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Abstract

	 ZnO/gold  core/shell  is a kind of nanostructure which due to  having  different surface chemistry  
are formed a new class of gold coated nanoparticles that will be essential for nanoelectronic,biological 
and catalytic application. The ZnO/gold core/shell nanostructure having novel  electrical and optical 
properties, and luminescence properties have been exploited for controlling antibacterial systems, 
bio-sensing and bio-detection. In this paper, we report fabrication and characterization of ZnO/gold 
core/shell nanoparticles by chemical method and Turkevich citrate method.The formation of ZnO/gold 
nanocomposite can be observed by a change in color from white to gray precipitate. Characterization 
of the prepared samples was carried out by various techniques such as  field emission scanning 
electron microscopy (FESEM), Elemental analysis (EDS), X-ray diffraction (XRD), photoluminescence 
measurement (PL), UV-VIS diffuse reflectance/absorption spectroscopy , Typical transmission 
electron microscopy (TEM) and Fourier transform infrared (FTIR). The formation of gold layer on the 
ZnO  surface can be proved using the results obtained from the UV-VIS, EDS and XRD pattern.
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Introduction

	 Gold metal nanostructures such as ZnO/
Au are attractive and more interested subject 
for using ranging from medical diagnostics to 
optoelectronic devices because of their localized 
surface plasmon resonance (SPR) emission due 
to visible light radiation light1,2,3,4,5,6,7. In this 
process SPR can be created by light induced from 

free electrons oscillation, leading to the strong 
scattering and local field enhancement in metallic 
nanostructures. These emission are characteristics 
and highly sensitive to the composition, size and 
morphology of the chosen metal nanostructures. To 
better understanding the phenomena, we attempted 
to synthesis of zink oxide nanoparticles via wet 
chemical method using zink chloride, NaOH in an 
appropriate amount of a surfactant, CTAB. Gold 
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coating operation was performed by reduction of 
HAuC14.4H2O by NaBH4 solution. Characterization 
of the samples was investigated using X-ray powder 
diffraction (XRD) analysis, Fourier transform infrared 
spectroscopy (FT-IR), field emission scanning and 
transmission electron microscopy (FESEM& TEM), 
UV-Vis and photoluminescence spectroscopy (PL). 
The dispersive analysis of X-ray (EDAX) data was 
indicatively prove coexistence of Au and Zn in the 
prepared sample, showing decrease of Zn/O At % 
ratio due to the gold coating ZnO.

Materials and Method

	 ZnCl2, NaOH, CTAB, HAuCl4, NaBH4  
and Na3C6H5O7 were purchased from merck 
chemical company. Solutions were prepared by 
dissolving appropriate amount of the compounds in 
double distilled water. All the other reagents in the 
experiments were used without further purification 
except ethanol which was distilled to obtain pure, 
dry ethanol. Conclusions Zinc oxide coated with 
gold nanoparticles are prepared using  wet chemical 
method and Turkevich citrate method

Synthesis of ZnO NP 
	 For synthesis of ZnO NP, first 4 ml of 2M 
NaOH solution and 0.02 mol CTAB were stirred  
for 30 min in room tempreture then 5 ml 1M ZnCl2  
solution was added drop by drop and was stirred for 
1h in room tempreture. The resulting precipitate was 
collected, washed with distilled water and ethanol 
and dried at room tempreture and annealed in an 
oven at 120°C for 3-5 h then was placed  in furnace 
at 600°C for 1hour.

Synthesis of ZnO-Au  NP with NaBH4

	 In this stage, for coating  the surface of 
zinc oxide nanoparticles with gold, First 0.1 M 
HAuCl4.4H2O solution was prepared in deionized 
water. Then 0.6 g of ZnO NP were added to this 
solution and were stirred for 2 h ,then The 4 ml 
of 0.01 M solution sodium borohydride (NaBH4 )  
sodium was added. The color was changed from 
white to blue-gray to indicate that the formation of 
gold nanoparticles. The sample was centrifuged and 
washed with distilled water and ethanol and were 
dried at room temperature.

Synthesis of ZnO-Au  NP with citrate
	 For coating  the surface of zinc oxide 
nanoparticles with gold, First  in a beaker In a flask 
20m1 HAuCl4 solution (0.1%) with distilled water 
was brought to 50 ml volume. 0.041gr of zinc oxide 
nanoparticles was dispersed in amount of water by 
sonication for 10 minutes and was added to the gold 
solution. Solution was heated to boiling. Then 4 ml 
sodium citrate solution was added. The color was 
changed from white to gray. The solution was stirred 
for 2 h. at room temperature until ZnO nano particles 
completely coated by gold. finally precipitate were 
collected and washed severel times with ethanol and 
distilled water and dried at room tempreture.

