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We report new spectral assignments from a high-resolution vacuum ultraviolet (VUV) photoabsorption spectrum
of pyrazine (C4H4N3) lowest-lying valence excitations (llBhI«—)N(lAg) and (llBgm—)N(lAg) in the photon energy

range 3.7-6.2 eV (330-200 nm). The electronic state spectroscopy of C4H4N3 has been investigated together with
quantum chemical calculations at the time-dependant density functional theory (TD-DFT) providing vertical
excitation energies and oscillator strengths. The vibronic excitation in the 1B1u and leu states is accompanied by

fine structure assigned to C-H stretching, v; (ag), C-C stretching, v, (a,), C-H bending, v;(ag), ring breathing,

v4(ag), and ring deformation v (ag) modes. Harmonic frequencies for pyrazine neutral electronic ground- and
first excited-states have been obtained at the B3LYP/aug-cc-pVTZ level of theory. Absolute photoabsorption
cross-section values are also reported from 3.7 up to 10.8 eV (310-113 nm) and compared with previous data in

the literature.

1. Introduction

Pyrazine (C4H4N53), also known as 1,4-diazine, is isoelectronic with
benzene and pyrimidine (1,3-diazine), the latter with relevant implica-
tions as e.g. a benchmark molecular compound for the building blocks of
DNA/RNA pyrimidines, i.e. thymine, cytosine and uracil. In 2010 we
reported a comprehensive description of the electronic state spectros-
copy of pyrimidine by photoabsorption and electron energy loss spec-
troscopies, together with electron scattering experiments [1]. This
previous work motivated us to investigate other nitrogen heterocyclic
aromatic compounds, such as pyrazine.

Detailed information and description of the electronic states of a
molecule are essential to understand the underlying mechanisms gov-
erning the intricate intramolecular dynamics triggered by electron and
photon interactions, see e.g. [2,3] and references therein. The pyrazine
molecule has been widely investigated by gas-phase VUV absorption in
the energy range from 3.5 up to 12.0 eV [4-13], infrared and Raman
spectroscopies [4,5,10], phosphorescence and photoexcitation [14] and
the effects of molecular rotation on the S;—3S, excitation [5,15-17].
Also, we note relevant theoretical studies on the vertical excitation

energies [18-22] and photo induced dynamics of the lowest singlet
states [2,20,22,23]. Finally, information on vibrational modes from
photoelectron spectroscopy have been reported [24-28]. Notwith-
standing, there are either inconsistencies in the assignments, or new
spectral features observed here for the first time for the two lowest-
energy absorption bands, that need to be comprehensively discussed.

In this Letter we combine experimental and theoretical methods on
the assignment of the lowest-lying excited electronic states of pyrazine,
lBlu and leu, by high-resolution VUV radiation provided from a syn-
chrotron light source in the photon energy range 3.7-6.2 eV. Absolute
photoabsorption cross-sections have been obtained in a wider range,
3.7-10.8 eV, while time-dependant density functional theory (TD-DFT/
B3LYP/aug-cc-pVTZ) calculations provide energies and oscillator
strengths for the lowest-lying neutral states.

2. Experimental method
The AU-UV beam line of the ASTRID2 synchrotron facility at Aarhus

University, Denmark was used to obtain a high-resolution VUV photo-
absorption spectrum of pyrazine in the energy range from 3.7 eV up to
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10.8 eV (Fig. 1). The absorption gas cell end station used to perform the
experiments has been described before [29,30]. Briefly, synchrotron
radiation passes through a static gas sample filled with pyrazine vapour
at room temperature with the transmitted light detected by a photo-
multiplier tube (PMT). At both ends of the absorption cell, MgF; trans-
mission windows set the low wavelength detection limit to 115 nm. The
gas sample number density in the absorption cell is obtained by
recording the absolute pressure of pyrazine measured by a capacitance
manometer (Chell CDG100D), while the absorption cross-sections were
measured in the pressure range 0.02-1.27 mbar, to achieve attenuations
of 50 % or less and hence avoiding saturation effects.

