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ABSTRACT

A series of oxazole derivatives, 5-methyl-2-(p-methylphenyl)-4-acetyl oxazole (MMPAO), 5-methyl-2-(p-
methoxyphenyl)-4-acetyl oxazole (MOPAO), 5-methyl-2-(p-N,N’-dimethylamino-phenyl)-4-acetyl oxa-
zole (MDMAPAO) and 5-methyl-2-(p-N,N'-diphenylaminophenyl)-4-acetyl oxazole (MDPAPAO) have
been synthesized and studied to compare their photophysical properties. The UV-visible absorption
spectra of MDMAPAO and MDPAPAO are bathochromatically shifted as compared to that of MMPAO
and MOPAO. The fluorescence emission of MDPAPAO is very sensitive to the polarity of solvents. The
magnitude of change in the dipole moment was calculated using the Lippert-Mataga equation. MDPA-
PAO shows the highest change in the dipole moment (Au = 13.3D) than that of the other three oxazole
derivatives. The spectral properties including fluorescence quantum yield and lifetime were determined
in solvents with different polarities. MDPAPAO displays the highest fluorescence quantum yield and life-

Interaction time, following a bi-exponential fluorescent decay fashion. Our result demonstrates that the excited state
of MDPAPAO possesses the property of intramolecular charge transfer.

© 2012 Elsevier B.V. All rights reserved.

Introduction and has formed an indispensable building block of photochemistry

[2].InICT, a charge separation may result from the transfer of charge

Since the first observation of dual emission in N,N’-dimethylami-
nobenzonitrile by Lippert et al. [1], photoinduced intramolecular
charge transfer (ICT) has become the object of much interest in the
past few decades. ICT is a fundamental process of the excited states
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froma donor (D) to an acceptor (A) within a pertinent molecule upon
photoexcitation. Aromatic compounds, especially those containing
five-membered heteroaromatic units, possessing electron donor-
acceptor chromophores and exhibiting dual fluorescence are of par-
ticular interest because the additional fluorescence is usually associ-
ated with the ICT state [3-8]. Among the p-conjugated compounds
with five-membered heteroaromatic rings, pyrrole and thiophene
[9-12] are typical electron-donating units while imidazole [13], thi-
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azole [14,15], triazole [16], oxadiazole [17,18], and thiadiazole [19]
usually possess electron-accepting property owing to the electron-
withdrawing ability of the imine group. In addition, oxazole possess-
ing the electron-accepting five-membered ring is another good can-
didate of p-conjugated compound.

Oxazoles are considered as an important class of heterocyclic
compounds since they have been used as efficient luminophores
for liquid and plastic scintillators, laser dyes, organic light-emitting
materials and as fluorescent probes for biological systems [20,21].
Oxazoles are associated with anti-bacterial, anti-fungal, anti-
inflammatory and anti-tumoral activities and can be used as pep-
tide mimics or enzyme inhibitors [22-24]. The physicochemical
and photophysical properties of some oxazole derivatives were
extensively studied in the past year because of their potential
applications. However, most of the studies only focus on the
hydrogen bonding capability of oxazole or the excited state intra-
molecular proton transfer; unfortunately, their ICT character is
not so prominent [25,26]. In order to enhance the ICT character
of oxzaoles, better electron-donating moiety could be introduced
to the oxazoles. In here, some 2-phenyloxazole derivatives such
as  5-methyl-2-(p-methylphenyl)-4-acetyl oxazole (MMPAO),
5-methyl-2-(p-methoxyphenyl)-4-acetyl oxazole (MOPAO), 5-
methyl-2-(p-N,N’-dimethylaminophenyl)-4-acetyl oxazole (MDM-
APAO) and 5-methyl-2-(p-N,N'-diphenylaminophenyl)-4-acetyl
oxazole (MDPAPAO) are successfully synthesized and reported.
The ICT of these 2-phenyloxazole derivatives were studied in detail
and they possess interesting electron-donating groups on their p-
benzene rings which indeed could enhance their ICT character.
The effect of solvent polarity on the absorption and fluorescence
emission spectra of the 2-phenyloxazole derivatives was investi-
gated and the charge transfer property of these compounds was
systematically studied.

