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Abstract 

In this paper, we report the He(I) photoelectron spectrum (PES) and the threshold-photoelectron (TPES) 
spectrum of C2H3Br. The fine structure observed in the first two ionic states in the He(I) spectrum is assigned to 
progressions belonging partially to previously unobserved vibrational normal modes. The TPES has been 
measured between 9.0 and 25.0 eV, and the photon energy range of 9.8-12.0 eV has been investigated in more 
detail. Extensive calculations with the GAUSSIAN set of programs have been performed to help in the assignment 
of the observed features. Furthermore, a conical intersection between the Ã2 A" and the 2A" states was found 
to take place along the C-Br stretching coordinate. Intramolecular dynamics of the 2A" state, initially prepared 
in the Frank-Condon region, was probed by the Fourier transform of the spectrum. The 2A" state is almost 
readily depleted, most probably due to a very effective internal conversion through the conical intersection.  

 

1. Introduction 

The halogenated derivatives of ethylene are useful model compounds to investigate the dynamics and 
energetics of medium-sized molecular ions and clusters. For this purpose, a good knowledge of the isolated 
molecule is a necessary starting point. In this framework, the spectroscopy of the fluorinated and chlorinated 
derivatives has been recently studied [1-3], and we present here the first results of a detailed study of bromo-
ethylene. 

The He(I)-photoelectron spectrum of C2H3Br at medium resolution has been investigated by several 
authors [4-6]. A low resolution threshold-photoelectron spectrum has been reported by Lohr et al. [7]. The 
vertical ionization energies have also been obtained by Green's function methods and confirmed by (e,2e) 
spectroscopy [8]. To our knowledge, no other theoretical work has been reported. 

In this paper, we report an experimental study of the He(I)-photoelectron spectrum and the threshold-
photoelectron spectrum at higher resolution compared with new computational results. 

Section 2 briefly describes the experimental methods and the computational tools used. Section 3 
focuses on the experimental and computational results, which will be discussed in Section 4. Forthcoming papers 
will deal with the photoab-sorption spectrum, constant ionic state spectroscopy as well as with the 
photoionization mass spectrometry of C2H3Br. The photodissociation dynamics of the C2H3Br

+ ion analyzed by 
the maximum entropy method has been presented in a previous paper [9]. 

 

2. Experimental and theoretical methods 

2.1. Experimental 

Two distinct experimental setups have been used for this work. The He(I) spectra have been obtained 
with a helium discharge lamp, giving a resonance line at 21.21 eV. The details of this spectrometer, designed for 
photoion-photoelectron coincidence spectroscopy, have been given elsewhere [10]. This is based on a Lindau-
type electron energy analyzer. The raw spectra are corrected for the non-ideal transmission function of the 
analyzer and for the background signal. The energy scales of the spectra have been calibrated with respect to the 



Published in: Chemical Physics (2000), vol. 256, pp. 239-249 
Status : Postprint (Author’s version) 

known ionization energies of inert gases (Ar/Kr/Xe mixture). In our best spectra, the accuracy on the position of 
the narrow peaks is estimated to be about 4 meV. To take into account experimental broadening factors, the 
spectra have been deconvoluted by a modified iterative algorithm [11,12] using a rare gas peak profile as 
apparatus function. 

Threshold spectra were obtained using the vacuum UV light from the synchrotron radiation provided by 
the electron storage ring BESSY (Berlin). Details of this experimental setup and, more specifically, the electron 
energy analyzer used in these experiments have been outlined earlier [13] and will be discussed in a forthcoming 
paper. The light dispersed by a 3 m normal incidence mono-chromator (3m-NIM-l line) is focused into an ion 
chamber in the focusing plane of a tandem electron spectrometer consisting of two 180° electrostatic deflectors. 
The photon energy scale of the monochromator is calibrated with rare gas (Ar or Xe) threshold-photoelectron 
spectra. In the experiments reported in this paper, a full width at half maximum (FWHM) of less than 10 meV 
has been achieved. The photoelectron signal of a gold diode as well as the synchrotron storage ring beam current 
are measured in order to normalize the photoelectron signals in the TPES spectra. The TPES spectra are recorded 
by tuning the photon energy and transmitting only photoelectrons of a zero kinetic energy through the tandem 
electron energy analyzer system. Autoionization processes are known to play a significant role in such spectra 
[14]. Vinyl bromide (98% purity, inhibited with 200 ppm monoethyl hydroquinone) was commercially available 
(Aldrich Chem. Inc.) and was used without further purification. 

