
University of Windsor University of Windsor 

Scholarship at UWindsor Scholarship at UWindsor 

Electronic Theses and Dissertations Theses, Dissertations, and Major Papers 

1-1-1970 

Collisional excitation transfer and quenching in vapours of Collisional excitation transfer and quenching in vapours of 

potassium and rubidium. potassium and rubidium. 

Eugene S. Hrycyshyn 
University of Windsor 

Follow this and additional works at: https://scholar.uwindsor.ca/etd 

Recommended Citation Recommended Citation 
Hrycyshyn, Eugene S., "Collisional excitation transfer and quenching in vapours of potassium and 
rubidium." (1970). Electronic Theses and Dissertations. 6082. 
https://scholar.uwindsor.ca/etd/6082 

This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor 
students from 1954 forward. These documents are made available for personal study and research purposes only, 
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution, 
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder 
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would 
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or 
thesis from this database. For additional inquiries, please contact the repository administrator via email 
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208. 

https://scholar.uwindsor.ca/
https://scholar.uwindsor.ca/etd
https://scholar.uwindsor.ca/theses-dissertations-major-papers
https://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F6082&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.uwindsor.ca/etd/6082?utm_source=scholar.uwindsor.ca%2Fetd%2F6082&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca


COLLISIGNAL EXCITATION TRANSFER AND QUENCHING 

IN VAPOURS OF POTASSIUM AND RUBIDIUM

by

Eugene S. Hrycyshyn

A T h e s is
Subm itted  to  th e  F a c u l ty  o f  G radua te  S tu d ie s  th ro u g h  th e  Departm ent 

o f  P h y s ic s  i n  P a r t i a l  F u l f i l lm e n t  o f  th e  R equirem ents  f o r  
th e  D e g r e e  of  D octor  o f  P h ilo so p h y  a t  th e  

U n iv e r s i t y  o f  Windsor

W indsor, O n ta r io

1970

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: DC52650

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy 

submitted. Broken or indistinct print, colored or poor quality illustrations and 

photographs, print bleed-through, substandard margins, and improper 

alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion.

UMI
UMI Microform DC52650 

Copyright 2008 by ProQuest LLC.

All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code.

ProQuest LLC 
789 E. Eisenhower Parkway 

PC Box 1346 
Ann Arbor, Ml 48106-1346

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



IPP^JV J BY:

Dr, N, E, Hedgecock (Chairman)

Dr, M, Czajkowski

. '  /  )
L L-.'''-' tj .■a/ ' 0 ' » J ^ ~

D r, A, van W ijngaarden

n  a

S 2 1 9 1 3

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



ABSTRACT

The method o f  s e n s i t i z e d  f lu o r e s c e n c e  was used to  d e t e r ­

mine c r o s s  s e c t i o n s  f o r  th e  v a r io u s  e x c i t a t i o n  t r a n s f e r  p ro c e s s e s

2 2o c c u r in g  in  K -  Rb vapour m ix tu re s  and f o r  ** ^3 /2  ™i%ing and

2 2 2
^1^2 ^ 1/ 2 ’ ^3 /2  quenching  in  rub id ium  induced  in  c o l l i s i o n s  w i th

s e v e r a l  d ia to m ic  and p o ly a to m ic  m o le c u le s  i n  t h e i r  ground s t a t e s .

The a l k a l i  vapour i n  th e  f lu o r e s c e n c e  c e l l ,  which was k e p t  a t  low 

p r e s s u r e s  to  avo id  s e r io u s  e f f e c t s  o f  r a d i a t i o n  im prisonm en t,  was 

i r r a d i a t e d  by one component o f  th e  a p p r o p r i a t e  re so n an ce  d o u b le t .

The r e s u l t i n g  f l u o r e s c e n c e ,  which c o n s i s t e d  o f  th e  w ave leng th  

component p r e s e n t  i n  th e  e x c i t i n g  l i g h t  ( re so n an ce  f lu o r e s c e n c e )  

and th o s e  components w hich a ro s e  from th e  e m is s io n  by atoms 

c o l l i s i o n a l l y  p o p u la te d  ( s e n s i t i z e d  f l u o r e s c e n c e ) ,  was r e s o lv e d  

and observed  a t  r i g h t  a n g le s  to  th e  d i r e c t i o n  o f  th e  i n c id e n t  beam. 

M easurements o f  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t  i n t e n s i t y  r a t i o s  

i n  r e l a t i o n  to  rub id ium  vapour  p r e s s u r e  y ie ld e d  th e  fo l lo w in g  c ro s s  

s e c t i o n s  f o r  e x c i t a t i o n  t r a n s f e r  in  K - Rb vapour  m ix tu r e s :

^ 12 ' ( ^ ^ ^ 1 /2  =  40  f , Qgg, (K4^P^yg ^  Rb$^P^yg) =  2 ?

Q i^ ,(K 4 ^ P i/2  -, Rb$2p^yg) = 2 .7  Qg^,(K4^Pgyg -Rb^^P^y^) = 1 ,9  

qJ_2(k4^Pi/2 -  K4^P^yj = 260 f , and Q^'(KA^P^y^ -  KA^P^y^) = 175 

I n  m ix tu re s  o f  rub id ium  w i th  m o le c u la r  g a s e s ,  m easurem ents o f  th e  

i n t e n s i t y  r a t i o s  in  r e l a t i o n  t o  gas  p r e s s u r e s  gave th e  fo l lo w in g  

c r o s s  s e c t i o n s  f o r  th e  m ix ing  and quench ing  c o l l i s i o n s .  For :

i i i
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-  S / 2 >  = 11 -  S / 2 >  ■ 15 \ o ' ' \ / 2  -

2 p i / ^ )  =  6 f ,  -  \ / ^ )  = 3 t o r  HD: Q , ,  = 18 f ,

Qgl = 25 &2, =  6 %2^ 5 %2. f o r  =  g2 &2, Qg^ =

30 &2, = 3 &2̂  = 2 &2; for Ng: Q̂ g = 1& Qgi = 23

Qio = 58 &2, OgQ = 43 for CĤ y = 30 = 42 Bf;

for CD̂ : = 28 = 38 for Ĉ Ĥ : " %3 Qĝ  =

32 &2, = 139 a2^ %2. CgH :̂ Q̂ g = 57 and

"21 = 77

IV
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I .  INTRODUCTION

The u n d e r s ta n d in g  o f  th e  p h y s ic a l  b e h av io u r  o f  system s such 

a s  f la m e s ,  d i s c h a r g e s ,  s t e l l a r  a tm o sp h e re s ,  th e  a u ro ra  and o t h e r s ,  

where atoms and m o le c u le s  a r e  c o n t in u o u s ly  e x c i t e d  and d e - e x c i t e d  by 

th e  a b s o r p t i o n  and e m is s io n  o f  r a d i a t i o n  and by c o l l i s i o n s  w i th  o th e r  

a tom s, m o le c u le s  and e l e c t r o n s ,  r e q u i r e s  a d e t a i l e d  knowledge o f  th e  

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

in v o lv e d .  Much i n t e r e s t  h as  been devo ted  r e c e n t l y  to  a l l  such 

p r o c e s s e s ,  among which i n e l a s t i c  c o l l i s i o n s  le a d in g  to  th e  t r a n s f e r  

o f  e x c i t a t i o n  energy  i n  heavy a tom s, have been r e c e iv in g  p a r t i c u l a r  

a t t e n t i o n  i n  t h i s  l a b o r a t o r y .  C o l l i s i o n s  in v o lv in g  a l k a l i  m e t a l s ,  

because  o f  t h e i r  r e l a t i v e l y  s im ple  h y d r o g e n - l ik e  s t r u c t u r e ,  a r e  

e s p e c i a l l y  i n t e r e s t i n g  s in c e  some com parison  between th e o ry  and 

ex p er im en t i s  p o s s i b l e .  Of t h e s e ,  a l k a l i  -  i n e r t  g as  c o l l i s i o n s  and 

c o l l i s i o n s  betw een i d e n t i c a l  a l k a l i  atoms have been i n v e s t i g a t e d  most 

th o ro u g h ly .  T h e o r e t i c a l  s t u d i e s  have had some s u c c e ss  in  p r e d i c t i n g  

c r o s s  s e c t i o n s  f o r  th e  c o l l i s i o n a l  t r a n s f e r  o f  e x c i t a t i o n  betw een th e  

re so n an ce  s t a t e s  o f  a l k a l i  atoms when th e  en e rg y  s e p a r a t io n s  between 

the resonance states are small and can be neglected, as is the case 

w ith  sodium (Callaw ay and Bauer I 9 6 5 ) . However, i n  c o l l i s i o n s  

in v o lv in g  atoms such a s  ru b id iu m  and ces ium , where th e  en e rg y  gaps 

between th e  f i n e - s t r u c t u r e  s u b s t a t e s  a r e  l a r g e  and c o n s e q u e n t ly  

can n o t be n e g l e c t e d ,  agreem ent w i th i n  an  o r d e r  o f  m agnitude  between
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th e o r y  and experim en t has  been ach ie v e d  on ly  v e ry  r e c e n t l y  (D ashevskaya 

e t  a l ,  1970 ) .  I t  i s  th e  purpose  o f  t h i s  r e s e a r c h  to  s tudy  i n e l a s t i c  

c o l l i s i o n  p ro c e s s e s  i n  w hich e x c i t a t i o n  energy  i s  t r a n s f e r r e d  between 

a tom ic  s u b s t a t e s  o f  r e l a t i v e l y  l a r g e  energy  s e p a r a t i o n s .  S p e c i f i c a l l y ,  

c r o s s  s e c t i o n s  were m easured f o r  th e  c o l l i s i o n  p ro c e s s e s  o c c u r in g  in  

m ix tu re s  o f  p o ta ss iu m  and rub id ium  v apours  and o f  rub id ium  w i th  

m o le c u la r  g a s e s .

When a m ix tu re  o f  p o ta ss iu m  and rub id ium  v apours  i s  

i r r a d i a t e d  w i th  one component o f  th e  p o ta s s iu m  re so n an ce  d o u b le t ,  th e  

r e s u l t i n g  f lu o r e s c e n c e  in c lu d e s  th e  w av e len g th  component p r e s e n t  in  

th e  i n c id e n t  l i g h t  ( re so n a n c e  f lu o r e s c e n c e )  a s  w e l l  as  th o s e  components 

w hich a r i s e  a s  a r e s u l t  o f  c o l l i s i o n a l  e x c i t a t i o n  t r a n s f e r  ( s e n s i t i z e d  

f l u o r e s c e n c e ) .  The p r o c e s s e s  o f  e x c i t a t i o n  t r a n s f e r  from th e  

p o ta ss iu m  to  th e  rub id ium  atoms may be r e p r e s e n te d  by th e  fo l lo w in g  

g e n e r a l  e q u a t io n :

K (4^Pj) + Rb(5^S^y2^ -* K(4^ 81/ 2 ) + Rb(5^P^) + AE ( 1 )

where J  = l / s  o r  3 /2  and AE i s  th e  ene rgy  d e f e c t  between th e  a p p r o p r i ­

a t e  p o ta ss iu m  and rub id ium  s t a t e s ,  w hich i s  c o n v e r te d  in t o  r e l a t i v e  

k i n e t i c  energy  o f  th e  c o l l i d i n g  a tom s. The r e v e r s e  p ro c e s s e s  i n  w hich 

the energy AE is supplied by the kinetic energy of the colliding 

p a r t n e r s  i s  no t  shown h e re  s in c e  th e  low f l u o r e s c e n t  i n t e n s i t i e s  made 

o b s e r v a t io n  o f  th e s e  e v e n t s  im p o s s ib le .  C o l l i s i o n s  o f  e x c i t e d  p o t a s s ­

ium atoms w i th  ground s t a t e  rub id ium  atoms may a l s o  le a d  to  a t r a n s f e r  

o f  e x c i t a t i o n  energy  between th e  p o ta ss iu m  re so n an ce  s t a t e s .  These 

p r o c e s s e s ,  u s u a l l y  r e f e r r e d  to  a s  c o l l i s i o n a l  m ix in g ,  may be
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r e p r e s e n t e d  by th e  fo l lo w in g  e q u a t io n :

K (4^P l/g )  +  Rb(5^S^/g) + AE' ^  K(4^P^yg) +  Rb(5^S^yg) (2)

2 2where AE*is th e  energy  d e f e c t  between th e  4 P^y^ and 4 P^yg s t a t e s  

o f  p o ta ss iu m  and e q u a ls  57 cm Both th e  fo rw ard  and r e v e r s e  p r o ­

c e s s e s  c o u ld  be o b se rv e d .

Some o th e r  r e c e n t  i n v e s t i g a t i o n s  o f  s e n s i t i z e d  f lu o r e s c e n c e  

induced  in  c o l l i s i o n s  between two d i s s i m i l a r  m e t a l l i c  atoms and le a d in g  

to  a b s o lu t e  c r o s s  s e c t i o n s  f o r  e x c i t a t i o n  t r a n s f e r ,  have been  c a r r i e d  

o u t  w ith  m ix tu re s  o f  sodium and m ercury  (K ra u lin y a  1964),  m ercury  and 

th a l iu m  (K ra u l in y a  and L ez d in  I 9 6 6 ; Hudson and C u rn u t te  I 9 6 6 ) ,  m ercury  

and z in c  ( S o s i n s k i i  and Morosov I 9 6 5 ) ,  and cadmium and cesium  ( F r i e d r i c h  

and S e iw er t  1957)* An e a r l i e r  s tu d y  o f  a system  c o n ta in in g  two a l k a l i  

m e ta l s  a t  low vapour d e n s i t i e s  h as  been r e p o r t e d  by C zajkow ski,

McGill i s  and K rause (’196 6 b ) , who o b ta in e d  t o t a l  c r o s s  s e c t i o n s  f o r  

i n e l a s t i c  c o l l i s i o n s  betw een e x c i t e d  ru b id iu m  and ground s t a t e  cesium  

a tom s, Thangara j ( 1948) a l s o  e s t im a te d  th e  c r o s s  s e c t i o n  f o r  i n e l a s t i c  

c o l l i s i o n s  between p o ta ss iu m  and ru b id iu m  atoms a t  r e l a t i v e l y  h ig h  

vapour d e n s i t i e s ,  and S e iw er t  (195&) s tu d ie d  a sodium -  p o ta ss iu m  

m ix tu re  un d er  s i m i l a r  c o n d i t i o n s ,  though  he d id  no t o b t a in  any c o l l i s i o n  

c r o s s  s e c t i o n s .  S ince  th e  p u b l i c a t i o n  o f  th e  r e s u l t s  o f  t h i s  i n v e s t i ­

g a t i o n  (Hrycyshyn and K rause1969ab). c r o s s  s e c t i o n s  f o r  e x c i t a t i o n  

t r a n s f e r  from p o ta ss iu m  to  ru b id iu m  atoms have been r e p o r t e d  by o th e r  

a u th o r s  ( O r n s t e in  and Z are  1969» S tacey  and Zare 19 7 0 )«

2The s tu d y  o f  e x c i t a t i o n  t r a n s f e r  between th e  ru b id iu m  P j  

f i n e  s t r u c t u r e  s u b s t a t e s  ( c o l l i s i o n a l  m ix ing) Induced in  c o l l i s i o n s
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w i th  m o le c u la r  g a s e s ,  i s  o f  i n t e r e s t  because  th e  r e s u l t s  o f  a p re v io u s  

s tu d y  (M cG il l is  and K rause 1968b, I 9 6 9 ) showed t h a t  c ro s s  s e c t i o n s  f o r  

m ix ing  o f  th e  s u b s t a t e s  o f  cesium  w hich a re  s e p a ra te d  by an energy

gap o f  554 cm ^ , induced  in  c o l l i s i o n s  w i th  d ia to m ic  and some p o ly ­

a tom ic m o le c u le s ,  were ab o u t f i v e  o r d e r s  o f  m agnitude  l a r g e r  th a n  th e  

c o r re s p o n d in g  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s  w i th  i n e r t  gas  atoms

(C zajkow sk i,  M c G il l is  and K rause 1 966a) , On th e  o th e r  hand, m ixing

1c r o s s  s e c t i o n s  observed  in  sodium (AE = 17,2  cm ) c o l l i s i o n s  w i th

. i n e r t  g a se s  ( P i t r e  and K rause I 96 7 ) a r e  o f  th e  same o r d e r  o f  m agnitude

as  th e  c o r re s p o n d in g  c r o s s  s e c t i o n s  ob se rv ed  i n  m ix tu re s  o f  sodium

and m o le c u la r  g a s e s  (S tupavsky  and K rause I 9 6 8 , I9 6 9 ) ,  I t  i s

a p p a re n t  t h a t  i n  c o l l i s i o n s  w i th  m o le c u le s ,  th e  t r a n s f e r  o f  e x c i t a t i o n
2

energy  between th e  P^ s u b s t a t e s  o f  th e  a l k a l i  atoms would be g r e a t l y  

enhanced i f  th e  energy  d e f e c t  AE between th e s e  s t a t e s  cou ld  be t r a n s ­

f e r r e d  i n t o  m o le c u la r  v i b r a t i o n a l  and r o t a t i o n a l  l e v e l s  as  w e l l  as  

i n t o  th e  k i n e t i c  e n e r g i e s  o f  th e  c o l l i d i n g  p a r t n e r s .  However, l i t t l e  

i s  known o f  th e  e f f e c t s  o f  i n t e r n a l  m o le c u la r  s t r u c t u r e ,  e s p e c i a l l y  

th o s e  o f  r o t a t i o n a l  e x c i t a t i o n  on th e  v a r io u s  c o l l i s i o n a l  p r o c e s s e s .

