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Although a number of workers have studied the gas-phase
collisional quenching of the lowest excited configuration of
the alkali'fatoms,l véry little is known about the quenching of
higher energy configurations. In contrast'to_Hg and rare gas
atoms which have aiso been.the subjects of many studies, the
excitation energies of the alkali atoms are typically less
than the bond energies of molecules which are efficient
quenching agents. For example, the excitation energies (in
e.V.) of the first six excited configurations of K are:

1.61 (4p2P), 2.80 (5s2S), 2.67 (3d%D), 3.06 (5p2P), 3.40 (4d°D),
and 3.41 (6828). Nevertheless, a variety of molecules are

quite efficient at quenching the lowest excited configuration
of the alkali metals, although certain "saturated" molecules,
such as CH,, CF,, and, to a lesser extent,'HZO are inefficient

as quenching agents.l’2

The work described here was undertaken
in order to determine whether this inefficiency would persist
“for higher energy qonfigurations. Measured rate constants

are presented for qnenching of K*(HPQP) and K*(szP) by HZO’

Cr, , and CH

iy -
The apparatus and experimental procedure was similar

4

to that described in Ref. 2. All meésurements were made with
ultravioletvradiation from a hydrogen arc which passed through
a monochromator with a triangular bandpass function, SOR
FWHM, and impinged upon a quartz cell containing KI vapor

% o]
at 890°K. The K (usz) fluorescence intensities at 7665A



‘and at 76992, which were produced by photodissociation of the
KI at 2450;, were isolated by different interference filters.
Irradiatidn_at 1925A permitted measurement of the K*(szP)

fluorescence through an interference filter which transmitted

o
both the 4044 and 4O047A resonance lines. With the UV intensity

held constant at one of these two wavelengths, the rate constant,

kq’ for quenching of the corresponding 4p or 5p potassium
fluorescence was determined by admitting a known number density,
n, of quenching gas to the KI cell and fitting the measured

fluorescerice inténsity, Rn’ to the Stern-Volmer relation:

RO/Rn‘= 1+ quna : ) (1)

' ‘e o . 3,4
The radiative fluorescence lifetimes, T, were assigned values™’

of 2.6x10°8

sec. for K*(HPQP) and 1.4x10"7 sec. for K*(szP).
Thus, kq is determined by assuming that the_resonance fluores-
cence is produced by the direct photodissociation of KI to

give the corresponding K*(usz) or K*(szP) configuration.
This.clearly holds for pﬁoductioh of‘K*(4p2P) at 24502 because
threshold for production of K*(Sszs) by photodissociation of
.KI in its ground vibrational level is_calculéted5 to be ZOBQX.
Caleculated thresholds for production of K' (5p2P) and K (4d?D)
(or K* (6525)) are at 1920 and 18202 respectively. The measured
reduced K*(szP) fiuorescehce efficiency (ifé., the ratio |
of fluorescence intensity to incident UV intensity) peaks

o T . :
at v 1900A and decreases to 20% of its peak value at ~ 1760

: _ o - . %
and 2020A, indicating that very little of the K (5p’P)




-fluoresCenée produced by 1925& can be due to initial production
of higher energy configurations. This was further verified in
anzauxiliary experiment in which no variation was observed in
kq for CH, quenching of the K*(szP) fluorescence produced by
irradiation of KI at 1925, 1950, and 1975&.