2.2. Computational tools 

All the calculations were performed with the GAUSSIAN 94 [15] set of programs, on two computers, a 
DEC 8400 with eight processors, and a DEC 4100 with four processors. All the investigated electronic state 
geometries were fully optimized. The calculation levels used for these optimizations were the following: the 
restricted Hartree-Fock (RHF) level [16-19] and the multi-configurational self-consistent field (SCF) level called 
complete active space SCF (CASSCF) [20-22] for the ground state of the neutral, the unrestricted Hartree-Fock 
(UHF) level [23] for the X~ 2A" and Ã2A' states of the cation, the CASSCF and the configuration interaction 
expansion on all the single substitutions (CIS) [24] for the 2A" state of the cation. The basis set used was 6-
311G [25-27] with diffuse (+) [28] and polarization (*) [29] functions on the heavy nuclei, labeled 6-311+G*. 
Two sets of (active electrons, active molecular orbitals) pairs were considered for both the neutral and the 2 A" 
state of the cation: (4,4) and (8,7) for the neutral and (3,4) and (7,7) for the cation. In the following, the CASSCF 
calculations are denoted as CAS(ne,nMO), where ne and nMO are, respectively, the active electrons and active 
molecular orbitals numbers. The frequencies were determined analytically for all the optimized minima. No 
correcting factor was applied to these frequencies. 

 

3. Results 

3.1. Experimental results 

3.1.1. The He(I)-photoelectron spectra 

The He(I)-photoelectron spectrum of C2H3Br has been recorded over the whole ionization energy range 
available at medium resolution. At least seven well-defined bands can be observed in the complete deconvoluted 
PES spectrum shown in Fig. la. The observed vertical ionization energies are displayed in Table 1. The present 
measurements agree with those reported earlier [4-6, 8]. 

Except for the first two bands exhibiting sharp and intense peaks, the five remaining bands look more 
diffuse and continuous. However, a closer examination reveals a fine structure in the third band. The first three 
electronic bands have been investigated in more detail and are displayed in Fig. 2a-c. 

3.1.2. The threshold-photo electron spectra 

The threshold-photoelectron spectrum of C2H3Br has been investigated in the 9.0-25.0 eV photon 
energy range (Fig. lb). Compared to the He(I) spectrum, the 10.91 and 12.27 eV bands are superimposed on a 
broad unstructured continuum, while several weak and sharp features are present in the 10.2-11.6 eV region. As 
an example, and for a better visualization of these differences, the energy range 9.8-10.8 eV in both spectra is 
displayed in Fig. 3. For discussion purposes, a part of the photoabsorption spectrum, analyzed in a forthcoming 
paper, is also displayed in this figure. Another significant difference consists in the ionization cross-sections of 
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the successive ionic states. As previously observed in the cases of vinylchloride [1] and 1,1 difluoroethylene [3], 
several bands exhibit large differences of their relative intensity with respect to that observed in the He(I) 
spectrum. 

Fig. 1: (a) Deconvoluted He(I)-photoelectron spectrum of C2H3Br recorded between 9.0 and 20.0 eV and (b) 
threshold-photoelectron spectrum of C2H3Br recorded between 9.0 and 25.0 eV photon energy. 

