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Laser spectroscopy of the HgZn excimer
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Extensive and previously unknown fluorescence and excitation spectra of the HgZn excimer
have been observed and correlated with a potential-energy (PE) diagram. The spectra were excit-
ed in a Hg-Zn mixture contained in a quartz vapor cell by successive pulses from two dye lasers,
using the pump-and-probe methods, and the PE curves were derived from Hg and Zn atomic pa-
rameters, previously known Hg, and Zn; curves, and from molecular-orbital considerations.
There is good agreement between the measured and calculated transition energies.

INTRODUCTION

There have been several recent reports on experimental
and theoretical studies of group-2b metallic excimers,
which exhibit spectral emission in the blue-green spectral
region and might become vehicles for molecular dissocia-
tion lasers.! Of particular interest are the spectroscopic
investigations of Hg, (Refs. 2 and 3) and Hgjs,* the calcu-
lations of potential-energy (PE) curves for Hg, and
TIHg,® and of the energy levels of Zn; (Ref. 6) and Zn;.”
The many efforts to produce lasers based on transitions in
the blue-green region in Hg,, HgCd, or HgTl excimers
have not met with success, probably because of too many
absorption processes competing with the stimulated emis-
sion. In the HgZn excimer, only one broad emission band
was observed at 460 nm, arising from a transition from an
excited HgZn state to the dissociative ground state.® We
now report the preliminary results of an extensive experi-
mental and theoretical investigation of HgZn, in which we
observed several fluorescence and excitation bands and
assigned them to transitions between specific molecular
states located on a PE diagram which was produced
simultaneously but independently of the experimental
study.

POTENTIAL-ENERGY CURVES

A schematic representation of the PE curves shown in
Fig. 1 has been derived from Hg and Zn atomic parame-
ters’ and from PE curves of Hg; (Refs. 5, 10, and 11) and
Zn,."1213 The X' ground state is the average of the Hg;
and Zn; ground states, with the same asymptotic energy
which is also taken as a reference zero value for the higher
PE curves whose asymptotic values were assumed from
experimental data.® For the sake of simplicity and clarity,
the potential curves are drawn and labeled according to
Hund’s case-a coupling, where spin-orbit effects are taken
to be small. In view of the large fine-structure splitting in
atomic mercury, this is a rather poor approximation, and
it would be more appropriate to use Hund’s case-c cou-
pling, in which the curves are labeled by Q, the quantum
number corresponding to the projection of the electronic
angular momentum j on the internuclear axis, and in
which curves of the same © do not cross. The c-case
curves can be estimated first by splitting the case-a curves

a

into different j components with |L—S|=<j=<L+S
with splittings intermediate between those of Hg (*P) and
those of Zn (3P), and then by dividing these further into
curves of differing @ (|A—ZX| < @ < A+Z%) and replac-
ing crossings of curves with like Q by anticrossings whose
minimum separations are also of the order of the atomic
fine-structure splittings. Thus, for example, a curve la-
beled I on our diagram splits into four curves in case-c
coupling: Two with @ =0, one with @ =1, and one with
0 =2. In Hund’s case q, the low-lying excited states arise
from three groups of states that are combined into a PE
diagram which also includes the appropriate avoided
crossings.

The first group of states is formed from a ground-state
Hg or Zn atom and the other atom in a 3P or 'P excited
state, corresponding to the configurations ns,np. Con-
siderations of molecular-orbital energy levels indicate that
the lowest excited states, correlated with the Zn (°P)
state, should have a (binding) character similar to the
32} and M, states of Zny, except that in HgZn the bond
is longer and the PE well depth smaller than in Zn,. Simi-
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FIG. 1. PE diagram showing low-lying HgZn states.
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lar arguments apply to the states 'IT and 'S correlated
with the Zn P state, and it is possible to deduce that the
states correlated with the Hg (*P,'P) atomic states are
repulsive, though less than in the case of Hg,.

The second group arises from ionic states of which the
lowest corresponds to Hg ™ + Zn™. Since the ionization
potential of Zn (9.39 eV) is lower than that of Hg (10.43
eV) and the “electron affinities” of Hg and Zn are about
—0.6 and —0.5 eV, respectively, ' the 'IT ionic states in-
teract strongly with repulsive states correlated with Zn
('S) + Hg ('P,%P), producing an avoided crossing with
the 'IT state (Zn 'S + Hg 'P), and a deep well. There is
also an avoided crossing of the ionic *IT state with a repul-
sive I state (Zn 'S + Hg 3P) at a smaller internuclear
separation (about 6 bohr), which produces a shallow well.
The ionic states corresponding to Hg* + Zn~ are less
important since they have higher energies and do not in-
teract directly with the first group of states.

The third group is derived from ground-state Hg and
excited Zn in the configuration (4s,5s) *>S. Although no
previous Zn, data are available, we can reasonably as-
sume that the 3% state (Hg 'S + Zn 538) is not strongly
bound and that the 'Z state (Hg 'S + Zn 5'S) is not very
repulsive; avoided crossings can occur between these
states and those of the first group.

