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Abstract 

A study of structural and optical properties of hematite and L-arginine/hematite films was carried out. Hematite films were 
deposited by thermal spray pyrolysis on fluorine-doped tin oxide at temperatures varying from 280 to 430°C. X-ray diffraction 
results revealed (104) and (110) planes, describing the rhombohedral structure of hematite.  Scanning electron microscopy on 
hematite films showed nanoparticles of grain sizes ranging between 40 and 100േ0.5 nm. Hematite nanoparticles were 
transformed to nanospheres with uniform size of 35േ0.5 nm, using chemical bath deposition and L-arginine as the biomolecule. 
Raman peaks revealed two A1g and five Eg phonon vibrational modes of hematite. Atomic force microscopy confirmed an 
increase of surface root mean square roughness from 35 to 40 nm for hematite nanoparticles and L-arginine/hematite 
respectively which is desirable for charge transport.  The films exhibited an indirect band gap varying from 2.08 to 2.30 eV and 
onset absorbance that ranged between 525 and 560 nm. 
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1. Introduction 

Global energy consumption has been rising due to an increase in world population and industrialization [1]. Solar is the most 
abundant, environmentally friendly energy source in mitigating global energy problem. It can be transformed into electrical 
energy then stored as fuel in form of hydrogen through electrolysis of water [2]. Photoelectrochemical (PEC) water splitting is 
one of the approaches that employ the use of semiconductors to split water and store solar energy as a hydrogen fuel [3]. Since 
the initial report of low-efficiency hydrogen production by Fujishima and Honda on PEC water splitting using titanium dioxide 
(TiO2) [4], a number of other materials have been explored for.  These materials include cadmium selenide (CdSe), zinc oxide 
(ZnO), copper (1) oxide (Cu2O), tungsten trioxide (WO3) and hematite (α-Fe2O3) [4-9]. However, the band edge alignments of 
these semiconductors do not straddle water oxidation and reduction potentials. Of these materials, hematite, an n-type 
semiconductor, has received much attention for PEC water splitting due to its stability in aqueous medium, a small indirect band 
gap of 1.90 eV-2.20 eV, non-toxicity and abundance [10, 11]. However, there are associated limitations such as high electron-
hole recombination rate, short hole diffusion length (2- 4 nm) with short excited lifetime of 10 ps, poor minority charge carrier 
of  0.1 cm2 V-1s-1, leading to low photocurrent production during water splitting [12]. Hematite promises maximum theoretical 
solar to hydrogen (STH) efficiency of ~16.8 %, with photocurrent densities above 12 mAcm-2, but the reported findings are far 
below 10 mAcm-2 [8,13,14]. Nanostructured photoanodes that decouple light absorption pathway from electrical transport [15] 
have been reported to mitigate some of these challenges of hematite in water splitting. Hematite nanostructures like nanorods, 
nanosheets, nanocubes, nanocones, and cauliflowers, synthesized by various methods have been reported [16-19]. The shape 
and structure of the nanostructures can be altered by biominerals grown on hematite layer. This process has been exploited by 
integrating biology in nanotechnology to produce thin films with better structural, electrical and optical properties [20] than 
planar films. The latter has been achieved by different synthesis techniques. Some of the techniques used in synthesis of α-Fe2O3 

include sol-gel [21], hydrothermal [22], electrodeposition [23], microwave-assisted hydrothermal [24], dip coating [25], SILAR 
deposition [8], spin-coating [26], microemulsion-precipitation [27] spray pyrolysis [28], among others.  

Chemical spray pyrolysis (CSP) is one of the simplest deposition techniques used in the synthesis of thin films. CSP consists of 
a solution container, substrate heater, temperature controller and an atomizer[29]. Micro-droplets of the precursor solution 
dissolved in a less volatile solution are generated by the atomizer. The droplets are then transported by a carrier gas, which is 
normally an inert, out of the nozzle to the pre-heated substrate where the spraying takes place. For a complete decomposition 
and formation of good quality films, optimum substrate temperature is required. This enables the evaporation of volatile solvents 
used in the preparation of the precursor solution. Chemical bath deposition (CBD) has also been used in the preparation of thin 
films that can provide a scalable approach in the transformation of hematite nanostructures [30].  The films prepared by the two 
methods can be used for photovoltaic applications, water splitting and may improve the efficiency of hydrogen gas production.  

