
Introduction

Synthesis of solids, possessing desired structures,

stoichiometry and properties continues to be a chal-

lenge to chemists, material scientists and engi-

neers [1]. Formation of solids by ceramic method is

controlled by the diffusion of atoms and ionic species

through reactants and products and thus requires re-

peated grinding, pelletising and calcination of reac-

tants for longer duration at high temperatures. At-

tempts have been made recently to bypass diffusion

control problems of solid synthesis using various in-

novative synthetic strategies. One such approach is,

‘combustion synthesis’. Recently many such combus-

tion synthesis of metal and mixed metal oxides using

metal hydrazine complexes of oxalate [2], sulphite

[3], formate [4], acetate [5], propionate [6],

hydrazidocarboxylate [7], malonate and succinate

[8–10], maleate and fumarate [9, 11], tartrate [11] and

malate [12] have been studied. There has been consid-

erable interest among researchers in the study of or-

ganic-inorganic materials including hydrazine deriva-

tives of metal carboxylates since they serve as

precursors to fine particle oxide materials relatively at

much lower temperatures and also in their character-

ization using various techniques such as TG, DTA,

SEM, TEM, XRD, AAS and FTIR spectroscopy

[13–50].

In the present investigation the combustion syn-

thesis of nickel ferrite nanoparticles, using novel

fumarato-hydrazinate precursor has been studied as

nickel ferrite is a technologically important material

extensively used in high frequency applications such

as microwave devices due to their high resistivity and

sufficiently low losses. It also finds application in the

ferrofluid technology.

Experimental

Preparation

A requisite quantity of sodium fumarate in aqueous

medium was stirred with hydrazine hydrate

(99–100%) in an inert atmosphere for 2 h. To this so-

lution, a stoichiometric amount of freshly prepared

ferrous chloride solution mixed with nickel chloride

was added dropwise with constant stirring in an inert

atmosphere. The yellow colored precipitate thus ob-

tained was filtered, washed with ethanol, dried with

diethyl ether and then stored in vacuum desiccators.
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These precursors once ignited decompose auto-

catalytically to form ferrite at lower temperature. For

this autocatalytic decomposition, the precursor was

first spread over a petridish and a burning splinter was

brought near to it, when small portion of it caught fire.

A red glow that formed spread over the entire bulk

completing the total decomposition of the precursor

in an ordinary atmosphere. This ‘as prepared’ ultra-

fine nickel ferrite powder was then pelletised putting

a pressure of 7 T inch
–2

for 3 min and sintered at

1000°C for 5 h.

Characterization

The hydrazine content in the precursor was deter-

mined by volumetric analysis using standard

0.025 M KIO3 solution under Andrew’s conditions

[51]. The metal contents were determined using an

atomic absorption spectrophotometer model 201

Chemita. The structure and phase purity of the nickel

ferrite (‘as prepared’ as well as sintered) was deter-

mined by a Philips X-ray diffractometer model

PW 1710 with CuK� radiations and Ni filter. The

morphology of ‘as prepared’ and sintered nickel fer-

rite was observed by transmission electron micros-

copy using a JEM 2000 CX electron microscope and

scanning electron microscopy using a

JEOL-JSM 5600LV electron microscope, respec-

tively. Simultaneous thermogravimetric and differen-

tial thermal analysis of precursor was recorded on a

STA 1500 thermal analyzer up to 600°C, at a heating

rate of 10°C min
–1

. The isothermal and total mass loss

studies of the precursor were carried out along with

hydrazine estimation at various predetermined tem-

peratures. Infrared spectral analysis of the precursor

and the ferrite was done using a Shimadzu FTIR,

model 8101 A. The saturation magnetization of the

ferrite sintered at different temperatures was mea-

sured on alternating current hysteresis loop tracer de-

scribed by Likhite et al. [52] and supplied by M/s

Arun Electronics, Mumbai, India. The variation of

a.c. susceptibility, resistivity and Seebeck coefficient

as a function of temperature was measured for

NiFe2O4, the same way as described elsewhere [53].

Results and discussion

A chemical formula of NiFe2(C4H2O4)3·6N2H4 for

nickel ferrous fumarato-hydrazinate precursor has

been fixed based on the total percentage mass loss and

percentages of hydrazine, nickel and iron which

match closely with the calculated ones. The precursor

is found to loose hydrazine ~150°C when heated iso-

thermally. The infrared spectra of the precursor show

three bands in the region 3250–3450 cm
–1

due to the

N–H stretching frequencies and in the range of

1560–1590 cm
–1

due to NH2 deformation. The N–N

stretching frequency is observed at 980 cm
–1

which

confirms the bidentate bridging nature of hydrazine

ligand [8, 54]. The asymmetric and symmetric

stretching frequencies of the carboxylate ion in the

precursor are seen at 1635 and 1375 cm
–1

, respec-

tively with �� (�asy–�sym) separation of 260 cm
–1

indi-

cating the monodentate linkage of both carboxylate

groups in the dianions [6, 8, 11]. Thus, the fumarate

dianions in the complex coordinate to the metal as

bidentate ligand via both carboxylate groups. These

results suggest the formation of nickel ferrous

fumarato–hydrazinate complex.