Measured values of kq are listed in Table I. Measurements
at 76652 and 76993 determined the same quvalue for K*(MPZP) +
4

measure reliably, some collisional mixing of the two fine

H,0. Tor K*(UPZP) + CH, or CF,; where kq was too small to
structure levels was observed. In contrast to work in>Ref. 2
where the franslational energy dependence of kq was measured,

kq values listed in Table I were determined fof thermal
distributions. RelatiVely large pressures of quenching gas

(v 20 férr for HZO’ n~ 50 torr for CFL+ and.CHu) were necessary

to determine the slow quenching rates of K*(usz), so that the
initial K*(hsz) épeed distribution should have collisiondlly
relaxed before-beiﬁg quenched. In experiments on K*(szP) +

CHu and CFu, a few torr of the quenching gas was pre-mixed with

~ 650 torr of Ar,-and this mixture (at a reduced pressure)

was admitted to the KI cell in order to insure that the

K*(5p2P) speed distribution was thermalized by collisions with Ar.
In separate experiments, it was ascértaihed that pure Ar

(at v~ 600 torr) ér pure Xe (at ~ 200 torr) failed to produce

a measurable attenuation bf the K*(szP) fiuorescence‘intensity.
This "Ar thermalizing" procedure was nét used in measuring

kq for K*(szP)‘+ H,0 due to experimental difficulties. Here,

o -
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however, the‘distribution in relative éolliéion speeds is
primarily determined by the thermal speed distribution2
of H20 by virtue of its light ﬁass relative to K. This was
verified_with K*(szP) + CHl+ where a value of 6.7 #* 0.7:«:10_10
em®/sec was measured for kq in the absence of the "Ar thermalizing"
proCeduré, in reasonable aéfeement with the thefmal value
given in Table I. |

We are not aware.of any previous studies on thé quenchihg
of K resonance fluorescenée by CHu or CFu. ‘Flame fluorescence

2

: %
studies of K (4p“P) + H20 have determined quenching cross

2 ovb . | ©92
at 1400 - 1800°K° and 2.6 * 0.3A

sections of 2.8 * 0.9A
at ~ 2000°1<,7 in reasonable agreemenf with our result in view
of the temperature differences. On the ofher.hand, the only

previous study7 of K*(szP) determined (at 2000°K) a quenching

L ' : o
- cross section for H20 of 10 #* 4A2

s substanfially different
from the result obtained here. |

In Ref. 2, we chose to compare our measured cross sections,
Q., for quenching of Na*(3p2P) with cross sections,_QD, for
"close encounters"lwherein the incident trajectories surmount’
the centrifugal barriers in the effecfivevpotentials'associated
with the long-range attractive dispersion forces. In doing
so, we did‘not propose that Qq should equal QD because (1) the
description of the quenching collision must. include some matrix
element coupling different electronic states and (2) QD

provides only an estimate of the cross section for close

encounters because of neglect of shorter range forces.




Nevertheless, this comparison proved useful in assessing the

Z2py,

efficiency of different moichles for quenching Na*(3p
Molecules with appreciable electron affinities (e.g., I2 and
802) are "super—efficient" with Qq > Qp» unsaturated molecules
(e.g., N, and C2Hu) as well as some poténtialiy reactive
compounds (e.g., CF3C1) are efficient quenchers with Qq < QD,
and certain saturated molecules (e.g., HZO’ CF, and CHu) are
very inefficient with Qq << QD. A similar comparison, shown
in Table I in the form of rate constants (kq/kD) rather than
cross sections, indicates that HQO, CFH’ and CHu are aiSo

very inefficient at quenching K*(Msz). For K*(szP), however,
HZO? CHu,.and, to a lesser extent, CFu pfoVe to be quite |
efficient as quenching agents.

Thevquenching collisions studied hefe'fefer to some
unknown’cnmbination of inelastic'prbcessés producing lower
K configurations and reactive processes.. For H20 and CFu,'
especially, the large efficiency for quenching of K*(szP)
might simply be a conseqnence of the.felatively large reaction
exoergicities listed in Table I; this point of view is
advanced by Dowling, et. a1.8 in discnssing their results on
quénching of Né*(szP) and T1*2§SZS). At any rate, the failure
of Ar or Xe to quench K*(szP) suggests that HZO’ CF,, and
CHu quench this configuration eithef by reaction or by an
inelastic process wherein electronic energy is at least

partially converted into vibrational énd rotational excitation. .

