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Stru ioati
ctural Investigation and Electrical Properties of Nickel
Doped Tin Oxide Nanoparticles

Myat Myat Thaw', Su Mon Aung® and Ni Ni Sein’

Abstract

;l;n:)htsrt.relsearc.h, prfeparation of_ tin oxide and nickel doped tin oxide
methgd '_‘;les from tin (1) chloride were carried out by co precipitation
were iI-W e structural anc_i morphologigal properties of these nanoparticles
differemi;ﬁSt;Eated by lsmg X-ray diffraction(XRD), thermogravimetric-
field emissi ermal analysis(TG-DTA), scanning electron microscopy(SEM),
spectrosc sion electron microscopy(FESEM),and Fourier transform infrared
o 60002:pY(FT IR).Effects: of calcmgtlon temperatures (200,300,400,500
Calcination) 3? t?;yit::él;eafllgen?cfkﬂ;edtm :!)Xi.de “a_nOPHI”tiCICS were studied.
amorphous nature at 200 s6) 0ops tin oxide nanoparticles showed
tin ayid ire a anc.;l 300 C.After calcination at 400,500 and 600°C,
It Wal : and nickel dopec! tin oxide nanoparticles showed crystaliine nature.
sizes ) Ol.md tl}at the optimum temperature was 500°C. Average crystallite
35 1Oof tin oxide nanopartlcleos were found to be 33.53nm, 27.55nm and
niclk 1nm at 409,50Q and 600°C respectively. Average crystallite sizes of
and ‘;deped tin oxide nanoparticles were found to be 33.19nm, 23.57 nm
- §2n.m for 1% nickel dopmg(,)19.62nm, 19.44nm and 32.05nm for 2%
‘Miller I oping at 400,500 and 600°C respectively. Characteristic peaks at
the i ndices of (1 10), (101), (200), (211), (220), (310), (112) and (301) of
PDF 770x1de nanopar:tlcl.e sa.mple.s are well matched with standard library of
nick -0447 of cassn'terlte tin oxide. The morphology of pure tin oxide and
& el doped tin oxide nanoparticles gave spherical shape according to
gca““{ng electron microscope (JOEL-JSM 5610 Japan) and field emission
ofa“mﬂg e_lectron microscope (Agilent 8500 FE SEM).  Electrical properties
invpu-re tin oxide and nickel doped tin oxide nanoparticles have been
t' estigated. The lower resistivity and the higher conductivity of nickel doped
in oxide were observed compared to pure tin oxide nanoparticles.

Key words : tin oxide-- nanoparticles, nickel doped tin oxide
nanoparticles, co-precipitation method electrical properties

Introduction
f tin £ neral. It has been used as the chiel ore
th Tom early history throughout the ages, and remains so even today. Many of

€ec p : % :
cay 0“(?mlcal cassiterite deposits exist In placer stream deposits where this very
Y'Y mineral collects as rounded waterworn pebbles. The .name cassiterie 18

Cr
iVed from the Greek "kassiteros", meaning tin (Hall, ez al. 2004).

Cassiterite is the best-known tin mi
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Tin oxic}e (Sn0y) is an industrially important material which is used it
numerous applications where the specific electrical, optical, and mechanical
properties of SnO; are highly desirable (Adan et al., 2010). F;)r example, Sn0:
is used extensively as the active material in gas sensors, as well as in systems
where optical or electrical coatings are required, such as in low-emissivity
architectural glass, solar cells, liquid crystal displays, and photodetectors:
video touch screens, plastic coating for light or colour, optoelectroni¢
devices,and lithium batteries, etc., Tin oxide (SnO,) is an n—typ,e wide band gaP
(3.6 eV) semiconductor (Gnanam and Rajendran, 2010). ‘

Semiconductors are solids whose conductivity lies between the
conductivity of conductors and insulators. Due to exchange of electrons to
achieve the noble gas configuration semiconductors arrange as lattice structur®
Unlike metals, the conductivity increases with increasing temperatur®
[néreasing temperatures leads to broken bonds and free electrons are generat¢

(Nath ef al., 2008).

