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PHOTODISSOCIATION OF NaBr, NaI, AND
KI VAPORS AND COLLISIONAL QUENCHING

. 3 % *
OF Na" (3 ?P), K (4 2P), and K (5 %p)

' BY FOREIGN GASES

N

Boyd L. Earll

and Ronald R. Herm
_inorganic Materials Research Division, Lawrence Bérkeley
Labdratory and Department of Chemiséfy, University of

California, Berkeley, California 94720
 _ ABSTRACT

Fluorescence frdmvexcited alkali atoms (A") may be produced
by photodissociation.of alkali halide (AX) vapor. Fluoréscence’.
véfficiencies have beén determined as a function of the photo-

2

- .~ dissociation wavelength, AO, for Na (3 "P) from NaBr and for

K?(u Py and K (5 2P) from KI. Employing the Stern-Volmer relation,
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cross éectiohs, Qq,vfdr the cqllisional quenching of the A"
'electrpnic excitation may be determined from the attenuation
of the A* fluorescence which is observed upon ‘introduction of
a féreign gas. Because A* may be produced:with different
average speeds by varying_kb, this method pérmits the'déter—
mination‘of the dependence éf Q onvrelative.collision speed,
g. Employing this method, Q was determined to decrease'

monotonlcally with -increasing g for Na® (3 P) + Br2 (AX = .

CF,C1, and 50, (AX - KI). More-

4> 3 2

over, values of Q were determined at a particular g value

NaBr) and K (4 2P) + C,H

for K (L P) + I and K (5 P) +I HC1, and DC1. Alter-

2 2°
natively, pre—m1x1ng the quenchlng gas in a large (n100-

fold) excess of Ar thermal moderator (Ar_failed to quench
any‘of these A* levels) makes péssible’the:measurement of.

Q for a thermal dlstrlbutlon in g. Thermal results (800
-—900°K) obtalned by thls method are reported’ for the quenchlng
of Na© (3 %P) (AX = NaI), K'(4 ’P), and/or K’ "5 ?P) by N,
CF,Cl, H,, HZO,,CH3OH3\CFQ, s CQHB, czHu, and soé; In

. general, for any pérticUlar\quenchlng gas, Qq(K"(S]QP))»>~

CH

ot

% M v ‘ %
QNa” (3 ZP)) 2 Q (k" (4 “P)). - The difference between K -
- ' ® . % o . '
(5 ?P) “and K (4 2p) (or Na' (3 °P)) is sometimes quite
“large; for CHM’ for example, Qq(Kh(SlzP))/Qq(KN(M‘2P5) >

60. For I however; the trend is. dramatically reversed

23
% : % o
with Qq(K (5 2P))/Qq(K (Y 2P)) = 0.2, Effects of isotopic

" “substitution were also examined; no difference in Qq was
' i

measured for H2 versus DZ,'HZO versus DQQ, C2Hu versus
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C,D,, or HCl versus DCl. However, for K (5 2P), Qq(CHu)
/Qq(CDu) z'Qq(CZHB)/Qq(CzDG)'z V2. All Qf-these results
are discussed in terms of the likely forces between the
reactants and the possibility of a change-transfer

intermediate. .



Siﬁce the earliest observations by waod, théere have
‘been many studiesl of the gas-phase coilisidnal\quenching
of the first excited 2P configuration of alkali atoms by
" rare géseé énd simple (diatomic and triat9mid) mdiecﬁles.
However, only a few studies2_L1l have examined the gquenching
of these cbnfigurations'by more complex molecules, and
there‘is,very little data available on the quenching of
higher énergy c.onf‘:i.g'ur’a'i:_ions.5"8 Ih our own 1aboratory,
tﬁis prompted a progrém of examining the quenching of

 different configurations of alkali atoms by a variety of
"'molecules in qﬁ attempt to gain further insight into the
‘mechanisms of thése.quenching colliéions.

Some resﬁlts on quenching of Na*(S 2P).Were,reported
vln Ref. 4 where we have suggested that molecules be
broadly d1v1ded 1nto classes on the basis of thelr effi-
01ency at quenchlng the flrst excited conflguratlon of
the alkali atoms. Molecules in Class I -are very. inefficient
, Quénching agents; exaﬁples'are the rare gases as weil as.
.non—reactive molecuies whose lowest vacant molecular

orbitals are typically strohgly'antibonding'SO'that no
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stable nor low-lying resonance negative 1on states ex1st
(e;g,, the alkanes). Class II cons1st1ng of unsaturated
(e.g., N2, Co, , or'C2 ) and potentially reactive ‘(e.g.

CF,Cl) molecules,lols characterized by quenchlng cross

3’
sections (Q ) comparable to or somewhat larger than ”gas—

kinetic' vestlmates; Molecules which form stable gaseous

negative ions comprise Class III and are.super~efficient
quencherS'withvVery large Qq values‘whieh are understood

in terms of formatioh of an intermediate ion-pair at very
largevreactant separation. We have alsoreported6 that

some‘Class>I moleodles are quite efficient at Quenohing

'K*(S 2P) (See also Ref. 7.) Flnally, this present ‘paper concludes‘
our exploratory study and reports on quenchlng of Na (3 P)

Ky P), and K (5 2

P) by various Class I, II, and ITTI mole-
cules. In add;tlon, some results'are'presented on isotopic N
Substitution in Class-I and II ﬁolecules.

APPARATUS AND EXPERIMENTAL PROCEDURE

Excited alkali.atoms‘(A*) are’Produced by phofo—‘
dissociation of alkaii halide (AX) vapor, contained in
a heated‘quartz oell,_by’ultraviolet radiatioa,of ’waje-
length'X6.. Pluoresceace-of‘A*’is monitored through an
ihterferenoe filter at a right angle{to'fhe ultraViolef
gflui and is presented as a reduced‘fluorescence»effiéiency;-,
ZR'(i-)’(definedras the. ratio of the number of fluorescence

\~events>per second to the number of ultraviolet photons
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incident per second). Experimentally, AX pressuresll3l2

were sufficiently low that only a small fraction of the
incident ultraviolet was absorbed and collisional quench-
ing of A* by AX was neglible; the incident ultraviolet
flux was also weak, resulting‘in a very small steady-
state‘A concentration and negligible impriséﬁment of the
A* resonance fluorescence. - With a constant incident
ultraviolet flux and anélength, the fatio-éf the re-
duced fluorescence efficiency observed-witﬁ only AX
present in the ceil (RO) to that observed.after_addition
of a foreign gas at a number density [M]‘determined the
rate constant, kq’ for collisional quenching_éf A* by
M from the‘Stefn—Volmer relation:

Roy/Rpyp = 1+ qu[M]_. | ()
Here, 1, the A* radiati&e lifetime, was taken asl3 1.61

x 1078, 2.70 x 1078

, and 1.40 x 10~/ sec for Na (3 2p),
K"y 2p), and K" (5 ?P) respectively.

