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ABSTRACT 

 

Iron oxide was synthesized by thermal decomposition of iron citrate complex. Citrate acid was used as 

chelating agent in formation of the complex. Organic based of the complex formed enable easy burning off of 

the impurities exists. Ammonium based ion exists enhances the self-combustion once the mixture is subjected to 

high temperature. This method enable highest purity of iron(III) oxide to be formed. Thermal analysis that took 

place along the decomposition process was characterized using thermogravimetric analysis (TGA), infrared 

spectroscopy (FT-IR) and X-ray diffraction (XRD) to identify the crystallinity of product also to ensure the 

temperature applied is sufficiently high to produce the metal oxide. The calcination temperature were confirmed 

to be at 600 °C. Pulsed laser ablation performed onto the iron (III) oxide pellet as target to ablate metal oxide 

onto Si wafer as substrate. Transmission electron microscopy (TEM) was performed onto the Cu grid used to 

harvest the ablated product at Si wafer. It was meant to identify the optimum duration for the ablation process. 

Pulsed laser ablation duration at 5 minutes yield particle size range within 26 – 30 nm.  
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Introduction 

 

Novelty of this self-combustion method in obtaining superfine of very pure α-phase Hematite and its 

reproducibility enable us to employed in preparing nano-scale material research. It was very well knowledge by 

the use of citric acid as chelating agent in preparing iron oxide by forming iron citrate complex since from the 

80s (Srivastava, A., et al., 1985; Matzapetakis, M., et al., 1998). Overall reaction involved the chelating process 

of three ligand originated from citric acid, followed by decomposition of the organic based iron citrate complex 

through self-combustion and lastly by oxidation process. The preparation method for superfine iron oxide 

powder is also suitable for preparing cuprate based superconducting materials for others rare earth iron garnets 

(Gajbhiye, N.S., S. Prasad, 1996; Petrova, N., et al., 2008). 

 

Materials And Methods 

 

Iron citrate salt was prepared initially prior to thermal decomposition procedure. Acid citric of 1 M was 

prepared with de-ionized water forming a light-yellowish solution. Citric acid as chelating agent were used to 

formed trivalent complex of iron ions (Matzapetakis, M., et al., 1998). Iron (III) nitrate anhydrous of suitable 

concentration was gradually mixed into the initially yellowish citric acid solution. The magnetically stirred 

mixture turn into brown-red clear solution of 1 M iron citrate formed. This acidic solution was neutralized (pH 

7) using 25 % ammonium hydroxide solution. The dark brown-yellowish neutral solution was heated slowly 

using electroplate heater while stirring.  

Viscous state of the dark-green paste was achieved at about 120 °C once about 75 % of the overall volume 

was evaporatedwhile inside the fume hood throughout the reaction. The heating power was further increased to 

maximum once it is in viscous state. The temperature maintained at 120 °C for a few minutes while removing 

the remaining water molecules and hence forming a dark slurry thick mixture. Temperature of the mixture 

continues to rise once red-hot bubbles formed at the surface. Spontaneous combustion occurred once the 
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mixture temperature exceeded 150 °C. The self-combustion reaction took place so rapid with the sudden 

increase of temperature peak at about 400 °C. The reaction stops until all citrate was consumed. The red pine 

branches producedexpended over the brim of the 1 L beaker used (Fig. 1).  

Fine powder wasobtained after using agate mortar and pestle crushed the red pine branches. Powder of 

iron(III) oxide were formed into pellet served as target used during pulsed laser ablation deposition. Deposition 

of iron(III) oxide were preformed by using pulsed laser ablation (second harmonic Nd:YAG laser equivalent to 

532 nm wavelength, frequency of 1.50 kHz, laser fluence at target was 87 mJ/cm2). A catalytic layer of Fe thin 

film is deposited onto n-type 2-inch Si wafer (100) acted as a substrate. Cu grid 200 mesh was supported onto 

the Si wafer to harvest the iron(III) oxide ablated. As-prepared Fe2O3 powder was pressed into pellets (13 mm in 

diameter and 7 mm thick of 2 gram). The ablation on target located 20 mm perpendicular to substrate was done 

at room temperature in an Ar environment (about 28°C, background pressure optimised at 80 Pa) forming Fe 

catalytic thin films on substrates optimised in 5 minutes. The target was rotated to avoid local heating of target 

during ablation[5]. Local heating by the laser energy would alter the stoichiometry of the target. Cu grid attached 

was characterized using TEM for morphological study. 

 

Results And Discussion 

 

Thermal analysis and Infrared spectra of iron citrate complex: 

 

Small amount of iron citrate complex in viscous state was carefully extracted for thermal analysis. 

Differential thermal analysis (DTA) curve on ammonium iron citrate complex 𝑁𝐻4 5𝐹𝑒 𝐶6𝐻4𝑂7 2 2𝐻2𝑂 

showed that the decomposition to iron (III) oxide is a five-steps processes as shown in thermogram in Fig. 2. 

The first step involved the dehydration process observed in the temperature range 32.9 – 144.8 °C peak at 69 °C. 

The observed weigh loss of 13.2 % at TGA curve attributed to the removal of the two molecules of crystal water 

in within the complex (Srivastava, A., et al., 1985). Infrared (IR) spectra for sample heated at 60 °C showed loss 

of broad peak at 2500 – 3300 cm-1 as shown in Fig. 3. It corresponds to the stretching of hydroxyl group for 

water molecules in the complex. 

