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ABSTRACT

In the present study, cobalt substituted copper ferrite nanocomposite have
been investigated. A series of co-doped copper ferrites with nominal
compositionsCu,, Co Fe,O, (x=0.0,0.2,0.4, 0.6, 0.8, 1.0) were synthesized
by the co-precipitation oxalate rout method. The synthesized product has
been characterized by powder X- ray (XRD), Transition electron microscopy
(TEM), UV visible spectrophotometry, energy dispersive X-ray
spectroscopy (EDX) and photoluminescence (PL). The XRD analysisreveals
that the samples were cubic ferrite with average particle size in the range
12.1- 13.5 nm. The micrographs obtained from TEM analysis showed that
the synthesized materials have a spherical shape with an agglomeration of
theindividual particles. The energy dispersive X-ray spectrometric analysis
revealed that the observed molar ratios of different components of the
samplesarein close agreement with their nominal compositions. The optical
band gap values for pure copper ferrite and doped copper ferrite
nanoparticleswasfound to be 3.72 -3.03 eV, respectively. PL spectraof pure
copper ferrite and doped copper ferrite nanoparticles showed blue emission
at 460 nm and green emission at 520 nm.
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INTRODUCTION

Spinel ferriteswithageneral compositionMFe,0O,
(M=Co*, Cu?*) exhibit interesting magnetic, magneto-
resi stive and magneto-optical properties. At the same
time, these compounds have well-established cataytic
properties for many reactions such as oxidative
dehydrogenation of hydrocarbons, decomposition of
alcohols, selective oxidation of carbon monoxide,
decomposition of hydrogen peroxide, and
hydrodesul phurization of petroleum crude¥. The
catalytic properties of ferrospinelscrucialy depend on
the distribution of cationsamong the octahedral and

tetrahedral sitesof the spindl structure. Jacobset a .12
established that, in spinels, the octahedral sites are
amost exclusively exposed inthecrystallitesand that
the catalytic activity wasmainly dueto cationslocated
inoctahedrd sites. Cobalt ferrite (CoFe,O,) isawell-
known hard ferritematerid, which hasbeen studiedin
detall duetoitshigh coercivity and moderate saturation
magnetization'. Copper ferrite (CuFe,0,) ismostly an
inversespind structure™. Variousresearch groupshave
studied the effect of doping with different cationsto
enhancephysical propertiesof spind ferrites™. Gautam
et a'® reported electronic structure studies of Cu?
doped cobalt ferrite, they observed that Cu?* ions
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occupy octahedral site.

Many techniques have been used for the
determination of cation distribution by using the X-ray
diffraction such as R-factor”8, Furuhashi®® and Bertaut
methods?. Theadditiona techniquesincludeneutron
diffractioni*, thermoel ectric measurements*?, and
electron spin resonance®d. The intensity of X-ray
reflectionsreved sardianceonthepossession of cations
amongst theinterstitial sites. So all of theabove said
methodsinwhich X-ray diffraction hasbeenused, are
based upon the compari son of experimentaly observed
intensitieswith those, cal culated for the hypothetical
crystal structure. Cobalt ferrite is reported as an
inverse spinel and thedegree of inversionisstrongly
dependent on the preparation conditions and
methodd*>9, The distribution of cationsin copper
ferrites, prepared by co-precipitation technique is
reported as[Cu ,Fe ] [Cu,Fe, ] O,. Althoughalot
of work has been done on CoFe,O, and CuFe,O,, a
littlework isfoundinliteratureon mixed Co—Cu ferrites.
Tailhadeset d ') prepared mixed cobat—copper spinel
ferritesCo,Cu, , Fe,O, withacicular shapefromoxdate
precursorsand reported that the cation distributionis
sengtivetothetherma history of thesamples.

This paper reports the effect of Co-doping on
structural, morphological and optical of CuFe,O,
(x=0.0,0.2,0.4,0.6,0.8,1.0) nanocomposites prepared
by the co-preci pitation oxa ate rout chemica method.
Thepresent investigationisconcerned withthesynthes's
of copper ferritemagnetic nanoparticleswith controlled
particles ze, particles zedistribution, compositionand
surfacemorphol ogy. Various characterization techniques
have been carried out using X-ray diffraction (XRD),
transmission electron microscopy (TEM), energy
dispersive X-ray spectroscopy (EDX), UV—visible
spectroscopy and PL spectroscopy.

