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Hydrothermal In this work,a hydrothermal technique ismployedto prepare titanium
Technique, Titanium dioxide films onfluorine-doped tin oxide (FTO) substrates. l&w-cost
dioxide, ptype, Growth homemade autoclave was used to fabridede-doped-TiO2 films (lat.
time andvertical aligned %Fe) at differenteaction timafrom 1 to 4 hours. Xay diffraction (XRD)
nanorods patterns showed that the predominant phase is rutil@i@®2) with peaks

at (101), (002)and (112). The XRD resulshowedthat with increasing
reaction time the peaks become sharper and narroWhd images of the
field emission scanning electron microscope (FESEM) showed that
increasing reaction time the filneppearedo have vertically aligned TiO2
nanorods. The atomic force microscope (AFM) results illustrated 1
surface roughness andhe root meas square was decreased with
increasing thereaction time. U\tvisible spectroscopy analysis reveale
that the energy bandgap value (Eg) decreased reittctiontime up to 3
hours. Urbach energy for the grown films was found to be decreased
increasing growth time. The electrical measurements indicated thai
TiO2 films had ptype conductivity.
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1. INTRODUCTION

Titanium dioxide is one of the important semiconductors that haviele energy bandgap (about
3.1 eV). In most casediO, has ntype conductivig [1]. It has three structures, namely, anatase,
rutile, and brookite. The rutile phase in particular exhibits high hardness and refractive index with
good transparency ithe visible region. These desired properties increased the importanuie of t
material for optoelectroniapplications such as UV detectors [2], solar cells [3], and-&gtitting
diodes [4]. The optical and structural properties of ;Tiano Rods (NRs)have attracted
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considerable attentigrbecause of their large surface to volume ratio which enhances the material
absorption increases the mean free path of the carriers. However, its wide bandgap energy results in
low light-harvesting efficiency of sunlig because only the ultraviolet lights sufficient energy to

support the electron transition from the valence band to the conduction band and this blemish reduces
its practical importance in the field of spleells. Therefore, there is a need to develeprversions

of TiO, with enhanced performance under visible light irradiation. Doping with certain elements is a
promising solution to this problem since it can reduce the bandgap and hence extend its spectral
response in the visible region. Moreovere thandgap is proved to be a function of preparation
conditions. [%6]. In this work we study the effect of growth time on tk&uctural optical and
electricalproperties of TiQprepared byhe hydrothermal method.

2. EXPERIMENTAL DETAILS

In the presenpaper, FTGglass (TEC 8with 600 nm in thickness frorDyeSol Company) is
utilized as substrates. The substrates are ultrasonically cleaned for 15 minutes using acetone,
ethanol, andloubledistilled water (purcheed from a local store). Thehe samples are dried in air
and placed aanangleof4 5e¢ i nsi de a sealed container made ¢
SigmaAldrich) is dissolved in 20 mL ofloubledistilled H,O and is thoroughly mixed using
magnetic stirrer for 5 min. Aftehat, (1.022 mL) of titaium butoxide provided b$igmaAldrich is
blended with the solution and kept for another 5 min. The doping of W&l implemented by
adding Fe (N@ 9H,O (from HiMedia Laboratories Pvt. Ltd) as a precursor of Fe to maintain the
atomic ratio(at.) of Fe/Ti (lat%). The solution was stirred again for 90 min. At first, the mixture was
clear and transparent but after adding the Iron nitrate nonahydrate it became near to Green. 20 mL of
the mixture is charged @homemadestainlesssteel autoclave (30 mL). A schematic diagram for the
autoclave is presented in [7]. The autoclave was put inside an electric oven. The oven was preheated
at 180eC (N3 ramp rate) for di,fafidedy ours Afterehisi o d s
time, the autoclave was removiedm the oven and slowly cooled down undestream of water and
the FTO glass substrateas brought out and rinsed with distilled water many times to remove any
extra reactants, finallfthe samples were dried in air at RT & min. It is worth noting that the film
prepared at 4 hours was peel off from BIEO substrate as presented-igure 1, so it was excluded
from all measur ement s. The prepared samples we
withscanrate8@g/ mi n) , and t he scannsinge r @.nGpewlageBh € 0x
was 40 kV, and the current was 30 mA (College of Education Htagiham). The FESEM, which
is supported with Energy Dispersive Spectroscopy (EDS), was used to viewuttere of the
1%FeTiO, nanorods (Razi Applied Science Foundatiorehran, Iran). The UWis spectroscopy
(Shimadzu UW1900i in our Nanoscale laboratory) visible spectrophotometer was used to investigate
the optical properties of the films in the ran(¥0-1100 nm) at room temperature. Hall effect
measurements were done (in our Electromechanical Lab) by employing (Lybold) system with
magnetic field B= 0.025 T to calculate the Hall coefficientsyjRcarrier concentration®), and the
mo b i | i t the fins. Measufing the electrical resistance of the films was carried out in the
Photoelectric Lab through the DC measurements
125e C.

