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?rod:,;cion of ~0;a~1['19 and Other Metastable  Fragments By Elec t ran  

* 
Impact Dissoc ia t ion  s f  CO 

2 

W, C, Wells, W, E, ~ s r s t ?  and E. C. Zipf 

Abs t rac t  

T h e  d i s s o c i a t i v e  e x c i t a t i o n  of c@(a3lI) and o t h e r  me ta s t ab le  

i r agmc i t s  such as o ( ~ s ~ ~  produced by e l e c t r o n  impact on C02 has heen 

3-nes:lgctsd frs7m thresRoXd to 50 eV. The observed threshold  for c81a3n) 

L ~ L O ~ U L C  L ' C ~  ar (k1,9 - 9 0,5]  e b a s  near  t h e  minimum requi red  energy of 

7 
J - J iissumfng an i s o t r o p i c  d i s t r i b u t i o n  of c0(a3?I) fragments a f t e r  

d l s s u c i ~ ? ~ c n ,  and cross section f o r  d i s s o c i a t i v e  e x c i t a t i o n  s f  C'0(a3i1j 

f ram CCECE was found to be  about 3,6  x 10" 7em2 a t  20 eV which is 3 r m e s  
2 

smaller t h a n  +he maximum e r o s s  sectLon for t h e  d i r e c t  e x c i t a t i o n  eP 

~ ( 1  $ ;* %a '- 1 3m Li3, We a l s o  used our t ime s f  f l i g h t  d a t a  t o  inferr a \raLue f o r  

t h s  [I:;' [eii7'1 d ?  s soena t ive  e x c i t a t i o n  c ros s  s e c t i o n  from AjePPok relratkve 

c ros s  n,-.-n.mranents (1971 it) and we obtained a  s l i g h t l y  Power  giaLue 

" 1.6 "- 3~ i t  el.; LC eV, These experiments imply a maximum cross 

s e c t n a n  v a l w  c t  (4,1 - -k %,e l  x ~ 0 " ' ~ e r n ~  a t  27 eV. The differemteak cross 

s e c t i o n  f o r  thc d t s s o e i a t i v e  e x c i t a t i o n  of C@(a311) a t  r i g h t  angles to the  

e l e c t r o n  beam was found t o  be da/dR - (3.0 - + 2,2) x 10-'*cm28sterad at a n  

energy of 20 eV, 



INTRODUCTION 

Recent observa t ions  of t h e  i n t e n s e  CO Cameron band emission 

I; Lne  b3eper Haptian atmosphere by Mariner 6 and 7 (Barth e t  a l , ,  1969; 

jsrt;i et a l e ,  1971) has  generated a  renewed i n t e r e s t  i n  t h e  d i s s o c i a t i v e  

e x c i t a t i o n  of @02 by both  e l e c t r o n  impact and pho tod i s soe i a t i on ,  In order 

t o  determine t h e  r o l e  played by t h e s e  p roces se s ,  i t  is  necessary  t o  know 

ihe a b ~ 0 3 n ? c  c o l l i s i o n  and abso rp t ion  c r o s s  s e c t i o n s .  To t h i s  end w e  have 

studied t h e  product ion of me ta s t ab l e  fragments by ePectron impact on CO 2 

fro an  a t cenp t  t o  a r r i v e  a t  an abso lu t e  c r o s s  s e c t i o n  f o r  t h e  prt3danetfon of t h e  

APPARATUS 

The pulsed e l e c t r o n  beam t i m e  of f l i g h t  appara tus  used i n  this 

experiment and i t s  modes of ope ra t i on  have been descr ibed  i n  d e t a i l  ebse- 

where [Borst  and Zipf ,  1971 A; 1971 B ] ,  Two major mod i f i ca t i ons  have been 

c a r r i e d  orrt. Firstly, v o l t a g e  programming t h e  e l e c t r o n  energy t o  sweep 

concurrewtli7 wnki-a t h e  m u l t f s c a l e r  has  permit ted s i g n a l  averaging of e x c i t a t i o n  

func t ions  and has s i g n i f i c a n t l y  improved t h e  s i g n a l  t o  n o i s e  r a t i o  In the 

primary d a t a ,  

S e m x  Lg *:\c litetastable d e t e c t o r  was rear ranged  s o  t h a t  s e v e r a l  

d i f f e r e n t  meta l  s a ~ r f a e e s  could be used a s  Auger d e t e c t o r s ,  E l ec t rons  

which w e r e  e j e c t e d  L ~ o m  a  me ta l  s u r f a c e  by i n c i d e n t  me ta s t ab l e  fragments 