It is well known that fullerene (Cgp) can act as an electron accep-
tor when interacting with a conjugated heteroaromatic compound
as an electron donor. In order to compare the ICT property of the
2-phenyloxazole derivatives, the inter-molecular interaction of
MDPAPAO with fullerene (Cgg) was also investigated. The experi-
mental results should provide solid evidence to support the elec-
tron-donating ability of MDPAPAO. Finally, it is our wish that
these fundamental data could provide valuable information for
understanding the ICT character of these new 2-phenyloxazole
derivatives.

Experimental
Materials

All solvents including cyclohexane, diethyl ether, ethyl acetate,
acetonitrile and ethanol of analytical-grade were purchased from
Beijing Chemical Plant (Beijing, China). All chemicals and reagents
were used as received unless otherwise stated.

Synthesis of compounds with oxazole ring

Scheme 1 outlines the synthesis routes for the new oxazole
derivatives. In essence, p-benzaldehyde containing various substi-
tuted groups were allowed to react with 3-(hydroxyimino)pen-
tane-2,4-dione in HCl gas saturated with glacial acetic acid at 0-
5 °C to obtain the substituted oxazole intermediates [27,28]. The
intermediates were reduced to its corresponding target oxazole
derivatives by Zn powder in glacial acetic acid for 5h at 40-
50 °C. The reaction mixture was purified by column chromatogra-
phy on silica gel to obtain 77%, 51%, 24% and 22% yields of MMPAO,
MOPAO, MDMAPAO and MDPAPAO, respectively. Their melting
points, IR, 'TH NMR and MS data were shown as following:

MMPAO: m.p. 84-85 °C

IR(KBr), v/em~!': 1598.9, 1560.3 1500.5, 1419.5, 825.5, 1678.0,
1647.1 1174.6 1382.9.

TH NMR, &: 2.40 (s, 3H), 2.60 (s, 3H), 2.71 (s, 3H), 7.30 (d, 2H),
7.29 (d, 2H).

MOPAO: m.p. 86-88 °C

IR(KBr), v/cm™': 1614.3, 1598.9, 1502.4, 1458.1, 837.0, 1681.8,
1614.3, 1170.7, 1382.9.

TH NMR, 6: 2.56 (s, 3H), 2.67 (s, 3H), 3.88 (s, 3H), 6.95 (d, 2H),
7.98 (d, 2H).

MDMAPAO: m.p. 131-133 °C

IR(KBr), o/em~': 1598.9, 1614.3, 1512.1, 1429.2, 815.8, 1674.1,
1357.8.

TH NMR, 6: 2.58 (s, 3H), 2.66 (s, 3H), 3.04 (s, 3H), 6.74 (d, 2H),
7.89 (d, 2H).

MDPAPAO: m.p. 132-134°C

IR(KBr), v/em~!: 690-710, 730-770, 1500, 1600, 790-840,
1685.7, 1600-1635, 1176.5, 2910-2950.

TH NMR, &: 7-8 (m, 14H), 2.2 (s, 3H), 2.8(s, 3H).

MS, m/z: 368.22, 325.11, 42.92, 76.98, 167.11.

Instrumentation

All UV absorption spectra were recorded on a Shimadzu UV-265
UV-visible absorption spectrophotometer (Tokyo, Japan). Fluores-
cence spectra were taken on a Hitachi F4500 spectrofluorometer
(Tokyo, Japan). Both excitation and emission slits were set at
5 nm. All the experiments are carried out at 20 + 1 °C. The fluores-
cence lifetime measurements were performed on an Edinburgh
FLS920 fluorescence lifetime spectrometer (Livingston, UK) operat-
ing in the time-correlated single photon counting mode. The exci-
tation source was a hydrogen lamp (Edinburgh Instruments). The
lifetime values were obtained from the re-convolution fit analysis
using a double-exponential decay function of the decay profiles
with F900 analysis software. The goodness of fit was evaluated
by the reduced y? value (close to 1 in all case).

Fluorescence quantum yields

The fluorescence quantum yields were obtained using quinine
bisulfate in 0.050 M sulfuric acid as standard and calculated on
the basis of Eq. (1) [29,30]:

F,An?
o = 0 s 1)

where F represents the corrected fluorescence peak area, A is the
absorbance at the excitation wavelength, n is the refractive index
of the solvent used, ¢y is the fluorescence quantum efficiency and
the superscripts and subscripts ‘s’ and ‘u’ refer to standard and un-
known, respectively.

