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Sample Open circuit Short circuit Fill factor Energy conveh;rsion
Zn:Cu voltage,V,. (V) current, Je (FF) efficiency ()
(mA/cm?)

Pure ZnO 0.51 1.73 0.39 0.34

995 :0.5 0.43 0.74 0.43 0.14

99 :1 0.57 1.96 0.37 0.42

95 :5 0.50 0.41 0.46 0.09

90 :10 0.37 0.62 0.50 0.12
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o o v & & oo | 1
197991 2 ‘UiL’JmmiEJ‘UENL‘ZJE)?’I@‘]I’JEJmiUi%ﬂ’eJ‘lJ Zn0O-CuO Nans1aiy Zn:Cu 199

Tann3enls vinamsdudades (wu)
Zn0O 3.35
CuO 6.85
Zn:Cu 90 : 10 3.10
Zn:Cu 70 : 30 2.93
Zn:Cu 50 : 50 , 5.12

MIAUATIER ZnO uaz Cuo uanhuvindulaanaussning Sedeenleduaznauiled
ganlan Iﬂsmanulm’lumiLUaauamﬁmwmmmLavﬂaULﬂas"luﬂsmm 90 : 10, 70 : 30, 50 : 50
ummmimsﬂuma‘uﬂivawﬁmwmimmwuaamﬂaanlmLLauﬂaULUasaanlmwusawﬁ fuan
Aaulndn wUsmmamwmumwnmamaqnu‘[ﬂawaﬁﬁlmﬂa Trichoderma spp. Iﬂami’lmaﬂw
wieule wammumthLwaerummmsmmu‘[m’umwaﬁ nnmMmeasadieiranauimizis
WU mﬂaanlmusawﬁumiauamaswanumu'ﬁmﬂlﬂLﬂuummwauama 3.35 LUAUAT
ﬂ’eJ‘UL‘U’e)i’e)’e]ﬂl*UﬂUiﬁVlﬁ’d’liJ’liﬂ’Jﬂ‘UiL’)mmiEJ‘UHGL‘ZJ’eli’]‘lﬂ 6.85 wumLummazwamwmuivmw
mﬂaanlsaml,avﬂaﬂmaiaanlsm 70:30 wummmserummimmwasﬂmwaﬂ AB 2.93 LPURLLURS
FINNANTNABDIRING 1 ansnsaagulenn Luaumswamaﬂmaiaanlsummlﬂwﬂsmm 30 %
’lumﬂaanlem 70 % wuliluszavdnmmsvihawlunssududesaila Trichoderma spp. @@
vnaﬂ Luamsaumaunum ‘dqﬂaanlﬁvﬂwusawﬁmaﬂaﬂmaiaan‘lemwusawﬁ
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Una 5

dyunanisideuazdaiausuus

MnATeRlEinneSeNasUsEney Zno-cuo TneAannznausiulaedsuntas
M518U Zn:Cu mn']sal,ﬂs'wﬁ‘lﬂsqaswwanmamﬂuﬂnmaaqwumaqsmanm (XRD), n@aq
Janssmididnaseuluudainsn (SEM) wandliiiuinilenan Cu Aisnsndn 0, 0.5, 1 wag 10
Wesifud maEmwLmsaulmum'mmumanwmmmmwuwmmwm Cu Ju30 uay 50
Wasidus maEmwmsaulmumwmﬂuwanamaq HeENeEsUsENY Zn0-CUO Twenldviavuni
lassaemdEnuuy hexagonal wurtzite Lﬁalﬁu Cu 7i8n3ndau 0, 05,1 uaz 5 Wosigus nuly
Unngwawdantasuwes Cuo LLmLuaquamﬁmwm Cu mnwumsnaauwumLiuﬂiwngLWa
V84 CuO wandliiiuinnisuau Cu Tusuatsyg hy copper looeu aunsaunud Zn lmaam
UTENLAYENANTENUABLNAYDY ZnO amauuaa'}ﬂmLuaqmﬁl'}nmu'}mﬂuaumamaq cu”
0.73 A) ﬁﬁi'}’lné’lﬁmﬁu%’ﬂﬁaumau‘um zn™ (0.7a R) lumenduiuilonan cu TuuSinasnniy
dawalv Cuo mmmanuamqauusmuauuanaanmnLWafum ZnO 2ENTALIY  INANEY
SEM waqmamqm ZnO 3 CuO uagas ZnO-CuO AdUSue Cu iy 0.5, 1, 10 uag 30
wWosidus wmunmmwammu 500 °C futran 2 Falus wudnes Zno mﬂsmwuaumﬂmmq
nau (quasi- spherlcal) mmmaumuﬂuanmwaanm 100 nm w9 CuO NSUSNLLU‘ULL‘VN (rod
like shape) ‘wmmmLaumuﬂuanmwiumm 100 nm danuenuseam 1-2 pm AR08 T9H4
ZnO-CuO AU Cu 1y 0.5, 1, 10 uaz 30 tWasidua w*umaaummmimaauuﬂaﬁﬂswmn
sﬂsmwuaunwammqnaﬂﬂLﬂuiUmLLUULmeu'mLaumuﬂuanmquaam'} 100 nm uway
ANUENMUTEUIN -5 um 621\1ﬂkumswaauLLanamwmw devSua cu i 1 LUE]SL‘ZIUG] 3
TosgUTRUUWIRUNTuY BB NaNsUsENBY ZNO-CUO wfivnanauiloviin Cu Wiinty

PNNTUATIEREITUTENBU ZnO-CuO  MnSeyls Lwamlﬂﬂivanmhmmwmwu
UszdnSamlumsdevaareddonlneizvisuas wumwaqmnmimmswmaaumsaaaamaaﬂau
mamsﬂsuna‘u Zn0 #liide Cu wazmaide cu 71 0.5% ,1% uag 5% wandiidiud finsise cu
7l 1% mmsnaaaamaaaaﬂmmwaﬂ ’lumuwmmiﬂmnm“lwmlumumaawamuLLaqm‘wmEJ
silnddeulauas wudndefininde cu nly liuseansnwlunsdeundanuasefingidy
wamulvdﬁﬂmawu dlowSeudisutiu Zn0 wmluumswau Tngansusznuilide Cu 1% 3
Usuawﬁmw’lumiLﬂaauwamuLLaqmwmﬂﬂmwaﬂ wAilloifndndiuues Cu unBedy CEA b1
wadiiUseans nmenas maamﬂaaanuswmumsma‘lums’l%aummtmm‘lu (nanorods) Haufy
aummmm’lﬁu (nanoparticles) Lwaquﬂsuawﬁmw‘uaqwaawaamuuaqmwmwuﬂaaaaﬂ,aLLm
uazn1sdnasuszney ZnO-Cuo luuse anm“l‘ULUua'ﬁEJUENL‘uawuum Trichoderma spp. WU
miﬂi NBU ZnO-CuO #flUSunaumatied 30 % Lﬂuami'}muwuﬂsvawﬁmwmammu’luma
fudadasrviin Trichoderma spp. lmﬁmam LuamiaumaunUUsmmamswmuau
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Abstract: In this work, co-precipitation method was utilised to synthesise
Cu-doped ZnO nanoparticles using zinc nitrate (Zn(NO;),-6H,0), copper(Il)
nitrate trihydrate (Cu(NO;),:3 H,0) as starting precursors for Zn and Cu
sources, respectively. Structural and physical properties of as-prepared powders
were examined by X-ray diffraction (XRD), field-emission scanning
electron microscopy (FESEM), Fourier transform infrared spectroscopy
(FTIR), X-ray Photoelectron Spectroscopy (XPS) and X-ray absorption near
edge spectroscopy (XANES). The XRD results reveal that Cu-doped ZnO
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nanopowders are in hexagonal wurtzite structure and their crystallinity is
deteriorated with increasing Cu doping content. FTIR results additionally show
the existence of relevant chemical bonding in the samples. Meanwhile, XPS
and XANES results indicate the existence of Cu ion with relevant electronic
state in ZnO. Optical properties of the samples were investigated and
the corresponding results suggest that Cu additive plays a crucial role on
their optical properties that can be adjusted to meet the requirement for
practical solar energy harvesting applications such as sun-light photocatalyst.
The photocatalytic activity of as-prepared Cu-doped ZnO photocatalyst was
investigated by the degradation of Rhodamine B solution. The catalyst with 6%
Cu doping content exhibits the enhancement in photocatalytic activity with
reaction rate of 0.0267 min™. The significant improvement in photocatalytic
activity of the doped sample may be associated to the increase of functional
hydroxyl radicals due to the incorporation of specific content Cu dopant.

Keywords: Cu-doping; ZnO; co-precipitation; photo catalytic,
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This paper is a revised and expanded version of a paper entitled ‘Near flatband
mode currents evaluated by one-particle self-consistent calculation’ presented
at 2013 IEEE 5th International Nanoelectronics Conference (INEC),
Singapore, 2—4 January, 2013.

