l. o f  t h e  a p p r o p r i a t e  n i t r o h o d y  s o l u t i o n  ( M /1 0 ,0 0 0 ) ,  a n d  co n -  

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

f u t u r e  c a s e s ,  w ere  c h o se n  a f t e r  c o n s i d e r a t i o n  o f  t h e  a b s o r p t i o n  

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

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

i n d i c a t e d .
i

T hese  e x p e r im e n t s  w ere  e x te n d e d  t o  a n  e x a m in a t io n  o f  

t h e  r e a c t i v i t y  o f  p i c r y l  c h l o r i d e  an d  t e t r y l .

Days a t  °C pH a t  Con

a) 100ml* P i c r y l  c h l o r i d e  pH 1 1 .7  
M /10 ,000

5 n 32
e l u s i o n

8 .6

h ) 100m l. P o c r y l  c h l o r i d e  pH 1 1 .7  
M /1 0 ,0 0 0  + O.lgm. a lb u m in

5 tt 32 8 .5

c) l 6 dml. P i c r y l  c h l o r i d e  N e u t r a l  
M /1 0 ,0 0 0  + O.lgm. a lb u m in

5 Vi 32 6 . 6

a) 106ml* P i c r y l  c h l o r i d e  N e u t r a l  
M /10,000

5 it 32 6 . 6

e) 100ml. P i c r y l  c h l o r i d e  M /10 ,000  
+s o l i d  & (-)  c y s t i n e

8 tt 32 7 . 1

f ) 100m l. P i c r y l  c h l o r i d e  M /1 0 ,0 0 0  
+ s o l i d  l ( - )  t y r o s i n e

2 « 32 4 . 9

g) 50ml. T e t r y l  M /10 ,000  + 50ml. 
l ( - )  t y r o s i n e

5 ii 32 6 . 4

h) 100ml. T e t r y l  M /10 ,000  + s o l i d  
l ( - )  c y s t i n e

5 it 32 7 . 1

i ) 50ml. T e t r y l  M/5000 + s o l i d  
l ( - )  t y r o s i n e

9 i n 32 6 .0

d) 50m l. T e t r y l  M/5000 + 50m l. 
l ( ~ )  c y s t i n e  M/2000

9 i « 32 7 . 3

k) 50ml. P i c r y l  c h l o r i d e  M /5000 + 
50ml. l ( - )  t y r o s i n e  M/2000

9 i i i 32 6 .7

1 ) 50ml. P i c r y l  c h lo r id e M /5 0 0 0  + 
50ml. l ( - )  c y s t i n e  M/2000

• 9 i ti 32 3 .7

m) 100m l. T e t r y l  M /10 ,000  C o n t r o l 9 i ti 32 6 .5

n) 100m l. P i c r y l  c h l o r i d e  M /1 0 ,0 0 0 9 i 32 6 .5
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Bays a t  °C  pH a t  Con
c l u s i o n .

(o) lOQml. l ( - )  c y s t i n e  M/2000 C o n t r o l  9-J- " 32 6 .6

(p) 100m l. l ( - )  t y r o s i n e  M/2000 C o n t r o l  9% ” 32 6 .4

(q) 100m l. T e t r y l  U /10 ,00 0  + 0 .1  gm. 5 " 32 6 . 0
a lb u m in .

I t  was th o u g h t  p o s s i b l e  t h a t  t h e  p h o to c h e m ic a l  a c t i o n  

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

t a l l i s e d  egg a lb u m in .  A c c o r d in g ly ,  500ml. o f  an  M/5000 s o l u t i o n  

o f  t e t r y l  c o n t a i n i n g  0 . 5gm. o f  egg a lb u m in ,  and  a c o n t r o l  s o l u t i o n  

o f  t e t r y l ,  w ere  i r r a d i a t e d  f o r  two h o u r s ,  a n d  s a m p le s  w e re  draw n 

fro m  e a c h  a t  - ten  m in u te  i n t e r v a l s , ,  a n d  t h e i r  c o l o u r  i n t e n s i t i e s  

ex am in ed  on t h e  S p e k k e r  a b s o r p t i o m e t e r .

S i m i l a r l y  a s o l u t i o n  c o n t a i n i n g  250ml. M /5000 t e t r y l  

+ 250m l. M/2000 l ( - )  t y r o s i n e ,  an d  a c o n t r o l  s o l u t i o n  o f  l ( - )  

t y r o s i n e ,  w ere  i r r a d i a t e d  f o r  two h o u r s ,  a n d  t h a  a b s o r p t i o n  

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

I n  a d d i t i o n ,  t h e  s o l u t i o n s  250 m l.  M/5000 t e t r y l  +

250 m l.  M/2000 l ( - )  c y s t i n e ,  and  250 m l.  t e t r y l  + 250 m l.  l ( - )  

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

o f  J u n e .  T h e i r  a b s o r p t i o n  c u r v e s  w ere  d e te r m in e d  a t  t h e  en d  o f  

t h i d  p e r i o d .

E x p e r im e n ts  on t h e  i n t e r a c t i o n  o f  p i c r a m i d e ,  an d  

N - m e th y lp ic r a m id e ,  w i t h  a lb u m in  and  l ( - )  c y s t i n e  r e s p e c t i v e l y ,  

when k e p t  f o r  10 d a y s  a t  3 2 °C i n  a b s e n c e  o f  l i g h t ,  a n d  when 

c u r r e n t s  o f  c a rb o n  d i o x i d e ,  a i r ,  and  ox y g en , r e s p e c t i v e l y ,  w ere  

b u b b le d  t h r o u g h  t h e  s o l u t i o n s ,  w ere  s e t  up . The e f f e c t  o f  h y d ro g e n  

p e r o x i d e  on n i t ro -c o m p o u n d  a m in o - a c id  r e a c t i o n s  was a l s o  i n v e s t 

i g a t e d .
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I t  was d e c id e d  t o  e x te n d  t h e  above  e x p e r im e n t s  t o  c o v e r  

a l a r g e r  num ber o f  n i t ro - c o m p o u n d s  an d  o f  a m in o - a c id s .  The 

f o l l o w i n g  s o l u t i o n s  w ere  s e t  up i n  100m l. c o n i c a l  f l a s k s  f i t 

t e d  w i t h  c o r k s  c o v e r e d  w i t h  t i n  f o i l .  A l l  t h e  f l a s k s  h a d  b e e n  

p r e v i o u s l y  c l e a n e d  w i th  ch ro m ic  a c i d  s o l u t i o n .  The s o l u t i o n s  

w e re  made up from  50ml. M/5000 n i t ro - c o m p o u n d  s o l u t i o n ,  an d  

