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Fluorinated POSS (Polyhedral oligomeric silsesquioxanes) was blended with PVDF (poly (vinylidene 

fluoride)/TiO2 (titanium dioxide) composite by stirring for overnight and the resultant solution was 

electrospun to obtain POSS/PVDF/TiO2 micron- and nanofibers with self-cleaning capacity. The coatings 

were deposited on a fluorosilane-treated glass substrate and it showed both hydrophobicity and 

photocatalytic activity. The morphology of the fabricated coating was analysed using scanning electron 10 

microscopy and atomic force microscopy. The optical property of the coating was studied using UV-

visible spectroscopy, which gave around 65-70% transmittance with just 2% of POSS inclusion.  

Membrane stability on the substrate was checked with nano-scratch test. The Nano-scratch test indicates 

that the tip of the nano-indenter was unable to percolate through the membrane; rather it just ploughs 

around its surface, revealing the adhesion of coatings and mechanical stability. The Contact angle 15 

measurements showed a value of 135.5° for the F-POSS/PVDF/TiO2 coating, thus showing its 

hydrophobic nature. The photocatalytic effect of the membrane was checked with respect to the 

degradation of methyl orange dye under UV exposure. The surface roughness calculated from the AFM 

measurements showed that the inclusion of POSS into the nanofibers enhanced the surface roughness. We 

anticipate that the thermally and mechanically stable coating may find immense applications in many real 20 

areas like water-purification, window panels, glass modules for photovoltaic devices, etc. 

Introduction 

Self-Cleaning coatings, a remarkable idea of biomimicing the 

Nature finds immense applications1-9 in corrosion resistance, oil 

repellence, anti-icing, anti-bacterial, window panels, water-25 

purification, glass modules for solar panels, textiles etc. Several 

effects are designed from the natural complexity present in wings 

of butterflies,10 lotus leaf,11,12 water strider legs,13cicada wings,14 

gecko feet,15 etc. Generally, the self-cleaning coatings are 

categorized into super-hydrophilic16-20 and super-hydrophobic21-
30 

31. The former shows a cleansing action by the rolling of water 

droplets that carries away the dirt particles, while the latter clean 

surfaces by the photocatalytic degradation32-36 process and 

sheeting of water. The wettability of the coating depends upon 

the surface roughness and surface energy.37,38 Many polymers are 35 

available in Nature that are hydrophobic, which after surface 

modification changes into superhydrophobic materials. Among 

them fluorinated polymers are of great interest because of their 

inherent superhydrophobicity owing to low surface energy and 

high roughness.39-42 POSS (Polyhedral Oligomeric 40 

Silsesquioxane) has a general structure of  [RSi]n[Ol.5]n where R 

represents the organic substituents and Si and O refers to silicon 

and oxygen groups. The R group imparts the organic behaviour 

whereas O-Si linkages impart the inorganic character to the 

POSS. Different structure of Silsesquioxane can be seen such as 45 

ladder, random, cage or partial cage structures,43,44 among which 

the cage structure is of great interest. The presence of silica cages 

make them thermally stable. The organic groups present on the 

external cage structure make them miscible or compatible with 

many organic solvents/polymers thereby facilitating 50 

functionality.45 Several POSS-polymer blends can be synthesized 

which have salient characteristics like high mechanical resistance, 

enhanced glass-transition temperature, high mechanical strength 

etc., that make them a potential candidate in various fields like 

biological, aerospace, electronics applications, etc.46-50 Even 55 

though several synthesizing techniques are available for 

fabricating self-cleaning coatings such as spin-coating,51 spray 

deposition,52 dip-coating,53 etc., they face limitations like 

difficulty in controlling the thickness of the coating deposited. 

Electrospinning technique is a versatile technique which can be 60 

used to fabricate continuous polymeric nanofibers54-57 with 

controlled orientation of fibers58-60 and enhanced roughness.61   

 Various coatings with hydrophobic materials have been 

reported in plenty, but the coatings showing both hydrophobic 

and photocatalytic behavior are rarely there. In this work, we 65 

made an attempt to fabricate ‘a hydrophobic and photocatalytic 

coating’ using the F-POSS/PVDF/TiO2 composite. 

