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KI VAPORS AND COLLISIONAL QUENCHING 

* 2 * 2 * 2 OF Na (3 P), K (4 P), and K (S P) 

BY FOREIGN GASES 

Boyd L. Earl t and Ronald R. Herm 

Inorganic Materials Research Division, Lawrence Berkeley 

Laboratory and Department of Chemistry, Unive~sity of 

California, Berkeley, California 94720 

ABSTRACT 

-;': 
Fluorescence from excited alkali atocis (A ) may be produced 

by photodissociation,of alkali .halide (AX) vapor. Fluorescence 
I 

efficiencies have beEfn determined as a function of theph'oto-

. . * 2 
dissociation wavelength, A , for Na (3 P) from NaBr and for 

o 
* 2 * 2 K E4 P) and K (SP) from KI. Employing the Stern-Volmer relation, 

tp t dd . 
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cross sections, Q , for the collisional quenching of the ~* 
q 

electr9nic excitation may be deter~ined from the attenuation 
,t: 

of the A fluorescence which is observed upon introduction of 
. '. 

a foreign gas. Because Aft may be produced with different 

averag~ speeds by varying A, this method permits tIle detsr-a 

mination of the dependence of,Qq on relative collision speed, 

g. Employing this method, Q
q 

was' determined to decrease 

mcinotonically with increasing g for Na*(3 2p) + Br
2 

(AX = 
:,~- 2 

NaBr) and K (4 P) + C2H4 , CF 3CI, and 802 (AX = KI). More-

over, value~ of Q were determine4 at a particular g value q 
* 2 ,'* 2 for K (4 p) + 12 and K (5 'p) '+ 'I2i HCI, and DCi. Alter-

natively, pre-mixing the quenching gas in a large (~100-

fold) excess of Ar thermal moderator (Ar failed to quench 
'I: 

any of these A levels) makes possible the measurement of 

Q far a thermal distributio~ in g. Thermal results (800 q. 

-9000K) obtained by this method ar~ reported 'for the quenching 

of Na* (3 2p) (AX = Na1),K*(4 '2 p ), ~nd/orK*(5 2p) i y N
2

, 

CF'3 CI , H2 , H20, CH 30H, CF4 , CH4 , C~H6' C2H4 , and 8° 2 , In 

general, 

* Q(Na (3 

, * . 2 
for any particular quenching gas, Q (K (5 ' P»>-

,q 

q , 
2p» ~ Q -CK*(4 2p » .. Th~difference ,between K* 

q I 

(5 2p) and -l:"2 * 2 
K C4 P) (or Na OP» is sometimes qt:lite 

- * 2 * 2· , large; for CH
4

, for example, Q (K (5, P) )/Q (K (4 P» > 
qq. 

60. For 1 2 , 

* with Qq(K (5 

however, the trend is dramatically reversed 

2p»/Q (K*C4 2p» = 0.2~ Effects of isotopic 
q 

substitution were also examined; ,no difference In Qq was 

measured for H2 versus D2 ,H20 versus D20,' C2H4 ' versus 

• 

• 
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IQq(CD4 ) .~ Qq(C 2H6 )/Qq(C 2DS ) ~ 12. All of these results 

are discussed in terms of the likely forces between the 

reactants and the possibility of a change-transfer 

intermediate. 



-1-

Since the e~rliest observations by Wood, th~re have 

been many studies l of the gas-phase collision~lquenching 

of the first excited 2p configuration of alkali atoms by 

rare gases and simple (diatomic and triatomic) molecules. 

. 2-4 . . However, only a few studles have examlned the quenchlng 

of these configurations by more complex molecules, and 

there is very little data available on the quenching of 

higher energy coniigurati~ns. 5-8 In our own laborator'y, 

this prompted a program of examining the quenching of 

different configurations of alkali atoms by a variety of 

molecules in an attempt to gain further insight into the 

mechanisms of these quenching collisions. 
)~ 2 

Some yesultson quenching of Na (3 P) were reported 

9 in'Ref. 4 where we have suggested that molecules be 

broadly divided into classes 'on the basis of their effi

ciency at quenching the first excited configuration of 

the alkali atoms. Molecules in Class I rare very, inefficient 

quenching agents; examples are the rare gases as well as_ 

non-reactive molecules whose lowest vacant molecular 

orbitals are typicallY stronglyantibonding so 'that no 
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stable nor low-lying resonance negative ion st~tes exist 

(e.~., the ~lkanes). Class II, consisting of' unsaturated 

(e.g., N2 , CO
2

, or C2H4 ) and potentially reactive :(e:g.", 

CF 3Cl) mOlecules,lOi~ characterized by quenching cross 
, ~ 

sections (Qq) comparable to or somewhat ,larger than "gas-
, , 

kinetic" estimates. Molecules which form stable gaseous 
r 

negative ions comprise Class III and are super-efficient 

quenchers with very larg~ Q values which are understood 
, ' q 

in terms of for~ation of an intermediate ion-pair ~t very 

• ,6 
large reactant separat~on. We have also Teported that 

some Class I molecu'les are quite efficient at quenching 

1; 2p ). K(S (See a~so ~ef. 7.) Finally, this present paper concludes 

o-ur exploratory study and * 2 reports on q~enching of Na (3 P), 
r * 2 * 2 K (4 Pl. and K(S P) by various Class I, II; and III mole-

cules. In addition, some results are presented on isotopic 

substitution in Class-I and II molecules. 

APPARATUS AND EXPERIMENTAL PROCEDURE 

* Excited alkali atoms (A ) are produced by photo-

dissociation of alkali halide (AX) vapori contained in 

a heated quartz 6el1, by ultraviolet radiation of wave-

* '. length A. Fluorescence ,of A 'is monitored through an o 

iriterference filter at a right angle to'the ultraViolet 

flux and is presepted as a reducedfluorescenceefficiency~ 

RCA') Cdefin~d as the. ratio of the numbe~ of fluoresc~nce 
o 

'events per second to the number of ultraviolet photons 

- l 

,;-
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incident per second). Experimentally, AX pressuresll~12 

were sufficiently low that only a small fraction of the 

incident ultraviolet was absorbed and collisional quench-
·l; 

ing 9f A by AX was neglible; the incident ultraviolet 

flux was also weak, resulting in a very small steady-

state A concentration a.nd negligible imprisonment of the 

* 11 A resonance fluorescence. With a constant incident 

ultraviolet flux and wavelength, the ratio of the re-

duced fluorescence efficiency observed with only AX 

present in the cell (RO) to that observed after addition 

of a foreign gas at a number density [M]determined the 

* rate constant, k , for collisional quenchin~of A by 
, q 

M from the ,Stern-Volmer relation: 

;'( 

Here, T, the A radiative lifetime, was taken as 13 1.61 

-8 -8 . -7 x 10 ,2.70 x 10 ,and 1.40 x 10 

* 2 * 2 K (4 P), and K (5 P) respectively. 

