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Abstract We have synthesized diluted magnetic semi-
conducting nanoparticles of undoped and Ni doped ZnS,
by varying Ni concentration, via chemical co-precipitation
technique. The formation of cubic zinc blend structure and
the incorporation of Ni into ZnS lattice are confirmed by
the X-ray diffraction (XRD) measurements. Rietveld refine-
ment of the structural parameters shows a reasonable GOF
value. Transmission electron microscopy result reveals the
crystalline nature of the ZnS nanocrystal with an average
d-spacing of 3.1 A and also clarifies that the average par-
ticle size of the nanoparticles is in the range of 3-7 nm,
which are consistence with the XRD results. UV-visible
measurement depicts that the band gap of the Ni doped
ZnS nanoparticles is higher than that of bulk ZnS, which
is a result of the quantum confinement effect. Room tem-
perature photoluminescence (PL) spectra shows the green
emission in Ni doped ZnS nanoparticles, which is the char-
acteristic >T,—>A, transition of Ni*" ion and also depicts
the PL quenching effect at higher Ni concentration. Fourier
transform infrared measurements show different stretching
and vibrational modes and also show the resonance interac-
tions of the sulphide ions. Raman analysis reveals different
phonon modes of ZnS and confirms the defect states. Room
temperature magnetic measurements demonstrate the fer-
romagnetic behavior in undoped ZnS nanoparticles due to
the presence of structural defects. Systemic studies on the
magnetic properties revels that all the doped ZnS nanopar-
ticles exhibit the carrier mediated ferromagnetism and the
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saturation magnetization increases with increasing concen-
tration of Ni.

1 Introduction

In recent years, diluted magnetic semiconductors (DMS)
have attracted increasing attention in research due to their
potential applications in nano-spintronics devices [1, 2].
Transition metal doped II-VI DMS have been mostly inves-
tigated among all DMS nanomaterials, because of their
higher physical, magnetic, magneto-optical and electrical
properties which are very much attractive in laser devices,
nonlinear optical devices, electroluminescent, photolumi-
nescent, quantum and spintronics devices [3-5]. Transi-
tion metal ions like Mn, Fe, Ni Co, Cr etc. are important
impurities because of their property to introduce deep trap
levels in band gap regions. Transition metal ions play an
important role to tune optical, electrical and room temper-
ature magnetic properties of the semiconductors [5]. ZnS
is chemically stable semiconductor among all II-VI semi-
conductors due to its unique physical, optical and electri-
cal properties caused by quantum confinement effect, lumi-
nescence efficiency and good host for transition metal ion
[3, 6]. Transition metal doped ZnS DMS is good agent for
applications in silicon technology [7]. We are highly moti-
vated to Ni, due to its ferromagnetic nature, good conduc-
tor of heat, electricity and also its corrosion resistant [3].
Numerous researchers have been investigating the room
temperature ferromagnetic properties of transition metals
doped ZnS DMS and observing Curie temperature as well
as blocking temperature higher than room temperature [3,
8, 9]. Poornaprakash et al. [3], synthesized Ni doped ZnS
nanoparticles by refluxing method and investigated dopant
induced room temperature ferromagnetism which was
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attributed to the long range Ni>*-Ni>* interaction mediated

by conduction electrons. Kaur et al. [10], synthesized Cr
doped ZnS nanoparticles and observed room temperature
ferromagnetism in undoped ZnS nanoparticles which was
attributed to the surface defects due to the higher surface to
volume ratio of the nanoparticles. They observed ferromag-
netic contribution while doped with Cr and reported that
the observed room temperature ferromagnetism is the result
of the exchange interaction between the localized ‘d’ spins
of the Cr ions and the free delocalized carriers. The unex-
pected ferromagnetism in DMS arises due to two interact-
ing subsystems; firstly, the delocalized conduction elec-
trons and holes in the valance band, secondly, the localized
moment in the transition metal ions. The exchange inter-
action between the s shell spins of conduction electrons (p
shell spins of holes) near band edges and the d shell spins
of the transition metal ions results the room temperature
ferromagnetism in the diluted system.