Electrospinning the above materials’ combination on a substrate 

resulted in a coating (consisting of beaded fibers) with enhanced 

roughness.  The thickness of the coating has been optimized for 70 

transparency and the coating has been characterized for its 
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Fig. 1. Chemical structure of F-POSS (FP8).23 

wettability, thermal and mechanical stability, roughness and 

morphology, etc. 

Materials and Methods 5 

(a) Materials 

Titanium (IV) isopropoxide (TiP, 99.99%, Aldrich, USA), Poly 

(vinylidene fluoride) (PVDF, Average Mw~ 534,000 by GPC 

powder) was purchased from Sigma Aldrich, USA. N,N-

dimethylformamide (anhydrous, 99.8%), methanol (99.8%) and 10 

tetrahydrofuran (THF, anhydrous, ~ 99.9%, inhibitor free) were 

purchased from Sigma Aldrich, Germany. Fluorinated polyhedral 

oligomeric silsesquioxanes (F-POSS, FP8) was gifted by IMRE, 

Singapore. (Tridecafluoro-1,1,2,2-tetrahydrooctyl)-1-

trichlorosilane was from Alfa Aesar, UK (97%). Glycerol (98% 15 

purified) and ethylene glycol (for synthesis grade) were 

purchased from MERCK, Germany. Titanium dioxide (TiO2 P25, 

AeroxideR) was purchased from Degussa, Germany. Microsope 

slides (26 x 76mm, 1mm-1.2mm thick) were purchased from 

Labtech Medico (P) Ltd. Scotch tape was a product of Magic tape 20 

with 12 mm x 4m). Isopropyl alcohol (99%), methyl Orange 

powder (indicators) and Malachite Green (fast green/light green) 

were purchased from Nice Chemicals, India. 

(b) Solution and substrate preparation 

A series of cleaning process were done to make the glass slides 25 

clean else will affect the transparency once the coating is 

deposited. The glass slides were cleaned by ultrasonicating them 

in deionized water, soap solution, isopropyl alcohol and 

methanol, each for approximately 15 minutes, respectively. The 

cleaned glasses were then dried using the oven for about 1 h at 60 30 

°C. The dried glass slides were treated with 30 µL of fluorosilane 

to improve the adhesion between the glass substrates and the F-

POSS. before electrospinning About 1.1 g PVDF was taken in a 

Borosil beaker and was dissolved in a mixture of 5 mL DMF and  

(c) Electrospinning 35 

 
Fig. 2. Front view of the electrospinning set-up used. 

5mL THF. Into the above solution, 2 wt.% F-POSS (22 mg) and 

1 wt.% TiO2 (11 mg) were added and the resultant solution was 

stirred overnight. While stirring overnight, the Borosil beaker was 40 

covered with a parafilm so as to avoid the entry of any moisture.  

The structure of POSS (FP8) used is given in Fig. 1. The above 

composition is an optimized one after a series of tests on 

spinnability. The resultant POSS/PVDF/TiO2 solution was 

poured into a 10 mL syringe and was then loaded into 45 

electrospinning machine (IME Technologies, The Netherlands). 

A static collector was used to collect the random fibers on the 

cleaned glasses mounted on it. A voltage of 25 kV was applied at 

the tip of the needle syringe with a flow rate of 0.1 mL/h. 

Temperature and humidity of the chamber were set to ~ 25 °C 50 

and ~ 50%, respectively. The distance between the needle-tip 

(26G ½) and the collector was set to 15cm. The electrospinning 

of the precursor solution was done for 1-2 min to obtain a 

transparent coating on the glass substrate, which was then 

warmed at 60 °C for 30 min so as to remove the solvent residues. 55 

The electrospinning setup is shown in Fig. 2. The fibres on the 

glass substrate were then stored in a well-maintained desiccator 

to avoid any contamination. Also the fibers were deposited 

thickly on aluminium (Al) foil for more than 4 h so that we can 

take out the film from the Al foil and analyse for various 60 

characterizations like Nanoidendation study, photocatalysis 

study, etc.  