The apparatus is described in detail in Ref.ll. It 

is essentially the same as that described in Ref. 4 except 

for two modifications. One of these consisted of enclosing 

entire optical 
14 

described the train in Ref. 4 in a vacuum 

chamber with a liquid-nitrogen-baffled pump so as to cir-

cumvent atmospheric absorption and permit irradiation at 

lower wavelengths. Since blackbody radiation from the 

heaters su~rounding the quartz cell is the. dominant source 

of background in the fluorescence detector, this also 
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improved the signal-to-noise ratio by lowering the heater 

power requirement. This was assential to the success of 

the experiments with KI vapor and, indeed, the quality 

. * 2· * 2 of the data on quenching of K (4 P) and K (S P) pre-

* 2 sented here is somewhat poorer than that on Na (3 P) 

reported in Ref. 4. All of the experimental checks which 

were performed in Ref. 4 to insure that the quenching 

gas did not decompose or react with the solid or gaseous 

AX were also applied in the experiments reported here.ll 

In this regard, the mass spectrum of deuterated samples 

which had been used in quenching measurements were exam-

ined extra carefully to insure against any significant 

deterioration of isotopic purity due to possible exchange 

with hydrogen containing species which might have adsorbed 

on the walls of the gaS-handling system. 
i: 

By varying A 
0' 

the initial A speed distribution lS 

. d 4 varle so that the dependence of k on relative colli-
q 

sion speed, g, may be determined. Data of this sort are 

presented here for quenching 

K*C4 2p) by C
2

H
4

, CF
3
CI, and 

* 2 of Na (3 P) by Br 2 and of 

802. However, it proved 

impractical to vary AO over a significant range when 

studying K*(S 2p) because of the rapid drop in incident 

ultraviolet intensity with decreasing A as well as the 
0-

rise in ultraviolet ~bsorption by the qu~nching gas. 

Furthermore, data were also collected for Na
1
: (3 2p) and 

K*(4 2p) with some relatively inefficient quenchers; here, 

• 
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Q is comparable to or less than a "gas-kinetic" cross 
q 

section so that one would expect the photodissociatively 
.;~ 

produced A speed distribution to relax to a significant 

b k . h' 4 F h ut un nown extent prlor to quenc lng. or t ese reasons, 

a procedure was developed which permitted measurement of 

k -for a thermal distribution in relative collision speeds. q 

This consisted in pre-mixinglS a known pressure of the 

quenching gas with a few hundred torr of argon and admit-

ting aliquots of this mixture to the fluorescence cell. 

Since argon comprised 'V 99% of this' mixture and separate 

experiments failed to indicate any measurable quenching 

of Na*C3 2p ), K*C4 2p ), or ~*(5 2p) by pure argon at these 
;'( 

pre~sures, it served to thermalize the A speed distri-

bution prior to any quenching collision. The introduction 

of this high pressure of argon (with or without admitted 

quenching agent) into the fluorescence cell produced an 

* initial attenuation of the A fluorescence which is at-
.'. 

tributed to a compression of the AX vapor. The Aft fluo-

rescence would then grow in intensity and achieve a steady 

level after 3 to 5 minutes; if only pure argon had been 

admitted, this steady level always equalled that present 

before admission of the gas. For this reason, this argon 

thermalizing procedure was not applied with H20, D20, Br
2

, or 

12 because these gases were adsorbed rapidly (i.e., on,a 

time scale of minutes) on the walls (and/or stopcock 

grease) of the gas-handling line. It was followed in 
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all other measurements of thermal k values except for q 

experiments with H2 or D2 . This thermalizing procedure 

was judged unnecessary for H2 , D2 , H20, or D20 as quench-
~t; 

lng agents, because, irrespective of the A speed distri-

bution, the distributions in relative speed of collision 

with these very light gases are largely determined by 

h ' hId d' 'b' 4 t elr t erma spee _ lstrl utlons. This was confirmed 

* 2 in separate experiments on K (5 P) + CH4 where kq 

values measured with and without application of the argon 

thermalizing procedure were in satisfacto~y agreement,6 

DATA ANALYSIS AND RESULTS 

Alkali Halide Photodissociation 

-
* 2 * 2 For Na (3 P) and K (5 P), fluorescence was observed 

-
through interference filters which transmitted both com-. 

ponents of the resonance doublet. 
,,: 2 

For K (4 P), however, 

different interference filters were used to separate the 
o 0 

7665 A and 7699 A resonance line components. Reduced 
·l, 2 

fluorescence efficiency curves for Na (3 P) from NaI 

are reported in-Ref. 4. Figures 1-3 show similar curves 
* 2 ~: 2 .'. 2 

for Na (3 P) from NaBr, K (4 Pl/2 ) and Kft(4 P 3/ 2 ) from 

* 2 * 2 . KI, and K (5 P) from XI. Data for Li (2 P) from LiI 

which are also shown in Fig. 3 are very rough and only of 
;': 

qualitative significance. Although Li would be ideally 

suited for quenching studies by virtue of its light mass 

and simple electronic structure, the LiI vapor was observed 
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to rapidly attack the quartz suprasil cell windows while 

the data shown in Fig. 3 were being collected, and no 

further studies with Li salts were attempted. The curves 

in Figs. 1-3 have all been normalized to unit peak am-

* 2 * 2 plitude. The actual ratio of K (4 P3/2) to K (4 Pl/2 ) 
o 

produced by irradiation at 2400 A was determined to be 

2.4 ± 0.1. 

Table I lists threshold wavelengths (At) for photo

dissociation of AX, calculated from 

A -1 = T = D o(AX) + E*, 
t 00 0 

-h 
where E is the excitation energy of the atomic photo-

dissociation products. As 1S indicated by calculated 

fits ,to R (A ) presented later in this section, the thermal 
o 

vibrational excitation of AX as well as the incident ultra-

violet bandwidth result in experimental threshold wave-
o 

lengths ~ 200 A higher than the entries in Table I, al-

though R (A ) does not reach 10% of its peak value until 
o 

o 
within at least 100 A of these values. In applying Eq. (1) 

to determine k values, we are implicitly assuming that q 
":I': 

the fluorescence which we measure from a particular A 

state is produced by excitation of AX to an excited elec-

* tronic state which dissociates into this same A state 

)" 
on a time scale which is short compared with the A radi-

ative lifetime. The fluorescence curves in Figs. 1-3 

have shapes characteristic of such photoexcitations to 
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the unbounded regions of potential curves for excited AX 

states. For NaI and NaBr, th,is has been directly con

firmed by pulsed photo~issociation experiments reported 

in Ref. 16. All data on quenching of first excited 

configurations were collected with mlnlmum photodissocia-
o 

tion wavelengths of 2300, 2150, and 1875 A for KI, NaI, 

and NaBr vapors, respectively, which Table I indicates 

precluded any possible production of higher energy alkali 

f · . 17 h' h . h h 'b h con 19uratlons w lC mlg t ave contrl uted to t e 

observed fluorescence via a cascade radiation process. 

