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Collisional Quenching of Hg (AO;)
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The rate constants for quenching of the metastablé Afate of Hg in two and three body collisions with
background Hg atoms have been measured by a pymgbe, laser-induced fluorescence technique. The
Hg, (AOJ) species was produced by photoassociating thermalHtgpairs at 266 nm which populates the
D1, level of Hg. Subsequent collisions relax the dimer into themate. The temporal history of the A
state number density was monitored by driving thejGe AOZJr transition in the yellow f ~ 564 nm) and
observing GQ — XOj emission in the ultravioleti( ~ 210-240 nm). The two and three body rate
constants for quenching of HQAO;_) by Hg were measured to be (4453.0) x 10 *® cne-s™* and (1.8+

0.4) x 10738 cmf-s71, respectively.

A. Introduction B. Experiments

.The Iowest-lyjng electronic excited §tates of.the mercury A partial energy level diagram of Hgllustrating the elec-
dimer, denoted in Hund’s case+(c) coupling notation gs&@e  tronic states of interest is given in Figure 1. In these experi-
metastable with respect to thg, @round state and, as noted ments, photoassociating pairs of thermalized Hg(®s at-
by Mies et al} “...function only as reservoir states...” Itisnot omgl2at 266 nm produces the K1, excited specie 14
surprising, then, that several attempts have been made to exand subsequent collisions with ground-state Hg atoms populate
tract energy stored in the Qor neargy istates. Effortsinthe  the AQ] state. As will be discussed later, relying on forma-
1970s to obtain lasing on the +- Oy transition of Hg, which tion of the A state by collisions inherently limits the range in
gives rise to the well-known continuum peaking~a335 nm, Hg number densities over which useful measurements can be
were unsuccessful, presumably because of excited state absorpmade. Exciting the GQ— AQj] transition of the dimer with
tion. Mosburg and Wilké and Ehrlich and Osgoddsubse- 5 time-delayed optical pulse results in 36- XO; emission
quently repoirted experlmentsm;/vhlchithe extraction of energy in the ultraviolet (210< A < 240 nm) which provides a
from Hg, (O;) by pumping 1, O, — Oy transitions with an  convenient measure of the relative A@umber density. By
infrared chemical laser was investigated and, recently, Figen etvarying the time delay between the pump (266 nm) and probe
al# attempted to obtain stimulated electronic Raman scattering (A ~ 564 nm) pulses, the temporal decay of thefﬁpbpula—

In 'j92 by an anti-Stokes process in which the Zk_cand _tion can be recorded. Note that, because of parity consider-
GQ, states serve as the initial (energy storage) and '”termed"ations, only the AQ population is sampled in these experi-

ate states, respectively. , ments. However, the adjacenf, @vel undoubtedly acts as a
An obstacle to utilizing the AQ state was that, until the reservoir that is closely coupled tog+QJy collisions.

mid 1980s, “...the existence of the gerade metastable levels [of A sch tic di f th . tal ti
Hg, had] not been established spectroscopicdllyth a series schematic diagram of the experimental arrangement 1s
_shown in Figure 2. Ground-state H#ig pairs are photoexcited

of laser-induced fluorescence experiments, Krause and co . ; )
P by optical pulses+5 ns full width at half-maximum (fwhm),

worker$—? identified the G, H, I— A transitions of Hg, )
determined vibrational constants for each of the electronic states® MJ: 10 Hz) from a frequency-quadrupled Nd:YAG laser. The

: ; . 266 nm beam is overlapped inside a quartz cell, (2.5 cm diameter
involved in these transitions, and subsequently resolved rota- . . L
tional structure in the G— A band20 q y (0.d.), 10 cm in length) with radiation from an Nd:YAG-pumped

dye laser. Tunable over the 55680 nm region, the dye laser
(probe) pulses have temporal and spectral widths-d0 ns
and~0.2 cntl, respectively, and have energies of nominally
10 mJ. The time delayAt) between the pump (266 nm) and
probe pulses can be adjusted continuously by a time delay
generator. As has been noted by Drullinger et®&djuenching

