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Abstract: For the first time, N-N-methylene bi's acrylamidastbeen used as a novel fuel to synthesize the
spinel type zinc ferrite nano particles by comharstinethod. X-Ray Diffraction (XRD) measurement aon$

the formation of zinc ferrite with cubic structufetom FTIR analysis, the structure and the corneding
changes in the tetrahedral and octahedral bonttisitng were investigated. The surface behaviohe§¢ nano
particles was investigated by X-Ray PhotoelectrpacBoscopy (XPS). The chemical elements and arialat
states of these nano particles were analyzed. Tibeo®ectron peaks of Zn 2p, Fe 2p, O 1s and Citts w
corresponding binding energy were observed. Thghwogy and porosity of the prepared ferrite samplas
observed by scanning electron microscopy (SEM)yaigl The chemical elements and composition of the
prepared nano particles were analyzed by Energyedisre X-ray (EDX) technique. The optical behavobr
these nanoparticles was characterized by UV-Diffeflectance studies (UV-DRS) and found to be 24 E
Keywords: N-N-methylene bis acrylamide fydinc ferrite, nano particle, combustion methoddakion state,
surface analysis.

1. Introduction

The magnetic materials of nanosize are much derrapdwer electronic devices, transformers and
other magnetic storage circuits due to the rapikeld@ment in electronic technology. Many researstae
involved in magnetic materials especially in ferrthased materials. Various ferrite materials a&lave
among them zinc ferrite is one of the high tempeeastable material with cubic spinel ferrite stae in
which zinc occupies tetrahedral site and iron ogaugiahedral sites. Zinc ferrites are being studied widely
used in many applications such as hot-gas cleafifg photocatalytic properties [2], biomedicine as
magnetically controlled transport of anti-canceugd treatment [3], magnetic cell separation [4]gnadic
resonance imaging (MRI) [5] and heating mediatans dancer therapy [6] respectively. In recent réegor
various synthesis methods like hydrothermal syrghemicrowave-assisted solvothermal method, Co-
precipitation, sol-gel, low temperature, wet-mifjiprocess, mechanochemical reaction [7-12] etce Heeen
reported for nano crystalline Znf® materials. Among them combustion method is siraple a huge yield of
product of nano crystalline powders is obtainechimita short span of reaction time. This combusfimrtess,
the amount of fuel to oxidizer ratio is importantform a pure phase compounds. According to cosceipt
propellant chemistry, the starting precursors filetal nitrate acts as an oxidizing agent whereagsponding
fuels act as a reducing agent. Several fuels ssalrem, citric acid (HsO;- 6H,0), glycine (GHsNO,) have
been used for the synthesis of zinc ferrite nartapes. Here we choose N-N’-methylenebisacrylanadduel
for preparing these zinc ferrite nanoparticles.t@other hand, N-N’-methylenebisacrylamide wagiiess as
a crosslinker for the synthesis of thermosensitigsus hydrogels by radical polymerization methd8].[ In
this present work, we synthesized zinc ferrite panticles with N, N’-methylenebisacrylamide as alfior the
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first time by combustion method with a consistemoant of fuel-nitrate ratios. The structural prdjesr of
these zinc ferrite nano particles were characteriby X-Ray Diffraction (XRD). The structure and
corresponding changes in the tetrahedral and adtahbond stretching vibrations were studied by IRT-
analysis. To study the surface phenomenon and tixidatate these samples were characterized by yX-Ra
Photoelectron Spectroscopy (XPS). Detailed surdaedysis of core level spectra of Zn 2p, Fe 2p38and O

1s peak were evaluated. The morphology and chenimalpositions of the prepared ferrite samples was
observed by scanning electron microscopy (SEM)Emetgy dispersive X-ray (EDX) technique.

2. Experimental

2.1. Materials

Zinc nitrate hexahydrate purified (Zn(MN@6H,O) was bought from Merck, Iron (lll) nitrate
nonahydrate (Fe(N{x.9H,0, 98-100% purity), N-N methylene bi's acrylamidgH;0N,O,) and nitric acid
were provided from Qualigens. All analytical reaiganere used without further purification.