These assignments are also in agreement with assignments 

of peaks in the alkali halide absorption spectra reported 

In Ref. 18. 

All results on quenching of K*(5 2p) were obtained 
o • 

by photodissociation of KI at 1925 A. Again, Table I, 

in conjunction with the K*(5 2p) fluorescence efficiency 

curve shown in Fig. 3, indicates that no higher energy K 

configuration (e.g., 4 d or 6 s) should contribute to the 

observed fluorescence at this photodissociation wave 

1 · th M . .. b d 11 . h t eng . oreover, no varlatlon was 0 serve In t e ra e 

constant for collisional quenching of K*(5 2p) by CH4 
o 

upon photodissociation of KI at 1925, 1950, and 1975 A. 

This provided an independent check that no higher energy ~ 

~': 2 
configurations contributed to the K (5 P) fluorescence 

because, if present at all, contributions due to 4 d or 

6 s should have risen significantly on proceeding from 
o 0 

1975 A to 1925 A and altered the measured k value. q 

.. 
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~'( 

AS discussed in Ref. 4, the observed A fluorescence 

may arise from exci tati,on to two or more excited electronic 

states of AX so that only an average potential energy 

function for the excited state may be determined. This 

has been done for the data shown in Figs. 1 and 2 by the 

method described in Ref. 4 which proceeds by assuming a 

Rittner ionic model for the ground state AX potential 

function. Table I lists the ground state AX dissociation 

energies which were used to achieve the best fit to the 

data; other parameters of the ground state potential func-

tions employed are listed in Ref. 11. With the ground 

state potential function fixed, various forms for the 

excited state potential function are assumed and vibra~ 

tional wave functions and Franck-Condon (F-C) overlap 

integrals are evaluated numerically until, by trial and 

error, a good fit to the experimental data is obtained. 

Figures 4 and 5 show potential energy functions evaluated 

in this manner. The data clearly indicate that transitions 

take place to repulsive cores of excited state potentials, 

but provide no indication whether these potentials possess 

attractive regions at 'larger AX internuoJ.e-a!\ separations. 

Although of no consequence to the measurements of 

quenching cross sections, th~ second region of K* (4 2p) 
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o 
growth shown in Fig. 2 below ~ 2200 A might arise from 

either of two processes: 

(I) 

(II) 

In agreement with the treatment of NaI in Ref. 4, the 

particular fit to the data shown in Fig. 2 was obtained 

by assuming process (I) occurred with the same electronic 

dipole moment matrix element and shape of the potential 

energy curve as for the longer wavelength dissociation 

process. However, an equally good fit could be obtained 

by assuming process (II). 

. Quenching Cross Sections 

Figure 6 shows typical linear least-squares fits'of 

quenching data; deviations from the unit intercept pre-

dict'ed by Eq. (I) which are apparent in Fig. 6 are not 

regarded as statistically significant. Uncertainties in 

k values which are quoted are calculated from the stanq 

dard deviations in the slopes of these linear fits. 
* 2 ',,; 2 

Since the Na (3 P)and K (5 P) fluorescences are 

monitored through interference filters which transmit 

both fine structure resonance line components, k values 
. q 

measured for either of these configurations represent 

averages (with respect to steady-state population 

JI 
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distributions) of th~ rate constants for quenching of the 

J = 3/2 and 1/2 components. On the other hand, the 7665 

o . * 2 \ . 
and 7699 A.K (4 P) resonance line components were monitored 

se~arately, and Fig. 2 illustrates that it was possible to 

produce a non-equilibrium ratio of the J =. 3/2 and 1/2 

levels. Consequently, it was possible in principle to 

determine separate rate constant,s for quenching of the 

J = 3/2 and 1/2 levels as well as that for their colli-

sional ~ixing. The proper data analysis procedure is 

developed in Ref. 19 for an experiment wherein only one , 

resonance line component is initially excited and the 

speed distributions are thermai, and Ref. 11 di~cusses 

briefly modifications of this procedure appropriate,to 

the present experimental c~nfiguration. In practice, 

however, the quality of the data which was collected 

proved to be too poor to provide this much detailed 

information. , Thus, for any quenching gas studied and 

at any KI photodissociation wavelength, ,data collected 
o 0 

on either the 7665 A or 7699 A resonance line component 

could be'fit to Eq. (1) to yield the same k within q 

experimental error. .This indicated that either (1) the 

rate constants were identical for quenching of the J = 3/2 

. and 1/2 levels or (2) these levels were collisionally 

mixed at least as fast as they were quenched so that, 

again, ~nly an average rate constant for quenching of 

t.he two levels was obtained. 
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Thermal Speed Distributions 

The quenching cross section, Q
q 

(g), lS related to 

the measured quenching rate constant by 

where peg) is the relative collision speed probability , 

density distribution function. If g,is thermally distrib-
" '\' 

uted, an "averagE!! quenching cross se'ction' inay' be obtained 

from Eq. 3 as 

<Q >.= k /<g> qq. 

where <g> is th~ average thermal relative collision speed, 

given in terms of the reduced mass of the cOllision pair 

by 

(5) 

Values for thermally averaged quenching cross sections 

which were measured in this work are listed in Table II. 

Non-Thermal Speed Distributions 

Using the'theory developed in Ref. 4- an'd F..:.C factors 

computed in fitting the m~asured R (~o) curves~ probability 

density distribution functions, P
Ao 

(V)'. for the speed of A 
H 

produced by photodissociation of AX with a monochromator 

settin1g of 1..0 were computed by convoluting the monochromator 

bandpass function and the thermal distributions in AX trans-

lational, rotational, and vibrational energies. 
, 
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If it is assumed for,purposes of an initial interpretation 

, of the kq measurements that Qq is energy independent over the 

experimental spread in relative collision speeds and that 
,'~ 

the A is ~roduced with one characteristic speed V (V, the 
,'c 

most probable A speed, is 'obtained by maximizing PA (V», 
o 

a phenomenological qu~nching cross section, <Q >, may be 
q 

calculated
4 

from'the measured rate constant as 

'<Q> 
q 

(6 ) 

-where vM = (2kT IM
M

) II 2 is the most probable speed of the 

quenching gas, x = V/vM, and 

Figures 7 ,and 8 show <Q > evaluated from Eq. (6) plotted q 

versus the characteristic relative collision speed, 

- - 2 n" -<g> = 'V + vM 13v, v > vM ' 

<g> = vM + V2 / 3VM ,V < v
M 

(7) 

Figure 8 also includes results obtained for S02 and C2H4 

with thermal speed distributions (taken' from Table II). 

