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INTRODUCTION

A.  H i s t o r y  o f  S e n s i t i z e d  F l u o r e s c e n c e .  S e n s i t i z e d

F l u o r e s c e n c e  was d i s c o v e r e d  in 1923 by  C a r i o  and F r a n c k .  

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

b a s i c  i t e ms  o f  i n f o r m a t i o n :

1. When a m i x t u r e  o f  t w o  m o na t o m i c  g a s s e s ,  A 

and B,  i s  i l l u m i n a t e d  b y  l i g h t  w h i c h  o n l y  A can a b s o r b ,  

f l u o r e s c e n t  I i g h t  may be e m i t t e d  b y  B a t o m s .  I f  t h e  e x c i t  

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

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

much g r e a t e r  t h a n  i n  t h e  r e v e r s e  c a s e  when t h e  e x c i t a t i o n  

e n e r g y  o f  B i s  g r e a t e r  t h a n  t h e  e n e r g y  o f  I i g h t  a b s o r b e d  

by A .  H e n c e ,  at oms may t r a n s f e r  e x c i t a t i o n  e n e r g y  on 

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

f r o m  t h e r m a l  e n e r g y .

2 .  B atom f l u o r e s c e n t  i n t e n s i t y  d e p e n d s  upon 

t h e  e n e r g y  d i f f e r e n c e  b e tw e e n t h a t  o f  e x c i t e d  A atoms and 

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

e n e r g y  d i f f e r e n c e .  T h i s  e f f e c t  f o r  s o d i u m and m e r c u r y  i s
2

c r e d i t e d  t o  B e u t l e r  and J o s e p h y .  H e n c e ,  t h e  p r o b a b i l i t y  

o f  t r a n s f e r  i s  g r e a t e r  f o r  s m a l l e r  e n e r g y  d i f f e r e n c e .
3

3 .  W i g n e r  f i r s t  s t a t e d  t h e  r u l e  c o n c e r n i n g  t h e  

i n t e n s i t y  o f  l i n e s  in s e n s i t i z e d  f l u o r e s c e n c e ,  t h a t  t h o s e  

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

t r o n  s p i n  a n g u l a r  momentum f o r  one atom i s  e q u a l  and oppos

1



t o  t h a t  o f  t h e  o t h e r  a tom .

O t h e r s  have made a d d i t i o n a l  c o n t r i b u t i o n s  t o  t h e  k n o w-
. 4

l e d g e  o f  s e n s i t i z e d  f l u o r e s c e n c e .  F o r  e x a m p l e ,  W i n an s  

e x t e n d e d  W i g n e r ' s  s e l e c t i o n  r u l e .  T h e  r u l e  s t a t e d  b y  W i g n e r  

f o r  s e n s i t i z e d  f l u o r e s c e n c e  may be w r i t t e n  a s A S = 0 ,  wher e S 

i s  t h e  t o t a l  s p i n  a n g u l a r  momentum f o r  t h e  q u a s i - m o  I ecu I e  

f o r m e d  by t h e  t w o  atoms on c o l l i s i o n .  Wi n a ns  showed t h a t  

t h e  p r o b a b i l i t y  o f  t r a n s f e r  i s  g r e a t e r  i f A S = 0  and A J = 0 ,  

where  J i s  t h e  r e s u l t a n t  t o t a l  a n g u l a r  momentum o f  t h e  q u a s i  

m o l e c u l e  f o r m e d  b y  t h e  t w o  atoms on c o l l i s i o n .



B . E v e n t s  L e a d i n g  t o  t h e  P r o b I e m  , In an e x p e r i m e n t  

by Swanson and M c F a r l a n d ' *  on s e n s i t i z e d  f l u o r e s c e n c e ,  c o n ­

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

m e r c u r y - t h a J I i u m  m i x t u r e ,  t h e  t e m p e r a t u r e  d e p e n d e n c e  was 

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

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

F i g u r e  I ,  page 4 .  T h e i r  i n v e s t i g a t i o n s  showed t h e  f o l l o w i n g  

r e s u I t s :

1. T h e  r e s o n a n c e  l i n e s  o f  t h a l l i u m ,  3 7 7 6 A,  2 7 6 8 A ,  

and 258GA were seen w i t h  low i n t e n s i t i e s  a t  v e r y  low m e r ­

c u r y  t e m p e r a t u r e s .  T h e i r  i n t e n s i t i e s  i n c r e a s e d  w i t h  t e m ­

p e r a t u r e ,  r e a c h e d  a maximum between 3 0 0 - 3 5 0 ° C ,  and t h e n
~ o

d e c r e a s e d  above  350 C.

2 .  T h a l l i u m  l i n e s  5 3 50 A ,  3 5 I 9 A ,  3 5 2 9 A ,  3 23 0A ,  

and 2921 - 18A i n c r e a s e d  i n  i n t e n s i t y  a t  low m e r c u r y  t e m p e r ­

a t u r e s ,  ( I 20° - I 70° C ) ,  and d e c r e a s e d  a t  h i g h e r  t e m p e r a t u r e s ,  

where  t h e  p r e v i o u s  I i n e s  r e a c h e d  a maximum i n t e n s i t y .

Swanson and M c F a r l a n d  e x p l a i n e d  t h e  b e h a v i o r  o f  t h e  

i n t e n s i t y  o f  t h e  t h a l I i u m  I i n e s  as f o I  l o w s :

1. T h e  i n i t i a l  r i s e  in  i n t e n s i t y  o f  t h e  t h a l l i u m  

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

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

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

t h e  m e r c u r y .