Instrumentation and Characterization 

Morphology of the fibre samples were obtained using Scanning 

Electron Microscopy (SEM) (JEOL JSM 6490 LA). Sample 65 

preparation for SEM involved sputtering of a gold layer on the 

as-spun POSS/PVDF/TiO2 fibres so as to make it conductive. For 

the identification of the components in the fabricated coating, 

energy dispersive X-ray spectroscopy (EDS, FEI Quanta 200) 

was carried out. Using a surface Profilometer (Veeco, Dektak 70 

150), the thickness of the coating was measured. Atomic Force 

Microscopy (AFM, JEOL SPM 5200) measurements were done 

to evaluate the roughness and topology of the fabricated coating. 

The optical properties of the coating were analysed using a UV-

VIS-NIR Spectrometer (PerkinElmer, Lambda 750). Wettability  75 
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Fig. 3 (a and b) High and low magnification SEM images of the as-spun 

POSS/PVDF/TiO2 coating  

property of the coating was analysed using a contact angle 

measuring set-up (Digidrop MCAT, France). To check the 5 

mechanical stability of the coating with the glass substrate, 

Scratch test was carried out using a Nanoindentation set-up 

(Hysitron Tribo Indenter 950. The photocatalytic activity of the 

TiO2 in the POSS/PVDF/TiO2 coating was confirmed by 

performing the photocatalytic degradation of methyl orange 10 

under ultraviolet  radiation at different time intervals.   

Results and discussion 

The surface morphology of the as-spun POSS/PVDF/TiO2 

coating can be seen in Fig. (3a and 3b), respectively. It is 

observed that the as-fabricated coating consists of a combination 15 

of nanofibers interfaced with micro fibers, where the latter was 

lower in number compared to the former. The fibres have an 

average diameter of 267 nm with 1 wt.% and 2 wt.% inclusion of 

TiO2 and POSS, respectively. Such a higher fiber diameter is 

affected by factors like concentration,62,63 viscosity and surface 20 

tension of the precursors in the solution used for electrospinning. 

The as-spun fibers had beaded structures. Nevertheless beaded 

fibers for self-cleaning applications have been reported earlier64-

67. The presence of the constituent elements comprising the 

coating was confirmed using EDS measurement as seen in Fig. 4. 25 

Similarly the presence of POSS was confirmed with the presence 

of S, Si, O, C and F in the coating. To analyze the roughness and 

topology of the coating material, AFM measurements were done 

for 10 µm2 area.  Comparing the roughness of the control sample 

(without POSS), the POSS/PVDF/TiO2 sample had more 30 

roughness as seen in Table 1, which may be attributed by the 

inclusion of POSS into the coating material. Also the samples had 

sufficient roughness due to the electrospinning technique. The 

topology of the POSS/PVDF/TiO2 sample and the control sample 

can be seen from Fig. 5. 35 

 The wettability of the coating was tested using the contact 

angle measurement. 3 µL drop of DI water was made to contact 

the surface using a static mode of contact angle measurement. 

The triangular curve was drawn at the periphery of the water 

droplet sitting on the sample surface so as to get the equilibrium 40 

angle at the three phases - the liquid, vapour and the solid. 

Several trials were carried out in different parts of the 

POSS/PVDF/TiO2 surface as well as for the control sample 

(without POSS) and the average contact angle was calculated out 

of five measurements. An average water contact angle of 135.5° 45 

and 129.40° was recorded for the sample with and without POSS, 

respectively. The increment in water contact angle is due to the 

inclusion of POSS in the coating which lowered the surface  

 
Fig.4 EDS spectra of POSS/PVDF/TiO2 with 1 wt. % TiO2 and 2 wt.% 50 

POSS added to 1.1g of PVDF sample. 

energy and enhanced the roughness of the material. Ganesh et 

al.23 has already proven that inclusion of fluorinated POSS in the 

coating material enhances the Water contact angle. But here only 

a slight increment is observed as we have added only just 2wt.% 55 

of POSS into the coating material. The optical image of the 

sessile water drop for contact angle measurement can be seen in 

Fig. 6.  