EXPERIMENTAL

All reagents used in the present work were
anaytical grade and directly used without further
treatment. Oxalicacid, H,C,0,.2H,0 (Merck, 99.5%
purity), Pragpagen HY, C H_ NOCI (Clariant, 40%),
Zinc sulfate monohydrate, ZnSO,.H,O (Merck, 99%
purity), Copper sulfate pentahydrate, CuSO,.5H,0
(Merck, 99% purity), Ferrous ammonium sulfate
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hexahydrate, (NH,),F&(S0O,),.6H,0 (Merck, 99.5%
purity) and deionized water were used in the synthesis
and preparation of al solutions. Intypical synthesisof
Cu, Co Fe,O, with x= (0.0, 0.2, 0.4, 0.6, 0.8,1)
nanopowders, (20 mmoal) of Ferrousammonium sulfate
and therespective amounts Copper sulfate and doped
metal ionsof Coweredissolvedinto 25mL of deionized
water. (20 mmol) of oxalic acid wasdissolved inan
equa volume of delonized water and dropwise added
to metal salts solution under magnetic stirring for 60
min, aprecipitateof (Cu, Co, Fe) oxaatewasisolated,
washed with water several timesand dried at 100°C
for 24 hours. The dried material was grounded using
mortar and pestleto produce fine powder precursor.
Subsequently, the precursor, (Cu, Co, Fe) oxaatewas
anneded in mufflefurnaceunder air at 500°Cfor 3hto
form Cu, , Co Fe,O, nanostructure.

UV—vis absorption spectra were collected using a
UV-vis spectrophotometer (Shimadzu, UV-2400) in
thewave ength rangefrom 200 to 700 nm. PL spectra
wererecorded with aspectrofluorometer (JASCO, FP-
6500); the extinction wavel ength was sel ected to be
400 nm. The X-ray diffraction (XRD) patterns of the
dried as-prepared and classified sampleswere obtained
using an X-ray diffractometer PANalytical X pert
(PANalytical) with Cu Ka radiation (0.154 nm
wavelength) under 40 kV and 200 mA. The
transmission éectron microscopy (TEM) andlysiswas
done with JEM 2010 (JEOL) transmission electron
microscope with eenergy dispersive X-Ray
Spectrometer INCA (Oxford Instruments).

RESULTSAND DISCUSSION

Thedtructureand phase purity of thesampleswere
confirmed by anayzing the X-ray powder diffraction
patterns. Figure 1 shows the XRD patterns of Cu,_
.Co Fe,0, samplesprepared a various Co substitutions
x=(0.0, 0.2,0.4,0.6, 0.8 and 1.0). All the observed
reflections could be assigned to cubic spinel lattice
indicating their single phase structurewith sometraces
of other impurity phases (e.g. Fe,0, and CuO phases).
The peaks could be indexed as (220), (311), (222),
(400), (422), (511), and (440), which arecharacteristics
of single-phasecubic spine structure (JCPDS card no.
22-1012). From the results, the Cu-Co ferrite phase
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Figurel: XRDOf (a) Cu,.Fe0O,, (b)Cu,,,Co, ,FeO, (c)

CUO.OO3COO.002FeZO4’ (d) CUO.OOZCOO.OO3FeZO4’ (e)

CuO.OOlCOO.OMFGZO4’ (f) C00.004Fezo4

formed contained someimpurity peaks, which aredue
to decomposition of the ferrites to a-Fe,O, phase,
abovetheannealing temperature of 500°Cl#&21, The
intengity of main diffraction pesk of cubic spinel ferrite
at the (311) plane was considered asameasure of its
degreeof crystdlinity®l. Anincresseinthe concentration
of Co in copper ferrite resulted in a measurable
progressiveincreaseinthedegreeof crystalinity of the
produced cubic phase. The average particle sizes of
the sampleswere estimated from the broadening of the
diffraction peaksusing the Debye-Scherrer equation.
Theaverageparticlesizeof dl samplesintherange of
12.1-13.5 nm. It was found that by increasing the
amount of cobdt loading, thecrystallitesizeincreases.
Itismay bedueto the surfacetemperaturethat affects
themol ecular concentration and makesthetiny crystal
to grow at the surface of thecrystal, thereby increasing
themolecular concentration at thecrysta surface, which
inturnincreasesthegraingrowth?,
Themorphological characteristicsof theobtained
Cu, Co Fe,0, (x=0.0,0.6,0.8,1.0) nanoparticleswere
investigated by the transmission scanning electron
microscopy (TEM) and are shown in Figure 2(a-c).
Thefigures proved that products are nearly cubic (not
uniform) with diameter 32-40 nm ascal culated from
histogram (see Figure 2). Nanoparticles are
agglomerated due to the presence of magnetic
interactions among the particles?®. The observed

differencein particle size calculated by XRD and as
observed by TEM may beduetothemol ecular structurd
disorder and | attice strain, which resulted the different
ionicradii and/or clustering of the nanoparticles.