2 .  T h e  d e c r e a s e  in i n t e n s i t y  o f  t h e  n o n - r e s o n a n c e  

t h a l I i u m  I i n e s ,  5 35 0A ,  3 5 2 9 A,  3 5 I 9 A ,  3 2 3 0 A ,  and 2 9 2 I - I 8 A  i s



Figure I Reproduced from Anderson and 
Me Farland9



5

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

v a p o r  a s  we I I as t o  an u n f a v o r a b l e  r a t i o  in t h e  number  o f  

m e r c u r y  at oms a v a i l a b l e  t o  t h e  n u mb e r  o f  t h a l l i u m  atoms

p r e s e n t «

♦ . . . 4 o
U s i n g  W i n a n ' s  p a r t i a l  s e l e c t i o n  r u l e  , t h e  7 o t

t h a l I i u m  l e v e l  w o u l d  be p r e f e r e n t i a l l y  e x c i t e d  b y  m e t a s t -

a b l e  m e r c u r y  a t o m s .  T h e  i n c r e a s e d  p o p u l a t i o n  o f  6^ P Q atoms

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

number  o f  o ^ P j  atoms t h u s  a c c o u n t i n g  f o r  a d e c r e a s e  i n

i n t e n s i t y  o f  t h e  3 5 I 9 A ,  3 5 2 9 A ,  3 2 3 0 A ,  and 2921 - 18 A l i n e s

w h i c h  a r e  in c l o s e  e n e r g y  r e s o n a n c e  w i t h  t h e  6°Pj  l e v e l  o r

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

t o  W i n a n ' s  A J = 0  r u l e .  T h e r e  i s  a s l i g h t  l e v e l i n g  o f f  o f  

t h e  5350A I ine  i n  i t s  f a s t  d e c r e a s e  w h i c h  can be a c c o u n t e d  

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

l i n e  a l s o  o r i g i n a t e s  f r o m  t h e  7^ S i  l e v e l .
2

3 -  I n c r e a s e d  m e t a s t a b l e  atom f o r m a t i o n  i n  t h e  

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

3776A t h a l l i u m  l i n e .  I f  t h e  7 ^ S a  l e v e l  is  e x c i t e d  b y  d i r e c tO

c o l  I i s i o n s  w i t h  m e t a s t a b l e  atoms a l a r g e  amount  o f  e n e r g y  

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

b r o a d e n i n g  t o  t h e  3776A I i n e , so  o n l y  i t s  c e n t r a l  p o r t i o n  

i s  a b s o r b e d  and t h e  l i n e  i s  e n h a n c e d .
5

A l s o  in t h e  i n v e s t i g a t i o n  b y  Swanson and M c F a r l a n d  , 
t h e r e  was o b s e r v e d  t o  be a s h i f t  in t h e  maximum i n t e n s i t y  

o f  t h e  2768A and 25S0A t h a l l i u m  l i n e s  t o w a r d  h i g h e r  m e r c u r y



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

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

a r e  p r e f e r e n t i a l l y  e x c i t e d  b y  6^ P j  m e r c u r y  a t o m s .  T h e r e -  

f o r e ,  t h e  s h i f t  in  t h e  maximum i n t e n s i t y  o f  t h e s e  l i n e s  

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

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



C.  S t a t e m e n t  o f  t h e  P r o b l e m ,  I f  c o n c e n t r a t i o n  f a c t o r s

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

atom f o r m a t i o n ,  and D o p p l e r  b r o a d e n i n g  a re  i n t r o d u c e d ,  ( w i t h  

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

M c F a r l a n d , ^  p r e s e n t e d  on pages 3 # 5, and  6 ,  c a n  be e x p l a i n e d  

more s a t i s f a c t o r i l y  and c o m p l e t e l y  w i t h  t h e  p r o p e r  e x p e r i ­

m en t al  s u p p o r t .  I f  m e t a s t a b l e  atom f o r m a t i o n  and D o p p l e r  

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

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

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

o t h e r  e x p e r i m e n t s  on s e n s i t i z e d  f l u o r e s c e n c e  w i l l  be a l t e r e d  

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

D r .  R i c h a r d  A n d e r s o n . ^

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

5 35 0A ,  3 5 I 9 A ,  3 52 9 A,  3 2 3 0A ,  and 2 9 2 I - I 8 A  t h a l l i u m  l i n e s  

w i l l  be c a u s e d  b y  a m e r c u r y  c o n c e n t r a t i o n  e f f e c t .  A t  low 

m e r c u r y  t e m p e r a t u r e s ,  ( h e n c e  p r e s s u r e s ) ,  t h e  i n c i d e n t  2537A 

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

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

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

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

r e a c h e s  a p o i n t  where  a I I i n c i d e n t  r a d i a t i o n  i s  a b s o r b e d  in 

t h e  c e l l .  Her e t h e  3 5 2 9 A ,  3 5 I 9 A ,  3230A and 2921 - 18A l i n e s  

w i l l  r e a c h  a maximum i n t e n s i t y  s i n c e  t h e s e  l i n e s  o r i g i n a t e  

f r o m  l e v e l s  in c l o s e  r e s o n a n c e  w i t h  6^P| m e r c u r y  a t o m s .

T h e  5350A t h a l l i u m  l i n e  s h o u l d  a l s o  show a maximum 

i n t e n s i t y .  T h o u g h  t h i s  I ine o r i g i n a t e s  f r o m  t h e  7 S i  l e v e l
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l y i n g  o u t  o f  r e s o n a n c e ,  t h e  7 “"Si. t h a l l i u m  l e v e l  i s  p o p -
9 o

u l a t e d  by c a s c a d e  t r a n s i t i o n s  f r o m  t h e  7~P and 6^D t h a l l i u m  

l e v e l s ,  w h i c h  a r e  in d i r e c t  e n e r g y  r e s o n a n c e  w i t h  6°P| 

m e r c u r y  a t o m s .  T h e  3776A l i n e  s h o u l d  n o t  e x h i b i t  a I a r g e  

i n t e n s i t y  a t  low t e m p e r a t u r e ,  e v e n t h o u g h  i t  o r i g i n a t e s

f r o m  t h e  7 S i  l e v e l ,  as  i t  i s  a r e s o n a n c e  I i n e  o f  t h a l I i u m
2

and i s  s t r o n g l y  s e l f - a b s o r b e d  when dee p p e n e t r a t i o n  o c c u r s .  

