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1. Introduction 

Mössbauer spectroscopy using 
57

Co for a nuclear 

resonance with 
57

Fe is a powerful method for analysis 

of iron-containing materials [1]. This method turns out 

the quality of iron in target materials, which are valence 

state, occupied sub-site, and exchange interaction with 

neighbor atom, etc., [2]. Nanosize iron-metal and -oxide 

powders have been widely investigated for use in 

magnetic recording media, microwave devices, 

ferrofluids, biomedical application, and other industrial 

fields [3]. Many attempts have been made so far to 

develop processes and techniques for a synthesis of 

nanosize powders with specific functional properties. 

The chemical methods including precipitation 

techniques, sol–gel processes, and inverse-micelle 

methods have been used to successfully synthesize 

narrowly distributed nanosize powders [4]. However, 

since these processes are based on chemical-media, the 

resulting powders often undergo a surface 

contamination or agglomeration of the particles. On the 

other hand, the dry methods represented by a gas 

condensation process have been developed to obtain 

high purity nanosize powders [5], in which it is 

expected to suppress an agglomeration of the particles. 

In the present study, nanosize iron-oxide powders were 

synthesized by gas-phased method such as the pulsed 

wire evaporation (PWE) [6]. These are known as one-

step synthetic technique with high efficiency and high 

production rate compared with other wet processes 

involving several treatment steps. Especially, we focus 

on the phase variation and characterization using 

Mössbauer spectroscopy of the nanopowders produced 

under various ambient gas conditions. 

 

2. Experimental Technique 

High purity Fe2O3 and Fe3O4 powders were synthesized 

by the PWE method. An argon-oxygen mixed ambient 

gas was supplied to the PWE chamber during the 

evaporation process, in which the total pressure of the 

mixed gas was about 1.3 bar.The crystal structure of the 

synthesized powders was examined by X-ray diffraction 

(XRD) using Cu Kradiation (λ = 1.5406 Å ). The size 

and shape of the powders were observed by a scanning 

electron microscope (SEM) and a transmission electron 

microscope (TEM). Mössbauer spectra were recorded 

by using a conventional spectrometer of the 

electromechanical type with a 
57

Co source in a rhodium 

matrix and then the parameters were obtained by a 

leastsquares fitting by assuming Lorentzian line shapes. 

The magnetic phase was investigated by measuring 

Mössbauer spectroscopy at low temperature range from 

13 K to 290 K. 

 

3. Results and discussion 

In Fig. 1, the XRD patterns for the iron-oxide powders 

synthesized by PWE method in the mixed gas with 

different oxygen contents are displayed. The diffraction 

pattern of the powder synthesized with Ar/O2 (30%) gas 

shows two phases of crystal structure, in which one is a 

spinel structure and the other is an additional structure 

corresponding to the -Fe2O3 (hematite) phase, as 

shown in Fig. 1(a). On the other hand,the diffraction 

pattern of the powder synthesized with Ar/O2 (15%) gas 

shows a typical spinel structure (Fig. 1(b)). However, 

the iron-oxide phase of the spinel structure cannot be 

clearly distinguished in the both XRD patterns above, 

because of the very similar peak positions and lattice 

parameters between Fe3O4 (magnetite) and -Fe2O3 

(maghemite). Magnetite, an inverse spinel structure 

with a cubic unit cell, consists of two sub-structures of 

octahedral (Oh) and tetrahedral (Td) sites. The 

octahedral site is occupied by Fe
2+

 and half of the Fe
3+

 

ions, whereas the tetrahedral site is occupied by the 

other half of the Fe
3+

 ions. As for maghemite, however, 

only Fe
3+

 ions occupy both the octahedral and 

tetrahedral sites. 

 

 
 

Fig. 1 X-ray diffraction patterns for the iron-oxides 

synthesized (a) with Ar/O2 (30%), and (b) with Ar/O2 

(15%) gas, where the total pressure of the mixed gases 

was kept constant at a value of about 1.3 bar. 
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It means that the phase separation of the two 

components can be accomplished by investigating the 

existence of the Fe
2+

 ions. Therefore, for the phase 

analysis of the iron-oxide powders, we carried out 

Mössbauer measurement which can provide useful 

information on the valence state and magnetic behavior 

of iron ions in a crystal lattice. The spectrum was 

analyzed with two magnetically ordered sextets. Results 

of magnetic hyperfine field and isomer shift of the outer 

sextet is typical of the Fe
3+

 ions in -Fe2O3 structure. 

As for the inner sextet, the values for magnetic 

hyperfine field and isomer shift reveal that the valence 

state of iron is Fe
3+

 and consequently the sextet 

corresponds to the -Fe2O3 phase. The relative atomic 

fraction of the -Fe2O3 and -Fe2O3 phases for the 

powder with Ar/O2 (30%) were about 34 and 66%, 

respectively. Meanwhile, when the mixed gases with 

the oxygen content of below15%was introduced into 

the evaporation chamber, the resultant powders 

contained some iron metal as well as Fe3O4.  

 

 
 

Fig 2 Mössbauer spectra for -Fe2O3 and α-Fe2O3 

powders at various temperatures. 

 

Mössbauer spectra for the iron-oxide powders 

synthesized in different oxygen concentrations showed 

different shapes of the absorption spectra. In the 

absorption spectrum of the powder synthesized with 

Ar/O2 (15%) gas, one can see that the spectrum consists 

of two sextets, where the iron ions are magnetically 

ordered in the crystal lattice. Isomer shift values (δ) for 

the outer and inner sextets are found to be 0.18 and 0.53 

mm/s relative to the iron metal, respectively, which are 

consistent with Fe
3+

 and Fe
2+

 charge states.We note that 

the Fe
2+

 state was clearly observed from the Mössbauer 

analysis. Also, the relative atomic fraction of the Fe
3+

 

sextet and the Fe
2+

 sextet were determined to be about 

65 and 35%, respectively. The Mössbauer spectrua at 

temperature range from 77 to 295 K consists of two sets 

of sextet Lorentzian lines, and a broad doublet line. 

Two superimposed sextet correspond to Fe
3+

 ion of -

Fe2O3 and -Fe2O3. A quadrupole split line in the center 

of the spectrum represents a superparamagnetic phase 

of -Fe2O3 with a mean particle size below 7 nm.  The 

Mössbauer spectrum at 13 K consists of two sets of 

sextet Lorentzian lines, only. The superparamagnetic 

phase performed at and above 77K, as shown in Fig. 2. 

 

4. Conclusions 

Iron-oxide nanopowders were synthesized by a pulsed 

wire evaporation (PWE) in various ambient gas 

conditions. TEM measurement indicates that the 

spherical iron nanoparticles are about 55 nm in diameter 

and the thickness of the surface passivation layer is 

between 2 and 3 nm. As for the iron-oxide nanopowers, 

a mixed gas of Ar/O2 was used as an ambient gas. The 

phase analysis for the produced iron-oxide powders was 

systemically investigated by using Mössbauer spectra 

and the results show that classified phases of Fe2O3 and 

Fe3O4 can be controlled by regulating the oxygen 

concentration in the mixed gas during the PWE process. 
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