The apparatus 1s described in detail in Ref.11. It
is essentially the same as that described‘in Ref. U4 except
for two modifications. One of these consisted of énclosing
 the entireroptical trainlg described in Ref. 4 in a vacuﬁm
chamber With a liquid-nitrogen-baffled pump S0 as to cir-
cumvent'atmdspheric absorﬁtion and permit irradiation at
léwer waveleﬁgtﬁs. Since blackbody radiation from the

heaters surrounding 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 essential to‘the success of
the experiments with KI vapor and, indeed, the quality
of the data on quenchinngf K*(u 2?) and K*(S 2P) pre-
sented here is somewhat poorer than that'oh Na*(3 2p)
reported in Ref. 4. All of the experimental checks which
were performed in Ref. U4 to insure that the quenching
gas did not decompose or react with the solid or gaseous
 AX were alsc applied in the expefiments reported here.ll
In this regard, the mass spectrum of deutérated samples
which had beénvused in guenching measurements were exam-
ined extra carefully to insure against any-significént
deterioration of isotopic ﬁurity due to possible exchange
with hydrogen containing species which might have adsorbed
on the walls of the gas-handling system.

By varying Ao’ the initial A* speed distribution is
valr*iedl‘L so that the dependence of kq on relative colli-
’ sionispeed, g, may be determined} Datavqf tﬁis sort are
presented.here for quenching of Na*(B 2P)_by Br, and of
Cl, and SO

CF However, it proved

kv 2p) by C,H,, CF, 2
 impractical to vary Ao over a significant range when
studying‘K*(S 2P) because of the rapid drop in incident
ultraviolet intensity with décreasing Ao‘as well as thev
rise in ultraviolet absorption by the quenching gas.

Furthermore, data were also collected for Na (3 2P) and

*
K (H‘ZP) with some relatively inefficient quenchers; here,
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Q. is comparable fo or less than a "gas—kinétic" Cross
sectioﬁ so that one would expect the photodissociatively
produced A* speed distribution to relax to a significant
but unknown extent prior to quenching.u For these reasons,
a proceduré was developed which permitted measurement of

k -for a thermal distribution in relative collision speeds.

15 a known pressure of the

This consisted in pre-mixing
quenching gas with a few hundred torr of argon and admit-
ting aliquots of this mixture to the fluoreécence cell.

Since argon_édmpfised v 99% of this mixture ahd separaté
~experiments failed to indicate any measurablé quenching

of Na*(3 2P), K*(M'ZP), or K*(S 2p) by pure argon at these
pressures, it served to thermalize the A* speed distri-
bution priorzto any quenching collision. The introduction

of this high pressure of argon (with or‘without admitted
quenching agenf) into thé fiuorescence cell produced an
initiai attenuation of the A% fluorescence which is at-
tributed to a compression of the AX vapor. - The A* fluo-
'rescence would then grow in intensity and achieve a steady
level after 3 to 5 minutes;iif only pure argon had been |
admitted,‘this steady level always_equalled that present
before admission of the gas. For this reasbn,,thié argon
vthermalizing procedure was not applied with Hé0; D20, Br,, or
12 because these gaées‘were adsorbed rapidly (i.e., on.a

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

grease) of the gas-handling line. It-wasAfollowed in
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~all other measurements of thermal kq values except for
experiments with H2 or D2. This thermalizing procedure

was judged unnecessary for H2, D H,0, or D,0 as quench-

2> 72 2

ing 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
their thermal speed_distributions.u This was confirmed
in separate experiments on K*(S 2py + CH, where kq

values measured with and without application of the argon:

thermalizing procedure were in satisfactory agreement.6

DATA ANALYSIS AND RESULTS

Alkali Halide Photodissociation

For Na*(3 2P) and K*(SIZP), fluorescence was observed
through interference filters which transmittedAboth com- .
ponents of the Pesonahée doublef. fdr K#(ﬁ 2P), however, '
differeﬁt interference filters were used to separate the
7665 Xvand 7699 Z resonance line components. Reduced
fluorescence efficiency curves for Na“ (3 %P) from NaI

are reported in Ref. u. ‘Figures 1-3 show similar curves

2 2
Pi/o 3/2

KI, and K“(5_2P) from KI. Data for Li" (2 2P) from LiI

' % ' % %

for Na (3 2P) from NaBr, K (4 ) and K (4 °P ) from

‘'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 Lil 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
P3/2) to K (& Pl/?

[e} .
produced by irradiation at 2400 A was determined to be

plitude. The actual ratioc of K (U )

2.4 + 0.1,
Table I lists threshold wavelengths (At) for photo-
dissociation of AX, calculated from |

-1 _ B fe) ) &
AT =T, = DMK +E, (2)

where E' is the excitation energy of the atomic photb—
dissociation products; As is indicated by calculated .
fits to R(AO) presented later in this section, the thermal
vibrational excitation of AX as well.as the incident ultra-
violet bandwidth result in experimental threshold wave-
lengths ~ 200 A highér than the entries in Table I, al-
though R (Ao) does not reach 10% of its peak value until
within afrleast 100 A of these values. In applying Eq. (1)
to determine kq valugs, we are implicitly assuming that
the fluérescence whichbwe heasure from a particular A*
state is produced by-excitation of AX to'an excited elec-
tfonic state which dissociates into this same A* state

on a time scale wﬁich 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. TFor Nal and NaBr, this has been directly con-
firmed by pulsed photodissociation experiments reported
in Ref. 16. All data on quenching of first excited
cenfigurations were collected with miﬁimum photodissocia-
tion wavelengths of 2300, 2150, and 1875 Z for KI, NaIl,
and NaBr vapors, respectively; which Table I indicates
predluded any possible production of highervenergy alkali
configurations17 which might have contributed to the
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*(S 2P5'Were obtained
by photodissociation of KI at 1925 A. Again, Table I,

in conjunction with the K*(S ’P) fluorescence efficiency
curve shewn 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
length. Mereover, no variation was observedllin the rate
bconstant for cellisional/quenching of K*(S 2P) by CH,
upon photodissociation of KI at 1925, 19503 and 1975 Z.
This>provided an independent'check‘that no higher energy
configurations contributed to the K*(S 2P) fluorescence
because, if present at all, contributions dﬁe to 4 d or
6 s should have risen significantly on proceeding from

‘1975 A to 1925 A and altered the measured_kq value.
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As discussed in Ref. 4, the observed A*.fluorescence
may arise from excitation 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 fof 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 aissociation
energies which were used to achieve the best fit to the
data; other parameters of fhe ground state potential func-
tions émployed are listed in Ref. 11. With fhe 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 éxperimental data is obtained.
Figures U4 énd 5 show potential energy funcfibns evaluated
in this manner. The data clearly indicate that transitions
take place to repulsive cores of excited state potentials,
but provide no indicatibn whether these potentials possess
attractive regiqns‘at‘larger AX intgrnueleanvseparafions.

