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¢ Abstract: Zinc oxide nusopariides have wugue optical properties which Dave promising applications in §
U duminescent devices. Pure und doped Sine oudes have severad applications due o their arigue stroctaral end

optical properties. fron sufiaiitated Jn-Ur pane oandes were preparcd by wsing Hie sol-god aulo-combiustion method. |
Xeray diffraction patterns confiom the wieiaie ol sinn Ture of 'M ssisuples be f:wzum to heawgonal crystal 7
symmetry, Lattice constant o vavies from 3 2487A 10 3. 28768 and ' varies from 3 20434 10 5 20294 Crystallite
size was caleulated by owane woll Lows Sclwrver cquution aod W-8 platy wid o8 was observed within the

| nanometer range. The Williconson-Fali nrotined was wed o wnderstand the chanees pbserved i latce sirain, For |
i x S0.02, negative straw values are observed pudnoatng the compressive Dpe and for x> (U2, positive strain

L ovalues indivating the pende ope of siratn

Rey Words: Zinc oxide, luttie e comtan, covstatlire size, Woll analoa,

INTRODUCTION:

Oxide semiconductors play an waportant role m the fiekd of research becanse of then sersatile applications in
recent technology. These mutenals exhibit poticle sire depe m,e:h! properties amd theretore can be ;nn\n]md as the key
materials in the technolocioally nnportaat components (1 Revently, the demund of pano-swzed semwonductors is
increased because of thesr unique optical and clectnical r‘mgmmm which are mosthy usetul in the tabrication of nano-
sized multifunctional optoclectronn and vlectiome deviess [2-5]0 Among the metal enides, 2me oande hus o commercial
tmportance due 1o its majom e éil paints, tabber, cataly st semsors, varstors s 1 eadubits sepnconducting, prezoglectric
and pyroelectric properues 71 Zime oxdde 1 mmo-size has potential applications due to its altered properties than
that of bulk size, Doping of various metad jons dramatically changes the structural, optical and electrical properties of
zine oxides [3-10].

In the reeent past. several chemmeal methods have been emplosed o obtan aisu Z‘i:xl onde manostructures by
many researchers which mcludes chermeal sapor deposition [T thermal evaporaton [ 121, L;dmﬂzmvm [13]. sol-zel
auto ignition [14], electroc hemical deposition [15], laser abolitton | 16], and sputtes deposition [ 171 In the present study
we have adopted the sol-zel auto-izmtion route 1 order w obtun the ron doped Zn-Cr onade nunopartcles. The
structural properties were studied by using X-ray dittraction method. Crystalhite size and mucio-stiaes observed in the
samples were studied by using W-IT analysis,

EXPERIMENTAL:

Nanoparticles of iron doped Zn-Cr onade nanopaticles having general chenucal fonmula FedZnga . Cro( (3 =
0.0.0.02. (104, 0,06, 0.05 and D) werg obtained by uaing sol-pe ldlllﬁ*lj_iilﬁ%w method, Analy tcal eraded metal mitrates
with high purity (Zinc nitrate. won prnae, wnd chromum mitrate) of the constituent clements were used as starting
materials. All the starting matenals were mived with thewr werght proportion m sufficient amount of double distilled
water, Citric actd was used as chelating apent and guad ammoma was poured slowly o the solution o maintain the
pH=7. Whole mixture was hept on hot plate and continuously stirrer at constant temperatie of 90°C, Atier couple of
hours the soluon becomes denser amd the viscosity of the solution suddenly decreases and 1t converts into viscons sol.
After few minutes the viscous sol converted o dried gel and burnt into ash by auto-1gnion process, The burnt ash
then sintered at 850°C in vrder 1o obtam the final product m the form of fine particles at nano-scale level. The newly
prepared samples were chunactenzed by usinge Xeway ditfraction techmgue. Room temperature XRE) patterns of all the
samples were collected in the 20 range of 20" w0 80" by using Cu-K, radiations of wavelen '
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RESULTS AND DISCUSSION:

Fig. 1 represents the Nerin diftractogiams of FedZigaaCre <O nanopanticies. Ditfraction peaks indexed for the
planes (Ih, (0O2), (lod), (1020 (1108 (1033 20t 1120 200 06y, and 1202 aie attributed to zine oxide
corresponds to the hexagonal twurtzite s crvstal stractine of the samples. The secondary phase of CraQy and FesO; were
also observed i the N-ray ditfraction patterns of the samples. Bioadening of the Bragy’s lines clearly indicates the
nanocrystalline nature of the samples. Lattice parameters a” and "¢ of all the samples were evaluated by using the
following relation [ Ix].
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When, h=0and k =61 ¢ for the planes (002 pand (0041 then Tattee parageter o7 van be evaluated by using following
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Fig. 1: Xerav diffraction patterns of FengvnCry o€} manoparticies
Calculated values of tattice parameters “a" and " for all the samples of the senes Fo o ZngesCop () are listed in
Table 1. It can be seen that the fattice parameter “u” decreases from 32487 A 3.2471 A and "¢ decreases from 5,2043A
1o 5.2029A . The decrease tn luttive parameter by the addition of Fe fons can be explained on the basis of difference in
fonic radis. Here 1o the present series Fe tons having ionie sadun 67 A replaces the Znons huving eelatively larger tonic
radii 0.83A [19]. The replacement of larger wons by smaller one reduees the size of unit ool wnd hence cell parameters
decreases,

Table I: Lattice vonstant (a), X-ray density id ), crystalfite size (t)  \RD and W-I analysis), and micro-strain
observed in Fe Znpo Crogdh

Lattice i
i i S5 t* fnmy)
! gl Parameter % d. b s
s AN I RN Strain
" . : ce . -
W | etiA E XRI
analysis
RN 1.2487 52463 47 548 56352 [7.565 P7.al SLS68 x 1
Q02 | 30483 | 32041 | 473490 | 562 23RN 2390 | 3848 x 10
D4 | 32482 8.2034 36106 25.3%
{7 e
114t 3.2479 O] R 18 MGz
08 | 32476 5.00032 7.8}
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Unit cell volume ot all the samples was estimated by using the welaton V =0, se6ac and the values are listed
in Table 1. It can be obsersed that undt cell volume decreases wath the substitution of Zn wns by Fe ons. Thas decrease
in unit cell volume is attributed to the decrease in cell parameters, Xetay density was computed by using the relation
discussed elsewhere [20] and it was obtamed in the decreasmy trend. The inverage enstallite size i1h was estumate d by
using the FWHM (B) valucs and Brage™s angles (o well known Scherrer equation

ks

| 13
Bu*%ﬂ
where, 4 is the wavelensth of meudent radiabion (1 40540 and ks constant, Computed values of average crystalline
size ‘1’ varies from 17.565 nm to 23 44 3nm ~howing increasing trend with the addison of e wons m Zn-Cr oxides. The
result indicates that the surnation average onvstailite size stronaly depends on the Fe concentration. Increasing
concentration of Pe 1ons promedos fh\»‘ UL stallite growth. To continm the nanecrystalling nwure of the sumples,
Williamson-Hall methed. which is apother approsch to estmate the average envstallie size was, employved [21]. This
method gives the better mlonwiion of arystallite size and contnbutions of muero-strams obsery ed i the crystal lattice,
By using the following W-H refation ascrage ory stallite siee und micro-stiam was obtuned [ 221

v

[ Ke |
PBeosth= ———+ dosmb (4
Lhwoy
where, £- is the micro-strain brought in the crvatal lattice. 2-1s the muident wanelength (1330540 K the shape factor
(K = 0.94 for the crystal hav iy unitorm sized and tuag is the averave covstallie size obtained by the W-H analysis. W
H graphs plotted between Peost) and dusint) ure shownm b 2
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Fig, 2: W-H plots for the series FeufnoeaCruasth

Average erystallite ~1ze from W-H plots was obtamed from the Y-mterwept and latice stran was obtained from
slope of the zraph. The average enstallite size obtained from W-H plots mcreases hom 1781 nm to 2885 nm which is
in good agreement with the vidues obtaned by seing Seherrer cquation. For the samples £ 002, the Lattice strain shows
negative values mdicating the compressive Gpe of staut i the vy stal lattice. As the concentration of Fe ron increases

from x > 0.02, positive values of puero-strain we observed which whivcates the tenstle type of 20 e prestal fattice.
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CONCLUSIONS:

Oxide nanoparticles of FeuZnawsaCrasO were suecesstully obtaned by using sol-sel auro-rgnition method. X-rav
diffraction putterns contirm the hexagonal structure of the samples. attice patameter moreases with the addition of Fe
fons in Zn-Cr oxades which is related o the difference i ionic radin. Av crage arystallite size obtained from both Scherrer
and W-H analysis is in nunometer tange. For the samiples x < 002, compressive s Iy straim 1w vbserved and for x > 0.02,
tensile type stram 1s observed i the erystal lattice
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