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ABSTRACT

Zinc oxide nanorods and diluted magnetic semicotidgcNi-doped ZnO nanorods had been prepared
byco-precipitation method. This method is straightfard and costs powerful. Ni-doped and undoped DfGrendy
components nanoparticles ZMNi,O, (where x = 0, 0.02, 0.04, 0.05, 0.06 and 0.08yewcorrectly synthesized by
co-precipitation approach. The structure and thecalpproperties of obtained samples have beerstigated using X-ray
Diffraction (XRD), energy dispersive X-ray speciropic analysis (EDX), Transmission Electron Micrgse (TEM) and

UV-visible absorption spectroscopy.

XRD patterns of doped samples display that thé&céattonstants of ZgNi,O, of x > 0.0 are slightly larger than
the ones of pure ZnO. However, XRD reveals thah lexhibit hexagonal wurtzite structure. The endrgyd gap has also
been estimated using measured UV-VIS optical albisorgpectra. EDX spectroscopy was used to idethiéyelemental
constituents of a material. Also, TEM investigasagive further insight to the morphology and theictural features of

Ni-doped ZnO nanorods.
KEYWORDS: Nanocrystals, Co-Precipitation Method, Optical Rmies, XRD, EDX, TEM
INTRODUCTION

In a previous couple of decades, metal oxide namicfes had been significantly investigated becaafstheir
atypical applications in the subject of spintroritl photo electronic [2], sensor [3], lasing d=s [4] and light emitting
diodes [5], etc. Zinc oxide (ZnO) is a transparemtype semiconductor with a band gapof3.37eV.ZnO
nano-particles acquired superb attention becaugbedf unique catalytic, electrical, gas sensimyj aptical properties
[6-9]. Nickel oxide (NiO) is a transparent p-typmsconductor with a wide bandgap in the range 6£3.8 eV [6, 10, 11].
Wide band-gap oxide semiconductors, when doped trdifisition metal ions (Mn, Fe, Co, and Ni) haveaated great
deal interest for their promising versatile appgiimas [12].Diluted Magnetic Semiconductors (DMShph a brand new
class of magnetic substances, which fill the gapben ferromagnets and semiconductors [13].Dopi@rD with
magnetic ions induces magnetic properties, allowinwide range of applications [14]. Currently, a feffects have been
performed regarding the room-temperature (RT) faagnetism, as predicted theoretically, in Ni-doZeD [15, 16].
Furthermore, Ni (0.69Ahas the equal valence in comparison t6" 2md its radius is close to Zn(0.74A), so it is
possible for Ni* sub-lattice to replace Zhin ZnO lattice. some researches on Ni-doped Zn®Heen stated and several

effects showed that the one of a kind houses of Ea$been changed after putting Ni into ZnO mafrx 18].
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Various chemical techniques were evolved to prepar®particles of different materials of interédost of the
ZnO crystals had been synthesized by a conventibiggd-temperaturesolid-state method, wherein, ntlles hard to
govern the particle properties and additionallyergy ingesting. ZnO nanoparticles can be prepanea louge scale at low
cost by simple solution based method, such as dapiecipitation, sol-gel synthesis, and hydratierreaction [19-24].
Co-precipitation is the name given by analyticakmiists to a phenomenon whereby the fractional pitation of a
specified ion in a solution results in the preepdn not only of the target ion but also of otl@rs existing side by side in
the solution [25].

Within the present paper, we will report the systheof Ni-doped ZnO in the form of nanoparticlesttlare
investigated the use of X-ray diffraction (XRD), eegy dispersive x-ray spectroscopy (EDX) and UVibles

spectrometer.

EXPERIMENTAL

Samples Preparation

The DMS Samples of (4NiO) have been prepared the use of the chemical pitet@gdn method. The
beginning materials Zn (G6oo) ,H,O and Ni (ChCoo) 4H,Ohad been blended then PVP introduced with a valbe.
stoichiometric quantity of Zinc acetate (ZngCl0)2H0) and Nickel acetate (Ni(@8o0)4H0) are dissolved in distilled
water with (1gm) ofpoly-vinylpyrrolidone(PVP) and kept in a magnetic &irfor five hours. The experiment was

performed at room temperature. The final ingotsehiaeen dried at 70 °C for one day and anneale@at@ for six hours.

RESULTS AND DISCUSSIONS

Structural Determination

X-ray diffraction (XRD) patterns of ZgNi,O (x=0, 0.02, 0.04, 0.05, 0.06, 0.08) are showifrigure 1. The
located peaks imply that all samples are havingqugstalline nature with hexagonal wurtzite shapiee found peaks are
corresponding to (100), (002), (101), (102), (140 (103) planes. The d-spacing of the peaks agepy matched with
widespread records (JCPDS: 01-079-0208) for (x50a0d (JCPDS: 01-075-2820) for (x=0.02, 0.04, 0066, 0.08). No
impurity phase turned into finding within the Nijued ZnO sample due to the smaller ionic radii ef M#* ions (ionic
radius: 0.69 A) are easily substituted within theeinal of ZA* ions (ionic radius 0.74 A) [26,27]. The XRD pattgrof
Ni-doped ZnO are similar to that of pure ZnO.

