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ABSTRACT 
FeO nanoparticles were synthesized via hydrothermal method and calcinated at diverse temperatures (400 °C, 450 
°C, and 500 °C). The prepared samples are characterized by various techniques. Crystal size obtained for different 
annealing temperatures is 21, 14, and 8 nm, respectively. With an increase in temperature for annealing, the intensity 
of peaks has increased. SEM images note that with normal morphology, the samples have spherical. The average 
size of particles has obtained by SEM, which are matching with crystalline size obtained by XRD. UV absorbance 
results at 388, 392, and 399 nm are confined to the blue emission of wavelength. The edge of the optical bandgap 
towards the region of moving blue wavelength, which can be recognized at higher temperatures to decrease the FeO 
nanoparticles bandgap. 
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INTRODUCTION 
The nanomaterials level is the best progressive at present, both in scientific knowledge and in commercial 
applications.1-3 The enhancement of properties with potential applications, iron oxide is one of the 
significant pivotal roles in conducting materials today. Due to their applications, several ways have been 
proposed for the fabrication of FeO nanoparticles. In recent years, the methods like sol-gel method,4 
chemical coprecipitation methods,5 flow injection methods,6 sonochemical deposition methods,7 
electrochemical method4 and hydrothermal method7 are the prominent deposition methods, which are 
effectively useful for the synthesis of FeO. On the other hand, the significance of FeO nanostructure 
morphology in optical properties, and surface characteristics of nanostructure interfaces that determine 
nano-trapping levels. Therefore, the design and synthesis of FeO nanoparticles with different structures 
are very significant. Up to now, enormous research for FeO nanostructured materials with different 
morphology and structures synthesized in various forms such as nanoparticles,8 nanorods,9 and 
nanosheets10 and their features, prospective applications studied intensive manner. Most of the above-
mentioned synthesized techniques are comparatively expensive and usually need at high temperature, 
high sensitivity, and application of complex procedures, except the hydrothermal technique, which is 
more effective, low cost, and rewarding. In the present study, an attempt to made for the synthesis of FeO 
nanoparticles by hydrothermal method using Ferric chloride hexahydrate (FeCl3.6H2O) as a precursor and 
tested at various annealing temperatures for studying different characteristics. 
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EXPERIMENTAL 

All of the glassware employed in this experiment was acid-washed. The chemical reagents utilized were 
of the analytical reagent quality, without further purification. Ultra-pure water is employed for dilution 
and sample fabrication. Ferric chloride hexahydrate (FeCl3.6H2O) and NH4 were attained from Loba 
Chemie Pvt. Ltd., Mumbai. All the chemicals have a purity of greater than 98 percent. 
FeO nanoparticles were synthesized by using Ferric chloride hexahydrate as a precursor. Initially, 4.75g 
of Ferric chloride hexahydrate (FeCl3.6H2O) was taken to dissolve in 50 mL of double-distilled water 
(DDW) and then stirred by magnetic stirring apparatus at room temperature. 40 mL of aqueous ammonia 
solution was then progressively added drop-wise into the solution. Further, the resultant solution was 
continuously stirred for 24 h. At the final stage, the precipitate turned to green color. The ensuing 
precipitate was filtered and washed numerous times with DDW and ethanol, while green precipitate has 
dried at 100o C for 12 h in a hot air oven. Samples were annealed for 5 hours at 400o C to get the black 
FeO nanoparticles. For different annealing temperatures, such as 400o C, 450o C, and 500o C, the same 
procedure was repeated. 
 
General Procedure 
Synthesis of FeO Nanoparticles 

FeCl3.6H2O (4.75 g) + ammonia solution (40 mL) 
 

Stirred for 24 hrs 
 

Washed and filtered with DM water and ethanol 
 

Dried for 12 hrs in a hot air oven 
 

Annealed for 5 hrs at 400o C, 450o C and 500o C 
Powder form in FeO nanoparticles 

Instrumentation 
X-ray diffraction (XRD), Scanning electron microscopy (SEM), Energy dispersive absorption X-ray 
analysis (EDAX), and UV-Vis were used for the prepared sample characterization. For identification of 
the crystalline phase and size of the particles was measured by XRD. Morphological information has been 
obtained by SEM. EDAX was used to confirm the various elements present in the sample. Absorption and 
bandgap measurement, UV-DRS spectrum was used. XRD of the samples was recorded with the support 
of an X-ray diffractometer (Model-D 5000 using with CuKα) consuming wavelength (λ=0.1540 nm). The 
morphological studies were performed by SEM (JSM 6390 JEOL) and the elemental composition was 
analyzed by EDX. UV-Vis-NIR spectrophotometer (Perkin-Elmer Lambda 35) was used for recording the 
optical absorption spectrum. 