In this work, we report the structural, optical and room
temperature magnetic properties of pure and Ni doped
ZnS nanoparticles. Our basic aim is to analyze the mag-
netic behavior shown by undoped ZnS nanoparticles and
enhanced ferromagnetic behavior after doping of Ni ions
in ZnS$ lattice. We examine the influence of surface defects
and interaction mechanisms on the structural, optical and
magnetic properties of the undoped and Ni doped ZnS
nanoparticles.

2 Experimental analysis
2.1 Synthesis

Undoped and Ni doped ZnS nanoparticles with varying Ni
concentration are synthesized by microwave assisted co-
precipitation technique [9]. All the chemicals are taken AR
grade and are used without purification. For the preparation
of undoped ZnS nanoparticles, we dissolved 0.2 M Zinc
acetate [Zn(CH;CO0);-2H,0] in 50 ml de-ionized water
and after stirring for %2 h with magnetic stirrer, we add
0.2 M sodium sulphide [Na,S] solution prepared in 50 ml
de-ionized water drop wise to the above solution. Then the
resultant solution is stirred continuously for 3 h till white
precipitates are obtained. After getting the precipitates, the
precipitates are washed several times by de-ionized water
and heat continuously at 90 °C for 8 h to obtain the powder
form. For the preparation of Ni doped ZnS nanoparticles
for 1, 3 and 5% Ni concentrations, we mixed 0.2 M zinc
acetate [Zn(CH;COO);-2H,0] solution prepared in 50 ml
de-ionized water, with 0.002 M (for 1%), 0.006 M (for 3%)
and 0.01 M (for 5%) nickel chloride [NiCl,] solution, pre-
pared in 50 ml de-ionized water. The solution is then stirred
for 1 h, and after complete mixing we add 0.2 M Na,S
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solution prepared in 50 ml de-ionized water, drop wise to
the above solution. The resultant solution is stirred continu-
ously at 80°C for 3 h until the precipitates are obtained.
After obtaining the precipitates, we wash them several
times by de-ionized water and heat at 90°C for 8 h and
finally we get powder nanoparticles.

2.2 Characterization

XRD spectra of all the samples are taken by Rigaku Ultima
IV X-ray diffractometer operating at 40 KV-40 mA using
CuK,, radiation. The elemental analyses (EDAX) are taken
using LEO 1430 VP attached with scanning electron micro-
scope (SEM). UV-visible spectra of nanoparticles are car-
ried out by UV-visible spectrometer (SHIMADZU Model:
UV-2450) Photoluminescence (PL) spectra of the samples
were recorded by fluorescence spectrometer (Cary Eclipse
MY 15360004). Particle size and morphology is exam-
ined by Transmission electron microscope (TECNAI G2
20 S-TWIN (200 KV)). Fourier transform infrared spec-
troscopy (FTIR) measurements are done by IMPACT 410
FTIR. Raman Analysis is done by Laser Micro Raman Sys-
tem (Horiba Jobin Vyon, Model: LabRam HR). Magnetic
properties are recorded by Vibrating Sample Magnetometer
(VSM) (Model: 7410 series).

3 Results and discussion
3.1 Structural analysis

The typical XRD spectra of undoped and Ni doped ZnS
nanoparticles for different Ni concentrations are illustrated
in Fig. 1. All three diffraction peaks corresponding to the
lattice planes (111), (220) and (311), which are in agree-
ment with the standard ICDD (DB card No. 00-005-0566)
data confirming Cubic Zinc blende structure. No character-
istic peaks for secondary phases like Ni, Zn, NiS etc. are
detected in the samples, confirming the solubility of the Ni
ions in the ZnS host lattice [9, 11]. The diffraction peaks
seem to be broadening, which indicates the nanocrystalline
nature of the samples [12]. The average crystalline size of
the nanoparticles is estimated using Debye Scherrer [9] for-
mula given by

_ ki
"~ Bcost @)

where, D is the average crystalline size, k is constant
(=0.9), p is FWHM and 1 is the wavelength of X-ray. It is
also observed that the width of the peaks decreases with
increasing Ni concentration, which is an indication of
increased crystalline size with increasing Ni concentration.
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Fig.1 XRD spectra of undoped (Z) and 1% (Z1), 3% (Z2) and 5%
(Z3) Ni doped ZnS nanoparticles. (Color figure online)