T h i s  a b s o r p t i o n  d e p e n d s  on t h e  t h a l l i u m  t e m p e r a t u r e .  T h e  

2768A and 2580A t h a l l i u m  l i n e s  o r i g i n a t e  f r o m  e n e r g y  l e v e l s  

p r e f e r e n t i a l l y  e x c i t e d  b y  6°P| m e r c u r y  a t o m s .  T h e s e  I i n e s  

s h o u l d  have weak i n t e n s i t y  a t  l ow p r e s s u r e s  b e c a u s e  t h e y  

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

low m e r c u r y  t e m p e r a t u r e .  In o r d e r  t o  f o l l o w  t h e s e  t r a n s ­

i t i o n s ,  r e f e r  t o  F i g u r e  I .  T h e  d e c r e a s e  in i n t e n s i t y  o f  

t h e  5 3 5 0 A ,  3 5 2 9 A ,  3 5 I 9 A ,  323 0A,  and 2 9 2 1 - l S A  l i n e s  comes 

a b o u t  b e c a u s e  t h e  i n c i d e n t  r a d i a t i o n  can  n o t  now p e n e t r a t e  

as d e e p l y  i n t o  t h e  c e l  I b e f o r e  i t  i s  a b s o r b e d  due t o  t h e  

i n c r e a s e d  m e r c u r y  c o n c e n t r a t i o n .  T h e r e f o r e ,  t h e  nu mb e r  o f  

t h a l I i u m  a t om s  w h i c h  can  be e x c i t e d  i s  g r e a t l y  r e d u c e d  and 

t h e  a b o v e  s p e c t r a l  l i n e s  s h o u l d  be r e d u c e d  in  i n t e n s i t y .

Hs t h e  e x c i t a t i o n  r e g i o n  comes c l o s e r  t o  t h e  s u r f a c e  o f  

t h e  c e l l ,  t h e  3 7 7 6 A ,  2 7 6 8 A ,  and 2580A t h a l l i u m  l i n e s  e x h i b i t  

an i n c r e a s e  in i n t e n s i t y ,  s i n c e  t h e  e s c a p e  p a t h  l e n g t h  i s  

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

w i t h  d e c r e a s e d  s e I f - a b s o r p t i o n • T h e  2768A and 2580A I i n e s  

s h o u l d  e x h i b i t  a maximum i n t e n s i t y  when t h e  e n e r g y  e x c h a n g e

2



r e a c t i o n  o c c u r s  as  a s u r f a c e  e f f e c t *  B ey ond t h i s  p o i n t ,  

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

p r e s s u r e  becomes so g r e a t  t h a t  t h e  i n c i d e n t  r a d i a t i o n  i s  

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

f a c e  were  a m i r r o r ,  ( s p e c u l a r  r e f l e c t i o n ) *  T h e  3776A 

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

a t  w h i c h  t h i s  l i n e  d e c r e a s e s  in i n t e n s i t y  i s  a t  a s l i g h t l y  

I a r g e r  m e r c u r y  t e m p e r a t u r e  t h a n  f o r  t h e  2768A and 25&0A 

l i n e s *  T h e  i n t e n s i t y  b e h a v i o r  o f  t h i s  l i n e  a nd  t h e  s l o w i n g  

o f  t h e  d e c r e a s e  i n  i n t e n s i t y  o f  t h e  5350A t h a l l i u m  l i n e s  

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

an i n c r e a s e d  c o n c e n t r a t i o n  o f  m e t a s t a b l e  m e r c u r y  atoms a t  

h i g h  t e m p e r a t u r e s .  T h i s  l i n e  o r i g i n a t e s  f r o m  t h e  7*Sx l e v e l  

w i t h  a I a r g e  e n e r g y  d i f f e r e n c e  w i t h  t h e  6 ^ P q  m e r c u r y  s t a t e ,  

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

c e s s .  T h i s  c a n  a c c o u n t  f o r  i t s  l o n g e r  p e r s i s t e n c e *  F i g u r e  2 

i s  a r e p r o d u c t i o n  o f  g r a p h s  o f  Swanson and M c F a r l a n d ^  w h i c h  

shows t h e s e  e f f e c t s .

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

5h y p o t h e s e s  w h i c h  d i f f e r  f r o m  t h o s e  o f  Swanson and M c F a r l a n d *  

One s t e p  in t h i s  d i r e c t i o n  i s  t h e  p e r f o r m i n g  o f  an e x p e r i m e n t  

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

o f  p e n e t r a t i o n  d e p t h  o f  t h e  r e s o n a n c e  r a d i a t i o n *  An absorp-* 

t  i on c e l  I c o n t a i n i n g  a p l a n e  wi ndow t h r o u g h  w h i c h  t h e  ex-* 

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

i s  e m e r g e n t  was used* T h e  c e l l  c o n t a i n e d  a b a f f l e  t o



Sensitized fluorescence intensities of the three 
least intense lines observed.

Sensitized fluorescence intensities as a function of 
mercury temperatures with the temperature at 850°C.
(5350 line corrected for phototube response.)

Figure 2 Reproduced from Swanson 
and Me FarlandS



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

r e p e a t  t h e ’ work on t h e  t e m p e r a t u r e  d e p e nd e n c e  o f  t h e  s e n ­

s i t i z e d  f l u o r e s c e n t  s p e c t r u m  o f  a r a e r c u r y - t h a i I i u m  m i x t u r e .

5Swanson and M c F a r l a n d  used a c e l l  a t  a c o n s t a n t  

d e p t h ,  v a r i e d  t h e  m e r c u r y  t e m p e r a t u r e  and k e p t  t h e  t h a l l i u m  

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

d e p t h ,  v a r i e d  t h e  m e r c u r y  t e m p e r a t u r e  and c e l l  d e p t h ,  and 

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

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

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

d i f f e r e n t  r e s u l t s  f o r  d i f f e r e n t  t h a l l i u m  l i n e s .  F o r  t h e  

3519 A ,  3 5 2 9 A ,  3 2 3 0 A ,  and 2 9 2 1 - I 8A ,  t h a l l i u m  l i n e s ,  t h e  in  

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

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

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

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

t h e  c e l l  d e p t h  where  t h e  b r e a k  in  i n t e n s i t y  o c c u r s  w i l l  v a r y .  

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

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

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

l ow.  A t  low m e r c u r y  t e m p e r a t u r e  t h e  r i s e  i n  i n t e n s i t y  may 

be s l o w e r .  T h e  i n t e n s i t y  o f  t h e  l i n e  where  t h e  b r e a k  o c c u r s  

may be h i g h e r ,  d e p e n d i n g  upon t h e  m e r c u r y  t e m p e r a t u r e *  T h e  

b r e a k  in i n t e n s i t y  w i l l  t h e n  o c c u r  a t  a deep p e n e t r a t i o n *  

U s i n g  t h e  d a t a  o f  Swanson and M c F a r l a n d ' 5, o u r  g r a p h s  f o r  

t h e s e  l i n e s  s h o u l d  a p p e a r  as shown in F i g u r e  3 r
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T h e  5350A t h a l I  ium l i n e  w i l l  p r o b a b l y  e x h i b i t  a 

d i f f e r e n t  b e h a v i o r  t h a n  t h e  3 5 I 9 - 2 9 A ,  3230A and 2 9 2 I - I 8 A  

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

i n t o  t h e  7 Sx l e v e l ,  and b y  e x c i t a t i o n  o f  t h i s  l e v e l  b y  

m e r c u r y  m e t a s t a b l e  a t o m s .  I t s  i n t e n s i t y  may r i s e  more 

r a p i d l y  t h a n  t h e  o t h e r  I i n e s ,  and t h e  b r e a k  i n  t h e  i n t e n ­

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

atom c o n c e n t r a t i o n .  T h e  a n t i c i p a t e d  b e h a v i o r  o f  t h e  5350A 

i n t e n s i t i e s  a r e  shown in F i g u r e  4 .

