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REPORT SUMMARY

Efficient scaling of mercury monohalide lasers to high

average power requires knowledge of the processes responsible

for the formation and quenching of the upper laser level. From

the formation kinetics one can determine the upper state pro-

duc tion efficiency . The quenching kinetics enables one to choose

the appropriate mix and determine the laser saturation flux. These

processes together with the upper and lower level relaxation in XeF

have been studied this year at AERL.

In this report we outline the investigation involved in

determining the quenching of HgO~ * (B 2~~~,2) and HgBr* (B
2
~~~12

)

which are the upper levels of these laser systems . Collisional

quenching by the rare gases and various halogen donor candidates

was measured using a Xe flashlamp to photolytically pump HqX ,

(X = C~ , Br ) salts to produce HgX* B state.

Measurements were made of rates of quenchinq of HqCQ *

(B 2~~~,2) by He , Ne , Ar , Kr , Xe , N2, C~~~, HC~~, and CC~ 4 at pres-

sures below 3000 torr and of HgBr * (B 2~~~12
) by He , Ar , Xe , N2,

Br2, CF3
Br , CC¼~3Br at pressures below 1000 torr.

Lasing and fluorescence measurements at AERL on the HeC~ *

• system indicate that none of the measured rates is fast enough

to explain the resul ts. A possible candidate which we have

ident ified that could rapidly quench I.fgCc* (B 2~~~,2) is Hg. The

rate of quenching of HgCQ* (B2~412
) by Hg is an impor tant r a t e

1’ ‘~~
‘
~~ 

-
~~~which should be measured . lr/
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I. INTRODUCTION

Efficient scaling of mercury monohalide lasers to high

average power requires knowledge of the processes responsible for

the formation and quenching of the upper laser level. From the

formation kinetics one can determine the upper state production

efficiency. The quenching kinetics enables one to choose the

apj ropriate mix and determine the laser saturation flux .

An apparatus has been set up in which measuremen ts of the

formation processes viz.

Hg * (3p
1
)

+ A X * H g X * + Ar (1)

Hg* (
3p

0
) -

(where X = C2~, Br) are presently being made. A schematic diagram

of the apparatus is shown in Figure 1.

Quenching measurements have been made in a second device.

In this device HgCQ* is photolytically produced by optically ex-

cit ing HgC Z
2. The same apparatus can be used to excite other

metal and rare gas complexes. The device is small , allowing

rap id screening using repetitive pulsing and signal averaging

techniques. A detail description of the apparatus appears in

Section II.

Measurements of the rates of collisional quenching of HgC~ *

(B 2 
~ i/ 2~ 

by He , Ar , Xe , N2 ,  CQ~~, HC Q. and CCQ
4 are described in

7
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5~~ t i oa I ll . St t ’ati\’  St ate measurements are uuua de o f  hIqC~ 
* I t i e —

iO~ .C t ’f lcO by photo  I\~ i nq Hq C 
~ 2 u s l n LJ  Xe~ rad 1 a t  i o n .  A bac k 5~ cund

~‘.rt’ssure of IXel ~ 100 tori ensures that the hI5 iC~~ IS  V L I ’ ! 5 1 t i c r : —

al I y i-el a xed , lie , Ar and N 2 e x l I I  hi ted suxua I I q i r o n ch i  n~r r a t  e:;

whi lo Xe did exlxib i t 5u t h re e  body dependence or h - u i pre: sure

These rjtcs li t ’ do t i v e d  by usi nq an t ’S t ~xna t e’.i IL ~ C * (B 
~

- /
11 t e t i m o  of ~~~~~ n:;ec.

A s i ‘ m i  t I ca n t  number o t measu remen t s  has been made c 11cC C *

and I l qBr  * quenchi nq . Tab It ’s I arid 1 1 sunmxa r i  ::e t he t o : ;  u I t s o

these  n ieasu rement s .
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TAB l~l’ 1

ihiC . * QU EN Ch iNG

tAssuminq I1qC~ * — 2 ‘.~ 11500)

k
Q

— ‘ ‘  ~ —14 ~l Ie  ‘~ x 0 — eriC 3 . ‘1 x I — cm / sec

— 22 3 — 1 4 3
No . ‘ x 10 cm . 5 x 10 cm / sec

— 2 1 —14 3
A r I . 1 x 1 0 cm 3 . S x 1 0 cm / uw x

1 . t ’ 1 o 
2 1 5 . x io~~ ~ cr113! sec

3 — 1 3 3
N t ’ ‘) x 10 cm . 4 x ii )  cm / sec ( bod y )

2 . x i o 
40 

cm~
’. 

‘1~ 2 x 1 0~ 0rn
b / sec ( 3 body)

— 2 1  3 _. —14 3
N 1 . 4 ~ 1 0 ciii 4 . / x 1 0 c in / sec

~ 10~~~~
’. 