I n  t h i s  i n v e s t i g a t i o n ,  c r o s s  s e c t i o n s  have been d e te rm in e d

f o r  i n e l a s t i c  c o l l i s i o n s  between e x c i t e d  rub id ium  atoms and v a r io u s

2 2diatomic and polyatomic molecules leading to 5 ^l/2 ^ ^3/2

The energy  s e p a r a t i o n  betw een th e s e  re so n a n c e  l e v e l s  in  ru b id iu m  e q u a ls  

-1238  cm , making th e  i n t e r a c t i o n  c o n s id e r a b ly  l e s s  a d i a b a t i c  th a n  in  

th e  ca se  o f  cesium  where th e  re so n a n c e  d e f e c t  amounts to  554 cm ^ , 

M olecu les  a r e  a l s o  known to  be e f f i c i e n t  in  c o l l i s i o n a l l y  d e a c t i v a t i n g  

(quench ing) e x c i t e d  s t a t e s  (M i tc h e l l  and Zemansky I 9 6 I ) ,  S in ce  th e
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e f f e c t s  o f  quenching  can be s e p a ra te d  from th o s e  o f  m ix in g ,  th e  

2 2 2
5 ^ 1 /2  ^ ^ 1/ 2 ’  ̂ P^y/g quench ing  c r o s s  s e c t i o n s  cou ld  a l s o  be

e s t i m a t e d .  When a s in g l e  component o f  th e  rub id ium  re so n a n c e  d o u b le t

i s  used to  i r r a d i a t e  th e  v a p o u r-g a s  m ix tu r e s ,  t h e  c o l l i s i o n a l  p r o ­

c e s s e s  which occu r  can  be r e p r e s e n te d  by th e  fo l lo w in g  e q u a t io n s :

R b(5^Pj)+M  Rb($2pj|) + M* (3)

R b(5^Pj) +  M -  Rb(5^S^/g) +  (4)

where J  and J ’ a r e  e i t h e r  1 /2  o r  3/ 2 , and r e p r e s e n t s  a m o lecu le

whose t r a n s l a t i o n a l ,  v i b r a t i o n a l  and r o t a t i o n a l  energy  has  changed as

a r e s u l t  o f  c o l l i s i o n .  When J  5̂  J ’ , e q ,  (3 ) r e p r e s e n t s  th e  e x c i t a t i o n

t r a n s f e r  p ro c e s s  between th e  ^P^ s t a t e s  (m ixing) and e q ,  (4 ) r e p r e s e n t s

th e  quenching  r e a c t i o n .

The quenching  o f  rub id ium  re s o n a n c e  r a d i a t i o n  by v a r io u s

m o le c u le s  h as  been r e c e n t l y  s tu d ie d  a t  f lam e te m p e ra tu re s  by J e n k in s

( 1968) ,  and Hooymayers and N ien h u is  ( I 9 68 ) who r e p o r te d  th e  p o s s i b i l i t y

o f  a re so n an ce  e f f e c t  between th e  e x c i t e d  s t a t e s  i n  ru b id iu m  and th e

m o le c u la r  v i b r a t i o n a l  l e v e l s .  These a u th o r s  d id  n o t  a t t e m p t ,  how ever,

t o  r e s o lv e  th e  rub id ium  re so n an ce  d o u b le t .  I f  a r e so n an ce  e f f e c t  were

p r e s e n t ,  th e  quenching  c r o s s  s e c t i o n s  o f  e x c i t e d  rub id ium  in  c o l l i s i o n s

w ith  m o le c u le s  o f  a s p e c i f i c  gas shou ld  be ex tre m e ly  s e n s i t i v e  a s  to  
2

which rub id ium  P j  s u b s t a t e  would be i n i t i a l l y  e x c i t e d .  I n  t h i s

i n v e s t i g a t i o n ,  i t  was p o s s i b l e  to  o b t a in  i n d i v id u a l  c r o s s  s e c t i o n s
2

f o r  th e  quenching  o f  each  P^ s u b s t a t e .  I t  shou ld  be borne in  mind, 

however, t h a t  i f  th e  quenching  c r o s s  s e c t i o n s  were s t r o n g ly  dependen t
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on th e  chem ica l  p r o p e r t i e s  o f  th e  m o le c u le s ,  a com parison  o f  th e  

r e s u l t s  o b ta in e d  a t  flam e te m p e ra tu re s  w i th  th o s e  o b ta in e d  in  t h i s  

ex p er im en t (T =  m igh t no t  be s i g n i f i c a n t .
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I I .  MACROSCOPIC THEORY OF THE INELASTIC PROCESSES

I n  o r d e r  to  e x p e r im e n ta l ly  d e te rm in e  th e  c r o s s  s e c t i o n  f o r  

any s p e c i f i c  p r o c e s s ,  i t  i s  f i r s t  n e c e s s a ry  to  e x p re s s  i t  i n  te rm s o f  

m e asu ra b le  q u a n t i t i e s .  S ince  th e  p r o c e s s e s  which o ccu r  i n  a l k a l i  - 

a l k a l i  c o l l i s i o n s  a r e  no t  co m p le te ly  i d e n t i c a l  w i th  th o s e  i n  a l k a l i  -  

m o le c u la r  gas  c o l l i s i o n s  where quenching  r e a c t i o n s  must be ta k e n  in t o  

a c c o u n t ,  each  system  w i l l  be t r e a t e d  s e p a r a t e l y ,

A, C o l l i s i o n s  Between E x c i te d  P o ta ss iu m  Atoms and Ground S t a t e  

Rubidium Atoms
2

The p r o c e s s e s  which o c c u r  when th e  p o ta ss iu m  4 s t a t e

i s  o p t i c a l l y  e x c i t e d  i n  a K -  Rb vapour m ix tu r e ,  a r e  shown in  F ig ,  1,

The most p ro b a b le  p r o c e s s e s  w hich g iv e  r i s e  t o  re so n an ce  f lu o r e s c e n c e  

and s e n s i t i z e d  f lu o r e s c e n c e  a r e  in d i c a t e d  by s o l i d  a r ro w s ;  th e  broken  

a rrow s show r e a c t i o n s  which a l s o  le a d  to  s e n s i t i z e d  f lu o r e s c e n c e  bu t  

a r e  much l e s s  p ro b a b le .

The v a r io u s  r e a c t i o n s  a r e  r e p r e s e n te d  by t h e  fo l lo w in g

e q u a t io n s  :

K(4^Siy2) + hUg -  K(4^Pgyg) (5)

(t )"^
K (4^P2/g) • -  K(4^S^y2) +  hUg (6)

z
K(4^P^yg) + RbCs^S^yg) K(4^S^yg) + Rb(5^P^yg) (?)
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K
2

e

7699 A 7665 Â - 4  " S î  ^__________   R  ^Q ,
2 7948 Â 7800 Â 2

57cm-'

T
168 cm-'

238 cm-'

F ig .  1. Energy l e v e l  d iagram  showing s e n s i t i z e d  f lu o r e s c e n c e  in  
Rb induced  by c o l l i s i o n s  w i th  K atoms in  t h e i r  s t a t e s .  The s ^
c o e f f i c i e n t  d e n o te s  e x c i t a t i o n  by th e  a b s o r p t i o n  o r  p h o to n s ,  t h e  ( t ) 
c o e f f i c i e n t s  r e f e r  to  spon taneous  r a d i a t i v e  decay  and th e  Z c o e f f i c i e n t s  
t o  r a d i a t i o n l e s s  t r a n s f e r  o f  energy  by i n e l a s t i c  c o l l i s i o n s .  The 
p r im ary  p r o c e s s e s  a r e  r e p r e s e n t e d  by s o l i d  a r ro w s .
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2
+ RbCs^P^yg) ( 8 )

z
K ( A . / ^ )  +  X (^ S ,/^ )  K (4 ^ P ,/^ )  +  X ( ^ S , / . )  (9)

( 10)

' 3 / 2 '  ^  XI S1/ 2 '  "  +  XI b i / g ,

(t ,)■’■
R b ( 5 % / 2 ^  R bfS ^S i/g )  + hUg,

(t ,)"^
R b(5^P l/2 )  R b tS ^ S i/g )  +  hu^, (11)

? ( t , ) " ^  p
K(^ P l / 2  ̂ K(4 S^/g) + hu^ (12)

2
Kt^Zp^/g) + X(2Siy2) ^  K(4^P^yg) + X(^S^yg) (I3)

2
K(4^P^yg) + Rb(^S^yg) K^k^S^yg) +  Rb^S^P^/g) (14)

2
K C k ^ P ^ y g )  +  R b ^ ^ S ^ / g )  K ( 4 ^ S ^ y 2 ) +  R b ( 5^ P ^ y p )  ( I 5 )

R b ( 5 % y 2 )  +  X ( ^ S ^ y 2 ) 2 1 1 ' R b ( 5 2 p ^ y ^ )  +  X ( 2 s ^ y 2 ) ( I 6 )

Rb(52p^y^) + X(2 s^y^) 112' Rb(52p^y^) + x(2s^y2) (I7)

where i s  th e  d e n s i t y  o f  p o ta ss iu m  atoms e x c i t e d  p e r  second from
2 2

t h e  4 ^1 /2  t^be 4 P^y^ s t a t e ,  and Tg a r e  th e  av e ra g e  l i f e t i m e s  o f
2 2

t h e  4 P^yg and 4 P^y^ s t a t e s  o f  p o ta ss iu m  r e s p e c t i v e l y ,  Tĵ , and Tg,
2 2

a r e  th e  av e ra g e  l i f e t i m e s  o f  th e  5 P^^yg and 5 P^y^ s t a t e s  o f  rub id ium

r e s p e c t i v e l y ,  ^21* ^ 2 2 '*  ̂ 2 1 '*  ^12 '*  ^ 1 1 '*  ^ 2 '1 '  ^ 1 '2 '

th e  f r e q u e n c ie s  o f  c o l l i s i o n s  p e r  e x c i t e d  atom g iv in g  r i s e  t o  r a d i a ­

t i o n l e s s  energy  t r a n s f e r ,  and X r e p r e s e n t s  e i t h e r  a p o ta ss iu m  o r  a 

ru b id iu m  atom in  th e  ground s t a t e .  E q u a t io n s  ( 5 ) “ (12) r e p r e s e n t  th e  

p r im ary  p r o c e s s e s  and e q u a t io n s  ( I 3 ) -  ( l ? )  r e p r e s e n t  th e  seco n d ary  

r e a c t i o n s .
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Some o f  th e  secondary  p r o c e s s e s  can  be n e g l e c t e d .  I n  th e  

te m p e ra tu re  ran g e  80 - 100°C, m ix ing  o f  th e  4^P s t a t e s  induced  by 

c o l l i s i o n s  w i th  ground s t a t e  p o ta ss iu m  atoms p roduces  r a t i o s  o f  abou t 

10 ^ o f  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t  i n t e n s i t i e s  (Chapman 196$) 

a s  does th e  m ix ing  induced  by th e  more numerous rub id ium  atoms 

(H rycyshyn and K rause 1969b ) , '  Hence, p r o c e s s e s  (14) and (1$) a re  

n e g l i g i b l e  i n  com parison  to  ( 7 ) and ( 8 ) ,  r e s p e c t i v e l y ,  and p ro c e s s  

( 13 ) i s  n e g l i g i b l e  compared w ith  p ro c e s s  ( $ ) .  At ru b id iu m  vapour
_c 2

p r e s s u r e s  up to  10 mm Hg, m ixing  o f  th e  $ P s t a t e s  a l s o  g iv e s

r a t i o s  o f  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t  i n t e n s i t i e s  amounting

to  10 ^ , and th u s  p r o c e s s e s  ( I 6 ) and ( I 7 ) a r e  n e g l i g i b l e  i n  com parison

w i th  (8) and (1 0 ) ,  and (7 ) and ( l l ) ,  r e s p e c t i v e l y  (Rae and K rause

1965) ,  F u r th e r  s i m p l i f i c a t i o n s  w i l l  be in t ro d u c e d  a t  a l a t e r  s t a g e .

I f  i t  i s  assumed t h a t  th e  K -  Rb vapour m ix tu re  e x i s t s

in  a s te a d y  s t a t e  which in v o lv e s  o n ly  th e  o p t i c a l  e x c i t a t i o n  o f  th e

3 /2
p r o c e s s e s  shown in  F ig ,  1 , th e  fo l lo w in g  r a t e  e q u a t io n s  may be 

w r i t t e n :

d N ( 4 \ / . )  5 1
 +  Z21 +  2 2 2 , +

dN (4^P ,/p )  0 0 -1
 d T ^  =  +  =12 +  = 12 ' +

Z l l , ]  = 0 ( 19 )

2
p o ta ss iu m  4 P / s t a t e ,  spon taneous  decay  and th e  v a r io u s  c o l l i s i o n a l

dN($2p , )
- N ( 5 % / 2 ) ( T 2 . )

-1 =  0 (2 0 )
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2  2 - 1  
 d T ^  =  ^ 2 1 , " k \ / 2 l  -  N ( 5 \ / 2 ) ( T i , )  -  0 (21)

2 2 w here , f o r  exam ple, N(4 ) d e n o te s  th e  d e n s i t y  o f  4 P^y^ p o ta ss iu m

atoms and i s  connec ted  as  fo l lo w s  to  th e  o bserved  i n t e n s i t y  o f  f l u o r ­

e s c e n c e ,

hu„
I(ug) = e N(4 P^y^) (22)

e i s  a m easure o f  th e  re sp o n s e  o f  th e  d e t e c t i o n  system  to  r a d i a t i o n  

o f  f req u en cy  Ug and i s  assumed to  be th e  same f o r  a l l  f r e q u e n c ie s  

o bserved  h e r e .  S u b s t i t u t i o n  i n t o  e q u a t io n s  (1 9 ) ,  ( 2 0 ) ,  and (21) 

y i e l d s  :

'21 -  % l ' " ^ ^12 """ ^12’ ^11’  ̂ '̂ 1 (2 3 )

'22' - ^2 ^22’ (24)

'21’ = (T2>-^ h i
^2 ''I2 I ’ (2 5 )

where =  7699 Xg =  766$ & , = 7948 R and X^,  =  7800 R, r|j^,

**̂ 22' ^ 1 '  r e p r e s e n t  r a t i o s  o f  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t

i n t e n s i t i e s  w hich a r e  m easured e x p e r im e n ta l ly ,

. ^^2 . - e i  ' ^ 1 . - i m e i  -

2I f ,  i n s t e a d ,  th e  p o ta ss iu m  4 P^y^ s t a t e  i s  o p t i c a l l y  

e x c i t e d ,  th e  fo l lo w in g  e q u a t io n s  r e s u l t :

^12 ^  ^21 ^  ^22 ' ^  ^21’  ̂ I s  (^7)
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^ 1 2 ’ (28) 

^11» “  (^1^ ^ 1 1 ' (29)

where

’h - a # '  %2. -  - % . = » ! } •  ‘30)

I n  a l l  i n t e n s i t y  r a t i o s  ( r e v a lu e s )  d e f in e d  in  e q u a t io n s  (26) and (3 0 ) , 

th e  components a p p e a r in g  i n  th e  deno m in a to rs  a r e  o f  th e  same wave­

l e n g th s  a s  th o s e  used  f o r  th e  e x c i t a t i o n  o f  f l u o r e s c e n c e .

S ince  th e  s e p a r a t i o n  o f  th e  p o ta ss iu m  re so n a n c e  d o u b le t  

i s  s m a l l ,  s e t t i n g  = Tg = T and = Xg in t r o d u c e s  a n e g l i g i b l e

e r r o r  i n  e q u a t io n s  (23) and ( 2 ? ) .  The f u r t h e r  c o n d i t i o n s  t h a t  

(^ 1 2 ’ ^ 1 1 ’  ̂ «  ( t )  ̂ and (Zg^, + Z ^ ^ ,)  «  ( t ) w hich were found

t r u e  over t h e  com ple te  e x p e r im e n ta l  r a n g e ,  s im p l i f y  th e  s o l u t i o n s  o f  

e q u a t io n s  (2 3 ) and (2?) i n  th e  fo l lo w in g  m anner.

'2 1  =  ;  <3’ >

'1 2  =  ;  <32>

When Tlĵ  and r\^ a r e  v e ry  sm all  ( i n  f a c t ,  abou t 10 ^) , e q u a t io n s  (3 I )  

and (3 2 ) become f u r t h e r  s i m p l i f i e d :

"Hi
h i  “  T  ’ h 2  "  T  (33)

S ince  Z^^ and Z^^ in c lu d e  th e  combined r a t e s  a t  w hich th e
2

energy  o f  p o ta ss iu m  a tom s, o p t i c a l l y  e x c i t e d  t o  a p a r t i c u l a r  P
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s u b s t a t e ,  i s  t r a n s f e r r e d  to  th e  o t h e r  s u b s t a t e  by c o l l i s i o n s  w i th  

p o ta ss iu m  and rub id ium  atoms i n  t h e i r  ground s t a t e s ,  th e y  c a n  be 

r e p r e s e n te d  a s  f o l lo w s :

^ 2  -  ^ 2  + < 2

^21 “  ^21 ^21 

f f f
where and Z^^ r e f e r  to  c o l l i s i o n s  w i th  p o ta ss iu m  and rub id ium  

atoms r e s p e c t i v e l y .  Eqs. (34) th e n  become

_  (^2 •  ll2> .  i l
12 T T

"21 = = - T

S ince  th e  v a lu e s  Z^^ and Z^^ a r e  known (Chapman and K rause  196$),

2^2 and Z^^ may be o b ta in e d  d i r e c t l y .

E q u a t io n s  (2 4 ) ,  (2 $ ) ,  ( 2 8 ) ,  (29) and (3$) co n n ec t  th e  t o t a l  

c o l l i s i o n  c r o s s  s e c t i o n s  w i th  th e  e x p e r im e n ta l ly  m e asu ra b le  i n t e n s i t y  

r a t i o s .

