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Abstract. High luminescent zinc (ii)-bis (8-hydroxyquinoline) Znq2 nanoparticles were synthesized by the simple
precipitation method in pure form and with cetyltrimethyl ammonium bromide (CTAB) as cationic surfactant. The crys-
talline nature of title samples was confirmed by powder X-ray diffraction. Thermo gravimetric analysis and differential
thermal analysis were carried out to find the thermal stability of the synthesized samples. The morphology and elemental
analyses of the samples were studied by scanning electron microscope and energy dispersive X-ray analyser, respectively.
The functional groups of these nanoparticles were analysed and assigned using the Fourier transform infrared spectroscopy
spectral study. The optical property of Znq2 and Znq2:CTAB was confirmed by UV–vis–NIR spectral study. The band gap of
Znq2 was calculated. The synthesized Znq2 and Znq2:CTAB nanoparticles were confirmed by photoluminescence studies
for organic-light-emitting diode applications as emission and electron transport layers.
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1. Introduction

Luminescent organic/organo metallic compounds have been
attracting much attention in recent years because of their
potential application in flat panel displays based on organic-
light-emitting diodes (OLEDs) [1–3]. Luminescent chelate
complexes have shown to be particularly useful in OLEDs
because of their relatively high stability and efficiency [4–7].
Among these materials, zinc (ii)-bis (8-hydroxyquinoline)
(Znq2) has been widely used as an emissive as well as elec-
tron transporting material in organic-light-emitting diodes.
Znq2 is used as an emissive transport material because of its
excellent electron transport properties; this is due to the better
π−π overlap of molecular orbital of the zinc derivatives. In
this article, a systematic investigation has been carried out to
synthesize Znq2 particles by a simple precipitation method.
As a result, this study sets out to evaluate the structure, optical
and thermal properties of znq2 particles. Surface modification
of the particles has been carried out using ionic surfactant of
cetyltrimethyl ammonium bromide (CTAB).

2. Materials and methods

2.1 Materials

Zinc acetate (ZnC4H6O4), 8-hydroxyquinoline (8Hq) and
ammonia (NH3), all of Merck brand, were used as the start-
ing materials. All these chemicals were of high purity and

no further purification was done. N-cetyl-N, N, N-trimethyl
ammonium bromide (CTAB) was used as the surfactant.

2.2 Synthesis of Znq2 nanoparticles

The Znq2 nanoparticles were synthesized by the simple
precipitation method using zinc acetate, 8-Hq and NH3 in the
stoichiometric ratio 1:2:1. A solution of 8-Hq (5.442 g) was
prepared using the mixed solvent of NH3 (0.04 ml) and dou-
ble distilled water. The solution was stirred with a magnetic
stirrer to attain homogenization and it was used as a reac-
tion mixture. An aqueous solution of zinc acetate (4.3175 g)
was added drop-wise to the reaction mixture, which yields
a yellowish precipitate. The yellow precipitate was filtered
and washed several times with distilled water and dried in a
vacuum oven for 6 h. The sample was named as sample (a).

2.3 Synthesis of Znq2 nanoparticles with CTAB

Initially zinc acetate (4.3175 g) was dissolved in 100 ml of
water and stirred using a magnetic stirrer for 1 h at room
temperature. In this solution, 0.03435 g of CTAB dissolved in
20 ml of water was added. The 8 Hq solution was separately
prepared by dissolving 5.442 g of 8 Hq in a mixed solvent
of NH3 (0.04 ml) and water (100 ml) and then it was added
drop by drop to the above solution under continuous stirring.
The yellow precipitate was formed immediately. The yellow
precipitate was filtered and washed several times with distilled
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water and dried in a vacuum oven for 6 h. The synthesized
material was named as sample (b).

