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Yuksek kristallgmeye sahip katkisiz ve Co katkili Sn@umuneleri bgarili bir bicimde hazirlandi. Co
iceriginin SnQ'nin termal ve morfolojik o©zellikleri Uzerine etlli aratirildi. Co ilavesiyle Kristal
blyukliginde ve birim hiicre parametrelerindesidenler tespit edildi. Co ilavesiyle faz biiieni degismedi.
Hem X-sini kirnnimi hem de Fourier doégiimli kizilétesi sonuglari her bir numune icin Snfazinin
olusumunu dgruladi. Uretilen numunelerin oda sicakhdan 900 °C'ye kadar termal karaghligézlendi.
Morfoloji Co iceriginden etkilendi ve enerji gdimh X-1sin1 sonuglari Sn@yapisi igerisine Co’in niifuz egthi
dogruladi.
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Synthesis and Characterization of Co-Doped Sn{5amples

ABSTRACT

The un-doped and Co-doped Sr&amples having high crystallinity were succesgfpliepared. The effects of
Co content on the structural, thermal and morpliotdgoroperties of SnPwere investigated. Changes in the
crystallite size and unit cell parameters were etk with adding of Co. The phase composition ditl aiter
with the addition of Co. Both X-ray diffraction af@urier transform infrared results confirmed thenfation of

the SnQ structure for each sample. The thermal stabilitthe as-produced samples from room temperature to
900 °C was observed. The morphology was affecte@dogontent, and energy dispersive X-ray resuliied

the introduction of Co into the SaGtructure.

Keywords Crystal structure, Electron microscopy, IR, X-rayffitaction
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|I. INTRODUCTION

Metal oxide structures have been gained great itapoe in optoelectronic, magnetic, and sensing
applications for long years [1,2]. Among these duites, tin (IV) oxide or stannic oxide (Sg)Qs, without a
doubt, one of the most popular ones. As known, .S8@n n-type metal oxide semiconductor, havinggh h
carrier concentration, and has a wide optical bapdeanging from 3.6 to 4.0 eV, and high transmigain the
visible region [3,4]. Sn@is a very stable material both chemically andrtradly [5]. SnQ has been used in the
gas sensing applications (especially in the deteatf the flammable, toxic and corrosive gasefjuim-ion
batteries, anti-refractive coatings, transparentcating electrodes, light-emitting diodes, soklls; transistors,
flat panel displays, catalysts, supercapacitorannistors and so on due to its superior electrioptjcal and
electrochemical properties [6-16].

The previous studies show that doping of matenwth foreign atoms is an effective approach to
modify the structural, thermal, and morphologicabperties for consequent tuning of their charasteri
properties [17-19]. In this context, the dopingsoine elements, such as Ni, B, Fe, Au, Ca, and r€o,the
SnG structure has been carried out for improving litaracteristic properties. In this way, some praesrisuch
as the gas sensing and/or lithium storage abilitdsSnQ can be controlled and improved for its further
applications [20,21]. Co-doped Syp@as used as lithium-ion anode material by &faal. [22]. A theoretical
study on the magnetic properties of Co-doped Sm& done by Luo and Sun [23]. The effect of thdastant
of cetyltrimethylammonium bromide (CTAB) on the magjc and optic properties of Co-doped Sm@epared
by the co-precipitation route as studied by Jiatgal. [24]. The catalytic performances of Co-doped $nO
synthesized via aaco-friendly KA oil (mixture of cyclohexanol andadghexanone) synthesis were investigated
by Silvaet al.[25].

In the present study, we aimed to synthesize the pod Co-doped SnBamples at various amounts
(e.g., 0, 0.25, 0.50 and 1.00 at.%) and determimge effects of the Co content on the structuralyntiad
properties and morphology of the Sn€ructure using the experimental techniques oaXdiffraction (XRD),
Fourier transform infrared (FTIR), differential thheal analysis (DTA), thermogravimetric analysis @)
scanning electron microscopy (SEM), and energyeat@pe X-ray (EDX). For this purpose, with a diffet
method than the above-mentioned ones reportedeiritdrature, we produced four Sp€amples via using a
facile wet chemical method. All the characterizatiesults were reported in detail.

II. MATERIALS AND METHOD

All the chemicals were purchased from Sigma-Aldretd were used without any further purification.
100 mL of (25.00¢) mmol of tin (IV) chloride pentahydrate (Sn&H;0) andx mmol of cobalt (II) nitrate
hexahydrate (Co(N§,-6H.O) were dissolved in ethanol, whexeis 0, 0.25, 0.50 and 1.00. Hereafter, the
samples were called as the pure r@25Co0-Sn@ 0.50Co-Sn@and 1.00Co-Snfrespectively. Each solution
was stirred without heating for 1 h and dried inoaen at 60 °C for 70 h. The as-dried powders wateined in
an electric furnace under an ambient atmosphe38@tC for 2.5 h.

The characterization of the samples was carriedusirtg X-ray diffraction (XRD, Rigaku RadB-
DMAX II) analysis, Fourier transform infrared (FT|Rerkin EImer Spectrum One) spectroscopy, diffésen
thermal analysis (Shimadzu DTA 50), thermograviimeainalysis (Shimadzu TGA 50), scanning electron
microscopy (SEM, LEO EVO 40xVP) and energy dispersK-ray (EDX, Rontech xflash) spectroscopy
techniques.