- - -  b~ere aceejierated toward an  e l e c t r o n  m u l t i p l i e r .  The me ta l  s u r f a c e  was 

0 

pos i t i oned  a t  an ang le  s f  45 w i th  r e s p e c t  t o  t h e  incoming me ta s t ab l e s ,  and 

was a t  an e f f e c t i v e  d i s t a n c e  of 20,O em from t h e  c e n t e r  of t h e  collision 



chamber. The meta ls  used i n  t h i s  experiment were tungs ten  and magnesaum, 

The s o l i d  ang le  subtended by t h e  d e t e c t o r  s u r f a c e  a t  t h e  c e n t e r  of the  

e o l l i s i o n  chamber was 0.007 s t e r a d  a t  an angle  of 90" wi th  r e s p e c t  t o  t h e  

e l e c t r a n  beam. The e l e c t r o n  beam pu l se  was t y p i c a l l y  PO usec wide with a 

r epe t i t l , on  r a t e  of 2 x  1o2/sec.  

RESULTS AND DISCUSSION 

A s  i n  previous s t u d i e s  [Freund and KPemperer, 1967, and Clampitt  

and Newton, 19691 me tas t ab le  CO molecules were not  observed i n  t h i s  
2 

experiment. The e x c i t a t i o n  func t ion  [Fig.  21 f o r  t h e  product ion of t h e  

r e l a t i v e l y  slow metas t ab le  fragments [ S t r u c t u r e  A ,  Fig,  1 1  exhib i ted  an 

appearance p o t e n t i a l  of 11.9 2 00.5 eV [Fig. 21. This  threshold  i s  t o  be  

compared t o  Freund and Mlemperer's [I9671 va lue  of 1 2  - 15 eV and Clampitt  and 

Newtons's 119691 va lue  of 11.0 - + 0.6 eV, Our threshold  va lue  i s  i n  agreement 

wi th  t h e  observa t ions  of Freund and Klemperer. The threshold  repor ted  by 

Clampit t and Newton probably corresponds t o  t h e  d e t e c t i o n  of o ( I  S)  atoms 

a s  was pointed out  by McConnell and McElroy [ l970] .  Our d e t e c t o r ,  L i k e  t h a t  

of Freundns ,  was no t  s e n s i t i v e  t o  o('s) atoms. Accurate determ?.natfon of the 

th reshold  i n  our experiment was made d i f f i c u l t  by such e f f e c t s  as the s l i g h c  

non- ins t rmen ta l  ar:ury)ataare of t h e  e x c i t a t i o n  func t ion  a t  t h re sha~ ld  and poor 

s i g n a l  t o  noise r a t x o  ac th reshold .  Freund and Klemperer 11967j showed chat 

t h e  me ta s t ab le  fragment i s  p o l a r  and henee probably is C0(a311). The excitation 

process  t h a t  we a r e  observing is  most l i k e l y ,  



which has a th reshold  of 11.5 eV. Our threshold  d e t e m i n a t i o n  does no t  

completely r u l e  ou t  a cascade process  where 

and 

The end r e s u l t  i n  e i t h e r  c a s e  i s  t h e  product ion of C0(a3n). 

The mean energy of t h e  CO(a311) rnslecuPes near  th reshold  airas 

observed t o  be about 0.08 eV which corresponded t o  a t o t a l  fragnent mean 

k i n e t i c  energy of about 0.2 eV. This  i s  i n  gene ra l  agreement w i t h  the 

observa t ions  of Freund and Klemperer [I9671 bu t  i n  disagreement with the 

work of Clampit t  and Newton [I9691 who observed a t o t a l  fragment mean kraetfs 

energy of O , 7  eV. Again t h i s  dfscrepancy could be due t o  t h e  f a c t  t ha t .  

Clampit t  and Newton were d e t e c t i n g  a smal l  percentage of-. very energetic O Q ' S )  

along wi th  t h e  e0(a3II); t h i s  was not  poss fb l e  i n  our  experiment,  The Low 

v e l o c i t y  t a i l  [Sa:rueture A D  Fig,  PI/ corresponds t o  t h e  product ion of some 

co (a311) moEecalPes ~hri is ia  v i r tuaPky no excess  k i n e t i c  energy. 

