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Photofragment excitation (PHOFEX) spectroscopy was applied to determine the dissociation energies of the BT,
states of HgAr and HgNe. The PHOFEX spectra were measured in the wavelength region where the laser-induced
fluorescence spectrum of the B3IT,—X'=* transition exhibits a continuum structure by probing the photolysis product
of Hg(6°P;) through the Hg(8S,—6°P;) transition. By the spectral simulation of the threshold behavior of the high-
resolution (Av~20.08 cm™") PHOFEX spectrum, the thresholds for the photodissociation reaction, HfRg—Hg(6°P1)+Rg,
were determined to be 39447.9(3) and 39536.0(5) cm ' for Rg =Ne and Ar, respectively. From these thresholds, the
dissociation energies, Dy’s, of the B3I, states of HgNe and HgAr were determined to be Do(B*TL;; HgNe) =9.8(3) and
Do(B*m;; HgAr) =61.8(5) cm ™!, respectively. This direct determination of the dissociation energies of the B®II; states
led to a determination of the Dy’s for the X'=* and AT+ states; Do(X'S+; HgNe) =35.6(3), Do(X'ZF; HgAr)=123.7(5),
Do(A’ g+ ; HgNe) = 68.7(3), and Do(A3Tg+; HgAr)=348.8(6)Acm*l. In addition, the (v/,0) vibronic bands of the
B3II;-X'>* transition of HgAr were re-measured with high resolution for v/ = 0—8. From the transition wavenumbers
of these vibronic bands, the Morse potential parameters were determined with high precision as we =11.94(3) cm™! and
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Wexe =0.594(3) cm™ L.

Since the first observation of HgRg (Rg=a rare gas atom)
diatomic van der Waals clusters produced in a supersonic jet
by Fuke, Kaya, and co-workers,"? the electronically excited
states of the HgRg, (n=1,2,- - -) clusters have been intensively
investigated.>~!” Recently, the investigation of HgRg clus-
ters was systematically extended towards the highly excited
region in order to understand the vibrational and dissociation
dynamics in the Rydberg states.!"'®=2? In these studies, the
interatomic potentials of HgRg in the low-lying electronic
states (X'=*, A®Tly+, and B3I1;) always played an impor-
tant role. For determining of the dissociation energies in the
Rydberg states, the dissociation energy for the electronic
ground X3+ state is required; also, for the interpretation
of the intensity pattern observed in the optical-optical dou-
ble resonance (OODR) spectrum, knowledge concerning the
shape of the intermediate potentials, i.e. the A3IIo- and B3I,
states, was crucial. Furthermore, the precise shape of the
potential function of the B?I1, state would facilitate an un-
derstanding of the dissociation reaction proceeding through
the repulsive part of the B3IT; state.

The previous spectroscopic studies showed that the vibra-
tional level energies of the A3IIy+ and B3I, states of the
HgRg dimers were well described in terms of the Morse pa-
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rameters (@, and wex.). Since it has been known that the
Morse potential approximation is not always appropriate, es-
pecially in the highly excited region near to the dissociation
limit, the dissociation energies of the electronically excited
A®TIy and B3I, states of HgRg have relatively large un-
certainties. Of course, if the dissociation energy (D)) of the
electronic ground X'=* state is known, Dy for the electron-
ically excited A®TIy+ or B*TI, state can be derived straight-
forwardly using the 6°P; « 6!S transition wavenumber of
Hg,? v(Hg)=39412.30 cm™!, as

Dqy =Dy + v(Hg) — wo(HgRg), )

where 1o(HgRg) represents the band origin (v/, v"')=(0,0)
transition of the A3TIy—X!=* or B3TI;—X'=* band of HgRg.
However, only an indirect estimate has been made of the
dissociation energies (Djs) for the electronic ground X'=*
states of HgRg. Therefore, in order to solve this problem of
persistent ambiguities in the dissociation energies of the low-
lying electronic states of HgRg, it is necessary to determine
the dissociation energy of one of these three electronic states.
Once the dissociation energy of one of these electronic states
is determined, those for the other two states can be derived
using Eq. 1.

