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K E Y W O R D S :   A B S T R A C T  

 Hydrothermal technique 

 growth single-crystalline 

rutile TiO2 nanorod thin 

films 

 A facile, hydrothermal technique was developed to growth, single-

crystalline rutile TiO2 nanorod thin films on transparent conductive 

fluorine-doped tin oxide (FTO) substrates. In this study, the deferent 

periods(6, 9, 12, 15, and 18 hour) were selective with constant 

temperature at 160 
o
C to growth this films and growth in deferent 

temperature (130, 150,170,190, and 210 
o
C) with constant period of 

deposition at 6h. SEM image showed all the films were nanorodand the 

EDX measurement was given the portion of element that contribution in 

rutile TiO2 nanorod thin films. The diameter, length, and density of the 

nanorods could be varied by changingthe growth parameters. The XRD 

to determine the structure properties, and optical properties were 

measured of these rutile TiO2 nanorod thin films and obtained the 

absorbance and energy gap. 

 http://dx.doi.org/10.31257/2018/JKP/100206  
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1

 .الجاهعت الخقٌيت الجٌىبيت،  الوعهد الخقٌي /بصرة
2

 قسن الفيزياءكليت العلىم، جاهعت البصرة، 
3

 قسن الكيوياءكليت العلىم، جاهعت البصرة، 

 ةـــلاصـــخ  ــــال  الكلمات المفتاحية:

  الخحلل الحراريحقٌيت 

  اًواء بلىرةTiO2 احاديت الخبلىر 

 أغشيت قضباى ًاًىيت رقيقت 

قد حن حطوىير حقٌيوت امًوواء ليغشويت الرقيقوت لاث القضوباى الٌاًىيوت أحاديوت الخبلوىر لوركو   ٌوا ي ل 

و . (FTO)علو  قىاعود اجاجيوت هطليوت بو طبقت  وفاوت و هى ولت هويأوكسيد الخيخاًيىم حركي  الروحايول 

عٌود  بثبوىث درجوت الحورارة  and 18 hour ,15 ,12 ,9 ,6)للو  باًخفواء وخوراث حر وي  هةخلفوت  

160
o
C   210 ,150,170,190 ,130)ودرجواث حراريوت هةخلفوت 

o
C)  6بثبوىث وخورة الخر ويh حون .

قيوواا الةووىات الخركيبيووت عووي وريووم الصووىر الولخقطووت بىا ووطت جهوواا الوجهوور ا لكخروًووي الوا وو  

لاث  `TiO2وأظهورث أى امغشويت الرقيقوت حعوىد الو  (XRD)أضواوت الو  قيا واث  (EDX)وقيا واث 

قضووباى بقيا وواث ًاًىيووت . وقوود حوون حسوواف أقطووار وكثاوووت القضووباى الٌاًىيووت. كوووا أجريووج القيا وواث علوو  

امغشيت لخحديد خىا ها البصريت ييو  حون ححديود حاووت و هعاهول اصهخصوات أضواوت الو  وجوىة الطاقوت 

 .البصريت
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1. Introduction 

Titanium dioxide discovered in 1821, 

{Formatting Citation} is occupied one of the 

top 20 inorganic chemicals of industrial 

importance. The compound used in the 

commercial manufacture began around 1916, 

then development of investigation has been got 

increases since that time.[1-3] 

Titania nano particles have received much 

interest for applications such as optical devices, 

sensors, and solar cell applications. There are 

several factors in determining important 

properties in the performance of TiO2 for 

applications such as particle size, crystallinity 

and the morphology. [5-6] 

Titanium dioxide has been derived from 

element or other titanium molecules and cannot 

occur pour in nature. When TiO2 is irradiated by 

photons with an energy higher than or equal to 

its band gap (∼3.2 eV), through photon 

absorption، the electrons can be promoted to the 

conduction band، generating holes in the 

valence band. 