50ml. a m in o - a c id  s o l u t i o n  M/2000. I n  t h e  c a s e  o f  c r y s t a l l i s e d  

egg a lb u m in ,  t h e  a lb u m in  was ad d e d  t o  50ml. M /5000 n i t r o - c o m 

p o u n d  s o l u t i o n ,  and  t h e  s o l u t i o n  was d i l u t e d  t o  100m l.  w i t h  

d i s t i l l e d  w a te r .  Each  500ml. a m in o - a c id  h y d r o c h l o r i d e  s o l u t i o n  

M /2000 c o n t a i n e d  3 .3  m l. o f  0 .1N  ( f  0 .7 5 6 ? )  NaOH. The pH v a l u e s  

g i v e n  i n  t h i s  and  t h e  p r e v i o u s  t a b l e  w ere  d e t e r m in e d  a t  t h e  

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

pH r e c o r d e r ,  and  a M orton  g l a s s  e l e c t r o d e  a s s e m b ly .  T h ese  

s o l u t i o n s  w ere  k e p t  a t  3 7 .5 °C  f o r  f o u r t e e n  d a y s .

S o l u t i o n  Ho. pH.

I .  T e t r y l  -  l ( - )  A r g in in e  Mono H01 
l ( - )  L y s in e  11 "
l ( - )  H i s t i d i n e  n "
l ( - )  M e th io n in e  
l ( - )  T ry p to p h a n e

I I  P i c r y l  C h lo r id e  -  l ( - )  A r g i n in e  Mono HC1
l ( - )  L y s in e  ,f ”
l ( - )  H i s t i d i n e  ,f u
l ( - )  M e th io n in e  
l ( - )  T ry p tT ry p to p h a n e

I I I  P i c r a m id e  -  l ( - )  A r g in in e  Mono HC1
l ( - )  L y s in e  M
l ( - )  H i s t i d i n e  " "
l ( - j  M e th io n in e  
l ( - )  T ry p to p h a n e

1
2
3
4
5

6
7
8 
9

10

11
12
13
14
15

IV . N - M e t h y l p i c r a m i d e - l ( - )  A r g in in e  Mono HC116
l ( - )  L y s in e  ” " 17

" 18
19

l ( - )  H i s t i d i n e  ff 
l ( - )  M e th io n in e

7 .4
7 . 4
6 .9  
6 . 6
6 .5

6.86.8
5 .7
4 . 0 5  
3 .9 0

7 .7
7 . 4  
7 . 1
6 . 9
6 .9

6 .7
7 . 4
6 .9  
6 . 6
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S o l u t i o n  No.

V. 2 : 4 : 6 : - T r i n i t r o -
P h e n e t o l e

V I .  A lp h a  T .N .T .

- 1 '
1 '
1 '
1
1
1
1

-  1
1
1
1
l i

V I I .  B e ta  T .N .T . - 1 ( - )&
1
1 
1 
1

V I I I ?  Gamma T . N . T . ^ l
1
1
1
1 '
1
1

IX . P i c r i c  A c id

T ry p to p h a n e 20 6 . 6

C y s t in e 21 4 .0 4
T y r o s in e 22 3. 95
H i s t i d i n e  Mono HC1 23 6 .3
A r g in in e  " '* 24 7 . 0
T ry p to p h a n e 25 4 . 0 8
L y s in e  Mono HC1 26 7 . 1
M e th io n in e 27 4 . 0 9
Egg A lbum in 28 6 .0

C y s t in e 29 6 . 6
T y r o s in e  , 30 6 .5
H i s t i d i n e  Mono HC1 31 6 .9
A r g in in e  ,f ,f 32 7 . 4
T ry p to p h a n e 33 6 .8
L y s in e  Mono H01 34 7 .4
M e th io n in e 35 6 .9
Egg A lbum in 36 6 .7

C y s t in e 37 5 .6
T y r o s in e 38 5 . 8
H i s t i d i n e  Mono HC1 39 6 .7
A r g in in e  11 '* 40 7 . 1
T ry p to p h a n e 41 5 .7
L y s in e  Mono HC1 42 6 .9
M e th io n in e 43 , 6 . 3
Egg A lbum in 44 6 .3

C y s t in e 45 5 .7
T y r o s in e 46 6 .0
H i s t i d i n e  Mono HC1 47 6 .7
A r g in in e  ,f H 48 7 . 1
T ry p to p h a n e 49 5 .7
L y s in e  Mono HC1 50 6 .9
M e th io n in e 51 6 .3
Egg A lbum in 52 6 .3

C y s t in e 53 5 .1
A r g in in e  Mono HC1 54 7 . 1
M e th io n in e 55 5 .2
Egg A lbum in 56 6 .3
L y s in e  Mono HC1 57 7 . 2

c o n t r o l s  w ere  a l s o s e t  u p , a m in o - a c id

it!
i ( - )

x(-)

M /4000 , an d  n i t ro - c o m p o u n d  M /1 0 ,000 . Numbers 6 3 ,  6 4 ,  6 5 ,  6 6 , 

c o n t a i n e d  an  amount o f  a l k a l i  e q u i v a l e n t  t o  t h a t  i n  t h e  amimo-

a c i d  h y d r o c h l o r i d e s .
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S o l u t i o n  No. pH.