In this paper, the measurement of the rate constants for
quenching of Hg (AOZ{) in two and three body collisions
with background Hg atoms by a laser puappobe technique
is described. Dimers in the A state are produced by the
photoassociation of HgHg pairs to initially populate the Hg
D1,) level which ntly i iv llision . . .
\(/vithU)baecISQrounfi qu?;gg)uztot%s_s '?'Egiterﬁ:)%?a?%igt%r; gfs of electronically-excited Hgby oxygen and other gases is

the relative Hg (A) number density is monitored by photoex- efficient, so care must be taken in preparing the optical cells.
citing the ¢/, ') = (9, 0) band of the Hg(G — A) transition After evacuating the optical cell and outgassing at a base

and monitoring the ensuing emission on the-GX transition pressure of 10/ Torr, Hg was admitted to the cell Wh?Ch was
of the dimer then sealed off under vacuum. The cell was heated in an oven

and its temperature maintained to withifl °C. The G— X
t Present address: Northrop-Grumman, 600 Hicks Rd, Rolling Meadows, fluorescence in the ultraviolet (UV) was monitored at a right
IL 60008. angle to the optical axis (defined by the pump and probe beams)
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Figure 1. Partial energy level diagram for Hdlustrating qualitatively Figure 3. Hg. (G — X) bound— free emission spectrum observed
the electronic states and processes of primary interest to thesewhen the Aq — Gou+ transition is pumped at 564 nm which
experiments. Spectroscopic constants for the}ﬁbd GQq states of corresponds to excitation of the'(v'") = (9, 0) band. The time delay

the dimer can be found in ref 10. A review of theoretical and between the 266 nm (pump) and probe laser pulses is 100 ns.
experimental studies of the ground (g(mtate is given in ref 15.
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Figure 2. Schematic diagram of the experimental arrangement. Time Delay (us)

. . . Figure 4. Representative data illustrating the decay of the relative
by a photomultiplier and either a bandpass filter (216 nm) AO; population following the pump pulse. For clarity, only the

or a 0.25 m monochromator operated in first order. The |eqlits obtained at seven temperatures are shown.

fluorescence signals were sampled by a boxcar integrator with

a 20 ns gate, and fiducial markers were provided by detecting accelerates as the background Hg concentration is increased. A
scatter from both the probe and pump pulses with vacuum simple rate equation description of the Hg@\) population in
photodiodes. The entire experiment was under the control of athe aftermath of the photoassociation pulse reproduces well the
computer which recorded the relative intensity of the spectrally- experimental results. The temporal history of the A state num-
integrated G~ X emission as\t was scanned (which required  ber density following the 266 nm pulse can be expressed as
moving both the probe pulse and boxcar integrator gate

synchronously with respect to the pum Ise). d
ynehronously with resp Pump puise) HG2 (W] = kHaliHg, ()] —

C. Results and Discussion {TS’;l + k[Hg] + k3[Hg]2} [Hg, (A)] (1)
Condon internal diffraction spectra of the-6 X transition
of Hg, are readily produced by exciting specific rovibrational where square brackets denote number densitigsjs the
transitions of the Gg)(yv) — Ao;(yvr:o) bands with the probe ~ SPontaneous emission lifetime for the A state, knandk; are
radiation. As an example, Figure 3 shows the boundree the rate constants for quenching of HEAO,) in two and
emission observed when the ,(v") = (9, 0) transition of the  three body collisions, respectively, with background HgS§)
G — A band is driven at 564 nm. Similar spectra have been atoms. Note that eq 1 assumes that the' Astate is formed
observed previously for H§ 7 and are representative of those directly from D1, by two body collisions. Furthermore,
reported for the other group 1B metal dimers ¢Zmd Cd).12 collisions between excited species ¢H&) — Hg. (A)) have
Figure 4 presents data representative of those obtained at 2dbeen ignored. This process introduces a term into eq 1 that is
values of Hg number density (i.e., cell temperature). These quadratic in the Hg(Aog) number density. Recalling that the
results reflect the temporal decay of the,Hig) state population Hg—Hg pair photoassociation rate varies as the square of [Hg]
and, as expected, the decline of the A state number densityand that the absorption coefficient at 266 nm is small@3°



4974 J. Phys. Chem. A, Vol. 102, No. 26, 1998 Figen et al.

0.20 LI I L L L L LI B I 30))( 1Ul5CTT73'SilandK2,aS(1.8:i:0.4)>< 10733 cmPes7L,
[0 : N Also, the [Hg]— O limit of the polynomial is (6.4+ 0.6) x
- 10° 10* s~ which corresponds to a lifetime of 1588 1.5us. To
015 |-107 our knowledge, no measurements or theoretical estimates for
-~ [ 107 the Hg (Aog) state quenching rate constants are available in
- e the literature. However, Stock and co-workétsave measured
= oo L 0 the binary collisional rate constant for quenching of the Hg (6p
'l._N 3Py) state to be 4x 1071* cm?-s~1, which is an order of

magnitude larger than the Hd@A) two body quenching rate
constant measured in these experiments. Also, on the basis of
experiments and modeling involving a DC Hg discharge,
Mosburg and Wilké concluded that the three body rate constant
for Hgs formation (from the dimer) is 261500 timeslarger