Titanium-di-oxide isthe most attracted 

materials in nanoscience and nanotechnology 

because of having a lot of interesting properties 

from fundamental and practical point of view. 

[1]. 

TiO2 is a commonly used semiconductor 

for photon-electron transfer processes. Several 

methods for the preparation of Nano crystalline 

TiO2 have been developed and they are 

electrochemical reaction, continuous reaction, 

supercritical carbon dioxide, precipitation, 

multi-gelation, chemical solvent and chemical 

vapor decomposition, ultrasonic irradiation, RF 

sputtering, ،sol–gel, Aerogel ,  Xerogel [1- 25] 

and hydrothermal method.[1, 3], [26–30] 

2. Experimental part: 

In our present work precursor of titanium 

butoxide (TTB) were used to growth rutile 

nanorod titanium dioxide thin film The 

precursor prepared as following way: Three 

neck container (250ml) and separation final (50 

ml) were carefully cleaned and sit to the holder. 

We take equivalent weight according to the 

equation (1) from Titanium tetrachloride 

(TiCl4) and butanol. 

                               

          (1) 

      

 
            

       

                                                 

Where              are the molecular 

weight of alcohol and Titanium tetrachloride 

respectively, and            are the weight of 

alcohol and Titanium tetrachloride respectively. 

Put the amount of the Titanium 

tetrachloride in the three-neck container 

(250ml) and stirring, (TiCl4 is a compound with 

strong ability to absorb the H2O to make heavy 

fog). Thus, governs the closure of two necks, 

the other neck is leave to separation final tube to 

dropped into 3-neck container. Leave the 

separation final slowly dropped until the fog is 

perfectly vanish. In this reaction the band 

between titanium and chlorine is broken and 

new band is formed between titanium and tetra-

butoxide, after the n-butanol losses the 

hydrogen ion to the chlorine ion  to formed 

4HCl. 

Hydrothermal method: 

When the substrate of glass coating F:SnO2 

be ready, we put it in the Teflon-lined stainless 

steel autoclave container (is washing in 

distillated water and ethanol carefully and dried 

in the oven for 15 minutes) with angle where 

the conducting side facing up. The precursor 

was prepared by mixed 15ml of deionized water 

with 15ml of HCl and stirring for 15 minute 

before added 0.5ml of (TTB) and leave on 

stirring for 5 minute. Then, we put into the 

Teflon governs the closure and put in the oven. 

The chemical reaction acted as following 

equations: 
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..(3) 

(4)

.(5) 

(6) 

In this study, we take temperature at 160 
o
C 

different time periods 3, 6, 9, 12,15and18 hours 

3.  Results and discussion: 

 (SEM) image: effected of the time: 

Nanorod thin film of titanium dioxide had 

been synthesised by using hydrothermal method 

with variation of the time of deposition and 

fixed temperature at 160
o
C. 

Table (1): values of length and diameter of the 

nanorod. 
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p1 6 160 1.70 79 22 

p2 9 160 3.50 103 32 

p3 12 160 6.00 113 53 

p4 15 160 7.00 114 61 

p5 18 160 6.63 113 58 

 

The deposition for 3h the rods did not 

grow, thus, (SEM) image does not exist. In 

figure (1a) illustrate surface of nanorod thin 

film deposited at various periods, the right of 

length of the nanorods can be seen increase 

when the period of deposition increases, while 

right of diameter started with clear increases, 

then had less difference for longer periods.  

Ratio of nanorods' number with respect to 

diameter in SEM images of single-crystalline 

rutile TiO2 nanorod thin films growth at (150, 

170, 190 and 210 
o
C) for 12 h were growth on 

the (FTO) layer.  

The top surfaces of all rods are square or 

rectangle. Each rod seemed as gathered many 

nanorod. The effect of time growth is explained 

on the length of the rod. The surface image 

illustrated the homogenous in area of a rods' 

surface, and the greatest number of the rods are 

in nanoscale as seen in figure (1).The ratio 

length/diameter of nanorods increase    with 

respected to period of deposition for the sample 

P1, P2, and P3 then fixed of other sample as 

seen in figure (2). 