The absolute photoabsorption cross-sections values, o, in units of
megabarn (1 Mb = 10718 ¢m?) were obtained from the Beer-Lambert
attenuation law, I, = Ipe™, where I, is the light intensity trans-
mitted through the gas sample, Iy is that through the evacuated cell, N
the molecular number density of C4H4N5, and [ the absorption path
length (15.5 cm). Throughout the collection of each spectrum, the
synchrotron beam current was monitored, and background scans, Iy,
were recorded with the cell evacuated. ASTRID2 operates in a “top-up”
mode allowing the light intensity to be kept quasi-constant, thus
compensating for the constant beam decay in the storage ring. The
variations (2-3 %) of the incident flux are therefore normalized to the
beam current in the storage ring. Following the methodology employed,
within the wavelength region scanned (115-310 nm), accurate cross-
section values are obtained by recording the VUV spectrum in small (5
or 10 nm) sections, allowing an overlap of at least 10 data points be-
tween the adjoining sections and optimising the pressure used according
to the cross-section of the features. This methodology allows us to
determine photoabsorption cross-sections to an accuracy of +5 %. For a
detailed description related to the uncertainties see ref. [31]. The res-
olution in the present spectrum is better than 0.08 nm [29], which
corresponds to 1, 3, and 7 meV at the low extreme, the midpoint, and the
high extreme of the photon energy range scanned, respectively.

The solid sample used in the VUV photoabsorption measurements
was purchased from Sigma-Aldrich, with a stated purity of >99 %. The
sample was used as delivered.

3. Theoretical methods

The vertical excitation energies and corresponding oscillator
strengths of the most relevant electronically excited states of pyrazine
were calculated employing TD-DFT [32,33] with a B3LYP functional
[34-40] and the aug-cc-pVTZ basis set [41] as implemented in GAMESS-
US computational package [42]. The major electronically excited states
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Fig. 1. The high-resolution photoabsorption spectrum of pyrazine in the
3.6-10.8 eV photon energy range. The pyrazine molecular structure was ob-
tained with MacMolPlt graphical interface [47]. See text for details.
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of pyrazine are in Table 1, whereas a complete list is in the Supple-
mentary Material Table S1. We also carried out additional tests with the
PBEOQ [43] and CAM-B3LYP functionals [44] and the aug-cc-pVTZ [41]
basis set. These results are listed in the Supplementary Material
Tables S2 and S3, respectively. The choice model with B3LYP functional
and the aug-cc-pVTZ basis set has been used because the results are more
consistent with the experimental data.

The nature of each excitation was assessed by visual inspection of the
molecular orbitals for each transition. Additionally, harmonic fre-
quencies (B3LYP/aug-cc-pVTZ) for the neutral electronic ground-state
(Table S2) and the neutral electronic first excited-state (Table S3)
have also been obtained, where a scaling factor for B3LYP/aug-cc-pVDZ
of 0.967 provided by Kashinski et al. [45] has been applied.

4. Structure and properties of pyrazine

The neutral ground-state and neutral first excited-state geometries of
pyrazine obtained at the B3LYP/aug-cc-pVTZ level, together with their
bond lengths (A) and bond angles (°) are listed in the Supplementary
Material (Figs. S1 and S2). The calculated outermost electronic config-
uration of the )~{1A‘g ground-state (Fig. S1) is ... (5ag)2 (3b2u)2 (4b3u)2
(4b2,)? (1b1,)? (3b19)* (1b2)* (5b3)* (1b3e)? (6ap)>. The ground-state
MO character displayed in Fig. S3 show the highest occupied molecu-
lar orbital (HOMO), 64y, is the N 2p lone pair orbital (ny) in the mo-
lecular plane. The second highest occupied molecular orbital
(HOMO-1), 1b3,, and (HOMO-3), 1bgg, are (ncnjcc), (HOMO-4), 3byg, is
(mcc/ocn) whereas (HOMO-2), 5bsy, is (ny) in character. Other MOs
from which electrons can be excited (HOMO-5), 1bzy, i (7ring),
(HOMO-6), 4bzy,, (HOMO-7), 4bz,, and (HOMO-9), 5a, are mainly
(6cn/cc/ocu). Finally, (HOMO-8), 3bg,, is mostly (zcy) bonding in
character. The main absorption features in Fig. 1 are due to electronic
excitations from these MOs to valence, mixed valence-Rydberg and
Rydberg orbitals, with the calculated dominant excitation energies and
oscillator strengths listed in Table S1.

