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ABSTRACT

Cobalt doped zinc oxide nanoparticles were prepared through simple chemical precipitation method. X-ray
diffraction studies confirm the prepared particles are in Wurtzte structure. Scanning Electron Microscopy and TEM
studies show the shape and morphology of the particles. To identify the presence of cobalt in ZnO, XRD and FTIR
studies were done. A thermal property of undoped and doped ZnO were studied by TGA &DTA analysis. Optical
absorption measurements confirm the presence of exciton peak at 341 nm. Photoluminescence studies were done
with the excitation wavelength of 395 nm.
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INTRODUCTION

Nanoscience and technology needs new materialshwhit be useful to make new class of nanodevicBs (
Semiconductor, metallic nanoclusters and carboredamnostructures are the materials gained moezesis.

Among these, Semiconductor nanoparticles obtainea nmportance because of its exciting optical progs like

size dependent absorption and emission propegie3)( These novel physical and chemical propextiegh are

essential for nano electronics (4), biological (&hd catalytic applications. These applicationveadrscientific

community to probe its electronic structure througiciton dynamics. Zinc oxide (ZnO) is a Il -VI gm

semiconductor with Wurtzite crystal structure aedirand wide band gap of 3.37eV, a large excitadibg energy

(60meV) and high optical gain at room temperat@e) Wurtzite ZnO has been widely used to demaitsstr
numerous applications including field effect tratsi (9) optical device (10), dye-sensitized soklf (11) and solid

state gas sensor (12, 13).

Currently, modification of ZnO properties by impies/ dopant incorporation has become a hot tapéping ions
in ZnO will make scientists to tailor its opticalectrical and magnetic properties through alteitagelectronic
structure (14).

There are some reports on the effect of doping afous transition metals on the structural and tetsd
conductivity of ZnO prepared by several methods-13k Owing to the importance of metal doped ZnO
nanoparticles, we prepared Co doped ZnO througliplsithemical precipitation method where we altetteel
doping concentration of Co and studied the opfitaitoluminescence properties of these nanostrigture
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EXPERIMENTAL SECTION

2.1. Chemicals

Zinc acetate, Zn (C#£0O0),. 2H,0, cobalt acetate, and polyvinylpyrrolidone (PVP M¥000) used in this study
were received from Aldrich, USA and all other cheats and solvents used were obtained from commesmiaices
with high purity analytical grade reagent. Doubigtiled (DI) water was used for the preparatiorabbreagents.

2.2 Synthesis of ZnO: Co* nanoparticles

ZnO nanoparticles doped with €q0.5-2.5 %) ions were prepared by simple chehgicecipitation method. The
reactants were zinc acetate, cobalt acetate, alydipg pyrolidone (PVP mw4000) which are all of aytical
purity. Ultra pure deionized water and ethanol @quolume) were used as the reaction medium. Igpécdl
procedure, ethanol —water mixture solution of 1000M0.2M Zinc acetate and different concentratafncobalt
acetate in 25 ml water were added by constanirgirsing magnetic stirrer. A selected concentratibPVP (1g)
was added to the precursor solution, followed byddition of 0.2M NaOH drop by drop to form the @pitate.
The precipitate was washed with water and ethamaddveral times and dried in oven for 2hrs at’@20

2.3 Apparatus

The XRD patterns of the powdered samples were decbusing X PERT-PRO diffractometer with a Ca K
radiation £=1.5406 A). The crystallite size was estimated using the y@eBcherer equation of the major XRD
peak. The size and morphology of the nanopartielr® studied using SEM (HITACHI model S-3000H), ar&M
(PHILIPS-CM 200; 20-200 kv) microscopes. All sangpleere prepared by Drop Cost Method using carbertedo
copper grid. The UV spectra of all the sampleseiodized water were recorded using UV-1650PC SHIMAD
spectrometer. Fluorescence measurement was pedasme RF-5301PC spectrophotometer. Emission (880-6
nm) spectra were recorded under the different atigit wavelength at room temperature. The FT-IRBpevere
obtained on an AVATOR 360 spectrometer using KBlepéechnique. Thermo gravimetric and differenttarmal
analysis (TG-DTA) was carried out with SDT Q 60@B8rmometer in air atmosphere.