2.2. Preparation

Zinc ferrite nano particles were synthesized by lmestion method using N-N methylene bi's
acrylamide (GH1gN-O,) as fuel. Initiallyappropriate amounts of zinc nitrate (Zn(Y3BH,O) and iron nitrate
(Fe(NGy)s.9H,0) aqueous solution were prepared with additio@0rfil of distilled water. 10 ml of nitric acid
(HNO3) was added into the solution resulted in a cle@eaus solution. Stoichiometric amount of fuel {83
g) was introduced into the mixture at the same tvith stirring for 2 hr and then the mixture wasahtreated
at 80°C for 40 min until the water evaporated. Aftat, it became a dark brown viscous gel. Thaiobd dark
brown viscous gel was kept on a hot plate af@dor 10 min an auto-ignition initiated to form &etl brown
resin with the evolution of gaseous fumes. Aftemptete reaction, a brownish zinc ferrite ash waslpced.
The actual time interval between the start of ignitand the end of the reaction was less than Zhsre
reaction process is illustrated in Fig. 1. Finalg- prepared samples were kept out of hot pladegaound
using an agate motor and pestle to form fine posvder
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Fig. 1 X-ray diffraction patterns of the synthesized ZyBgepowders by combustion method using N-N
methylene bias acrilamide as fuel.

2.3. Characterization

The crystal structure of the as-synthesized powderidentified by X-ray measurements of Bruker D2
Phaser Powder X-ray diffractometer using Gutddiation £ = 1.5418 A) in the range of 10° to 80° with step
mode of 0.2/min. FT-IR studies of prepared sampleee investigated in the wave number region 400D-40
cmi' at room temperature using BRUKER ALPHA spectromefiéh opus 6.5 (version) software by KBr pellet
method. Information about the oxidation states hafse samples was obtained from X-Ray Photoelectron
Spectroscopy (XPS) using Kratos Analytical AxisrallDLD with Al Kal source. The energy of an X-ray
photon of 1.486 keV with pass energy of 160 eV wused for the survey spectrum and 40 eV for narcans.
The angle between the normal to the sample surfaxk the direction of photoelectron collection are
perpendicular to each other. The spectra wereatetlausing the combination of electrostatic andmeéig lens
(hybrid mode) for an analyzed area of (700x300 |Bu)face charging effects were minimized using arg
balance operating at 3.6 V and 1.8 V maintainefilaament bias. The surface morphology was analyrsdg
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scanning electron microscope (SEM with EDX) JSM@®&3A (JEOL, Japan (JEOL) with an accelerating
voltage of 15 kV. The optical behaviour of the istigated powder samples were performed by UV-2103 P
Spectrophotometer.

3. Results and discussion
Effect of fuel type on the auto combustion synshafsznFgO,

Synthesis of simple and complex oxide materialgHgy combustion of redox compounds is simple,
fast, attractive for energetically economic anddoice high yield purity products compared to thevemtional
methods. In this regard, a novel fuel N-N methylbiseacrylamide (&4:0N.O,) was used to synthesis ZnBg
nano particles by combustion method. The fuel-taga@ombustion process, the exothermic redox wacan
be expressed as given below,

Zn (NGy),.6H,0+ 2 Fe (NQ)3.9H,O + 1.17647¢H;,N,O, — > ZnFgO,+ 5.17647N 1+ 8.23529CQ 1+
5.88235H0O1

In the above reaction, the;NCO, and HO are evolved as the gaseous products.tdtakreducing valence of
N-N methylene bis acrylamide {8,0N.O,) is +34 and the total valance of nitrates is -Be stoichiometric
composition of the fuel-nitrate mixture becomes (26) +1x (-10) +n (+34) = 0, n=1. 17647 mol in the
reaction.

Here, fuel-nitrates composition indicates fuelfN€D.78431 (fuel-to-nitrate ion ratio). In this prase
work, we consider the stoichiometric amount of fteelnitrate composition is 0.78431 and resultsha t
formation of pure nano-size zinc ferrite.

