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Abstract: Undoped and Co doped Sn@anoparticles were synthesized by chemical coiitation method
capped with PEG. The prepared particles were aedlysing X-ray diffraction (XRD), transmission dlet
microscopy (TEM), UV-Visible spectra. XRD patterres/ealed that particles are crystallized in singtase
rutile type tetragonal crystal structure gfdnm) of SnQ. TEM studies indicated that the particle sizadi¢he
range of 10-15 nm. Absorption edge is blue shiftén compared to bulk is the direct evidence oftwa
confinement effect. Further the bandgap narrowsngiserved with the inclusion of Co in SnO
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1. Introduction and Experimental:

Among the metal oxides (ZnO, TiOWGO; CeQ and SnG@etc) SnQ is an important n-type
semiconductor with wide energy bandgap (3.6eV a®K30observed from experimental calculations
[1].Because of its optical transparency in theblesiregion, it has a wide range of applicationgas sensors,
optoelectronic devices, dye base solar cells, siogrlithium batteries and catalysts[1,2]. A widariety of
synthesis methods such as sol-gel, co-precipitati@hod, mechanical alloying methodand hydrothermal
method were used for the preparation of gsn@noparticles. Among these methods we have adcpeical
co-precipitation method for the synthesis of Coatb@nQ@nanoparticles because it is most effective and lsimp
due to its capability in controlling the structueald surface properties of nanopatrticles. In thyep we present
a detailed study on structural and optical propsrtf Co doped Snnanopatrticles synthesized by chemical
co-precipitation method capped with PEG. The do@amts known to inhibit the growth of crystallité plays
an important role in optical and magnetic propsertiehe ionic radius of divalent cobalt ion (0.059rimless
than that of tetravalent Sn ion(0.069nm), Co ioaxpected to substituted at*Sgite in the Sn@system[3, 4].
Here poly ethylene glycol (PEG) was used as a ogpgjent which is covalently binds to the surfacens of
nano crystallites and has the ability to contrel $ize and shape of the growing particle througirgdhtransfer.

Pure and Co doped Sp@anoparticles were synthesized using chemicalreoigitation method
capped with PEG. SngbH,O and CoGlL2H,0O have been used as starting materials for thenegist of Sp
xC00, series. The source materials were weighed acaptdithe stoichiometryas per the target composition
(X=0.00,0.01, 0.03, 0.05 and 0.07) were dissolvedistilled water to make a 0.2M solution. In tkidution
NH4OH solution was added drop wise in very controleannerto maintain the chemical homogeneity. The
addition of NHOH was stopped when pH of the solution reached abr®om temperature and added 2ml of
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surfactant (PEG) under vigorous stirring for 8 Tine precipitate was filtered out separately andhedswith
de-ionized water to remove unnecessary impuribesiéd during the synthesis process. The obtainedupt
was placed in oven for 14hr at’@dand the dried samples were annealed alciEgr 3hr to obtain SnCo,0,
nanoparticles. The X-Ray diffraction patterns waetained using seifert3003TT X-ray diffractometer.
Transmission electron micrographs (TEM) were reedmh (JEOL-TEM 2010) with an accelerating voltade
200 kV. The optical absorption measurements werf@meed in (JASCO-V-670) spectrophotometer.

2. Results and Discussions:
Structural analysis:

X-ray diffractograms were used to investigate effflect of Co doping on the structure and phase
composition of the prepared nanoparticles. Figsbldys all XRD patterns of Co doped Snianoparticles.
They were indexed corresponding to the rutile tgpgstal structure (BAmnm)of SnQ(JCPDS file no.41-
1445). No secondary phases were observed withilintiteof detection of X-ray diffractometer. Theystalline
size of SpxCo0O, nanoparticles were determined from XRD broadenismgithe Debye-Scherer formula,
D=0.89/pcod, where) is the wavelength of X-ray radiatiopjs the full width at half maximum of the peak at
diffraction angled. From the XRD studies the measured average ditestsize were in the range of 8-10 nm
and the crystallitesize decrease with increasingopmg concentration it may be due to the smalkioadii of
Cc**(0.058nm) when compared to “8on(0.069nm). SumairaMehraj et al. [3] reported ikimdecrease in
crystalline size by doping of Goions in SnQ. Fig 2(a) and 2(b) shows the TEM images takemptoe and 5%
Co doped Sn© nanoparticles respectively. Powder samples wespetsed in ethanol and sonicated in
ultrasonic bath for 15minfor TEM analysis. Partislee obtained from TEM analysis is about 10-15winich
is slightly higher than the crystallite size calteld from XRD spectra.
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Fig.1 XRD patterns of SiCoO,(x=0.00, 0.01,0.03,0.05 and 0.07) nanoparticles.

Fig. 2 (a) and (b) TEM images of pure and 5% Co doped,&afopatrticles.

Optical properties

Optical absorption spectra of pure and Co dopéd, 8anoparticles are shown in Fig 3. Absorption
spectra shows an ultraviolet cut-off wavelengthuarh 250-340nm, which can be attributed to the photo
excitation of electrons from valance band to cotidacband. The energy bandgap of the prepared ssmpl
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were calculated using Tauc's relation (not showmamuscript). The measured bandgap was found to82 4
eV for undoped Sngit is higher than the reported value of bulk ${33%eV)[1]. This can be attributed to the
strong quantum confinement effect of the nanodegioOn doping with Co, the bandgap energy is desa®
from 4.82 to 3.62 eV even though the particle sigereases. This is in contrast to the normal phenom of
guantum confinement effect, however the decreasieeibandgap with increasing the doping concentradue
to sp-d exchange interaction between the bandrefectind localized d electrons of the?Oons substituting
Sri"* ions or Co substitution in Sn site may create hotes because of lower vacancy ofn as compared
to Sr* ion. Creation of additional holes likely to desedhe bandgap [4].

In summary, we have studied the effect of Co doginghe structural and optical properties of $nO
nanoparticles. Structural studies revealed thatighes are crystallized in single phase rutile typgragonal
crystal structure (BRAnnm) of SnQ. Optical absorption spectra suggests that absorgtge is blue shifted
when compared to bulk is the direct evidence ohtiwa confinement effect. Further the band gapawéng
is observed with inclusion of Co in SpO
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Fig. 3 Optical absorption spectra of Si€0,0, (x=0.00, 0.01,0.03,0.05 and 0.07) nanopatrticles.
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