X* i M  H i s t i d i n e  Mono HCL 58 6 .9
1 ( “ 5 A r g i n in e  11 u 59 7 .7

T ry p to p h a n e  60 8 .5
l ( - )  L y s in e  Mono HC1 61 9 .9
l ( - )  M e th io n in e  62 8 .4
2 : 4 : 6 - T r i n i t r o p h e n e t o l e  65 7 . 9
A lpha  T .N .T . 64 8 .4
B e ta  T .N .T .  65 7 .7
Gamma T .N .T . 66 7 .6
P i c r i c  A c id  67 4 . 5
2 : 4 : 6 ; - T r i n i t r o p h e n e t o l e  68 3 .5

I n  o r d e r  t o  d e te r m in e  t h e  e f f e c t  o f  a l k a l i  on t h e  

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

M /1 0 ,0 0 0  w ere  made u p ,  t h e i r  pH m e a s u re d ,  a n d  t h e y  w e re  t h e n  l e f t  

a t  3 7 . 5 ° C f o r  f o u r t e e n  d a y s  i n  a b s e n c e  o f  l i g h t ,  b e f o r e  t h e i r  

a b s o r p t i o n  c u r v e s  w ere  m e a su re d .

I t  was d e c id e d  t o  i n c r e a s e  t h e  r a n g e  o f  a m in o - a c id s  

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

a l p h a  T .N .T .  among t h e  n i t ro - c o m p o u n d  examined* As b e f o r e ,  t h e  

f o l l o w i n g  e x p e r im e n ts  w ere  s e t  up i n  100m l. c o n i c a l  f l a s k s ,  p r e 

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

w i t h  t i n  f o i l .  The s o l u t i o n s  w ere  made up e x a c t l y  a s  i n  t h e  p r e 

v i o u s  r a n g e  o f  e x p e r im e n t s .
S o l u t i o n  No.

I .  l ( - )  G lu ta m ic  A c id  - T e t r y l  69
N -M e th y lp ic ra m id e  70
P ic r a m id e  71
2 : 4 : 6 - T r i n i t r o p h e n e t o l e  72

I I .  A lp h a  T .N .T . I r r a d .  -fl ( - )  G lu ta m ic  A c id  73
' M ” ) O y s t in e  74

l ( - )  T y r o s in e  75
l ( - )  M e th io n in e  , 76
l ( - )  A r g i n in e  Mono HG1 77
l ( - )  L y s in e  ” ” 78
l ( - )  H i s t i d i n e  ” ” 79
l ( - )  T ry p to p h a n e  80

Egg A lbum in  81

I I I .  C o n t r o l s  -  A lpha  T2N.T. 82
G lu ta m ic  A c id  83
A lpha  T .N .T . pH =am ino-.acid  HCL s o l n s .  84
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The a b s o r p t io n  c u rv e  o f  2 : 4 - d i n i t r o - 5 - m e t a - c r e s o l  w as ex

am in ed , i n  o r d e r  t o  f i n d  w h e th e r  gamma T .N .T . was a b l e  t o  com

b i n e  w i th  a m in o -a c id s ,  o r  w h e th e r  i t  s im p ly  h y d r o ly s e d  t o  g iv e  

2 : 4 - d i n i t r o - 5 - m e t a - c r e s o l .

D i s c u s s io n . I n  a l l  t h e  e x p e r im e n ts  d e s c r ib e d ,  c o n t r o l  

s o l u t i o n s  w ere  s e t  u p , u n d e r  e x a c t l y  s i m i l a r  c o n d i t i o n s  a s  th e  

o t h e r  s o l u t i o n s ,  so  t h a t  any  ch a n g e s  i n  t h e  com p o n en ts  o f  e a c h  

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

b e  d e te rm in e d .

T h ree  e f f e c t s ,  o th e r  th a n  a c o n d e n s a t io n  o f  n i t r o 

compound w ith  a m in o -a c id  o r  p r o t e i n  a r e  p o s s i b l e : -

(a )  D e n a tu r a t io n  o f  p r o t e i n s ,  i n  t h i s  c a s e  c r y s t a l l i s e d  egg 

a lb u m in .

(b ) H y d r o ly s is  o f  t h e  n i tro -c o m p o u n d , e i t h e r  i n  n e u t r a l  o r  i n  

m i l d l y  a l k a l i n e  c o n d i t i o n s .

(c )  F o rm a tio n  o f  a n  a d d i t i o n  compound b e tw e e n  t h e  n i t r o 

com pound an d  th e  a m in o -a c id  o r  p r o t e i n .

I n  th e  f i r s t  c a s e ,  i t  i s  known t h a t  d e n a t u r a t i o n  o f  

c r y s t a l l i s e d  egg a lb u m in  d o e s  n o t  p ro d u c e  a  chamge i n  t h e  

a b s o r p t i o n  sp e c tru m  o f  t h a t  com pound, so  t h a t  p r o d u c t io n  o f  

s e l e c t i v e  a b s o r p t io n  w i l l  i n d i c a t e  a c o n d e n s a t io n  i f  c a s e s  $b) 

a n d  (c )  a r e  e x c lu d e d .

I n  c a s e  (b ) i t  i s  known t h a t  b e t a  a n d  gamma T .N .T . 

a r e  e a s i l y  h y d ro ly s e d  t o  g iv e  2 : 4 - d i n i t r o - # - m e t a - c r e s o l ,  an d  

2 : 4 - d i n i t r o - 5 - m e t a - c r e s o l ,  an d  t h e s e  com pounds h a v e  s e l e c t i v e  

a b s o r p t i o n ,  e .g .  s e e  a b s o r p t io n  c u rv e  o f  2 : 4 - d i n i t r o - 5 - m e t a -  

c r e s o l  on page86h.« I t  w as fo u n d  t h a t  t h e s e  com pounds d id  i n  

f a c t  h y d r o ly s e  d u r in g  th e  c o n d i t i o n s  o f  t h e  e x p e r im e n ts
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d e s c r i b e d ,  b u t  th e  c o n t r o l  s o l u t i o n s  o b v ia te d  th e  a s s u m p tio n  o f  

c o n d e n s a t io n  compounds b e in g  fo rm ed . I .G .  H o ld en  ( p r i v a t e  com

m u n ic a t io n )  h a s  shown t h a t  th a  a c t i o n  o f  a q u eo u s  sod ium  b i c a r b 

o n a te  on a l c o h o l i c  t e t r y l  s o l u t i o n  g iv e s  a  m ix tu r e  o f  p i c r i c  

a c i d ,  2 :4 - d in i t r o - 6 - e th o x y p h e n y lm e th y ln i t r a m in e ,  an d  2 : 6 - d i -  

n i t r o - 4 - e th o x y p h e n y lm e th y ln i t r s m in e .  A lth o u g h  th e  pH m e a su re 

