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ANNUAL TECHNICAL REPORT

(Contrac t  No.  N 00014—76--C—0380)

MECHANISMS , BRANCHING RATIOS AND RATE CON STANTS

FOR EXCITATION PROCESSES IN RARE GAS SYSTEMS .

Summary

The work done with support from this contract can be divided into three

ca tegor ies:

I. Measurement of total quenching rate constants and branching frac tions

for  kryp ton hal ide f ormation for  me tas table kryp ton atoms reacting
with halogen containing molecules. These results can be compared to

similar da ta ob tained previously from this laboratory for  reac tions

of argon and xenon metastable atoms. The decay of Kr(3P2) and Xe(
3P2)

in pure argon also has been studied.

II. Construction of an apparatus which will permit the measurement of the

rate constants for electronic excitation of products from charge transfer

reac tions of He
2
+. These charge transfer reactions will be compared to

the Penning ionization reactions of He(23S) atoms ; some data have been ac-

quired for the latter and are included here.

III. Investigation of the applicability of the ionic—covalent curve—crossing

mechanism for the formation of Br2 ,  12
* 
and other excited states of

molecular halogens that have been demonstrated to be candidates for tJ.V.

lasers.

All of this work is directed towards discovery of new excitation processes in

electrically pumped rare gases that might lead to new visible and U.V. lasers or
to measurement of kinetic data that will be of value to modeling calculations

f or known laser systems .

Dr. Robert Chang and Mr. John Kolts worked full time on the contract. In

spite of this being the first year of effort , a reasonab le amoun t of laboratory
measurements have been made . This report will be dIvided into three chapters

according to the topics outlined above . A paper has been published describing

the work done in III, and the reprint of that paper comprises the section for

[II. The repor t for the othe r two sections has been written in a style that

_ _  _ _ _ _ _  _ _ _ _  A
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w ill permit expansion into manuscripts suitable for journal publication;

experimental data rather than extensivc interpretation are emphasized. In

addition to the data obtained for He(23S) reactions , construction of the

• apparatus that will be used to monitor He
2
+ 

reaction s is described in Section II.

I . D if fus ion , Two—Body , and Three—Body Deac tiva t ion for Ar ( 3P2) ,  Ar ( 3P
0

) ,
Kr( 3P2) and Xe( 3p2) in Argon and Total Quenching Rate Constants for Kr(~ P2)
with Various Molecules.

J. H. Kolts and D. W. Setser

I—A. Introduction

Interest has focused on electronic energy transfer reactions of the rare

gas metastable states, because th is class of reac tions is o2 cons iderable
importance to visible and ultraviolet lasers. In previous work from this lab—

oratory, the total quenching rate constants have been reported for the react—

ions ofAr (
3
P
2), Ar(

3
P
0
), Xe(

3p~ ) ,  and to much lesser extent for Kr(3P2) with
var ious quenching molecules . ‘ ‘~~~ These experimental measurements have emp loyed
the f l owing af terg low techn ique. As will be demonstrated by the data reported

here , the total quench ing ra te cons tan ts for  Kr( 3P2) generally follow the trend
established for Ar (3P

2
) and Xe( 3P2) metastable states. By combining the total

quenching rate constants, k
Q. 

with the rate constants for individual exit

channels , kqj; the branching fraction kqj/k
Q 

for individual exit channels can

be ascertained . The determination of the exit channel rate constants by etnis—

sion spectroscopy , will be the objective of our future work.

In addition to rate constants for quenching by additive molecules, preliminary

ra te cons tan ts for the d if f usion , two—bod y deactivation , and three—body deac ti—

vation rates or Ar (3P
2

) ,  Ar ( 3P
0

) ,  Kr ( 3P
2

) and Xe( 3P7) in a~g~n have been obtained .

Results for Ar(3P
2

) and Ar( 3P
0), which can be compared with literature values,

support the validity of the experimental technique. The two—body ra te cons tan t

for Ar( 3P
0
) is approximately ten—fold larger than for Ar (

3P
2); however, the

three—body rate constants are about equal . The two—body rate constants for

Kr ( 3P
2

) and Xe ( 3P
2

) resemble tha t for  Ar ( 3P
2
). The three—body rate constant

Lor Kr(3P~) is a factor of 3 lower than for Ar(
3P
2
); the three—body rate

constant for Xe(3P
2
) was too small to be experimentally measured .

I-B. E~çperimental Results

The experimental flowing afterglow apparatus was essentially that used

in previous work.’’
2’3 Argon metastables were produced in a cold—cathode

d ischarge ; the gas flow subsequentl y passes through a right ang le bend to

_ __ _ _ _
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eliminate effects arising from trapp ing of resonant radiation produced in the

cold— cathode discharge . Krypton and xenon metastables were produced by add i ng
either krypton or xenon to the gas flow upstream of the discharge . Enough

xenon or krypton is added to eliminate all of the argon metastable atoms before

the gas flow reaches the rcact ion region . Typical xenon and krypton flows are

0.10 mmole/nain and 0.60 mmoles/min , respectivel y. The Ar carrier flow is

0.152 moles/mm .

The reactor portion of t I i c  flow tube consists of 31 mm i.d. pyrex tube

fitted with a shower head reagent Inlet system and quartz observation windows

spaced along the flow Lube . Typ ical flow velocities are 80 to 90 meters per

second ; the pump ing was provided by a Roots type blower backed by a 50 1/sec

mechanical pump. Flow ti’~~ i• pressures were monitored using a Celesco Industries

PD7 pressure transd ucer , positioned at the mid point of the flow reactor. Argon

flows were measured using a Fischer—Porter floating—ball flow meter .

Th e concen tra t ion of Ar , Kr , or Xe metastables was followed by atomic
absorption spectroscopy using a modified Beer—Lambert law,

1

I = I [exp_a([M*]l)~~] , (1)
0

with y = 0.95 and [M* J being the metastable atom in question. Source lamps

used for the absorption measurements were Oriel Optics pen—ray lamps operated

in the AC mode. The optical system consisted of a 0.3m McPherson monochromator

fitted with a RCA 7102 photomultiplier tube cooled to approx imately 240°K. The

light beam was chopped and fed to a PAR phase—lock amplifier . The absorption

of the Kr 811.2 nm line was typically 23% for a tr iple light pass across the
reactor. This absorption corresponds to a metastable krypton atom concentra-

tion in the flow reactor of ~lxlO
1° tnetastables cm

3
. The concentrations of

3 3Xe( P
2) and Ar( ~~~ 

are higher by a factor of ‘~2.

Argon carrier gas was supplied by Air Products with a rated puri ty of

99.995%. Prior to entering the discharge , the argon was f irst passed at high

pressure through a room temperature zeolite trap and then through two low
pressure l iquid nitrogen cooled zeolite traps. Krypton and xenon was purchased

from Cryogenic Rare Gas Labs (Research Grade) and were metered into the Ar

flow without further purification . Reagents used for the determination of

total quenching rate constants were either distilled or sublimed under vacuum

several times before being mixed with argon diluent (85 to 90%). Most reagents

were stored in glass storage bulbs . Florine and flourine containing reagents,

which react with glass , were stored in passivated stainless steel containers.

Reagent flows, typ ically 1—20 ~jmo1es/min , were measu red by mon itoring the

change in pressure—vs—time in a calibrated standard volume. Without altering 

~~~--~~~~~~~~~~~~~ --• --~~~~~~~.-~~~~ -- -• .-~~~~~~~~~~• • - • ~~~~~~~~~~
- •--

~~~~~~~
-• • 

~~~~~
- •

~~~
-
~~~~
-•“••



w ‘~~~~ •
-
.

