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a b s t r a c t

Triphenylamine core multipolar derivatives were synthesized via the Wittig reaction and Heck reaction
and were characterized by MS, NMR, IR; melting points and decomposition temperatures were deter-
mined using differential scanning calorimetry. The photophysical as well as the linear and nonlinear
spectral properties of multipolar compounds with a triphenylamine core were compared to those of
corresponding dipolar compounds. The multipolar chromophores displayed large two-photon absorption
and strong optical power limiting properties. An extended p-conjugated system and increased intra-
molecular cooperative effect are responsible for the observed, large two-photon absorption character.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Molecular dendrimers constitute a new class of organic nano-
structures with multipolar geometry. The dendrimers constructed
from optically active blocks show intriguing two-photon absorp-
tion (TPA) properties which have wide range of applications such as
optical power limiting, high-resolution three-dimensional imaging
of biological systems, laser upconversion and two-photon photo-
dynamic therapy, microfabrication, or three-dimensional optical
data storage [1–5]. Depending on the applications, two-photon
chromophores have to satisfy different kinds of requirements. For
instance, the combination of high fluorescence quantum yield and
TPA cross-section in the red-NIR range is desirable for biological
imaging. In recent years, considerable effort has been devoted to
the design and investigation of two-photon chromophores,
exploring in particular the multipolar strategy. A major advantage
of the multipolar structure originates from the intramolecular
coupling and cooperative enhancement of TPA. This enhancement
is correlated to intramolecular interactions that occur between the
branches and the center of the molecules. Increasing the extent of
charge transfer from the ends to the middle results in a large
increase of two-photon absorption [6–11].

We have designed and synthesized a specific class of substituted
stilbene chromophores, which comprises triphenylamine as a core
All rights reserved.
and an electron-withdrawing group 3,5-di-{5-[4-(tert-butyl)-
phenyl]-1,3,4-oxadiazol-2-yl}-styrene as conjugated arms (see
Fig. 1). The grafting of one, two, or three branches on an electron-
donating trigonal moiety triphenylamine leads to multipolar chro-
mophores of different symmetry: dipolar, V-shaped, and octupolar.
Compared to one-dimensional molecules, multipolar chromophores
have appeared to show promising properties. It is expected that the
electronic push–pull structures in the arm and their cooperative
effect help the extended charge transfer for TPA. A butyl moiety is
attached to the end of each arm to induce the optical transparency
as well as the good solubility to various organic solvents.

In this paper, we describe the synthesis and characterization of
novel multipolar chromophores. Linear absorption and fluores-
cence properties of chromophores, as well as the solvatochromic
behavior of one-photon spectra are then thoroughly explored
through experimental results. In particular, we have investigated
the effect of branching of dipolar chromophores on photo-
luminescence and TPA including UV–visible, fluorescence, TPA
coefficient and two-photon excited fluorescence (TPEF)
measurements.

2. Experimental

2.1. Materials

Triphenylamine, palladium(II) diacetate, tris-o-tolylphosphine,
potassium tert-butoxide, and phosphorus oxychloride were
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Fig. 1. Series of structurally related dipolar chromophore (1), V-shaped chromophore (2), and octupolar chromophore (3) derived from the functionalization of a triphenylamine
moiety.
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purchased from Aldrich Chemical Co. All solvents were of
anhydrous grade after further purification. 4-(Diphenylamino)-
benzaldehyde, bis(4-formylphenyl)phenylamine, and tris(4-
bromophenyl)amine were prepared from triphenylamine using
a previously reported procedure [12,13]. All other chemical
reagents were obtained commercially and were used as received
without further purification.

The synthesis of electron-withdrawing functionalized oxadia-
zole compound was accomplished by straightforward series of
reactions. As shown in Fig. 2, before the formation of heterocyclic
oxadiazole ring, the coupling reaction between 5-methyl-
1,3-benzoyl dichloride and 4-tert-butyl benzoyl hydrazine should
be accomplished. Simple ring formation by condensation of water
from amide compound in the presence of POCl3 gave rise to
compound M4. Free radical bromination of M1 was set-up to afford
bromomethyl compound M3 and to be transformed into phos-
phonium bromide salt M2. Finally, this Wittig precursor, M2 was
reacted with formaldehyde to give compound 3,5-di-{5-[4-(tert-
butyl)phenyl]-1,3,4-oxadiazol-2-yl}-styrene (M1). Yield 83%; IR
(cm�1): 2962, 2871 (–CH3), 1614 (C]C), 1570, 1492 (–Ph), 910, 995
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Fig. 2. Synthetic routes
(–CH]CH2); 1H NMR (300 MHz, CDCl3): d 1.40 (s, 18H, –CH3), 5.57
(d, 1H, J¼ 10.92, ]CH2), 6.09 (d, 1H, J¼ 17.58, ]CH2), 6.88–6.93 (m,
1H, –CH]), 7.61 (d, 4H, J¼ 8.55), 8.15 (d, 4H, J¼ 8.55), 8.36 (s, 2H),
8.73 (s, 1H); MS (m/z): 505.3 [MþH]þ,544.5 [Mþ K]þ.