Electrical resistivity (also known as resistivity, specific e,lcctricfﬂl
resistance, or volume resistivity) quantifies how strongly a given material opposes
the flow of electric current. A low resistivity indicates a material that readily
allows the movement of electric charge. Resistivity is commonly represented y
the Greek letter p (tho). The SI unit of electrical resistivity is the ohm-metre (@m
although other units like ohm-centimetre (Q-cm) are also in use. Electric?
conductivity or specific conductance is the reciprocal of electrical resistivitys &"
measures a material's ability to conduct an electric current. It is commo?
represented by the Greek letter ¢ (sigma), but x (kappa) (especially in elcctricd
engineering) or y (gamma) are also occasionally used. Its SI unit is siemens P
metre (S/m) and CGSE unit is reciprocal second (s-1) (Johari et al., 2012).

The main aim of this study was to pre : : : d til

, : : pare tin oxide and nickel dope
oxide nanoparticles from tin (I) chloride by using co-precipitation method 2 d
- dc}ljl'z;rz}tl:{tetnﬁ the prepared tin oxide nanoparticles by XRD, SEM FE'SEM'
an echniques and also to study the electrical propeniés (resi’stivit)" a ;{

conductivity) of prepared tin oxide ang N . g
glass surface by using Multimeter (F ;:lkedgg;)d tin oxide nanoparticles thin film
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p Materials and Methods
reparation of Nickel Doped Tin Oxide

" Tin (1) chloride dihydrate was dissolved in distilled water and
ydrochloric acid (conc.) solution was added until the solution is clear and
heated at sand bath. This solution was mixed with nickel chloride hexahydrate
SO_IUtion. The sufficient amount of aqueous ammonia was added into this
Mixture solution and stirred for 2 h. The solution was filtered .Then the pH was
adjusted to pH 9.5. The precipitate was collected, washed with distilled water
and dried in an oven. The precursor nickel doped tin oxide was obtained. The
Precursor nickel doped tin oxide was calcined at different temperatures 400°C,

500°C and 600°C for 6 h.

I)'Eftel‘mination of Electrical Properties ' _
A given amount of nanopowder (1.5g) was made Into 2 pellet.Silver
to interface or

Plate (clectrical and thermal conducting paste) was used
Omogeneously contacted between surfaces of crystal apd electrode_s.
alues of tin oxide and nickel doped tin

ll?c:trica] property such as resistance v |
OXide nanoparticles obtained from tin (1I) chloride were measured by Fluke

289 Multimeter (Johari et al., 2012).

Figure | Fluke 289 Multimeter for measurements of resistance and

conductivity
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Results and Discussion

Characterization of Pure Tin Oxide Nanoparticles by XRD Analysis

X-ray diffraction is used to determine crystallinity of polymeric
materials. XRD uses the total X-ray scattering both the crystalline and
amorphous phases 1o determine the crystallinity. According 1o the XRD
analysis, pure tin oxide nanoparticles were well matched with _:-mndurd library
of PDF 46-1088 of hydrated tin oxide and PDF 77-0447 of cassiterit¢ un
oxide, respectively. Eight characteristic peaks at Miller Indices of (1 10). (101 );
(200). (211), (220), (310). (112) and (301) were observed. These values ":6
well matched with standard PDF data of tin oxide. The peak p()sili:nls 6:‘ .
values of pure tin oxide in XRD patterns arc 24.939, 32.334. 36.364. _\().I" .
53.201, 60.363, 63.066 and 64.488. D-Spacing ( A) of pure in .;).\ i
nanoparticles are 3.567, 2.766, 2.468,1.817.1.720, 1.532. 1.472 and 1- J""rlle
of the peaks can be indexed to be pure tin oxide structure of u:n-a!_mml_.1 D
average crystallite size of pure tin oxide nanoparticles prepared from l:,l() oC’
chloride are 33.53 nm. 27.55 nm and 35.10 nm at 400°C, 500°C and
respectively (Table 1) .

o o i
Table 1. XRD Data of Tin Oxide Nanoparticles from Tin (11) Chloride (P
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Characterization of Nickel Doped Tin Oxide Na"“l)articles by XRD

