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Carbazole and quinoline combined donor-acceptor (QUI-OCZ) conjugated oligomer was
synthesized by Wittig route. The resulting oligomer structure was well established by FTIR, NMR,
Gel permeation chromatography (GPC) and elemental analysis. The resulting oligomer exhibits
good solubility in common organic solvents.The optical and potential charge transporting properties
of the oligomer were investigated by UV-visible, fluorescence spectroscopy and cyclic
voltammetry. The UV-visible spectrum of the oligomer exhibited a sharp absorption band at 275325 nm with shoulder peak at 374 nm. The oligomer also showed the fluorescence emission at 420
- 451 nm. The optical energy band gap and quantum yield of the oligomer was found to be 2.58eV
and 0.237. In addition, quenching effect of QUI-OCZ was carried out by adding N, N-dimethyl
aniline (electron donor) and dimethyl terephthalate (electron acceptor). The morphology of the
oligomer film was examinedby atomic force microscopy (AFM) and observed spherical shape of
particles with micrometre in size. The electrochemical studies of QUI-OCZ revealed that the
HOMO and LUMO energy level was -5.74 and -3.17 eV respectively. Preliminary reports
suggested that the oligomer will behighly useful for organic light emitting diode application.
Keywords: Carbazole, Wittig route, Quinoline, Cyclic Voltammetry

