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Photophysical processes of some carbazole derivatives
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Abstract

The photophysical properties of phenylcarbazole (PHCz), a-naphthylcarbazole (a-NACz), B-naphthylcarbazole (8-NACz) and N-(3-
pyridyl)-carbazole (PyCz) were studied. a-NACz and B-NACz exhibit twisted intramolecular charge transfer fluorescence in polar solvents.
The fluorescence of the carbazole derivatives can be quenched by electron donors and acceptors, and the quenching effects follow the Stern-
Volmer equation. The existence of exciplexes is observed between the carbazole derivatives and electron acceptors, such as p-dicyanobenzene,

dimethylterephthalate and benzanilide.
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1. Introduction

Carbazole and its derivatives have been studied exten-
sively. The polymeric semiconductor poly(N-vinylcarba-
zole) can be used as a photoreceptor for copiers and
photoconductive thermoplastic films. The charge transfer
complex poly(N-vinylcarbazole)-2,4,7-trinitrofluorenone,
which is characterized by a high sensitivity, broad spectral
response and excellent stability, has been widely used in
electrophotography [1]. Rettig [2] and Rettig and Zander
[3] have found that the N-aryl-substituted derivatives of car-
bazole exhibit twisted intramolecular charge transfer ( TICT)
with an increase in the electron-accepting ability of the N-
aryl moiety.

In this paper, we present the results of a study on the
photophysical processes of phenylcarbazole (PHCz), a-
naphthylcarbazole (a-NACz), B-naphthylcarbazole (S-
NACz) and N-(3-pyridyl)-carbazole (PyCz). All of these
carbazole derivatives were synthesized in our laboratory; the
photophysical processes were studied using steady state and
transient fluorescence spectroscopy and fluorescence quench-
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2, Experimental details

All of the compounds were synthesized by copper-cata-
lysed reactions of carbazole with iodoaromatic molecules;
the compounds were purified by elution through a silica gel
column {4] and characterized by IR spectroscopy, mass spec-
trometry (MS), nuclear magnetic resonance (NMR) spec-
troscopy, etc. Dimethylterephthalate (DMTP), p-dicyano-
benzene (DCNB) and benzanilide (BZA) were of reagent
grade (Beijing Chemical Plant) and were purified by recrys-
tallization. Other reagents and solvents were all of reagent
grade (Beijing Chemical Plant) and exhibited no fluores-
cence interference.

Steady state fluorescence spectra were recorded on a Hita-
chi MPF-4 fluorometer. The fluorescence decay was deter-
mined on a Horiba NAES-1100 nanosecond fluorometer.
Absorption spectra were measured on an HP-8451A UV-
visible spectrometer.

All experiments were carried out at 25 °C. For the fluores-
cence spectra, the excitation wavelength was 330 nm.

3. Results and discussion

The absorption and fluorescence spectra of PHCz, PyCz,
a-NACz and B-NACz in polar and non-polar solvents were
compared. The peak positions of the absorption spectra of
the carbazole derivatives in different solvents are similar,
without an obvious change as a function of the solvent polar-
ity. The emission spectra of PHCz and PyCz exhibit a slight
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Table |

The maxima (Am,, (nm)) and halfwidths (A v (cm™')) of the fluorescence spectra (emission) of various N-aryl-carbazoles in different solvents

Solvent PHCz a-NACz B-NACz PyCz
Amax (A7) Amax (A V) Amax (AV) Armax

Cyclohexane 344, 358 (2250) 367 (2710) 362 (2190) 336, 349

Benzene 349, 364 (2430) 378 (2910) 364 (2600) 340, 354

Ethyl acetate 347, 362 (2360) 383 (3280) 368 (3060) 338, 352

Dichloroethane 350, 364 (2420) 395 (3345) 378 (3240) -

Ethanol 347, 361 (2415) 393 (3750) 373 (3515) 340, 383
348, 363 (2495) 406 (4350) 388 (3680) 341, 355

Acetonitrile
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Fig. 1. Fluorescence spectra of PHCz in cyclohexane (broken line) and
acetonitrile (full line).
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Fig. 2. Fluorescence spectra of a-NACz (a) and 8-NACz (b) in cyclohex-
ane (broken line) and acetonitrile (full line).

