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Abstract : Fe;0,4 without Au was fabricated via photolysis method and then Au was doped with
concentration 3 wt.% using co—precipitation method. The samples of FesO, without/with Au
doping were characterized by XRD, EDX, and TEM while the magnetic hysteresis loops of the
samples were determined using PPMS. The results obtained a ferromagnetic demeanor at room
temperature and fabrication of Fe;O,s-Aunanoparticles as well as the resistance and the
magnetic demeanor of the samples decrease with the doping of Au and that indicating
semiconducting behavior. The saturation magnetization (MS) of the sample without doping
(94.72 emu/g) is much higher than that (66.78 emu/g) of the sample with doping.
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Introduction

Through past few deeds, nanoparticles with magnetic properties have revolted noteworthy interest in
many fields such as therapy ™, catalysis **, protein purification and biological separation ®}, target delivery
391 "and biosensor ", The doped of Au on Fe;0, surface, in particular, have enticed ever growing attention
due to the noteworthy advantages for gold nanoparticles. For protecting magnetic nanoparticles, gold is an inert
element and very useful for it. it has versatility in surface modification %, unique biocompatibility ™3, and
high catalytic properties . The physical and chemical properties of Au-Fe;O, NPs is predominantly dependent
on its particle size and morphology. Many pains have been made to synthesize Au-Fe304 NPs, such as
preparation of oil phase ***" micro emulsion method *#*°! aqueous-phase method %2 and phase transfer
23241 ") ately, the fabrication Au/Fe;O, was announced by our group ®!. However, it is still of major benefit to
design a low processing cost, simple manipulation and nontoxic method to get Au-Fe;O4 NPs with controllable
size. Here, a two-step synthetic method was offered. First, nanoparticles of FesOwere fabricated by photolysis
the ferric complex. Second, Au precursor were used to preparing doped material on the fe3o04 surface. The
results obtained that the size of NPs ranged from 10 to 25 nm by controlling the power of irradiation.

2- Experimental part
2.1 Materials andinstruments

[K3(Fe(CN)g].3H,0 (99%), HAuUCI,.H,O (99%) and NH,OH (99%) were supplied from Sigma Aldrich
and used without further purification. The morphology of NPs were determined using a transmission
electron microscopy (JEOL JEM-2100 Japan). Element analysis, identity and size of particlesfor NPs were
obtained using energy dispersive X-ray spectroscopy (EDX) analysis and X-ray diffract meter (XRD-6000)
with copper Karadiation respectively, while themagnetic properties of the showedNPs were characterized
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by vibrating sample magnetometer (VSM, LakeShore 7073).
2.2 Synthesis of Fe;O4-AuNPS

The NPs of Fe304-Au were prepared through photolysis and co-precipitation methods. Briefly,
10gm of [K3(Fe(CN)¢].3H,0 was dissolved in 100ml distilled water. Then, 5ml of (0.1M) of NH4OH was
added to the solution and it stirred until clear solution obtained. After that, the solution was irradiated for 2
hours using irradiation system that obtained at fig 1. Black precipitated was showed and left in solution. In
the second beaker, 3% wt of HAuCIl,.H20 was dissolved in 100ml distilled water with adjusting the pH
using ammonium solution and stirring the mixture for 30min. then, the precipitate solution of fabricated
Fe304 was added to the solution of Au with stirring and adjusting the pH of the mixture by drops of
NH4,OH. Finley, the precipitate solution was washed with water for several time until getting natural
solution.

Fig. 1 The irradiation system

3- Result and Discussion
3.1 Fe;O, with/without Au characterization

The structure of magnetite with/without gold were showed and studied using the spectra of XRD
(fig. 2). All peaks that showed from (fig. 2a) was indicated to FCC shape and corresponded to Fe304 and
it's in agreement with (JCPDS card No0.79-0418) while the peaks at 38.42°, 44.91° and 64.62° angles that
showed at (fig. 2b) assigned to the Au position and it’s in agreement with (JCPDS card No: 04-0784). Due
to the effect of doping and the weight of gold atoms, many peaks for magnetite such as 44.25° had been
lost 1?®!. Furthermore, the measurements of XRD show the high degree of crystallinity for NPs of Fe;0./Au
and that provided a reference of the morphology of the sample in detail and appear that FesO4NPs were
single-phase.
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Fig. 2. XRD spectrum of pure magnitie (a), and magnetite with gold NPs (b)