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

d e s c r i b e d  , a r e  e i t h e r  a p p ro x im a te ly  n e u t r a l  o r  on t h e  a c i d  

s i d e ,  i t  was d e c id e d  t o  i n v e s t i g a t e  t h e  a c t i o n  o f  d i l u t e  a l k a l i  

on t h e  a b s o r p t io n  c u rv e  o f  t e t r y l .  I t  was fo u n d  t h a t  when two 

t e t r y l  s o l u t i o n s  M /10 ,000  o f  pH 9 .1  and  8 .2  w ere  l e f t  f o r  f o u r 

t e e n  d a y s  a t  3 7 .5 °C , t h e  s o l u t i o n  o f  pH 9 .1  h a d  a n  a b s o r p t i o n  

c u rv e  e x h i b i t i n g  s e l e c t i v e  a b s o r p t io n  ( max«A 3480A. t  = 1 0 ,4 0 0  

w i th  s l i g h t  i n f l e x i o n  4 0 0 0 A .) ,  b u t  th e  s o l u t i o n  pH 8 .2  s t i l l  

e x h i b i t e d  o n ly  g e n e r a l  a b s o r p t io n .  A l l  t h e  t e t r y l  s o l u t i o n s  

ex am in ed  h a d  i n  f a c t  a  pH lo w e r  th a n  pH 7 .5  so  t h a t  t h i s  com

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

W ith  r e g a r d  t o  c a s e  C, R .C . J o n e s  and  M.B. H euw orth  

( J .  Amer. chem. Soc. 6 6 , 1497 , 9 9 , -1 9 4 4 - )  h a v e  fo u h d  t h a t  t h e  

u l t r a - v i o l e t  a b s o r p t io n  s p e c t r a  o f  h y d ro c a rb o n  s - t r i n i t r o b e n z e n e  

a d d i t i o n  co m p lex es , h av e  a t  c o n c e n t r a t i o n s  10 m o la r  i n  m e th y l  

a l c o h o l  s o l u t i o n ,  e x t i n c t i o n  v a lu e s  w h ich  a r e  a t  a l l  wave

l e n g t h s ,  t h e  sum o f  th e  a b s o r p t i o n  o f  t h e  h y d ro c a rb o n s  an d  s -  

t r i n i t r o b e n z e n e .  S i m i l a r l y ,  R .F . H u n te r ,  A.M. Q u re is h y ,  an d  R. 

Sam uel ( J .  chem. Soc. 1576 , -1 9 3 6 - )  h av e  fo u n d  t h a t  t h e  

a b s o r p t i o n  c u rv e s  o f  t h e  a d d i t i o n  c o m p le x e s , m - d in i t r o b e n z e n e -  

a lp h a - n a p h th y la m in e , p i c r i c  a c id - n a p h th a l e n e ,  a r e  e q u iv a l e n t  t o  

a  s u p e r p o s i t i o n  o f  th e  c u rv e s  o f  t h e  f i r s t  com pound on th o s e  o f
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t h e  se c o n d . We se e  th e n ,  t h a t  a d d i t i o n  com pounds can  h e  e x c lu d e d  

a s  p o s s i b l e  p r o d u c ts  o f  th e  i n t e r a c t i o n  o f  n i t ro -c o m p o u n d s  an d  

a m in o - a c id s ,  when th e  ch an g e  i n  th e  a b s o r p t i o n  c u rv e  o f  t h e  

s o l u t i o n  i s  p ro n o u n c e d .

To d e te rm in e  w h e th e r  t h e  a b s o r p t i o n  c u rv e  o f  a s o l u t i o n  

c o n ta in in g  tw o com pounds i s  due t o  a m ix tu r e  o f  t h e s e  com pounds, 

o r  t o  a  new compound, when th e  c o n c e n t r a t i o n s  o f  t h e  tw o
I .

s u b s ta n c e s  a r e  d i f f e r e n t  we m ust o b s e rv e  t h e  v a lu e  o f  lo g  I  

a t  a num ber o f  w a v e le n g th s ,  f o r  e a c h  com ponen t, an d  f o r  t h e
lo

f i n a l  s o l u t i o n .  F o r  ex am p le , i f  lo g  I  a t  2760A f o r  t y r o s i n e
lo

(M /2000 an d  2cm. tu b e  ) i s  ' a ' ,  an d  lo g  I  f o r  p ic r a m id e  (M /2000 

a n d  2cm. tu b e )  i s  fb f , t h e n  a s im p le  m ix tu r e  o f  t h e s e  tw o
l o

s o l u t i o n s  (2cm. tu b e )  w i l l  h av e  a t  2760A. a  v a lu e  o f  lo g  I  

= f a + b 1. I n  man# c a s e s ,  s im p le  i n s p e c t i o n  w i l l  show w h e th e r  

a  new compound i s  fo rm ed , o r  s im p ly  a m ix tu r e  o f  th e  com ponen ts  

p r e s e n t .

The a b s o r p t io n  c u rv e s  o f  t h e  s o l u t i o n s  ex am in ed  a r e  

i n  a l l  c a s e s  shown g r a p h i c a l l y ,  b u t  i n  a few  c a s e s  o n ly ,  t h e  

s o lu t io n ®  num bers a r e  shown on th e  g r a p h s .  The s o l u t i o n s ,  

h o w ev e r, c an  e a s i l y  b e  i d e n t i f i e d  b y  r e f e r e n c e  t o  t h e  t e x t .

