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In the present work, ZnO nanoparticles (NPs) were prepared using hydrothermal method 
with Trimethyl Ammonium Bromide (CTAB) as surfactant in 1- (hydroxyethyl)-3-
methylimidazolium sulfate [EtOHMIM+] [HSO4

-] ionic liquid (IL).  ZnO / PANI 
nanocomposite was prepared via in situ polymerization. The structures of the modified 
ZnO particles were characterized by X-ray diffraction, Raman spectroscopy and, scanning 
electron microscopy (SEM). The optical properties of (ZnO / PANI) nanocomposite were 
examined by photoluminescence (PL) analysis. XRD and, Raman analysis confirmed that 
pure ZnO (NPs) synthesized with (CTAB) in [EtOHMIM+] [HSO4

-] IL were formed. The 
addition of (CTAB) and [EtOHMIM+] [HSO4

-] IL does not change the ZnO phase but 
reduces the particle size of ZnO and converts shallow defects to deep defects. The SEM 
images of the ZnO / PANI nanocomposite showed the formation of hexagonal wurtzite 
ZnO (NPs) embedded in polyaniline matrix. The PL intensity of the ZnO / PANI 
nanocomposite is improved as compared to pure ZnO (NPs). This indicates that 
[EtOHMIM+] [HSO4

-] IL may be acting as a dye, since it is constituted by an organic part, 
[EtOHMIM+]. This good performance indicates that the synthesised nanocompsite is 
promising material as photoanode in solar cells. 
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1. INTRODUCTION

In recent years, the development of inorganic / polymer 
hybrid materials on nanometer scale has been receiving 
significant attention due to a wide range of potential 
applications in optoelectronic devices [1-3] and in field effect 
transistors [4]. Semiconducting zinc oxide (ZnO) is attracting 
a lot of attention due to its unique properties such as direct 
wide band gap (3.37 eV) and large exciton binding energy 
(60 meV) at room temperature [5]. Due to these properties it 
has been studied extensively for making optical and 
electronic devices [6, 7]. Nanostructured ZnO can be 
synthesized by various methods such as physical, chemical, 
electrochemical, deposition techniques [8-11].  Many studies 
on the preparation of polymer nanocomposites have been 
reported in the quest to develop new advanced materials with 
improved mechanical, electrical, optical and catalytic 
properties or to improve conduction mechanism in electronic 
devices. Polyaniline (PANI) is the most studied polymer 
because of its relative ease in preparation, good 
environmental stability [12, 13] and tunable conductivity. 
The preparation of PANI composites with various oxide 
materials such as Fe3O4 / PANI, MnO2 / PANI, TiO2 / PANI 
and ZrO2 / PANI [14, 15], as well as preparation and 
characterization of ZnO / PANI composites have been 
published [16-18]. Due to these properties it has been studied 
extensively for making optical and electronic devices [19-
21]. CetylTrimethyl Ammonium Bromide (CTAB) a cationic 
surfactant is the most commonly used stabilizing agent in 
controlling the shape and size of NPs which can play a 

modified part in the process of organic synthesis of materials 
[22]. Ionic liquids (ILs) exhibit high chemical and thermal 
stability, non-volatility, non-flammability, high ionic 
conductivity, and a wide electrochemical window [23, 24]. 
Due to these characteristics, they are proposed to improve 
properties in different fields such as batteries [25], fuel cells 
[26] and supercapacitors [27]. In this paper, we report the
preparation and characterization of ZnO (NPs) synthesized 
with CetylTrimethyl Ammonium Bromide (CTAB) in 1- 
(hydroxyethyl)-3-methylimidazolium sulfate [EtOHMIM+] 
[HSO4

-] IL. The structural, morphological optical and 
photoluminescence properties of ZnO / PANI nanocomposite 
were investigated using XRD, Raman, SEM and PL analysis. 
ZnO / PANI nanocomposite so formed resulted in an 
altogether different optical and structural property. Raman 
spectroscopy and photoluminescence study were employed 
as tools to investigate the hybrid effect between ZnO NPs 
synthesized with CTAB in [EtOHMIM+] [HSO4

-] IL and 
PANI. 

2. REAGENTS AND INSTRUMENTS

2.1. Reagents and materials 

Aniline (99.5%) and zinc acetate dihydrate (99.5%) were 
procured from Sigma Aldrich.Aniline was distilled prior to 
use. All supplementary chemicals (Ammonium 
peroxydisulfate, NaOH, HCl, acetone, ethanol) (99%), 
Methanol (99.5%), Tetrahydrofurane (THF)and 
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Cetyltrimethylammonium bromide (CTAB) (99%) were all 
obtained from Merck.All thechemicals and reagents were 
used as received without furtherpurification. 