~~~~~~~~~~~~~

—-

~~~~~~

the flow , the reagent gas then was diverted to th e flow rcactor for the quench-

ing measurements.

To f ind D , k1, k
2 

and k
Q 

the f ol l owing  first order rate law was used :

[M*] 
D 

2in -
~~

j- = — ( —
~~

--—--—— + k~ [Ar I + k 2 EAr ] + k [QJ)t. (2)
A [Ar ]

D is the diffusion coefficient , A is the c h a r a c t e r i s t i c  d i f f u s i o n  leng th , k1
is the two—bod y deactivation rate constan: , k2 is the three—bod y deactiva-

tion rate constant , and k
Q 

is the quenching rate constant for the reagent , Q.

For low values of absorption , <25%, the Beer—Lambert relation can be used and

ln(ln I/I ) a ln[M*]/[M*]o. The concentration of the Kr(
3
P1

) and Kr ( 3P
0)

states were below the detectable limits of atomic absorption spectroscopy .

Thus, these states can not affecti the kinetics for Kr (3P2). Also the concen-

tration of Kr is sufficiently small that encounters between Kr(
3
P2

) and Kr
can be neglected .

In the absence of added reagen t , the pseudo first order rate constant ,

K ’ governing the decay of the metastable atoms is given by

Do 2K — 
2 

+ k
1
[Ar] + k

2
[Ar ] . (3)

A [Ar ]

The pseudo f irs t order ra te cons tants are measured by observing the decay of

[M*] along the flow reactor . The results for Kr (
3
P
2
) and shown in Figure 1

for the 0.5 to 3.5 torr range . In order to assign D , k1 and k2, these K ’

values were fitted to equation 3 using a non—linear least-squares computer

routine . The line in Figure 1 shows the degree of fit. The range of pressure

that can be used is rather narrow because as K ’ increases , [M* ] rapidly declines

at. the last few windows . A further limitation Is that the  Roots blower can

accept onl y 3 Torr at the entrance port without overheating. In order to obtain

hi gher pressure , it is necessary to throttle the flow, wh ich fur ther accelerates

the decay of [M*J along the tubular reactor. Additional measurements are needed

at hig her pressure to permit more reliable rate constant assignments; however ,
preliminary values of the rate constants are reported in Table I along with some

pertinent literature values. The diffusion coeffic ient and two—bod y de—exc itation

rate constants for Ar (
3
P0
) compare well with the results of Ellis and Twiddy;

however , the three—body deactivation is a factor of two larger than their value.

In the case of Ar ( 3P2) ,  our two—body rate constant agrees with the literature

values but again the three—bod y rate constant is larger than the generally accepted

value. We are unaware of any prior measurement of the decay constants for

~~~~~~~~~~ _ _ _  _  _ _  _ _  _ _
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F I G U R E  1

KR (3P2 ) IN ARGO N
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Tab le I I)iffusion , Two—Body, and Three—Bod y Rate Constants

—l —I 3 —l —l 6 —2 — i
System Do(cm sec ) k 1

(cm molec sec ) k
2
(rm inolec s c

Ar ( 3P
0
)+Ar (l.9B~4~O.l)XlO

l
~
8a 

(s.22±O.9)xlO
_lS8 

(2.~~ .O .g XlO
_32a

(l.77+O.l7)xlO
lSb 

(S.o±O.7)xlO
_15b 

(l.4+O .lS)xlO
_32b

Ar ( 3P
2

)+Ar (2 .O~~ O.l)XlO
l8a (0~ 75~0~ 3)~~10l5a 

(S.34+O.4)X1O
_32a

(l.66÷O.l7)xlO
l8b 

(l.O+O.3)xlO~~
5b (l.7÷O.2)xlO

_32b

1.76 1018c 1.23 ~ 10—15c 0.85 x 10—32c

Kr ( 3P
2
)+Ar (3.22÷O.3)XlO

lSa 
(l.69±O.6)X1O

_lSa 
(l.25÷O.7)X10

32a

Xe(
3
P
2
)+Ar (3.l4±O.4)XlO

l8a 
(l.73±O.6)XlO

_
~

Sa 
(0 1÷0 1) 10 32a

Kr ( 3P
2
)+Kr 1.52 x 10

l8d 
9.0 x 10

—15d 
5.36 x 10 32d

0.91 ~ 10l8e 
2.44 x 10

-15e 2.59 x 10
-32e

Xe( 3P
2

)+Xe 3.65 x 10-15f 8.5 x 10
-32f

a. This work

b. E. Ellis and N. D. Twiddy ,  J. Phys.,B: Atom MoIc~~. !‘hv— ,. 2 , 1~ f~6 (1969)

c. A. V. Phelps and J. P. Molnar , Ph ys. Rev. 89 , l20~ (1~~Y~

d. R. T. Ku, J. T. Verdeyen , B. E. Cherrington , and J. ( . h-~~, Thvs . Rev.
A8 , 3123 (1973)

e. C. J. Tracy and H. J. Oskam , J. Chem . Phys., 65 , 1666 , ( 19 7 6)

f. P. R. Timpson and J. M. Anderson , Can . J. Phys. 48, 1~~]7 (19 i)) 
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Kr(
3
P2) and Xe( 3P2) in Ar. The va lues  of I~r ( 3 P 2 tn  ki~~pt 1: . t , -~ i~~ ( I

xenon are inc luded in Table I f o r  compar i son i~urpose~~. In i i  .i ~~. ~~‘ 
-

bod y rate constants in Ar much smaller than Lii t h e  heaVi -r r i  r . I a I

L i i i  two—bod y ra te constants for Ar ( 3P2) , Kr ( 31’.1) and Xe (
3
1’ i i

t.o w i t h i n  e x p e r i m e n t a l  e r ror . The most i nt er e s t in g  f i n d  i i i ~ i t t t 1 t  t L . - t ~r . - . -

body ra te  cons tan t  fo r  K r ( 3P 2 ) in Ar is “normal” ; whereas , f o r  Xe~ t~~ie

t h r ee—body  r a t e  cons tan t  was too low to be measured (no te  t h a t  t h e  er r o r  1 iiii t

gives an upper limit of 0.2 x 10 32 
cm
6 

mole~ 
1 

see 1
)

For t h e  d e t e r m i n a t i o n  of the quenching  r a t e  c o n s t a n t s  by added r ea g e n t ,

t h e  [M I  is measured vs d i s t i i i i c e  for a f i x e d  c o n c e n t r a t i o n  of [(iJ and ~O lLS taflt

a r~ oIl pressure. The ex p er i m en t  is repeated fo r  v a r iou s  f l o w s  of r e a g e n t

(see f i gure  2 and a set  of pseudo first o r d e r  r a t e  c o n s t a n t s  f o r  v a r i o u s  Q
are ob ta i ned . Then rate con s t a n t s  are p l o t t e d  vs Q, see F i g u r e  3 and the

s lo p e  t r am t h e  resuLting l ine gives the quenching rate constants for various Q.

A c t u a l  d a t a  r e d u c t i o n  i s  done u s ing  l in e a r  leas t  square  f i t s ;  tv~~i cal standard

d e v i a t i o n  are +107.. ‘Ilie absolu te  u n c e r t a i n t y  is considerabl y l a r g e r  b ecause
ot u n c e r t a i n t i e s  in  t h e conversion of flow distance to flow times. The long—

- 3
t~~rm reproducibility was checked  by s tud y i n g  the react ions of K r (  P 2 ) + N F

3
m d  X e (  3 P .~) + Br , . Thr ee  sep a r a t e  e x p e r i m e n t s  were done for  each case u s i n g

t h re e  d i f f e r e n t  m i x t u r e s  with t ime p e r i o d s  between expe r im e t s  of up to ei ght

months. For each case th~ deviat ion f rom repor ted  va lues  was less  than 10% .