T h e  r e s o n a n c e  l i n e s  2768A a nd  25S0A w i l l  have low 

i n t e n s i t i e s  e x c e p t  a t  h i g h  m e r c u r y  t e m p e r a t u r e s .  T h e i r  

i n t e n s i t i e s  w i l l  b r e a k  and become c o n s t a n t  a t  n e a r l y  t h e  

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

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

t h e  c e l l .  T h e i r  i n t e n s i t y  w i l l  d e p e nd  upon t h e  m e r c u r y  

t e m p e r a t u r e ,  and t h e  b r e a k  p o i n t  d e p t h  upon t h e  t h a l I i  um 

c o n c e n t r a t i o n .  A p p l y i n g  Swanson and M c F a r l a n d ' s ^  d a t a  t o  

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

F i g u r e  5.

T h e  3776A l i n e  s h o u l d  have an i n t e n s i t y  b e h a v i o r  

s i m i l a r  t o  t h e  2768A and 2580A I i n e s ,  e x c e p t  t h a t  t h e  b r e a k  

i n  i n t e n s i t y  s h o u l d  be l e s s  p r o n o u n c e d ,  s i n c e  t h i s  l i n e  

o r i g i n a t e s  f r o m  t h e  7 ^ S i  l e v e l .  T h i s  l e v e l  i s  p r e d o m i n a t e l y  

e x c i t e d  by  m e t a s t a b l e  m e r c u r y  a t o m s ,  and t h i s  w i l l  l e a d  t o  

a D o p p l e r  b r o a d e n i n g  o f  t h e  3776A l i n e .  T h u s ,  e v e n  t h o u g h  

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

may c o n t i n u e  t o  r i s e  a b o v e  t h e  b r e a k  p o i n t  o f  t h e  2768A
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and 2 580A I i n e s .  In t h e  c a s e  o f  t h e  3776A I i n e ,  t h e  b r e a k  

p o i n t  may be more p r o n o u n c e d  a t  low m e r c u r y  t e m p e r a t u r e s  

wh e re  t h e  c o n c e n t r a t i o n  o f  m e r c u r y  m e t a s t a b l e  at om s  i s  

n e g l i g i b l e .  A t  l ow m e r c u r y  t e m p e r a t u r e ,  t h e  3776A l i n e  

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

o t h e r  r e s o n a n c e  I i n e s  as shown in F i g u r e  6 .
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AND MCFARLAND5



EXPERIMENTAL PROCEDURESI I .

A .  C o n s t r u c t i o n  o f  t h e  Vacuum S y s t e m . P I a t e s  I ,  2 ,

3 ,  p a ge s  19 , 2 0 , and 21 ,  show t h e  vacuum s y s t e m  c o n s t r u c t e d  

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

T h e  f o l l o w i n g  i t e m s  o f  e q u i p m e n t  were u s e d :

a .  H.  F .  M a r t i n  m e r c u r y  d i f f u s i o n  pump,

b .  A .  S .  A l o e  Duo Seal  vacuum f o r e  pump,

c .  C o n s o l i d a t e d  E l e c t r o d y n a m i c s  i o n i z a t i o n  

vacuum g a u g e ,

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

vacuum g a u g e .

A d r y  i c e  and a c e t o n e  m i x t u r e  was used i n  dewar  f l a s k s  

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

B.  Des i gn and C o n s t r u c t  i on o f  t h e  Q u a r t z  C e l l . A 

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

1. T h e  c e l l  had t o  be long enough t o  p r o v i d e  

f o r  movement o f  an i n t e r i o r  b a f f l e  o v e r  a d e s i r e d  r a n g e  o f  

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

b a f f l e  wo ul d  t h e n  be p o s s i b l e  t h r o u g h o u t  t h e  e i g h t  c e n t i ­

m e t e r  r a n g e  f o r  d a t a  p u r p o s e s .

2 .  T h e  m e r c u r y  and t h a l l i u m  r e s e r v o i r s  were 

l o c a t e d  on e ac h  s i d e  o f  t h e  main c e l l  f o r  p r a c t i c a l  c o n v e n ­

i en c e  in oven d e s i g n .

T h e  c e l l  was c o n s t r u c t e d  o f  I "  d i a m e t e r  q u a r t z  t u b i n g  

and 5 "  q u a r t z  t u b i n g  was used f o r  t h e  r e s e r v o i r s .



P l a t e  I .  Vacuum s yst em,  f r o n t  v i e w ,  when 
c e l l  i s  b e i n g  o u t g a ss e d



Plate I I .  Vacuum system/ side view, when cel l  is being outgassed



Plate I I I .  Vacuum system with cell  attached
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C .  Des i gn and C o n s t r u c t  i on o f  t h e  B a f f 1e , Pure 

molybdenum s h e e t  metal  mm. t h i c k  was s e l e c t e d  f o r  t h e  

c o n s t r u c t i o n  o f  t h e  b a f f l e ,  s i n c e  molybdenum has  a much 

h i g h e r  m e l t i n g  t e m p e r a t u r e  t han  was used in t h e  e x p e r i m e n t ,  

and does n o t  r e a c t  w i t h  t h e  m e r c u r y  and t h a l I i u m  m e t a l s  

and t h e i r  r e s p e c t i v e  v a p o r s .

G l o v e s ,  washed t o o l s ,  and d i s t i l l e d  w a t e r  and a l c o h o l  

washes were u se d t o  p r e v e n t  c o n t a m i n a t i o n  o f  t h e  m e t a l .

