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ABSTRACT

Ferrite material has been under intense researehsolong due to their useful electromagnetic cleaesstics for
large number of applications. Magnetic nanopartickeave attracted paramount interest in past fewsyeat only
because of their application in magnetic recordimgformation storing, data processing devices anagnetic
resonance imaging and drug delivery systems buatialfundamental physics. At present study theamalysis of
di and triphenylamine substituted pentacyanoferr@ke Nas[Fe(CNkL] xH,O where L= di and triphenylamine
complexes has been carried out in flowing air atoh@se from ambient temperature to 960. Various
physicochemical techniques i.e. TGA-DTG, IR, XRM@ atssbauer spectroscopy have been carried out to
characterize the intermediate, end products andostmctured materials. Méssbauer spectra of themapmexes
exhibits quadrupole doublet witlEg) = 0.69-0.71 mmb at room temperature and isomer shifj € 0.0140.03
mms' suggests that the iron atom is in the = +2 lownspiate. Thermogram of di and diphenylamine sulistit
complexes show multistage decomposition. The caepkart decomposing at ®yielding residual weight 21.6
and 18.9 % at temperature ~9855°C. The Mdssbauer spectra recorded after heating08fC exhibit single line
suggesting partial decomposition. At 500 and 7G0six lines pattern start appearing which on figrt heating at
950 °C turns into four sextet suggesting the formatiérmixture FgO4(A), Fe04(B), FeC and a-Fe,0;. The
temperature of ferrite formation is much lower thaossible in the conventional ceramic method.
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INTRODUCTION

The need of high resistivity ferrites led to thenthesis of their magnetic materials by various témqies|1].
Superparamagnetic iron oxide nanocrystals have feemd application in different fields, from e.magnetic
recording media to cancer treatment by hyperthedithi Earlier we have studied several alkyl and armine
substituted pentacyanoferrate(ll) complexes[3-5elBo et[6] has been given special attention to huely of
interaction of iron with ligand of biological imp@nce, therefore, thermal behavior of simple andplex cyanide
has been the subject matter of much work. Alsoitéerrformed at higher temperature are widely enmgdioin
industry as catalysts and ferromagnetic materiplsBtar and Varma[8] studied thermal decompositiwaduct of
sodium pentacyanoferrate(ll) using Mossbauer spsctipy. Sielo et al[9] have reported the thermddabir of
pentacyanoferrate(ll) complexes with L= pyrazimg @yridine and proposed the water release aradlyfigield
metal carbide. In the present study, we prepanmeg fiarticles of iron oxides by using thermal decositon to
confirm the differences in the particle size ancerofcal state of iron oxides. In order to charaeteritheir
Mdssbauer spectroscopy, TGA, DTA and IR were used.
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MATERIALS AND METHODS

Preparation of substituted pentacyanoferrate (II) @mplexes

A solution containing 0.47g of hydroxylamine hydntaride and 0.54g NaOH in 20 mL water was prepaféen
10% ligand (L= diphenylamine and triphenylamindjagtol was added. The mixture was kept in ice foratd ther
added dropwise to an ice cold gin of 2g sodium pentacyanonitrosylferrate(l)2@mL water. In each case
oily layer separated after adding cold alcohol. Thenplexes were forced to solidify by through waghivith
absolute ethanol and then drying for 24hr over eatrated sulphiic acid in desiccator.

Physical measurements

Infrared spectra in KBr medium were recorded orraiR (HITACHI Nicolet) spectrophotometer. The Moasier
spectra were recorded on transducer driven Mdsstspeetrometer in constant acceleration mode (ELOERM
room temperature. A ~5 m€&iCo(Rh) soure was used. The spectrometer was calibrated usitagusal iron foil.
The isomer shift values were reported with respeatetallic iron. The spectra were fitted with Lotaan line
shapes by using least square fitting procedure-visible spectra ofite substituted pentacyanoferrate(ll) comple
were recorded in aqueous solution using Hitachi &dd-3500 spectrophotometer and 1cm path length. Irdt
spectra were obtained on a sample in KBr palletsgguditachi Nicolet Mode-1 5040 FTIR spectrophometer. The
thermogravimetric (TGADTA) were carried out using Seiko Instrument In€CE200. XRD of decompositic
products were recorded using MAC science 18 automated diffractometer by CuwxKadiation.

RESULTS AND DISCUSSION

The complexes are amired solid and stable under normal atmospheriditions. *’Fe Méssbauer spectra of
the complexes exhibit a well resolved quadrupolebiiet at room temperature. Typical Mdssbauer speaaftdi anc
triphenylamine substituted pentacyanoferrate(limplexes at room temperature and after heating férelnt
temperatures are shown in Fig.1 and Fig.2. The bHiss parameters such as isomer shift (IS) andrgpals
splitting (AEg) derived from the observed spectra are summaiizéithble 2. The spect consist of one doublet
with small quadrupole splittingAEg) is shown in the same Fig.1. The values of IS @&indicate that the ira
atom in this complexes is at Fe(ll) low spin statteoom temperatur:
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Fig.1. Mdssbauer spectra of diphenylamin:
substituted pentacyanderrate(ll) complex at (A)
room temperature and after heating at (B) 150,&)
300, (D) 500, (E) 750 and (F) 9=°C for 3hrs.

Fig.2. Mossbauer spectra of triphenylamine
substituted pentacyanderrate(ll) complex at (A)
room temperature and after heating at (B) 150,&)
300, (D) 500, (E) 750 and (F) 9=°C for 3hrs.

The AEq values is 0.74 mms It is observed from Table.1 that isomer shift yalues for all the complex at roc
tempergure are within 0.00+0.02 mr* (w.r.t. natural iron) suggesting low spin state Fef(ll) in octahedrs
geometry[10-12].