It's far obtrusive from XRD spectra that there & existence for the peaks corresponding to Ni, exidf Ni, Zn
or Ni related secondary and impurity phases. Deghi fact that, there aren't any secondary plaetested with the aid
of XRD analysis, the existence of secondary phasesiot be completely excluded due to the limitat@fnthis
characterization approach [28]. We are able to loolecthat the doping of Ni does not change the zitertstructure of

ZnO and hence Kiisubstitutes Zfi site into the crystal lattice.
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Figure 1: XRD Pattern of Zn,.,Ni,O, (where x = 0, 0.02, 0.04, 0.05, 0.06 and 0.08380°C
The average crystal size of the samples is cakxlilafter appropriate background correction fromai-fine

broadening of the diffraction peaks of (101) plasang Debye—Scherrer’s formula [29].

091 (1)

A tal size (D) = ————
verage crystal size (Dpy;) rxc0s )

Where, )\ is the wavelength of X-ray used.§408 A°), B is the angular peak width at half maximum in radia

along (101) plane, an#lis the Bragg's diffraction angle.

ZnO has hexagonal structure, the plane spacinglased to the lattice constants (a, ¢) and theeMildices by

the following relation:

1 4, k? 12
=R +hk+5)+5 @)

G
The micro-straing) can be calculated using the formula [30],

— (Bhklzcos 9) ©)

&
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Tablel. Cell Parameters ‘a’ and ‘c’, ‘c/a’ Ratio, Average Crystal Size (D)

and Micro-Strain (&) of Different Zn,Ni,O Samples

% of Doping of Ni | Cggnm Aoy NM cla D £(10°)
0.00 0.52042333] 0.3249953)7 1.6013R5 27.16298 15511
0.02 0.52170843 0.3257917]7 1.601365 29.72556 10467
0.04 0.5192144 0.3241018§ 1.60201 29.80187 1.046829
0.05 0.52119327] 0.32548132 1.6018 27.79042 1.11996
0.06 0.52064163] 0.32506656 1.601646 29.01175 159%748
0.08 0.52076882 0.3252187 1.601288 28.02397 1.29861

The observed data reveal that lattice parametémnt ‘c’ are almost composition independent. Téas easily

be accounted for the small difference betweendhiiadius of Zn and Ni.
The Energy Dispersive X-ray Spectroscopic AnalysiEDX)

The EDX spectroscopy is used to analyze the chémdicaposition of grain sample. Also is used to preidnaps

of elements, place, concentration, and distribution

To confirm the presence of Ni ions in the synthedinanoparticle ZnO,EDX measurements were donalfor
samples Zn,Ni,O for (x=0.00, 0.02, 0.04, 0.05, 0.06, 0.08) figdrdt is determined that there is two peaks belangn

and Ni, through growing Ni concentration in samgiegyhts of its peak increase.
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Figure 2: EDX Pattern of Zn,;,Ni, O, (where x =0, 0.02, 0.04, 0.05, 0.06 and 0.08)
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The data of EDX spectroscopy are presented in fableDX spectra show good agreement with the exparial

concentration used for ZgNi,O samples.

Table 2: The Percentage of Ni in Different Zn,Ni, O Samples Using EDX Analysis

Samples Percentage of the Elements % Atomic(%)
Zn Ni Ni/Zn Ratio

Zn0O 100.0 - -
Zno_ggNio_ogo 98.13 1.87 0.019
ZNg.9eNig 0.0 96.32 3.86 0.038
Zno_ggNio_QEO 59.40 4.60 0.048
Zno_gzNio_ogo 49.55 55 0.058
Zno_g;Nio_ogo 93.4 6.89 0.073

Transmission Electron Microscope (TEM)

As proven in Figure. 3, the TEM image of Ni (0.08)5, 0.02) doped ZnO symbolizes nanorods. insitdpthe
TEM image in Figure. 3(b), the diameter of the rradas ~ 48 nm. The “d” value indicating (002) pdaof the hexagonal
structure of ZnO is obtained as 0.264 nm. The HRATiEhage of undoped ZnO has already been reportedttzen “d”
value is 0.260 nm [31]. The slight increase in‘tievalue of Ni-doped ZnO is due to the smallerimradius of Nf* than

that of Zrf*. This change in lattice parameter was also obseswe reported in Ni-doped ZnO [32].

154.42nm

26370m g8
200 nm
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162.67nm

EM Unit - Mansoura University

Figure 3: TEM Images of Zn,Ni,O, (where x = 0.02, 0.05and 0.08)

OPTICAL PROPERTIES
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UV-Visible spectroscopy

The optical absorption spectra of undoped Ni-doped ZnO (wherex = 0.00, 0.02, 0.04, 0.05, 0.06, O.(
samples in the varietyf 300 to 800 nr were measured. The measuremeas carried out using (LAMBDA 35) L-Vis

spectrophotometeOptical absorption spectra the measured samples are shown in Figure

absorbance (a.u.)