Two s h o r t  i r o n  s l u g s , ( a b o u t  ^  m m . ) ,  were embedded 

i n d i v i d u a l l y  i n  q u a r t z .  T h e s e  were t h e n  p l a c e d  w i t h i n  t h e  

b a f f l e ,  s e a l e d  in b y  t h e  ends o f  t h e  b a f f l e  c y l i n d e r .  T h e  

b a f f l e  was t h e n  p l a c e d  i n s i d e  t h e  main c e l l .  F i n a l l y ,  t h e  

q u a r t z  e n d - w i n d o w  was s e a l e d  o n t o  t h e  f r o n t  o f  t h e  c e l l .

T h e  b a f f l e  was moved w i t h  a magnet  t o  a n y  d e s i r e d  

l o c a t i o n  w i t h i n  t h e  c e l l ,  t h e r e b y  making p o s s i b l e  a c e l l  

o f  v a r i a b l e  t h i c k n e s s  t h r o u g h o u t  a r a n ge  o f  10.8  cm.

Dm Des i gn and C o n s t r u c t  i on o f  t h e  Ma i n Oven and Oven 

M o u n t . P l a t e s  4 and 5 i l l u s t r a t e  t h e  d e s i g n  f e a t u r e s  i n c o r ­

p o r a t e d  i n t o  t h e  mai n c e l l  oven i n  o r d e r  t o  p r o v i d e  f o r  

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

a t  t h e  same t i m e  t o  a l l o w  t h e  oven t o  be removed f r o m o v e r  

t h e  c e l l  w i t h o u t  m o v i n g  o r  d i s t u r b i n g  in any  way t h e  p o s ­

i t i o n  o f  t h e  ceI  I •

T h e  a u t h o r  began c o n s t r u c t i o n  by s e l e c t i n g  a c e r a m i c  

c o r e  o f  s u i t a b l e  s i z e ,  whi ch  he wound w i t h  l a t h e - m a d e  w i r e  

e l e m e n t s .  A f t e r  t y i n g  them w i t h  s t r i n g  t o  h o l d  them in



PI ate IV. Cell set-up on spectrograph



Plate V. Light system set-up
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p l a c e  t e m p o r a r i l y ,  t h e y  were washed t h o r o u g h l y ,  f i r s t  w i t h  

d e t e r g e n t  and t h e n  a l c o h o l  t o  remove a l l  g r e a s e  and o i l  in 

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

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

l a y e r  o f  H i l o s e t  r e f r a c t o r y  cement  t o  p r o t e c t  t hem from 

a l k a l  i damage because o f  t h e  85% magnesium cement  used t o  

i n s u l a t e  and f i n i s h  t h e  oven c o n s t r u c t i o n .  Oven ends were 

made o f  t r a n s i t e  h e l d  t o g e t h e r  by  s t e e l  b o l t s  and n u t s .  

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

p a n s i o n  damage t o  t h e  t r a n s i t e  e n d - p i e c e s .

T h e  oven mount c o n s i s t e d  o f  a t r a n s i t e - t o p p e d  p l a t f o r m  

on w h i c h  were p l a c e d  moveable  si  i d e s  such as used f o r  

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

t h e  s l i d e s ,  and t h u s  c o u l d  be e a s i l y  and q u i c k l y  moved back 

and f o r t h .

E.  O p e r a t  i onaI  P r o c e d u r e s . T h e  c e l l  was f i r s t  a t ­

t a c h e d  t o  t h e  vacuum s y s t e m ,  and a vacuum o f  I 0~~* mm. was 

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

i t s  r e s e r v o i r s  w i t h  o v e n s ,  and h e a t i n g  t h e  o v e ns  t o  a b o u t  

I000°C f o r  f i f t e e n  h o u r s .  A n o x y g e n - g a s  t o r c h  was used t o  

o u t g a s  a l l  e x p o s e d  q u a r t z  t u b i n g  a d j a c e n t  t o  t h e  c e l l .  T h e  

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

I 0 “ 5 mm . ,  u s i n g  a gauge w h i c h  r e a d  t o  I 0 ~ “* mm. I t  was 

e s t i m a t e d  on t h e  b a s i s  o f  t h e  gauge r e a d i n g  and p r e v i o u s  

e x p e r i e n c e  as b e i n g  in t h e  n e i g h b o r h o o d  o f  6 X 10 mm. 

A f t e r  s h u t t i n g  down t h e  vacuum s y s t e m ,  t h e  end o f  t h e
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t h a l l i u m  r e s e r v o i r  was o p e n e d ,  ( s e e  P l a t e  3 ) ;  99*6% t h a l l i u m  

m etal  p i e c e s  were d e p o s i t e d  i n s i d e ,  and t h e  r e s e r v o i r  was 

r e s e a l e d .  T h e  t o p  o f  t h e  d i s t i l l a t i o n  f l a s k  was opened and 

t r i p | e - d i s t i I  I e d  m e r c u r y  was p o u r e d  i n t o  i t ,  t h e n  r e s e a l e d .  

T h e  t h a l l i u m  m e ta l  was vacuum d i s t i l l e d  i n t o  t h e  c e l l  f ro m  

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

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

used o v e r  t h e  e x p o s e d  m e r c u r y  r e s e r v o i r .  T h e  d i s t i l l a t i o n  

r e q u i r e d  a b o u t  t w e l v e  h o u r s  a t  a p p r o x i m a t e l y  9 0 0 ° C .  T h e n ,  

t h e  m e r c u r y  was d i s t i l l e d  i n t o  t h e  m e r c u r y  r e s e r v o i r  w i t h  

a t o r c h ,  and t h e  c e l l  was s e v e r e d  f ro m  t h e  vacuum s y s t e m .

- 5T h e  vacuum a t  c u t - o f f  was between one and tw o  X 10 mm.

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

and m o n o c h ro m a to r  s l i t  f o r  d a ta  g a t h e r i n g  p u r p o s e s .

F .  CeI  1 S e t - u p  on t h e  S p e c t r o g r a p h  and M o n o c h r o m a t o r . 