Research has shown that crystal shapes of biomineral structure are different from those grown using a pure precursor solution 
hence the motivation of our study to incorporate a biomolecule on planar hematite structure using chemical bath deposition. In 
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this study, α-Fe2O3 nanostructures were prepared using chemical spray pyrolysis at temperatures of 280°C, 330°C, 380°C, and 
430°C. L-arginine, an amino acid with α-amino group and α-carboxylic acid group as the components was used in the 
transformation of the architecture of the nanostructures. Hematite nanoparticles (NPs) that have no definite shape were 
transformed to nanospheres with uniform shape using L-arginine through chemical bath deposition. The reaction involved 
equimolar solutions of FeCl3.6H2O and L-arginine with deionized water as a solvent. The films synthesized by L-arginine had 
better morphological, structural and optical properties as opposed to planar hematite ones and have an application for PEC water 
splitting to produce hydrogen gas.  

2.  Experimental section 

2.1 Substrate cleaning 

Soda lime glass and fluorine-doped tin oxide (FTO) substrates were cleaned by first soaking in a solution of sodium hydroxide 
(NaOH) and 0.5 M sodium stearate (C17H35COONa) for 10 minutes, followed by rinsing with deionised water. The rinsed 
substrates were placed in ethanol and agitated in an ultrasonic bath for 10 minutes, rinsed again with deionised water, and 
agitated in acetone using the same conditions. They were finally rinsed with deionised water and blown dry with nitrogen gas.  

2.2 Synthesis of hematite nanostructures 

Hematite films were deposited using the CSP method. 50 mM of Fe(NO3)3.9H2O (Sigma Aldrich, AR, 99.99%) was dissolved 
in 200 ml of deionized water and stirred to obtain a homogeneous solution. The homogeneous solution was then sprayed onto a 
pre-heated glass substrate using a nozzle of 1 mm diameter. The spraying time was set at 45 seconds. A nozzle to substrate 
height of 28 cm, molarity of 50 mM and a spray rate of 10 ml/min were used. A resistor thermocouple was used to measure the 
deposition temperature that was varied from 280°C to 430°C in steps of 50°C, while the flow meter measured the rate.  Fig. 1a 
illustrates the CSP set up used. L-arginine (C6H14N4O2) was used to transform hematite NPs with no definite shape to 
nanospheres using chemical bath deposition as shown in fig. 1b. Equi-molar solutions of FeCl3.6H2O and L-arginine were used, 
with synthesized hematite film at 430°C as the seed layer. Solution A was obtained by dissolving 25 ml of 50 mM of FeCl3.6H2O 
(Sigma Aldrich, AR, 99.99% of pure) in deionized water. 25 ml of L-arginine (C6H14N4O2, >99 % pure) was dissolved in 
deionized water to obtain solution B, that was then added drop-wise to solution A with a lot of stirring to obtain a homogeneous 
solution.  The solution was used to obtain hematite nanospheres at a growth temperature of 90°C, for 48 hours.  Prepared films 
were later rinsed with ethanol and distilled water and left to dry for 12 hours at room temperature before characterization. 