 To check whether the surface is photocatalytic in nature, 

degradation of methyl orange dye under ultraviolet radiation was 60 

done. The presence of TiO2 makes the surface photocatalytic in 

Table 1.  Roughness parameters obtained from AFM measurement. 

Sample Ra (µm) Rq (µm) Rz (µm) 

POSS/PVDF/TiO2 0.720 0.841 4.51 

PVDF/TiO2 

(Control) 
0.446 0.548 3.39 

 

 
Fig. 5 (a and b) 2-D and 3-D AFM image of the POSS/PVDF/TiO2 65 

coating sample, (c and d) 2-D and 3-D AFM image of the PVDF/TiO2 

(control) sample. For both the samples the AFM analysis was done for an 

area of 10 µm2. 
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Fig.6 (a and b). The optical image taken while the water drop comes into 

contact to the surface with POSS and without POSS, respectively. 

 

nature. POSS/PVDF/TiO2 coating deposited on the aluminium 5 

foil was taken and kept on a neat tissue paper on one side and on 

the other side, the coating of the control sample (without TiO2) 

deposited on aluminium foil was taken out and just placed in a  

glass slide. The latter was done as the coating was lighter 

compared to the former, because of which it required any support 10 

while keeping in a plane surface. Both the coating material taken 

for the photocatalysis was of the same thickness. 1 mM solution 

of methyl orange dye in water was prepared and using the 

micropipette, a drop of the solution was kept on both the surfaces 

(surface with and without TiO2). As both the surfaces had PVDF, 15 

the liquid drop was seen in a spherical shape. UV illumination 

was done on both the surfaces at a series of interval time (15 min, 

30 min, 40 min, 50 min and 55 min) and for each speculated time, 

the photograph was taken as seen in Fig. 7. It was seen that by 

gradual exposure of the sample with TiO2 to the ultraviolet 20 

radiation, the dye was decomposed by TiO2 and nearly 

disappeared after 55 min. In the last photograph as seen in Fig. 

7e, there was only a scar left behind. The reason is that the dye 

was added beyond the adsorption limit of the coating surface and 

also only 1 wt.% of TiO2 was present in the coating to degrade 25 

the dye. 

 To check the membrane stability and the adhesiveness of the 

fabricated coating with the glass substrate, Nano-scratch test with 

30 mN ramp load scratch using Hysitron Nano indenter was 

performed. A thicker film of 3.5 µm was deposited on the glass 30 

substrate to check the adhesiveness on a large scale. The scratch 

test was done at four different locations on each of the sample.  

High load transducer head equipped with conospherical probe 

was used for the experiment. The scratch length was 25 µm. It 

was observed that even though a higher ramping load of 30 mN 35 

was applied using the conospherical probe, the probe was unable 

to percolate through the coating. This is because the coating 

deposited was highly mechanically stable that it resisted any kind 

of foreign force to enter into the surface. As a result, the probe 

was just ploughing on the coating surface. Plots of Lateral force 40 

versus Normal force as seen in Fig. 8b was plotted and compared 

for both the surfaces with and without POSS. It was observed that  

 
Fig. 7  The photographs showing the status of the methyl orange dye on 

the surfaces with (left column) and without TiO2 (right column) upon 45 

ultraviolet illumination for a) 15 min, b) 30 min, c) 40 min, d) 50 min and 

e) 55 min.  

