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Abstract In this work, a typical hydrothermal synthesis to

grow long, high density, vertically aligned, well oriented and

homogenous TiO2 nanowires arrays and flower-like film on

conductive and nonconductive (glass) sides of fluorine doped

tin oxide (FTO-glass) substrate are presented. Under the same

conditions, the TiO2 nanowires arrays were directly grown on

the FTO coated side. While the flower-like nanostructures were

grown on the glass side. Two cleaned FTO-glass samples were

placed inside the autoclave cylinder. The samples were placed

at horizontal and inclined at 45� respectively. The average

diameter and length of nanowires are 150 nm and 7.0 lm

respectively. Also the average diameter of the prepared flower-

like nanostructure of TiO2 is &5–10 lm. The flower-like

nanostructure growth was confirmed in the absence of FTO by

scratched line made on conductive side. The optical propertied

of the TiO2 flower-like nanostructures was also investigated.

The synthesized products were characterized by SEM equip-

ped with EDS, XRD and UV–VIS NIR spectrophotometer.

1 Introduction

Titanium dioxide (TiO2) is considered as promising material

for different applications due to their photoinduced reactivity

and electronic properties. TiO2 is stable, cheap, and nontoxic,

exist in three crystalline forms: rutile (Eg = 3.05 eV) [1],

anatas (Eg = 3.32 eV) [2] and brookite (3.26 eV) [3]. Typi-

cally, Titanium dioxide exists in three crystalline structures:

rutile (tetragonal), anatase (tetragonal) and brookite (ortho-

rhombic). Rutile is a stable form, whereas anatase and

brookite are metastable and are readily converted to rutile

when heated [4, 5]. In recent years, a variety of synthesis

methods of TiO2 nanostructures have been used such as

solvothermal [6], sol–gel [7], thermal oxidation [8], chemical

vapor deposition (CVD) [9], spray pyrolysis [10], sono-

chemical method [11], and hydrothermal [12, 13] and

microwave assisted hydrothermal [14, 15] have been used for

the preparation of TiO2 nanostructured. The morphologies of

TiO2 have mainly included nanostructures such as Nanopar-

ticles [16], Nanotubes [17–19], Nanowires (NWs) [20],

Nanorods [21], Nanoflowers (NFs) [22], and Nanobelt [23].

However, hydrothermal technique is one of the most conve-

nient and effective method for preparation of metal oxide

nanostructures like TiO2. The required superior properties can

be achieved easily by varying the hydrothermal experimental

condition. Metal oxide materials such as TiO2 nanostructures

have been extensively studied for various applications such as:

Gas sensors [24, 25], Hydrogen generation [26], Dye sensi-

tized solar cells [27] and Lithium-ion battery [28]. In the

present work, TiO2 NWs, and NFs were successfully grown

directly onto transparent conductive fluorine-doped tin oxide

(FTO) substrates side and on nonconductive side using

hydrothermal method. A detailed surface morphological and

structural characterization were investigated. The morpho-

logical removal effect of conductive FTO on the growth of

nanostructure of TiO2 was also studied. The optical properties

of TiO2 nanostructures were discussed.

2 Experimental details

2.1 FTO-glass substrate cleaning

In atypical synthesis, two pieces of FTO substrates with

sizes 2.5 9 1 cm2, 14X/cm2, (Hartford Glass Company)
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was ultrasonically cleaned for 60 min in a mixed solution

of acetone, isopropyl alcohol (IPA), and deionized (DI)

water with volume ratio of 1:1:1 and fully dried under N2

flow.

2.2 Growth of TiO2 nanwires and nanoflowers

TiO2 NWs and NFs films were grown on both sides of

FTO glass substrates using hydrothermal method. The

hydrothermal synthesis of TiO2 (NWs) and (NFs) was

carried out in a Teflon-lined stainless steel autoclave.