~‘m~ 1.3 x l 0
_ 1 0  

cm3 / s e c

LIC~ 2 .  5 x ii) ~ cm 3 
~~ . x 10 cm / s ec

r 10 3
3. x 10 cm I . X 10 Oil / 500

j
I i~
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II. DEVICE FOR QUENCHING STUDIES ON RARE GAS AND
METAL HALIDE EXCITED COMPLEXES

A new class of molecular lasers has been developed uvl~r

the past few years -- the exciplex lasers . These lasers in-

c l ude the ra re gas h a l i d e s  af which  Kr F ,W XeF~
2
~ and ArF~

31

appear to be good candidates for high efficiency and high power

arid the mercury monohalide lasers of which HgC’.~~
4
~ and HgBr~

5
~

also appears to be good candidates. Althoug h the spectra of

thcse species have been excited in various ways they are not

f u ll y understood . Low pressure studies using either a flowing

aftLrglow or o-beams generally exhibit broad spectra since the

u:p€’r state is not vibrationally equilibrated. At high pres—

sure using either e-beam or electric discharge excitation , the

intense laser bands become significantly sharper and for cases

where the lower state is bound the transitions to different

vibrational levels of the ground state become resolved. These

i onditiofls are similar to those which result using high pres-

sure laser mixtures. The c-beam or discharge approaches , how-

ever , have their limitations for certain kinetic studies. The

main problem is the complexity added to the analysis due to the

presence of large electron densities.

A new instrument is described here in which the upper

leve ls of these laser systems may be populated by using photo-

lyt ic pumping, at various pressures , in the absence of electrons.

13
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This compact device can be of use in spectral and kinetic studies

at qas temperatures up to several hundred degrees centigrade .

Measurements have been made , to date , on merc ury chloride~
6
~ and

mercury bromide. This paper will describe the experimental

techn ique and its application to the measurement of me rcury

chloride kinetics. A more detailed analysis of these measure-

nnents will be presented elsewhere .

Excited mercury chloride is produced photolytically from

mercuric chloride vapor

h~ + HgCi~ -~ HgCQ * +C / .

Wieland  has examined~~
8
~ the exc i ta t ion  of the mercur ic  h a l i des  -:

in deta i l  and has determined that  absorpt ion at A 1810 R ma x-

imizes production of HgCI * (B 2
~~~,2 ) ,  wh i l e  for  mercuric  bromide

A = 1950 R max imizes HgBr * (B 2~~~,2). If on the other hand , one

wished to produce HgBr * C or D state then one could pump at 1700 R

or 1600 R , respectively. Thus , the spectra and excited s ta te

kinetics of the various mercury ha l ides, other metal  halides and

even the rare gas halide systems , all of which are of current laser - :

interest are accessible for study in an electron free environment.

A schematic diagram of the experimental apparatus is shown

in Figure  2.  The reaction ce l l  con t a in ing  HgC C i s  heated in a

dual oven arrangement. The reservoir portion of the cell is

maintained a~ a temperature , T1, which is typ ically ~ 90°C pro-

viding a HgCQ
2 vapor pressure of 50 pm. The main body of the

cel l  is at a higher temperature , T -
~ 200°C , to ensure that rio

mercuric chloride condenses on the sapphi re cell window.

14



The Ye lamp is made ci qu ar t  ~ wi tix a sapphi N’ out put W i zitlow

( 1 )
* s i m i l a r  in  d esiqn  to one descr ibed by H o f f m a n , Ta nak a  and l a t  . r ~ ci ’.

The l amp is drawn e s s e n t ia l l y to seaL ’ i n  F i q u t e  2 i n  w h i c h  t l i t ’  c~~ ’ I  -

S

f l - )  iackot is 25 mm in  d i a m e t e r .  Re] iab l e  opera t ion  i s  achieves- I us—

S In s -; AC e l ect  rodes of 99. 999% purity and evacua t i nq t h e  l amp ar i d  c. I I

t o  the low 1O 7 torr rans-It’. The lamp is run w i t h  pure  Xe at. 
~~~~~~~~~~~~~

sures between 150 t or r  and 250 t o r r  much in the same way as d c ; ;c r  i h .~~!

by Gedanken , o t a l .  ( 10) The emiss ion  f rom the l amp in the v a c u u m

ultraviolet is f rom Xe2
* and peaked at 1750 R , howeve r , t ilt ’ l .imp a i r : . ’.

emits throughout the ultraviolet and visible spectrum . Sirict’ the

il.iC~ * fluorescence s . iqn a l  of i n t e res t  is a lso  in the V~~~ r; ib l e , t h e

l amp backqround at these wave lenq ths  is reduced by the use 01 a

f i l t e r  peaked at 1810 R. For measurements  on mercury biomi do a

t titer peaked at 1950 R has been used.