 

 

Table 1: Vertical ionization energies of C2H3Br (in eV) 

State He(I) 

 Ref. [4] Ref. [5] Ref. [6] This work 

(e,2e), Ref. [8] TPES, this 
work 

2a" (C=C∏) 9.80 9.83 9.87 9.804 9.9 9.804 
7a' (Br l.p.┴) 10.90 10.93 10.87 10.899 10.9 10.902 
1a" (Br l.p.║) 12.28 12.33 12.30 12.27 12.3 12.34 

6a' 12.94 12.97 12.93 12.95 13.4 12.95 
5a' 15.02 14.98 15.05 14.90 15.4 14.94 
4a' 16.21 15.94 16.07 15.93 16.5 15.91 
3a' 19.20 18.55 18.75 18.87 19.0 18.7 

l.p.┴ = lone pair of a" symmetry, l.p.║ = lone pair of a' symmetry. 
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Fig. 2: Expanded energy scale for the He(I)-photoelectron spectrum of (a) the X~ 2A" state, (b) the Ã2A' state and 

(c) the B
~ 2A" state of C2H3Br

+. The vibrational analysis is included (see text). 

 

 

3.2. Computational results 

In order to support the interpretation of the observed progressions and the normal mode assignments, ab 
initio calculations have been performed for the ground and excited states of the C2H3Br

+ ion. As a reference, the 
geometry and vibrational frequencies of the neutral molecule were also calculated; the results summarized in 
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Tables 2-4 are in good agreement with experimental data and previous calculations reported by Abrash et al. 
[30]. 

Fig. 3: Threshold-photoelectron spectrum, He(I)-photoelectron spectrum and photoabsorption spectrum of 
C2H3Br recorded between 9.6 and 10.8 eV photon energy. 

 

 

Fig. 4 shows a schematic representation of the nine optically active (a' symmetry) normal modes of the 
X state of the ion. Calculated vibrational wave numbers of the neutral and ionic ground state and ionic excited 
states of C2H3Br

+ together with optimized geometries are reported in Tables 2 and 3. They provide a strong basis 
for the assignment of the observed progressions 

Table 2: Vibrational wave numbers (in cm-1) of the ground state neutral molecule and of different ionic states of 
C2H3Br+ 

Modea Neutral X~ 2A" ionic state Ã 2A" ionic state B
~2A" ionic state 

 
 

Calculatedb Experimentc Calculatedb Experimentd Calculated* Experiment4 Calculated" 

v9 (a') 374.0 344 369.9 380 314.7 280 312.7 
v8 (a') 649.9 613 747.1 710 443.7 460 1064.8 
v12 (a") 650.6 583 416.4  632.4  550.3 
v11 (a") 1067.9 902 923.5  959.1  554.6 
v10 (a") 1076.2 942 1086.7  1038.9  1122.1 
v7 (a') 1116.1 1006 1141.8  1125.9  1361.8 
v6 (a') 1400.0 1256 1368.7 1145 1324.7 1180 1578.9 
v5 (a') 1525.0 1373 1505.7  1506.4  2072.0 
v4 (a') 1801.5 1604 1642.3 1315 1767.7  2801.0 
v3 (a') 3309.2 3027 3317.9 2540 3314.3  3314.7 
v2 (a') 3390.7 3086 3381.6  3411.1  3403.5 
v1 (a') 3405.9 3113 3441.9  3417.8  3419.7 

a Normal modes are numbered according to the decreasing order of their wave numbers for each irreducible representation in the neutral 
molecule. 
bH-F/6.311+G* level. 
cFrom Ref. [30]. 
d Experimental accuracy is ±30 cm-1. 
e CIS/6-311+G* level. 

 

In the framework of the Frank-Condon approximation, the ionization process is vertical, i.e. the 
vibrationless wave function of the neutral molecule is propelled on the potential energy surface of the ionic state. 
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Therefore, the gradient of the potential energy surface of the ion at the geometry of the neutral defines the force 
vector governing the initial motion of the wave packet. This gradient has been calculated at the CAS(7,7)/ 6-
311+G* level for each ionic state at the geometry of the neutral molecule. This latter geometry has been 
optimized at the CAS(8,7)/6-311+G* level. The most important results are listed in Table 4. 