000 bumta e L Lo b Lo L than the corresponding three body rate constant for the produc-
! z 3 4 5 6 tion of Hg* (where the asterisk denotes an electronic excited
state) from Hg (6pPo) atoms. When combined with the rate
constant measured by Stock etlafor quenching of Hg (6p
Figure 5. Dependence of the exponential decay rage}, on the Hg 3Py) by three body collisions with background Hg, the result of
number density. The solid curve is the least-squares fit of the second-ef 2 suggests Hg three body quenching rate constants in the
order polynomialz;™ = 7o, ! + k[Hg] + kiHg]* (eq 3) to the [Hg] 506 of~3 » 1073010 2 x 1028 cmf-s * which are at least

> 5 x 107 cm data. The inset shows a comparison of the 3 ord f itude | than th | dh 18
experimental trace fof = 598 K with the best fit of eq 2 to the data. OerTe;;s (?nﬁma%nl ude larger than the value proposed here (1.
X cmPes ).

cnP),13 then the fractional excitation of Hg atoms is negligible  In ref 18, radiative decay of the heteronuclear HgCd (A1)
(<1073, even for the highest Hg number densities studied in population was monitored and a two body collisional rate
these experiments. Consequently, the impact of (4)—Hg. constant of~1.2 x 10713 cm?-s™1 was inferred from the data.

(A) collisions on eq 1 may be neglected for the experimental This rate constant presumably reflects collisional mixing
conditions of interest. between excimer excited states and is, understandably, consider-
If the Hg number density, [Hg], is sufficiently large that the ably larger thark,. In contrast, the present experiments monitor
AO; formation time is small relative to the inverse of the the temporal history of the Pstates which lie~0.2 eV below
collisional loss rate, then the source term in eq 1 can be the lowest } state of Hg and~0.4 eV below the Jstate which

5= (15.8 ps)” + (4.5x10 cm’s™) [Hg)
o +(1.8x10% cm®s™) [He]

Il!lll

O

T T 15T

(=1
~

[Hg] (10" em™)

neglected for the moment and the decline of the, if) is radiatively coupled to ground by dipole-allowed transitions
population is given by and, as noted earlier, is the source of the bottrfdee ultraviolet
continuum. For the highest temperatures examined in these
[Hg, (A)] = Ae "™ + Be '™ 2) experiments £600 K), therefore Ty(1) — T(Og) ~ 8 KT.
One concludes that the @*Opopulation is relatively isolated
whereA andB are constants, collisionally from the radiating Jlstate and that the data of
Figure 5 present an accurate picture of the temporal decay of
T, ' =1y -+ k[Hg] + k[Hg]? (3)  the coupled § populations.
Unfortunately, analogous constants for other structurally
andk, andks are expressed in units of és! and cnf-s 4, similar diatomics such as the rare gas dimers; @dZn, also

respectively. All of theAt scans (similar to those of Figure 4) ~ do not appear to be available but two body quenching of the
were fit to eq 2 by computer, andwas determined. Theresults rare gas halides by the rare gases is characterized by rate
are summarized in Figure 5 in whieh L is shown as a function ~ constants of typically 10+'—10"12 cm®s~ %2 Similarly, three

of [Hg] for mercury number densities 7 x 108 cm™3. The body rate constants for quenching of the rare gas fluoride
inset compares the experimentst data forT = 598 K with diatomics [RF(BZ;,,), R = Ar, Kr, or Xe] by the rare gases
the least squares fit of eq 2. range from~2 x 10732 cmf-s~1 (for XeF(B) + 2Ar — products)