P l a t e s  4 and 5 show t h e  c e l l  s e t - u p  u s e d  f o r  t a k i n g  d a t a  in  

t h e  e x p e r i m e n t .  T h e  c e l l  was r i g i d l y  c la m p e d  in f r o n t  o f  

t h e  s p e c t r o m e t e r  o r  m o n o c h ro m a tor  s l i t .  T h e  main oven was 

m ounted on s l i d e s  on a p l a t f o r m .  T h e  f r e e l y  s l i d i n g  oven 

f a c i l i t a t e d  q u i c k  rem oval  o f  t h e  oven o f f  o f  t h e  c e l l .  A f t e r  

p o s i t i o n i n g  t h e  b a f f l e  w i t h i n  t h e  ce l  I by  an e x t e r n a l  m a g n e t ,  

t h e  oven was p o s i t i o n e d  o v e r  t h e  ce l  I w i t h o u t  d i s t u r b i n g  

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

w is e  n o t  d i s t u r b e d  by  t h i s  p r o c e d u r e .  T h u s ,  a g r e a t  deal  

o f  d a t a  c o v e r i n g  a g r e a t  many c e l  I t h i c k n e s s e s  c o u l d  be 

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



T h e  i n c i d e n t  I i g h t  s y s te m  used i s  shown in P l a t e  5 .

T h e  oven window and a l l  l e n s e s  used were q u a r t z .  A q u a r t z  

le n s  was used t o  f o c u s  t h e  e m i t t e d  l i g h t  on t h e  s p e c t r o ­

m e te r  o r  m o n o ch ro m a tor  s l i t  in  o r d e r  t o  cond e n se  t h e  f e e b l e  

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

In t h e  f i r s t  f o u r  one h o u r  e x p o s u r e s  u s i n g  a p r i s m  

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

b a f f l e  movement ca u se d  by v a p o r  p r e s s u r e  c hang es  w i t h i n  t h e  

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

o v e r  t h e  ce l  I t h i c k n e s s e s .  H e a t i n g  up t h e  oven v e r y  s l o w l y  

f a i l e d  t o  p r e v e n t  b a f f l e  movement. A f t e r  o t h e r  a t t e m p t s ,  

t h e  p r o b l e m  was s o l v e d  by  a l l o w i n g  t h e  m e r c u r y  t o  re m a in  in 

t h e  m e r c u r y  r e s e r v o i r ;  t h e n  t h e  main o ven was h e a t e d  t o  

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

t h e  m e r c u r y  r e s e r v o i r .  Many o t h e r  p r o b l e m s  were e n c o u n t e r e d  

and e v e n t u a l l y  s o l v e d .



I I I .  RESULTS AND D ISCU SSIO N

In F i g u r e  7 ,  "the t h a l l i u m  t e m p e r a t u r e  i n c r e a s e s  From 

750°C t o  8 3 0 ° C ,  w h i l e  t h e  m e r c u r y  t e m p e r a t u r e  r e m a in e d  

c o n s t a n t .  T h i s  c a u s e d  a c o n s t a n t  i n c r e a s e  in  t h e  i n t e n s i t y  

o f  t h e  3 5 I9 A  t h a l l i u m  l i n e  a t  a r a t e  o f  i n c r e a s e  o f  .1 7  

v o l t s  p e r  IO ° C .  T h u s ,  an i n c r e a s e  in t h a l l i u m  atom c o n ­

c e n t r a t i o n  p r o p o r t i o n a t e  t o  m e r c u r y  c o n c e n t r a t i o n  p r o d u c e d  

h i g h e r  i n t e n s i t y .

In t h e  c a s e  o f  F i g u r e s  7 and 8 ,  t h e  e x c i t a t i o n  d e p t h  

was l i m i t e d  t o  2 cm. and 3 . 5  cm. r e s p e c t i v e l y ,  w h ic h  i s  

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

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

p a r a g r a p h  on F i g u r e  13- W h e re a s ,  in F i g u r e s  9 and 10, t h e  

c e l l  d e p t h  i s  4 - 5  and 5 - 7  cm. a t  t h a l l i u m  and m e r c u r y  

t e m p e r a t u r e s  in  t h e  r e l a t i v e  r a n g e  o f  t h e  d a t a  o f  F i g u r e  13 

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

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

l e s s .  F i g u r e s  7 , 8# 9 , and 10 show t h a t  i r r e g a r d l e s s  o f  

w h e t h e r  c e l l  d e p t h  is  l e s s  t h a n  o r  g r e a t e r  t h a n  t h e  d e p t h  

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

i n t e n s i t y  o f  t h e  3 5 I9 A  l i n e  i s  c o n s t a n t  w i t h i n  t h e  d a t a  

ra n g e  l i m i t s .  F i g u r e  10 has t h e  l o w e s t  r a t e  o f  i n c r e a s e  

o f  i n t e n s i t y ,  .1 v o l t  p e r  I0 ° C ,  b u t  t h e  h i g h e s t  m e r c u r y  

r a n g e  o f  t e m p e r a t u r e ,  ( 14 3 - 15 2 ° C ) . F i g u r e  9 has t h e  n e x t  

lo w e s t  r a t e  o f  i n c r e a s e  o f  i n t e n s i t y ,  .1 3  v o l t s  p e r  I 0 ° C ,  

and t h e  s e c o n d  h i g h e s t  r a n g e  o f  m e r c u r y  t e m p e r a t u r e ,
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( I 2 5 - I 4 0 ° C ) .

F i g u r e  8 has t h e  h i g h e s t  r a t e  o f  i n c r e a s e  o f  i n t e n s i t y ,  

. 2  v o l t s  p e r  I0°C and t h e  second lo w e s t  r a n g e  o f  m e r c u r y  

t e m p e r a t u r e ,  ( 9 9 - l 2 5 ° C ) .  F i g u r e  7 has a s l i g h t l y  l o w e r  

r a t e  o f  i n c r e a s e  o f  i n t e n s i t y  t h a n  F i g u r e  8 ,  . 1 7  v o l t s  p e r  

IO ° C ,  and t h e  l o w e s t  r a n g e  o f  m e r c u r y  t e m p e r a t u r e ,  ( 3 5 ° C ) .

T h e s e  r e s u l t s  show t h e  r a t e  o f  i n c r e a s e  o f  i n t e n s i t y  

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

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

d e p e n d e n t  on t h e  m e r c u r y  t e m p e r a t u r e  in t h e  t e m p e r a t u r e  

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

o f  35°C was a l s o  o b t a i n e d  a t  t h e  s m a l l e s t  c e l l  d e p t h ,  and 

so t h e  i n c i d e n t  r a d i a t i o n  was n o t  t o t a l l y  a b s o r b e d  in t h e  

c e l l  as was t h e  c a s e  f o r  t h e  o t h e r  f i g u r e s .  I t  w o u ld  have 

been b e t t e r  t o  have t a k e n  t h i s  d a t a  v e r s u s  v a r i o u s  m e r c u r y  

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

beca u se  o f  e x p e r i m e n t a l  d i f f i c u l t i e s  w h i c h  w i l l  be m e n t i o n e d  

a t  t h e  end o f  t h e  d i s c u s s i o n .