1 Introduction

Recently, synthesis processes of metal oxide materials in the form of alloys, composites
or compounds that can efficiently perform multi-functionality have been widely
developed. Among these materials, ZnO has been recognised as one of the most
extensively used metal oxide because of its exceptional optical, chemical, physical, and
electrical, properties and being environmental friendly. Moreover, owing to its large
band gap of 3.37 eV and large exciton binding energy (60 meV) at room temperature,
ZnO as one of multipurpose semiconductor has been widely utilised for various
optoelectronic applications such as blend solar cell [1], gas sensor [2,3], photodetector
[4,5], and photocatalyst [6]. More recently, ZnO has been synthesised in the form of
various types of attractive nanostructures such as nanoparticle, nanorod, nanoneedie,
nanoflower-like and hano-tetrapod [2,3,7-9]. Furthermore, doping ZnO with transition
metal elements such as Ni [10], Co [11], Mn [12], Cu [13] has been verified as an
effective method to adjust its functionality including electrical and optical properties.
Cu-doped ZnO has shown significant improvement in relevant properties such as
electrical, magnetic, photocatalytic performance and gas sensing properties [13-17].
Up to now, various methods such as co-precipitation, combustion, solvothermal and
solid state [13,18-20] have been employed to synthesise ZnO-based nanostructures.
Among them, the precipitation method is one of the versatile processes used for
synthesising various types of nanomaterials due to considerable advantages including
simplicity, cost-effectiveness and high yield. ' '

In this work, The synthesis of Cu-doped ZnO nanoparticles via co-precipitation
method using zinc nitrate (Zn(NO3), - 6H,0), copper(Il) nitrate trihydrate
(Cu(N03)2-3H20) and sodium hydroxide as starting precursors and effect of Cu
doping on structural properties and the photocatalytic properties have been studied.

2 Experiments

Cu-doped ZnO nanopowders with various doping contents; x (x =0-0.10) have been
synthesised via co-precipitation method using zinc nitrate (Zn(NOy), - 6H,0) and
copper(1l) nitrate trihydrate (Cu(NOs); - 3H,0) as starting precursor sources of Zn and
Cu, respectively. Preparation processes of Cu-doped ZnO nanoparticles are briefly
described. Certain amount of zinc nitrate was dissolved in 100 ml deionised water to
obtain 0.5 M precursor and copper (II) nitrate trihydrate was added according to
designated doping concentration, NaOH solution was slowly added into the precursor
under vigorous stirring until PH of the solution reached 12-13, leading to the precipitated
product. After that, as-precipitated products were washed several times with deionised
water and ethanol in the last step until its pH became to 7. These powders were dried in
oven at 80°C for 6 h. Finally, the products were annealed at 550°C for 2 k in atmospheric
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air to finally obtain the ZnO and Cu-doped ZnO nanoparticles. The structural properties
of annealed Cu-doped ZnO nanoparticles were investigated by XRD (Burker, D8)
using Cu-Ka radiation, operated at 40 kV and 30 mA over a 26 in the range of 20-80°.

The diffraction patterns were recorded with a scanning rate 2°/min. The morphologies of

corresponding results are illustrated in Figure 1. All the diffraction peak positions at

20=31.73°, 34.40°, 36.21°, 47.49°, 56.52° are nicely indexed to (100), (002), (101),
(102) and (110) orientation planes, respectively, confirming the formation of the typical
hexagonal wurtzite structure of ZnO according to the standard JCPDS card (No.76-0704).
Moreover, the XRD patterns of the samples with x = 0.06, 0.08 and 0.10 exhibit the split
of CuO phase [20]. This feature implies that, with low doping content, Cu ions may
properly incorporate to Zn site without significant effect on the crystal structure of ZnQ
due to relatively close radius of Cy2* (0.73A) to that value of Zn*(0.74 A). However,
increasing doping content beyond the critical value may result in the phase separation of
CuO and ZnO. The average crystallite size of Cu-doped ZnO nanopowders can be
calculated from the well-known Debye-Scherer equation; :

Do KA
Bcosd’

M

where D is average crystallite size, x is the shape factor, 1 is the wavelength of incident
x-ray CuK, (1=1.54] ), B is the full — width at the half maximum (FWHM) on
28 scale and @ is the Bragg’s diffraction angle. The average crystallite size of the particles
is found to be 17-40 nm. In addition, the lattice constant for hexagonal wurtzite ZnO
nanopowders are estimated from following equation;
1 4 2
= — 2
d* 3(h2+hk+k2/a2)+c2’ @
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where a and b are the lattice constant, h, k and / are the miller indices and d is the
interplanar spacing which can be calculated from Bragg’s law;

2d sin@ = nA. 3)

The calculated crystallite size and the lattice parameters are summarised in Table 1.
Field-emission scanning electron microscopy (FESEM) was used to investigate the
morphology, shape and size of the samples. Figure 2 shows the images of Cu-doped ZnO
nanoparticles with x =0, 0.02, 0.06, 0.08 that possess good homogeneity and uniform
distribution in their sizes. The morphologies of Cu-doped ZnO nanopowders were found
to be in short rod-like, spheroid-like and rice grain-like structure with average grain size
of less than 100 nm depending on Cu doping content.

Figure 1  X-ray diffraction patterns Cu-doped ZnO nanoparticles annealed at 550°C (x=0, 0.02,
0.06, 0.08 and 0.10)
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The FTIR spectra of Cu-doped ZnO nanoparticles with different Cu doping contents
recorded in the range 4004000 cm™" are exhibited in Figure 3. The spectra of all samples
show identical features without strange extra band indicating the good formation of metal
oxide material. The highly intense absorption peaks around 440 cm' for the pure ZnO
{(x=0) is attributed to the stretching mode of Zn-O [13,21]. As the Cu content increases,
it is noticeable that the position of distinct absorption band slightly shifts, reflecting the
change in bond length caused by the incorporation of Cu ion in Zn-O lattice. X-ray
Photoelectron Spectroscopy (XPS) spectrum was employed to characterise the oxidation
state of Cu-doped ZnO. The survey XPS spectrum of the nanoparticle with x =0.08 is
illustrated in Figure 4(a). All indexed peaks are attributed to C, O, Cu and Zn, indicating
the existence of relevant elements. For Zn2p XPS spectra shown in Figure 4(b),
the two main peaks detected at the binding energy position of 1021.1 eV and 1044.2 ev
correspond to the Zn 2p,, and Zn 2py2 respectively, demonstrating the existence of
Zn2+[14]. Figure 4(c) shows the Cu 2p core-level XPS spectra of Cu-doped ZnO
nanoparticle. The Cu 2p,, and Cu 2pi; spectra are observed at binding energy of
932.1eV and 951.9 eV, respectively, confirming the existence of Cu in the ZnO
nanoparticle. The peak with binding energy of 932.1 is typically assigned to Cu®* [22].
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Figure3 FT-IR spectra of Cu-doped ZnO (x=0, 0.02, 0.06, 0.08, 0.10) nanoparticles annealed

at 550°C
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Figure 4 Typical XPS spectrum of Cu-doped ZnO nanoparticles annealed at 550°C (x=0.08)
(a) survey spectra (b) Zn 2p spectra and (c) Cu 2p spectra
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Figure 5 The XANES spectrum of Cu K-edge of Cu-doped ZnO (x = 0.02, 0.06, 0.10)
nanoparticles and reference standard materials (CuO and Cu;0) (see online version
for colours)
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Figure 6 illustrates UV-visible absorption spectra of Cu-doped ZnO with various
Cu doping compositions in range of 300-600 nm. The absorption peak position of the
samples for x =0, 0.02, 0.06, 0.08 and 0.10 were found to be at 367, 380, 383, 379 and
378 nm, respectively. The absorption peak position of the sample noticeably increases as
Cu doping concentration increases, implying the decrease in optical band gap of ZnO
with the increase in Cu doping content. Furthermore, the absorption spectra of the doped
sample exhibit increase in its absorption intensity and extension into longer wavelength.
It is suggested that, by doping ZnO with Cu, its optical absorption can be enhanced.
The band gap energies of Cu-doped ZnO nanopowders with x =0, 0.02, 0.06, and 0.10
were calculated by extrapolating the straight line portion form (ahv)? vs. kv as shown in
Figure 7(a)~(d). The band gap energy values of all the samples are presented in Table 1.
ZnO is generally an n-type semiconductor with a wide band gap of 3.37 eV,
corresponding to a wavelength about 370 nm in UV region. The band gap energy of
sample decreases as Cu doping concentration increases up to x=0.06 due to the good
substitution of Cu ions in the ZnO lattice. This substitution may create the defect.sites
and corresponding band tail adjacent to the valence band that can significantly reduce its
effective band gap [12]. Further increasing of Cu content to x = 0.08 and 0.10 results in
the increase of band gap energy. This behaviour may originate from the fact that, at high
doping content beyond specific value, Cu®* may readily react with oxygen to form
CuO phase instead of interstitial or substitutional replacement at Zn* site in ZnO and
consequently initiate the phase separation of CuO and ZnO. It is also suggested that, its
optical absorption in UV-visible region can be enhanced by certain Cu doping in ZnO.
Photodegradation of dye under visible irradiation was performed for proving the
functionality of Cu-doped ZnO nanopowders. The photocatalytic activity of Cu-doped
ZnO nanopowders for RhB degradation is complied with pseudo first order kinetic model
given by;