Results and discussions

Characterization of synthesized ZnO-Au NP
FTIR studies
	 The FTIR spectrum of the ZnO in the 
range of 4000-400 cm-1 is shown Fig. 1.a. The band 
located at 493.82 cm-1 is correlated to the stretching 
mode of Zn-O19. The bands at 1633.76 and 3426.19 
cm-1 corresponds to the stretching and bending 
vibration of O-H. The stretching mode of vibration 
of C=O and Zn-OH  are observed at 2355.18 and  
942.78 cm-1 respectively. The result of the FTIR 
spectrum of ZnO nanostructures is generally 
influenced by particle size and morphology. Fig. 
1(b-c) The band located at 417.72 and 437.84 cm-1 
are correlated to the stretching mode of Zn-O Which 
their intensity reduced in comparison with uncoated 
ZnO. The bands at 3438.36 and 3204.54 cm-1 
corresponds to the stretching vibration of citrate O-H 
for b and c respectively .The Asymmetric  stretching 
vibration of C=O are observed at 1611.72 and 
1617.73 cm-1  in fig5-b and fig 5-c respectively.The 
symmetric stretching vibration of C=O is observed 
at 1396.67 cm-1 in fig 5-c, There is a slight change 
in the peaks, all of which confirms the cover by gold 
nanoparticles and The presence of citrate ions on 
the surface of the gold nanoparticles as a stabilizer 
agent

XRD analysis
	 The XRD pattern of the zinc oxide 
nanoparticles is shown in Fig.2. All of the peaks 
in Figure 2a (ZnO) can be well indexed to the 
hexagonal structure of ZnO with high crystallinity. 
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Fig.1: FTIR spectra of, a) ZnO, b) ZnO-Au (with NaBH4) , c) ZnO –Au  (with citrate)

Fig. 2: XRD spectra of: a) ZnO, b) ZnO-Au (with NaBH4),c) ZnO –Au(with citrate)

No characteristic peaks of impurities, such as, 
CTAB , were observed, indicating the high purity 
of the products. Using Debye Scherrer’s formula, 
the crystallite sizes of ZnO nanoparticles can be 
determined. The average particle size and morphology 
of as-synthesized zinc oxide nanoparticles are 

tabulated in Table1. From the figure(2a) are clearly 
seen the ZnO diffraction peaks (100) , (002) , 
(101) , (102 ) ,(110) , (103) , (200), (112), (201) at 
2 q = 31.82°, 34.48°,36.30°C, 47.59°C, 56.63°C 
,62.91°C, 66.40°C, 67.98°C, 69.11°C, respectively. 
From the figure(2b,2c)indicates a additional peak at  
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Fig. 3: FESEM images of, a) ZnO, b) ZnO-Au(with NaBH4),c) ZnO –Au(with citrate)

 Fig. 4: EDS of , a) ZnO, b) ZnO-Au(with NaBH4), c) ZnO –Au(with citrate)

2q = 38.22° corresponds to the (111) crystal plane 
of gold. The other two peaks in  44.48°, 64.66° for 
(200)and (220)crystal plans of gold are too weak 
and are not clear.The XRD results indicate that the 
as-synthesized products are core-shell materials 
with high crystallinity and no other crystalline 
impurities are observed. The average ZnO crystallite 
size, calculated by Sherrer equation from the most 
intensive peak is peak found to be 40.53, 43.25 and 
45.55 nm for the ZnO, ZnO/gold (with NaBH4) and 
ZnO/gold (with citrate) samples clear comparsion of 
this peaks indicates that gold intensity in ZnO/gold 

(with citrate) comparatively stronger than ZnO/gold 
(with NaBH4 ).

FESEM and EDS analysis
	 The surface morphology of the samples 
obtained by FESEM is shown in the (Figure 3). 
This figures shows the particle size is uniform 
distribution,also indicate granular ZnO nanostructures 
with the diameter in the range of 30-45 nm. EDS 
analysis of ZnO/gold confirms the presence of Zn,O 
and gold, which is shown in Figure 3. The EDS 
signal of gold  is very uniform in the observed area, 
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Fig. 5: TEM image of, a) ZnO, b) ZnO-Au (with NaBH4) , c) ZnO –Au  (with citrate)

Fig. 6: UV-Vis absorption spectra of , a) ZnO, b) ZnO-Au (with NaBH4) ,c) ZnO –Au  (with citrate)

indicating the completely random distribution of gold 
nanoparticle on ZnO surface. As can be seen in ZnO/
gold (with citrate) gold peak intensity is stronger than 
the ZnO/gold (with NaBH4). (Figure 4).

