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A Facile Preparation of Transparent Ultrahydrophobic Glass
via TiO2/Octadecyltrichlorosilane (ODTS) Coatings for Self-
Cleaning Material
Nurul Pratiwi, Zulhadjri, Syukri Arief, and Diana Vanda Wellia*[a]

A facile strategy was developed to fabricate transparent ultra-
hydrophobic glass. First, TiO2 films were deposited uniformly
on untreated glass substrate after heating aqueous peroxotita-
nate thin films at 120 °C for 1 h followed by octadecyltrichlor-
osilane (ODTS) modification. The as-fabricated surfaces were
then possessed ultrahydrophobic properties because of the
combination of the rough surface topography of TiO2 and low
surface energy due to ODTS monolayer. It was found that the

water contact angle and sliding angle of the as-prepared
coatings were about 146° and 7°, respectively. Besides, these
coatings showed excellent self-cleaning performance compared
to untreated glass in order to remove dirt particles with water
droplets. It is believed that the current method could lead as
low-cost and effective way to fabricate a very promising
material for commercial and industrial coatings applications.

1. Introduction

Glass is one of the most important materials that widely used
for the exterior of high buildings, car window and solar glass.[1]

However in a natural environment, the accumulation of dust
particles or other contaminants on glass surface causes a
serious problem, which requires high maintenance cost to
make it clean.[2] Recently, self-cleaning coating based on
hydrophobicity on the glass surface is proposed as one of the
possible solutions to maintain the durability of this material
against dust accumulation.[3–5] The requirements for this type of
coating have adopted from distinctive structural and functional
properties of lotus leaves.[6] It has been found that the self-
cleaning property of lotus is mainly due to its structured
roughness surface in combination with the low surface energy
of biological epicuticular wax crystals.[7] Hence, lotus leaf has a
static contact angle �150° and sliding angle <10°, then this
such a surface known as superhydrophobic.[8,9] The term of
ultrahydrophobic, alternatively, has been used to describe a
surface that exhibits between advancing and receding contact
angles of 150°.[10] Therefore, rough surface topography and low
surface energy are two typical factors that require in realizing
the water repellent or hydrophobicity of solid surfaces.[11]

Up to now, various methods have been developed to
prepare artificial highly hydrophobic coatings. However, most
of these techniques involve high cost and complexity
procedures.[12] But, the wet-chemical methods such as sol-gel
method combining with dip or spin coating technique are well
known and more flexible in approach to form a cost-efficient

hydrophobic coatings. For instance, Wang et al.[12] developed
sol-gel methods to fabricate hydrophobic coating using TiO2

and stearic acid. The prepared coating exhibited semi-trans-
parent and thermal-stable hydrophobic surface with static
water contact angle (WCA) as high as 157°. Syafiq et al.[13]

proposed a simple and low-cost sol-gel system in which TiO2

inorganic nanoparticles were incorporated in isooctyltrimethox-
ysilane (ITMS) to fabricate hydrophobic coatings. As a result, an
opaque superhydrophobic nano-TiO2/ITMS possess excellent
self-cleaning performances against dilute ketchup solution,
mud and silicon powder compared to single- phase ITMS
coating with the WCA as high as 169°. Kokare et al.[14] was used
the ODS-modified TiO2 nanoparticles to prepare hydrophobic
coating on glass substrates through simple sol-gel and dip
coating technique with WCA higher that 150°. The prepared
coatings were stable against water jet impact and showed
repellent towards colored and muddy water, however, the
coatings were still opaque with densely white color. Despite all
of the advances innovation in this field, a transparent hydro-
phobic surface is still greatly limited. Moreover, the use of
organic solvents on the preparation of sol solution is not
environmental friendly.[15] Also, the acidic nature of the sol
solutions limits the choice of substrates, especially for the
corrosive substrates.[16] Therefore, it is challenging to develop a
simple, green approach, stable and low-cost procedure for
fabricating transparent hydrophobic coating.