C=C,e™, 4
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Figure 6 UV-Visible absorption spectra of Cu-doped ZnO (x = 0, 0.02, 0.06, 0.08, 0.10)

nanoparticles annealed at 550°C
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The kinetic rate can be calculated by following relation [23]:

ln(%} =k, (5)

where £ is the rate constant (min™), Cy and C are RhB concentration at initial time (t=0)
and after illumination time (f = 1), respectively. Corresponding rate constant; &k which is
an indication of the activity of the photocatalyst can be typically evaluated from the slope
of the plot of In(Co/C) vs. time. The photocatalytic degradation of RhB by Cu-doped ZnO
nanoparticles is illustrated in Figure 8. The rate constant of each sample is 0.0152,
0.0166, 0.0211, 0.0267, 0.0258 and 0.0257 min™ corresponding to Cu-doped ZnO
nanopowders with x =0, 0.02, 0.06, 0.08, 0.10, respectively. The & value of Cu-doped
ZnO photocatalyst increases with an increase of Cu content reaching optimised value at
x=0.06. Under xenon illumination, the photocatalytic mechanism of ZnO photocatalyst

gap, resulting in the generation of electron-hole pairs. Hydroxyl ion and water molecule
are oxidised to hydroxyl radical (OH") by photogenerated hole (%") while
photogenerated electrons (€7) interact with oxygen (O,) to generate super oxide anion 0O;
and superhydroxyl radical (20H"). This photocatalytic reaction of ZnO can be
summarised in following equations [6,23];

ZnO+hv —> ¢ +h* . (6)

h* +OH™ — OH", (7

A" +H,0— OH" + H*, ®)

e +0, > 0%, 9
O';-'#HZO-—>H05+OH", (10)

HO; +H,0 - H,0, + OH", (11)
H,0, - 20H", (12)

OH" + organic compound — CO, +H,0. (13)

Regarding to these reactions, the hydroxyl radical and active oxygen species are the
key functional groups for RhB degradation. Therefore, the ability of ZnO photocatalyst in
photocatalytic degradation depends on the amount of hydroxyl radical and superoxygen
groups. However, the photo-generated charges (¢” and 4*) can recombine in a few
nanoseconds resulting to heat explained by following equation;

e +h* > heat. (14)

This recombination is. a major drawback in photocatalyst performance. The separation of
electron-hole pairs is proposed for enhancing the amount of hydroxyl radical in the
system relating to the continuous mechanism of RhB photodegradation as shown in
Figure 9. The ability of incorporated Cu for enhancement of photocatalytic degradation js
suggested by the following mechanism [24);
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Cu® +H,0, - Cu> +OH" + OH" (15)

From the results, it is observable that the photodegradation efficiency noticeably
increases with increasing Cu concentration up to x=0.06 and decreases thereafter.
The decrease of the photocatalytic efficiency for the sample with higher doping content
of Cu than specific value may be attributed to the decreasing ratio of Cu*/Cy?* in ZnO
[23] or the phase separation of CuQ caused by over doping.

Figure 8 The kinetics of the degradation of RhB using Cu-doped ZnQ nanoparticle with x = 0,
0.02, 0.06, 0.08, 0.10 annealed at 550°C
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Figure 9 The schematic diagram of possible route of generated electron-hole pair over the
surface of ZnQ nanoparticles
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4 Conclusion

In summary, Cu-doped ZnO nanoparticles (x =0, 0.02, 0.06, 0.08, 0.10) have been
successfully prepared by co-precipitation method in combination with annealing process.
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The XRD results confirmed that the crystal structure of Cu-doped ZnO nanoparticles is
hexagonal wurtzite structure. The appearance of additional peaks assigned to CuO phase
is observed in the doped samples with higher Cu doping level. The difference in shape
and size of the doped samples are observed depending on the variation of Cy doping
composition. XPS and XANES results indicate the existence and chemical state of G 0,
Cu and Zn and affirm the oxidation state of Cu doped into ZnO. The band gap energy of
ZnO nanoparticles can be lowered by the incorporation of Cu up to certain doping level.
Cu doping can also heighten the optical absorptivity of ZnO, leading to the enhancement
in solar energy harvestment. The photodegradation of aqueous RhB using as-prepared
Cu-doped ZnO nanoparticles was conducted and the results indicated that specific doping
content of Cu into ZnO can significant improve the catalytic performance of ZnO due to
the enhancement of photogenerated charge separation and increment of active radicals
responsible for the dye degradation.
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1. Introduction

Copper oxide (CuO) is one of potential p-type semiconductors and gains considerable attentions due to
its excellent optical, electrical, physical, and magnetic properties. CuO with narrow band gapof 1.2 eV is
extensively used in various applications such as catalysis [1], solar energy conversion [2], gas sensor [3]
and field emission [4]. However, these novel properties can be improved by synthesis in CuO
nanostructures that shown excellent performance comparing to bulk counterpart. Different nanostructures
of CuO are synthesized in form of nanowire, nanorod, nanoneedie, nano-flower and nanoparticle. In the
past decades, various methods have been proposed to produce CuO nanoparticles with different sizes and
shapes such as thermal oxidation [5), sonochemical [6], combustion [7] and quick-precipitation [8-9].
Among these processes, precipitation method is a facile way which attracts considerable interest in
industries because of low energy and temperature, inexpensive and cost-effective approach for large scale
production and good yield.

In the present work, the main objective is to investigate the effect of starting precursors on structural
properties of CuO nanostructures synthesized via precipitation method and annealing process. Copper
nitrate and copper chloride was chosen as starting precursors. The as-prepared precipitates were analyzed
by scanning electron microscopy, X-ray diffractrometer and Fourier Transform Infrared Spectroscopy.

- 2. Experimental

CuO nanostructures were synthesized by precipitation method using copper chloride (CuCl,) and
copper nitrate (Cu(NO3),.3H,0). First, each precursor was dissolved in 100 ml deionized water to form
0.1 M concentration. NaOH solution (0.1 M) was slowly dropped -under vigorous stirring until pH
reached to 14. Black precipitates were obtained and repeatedly washed by deionized water and absolute
ethanol for several times till pH reached 7. Subsequently, the washed precipitates were dried at 80 °C for
16 h. Finally, the precursors were calcined at 500 °C for 4 h. investigated by X-Ray Diffractrometry
(XRD). The morphology was monitored by scanning electron microscope (SEM). Chemical properties
were investigated by Fourier transform infrared spectroscopy.

3. Results and Discussion

The XRD patterns of as-synthesized and calcined CuO nanoparticles using different precursors are
shown in Figure 1. XRD peaks confirm that the formation of CuO from each precursor was in monoclinic
phase. The characteristic peaks located at 26= 32.58°, 35.47°, 38.97° arid 48. 74° are assigned to (110),
(002), (200) and (202) plane orientation of CuO (JCPDS 80-1268). For Cu(NO;), material, the basic
crystals with 4 main peaks of CuO in as-synthesized sample were obviously occurred. After calcination,
the increase of intensity peak was obtained and XRD pattern is still identical to as-prepared precipitate
pattern. This result indicates that the crystallinity of CuO was enhanced by sufficient nucleation energy
from thermal treatment. For CuCl, material, the basic crystal of as-synthesized CuO was indistinctly
appeared but the presence of CuO peaks was stronger occurred after calcinations process. XRD results
suggest that the formation of CuO can be obtained by co-precipitation method. Good crystallinity of CuO
is received by Cu(NO;),, comparing to CuCl, precursor and the increase of crystallinity and its size can
be effectively achieved after annealing treatment. '
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Fig.1. XRD patters of CuO nanoparticles prepared from (a) Cu(NOs ), as-synthesized,
(b) Cu(NOs); after calcinations, (¢) CuCl, as-synthesized and (d) CuCl, after calcinations.

Meanwhile after-calcined sample started from CuCl, has a noticeable peak at 525 and 584 cm’
which are attributable to Cu~O stretching modes. All of samples have the absorption peaks in range of
1380-1640 cm™ that may be assigned to O-H bending vibrations combined with copper atoms [11]. Thus, -
FTIR result suggests that the formation of copper oxide compound is obtained after annealing process in
this method accompanying the presence of Cu-O bonds corresponding to Cu—O stretching modes.

Figure 3(a-d) are SEM images illustrating the morphologies of CuO-nanoparticles prepared with
different precursors via the precipitation method. As-prepared CuO precipitations using either Cu(NO; h
or CuCl, are in good dispersion and found to be short nanorod-like structure. After calcinations at 500
°C, product of Cu(NO; ), tends to agglomerate with increasing rod size meanwhile spherical particles
and clustered form were clearly occurred in the product prepared from CuCl, precursor.
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Fig.2. FTIR spectra for the (a). Cu(NO; ), as-synthesized, (b). Cu(NOs; ), after calcinations,
(c). CuCl, as-synthesized and (d). CuCl, after calcinations
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Abstract

pure ZnO and Cu - doped ZnO nancpowders (1, 2, 3, 4 and 5 wt% Cu) were synthesized by co-
precipitation method without further post-heat treatment. The as-synthesized powders were characterized
by X-ray diffraction (XRD), scanning electron microscope (SEM) and Raman spectroscopy. The XRD
results represented as-synthesized Cu-doped ZnO nanopowders in hexagonal wurtzite structure and SEM
images demonstrated the shape and size of as-prepared samples. In addition, Raman spectra confirm
space group of ZnO. All results indicated significant influence of Cu doping on relevant structural
properties of ZnO.
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1. Introduction

ZnO is an n-type semiconductor with wide energy band gap of 3.37 eV and high exciton binding
energy of 60 meV. ZnO oxide is one of most-widely used and versatile metal oxide semiconductor
materials because of its fascinating optical, chemical, physical, and electrical properties. Due to these
properties, ZnO is recognized as highly potential candidate for electronic and optoelectronic applications.
Meanwhile, there have been several reports focused on the effort to adjust the properties of ZnO by
doping with transition metal such as Al [1], Co [2], Ni [3],Cu [4-5]. Among promising dopants, Cu is
known as preferable dopant due to its advanced aitributes such as low toxicity and source abundance.
Recently, Cu-doped ZnO has shown singnificant improvement in relevant properties such as electrical,
magnetic, photocatalytic performance and gas sensing [4-7].