The elements analysis of the samples were recorded using EDX spectrum and showed at (fig. 3a-
b). The fig showed many peaks assigned to iron, oxygen, and gold and demonstrated to doping Au on the
magnetite surface.
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fig. 3. EDX spectrum of pure magnetite (a), and with gold (b)

shape and size of particles was showed at (fig. 4) and obtains TEM images listed from the fabricated
FesO,~Au.The images obtained many atoms of gold that doped on the magnetite surface as displayed in
below figures.
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fig. 4. TEM of magnetite with gold (b)

3.2 The electric and magnetic study

After the characterization of the structure and phase of Fe;O4 with/without Au samples, the gauges of
temperature-dependent resistance was recorded using standard four-probe. The comparison between resistances
of samples appeared at (fig. 5) and showed decrease the resistance of Fe;0, with Au sample and equal to (1.90
Q)while (10.93 Q) for pure magnetitedue to the mechanism of moving for electrons between Fe*? and Fe™ at
B-sites and the moving of it depended on the activation energy and separation of ions.This phenomenon occurs
when the surface of the material (FesO,) doped with another material (Au) and therefore reduced the
resistivity.?”
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Fig. 5.Resistance versus temperature plot for pure Fe304 (a), and 3 wt.2% Au/Fe304 (b)

The effect of doping Au upon the surface of magnetite was studied from results that showed at
(fig. 6). From results, the samples show a clear ferromagnetichysteresisbehaviorwith/withoutAudoping and the
saturation magnetization for pure magnetite (94.72 emu/g) is higher than doped with gold (66.78 emu/qg)
due to the non-magnetic behavior of Au. )



Zaid Hamid Mahmoud a//International Journal of ChemTech Research, 2017,10(12): 271-277.

100

4
80
(emu/g) 4

275

~-100

60 - > A ',..:"'
| -

40 —
4

20 —
-4

o — lm
ot

20 —

-60 —

- '.‘
——errnssutesssssstt o

-80 —

.
TRt 40 & & BOat8E VRO VT o °

~10000 -5000 o 5000 10000

Applied field (Oe)

Fig. 6. M versus H plot for (a) pure Fe;O,, and (b) 3 wt.% Au/Fe;O,

Conclusion

In conclusion, we have proved a novel way for the preparation of Fe;O4-Au NPs with small size

and high quality of particles. The surface morphology of samples was investigated by TEM and notice
many atoms of gold doped upon the surface of magnetite while the amount of element before and after
doped gold upon surface and the crystal lattice of samples was investigated by EDX and XRD respectively
as well as the results obtained that the magnetic and resistance behaviors of magnetite decrease after doped
gold and this indicating to semiconducting behavior.

References

1.

J. Kim, S. Park, J.E. Lee, S.M. Jin, J.H. Lee, I.S. Lee, I. Yang, J.S. Kim, S.K. Kim, M.H.
Cho, T. Hyeon, Designed fabrication of multifunctional magnetic goldnanoshells and
their application to magnetic resonance imaging and photo-thermal therapy, Angew.
Chem. Int. Ed. Eng. 45 (2006) 7754-7758.

K. Kamei, Y. Mukai, H. Kojima, T. Yoshikawa, M. Yoshikawa, G. Kiyohara, T.A.
Yamamoto, Y. Yoshioka, N. Okada, S. Seino, S. Nakagawa, Direct cell entry ofgold/iron-
oxide magnetic nanoparticles in adenovirus mediated gene delivery,Biomaterials 30 (2009)
1809-1814.

F.H. Chen, Q.T. Chen, S.M. Fang, Y.A. Sun, Z.J. Chen, G. Xie, Y.P. Du, Multi-functional
nanocomposites constructed from Fe304-Au nanoparticle cores anda porous silica shell in the
solutionphase,DaltonTrans.40(2011)10857-10864.
Z.Gan,A.Zhao,M.Zhang,W.Tao,H.Guo,Q.Gao,R.Mao,E.Liu, Controlled synthesis of Au-
loaded Fe304@C composite microspheres with superior SERSdetection and catalytic
degradation abilities for organic dyes, Dalton Trans.(Camb., Engl.: 2003), 42,8597-
8605.