The r e s u l t s  o b ta in e d  may b e  su m m arised  a s  f o l l o w s : -

(1 ) C o n d e n s a t io n  com pounds a r e  fo rm ed  from  t e t r y l  an d  c r y s t a l 

l i s e d  egg  a lb u m in , l ( - )  c y s t i n e ,  l ( - )  t y r o s i n e ,  l ( - )  a r g i n i n e ,  

( S o lu t i o n  1 ) ,  an d  l ( - )  l y s i n e  ( s o l u t i o n  2 ) ,  b u t  n o t  w i th  l ( - )  

h i s t i d i n e ,  l ( - )  m e th io n in e ,  l ( - )  t r y p to p h a n e  ( s o l u t i o n s  3 -5 )  

o r  l ( - )  g lu ta m ic  a c i d  ( s o l u t i o n  6 9 ) .

(2 ) P ic ra m id e  d o e s  n o t  a p p e a r  t o  fo rm  a c o n d e n s a t io n  compound 

w i th  l ( - )  a r g i n i n e ,  l ( - )  l y s i n e ,  l ( - )  h i s t i d i n e ,  l ( - )  m e th io n in e



l ( - )  t r y p to p h a n e  ( s o l u t i o n s  1 1 -1 5 ) ,  l ( - )  c y s t i n e ,  l ( - ) t y r o s i n e  
l ( - )

or^ g lu ta m ic  a c id  ( s o l u t i o n  71) "but d o e s  fo rm  a compound w ith
i v

c r y s t a l l i s e d  egg a lb u m in .

( 3 ) N -M e th y lp ic r  am ide d o es  n o t  a p p e a r  t o  r e a c t  w i th  an y  o f  t h e  

p r o t e i n ,  o r  a m in o -a c id s  g iv e n  u n d e r  p a r a g ra p h  ( 2 ) ,  b u t  t h e  

i d e n t i f i c a t i o n  o f  a  c o n d e n s a t io n  compound i s  r e n d e r e d  d i f f i c u l t  

b y  t h e  f a c t  t h a t  t h e  a b s o r p t io n  curve®  o f  N -m e th y lp ic ra m id e  i s  

v e r y  s i m i l a r  in d e e d  t o  th e  a b s o r p t io n  c u rv e s  o f  c o n d e n s a t io n  

com pounds o b ta in e d  w i th  o th e r  n itro -c o m p o u n d s .

(4 ) P i c r y l  c h l o r id e  fo rm s  compounds w i th  c r y s t a l l i s e d  egg 

a lb u m in , l ( - )  c y s t i n e ,  l ( - )  t y r o s i n e ;  l ( - )  a r g i n i n e ,  l ( - )  l y s i n e ,  

l ( - )  h i s t i d i n e ,  l ( - )  m e th io n in e ,  l ( - )  t r y p to p h a n e  ( s o l u t i o n s  6 - 

10).
(5 ) 2 : 4 : 6 - T r i n i t r o p h e n e t o l e  fo rm s c o n d e n s a t io n  com pounds w i th  

l ( - )  c y s t i n e ,  l ( - )  a r g i n i n e ,  l ( - )  l y s i n e  ( s o l u t i o n s  2 1 , 24,&  26) 

b u t  n o t  w i th  l ( - )  t y r o s i n e ,  l ( - ) h i s t i d i n e ,  l ( - )  t r y p to p h a n e ,  

l ( - )  m e th io n in e ,  an d  c r y s t a l l i s e d  egg a lb u m in ( S o lu t io n s  2 2 , 2 3 , 

2 5 , 27 an d  2 8 ) . I n  t h e c l a s t  f i v e ,  2 : 4 : 6 - t r i n i t r o p h e n e t o l e  

s im p ly  h y d r o ly s e s  t o  p i c r i c  a c i d ,  t h e  a b s o r p t io n  c u rv e  show ing  

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

(6 ) A lp h a  T .N .T . an d  a lp h a  T .N .T . i r r a d i a t e d  do n o t  r e a c t  w i th  

t h e  a m in o -a c id s  ex am in ed .

(7 ) B e ta  T .N .T . was fo u n d  t o  h y d r o ly s e  t o  2 : 4 - d i n i t r o - 3 - m e t a -  

c r e s o l , t h e  a b s o r p t io n  c u rv e s  i n  a l l  c a s e s  a g r e e in g  w i th  t h a t  

fo u n fl f o r  t h e  c o n t r o l  s o l u t i o n  o f  b e t a  T .N .T . ( S o lu t i o n s  3 7 -4 4 ) .

(8 ) Gamma T .N .T . a p p e a r s  t o  r e a c t  w i th  l ( - )  c y s t i n e  ( s o l u t i o n  45)

l ( - )  h i s t i d i n e  ( s o l u t i o n  4 7 ) ,  and  l ( - )  t r y p to p h a n e  ( s o l u t i o n  4-9). 
T h e re  a p p e a r s  t o  b e  n o o r e a c t io n  w i th  t h e  o th e r s



91.

T h e re  a p p e a r s  t o  "be no r e a c t i o n  w ith  th e  o t h e r s ,  s in c e  w i th  

l ( - )  a r g i n i n e  ( s o l u t i o n  48) and  l ( - )  l y s i n e  ( s o l u t i o n  50) th e  

a b s o r p t i o n  c u rv e  o b ta in e d  i d  e q u iv a l e n t  t o  t h a t  f o r  2 : 4 - d i n i t r o  

- 5 - m e t a - c r e s o l ,  an d  f o r  l ( - )  t y r o s i n e  ( s o l u t i o n  4 6 ) ,  l ( - )  

m e th io n in e ,  an d  egg a lb u m in , i t  i s  e q u iv a le n t  t o  t h a t  fo u n d  f o r
t.

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

(9 ) P i c r i c  a c i d  d o e s  n o t  form  p i c r a t e s  w i th  l ( - )  c y s t i n e ,  

l ( - )  a r g in in e *  l ( - )  m e th io n in e ,  c r y s t a l l i s e d  egg a lb u m in , o r  

l ( - )  l y s i n e ,  ( s o l u t i o n s  53-57  ) .

