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ABSTRACT

In this paper Zp4e, O, nanoparticles have been prepared by co-precigitatnethod. Ferrite nanoparticles are
characterized by thermogravimetric and differentiaérmal analysis (TG-DTA). The crystalline struetwf the
zinc-doped magnetite nanoparticles have been studith a help of X-ray diffraction (XRD). The sasgplshow
cubic inverse spinel structure with rang sifzedato 26 nm.
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INTRODUCTION

Nanoscience is one of the most important reseandhdavelopment frontiers in modern science. Onthefmost
promising of nanomaterials is the ferrite nanopbes of different compositions. Ferrite nanopagcbffer exciting
opportunities in fundamental study and technoldgiplications, such as biomedical applications, flmiocessing
and catalysts, and others [1-5].

Doping magnetite with transition metal elementsi¢zicopper, manganese) allows the modificationmgdartant
guantities as saturation magnetization, opticalperties, electroconductivity [6-8]. Zinc belongs @oclass of
microelements that are considered to play an imapbnole in many vital biochemical reactions anggilogical
processes: growth and development of the cellsustition the gene transcription and cell prolifemat activation
of DNA and RNA polymerases, slowdown the oxidatipocesses, optimization of the human immune sy$éem
16].

Therefore, to get more information about zinc terrnanoparticles and to improve their applicationdevelop new
ones, are essential careful studies related to shability, functionality, particle sizes and algeir materials and
physical behaviours. In this work, zinc-doped mdii@enanoparticlesire synthesized by co-precipitation method.
Ferrite nanoparticles are characterized by thereagretric and differential thermal analysis (TG-DTA he
crystalline structure of the zinc-doped magneta@aparticles have been with a help studied of Xeiffyaction
(XRD).

EXPERIMENTAL SECTION

2.1. Preparation of zinc-doped magnetite nanoparticles

Ultrafine particles of Zgfe O, have been prepared by coprecipitating aqueousticadu of FeSQ
Zn(CH;,COO) and Fed mixtures in an alkaline medium (0.1 M NaOH). Theagtion mixtures have been
maintained at 85 - 90°C for 4 hrs. This time it l@en sufficient for the transformation of hydraesgdnto spinel
ferrite. Magnetic particles have been collecteshgishagnetic separation. These particles have bashed several
times with distilled water and dried at room tengtere, producing thus samples ZMN. Samples ZMN tsaen
heated at 40°C, 500°C and 800°C for 2 h, regyltamples ZMN40, ZMN500 and ZMN80O0.
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2.2. Characterization techniques
Simultaneous thermogravimetric and differentialrthal analysis (TG-DTA) traces have beatained from Q-
1500D instruments (MOM, Hungary) at a heating cdt&0°C/min.

The X-ray diffraction (XRD) patterns of the sampleave been recorded on a Siemens D500 X-ray powder
diffractometer using copper radiation. Slow scahthe selected diffraction peaks have been cawigdn the step
mode (step size 0.03°, measurement time 75 s. fiistatite size of the nanocrystalline samples lbeen measured
from the X-ray line broadening using the Debye-3@€formula after accounting for instrumental lteaing.

RESULTSAND DISCUSSION
Firstly, the thermal behavior of the zinc-doped metde nanoparticles (ZMNhave beenstudied by thermal

analysis. Figure 1 shows TG, DTG, and DTA curverded for Zg4Fe, O, at a constant heating rate of 10°C
minin the temperature range of 20°C to 800°C.
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Fig. 1. TG, DTG, and DTA curves of ZngsFe;04

The TG and DTG curves show that the decompositfotine® compounds proceeds in three stages. Thestagie
that occurred at about 180°C shows 2.5 % weiglst dasised by the loss of physical adsorbed water.

In the second stage, an extensive weight loss (Lli8%bserved at about 355°C. The third stage lfatita800°C)
shows 0.6 % weight loss. These can be caused Bggb@f chemical absorbed water.

At a temperature of 750 ° C on the curve DTA exotfie peak which corresponds to the synthesis plofise
ZnFe0,. In the temperature range 350 - 545 ° C there $erées of peaks of low intensity exact positiom an
interpretation which is quite complicated.

The XRD pattern for zinc-doped magnetite nanoplagiof samples ZMN40, ZMN500 and ZMN80O0 are shown
Figure 2.

XRD can be used to characterize the crystallinitynanoparticles, and it gives average diametersalbthe
nanoparticles. The precipitated fine particles haeen characterized by XRD for structural detertdmaand
estimation of crystallite size. XRD patterns haveemanalyzed and indexed using powder X software. All
experimental peaks have bematched with the theoretically generated one adéxed. The lattice constant)a
have beemomputed. The values of lattice constants for presemposites are given in table 1.

Analysis of the diffraction pattern confirms therfmtion of cubic spinel structure for all the saesplThe sample
ZMNA40 has single phase, the observed lines correspite standard JCPDS file no. 22-1012 (ZakE there is no

appreciable line broadening or detectable sigmgfather crystalline or amorphous phase. This tésdicates that

Zn** can be incorporated into & lattice with no second phase. In the structurMN500 and ZMN80O phase
of & modification FgO3; (hematite, the standard JCPDS file no. 33-664leas analyzed.