 
2.2 Instruments  
 

X-ray powder diffraction (XRD) analysis was conducted 
on a Rigaku Smart Lab operated at 40 kV and 35 mA using 
Cu Kα radiation (λ=1.54059 ˚A). The Raman instrument was 
coupled to a standard Olympus microscope and a collection 
optics system. The excitation source was a 514.5nm Ar+ laser 
line. The optical power at the sample position was maintained 
at 5mW. The scattered light was collected in the 
backscattering configuration and the spectra were recorded at 
a resolution of 2.0 cm−1. Scanning electron microscopy (SEM 
Model: JEOL JSM 6360) operating at 20 kV.  
 
3. EXPERIMENTAL PROCEDURES 
 
3.1. Preparation of ZnO NPs + CTAB / [EtOHMIM+] 
[HSO4-] IL 
 

Preparation of zinc oxide nanoparticles were performed 
using 0.1M of zinc acetate dihydrate (solution-A), sodium 
hydroxide (2M) (solution-B) and N-Cetyl-N,N,N-
Trimethylammonium bromide (CTAB) (0.1M)disolved in 
double distilled water.90 ml of double distilled water was 
taken in a conical flask and 5 ml of solution-A was added to 
it, followed by the addition of 5 ml of solutionB. The mixture 
was heated to 70°C with vigorous stirring for 15 min.The 
reaction was carried in presence of CTAB as surfactant. The 
precipitates were separated, washed with double distilled 
water and acetone five times for 1hour using centrifugation 
at 3500 rpm to remove the non reacted materials. Zinc 
hydroxide can be easily converted to ZnO (NPs) by 
drying.So, the product dried at 65°C overnight.Finally, the 
product was crashed using mortar and pestle to produce fine 
powder. The preparation and characterization of 1- 
(hydroxyethyl)-3-methylimidazolium sulfate [EtOHMIM+] 
[HSO4

-] IL was carried out by the procedure described in the 
literature [28]. Distilled before use at 70°C.The desired 
amount of [EtOHMIM+] [HSO4

-] IL (50 mM) was added to 
the Zn (NPs) + CTAB. The solution was stirred for 10 
min,and then the reaction mixture was sealed into a glass tube 
and heated at 80°C (chosen so that the temperature does not 
exceed the boiling point of the components) for 48 h to ensure 
the completeness of reaction. Finally, the product Zn (NPs) + 
CTAB / [EtOHMIM+] [HSO4

-] IL was  separated  by  
centrifugation,  washed  with  absolute ethanol and water 
several times and sonicated between  washes, followed by 
dryingfor1hat80°C.  

 
3.1. Synthesis of ZnO / PANI Nanocomposite 
 

5g of ZnO (NPs) synthesized with CTAB in [EtOHMIM+] 
[HSO4

-] IL were dispersed in 0.05M HCl solution in a three-
neck round-bottomed flask which was fitted with ultrasonic 
vibration device for one hour. Then 2 mL of aniline monomer 
was added to the above mixture. The mixtures were stirred 
with magnetic stirrers in ice water baths (0°C- 5°C) for 4 h to 
get a uniform suspension of the nanocomposite. Under the 
protection with nitrogen gas, 5g of ammonium 

peroxydisulfate (APS) dissolved in 2M HCl solution which 
serves as an oxidant, was added drop wise into the above 
mixture. ZnO / PANI nanocomposite was washed with 
distilled water, methanol and acetone, and then dried in a 
vacuum for 12 hours at 5°C.  

 
4. RESULTS AND DISCUSSION  
 
4.1. XRD analysis 
 

The XRD technique was used to examine the crystal 
phases and crystallinity of thesynthesized ZnO (NPs) with 
CTAB in [EtOHMIM+] [HSO4

-] IL and ZnO / PANI 
Nanocomposite as shown in Fig.1.It is seen inthe XRD 
patterns curves that all the peaks of ZnO (NPs) are obtained, 
which  correspond to the hexagonal wurtzite structure phase 
pure ZnO (NPs) , appearing well-defined diffraction 
reflections at different angles 31.6°, 34.3°, 36.2°, 47.5°, 
58.6°, 62.8°, 64.3°, 68.1° and 69.3° corresponding to the 
(100), (002), (101), (102), (110), (103), (200), (112), and 
(201) lattice planes respectively.The observed diffraction 
reflections are well matched with the reported literature [29]. 

