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ABSTRACT

Nanoclusters of Nickel Sulfide are chemically sgaired following natural self assembling in Sol-@&lcess. A
biopolymer is chosen as a base matrix due to a ngirfect capping of nano-clusters. The resultipgcimen was
examined by atomic force microscopy (AFM), optadadorption using UV-VIS spectroscopy and X-rayatitfon
experiment (XRD). The study also includes DC I-gratteristics and conductivity analysis of solicesjmen at
room temperature (RT). Magnetism in the develogegtimens was investigated at low temperature. Aersup
paramagnetic nature of the specimen is observddvatemperature. In all the cases the developedispms are
amorphous in nature and particle size was foundvaoy between 40-90 nm and exist with stable quantum
confinement. The developed Nickel Sulfide is fdnatdhve as magnetic semiconductor with indirect lgaqul

Keywords: Nano-clusters, Electrical conduction, Superpararaagm, Magnetic semi-conductor
PACS: 81.07.Bc; 73.61.-r; 81.16.-c; 75.50.Pp

INTRODUCTION

In the past organic-inorganic nano-composite besomest interesting field of research [1, 2] in HoState
Physics’ for their superior physical properties.eTrastic change in the electrical, electronic amaignetic
properties of the quantum sized nano system ogebutk counterpart due to interfacial interactiostvieen
nanostructure and external environment has coraitieinterest in modern science and technology].[34e role
of ion-conducting capping medium in synthesis afoyaaterials and the properties of the materiaktudied. But
it is rare to emphasize so far on period of retajrof the properties of the nano-materials, whichdary important
in the nano-electronics, nano-photonic device aimnbédical technology. High attention has been paidthe
‘oxide’ nano-particles due to their applicability many practical applications leaving a little atten on sulfide
nano clusters. The objective of this work is toelep Nickel Sulfide nano-clusters, its nano-comyggiith Gum
Arabica and to investigate their material charasties.

The Nickel Sulfide is known as magnetic semiconduetithough its nature of magnetism in the formnaho-
composite is complicated. Nickel Sulfide is a phsémsitive [6] material and may be used in photergn
generation. A series of recent activity [6] demeatitg controllable fabrication of magnetic semidoators and
their incorporation into hetero-structures hasttedeveral additional device suggestions. Theyhela spin filter,
spin-resonant-tunneling diode, unipolar spin trstasji magnetic Zener tunnel diode and magnetidmpde. At the
same time, progress on the problem of spin injadtito nonmagnetic semiconductors has been repdstgd from
magnetic semiconductors and from magnetic metddstfical resistivity measurements [7] on the NyStesm show
that it has a high metallic conductivity (2 x*Ohms-1-cm-1) at room temperature. In this work GAnabica, a
biopolymer has been used to develop nano-compafsitéickel Sulfide for AFM study. Gum Arabica [8,8hs been
found from different species of Acacia namely Aeagéirabica, Acacia babul etc. The details of theegxpents,
results and analysis are given in the followingises.
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MATERIALS AND METHODS

Sample preparation
In this work a natural self assembly of NiS nanastér was undertaken. The chemical sol gel rouseahiasen with

Ni salt, Nickel carbonate compound, Nig@Ni(OH),,4H,0, from E-mark India, boiled in ammonia solution at
temperature about 180. Filtering the sample, mixed with liquid ammoiilH) solution and gum acacia powder
heated in magnetic stirrer and slowly passing Has through it .The formation of NiS nano-clugter natural self
assembly in polymeric background of Gum Arabicgpblgmers. The Ni5; specimen was developed using Ni (1)
acetate in acetic acid medium following the mergibchemical process. The composite of nano clusisrcaste to
develop the experimental sample. They were castmooth extended surface so as to ensure largacsutd
volume ratio. Finally the specimens were alloweddty properly. The thickness of the specimen preduwas
approximately 0.7mm. Specimens were also developitdout polymeric background, for XRD, FTIR and t@gl
experiments.

Test and Measurements
The different experimental tools those used fot &&l measurements were, XRD and AFM analysis €hwvhre

important experiment for study morphological nataiethe specimen. The experiments were carried tout
characterize the material are DC |-V charactegstiend conductivity measurement, Optical Absorption
Spectroscopy using UV-VIS spectrophotometer andRF3pectrophotometer to investigate energy bandigap
developed nano-clusters, and magnetic moment nmemasuat for investigation of the magnetic nature ld t
developed nano composite of NiS nano-clusters.

