
The Influence of Ethanol on the Morphology, Phase and Crystal Size of the Sol-Gel Dip 
Coating TiO2 Thin Films

11eISSN: 2289-8107        Special Issue ICE-SEAM 2017

THE INFLUENCE OF ETHANOL ON THE MORPHOLOGY, 
PHASE AND CRYSTAL SIZE OF THE SOL-GEL DIP 

COATING TiO2 THIN FILMS

S.A. Yazid1, Z.M. Rosli2, J.M. Juoi1 and T. Moriga3

1Faculty of Manufacturing Engineering,
Universiti Teknikal Malaysia Melaka, Hang Tuah Jaya, 76100 Durian

Tunggal, Melaka, Malaysia.

2Faculty of Mechanical and Manufacturing Engineering Technology,
Universiti Teknikal Malaysia Melaka, Hang Tuah Jaya, 76100 Durian

Tunggal, Melaka, Malaysia.

3Tokushima-UTeM Academic Centre,
Tokushima University, 2-1 Minami-Josanjima, 

770-8506, Tokushima, Japan.

Corresponding Author’s Email: 2zmr@utem.edu.my

Article History: Received 20 September 2018; Revised 10 July 2019; 
Accepted 2 October 2020

  

ABSTRACT: The effect of ethanol and its concentration on the characteristic 
of a sol-gel TiO2 thin film was investigated. Three concentrations (M) of 0 M 
(without solvent), 3 M and 5 M were prepared by varying ethanol to water 
ratio in a sol of titanium (IV) isopropoxide as a precursor. A glass slide 
substrate was dipped into the sol for ten times to produce layers of TiO2 
films before finally heated at 500°C for 1-hour. Analysis on the TiO2 surface 
morphology was obtained using Scanning Electron Microscope (SEM). Phases 
and crystal size of the TiO2 films were analyzed using X-ray diffraction (XRD) 
and reinforce with Raman Spectroscopy (RS). SEM result showed that surface 
cracks observed for all deposited TiO2 film. At 5M of ethanol, the cracks 
produced were more severe causing films delamination. Mixture of anatase, 
brookite and rutile phases were identified only with TiO2 thin film of 0M of 
ethanol. The effect of ethanol on crystal size, however, was insignificant due 
to similar crystallite size (~17.29 nm) obtained at 3 M and 5 M. Hence, the 
development of TiO2 phases without the use of solvent is emboldening to 
explore as an attempt toward producing ecological photocatalytic materials 
via green process. 
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1.0 INTRODUCTION 

TiO2 is the most exploited photocatalytic materials in many industrial 
applications because of its low-cost process, high efficiency, nontoxicity 
as well as chemically and biologically stable [1–3]. Fabricating TiO2 
thin films is amenable due to surface contamination and has been the 
subject of study for many years [4]. Sol-gel technique is one of the 
many exemplars and the most established and functional methods 
in synthesizing TiO2 because it offers many advantage such as low 
temperature processing, easy to produce large coating area, provides 
high surface homogeneity and most importantly has a low cost [5].

Yet, there are few other critical factors that must be considered during 
synthesizing sol-gel TiO2 film such as the choice of precursor, type of 
solvent, the role of acid and water to produce the desired coating’s 
quality and characteristic [6–8]. For example, the effect of solvent on TiO2 
thin films fracture formation has been the focus of study by Bockmeyer 
and Löbmann [9]. An image processing software were used to evaluate 
the extent of crack damage and crack time formation that develop 
when different solvents were used. They had confirmed that film crack 
due to tensile stress can develop during the thermal treatment. These 
cracks will always appear if the tensile stress and cooling exceeds the 
stability or the inner coherence of the materials. The nature of solvent 
is also testified can influence the rate of hydrolysis and condensation. 
Larger particles with rough surface films had deposited as the reaction 
rates of hydrolysis and condensation increases whereas lower reaction 
rate tend to form columnar particles with a smooth surface [10]. 

TiO2 phases were also reported can be influenced depending on the 
choice of solvent used. In the work of Edusi et al. [11], they used 
aerosol-assisted CVD technique to deposit TiO2 phases and attained 
that solvents like ethanol or propanol will lead to anatase phases while 
rutile phase preferred when methanol was used. They concluded that, 
the use of dissimilar solvents can have a direct effect in governing the 
TiO2 phases when deposited as a film [11]. Using ethanol as solvent was 
also claimed can retard the anatase phase formation [12]. Meanwhile, 
Tryba et al. [13] found that the solubility of ethanol as an organic 
solvent is low when an alkoxide precursor was used. As a result, it 
can hinder the development of important TiO2 phases and even lead 
to agglomeration in nanoparticles scale [13]. However, high amount 
of solvent can impact serious risk to the environment and health [14]. 
Hence, in this paper, the role of solvent becomes the considered subject 
to seek for optimum solvent concentration in promoting TiO2 phases 
and crystal size in sustaining green process.
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2.0 METHODOLOGY