B. C o l l i s i o n s  Between E x c i te d  Rubidium Atoms and Ground S t a t e  D iatom ic 

or P o lya tom ic  M olecu les

S ince  on ly  one s p e c ie s  o f  a l k a l i  atom i s  in v o lv e d ,  th e  

number o f  c o l l i s i o n a l  m ix ing  p r o c e s s e s  i s  c o n s id e r a b ly  s m a l le r  th a n  

t h a t  c o n s id e re d  in  S e c t io n  A above . However, w h ile  i n  th e  p r e v io u s  

c a s e  th e  e n t i r e  t r a n s f e r  o f  ene rgy  by c o l l i s i o n s  w i th  atoms c o u ld  be 

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

in g  e x c i t e d  atoms to  t h e i r  ground s t a t e s  w i th o u t  th e  e m is s io n  o f
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r a d i a t i o n .  The m ix ing  and quenching  p ro c e s s e s  t h a t  o ccu r  when th e
2

v a p o u r-g a s  m ix tu re  i s  o p t i c a l l y  e x c i t e d  to  th e  ru b id iu m  $ s t a t e

a r e  r e p r e s e n t e d  i n  F ig .  2 .  The v a r io u s  p r o c e s s e s  a r e  r e p r e s e n te d  

by th e  fo l lo w in g  e q u a t io n s :

Rb(5^P3/2

Rb(5=P3/2

Rb(52p3/2

R b (5 ^ P l/2

R b(5^P j/2

+ R b ( 5 % / g )

(Tp)"^ 2
. s^yg) +  hUg

+ M Rb(5^P^y2) +  M*

20+ M RbfS^S^yg) +  M

, - l
,2( T i ) ‘

Rb(5 S iy^) +  hu^

+ M  +  M*

+ M i °  RbfS^g^y^) +

(36)

(37)

(38)

(39)

(40)

(41)

(42)

where s^ i s  th e  d e n s i t y  o f  rub id ium  atoms e x c i t e d  p e r  second from th e
2

ground s t a t e  t o  th e  $ ^3 /2  s t a t e ,  Tĵ  and Tg a r e  th e  av e ra g e  l i f e t i m e s  

o f  th e  ^ ' ^ y/2  ^^^3 /2  s t a t e s  r e s p e c t i v e l y ,  Z^^, Z^q a r e

th e  c o l l i s i o n  numbers d e f in e d  a s  th e  f r e q u e n c ie s  o f  c o l l i s i o n s  p e r

e x c i t e d  rub id ium  atom le a d in g  to  th e  c o l l i s i o n  m ix ing  p r o c e s s e s

2 2 2 2 2 
P1 / 2  ^3/ 2 ’ ^ 1 /2  P3/ 2 ' and th e  quenching p r o c e s s e s  P^y^

2 2 2 S^y^ and P^y^ S^y^ , r e s p e c t i v e l y ,  M i s  a m o lecu le  i n  i t s  g round

s t a t e  and M* i s  a m o lecu le  whose t r a n s l a t i o n a l ,  v i b r a t i o n a l  and

r o t a t i o n a l  ene rgy  has  changed a s  a  r e s u l t  o f  an  i n e l a s t i c  c o l l i s i o n .

The m ix ing  o f  th e  P s u b s t a t e s  i s  assumed to  be e n t i r e l y  induced  by

c o l l i s i o n  w i th  m o le c u le s  s in c e  th e  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t
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Rb

21  r i z
i____I

$ 2  ( T j '

5 ^  S i
7800 A

t |
Z 2 O Z |Q

i
7948 A

F ig ,  2 .  Energy l e v e l s  in v o lv e d  i n  s e n s i t i z e d  f lu o r e s c e n c e  o f  
Rb and i n  th e  quenching  o f  th e  Rb re so n a n c e  r a d i a t i o n  induced  by 
c o l l i s i o n s  w i th  d ia to m ic  and p o ly a to m ic  m o le c u le s .
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i n t e n s i t y  r a t i o s  due to  c o l l i s i o n s  w i th  o th e r  rub id ium  atoms a r e  abou t

10 ^ a t  th e  vapour p r e s s u r e s  used in  th e s e  ex p e r im en ts  (10 ^ mm Hg)

(Rae and K rause I 9 65 ) i  t h i s  i s  a t  l e a s t  two o r d e r s  o f  m agnitude

s m a l le r  th a n  th e  v a lu e s  obse rved  a t  th e  lo w es t  gas  p r e s s u r e s  u s e d .

I f  i t  i s  a g a in  assumed t h a t  th e  v a p o u r-g a s  m ix tu re  e x i s t s

i n  a s te a d y  s t a t e  w hich in v o lv e s  o n ly  th e  o p t i c a l  e x c i t a t i o n  o f  th e  
2

rub id ium  5 s t a t e ,  spon taneous  decay  and th e  c o l l i s i o n a l  p r o c e s s e s

i n d i c a t e d  i n  F ig ,  2 ,  th e  fo l lo w in g  r a t e  e q u a t io n s  may be w r i t t e n :

dN($2p / ) 0 5 - 1
-  =2 +  " 12“ '5  ‘■1/ 2 > -

+ Zgl +  %2o] =  °  (43)

dNfsZp / ) 0 0 - 1

+ Z^q] = 0 ihk)

2
w h ere ,  f o r  exam ple , N(5 P^y^) r e p r e s e n t s  t h e  d e n s i t y  o f  ru b id iu m  atoms 

2
i n  th e  5 P^y^ s t a t e .  By r e l a t i n g  th e  d e n s i t i e s  o f  th e  e x c i t e d  atoms 

to  th e  i n t e n s i t i e s  o f  th e  re so n a n c e  com ponents , e q ,  (44) becomes

^21 ^  TgÂg" [ ( ^ 1 ) ^  %12 ^  ^10^ ^1 (^ 5 )

2
I f  th e  rub id ium  5 P^y^ s t a t e  i s  o p t i c a l l y  e x c i t e d  i n s t e a d ,  

th e  fo l lo w in g  e q u a t io n  i s  o b ta in e d :

^12 “  '^('•'2  ̂ ^21 %2o] (46)

w here
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= 7948 ^  and = 7800 X, The components ap p e a r in g  i n  th e  denom­

i n a t o r s  o f  e q .  (47) a r e  o f  th e  same w av e le n g th s  a s  t h a t  u sed  f o r  th e  

e x c i t a t i o n  o f  f lu o r e s c e n c e .  S o lu t i o n s  o f  e q s ,  (45) and (46) f o r  

and le a d  to  th e  fo l lo w in g  e q u a t io n s ,

^21 “  A + (48)

^12 ”  0 +  SZgo + c z io

where

A = (t 'HiCyXg + Ugl

n  =  rr ~^1

1 [1  -

^ 1 ^ 2

'  "  [ T % - ^  (50)

n =  fT ^
^ [1 -  % ]

p ^  ( i j )  rig
2 [1  -  -n^Tig]

At low gas  p r e s s u r e s ,  quench ing  e f f e c t s  a r e  n e g l i g i b l e  and e q s ,  (48)

and (49) red u ce  to  Z^^ =  A and Z^^ =  D, I f  th e  m ix ing  c r o s s  s e c t i o n s

a r e  known, th e  quenching  c r o s s  s e c t i o n s  can be o b ta in e d  a s  f o l l o w s .

E q u a t io n s  (48) and (49) may be r e w r i t t e n  i n  th e  form

=21 -  A -  Agi = »^10 + “ 20 <51)

=12 -  * -  ^ 2  “  "^20 + “ 10 ‘52)
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E q u a t io n s  ( $ l )  and (52) may be s o lv e d  f o r  Z^q and Z^^, g iv in g

^ 0  " %  < Y >  -  -"u ‘ 53>

=20 =  %  ( ÿ )  -  = ^1  (5 4 ,

Once th e  m ix ing  c r o s s  s e c t i o n s  have been o b ta in e d  from th e  low-
1

p r e s s u r e  d a t a ,  th e  c o l l i s i o n  numbers can  be d e te rm in ed  a t  any p r e s s u r e ,  

The d e v i a t i o n s  o f  th e s e  c o l l i s i o n  numbers from th e  e x p e r im e n ta l ly  

de te rm in ed  c o e f f i c i e n t s  A and D in  e q s ,  ( 5I )  and (52) y i e l d  th e  

q u a n t i t i e s  and A^^ w hich a r e  used in  e q s ,  (53) and ( 54 ) to  

d e te rm in e  th e  c o l l i s i o n  numbers Z^^ and Z^q, from w hich th e  quenching  

c r o s s  s e c t i o n s  and Q^q may be c a l c u l a t e d ,

C, C a l c u l a t i o n  o f  th e  C ross  S e c t io n s

For any c o l l i s i o n a l  p ro c e s s  where an  atom in  s t a t e  ' a '  i s

t r a n s f e r r e d  t o  a n o th e r  s t a t e  ' b ' ,  t h e  c o l l i s i o n  numbers Z^^ c a n ,  by

analogy  w i th  th e  gas  k i n e t i c  c r o s s  s e c t i o n ,  be r e l a t e d  to  th e  av e ra g e

t o t a l  c r o s s  s e c t i o n  Q , :ab

h b  = < » )

w here N i s  th e  d e n s i t y  o f  ground s t a t e  atoms o r  m o le c u le s ,  and v^ i s  

th e  av e ra g e  r e l a t i v e  v e l o c i t y  o f  th e  c o l l i d i n g  p a r t n e r s ,  g iv e n  by

v^ = (8kT/rr|j,)^^^ • (56)

k  i s  th e  Boltzmann c o n s t a n t ,  T th e  a b s o lu t e  t e m p e ra tu re  and th e  

red u ce d  m ass .  E q u a t io n  ( 5 5 ) i n d i c a t e s  t h a t  a t  a c o n s ta n t  t e m p e r a tu r e ,  

th e  c o l l i s i o n  numbers Z^^ v a ry  l i n e a r l y  w i th  p r e s s u r e .

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



19

I t  has been assumed th ro u g h  th e  d i s c u s s i o n  i n  S e c t io n s  A 

and B t h a t  e f f e c t s  due to  r a d i a t i o n  t r a p p in g  a re  n e g l i g i b l e .  The 

im prisonm ent o f  r a d i a t i o n ,  i f  p r e s e n t ,  would cau se  th e  a p p a re n t  l i f e ­

tim e s  o f  th e  re so n an ce  s t a t e s  i n  th e  a l k a l i  atoms to  be s i g n i f i c a n t l y  

lo n g e r  th a n  th e  'n a tu r a l*  l i f e t i m e s  and would m a n i f e s t  i t s e l f  i n  th e  

ap p ea ran ce  o f  s p u r io u s ly  l a r g e  c o l l i s i o n  c r o s s  s e c t i o n s .

The p r i n c i p l e  o f  d e t a i l e d  b a la n c in g  p r e d i c t s  t h a t  a t  a 

te m p e ra tu re  T, th e  c r o s s  s e c t i o n s  and shou ld  be i n  th e  r a t i o

Qio 80
= —  exp(-AE/kT) ( 5 7 )

121 ®1

2where g^ = 2 and g^ = 4 a r e  th e  s t a t i s t i c a l  w e ig h ts  o f  th e  and
2

P^y^ s t a t e s ,  r e s p e c t i v e l y ,  and AE i s  th e  energy  d e f e c t  between them. 

E x p e r im en ta l  agreem ent w i th  t h e  above p r e d i c t e d  r a t i o  s e r v e s  a s  a 

good check  on th e  e x p e r im e n ta l  r e s u l t s .
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I I I .  DESCRIPTION OF THE APPARATUS

A schem a tic  d iagram  o f  th e  a p p a r a tu s  i s  shown i n  F ig ,  3*

The a l k a l i  r e so n an ce  d o u b le t ,  e m i t te d  by a r a d i o  f req u en cy  l i g h t  

s o u rc e ,  was r e s o lv e d  by a g r a t i n g  monochromator i n  s e r i e s  w i th  one 

o r  two i n t e r f e r e n c e  f i l t e r s .  The m onochrom atic beam was th e n  b rough t 

t o  focus  i n  a f lu o r e s c e n c e  c e l l  which c o n ta in e d  th e  atoms and m ole­

c u l e s ,  th e  c o l l i s i o n s  betw een w hich were to  be s tu d i e d .  The r e s u l t ­

in g  f l u o r e s c e n c e ,  ob se rv ed  a t  r i g h t  a n g le s  t o  th e  d i r e c t i o n  o f  th e  

i n c i d e n t  beam, was r e s o lv e d  in t o  th e  two components o f  th e  re so n an ce  

d o u b le t  by e i t h e r  t h r e e  o r  fo u r  i n t e r f e r e n c e  f i l t e r s  i n  s e r i e s ,  and 

was fo cu ssed  on th e  p h o to c a th o d e  o f  a l i q u i d - a i r - c o o l e d  p h o t o m u l t i p l i e r  

whose o u tp u t  was r e g i s t e r e d  by one o f  two m ethods . The p h o t o m u l t i p l i e r  

p u l s e s  w ere e i t h e r  i n t e g r a t e d  and a m p l i f i e d  by an e l e c t r o m e te r  

a m p l i f i e r  whose v o l t a g e  o u tp u t  was fed  to  a s t r i p  c h a r t  r e c o r d e r ,  o r  

th e  p u l s e s  were coun ted  by a c o u n t in g  t r a i n  c o n s i s t i n g  o f  an a m p l i f i e r ,  

d i s c r i m i n a t o r  and s c a l e r .  When employing th e  p u ls e - c o u n t in g  method 

w h ich ,  on th e  w ho le ,  was p r e f e r r e d ,  a n e u t r a l  d e n s i t y  f i l t e r  was 

i n s e r t e d  i n t o  th e  o u tp u t  beam to  a t t e n u a t e  th e  re so n an ce  f lu o r e s c e n c e  

and p re v e n t  th e  s c a l e r  from o v e r lo a d in g ,

A d e t a i l e d  d e s c r i p t i o n  o f  th e  l i g h t  so u rce  h as  been  g iv e n  

e lse w h e re  (A tk in so n ,  Chapman and K rause I 9 65 )# The lamp c o n s i s t e d  

o f  a t a p e r e d  py rex  tu b e  w hich c o n ta in e d  abou t , 5 g o f  d i s t i l l e d  

a l k a l i  m e ta l  ( e i t h e r  p o ta ss iu m  o r  rub id ium ) in  th e  ta p e r e d  e n d ,  and

20
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a b o u t  1, 5  t o r r  o f  a rg o n  w hich a c te d  a s  a c a r r i e r  g a s .  The tu b e  was 

p la c e d  in  th e  ta n k  c o i l  o f  an r f  o s c i l l a t o r  o p e r a t in g  a t  60 MHz, w i th  

th e  t a p e r e d  p o r t i o n  e x te n d in g  down in t o  a w ire  wound h e a t e r  c o i l  

w hich was co n n ec ted  th ro u g h  a v a r i a c  t o  a v o l t a g e - s t a b i l i z e d  power 

l i n e .  The te m p e ra tu re  o f  th e  base  o f  th e  lamp, which c o n t r o l l e d  

th e  c o n c e n t r a t i o n  o f  a l k a l i  v a p o u r ,  was a d j u s t e d  u n t i l  th e  i n t e n s i t i e s  

o f  th e  e m i t te d  re so n an ce  l i n e s  were l a r g e  and s t a b l e .

A Bausch and Lomb monochromator was used i n  c o n ju n c t io n  

w i th  S p e c t ro la b  o r  S h o t t  i n t e r f e r e n c e  f i l t e r s  to  s e l e c t  one o f  th e  

p o ta ss iu m  o r  rub id ium  re so n a n c e  components from th e  r f  d i s c h a r g e .

The monochromator c o n ta in e d  a 1200 line/m m g r a t i n g  b la z e d  a t  Y$00 & 

in  th e  f i r s t  o rd e r  and had an a p e r t u r e  o f  f / 4 . 4 ,  a f o c a l  l e n g th  o f  

500 mm and a r e c i p r o c a l  d i s p e r s i o n  o f  16 X/mm i n  th e  f i r s t  o r d e r .

With th e  e n t r a n c e  and e x i t  s l i t s  s e t  a t  I . 5 nun wide and 12 mm h ig h ,  

th e  p o ta ss iu m  and ru b id iu m  d o u b le t s  were r e s o lv e d  w i th  a s p e c t r a l  

p u r i t y  o f  one p a r t  i n  2 ,0 0 0  and ,  w i th  th e  a d d i t i o n  o f  one i n t e r ­

f e r e n c e  f i l t e r ,  th e  e x c i t i n g  beam had a s p e c t r a l  p u r i t y  b e t t e r  th a n  

one p a r t  i n  10^, The f l u o r e s c e n t  l i g h t ,  how ever, was r e s o lv e d  on ly  

by i n t e r f e r e n c e  f i l t e r s .  I n  th e  o b s e r v a t i o n  o f  s e n s i t i z e d  f lu o r e s c e n c e  

in  rub id ium  a r i s i n g  from c o l l i s i o n s  w i th  e x c i t e d  p o ta ss iu m  a tom s, 

four blocked rubidium interference filters were used. Although the

rub id ium  f lu o r e s c e n c e  was e a s i l y  r e s o lv e d  ( s p e c t r a l  p u r i t y  o f  a t  

l e a s t  one p a r t  i n  10 ^ ^ ) ,  i t  was found t h a t  t h e r e  was a p p r e c ia b le  

le ak ag e  o f  p o ta ss iu m  re so n a n c e  r a d i a t i o n  th ro u g h  th e  ru b id iu m  f i l t e r s .  