Results and discussion
Absorption and fluorescence emission characteristics

Fig. 1a depicts the absorption spectra of MMPAO, MOPAO,
MDMAPAO and MDPAPAO in ethyl acetate. All these oxazole com-
pounds display strong absorption bands in UV region with their
absorption peak maxima (Amax) at 272, 277, 318 and 330 nm,
respectively. The 2.5 of the oxazole compounds follows the trend:
MMPAO < MOPAO < MDMAPAO < MDPAPAO, closely relating to
the electron-donating ability of the substituents on the parent
oxazole: p-methylphenyl < p-methoxyphenyl < p-N,N'-dimethyl-
aminophenyl < p-N,N'-diphenylaminophenyl. Larger red-shifts in
the spectra were observed for MDMAPAO and MDPAPAO as com-
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Scheme 1. The synthesis routes of MMPAO, MOPAO, MDMAPAO and MDPAPAO.
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Fig. 1. (a) UV-visible absorption spectrum of MMPAO, MOPAO, MDMAPAO and
MDPAPAO in ethyl acetate. The concentrations are 0.15 mM. (b) Normalized UV-
visible absorption spectrum of MDPAPAO in n-cyclohexane, diethyl ether, ethyl
acetate, dichloromethane, acetonitrile, and ethanol.

pared to MMPAO and MOPAO, indicating that the dimethylamino
and diphenylamino moieties show stronger electron-donating
ability than that of the methyl and methoxy moieties. In addition,
the Jmax of the oxazole compounds in other solvents of various
polarities such as n-cyclohexane, diethyl ether, ethyl acetate,
dichloromethane, acetonitrile and ethanol are summarized in
Table 1. It was found that the Ay.x of MMPAO and MOPAO do
not change much with the solvent polarity whereas it is more pro-
nounced for MDMAPAO and MDPAPAQO. Fig. 1b shows the absorp-
tion spectra of MDPAPAO in organic solvents with different

Table 1
The absorption and fluorescence emission of compounds in various solvents.

Solvent j~ab (nm) ;Lem (nm) ;vesz (Cmil) AUstoke (Cmil)
MMPAO

n-Hexane 272 - -

Diethyl ether 271 - -

Ethyl acetate 273 - -

Dichloromethane 271 - -

Acetonitrile 271 - -

Ethanol 271 - -

MOPAO

n-Hexane 278 - -

Diethyl ether 276 345 4486 7246
Ethyl acetate 279 347 4531 7024
Dichloromethane 277 351 4505 7611
Acetonitrile 278 347 4522 7153
Ethanol 277 354 4996 7953
MDMAPAO

n-Hexane 315 - -
Diethyl ether 316 368 3605 4473
Ethyl acetate 320 370 3880 4223
Dichloromethane 317 373 4736
Acetonitrile 318 376 3619 4851
Ethanol 321 377 3640 4628
MDPAPAO

n-Hexane 300,324 385 3895 4890
Diethyl ether 310,326 408 4064 6165
Ethyl acetate 300,326 419 4136 6809
Dichloromethane 300, 328 448 3912 8167
Acetonitrile 301,332 452 4176 7996
Ethanol 301,333 468 4317 8662

- Not detected.

polarities. It was found that the absorption band has two peaks,
the maximum absorption wavelength and the relative intensity
of the longer absorption at around 330 nm was obvious depen-
dence on the solvent polarity, whereas the shorter one at around
300 nm showed very weak dependence. The clearly observed dual
absorption peaks could be readily assigned to the locally state and
the ICT state, suggesting the ground state ICT interaction of MDPA-
PAO. By comparison, there is only one peak for MDMAPAO and the
maximum absorption wavelength red-shifted slightly from n-
cyclohexane to ethanol.

