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Nanocrystals of Ni doped ZnO semiconductor by Sol-Gel combustion method
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Nanoparticles of the system &psNio.050 were prepared by sol gel self- combustion method and a study of their structural, optical and
magnetic properties were conducted. X-ray diffraction study shows a hexagonal wurtzite structure for the nanocompound. The formation of
the wurtzite structure in Ni doped ZnO was further confirmed by Fourier transform infra-red spectrometry. Transmission electron microscopy
revealed an average size of 31 nm for the particles. Optical absorption spectra shows that the band engsgiNof &1© powders is about

2.54 eV at room temperature. A study of the magnetic properties of the nanopowders of ZnO: Ni, reveals paramagnetic behavior, with
interaction ferromagnetic between patrticles.
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PACS: 71.55.Gs; 81.07.Bc; 81.05.Dz

1. Introduction ring during 20 min at room temperature. To the above mixed
solution a water solution of citric acid was added. This fi-

The study of diluted magnetic semiconductors has been thgal solution was kept over a hot plate at’80during about
subject of interest in recent years, because of their poterfour hours, after the complete evaporation of water the solu-
tial use in spin electronic (spintronic) devices [1]. ZnO istion was converted into “gel”. This “gel” was introduced in
a salient semiconductor compound having a wide and dia furnace previously heated at 3@where the autoigniting
rect energy gap of the order of 3.36 eV, equivalent to thaprocess occurred.
of GaN. Work on ZnO pTEdiCted ferromagnetism with Curie The microstructures of the as_synthesized powder sam-
temperature, Tc above room temperature in p-type GaN angles were characterized by the power X-ray diffraction
Zn0O dOped with a metal of transition by means of field the'(XRD) ana|ysis using a PHILLIPS diffractometer, model
ory [2]. ZnO is a famous semiconductor belonging to thep\w1250/25 with Cu I radiation. Fourier transmission in-
family 11-V1, is known for its excellent semiconducting prop- frared spectra were taken by using a Fourier Perkin-Elmer
erties, ZnO doped with a transition metal combines propertiegpectrometer in the range of 350 to 4000 ¢m The mi-
magnetics, opticals and electrics being a potential candidatgostructure was characterized by a FEI TECNAI T20, trans-
for the creation of novel devices. FM properties have beemnission electron microscope. The room temperature absorp-
observed in Ni-doped ZnO (at concentrations of 3-25%) atjon spectra were recorded in the 350-525 nm ranges by using
temperatures below 30 K, however, superparamagnetic bgr Spectra Pro-500 Acton Research Co. spectrometer. Mag-
havior was observed up to 300 K [3]. Experimental results
of magnetic and optical properties in nanoparticles Ni doped
ZnO is not completely understood and thus needs more in- 5
vestigation [4,5].

We present in this work, a study of the magnetic and op-
tics properties of Ni doped ZnO, nanopowders obtained by
sol-gel self-combustion by using citric acid as fuel [6].
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2. Experiment
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Nanoparticles of Ni doped ZnO, Zn_,)Nio, O (z=0-0.05)
was synthesized by sol-gel combustion method, using the ni- -
trates of Zn (Zn(NQ@), 6H20) and (Ni(NGQ), 6H,0) taken , _ : _
in the right ratio using citric acid (§HsO7) as the fuel. The Z2 £ 2 = G a
precursors, nitrate of Zn and nitrate of Ni were taken in stoi- 20

chiometric amounts and dissolved separately in distilled waFicure 1. Powder X-ray diffraction pattern of Zn.Ni,O
ter; later on both solutions were mixed under constant stirnanoparticles.
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FIGURE 2. FTIR spectra of Ni doped ZnO nanopatrticles.
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FIGURE 3. EDS spectra of ZnO: Ni nanoparticles.

netic behaviors were measured in a commercial MPMS XL,
Quantum Design magnetometer.

3. Results and discussion

The powder XRD pattern of Zn ,Ni,O (z = 0.05) sample

is shown in Fig. 1. The XRD analysis reveals that this sam-
ple exhibits the wurtzite structure that is known ZnO struc-
ture. This result confirms that the ZnO wurzite structure has
not been modified with the Ni-doping. An reflection (200) FIGURE 4. TEM micrographs: (&) Ni: ZnO, (b) and un doped ZnO.
of NiO crystalline structure was detected, indicating that Ni-
doped ZnO was formed along with NiO phase. The lattice
parameter obtained by the program NBS-L gives: 3.250

(6) A, ¢ = 5.200 (2) A, values very closed to previous re-
ported values [7,8,9].

Infrared transmittance spectra were employed to study
that vibration bands due to Zn-O bond and the changes due to
Ni substitution in its structure. The absorption band observed
at 496 cnt! is attributed to the stretching mode of Zn-O in
the tetrahedral coordination. Two more significant bands are
at 3570 cnt! and 2400 cm!, the first one could be assigned
to O-H vibration modes, and the second to absorption energy
by the bonding in C@molecules [10,11]. Some others bands
at around 3000 cm' and 1500 cm! could correspond to
asymmetric and symmetric to C=0 stretching modes [12].