In this work, we demonstrated a simple, green approach
and low-temperature strategy for fabricating transparent and
low adhesion ultrahydrophobic coatings. The fabrication proc-
ess includes two steps: (i) chemical deposition of stable and
transparent TiO2 films on glass substrates through a combina-
tion of peroxo sol-gel method and dip-coating technique,
followed by low thermal annealing (ii) dipping modification
with ODTS. The effect of surface roughness and ODTS
concentration on wettability and transparency was investigated
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to obtain optimum parameters of fabricating transparent
ultrahydrophobic surface.

2. Results and Discussion

2.1. Synthesis of TiO2 Film

TiO2 films were synthesized by peroxo sol-gel method, which
the primary reaction equilibrium during the synthesis process
of the TiO2 precursors are as follows:[15,17–19]

TiCl4 þ H2O! TiOCl2 þ 2HCl

TiOCl2 þ 2NH4OH ! TiOðOHÞ2 þ 2NH4Cl ! TiO2:xH2O

¼ Ti¼O þ H2O2 ! ¼ TiðOHÞ ðOOHÞ þ H2O ! ¼
TiO2 þ 2H2O

2.2. Surface Morphology of TiO2 thin Film

A typical TiO2-coated glass is shown in Figure 1. The coated
glass is visually transparent, uniform and appears slightly
yellow due to a thin film of peroxotitanium complex (PTC)
solution coated on the surface (Figure 1a). The SEM image
(Figure 1b) reveals that the as-prepared TiO2 thin films have no
cracks due to the reaction between the hydroxyl group (OH-)
from PTC solution (Ti(OH)(OOH)) with �SiOH from pre-treated
glass slide resulting in uniform coating.[15] Figure 1c shows the
EDS spectra of the TiO2-coated glass. It is known that the
characterized sample contains titanium and oxygen elements.
Furthermore, the EDS spectrum confirms the presence of TiO2

compounds on the treated glass surface. Meanwhile, the
composition of other chemical elements such as Si, Ca, K, Mg,
Al, and Na that detected, are derived from the sodalime
glass.[20]

Figure 2(a–c) displays the AFM 3D image of untreated glass
and TiO2 coated glass with and without calcination treatment.
It can be seen that TiO2 coated glass non calcination (TNC) has
a rougher surface compared to untreated glass and TiO2 coated
glass with calcination (TC), with the roughness parameter (Sa)
are 2 nm, 3 nm and 5 nm for untreated glass, TC and TNC,
respectively. The previous studies have reported that the
increased surface roughness of the TiO2 layer which is
synthesized by using TiCl4 precursors in water solvents can be
obtained at the amorphous phase transition temperature to
crystals. Meanwhile, the calcined TiO2 layer at a temperature of
350–650 °C (temperature found in the rutile and anatase phase)
has a tendency to homogenize the particles that are on its
surface and further result in a decrease in surface
roughness.[21,22] Therefore, the TNC was selected as the best
coating to control the roughness and transparency, and used
further in this study.

2.3. Grafting ODTS

ODTS, a self-assembled monolayer molecule, has been widely
used to decrease the surface energy of artificial hydrophobic
surface in various substrates. The grafting mechanism that
occurs during the silanization process in this study is shown in
Figure 3, which begins with the physical absorption of the
active ODTS head group on the surface of the TiO2-coated
glass. Then, hydrolysis reactions occur to form a silanol group
@Si(OH)3 among the active head group (@SiCl3) of ODTS.
Afterward, the Si-OH group from @Si(OH)3 condenses with the
OH group on the surface of TiO2 coated glass to form covalent
bonds, causing the ODTS molecule to be firmly attached to the
surface of the glass substrate.[23,24] Finally, condensation reac-
tions occur among the adjacent ODTS molecules, forming a
cross-linked chain and a uniform densely long chain alkyl group
(@C18H37), which decreases the surface energy of the TiO2-
coated glass.[23,25]

Figure 1. (a) photograph of transparent and uniform TiO2 coated glass, (b)
SEM image and (c) EDS spectra of TiO2 film. Figure 2. AFM images of (a) untreated glass, (b) TC and (c) TNC.

