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PART 1 . HISTORICAL.

PART I I . MEASUREMENT OP ROTATION AND DICHROISM.

ADDITIONAL PAPER - PHOTOCHEMICAL BEHAVIOUR OP 
PSUEDO NITROLS.



THE MEASUREMENT OF OPTICAL ROTATORY POWER AND
CIRCULAR DICHROISM IN THE ULTRA VIOLET WITH 

SPECIAL REFERENCE TO THE COTTON EFFECT.

PART,I. HISTORICAL INTRODUCTION.

I n  two p a p e rs  p u b l i s h e d  i n  th e  "Memoires de l a  

S o c ie te  d ^ r c e u i l ” i n  1809, Mai us d e s c r ib e d  how, by r e f l e c ­

t i o n  from  w a te r ,  a beam o f l i g h t  cou ld  a c q u i r e  a l l  t h e  

p r o p e r t i e s  o f  one o f  th e  beams p roduced  by th e  d o u b le  r e ­

f r a c t i o n  o f  I c e la n d  Spar i . e .  how l i g h t  cou ld  be " p o l a r i s e d  

by r e f l e c t i o n .  He a l s o  showed t h a t  a  p la n e  p o l a r i s e d  r a y  

may be c o n s id e re d  a s  t h e  r e s u l t a n t  o f  two r a y s  p o l a r i s e d  

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

ed a t  th e  p o l a r i s i n g  a n g le  o f  52° 45* from  th e  s u r f a c e  o f  

w a te r ,  i t  i s  s p l i t  up i n t o  two r a y s  y h ic h  a r e  p o l a r i s e d  

p a r a l l e l  and p e r p e n d ic u la r  r e s p e c t i v e l y  to  t h e  p la n e  o f  

i n c i d e n c e ,

These e x p e r im e n ts  were ex tend ed  by F r e s n e l  t o  th e  

c ase  o f  r e f l e c t i o n  a t  i n t e r n a l  s u r f a c e s  i . e .  t o t a l  r e f l e c ­

t i o n .  I t  was th e n  d i s c o v e re d  t h a t  p la n e  p o l a r i s e d  l i g h t  

when t o t a l l y  r e f l e c t e d ,  was p a r t i a l l y  " d e p o l a r i s e d ” . This 

d e p o la r i s e d  l i g h t ,  how ever, was n o t  a  m ix tu re  o f  o r d in a r y  

l i g h t  and p la n e  p o l a r i s e d  l i g h t  b u t  was shown to  be th e  

r e s u l t a n t  o f  two p la n e  p o l a r i s e d  r a y s  one i n  th e  p la n e  o f  

i n c id e n c e ,  th e  o t h e r  p e r p e n d ic u la r  to  i t  and d i f f e r i n g  i n  

phase  by l / 8 t h  o f  a  wave l e n g t h  when th e  p la n e  o f  th e
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i n c i d e n t  r a y  makes an  a n g le  o f  45° w i th  t h e  p la n e  o f  i n c i ­

d e n c e ,  A f t e r  two r e f l e c t i o n s  t h e  l i g h t  i s  c o m p le te ly  d e ­

p o l a r i s e d  h u t  may be made p la n e  p o l a r i s e d  a g a in  by two 

f u r t h e r  r e f l e c t i o n s .  To t h i s  “ c o m p le te ly  d e p o l a r i s e d  l i g h t ” , 

F r e s n e l  gave t h e  name “c i r c u l a r l y  p o l a r i s e d  l i g h t "  s in c e  t h e  

r e s u l t a n t  o f  two such p la n e  p o l a r i s e d  r a y s  i s  a c i r c u l a r  

h e l i x .

D u rin g  th e  t im e  t h a t  F r e s n e l  was c a r r y in g  o u t  th e  

above r e s e a r c h e s ,  B io t  d i s c o v e r e d  t h a t  th e  p la n e  o f  p o l a r i s a ­

t i o n  o f  a r a y  was r o t a t e d  when i t  t r a v e r s e d  a  t h i n  p l a t e  o f  

q u a r t z  c u t  p e r p e n d i c u l a r  to  th e  a x i s .  T his r o t a t i o n ,  he  

fo u n d , v a r i e d  w ith  th e  t h i c k n e s s  o f  q u a r t z  t r a v e r s e d  and 

a l s o  w i th  th e  wave l e n g th  o f  l i g h t  em ployed. He a l s o  found 

t h a t  c e r t a i n  o r g a n ic  l i q u i d s  and a l s o  s o l i d s  when i n  s o l u t i o n  

p o s s e s s e d  t h i s  p r o p e r t y .

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

t r a v e l l i n g  a lo n g  t h e  a x i s  o f  q u a r tz  i s  s p l i t  up i n t o  two 

c i r c u l a r l y  p o l a r i s e d  r a y s  which t r a v e l  w i th  unequal v e l o c i ­

t i e s  and hence  may be s e p a r a te d  by o b l iq u e  in c id e n c e  on an  

o p t i c a l l y  a c t i v e  medium such a s  q u a r t z .  He succeeded  i n  

s e p a r a t in g  t h e s e  two components by u s in g  a  t r i - p r i s m ,  two 

o f  t h e  p r ism s  b e in g  o f  r i g h t  q u a r tz  and th e  t h i r d  o f  l e f t  

q u a r t z .  I n  a  t h i n  p l a t e  o f  q u a r t z ,  where t h e  two r a y s  a re  

n o t  s e p a r a t e d ,  th e y  w i l l  recom bine  on re -e m erg e n ce  to  form 

a  p la n e  p o l a r i s e d  r a y  whose p la n e  o f  p o l a r i s a t i o n  makes an  

a n g le  w ith  t h a t  o f  th e  i n c i d e n t  r a y .  T h is  a n g le  depends on



t h e  p i t c h  o f  th e  h e l i x ,  i . e .  th e  wave l e n g t h  and a l s o  

on th e  t h i c k n e s s  o f  q u a r t z  t r a v e r s e d ,  t h e  d i f f e r e n c e  

i n  th e  d i s t a n c e  t r a v e l l e d  by th e  two components b e in g  

p r o p o r t i o n a l  t o  t h i s .

I n  t h i s  way o p t i c a l  r o t a t i o n  was shown to  be 

c i r c u l a r  d o u b le  r e f r a c t i o n .

When o r d i n a r y  r e f r a c t i o n  i s  p l o t t e d  on a  wave 

l e n g t h  b a s i s  i n  t h e  ab sen ce  o f  an  a b s o r p t io n  band , i t  

i s  found  to  i n c r e a s e  r e g u l a r l y  w i th  d e c r e a s in g  wave 

1 e n g th .

I f ,  how ever, an  a b s o r p t io n  band i s  p r e s e n t  t h e  

d i s p e r s i o n  curve  no lo n g e r  i n c r e a s e s  r e g u l a r l y  w i th  d e ­

c r e a s i n g  wave l e n g t h  b u t  r i s e s  to  a  maximum on one s id e  

o f  th e  band , f a l l s  to  z e ro  i n  th e  m idd le  o f  t h e  band ( o r  

a t  l e a s t  shows a  p o i n t  o f  i n f l e c t i o n ) ,  r e a c h e s  a  minimum 

v a lu e  and f i n a l l y  i n c r e a s e s  a g a i n .  S ince  o p t i c a l  r o t a t i o n  

i s  a  d i f f e r e n c e  betw een two c i r c u l a r  r e f r a c t i o n s  i t  was 

su g g e s te d  t h a t  a  s i m i l a r  e f f e c t  m igh t be shown by th e  

curve  o f  r o t a r y  d i s p e r s i o n  i n  th e  n e ig hbourhood  o f  an  

a b s o r p t io n  b a n d .

THE COTTON EFFECT.

The e f f e c t  j u s t  d e s c r ib e d  was r e a l i s e d  i n  th e  c ase  

o f  p o ta s s iu m  chromium t a r t r a t e  by C o t t o n ^   ̂ whose d iag ram



i s  reproduced below

W HVfi, L u iV ’f i f H -

The anomaly h e r e  i s  i n  th e  v i s i b l e  r e g i o n .

I n  th e  c a se  o f  c i r c u l a r  d o u b le  r e f r a c t i o n  i n  th e  

r e g io n  o f  a b s o r p t io n  a n o th e r  e f f e c t  makes i t s  ap p ea ra n c e  

i n  th e  shape o f  th e  d ic h r o i s m .  B io t  had  o b se rv ed  t h a t  

c e r t a i n  c r y s t a l s  had  th e  p r o p e r t y  o f  a b s o rb in g  th e  o r d in a r y  

and e x t r a - o r d i n a r y  p la n e  p o l a r i s e d  r a y s  to  d i f f e r e n t  e x t e n t s  

H i i s  phenomenon was c a l l e d  DICHROISM. B earin g  i n  mind th e  

c lo s e  s i m i l a r i t y  betw een th e  do u b le  r e f r a c t i o n  o f  o r d in a r y  

l i g h t  and th e  c i r c u l a r  d o u b le  r e f r a c t i o n  o f  an  o p t i c a l l y  

a c t i v e  medium i t  was soon su g g e s te d  t h a t  a  s i m i l a r  e f f e c t  

m igh t be found f o r  th e s e  two c i r c u l a r  com ponents. T h is  was 

f i r s t  ob se rv ed  by H a i d in g e r ^ ^  i n  th e  case  o f  am ethys t  

q u a r t z .  The te rm  C i r c u l a r  D ich ro ism  i s  a p p l i e d  to  t h i s  

e f f e c t .
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I n  1895, C o t to n  d e m o n s tra te d  th e  e x i s t e n c e  o f  

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

o f  copper ammonium t a r t r a t e .  H is  method h e r e  was to  p a s s  

two c i r c u l a r l y  p o l a r i s e d  r a y s  one r i g h t ,  t h e  o t h e r  l e f t ,  

p rod uced  by two q u a r t e r  wave p l a t e s  p la c e d  s id e  by s i d e ,  

th ro u g h  two tu b e s  c o n ta in in g  th e  s o l u t i o n .  The two beams 

were o f  unequal i n t e n s i t y  a f t e r  p a s s in g  th ro u g h  th e  s o l u t i o n  

showing t h a t  t h e y  were a b so rb ed  to  d i f f e r e n t  e x t e n t s .

I t  can be shown q u i t e  e a s i l y  ( f o r  f u r t h e r  d i s c u s s i o n  

see  p ages  on Measurement o f  C i r c u l a r  D ich ro ism ) t h a t  t h e  

e f f e c t  on th e  em ergent r a y  o f  a b s o rb in g  one c i r c u l a r  compon­

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

i s e d ,  th e  m a jo r  a x i s  o f  th e  e l l i p s e  b e in g  eq u a l to  th e  sum 

o f  t h e  a m p l i tu d e s  o f  t h e  c i r c u l a r  com pon en ts ,w h ile  th e  m inor 

a x i s  i s  eq u a l  to  t h e i r  d i f f e r e n c e .  I n s t e a d ,  t h e r e f o r e ,  o f  

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

and l e f t  c i r c u l a r  l i g h t ,  t h e  e l l i p t i c i t y  may be t a k e n  as 

i t s  m ea su re .  By p l o t t i n g  e l l i p t i c i t y  a g a i n s t  wave l e n g t h  

i t  i s  se en  t h a t  i t  r i s e s  to  a maximum a t  t h e  maximum o f  

a b s o r p t io n ,  which i n  t u r n  c o in c id e s  w i th  th e  p o i n t  o f  i n ­

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

The a n i s o t r o p y  f a c t o r .

By d i v id i n g  th e  e l l i p t i c i t y  by th e  a b s o r p t io n  a t  

t h e  same wave l e n g t h ,  we o b t a i n  a  f a c t o r ,  commonly d e n o te d  

by th e  symbol g , and c a l l e d  th e  a n i s o t r o p y  o r  d issym m etry  

f a c t o r ,  which may be t a k e n  a s  a  m easure  o f  th e  o p t i c a l l y



a c t i v e  b e h a v io u r  o f  th e  b a n d .  Both  e f f e c t s  a r e  shown d i a  

g ra m m a t ic a l ly  be low  (F ig s*  I I ,  A and B ) .

—>

*

F i g .  IIA shows th e  s im p le s t  c a se ,  F i g .  IIB  shows th e  c ase  

where t h e  C o tton  E f f e c t  i s  superim posed  on a  norm al d i s p e r  

s io n  c u r v e .
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Examples o f  b o th  forms o f  t h e s e  c u rv e s  a r e  g iv e n  i n  th e  

l i t e r a t u r e .  The d iag ram s shown below a r e  th o s e  o f  Kuhn 

( f i g s .  I l l  and V) and o f  Lowry ( f i g .  1 4 ) .

-  loo o ’

)0 00

1 .  Observed
r o t a t i o n .

2 .  A b s o r p t io n .

5 .  P a r t i a l  r o t a ­
t i o n  o f  a z id o  
g r o u p .

4 .  R e s id u a l  r o t a ­
t i o n .

£ooo 6000 ■4-000 3ooo ft U-

A b s o rp t io n  and Anomalous R o ta t i o n  D is p e r s io n  

o f  0 ( -a z id o  p r o p io n ic  D im ethyl amide . (3 )

PIG. I I I .
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foo1 .  Observed R o t a t i o n .

2 .  P a r t i a l  R o ta t io n  o f
CHO, ~ ~ 0

(Lowry & Hudson)
2 1 -  -  -  “ - i 'O O

(Kuhn & Braun)
3 .  R e s id u a l  R o ta t io n

(L .  & H .) 
3 '  -  -  (K . & B .)

T e t r a - a c e t y l J £  a r a b in o s e  (4 )  ( F IG . IV .

-2oo

-too o

22

1 .  A b s o r p t io n .

2 .  M o lecu la r
R o t a t i o n  o f  
m e th y lc y c lo -  
h e x y l  c a rb -  
i n o l  n i t r i t e ,

3 .  C i r c u l a r  D i­
c h ro ism .

M ethyl cy c l  ohexy l e a r b in o l  n i t r i t e  (5 )
FIG. V.



M ath em atica l  r e p r e s e n t a t i o n  o f  th e  d i s p e r s i o n  c u r v e .

B lo t  had  o b se rv e d  t h a t  r o t a t i o n  i n c r e a s e d  w i th  

d e c r e a s e  wave l e n g t h  o f  l i g h t  em ployed. For s e v e r a l  o f  

t h e  s u b s ta n c e s  s tu d i e d  he found t h a t  th e  cu rve  co u ld  be 

r e p r e s e n te d  by an  e q u a t io n  o f  th e  form (X * where 

OC * r o t a t i o n  and X  t h e  wave l e n g t h .  This e q u a t io n  was 

o n ly  a p p ro x im a te ly  t r u e  and h e ld  f o r  wave l e n g t h s  f a r  r e ­

moved from an  a b s o r p t io n  b an d .

Drude^ e x te n d ed  C la rk  M axw ell’s e l e c t r o  m a g n e tic  

t h e o r y  to  th e  case  o f  o p t i c a l l y  a c t i v e  m edia  assum ing t h a t  

th e  v i b r a t i n g  p a r t i c l e s  i n  th e  medium t r a v e l l e d  i n  s h o r t  

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

t i o n .  I t  h a s  s in c e  been  shown t h a t  h i s  m a th e m a tic a l  t r e a t ­

ment d i d  n o t  c o rre sp o n d  to  h i s  model and t h a t  such a  model 

would n o t  g iv e  r i s e  t o  o p t i c a l  r o t a t i o n .  H is m a th em a tica l  

t r e a tm e n t ,  however, l e d  t o  an e q u a t io n  o f  th e  form
A *  *'5; ,

T his  h a s  b een  a p p l i e d  e x t e n s i v e l y  by Lowry to  r o t a r y  d i s p e r ­

s io n  and g iv e  s a t i s f a c t o r y  r e s u l t s  e x ce p t  c lo s e  to  an  a b s o r p ­

t i o n  band w here , from  th e  form  o f  th e  e q u a t io n ,  th e  r o t a t i o n  

would become i n f i n i t e .
( 7 )f e t a n s o n  and l a t e r  Kuhn have a t te m p te d  to  f i n d  an 

e x p re s s io n  which would r e p r e s e n t  t h e  form o f  th e  cu rve  o f  

d i s p e r s i o n  w i th in  an a b s o r p t io n  band . To do t h i s  th e y  have  

assumed t h a t  w i th in  th e  band, th e  r o t a t i o n  does  n o t  become 

i n f i n i t e  owing to  th e  p re s e n c e  o f  f r i c t i o n a l  f o r c e s .  These
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f o r c e s  w i l l  be p r o p o r t i o n a l  to  th e  v e l o c i t y  o f  th e  p a r t i c l e s  

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

th e  head  o f  th e  a b s o r p t io n  band T/diere t h e  f o r c e d  v i b r a t i o n s  

would be l a r g e s t .  These a u th o r s  t h e r e f o r e  t a k e  t h e  f r i c t i o n  

te rm  to  be o f  th e  n a t u r e  o f  a  f r e q u e n c y .

Prom th e s e  a s su m p tio n s ,  a p p l i e d  t o  a  r a t h e r  s p e c i a l ­

i s e d  model o f  l i n e a r  v i b r a t o r s ,  Kuhn h a s  evo lv ed  a sem£ 

e m p i r ic a l  e q u a t io n  f o r  th e  p a r t i a l  r o t a t i o n  due to  a  g ro u p .  

This h a s  been  found to  g iv e  good agreem ent w i th  t h e  e x p e r i ­

m en ta l  cu rve  i n  many c a s e s .  H is  e q u a t io n  i s  g iv e n  be low .

[M] * Jss.. (SxZjQm*.. £
2 i r  ^ 5 ,?  vo

\
4

* -v
* *

C a lc u la te d  curves showing th e  a p p l i c a t i o n  o f  th e  e q u a t io n  

a r e  g iv e n  i n  F i g s .  I I I - V .

T h is  e q u a t io n  canno t be e x p e c te d  to  g iv e  p e r f e c t  

r e s u l t s  becau se  o f  th e  s p e c i a l i s e d  n a tu r e  o f  th e  model on 

which i t  i s  b a s e d .  In  t h i s  K u h n ^ a s s u m e s  two l i n e a r  

v i b r a t o r s  which can v i b r a t e  o n ly  a t  r i g h t  a n g le s  t o  one 

a n o th e r .  He does  n o t  a t te m p t  to  say  i n  what p a r t  o f  t h e  

m o le cu le  t h e s e  a r e  s i t u a t e d  n o r  does  he say  a n y th in g  ab o u t 

t h e i r  d im en sio n s  o r  th e  n a tu r e  o f  t h e  c o u p lin g  f o r c e  by which 

th e y  a re  c o n n e c te d .  The rem a in d e r  o f  th e  framework o f  th e  

m o le cu le  i s  n e g l e c t e d .  T h is  must have  some e f f e c t ,  however, 

Ttfiich i s  n o t  in c lu d e d  i n  th e  fo rm u la  g iv e n  above, so t h a t



i t  m ust be r e g a rd e d  a s  b e in g  o f  th e  n a tu r e  o f  an a p p ro x im a t io n  

t o  t h e  t r u t h .

R e c e n t ly  a  f u r t h e r  advance h a s  been  made i n  th e
( 9)p h y s ic o -m a th e m a t ic a l  t r e a tm e n t  o f  o p t i c a l  a c t i v i t y  by Born'* ' 

■who a l s o  s t a r t s  from  th e  c o n c e p t io n  o f  v i b r a t i n g  e l e c t r i c  

d o u b l e t s .  The e q u a t io n  he d e r i v e s ,  how ever, i s  r a t h e r  com­

p l i c a t e d  and can no t be a p p l i e d  to  th e  r e g i o n  o f  a b s o r p t i o n .

A m a th e m a tic a l  t r e a tm e n t  o f  t h i s  i s  a t  p r e s e n t  im p o s s ib le .

Prom an e x a m in a t io n  o f  th e  c u rv e s  shown i n  th e

above d iag ra m s i t  w i l l  be se en  t h a t  an  a b s o r p t io n  band may

have a  v e ry  marked e f f e c t  on th e  r o t a t i o n  a s  o b se rv ed  i n

th e  v i s i b l e .  Indeed  i n  some c a se s  ( P ig . IV )  t h e  whole o f  th e

r o t a t i o n  i n  th e  v i s i b l e  may be due to  an  a b s o r p t io n  band

l y i n g  i n  th e  n e a r  u l t r a  v i o l e t .  A s tu d y  o f  th e  C o tto n  E f f e c t

i s  t h e r e f o r e  im p o r ta n t  i n  d e te rm in in g  th e  form  o f  th e  r o t a t o r y

d i s p e r s i o n  cu rv es  o f  a  s e r i e s  o f  compounds s in c e ,  from  th e

v i c i n i a l  r u l e  o f  Kuhn and F r e u d e n b e r g ^ ^ , th e  form  o f  th e

p a r t i a l  r o t a t i o n  curve  due to  a chrom ophoric  g rou p , does  n o t

change g r e a t l y  f o r  sm all changes i n  th e  o t h e r  c o n s t i t u e n t s .

The e f f e c t  h a s  a l r e a d y  been  s tu d ie d  i n  a number o f  c a se s  by 
( 11)Kuhn and Lowry and t h e i r  c o -w o rk e rs .  The g ro ups  s tu d ie d  

so f a r  a r e  g iv e n  i n  th e  b ib l io g ra p h y , ,  t h e  n i t r o  group b e in g  

added to  th e  number by t h i s  t h e s i s .

I t  w i l l  be seen  from th e  fo rm u la  o f  th e  p s e u d o - n i t r o l s  

t h a t  th e s e  compounds c o n ta in  two a c c e s s i b l e  a b s o r p t io n  bands



one due to  th e  NO group  and th e  o t h e r  to  th e  NOg g ro u p .

Prom a s tu d y  o f  th e  C o t to n  E f f e c t  due to  t h e s e  g ro u p s ,  some 

in f o r m a t io n  may be o b ta in e d  a s  to  th e  form  o f  th e  cu rve  o f  

r o t a t o r y - d i s p e r s i o n  o f  th e s e  compounds.

S in ce  th e  e l l i p t i c i t y  i s  o f  o p p o s i t e  s ig n  f o r  th e  

two o p t i c a l l y  a c t i v e  fo rm s, i t  i s  c l e a r  t h a t  th e  two form s 

m ust have d i f f e r e n t  a b s o r p t io n  c o e f f i c i e n t s  f o r  r i g h t  and 

l e f t  l i g h t .  Thi3 f a c t  w i l l  be seen  to  be o f  g r e a t  im p o rtan c e  

when we come to  d i s c u s s  asym m etric  p h o to ch em ica l  a c t i o n .

ASYMMETRIC PHOTOCHEMICAL ACTION.

By B e e r 's  law , o n ly  t h a t  l i g h t  which i s  ab so rb ed  can 

cause  p h o to ch em ica l  a c t i o n .  In  th e  r e g i o n  o f  a  C o tto n  E f f e c t  

one c i r c u l a r  component i s  a b so rb ed  more th a n  th e  o t h e r ,  and, 

from t h i s ,  i t  w i l l  be seen  t h a t  i t  shou ld  be p o s s i b l e ,  by 

i r r a d i a t i n g  a rac em ic  m ix tu re  w ith  one form o f  c i r c u l a r  l i g h t ,  

o f  wave l e n g t h  c o r re sp o n d in g  to  th e  maximum o f  e l l i p t i c i t y ,  

i . e .  maximum o f d i f f e r e n c e  i n  a b s o r p t io n ,  to  o b t a i n  a p r e f e r ­

e n t i a l  d e c o m p o s i t io n  o f  one o f  th e  o p t i c a l  a n t ip o d e s .  T h is ,  

by l e a v in g  an e x c e ss  of th e  o th e r  component, w i l l  cause 

o p t i c a l  a c t i v i t y  to  ap p ea r  from  a rac em ic  m ix tu r e .