Other Sources of c0(a411) 

A s  we went t o  higher  e l e c t r o n  impact ene rg i e s  we produced C O ~ ~ ~ X )  

molecules from processes  o the r  than  those  mentioned previousPy, It 1s 

p o s s i b l e  t h a t  cascade processes  s i m i l a r  t o  (3) and (4)  involving hkgher lying 

t r i p l e t  l e v e l s  of t h e  CO moPecuPe con t r ibu ted  t o  t h e  product ion of ~ ~ ( a ' l l )  



molecules.  Another e x c i t a t i o n  process  may have been 

which has a minimm threshold  of 21,O e V ,  

A d e t a i l e d  s tudy  of high r e s o l u t i o n  time of f l i g h t  curves revealed 

$he developme~k of a  new s t r u c t u r e  which manifested i t s e l f  a s  a  h i g h  

v e l o c i t y  t a i l  on s t r u c t u r e  A [Fig.  1 1  a t  about 22 eV. This  new source  o f  

60(a3n) i s  evident  i n  Fig. 2  i n  both e x c i t a t i o n  func t ions  A and B since the 

TOF s p e c t r a  f o r  process  (4) f a l l s  i n t o  both t h e  slow and f a s t  portrons of 

t h e  TOF spectrum which t h e  e x c i t a t i o n  func t ions  r ep re sen t ,  The C O ( ~ ' S I $  

woleeules  from process  (4) a r e  v i s i b l e  a s  a d d i t i o n a l  s t r u c t u r e  t o  exeLtatnon 

func t ion  A a t  21.6 - + 1 eV and a s  a  th reshold  i n  e x c i t a t i o n  funcrtiow B a t  

22.1 - + 1 eV.  These energy th re sho lds  a r e  i n  agreement wi th  t h e  m i n i n a s m  

threshold  of 21.8 eV f o r  process  ( 4 )  and fur thermore a r e  c o n s i s t e n t  u l t h  che 

th re sho lds  f o r  o ( ~ s )  product ion of 21.0 - + 2 eV and 23 eV observed by 1ijelI.o 

[I971 B] and Muma [ l970] ,  r e spec t ive ly .  

To determine i f  a l l  t h e  me ta s t ab le  fragments i n  structux-e A LFlg, 83 

were 60(a3~) melecules ,  rhe e x c i t a t i o n  func t ion  A [Fig,  21 was observed using 

fou r  d i f f e r e n t  d e t e c t o r  su r f aces .  The e f f i c i e n c y  y f o r  Auger cqectnon 0%: 
m 

e l e c t r o n s  by CO(a3n) from t h e s e  d i f f e r e n t  su r f aces  va r i ed  by as much as a 

f a c t o r  of 5. The fou r  su r f aces  were a  Cu-Be nude dynode, two concminated  

tungs ten  s u r f a c e s  f o r  which y d i f f e r e d  by a  f a c t o r  of 2  and a e o n t m ~ n a t e d  rn 

magnesium su r face .  It is  known [Clampitt  and Newton, 19681 thae  the apparent  



e x c i t a t i o n  func t ion  due t o  an i n c i d e n t  me ta s t ab le  f lux cons i s t i ng  s f  s 

mixture  of d i f f e r e n t  me ta s t ab le  s t a t e s  has  a  d i f f e r e n t  shape when detected 

w i t h  s u r f a c e s  having d i f f e r e n t  work func t ions ,  Indeed y i s  a sens i t ive  m 

func t ion  of t h e  d i f f e r e n c e  between t h e  work func t ion  of t h e  s u r f a c e  and the 

metas t ab le  energy l e v e l .  A l l  t h e  s u r f a c e s  used i n  t h i s  experimdent ylielded 

q u i t e  s i m i l a r  e x c i t a t i o n  func t ions  leading  us  t o  conclude t h a t  excitation 

func t ion  A r e p r e s e n t s  t h e  product ion of co (a31T) from e l e c t r o n  impact. sa CC 2 "  

Determination of C0(a31T) D i f f e r e n t i a l  Cross Sec t ion  

To determine t h e  d i f f e r e n t i a l  c r o s s  s e e t i o n  f o r  t h e  dissoenative 

e x c i t a t i o n  of C0(a3n), we a l s o  observed t h e  e x c i t a t i o n  func t ion  [Barst and 