The Xe lamp is pulsed with 20 kV at 350 Hz with a pulse—

w i d t h  1 11500. A s chemat ic  d i agr a m  showing t h e  p u l s i nt i  c i x c u i t

shown in Piqure . IiqC~ * f l u o r e s c e n c e  s ign a l s  ir e  det_ e ct  t ’tI

o i t  her d i  root  ly  OIl a pho tomul t i pi  icr  t h r o ugh  an 80 ~r m b .xrid p.i ;; :;

f i l t e r  to isolate the 13 -* X emission bands or through .1 mono—

ch or -m ator  ( A\ = 6 r im )  as shown in Fi gin o 2 .  The s i qn a  Is are

ave raged on a boxcar m t  eqra tor  (PAR Model 1 ( ‘ .0 )  and d i  sp I aye.1

on an x — y  recorder .  Typ ica l  sp eet i-al  dat  a arc  shown iii Figur e 4

The top t r a ce  shows the  observed HqC~ * eflu i s s  lol l  s- sI’ .t ,i i fled W i t 11

~‘.0 ix p r e s s u re  of hI qC ’ 2 • The t i m e  t o  sweep t h x -ouqh such a sps- ’c~

t rum i s  rouq h l y  I S m m .  The bot tom t r ac e  of F i q u ro  4 shows .1

u s  C ’ * em i ss ion spect  rum t . iken undo r cons-I it ions s i iii I ar  t o t ho t op

r ace but  with 20 0  t o r t  of Xe buf fe  i gas  as-Is-led

1AVCO E V I  FRE T 1
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HQCI *EM I SS J ON SPECTRA

I I I I I I I I I Ii  I I I I
3 —

[Hg cA 2J . 5O~&m (V’\
[ x e j u o  J

2 -  ( 
-

( a )

I I I I I I I I i i i I
3000 4000 5000 ( a )  6000

~~
5 —  I I I I I I I I I I I I ~I I I —

z

U)

— 

(HgC ~2]ui 5O~~m 
-

[x.] • 200 Tor,

3 —  —

( b )