As -i check on our hand 1 iri g p rocedures  of f l o rin e  compound s , separa te  runs

were made on a laboratory prepared F2 
mixture and a commercially prepared F2

mixture. Rate constant values for Kr(3P1) + F2 for the two mix tu res  were

hi and 7 1 x lO~~~ cm 3 molec ’ Sec 1 
, resp e c t i ve ly .

‘flie w ork  done d u r i n g  the  past  yea r  has been focused upon Kr ( 3P 2 ) r e ac t i ons .

The results are tabulated in T a b le  2 ;  p rev ious  s tud ies  wi th  A r ( 3P 2 ) and Xe( 3P 2 )

are included for sake of comp le teness .  W i t h  the  excep t ion  of some of the reagent s

which have small rate constants , the values of k
Q 
for the same reagent tend to

be similar for all three metastable atoms . Three itoteable exceptions may

be C
2115, N2

0 and CO
2 

reacting with Kr(
3
P2

) ;  these molecules will be reinvesti ga ted

to further check the values in Table 2. Conversion of the rate constants to

cross—sectIons give cross—section values that co increase somewhat In the Ar.

Kr , Xe series, because the thermal velocity declines in the serie’; , i .e .

= k~ /<V> . The rate constant measurements are nearly comple t e .  We o n l y
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Table 2 Quenching Rate Const an t~ ( l O~~~
1cm 3 inu lec sec

. \r ~~
3

P , ) P r (  ~I’ . ) 
~:• - (

Reagent ~ (A~ )~ 
d J (A ) ‘

F
2 

7 i  132 72 146 75

Cl , 71 L-~ 73 179 72 193

Br 7 65 .47 61 178 (‘0 202

id 61 I 38 48 14 3 50 171

lBr 70

CIF 74 141 68 156 63 i54

OF
2 

57 107 53 121. 57 139

NOW. 48 95 51 139

N OF 36 68 47 io~ -~.i lOt

Ni-
3 

14 28 12 29 8

N
2
F
4 

31 65 33 90

CF
3
OF 42 90 42 11+ 143

SF
6 

16 36 18 51 23 75

SeF
6 

71 lOt , f3 24 6

TeF 6 
58 135 03 230

S02
F

2 
42 89

S
2
C1
2 

53 115 48 .129 49 150

SOW.
2 

67 145 58 163 58 iF?

CF, 4 8 0.07 0.? ~0.07 0.1

(F
3
11 ., L  64 I S  31 0 . 2  0 . 6

CF ’
2

[12 15 19 ~e•q go

CH 3
I “- - 91

CH , 1 3  ~~ 37 

-~~~~~~~~~~~~~~~~~~ .-~~- _ _ _ _



Table ~ con tinued _______

Ar( 
3p
~) 

~~~ 
‘~~

Reagen t ~i ( . A ) k
1~ 

u-(A~ )

C
2
H
6 

66 109 50 9 3 04 125

N
2 

3.6 5.8 0.39 .7 1.9 3.7

N
20 44 81 31 Ou 44 100

NO 22 36 16 29 25 48

SO
2 

58 139

02 21 35 16 31 22 44

H
2 

6.6 3.6 3 1.7 1.6 0.9

CO 1.4. 2.3 5.7 10 3.6 7.0

CO 2 53 97 34 72

Xe 18 40 16 46

Kr 0.6 1.3

_ _
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in tend to t n e , j s x x r e  rate c o l i s t  ant - , Ic , d1 ,  I) ., m l  a 1 mi~ i i  ~m i t  at et h e r r c  ~ t~~.

A L t e n t io n  t h a n  will be cive n Li  d eu  r ; i i l O l~~i x - l i t  s c ti, qu~~~rh i i i .’
react ions.

I—C D i s x -u ~ s ion a I Fcsu I s

Al t houg h t h e  v a l u e s  as s i gned t o  t hu .’ d t f t u - , i i . i i  .Oe t I i c i c r L ~~ , t i l e  t .  h u dy

deac t ivat ion r a t e  constant a and the thre e had v den , L j v 0 t  I ~n ‘ e x i 1 l ~~t i i  t s ire

I r e  I i n x i i n i t v , L u c y  a r t  s i l l  I icienhl y reliable to reach sor.~ - i c.at l ye ejiclu—

sio ns .  The d i f f u s ion , O e t  ic i e nt s  f o t  t h e  m t - L j - ,teI.l~ - L O T U S  ;mr ~ .,L1 ; O I i O 1  i c i

t han for ground state ate! ; ~ bee  a i l Se  01 I i t  I he  r e m ~~.’d p ii ~ -
~ ~a I s iz e  of L~~

t XL:  i ted s t a L e  a toms.  Al L hixi ug h t h e  e f f e c t  may Ia.’ magn i I ed 1 - .‘ cape r l : ; c L ;  t a 1
- . - . .  . 3

error , the di flum-iio ~ c oet l  i c i ef l tS  f o r  ~r (  P , ) and X€ - ( i , ) al~, ear t o  t e  1ar~,

t han fo r  A r ( 3P , ) ; a h l  arc in Ar. 11m is can be attr ih u ti 2 , at lCo~ t in part ,

to the conibinat ion of clie rgy exchiange and mas;; ,..lft u s  i n  I or r ~ in  :~r

This combina t ion  of processes  is known to lower t 2 t -  e pai it x bse r v, ,I d i  fru si ;
- Sc o e r t  [d ent .

The phys i ca l  i n t e r p r e t a t i o n  of t he  two—bod y de~ ct  iv ,xt j e l l  ir e. ss f o r  t i e

s ta tes  is not wel l  e s t a b l i s h e d . C o l l i s i o n a l  ~x cj t  . : . i~~c to 1 ; e  leve l ,

fo l lowed  by  s u b s e qu en t  rap id decay, i s hot co n a i~, t e : ~t w i t h  do n;orlv equal

magnitudes of t h e  rate constants found for ArLP
2
), Kr(

3
P2 )  and ~c

C
P 7 ) th

argon because the energy s e p a r a t i o n  between t h e  P
1 anh  3p a t  l I e S  ioc~~~.i~~ S

iii tile s e rI e s ;  607 , 9a , and 977 cm . Thu s ~- ‘n  l u s ij n is a u b r u r t c - i  b\

the l ack  of a t e m p e r a t u r e  cecil Ic 3 ent for t h e tx.o—I.cd y step T h u  ~ , t h e

