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Abstract

A new compound 4-(diphenylamino) biphenyHabronic acid (DBBA) was synthesized. The optical properties including fluorescence
quantum yields and change in the dipole moment in various solvents at room temperature were characterized by the absorption and steady-
state fluorescence technique. The emission wavelength of DBBA was very sensitive to the polarity of solvents. The magnitude of change in the
dipole moment was calculated based on the Lippert—-Mataga equation. DBBA has an increase of dipole moment of 4.9 D units on excitation
to the lowest singlet state. A high fluorescence quantum yigidsahd short fluorescence decay timeg {vere determined in all solvents
tested. The bathochromic shift of the emission spectra and the increase in the excited state dipole moment occurred. These gave the evidenc
about the intramolecular charge transfer (ICT) character in the emitting singlet state of DBBA.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction celle, microemulsion, vesicle and liposome. Nowadays the
electron transfer and charge transfer processes in various
Intramolecular charge transfer (ICT) has always been at- donor—acceptor system upon excitatidgd,15] were char-
tracting considerable attention as a topic of central impor- acterized.
tance both in photochemistry and in biochemistty-7]. Triphenylamine and its derivatives are very promising
The excited state electron transfer in organic donor—acceptorfunctional molecular materials. They have attacted much at-
(D—A) compounds is usually described in terms of electronic tention because they are not only important organic dyes
coupling between the locally excited (LE) state and the chargebut also can act as one of photoinduced charge trans-
transfer (CT) statg8]. This process will lead to a large in- fer layers in electrophotography and electroluminescence
crease of the dipole moment, and hence will cause a marked16]. Therefore, the study on their photophysical proper-
solvatochromic effect and a large Stokes shift. Therefore, re-ties is significant for a better understanding of the process
cently the organic donor—acceptor (D—A) compounds, whose of photoinduced charge transfer and the practical applica-
fluorescent spectra are sensitive to the change in the soltions. The photophysics properties of some triphenylamine
vent properties, have been increasing interest and usuallyderivatives, such as diphenyl amino-substituted triphenyl-
been used as the fluorescent probe to study microenviron-benzene (PEFTP), biphenyl (PEFBP) and fluorine (PEFF)
ments[9-13], e.g. the polarity and viscosity change in mi- derivatives [17,18] hexadecyl 4-biphenylaminobenzoate
(HBAB)[19], 4-formacyl-triphenylamine (FTA) and 44

_— bisformacyl-triphenylamine (BTA}16] have been reported.
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Fig. 1. The molecular structure of compound DBBA. f /1 W
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molecule are strong polar molecule whose emission is mainly E i // Y
ICT or TICT emission. This kind of compounds may poten- R ) _,-f e
tially serve as functional materials of organic molecular elec- é s 1/ =
j

tronics, such as fluorescence probe, photo-charge exchanging
materials and so on. However, these triphenylamine deriva-
tives are limited to the compounds containing a strong elec-
tron acceptor group, such as formacyl, ester group. So it is
necessary to study some triiphenylamine derivatives with a / )
weak acceptor group in the molecule. J,--*"“_'
4-(Diphenylamino) biphenyl‘4boronic acid (DBBA) L
(Fig. 1) is of triphenylamine’s derivatives with a weak ac-
ceptor group of boron group. It was synthesized firstly. In the
present paper, we intend to explain the particular behavior of
compound DBBA by means of UV and fluorescence spectra
measurements in a variety of nonpolar and polar solvents at
room temperature, and by an approximate determination of rig 2. The absorption spectra of DBBA in various solvents (1) cyclohexane,
increasing dipole moment on excitation to the lowest singlet (2) ethylether, (3) tetrahydrofuran, (4) ethanol, and (5) methanol.
state, fluorescence quantum yields and fluorescence decay
times. ethanol and methanol. The maxima of absoprption spectra
were slightly shifted from 333 to 326 nm, which was probably
due to the decrease of the solvent refractive index from cy-
2. Experimental clohexane to methanol. The normalized fluorescence spectra
of DBBA were shown irFig. 3. It was noted that the fluores-
DBBA was synthesized in our lab following a procedure cence spectra were independent of the exciting wavelength.
described in the literaturf20] and was confirmed byH The presence of a single emission band indicated a barrier-
NMR, 13C NMR and MS spectroscopy. The solvents, cy- less electron transfer process. The maximum emission wave-
clohexane, ethylether, acetone, tetrahydrofuran, ethylacetatelength was red-shift from 384 to 398, 410, 422 and 432 nm,
acetonitrile, ethanol and methanol were all purchased from respectively in the presence of different solvents. The about
Beijing Chemical Plant without further purification prior to
use. No interference fluorescence was observed under the  gpq-
experimental conditions for all the reagents used. 3500 12345
The absorption spectra were recorded on a UV-265 spec-
trophotometer (Shimadzu) and corrected emission spectr
were obtained on a F-4500 spectrofluorometer (Hitachi). Ex-
citation and emission bandwidths were both set at 2.5nm. 2
The fluorescence decay times were measured with PTI flu-g
orescence lifetime scanning spectrometer, and the excitatior% 1500 -
wavelength was at 337 nm. All experiments were performed E
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3. Results and discussions
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3.1. Absorption and fluorescence spectra Wavelength (nm)