The decomposition of these complexes begins °C and the plateau is observed in the temperatingera00 tc
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475°C. The complexes undergoes dehydration at thigerais shown by an inflexion in the TG curve. DTi§a
shows a broad peak at &5 for triphenylamine complex while there are two®Ppeaks are at 75 and 130D for
diphenylamine complex. The anhydrous compounds do¢show any arrest in TGA curve and undergbespt
mass loss of 17% at 166 suggesting the removal of 3-4 water moleculggssbauer spectrum obtained of the
residue obtained by calcining the parent comptek58°C for 3hrs displayed two doublet with singlet foath
these complexes. Similar behavior of TGA curveaot®d for both the complexes. The weight loss graage at
200°C is ~17% which is good agreement with the caledlatalue by assuming the formation of anhydratethu
heating causes a slow decomposition upto Tavith the loss of ligand and cyanide group andupbtoss of
weight were found in the temperature range 750°@8f@llowed by the last plateau.

Table 1. Méssbauer parameters for substituted pentyanoferrate(ll) and its thermal decomposition pralucts

Complex Isomer Qua_dr'upole _
NasFe(CN) L] Temp/ | shift, splitting, Hew/ | Possible
[ °C ) AE kOe | products
_ , Q p
L= mms' mms'
0.01 0.71 - -
25 0.04 0.87 - -
150 -0.06 - - -
0.15 0.83 - -
300 -0.04
0.20 -0.01 217 FeC
500 -0.07 - - -
diphenylamine 0.25 -0.04 486 | Fe04(A)
750 0.71 0.01 463 | Fe;04(B)
0.00 0.01 331 a-Fe
0.19 0.00 207 FeC
0.49 0.02 514 | o-FeO;
950 0.30 0.16 501 | FeOu(A)
0.61 -0.05 462 | Fe04(B)
0.01 0.01 332 a -Fe
0.03 0.69 - -
25 0.04 0.85 - -
150 -0.06 - - -
0.08 0.94 - -
300 -0.06
0.19 -0.01 201 FeC
Triphenylamine| 500 -0.06 - - -
0.19 -0.01 208 FeC
750 -0.06 - - -
0.40 -0.16 517 | a-FeOs;
950 0.26 0.03 488 | Fe04(A)
0.70 0.11 467 | Fe;04(B)
0.04 0.00 333 o -Fe

In order to characterize the decomposition of themmplexes in each plateau, Mdssbauer and X-rdyadifon
were measured at different temperatures. The Misstspectrum of these complexes obtained af@5&ig.2B,
3B), shows a slight change in the shape of absorpgtiand, but the isomer shift does not change. Gmdy
qguadrupole splitting values are increased in bo#ses. This indicates that decomposition has started
Thermogravimetric analysis indicates the loss afewanolecules. Differential analysis shows an eheiohic peak

at 110°C which is due to the loss of water molecules. Ftbese fact, it can be concluded that at 4S@iphenyl an
triphenylamine substituted pentacyanoferratesfi)s just started decomposing. The slight chandbershape of
Mdéssbauer spectrum may be due to loss of waterauigls.

The Mdssbauer spectrum of the diphenyl and triplaenine substituted complexes, obtained at 3D0are
different from those at 15€C. Mossbauer spectra of substituted pentacyantééiilacomplex heated at 36Q for
3 hr exhibit an asymmetric doublet typically shownFig.1C which may be further resolved into qugmie
doublet AE;= 0.83 and 0.94 mrils 5= 0.15 and 0.08 mrif and singlet withd= -0.04 and -0.06 mrils
respectively. The doublet in the M&ssbauer specisudue to formation of Fe(lll) in low spin stafehese may be
due to the partial decomposition of the complex.suibstituted complexyEq value is slightly increased at 360
compared to those for room temperature. The wdiggg shows complete removal of water molecules ihi
supported by infrared spectra which decrease @nsity of the absorption band due to water molecite removal
of coordinated water molecule changes tbelectron density at the iron nucleus. Dehydratiof
pentacyanoferrates(ll) affect the crystal struetoirthe complexes without changing the cubic sytryraf the iron
nucleus. The isomer shift of the potassium hexaafgarate(ll) trihnydrate increase on dehydration[24 similar
trend has been observed in the present case.
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At 500°C, a drastic change occurred in the Mossbauer spects indicated by 7 lines with a singlet (Fig.2Dy
may be resolved into one set of sextets with #17. These may correspond to the formation gfCFeThe
Mdossbauer spectrum of the 75D consist of magnetitie, metal carbides and supgnetic peaks (Fig.2E). In this
spectrum six lines due to iron carbides were oleskrsiearly. The spectrum at 760G, consist of 4-Fe and
magnetite with small amount of supermagnetiticksd&ig.2F) Thus fine superparamagnetic peaks vbdet 750

°C samples were confirmed to e and magnetite. This is confirmed by 2-3 sextsétis Hey = 331 and 463 kOe
respectively. In order to identify the end prodatsubstituted complex, these have been furthetedeat 950°C.

At 950 °C, the Mdossbauer spectrum is much resolved dispilag classical 12 lines The Mdssbauer spectrum
exhibits well resolved sextet (Fig.2F) withd4 514, 501, 462kOe.

The XRD pattern of the compound heated at diffetemtperature; a single phase spinel is formedlabealpeaks
are match well with the characteristics reflectmiferrites. The peaks are broad indicating the fanystalline
nature of the ferrite formed. For the calcined s@s B to E) also all the characteristics refl@es of sodium
ferrites are seen with increased intensity aratstess. It indicates progressive growth of crijetaland better
crystallinity after calcined at higher temperatur This is due to the formation of hematite and=e,0; as
supported by XRD data[22].
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