Strictly speaking, these results should not lie on the 

curves defined by the non.:..thermal results because of the 

differing speed distributions in the two typei of experi-

ments as well as the use of different measures of the 

characteristic collision speed. Nevertheless, the close 

agreement between,the thermalized and non-thermalized 

results proVide~ further confirmation of the reliability 

of the argon thermalizing procedure. 
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In contrast to th~ results for KI shown 1n Fig. 2, 

the NaBrreduced fluorescence curve shown in Fig. 1 shows 

no i~dication of the onset of a secondphotodissociation 

process at lower wavelengths, 
* 2 .-. 

producing Na (3 p) + BrA 

2 2 ( P
l/2

)· Because the P3/2 
2 ~ 

P
l/2 

energy splitting is 

smaller for Br, however, the onset of this higher energy 

dissociation might not be detectable as a break in the 

reduced fluorescence efficiency curve. Table I indicates 

that tfiishigher energy di~sociation process might be 
o 

important below(~ 2000 A. Since the data shown 1n Fig. 7 
~t: 2 

were analyzed assuming dissociation solely into Na (3 P) 

, '2 . 
+ Br ( ,P 3./ 2)' the <Qq> values shown at higher <g> (notably 

the last two) might be somewhat too, low. , 

general agreement between the <Qq> versus 
~': 2: 1 

Na (3 P) + Br 2 shown in Fig. 7 and those 

~owever; the 

<g> results for 

for Na~':(3 2p) 

+ 12 reported in Ref. 4 suggests that this is not a 

sighificant sourc~ df error. 

As in previous studies (e.g., Refs. 4, 16, '20) of 

the.energy dependence of the cross sections· for colli~ional 

quenching of e~cited alkali atoms, the data shown in Figs. 

7 and 8 indicate that <Q > drops smoothly with increasing 
.' q 

<g>. For this reason, it is convenient to assume that 

the true quenching cross sectiori varies as Qq = Ks/g4/s 

in attempting to decorivolute the experimental data. For' 

each data point, the probability density distribution in 

relative collision ,speeds , ~A' (g), was calculated by . 
o 
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numeric~lly convoluting PA(V) with the thermal distribution 
o 

in quenching gas velocities. This was then employed in Eq. 

(3) to predict the k value which would be measured for a 
q 

particular sand K , and the corresponding <Q > was 'cal-
. s. q 

ulated from Eq. (~) for comparison with the experimental 

data. As in Ref. 4, adequate fits were, obtain fo~ s in 

the range of 4 to 6. Figures 7 and 8 show the fits to 
\ 

~he data which were achieved. Convolutions over PA (g) 
o 

produces a <Q > 
q versus <g> function which exhibits a 

somewhat weaker speed deperidence than does the t~ue cross 

section. However,' Ref. 4' presented comparisons of sa mple 
.'. 

Qq versus g and the 

(3 2p) + C
2

H
4 

which 

borresponding <Q > versus <g> fbr Na
D 

q 

illustrated that the effect of dec6n-

voluting the experimental spread in collision speeds was 

small'. In the present experiment, this' difference was 

even smaller because of the use of a more representative 
;'t 

characteristic A speed eth'e most probable value) so that 

the originally assumed Qq(g) functions are practically 

indistinguishable from the computed <Q ~ versus <g> curves . q 

shown in Figs. 7 and 8.' 

In addition to the data shown in Figs. 7 and 8, other 

results measured for non-thermal speed distributions are 

.listed in Table III. 
- - * 2 

The results on K (5 P) were obtained 
;~ 

by analyzing the data with a K speed distribution which 

was derived by assuming that the KI potential curve 

* 2 2 dissociating intoK (5 - p) + I( P3/2 ) was of the same 
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I 

shape as the repulsive curve shown in· Fig. 4. However, 

this should have introduced only negligible uncertainty 

in' the data analysis because (1) computed speed dist~i

but ions are relatively insensitive' to F-C f~ctors 4 and 
o 

(2) the monoch~omator setting of 1925 A was near the 

* 2 -K (5 P) threshold, resulting In only small deviations 

from a thermal relative collision speed distribution 

·(see Ref. 4). In particular, the striking. qua~itative 

behavior shown in Table III of a decrease by about a, 

factor of five of the cross section for quenChing by 12 

on proceeding from K*(4 2p) to K*( S2p) is unequivocally 

established. 

Cqmparison with Other Wo:(,k 

In Ref. 4, we noted the generally good agreement of 
~': 

2p ), our results on the quenching of Na ( 3 obtained by 

photodissociation of NaI, with other similar studies 

employing NaI photodissociation as well as ~tudies using 

atomic Na vapor. No 'previous studies have b~en reported 
\ . 

~for most of the quenChing systems studi~d in this work so 

that only a limited comparison with the literaturei~ 

possible. By photodissociating over the entire·NaBr absorp-
o· 16 

tion region (Le., '" .1900 - '" 2200 A), Brus 'reported 

that <Qq> :: 177 A2
for Na~'t.(3 ip) + Br

2 
for <g~ :::::: 1.4 km/sec, 

in excellent agreement with the data shown in Fig. 7 in 

/ 
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view of the very broad and poorly characterized speed 

distribution in his experiment. 

Tabie IV compares the results of the present work 

(from Table II) with previous determinations of quenching 

cross sections measured with atomic ,alkali vap6rs for 

thermal conditions; on1y'those results from the older 

literature which were judged most reliable in Lijnse's 

critical reviewl are included. * The agreements for Na 

(3 2p) and K
i
;(4 2p) are reasonable. Thus, the literature data 

on H2 suggest c?- <Qq> which decr.eases monotonically with increas~ 

21 . d . h h 1 ing temperature and are 1n goo agreement W1t t e resu ts 

found here. 
. * 2 The reasonable agreement for Na (3 P) and 

K* (4,2 p ) + H
2

0, is gratifying because these cross sections 

29 were especially difficult to measure and were regarded as 

the least reliable entries in Table II. 
'-" .k • 

. * 2 
The agreement fqrK (5 P) + N2 ~s also very good. 

Indeed, since the qu~nching cross section for this system 

is rather large, it might be expected to decrease with 

increasing temperature simply because of the changing 

° 2 ' speed distribution. If our value of SO A obtained at 

893°K is corrected to the speed distribution at 19000 K 

assuming Q'q = KS/g2/3, a value of 47 A 2 is obtained, in 

excellent agreement with the result reported in Ref. 5. 

In contrast, howev\er., there is a large discrepancy between 

our results and those-reported in Ref. 5 ~or K*(5 2p) 

+ H2 and H20. Of course, the results measured here need 

r' 
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\ 

I 

not agree with those reported in Ref. 5 in view of the 

large temperature difference~. For example, very little 

,lS known about the ,dependence of quenching cross sections 

on internal ~tate distributions of the quenching gas, 

although it seems unlikely that this ~ffect could account 
\ 

for the differences shown in Table IV. Both' experiments 

simply determine-rate constants for the net collisional 

destruction of the K*(~ 2p) excit~tion. Table I indicates 

that K~\5 2p) is bracketed by K'':(3 2D), 3170 cm-l'lower' 

in energy,. and 'K1' (4 2D), 2700 cm- 1 higher' in energy. 