Titanium (IV) Butoxide (Aldrich) solution was used as a

precursor for the production of TiO2 films. In atypical

synthesis process, 30 mL of DI water was mixed with

30 mL of concentrated hydrochloric acid (36.5–38 % by

weight to reach a total volume of 60 mL in Teflon-lined

stainless steel autoclave (125 mL). The mixture was

stirred at ambient conditions for 10 min.Then 1 mL of

Ti(IV) butoxide was added to the previous mixture and

stirring for another 10 min. Finally, the resulting solution

was transferred into an autoclave. Here FTO/coated glass

side, and other non-conducting glass side was considered

as two substrates referred as A and B respectively as

shown in Fig. 1. Two pieces of cleaned FTO/glass were

located inside the Teflon cylinder as shown in Fig. 1. One

is positioned horizontally on Teflon holder and the other

was placed at 45� against the wall of the autoclave (inside

Teflon surface), bear in mind that the conductive sides are

always down words as shown in Fig. 1. The synthesis was

carried out for 20 h in electrical oven at 150 �C. After

completion of the reaction, the autoclave was cooled

down to room temperature. Finally, the substrates were

thoroughly washed with DI water, followed by drying

overnight at ambient atmosphere.

2.3 Characterization techniques

The crystal structures of TiO2 films were characterized by

X-ray diffractometer (XRD/PANalytical, X’Pert) with

CuKa (k = 0.01546 nm) radiation. The surface morphol-

ogies of the TiO2 films were observed by scanning electron

microscope (SEM/JEOL – JSM 5140) operated at 30 kV

and equipped with energy dispersive X-ray spectrometer

(EDS).Transmission through the film was measured using

UV–vis–NIR spectrophotometer (CARY-500 Scan Varian-

USA).

3 Results and discussion

3.1 XRD analysis for FTO-glass

before and after hydrothermal growth

XDR shows that the film as deposited on the conductive

side of FTO-glass substrates are rutile TiO2. Figure 2 dis-

plays the XRD patterns of FTO-glass substrate before

(Fig. 2a) and after (Fig. 2b) the hydrothermal growth. By

eliminating the peaks originating from the FTO conductive

glass (Fig. 2a), all the diffraction peaks at 36.07� (101) and

at 62.810� (002) that appear upon NWs growth films agree

well with the tetragonal rutile structure (JCPDS # 65-0191)

and confirmed by other workers [29]. The high intensity of

(002) diffraction peak originate from TiO2 NWs, which

indicates that the as-deposited film is highly oriented

with respect to the substrate surface as shown in Fig. 2.

That’s because of small lattice mismatch between tetrag-

onal FTO (a = b = 0.4687 nm [30]) and rutile TiO2

Fig. 1 Schematic diagram of stainless steel autoclave cylinder and

FTO/glass substrate

Fig. 2 XRD patterns of the FTO-glass substrate a before hydrother-

mal growth and b after hydrothermal growth
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(a = b = 0.4594 [31]), which promotes the epitaxial

nucleation and growth of rutile TiO2. The epitaxial relation

between the FTO substrate and rutile TiO2 with a small

lattice mismatch plays a key role in driving the nucleation

and growth of the rutile TiO2 NWs on FTO.

3.2 X-ray diffraction analysis for white thick film only

Figure 3 shows the XRD patterns of TiO2 films as pre-

pared. A very strong diffraction peaks are observed at 2h of

27.43� (110), 36.17� (101), and 54.43� (211) indicating

TiO2 in rutile phase. All peaks are in good agreement with

the standard spectrum (JCPDS # 21-1276). This means that

rutile is the main crystallographic phase, and they coincide

well with the reported value [32].

3.3 SEM and EDS analysis of TiO2 NWs

and nanoflowers films

Figure 4 shows the typical SEM images of the TiO2 NWs

film as synthetized by hydrothermal process. It is clear that

the entire surface of the FTO substrate is covered uniformly,

are relatively smooth and dense TiO2 NWs as shown in

Fig. 4a. The cross-sectional view of such vertically aligned

array is shown in the inset (Fig. 4b). The average diameter

and length of NWs are 150 nm and 7.0 lm respectively.

The calculated aspect ratio is approximately equal to 47.