Fig. 2showed the absorption spectra of DBBA in various Fig. 3. Normalized fluorescence spectra of DBBA in various solvents (1) cy-
solvents including cyclohexane, ethylether, tetrahydrofuran, clohexane, (2) ethylether, (3) tetrahydrofuran, (4) ethanol, and (5) methanol.
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Table 1

Maximum wavelength of absorption and fluorescence and Stokes shift for compound DBBA in the solvents studied

Solvent AR ET(30)° (kcal/mol) Avipp (cm™h) Xa (NM) va (cm1) At (nm) vt (cm™1) Avstoke (cm™1)
Cyclohexane 0.101 31.2 3171 332.8 30048 384.0 26042 4006
Ethylether 0.257 34.6 3466 330.0 30303 398.0 25126 5177
Tetrahydrofuran 0.309 37.4 3681 331.0 30211 410.0 24390 5821
Ethanol 0.379 51.9 4213 329.6 30340 422.4 23674 6666
Methanol 0.393 55.5 4965 326.0 30675 432.0 23148 7527

See text for details of column titles.
2 Polarity function for each solvent is based on the value of dielectric constant and refractive index of the solvents givg@ih Ref.
b Values taken from Ref22].

50 nm of maximum shift was observed. Moreover, the fluo- excitation from the ground state to the excited sthte, ¢q,
rescence halfwidthivy > increased from 3171 to 4965 cth p corresponds to Plank’s constant (6:610-34JS), the ve-
This polar stable ICT state may exist in polar solvents and locity of light in vacuum (3.0x 10° ms™1), the permittivity
make the DBBA molecule relaxation to the equilibrium ge- of vacuum (8.85< 10-12VC~1 m~1) and the Onsagar cavity
ometry of the electronic state. As a result, the fluorescenceradius (in meter). Using the assumption of Lippert that the
spectra show a red-shift and the halfwidth of the fluorescenceOnsagar Cavity radiugs can be derived from the length of

band become broad. the molecule (16.@) muIEipIied by a reduction factor of 0.8
The corresponding spectral characteristics in a variety of [25], gives the value 13.A.
solvents with different polarity were detailed listedieble 1 A plot of the emission maxime; versus the polarity func-

As can be seen ifiable 1andFigs. 1 and 2the polarity of tion Af (e, n) was shown inFig. 4(b). Least square linear
the solvent has a larger effect on the emission band maximaregression analysis gave a good correlation according to
(As) of DBBA than on the absorption band maximi,)

This observation indicates that photoinduced intramolecular v = 27414— 10680 (e. 1) (r=0.95)
charge transfer (ICT) takes place within the molecule in the The emission maxima;s versusAf (e, n) were linear and
singlet-excited state in comparison with the ground state. Thethe slope was 10 680. According Emj. (1)it approximately
increase of the Stokes shift about 3521 drwith increasing corresponded to a dipole moment of 4.9 D for the charge
the solvent polarity suggests that the potential energy surfacetransfer state relative to the ground state. This was due to
of the emitting state is considerably different from that of intramolecular charge transfer from amino group to boron
the ground state and has a charge transfer character of thgroup in the excited state of compound DBBA. This large
fluorescence states, i.e. a large increase in the excited statehange in dipole moment from ground to excited state was
dipole moment. caused by the redistribution of atomic charges in excited state,