wi - - l a d y  te rm may be col I i  sian  m d i  ed r a d i ; i t  i i : .  (o r  r i d  tat ive l . .~~- , , u ; I l I n et  ion )

\uother alternativ e is I l ie  I l o w i n g  ~ et  of p r ete -s - :Ls , w i  i t t or e uivtnieTlC e

f r  Ar (
3
Pa).

-- 

3 
k \

A r (  P
2

1 + 2Ar - L_~~ Ar 2 
4- .‘.~~

** k
8Ar --- —-—-‘ - ii + 2At2 k

+ Ar ~~~~~~~~~~~~~~ A r ( 3P7 ) +

The stead y s t a t e  e x p re s s i o n  g ives [Ar 2 1 = k I  -e (F )  1 . . 2~~ / ( k 1 j A r ] ) .

The loss r a t e  o f  A r [ 11 2 1 is given I)y

k~ k [A r ( 3P , ) I [ A r , ]
k B [Ar. ,  1 = ~~_ . . -

- 
k
8 

-4- k,, IAr J

~ind if k .[Ar ]  . ‘ k then an effective wi i’odv ihec; ;y ‘~v ec - results. The

** C 13
.-\r 2 is used t o  r e p r e sen t  hound Stat .- ; just ul i g . L :  v he - lo w  t h e  d1~~’.ec l i t  t O l l

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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l i m i t .  A scheme simi J a r  to t h a t  ~ihuva h u n  hat- n iv e ~ — - I  to) exp 1 ;u i n t i m

co l l isio n i n duced  emi s s i o n  from ()(
1
S) b y r a r e  gi s s. ~- t . - r i -  w- ’r~. d i e t l y

rena ins to be done to i’harac ter ize I hi ~~s -  t wi —body ira - c-sal S.

The most i n t e r e s t i n g  r e s u l t  , as w e l l  as thic mus t p e r r i u . -a t fur laser

systems , is the slow three— body process f o r  Y - ( 3P . , )  I n  a rgon . s in ce  the

th ree—bod y p rocess  r e p r e s e n t  s d i a t a t ; i i c  i - x e  Ou r f o r m a t i  i l l , t h i s  r e s u l t  is
- 9 1 0  -cons is ten t  w i t h  the f a i l u r e  t o  obse rve  ‘ emiss ion  f r om  an ArXe * e x cim e r

in Ar/Xe mixtures excited by discharge or a b s o r p t i o n  of via: U.V. resonance

energy . The ArXe * cxc im ~ r must have ii very s m al l  h i n d  iii ; energy . In

con t r a s t  the  ArKr * exc imer  eluission has been ohserv ed 9 ’~~
’ , w h i c h  I ; ;  c o n s i s te nt

w i t h  a “normal ” th ree—bod y r a t e  c o n s t a n t .  Dur ing the  ;- :.- t f ew  m o n t h s , we
3 .t 3

hope to study the vacuum l . V .  emissions f r o m  A r (  P 2 ) ,  ~e (  1 2 ) and h-~r (  P 2 )

in argon using the  d i s cha rge  f low apparatus .  Such obse rva t ions  should  h e l p

to charac te r ize  the  f i n a l  produc t  s ta tes  f rom the t h r e e — b o d y  and two—bod y

s teps .

Discussion of the  Kr ( 3P 2 ) quenching rate constants w i l l  be de l ayed

u n t i l  more is known about  the exit  channel  d i s t r i b u t i o n s .  At  t h e  p resen t

t ime KrF * fo rma t ion  r a t e  cons t an t s  f rom F 2 ,  NF 3, N 7F4, OF 2 ,  CF 3 0F , NOF and C1F

have been inves t iga ted . The results are tabulated in R e f e r e n c e  3. ihe

branching fraction for KrF formation was unity only for F
2 

and OF 2 .  In

general the branching fractions for XeF* formation tend to  be higher than for

KrF* formation. A special study
11 

has been d o i n -  w ith XeF
2
*. In t h i s  case ,

excitation transfer giving XeF , which s u b s e q u e nt  1.y p r~ d iss o cia t e s  t o  glum

XcF*, competes w :ith r e a c t i v e  q u e n c h i n g  g i v i n g  K r F k  ~ Xe -4- 1- . T ; -  FrF~

emission (at l o w  p r - s s u r e )  e x t en d s  f r o m  24 50 A t o  u l  ie . t l y Levam ~.1 195:) l •

The emiss ion  f r o m  the other kr .pt nu hal ides o. cu r  i t  ev e n  s l m - r t  or  w a v e l en g t t ~- .

Th us , vacuum IJ.V. observat ions are aem- essacy t a def m i t  ~ ly . m - S;i i c the exit

channe l  r a t e  c o n s t a n t s .  in d o i n g  t h i s  work , we intend to use the i n t e r n a l

s t andard  me t hod 3 w i t h  e i t h e r  C] 7 or F 2 s e r v i n g  as the  -
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l I — A  C o n s t r u c t i o n  of a Flowing A f t e rg l o w  A p p a r a t u s  f or  t he  u t i m d y  of He 2~ R ea c t  i - u i .

The construction of a new f l o w i n g  a f t e r g low a p p a r a t us  tha t  -u n g en er a t e  an d

monitor He
2
+
, as well as observe the  emission from c’l~~e Lrou. i i . : m l l y i x i  it i’d p r o dn r  t ; .

generated by charge t r a n s f e r  r eac t ions  w i t h  He 2
4-
, is the major c o n s t r u c t io n

project of this contract. The b lock d iagram below summarizes  the components

of the a p p a r a t u s .

Quadrupole

Spectrometer  
Gate  v a l v e

_ _ _ _ _  

Reagent
In l e t

_ _

Kechanical 

