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The I n f r a r e d  S p e c t r a  o f  L iq u id  W ater 

C o n ta in in g  H ydrogen  a n d  D e u te r iu m .

A . L . C a s s e lm a n ,*  U n i v e r s i t y  o f  C i n c i n n a t i  

Summary

The i n f r a r e d  a b s o r p t i o n  s p e c t r a  o f  EDO and  D20 

w e re  com pared  w i th  t h e  s p e c tru m  o f  HgO w i th  t h e  v ie w  o f  

l e a r n i n g  t h e  d i f f e r e n c e  b e tw e e n  th e m , i f  a n y , and  t o  d e t e r ­

m ine w h ic h  p a i r  o f  a to m s i n  th e  m o le c u le  i s  r e s p o n s i b l e  

f o r  e a c h  p a r t i c u l a r  b a n d .  By u s i n g  w a te r  o f  57 o /o  D 

c o n te n t  an d  a  se c o n d  sam p le  o f  w a t e r  o f  99+ o /o  D c o n t e n t ,  

i t  i s  r e a s o n a b ly  shown t h a t  t h e  b a n d s  o c c u r r in g  a t  3 . IT /-6 , 

4 . 2 ^ ,  4 . 4 ^ ,  an d  6 .9 /M .are  d u e , r e s p e c t i v e l y ,  t o  t h e  com­

b i n a t i o n s  H -H , H -D , D-D, and  E -D . A b s o r p t io n  due t o  s i m i l a r  

a to m s i n  a  m o le c u le  i s  much g r e a t e r  t h a n  t h a t  due t o  d i s s i m i l a r  

a to m s .

I n t r o d u c t i o n  

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

o f  o r d i n a r y  l i q u i d  w a te r  w as d e te r m in e d  by  A s c h k i n a s s ^ ^  i n  

1 8 9 5 . H is  i n v e s t i g a t i o n s  to o k  i n  th e  w a v e le n g th  r a n g e  fro m  

0 .4 5  t o  8 .5  and  t h e  t h i c k n e s s  o f  t h e  a b s o r b e r  v a r i e d  fro m

0 .0 0 1  cm. f o r  t h e  l o n g e r  w a v e le n g th  r e g i o n  t o  100 cm. f o r  

t h e  s h o r t e r  w a v e le n g th  r e g i o n .  THe b a n d s  o b ta in e d  b y  h im

* la w s  F e l lo w  i n  P h y s ic s
(1 )  A nn . d .  P h y s . ,  5 5 , 4 0 1 , 1 8 9 4 .
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a r e  l o c a t e d  a t  t h e  w a v e le n g th s  0 . 7 7 ^ ,  lyu*, 1 .2 5 / tx ,  1 » 5 / U t 

1 .9 4yUf 3,02/U . , 4*7^  , an d  6 .0 9 /^ - .

The w ork  p r e v i o u s l y  done on t h e  i n f r a r e d  a b s o r p t io n  

o f  w a te r  d id  n o t  g iv e  a n y  d i r e c t  e v id e n c e  o f  t h e  o r i g i n  o f  

t h e  b a n d s ,  b u t  t h e  d i s c o v e r y  o f  D e u te r iu m , th e  h e a v y  i s o t o p e  

o f  h y d ro g e n , b y  U re y , B r ic k w e d d e , and M u r p h y i n  1 9 5 2 , 

s u g g e s te d  th e  p o s s i b i l i t y  t h a t  t h e  s p e c tru m  o f  D e u te r iu m  o x id e  

(h e a v y  w a te r )  m ig h t ,  b y  c o m p a ris o n  w i th  t h a t  o f  o r d i n a r y  w a te r  

i n d i c a t e  t h e  m echan ism  b y  w h ic h  t h e  a b s o r p t io n  i s  p r o d u c e d .  

W ith  t h i s  end  i n  v ie w , th e  p r e s e n t  i n v e s t i g a t i o n  w as m ade .

The a b s o r p t io n  s p e c t r a  o f  o r d i n a r y  w a te r  and o f  tw o  sa m p le s  

o f  h e a v y  w a te r  h a v e  b e e n  o b ta in e d  i n  t h e  r e g io n  l . ly w -  t o  7 , 9 ^

A p p a ra tu s

The l e i s s  p r i s m  s p e c t r o m e t e r ,  u se d  and  d e s c r ib e d  
( 3 )b y  S c h a f f e r t '  , w as u s e d  i n  t h i s  i n v e s t i g a t i o n  o f  th e  w a te r  

a b s o r p t i o n  b a n d s .  Wo c h a n g e s  w ere  made e x c e p t  t h a t  th e  D 

l i n e s  o f  so d iu m  (5 8 9 3 ) w ere  u s e d  i n  t h e  c a l i b r a t i o n  i n s t e a d  

o f  t h e  (5 461 ) g r e e n  l i n e  o f  m e rc u ry .