Table 1 lists the fluorescence emission peak maximum (/ep) of
the oxazole compounds in different solvents. MMPAO does not
show fluorescence in these organic solvents while the other oxa-
zole compounds possess good fluorescence properties in the UV re-
gion as depicted in Fig. 2. These oxazole compounds display
solvatochromic red-shift with increasing the solvent polarity. The
shift is largest for MDPAPAO, smaller for MDMAPAO and smallest
for MOPAO. The strong solvatochromic red-shift of MDPAPAO
infers that it possesses an asymmetrically charge distributed state
derived from the ICT of its fluorescent state. In addition, the emis-
sion bands display good normal Gaussian shape and their half
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Fig. 2. Normalized fluorescence spectra of: (a) MOPAO, (b) MDMAPAO and (c)
MDPAPAO in n-cyclohexane, diethyl ether, ethyl acetate, dichloromethane, aceto-
nitrile, and ethanol. The concentrations are 0.5 pM. The excitation wavelengths are
280, 315 and 325 nm, respectively.

bandwidths (lemss) increases significantly with the increase in sol-
vent polarity. The Stokes shift (Avsike) for MDPAPAO is very pro-
nounced in polar solvents such as dichloromethane, acetonitrile
and ethanol as displayed in Table 1. Again, all these data suggest
that polar solvents could exhibit significant effect on the excited
state of MDPAPAO.

Rettig and Zander state that ICT emission could be observed if
the molecular system fulfill the conditions of Eqs. (2) and (3)
[31,32]:

EICT — ELE < 0 (2)

EICT ~ IPD - EAA + ECoul + Esulz/ (3)

Ejcr and Epg are the energies of the lowest ICT state and the lowest
locally excited state, respectively. IP, and EA4 are the ionization po-
tential and electron affinity potential of the donor and acceptor
moieties, respectively. Ec,,; is the Coulomb energy and Ey, is the
interaction energy between the charge-separated molecule and
the polar solvent. The EA4 is more or less the same for the oxazole
compounds but the IPp increases from MMPAO to MOPAO to MDM-
APAO and then to MDPAPAO. It is well known that the red-shift in
absorption spectrum of a compound depends on the electron-
donating ability of its moiety; in other words, the larger the IPp,
the larger the red-shift of the absorption spectrum. For MDPAPAO,
the triphenylamine moiety serves as an excellent electron donor
when it links to the oxazole ring to form a D-7-A structure; as a re-
sult, this provides a good basis for MDPAPAO to possess ICT charac-
ter especially in the polar solvents. Further evidences including the
changes in fluorescence emission spectrum, dipole moment and
fluorescence lifetime with solvent polarity, and the interaction of
MDPAPAO with Cgg strongly support that MDPAPAO obviously pos-
sesses an ICT excited state. The details will be discussed in the sub-
sequent sections.

Effect of solvent polarity on emission spectra and dipole moment

As the spectral characteristics of the oxazole compounds de-
pend on the type of solvents, the effect of solvent polarity on their
Jem and Stokes shift are studied. Fig. 3 displays the plots of (a) 1/
Jem against the solvent polarity parameter E-{30) and (b) Stokes’
shift against the polarity parameter f{¢, n). The plots of 1/iem Vs.
E7(30) are linear for the oxazole compounds, demonstrating that
the solvent polarity is directly related to the emission peak of the
oxazole compounds. In addition, the slope of the plot for MDPAPAO
is steeper than that of MOPAO and MDMAPAQO, indicating that the
solvent polarity has more significant effect on MDPAPAO. These re-
sults suggest that the ICT state of MDPAPAO is more stable in polar
solvents [33].

To determine the excited state dipole moment of the oxazole
compounds, the Stokes shifts (Avsore) Were plotted against the
polarity parameter (Af( ¢ n)) as shown in Fig. 3b using the Lip-
pert-Mataga Eqgs. (4) and (5) [34]:

Va — U5 = [2(U, — ,ug)2/47wohcp3]Af(8, n) + const 4)

Af(e,n)=(e—1)/2e+1) — (n* —1)/(2n* + 1) (5)

where v, and vy are the wavenumbers corresponding to the absorp-
tion and emission maxima of the compounds. p. — g is the magni-
tude of the change in the dipole moment of the excited state
and ground state, h, ¢, & p correspond to the Plank’s constant
(6.6 x 10734]5), velocity of light in the vacuum (3.0 x 108 ms™1),
permittivity of vacuum (8.85 x 10712V C- m~') and Onsagar cav-
ity radius (in meter), respectively. Using the assumption of Lippert,
the Onsagar cavity radius p can be derived from the length of the
molecule multiplied by a reduction factor of 0.8 [35], giving the va-
lue 4.21, 432 and 4.57 A for MOPAO, MDMAPAO and MDPAPAO,
respectively. ¢ and n are the dielectric constant and the refractive
index of the solvent, respectively [36].