2 —  —

I I I i I L I
3000 4000 5000 

~~~~~~ 
6000

W A V E L E N G T H  (4° )
H 34 S0

Figure 4a Measured HgC~ * F~~ission wi th ~~Hq C 5s
S

) J = 50 pm

4b Measur ed HgC~ * Emission with lH qCt 2 l = 50 pm and
(Xci = 200 Torr. The signal scale is the same
as in Figure 4a.
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c i  s- ’Z i t ’t bet  W t’ t ’li t ho two t ra ce s  s-)t’cUrs bt’eatx se in t he t I ; ’ pt i t i I s - s -’

t l it ’ Us -i C * ([3
S 

~~ / ‘. ) v i b r a t  iona I m an i  to Is-I i riot i s - I  axed so t h a t

t ill I 55 I O f l  I t oil V ‘ 0 , I , 2 , 3 e t c .  I S pr e s e n t  and t o s i l  I t : :  111

‘V t ’ I I app i ng ba r ids  w h i c h  b roatl t ’ii a rid s-li I I use t lie spec t rum nea is

‘ b O O  R. lxi as-Is-I i I ion a broad shoul  s-It ’ r appear s  w i t  ii s i  s - i n  i I i c an t

• coni trib ti t ~ofl extt’tidins-j ts-) r o u g h l y  1750 which 1:: ident it it ’s-I

w i t h  tran smit ions f rom D
2
’ l evels v ’ .~o—~~’s- is -’ . ~~~~~~~ t i . ’ i e v s - ’ i - ;

- S V “ O~~~ s- . When Xe i s added at prs -’SStlit ’S above l Ot )  to r i the s-ippt’ x

v i brat i on•i I man i t s - ’ .  I s - I  of  Us - i C C * (iCY 
~ / ~

) is x e 1 axes-I. Thus , in  1- ’ i q—

ur c 4b t lis -’ v i i i  ous vi b r a t oxia I t t ins i t i ens ( 0 , v” ) a ic ci s - a n  lv s-Ic—

i ned w r t ii t h e  most i n t  e n x s e  peak  a t  v 0 ‘ = •
‘ 2 .  1’lii : ;  p1 cpa I t ’S

lie in i t  i a 1 s i  a t  s- ’ of t l i t ’  s y s  t o r n  m s -) r s -’ p r L’s-’ 1 St ’ l~ ’ s- i l l s - i  niakt’:; st us- I I s - ’ :; s- ’ . t

I s - ’ r examp Ic  , s-iuericti i rig k i net icr ; of 1 3 Y  
~ 

(v ‘ 0) t x j  i t i l i t ox  t~ a i s - I

I ii t l i i  s O pt  i c i  1 pump i r ig  t s- ’s- ’ u i t i  iq ue , the  k i riot I or: 1:1 1 1 \ 1 :;  c i i i

be s- ’ornp l icates -I by the p i t ’ r:t ’t i s- ’c s - s t  s-pxt ’tit _’hx ns-~ s- ;a : ;  •i 1sr ;oi~ ’t i o n :  S i t  I i i

i s-l im p wave 1 efls-~t i i .  An il s - s o t pt i t ’ . r i  s- ’t ’ I 1 1 0s- ’ i t cs-I i’s - f  Wes - ’ nx t he I .1111; ’

F r~~’ac t i s - s - n i  ct’ 1 1  I :  u ses-I  i r i add i t x s- sna I t ’xpt ’r Inierit t s- s m s - i  or t ’  t 1; ’ . - i t ’ —

s- s i  s t  i on ‘._~ toss sect x on: ~; s-g  h~’ v a t  i ox_ i s s-~x _ x exis -’h 1 f l s - j  q i  so S i t  t l i t ’ s- - —

s- ’ x t at  i o n  Wave i s -  ‘n qt  11. 1 n t h i  s- ’xpe i im en t  s - i l  s - s - m t i s -i tx r i t i on  I l i t ’

1 1 : s - ’ r p t is-sn •it 18 ii ) ~‘\ i ~: x i x e • t : : t x t t ’tI IS’. li i I i t i s - i  t u s - ’ ~t ’ .~~s- ’.~ 1~ t ~~~~~ s- ’s- ’ I I

1 ‘I
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~ i t  i i t l i t ’ s - j U s -’ l i s - ’ li  i l l s - I  ‘ 1 , 1 5  511i s - t Ills - s -li I t s - s t i i i ’ . r  f l i s - ’ I s- ’: t i  I t  i r i s - ;  s - I s - ’ s- ’ r  s- ’~ i s -  i n

i t s - i s ’’ ~ I I l l s - s i  t ’ 5s -  s- ’ I l s -  s- . ‘l’iiii: , \~ s- • S i l s -~ tIn I ._ ‘ t s- ’. ni~t ks - ’ ~I il l s- ’ • I : ;  n i t  s- • rue n it s - s - I

. i  ‘s- ’ s - l s ’ t i L u f l I  I I ” .’ ‘ t  ‘.~~~: : ‘ s- ’ t i ‘. ‘ .n i  , Is’ i I h s - s t i t  I u s - ’ l l : ’ . t ’ t ’ . t  .1 \ ‘ a s - ’ i i t i t l i  I lk ’  Ill s- s -I ts - ’ —

clii s- ’ l i l • i t s - s - r  , l’.\ s- ’I’: s- ’I 5,’ I r i s - i I 5 , 1  S l l s - l s -’ I loo t s- ’ 5 s - ’ s- ’l i c t ’ i s -~~n i 5 i i .  z”t I  I t 1k’

C’ .  s- tu~ s s- ’r x e n i  t 1s t ’ t tc ’ t ’l i t i n s - ’ I alil~ ’. _ iiis - .I t u s - ’ x s - 5 •~s-~ I I s- s - t i  s- ’ s- ’ 1 1 S i t  s- ’ s- ’ 1 s- ’ : ; s - ’ 1 ~~
‘

s- ’ ’ s - I n ’  I t ’s - I t t s -  s- ’. i s - ’ i i  s- s t  l i t ’ i , 111111 i lk  I I lis -l i i i  t o t ills- ’,1 •i ( s-_ ’ • t i l  ~~ ~i~~’ s- ’s • i t i s - I

t i i s - ’ I e st i  I t  i i i ’ . ;  \‘ 5 1 s - ’t i t l r i i  I I I  t I • I V I  s ’ i t ’t s - i I s - r ; s - s - t l s t  i s - s - l i  i s- s ’  s-~~~, . ‘l’tic t ’iis - t s- s - I