Zfpfs  1971  B] on t h e  same TOF appara tus  f o r  t h e  d i r e c t  process  

Using A j e l l o ' s  El971 A] peak c r o s s  s e c t i o n  f o r  t h i s  process  [BO1 x 10'-"cn2 

a t  l 0 , 4  eV] and our  knowledge of t h e  r e l a t i v e  peak product ion rates of 

C0(a3n) from CO and CO we a r r i v e d  a t  a d i f f e r e n t i a l  c ros s  s e c t i o n  of 
2  

at 20 eV, A l i f e t i m e  of 3 msee [Borst and Z ip f ,  1971 B]  was used to correct  

t h e  c ros s  s e c t i o n  measurement f o r  t h e  r a d f a t i v e  decay of t h e  c0(a3i?) i ~ .  

f l i g h t .  This  c o r r e c t i o n  is  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  s p e e i f r c  l i fe t ime 

va lue  used. Choosing a  longer  l i f e t i m e  would r e s u l t  i n  a t  most a POZ change 

i n  t h e  r e l a t i v e  s i g n a l  of c0(a31T) from CO and C 0 2  A t  t h e  same cime ir should 



be noted t h a t  t h e  abso lu t e  magnitude of t h i s  d i s s o c i a t i v e  e x c i t a t i o n  ::ross 

s e c t i o n  does depend l i n e a r l y  on A j e l l o ' s  11971 A] d i r e c t  e x c i t a t i o n  c r a s s  

s e c t i o n  and t h a t  A j e l l o ' s  c ros s  s e c t i o n  i n  t u r n  depends P inear ly  on the 

l i f e t i m e  of t h e  C0(a3lT) s t a t e ,  A j e l l o  used a  va lue  of B msec [ B o r s t  and 

Zipf ,  1371 B]. 

There has been a  g r e a t  d e a l  of d i scuss ion  of t h e  c0(a3TI) Ynfetfne 

i n  t h e  l i t e r a t u r e  r ecen t ly .  Borst and Zipf el971 B] have diseussed the 

e a r l y  l i f e t i m e  work on t h i s  s t a t e  a t  l ength .  More r e c e n t l y  Eaw~renee [%_971] 

has repor ted  a  l i f e t i m e  of 7.5 msec f o r  t h i s  s t a t e  whi le  Slangeir and Black 

[I9711 found a  va lue  of 5 msec, It must be  s a i d  a t  t h e  o u t s e t  i n  a d i s c u s s i c n  

of t h e  60(a311) r a d i a t i v e  l i f e t i m e  t h a t  i t  is  misleading t o  assume t h a t  a complex 

4 
e lec t ronic ,  band s v s t m  such a s  t h e  a311 ++ X'Z t r a n s i t i o n  has a  single-vaiued 

l i f e t i m e .  A s  a  ma t t e r  of f a c t  t h e r e  is  an e n t i r e  manifold of d i f f e r e n t  

r a d i a t i v e  l i f e t i m e s ,  one f o r  each r o t a t i o n a l  sub leve l  [Shemansky, k969]. 

Recently F a i r b a i r n  [ l971]  d iscussed  t h i s  l i f e t i m e  v a r i a t i o n  wit11 S and spxn 

s u b s t a t e  C i n  connect ion wi th  an  absorp t ion  measurement, S m e s  [I9711 has 

a l s o  d e a l t  w i t h  t h i s  problem i n  a  t h e o r e t i c a l  ea leuPat ion  of t h e  f values and 

l i f e t i m e s .  Although i t  i s  convenient experimental ly  t o  measure some '8average8' 

l i f e t i m e  for t h i s  system, i t  must n o t  be  f o r g o t t e n  t h a t  t h e  end ~ r e s ~ i i t  obtained 

depends on just h n ~ r  "-he? r o t a t i o n a l  and s p i n  s t a t e s  a r e  populated" 