The average crystalline sizes for undoped and Ni doped
ZnS nanoparticles are found to be in the range of 3—6 nm.
The intensity of the XRD peaks is also observed to be
decrease with increasing Ni concentration, which is an evi-
dence of reduced crystallinity of the nanoparticles [11, 13].
Kumar et al. [14] reported decreasing trend of the XRD
peak intensity with increasing doping concentration in
chemically synthesized Fe doped ZnS nanoparticles which
indicate the deterioration of the structural quality of ZnS
with Fe doping. Similar kind of result was also observed

by Goktas et al. [15] in Mn doped ZnS nanocrystalline thin
films synthesized by sol-gel process. They explained that
the reduction of crystalline quality of the samples is might
be due to the lattice disorder and the strain induced by the
vacancies or the substitution of the Mn?* ions in the place
of Zn**.

To extract the structural information, all the XRD pat-
terns of the nanoparticles are analyzed by Rietveld refine-
ment technique [16] by considering F43 m space group
(Fig. 2). The observed XRD spectra (dotted line) and
the calculated spectra (solid line) are indicated by the
upper part of the diagram and the difference between the
observed and calculated intensities are indicated in the
lower part of the diagram. The refined profile parameters,
crystalline size and the lattice constants as calculated by
rietveld refinement are tabulated in Table 1. The value of
the goodness of fit (GOF) for all the samples is found to
be very small, which is an indication of the good profile
fitting of the structural parameters. The crystalline sizes of
undoped and the Ni doped ZnS nanoparticles as obtained
from the refinement are found to be in the range of 3—6 nm.
The obtained values of the lattice parameters are 5.41, 5.39,
5.38 and 5.36 A for undoped, 1, 3 and 5% Ni doped ZnS
nanoparticles respectively (Table 1). The decrease of lat-
tice constant with increasing Ni concentration is attributed
to the compressive strain induced due to the substitution of
Ni2* (0.69 A) in the place of Zn** (0.78 A) [11, 17, 18].
The difference in the ionic radii may be distort the struc-
ture of the lattice which may lead to the shrinkage of lattice
parameter [12, 17].

Intensity (counts)

Intensity (counts)

Liheta (deg)

Intensity (counts)

Intensity (counts)

Z3

o o oa
£ 28

> 5

o o

1

2-theta (deg)

Fig. 2 Rietveld refinement of XRD patterns for undoped (Z), 1% (Z1), 3% (Z2) and 5% (Z3) Ni doped ZnS nanoparticles
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Table 1 Refined structural

Sample and Z Sample p, Z=4 Sample b, Z=4 Sample c, Z=4 Sample d, Z=4

parameters of the undoped and

Ni doped ZnS nanoparticles Space group F43 m F43 m Fi3 m Fi3 m
Lattice parameters (/&) 541 5.39 5.38 5.36
Wavelength (A) 1.5406 1.5406 1.5406 1.5406
20 scan range (°) 20-80 20-80 20-80 20-80
20 scan step (°) 0.02 0.02 0.02 0.02
Volume (A%) 157.66 155.79 154.08 153.76
R, (%) 13.83 13.27 13.90 14.10
Ry (%) 18.87 19.06 20.46 20.1
Reyp (%) 16.12 14.69 14.82 14.7
¥ 1.37 1.68 1.91 1.83
GOF index 1.17 1.29 1.38 1.36
Crystalline size (nm) 32 4.5 4.9 54

Figure 3 shows the TEM images of undoped (Z) and
3% Ni doped (Z2) ZnS nanoparticles. The representa-
tive selected area electron diffraction (SAED) patterns of
the samples are shown in the insets of Fig. Z(a) and Fig.
Z2(a) which demonstrates the three concentric rings cor-
responding to (111), (220) and (311) planes of cubic Zinc
blende structure. TEM images also reveal that the mor-
phology of the nanoparticles is nearly spherical in shape.
The average particle size found to be in the range of
4-7 nm which is well consistence with the XRD results.