Table 3: Calculated geometric parameters for C2H3Br (distances are given in Å and angles in deg) 

 

Internal coordinate Neutral 
RHF/6-311+G* 

X~ 2A" ionic state 
UHF/6-311+G* 

Ã2A' ionic state 
UHF/ 6-311+G* 

2A" ionic state 
CIS/6-311+G* 

C2-C4 bond length 1.3117 1.3936 1.3021 1.3474 
C4-Br bond length 1.8953 1.7904 1.9934 2.1081 
H1-C2 bond length 1.0759 1.0755 1.0769 1.0783 
H3-C2 bond length 1.0740 1.0748 1.0738 1.0758 
H5-C4 bond length 1.0714 1.0754 1.0715 1.0731 
H3-C2-H1 angle 117.71 119.03 117.66 118.51 
H1-C2-C4 angle 119.53 119.51 116.88 118.50 
H5-C4-C2 angle 124.03 120.91 133.34 129.12 
Br-C4-H5 angle 112.68 116.48 107.32 110.09 

 

Table 4: Largest gradient components calculated at the geometry of the neutral (hartree/bohr or hartree/rad) 

 

 C-C C-Br C-C(Br)-H5 H-C(H)-C 

X~ 2A" ionic state +0.0535 -0.0388 +0.1009 -0.0012 
Ã2A' ionic state -0.0043 +0.0109 +0.0201 -0.0120 
2A" ionic state +0.0505 0.0462 -0.0039 -0.0043 

 

Fig. 4: Schematic representation of the optically active normal modes of the X state of the C2H3Br
+ ion 

calculated at the UHF/6-311+G* level. 

 



Published in: Chemical Physics (2000), vol. 256, pp. 239-249 
Status : Postprint (Author’s version) 

4. Discussion 

4.1. The He(I)-photoelectron spectrum of C2H3Br 

In terms of a molecular orbital description, restricted to the valence and inner-valence orbitals, the 
electronic structure of the C2H3Br molecule in its ground electronic state (Cs symmetry) can be represented by 

 

Computation of the energies of the ionic states at the optimized geometry of the neutral leads to vertical 
ionization energies of 9.11, 10.04 and 11.64 eV for the first three ionic states. These values, calculated as 
Eion[CAS(7,7)/6-311+G*]-Eneutral [CAS(8,7)/6-311+G*], are in qualitative agreement with the experimental 
values listed in Table 1. The observed differences are most probably due to major changes in correlation energy 
between the neutral and the ion. However, if the energies of the exited ionic states are referenced with respect to 
the ground state of the ion, the computed values of 0.93 and 2.53 eV are in much better agreement with the 
corresponding experimental data (1.095 and 2.47 eV). 

The ground state of the ion corresponds to the removal of the outermost electron of the neutral. 
According to the UHF calculations, the spin density is mainly located on the C(H2) atom (0.72), with relatively 
important components on the C(Br) (0.14) and Br (0.24) atoms. This supports the image of a delocalized π (a") 
orbital. 

Fig. 2a shows the first ionic band. In agreement with previous results [4-6], three ionic vibrational 
modes can be easily deduced from the observed structure (Table 5). The first progression corresponds to v9 (CH2 
rocking) with a value of v~ 9 = 380 ± 30 cm-1. The second one corresponds to the v~ 8 = 710 ± 30 cm-1 (C-Br 
stretching) while the third vibrational wave number of 1315 ± 30 cm-1 has been assigned to the v4 mode (CH2 
scissoring and C=C stretching). These three vibrational modes were observed in previous investigations [4-6]. 
Additional features observed in the present work are now discussed. 

The peak measured at 9.946 eV can either be interpreted as the first member of another progression (v6 
C=C stretching and H-C-C-H bending) or as the third member of the v9 progression. However, the existence of v6 
+ v8, as well as the absence of the lower combinations such as v9 + v8 and 2v9 + v8 strongly favors the assignment 
to v6 with a wave number of 1145 ± 30 cm

-1. 

Above 10.119 eV, a certain number of peaks listed in Table 5 do not fit into any of these four 
progressions. They could be interpreted as belonging to a previously unobserved vibrational mode v~ 3 = 2540 ± 
30 cm-1 (C-H stretching) and its combinations. 

The small peak observed at 400 cm-1 below the first IP is assigned to a hot band. It is supposed to arise 
from vibrationally excited neutral molecules, probably the v9 (344 ± 30 cm

-1) vibrational mode. Its intensity is 
13% of the 0-0 transition while a Maxwell-Boltzmann distribution would give 18%. The difference reflects a 
nonunitary Franck-Condon factor. The hypothesis of the hot band is also supported by the presence of small 
peaks belonging to progressions starting from this hot band. The complete analysis of the vibrational structure, 
including the proposed assignments, is given in Table 5. 

