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Abstract The chemistry, structure, and properties of spinel

ferrites are largely governed by the method of preparation.

The metal carboxylato-hydrazinate precursors are known to

yield nanosized oxides at a comparatively lower tempera-

ture. In this study, we are reporting the synthesis of one such

precursor, cobalt nickel ferrous fumarato-hydrazinate which

decomposes autocatalytically to give cobalt nickel ferrite

nanoparticles. The XRD study of this decomposed product

confirms the formation of single-phase spinel, i.e., Co0.5Ni0.5

Fe2O4. The thermal decomposition of the precursor has been

studied by isothermal, thermogravimetric (TG), and differ-

ential scanning calorimetric (DSC) analysis. The precursor

has also been characterized by FTIR, EDX, and chemical

analysis, and its chemical composition has been determined

as Co0.5Ni0.5Fe2(C4H2O4)3�6N2H4.

Keywords Nanoparticles � Ferrite � Autocatalytic

decomposition � Fumarato-hydrazinate precursor

Introduction

There has been a surge of research reports focusing on

nanosized magnetic materials, having significant potential

for many applications [1–6]. Research in this area for better

and improved materials still continues. In recent times,

many innovative synthetic strategies [7–12] have been

devised which have led to engineering new and efficient

materials exhibiting fascinating properties.

Over the years, our research group has been involved in

synthesizing nanomaterials from novel precursors which

are hydrazine derivatives of metal carboxylates [13–22].

The chemistry of hydrazine is of particular interest since it

forms a number of complexes with transition metals, and

being a fuel, it not only supports combustion but also lowers

the decomposition temperature of the metal complexes [18,

19]. Thermal analysis, X-ray, and spectral studies are very

important techniques for material characterization. There-

fore, many authors have used these techniques for various

materials characterization [23–55]. Here, we are reporting

the synthesis, X-ray and spectral characterization, and

thermal decomposition of a new precursor, cobalt nickel

ferrous fumarato-hydrazinate, which decomposes autocat-

alytically to give nanosized Co0.5Ni0.5Fe2O4.

Experimental

Preparation of cobalt nickel ferrous fumarato-

hydrazinate

The cobalt nickel ferrous fumarato-hydrazinate precursor

was synthesized by employing the method first devised by

our group [20]. A requisite quantity of sodium fumarate in

aqueous medium was stirred with hydrazine hydrate

N2H4�H2O (99–100%) in an inert atmosphere for 2 h. To

this, a mixed metal ion solution containing cobalt, zinc, and

iron in stoichiometric amount was added dropwise with

constant stirring. The precipitate thus obtained was filtered

off, washed with ethanol, dried with diethyl ether, and

stored in vacuum desiccators.
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Methods of characterization

The precursor was chemically analyzed by titration to

determine its hydrazine content using KIO3 as the titrant

[56]. The percentage of cobalt, nickel, and iron in the

precursor was estimated by the standard methods given in

the Vogel’s textbook [56]. The metal content in the sin-

tered oxide sample was also determined by EDX. Infrared

analysis of the precursor and its thermal products, i.e.,

Co05Ni05Fe2O4 was carried out on a Shimadzu FTIR IR

Prestige-21 spectrophotometer.

The thermal decomposition pattern of the precursor was

studied by simultaneous differential scanning calorimetry

(DSC) and thermogravimetric (TG) analysis on a NET-

ZSCH, STA 409 PC (Luxx) analyzer, from RT to 900 �C in

dry air. The heating rate was maintained at 10 �C min-1. The

isothermal and total mass loss studies of the sample were also

carried out at different predetermined temperatures.

Autocatalytic decomposition of the precursor

The dried precursor was spread on a Petri dish and ignited

with a burning splinter. A small portion of it caught fire

which spread immediately to the entire bulk. The precursor

decomposes autocatalytically in this manner in an ordinary

atmosphere to yield nanosized particles of the ferrite.

Results and discussion

Chemical formula determination of cobalt nickel

ferrous fumarato-hydrazinate

The infrared spectra of the complex (Fig. 1) show three

absorption bands in the region 3,150–3,300 cm-1 due to

the N–H stretching frequencies. The N–N stretching fre-

quencies at 975 cm-1 prove the bidentate bridging nature

of the hydrazine ligand unequivocally. The asymmetric and

symmetric stretching frequencies of the carboxylate ions

are seen at 1,590 and 1,370 cm-1, respectively, with the Dm
(masy - msym) separation of 220 cm-1, which indicate the

monodentate linkage of both carboxylate groups in the

dianion. The IR data confirm the formation of cobalt nickel

ferrous fumarato-hydrazinate complex.