Effected of the time: 

Single-crystalline rutile TiO2 nanorod thin 

films growth at (130, 150, 160, 170, 180,190 

and 210 
o
C) for 12 h were growth on the (FTO) 

layer. When deposition at 130 
o
C the rods are 

not growth, thus, (SEM) image do not exist. The 

image of (SEM) as in figure (3a) is illustrate 

surface of nanorod thin film deposited at 150
o
C 

the greatest of rutile nanorods lays under 100nm  

because the nanorod had been deposited in slow 

mechanism it can be seen in more regular 

future. The man diameter of the nanorods were 

75nm. In figure (1c) is illustrate surface of 

nanorod thin film deposited at 160 
o
C we see 

that in previos. In figure (3b) is illustrate surface 

of nanorod thin film deposited at 170 
o
C,the 

mean diameter 150nm. In figure (3c) is 

illustrate surface of nanorod thin film deposited 

at 190 
o
C, the mean diameter 150nm. In figure  

(3d) is illustrate surface of nanorod thin film 

deposited at 210 
o
C, the man diameter 170nm. 

This nanorod thin film was dislocated the FTO 

layer with film from the glass substrate. 
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Figure (1): Illustrate  surface, Crosse section and the ratio of nanorods' number with respect to diameter in SEM 

images of single-crystalline rutile TiO2 nanorod thin films growth for ( 6, 9,12,15,and 18 h) at 160 
o
C were 

growth on the (FTO) layer. 

 

Figure (2): The diagrams  of (a) the height/diameter of rods VS the period of deposition of single-crystallinerutile 

TiO2 nanorod thin films. 
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Figure (3): Illustrate surface, Crosse section and the ratio of nanorods' number with respect to diameter in SEM 

images of single-crystalline rutile TiO2 nanorod thin films growth at (150, 170, 190 and 210 
o
C) for 12 h. 

Table (2) value of diameter of the nanorod. 

sample 

period of 

deposition  

h 

Temp. of 

deposition   

˚C 

Rate 

diameter 

of rod  

nm 

pt1 12 150 75 

pt3 12 170 90 

pt4 12 190 150 

pt5 12 210 160 

  

Figure (4): EDX chart of single-crystalline rutile 

TiO2 nanorod thin films. 

0 1 2 3 4 5
keV

0

2

4

6

8

10

12

14

16

18

20

22
 cps/eV

  Ti   Ti 
  O   C 



JOURNAL OF KUFA–PHYSICS  |  Vol. 10, No. 2 (2018) Zuhair H. Nasserm, Sattar J. Kasim, hidad S 

   44 

 

Figure (5): Charts of X-RAY diffraction 

Measurement of the thin films of titanium dioxide 

nanorod rutile thin films deposition for 6, 9, 12, 15, 

18h at 160 
o
C. 

The nanorod thin film has been composed 

essentially from Ti and O elements in ordinary 

portion, which include in the TiO2 compound. 

X-RAY Diffraction Measurement: 

  In the figure (5)) are for x-ray diffraction 

charts of single-crystalline rutile TiO2 nanorod 

thin films deposited on the glasses substrate 

coated FTO using butoxide precursor for 6, 9, 

12, 15, 18h periods of time respectively 

deposited at 160 oC. prepared TiO2 nanorods 

are composed of a mainly tetragonal rutile 

phase (JCPDS No.: 860147, a=b= 4.594 
o
A, c = 

2.958 
o
A) 

 

Figure (6): Charts of X-RAY diffraction 

Measurement of the thin films of titanium dioxide 

nanorod rutile thin films deposition at 150, 170, 190 
o
C for12h. 

In the figure (5a) the peak 2 thetas at 26.77, 

refer the thin film is rutile. The experimental of 

lattice constant (a=b= 4.722 and c= 2.838 ).  