Referring to Table 2 and Fig. 4, the most important observed vibrational modes v~ 9 = 380 ± 30 cm
-1, v~ 8 

= 710 ± 30 cm-1, v~ 4=1315 ± 30 cm-1 correspond to the CH2 rocking, C-Br stretch and (C=C stretch + CH2 
scissoring), respectively. In keeping with the calculations, the v~ 6 = 1315 ± 30 cm-1 mode can tentatively be 
assigned to the C=C stretching with both CH2 and Br-C-H scissoring while the v~ 3 = 2540 ± 30 cm-1 could be 
ascribed as a CH2 symmetric stretching. 

The second photoelectronic band corresponds to the first ionic excited state. According to calculations 
at the UHF/6-311+G* level in the Cs symmetry, the ejected photoelectron pertains to the 7a' in-plane bromine 
lone pair, which is supposed to have a rather nonbonding character. Indeed, according to Table 3, small changes 
in geometry are induced by this ionization. They mainly involve the C-Br and C-C distances and the C-C-H 
angle (Table 3). The spin density is almost localized on the bromine atom. This is in agreement with the small 
extension of the vibrational structure. Two main vibrational wave numbers have been reported corresponding to 



Published in: Chemical Physics (2000), vol. 256, pp. 239-249 
Status : Postprint (Author’s version) 

the excitation of the v8 and v6 vibrational modes. The wave numbers determined in this work, respectively, 460 ± 
30 and 1180 ± 30 cm-1 are in good agreement with those reported previously in the literature [4-6]. A careful 
examination of the spectrum reveals the presence of a third vibrational progression assigned to the v~ 9 = 280 ± 
30 cm-1 vibration. These assignments are in keeping with the above-mentioned geometrical modifications (see 
also Table 6). 

Table 5: Energy levels (eV), tentative assignments (0 means vibrationless level) and predicted energy of the fine 
structure observed in the He(I) and TPES spectra of C2H3Br

+ X~ 2A" state 

 

He(I) TPES Assignment Predicted 

9.753  Hot band  
9.804 9.804 0  
9.839  h.b. + v8 9.841 
9.850 9.852 v9 9.851 
9.893 9.892 v8 9.892 
9.902 9.900 2v9 9.898 
9.921  h.b. + v4 9.920 
9.946 9.948 v6 9.946 
9.968 9.970 v4 9.967 
9.989  2v8 9.980 
9.999 9.996 v6 + v9 9.993 
10.011 10.016 v4 + v9 10.014 
10.035  v6 + v8 10.034 
10.041 10.046 v6 + 2v9 10.040 
10.053 10.054 v4 + v8 10.055 
10.074 10.068 3v8 10.068 
10.092  2v6 10.088 
10.103  v4 + v6 10.109 
10.119 10.122 v3 10.119 
10.128 10.132 2v4 10.130 
10.140  2v6 + v9 10.140 
10.152  4v8 10.156 
10.164  v3 +v9 10.166 
10.174 10.188 2v6 + v8// 10.176// 
  2v4 + v9 10.177 

10.199  v3 +v8 10.207 
10.226  3v6 10.230 
10.248 10.240 v4 + 2v6 10.251 
 10.296 3v4 10.293 
 10.362 4v6 10.372 
 10.394 3v6 + 2v8 10.406 
 10.458 4v4 10.456 
 10.492 2v4 + 2v6 + v8 10.502 
 10.546 4v4 + v8 10.544 
 10.604 4v4 + v6 10.598 
 10.640 6v6 10.656 
 10.680 6v6 + v9 10.700 
 10.732 6v6 + v8 10.744 

 

The third photoelectronic band, displayed in Fig. 2c, corresponds to the ionization of the la" electron 
(the bromine out-of-plane lone pair). A regular pattern characterized by a spacing of 250 ± 30 cm-1 is observed. 
This progression has been reported by Mines and Thompson [5] with a vibrational interval of 300 cm-1 and 
assigned to the excitation of the C-Br bending mode i.e. the v8 mode. However, as shown below, the situation is 
probably more complex, and an alternative interpretation will be proposed. 