The complex decomposes autocatalytically at

room temperature, once ignited, to give ultrafine
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Fig. 1 XRD of NiFe2O4 a – freshly prepared and b – sintered

Fig. 2 TEM of freshly prepared NiFe2O4



nickel ferrite (as prepared). The X-ray diffraction of

‘as prepared’ nickel ferrite (Fig. 1) not only confirms

the single phase formation of the ferrite but also the

ultrafine nature.

The morphology of ‘nanosized as prepared’ and

sintered nickel ferrite was observed by transmission

electron microscopy (Fig. 2) and scanning electron

microscopy (Fig. 3). The TEM (Fig. 2) of ‘nanosized

as prepared’ nickel ferrite shows the average particle

size of ~20 nm. The scanning electron micrograph of

sintered nickel ferrite show uniformly crystallized

particles with majority of them is in the size of

500 nm (Fig. 3).

TG-DTA curves of nickel ferrous fumarato-

hydrazinate (NiFe2(C4H2O4)3·6N2H4) precursor are

given in Fig. 4. The TG curve indicates that it is ther-

mally stable up to 140°C. Afterwards, the TG curve

shows three mass loss steps. The first step between 140

and 170°C is attributed to the elimination of six hydra-

zine molecules. The second step took place between

170 and 225°C and is attributed, however, to the

decomposition of one fumarate. The third step took

place between 225 and 325°C. It is attributed, how-

ever, to the elimination of remaining two fumarates

and formation of the NiFe2O4 nanoparticles.

The DTA curve for NiFe2(C4H2O4)3·6N2H4 pre-

cursor (Fig. 4) shows three exothermic peaks at 160,

210 and 290°C ascribed to the loss of 6N2H4, one and

two fumarates, respectively with the simultaneous

formation of NiFe2O4 nanoparticles.

The saturation magnetization (in emu g
–1

) of ‘as

prepared’ nickel ferrite was found to be 28 emu g
–1

which is lower than the reported value of 50 emu g
–1

[55] for bulk NiFe2O4. The reason for the lower value of

saturation magnetization is the high porosity and the

small particle size of ‘as prepared’ nickel ferrite. It has

been reported in the literature [56] that particles with

higher surface area and very small size have lower mag-

netization values. The magnetization value of ‘as pre-

pared’ nickel ferrite was found to increase with increas-

ing sintering temperature and the sample sintered at

1000°C for 5 h was having the same value as reported

for NiFe2O4. The X-ray diffraction data such as d-values

and lattice parameter obtained from the XRD trace

(Fig. 1) of sintered nickel ferrite match closely with the

reported values [57, 58]. The IR spectra of the sintered

NiFe2O4 show high frequency �1 and low frequency �2

bands at 600 and 430 cm
–1

which match closely with the

data reported for nickel ferrite by Waldron [59], thereby

confirming the ferrite formation. The variation of elec-

trical resistivity of sintered NiFe2O4 vs. temperature,

show a decrease in resistivity with increasing tempera-

ture, as expected. The plot of log� vs. 1/T indicates a

change in slope at 585°C due to the switching of mag-

netic region from ferri to para. The plot of a.c. suscepti-

bility against temperature of sintered nickel ferrite indi-

cates that the sample contains predominantly multi-

domain grains with a Tc of 588°C which matches closely

with the reported one [60]. The variation of Seebeck co-

efficient as a function of temperature for sintered

NiFe2O4 shows a negative sign of thermoemf suggesting

the material is n-type semiconductor.

Conclusions

Nickel ferrite ultrafine particles have been prepared

by the autocatalytic decomposition of the nickel fer-

rous fumarato–hydrazinate at room temperature, once

ignited. The formation of ‘as prepared’ ultrafine

nickel ferrite as well as sintered nickel ferrite was

confirmed by X-ray diffraction as well as infrared

analysis. The average particle size of ‘as prepared’

nickel ferrite was found to be 20 nm which increases

maximum to 500 nm when sintered at 1000°C for 5 h.

The Curie temperature of sintered NiFe2O4 measured

by resistivity and a.c. susceptibility techniques are

found to be close to each other as well as to the re-

ported in the literature. Seebeck coefficient measure-

ment of sintered NiFe2O4 displays n-type semicon-

ducting behaviour. Thus, this work confirms that

ultrafine nickel ferrite which finds applications in

magnetic coating and ferrofluid technology can be

produced by combustion synthesis using fumarato–
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Fig. 4 TG-DTA curves of nickel ferrous fumarato-hydrazinate

(NiFe2(C4H2O4)3·6N2H4) precursor

Fig. 3 SEM of sintered NiFe2O4 obtained from

NiFe2(C4H2O4)3·6N2H4



hydrazinate precursor at comparatively lower temper-

ature. This resulted in atomic level reactivity at rela-

tively lower sintering temperature and time, to give

enhanced properties of the nanosize nickel ferrite.
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