A t  low r o t a t i o n a l  l e v e l s  (J 16)  t h e  l e v e l s  exh ib i t  s h o r t e r  
P ' 

r a d i a t i v e  l i fe t iax~es  and l a r g e r  l i n e  s t r e n g t h s  than t h e  correspoladigig - "  
0 

and 3~ l e v e l s  [Hexter,  1967; F a i r b a i r n ,  19701. I n  e l e c t r o n  impact e2rperiments 2 

such as those  of A j e l l o  [ I971  A] and Borst and Zfpf [ I971  B j  wficzre C0 at 

room temperature (300°K) i s  exc i t ed ,  t h e  3~ l e v e l s  w i l l  be  pre l fe ren t~~ai lqr  
l 

exc i t ed .  I n  experiments involving high p re s su res  where t h e  CQ(:~~IT) m o P e c r ~ P e  



undergoes s e v e r a l  c o l P i s i a n s  be fo re  r a d i a t i n g  we would expect  t h e  populations 

of t h e  s p i n  s t a t e s  t o  e q u i l i b r i a t e  r e s u l t i n g  i n  a  longer  observed Pikctime; 

quenching, of course ,  f u r t h e r  complicates  t h e  a n a l y s i s  of t h e s e  afterglow 

experiments,  The f a c t  t h a t  t h e  r e s u l t  of Bsrst and Zipf [ I971 Bj ( r  1 m s e s ]  

measured i n  a  low p res su re  environment f a l l s  on t h e  Pow s i d e  of rhe recent  

l i f e t i m e  measurements made i n  high p re s su re  environments (Slanger and Black 

[I9711 (5 msec) and Lawrence [I9711 (7 ,5  msec) 1 sugges ts  t h a t  tll's 1 >->deed 

t h e  case.  

These cons ide ra t ions  argue t h a t  A-jelilo used t h e  appropr:iate 11.fetime 

i n  normalizing h i s  r e s u l t s  [Aj e l l o ,  1971 A ] ,  Choosing a  Pif  e'taaile of f msee 

would have r e s u l t e d  i n  a c r o s s  s e c t i o n  f o r  process  (5) of 7.7 x ~ 8 - ~ " t x n ~  

and t h e  d i f f e r e n t i a l  c r o s s  s e c t i o n  (6 )  would have become 2.1 x 90"~~crn~/sterad, 

These would be remarkably l a r g e  va lues .  

It has been assumed i n  a r r i v i n g  a t  t h i s  d i f f e r e n t i a l  c ross  section 

t h a t  t h e  e f f e c t i v e  Auger e f f i c i e n c y  f o r  d e t e c t i n g  t h e  C0(a311> has been the 

same f o r  d i r e c t  and d i s s o c i a t i v e  excitation. This  is  equiva len t  t o  a ~ s u m i n g  

t h a t  t h e  nean energy c a r r i e d  i n  v i b r a t i o n a l  energy i s  t h e  s m e  h.or bo!:ta 

p rocesses  provided t h a t  t h e  v a r i a t i o n  of y with  metas tab le  energy a s  qaasl- 
m 

l i n e a r  over this narrow range,  This  i s  not  an  unreasonable asstsmptlon desp~te 

t h e  f a c t  that B a r t h  ek al. [ I9711  repor ted  t h a t  t h e  v i b r a t i o n a l  populat~on dns- 

t r i b u t i o n  of a s s s o c i a t i v e  exc i t ed  60(a311) i s  d i f f e r e n t  from t h a t  o i  d ~ s e c t l y  

exc i t ed  Co(a311> a As a  ma t t e r  of f a c t  t h e  mean v i b r a t i o n a l  energy c a l c u l a t e d  

based on t h e  popula t ions  Barth r e p o r t s  and t h e  mean energy calculated based oa 

t h e  Franck Condon f a c t o r s  of Nichol l s  El9629 a r e  t h e  same t o  wnrhan 0-05 e9, 

Differences  i n  r o t a t i o n a l  d i s t r fhu tPons  should have an unnot iceable  a f i e c t  on 

t h e  e f f e c t i v e  y f o r  d e t e c t i n g  co (a411) because of t h e  smal l  eneagses in\rirprvec, m 



The unce r t a in ty  i n  our va lue  f o r  t h e  c r o s s  s e c t i o n  a r i s i n g  from 

e x p e r b e n t a l  e r r o r s  i n  t h e  a c t u a l  r e l a t i v e  i n t e n s i t y  measuredlent% are 

deemed t o  be  l e s s  than  30%. I n  view of t h i s  w e  f e e l  t h a t  t h e  unce r t a in ty  

i n  our abso lu t e  c ros s  s e c t i o n  f o r  d i s s o c i a t i v e  e x c i t a t i o n  of 60$a3n) 

i s  d e t e m i n e d  p r imar i ly  by t h e  unce r t a in ty  i n  A j e l l o ' s  [1971 A] cross seecicn 

f o r  process  (5) which i s  a f a c t o r  of 2. 