Many u n s u c c e s s fu l  a t te m p ts  were made to  r e a l i s e  t h i s

e x p e r im e n ta l ly ,  among th e s e  b e in g  th e  a t te m p t  to  p roduce  an

o p t i c a l l y  a c t i v e  compound by th e  b ro m in a tio n  o f  c innam ic  
(12}a c i d '  ' ,  p resum ably  w ith  l i g h t  o f  th e  wave l e n g th  o f  th e  

a b s o r p t io n  due to  th e  doub le  bond s in c e  we can h a r d l y  have
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two a c t i v a t e d  form s o f  t h e  brom ine a tom .

In  r e c e n t  y e a r s  q u i t e  a  number o f  s u c c e s s f u l  c a se s

have been  r e c o r d e d .  F i r s t ,  we have th e  c a se  o f  e t h y l  0( -
(13)

b ro m o p ro p io n a te  due to  Kuhn. T h is  was i r r a d i a t e d  w i th

l i g h t  o f  2800 A.U. and d e v e lo p ed  a  r o t a t i o n  o f  0 .0 5 .  The

same a u th o r  a l s o  had  th e  example o f  th e  d im e th y lam ide  o f

a - a z i d o p r o p io n ic  a c id  where a  r o t a t i o n  o f  -  1 .0 4  i n  a  1dm.

tu b e  a f t e r  b e in g  decomposed to  37% by l i g h t  o f  wave l e n g t h

3200 - 2800 A.U. In  th e  v i s i b l e  r e g io n  o f  th e  spec tru m  we
(15) ^have th e  c ase  o f  humulene n i t r o s i t e  . A 1% s o l u t i o n  o f

t h i s ,  when exposed to  l i g h t  o f  6000-7800 A .U ., d e v e lo p ed  a

r o t a t i o n  o f  0.21*.

At th e  same t im e  t h e r e  i s  th e  complem entary p rob lem

o f  asym m etric  s y n t h e s i s .  I f  one form  o f c i r c u l a r  l i g h t

f a v o u r s  t h e  f o rm a t io n  o f  one a n t ip o d e  th e n  we sh o u ld  ex p ec t
(1 6 )t h e  p r o d u c t io n  o f  r o t a t i o n .  K aragu n is  and D rik o s  have 

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

n a t i n g  th e s e  p r e f e r e n t i a l l y  under th e  i n f lu e n c e  o f  l i g h t  o f  

wave l e n g t h  5890 and 4358 A.U. F o llow ing  th e  r o t a t i o n  d u r in g  

th e  co u rse  o f  th e  r e a c t i o n ,  th e y  found t h a t  i t  r o s e  to  a 

maximum o f  0.07* a f t e r  80 m in s . ,  i l l u m i n a t i o n  f a l l i n g  t h e r e ­

a f t e r .  A s i m i l a r  r e s u l t  was o b ta in e d  u s in g  th e  o t h e r  k in d  o f  

c i r c u l a r  l i g h t .  They were u n a b le ,  however, to  d e c id e  w hether  

t h e  r o t a t i o n  dev e lo p ed  was due to  t h e  h a lo g e n id e  form ed, o r  

w h e ther  i t  was due to  t h e  r a d i c a l  l e f t  o v e r  s in c e  t h e s e  have 

been  o b ta in e d  i n  t h e  o p t i c a l l y  a c t i v e  c o n d i t i o n .  A method
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whereby t h i s  q u e s t io n  m igh t be d e c id e d  would be to  examine 

th e  r o t a t o r y  d i s p e r s i o n .  I f  th e  r o t a t i o n  i s  due to  th e  

r a d i c a l  t h e n  t h e r e  would be a  C o t to n  E f f e c t  i n  t h e  r e g io n  o f  

a b s o r p t io n ,  due t o  th e  r a d i c a l ,  w h i le  i f  th e  r o t a t i o n  i s  due 

to  t h e  h a lo g e n id e ,  t h e n  th e  C o tto n  E f f e c t  w i l l  be i n  th e  

h a lo g e n  b an d .

S t i l l  o t h e r  r e s u l t s  have  been  n o te d  r e c e n t l y ,  i n  th e
(17 )shape o f  th e  b ro m in a t io n  o f  t r i n i t r o  s t i l b e n e '1 . The r o t a ­

t i o n s  h e r e  were e x c e e d in g ly  s m a l l ,  b e in g  o f  th e  o r d e r  o f  0 .04 °  

and do n o t  ap p ea r  to  be a s s o c i a t e d  w ith  any a b s o r p t io n  b a n d .

S in ce  i t  had a l r e a d y  been  shown t h a t  th e  n i t r o s o
( 1 8 )group was a s s o c i a t e d  w i th  a C o tto n  E f f e c t '1 and was c a p a b le ,  

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

asym m etric  d e c o m p o s i t io n ,  i t  seemed d e s i r a b l e  to  examine o t h e r  

compounds c o n ta in in g  t h i s  g ro u p .

The c h o ic e  o f  compounds f o r  t h i s  l i n e  o f  r e s e a r c h  i s  

s u b je c t  to  c e r t a i n  l i m i t a t i o n s .  For p u rp o se s  o f  p u r i f i c a t i o n  

and e a se  i n  h a n d l in g ,  th e  su b s ta n c e  shou ld  be a s o l i d .  I t  

must be o p t i c a l l y  a c t i v e  and e x i s t  a l s o  i n  th e  i n a c t i v e  con­

d i t i o n .  A lso i t  must be c ap a b le  o f  b e in g  decomposed p h o to - 

c h e m ic a l ly  t o  g iv e  i n a c t i v e  p ro d u c ts  s in c e  t h e  law s g o v e rn in g  

o p t i c a l l y  m ix tu re s  a re  n o t  known.

With t h e s e  l i m i t a t i o n s  i n  mind, th e  psuedo n i t r o l s  

ap p ea red  to  be s u i t a b l e  and t h e i r  p h o tochem ica l  b e h a v io u r  

was exam ined .
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PART I I . THE MEASUREMENT OF OPTICAL ROTATORY POWER
IN THE ULTRA VIOLET.

In  s e c t i o n  I  th e  p ro d u c t io n  o f  p la n e  p o l a r i s e d  l i g h t  

by r e f l e c t i o n  was d e s c r i b e d .  The g e n e r a l  m ethod, how ever, 

i s  to  use a  p o l a r i s i n g  p r i s m .  T h is  depends on th e  power o f  

do ub le  r e f r a c t i o n  p o s s e s s e d  by m ost c r y s t a l s .  Two m ethods 

a r e  i n  use f o r  th e  p r o d u c t io n  o f  p la n e  p o l a r i s e d  l i g h t  from  

t h i s .  The f i r s t  i s  to  use a  t h i c k n e s s  o f  c r y s t a l  g r e a t  

enough to  cause  a s e p a r a t i o n  o f  the, two r a y s ,  so t h a t  one 

may be s to p p e d  by a s c r e e n .  The second method i s  to  cause  

one o f  th e  r a y s  t o  be t o t a l l y  r e f l e c t e d ,  l e a v in g  th e  o th e r  

unchanged . I n  th e  m easurement o f  r o t a t i o n  i n  th e  v i s i b l e  th e  

l a t t e r  method i s  u sed , w h ile  i n  u l t r a  v i o l e t  p o l a r i m e t r y ,  th e  

f i r s t  method i s  em ployed.

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

which p ro d u ces  a p la n e  p o l a r i s e d  r a y  by e i t h e r  o f  th e  above 

m ethods and an  a n a ly s e r  which c o n s i s t s  o f  a  s i m i l a r  a r r a n g e ­

ment o f  p r i s m s .  As th e  a n a ly s e r  i s  r o t a t e d ,  th e  i n t e n s i t y  o f  

th e  f i e l d  v a r i e s  from  a maximum to  a b s o lu te  d a rk n e s s  i n  th e  

case  where th e  p r i n c i p a l  p la n e s  o f  th e  a n a ly s e r  and p o l a r i s e r  

a re  a t  r i g h t  a n g le s  to  one a n o th e r  .

I f  two p r ism s  a r e  i n  such  a p o s i t i o n  o f  e x t i n c t i o n  

and an  o p t i c a l l y  a c t i v e  medium i s  in t r o d u c e d  betw een them, 

th e n  th e  f i e l d  w i l l  n o t  rem a in  d a rk  and th e  a n a ly s e r  w i l l  

r e q u i r e  to  be moved th ro u g h  an a n g le  to  r e s t o r e  t h i s  c o n d i t i o n .
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T h is  i s  th e  a n g le  o f  r o t a t i o n  and* when d i v id e d  by th e  l e n g t h  

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

c a l l e d  th e  S p e c i f i c  R o ta to r y  Power o f  t h e  s u b s ta n c e .

In  p r a c t i c e  i t  i s  n o t  found to  be s u f f i c i e n t l y  a c c u ­

r a t e  to  use t h i s  p o s i t i o n  o f  a b s o lu te  e x t i n c t i o n  w hich , t o  

th e  eye , a p p e a rs  to  e x te n d  o v e r  a c o n s id e r a b le  a n g le .  To 

overcome t h i s  d i f f i c u l t y ,  a d e v ic e  c a l l e d  th e  h a l f  shadow i s  

i n t r o d u c e d .  This c o n s i s t s ,  i n  th e  c a se  o f  t o t a l l y  r e f l e c t i n g  

p r i s m s ,  o f  a second s m a lle r  p r ism  p la c e d  beh ind  th e  p o l a r i s e r  

and c o v e r in g  p a r t  o f  th e  f i e l d .  The p r i n c i p a l  a x i s  o f  th e  

second p r ism  i s  i n c l i n e d  a t  a  sm all a n g le  to  t h a t  o f  th e  m ain 

p r i s m .  When th e  f i e l d  i s  v iew ed th ro u g h  b o th  p r ism s  i t  w i l l  

n o t  have uniform  i n t e n s i t y  u n le s s  t h e  p r i n c i p a l  a x i s  o f  th e  

a n a ly s e r  b i s e c t s  th e  a n g le  betw een th e  two p r ism s  c o n s t i t u t i n g  

th e  p o l a r i s e r .  T h is  sm all  a n g le  i s  c a l l e d  th e  h a l f  shadow 

a n g le .  An a p p a r a tu s  o f  t h i s  d e s ig n ,  due to  L ip p ic h ,  b u t  

w i th  a t r i p l e  f i e l d  i s  used e x t e n s i v e l y  i n  v i s u a l  p o l a r i m e t r y .

S ince  th e  a n g le  o f  r o t a t i o n  v a r i e s  w ith  th e  wave 

l e n g t h  o f  l i g h t  u sed , i t  i s  n e c e s s a r y  to  use a m onochrom ator, 

e i t h e r  i n  t h e  form  o f  c o lo u re d  f i l t e r s  o r  by u s in g  a  c o n s ta n t  

deviation  s p e c t r o s c o p e .  T h is  l a t t e r  i s  th e  most s u i t a b l e  f o r  

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

scope i s  p u t  betw een th e  l i g h t  so u rce  and th e  p o l a r i m e t e r .

In  u l t r a  v i o l e t  p o l a r im e t r y ,  on th e  o t h e r  hand , th e  s p e c t r o ­

scope comes a f t e r  th e  p o la r im e te r  s in c e  t h e r e ,  th e  whole 

spectrum  i s  p h o to g rap h e d ,an d  th e  wave l e n g t h  o f  th e  e x t i n c t i o n
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p o i n t ,  i s  found  from t h i s .

ULTRA VIOLET POLARIMETRY.

For th e  m easurem ent o f  o p t i c a l  r o t a t o r y  power i n  th e  

u l t r a  v i o l e t ,  th e  o p t i c a l  p a r t s  o f  th e  in s t ru m e n t  m ust be con­

s t r u c t e d  o f  q u a r t z  o r  c a l c i t e .  The use o f  q u a r t z ,  by r e a s o n  

o f  i t s  o p t i c a l  a c t i v i t y ,  i n t r o d u c e s  c o m p l ic a t io n s  w hich w i l l  

be d e a l t  w i th  l a t e r .  A ll  Canada ba lsam , which i s  used i n  

v i s u a l  p o l a r i m e t e r s  t o  cement t h e  two h a lv e s  o f  th e  p o l a r i s e r  

t o g e t h e r ,  m ust be e l im in a te d  s in c e  t h e  ba lsam  do es  n o t  t r a n s m i t  

l i g h t  below  3400 A .U ..

The f i r s t  m easurem ents to  be made i n  th e  u l t r a  v i o l e t
(19 )

were th o s e  o f  S o re t  and S a r a s in  , who d e te rm in e d  th e  r o t a ­

t o r y  power o f  q u a r t z  down to  2143 u s in g  a m o d i f i c a t i o n  o f  

F o u c a u l t s  m ethod, th e  d a rk  band b e in g  made to  c o in c id e  w ith  

known l i n e s  o f th e  cadmium spec trum  and t h e i r  p o s i t i o n  ob­

se rv ed  by f o c u s s in g  t h e  r a y s  on a f l u o r e s c e n t  s c r e e n .  T h is  

m ethod, how ever, i s  n o t  v e ry  a c c u r a t e ,  owing to  th e  f a c t  t h a t  

t h e  bands had  n o t  g o t  sh a rp  e d g es ,  so t h a t  th e y  cou ld  n o t  be 

s e t  a c c u r a t e l y  on th e  c ro s s  w i r e s .

The ty p e  o f  in s t ru m e n t  used f o r  th e  measurement o f  

r o t a t i o n  i n  th e  v i s i b l e ,  may be ad ap ted  f o r  use i n  th e  u l t r a  

v i o l e t  by o b se rv in g  th e  c o n d i t io n s  m entioned  above and r e c o r d ­

in g  t h e  r e s u l t s  p h o t o g r a p h i c a l ly .

Q uartz  h a s  th e  ad v an tag e  o ve r  c a l c i t e ,  t h a t  i t  w i l l  

a l lo w  o f  r o t a t i o n s  b e in g  m easured  down to  1850 A .U ., w hereas



I c e la n d  S p a r ,  o f  a  t h i c k n e s s  o f  4 cms. t r a n s m i t s  o n ly  to  

2400 A.U. A p o l a r i m e t e r ,  i n  which a l l  th e  o p t i c a l  p a r t s  a r e  

o f  q u a r t z  o r  f l u o r s p a r ,  h a s  been c o n s t r u c t e d  by W. K uhn^*^  

and a  s i m i l a r  in s t ru m e n t  h a s  been  employed f o r  th e  work i n  

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

i n  th e  d iag ram  be low .

< > { < | s | [ i z
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FIG. V I .
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I»3 Q u a r t z - f l u o r i t e  a c h ro m a tic  d o u b le t
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The P r is m s ,

These a r e  Rochon p r ism s  a s  i l l u s t r a t e d  i n  t h e  s k e tc h  

below , th e  l i n e s  r e p r e s e n t i n g  th e  o p t i c  a x i s .

The two h a lv e s  o f  each  p r ism  a r e  composed one o f  r i g h t  and

th e  o th e r  o f  l e f t  q u a r t z ,  th e  two l e f t  p i e c e s  b e in g  c u t  from

th e  same b lo c k ,  so t h a t  th e y  a r e  e x a c t l y  e q u iv a le n t  to  one

a n o th e r ,  and s i m i l a r l y  f o r  th e  r i g h t  hand p i e c e s .  In  o rd e r

t o  o b t a i n  th e  h a l f  shadow d e v ic e ,  th e  p o l a r i s i n g  p r ism  i s

s p l i t  h o r i z o n t a l l y ,  each  h a l f  ground away by 2^ and th e n

cemented t o g e t h e r  a g a in ,  th u s  fo rm ing  a f i x e d  h a l f  shadow 
o

o f  5 .

In  t h a t  h a l f  o f  th e  p r ism  n e a r e s t  to  th e  l i g h t  

s o u rc e ,  th e  l i g h t  m ust r u n  p a r a l l e l  to  th e  o p t i c  a x i s ,  w h i le ,  

i n  th e  second p a r t ,  i t  ru n s  p e r p e n d ic u la r  to  i t .  S ince  i t  

i s  o b l iq u e l y  i n c i d e n t  on th e  second p a r t ,  t h e r e  i s  a  s e p a r a t io n  

o f  t h e  o r d i n a r y  and e x t r a  o r d i n a r y  r a y s  formed when a r a y  

t r a v e l s  th ro u g h  q u a r tz  p e r p e n d ic u la r  to  th e  o p t i c  a x i s .  The 

o r d in a r y  r a y  i s  u n d e v ia te d ,  w h i le  th e  e x t r a  o r d in a r y  r a y  i s  

d e v ia te d  tow ards  th e  f a c e .  AB u s in g  a p r ism  o f  4 cm. l e n g th
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and 2 x 2 cm, a p e r t u r e ,  a s e p a r a t i o n  o f  5 mm, i s  o b ta in e d  

a f t e r  a  d i s t a n c e  o f  27 cm. The e x t r a o r d i n a r y  r a y  i s  c u t  o f f  

b e fo re  r e a c h in g  th e  a c t i v e  s o l u t i o n ,  e i t h e r  by u s in g  a  s c r e e n  

o r  by u s in g  a  b r a s s  c e l l  o f  such a s i z e  t h a t  o n ly  th e  o r d in a r y  

r a y  i s  a l lo w e d  to  e n t e r .  By t h i s  means, any i n t e r f e r e n c e  

betw een th e  two r a y s  due to  i n t e r n a l  r e f l e c t i o n ,  may be p r e ­

v e n te d  .

The a n a ly s e r  c o n s i s t s  o f  a  s im p le  Rochon p r ism  a r r a n g ­

ed so t h a t  t h a t  p a r t  i n  which th e  a x i s  i s  p a r a l l e l  t o  th e  

d i r e c t i o n  o f  p ro p a g a t io n ,  i s  n e a r e s t  to  th e  s p e c to g r a p h .  The 

i n c i d e n t  r a y ,  w hich i s  now p la n e  p o l a r i s e d ,  h a s  i t s  i n t e n s i t y  

red u c ed  by an amount d ep en d in g  on th e  a n g le  which i t s  p la n e  

makes w i th  th e  a x i s  o f  th e  f i r s t  p a r t  o f  th e  a n a l y s e r .  Once 

a g a in ,  two r a y s  a r e  fo rm ed . These t r a v e l  u n d e v ia te d  u n t i l  

th e y  r e a c h  th e  o b l iq u e  s e p a r a t in g  s u r f a c e ,  where th e y  a r e  

s e p a r a te d ,  th e  o r d in a r y  r a y  a g a in  p a s s in g  on unchanged. I f  

th e  a n a ly s e r  i s  n o t  p la c e d  a s  d e s c r ib e d ,  th e  i n c i d e n t  r a y ,  

which h a s  a l r e a d y  b een  r o t a t e d  by p a ssa g e  th ro u g h  th e  s o l u t i o n ,  

w i l l  be s t i l l  f u r t h e r  r o t a t e d  each  wave l e n g th  by a  d i f f e r e n t  

amount b e fo r e  r e a c h in g  th e  s u r f a c e  o f  s e p a r a t i o n ,  o r  t h a t  p a r t  

o f  th e  p r ism  which re d u c e s  th e  i n t e n s i t y .  The e f f e c t  o f  t h i s  

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

red u c e  th e  i n t e n s i t y  o f  a l l  i n c i d e n t  wave l e n g t h s  e q u a l ly ,  

s in c e  th e s e  make v a ry in g  a n g le s  w ith  th e  a x i s .  No e x t i n c t i o n  

would be o b ta in e d  i n  t h a t  c a s e .  A f te r  th e  i n t e n s i t y  h a s  been 

re d u c e d , th e  amount o f  r o t a t i o n  p roduced  does n o t  m a t t e r ,



s in c e  i t  does n o t  a f f e c t  th e  p h o to g ra p h ic  p l a t e .  The s e p a r ­

a t i o n  o f  th e  two r a y s  i n  t h i s  case  amounts to  6 mm. a f t e r  a  

d i s t a n c e  o f  3 7 .8  cm.

THE LIGHT SOURCE.

At f i r s t  a  n i c k e l  s p a rk  was used b u t  was abandoned 

owing to  i t s  sm all  i n t e n s i t y  r e q u i r i n g  such lo n g  e x p o su re s ,  

t h a t  t h e  p l a t e s  were fo g g e d .  More th a n  t h i s ,  t h e  l i g h t  

so u rce  was n o t  s te a d y  enough, and i n  a d d i t i o n ,  was v e ry  n o i s y .  

An i r o n  a r c  ru n n in g  a t  3 amps, was t r i e d  n e x t .  T h is  c u t  down 

th e  e x p o su re s  b u t  s t i l l  was n o t  s te a d y  enough; t h e  f l i c k e r i n g  

l e a d in g  to  a l a c k  o f  d i s t i n c t i o n  i n  t h e  d i v id i n g  l i n e  and 

g iv in g  r i s e  to  a b la c k  l i n e  on each s id e  o f  i t .  To o b v ia te  

t h i s ,  a  b r a s s  s c r e e n  w ith  a  h o le  o f  1 mm. was p la c e d  as  shown 

a t  A-̂  i n  F i g .  V I . T h is  was a s l i g h t  im provem ent, though i t  

d id  n o t  remove th e  t r o u b l e .  A s m a l le r  h o le  was no im provem ent. 

A concave m i r r o r  o f  n i c k e l  was p la c e d  b eh ind  th e  l i g h t  so u rc e ,  

so t h a t  th e  l i g h t  was b ro u g h t  to  a fo c u s  on th e  p i n h o le .  A 

s i l v e r  m i r r o r  cou ld  n o t  be used f o r  t h i s  p u rp o se ,  because  

t h e r e  i s  a  r e g io n  o f  low r e f l e c t i v e  power i n  th e  u l t r a  v i o l e t .  

T h is  concave m i r r o r  was o n ly  a l i m i t e d  su c c e s s  and f i n a l l y  a 

q u a r tz  p ian o  convex l e n s  o f  focusl*5" was used . The d i f f i c u l t y  

o f  keep ing  th e  p o in t  o f  l i g h t  from t h i s  fo c u s se d  s t e a d i l y  on 

th e  p in h o le ,  was f i n a l l y  overcome by ru n n in g  a l a r g e  e l e c t r o ­

magnet i n  s e r i e s  w i th  th e  a r c ,  a s  recommended by Houston i n  

h i s  " T r e a t i s e  on L ig h t " ,  p .  250.



THE CELL.

