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Abstract: Wurtzite ZnO nanoparticles were prepared in 
aqueous solutions with additives of Triton (Tx-100), sodium 
dodecyl sulfate (SDS) and cetyltrimethyl ammonium bromide 
(CTAB). HRTEM micrographs and XRD of all samples are 
showed nearly spherical nanoparticles with average particle size 
of 3.4-11 nm. A significant blue shift in the excitonic absorption, 
for nanoparticles prepared in the presence of surfactants Tx-100 
and CTAB compared to that of the ZnO nanoparticles. The 
particle size calculations from the absorption edge showed that 
ZnO nanoparticles grown with CTAB have smallest particle size 
and lowest Stokes shift. 
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1. Introduction 

Zinc oxide (ZnO) is a wide band gap 
semiconductor with energy of 3.2 eV at room 
temperature. It is a versatile material that has achieved 
applications in photocatalyst, solar cells, chemical 
sensors, piezoelectric, transducers, transparent 
electrodes[1-2], electroluminescent devices and 
ultraviolet laser diodes[3-4]. Hence, investigations on 
the synthesis and modification of nanosized ZnO have 
attracted tremendous attentions. The ZnO nanocrystals 
always exhibit novel unique properties due to quantum 
confinement effects compared with their bulk 
properties[5-8]. The quantum confinement of 
nanocrystalline ZnO particles can be illustrated from 
the blue shift in the photoluminescence UV emission. 
Nevertheless, the properties of the ZnO nanocrystals 
depend closely on their particle sizes, morphology, 
surface area and activity. Different synthesis methods 

                                                           
Corresponding Author: Talaat Moussa Hammad (1957- ), 

male, professor; research field: material science. E-mail: 
t.hammad@alazhar-gaza.edu. 

have been devised, including sol-gel technique[9], 
microemulsion synthesis[10], mechanochemical 
processing[11], spray pyrolysis and drying[12], thermal 
decomposition of organic precursor[13], RF plasma 
synthesis[14], supercritical-water processing[15], 
self-assembling[16], hydrothermal processing[17], direct 
precipitation[18] and homogeneous precipitation[19]. The 
application of the surfactants provides a means to 
achieve control over the ZnO nanoparticle size and size 
distribution, which is essential for tailoring optical, 
electrical, chemical, and magnetic properties of 
nanoparticles for specific applications. In this study, 
the authors prepared ZnO nanoparticles in aqueous 
solutions using various additives, and investigated the 
effect of these additives (CTAB, SDS and Tx-100) on 
the morphology and size control of the ZnO 
nanoparticles. 

2. Experiment 

All the chemicals were of analytical grade and 
used without further purification. In the typical 
procedure, 100 mL of 0.05 M solution of surfactant 
(CTAB / SDS / Tx-100) was made in distilled water 
and divided into two parts. These two parts were used 
to prepare 0.5 M zinc acetate dehydrate and 2 M NaOH 
separately. The solution of NaOH was added using a 
drooping funnel under stirring. The stirring was 
continued for 2 h after the completion of addition of 
NaOH. The solution was left to age for 12 hrs. The 
solution was centrifuged to obtain the precipitate. The 
precipitate was washed with water and acetone to 
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remove the unreacted materials and organic impurities. 
The precursor was dried in an electric oven at 110oC. 
The dried product was then crushed and calcined at 
200oC for 3 hrs. We have also synthesized a sample 
without surfactants by this method. Colloidal solution 
of zinc oxide in ethanol (1×10-3 M) has been prepared 
with ultrasonic for 20 mins. The UV-vis absorption 
spectra were taken with a Hewlett Packard8453 
spectrometer of ethanolic nanoparticle solutions made 
by sonication of the products in ethanol. The TEM 
analysis was done with a Tecnai F300 transmission 
electron microscope, images taken after suspending the 
nanoparticles in 95% ethanol. Crystal structure 
identification and crystal size analysis were performed 
with an X-ray diffractometer XDS 2000, Scintac Inc., 
USA with CuKα radiation source and scan rate of       
2 o/min. 

3. Results and discussion 

3.1 Crystal structure and morphologies 
Fig. 1 demonstrates the XRD profiles of the ZnO 

nanoparticles prepared in different surfactant solutions. 
The diffraction peaks of spectra all coincide with 
JCPDS card No. 36-1451, so that the observed patterns 
can be unambiguously attributed to the presence of 
hexagonal wurtzite crystallites. No excess peaks 
detected, which indicate that all the precursors have 
been completely decomposed and no other complex 
products were formed. It should be noted here that the 
full width at half maximum (FWHM) of the diffraction 
peaks changes with various additives of surfactants. 
Furthermore, the crystalline size can be estimated to be 
12, 9, 6 and 4 nm, for pure ZnO, Tx-100, SDS and 
CTAB additives respectively, by using the 
Debye-Scherer formula. Larger crystalline size of 12 

and 9 nm was obtained for the ZnO crystals grown in 
the solution with additive SDS, respectively. On the 
other hand, in cases of SDS and CTAB, the ZnO 
crystals show smaller crystalline size of 6 and 4 nm. 
The difference in the estimated crystalline size 
indicates that there are some differences in size and 
morphology of the ZnO crystals. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  XRD patterns of the products grown in the 
solutions with various additives 

Note: In all cases, all the peaks can be indexed as wurtzite ZnO. 
 