2.3 Characterization 

X-ray patterns of α-Fe2O3 films were identified using German Bruker D2 PHASER X-ray diffraction with CuKα radiation 
(1.5418 Å) source, and 2 theta range of 20° to 80°. Raman spectroscopy was measured using WITec alpha300 RAS+ confocal 
Raman microscope with 532 nm excitation laser. Morphology and thickness of α-Fe2O3 films were determined with field 
emission scanning electron microscope (ZEISS Ultra PLUS FE-SEM-Microscopes). Grain sizes of NPs were determined using 
imageJ software and Gaussian fitting. Topography of the films was performed by Veeco Nanoman V Atomic Force Microscopy 
(AFM) technique operated using tapping mode with a scan rate of 2.441 Hz and scan size of 10 µm. Gwydion software was 
used to determine the roughness of films as observed by AFM for films synthesized by both CSP and CBD. Transmittance, 
reflectance, and absorbance measurements were carried out using a Cary 100 Bio UV-Vis spectrophotometer.  
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Fig. 1. (a) Setup for spray pyrolysis used to synthesize hematite NPs (b) chemical bath deposition of L-arginine/hematite 
nanostructures. 

3. Results and discussion 

Hematite NPs were formed through phase transformation whereby Fe3+ was provided by Fe (NO3)3.9H2O and OH- from water. 
The reaction formed iron oxyhydrate (Fe(OH)3), annealed at 450°C for 1 hour to form α-Fe2O3 according to equations: 

FeሺNOଷሻଷ.9HଶO  →   Feଷା ൅ 3NOଷ
ି  ൅ 9Hଶ                                            (1) 

Feଷା + 3(OHሻି  →  FeሺOHሻଷ                      (2) 

2Fe(OHሻଷሺannealingሻ  →  α െ FeଶOଷ                                  (3) 

Similar formation of hematite has been reported by Yadav’s research group  [31] using spray pyrolysis with FeCl3 as the 
precursor.  

3.1 X-ray diffraction analysis 

The crystal structure of hematite NPs at different deposition temperatures with two theta range of 20° and 80° is shown in fig. 
2. All patterns from fig. 2a show the characteristic hematite, matching with the JCPDS plot card no. 84-0311 [31]. XRD planes 
which represent rhombohedral structure of hematite, space group 𝑅3ത𝐶, lattice constants a = 0.5034 nm and c = 1.375 nm [27] 
were indexed at their right two-theta positions. The (012), (104), (110), (113), (024), (116), (122) and (124) peaks corresponded 
to two-theta angles at 24 ̊, 33̊, 35,̊ 41̊, 49 ̊, 54̊, 57 ̊ and  63 ̊respectively, which are pure phases of hematite structure. XRD revealed 
sharp hematite peaks, further proving high crystallinity [27, 32]. (104) and (110) were the most intense peaks with a random 
orientation crystallites for hematite NPs synthesized at different temperatures (280 – 430°C). The two peaks, (104) and (110) 
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fully describe the rhombohedral structure of hematite and further shows that the growth of the hematite was perpendicular to 
crystallographic planes [33]. This further shows that synthesized films can have good PEC applications. 

 

Fig. 2. X-ray diffraction (XRD) pattern of (a) α-Fe2O3 films deposited at different temperatures (280-430°C) using chemical 
spray pyrolysis, (b) (104) and (110) XRD peaks.  

 

The full width at half maximum (FWHM) was calculated using  (104) and (110) peaks while Debye Scherer’s formula was used 
to calculate the crystallite size [27], 




cos

k
D  ,             (4)                                  

                                            

where D is the crystal size, k the shape factor (0.9), λ the wavelength (0.15418 nm, CuKα), β is full width at half maximum 
(FWHM) and θ is the diffraction angle of (104) and (110) phases. α-Fe2O3 crystallite sizes ranging between 21 nm and 46 nm 
were obtained, Table 1.  

Table 1: FWHM and crystal sizes of hematite NPs prepared by spray pyrolysis at different deposition temperatures and L-
arginine/hematite nanospheres synthesized by CBD at a bath temperature of 90°C for 48 hours.  