We have also obtained additional information from the calculation of
the harmonic frequencies and labelling for the neutral and the lowest-
lying electronic excited states and compared with the available data in
the literature (see Tables S2 and S3). The fine structure of the main
modes in <llBlu<—)~(1Ag) and <11B2u<—)~(1Ag) absorption bands have
been assigned based on the energies (and wavenumbers) in the neutral
electronic ground-state to 0.379 eV (3055 cm V) for the C-H stretching,
v} (ag), 0.196 eV (1580 em ™) for C-C stretching, v, (ag),0.153 eV (1233
cm™!) for C-H bending, Vi (ag),0.126 €V (1016 em ™) for ring breathing,
V4 (ag) and 0.075 eV (602 em ™) for ring deformation Vg (ag) [51; with
the corresponding modes in the electronic first excited-state to 0.388 eV
(3126 cm™)) for v, (a), 0.148 eV (1190 cm™ ) for Vo(a), 0.146 eV (1177
em™) for v,,(a), 0.174 eV (1406 cm™?) for v;(a) and 0.090 eV (728
em™1) for Vi6(a), respectively (see Table S3).

Following our implemented methodology when dealing with the
assignment of fine structure, the X7, notation, with m and n denoting the
initial and final vibrational states for the vibronic structure (X), is
adopted. Note that more than one mode can contribute to the absorption
features, thus suggesting the possibility of Fermi resonances. The MOs
numbering from which electronic excitations may occur differs from
Holland et al. [26] electronic configuration, however with the same
character as in the present calculations.

5. Results and discussion

The complete photoabsorption spectrum of pyrazine in the energy
range from 3.7 to 10.8 eV is shown in Fig. 1. A thorough spectral
assignment above 6 eV can be found in references [7-9, 11, 14, 18, 46]
and shall not be discussed here. Here, we only deal with the two lowest-
lying excited states for which there are still either inconsistencies in the
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Table 1
The main calculated vertical excitation energies (TD-DFT/B3LYP/aug-cc-pVTZ) and oscillator strengths of pyrazine compared with experimental data. Energies in eV.
See text for details.

E (eV) Cross-section E (eV)
Expt.” (Mb) [°]

Pyrazine

State E (eV) f Dominant excitations

XA,
1By,
1 B,y
1 'Ba,
3 1By,
4 1By,
5 1By,

3.915
5.409
6.468
7.615
7.796
8.488

0.0048
0.1036
0.0557
0.1474
0.2911
0.0548

3.829
4.806
6.51(7)
6.919
7.675
8.318

19.50
19.35
19.62
42.88
129.19
53.85

Tenyce(2bi) < v (6ag) (100 %)

ﬂCN/CC(Zblu < zienjec (Lbag) (88 %), Moy co(1au) < menjcc (1bag) (11 %) 4.806
( 6.516
(

6.918

Tenyce(1au) < menjce(1bzg) (75 %), Ty cc(2b1u) < Tenjec (1bag) (21 %)
Tonyjce(2D1a) < Tenjcc (1b2g) (49 %), 3(7ag) < fin(5bau) (36 %), Ty cc(1au) < manjcc(1bsg) (10 %)
35(7ag) « Ty (5bu) (60 %), oy cc(2b1) < menycc(1bzg) (22 %)

3p'(6bau) — fin (6ag) (82 %), 3p(7bay) « fin(6aq) (12 %) 8.324

9 B3,
10 1By,

9.518
10.325

0.0871
0.1398

3d(9a,) — Tin(5bsq) (65 %), 3p(3b1a) — menjcc (1bsg) (30 %)

9.770

37.26
39.13

9.764

4p'(8b2u) « menycc (1bsg) (93 %)

2 the last decimal of the energy value is given in brackets for these less-resolved features;

literature or lack of any detailed vibronic assignments. The expanded
views of the measured cross-sections in the 3.7-4.6 eV and in the
4.4-6.3 eV photon energy (Figs. 2 and 3) show fine structure which has
been assigned to vibronic transitions, with main vibrational modes
assigned according to Hewett et al. [5]. Although the low-lying excited
states vibrational modes may correspond to a different symmetry point
group than the ground-state, from now on we adopt the normal mode
description related to the latter.

The assignments of the different absorption features listed in Tables 2
and 3 contain the electronic and the major vibrational excitations from

the ground-state to the (11B1u<—}~(1Ag) and (1IBZH<—)~(1Ag> electronic

excited states. The TD-DFT calculated vertical excitation energies are
shown in Table 1 and are compared with the experimental data. A
reasonably good level of agreement to within +9 % is noted, however

for the (llew—ilAg) transition this value increases to a difference of

~12 %. Of relevance is the Dy, symmetry dipole forbidden absorption
band between 5.6 and 6.1 eV which is not evident in the current study,
but has been reported in a quantum dynamics study as a dark A,(zz")
state [23].