Althdugh of no cbnsequence to the measuremeﬁts of

-quenching cross sections, the second regionvof'KK (u 2p)
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. o
growth shown in Fig. 2 below n~ 2200 A might arise from

"either of two processes:
‘ % % .
kIx'zh) » K v %y ¢ 1 (%R ) (1)

5720 (ID

or xT(xtz*y - k*(s 25) + 1(%p
In agreement with the treatment of Nal in Ref.,&, the
ﬁarticular fit to the déta shown in Fig. 2 was obtained
by assuming process (I) occurred with the éamg‘electronic
dipole moment matrix element and shape of fhe potential
energy curve as for the longer wavelength dissociation

process. Howéver, an equally good fit could be'obtained

by assuming process (II).

Quenching Cross Sections

- Figure 6 shdﬁé»typical iineaf'least—éﬁqaréévfitsxdf
qﬁenching data; deviations from fhe unit intercept pre-
dicted by Eq..(l) which are apparent in Fig. 6 are not
regarded as statistically significantQ Uncertainties ih
ok valueé which aré quoted are calculated from the stan-

dard deviations in the slopes of these linear fits.

2P) fluorescences are

. ® 2 Lk
Since the Na (3 “P) and K (5
monitored through interferenée filters which transmit
both fine-structure_resonance line components, kq values

measured for either of these configurations represent

avefages (with respect to steady-state population
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distribufions) of the rate'constanfs for quenching of the
J =3/2 and 1/2 components; On.the other hand,>the 7665
and 7699 X‘K*(u 2P5\resonance:line compohents were mohitqred )
separately, and Fig. 2 illustrates that it was possible to
prOdUce a ﬁon—equilibrium ratio of the J = 3/2 and 1/2 \
levels. Consequently, it Qas possible in principle to
determine separate rate constants for qdenching of the

J = 3/2 and 1/2 levels as well as that for their colli-
sional miXing. The proper-dat; aﬁalysis précedufe is
developed in Réf. 19 for an experiment wherein only one
‘resonancé‘line cémponent is initialiy excitéd and tﬁe

" speed distributions are thermal, and Ref. ll'diScuéses
briefly modifications of this procédure apprépriate,to‘
the present experimental configuration. In practice,:
however, the quality of the data which was collected
proved to be too poér to provide fhis much détailed
information. , Thus, for any quenching gas studied and
ét‘any KI photodissociation ﬁavelength;,data collected

~ on either th¢.7665 A or 7699 A résonance line component
could be'fit_to Eq. (1) to yield the same'kq wifhin B
experimental error. This indicated that either (1) the
4"rate‘constants were identical for quenching of the J = 3/2
‘~and 1/2 levels or (2) these levels were cbllisiénallyv |
mixed at least as.fast.as they were quenched so that,_
again,‘qnly an average rate consfant for quenching of

the two levels was obtained.

-
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Thermal Speed Distributions

The quenching cross section,'Qq (g), is related to

the measured quenching rate constant by .
JB Qq(g>gP(g>dg (3

where P(g) is the relatlve collision speed probablllty
density dlstrlbutlon functlon If g- is thermally dlstrlb—
uted, an'hveragé quenchlng Cross sectlon may’ be obtalned
from Eq. 3Sas .
o <Qq>r: kq/<g> o | o (1)
‘where <g> is the’average‘thermel relative‘collision speed,

—

given in terms of the reduced mass of the collision pair

.,

by
<g> = (skT/nu)l/?ﬁ.- (s
Values for thermally avefaged quenching croSs sections

which were measured intthis work are listed iu Table II.

Non-Thermal Speed Distributions

Usihg the'theory developed'in Ref. 4 and F-=C factors
:computed in flttlng the measured R (A ) curves, probablllty
density dlstrtbutlon functions, Xb(V) for the speed of A"
[produced by photodissociation cf AX with a‘monochromator
settlng of A were computed by convolutlng the monochromator
-bandpass functlon and the thermal dlstrlbutlons in AX trans- |

' latlonal,‘rotatlonal, and v1bratlonal energies.

N
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If it is assumed fdr‘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 produced with one characteristic épeed V (V, the
mo§t probablé A* speed, is*obtaiped by ma*imizing P>\o (v),
a phenomenologicél quenching Cross section, <Qq>, may be

calculatedu from the measured rate constant as

o - 1/2 = .

.<Qq> =T xkq/vMW(x), ~ (6)
where GM = (2}<T_/MM)1/2 is the most probable spéed of the
quenching gas, x = V/§M, and .

Y(x) = xexp(—xz) + (2x2f+ l).gxexp(—y2)dy,
Figures 7 and 8 show <Qq> evaluated from Eq. (6) plotted

versus the characteristic relative collision speed,

<g> = M>

<

+ 5,237, 0 > %
o (7)
<g> = vy, + V°/3v T < v

M M M

Figure 8 also includes results obtained for 802 and CZH,1L

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

Striéfly speaking, these results shbuld not lie on the
curyes defined byfthe hon;thermal results because of the
differing'speed di;tributiohs in the two types of experi-
ments as well as the ﬁse of different measures of.the

characteristic collision speed. Nevertheless, the close

agreement between the thermalized and non-thermalized

vresults provides further confirmatibn of the reliability

of the argon thermalizing procedure.
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In contrast to the results for KI shown in Fig. 2,
the NaBr reduced fluorescence curve shown inAFig.'l shows
no indication of the onset of a second photodissociation

. L - L b
process at lower wavelengths, producing Na (3 2P)v+ Br

25y, 2 2 s =
( P1/2)‘ Because the P3/2 - Pl/2 energy splitting 1is
. smaller for Bﬁ, however, the onset of this higher energy

dissociation might not be deteotable as a break in the

reduced fluorescence eff1c1enoy curve. Table I indicates
that thls ‘higher energy dlSSOClatlon process mlght be

important belowfw 2000 A. Since the data shown in Flg. 7

were analyzed assuming dissociation solely into Na (3 2P)