Fig. 3 TEM micrographs of
undoped [Z(a) and Z(b)] and 3%
Ni doped [Z2(a) and Z2(b)] ZnS
nanopartciles
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From the fig Z2(a), it is also observed that the particles
are agglomerated due to the small sized particles and also
due to the higher surface energy [1, 11]. The d-spacing
from the most prominent lattice plane is evaluated as 3.06
and 2.98 A for undoped and 3% Ni doped ZnS nanoparti-
cles respectively. The shrinkage of the lattice spacing of
the Ni doped ZnS nanoparticles compared to the undoped
one is an indication of the incorporation of Ni** in the
Zn>* position [17, 18].
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3.2 Elemental analysis

Figure 4 depicts the EDAX spectra of undoped and 1% Ni
doped ZnS nanoparticles. It is seen that the spectra contains
only the peaks corresponding to Zn, S and O in undoped
sample. On the other hand, for Ni doped sample the spectra
shows the presence of Zn, S, O and Ni without any other
impurities.

3.3 Optical study
3.3.1 UV-visible study

Optical absorption spectra of doped ZnS nanoparticle with
different concentrations of Ni, exhibit excitonic absorption
features as demonstrated in Fig. 5. The distinct absorption
peaks appear at 305, 309 and 315 nm corresponds to 1, 3
and 5% Ni doped ZnS nanoparticles respectively. From the
Fig. 5, it is seen that the absorption edge of the samples
is red shifted with increasing dopant concentration. This
may be accountable to the strong sp—d exchange interac-
tion between the ZnS band electrons and localized d spins
associated with the Ni** ion [19]. We evaluate the band
gap of the samples by plotting (ahv)? versus photon energy
(hv) and extrapolating the linear portion of the graph to
a=0, as illustrated in Fig. 6. Here « is absorption coeffi-
cient, h is Planck’s constant and v is the incident photon
frequency [6]. The estimated band gap of 1, 3 and 5% Ni
doped ZnS nanoparticles are found to be 4.06, 4.01 and
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Fig. 4 EDAX spectra of undoped (Z) and 1% (Z1) Ni doped ZnS
nanoparticles
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Fig. 5 Absorption spectra of 1% (Z1), 3% (Z2) and 5% (Z3) Ni
doped ZnS nanoparticles

3.93 eV respectively. The higher band gap of the doped
ZnS compared to the bulk ZnS (3.68 eV) is attributed to the
quantum size effect [20, 21]. The decreasing trend of the
band gap is an indication of the increased particle size with
increasing Ni concentration. The size of the nanoparticles
is estimated by the effective mass approximation theory [6]
in which the radius of the nanocrystals is related to quan-
tum confinement energy by the relation.

h? 1 1 1.8¢2
AE=(Z ) =+—) -
<8R2><mz mv> 47 €R )

h

where, AE = E;VC - Eg, [E’gVC and Eg are the band gap of
nano and bulk semiconductors respectively].

m’; and m, are the effective masses of electrons and holes
respectively, e is the electronic charge, € is the dielectric
constant od the bulk semiconductor, h is the Planck’s con-

stant and R is the radius of the nanocrystal. Substituting

4 4 —a—Z1
—e—Z7Z2
A 73)
s
= 5
g
0 =
35 40 45
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Fig. 6 Tauc plot for 1% (Z1), 3% (Z2) and 5% (Z3) Ni doped ZnS
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the values of the all the defined parameters in the Eq. (2)
for cubic ZnS crysytal, we get the estimated size of 1, 3
and 5% Ni doped ZnS nanoparticles as 4.2, 4.7 and 5.1 nm
respectively which are supported with the values obtained
from XRD and TEM.

3.3.2 Photoluminescence study

Figure 7 illustrates the room temperature photolumines-
cence spectra of undoped and Ni doped ZnS nanoparticles
recorded with an excitation wavelength of 300 nm. All the
samples exhibit two emission peaks centered at ~361 and
~390 nm. The first peak is the characteristic band edge
emission of ZnS nanocrystal. On the other hand, the peak
centered at ~390 nm is due to the recombination and trap-
ping of hole in the valance band to the electrons in the
conduction band through defect states (Zn or S vacancy)
of ZnS [11, 22, 23]. The blue emission peak is observed
at ~422 nm for undoped and Ni doped ZnS nanoparticles.
Similar results have also been reported by Borse et al. [24].
The blue emission is attributed to the sulfur vacancy due to
the recombination of the electrons from the shallow states
to the Sulfur vacancies (Vs>~) near the valance band [12,
25, 26]. The blue-green emission peak detected at ~484 nm
is a sign of Ni in ZnS. This is might be due to the Zn vacan-
cies in the ZnS lattice [27, 28]. In case of cubic ZnS:Ni**
nanocrystals, due to anisotropic hybridization, the lowest
multiplet term F of Ni** ion splits into *T,, °T, and A,
states as demonstrated in Fig. 8 and hence luminescence
center is formed in ZnS nanoparticles which is related to
d—d optical transition of Ni2* jons [29, 30].