5.1. The 3.7-4.6 eV photon energy range

The lowest-lying valence excitation is assigned to the promotion of
the nitrogen lone pair in-plane (7iy) to the 7y /cc antibonding orbitals,
ﬂ*CN/CC(Zblu)eﬁN(6ag), (llBlu<—)~(1Ag>. Fig. 2 shows the 0 origin of the
band at 3.829 eV, with a cross-section of 19.50 Mb, in good agreement
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Fig. 2. Detail of the photoabsorption spectrum of pyrazine in the 3.7-4.6 eV
photon energy showing progressions png(X = 2,3,4,5) and the main active
vibrational modes. See text for details.
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Fig. 3. Detail of the photoabsorption spectrum of pyrazine in the 4.4-6.3 eV
photon energy. See text for details.

with the calculated value of 3.915 eV and an oscillator strength f; =
0.0048 (Table 1). This has been reported from experimental data at 3.83
eV (fy = 0.01) by Bolovinos et al. [8], at 3.759 eV from two-photon
excitation [14], at 3.828 eV (30,876 em™Y) from fluorescence spec-
troscopy [12,16], whereas quantum chemical calculations reported
values from 3.78 to 4.87 eV depending on the level of theory
[18,20,22,23]. The lowest calculated value of 3.16 eV and an oscillator
strength (unnormalized) of 0.31 has been reported by Stener et al. [9].

He et al. [19] used multireference CAS-SCF methods to describe
pyrazine’s 1! By, state by including three totally symmetric modes, C-H
bending, v;(ag), ring breathing, v, (a) and ring deformation vj(ay),
together with out-of-plane C-H bending, vg(by,). We suggest the fine
structure is due to vibronic excitation assigned to C-C stretching, v}, (ag),
C-H bending, v} (ag), ring breathing, v, (a,) and ring deformation v; (ay)
modes, with mean energies values (4E) of 0.186, 0.148, 0.120 and
0.074 eV, respectively, (Table 2). Some of the vibrational assignments
listed in Table 2 have not been added in Fig. 2 to avoid congestion. The
band also shows progressions p;X7, (i = 1-3) that are listed in Table 2 and
have been assigned to the contribution of C-C stretching, v, (a,), C-H
bending, V;(a,), ring breathing, v,(a,) and ring deformation vg(a,)
(modes)

The VUV photoabsorption energy resolution of the current experi-
ments is not sufficient to resolve the internal rotational contributions
within the S; « Sy transition. However, fluorescence spectroscopy ex-
periments report a comprehensive analysis of the internal routes for
energy redistribution among the available degrees of freedom, i.e.,
vibrational and rotational motions. In such intricate underlying
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Table 2 Table 2 (continued)
Proposed vibrational assignments OE pyrazu}e l.owest-lymg absorptlon. band in Assignment Energy AE (1) AE AE (1)) AR
the photon energy range 3.7-4.6 eV?. Energies in eV. See text for details. (vs) (th)
4 2
Assignment Energy AE (1/5) AE AE (1/3) AE 4.33(4
(V) (V) P223/5 (1')) ) 0.073 - - 0.183
. - 4.33(7)
Tonjce(2b1) —Tiv (6ag). (1'Bru~X'Ag ) p13§ ® - - 0.145 -
nog 3.762 - - - - s 4.37(4) B B .
p205 3.784 - _ _ _ D245 (b,w) 0.120
P30 3.806 - - - - 22 p,3t 438@®) - 0.156 0.187
% 3829 N ) - - 226(4) 0.078
. .078/
P15 3.836 0.074 - - - P43 /PISY/P25E /P2y ) 0.078 0120 - 0.188
D254 3.857 0.073 - - - 4.39(2)
. .
P145/p35) 3.877 0.071 0115 - - P32 ) - - 0.148 -
53/p24) 3.901 0.072 0117 - - . 4.40(6)
n3s 3.907 - - 0.145 - P34 (bw) - 0120 - -
8 — — —
nS2 3916, o0oe B B B 58 4.415 0.081
w) 4 4.419 - 0121 - -
3.92(8) 4.43(4)