In the present study we introduced a technique of
photofragment excitation (PHOFEX) spectroscopy in order
to determine the dissociation energies (Djs) of the BII,;



1040 Bull. Chem. Soc. Jpn., 70, No. 5 (1997)

states of HgNe and HgAr with high-precision. This, in turn,
led to the precise determination of the dissociation ener-
gies of both the ATy and X! =¥ states of HgNe and HgAr.
PHOFEX spectroscopy is a variation of pump-and-probe
type spectroscopy, in which the wavelength of the excita-
tion laser causing the photodissociation is scanned while a
specific quantum state of the photofragments is monitored
by a second laser; this method has often been successfully
applied to investigations of photodissociation reactions. 2%
We demonstrate here that PHOFEX spectroscopy is efficient
in determining the dissociation energy of the interatomic po-
tentials of diatomic molecules in an electronically excited
state when there is a sufficient Franck—Condon overlap be-
tween the electronic ground state and both the discrete and
the continuum part of the potential in the electronically ex-
cited state. The PHOFEX spectrum for the B3IT;~X'Z* band
of HgAr was previously measured by Quayle et al.'¥ in order
to estimate the rotational temperature of a free jet. However,
no attempt has so far been made to determine the precise

dissociation energies of the HgRg dimers by PHOFEX spec- -

troscopy. We also report here on re-measurements of the
high-resolution LIF spectrum of the B3I1;~X'Z* band of
HgAr in order to determine the band-origin wavenumbers
for the vibronic transitions, from which the Morse potential
parameters (@, and @,x.) for the BII,; state of HgAr were
determined with high precision.

Experimental

The van der Waals (vdW) dimers, HgNe and HgAr, were pro-
duced in a supersonic jet expanded into a vacuum chamber through
a heated pulsed nozzle equipped with an Hg reservoir using pure
Ne and Ar as the carrier gas, respectively. The temperature of the
heated nozzle was kept at ca. 200 °C, which corresponds to a Hg
vapor pressure of ca. 17 Torr (1 Torr=133.322 Pa). In order to pre-
vent the formation of larger clusters, the stagnation pressures of Ne
and Ar were kept below 6.5 and 1.5 atm, respectively. The pulsed
nozzle adopted here was a fuel-injector with a tip orifice diameter
of 0.8 mm, and was operated at 7 Hz. The background pressure in
the chamber during the experiments was ca. 10™* Torr.

When measuring the PHOFEX spectrum, HgNe or HgAr was
excited into the B>II; state using the first UV laser light beam (e :
252.5—253.9 nm); and the Hg(63 P1) photofragments produced via
the repulsive part of the B>IT;state potential were monitored by a
second UV laser light beam (w,; 289.4 nm) by exciting Hg(6°P))
to Hg(8%S1). The two UV laser light beams were frequency-dou-
bled outputs of two dye lasers («;: Lambda Physik FL3002E; w;:
Molectron DL-14P) simultaneously pumped by a XeCl excimer
laser (Lambda Physik LPX105i). The frequency-doubling was
performed using -BaB;0, and KDP crystals for w; and @, re-
spectively. In high-resolution measurements, an intracavity etalon
was inserted for the first dye laser for w;.

The two UV laser beams were counter-propagated and crossed
at right angles with a free-jet 15 mm downstream from the nozzle
orifice. The fluorescence emitted from the crossing region was de-
tected by two photomultipliers placed in a direction perpendicular to
both laser beams and the jet axis. A solar-blind type photomultiplier
(Hamamatsu R166UH) was used to detect the fluorescence (ca. 250
nm) emitted from the B*II; state of HgRg; another (Hamamatsu
R928) with an optical filter (Toshiba UV33) was used to detect
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emission in the visible and UV regions above ca. 330 nm. The
fluorescence signals were amplified by a preamplifier (NF BX-31)
and averaged by a boxcar integrator (Stanford SR250). In mea-
surements of the LIF spectrum, we introduced only the w; laser
light, and scanned its wavelength while detecting the fluorescence
using a solar-blind photomultiplier. In measurements of the LIF
and PHOFEX spectra, the wavelength of the laser light for w; was
calibrated with respect to the LIF spectrum of L,” measured si-
multaneously. The wavenumber resolutions of the low- and high-
resolution spectra were ca. 0.5 and ca. 0.08 cm ™', respectively.