M. Kuhara, H. Takeyama, T. Tanaka, T. Matsunaga, Magnetic cell separationusing
antibody binding with protein a expressed on bacterial magneticparticles, Anal. Chem. 76
(2004) 6207-6213.


http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref6
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref6
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref6
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref6
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref6
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref6
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref6
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref7
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref7
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref7
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref7
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref7
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref7
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref7
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref10
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref11
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref1
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref1
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref1
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref1
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref1

Zaid Hamid Mahmoud a//International Journal of ChemTech Research, 2017,10(12): 271-277. 276

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

T.T. Hien Pham, C. Cao, S.J. Sim, Application of citrate-stabilized gold-coated
ferricoxide composite nanoparticles for biological separations, J.Magn. Magn. Mater.320
(2008), 2049—-2055.

T. Kinoshita, S. Seino, Y. Mizukoshi, Y. Otome, T. Nakagawa, K. Okitsu, T.Yamamoto,
Magnetic separation of amino acids by gold/iron-oxide compo-site nanoparticles
synthesized by gamma-ray irradiation, J. Magn. Magn.Mater.293 (2005) 106-110.

S. Guo, D. Li, L. Zhang, J. Li, E. Wang, Monodispersemesoporous super-paramagnetic
single-crystal magnetite nanoparticles for drug delivery, Bio-materials 30 (2009) 1881-
1889.

Y. Liang, J.L. Gong, Y. Huang, Y. Zheng, J.H. Jiang, G.L. Shen, R.Q. Yu, Biocompa-
tiblecore-shellnanoparticle-basedsurface-enhancedRamanscatteringprobes for detection of
DNA related to HIV gene using silica-coated magneticnanoparticles as separation tools,
Talanta 72 (2007) 443-449.

T. Zhang, W. Wang, D. Zhang, X. Zhang, Y. Ma, Y. Zhou, L. Qi, Biotemplated synthesis
of gold nanoparticle—bacteria cellulose nanofibernanocomposites and their application in
biosensing, Adv. Funct. Mater. 20 (2010) 1152-1160.

T.T. Baby, S. Ramaprabhu, SiO2 coated Fe304 magnetic nanoparticle dispersed
multiwalled carbon nanotubes based amperometricglucose biosensor, Talanta80 (2010)
2016-2022.

X. Zhao, Y. Cai, T. Wang, Y. Shi, G. Jiang, Preparation of alkanethiolate-functionalized
core/shell Fe304@Au nanoparticles and its interaction withseveral typical target
molecules, Anal. Chem. 80 (2008) 9091-9096.

K.C. Grabar, R.G. Freeman, M.B. Hommer, M.J. Natan, Preparation and characterization of
Au Colloid Monolayers, Anal. Chem. 67 (1995) 735-743.

S. Goergen, C. Yin, M. Yang, B. Lee, S. Lee, C. Wang, P. Wu, M.B. Boucher,G. Kwon,
S. Seifert, R.E. Winans, S. Vajda, M. Flytzani-Stephanopoulos, Structure sensitivity of
oxidative dehydrogenation of cyclohexane over FeOxand Au/Fe304 nanocrystals, ACS
Catal. 3 (2013) 529-539.

F. Mohammad, G. Balaji, A. Weber, R. M. Uppu, C.S. Kumar, Influence of GoldNanoshell on
Hyperthermia of Super Paramagnetic Iron Oxide Nanoparticles(SPIONs), J. Phys.Chem. C,
Nanomater. Interfaces 114 (2010) 19194-19201.

H. Liu, P. Hou, W. Zhang, J. Wu, Synthesis of monosized core—shell
Fe304/Aumultifunctional  nanoparticles by PVP-assisted nanoemulsion  process,
ColloidsSurfaces A: Physicochem. Eng. Asp.356 (2010) 21-27.

P. de laPresa, M. Multigner, M.P. Morales, T. Rueda, E. Fernandez-Pinel,A. Hernando,
Synthesis and characterization of FePt/Aucore-shell nanoparticles, J. Magn. Magn.
Mater.316 (2007) e753—e755.

G.K. Kouassi, J. lrudayaraj, Magnetic and gold-coated magnetic nanoparticlesas a DNA
sensor, Anal. Chem. 78 (2006) 3234-3241.

T. Kinoshita, S. Seino, K. Okitsu, T. Nakayama, T. Nakagawa, T.A. Yamamoto,Magnetic
evaluation of nanostructure of gold—iron composite particlessynthesized by a reverse
micelle method, J. Alloys Compd. 359 (2003) 46-50.

J.L. Lyon, D.A. Fleming, M.B. Stone, P. Schiffer, M.E. Williams, Synthesis of Feoxide
core/au shell nanoparticles by iterative hydroxylamine seeding, NanoLett. 4 (2004) 719-
723.