Fig. 3b displays that the plot of Stokes shift (Avsgke) VS. (Afe, n))
is linearly related. The change in dipole moment p, — p, for MOP-
AO, MDMAPAO and MDPAPAO were calculated as 3.9, 5.4 and 13.3,
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Fig. 3. Effect of solvent polarity on the emission peak maxima and Stokes shift of
MOPAO, MDMAPAO and MDPAPAO in n-cyclohexane, diethyl ether, ethyl acetate,
dichloromethane, acetonitrile, and ethanol. Plots of: (a) 1/iem (x1000cm™!) vs.
E{(30) and (b) Stokes shift (x1000 cm™') vs. fe, n).

respectively using the slopes of Eq. (4) and the Onsagar cavity ra-
dius p. The change in dipole moment for MDPAPAO was obviously
larger than that of MOPAO and MDMAPAO. These results are in
consistent with the solvent polarity dependence of the fluores-
cence spectra, possibly attributing to the stronger charge transfer
effect from the electron rich donor to acceptor moieties in the ex-
cited state of MDPAPAO.

Fluorescence quantum yield

Table 2 summarizes the fluorescence quantum yields of MOP-
AO, MDMAPAO and MDPAPAO were determined in different sol-
vents: diethyl ether, ethyl acetate, dichloromethane, acetonitrile
and ethanol. The fluorescence quantum yields do not change sig-
nificantly with the change of solvent polarity for the investigated
compounds. The fluorescence quantum yields of MDPAPAO were
found to be generally higher than that of MOPAO and MDMAPAO
in all the solvents. A methyl carboxylate group is also present in

Table 2

Fluorescence quantum yield of the oxazole compounds.
Solvent MOPAO MDMAPAO MDPAPAO
Diethyl ether 0.019 0.016 0.886
Ethyl acetate 0.134 0.030 0.659
Dichloromethane 0.051 0.044 0.972
Acetonitrile 0.056 0.029 0.486
Ethanol 0.053 0.019 0.264

all these compounds and it is well known that many carbonyl com-
pounds present a low-lying n-7x state. The energy required for n-
7+ and w-7«+ electronic transitions are so close that n and & can
form mixing states [37]. The high fluorescence quantum yield of
MDPAPAO can be explained by a predominance of m-7+ character
and n-mx caused by the N atom and aryl in the triphenylamine
moiety.

Fluorescent lifetime studies

The fluorescent decay of MOPAO, MDMAPAO and MDPAPAO
were determined in different solvents (diethyl ether, ethyl acetate,
dichloromethane, acetonitrile, and ethanol). Table 3 summarizes
the lifetimes of these compounds in various solvents. It was found
that MOPAO and MDMAPAO show a single exponential decay
whereas MDPAPAO follows a bi-exponential fluorescence decay,
inferring the existence of two different emissive states for MDPA-
PAQ, i.e., the locally excited state (LE) and charge transfer state
(ICT) [38]. The average lifetime (7) is calculated and summarized
in Table 3 using the following Eq. (6) [39]:

T= (073 + @73)/(1T1 + G27T3) (6)

where 7; and 71, are the lifetime values of the two emissive states
and a; and a, are called the pre-exponential factors, which give
the abundance of each emissive state.