Results and Discussion

(i) PHOFEX Spectroscopy of HgNe. In Fig. 1, the
low-resolution LIF (upper trace) and PHOFEX (lower trace)
spectra of HgNe, measured simultaneously, are shown in the
B3I1,-X!=* band region. The LIF spectrum measured in the
present study is consistent with that previously reported by
Fuke et al."? and Yamanouchi et al.® In the LIF spectrum,
the vibrational progression with only three distinct members,
assigned to the (v',v")=(0,0), (1,0), and (2,0) transitions,
converges to the dissociation limit located atca. 39448 cm™1.
In the higher energy region above the threshold, there is a
continuum part, indicating that the transition occurs to the
repulsive part of the B*I1; state potential.

The small peaks are identified in the PHOFEX spectrum
at the same wavenumber positions where the (0,0) and (1,
0) transition peaks are observed in the LIF spectrum. These
small peaks in the PHOFEX spectrum were ascribed to a
leakage of the fluorescence emitted in the UV region through
the optical filter which cuts most of the UV fluorescence,
since they still exist with the same intensities, even when the
probe laser is off.

By a comparison of the observed PHOFEX and LIF spec-
tra, it can be noticed that the formation of the Hg(6°P;)
photofragments gradually increases in the threshold region.
In order to investigate this threshold behavior more precisely,
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Fig. 1. The low-resolution LIF (upper trace) and PHOFEX
(lower trace) spectra for the B>IT;—X'Z* band of HgNe.
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Fig. 2. The high-resolution PHOFEX spectrum of the
B?II;-X'=" band of HgNe, and the simulated staircase
spectrum. The rotational temperature of the simulated spec-
trumis 1.8 K.

PHOFEX measurements were performed with high resolu-
tion (Av~0.08 cm™'). The high-resolution spectrum shown
in Fig. 2 exhibits a tail region extending 4—5 cm™"'.

This gradual increase in the threshold region of the
PHOFEX spectrum can be interpreted consistently by taking
account of the rotationally hot transitions. The dissocia-
tion threshold for the rovibronic transition to the continuum
region of the B*II; state from a certain rotational level in
the X!=* state having a rotational quantum number, J”/=J,
should be shifted by B” J(J+1) towards the lower energy side
from the dissociation threshold for the transition from the
J"=0 level in the X!+ state, where B” stands for the rota-
tional constant for the v"'=0 level of the electronic ground
X!>* state. It should be noted that (i) the observed PHOFEX
spectrum is a superposition of the rovibronic transitions from
the respective rotational levels in the X' =* state to the B3IT;
state of HgNe, forming the Hg(6°P;) photofragments, and
that (ii) the transitions from the higher J” levels have a lower
threshold energy for the dissociation. Therefore, as the exci-
tation energy increase in the threshold region of the PHOFEX
spectrum, the threshold for the dissociation is reached in or-
der from the high-J” transitions to the low-J” transitions;
consequently, the PHOFEX intensity increases until the tran-
sition from the lowest J” =0 level begins to contribute to the
photodissociation.

On the basis of the above consideration about the rotational
effect, the threshold behavior of the observed PHOFEX spec-
trum was simulated by a trial-and-error procedure, in which
the wavenumber of the dissociation threshold (vy) and the
rotational temperature (Tg) were varied as two independent
variable parameters. In the simulation of the PHOFEX spec-
trum, the shape of the Franck—Condon pattern for the rovi-
bronic transitions to the continuum region was assumed to
be a single-step staircase function, whose step height repre-
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sents the statistical weight (2J''+1) of the rotational level of
the electronic ground state. Since we are interested in the
narrow tail region extending only 4—5 cm~! just below the
dissociation threshold, which is by far smaller than the range
(ca. 110 cm™1) of the smooth continuum region, the staircase
function is expected to represent well the threshold behavior.
Using the above single-step staircase FC pattern, the super-
positions of the rovibronic transition intensities multiplied
by a Boltzmann factor was taken to synthesize the PHOFEX
spectrum.