I1l. RESULTSAND DISCUSSION
A. XRD Results

Fig. 1 shows the XRD patterns of the as-manufadtseemples. For all the samples, the single-phase
distribution of polycrystalline SHOJCPDS PDF No: 41-1445) structure with the tetradj@rystal system is
observed. No secondary phase formation is detewitdxdan increasing amount of Co. The peaks belantin
the planes of (110), (101), (200), (111), (21120 (002), (310), (112), (301), (202) and (321yevebserved
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for each sample. With the addition of Co, someatams in the intensity of the as-mentioned peaéseveeen,
and this indicates the introduction of Co into 8 structure [26].

1.00C0-SnO,

JL_.JLJ.\_..___JLL.LJLM_.L__L
e Voo k.Jm_.___.JL_L.r._LJtL_A..___J\.

Intensity (a.u.)

I I I I I
20 30 40 50 60 70 80

20 (Degree)

Fig. 1. XRD patterns of the samples

The lattice parameters @ndc), unit cell volume ¥) and crystallite sizelX) were calculated from the
following equations, respectively [27]:

1 _h*+k? N |2
d? - a’ c? 1)
V =a’c )
_ 091
[ cosf 3)

whereh, k, andl are the Miller indicesd is the distance for two adjacent plangds the full width at half
maximum (FWHM),0 is the Bragg angle aridis the X-ray wavelength, which is equal to 0.1540% for CukK,
radiation. The significant variations in the lagtiparameters, unit cell volume, and crystallitee sialues are
clearly seen in Table 1. The changes in the petngities and calculated parameters may be retatdde
charge imbalance between®and SA* ions and their ionic radii (0.058 nm for €@nd 0.069 nm for 3
[28].
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Table 1.The calculated values of tiie a, c andV for each sample.

Pure SnQ, 0.25C0-SnQ 0.50Co-SnQ 1.00Co-SnQ

D (nm) 21.80 34.59 30.46 28.74

a(nm) 0.473146 0.473332 0.473909 0.473666
¢ (nm) 0.318424 0.318471 0.318878 0.318666
V (nm  0.071285 0.071351 0.071617 0.071496

B. FTIR Results

FTIR spectra of the pure and Co-doped Sa@mples are shown in Fig. 2. The as-detected beamdls
their assignments are given as follows: Two shaapdb observed at 463 and 604 ‘care related to the
vibration modes of O-Sn-O bonds belonging to th®©Sstructure [29]. The as-observed bands confirm the
formation of the Sn@structure for each sample.

1.00C0-SnO,

0.50Co-Sn0O,

0.25C0-Sn02

Transmittance (a.u.)

SnO

I
A

T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm™)

Fig. 2. FTIR spectra

C. Thermal Analysis Results

DTA and TGA curves of the as-obtained samples hosve in Figs. 3 and 4, respectively. From 25 to
800 °C, no peak was observed, and all the sampdetharmally stable in this temperature range.dditéon, the
mass gain for each sample was seen in this tenyperatterval. The net mass gains, which are possibé to
oxidation, at 800 °C are found to be 1.03, 1.0001and 1.38% for Snp 0.25C0-Sn@ 0.50Co0-Sn® and
1.00Co-SnQ, respectively (Fig. 4).

156



I BSEU Fen Bilimleri Dergisi BSEU Journal of Science
7(1), 152-160, 2020 DOI: 10.35193/bseufbd.712514

BILECIK SEYH EDEBALI

ONIVERSITES] e-ISSN2458-7575 (http://dergipark.gov.tr/bseufbd)
20
——1.00C0-SnO,
——0.50C0-SnO,
109 | —o.25c0-sn0,
SnO,
<) O N
>
=
<
= -10 1
)
-20 4
-30 T T T T T T T
0 100 200 300 400 500 600 700 800
Temperature ()
Fig. 3. DTA curves of the samples
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Fig. 4. TGA curves of the pure and Co-doped $s@mples.

D. Morphological investigation

By investigating the SEM images of the samples showFig. 5, it is seen that all the samples have
porous microstructure. This can be considered sadaantageous feature, leading to a fast resparbejaick
recovery, to the use of each sample in the gasrngeapplications [30]. Furthermore, the EDX repartsfirm
the introduction of Co-ions into the Sp€lructure.
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Fig. 5. SEM images and EDX reports of the as-produced,Sa@ples.

V. CONCLUSION

The pure and Co-doped Sn€amples with high crystallinity were easily proddcat 900 °C via wet
chemical synthesis. The effects of the amount ob@dhe structural, thermal and morphological proes of
SnG were investigated using XRD, FTIR, DTA, TGA andNbEechniques. Last, the following results were
observed. Single-phase distribution of Sni@r each sample is seen and no secondary phasetfon is
detected with adding of Co, but small changes éngbak intensities are observed from the XRD padtef the
as-manufactured samples. Moreover, the valueseoftystallite size, lattice parameters, and volaithe unit
cell are significantly affected by Co content. &le samples are thermally stable in the temperaturge from
25 to 800 °C. No mass loss is observed withinttitisperature interval. The negligible mass gainschvare not
exceeded the value of % 1.38, are detected fahalsamples. The morphology is affected by Co ctuntnd
EDX data confirm the influence of Co into the Srefructure. Additionally, the morphological obsdiwas also
support that all the samples can be good nomifiategms sensing applications.
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