The f i r s t  c e l l  t o  be used was one o f  f i v e  ems. w i th  

q u a r tz  e n d s .  These were p resum ab ly  m atched b u t  on exam ina­

t i o n ,  were found  t o  have a  c o n s id e r a b le  r e s u l t a n t  r o t a t i o n  

even i n  th e  v i s i b l e .  The e q u iv a le n t  t h i c k n e s s  o f  q u a r t z  to

cause  t h i s  r o t a t i o n  was c a l c u l a t e d  and a c o r r e c t i o n  curve
(21)

was drawn from th e  d a t a  g iv e n  by Lowry . T h is  p rov ed  to  

be a  m ost u n s a t i s f a c t o r y  a r ra n g em e n t,  f o r ,  i n  m ost c a s e s ,  t h e  

r o t a t i o n  due to  t h e  tu b e  exceeded  t h a t  due to  th e  s u b s ta n c e ,  

under e x a m in a t io n .  M oreover, th e  ends were found  to  p o s s e s s  

c o n s id e r a b le  e l l i p t i c i t y ,  so t h a t  th e y  were u s e l e s s  f o r  th e  

m easurement o f  c i r c u l a r  d ic h r o i s m .  In  a d d i t i o n  to  t h i s ,  th e  

c e l l  was found to  be to o  lo n g  f o r  work anywhere n e a r  an  a b ­

s o r p t i o n  ban d . A s m a l le r  c e l l  o f  b r a s s  was t h e r e f o r e  con­

s t r u c t e d  a s  shown i n  th e  s k e tc h  below

T h is  c e l l  i s  0 .99  cm. lo n g ,  and i s  equ ipped  w ith  two ends o f  

fu se d  s i l i c a  f r e e  from  s t r a i n .  These were o b ta in e d  from The 

Thermal S y n d ic a te  and have been  used th ro u g h o u t  th e  p r e s e n t  

work. The two ends a re  screw ed on and th e  c e l l  f i l l e d  by 

means o f  th e  two sm all h o le s  i n  th e  to p ,  which a r e  th e n  

s to p p e re d  w ith  two sm all b r a s s  p l u g s .  T h is  p r e v e n ts  any



l o s s  by e v a p o r a t io n  d u r in g  th e  c o u rse  o f  a  number o f  r e a d i n g s ,  

th e  t im e  f o r  t h i s  sometimes occupy ing  a f u l l  d a y .

G enera l a rran gem en t and a d ju s tm e n t .

The p o l a r i s e r  and a n a ly s e r  a r e  mounted in d e p e n d e n t ly  

on a  heavy  c a s t  i r o n  o p t i c a l  ben ch , w ith  two l e v e l l i n g  screw s 

a t  t h e  f r o n t  and one a t  th e  b a c k .  In  o rd e r  to  g e t  th e  p o l a r ­

i s e r  and a n a ly s e r  i n t o  th e  c o r r e c t  p o s i t i o n  w ith  r e s p e c t  to  

one a n o th e r  and to  th e  sp e c to g ra p h ,  th e  f r o n t  o f  th e  p o l a r i -  

m e te r  was mounted on two i r o n  p l a t e s  s l i d i n g  o v e r  one a n o th e r .  

By p u l l i n g  th e  p o l a r i m e t e r , u s in g  th e  s i n g l e  screw as  c e n t r e ,  

th e  l i g h t  co u ld  be fo c u s se d  on th e  s l i t  o f  a  c o n s ta n t  d e v i a ­

t i o n  s p e c t ro s c o p e  p la c e d  a t  e x a c t l y  th e  same d i s t a n c e  from 

th e  p o l a r i m e t e r  a s  th e  s l i t  o f  th e  s p e c to g ra p h .  By t h i s  

means, an  e n la rg e d  image o f  th e  d i v id i n g  l i n e  was o b ta in e d ,  

and , by moving th e  p o l a r i s e r  and a n a ly s e r ,  th e  optimum p o s i ­

t i o n  o f  t h e s e  cou ld  be found v i s u a l l y .  Only s l i g h t  c o r r e c t i o n s  

were n e c e s s a r y  a f t e r  t h i s ,  to  o b t a i n  t h e  p o s i t i o n s  f o r  p h o to -  

g ra p h i  c w ork .

T h is  same a rrangem en t w i th  th e  c o n s ta n t  d e v i a t i o n  

s p e c t ro sc o p e  was a l s o  employed to  en su re  t h a t  th e  l e v e l l i n g  

o f  th e  p r ism s  was c o r r e c t .  By f o c u s s in g  th e  d i v i d i n g  l i n e  

on th e  c ro s s  w ire s  i n  th e  e y e p ie c e ,  and r o t a t i n g  th e  p o l a r i s e r  

th ro u g h  180°, any d isp la c e m e n t  o f  t h e  d i v id i n g  l i n e  cou ld  

e a s i l y  be s e e n .  The p o l a r i s i n g  p r ism  i s  h e ld  i n  p la c e  i n  a 

c o rk - l in e d  h o l d e r ,  by means o f  t h r e e  p a i r s  o f  sc rew s . By
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a d j u s t i n g  t h e s e  th e  d iv id in g  l i n e  was o b ta in e d ,  so t h a t  i t  

rem ained  u n a l t e r e d  i n  l e v e l  a f t e r  b e in g  tu rn e d  th ro u g h  180° .

The same p r o c e s s  was r e p e a t e d  f o r  th e  a n a l y s e r .

The p h o to g rap h  r e s u l t i n g  from t h i s  in s t ru m e n t  c o n s i s t s  

o f  t h e  i r o n  a r c  spectrum  d iv id e d  a lo n g  i t s  l e n g th  by a t h i n  w h ite  

l i n e  . The z e ro  was f i r s t  f i x e d  v i s u a l l y ,  u s in g  th e  a rrangem en t 

d e s c r ib e d  a b o v e .  I t  was found , however, t h a t  th e  ze ro  so o b ta in e d  

d id  n o t  h o ld  f o r  p h o to g ra p h ic  work, d i f f e r i n g  from th e  v a lu e  

f i n a l l y  o b ta in e d  f o r  t h i s  by a b o u t  0 . 5 ° .  The p h o to g ra p h ic  ze ro  

was f i x e d  by t a k in g  a  number o f  p o s i t i o n s  o f  th e  a n a ly s e r  round

th e  p o s i t i o n  found v i s u a l l y .  These r e a d in g s  d i f f e r e d  by 0 .0 2 ° ,

so t h a t  th e  ze ro  cou ld  be f i x e d  to  w i th in  0 .0 1 5 ° .  The zero  i s  

t h a t  p o s i t i o n  o f  th e  a n a ly s e r  a t  which th e  two h a lv e s  o f  t h e  spec­

trum  have th e  same i n t e n s i t y  a l l  th e  way a lo n g .  At o th e r  

p o s i t i o n s  t h e  top  h a l f  i s  e i t h e r  d a rk e r  o r  l i g h t e r  th a n  th e  low er 

h a l f .  When an  o p t i c a l l y  a c t i v e  medium i s  p la c e d  betw een th e  

p o l a r i s e r  and a n a l y s e r ,  the  r e s u l t i n g  p ho to g rap h  shows a change 

over from d a rk  on th e  upper, to  d a rk  on th e  low er h a l f ,  o r  v ic e  

v e r s a ,  one wave l e n g t h  o n ly  b e in g  e x t in g u i s h e d ,  i . e . ,  m atch ing  

in  b o th  h a lv e s  . The case  j u s t  d e s c r ib e d  would h o ld  o n ly  f o r  a 

d i s p e r s i o n  curve p a s s in g  th ro u g h  z e ro ,  b u t  th e  same e f f e c t  would 

be o b ta in e d  r o t a t i n g  th e  a n a ly s e r  th ro u g h  a sm all an g le  and f i n d ­

in g  th e  wave l e n g th  which i s  u n a l t e r e d .  The a n g le  would th e n  be

th e  r o t a t i o n  o f  th e  su b s ta n c e  f o r  t h a t  wave l e n g t h .  By r e p e a t i n g

t h i s  p ro ced u re  f o r  v a r io u s  a n g le s  a com plete  d i s p e r s i o n  curve may 

be o b t a in e d .  I t  shou ld  be n o te d  t h a t  t h i s  p ro ce d u re  i s  the
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/  r e v e r s e  o f  t h a t  employed i n  v i s u a l  work i n  t h a t  h e r e  th e  r o t a t i o n  

i s  f i r s t  f i x e d  and th e  wave l e n g t h  found c o r re s p o n d in g  to t h i s .

N a t u r a l l y  th e  e x p o su res  r e q u i r e d  v a ry  b o th  w i th  t h e  

amount o f  l i g h t  t r a n s m i t t e d  by th e  s o l u t i o n  and a l s o  w i th  the  

p a r t  o f  t h e  spec t rum  b e in g  examined A f u r t h e r  f a c t o r  i s  th e  

t y p e  of  p l a t e  u s e d .  A f t e r  e x p e r im e n t ,  i t  was found t h a t  th e



most s a t i s f a c t o r y  r e s u l t s  were o b ta in e d  u s in g  I l f o r d  I s o - Z e n i t h  

p l a t e s  o f  H & D 650. With th e s e  th e  l o n g e s t  ex p o su re s  r e q u i r e d  

were 42 m in u te s  w i th  2 -2  d i n i t r o  cam phane. Some ex p e r im e n t  was 

a l s o  n e c e s s a r y  to  f i n d  th e  b e s t  d e v e lo p e r  to  use w i th  th e s e  

p l a t e s  . That f i n a l l y  used was a  maximum c o n t r a s t  d e v e lo p e r  o f  

50 gms . each  o f  h y d ro q u in o n e , sodium b i s u l p h i t e  and p o ta s s iu m  

brom ide i n  two l i t r e s  o f  w a t e r .  For use equal q u a n t i t i e s  o f  

t h i s  s o l u t i o n  and a  s o l u t i o n  o f  90 gms. c a u s t i c  soda i n  two 

l i t r e s  o f  w a te r  a re  t a k e n ,  th e  tim e o f  developm ent b e in g  abo u t 

1 m in u te  .

T r ia l  o f  th e  in s t ru m e n t  w i th  camphor .

The in s t ru m e n t  h av in g  been  a d ju s te d  i t  was now n e c e s s a r y

to  t r y  i t  o u t  on some s u b s ta n c e  whose r o t a t i o n  i n  th e  u l t r a

v i o l e t  was known. For t h i s  pu rpo se  camphor, whose r o t a t i o n  has
( 2 2 )been s tu d i e d  by  Lowry and Gore, ' was c h o sen .  The r e s u l t s ,  

u s in g  a  1% s o l u t i o n  i n  Hexane, a r e  g iv e n  i n  Table  I and i l l u s ­

t r a t e d  i n  g rap h  I .  The r o t a t i o n  r i s e s  to  a l a r g e  p o s i t i v e  

maximum o f  M =3500° a t  =3200, t h e r e a f t e r  f a l l s  to z e ro  a t  

2950, r i s i n g  a f t e r  t h i s  to  a  n e g a t iv e  maximum o f  M *3000° a t  

2720 A.TJ. These r e s u l t s  a g re e  c lo s e l y  w ith  th o se  r e c o rd e d  by 

th e  above a u th o r s ,  i . e . ,  M =3950° a t  3200 A U, zero  a t  3020

and n e g a t iv e  maximum o f  3300° a t  2720 A U f o r  a s o l u t i o n  i n

c y c lo h e x a n e . For camphor v a p o u r^ ® )  th e  fo l lo w in g  r e s u l t s  a re  

re c o rd e d  :-

Maximum M =3040° a t  \  =3200, ze ro  a t  3020 A U and
minimum M =2830° a t  \  =2800 .



TABLE I

ROTATORY DISEERSIOT OP CAMPHOR s o ln .  in  hsxane

! ROTATION*

o(

MOL ROT

M
X  ‘

(o~l

+■ 2 .2 +  3377 31 .12 31 .95

4- 2 .1 + 3100 31*00 3 2 .2 0

+  2*0 +  3068 30 .95 3 2 .2 0

t  1 .9 +  2915 3 0 .7 o 3 2 .2 2

+ 1 .7 + 2607 3 0 .4 0 3 2 .4 0

+ 1*3 + 1992 2 9 .8 0 33 .05

+  0 .7 + 1073 2 8 .4 8 3 3 .4 0

+  0 .4 +  614 25 .39 -

-  1*0 —1535 - 4 1 .3 0

-  1 .4 -  2148 3 5 .6 0 3 8 .8 0

- 1 . 8 -  2760 3 6 .4 0 3 7 .1 0





The g r a p h  a l s o  shows a  sm a ll  i r r e g u l a r i t y  n e a r  t h e  p o s i t i v e  

maximum. T h is  sm a l l  ’’s t e p - i n ” h a s  b e e n  n o t e d  by o t h e r  w o r k e r s ^ 4  ̂

and i s  s a i d  to  be due  to  t h e  f a c t  t h a t  t h e  a b s o r p t i o n  band i n  

camphor i s  c o m p o s i t e .  A f u r t h e r  e v id e n c e  o f  t h i s  i s  t o  be  s e e n  

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

p e a k  b e in g  much n a r r o w e r  th a n  th e  n e g a t i v e  o n e .  These  f a c t s  

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

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

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

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

was c o r r e c t l y  a d j u s t e d  a s  f a r  a s  r o t a t i o n  was c o n c e rn e d  a t  

l e a s t .

R o t a t o r y  D i s p e r s i o n  o f  2 -2  d i n i t r o c a m p h a n e .

The p ro b le m  under e x a m in a t io n  was to  f i n d  th e  c o n t r i ­

b u t i o n ,  i f  an y ,  due t o  t h e  n i t r o  g ro u p  i n  an  o p t i c a l l y  a c t i v e  

compound. To a v o id  t h e  l a b o u r  and ex p en se  o f  a  l e n g t h y  

r e s o l u t i o n  a  n i t r o  compound was so u g h t  w hich  w ould be o p t i c a l l y  

a c t i v e  n a t u r a l l y .  Such a  s u b s ta n c e  was fo u n d  i n  th e  o x i d a t i o n

p r o d u c t  o f  camphor p s e u d o - n i t r o l  . T h is  was p r e p a r e d  by a l lo w in g

th e  n i t r o l  t o  s t a n d  ex p o sed  t o  l i g h t  and oxygen  f o r  14 d a y s  on 

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

th e  p r o d u c t  fo rm ed was shown to  be 2 -2  d i n i t r o  camphane w h ich

h a s  t h e  s t r u c t u r a l  fo rm u la  : -



F or p u r p o s e s  o f  r o t a t i o n  t h i s  was r e c r y s t a l l i s e d  s i x  t im e s  from  

a l c o h o l - w a t e r  s o l u t i o n .

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

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

c o n s t a n t  d e v i a t i o n  s p e c t r o s c o p e  and a  L ip p ic h  p o l a r i m e t e r ,  w i th  

a  1000 c ,p . P o i n t o l i t e  lamp a s  l i g h t  s o u r c e .  The r e s u l t s  o f  

t h i s  a r e  shown i n  T a b le  2 and  g ra p h  2, f ro m  w hich  i t  w i l l  be 

s e e n  t h a t  t h e  r o t a t i o n  r i s e s  r a p i d l y  to w a rd s  th e  u l t r a  v i o l e t  .

F o r  w ork i n  t h e  u l t r a  v i o l e t  r e g i o n  v a r i o u s  c o n c e n t r a ­

t i o n s  h a d  to  be u s e d ,  d e p e n d in g  on t h e  a b s o r p t i o n  a t  t h e  p o i n t  

u n d er  e x a m i n a t i o n .  These s o l u t i o n s  v a r i e d  f ro m  1 .2 5 $  t o  0 .1 5 6 $ ,  

a l c o h o l  b e in g  u sed  th r o u g h o u t  a s  s o l v e n t . In  a l l  c a s e s  th e  

l e n g t h  o f  tu b e  u sed  was 0 ,9 9  cm. and th e  t e m p e r a t u r e  room 

t e m p e r a tu r e  o f  17°C . The e x p o s u re s  r e q u i r e d  a l s o  v a r i e d  from  

2 m in u te s  f o r  t h e  z e ro  up to  a  maximum o f  45 m i n u t e s ,  u s in g  

I s o - Z e n i t h  650 p l a t e s .

The r e s u l t s  a r e  g iv e n  i n  T ab le  3 and i l l u s t r a t e d  on 

g r a p h s  3 - 5 .  From t h i s  i t  i s  o b v io u s  t h a t  t h e  r o t a t i o n  i s  

an o m alo u s ,  r i s i n g  to  a  n e g a t i v e  maximum o f  M  =2640° a t  a  wave 

l e n g t h  o f  3030 A .U . T h e r e a f t e r  t h e  r o t a t i o n  f a l l s  s t e e p l y  t o  

z e ro  a t  a  wave l e n g t h  o f  2770 . Beyond t h i s  t h e  r o t a t i o n  i s  

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

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

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

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

due t o  th e  NO2 g ro u p  h a s  b een  d r a w n .u s in g  Lowry and H u d so n ’s ^ 2 5 ^



TABLE 2

ROTATORY DISTERSIOR OP 2 -2  DINITROCAVEHAHE IR VISIBLE 

oono. 2 .0 7 3  gm s./lO O c.o . S t  OH

A ROTATION SPEC ROT

6800 — 0 .92 -  7 4 .0

6700 -  0 .9 7 -  7 8 .0

6600 — 0 .99 -  79 .6

6500 -  1 .0 3 — 8 2 .8

6400 -  1 .06 — 8 5 .2

6300 -  1 .1 1 — 8 9 .2

6200 -  1 .1 4 — 9 1 .6

6100 — 1 .15 -  9 2 .5

6000 -  1 .1 7 -  9 * .*

5900 — 1 .23 -  9 8 .8

5800 -  1 .3 2 - 1 0 5 .

5700 — 1 .38 — 110.9

5600 — 1 .4 3 -  114 .9

5200 — 1 .66 -  133 .5

5000 -  1 .8 3 — 147*1
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TABLE 3

ROTATORY DISPERSION OP 2 -2  DINITROCA^PHANE

0.156 gms./lOO c • G .

X ROT
SPEC
ROT

2980 - 0 .4 -2590

2946 -0 .3 5 -2267

2912 -0 .2 5 -1619

2869 -0 .2 0 -1295

2833 -0 .1 5 -9 7 1 .4

2804 - 0 .1 0 -6 4 7 .6

2762 0 .0 0 0

2706 0 .1 0 647 .6

2679 0 .15 971 .4

2644 0 .2 0 1295

2618 0.25 1619

IN ULTRA VIOLET

0.625  gm s/ 100 c .  c.

>
ROT

SPEC
ROT

3720 - 0 .5 -8 8 8 .1

3558 - 0 .6 -9 7 1 .4

3350 - 0 .7 -1132

3248 - 0 .8 -1295

3222 - 0 .9 -145_4

oonc. 0 .312  gms/lOO 
c . c .

3193 -0 .5 -1619

3126 - 0 .7 -2267

3047 - 0 .8 -2590



TABLE 4 . . . . . .

CALCULATION OP ROTATION FRON LOWRY & HUDSON'S EQUATION

. ^  
X

£

c

UP

- i ' J W -•

& &
& +T& M2 < V  X)

5650 1 2 .0 .0417 .01427 .05597 -1 5 1 .

5170 1 0 .0 .0500 .01513 .06513 -1 9 2 .

4690 8 .0 • 0625 .$1610 .0786 -2 5 5 .5

4210 6 .0 .0833 .01721 • 1005 -3 6 3 .8

3850 4 .5 .1111 .01814 .1292 -5 1 2 .6

3610 3 .5 .1429 .01883 .1617 -6 8 2 .7

3442 2*8 .1936 .01934 .2129 -9 4 2 .3

3346 2 .4 .2353 . q1964 .2549 -1 1 6 1 .

3250 2 .0 .3013 .01995 • 3212 -1 5 0 6 .

3154 1 .6 .4000 .02023 .4202 -2030 .

3106 1 .4 • 4564 .02045 .4769 -2 3 4 0 .

3058 1 .2 .5073 .02063 .5279 -2637 .

3010 1 .0 .5381 .02079 .5589 -2 8 3 0 .

2986 .9 .5407 .02087 • 5616 -2867 .

2962 .8 •5321 .02095 .5530 -2845 .

2938 .7 • 5105 .02105 .5315 -2 7 5 7 .

2914 • 6 .4748 .02113 .4959 -2593 .

2890 .5 .4244 .02122 • 4456 -2351 .



T.ABLS 4 (c o n td .)

v-\ t i

2866 •4 • 3594 .02132 .3807 -2 0 2 4 .

2842 • 3 .2762 .02140 .2976 -1 5 9 6 .

2818 • 2 .1946 .02150 .2161 -1 1 6 9 .

2794 .1 .0990 .02159 .1206 -6 5 7 .9

2770 0 .0000 .02169 .02169 -1 1 9 .3

2746 -.1 0990 .02178 -.0 7 7 2 2 4 2 7 .0

2722 - . 2 - .1 9 4 6 .02187
.1727

6 6 7 .0

2698 - . 3 - .2 7 6 2 .02198 - .2 5 4 2 1435.

2674 -.4 - .3 5 9 4 .02207 - .3 3 7 3 1923.

2650 - . 5 - .4 2 4 4 r02217 - .4 0 2 2 2313.

2626 -.6 - .4 7 4 8 .02227 - .4 5 2 5 2626.

2602 - . 7 -.5 1 0 5 .02237 - .4 8 8 1 2859.

2578 - . 8 - .5 3 2 1 .02247 -.5 0 9 6 3012.

2554 - .9 - .5 4 0 7 .02257 - .5 1 8 1 3091.

2530 -1,0 - .5 3 8 1 .02267 - .5 1 5 4 3105.

2482 -1.2 - .5 0 7 3 .02288 -.4 8 4 4 2974.

