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ABSTRACT 

The present article was studied a novel and effective method to fibrate alpha phase of iron oxide NPs using 

photolysis method. The identity, structure, and size of particles were evaluated using XRD, TEM, while the 

spectra properties of it characterized using FTIR and UV-Vis as well as magnetic properties of alpha 

phase, was gauged using SQUID and showed deflection between FC and ZFC under Tirr=104 K. The 

magnetization curve of ZFC obtained the maximum value at TB=51 K and it didn't offer the Morin 

transition. SPION was obtained from M (H) at 300 K and the data of M (H) determined by Langevin 

function. Moreover, high magnetization was shown at 25
◦
C (Ms=3.98 eum/g) and this eligible for 

biomedicine application. 
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INTRODUCTION 

Through the diverse nanomaterials, the oxide of materials such iron oxide are the remarkable category of 

materials that have optical, electrical and magnetic properties which apply to the wide range [1] such as 

electrode materials, environmental pollutant clean up agent, pigment, catalyst and magnetic materials [2-5]. 

With a view to realizing usable properties, compilation conditions must be fully controlled to gain all 

powders together with a cramped particle size distribution and the desired crystallinity of the particles. The 

more steady of iron oxide is hematite and it has important properties such as environmentally friendly, non-

toxic, low cost and high impedance to corrosion and it crystallized in rhombohedral lattice system with R-

3C space group, n-type semiconducting properties and band gap equal to 2.1 eV [2]. Many methods are 

used to prepare nanoparticles of hematite as precipitation, sol gel, hydrothermal, microwave, precipitation 

from anhydrous, sonochemical methods and others [6-10]. This research focuses on the new method to 

prepare using UV irradiation that emitted from the system which contains from source with 125 watt and 

cooled system to avoid high temperature and it method contains two steps: the first is irradiate the solution 

of salt to produce oxy-hydroxide then burned it at high temperature. Compare with other methods, 

photolysis method has important properties such economy, don’t have high energy, gain low particles and 

high purity. Many scientific sets in over the last few years have devoted to promoting and improving the 

magnetic properties of nanomaterial depending on Neel temperature [11-22]. Neel temperature in hematite 

appear at 960 K while at 263 K Morin temperature take place and below this temperature, the hematite is 

an antiferromagnetic whereas ferromagnetic above it [2]. When the particle size of materials decreases, the 

Morin and Neel temperatures are reduced and vanish [23,24]. The small particle size of hematite is appear 

superparamagnetic behavior above blocking temperature and ferromagnetic below it. Consequently, the 

nanoparticle is an entertaining for essential research of magnetic properties, due to it can show 

superparamagnetic, anti and weak ferromagnetic properties [25-27].
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EXPERIMENTAL SECTION 

Hematite NPs Fabricate 

The alpha phase of iron oxide was fabricated using the system of irradiation with 125 watts as an irradiated 

source. First, 0.01 mole of FeCl3.6H2O was dissolved in 100 ml distilled water to prepare the clear solution. 

Then, it was irradiated under the cooling system to avoid temperature that produces from the source until a 

precipitate formed. After that, the precipitate was isolated and washed with acetone for several times and 

dried. The final precipitate was burned at 400°C for 2 h to gain brown precipitate with magnetic properties. 

 

Hematite NPs Characterization 

FTIR (65-FT-IR, Perkin Elmer, USA) and UV-Vis spectrophotometer (JASCO Asia Portal UV-visible 

model V-650) were used to determine the functional group and energy gap of powder respectively while 

the size of particles and the identity of it was showed using TEM (JEOL JEM -2100) and XRD spectrum 

(Shimadzu-XRD-6000) with Cu Kα radiation respectively and the magnetic properties of it was determined 

using Commercial Quantum Design MPMS-XL-5. 

RESULTS AND DISCUSSION 

Many techniques were used to characterize the hematite NPs that prepared using photolysis such as FTIR, 

UV-Vis, XRD, TEM, and SQUID. FTIR spectrum of hematite NPs was recorded at room temperature and 

showed at Figure 1. In Figure 1, the characteristic Fe-O two sharp peaks appear at 478 and 568 cm
-1

 and the 

broad band appear at 3441 cm
-1 

back to O-H of water molecules [28,29]. 