Interpretation of the data of Figure 5 requires that we first to ~5 x 1073 cmf-s™2 (for KrF (B2Y) + 2Kr). These values
consider the behavior of the system at low Hg number densities.are also 12 orders of magnitude larger than the H@) +
It is apparent that, for [Hgk 5 x 107 cm™3, the formation of 2Hg — products reaction rate reported here.
Hg (A) is the limiting process and the data are consistent with One general comment regarding the [Hg] 0 limit of the
a two body 1} — O;r formation rate constant of & 10714 data of Figure 5 should be made. Of course,;ACXOJ
cmi-s~1. Said another way, collisional mixing between the dipole transitions are forbidden by the<tig, g<A~ g, u<~ U
AOy and D1, states dictates the temporal history of the A state selection rule for electronic transitions. ~ Furthermore,
population in this low Hg density region. Consequently, only AO*—XOZJr is correlated, in the separated atom limit, with the
those data obtained for [Hgt 5 x 107 cm™2 were analyzed 6p gPO—GS 15, transition of atomic Hga transition which is
to determine the A(;) guenching rate constants. It is interest- also dipole-forbidden by spin and angular momentum consid-
ing to note that the two body rate constant mentioned above iserations. Wexler et & measured the Hg (8P;—6 1) A
smaller than, but comparable to, the rate constants for collisional coefficient to be 0.693, which suggests tha(R) for the Hg-
relaxation of Hg (63P;) to the 3P, state (in collisions with (®Po)—Hg interaction potential rises by approximately 4 orders
background Hg(63S)) that were measured by Waddell and of magnitude between the separated limit aRd for the
Hurst6 and Stock et al? Values reported in refs 16 and 17 AOZJr state. Ample precedent for this behavior exists for other
range between % 1074 and 3x 10713 cmé-s™1, diatomic species. One notable example is the alkali metal
The solid curve in Figure 5, the least squares fit of a second rare gas molecular transitiong>~2%) associated, in the
order polynomial in [Hg] (eq 3) to the data, yielddsas (4.5+ separated atom limit, witRS;,,—2S,, transitions of the alkali
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atom which are dipole-forbidden. Experimeéftsupport theo- (4) Figen, Z. G.; Gao, J.; Eden, J. G. Unpublished work.

retical prediction&23that the oscillator strength for tH& «— (5) Niefer, R.; Atkinson, J. B.; Krause, L. Phys. B1983 16, 3531.

23 transition of CsXe, for example, that is correlated with the B 152)6 ?SPE%OS‘{VEZE; GJ-I,_;\Illt;fer, R. J.; Atkinson, J. B.; Krause] LPhys.
H . - 2 e 'y i .

_smgle-photon-forbldden 78Sy, 6s 51/_2 transition _Of Cs . (7) Niefer, R. J.; Supronowicz, J.; Atkinson, J. B.; Krause Phys.

increases by more than 8 orders of magnitude as the interatomicrey. A 1987 35, 4629.

separation falls from-25 to ~4 A. (8) Kedzierski, W.; Atkinson, J. B.; Krause, IOpt. Lett 1989 14,
607.
D. Conclusions (9) Kedzierski, W.; Supronowicz, J.; Atkinson, J. B.; Baylis, W. E.;
Krause, L.; Couty, M.; Chambaud, @hem. Phys. Lettl99Q 175 221.
The rate constants for quenching Ofd'(@\og) in two and (10) Kedzierski, W.; Supronowicz, J.; Czajkowski, A.; Atkinson, J. B.;

i ; Krause, L.J. Mol. Spectrosc1995 173 510.
three body collisions with background Hg {8) atoms have (11) Ehrlich, D. J.: Osgood, R. M., JPhys. Re. Lett 1978 41, 547;

been measured in laser pumprobe experiments. Both rate  cpem’ phys. Let1979 61, 150.

constantsk, = (4.5+ 3.0) x 107> cm?-s™%, and!@ =(18% (12) Rodriguez, G.; Eden, J. G. Chem. Phys1991, 95, 5539.
0.4) x 1033 cmf-s71, are smaller than those typical of rare gas ~ (13) Drullinger, R. E.; Hessel, M. M.; Smith, E. W. Chem. Phys
halide excimer quenching constants, but comparison with 1977 66, 5656.
corresponding rate constants for homologous diatomics, (Cd gg gal“’e;)l UEID(‘;"”L“SJ'JM'ET]em-gthrfﬁ gggli’é’g (23‘1‘37393-
. . olg, M.; Flad, H.-JJ. Phys. Chen )
Znp) must await further experiments. (16) Waddell, B. V.; Hurst, G. SJ. Chem. Phys197Q 53, 3892.

. . 17) Stock, M.; Smith, E. W.; Drullinger, R. E.; Hessel, M. M.Chem.
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