. 2434 - 1 .4 -.4 5 6 5 .02309 -.4 3 3 4 2 714.*___ _



lotO



Dickie iSm



( 26)m o d i f i c a t i o n  o f  K uhn’s e q u a t i o n ,  ' i n  w h ich  th e y  s u b s t i t u t e

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

4  i n t o  th e  a b s o r p t i o n  e q u a t i o n  a s  used  by  K u h n .^ ® ^
Y

These  e q u a t i o n s  a r e -[S-'HrJ
Lowry and  H u d so n : 2  ^

- V V -
- e

K uhn : £  «  ^

m - ¥
The c a l c u l a t e d  cu rv e  o b t a i n e d  from  t h i s  i s  shown a s  r e d  i n  

g r a p h  3 .  The m ethod  o f  c a l c u l a t i o n  i s  a s  f o l l o w s

S ix  colum ns a r e  h e a d e d  a s  shown i n  Table  4 .  Column 2 c o n t a i n s

t h e  v a l u e s  o f  C, i . e . ,  3.T.JV , f o r  w hich  th e  v a lu e  o f  t h e  
-** f C a d

i n t e g r a l  ^  \ a (I* iS  10:10wn* op may ^

o b t a i n e d  from  th e  s e r i e s .  These v a lu e s  a r e  c o n ta in e d  i n  

column 3 .  The maximum v a lu e  o f  t h i s  i n t e g r a l  o c c u r s  when C=0.9 

S in c e  A  * 1 .6651  ©, w here A i s  t h e  h a l f  w id th  o f  t h e  

b an d ,  o r  t h e  wave ‘l e n g t h  i n t e r v a l  be tw een  t h o s e  p o i n t s  a t  w hich  

t h e  d i c h r o i s m  i s  h a l f  t h e  maximum, and C= ^ - 3 ?  = (^ .1 ^ 1 - ) 1*6651
\  * c A 't h e  wave l e n g t h  o f  th e  maximum may be fo u n d :  /\ = /^ +

I n  t h e  p r e s e n t  c a se  we h a v e :  A *  2770 + —v  '^ 3 ? °  -  2986 A .U .y  1*6651
T h is  g i v e s  a  wave l e n g t h  d i f f e r e n c e  o f  2986 -  2770 = 216 A ,U . 

f o r  an  i n t e r v a l  o f  0 .9  i n  C . ,  i . e . ,  a n  in c r e m e n t  o f  24 A .U . 

f o r  e a c h  0 .1  , Column 1 i s  now b u i l t  up on t h i s .  Column 4



c o n t a i n s  th e  v a l u e s  o f y ( ^ 0 b e in g  th e  p o s i t i o n  o f  t h e

h e a d  o f  t h e  hand) and i n  column 5 a r e  g iv e n  t h e  v a l u e s  o f  th e  

c o m p le te  i n t e g r a l . The r o t a t i o n  may be c a l c u l a t e d  from  th e

be o m i t t e d ,  h o w ev e r ,  and  t h e  r o t a t i o n s  o b t a i n e d  d i r e c t l y  from  

t h e  o r i g i n a l  e q u a t i o n .

b e tw een  t h e  c a l c u l a t e d  and e x p e r im e n ta l  c u rv e s  i s  c l o s e  a s  

r e g a r d s  t h e  p o s i t i o n  o f  th e  maximum and z e ro  o f  r o t a t i o n .  The 

a b s o l u t e  m a g n i tu d e s ,  ho w ev er ,  v a r y ,  so t h a t  when t h e  c a l c u l a t e d  

c u rv e  i s  s u b t r a c t e d  from  th e  o b s e rv e d  c u rv e ,  th e  r e s u l t i n g  

cu rv e  o r  c r o s s e s  t h e  z e ro  l i n e  i n  s e v e r a l  p o i n t s  . I t  i s  d o u b t ­

f u l  how much o f  t h i s  v a r i a t i o n  i s  due t o  e x p e r im e n ta l  e r r o r  and 

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

e m p lo y e d .

s h o u ld  be n o te d  t h a t  i n  t h e  s t e e p  p a r t  o f  th e  c u rv e  f o l l o w i n g  

th e  maximum, a  s m a l l  d i f f e r e n c e  i n  wave l e n g t h  makes a  v e r y  

l a r g e  a l t e r a t i o n  i n  th e  s i z e  o f  th e  d i f f e r e n c e  o f  s p e c i f i c  

r o t a t i o n .  A sm a l l  e x p e r im e n ta l  e r r o r  would h ave  a  l a r g e  e f f e c t  

in  t h i s  r e g i o n .  C o u n te r a c t i n g  t h i s  i s  th e  f a c t  t h a t  th e  i n s t r u ­

ment i s  v e r y  a c c u r a t e  i n  a  p a r t  o f  th e  cu rve  w here th e  r o t a t i o n s  

change r a p i d l y  w i th  wave l e n g t h  a s  th e y  do i n  th e  r e g i o n  o f

maximum v a lu e  o f  t h e  r o t a t i o n  o b t a i n e d

The f a c t o r  3723 comes from  ______100
-2TT l o g 10 e

from

o r i g i n a l  e q u a t i o n .  By m u l t i p l y i n g  th e  num bers  i n  5 by  M

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

I t  w i l l  be s e e n  from  th e  g r a p h s  t h a t  t h e  a g reem en t

W ith  r e s p e c t  to  t h e  f i r s t  o f  t h e s e  p o s s i b i l i t i e s  i t
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a b s o r p t i o n .  I n  t h i s  p a r t  o f  th e  c u rv e ,  u s in g  th e  c o n c e n t r a t i o n s  

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

p o i n t  o f  e x t i n c t i o n ,  w h ich  i s  a l l  t h a t  i s  t a k e n  from  t h e  p l a t e ,  

i s  o f  t h e  o r d e r  o f  15 A .U . Such a  sm a ll  d i f f e r e n c e  i n  t h e  

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

o b s e rv e d  and  c a l c u l a t e d  c u r v e s .

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

a c c u r a t e  i n  t h a t  r e g i o n  o f  t h e  d i s p e r s i o n  cu rv e  w here th e  

r o t a t i o n  ch a n g e s  o n ly  s lo w ly  w i th  wave l e n g t h .  H ere  t h e  e r r o r  

may be o f  t h e  o r d e r  o f  25-60  A .U .,  a g a i n  c a p a b le  o f  a lm o s t  

h a l v i n g  t h e  d i f f e r e n c e  b e tw een  c a l c u l a t e d  and o b s e rv e d  c u rv e s  .

The a c c u r a c y  h e r e  i s  a l s o  r e d u c e d  by  th e  f a c t  t h a t  a t  th e  r e d  

end o f  t h e  s p e c t ru m  th e  wave l e n g t h  s c a l e  o f  t h e  s p e c t r o g r a p h  

i s  much l e s s  w id e ly  sp a c e d  th a n  i t  i s  f u r t h e r  i n t o  t h e  u l t r a  

v i o l e t  .

The c u r v e s  have  a l s o  been  c a l c u l a t e d  u s in g  K uhn’s 

o r i g i n a l  e q u a t i o n ,  and a l s o  u s in g  Lowry and H u d so n ’s m o d i f i c a t i o n  

o f  t h i s  on a  f r e q u e n c y  b a s i s .  These c u rv e s  a r e  shown i n  g r a p h  

5 .  The m ethod  o f  c a l c u l a t i o n  i s  q u i t e  a n a lo g o u s  t o  t h a t  

d e s c r i b e d  a b o v e .  Prom t h e s e  c u rv e s  i t  a p p e a r s  t h a t  on a f r e ­

quency  b a s i s  K u h n 's  e q u a t i o n  f i t s  b e t t e r  a s  r e g a r d s  p o s i t i o n  

and s i z e  o f  t h e  maximum and a l s o  on th e  s h o r t  wave s id e  o f  t h e  

maximum, b u t  f a l l s  away to o  r a p i d l y  on th e  lo n g  wave s i d e .  On 

th e  o t h e r  h a n d ,  Lowry and H u d so n ’s e q u a t i o n ,  w h i le  i t  d o es  n o t  

d i f f e r  v e r y  g r e a t l y  on t h e  s h o r t  wave s id e  from  K u h n 's ,  f i t s  

th e  e x p e r im e n ta l  cu rv e  on t h e  lo n g  wave s id e  and hence , a p p e a r s
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t o  be  b e t t e r  t h a n  t h e  o r i g i n a l  e q u a t i o n .  A s i m i l a r  b e h a v io u r  

i n  t h e  d i f f e r e n c e  c u rv e  h as  a l s o  b een  o b t a i n e d  by o t h e r  w o r k e r s ,  

e . g . ,  Lowry i n  t h e  c a s e  o f  a r a b i n o s e ^  w here  th e  d i f f e r e n c e  

c u rv e  c r o s s e s  t h e  z e r o  a x i s  i n  s e v e r a l  p l a c e s .  Prom t h i s  i t  

w ould  a p p e a r  t h a t  t h e  v a r i a t i o n s  i n  th e  d i f f e r e n c e  c u rv e  i n  

t h i s  exam ple a r e  a l s o  due i n  a g r e a t  m easu re  to  t h e  e q u a t i o n .

Prom t h e  f a c t  t h a t  th e  d i f f e r e n c e  c u rv e  i s  p r a c t i c a l l y  

z e r o  i t  may be  d ed u ced  t h a t  e s s e n t i a l l y  th e  w hole o f  th e  r o t a t i o n  

o f  th e  s u b s t a n c e ,  i n  t h e  v i s i b l e  a t  l e a s t ,  i s  due t o  t h e  

p r e s e n c e  o f  th e  n i t r o  g ro u p s .  T h is  e f f e c t  was more o r  l e s s  to  

be e x p e c te d  f rom  th e  f a c t  t h a t  i f  any s u b s t i t u e n t  i n  t h i s  

p o s i t i o n  i s  r e p l a c e d  by CHg th e  m o le c u le  i s  i n a c t i v e ,  and a l s o  

from  t h e  c l o s e  p r o x im i ty  o f  th e  g roup  t o  t h e  v i s i b l e  r e g i o n .

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  h e r e  i t  i s  d i f f i c u l t  t o

su p p o se  t h a t  t h e  e f f e c t  i s  due t o  in d u c e d  d is sy m m e try  i n  t h e
(28)

s e n s e  i n  w h ich  i t  h as  b een  p o s t u l a t e d  by Lowry , f o r  t h e  CO

g ro u p  i n  cam phor. T h e re  i t  was a t t r i b u t e d  t o  t h e  p r e s e n c e  o f

a sem i p o l a r  d o u b le  band w h ich  can  become d i s s y m e t r i c  when p la c e d

i n  an  a sy m m e tr ic  f i e l d .  I n  t h i s  i t  w ould be  s i m i l a r  t o  t h e  com-
(29)pounds o f  s u lp h u r  w hich  a r e  o f  a p y ra m id a l  s t r u c t u r e ,  one o f  

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

p o l a r i s a b l e  g ro u p  su c h  in d u c e d  d is sy m m e try  may be p o s s i b l e ,  

b u t  i t  i s  d i f f i c u l t  t o  s e e  how t h i s  c o u ld  t a k e  p l a c e  ir> a 2 -2  

d in i t ro c a m p h a n e  w here we have  two s i m i l a r  g ro u p s  a t t a c h e d  t o  

c a rb o n  by s i n g l e  v a le n c y  b o n d s ,  u n l e s s  i t  w ere by a unsym- 

m e t r i c a l  a r ra n g e m e n t  o f  th e  l i n k a g e s  w i t h i n  th e  hOg g roups  

th e m s e lv e s .  T h e re  i s  th e  p o s i b i l i t y  t h a t  th e  n i t r o  g ro u p s
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s in c e  t h e y  a r e  p l a c e d  i n  an  u n sy m m e tr ic a l  f i e l d  a r e  n o t  

e x a c t l y  e q u i v a l e n t  t o  one a n o t h e r .  I n  t h i s  r e s p e c t  i t  m ig h t  

he i n t e r e s t i n g  t o  compare 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  two 

mono n i t r o  com pounds.

L o w ry !s i d e a s  on  t h e  o r i g i n  o f  t h e  o p t i c a l  r o t a t o r y  

power o f  camphor b e in g  due  to  t h e  in d u c e d  d isy m m e try  o f  t h e  

CO g ro u p  g i v i n g  r i s e  t o  a  t h i r d  a sy m m e tr ic  c a rb o n ,  h a v e  b e e n  

c r i t i c i s e d  r e c e n t l y  by  K u h n ^ 0  ̂ who m a i n t a i n s  t h a t  b e f o r e  

o p t i c a l  a c t i v i t y  (ran make i t s  a p p e a r a n c e ,  two m u t u a l l y  i n t e r ­

a c t i n g  g ro u p s  m ust be p r e s e n t  i n  d i f f e r e n t  p a r t s  o f  th e  

m o le c u l e ,  w h ich  i s  i n  ag re e m e n t w i th  t h e  g e n e r a l  t h e o r y  o f  

B o rn .  T h i s ,  h e  h o l d s ,  r u l e s  o u t  t h e  p o s s i b i l i t y  o f  o p t i c a l  

r o t a t i o n  b e in g  p ro d u c e d  by a  s i n g l e  e l e c t r o n  a s  i t  would be 

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

o n ly  c a s e s  known a t  p r e s e n t  i n  w hich  t h e  o p t i c a l l y  a c t i v e

compound c o n t a i n s  a  s e m i - p o la r  bond t o  c a rb o n ,  a r e  t h o s e  o f
( 31) ( 32)t h e  a c i  fo rm s  o f  2 -  n i t r o  b u ta n e  and o c t a n e v ; i n  a l l

o t h e r  c a s e s ,  a  d o u b le  bond t o  c a rb o n  i s  n o n - p o l a r .

Prom su ch  c o n s i d e r a t i o n s  i t  w ould  a p p e a r  t h a t  L o w ry ’s 

t h e o r y  o f  in d u c e d  d is sy m m e try  d o es  n o t  h o ld  v e ry  w e l l  even  

f o r  th e  c a s e s  w here  t h i s  m ig h t  be p o s s i b l e  and c e r t a i n l y  n o t  

i n  t h e  c a s e  o f  2 - 2 -d in i t ro c a m p h a n e  w here we h a v e  a  c l e a r  

exam ple o f  w hat Kuhn te rm s  v i c i n a l  a c t i o n . i . e .  t h e  c o u p l in g  

o f  t h e  v i b r a t o r s  w i th  th e  f re q u e n c y  o f  th e  a b s o r p t i o n  b an d ,  

w i th  some o t h e r  g ro u p  w i t h i n  t h e  m o le c u l e .



m s  MEASUREMENT OF CIRCULAR DIOHROISM.

F r e sn e l showed th a t a ray o f p lan e p o la r is e d  l i g h t ,  

on e n te r in g  an o p t ic a l ly  a c t iv e  medium, i s  s p l i t  up in to  

two c ir c u la r  components which t r a v e l  w ith  unequal v e l o c i t i e s .  

How, i t  can e a s i ly  he seen  from models or hy c o n s id e r a t io n  o f  

th e  eq u ation s o f  wave m otion, th a t i f  one o f  the c ir c u la r  com­

ponents i s  absorbed more than th e  o th e r , then  th e  r e s u l t in g  

emergent ray  i s  e l l i p t i c a l l y  p o la r is e d  and cannot be e x tin g u ish ­

ed by any p o s i t io n  o f  th e  a n a ly se r . The e l l i p t i c i t y ,  i . e .  th e  

r a t io  o f  th e  minor to  th e  major a x is  in  th e  e l l i p s e ,  i s  g iv en  

by the d if f e r e n c e  and sura o f  the am plitudes o f  th e  two c ir c u la r  

emergent r a y s . This i s  i l l u s t r a t e d  in  th e  diagram . This

phenomenon, which i s  e x h ib ite d  by 

some ab sorp tion  bands, i s  analogous  

to  the unequal a b so rp tio n  o f  th e  

ord inary  and ex tra  ord inary  rays  

in  c e r ta in  c r y s t a l s .  The term  

Dichroism  has a lread y  been a p p lie d  

to t h i s  and th e  name C ircu lar  Dichroism  g iv e n  to  the correspond­

in g  e f f e c t  in  o p t ic a l ly  a c t iv e  m edia.

Methods e x i s t  by means o f  which e l l i p t i c a l  l i g h t  o f  a 

known e l l i p t i c i t y  can be produced and th e  method o f  m easuring  

th e  e l l i p t i c i t y  produced by a s o lu t io n , i s  to  superim pose upon 

t h i s  a known e l l i p t i c i t y  o f  o p p o site  s ig n , so th a t the emergent 

l ig h t  i s  p lan e p o la r is e d .
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In  th e  v i s i b l e  i t  i s  u su a l to  u se  a quarter wave p la t e

o f  m ica, i . e .  a p la t e  o f mica cut p a r a l le l  to  th e  a x is  and o f

such a th ic k n e ss  th a t the ord inary and ex traord in ary  rays

s u f fe r  a r e l a t iv e  phase d if fe r e n c e  o f  ^  by tr a n sm iss io n .
IT

I f  a .p la n e  p o la r is e d  ray  i s  in c id e n t ,  e ith e r  p erp en d icu lar  or 

p a r a l le l  to  th e  a x is  i t  emerges p lane p o la r is e d , i f  in c id e n t  

a t  45° i t  emerges c ir c u la r ly  p o la r is e d  and in  any in term ed ia te  

p o s i t io n ,  i t  i s  e l l i p t i c a l l y  p o la r is e d . The tangent o f  th e  

a n g le  which th e  p lan e  o f  th e  in c id e n t  ray makes w ith  th e  1 s lo w 1 

a x is  o f  th e  p la t e  may be taken as a measure o f  th e  e l l i p t i c i t y .  

A quarter wave p la te  i s  accu ra te  on ly  over a com p aratively  

sh o rt range o f  wave le n g th s  and, fo r  t h i s  rea so n , i s  u n su ited  

fo r  u se  in  u l t r a  v i o l e t  work where a la r g e  range o f  wave le n g th  

i s  u sed . In  t h i s  reg io n  th e r e fo r e , a F r e sn e l rhomb i s  used  

in tro d u c in g  a s i t  does on ly  a th ir d  o f  th e  error in  r e la t iv e  

phase d if fe r e n c e  o f  th a t in trodu ced  by a quarter wave p la te  

over th e  same range.

The F resn e l rhomb depends fo r  i t s  a c t io n  on th e  f a c t  

th a t when a p lan e  p o la r is e d  ray i s  t o t a l ly  r e f l e c t e d ,  i t  i s  

s p l i t  up in to  two components w hich have a r e la t iv e  phase d i f ­

fe r e n c e . This phase d if fe r e n c e  depends on th e  a n g le  o f  i n c i ­

dence and th e  r e f r a c t iv e  index o f  th e  rhomb. To produce a 

phase d if fe r e n c e  o f  th e  rhomb would req u ire  to  have a 

r e f r a c t iv e  in d ex  g r e a te r  than 2 .4 .  This d i f f i c u l t y  i s  overcome 

by u s in g  two in te r n a l r e f l e c t io n s .  U sing an acu te  a n g le  o f  

54°37 * a s shown in  th e  diagram, F resn el ob ta in ed  c ir c u la r ly
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FIG. X.

p o la r is e d  l i g h t  when th e  p lan e o f  th e  in c id e n t  p lan e p o la r is e d  

ray  made an a n g le  o f  45° w ith  th e  p lane o f  in c id e n c e . A ray  

plane p o la r is e d  in  th e  p lan e o f  in c id en ce  i s  tra n sm itted  un­

changed and in  any in term ed ia te  p o s i t io n ,  i t  i s  tra n sm itted  

ad an e l l i p t i c a l l y  p o la r is e d  ra y . In  th e  ca se  o f  sm all a n g le s ,  

th e  e l l i p t i c i t y  i s  a g a in  th e  tangent o f  th e  an g le  which the  

p lane o f  th e  in c id e n t  ray  makes w ith  th e  p lan e o f  r e f l e c t io n .

The id e a l  su b stan ce from which the rhomb should  be

made i s ,  o f  co u r se , fu sed  s i l i c a ,  but i t  i s  o n ly  very  r e c e n t ly

th a t  a s u f f i c i e n t l y  la r g e  p ie c e  cou ld  be ob ta in ed  fr e e  from
(33)s t r a in .  Kuhn , to  overcome t h i s  d i f f i c u l t y ,  used a h o llow  

b rass c e l l  o f  th e  req u ired  shape, the l i g h t  p a ss in g  through  

quartz windows. We have been fo r tu n a te  to  o b ta in  a rhomb o f  

fu sed  s i l i c a  from The Thermal S yn d ica te , L td. This was t e s t e d  

v i s u a l ly ,  by means o f  a p o la r is in g  m icroscope, and a ls o  photo­

g r a p h ic a lly  and found to be fr e e  from s t r a in .  The a c tu a l  

dim ensions o f  th e  rhomb are 1 .7  x  1 .7  cm. ap ertu re  and an 

acu te  a n g le  o f  51° 47* . This a n g le  was c a lc u la te d  from th e  

equ ation  g iv en  by F re sn e l (O euvres, Com pletes, ]L, 792 .)

4 f t *  s ^ i  -  ( V * I ) C < £  +2  )  s***• 1- Iz + 2 = 0

The v a lu e  o f  n used was * * 2 7 4 3  ^  1 ,4964



T h is rhomb i s  mounted im m ediately behind th e  p o la r is e r  

in  a h o ld er  a s  i l l u s t r a t e d  in  the diagram .

This en a b les th e  instrum ent to  be used fo r  the measurement 

o f  both  d ichroism  and r o ta t io n , w ith  no fu r th er  a l t e r a t io n  

than th e  r a is in g  o f  th e  p o la r is e r  by means o f  th e  screw  shown. 

T his i s  n e c essa ry  because o f th e  low erin g  o f th e  in c id e n t  ray  

by th e  in te r n a l  r e f le c t io n #  Once the p o la r is e r  and rhomb are  

in  p o s i t io n ,  th e  procedure i s  s im ila r  to  th a t fo r  th e  m easure­

ment o f  r o ta t io n ,  except th a t  in  t h i s  c a se , the a n a ly ser  i s  

kept f ix e d  and a s e r ie s  o f  p o s it io n s  o f  the p o la r is e r  tak en . 

The zero i s  ob ta in ed  by s e t t in g  the p o la r is e r  and a n a ly ser  so 

th a t th e  in t e n s i t y  o f  the l ig h t  tra n sm itted  i s  a minimum, and 

then r o ta t in g  tfce p o la r is e r  through sm all a n g le s , u n t i l  both  

h a lv es  of th e  photograph are o f  th e  same in t e n s i t y  throughout

th e ir  whole le n g th .
W hile fu sed  s i l i c a  i s  th e  id e a l  substance to  u se  fo r

th e  rhomb from th e  p o in t o f v iew  o f tran sp arency , i t  has th e
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d isad van tage  o f  having a g r e a te r  r e f r a c t iv e  d is p e r s io n  than  

g la s s .  Lowry (O p tica l R otatory  Power, p . 252-253) g iv e s  th e

in  th e  near u l t r a  v i o l e t  th e r e fo r e  i t  would he more a ccu ra te  

to  u se  such a g la s s  rhomb.

The d if fe r e n c e  in  m olecu lar e x t in c t io n  c o e f f i c i e n t s  

fo r  r ig h t  and l e f t  c ir c u la r ly  p o la r is e d  l i g h t ,  may be ob ta in ed  

from th e  a c tu a l  an g le  through which the p o la r is e r  i s  r o ta te d  

by means o f  th e  e x p r ess io n  -

As in  th e  ea se  o f  r o ta t io n , i t  was n ecessa ry  to  t e s t  

the instrum ent by m easuring the d ichroism  o f  a su b stan ce in  

which t h i s  was known. For t h i s  purpose, camphor was a ga in  

chosen . The r e s u l t s  ob ta in ed  w ith  a 1$ s o lu t io n  in  hexane are  

g iven  in  Table 5 and i l lu s t r a t e d  in  Graph I .  The d ichroism  

r i s e s  to  a maximum o f  1 .4 2  a t  2990 c . f .  about 1*4 and 3000 

g iv en  by Kuhn and Gore^22  ̂ who, u n fo r tu n a te ly , g iv e  o n ly  a 

diagram and no num erical d a ta . This d isp lacem ent o f  th e  d i -  

chroism  towards th e  red  from th e  maximum o f a b so rp tio n , has 

been taken  as a fu r th e r  proof o f the com posite nature o f  th e

carbonyl band.

experim en ta l error  fo r  a u v io l  g la s s  rhomb as 0 .0 2 °  and fo r  

a fu sed  s i l i c a  rhomb, accu ra te  a t 2740, a s  0 .0 5 ° .  For work

where p  i s  in  rad ian s

C i s  in  gram. m ols. per l i t r e  

X i s  le n g th  o f  s o lu t io n  in  cmim  cms

A p p lica tio n  to  the c ir c u la r  dichroism  
o f  camphor.



TABLE 5

DICHROISM OF CAJ/PHOR IU  HEXAHE X %  SOEtf.

Ellt^htctlry
in

P “*0V +€6
a« > x «

0 .5 .0087 3 9 .8 4 3 1 .6 0 .232

1 .0 .0175 38.76 - .467

1 .5 .0262 37.95 3 1 .8 0 .699

2 .0 .0349 3 6 .9 0 31 .85 .932

2 .5 .0436 36.25 32 .05 1 .167

2 .8 .0489 35.34 3 2 .6 8 1 .308

2 .9 .0506 3 5 .2 1 3 2 .89 1 .353



3 9 .

From t h i s  agreement w ith  p u b lish ed  r e s u l t s ,  i t  was 

concluded th a t  the instrum ent was c o r r e c t ly  a d ju ste d .

For th e  measurement o f  th e  d ichroism  o f  2 -2  d in it r o -  

camphane, a s o lu t io n  o f  0 .156$  in  e th y l a lc o h o l was u sed .