The EDS analysis of Ni doped ZnO it was carried out to
establish purity of the sample and confirm presence of Ni.
The observed EDS pattern is shown in Fig. 3. It is noticedricure 5. Optical absorption vs wavelength of Ni doped ZnO
that the sample prepared contain only Zn, Ni and O. Thus th@anocompound.
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nanocrystals are found to contain no spurious contaminatiorabsorbance decreases in the visible region and increases in
The ratio of the atomic percentage of the elements present ithe ultraviolet region. But in the visible region it is possible
the sample complies with the quantity taken for their syntheto see an strong absorption peak which may be due to absorp-

sis. tion by Ni?* present in the doped sample [13].
In order to learn more about the microstructure of Ni . : . ,
. ) The energy band gap is determined by using the relation-

doped ZnO prepared by sol-gel autocombustion, transmis: 9y gap y g

. . ) o hip: o = A(hv — Eg)™ where: hv: photon energyq: ab-
sion electron microscopy was done. TEM bright field |magesSorption coe(ﬁicientag ): 4k /N); k is the absorption index

of Ni doped ZnO are shown in Fig. 4(a) it can be seen thabr absorbance) is wavelength (in nm)Zg: Energy band
the nanoparticles are rounded, presenting some degree of

glomeration due to the dipole-dipole interactions. In Fig. 4(b) p.A:ls a constanty = 1/2 for allowed direct band gap.
it is possible to see nanoparticles of undoped ZnO. The shape Exponent: depends on the type of transition and it may
looks also to be rounded. Grain size distribution was estihave values of 1/2, 2, 3/2 and 3 corresponding to the allowed
mated using the program IMAQ-vision builder and Charac-direct, allowed indirect, forbidden direct and forbidden in-
terized by a distribution Log Normal type (solid line) in Fig. direct transitions respectively [14]. The room temperature
4(a) with an average grain size of 31 nm and standard devi@pectra {hv)* vs. photon energyify) of the Ni doped ZnO
tion of about 35%. For the sample undoped ZnO the obtainefianoparticles presented in Fig. 6(a) could be compared to
average size was 26 nm. the spectrum obtained for the undoped ZnO reference sample
The optical absorption spectra of the Ni doped ZnO sam5(b). The value of band gap was determined by extrapolating
ple, obtain by an UV-visible spectrophotometer in the rangéhe straight line portion of{hv)*= 0 axis, as shown in Fig. 6.
330-525 nm is shown in Fig. 5. The obtained band gap for the doped ZnO is about 2.54 eV
Figure 5 represents the variation of absorbance wittwhile Fig. 6(b) shows the band gap value for undoped ZnO,
wavelength of Ni doped ZnO nanoparticles. It is evident thai2.76 eV for R.T.
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FIGURE 6. (cthr)? Vs. photon energyiy) for: (a) Ni doped ZnO and (b) un doped ZnO.
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FIGURE 7. (a) The temperature dependence of magnetization at a field of 50 Oe and (b) The reciprocal magnetic susceptibility Vs. tempera-
ture for the Z@.95Nip.050.
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The temperature variation of the magnetization offrom the last relation and is slightly lower than reported by
Zng.95Nig 050 is shown in Fig. 7(a). The applied magnetic other authors, possibly by the second phase previously ob-
field was 50 Oe, a rapid increase in the magnetization is observed by XRD [5].
served below 50 K for the both magnetic cycles ZFC and
FC. The inverse of the magnetic susceptibility of the doped .
sample is shown in Fig. 7(b). From the nature of the in-4' Conclusions
verse susceptibility curve, it is likely that the sample is either,
ferrimagnetic or ferromagnetic at very low temperatures an
paramagnetic at higher temperature than 50 K.

In fact, a typical Curie-Weiss behaviog=C/(T—6)
is observed in Fig 7(b) above 50 K for the sample

Zng.95Nig.050 [15]. A least squares fit of the linear portion

 that b 50 K itive Weiss t ; Eorated into the ZnO lattice by substitutingZnions. Mag-
of that curve above 59 K gave a posIlive VWEISS Iemperaturg ., otion measurements show that the sampeyMig.o50
0 = 52.40 K, suggesting a predominant paramagnetic be-

. ; 7 ) “Is paramagnetic at room temperature and the susceptibility
hawor with ferromagneuc_: Interactions between_the magnetigy,ia give evidence for strong ferromagnetic interactions.
ions. The calculated Curie constafiit= 0.32 x 103 K/(Oe
), obtained from the slope af/ x vs T' curve above 50 K as
shown in Fig. 7 (b) allow us to obtain the effective magneticAcknowledgments
moment for Nit2 ions by considering that the C constant is
given byC = (Nu2./3k). The effective paramagnetic mo- The authors thank to the laboratory of advanced microscopies
ment (uerr) per Ni mol isper = 1944, this value is derived-  University Zaragoza.

anocrystalline Ni doped ZnO powders are successfully syn-
hesized by sol-gel combustion method. The phase hexagonal
wurtzite structure of ZnO is obtained. The optical absorption
study reveals that the red shift in the band gap from 2.8 eV to
2.5 eV after doping, confirms that the?\iions were incor-
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