In F i g u r e  I I ,  t h e  i n t e n s i t y  o f  t h e  3 5 I9 A  t h a l l i u m  l i n e  

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

p e r a t u r e  t o  a b o u t  I 9 0 ° C ,  and t h e n  d r o p s  down as t h e  m e r ­

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

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

p o r t s  t h e  r e s u l t s  o f  p r i o r  e x p e r i m e n t s . ^  T h e  i n i t i a l  r i s e  

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

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

i s  re a c h e d  a t  t h e  peak o f  i n t e n s i t y .  From t h i s  p o i n t  

o n w a rd ,  t h e  d e p th  o f  p e n e t r a t i o n  o f  t h e  i n c i d e n t  r a d i a t i o n  

d e c r e a s e s  u n t i I  t h e  m e r c u r y  d e n s i t y  becomes so g r e a t  t h a t  

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

t h e  i n t e n s i t y  o f  t h e  3 5 I9 A  l i n e  d e c r e a s e s  t o  t h e  t h r e s h o l d  

o f  d e t e c t  i on.

F i g u r e s  12 and 13 show f o u r  d i f f e r e n t  s e t s  o f  d a ta  f o r  

t h e  i n t e n s i t y  o f  t h e  3 5 I9 A  l i n e  w h ic h  have c h a n g i n g  c e l l  

d e p t h .  In F i g u r e  13, t h e  c e n t e r  l i n e ,  ( l o n g  and s h o r t  

d a s h ) ,  h id d e n  l i n e ,  ( d a s h ) ,  and o b j e c t  l i n e ,  ( s o l i d  l i n e ) ,  

c u r v e s  were a l l  made u s i n g  d a ta  t a k e n  a t  a s i m i l a r  t h a l l i u m  

t e m p e r a t u r e .  T h e  o b j e c t  I i n e  and h id d e n  I i n e  c u r v e s  were 

made u s i n g  d a t a  t a k e n  a t  a s i m i l a r  t h a l l i u m  t e m p e r a t u r e  

r a n g e ,  and t h e y  c o i n c i d e  q u i t e  w e l l .  T h e  o b j e c t  l i n e  c u r v e  

was made u s i n g  d a t a  t a k e n  a t  s l i g h t l y  h i g h e r  m e r c u r y  and 

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

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

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

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

from  F i g u r e s  7 ,  8 ,  9, and 10. T h e  m e r c u r y  t e m p e r a t u r e s  a r e  

w e l l  below t h e  c r i t i c a l  t e m p e r a t u r e  a t  which  t h e  c o n c e n t ­

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

as i s  seen in  F i g u r e  I I .  T h e r e f o r e ,  i t  is  e x p e c t e d  t h a t  

t h e  h id d e n  l i n e  c u r v e  would  be lo w e r  t h a n  t h e  o b j e c t  l i n e  

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

d a t a  ta k e n  a t  a h i g h e r  m e r c u r y  t e m p e r a t u r e  r a n g e  t h a n  t h e
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o b j e c t  I i n e  o r  h id d e n  I i n e  c u r v e s .  T h e  d a t a  o f  t h e  c e n t e r  

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

t h e  l o w e r  p a r t  o f  t h e  t h a l I i u m  t e m p e r a t u r e  r a n g e  o f  t h e  

o t h e r  t w o  c u r v e s .

In t h e  h i d d e n  I i n e  c u r v e  and o b j e c t  I i n e  c u r v e ,  t h e  

m e r c u r y  t e m p e r a t u r e s  a r e  in  t h e  same g e n e r a l  r a n g e, and 

t h e  b r e a k i n g  p o i n t  in t h e  r i s e  in i n t e n s i t y  o c c u r s  a t  a b o u t  

3 . 5  cm. T h i s  w o u ld  i n d i c a t e  t h a t  t h e  m a j o r i t y  o f  t h e  i n ­

c i d e n t  r a d i a t i o n  i s  a b s o r b e d  by t h e  m e r c u r y  atom s t h r o u g h  

t h i s  d e p t h .  T h e  c e n t e r  I i n e  c u r v e ,  h o w e v e r ,  was made a t  

h i g h e r  m e r c u r y  t e m p e r a t u r e s  and shows t h a t  t h e  p e n e t r a t i o n  

d e p t h  i s  l e s s  due t o  h i g h e r  m e r c u r y  p r e s s u r e s .  T h e  r i s e  

in  i n t e n s i t y  w i t h  i n c r e a s i n g  c e l l  d e p t h  i s  much I a r g e r  

f o r  t h e  c e n t e r  c u r v e  due t o  t h e  h i g h e r  m e r c u r y  p r e s s u r e  

t  h an f o r  t h e  h i d d e n  I i n e  and o b j e c t  I i n e  c u r v e s .  T h e  r a t e  

o f  r i s e  is  l e s s  a f t e r  t h e  b re a k  in  t h e  c e n t e r  l i n e  c u r v e  

com pared t o  t h e  h i d d e n  I i n e  and o b j e c t  I i n e  c u r v e s  due t o  

an u n f a v o r a b l e  r a t i o  in t h e  number o f  m e r c u r y  atoms a v a i l ­

a b l e  t o  t h e  number o f  t h a l l i u m  atom s p r e s e n t .

W it h  t h e  use o f  t h e  d e p a r t m e n t  m o n o c h r o m a t o r ,  t h e  c e l  I 

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

3519A s p e c t r a l  l i n e  o f  t h a l l i u m .  I t  was t h o u g h t  t h a t  t h e  

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

a b i l i t y  f o r  t h e  e x p e r i m e n t .  A d d i t i o n a l  d a t a  t a k i n g  was 

t h e n  p o s t p o n e d  u n t i l  t h e  a r r i v a l  o f  a new B a u sch  and Lomb 

m o n o c h r o m a t o r . T h e  a u t h o r  had p l a n n e d  t o  t a k e  a d d i t i o n a l
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d a t a  u s i n g  t h e  new m o n o c h ro m a to r  t o  o b t a i n  more c o m p l e t e  

g r a p h s  on t h e  3 5 I 9 A  l i n e .  I t  was a l s o  p l a n n e d  t o  use t h e  

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

l i n e s .  H o w e v e r ,  t h e  c e l l  became c o n t a m i n a t e d  d u r i n g  t h e  

i n t e r v e n i n g  s i x  month p e r i o d ,  and n e g a t i v e  r e s u l t s  were  

o b t a i n e d .  T h e  cel  I was a b o u t  n i n e  m o n th s  o l d  a t  t h i s  t i m e ,  

and h e l i u m  and h y d r o g e n  had no d o u b t  e n t e r e d  t h e  c e l l  due 

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

c e n c e .



