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Mass resolved resonance enhanced multiphoton ionization (REMPI) spectra of a mixture of DCl and HCI
were recorded for two-photon resonance excitation in the region of 80500-89500 cm™'. Spectra due to
resonance transitions to rovibrational states of number of Rydberg and ion-pair states of DCl, were
identified and assigned. Five new spectral bands due to transitions to Rydberg states and eight new bands
due to transitions to vibrational states of the ion-pair state were identified and analysed to derive
energetic parameters. Irregularities observed in vibrational energy level spacing, rotational constants
and isotope shifts of chlorine isotopologues from what to expect for unperturbed states, as well as rela-
tive signal intensities, are indicative of strong homogeneous interaction between the E'>* Rydberg state
and the V'X" ion-pair state. These observations are found to be due to level-to-level interaction between
E and V rovibrational states of same J' quantum numbers. Comparison of the data for DCI and HCl is

performed.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

UV-Vis molecular spectroscopy and photofragmentation stud-
ies, presented in the literature, are largely associated with photoex-
citations in a relatively low energy valence state region.
Corresponding studies relevant to excitation to higher energy
region of Rydberg states or mixed Rydberg and valence states are
much fewer. Partly, this is due to a larger density of states and state
mixing within molecules, which adds to the complexity of spectro-
scopic and photofragmentation analysis. Nevertheless, photoexci-
tation to the higher energy region of molecules are of great
relevance to number of intriguing research fields such as atmo-
spheric chemistry, astrochemistry, photosynthesis and plasma
physics.

The simplicity of the diatomic hydrogen halides makes them
ideal candidates for such fundamental studies. Relatively well
resolved rotational spectral structures for excitations to high
energy Rydberg and ion-pair (valence) states has allowed detailed
quantum energy level based studies of spectroscopy [1-27] and
photofragmentation [5,7,9-11,13,15-22,28-34| processes. Spec-
troscopic information have been sought by means of standard
spectroscopy methods [1-3,24,28,35-40] as well as by REMPI
[4-6,8-10,12-14,16-23,26,27,29,41-43] to characterize the ener-
getics of large number of Rydberg states and ion-pair vibrational
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states. The use of varying number of photons for resonance excita-
tions has proved to be useful in the search for, and characterization
of, states. Spectral perturbations, showing as spectra line shifts or
intensity alterations, are frequently observed. These have been
taken account of by deperturbation calculations [18,20,21,31,44]
and made use of to predict the energetics of hidden (or dark) states
[26] as well as to determine state interaction strengths and
properties [15-17,19,20,22,26] and to characterize dissociation
processes [12,13,21,22]. Additionally, ion velocity map imaging
studies, coupled with REMPI, have been used successfully to
characterize photofragmentation (both photodissociation and
photoionization) and excitation processes involved [21,22,44-47].
Furthermore, the methodology of ab initio calculations, relevant
to electronically excited molecular states, has gained from an
association with the experimental work and proved to be useful
as a guiding tool in data interpretations [48-56].

Largest amount of data has been collected for HCl [1,4-6,10,1
1,29,31,35,39,41,42,57,58], whereas a lot less data are available
for its deuterated counterpart, DCI. The early work on the absorp-
tion spectroscopy of DCI by Tilford and Ginter in 1971 [35] and by
Douglas and Greening in 1979 [3], resulted in discovery of a num-
ber of Rydberg states and medium high energy vibrational states of
the V!X ion-pair state. Later, Callaghan et al. [23] published work
on (2 +n) REMPI of HCI and DCI. Coxon et al., [24] observed the
lowest vibrational bands of the V!'X* state by emission
spectroscopy. Vibrational bands of the VX" ion-pair state for
v/ =8-11 and from v’ = 22 upwards, for DCI, are yet to be observed.
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More recently, through (3 + 1) REMPI, Kvaran et al. reported previ-
ously unobserved Rydberg states, for HCl and DCl [11,58]. No data,
relevant to the dynamics or photofragmentation of DCl involving
states in this high energy region, are available in the literature.
Whereas theoretical interpretation of high energy state interaction
has been performed for HCI [48], no such work is available for DCI.