In this work, The syntheses of Cu-doped ZnO nanopowders using co-precipitation method using
zinc nitrate (Zn(NOs),.6H,0), copper(ll) nitrate trihydrate (Cu(NO;),.3 H,0) and sodium hydroxide as
starting precursors. The properties of as-synthesized Cu-doped ZnO nanopowders were throughly
investigated by XRD, SEM and Raman spectroscopy.

2. Experimental

Nanopowders of Cu-doped ZnO with 0, I, 2,3, 4 and 5 wt% Cu, have been synthesized via co-
precipitation method using zinc nitrate (Zn(NQ;),.6H,0), copper(Il) nitrate trihydrate (Cu(NO;),.3
H;0) and sodium hydroxide (NaOH) as starting materials. For preparation of Cu-doped ZnO
nanopowder , 0.5 M of zinc nitrate was dissolved in 100 ml deionized water and certain amount copper
(II) nitrate trihydrate was added according to doping condition in solution. NaOH solution was slowly
added into the precursor under vigorous stirring until pH of the solution reached to 14, leading to the
precipitated product. After that, as-precipitated products were washed several times with dionized water
and ethanol in the last step until they became neutral. F inally, the products were dried in oven at 80°C for
6h.

3. Result and Discussion

Figure 1 shows typical XRD patterns of the as-synthesized undoped and Cu-doped ZnO with
varying concentration of copper. The peak positions of all samples correspond to ZnO according to the
standard JCPDS card and is indexed as the hexagonal wurtzite. As seen in XRD patterns, the appearance
of additional CuO peak is observed in the doped samples with 4% and 5% Cu doping content.The peak
are negligibly very small, indicating ignorable change in ZnO crystal structure with Cu additive and the
mixture phase of ZnO and CuO at high Cu doping content.
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Fig. 1. X-ray diffraction patterns of as-synthesized ZnO nanopowder doped with (a) 0 wt% Cu,
(b) 1 wi% Cu, (¢) 2 wt% Cu, (d) 3 wt% Cu, (e) 4 wt% Cu, (f) 5 wt% Cu

Based on XRD results, the average crystallite size (D) can be calculated from the most intense
diffraction peak (101) using well-known Debye-Scherrer’s equation;

KA
pcosé

D=

(D

where D is the average crystallite size, x is the shape factor, A is the wavelength of incident x-ray beam ,
B is the full - width at the half maximum (FWHM) in radius on 20 scale and 4 is the Bragg’s
diffraction angle . The average crystallite sizes was found to be about 25-27 nm. The lattice constant for
hexagonal wurtzite ZnO nanopowders are estimated from equation ;

4 I
+—
3k +hk+k? 1a?) ¢

)

1
d*
where a and b are the lattice constant, A, k and / are the miller indices and d is the interplanar spacing.
Note that, the interplanar spacing can be calculated from Bragg’s low ;

2dsinf@=nA 3)

In addition, the micro-strain( & ) of samples are calculated by the following equation ;

Micro-strain (&) = @ “4)
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where ¢ is The micro-strain, B is the full — width at the half maximum (FWHM) in radius on 26 scale
and 6 is the Bragg’s diffraction angle. The micro-strain are found to be 0.0126-0.3145. The crystalline
size, lattice parameter and the micro - strain are presented in Table 1. Figure 2 illustrates the
morphologies of the as-synthesized undoped and Cu-doped ZnO nanopowders (@) 0 wt%, (b) 1 wt% ,
(¢) 2 wt% Cu, (d) 3 wt%, (e) 4 wt% , () 5 wt% respectively were examined with SEM. The typical
morphologies of sample in all concentration of Cu-doped are found to be in cluster form of hierarchical
structure with sharp tip or needle-like structure. The average size of the particles monitored by SEM is
less than 100 nm, that is in good accordance with XRD result. All SEM results suggest that shape and
size of ZnO nanostructures prepared by co-precipitation method highly depend on Cu additive.

Fig. 3 displays the Raman spectra of as-synthesized ZnO. The significant peak of the E, (High)
mode at 436 cm™' represents Wurtzite hexagonal structure of ZnO. Another observable spectra positioned
at 330, 380, 578 cm™! are attributable to Esu-EaL, A((TO) and A(LO) modes, respectively. Figure 4.
Shows Raman shift of as-synthesized Cu - doped ZnO nanopowder with varying concentration of copper.
For all doped samples, the main peak of the E, (High) mode at around 427 cm’! and another spectra
positioned at 318, 561 cm™ are attributable to Eau-EzL and A(LO) modes, respectively. It is observed as
the Cu doping concentration increases, intensities of spectra decrease and the A (TO) mode was vanished,
suggesting the deterioration of ZnO bonding changing upon the Cu doping. Note that, TO is transverse
optical phonon and LO is longitudinal optical phonon. A| and E, modes are polar phonon mode and split
into TO and LO and both A, and E| modes are Raman and IR active modes. The E, mode is a non-polar
phonon and active with Raman only, meanwhile B, mode is Raman and IR inactive mode[8].

Table 1. The crystalline size, lattice parameter and the micro — strain of as-synthesized Cu — doped ZnO
nanopowder

Lattice constant

Copper content (Wt%) = Crystalline size(nm) Micro-strain

a=b (4) c(A)
0 27.8096 2.8136 5.2040 0.00126
1 24.8495 2.8131 5.2042 0.00133
2 25.5704 2.8096 5.1972 0.00134
3 25.8490 28137 52039 0.00133
4 25.4491 2.8128 5.2030 0.00145
5 25.7474 2.8111 5.1991 0.00137
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Fig. 4 Raman shift of as-synthesize Cu - doped ZnO nanopowder with (a) 1 wt% , (b) 2 wt%,
(c) 3wt%, (d) 4 wt%, () 5 wt%

4. Conclusion

In summary, the as-synthesized ZnO and Cu-doped ZnO nanopowders have been successfully
prepared using co-precipitation method. The XRD results confirmed that the crystal structure of all as-
synthesized samples is hexagonal wurtzite with average crystallite sizes is approximately 25-27 nm
corresponding to interplanar spacing, lattice constant and micro-strain of as-synthesized powders. The
SEM results indicate that the shape and size of nanostructure. Raman peaks shift to ldwer frequencies due
to increase Cu doping content.
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Abstract. In this work, series of CuO/ZnO functional nanocomposites were synthesized through
co-precipitation method using CuCly-H,0 and ZnCl, as starting materials with various molar ratio of
copper:zinc, followed by annealing process at 600 °C for 2 hours to obtain Cu0O/ZnO
nanocomposites. The structures of the composites were analyzed using X-ray diffraction and field
emission scanning electron microscopy. For XRD result, diffraction peaks of the composites reveal
the well-crystalline characteristic indicating the mixture phase of CuO and ZnO. SEM results show
different morphologies of CuO, ZnO and Cu-Zn oxide hanocomposites appearing in.quasi spherical
structure.The composites were used for antifungal activity via agar disk diffusion method, It is found
that the composite with certain ratio of Cu:Zn exhibits superiority in partial inhibition of strain
AspergillusflavusTrichoderma comparing to either pure CuO or ZnO.

Introduction

At the present time, nanoparticles inward to the size range of 100 nm have attracted great interest
due to their rather high surface to volume ratio with unique morphologies, leading to practical

utilizations in various potential applications of science and technology. Among them, metal oxide

and fungal inhibition [1-4]. Copper oxide has been extensively utilized as antifungal agent
accompanying low cost, abundant resource, simple preparation [5].However, some fungi strain

comprehensively advertent owing to its fascinating properties sich as high exciton binding energy of
60 meV, strong chemical-thermal stability and most of all, its ablility for resisting microbial
activity[6].In consequence, the advantage of CuQ coupled with ZnO s easy
incorparation,improvement of antifungi properties and similar physical-chemical properties
comparing to other metal oxide materials[7]. Moreover, both material are rather cheap and

cnergy conversion applications, photocatalysis and gas-sensing have been recently reported [12-14].
Nevertheless, few literature has been so far focused on the study of antifungal properties of CuO-ZnO
nanocomposite. In this study, we reports antifungal property(Aspergillus flavus Trichoderma
agents)of CuO-ZnO nanocomposite synthesized by co-precipitation method with various molar ratio.