Transmission electron microscope (TEM) 
analysis
	 Fig-5 shows TEM images of the ZnO and 
ZnO/gold core-shell nanoparticles and locates that 
it has dark points. From these images, formation 
of  ZnO/gold  core/ shell nanoparticles are clear, in 
which the high contrast difference between ZnO and 

gold is distinguishable because of the higher electron 
density of metal gold20-21.

UV-Visible studies
	 The UV-vis absorption spectrum of the 
ZnO and ZnO/gold samples are shown in Fig. 
6.It exhibites a strong absorption band  in the UV 
and visible region,at about 356 nm(a) 561 nm(b)  
568 nm (c). that confirm the presence of these 
nanoparticles inside the solutions. The absorption 
peak of ZnO nanoparticles as a semiconductor 
material was originated from interaction between 
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electrons of valance band and incoming photon, 
which lead to excitation of these electrons to 
conduction band. While for ZnO/gold nanoparticle, 
the sharp absorption peak originated from surface 
plasmon resonance of electrons inside the conduction 
band. All the spectra have an absorption maximum at  
about 360 nm, which is characteristic for ZnO band 
gap transition22. The surface plasmon band of ZnO/
gold nanoparticles is distinctly broadened and red-
shifted. the size increase of gold particles causes a 
red shift of the surface plasmon band 23. The change 
of optical properties was then directed to the strong 
interfacial coupling between the metal gold and 
semiconductor ZnO parts in the new structure of 
nanoparticles.

Optical studies by photoluminescence 
spectroscopy (PL)
	 Figure-7  shows the PL spectra of 
ZnO with an excitation wavelength of 335 nm.  
Figure -7 shows the PL spectra of  ZnO/gold with 
an excitation wavelength of 409 nm. Normally, 
in photoluminescence spectra of the zinc oxide 
nanoparticles observed emission bands in the 
visible and uv areas. Usually, Uv peak considered 
as characteristic of the emission of ZnO is attributed 
to the emission edge strips or exciton transition and 
emission bands in the visible region of the radiation 
caused by the recombination of holes with a pregnant 
photon ionization of defects essential as oxygen 
vacancies, Zn or impurities are within the network.
In all sample of ZnO, uv peak in the spectrum of  
PL is dominant and peak intensity in the visible 
region  is reduced. In other words, strong exciton 

emission show that zinc oxide nanoparticles are  little 
deficient. With the increase the concentration of gold  
nanoparticles, the intensity of the visible emission 
band decreases.generally the other emission at 
approximately 558 nm is commonly attributed to 
the singly ionized oxygen vacancy in ZnO which is 
due to the recombination between the electrons in 
a deep defect level or a shallow surface defect level 
and the holes in a valence band24. In addition, the fact 
that the interfacial interaction between ZnO and gold 
might lead to charge variation of the gold  surface 
is also the cause of the red shift of the gold  surface 
plasmon band in the ZnO/gold nanoparticales 
mentioned above.

Conclusions

•	 Zinc oxide nanostructure were successfully 
synthesized via wet chemical method using 
cetrimonium bromide (CTAB) as a surfactant 
agent. 

•	 Formation of hexagonal shape of zinc oxide 
even in gold coated zinc oxide nanostructure 
was confirmed by XRD, FT-IR and FESEM 
investigations.

•	 Appearance of two new different ZnO bond 
wavelengths at FTIR spectra instead of only 
one characteristic broad bond was assigned 
to the formation of a dumbbell like bond with 
a short and long size at the superficial region 
of gold coated ZnO.

•	 UV-visible spectra shows Excitonic absorption 
peaks for ZnO nanostructure in a wavelength 
at around 381nm 

Fig. 7: PL spectra of, a) ZnO, b) ZnO-Au (with NaBH4) , c) ZnO –Au  (with citrate)
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•	 Energy transfer through the surface plasmon 
resonance (SPR) of gold nanocrystallites 
under incident electromagnetic waves in the 

visible light region increasing exciton electron 
density in ZnO nanostructure, enhance 
probability of the relevant emissions.
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