 

 
Figure 1. XRD pattern of ZnO (NPs), ZnO + CTAB, 

ZnO + CTAB / [EtOHMIM+] [HSO4
-] and ZnO / PANI 

Nanocomposite 
 
No other reflection related with any impurity was detected 

in the pattern up to the detection limit of the XRD 
diffractometer, which further confirmed that the synthesized 
products were pure ZnO (NPs), without any significant 
impurity.It can be seen that the addition of CTAB and 
[EtOHMIM+] [HSO4

-] IL do not alter the crystal phase of 
ZnO (NPs). From the results, we can observe that insertion 
of the CTAB did not significantly change the lattice 
parameters of ZnO (NPs). However, a decrease in the average 
size of the crystallite can be observed with insertion of 
[EtOHMIM+] [HSO4

-] IL. In the case of ZnO / PANI 
Nanocomposite, XRD spectra show peaks for both PANI and 
ZnO (NPs).Further, thepeaks are slightly shifted towards 
higher 2θ value and the intensity is enhanced on ZnO (NPs) 
incorporation. Shift in peaks and change in intensity of the 
peaks may be a consequence of the change in bond length and 
bond stretching in the composite. This indicates that the in-
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situ formed ZnO (NPs) are well incorporated into the 
polymer matrix [30]. 

 
4.2. Raman spectroscopy analysis 

 
Raman spectroscopy was carried out to analyze any 

changes in the lattice vibrations of the ZnO (NPs) 
nanostructure upon addition of CTAB and [EtOHMIM+] 
[HSO4

-] IL. Fig.2 displays the Raman spectra of wurtzite 
ZnO (NPs)synthesized with CTAB in [EtOHMIM+] [HSO4

-] 

IL.  
Figure 2. Raman spectra of ZnO (NPs), ZnO + CTAB, 

ZnO + CTAB / [EtOHMIM+] [HSO4
-] and ZnO / PANI 

Nanocomposite 
 

The modes A1 and E1 are split into transverse (TO) and 
longitudinal optical (LO) phonons, while the E2 modes are 
non-polar.The A1 and E1 modes are Raman and infrared 
active, the E2 modes are only Raman active, and the B1 
modes are Raman and infrared inactive [31]. 

ZnO / PANI nanocomposite presents optical phonons at 
the Γ point of the Brillouinzone corresponding to the 
irreducible representation, in equation (1) : 

 
 
 

The zone center optical mode frequencies lie between 
about 100 cm−1 and 700 cm−1. The group E1 (LO), A1 (LO), 
and B1 (high) modes occurs in the highest frequency range, 
570 cm−1 to 620 cm−1.The groups E2 (high), E1(TO) and A1 

(TO) appear between 350 cm−1 and 450 cm−1. The E2 (low) 
and the B1 (low) modes appear in the frequencies 100 cm−1 
and 250 cm−1,respectively[32]. Fig.2 shows a strong and 
dominant peak at 464 cm−1 for pure ZnO (NPs) and ZnO 
+CTAB / [EtOHMIM+] [HSO4

-] IL samples, attributed to the 
lattice vibration of oxygen atoms and mostly assigned to E2 
(high) phonon mode [33]. This peak at 101 cm−1,E2 (low) is 
a characteristic of scattering peaks of the Raman active 
dominant modes of wurtzite hexagonal ZnO (NPs), 
indicating the excellent quality of the crystal [34,35].The 
peak at 420 cm−1 is attributed to the A1 (TO) mode [32], 
while those at 223 and 365 cm−1can be assigned to the 
acoustic phonon overtone and optical phonon overtone with 
the A1 symmetry [34]. The Raman mode at 570 cm−1 
corresponds to the E1 (LO) mode of ZnO (NPs)[36]. The 
peak at 678 cm−1 corresponds to additional vibrational modes 
associated with defects [37]. It is possible to observe that the 
addition of CTAB and [EtOHMIM+] [HSO4

-] IL does not 
change the lattice vibrations of the ZnO nanostructure.In the 
case of ZnO/PANI nanocomposite the Raman spectrahas a 
peak at 1489 cm-1 corresponding to C=N stretching enhances 
whereas peak at 1600 cm-1 in the composite diminishes which 
signifies that semiquinones disappears and quinones peak 
starts (1489 cm-1) arising confirming an increase in the 
linkages of ZnO with PANI. Also, stretching vibrations 
because of the C-H of benzenoid rings at 1192 cm-1 shift to 
1189 cm-1 and a peak at 1166 cm-1 due to the C-H bending of 
quinoids emerges.  