0.22
0.20
0.18

T T T T T T T T T T T T
360 400 440 480 520 560 600 640 680 720 760 800 840

wave lenght (nm)

Figure 4: Absorbance Spectra of Zi,,,Ni,O, Samples: (a) x=0.00; (b) x=0.0
(c) x=0.04; (d) x=0.05; (e) x=0.06 and (f) x=0.08& a Function of Wavelengtl
All samples observe natnusue pattern, wherein a single sharp absorption pedéusd inside the U’ region.
Moreover, the placement afhich is independeron Ni*? ions concentration. This peak followed by an exponential
decrease in absorption. EvaluatiohXRD well-known shows that Rf ions substitute Z*? ions i.e. we are handling

substitution solid solutiorin the presencase, we can count on that Ni ions are acted wpthnthe aid of an octahedron
field.

Nickel (II) can actupon by octahedrasquare-planaand tetrahedral symmetries depending upon the csitigo
[33].The presence of a numbef absorption bands and thposition not handiest depemah upon crystal structure but
also rely upon the chemical composition and théiggarmorphology[34,35].The absorption band edge of undoped Zn
observed at 375 nm. Withthe presenstudy, the optical absorption ofNi-doped ZnO shasinigle absorption peak at 377
nm (3.77 x1G cm).Commonlydivalent Ni ions in an octahedral symmeshowcasehree main bands at about 83

14.080, 24.995 cih Thosebands are usually assigned due to the-allowed triplettriplet transitions[36]
*Axo(F) — *ToF), *Az(F) — *T1(F) and®Ax((F) — *T1P)
The obtained data reveal that the observed abearpgak is most likely due
*Ao(F) = *T1y(P)
Where thigransition is localized at 525 cn*

The optical band gap was calculated using Tautasioe

(ahv)s = A(hv — E,) 4)
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Where, hv is the photon energy, is the optical band gap of the film,is the absorption co-efficient, A is a
constant, and the exponent n is correspondingedyire of transition. The exponent n is equa%l,t@,% and 3 according

to the allowed indirect, direct, forbidden indiremtd forbidden direct band gaps, respectively. @hergy band gap of

undoped and Ni-doped ZnO can be obtained by ptpttihv)? versus k and extrapolating the linear portion of absorption
edge to find the intercept with energy axis as showFigure 5.
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Figure 5: Band Gap Spectra of Zn,Ni,O, (x =0, 0.02, 0.04, 0.05, 0.06 and 0.08)

The observed linear relation betweerm()?n opposition to h suggests that the direct optical transition is the
dominant absorption mechanism. This is an acceptadult, since in crystalline systems the Hamiétorcommute with
the operators of symmetry (i.e. the momentum)isseored and is an integer quantum number. This misanshe direct
transition is the most probable. Band gap of thepdes became determined to decrease from 3.06 @\bieV with the
increase of Ni concentration. It might be due te thcrease in the grainsize [37] in addition to tfezreasing of the
conduction band prompted by using donor level ectal the Ni defects [38].

The envisioned energy band gaps of undoped anapialZnO are 3.06 eV, 2.67 eV, 2.49 eV, 2.41 e30 2V
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and 2.22 eV, respectively, as shown in figure 6.
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Figure 6: The variation of energy gap of Zn,Ni,O,
(x=0, 0.02, 0.04, 0.05, 0.06 and 0.08) as a Fimtiof Ni Concentrations

Zn.,Ni, O (where x = 0, 0.02, 0.04, 0.05, 0.06 and 0.08)kats red shift with increasing Ni content, i.eetband
gap decreases with increasing the Ni concentrafidve decrease in the band gap may be additionalty td the

sp-d exchange interactions among the band elecammhshe localized d electrons of the substituigdlent ions [39-43].

The truth that N7 ions substitute Zf ions i.e. we are handling substitutional solicusioh. This allows applying
rigid band model. Subsequently, the shape of Btilli zone is fixed and the band gap can be sligttinged with small
composition change [44]. Accordingly, Ni ions existan octahedral crystal field in the divalenteraly state without

changing the wurtzite crystal structure of ZnO.
CONCLUSIONS

The undoped and Ni-doped ZnO samples were syndtkbyg way of the chemical co-precipitation meth§BD
exhibits that there is no additional peak corresimmynto secondary phases of Ni in ZnO. EDX datdiomed the presence
of Ni in prepared samples of ZNi,O,(where x= 0, 0.02, 0.04, 0.05, 0.06, 0.08). U\é-gpectroscopy reveals that Ni
ions exist in octahedral crystal field in the desall valence state without changing the wurtzitestatystructure of ZnO.

Thus, N* ions substitute Zions in the crystal lattice.
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