RESULTSAND DISCUSSION

3.1XRD
The powder samples were characterized by XRD aedliffraction patterns are shown in fig (1). Thesdterns
were compared with standard JCPDS (JCPDS 89-1297yalue.

The average grain size of the pure ZnO: Co sanwpdes calculated from the full width half maximumWHM) of
the diffraction peaks using the Debye—Scherrer tmug21];

D= k\/ (Bcod)

Where D= Crystalline diameter.
L = wave length of X- ray radiation.
B= FWHM and® is the Bragg angle.

By changing the concentration of the dopant varying temp of the reaction medium, the size of tm©Z
nanoparticles vary from 18 to 34 nm. The increasesze of ZnO is due to Co ions get substitutechore number
on the surface of ZnO.

All the XRD peaks were be indexed which confirms fitepared nanoparticles are hexagonal Wurtzitetsiie of
ZnO. This is very much in agreement with existittgrature (22). The crystallinity in the Wurtzitewscture of ZnO
is restored by the addition of Co as a dopant wkiatonfirmed by increase in the intensity of mpaak (101) as
the concentration of Co increased from 0.5 to Ri&.extra peaks were found in the pattern show dhedtion of
single phase.zZn, Co, 0. This indicates that the doped Co atoms substiin atoms without changing ZnO
Wurtzite structure.

3.2 SEM and TEM study

3.2.1 SEM analysis

Morphology and structure of powders were furtheestigated by SEM analysis. The SEM micrographh®fZnO
nanoparticles are shown in the Hig). It shows that the synthesized ZnO nanopastiare well dispersed.
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Fig: 1. XRD patterns of ZnO with different concentration of cobalt ion.
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Fig: 2(a, b) SEM Micrograph of ZnO Nanoparticles
3.22TEM ANALYSIS
TEM images are used to study the microstructureth®fprepared samples atadlmeasure several particles. The

variations in XRD results were well supported byN Eneasurements. Fig (2) shows the representativiel TE
images of the prepared samples. The morphologhetample was found to be nearly spherical in pataving

diameters ranging from 10 to 16nm for different ptas.
. vl

Fig: 3. (AB C D E and F) shows TEM images of ZnO; Co

Fig (3) clearly shows that the diameters of thgskerical nano particles were in agreement witlsehabtained
using XRD results. The nano ball like structure Fig (3A) indicates the formation of nanorods.
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Fig (3B) shows that the previously formed nano Eafirown to form nano rods. It looks like gingarshape. Figs
(3C) and (3d) present a rod like structure whictiidates the formation of nano rods by combinatibmano
particles. Fig (3d) shows a well crystallized nats formation and looks similar to ice bars. Furtthe areas of
various dark shades gives information about thequree of nano particles in close to each other.

Fig (3D and 3F) show that the representative Sededrea Electron Diffraction (SAED) pattern for th@mple with
1.5 % Co doped ZnO. This SAED pattern shows thaptiepared ZnO nanoparticles were crystalline tonea

1 ZnO Co 0.5 %
27Zn0 Co 1.0%
| 3Zn0Col5%
' 47Zn0 Co 2.0 % 1
b 5Zn0Co2.5%

6 ZnO Co with PVP
7 ZnO

Abs

200,00 200,00 400,00 S00.00

nm

Fig: 4. UV-Visible Spectroscopy of undoped and doped ZnO Nanoparticles.
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3.3Optical studies.

3.3.1UV-VISBLE

Fig (4) shows the UV-Visible absorption spectralaxied from different Znl Co, o thin films. The absorption
band between 338-341.4 originates from ZnO. Théipasof the absorption spectra is observed tot $biflards the
lower wavelength side with increasing Co dopingassration in ZnO. This indicates that the band ghgnO
material increase with doping concentration of‘Cions. The increase in the band gap (or) blue stift be
explained by the Burstein—effedthis is the phenomenon that the Fermi level mengesthe conduction band with
the increase of the carrier concentration. Thudaweenergy transitions are blocked (23, 24)