Full Papers

1451ChemistrySelect 2020, 5, 1450–1454 © 2020 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Wiley VCH Montag, 27.01.2020
2004 / 156261 [S. 1451/1454] 1



The wetability of the surface of the TiO2/ODTS coated glass
is greatly influenced by the concentration of the ODTS solution.
Table 1 shows the static WCA and sliding angle (SA) values that
obtained from all variations of the synthesized sample. Based
on the results of contact angle measurements, it can be seen
that the WCA value and hydrophobicity of the treated glass is
increased with increasing the ODTS concentration. The lowest

water contact angle value of the treated glass in the presence
of ODTS was obtained at an ODTS concentration of 0.5%, with
a WCA of 99° and continues to increase until it reaches the
ultrahydrophobic surface at an ODTS concentration of 1.5%
with a WCA of 146°. In opposite, the SA values of the treated
glass are decreased with increasing the ODTS concentration.
The lower SA value indicated the dynamically ultrahydrophobic
surface that can be used for the water-repellent or self-cleaning
surface application.[26]

2.4. Chemical Composition of Coating Surface

Figure 4(a-b) shows a typical EDS spectra of the TiO2 coated
glass (TNC) and TiO2/ODTS coated glass (TNC@O15). As shown
in Figure 4a, the EDS spectra of the TNC shows a high intensity
of Ti and O spectrum. The element of Si, Na, Mg Al and Ca are
originates from the sodalime glass slide. However, after the
TiO2-coated glass being modified with ODTS, the high intensity
of Si and C elements were detected, followed by a decrease of
Ti and O elements. This result confirms that the ODTS
molecules have been successfully grafted onto the TiO2 layer
(Figure 4b).

2.5. FTIR Analysis

FTIR characterization was used to confirm the presence of
ODTS and its interactions on the surface of the TiO2-coated
glass after chemical modification. Figure 5 shows the FTIR
spectrum of TiO2 coated glass (TNC) and TiO2/ODTS coated
glass (TNC@O15) in the range of 4000–400 cm@1. The spectra of
TNC shows a wide absorption band at 900–950 cm@1, which is
attributed to the Si-O@Ti stretching vibration (Figure 5a). This
result confirms that TiO2 film was coated on the surface of
sodalime glass.[27,28] After the TiO2 coated glass being modified
with ODTS, a new absorption band was observed at 1025 cm@1,
which is assigned to asymmetric Si-O@Si stretching vibration

Figure 3. Schematic illustration for ODTS grafting on the TiO2 coated glass.

Table 1. The static water and sliding angle of the sample with different
ODTS concentration

Sample ODTS concentration
(%, v/v)

WCA (°) SA(°)
Glass slide 0 53 45
TNC 0 65 >50
TNC@O5 0.5 99[a] 13
TNC@O1 1 103 8
TNC@O15 1.5 146 7

TNC@O15 means that concentration of ODTS=1.5%. [a] water droplet did
not remain constant

Figure 4. EDS spectrum of (a) TNC and (b) TNC@O-15. Figure 5. FTIR spectra of (a) TNC and (b) TNC@O15.
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(Figure 5b). This absorption band occurs as a result of the
cross-linked interaction of ODTS on the ultrahydrophobic
glass.[27,29] In addition, the absorption band at around 908 cm@1,
which is observed in the spectrum of TNC@O15, is assigned to
the stretching vibration of Si-O@Ti. This result can be attributed
to the interaction between Si-OH groups found in the head of
ODTS with the Ti-OH group from the condensed TiO2 layer,
forming Si-O@Ti interaction by releasing water molecules.[30,31]