So it can be confirmed that, the observed green emission
in case of Ni doped ZnS nanoparticles is due to the *T,—>A,
transition of Ni** ion which is replaced by Zn** ions in
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Fig. 7 Photoluminescence spectra of undoped (Z), 1% (Z1), 3% (Z2)
and 5% (Z3) Ni doped ZnS nanoparticles
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Fig. 8 Energy splitting of Ni** ion

ZnS lattice [3, 6]. Peng et al. [28] also observed green
emission in the range 510-530 nm in Ni and Cu doped ZnS
nanoparticles. They speculated that the observed emission
arises due to the recombination between the shallow donor
level (S vacancy) and the t, level of the transition metal
ion (Ni?* and Cu*"). Again, it is obvious from the Fig. 7
that the blue emission peak of undoped ZnS nanoparticles
is red shifted compared to the Ni doped ZnS nanoparticles
which may be due to the quantum confinement effect [6].
The relative intensity of the overall PL emission in doped
ZnS nanoparticles decreases with increasing Ni concentra-
tion. The decrease of the luminescence intensity with Ni
concentration may be due to concentration quenching [11,
20]. The PL quenching with increasing Ni concentration is
due to the non-radiative energy transfer from one Ni** ion
to another Ni?* ion [29, 31] at the time of exchange inter-
action between the nearest neighbors Ni** ions. This argu-
ment is also supported by our magnetic results.

3.4 FT-IR analysis

Figure 9 shows the FT-IR spectra of undoped and Ni
doped ZnS nanoparticles for different Ni concentrations
are recorded in the range of 4000—400 cm™!. The peaks
observed at ~460 and ~670 cm™' are the characteristics
stretching vibrations of cubic ZnS [9, 32]. Moreover, the
peak at ~997 cm™! is due to the existence of resonance
interaction between vibrational modes of sulfide ions. The
broad absorption peak observed at ~3400 m~! is due to the
—OH vibration modes which specify the trace amounts of
adsorbed water in the nanoparticles surface [6, 11]. The
peak observed at ~2380 cm™! for all the samples is due to
the C-H stretching vibrations of the alkyl group [23, 33].
This peak may also be due to the C=0O stretching modes
which arises from the CO, absorption on the surface of the
nanoparticles [32]. The peaks observed at ~1113 cm™" and
~640 cm ! are assigned to the Zn-OH stretching and bend-
ing modes of Zn(OH,) respectively [6]. Similar peaks at
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Fig. 9 FTIR spectra of undoped (Z), 1% (Z1), 3% (Z2) and 5% (Z3)
Ni doped ZnS nanoparticles. (Color figure online)

were detected at ~618 cm ~! and ~1110 cm ~! by G. Muru-
gadoss et al. [29] which are due to the formation of micro-
structure in the prepared samples. The peak at ~1540 cm™!
corresponds to the carbonyl (C=0) group in undoped ZnS
nanoparticles is shifted to ~1640 cm™" in case of Ni doped
ZnS nanoparticles, which clarifies the presence of Ni ions
in ZnS lattice. As seen in the Fig. 9, the absorption peaks
at ~1113 cm~'and ~640 cm™! are stronger in case of Ni
doped ZnS compared to the pure ZnS nanoparticles, which
is also an evidence of incorporation of Ni ions in the ZnS
host [32].