Determination of c0(a311) T o t a l  Cross Sec t ion  

k m i n a t i o n  of Ajel lo"  [ I971  B] e x c i t a t i o n  func t ion  f o r  the 

d i s s o c i a t i v e  e x c i t a t i o n  of t h e  Cameron bands by e l e c t r o n  impact on C 0 2  

r e v e a l s  a  s t e a d i l y  i nc reas ing  curve wi th  a  broad maximum centered about 

90 eV, This  i s  t o  be  compared t o  t h e  r e l a t i v e l y  f l a t  behavior o f  excitation 

h n s t i s n  A [Fig.  23 above 20 eV w i  t h  t h e  maximum a t  27 eV, A j e l k e ~ ' ~  

e x c i t a t i o n  func t ion  is 30% l a r g e r  a t  i t s  peak than  a t  27 eV.  If we assume 

t h a t  a t  20 eV w e  have i s o t r o p i c  s c a t t e r i n g ,  we a r e  i n  a  positioe-i to renormalize 

A j e l l o ' s  e x c i t a t i o n  func t ion  a t  low energ ies .  

A t  20 eV A j e l l o ' s  [ I971  B]  emission c r o s s  s e c t i o n  is 6,1 x 11)-28cm2 

where he assmed a thermal v e l o c i t y  d i s t r i b u t i o n  of t h e  c0(a3n)  fragment, The 

slow me tas t ab le  CO molecules [ S t r u c t u r e  A ,  Fig. 11 have a mean ve loc i ty  2 , 7  

t i m e s  a thermal mean v e l o c i t y .  This  y i e l d s  an  abso lu t e  emission cress seeexon 

f o r  t h e  s l o w  fragme9ts s f  

a t  20 eV. This  can be  cantpared t o  t h e  d i f f e r e n t i a l  c r o s s  s e e t i o n  (6 )  derived 

e a r l i e r .  Assuming i s o t r o p i c  s c a t t e r i n g  wi th  r e s p e c t  t o  t h e  s c a t t e r i n g  angle 



r e s u l t s  i n  an e x c i t a t i o n  c ros s  s e c t i o n  of 

a 3.6 x 90-lgcm2 

a t  28 eV, En a r r i v i n g  a t  t h e  c r o s s  s e c t i o n  va lues  (7) and (8) we assumed 

i s o t r o p i c  s c a t t e r i n g .  S t r i c t l y  speaking we only assumed t h a t  the velocity 

d i s t r i b u t i o n  of cO(a311) was una l t e r ed  i n  a r r i v i n g  a t  c ros s  s e c t i o n  ( 7 1 ,  One 

might expect a s  we go t o  h igher  ene rg i e s  t h a t  t h e  s t rong  angular  dependerseies 

i n  t h e  d i f f e r e n t i a l  c r o s s  s e c t i o n  would dfsappear  s i n c e  more r e p u l s ~ v e  

s t a t e s  i n  CO a r e  being exc i ted .  But t h e  discrepancy i n  shape between oar 
2 

e x c i t a t i o n  and t h a t  of A j e l l o ' s  d i scussed  above would argue t h a t  a t  hngh 

ene rg i e s  t h e  s c a t t e r i n g  i s  not  i s o t r o p i c .  It is d i f f i c u l t  t o  assess p r e c ~ s e l y  

t h e  unce r t a in ty  i n  our t o t a l  c r o s s  s e c t i o n s  which would r e s u l t  from 

aniso t ropy  s i n c e  t h e  angular  d i s t r i b u t i o n  has  not  been examined yet, We 

es t ima te  h e r e  a f a c t o r  of two unce r t a in ty  due t o  t h e  assumption of Y~sotropy, 

I n  a r r i v i n g  a t  c r o s s  s e c t i o n  (7)  we used AjeBPo's [ I971  BI c r o s s  

s e c t i o n  which he a r r i v e d  a t  usfng a  l f f e t f m e  of 1 msec [Borst  anf Z n p f ,  197.L B] 

t o  account f o r  t hose  c0(a311) molecules which l e f t  h i s  f i e l d  of view before  

r a d i a t i n g .  As has been d iscussed  previous ly  t h e  "average" Pifetpme f a r  t h e  

c O ( ~ ~ I I )  depends d rama t i ca l ly  on t h e  r o t a t i o n a l  l e v e l  populatBon and span sedte 