2.1.1. N-[4-{2-(3,5-Di-{5-[4-(tert-butyl)phenyl]-1,3,4-oxadiazol-2-
yl}phenyl)-1-ethenyl}phenyl]-N,N-diphenylamine (chromophore 1)

To a solution of 4-(diphenylamino)benzaldehyde (1.00 g,
3.66 mmol) and M2 (3.05 g, 3.66 mmol) in CH2Cl2 was added t-
BuOK (1.22 g, 10.98 mmol). The mixture was stirred for 24 h, and
the solvent was removed under reduced pressure. After the addi-
tion of water, extraction with CH2Cl2, and drying with Na2SO4, the
solvent was evaporated. The crude product was purified by column
chromatography (petroleum ether/ethyl acetate, 6:1) to afford
chromophore 1. Yield 68%; IR (cm�1): 2962, 2869 (–CH3), 1616
(C]C), 1592, 1460 (–Ph), 965 (trans-CH]CH–); 1H NMR (300 MHz,
CDCl3): d 1.40 (s, 18H), 6.91 (d, 2H, J¼ 17.20 Hz), 7.08–7.11 (m, 5H),
7.14–7.16 (m, 5H), 7.46 (d, 4H, J¼ 8.55 Hz), 7.59 (d, 4H, J¼ 8.58 Hz),
8.13 (d, 4H, J¼ 8.55 Hz), 8.44 (s, 2H), 8.68 (s, 1H); FAB-MS (m/z):
747.5 [M]þ, 748.5 [MþH]þ.
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2.1.2. N,N-Bis[4-{2-(3,5-di-{5-[4-(tert-butyl)phenyl]-1,3,4-
oxadiazol-2-yl}phenyl)-1-ethenyl}phenyl]-N-phenylamine
(chromophore 2)

Chromophore 2 was prepared by the same procedure as
described for 1 using the mixture of bis(4-formylphenyl)phenyl-
amine and M2 in CH2Cl2. Purification was carried out by chroma-
tography on a silica gel column. Yield 45%; IR (cm�1): 2971, 2870
(–CH3), 1618 (C]C), 1591, 1450 (–Ph), 965 (trans-CH]CH–); 1H
NMR (300 MHz, CDCl3): d 1.40 (s, 36H), 5.31 (s, 4H), 7.11–7.19 (m,
5H), 7.51 (d, 8H, J¼ 8.52 Hz), 7.59 (d, 8H, J¼ 8.43 Hz), 8.13 (d, 8H,
J¼ 8.46 Hz); FAB-MS (m/z): 1249.2 [M]þ, 1250.0 [MþH]þ.

2.1.3. N,N,N-Tris[4-{2-(3,5-di-{5-[4-(tert-butyl)phenyl]-1,3,4-
oxadiazol-2-yl}phenyl)-1-ethenyl}phenyl] amine (chromophore 3)

A mixture of tris(4-bromophenyl)amine (0.30 g, 0.60 mmol) and
M1 (12.10 g, 2.40 mmol), palladium(II) diacetate (0.0066 g,
0.03 mmol), tris-o-tolylphosphine(0.019 g, 0.06 mmol), and 3.5 mL
of triethylamine in 6.5 mL of DMF was stirred at room temperature
for 1 h with N2 bubbling. And then the mixture was stirred at 110 �C
for 96 h in a N2 atmosphere. After cooling, it was poured into 50 mL
of methanol. The precipitate was filtered and dried after repeatedly
washing with methanol. Purification was carried out by chroma-
tography on a silica gel column (petroleum ether/ethyl acetate,
from 6:1 to 2:1) to afford chromophore 3. Yield 43%; IR (cm�1):
2962, 2870 (–CH3), 1621 (C]C), 1592, 1510 (–Ph), 968 (trans-
CH]CH–); 1H NMR (300 MHZ, CDCl3): d 1.40 (s, 54H, –CH3), 7.09 (d,
2H, J¼ 11.94 Hz, –CH]CH–), 7.17 (d, 2H, J¼ 11.86 Hz, –CH]CH–),
7.25 (d, 2H, J¼ 12.75 Hz, –CH]CH–), 7.40–7.56 (m, 8H, Ph–H), 7.62
(d, 16H, J¼ 8.52 Hz, Ph–H), 8.17 (d, 12H, J¼ 8.19, Ph–H), 8.46–8.48
(m, 6H, Ph–H), 8.70 (s, 3H, Ph–H); FAB-MS (m/z): 1751.0 (Mþ),
1752.0 [MþH]þ.