+ Br( P ), the <Qq>_Values shown at higher <g> (notably

3/2
the last two) might be somewhat too. low. However, the

general agreement between the <Qq> versus <g> results for

2

Na" (3 ?P) +fBP2vSh0wn in Fig.'7 and those. for Nax(3 P)

+ I2 reported.in Ref. 4 suggests that thls is not a
51gn1f1cant source of error. I

As in prev1ous studies (e.g., Refs. 4, 16, 20) of
the.enérgy.dependence of the cross sections-for collisional
quenchlng of eXClted alkall atoms, the data shown in Figs. :
7 and 8 1nd1cate that <Q > drops smoothly with 1ncrea81ng
<g>. Por-thls reason,glt is convenlent to assume that
the true quenohing_cnoss section'variesvas Qq‘:-KS/gWS
in attempting to deconvolute the experimentaivdata. For-

“each data p01nt the probablllty den81ty dlstrlbutlon in

relative collision speeds, P A "(g), was calculated by
- . o
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humericélly convolutiﬁg Py, (V) with the thermal distribution
. in quenching gas velocitieg. This was then employed in Eq.
 (3).to predict the kq value which would be measured for a
particular s and KS? and.the éorresponding <Qq>.wasjca1-\ 
ulated from Eq. (6)‘fof comparison,with the experimental
data. As in Ref. 4, adequate fits were obtain for s in

the range of 4 to 6. Figurés 7 and 8 show: the fits téf

the da%a which were achievedf Convolutions over Py »(g)
produces a ?Qq> versus <g> function which‘exhibitg é
somewhat-weaker speed dependence than does the true cross
section. However, Ref. u‘presented compafisons of samplé
Qq versus g and fhe corresponding <Qé> verégs <g> for Na#
(3 ?P) + C,H,

voluting the experimental spread in collision speeds was

which illustrated that the effect of decon-

'smalll In the present experiment;.this difference was
even smaller>becaUSe'of the use of a more representative
characteristic A* speed (the most probable value) so that
'fhe originally assumed Qq(g) functions are practically
indistingﬁishable‘from the computed <qu versus <g> curves
shown in'?igs.-7 and 8.

In addition to the datépshohn in Figs. 7 and 8, other
»fesults measured for'nOn-thermal spéed distributions are
.listed in Table III. JThe résuits on K*(S 2P) were obtained
by analyzing thé data with a_K* speed distribution whichl
was derived by assuming that thé KI potential curve

dissociating'into‘Kf(S 2P) + I(2P3/2) was of the same

~
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- shape as fhe repuléive curve shown in.Pig. 4, However,
this shoﬁld have infroduced only»negiigiblevuncertainty
in' the 'data analysis because (1) computed speed distri-
butions are relatively insensitive to F-C féqtorsu and’
(2) the.monochromator setting of 1925.2 waé near the
K*(S 2P) threshold, resulting in only small‘deviatiéns

._from;a thermal relative collisién speed disfribufionl
(see Ref. Qiﬂ In particular, the striking.qua}ifative.
béhavior shown in Table III of a decrease By about a

_factof of five‘of the cross section for éuenéﬁing by Ié
on proceeding. from K*(u 2p) to.K*(SIQP)'is unequivocally

established.

Comparison with Other Work

In Réf.'M; wé noted the generall&\good agreement of
our results on the quenching of Na*( 3‘2P),fbbtained.by
photodiséociation of NaI, with other similarAStﬁdieé.
employing Nal photodissociation as well as studies ﬁsing'

atomic Na vapor. No‘previoQS'studies have been reported

Vv

. ~for most of the quenching systems studied in this work so
“that .only a limited comparison with the literature-is
possible. . By photodissociatiﬁg oVer‘the'entire-Nan absorp- -

- 3 . O . " .' -
tion region (i.e., ~ 1900 - ~ 2200 A), Brus16 reported

, : o % -
that <Qé> = 177 Azfor Na (3 2P) +»Br2

for <g> = 1.4 km/sec,
in excellent agreement with the data shown in Fig. 7 in

r
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view of tﬂe very broad and poorly characterized'speédv
distribution in.his experiment.

Tabié IV compares the pesults of the.presént work
(from Tablg.II) with previous detérmiﬁatidns of quenching
cross‘secfions'measured with atomic alkali vapdfs for |
thermal conditions; oniy'those results frqm the older
literaturé which were judged mdst’reliable»in Lijnse's
critical.feviewl are included. The agreements for Na
(3 2p) énd‘K*(u 29) are reasonable. Thus, the literature data
on H2 suggest a <Qq> which decr?ases monétpnically with inéreas{
ing temperéture ‘and are in good agreement With the results
found he?e. The reasonabie'agreement'for.Na* (3 2P))and '
K*u. 2p) + H

2
were especially difficult to measure29 and were regarded‘as

0. is gratifying because these cross sections
the least reliablerentrigs in Table II.

The égreement for‘k*(S 2P) + N2 is also very good.
Indeed, since the quénching cross section,for this system
is rather large, it might be expected to’decrease wifh
inCreasing temperature simply becausé'of the chaﬁging
lépegdfdistribution; If our value of 60 A2 obtained at
893°K is'corrected tb the speed distfibufion at 1900°K
assuming Qé = Ks/g2/3, a value of 47 X 2 is obtained, in
excellent agréement with the result reportéd‘in Ref. 5.
Ip éontrast, howevgy; theré is a large disérepancy between

our results and those,repdrted in Ref. 5 for K*(S 2p)

+ H2 and H20. Of course, the results measured here need
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not agree with those reported in Ref. 5 in view of the
large temperature differences. For example, very little
\is'knOWneabout the dependence of quenching cross sectione
on internal state distributions of the quehcﬁing gas,'.
‘aithough.itlseems unlikely.thatythis affect could aCceuht
for the'differences shown in Table IV. BotH experiments
simply determlne rate constants for the net colllslonal

:v destructlon of the K (5‘ P) excitation. Table I 1ndlcates
that K (5 2P) is bracketed by K (3 2D), 3170 cm™ ¥ lower:
in energy,‘and/K*(u 2D), 2700'cm_1 higher in energy.