The inter-molecular charge transfer process of MDPAPAO with Cgg

Among the wide variety of donor-acceptor systems, Cgg is par-
ticularly appealing as an electron acceptor because of its three-
dimensional structure, delocalized m-electrons within the spherical
carbon framework, small reorganization energy, low reduction po-
tential, and absorption extending over most of the visible region.
These unique physical and chemical properties make Cgp a promis-
ing candidate for investigating its electron transfer processes with
electron-donor compounds [40-43]. Fig. 4a displays the UV-visible
absorption spectrum of Cgg in the presence of various concentra-
tions of MDPAPAO. Cgo has a strong absorption band at about
450-650 nm in the visible light region, deriving from the symme-
try-forbidden electronic transitions and the symmetry-allowed
vibronic transitions [44,45]. Since MDPAPAO does not absorb at
wavelengths longer than ~450 nm, the Cgy absorption band at
450-650 nm was chosen to investigate the CT interaction between
MDPAPAO and Cgg. The absorption intensity of Cgo decreases with
the increase in concentration of MDPAPAO, attributing to the for-
mation of inter-molecular CT complex [32]. By contrast, there is al-
most no change in spectral characteristic and absorption intensity
of Cgo in the presence of the other three oxazole compounds
(MMPAO, MOPAO and MDMAPAO), inferring that they have weak
or no interaction with Cgg.

Fig. 4b depicts the fluorescence quenching of Cgo on MDPAPAO.
The maximum excitation wavelength is 330 nm, but Cgo have

Table 3

The fluorescence lifetime of oxazole compounds.
Solvent MOAPO MDMAPAO MDPAPAO

7(ns) 7(ns) 74(ns) T,(ns) 7(ns)

Diethyl ether 1.79 1.64 1.90 3.91 3.20
Ethyl acetate 4.53 1.87 4.00 8.17 4.55
Dichloromethane 1.70 3.68 6.12 7.97 7.23
Acetonitrile 3.92 1.91 4.61 7.25 5.61
Ethanol 2.31 1.66 3.72 7.15 3.72

Ty, T, are the fluorescence decay of the locally excited state (LE) and the charge
transfer state (ICT), respectively [29,38]. 7 is the average lifetime of MDPAPAO in
the fourth column [39].



C. Zhang et al./Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 102 (2013) 256-262 261

(@)

0.7 1
06 \
05}

04

Absorbance

03|

02t

0.1}

500 500 700
Wavelength (nm)

(b)

600

500

400
1.24 y=73693x+0.9754

R’=0.9962
300

0 2 4 6 8 10 12

Concentration of C,; (uM)

200

Fluorescence Intensity

100

400 450 500 550 600 650 700
Wavelength/nm

Fig. 4. (a) UV-visible absorption spectrum of 0.275 mM Cg in toluene in the
presence of various concentrations of MDPAPAO: (1) 0.0, (2) 0.0366, (3) 0.0644, (4)
0.0936, (5)0.121,(6) 0.147,(7) 0.172,(8) 0.195, and (9) 0.217 mM. (b) Fluorescence
quenching effect of Cgp on the emission spectrum of 0.235 mM MDPAPAO in
toluene. The concentrations of Cgo are (1) 0.0, (2) 1.83,(3) 3.68, (4) 5.49, (5) 7.33, (6)
9.16, (7) 11.0, (8) 12.8, (9) 14.7, (10)16.5, (11)18.3, (12)20.2 (13)22.0, (14)23.8,
(15)25.6 and (16)27.5 uM. The inset displays the Stern-Volmer plot of Cgo, where F,
and F are the emission intensities of MDPAPAO in the absence and presence of Cgo.
The excitation wavelength is 345 nm.

strong absorption bands at about ~290 and ~320 nm with tail
extending to 340 nm, so the excitation wavelength at 345 nm
was chosen to study the interaction between MDPAPAO and Cegp.
From the Fig. 4b we can found that the emission intensity de-
creases with the increase in concentration of Cg. It is obvious that
the emission of MDPAPAO is seriously quenched by Cgo. The inset
displays the Stern-Volmer plot (F,/F = 1 + Ksv [Cso], Ksv = kqT) of Ceo,
where the F, and F are the emission intensity of MDPAPAO in the
absence and presence of Cgo, and Ksy is the Stern-Volmer constant.
A linear straight line is obtained. The fluorescence lifetime of
MDPAPAO was 3.51 ns in toluene, the quenching rate constant
kq was 2.1 x 10'® L/(mol s). The fluorescence emission extending
to 600-700 nm was measured and the Cgq fluorescence was not ap-
peared in the 600-700 region, indicating that Cgg can efficiently
quench the photo-induced ICT process of the triphenylamine sys-
tem in MDPAPAO with Cgg acting as the electron acceptor [46].