 

 

Figure 1: FTIR spectrum of hematite NPS 

In region (425-725), NPs of hematite (Figure 2) appears an absorption band and it back to d-d transition 

and the transition between 2p for oxygen atom to 4s for the iron atom [30,31]. The value of energy gap for 

NPs was showed from below equation depending on λ the max of adsorption and equal to 2.45. 

Eg=1240/ λ max       (1) [32] 

The XRD spectrum of NPs of hematite was obtained at Figure 3 and all patterns or diffraction peaks 

indicate to the alpha phase of iron oxide and hexagonal structure which is in good agreement with a card 

(86-0550). The sharps peaks of alpha phase indicate that the structure of it highly crystalline and the 

average size of the particles were calculated using Debye-Scherrer equation as following: 

D=0.9 λ / βCosθ      (2) [33] 

Which λ the x-ray wavelength, D: the size of particles, θ Bragg angle and β is the excess line boarding and 

it founded equally to 10 nm.  
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Figure 2: UV-Vis spectrum of hematite NPS 

 

Figure 3: XRD spectrum of hematite NPs 

The morphology and the size of particles were determined using TEM technology and showed at Figure 4. 

The result was obtained nanoparticles with narrow size and spherical morphology and the evaluated 

average size of NPs using TEM about 10 nm and the result is good agreement with XRD results. 

 

 

Figure 4: TEM of hematite NPs 

Using (SQUID), the magnetic properties of hematite NPs were measured and applied low magnetic field 

about 100 Oe. The curves of ZFC (zero fields cooled) and FC (felid cooled) was measured and obtained at 

Figure 5. For ZFC magnetization, the sample cooled to 5 K in the obscurity field of magnetic and the finite 

field that applied equal 100 Oe then the sample heat up to 300 K and the measuring of magnetization 

continuous while for FC, the sample was cooled to 5 K under the same finite field. All data was showed at 
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Figure 5 under the heat up of the sample to 300 K and it saw the magnetization behavior of NPs and 

according to Figure 5 the ZFC magnetization decreased and FC increased below blocking temperature. 

 

 

Figure 5: The curves of FC and ZFC at H= 100 Oe 

The behavior of FC is generally counted to be feature magnetic for NPs with no interactions between the 

particles [34,35]. The rise in the curve of FC magnetization under blocking temperature indicated to found 

strong interaction inter between the particles [36]. The Tirr (irreversible temperature) that found in FC and 

ZFC curves begin to detach corresponds to TB of the largest in the system. A point which the ratio of 

MFC-MZFC/MFC less than 1%, the Tirr determined and this gauge gives a value at 104 K and between 

difference Tirr and TB, it can review the distribution of NPs and equal to 51, thus pointing a not wide size 

distribution for the particles. As predictable for the particles, the NPs of hematite weren't displaying the 

Morin temperature [37]. The (M(H)) (magnetization against applied magnetics field) isn't hysteretic at 300 

K (Mr=0 emu/g and MC=0 Oe), as predictable in the unblocked regime over Tirr at Figure 6 and by using 

Langevin theory, the superparamagnetic state was described and gives as the following equation: 

p B
s

B p

mH K T
M(H,T) M [Coth - ]

K T m T


   (3) 

Where: H indicates the applied magnetic field, mp: the magnetic momentum of NPs. Figure 6 was obtained 

the data of M(H) at 300 K. The best parameter showed at mp=657 MB, Ms=3.98 emu/g and these indicate 

the average of NPs equal to 10 nm according to the following equation: 

3

s
p

d M
m

6


     (4) 

This value was found using Langevin theory [38] and in agreement with the result from XRD and TEM. 

 

Figure 6: Magnetization against applied magnetics field at 300 K 

CONCLUSION 
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We successfully fabricated alpha phase of iron oxide NPs with magnetic properties using photolysis 

method. Hematite phase with spherically shaped morphology and the average size about 10 nm was 

revealed using XRD and TEM. At blocking and irreversible temperatures equal to 51 and 104 K 

respectively, NPs of hematite appeared superparamagnetic properties and under 5 K, it didn’t offer Morin 

transition. From Langevin’s curve, the results of M(H) was successfully fitted in it and the average size of 

particles that obtained from fit was in agreement with XRD and TEM results as well as it found the Ms 

equal 3.98 emu/g and 657 for Mp. 
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