This r eq u ired  exposure o f  30 m in u tes. The maximum e l l i p t i c i t y  

record ed  was - 0 .7 5 ° ,  g iv in g  a m olecular e l l i p t i c i t y  o f  - 3 .3 6 .  

The r e s u l t s  are  g iv e n  in  Table 6 and Graph 6 . In  th e  graph 

the e l l i p t i c i t i e s  have been p lo t te d  on a wave le n g th  b a s is  

and appear to  be very  sym m etrical. From th e  wave le n g th  in ­

te r v a l  between the two p o in ts  a t  which th e  d ichroism  i s  h a lf  

the maximum, known as th e  h a l f  w id th , and the maximum v a lu e  

i t s e l f ,  a c a lc u la te d  curve was drawn from Lowry and Hudson's^25) 

m o d if ic a t io n  o f  Kuhn’ s equation  (Table 7)

The c o n sta n ts  b e in g  d e fin ed  as d escrib ed  in  th e  r o ta t io n

eq u ation . This curve i s  shown in  red  in  the graph and i t  w i l l

be n o tic e d  th a t th e  c a lc u la te d  v a lu e s  are too  low on th e  lo n g

wave s id e  and too h igh  on the sh ort wave s id e .  This i s  ju s t

what would be th e  e f f e c t  o f  th e  fa c to r  . This fa c to r  i s  o f

an em p ir ica l nature in  any c a se , and another curve was drawn

o m ittin g  i t .  The r e s u l t  o f t h i s  i s  shown on the same graph

and i t  w i l l  be seen  th a t  a much c lo s e r  agreement i s  ob ta in ed

w ith  th e  experim en ta l cu rve. In  o m ittin g  t h i s  fa c to r , we have
(34)

the preced en t o f  Kuhn and Szabo w i th  th e  ex cep tio n  th a t

Kuhn & Szabo

Lowry & Hudson



TABLE 6

DICHROISM OP 2 - 2  MHITSOCA’d’HAHE

A

E-2U
In

calc

# 3 1 - 0 .2 0 - .9 0 -1 .0 3 6

3 00® -0 .3 0 -1 .3 3 -1 .2 5 2

2972 -0 .3 5 -1 .5 6 -1 .6 6

2957 -0 .4 0 -1 .7 9 -1 .8 4

2946 -0 .4 5

to0<m1 - 1 .9 7

2920 -0*50 -2 .2 3 -2 .2 8

2900 -0 .5 5 -2 .4 6 - 2 .5 1

2885 -0 .6 5 -2 .9 2 -2 .6 8

2778 -0 .7 5 -3 .3 6 -3 .3 6

2739 -0 .7 5 -3 .3 6 -3 .3 1

2666 -0 .6 5 -2 .9 2 -2 .7 9

2644 -0 .5 5 -2 .4 6 -2 .5 6

2520 -0 .5 0 -2 .2 3 -2 .2 8

2580 -0 .4 0 -1 .7 9 -1 .8 0

2550 -0 .3 5 -1 .5 6 -1 .4 5





TABLE 7

CALCULATION OP DICHROISM OF 2 -2  DimTROCATPHAfTE

\
U

£ -e
1*
A

oihtftioj

3040 1 .1 2 4 1 .263 .2828 .9111 .8682 .9528

3000 .9572 .9162 .4001 .9234 1 .246 1 .348

2960 7909 .6255 .5351 .9358 1 .6 8 8 1 .803

2920 .6243 .3898 .6770 .9486 2 .1 6 4 2 .2 8 1

2880 .4578 .2095 .8112 .9618 2 .6 2 9 2 .733

2840 .2914 .0849 .9186 .9754 3 .0 1 9 3 .095

2800 .1248 .0156 .9845 .9393 3 .2 8 2 3 .3 1 7

2760 .04162 .0017 .9983 1 .003 3 .376 3 .3 6 3

2720 .2081 .0433 .9576 1 .0 1 8 3 • 286 3 .2 2 7

2680 .3745 .1403 .8691 1* 034 3 .0 2 8 2 .9 2 9

2640 .5 4 1 1 .2917 .7469 1 .049 2 .6 4 0 2 .5 1 7

2600 .7074 .5004 .6062 1 .065 2 .176 2 .0 4 3

2560 .8740 .7639 .4658 1 .082 1 .6 9 8 1 .5 7 0

2500 1*124 1*263 .2328 - • • .9 5 2 8

: 2770  

(5̂ ?̂ 2 4 0 .3  

A  •  400. 

( V O  -  “3 .3 7



th ey  u sed  fr e q u e n c ie s  th rou gh ou t.

From th e  f a c t  th a t  th e  maximum o f  e l l i p t i c i t y  l i e s  

w ith in  10 A.U. o f  th e  p o s i t io n  o f  zero r o t a t io n ,  i t  may he  

deduced th a t  in  th e  oase  o f  th e  n itr o  group, th e  a b so r p tio n  

hand i s  " sim p le” , i . e .  c o n s i s t s  o f  o n ly  one hand, a s  compared 

w ith  th e  com p osite  hand o f  camphor.



ABSORPTION.

S in ce  th e  zero  o f  r o ta t io n  and th e  maximum o f  d ich ro ism  

dhould occur a t  th e  maximum o f a b so r p tio n  due to  th e  a c t iv e  

group or groups in  th e  m o lecu le , i t  was n e c e ssa r y  to  stu d y  

th e  a b so r p tio n  o f  2 -2  d in it r o  camphane.

From a stu d y  o f  th e  l i t e r a t u r e ,  i t  appeared th a t  th e

NOg a b so rp tio n  had been s tu d ie d  q u a n t i ta t iv e ly  o n ly  in  th e

ca se  o f  n itr o -e th a n e  vapour . In  t h i s  i t  showed a sh a llo w

band betw eeh 2780 and 2500 . The a b so rp tio n  has been s tu d ie d
(36)

q u a l i t a t iv e ly  by s e v e r a l  au th ors and ap art from th e  c a se  

ju s t  quoted , th e  o n ly  compound to  show s e l e c t iv e  a b so rp tio n  

was th a t  o f  t e t r a  n itr o  m ethane. In  most c a se s  an in c r e a se  

in  th e  g e n e r a l a b so r p tio n  was noted  and in  some t h i s  was 

accom panied by a " step  o u t" .

The a b so r p tio n  o f  2 -2  d in itr o  camphane was f i r s t  

s tu d ie d  q u a l i t a t iv e ly  by th e  B aly tub e method and was found  

to  have no s e l e c t i v e  a b so rp tio n  but a la r g e  s te p  out about 

2700 to  2800 A .U . S in ce  a s te p  out i s  due to  a s e l e c t i v e  

a b so rp tio n  band masked by g en era l a b so r p tio n , i t  would appear 

th a t  on th e  lo n g  wave s id e  a t  l e a s t ,  o f  the s te p  ou t would  

r ep re sen t th e  shape o f  th e  s e l e c t i v e  a b so rp tio n  due to  th e  

n itr o  group. To examine th e  form o f  t h i s  p art o f  th e  curve  

a c c u r a te ly , th e  a b so rp tio n  was s tu d ie d  q u a n t i ta t iv e ly  by 

means o f  a H ilg e r  R o ta tin g  S e c to r  P hotom eter.

The o p t ic a l  arrangem ent o f  t h i s  i s  i l l u s t r a t e d  in  th e



diagram below

L ight from a n ic k e l  spark p a s se s  through two w edge-shaped  

l e n s e s ,  w hich render i t  co n v erg en t. The two rays th en  p ass  

through two r o ta t in g  d i s c s .  The low er o f  th e s e  has a f ix e d  

a p er tu re , w h ile  th e  o th er  has a v a r ia b le  a p ertu re  c a lib r a te d  

to  read d ir e c t  in  lo g  j .  From t h i s ,  th e  two ra y s  f a l l  on a 

biprism  p la ced  im m ed iately  in  fr o n t  o f  th e  sp ectrograp h  s l i t .  

This ren d ers th e  ra y s  p a r a l l e l .

The r e s u l t in g  photographs c o n s i s t  o f  co n tig u o u s p a ir s  

o f  s p e c tr a . The l iq u id  b e in g  examined i s  co n ta in ed  in  a g la s s  

c y l in d r ic a l  c e l l  w ith  screw  end s. These screw  ends a re  to  be 

p referred  to  ends s tu c k  on by s e a l in g  wax or some o th er  ad­

h e s iv e , s in c e  th e se  are a lm ost sure to  le a k . The c e l l s  a re  o f  

d if f e r e n t  le n g th s , th e  one u sed  in  t h i s  c a se  b e in g  £ cms. lo n g , 

th a t c o n ta in in g  th e  s o lu t io n  b e in g  p la c ed  in  fr o n t  o f  th e  f ix e d  

s e c to r , w h ile  a s im ila r  c e l l  f u l l  o f  th e  so lv e n t  i s  p la c ed  in  

fro n t o f  th e  v a r ia b le  s e c t o r ,  thus e lim in a t in g  th e  e f f e c t  o f



th e  s o l v e n t .

When th e  in s t ru m e n t  i s  c o r r e c t l y  a d ju s te d  th e  two 

s p e c t r a  i n  each  c a se  m atch  th ro u g h o u t t h e i r  l e n g th  a s  i n  th e  

p o la r im e te r .  S in c e  t h i s  a d ju s tm e n t  may som etim es p ro v e  

tro u b le so m e , a  s h o r t  d e s c r i p t i o n  h e re  may be o f  some h e lp  

to  su b se q u e n t w o rk e rs  in  t h i s  f i e l d .

The f i r s t  t h in g  to  a t t e n d  to  i s  th e  c le a n in g  o f  th e  

c e l l s .  T hese sh o u ld  be w ashed v e ry  th o ro u g h ly  s e v e r a l  t im e s  

w i th  soap  and w a te r  and  th e n  w ith  w a te r .  I f ,  even a f t e r

th o ro u g h  c le a n in g ,  th e  s p a rk  f a i l s  to  come th ro u g h  to  a t  l e a s t

££00 A .IT ., th e  in s tru m e n t  m ust be t i l t e d  by r a i s i n g  th e  two 

sc rew s on one s id e  and  lo w e rin g  th e  s i n g l e  sc rew  on th e  o th e r  

o r  v ic e  v e r s a .  I n  m oving th e s e  sc re w s , th e  s i n g l e  sc rew  sh o u ld  

be moved o n ly  by a  h a l f  o f  th e  change i n  th e  o t h e r s ,  s in c e  th e  

s e c t o r s  a r e  n o t  midway be tw een  th e  two s e t s  o f  s c re w s , b u t  

o n ly  a b o u t a  t h i r d  from  th e  s i n g l e  sc rew . W henever th e  i n s t r u ­

ment i s  t i l t e d ,  th e  l i g h t  s o u rc e  m ust a lw ays be moved to  en ­

s u re  t h a t  th e  im age e n t i r e l y  c o v e rs  th e  b ip r is m .

I f  th e  r e s u l t i n g  s p e c t r a  do n o t m atch  a l l  th e  way 

a lo n g , b u t show a  c h a n g e o v e r, th e n  th e  in s tru m e n t  i s  e i t h e r  

to o  h ig h  o r  to o  low , and m ust be  r a i s e d  i f  th e  r e d  end o f  th e  

s p e c t r a  i s  to o  l i g h t .  The s p e c t r a  may now m atch  i n  th e  v i s i b l e  

and i n  th e  u l t r a  v i o l e t  down to  ab o u t £500, b u t  may d i f f e r  

beyond t h i s .  I f  th e  low er h a l f  i s  l i g h t  beyond t h i s ,  th e  

doub le  sc rew s sh o u ld  be lo w e re d , k e e p in g  th e  s in g l e  sc rew  

f ix e d .  •



To f i n d  a  s u i t a b l e  c o n c e n t r a t io n  o f  s o l u t i o n ,  th e  

v a r i a b l e  s e c t o r  i s  s e t  a t  1 .5  and  p h o to g ra p h s  ta k e n  w ith  

v a r io u s  c o n c e n t r a t io n s  o f  a  two cm. l a y e r ,  u n t i l  one i s  ob­

t a i n e d  i n  w h ic h  th e  lo w er h a l f  o f  th e  sp e c tru m  i s  j u s t  d a rk e r  

th a n  th e  u p p e r , i n  th e  r e g io n  o f  maximum a b s o r p t io n .  U sin g  

t h i s  c o n c e n t r a t io n ,  a  s e r i e s  o f  p h o to g ra p h s  i s  ta k e n  f o r  

s e c to r  r e a d in g s ,  from  0 - 1 .5 .  The e x p o su re s  may be c a l c u l a t e d
_ I /

from  th e  e x p re s s io n  n ~ w here A i s  a  s u i t a b l e  e x p o su re  f o r
k L'

th e  s e c t o r  f u l l  o p en , and £  th e  a n t i l o g  o f  th e  s e c to r  r e a d ­

in g .

I n  p r a c t i c e ,  i t  w i l l  be fo und  t h a t  a s l i g h t l y  lo n g e r  

ex p o su re  th a n  t h a t  g iv e n  by t h i s  e x p re s s io n  sh o u ld  be u se d  

f o r  th e  s m a lle r  s e c to r  r e a d in g s .

From th e  r e s u l t i n g  p h o to g ra p h s , th e  wave le n g th s  a t  

w hich  th e  two s p e c t r a  m atch  a r e  n o te d , and  a  c u rv e  draw n, p l o t ­

t i n g  wave l e n g th  a g a in s t  m o le c u la r  e x t i n c t i o n  c o e f f i c i e n t  ob­

ta in e d  from  £  -  S e c to r  r e a d in g  0 b e in g  c o n c e n t r a t io n  i n
c . l

gm. m o ls . p e r  l i t r e ;  1 th e  l e n g th  i n  ems.

T h is  in s tru m e n t  was t r i e d  o u t on cam phor. F o r t h i s  a

2 cm. colum n o f  0 .0 8 4 0  gms. i n  25 c . c .  hexane  was u s e d . The

d a ta  i s  g iv e n  i n  T ab le  8 and  G raph I .  The r e s u l t  f o r  th e

mft-x-inrnm o f  a b s o r p t io n  a g re e s  w ith  t h a t  ta k e n  from  Kuhn and
„ ( 22 )G ore’ s c u rv e



TAB LB 8

ABSORPTION OP CAMPHOR IN HEXANE .084 gms./25e.e

A V S € c fev £
2480 3330 4 0 .3 2 30*03 .2 4 .4 8

2590 3280 39*68 3 0 .4 9 .3 6 .7 2

2570 3230 3 8 .9 1 3 0 .9 6 .4 8 .9 6

2600 3210 38 .46 3 1 .1 6 .5 1 1 .2 0

2630 3160 3 8 .0 2 3 1 .6 3 • 6 13 .44

2700 3120 3 7 .0 4 3 2 .0 5 .7 1 5 .6 8

2740 3070 3 6 .5 0 3 2 .5 8 .8 1 7 .9 2

2820 3000 35 .46 33 .34 • 9 20*16—

O 'c  0  u ;  Z. \  W ^ ' i  *-r

• V : 0 - ^ ' i .  ’ V \T  ’•■ ■ s '  .V<v.- A ■ ■' ‘ ..  ̂ '. A  v .  i  .ji.'.-lA;

* '^A rp\*iO £- >>ss;4.



A p p l ic a t io n  to  2 -2  d in itro c a m p h a n e .

F o r th e  a b s o r p t io n  o f  2 -2 -  d in itro c a m p h a n e , a  s o l u t io n  

o f  0 .0 3 9  gms. i n  100 c . c .  a lc o h o l  was u se d  i n  a  2 cm. colum n, 

The d a ta  f o r  t h i s  i s  g iv e n  i n  T ab le  9 and  Graph 7 , from  w hich  

i t  w i l l  be s e e n  t h a t  t h e r e  i s  no s e l e c t i v e  a b s o r p t io n ,  b u t a 

v e ry  d e c id e d  s te p  o u t be tw een  2800 and  2700 , th u s  c o n firm in g  

th e  q u a l i t a t i v e  r e s u l t s .

U sing  Lowry and Hudson*s m o d i f ic a t io n  o f  Kuhn’ s em p ir- 

i c a l  e q u a t io n  f o r  th e  c o u rs e  o f  a n  a b s o r p t io n  band £ -  

a x̂ l s u b s t i t u t i n g  i n  t h i s  th e  v a lu e s  o f  \  and  ^  a s  u se d  i n  th e  

d ic h ro ism  and r o t a t i o n  c u rv e s ,  a  c a l c u l a t e d  c u rv e  was draw n 

(T ab le  1 0 ) .  By d iv id in g  th e  maximum v a lu e  o f  th e  e l l i p t i c i t y  

by th e  v a lu e  o f  th e  a n is o t r o p y  f a c t o r  ( t h i s  w i l l  be  d is c u s s e d  

l a t e r )  a t  t h a t  wave l e n g th ,  a  v a lu e  o f  280 was o b ta in e d  f o r  

th e  maximum a b s o r p t io n  and  s u b s t i t u t e d  i n  th e  above e q u a t io n .  

From th e  c lo s e  ag reem en t be tw een  th e  two c u rv e s  on th e  lo n g  

wave s i d e ,  we assum e t h a t  t h i s  i s  th e  c o r r e c t  form  o f  th e  band 

due to  th e  n i t r o  g ro u p . I t  w i l l  be  se e n  t h a t  th e  maximum o f  

a b s o r p t io n  o c c u rs  a t  th e  same wave le n g th  a s  th e  maximum o f  

d ic h ro ism  and z e ro  o f r o t a t i o n ,  th u s  c o n firm in g  th e  u n i t a r y  

n a tu r e  o f  th e  a b s o r p t io n  b an d .

The a n is o t r o p y  f a c t o r .

T h is  te rm  h as  been  a p p l i e d  to  th e  r a t i o  o f  e l l i p t i c i t y

to  o rd in a ry  a b s o r p t io n  ^ ~  Some c o n t r o v e r s y ^ ^ )  seem s
E.



TABUS 9

ABSORPTION OP 2 - 3  DIHITR0CA1OTAME

A S s c b v a
j& St 3570 0 0 .0 0

3310 0 .1 2 9 .2

3165 0 .2 5 8 .4

3060 0 .3 8 7 .6

3000 0 .4 1 1 6 .8

2965 0 .5 146 .5

2925 0 .6 1 7 5 .5

2905 0 .7 2 0 5 .0

2880 0 .8 2 33 .

2820 0 .9 2 64 .

2740 1 .0 292 .

2580 1 .1 322 .

2520 1 .2 3 5 1 .

2515 1 .3 3 8 0 .5

2480 1 .4 4 1 0 .

2465 1 .5 439.
■S'
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TABLE 1 0

. „ CALCULATE ON 0P ABSORPTION OP 2 -2  DMITROCAMPHANB

\  1
K A ,

e

A - X V

-------------- ^

£v  ^  /

3040 1 .1 2 4 1 .2 6 3 0.2828 79 .18

2990 .9156 .8383 0.4325 121 .2

2940 .7074 .5004 0.6062 1 6 9 .7

2890 .4955 .2495 0 .7792 2 1 8 .2

2840 .2914 .0849 0.9186 2 5 7 .2

2760 .0416 .0017 0-9983 2 7 9 .6

2740 .1248 .0156 0-9845 2 7 5 .7

2690 .3330 .1109 0-8949 2 5 0 .5

2640 .5 411 .2928 0 .7 4 6 1 208 .9

2590 .7492 .5613 0.5704 1 5 9 .7

t 2550 b  .9156 .8383 0.4325 121 .2



to  have  a r i s e n  o v e r t h i s  te rm  w hich  Lowry c a l l s  th e  d i s s y m ­

m e try  f a c t o r ” , h o ld in g  t h a t  o p t i c a l  a c t i v i t y  depends on  th e  

d issym m etry  o f  th e  medium and n o t on i t s  a n i s o t r o p y .  Kuhn, 

how ever, b e l i e v e s  t h a t  w h ile  n e i t h e r  te rm  i s  a b s o l u t e ly  c o r ­

r e c t ,  y e t  th e  te rm  11 d issy m m etry ” h a s  come to  have a  r a t h e r  

l im i t e d  m ean ing , r e f e r r i n g  to  th e  d i f f e r e n c e  i n  th e  a r r a n g e ­

m ent o f  th e  c h e m ic a l s u b s t i t u t e n t s  a s  a  w hole a c c o rd in g  to  

P a s t e u r 1 s P r i n c i p l e .  The te rm  T,a n is o t r o p y  f a c t o r ” i n d i c a t e s  

i n  some m easu re  th e  n o n - is o  t r o p i c  a rra n g em e n t o f  th e  compon­

e n ts  o f  th e  t o t a l  s c a t t e r i n g  moment. T h ese , he  h o ld s ,  m ig h t 

be p a r a l l e l ,  i n  w hich  c a s e , even  i f  th e y  w ere d is s y m m e tr ic a l ly  

a r r a n g e d  in  th e  m o le c u le , no o p t i c a l  a c t i v i t y  w ould r e s u l t .  

Kuhn, t h e r e f o r e ,  s u g g e s ts  t h a t  i n  f u t u r e  some su ch  te rm  a s  

" a c t i v i t y - a n i s o t r o p y ” f a c t o r  sh o u ld  be u s e d , th u s  r e v e r t i n g  

to  D rude l s " a c t i v i t y  c o e f f i c i e n t ” .

A m ethod p e rh a p s  o f  a v o id in g  a l l  c o n tr o v e r s y ,  w ould be

to  c a l l  th e  f a c t o r  th e  e l l i p t i c i t y - a b s o r p t i o n  r a t i o .
(37)The a c t u a l  p h y s ic a l  s i g n i f i c a n c e  o f  t h i s  f a c t o r  

i s  t h a t  i t  i s  th e  amount by w h ich  th e  c o n t r ib u t io n  o f  a n  a b ­

s o r p t io n  band to  th e  o rd in a ry  l i g h t  r e f r a c t i o n  m ust b e  m u l t i ­

p l i e d ,  i n  o rd e r  to  o b ta in  th e  c o n t r ib u t io n  o f  th e  band to  th e  

o p t i c a l  a c t i v i t y .  I t  i s  a l s o  t h a t  q u a n t i ty  by w h ich  th e  

o rd in a r y  r e f r a c t i v e  in d e x  w i th in  an a b s o r p t io n  band , m ust be 

m u l t i p l i e d  to  o b ta in  th e  c i r c u l a r  d ic h ro ism  f o r  any  wave le n g th  

b e lo n g in g  to  th e  band , and  may be ta k e n  a s  a  m easure  o f  th e  

a c t i v i t y  o f  a  band to w ard s  o p t i c a l  a c t i v i t y .



When t h i s  i s  a p p l i e d  to  th e  c a se  o f  2 - 2 - d i n i t r o  cam- 

p h an e , i t  i s  fo und  t h a t  g re m a in s  c o n s ta n t  a t  0 .0 1 2  (T ab le  11) 

u n t i l  beyond 2778 A .U . T h is  i s  w hat w ould  be e x p e c te d  i n  a n  

a b s o r p t io n  band  c o n ta in in g  one com ponent and f u r n i s h e s  a  f u r t h e r  

p ro o f  o f  t h i s  i n  c o n n e c tio n  w i th  th e  n i t r o  g ro u p . I t  i s  a ls o  

a  p ro o f  o f  th e  f a c t  t h a t  th e  d ic h ro ism  e x te n d s  o v e r th e  same 

ra n g e  a s  th e  a b s o r p t io n  due to  th e  n i t r o  g ro u p .

K ote on  s i z e  o f  d .