3.1. X-ray diffraction studies

The phase purity and structure of the sample aaetyzed by X-ray diffraction. Fig. 1 shows the X-
ray diffraction (XRD) pattern of as prepared ziecrite nano particles. It shows that all the diffran peaks
were indexed to the crystal plane of (111), (228).1), (222), (400), (422), (511), (440) and (5B8)he XRD
pattern and are well fitted. No other extra/impudiffraction peaks were detected. It is clear tiase peaks
can be attributed to the spinel type cubic strecfUCPDS no. 077-0011). The broad diffraction pedicates
that the prepared sample is in the order of naxe # order to determine the average crystalite &) of the
as-synthesized powder Scherrer formula was usedalodlated by an equation [14],

d = 0.9/( pcoso) D

where d is the average crystallite seis the diffraction anglé,(0.154 nm) is the wave length of X-ray beam,
(FWHM). The average crystallite (d) size of thegoaimc ferrite is 23.9 nm and listed in Table 1eTattice
constant (a) for the prepared zinc ferrite wasutated using the equation [14],

a= [ /(h*+k2 +1%)] M2 2

Where d is the value of d-spacing of line in XROtg@an and (hkl) are the Miller indices. From thebleal
calculated values of lattice constant of the pregiainc ferrite sample was 8.373 A with accuraty 6.002
A. The X-ray density ‘@’ of the zinc ferrite was calculated using thedoling expression [14].

d=8M/NV 3)

Where M is the molecular weight of the sample, khis Avogadro’s number=6.023x£@nd V is the volume
unit cell. The value of X-ray density of prepareaha particle was 5.45 g/érand mentioned in Table 1. The
specific surface area (S) was determined from thieyXdensity of the sample(dand diameter of the particle
(D) using the following equation [14].

S=6/¢D 4
The values of specific surface area of zinc feniao particles was 45.94 /g are listed irTable 1.

The elastic strain (E) of the samples was calcdlaging the formula [15],
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E =B/ 2 cotd (5)

Wherep is the full-with half maximum§ is the diffraction angle. The elastic strain tioe prepared zinc ferrite
was found to be 0.0973.

Table 1: Structural parameters obtained from X-ray diffi@etstudies.

Average X-Ray Lattice Surface
Sample | Fuel (g)| Crystallite size | Density(dy) Constant Area(m?/g) Elastic Strain
(nm) glem? A) J (E)
ZnFeO, | 2.4183 23.93 5.45 8.373 45.947 0.0973

3.2. FT-IR characterization

IR spectroscopy is an one of the important togeabinformation about the cationic distributiontine
spinel structure through the crystal’s vibratiomaldes. Fig. 2 shows the infrared spectrum of the ferrite at
room temperature in the frequency range of 400-4966 It is known that spinel type zinc ferrite is the
normal cubic structure in which Znion occupies tetrahedral (A) site and'Fen occupy octahedral (B) sites.
For the investigated zinc ferrite two strong absiorp bands namely high frequency band) (and low
frequency bandvg) were observed in the FT-IR spectra. The highudeegy bandy) that was observed at
around 549.5 crhis attributed to metal-O bond stretching vibratiotetrahedral site. Low frequency bareg) (
at ~434 crit is assigned to metal-O bond stretching vibratiothe octahedral (B) site of the zinc ferrite. Thes
two observed bands andv, difference is attributed to the difference in e —O distance for tetrahedral
and octahedral complexes [16]. These differendbervibrational frequency is also due to bond lar{gt-O),
bonding force and the cation mass [17]. The aborfitand at 1380.7 chris identified as stretching vibration
of anti-symmetric N@. This NG ions occurs during combustion process with thewgiai of gaseous fumes.
Hence, the combustion process can be consideradeasthermic redox reaction between the metaltagra
(oxidizing agents) and an appropriate fuel as reduagent [18].
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Fig. 2 Infrared spectra of zinc ferrite nano particleso@m temperature.

3.3. X-Ray photoel ectron spectroscopy studies

Surface analysis and chemical states of the pedpsample were investigated by X-Ray photoelectron
spectroscopy (XPS). Fig. 3 shows XPS wide specwtizinc ferrite nano particles prepared by comimusti
method. The photoelectron peaks of Zn 2p, Fe 2pafid along with C 1s were observed in this spettithe
C 1s (carbon) peak present in this sample is dubgaarbon formed during the synthesis of zindtéeby
combustion process. The data of atomic ratio fioc #&rrite nano particles are mentioned in TablErdm this
table the ratio of Zn/Fe/O in the sample is nealbge to 1/2/4 agreeing with the expected chenfiazatula of
ZnFe0Q,. For detailed analysis of this wide spectrum CAGAS Version 2.3 software package was used to fit
the individual peak spectra of Zn 2p, Fe 2p, OIk@bs by Shirley type of background was subtracted.
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Fig. 3 Survey spectrum of zinc ferrite nano particles.