Analysis

The X-ray diffracti {the 1%, and 2% p: ide
1¢ X-ray diffraction pattern of the 170, b hicke] doped tin O
sa.u‘r\lples are shown in Figures 1. 7 3 and 4. [t Wwas rollndpthfll < ,fﬂ)
diffractogram of nickel doped tin oxide nanopartic|eg Sho»;'cd four
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characteristic peaks and its relative Miller Indices of (110, 101, 211, 220, 112
and 301) were observed. The peak position of 2 § value of nickel doped tin
oxide in x-ray diffractograms are 26.741, 34.077, 51.901, 54.877, 64.886 and
65.939. D-spacing (A) of nickel doped tin oxide nanoparticles are 3.330, 2.628,
1.760, 1.671, 1.435 and 1.415. All diffraction peaks are well assigned to
tetragonal crystallite phase of nickel doped_tin oxide .with the reference pattern
JCPDS 78-0643. It was observed that nickel doping does not change the
tetragonal structure of pure tin oxide. It \.Nas.noted .that Fhe intensity of the
nickel doped tin oxide peaks decreased with increasing plckel concentration,
Furthermore, the full width at half maximum values of nickel doped tin oxide
nanoparticles became smaller and two theta values increased when compared
to pure tin oxide nanoparticles. After doping 1 % _and 2. % nickel on tin oxide,
the average crystallite sizes of . nickel doped tin oxide nanoparticles were
found to be 33.19nm, 23.57nm and 32.22nm for (1%), and 19.62nm, 19 44nm
and 32.05nm for (2%)at 400°C, 500°C and 600°C respectively (Table 2). It was
noted that the crystallite size of nickel doped tin o.x1de decreases gradually as
the nicke] concentration increases. The crystallite sizes (D) were calculated by

Using the Scherrer equation. o

Dy =——"7—
- Picosd

Where, D, is the average dimension of the coysialiiles, X=0.2 % s, the
Wavelength of the x-ray diffraction (0.15405nm), 0 is the Bragg angle for the
Crystal planes (hkl) and P is the broadening (Full-width at half-maximum
FWHM) of the peak.

Mmﬂ&:&ﬁﬂ‘—“’?m"'—
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Figure 1 X-ray diffractogram of 1% nickel doped tin oxide nanoparticles at
500°C
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Figure 4 XRD patterns of 2% nickel doped tin oxide nanopart

i 5 different temperatures (400, 500 and 600°C)
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E‘O"Phologlcal Analysis of Pure Tin Oxide and Nickel Doped Tin Oxid¢

y Scanning Electron Microscope and Field Emission Electron
Microscope

1%

2%

imaging \Th? Agilent 8500 FE SEM has been ontimized for 10W"'Ol;fgi’s
much léil‘t)m'l emely high surface contrast and rfasqlutlon typically found on kg
electro n&_el. and more expensive field emission microsgopes. Sca”'e fin
Oxide 5 1icroscope and .ﬁeld.em;sswn elgctron microscope images of PU! "
nd nickel doped tin oxide nanoparticles are shown in Figures 5 () &
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(b), Figures 6(a) and (b) and Figures 7(a) and (b) respectively. It was found
that the particle sizes of pure tin oxide nanoparticles were in the range of
19.27 nm to 48.19 nm. For 1 % and 2% nickel doped tin oxide nanoparticles,
the particle sizes were in the range of 15.03 nm to 27.06 nm and 10.87 nm (0

19.57 nm respectively.

(a) (b)

Fi in oxi¢
igure 5 (a) SEM and (b) FE SEM micrographs of calcined pure tn oxide

sample (500°C)

::uv':-u- Las0wm B

i (@) ol
igu
re 6 (a) SEM and (b) FE SEM micrographs of calcined 1 %o
doped tin oxide sample(500°C)

nickc]
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(b)
Figure 7 (a) SEM and (b) FE SEM micrographs of calcined 2% picef

doped tin oxide sample(500°C)
Electrical Properties (Resistivity and Conductivity) by Fluke 298
Multimeter

In the present work, electrical measurements were.carried out by
USing Fluke Multimeter. On the basis of the resillts o_btamed from this
“XPerimeng, electrical resistivity of nickel doped tin oxide was found to
“Crease with increase in electrical conductwaty._Measuremeiits of resistivity
o conductivity are characteristics of electrical properties. The lower
resistivity for nickel doped tin oxide nanoparticles was observe_d .comparc.ed to
e e i Ot ol e, vty f ks
4 tin oxjde nanoparticles was higher than tha Spoiiger
tel?i()panic'es- Variatim?s of electrical resistivity and er:fu';g:‘:géz d,“ilht:
lowperat"re are shown( Tables 3 and 4).Among the temp re observed at
oot elecyy; PR he highest conductivity We
SOQUC Clectrical resistivity and t