Attempts to optimize the  state in the Cs symmetry at the UHF level failed. Yet, when optimized in 
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the C1 symmetry at the CIS level, the B state adopts an almost planar geometry. It is interesting to note that, at its 
own equilibrium geometry, the 2A" state is lower in energy than the Ã2A" state. This reveals the existence of a 
potential energy surface crossing along a coordinate connecting the minima of the Ã2A' and 2A" states (mainly 
a C-Br stretching). Along a coordinate that lowers the symmetry group to C1 (an out-of-plane motion), the two 
states involved belong to the same irreducible representation and hence repel each other. This is a typical conical 
intersection situation [31]. 

Table 6: Energy levels (eV), tentative assignments (0 means vibrationless level) and predicted energy of the fine 
structure observed in the He(I) and TPES spectra of the C2H3Br+ Ã

2A' state 

 

He(I) TPES Assignment Predicted 

10.899 10.902 0  
(10.934)  v9 10.934 
10.956 10.961 v8 10.956 
10.968  2v9 10.969 
11.007  3v9 11.004 
11.014 11.017 2v8 11.013 
11.024 11.023 v8 + 2v9 11.026 
11.045 11.051 v6 11.045 
11.058 11.065 v8 + 3v9 11.061 
11.085 11.085 v6 +v9 11.080 
11.100 11.103 v6 +v8 11.102 
11.108  v6 + 2v9 11.115 
11.151  v6 + 3v9 11.150 
 11.219 2v6 + v9 11.226 

 

According to Table 4, the predominant forces to which the system is initially submitted lie along the 
C=C and C-Br coordinates. In terms of normal modes of the 2 A" state, the C-Br stretching has important 
components on the v8 (550 cm

-1) and v4 (2801 cm
-1) vibrations while the C=C stretching is involved in the v7 

(1362 cm-1) and v4 (2801 cm
-1) vibrations. From this analysis, it is clear that none of these expected normal 

modes would give rise to a wave number in the 250 cm-1 range. In the next section, we try to address the 
significance of the observed regular pattern and to get further insight into the intramolecular dynamics of the B 
state. 

4.2. Intramolecular dynamics of the 2A" state 

It is clear that the observed wave number, though not directly related to a normal mode, must reflect the 
periodicity of the motions of the vibrational wave packet on the potential energy surface of the 2A" state. Upon 
photoionization to the 2A" state, the system is prepared in the Franck-Condon region, and at the initial time     
(t = 0), it can be represented as a Gaussian wave packet corresponding to the vibrationless wave function of the 
neutral molecule. This wave packet is nonstationary on the potential energy surface of the 2A" state and 
propagates according to the main forces to which it is submitted. In our case, it moves along the C=C and C-Br 
coordinates (Table 4). According to the Ehrenfest theorem [32], the center of the wave packet representing the 
system undergoes the same motion as that of a classical particle. In the case of a harmonic oscillator, the center 
of the wave packet performs a regular motion. However, our situation is far from being harmonic. At the conical 
intersection, the wave packet is expected to split into two parts one of which remains on the initial (  state) 
potential energy surface and can be reflected back, while the other part undergoes a nonadiabatic transition and 
evolves on the potential energy surface of the A state. The observed progression is then believed to be related to 
the periodicity of the motion of the part of the wave packet remaining in the  state. 

An interesting way to get information about the dynamics of evolution of a given electronic state in the 
femtosecond time range is to determine its autocorrelation function. The autocorrelation function, C(t), gives the 
overlap of the initial (Φ(t = 0)) and the propagated (Φ(t)) wave packets. It is related to the spectral profile I(E) 
through a Fourier transform [33]: 
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The correlation function of the state has been determined after removing the underlying contribution 
of the C~  band and the constant background. As shown in Fig. 5, the calculation of C(t) shows a first meaningful 
recurrence time (≈1.7 x 10-13 s) where only a very small fraction of the wave packet (less than 3%) is reflected 
back to its initial location. Most probably, the largest majority of the system undergoes a rapid non-radiative 
transition to the Ã state through the above-mentioned conical intersection. Conical intersections are indeed 
known to be very efficient funnels [34]. Consequently, the evolution of the system initially in the  state can be 
characterized by two different life times. One of them is very short (10-13 s) and corresponds to the global width 
of the diffuse band in the photoelectron spectrum while part of the system has a longer lifetime and gives rise to 
the fine structure observed superimposed on the broad  band. 