The a n g le  o f  t h e  r o e k s a l t  p r i s m ,  d e te rm in e d  b y  t h e  

u s u a l  m ethod w i t h  a  G a u s s ia n  e y e p ie c e ,  was found , t o  be  

60° 4 r 4 0 " .  The p r is m  w as v e ry  c l e a r  b u t  c o n ta in e d  s e v e r a l  

b u b b l e s .

The tw o s p e c t r o m e t e r  s l i t s  w ere  s e t  a t  0 .2  mm. and  

w ere  l e f t  t h e r e  th r o u g h o u t  th e  e x p e r im e n t s .

(2 )  P h y s .  R e v . 3 9 , 1 6 4 , 1 9 3 2 .
(3 )  J o u r a .  o f  Chem. P h y s .  J u l y ,  1 9 3 3 , 507,
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The a b s o r p t i o n  o e l l s  u se d  i n  t h i s  w o rk  w ere  con ­

s t r u c t e d  a s  shown i n  F i g .  1 .  The fram ew o rk  i s  o f  b r a s s .

i

/ /

2 %/ /

WAX

P L A T I N U M
S E P A R A T O R

/ v y /. 7~J/?e o f  c e l l  u .se<//f t  ffi/s /nocsT/jotT/o/?.

A s m a l l  p o r t i o n  o f  t h e  h e a v y  v e r t i c a l  p i e c e  i s  m ach in ed  o u t 

s l i g h t l y  t o  p e r m i t  th e  i n t r o d u c t i o n  o f  w a te r  a t  t h e  to p  and 

t o  a l lo w  t h e  e s c a p e  o f  a i r  b e lo w . The l i q u i d  i s  in t r o d u c e d  

b y  m eans o f  a  f i n e  e y e d r o p p e r .  S u r f a c e  t e n s i o n  b e tw e e n  t h e  

c le a n  m ic a  p l a t e s  c a u s e s  t h e  w a te r  t o  s p r e a d  o v e r  t h e  s u r f a c e s  

v e r y  r e a d i l y .
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Two p i e o e s  o f  m ic a  1 l / 8 ” x  2 l / 2 "  and  a b o u t  0*005 

cm . t h i c k  a r e  s e p a r a t e d  a lo n g  t h e  s i d e s  b y  m ic a  s t r i p s  o f  

th e  t h i c k n e s s  d e s i r e d  f o r  th e  a b s o r b in g  l a y e r .  S t r a i g h t  down 

t h e  c e n t r e ,  and b e tw e e n  t h e  m ic a  p l a t e s  i s  i n s e r t e d  a  n a r ro w  

p i e c e  o f  r o l l e d  p la t in u m  w ire  o f  th e  d e s i r e d  t h i c k n e s s .  The 

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

a b o u t  0 .0 0 3 5  cm . The s o re w h o le s  i n  t h e  1 / 8 ” p i e c e  a r e  

c o u n te r s u n k  so t h a t  t h e  f l a t h e a d  s c re w s  m ig h t  b e  c o v e re d  w i th  

w ax . A t t h e  e d g e s  w h ere  t h e  m ic a  i s  f l u s h  w i th  t h e  m e t a l ,  

an d  a ro u n d  t h e  e d g e s  o f  t h e  w indow s on b o th  s i d e s  o f  t h e  c e l l ,  

m o lte n  wax i s  m ade t o  r u n .  A f t e r  t h e  l i q u i d  h a s  b e e n  i n t r o ­

d u c e d , t h e  to p  an d  b o tto m  o f  t h e  c e l l  a r e  s e a l e d .  I n  t h i s  w ay , 

t h e  w a te r  c o u ld  be k e p t  i n  t h e  c e l l  f o r  s e v e r a l  d a y s .  I f  t h e  

m ic a  p l a t e s  a r e  made much t h i n n e r  t h a n  0 .0 0 4  cm . t h e y  t e n d  t o  

c r a c k  e a s i l y .  T h is  o c c u r r e d  s e v e r a l  t im e s  d u r in g  r u n s .  E ven  