52/p34y 0.071 0.122 - - 40 =9 : _ _
P255/P3% © 3¢/p15§ w) 0.070 0.148

3! 3.930 - - 0.146 - 4.44(2
LT P>59 @D o8 - - -

D12} /p35%/4% 3.946 0.069 0117 - 0.184 (b,w)
pa3l 3.951 . - 0.145 - 133148 4.48(2) _ 0118  0.145 -
P22} 3.967 - - - 0.183 )
52 3.973 0.072 - - - 248 ?‘;;9(6) - 0122 - _
38 /p153 3.983 0.071 - 0.154 - 45009)
ps2} 3.991 - - - 0.185 P12g © - - - 0.188
3.99(6)
3 _ _ _ 4.51(6) 0.082/
P25 © 0:008 Pi5Y /P22 25} o o - 0.182
143 3.999 - 0.122 - - P 4.52(7) - o121 - -
21 /p242 /ps53 4.017 0.071 0116 - 0.188 Pso ) :
2/e3 — —
p342/53 4.046 0.073 0.118 48238 923 4.53(8) B o119 0150/ B
5 4.05(0) 0.143 () 0.146
P1% ® B - : - ) 454(7)(s,
ps28 - - - 0.183
p15¢ 4.056 0.073 - - - w)
42 4.061 _ 0115 - _ 4E 0.074 0120  0.148 0.186
Pa54 4.069 0.073 - - - a (s) shoulder structure; (w) weak feature; (b) broad feature (the last decimal of
P23} 4.079 - - 0.149 - the energy value is given in brackets for these less-resolved features).
P35 4.08(9) 0.072 - - -
0 (w) . . . .
Pe32 4.004 _ _ 0.143 _ molecular mechanisms, internal conversions to triplet states through
5 4116 0.070 _ _ _ radiationless transitions are noted as dominant relaxation processes. For
24353 4.134 0.065 0.117 — — further details see Refs. [5, 15, 16].
p222 4.151 - - - 0.184 The geometries of pyrazine in the ground-state and first excited-
P343/p35; 4];16(6) 0.077 0120 - _ state, tgget}ler with their bond lengths in A :fmd'bond angles 1n.( ), are
s ®) shown in Fig. S1 and S2. Upon electronic excitation we note an increase
% :'1223) B 0120 - B of ~2 % in the C2-C3 and ~ 5 % in the C5-C6 bond lengths which lend
n3 © - - 0.142 - support to C-C stretching v,(a;) and C-H bending ;(ag) modes
P4 4.124 - 0125  — - assigned in Fig. 2. A modest reduction in the C2-H7 and C5-H9 inter-
. 4.12(9) atomic distances (< 1 %) and in the NI-C2-C3 angle (< 5 %) between
155 ™ 0.073 B - - ) -
the neutral ground-state and the first excited-state, are related to the
P125/3% 4.134 - - 0.151 0.188 . . , . .
ring deformation v;(ag) mode. Finally, the changes in the N1-C2-H7/
ps22 4.176 - - - 0.185 5178 : )
<5 4184 0.068 -~ _ N4-C5-H9 angles from 117.23° in the ground-state to 121.84° in the
0 : - . . . . . . ,
22 4.201 _ _ _ 0.184 first excited-state are in agreement with the ring breathing, v, (ag) mode
0.080/ assigned in Fig. 2.
PSS /pa435S/paSg  4.209 007 - - - & &
4.24(4)
4 3 _ —
P14y/pado () 0120 0.150 5.2. The 4.4-6.3 eV photon energy range
P23 ?5)2 3@ - - 0.153 -

56 4934 0.068 The second absorption band is here better resolved than in previous
P32 4'25( " ’ VUV experiments [7-10,12,13]. It is centred at 4.806 eV with a
P24 ) - 0120 - - maximum cross-section of 19.35 Mb and is assigned to the valence

6 _ _ _ . . P
50 :-22(16) g.g;;/ excitation Tenyce (2b1u) = Tenjcc (1bsg) + ey /Cc(lau><—ﬂCN/(xj(1b2g) )
33 /5 57 /957 /pad? - : 0.120  0.152 - 3 . :
0/P150/P250/pat ) 0.077 (11B2u<—XlAg) with an oscillator strength f; = 0.1036 (Table 1). The
4.29(8)
4 © - 0.117 - - VUV spectrum of Walker and Palmer [11] reports a value of 4.769 eV.

5 4.30(7) 0.073 The equation-of-motion coupled-cluster calculations report a value at
P> W) ' 5.09 eV (f, = 0.08) while Lin et al. [20] and Sala et al. [23] ab initio
P2 4.320 - - - 0.186 calculations report values from 4.64 up to 5.46 eV and 4.64 up to 5.71

eV, depending on the level of theory used.



