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Abstract Manganese zinc ferrous fumarato–hydrazinate

precursor, Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4 was synthe-

sized for the first time and characterized by chemical

analysis, infrared spectral studies, and thermal analysis.

Infrared studies show band at 977 cm-1 indicating biden-

tate bridging nature of the hydrazine in the complex.

Thermogravimetric (TG) studies show two steps dehy-

drazination followed by two steps total decarboxylation.

The precursor on touching with burning splinter undergoes

self propagating autocatalytic decomposition yielding

ultrafine Mn0.6Zn0.4Fe2O4. XRD studies confirms single

phase formation as well as nanosize nature of ‘‘as pre-

pared’’ Mn0.6Zn0.4Fe2O4. The saturation magnetization of

the ‘‘as prepared’’ Mn0.6Zn0.4Fe2O4 was found to be

31.46 emu gm-1, which is lower than the reported,

confirms the ultrafine nature of the oxide.

Keywords Hydrazine precursor � Ultrafine oxide �
Autocatalytic decomposition � DSC � TG � XRD

Introduction

Mixed metal carboxylates and dicarboxylates have attrac-

ted the attention of number of researchers since these

complexes serves as precursor for many technologically

important materials [1–13]. Hydrazine by virtue of its

positive heat of formation is thermodynamically unstable.

Practically, however, it is quite stable and can be handled

safely [14]. Hydrazine can support a flame by its decom-

position alone and can act as a monopropellant [15].

Coordination of hydrazine to the metal carboxylates

markedly lowers the decomposition temperature of the

metal carboxylates and yields nanosize metal oxides at

comparatively lower temperatures. For this reason, hy-

drazinated complex of metal as well as mixed metal car-

boxylates and dicarboxylates have been used for

the synthesis of technologically important materials like

c-Fe2O3 [16–18], ferrites [19, 20], manganites [21–24],

cobaltites [25], etc.

Among hydrazinates of metal carboxylates and dicar-

boxylates which have been used for the synthesis of metal

as well as mixed metal oxides are formates [26], acetates

[27, 28], oxalates [29, 30], malonates and succinates

[31–35], maleates [33, 35], tartrates [35], malates [35, 36],

and fumarates [37–44]. In the present study, we are

reporting, synthesis, and characterization of manganese

zinc ferrous fumarato–hydrazinate precursor and its

decomposition product, Mn0.6Zn0.4Fe2O4.

Experimental

Preparation of manganese zinc ferrous

fumarato–hydrazinate

The method given below for the preparation of manganese

zinc ferrous fumarato–hydrazinate precursor has been dealt

with in detail, elsewhere [37, 38]. In this method, a req-

uisite quantity of sodium fumarate in aqueous medium was

stirred with hydrazine hydrate (99–100%) in an inert

atmosphere for 2 h. To this solution, a stoichiometric
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amount of freshly prepared ferrous chloride solution mixed

with manganese chloride and zinc chloride solutions was

added dropwise with constant stirring in an inert atmo-

sphere. The yellow coloured precipitate thus obtained, was

filtered off, washed with ethanol and dried with diethyl

ether on suction and then stored in vacuum desiccators.

Characterization

The hydrazine content in the precursor was determined by

volumetric analysis using standard 0.025 M KIO3 solution

under Andrew’s conditions [45]. The metal contents were

determined by chemical analysis. Infrared analysis of the

precursor and the ferrite was recorded on a Shimadzu FTIR

Prestige 21 series spectrophotometer. Simultaneous TG-

DSC analysis of the precursor was recorded on a NET-

ZSCH DSC-TG STA 409 PC thermal analyzer at a heating

rate of 10 �C per minute in air. The isothermal mass loss

and total mass loss studies along with hydrazine estimation

of the precursor were carried out at various predetermined

temperatures. The structure and phase purity of the man-

ganese zinc ferrite was determined by Rigaku Ultima IV X-

ray diffractometer with CuKa radiations and Ni filter. The

saturation magnetization of the ‘‘as prepared’’ ferrite was

measured on alternating current hysteresis loop tracer

described by Likhite et al. [46] and supplied by M/s Arun

Electronics, Mumbai, India.