In this paper we present (2 + n) REMPI data and analysis for the
two-photon resonance excitation region of 80500-89500 cm™! for
a mixture of DCl and HCI. Number of new spectral observations, for
DCl, are assigned, including previously unobserved vibrational
bands of the V'=" ion-pair state and for Rydberg states. Detailed
analysis of the data involve standard spectral structure fit analysis
and/or simulation calculations. A special attention is paid to per-
turbation effects which appear as deviation of spacings between
vibrational energy levels, rotational constants and chlorine isotope
shifts from regular patterns of unperturbed states/Morse poten-
tials. The analysis lead to quantitative characterization of states
and reveal a characteristic pattern of strong interactions between
singlet sigma states, indicating a diversity in dynamical processes
in this high energy region. Comparison of data for DCl and HCI is
performed.

2. Experimental

DCl was produced by a reaction of benzoyl chloride and deuter-
ated water to give a mixture of DCl and HCl in a ratio of about
60:40 ratio [59]. The product was transferred to and stored in a
gas cylinder. Mass resolved REMPI spectra were recorded for the
mixture of HCI and DCI diluted in argon (HCI/DCl 50%, Argon
50%) after a jet expansion of the mixture through a pulsed nozzle
to form a molecular beam. The apparatus used has been described
before [58,60,61]. Equipment and condition parameters are listed
in Table 1. Excitation radiation was generated with a Lambda Phy-
sik COMPex 205 excimer laser (XeCl, 308 nm) pumped Coherent
ScanMatePro dye laser followed by a frequency doubling by a
BBO crystal. The laser beam was focused on the molecular beam
by a 200 mm quartz focal lens between a repeller and extractor
plates. Ions produced were directed into a 70 cm time-of-flight
tube and detected by MCP detector plates. Signals were fed into
a LeCroy WaveSurfer 44 MXs-A, 400 MHz storage oscilloscope
and recorded as mass spectra vs. laser excitation wavenumber.
To prevent saturation effects and power broadening, laser power
was minimized. Calibration was based on known spectral peaks
of the major HCl REMPI signals [4]. Accuracy was found to be about
+1.0 cm~! on the two-photon wavenumber scale.

Table 1
Typical equipment and condition parameters for REMPI experiments.

(a)  HCI/DCI/Ar sample About (DCI 60%: HCl 40%) 50%: argon 50%
(b)  Laser dyes C-440, C-460 & C-480
(c)  Freq. doubling crystal Sirah BBO-2
(d) Laser repetition rate 10 Hz
(e)  Dye laser linewidth 0.095 cm™!
(f)  Laser intensity used 10-16 m]/pulse from Dye laser, 0.5-1.0 m]
after SHG
(g) Nozzle size 0.5 mm
(h)  Sample backing pressure 2-3 bar
(i) Pressure inside ion 5.10~7 mbar
chamber
) Nozzle opening time 180-250 ps
(k)  Delay time for laser 450-500 ps
excitation
(I)  Excitation step size 0.1cm!