populat ions.  T h e r e  rs no reason  t o  expect  t h e s e  popula t ions  t o  b e  ehe same 

f o r  d i r e c t l y  excj-ted cO(a311) and d i s s o c i a t f v e l y  excf t e d  c0(a3lT) Indeed 

a e t  a l .  [197%4 have observed non-thermal r o t a t i o n a l  d i s t r i b u t i o n  in C O < A ~ R )  

produced by d i s s o c i a t i v e  e x c i t a t i o n  of CO by e l e c t r o n  impact,  If t h e  spin 2 

s t a t e s  a r e  more o r  less equal ly  populated and t h e  r o e a t i o n a l  d n s t r i b u e 3 o a  i s  

skewed toward h igher  r o t a t i o n a l  numbers t h e  n e t  e f f e c t  would be a ranger  C O C ~ ~ ~ )  



l i f e t h e ,  This  would r e s u l t  i n  a corresponding i n c r e a s e  i n  c ros s  sec taon  

(7) br inging  i t  i n t o  c l o s e r  agreement wi th  c ros s  s e c t f o n  (81, The cross 

s e c t i o n s  ( 7 )  and ( 8 )  a r e  t o  be compared wfth an o rde r  of magnitude est imate 

of the m a w i m m  c r o s s  s e c t i o n  of 2 x 1 0 - ' ~ c m ~  a t  40 eV by Preund and Klemperer 

[1967], The reason  f o r  t h e  l a r g e  disagreement i s  n o t  understood, PIeConneL, 

and McElroy [I9703 a r r i v e d  a t  a maximum c ross  s e c t i o n  of 8 x 10"~'c~~ f c . ~  

t h e  product ion of C O ( ~ ~ I I )  based on a t h e o r e t i c a l  paper by StrnekLand and 

Green Bl.9691. 

o ( ~ s )  Cross Sec t ion  

We observed t h a t  a s  t h e  d e t e c t o r  s u r f a c e  w a s  changed the peak 

height of s t r u c t u r e  B [Fig.  l ]  remained r e l a t i v e l y  unchangea while that 

of s t r u c t u r e  A changed d r m a t i c a l l y .  This  implied t h a t  struettu~:e B was 

composed i n  p a r t  sf higher  l y ing  me tas t ab le  s t a t e s  and poss ib ly  Rydberg  

s t a t e s  of C ,  0 ,  and 60. The change i n  s l o p e  i n  e x c i t a t i o n  function ,A 

[Fig. 21 around 29 - + 2 e V  probably corresponds t o  t h e  d i s s o c i a t i ~ v e  process 

which has a mininum threshold  of 25.7 eV. D i s soc i a t ive  product ion ef o ( ~ s ' ,  

has  been obsewed by A j e l l o  El971 B] with  a threshold  of 29 + 2 eV, Assuming - 

t h a t  exc i t ed  oxygen atoms a r e  being observed, then s t r u c t u r e  B [ F i g ,  $1 

corresponds t o  atomic fragments w i th  a sum t o t a l  k i n e t i c  energy of a t  Least 

3 eV. A j e l l o  El971 B] observed a c ros s  s e c t i o n  for t h e  producenon of O Q ~ S ~  s 



atoms apprsximately 0.95 t i m e s  t h e  o ( ~ s )  c ros s  s e c t i o n  17.6 x 10-19cmL 

a t  100 eV] assuming a  thermal v e l o c i t y  d i s t r i b u t i o n .  I f  we assume that 

s t r u c t u r e  B [Fig.  l] i s  l a r g e l y  due t o  t h e  e x c i t a t i o n  of Q('S) atoms 

then our measurments  imply a  mean v e l o c i t y  f o r  t h e s e  oxygen atoms 9 tunes 

the mcsn thermal ve loc i ty .  Mult iplying A j e l l o l s  c ros s  s e c t i o n  by 9 t o  

compensate f o r  exc i t ed  atoms which l e f t  h i s  f i e l d  of view be fo re  radiating 

y i e l d s  an emission c ros s  s e c t i o n  

a t  100 eV f o r  t h e  product ion of 0g5S0) atoms, 

SrnIMARY 

We have exc i t ed  t h e  c0(a311) Cameron band system wi th  h i g h  efficiency 

by e l e c t r o n  impact d i s s o c i a t i o n  s f  CO near  t h e  minimum p o s s i b l e  thneshold 
2 

of 11.5 e V  and up t o  50 eV, We have f u r t h e r  s tud ied  energy s p e c t r a  o f  t h e  

r e s u l t i n g  GQ (a311) and o t h e r  me ta s t ab le  fragments . We obtained a e-rc ss seetlon 

of about 3.6 w 1 0 - % ~ c m ~  f o r  t h e  d i s s o c i a t i v e  e x c i t a t i o n  of c0(a2n] a t  