         Sample  FWHM (°) Crystal size of  
104 peak (nm) 

 FWHM (°) Crystal size of 
110 peak (nm) 

280°C    0.3238    29.38   0.2370      40.10 
330°C    0.3356    28.35   0.2561      38.03 
380°C    0.3875    24.54   0.3031      32.14 
430°C    0.4473    21.26   0.2736      35.57 

L-arg/α-Fe2O3    0.3497    27.22   0.2136       45.61 
 

The deposition temperature had an effect on the crystallite size of hematite NPs. At low temperature (280°C), there was 
formation of large grains, leading to higher crystallite sizes and widening of the peak as opposed to higher deposition temperature 
(430°C). This was attributed to high evaporation of precursor at high temperature before reaching the substrate which is not the 
same case at lower temperatures (280°C and 330°C). However, there was an increase in crystallite size for L-arginine/ α-Fe2O3 

nanospheres. This can be attributed to erosion of planar hematite NPs by L-arginine during the growth process. Therefore, 
stoichiometry and structure of the particles can be affected by an increase in the crystal size [34].  
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Fig. 3. (a) Raman spectroscopy of α-Fe2O3 NPs at deposition temperatures of 280°C, 330°C, 380°C and 430oC using chemical 
spray pyrolysis, (b-f) Deconvolution of 226 cm-1 and 245 cm-1 Raman peaks of hematite NPs prepared by spray pyrolysis at a 
deposition temperature of 280°C, 330°C, 380°C, 430°C and L-arginine/hematite nanospheres prepared by chemical bath 
deposition at a bath temperature of 90°C for 48 hours, (g) Raman peak positioning of 225 cm-1 and 245 cm-1 peaks against 
deposition temperature of α-Fe2O3 NPs prepared by spray pyrolysis.  
 

3.2 Raman spectroscopy 
Raman peaks of hematite films are represented in Fig. 3. The synthesized hematite nanostructures were all polycrystalline as 
revealed by sharp and strong Raman vibrational modes at 225 cm-1 (A1g), 245 cm-1 (Eg), 291 cm-1 (Eg), 300 cm-1 (Eg) 409 cm-1 

(Eg), 500 cm-1 (A1g) and 609 cm-1 (Eg) [4]. The peak at 660 cm-1 observed in all samples is associated with the Longitudinal 
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Optical (LO) mode of hematite, while the 1312 cm-1 peak, which is almost double the frequency of the 660 cm-1 band, was 
identified as a two-phonon (magnon) scattering mode (2LO) [5]. The shifting of the peaks with variation of temperature led 
2LO mode not to be exactly double wavenumber of LO (660 cm-1) as expected. The intensity of peaks increased for L-
arginine/hematite nanospheres as compared to the pristine hematite due to change in crystal size. 
Fig. 3 (b-f) shows deconvoluted peaks of 225 cm-1 (A1g) and 245 cm-1 (Eg) which were not clearly visible in Fig. 3a due to 
vibrational overlap of A1g and Eg phonon modes.  The two vibrational modes of hematite were red-shifted as the deposition 
temperature increased from 280°C to 430°C. This is attributed to thermal expansion that led to induced transformations in the 
hematite crystals, hence affecting the population and vibrational energy of different levels of phonon modes [35]. The red 
shifting of vibrational modes was also influenced by the variation of half-widths (Γ) at different deposition temperatures [36]. 
245 cm-1 (Eg) peaks were broadening as the temperature increased from 280°C to 430°C. This was due to phonon-phonon 
scattering caused by the anharmonic terms [36]. The peaks of magnetite or maghemite were not observed, which further revealed 
the purity of synthesized α-Fe2O3 films. The intensity of most of the peaks increased with deposition temperature from 280oC 
to 430oC. This was due to improvement of crystallinity at higher temperatures. The Raman shift was nonlinear as the temperature 
was increased gradually from 280°C to 430°C in steps of 50 °C as shown in Fig. 3g.   