(m) Time-Of-Flight step size 10 ns

(n)  Time-Of-Flight tube 70 cm
length
(0)  Focal lens distance 200 mm

3. Results and analysis

Ion yields as a function of two-photon wavenumber excitation
(mass resolved REMPI spectra) were derived for all observed ions
formed by REMPI of HICl and DICl; i = 35, 37 (see Table 2), for the
excitation region of 80500-89500 cm~!. Signals due to (2 +n)
REMPI of D'Cl, for both i =35 and 37 were used to assign spectra
and to characterize vibrational states of electronically excited
D3>l and to derive isotope shifts for the two isotopologues DCI;
i=35, 37, whereas those due to REMPI of known H3Cl states [4-
6] were used for wavelength calibration. Fig. 1a-c shows DCl
REMPI spectra for two-photon resonance transitions to the Ryd-
berg states E'X*(0%) (v =0) (a) and I'Ax(v' =0) (c) and to the
valence/ion-pair state V!=*(0*)(v' = 22) (b). More spectra, relevant
to the analysis of D?>Cl, are to be found in Supplementary material
[62]. In agreement with observations for H!Cl [10,15,18,30,34] the
Q=0 Rydberg states (the E'>" state in particular) and the ion-
pair state spectra show relatively large signals for both the frag-
ment and parent molecular ions (dominating 1a and 1b), whereas,
those of Rydberg states for Q > 0 and triplet states show dominat-
ing parent molecular ion signals (Fig. 1¢). The former observation is
believed to indicate large mixing of the Q = 0 Rydberg and ion-pair
states due to strong homogeneous interactions [23,24,33-35].
D35Cl spectra due to resonance transitions to Rydberg states were
either analysed by use of the PGOPHER simulation program [63], or
by fitting analytical expressions for peak positions as a function of
quantum numbers of the energy levels involved [9,12,18,62], to
give rotational parameters (B, D’) and band origins (v°) for given
rotational constants for the ground state [64] (see Table 3). Most
D3>Cl spectra, previously detected in this excitation region, were
identified and assigned. In addition, several new spectral bands
and/or new rotational lines were observed and assigned (see
Table 3 and Ref. [62]). These will now be dealt with in more detail.
Shorter abbreviations for the Rydberg and ion-pair vibrational
states involved will be frequently used, e.g., WV(17) for
VI=*(v' =17) and E(0) for E'=*(v' = 0).

3.1. Spectra due to two-photon resonance transitions to Rydberg states

Number of Rydberg state spectra, previously assigned [3,23,35]
were identified [62] and analysed to give spectroscopic parameters
of good agreement with values derived before (Table 3). In addition
five new bands (unreported) were observed:

A new band was observed in the two-photon wavenumber
region of 88200-88280cm~! showing weak Q R and S lines
(Fig. 2a) [62]. Only signals due to the parent molecular ion, DCI*
were observed, which is typical for an excited state of negligible
mixing with the V!Z* jon-pair state [15-20,22,30,34,65]. Spectro-
scopic parameters for D>>Cl, evaluated from analysis of the spectra
are listed in Table 3. Chlorine isotope shift (Av°(35, 37) for 'Cl;
i=35, 37 [66,67]) of about 8 cm~! was obtained. The values of
the band origin (v°), rotational constant (B,) and isotope shift
(AVY(35, 37)) are logical continuation of the corresponding values

Table 2
Jons formations in REMPI of H'Cl and DiCl; i = 35, 37.

Mass numbers/amu Parent molecules/ions formed

HCl H'Cl/DiCl D'Cl
1 H
2 D*
35 >ar
36 H¥*c1
37 ¥ p*cr
38 H¥ar

39 D3¢l
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Fig. 1. REMPI spectra of mixtures of D'Cl(g) and H'CI(g); i = 35, 37 for the ions 3>CI" (mass 35; black), D**CI* and 37Cl* (37; red), D*’CI* (39; green) and D* (2; blue) (see
Table 2). J-quantum numbers for the excited states of rotational peaks corresponding to two-photon resonance excitation from the ground state to the E'=*(v' = 0) (Q lines)
(a), VIZ*(v' = 22) (Q lines) (b) and I' Ay(v' = 0) (O, P, Q, R, S lines) (c) of D*>Cl and D3’Cl are indicated. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)
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Table 3
Vibrational (band origins and spacing between v’ levels) and rotational parameters (B’ and D') for (a) ion-pair and (b) Rydberg states of D*Cl.
State v Voem™! B'Jcm™! D'[em™!
Our work Others’ work Our work Others” work Our work Others’ work
(a) Rydberg states
E's* 0 839494 83944° 3.181 3.0 0.0004
1 85014 3.19 —0.0021
2 86823.8 86812° 3.40 3.7 0.0007
3 88667 3.58 0.01435
H'z=* 0 88689.1 88694° 4,620 4.658 0.00038 0.00095
D'IT4 0 82528.0 82525.8" 5.039 5.077 0.00015 0.00028
F'A, 0 82908.8 82907° 5.136 5.195 0.00003 0.0002
1 84737.0 84735° 5.043 5.447 0.00005 0.0028
2 86511.3 86504 4928 4934 0.00002 0.0004
3 88227.2 4.820 0.00005
I'A, 0 88611.8 5.021 0.00015
11, 0 81787.5 81784° 5.286 5.167 0.0026
£A, 0 82076.6 82074.2" 5.301 5.329 0.00031 0.00039
£A, 0 82561.0 5.115 —0.00032
A, 0 87678.1 5.084 0.00011
gz 0 83133.6 83131° 4.381 4.40 —0.0013
jion 0 89286.3 89287.6° 5.120 5.080 0.0005 0.0057
(b) V‘Zg*ion—pair vibrational states
Vizt 11 82494 825827 (2.916)¢ 3 0.0099
12 82943 82942°¢ 1.792 1.822 0.0013 0.0018
13 83390 83389°¢ 1.941 2.198 —0.0047 0.0111
14 83738 837347 2.965 3.0 0.0056
15 84297 84294° 2.208 2.1 —0.0005
16 84666 84660 2.342 2.3 0.0010
17 84950 84948° 3.417 3.1 0.0049
18 85478 854747 2.590 23 0.0006
19 85844 85838° 2.049 2.1 -0.0014
20 86217 86217° 2.224 2.4 0.0015
21 86588 86580° 2.408 23 0.0056
22 87053 2.637 —0.0074
23 87417 2.102 0.0007
24 87804 1.736 —0.0017
25 88173 2.222 0.0043
26 88475 2.233 0.0039
27 88978 1.630 —0.0082
28 89242 2.653 —0.0105
¢ Ref. [23].
b Ref. [35].
€ Ref. [3].
d