Since the dissociation threshold (v;,) determines the
wavenumber position at which the PHOFEX intensity begins
to drop and the rotational temperature (7Txr) determines the
wavenumber range of the tail region extending towards the
lower energy region, these two parameters were optimized
almost independently in the simulation of the PHOFEX spec-
trum. The best-fit simulated PHOFEX spectrum is compared
in Fig. 2 with the observed spectrum. It can be seen in
Fig. 2 that the simulated spectrum well reproduces the over-
all feature of the observed spectrum. From this analysis,
Y =39447.9(3) cm™! and Tz =1.8(4) K were derived as op-
timized parameters, where the numbers in the parentheses
represent the estimated limits of error.

In the tail region of the simulated PHOFEX spectrum in
Fig. 2, there is a stair-case like structure, which cannot be
clearly identified in the observed spectrum. In the simulated
spectrum, each step in the staircase represents the opening or
alower J” channel, causing dissociation. The disappearance
of a clear staircase in the observed PHOFEX spectrum is as-
cribable to the existence of the six abundant isotope species
of "Hg with m=198, 199, 200, 201, 202, and 204. As dis-
cussed by Yamanouchi et al.,” the A—X and B—X vibronic
transitions of HgRg exhibit isotope splittings, mainly due to
a volume isotope effect. The magnitudes of the isotope split-
ting between the lightest isotope (1°*Hg) and the heaviest one
(***Hg) can be estimated to be at most 0.5 cm™! in the B-X
band,” and the splittings between adjacent isotope species
are in the range of 0.05—0.20 cm~!, which is comparable to
the spacings between the steps. Therefore, the overlapping of
the PHOFEX spectrum of the six isotope species of "HgNe
may smear out the stepwise increase in the intensity of the
PHOFEX spectrum. By meaning the PHOFEX spectrum of
the single mass species of HgRg by a mass-resolved REMPI
technique,' a staircase-like structure could be identified, as
predicted by the simulated spectrum.

By using Eq. 1 with a dissociation threshold of w,=
39447.9(3) cm~! and v(HgNe)=39438.06(4) cm~! of the
B3I1,-X'=* (0,0) band,? the dissociation energy (Dy) for the
B3T1, state was determined to be Do(B3I1;)=9.8(3) cm™'.
Then, as described in the introduction section, the dissoci-
ation energies of the X'=* and Al states were derived
straightforwardly to be Do(X'=*)=35.6(3) and Do(A*Ty+)=
68.7(3) cm™! from the dissociation energy of the B*IT; state
and 1y of the R3TT+ —X!'=* band.? Since the rotational band
origin of the B3IT;-X'=* (0,0) band reported by Yamanouchi
et al.? was regarded as being that of the °*HgNe species,
the obtained dissociation threshold and dissociation energies
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Table 1. Dissociation Energies, Dy (cm™Y), of HgNe and
HgAr in the X'Z*, A*TIy+, and B*I1; States Determined
from the Dissociation Thresholds for the B3 -X!'Sy*

Bands?
HgNe HgAr
X'zt 35.6(3) 123.7(5)
A3, 68.7(3) 348.8(6)
BII, 9.8(3) 61.8(5)

a) The dissociation thresholds for the B3IT;—X'=* bands for HgNe
and HgAr are 39447.9(3) and 39536.0(5) cm ™!, respectively.

correspond to those for the 2°°HgNe isotope species. The
determined dissociation energies of the X'=*, A%y, and
B3I1; states are summarized in Table 1.