2.2. Methods

All the optical characterizations were conducted using solutions
of compounds in dichloromethane. UV–visible absorption was
conducted using a Shimadzu UV-3600 spectrophotometer, single-
photon fluorescence was conducted using a Edinbough FLS920
spectrofluorophotometer. 1H NMR spectra were measured on
a Bruker 300 MHz apparatus using CDCl3 as solvent. FTIR spectra
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Fig. 3. Synthesis of targe
were recorded on a Nicolet 750 series in the region of 4000–
400 cm�1 using KBr pellets. MS spectra were measured on a TSQ
Quantum Ultra Workstation.

Two-photon absorption cross-section values of all the chromo-
phores in solution were investigated by a direct nonlinear trans-
mission (NLT) method with nanosecond pulse [14,15]. This method
involves the measurement and study of the relation between
optical input and output intensities. Basically, a linearly polarized
800 nm pulsed laser beam is used as the testing beam, which is
provided by a dye laser system pumped with a frequency-doubled
and Q-switched Nd:YAG laser. This laser beam is focused
and passed through a quartz cuvette filled with the sample solution
and the transmitted laser beam from the sample cell can be
detected by an optical power meter. Thus, if the tested sample does
not have a linear absorption at 800 nm, only the transmissivity
change due to pure nonlinear absorption could be measured. The
experimental set-up and data processing procedure are basically
the same as those described in the previous publications.

3. Results and discussion

3.1. Synthesis and characterization

We have synthesized a specific class of substituted stilbene
chromophores, which comprises triphenylamine as an electron-
donating trigonal core and an electron-withdrawing group
3,5-di-{5-[4-(tert-butyl)phenyl]-1,3,4-oxadiazol-2-yl}-styrene as
conjugated arms. The synthetic routes to these chromophores are
described in Figs. 2 and 3. All the chromophores were obtained
after carefully purified by column chromatography and confirmed
by 1H NMR, MS, and IR. The data were found to be in good agree-
ment with the proposed structures. The chromophores 1–3 after
thorough purification were highly soluble in many organic solvents,
such as dichloromethane, chloroform, THF, ethyl acetate, and DMF
at room temperature.

Chromophore 3 was prepared from the vinyloxadiazole
compound M1 and tris(4-bromophenyl)amine under palladium-
catalyzed Heck coupling reaction with 43% yield. Nucleophilic
attack of olefins of palladium(II) thus produced first C–Pd–C bonds
which rearranged to form C–C bonds. Chromophores 1 and 2 were
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Table 1
Thermal degradation temperature and electrochemical properties of chromophores
1–3

No. Tm (�C) Td5 (�C) Td10 (�C) Td (�C) Ip (eV) Ea (eV) Eg (eV)

1 156 171 297 373 5.18 2.32 2.86
2 197 187 331 412 5.15 2.37 2.78
3 208 250 375 398 5.14 2.41 2.73
M1 144 253 358 392 – – –
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synthesized by Wittig reaction of formylated triphenylamine core
with phosphorus ylid derivatives. Wittig reaction is an important
synthetic route for the formation of olefin functional group. In
general, Wittig reaction involves the coupling between an aldehyde
and a phosphorus ylid to produce carbon–carbon double bond.
Formylated triphenylamine and benzylphosphonium bromide salt
are used as the reactants in Fig. 3. It is noteworthy that in our case,
the major product of Wittig reaction is the trans form of the stil-
benoid compounds. IR absorption corresponding to trans double
bond of compounds 1–3 is in the range of 965–968 cm�1.