th o u g h  c r a c k in g  d o e s  n o t  t a k e  p l a c e ,  t h e  w a te r  w i l l  d i s a p p e a r  

v e r y  q u i c k l y .  P l a t e s  o f  0 .0 0 5 5  cm . t h i c k n e s s  h e l d  th e  w a te r  

f o r  a s  lo n g  a s  a  w e e k . L e s s  t h a n  0 .2  o . c .  o f  w a te r  was 

s u f f i c i e n t  t o  f i l l  t h e  c e l l .  *

T6 make th e  p r e s e n c e  o f  t h e  p la t in u m  w ire  s e p a r a t o r  

e f f e c t i v e  i t  i s  e s s e n t i a l  t h a t  t h e  m ic a  p l a t e s  t e n d  t o  fo rm  

a  d o u b le  c o n ca v e  c e l l  when th e  w ire  s e p a r a t o r  h a s  n o t  y e t  

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

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

w ir e  i s  w ith d ra w n . T he c e l l  t h i c k n e s s  a t  t h e  r e g io n  o f  t h e  

im age o f  t h e  g lo w e r  w i l l  th e n  be  a p p r o x im a te ly  th e  t h i c k n e s s  

o f  t h e  m e a su re d  p la t in u m  s e p a r a t o r .
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The c e l l  i s  p l a c e d  i n  t h e  l i g h t  p a th  a t  a  p o i n t  

w h ere  t h e  im age o f  t h e  g lo w e r  f ro m  t h e  f i r s t  r e f l e c t i n g  m i r r o r  

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

’’dummy" c e l l ,  w i th  t h e  sam e t h i c k n e s s  o f  m ic a  p l a t e s  and  

s e p a r a t o r s .  T hese  tw o c o u ld  th e n  "be a l t e r n a t e l y  th ro w n  i n  

an d  o u t  o f  t h e  l i g h t  p a t h .

E x p e r im e n ta l  D a ta  

R e a d in g s  w ere  ta k e n  f o r  e v e ry  30 s e o o n d s  o f  a r c ,  

c o r r e s p o n d in g  t o  0 , 0 8 6 f c  s t e p s  i n  w a v e le n g th  n e a r  t h e  2yM-  

r e g i o n  and  0 . 0 4 5 ^  s t e p s  n e a r  t h e  6 ^ - r e g i o n ,  c o v e r in g  a  

w a v e le n g th  ra n g e  from  a b o u t  l ^ c t o  7 .8 y K . A s u f f i c i e n t  num ber 

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

r e s u l t s  f o r  e a c h  o f  t h e  f o l lo w in g  c a s e s .

1 .  ( a )  D i s t i l l e d  w a te r  ( 0 .0 0 8  cm. c e l l )

(b )  D i s t i l l e d  w a te r  (0 .0 0 3 5  cm. c e l l )

2 .  H eavy  w a te r  o f  D e u te r iu m  c o n te n t  56+ o /o

( M a n u f a c tu r e r ’ s  v a lu e )  (0 .0 0 3 5  cm . c e l l )

3 .  H eavy  w a te r  o f  D e u te r iu m  c o n te n t  99+ o / o j ^

(0 .0 0 3 5  cm . c e l l )

The A b s o rp t io n  S p e c t r a  o f  HgO, HDO, and  DgO.

The r e s u l t s  o f  t h e s e  t h r e e  e x p e r im e n ts  a r e  shown 

i n  P i g .  2 .  The c u rv e s  f o r  o r d i n a r y  w a te r  a r e  m ark ed  HgO.

(4 )  P r o f e s s o r  T a y lo r  o f  P r i n o e to n  C h e m is try  D e p a r tm e n t p r e s e n t e d  
a  gram  o f  t h e  h e a v y  w a te r  t o  D r . Gowdy o f  t h e  U n i v e r s i t y  o f  
C i n c i n n a t i  P h y s io s  D e p a r tm e n t .  We h e r e  w is h  t o  e x p r e s s  
o u r  th a n k s  t o  P r o f e s s o r  T a y lo r  f o r  t h e  w a t e r  s a m p le .
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f o r  t h e  57 o /o  sam p le  EDO, ( i n d i c a t i n g  t h e  a p p ro x im a te  

a v e r a g e  c o m p o s i t io n ) ,  and  f o r  t h e  h ig h  c o n c e n t r a t i o n ,  DgO,
too

90
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9030
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70

50

OIOO - 4 0 DO T M I I 4  C E L L

30

50 T H I C K  C E L L

40

30

20 T H I N C E L L

W A V E  L E N G T H  IN / *

A . h so rp tio n  J>ein</s o t ta /n e < /^ a r  / t ie  v a r i o u s  vra.te.i' s c c m p /e s .