4.3. Threshold-photoelectron spectrum 

As mentioned earlier (Section 2), the first major discrepancy between the TPE and the He(I)-
photoelectron spectra is the large difference of the relative intensities of the successive ionic bands. Taking the 
second band at 10.899 eV as reference, only the first ionic state shows roughly the same intensity in both spectra. 
All higher-lying photoelectron bands, observed between 12-20 eV photon energy exhibit much larger relative 
intensities in the TPE spectrum. The relative intensities are even reversed for the  and C~  bands. These 
observations would at least partially indicate a strong contribution of autoionization. This could be anticipated 
from the photoabsorption spectrum. 

Fig. 5: Autocorrelation function  C(t) corresponding to the spectral profile of the 2A" state of C2H3Br
+. 

 

Furthermore, the photon energy region of 9.9-12 eV of the TPE spectrum shows additional features. In 
this range, a fairly intense continuum-like band is buried under the first two bands observed at 9.804 and 10.903 
eV, respectively. However, a close examination of the second band shows no significant difference between the 
two spectra (Table 6). 

The largest differences are observed for the X~  band where the vibrational structure extends up to about 
10.8 eV in the TPE spectrum, whereas the same band cuts off at 10.26 in the He(I)-photo-electron spectrum. The 
maximum intensity corresponds to the 0-1 v4 transition in the former and 0-0 transition in the latter. The position 
in energy of the additional structures are listed in Table 5. The absence of these features in the He(I) 
photoelectron allows us to ascribe them to the autoionization of Rydberg states belonging to series converging to 
the second ionization threshold of C2H3Br. Comparison with the photoabsorption spectrum strongly supports this 
interpretation. Fig. 3 clearly shows the correlation between the photoabsorption peaks assigned to members of 
Rydberg series and the features observed in the TPES spectrum. As previously mentioned, the photoabsorption 
will be dealt with in a separate paper. 
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The assignments proposed in the third column of Tables 5 and 6 are obtained as follows. The observed 
structures must correspond to vibrational levels of the C2H3Br

+ X~ 2A" and Ã2A' ionic states. The fourth columns 
of Tables 5 and 6 report the calculated positions of the vibrational levels based on wave number values given in 
Table 2. The unknown anharmonicity has been neglected. The agreement between the experimental and 
predicted energies is very satisfactory (standard deviation = 7 meV for the X~ 2A' state and even less for the Ã2A' 
state). This strongly supports the proposed assignments. 

 

5. Concluding remarks 

In this work, the electronic and vibrational spectroscopy of the valence states of ionized vinyl bromide 
has been studied by resonance line PES, TPES and ab initio calculations. Deconvolution allowed us to perform a 
detailed vibrational analysis of the first two ionic states. Previously unknown normal modes of the ground state 
and of the first excited state of the C2H3Br

+ ion are reported. They correspond to the v6 (C=C stretching with CH2 
and CHBr scissoring) and the v3 (CH2 symmetric stretching) modes for the ground ionic state and to the v9 (CH2 
rocking) for the first excited ionic state. The assignments are based on ab initio calculations of geometry changes 
upon ionization and analytical calculation of wavenumbers at optimized minima. 

These calculations suggested the existence of a conical intersection between the Ã and the  states of 
C2H3Br

+ along the C-Br coordinate. The frequency observed in the  state, formerly assigned to a C-Br bending 
mode is believed to unveil, instead, the periodicity of the first motions of the wave packet representing the 
system. The autocorrelation function, obtained by Fourier transform of the  state spectrum, shows that at the 
first recurrence time, only nearly 3% of the wave packet representing the system comes back to the Franck-
Condon region. Most of the  state population undergoes a nonadiabatic transition to the Ã2A' state. 
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