Conclusion

New 2-phenyloxazoles MMPAO, MOPAO, MDMAPAO, and
MDPAPAO have been successfully synthesized and their photo-

physical properties were investigated in detail. The results show
that MMPAO, MOPAO and MDMAPAO have lower fluorescence
quantum yields. Their quantum yield, fluorescence lifetime and
spectral characteristics are less dependent on the solvent polarity.
By contrast, MDPAPAO displays larger changes in fluorescence
emission spectrum, dipole moment and quantum yield in different
solvent polarity. The bi-exponential fluorescence decay behavior of
MDPAPAO indicates that the triphenylamine moiety on MDPAPAO
can enhance its ICT character as well as increase its fluorescence
quantum yield. In addition, Cgo could efficiently quench the fluo-
rescence emission of MDPAPAQ, inferring that Cgg can inhibit the
ICT of MDPAPAO. The special ICT properties of MDPAPAO could
possibly facilitate its use as a laser dye, fluorescent probe and lumi-
nescent material in the many fields.

Acknowledgements

The work described in this paper was supported by the National
Nature Science Foundation (Nos. 21175086 and 21105060) and the
Science Foundation of Shanxi Province (2012011007-2).

References

[1] E. Lippert, W. Luder, H. Boos, in: Mangini (Ed.), Adv. Mol. Spectrosc. A 1 (1962)
443

[2] B.K. Paul, A. Samanta, S. Kar, N. Guchhait, J. Lumin. 130 (2010) 1258.
[3] A.A. Farghaly, A.A. Bekhit, J.Y. Park, Arch. Pharm. 333 (2000) 53.
[4] E.A. Bakhite, A.A. Geies, H.S. El-Kashef, Phosphor. Sulfur 157 (2000) 107.
[5] G.F. Yang, H.Z. Yang, Chin. ]J. Chem. 18 (2000) 585.
[6] A.N. Kost II., Grandberg, Adv. Heterocycl. Chem. 6 (1966) 347.
[7] K. Rotkiewiz, W. Rettig, G. Kohler, Chem. Phys. 307 (2004) 45.
[8] N.S. Habib, K.A. Ismail, A.A. El-Tombary, Pharmazie 55 (2000) 495.
[9] T. Yamamoto, K. Namekawa, I. Yamaguchi, T.A. Koizumi, Polymer 48 (2007)
2331.
[10] R.M.F. Batista, S.P.G. Costa, M. Belsley, M. Manuela, M. Raposo, Tetrahedron 63
(2007) 9842.
[11] J. Pina, RM.F. Batista, S.P.G. Costa, M. Manuela, M. Raposo, J. Phys. Chem. B 114
(2010) 4964.
[12] M.M.M. Raposo, G. Kirsch, P. Cardoso, M. Belsley, A.M.C. Fonseca, Org. Lett. 8
(2006) 3681.
[13] T. Yamamoto, T. Uemura, A. Tanimoto, S. Sasaki, Macromolecules 36 (2003)
1047.
[14] T. Yamamoto, H. Suganuma, Maruyama, K. Kubota, ]J. Chem. Soc. Chem.
Commun. 16 (1995) 1613.
[15] T. Yamamoto, M. Arai, H. Kokubo, S. Sasaki, Macromolecules 36 (2003) 7986.
[16] T. Yasuda, T. Imase, S. Sasaki, T. Yamamoto, Macromolecules 38 (2005) 1500.
[17] G. Zhou, Y. Cheng, L. Wang, X. Jing, F. Wang, Macromolecules 38 (2005) 2148.
[18] Y. Cheng, L. Chen, X. Zou, ]J. Song, W. Zhiliu, Polymer 47 (2006) 435.
[19] C.L. Liu, F.C. Tsai, C.C. Chang, K.H. Hsieh, ].L. Lin, W.C. Chen, Polymer 46 (2005)
4950.
[20] S.lonescu, D. Popovici, A.T. Balaban, M. Hillebrand, Spectrochim. Acta Part A 62
(2005) 252.
[21] O.N. Lukavenko, S.V. Eltsov, A.V. Grigorovich, N.O. Mchedlov-Petrossyan, J.
Mol. Liq. 145 (2009) 167.
[22] A.C. Giddens, H.I.M. Bosho, S.G. Franzblau, C.E. Barry, B.R. Copp, Tetrahedron
Lett. 46 (2005) 7355.
[23] K.A.Z. Siddiquee, P.T. Gunning, M. Glenn, W.P. Katt, S. Zhang, C. Schroeck, S.M.
Sebti, R. Jove, A.D. Hamilton, ]. Turkson, ACS Chem. Biol. 2 (2007) 787.
[24] M. Kaspady, V.K. Narayanaswamy, M. Raju, G.K. Rao, Lett. Drug Des. Discov. 6
(2009) 21.
[25] R. Luchowski, Chem. Phys. Lett. 501 (2011) 572.
[26] P. Purkayastha, N. Chattopadhyay, J. Mol. Struct. 604 (2002) 87.
[27] C.M. Selwitz, A.L Kosack, J. Am Chem. Soc. 77 (1955) 5370.
[28] L.N. Ferguson, Chem. Rev. 38 (1946) 227.
[29] Y.J. Wei, Z.M. Kang, XJ. Qi, Y.P. Zhang, C.G. Liu, Huaxue Xuebao 59 (2001) 1619.
[30] W.H. Melhuish, J. Phys. Chem. 64 (1960) 762.
[31] W. Rettig, M. Zander, Chem. Phys. Lett. 87 (1982) 229.
[32] C.H. Zhang, L.H. Feng, Z.B. Chen, Chem. Phys. Lett. 420 (2006) 330.
[33] J. Hicks, M. Vandersall, Z. Babaogic, K.B. Eisenthal, Chem. Phys. Lett. 135 (1987)
413.
[34] P.R. Bangal, S. Panja, S. Chakravorti, J. Phys. Chem. A 103 (1999) 8585.
[35] S.A. Lyazidi, M. Dkaki, N. Bitit, D. Meziane, C.C. Dubroca, P.H. Cazeau,
Spectrochim. Acta Part A 55 (1999) 89.
[36] K.A. Zachariasse, M. Grobys, E. Tauer, Chem. Phys. Lett. 274 (1997) 372.
[37] P.M.T. Ferreira, EMM.S. Castanheira, L.S. Monteiro, G. Pereira, H. Vilaca,
Tetrahedron 66 (2010) 8672.
[38] C. Ranjitha, K.K. Vijayana, V.K. Praveena, N.S. Saleesh-Kumara, Spectrochim.
Acta Part A 75 (2010) 1610.