3.3 Thickness of hematite nanostructures  

Field emission scanning electron microscope (FE-SEM) was used to measure thickness of α-Fe2O3 thin films using the average 
cross-section of all samples at different temperatures (280°C to 430°C) as shown with arrows, in Fig. 4a. This excluded thickness 
of substrate (FTO) and glass that clearly had different layers. There was a decrease in thickness of hematite films as the 
deposition temperature was increased from 280°C to 430°C in steps of 50°C. Fig. 4b shows the trend of thickness with 
temperature. At the lowest temperature (280°C), there was high growth rate as most of the precursor was depositing on the FTO 
substrate making the films thick. This was different at higher temperatures (380°C and 430°C) where high evaporation rate of 
the Fe(NO3)3.9H2O solution before reaching the substrate. This, therefore, led to deposition of precursor in vapor phase 
producing transparent films.  

                

Fig. 4. (a) Cross section micrograph images of hematite (α-Fe2O3) obtained using FE-SEM for films deposited at 280°C 330°C 
380°C and 430°C using spray pyrolysis. The scale bar of 200 nm (red bar) was used and the thickness of hematite NPs on the 
substrate was estimated (purple line),  (b) a plot  of thickness (േ0.5 nm) versus temperature for α-Fe2O3 thin films at a deposition 
time of 45 seconds, spray pressure of 1.5 ×105 Pa and concentration of 50 mM.  

 
3.4 Surface morphology and topography 

3.4.1 Hematite nanostructures 

The morphology and topography of hematite thin films prepared at different substrate temperatures are shown in Fig. 5.  
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Fig. 5. (a)FE-SEM images of hematite NPs prepared at temperatures of 280°C, 330°C, 380°C and 430°C using chemical spray 
pyrolysis, concentration 50 mM, and spray pressure of 1.5 ×105 Pa, (b) α-Fe2O3 NPs distribution using Gaussian fit and 
histogram, (c) atomic force microscope room mean square (RMS) roughness of hematite NPs at 430°C (d) Images of α-Fe2O3 
samples as-deposited.  

 
From FE-SEM images in Fig. 5a, the grain size of the hematite samples was decreasing as deposition temperature increased 
from (280 – 430°C). This is due to the change in structure of α-Fe2O3 from amorphous to polycrystalline. At the lowest 
deposition temperature (280°C), the NPs were amorphous with an average grain size of 100േ0.5 nm. As the temperature was 
increased in steps of 50°C up to 430°C, homogeneous and nanoporous morphology was formed with grain size decreasing to 
41േ0.5 nm as shown in Fig. 5b. The small and uniform grain structure obtained is suitable for use as a photoanode in the water 
splitting photoelectrochemical cell. This is due to minimization of the oxygen evolution kinetics largely affected by the short 
hole diffusion length of hematite (2- 4 nm).  Duret et al [37] obtained similar α-Fe2O3 NPs using ultrasonic spray pyrolysis, with 
ferric acetylacetonate as the precursor and ethanol as the solvent. The NPs had a diameter of between 50 and 100േ0.5 nm and 
produced a current density of 1.07µA/cm2. Fig. 5c shows the atomic force microscope (AFM) topography and surface roughness 
of hematite films deposited at 430°C. The film possessed an average RMS roughness of 35 nm and homogeneous morphology 
[20]. Hematite samples synthesized were brown in color, Fig. 5d.  

  
3.4.2 L-arginine/ hematite nanostructures 

Hematite films synthesized at a deposition temperature of 430°C were used as seed layer for transformation of NPs to 
nanospheres using L-arginine biomolecules. This was achieved by CBD at a bath temperature of 90°C for 48 hours. Fig. 6 shows 
morphology of hematite nanospheres as-obtained by FE-SEM, Gaussian and histogram grain size calculation using imageJ. 
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Fig. 6. (a) FE-SEM image of hematite nanospheres using chemical bath deposition at 90°C for 48 hours, (b) Gaussian fit and 
histogram of the nanosphere size distribution.  
 