(1 0 ) The a b s o r p t i o n  c u rv e s  o f  N N -d im e th y lp ic ra m id e , an d  

N N - d im e th y lp ic r a m id e - p ic ry l  c h l o r id e  a d d i t i o n  co m p lex , shown on 

p a g e 2 2 i ,  c o n f irm  t h a t  a d d i t i o n  compounds e x h i b i t  a b s o r p t io n  

c u r v e s ,  w h ich  c an  b e  p r e d i c t e d  fro m  th e  sum o f  t h e  com ponent 

c u r v e s .

(11 ) i t  w as fo u n d  t h a t  u l t r a - v i o l e t  i r r a d i a t i o n ,  i n  p r e s e n c e  

o f  h y d ro g e n  p e r o x id e ,  o r  i n  p r e s e n c e  o f  oxygen p a s s e d  th ro u g h  

t h e  s o l u t i o n s ,  d id  n o t  m a rk e d ly  i n f l u e n c e  th e  i n t e r a c t i o n s  o f  

N -m e th y lp ic ra m id e  w i th  a m in o -a c id s .  The ch an g e  i n  t h e  a b s o rp 

t i o n  c u rv e  o f  l ( - )  t y r o s i n e  o b ta in e d  d u r in g  t h e s e  e x p e r im e n ts  

c a n  b e  a t t r i b u t e d  t o  t h e  f o rm a t io n  ofl u l t r a - v i o l e t  i r r a d i a t i o n ,  

o f  l - 3 :4 - d ih y d r o x y p h e n y la la n in e .  T h is  h a s  b e e n  e s t a b l i s h e d  b y  

L .P .  Arnow ( J .  B io l .  Ghem. 1 2 0 , 1 5 1 -1 5 3 , - 1 9 3 7 - ) •

(12 ) I t  w as fo u n d  t h a t  a d e f i n i t e  t im e  was r e q u i r e d  f o r  th e
e

f o r m a t io n  o f  c o n d e n s a t io n  com pounds m e n tio n e d  i n  t h e  above  

p a r a g r a p h s .  F o r  ex am p le , no ch an g e  was o b ta in e d  b y  b o i l i n g  

a  s o l u t i o n  o f  n itro -c o m p o u n d  an d  a m in o -a c id  u n d e r  r e f l u x  f o r  

f i f t e e n  m in u te s .  I t  w i l l  b e  o b s e rv e d  from  th e  g r a p h i c a l  r e s u l t s ,
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t h a t  t h e  f o l lo w in g  s o l u t i o n s  show an  i n c r e a s e d  i n t e n s i t y  o f  

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

t im e ,  a n d , i n  f a c t ,  from  th e  e x p e r ie n c e  o f  t h e s e  e a r l i e r  

e x p e r im e n ts ,  th e  tim e  o f  i n t e r a c t i o n  f o r  t h e  l a t e r  e x p e r im e n ts  

w as i n c r e a s e d  t o  f o u r t e e n  d a y s .

P i c r y l  c h l o r id e  -  l ( - )  c y s t i n e  9J- d ay s  an d  2 d a y s  (p * 8 8 c )

T e t r y l  -  l ( - )  c y s t i n e  9 j  n ” 5 lt ( p .8 8 c )

T e t r y l  -  l ( - )  t y r o s i n e  9^ 11 ** 5 ” (p .88b )

P i c r y l  c h l o r id e  -  l ( - )  t y r o s i n e  9^ ” 11 5 ’* (p*88f )

(13) A l l  t h e  c o n d e n s a t io n  r e a c t i o n s  o b ta in e d  to o k  p l a c e  a t  an  

a p p r o x im a te ly  n e u t r a l  pH, b u t  i t  was fo u n d  (p«88a) t h a t  i n t e r 

a c t i o n  b e tw e e n  p i c r y l  c h l o r id e  a n d  egg a lb u m in  a l s o  to o k  

p l a c e  a t  pH 1 1 .7  .

We h av e  th u s  e s t a b l i s h e d ,  from  th e  u l t r a - v i o l e t  

a b s o r p t i o n  s p e c t r o p h o to m e t r ic  m e a su re m e n ts , t h a t  t e t r y l .  2 : 4 : 6 -  

t r i n i t r o p h e n e t o l e ,  p i c r y l  c h l o r i d e ,  gamma T .N ? T ., p ic r a m id e ,  

a n d  p o s s i b l y  N -m e th y lp ic ra m id e , a r e  c a p a b le  o f  r e a c t i n g  w i th  

some o r  a l l  o f  t h e  a m in o -a c id s  p r e s e n t  i n  human s k in ,  u n d e r  

c o n d i t i o n s  e q u iv a le n t  t o  th o s e  p r e v a i l i n g  i n  t h e  s k in  o f  th e  

a v e ra g e  human b e in g .  I t  m u st b e  b o rn e  i n  m in d , t h a t  a l l  o f  t h e  

p e c u l i a r  g ro u p s  o f  p r o t e i n s  may b e  m ore r e a c t i v e  i n  v iv o  th a n  

i n  v i t r o ,  p a r t i c u l a r l y  i n  p r e s e n c e  o f  enzym es, so  t h a t  i n t e r 

a c t i o n  o f  a m in o -a c id s  an d  a to m a t ic  n i tro -c o m p o u n d s  may b e  mod

i f i e d ,  o r  ev en  in c r e a s e d  i n  t h e  p r e s e n c e  o f  l i v i n g  t i s s u e .