~~~~~~~~~~~~~~~ 

- 

~
_

-_ )wP r ~

V i e w i n g  port f or
‘tonochromator

The ‘-m ” pumping port
is denoted by the dot ted

h u e s . It Is used to
mr~ - the  4 ” ~ i p ~ he h  I d

t h e  ~econd p i n h o l e .  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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A l l  of the  e q u i p m e n t  necoled lo f  (li t ’ ii p e-t’ t rouciip ic em isu raineots ar e  ead i Iv

available in our l a b o r a t o r y . l I m e  o h i l a d r u i s ’  I i  i , i i - s i . 1, , i t i l lS  t ‘ i  , i l l &  i t  a - i

6 ’’ pumping  i -m t m t  ions also we Fe . m v . m  i T a b l e .  h owever , i t  so- - ~~~
- - . -- - i ’-ai ry  to -

~~~~~ 
h i  - ‘

t h e  large m e ch a n i c a l  pump , t i m e  Roo t s  b lowe r , m a t e r i a l s  tar ho; dit f e t e n t i a l

samp l ing  in l e t  f o r  the  mass s p e c t r o m e t e r , compollentu; b ar t h e  flow tuhc- , ~nid a l l

gas handling and pressure measuring coniponents . The p u m p  ing  sv s t  em t m m . i S m m - c i t

designed so t h a t  h igh p ressu res  ( - --10 t o r r )  can be ; i e e i - ~m t e d  b y t h e  bl e at . l i i i  5

is i m p o r t a n t  s i nce  }te~ is genera t ed  b y t h e  t h r e e — b o d y r i- -owl , ~ r i , m  I b its ot he

ions .  As of J~mu ar y  1, 1977 , a l l  of the  a p p a r a t u s  shown in tbi , .- d i i m g  rou t , t xee- p t

the electron gun filaments and power s u p p l y ,w er e  i n s t a l l e d .  How ev er , em

able work remains to be done b e f o r e  e x p e r i m e n ts  can ‘ c , h - r i ~ - . b i l e  H o St  i l e j .o r t ~~it

t a sks  are  t u n i n g  up the  mass spec t rome te r , wh i  cli  b i a s  n u t  bmc-~ n i u s d f or  abou t  iS

mouths , r educ L ion of v i b r a t i o n s  f rom the large pump , a d j u n t : i i - u u t  o f t he  S~~ZCS u I

the  p inhole  leaks on the nc se cones s epa ra t i ng  t h e  d i f f m ; r & n I i : u l  p u m p i n g  zon es ,

and developing the  “ proper ” b i a s  p o t e n t i a l s  on thc -  nose n on es  f o r  s : m m p l  ing of

p o s i t i v e  ions . We are in c h o s e  contac t  w i t h  Dr .  Dan A l b r i t t ; n  ( i f  t h e  N u i A . -\ labs

and w i l l  he f o l l o w i n g  h i s  adv ice  w i t h  respec t  to so lv ing  these a s c m l i  as

p r o b l e m s  t h a t  may develop , th i s  work  is being done by N r .  . J o i ~ - h 4 . l t s .  D u r i n g

t h e  f i r s t  y ea r , lie has mainl y supervised the shop p e r s o n n e l  in c o n s t r u c t i o n

of t h e  s ampl ing  interface and assembled components as ( b c - v become a v a i l a b l e .

John ’ s main laboratory efforts have been on measuring t h e  ac -t m - tab le K r ( 3P 2
)

reaction kinetics (see s e C t i o n  1). D u r i n g  the  f o r t h c o m i r t u  veer . John w i l l

divide his tim e between completing the Kr(3Pu) measnre mcutts and i ringing the

new He
2
+ 

flowing afterglow apparatus into operation .

11—B Ra t e  C o n s t a n t s  f o r  E x i t  Channels  Giv ing  E m i s s i o n  fr a n  l uonching of H e ( 2 3 S )

by Small  Ftoiel-u l e s .

R. S. F . Chang and 0. (4 . Setso’ r

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

- 1—4 5
fhe total quenching rate constants f o r  m e t a s t a b l e  and r esonance  states

i i i  t h e  r a r e  gas atoms have been measur ed f o r  mm v a r i e t y  of r ’ m m s e n t s .  For

quenching of t h e  n i e t a s t a b l e  a toms by ef ficient mo.Ite -uhu -i r reagents 1 a - - a t  r e l a t i o n

_ _  _  _ _ _ _ _ _
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has been found between the magnitude of the  q u e n c h i n g  m r m m u -; - sm- e r l ori s and t h e

coe f f ii’ ie imt 1 or polarizabi 1 ity
2 

of the re.mge ii t iris I -eu It - . Tb is cor r , -]  at b i t  I

ev idence  that  the m a g n i t u d e  of the quenching cr 55 - sec t i on is determined by

long range i~~t er a c t io n s  in the  e n t r a n c e  chor ine  I . H o m w e v t - r , t I ; e  c l i s t  r i h i tt i c i n

of exit channels is de te rmined  by subsequent  sho r t e r  r a n ge  i n t e ra c t i o n s  d u r i n g

the collision process. In order to more fulls understand the quenching rea ct tons ,

the exit channels need to be characterized. Our laboratory hits recently ass;;’rmed

some product distributions from the  quench ing  if the h im- av v m et a s t a b l e  ra re  gas

atoms .
1 

The present work i.s a c o n t i n u a t i o n  of our e t f i r t s  .in I d ea l s  ;ioin ly

with product distributions from quenching by He(2
3
S). Although the a v a i l a b l e

energy f rom H e ( 2 3S ) ,  19.80 eV , ex ceeds time i o n i x o t i o n  p o t e nt l~~l , t r a l

dissociation can be an i m p o r t a n t  ex i t  channel r a th e r t h a n  It . n r l i r i g  i o n i z a t i o n .

In this work r e fe rence  react ions wi th  known r a t e  constants f r  a g i\-’er ; erilbSS juIi

are used to assign the rate  constants  for  d issocia t ive  e x c i t a t i o n  of hydro-

carbons and Penning ionization of small molecules. The rc- - - i m : t i o n i - :  f N
2 

or

CO w i t h  H e ( 2 3S) y i e ld ing  N 2
+ (B) and C0+(B) are shown to be suitable reference

react ions for  emissions exc i ted  by me tas t ab le  he l ium a tom r e a c t i o n s .

Exp c r imental

The cold hol low—cathode d ischarge source and the  f low tube  used in t h i s

st ud y were s imi lar  to the desi gns p rev ious ly u t i l i z e d  f o r  obse rva t ion  of

emissions f rom reac t ion  of me tas tab le  ra re  gas atoms . 1 Al l  .mh sc-rv ations were

n~~de at a pressure  of 2 to r r  or less to exclude e x c i t a t i o n  f r a u  sources  a~~h m r

t han  the m e t a s t a b l e  a toms , I . e .  , a tomic  and molecu l a r  iora-~ o f l u e l i u n . The

c o n c e n t r a t i o n  of the m et a s t a h i  c- a toms were in t I m e  ~~~~ 

ti 
-- 0 ~ en i J l i S. e

Reagent  gases were mixed w it h  helium and s tored in r e s e r vo i r s . For most of ti m e

measurements , m i x t u r e s  of the  reagen t  mind r e f c - r e n c e  m o l e c u l e  (N ~ or GO) w e r e

prepared .  For these expe r imen t s  the  m ole f r a c t i c i m  of the  com g cn cn t s , but no t

the absolute  f low rates , are needed . Spectra  were ob tained w i t h ;  a 0. 75 m e t e r

J a r r e l l — A s h  m o n o c h r o m a t o r  f i t t e d  w i t h  CMI 9558Q p h o t o m o l t i p l i er  t ab , and SSR

p h o t o n  c o u n t i n g  r a t e  m e t e r .  Da ta  f rom this rn iiua ~- 1un ; ;uimt or w e t s -  t a k e n  wi t i t

computer  control  of the mono chromator  d r i v e . The r e sb onse of t h i s  d e t e c t i o n

- si -m t m m  was c a l i b r a t ed  t rom 190—8 50 u r n . Co r re c t ion  f i r  the  response  was done

V I i  the computer as the  cmi  s; Ion l o t  i r i s h  t I es w or e  i n t eg ra  led