All rights reserved. No part of contents of this papermay be reproduced or transmitted in any form or by any means without the written permission of TIPR,
www.ttp.net. (ID: 125.25.160.210, College of Nanotechnology, Ban_gkok: Thailand-07/08/13,1.7:44:31) .
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Experimental procedure

Synthesis of CuQ/Zn0 hanocomposite

stirring. NaOH solution was slowly dropped under vigorous stirring until pH reached to 12 and kept
at room temperature for 2 h. The precipitated products were filtered and washed several times by
Wwater until pH reached to 7 and washed twice by absolute ethanol, then dried in an oven at 80 °C for
24 h. After that, the as-prepared precipitated powders were calcined at 600 °C for 4 h to obtain
powders of CuQ/ZnO nanocomposite.

Material characterization

The crystallinity and phase composition of the material were investigated using X-ray
diffractometer (X Pert PRO) with monochromatic source of Cu K, (A=0.15405 nm operating at 40
kV with a scan speed of 2s/step and recorded in the 26 range from 20° to 60°. Surface morphologies
of the composites were monitored by scanning electron microscope(ZEISSEVO-MA | 0) operated at
I5kV.

Antifungal activity

The fungi use in experiment in was Trichoderma Sp. were obtained from the Department of
Biology, Faculty of Science, King Mongkut
activities of CuO/Zn0O composites were estimated by agar disc diffusion method. Inhibition has been
measured after 3 days of incubation at 37 °C. All experiments were repeated three times and found the
arithmetic mean by measuring the diameter of fungal that showed the value in centimeters. Nutrient
agar slants that contain24 g ofpotato dextrose broth dissolved in 800 ml distiiled water under heating
and adding agar dissolved in 200 ml distilled water , then poured into petri-dish. All glassware and
nutrient used were sterilized in an autoclave 120 °C for 15 min.

Results and Discussion

10000 - oo : * CuO. .
9).Cu0/Zno 9:1

'&__MM
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Figures. 1 X-Ray diffraction patterns of a) pure CuQ, b) pure ZnQO, c-g) Cu-Zn oxide compounds
with various molar ratio of 1:9, 3:7, 5:5, 7:3 and 9:1 respectively.
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Table 1 Zone of partial repression of fungus growth using CuO, ZnO and Cu0Q/ZnO with different
molar ratio.

No. Material CuO/ZnO with various Average diameter of

molar ratio partial inhibition zone
1 CuO pure 3.35
2 ZnO pure small
3 composite 1:9 2.67
4 composite 3.7 2.70
5 composite 5:5 3.03
6 composite 7:3 4.35
7 composite 9:1 3.67

Fig. 3 shows the photograph of agar plate diffusion results after 3 days of incubation. As shown in
Fig. 3a, controlled condition using DI water indicated the absolute growth of fungi. Fig.3b presents
partial-inhibited zone of pure CuO, designating the diameter of inhibited fungus growth as 3.35 cm?
that is able to damage the partial area of fungal cell membrane. On contrary, as seen in Fig. 3c, it is
noticed that ZnO nanoparticles insignificantly inhibit the fungal growth. In the case of Cu0O/Zn0O
nanocomposite with various molar ratios, it is found that they partially inhibit fungus because of the
. high reproduction of spore. The regenerated spores result to the partial repression of Trichoderma sp.
growth. High efficiency of fungi inhibition using Cu0/Zno composite was obtained from the
composite with the ratio of Cu/Zn at 7:3 as shown in Fig. 3d. It is implied that the existence of ZnO in

CuO. Transition of electrons within CuO still occurs, while pure ZnO itself cannot be activated due to
its broad-band-gap that could be allude of the antifungal activity. It is conceived that electrons or
correlated functional groups is responsible to initiate the cell membrane damage of the fungal. In
such a case, the mechanism for antifungal activity charges transfer between the two semiconductor
materials is different for the composites that could be more effective than either CuO or ZnO. The
obtained results are summarized in Table. 1 and all the experiments were repeated three times with
the average value were presented.

Summary

A series of Cu-Zn oxide compounds with various molar ratios of copper and zinc were
successfully prepared via co-precipitation process. The obtained results were summarized as
followed: ' '

* Diffraction peaks of the composites are distinct, suggesting well-crystalline forming
between CuO and ZnO in the composites.

* SEM results revealed the morphologies of rod-like CuO and particulate ZnO and
quasi-spherical nanoparticles of Cu-Zn oxide composite.

® CuO/ZnO composite with Cu/Zn molar ratio of 7:3 repressed the optimum antifungal
activities against of all samples.
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Abstract

Cu-doped ZnO nanoparticles were synthesized by
co-precipitation method using zinc nitrate (Zn(NO;),-6H,0),
copper(Il) nitrate trihydrate (Cu(NO;),-3 H;0) as starting
precursors for Zn and Cu sources, respectively. The structural
" properties of powders were characterized by X-ray diffraction
(XRD), field-emission scanning electron microscopy (FESEM)
and X-ray Photoelectron Spectroscopy (XPS). The XRD
results disclose that Cu-doped ZnO nanopowders are in
hexagonal wurtzite structure and their crystallinities are
deteriorated with increasing Cu doping content. Meanwhile,
XPS results indicate the existence of Cu ion with relevant
electronic state in ZnO. Optical properties of the samples were
investigated by mean of their absorption and the results suggest
that Cu additive has significant effects on their crucial optical
properties that can be tuned to.meet the requirement for
practical solar energy harvesting applications such as sun-light
photocatalyst and photovoltaic devices.

KEYWORDS : Cu-doping, ZnO, co-precipitation
Introduction

Recently, research and development of new-material that can
perform multi-functionality in the form of alloys, composites
or compound have been proposed. Due to its has direct wide
band gap (3.37 €V) and large exciton binding.energy ( 60 mV)
at room temperature, ZnO has attracted much attention because
of particular optical, chemical, physical, and electrical
properties. ZnO has been synthesized in form of various types
of attractive nanostructures such as nanoparticle, nanorod,
nanoneedle, nanosphere and so on. Because of its versatility,
ZnO as one of multipurpose semiconductor has widely been
utilized for various applications such as blend solar cell [1], gas
sensor [2-3], photodetector [4-5], and photocatalytic activity
[6]. Doping ZnO with transition metal element such as Ni [7],
Co [8], Al [9],Cu [10-13] has been verified as an effective
method to adjust its functionality including electrical and
optical properties. More recently, Cu-doped ZnO has shown
singnificant improvement in relevant properties such as
electrical, magnetic, photocatalytic performance and gas
sensing properties [10-13].

978-1-4673-4842-3/13/$31.00 ©)2013 IEEE

In this work, The synthesis of high-quality Cu-doped
ZnO nanoparticles via co-precipitation method using zinc
nittate  (Zn(NOs),.6H,0), copper(Il) nitrate trihydrate
(Cu(NO3),.3 H,0) and sodium hydroxide as starting precursors.
The properties of annealed Cu-doped ZnO nanoparticles were
investigated by XRD, FESEM ,XPS and UV-Vis
spectroscopy. ’

Experiment

Nanoparticles of Cu-doped ZnO with various doping
contents; x (x=0-0.10) have been  synthesized via
co-precipitation method using zinc nitrate (Zn(NOs),.6H,0)
and copper(II) nitrate trihydrate (Cu(NOs),.3 H,0) as starting
precursor sources of Zn and Cu, respectively. Preparation of
Cu-doped ZnO nanopowders is briefly described. Zinc nitrate
was dissolved in 100 ml deionized water to obtain 0.5 M
precursor and certain amount copper (II) nitrate trihydrate was
added according to doping condition in solution. NaOH
solution was slowly added into the precursor under vigorous
stirring until pH of the solution reached to 14, leading to the
precipitated product. After that, as-precipitated products were
washed several times with deionized water and ethanol in the
last step until its pH became to 7. The products were dried in
oven at 80°C for 6 hr. At last, the products were annealed at 550

- °C for 2 hr in an ambient air to finally obtain the ZnO -and

Cu-doped ZnO nanoparticles.
Result and discussion

Field-emission scanning electron microscopy (FESEM) was
used to investigate the morphorogy, shape and size of
Cu-doped ZnO nanoparticles. Fig.l shows a image of
Zng94CuyosO nanoparticles that possess homogeneity and
uniform distribution. The morphology of Cu-doped ZnO
nanopowder is found to be in spheroid-like with average grain
size of 30 nm. The crystalline structure and phase purity of
Cu-doped ZnO nanopowders with x=0, 0,02, 0.06, 0.08 and
0.10 were examined by the X-ray diffraction (XRD) and the
corresponding results are illustrated in Fig. 2. All diffraction
peaks position are nicely indexed to (100), (002), (101), (102)
and (110) orientation planes, confirming the formation of the
typical hexagonal wurtzite structure of ZnO according to the
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Fig. 4 UV-Visible absorption spectra of Cu-doped ZnO (x=0,
0.02, 0.06 , 0.08 ,0.10) nanoparticle annealed at 550 °C.