These energy splitting ~re sufficientl~ larger than kT 

In the present experiment that collisional production 

* 2 * 2' * 2 *'2 of K (4 D) from K (5 P) or of K (5 .P) from K (3 D) 

which had been produced in a quenching collision are 

negligible. Owing to the higher temperatures in Ref. 5, 

however, both processes could be important and could 

cause deviations' of either sign between k values measured , . q 

in the two experiments. Here again, however, it seems 
1 

unlikel~ that this effect could account for the large 

discrepancies which are observed. 

DISCUSSION 

A simple model of a possible q\jenching collision' 

* approaching ; pictures the A and Mreactants under the 

influence of some intermolecular potential, V (R
A

_
M

) . 'If 
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they manage to penetrate to some critical reglon of.A-M 
... 

intermolecular separation (~n) where their in{tial eled-

tronic state is coupled to other final states, quenching 

may take place with, the products separating into some 

other unspecified electronic configuration. This might 

correspond to some other molecular products produced as 

a result-of a chemical reaction; alternatively, the 

alkali atom might be produced in some other electronic 

configuration of lower energy, with energy being con-

served by some enhancement of the M internal excitation 

andlor the recoil energy of-the two products. For class 

I molecules interactirig with the lowe~t 2p alkali con~ 
~ 

figuration, it seems likely that thi~ coupling region is 
,': 

located at small RA_M where repulsion of A by M is 

ddminant so that the collision partners ar_e effectively 

excluded from this strong coupling region and Qq is very_ 

small. For all other quenching systems examined here, 

however, Q q is quite large, suggesting a coupling at 

* larger RA_M where A -M attraction is likely to be dominant. 

Thus, the results obtained for these systems are discussed 

in terms of some of .the likely long-range reactant 

attractions and coupling mechanisms .. 

~eactant Attraction 

In Ref. 4, we chose to discuss our results 6n quenching 
\ 

of Na*(3 2p) by Cl II 1 l' f'-ass· mo ecu es ln terms 0 a plcture , 
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, ' 

wherein those .incoming trajectories which surmount the 

barrier in the effective potential, obtained by adding 

the centrifugal repulsion to the true long-range attrac~ 

tive p6t~ntial, lead to quenching collisions. If the 

long-range attraction is assumed to be dominated by the 
, 6' 

dispersion forces so that V(RA_M) =-C 6/RA_M(C 6 > 0), 

this orbiting model predicts 

where. E = lJg fl2 is the relative collision energy . 
. 

There are a large number of objections to 'such a 

simple model for the quenching'cross section. For 

example, even if VCRA_
t1

) were adequately approximated 

solely by the dispersion for~es, Eq. (8) would apply 
)~ 

only for incident energies' less than s.ome critical E 

(8 ) 

where the locatipn of the orbiting barrie~ (Ro) reaches 
i~ ,,: 

,the critical separation for quenching, R. For E > E 

* where R < R , 
o 

Q would be given by q 

Qq(g) = TIR*2(1 - ~(R*)/E). (9) 

'. 20 
Barker and Weston. discuss their results on the quenching 

* 2 'of Na (3. p) by N2 in terms of Eq. (9). Indeed, the mag-

* nitudes of ~6 and R for the systems studied in this paper 

* are such th~t E is often expected to lie in the range of 

energies which contribute significantly to ihe experimeritally 

measu~ed kq (via Eq. (3» so that Eq. (8) is certainly not 

.expected to be strictly applicable. However, Eq. (8) has 

\ : 

, , 
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the advantage over Eq: (9) that it provides an estimate 

of the quenchipg cross section which contains no adjust-

able parameters because C6 can be calculated from the 

Slater-Kirkwood approximation4 and the known polariz-

abilities of M (Ii teratur'e references cited in Ref. 11) 

* 30 and A . . It should also be noted that (1) the limited 

information content of the data are unable to distinguish 

between the energy dependences embodied in Eqs. (S) and 

(9) and (2) Eqs. (8) and (9) diverge rathe.r slowly for 

* (2) , (8) (9) E > E . As as example of point Eqs. and 

* C IR*6 (S) give equal Qq values at E = 2 and Eq. lS 
6 

only 51% ;in error (i.e. , smaller than Eq. (9)) at E = 

* 27 E. If short-range repulsive forces are also included 

In V(R
A

_
M

) so as to obtain a'more realistic intermolecular 

potential with a well d~pth E, Eq. (S) is a~so not strictly 

applicable for E > E because the classical phenomenon c 

of orbiting collisions is possible only for energies less 
, 

than E ; in general, the so-called critical energy E is . c c 

of the'order of E, although its exact value depends on 

the precise functional form of V(RA_M). Gislason and 

Sachs31 have discussed the effects of a repulsive core 

on the simple quenching model embodied in Eqs.(S) and 

(9) and h~ve pointed out that Eq. (8) continues to approx

imate the true value of Q(i.e., within a factor of 2) q 

over a wide energy range (0 < E < ~ 30 E) provided that 
-l: 

. attractive fOrces are dominant at R . 
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A more serious objegtion to Eq. (8) is the use of the 

dispersion forces to estimate the long-range attraction 

which effectively assumes that a long-range perturbation 
,,: 

expansion of V(R
A

_M) is adequate for R
A

_M > R and that 
':I" 

the A quadrupole moment may be ignored. These assump-

. * 2 ~ 2 
tions Oause ser~ous concern for Na(3 P) or K

n

(4 P) 
.' .t. 2 

and would be very difficult to ration~lize for Kft(5 P) 

because of the diffuse nature 'of the valence orbital for 
, ' 

this state. Nevertheless, Table V shows a comparison, 

of Eq. (8) with exper'imental results presented as "quench

ing efficiencies", i.e. the ratio ~f measured k value q 

to the kq value calculate'd from Eq. (8)' .)The entries in 

Table V illustrate that,' 'despi te all of its shortcomings, 

Eq. (8) may be used to c~lcul~te a~ upper limit to the 

* 2 )': 2 rate constant for quenching bf Na (3 P) or K (4 P) by 
,~ 2 ' 

Class II molecules a!:..d of K (5 ,P) by any molecule. ·More-

over, the experimentally'determined value is typically 

c16se to that predicted by Eq.(B), with the agreement 

generally improving with increasing complexity (and thus 

vibrational level.density) of the q~enching molepule. 32 

Coupling Mechanism - The Electron Transfer 

L 'dl ~3 1 h' f' t . h a~ er was apparent y t e ~rs to suggest t at 

the coupling mechanism responsible-for the quenching of 

alkali atoms might involve the transfer ,of an electron 
,'c \ + _ 

from A to M during the collision to form an A - M 
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ion-pair intermediate. The lowest order form,of this 
~': 

,mpdel is illustrated for, K + M in Fig. 9 which sche-

matically depicts plots of diabatic potential functions 
~~ 

for approach of M upon various K configurations (the 

neutral curves) and of M upo~K+ (the ionic curve). 