The absorption bands at about 2911 cm@1 and 2850 cm@1,
which is only observed in the TNC@O15, are attributed to
asymmetrical and symmetrical (C@H) stretching vibrations,
respectively (Figure 5b).[13,31,32] This absorption band confirms
the presence of long chain alkyl groups from ODTS
compounds.[31,32] Besides, the FTIR spectra of TNC and TNC@O15
show absorption band at 773 correspondings to Si-O@Si
symmetric stretching vibration of sodalime glass.[33]

2.6. Wettability

It has been demonstrated that the wettability of solid surface
not only involves surface roughness, but also relates to the
modification with low-surface-energy material.[12] In the present
case, the deposition of TiO2 films on the glass surface could
provide the surface topography for the ultrahydrophobicity.
However, nanostructured TiO2 itself is a hydrophilic material
(WCA < 90°).[34] To reduce the surface energy, the hydrophilic
TiO2-coated glass (TNC) was treated with low-surface-energy
ODTS by the dipping method. Figure 6 shows the images of
static water drops on the untreated glass, TiO2 coating before
and after ODTS modification, respectively. Both the untreated
glass and the TNC display hydrophilic nature (Figure 6a and b),
and the treated glass slide with monolayer ODTS of 1.5% (O-
15) shows the hydrophobic property with a WCA of 117°
(Figure 6c). However, the TiO2-coated glass slide with subse-
quent hydrophobic treatment presents remarkably increased
ultrahydrophobicity with a static water contact angle as high as
146° (Figure 6d). In conclusion, with the combination of TiO2

films creating high surface roughness and the ODTS monolayer
lowering the surface energy, a large amount of air is trapped
into the interspaces or cavities of the ultrahydrophobic glass,
and the water droplet is primarily connected with the trapped
air.[10,35] Therefore, the treated glass cannot be wetted by a
water droplet and presents ultrahydrophobicity.

2.7. Self-Cleaning Property

In order to evaluate the self-cleaning property of the as-
prepared ultrahydrophobic surface, we spread carbon particles
(64 mesh) as dust onto the surface. Figure 7 displays the
process of the self-cleaning effect of the untreated glass and
TNC@O15, which was recorded by a digital camera. The carbon
particles were placed on the surface of ultrahydrophobic glass
(TNC@O15), and the contaminated surface was then rinsed with
water. As shown in Figure 7a–d, the carbon particles on the
surface of TNC@O15 were easily removed by rolling of water
droplets, resulting in a spotless surface. However, the carbon
particles on the untreated glass were tremendously difficult to
clean in a similar procedure (Figure 7e–h). Besides, the self-
cleaning ability of ultrahydrophobic glass against refined sands
as a real contaminant was also evaluated (Figure S1). The
surface of the as-prepared ultrahydrophobic glass (TNC@O15),
as expected, was able to completely removed the refined sands
after rinsing with water. Therefore, it can be concluded that the
ultrahydrophobic surface can protect glass substrate from the
dust accumulation in practical applications.

3. Conclusions

In summary, a facile and straightforward method was succes-
fully developed to fabricate transparent ultrahydrophobic coat-
ings through depositing TiO2 film on glass substrate, followed
by low thermal annealing and surface modification with ODTS.
The stable and transparent TiO2 layer that synthesized through
the peroxo sol-gel method, was able to increase the surface
roughness for trapping air. Meanwhile, the ODTS monolayer
with concentration of 1.5% (v/v) was able to decrease the
surface energy of the roughened surface producing transparent
ultrahydrophobic glass with WCA of 146° and SA of 7°, which
also showed excellent self-cleaning performance compared to
untreated glass. Moreover, this facile method not only offering

Figure 6. Images of water droplets on (a) untreated glass, (b) TNC, (c) O-15
and (d) TNC@O15.

Figure 7. Self-cleaning phenomena of the (a-d) TNC@O15 and (e-h) untreated
glass.
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an effective strategy but also promising large scale applications
for manufacturing ultrahydrophobic surfaces in both industrial
and scientific fields.

Supporting Information Summary

Experimental procedures and additional data are provided in
the Supporting Information.
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