  In the figure (5b) the peak 2 theta 

at 26.77, refer the thin film is rutile. The 

experimental of lattice constant (a=b= 4.72  

and c= 2.8410 ). In the figure (5c) the peak 2 

theta at 26.77, refer the thin film is rutile. The 

experimental of lattice constant (a=b= 4.7018 Å 

and c= 2.798Å). In the figure (5d) the peak 2 

theta at 26.77, refer the thin film is rutile. The 

experimental of lattice constant (a=b= 4.7185 Å 

and c= 2.8330Å). The last nanorod thin film 

where growth for 18 h at 160 
o
C shown in 

Figure (5e) seems have no peaks because the 

result of  increases of rods' lengths leads to 
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broken this rods then  full the area between the 

rods that’s due unregimented in the structure 

when we compared with the other nanorod thin 

film. The greatest structure growth for the 

nanorod thin film when we growth for 6 and 

15h in (200) direction, while that growth for 9 

and 12h  in (101) direction that’s agree 

with[31]. This variation is due to deference in 

the size of the nanod of the thin films. 

In the figures (6) x-ray diffraction charts of 

single-crystalline rutile TiO2 nanorod thin films 

deposited on the glasses substrate coated FTO 

using butoxide precursor for 150, 170, and190 
o
C respectively deposited at 12h. All films are 

in rutile structure a bare from the peak at the 2 

theta 26.77
o
  as we illustrated in above section. 

In addition, the peak at 2 theta 63.07 was grown 

in the figures (6). There are no clear peak 

belong to the TiO2 for thin film grown at 210 
o
C 

because the arise in temperature causes rapid 

growth and therefore leads to irregularity in 

crystalline construction 

Optical properties: 

The optical properties of this samples 

obtained by Shmadzu 1800 UV-Vis 

spectroscopy, where absorbance measurements. 

The figure (7a) illustrate the absorbance as 

function to the wavelength for the setoff 

nanorod thin films growth at 160 
o
C for 

different period. A variety can be seen in the 

absorbance of each sample with according to 

the thickness crystallinity to the structure of 

nanorod thin films . the absorption edge  is go to 

the short wavelength when the period of time 

increase. The figure (7b) illustrate the 

Absorption Coefficientto the photon energy by 

using the lambert beer law eq.(7) and (8) 

 

  
              

where (α) and (z) are the absorption 

coefficient thickness of the sample by solve this 

equation with the absorbance we get: 

  
      

 
               

Reason wherever got increases in the 

thickness  can be followed increases absorption 

coefficient. From the figure (7c) it can predicts 

with the absorption edge then the optical energy 

gap  can determine. In figure (7e) the optical 

energy gap was calculated using the relation:  

             –     
         (9) 

It can be seen in the figure (7.b)  the 

absorption coefficient increases with  increase 

of thickness. That is ordinary, where hν is the 

photon energy, Ao the constant associated with 

ordered crystalline structure, and n the exponent 

depending on the type of optical transitions is 

equal to ½ for indirect gap and 2 for direct gap.  

There is a simple deference in the value of 

energy gap that is came from deference in the 

nanorod size. The increase in crystallization and 

regularity in the crystalline construction of the 

thin film may be also as a reason. From the 

figure (7) the five curve are nanorod TiO2 thin 

films,  the sample (p1) illustrated the absorption 

properties. All the curves have great value of 

absorbance near IR region.  Then the decreases 

between (370-480 nm) where the titanium 

dioxide have high value of transmittance in the 

visible region of the electromagnetic spectrum. 

The smooth surface and the nano size of rods 

are act to decreases of the absorption 

coefficient. The fundamental absorption edge 

lays between (370-450 nm). 

The energy gap is about 2.8-3.2 eV. This 

variation is due to deference in the size of the 

nanorod of the thin films according to increase 

of the period and temperature of deposition. 
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Figure (7): illustrate the optical properties of single-

crystalline rutile TiO2 nanorod. 
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