The m echanism  o f  t h e  r e a c t i o n  w i th  gamma T .N .T . i s  

p r o b a b ly  s i m i l a r  t o  t h a t  p o s t u l a t e d  b y  G-. B a rg e r  an d  F . T u t in  

(B iochem . J .  1 2 , 4 0 2 , -1 9 1 8 - )  . They s t a t e  t h a t  t h e  b e t a  an d



gamma is o m e r id e s  o f  T .N .T . co n d en se  w i th  a m in o -a c id s  on " b o ilin g  

i n  d i l u t e  a l c o h o l i c  s o l u t i o n ,  th e  a m in o -a c id  "becomes a t t a c h e d  

t o  t h e  "benzene r i n g  "by i t s  am ino g ro u p , i n  r e p la c e m e n t  o f  a 

r e a c t i v e  m e ta  n i t r o  g ro u p , w h ich  i s  e l im in a te d .  They o b ta in e d  

t h e  c o n d e n s a t io n  p r o d u c t  o f  gamma T .N .T . w i th  b e t a  a l a n i n e ,  i n  

t h e  fo rm  o f  b r i g h t  y e l lo w  n e e d le s ,  m e l t in g  a t  1 6 6 * , w h ich  

c r y s t a l l i s e  from  h o t  w a te r ,  o r  d i l u t e  a l c o h o l .

W ith  r e s p e c t  t o  th e  i n t e r a c t i o n  o f  t e t r y l ,  p i c r y l  

c h l o r i d e ,  and  2 : 4 : 6 - t r i n i t r o p h e n e t o l e  w i th  a m in o - a c id s ,  exam

i n a t i o n  o f  t h e  fo rm  o f  th e  a b s o r p t io n  c u rv e s  o f  t h e  f o l lo w in g  

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

S o l u t i o n  6 P i c r y l  c h l o r id e  - l ( - )  a r g i n i n e   8 8e .

M 7 M ” - l ( - )  l y s i n e . . . . . . . . . . . . . . . 8 8 e .

M 21 2 : 4 : 6 - T r i n i t r o p h e n e t o l e -  l ( - )  c y s t i n e . . . . . .  88d.

11 24 ' rt -  l ( - )  a r g i n i n e . . . . .  88d.

M 26 rt “ -  l ( - )  l y s i n e . .  88d .

P i b r y l  c h l o r id e  -  Egg a lb u m in  pH 6 . 5 .................8 8 a .

S o l u t i o n  8 ,f ,f l ( - )  h i s t i d i n e . . . . . . . . . . .  8 8 f .

” 10 *' 11 -  l ( - )  t r y p to p h a n e .......................8 8 f .

H ” -  l ( - )  t y r o s i n e ............................ ...

H ,f -  l ( - )  c y s t in e *  •  ........................ 8 8 c .

T e t r y l  -  Egg a lb u m in ........................................................8 8c .

11 -  l ( - )  c y s t i n e      8 8 c .

Now P . v a n  Ramburgh and  A.D. M a u re n b re c h e r  (P ro c .  K. 

Afcad. W e tte n s c h . A m sterdam , 9 , 7 0 4 -7 0 6 , -1 9 0 7 - )  s h o w e d c th a t 

t e t r y l  r e a c t e d  w i th  am in es  t o  g iv e  p i c r y l  - e h le r id e  d e r i v a t i v e s  

o f  t h e  a m in e s , an d  t h a t  m e th y ln i t r a m in e  was fo rm ed  a t  t h e  same
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tim e* T h is  work was fo llo w e d  up "by T.C* Jam e s, J . I .M . ' J o n e s ,  

a n d  R * I. L ew is (J* chem. Soc. 1273 , -1 9 2 0 - )  who s tu d i e d  th e  

a c t i o n  o f  am in es  on t e t r y l  an d  fo u n d  t h a t  a d d i t i o n  com pounds 

w ere  f i r s t  fo rm ed , w h ich  s u b s e q u e n t ly  co n d en se d  t o  g iv e  p i c r y l  

d e r i v a t i v e s ;  th e y  w ere  u n a b le  t o  i s o l a t e  any  m e th y l n i t r a m in e .

E x a m in a tio n  o f  t h e  a b s o r p t io n  c u rv e s  o f  t h e  s o l u t i o n s  

m e n tio n e d ,  shows t h a t  th e y  h av e  s t r o n g  s e l e c t i v e  a b s o r p t io n ,  

w u th  a  maximum i n  t h e  same p o s i t i o n  a s  t h a t  o f  N -m e th y lp ic ra m id e  

a n d  a n  i n f l e x i o n i n  t h e  r e g io n  o f  4 1 0 0 A ., r e s e m b lin g  t h a t  e x h i b i t 

ed  b y  N -m e th y lp ic ra m id e . The r a t i o  o f  th e  e x t i n c t i o n  c o e f f i c i e n t s  

f o r  i n f l e x i o n  -  maximum, i s  d i f f e r e n t  i n  t h e  c o n d e n s a t io n  

p r o d u c t s  an d  i n  N -m e th y lp ic ra m id e .

E x a m in a tio n  o f  th e  r e a c t i o n  b e tw e e n  t e t r y l ,  p i c r y l

c h l o r i d e ,  2 : 4 : 6 - t r i n i t r o p h e n e t o l e ,  w i th ,  f o r  ex am p le , l ( - )  

m e th io n in e ,  i n d i c a t e s  t h a t  we h av e  th e  f o l lo w in g  r e a c t i o n s  

p o s s ib le *
CM

c H 
c.r-r

No.

o,/o

h)o

C o n d e n s a t io n  Compound.

ON

No



The s i m i l a r i t y  o f  t h i s  compound w i th  N -m e th y lp ic ra m id e  

w o u ld  h e  e x p e c te d  t o  g iv e  i t  an  a b s o r p t io n  c u rv e  s i m i l a r  t o  

N -m e th y lp ic ra m id e , h u t  d i f f e r i n g  i n  t h e  r a t i o  o f  i t s  tw o h a n d s ,  

t h e s e  h a n d s  m e rg in g , a s  i n  N -m e th y lp ic ra m id e  t o  g iv e  an  i n f l e x 

io n  i n  t h e  r e g io n  4100A.