These energy‘splitting are sufficientlyllarger than kT

in the‘preeent experiment that collisional production'

of XK' (4 2D) from K" (5 2P) or of K'(5 2P) from K (3 2D)
‘which had been produced in‘a queﬁching eoliision are
negllglble Ow1ng to the hlgher temperatures in Ref. 5,
however, both processes could be 1mportant and could

cause dev1atlons of elther sign between kq values measured

in the two experiments. Here again, hdwever, it seems

unllkely that thls effect could account for the large

| dlscrepan01es which are observed.

DISCUSSION

A‘simpie modelﬁof a possible quenchihg eollision'
; x : ' L
‘pictures the A  and M reactants approaching under the

influence of SOme~intermoleculer potential,_V(RA_M). If
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they maﬁage to penetfate to some critical region of A-M
intermdlchlar separation (R*) where(their initial elec-
tronic state is coupled to other final states; quenching
may take place with the producté separating into some
other unspecified electronic configufation. This might
correspond to some'othér>molecular products‘producea as
a result- of a chemical reaction; alternatively, the
alkali atom might be produced in some other electronic
configurat;on of lower energy, with energy being con-
served by scme enhancement of the M internal excitation
and/or the recoil energy of the two products. ,For class
I molecﬁles interacting with th¢ lowest Zp alkglircon:
figufation, itvseem; likely that this coupling region is

located at small R where repulsion of A" by M is

A-M
dominant so that the collision partners are effectiVely

excluded from this strong coupling region and Qq is very.
small. For all other quenching systems examined here,

however, Qq is quite lérge, suggesting a coupling at

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

A-M

Thus, the results obtained for these systems are discussed

in terms of some of the likely long-range reactant = _

attractions and coupling mechanisms..

“Reactant Attraction

- In Ref. up'we chose to discuss our results on quenching

of Na (3 2P) by Class II molecules in terms of a picture
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. whérein those .incoming trajeétories which sufmouﬁt'the
barrier.in the effective potential, obtainedvb§_adding
the centrifugal repulsion to the true long-rangé attracs
tive potential, lead to quenching collisions. If the
_ long-fange aftraction is aésumed to be}dominated by the
dispersion forces so that V(R'A_M);—CB/RAE)M(C6 > 0),

this orbiting model predicts

Qq(8) = Gr/2) <2c6/351/3 | (8) o

where. E = pg 2/2 is the rélativevcolliéion_energy;
There are a large number of objecfions'to‘such.a
simple model for the quenchihg‘créss'section._ For
example, even if V(RA_Mj were édequately épproximated' )
solely by‘fhe dispersion forces, Eq. (8) woﬁldfapply“'>
only for incident energies-lesg than some critical E
where the location of the orbiting.barrief\(Ro)_%eachés _ -

ate

.the critical separafion for quenching, R'. For E > E

N
~ where RO < R, Qq would be given by

Q (8) = 7R 2(1 - V(RT)/E). , (9)
Barker énd'Westonzq discuss théir results on the quenching
9 ih terms of Eq. (9)."Indeed, thé mag-.

nitudes of C6'and»R" for the systems-studied in this paper

“of Na" (3 ?P) by N

~~

Yo

is often expected to lie»in'the range of
“energies which contribute significantly:to the experimentally
measured kq (via Eq. (3)) so that Eq. (8) is cerfainly-not

v~expected'to be strictly applicable.‘ However, Eq. (8) has
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the advantage over Eq. (8) that it provides an éstimate
éf the quenching cross section which cdnféihs no adjust-
able paraﬁefers because Cg can beﬁcalculated from‘the
Slater?Kirkwood approximationu_and the known polariz-
ébilities of M (liferatﬁré-references cited in Ref. 11)
and A*.30 ‘It should aléo be noted‘that (l)‘the'limited ‘
information content of the data are unable to diétinguish
between the energy dépendences embodied in Eqs.‘(8) and

(9) and (2) Egs. (8) and (8) diverge réther slowly for

E > £, Aé"as example of pointv(Z), Eqs.ﬁ(S) and (9)

give -equal Qq values at E* = 2 CB/R*6 and Eq.‘(8) is

'only 51% ;in error (i.e., smaller than Eq. (9)) at E =
é?-E*. If short-range repulsive forcés are also included
in V(RA_M)iso as to obtain a more realistic»intermolecular
potential with a well depth €, Eq. (8) is also not strictly
applicable'fqr E > Ec because the classical phgnOménon

of orbiting collisions‘is possible only for energies lesé
than.Ec;.in generai, the'so-called‘critical energy Ec is

of the’orde; of €, aithoﬁghvits'exact value depends‘oh

fthe precise functional form of V(Ry )- ‘Gislason and
'4Sachs31 have discussed'theveffects of a repuisive core

on the simple quenchiﬁg model -embodied in Egs. (8) and
(9)\and have pointed out that Eq. (8) continues to approx-
imate the ffue value of QQ‘(i.e., within'abfactor of 2)
‘over a wide.energy range (0 <E <~ 30 €) provided that

- . . b
-attractive forces are dominant at R .
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A more serious objection to Eq. (8) is the use of the
dlsper81on forces to estimate the long range attractlon
which effectlvely assumes that a long- range perturbatlon

~

expan51on of V(R ) is adequate for RA M 2 R and that
the A quadrupole moment may be 1gnored These assump—
tions cause serious concern for Na (3 P) or K Ty P)

and would be.very difficult to ratlonalize for K"(S 2P)4
because of the dlffuse nature of the valence orbital for
this state _ Neyertheless, Table vV shows a comparlson

of Eq. (8) w1th/experimental resultSvpresented as "quench-
ing efficiencies", i.e. the ratio of measuredkq value

to the'kq value calculated from Eq (8):' The ehtrles in
Table V illustrate'that despite all of its shortcomlngs,
Eqg. (8) may be used to calculate an upper 1limit to the
rafe‘constant for quenchihg of'Na*(s 2p) or K*(u 2p) by
Class II molecules and of K*(S.FP) by anylmclecule. More-
' over;'the experimentallyidetermined value 1is typically
close to that predicted hy Eq. (8), with the agreement
generally improving with increasing complekity:(aﬁd thus

vibrational level.density) of the quenching molecule. 32

Coupling Mechanism - The Electron Transfer

LaidlefSB-was apparently‘the first to suggest that
‘the coupling mechanism reeponeible'for the quenchihg of
‘alkali atoms might involve the transfer of an electron

from A" to M during the collision to form an At owv
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ion-pair intermediate. The lowest order form.of this
mpdel is illustrated for,K* + M in Pig] S'thch sche-
maticaily depicts plots of diabatic potential functions
" for approach of M upon various K* configurations (the
neutral curves) and of M—_upon‘,}(+ (the ionic curve).
The neﬁtral‘cufves are shown flat at lérge_separatibn,
indicative of the relatively weak attraction between
éhe neutral épecies, with a repuléive core at shaller

) o
~separation (arbitratily assumed to set in at 3 A).
. ) . 1

These neutral curves are crossed by the ionic curve

which exhibits an RIY, coulombic attraction at large

K-M
sgparationband diséociatés_into k¥ and M-'af an energy
o - - ) .
| A=T-EA, (1)
where I is the ionization potential of K and EA is the
electron affinify of M. Four ionic curves are iliustrated,

corresponding to some different poséible values of EA..