l it ’ al’s’. ip t  is -’ .rt s- • s- ’ I 1 c 1 s- s - s t ’ St  t s- s t i i s- ’ i es-is-’ t i s-’ .f l  c s- ’ 1 1 1 5 al’ s- ’ i t t i n

s- s a s-i i • ii i i s - ’ I ~ ‘ t s- ’t  t ’  n u l l  ts’s- a~ ’.~ s I ~‘ it s ;  a l l  :\s-l tt ~i s - Is -~~r ui , i r ;k t s- ’ I s- ’s - I t i s ’ s-

s- ’ I t es- ’ t S us -’ ln - I : 5c51 I t s- ’ r i us-;

A s- ’ . l S s - ’ i n  tdi x cii t lit ’ s- i u s -’l is - ’ I i  i t i s -~ ms-’. I cs- - t i l t ’ . i t s - s s- s - x  t s r ;  at t l i t ’ s- ’ s- —

cit 5 it  i s - ’ . t t  wave  1 s- ’tis -i t Ii (1 tI l t) •~~) i s  t lit ’ s- l uel i cl i  l u g  s- s - I  l l s - ; x _’ ~ Is-v llC

1’h ’ s -l tlt ’1l s-’ lliiis -l fllt ’.1 51_ I !  s- ’Iilt ’ i i t  S W t ’ 1 t ’ ~~ l t ’ct ’s - I s - ’s_ I by a s - I s -’t orlii i f la t  i s - s - t t  s- s t

lit ’ lt(’~ s-i bsts l I s t  I s - s -ti Ct s- ’ 55 Ss- ’s- ’ t i s - s - t i  W l i t ’ .’ li  W S I  S I s - s - t i l l s - I  t s- ’ l’ s- ’

‘lit ’’  ‘~ x 10 s- ’tiC . ‘l’l~ I S s- ’ t s- s-S:; St ’s- ’t 1 s- s - r i  a ’ . I  r s -’s- -~; w i t  Ii ( l i t ~ W e t  k

s- ’ t ~iys - s i an tI S . i u i l r : s - ’ .r i  ~~ I )  
w i t b  i n  t l i t ’ s- ’x pt’ r i I ix e xi t  s - i  I tIlict ’x t S t i l l  t V 5 1 x 1 s - I

Is’ i I I Lit ’ s-I t :;s - ’ ti s : ;es-I  i n  s-l i ’  I a u 1 s- ’ I : ;ewti s- ’ l ’ s- ’.
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III. TWO BODY COLLISIONAL QUENCHING
KINETICS OF HgCQ. * (B~~~)

Laser action has been achieved on the mercury monohalid es

by pure e—beam puniping, ~
4’5~ e1I ectric discharges ,~~

12 ’14
~ and

also photolytic pumping. (15) 
In order to optimize the efficiency

of these laser systems , a detailed knowledge of the heavy-particle

quenchinq kinetics is important. In this paper , we report mci-

surements of the quenching rate of HgCe * by He , Ar , Xe , N2, Cl 2,

HC1 , and Cd 4. These rates were obtained by analyzing the steady-

state dependence of the HgC~. * fluorescence intensity on the partial

pressure of the quenching s-’as.

Mercury chl or id e is produced in the exc ited state , B2

by opt ica l ly  pump ing HgCn~ 2 vapor , (16) 
at \ = 1810 R , which  reduces

the possibility of producing other excited HgCII species. Spon-

taneous emission from excited HgC~ * molecule in the B-”X bands is

used to monitor the excited state density . The radiative life-

( l~~)
time of HYCQ * has been recently calculated by Duzy and Hyman

as 20 nsec. Considering the uncertainties in this calculat ion ,

we have normalized their results to the measured HgBr * lifetlmc U8)

of 23 nsec and estimate the radiative lifetime of HgC~ * as

= 29 nsec .

A modified Stern-Volmer analysis has been applied to the

variatiion of emission intensity with pressure of the additive

gas to determine the quenching rate constants for various s-iass-’s
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quench ing  lI qC s-~ * . This  opt i ca l  pump ing  techxi ~ ~~x _ u s- ’ avoids  s - i l IV

a m bi gu i t i e s  which  m i g h t  be introduces-I  by the presence  of e I s -’ct r s - n n : s .

A s chemat i c  d i agr am  of the e x p e r i m e n ta l  s - ip pa r a t x _ us is shown

in Figure 2. Tht ’ reaction cell containing HgC~ 2 i s  heated in  a

d u a l — o v e n  a r r a n g e men t . The r e se r v o ix  portion of the c e l l  i s  m a i n —

taixied at a temprature T
1 

w h i c h  is t y p i ca l l y  90°C p r o v i din g  a

2 vapo r pressure  of 50 t im.  rho main bod y of the ccli u 5it

a higher temperature , T2 200°C , to ensure that lIqCs-~2 
does no t

s- Is - ’p s - s - s i t  Ofl the sapphir e cell window . The Xe l amp is similar in

s-I t ’Sis - l f l  to one d esc r i bed  by Ho f fman , Tan aka , and Larrab ee~
9
~ hut

i t  i s  made of q u a r t z  and has a sapphire  output  window . This  l amp