1. Introduction
Conjugated polymer has a great attention
because these materials are potentially useful for
many application especially in light emitting diode
[1], solar cells [2], semiconductors [3], biosensors
[4], chemo sensors [5], field-effect transistors
(FETs) and photorefractive devices. Polyaniline,
polypyrrole, polythiophene and polycarbazole has
been extensively studied because of their
processibility and relative stability [6]. Nitrogen
containing hetero-aromatic organic molecule are
very interesting properties in the field of optics,
electronics and material science [7].
Carbazole is a conjugated compound,
which is having interest in terms of both optical
and
electronic
applications
such
as
photoconductivity, photo refractivity and high
charge mobility [8-11]. This was incorporated into
a polymer backbone owing to its high thermal
stability, good stability, extended glassy state and
moderately high oxidation potential [12].
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The polymerization efficiency and the
conductivity of polycarbazole are higher than the
other conjugated polymer such as polyindole,
polyphenazine, polyfuran etc. Hence carbazole
attract more attention in the field of conducting
polymer [13]. One of the first conducting polymers
comprised carbazole moiety with benzothiadiazole
that initially enabled 3.6% efficiency found to be
suitable for solar cells [14].
Another interesting conjugated polymer,
polyquinoline are reported to exhibit n-type
conductivity upon doping, excellent mechanical
strength, high thermal, oxidative stability with high
electron mobility [15]. This was demonstrated by
poly (phenylene vinylene) and poly (thiophene
vinylene) which incorporates with quinoline
linkage offers extended pi-conjugation, and
improved carrier mobility [16].
Polyquinoline is largely amorphous and
they are soluble in common organic solvent. This
allows a variety of structural modification which
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results a range of chain stiffness [17]. Conjugated
polyquinolines has an excellent electron-accepting
and transport properties. These results showed that
polyquinoline are promised to act as electronic and
optoelectronic material [18].
A fully conjugated ligand containing
carbazole was synthesized by Wittig condensation
route [19]. Two polymeric metal complexes based
on polycarbazole containing 8-hydroxyquinoline
with Zn (II) and Ni (II) were synthesized and
applied in dye-sensitized solarcells (DSSCs) as
photo sensitizers [20]. These molecules can find a
new application in the field of chemical biology as
well as organic material and plays an important
role in the field of light emitting diode with good
photoluminescence activity [21].
Here, we propose to incorporate carbazole
ring into quinoline to make donor-acceptor
conjugated oligomer system using Wittig
methodology with the goal of influencing the
optical and charge transport properties. The new
conjugated oligomer was synthesized by Wittig
polycondensation route and investigated the optical,
morphological and electrochemical properties.
2. Experimental Section
2.1. Materials
Carbazole,
2,6-dimethylquinoline,
phosphorus oxy chloride, triphenylphosphine and
N-bromosuccinimide were purchased from Sigma
Aldrich, Mumbai, India. Benzoyl peroxide,
chloroform, acetonitrile, methanol, acetone,
benzene, carbon tetrachloride, N,N’-dimethylformamide were purchased from sisco research
laboratories (SRL) Pvt. Ltd., India.
2.2. Characterization methods
An infra-red spectrum was recorded on
JASCO-V-670 FTIR spectrometer with KBr
pellets. Nuclear magnetic resonance (NMR)
spectra were measured on a Bruker Avance III 400
MHz spectrometer by utilizing deutrated
chloroform (CDCl3) as a solvent and
tetramethylsilane (TMS) as a standard reference.
Elemental analysis was performed on a elementar
model vario EL-III CHNS analyser. The electronic
absorption spectra were measured on a Hitachi
U2910 spectrophotometer at room temperature.
The concentration of oligomer solution was 1.0 x
10-5 M. Photoluminescence (PL) spectra recorded
on a Perkin Elmer LS 45 fluorescence
spectrophotometer. Quantum yields were measured
with respect to quinine sulfate solution in 0.1 M
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H2SO4 (Ф = 0.548). The exact molecular weight of
the intermediates were measured from Perkin
Elmer 680 mass spectrometer. The molecular
weight of the oligomer was determined by gel
permeation chromatography (GPC) of waters cooperation model no. RI Detector 2414 using
polystyrene as standard.
Electrochemical studies were carried out
using a CH-I model 660C Instrument
electrochemical analyser.using 0.1 M tetra-butyl
ammonium hexafluorophosphate (Bu4NPF6) as the
supporting electrolyte at a scan rate of 50 mV/s.
Cyclic voltammograms (CV) were recorded using
a three electrode cell system with indium tin oxide
(ITO) as a working electrode, a Pt wire as counter
electrode and an Ag/AgCl electrode as the
reference electrode. Oligomer sample was prepared
for atomic force microscopy (AFM) study by 0.5
µM of the oligomer (QUI-OCZ) in chloroform
deposited into glass substrates and allowed to dry
for 30 min at room temperature. AFM was
recorded under ambient condition using Nano surf
easy scan II instrument. Thermogravimetric data
were obtained on a SEIKO TG DTA 7000
instrument under nitrogen atmosphere in condition
at a rate of 30 cm3 min-1 and at a heating rate of
10°C min-1.
2.3. Preparation of 2,6-bis (bromo methyl
quinoline) (2)
1.57 g of 2,6-dimethyl quinoline (10
mmol) was dissolved in 150 ml of carbon
tetrachloride and benzene solvent mixture (2:1).
This mixture was added to 10 g of Nbromosuccinimide (20 mmol) and 200 mg of
benzoyl peroxide [3]. The mixture was refluxed at
70 ᵒC for 18 hr under nitrogen flow, which was
appeared as yellow colored solution. Formed
succinimide precipitate was filtered and washed
with CCl4. Yellow filtrates were evaporated to
obtain yellow solid crystals. It was further washed
with water and recrystallized with methanol. Yield:
68 %, m.p. = 120 °C. FTIR (KBr cm-1): 3082
(aromatic-CH), 1641 (aromatic C=N), 1400
(aromatic C=C), 559 (CH2Br); 1H NMR (CDCl3,
ppm): δ 7.71 (t, J1=1.8Hz, J2=4.8Hz, 4H), 7.4-7.6
(d, J =8.4Hz, 4H), 4.54 (s, 4H). MS calculated for
C11H9Br2N (m/z) = 315, found, 315.90.
2.4. Preparation of 2,6-dimethyl-(triphenyl
phosphonium dibromo methyl) quinoline (3)
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2,6-bis (bromomethylquinoline) (2) (0.31 g,
1 mmol) and triphenylphosphine (0.52 g, 2 mmol)
were dissolved in 15 ml of acetonitrile, which was
stirred overnight at 40 °C under nitrogen
atmosphere.
The
resulting
product
was
recrystallized from toluene-methanol mixture (2:1
ratio) to give brown powder. Yield: 66%; mp: 110130°C. FTIR (KBr cm-1): 3045 (aromatic-CH),
1641 (aromatic C=N), 1471 (aromatic C=C), 758
(C-P), 694 (C-Br), 511 (P-Br); 1H NMR (CDCl3,
ppm): 7.3, (3H aromatic), 4.6 (4H, CH2Br) HRMS
calculated for C47H39Br2NP2 (m/z) = 837.1, found,
837.23.
2.5. Preparation of 9-heptyl-9H-carbazole-3,6dicarbaldehyde (4)
To the mixture of carbazole (3.0 g, 18
mmol) and NaH (0.88 g, 36 mmol) in 30 ml of
DMF was added drop wise to 1-bromoheptane (4.8
g, 27 mmol) followed by refluxing for 14h. The
solution was poured into water, extracted with
chloroform. After chloroform was removed, the
black oil was obtained. Then DMF (25.0 g, 0.34
mol) and POCl3 (43.9 g, 0.29 mol) were added and
the mixture was heated with stirring for 36 h. The
solution was poured into water and the precipitate
was filtered off. The crude product was
recrystallized from ethyl acetate to give a yellow
powder. Yield: 62.5%; mp: 124–128°C; FTIR (KBr
cm-1): 1680 (C=O), 2840 (N-CH2); 1H-NMR
(CDCl3, ppm): δ 10.18 (s, 2H), 8.66 (s, 2H), 8.10
(J= 8.0 Hz, 2H), 7.56 (d, J = 8.0 Hz, 2H), 4.38 (t, J
= 7.0Hz, 2H), 1.91 (d, J = 6.8 Hz, 2H), 1.25-1.35
(d, J=19Hz, 8H), 0.86 (d, J = 6.8 Hz, 3H). MS
calculated for C21H23NO2 (m/z) = 321, found
321.29.
2.6. Preparation of QUI-OCZ
The phosphonium salt of quinoline (3)
(1.67 g, 2 mmol) and carbazole-dicarbaldehyde (4)
(0.64 g, 2 mmol) were added in a mixture of 10 ml
methanol and 5 ml of chloroform under nitrogen
atmosphere. Then a pre-determined amount of
sodium methoxide solution in 10 ml of methanol
was added and resulting solution was stirred at
50 °C overnight. Precipitation occurred by adding
little amount of methanol andthe obtained oligomer
was dried at 40 °C for a 5 hours to get green
compound. Yield: 70%, FTIR (KBr, cm-1), 3028
(aromatic CH), 1462 (aromatic C=C), 1629
(phenyl nucleus), 962 (trans vinylene). 1H NMR
(CDCl3, ppm): 0.77-1.83 (m, aliphatic protons),