Y. Liu, T. Han, C. Chen, N. Bao, C.-M.Yu, H.-Y.Gu, A novel platform ofhemoglobin on
core—shell structurally Fe304@ Au nanoparticles and its directelectrochemistry, Electrochim.
Acta 56 (2011) 3238-3247.

H.Zhou, J.Lee, T.J.Park, S.J.Lee J.Y.Park, J.Lee, DNA Ultrasensitive, monitoring by Au-
Fe304 nanocomplex, Sens. Actuators B: Chem. 163 (2012)224-232.

Y. Wu, T. Zhang, Z. Zheng, X. Ding, Y. Peng, A facile approach to
Fe304@Aunanoparticles with magnetic recyclable catalytic properties, Mater. Res.
Bull.45 (2010) 513-517.

Z.Xu, Y. Hou,S.Sun,Magneticcore/shell Fe304/AuandFe304/Au/Ag nano-particles with
tunable plasmonic properties, J. Am. Chem. Soc. 129 (2007)8698-8699.


http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref2
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref2
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref2
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref2
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref3
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref3
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref3
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref3
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref3
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref3
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref4
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref4
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref4
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref4
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref4
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref5
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref5
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref5
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref5
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref5
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref5
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref5
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref8
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref8
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref8
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref8
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref8
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref8
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref9
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref9
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref9
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref9
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref9
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref9
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref9
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref13
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref13
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref13
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref13
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref13
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref13
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref13
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref12
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref12
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref12
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref14
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref20
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref20
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref20
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref20
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref20
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref21
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref22
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref22
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref22
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref22
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref22
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref15
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref15
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref15
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref16
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref16
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref16
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref16
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref16
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref17
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref17
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref17
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref17
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref17
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref18
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref18
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref18
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref18
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref18
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref18
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref18
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref19
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref19
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref19
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref19
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref19
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref23
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref23
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref23
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref23
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref23
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref23
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref23
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref24
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref24
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref24
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref24
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref24
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref24
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref24
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref24

Zaid Hamid Mahmoud a//International Journal of ChemTech Research, 2017,10(12): 271-277. 277

25. W. Hui, F. Shi, K. Yan, M. Peng, X. Cheng, Y. Luo, X. Chen, V.A. Roy, Y.

26.

27.

Cui,Z.Wang, Fe304/Au/Fe304 nanoflowers exhibiting tunable saturation magneti-zation
and enhanced bioconjugation, Nanoscale 4 (2012) 747-751.

H. Maleki, A. Simchi, M. Imani, B.F.O. Costa, Size-controlled synthesis of superparamagnetic iron
oxide nanoparticles and their surface coating by goldfor biomedical applications, J. Magn. Magn.Mater.
324 (2012) 3997-4005.

M. Asif, M. Shahid, A. Alhazaa, A. Shahid, Au doping effecton the electrical and
magnetic  properties of Fe304 nanoparticles, J. Modern Physics Letters B. 29
(2015) 9-15.

%k %k Xk %k %k


http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref25
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref31
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref31
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref31
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref31
http://refhub.elsevier.com/S0304-8853(14)00882-8/sbref31
https://www.researchgate.net/publication/287806445_Au_doping_effect_on_the_electrical_and_magnetic_properties_of_Fe3O4_nanoparticles?enrichId=rgreq-d55ece4ec84231c427193c5da449ae59-XXX&amp;enrichSource=Y292ZXJQYWdlOzI4NzgwNjQ0NTtBUzozNDU1NDk4MjkwOTk1MjFAMTQ1OTM5NjkwNzcxOA%3D%3D&amp;el=1_x_3&amp;_esc=publicationCoverPdf
https://www.researchgate.net/publication/287806445_Au_doping_effect_on_the_electrical_and_magnetic_properties_of_Fe3O4_nanoparticles?enrichId=rgreq-d55ece4ec84231c427193c5da449ae59-XXX&amp;enrichSource=Y292ZXJQYWdlOzI4NzgwNjQ0NTtBUzozNDU1NDk4MjkwOTk1MjFAMTQ1OTM5NjkwNzcxOA%3D%3D&amp;el=1_x_3&amp;_esc=publicationCoverPdf