t o - t m - n e c  Hoact Ions for Asslj~nrncnt. ul~ Diss ociative Cxc i t .;b i-cn Ratc Cotista .

T tmo ~ r o b ’  m ; o u m i - ; t , m m i t f o r  an ~ t s e r v s ’ o b  c n m l s u - m  hun l i r i m i t . - i ’  ca n he o’asl lv mms st gncm .I

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
A
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by comparison to the intensity from a r e a ct  ion channel w i t  Ii a ~n i o c i i i  r a t  t ’

In this sect ion the N .~ and CO reac t ions  with He (2
3
S) w i l l  he sh imwn m t o  Cc’ su i t i i i

r e t  erence react ions for He(23S) . The t o t a l  q u e n c h m i n g  r a te  c o u s t  m i n i t  f o r  CO

and N., have been measured several t imes
4 

using the f l o w i n g  01 to-rg low te-elmn ique .

The b r an c h i n g  r a t i o s  fo r  tire va r ious  produc ts  have been a s c e r t a i n e d  f r o m

ene rgy anal ysis fo the electrons 9 ’ 13 and f rom o b s e r v a t i o n  of e mi s s i o n  i n t e n s i t 1 ~~s.~~’ 14

These are l i s t e d  in Table 1. To assi gn the fo rmat ion  r a t e  c o n s t a n t s  f o r  the

v a r i o u s  channels  in Table 2 , we used the to ta l  ra te  cons t an t s  of R e f .  4a and th ie

b ranching  ra t ios  of R e f .  6a and 13 as being most r ep r e sen t a t i ve  of the

available data.

Experiments were done to confirm the expected ratio of for na ti - in u -a t e

constants for N
2
+(B_X) and C0

+(B_X) by comparing emission intensities f u r  t i re

same concentration of He(2
3
S). Assuming there is no q u e n c h i n g  of any of the

He
2(

3S) + N
2 

-~~ N 2
+ (B) + He + e

+ CO - -~ CO~
’(B) + He + e

emitting states, the relative emission intensity from a prepared mixture of N
2

and CO is given by ,

I
CO+(B_ X) 

= 

kco+(B)[CO] 
— 

oCO+(B) (PCO + He*) 1’ 2[CO] (1
1
N
2
+(B_X) k

N
+(B) [N

21 
- 

°N ~ (B)~~N + He*) 1/2 [N 2]

where I is the total emission intensity of the (B—X) system of the ionic species;

k is the rate  constant  fo r  producing the ionic species  in the B state via h{e(23S)

Penning Ionization ; o is the mean thermal excitation cross~ ~~~ tion; and ~ is the

reduced mass of the respective He(2
3
S) neutral system. Thus,a plot of 1

~ 1+ 1

‘N2
+(B_x) versus [CO]/[N2] will yie ld a straight line of slope kco+ (B) /k

N +(B )
Six prepared mixtures of CO and N

2 diluted in helium with differen t CO/N 2

ratios were added separately to the helium afterglow at a total pressure of 2

torr. By chang ing the flow ra te o f each prepared m i x t u r e  w h i l e  m a i n t a i n i n g

first order condition for the ionic emission intensities , six v a l u e s  of Ico+(B_x)/
‘N +(B.X~ 

were determined and averaged to obtain each point on tim e graph shown
2 + +

in Figure 1. The (0,0) and (1 ,0) bands of CO (B—X) and N9 (B — X) emission

Intensities were measured. Emission from v ’> l were not observed. After

correcting for the spectral response of t h e unonochromator/detector these bdnds

were used to scale the observed intensity to the total relative emisssion

intensities
15 

in the following way 

--~~~~~~~~~-—- -- -,--~~~~~~~~~~~~~~~ — - - - --—-- --~~ -
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Table 1. Rate Constants and Produc t Branching Ratios for He(23S) + N2 and CO.

a. Rate constants for the quenching of He(2
3S) at 300°K in units of 10

_li

3 —l —l
cm molec sec .

N
2 

CO Refer ences

6.96 9.85 4a

7.1 4b 
—

6 .3  4c

6.7 10.7 4d

10 17 4e

8.6 4f

b. Product branching ratios of the total He(2
3S) ÷ N2 and CO reaction rates.

4(B) 4(A) 4(X) References

41 24 35 13

41 19 40 9

co+(B) CO+(A) C0~ OQ, C * References

22 51 . . . 13

27 22 . . . .  . . .  6a ,17

22 58 . . .  9

53 17 26 4 14

_ _ _ _ _ _  ----- ~~~~-~~~~~ -~~~- - ------- .‘— --——---~~~-
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3
E q ,,~~ ,,O,v 0,v

E I o~~~,u = 1
0,0 3 - (2)

tm-t
0 10v

0 0

•
q1~~

,, 
1,v”

11 0  ~~~~ (3)
1, 0 1, 0 

‘

and

1TOTAL ~~ ~~~~~~ 
+ 1

1,v”~ ~ (4)

w h e r e q , , ,  is the Franck—Condon factor and v ,, , is the  t r a n s i t i o n  f requency  in

wave numbers. The scale factors for CO
+(B_X) and N2

+(B_X) are listed in Table 3.

‘ftc slope from Figure  1, as determined by leas t square fit , is 0.68. This can

be compared to the ratio obtained from Table 2, which gives k + /k
N 

+ 1 = 0.93.CO (B ) 2
This agreement is satisfactory considering the large number of measurements from

different laboratories involved in obtaining the ratio from Tables 1 and 2.

One advantage of N2” (B) and CO~
+
(B) as reference reactions is that only a

small number of vibrational levels are produced by the  Penning  ionization reaction .

Furthermore , most of the emission from a g i v e n  v i b r a t i o n a l  level  is concentra ted

in one band . The expe r imen ta l ly  measured re at iv e  v i b r a t i o n a l  band areas of the

B—X t r ans i t ions  are in good agreement with values calculated from Franek—Condon

f0ctors. The present data may suggest a mi ld  dependence of tim CO+ (B) t r an s i t i on

probabilities upon the r—rentroid ; however , this will not be discussed here.
+ +The r e l a t i v e  v ib ra t iona l  popula t ions  of N 2 (B) and CO (B) f rom the Penning

reaction are in good agreement with earlier work and need no further discussion.

One disadvantage of H e(2 3S) + CO as a reference  reaction Is tha t  the CO+ (A_ X)

emission is extensive in the 300 to 635 mm region and may overlap emission from

the o t h e r  react ions  being studied.  Since both N 2
’
~ (B) and CO+ (B) are produced

f r o m  He 2
+ and since N

2
’
~ (B ) is produc ed f r om He+, care must be taken to adjust

operating conditions (pressure) so tha t these Ion species make no sig n i f i c a n t

contribution to the N
2
+
(B) or CO

+
(B) emission Intensity .~~

7 
This can be done by

monitoring tim e vibrationa l populations of N
2
+(B) , since the appearance of high

v i b r a t i o n a l  l e v e l s  i d e n t i f i e s  the presence  of ions.

Si n c e  the He * + CO reaction was used :ms the reference reaction to determine the~

absolute cross—sections for emission of radiation as a result of Penning

I’- 
- 
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Table 2. Formation rate constants for the products of He(2
3S) -f N

2 
- n d  CO

reactions .

Ra te Cons tan t 
—11 3 —l -lProduct (in units of 10 cm molec sec )

+
N 2 (B) 2 .85

4(A) 1.50

N 2 (X) 2.61

Total 6.96

cO
+(R) 2.66

CO~~(A) 2.07

CO~ (X) 5.12

Total 9.85

Table 3. Scaling Factors for the N
2
+(B_X) and CO+(B_X) Transitions

CO+(B_X)a N~ (B-X)~

3Z q
v” O,v ,v 

1.69 1.45
3q

0 0  ~~~~~~

3
L q ,  ,, V
v” iv 1,v 

2 .52  3. 66
q 3

1

a. J. E. Hesser, 3. Chest. Phys., 48 , 2518 (1968).

b. F. J. Comes and F. Speler , Chest. Phys. Letters, 4, 13 (1969).

_ _ 
~~~~~
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io n i~~at  ion for al. l t h e mol c ’ciu les ~ttid iod h e -re , t i c -  R- c-n t r a~-y 0! t ~