.
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Table 3 Resistivity of Prepared Pure Tin Oxide and Nickel Doped Tin
Oxide Nanoparticles

Resistivi l\(gl m)

No Temperature(°C) R ;
Pure SnO, Ni doped SnO:

1 400 AOTI7x10™ 46806107

2 500 2.4693 x10™ 2.3147x10""

3 600 1.2828x10"’ 1.0500x10°

Table 4 Conductivity of Prepared Pure Tin Oxide and Nickel
Doped Tin Oxide Nanoparticles

Conductivity (Sm )

No Temperature(°C) o S B B
Pure SnO, Ni Doped SnO:>
l 400 2.03 % 107 213 <10
i 500 4.04 <1073 432 =107
3 600 7.79 x 107 952 x 107" _7
Conclusion o

In this research, tin oxide nanoparticles and nickel doped tin “'\"d?
nanoparticles from tin (IT) chloride were prepared by co-prccinil‘alion l.ns‘ii-]:gt‘
Effect of calcinations temperature (290, 300, 400. 500 and ()Q() C) on il\':m g
crystallite size of tin oxide nanoparticles was investigated. For Culm!},d“:\ner
200 and 300°C, tin oxide nanopgll'tlcl.es sh_owed amgrphous nature. :)xi .
calcinations at 400, 500 and '600 C, tin oxide a.nd mckcl' dopt‘d. “nuqtiO"'
nanoparticles showed crystalllr.ne nature. By using the Schcrrc:l‘dwq : g
average crystallite size of pure tin oxﬂlde nanoparticles were observed ﬂ -iy‘e of
nm, 27.55 nm and 35.10 nm at 400, 500 and 600 C. Average crystallll't_. bnlan
nickel doped tin oxide nanoparticles were found to be 33.19nm. 23.57n

= an
32 29nm for (1%). 19.62nm, 19.44nm and 32.05nm for (2%) at 400 500 a
600 C respectively.

According to SEM and FE SEM images of pure 1in- ()xic!c an i
doped tin oxide nanoparticles appeared spherical shape. Particle sizes 0 ‘sizes
from SEM and FE SEM images are comparable with crystallitc :
calculated from XRD spectra. It was found that the particle sizes of pur®

: 0 . - "nic
oxide were in the range from 19.27nm to 48.19nm. The particle size ol mt

d nicke!
ne
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de nanoparticles were from 15.03 nm to 27,0
9.57 nm for( 2%) N1 d‘oped SnO,, respectively. |t

e crystallite size of the. nickel dopefl tin oxide nap
the averag that of pure tin oxide nanoparticles. In thjs
smaller thi}gr pure tin oxide and nickel doped tin oXide nanoparticles +,
prop_ertleST he resistivities of pure tin O)jlde and nickel dopeq tin O:;e
studied. | 7 ore found to be 49117 x 10 » 24693 X 10°and 1.2828 x 107y
articles VL 5 3147 x 10° and 1.0500 x 10(Q) at 400,500 gy bl
: ; 6 o ' pure tin OXiﬂe and nickel clgped _tin oxide Nanopart; lC.
The conductivity O B 04 x10* and 7.79 x 10%(Sm™) and 2 13 5 Fortcles

found to be 2.05 * 'F¢ & Ty 21 400,500 and 600°C respect * 107,43

oM and 9.52 x 107%(Sm’) at 400, TESpectively. It was pgyicay
ththznminimum resistivity and maximum conductivity of nickel-dope tin
that

: oparticles were observed at 500°C. $n0; ‘is % VEIy promising Materig]
oxide nanumber of applications like gas sensing, optoelectronic device
for |'iat?oﬂ5 and dilute magnetic semiconductors when doped with transitiop
appi

metals.

doped tin oxi

nm for (1%)
10.87 nm to 1

indicated thai
Oparticleg Was
work, ele,ctrical
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