The behaviour of chromophores 1–3 upon heating was deter-
mined by DSC and TGA under a nitrogen atmosphere (Fig. 4). The
samples were heated in a pan at the rate of 10 �C/min to give the
melting point (Tm) and the decomposition temperature (Td) listed
in Table 1. The temperatures at 5% and 10% weight loss (Td5, Td10) of
the chromophores are summarized in Table 1. Chromophores 1–3
show decomposition temperature between 373 and 412 �C, and
relatively higher thermal stability. The six-branched chromophore
3 exhibited a slightly higher temperature of thermal decomposition
compared with that of four- and two-branched chromophores.

The electrochemical properties of multibranched chromophores
determined by cyclic voltammetry are reported in Table 1 and Fig. 5.
The ionization potential (Ip) and electron affinity (Ea) of chromo-
phores were estimated by using the following relations:
[Eonset]ox¼ Ip� 4.46 and Ea¼ Ip� Eg, where [Eonset]ox are the onset
potentials for the oxidation of chromophores versus saturated
calomel electrode (SCE). The band gap energy (Eg) was determined
from the onset point of the absorption spectrum.
3.2. Photophysical properties of chromophores

The fundamental building block molecule M1 can be considered
as a repeating unit for chromophores 1–3. These multiarmed
derivatives involve linkage of one, two, and three M1 units through
the center electron-donating trigonal moiety triphenylamine. The
absorption spectra of chromophores 1–3 are shown in Table 2. All
chromophores show good transparency in a wide range of the
visible region and intense absorption in the near-UV–visible region
(Table 2). The absorption band at about 300 nm is assigned to
absorption of the phenylene ring, whereas the longer wavelength
region absorption band is attributed to a charge-transfer band of
the molecules. A bathochromic shift is observed with increasing
conjugated arms. The maximum peaks of linear absorption corre-
sponding to the charge-transfer bands are at 390 nm for the single
Fig. 4. TGA thermograms of chromophores 1–3.
branched compound 1, at 398 nm for the bis-branched compound
2, and at 408 nm for the tri-branched compound 3 in CH2Cl2,

respectively. The maximum absorption of compound M1 is
observed at 295 nm.

Chromophores 1–3 fluoresce blue in the solid state under
conventional laboratory UV-lampusing 400 nm excitation wave-
length in CH2Cl2 at a concentration of 10�5 mol=L. Table 2 shows
that the single-photon excited fluorescence of 1 is in the blue
region with a peak at 486 nm. Chromophore 2 exhibits an emission
in the blue region with a peak at 483 nm. Chromophore 3 exhibits
a strong emission in the blue region with a peak at 487 nm. The
emission of branched compound M1 is observed at 360 nm.

Possible solvent influence on the linear absorption and fluo-
rescence behavior is investigated. The absorption and fluorescence
spectra of 1–3 in four different solvents, ethyl acetate, THF, CH2Cl2,
DMF, at a concentration of 10�5 M are shown in Table 2. The
absorption and emission maxima and shapes of chromophores 1–3
exhibit solvent polarity dependencies. All three chromophores
show a marked positive emission solvatochromism: increasing
solvent polarity leads to a pronounced bathochromic shift of the
emission band. In contrast, no noticeable shift is observed for the
absorption band. Accordingly, the Stokes shifts significantly
increase with increasing solvent polarity. As shown in Table 2, the
solvatochromic behavior of dipolar chromophores can be fitted
with a Lippert–Mataga relationship, given in Eq. (1) [16,17]:

~nabs � ~nem ¼
2
�

mf
ee � mgg

�2
Df

hca3
þ const (1)

Df ¼ 3� 1
23þ 1

� n2 � 1
2n2 þ 1

(2)

where ~nabs is the wavenumber of the absorption maximum, ~nem is
the wavenumber of the fluorescence maximum, h is the Planck
Fig. 5. Cyclic voltammograms of chromophores in CH2Cl2 at 50 mV/s scan rate.