7.36 (m, phenylene), 7.25-7.27(m, vinylene), 8.1
(quinoline), 13C NMR (CDCl3, ppm): 126.7,
125.83, 123.38 (phenylene), 120.76, 120.33,
120.76 (vinylene), 139.51, (quinoline). Anal. Calcd.
for C35H40N2 (%): C, 86.23; H, 8.64; N,5.13;
Found; C, 86.5; H, 8.62 %; N, 5.7 %.
3. Results and Discussion
The synthetic strategy of the desired oligomer
from starting materials is outlined in Scheme 1.
The oligomer (QUI-OCZ) was prepared through
Wittig condensation between carbazole monomer
(hole transporting unit) and quinoline monomer
(electron transporting unit). During the synthesis
of monomers, NBS is a key reagent for the
bromination of quinoline and then converted to
phosphonium salt. The structure of the monomers
and oligomer were characterized by FTIR, NMR,
GPC and elemental analysis. The optical properties
including absorption and luminescence of this
oligomer were measured by UV-Vis and PL
system.
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Scheme 1. Synthesis of Quinoline substituted Oligo
Carbazole (QUI-OCZ).

3.1. Monomer synthesis
Initially bromomethyl quinoline (2) was
prepared by using NBS reagent and benzoyl
peroxide. Presence of bands at around 550 cm-1,
3082 cm-1 in the FT-IR spectrum clearly indicated
that the functional groups of C-Br and phenyl
nucleus. This fact was further confirmed by
appearance of signals at 4.5-4.7 ppm (CH2 protons
attached in heterocycles and bromo group) in 1H
NMR spectra. The exact mass of the compound
from HRMS spectrum was 315.90.
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The compound 2 was obtained as a yellow
powder and directly converted into 2,6-bis
(triphenylphosphinomethyl) quinoline dibromide 3
by treatment with triphenylphosphine in an overall
yield of 66%. The structure of the phosphonium
ylide 3 was confirmed by appearance of strong
bands at 758 and 694 cm-1 (C-P and P-Br
stretching frequency) in IR spectra, multiplet
formed at 7.4-7.8 ppm for aromatic hydrogens of
phenyl phosphonium salt (zwitter ion) in 1H NMR
spectra.Methylene signal of 4.5 ppm was shifted to
2.1 ppm (1H NMR) 28.3-33.6 ppm was shifted to
49.6-52.2 ppm (13C NMR) which indicates –CH2
group attached with phosphonium salt was
confirmed. Other carbazole monomer 4 was
synthesized according to the procedure reported in
the literature [22].