pul ses-I at 350 IL ’ with pure Xc at pressures between 150 and 2 50

t o r r  s i m i l a r  to the l amp described by Gedanken et al. 
( 10) Thus ,

t h ~ e m i s s i o n  f rom the  lamp in the vacuum u l t r a v i ol e t  is f r o m  Xt ’~

s - m d  is peaked s-it 1750 R; however , the l amp a I so  emits t h r o ugh o u t

the ultraviolet s-ins-i visible spectrum . A 3
6 urn bandpass f i l t s - ’x’

peaked s-it 1810 s ele c t  s t h e  IIqC~ exs-’itat i on wavelength and t

duct’s the visible Eight b a c k g r o u n d  in the reg ion of Ils - i C~ * t ’ i t i s - s - i ’

esens-’e . An absorption ce l l  l o c a t e d  between the l amp anti  r e act i o n

cs-’ i i  is used iii  s-iddi t ional  e x p e r i m e n t s  to measure the s- ib sorp t  i s - s - t i

c r o ss  sect ions o t  t he  various s-juenchiflti s-last’s s -i t  the  s - ’x s -’ x t a t  i on

w s -u ve l  s- ’n tj t h .  in t h i  s e x p e r i m e n t a l  configuration the  s - ibs ’ ’ . i  ~~t i s - s - l i

s-st  I 8 10 ~ is measured by f i l l  jug t l it ’ s - u bss-) x’ pt is - s - l i  c e l l  w i t ii s - i ucnc l i —

jns,; q s - i S  and mon t t o t i n g  t he ross-il t in i g  s-iecrt’ase in HqC~ * 1 1 1is-’i’er;—
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Th~ Hs -iC * I luorescence signs-u s s- ire  detected s - ’i t h e r  d i  n ’s - c t  I

a s - s - n i  a p h o t o m u l t i p l i e t ’  tube  u s i n g  a 80 — n m  bans -ipass f i l t e r  to i s o l a te

the  B-~X emission bands or through a monochrometer as shown in  F i g —

2 . ‘rhe s i s - ; n - i  Is are  averaged on a box s-’a r i n te gr a t o r  ( i s - A R Mod el

‘ 0 )  and d n s p l a y e d  on an x — y  r ecorder .  ‘- s- l i e top t race IF i s-;ure 4 a )

5~~~s- 5ç 5 t h e  obse rv ed H qC * cmi ss ion obta ined w i t h  50 in :  pressure of

Igs - , . F igu r e  4b shows an HqC ;’*  spec t rum taken  under  s i m i la r  con-

‘ . l i t i s - s - n ; s  bu t  w i t h  200 t o r r  of Xe b u f f e r  gas added . Pls-inimeter

f~!s- ’•tSurements show comparable areas (total energy emitted ) for these

two cases  which indicates ne gli gible HgC~ * quenching. The dramatic

o l i a n s - i s -’ in the spectra 5u ises f rom the rap id relaxation of the IIqC• *

vibrational levels by Xe. In the upper trace the HqCs’* vibrational

manifold is not r e l a x e d  so that emission from v ’ � 0 is present

and results in overlapping bands which broaden ais-d diffuse tile

spectrum near 5600 R . This suggests that high vibrational levels

s-~~I the B state are produced in the photodissociation of Hs-iC 2 ’ i n

Figure 4b , the excited state vibrational l evels are relaxed s-t:’d

vibrational transitions from v ’ = 0 are clearly observed with t~~r s - ’

most intense peak at v ’ = 0-÷v ’ = 22 . Seve ral spect ra  wei- s- ’ t ake’:

s-u t varying Xe pressures and indicated that B2Y state is vibra—

t i s - s - n a  1 ly re l axes a t  Xe pressu res of rough l y 100 torr. The f 1 uou’-

es( ’s- ’nc( ’ spect rum in Figure  4b is s i m i l a r  to t h a t  observed i i i

Us - iC - laser experirnents~
4
~ which used a 3—amagat Ar/Xe aser gas

m i x .  A l l  the q u e n c h i n g  da ta  presented  be l ow were taken w i t h  s- i t

le as t  100 torr of Xe present to ensure that electronic s -i t i s -’iici’l i n s - i

of t he  upper I s- I SO r I eve I , v” = 0 , was bt’i ug observed. rlie s- it i e f l s -’ l l —

i n s -i by Xe w i l l  be shown to be flog] iqi b l o under these c~~~n n s - i i t is- ’s - n i s .
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The rate es-uu s-it t ori s-1s-svt ’rfl ing t h e  d e r is i  tv s - s - I  t h e  s- ’ x s -  i t  s- ’s - i

met cut’y s-’hlo r i s - i t’, I Hs-iC~ * I , y i s -’lds tu e st s- ’~ts - I~ st  ~i t  s-’ ii~~s- ’ - ~ cmx

S i s - ’ ti  s i s - ins - i l

I Us-iC s- *

- ___  Q - ___
cXj” ( - a )  

‘)Q -

~ 

— 
1 + k Q

’fQ fl’ + ‘k 1 [‘U s - n C ’ 
-

= IQI s-
~~~~~