Results and discussion

Chemical formula fixation of manganese zinc ferrous

fumarato–hydrazinate

The analytical data (Table 1) of the precursor, iron =

15.84%, manganese = 4.66%, zinc = 3.69%, hydra-

zine = 27.47% and total percent mass loss = 67.11%

obtained by chemical analysis matches with the calculated

values which corresponds to the chemical formula

Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4 for manganese zinc ferrous

fumarato–hydrazinate complex. The bands in the region

3,304–3,165 cm-1 in the infrared spectra of the complex

(Fig. 1) are assigned to the N–H stretching frequencies and a

band in the range of 1,585–1,560 cm-1 is due to NH2

deformation. The band at 977.9 cm-1 is attributed to N–N

stretching of bidentate bridged hydrazine ligand [47, 48].

The wide separation (Dm = 275 cm-1) between masymCOO-

(at 1,643 cm-1) and msymCOO- (at 1,369 cm-1) of the

fumarate groups in the spectrum of the complex supports

their monodentate nature [49, 50]. This confirms that the

fumarate dianions in the complex coordinate to the metal as

bidentate ligand via both the carboxylate groups. Thus, the

infrared spectroscopic data enable us to predict that hydra-

zine acts as a bidentate bridging neutral ligand and fumarate

dianion act as a unidentate ligand and hence the complex will

invariably be polymeric with the metal ions in the octahedral

environment.

Thermal and autocatalytic decomposition

of the complex

Manganese zinc ferrous fumarato–hydrazinate precursor

decomposes in air, thermally and autocatalytically to form

nanosize Mn0.6Zn0.4Fe2O4.

In autocatalytic decomposition, the precursor is exposed

to heat suddenly which results in its decomposition to oxide.

The heat is supplied to the precursor by igniting it with a

burning splinter wherein precursor catches fire and decom-

poses autocatalytically to form Mn0.6Zn0.4Fe2O4 at lower

temperature. For this autocatalytic decomposition, the pre-

cursor was first spread over a ceramic tile and a burning

splinter was brought near to it, when small portion of it

caught fire. A red glow that subsequently formed spreads

Table 1 Chemical and total mass loss studies of manganese zinc ferrous fumarato–hydrazinate complex, Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4

Precursor complex Manganese/% Zinc/% Iron/% Hydrazine/% Total mass loss/%

Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc.

Manganese zinc ferrous fumarato–hydrazinate

Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4

4.66 4.67 3.69 3.71 15.84 15.84 27.47 27.26 67.11 66.71
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Fig. 1 IR spectra of Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4 complex (bot-
tom) and ‘‘as prepared’’ Mn0.6Zn0.4Fe2O4 (top)
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over the entire bulk completing the total decomposition of

the precursor in an ordinary atmosphere to form nanosize

manganese zinc ferrite, Mn0.6Zn0.4Fe2O4 powder. It has been

observed in the isothermal mass loss studies (Table 2) that

the precursor catches fire at around 100 �C to give a mass

loss of above 60% which is due to formation of oxide.

TG, DSC, isothermal mass loss, and hydrazine analysis

The TG and DSC curves (Fig. 2) of the complex in air from

room temperature (RT) to 800 �C show four mass loss

regions, with two major ones. Initial mass loss of 1.0% till

70 �C is due to the adsorbed moisture, which is also

reflected in the DSC which shows very small endotherm in

this region. The major mass loss of 25.5% from 70 to

112 �C (Table 2) agrees with the theoretically expected

loss of 24.97% due to the elimination of five and half

hydrazine molecules. This exothermic loss of hydrazine is

indicated in DSC by a sharp exotherm with a peak at

96.6 �C. The mass loss of 10.73% from 112 to 230 �C is

due to the loss of remaining half hydrazine molecule

simultaneously followed by beginning of decomposition of

the dehydrazinated fumarate complex, indicated by exo-

therm with a peak at 179.4 �C in DSC. The major mass loss

of 24.09% in TG curve from 230 to 310 �C can be attrib-

uted to oxidative decarboxylation of dehydrazinated

fumarate precursor. DSC shows a corresponding sharp

exotherm with a peak at 299.2 �C in this region. The mass

loss of 6.35% in the region from 310 to 800 �C is due to

decomposition of the final traces of precursor or any

intermediate formed during decarboxylation along with

burning of residual carbon formed during decarboxylation,

which is indicated in the DSC by an exothermic hump with

peak at 340 �C in this region. Formation of this residual

carbon was also confirmed from TG-DSC of ‘‘as prepared’’