for the v/ = 0-2 states of the F'A, Rydberg state for the v’ = 3 state
(see Table 3 for V° and B,; 'Cl isotope shifts of 0.4 cm™~!, 2.4 cm™!
and 5.2 cm~! were derived for the v/ =0, 1 and 2 spectra, respec-
tively). We, therefore, assign the spectrum at v°=88227.2cm™!
to the F'A, (v =3), (o?n®)4pr Rydberg state. Assuming a Morse
potential and the relationship B, = B, — a.(V' +¥2) to hold [68] val-
ues of T,=81973.3cm™!, w.=1885.1cm™!, wexe=28.075cm™},
B.=5.199cm™! and o, =0.1083 cm~! were derived for the F'A,
electronic state of D*3Cl.

A relatively strong band, with a clear structure of O, P, Q, Rand S
lines fora A Q=2 (AA =2) two-photon transition (i.e. A; «++ %),
was observed in the region of 88350-88810 cm™! (Fig. 2b). Only
signals due to the parent molecular ion, DCI* were observed (see
also Fig. 1c for comparison). Evaluated spectroscopic parameters
are listed in Table 3. The band origin is +29.4 cm~! higher than that
of the I' A, (V' = 0) state spectrum for H*>Cl [4], typical for a hydro-
gen isotope shift (Av°(1, 2)) for a v’ = 0 Rydberg state. We assign
the spectrum at v°=88611.8 cm™! to the I'A, (V' = 0), (¢?n®)3dn
Rydberg state.

A relatively strong band, also with a clear structure of O, P, Q, R
and S lines for a A Q=2 (AA =2) two-photon transition, was
observed in the region of 87500-87850 cm~! (Fig. 2c). Only signals
due to the parent molecular ion, DCI* were observed. Evaluated
spectroscopic parameters are listed in Table 3. The band origin is
+21.1cm~! higher than that of the i*A, (V' =0) state spectrum

The B value for v/(V) =11 is “abnormally” high, which could be due to a near-degenerate interaction between the D'TI;(v' = 0) and V(11) states for low J' levels.

for H3°Cl [4]. We, therefore, assign the spectrum at
v0=87678.1 cm™' to the A, (V' = 0), (6°r>)3dn Rydberg state.

