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Abstract: The self cleaning properties can be introduced to the surface of a glass by engineering a thin film on it. This coating
then comes in intimate contact with the surroundings and helps to keep the glass dust and dirt free. This paper proposes to
synthesize TiO, based photocatalytic coating. The coating gets activated under the sunlight and breaks down the dirt during the
daytime while during the night, the condensation of moisture drives out the dirt as the water droplets wet the surface thus
cleaning it. The paper proposes synthesis of thin film and investigates the contact angle, morphology, surface roughness,
thermal stability, transparency and maps XRD data.
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I. INTRODUCTION
Study of surface wettability has been of high importance in recent years. The wettability is defined in terms of water contact angle
(CA\) i.e., the angle liquid or vapour makes with the solid surface. The contact angle greater than 90° is considered hydrophobic and
that above 150° is considered superhydrophobic while that lies below 90° is hydrophilic and around 0° as superhydrophilic.
Hydrophilic surfaces not always have self cleaning properties so it is necessary to impart these properties.
Due to increased cost of labour and time limitations it has become very necessary to switch to advanced technology. The technology
which has a potential to effectively deal with the current problem is solely based on nanotechnology and surface engineering. The
use of glass was one of the major boom for the craft industry but along with it came certain limitations. The limitations to make
glass: water-repellent, water-loving, dirt free, self-cleaning, and transparent. The accumulation of dirt and dust over the surfaces
takes toll on the transparency, integrity and beauty of the surface. The accumulation of dirt on the surface of solar panels has
hampered the efficiency to a great extent. This issue became severe due to the deposition of bird beads. The cleaning of such
surfaces required shutting down of the entire setup leading to increased down time and decreased production. Further, the cleaning
of sticky bird beads if not done cautiously leads to scratches on protective surface as a result of which irradiance decreases. This
reduces the power conversion efficiency.
The accumulation of dirt and dust on window panes is also a big issue. In sky scrappers the cleaning is very costly and sometimes
fatal for the labours. Thus, here appears to be an area where superhydrophilic coatings can prove to be effective alternative. Anti-
fogging property is also due to the application of superhydrophilic coatings. These coating prevent the micro water droplets to
condense on the surface keeping it clean.[1][2]. Scientists have recently discovered the anti-biofouling properties of superhdrophilic
coating, the property of a surface to prevent the accumulation of microorganisms, plants, algae, animals or contaminants on the
wetted surface.[2]
These coatings find their way in anti-baterial, anti-stain [3][4], fingerprint resistant, non-toxicity, self cleaning, water purification,
paint industry [5][6] and various medicinal applications. The applications of TiO, based coating are very extensive and only limited
to our ability of thinking. The coating are very robust and can be prepared both by bottom up and top down approach.
The use of TiO, based coatings have gained a vary high interest because of their easy availability, corrosion resistance, phtocatalytic
activity [7], low cost, and ease of activation. TiO, is both self cleaning and hydrophilic. The phenomena of photocatalysis in TiO; is
directly proportional to the concentration of hydroxyl groups. As TiO, possesses both photocatalytic and pholostimulated
superhydrophilic properties, the metal oxide on application of sunlight and moisture deals in self cleaning surfaces.

Il. EXPERIMENTAL PROCEDURE
A. Materials and Reagents
Titanium isopropoxide (99.999%, Sigma Aldrich), Methanol (99.999%, Sigma Aldrich), Ethanol (99.999%, Sigma Aldrich), and
Hydrochloric acid (37% conc.) were used to prepare the thin film coating.
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B. Preparation of sol-gel

Sol was prepared by mixing of Ethanol (25ml), distilled water (30ml) and HCI (3ml) and stirring it for 5 minutes at 200rpm.
Titanium isopropoxide [Ti(OC,Hs),] was then added drop by drop to the above solution. This was then stirred at 450rpm for 15
minutes and simultaneous keeping it at a constant temperature of 65°C. Four samples were prepared by varying the amount of
Titanium isopropoxide in the sol. Table I illustrates the variation of Titanium isopropoxide.

TABLE |
VARIATION OF TITANIUM ISOPROPOXIDE
Sample Drops of Variation of
Titanium isopropoxide
1 2
2 4
3 6
4 8
C. Mechanism
TiO, + hv — » TiO(e+H)
H,0 + H* » °*OH + H*
02 +e > Oz._
O, +H' —» HOY
HOZ. + HOZ. E— HzOz + 02
Oz._ + HOZ. g 02 + HOZ_
HOZ_ + H+ D —— HzOz
H,O, + hv - > 2+OH
H,0, + O,” — 5 HO +OH +0,
H,O, + € —» HO +OH

TiO, gets activated under sunlight due to photocatalytic activity. The metallic ions formed interact with atmospheric oxygen and
water molecules giving hydroxyl ions as the end product. The hydroxyl ions breakdown the dirt particle which get wiped out on
application of water, leaving the surface spotless.

D. Coating process
The glass slide was cleaned with methanol. The different concentration of prepared solution was spin coated to glass slide (1cm x
1cm) at 4000 rpm for 60 seconds. The coated glass slides were cured at 70°C for 5 minutes.

E. Characterisation

1) Hydrophilicity: Hydrophilicity of the thin films was evaluated. The contact angles were measured in air by sessile-drop method.
A micro injector was used for injection of a 10ul water droplet on the surface of coatings. The contact of all the samples was
obtained using a contact angle goniometer at room temperature and pressure, under LED lamp light. The Drop Shape Analyzer
software produced by Kruss was used to process the contact angle measurements.