protons appeared at 7.14 ppm. Vinyl protons
adjacent to the phenyl rings were formed at 7.36
ppm and for quinoline peak was observed at 8.10
ppm. The peak formed at around 0.77-4.28 ppm
which was assigned to the aliphatic alkyl protons
into the phenylene ring and carbazole unit. The
average molecular weight (Mn) of QUI-OCZhas
been found from GPC measurement which was
about 3083 with polydispersity index of 2.16.
3.3. Photo-physical properties
The UV-Vis and fluorescence emission
spectrum has been measured to investigate the
influence of different solvent on optical properties
of the synthesized compound. Fig. 2 (a) shows the
UV-Vis absorption spectra of QUI-OCZ in
solution and film state. The absorption spectra of
QUI-OCZ in different organic solvents including
THF, chloroform, ethyl acetate, methanol and
DMF. The absorption spectra vary from 275-375
nm with the increase of solvent polarity. This may
be due to the nature of various dipole moment
present in the solvent. (The dipole moments (µ) of
THF, methanol, chloroform, ethyl acetate, N,Ndimethylformamide are 1.75, 1.15, 1.88, 2.87, and
3.86 respectively) and shows red shift which
means that significant intramolecular interactions
occur in the ground state.

Fig. 1. 1H NMR of QUI-OCZ.

3.2. Characterization of QUI-OCZ
Oligomer was prepared through Wittig
condensation between quinoline substituted
phosphonium ylide (3) and carbazole carbaldehyde
(4) in an overall yield of 70%. The synthetic route
is outlined in Scheme 1. QUI-OCZ was obtained as
green powder with a good yield and exhibited good
solubility in organic solvent such as THF, DMF,
CHCl3 and DMSO. The chemical structure of the
oligomer was verified by FTIR, NMR and
elemental analysis. There are three peaks located at
3028, 1462, 1629 cm-1 assigned for the stretching
vibration of C=H, C=O and phenyl nucleus
respectively. Additionally, trans vinylene peak was
observed at 962 cm-1. Two new sharp and strong
peaks associated with the absorption of the
carbazole group which was found at 729 and 752
cm-1 [23]. From the 1H NMR spectra (Fig. 1), the
aldehyde proton peak of the monomer was
disappeared at 10.2 ppm. The aromatic phenyl ring
758

Fig. 2. UV and PL spectrum of QUI-OCZ.

The absorption peak of the oligomer in a
film state showed at 388 nm which is red shifted as
compared with the solution state. Being a
carbazole unit in the oligomer main chain
contributes to increase the π conjugation of the
oligomer. Absorption maxima in both states were
red shifted (bathchromic shift) when compared
with previous paper on carbazole and pyridine type
of conjugated polymer. [24, 25]. The energy gap
calculated from the edge of the absorption
spectrum in thin film (479 nm) was estimated as
2.58 eV. Larger band gap is due to lesser
conjugation and low molecular weight when
compared with polycarbazole (2.8- 3 eV) [26].
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Fig. 2(b) depicts the fluorescence spectra
of QUI-OCZ was also investigated in a series of
solvents with varying polarity to identify the
impact of solvent polarity on the excited state.
Fluorescence spectra of QUI-OCZ exhibited a
positive
solvatochromism
with
more
bathochromically shifted emission maxima on
increasing solvent polarity from less polar (THF)
420 nm to more polar (DMF) 451 nm which lead
to the increased stoke shift on increasing the
solvent polarity
which indicates that
intramolecular charge transfer from carbazole to
quinoline during excitation process. Fig 2 (b)
shows PL emission spectra in thin film state. From
the spectrum, emission maximum located at 480
nm is slightly red shifted as compared with the
maximum in the PL spectra measured in solution.
This was blue shifted when compared with the
polymer based on carbazole and naphthalene [27].
Stokes shift (Δν) is an important parameter
to indicate the difference in properties and
structure between the ground S0 state and first
excited S1state of the fluorophores. The stokes shift
is given by
(1)
Δν = (λA - λF)
According to the above equation, the
stokes shift of QUI-OCZ was calculated as 77 nm.
Relatively larger stokes shift was formed for the
present oligomer which may be attributed to the
changes of the electron density in the oligomer
(QUI-OCZ) upon excitation.
3.4. Measurement of the absolute luminescence
quantum yield (QY)
Quantum yield represents one of the most
fundamental and important properties of photo
luminescent materials. It determines the suitability
of materials for the application in analysis, bio
sensing, optical devices and fluorescence imaging
[28]. The range of emission, decay and the
emission quantum yield will be useful to find the
efficiency of organic devices. This is suitable for
organic opto-electronic application such as organic
photovoltaic OLEDs [29]. The quantum yield
(QY) can be examined fluorometrically relative to
a fluorescent standard with a known quantum yield
[30]. Because of easy process and low cost, this
method is widely used for the quantification of
quantum yield. In our study, we have used quinine
sulphate with 0.1 M H2 SO4 solution as standard
reference. The absorption maxima and quantum

