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Abstract:
analyzed by simulation calculation to derive rotational constants, band origins and isotope shift values for a number of

(2+1) resonance multiphoton ionization (REMPI) spectra of HX(X=Cl, Br and I) were recorded and

vibrational bands of (2 states. Our data for HCI compared nicely with those derived by Green ef al. using conventional
analysis methods. New spectroscopic parameters were derived for 8 vibrational bands which were assigned to the V('3
state, for v'=4 of the E('3") state as well as for 5 new bands in HBr. New spectroscopic parameters were derived for 4

vibrational bands which are assigned to the V state and for v’ =1 of the E state in HI. Anomalies in energy level
spacings, rotational parameters and isotope shift values were observed as being largely due to homogeneous
interactions between the V and the E states. Variations observed in the intensity ratio of O and S line series to Q line
series in vibrational bands of the E and V states for HCl and HBr were discussed and mechanisms of two photon
excitation processes were proposed.
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Fig.3 Simulation results of (2+1) REMPI vibrational band for HX, X=Cl and Br
Experimental spectra above, calculated spectra below. Rotational line numbers are J” values. a) HCI, V('3") (16, 0),
b) HBr, E('Y") (0, 0). V('3") (v'=m+4, 0) (Q lines) overlaps partly.
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Table 1 Vibrational and rotational spectroscopic
parameters for the ground electronic states of H*Cl,
H®Br and HI used in spectral analysis*!

! /cm™ wX!/cm™ B!l/cm™ o /lem™
HCl 2990.9463  52.8186 10.593416  0.30718
HBr 2648.97 45.2175 8.464884  0.23328
HI 2309.01 39.6430 6.341935  0.16886
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Fig.4 Vibrational energy levels for E and
V states of H*Cl
a) vibrational level spacings (AE(V) and AE(E)) vs energy; b) rotational
constants (B'(V) and B'(E)) vs energy;
filled dots: this work, unfilled dots: from reference [20]
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Table 2 Vibrationaland rotational parameters for =0 vibrational states
v’/cm™ Av°(w'+1, v")em™ B'/cm™ 10°D’/cm™
Compond State v’ Ref.
our work others work our work our work others work  our work others work
H*CI V('3 8 82228.6 82225.8 3.21 3.1651 0.725 0.7250 [20]
82842.4 82839.7 613.8 3.7088 3.7088 7.30 5.3178 [20]
10 83434.7 83434.0 592.3 5.06 5.055 -24.00 -24.13 [20]
11 84218.6 84208.0 783.9 4.3485 4.3485 -6.8717  -6.8716 [20]
12 84745.6 84747.1 527.0 3.9977 3.9977 0.1876 0.1876 [20]
13 85275.6 85278.4 530.0 4.24 4.11958 -3.0 1.04929 [20]
4.13548 1.12984 [20]
14 85673.9 85671.7 398.3 6.1260 4.5289 [20]
15 86401.6 86404.6 727.7 4.008 4.008 -3.6479 —-3.6479 [20]
16 86916.5 86931.8 514.9 3.735 3.7531 -0.90 -0.92603 [20]
17 87466.3 87465.2 549.8 3.22 3.455 8.5 -3.4942 [20]
3.4941 -2.79271 [20]
18 87968.7 87967.4 502.4 4.198 4.34112 4.2 6.07674 [20]
E('3>" 0 83780.6 83780.0 6.505 6.6257 2.0 3.11342 [20]
1 85917.8 85919.8 2137.2 6.0285 6.0278 -80.0 —79.5502 [20]
H*Br V('3 m+3 77344.7 77343.8 4.46 4.46 -6 -6 [24]
m+4 77821.1 476.4 4.04 0.6
m+5 78389.5 78388.8 568.4 [24]
m+6 78940.5 78940.2 551.0 3.68 1.0 [24]
m+7 79480.7 79480.3 540.2 4.52 24 [24]
m+8 80027.5 80029.7 546.8 4.88 4.737 12 10 [24]
m+9 800645.9 618.4 3.8
m+10 81194.3 81197.2 548.4 3.36 -3 [24]
m+11 81684.3 490.0 4.9 -11
m+15 83777.2 4.3/4.44
m+19 86314.7 4.01 -14
m+22 87607.5 3.65 -1.0
E('3Y 0 77939.9 77939.5 7.72 7.721 0.3 0.3 [24]
1 80167.5 80168.8 2227.6 6.25 5.93 -11 -28 [24]
2 82273.5 822759 2106.0 6.77 6.595 3.5 0.3 [24]
3 84249.5 84249.6 1976.0 5.73 5.86 -3.7 2 [24]
4 86131.9 1882.4 6.42 7.6
Ry({2=0)" 83087.1 542 -12
0 83657.5 5.78 45
1 85465.9 6.32 -3.6
2 87385.2 9.02 -
88103.8 9.02 1.0
LP.(2=0)" 85643.9 71
85911.1 5.0
HI V('3 m+4 69911.2 69910 [28]
m+5 70514.4 70515 603.2 3.80 -6.8 [28]
m+6 70952.0 70949 437.6 4.02 -2.0 [28]
m+7 71486.0 534.0 3.20 1.0
m+8 71918.2 71920 432.2 [28]
m+9 72510.7 72506 592.5 4.05 -4.0 [28]
E('3Y 0 70854.4 70850 5.85 6.212 7.0 [27,28]
1 72655.5 72651 1801.1 5.01 1.0 [28]

a) Ry: Rydberg states; b) I.P.: assigned as ion-pair state bands, based on observed isotope shifts

o' =14(FEIT vh=1; AE=243.9 cm™), v’ =18(FE T vf=2;

AE=~200 cm™) VL Mev'=23(FEiTv/=3; AE=197.4 cm™).
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repulsive type interaction in the V and
the E states for HC1
Spacings between “neighbor” rotational levels in the V state are shorter
than the corresponding ones in the E state. Hence J«>J interactions (a)
weakens with J if the vibrational state of E is higher in energy than that
for the V state (i.e. E(vz) >E(vy)) but (b) increases with J if the vibrational
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%3 HCIH E—X 7% HBr B VX TR R HE
Table 3 Isotope shift values for E—X bands in HCI (a) and

for V<X bands in HBr (b)
Compound State/Band Avii=
i @'w") . .
(cm™) vHX)-n(HX) cm™
HCl1 35 37 E('3>Y (0,0) 1.8
35 37 E('3>Y (1,0) 3.8
HBr 79 81 V('3 (m+15,0) 1.8
79 81 VOSH  (m+19,0) 1.4
79 81 V('3 (m+22,0) 1.6
79 81 85643.9 ? 1.3
79 81 85911.1 ? 1.0
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