110



Irina Vedernikova et al J. Chem. Pharm. Res,, 2013, 5(6):109-112

File: j\data\pow\isc\znfeo\2012\40\ZnFe40_0.cpi Date: 1-1-1900 Comment: ZnFeO-40C_R4020?7215F1G2008m6_0.24x6

4000
C
o 3
u 3000 ‘
n E \
t 2000-
s E

1000—=

0 T T \’”’77* T I I T % TR | T T LI B A }
20 40 60 80 100
- . . Degrees 2-Theta

500077F|Ie:J:\data\pow\|sc\znf§o\2012\500\500 0O.cpi Date: 1-1-1900 Comment: ZnFe204_500C_R402080215F1G2008m6_0.12x5
c 5
o
u
n
t
s

01‘ T "\' T I I T T 1 [ 11 1 11T T 1T T ] F T T T [
20 40 60 80 100

5000__File: i\data\powlisciznfeo\2012\800\800R.CPI _Date: 02-07-2012 Comment: ZnFe204_800C_R402008215F 1G2008m6_0.12x3
c E
©  4000=
u El |
N 3000
t 3
S 2000

1000

20 40 60 80 100
Fig. 2. X-ray diffraction pattern of the ZMN40, ZMN500 and ZM N800 samples (Cu K a).

Table 1: Phase composition and char acteristics of the experimental samples

Sample Phase| Mass, %6 a, (A \V} A | Crystallite size and microstrain, nm/ %
ZNM40 | ZnFeO, | 100(1) | a=8.4060(3)|  593.96(4 9/0.17
Moo | Z7Fe0: | 93.9(1.0) 2::853(?5&%4)) 591.84(4) 10/0.60
a-FeOs | 616) | 237000 | 3006(4) 6/0.06
Mo | Z7Fe0: | 39.7(4) 11%%337427‘;((173;) 600.622(16) 26/0.09
vFeOs | 60.3(4) | S22 000 | 301.736(e) 103/0.06

Lattice parameters for the spinel phase close ¢optrameter values for pure magnetite (8.39A). Ty be
ascribed to the fact of significant lack of zindica in the sample ZnyfFe, (O, compared to formula Znk@,.

With increasing temperature, sample processingesphase starts to break down. Hematite is forazed separate
phase, while in the spinel structure of ZMN500 ¢hisra noticeable microstrain. A significant deseem the lattice
parameter of spinel in sample ZMN500 in compariswith the sample ZMN40 suggests that the cause of
microstrain are oxygen vacancies in the structupon further heating to 800°C (sample ZMN800) thepprtion

of hematite phase significantly increased, andctiraposition of spinel phase close to the theoretasaevidenced

by the values of lattice parameter.

For samples, as temperature increases, the meatality diameter progressively increases and ti@astrain
decreases significantly for ZMN800. The spineli¢attcell parameter has been observed to slightlyease for
ZMN800 sample.

Magnetite or FgD, is one of inverse spinel group members with theegdnformula ABO,. In its structure A is

Fe ion and B is FE ion. The structure of magnetite consists of clgsacked oxygen arrangement with the
divalent F&2 ion in tetrahedral sites and the trivalenf¥®n in octahedral sites. For Znfm, Zr*" and F&"
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distribution at A and B sites within the structwan be represented by the formul&'@e’*,. [Zn** 1. ;F€* 1, 5]Ou,
whered is the inversion parameter.

Further the specification of the Zn cation disttibn in samples has been carried out. It is fourat the sample
ZMNA4O0 in tetrahedral positions has 40% zinc and 66%. ZMN500 — tetrahedral positions 61% zinc 389,
ZMNB800 — 81% and 19% respectively. Octahedraltjprs in the all samples occupied only by iron. @Qmncy of
oxygen positions can not be clarified, as welltlig method as the valence of iron in differentifmss.

Thus, the structural formula of spinel in the saanBMN40 is Zg e Fe&04, ZMN500 — ZR g1F€) 3045
ZMNB8O0O — (Zn 1F€.19F€04x-

CONCLUSION

For improving structural properties of zinc dopintagnetite has been studied. XRD pattern of natiofes
indicated formation of zinc doping magnetite withbic inverse spinel structure in all samples.créasing
temperature caused to increasing mean crystaiiteeter and formation of hematite phase.

REFERENCES

[1] D. Emerich, C. Thanos, Drug Target, 2007, 15,Ne3, 163-171.

[2] V. Koppisetti, B. Sahiti J. Drug Dev. & Res, 2011, 3, Nel, 260-266.

[3] K. Krishnan ,|EEE Transactions on magneti2010, 46,Ne7, 2523-2558.

[4] C. Kumar, Darmstadt, Germaniley VCH 2009, 143

[5]1. Vizirianakis ,Nanomedicing2011, Ne7, 11-17.

[6] P. Puspitasari, N. Yahya, N. Zabidi, N. Anmald Applied Sci, 2011, 11,Ne7, 1199-1205.

[7]1D. Yener, H. Gieschel, Am. Ceram. So2001, 84,Ne 9, 1987-1995.

[8] S. Singhal, T. Namgyal, S. Bansal, K. Chandraklectromagnetic Analysis & ApplicatigriZ)10, Ne 2, 376—
381.

[91W. Opoka, D. Adamek, M. Plonka, W. Reczynski, B.sB®. Drozdowicz, P. Jagielski, Z. Sliwowski, P.
Adamski, T. Brzozowski , Journ@lf Physiology And Pharmacology2010, 61,Ne 5, 581-591.

[10]Lansdown AB, Path RF, Mirastschijski U, et alWound Rep Re@007, 15, 2-16.

[11]Rink L, Haase H.Trends Immuno] 2006, 28, 1-4.

[12] Schwartz JR, Marsh RG, Draelos ZDgrmatol Surg 2005, 31, 837-847.

[13]Overbeck S, Rink L, Haase HArch Immunol Ther Exp2008, 56, 15-30.

[14]Kehl-Fie TE, Skaar EPCGurr Opin Chem Bio| 2010, 14, 218-224.

[15] Powell SR. ,J Nutr, 2000, 130, 1447S-1454S.

[16]Keen CL, Gershwin MEANn Rev Nutr ,1994, 10, 415

112