20 eV assuming an  i s o t r o p i c  angular  d i s t r i b u t i o n  of metas tab les  after 

d i s s o c i a t i o n ;  this r e s u l t  i s  probably a c c u r a t e  t o  w i t h i n  a f a c t o r  of 2 ,  A 

waximm c ross  s e c t i o n  occurr ing  a t  h igher  energfes  was not  observed in 

c o n t r a s t  t o  ~ j e l l o ' s  measurements. However, i n t e r p r e t a t i o n  of the high  energy 

domain w a s  rendered d i f f i c u l t  because of t h e  presence of me ta s t ab le  fragments 

o t h e r  than  60(a311), e.g. o ( ~ s ) .  The above c ros s  s e c t i o n  was deduced by 

comparing c0(a311) s i g n a l s  ob ta ined  i n  d i s s o c i a t i v e  e x c f t a t l o n  n t h  t hose  

f o r  d i r e c t  e x c i t a t i o n  using A j e l l o ' s  c ros s  s e c t i o n  f o r  d i r e c t  excitation 

of co (a3n) f rom CQ (xle+). We f u r t h e r  appl ied  our  time-of-f l i g h t  mersviremears 



of non-themal  co (a311) fragments t o  A j e l l o ' s  o p t i c a l  measurements sf 

Cameron bands produced i n  d i s s o c i a t i v e  e x c i t a t f o n  from CO and inferred 
2 

a cross s e c t i o n  of 1 .6 x 10-17cm2 a t  an energy of 20 eVo The two vakxes 

s f  3 . 6  x I O - " C ~ ~  and 1,6 x 1 0 - ' ~ c m ~  thus  obtained ag ree  w e l l  a i t h i c  the 

%hi t s  s f  e r r o r .  

We cam conclude t h a t  t h e  c r o s s  s e c t i o n  f o r  t h e  disssci.atfwe exc l t a t lon  

of cO(a311) by e l e c t r o n  impact on CO is  l a r g e ,  However, t h e  probable errors 
2 

i n  t h e s e  measurements a r e  a l s o  l a r g e  so  t h a t  some c a r e  should be  exercised 

i n  applying t h e s e  r e s u l t s  t o  t h e  a n a l y s i s  of p l ane t a ry  atmospheres, Thxs 

sugges ts  t h a t  i t  is  premature t o  conclude t h a t  e l e c t r o n  impact dissoe~at~ve 

e x c i t a t i o n  is  t h e  primary source  of t h e  Cameron bands i n  t h e  Mart ian 

dayglow. 
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Figure Captions 

F igure  1 Paulti-channel analyzer  p l o t  of t h e  t ime-of-flight d i s t r i b u t i o n  

of me ta s t ab le  fragments r e s u l t i n g  from t h e  dissociat iosa of CO 
2 

by 38.5 e V  e l ec t rons .  The channel width was PO usec, Peak 

he igh t s  of A and B depended on t h e  d e t e c t o r  s u r f a c e  used, 

F igure  2 Exc i t a t i on  func t ions  f o r  t h e  d i s s o c i a t i v e  e x c i t a t i o n  of m e t a s t a l e  

fragments.  Curves A and B correspond t o  t h e  e x c i t a t i o n  s f  

s t r u c t u r e s  A and B i n  F ig ,  1, re spec t ive ly ,  In  an at tempt  t o  

s e p a r a t e  t h e  p a r t i a l l y  reso lved  s t r u c t u r e s ,  t h e  following count ing 

windows were used: curve A ,  145 t o  PO00 w e e  wi th  a 50 usee gun 

p u l s e  and curve B ,  25 t o  55 usec wi th  a 10  usec  pu l se ,  A t  an 

energy of 50 eV with  a tungsten su r f ace ,  t h e  r a t i o  of curve A t o  curve 

B was 2.74. Curve A corresponds mainly t o  c0(a3II) where as curve B 

w a s  caused mainly by 0 ( 5 ~ ) .  