RESULTS AND DISCUSSION

XRD Analysis
XRD analysis of the developed specimen is carrigd@mexamine its microstructure, morphology andaspleted

with Phillips PW1710 automatic diffractometer. XRiensity distribution curve of the examined samgre shown
in the Fig.1. The overall radial distribution fiion peak of the diffraction pattern correspond&@e 38.83.
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Figure 1. XRD spectrum of the NiS nano-composite Iween D ranges 20-60 deg

(@)

From this intensity distribution by using Schereguation we obtain the particle size as L = (Q/fCos0y, (A20,)}
A, wherel is the wavelength of the X-ray radiation and far &, is equal to 1.5418 Ay, is the glancing angle and
A2y, is the difference in the angle at the two endubif Wwidth half maxima. The results do not show &tyarpe
peak of the intensity distribution but an overadlak corresponding to62= 38.83. In the neighborhood of62
38.83, there are discrete peaks which are relatively intgnsities. These peaks are exploited to caleulla¢
particle size using Scherrer Equation [10], arttag been found that the size vary between 40 -n80The overall
impression of the XRD analysis of the developedspen is a nano-composite of NiS cluster. The divaeedure is
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amorphous due to background bio-polymeric matenal NiS clusters. It can be asses that small giaacaused
the surface roughening to increase. It is alsoaesiple for destroying the crystalline nature. Daehe smaller
grain size and their large number density, thengbmiundary effect becomes predominant in the coit@0oEhis

forms surface defect that affects the structurdlmorphological property.

AFM Analysis
AFM study of NiS nano-clusters in bio-polymeric kground was carried out using AFM model NANOSCOPE F
(USA). The AFM photograph is shown in Fig.2.
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Figure 2. AFM Picture of NiS nano-clusters in bio-plymeric background

Fig. 2 shows the AFM results of NiS nano-clustdrsine ranging between 30-50 nm. The estimated@ghh bio-
polymeric background are larger compared to theseldped without bio-polymeric background.
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Figure 3. UV-VIS absorbance of NiS and NB;
Optical Absorption Spectroscopy
UV-VIS absorption spectra of the specimens NiS Higb; pellet specimens were studied with UV-2450 UV-VIS
spectrophotometer, Shimadzu, Japan in the rangeebet190nm to 900nm at adequate accuracy usingyatileg
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sphere attachment and compensating Ba&@kground. The results of the study between3@D+ym are shown
in Fig.3.

FTIR Analysis

The infra red (IR) absorption of NiS and,8j powder specimen provides information [11] abowgrgy difference
due to electronic transition or vibration statesgioating from bond bending, bond stretching of ewnllar
constituents of the specimens. The analysis wagedaout using FTIR model, IR affinity 1, Shimadzlapan, at
high resolution (resolution was 1 &jnusing KBr window.IR absorption for a molecule provides informatidmoat
energy difference between vibrational states, patjng from bond bending and bond stretchifig. 3 shows the
FTIR vibrational spectrum of the developed compdexi also compared to that of the pure Gum Arabite
functional group region appears from 4000 tro about 1550 ci. The results obtained from Fig. 3 shows
evidence of direct band gap of the specimens iretion .The estimated direct Band Gap NiS at 0.28ed NjS;
at 0.12eV respectively. Anuar et al [12] studied dptical absorption of their developed NiS by gellprocess and
the estimated band gap measured to be 1.3 eV.&artd Lokhande [13] reported that Nickel sulfidesta band
gap of approximately 0.5 eV
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Figure 4. FTIR absorbance of NiS and NiS;

DC |-V Characteristics

For the experiment of DC I-V characteristics thenpke was sandwiched between two high polishedcigiper
plates act as electrodes for electrical measurerfi@etapplied field direction was perpendiculathte 2-D plane of
the specimen. The DC I-V characterization of thecepens at room temperature was carried out usirigeiithley

2400 Source meter (USA) and plotted using charaetson software. The overall nature of I-V chaeaidtic is an
apparent indicator of formation of localized enefgyel of the NC’s in host background matrix. Thenductance
(G) of the specimen was estimated and plottedfasaiion of applied voltage (V) as shown in Figihe formation
of localized energy level in the recorded |-V cledesistic may be attributed due to 3-D confinemdrt, 15] of

guantum dot like ionic nano-cluster within the digtic host.