262 C. Zhang et al. /Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 102 (2013) 256-262

[39] J.R. Lakowicz, Principles of Fluorescence Spectroscopy, second ed., Kluwer [43] X. Jiang, M.S. Liu, AK.Y. Jen, J. Appl. Phys. 91 (2002) 10147;
Academic Plenum Publishers, New York, 1999. F. Diederich, C. Thilgen, Science 271 (1996) 317.

[40] LV. Koptyug, A.G. Goloshevsky, LS. Zavarine, N.J. Turro, P.J. Krusic, J. Phys. [44] S.H. Gallagher, R.S. Armstrong, P.A. Lay, C.A. Reed, ]. Phys. Chem. 99 (1995)
Chem. A 104 (2000) 5726. 5817.

[41] S. Nath, H. Pal, A.V. Sapre, Chem. Phys. Lett. 360 (2002) 422. [45] K. Datta, A.K. Mukherjee, Spectrochim. Acta Part A 62 (2005) 66.

[42] T. Konishi, A. Ikeda, T. Kistida, B.S. Rasmussen, M. Fujitsuka, O. Ito, S. Shinkai, J. [46] B.W. Jing, D.Q. Zhang, B. Zhu, Tetrahedron Lett. 41 (2000) 8559.

Phys. Chem. A 106 (2002) 10254.



	Synthesis and photophysical studies of oxazole rings containing  compounds as electron accepting units
	Introduction
	Experimental
	Materials
	Synthesis of compounds with oxazole ring
	Instrumentation
	Fluorescence quantum yields

	Results and discussion
	Absorption and fluorescence emission characteristics
	Effect of solvent polarity on emission spectra and dipole moment
	Fluorescence quantum yield
	Fluorescent lifetime studies
	The inter-molecular charge transfer process of MDPAPAO with C60

	Conclusion
	Acknowledgements
	References