X-ray Photoelectron Spectroscopy (XPS) spectrum was
employed to characterize the oxidation state of Cu-doped ZnO.
The survey XPS spectrum of the nanoparticle with x=0.08 is
displayed in Fig. 3. All indexed peaks can be specified to G0,
Cuand Zn .The two main peaks detected at the binding energy
position at 1201.1 eV and 1044.2 eV correspond to the Zn
2py and Zn 2py;; respectively . Fig.3 (inset) shows the Cu 2p
core-level XPS spectrum of Cu-doped ZnO nanoparticle. The
Cu 2p;; and Cu 2p;, spectra are observed at binding energy
of 932.1 eV and 951.9 eV , respectively, confirming the
existence of Cu in the ZnO nanoparticle. The peaks at binding
energy 0f932.1 is typically assigned to Cu?* and the 2p; peak
of Cu®in Cu,0 appeared at 932.7 eV f15].

Fig 4. illustrates UV-visible absorption spectra of Cu-doped
ZnO with various Cu doping compositions in range of 300-600
nm. The absorption peak position of the samples for x=0, 0.02,
0.06, 0.08 and 0.10 were found to be at 381, 369, 381, 383
and 387 nm, respectively. ZnO is generally an n-type
semiconductor with wide band gap of 3.3 eV corresponding to
wavelength of about 370 nm in UV region. The absorption
peak position of sample is noticeably increased as Cu doping
concentration increases. The feature implies the decrease in
optical band gap of ZnO with increasing in Cu doping content.
Furthurmore, the absorption spectra of.doped sample exhibits
the increase in its absorption intensity and extension into longer
wavelength. It is suggested that, by doping ZnO with Cu, its
optical absorption can be enhanced, that is the requirement for
solar energy harvesting applications.

Conclusions

In summary, Cu-doped ZnO nanoparicles (x=0, 0.02, 0.06,
0.08, 0.10) nanopowders have been successfully prepared
using co-precipitation method in combination with annealing
process. The XRD results confirmed that the crystal structure
of Cu-doped ZnO nanoparicles is hexagonal  wurtzite
structure. The appearance of additional CuO peak is observed
in the doped samples with high doping content. The
morphology of the sample is found to be in spheroid-like with
average grain size about 30 nm. XPS results indicate the
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existence and chemical state. of C, O, Cu and Zn. The
absorption peak position of sample is noticeably increased as
Cu doping concentration increases. The feature implies the
decrease in optical band gap of ZnO with increasing in Cu
doping content. These alternation in its optical properties,
especially the optical absorption enhancement suggests the
potential utilization of this material in solar energy harvesting
applications.
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Abstract— ZnO:Cu nanoparticles were synthesized via co-precipitation method using ZnCly and CuCly-2H,0 as starting
materials with varying the content of copper into ZnO (0,05, 1,5 and 10 at% Cu) followed by annealing process at 500 °C
Jor 2 h. The structure and chemical compositions of the as-prepared samples were analyzed by X-ray diffraction (XRD) and
scanning electron microscopy (SEM). The prepared samples were applied as working electrode of dye-synthesized solar cell
(DSSC). DSSC was fabricated with the sandwich of ZnO:Cu layer and platinum electrode on FTO substrate. DSSC efficiency
was measured by current-voltage technique under illumination and dark condition.. Comparing to the device using pure
Zn0, the results reveal that the photocurrent and conversion efficiency of DSSC can be enhanced by the incorporation of Cu.
The optimized condition of Cu loading in ZnO is 1 %, providing the maximum short-circuit photocurrent (J,) and energy
conversion efficiency () of 0.57 mA/cm’® and 0.42 26, respectively. .

Keywords— ZnO:Cu nanoparticles, Dye-sensitized solar cell, Co-precipitation method
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1. INTRODUCTION

Zinc oxide (ZnO) is one of important n-type
semiconductor metal oxide materials with wide directband
gap, large exciton binding energy of 60 meV at room
temperature. It has attracted increasing attentions due to
its exceptional physical properties that can be practically
applied in various fields such as catalysts, varistor device,
antimicrobial activity, piezoelectric transducers, gas
sensor, and solar cells [1-6]. However, in order to obtain
ZnO nanoparticles with appropriate chemical, electrical
and optical properties, purity and particle size that
strongly "depends on synthesized processes is important
aspects to be concerned with.. Up to now, different shapes
of ZnO powders including dumbbell-like [7], flower-like
[8], nanowire [9], and nanorod [10] and so forth, have
been prepared via different synthesis method or under
different preparation conditions. Different routes such as
thermal oxidation [11], sonochemical [12], combustion
[13] and co-precipitation have been utilized for preparing
ZnO powders with fascinating low-dimensional structure,
Among these processes, precipitation method is a facile
way which attracts considerable interest in industries
because of its low temperature process, inexpensive and
cost-effective approach for large scale production. Based
on these facts precipitation method is one of regarded and
promising methods for the syntheses of ZnO powders
[14].

Dye-sensitized solar cells (DSSCs) have recently
attracted great interest due to their likely potential for high
efficiency and low production cost. Conventional
photoanode materials in DSSC electrodes are based on
TiO, [15], ZnO [16] or SnO,[17]. Among them, ZnO is
an attractive electrode - material due to its large
energy band gap (3.37eV) and high electron mobility
that are similar to TiO,. In order to improve the DSSC
efficiency, many researches have reported on the
enhancement of  ZnO efficiency by doping with
various metal dopants such as Sn [18], Al [I9], Cu
[20] and more. Metal coupling method is the -effective
procedure to enhance the electrochemical performance
of ZnO due to grain size modification, orientation and
conductivity. High potential of ZnO may be received
pspecially the cooperation of metal dopant with ZnO
nanostructures. Cu can be considered as one proper
dopant for improving the electrical and optical
properties of ZnO since the influence of Cu loading
tould significantly modify the electrical conductivity of
ZnO with conduction band edge that can retard the back
ransfer of electrons from the photoanode to the
lectrolytes or the dye [21]. Regarding to previous studies,
nO nanorod has attracted valuable attention for
hotoanode due to its favourable properties such as
lectron mobility and ease of fabrication [19] and large
urface area for dye absorption. Therefore, it is expected
nat  nanorod-like structure is able to provide large
ye adsorption amount leading to the increase of
)SSC efficiency. The aim of this study is focused on the
ffect of copper loading into ZnO nanopowders
ynthesized via precipitation and evaluate its efficiency by
leir utilization as modified working electrode in DSSC.
is believed that Cu loading in ZnO can significantly

enhance crucial properties of ZnO. The effect of Cu
concentration on the morphologies, crystallinity and solar
cell performance of the as-prepared samples have been
examined in detail.

2. EXPERIMENTAL PROCEDURE
2.1 Material preparation

In typical procedure to synthesize a series of
materials, ZnO:Cu with 0, 0.5, 1, 5 and 10 at% of Cu
loading were synthesized by co-precipitation method
using ZnCl, and CuCl,22H,0 as starting materials. The
reagents were analytical grade and were used without
further purification. The constituents of precursor
materials with desired proportion were dissolved in
distilled water and carefully mixed. Aqueous sodium
hydroxide (NaOH) was slowly added to the solution to
control pH of the solution within the range of 12-13 and
was kept at room temperature for 2 h. The precipitated
products were filtered and washed several times by
deionized water until pH reached to 7 and washed twice
by absolute ethanol, then dried in an oven at 80 °C for 24
h. The resulting precipitates were collected and annealed
at 500 °C for 2 h. Finally, after-calcined powders of
ZnO:Cu by varying the content of copper were obtained.

2.2 DSSC fabrication

Fluorine doped indium oxide (FTO) (2.0 cm x1.5
cm) substrates were first cleaned in a detergent solution
using an ultrasonic bath for 15 min and  were
ultrasonically cleaned in DI-water, acetone and isopropyl
alcohol for each 15 min followed by dring at 80°C in an
oven. Typically, a mixture of ZnO or ZnO:Cu (0.1 g)
powder, ethanol 99% (0.5 ml), DI-water (0.5 ml) and one
drop of triton-X acid were put into solution and then
spread on their surface of FTO substrate by doctor-blade
technique. The films were annealed at 500°C for 2 h to
remove the binder then immersed into N719 dye solution
(0.1 mM) overnight at room temperature. Finally, the
modified working electrodes were obtained. The counter
electrode was Pt layer that was deposited on a FTO glass
substrate. DSSC structure was assembled in sandwich
structure using both electrodes and poly-para film as a
spacer. Liquid electrolyte containing 0.1 M Lil, 0.1 M I,
0.5 M 4-tertbutylpyridine and 0.6 M tetrabutylammonium
iodide in acetonitrile solvent was filled in the device for
the last process.

2.3 Material characterization

The crystallinities and phase composition of the
materials were investigated using X-ray diffractometer
(X> Pert PRO) with monochromatic source of Cu Ka
(4=0.15405 nm) operating at 40 kV with a scan speed of
2s/step and recorded in the 26 range from 20° to 80°.
Surface morphology was carried out by (JSM 6510,
JEOL, Japan ) scanning electron microscope operated at
20 kV. Photocurrent measurements were carried out using
a solarsimulator (XES-1518, San Ej, Japan) under AM 1.5
G condition.
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Table.1. Device characteristics of DSSCs based on ZnO by
varying the doping content of the Cu.