From Fig. 6a, the NPs are observed to be spherical and uniform in size, with an average diameter of 30േ0.5 nm. The growth of 
the uniform spherical size and shape was influenced by the functional group of  L-arginine (–NH2 and –COOH) [20]. It was also 
due to the equi-molar solutions of L-arginine and FeCl3.6H2O that were used during transformation process. This led to the 
uniform interaction of the two solutions and creation of high hydrogen bond between L-arginine and hematite. Iron oxyhydrate 
which produced uniform transformation of hematite NPs to nanospheres was formed through this interaction process. The 
formation of iron oxyhydrate can be represented  by equation 5 [20], where the second term on the reactant side is the L-arginine 
molecule, while on the product side, iron oxyhydrate was formed (first term) and  the  waste product (last term)  which was later 
left to dry and crystallize for further studies. 

FeClଷ ൅ C଺HଵସNସOଶ ൅ 3HଶO  →   FeሺOHሻଷ  ൅ 3ሾHଶNOሺNHሻNHሺCHଶሻଷCHሺCOOHሻNHଷ
ାሿClି,              (5) 

Iron oxyhydrate went through the process of heterogeneous nucleation on the seeded layer of hematite NPs forming akagenite 
(β-FeOOH) phase. β-FeOOH formation was enhanced by the increase of -NH2 and -COOH functional groups leading to more 
interaction and transformation. The unstable oxide of iron (akagenite) was then oxidized in air to form α-Fe2O3 nanospheres 
which can be represented in equation 6. The formed α-Fe2O3 nanospheres were then nucleated, with uniform distribution on the 
whole surface of pristine hematite forming uniform nanospheres of equal diameter [20].  

FeሺOHሻଷ   →  β െ FeOOH  →   α െ FeଶOଷ ,                                (6) 

The transformation of hematite NPs to nanospheres can be summarized as shown in Fig. 7.  
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Fig. 7. Heterogeneous nucleation of L-arginine/hematite nanospheres. (i) Hematite NPs prepared by spray pyrolysis, (ii) 
chemical bath deposition of FeCl3.6H2O and L-arginine at a bath temperature of 90°C for 48 hours, (iii) iron oxyhydrate formed 
that underwent  heterogeneous-nucleation in image (iv). The nucleation is uniformly distributed as shown in (v) to form hematite 
nanospheres, (b) AFM surface RMS roughness of as-prepared L-arginine/hematite nanospheres 
 

 

Fig. 8. (a) Transmittance spectra of α-Fe2O3 films deposited at temperatures of 280°C, 330°C, 380°C  and 430°C using chemical 
spray pyrolysis, (b) transmittance of α-Fe2O3 and L-arginine/hematite nanostructures using chemical bath deposition at a 
growth temperature of 90°C for 48 hours, (c) variation of (αhν)2 versus hν for α-Fe2O3 films deposited at different temperatures 
(280°C, 330°C, 380°C and 430°C), concentration of 50 mM, deposition time of 1 minute and spray pressure of 1.5 ×105 Pa. 
The inset shows the absorbance of both the α-Fe2O3 and L-arginine/hematite nanostructures films (d) (αhν)2 versus hν for L-
arginine/α-Fe2O3 film using chemical bath deposition. 
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3.5 Optical studies 

Optical measurements of hematite NPs were done in the visible region (380 - 800 nm) in order to determine the transmittance, 
absorbance and energy band gap. Fig. 8a shows the transmittance of α-Fe2O3 NPs deposited at different temperatures (280- 430 
°C). 

A maximum average transmittance of ~47 % was observed in all hematite films at wavelength of 550 nm. The low transmittance 
recorded was due to several layers of hematite deposited during the synthesis process, which reduced film transparency and 
increased absorption. As the deposition temperature was increased from 280 to 430°C in steps of 50°C, the maximum 
transmittance of films was gradually increasing from 44 % (280°C) to 56 % (430°C) at 550 nm in Fig. 8a.  This was due to the 
low film thicknesses obtained at higher temperatures. The obtained results  are in agreement  with the   Lambert-Beer’s law 
(T=eαt) [38]. The maximum transmittance for L-arginine/hematite nanostructures in Fig. 8b was observed to decrease slightly 
from 56 % (α-Fe2O3 at 430 °C) to ~49 % at 550 nm due to the slight increase in thickness resulting from L-arginine growth on 
the seeded hematite layer.  Fig. 8c and Fig. 8d shows the (αhν)2 against hν of α-Fe2O3 nanostructure and L-arginine/ α-Fe2O3, 
where the band gap (Eg) was estimated by extrapolation of linear part with the hν axis.  Energy band gap was calculated using 
Tauc’s equation [39], 