Table 2 Wide spectrum peaks parameter of zinc fendteo particles obtained from XPS data.

Name Position (eV) FWHM (eV) At%

Zn 2p 1020 3.644 1.63
Fe 2p 710 4.757 1.92
O 1s 531 4.708 27.41
C1s 284 3.6 69.04

2838

Fig. 4a (insert) shows the XPS spectra of Zn 2k p&he two major peaks of Zn Zpand Zn 2p,
were present in this spectra with binding enerdyasof 1021.1 eV and 1043.3 eV [19]. Fig. 5a shtvesZn
2p peak deconvolution spectra of zinc ferrite npadicles. It exhibits two sub-peaks. The peakQG014 eV
and 1022.2 eV for Zn 2p indicates the presence ofZion in the zinc ferrite nano particles. This imiar to
the result reported by. Y. Tay, S. Li et.alor nanocrystalline ZnO whose binding energy ofZfy, is located
at 1022.0 eV [20]. The other two sub-peaks at MIBand 1044.07 eV correspond to intensity peako2,.

Fig. 4b (insert) shows the Fe 2p core shell XP&tsp of zinc ferrite. It consists of two featuis
binding energy values observed at 711.21 eV fo2pg and 725.81 eV for Fe 2p respectively, with a
satellite peak at 718.2 eV. This result is in cleggeement with previous literature for®Féon in ferrite
materials [21-22]. Significantly, the deconvolutigpectra of Fe 2p shown in Fig. 2 can be fitted ifour
distinct peaks located at 709.3 eV, 713.43 eV,828V and 729.73 eV. These peaks correspond toirlkdeng
energies of Fe 2p-F&*, Fe 2p-Fe*, Fe 2p-F&" and Fe 2p,F€" ions [23-24]. Therefore, the oxidation
states of iron (Fe) in the prepared nano partidifinitely consists of both Beand Fé& ions. According to
Wen’s report [25], the spinel system (4B) F&* occupies B sites at 709.5 eV where a¥ Becupies both A
and B sites with binding energies at 710.6 and¥&V. respectively.

The XPS spectrum of the O 1s region was detected3@.23 eV, as shown in Fig. 4c (insert).
Specifically, O 1s region in Fig. 5c can be decdutan into five distinct peaks at 528.31 eV, 52967,
530.54 eV, 531.61 eV and 532.63 eV respectivelyes€hpeaks are associated with corresponding binding
energies of &, OH, H,0, C-O-metal and C=0 groups observed on the sudittee sample [26-27].

The C 1s core-level XPS spectra as shown in Eigltshows two components at 283.9 eV and 286.4
eV. The peak at 283.9 eV can be attributed to Gshidb The signal at 286.4 eV can be assigned toko+l
respectively [28-29].

3.4. SEM and EDX analysis

Fig. 5(a-c) shows the SEM images of prepared farrite nano particles with different magnificatin
It shows that nano particles are agglomerated wittous network. During the combustion process,elarg
amount of gases evolved when the reaction reatigedritical temperature; leading to the formatiépares in
the prepared nano particles. The compositional amdirm the presence of the nanocrystalline zirrcités
prepared by combustion process were carried oenbygy dispersive X-ray analysis (EDX). Fig. 5dwbdhe
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EDX spectra of zinc ferrite nano particles. Thespreee of Zn, Fe and O elements is confirmed foerBbBX
spectra. No other elements or impurity was detectads confirms the purity of the prepared nandipleas.
This is further supported by XRD and XPS analy$ise observed atomic% and weight % of Zn and Fe is
tabulated in insert of Fig. 5d. These values ark matched with expected atomic ratio of Zn:Fe:@nsptype
nano particles prepared by combustion method. Hahee method is completely favorable for formation
pure zinc ferrite nano particles.
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Fig. 4 Deconvolution XPS spectra of (a) Zn 2p, (b) Fe(@pO 1s and (d) C 1s of zinc ferrite nano psetc

Table 3: Deconvolution parameters of zinc ferrite nano phas from Zn 2p, Fe 2p and O 1s peak from XPS.