8000—3 Zn Elmt Spect. Element Atomic Compound Nos.
3 o Type % % % ions Sample Open Short Fill Energy
‘mo_i Sk BB pes a7l w0 o ZnO:Cu (%) circuit circuit ~ factor conveh;rsion
0 19.71 50.00 1.00 voltage,V,.  current, (FF) efficiency
EH : V) Lo )
2000—; z (mA/cm )
e Pure ZnO 0.51 1.73 0.39 0.34
odl ¥ LJ\ . A b R : 99.5:0.5% 043 0.74 0.43 0.14
¢ 5 © eneraen 9 1 % 0.57 1.96 0.37 042
95 5 % 0.50 041 0.46 0.09
90 :10% 0.37 0.62 0.50 0.12.

Fig.4. The EDS spectrum of the synthesized ZnO:Cu at 10%
of Cu

Fig. 4 shows the EDS distribution of elements for
ZnO:Cu powder with 10 % Cu. The presence of the
compounds between ZnO and CuO in the ratio was found
at 90 % and 10 %, respectively. The EDS spectrum shows
a good accordance to XRD that indicates the formation of
CuO phase at this condition.

The photocurrent—voltage curves of DSSC based on
modified ZnO working electrode by varying Cu loading
are illustrated in Fig. Swhile the photovoltaic values of
these DSSCs are summarized in Table 1. The cell
performance of the device using ZnO:Cu with certain Cu
loading content is found to be higher than that of pure
ZnO. It is observed the increase of photocurrent was
occurred by the incorporation of Cu in ZnO due to the
decreasing recombination rate of photo-generated carriers.
The optimization of DSSC efficiency with short circuit
current density of J,. =1.96 mA/cm®, an open circuit
voltage of V,. = 0.57 V, a fill factor (FF) = 0.37 and
power conversion efficiency (1) =0.42% is obtained from
the device using ZnO:Cu at 1% Cu. The improvement of
DSSC efficiency was obtained owing to the effect of light
scattering, electron pathway concept [23-24]. Meanwhile,
unification of 1D nanostructure and nanoparticle is also
one of key parameter for increasing the performance of
DSSC [25]. Moreover, the cell performance tends to
decrease with increasing Cu doping content. This
inferiority may be related to the mixture of CuO and ZnO
phases of the samples that can hinder or resist the charge

transfer of the device.

2,00

Zn0

Zn0:Cu 99.5 : 0.5%
ZnO:Cu99 :1 %
——-Zn0O:Cu 95 :5 %
ZnO:Cu90 :10 %

1.75 1

1.50 4

1.25

1.00

0.50 4

0.25 4

0.00

Voltage (V)

“ig.5. Photocurrent density—voltage characteristics of DSSC,

4. CONCLUSION

In summary, pure ZnO and ZnO:Cu nanoparticles have
been successfully synthesized via co-precipitation
methods with varying the loading content of Copper. The
prepared samples were utilized to modify a working
electrode of DSSC. The obtained results exhibited that the
device with modified electrode provided significant
improvement in the current density and efficiency. The
morphologies of pure ZnO nanoparticle can be drastically
changed to be nanorod-like by the specific incorporation
of Cu. The experimental results indicate that one-
dimensional nanostructure for DSSC is beneficial to solar
cell performance due to a reduction in electron transport
resistance. The DSSC based on ZnO with 1.0% Cu
loading exhibits the highest observed efficiency of 0.42 %
and short circuit current (J;.) of 0.57 mA/cm?
respectively.
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Abstract: ZnO 'nanopowder.s were prepared by precipitation method using three different
precursors and Sodium Hydroxide (NaOH) in deionized water. The different precursors are
zinc chloride (ZnCly), zinc acetate (Zn(CH3C0O0),.2H;0) and zinc nitrate (Zn(NO3),.6H,0).
The as-synthesized products were characterized by X-ray diffraction (XRD), scanning
electron microscope (SEM) , UV-VIS absorption spectroscopy and Raman spectroscopy.
The XRD results indicated that high purity ZnO nanopowders with hexagonal wurtzite can be
synthesized by one-step process without further post-annealing. SEM images indicate that the
shape and size of ZnO nanostructure are highly dependent on the starting precursor.
Absorption spectra of as-obtained powders indicate the typical absorption characteristic of
ZnO and the variation in their intensity with different precursors. Raman spectra of all

samples strongly assure the existence of the corresponded space group of ZnO.

Introduction: Zinc oxide (ZnO) is one of important and versatile semiconductor because of
its exceptional optical, chemical, physical, and electrical properties. Based on literatures,
Zn0 can be synthesized in form of various types of fascinating nanostructures such as
nanoparticle, nanorod, nanoneedle, nanosphere and so on. ZnO is an n-type semiconductor
with wide energy band gap of 3.37 eV and high exciton binding energy of 60 meV. Owing
to these properties, ZnO is proven as great potential candidate in electronic and
optoelectronic  applications such as blend solar cell [1], gas sensor [2-3], photodetectors

[4-5], etc. Up to now, there are several methods to synthesize ZnO nanopowders such as

© 38™ Congress on Science and Technology of Thailand (Full paper)
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combustion [6], precipitation[7], solvothermal method [ 8], microwave-assisted method [9].
Among them, the precipitation method is one of versatile process to prepare various types of
nanomaterials due to considerable advantages including simplicity, cost-effectiveness and
high yield. In this work, the syntheses of ZnO nanopowders via precipitation method from
different precursors are zinc chloride (ZnCly), zinc acetate (Zn(CH;3C00),.2H,0) and zinc
nitrate (Zn(NO3),.6H,0) are reported. The relevant properties of as-synthesized ZnO
nanopowders are investigated by XRD, SEM, UV-VIS absorption spectroscopy and Raman

spectroscopy.

Methodology: Nanopowders of ZnO were synthesized via precipitation method using
zinc chloride (ZnCly), zinc acetate (Zn(CH3C00),.2H,0), zinc nitrate (Zn(NOs),.6H,0). For
each synthesis, 0.5 M of starting precursor was prepared by dissolving certain amount of
starting material in 100 ml deionized water NaOH solution was slowly added into solution
under vigorous stirring until pH of the solution reached to 14 resulting to the intermediate
precipitated product. As-precipitated samples were washed using deionized water and
ethanol in the last step until their pH became 7. F inally, the products were dried in oven at

80°C for 6 hour.

Results, Discussion and Conclusion:
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Figure 1. XRD patterns of as-synthesized ZnQ nanopowders prepared from (a) zinc

chloride , (b) zinc nitrate and (c) zinc acetate.
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Figure 3. Raman spectra of as-synthesized ZnO nanopowder prepared from (a) zinc

chloride (b) zinc nitrate (c) zinc acetate.

The morphologies of the as-synthesized powders using zinc acetate, zinc chloride and
ziﬁc nitrate as starting precursor via precipitation route were examined with SEM, and their
corresponding images are shown in Figure. 2(a), (b) and (c), respectively. The surface
morphology of sample prepared from zinc acetate is in form of fine nanoparticles without
distinct shape. The average size of the particles monitored by SEM is less than 100 nm, that
is in good accordance with XRD result. Meanwhile, the typical morphologies of the samples
prepared from zinc chloride and zinc nitrate as seen in Figure 2. (b) and (c) are found to be in
cluster forms of hierarchical structure with sharp tip or needle-like structure. After careful
observation, it is notified that distinguished formation of the clusters with uniform needle
structure is obviously noticed in the samﬁle prepared from zinc nitrate. All SEM results
suggest that shape and size of ZnO nanostructures prepared by precipitation method are
highly influenced by starting precursor. The possible mechanisms responsible for the
formation and crystallization of ZnO with different shape and structure during precipitation
process using different starting precursors are in further study.

Figure 3.(a), (b) and (c) display the Raman spectra of as-synthesized ZnO
nanopowders using zinc chloride, zinc nitrate and zinc acetate as starting precursor,
respectively. It is seen that all noticeable Raman spectra correspond to ZnO. The main peak
of the Ex(High) mode at 437 cm™ represents Waurtzite hexagonal structure of ZnO. [10]
Another observable spectra positioned at 335, 380 ,580 cm™ are attributable to Eou-Ear,
A(TO) and A(LO) modes are, respectively. Note that, TO is transverse optical phonon and

© 38" Congress on Science and Technology of Thailand (Full paper)



LO is longitudinal optical phonon. A; and E; modes are polar phonon and split into TO and
LO and both A; and E; modes are Raman and IR active modes [11]. E; mode is non-polar
phonon active with Raman only meanwhile B; mode is Raman and IR inactive mode.

Figure 4. shows UV-visible absorption spectra of ZnO nanopdwders synthesized via
difference precursors carried out using UV-visible spectrometer in range of 300-600 nm. The
absorption peak positions of ZnO samples prepared from zinc nitrate, zinc chloride and zinc
acetate were found to be at 367 , 364 and 365 nm, respectively. These absorption spectra in
this UV range are a typical absorption of ZnO. ZnO is generally an n-type semiconductor
with wide band gap of 3.3 eV corresponding to wavelength of about 370 nm. Impinged light
with wavelength shorter than 370 nm has enough photon energy to excite an electron of ZnO
from valence to conduction band reflecting the strong absorption in this region. The optical
absorption spectra of the samples can lead to the corresponding optical band gaps as listed in

Table 1, accompanying their average grain sized calculated from XRD results.

Absorbance(a.u.)