£he b a n d s  o f  HgO a t  1 . 5 / 4 ,  3 . 1 7 ^ ,  4 .7yM , and

6 .1yW -w ere fo u n d  w i t h  t h e  t h i n  c e l l  a s  e x p e c te d ,  b u t  t h e  b a n d s  

a t  0 .7 7 ^ 4 ,  iy<4, and  1 .2 5 ^ 4 . w e re  n o t  e v id e n t  due to  i n s u f f i c i e n t  

t h i c k n e s s  o f  a b s o r b e r .  W ith  t h e  t h i c k e r  c e l l  ( a b o u t  0 .0 0 8  c m .) ,  

t h e  e n t i r e  a b s o r p t io n  i n c r e a s e d  som ew hat b u t  p a r t i c u l a r l y  d id
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t h e  4 . 7 / *  h an d  I n c r e a s e ,  an d  th e  3.17/** h an d  s h i f t e d  t o  

3 . 3 4 / * .  T h is  l a t t e r  e f f e c t  h a s  h e e n  d i s c u s s e d  hy  E l l i s '  ' 

h u t  no  s a t i s f a c t o r y  e x p la n a t i o n  o f  i t  h a s  h e en  s u g g e s t e d .

F o r  t h e  sam p le  c o n t a i n i n g  a h o u t  h a l f  D e u te r iu m , 

new  h a n d s  a r e  shown a t  a h o u t  4 . 2 / *  and  6 . 9 / * .  B o th  t h e s e  

h a n d s  a r e  s t r o n g .  The c o n to u r  o f  t h e  h an d  a t  6 .9 / *  i n d i c a t e s  

an  a d d i t i o n a l  h an d  a t  a h o u t  6 .7 6 / *  n o t  c l e a r l y  r e s o l v e d .  I t  

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

n e a r l y  h a l f  o f  t h e  l i g h t  a to m s w e re  h y d ro g e n .

I n  th e  P h y s .  R e v . ,  F e h .  1 ,  1 9 3 4 , p r e l i m i n a r y  r e s u l t s  

on  t h i s  i n v e s t i g a t i o n  w ere  p u b l i s h e d  h y  me i n  th e  " l e t t e r s  

t o  t h e  E d i t o r ” c o lu m n s . The a b s e n c e  o f  t h e  4 .7 / *  h an d  n o te d  

a t  t h a t  t im e  w as e v i d e n t l y  due t o  t h e  t h i n n e s s  o f  t h e  c e l l  

th e n  u s e d .  S u b se q u e n t w ork  w i th  a  t h i c k e r  c e l l  h a s  show n 

d e f i n i t e l y  t h e  e x i s t e n c e  o f  t h i s  h a n d , a l th o u g h  i t  i s  w e a k .

F o r  t h e  sam p le  c o n t a i n i n g  h ig h  D e u te r iu m  c o n c e n t r a ­

t i o n  t h e r e  i s  a  v e ry  s t r o n g  h an d  a t  4 . 4 / * ,  and  th e  3 .1 7 /*  

hand  p r a c t i c a l l y  d i s a p p e a r s .  The hand  a t  6 .1 6 / *  and  t h e  h a n d  

a t  6 . 9 2 / *  a r e  re d u c e d  i n  i n t e n s i t y  ( e s p e c i a l l y  t h e  l a t t e r ) ,  

an d  a p p e a r  t o  he s h i f t e d  to w a rd s  e a c h  o t h e r  to  t h e  a p p ro x im a te  

p o i n t s  6 .4 / *  and  6 .8 6 / *  r e s p e c t i v e l y .  The e x p e r im e n ta l  v a lu e s  

o f  th e  w a v e le n g th  p o s i t i o n s  o f  t h e  h a n d s  a r e  g iv e n  i n  T a b le  I .