yield was 350 nm and 0.54 which was used to
measure the relative quantum yield of our oligomer.
In the conventional optical method, the
quantum yield (QY) of a fluorophore is calculated
on the basis of equation [31].
Ф=Ф

(2)

Where,
Ф = quantum yield,
I = integrated intensity of the emission spectra,
OD = absorbance at the excitation wavelength,
n = refractive index,
R = reference fluorophore with a known quantum
yield [32].
The quantum yield of QUI-OCZ by the
conventional optical method was calculated, which
is 0.237 (23%) [33]. According to the electron
transfer mechanism the low quantum yield was
observed which is due to the photoinduced intra
molecular charge transfer (ICT) process occurred
between carbazole and quinoline. This is a
common phenomenon observed in organic
conjugated polymers [34].
3.5. Fluorescence quenching processes of QUI OCZ with N,N-dimethylaniline (DMA) and
dimethyl terephthalate (DMTP)
Fluorescence quenching of organic
molecules by various quenchers like N’Ndimethylaniline, dimethyl terephthalate, aniline,
and carbon tetrachloride has been studied by
several researchers [35, 36]. In the process, we
have used N,N-dimethylaniline (DMA) as electron
donor and dimethyl terephthalate as electron
acceptor for fluorescence quenching of oligomer
(QUI-OCZ). Light emission of QUI-OCZ can be
quenched by N,N-dimethylaniline (DMA) which is
shown in the Fig. 3(a). Fluorescence of QUI-OPV
is highly quenched with increase of DMA
concentration. The following reaction may be
possible when DMA added to oligomer solution
[37] and agreed well the Stern-Volmer equation.
Quenching constant (Ksv) was calculated as 0.419
x 10-4. This is high value when compared to alkoxy
substituted phenylene vinylene (1.7 x 10-7) [38].
High Ksv is due to the more electron transfer
reactivity occurred between the oligomer (QUIOCZ) and quencher.
Another quenching process of QUI-OCZ
was examined with dimethyl terephthalate
(DMTP) which is typical electron acceptor and it
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was depicted in the Fig. 3 (b). It can be seen that
the emission intensity of fluorescence are initially
increased then decreased and again gradually
increased in the oligomer QUI-OCZ in chloroform.
The apparent quenching coefficient was observed
by using Stern –Volmer equation, which is varied
between 5.88 x 10-4 – 7.84 x 10-4. This is due to the

strong charge transfer interaction between
carbazole (electron donor) and DMTP (electron
acceptor). When the concentration of DMTP goes
beyond certain limits, the excess DMTP units
could act as quencher to quench gradually and
completely the fluorescence intensity of QUI-OCZ
[39].
3.6. Electrochemical properties
To estimate the highest occupied
molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) energy levels, the
electrochemical analysis of the QUI-OCZ was
examined using cyclic voltammetry measurements
which is an important property for organic
materials used in light emitting diode application.
The measurement was performed in a three
electrode cell using 0.1 mol/l of tetrabutylammonium perchlorate in anhydrous CH3CN as
the
supporting
electrolyte.
The
cyclic
voltammogram (CV) of QUI-OCZ was shown in
Fig. 4. HOMO and LUMO levels were calculated
according to the following equations:
HOMO eV
e E
LUMO (eV) = −e (E