 
Fig. 8 a) Friction Profile of samples with and without POSS, being compared, b) The plot of lateral force versus normal force for samples with and 

without POSS which is being compared. In the figure, BASE indicates the control sample PVDF/TiO2 (without POSS) and POSS indicates the main 50 

sample (POSS/PVDF/TiO2). For both the plots (a and b), the scratch test was performed on four different sample locations. 
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there was no delamination point even though a higher force of 30 

mN ramp load was applied. Also a higher force resisting capacity 

was seen for POSS/PVDF/TiO2 surfaces compared to the 

PVDF/TiO2 surfaces. This is because of the fact that inclusion of 

POSS enhances the mechanical resistance. Also the plots of 5 

friction versus time was plotted and compared for both the 

samples (Fig. 8a) (with and without POSS). It was seen that there 

was no distinct changes in the friction profile as no delamination 

occurred even after applying a higher ramp load of 30 mN. In the 

Fig. 8 (a and b), base indicates the control sample (PVDF/TiO2) 10 

and POSS indicate the main sample (POSS/PVDF/TiO2). The 

scratch test was performed on four different sample locations. We 

believe that fluorinated silane pre-treatment of the glass substrate 

might have helped in the firm attachment of the 

POSS/PVDF/TiO2 composite coating on the glass. However, we 15 

have also found previously that direct electrospinning of the 

polymers (POSS/PVDF) and metal oxides (TiO2) on glass 

substrates can also create respective stable coatings on 

substrates.23,68  

 The optical property of the fabricated POSS/PVDF/TiO2 20 

coating on glass substrate was analysed using UV-VIS-NIR 

spectrometer which scanned over a wavelength from 400 nm to 

1000 nm. The transmittance plot for the plane glass was 

compared with the glass containing POSS/PVDF/TiO2 coating 

(Fig. 9a). The plane glass showed a transmittance value of ~90%, 25 

whereas the glass coated with POSS/PVDF/TiO2 showed a 

transmittance value of nearly 70%. In the literature, it is been 

reported that inclusion of 15 wt.% of FP8 fluoroPOSS23 into the 

coating surface gives a transmittance value of 86%. But in our 

work, we have just used 2 wt.% of POSS and obtained an 30 

appreciable result. The decrement pattern of transmittance was 

observed from 900 nm to 400 nm. Similar patterns have been 

observed in literature too.69-71 The reason may be due to the high 

roughness of the material used in the coating which increases 

hydrophobicity and thus decreases transmittance.  Also as TiO2 is 35 

added into the coating material, there will be an absorption peak 

arising in the UV-band edge. This may be also a reason 

contributing to the decreasing transmittance pattern. Even though 

the obtained transmittance was considerably low, physically the 

transparency was not much affected as seen in Fig. 11b. The 40 

letters in the newspaper can be seen through the glass bearing the 

coating (POSS/PVDF/TiO2). Also the hydrophobicity of the 

coating is shown with water, glycerol (orange in colour) and 

ethylene glycol (dark blue) droplets sitting on the coating surface 

with minimal contact. 45 

Conclusions 

In summary, we have attempted to fabricate a self-cleaning 

coating with hydrophobicity and photocatalytic property using 

POSS/PVDF/TiO2 composite. The coating fabricated was 

thermally and mechanically stable and robust. The 50 

characterization techniques like nanoidendation test, AFM, SEM, 

EDS and UV-visible spectroscopy were carried out to check the 

coating’ functionalities. The methylene orange dye degradation 

under ultraviolet radiation confirmed the photocatalytic property 

of the coating induced by TiO2. The contact angle measurement 55 

was carried out to confirm the hydrophobic nature of the coating 

with a water contact angle of 135.5°. Multifunctional coatings are 

a new area which can be explored extensively for applications 

such as for solar glass modules (self-cleaning and anti-reflective), 

anti-corrosion, anti-icing, etc. 60 

 

 
Fig. 9 a) Comparison of Transmittance plot for plane glass and glass with 

POSS/PVDF/TiO2 coating, b) The transmittance of the glass bearing the 

POSS/PVDF/TiO2 coating illustrated by placing the coated glass on a 65 

newspaper. The hydrophobic nature of the coating also seen through the 

droplets of water (colourless), glycerol (orange colour due to methylene 

orange dye) and ethylene glycol (darkish blue due to the addition of 

malachite green dye) which sits on the coating surface with minimal 

contact. 70 
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