A new band was observed in the two-photon wavenumber
region of 84790-85000 cm~! showing only weak Q lines analo-
gous to that found for E(0) (see Fig. 1a) [62]. Signals due to the par-
ent molecular ion, DCI* and to a lesser extent, the fragment ions, D*
and CI* were observed, which is typical for a mixing of the Rydberg
state with the V!Z* ion-pair state due to a strong homogeneous (A
Q=0) interaction [10,15,16,18-20,30]. Assuming the lowest J'
level peak, observed, to be J' =3, the spectroscopic parameters
listed in Table 3 were derived. The proximity of the V!Z*(v' =17)
state (v°=84950 cm™'; Av® =64 cm~!) makes it a likely candidate
for the strongly interacting state. An enhanced energy gap between
the V(v =17) and V(v = 18) states in the series of ion-pair vibra-
tional states (see Fig. 3a and the section below) is a further indica-
tion of a homogeneous interaction analogous to that observed
between the E'*(v') and V'=*(v') states for HCI [10,15,18,69,70].
We, therefore, assign the spectrum at v°=85014cm™! to the
E'S*(v' =1), (6?rn®)4pr Rydberg state.

A new, very weak band is observed in the two-photon
wavenumber region of 88590-88670 cm~! showing only weak Q
lines (Fig. 2d) [62]. Both signals due to the parent molecular ion,
DCI" and the fragment ion, CI* are observed. Assuming the lowest
J level peak, observed, to be J'=1, the spectroscopic parameters
listed in Table 3 were derived. The proximity of the VIZ*(v' = 26)
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Fig. 2. REMPI spectra of mixtures of D'Cl(g) and HICI(g); i = 35, 37 for the ions D*>>CI* and 3’Cl* (mass 37) (see Table 2). J-quantum numbers for the Rydberg excited states of
rotational peaks corresponding to two-photon resonance excitation from the ground state to the F' Ay(v' = 3) (Q, R, S lines) (a), I'A, (V' = 0) (O, P, Q R, S lines) (b), i*A,(v' = 0)
(0, P, Q R, S lines) (c) and E'=*(v' = 3) (Q lines) (d) of D3>CI are indicated.

state (V°=88475cm™!; Av®=192 cm™!) makes it a likely candi- which depends on the interaction strength (W) and the energy
date for a strongly interacting state. An enhanced energy gap gap between the corresponding levels (AEg(J') =Eg(J')) — ELJ)),
between the V(v =26) and V(v =27) states in the series of ion- which results in a shift of the energy level for the V state (AE\/(-
pair vibrational states (see Fig. 3a and the section below) is a fur- J)=EWJ") — E% (J)) according to [17,68],

ther indication of a homogeneous interaction. We, therefore, assign 12

the spectrum at v°=88667 cm™! to the E'S*(v' =3), (c*m®)dpn  AEy(J') = (1/2)(AEev () — (AEey(J'))* — 4(Wgy)?) (1)

Rydberg state. )
where E° and E are the unperturbed and perturbed energies,

respectively.

Vibrational energy level spacing vs. v’ (Fig. 3a): The vibrational
energy level spacing (AV(V' + 1, v)) as a function of energy/v’ for V
(V'(V)) in the case of v/(V)~1-12 for DCl is found to decrease
almost linearly with v'(V) as to be expected for an unperturbed
state/Morse potential [68]