 
4.3. Morphological studies  
 

Typical SEM images of ZnO (NPs), ZnO+CTAB, 
ZnO+CTAB / [EtOHMIM+] [HSO4

-] IL and ZnO / PANIare 
shown in Fig.3. (A, B, C, D) respectively. 
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Figure 3. SEM of  (A)- ZnO (NPs), (B)- ZnO+CTAB, (C)- 
ZnO+CTAB/ [EtOHMIM+] [HSO4-] and (D)- ZnO / PANI 

Nanocomposite 
 
The ZnO (NPs) (Fig.3.A)are reasonably uniform in size, 

and the morphology of the ZnO (NPs) takes on pseudo-
spherical shape [37]. The average size of the ZnO (NPs) is 
approximately ̴60 nm, which is consistent with the crystallite 
size estimated from the XRD analysis. The SEM micrograph 
of ZnO (NPs) prepared with CTAB(Fig.3.B) indicates the 
presence of the size of particles varies in a range between few 
tens of nanometres to hundreds of nanometres. The images 
reveal that the produced nanoparticles are almost 
homogeneous in shape.When the [EtOHMIM+] [HSO4

-] IL 
was added to the ZnO (NPs) + CTAB (Fig.3.C), no changes 
occurred in the morphology, however the nanostructures are 
observed to coalesce. [EtOHMIM+] [HSO4

-] IL caused 
changes in the ZnO (NPS) size, the particle size and thickness 
of the particles.Upon the addition of [EtOHMIM+] [HSO4

-] 
IL the average particle size decreased to 2μm and the 
thickness to 0.04μm for the ZnO (NPs). This decrease in 
particle size upon the addition of ionic liquid has also been 
reported in the literature [38, 39]. Surface images of 
PANI/ZnO nanocomposite indicatethat the morphology of 
PANI has changed by the introduction of ZnO (NPs), as 
depicted in Fig.3.D. The diameter of PANI is approximately 
100nm, with irregular road-like morphology. The 
introduction of ZnO (NPs) can reduce PANI size. This 
agglomeration is caused by hydrogen bonds that occur due to 
the interaction between ZnO and N-H groups or coordination 
bonds [39-40]. The SEM image helped us to conclude that 
the introduction of ZnO (NPs) has a strong effect on the 
morphology of PANI, since PANI has various structures such 

as granules, nanofiber, nanotubes, nanosphere, microspheres 
and flake [41]. 
 
4.4. Band gap energy measurements 
 

Figure 4 shows the band gap values for ZnO (NPs), 
ZnO+CTAB, ZnO+CTAB / [EtOHMIM+] [HSO4

-] IL and 
ZnO / PANInanocomposite to be 3.15, 3.07, 3.14, and 3.02 
eV, respectively. 
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Figure 4. Band gap energy of ZnO (NPs), ZnO + CTAB, 
ZnO + CTAB / [EtOHMIM+] [HSO4

-] and ZnO / PANI 
Nanocomposite 

 
The band gap energies (Eg, eV) of the samples have been 

calculated, in order to investigate the effect of 
the[EtOHMIM+] [HSO4

-]IL on the optical properties of ZnO 
(NPs) and ZnO / PANI nanocomposite.The Eg of the samples 
was calculated by the Kubelka and Munk method [41], using 
the equation: 

 n

gh K h E        (2) 

Where h  the energy of the incident light and K is a 
constant. The intercept of the linear part of αhν vs hν curve 
on the x-axis gives the value of Eg. The band gap energy 
values found for ZnO (NPs), ZnO+ CTAB, ZnO+ CTAB / 
[EtOHMIM+] [HSO4

-] IL and ZnO / PANI nanocomposite 
samples were very similar, in agreement with a 

crystallographic profile similar to those indicated by XRD 
results. The theoretical band gap for ZnO powder is 3.3 eV 
[7, 40]. Therefore, these results show that the ZnO NPs 
synthesized in this work present defects, which introduce 
intermediate levels between ZnO (NPs) between the valence 
band and the conduction band. The band gap of ZnO / PANI 
increases nearly exponentially, so we can claim that ZnO 
(NPs) synthesised in [EtOHMIM+] [HSO4