Thus, if K and M penetrate to

o’

R = &%/ - By (11)
" where the elasticﬂdiabatié neutral curve crosses the ionic
| dufve, an K+.— M~ ion-pair may form and follow the ionic
curve to sméller separations. Ultimately, this ion;pair
" would dissociate back into.the initial eiaétic‘channél br'
into some other neutral channelfdue to eithep\a croséipg
of the ionic curveVWith some'loﬁer energy neutral curve

or a chemical reaction. Actually, Fig. 9 should depict
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a familyvofvcurves for each curve shown, corresponding
, . \

to different vibrational energies in M and M ; detailed
calculations based on.this intersecting grid of’neutrél“
and ionic curves have obtained good agreement with )

o , . 31 : . 31, 3u
. measured cross sections for reaction” and quenching
of alkali atoms. It might be unnecessary to invoke

!

this ionic model in interpreting all of the quenching
results‘obfained héfe, especially results on K*(S 2P)
" where the élose proximity of other.K* energy levels
might beAexpected to give rise to crossings.df neutral
diabatincﬁrves éven in the absence of an ion;paér inter-
mediate. Nevertheless, the ion-pair intérmeaiate model
provides a plaﬁsible correlation and interpretation éf'\
fhe'wide variety of phenomena presented'here;

Perhaps the most striking result presented here is
the décrease is the cross section for'queﬁching by I,
on proceeding fr*om'K:'g (4 2P) to K* (5~2?)3 opposite to
~the behaviorvobservgd with any other qﬁenching molecule.
Indeed, the Qq for'K*(S ?P) + 12 given in Table III is even
'conéiderab}yfsmallervthan the cross>section for reaction of

35

ground state K atoms with I,- In applying the lowest-order

form of the electron transfer model (qu.(lO) and (11)), it is

unclear Whethér one«shduld use the adiabatic. or vertical

' electroh'affinity, 2.6 and v 1.5eV respeqtively for_12.3l
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In either case, however, the contrasting X (4 2P) and

K (5 2P) + I, behaviors observed here provide an especially

2
straightforward confirmation of the electron transfer
picture because A is less than the K (5 ?P) excitation
energy. This is illustrated by the lowest ionic curve
in Fig. 9, drawn for K"+ Iz- assuming fhevadiabatic
electron affinity, which fails to cross fhe‘K*(S 2?) + Ié

.neutral curve. The measured K*(S Zp) + I, |
cross section is finite because some quenching may take
place due'fo either some other type of mechanism or an
‘electron transfer mechanism involving production of an
12_ which'ié vibrationélly‘Or electronically excited;

The contrasting behaviors qf Claés I, iI, and III
molecules. may also be rafionaiized by the electron transfer
model. Thus,bfhe behavior of élass Ivalecules in Table |
v suggesté\that thgir iqnic curve intersects the repﬁlSiVe
core of the neutral curve for K*(M‘QP) + M but not K*(S 2P)_‘
+ M. Arbitrarily taking 3 X as the onset of this repulsive
‘cbre, the ﬁpper‘tW§'ionic curves in Fig.’9 suggest that EA
is ir the range of n -2 to N -4 eV for these moiecules,
consistent with the availablé information‘onrthe
1owest‘eﬁergy'résonant'negative ion states of fhese
moiécules.6 "The fact that the quenching efficiencies
clearly exceed uhity for Class III molecules with Né*(B 2P)
',Qr K*(u ZP)'suggeSts'that E 2 10 E*‘for these systems.

6

Since E = ZCB/Rx for the simple model discussed in



- -26-

\

developing Egs. (8) and (9), thisrsuggesté EA:>~leV,
consistent with the electron affinities of the class-
III quenchers listed, 1n Table V.. It mlght also be
noted that this model further suggests that n— 2eV < EA
< v OeV (the second ionic curve in Fig. 9) for- Class
IT molecules listed in Table V in order for their |
quenching efficiencies to be finite fdr.Na*(S‘QP) and
K*(M' P) and yet not clearly exceed unity'fon‘K*(S QP)I
_ In this regard, the behav1or.of_H2iand D, is somewhat
surprising since EA n -§¢v36 and‘the quenching effi-
ciencies shown in Table V might naveibeen'expected to
show a larger increase on proceeding fromlkﬁ(u 2P) to
x* (5 %p)y, In view efithe relatiQelyvlarge‘Qibrational
- energy level.spac1ngs for H, and H,” (or D, and Dé;).and

their approx1mately equal R and Wy valueé,36’37 howeQer,Ithe

. + - \
A - H2‘ ion-pair 1ntermed1ate mlght have an esPec1ally large

probabillty‘of decomp051ng.back into thezorlglnal

| elastlc channel

4 3

The isotope effect for K (5 P) + CH, and C2H6

shown in Table II, with o (CH )/Qq (CD,) - Q (CyHg)/

b

Qq(C Dg) = V7, also warrants comment. If X (5 %p) made
'a,tran51tlon to the next lowest energy level with a simul-
“taneous v1bratlonal excitation of the quenchlng molecule,

i this mlght arise simply because the K (5 ?py - K (3 D)
o energy separation of 3170 cm llls closer to the stretching

vibration of ‘C<H (3029 and 3156 cm ™+ in CH, ~ 2900 om™t



-27-

2

~in C,H,) than C-D (2143 and 2337 em™ in CD,, v 2100 cm”

If this were the explanation, however, one

1

might have expected a similar effect in CH, Versus C,D,’
and the reverse effect for H2 (ué ='u395-cm_l) versus

L. If quenching of the alkanes proceed-

D, (w, = 3118 cm”
ed via the exoergic K*(S 2P) f-H - R > KH + R chemical
reaction, abéolute rate tﬁeofy would predﬁct an isotope
effect of ®i/7 in the limit of vefy_hiéh temperature, but
the temperaturé employed here is insufficientfto'claésically'
excite the C-H (or C-D) étrefches.39' In the electron