3.5 Raman analysis

Raman analysis is an important technique to investigate
the lattice disorders, crystal defects and incorporation of
dopants in the host lattice [34]. Figure 10 depicts the room
temperature raman spectra of undoped and 1 and 3% Ni
doped ZnS (Z1 and Z2) nanoparticles. For undoped ZnS
nanoparticles, Gaussian curve fitting results five peaks
at 90, 146, 251, 337 and 441 cm™!. The peaks at 251,
337 cm™! are corresponding to the transverse optical (TO)
and longitudinal optical (LO) phonon modes of cubic ZnS
respectively [26]. The peaks at 90 and 146 cm™! is assigned
to the E, phonon mode and second order transverse
acoustic phonon mode (2TA) [35]. The peak observed at
441 ecm™! is due to the LO+LA phonon mode [36, 37].
Schneider et al. [38] and Nelson et al. [39] measured the
room temperature raman spectra of cubic ZnS nanoparti-
cles and observed the raman shift near 350 and 270 cm™!
which they speculated as the LO and TO phonon modes
respectively. In case of Ni doped ZnS nanoparticles, four
peaks are found by applying Gaussian curve fitting near
157, 217 and 473 cm™'. The peak at 86 cm™' is assigned
to the E, phonon mode which is also observed in case of
undoped ZnS nanoparticles. The peaks at 157 cm™! and
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Fig. 10 Raman spectra of undoped (Z), 1% (Z1) and 3% (Z2) Ni
doped ZnS, nanoparticles. (Color figure online)

217 cm™! for both the samples b and c are attributed to the
second order transverse acoustic phonon (2TA) and second
order longitudinal acoustic phonon (2LA) in ZnS respec-
tively [36, 40]. The additional strong band at 473 cm™! is
assigned to the E;(LO) mode and also attributed to the S or
Zn vacancies of the crystal [34].

3.6 Magnetic analysis

Figure 11 illustrates the variation of magnetization of
undoped and Ni doped ZnS nanoparticles with respect

0.10

—=—p)

Magnetization (emu/g)

10000 20000
Magnetic field (G)

-0.10

Fig. 11 M-H curves of undoped (Z), 1% (Z1), 3% (Z2) and 5% (Z3)
Ni doped ZnS nanoparticles and the inset shows the M-H curves in
the lower field regions

@ Springer



8036

J Mater Sci: Mater Electron (2017) 28:8029-8037

to applied magnetic field at room temperature. The M-H
curves depict that undoped ZnS exhibits magnetic behav-
ior with a weak ferromagnetic contribution whereas Ni
doped ZnS nanoparticles exhibits ferromagnetic nature at
room temperature. The inset of the Fig. 11 shows the M-H
curves of the samples in the lower magnetic field regions
which demonstrates the weak ferromagnetic nature of the
samples. Our finding is similar as Sunil Kumar et al. [25]
where, they observed a mixed behavior of diamagnetic and
ferromagnetic in undoped ZnS. Zhaolong Yang et al. [41]
also reported room temperature ferromagnetism in undoped
CdS nanostructure and concluded that the sulfur vacancy
taking an integral part to create room temperature magnet-
ism in semiconductor. Wen-Zhi Xiao et al. [7] investigated
the magnetism in undoped ZnS nanoparticles using density
functional theory. Generally, Zn atom is surrounded tetrag-
onaly by four S atoms. They reported that, in ZnS crystal,
when a Zn vacancy is formed, the sp® orbitals of four S
atoms surrounding the Zn vacancy tetrahadraly, combined
into singlet and triplet states. The magnetic moment arises
due to high spin configurations through these singlet and
triplet states. They concluded that the ferromagnetism in
undoped ZnS nanoparticles is due to the long range cou-
pling mediated by the moments which is induced by Zn
vacancy. We also observed a similar kind of behavior. The
PL spectrum of undoped sample clearly indicates the pres-
ence of sulfur vacancy. So, we believe that the presence
of vacancy promote the ferromagnetism in undoped ZnS
nanoparticle. Moreover, due to the higher surface area of
nanoparticles, uncompensated surface spins are dominating
in the nanoparticles compared to the bulk which leads to
surface defects and results a net magnetization [42]. Fig-
ure 11 (Z1-Z3) shows the room temperature magnetic hys-
teresis (M-H) loop for the 1%, 3% and 5% Ni doped ZnS
nanoparticles respectively. All the three samples show the
distinct ferromagnetic behavior. The variation of the coer-
civity, retentivity and saturation magnetization is tabulated
in the Table 2. To understand the origin of room tempera-
ture magnetism in case of transition metal doped semicon-
ductors have emerged as the most controversial and chal-
lenging field of today’s Nanomagnetism research. The