The neutra~ curves are shown flat at large separation, 

indicative of the relatively weak attraction betw~en 
I 
the neutral species, with a repulsive core ~t smaller 

o 
separation (arbitrati1~ assumed to set in at 3 A). 

These neutral curves are crossed by the ionic curve 

, -1 
which exhibits an RK_M coulombic attraction at large 

separation and dissociates into K+ and M- at an energy 
} 

of 

!J. = I - EA, 

where I is the 'ionization potential of K and EA is the 

(10 ) 

electron affinity of M. Four ionic curves are illustrated, 

corresponding to some different possible values of EA.-
':1': 

Thus, if K and M penetrate to 

(11) 

where the e1asticdiabatic neutral curve crosses the ionic 

+ -durve, an K- M ion-pair may form and follow the ionic 

curve to smaller separations. Ultimately, this ion-pair 

would dissociate back into the initial elastic channel or 

into some other neutral channel, due to either a crossing 

of the ionic curve with some lower energy neutral curve 

or a cheniicalreaction. Actually, Fig~ 9 should depict 
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a family of curves for' each ciurve shown, corresponding 
\ 

to different vibrational energies in M and M- detailed 

calculations based'on,this intersecting grid of neutral 

and ionic curves have obtained good agreement with 

d t · ft' 31 d h' 31, 34 measure cross sec lons or ·reac lon , an quenc lng 

of alkali atoms. It might be unnecessary to invoke 

this ionic model in interpreting all,of the quenching 

results obtained here, especially results on K*(5 2p) 

* where the close proximity of other K energy levels 

might be expected to give rise to crossings of neutral 

diabatic curves even in the absence of an ion-pair inter-

mediate. Neverthele:ss, the ion-pair intermediate model 

provides a plausible correl-ation and interpretation of 

the wide variety of phenomena presented here. 

Perhaps the most striking result presented here lS 

the decreas~ in the cross section for quenching by 12 

on proceeding fromK* (4 2p) to K* (5- 2~), opposite to 

the behavior observed with any other quenching molecule. 

" * 2 Indeed, the Q, for K (5 P) + 12 given in Table III is even 
q , ' 

considerably smaller than the cross section for reaction of 

ground state K at6ms with 1 2 . 35 In applying the lowest-order 

form of the ,electron transfer model (Eqs. (0) and (11», it is 

unclear whether one 'should use the adiabatic, or vertical 

electron ~ffinity, 2.6 and ~1.5eV respeotively for 1 2 . 31 
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Tn either case, however, the contrasting K~': C 4 2p) and . 

* 2 . K (5 P) + 12 b~haviors observed here provide an especially 

straightforward confirmation of the electron transfer 
. . ~': 2 r 

picture because ~ is less than theK (5 P) excitation 

energy. This is illustrated by the lowest ionic curve 

in Fig. 9, drawn for K+ + 1 2- assuming the adiabatic 

eleqtron affinity, which fails to cross the K*C5 2p) + 12 

neutral curve. The measured K*(5 2p) + 12 

cross section is finite because some quenching may take 

place due to either ~ome other type of mecHanism or an 

ele6tron transfer mechanism involving production of an 

I'2 which is vibrationally or electronically eX,ci ted. 

The contrasting behaviors of Class I, II, and III 

molecules. may also be rationalized by theel~ctron transfer 

model. Thus, the behavior of Class I molecules in Table 

V suggests ,that their ionic curve iritersects the repUlsive 

*2 * 2 core of the'neutral curve for K (4' P) + M but not K (5 P) 
o \ 

+ M. Arbitrarily taking 3 A as the onset of this repUlsive 

core, the upper two ionic curves in Fig. 9 suggest that EA 

is in the range of ~ -~ to ~-4 eV for these molecules, 

consistent with the available information on, the 

lowest energy 'resonant'negative ion states of these 
'. , 6 

molecules. The fact that the quenching efficiencies 

clearly exceed unity for Class III molecules with Na*(3 2p) 

or K*(4 2P)sugge~ts that E ~ 10 E*'for these systems. 

SinceE* = 2C6/~1:6 for the simple model discussed in 
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developing Eqs. (8) and (9), this suggests EA >-leV, 

consistent with the electron affinities of the class, 

III, quel;lchers listed, in Table V. ' It might also be 

noted that this model further suggests that tV-2eV < EA 

< tV OeV (the sec6nd ionic curve in Fig. 9) f~rcClass 

II molecules listed in Table V in order 'for their 

quenching efficiencies to be finite for Na*(3'2~) and 

. * 2 * 2·' K (4 p) and yet not clearly exceed unity for'K (5 Pl. 

In, this regard, the behavior of H2 ,and D2 is somewhat 
; 36 

surprising since EA tV -2eV and 'the quenching effi-

ciencies shown in Table V might ~ave been expected to 

show a larger increase on proceeding from K*(4 2p) to 

K*(5 2p ). In view of the relatively large vibrational 

energy level spac.mgs for H2 anq H2 (or D2 and D2 -) and 

h . .. 1 1 R 'd l' . 36,37 h ' h t elr approxlmate y equa an w va ues, owever, t e 
. ' . . e· e, 

A+ - H2- ion-pair intermediate might have an especially large, 

probabilitY,of decomposing back into the,original 

elastic channel. 

The isotope effect for K1~(5 2p) + CH
4 

and C
2

H6 , 
shown in Table II, with Qq(CH4)/Qq(CD4)~ Qq(C 2H6)/ 

~'c 2 
Q

q
CC

2
D

S
), ~ 1'2, also warrants comment. If K (5 P) made 

a transition to the next'lowest energy level with a simul-

taneous vibrational excitation of the quenching molecule, 
/ 

this migh~ arise simply beeausethe K~'~ (5·· 2p) - K)'~ (3 2D) ) 

energy separation of 31,70 em -1 is closer to the stretching 

( 
-1 . ' -1 

vibration of'C-H 3029 and 3156 em lh CH4 , 'V 1900 em 
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In ( -1. -1 C
2