3.2. Measurement of the magnitude of the change in the &

(a)

dipole moment A2 L+

§ 25t

Fig. 4(a) showed the emission maxima) of compound "5 o4 |
DBBA to the different solvent polarity parameté&s(30) >

23 r

value. Least square linear regression analysis gave a good
correlation. This is commonly considered that it is the result

2z

of stabilizing the state of charge transfer by solvent molecule 30 o0 =0 B0
[23]. Determination of the extent of increase in the dipole mo- Ex(30X(Kealmol)
ment of the dye on electronic excitation can be made from 2 (b)
the Lippert—Mataga relatioj24], in polar and in fairly polar 28 0\
solvents, the relation between the solvent-dependent shift of g o5 | +
the emission maximeas and the solvent parametaf (e, n) 5 g | \
is expressed as follows: N
23 :

2Au? 20 .

=0 T areohep’ Af(en) (1) 0 0.2 0.4 0.6
af

where Af(e, n) = ((¢ — 1)/2( + 1)) — (% — 1)/2(2n% +
1)), &, n corresponds to the static dielectric constant, the re- Fig- 4. (2) Dependence of emission maximg) Of DBBA on solvent po-

L . s larity E1(30) value; (b) emission maximas( as a function of the solvent
fractive index of the mediumys andvfO the emission max polarity-polarizability parameterAf) for compound DBBA. Solvents are

ima(Wavenum_berS) in a solvent an(_j in VaCL_“mﬂ" = (ne — cyclohexane, ethylether, tetrahydrofuran, ethylacetate, acetone, acetonitrile,
ug) the magnitude of the change in the dipole moment on ethanol, methanol.
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Table 2

Decay parameters of the excited singlet state of DBBA in different solvents

Solvents ot 1 (nS) k@ (x107s71) knr? (x107s71) ke /n2v3¢ (107 s~ em3)
Cyclohexane 0.72 1.59 45.3 ®7 126
Ethylether 0.65 1.69 38.5 20 133
Tetrahydrofuran 0.65 2.14 30.4 A6 106
Ethylacetate 0.66 221 29.9 a5 111
Acetonitrile 0.68 2.24 30.4 13 146
Ethanol 0.81 2.39 33.9 9 138
Methanol 0.62 2.97 20.9 12 95

See text for details of column titles.
2 Rate constant of fluorescence.
b Rate constant of nonradiative decay.
¢ k/n?v3 is proportion to the oscillator strength.

which was only possible due to charge transfer from election
rich donor moiety to acceptor moiety. The high value of

DBBA revealed a strong increase in the excited state dipole
moment and confirming the CT character of the excited state.

3.3. Fluorescence quantum yield and fluorescence decay
time

The fluorescence quantum yields were obtained using qui-
nine bisulfate in 0.05 mol/l sulphuric acid as standg@l.
The values o for DBBA were obtained using the following
relation[27]:

¢ = 2
where,F represents the corrected fluorescence peak Area,
the absorbance at the excitation wavelengtthe refractive
index of the solvent use@; the fluorescence quantum effi-
ciency and the subscripts “s” and “u” refer to standard and
unknown, respectively.

According toEqg. (2) fluorescence quantum yields j of
DBBA in various solvents were shownTrable 2 Obviously
fluorescence quantum yieldg:j of DBBA were found to

radiative emission reflected by a highand shorts and the
absence of dual fluorescence do not point towards an excited
state with a TICT character. The fluorescence of the dye is
hence from ICT statf28].

4. Conclusions

Compound DBBA is sensitive to solvent polarity and
it has high quantum yields, therefore it is a good material
of photochemical probe. This functionality of this probe
makes it potentially useful in laser dyes, fluorescence
dyes, organic non-linear optic materials and biologically
important systems. Future work directed to use DBBA as
fluorescence probe for the determination of human serum
albumin by fluorescence enhancing method is anticipated
to be promising. Similar work is progress in our laboratory,
and the results will be released soon.
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