~-x~- i t i u t  i ou  i-ro ss—sec t ion a t  (O+( B )  i t  s e - I t  become s crucial. Hurt ; m u i ~ Grahle
14

have’ r i -po r t e d  a CO
+

( B )/ C O
f

(A ) r a t i o  of 3 . 1:1.0 fruit Penning ionization , a value

~j 1 i 1 e  d i t t e r e u (  t ron the rat jo 1.23:1 .”) nk t e r m i n e d  in t h u i s  l a b o r a t o r y  u s i n g  the
- 3 . -

~~~~flIe cX 1)e r l f l t e n t a l  technique . i t  the  to ta l H e ( 2  S) q u e n c h i n g  c r o s s — s e c t i o n  f o r

CO we - re p a r t i t i o n e d  m e - c o r d i n g  to  H u r t  and Grable ’s results , the ratio el

t o  
N ( 1 ~) 

would be 2 . 1 5 , which is m o r e  than  three times larger than

t h e  c’x p e r i r n e n t a  I va lue  rue~msurc’d h e r e .

Ro sa  1 t s

~ h y dr ocarbons

Neutr al dissociative excitation pathways fo r  the  quench ing  of i l e ( 2 3S)
by ti m e simp lest members oh t h e  aliphatic , cyclane , aromatic , olefinic and

ac,’tyleni c h y d r o c a r b o n  ser ies  were  studied. Table 4 summarizes the spectra

o b s e r v e d  f r o m  each  r e a c t i o n . E x p e r i m e n ts  also were done in the vacuum u l t ra -

v i o l e t  r eg ion ;  however , o n l y  H Lyman—a ~mlssion was observed . No evidence for

ian - e l e c t r o n  recombinat ion  react ions as an excitation pathway was found for

any of thes~ systems. The dissociative e x c i t a t i o n  c r o s s — s e c t i o n s  f o r  quench ing

of He(2
3
S) by the hydrocarbons was measured by comparing the emission intensities

of eithe r CO+(i~) or N + ( B )  to the total emission intensity from the hydrocarbons ,

i . e .  — 1/ 2

‘CO+ (B_X) 
— 

kCO+(B) [C0] <GCO+(B) > (IJ
C OH *) [COl

k
~C

[Hc
~ 

— 

<°
~c

> HC_He*)
1
~
2
~~C1

li t  eas ies t  way t do the  mea su remen t s  is to compare i n t e n s i t i e s  f r o m  p repa red

m i x t u res s ince  t h i s  method insures  t h a t  both  reagents  are s u b je c t  to tire same

f H e (~~
3S ) ] .  [1 o v e r l a p  of the e m i s s i o n  f r o m  HC and N 2

+ (B) or CO+ (B)  p r events

U t  i t  i z a t i o n  of m i x t u r c ’s , t h en  t i r e  e m i s s i o n  i n t e n n s i t v  from 1{C and N~
+(B) was

o b t a i n e d  sep a r a t e l y under  cond i t i ons  ( low f l o w s )  such  t h a t  the intensity was

tirst order in reagent. These intensities , corrected for reagent flow , were
then compared to o b t a i n  n - I t o  c o n s t a n t s .  The t o t a l  e m i s s i o n  i n t m r , s i r~. - f rom the

hm y d r a m  rbonn- was obta  m e d  by m o n i t o r i n g  t ime  C i I ( A — X )  band sys tem and s ca l i ng  to the
t o t a l  emIssion i n t e n s i t y ,  ;m c c o r d l n g  to ‘fable  4 .  The d i s s o c i a t i v e  e x c i t a t i o n

cross— a -- l ions were deduced t roni the stopes of IHC/lco+(B_x) versus  [ H C ] / [ C O ]  

~~-~~~~~~~~~~ -~~~~~~ - - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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p lo ts  and are listed in Tab le 5. ‘The d i s soc ia t i ve e x c i t a t i o n  channel is only

8% of the  t o t a l  q u e n c h i n g  fo r  U e(2 3S) + C~ H 2 
and much lesn- f o r  CU 4 ,  C2 H 4 

and

c y c l o — (
3

U
6
. The C2

11
2 

r e s u l t  was s u r p r i s i n g  because the  f l ame  appea r s  s t r o n g  t o

the eye and e x ten s i v e  s p e c t r a  are ob ta ined  f rom 200—600 nm. Nevertheless , no ne

of tb~- features are really strong and the emission accounts for only 8% of the

total quenching. It is interesting to note that the CH(A—X) and C.)(A—X) are

dominan t in each of the reactions. The H* distributions always decline with

increas ing quan tum number.

ihe results ot this work can he combined with previous studies
7 12 

of the

i o n i z a t i o n  p a t h w ay s  to  h o t t e r  ch a r a c t e r i z e  the d i s t r i b u t i o n  of ex i t  c h a n n e l s  f rom

+ hydrocarbons. Herman and Cermak l2b have shown that associative

ionization does not compete effectivel y with Penning ionization . In molecular

beam ~tudtcs , analysis of the positive ions indicated that collision cross—

sec tions  fo r  ionizing reactions of polyatomic molecules with He(23S) and He(21S)

w er e  large (a~ the order  of 10 A )  and the ionic fragmentation pattern quite

extensive .
11 

The lack of emission spectra that could be attributed to ionic

emiss ion , except for the minor CH
+ 

from C2
H2, suggests that the electronicall y

e x c i t e d  sta tes of the ions e i the r  f r ag m e n t  or undergo i n t e r n a l  conversion be fo re

the occurrence  of r ad i a t i ve  t r ans i t ions. The negative results of the tests

f o r  i o n — e l e c t r o n  combinat ion spectra  suggest that the observed neutral emission

mus t  result from predissociation of RH* states formed in the primary process.

Table 6 is an attemp t to compare the cross—sections for different exit channels

of He(2
3
S) + hydrocarbon reactions. Since the helium metastables in Ref. 12a

consisted of both He(2
3
S) and He(2

1S) ,  the data in the first column of Table 6

c a n n o t  hon compared with the rest on an absolute basis. Also , it should be

no : ~-d hot t he  mbso lute ~ ross—sect ions f o r  t o t a l  i o n i z a t i o n  obtained by beam

r n o - a su r e m en t s ’”~’19 yield consistentl y higher vaLues than the total quenching

c r o s s — s o - a t  ions o b t a i n e d  by flowing afterg low measurements.
4a 

The discrepancies ,

w e l l  ou t s i d e  the combined experimental uncertainties , are still not totally

Cxi) i~ m m e d  ii though t h e  f i n d  ing of a t e m p e r a t u re  dependence f o r  the quenching

rote constants explains many of the discrel ancies .
4b
~

l9 
One must , there fo re ,

e x er c i s e  c a u t i o n  when compar ing  c r o s s — s e c t i o n  da ta  obta ined  by d i f f e r e n t

methods .  However , it is evident  t ha t  i o niz i n g  co l l i s ions  dominate  the tota l

quenching of He(2
3
S) by hyd rocarbons.

--

~

-

~
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Table 5. Dissociative Excitation C r o s s-S e c tio n s  f o r  Quenching  H e ( 2 3S)

Reactant ~ (A2)a a total (A2)
b

lie
a total.

Cl!
4 

0.06 9•8 4a 0.006

C
2

H
2 

0 .97 l2c 
— - 0 . 08 1

C
2
11

4 
0.27 l5c - -‘0.018

cyclo—C
3
H
6 

0.17 22’~ ‘~~0.008

*
a. a is the dissociative excitation cross section determined in this study.He

b. a total is the total quenching cross section for He(2
3
S) with ftC.

2 la
C. Estimated from the correlation with polarizabilities or C

6 
coefficients.

_ _  



- - -i--
~~~~~~~~~~~~~~ - - -  - - - ~— - - ~

-26 --

SQ
S
r4
.5
U -.-’5 6 0  ‘-S ~~~S -P-S

0) .0 .0 0
Ci • —‘ —-‘ —

~~~~~~
. a~ c-~ LO C’J

64-4 ~ l .—l C 1
a)

)
0 4-i ’---’r1 0

a;

11) 5 5
CO

(~-1
0 )-i

a;
03 ..-4 ,...
.5 U p -.
4) ‘-‘ ~ - ‘ 0  - -.,-4 C’4 1 4 5
~ o -e i-i ~o r-. r—. f—.

CD a-. c—i .-1
CO 644 C- -5 0 .-l U) 0 0 CD 0 5o u ,-t 0
0 Ci) 6 0 .5
4-~ 4) •.-4 E-I 1-4
60 ~~ c. —-’ u
Ci 5 0
o Ci (1) Ci)
1-4 (1)

S •.-4 CO
~
,-, .‘-4 Sm tim

03 ‘.-d 0
‘H U) 0o ~0 5

CO ~-4 0
5 4-1o u ,—~ ,-~ 4)

•r-4 0 3 , s ,0 CO CO
4) U) c.) c—i ‘-‘ C—I If)
0 ‘—‘ ,—4 • 0 .—4 •
CC (I) 4—I .5 0 0 .5 5
0) (0 P.-. • • • 0
~ 0 ~—.‘4-4 5 0 0 03

4-1 4—l W V V
‘H 0 -‘i~~~~ DOo

tim S
—4 03
03 03
S P1

0
.5 60 4.1o ‘V a-.