L.V.S. Dalagnol et al.

Table 3
Proposed vibrational assignments of pyrazine valence excitation in the photon
energy range 4.4-6.3 eV®. Energies in eV. See text for details.

Assignment  Energy AE AE AE AE AE

(v5) (v2) (+5) (v2) )

”*CN’/CC(Iau)‘_”CN/CC (1b3g) + 7y cc(2b1u) —7enjcc (1bsg) s (113211‘_5(1Ag)

09 4.684 - - - - -

? 4.693 - - - - -

? 4.718 - - - - -

5} 47500 o7 - - - -
w)

45 4.809 - 0.125 - - -

52 4.82(8)(s) 0.072 - - - -

3 4.84(1)(s) - - 0.157 - -
4.88(1)(b,

5545 w) - 0.125 - - -

2} 4.88(7)(b) - - - 0.203 -
4.96(0)(s,

5248 W) 0.079 - - - -

4 4.928 - 0119 - - -

32 /5542 4.99(3)(s) - 0.112 0.152 - -

13/43 5.046 - 0.118 - - 0.362
5.09(2)(s,

22/5543 b - 0.099 - 0.205 -
5.14(0)(s,

3 — — — —

33 b 0.147

a8 5.16(8)(s, _ 0122 _ _ _
w)
5.19(4)(s,

5544 b - 0.102 - - -
5.30(3)(s,

23/33 w - - 0.163 0.211 -

12 5.40(9)(b, B B B B 0.363
w)
AE 0.074 0.115 0.155 0.206 0.363

2 (s) shoulder structure; (w) weak feature; (b) broad structure (the last decimal of
the energy value is given in brackets for these less-resolved features); (?) means
unassigned feature.

The 08 origin band is assigned at 4.684 eV (Table 3 and Fig. 3), the
absorption data of Innes et al. [46] and Yamazaki et al. [12] report it at
4.692 eV, Suzuka and co-workers [10] at 4.700 eV, while there is an
excellent agreement with the value of 4.685 eV from Stener and co-
workers [9]. The band is mainly accompanied by excitation of C-H
stretching, ; (ag), C-C stretching, v, (a,), C-H bending, v, (ag), ring
breathing, v, (ag) and ring deformation v (ag) modes, with mean energy
values of 0.363, 0.206, 0.155, 0.115 and 0.074 eV (Table 3). We also
assigned a combination band involving v, (a,) and v;(ag) modes, how-
ever there are a few features that have not been assigned in Table 3
(noted as “?”) but can be part of the progressions.

5.3. Absolute photoabsorption cross sections

The present absolute ultraviolet photoabsorption cross-sections of
pyrazine are reported in the photon energy region 4.0-10.8 eV, with
Table 1 listing the major electronic transitions and their values in units
of Mb. Samir et al. [13] reported cross-section values at 3.911 eV (317
nm) and 4.843 eV (256 nm) of 2.2 and 12.4 Mb, relative to the present
respective values of 1.25 and 16.34 Mb. Bolovinos et al. [8] reported
cross sections of 8.0 Mb (4.69 eV) and 10.8 Mb (6.30 eV) different from
the present values of 12.10 Mb and 7.9 Mb. Stener et al. [9] vacuum
ultraviolet photoabsorption cross sections are found to be in reasonable
agreement with the present cross-sections in shape and magnitude,
whereas Walker and Palmer [11] are consistently 25-35 % lower.

6. Conclusions

The present joint experimental and theoretical investigation of pyr-
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azine electronic state spectroscopy provides the most complete study in
the 3.7-6.2 eV (330-200 nm) energy range comprising the lowest-lying

valence excitations (llBl,n—)N(lAg> and <1132u<—)~(1Ag). The features in

the high-resolution absolute photoabsorption spectrum have been
assigned with the help of quantum chemical calculations, on the vertical
excitation energies and oscillator strengths at TD-DFT level of theory.
The comprehensive analysis of the absorption structures has also
allowed us to propose assignments for the C-H stretching, v; (ag), C-C
stretching, v, (ag), C-H bending, v; (ag), ring breathing, v/, (ag), and ring
deformation v;(a,) modes. Harmonic frequencies from B3LYP/aug-cc-
pVTZ calculations for the neutral electronic ground- and first excited-
state have also been obtained. Finally, absolute cross-section values
are reported from 3.7 up to 10.8 eV (310-113 nm) and compared with
the available data in the literature.
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