THE APPARATUS AND EXPERIMENTAL
PROCEDURE

The apparatus and procedures employed in the pump-
and-probe experiments have been described previously. '
A mixture of Hg and Zn vapor contained in a quartz cell
was irradiated with two successive (“pump” and “probe”)
dye-laser pulses. The resulting fluorescence, observed at
right angles to the direction of excitation, was resolved
with a monochromator, detected with a photomultiplier,
and registered with a transient digitizer whose output was
integrated and analyzed in a microcomputer, which also
scanned the probe laser and monochromator. The pump
pulse was produced in a two-stage dye laser operated with
Rh 640 dye and excited with the second harmonic (532
nm) of a Q-switched Nd:YAG laser (where YAG is yttri-
um aluminum garnet). The resulting output at 615.2 nm
was frequency doubled to produce 8-ns pulses of 307.59
nm radiation corresponding to the 43P, <« 4'S, Zn inter-
combination line, which were weakly focused in the vapor
cell. When appropriate, the irradiated region was probed
after a 450-ns delay with a second pulse from a N»-laser-
pumped dye laser directed collinearly with the pump
pulse, whose half-width was about 8 ns and spectral
linewidth about 0.3 cm ~!. The sealed fluorescence cell
was fitted with a side arm and was mounted in an oven
which maintained the cell at about 840 K and the side
arm at about 780 K.

The experiment was carried out in three separate but
mutually complementary stages. The first stage dealt
with the HgZn fluorescence produced by the pump pulse
only, which consisted of the previously observed® blue
band and whose time evolution was recorded at various
vapor densities. At the same time, the spectral profile of
this band was studied as well as the time evolution of the
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FIG. 2. A trace of the fluorescence band excited with 307.56
nm laser radiation.

307.6 nm atomic Zn fluorescence. The second stage in-
volved pump-and-probe experiments at a constant cell
temperature, with monochromator scans of the fluores-
cence spectrum. The pump-probe delay was set at 450 ns
which corresponded to the maximal intensity of the blue
band and the profile of the resulting fluorescence band
near 250 nm was recorded as described previously.!*> In
the third stage of the experiment, the monochromator set-
ting was fixed and the probe laser was scanned, producing
excitation spectra. The scanning increment was 0.2-0.3
nm and the resulting excitation spectra appear to exhibit a
regular structure, typical of vibrational excitation bands.>
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FIG. 3. LIF bands emitted from selectively populated v’
states. (a) v'=6; (b) v'=7; (c) v'=8. The wavelengths of the
probe radiation were (a) 566.0 nm; (b) 562.0 nm; (c) 558.8 nm.
The dashed lines suggest the spectral profiles, the dotted lines
indicate the position of the components absorbed by Hg.
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FIG. 4. Partial 'TI+ 'IT excitation spectrum showing v’ as-
signments (v”=0). The dashed curve indicates relative dye
laser output power.

EXPERIMENTAL RESULTS AND DISCUSSION

Figure 2 shows the spectral profile of the 460 nm
fluorescence band excited with the pump laser. As al-
ready reported, the band peaks at about 460 nm, but the
additional component on its shoulder near 500 nm had not
been previously observed.® We believe the 460 nm band
to arise from the 3£(Hg 'S + Zn 3P)— X'T decay and
ascribe the 500 nm component to the 'IT (Hg 'S + Zn
'P)— X' transition. We also registered the time evolu-
tion of the 460 nm fluorescence following the pump pulse
and found that, after a relatively fast rise, the band inten-
sity reaches a maximum and decays exponentially as a
slower rate, with a decay time of 6 us. Although the
specific rise and decay times depend on the vapor density
in the cell, we found the rise time of the band fluorescence
to be equal to the decay time of the atomic 307.59 nm
fluorescence, which confirms the suggested mechanism?
for the formation of HgZn:

Zn(43P|)+2Hg(6'S)— HgZn(’z)+Hg(6'S);

the efficiency of this process appears to be quite high. The
presence of the reactive collisions shortens the effective
lifetime of Zn (43P;) atoms by about two orders of mag-
nitude, in keeping with Eden’s observations.® On the oth-
er hand, the HgZn excimer appears to be relatively in-
sensitive to quenching by Hg collisions, even at Hg vapor
pressures above 1 atm.

Figure 3 shows a series of laser-induced-fluorescence
(LIF) spectra, representing the bound-free decays of vi-
brational states selectively populated using pump and
probe excitation. These are representative “Condon inter-
nal diffraction” patterns centered near 250 nm, similar to
those observed with Hg,.!> It is unfortunate that the
bands are partly obscured by the strong Hg absorption
line at 253.7 nm. The LIF spectra are due to the
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FIG. 5. Partial 'S« 3% excitation spectrum. The dashed
curve indicates relative dye laser output power.

'M(Hg 'P, Zn'S)— X% decays.

The excitation band shown in Fig. 4 is part of a very
broad spectrum extending from 500-660 nm, which was
recorded with the monochromator set at 242 nm. Some of
the clearly resolved vibrational components, forming a v’
progression, have been identified by a comparison of the
excitation and bound-free fluorescence spectra shown in
Fig. 3. We interpret this spectrum to be due to the
NM(Hg'P,Zn'S)— 'M(Hg 'S,Zn 'P) absorption, as-
suming the latter state to be populated through the *=-'I1
curve crossing.

We have observed an additional excitation spectrum ex-
tending from 640-790 nm, which possesses a rich and
complex vibrational structure, not yet properly resolved or
analyzed. A part of this spectrum (which was recorded at
275.1 nm) is shown in Fig. 5 and the band is ascribed to
the '=(Hg!S,Zn 'P) < 35(Hg'S,Zn >P) absorption.

There is a gratifying degree of agreement between the
measured wavelengths of the various fluorescence and ex-
citation bands and those predicted by the PE diagram.
The assignments of the excitation spectra should be re-
garded as provisional since we do not know yet whether
the probe excitation takes place from the
32(Hg 'S +Zn3P) state or from another reservoir state
nearby.
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