2.4 Characterization studies

Powder X-ray diffraction (PXRD) analysis was carried out
using a Rich Seifert X-ray diffractometer with Cu Kα (λ =
1.5418 Å) radiation. The thermo gravimetric analysis and
differential thermal analysis (TG–DTA) thermograms of the
samples were recorded using a SEIKO DSC200 instrument
under nitrogen atmosphere at a heating rate of 10◦C min−1.
Scanning electron microscope (SEM) was employed for
morphological study using a CARI ZEISS MA15/EVO18
operated at 30 kV with energy dispersive X-ray analyser
(EDAX). The Fourier transform infrared spectroscopy (FTIR)
spectra of Znq2 and Znq2: CTAB nanoparticles were recorded
in the range of 4000–400 cm−1 employing a BRUKER 66 V
FTIR spectrometer using the KBr pellet method to study the
metal complex co-ordination. The optical absorption spectra
of the samples were recorded in the range of 200–800 nm
using double beam CARY 5E UV–vis–NIR spectrophotome-
ter. The photoluminescence (PL) study was done using a
JOBIN YVON FLUROLOG-3-11 spectroflurometer with an
excitation wavelength (λex) of 380 nm.

3. Results and discussion

3.1 Powder X-ray diffraction analysis

The PXRD patterns of Znq2 and Znq2:CTAB are shown in
figure 1. The sharp diffraction peaks observed in figure 1a
for Znq2 confirms the good crystalline nature of the sample.

The precipitation method followed in this work yields a good
crystalline-natured sample due to the availability of sufficient
time for the formation of small crystalline samples. In the
case of Znq2:CTAB, figure 1b, a few diffraction peaks are
produced from the amorphous background suggesting that the
synthesized powder is a mixture of crystalline and amorphous
phase. This is due to the interaction between Znq2 molecule
and the oxygen atom in the CTAB [8]. The lattice parame-
ters, from the powder XRD pattern, are evaluated and peak
indexing was carried out using the software Proszki Version
2.4.

3.2 Thermal analysis

Thermal stability of the particles was determined by the TG
and DTA unit of SEIKO model TG/DTA 6200. The TG and
DTA thermograms of the synthesized Znq2 nanoparticle are
shown in figure 2a. The TG thermogram shows three stages of
weight loss of Znq2. The first stage occurs from 164 to 207◦C
with the weight loss of 41.3%. The second stage occurs from
207 to 443◦C with the weight loss of 15.6%. The third stage
occurs from 443 to 558◦C with the weight loss of 27.1%.
From the TG curve it is clear that the sample is stable up to
164◦C. The endothermic peak observed in DTA thermogram
at 201◦C coincides with the first stage weight loss of Znq2.
The observed endothermic peak of Znq2 is attributed to the
absorption of energy for breaking of bonds during decompo-
sition. Figure 2b shows the thermal analysis of Znq2:CTAB
and it shows that the sample is stable up to 156◦C. From the
thermal analysis it is evident that the Znq2 sample has higher
thermal stability compared to Znq2:CTAB. This may be due
to the fact that the surfactant CTAB attached to the Znq2 leads
to the lower thermal stability of the Znq2.
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Figure 1. PXRD patterns of (a) Znq2 and (b) Znq2:CTAB.
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Figure 2. Thermal analyses of (a) Znq2 and (b) Znq2:CTAB.

Figure 3. SEM images of (a) Znq2 and (b) Znq2:CTAB.

3.3 SEM analysis

Scanning electron microscope image of Znq2 particles is
shown in figure 3a. Nano sheet-like layers were found with
a maximum thickness of about 78.88 nm. The thickness of
the Znq2:CTAB nanoparticles were found with a maximum
thickness of 40 nm, as shown in figure 3b. The reduction in the
thickness of the Znq2:CTAB nanoparticles may be attributed
to that CTAB, which affects the process of nucleation and
growth of crystallites during synthesis.