’ , w h er e  s-’ ,~ is  t h e  s - i b s s - s - x p t  is -s - n i cet ’t  t ic is -’nt s- s- i t lie

quens-’h iflq mel ec~ lo , Q , s - i t  t 1k’ OXC i t s- i t  1011 Ws -i’,’s-’ 1 exls-~ t ii , atiti I S t lit

s-it’Soi ls-t it s- ti pat t l  length. s - Vh s-’ numers-it. s - s -IT is I’roport, i O t i s - i  I t 0 1 , t i is-’

s, s - t I t
_

s- ’o t t’1~fli t 01’ p roduc t ion s- s f  ~~~~~~~ * wh i c h  s-It ’petid s I m e an  I s- s- n: pump

I u t  ens it y . Tills source t erm is t h u s  n’ es - iu s -- s- ’s - i by t h e  expencii t i s - i l  I s- s - I ’

s- ’ases where the q u e n c h i ng  nuo l ecul e absorbs s-it  t he cxc i t a t  i Ok w a v e —

lens - i t h . We now s-It ’ f m e  t h e  i-at i s - s -i s- s f ’ t h e  I’ I s - s-u i’ ess-’ence si  s -i t s - ia 1 w I t  hs-s-ut

quenching t o  the si qtis -’l I S~~.

k~~jQJ
R = exp ( s - i ) l + 

~~

‘

~~~

‘ 
+~~

k 1 ’ i 1igC~ $
T1’IC dexis i t  y et l1 qC~ typ ica l i v  used i n  these t Xpei ifli s-’ii t s

is  i s -  5 x i o
l5  cm s-m id O VOk i t  W s-’ s- 1SSUUSC k ‘ 1’IaS s-i s- i s- i s kinet, i s -’

r a t s -’ ( k ’  = 2 x 10 — 1 0  cm 3 se~’
1 ) W~~ hs-ivc 1/ ~ k ’  t H s-u C~~j  I ’s- sr  =

-s- ‘) nsec . Thus tO s-i s-it’s-ed s - i p p l’oX i t i l s - lt i o t i  R exp ( — a )  1 + k Q Ri

s-and W &’ s - J f l  US O s-i mod i tied St ern—Vo i niem’ s- mn.: I ys  i S which p is -st

R e x p  ( — - s - )  ‘s - s  IQ1 i-esult lug in s- u St t’ s-u i t i s - i i i t l i n e w i t h  si t s-pc 
~~~

~ t tk’s- ’ the i s - l i t ’ g s - i S t’S .10 not, abs s-” ’i ’b 1 i s - ih t  a t  t h e  exc i s - t a t  is -s -ni w av e —

l ’ ’n s - i t h , a = 0, s-m id t he  st an d ar d  S t t ’ r r u — V t s - l n i e r e.’qsn ’ t ’ s s l s- ’s-n ness - It t

The penIs i t s - i l i t y s - t  s- i i~~_’ is-a t i Vt ’ I V i s - s - k s - i —  1 i \‘s-’s-I t 1 1  0 l i St ’’.’ )  l t i

t s- ’rmed n s-a t  t’ cxc  i t ed st s - u t  e h I s - i i s -’~~ ~ wh u cii s-’s- ’s-i I s - I  Is’.’ q uen ch ed p u i s - s - i  t o

5’
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( i i  ssoc t a t  ion has been considered.  Spectroscop ic StU s-l i s - s  of t i l e

£ 
pho t od i s s oc ia t i o n  of the m e r c u r y  d i ha l i d e s U 9 l 2 O )  

as w e l l  s - m s  u s - ’-

cs- s - n i t  l a s e r  p h o t o ly s i  5 U 5 )  of U gBr 2 do not e x h i b i t  ev id s-’n ce s - s - I  su c h

intex ’medis-ite s t a t e s .  This  is c o ns i s t e n t  w i t h  the p o s s i b i l i t y  ot

numercous curve crossings in the excited states of t hese  t n ’ i s - i t o i u i s --s

suggested by recent s-unalysis~
2
~~ of the potential ener s-nv s u r f s - x c s -’s

c s - t  Us-i l 2. Consequently, we will assume that the p h ot od i s s s- s-s-’i s - i t i on

is instantaneous in the analysis.