Furthermore, the failure of CH, to efficiently quench



Hg*(6p3P0,l),g-de5pite the larger excitétioh énergies,
suggeSts that the dramatic diffevence shown in Table I
is not simply a consequence of higher density of vibrational - v
rotational levels in the quenching molecules corresponding
to thé higher K*(szP) excitation energy.

.One possiblé mechanism for the efficient Quenching
of K*(szP) would picture the collision as proceeding via
é charge-transfer intefmediate which could produce lower K
éonfigurétions.or an "ionically bound" KX-pfoduct. This
venerable model of collisional quenching of excited alkali
atoms hasvrecently been emplojed to interpretl0 the quench-

& o
ing of Na (3p2P) by N2; it may also be operativell

in the
related (not precisely inverse) process-ofvelectronic exéita—
tion in collisions of fast alkali atoms. Appearance potentials
of 5.0 - 5.7, ~ 7.5; and 4.7 eV have been reported for

dissociative electron attachment to H20,12 CHu,l2 and CFu,

13
respectively, whereas vertical electron affinities of ~ -3 to
Ny eV would appear to be necessary in order to account for

2p)y

the observed contrasting efficiencies for'éuenching of K*(up
and K*(szP) in termsVCf this charge-fransfer model. However,
these dissociative electron attachment results may not refef
to excitation of the lowest negative ion resonance states.

14 have reviewed the known data on

Indeed, Claydon, et. al.
negative ion states of H20 and have concluded that the lowest
resonance state is not seen in dissociative electron attachment

because it is bound relative to dissociatioh into OH™ + H,




suggesting a vertical electron affinity greater than -3.28 eV,
probably between -2 and -3 eV. 1In terms of the simple charge
transfer>model, a value néar -3 eV would séem to account for the
large value of kq for K‘(szP), the relatively small values
S % ’

of kq for K (hsz) and Na (3p2P), as well as the trend’ of
. . ' ‘ . % 2 % 9
increasing k, on proceeding from K (4p“P) to Rb (5p“P) and

q
*
Cs (6p2P). Similarly, Christophorou and Stockdale15

have
suggested that the lowest energy dissociative electron attach-
ment observed in CHu proceeds via éxcitation.of a core—excited.
resonancévlevel. - Thus, 1t seems plausible to attribute the
quenching behavior of H20, CHu, and CFu obServea here to

formation of charge-transfer intermediates involving the

lowest energy resonance states of the negative ions. It should

‘also be noted, however, that the increasing density of electronic

 terms with increasing excitation énergy might be expected to

lead to avoided croséings and efficient quenching even in the

absence of formation of such a charge-transfer intermediate.
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Table I. Measured quenching rate constants, kq, at 890°K.

9:

K -qugnchlng ‘10 qu Qq kq/kD : ADO
_ N ) :
configuration . gas (em®/sec)? (a%)P T (ev)d
up’p CE, <0.01 <1 <0.01  1.3(KF + CF,)
up?p CH), <0.01 <1 <0.01. -0.9(KH + CHy)
up?Pp H,0 0.024£0.008 1.5  0.025 0.0(KOH + H)
5p2P CE, 0.21%0.04 26 0.6 2.8(KF + CF)
5p2P ~ CH, 0.77£0.08 60  0.45 0.6(KH + CHy)
5p2P  H,0 1.020.1 85 0.71 1.5(KOH + H)

4The uncertainty given for each k_, value is simply the standard deviation

q
provided by a least squares fit of the pressure dependence of the

fluorescence intensity to Eq. (1). The true error in kq should be

somewhat larger.

bQuenching cross section, calculated as k, = Q

q < g >, where < g > is

q
the thermal average relative speed.

As discusséd in the text, kq/kD is a measure of the quenching efficiency.

‘dADO is the exoergicity of the possible reaction; data from Ref. 5.
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