H
6

) than C-D 2143 and 2337 em In CD4 , ~ 2100 em 

38 C
2

DS). If this were the explanation, however, one In 

might have expected a similar effect in C2H4 versus C2D4 

and the r~verse effect 'for H2 (we = 439'5 cm- l ) versus 

D2 (We = 311a cm- l ). If quenchipg of the alk~nes proceed-

* 2 ed via the exoergic K (5 P) +H - R -+ KH +R chemical 
/ 

reaction, absolute rate theory would predict an isotope 

effect of ~. 12 in the limit of very high temperature, but 

the temperature employed here is insufficient to classically 
" 39, 

excite the C-H (or C-D) stretches. In the electron 

'f 1 '. 31,34 .. . trans er mode caleulatlons employlng l~tersectlng 

grids of diabatic potentials, the probability of a transi~ 

tion between surfaces, P, depends upon the p~oduct of an 

interact ibn matrix elem~nt between the two electr6ni6 

states and the F-C factor for the tr~nsition between the 

vibrational levels of M and M-. Since electron attach-

ment in the alkanes should proceed via occupation 

of a C-H antibonding molecular orbital, the .F-C 

factor for the adiabatic transition should be dominated 

by the behaviorofjthe vibrational wavefunctions in the 

non~classical region and should be larger for the C-H 

stretch than for the C-D stretch. Although detailed cal-

culations would be necessary to see if.this picture. can 

provide quantitative ~greement, P should be larger for 

the outermost surface crossings for the hydride molecule, 

ln qualitative accord with the observed isotope effects 
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ln CH4 and C2H6~O . No isotope effect would b~ expected far 

36 37 
~2 versus D2 .In this picture because of the comparable ' 

Re values ln H2 and H2-. It would also predict no isotope 

* 2 effect for quenching ~f·K (5 p) by HCl, H20, or C2H4 
-

'because of the, ~arge quenching efficiencies 'encountered 

with these species. Thus, even if the probability of 

transfer to the ion-pair intermediate is l~rge~ for the 

hydride species for the outermost surface crossings, the 

reactants encounter so many crossings during their approach 

that the probability of formation of the'~on-pa~r inter

mediate appro~ches 100% for both the hydride and deuteride 

species. This piciure does suggest an isotope effect for 

H20 versus D20 + Na*(3· 2p), consistent with th~ entries 
, 

in Table II. This is not regarded as unequivocall'y estab-

* 2 . lished,'however, because the Na (3 P) + D
2

0 entry in 

Table II is especially uncertain due to a number of 

experimental difficulties. 
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TABLE I. Calculated thresholds for photodissociation 

a of alkali halide (AX) vapor. 

;t: -
Products E threshold wavelength 

(cm- l ) 
0 

A X (A) 

3 2p 2 P3/2 16960 . 2360 . 

3 2p 2 
Pl/2 24560 2000 

4 2S 2 P3/2 25740 196.0 

3 2p 2 P3/2 16960 2120 

3 2p 2 
Pl/2 20650 . 1970 

4 2S 2 P3/2 25740 1790 

4 2p 2 
P3/2 12990 2500 

4 2p 2 Pl/2 20590 2100 

5 2' S 2 
P3/2 21030 2080 

3 2D 2 P3/2 21530 2060 

5 2p 2 
P3/2 24700 1930 

4 2D' 2 . P
3/2 27400 1840 

6 2S 2 . P3/2 27500 1830 

a Numbers in parenthesis under AX column give D~ (AX) in cm-- 1 ; 

* E is excit~tion energy of fhe atoms produced. 

(A .) 
t 
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Table II. Quenchi~g cross sections measured for thermal 

speed distributions.
a 

Quenchi,ng 
Gas 

,Excited Alk~li Configuration 

N2 

CF 3Cl 

H2 

D2 

H20 

D20 

CH30H 

CF4 

CH 4 

CD 4 

C2H6 

C2D6 

C 2H4 

C2D4 

S02 

10± 0.4 

8 ± 0.4 

3 ± 0.8 

<1 

25 ± 0.9 

<1 

<1 

<1 

60 ± 5 

170 ± 30 

3 ± 0.3 12 ± 0.9 

3 ± 0.3 11 ± 0.9 

2 ± 0.7 ~84 ± 8 

91 ± 8 

24 ± 2, 110 ± 20 

<1 25 ± 5 

<1 60 ± 5 

40 ± 4 

98 ± 5 

70 ± 7 

51 ± 10 77 ± 9 

79 ± 10 

140 ± 25 

aQuenching cross sedtions were calculated from Eq. (4) and 
~2 * 2 are quoted in,A. Results on Na (3 P) were obtained by 

photodissociation of NaI vapor; temperature wa~ 820 0 K for 

H
2

0 and D
2
0, '873° K for other gases. Results on K"~ (4 2p) 

and K*(5 2p) were obtai~ed by'photodissociation of KI vapor; 
* 2 temperature was 873°K for K (4 P) + C2H4 , 893 0 K for all 

other measurements. 



Table III. Quenching cross sections measured for non-thermal speed 

" a 
distributions. 

Collision Monochromator <g> <Q > lOll K (exp) 
0 q 6 

partners setting (A) (km/sec) (X 2 ) 2 _ 2/3 
cm '-(cm/sec) , 

/: (4 2p) of I2 2450 0.97 210 ± 20 4.6 

K''¢(5 2p) + I2 1925 0.90 4-3 ± 4 0.87 
,r 

K'':(5 2p) + HCl 1925 1.0 100 ± 5 2.4 

K'\S 2p) + DCl 1925 1.0 . 100 ± 5- 2.4 

aResults ~ere obtained by photodissoqiation of KI vapor at 893qK;<Qq> and .<g> 

were calculated from Eqs. (6) and (7). The K6 (exp) values were derived by 

convoluting a Qq(g) '~ ~6/g2/3 with the theoretically computed p; (g) by.means 
o 

of Eq. (3) in order to reproduce the experimentally measured kq . 

I 
w 
(J) 

I 



." 

., 

\ 

-37-

TABLE IV.. Comparison with literature of quenching cross sections 

---measured for thermal speed distributions. a 

Collision Literature result <Q > 
q 

partners Ref. T <Q > 
q This work 

." 

*' Na (3 2p) + H2 21 2500 6.8 ± i.o 8 ± 0.4 

5 1'900 8 ± 1 

27 1600-1800 9 ± 0.3 
'-

21 150'0 9.3 ± 1.0 

23 573 12 ± 0.7 

21J 400 .16 ± 0.3 

* 2"p) Na, (3 + D2 23 573 10 ± 0.8 8 ± 0.4 

24 400 10 = 0.3 

*' Na (3 2p) + H2O 5 2100 2.2 ± 0.3 3 ± 0.8 

22 1600-1800 1.6 ± 1 

25 1750 2.2 ± 0.3 

-* 
K (4 2p) + H2 26 1500-2500 3.3 ± 0.5 3 ± 0.3 

5 1900 3.4 ± 0.3 

27 1400-1800 3.2 ± 0.2 

28 353 9.4' ± 1.3 

* 2p) K (4 + D2 28 "353 8.0 ± 2.0 3 ± 0.3 

* 2p) K (4 + H2O 26 1500-2,500 3.7 ± 0.2 2 ± 0.7 

5 2100 2.6 ± 0.3 

27 1400-1800 2.8 ± 0.9 

* K (5 2p) + N2 5 1900 .48 ± 10 60 ± 5 

* 2p) 1900 60 ± 10 12 ± 0.9 K (5 + H2 5 

* 2p) 2100 10 ± 4 84 ± 8 K (5 + H2O 5 

sections in °2 <Q > a Temperatures are quoted in OK and cross A ; 
from this work is taken from Table II. 

q 



CH4 

CD 4 , 

C2H6 

C2DS 

'CF4 

H20 

D20 

. DCl 

CO 2 

CH30H 

CF 3Cl 

CH 3CN 

C 2H4 

C2D4 

C6
H6 
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Table V. Quenching efficiencies. a 

<0.01 

<0.01 

<0.01 
r 

"'0.04 

0.18 

0.80 

0.26 

1.0 

0.96 

0.68 

0.83 

1.5 

2.0 

2.2 

Class I 

'<0.01 

<0.01 

"'0.03 

. ,Class II. 