Table 2
Photophysical properties of chromophores 1–3

No. labs (nm)a lcut-off (nm)b 3 (103 M�1 cm�1) lem (nm)c Stokes shiftd (103 cm�1) Slope (103 cm�1) Fe

1 390(1) 434 4.56 486(1) 5.07(1) 24.3 0.78
380(2) 470(2) 5.04(2)

387(3) 474(3) 4.74(3)

381(4) 517(4) 6.09(4)

2 398(1) 446 6.97 483(1) 4.42(1) 27.8 0.80
391(2) 473(2) 4.43(2)

400(3) 477(3) 4.04(3)

387(4) 520(4) 6.61(4)

3 408(1) 452 11.66 487(1) 3.98(1) 36.8 0.79
400(2) 476(2) 3.99(2)

407(3) 479(3) 3.69(3)

405(4) 521(4) 5.50(4)

a Absorption maximum in CH2Cl2
(1) ,ethyl acetate(2), THF(3), DMF(4).

b Wavelength at which the transmittance is 95%, in CH2Cl2.
c Emission maximum in CH2Cl2

(1) ,ethyl acetate(2), THF(3), DMF(4).
d Stokes shift¼ (1/labs� 1/lem) in CH2Cl2

(1) ,ethyl acetate(2), THF(3), DMF(4).
e Fluorescence quantum yield in CH2Cl2.
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constant, c is the light velocity, a is the radius of the solute spherical
cavity, 3 is the dielectric constant and n is refractive index of the
solvent. In the simple case where the dipole moment of the vertical
(Franck–Condon) excited state (created immediately after absorp-
tion) and the dipole moment of the relaxed excited states are
identical (as are vertical and relaxed ground-state dipoles), Dmeff
corresponds to excited-state dipole moment mee and ground-state
dipole moment mgg.

Solvatochromic slopes derived from the Lippert–Mataga fit of
the experimental Stokes shift are reported in Table 2. Table 2 clearly
shows that Stokes shift actually follows the trend predicted by Eq.
(1). Thus, we believe that the Lippert–Mataga relationship quali-
tatively describes our data. The Lippert–Mataga slopes for the
three-branch octupoles is larger than those of their dipolar coun-
terparts. Increasing solvent polarity induces a slight red-shift of the
absorption band and a marked bathochromic shift of the emission
band. In the case of dipolar systems, such behavior is typical of an
ICT transition with an increase of dipole moment upon excitation
and the emission is delocalized on triphenylamine-based multi-
branched structures.

Fluorescence quantum yield in CH2Cl2 was determined using
quinine in 0.5 N H2SO4 as a standard. The fluorescence quantum
yield of branch molecule M1 is 0.34. The multibranched derivatives
involve linkage of one, two, and three M1 units through the center
moiety triphenylamine reach to high fluorescence quantum yield
(0.78–0.80), which a number of factors are electronic delocalization
and intramolecular charge-transfer phenomena.
Fig. 6. Two-photon excited fluorescence (TPEF) of 1–3 in CH2Cl2 (a) and DMF (b).
3.3. Two-photon absorption of chromophores

We obtained the effective molecular TPA coefficient of chro-
mophores 1–3 at a concentration of 1.0�10�2 mol L�1 in
dichloromethane and DMF. Two-photon excited fluorescence
spectra measured are shown in Fig. 6(a) and (b). Fig. 7 shows
normalized UV–visible absorption and one-photon excited fluo-
rescence, and two-photon excited fluorescence of TPA chromo-
phores 1–3 in CH2Cl2. The one-photon fluorescence excitation
wavelength is 400 nm and the two-photon fluorescence is excited
by a Q-switched and frequency-doubled Nd:YAG laser at 800 nm.
The maximum peaks of one-photon and two-photon fluorescence
are at 486 and 502 nm for chromophore 1 and at 483 and 515 nm
for chromophore 2, and at 487 and 518 nm for chromophore 3 in
dichloromethane. In comparison with the corresponding one-
photon fluorescence, the red-shift for two-photon fluorescence is
obtained because of their different excitation modes.

Fig. 8 shows the optical power limiting measured by the NLT
method with nanosecond pulse. It is seen that the intensity of the
transmitted laser beam increased nonlinearity as that of the inci-
dent laser beam. The nonlinear absorption coefficient was obtained
by fitting the experimental data given in Eq. (4) [18]:

TðI0Þ ¼
IðLÞ
I0
¼ 1

1þ I0Lb
(3)



Fig. 7. Normalized UV absorption and one-photon excited fluorescence, and two-
photon excited fluorescence of TPA chromophores 1–3 in CH2Cl2.