Kuhn, from  h i s  th e o ry  o f  c o u p le d  l i n e a r  v i b r a t o r s ,  h a s  

deduced  a n  e x p re s s io n  c o n n e c tin g  th e  d i s t a n c e  betw een  th e  v i ­

b r a t o r s  w ith  th e  " a n is t r o p y  f a c t o r " .  T h is  e x p re s s io n  i s

w hich  i s  l e s s  th a n  m o le c u la r  d im e n s io n s . T h is  h a s  b e en  fo u n d  

to  be  f u l f i l l e d  i n  some c a s e s ,  b u t i n  o th e r s  th e  s i z e  o f  fd f 

i s  much g r e a t e r  th a n  t h a t  o f  th e  m o le c u le . Kuhn h a s  a tte m p te d  

to  e x p la in  t h i s  by  m o d ify in g  h i s  o r i g i n a l  m odel, so t h a t  the. 

v i b r a t o r s  a r e  n o t  m u tu a lly  p e r p e n d ic u la r .  To b r in g  , d l w i th in  

m o le c u la r  d im e n s io n s , i t  i s  found  t h a t  i n  some c a s e s  th e  v i b r a ­

t o r s  w ould be rem oved from  b e in g  p a r a l l e l  by a n  a n g le  o f  o n ly  

2 ° .  I t  i s  d i f f i c u l t  to  b e l i e v e  t h a t  such  a sm a ll  d e p a r tu r e  

from  a  p la n e  f i g u r e  sh o u ld  g iv e  r i s e  to  l a r g e  r o t a t i o n s .

When a p p l ie d  to  th e  p r e s e n t  c a s e ,  th e  e x p re s s io n  above
—8g iv e s  a  v a lu e  o f  2 .8 6 6  x  10 cm. f o r  d , w h ich , i t  w i l l  be 

n o te d , i s  w i th in  m o le c u la r  d im e n s io n s . I t  i s  d i f f i c u l t  to  s a y ,

C le a r ly ,  t h i s  sh o u ld  le a d  to  a  v a lu e  o f  d
w



TABLE 11

THE AHISOTROW FACTOR

X e r « / £ 3

3030 - . 9 1 0 0 .5 .009

3008 - 1 .3 2 112 .5 • 012

2972 -1 .5 6 1 3 8 .0 .0 1 1

2957 -1 .7 9 1 5 2 .0 .012

2946 -2 .0 3 1 6 2 .0 .012

292o -2 .2 3 1 8 9 .0 .012

2900 -2 .4 6 2 1 0 .0 .012

2885 -2 .9 2 2 2 7 .0 • 013

2778 -  3 .3 6 2 8 3 .0 • 012

2740 -3 .3 6 2 9 2 .5 .0 1 1

2666 -2 .9 2 30 7 .5 .009

2644 -2 .4 6 3 1 1 .0 .008

2620 -2 .2 2 3 1 5 .0 .007

2580 -1*8 322 .5 .006



how ever, how much f a i t h  can  he  p la c e d  i n  t h i s  a s  a  t r u e  m easure  

o f  th e  d i s t a n c e

From th e  fo l lo w in g  f a c t s ,  i t  i s  p ro v ed  t h a t  i n  th e  c a se  

o f  t h i s  compound, th e  n i t r o  g roup  i s  a s s o c i a t e d  w ith  a  v e ry  

m arked exam ple o f  th e  C o tto n  E f f e c t .

(a) The r o t a t i o n  r i s e s  to  a  maximum, f a l l s  to  z e ro  and  

i s  t h e r e a f t e r  p o s i t i v e .

(h) The n i t r o  g roup  i s  a s s o c i a t e d  w ith  a n  a b s o r p t io n  

hand w h ich , how ever, i s  m asked hy th e  g e n e r a l  

a b s o r p t io n  so t h a t  i t  a p p e a rs  a s  a  s te p  o u t .  The 

maximum o f  s e l e c t i v e  a b s o r p t io n  o c c u rs  a t  z e ro  o f  

r o t a t i o n .

(o) C i r c u l a r  d ic h ro ism  e x te n d s  o v e r th e  same ra n g e  a s  

th e  a b s o r p t io n  band and r i s e s  to  a  maximum a t  same 

wave l e n g th  a s  maximum o f  s e l e c t i v e  a b s o r p t io n .

(d) The a n i s t r o p y  f a c t o r  rem a in s  c o n s ta n t  up to  th e  m axi­

mum o f  th e  a b s o r p t io n  b an d .

2-HITRQ BUTA3EB.

S in c e  i t  h a s  b een  p roved  t h a t  th e  n i t r o  group  i s  a s s o c ­

i a t e d  w ith  a  C o tto n  E f f e c t  i n  2 -2  d i n i t r o  cam phane, th e  same 

band sh o u ld  show a s i m i l a r  e f f e c t  i n  o th e r  n i t r o  com pounds.

F or t h i s  p u rp o s e , i t  was d e c id e d  to  exam ine th e  s im p le s t  n i t r o  

compound w hich  c o u ld  be  o b ta in e d  i n  th e  o p t i c a l l y / c o n d i t i o n .  

T h is  i s  2 - n i t r o  b u ta n e .



P r e p a r a t io n .

The r e a c t i o n  u se d  was th e  a c t io n  o f  s i l v e r  n i t r i t e  on 

se c o n d a ry  b u t y l  i o d id e .  The i n a c t i v e  form  was f i r s t  p r e p a re d  

by  t h i s  m ethod . The s t a r t i n g  p ro d u c t was s e c .  b u ty l  a lc o h o l  

w hich  sh o u ld  be f r e s h l y  d i s t i l l e d  im m ed ia te ly  b e fo re  u se  and 

t h a t  f r a c t i o n  b o i l i n g  9 9 °-lG 0 ° u s e d .

The s e c .  b u ty l  io d id e  was p re p a re d  a c c o rd in g  to  th e
/  7 Q  \

m ethod g iv e n  by C la rk e  by th e  a c t i o n  o f  r e d  p h o sp h o ru s 

and  io d in e  on th e  a lc o h o l .  I n  t h i s ,  c a r e  sh o u ld  be  ta k e n  t h a t  

th e  p h o sp h o ru s  i s  a b s o lu te ly  d ry  and  o f  a  deep r e d  c o lo u r .

When d i s t i l l i n g  th e  i o d id e ,  i t  was fo u n d  a d v is a b le  to  add  a  

sm a ll  q u a n t i ty  o f  m ercu ry  to  th e  d i s t i l l i n g  f l a s k .  T h is  p r e ­

v e n ts  th e  l a s t  d ro p s  o f  io d id e  from  b e in g  c o lo u re d  by f r e e  

io d in e .  A lso  i f  th e  io d id e  i s  to  be k e p t f o r  some t im e , a  

sm a ll  p ie c e  o f  re d u c e d  co p p er sh o u ld  be ad d ed .

The io d id e  was th e n  added  a lo w ly  to  a  m ix tu re  o f  e q u a l 

q u a n t i t i e s  o f  f r e s h l y  i g n i t e d  san d  and  s i l v e r  n i t r i t e i ^ i h e  

s i l v e r  n i t r i t e  i s  p re p a re d  by a d d in g  a  warm c o n c e n tr a te d  s o lu -  

r i o n  o f  sodium  n i t r i t e  (105 g rm s.) to  a  warm c o n c e n tr a te d  s o l ­

u t i o n  o f  s i l v e r  n i t r a t e  (203 g m s .) . The p r e c i p i t a t e  i s  a llo w e d  

to  c o o l ,  f i l t e r e d  r a p id ly  and  w ashed w i th  w a te r ,  a lc o h o l  and  

f i n a l l y  e th e r .

The m ix tu re  o f  san d  and  n i t r i t e  sh o u ld  be k e p t a t  o r  

below  0 °  d u r in g  th e  a d d i t i o n  o f  th e  io d id e  an d , a c c o rd in g  to  

some a u t h o r i t i e s ^ 4 0 ) ,  th e  f l a s k  sh o u ld  n o t  be sh a k en . When



5 0 .

a l l  th e  Io d id e  was ad d ed , th e  f l a s k  was a llo w e d  to  s ta n d  f o r  

some tim e  (o v e r - n ig h t )  a t  0° and  th e n  h e a te d  on a  w a te r  b a th  

f o r  t h r e e  h o u r s .  The m ix tu re  was th e n  f r a c t i o n a t e d  on a n  o i l  

h a th .  A p a le  y e llo w  l i q u i d  s t a r t e d  to  come o v e r a t  5 4 ° , th e  

te m p e ra tu re  t h e r e a f t e r  r i s i n g  s t e a d i l y .  The f i r s t  f r a c t i o n  

was c o l l e c t e d  up to  100° and  th e  re m a in d e r  o f  th e  l i q u i d  co n ­

t e n t s  rem oved u n d e r  re d u c e d  p r e s s u r e .  These w ere th e n  f r a c t i o n ­

a te d  u n d e r re d u c e d  p r e s s u r e  i n  a  v e ry  sm a ll  p e a r - s h a p e d  f l a s k ,  

w i th  a  o o n d en se r f i t t i n g  o v e r th e  s id e  arm . I n  t h i s  way from  

34 gms. o f  s e c .  h u ty l  a lc o h o l ,  3 .5  gms. o f  2 -  n i t r o  h u ta n e  

w ere o b ta in e d  b o i l i n g  a t  55-56 /  47 mm.^3^

The o n ly  im p u r i ty  w hich can  a r i s e  i n  t h i s  p r e p a r a t i o n ,  

i s  s e c .  b u ty l  n i t r i t e  and  b e fo re  g o in g  on to  th e  p r e p a r a t i o n  

o f  th e  a c t i v e  fo rm , i t  was n e c e s s a ry  to  know how much o f  t h i s

was p r e s e n t  i n  th e  2 -  n i t r o  b u ta n e  o f  th e  55-56 f r a c t i o n .  F o r
(41)t h i s  p u rp o se , L unge*s ' c o lo r im e t r ic  m ethod was u s e d .  T h is

r e a g e n t  c o n s i s t s  o f  0 .1  gms. a -n a p h th y la m in e  i n  50 c . c .  w a te r  +

10 c . c .  a c e t i c a c i d  and 0 .5  gms. s u l p h a n i l i c  a c id  i n  50 c . c .

w a te r  + 10 c . c .  a c e t i c a c i d .  These s o lu t io n s  a r e  m ixed and  made

up to  300 c . c .  w i th  w a te r .  F o r p u rp o se s  o f  co m p ariso n , t h a t
o

f r a c t i o n  b o i l i n g  below  100 u n d er o rd in a ry  p r e s s u r e ,  may be 

t a k e n  a s  se e  b u ty l  n i t r i t e .

The fo l lo w in g  r e s u l t s  w ere o b ta in e d :

1 d rop  n i t r i t e  + 2 c . c .  s o ln .  + 2 c . c .  KOH g iv e  a  deep r e d  c o lo u r .  

1 d rop  f r a c t i o n  below  55 /47  mm. + ** n » y e llo w  **

1 d rop  f r a c t i o n  above ** + ” ** no c o lo u r a t io n .



5 1 .

The f r a c t i o n  above 55 /4 7  mm. was t h e r e f o r e  ta k e n  a s  f r e e  from  

n i t r i t e  s in c e  t h i s  r e a g e n t  i s  s e n s i t i v e  to  1 p a r t  n i t r i t e  i n  

50 o f  s o l u t i o n .

RES GLUT 10 IT OF SEC BUTYL ALCOHOL.

T h is  was c a r r i e d  o u t  a c c o rd in g  to  th e  m ethod o f  P ic k a rd  
(42)and  Kenyon . E qual m o le c u la r  p r o p o r t io n s  o f  p h t h a l i c  a n ­

h y d r id e  and s e c .  b u ty l  a lc o h o l  w ere h e a te d  on a  w a te r  b a th  

f o r  t e n  h o u r s .  When c o ld ,  th e  c o n te n ts  o f  th e  f l a s k  w ere 

p o u red  in to  a  d i l u t e  s o l u t io n  o f  sodium  c a rb o n a te  and  l e f t  

f o r  s e v e r a l  h o u r s .  The s o l u t io n  was th e n  e x t r a c t e d  th r e e  

t im e s  w ith  e th e r  to  remove any u n e s t e r i f i e d  a lc o h o l  and  n e u t r a l  

p h th a l i c  e s t e r s  w h ich  m igh t be p r e s e n t .  The a c id  e s t e r  was 

th e n  p r e c i p i t a t e d  by th e  a d d i t i o n  o f  d i l u t e  HC1 and  th e  l a s t  

t r a c e s  o f  e th e r  rem oved, by d raw in g  a i r  th ro u g h  f o r  some t im e . 

By e x t r a c t i n g  th r e e  tim e s  w ith  c h lo ro fo rm  and th e n  rem oval o f  

th e  s o lv e n t ,  u n d e r re d u c e d  p r e s s u r e ,  th e  p h th a la t e  was o b ta in e d  

a s  a  t h i c k  s y ru p .  T h is  may c r y s t a l l i s e  on c o o l in g ,  b u t i f  i t  

does n o t ,  th e n  th e  a d d i t i o n  o f  a  few d ro p s  o f  p e t .  e th e r

(40 -60) w i l l  have  th e  d e s i r e d  e f f e c t .  Then p h th a l a t e  so ob -
o o

ta in e d  had  a  m e l t in g  p o in t  o f  57 -58  .

I n  t h e  n e x t p a r t  o f  th e  r e s o l u t i o n ,  th e  c o m b in a tio n
(42)

w ith  b r u c in e ,  b o th  th e  above a u th o r s  and M acA rthur s t a t e  

t h a t  332 gms. p h th a l a t e  w ere d is s o lv e d  i n  1 .5  l i t r e s  a c e to n e  

and  560 gms. b ru c in e  ad d ed . W hether i t  was due to  a  s l i g h t  

amount o f  w a te r  b e in g  p r e s e n t  i n  th e  b ru c in e  s u p p l ie d  o r  n o t ,



t h i s  q u a n t i ty  o f  a c e to n e  was fo u n d  q u i te  i n s u f f i c i e n t  to  keep  

th e s e  q u a n t i t i e s  i n  s o lu t io n -  An e x c e ss  o f  a c e to n e  was t h e r e ­

f o r e  u se d  a n d , when a l l  th e  b ru c in e  was ad d ed , th e  s u r p lu s  

a c e to n e  rem oved w ith o u t  any  a p p a re n t  i l l  e f f e c t s  on  th e  r e ­

s o l u t i o n .  The b ru c in e  com plex was g iv e n  th r e e  r e c r y s t a l l i s a ­

t i o n s  from  a c e to n e ,  l a r g e  q u a n t i t i e s  b e in g  u s e d . I t  was th e n

r e c r y s t a l l i s e d  e ig h t  t im e s  from  m eth y l a lc o h o l ,  360 c . c .  b e in g
o

u se d  each  t im e . The r o t a t i o n  was found  to  be - 6 .0  i n  a  2 dm.

tu b e ,  u s in g  m ercu ry  g re e n  l i g h t  and a  2f0 a lc o h o l  s o l u t i o n .  The

m e l t in g  p o in t  o f  th e  s o l i d  was 1 6 1 ° .

D uring  t h i s  p a r t  o f  th e  r e s o l u t i o n ,  th e  s o l u t io n s  w ere
(43)

o f  a  b ro w n ish  t in g e  th o u g h ,a c c o rd in g  to  some a u th o r s  , 

b ru c in e ,w h ic h  g iv e s  a  brown c o lo u r ,  i s  u s e l e s s .  I n  o u r c a s e ,  

t h i s  does n o t a p p e a r  to  have had  much e f f e c t ,  i t  was a l s o  

fo u n d  t h a t  th e  s o lu t io n s  w ere n o t a b s o lu te ly  c l e a r  and  had  to  

be f i l t e r e d ,  p r e f e r a b ly  d u r in g  th e  a c e to n e  r e e r y s t a l l i s a t i o n  

s t a g e ,  s in c e  i n  th e  l a t e r  s t a g e s ,  th e  s o l u t io n  was o f  a  sy ru p y  

n a tu r e  and a lm o s t im p o s s ib le  to  f i l t e r .

R ecovery  o f  th e  b r u c in e .

S in c e  much l a r g e r  q u a n t i t i e s  th a n  th o s e  m en tio n ed  above 

a r e  r e q u i r e d  and  b ru c in e  i s  r a t h e r  an  e x p e n s iv e  m a t e r i a l ,  i t  

was n e c e s s a ry  t h a t  th e  same b ru c in e  sh o u ld  be u se d  s e v e r a l  

t im e s .  The m ethod f i r s t  t r i e d  f o r  i t s  r e o o v e ry , was to  d i s ­

s o lv e  i t  i n  HC1 (1 :4 )  and  p r e c i p i t a t e  w ith  ammonia o f  th e  same



c o n c e n t r a t io n .  The p r e c i p i t a t e  so o b ta in e d ,  how ever, was a  

s t i c k y  mass im p o s s ib le  to  f i l t e r .  I t  a l s o  c o n ta in s  f o u r  m ole­

c u le s  o f  w a te r  o f  c r y s t a l l i s a t i o n  a n d , on a t te m p t in g  to  d r iv e  

th e s e  o f f  on  th e  steam  b a th ,  th e  m ass tu r n e d  brown.

I t  was th e n  d is s o lv e d  i n  a lc o h o l  an d  b o i le d  w i th  

a n im a l c h a r c o a l .  The f i l t r a t e  was n o t  c o lo u r l e s s ,  n o r c o u ld

th e  b ru c in e  be in d u ce d  to  c r y s t a l l i s e  o u t .
( 4 4 )

The fo l lo w in g  m ethod was f i n a l l y  a d o p te d  an d  found  

to  g iv e  s a t i s f a c t o r y  r e s u l t s .  To th e  s o l u t io n  i n  HC1 was added  

20$ o f  i t s  volum e o f  a lc o h o l  and  th e  s o l u t i o n  made a l k a l i n e  

w i th  d i l u t e  ammonia. C om plete p r e c i p i t a t i o n  i s  o b ta in e d  a f t e r  

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

can  be f i l t e r e d  r e a d i l y ,  d ry in g  i n  th e  steam  oven y i e l d s  a  

p u re  w h ite  p ro d u c t m e l t in g  a t  1 7 1 ° . By t h i s  p ro c e s s  one lo s e s  

a b o u t 20$ o f  th e  b ru c in e  each  t im e .

R ecovery  o f  th e  a c t i v e p h t h a l a t e .

The a c t i v e  b ru c in e  s a l t  o b ta in e d  by th e  above p ro c e s s

was d is s o lv e d  i n  th e  minimum q u a n t i ty  o f  h o t  a lc o h o l  and  p o u red

in to  d i l u t e  HC1, th u s  b e in g  p r e c i p i t a t e d  a s  a n  o i l  m ass. T h is

was e x t r a c t e d  w ith  e th e r ,  w ashed, d r i e d  and  th e  e th e r  rem oved

i n  a  vacuum. T h is  l e f t  th e  p h th a l a t e  a s  a w h ite  s o l i d  m e l t in g

a t  47° and  w ith  a  r o t a t i o n  o f  foy = 4 5 .8 °  i n  a  2 dm. tu b e  and
%

5$ s o l u t io n  i n  e th y l  a l c o h o l .



The a c t i v e  a lo o h o l

The a c t i v e  p h th a l a t e  was d is so lv e d , i n  a n  e x c e s s  o f  

25$ UaOH warmed f o r  a  few  m in u te s  and th e  a lo o h o l  rem oved in  

a  c u r r e n t  o f  s te a m . S in c e  i t  i s  im p o s s ib le  t o  f r e e  th e  a l ­

o o h o l from  e t h e r ,  i t  c o u ld  n o t he e x t r a c t e d  i n  th e  u s u a l  man­

n e r ,  h u t  was " s a l t e d  o u t"  from  th e  f i r s t  f r a c t i o n  o f  th e  

s team  d i s t i l l a t e ,  by means o f  K^C 0 ^ . I t  was th e n  d r i e d  o v e r 

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

week o v e r  bariu m  o x id e . The a lc o h o l  o b ta in e d  b o i le d  a t  

9 7 °-9 8 °  and  had  a  r o t a t i o n  o f  j]x| »  + 1 0 .9  o . f .  1 1 .0 7  f o r  P ic k ­

a rd  and  K enyon’ s b e s t .  The y i e l d  was 34 gms. from  137 gms. 

a c t i v e  p h t h a l a t e .

The a c t i v e  i o d i d e .

The a lc o h o l  was th e n  s a tu ra te d  a t  0° w ith  d ry  h y d ro g en  

io d id e  o b ta in e d  i n  th e  u s u a l  m anner from  io d in e  and  r e d  p h o s­

p h o ru s , and  d r i e d  by c a lc iu m  io d id e .  A f a i r l y  l a r g e  t r a p  

s h o u ld  be u se d  d u r in g  t h i s  p a r t  o f  th e  p r e p a r a t i o n .  When

s a t u r a t e d ,  th e  l i q u i d  was h e a te d  f o r  30 m in u te s  i n  a  s e a le d

tu b e  a t  5 2 ° C ^ ^ .  A f te r  w ash ing  w i th  sodium  s u l p h i t e  ( to  

p re v e n t  any  r i s k  o f  r a c e m is a t io n  by HaOH from  th e  h y d r o ly s is  

o f  HagCOg) and  d ry in g  o v e r sodium  s u lp h a te ,  th e  io d id e  d i s t i l ­

le d  a t  116 -118  and had  th e  r o t a t i o n

Y ie ld  40 gms.



A c tiv e  2 -  n i t r o  b u ta n e •

40 gms. o f  th e  a c t i o e  s e c .  b u ty l  io d id e  w ere  added

o v e r  a  p e r io d  o f  f o u r  h o u rs  to  a  m ix tu re  o f  50 gms. d r i e d  san d

and  50 gms. s i l v e r  n i t r i t e  d r i e d  o v e r p h o sp h o ru s p e n to x id e .

A f te r  a l l  th e  io d id e  had  b een  added  th e  m ix tu re  was a llo w e d
o

to  s ta n d  o v e rn ig h t  a t  0 and was th e n  h e a te d  f o r  two h o u rs  on 

th e  w a te r  b a th  a s  b e f o r e .  A p a rt from  th e  sec  b u ty l  n i t r i t e  

b o i l i n g  below  100° th e  l i q u i d  p ro d u c ts  am ounted to  15 c . c .

T h is  was f r a c t i o n a t e d  a s  above e x c e p t t h a t  th e  f r a c t i o n  above 

50 /47  mm was f r a c t i o n a t e d  tw ic e .  The f i n a l  y i e l d  was 3 .5  gms.
■rt

o f  r o t a t i o n  = + 1 6 .8  , f o r  a  5 .2 3 6 $  s o l u t io n  i n  e th y l  

a lc o h o l  i n  a  0 .6  dm. tu b e  ( c . f .  1 7 .6  by Kuhn and A lb re c h t  f o r  

th e  p u re  l iq u i d )  . I t  sh o u ld  be n o te d  t h a t  th e s e  a u th o r s  do 

n o t  seem to  o b se rv e  th e  u s u a l  c o n v e n tio n s  w ith  r e g a r d  to  a 

s p e c i f i c  r o t a t i o n  b u t  g iv e  f i g u r e s ,  u s in g  a  0 .5  dm. tu b e .

THE ROTATORY DISPERSION OF 2 -  NITRO BUTAHE.