S in ce  th e  t r a n s m is s io n s  o f  unwanted l i n e s  a r e  d i f f i c u l t  t o  m easure  in  

s i t u ,  an  e s t i m a t e  o f  th e  amount o f  p o ta ss iu m  le ak ag e  was o b ta in e d  by
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a s u b s i d i a r y  experim en t i n  which a p a r a l l e l  p o ta ss iu m  l i g h t  beam,

8monochrom atic to  one p a r t  i n  10 , was p as se d  th ro u g h  th e  rub id ium  

f i l t e r s .  The t r a n s m is s io n  o f  th e  p o ta ss iu m  7^99 ^  component th ro u g h  

th e  fo u r  rub id ium  7800 X f i l t e r s  mounted i n  s e r i e s ,  w hich was by f a r  

th e  l a r g e s t ,  was m easured to  be ab o u t  10 A l l  f i l t e r  t r a n s m is s io n s  

o f  th e  wanted l i n e s  were m easured i n  s i t u .

The d e s ig n  o f  t h e  f lu o r e s c e n c e  c e l l  i s  shown i n  F ig .  4 .  

R e a b s o rp t io n  o f  bo th  th e  e x c i t i n g  l i g h t  and th e  f l u o r e s c e n t  r a d i a t i o n  

was m inim ized  by p o s i t i o n i n g  th e  image o f  th e  monochromator s l i t  in  

t h e  c o r n e r  formed by th e  e n t r a n c e  and o b s e r v a t io n  windows. S ince  a 

cone o f  l i g h t  a c t u a l l y  e n t e r s  th e  c e l l ,  i t  i s  no t p o s s i b l e  to  p o s i t i o n  

th e  image r i g h t  a g a i n s t  th e  e x i t  window w i th o u t  s c a t t e r i n g  some o f  

th e  i n c i d e n t  l i g h t .  The image o f  th e  monochromator s l i t ,  w hich was 

h a l f  th e  s i z e  o f  th e  a c t u a l  s l i t ,  was c e n te r e d  behind  th e  e x i t  

window a t  a d i s t a n c e  o f  1 .1  mm. With th e  image in  t h i s  p o s i t i o n ,  th e  

s c a t t e r e d  l i g h t ,  which was f u r t h e r  reduced  by c o a t in g  th e  c e l l  w i th  

aquadag (a c o l l o i d a l  d i s p e r s i o n  o f  g r a p h i t e ) ,  was found to  be o f  

n e g l i g i b l e  i n t e n s i t y .

The main oven w hich c o n ta in e d  th e  body o f  th e  c e l l ,  

c o n s i s t e d  o f  an o u te r  t r a n s i t e  box and an in n e r  aluminum box. Chrome1 

A heating wire was wound around the outside o f  the aluminum box to 

e l im i n a t e  glow from th e  h e a t e r ,  and was i n s u l a t e d  from th e  aluminum 

by s e v e r a l  s h e e t s  o f  a s b e s to s  p a p e r .  G la s s  w ool, s t u f f e d  between th e  

aluminum and t r a n s i t e  w a l l s  f u r t h e r  i n s u l a t e d  th e  oven from th e  o u t ­

s i d e ,  Windows a t  each end o f  t h e  oven p ro v id e d  a means o f  a d m i t t in g  

and v iew ing  th e  i n c i d e n t  l i g h t  and a t h i r d  window, s i t u a t e d  on th e
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ô D M i r
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%

F ig ,  4 .  The f lu o r e s c e n c e  c e l l  w i th  th e  ra y  d iagram  o f  th e  scheme 
used  in  th e  d e t e r m in a t io n s  o f  th e  e x t i n c t i o n  c o e f f i c i e n t s .  A, e n t r a n c e  
window; B, e x i t  window; C, v iew ing  window; D, s id e  arm.
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f r o n t  w a l l  f a c in g  th e  d e t e c t i o n  equ ipm ent,  p ro v id e d  an e x i t  f o r  th e  

f l u o r e s c e n t  l i g h t .  The te m p e ra tu re  o f  th e  m ain  oven was k e p t  c o n s ta n t  

t o  w i t h i n  +  2°C by c o n n e c t in g  th e  h e a t e r  w i r e s  th ro u g h  a V a r ia c  a u t o ­

t r a n s f o r m e r  t o  a r e g u la t e d  power l i n e .

The s id e  arm o f  th e  c e l l ,  w hich was a p p ro x im a te ly  4 cm 

long  and 12 mm w id e ,  c o n ta in e d  th e  l i q u i d  a l k a l i  m e ta l .  S ince  th e  

te m p e ra tu re  o f  th e  s id e  arm d e te rm in e d  th e  vapour  d e n s i t y  i n  th e  main 

body o f  th e  c e l l  (Hoffmann 1962), a c c u r a te  te m p e ra tu re  c o n t r o l  was 

e s s e n t i a l .  T h is  was accom plished  by c o n n e c t in g  th e  s id e  oven , w hich 

c o n s i s t e d  o f  a b r a s s  c y l i n d e r  snug ly  f i t t i n g  th e  s id e  arm, to  one o f  

two ty p e s  o f  te m p e ra tu re  c o n t r o l l e r s .  For ex p e r im e n ts  in v o lv in g  th e  

K -  Rb sy s tem , where i t  was n e c e s s a ry  to  v a ry  th e  a l k a l i  vapour 

d e n s i t y ,  r e s i s t a n c e  w ire  was wound around th e  b r a s s  c y l i n d e r  and 

connec ted  to  a t h e r m i s t o r - c o n t r o l l e d  te m p e ra tu re  c o n t r o l l e r  p e r m i t t i n g  

r a p id  changes  i n  th e  te m p e ra tu re  (Chapman I 9 6 5 ) ,  However, i n  th e  

s tu d y  o f  R b -m olecu la r  g as  system s where t h e  s id e  arm te m p e ra tu re  was 

k e p t  c o n s ta n t  (4 0 °C ) , w a te r  was c i r c u l a t e d  from a J e n a  U l t r a t h e r m o s ta t  

th ro u g h  copper  c o i l s  mounted i n  p la c e  o f  th e  h e a t e r  w i r e .  I n  b o th  

c a s e s ,  th e  t e m p e ra tu re  was s t a b i l i z e d  to  w i t h i n  + .2°C , A l l  te m p era ­

t u r e s  w ere m easured w ith  c o p p e r - c o n s t a n ta n  the rm ocoup les  w hich were 

lo c a te d  on th e  main body and on th e  s id e  arm o f  the  f lu o r e s c e n c e  c e l l .  

The c e l l  was connec ted  to  th e  vacuum system  o r  gas  f i l l i n g  

system  by a c a p i l l a r y ,  ,23 cm in  d ia m e te r ,  w hich was sm a ll  enough to  

p re v e n t  m i g r a t i o n  o f  th e  a l k a l i  vapour from th e  c e l l  y e t  l a r g e  enough 

t o  avo id  c o r r e c t i o n s  o f  th e  m easured gas  p r e s s u r e s  f o r  m o le c u la r  

t r a n s p i r a t i o n .  An Edwards model EO-2 d i f f u s i o n  pump f i l l e d  w i th  Dow
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C orn ing  704 pumping f l u i d  and backed by a model ISC5OB r o t a r y  pump, 

was used to  e v a c u a te  th e  g l a s s  sy s tem . The system , which a l s o  in c lu d e d  

a l i q u i d  a i r  t r a p ,  was c a p a b le  o f  m a in ta in in g  a vacuum o f  b e t t e r  th a n  

10 t o r r  a s  m easured by a GIC-llOB CVC i o n i z a t i o n  gauge which 

u t i l i z e d  a GIC-OI5 gauge head .  A l l  m o le c u la r  g as  p r e s s u r e s  were 

f i r s t  m easured a p p ro x im a te ly  by a LKB 3294B au to v ac  gauge and th e n  

m easured a c c u r a t e l y  w i th  a CVC McLeod Gauge o f  ty p e  GM-IOOA connec ted  

to  a co ld  t r a p  w hich was co o led  by d ry  ic e  immersed in  a c e to n e .

The f l u o r e s c e n t  l i g h t  em erging from th e  c e l l  was fo c u sse d  

on th e  p h o to c a th o d e  o f  a 16 s ta g e  ITT FW-118G p h o to m u l t i p l i e r  tu b e  

mounted in  a l i q u i d  a i r  c r y o s t a t .  I t s  S-1 (Ag-O-Cs) p h o to c a th o d e  

was 3 mm i n  d ia m e te r  and had a peak s e n s i t i v i t y  around 8000 & which 

d i f f e r e d  n e g l i g i b l y  f o r  th e  K and Rb re so n a n c e  l i n e s .  A Fluke 412B 

power su p p ly  s u p p l ie d  1, 8  k i l o v o l t s  t o  th e  r e s i s t i v e  d i v i d e r  c h a in  

w hich d i s t r i b u t e d  abou t 80 v o l t s  p e r  dynode o f  th e  p h o t o m u l t i p l i e r .

The s ig n a l  from th e  tu b e  was a p p l i e d  e i t h e r  t o  a V ic to re e n  VTE-2 

e l e c t r o m e te r  co n n ec ted  to  a P h i l i p s  (PR2216A) s t r i p  c h a r t  r e c o r d e r  

o r  t o  a P h i l i p s  c o u n t in g  t r a i n  c o n s i s t i n g  o f  a p r e a m p l i f i e r  (PW4270) 

and s c a l e r  (PW4231 ) «
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IV. EXPERIMENTAL PROCEDURE

The f lu o r e s c e n c e  c e l l  was a t t a c h e d  to  th e  vacuum system  

th ro u g h  b o th  th e  s id e  arm and c a p i l l a r y  and was th e n  o u tg a s se d  f o r  

s e v e r a l  days  a t  abou t 1$0°C a t  a vacuum o f  b e t t e r  th a n  10 mm Hg, 

Ampoules c o n ta in in g  p o ta ss iu m  o f  99»95^ p u r i t y  and rub id ium  o f  99»( 

p u r i t y  ( s u p p l ie d  by th e  A. D, McKay Company o f  New York) were i n t r o ­

duced in t o  an e x t e n s io n  o f  th e  s id e  arm, b roken  under vacuum and 

d i s t i l l e d  i n t o  th e  s id e  arm w hich was th e n  s e a le d  o f f .  I n  p r e p a r a t i o n  

o f  th e  K -  Rb m ix tu r e ,  abou t ,5  g o f  each  m e ta l  was d i s t i l l e d  i n t o  

th e  s id e  arm. The s id e  arm was s u b s e q u e n t ly  h e a te d  and co o led  u n t i l  

a u n ifo rm  m ix tu re  was form ed. I n  th e  s tu d y  o f  Rb -  m o le c u la r  g as  

sy s te m s ,  ,5  g o f  rub id ium  m e ta l  was d i s t i l l e d  i n t o  th e  s id e  arm. The 

g a s e s  were a d m it te d  to  th e  f lu o r e s c e n c e  c e l l  th ro u g h  th e  c a p i l l a r y .

The c a l c u l a t i o n s  o f  th e  v a r io u s  c r o s s  s e c t i o n s  f o r  

th e  p ro c e s s e s  w hich o ccu r  i n  th e  K -  Rb vapour  m ix tu re  r e q u i r e  an 

a c c u r a t e  knowledge o f  th e  p a r t i a l  p r e s s u r e s  o f  th e  a l k a l i  v apou rs  

o v e r  th e  e x p e r im e n ta l  ran g e  o f  t e m p e r a tu r e s .  S p e c i f i c a l l y ,  f o r  th e  

p r o c e s s e s  c o n s id e re d  h e r e ,  th e  p a r t i a l  p r e s s u r e  o f  ru b id iu m  i s  

r e q u i r e d .  I t  has  been  shown (Rozwadowski and L ipw orth  1966) t h a t  th e  

u s u a l  vapour p r e s s u r e - t e m p e r a tu r e  fo rm u lae  f o r  a one-component system  

a r e  no t a p p l i c a b l e  to  a two-component sy s tem . T his  was confirm ed  by 

C zajkow sk i,  M c G il l i s  and K rause (1966b) who f u r t h e r  v e r i f i e d  S e iw e r t ’ s 

( 1956) c o n t e n t io n  t h a t  th e  p a r t i a l  p r e s s u r e  o f  one component in  th e

27
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s a t u r a t e d  vapour  m ix tu re  depended on th e  co m p o s i t io n  o f  th e  m ix tu re  

and cou ld  be r e p r e s e n t e d  by th e  e x p r e s s io n

Pq (58)

where i s  th e  p a r t i a l  p r e s s u r e  o f  one a l k a l i  m e ta l  i n  th e  m ix tu r e ,

P^ i s  th e  vapour p r e s s u r e  o f  th e  p u re  m e ta l  a t  th e  same te m p e ra tu re  

and i s  i t s  mole f r a c t i o n  ( r a t i o  o f  th e  number o f  gram-atoms o f  th e  

m e ta l  to  t h e  t o t a l  number o f  gram-atoms p r e s e n t  i n  th e  m i x t u r e ) .  T h is  

i s  e f f e c t i v e l y  a r e s t a t e m e n t  o f  R a o u l t ' s  Law, I n  th e  p r e s e n t  c a s e ,  

th e  mole f r a c t i o n  may be d e f in e d  as

=  n (E b j^ + n (K )  <59)

where n(Rb) and n(K) a r e  th e  numbers o f  gram-atoms o f  rub id ium  and 

p o ta ss iu m  i n  th e  m ix tu r e ,  r e s p e c t i v e l y .

The p a r t i a l  p r e s s u r e  o f  rub id ium  vapour i n  th e  K -  Rb 

vapour m ix tu re  was d e te rm in ed  by a method shown to  be v a l i d  by 

C zajkow sk i,  M c G il l is  and K ra u s e (1 9 6 6 b ) , i n  which th e  e x t i n c t i o n  

c o e f f i c i e n t s  P were m easured over  a ran g e  o f  te m p e ra tu re s  f o r  th e  

ru b id iu m  7948 & re so n an ce  component b o th  i n  v ap o u rs  o f  p u re  rub id ium  

and i n  th e  K -  Rb vapour m ix tu r e .  T h is  method i s  d e p ic te d  in  F ig ,  4

which shows th e  i n c id e n t  beam p a s s in g  th ro u g h  th e  c e l l .  The image o f

th e  monochromator s l i t ,  w hich was reduced  to  a w id th  o f  ,0$ mm, was 

moved back and f o r t h  a long  th e  a x i s  o f  o b s e r v a t io n  by d i s p l a c i n g  th e  

le n s  Lg i n  F ig ,  3 th ro u g h  a d i s t a n c e  d = 1 mm by means o f  a m ic ro m e t r ic  

d e v ic e  p r e c i s e l y  c a l i b r a t e d  u s in g  a c a th e to m e te r .  The e x t i n c t i o n  

c o e f f i c i e n t  3 was c a l c u l a t e d  from th e  e x p r e s s io n :
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f n  I  -  f n  I
P =   2 _ --------  (60)

w here and I  a r e  th e  f l u o r e s c e n t  i n t e n s i t i e s  c o r re sp o n d in g  to  d =  0 

and d = 1 mm, r e s p e c t i v e l y .  From p l o t s  o f  th e  e x t i n c t i o n  c o e f f i c i e n t s  

a g a i n s t  t e m p e ra tu re  f o r  b o th  p u re  ru b id iu m  and rub id ium  in  th e  K -  Rb 

m ix tu r e ,  was o b ta in e d  so t h a t  e q u a t io n  ($8) cou ld  be used  t o  d e t e r ­

mine th e  p a r t i a l  p r e s s u r e s  o f  ru b id iu m  v a p o u r .  The vapour p r e s s u r e  

o f  pu re  ru b id iu m  was ta k e n  from te m p e ra tu re -v a p o u r  p r e s s u r e  d a ta  

g iv e n  by Nesmeyanov ( I 9 63 ) ,  A lthough  in  th e  c a l c u l a t i o n s  o f  th e  

c o l l i s i o n  c r o s s  s e c t i o n s  f o r  th e  p r o c e s s e s  o c c u r in g  i n  th e  R b-m olecu la r  

g a s  sy s tem s ,  an  e x a c t  knowledge o f  th e  rub id ium  vapour d e n s i t y  i s  n o t  

r e q u i r e d ;  how ever, th e  vapour d e n s i t y  m ust be k e p t  low to  avo id  

im prisonm ent o f  r a d i a t i o n .  T h is  was ach iev ed  by m a in ta in in g  th e  s id e  

arm a t  , which c o r re s p o n d s  to  a rub id ium  vapour d e n s i t y  much low er

th a n  t h a t  a t  w hich r a d i a t i o n  im prisonm ent becomes a p p r e c ia b le  f o r  t h i s  

ty p e  o f  geom etry  (Rae and K rause  I 9 6 5 ) .

The fo l lo w in g  g a s e s  were u se d :  (99 .9995^  p u r i t y ) ,

*2 (9 9 .9 9 9 < ) ,  CH^ ( 9 9 .9 9 # ) ,  ( 9 9 .9 8 # ) ,  ( 9 9 .9 # ) ,  Dg (>9 9 .$#

i s o t o p i c  p u r i t y ) ,  a l l  s u p p l ie d  by M atheson o f  Canada, L t d , ,  W hitby, 

O n ta r io ,  and HD (^9 8 , 38# i s o t o p i c  p u r i t y )  and CD^ (^96 ,97#)  s u p p l ie d  

by Merck, Sharp and Dohme o f  Canada, Ltd,, Montreal, Quebec, Chemi­

c a l l y  a c t i v e  im p u r i t i e s  were removed from th e  g a se s  by a l lo w in g  them 

to  rem ain  f o r  a few days i n  a ru b id iu m -c o a te d  g l a s s  bu lb  which was 

h e a te d  to  ab o u t 100°C, B efo re  be ing  a d m it te d  in t o  th e  f lu o r e s c e n c e  

c e l l ,  th e  g a s e s  w ere p as se d  th ro u g h  a l i q u i d - a i r  co o led  t r a p  to  

remove any ru b id iu m  vapour  c a r r i e d  by th e  g a s .
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The McLeod gauge gas  p r e s s u r e  m easurem ents were not 

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

c o n n e c t in g  t h e  f lu o r e s c e n c e  c e l l  to  th e  r e s t  o f  th e  gas  system  when 

th e  mean f r e e  p a th s  o f  th e  g as  m o lecu le s  a r e  l a r g e r  th a n  th e  d ia m e te r  

o f  th e  c a p i l l a r y  (Dushman and L a f f e r t y  1962) s in c e  o n ly  th o s e  p o in t s  

ta k e n  a t  v e ry  low gas  p r e s s u r e s  ( u s u a l l y  below 0 ,05  Hg) a re  a f f e c t e d .  