( 5 )  E l l i s  -  J o u r a .  O p t. S o c . o f  A m e r., J a n . ,  1 9 2 4 , 1 .
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T a b le  I

B ands o b ta in e d  w i t h  c e l l  (E x p e r im e n ta l )

C e l l
S u b s ta n c e  T h ic k n e s s  (cm . 9  P o s i t i o n  o f  b a n d s  

EgO 0.008 3 .34/*  4.7/* 6.16/*-

HgO 0.0035 3 ,17 /*  4,7/* 6.16/*

EDO 0.0035 3.17/* 4.21/-* 4.7/* 6.16/* 6.92/*-

DgO 0.0035 4 .4 /*  6 .4 /*6 .86 /c

D is c u s s io n  o f  t h e  A b s o r p t io n  B ands O b ta in e d

The a r ra n g e m e n t  o f  t h e  a to m s  i n  t h e  w a te r  m o le c u le  

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

t i o n  i s  t r i a n g u l a r  i n  fo rm , D e b y e O g i v e s  a rg u m e n ts  from  

e l e c t r i c  moment c o n s i d e r a t i o n s  t h a t  t h e  a n g le  m ade b y  t h e  l i n e s  

j o i n i n g  t h e  h y d ro g e n s  t o  t h e  o x y g en  i s  a c u t e .  I t  can  b e  s e e n  

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

b e tw e e n  t h e  h y d ro g e n s ,  t h e  v i b r a t i o n s  b e tw ee n  h y d ro g e n  a n d  

o x y g e n  a r e  v e r y  l i t t l e  a f f e c t e d ,  and  v ic e  v e r s a ,  t h e  tw o m o tio n s  

t a k i n g  p l a c e  i n  n e a r l y  n o rm a l d i r e c t i o n s .  I f  t h e  a n g le  w ere 

o b tu s e  t h e s e  v i b r a t i o n s  w ou ld  h a v e  a  d e c id e d  e f f e c t  on  e a c h  o t h e r .

I t  i s  g e n e r a l l y  c o n s id e r e d  t h a t  t h e  b a n d s  e x i s t i n g  

b e tw e e n  th e  i n d i v i d u a l  a to m s o f  a  m o le c u le  a r e  c o m p a ra b le  t o  

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

c o n s t a n t ,  K . K e t t e r i n g ,  S h u t t s ,  and  A n d re w s ^ ^ h a v e  i l l u s t r a t e d

(6 )  P o l a r  M o le c u le s ,  p .  7 3 .
( 7 )  P h y s .  E S v . , v o l .  3 6 , A u g .,  1 9 3 0 .
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t h e  a g re e m e n t o f  t h e  f r e q u e n c y  o f  m e c h a n ic a l  m o d e ls  f o r  

n o n p o la r  m o le c u le s  w i t h  d a t a  f ro m  Raman S p e c t r a .  They c o n ­

c lu d e  t h a t  t h e  m o le c u la r  f o r c e s  a r e  d i r e c t e d  a lo n g  t h e  l i n e s  

a s s o c i a t e d  w i t h  t h e  c h e m ic a l  h a n d s  and t h a t ,  m e c h a n ic a l ly ,  

t h e y  a r e  a n a lo g o u s  t o  h e l i c a l  s p r i n g s .  U nder t h e s e  c o n d i t i o n s ,  

t h e n ,  th e  r e l a t i o n s h i p ,  t ) =  w h e re  y =  i s

t h e  r e d u c e d  m a s s , s h o u ld  a p p ly .  S t a t i n g  t h i s  i n  te r m s  o f  

w a v e le n g th s .  A ^
S in c e  th e  3 .17/**  and  t h e  6 .16 /*<  h a n d s  o f  HgO a r e  

a lw a y s  s t r o n g ,  l e t  u s  c o n s i d e r  th em  a s  t h e  f u n d a m e n ta l  r e f e r e n c e s .  

T a h le  I I  p r o v i d e s  a  c o m p a r is o n  o f  o b s e rv e d  v a lu e s  w i t h  t h o s e  

com puted  a c c o r d in g  t o  t h i s  m e c h a n ic a l  m o d e l .