The following noise in the mesoscopic systems [h@] observed nature of the conductance plot showrig.5
appeared to be like that of a telegraph noiseatt it arises due to transition between two locathble states at
room temperature (RT). The nature of the condugtillictuation is due to presence of quantum dothé system.
The observed conductance fluctuation is thus acdéeidence of nano-clusters in the system. ls éxiperimental
result, the observed noise appeared as an admirfufdyquist —Johnson, shot noise and 1/f types @ifen
originating mostly from the quantum confinement 2 nano-clusters in the specimen. Apparent natdre o
conductance fluctuation is the indicator of forraatof localized energy levels in host background.
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Figure 5. Conductance (G) ilmmho vs Voltage (V) characteristics of NiS at RT
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Figure 6. Variation (1/y) with temperature for specimens at mentioned magrie field

There are plateau regions in conductance curve isltgwrig.5. The plateaus occur when the condugirmeess is
terminated i.e. here we try to explain the disoidghe sample. This disorder affect the Landaelebroaden into
landau bands. As well as the disorder potentiaiiak i.e. we mean to say the quantum confinemehttenLandau
bands are merge to continuum . In strong disoftteeddcalized states are predominates and passimjoofnation
through electron is prohibited. Since the local@matength of a cluster is small, the overlappifigadjacent wave
functions are not strong, so one may get plateaatsi$ conduction enhancement does not takes fdlageto the
introduction of nano-cluster enhancement the imoaductivity is increased over the pure polymer. réom
temperature it behaves as a small band gap semictumdand at room temperature exhibits electricasen like
appearance as marked characteristics of nano-capd$ie NiS nanoclusters are distributed in théymeric
matrix of Gum Arabica, and there exists size disiibn also. Since the density of states in nagame are much
smaller than that of bulk one, by altering the sif¢he particles means the extension of effegbgtential, which
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may easily change the band gap. It is interestingpte that within a nano-composite there are ttypes of energy
band gap probably due to presence of other forMicKel sulfide.

Magnetic Measurement

NiS and NjS; were prepared by chemical synthesis to develogkt#aperimental specimens. The dried sample of
Nickel Sulfides was crushed into fine powder. Thagmetic moment of the specimens were measured betwe
temperatures 10-300 K with external magnetic fe$dparameter. The said measurement was carricidd M8M
model Quantum Design (USA). The magnetization/gmtle specimens (M) is recorded as a function of
temperature between the temperature rangel0-300 tivcadifferent fields 0.1 T and 1.0 T. The resultais
obtained are shown in Fig. 6. The measured M shasstion with fields and temperature as well. #ishbeen
found that temperature between RT to 40 K magrmhaviour is paramagnetic and that between 40K0ko the
specimen appeared as ferromagnetic however thts @ sharp phase transition. Thus overall mégnature of
disordered nano sized NiS clusters appeared toomeplecated in nature. The value of observed magneti
susceptibility ¢) of the NpS; specimen shows a weak ferromagnetic in nature hemerdered NiS bulk solid is
known to be an anti-ferromagnetic material. Thaugalofy from this present study may be due to presenctheir
sulfide of Nickel in the form NBE,. The nature of magnetism in the later is not prigpknown. Thus overall
magnetic nature of disordered nano sized NiS dlsisippeared to be very complicated in nature. Tdlaevof
observed susceptibility shows a paramagnetic in nature however orderedbMilS solid is known to be an anti-
ferromagnetic material. Fig.7 shows an exclusivaratteristic variation of magnetic susceptibilifiyMi,S; with
temperature measured at 1.0T field. The region éetmarrow mark the behavior of the specimen appeabe
ferromagnetic and temperature above 30 K the smerimparamagnetic. TheJSi specimen is however showed a
super-paramagnetic in nature.
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Figure 7. Variation (1/x) with temperature at 1.0 T magnetic field for N;}S; specimen

The nature of magnetism in Nickel Sulfide is commaled and interesting. Following analysis of experital data
Coley et al [17] showed that nickel sulfide has penature dependent magnetic susceptibility andahasinerant-
electron anti-ferromagnet with no local moment. WiaNg et al [18] showed from a hysteresis scanisf Nano
Tube that there exists a weak ferromagnetism ahr@mperature. In the work [18] the observed valumagnetic
permeabilityy shows a weak ferromagnetic nature however ord®i&l bulk solid is known to be an anti-
ferromagnetic material.

Nanomagnetism is a highly interesting subject didsstate magnetism and nanotechnology [19-21]. fbeel
phenomena super-paramagnetism and its effects mpplaon the nanoscale. The present nan&\ipecimen is
however showed a super-paramagnetic in nature utidnoy sharp transition.

CONCLUSION

Formation of ionic nano-clusters within polymerigbstrate is distinct and clear from |-V charactarisurve.
From the study of optical absorption spectroscopycan assume that as if three type of sized depemnd@o-
composite formed and it is confirmed that NiS nahgster is a the small band gap semiconductor. oMagall
magnetic nature of the NiS nano composite is angazkpart conflicting claim the present study finalsveak
ferromagnetism below 40 K and paramagnetic abowe the developed NiS specimen. The scope of furthe
studies on the system may provide many interesispgct of material science.
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