A lso ,  over th e  range  o f  e x p e r im e n ta l  p r e s s u r e s  u se d ,  e r r o r s  a r i s i n g  

from th e  s tre a m in g  o f  m ercury  vapour tow ards  th e  c o ld  t r a p  cou ld  be 

n e g le c te d  (Bennewitz and Dohmann I 9 65 ) .
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V. SENSITIZED FLUORESCENCE IN K -  Rb VAPOUR MIXTURES

A, The E x t i n c t i o n  C o e f f i c i e n t s

P l o t s  o f  th e  e x t i n c t i o n  c o e f f i c i e n t s  f o r  th e  7948 & 

ru b id iu m  component a g a i n s t  te m p e ra tu re  f o r  b o th  pu re  rub id ium  and f o r  

th e  K -  Rb m ix tu re  a r e  shown in  F ig ,  5* (A l l  th e  e x p e r im e n ta l  v a lu e s  

o f  th e  e x t i n c t i o n  c o e f f i c i e n t s  a r e  l i s t e d  i n  Appendix A.) Because 

th e  e x t i n c t i o n  c o e f f i c i e n t s  a r e  f u n c t io n s  o f  th e  d e n s i t y  o f  th e  

rub id ium  atoms i n  th e  v a p o u r ,  t h e r e f o r e  f o r  any s p e c i f i c  te m p e ra tu re  

o f  th e  m ix tu re  th e  c o r re s p o n d in g  te m p e ra tu re  (and hence th e  vapour 

p r e s s u r e )  o f  p u re  rub id ium  can  be re a d  o f f  th e  p l o t s .  I n  t h i s  way i t  

was p o s s i b l e  t o  d e te rm in e  th e  p a r t i a l  p r e s s u r e s  o f  th e  ru b id iu m  in  

th e  K -  Rb m ix tu r e .  The r a t i o  o f  th e  p a r t i a l  p r e s s u r e  o f  rub id ium  

i n  th e  m ix tu re  a t  a p a r t i c u l a r  t e m p e ra tu re  to  th e  vapour p r e s s u r e  o f  

p u re  rub id ium  a t  th e  same te m p e ra tu re  y i e ld e d  , th e  mole f r a c t i o n  

o f  rub id ium  i n  th e  m i x tu r e .  I t  was found t h a t ,  over th e  te m p e ra tu re  

ran g e  shown i n  F ig ,  5 , y^ = 0 ,3 7  + 0 ,0 1 ,  where 0 ,01  i s  th e  mean 

d e v i a t i o n .  S u b s t i t u t i o n  o f  t h i s  v a lu e  i n  e q u a t io n  ( 58 ) y i e ld e d

=  0 ,3 7  P g , w hich was u sed  to  d e te rm in e  th e  p a r t i a l  p r e s s u r e  o f  th e  

rubidium vapour.

The e x t i n c t i o n  c o e f f i c i e n t s  o f  th e  m ix tu re  were a l s o  

m easured f o r  th e  7800 X ru b id iu m  component as  w e l l  as  f o r  b o th  

components o f  t h e  p o ta ss iu m  re so n a n c e  d o u b le t .  On th e  b a s i s  o f  th e s e  

m easurem en ts ,  e q ,  (60) was u t i l i z e d  to  c o r r e c t  f o r  th e  a t t e n u a t i o n

31
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o f  th e  f l u o r e s c e n t  i n t e n s i t i e s  w hich was due to  r e a b s o r p t i o n  o f  th e  

f lu o r e s c e n c e  as  i t  t r a v e r s e d  th e  d i s t a n c e  o f  1 .1  mm i n  th e  v a p o u r .  

These c o r r e c t i o n s  to  th e  observed  i n t e n s i t y  r a t i o s  amounted to  as  

much a s  17^  when th e  7800 & component was observed  in  s e n s i t i z e d  

f l u o r e s c e n c e ,  and to  a t  most 10^ f o r  th e  7948 & com ponent. When 

e i t h e r  th e  7665 & o r  th e  7699 ^  component was observed  in  s e n s i t i z e d  

f l u o r e s c e n c e ,  th e  i n t e n s i t y  r a t i o s  were a d ju s t e d  by a maximum o f  3^«

B, The Cross Sections for K - Rb Collisions

(i) Energy Transfer from the Substates of Potassium
2to the P Substates of Rubidium, Induced in Collisions with Ground

S ta t e  Rubidium Atoms

P l o t s  o f  th e  i n t e n s i t y  r a t i o s *  tlgg, , and

a g a i n s t  rub id ium  vapour p r e s s u r e  a r e  shown in  F ig s .  6 ,  7» 8 and 9»

r e s p e c t i v e l y .  As has  been o bserved  p r e v io u s l y  in  s i m i l a r  ex p e r im en ts

C zajkow sk i,  M c G il l i s  and Krause (1 9 6 6 b ) ,  th e  c u rv e s  d e p a r t  from
2

l i n e a r i t y  because  o f  changes in  th e  l i f e t i m e s  o f  th e  p o ta ss iu m  4 P 

s t a t e s  [w hich were assumed c o n s ta n t  i n  e q u a t io n s  ( 2 4 ) » (2 $ ) ,  (28) and 

(2 9 ) ] ,  caused  by th e  im prisonm ent o f  th e  p o ta ss iu m  re so n an ce  r a d i a t i o n  

w hich s e t s  in  w i th  i n c r e a s in g  d e n s i t y  o f  p o ta ss iu m  a tom s. I n  F ig s ,  6 

and 7, t h e  l i n e a r  p o r t i o n s  a r e  w e l l - d e f in e d  and th u s  th e  cross 

s e c t i o n s  and can  be c a l c u l a t e d  by th e  d i r e c t  a p p l i c a t i o n s  o f

e q u a t io n s  (2 4 ) ,  (28) and ($ $ ) ,  I n  F ig s ,  8 and 9 ,  how ever, th e  low 

i n t e n s i t y  o f  s e n s i t i z e d  f lu o r e s c e n c e  made p o s s i b l e  th e  measurement

The numerical data is listed in Appendix A,
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TEMPERATURE (D e g .C )  
80 90 100 no

60

55

50

45

40

35

30

25

20

PARTIAL PRESSU R E OF Rb VAPOR (K f mm Hg)

F ig ,  7* A. p l o t  o f  th e  i n t e n s i t y  r a t i o  rUpt a g a i n s t  te m p e ra tu re ,  
The s t a t i s t i c a l  e r r o r s  a r e  n e g l i g i b l e .
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o f  Ti”v a lu e s  on ly  a t  p r e s s u r e s  where r a d i a t i o n  im prisonm ent was a l r e a d y  

becoming s i g n i f i c a n t .  The fo l lo w in g  p ro c e d u re  was used  t o  c o r r e c t  

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

I n  th e  ca se  o f  F ig ,  6 ,  t h e  a p p r o p r i a t e  c r o s s  s e c t i o n  can

be w r i t t e n :

^12. -  1̂ r

where T]-̂ 2 t r e p r e s e n t s  th e  v a lu e s  ly in g  on th e  l i n e a r  p o r t i o n  in c lu d ­

in g  th e  e x t r a p o l a t e d  r e g io n  i n d i c a t e d  by th e  dashed l i n e .  For th e  

p o i n t s  ly in g  on th e  cu rved  p o r t i o n ,  where th e  e f f e c t s  o f  r a d i a t i o n

t r a p p in g  a r e  n o t  n e g l i g i b l e ,  th e  c r o s s  s e c t i o n  may be w r i t t e n :

*

^1 2 ' “  Tj_(eff)Nv^

where th e  &re th e  i n t e n s i t y  r a t i o s  m easured in  th e  r e g io n  o f

r a d i a t i o n  im prisonm ent and T ^ (e f f )  i s  th e  e f f e c t i v e  l i f e t i m e  o f  th e  

p o ta ss iu m  4 ^ 1/2  s t a t e  a t  a p a r t i c u l a r  s id e  arm te m p e ra tu re  (Hoffmann 

and S e iw er t  I 9 6 I ) .  Because e q u a t io n s  (6 I )  and (6 2 ) a r e  assumed to  

g iv e  th e  same c r o s s  s e c t i o n  t h e r e f o r e ,  f o r  any g iv e n  te m p e ra tu re

^  ^  (63)
" 12» 1

S i m i l a r l y ,  f o r  th e  c a s e  shown in  F ig .  8 where th e  same reso n an ce  

component (7699 i s  used  f o r  e x c i t a t i o n ,  i t  fo l lo w s  t h a t

^  ^  (64)
~ 11 ' ^1

I n  t h i s  way, T ^ ( e f f )  a t  a p a r t i c u l a r  te m p e ra tu re  may be o b ta in e d  from
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*
e q .  (6 3 ) s in c e  and a r e  known. S u b s t i t u t i o n  i n t o  eq .

(6 4 ) g iv e s  , th e  c o r r e c t e d  r| v a l u e .

S ince  th e  l i n e a r  p o r t i o n  in  F ig .  7 i s  a l s o  w e l l - d e f i n e d ,  

i t  fo l lo w s  t h a t  th e  e x p r e s s io n

f e !  _  V ü î l  (6 5 )
% 2 '  ’■2

can  be so lv e d  f o r  T ^ fe f f )  a t  any p a r t i c u l a r  te m p e ra tu re  th u s  y i e l d i n g

^2 1 ' ' c o r r e c t e d  i-| v a lu e s  i n  F ig .  9*

I n  b o th  c a s e s ,  p o i n t - b y - p o i n t  c a l c u l a t i o n s  y ie ld e d  th e

c o r r e c t e d  t) v a lu e s  shown in  F ig s .  8 and 9« I n  F ig .  8 ,  no c o r r e c t i o n s

were n e c e s s a ry  f o r  th e  lower p o in t s  w hich were o b ta in e d  a t  vapour

d e n s i t i e s  where r a d i a t i o n  im prisonm ent i s  v i r t u a l l y  a b s e n t .  The

agreem ent betw een th e  r e s u l t s  o b ta in e d  a t  low p r e s s u r e s  and th o s e

y ie ld e d  by th e  above t r e a tm e n t  a t t e s t s  t o  th e  v a l i d i t y  o f  th e  m ethod.

I t  shou ld  be no ted  t h a t  i n  F ig .  7 where th e  766$ ^  component i s  used

f o r  e x c i t a t i o n ,  n o n l i n e a r i t y  o f  th e  n “P cu rv e  s e t s  i n  a t  a p o ta ss iu m

” 5p a r t i a l  p r e s s u r e  o f  a p p ro x im a te ly  O.55  x 10 mm Hg w hereas  when th e  

7699 ^  component i s  used f o r  e x c i t a t i o n  (F ig .  6 ) ,  th e  cu rv e  becomes 

n o n - l i n e a r  a t  ab o u t 1 .20  x 10 ^ mm Hg. As e x p e c te d ,  th e  p r e s s u r e s  

a t  which n o n l i n e a r i t y  s e t s  in  a r e  a p p ro x im a te ly  in  th e  r e c i p r o c a l  

r a t i o  o f  th e  r e s p e c t i v e  o s c i l l a t o r  s t r e n g t h s  o f  th e  two re so n an ce  

com ponents.

The t o t a l  c r o s s  s e c t i o n s  Q ^g,, and were

c a l c u l a t e d  from th e  s lo p e s  o f  th e  l i n e a r  p o r t i o n s  o f  th e  g ra p h s  in  

F ig s ,  6 ,  7 , 8 and 9» r e s p e c t i v e l y ,  u s in g  “  Tg “  2 .7 7  x l o ”^ s
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(Copley and K rause 1969).  The r e s u l t s  a r e  shown in  Tab le  1 t o g e t h e r  

w i th  th e  c r o s s  s e c t i o n s  quoted  by o t h e r  a u t h o r s ,

p
( i i )  Mixing o f  th e  P S u b s ta te s  o f  P o tass iu m  Induced  in  

C o l l i s i o n s  w i th  Ground S t a t e  Rubidium Atoms

P l o t s  o f  th e  i n t e n s i t y  r a t i o s *  r|j^» r |^ ' and a g a i n s t

ru b id iu m  vapour p r e s s u r e  a re  shown in  F ig .  10. As b e f o r e ,  th e  p l o t s  

o f  ri* ' a r e  l i n e a r  a t  te m p e ra tu re s  c o r re s p o n d in g  to  p o ta ss iu m  vapour 

p r e s s u r e s  low er th a n  10 ^ mm Hg and d e p a r t  from l i n e a r i t y  a t  h ig h e r  

p r e s s u r e s  where th e  im prisonm ent o f  p o ta ss iu m  r a d i a t i o n  becomes 

a p p r e c i a b l e .  The s lo p e s  o f  th e  r|* * c u r v e s ,  used  i n  c o n ju n c t io n  w i th  

e q s ,  (3 5 ) and (55)» y ie ld e d  th e  m ix ing  c r o s s  s e c t i o n s  and 

w hich a re  quo ted  in  Tab le  1. The e x p e r im e n ta l  r a t i o  was found

t o  be 1,5  + 0 ,2  w hich i s  i n  s a t i s f a c t o r y  agreem ent w i th  th e  v a lu e  o f  

1 ,6 0  c a l c u l a t e d  from e q ,  ( 5?) a t  th e  main oven te m p e ra tu re  T =  370°K.

C. D is c u s s io n  o f  th e  K -  Rb Cross S e c t io n s

The e r r o r s  quo ted  in  T ab le  1 were o b ta in e d  m a in ly  from 

c a l c u l a t i o n s  o f  th e  s t a t i s t i c a l  u n c e r t a i n t i e s  a r i s i n g  from c o u n t in g  

s t a t i s t i c s  as  w e l l  as  from e s t i m a t e s  o f  th e  somewhat l a r g e r  s y s te m a t ic  

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

ru b id iu m  v a p o u r .  A lthough s y s te m a t ic  e r r o r s  a r e  g e n e r a l l y  d i f f i c u l t  

t o  d e te rm in e ,  i t  was e s t im a te d  t h a t  d u r in g  th e  c o u rse  o f  th e  e x p e r i ­

m e n ts ,  th e  mole f r a c t i o n  o f  th e  rub id ium  in  th e  K -  Rb m ix tu re  d id  no t

d e v i a te  by more th a n  15^. F i l t e r  t r a n s m is s io n s  f o r  th e  wanted l i n e s ,

_  ' ' ’

The n u m e rica l  d a t a  i s  l i s t e d  i n  Appendix A,
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TABLE 1

C ross  S e c t io n s  f o r  I n e l a s t i c  C o l l i s i o n s  Between 

E x c i te d  P o tass iu m  and Ground S t a t e  Rubidium Atoms

4 1

D e s ig n a t io n V alue (S)^ Source

^ 1/2 -  5 % / 2 *

40 + 8

5.3 ±  0.8  

10

T h is  I n v e s t i g a t i o n

S tacey  and Z are  (1970)

D ashevskaya e t  a l  ( I 97O) 
(T h e o r . )

Q jg.U  P3/2 ■* 5 P j / j )
27 ±  7

5.5 ±  1.2

T his  I n v e s t i g a t i o n  

S tacey  and Z are  ( I 97O)

2 .7 ±  0.6  

2.2 ±  0.5  

4

T his  I n v e s t i g a t i o n

O r n s te in  and Z are  ( 1969)

Dashevskaya e t  a l  ( I 97O) 
(T h e o r . )

1 .9  + 0 .6

2.6  + 0.5

T his  I n v e s t i g a t i o n  

O r n s t e in  and Z are  ( I 9 6 9 )

‘*12*'* ^1/2 -  ** '’3/2*
260 + 65 

<67

T his  I n v e s t i g a t i o n

Dashevskaya et al (I97O) 
( T h e o r . )

Q^;(42pi/2 -  4^23/2 ) 175 ±  50 T his  I n v e s t i g a t i o n
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TEMPERATURE ( Deg. C )
7 0 8 0 9 0 100

20

'h
♦  •

o

5 —

5 100

15

10

PARTIAL PR ESSU R E of Rb VAPOR (lO® mm Hg)

F ig .  10. P l o t s  o f  i n t e n s i t y  r a t i o s  n and ri** a g a i n s t  p a r t i a l  
p r e s s u r e  o f  rub id ium  v a p o u r .  (*) riĵ  » (A) rij^**» (0) r ^ ;  (o) Tlg**» 
The e r r o r s  a r i s i n g  from c o u n t in g  s t a t i s t i c s  a r e  too  sm a ll  t o  oe 
shown.
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which were m easured b e fo re  and a f t e r  each e x p e r im e n ta l  ru n  were found

to  be c o n s ta n t  w i th i n  2^  and th e  l i f e t i m e s  o f  th e  p o ta ss iu m  re so n an ce

s t a t e s  were a c c u r a te  to  3^ (Copley and K rause I 969 )» An a d d i t i o n a l

2e r r o r  i n  th e  c r o s s  s e c t i o n s  f o r  th e  m ixing o f  th e  p o ta ss iu m  P s t a t e s  

induced  in  c o l l i s i o n s  w i th  ground s t a t e  rub id ium  a tom s, a ro s e  because  

o f  th e  u n c e r t a i n t i e s  in  th e  c r o s s  s e c t i o n s  o b ta in e d  by Chapman and