Table 2 Coercivity, Remanent magnetization and saturation magnet-
ization values of undoped (Z), 1% (Z1), 3% (Z2) and 5% () Ni doped
ZnS nanoparticles

Sample Coercivity (G) Remanent magneti- Saturation mag-
zation (M) (emu/g) netization (M,)
(emu/g)
z 107 0.57x1073 0.78x 1072
Z1 160 2.01x1073 1.4x1072
72 123 121x1073 2.6x1072
73 182 1.73x1073 4.5x1072

@ Springer

origin of room temperature ferromagnetism in case of these
materials are thought to be causes of some phenomenon,
like induce of transition metal ions in the cations in the host
lattice [43], direct exchange interaction between the tran-
sition metal ions [7, 30], exchange interactions between
localized spins of transition metal ion and free delocalized
carriers (sp-d) [38, 44], presence of intrinsic defects [42]
etc. Recently, S. Kumar et al. [26] observed room tempera-
ture ferromagnetism in Ni doped ZnS nanoparticles, due
to the substitution of Ni** ions into the Zn$S host lattice in
the place of Zn**. They explained the ferromagnetic order-
ing at lower concentration of Ni, whereas, with increasing
Ni concentration, the nanoparticles show a nonsaturated
M-H curve because of antiferromagnetic ordering due to
reduced Ni—Ni distance in the ZnS lattice. D. Amaranatha
Reddy et al. [9], also achieved room temperature ferromag-
netism in Cr doped ZnS nanoparticles and reported that the
observed ferromagnetic is dopant induced and originated
from the exchange interaction between the ‘d’ spins of the
Cr ions through delocalized carriers. The ferromagnetic
nature in our study is not due to the presence any clusters
of Ni or any other secondary phases like NiS, Ni**, Zn>*
etc. (which is confirmed from XRD study) but due to the
exchange coupling between the localized Ni** ions medi-
ated by the delocalized carriers present in the nanoparticles
[16, 26]. As shown in Fig. 11, at lower concentration of Ni,
the ferromagnetic nature is clearly pronounced with a satu-
rated M-H curve (Z1). The surface related phenomena are
responsible for the pronounced ferromagnetic nature in case
of the lower doped sample. In relatively small nanoparti-
cles, the exchange interaction energy between the neighbor-
ing small magnetic dipoles presented in the surface, affects
the nearest neighbors to be aligned in the same direction.
The population of the magnetic dipoles aligned in the same
direction is increased at the surface due to high surface to
volume ratio of the nanoparticles, which promotes the nan-
oparticles to be more ferromagnetically ordered state [26,
45]. In our previous studies of Fe in similar system (ZnS)
[11], it was realized that; at the higher concentration of Fe
(10%), the short range antiferromagnetic coupling between
the Fe—Fe ions suppresses the ferromagnetic nature of the
nanoparticles. The M-H curves of the samples Z2 and Z3
are not fully saturated, which is an indication of the pres-
ence of antiferromagnetic coupling between Ni—Ni ions at
higher doping concentrations [26, 46]. Thus we can con-
clude that in the present samples the ferromagnetic order-
ing is lost beyond 1% Ni doping concentration.

4 Conclusion

In conclusion, undoped and Ni doped ZnS nanoparticles
with different Ni concentrations are successfully prepared
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by microwave assisted co-precipitation technique. XRD
and TEM results confirm the cubic Zinc blend structure
with an average crystalline size in the range of 3-7 nm.
Refinement of the structural parameters shows a good pro-
file fitting and the values of the parameters are consistence
with the experimental results. UV—visible spectra show the
enhancement of band gap in Ni doped ZnS nanoparticles
compared to the bulk ZnS, which is the result of quantum
confinement effect. Photoluminescence spectra depicts the
vacancy related emission spectra attributed to the °T,- A,
transition of Ni** ion in Ni doped ZnS nanoparticles also
shows the concentration quenching effect at higher doping.
Room temperature magnetic studies reveal the weak ferro-
magnetism behavior in undoped ZnS nanoparticles due to
surface vacancy states. Ni doped ZnS nanopartcles show
room temperature ferromagnetic behavior which is the
result of exchange interaction between the localized d elec-
trons of the Ni’* ions with free delocalized carriers.
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