. o 3
transfer model calculatlons3 >3t

employing intersecting
grids of diabatic potentials, the probability of a transi-
tion between surfaces, P, depends upon the‘ppoduct of.an
interaction hétrix element betweép the two eléctfbnid .
states.and'the F-C factor for the transitign between the
vibrétional levels of M and M". Since electron attach-
ment in the alkanes should prdceed via>bccupation

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

factor for.fhe adiabatic transition should be dominated
by the behavior'of;the vi?rational wavefunctions in the
-noheclassical région and should be larger for the C-H
étretch than for the C-D stretch. Although detailed cal-
culations would be nééessary to see if this picture_éan
ﬁfovide quéntitativefagreement, P should be larger for
fhe outermosf surface crossings for the hydride molecule,

in qualitative accord with the observed isotope effects
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in CH, and C,H 0 No isofppe effect would be‘expected for

b 276° .
36,37

H, versus D, in this picture bécause of the—cdmparable

2 2
Re values in H2 and HZ—' It would also predict no. isotope

effect for quenching bf’K*(S 2P) by HCl, H,0, or C,H,
*because of tﬁé‘largé quenching effi@iencieS'enéountered
_with these species. Thus, even if the probability of
transfer tovthe ion-pair intermediate_is 1argér for the
hydride speéies for the outermost surface crossings,‘the
reactan%s éncodnter so many crossings during their approach -
thét the probability of‘fofmation of'the'ion;pair inter-
mediafé approadhes 100% for both thé hydride and deuteride
species. This picture dbes»sﬁggest an is&tope effecf for

0 versus D,0 ; Na*(é'QP), consistent ‘with the entries

2 2
in Table II. .This is not regarded as unequivdcally estab-

H

* lished, however, because the Na%(szP) ¥ DQO ehtry in
Table II is especially.uncertain dué to a numbef of
expériméntal difficulties.
3
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’ TABLE I. Calculated thresholds for photodissociation

 of alkali halide (AX) vapor.®

AX Products B E threshold'Wavelength (A,
- ) l_l_ ) . o
A x o (enh | &)
Nal 3% - 2p 16960 9380
=t R Vo | o238
(25300) 3 ?p - ?p 24560 - 2000
o3 SRRSVE: 1560 ,
y 2s 2p 557uo » 1960
\ 3/2 o 196.
NaBr 3 2p - 2p 16960 o 2120
3/2 ] : )
(30100) 3 2p 2p 20650 - 1970
- ' 1/2 . - 197
2 2 ) s ) ~ 3 . .
y 2s P/, 25740 . 1790
X1 4 2p 2p 12990 2500
| 3/2 N
(27000) 4 °p 2p 20590 2100
2700 SR VY 208 |
L2 2 ' o ’
5 2g Py, 21030 2080
- 2 2 ) o -
o3 Pys 21530 _ 2060
2. 2 ' . o
5 %p Py/s 24700 1930
y 2p- 2p | 27uoo  r 1840
' - P3/o . 27400° |
6 25 2p 27500 - - 1830
- 3/2 .

Numbers in parenthesis under AX column give Dg (AX) in cm‘lg

E is eXCitéfiQn energy of the afoms produced.
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Table II. Quénching cross sections measured for thermal

speed distributions.?

.Excited Alkali Configuration

Qﬁeﬁching -
. Gas - : Na" (3 2p) Ko ey K %y
Ny - - - 60 + 5
CFgCl R - : 170 + 30
Hy 10+ 0.4 3+ 0.3 12 + 0.9
D, . 8 £ 0.4 3+ 0.3 11 + 0.9
H,,0 B o!g. 207 gy s g
D,0 <1 - 9l : 8
CH,0H | 25 & 0.9 B TS 110 * 20
CF, -« <1 25 + 5
CH,, | <1 <l ' 60 * 5
éDu - ~ | 40 + u.
CHg < - 98 + 5
c2D6' ' - - 70 £ 7
CoHy - 51 + 10 77 + 9
c,D, - - 79 £ 10
50, - 140 + 25 -

aQuenching cross sections were calculated from Eg. (4) and
are quoted in. 22 Results on Na*(3 2P) were obtained by
photod188001at10n of Nal vapor; temperature was 820°K for
H20 and DZO ‘873°K for other gases Results on- K (4 P)

and K (5 2p) were obt alned by photodlssoc1atlon of KI vapor;
temperature was 873°K for K (4 P) + C2Hu’ 893°K for all
other measurements. '



Table III; Quenching cross seétions measured for non-thermal speed

L a
distributions.

Collision Monochromator <g> <Qy 107" K. (exp)
- N . .
partners _settlng (A) (km/sec) (A2) cmzi(cm/sec)z/g
K %Py % 1, 2450 0.97 210 + 20 4.6
% 2A ) - . . v
K'(5 “P) + I, 1925 0.90 43 + 4 0.87
- k"(5 ?P) + HC1 1925 1.0 100 # 5 2.4
k" (s 2p) % pC1 1925 © 1.0° . 100 % 5 2.4

-9¢-

»aResultsfwere»obtained'by ph@todissoqidtion of KI vapor at 8939K;.<Qq> and <g>

.Wéne‘calCulated from Eqs. (6) and (7). The'Ks (exp) values were derived by

convoluting a Qq(g)'i Ke/g2/3 with the theoretically computed PA (g) by means

O .

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



1
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TABLE IV. Comparison with literature of quehching cross sections

™~ measured for thermal speed distpibutions.a

Collision " Literature result <Qq>
partners Ref. T <Q > This work
Na"(3-%p) + H, 21 2500 6.8 + 1.0 8 + 0.4
' 5 1900 81 ,
27 1600-1800 9 + 0.3
) 21 1500 9.3 + 1.0
) 23 573 12 + 0.7
24 400 16 + 0.3
Na*(z Zp) + D, 23 573 10 + 0.8 8 + 0.4
o ' o 400 10 * 0.3
Na%(s %p) + H,0 s 2100 2.2 + 0.3 3+0.8
| 22 - 1600-1800 1.6 t 1
- 25 1750 2.2 + 0.3
k' Zp) v, 25 1500-2500  3.3‘: 0.5 3 +0.3
| 5 1300 3.4 £ 0.3
27 1400-1800 3.2 0.2
28 Coasy 9.4 £ 1.3
k(v %p) + D, 28 1353 8.0 £ 2.0 3+ 0.3
K*e 2Py + H 0 26 1500-2500 3.7 & 0.2 2+ 0.7
-5 2100 2.6 + 0.3
27 1400-1800 2.8 0.9
K*¢s Zp) + N, 5 1900 48 t 10 60 = §
K*(s 2p) + Hy \ 5 1900 80 * 10 12 + 0.9
k"(s 7p) + H,0 5 2100 10 ¢ 4 84 + 8
a Teﬁperatures are quoted in °K and cross sections in 22; <Qq>