It is possible that the dissociation threshold for each tran-
sition from the rotational level with a rotational quantum
number of J” in the electronic ground X'=* state is shifted
towards the higher energy side by the centrifugal barrier in
the B3I1; state. However, for the lower J' values in the elec-
tronic excited B3I, state, which were accessed in the present
experimental condition, this centrifugal energy shift should
be very small. Under the present ultracold (Tg~1.8 K) ex-
pansion conditions, the populations of the rotational levels
with J” >5 in the electronic ground X'X* state are consid-
erably small (<10%), from which transitions occur to the
J'>5 levels in the electronically excited B3I, state. Indeed,
when the Morse potential function derived by Yamanouchi et
al.? is adopted, the height of the centrifugal barrier for J'=5
is only 0.22 cm™!, measured from the dissociation limit of
this Morse function. Furthermore, as shown in Fig. 2, the
energy position where the intensity starts to fall off from the
continuum level is clearly identified in the PHOFEX spec-
trum. Considering that this fall-off point corresponds with
the dissociation threshold for the transition from the lowest
J"=0 level in the electronic ground X'=* state, the centrifu-
gal energy shift affords only a negligible contribution to the
dissociation threshold derived from the simulation described
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above.

In the LIF spectrum shown in Fig. 1, two weak bands
were identified at 39423.1 and 39428.5 cm™!, which were
assigned, respectively, to the vibrational hot-band transitions,
B3TI,—X'=* (0,1) and (1,1), from the v'=1 level of the elec-
tronic ground X'=* state. The (0,1) and (1,1) bands are
located at 15.0 cm~! below the (0,0) and (1,0) bands, respec-
tively, indicating that the vibrational term value for the v''=1
levelis 15.0 cm~!. Therefore, the PHOFEX threshold for the
hot band transition from v"’=1 level in the X state should be
located 15.0 cm™! below the threshold v;,=39447.9(3) cm™!
derived above for the transition from v''=0 level. However,
as can be seen in Fig. 2, such a hot-band threshold was
too weak to be identified in the observed PHOFEX spec-
trum. This means that no contribution is expected from the
hot-band transitions to modify the threshold region of the
PHOFEX spectrum.

From the determined dissociation energy, Dy=9.8(3) cm~!
for the BII; state of HgNe, the dissociation energy (D)
was estimated as De=Dgo+(1/2)w. —(1/4) Wex.=13.45(30)
cm™! using the Morse parameters @w.=7.9 and wex.=1.2
cm~! determined previously by Yamanouchi et al.> On the
other hand, by using these Morse parameters, the dissocia-
tion energy (D) was predicted by the Morse equation to be
De=w,? /(4 wex.)=13.00 cm~!, which is in good agreement
with D,=13.45 cm~! derived from Dy. This agreement indi-
cates that the Morse function well describes the shape of the
interatomic potential of the B*I1; state of HgNe. The deter-
mined potential parameters for the B3I1; state of HgNe are
listed in Table 2 together with those determined from pre-
vious studies. The obtained dissociation energies (D and
D.) for the B3II; state of HgNe are consistent with those
estimated by Koperski et al.'> from a Birge—Sponer plot.
However, the precision of these dissociation energies was
considerably improved in the present study due to the di-
rect high-resolution measurements of the photodissociation
thresbold.

(ii) PHOFEX Spectroscopy of HgAr.  Figure 3 shows

Table 2. Determined Potential Parameters of the B’II; States of HgNe and HgAr, and
Comparisons with the Previous Studies
We WeXe Dg D R.
cm™! -1 cm™! cm™! A
HgNe (B’IT))
This study — — 9.8(3) 13.45(30) —
Fuke et al.? 8.6 13 13 17 4.57
Yamanouchi et al.” 7.9 1.2 11 13 4.92
Koperski et al.'” 7.7(4) 1.12(5) 9.7(7) 13.3(8) 4.71(1)
HgAr (B’IT))
This study 11.94(3)  0.594(3) 61.8(5) 67.62(50) —
Fuke et al.? 12.1 0.53 61 67 4.66
Yamanouchi et al.¥ 115 0.63 57(4) 53 4.70
Krim et al.'¥ 11.2 0.6 — — —
Quayle et al.'¥ 12.4 0.59 — 72.02 —
Koperski et al.'” 12.7(2) 0.60(1) 61.0(10)  67.2(10)  4.47(1)
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Fig. 3. The low-resolution LIF (upper trace) and PHOFEX
(lower trace) spectra for the B3II,-X'Z* band of HgAr.