Table 2
The fluorescence lifetime 7 (ns) of carbazole derivatives in different solvents

Solvent PHC:z a-NACz B-NACz PyCz EtCz
Cyclohexane 6.2 49 4.5 - -
Benzene 6.3 4.8 40 3.1 7.8
Ethyl acetate 5.8 4.9 3.7 4.1 -
Dichiloroethane 6.6 6.5 44 - -

change in different solvents [5] (Fig. 1). In contrast, a large
red shift, loss of fine structure and broadened band are

observed in the emission spectra of a-NACz and 8-NACz,
and the fluorescence halfwidth A v (Table 1) increases with
increasing solvent polarity (Fig. 2). The spectral character-
istics indicate the existence of a TICT state in a-NACz and
B-NACz. The emission spectra of a-NACz and B-NACz
exhibit only one fluorescence band arising from the TICT
state [ 2,3] due to the steric hindrance by the naphthyl moiety.
Rettig and Zander [3] predicted that the TICT emission
will be observed if the molecular system satisfies Eq. (1)

E(TICT) — E(LE) <0 (1)
E(TICT) =IP(D) —EA(A) + C+AE,,, 2)

E(TICT) and E(LE) are the energies of the lowest TICT
state and the lowest locally excited state respectively. IP(D)
and EA(A) are the ionization potential and electron affinity
of the donor and acceptor moieties of the molecule respec-
tively. C is the Coulomb energy and AE,,, is the interaction
between the charge-separated molecule and the polar solvent.
On going from PHCz to a-NACz and 8-NACz, the donor
moiety is the same, but the electron-accepting ability is
enhanced. Therefore TICT emission of a-NACz and 3-NACz
can be seen in polar solvents. The temperature effect, i.e. the
fluorescence emission shifts to the blue with increasing tem-
perature, provides further support for the existence of a TICT
state.

Table 2 lists the fluorescence lifetimes of the carbazole
derivatives in different solvents. It can be seen that the fluo-
rescence lifetimes of carbazole derivatives containing donat-
ing or accepting groups in the 9 position are shorter than that
of N-ethyl carbazole (EtCz). It can also be seen that the
solvent polarity has little effect on the lifetime.

The fluorescence of carbazole derivatives is quenched by
electron donors, such as triethylamine (TEA), bipyridine
(BPy) and diethylamine (DEA). The quenching effect fol-
lows the Stern—Volmer equation

Table 3

kyx 1072 (M~ s~ ') values of carbazole derivatives quenched by amines
Carbazole TEA BPy DEA
PHC:z 0.21 0.59 -
a-NACz 0.85 0.58 0.04
B-NACz 0.62 0.98 0.48
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Fig. 3. Fluorescence spectra of a-NACz in ethy] acetate at different concen-
trations of DMTP (M):0,0;1,5.15x107%2,1.09%107%3,1.77x 107 %
4,258X107%5,35%x107%

Table 4
kyX107° (M~ 's™") values of carbazole derivatives quenched by acceptors

Carbazole DMTP DCNB BZA
PHCz 154 18.4 124.1
PyCz 13.7 - -
a-NACz 12.0 16.7 39.0
B-NACz 18.0 193 46.3
ECz 13.1 - -
Table 5

The change in dipole moment (D)

PHCz a-NACz B-NACz

- 15.2 10.1
PHCz-DMTP a-NACz-DMTP B-NACz-DMTP
13.1 20.0 19.2
Fo/F=1+Ksy[Q] (3)
KSV = qu (4)

The quenching rate constants (k;) were obtained according
to the Stern-Volmer equation (Table 3). The ionization
potentials of TEA, BPy and DEA are 7.50 eV, 9.3 eV and
8.01 eV respectively.

The fluorescence of carbazole derivatives can also be
quenched by electron acceptors: DCNB, DMTP and BZA.

2
~)

When DMTP is added to a solution of carbazole derivatives,
the emission is quenched. Meanwhile, a new structureless
emission band appears in the longer wavelength region. The
emission intensity of the new band increases with increasing
concentration of DMTP and the spectrum exhibits an 1soem-
issive point (Fig. 3). The excitation spectra measured at
different emission wavelengths with or without DMTP are
identical. This indicates that exciplexes are formed between
carbazole derivatives and DMTP. The addition of DCNB or
BZA 1o a solution of carbazole derivatives produces the same
results (Table 4). The k, value of carbazole derivatives
quenched by BZA is abnormally large; this is because BZA
exhibits competitive absorption with the fluorescence of the
carbazole derivatives at the excitation wavelength of 330 nm.

The dipole moment change accompanying the fluores-
cence transition of the exciplex was calculated using the Lip-
pert equation [6] (Table 5).

4. Conclusions

The fluorescence of carbazole derivatives can be quenched
by donor and acceptor molecules whether or not the TICT
state exists. The quenching ability mainly depends on the
ionization potential of the donors and the electron affinity of
the acceptors.
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