EDX spectroscopy isan andyticd tool to determine
the composition of the sample. EDX spectraof Cu,
Co Fe,O, ferrites(x =0.0, 0.6, 0.8, 1) areshown in
Figure3(a-c). Figure 3 showsthe pesksof Fe, Cuand
O elementsin pure. It isinteresting to note that the
preparation condition completely favorstheformation
of mixed ferrites and allow usto study the effect of
increasing Co content on the properties of the copper
ferrite. The above mentioned results confirm the
formation of pure and Co-doped CuFe,0, phase.

UV-visspectral anaysishasbeenwidely used to
characterize semiconductor nanoparticles. As the
particle size decreases, the absorption edge shiftsto
shorter wavelength, dueto theband gep increase of the
smaller particles[108, 109]. The absorption spectraof
Cu ferrite and Co doped in Cu ferrite nanoparticles
(Cu,,Co,Fe,0,) inUV-light regionwasillustratedin
Figure 4. It can be clearly seen that all samples
possessed an absorption band in the whole range as
well asexhibited agood absorptioninthelight region
(330-400 nm). The absorption at 330 nmisassigned
to the characteristic absorption band of CuFe,O,
nanoparticles. Onsubstituting Coin copper ferrites, the
absorption band is shifted to longer wavelength as
showninFigure4. Thefundamental absorption, which
correspondsto e ectron excitation fromtheva anceband
to conduction band, can beused to determinethevalue
of the optical band gap of the synthesized Cu,
.Co Fe, O, ferrite nanoparticles. Theband gap can be
obtained fromalinear extrapol ation of the absorbance
edgeto thewavelength axis. The estimated band gap
values of Cu, Co Fe,O,(x = 0.0, 0.2, 0.4, 0.6, 0.8
and1.0) nanostructures was found to be 3.72 -3.03
eV (seeFigure5). Theband gap energy decreaseswith
increasing Co content, which may be associated with
various parameters including the crystallite size,
structural parameter, carrier concentrations, presence
of very smdl amount of impuritieswhich aredetectable
by XRD technique and | attice straini¥.

In order to study the defects and other impurity
states of the system, photoluminescence (PL) spectra
of the Co-doped CuFe,O, samples were recorded.
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Figure 6 showsroomtemperature PL spectrumof Cu,  band-edge (NBE) emission of pure and Co-doped
.Co Fe,O, wherex = (0.0,0.2,0.4,0.6,0.8and CuFe,0, a around 460 nm. A broader visibleemission

1.0). Theexcitation wasrecorded at wavelength400  band was

obtained for al the samplescentered at 460
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nm. All the samples showed the characteristic near-  nm, andisattributed to the recombination of e ectrons
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Figure2: TEM micrographsand EDX spectrumof of Cu, Mn Fe,O, (a) x=0.0,
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Figure3: EDX spectrumof Cu, Co Fe,
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Figure4: UV-vis. spectraof Cu, , Co Fe,0,x=(0.0,0.2,0.4,

0.6,0.8and 1.0)

deeply trapped in oxygen vacancies with photo
generated holes®!. As we increase the doping

concentration of Cointo CuFe,O,, overal intensities

0, (a) x=0.0, (b) x=0.6, (c)x=0.8 and (d) x=1.
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Figure5: Variation of theband gap energy of Cu, Ni Fe,O,
(x=0.0,0.2,0.4,0.6,0.8and 1.0)

of the peak for al the samplesdecrease. Thisbehavior
can beattributed to the appearance of new electronic
level s between the conduction and the va ence band
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Figure6: Photoluminescence spectraof Cu, Co Fe,O, fer-
riteat x=(0.0,0.2,0.4,0.6,0.8,1.0)

and might beduetotheincreaseinintrinsic defects?l.
CONCLUSION

Copper ferrite nanoparticlesdoped with trangition
metal (Co) were successively synthesized by a co-
preci pitation chemical method. Thecrystalinestructure
of Cu,_ Co Fe,O, was investigated by X-ray
diffraction, which confirmsthat Cu, . Co Fe,O, ferrites
haveacubic spind structure as matched with JCPDS
card. Itisobsarved that thecrystdlites zeof nanoferrites
isfound to beincreased withincreasing doping content.
Theobtained TEM images showed that the synthesized
materiashaveaspherica shapewithan agglomeration
of theindividud particles.

Theoptica band gap vauesfor pure copper ferrite
and doped copper ferrite nanoparticleswasfound to
be 3.72 -3.03 eV, respectively. PL spectra of pure
copper ferrite and doped copper ferrite nanoparticles
showed blueemission a 460 nm and green emission at
520 nm.
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