3.4 EDAX analysis

The EDAX spectrum for the Znq2 particles, shown in
figure 4a, revealed the presence of Zn and O as the only
elementary species in the sample. Figure 4b shows the

EDAX spectrum of Znq2:CTAB particles in which there is an
additional peak corresponding to bromide. The bromide peak
confirms the presence of CTAB with Znq2.

3.5 FTIR spectroscopic analysis

The FTIR spectrum of Znq2 nanoparticles was recorded in the
range of 4000–400 cm−1 employing a BRUKER 66 V FTIR
spectrometer and using the KBr pellet technique. The FTIR
spectrum of Znq2, Znq2:CTAB are shown in figure 5a and b.
The vibrations at 1604, 1577 and 1327 cm−1 are assigned
to the quinoline group of Znq2. The bands at 1499 and
1467 cm−1 correspond to both the pyridyl and phenyl groups
in Znq2. The peaks at 743 and 642 cm−1 are associated with
in-plane ring deformation [9–11]. The absorption peaks at
2852 and 2923 cm−1 correspond to the stretching modes of
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Figure 4. EDAX spectrum of (a) Znq2 and (b) Znq2:CTAB.
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Figure 5. FT-IR spectrum of (a) Znq2 and (b) Znq2:CTAB.

methylene groups, which confirm the presence of CTAB with
Znq2 [12].

3.6 UV–vis–NIR spectral analysis

The UV–vis–NIR absorption spectra of Znq2 particles are
shown in figure 6a. Two absorption peaks are observed, one
at 245 nm and another low intensity peak at 314 nm at the
band gap of 3.5 eV. Figure 6b shows the absorption spectra of
Znq2: CTAB. The shift of the peaks observed for the Znq2:
CTAB nanoparticles can be assigned to the presence of CTAB
with Znq2. The peaks observed are at 267 nm and another
low intensity peak at 382 nm at the band gap of 3.25 eV for
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Figure 6. Absorption spectrum of (a) Znq2 and (b) Znq2:CTAB.
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Figure 7. Photoluminescence spectra of (a) Znq2 and (b)
Znq2:CTAB.

Znq2:CTAB. The low intensity peaks in all the compounds
are assigned as π–π∗ electronic transitions [13–15].

3.7 PL analysis

The PL spectrum of Znq2 particles in the excitation
wavelength of 380 nm is shown in figure 7a, which shows
a strong and broad emission band at 496 nm in the bluish
green region. The PL spectrum of Znq2:CTAB is shown in
figure 7b at the excitation wavelength of 380 nm. Two emis-
sion peaks are observed at 434 nm (blue) and 550 nm (green).
The emission peak at 434 nm corresponds to the band–edge
emission. The green emission peak at 550 nm arises from the
singly ionized oxygen vacancy due to the recombination of
a photo-generated hole with a singly ionized electron in the
valance band [16,17]. Emission can be assigned to π–π∗ tran-
sition localized on the quinoline rings. The PL emission of the
Znq2:CTAB was red shifted by 54 nm from the PL emission of
the Znq2. The red shift in the PL of the Znq2:CTAB suggested
that there is significant delocalization of π–π∗ transition of
the excited state due to the presence of CTAB [8]. From
the above discussion it is clear that Znq2:CTAB is not only
suitable for optical but for other applications as well [18].

4. Conclusions

Simple precipitation method has been presented to
synthesize pure and CTAB-assisted Znq2 particles. The

properties of Znq2 particles were studied by the XRD, thermal
analyses, SEM, EDAX, FTIR, UV–vis–NIR and PL analysis.
The SEM analyses showed that the average particle size of
the znq2 is reduced due to the effect of the surfactant. Our
investigations indicated that the CTAB-assisted Znq2 parti-
cles are the best in terms of size, morphology, structure and
optical properties. Znq2 and Znq2:CTAB are considered as
novel electroluminescence materials for OLED applications.
It can be concluded that the synthesized Znq2 nanoparticles
are useful for applications in organic-light-emitting devices.
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