Figure 1 shows process flow for preparing the sol-gel dip coating 
TiO2 thin film. Deionized water,Titanium (IV) isopropoxide (TTiP) 
(Sigma Aldrich Co.), hydrochloric acid (HCl) and ethanol (95%), used 
as a hydrolysis medium precursor, catalyst and solvent respectively. 
The TiO2 sols were prepared from two different solutions at room 
temperature and labelled as Sol A and Sol B. For the Sol A, a mixture 
of ethanol and deionized water was stirred for 30 minutes, followed by 
dropping 0.4 ml of HCl. Simultaneously, TTiP and ethanol were stirred 
briskly for 30 minutes to produce Sol B. Then, mixed both solutions 
and stirred constantly for 3 hours before kept for 48 hours. Varied of  
ethanol concentrations for preparing the TiO2 sol shown in Table 1.
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Figure  1: Process flow for preparing the sol-gel dip coating TiO2 thin film 
 

Table 1: Varied of ethanol concentrations for preparing the TiO2 sol 

Sol 
Volume (ml) 

Ethanol (M) 
DI TTiP HCl 

1 32 2 0.4 0 
2 32 2 0.4 3 
3 32 2 0.4 5 

 
Dip coater was used during dipping process between glass substrates and TiO2 sols with 
a dipping speed of 30 mm/min and 5s of dwelling time. Then, coated glass was left to 
dry for 30 minutes followed by oven dried at 110 °C for another 30 minutes. Annealing 
process was carried out at 500 °C for one hour in a furnace with a heating rate of 5 
°C/min. Then, dipping layers were set for ten times to obtained desired TiO2 thin film 

Stirring solution at room 
temperature for 3hrs 

TTIP + ethanol  

Transparent solution  

Dipping on glass at 
withdrawal rate: 0.5 mm/s and 

immersing time: 5 s 
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Figure  1: Process flow for preparing the sol-gel dip coating  
TiO2 thin film
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Table 1: Varied of ethanol concentrations for preparing the TiO2 sol

Sol
Volume (ml)

Ethanol (M)
DI TTiP HCl

1 32 2 0.4 0

2 32 2 0.4 3

3 32 2 0.4 5

Dip coater was used during dipping process between glass substrates 
and TiO2 sols with a dipping speed of 30 mm/min and 5s of dwelling 
time. Then, coated glass was left to dry for 30 minutes followed by 
oven dried at 110°C for another 30 minutes. Annealing process was 
carried out at 500°C for one hour in a furnace with a heating rate of 5 
°C/min. Then, dipping layers were set for ten times to obtained desired 
TiO2 thin film [15]. Surface morphologies of the deposited TiO2 thin 
film were analyzed using SEM (Carl Zeiss EVO 50). TiO2 phases were 
detected with X-ray diffraction techniques of an X’Pert Pro model with 
Cu K-Alpha of 1.54060 Aº with generator settings at 30 mA and 40 
kV in the range of 10-90° respectively. The crystallite size of the TiO2 
thin films was calculated from the XRD line broadening using Debye-
Scherrer’s formula such as
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Figure 2: SEM surface morphology of the deposited TiO2 thin films corresponding to  
ethanol concentrations corresponding to (a) 0M of Ethanol, (b) 3M of Ethanol  

and (c) 5M of Ethanol 
 

                                                       (1)

where D is the crystallite size; λ is the wavelength of the X-ray 
radiation (λ=0.15406 nm) for CuKα; and β is the line width at half-
maximum height. Affirmation of the TiO2 phases were confirmed by 
Raman spectroscopy (UniRAM-3500) with laser excitation of λ= 532 
nm wavelength.

3.0 RESULTS AND DISCUSSION

3.1 Surface Morphology

Comparison on the surface morphology of the deposited TiO2 thin  
film against ethanol dilutions were shown in Figure 2. As seen in  
the figure, cracks were visible for all deposited TiO2 film. At 5M  
of ethanol, cracks produced were more severe causing films 
delamination and thus, forming island of TiO2 film flakes. These  
cracks were resulted from film shrinkage and tensile stress due to 
excessive water and rapid solvent loss during the drying process [16]. 
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As the ethanol concentration increase, the amount of solvent trapped 
or associated in the films were also increased. Upon thermal treatment, 
vast amount of solvent was forced to evaporate rapidly. Therefore, the 
TiO2 films produced at higher solvent concentration produced more 
severe cracks with delaminated films than the TiO2 film produced at 
low solvent concentration.
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(a)                                         (b)                                         (c)
Figure 2: SEM surface morphology of the deposited TiO2 thin films 

corresponding to ethanol concentrations corresponding to (a) 0M of 
Ethanol, (b) 3M of Ethanol and (c) 5M of Ethanol

3.2 The Deposited TiO2 Phases

Figure 3 shows the XRD spectrum of the TiO2 thin films against  
various ethanol concentrations after annealed at 500°C for 1h.  
Obviously, each of the TiO2 thin films produced from 0M, 3M and 
5M of ethanol exposed anatase (1 0 1) as the dominant phase detected 
especially at an angle of θ = 25°. Rutile phase (110) was also identified  
to co-exist with anatase but only when ethanol was not used as a 
solvent. 