I n  s u p p o r t  o f  t h i s  th e o r y  we m ig h t q u o te  t h e  r e s u l t s  o f  

K. F e ra u d ,  M .S. Dunn, and  J .  K ap lan  ( J .  B io l .  Chem. 11 2 , 323 , 

- 1 9 3 5 - )  1 1 4 , 66 5 , -1 9 3 6 - )  , who f i n d  t h a t  t h e  a b s o r p t i o n  c u rv e s  

o f  p h e n y l a l a n i n e , t y r o s i n e ,  and  t r y p to p h a n e ,  r e s p e c t i v e l y ,  

c l o s e l y  re s e m b le  th o s e  o f  b e n z e n e , p h e n o l ,  and  i n d o l e ,  t h e s e  

p a i r s  o f  com pounds r e s e m b lin g  N -m e th y lp ic ra m id e  an d  th e  co n d en s

a t i o n  p r o d u c t s ,  i n  t h a t  one h a s  a  lo n g e r  c h a in  th a n  th e  o th e r  , 

t h e  c h a in  b e in g  com posed o f  i n s u l a t i n g  -CH2 g ro u p s .

d l - P h e n y l Benzene* l ( - )  T y ro s in e . P h e n o l.  l ( - ) T r y p t  In d o le .
A la n in e *

A
2675

A
2685

A
2820

o p h an e . 
A A 

2760 2894
A

2873

2643 2645 2760 2690 2804 2790

2576 2605 2680 2625 2710

2525 2545

2462 2480

2410 2420

2350 2380

2330

The r e s u l t s o b ta in e d  i n t h e s e  i n v e s t i g a t i o n s  a r e

p a r t i c u l a r l y  im p o r ta n t  i n  d i r e c t i n g  a t t e n t i o n  t o  th o s e  n i t r o 

com pounds, w h ich  a r e  m o st l i k e l y  t o  co n d e n se  w i th  a m in o -a c id s ,  

a n d  i t  i s  p o s s i b l e  t h a t  th e y  may l e a d  t o  t h e  s y n t h e s i s  o f  t h e s e  

c o n d e n s a t io n  com pounds i n  a p p r e c i a b l e  q u a n t i t i e s ,  and  i n  good



96.
c r y s t a l l i n e  form*

One a s p e c t  o f  th e  p ro b le m , w h ich  r e m a in s ,  i s  c o n c e rn e d  

w i th  t h e  t r e a tm e n t  o f  d e r m a t i t i s .  W ith  t h e  o b je c t  o f  d e te rm in 

in g  w h e th e r  u l t r a - v i o l e t  i r r a d i a t i o n  w ou ld  h av e  t h e  e f f e c t  o f  

"b re a k in g  down th e  a n t i g e n  fo rm ed  w i th  p i c r y l  c h l o r id e  an d  

l ( - )  c y s t i n e ,  a  s o l u t i o n  was i r r a d i a t e d  w i th  u l t r a - v i o l e t  r a y s  

f o r  tw e n ty  m in u te s .  She r e s u l t s  shown on p a g e  88 j ,  show t h a t  th e  

u l t r a - v i o l e t  t r e a tm e n t  may h av e  a  b e n e f i c i a l  e f f e c t  on th e  

p a t i e n t ,  an d  t h a t  i t  w ou ld  b e  a d v i s a b le  t o  c o n t in u e  p r a c t i c a l  

e x p e r im e n ts  i n  t h i s  d i r e c t i o n .



97.
S u g g e s t io n s  f o r  F u r th e r  Work*

T h e re  a r e  a num ber o f  l i n e s  o f  i n v e s t i g a t i o n  s t i l l  t o  h e  

c o n s id e r e d ,  and  i t  i s  th o u g h t  t h a t  t h e s e  w ou ld  make th e  w ork 

a l r e a d y  d e s c r ib e d  m ore c o m p le te .

(1 ) The c o r r e l a t i o n  o f  t h e  a b s o r p t io n  c u rv e s  o f  a r o m a t ic  n i t r o 

com pounds w i th  t h e i r  e l e c t r o n i c  s t r u c t u r e s  m ig h t b e  e x te n d e d  t o  

a  r a n g e  o f  compounds w id e r  th a n  t h a t  a l r e a d y  d e s c r ib e d .

(2 ) The i d e n t i f i c a t i o n  o f  th e  u l t r a - v i o l e t  i r r a d i a t i o n  p r o d u c t  

o f  2 : 4 : 6 - t r i n i t r o p h e n e t o l e  c o u ld  b e  a p p ro a c h e d  i n  a m an n er 

s i m i l a r  t o  th e  i d e n t i f i c a t i o n  o f  N -m e th y lp ic ra m id e  a s  t h e  i r r a d - • 

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

( 3 ) The e f f e c t  o f  t h e  enzym es p r e s e n t  i n  human t i s s u e s  on th e  

i n t e r a c t i o n  o f  a m in o -a c id s  w ith  a r o m a tic  n i tro -c o m p o u n d s  h a s  

y e t  t o  b e  d e te rm in e d . O th e r  f a c t o r s  i n  t h e s e  r e a c t i o n s ,  s t i l l  

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

f l u i d s  fro m  th e  sw ea t an d  s e b a c e o u s  g la n d s .

(4 ) A b s o rp t io n  s p e c t r a  m e asu re m en ts  h av e  a l r e a d y  shown t h a t  

c o n d e n s a t io n  com pounds a r e  fo rm ed  from  th e  i n t e r a c t i o n  o f  

c e r t a i n  a m in o -a c id s  w i th  n i t ro - c o m p o u n d s ,a n d  i t  w o u ld  b e  d e s i r a b l e  

t o  a t t e m p t  t h e  s y n th e s i s  o f  t h e s e  com pounds, an d  t o  com pare 

t h e i r  u l t r a - v i o l e t  a b s o r p t io n  c u rv e s  w i th  th o s e  a l r e a d y  o b ta in e d .

(5 ) I n f r a - r e d  an d  Raman s p e c t r a  m e a su rem e n ts  w ould  p r o v id e  

i n t e r e s t i n g  e v id e n c e  f o r  th e  s t r u c t u r e s  o f  th e  c o n d e n s a t io n  

com pounds a l r e a d y  m e n tio n e d .
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