+ 4.40) (eV)
+ 4.40) (eV)

Energy band gap is calculated by
Eg =E
–E
(eV)

(3)
(4)

(5)

and E
are the oxidation and
Where E
reduction potentials relative to Ag/Ag+ electrode
[40]. The onset of QUI-OCZ oxidation is +1.34 V
and reduction is −1.23 V vs. Ag/Ag+ electrode,
which is corresponding to HOMO level of −5.74
eV and LUMO level of −3.17 eV respectively. The
electron affinity of the present oligomer is lower
than those of thiophene-quinoline polymer blends

Fig. 3. (a) Fluorescence quenching spectra of QUI-OCZ
at different concentration of DMA. Concentration of
QUI-OCZ, 5 x 10-4 mo/L; concentration of DMA
(mol/L), (1) 1.96 x 10-4; (2) 3.92 x 10-4; (3) 5.88 x 10-4;
(4) 7.84 x 10-4; (5) 9.80 x 10-4; (6) 11.7 x10-3; (7) 13.7 x
10-3; (8) 15.6 x 10-3; (b) Fluorescence spectra of QUIOCZ at different concentration of DMTP. Concentration
of QUI-OCZ, 5 x 10-4 mo/L; concentration of DMA
(mol/L), (1) 1.96 x 10-4; (2) 3.92 x 10-4; (3) 5.88 x 10-4;
(4) 7.84 x 10-4; (5) 9.80 x 10-4; (6) 11.7 x10-3; (7) 13.7 x
10-3; (8) 15.6 x 10-3.
Fig. 4. Cyclic voltammogram of QUI-OCZ.
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[17] and carbazole with poly (aryl ether) [41]. The
electrochemical energy band gap (Eg) of the
oligomer was 2.57 eV.
3.7. AFM studies
Atomic force microscopy (AFM) is a type of
microscopy with a very fine-tipped probe for
scanning the surface [42]. AFM is important for
the polymer characterization which provides
information on surface topography.
AFM provides an extremely detailed description
on the microscopic morphology of the polymeric
material. AFM image of the QUI-OCZ was
represented in the Fig. 5. From the figure,
triangular shape of small particle and spherical
shape of large particle was observed. This was
measured at around 1.26 µm. AFM topography
was also used to find out the average surface
roughness and root mean square roughness (RMS)
for the oligomer. Average and RMS roughness of
the QUI-OCZ film surface were noticed as 12.8
and 14.9 nm, which were higher than QUI-OPV
[43]. Increased surface roughness might be due to
the strong interaction between carbazole and
quinoline present in the oligomer chain.

Fig. 5. AFM images of QUI-OCZ.

3.8. Thermal stability
Thermogravimetric analysis (TGA) is used to
study the thermal property of the oligomer (QUIOCZ). This was recorded in the temperature range
between 40 to 400°C at a heating rate of 15 ᵒC/min
under nitrogen atmosphere. The decomposition
temperature (Td) of QUI-OCZ formed at 225 °C
with weight loss of 7%. From the DTA curve,
endothermic peak was observed at 245°C and
280 °C. The endothermic changes are due to the
rigid heterocyclic quinoline groups in the main
chain and unsymmetric carbazole groups in the
side chain. The results of the thermal analysis
proved that the oligomer exhibit good thermal

stability which is beneficial for electroluminescent
materials.
4. Conclusion
In this paper, a novel donor–acceptor
conjugated oligomer (QUI-OCZ) designed and
synthesized by Wittig reaction. This oligomer is
readily soluble in common organic solvents and
fully characterized by FTIR, NMR and elemental
analysis. From the optical analysis, there is strong
intramolecular π–π ٭interaction was found between
carbazole and quinoline.The fluorescence quantum
yield was observed as 0.237 in chloroform. The
HOMO and LUMO levels of QUI-OCZ were
calculated from cyclic voltammetry. Quenching
process can be done by DMA and DMTP, which
acts as an electron donor and acceptor with Ksv
value is 0.419 x 10-4. AFM scans displayed that the
triangular and globular shaped particles in the
oligomer film surface. Based on the results, the
oligomer QUI-OCZ will be used in organic
electroluminescent devices and may be promising
material in the field of optoelectronics.
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