                                                                          αhν ൌ  Aሺhν െ 𝐸௚ሻ௡,                                                      (7)  
      

where, α is the absorption coefficient, hν is the photon energy, A is a constant, Eg the energy band gap of the semiconductor 
and n the nature of transition (2 for allowed direct transition and ½ for allowed indirect transition). Hematite films synthesized 
exhibited an indirect band gap which ranged between 2.30 eV (280°C) and 2.08 eV (430°C) as shown in Fig. 8c. The narrowing 
of the band gap with increasing deposition temperature was due to the inter-atomic space which widened leading to the 
reduction of the electron potential. More solar energy is therefore harvested in the visible region by this small band gap of 2.08 
eV for α-Fe2O3 NPs synthesized at 430°C. The inset in Fig. 8c represents the absorbance versus wavelength of α-Fe2O3 at 
different deposition temperatures (280 - 430°C) and L-arginine/α-Fe2O3 NPs synthesized at a constant temperature of 90°C for 
48 hours. The onset absorption of hematite NPs ranged between 500 and 560 nm. This absorbance gave the band gap range of 
1.90 eV to 2.20 eV using the onset potential calculation, similar to the findings from Bora et al [40]. Fig. 8d shows the band 
gap of the planar hematite synthesized at 430°C and L-arginine/hematite nanospheres. There was an increase in the band gap 
from 2.08 eV to 2.21 eV. This was due to the thickness that increased as the transformation process was taking place on the 
seeded α-Fe2O3 layer which further led to change of grain boundary barrier height [41]. Liu et al  obtained similar results on 
nickel doped hematite with a direct band gap of 2.15 eV [42].  

4. Conclusion 

Hematite NPs were prepared by chemical spray pyrolysis. L-arginine transformed hematite NPs to nanospheres using CBD at 
a constant temperature of 90°C for 48 hours.  FE-SEM results for pristine α-Fe2O3 showed uniform grain size of NPs with an 
average diameter of 41േ0.5 nm. The L-arginine transformed NPs with no definite shape to nanospheres with an average grain 
size of 30േ0.5 nm. L-arginine/α-Fe2O3 nanospheres showed high surface roughness of 43 nm as opposed to planar α-Fe2O3 

NPs whose RMS roughness was 35 nm. High surface roughness for hematite films enhances charge transport during PEC water 
splitting. Raman spectroscopy measurements revealed all seven vibrational phonon modes of α-Fe2O3 while XRD results 
showed rhombohedral polycrystalline nature of hematite, with correct indexing positions of 2θ planes. The thickness of α-
Fe2O3 nanostructures decreased as the temperature was increased from 280 - 430°C due to high evaporation at higher 
temperatures, leading to deposition of precursor in vapour form. The films had an average maximum transmittance of ~47 % 
at 550 nm with the band gap ranging from 2.08 eV to 2.30 eV. The band gap was observed to decrease as the deposition 
temperature increased gradually. This was due to the increase in inter-atomic spacing, reducing electrode potential. L-
arginine/α-Fe2O3 nanospheres led to an increase of the band gap from 2.08 eV to 2.21 eV, the latter attributed to the increase 
in thickness during the growth process. In conclusion, hematite NPs synthesized by both spray pyrolysis and chemical bath 
deposition have a suitable application as photoanodes for photocurrent production through solar water splitting process. The 
biomolecule assisted chemical bath deposition can be used to improve the efficiency of hematite in PEC applications by varying 
the molarity ratio and growth time.  
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