Figure 5 shows atypical SEM image of the as prepared

TiO2 NFs. The SEM image indicate that the NFs are quite

clean with no contamination attached to their surface.

That’s confirmed by EDS measurements shown in Fig. 6.

The synthesized rutile TiO2 NFs shown in Fig. 5 are con-

sists of a bunch of aligned nanorods with uniform size and

having different orientations.

The TiO2 NFs on glass side can be peeled off as white

thick film, while the NWs growth was found to be tightly

stick on the conductive side of FTO. That could be due to

the interaction between TiO2 NWs and FTO substrate was

supported favorable because of electron gravity and

nucleation of fluorine in FTO substrate. The thick film

about 100 lm of TiO2 film of NFs was analyzed by EDS,

which is carried out during SEM analysis. Figure 6 shows

only the titanium and oxygen peaks. The peak marked with

C (carbon tape base). This implies that the synthesized

product film at low temperature is free of contaminations.

3.4 TiO2 nanostructures grown on scratched FTO/glass

substrate

To confirm the growth of flower-like nanostructure on the

glass side of the FTO substrate, deep scratch was made on

Fig. 3 The corresponding XRD pattern of TiO2 microspheres

without FTO/glass substrate. All the peaks are indexed as JCPDS

#21–1276 for rutile structure

Fig. 4 a Top view of the TiO2

nanowires as synthetized on

FTO by hydrothermal process,

and b corresponding cross

section view of the film,

prepared with reaction time of

20 h and at a reaction

temperature of 150 �C (placed

at 458) and c growth type on

both sides of FTO-glass
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the conductive side of FTO, before the growth process and

the sample was loaded in autoclave for growth at 150 �C

and for 20 h in oven. The results obtained are similar to the

reported data in this paper.

4 Optical properties of TiO2 film

To study the optical properties of thick white film of TiO2

NFs produced. Small piece of white film shown in Fig. 6

was grinded to a fine powder using ceramic mortar and

dissolve in isopropanol for UV–vis analysis. The optical

band gap of flower-like (thick white film) for TiO2 esti-

mated from the optical properties in the range between 200

and 1000 nm. Figure 7a shows UV–vis spectrum and a

single absorption strong peak at 300 nm peak at about

300 nm in the UV range was noticed. Figure 7a shows

UV–vis absorption single strong peak at 300 nm peak at

about 300 nm in the UV range. Figure 7(b) shows the

transmittance spectrum of TiO2 flower-like film synthe-

sized at 150 �C for 20 h. The transmittance of TiO2 film is

shown in Fig. 7b. The average optical transmittance of

TiO2 film in the visible range (400–700 nm) is estimated as

65–70 %.

The optical band gap direct allowed transmission was

calculated by using Tauc law [33]:

ahm ¼ Cðhm� EgÞ1=2

where a, hm, C and Eg are the absorption coefficient,

incident photon energy,constant and direct band gap

respectively. The plot of hm versus (ahm)2 is shown in

Fig. 8. The experimental optical band gap of TiO2 film

(Eg = 3.05 ± 0.05 eV) was found for rutile structure

Fig. 5 SEM images of TiO2

nanoflowers on FTO-glass

substrate

Fig. 6 EDS analysis of as synthesized TiO2 flower-like nanostructure

film

Fig. 7 Optical absorbance and transmittance spectra of TiO2 film as

prepared
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which was confirmed by XRD (Fig. 3). This energy gap

value is quite close to that obtained by other workers [34–

36]. The band gaps effectively place the absorption spec-

trum of pure TiO2 within the ultraviolet range

(k & 10–400 nm).

5 Conclusion

Nanowires and flower-like Titanium dioxide films of rutile

phase were successfully synthesized by hydrothermal

method. The NWs were grown long, dense, homogenous

and vertically aligned on substrate. The process confirmed

the growth of NWs on conductive side of FTO side and

flower-like on glass side even when the FTO positioned at

different angles. The as synthesized nanostructured mainly

consisted of TiO2 in rutile phase only. Potential applica-

tions of these nanostructures are in solar cells, gas sensors,

optoelectronics etc.
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