T a h le  I I

Com bin­
a t i o n ■ r

Y f

‘ 7 ^ 7  O b se rv e d

C om puted.
b a s e

3.I7H-

C om puted, 
b a s e  

O b se rv e d  A -

H-E 0 .5 0 .7 0 7 1 3 .1 7 /< 3 .1 7  f* 6 .1 6 / <  6 .1 6 / “

H-D 0 .5 6 7 0 .8 1 6 1 .1 5 5  4 . 2 / * 3 .6 6 /« 6 .9 2  fc  7 . 1 / *

D-D 1 .0 0 1 .0 0 1 .4 1 4  4 . 4 / “ 4 .4 8 / “

The r e l a t i o n  A CO ~]fy show s t h a t  t h e  H-D hand  s h o u ld  

he  n e a r  3.7/U . and  th e  D-D h an d  n e a r  4 . 4 / * .  The D-D hand  show ed 

w h e r e 'e x p e c te d  h u t  t h e  H—D h a n d  o c c u r r e d  a t  a  w a v e le n g th  g r e a t e r  

t h a n  t h e  com puted  v a l u e .  T h is  may h e  e x p la in e d  hy  t h e  f a c t  t h a t  

t h e  HDO u s e d  c o n ta in e d  n e a r l y  57 o /o  D c o n c e n t r a t i o n .  H ence 

we h a v e  a  g r a d u a l  a p p ro a c h  to w a rd s  4 .4 / *  a s  t h e  D c o n c e n t r a t i o n  

i s  i n c r e a s e d .
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C o n s id e r in g  th e  6 . 1 6 b a n d  o f  HgO a s  a  r e f e r e n c e ,  

we f i n d  b y  e x p e r im e n t  a  new h an d  a t  6 . 9 ^  f o r  HDO. From  t h e  

r e l a t i o n  A °C 'j/ 'y  i t  s h o u ld  be due t o  an  H-D c o m b in a tio n  

and  f a l l  n e a r  7.1y**. F o r  DgO t h i s  p e a k  n e a r l y  d i s a p p e a r s ,  

s i n c e  t h e r e  was o n ly  a b o u t one p e r c e n t  o f  H p r e s e n t  i n  t h e  

a b s o r b e r .

A c c o rd in g  t o  t h e s e  r e s u l t s ,  any  a b s o r p t io n s  due t o  

0-H  o r  O-D c o m b in a t io n s  a r e  e x t r e m e ly  w e ak , an d  a n y  v i b r a t i o n s  

b e tw e e n  s i m i l a r  a tom s p ro d u c e  v e ry  s t r o n g  a b s o r p t io n  b a n d s .

C o m p ariso n  o f  t h e  c u r v e s  show s t h a t  t h e  band  a t  

3 .17j-L d e c r e a s e s  r a p i d l y  i n  i n t e n s i t y  w i th  t h e  r e d u c t i o n  i n  

H c o n t e n t .  A new b an d  a t  4 . 2 ^  a p p e a r s  when D i s  p r e s e n t  and  

m oves t o  4 . 4 ^ .  a t  h ig h  c o n c e n t r a t i o n s  o f  D . The band  a t  6 . 1 6 t 

l i k e  t h e  b a n d  a t  3 .1 7 /^  , d e c r e a s e s  i n  i n t e n s i t y  w i th  d e c r e a s e  

i n  H c o n t e n t .  A new band  a p p e a r s  a t  a p p ro x im a te ly  7y c  w hen  

D i s  p r e s e n t  b u t  d e c r e a s e s  i n  i n t e n s i t y  when t h e  c o n c e n t r a t i o n  

o f  D i s  h i g h  and  t h a t  o f  H i s  lo w .

T h ese  o b s e r v a t i o n s  i n d i c a t e  t h a t  i t  may r e a s o n a b ly  

be a ssu m e d  t h a t  t h e  b an d s  a t  3 .1 7 yt- and  a t  6.16/*-*- a r e  due t o  

t h e  o s c i l l a t i o n s  o f  an H-H c o m b in a t io n .  S i m i l a r l y ,  t h e  b an d  

a t  4*4yf* i s  due t o  a  D-D c o m b in a t io n .  The b e h a v io r  o f  t h e  

b an d  i n  th e  n e ig h b o rh o o d  o f  7ju . i n d i c a t e s  t h a t  i t  i s  due t o  

a n  H-D c o m b in a t io n .
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I  w ish  h e r e  t o  e x p r e s s  ray s i n c e r e  th a n k s  t o  

D r .  R . C . Gowdy, f o r  h i s  s u g g e s t i o n s ,  h e l p ,  and  e n c o u ra g e ­

m en t d u r in g  th e  t im e  t h i s  i n v e s t i g a t i o n  w as u n d e r  w a y . I  

w is h  a l s o  t o  e x p r e s s  my a p p r e c i a t i o n  t o  o t h e r  m em bers o f  

t h e  s t a f f  o f  th e  D e p a rtm e n t o f  P h y s i c s  f o r  t h e i r  i n t e r e s t  

shown i n  t h i s  w o rk .
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