2) XRD analysis: X-ray diffraction patterns for all samples were obtained using Eco D8 Advance XRD machine produced by
Brukker with Cu K& radiation (A=1.54060 A) at room temperature and pressure, operating at a voltage of 40 kv and 25 mA
current. Coupled two theta SSD 160 detector was used for XRD analysis. Diffrac.Commander software was used to plot the
graph between counts per second vs 2 theta.

3) UV-Vis: The UV-Vis transmittance of coated sample were investigated by taking the transmittance of glass slide as the base
line using Lambda-35 UV/VIS Spectrometer produced by Perkin Elmer. UV Unilab software was used to map the readings.
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4) Atomic force microscopy(AFM): The morphology of the thin film for all samples was mapped using Nanosurf Naio Atomic
force microscopy produced by Nanosurf. The roughness of the surface was investigated at resolutions of 10nm and 100nm.

5) Thermal stability: Each sample was exposed to temperatures (45, 50, 55, 60, 65) and change in contact angle was studied. The
differences were then tabulated and plotted over a graph. Hot air oven produced by Weiber was used to heat the samples to
required temperatures.

I11.RESULTS AND DISCUSSION
Titanium isopropoxide must be added drop by drop to the sol so as to allow proper mixing, facilitating a transparent coating. Bulk
addition of Titanium isopropoxide results in agglomeration giving way to yellow colour sol-gel. This gel has poor transparency and
high contact angle as compared to sol-gel prepared by adding drop by drop titanium isopropoxide.

A. Hydrophiliicity

The sessile drop method was used for measurement of contact angle between the coating and distilled water. The water contact
angle on different samples was exhibited.
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Fig. 1 2 drop titanium isopropoxide
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Fig. 2 4 drop titanium isopropoxide
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Fig. 3 6 drop titanium isopropoxide
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Fig. 4 8 drop titanium isopropoxide
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TABLE IlI
VARIATION OF TITANIUM ISOPROPOXIDE AND CONTACT ANGLE
Sample Drops of Variation of | Water contact angle
Titanium isopropoxide | | R
1 2 27.6 28.7
2 4 35.6 32.8
3 6 40.1 40.2
4 8 47.0 42.1

It is observed that with an increase in concentration of TiO, in the sol-gel the water contact angle increases significantly. The
considerable increase in contact angle might be due to the presence of surfactant which has the ability to modify the surface energy
and surface tension[8]. It can be seen from Table 2 that contact angle increases with increase in amount of titanium isopropoxide
added.

B. XRD Analysis
The X-ray diffraction (XRD) pattern was employed to study the structure of nanostructured TiO, coating. The characteristic
reflections of each sample is recognisable in Fig. 5-8. The characteristic reflections of TiO, thin film coating displayed the
characteristic reflection of TiO, nanoparticles. As seen from results the characteristic reflection peak of TiO, nanoparticles appeared
at 20 = 38.2070°.
The subsequent d value was calculated using the Bragg’s equation:

nA = 2d sin 0

d=4.7073 A
where n is an interger determined by given order, A is the wavelength of X-rays, d is the interlayer space between the planes in
atomic lattice, and 0 is the angel between the incident ray and scattering plane.
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Fig. 5 XRD of 2 drop titanium isopropoxide
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Fig. 6 XRD of 4 drop titanium isopropoxide
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Fig. 7 XRD of 6 drop titanium isopropoxide
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Fig. 8 XRD of 2 drop titanium isopropoxide
C. UV-vis

The transmittance spectra of each sample was observed for each sample for a wavelength range between 200nm — 800nm. The
results from Fig. 9-12 converge to a conclusion that the coating showed an average transparency of 75% and peaked to 90% at
415nm wavelength. A high amount of varied transmittance and absorbance was observed between 320nm to 400nm wavelength.
This could have been possible because of high transmittance of UV-rays or it could also be possible because of noise during the

change from visible spectrum to UV spectrum. In deep UV spectrum an extremely high absorbance is observed which peaks at
200nm wavelength.
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Fig. 9 UV-Vis of 2 drop titanium isopropoxide
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Fig. 10 UV-Vis of 4 drop titanium isopropoxide
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Fig. 11 UV-Vis of 6 drop titanium isopropoxide
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Fig. 12 UV-Vis of 8 drop titanium isopropoxide
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D. Atomic force Microscopy(AFM)
The surface morphology was mapped at the resolution of 10nm and 100 nm for each sample and the roughness was investigated.

Fig. 13 Side view of coating

Fig. 14 lIsometric view of coating

Fig. 15 Top view of coating
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Fig. 16 Surface roughness of coating

It was concluded from Fig. 13-16, that surface roughness for the coating was very low compared to the size of water molecule. Thus,
an extreme wetting of the surface was observed which was the reason for low water contact angle. The contact angle of surface is
directly proportional to the surface roughness i.e., the density of nano-horns in a given cross-sectional area.

E. Thermal stability
Effect of temperature on contact angle for all samples was observed. From the Graph 1, it can be concluded that initially the water
contact angle increased then dipped at 55°C and gives the least value at 65°C.
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GRAPH I1I
THERMAL STABILITY OF THIN FILMS

The decrease in contact angle might have occurred due to redistribution of surfactant on the surface of glass. The thin-films were
stable between temperature range of 45°C to 65°C. Thus, proving their stability in extremely hot conditions.
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IV.CONCLUSIONS

The addition of titanium isopropoxide must be drop by drop to result in very low water contact angle coating. The contact angle of
the coating increases with time due to decay of material on the surface and finally stablizes. On application of heat the surfactant
redistributes on the surface and lower contact angles are observed at 65°C. The thin film has 75% transparency within visible
spectrum which peaks to 90% at 415nm. The coating has zero transmittance in deep UV spectrum. The AFM results give very low
surface roughness as a result the coating is highly hydrophilic.
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