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1. Introduction

The efficiency of photovoltaic (PV) solar cells is strongly
influenced by the amount of light that reaches the active
semiconductor layer. One of the most effective strategies
to reduce reflection losses and enhance light absorption is
the application of anti-reflective (AR) coatings. Silica
(SiO3) has been widely employed for this purpose due to
its low refractive index, high chemical stability, and
optical transparency. However, silica coatings prepared by
sol-gel methods often suffer from inherent brittleness and
susceptibility to moisture absorption, which can degrade
their long-term performance. To address these limitations,
researchers have explored the incorporation of polymers
with hydrophobic and flexible properties.
Polydimethylsiloxane (PDMS) is particularly attractive
because of its low refractive index (~1.4), high
transparency in the UV-visible range, and ability to form
strong covalent bonds with glass substrates. Moreover,
PDMS introduces hydrophobic methyl groups into the
coating structure, which can significantly reduce water
adsorption and improve self-cleaning behavior. This study
investigates the effect of PDMS on silica coatings prepared
by the sol-gel method, focusing on both optical and
surface properties.

2. Methods
Two approaches were adopted for PDMS incorporation:

1. Method s-h: PDMS was added directly into the
silica sol before dip-coating.

2. Method s-a: PDMS was deposited onto pre-
formed silica coatings by immersion in a
hydrophobic solution.

The coatings were prepared using dip-coating at a
withdrawal speed of 25 mm/min, followed by multi-step
thermal treatment up to 350 °C to ensure structural
stabilization. The samples were characterized using:

e UV-Vis spectroscopy to measure optical
transmittance.

e FT-IR spectroscopy to identify chemical groups
and bonding.

e Scanning electron microscopy (SEM) to
observe morphology and particle size.

e Contact angle measurements to evaluate
surface hydrophobicity.

3. Results

The optical measurements revealed that both s-h and s-a
coatings achieved approximately 93% transmittance,
compared to 90% for uncoated glass. This improvement
demonstrates the effectiveness of PDMS in reducing the
refractive index mismatch and enhancing light
transmission. FT-IR spectra confirmed the presence of Si—
CH; groups, indicating successful incorporation of PDMS.
The s-a samples exhibited reduced hydroxyl groups and
lower water absorption compared to s-h, highlighting the
advantage of direct deposition in minimizing surface
hydrophilicity.

SEM analysis showed in Fig.1 distinct differences in
morphology:

e s-h coatings contained larger particles (~30 nm)
with more uniform distribution.

e s-a coatings exhibited smaller particles (~15 nm)
but with surface heterogeneity and visible spots
due to incomplete thermal treatment after PDMS
deposition.

Contact angle measurements in Fig 2 demonstrated a
significant increase in hydrophobicity. While bare glass
showed a contact angle of ~25°, PDMS-modified coatings
reached ~95°, confirming excellent water repellency.
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Figure 1: Microscopic images of silica coatings containing polydimethylsiloxane (a) s-a coating, (b) s-h coating
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Figure 2: Contact angle of a) uncoated glass, b) with silica coating containing polydimethylsiloxane

4. Discussion

The results suggest that PDMS plays a dual role in silica
coatings. First, it chemically interacts with hydroxyl
groups on silica particles, forming strong Si—O-Si bonds
that enhance mechanical stability. Second, it introduces
hydrophobic methyl groups, which reduce water
adsorption and improve self-cleaning properties. The s-h
method provided more uniform coatings with better
structural integrity, while the s-a method offered superior
hydrophobicity but at the expense of surface uniformity.
These findings highlight the importance of optimizing the
PDMS incorporation strategy depending on the desired
balance between optical performance and surface
properties. Although both coatings have performed their
role well.

5. Conclusion

Incorporating PDMS into silica coatings via sol-gel
processing significantly improves both optical and surface
characteristics. The coatings achieved high transmittance
(~93%), excellent hydrophobicity (95° contact angle), and
reduced moisture absorption. The s-h method is
advantageous for producing uniform coatings with strong
covalent bonding, whereas the s-a method enhances
hydrophobicity. Overall, PDMS-modified silica coatings
represent a promising solution for durable, self-cleaning,
and high-performance anti-reflective  layers in
photovoltaic applications. The approach can potentially be
extended to other optical devices where transparency,
mechanical stability, and resistance to environmental
degradation are critical.
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Effect of Polydimethylsiloxane (PDMS) on Silica Coating Produced by Sol-gel Method
Najme lari Shahrokh Ahangarani

Abstract To reduce light reflection and enhance the efficiency of solar cells, silica coatings are commonly applied to
glass surfaces. However, the inherent brittleness of these coatings can limit their mechanical performance. In this study,
polydimethylsiloxane (PDMS), a flexible polymer with hydrophobic properties, was investigated to improve both
mechanical and surface characteristics of the coatings. Two approaches were evaluated: incorporating PDMS during
the cell fabrication process, and directly depositing it onto the silica coating. The performance of the samples was
assessed using UV-Visible transmission spectroscopy, Fourier-transform infrared spectroscopy (FT-IR), scanning
electron microscopy (SEM), and contact angle measurement using deionized water droplets. The results showed that both
types of coatings exhibited approximately 93% light transmittance, which is a significant improvement compared to
uncoated glass (90%). Additionally, the contact angle of water droplets on the coated surface was measured at 95°,
indicating excellent hydrophobicity. This property is attributed to the presence of PDMS, suggesting that moisture
absorption over time will be minimized and the optical performance of the coating will remain stable.

Keywords Anti-reflective coating, Hydrophobicity, Silica, Polydimethylsiloxane, Sol-gel.
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