Mn0.6Zn0.4Fe2O4 wherein marginal mass loss on TG curve

was observed at 310 to 560 �C with a broad exotherm in

this region. The total mass loss (66.67%) obtained from TG

curve and by pyrolysis of the complex in air (67.11%) are

in well agreement with calculated mass loss (66.71%),

considering Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4 as the molec-

ular formula of the complex.

Phase identification, infrared, and magnetic properties

of the ‘‘as prepared’’ oxide

The ‘‘d’’ values obtained from the X-ray diffraction pattern

of the autocatalytically decomposed end product of the

complex (Fig. 3) match well with the reported values for

Mn0.6Zn0.4Fe2O4. The average particle size of ‘‘as pre-

pared’’ Mn0.6Zn0.4Fe2O4 calculated from XRD using

Scherrer formula was found to be 17 nm. The bands in the

IR spectra of the ‘‘as prepared’’ Mn0.6Zn0.4Fe2O4 (Fig. 1)

are in agreement with the reported ones [51]. The

Table 2 TG-DSC, isothermal mass loss studies, and hydrazine analysis data of manganese zinc ferrous fumarato–hydrazinate

Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4

Precursor complex TG DSC Remarks Isothermal mass loss studies

Temp.

range/�C

Mass

loss/%

Peak

temperature/

�C

Temp.

range/�C

Mass

loss/%

N2H4/%

Manganese zinc ferrous

fumarato–hydrazinate

Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4

RT–70 1.0 60 Loss of adsorbed moisture RT–50 0.23 27.46

70–112 25.5 96.6 Loss of five and half hydrazine

molecules

50–70 1.24 27.48

112–230 10.73 179.4 Loss of half hydrazine and

beginning of decarboxylation

70–100 58.76 Complex

catches

fire

230–310 24.09 299.2 Decarboxylation – – –

310–800 6.35 340 Completion of decarboxylation

followed by loss of unburned carbon

– – –
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Fig. 2 TG/DSC curves of Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4 complex
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saturation magnetization of ‘‘as prepared’’ Mn0.6Zn0.4

Fe2O4 was found to be 31.46 emu gm-1 which is lower

than the reported for bulk one [51]. This lower value of

saturation magnetization for Mn0.6Zn0.4Fe2O4 has been

attributed to its nanoparticle size [52].

Conclusions

(1) Nickel manganese zinc ferrous fumarato–hydrazinate

can be synthesized easily from sodium fumarate,

manganese chloride, zinc chloride, ferrous chloride,

and hydrazine hydrate in an inert atmosphere of

nitrogen gas at room temperature.

(2) Chemical analysis, total mass loss, and infrared studies

of the complex confirms the formation of the complex

with formula Mn0.6Zn0.4Fe2(C4H2O4)3�6N2H4.

(3) The precursor decomposes autocatalytically once

ignited to form nanosize Mn0.6Zn0.4Fe2O4.

(4) TG-DSC studies of the complex show two-step

dehydrazination followed by two-step oxidative

decarboxylation to form Mn0.6Zn0.4Fe2O4.

(5) XRD pattern and IR spectra confirms the formation of

the single phase ‘‘as prepared’’ Mn0.6 Zn0.4Fe2O4

nanoparticles.

(6) The broadening of XRD peaks and lower value of

saturation magnetization suggest the nanosize nature

of ‘‘as prepared’’ Mn0.6Zn0.4Fe2O4.

(7) The particle size of ‘‘as prepared’’ Mn0.6Zn0.4Fe2O4

was found to be 17 nm.
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