K rause ( I 9 6 5 ) f o r  ^P m ixing  i n  p o ta ss iu m  by c o l l i s i o n s  between un­

e x c i t e d  and e x c i t e d  p o ta ss iu m  a tom s. T h is  added a 3^ u n c e r t a i n t y  to  

th e  c r o s s  s e c t i o n  and 7^ to

Table  1 shows t h a t  th e  v a lu e s  o f  t h e  c r o s s  s e c t i o n s

and , o b ta in e d  in  t h i s  i n v e s t i g a t i o n ,  ag re e  w i th i n  e x p e r im e n ta l  

e r r o r  w i th  th o s e  d e te rm in ed  in d e p e n d e n t ly  by O r n s te in  and Z are  ( I 9 69 ) 

who used an  e n t i r e l y  d i f f e r e n t  te c h n iq u e  f o r  th e  measurement o f  th e  

p a r t i a l  p r e s s u r e  o f  rub id ium  v ap o u r .  The f a c t  t h a t  d i f f e r e n t  f l u o r ­

e scen c e  c e l l s  were used  in  th e  two d e t e r m in a t io n s  s u g g e s ts  t h a t  any 

a n i s o t r o p y  o f  th e  s e n s i t i z e d  f lu o r e s c e n c e  o f  ru b id iu m , which m igh t 

o c c u r  when th e  rub id ium  r a d i a t i o n  i s  t r a p p e d ,  cou ld  n o t  have had a 

s e r io u s  e f f e c t  on th e  r e s u l t s .  The v a lu e s  quo ted  by S tacey  and Zare 

(1970) f o r  th e  c r o s s  s e c t i o n s  and do n o t  a g re e  w i th  th e

v a lu e s  d e te rm in e d  i n  t h i s  l a b o r a t o r y .  D is c u s s io n s  w i th  th e  a u th o r s  

have th u s  f a r  n o t  y ie ld e d  a s a t i s f a c t o r y  e x p la n a t io n  f o r  th e  d i s ­

c re p a n c y ,  Both ex p e r im e n ts  e n c o u n te re d  d i f f i c u l t i e s  w i th  le ak ag e  o f  

t h e  p o ta ss iu m  f lu o r e s c e n c e  th ro u g h  th e  rub id ium  7ÔOO & f i l t e r s ,

S tacey  and Zare (1970) c ircu m v en ted  t h i s  d i f f i c u l t y  by u s in g  a 

p o ta ss iu m  a b s o r p t i o n  c e l l  i n  s e r i e s  w i th  two o r  t h r e e  rub id ium  i n t e r ­

f e r e n c e  f i l t e r s  to  f i l t e r  o u t  th e  p o ta ss iu m  r a d i a t i o n  w hereas  i n  t h i s
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ex p e r im e n t ,  fo u r  b locked  rub id ium  i n t e r f e r e n c e  f i l t e r s  r e s o lv e d  th e

s e n s i t i z e d  f lu o r e s c e n c e .  A lthough  p o ta ss iu m  le ak ag e  i n c r e a s e s  th e

v a lu e s  o f  th e  observed  i n t e n s i t y  r a t i o s ,  i t  does no t  a l t e r  th e  s lo p e s

o f  th e  1̂ -P p l o t s  from which th e  c r o s s  s e c t i o n s  were o b ta in e d ,  bu t

a p p e a rs  a s  a p o s i t i v e  i n t e r c e p t .  A l l  such i n t e r c e p t s  were s u b t r a c t e d

from th e  o bserved  i n t e n s i t y  r a t i o s  t o  g iv e  th e  a c t u a l  t) v a l u e s ,

A v a lu e  o f  3 .2  o b ta in e d  by Thangara j (1948) f o r  th e
2o v e r a l l  c r o s s  s e c t i o n  f o r  e x c i t a t i o n  t r a n s f e r  from th e  4 P re so n an ce

2
s t a t e  o f  p o ta ss iu m  to  th e  5 P s t a t e  i n  ru b id iu m , i s  n o t  l i s t e d  in  

T able 1 s in c e  a m e an in g fu l  com parison  w i th  any p a r t i c u l a r  v a lu e  found 

i n  t h i s  i n v e s t i g a t i o n  i s  no t  p o s s i b l e ,  Thangara j worked a t  vapour 

p r e s s u r e s  i n  th e  neighbourhood o f  0 ,1  mm Hg where th e  e x c i t i n g  l i g h t  

i s  c o m p le te ly  abso rbed  by th e  s u r f a c e  l a y e r  o f  atoms i n  th e  f l u o r e s ­

cence c e l l .  Under th e s e  c o n d i t i o n s ,  th e  secondary  c o l l i s i o n a l  p r o ­

c e s s e s  which were deemed n e g l i g i b l e  h e re  m igh t assume a much g r e a t e r  

im p o r tan ce .

Table  1 a l s o  compares th e  e x p e r im e n ta l  r e s u l t s  w i th  th e  

t h e o r e t i c a l  v a lu e s  c a l c u l a t e d  by Dashevskaya e t  a l  (1970) who showed 

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

e x c i t a t i o n  t r a n s f e r  between i d e n t i c a l  a l k a l i  atoms i s  n o t  s u f f i c i e n t

to explain the magnitudes o£ the cross sections observed in collisions

w ith  d i s s i m i l a r  a l k a l i  p a r t n e r s .  The a u th o r s  s u g g e s t  t h a t  exchange 

i n t e r a c t i o n s  which come in t o  p la y  a s  th e  in t e r a to m ic  d i s t a n c e  betw een 

c o l l i d i n g  p a r t n e r s  d e c r e a s e s ,  must be ta k e n  in t o  a c c o u n t .  T h is  th e o ry  

r e p r e s e n t s  a d i s t i n c t  advance o v er  p r e v io u s  a t t e m p ts  in  p r e d i c t i n g  

s i m i l a r  e x p e r im e n ta l  c r o s s  s e c t i o n s .  I t  shou ld  be m en tioned  t h a t  th e
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d is c r e p a n c y  between th e  e x p e r im e n ta l  and t h e o r e t i c a l  v a lu e s  f o r  th e
2 2

c r o s s  s e c t i o n  ^  ^3/2^ th e  same o r d e r  o f  m agnitude

as  th e  d is c re p a n c y  between th e  e x p e r im e n ta l  and t h e o r e t i c a l  c r o s s  

s e c t i o n s  f o r  th e  ana logous  p ro c e s s  induced  in  c o l l i s i o n s  between 

i d e n t i c a l  p a r t n e r s ,  such a s  K -  K, Rb -  Rb and Cs -  Cs (D ashevskaya, 

V oron in  and N i k i t i n  I 9 69 ) .
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V I. SENSITIZED FLUORESCENCE AND QUENCHING INDUCED IN 

COLLISIONS OF RUBIDIUM ATOMS WITH MOLECULES

A. The E x p e r im en ta l  R e s u l t s

The e x p e r im e n ta l ly  d e te rm in ed  i n t e n s i t y  r a t i o s  and 

a r e  p l o t t e d  a g a i n s t  th e  p r e s s u r e s  o f  v a r io u s  g a se s  i n  F ig s .  11, 12,

13 and 14 . (The n u m e rica l  d a ta  i s  p r e s e n te d  in  Appendix B.) F ig ,  12 

shows th e  i n t e n s i t y  r a t i o s  f o r  H^, HD and D^ o b ta in e d  a t  low p r e s s u r e s  

a t  w hich quenching  e f f e c t s  a r e  n e g l i g i b l e  and where th e  c o l l i s i o n  

numbers Z^^ and Z^^ can  be o b ta in e d  d i r e c t l y  from e q s ,  ( 5 I )  and ( 5 2 ) 

by c a l c u l a t i o n  o f  th e  te rm s D and A, r e s p e c t i v e l y ,  u s in g  = 2 .8 1  x 

10 ^  s and Tg = 2 , ? 0  x 10 ® s (L ink  I 9 66 ) ,  D and A a r e  p l o t t e d  

a g a i n s t  HD p r e s s u r e  i n  F ig ,  I 5 w hich i s  r e p r e s e n t a t i v e  o f  a l l  th e  

c a s e s  where th e  m ixing  c r o s s  s e c t i o n s  a r e  much l a r g e r  th a n  th e  quench­

ing  c r o s s  s e c t i o n s .  I t  may be seen  t h a t  a t  low p r e s s u r e s  Z^^ = D and 

— A and th u s  th e  m ixing  c r o s s  s e c t i o n s  can  be o b ta in e d  from th e  

s lo p e s  o f  th e  Z-P p l o t s  used  in  c o n ju n c t io n  w i th  eq ,  (55)* At h ig h e r  

p r e s s u r e s ,  th e  d i f f e r e n c e s  = Z^^ -  A and = Z^^ -  D a t  each 

e x p e r im e n ta l  p o in t  were s u b s t i t u t e d  in t o  e q s ,  (5 3 ) and (5 4 )» y i e l d i n g  

th e  c o l l i s i o n  numbers Z^^ and Z^g, The r e s u l t i n g  p l o t s  o f  Z^^ and Z^q 

a g a i n s t  HD p r e s s u r e  a r e  l i n e a r  and t h e i r  s l o p e s ,  as  b e f o r e ,  gave th e  

c o r re s p o n d in g  c r o s s  s e c t i o n s  and Q^q,

I n  th e  c a s e  o f  th e  s a t u r a t e d  h y d ro ca rb o n s  CH^, CD^ and 

CgH^, p l o t s  o f  A and D a g a i n s t  g as  p r e s s u r e s  show n e g l i g i b l e  d e p a r t u r e s

46
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X
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0.1

0
540 2 3

GAS PRESSURE (mm Hg)
F ig .  14. P l o t s  o f  i n t e n s i t y  r a t i o s  and Tjg a g a i n s t  and 

gas  p r e s s u r e s .

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



51

CM

N

CM

20

0 2 3 4

HD PRESSURE (mm Hg)

F ig .  15 . P l o t s  o f  c o l l i s i o n  numbers Z .g ,  Z L . , Z. , Z 
c o e f f i c i e n t s  A and D a g a i n s t  HD p r e s s u r e ,  Tne dashed l i n e s  Z,

and th e
'IP ^pi

a r e  e x t r a p o l a t i o n s  o f  th e  s t r a i g h t  l i n e s  o b ta in e d  f o r  A and D a t  low 
g a s  p r e s s u r e s  where quench ing  i s  n e g l i g i b l e  (Zg^ “  A, “  d ) .12

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



52

from  l i n e a r i t y  i n d i c a t i n g  t h a t  quenching  i s  i n s i g n i f i c a n t  compared 

w i th  th e  c o l l i s i o n a l  m ixing  p r o c e s s .  The o p p o s i te  i s  t r u e ,  however, 

w i th  and a s  i s  shown f o r  i n  F ig .  16, I n  th e s e  c a s e s ,

quenching  e f f e c t s  became n o t i c e a b l e  a t  gas  p r e s s u r e s  a s  low a s  0 ,2 5  

mm Hg f o r  and 0 ,1 5  "im Hg f o r  CgH^,

The c r o s s  s e c t i o n s  f o r  c o l l i s i o n a l  m ixing  and quen ch in g ,  

which were c a l c u l a t e d  by a l e a s t - s q u a r e s  a n a l y s i s  o f  th e  Z-P p l o t s ,  

a r e  summarized in  T ab le  2 ,

B, D is c u s s io n  o f  th e  R e s u l t s

The s t a t i s t i c a l  u n c e r t a i n t i e s  i n  th e  m ix ing  c r o s s  s e c t i o n s  

were n e g l i g i b l e  i n  a l l  c a s e s .  U n c e r t a i n t i e s  i n  th e  f i l t e r  t r a n s m is s ­

io n s  and in  th e  l i f e t i m e s  o f  th e  ru b id iu m  reso n an ce  s t a t e s  added 

ab o u t  2^ each  to  th e  e r r o r  and th e  p r e s s u r e s  re a d  o f f  th e  McLeod 

gauge were e s t im a te d  a c c u r a t e  to  w i t h i n  The combined e r r o r s  a r e

n o t  ex p ec ted  to  exceed  + 10^,

The quenching  c r o s s  s e c t i o n s ,  w hich a r e  re g a rd e d  a s  be ing  

o f  secondary  im p o r ta n c e ,  a r e  no t  n e a r ly  a s  a c c u r a t e .  I n  th e  c a s e s  o f  

CgH^ and where s t a t i s t i c a l  u n c e r t a i n t i e s  a r e  sm all  compared to  

o t h e r  so u rc e s  o f  e r r o r  such a s  th e  u n c e r t a i n t y  i n  th e  c o r re s p o n d in g  

m ix ing  c r o s s  s e c t i o n s ,  th e  e r r o r  i s  e s t im a te d  a t  + 2 0 ^ ,  For th e  o th e r  

m o le c u le s ,  e s p e c i a l l y  th e  s a t u r a t e d  h y d ro ca rb o n s  where quenching  

e f f e c t s  a r e  v e ry  s m a l l ,  l a r g e  s t a t i s t i c a l  u n c e r t a i n t i e s  i n  th e  v a lu e s

o f  and Z^^ add s u b s t a n t i a l l y  t o  th e  e r r o r ,

2 2The c r o s s  s e c t i o n s  f o r  P^y^ ** ^3 /2  induced  by

c o l l i s i o n s  w i th  m o le c u le s  a r e  4 -5  o r d e r s  o f  m agnitude l a r g e r  th a n  th e
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c o r re s p o n d in g  c r o s s  s e c t i o n s  f o r  ru b id iu m  -  i n e r t  gas  c o l l i s i o n s  

( P i t r e ,  Rae and K rause I 966 ) ,  Evidence o f  th e  e x i s t e n c e  o f  m e ta ­

s t a b l e  Ng io n s  (S chu lz  1964) has  g iv e n  su p p o r t  to  th e  s u g g e s t io n  

t h a t  th e  c o l l i s i o n a l  m ix ing  induced  w i th  d ia to m ic  m o lecu le s  may 

p roceed  a c c o rd in g  to  a mechanism in v o lv in g  an  in t e r m e d ia te  io n ic  

com plex. C a l c u l a t i o n s  based  on t h i s  a s su m p tio n ,  c a r r i e d  ou t  f o r  a 

Rb -  Ng system  by Andreev and V oron in  ( I 969 )» have y ie ld e d  c r o s s  

s e c t i o n s  i n  good agreem ent w i th  th e  e x p e r im e n ta l  r e s u l t s  a s  may be 

seen  in  Tab le  3» The e x p e r im e n ta l  v a lu e  quo ted  by B e l l i s i o ,

D av id o v its  and Kindlmann ( I 96Ô ), a l th o u g h  i n  b e t t e r  agreem ent w i th  th e  

t h e o r e t i c a l  p r e d i c t i o n ,  r e p r e s e n t s  o n ly  an  e s t im a te  o f  th e  m ixing  

c r o s s  s e c t i o n  which was used by th e  a u th o r s  a s  a sm a ll  c o r r e c t i o n  

to  th e  quenching  c r o s s  s e c t i o n

The l a rg e  m ix ing  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s  o f  rub id ium  

w i th  Hg, HD and Dg may be due to  th e  c l o s e  co rre sp o n d en ce  between 

th e  s e p a r a t i o n s  o f  th e  m o le c u la r  r o t a t i o n a l  l e v e l s  and th e  rub id ium  

Fj. energy  d e f e c t  (238 cm" ) ,  I n  f a c t ,  th e  m ix ing  c r o s s  s e c t i o n s  

f o r  th e  r e s p e c t i v e  i s o to p e s  were found t o  be in v e r s e l y  p r o p o r t i o n a l  

to  t h e i r  r o t a t i o n a l  c o n s t a n t s  ' B ' ,  and th u s  p r o p o r t i o n a l  to  th e  sp a c in g  

between th e  r o t a t i o n a l  l e v e l s  whose te rm  v a lu e s  a r e  g iv e n  by

F ( j )  =  B J(J  + 1 )

w here F(j ) i s  th e  r o t a t i o n a l  te rm  in  u n i t s  o f  cm  ̂ and J  i s  th e  

r o t a t i o n a l  quantum number. I t  i s  d i f f i c u l t  to  s p e c u la te  w h e th e r  th e  

d i f f e r e n c e s  i n  th e  r e s p e c t i v e  c r o s s  s e c t i o n s  can  be a t t r i b u t e d  to

2 2
any p a r t i c u l a r  re so n a n c e  between th e  P^yg —  ^3 /2  G^^rgy d e f e c t  in
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ru b id iu m  and a m o le c u la r  r o t a t i o n a l  t r a n s i t i o n ,  bu t i t  a p p e a rs  t h a t

th e  g r e a t e r  th e  number o f  r o t a t i o n a l  t r a n s i t i o n s  a v a i l a b l e  w i th

2e n e r g i e s  c o r re sp o n d in g  c l o s e l y  to  th e  P j energy  d e f e c t ,  th e  l a r g e r

th e  c r o s s  s e c t i o n s .  I t  was n o ted  by M cGill i s  and Krause (1968b) t h a t

in  c o l l i s i o n s  o f  cesium  w i th  H g , HD and D g, th e  c r o s s  s e c t i o n s

in c re a s e d  from Dg to  Hg, e x a c t ly  th e  r e v e r s e  o f  w hich h as  been
2

o bserved  h e re  f o r  ru b id iu m . I n  ces ium , how ever, th e  Pj. ene rgy  d e f e c t  

(554 cm ^) c o r re s p o n d s  much more c l o s e l y  to  th e  l a r g e r  e n e r g i e s  o f  

th e  r o t a t i o n a l  t r a n s i t i o n s  i n  Hg w hereas  i n  rub id ium  th e r e  i s  a c l o s e r  

c o r re sp o n d en ce  w i th  t r a n s i t i o n s  i n  Dg, I n  c o l l i s i o n s  o f  sodium and p o t ­

ass iu m  w i th  H g , HD and Dg which were s tu d ie d  by S tupavsky and K rause 