The r o t a t o r y  d i s p e r s io n  o f  t h i s  compound i s  g iv e n  

i n  T ab le  1 2 . I t  w i l l  be se e n  from  t h i s  t h a t  th e  r o t a t i o n  

r i s e s  s lo w ly  to w ard s  th e  u l t r a  v i o l e t  b u t  t h a t  th e  a c t u a l  

m agn itude  i s  v e ry  sm a ll com pared to  t h a t  o f  2 -2  d in itro c a m p h a n e .

The r o t a t o r y  d i s p e r s io n  i n  th e  u l t r a  v i o l e t  was 

s tu d ie d  u s in g  s o lu t io n s  v a ry in g  from  5$ to  0 .1 6 3 $ , th e  d a te  

f o r  t h i s  i s  g iv e n  i n  T ab le  3= and G raph 8 . From th e s e  i t  can  

be se e n  t h a t ,  w h ile  i t  h as  been  im p o s s ib le  to  g e t  to  th e



TAB IS  12

ROM/ETOU OF 2 -HI TRCBUTAJTE IU  THE VISIBLE

X * w
6500 • 44 1 4 .0 1

6 000 .5 0 1 5 .9 2

5896 • 53 1 6 .8 7

5500

to<o• 2 0 .04

5400 •66 2 1 .0 0

5300 • 70 2 2 .2 8

5200 .76 2 4 .1 8

5100 .79 2 5 .1 4

5000 .82 2 6 110



TAB LB 13

ROTATIOT OF 2-SITRCBUTAHB IB  ULTRA VIOLET

A oC M C *nc ,

3700 .2 0 3 8 .4 5 .2 3 6 ^

3570 .25 4 8 .0 mi

3480 .3 0 5 7 .9 nit

3415 .35 6 7 .3 tin

3325 .2 0 7 7 .18 2 .6 1 8 ^

3230 .25 9 6 .4 8 nn

3185 .3 0 11 5 .8 nn

3155 .35 1 3 5 .1 nn

3155 .2 0 1 5 4 .3 1 .3 0 9 ^

3100 • 25 192 .9 n n

3045 .3 0 2 3 1 .5
'

n n

3015 .35 2 7 0 .1 nn

3095 • 20 308 .6 0 .6 5 4 ^

3050 .25 3 8 5 .8 nn

2720 .15 1000.9 0 .1 5 3 ^

2700 .2 0 1334.6 nn

2680 .25 1668 .2 nn
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maximum o f  th e  r o t a t i o n  from  th e  form  o f th e  c u rv e  th e r e  can  

be l i t t l e  d o u b t t h a t  i t  e x i s t s  i n  much th e  same p o s i t i o n  a s  i n  

2 -2  d in itro c a m p h a n e  o r  f u r t h e r  i n to  th e  u l t r a  v i o l e t  a s  m igh t 

be e x p e c te d  from  th e  m o le cu le  b e in g  s l i g h t l y  s m a lle r  . The f a c t  

t h a t  i t  h a s  n o t p ro v ed  p o s s ib le  to  re a c h  th e  a c t u a l  C o tto n  

E f f e c t  may be a t t r i b u t e d  p a r t l y  to  t h i s  r e a s o n  and p a r t l y  to  

th e  f a c t  t h a t  th e  r o t a t i o n s  a re  v e ry  much s m a l l e r .

A b s o rp tio n  o f 2 -  n i t r o  b u ta n e .

T h is wa3 s tu d i e d ,  u s in g  th e  same a p p a ra tu s  a s  b e fo r e ,  

th e  cone o f  th e  s o l u t io n  b e in g  0 .0 3 2 $ . The d a ta  i s  g iv e n  i n  

T ab le  14 and  g ra p h  9 , from  w hich  i t  can  be se e n  t h a t  h e re  a g a in  

t h e r e  i s  no s e l e c t i v e  a b s o r p t io n ,  b u t a d e c id e d  " s te p  o u t ” in  

th e  same r e g io n  as  f o r  2 -2  d in itro c a m p h a n e .

Some s l i g h t  t r a c e s  o f d ic h ro ism  w ere o b se rv e d , b u t 

c o u ld  n o t be fo llo w e d  owing to  th e  re a so n s  g iv e n .

From th e  form  of th e  cu rve  o f  r o t a t o r y  d i s p e r s i o n ,  i t  

i s  c o n c lu d ed  t h a t  i n  2 -  n i t r o  b u tan e  th e  N0g g roup  shows a 

C o tto n  E f f e c t ,  w hich  i s  s i t u a t e d  f u r t h e r  i n to  th e  u l t r a  v i o l e t  

th a n  t h a t  d e s c r ib e d  in  th e  p re v io u s  c a s e s  o f  2 -2  D in itro c am p h a n e .



TAB IS  14

ABSORPTION m  2-UI mCBUTAHB co n o . .03277

■

A S ^ c f b V a.
3300 • 1 1 5 .7 1

3050 • 2 3 1 .4 2

2890 • 3 4 7 .1 3

2840 •4 6 2 .8 4

2760 .5 78 .55

2515 • 6 94 .26

2450 • 7 11 0 .

2420 •8 1 2 5 .7

2400 •9 141*4

2370 1 .0 1 5 7 .1

2353 1 .1 172 .8

2350 1 .2 1 8 3 .5

2340 1 .3 204*

2320 1 .4 2 1 9 .8

2310 1 .5 2 3 5 .5





ADDITIONAL PAPER ON THE PHOTO-OXIDATION OP SOME
-------------------------------- T s m v - W B n ia E S ': .............................................

%  NO
X  /

The p su e d o  n i t r o l s  h a v e  t h e  g e n e r a l  f o r m u l a  G
R « /  X N0o

S e v e r a l  m ethods  e x i s t  f o r  t h e  p r e p a r a t i o n  o f  t h e s e  

compounds,  two o f  t h e s e  (A & B) b e i n g  c a p a b l e ,  t h e o r e t i c a l l y  

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

c o n d i t i o n .  The methods  a r e  b r i e f l y  a s  f o l l o w s :

A. By t h e  a c t i o n  o f  n i t r o u s  a c i d  on t h e  s e c o n d a r y  n i t r o

p a r a f f i n s .

B. By t h e  a c t i o n  o f  sod ium  n i t r a t e  on t h e  h a l o g e n  a c i d s

(Meyer & J a c o b s e n ,  p .  4 1 1 ) .

G. Prom l i q u i d  n i t r o g e n  t e t r o x i d e  and t h e  k e t o x i m e s .

D. Prom fu m in g  n i t r i c  a c i d  and t h e  k e t o x i m e s .

S in c e  t h e  y i e l d s  o b ta in e d  by th e  f i r s t  method a r e  

s m a l l  and th e  method t e d i o u s ,  f o r  p r e l im in a r y  work, th e  

t h i r d  method due t o  Kenner and L uciano  Yiras u se d .

Gamphor p suedo  n i t r o l .
(45)T h is  compound was p r e p a r e d  ' by  a d d i n g  0 .6 5  c . c .  

o f  fum ing  n i t r i c  a c i d  t o  a s o l u t i o n  o f  1 gm. camphoroxime 

i n  15 c . c .  g l a c i a l  a c e t i c  a c i d .  The m i x t u r e  i s  a l l o w e d  t o  

s t a n d  f o r  t e n  m i n u t e s  i n  t h e  d a r k  and t h e n  50 c . c .  o f  w a t e r  

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

g l a s s  f u n n e l ,  washed r a p i d l y  w i t h  w a t e r  and d r i e d  on p o ro u s  

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

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



s o l i d ,  to  a p a le  b lu e ,  powdery s o l i d .  The b e s t  m e l t in g  p o in t  

o b ta in e d  was 65 ( c . f . 63 by K enner and L u c ia n o ) ,  by d ry in g  f o r  

20 m in u te s  to  c u t  down o x id a t io n  to  a minimum. In  t h i s  m ethod 

o f  p r e p a r a t io n  th e  y i e ld s  a re  much b e t t e r  u s in g  sm a ll  q u a n t i t i e s  

(n o t more th a n  2 gram s) and by a d d in g  th e  a c id  g r a d u a l ly .

C oo ling  th e  s o lu t io n  d u r in g  th e  r e a c t i o n  does n o t a p p e a r  t o  

make any d i f f e r e n c e  t o  th e  y i e l d .  The su b s ta n c e  so o b ta in e d  

i s  e x tre m e ly  s o lu b le  in  o rg a n ic  s o lv e n t s ,  g iv in g  s o lu t io n s  o f  

a  d eep  b lu e  c o lo u r .  Camphor pseudo n i t r o l  i s  r a t h e r  u n s ta b le  

even in  th e  s o l i d  s t a t e ,  th e  m e l t in g  p o in t  f a l l i n g  o v e rn ig h t  

to  5 2 ° , th e  c o lo u r  chang ing  th ro u g h  g re e n  to  y e llo w . In  

s o l u t io n  th e  change ta k e s  p la c e  much more r a p i d l y ,  b e in g  

q u ic k e s t  i n  s o lv e n ts  c o n ta in in g  h y d ro x y l g ro u p s . The r e a c t i o n  

was a l s o  a c c e le r a te d  by th e  p re se n c e  o f l i g h t .  To f in d  o u t 

w hich  wave le n g th  was e f f e c t i v e  i n  b r in g in g  t h i s  a b o u t,  a 

number o f sm a ll tu b e s  c o n ta in in g  a s o l u t io n  o f  th e  n i t r o l  w ere 

exposed  to  th e  l i g h t  from  a ca rb o n  a r c ,  th e  l i g h t  b e in g  s p re a d  

o u t i n to  a sp ec tru m  by a l a r g e  p r ism . By t h i s  means i t  was 

found  t h a t  r e d  l i g h t  was m ost e f f e c t i v e ,  a  r e s u l t  w hich  was 

to  be e x p e c te d  from  th e  b lu e  c o lo u r  o f th e  s o l u t io n .

ABSORPTION SPECTRA OF PSEUDO NITROLS .

The a b s o rp t io n  s p e c t r a  of th e  speudo n i t r o l s  w ere 

exam ined in  o rd e r  t o ' f i n d  th e  p o s i t io n  o f th e  a c t iv e  b an d .

For t h i s  p u rp o se  a sp e c tro d e n so g ra p h , l e n t  by D r. W e ig e rt, 

was u s e d .



T his in s tru m e n t  can  o n ly  be u sed  f o r  th e  v i s i b l e  r e g io n  

and  depends f o r  i t s  a c t i o n  on th e  r e d u c t io n  o f  th e  i n t e n s i t y  o f 

a  beam o f l i g h t  by means of a  n e u t r a l  g re y  wedge w h ich  has been  

c a l i b r a t e d  t o  g iv e  known i n t e n s i t i e s ;  th e  o p t i c a l  a rra n g em e n t 

i s  i l l u s t r a t e d  in  th e  s k e tc h  be low .

L ig h t  i s  s u p p l ie d  by a 100 w a t t  Osram P r o je c t io n  Lamp, 

a n d , a f t e r  p a s s in g  th ro u g h  th e  to p  p rism  o f  th e  c o n s ta n t  d e v ia ­

t i o n  s p e c t ro s c o p e ,  i s  s p l i t  up i n to  two ra y s  by a b ip r is m .

For th e  sa k e  o f com pactness and in c r e a s e d  d i s p e r s io n  th e  ra y s  

a re  r e tu r n e d  a lo n g  a p a r a l l e l  p a th  th ro u g h  th e  second  c o n s ta n t  

d e v ia t io n  p r ism , th ro u g h  a  c o n v e rg in g  b ip r is m  and by r e f l e c t i o n  

a re  fo c u s se d  on a p i n h o le .

The s o lu t io n  i s  c o n ta in e d  in  a c y l i n d r i c a l  g la s s  c e l l .  

H a lf  o f t h i s  i s  f i l l e d  by a h a l f  c y l in d e r  o f o p t i c a l  g la s s  

e x a c t ly  2 cm. in  d e p th . To f i l l  th e  c e l l  t h i s  g la s s  i s  

rem oved, a l i t t l e  l i q u i d  ru n  in  and th e  g la s s  dropped  i n ,  so  

t h a t  a t h i n  f i lm  o f s o lu t io n  i s  be tw een  th e  f a c e  o f th e  c e l l



and th e  g l a s s . The r e s t  o f th e  c e l l  i s  now f i l l e d  and  th e  end 

s l i d  on . T h is g iv e s  a d i f f e r e n c e  in  th e  th ic k n e s s  o f s o l u t io n  

t r a v e r s e d  by th e  l i g h t  o f 2 cm. The c e l l  i s  p la c e d  a f t e r  th e

wedge and in  f r o n t  o f th e  s p e c tro s c o p e  .

On lo o k in g  th ro u g h  th e  p in h o le  two f i e l d s  a re  se e n  

w hich  can be made to  m atch  by p u l l i n g  in  a s u f f i c i e n t  th ic k n e s s  

o f w edge. The in s tru m e n t i s  so  c o n s t ru c te d  t h a t  th e  wave le n g th

and wedge may be a d ju s te d  s im u lta n e o u s ly  and th e  p o s i t i o n  o f

m atch in g  re c o rd e d  on a s h e e t  o f g rap h  p a p e r  by p u n c tu r in g  a 

h o le  .

Some o f th e s e  g rap h s  a re  shown below and th e  c o r r e s ­

p o nd ing  g rap h s f o r  m o le c u la r  e x t i n c t i o n  a re  shown i n  g rap h s  

10 and 1 1 .

Care sh o u ld  be ta k e n  i n  ch o o sin g  th e  c o n c e n tr a t io n  o f  

s o l u t io n  so  t h a t  a t r u e  m atch  i s  o b ta in e d  even in  th e  r e g io n  

o f  maximum a b s o r p t io n .  I f  th e  s o lu t io n  i s  to o  c o n c e n tr a te d  

th e  two f i e l d s  w i l l  be found to  be o f  d i f f e r e n t  c o lo u rs  a t  t h a t  

p o i n t .

From an  e x a m in a tio n  o f th e  g rap h s  i t  w i l l  be se e n  th e  

pseudo  n i t r o l s  have an  a b s o r p t io n  band s i t u a t e d  a t  6450 t o  6550 . 

T h is  i s  th e  o n ly  band in  th e  v i s i b l e  and i s  th e  r e g io n  o f  p h o to ­

ch em ica l a c t i v i t y .

The m ost l i k e l y  r e a c t io n  to  ta k e  p la c e  was th e  o x id a ­

t i o n  o f  th e  HO t o  HO2 . T h is was found to  be th e  c a se  u s in g  

th e  a p p a ra tu s  i l l u s t r a t e d  in  th e  s k e tc h .







61.



The l i g h t  so u rc e  was an  a u to m a tic  ca rb o n  a r c ,  th e  h e a t  r a y s

b e in g  removed by a w a te r  f i l t e r  and th e  r e d  p o r t i o n  o f  th e

sp e c tru m  i s o l a t e d  by a r e d  g e l a t i n e  f i l t e r .  A l l  th e  a i r  was

sw ept o u t  o f  t h e  a p p a ra tu s  by a  c u r r e n t  o f  oxygen and th e

s o l u t i o n  ru n  i n  by th e  s id e  t u b e .  M ercury o r  w a te r  was th e n

ru n  i n  u n t i l  th e  whole o f  th e  b u r e t t e  was f i l l e d  and th e n

oxygen blown i n  u n t i l  th e  b u r e t t e  was f i l l e d  w i th  oxygen.

R eadings of t h e  volume o f  oxygen were ta k e n  e v e ry  f i v e  m in u t e s .

The r e s u l t s  a re  shown i n  g ra p h  12 a lo n g  w i th  a  s i m i l a r  r e a c t i o n

from w hich  l i g h t  had  been  e x c lu d e d .  I t  w i l l  be seen  from t h i s

t h a t  t h e r e  i s  a c o n s id e r a b le  d a rk  r e a c t i o n  and a l s o  t h a t  th e

volume o f  oxygen ab so rb ed  i s  s l i g h t l y  i n  e x c e s s  of th e  amount

r e q u i r e d  f o r  a  p l a i n  o x id a t io n  to  th e  d i n i t r o  compound which

would have been  5 c . c .  This e x cess  a b s o r p t io n  w i l l  be r e f e r r e d

to  l a t e r  i n  c o n n e c t io n  w i th  o th e r  n i t r o l s .
n i t r o l

When a s o l u t i o n  o f  camphor p s e u d o / i s  a llo w ed  t o  decom­

pose  and th e  s o lv e n t  rem oved, a s t i c k y ,  y e l lo w is h  mass i s  l e f t .  

By a l lo w in g  th e  r e a c t i o n  to  ta k e  p la c e  on a  porous p l a t e ,  how-



o r  o a, m s



e v e r ,  t h e  d e c o m p o s i t io n  p ro d u c t  may be o b ta in e d  a s  a  y e l lo w ,  

f a i r l y  d r y  s o l i d .  This was found t o  be e x c e e d in g ly  s o l u b l e  

i n  a l l  o rg a n ic  s o l v e n t s  and a l l  a t t e m p ts  to  r e c r y s t a l l i s e  i t  

from t h e s e  were u n s u c c e s s f u l .  I t  was fo u n d ,  how ever ,  t h a t  i t  

co u ld  be r e c r y s t a l l i s e d  from a m ix tu re  o f  a l c o h o l  and w a te r  i n  

th e  p r o p o r t io n s  o f  one o f  w a te r  t o  two o f  a l c o h o l . I f  more 

w a te r  th a n  t h i s  was u sed  th e  p ro d u c t  was s t i c k y .  A f t e r  f i v e  

su c h  r e c r y s t a l l i s a t i o n s  a  pu re  w h i te  s o l i d  was o b ta in e d ,  sm e l­

l i n g  s t r o n g l y  o f  cam phor. D i f f i c u l t y  was met w i th  i n  s e c u r in g  

a s h a r p  m e l t in g  p o i n t ,  bu t by u s in g  r a t h e r  a wide tu b e  and 

p a c k in g  th e  m a t e r i a l  i n  w i th  a n e e d l e ,  t h e  s u b s ta n c e  m e l te d  

be tw een  1 0 7 .5 °  and 1 0 8 .5 ° .  A f t e r  t h r e e  r e c r y s t a l l i s a t i o n s  th e  

r o t a t o r y  power rem ained  c o n s t a n t .

An a n a l y s i s  of t h i s  compound gave th e  fo l lo w in g  r e s u l t s .  

C a lc ,  f o r  C ^  Hg 04 Obs.

These r e s u l t s  t a k e n  i n  c o n ju n c t io n  w i th  th e  oxygen a b s o r p t io n  

show t h a t  th e  o x i d a t i o n  p ro d u c t  i s  2 -2  d i n i t  ro c  amphane. T h is  

i s  a  new n i t r o  d e r i v a t i v e  o f  camphor t o  which r e f e r e n c e  was 

made i n  S e c t io n  I .

D im ethy l pseudo  n i t r o l .

Carbon: 52 .6 $

Hydrogen: 7 .0 $

H i t ro g e n :  1 2 .3 $

5 3 .0 $  

7 .0 $  

1 2 .5 $

This compound was p re p a re d  by th e  a c t i o n  o f  l i q u i d  

n i t r o g e n  t e t r o x i d e  on th e  k e t o x i me . 1 . 2  c . c .  (o r  1 .8  gm s.)



o f  l i q u i d  NgO4 were added t o  2 gms. oxime d i s s o l v e d  i n  40 gm s. 

e t h e r .  The m ix tu re  was a l lo w e d  to  s ta n d  i n  i c e  f o r  t h r e e  h o u rs  

i n  t h e  d a r k .  The e t h e r  was th e n  removed i n  a vacuum, k e e p in g  

th e  t e m p e r a tu re  a s  low as p o s s i b l e  s i n c e  the  pseudo n i t r o l s  a r e  

v o l a t i l e  i n  e t h e r  v a p o u r .  The p ro d u c t  so o b ta in e d  was a  p u re  

w h i te  s o l i d ,  m e l t in g  a t  76° t o  a  b lu e  l i q u i d .  I t  y i e l d s  b lue  

s o l u t i o n s  in  o rg a n ic  m ed ia ,  t h i s  b e in g  due to  th e  d i s s o c i a t i o n  

i n t o  s i n g l e  m o le c u le s  i n  s o l u t i o n .  A q u a n t i t a t i v e  e x a m in a t io n  

o f  th e  oxygen a b s o r p t i o n  showed t h a t  0 .0316  gm. i n  5 c . c .  

c h lo ro fo rm  a b so rb e d  8 c . c .  oxygen when exposed  to  r e d  l i g h t ,  

w h i le  a  s i m i l a r  s o l u t i o n  k e p t  i n  th e  d a rk  a b so rb e d  2 .2  c . c .

The r e a c t i o n  h e r e  i s  much s lo w er  th a n  i n  th e  c a s e  of camphor 

pseudo n i t r o l . M oreover th e  d a rk  r e a c t i o n  i s  p r a c t i c a l l y  

n e g l i g i b l e ,  t h e  volume of 2 .2  c . c .  b e in g  a b so rb e d  o ve r a  p e r io d  

o f  24 h o u r s . The t h e o r e t i c a l  volume f o r  o x i d a t i o n  to  th e  

d i n i t r o  compound h e r e  was 3 c . c . ,  so  t h a t  th e  volume a c t u a l l y  

a b so rb e d  was a lm o s t  t h r e e  t im e s  th e  t h e o r e t i c a l .  When e x t r a c t e d  

w i th  w a te r  th e  e x t r a c t  was found to  have  an  a c i d  r e a c t i o n ,  

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

o b ta in e d  no m a t t e r  what s o l v e n t  was u s e d ,  so  t h a t  th e  p o s s i b i l i t y  

o f  i t s  b e in g  due to  an o x i d a t i o n  o f  th e  s o lv e n t  was e l i m in a t e d .

On t e s t i n g  q u a l i t a t i v e l y  th e  a c id  was fo u nd  t o  be n i t r i c  a c i d .  

T h is  i n d i c a t e d  th e  p o s s i b i l i t y  t h a t  th e  re m a in d e r  o f  th e  n i t r o l ,  

h a v in g  l o s t  i t s  n i t r o g e n  as n i t r i c  a c i d ,  m ight be p r e s e n t  as 

k e to n e  a c c o rd in g  t o  th e  e q u a t io n ,
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65.

‘The p re s e n c e  o f  t h i s  was shown by o b t a i n i n g  t h e  d e r i v a t i v e  of 

2 -4  d i n i t r o p h e n y l h y d r a z i n e . T h is  was o b ta in e d  as an  o range  

c o lo u re d ,  c r y s t a l l i n e  s o l i d ,  m e l t in g  a t  1 1 8 ° ,  c . f .  128° f o r  th e  

d e r i v a t i v e  from  pure  a c e to n e .  The above e q u a t io n  may, t h e r e ­

f o r e ,  be ta k e n  a s  r e p r e s e n t i n g  th e  c h i e f  r e a c t i o n  t a k i n g  p l a c e .  

From a c o n s i d e r a t i o n  of th e  c o u rse  o f  the  r e a c t i o n  as  shown by 

g ra p h  13 i t  would a p p e a r  t h a t  th e  r e a c t i o n  a c t u a l l y  t a k e s  p la c e  

i n  two s t a g e s ;  f i r s t ,  th e  o x i d a t i o n  to  th e  d i n i t r o  compound 

c o r r e s p o n d in g  to  th e  r a p i d  a b s o r p t io n  of oxygen, and se c o n d ,  

th e  slow o x i d a t io n  of t h i s  to  th e  k e to n e  and n i t r i c  a c i d .

T his second  r e a c t i o n  i s  a  d a rk  r e a c t i o n  s i n c e ,  i f  t h e  l i g h t  

be s h u t  o f f  when th e  oxygen a b s o r p t io n  i s  ab o u t  5 c . c . ,  t h e  

s o l u t i o n  w i l l  s t i l l  go on a b s o r b in g .