0.05 

0.05 

"'0.2
b 

0.24 

0.82 

0.56 

Class III 

1.3 

1.8 

0.45 

0.30 

0.58 

0.41 

0~16 

0.71 

0.77 

r 0.11 

0.48 

0.80 

0.80 

0.74· 

1.0 

0.49 

0.50 

0.22 

( , 
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Table V. (continued) 

aThe "quenching efficiencyll is defined as the ratio of 

b 

the mea~ured kq value, (taken from this work except where 

noted) to that calculated from Eq. (8) •. The C6 
I 

coefficients were calculated from the Siater-Kirkwood 
., 

approximation using literature values for the 
1~ 

polarizabilities of A (Ref. 3D) and M (cited ln Ref.ll). 

These are based un measurements of other workers using 

the AX photodissociation technique and have not been 

corrected for the experimental spread in collision 

speeds: Na*(3 2p) + N
2

, Ref. 2D~ K*(4 2p) +N
2

'and CO
2

, 

J. Gatzke, Z. Physik. Chern. (Leipzig) ~?l., 321 (1963); 

~a)';(3 2p) + HCi,"H. G. Hanson, J. Chem.-Phys.~, 1391 

(1955). 
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FIGURE CAPTIONS 

Fig. 1. ,Data points show measured reduced fluorescence 

efficiency_curve, R(~o)' (arbitrarily normalized) 

* 2 for Na (3 P) from NaBr: 903°K_window temperature, 

, ° -
883°i( salt temperature. 

I 

(Data below 1850 A may' not, 

be quantitativ~ly reliable.
ll

). Solid curve shows 

fi~ to the data obtained by corivoluting,trianguiar 
I ' 

° monochromator bandpass function (60 A FWHM) with 

the theoretical curve-(shown dashed) calculated 

for the potential energy functions shown in Fig. 4. 

Fig. 2. Data points show measured reduced fluorescence 

efficiency curves for K*(4 2Pl /
2

)'(7699 X) and 

*' 2 ' ° 
K, (4 P 3/ 2 ) (7665 A) from KI: 873°K window 

temperature, 853°K salt temperature. Solid 
, 

curves ~how corresp~nding fits to the data 

provided by potential energy functions shown in 

° ' Fig. 5; the 7699 A fit is ~lso shown in the lower 

panel as the dashed curve for comparison to the 

° 7665 A fit.-

Fig. 3. Data points show measured re-duced fluorescence, 

, * 2 
efficiency curves for K (5 P) from KI (89~OK 

window temp~rature; ,873°K salt tempe~ature) and Li 
":i'~ 

The 1i data is of poor quality 

and is only qualitatively significant. 

Fig. 4. Potential energy functions for NaBr which fit the 

data of Fig. 1. Also shown are the energies and 

":1'( ...... 
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thermal populations of the vibrational levels of 

the ground state which were included in fitting 

the data of Fig. 1. 

Fig. 5. Potential energy functions for KI which fit the 

- data of Fig. 2; conventions as for Fig. 4. 

Fig. 6. Least-squares fits of typical quenching data to 

the Stern-Volmer relation, Eq. (1). The Na* 

2 * 2 (3 P)(from NaBr) + Br 2 and K (4 P) (from KI) 

+ C2H~ data were collected for various mono

dhromator settings and thus. changing relative

collision speed distributions. Data for 
I 

'tt': 2 
K (5 P) were obtained by photodissociation of 

o 
KI at 1925.A; the argon thermalizing-procedu~e 

was employed in collecting the CH4 and CD4 data. 

Fig. 7. D~ta points show cross sections for quenching of 
~'~ 2 

Na (3 P) by Br2 obtained from Eqs: (6) and(7) 

Yand kq values det~rmined by photcdissociation of 

NaBr at (in order of increasing speeds) 2125, 
o 

2075, 2000,.1925, and 1875 A. The solid (s = 4), 

dashed (s = 5), and dotted (s = 6) curve~ shows th~ fits 

to the data-provided by cross sections assumed 
4/s . . 

to vary as Qq = Ks/g for K4 , K5 , and K6 values 

. 2 4/s . -9 
of (units are cm - (cm/sec) ) 2.9 x 10 , 

2.5 x 10-10 , and 5.0 x 10-11 , respectively. 

Fig. 8. Data points show cross sections for quenching of 

K*(4 2p) by S02' CF 3Cl, and C2H4 versus relative 
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collision speed. For S02 and C2H4 , the -solid 

point was determined from Eqs. (4) and (S) and 

k values measured for a th~rmal spe~d distriq 

bution; all, other points were calculated from 

Eqs. (6) and (7) and k values measured for . q , 

non-:,thermal speed distributions produced by 

photodissociation of KI at (in order of 
'\ 

° increasing < g»252S, 2450,2375, and ~300 A. 

Temperatures were 893°K for S02 and CF 3C1, 

873°K for a11,C 2H4 points except the ha1f

darkened point obtained at 913°K. As,in 

Fig. 7, the solid (s = 4), dashed (s ::: 5), 

an~ dotted (s = 6) curves show fits ·to the 

(open symbol) rlata for K4 , K5 , and K6 values" 

f -9 
respectively, as fol1bws: 1.3 x 10 ,1.3 

x .10-10 , and 2.8 x 10-11 for S02; 8. 7 x 10-10 

8.6 -11 . and 1.8 10-11 for CF Cl- and x 10 , x 
3 ' 

6.9 x 10-10 , 6.5 x 10-11 , and 1.3 x 10-11 for 

C2H4 • . 

, . 

Fig. 9. Schematic diabatic potential energy diagram for 

~pproa6h of Mupon various potassium configurations; 

Also shown are diabatic curves for approach of 

the ion-pair, drawn for four different assumed 

.electron affinities·of M. Numbers in parenthesis 

give asymptotic dis~ociationenergies. 

,/ 
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