I V .  CONCLUSION

T h e  e x p e r i m e n t  e x h i b i t s  t h r e e  c o n c l u s i o n s  w i t h  r e s ­

p e c t  t o  t h e  3 5 1 9A f l u o r e s c e n t  l i n e  o f  t h a l l i u m  on t h e  

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

1. From F i g u r e s  7# 8 ,  9, and 10, i t  i s  c o n c l u d e d  

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

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

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

d e p e n d e n t  on t h e  m e r c u r y  t e m p e r a t u r e  i n  t h e  t e m p e r a t u r e  

r a n g e s  c o n s i d e r e d ,  3 5 - l 5 2 ° C .

2 .  From F i g u r e  I I ,  i t  i s  c o n c l u d e d  t h a t  i n c r e a s i n g  

t h e  m e r c u r y  t e m p e r a t u r e  t o  a b o u t  I90°C w i l l  i n c r e a s e  t h e  

i n t e n s i t y  o f  t h e  f l u o r e s c e n t  l i n e .  A f t e r  w h i c h  t h e  

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

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

m e t a s t a b l e  atom  f o r m a t i o n .

3 .  From F i g u r e  I 3 # i t  i s  c o n c l u d e d ,  when u s i n g  a 

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

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

3 5 I 9 A  l i n e  i n i t i a l l y  i n c r e a s e s  a t  a c o n s t a n t  r a t e ,  t h e n  

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

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

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

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

i n c i d e n t  r e s o n a n c e  r a d i a t i o n ,  and depe n d s  on t h e  m e r c u r y
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t e m p e r a t u r e .  T h e  r i s e  in i n t e n s i t y  becomes more r a p i d  

w i t h  h i g h e r  m e r c u r y  t e m p e r a t u r e ,  and t h e  b r e a k  in  i n t e n s i t y  

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

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

p e r a t u r e .



42

BJ BLIOGRAPHY

1. J .  F r a n c k  and G .  C a r i o  ( 1 9 2 3 ) ,  Z .  P h y s i k  17 > 2 0 2 .

2 .  H. B e u t l e r  and B. J o s e p h y  ( 1 9 2 9 ) ,  Z .  P h y s i k  5 3 ,  7 4 7 .

3 -  P-  W i g n e r  ( 1 9 2 7 ) ,  G o t t i n g e n  N a c h r i c h t e n ,  375*

4 -  J .  W in ans ( 1 9 4 4 ) ,  R e v .  Modern P h y s i c s  J_6, 17 5 •

5 .  R. E .  Swanson and R .  H. M c F a r l a n d  ( 1 9 5 5 ) ,  P h y s .  R e v .
9 8 ,  1063.

6 .  R .  A .  A n d e r s o n ,  P r i v a t e  C o m m u n i c a t i o n .

7 -  M i t c h e l  and  S em ansky  ( 1 9 3 4 ) ,  R e so n a n c e  R a d i a t i o n  and 
E x c i t e d  A t o m s ,  M a c M i l l e n  C o . ,  New Y o r k .

8 .  P.  P r i n g s h e i m  ( 1 9 4 9 ) ,  F l u o r e s c e n c e  and P h o s p h o r e s c e n c e ,
I n t e r - S c i e n c e  P u b l i s h e r s  L t d . ,  L o n d o n .

9 .  R. A .  A n d e r s o n  and R. H. M c F a r l a n d  ( I 9 6 0 ) ,  P h y s .  R e v .
119,  6 9 3 .



43

V I T A

T h e  a u t h o r  was b o r n  i n  G r a n i t e  C i t y ,  I l l i n o i s ,  t h e  

son o f  G e o rg e  N i c h o l a s  R o b i n s o n ,  ( d e c e a s e d ) ,  and EIma 

G r a y s o n  R o b i n s o n ,  ( f o r m e r l y  o f  P h e l p s  C o u n t y ,  M i s s o u r i ) ,  

on A u g u s t  2 9 ,  1924-  He a t t e n d e d  in  G r a n i t e  C i t y ,  t h e  

M c K i n l e y ,  and C e n t r a l  G r a d e  S c h o o l s ,  and t h e  C o m m u n ity  

H i g h  S c h o o l .  He was h o n o r a b l y  d i s c h a r g e d  f r o m  t h e  Army 

A i r  F o r c e  in 1945 a f t e r  s e r v i n g  t h r e e  y e a r s  in  W o r l d  War I I  

^ s  an A e r i a l  G u n n e r y  I n s t r u c t o r .  He a t t e n d e d  t h e  U n i v e r s i t y  

o f  I l l i n o i s  E x t e n s i o n  C e n t e r  in  G r a n i t e  C i t y ,  W a s h i n g t o n  

U n i v e r s i t y  i n S t .  L o u i s ,  and f o l l o w i n g  some y e a r s  in b u s ­

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

Lake F o r e s t  C o l l e g e ,  Lake F o r e s t ,  I l l i n o i s ,  i n 1 9 5 9 ,  where  

he o b t a i n e d  a B a c h e l o r  o f  A r t s  D e g r e e .  T h e  a u t h o r  began 

h i s  g r a d u a t e  work a t  t h e  M i s s o u r i  S c h o o l  o f  M i n e s  as a 

g r a d u a t e  a s s i s t a n t  in  t h e  P h y s i c s  D e p a r t m e n t .  He i s  p r e s ­

e n t l y  a member o f  t h e  s t a f f  in  t h e  D e p a r t m e n t  o f  M a t h e m a t i c s  

o f  t h e  M i s s o u r i  S c h o o l  o f  M i n e s .  He i s  m a r r i e d  t o  J u d i t h  

C a s s e l l  R o b i n s o n ,  and t h e y  have a f i v e  y e a r  o l d  d a u g h t e r ,  

T r a c y  S m i t h  R o b i n s o n .
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