The chemical formula Co0.5Ni0.5Fe2(C4H2O4)3�6N2H4

has been assigned to the complex cobalt nickel ferrous

fumarato-hydrazinate based on the observed percentage of

hydrazine (26.84), cobalt (12.53), nickel (12.49), and iron

(47.52) which match closely with the calculated values of

27.25, 12.56, 12.51, and 47.63% for hydrazine, cobalt,

nickel, and iron, respectively (Table 1). Similarly, the

observed mass loss of 65.92% in total mass loss studies

(*800 �C) matches with the calculated value 66.71%

based on the above-mentioned formula.
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Fig. 1 Infrared spectra of Co0.5Ni0.5(C4H2O4)3�6N2H4

Table 1 Chemical analysis and total mass loss data of cobalt nickel ferrous fumarato-hydrazinate precursor, Co0.5Ni0.5Fe2(C4H2O4)3�6N2H4

Complex Cobalt/% Nickel/% Iron/% Hydrazine/% Total mass loss/%

Obs. Cal. Obs. Cal. Obs. Cal. Obs. Cal. Obs. Cal.

Co0.5Ni0.5Fe2(C4H2O4)3�6N2H4 12.53 12.56 12.49 12.51 47.52 47.63 26.84 27.25 65.92 66.71
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Fig. 2 TG-DSC curves of Co0.5Ni0.5Fe2(C4H2O4)3�6N2H4
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Thermal analysis of the precursor

The TG-DSC curves of thermal decomposition of

Co0.5Ni0.5Fe2(C4H2O4)3�6N2H4 are shown in Fig. 2. The

TG curve from room temperature to 900 �C shows four

mass loss regions with two major ones (Table 2). The mass

losses of 18.12 and 9.08% from room temperature (RT) to

135 �C and from 135 to 170 �C were due to the loss of four

N2H4 and two N2H4 molecules, respectively. The DSC

curve shows a corresponding sharp exotherm with a peak at

133.5 �C followed by another small exotherm with a peak

at 165.6 �C due to dehydrazination as explained above.

The major mass loss of 31.22% followed by minor mass

loss of 7.05% from 170 to 300 �C and from 300 to 375 �C,

respectively, on the TG curve was due to two-step decar-

boxylation of dehydrazinated fumarate precursor. DSC

curve shows one sharp exothermic peak followed by an

exothermic hump in this region with the peak temperature

at 291.7 and 328.6 �C, respectively, due to this two-step

oxidative decarboxylation. A marginal mass loss of 5.2%

was observed from 375 to 900 �C on the TG curve due to

the oxidation of unburned carbon.

The mass loss studies of the precursor carried out sep-

arately at 400 �C show total mass loss of 65.92%. It has

been reported that the hydrazinated precursors lose the

hydrazine molecules in presence of air between 100 and

300 �C [18]. It reacts explosively with atmospheric oxygen

liberating enormous amount of energy which is sufficient

to oxidatively decompose the hydrazinated complex into its

respective metal oxide. The formation of monophasic

Co0.5Ni0.5Fe2O4 nanoparticles soon after the autocatalytic

thermal decomposition of the precursor has been confirmed

by XRD. The bands in the IR spectra of Co0.5Ni0.5Fe2O4

are in agreement with the reported ones [8].

Conclusions

The mixed metal fumarato-hydrazinate precursor offers a

convenient synthetic route to prepare nanosized mixed

metal oxides. The hydrazine precursor exhibits autocata-

lytic decomposition behavior after ignition in air, forming

nanosize Co0.5Ni0.5Fe2O4 in this study too. The chemical

analysis, total mass loss, and infrared spectral analysis of

the complex confirms the formation of the complex with

the formula Co0.5Ni0.5Fe2(C4H2O4)3�6N2H4. The TG-DSC

studies of the complex show two-step dehydrazination

followed by two-step decarboxylation to form single-phase

Co0.5Ni0.5Fe2O4 nanoparticles. The formation of Co0.5Ni0.5

Fe2O4 nanoparticles was confirmed by XRD and IR.
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JM. J Therm Anal Calorim. 2005;81:211.

56. Vogel I. Vogel’s text book. In: Jeffery GH, Bassett J, Mendham J,

Denney RC, editors. Quantitative inorganic analysis, 5th ed.

London, UK: Longman Scientific and Technical; 1989, p.1–906.

792 L. R. Gonsalves et al.

123


	Synthesis of cobalt nickel ferrite nanoparticles via autocatalytic decomposition of the precursor
	Abstract
	Introduction
	Experimental
	Preparation of cobalt nickel ferrous fumarato-hydrazinate
	Methods of characterization
	Autocatalytic decomposition of the precursor

	Results and discussion
	Chemical formula determination of cobalt nickel ferrous fumarato-hydrazinate
	Thermal analysis of the precursor

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