RESULTS AND DISCUSSION 
XRD Analysis 
Figure-1 explains the XRD patterns of FeO nanoparticles at varying temperatures (400℃, 450℃, and 
500℃). The XRD patterns display that all the samples are in a single phase and the analyzed structures 
corresponded to the rhombohedral phase structure (JCDPS card no: 898104). The crystalline intensity 
peaks are (012), (104), (111), (113), (024), (116), (219), (300), respectively.  
The crystalline sample size was determined with the Debye - Scherer formula: 
 

 
In this case, k is the dimensionless shape factor of 0.9, λ is known as X-ray wavelength, β is line 
broadening at half the maximum intensity (FWHM), and θ is known as angle of Bragg. FeO nanoparticles 
have mean crystalline sizes of 22 (400O C), 14 (450O C), and 8 (500O C) nm respectively. The crystalline 
size was decreased when the annealing temperature was increased. 
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Fig.-1: XRD Spectrum of FeO Nanoparticles at Different Temperature 

 

SEM with EDAX Analysis 
To study morphology and elemental presentation in the samples, SEM and EDAX were used. Fig.-2(b) 
shows well-oxidized and dense agglomerations reacting to iron oxide nanoparticles. Fe and O elements 
were observed in conserved peaks seen in Fig.-2(d). It indicates that the formation of pure FeO 
nanoparticles confirmation, without any impurities. The samples are composed of spherical nanoparticles 
with a standard morphology (Fig.-2(a,c)) and a good correlation between the mean size and the crystalline 
size obtained by XRD. 
 
UV- Vis Spectroscopy 
Figures-3 and 3a display the UV-Vis spectrum of prepared FeO nanoparticles. The absorption values 
were noticed in the range of 300-400 nm. This range of wavelength is confined to blue shift emission. The 
absorption values were located at 388 (400℃), 392 (450℃), 398 nm (500℃). Furthermore, the maximum 
absorption peak value, due to the existence of a given bandgap, concludes that valence electrons merely 
consume a particular energy package to overcome the concern-insulated barricade. This may be the 
logical outcome of expanding the bandgap because it occurs because of the particle size reduction. As 
well, as the meaning of decreasing particle size and the density of states within the particle is inclined to 
be distinct, it tends to be discrete to decrease the number of atoms within a particle. Therefore by 
absorbing at an exact wavelength, valence electrons will mainly be excited than or else, whose energies 
appear too small to show in the far-infrared region or too large to fall within the X-ray section. This 
results in a definite peak in the absorbance spectrum of FeO nanoparticles (300-800 nm). In addition, the 
absorbance value is significantly higher than that of bulk iron oxide, which means that nanoparticles have 
a reduced particle size. 
The direct optical band gap value of the samples analyzed through the following equation has been 
correlated with photon energy as well as absorption. 

E (gap) = hυ /λ                              (2) 
and 

(α hυ) = A (hυ – Eg)n                    (3) 
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Where, h known as Planck constant, υ is defined as frequency, α referred as absorbance, λ represents the 
wavelength of absorption and n represents electronic transition occurred in various forms. 
 

 
Fig.-2: (a, b, c) SEM images of FeO Nanoparticles at Different Temperatures (d) EDAX study of FeO Nanoparticles 

 
 

The optical direct bandgap of FeO nanoparticles was 2.8, 2.7, 2.6 eV (400O C, 450O C, and 500O C). The 
absorption is generally inversely proportional to the nanoparticles' bandgap value. As seen from Fig.-3(a), 
if the temperature increases, on the other hand, bandgap values decreased. If the size of the particles is 
also smaller, the quantum confinement effect is found to be close to the electron's wavelength. Therefore, 
the reduction in the confining dimension separates the energy levels until the nano-scale range reduces the 
size of a particle, and these increases or enlarges the bandgap and eventually increases the energy of the 
bandgap. Because with a decrease in size, the bandgap and wavelength have inversely related to each 
other the wavelength decreases and the emission of blue radiation is the proof. In the present study, the 
estimated bandgap of 450O C and 500O C, 2.7 & 2.6 eV, respectively. This value is slightly higher than 
the annealing temperature at 400O C, which indicates the reduced particle size of synthesized materials. 
 

 
Fig.-3: UV Visible Spectra of FeO Nanoparticles at 400O C, 450O C, and 500O C 
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Fig.-3(a): Bandgap Energy of FeO Nanoparticles at 400O C, 450O C, and 500O C 

 

CONCLUSION 
Nanocrystalline FeO nanoparticles with a rhombohedral structure successfully synthesized by 
hydrothermal method. XRD results indicated that with an increase in annealing temperature, the intensity 
of peaks has increased. The spherical nanoparticle shape with regular morphology is confirmed by SEM. 
Moreover, the size obtained by SEM, which was in good conformity with the crystalline size computed 
through XRD. The obtained UV absorbance at 388, 392, and 399 nm was confined to the blue emission of 
wavelength. The edge of the optical bandgap moves towards the blue wavelength region, which can be 
attributed at higher temperatures to the decreasing bandgap of the FeO nanoparticles. In the future, the 
FeO nanoparticle can be considered being a suitable material for fabricating photovoltaic devices, gas 
sensors, and magnetic materials. 
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