-] IL leads to tune 
the band gap of PANI. That is, the particle size of ZnO NPs  
decreases in the presence of [EtOHMIM+] [HSO4

-] IL. One 
of the reasons for such behaviour in the composites lies in the 
fact that the in-situ formed ZnO (NPs) which is known to 
have negatively charged surface has more affinity towards 
PANI which is known to possess positively charged surface. 
For that reason there is a decrease in overlap of p-orbitals 
present in carbon atoms of the PANI molecules upon ZnO 
incorporation. This correlates with conventional phenomena 
of quantum confinement in nanomaterials which says that 
smaller crystallites have larger band gap. As the particle size 
of a material decreases, the availability of active sites on the 
surface increases, another well known phenomena in 
nanomaterials to have larger surface/volume ratio in lowering 
the dimension. 

 
4.5. Photoluminescence (PL) studies 
 

Fig. 5 shows the PL spectra of ZnO (NPs), ZnO + CTAB, 
ZnO + CTAB /[EtOHMIM+] [HSO4

-]IL and 
ZnO/PANInanocomposite using an excitation laser with 
λ=350 nm at room temperature. The profile of the PL 
emission band is typical of a multiphotonprocess, which 
involves different states within the band gap [42-43].For the 
bare ZnO NPs, a weak ultraviolet peak at 387 nm and a strong 
emission at 500 nm are observed. 

 
Figure 5. Photoluminescence spectra of ZnO (NPs), ZnO 
+ CTAB, ZnO + CTAB/ [EtOHMIM+] [HSO4

-] and ZnO 
/ PANI Nanocomposite 

 
The PL spectrum of pure ZnO (NPs) presents a broad band 

with the emission maximum centered at λ=619.1 nm. When 
the ZnO (NPs) was doped with CTAB and [EtOHMIM+] 
[HSO4

-]IL, the spectra had emission maxima centered at 
λ=648 nm and λ=638 nm for ZnO + CTAB and ZnO + 
CTAB/[EtOHMIM+] [HSO4

-] ILrespectively.PL properties 
and contribution of each individual peak observed in the 
samplescan be attributed to the recombination of isolated 
electrons in the vacancies of ionized oxygen (V0) with 
photogenerated holes [44]. The spectra of ZnO + CTAB and 
ZnO + CTAB /[EtOHMIM+] [HSO4

-] IL components are 

located at the same energy values as ZnO (NPs). Since 
singled charged oxygen vacancies are responsible for green 
emission, its reduction can be related with the decrease in the 
number of these vacancies [45]. Thus, the addition of ionic 
liquid in the material decreases the number of oxygen 
vacancies and, as a consequence, singled charged oxygen 
vacancies, but the number of doubly charged oxygen 
vacancies remains almost unchanged. PL of ZnO / PANI 
nanocomposite do not exhibit an emission at λmax = 350 
nm.When ZnO (NPS) modified by CTAB and [EtOHMIM+] 
[HSO4

-] IL areintroduced in the polyaniline matrix, it is 
observed that the intensity of green emission falls while an 
enhancement in band gap emission is observed.It is assumed 
that UV emission efficiency improved because of the 
passivation of green emission centers [34]. 

 
5. CONCLUSION 
 

In this work the preparation and characterization of ZnO 
(NPs) had been synthesized with (CTAB) in [EtOHMIM+] 
[HSO4

-] ionic liquidby a simple, cost effective 
technique.  XRD and, Raman analyses confirmedthat pure 
ZnO (NPs)synthesized with CTAB in [EtOHMIM+] [HSO4

-] 
IL were formed. The crystallite size for ZnO (NPs) was found 
to be ̴30nm.The results obtained from SEM studies exactly 
matched with XRD,which confirmed the formation of ZnO 
(NPs). ZnO NPs crystal phase is not altered with the addition 
of CTAB and [EtOHMIM+] [HSO4

-] IL, but a decrease in the 
average size of the crystallite can be observed.XRD and 
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Raman of ZnO / PANI nanocomposite revealed that PANI 
undergoes interaction with ZnO (NPs). SEM micrograph 
shows the uniform distribution of ZnO (NPs) in ZnO / PANI 
nanocomposite.Photoluminescence (PL)measurements 
confirmed the sensitization of ZnO NPswith CTAB in 
[EtOHMIM+] [HSO4

-] IL, indicating that the ionic liquid acts 
as an efficient dye on the ZnO / PANI. 
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