Figure 1: Picture of the peeloff films of 1%Fe-TiO, prepared at 4hours by hydrothermal technique
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3. RESULTS AND DISCUSSIONS

In this work, the XRD diffraction technique is used to characterize the phase and crystallinity of 1%
Fe-doped TiQ nanorods with different reaction time (1, &d 3 hours) as illustrated Figure 2
deposited byhehy dr ot her mal deposition met hdodbledistiled TO gl
H,O, 20 ml of hydrochloric acid, 0.0121 mg iobn nitrate nonahydrate and 1.022 ml of Titanium
butoxide. The XRDpatterns displayhat these films deposited on FTO substrates are tetragonal rutile
titanium dioxide (RTiO,) type. The locatiog of the peaks agree with (JCPDS-8320 card). No
other peaks related to different phases of,Ti@ve been identified. Rematily, no clear appearance
of Fe diffraction peaks, due to the very low concentration afideel In Figure2, the stars represent
the diffraction peaks for FTO substrate and R repredeuiile phase of Ti@ The diffraction pattern
of TiO, NRs for growh time (1 hour) shows two small peaks ofTRD, at (101) and (002)
corresponding to 2d= 35. 946 ¢films sythe§iz2d itd Bigherr e s p
growth time (2 hours) reveals stronger peaks of rutile corresponding to the planes (1013n(D02)
(1122) for 2d = (35.946¢, 62.673¢, aardelveloprient6 8 1 e )
time of 3 hours we noted that the first two peaks increased in intensity noting that the (€82) is
highest intensity peaks of the deposited film wiftls reaction time with no affection on the intensity
of (112) peak which was very weak. The effect of reaction time on the 1%Fe dopgdilfiO
structure parameteis tabled in Tabld. It is worthwhile to mention that the main reason that makes
the hydrothermal method producing R phase rather than othergubiase), is that FTO and HiO,
havealow lattice mismatch parameter [8].

(002)R
. |
R= Rutile 3h
o, 2h
1h
g (101)R
E - e A
-B I % ik
L h #* * L
ik [ f -
sttt Mosssissirrant el o | Yot i b s it | -M—d-l'*‘-—mnm_l-wﬂ‘."‘ AP AR, PR
| |
i poh A A
FUFUEPPITPS | TREPERRRTEY.L S T /L S A FEPI | O ERITPRRPIT DR WL AT T
20 25 30 35 A0 as 50 55 &0 65 70 75
2 Theta

Figure 2: XRD-diffractograms for the 1%Fe doped RTiO , samples with different reaction times
prepared on the FTOglass substrées by the hydrothermal technique.

TABLE |:  Effect of reaction time on the XRD parameters for 1%FeTiO , nanorods synthesized at
different reaction times

Reaction 2D hk d- FWHM D () *10 u10
time of (deg) spacing A (nm) (lines/nn)
1%Fe-TiO, A (rad)
35.964 101 2.49514 0.49890 16.754 0.00356 0. 706
hour 62.830 002 1.47783 0.34750 26.809 0.00139 0. 926
35.979 101 2.49367 0.37290 22.417 0.00198 0.528
2hours 62.747 002 1.47959 0.30790 30.244 0.00109 0.819
69.674 112 1.34730 0.32210 30.073 0.00110 0.978
35.946 101 2.49591 0.34000 24.584 0.00165 0.481
3hours 62.696 002 1.48066 0.22890 40.671 0.00060 0.608
69.674 112 1.34845 0.29330 33.026 0.00091 0. 890

Figure3 depict the top and cross cressctionalviews of 1%Fedoped TiQ films synthesized
with different reaction time (1, 2 and 3 her, respectively at 180¢C. Tl
1%Fdoped TiQ films deposited on the FTO substrate are vertically aligned nanorodsawith
tetragonal shape drsquare top facet. It can be seen that the whole surface of thgl&3substrate
was evenly covered with Tignhanorods. It is worthwhile to mention that with increasing reaction
1135



Engineering and Technology Journal Vol. 39, (2021, No.07, Paged133-1143

time both the length and diameter of the nanorods increased as shovisleii T&Vith one hour of

biofilm developmentthe length of the nanoroéssa bout 0. 87 em and the aver
nm. The low reaction time and immature termination of growth resale small growth of TiQ

nanorods. When thestablishmentime for the film increases to two hosjrthe diameters of the NRs
increase to 90 nm. The I engths of the NRs wer
vertical alignment . And it becomes about 4.1
three hous of reaction time. Increasing the reaction time for three simsultedin well grow and

highly aligned TiO, nanorods. So that, it can be concluded that both the length and diameter of the
nanorods of the 1%FE&O, increase with the increasing otian time[9]. When the length of the
nanorods increases, it will cause to increasing the surface area and that can be used in several
applications such as solar cell or gas sensing.
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Figure 3: Pictures of FESEM of top and its cross sectioniew on the right for the 1% FeTiO, for
different reaction time (a) 1 hour, (b) 2 hous and (c) 3 hours, respectively
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TABLE II: morphologiesproperties of the 1% Fe-TiO , nanorods samplesextracted from the
FESEM measurementgrepared at different reaction time

Preparation time (hours) Length (nm) Ava. Diameter (nm)
1 0.87 50
2 2.4 95
3 4.1 150

436 43nm

I 0 00nm

368.16nm

I 0.00nm

Figure 4: AFM images of three and with itstwo dimensionrs on the right of the ptype 1%Fe-TiO,
nanorods films prepared at (a) 1 hour, (b) 2 hoursand (c) 3 houss.

Atomic force microscope (AFM) was used to characterize the topography and surface
roughness of the 1%FEO,NRs films grown at different duration tirme~igure 4 shows the typial
threei and tow dimensional AFM images of 1%F&, nanorods films. An obvious reduction and a
lower film roughness could be achieved as the reaction time increases up to 3 hours, and also the root
mears square is found to decrease as increasing thgaption time of the samples, Tahlé
illustrates these resultsThe results reveal a homogenous aratkfree suface which is convenient
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