the low-resolution LIF (upper trace) and PHOFEX (lower
trace) spectra, which were simultaneously measured in the
B3I1;-X'=* band region of HgAr. The LIF spectrum mea-
sured in the present study is consistent with that reported
previously by Fuke at al."? and Yamanouchi et al.” In the
LIF spectrum, the relatively long vibrational progression has
been identified with ten discernible transitions converging to
the dissociation threshold located at ca. 39536 cm™!. In the
higher energy region above the threshold, there is a contin-
uum part extending ca. 80 cm™!, indicating that the transition
occurs to the repulsive part of the B3IT; state potential.
High-resolution measurements were performed for the (v/,
0) vibronic bands for v/=0—38 in order to resolve their rota-
tional structures. Although these rotational structures were
consistent with the previous measurements by Yamanouchi
et al.,” the vibrational assignments were off by one in the
previous study. The rotational band origins and the observed
rotational structure, labelled as the B—X(v',0) transition in a
previous report by Yamanouchi et al., should be corrected
to those for the B—X(v'+1,0) transition. The rotational band
origin wavenumbers determined from a rotational analysis in

Table 3. Rotational Band Origins (cm™') for the
B3I1;-X'S* (v/,0) Transitions of HgAr
v Band origin
0 39474.23(4)
1 39485.57(4)
2 39495.75(4)
3 39504.74(4)
4 39512.49(4)
5 39519.10(4)
6 39524.51(4)
7 39528.66(4)
8 39531.76(4)

a) Numbers in parentheses represent estimated limits of error.

Bull. Chem. Soc. Jpn., 70, No. 5 (1997) 1043

the present study are listed in Table 3. From a Birge—Sponer
plot of the observed band origins, the Morse potential param-
eters were determined to be w.=11.94(3) and w.x.=0.594(3)
cm™!. From a rotational contour analysis of the high-resolu-
tion LIF spectra of the B3IT;—X!=* transitions, the rotational
temperature was determined to be 3.0(2) K. The determined
potential parameters for the B*IT; state of HgAr are listed in
Table 2 together with those determined in previous studies.

As in Fig. 1 for HgNe, the small peaks identified in the
PHOFEX spectrum of HgAr at the same wavenumber po-
sitions where the discrete vibronic transition peaks are ob-
served in the LIF spectrum were ascribed to a leakage of the
fluorescence emitted in the UV region through the optical
filter. The threshold behavior of the PHOFEX spectrum is
more clearly seen in a high-resolution PHOFEX spectrum
(Av=~0.08 cm™!) given in Fig. 4, which shows that the tail
region extends 4—5 cm™’.

In order to interpret the threshold behavior of the PHOFEX
spectrum, a trial-and-error simulation was performed by
treating only the dissociation threshold (%4,) as one vari-
able parameter, while the rotational temperature (Tg) was
fixed at T =3.0 K, which was determined by a simulation
of the rotational structures of the B-X(v/,0) discrete transi-
tions, measured under the same experimental conditions as
the PHOFEX spectrum. From the simulation, the thresh-
old value, 39536.0(5) cm~ !, was determined for the B—X
transition of HgAr.