from this work is taken from Table II.
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Quenching efficiencies.®

vTable V.
% % % - .
Na (3 2P) K"y 2p) K (5 2p)
Ciass I ‘
CHy, <0.01 '<0.01 0.45
CD, . - : 0.30
4
C,Hg <0.01 0.58
C,Dg 0.u1
‘CF, <0.01 <0.01 0.16
'Hzo ng. oL nD.03 0.71
D0 | 0.77
“\Class IT.
- H, 0.18 0.05 0.13
D, L 0. 14 0.05 0.11
N, ~0. 2P ~n0.2P ' 0.u8
HC1 ~o.8° 0.80
DC1 0.80
' b
co, 0.80 N7 o
CH3OH 0.26 0.24 0.74
CF4CL 1.0 ’ 0.82 1.0
CH,CN 0.96
c,H, 0.68 0.56 0.49
C,D, Ofio
CeHg 0.83 |
Class III
s0, 1.5 1.3
| Br2 2.0
I, 2.2 1.8 0.22
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~Table V. <(continued)

@The “quenching effiéiency”‘is‘defined-as'the'ratio of
the measured kq value (taken from this work except where
noted) to that calculated from Egqg. (8)_; ~ The C6
coefflclents were calculated from the}Slater~Kirkwood
approximation usingvliteraturé values for‘the\. |

| pdlarizabilitiéé ofﬂA*'(Ref.BO ) and M (éited in.Refill),

These are based ‘on measufements of other workers u51ng
the . AX photodlssoc1atlon technlque and have not been
corrected for the experimental spread in collision
speeds: Na#(3 2P) + N2, Ref. 20; K*(M ?P) +~N2"and C025
J. Gatzke, Z. Physik. Chem.‘(Leipzig)'zgg,v321 (1963);
N’a*(3 2py + Héi,' H. G. Hanson, J. Chen.- Phys. 23, 1391

(1955).
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FIGURE CAPTIONS

'Fig. 1. Data poihts show measured reduced fluorescence

;-

‘efficiéncy‘curve, R(Ao); (arbitrarily.normaliZed)
for Na#(3 2P) from NaBr: 903°K‘window temperafure,
7883°K;salt temperature. (Data below 1850 A may‘nét.
be quanfitativély reliable.;l). Solid curve shows
' fif to the'déta oéﬁaingd by cohvolutingltriangular
monoéhrqmator bandpaés‘function'(so A FWHM) with
the theoréticalvcurve~(shown'dashed)_caléulated
for the bofential energy functions shown in'Fig. Iy,
Fig. 2. Data poihts show measured reduced fluorescence |
‘efficiency curves for K*(u'QPl/Q)"(7699 A) and
) o

Koth "Pa/0

temperature, 853°K salt temperature. Solid

o .
) (7665 A) from KI: 873°K window

curves show corresponding fits to the data
-prévidéd by potentiai energy fuhctibnsvshown in
| Fig. 53 the 7699 Z fit-islalsé shown‘in the lower
panel és the dashed curve for‘comﬁarison to the
7665 A fit. |
Fig. 3. ‘Data points. show measured feduced fluorescence
efficiency curves for X (5 2P) from KI (893°K
windowvtémpgrafuré;\873°K salt tempefature) and Li
(2 p) from'LiI. The Li* data ié'ofvpoor quality
ahd_is_only qualitatively significant. ‘ /
Fig. 4. Pptential energy functions for‘NaBr-Whichrfit the

data of Fig. 1. Also shown are the energies and
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fhérmal'populations'of the Qibrational levels of
thevgfound state which were included in fittihg
the data of Fig. 1.

Fig; 5. Pofential energy functions for KI which fit the
data of Fig. 23 conventions as for Fig. u.

Fig. 6. \Least—squares fits of typical quenching data to
the Stern-Volmer reiatioﬁ,-Eq.'(l). The Na*

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

2

+ CzHufdata were cbllected for various mono-

chromator settings and thus changing. relative
collision speéd dist?ibutiohs. Data for |
K*(S'QP)_were obtained by photodissociation of
Ki atA1925l2; the afgdn thermalizing procedure
was employed in collecting the CHu_and CD, data.
fig; %. Data points show cross sections for qﬁenching of
Na*<3 ?p) by.Br2 obtained from Eqs. (6) and (7)
“and kq'values detgrmined by photcdissociation of
NaBr at (in.order.of increasing speeds) 2125,
2075, 2000, 1925, and 1875 A. The solid (s = 4),
y dashed (s = 5), and dgtfed (s = 6) curves shows the fits

to the data provided by cross sections assumed

' . b/s . o :
to vary as Qq = Ks/g for Ku, K5, and KS values

h/s ¢

of (units are cm2 - (cm/sec) ) 2.9 x 1077,

-10

2.5 x 10077, and 5.0 x 10_11, respectively.

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

K" (4 ?P) by 50,, CF,Cl, and C_H, versus relative



Fig.

9.

~ and dotted (s =.6) curves shbw fits ‘to the o

-42- | o i}
.coilision speed. For SO2 and CQHu; the "solid
point was determined from Eqs. (4) and (5) and
k- vaiues‘measured for a thermal‘spééd distri-
bption; all other points,Were'calculatedvfrom
Egs. (6) and (7) and'kq values measuréd_for
nonfjhermal‘spegd distributions produced by
photodiésociation of KI at (in order.of. N
increasing < g>)2$25, éuso,.2375, aﬁd_éaoo A.
Témperatures’weré 893°K for.SOQIand-CF3Cl,v
873°K for all C,H, points except the half-
darkened point‘obtained at 913°K.. As . in -

fig. 7, the solid (s = u4), dashed (s = 5),

(open symbol) data for Ku, KS’ and‘K.6 values,

respectively,/as foﬁlbws: 1.3 x 10;9, 1.3
10

x 10710, ana 2.8 x 1071 for s0,; 8.7 x 10710,
8.6 x 10771, and 1.8 x 107' for CF,C1; and
10 11 11

6.9 x 107", 6.5 x 107", and 1.3 x 107"~ for

CH,. - -

Schematic diabatic potential energy diagram for
approach of M,upbn 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 dissociation energies.
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This report was prepared as an account of work sponsored by the
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any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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