( 1968 ) ,  and M c G il l is  and Krause ( 1968a) , r e s p e c t i v e l y , where th e  ^ P j

ene rgy  d e f e c t s  a r e  too  sm all  to  p roduce  r o t a t i o n a l  e x c i t a t i o n ,  th e
)

en erg y  AE i s  p ro b ab ly  c o n v e r te d  to  t r a n s l a t i o n a l  energy  a s  i n  a l k a l i -  

i n e r t  gas  c o l l i s i o n s .  I t  was found i n  th e s e  c a s e s ,  t h a t  th e  m ixing  

c r o s s  s e c t i o n s  were a lm o s t  eq u a l  f o r  th e  v a r io u s  i s o to p e s .  S ince  th e  

i n t e r n a l  m o le c u la r  s t r u c t u r e  a p p e a rs  no t  to  be a s i g n i f i c a n t  f a c t o r ,  

and s in c e  i t  i s  ex p ec ted  t h a t  th e  i n t e r a c t i o n  f o r c e s  between an a l k a l i  

atom and th e  v a r io u s  i s o to p e s  o f  hydrogen  a re  i d e n t i c a l ,  th e  d i f f e r ­

ences  between th e  m ix ing  c r o s s  s e c t i o n s  m easured a t  c o n s t a n t  tem p era ­

t u r e ,  can  l i k e l y  be a s c r ib e d  to  th e  v e l o c i t y  dependence o f  th e  c r o s s  

s e c t i o n s ,  G a l la g h e r  ( 1968) has  shown a s t r o n g  v e l o c i t y  ( te m p e ra tu re )  

dependence to  e x i s t  i n  rub id ium  o r  cesium  -  i n e r t  gas  c o l l i s i o n  c r o s s  

s e c t i o n s  where th e  c o l l i s i o n s  a re  becoming more sudden (more non- 

a d i a b a t i c )  a s  th e  r e l a t i v e  v e l o c i t y  between c o l l i d i n g  p a r t n e r s  

i n c r e a s e s .  I n  th e  p r e s e n t  c a s e ,  th e  e x i s t e n c e  o f  i n t e r n a l  m o le c u la r

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



58

s t r u c t u r e  c o m p l ic a te s  th e  i n t e r p r e t a t i o n .  I f  th e  m ix ing  p ro c e s s  

p roceeded  th ro u g h  a long  l i v e d  in t e r m e d ia te  com plex, th e  d i f f e r e n c e s  

i n  th e  r e s p e c t i v e  m ix ing  c r o s s  s e c t i o n s  f o r  rub id ium  w i th  th e  v a r io u s  

i s o to p e s  o f  hydrogen m ight be p a r t i a l l y  e x p la in e d  by r e l a t i n g  th e  

c r o s s  s e c t i o n s  to  th e  s t r e t c h i n g  f r e q u e n c ie s  o f  th e  m o le c u la r  v i b r a ­

t i o n a l  modes (M elander I96O), M c G ill is  and Krause (I969),  who s tu d ie d  

th e  te m p e ra tu re  dependence o f  th e  m ix ing  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s

o f  e x c i t e d  cesium  atoms w i th  CH, and CD, , a ccoun ted  f o r  th e  d i f f e r e n t
4 4

te m p e ra tu re  dependence o f  th e  m ixing c r o s s  s e c t i o n s  o b se rv ed  i n  th e  

two system s by assuming t h i s  ty p e  o f  i s o to p e  e f f e c t  on th e  c o l l i s i o n a l  

r a t e s .  I n  th e  p r e s e n t  ex p e r im e n t ,  th e  m ix ing  c r o s s  s e c t i o n s  f o r  

Rb -  CH^ and Rb -  CD^ system s were found to  be eq u a l  w i t h i n  e x p e r i ­

m e n ta l  e r r o r  a t  a t e m p e ra tu re  o f  340°K, a t  w hich th e  Cs -  CH^ and 

Cs -  CD  ̂ c r o s s  s e c t i o n s  were found e q u a l  by M c G il l is  and K rause (I969).

The s a t u r a t e d  hyd ro ca rb o n s  CH^, CD^ and CgH^ ap p e a r  to  

behave s i m i l a r l y  to  th e  i n e r t  g a s e s ,  i n  t h a t  th e  quenching  c r o s s  

s e c t i o n s  a r e  sm all  and th e  m ix ing  c r o s s  s e c t i o n s  in c r e a s e  w i th  th e  

m o le c u la r  p o l a r i z a b i l i t i e s .  T h is  b e h a v io u r  was obse rved  f o r  c o l l i s i o n s  

w i th  sodium (S tupavsky  and Krause I 9 6 9 ) where th e  e x p e r im e n ta l  r e s u l t s  

were found to  be in  agreem ent w i th  c a l c u l a t i o n s  based on a th e o ry  

developed  f o r  a l k a l i  -  i n e r t  gas  c o l l i s i o n s  by Callaway and Bauer 

(1965), i n  w hich a Van d e r  Waals i n t e r a c t i o n  p o t e n t i a l  was assumed.

S ince  t h i s  th e o ry  i s  a p p l i c a b l e  on ly  t o  th e  n o n - a d ia b a t i c  c a s e  where 
2

th e  P j  ene rgy  d e f e c t  can  be n e g l e c t e d ,  no com parison  betw een e x p e r i ­

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

As m en tioned  p r e v i o u s l y ,  th e  v a lu e s  o f  th e  quench ing  c r o s s
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s e c t i o n s  a r e  c o n s id e re d  to  be th e  l e a s t  r e l i a b l e .  The o bserved

quenching  c r o s s  s e c t i o n s  f o r  Hg, HD and Dg a r e  s u b s t a n t i a l l y  s m a l le r

th a n  th o se  o bserved  w i th  n i t r o g e n  where th e  l a r g e  c r o s s  s e c t i o n s  have

been a t t r i b u t e d  t o  th e  r e l a t i v e l y  ea sy  fo rm a t io n  o f  th e  Rb -  Ng io n i c

t r a n s i t i o n  complex caused  by p o t e n t i a l  u n s a t u r a t i o n  i n  n i t r o g e n

(K ib b le ,  Copley and K rause 1967)» The c r o s s  s e c t i o n s  f o r  c o l l i s i o n s

w i th  n i t r o g e n  and hydrogen a re  compared w i th  some r e c e n t  d e te r m in a t io n s

o f  o th e r  a u th o r s  i n  T ab le  3* The c r o s s  s e c t i o n s  and Qg^ f o r

a l l  th e  m o le c u la r  g a s e s  were found to  be e q u a l  w i th i n  e x p e r im e n ta l

e r r o r  and t h e r e  was no ev id en ce  o f  a re so n a n c e  e f f e c t  between th e

2 2 2rub id ium  t r a n s i t i o n s  S^yg «- P^yg , P^yg and v i b r a t i o n a l  t r a n s i t i o n s  

i n  th e  d ia to m ic  m o le c u le s  Hg, HD, Dg and Ng, such a s  were found by 

Hooymayers and N ien h u is  ( I 9 6 8 ) ,  whose m easurem ents  o f  quenching  c r o s s  

s e c t i o n s  f o r  c o l l i s i o n s  between a l k a l i  atoms and d ia to m ic  m o lecu le s  

a t  flame te m p e ra tu re s  showed a d i r e c t  c o r re sp o n d en ce  between in c r e a s in g  

m agn itudes  o f  th e  c r o s s  s e c t i o n s  and th e  d im in is h in g  en e rg y  gaps 

between th e  a l k a l i  f i n e  s t r u c t u r e  l e v e l s  and th e  n e a r e s t  m o le c u la r  

v i b r a t i o n a l  l e v e l s .  I t  shou ld  be n o ted  t h a t  no a l low ance  i s  made in  

th e  p r e s e n t  s tu d y  f o r  any chem ica l r e a c t i o n s  t h a t  may o c c u r  between 

e x c i t e d  ru b id iu m  atoms and ground s t a t e  m o le c u le s .  Any such r e a c t i o n  

m igh t acc o u n t f o r  th e  f a c t  t h a t  quenching  cross sections measured in 

f la m e s ,  w here th e  h ig h  te m p e ra tu re s  p r e v e n t  th e  fo rm a t io n  o f  ch em ica l (tr

compounds, a r e  g e n e r a l l y  s m a l le r  th a n  th o s e  m easured a t  low er tem per­

a t u r e s ,  I t  i s  q u i t e  l i k e l y ,  f o r  exam ple , t h a t  th e  l a r g e  quenching  

c r o s s  s e c t i o n s  o b se rv ed  w i th  th e  Rb -  CgH^ system  a r i s e  from ru b id iu m
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a d d in g  to  th e  doub le  bond o f  OgH^ and form ing f r e e  r a d i c a l s  w hich 

c o u ld  s u b se q u e n t ly  p o ly m e r iz e .
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V I I .  CONCLUSIONS

A, T r a n s f e r  o f  E x c i t a t i o n  in  P o ta ss iu m  - Rubidium C o l l i s i o n s

The e x p e r im e n ta l  c r o s s  s e c t i o n s  f o r  th e  c o l l i s i o n a l  p r o c e s s e s  

o c c u r r in g  i n  K -  Rb vapour m ix tu re s  were found to  ag re e  w i th i n  an o rd e r  

o f  m agnitude w i th  th e  v a lu e s  c a l c u l a t e d  by Dashevskaya e t  a l  ( I 97O) who 

developed  th e  f i r s t  t h e o r e t i c a l  t r e a tm e n t  o f  e x c i t a t i o n  t r a n s f e r  i n  

c o l l i s i o n s  between d i s s i m i l a r  a l k a l i  a tom s. P re v io u s  t h e o r e t i c a l  work 

in v o lv in g  t r a n s f e r  o f  e x c i t a t i o n  in  a l k a l i  - a l k a l i  c o l l i s i o n s  had 

been  r e s t r i c t e d  to  c o l l i s i o n s  between i d e n t i c a l  atoms (D ashevskaya, 

V oron in  and N i k i t i n  I969).

Since  th e  c r o s s  s e c t i o n s  f o r  e x c i t a t i o n  t r a n s f e r  from one 

s p e c ie s  o f  a l k a l i  atoms to  a n o th e r  a r e  r e l a t i v e l y  s m a l l ,  th e  s e n s i t i z e d  

f l u o r e s c e n c e ,  when m easured a t  th e  low vapour d e n s i t i e s  r e q u i r e d  to  

a v o id  r a d i a t i o n  im prisonm en t ,  i s  d i f f i c u l t  to  o b s e rv e .  On th e  o th e r  

hand , th e  c r o s s  s e c t i o n s  f o r  m ixing  in  p o ta ss iu m  induced in  c o l l i s i o n s  

w i th  ground s t a t e  rub id ium  atoms a r e  much l a r g e r  a s  a r e  th e  o bserved  

s i g n a l s  a t  th e  a p p r o p r i a t e  vapour d e n s i t i e s .  T h is  f a c t  shou ld  p ro v id e  

a good o p p o r tu n i ty  to  v e r i f y  f u r t h e r  th e  th e o ry  o f  Dashevskaya e t  a l  

( 1970) ,  I n  th e  e x p e r im e n ta l  d e t e r m in a t io n  o f  th e  c r o s s  s e c t i o n s  f o r  

m ixing  i n ,  f o r  exam ple, sodium induced  by c o l l i s i o n s  w i th  o th e r  a l k a l i  

a tom s, o n ly  th e  f lu o r e s c e n c e  e m i t te d  by th e  sodium atoms need be 

o b s e rv e d .  T h is  b e ing  th e  c a s e ,  th e  vapour  d e n s i t i e s  o f  o n ly  th e  

sodium a to m s , w hich a r e  i n i t i a l l y  e x c i t e d ,  must be k e p t  low and ,  i n
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t h i s  way, i t  shou ld  be p o s s i b l e  to  o b t a i n  a c c u r a te  c r o s s  s e c t i o n s  f o r  

m ix ing  in  sodium, induced  in  c o l l i s i o n s  w i th  th e  o th e r  a l k a l i  atoms 

(p o ta s s iu m ,  rub id ium  and ce s iu m ) .

B, T r a n s f e r  o f  E x c i t a t i o n  i n  C o l l i s i o n s  Between Rubidium Atoms and 

Gas M olecu les

As in  th e  c a se  o f  c o l l i s i o n s  between cesium  and gas  m ole­

c u l e s  (M cG ill is  and K rause 1968b, I 9 6 9 ) » th e  c r o s s  s e c t i o n s  f o r  m ixing 

i n  rub id ium  induced  by m o le c u la r  g a se s  were abou t fo u r  o r d e r s  o f  

m agnitude  l a r g e r  th a n  th e  c o r re s p o n d in g  c r o s s  s e c t i o n s  f o r  rub id ium  -  

i n e r t  gas c o l l i s i o n s .  This  i s  n o t  s u r p r i s i n g  s in c e  gas  m o le c u le s

p o s s e s s  a c o m p a ra t iv e ly  complex i n t e r n a l  s t r u c t u r e  which p ro v id e s  more

2ch a n n e ls  w hich can  a c c e p t  th e  energy  d i f f e r e n c e  between th e  P j 

components o f  th e  re so n an ce  d o u b le t .  The r o l e  o f  th e  i n t e r n a l  m ole­

c u l a r  s t r u c t u r e  i n  th e  energy  t r a n s f e r  p ro c e s s  i s  s t i l l  n o t  c l e a r .

The c ro s s  s e c t i o n s  o bserved  h e re  f o r  rub id ium  and th o se  obse rved  by 

M c G il l is  and K rause ( 1968b) f o r  ces ium , in  b o th  o f  which th e  m ixing  

was induced  i n  c o l l i s i o n s  w i th  th e  v a r io u s  i s o to p e s  o f  hyd rogen ,  

i n d i c a t e  t h a t  th e  e x c i t a t i o n  t r a n s f e r  p ro c e s s  i s  g r e a t l y  enhanced i f

th e  s p l i t t i n g  between th e  r o t a t i o n a l  l e v e l s  c o r re s p o n d s  c l o s e l y  t o  th e
2

energy  s e p a r a t i o n  o f  th e  a l k a l i  P^ s u b s t a t e s .  No ev id en ce  was found 

however to  s u g g es t  th e  p o s s i b i l i t y  o f  a re so n an ce  e f f e c t .  M c G il l is  and 

K rause ( I 9 69 ) and l a t e r  W alen tynow icz , Phaneuf and K rause ( I 9 7 0 ) ,  have 

been  a b le  to  r e l a t e  th e  m ixing  c r o s s  s e c t i o n s  observed  f o r  cesium  in  

c o l l i s i o n s  w i th  po ly a to m ic  m o le c u le s ,  t o  th e  m o le c u la r  v i b r a t i o n a l  

f r e q u e n c i e s .  A lthough  th e  energy  in v o lv e d  i s  too  sm all  t o  d i r e c t l y
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e x c i t e  th e  m o le c u la r  v i b r a t i o n s ,  th e  m o le c u le s  g e n e r a l ly  v i b r a t e  s e v e r a l  

t im e s  d u r in g  th e  c o l l i s i o n  tim e (~  10 s e c ) .  T h is  v i b r a t i o n  may be 

in s t r u m e n ta l  i n  in d u c in g  th e  m ix in g .  F u r th e r  ex p e r im en ts  which a re  now 

i n  p ro g re s s  shou ld  add i n s i g h t  i n t o  th e  e x c i t a t i o n  t r a n s f e r  mechanism,

C, Quenching o f  Rubidium Resonance R a d ia t i o n  by C o l l i s i o n s  w i th  

M olecu les

The d ia to m ic  m o le c u le s  Hg, HD, Dg and Ng, as  w e l l  as  th e  

u n s a tu r a t e d  p o ly a to m ic  m o lecu le  CgH^, a re  more e f f i c i e n t  quenche rs  th a n  

th e  s a t u r a t e d  h y d rocarbons  CH^, CD^ and CgH^, which were found to  behave 

s i m i l a r l y  to  th e  i n e r t  g a s e s .  I f  i t  i s  assumed t h a t  th e  quenching  

r e a c t i o n  p ro ceed s  th ro u g h  an io n i c  complex (Andreev and V oronin  I969),  

th e n  th e  quench ing  r a t e s  must depend on th e  e a se  w i th  which th e  io n i c  

complex i s  form ed. Hence, th e  quenching  o f  e x c i t e d  s t a t e s  by i n e r t  

g a s e s ,  where th e  e l e c t r o n  a f f i n i t i e s  a r e  v i r t u a l l y  z e ro  (H erzberg  

1944) ,  i s  ex p e c te d  to  be much l e s s  e f f e c t i v e  th a n  t h a t  ob se rv ed  w i th  

d ia to m ic  m o le c u le s .

The quenching  c r o s s  s e c t i o n s  f o r  Hg, HD and Dg were no t 

found to  be s i g n i f i c a n t l y  d i f f e r e n t  to  su g g e s t  any re so n a n c e  e f f e c t  

between th e  rub id ium  re so n an ce  l e v e l s  and th e  m o le c u la r  v i b r a t i o n a l  

l e v e l s  w hich a r e  q u i t e  d i f f e r e n t  f o r  th e  v a r io u s  i s o to p e s  o f  hydrogen . 

Even when th e  quenching  c r o s s  s e c t i o n s  o b ta in e d  w ith  th e  i s o to p e s  o f  

hydrogen  were compared to  th e  much l a r g e r  v a lu e s  o b ta in e d  w i th  n i t r o g e n ,  

no ev id en ce  o f  a re so n an ce  was e s t a b l i s h e d .  I f  a re so n an ce  e f f e c t  d i d ,  

in d e e d ,  e x i s t ,  th e  ob se rv ed  c r o s s  s e c t i o n s  shou ld  be q u i t e  s e n s i t i v e  

a s  t o  w hich rub id ium  s u b s t a t e  was i n i t i a l l y  e x c i t e d .  The quench ing
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c r o s s  s e c t i o n s  o b ta in e d  h e re  were no t  c o n s id e re d  a c c u r a te  enough to  

su g g e s t  any such d i f f e r e n c e s .