Figure 3: XRD pattern of the deposited TiO2 thin films against  
ethanol concentrations
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As the solvent concentration increased, rutile’s intensity was found 
to gradually disappear. Solvent is known for its capability to slow 
down the rate of hydrolysis and condensation [17]. Thus, increasing  
ethanol concentration will further reduce the hydrolysis and 
condensation rate and thus, can lead to the disappearance of  
crystalline phases and produced amorphous TiO2. This performance 
is caused by the stearic hindrance attained by the ethanol when 
it is adsorbed on the surface of titania particles, thus restraining  
the hydrolysis of the alkoxide and further crystallization [18]. In the  
case of 0M of ethanol, steric hindrance will not occur. Therefore, a 
stronger nucleophilic of H2O and alkoxide molecules have more  
chance to react causing more alkoxyl group from the alkoxide to be 
substituted by the hydroxyl group from water. This could explain  
the reason of an easy establishment of phases such as anatase and  
rutile during the absence of ethanol as solvent.

3.3 Raman Spectrum and Analysis

Figure 4 shows the Raman spectrum of the deposited TiO2 thin  
films. General, there are six features of active bands for the Raman 
spectrum of anatase which are (A1g + 2B1g + 3Eg). Brookite has thirty- 
six active bands of (9A1g + 9B1g + 9B2g + 9B3g) and rutile have four  
Raman actives bands of (A1g + B1g +B2g +Eg) [19]. Thus, for all TiO2  
thin film samples, Raman bands emerged at 144, 196, 397, 514, and  
638 cm-1 are very distinctive and can be allocated to anatase phase.  
For the 0M of ethanol, the Raman bands emerged at 432 cm-1 can 
be assigned to rutile phase but then gradually disappeared as 
increasing the ethanol concentration. There are also others Raman 
bands noticeable at 248 and 322 cm-1 especially for the 0 M of ethanol  
which can be allocated to the brookite phases. However, the intensities 
of the Raman spectrum for the brookite and rutile are negligible  
and slowly disappeared as increasing the ethanol concentrations.  
The same pattern also observed for the XRD when analyzing the  
rutile phase. Unlike XRD, Raman spectroscopy have been proved  
can work best for most of crystalline oxide and even amorphous  
oxide that have a wide range of bond angles, broadening peaks 
and featureless signal [20]. Therefore, the brookites phases were 
distinguishable with Raman as compare to XRD. The main reason  
of the undetected brookites phases with the XRD is not really  
clear now but could be related to the very small grain produced  
(such as < 5 nanometer) [21]. Furthermore, the disappearance of  
brookite phase as the ethanol concentration increased can also be 
related to the stearic hindrance exerted by the ethanol as explained 
before. 
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Figure 4: Raman spectrum of the deposited TiO2 thin films against 
ethanol concentrations

3.4 Crystal Size

Figure 5 shows the crystal size of the deposited TiO2 thin  
films produced against ethanol concentrations calculated using  
Debye-Scherrer’s equation. Only anatase existed at angle of θ = 25° 
and rutile existed at an angle θ = 27° were reckoned in this work.  
For the TiO2 thin films deposited with 0M of ethanol, the crystal  
size of anatase and rutile phases were found to be 12.35 nm and  
21.71 nm respectively. Meanwhile, the TiO2 thin films deposited  
with 3M and 5M of ethanol, the anatase phases increased to a  
crystal size of 17. 29 nm for both respectively. Rutile phase was  
not detected and negligible at these ethanol concentrations. The  
effect of annealing temperatures on crystal size has been study  
by several researchers such as in the work of Sayilkan et al.  
[22]. They found that the crystal size increased as a function of 
annealing temperature. According to Zhang and Banfield [23],  
anatase is the most thermodinamically stable if the crystall  
size produced is less than 11 nm. Brookite is most stable if the  
crystall size produced is between 11 nm and 35 nm. Above 35 nm,  
rutile is the most stable. Since, a persistent temperature of 500°C  
was used throughout all ethanol concentrations, therefore, an  
extreme change in the crystal size was not observed in this work.  
Thus, the effect of solvent on crystal size in this work is insignificant. 
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Figure 5: Bar chart of TiO2 phases and its crystal size against  
ethanol concentrations

4.0 CONCLUSION

TiO2 thin films were successfully deposited on glass slide substrate 
from three ethanol concentrations of 0M, 3M and 5M via sol gel dip 
coating technique. SEM results showed that cracks were visible for 
all deposited TiO2 film. At 5M of ethanol, cracks produced were more 
severe causing films delamination. Anatase was the main phases 
emerged during all TiO2 thin films. Rutile and brookite phases were 
found to presence only with 0M of ethanol. Even though brookite was 
not detected with XRD, Raman spectrum confirmed its existence. The 
crystal size of anatase increase to 17.29 nm but the crystal size of rutile 
and brookite diminished as the ethanol concentration increased. These 
observations lead to a suggestion that the use of ethanol as a solvent 
should be considered and controlled in designing the desired TiO2 
thin film phases. Depositing TiO2 thin film with minimizes solvent or 
solvent free is believed to be industrially useful for supporting green 
process and green environment.
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