~~~~5 ,-I If) • . . 03
4-1 0 • .5 ‘5 ‘5 0

• F— • . .
1< 4 ) ’ H  C-’l S 03 03 4)

t o w  to

• C) 03
‘.0 0 0

F-I
a)

‘-I tO 03
.0 CO C-.1 •
CO 4-1 r 1 ‘5

0 .0 a~ 0 • 4)
1-4 • .-I c--i 03 CC

‘4-4 CO ~~0) 0) 0
PC .5 Ci 0
5—.- 03 ,—4 CO

03 (0 0)
.‘4 ~ CO

0) 0) 0
- 4-1 4)

‘.0 03 CC 10
60 03 .5 fl 0
a) -.-4 .,-.I

0 U U 1.-)
hi I 0 0 60
O 0 03 0) 1-1
0) c—i ~~ p-I
r-1 03 0o 03 c--I C--i ~~-,>1 Li C..) 0 Li CC ,0 C)

A



_ _ _ _

He(2 3S) + N 2
0, CO 2 and °2

The experimental techn ique described for the hydrocarbons has been

extended to study diatomi c and triatomic molecules known to giv e extensive

emission in the 190—850 nm spectral range from He (2 3
S) reastions. The results

ot some preliminary investi gations are included in Tab le 7. Emissions from

excited parent ions dominate the observed spectra. Weak neutral emission from

N2(B—A) was observed in the He* + N 2 0 reaction and CO(a 3FI+X~~+) was observed from
H e (2 3S) + CO

2 . Both of these neutral processes are thought to arise from

b ination of molecular ions and electrons. However , the atomic lines of oxygen

arise from primary interaction between He (23S) and 0
2

18
. An interesting obser-

vat ion from the N
2
0 reaction is the appearance of the N

2
+(B_X) emission at hi gh

Pressures: Formation of N
2
+
(B) requires an energy in excess of 19.8eV and we

assign this reaction to charge t r a n s f e r  wi th  He , giving an N 2 0 s ta te  t ha t

predissociates to N 2
+ (B) + 0. The N 2

+ (B) vibrational  d is t r ibut ion has maximum

population at intermediate levels. Detailed interpretation of N
2
0+ and CO

2~

spectra obtained from He(2 3S) + CO 2 and N
20 is planned. Also , addit ional work

will be done to assign cross—sections to emission processes from other molecules
reacting with He(2

3
S). As soon as the He

2
+ apparatus is operating, the excita-

tion processes from the He2
+ 

reactions will be compared with these He(23S)
reactions.

Table 7. Cross—Sections for Emission from N
20, CO2 and 0

2
.

Reaction Observed Emission Spectra Cross—
Sect ions

He(2
3S) + N

2
0 N 20+ (~

2
~~ x

2
11) ~~~

He (2 3S) + CO
2 

+ CO
2
+
~~

2
1I
u 

~4fl
g
) 13.9 A

2

+ co +(~ 2~+ ~~~~~~ ~ 
2.48 A2

CO~ (a~ U + ~~~~~~ 0 0.3

He(23S) ÷ 0
2 

0
2
+(A2fl u + X

211
g

) 1.29

* 02
+ (b 4 l~~ -

~ 
a
4TI
~~
) 2.48 A

-~~ 1.61 A~

(a) Includes oxygen atomic lines observed in the 190—850 nm range.

(b) The C O ( a ) , as well as+oth er C0* s ta tes  , r esu lt s  f r o m  e lec t ron
combination wi th  CO 2 

(X ’) .  
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111 . Quenching React ions of E x c i ted  A t o m i c  h a  logen St ates (np 4(~ + % ~~~5) h )y
‘-lo l e r -t i l a r  Halogens.

J. H.  K o l t s  and D. W. Se tser , J. App.  Phvs . , 48 , 409 ( 1977) ,

I).-purrment of (‘h.’tn ts:ry. I(u n.as Srure University . Ma~hatian. Kana~s i56506
tkeceiveil 12 July 1W 76)

Ihe reaction of ..-kctrouiicall y excited state 13r (4 p ’, Ss)  atoms wit h Br2 and Br! produces electronicall y
exc ited Br’ - which gives a comp lex enhisslon system iii the 190-350-nm region In both cases the
excitation reaction probably itivo lves bromine atom transfer with formation of Br~, Similar reactions may be
ex pected between other excited np ( a + I).. halogen atoms and suitable halogeii donor molecules. These
esperinsents were done in a flowing-afterglow apparatus at I— 8 Torr; the Br’ atoms were generated from
,iiteracttO,1 is t the precursor molecules with nieiastable argon atoms or with melastabie helium atoms
Under high-pressure excitat i(sn condItions , formation of Br by reaction of Br’ with Br 2 followed by
vibrational relaxation may contribute to the excitation mechanism for the Br; laser system initiated by r- -

beam or discharge pumping of Br /Ar mixtures

PA CS numbers: 42 55.Hq, 3450 Hc, 82 20 R p, 82 30 Cf

Laser action recently has been observed on the Ar( 3P 2) -fBr2~~ ArHr’ 4 Br
tiiotee ula t- bands of 12 (342 nmY 2 and Br, (292 nm) . 3- 4 

Ar +Bi-~ (5s) -f BrThe speetroscopic assignments are not well known 5;
however , it is accepted 5- 7 that  the upper state is of the — A r  +Br ’(5s ”). (2)
ionic type and that the lower state probably is a member The Br~ (5.s ) and Br’(5.’c ”) are thought to be formed viaof the f i rs t  exci ted triplet manifold. We shall denote predissociation of the initially fo rmed ArBr ’. Thethe uppe l- state with an asterisk without attempting a Br ’(5c), which have the distributionInure definit ive identification. The mechanisni(s) for

.4/ )producing the upper state in the discharge of e-beam- 2P ~2P - 4P ~~~~ 2 .  5 j 21 J 2  3 J 2 ~~ 1 J 4 ~~ 3 /
pumped argots/ha logeis mixtures is not estab-

= 0. 12 :0. 20 :0. 11: 1.0  . 0 801o~hi-d . ~~~~~~ In this  work we have investigated the reac-
t ion between excited Bs- (5s) atoms and Br7, which has constitute more than 98~ of the observed emission .
been suggested4 as an excitation mechanism , Some very weak Br~ emission in the 200—3 00-ntsi region

Br*(5s 4P 1, 2P 2 ) + Br2 —- Br~ 
-i Br. - ( 1)

Based upon the observation of Br emission , reaction
1) does provide a possible way for forming B~~ . A A~~~4 81

2simil ar i-eaction also was found between Br ’(5~ ) and
Br! .

The experiments utilized a low-pressure ( 1— 8 Torr)
flowing-afterglow apparatus.  Metastable argon (the 

)
~ 

~~~~~~~~~~~~~~~~~~~~~~~
r :itio of 1P 2/ 3 P, is — 6 : 1 )  or metastable He(2 3S) atoms

through a hollow cathode discharge. 9 , 10 The reagents
were produced by flowing prepurified argon or helium

core added coaxiall y to the flow of nsetastab le argon
tt ons .s a f e w  milliseconds after the discha rge. Emission
from 190 to 800 nm was observed with a 0. 75-rn Jarrel-
Ash nionochromator fitted with a photomultiptier tube 230 280 

-

and a SSR photon counting rate meter . Previous stud-
ies °5 of the Br 2 4 Ar ( ’ P2 ) reaction have established the FIG. 1. Spectra from Ar’CP9,2) Br ?. The bromine flow was

4 . 5  pmoliisiir~ (correspo nding to a concentr at ion of 4.5 X 10i~( luenching rate constant of Ar ( 4 P 7 ) by Br7, 66 x10 ° molecules crn~ ) with a now tube pressure of 3. 1 Torr . Fullcm ’ rnolecul& ’ sec ’, and the main pr imary productions , scale (‘or respolsds to 3000 on the rate meter , the spectrometer
i s shown in reaction (2).  slit width was 100 p .

109 Journa l  of App lied Physics , Vol. 48, No 1, January 1977 Copyright i~) 1977 American Institute of Physics 409 
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