By using Eq. 1 with a dissociation threshold of %=
39536.0(5) cm~! and v (HgAr)=39474.23(4) cm™! of the
B3I1;-X!=* (0,0) band, obtained in the present study, the
dissociation energy (Do) for the B3I, state was determined
to be Do(B>T1;)=61.8(5) cm™!; the dissociation energies of
the X'=* and A3TI, states were then derived straightfor-

Hg Ar PHOFE)( Threshold

(high resolution)

T T T T
39528 395632 39536
Wavenumber / cm’'
Fig. 4. The high-resolution PHOFEX spectrum of the

B3II;-X'>* band of HgAr, and the simulated staircase spec-
trum. The rotational temperature of the simulated spectrum
is 3.0K.
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wardly to be Do(X!Z*)=123.7(5) and Do(A3T1y+)=348.8(6)
cm™! from the dissociation energy of the B*IT; state and vy
of the R3TTy+ —X!=* band.? The determined dissociation en-
ergies of the X!=*, A®Tly:, and BI1, states are summarized
in Table 1.

Regarding the interatomic potential of the B3I1; state of
HgAr, the C¢ and Cg potential terms were introduced to cor-
rectly describe the long-range behavior. Revisions of the po-
tential parameters were recently attempted by Koperski'® by
using previous spectroscopic data. It would be worth men-
tioning here that the dissociation threshold, 39535.54(10)
cm™!, described by Lawrence et al.!” as the beginning of
the dissociation continuum, and that estimated as 39535.15
cm~! by Koperski from a LeRoy-Bernstein plot, were all
consistent with the threshold value of 39536.0 cm™!, deter-
mined directly from the PHOFEX spectrum in the present
study.

As discussed in Section (i) for HgNe, the centrifugal bar-
rier shifts the threshold energies for the respective J” chan-
nels in the PHOFEX spectrum. However, due to the heavier
reduced mass for HgAr, the contribution from the centrifugal
barrier was found to be smaller than that in HgNe under jet-
cooled conditions in the present study. Therefore, for the
same reasons as those described for HgNe, the effect of the
centrifugal barrier can be neglected in the above simulation
to derive the dissociation threshold. In the LIF spectrum
shown in Fig. 3, two weak bands were identified at 39453.1
and 39464.4 cm™!, which were assigned, respectively, to the
vibrational hot-band transitions, B*IT;—X!>* (0,1) and (I,
1), from the =1 level of the electronic ground X'=* state.
The (0,1) and (1,1) bands are located at 21.7 cm ™! below the
(0,0) and (1,0) bands, respectively, indicating that the vibra-
tional term value for the v/=1 level is 21.7 cm™!. Similar
to the HgNe case, the hot-band contribution was found to
be neglibly small in the threshold behavior of the PHOFEX
spectrum.

Summary

PHOFEX (photofragment excitation) spectroscopy was
for the first time applied to determine the spectroscopic dis-
sociation energies (Dy’s) of HgNe and HgAr in their low-
lying electronic states, i.e. X!=*, A3IIp+, and B3I1; states.
From a simulation of the threshold behavior of the high-res-
olution PHOFEX spectra of the B3IT;,-X!Z* bands of HgNe
and HgAr by monitoring the Hg(6°P;) photofragments, the
dissociation thresholds for the B3IT; states were determined
with high-precision to be 39447.9(3) and 39536.0(5) cm™!
for HgNe and HgAr, respectively. From theses thresh-
olds, the dissociation energies (Djs) of the B3I, states of
HgNe and HgAr were determined to be Do(B>I1;; HgNe)=
9.8(3) and Dy(B’I1;; HgAr)=61.8(5) cm~!, respectively.
This direct determination of the dissociation energies of
the B3TI; states led to a determination of the Dy’s for
the X'=* and A%IIy- states; Do(X'=*; HgNe)=35.6(3),
Do(X'=*; HgAr)=123.7(5), Do(A3Tly+; HgNe)=68.7(3), and
Do(A%TIy+; HgAr)=348.8(6) cm™!. The present determina-
tion of the dissociation energies of HgNe and HgAr demon-

PHOFEX Spectroscopy of HgNe and HgAr

strates that PHOFEX spectroscopy, which has been applied
to investigate photodissociation reactions, is also an efficient
approach to determine the spectroscopic dissociation ener-
gies (Dy’s) of simple molecules.
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from the Ministry of Education, Science, Sports and Culture
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