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Abstract 
This paper examines the relationship between the thickness of the iron oxide thin 
layers and their photocatalytic activity in the breakdown of the organic dyes in 
solar radiation. Pyrolytic decomposition of organometallic precursors, including 
ferrocene, 4-nitrophenylferrocene and 4-ferrocenylaniline, was used on fluorine-
doped tin oxide (FTO) as substrates to form iron oxide thin films. Controlled 
variation of precursor mass (0.1g and 0.125 g) was used to form films of varying 
density and morphologies. FTIR, SEM, EDX, and UV/Visible spectroscopy were 
used to provide structural and morphological characterization and establish the 
effective creation of uniform films of iron oxide where the creation of grain clusters 
and the surface coverage vary with the thickness of the film. The photocatalytic 
ability was determined by the degradation of methylene blue (MB) dye using 
sunlight. The rate of degradation also improved with optimal film thickness that 
was at its highest at more than 70 percent of the film produced using 0.125 g 
ferrocene (S2). To the optimal thickness, further aggregation abolished the number 
of active sites on the surface and hindered the flow of light, which led to low 
photocatalytic activity. The results prove that careful regulation of the film 
thickness is essential in maximizing the ratio between surfaces and volume, charge 
transfer mechanisms, and the general process of photocatalysis of iron oxide thin 
films. 
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Introduction 
The factors that transformed materials science 
through nanotechnology include the ability to 
control matter at the atomic and molecular scale, 
which creates new and superior qualities that are 
not similar to bulk materials (Manjunatha et al., 
2016; Madkour, 2019). Because of the presence of 
high surface/volume ratio, small grain size and 

quantum confinement, nanomaterials, especially 
transition metal oxides, have distinctive optical, 
electronic and catalytic properties (Ngo and Van 
de Voorde, 2014). 
Iron oxide is a semiconductor metal oxide with a 
huge amount of attention because of its 
abundance, chemical stability, low toxicity, and 
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ability to convert energy and remediate the 
environment (Ali et al., 2016; Dulinska-Litewka et 
al., 2019). The middle band gap (2.1-2.3 eV) of 
iron oxide enables it to absorb visible light 
efficiently which avails it an opportunity to be used 
as a promising photocatalyst in the dye 
degradation as well as water purification figures of 
speech (Sivula and Gratzel, 2013). 
The growth of iron oxide as a thin film on 
conductive surface including fluorine-doped tin 
oxide (FTO) increases the speed of electricity 
transfer, lessens recombination losses and supplies 
the catalytic interface that is reusable (Barranco et 
al., 2016). This is because of morphology and 
thickness of film which profoundly influence light 
absorption, separation of charge, and reaction 
kinetics on the surface. Excessively thin films can 
have only enough active sites whereas excessively 
thick layers can prevent charge movement and 
photon incorporation (Goyal et al., 2010; Wang et 
al., 2018). 
This study aims at knowing the effect of change in 
the thickness of the film realized through 
precursor loading variation on the photocatalytic 
performance. A route to uniform thin films is cost 
effective since organometallic precursors, 
including ferrocene and its derivatives, can be 
uniformly coated by pyrolysis (Campos et al., 
2015). The rapid degradation of the methylene 
blue dye serves as the reference to the evaluation 
of the photocatalytic efficiency in natural light. 

Materials 
No further purification of analytical-grade reagents 
was done. These materials were ferrocene (C-
H10Fe), 4-nitrophenylferrocene (C16H13FeNO2), 4-
ferrocenylaniline (C17H16FeN), the ethanol and 
ethylene glycol solvents. As the transducer, 
fluorine-doped tin oxide (FTO) coated glass (1'' x 
1'') was chosen because of its transparency and 
chemical stability. Iron(III) chloride, sodium 
hydroxide, hydrochloric acid and ammonium 
hydroxide other chemicals were used in 
synthesizing the thin films.  
 
Method 
The reaction proceeded between 4-
ferrocenylaniline and bisulfate ions to form a 
complex between them. The production of 4-
ferrocenylaniline was done through diazonium 
coupling and then catalytic reduction (Ali et al., 
2013). First of all, 4-nitroaniline was diazotized at 
0-5 oC with sodium nitrite and hydrochloric acid. 
A drop of the resulting diazonium salt was added 
to a solution of ferrocene in diethyl ether with 
hexadecyltrimethylammonium bromide. The 
intermediate of 4-nitrophenylferrocene was 
isolated and purified and then it was reduced with 
the reaction of hydrazine hydride (80) and 10% 
Pd-C in ethanol to give the required amine 
product. 
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The FTO substrates were completely washed, 
sonicated (30 minutes) and dried (95 oC). 
Significant amounts (0.1g and 0.125g) of each 
precursor ferrocene, 4-nitrophenylferrocene and 
4-ferrocenylaniline were added to a small crucibl. 
The FTO substrate was placed facing the precursor 
and the crucible was heated in a pre-muffle furnace 
at 500 oC within 30 minutes.  
Decomposition of the precursors using heat 
liberated iron species originating through the 
thermal decomposition of the precursors, which 
oxidized on the FTO surface to construct iron 
oxide thin films. Total six samples slides were 
synthesized from S1 to S6. The films were coded 
in the following way: 
 