Fig. 2 represents the HRTEM micrographs and 
histograms of ZnO nanoparticles prepared in different 
surfactant solutions. HRTEM micrographs of all 
samples are showed nearly spherical nanoparticles with 
average particle size of 3.4-11 nm. The HRTEM 
micrographs indicate that the ZnO nanoparticles 
prepared in different surfactants solutions didn't control 
the shape of ZnO but their particle sizes. The ZnO 
crystals grown with CTAB show smaller average size 
(3.4 nm). The results suggest that by using surfactants, 
morphology of ZnO can’t be changed in precipitation 
process. 
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Fig. 2  HRTEM micrographs and histogram of the products grown in the solutions with various additives 
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3.2 Optical properties 
The affect of surfactants on the optical properties 

of the ZnO nanomaterials was studied by UV-vis 
spectroscopy. The exciton absorption corresponding to 
ZnO, Tx-100, SDS and CTAB samples are obtained at 
352, 351, 342 and 340 nm, respectively (Fig. 3). Band 
gaps 3.53, 3.54, 3.63 and 3.65 eV were obtained for 
these samples, respectively. A significant blueshift in 
the excitonic absorption, for nanoparticles prepared in 
the presence of surfactants SDS and CTAB compared 
to that of the ZnO nanoparticles. In our case, high 
efficient UV emission near band edge is attributed to 
the free exciton emission with high electronic density 
of states[20 ], which shift to higher energies from 3.53 to 
3.65 eV as the particle size decreases from 11 nm to 3.4 
nm. In this study, the ZnO crystal grown in the SDS 
solution has no significant effect on UV spectra of ZnO 
nanoparticles. 

The dependence of particle size on the optical 
absorption energy can be expressed based on an 
effective mass approximation[21] as following equation. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 UV-vis spectral of the products grown in the 
solutions with various additives 

 
 
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 

 
Fig. 4  Variation of the absorption band gap (●) and 

emission energy (■) of the ZnO nanoparticles as a 
function of the average particles size 

Note: The solid line is the determined by the effect mass 
model from Eq. 1. 
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Where E bulk
g is the bulk band gap (eV), ћ is 

Planck's constant, r is the particle radius, me is the 
electron effective mass, mh is the hole effective mass, 
mo is the free electron mass, e is the charge on the 
electron, ε is the relative permittivity, and εo is the 
permittivity of free space. Fig. 4 shows the band versus 
particle radius calculated using Eq. (1). The band gap 
was decreased by increasing the particle radius. 
Generally, it is accepted in ZnO Ebulk

g  = 3.34 eV, me = 
0.26 and mh = 0.59)[22-23]. From the experimental 
results, energy gap with Ebulk

g  = 3.53 eV was found to 
be the lowest energy gap four our ZnO nanoparticles. 
Therefore, Ebulk

g  = 3.53 eV was adopted from the 
lowest onset energy gap four in the current study. The 
effect of the particle size on calculated band gap energy 
from Eq. 1 is shown as the solid line. The onset 
absorption is very consistent with the calculated band 
gap energy. The experimental results obtained from the 
optical absorption spectra and the HR-TEM images 
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conducted in this study are consistent with the above 
theoretical calculations. This further validates the 
excellent correlation among the optical properties, the 
bandgap energies, and the sizes of our ZnO 
nanoparticles. This Stokes shift increases as the particle 
size decreases and has been observed in other II–VI 
and III–V nanoparticles (e.g., InP, CdSe) and 
extrapolated exponentially or hyperbolically[24]. Such a 
presentation was previously reported as either 
size-dependent electron-phonon processes or 
size-dependent spin-orbit exchange interaction, which 
may contribute to the Stokes shift. 

Medium of reaction play an important role in the 
growth rate of ZnO nanoparticles. It is well known that 
aqueous surfactant solution above CMC is a 
homogeneous mixture of polar and non-polar groups 
and two psedue phases of different polarities are 
formed. The zinc acetate precursor was first distributed 
between the aqueous and micellar psedue phases, then 
removal of the intercalated acetate ions to form the 
high polar active complex intermediate ])([ 2 n

noHZn − . 
In case of CTAB solution, the zinc acetate molecules 
come closer to the micellar head group region 
(positively charged ammonium groups) due to the 
electrostatic interactions between the head groups of 
cationic micelles and negatively charged acetate 
groups of zinc acetate which assist in localization of the 
zinc acetate precursor on the micellar surface. At the 
same time the micellar surface is the preferred reaction 
site for the formation of the highly polar intermediate 

])([ 2 n
noHZn −  due to the highly polarity of micellar 

surface. On the other hand, the formation of 
])([ 2 n

noHZn −  takes place in aqueous phase when 
anionic surfactant (SDS) or nonionic surfactants 
(Tx-100) are utilized as a reaction media, because of 
the electrostatic repulsion between the negatively 
charged head group of SDS micelles or the electron 
pair of the head group of (Tx-100) micelles and the 
negatively charged acetate groups of the precursor. It 
means that the micellar surface efficiently stabilize 

])([ 2 n
noHZn −  which brings smaller size ZnO 

nanoparticles are related to their size. If so, we would 

expect the spectra of ZnO colloid that prepared in 
presence of surfactants possess a blue shift with respect 
to that in absence of surfactant and the blue shift is 
more significant in case of CTAB media as shown in 
Fig. 3, implying lower particle size of ZnO. 

4. Conclusions 

The wurtzite ZnO nanoparticles were prepared in 
the aqueous solutions with additives of Tx-100, SDS 
and CTAB. HRTEM micrographs of all samples are 
showed nearly spherical nanoparticles with average 
particle size of 3.4-11 nm. Quantum-size effects are 
evident from the optical absorption spectra, which 
showed blue shift in the excitonic feature as compared 
to the bulk ZnO. The particle size calculations from the 
absorption edge showed that ZnO is grown 
nanoparticle with CTAB has smallest particle size and 
lowest Stokes shift. 
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