Quenching c r o s s  s e c t i o n s  o b ta in e d  a t  flam e te m p e ra tu re s  

(2000*^K) a r e  s i g n i f i c a n t l y  s m a l le r  th a n  th o s e  o b ta in e d  h e r e  and in  

o th e r  i n v e s t i g a t i o n s  a t  s i m i l a r  te m p e ra tu re s  (3OO -  400°K.). I f  th e  

c o l l i d i n g  m o le c u le s  a r e  c h e m ic a l ly  r e a c t i v e ,  th e  fo rm a t io n  o f  a s t a b l e  

complex th ro u g h  which th e  quenching  r e a c t i o n  may p roceed  i s  g r e a t l y  

enhanced . However, a t  th e  h ig h  te m p e ra tu re s  found in  f la m e s ,  th e  

l a r g e  e n e r g i e s  o f  d i s s o c i a t i o n  i n h i b i t  th e  fo rm a t io n s  o f  such com plexes ,  

Hooymayers and Alkemade (1966), who p l o t t e d  th e  c ro s s  s e c t i o n s  f o r  

quenching  o f  e x c i t e d  sodium atoms i n  c o l l i s i o n s  w i th  n i t r o g e n  m o lecu le s  

a t  v a r io u s  r e l a t i v e  v e l o c i t i e s  o f  th e  c o l l i d i n g  s p e c ie s  a s  d e te rm in ed  

by v a r io u s  i n v e s t i g a t o r s ,  have a l s o  found a f a i r l y  complex v e l o c i t y  

dependence o f  th e  c r o s s  s e c t i o n s .  I t  has  r e c e n t l y  become a p p a re n t  

from r e s u l t s  o f  a tom ic  beam ex p e r im en ts  (A nderson , A q u i l a n t i  and 

H erschbach  I969), t h a t  c r o s s  s e c t i o n s  f o r  e x c i t a t i o n  o f  p o ta ss iu m  atoms 

induced  i n  c o l l i s i o n s  w i th  a p a r t i c u l a r  t a r g e t  gas ( th e  i n v e r s e  o f  

quenching) depend s t r o n g ly  on th e  r e l a t i v e  energy  o f  th e  c o l l i d i n g  

p a r t n e r s .  The beam e x p e r im e n ts ,  however, do n o t  ex ten d  to  low enough 

e n e r g i e s  to  p ro v id e  a d i r e c t  com parison  w i th  th e  quenching  c r o s s  

sections.
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E x t i n c t i o n  C o e f f i c i e n t s  g i n  Pure Rubidium Vapour f o r  

th e  7948 £  Component o f  th e  Resonance D ouble t

S ide  Oven 
T em perature  

(°c )
, P - i ,(cm )

S ide  Oven 
Tem perature

(°c ) (c a -h

4 4 .3 .117 6 3 .4 .535

4 6 .8 .156 6 4 .0 .602

4 9 .6 .177 6 4 .1 .592

50 .4 .189 6 7 .0 ,742

5 0 .7 .196 67,5 .751

52 .4 .249 68,8 .843

53,5 .277 ' 68,8 .825

56.2 .352 6 9 .1 ,898

5 8 .0 .363 71.3 .980

58,9 .402 73.5 1 ,10

6 1 .5 .488 7 6 ,0 1.22

6 1 .6 .460 77.5 1,32

6 3 .0 .545 8 0 .8 1 .40
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E x t i n c t i o n  C o e f f i c i e n t s  p f o r  th e  Resonance L in e s  o f  

Rubidium in  K -  Rb Vapour M ix tu re s

S ide Oven 
T em peratu re

(° c )

p (7800 £) 
( cm"1)

8 (7948 £) 
(cm"1)

67 .1 .602 .296

6 9 .6 .751 .344

72 .2 .816 .440

7 4 .4 .953 .497

76 .0 1.02 .583

7 8 .0 1.11 .705

7 9 ,8 1 .29 .797

8 2 .6 1 .46 .861

8 4 .6 1 .49 .980

8 5 .8 1 .58 1.06

8 8 .3 1.75 1.23

8 9 .9 1.83 1.33

9 2 .4 1 .96 1,40

9 4 .4 1 .97 1 .48

9 6 .2 2 .1 1 1,55

9 8 .6 2 .0 8 1.66

101 .0 2 .2 1 1.76

104.0 2 .3 6 1.86

106,6 2 .4 1 2 .03

109.4 2 .4 6 2 .0 8

112.3 2 ,5 6 2 ,2 2

115 .1 2 .6 0 2 .2 6
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E x t i n c t i o n  C o e f f i c i e n t s  8 f o r  th e  Resonance L in e s  o f  

P o tass iu m  in  K -  Rb Vapour M ix tu re s

* s s > ’ • S 3 , »

,266

80.0 .334

83.6  .488 .225

86.8  .583 .320

9 0 .7  .770  .383

94 .3  .944  ,535

9 7 .7  . 1 .14  .667

100.5  1 .33 .825

104 .4  1 .54  1.02

107.6  1.78  1.21

110.9  1 .96  1.41

114.8  2.11  1.61
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F lu o r e s c e n t  I n t e n s i t y  R a t io s  i n  K -  Rb Vapour M ix tu re s  

(C o r re c te d  f o r  R e a b so rp t io n )

P i (Rb) T|i2, P^ (Rb) Tlig,

(10"5 mm Hg) (10"6) ( lO '^ m m H g )  ( lo " ^ )

.475 1 .48  5 .5 4  8 .4 0

.800 3 .1 0  6 .1 7  9 .3 6

1.03  3 .7 5  6 .5 5  9 ,9 6

1 .2 7  3 .1 5  7 .41  10 .9

1 .39  3 .2 0  7 .41  12 .4

1 .60  3 .8 8  8 .3 0  13.3

1 .85  3 .4 7  8 .7 5  14 ,4

2 .2 4  4 .0 4  9 .3 9  15 .4

2 .7 7  4 .1 4  1 0 .4  17.3

3 .2 2  4 .9 3  1 1 .4  2 0 .4

3 .8 5  5 .69  12 .2  2 2 ,7

4 .0 4  5.75  14 .2  2 7 .3

4 .5 3  6 .5 7  1 5 .8  3 4 ,8

5 .01  7 .43  18 .3  4 1 .3
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? !  (Rb) 122, Pi (Rb) Tbg,

(10"5 mm Hg) (10“^) ( lO '^ m m H g )  ( lo " ^ )

.516 ,328 2.75 2,98

,718 .772  3 .0 3  3 .4 4

.942 .843 3 .1 4  3 .93

1.16  1.26  3 .5 5  4 .7 9

1.42  1 .14  4 .3 0  6 .95

1.61  1.21  5 .46  10.6

1 .70  1 .04  6 .9 2  16 .4

1 .87  1,58  8 .6 0  2 2 ,9

2 .0 6  1.83  10 .2  3 3 .1

2 .3 9  2 .2 8  11 .8  4 3 .7

2 .5 0  2 .8 4  13 .8  $ 6 .8
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P i (Rb) n i l ,  P i  (Rb) Till,

(10"5 mm Hg) (10"^) ( lo " ^  mm Hg) ( l o “^)

5-72 .591 1 1 .4  1.30

6 .8 8  .797 1 1 .7  1.36

8 .0 4  .789 12 .5  1 .42

8 .6 8  .862  13.3  1.62

9 .0 1  .932  1 4 .0  1 .88

9 .2 8  .894  15 .9  1 .99

9 .9 9  1.05  19 .1  2 .9 5

1 0 .7  1.13
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Pi I2I' Pi I2I'
(10  ^ mm Hg) (10 ^) (10 ^ mm Hg) (10 ^)

2 .8 2  .379  6 .4 0  .997

3 .5 0  .364  6 .4 7  1.02

4 .0 4  .428  6 .8 4  1.03

4 .4 9  .444 7 .52  1 .07

4 .5 6  .550  8 .0 4  1.39

4 .9 4  .693  9 .0 1  1.41

5 .2 0  .587  9 .8 7  1 .92

5 .46  .747  11 .1  2 .3 4

5 .8 0  .833 13 .2  3 .0 7

5 .91  .872
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^1 (Rb)

(10 ^ mm Hg) (10-5)

//
" i

(10-5)

1 .18 .850 .614

1 .64 1.43 1.11

1.79 1.76 1.41

2 .2 4 1 .87 1.42

2 .53 2 .3 6 1.84

2 ,6 7 2 .1 8 1,63

2 .8 9 2 .6 8 2 .0 8

3 .2 7 2 .8 2 2 .1 4

3 .6 4 3 .0 5 2 .2 8

4 .0 7 3 .7 2 2 .8 4

4 .2 6 3 .7 8 2 ,8 5

4 .7 0 4 .4 1 3 .3 7

5 .1 8 4 .7 3 3 .5 7

5.22 5 .72 4 .5 2

5.85 5 .6 8 4 .3 6

6 .4 0 7 .8 0 6 .26

6 .8 5 8 .4 0 6 .7 6

7.03 8 .5 0 6.81

7 .51 10.3 8 .4 0

8 .03 11 .0 8 .9 7

8 .6 6 13.1 10.9

9 .8 0 16 .8 14 .7
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(Rb) ^2 ’I2

(10 ^ mm Hg) (10- 5) ( 10- 5)

.918 1 .14 .892

1.25 1.21 .867

1.81 2 .1 6 1.69

2 .1 4 2 .6 4 2 .0 9

2 .5 0 3 .0 7 2 .4 1

3,00 3.90 3 .1 0

3.26 4 .1 3 3.27

3 .6 4 4 .6 4 3.68

4 .03 5.13 4 .0 6

4.26 4.95 3,78

4 .5 5 6 .21 4 .9 7

4 .7 4 6 .4 8 5.22

5 .00 6 .5 6 5.21

5 / # 6.62 5.19

5.64 7.62 6 .08

6.11 9.27 7.64

6.22 8 .6 5 6.98

7 .07 10 .4 8.50

7.25 12.2 10.3

7.92 12.3 10.2

8 .4 4 14 .0 11 .8

9 .4 4 17.3 15 .0

9 .8 4 18 .8 16.3
11 .1 2 1 .8 19.1
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Rb - Hg DATA

P (mm Hg) % ^2

.0095 .00190 .00147

.016 .00341 .00256

.018 .00386 .00290

.033 .00752 .00565

.037 .00792 .00593

.037 .00796 .00615

.056 .0126 .00953

.076 .0169 .0127

.091 .0192 .0146

.110 .0240 .0183

.121 .0268 .0202
,129 .0280 .0210
.193 .0399 .0299
.234 .0496 .0377
,245 .0534 .0396
.417 . 0813 .0627
.462 .875 .0673
,568 .106 .0816
.650 .123 .0947
, 6$8 .120 .0920
.697 .128 .0995
.904 .155 .119

1.02 .181 .136
1 .08 .185 .140
1.21 .200 .150
1.34 .218 . 166
1.48 .231 .175
1.50 .226 .171
1.67 .257 .193
1.68 .253 .194
1,79 .265 .203
1,96 .284 .216
2 .1 9 .305 .238
2 .4 5 .327 .251
3 ,0 3 .374 .279
3 .3 1 ,386 ,295
4 .21 .430 ,327
4 .6 2 .463 .340
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P (mm Hg) %

.0091

.015
,033
.043
.050
.059
.074
.096
.106
.131
.158
.198
.231
.296
.401
.433
.516
.592
.698
.807
.930

1.12
1 .2 $
1.41  
1.71
2 .03
2 .4 0
2 .60
2.95
3 .4 2  
3.89

.00245

.00425

.00948

.0120

.0140

.0167

.0208

.0269

.0307

.0378

.0448

.0554

.0629

.0792

.104

.112

.128

.147

.167

.188

.214

.237

.258

.286

.326

.364

.405

.430

.455

.489
,524

.00214

.00343

.00750

.0959

.0111

.0132

.0163

.0212

.0236

.0287
,0359  
,0446  
.0507  
.0640 
.823 
.868 
.102 
.115  
.132  
.147  
. 165 
.185 
.200  
.217
.244
.271
,302
.314
.335
.366
.381
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Rb -  Dg DATA

P (mm Hg) Til

.0075 .00200 .00161

.0087 .00242 .00198

.016 .00438 .00349

.028 .00829 .00659

.033 .00968 .00770

.037 .0110 .00869

.051 .0156 .0123

.061 .0187 .0148

.073 . 021$ .0168

.109 .0327 .0257

.128 .0379 .0301

.171 .0507 .0417

. 2 1 $ .0639 .0505

.28$ .0824 .0657

.329 .0930 .0730

.479 .129 .102

.$86 .155 .121
,744 .191 .147
.896 .221 .170

1.12 .260 .193
1.26 .291 .213
1.52 .329 .243
1.76 .357 .264
1 .97 .395 .290
2 .4 2  , .450 .317
2 .7 2 .480 .343
3 .3 2 .553 .375
4 .1 7 .604 .414
4 .9 5 .651 ♦441
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Rb -  DATA

P (mm Hg) 1̂

.0085 .000887 .000669

.014 .00158 .00114

.020 .00218 .00161

.026 .00267 .00198

.027 .00267 .00210

.033 .00353 .00260

.035 .00342 .00268

.(%6 .00371 .00264

.038 .00403 .00293

.044 .00489 .00355

.054 .00596 .00436

.063 .00677 .00496

.067 .00725 .00535

.069 .00755 .00546

.073 .00753 .00541

.074 .00791 . .00575

.083 .00798 .00634

.085 .00930 .00673

.106 .0112 .OO807

.120 .0126 .00946

.135 .0141 .0107

.165 .0166 .0126

.201 .0198 .0150

.204 .0202 .0155

.218 .0218 .0164

.256 .0241 .0180

.276 .0247 .0193

.323 .0303 .0226

.364 .0345 .0253

.385 .0346 .0257

.401 .0364 .0264

.452 .0404 .0304

.458  . .0411 .0315

.$69 .0487 .0366

.592 .0508 .0390

.678 .0568 .0442

.742 .0606 .0467

.837 .0685 .0523

.950 .0740 .0576
1.12 .0857 .0656
1.19 ,0868 .0670
1.25 .0919 .0688
1.29 .0884 .0688
1.31 .0907 .0741
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Rb - Ng DATA (continued)

P (mm Hg) m  ^2

1.41 .0981  .0756
1 .47  .0986  .0749
1,56 ,!(& .0826
1 .77  .111  .0916
1 .78  .115  .0889
2 .2 1  .126 .106
2 .8 0  .144  .121
3 .4 5  .163 .133
4 .1 2  .176  .146
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P (mm Hg)

Rb - CH, DATA 4

^1

.011

.016
,022
,028
.035
.044
,053
.060
.072
.083
.108
.127
.154
.232
.285
.347
.400
.522
.705
.895

1.21
1.50
1.70
2 .1 9
2 .5 6
2.89
3 .0 5
3 .4 5
4.10

.00244

.00385

.00516

.00670

.00860

.0106

.0125

.0145

.0171  ■

.0193

.0255

.0292

.0347

.0511

.0601

.0754

.0867

.110

.145

.175

.230

.276

.297

.359

.404

.426

.446

.492

.544

.00192

.00307

.00416

.00535

.00670

.00825

.0 1 0 0

.0113

.0133

.0153

.0196

.0230

.0278

.0388

.0480

.0588

.0674

.0847

.109

.132

.168

.194

.214

.254

.275

.291

.304

.330

.360
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P (mm Hg)

Rb - CD, DATA 
4

.0092

.019

.031

.043

.045

.052

.060

.076

.086

.093

.118

.145

.174

.188

.251

.304

.320

.407

.$08

.600

.780

.81$

.980
1.10
1.36
1.60
1.91
2 .2 9
2 .8 4
3 .2 4
3 .9 5
4 .8 2

.00184

.00360

.00621

.00811

.00879

.0 1 0 0

.0120

.0150

.0161

.0184

.0235

.0269

.0338

.0341

.0473

.0543

. 061$

.0749

.0875 

.107  

.130  

.128 

. 165 

.182 

.220  

.247 

.283

.324

.375

.412

.467
,530

.00152

.00274

.00511

.00657

.00731

.00824

.00964

.0116
,0130
.0149
.0181
.0212
.0262
.0272
.0370
.0423
.0480
. 057$
.0680
.0820
.101
.106
.125
. 13$
.163
.185
.208
.235
.270
.292
.324
.358
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Rb C_H, DATA

P (mm Hg) Til Tfe

.0042 .000617 .000510

.010 .00146 .00116

.022 .00313 .00250

.033 .00460 .00376

.040 .00566 .00466

.045 .00633 .00500

.055 .00747 .00597

.063 .00883 .00708

.073 .0101 .00803

.096 .0128 .0104

.116 .0155 .0125

.139 .0179 .0145

.179 .0225 .0181

.226 .0265 .0228

.331 .0367 .0317

.418 .0441 .0383

.478 .0485 .0419

.626 .0598 ,0528

.756 .0674 .0607

.876 .0736 .0642
1.08 .0827 .0752
1.34 .0926 .0844
1.63 .101 .0933
1.83 .109 .101
2 .1 2 .111 .109
2 .5 1 .121 .115
3 .1 2 .130 .125
3.74 .134 .130
4.26 .143 .141
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Rb - CgH^ DATA

P (mm Hg) Til T%

.0061 .00210 .00166

.017 .00583 .00454

.024 .00833 .00644

.037 ,0129 .0101

.052 .0179 .0141

.070 .0237 .018$

.089 .0298 .0232

.109 .0352 .027$

.136 .0447 .0347

.195 .0610 .0489

.271 .0850 .0667

.309 .0968 .0752

.436 .129 .101

.529 .155 .119

.656 .184 .141

.777 .214 . 165

.896 .243 .182
1 .17 . 2 9 $ .217
1.44 .344 .251
1.8$ .415 .290
2 .3 0 .476 .329
2 .9 2 .$47 .374
3 ,5 0 .603 .404
4 .1 $ .651 .435
4 .8 9 .707 .468
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