 

Work Scheme 
The ferrocene was arranged from (Sigma Aldrich) 
while 4-nitrophenylferrocene and 4-
ferrocenylaniline was synthesized in laboratory as 
given above. All six slides were fabricated with iron 
oxide thin films using different loadings as given 
in the table above. The precursors were subjected 
to pyrolysis in small crucible at or above 500 oC for 
30 minutes, cooled and annealed at 750 oC for 10 
minutes. FT IR, SEM, EDX, UV/Viibles, 
characterizations performed  
and finally photocatalytic abilities were compared 
against thickness of films. 
 
 
 

 

Sample Precursor Precursor mass  Description Original Slides 

S1 Ferrocene 0.1 g Thin iron oxide film 

 

S2 Ferrocene 0.125 g Thicker iron oxide film 

 

S3 4-Nitrophenylferrocene 0.1 g Moderate dispersion 

 

S4 4-Nitrophenylferrocene 0.125 g Dense morphology 

 

S5 4-Ferrocenylaniline 0.1 g Porous platelets 

 

 
S6 

4-Ferrocenylaniline 0.125 g Compact platelets  
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Characterization 
FTIR Analysis 
Convincing analysis of organometallic 
compounds to iron oxide was observed by FTIR 
spectroscopy (4000-400 cm-1). Fe-O stretching 
vibration rose strongly at about 472-492 cm-1. The 

precursors had peaks attributable to -NO2 (1549, 
1323 cm-1) and-NH2 (3435, 3372 cm-1) which were 
absent in post pyrolysis, along with the  
attestation of a full decomposition and oxidation 
of the precursors. 

 
SEM Morphology 
The scanning electron microscopy showed that 
there were significant variations in surface 
morphology as a function of film thickness. S1 (0.1 
g ferrocene) had finely dispersed spherical 
nanoparticles that evenly covered the substrate 
whereas S2 (0.125 g ferrocene) had denser and 

interconnected grains, which can be attributed to 
increased film thickness. 4-Nitrophenylferrocene 
based films (S3-S4) had agglomerated clusters 
while the 4-ferrocenylaniline films (S5-S6) formed 
porous platelet like structures having 
interconnecting holes. Two different 
magnifications were performed for each film. 
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EDX Elemental Composition 
Under the EDX analysis, the elements Fe and O 
were found as the key elements with minor traces 

of Sn present in the FTO substrate which showed 
that the iron oxide was formed without 
contamination.  

 

 
Influence of morphology and Thickness. 
The morphology and the thickness of the film is a 
key factor that dictates the photocatalytic activity. 
Thin films (S1, S3, S5) were good in terms of 
transparency and fine grain size but lower active 
sites. Moderate levels of thickness (S2, S6) 
produced better surface coverage and light 
absorption with excess thickness (S4) producing  
 

 
agglomeration causing reduced areas of effective 
surface exposure. 
The SEM analysis revealed that S2 had nanosized 
grains with compact grains that gave the best 
surface roughness. This texture characteristic in 
the nanoscale enabled an improved light capture 
and improved charge mobility, which resulted in 
less recombination between electrons and holes. 
 

B1A1 B2A2

B4
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Dye Degradation Catalytic Ability. 
Experimental Setup 
All the thin films were dipped into each of the 50 
mL of 10-5 M solutions of methylene blue and left 
in the direct sunlight with constant stirring. The 
UV/Vis spectroscopy was used to monitor the 
degradation process recording the reduction in 
absorbance at 665 nm in 30 minutes.  
 
Photocatalytic Results 
MB degraded greatly in all the thin films under the 
sunlight. The efficiency of degradation was in 
order: S2 > S1 > S5 > S6 > S4 > S3 

S2 was found to degrade by over 70 percent in 30 
minutes with optimum thickness of the film that 
ensured a balance between photon absorption and 
surface reaction kinetics. Conversely, thinner 
films (S1) contained few active sites whereas the 
thicker film S4 had a charge recombination and 
photon shielding. 
 
 
 
 

 

 
Conclusion 
Thin films of iron oxide with appropriate 
thickness were prepared on the FTO substrate by 
an easy pyrolytic process. The structural and 
morphological studies affirmed that the 
homogeneous nanostructure was formed whose 
photocatalytic properties were heavily dependent 
on the thickness of the film. The best film (S2,  

 
0.125 g ferrocene) had the maximum degradation 
of methylene blue almost 80% at solar irradiation, 
because of the increased absorption of photons, 
mobility of charges, and active surface area. 
This paper concludes by finding out that film 
thickness optimization is the key to high 
photocatalytic efficiency. Too thick means that 
recombination loses will be  
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incurred, whereas overly thin restricts catalytic 
sites. Thus, an accurate control in the deposition 
gives a route to cost-effective, low-priced 
photocatalysts in environmental mitigation. 
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