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Nanosecond time-resolved infrared absorption spectroscopy
has been used to study the charge transfer characteristics of the
title compound in electronically excited states. The transient
infrared bands observed at 2090 cm�1 and 2060 cm�1 have been
attributed to the CN stretch modes in the first excited singlet and
triplet states of the molecule. These frequencies are in conformity
with enhanced charge separation in the excited states. Compar-
ison of the present result with the existing data for 4-(N;N-
dimethylamino) benzonitrile has indicated that the CN stretch
frequency is not a direct measure of the polarity of the excited
states of these molecules.

Electron donor-acceptor (EDA) molecules are attractive
systems for the study of photoinduced intramolecular charge
separation process, distance and orientation dependence of
electron transfer, solvation dynamics subsequent to photoexcita-
tion, and nonlinear optical properties due to high electron
mobility. They also provide good models for testing the
contemporary theories of electron transfer. Quite understandably,
these molecular systems have occupied the center stage of
photophysical and photochemical research for quite some time.

In this paper, we focus our attention on an EDAmolecule,N-
(4-cyanophenyl)carbazole (1 in Figure 1), that consists of a
cyanophenyl moiety as the acceptor and a carbazoylmoiety as the
donor. Electronic excitation of this molecule results in an
enhancement of charge separation from the donor to the acceptor
moiety.1;2 While the change in the dipole moment (��) on
electronic excitation was originally estimated to be as high as 15
D from the solvatochromic absorption and fluorescence data,1 a
significantly lower�� value (7.95D) has recently been obtained
from dielectric loss measurement.2 The resultant value of dipole
moment in the excited state is 10.4D and is much smaller than the
value 15.1–16.1D for 4-(N;N-dimethylamino)benzonitrile
(DMABN),3 for which the excited-state CT structure is
established by a number of physicochemical studies.3{12 Since a
change in the magnitude of the charge separation on electronic
excitation is expected to influence the molecular structure in the
excited state, we think it pertinent to probe this aspect through
time-resolved infrared spectroscopy, a technique ideally suited
for obtaining structural information in the excited state.8 We here
concentrate on the CN stretch frequency region of the system in
view of the fact that this region is clearly separated from the

fingerprint region, which is crowded with many transitions due to
the ring and carbazole modes.

The time-resolved infrared measurements were carried out
using a setup described elsewhere.13;14 The time-response of the
setup was 60 ns and the wavenumber resolution was 16 cm�1. 1
was prepared following the standard procedure reported in the
literature.1;2 The measurements were performed using a 5�
10�3 mol dm�3 solution of 1 in n-butanol. The sample solution
was circulated by a roller pump through a CaF2 flow cell (100�m
path length) with continuous bubbling of argon or oxygen in the
reservoir.

The time-dependent infrared absorption spectra in the argon
bubbled n-butanol solution of 1 are depicted in Figure 2. At early
times (0–100 ns), a transient band is observed at 2090 cm�1.
However, at later times, the absorption shifts to a lower frequency
region and the new maximum appears at 2060 cm�1. The decay
profiles of the two transients are shown in Figure 3. While the
absorption at 2090 cm�1 decays rapidly,15 that at 2060 cm�1

decays more slowly. The lifetime of the 2060 cm�1 band
estimated from the decay profile shown in Figure 3-(b) is
1.1�s. While oxygen bubbling has negligible influence on the
decay behavior of the short-lived transient, the long-lived
component disappears completely in the presence of oxygen
(Figure 4). Based on these decay behaviors of the absorption
bands, the short-lived and long-lived components are assigned to
the first excited singlet and triplet state of the molecule,
respectively. This assignment is consistent with the photophysics
of the system. The lifetime of the first excited singlet state of 1 in
polarmedia is reported to be 8 ns.2 In the present experiment, such
a short lifetime is expected to exhibit a time-profile that is

Figure 1. Molecular structure of N-(4-cyanophenyl)carbazole.

Figure 2. Time-resolved infrared absorption spectra of 1 in
n-butanol (5� 10�3 mol dm�3) with argon bubbling: (a)
�100{0 ns, (b) 0–100 ns, (c) 100–200 ns, (d) 200–300 ns, (e)
400–500 ns, and (f) 1.5–1.6�s after photoexcitation.
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identical with the instrumental response function. This is indeed
the case. Even though nothing much is known about the triplet
state of 1, the triplet of 1 was observed in the dielectric loss
measurement.2 Assuming an identical dipole moment for the
singlet and the triplet state of 1 (which need not be true), the triplet
yield of 1 was estimated to be � 0:1 in benzene.2 It is likely that
significant number of photoexcited 1molecules stay in the triplet
state after 100 ns from the photoexcitation. The assignment of the
two transients to the singlet and triplet state of the molecule is in
accordance with the known facts in the literature.

The CN stretch frequency of the molecule appears at
2232 cm�1 in the ground state. On the other hand, the absorption
in the first excited singlet state appears at 2090 cm�1. A downshift
of the CN stretch frequency of the molecule (by 142 cm�1) in the
singlet state is indicative of a reduction of the CN bond order in
the excited state. The reduction in the bond order of the CN group
is in agreementwith the enhanced charge separation in the excited
state, since the transferred electron is considered to be
accommodated partially in the anti-bonding orbital of the CN
group.1;2

The present molecule 1 is structurally quite similar to
DMABN. It is perhaps appropriate to make a comparison of the
time-resolved infrared absorption data and the excited state
properties such as the dipole moment of the two systems. These
data are collected in Table 1. As seen from this Table, the CN
stretch frequencies of the two systems are remarkably similar.

One may get tempted to conclude from this data that the excited
state structure or the extent of charge separation in the excited
state of the twomolecules to be very similar aswell. Interestingly,
however, the directly measured values of the excited state dipole
moment of the two systems are quite different, implying a
significant difference in the excited state structure of the two
compounds. There seems to be no correlation between the CN
stretch frequencies and the dipolemoments in the excited states of
these two molecules.

An additional point to be noted here is a further downshift of
the CN stretch frequency in the triplet state. A similar behavior of
the CN stretch frequency has been observed in the case of
DMABN, though the reported dipole moment for the triplet state
of DMABN is lower than that of the CT state (see Table 1).

In summary, the present study points to a reduction of the CN
bond order in the excited state of the molecule 1, confirming an
enhancement of charge separation on photoexcitation. The lack of
correlation between the dipole moment and the CN stretch
frequency, as observed here, is noteworthy. Further time-resolved
infrared and Raman experiments to look at the other vibrational
modes, both the ring modes and the carbazole modes, are deemed
necessary.
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Figure 3. Time-dependance of the transient absorption
bands of 1 in n-butanol at (a) 2090 cm�1 and (b) 2060 cm�1.

Figure 4. Time-resolved infrared absorption spectra of 1 in
n-butanol with oxygen bubbling: (a)�100{0 ns, (b) 0–100 ns,
(c) 100–200 ns, (d) 200–300 ns, (e) 400–500 ns, and (f) 1.5–
1.6�s after photoexcitation.

Table 1. Excited state dipolemoments and CN stretch frequencies of 1 and
DMABN

System State Dipole moment/D CN frequency/cm�1

1 S1(LE) 10.4a 2090
T1 — 2060

DMABN CT 15.1–16.1b 2096c

T1 12b 2040c

aFrom Ref. 2. bFrom Ref. 3. cFrom Ref. 8.
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