Fig. 8. Nonlinear transmission of chromophores 1–3 in CH2Cl2 (a) and DMF (b). From
top downwards is M1, 1, 2, 3.
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where I0 is the incident intensity, L is the thickness of the solution
sample, and b is the TPA coefficient of the solution. The TPA
coefficient b (in units of cm/GW) of a given solution sample is
determined by

b ¼ s2N0

hn
¼ s2NAd� 10�3

hn
(4)

where N0 is the molecular density of the chromophore, s2 is the
molecular TPA cross-section (in units of cm4 s), d is the
concentration of the TPA chromophore in (in units of mol/L), NA is
the Avogadro constant, hn is the energy of the incident photon. TPA
is the dominant mechanism causing the observed nonlinear
absorption behavior. However, as many researchers have indicated
the strong TPA process considerably increases molecular
population in the excited state, which, in turn, creates an additional
contribution to the observed nonlinear absorption of the input laser
beam. The TPA cross-section is used as a parameter to compare the
relative magnitude of TPA-dominated nonlinear absorptivity.
Because it was not possible to separate pure TPA from EAS contri-
bution through the ns NLT measurement, the term ‘‘effective TPA
coefficient’’ is used to describe the TPA values for the chromophores
in the paper.

bfm2
ge

�
mee�mgg

�2
(5)

The effective TPA coefficient b is proportional to the product of the
square of the transition dipole moment and the square of
the difference between excited-state and ground-state dipole
moments [13], given in Eq. (5). Data in Table 3 suggest that there is
increase in b of chromophores 3 and 2 with respect to chromophore
1. This is confirmed by the more pronounced solvatochromic
behavior as described by the slope values. Indeed, while the sol-
vatochromic slope is proportional to Dm2

eff and the TPA coefficient to



Table 3
Two-photon absorption properties of chromophores 1–3

No. lTPEF (nm)/CH2Cl2 b (cm/GW) lTPEF (nm)/DMF b (cm/GW)

1 502 2.8 516 1.1
2 515 4.9 523 1.9
3 518 8.9 494 2.9
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ðmee�mggÞ2, it is reasonable to suppose that these two quantities
behave similarly. This empirical trend indicates that the degree of
solvatochromism could provide a valuable tool for the estimation of
the TPA magnitude.

Optical power limiting is an area of growing interest owing to
applications such as eye and photodetector protection against
intense tunable laser pulses. An ideal optical limiter is perfectly
transparent at low intensities below a predetermined critical
intensity level, above which the transmitted intensity remains at
a constant value. The principle of optical power limiting effects is
based on the fact that a large input signal change will only lead to
a small output change. Fig. 8 shows the optical power limiting
behavior of chromophores 1–3 measured by the NLT method. The
basic parameters of this dye laser output are 800 nm wavelength,
8 ns pulse width, and 1–2 mJ pulse energy. In Fig. 8, one can easily
find that at a high input level, a larger input intensity variation will
result in much smaller output intensity variation due to the
intrinsic TPA property. The most interesting feature of Fig. 8 is that
the output/input curve levels off when the input intensity increases
from w0.5 GW/cm2 to w3.5 GW/cm2. This type of output/input
characteristic curve can be used for optical peak power limiting and
stabilization, which means that a larger input peak power fluctu-
ation will become a much smaller output fluctuation after passing
through the nonlinear absorptive chromophores with a large TPA
value. The optical limiting ability is in the order of chromophore
3> chromophore 2> chromophore 1>M1.

4. Conclusion

Three novel multipolar chromophores, N-{{{3,5-di-[5-(4-tert-
butylphenyl)-1,3,4-oxadiazole-2]-phenyl}-vinyl}-4-phenyl}-diphe-
nylamine, N,N-di{{{3,5-di-[5-(4-tert-butylphenyl)-1,3,4-oxadiazole-
2]-phenyl}-vinyl}-4-phenyl}-phenylamine and N,N,N-tris{4-{2-{3,
5-di-[5-(4-tert-butylphenyl)-1,3,4-oxadiazole-2]-phenyl}-1-vinyl}-
phenyl}-amine, have been designed and synthesized through the
Wittig and Heck reaction. Their structures were characterized by IR,
1H NMR and MS, the UV and fluorescence spectra were obtained in
different solvents. The relationship of Stokes shift and solvent
polarity is discussed from the Lippert–Mataga equation. The
branching effect on linear and nonlinear optical properties of
multipolar structures has been studied. A number of factors influ-
ence the TPA magnitude, among which are electronic delocalization
and intramolecular charge-transfer phenomena. This enhancement
in TPA is correlated to an intramolecular charge redistribution that
occurs between the ends and the center of the molecules. A very
effective intramolecular charge transfer from the excited terminal
units to the central core make the dominant contribution to the
two-photon absorption. In the case of branched systems, inter-
branch coherent coupling between the arms plays a major role.
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