T T T M T T T v 1
350 400 450 500 550 600
Wavelength(nm)

Figure 4. Optical Absorption of as-synthesized ZnO nanopowder prepared from

(a) zinc chloride (b) zinc acetate (c) zinc nitrate

Table 1. Average grain size and optical band gap of as-synthesized ZnO nanopowders

prepared by different precursors.

Precursor * Grain size (nm) _ Eg(eV)
Zinc Acetate 30.76 3.39
Zinc Nitrate 32.17 3.37
Zinc Chloride 28.03 . 3.40

© 38™ Congress on Science and Technology of Thailand (Full paper)



In summary, ZnO nanopowders were successfully synthesized by one-step
precipitation method from three difference precursors. XRD analyses confirmed that the
crystal structure of all as-synthesized samples is hexagonal wurtzite with average grain size
of 30 nm. The surface morphologies of the samples monitored by SEM indicate that the
starting precursor has significant influence on its morphology, size and shape. In addition,
Raman spectra and absorption spectra of as-prepared samples strongly affirm the high purity

Zn0O with good optical property.
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Abstract

A series of Cu-Zn oxide corapounds were prepared via co-precipitation process using copper chloride
" (CuCl,"2H,0) and zinc chloride (ZnCl,"2H,0) as starting precursors. The compounds were synthesized
with various molar ratio of copper-zinc (1:9, 3:7, 5:5, 7:3, 9:1 ) combination with annealing at 600 °C
for 2 h. As-synthesized samples were characterized by X-ray diffraction (XRD),transmission electron

microscope(TEM), scanning electron microscope (SEM) and Fourier transform infrared (FTIR)
spectroscopy. For XRD results, diffraction peaks of the compounds are well-defined and reveal the
well-crystalline characteristic of the samples. TEM and SEM results show different morphologies of
CuO, ZnO and Cu-Zn oxide compounds appearing in rod, fiower and quasi spherical shapes,
respectively.. The presence of functional groups and chemical bonding of the compounds is affirmed
by FTIR results. FTIR results additionally indicate the existence of mixture phases of ZnO and CuO in
the compounds which were obtained by facile precipitation process.

Keywords: copper oxide, zinc oxide, precipitation process, compounds

Introduction

Metal oxide semiconductors are materials that
atfract great attention because of their excellent
physical properties for example, electricity and
magnetism and optics. In this regard, copper oxide
(CuO) material, in particular in form of low
dimensional nanostructure has been extensively
studied because of its narrow band gap 1.2 eV and
feasibility in various applications such as catalysis
. [1], antimicrobial activity 2] , solar energy
conversion [3] and gas sensor [4]. Meanwhile, zinc
oxide (ZnO) is in great interest for practical
applications owing to its fascinating properties
including wide direct band gap of 3.37 eV with high
exciton binding energy of 60 meV and strong
chemical-thermal stability [5]. Because of prominent
properties, ZnO can be used in various fields of
applications such as sensor [6], varistor [7] and
electrical device [8]. Moreover, both semiconductor
materials are rather cheap, environmental friendly and
similar physical-chemical properties comparing to
-other metal oxide materials, Up-to now, various
structures with exceptional - morphologies * of these
compounds can be obtained by’ different preparation
methods, for example, solid state reaction method,

218

wet impregnation method, sol-gel based method and
precipitation method. For large

scale production, the precipitation process is highly
considered because of simple and low-cost process,
safe system, environmental friendly, low temperature
process and decreased time of production [9-12].
Nevertheless, few researches have been found
regarding to the synthesis of the Cu-Zn oxide low-
dimension nanostructure compounds.

The main objective of this work is to synthesize
copper-zinc oxide compound via precipitation process
and investigate the effect of the Cu:Zn ratio on
structural properties of the compounds. The as-
synthesized samples were extensively characterized
by transmission electron microscopy, X-ray
diffractometer, Fourier transform infrared
spectroscopy and scanning electron microscopy.

Materials and Methods

In typical procedure to synthesize a series of

. material, copper chloride (CuCly2H,0) and zinc.

chloride (ZnCl,-2H,0) were used as precursors of
Cu and Zn sources, respectively. Cu-Zn oxide were
prepared with various molar ratio of Cu:Zn as
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dehydration at high temperature. Thus, FTIR result
_suggests that the good formatgn of this Cu-Zn oxide
compound can be obtainéglby this precipitation
process and post thermal Meatment at moderate
temperature [14-15].

Conclusions

A series of Cu-Zn oxide compounds with
various molar ratios of copper and zinc have been
successfully prepared via co-precipitation process.
Diffraction peaks of the compounds samples are
distinct resulting to well-crystalline forming between
CuO and ZnO in the compound. SEM and TEM
results revealed that spherical structure of Cu-Zn
oxide compounds is obtained that different from the
morphology of rod-like CuO and flower-like ZnO due
to the agglomeration during the process and optimized
annealing temperature. Chemical bonding results
additionally indicate the existence of mixture phases
0of ZnO and CuO.

Acknowledginents

This work has been finaricially supported by the
National ~Nanotechnology ~Center (NANOTEC),
NSTDA, Ministry of Science and . Technology
Thailand, through its program of Center of Excellence
.Network. This work has been also partially supported
by Nation Research Council of Thailand (NRCT).
Authors would like to express deep thank to
Rajamangala University of Technology " Thanyaburi
(RMUTT) for XRD measurement.

References

1. J. Cao, Y. Wang, T. Ma, Y. Liu and Z.Yuan,
“Synthesis of porous hematite nanorods loaded
with CuO nanocrystals as catalysts for CO
oxidation” Journal of Natural Gas Chemistry, 20
(2011) 669-676. .

M. S. Hassan , T. Amna , O. Yang , M. H. El-
Newehy , S. S. Al-Deyab and M.S. Khil, “Smart
copper  oxide -nancerystals:  Synthesis,
characterization, - electrochemical and potent
antibacterial activity” Colloids and Surfaces B:
Biointerfaces, 97 (2012) 21— 206.

J. Kaneshiro, N. Gaillard, R. Rocheleau and E.
Miller, “Advances in copper-chalcopyrite thin
films for solar energy conversion” Solar Energy
Materials & Solar Cells, 94 (2009) 12-16.

D. H. Yoon, J. H. Yu and G. M. ChdiR, “CO gas
sensing properties of ZnO—CuO composite”
Sensors and Actuators B, 46 (1998) 15-23:-
S.Singhal, J.Kaur, T.Namgyal and R.Sharma,
“Cu-doped ZnO _nanoparticles: _Synthesis,
structural and electrical properties” Physica B,
407 (2012) 1223-1226.

CM. Changa, 'MH. Hona and IC. Leu,
“Preparation of ZnO nanorod arrays with

221

11.

14.

Siam Physics Congress SPC2013

Thai Physics Society on the Road to ASEAN Community 21-23 March 2013

tailored defect-related . characterisites and their
effect on the ethanol gas sensing performance™
Sensors and Actuators B ,151 (2010) 15-20.

J. Li, G. Chenn and Ch.Yuan, “Microstructure
and electrical properties of rare-earth doped
ZnO-based” Ceramics International, 39 (2013)
2231-22317.

L. Cheng, LY. Zheng, L. Meng, G.R. Li,Y. Gu,
F.P.Zhang , R.Q. Chu and Zh.J. Xu, “Electrical
properties of AI203-doped ZnO varistors
prepared by sol-gel process for device
miniaturization” Ceramics International ,38S
(2012) S457-S461.

C.C. Vidyasagar, Y. A. Naik, T.G. Venkatesh
and R. Viswanatha, “Solid-state synthesis and
effect of temperature on optical properties of
Cu-ZnO, Cu-CdO and CuO nanoparticles”
Powder Technology, 214 (2011) 337-343.

. P. Sathishkumara, R. Sweenaa, J.J. Wub and S.

Anandan, “Synthesis of CuO-ZnO nano-
photocatalyst for  visible light assisted
degradation of a textile dye in aqueous solution”
Chemical Engineering Journal, 17% (2011) 136—
140.

A. Nalbant, O. Ertek and 1. Okur, “Producing
CuO and ZnO composite thin films using. the
spin coating method on microscope glasses”
Materials Science :and Engineering B, 178
(2013) 368—374.

. L. He, H. Cheng, G. Liang, Y. Yu and-F. Zhao,

“Effect of structure of Cu€/ZnOYAIRO3
composites on catalytic performance for
hydrogenation of fatty acid ester” Applied.
Catalysis A: General, 452 (2013) 88— 93.

.R. Wua, Z. Maa, Z. Gua and Y. Yanga,

“Preparation and characterization of Cu®
nanoparticles with different morphology through
a simple quick-precipitation method' in DMAC~
water mixed solvent” Journal of* Alloys and
Compounds 504 (2010) 45-49.

M. Y. Ghotbi , N. Bagheri and SK.
Sadrnezhaad, “Nanoctystalling: copper doped
zinc oxide produced frem: copper doped “zine
hydroxide nitrate” as a layered precutsor™
Advanced Powder Technology, 23(2012) 279-°
283.

. D.P. Dubal, D.S. Dhawale, R.R. Salunkhe, V.S;

Jamdade and C.D. Lokhande, “Fabrication of
copper oxide multilayer nanosheets for
supercapacitor application” Journal of Alloys
and Compounds; 492 (2010), 26-30.