3.2. Spectra due to two-photon resonance transitions to ion-pair states
and state interactions

Signals of DCI* as well as D" and CI* for Q lines, only, due to tran-
sitions to V(V'), previously detected in absorption (v' = 12-21) [3]
and REMPI (v = 14-21) [23,25] were identified (Fig. 1b) [62] and
analysed to give spectroscopic parameters in good agreement with AV(V +1,V) = e — 20eXe(V + 1) 2)
values derived before (Table 3). In addition analogous signals due
to transitions to V(v'); v/ =11, 22-28 were observed, assigned analogous to that found for HCl in the case of v/(V) ~ 4-10. Irregu-
and analysed to give v°, B, and D, values for D3>Cl (Table 3). larities, on the other hand, are observed for higher energies/v'(V)
Fig. 3a-c shows the band origins for D*>>Cl along with the corre- (see Fig. 3a). As for HCI the irregularities observed for DCl we
sponding energy levels for H*>Cl [4], and plots of the vibrational believe to be mostly due to a homogeneous interaction between
energy level spacings (AVO(v' + 1, v')) (a), values of B, (b) and iso- the E'>*((o?n3)4pn) Rydberg state and the V'Z*(c'n*c*!) ion-
tope shifts (Av°(35, 37)) (c) as a function of energy/V’ tilted to the pair state, resulting in a repulsion of rovibrational energy levels
right (DCI) and left (HCI). All the plots in Fig. 3a-c show irregular with same J' quantum numbers, inversely proportional to the
structures for high v’s of about v’ > 11 for DCl and v’ > 8 for HCl, energy differences. This appears as shift of vibrational and rota-
for analogous energy thresholds in both cases. The irregularities tional energy levels of the interacting states as well as the corre-
in the AVY(v' +1, V') (a) and B, (b) values observed for HCl have sponding spectral lines [9,10]. Thus, enhanced energy gaps appear
been explained to be due to an interaction, repulsive in nature, between v/(V)=14 and 15, 17 and 18, 21 and 22 as well as 26
between E and V rovibrational states of same J' quantum numbers and 27 due to the interactions with the E(0), E(1), E(2) and E(3)
[9]. This is according to a level-to-level interaction between states, states, respectively, analogous to those observed between v/(V)
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state v = 0 level for D3>Cl. Notice that the scales for AV(v’' + 1, V') (a), By (b) and (AV°(35, 37) (c) are directed to left for HCl and to right for DCI. Values for HCl are derived
from Ref. [4]. Values relevant to v/(V) = 0-7 for DCI are from Ref. [24]. Broken lines relevant to v/(V) = 8-10(11) (DCl) are guess values. Values relevant to v'(V) = 11-28 (DCI)
are from this work. Levels for the Rydberg states of DCl are from this work. v'quantum numbers are indicated. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
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repulsion interactions and single arrows represent effect of interactions. v’(E) and v/(V)/(v’ + 1)(V) are vibrational states of the E and V electronic states, respectively.

=10 and 11, 14 and 15, 18 and 19 as well as 22 and 23 due to the
interactions with the E(v'); v/ = 0-3 states for HCL. It is worth noting
that, by analogy to observations for HCl, corresponding interaction
effects are believed to be negligible due to the H'X*((c?n>)3dm)
Rydberg state (see Fig. 3a for H(0)).

Rotational constants vs. v/(V) (Fig. 3b): Vibrational state rota-
tional constants (B,) for an unperturbed electronic state/Morse
potential are expected to decrease linearly with v’ [68]

By =B — 0le(V' + 1) (3)

However, the values for the low v/(V) are found to increase
gradually for v'(V)=0-7 and to show irregularity as a function of
v/(V) for v/(V)> 11 (see Fig. 3b). Analogous effects are observed
for HCI. The major effects, most likely, also are due to the above
mentioned homogeneous interaction between the E(v') and V(Vv')
states. Effectively it results in an expansion of the V(Vv’) states rota-
tional levels and compression of those for the E(v') states, hence an
increase and decrease in the corresponding rotational constants,
respectively [9,10]. This effect is inversely proportional to the
energy differences between the interacting levels. Thus, the max-
ima in the B, vs. v/(V) plot for DCI for v/(V) =14, 17, 22 and 26
(25) (see Fig. 3b) are indicative of the largest mixing of those vibra-
tional states with E(0), E(1), E(2) and E(3), respectively. Lowering in
the B, values for the v/(V) states on both sides (higher and lower in
energy), as observed, is a consequence of a decreasing mixing with
energy difference.

Chlorine isotope shift vs. v/(V) (Fig. 3¢): To a first approximation
the chlorine isotope shift (Av®(35, 37)) for 'H*°Cl and H3"Cl; i=1,
2, is expected to increase linearly with v’ for an unperturbed state/
Morse potential [66,67]

AR°(35,37) = V(35;V, V" = 0) — V*(37;V, V" = 0); (4a)

AV0(35,37) ~ [w,(35)(vV' + 1/2) — w,(35)(1/2)]]1
~ p(35,37)] (4b)