Sample Peak Position Percent (%Y FWHM *
Zn 2py 1019.12 43.11 2.08

Zn 2p 1020.41 15.56 3.12

Zn 2py» 1043.27 31.05 2.47

Zn 2py» 1043.03 10.28 3.61

Fe 2p,- Fe’ 710.40 57.59 1.27

ZnFe,0, Fe 2p F€' 717.43 11.02 3.11
Fe 2p,-Fe’ 723.88 27.74 2.95

Fe 2p,r FE' 729.73 3.65 3.54

lattice O 528.31 4,57 1.17

OH 529.67 11.61 1.27

H,O 530.54 23.71 1.27

C-O-metal 531.61 27.59 1.35

C=0 532.63 18.34 1.22

“represents the Zn 2p, Fe 2p spectra with correspgmubak positions of Zn 2p Zn 2p,,, Fe 2pp,, Fe 2pp
and oxygen surface species: lattice Gxygen bonded to metal; Ogtoup: hydroxyl bonded to metal; H-O-H:
absorbed water; C-O-metal group: C-O- bonded tahaatd C=0 group’percentage that contribution of each
peak to the total number of counts in Zn 2p, Fe@g;s peak’Full Width Half Maximum of each peak in the
Zn 2p, Fe 2p, O 1s Spectra.
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Fig. 5 (a-c) SEM micrographs with different magnificatsoof ZnFgO, nano particles (d) EDX pattern of
ZnFe0,4 nano particles.

3.5. UV- DRS studies

The optical properties of zinc ferrite nanopaetclare illustrated by UV-vis diffuse reflection
measurement. Fig. 6 shows the diffuse absorpti@ttsp of prepared zinc ferrite nanoparticles. Frib
absorption spectra pure zinc ferrite nanopartiaelesobserved in the UV- Visible region of 200-500 and
can find potential application as optical devices.

The optical absorption coefficient can be caladarom the reflectance data by using Kubelka-Munk
function [30],

a=(1-R)¥2R (6)
whereR s the diffuse reflectance.
The optical band gap of zinc ferrite nanoparticdéedetermined using the Tauc relation.
(ahv) = A (hv-Eg)" (7)

Wherea is the absorption coefficient, A is the constdd,is the energy gapyhs the energy of the incident
photon, and n is an index that characterizes ttiead@mbsorption process [1].
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Fig. 6 UV-Vis absorbance spectra of zinc ferrite nanophasi
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Fig. 7 Tauc polts of ¢hv)? against k(eV) for zinc ferrite nano powders.

Fig. 7 shows the Tauc polts afhy)? against k(eV) of zinc ferrite nano powders. The band gaprg@nevas
found to be 2.4 eV which is in good agreement itbviously reported values [39]. This band gap &ahu
quiet close to the optimum band gap required foicapapplications as photo catalysts [31].

4. Conclusions

Pure zinc ferrite nano particles were preparectdaybustion method using novel type of fuel (N-N
methylene bi's acrylamide). The structural propsrtf these zinc ferrite nano particles were charaed by
X-Ray Diffraction (XRD). It confirms the formatioof cubic spinel type zinc ferrite nano particleshnaverage
crystallite size of 23.93 nm. No other extra/ impgjuphase were observed. The formation of structurd
corresponding changes in the bond stretching vibaaf tetrahedral and octahedral metal complexesew
investigated by FTIR. The surface phenomenon aithtign state these samples were characterizedRgy
Photoelectron Spectroscopy (XPS). Detailed surdaedysis of core level spectra of Zn 2p, Fe 2p38and O
1s peak were studied and found to be 2+ stateriorand 3+ states for iron on the surface of pregp@ample.
The porosity/voids and morphology of the prepaezdte nano particles were observed from SEM amalji®
confirm the presence of chemical elements and csitipo of the prepared nano particles, EDX was used
From the UV-DRS studies, the optical band gap wasd to be 2.4 eV.
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