2 -2  M t r o n i t r o s o  b u ta n e  .

This pseudo n i t r o l  was p re p a re d  i n  a s i m i l a r  manner 

t o  th e  d im e th y l  compound. 1 .6  gms. l i q u i d  n i t r o g e n  t e t -  

r o x id e  were added t o  2 gms. m ethy l e t h y l  ke tox im e ( b . p t .  148 

t o  1 5 1 ) ,  d i s s o l v e d  i n  40 gms. e t h e r .  The m ix tu re  was a llo w ed  

t o  s t a n d  f o r  t h r e e  h o u rs  and th e  e t h e r  removed as b e f o r e .  

A c co rd in g  t o  S c h o l l  t h i s  sh o u ld  have g iv e n  a y i e l d  o f  1 gm. 

n i t r o l ,  but i n  no case  was t h i s  found to  be o b ta in e d .  The 

u s u a l  y i e l d  was ab o u t 9$ as compared w i th  S c h o l l !s 33$ . The 

s o l i d  d e p o s i t e d  must be p re s s e d  on porous p l a t e  t o  f r e e  i t  

from o i l y  b y - p r o d u c t s .  S ince  i t  i s  n o t  v e ry  s o lu b le  i n  e t h e r  

t h i s  may be u se d  to  remove th e  l a s t  t r a c e s  o f  b lu e  from  th e



n i t r o l ,  l e a v i n g  a w h ite  s o l i d  m e l t in g  a t  5 8 ° .  I t  i s  v e ry  

s o l u b l e  i n  c h lo ro fo rm ,  g iv in g  a deep  b lu e  s o l u t i o n .

When exposed  to  r e d  l i g h t ,  t h i s  pseudo  n i t r o l  behaves 

i n  a s i m i l a r  manner to  th e  d im e th y l  compound. The r e s u l t s  o f  

th e  p h o to - o x id a t io n  a re  shown i n  g rap h  1 4 .  From t h i s  i t  w i l l  

be se en  t h a t  h e r e  we have a s l i g h t  d a rk  r e a c t i o n  and a l s o  t h a t  

th e  oxygen  a b s o r p t io n  i s  a  l i t t l e  l e s s  th a n  i n  th e  p re v io u s  

example (1 2 .8  c . c .  i n  p la c e  o f  a t h e o r e t i c a l  5 c . c . ) .  When 

a l lo w e d  t o  s t a n d  f o r  14 days t h e  oxygen a b s o r p t io n  r o s e  t o  

1 4 .8 ,  show ing t h a t  th e  maximum i s  th e  15 c . c .  r e q u i r e d  f o r  

o x i d a t i o n  to  t h e  k e to n e  and n i t r i c  a c id  . The p re s e n c e  o f  

t h e s e  two s u b s ta n c e s  was proved  as  b e fo r e  by 2 -4  d i n i t r o  pheny l 

h y d r a z in e ,  th e  p ro d u c t  b e in g  compared w i th  a  sam ple o b ta in e d  

from m e th y l  e t h y l  k e to n e .  The r e a c t i o n  h e r e  a l s o  may be 

r e p r e s e n t e d  by th e  same e q u a t io n  as  b e f o r e ,

METHYL BENZYL PSEPDO NITROL.

This compound may be p re p a re d  e i t h e r  by th e  a c t i o n  o f  

fum ing n i t r i c  a c id  on th e  ke tox im e o r  by th e  a c t i o n  o f  l i q u i d  

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

k e to n e ,  b . p t .  216-220? The oxime was p r e p a r e d  from  t h i s  i n  

j u s t  th e  same way as  f o r  a c e to x im e . The oxime i s  a  y e l l o w i s h -  

brown o i l ,  d i s t i l l i n g  a t  132-137°/3-3 m.m. Some d e c o m p o s i t io n
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o c cu rs  on r e - d i s t i l l i n g ,  w h i l e  t h e r e  i s  no a p p a re n t  d i f f e r e n c e  

i n  th e  n i t r o l  o b ta in e d  from  t h i s  th a n  from th e  o r i g i n a l  o i l .

The n i t r o l  i s  p re p a re d  by a d d in g  0 .69  c . c .  fum ing n i t r i c  a c i d  

t o  o gm. oxime i n  15$ g l a c i a l  a c e t i c  a c id  and l e a v i n g  f o r  10 

t o  15 m in u te s  i n  the  d a r k .  50 c . c .  o f  i c e - c o l d  w a te r  a r e  th e n  

ad d ed , th e  f l a s k  w e l l  sh ak en  and l e f t  t o  s t a n d  i n  i c e  f o r  some 

t im e .  By t h i s  means the  n i t r o l ,  w hich  f i r s t  a p p e a rs  as  a g re e n  

o i l ,  i s  o b ta in e d  a s  a g ree n  s o l i d .  T h is  i s  f i l t e r e d  and washed 

w i th  w a te r  and e t h y l  a l c o h o l  i n  w h ich  i t  i s  s o l u b l e  o n ly  t o  a 

v e ry  s l i g h t  e x t e n t .  The n i t r o l  l e f t  i s  a lm o s t  a pu re  w h i te  

s o l i d ,  m e l t in g  a t  87° t o  a  b lu e  l i q u i d .  T h is  pseudo  n i t r o l  

i s  n o t  m en tioned  i n  th e  l i t e r a t u r e  .

By th e  a c t i o n  o f  l i q u i d  n i t r o g e n  t e t r o x i d e  on th e  

k e to x im e ,  a good y i e l d  o f  n i t r o l  i s  o b t a in e d ,  b u t  th e  method 

i s  n o t  so  s a t i s f a c t o r y  as t h a t  d e s c r ib e d  a b o v e .

For th e  p h o to - o x id a t io n  0 .0519  gms. were d i s s o l v e d  i n  

5 c . c .  c h lo ro fo rm . The o x id a t io n  was com plete  i n  an h o u r  when 

i r r a d i a t e d  w i th  r e d  l i g h t .  The volume a b so rb e d  was 2 .8  c . c . ,  

compared w i th  a t h e o r e t i c a l  o f  3 c . c .  f o r  o x i d a t i o n  t o  th e  

d i n i t r o  compound. A s i m i l a r  s o l u t i o n  k e p t  i n  th e  d a rk  

a b so rb e d  1 .0  c . c .  i n  th e  same t im e .  These r e s u l t s  a r e  i l l u s ­

t r a t e d  In  g rap h  15 .
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6 8 .

DIBEKZYL PSEUDO NITROL.

T his was p r e p a r e d  by th e  a c t i o n  o f  fum ing n i t r i c  a c i d ^ 4 5  ̂

on d ib e n z y l  k e to x im e ,  and i s  a  d a rk  b lu e  s o l i d  m e l t in g  a t  69° 

( c . f .  7 2 °  f o r  a r e c r y s t a l l i s e d  sample by Kenner and Luciano).

I t  was found t h a t  t h i s  s u b s ta n c e  i n  c h lo ro fo rm  s o l u t i o n  u n d e r  

th e  i n f l u e n c e  o f  r e d  l i g h t ,  a b so rb e d  th e  t h e o r e t i c a l  amount 

o f  oxygen (5 c . c . )  t o  g ive  th e  d i n i t r o  d i - d i b e n z y l  m eth an e .

Ho d i f f e r e n c e  i n  v e l o c i t y  co u ld  be o b se rv ed  betw een th e  l i g h t  

and d a rk  r e a c t i o n s .  The r e s u l t s  a r e  g iv e n  i n  g ra p h  1 6 .

A ttem p ts  t o  p re p a re  th e  pseudo n i t r o l s  o f  FENCHONE,

EEflZYL ACETONE AMD CEDROMS OXIME.

Fenchone y i e l d s  an oxime m e l t in g  a t  1 5 2 ° .  L iq u id  NgO^ 

has no a c t i o n  upon t h i s .  By a d d i t i o n  o f  0 .6 5  c . c .  fum ing 

n i t r i c  to  1 gm. oxime i n  15 c . c .  a c e t i c  a c id *  a heavy b lu e  o i l  

was o b ta in e d .  This was e x t r a c t e d  w i th  e t h e r  and th e  e t h e r  

removed i n  a  vacuum. The r e s i d u e  was a heavy  b lu e  o i l  which 

c o u ld  n o t  be s o l i d i f i e d  by f r e e z i n g .

By th e  a c t i o n  of l i q u i d  ^ O ^ o n  b e n z y l  a c e to n e  oxime 

' «r tfojj , i n  e t h e r  s o l u t i o n  a heavy b lu e  o i l  was

o b ta in e d  on rem oval of th e  e t h e r .  This cou ld  n o t  be s o l i d i f i e d .  

By th e  a c t i o n  of fuming n i t r i c  a c id  on th e  oxime, a heavy  o i l  

s e p a r a t e s  which ap p ea red  to  s o l i d i f y  on f r e e z i n g .  The y i e l d  

was v e ry  s m a l l ,  how ever, and th e  p r e p a r a t i o n  of th e  k e to m c  

s t a r t i n g  p ro d u c t  i s  d i f f i c u l t ,  so t h a t  t h i s  a t te m p t  was n o t
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c o n t i n u e d .

Cedrone may be o b ta in e d  from c e d re n e  by o x i d a t i o n  w i th  
( 4 7 )chrom ic a c i d .  The oxime o f  t h i s  k e to n e  d id  n o t  y i e l d  a

pseudo n i t r o l  w i th  e i t h e r  fum ing n i t r i c  a c i d  or l i q u i d

A u s e f u l  summary o f  pseudo n i t r o l s  i s  to  be found i n  

B e r .  2 9 ,  94 e t  s e q . Many o f  t h e s e ,  how ever, a r e  e i t h e r  l i q u i d s  

o r  a re  v e ry  u n s t a b l e .

Summary of th e  p h o t o - o x id a t io n  o f  pseudo  n i t r o l s .

These compounds a r e  a l l  o x i d i s e d  i n  an  a tm osphere  o f  

oxygen u n d e r  th e  i n f lu e n c e  o f  r e d  l i g h t .  I t  i s  v e r y  p ro b a b le  

t h a t  th e  f i r s t  r e a c t i o n  i n  e v e ry  case  i s  th e  o x id a t io n  t o  th e  

d i - n i t r o  compound. This r e a c t i o n ,  how ever, i s  o f t e n  fo l lo w e d
M /'y  ic  t z c td .

by a se co n d  r e a c t i o n ,  th e  o x id a t io n  to  Ketone cin4 N i t r o l , 

which o c c u rs  i n  th e  d a r k .  With r e g a r d  to  t h i s  r e a c t i o n ,  i t  

a p p e a rs  from th e  exam ples s t u d i e d  t h a t  i t  d e c r e a s e s  w i th  i n ­

c r e a s i n g  co m p lex ity  o f th e  n i t r o l ,  o r  r a t h e r  of th e  d i n i t r o  

compound. This may be due to  s t e r i c  h in d r a n c e .  I t  sh o u ld  be 

n o te d  i n  t h i s  c o n n e c t io n  t h a t  th o s e  n i t r o l s  w hich  a re  o x id i s e d  

t o  th e  d i n i t r o  compound o n ly ,  e i t h e r  c o n s i s t  e n t i r e l y  o f s i n g l e  

m o le c u le s  i n  th e  s o l i d  s t a t e  o r may be p r a c t i c a l l y  so  i n  th e  

c a se  of m ethy l b en zy l pseudo  n i t r o l  which i s  n e v e r  o b ta in e d  

i n  a  pu re  w h ite  c o n d i t i o n ,  i n d i c a t i n g  t h a t  i t  may c o n s i s t  

p a r t l y  o f doub le  and p a r t l y  of s i n g l e  m o le c u le s .  T his p a r e l -  

l e l i s m  betw een th e  s t a t e  o f a s s o c i a t i o n  i n  the  s o l i d  s t a t e  and 

th e  o x id a t io n  p ro d u c ts  would a p p ea r  to  be e x p la in e d  by th e



above s u g g e s t io n  o f  s t e r i c  h i n d r a n c e .

T here i s  a l s o  an i n c r e a s e  i n  th e  v e l o c i t y  o f  the  d a rk  

r e a c t i o n  w i th  an i n c r e a s e  i n  t h e  m o le c u la r  w e ig h t  o f  th e  

n i t r o l .  Thus f o r  d im e th y l  pseudo n i t r o l  i t  i s  z e r o ;  f o r  

camphor pseudo i t  i 3  ab o u t h a l f ,  w h ile  f o r  th e  d ib e n z y l  com­

pound i t  e q u a l s  th e  l i g h t  r e a c t i o n .  A p o s s ib l e  e x p la n a t io n  

o f  the  i n c r e a s i n g  v e l o c i t y  o f  r e a c t i o n  w i th  i n c r e a s i n g  com­

p l e x i t y  would be t h a t  an  e q u i l i b r i u m  e x i s t s  be tw een th e  do ub le  

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

by th e  o x id a t io n  o f  sane  of th e  s i n g l e  m o le c u le s .  I n  th e  c a se  

o f  th e  s im p le r  m o le cu le s  which a re  n o t  so  c o m p le te ly  d i s s o ­

c i a t e d ,  t h i s  w i l l  ta k e  t im e ,  thu s  g iv in g  a s lo w e r  l i g h t  

r e a c t i o n .

ATTEMPTED ASYMMETRIC DECOMPOSITION OF 2 -2  

 _______ NITRONITROSO BUTANE . __________

From what has  been s a id  on th e  p h b to - o x id a t io n  o f  th e  

pseudo n i t r o l s  th e y  would a p p ea r  to  be s u i t a b l e  so  f a r  as 

p h y s i c a l  p r o p e r t i e s  a r e  co ncerned  f o r  asym m etric  d e c o m p o s i t io n .  

Such a d e co m p o sit io n  was a t te m p te d  i n  the  c a se  o f  2 -2  n i t r o -

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

The a p p a ra tu s  u sed  fo r  t h i s  was th e  same as t h a t  u sed  

f o r  th e  o r d in a r y  o x i d a t i o n ,  w i th  th e  a d d i t i o n  of a q u a r t e r  

wave p l a t e ,  o r  r a t h e r  two q u a r t e r  wave p l a t e s ,  p la c e d  so  t h a t  

th e y  gave th e  two forms of c i r c u l a r  l i g h t .  Two e x a c t l y  s i m i l a r  

s o l u t i o n s  were exposed  f o r  e q u a l  p e r i o d s ,  one t o  r i g h t  and th e



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

At th e  end of two, t h r e e  and f i v e  h o u rs  th e  s o l u t i o n s  were 

t r a n s f e r r e d  t o  p o l a r i m e t e r  t u b e s ,  b u t  no r o t a t i o n  co u ld  be 

o b s e r v e d .

This f a i l u r e  t o  o bse rve  a  r o t a t i o n  m igh t be due t o  the  

form o f th e  d i s p e r s i o n  curve  i n  th e  v i s i b l e  on th e  s h o r t  wave 

s i d e  o f  the  a b s o r p t io n  band, and th e  r o t a t i o n  d i s p e r s i o n  curve  

o f  camphor pseudo n i t r o l  was exam ined t o  o b t a i n  some in fo rm a ­

t i o n  on t h i s  p o i n t .  This s u b s ta n c e ,  a l th o u g h  i t s  o x i d a t i o n  

p ro d u c t  has a f a i r l y  l a r g e  r o t a t i o n ,  has  i t s e l f  a v e ry  sm a ll  

r o t a t i o n ,  as  i s  shown i n  Graph 17 and Table 1 5 .  S ince  th e  

o x i d a t i o n  p ro d u c t  has  a  l a r g e r  i o t a t i o n  th a n  th e  n i t r o l  i t s e l f ,  

r a c e m i s a t i o n  may be r u l e d  out as th e  cause  of t h i s  s m a l l  r o t a ­

t i o n .  The o th e r  p o s s i b i l i t y  i s  t h a t  a new asym m etric  carbon  

atom h as  been formed and t h a t  t h i s  has  some e f f e c t  on th e  

o t h e r  two a l r e a d y  p r e s e n t .  S ince  th e  e f f e c t  i s  s m a l l e r  th a n  

i f  b o th  groups a t t a c h e d  to  t h i s  ca rb on  atom were n i t r o  g ro u p s ,
tt

i t  s u g g e s ts  t h a t  th e  two groups i n  some way n e u t r a l i s e  one 

a n o t h e r .  T h is  p o in t  o f  view i s  su p p o r te d  from th e  form  o f  

th e  d i s p e r s i o n  curve  o f  the  pseudo n i t r o l  i n  w hich  th e  n i t r o s o  

g roup  has a sm a ll  C o tto n  E f f e c t  i n  th e  r e d ,  bu t  th e  r o t a t i o n  

f a l l s  tow ards  th e  u l t r a  v i o l e t  c o n t r a r y  t o  th e  u s u a l  beh av io u s  

o f  su c h  c u rv e s ,  thus  s u g g e s t in g  t h a t  th e  n i t r o  has a l a r g e  

C o t to n  E f f e c t  i n  t h a t  r e g io n  of th e  same s i g n  as  i n  th e  o x id a ­

t i o n  p r o d u c t .  This e f f e c t  has  been  overcome by th e  n i t r o s o  

g roup  e f f e c t  j u s t  s u f f i c i e n t l y  t o  cause  th e  r o t a t i o n  i n  th e
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rotattow  ar camphor psobbo m rn o t . 33a g » « /io o  '
0 .8 .  091

c
a

£
b
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h

A
- 32,53 m 6400

.00 40.76 40,76 6300

.04 .03 20.22 13.98 6200
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• 23 .24 53.87 63 .40 6000
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r e d  t o  be s l i g h t l y  p o s i t i v e ,  w h ile  th e  r o t a t i o n  n e a r e r  th e  b lu e  

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

As a f u r t h e r  v e r i f i c a t i o n  o f  t h i s  p o in t  th e  p r e p a r a t i o n  

o f  th e  a c t i v e  form of th e  pseudo  n i t r o l  o f  a c t i v e  2 -  n i t r o  

b u ta n e  was a t t e m p te d .  The sodium s a l t  o f  t h i s  has  a l r e a d y  b een  

o b ta in e d  i n  the  o p t i c a l l y  a c t i v e  c o n d i t i o n . ^

The method o f  S c h r e in e r  and Young f o r  th e  p r e p a r a t i o n  

o f  th e  sodium  s a l t  was fo l lo w e d .  .24 c . c .  o f  0 .416  N NaOEt 

were added to  1 gm. a c t i v e  n i t r o  b u ta n e ,  b o th  b e in g  a t  a 

t e m p e ra tu re  o f  -1 2 ° C . This was l e f t  to  s t a n d  f o r  30 m in u te s ,

0 .6 7  gm. sodium n i t r i t e  added , w i th  a sm a l l  amount o f  w a te r  

and th e n  an e x c e ss  o f  d i l u t e  s u l p h u r i c  a c id  added s lo w ly .  The

f l a s k  was th e n  shaken  b r i s k l y  and th e  n i t r o l  f i l t e r e d  o f f .  I t

showed no r o t a t i o n  in  to lu e n e  s o l u t i o n .

S c h r e in e r  and Young found t h a t  the  n i t r o  o c tane  

r e c o v e r e d  from th e  sodium a t  -1 8 °  had o n ly  24$ o f  th e  a c t i v i t y  

‘o f  th e  o r i g i n a l  compound, w h ile  r e c o v e re d  a t  -7 0 °  i t  r e t a i n e d  

71$ .

A no ther  a t te m p t  was made, t h e r e f o r e ,  u s in g  t h e  same 

q u a n t i t i e s  as above a t  th e  te m p e ra tu re  o f  a m ix tu re  o f  s o l i d  

COg and  e t h e r .  No r o t a t i o n  was o b se rv e d .  A s i m i l a r  r e s u l t  

was o b ta in e d  u s in g  0 .6  N a l c o h o l i c  HC1 i n  p la c e  of th e  s u l p h u r i c  

a c i d .  S t i l l  a n o th e r  a t te m p t  was made u s in g  amyl n i t r i t e  and 

a l c o h o l i c  HC1, bu t th e  n i t r o l  form ed d i s s o lv e d  i n  t h e  amyl 

n i t r i t e  l a y e r  on th e  a d d i t i o n  of w a te r .  The d i f f i c u l t y  i n  

u s i n g  such  low te m p e ra tu re s  i s  th e  ten d en cy  o f  th e  sodium



n i t r i t e  to  f r e e z e  o u t . A n e g a t iv e  r e s u l t  was a l s o  o b ta in e d  

u s in g  Kuhn and A l b r e c h t ’s method f o r  th e  p r e p a r a t i o n  o f  th e  

sodium  s a l t ,  i . e . ,  1 gm. n i t r o  b u ta n e ,  10 c . c .  IN sodium 

m e th y la te  made up t o  14 c . c .  a t  - 1 8 ° .  The sodium  n i t r i t e  was 

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

i n  t h i s  case  was 0 .0618  gm.

Prom th e  f a c t  t h a t  th e  sodium  s a l t  can be o b ta in e d  i n  

th e  o p t i c a l l y  a c t i v e  c o n d i t i o n  and th e  n i t r o  compound can  be 

re c o v e re d  from t h i s  u s in g  s u l p h u r i c ,  i t  would a p p e a r  t h a t  th e  

ab sen c e  of r o t a t i o n  in  th e  n i t r o l  i s  due to  th e  form o f  th e  

d i s p e r s i o n  cu rv e  i n  the  v i s i b l e  c a u s in g  th e  r o t a t i o n s  to  be 

to o  s m a l l  t o  be m easured  r a t h e r  th a n  t o  r a c e m i s a t i o n .

The pseudo n i t r o l s  t h e n ,  w h ile  s u i t a b l e  i n  p h o to ­

chem ica l b e h a v io u r  and i n  most p h y s i c a l  p r o p e r t i e s  b u t  t h a t  

o f o p t i c a l  a c t i v i t y ,  would no t a p p e a r  t o  be s u i t a b l e  f o r  asym­

m e t r i c  d e c o m p o s i t io n  by r e a s o n  o f  th e  p e c u l i a r  form  o f th e  

d i s p e r s i o n  cu rv e  in  th e  v i s i b l e .  This i s  due to  t h e  p re s e n c e  

i n  th e  m olecu le  of two a b s o r p t io n  bands w hich  a r e  n o t  removed 

from  one a n o th e r  by a s u f f i c i e n t l y  l a r g e  ra n g e  of wave l e n g th s  

t o  p re v e n t  t h e i r  c o n t r i b u t i o n s ,  w hich  a r e  o p p o s i t e  i n  s i g n ,  

from  o v e r l a p p in g .

A n o th e r  f a c t  w hich  c au se s  them t o  be u n s u i t a b l e  f o r  

asym m etric  d e co m p o s i t io n  i s  t h a t ,  w i th  i n c r e a s i n g  m o le c u la r  

w e ig h t ,  which would cause  us t o  e x p ec t  l a r g e r  r o t a t i o n s ,  t h e r e  

i s  an i n c r e a s e  i n  th e  v e l o c i t y  o f  the  d a rk  r e a c t i o n .  This 

r e a c t i o n ,  o f  c o u rs e ,  a c t s  e q u a l ly  on b o th  a c t i v e  fo rm s ,  and by
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t h e  t im e  we r e a c h  th e  d ifcenzyl compound, e q u a l s  th e  l i g h t  

r e a c t i o n ,  t h u s  p r e v e n t in g  th e  fo r m a t io n  o f  any r o t a t i o n .

ts ;
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