P(35,37) = 1/ Us7/ U35 (4c)

where v°(35; v/, v/ = 0) and v°(37; v, v’ = 0) are the band origins for
the two isotopologues, w,(35) and w/(35) are the vibrational fre-

quencies (in cm™') of 'H3>Cl for the excited and ground states,
respectively. us7 and ps; are the reduced masses of the isotopo-
logues. The plots of AV®(35, 37) vs. v/(V), both for DCl and HCI
(Fig. 3¢), however, show clear deviations from increasing linearities.
Dips in the plots show close correlation with the corresponding
observations (increases) for the vibrational energy level spacing
(AVO(v' + 1, v')) (Fig. 3a) and rotational constants (B,/) (Fig. 3b),
which were interpreted as being due to the interactions with the
E(Vv') states above. Thus, for example, the lowering in the values of
AVO(35, 37) for v(V) =14, 17, 22(21) and 26 for DCI and of v/(V)
=10, 14, 18(17) and 23 for HCl match the enhanced values observed
for B,.. This can be explained to be due to a different degree of repul-
sion between E(v') and V(') levels, for equal J' values (AE; ) for D*>Cl
(H3>Cl) and D*’CI(H?’Cl) levels associated with different spacing
between the levels as shown in Fig. 4. Thus, a v/(V) level of 'H3>Cl
(higher in energy than a v/(V) level for 'H3’Cl), experiences larger
downward energy shift than a v/(V) level for 'H3’Cl in the case when
the v/(V) levels are lower in energy than the interacting v'(E) state,
whereas a (V' +1)(V) level of 'H3>Cl, experiences less upwards
energy shift than a (v' + 1)(V) level for 'H3’Cl in the case when the
V/(V) levels are higher in energy than the interacting v'(E) state. In
both cases this results in a lowering of the chlorine isotope shifts
(see Fig. 3c).

4. Conclusion

Mass resolved REMPI spectra were recorded for a supersonic jet
expansion of a mixture of 'H'Cl(g); i=1, 2; j = 35, 37 in argon for
two-photon resonance excitation in the region of 80500-
89500 cm~!. Peaks due to resonance transitions from the ground
states of DICl; j =35, 37 to vibrational states of a number of Ryd-
berg states and the ion-pair state, V!=*, depending on J «—« J’
transitions (line series) were identified and assigned. Spectral
bands of the ion-pair states and the E'>" states showed significant
REMPI signals for both fragment ions (D*, ICI*) and the parent
molecular ions (D'CI*), whereas spectra of other Rydberg states
showed very small or negligible fragment ion signals. The former
is characteristic of an ion-pair character of the excited state, which,
in the case of the E state is indicative of a large mixing of the E and
V states due to strong homogeneous interaction. In addition to
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except those marked by (a) (from Ref. [35]) and (b) (from Ref. [3]).

number of previously observed spectral bands, five new bands due
to transitions to Rydberg states and eight new bands due to transi-
tions to vibrational states of V were identified and analysed.
Detailed analysis resulted in values of band origin (v°) and effec-
tive rotational constants (B, and D) for D3>Cl (see Table 3). New
Rydberg states, observed, were the F'A, (V' =3), I'A, (V' =0), fA,
(v =0), E'=*v' =1) and E'=*(v' = 3) states. New vibrational states
of V (VIZ*(v")), observed, were for v’ = 11, 22-28 (see Table 3 and
summary Fig. 5).

The strong homogeneous interaction between the E'X*and
VIZ*(v') states appears as perturbation effects (i.e. deviation of
spectroscopic parameters from regular patterns of unperturbed
states) in the DCl spectra analogous to what has been found for
HCI to some extent: (A) Characteristic enhancement in energy gaps
between neighbouring vibrational levels of the V state (AVo(v’ + 1,
v')) are observed for (v'+1) and Vv’ states higher and lower in
energy than E(v') levels (see Fig. 3a). (B) Enhancement in rotational
constants (B,,) were observed for V(v') states closest in energy to
neighbouring E(v’) states (see Fig. 3b). (C) Lowering in chlorine iso-
tope shifts (Av®(35, 37)) were observed for V(v') states closest in
energy to neighbouring E(Vv') states (see Fig. 3¢). All these observa-
tions (A-C) can be explained to be due to level-to-level interaction
between E and V rovibrational states of same J' quantum numbers,
which appears as a repulsion between the corresponding energy
levels.

The results of this paper adds to information relevant to the
energetics, state interactions and fragmentation processes in the
region of high energy Rydberg states of DCI. It will hopefully render
further theoretical interpretation of the characteristic state inter-
action within the hydrogen halides [48].
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