3.3.2 PL Spectroscopy
1. Zn:Co 0.53%
i 2.7n:Co 1%
3. 7Zn:Co 1.5%
d 4, Zn:Co 2%
] 5. Zn:Co 2.5

6. Zn:Co with PVP

Intensity (a.u)
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Fig: 5. PL Spectroscopy of undoped and doped ZnO Nanoparticles.
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Fig(5) shows the photoluminescence (PL) spectrum qf, L0, o textured thin films at room temperature with
different levels of Co contents which is an effeetmethod for the investigation of intrinsic pod#fects in ZnO
such as Zinc vacancies, interstitial oxygen, sitgal zinc and oxygen vacancies (25). As showrfign(5) all
samples exhibit a strong UV emission at 395nmn#2@nd 440nm and two relatively weak emission bartdre

at 445 and 480nm. The UV luminescence band beltmgjse exciton recombination corresponding to rizard-
edge emission of the ZpCo, o films (26). The position of each samples UV einispeak is marked in the spectra
and it can be clearly observed that the UV emispieaiks generate red- shift phenomenon. This coaldlyndue to
the sp-d exchange interactions between the bantt@bs and the localized electrons of thé*Gans substituting
Znions (27-29).

The s-d and p-d exchange interactions cause aine@atd positive correction to the conduction aatérmce band
edges respectively, which therefore leads to baao marrowing (30). Besides the intensity of UV esiun
decreases successively with the concentration @+Gncreasing from 0.5% to 2.5%. This may be duentwre
defect states below the conduction band occursCaadoping, so that some of the excited electronsha
conduction band relax to the defect states whiatildg¢o decreasing in UV emission intensity (31 Weak peak at
455nm and 480nm is blue emission is attributedh¢ottansition from extended Zn; states.(ie), tleetebns can first
transit to the conduction band or Zn; state andllfjriransit to the valence band with blue emission

34 FT-IRSTUDY

1.Zn0
2.Zn0:Co
3.Zn0:Co with PVP

(g8 ]

% transmittance

Fig: 6. FTIR spectroscopy of ZnO; cobalt ion.

The Waurtzite structure of ZnO in the prepared filwes further supported by FT-IR analysis. For FTalRlysis the
KBr pellets are prepared and their spectra werevshim Fig. 6. Two principal absorption peaks aresesved
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between 1650 and 1400cm_1 corresponding to the rasyme and symmetric stretching of the carboxylugro
(C=0) [32]. FTIR spectrum of the film annealed abm temperature shows decrease in absorption bbxgate
group (C=0) suggesting the removal of organic redEl The spectra show absorptionpeakat437cm_1
corresponding to the stretching mode of Zn—0O. Theselts confirm the formation of ZnO Wurtzite stiure in the

Co doped ZnO thin films annealed at room temperatue

3.5. TG DTA STUDY:
Thermal properties of doped Zno precursor have kaetied using TG/ DTA.
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Fig: 7. TG-DTA curves of ZnO; cobalt with pvp.

Fig (7) shows that the typical DTA-TGA curves foetprepared Co doped ZnO nanoparticles (2wt %)upsec.
The exothermic peak round 18D is associated with the decomposition of resi€tdlgroups and the condensation
of non bonded oxygen, which causes 20% of the wéigls. An exothermic peak at 38D was clearly observed,
which is possibly related to the crystallizationZafO. (33)

CONCLUSION

The pure and Co-doped ZnO nanorods were prepardgdebghemical precipitation method at room tempeeat
The addition of Co as a dopant has a large impa¢he morphology of ZnO films, with regard to bathality of
crystallisation and orientation of the crystallit€sims of well-aligned ZnO hexagonal nanorods vgtod crystal
structure are obtained by usikgntrolled concentration of Co as a dopa@ynthesized nanorods are dense and
uniformly grown on the substrate. The distributionCo atoms in nanorod is uniform. The average diamof
doped nanorods is about 50 nm, which is smallen tiet of pure ZnO nanorods (about 80 nm). At room
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temperature, the emission peak position of dopewparticles show a shift in UV region and the luesicence
performance enhances in the VL region, which aspeetively attributed to the tune effect of Co-chgpon the
energy level of ZnO nanoparticle and increaséénamount of defects because of doping. In additr@emission
property of Co-doped ZnO nanorod arrays exhibitehg@erformance towards low temperature in the Viiae,

which is ascribed to the abundance of surfacesstie to Co-doping and decrease in the vibratiophohons in
wurzite hexagonal nanoparticleBhermal properties of ZnO nanoparticles shows cihstand up to 101% C.

These properties of Co doped ZnO nanoparticledbearsed in opto-electronics and thermally stablécds.
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