Second step involved decarboxylation of citrate moiety. Reduction of peak intensity was observed in FTIR 

spectra above 200 °C at wavelength of 3200 cm-1 and 1570 cm-1[6]. It confirmed the decomposition process of 

carboxylate group. Stretching of C-H alkanes group at wavelength peak at 2950 cm -1 while the lower 

wavenumber peak at 750 cm -1 that corresponds to the alkenes group were seen further reduced as calcination 

temperature increases. It showed the footprint of partial decarboxylation process as shown in DTA peak at 209 

°C. By product of carbon dioxide were formed at around this temperature range. FTIR spectrum recorded 

stretching band wavelength of 2350 cm-1 attributes to the asymmetric stretching mode of CO2 molecule trapped 

within complex (Gajbhiye, N.S., S. Prasad, 1996). 

Self-combustion of the slurry observed above 200 °C during experiment caused by the exothermic 

decomposition of hazardous nitrous oxide molecules in the compound (Koshiba, Y., et al., 2010). Ammonium 

ion used to stabilize the iron citrate complex was decomposed into nitric-based oxides. Traces of nitric acid 

were detected using FTIR spectra. Shoulder peak at 1700 cm-1 appeared for sample heat treat at 60 °C. Amines 

group stretching were observed at 1180 cm-1 at controlled sample. It confirmed the nitric acid molecule 

(Haridass, C., et al., 2000). Its peak intensity disappeared for sample calcined at 400 °C. Highly flammable 

nitrous oxide molecule was recorded existed by its peak at 2200 cm-1 in 60 °C FTIR spectra (Miller, T.M., V.H. 

Grassian, 1995). Emission of this hazardous gas during the self-combustion process poses a risk and therefore 

the whole synthesis procedure were to be fully conducted in a well-ventilated fume hood.  This peak reduces its 

intensity above 200 °C in FTIR spectra. Nitrogen dioxide was recorded existed by its peak at 1340 cm-1 and 

1600 cm-1 (Haridass, C., et al., 2000). These peak were seen disappeared only once the sample was subjected to 

higher than 400 °C. It suggested that it decomposed at higher temperature than 400 °C. Formation of iron (III) 

oxide was initiated at around 560 °C and peak at 610 °C as recorded in DTA curve. Further oxidation of the 

oxide was observed peak at 788 °C. Oxide band observed in FTIR spectra at 523 cm-1 and 440 cm-1 were found 

to be comparable with those of α-phase of iron oxide (Srivastava, A., et al., 1985).  

 

Structure analysis using X-ray diffraction (XRD): 

 

Powder X-ray diffraction patterns were recorded at various calcination temperatures using the Philips X-ray 

Diffractometer with Cu Kα radiation. The scan rate is optimised at 2°/2θ per minute from 20° to 80 ° for 2θ 

angle range. The powder diffraction spectrograph recorded was normalized electronically before performing 

matching with standard maintained by the International Centre for Diffraction Data (ICDD) standard file. The d-

spacing or the inter-plane crystal spacing calculated by the computer system according to the Bragg’s law 

equation for the most intense line of angle will be used by computer search program (X’pertHighscore) to 

identify the crystal exists in powder 
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The major peak corresponds to crystalline plane (1 0 4), (1 1 0) and (1 1 6) as labelled in Fig. 4 matched 

with JCPDS 01-079-1741 confirmed the α-phase of iron oxide formed. XRD peak obtained showed that the 

calcination temperature at above 300 °C is sufficiently in forming α-Fe2O3. Further calcination of the sample 

removes the nitrogen dioxide molecules found within compound as shown in FTIR spectra. Calcination 

temperature of at least 400 °C are required to burn-off majority of hazardous compounds. Heat treatment of the 

sample at 760 °C could enhanced the crystalline structure. 

 

Morphology analysis for iron (III) oxide after being ablated using Nd-YAG pulsed laser: 

 

The as-prepared α-phase of hematite (Fig. 1) was harvest up until the interface before the brown-black 

sample attributed to be the γ-phase hematite (Xu, X.L., et al., 2000). It was crushed into powder and moulded 

into pellet used as for target during pulsed laser ablation. 

Cu grid of 200 meshes was intentionally attached to collect the iron (III) oxide ablated from the target onto 

the Si wafer substrate. The Cu grids were examined using transmission electron microscope (TEM) from FEI, 

Tecnai T20 STwin at 200 kV for study of agglomeration size in relation to laser ablation period (Fig. 5). Pulsed 

laser ablation period were narrow down to 10 minutes and 5 minutes through a well-calibrated laser ablation 

spot. It was found that the majority of particular size was distributed around 26 – 30 nm. Longer ablation period 

tends to have formed agglomeration. Agglomeration of hematite is common nature cause by its ferromagnetism 

behaviour (Cheng J.P., et al., 2008). 

 

Conclusion: 

 

The self-combustion method of ammonium iron citrate complex performed in synthesizing the very pure α-

phase of Hematite proof the novelty of this technique in terms of reproducibility. The already superfine powder 

was characterized for obtaining the suitable calcination temperature using TGA, FT-IR and XRD. The duration 

for obtaining the narrowly distributed size of superfine iron (III) oxide size ablated using Nd:YAG pulsed laser 

was determined at 5 minutes for majority size fall within 26 – 30 nm range characterized by TEM was estimated 

using ImageJ software. 

 
Fig. 1: Photograph at the base of the red pine branches obtained after the self-combustion process growth inside 

1liter beaker. 

 
Fig. 2: Thermogravimetric Analysis (TGA) in solid line curve while Differential Thermal Analysis (DTA) as 

dotted line curve of iron citrate complex in air. 
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Fig. 3: FTIR spectra of the ammonium iron citrate complex obtained at after five different calcination 

temperatures. 

.  

Fig. 4: XRD spectra of α-phase of iron (III) oxide formed at different calcination temperature. 

 

 
Fig. 5: TEM micrograph of iron (III) oxide deposited at Cu grid at different pulsed ablation period (A) 10 

minutes (B) 5 minutes 
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