Measurements were made of t h e  quenching of’ Us-iCs- * by s eve ral

of the r are gases and N
2
. He , Ar , and N , s - showed no m ea su r a bl e

q u e n c h i ng  of the  s-~l e ct r o n i c  stats-,’ of HgC~~* over the pressure

‘dj~~s (0—1000 torr)- . T hi s  l eads to s-u n upper boun d f o r

the~ t iching r s - u t e s  of 5 x io l4  crn 3/sec when one takes into

account the sensit ivity of t h e  experiment and t he  overall un—

certainties of the measurement. The only measurement in the

l i t s -’r a t u r e  to  w h i c h  one might compare is the work of’ Tib I l OW
(22)

w h i c h  repor t s no observ ed quenching of HqC’. * by N 2 . Tile Oti ly

rare gas studied here in which quenching was observes-I was Xe

for which we determined k i  h .9 x i0
21 cm 3. The ol,s-s e i v s -’d

p r e s s u r e  dependence of the data suggests that this is s-s t w o— b o d y

~s- r o c e ss  and assuming n 29 nsec , th e two bod y q u c s-n c h i n s -n  i s - i t t ,’

—13 3 -constant is k
Q 

= .-.4 x 10 cm /5cc. A new high—pressure cs-’ i l

• is  being constructed in which three—bod y quenching s-sr :d the  e f t e c t s

of Hg on ffgCq* can be examined .
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A casu’ s - n  w h i c h  t h i s -  qu en c h i n ~ mol  s- s - c o l e  absorbs  a t  t i i s -’ t ’X —

c it s -i t  I O t i  ~ ‘ s - ivs -’ length 18 10 R i ~ shown i ri F i g u r e  5. The gu s -s-n c  i i  si

m o a su r n i e nt s  we r e p r e c e s - i s -’s-I by a determination of t h e  UC.’ ab s er ; ’—

t I s - s - k  cross sec t  ion which was found  to  be s- 11~~~ 
9 x 10

_ i 
~ cnC

m is  cross  se c t i o n  agrees  w i th  the work  of Mye r and Samson ~~
’
~~~

- (7)and will be discussed in  d e t a i l  e l sewhere. The s lope deter-

m i n e d  t’ rom t h e  da t s- :  cs-f F igu r e  5 r e s u l t s  in a v a l u e  k
ii~~c i

2 .  ~ x i0~~~
8 cm 3 w hi c h  corresponds to a q u e n c h i n g  r a t e  cons t an t

— i i  3
= 8 . 6  x 10 cm /5cc assuming i = 2~ nsec. Quenching rate

c o n s t a n t s  were also measured f o r  CC s- 4 and C~ 2 wh ich wer e used

donors in  previous c—beam—pumped arid d i scha rge—pumped

lasinq s-’ x -eriments . T h i s -,’ nmeasured values of the product k
Q 

I or

the vax L O U S  at o:~us a:~d nmol ccules s-ire listed in s-Fable III and we

h a v e  also deduced t h i s -’ quenching rate constan ts assumins-n

nscs-’. The o’s-’s- ” r s - m l l  uncertainty in these measurements is ± 2 5 % .

Al though the ii I et  in s-xe has not been accurate ly deternmi ned t or

i l s - i C s -
’ ~~~~, it  has been shown (23 ) 

t li s-i t important laser parameters

such s-is fluorescence efficiency and saturation flux depend only

on the measured product s-s- f the quenching rate and upper state

I if e t i me.

Using the quenching r at e s  given s-shove , an ,‘stimate of the

saturation flux can  be ob ta ined  f o r  ar b i t r a r y  m i x tu r e s  of A r - b i g !

2 and Ar/X e/Hs-i/CCs’ which have been used respectively in d i s —

s-’ha rs-ne pumping and c—beam pumping of th~ U s - I C .  * laser. The mea-

surement of hig quench in s-~ o t h i s - i C -  * is in p rs-’~i r ’ess -~ s - i i i s- i  here we

— i i  3
s-’st is-mate t h i s  quench ing  i i t t ’ c on s t a n t  to  be k Q x 10 cm /5cc
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H4 298 [HcL J Torr ( b )

Figure 5 !s-leasured Data for HC~1 Quenchinq HqC~~~. The HC Ws - lS
added as a 2% and 4% mix in Xe. At the higher HCs-
pressure the Xe pressure is up to 1000 Torr. The
small effect of Xe quenching the HgC s- has been ac-
counted for.
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TABLE I I I

H9C9s- * QUENCHING

(Assuming 1 Hgci * = 29 nsec)

Q k ‘s- k (~ qCQ *)
(c~~~) (~ m /sec )

He < 1 .5 x io
_21 

_______

Ar < 1.5 x io
_21 

______

Xe 6.9 x io 21 2.4 x io 13

N < i.s x io
_21 

______2

C 2 3.8 x io 18 1.3 x 10— 10

HC 2.5 x io
_
~
8 8.6 x iO~~~

CC 3 .5 x io~~
8 1.2 x l0 10
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