
Plasma-enhanced chemical vapor deposition (PECVD) offers a rapid, single-step, 
and solvent-free approach for the fabrication of functional nanostructured surfaces. 
Unlike conventional multi-step coating methods, PECVD enables the direct formation 
of SiOₓ nanoparticle-based coatings without lengthy processing procedures. In this 
study, SiOₓ nanoparticle surfaces were deposited using hexamethyldisiloxane 
(HMDSO) and oxygen plasma under controlled conditions. The influence of precursor 
composition on nanoparticle formation and surface properties was investigated. The 
resulting coatings were characterized using spectroscopic and morphological 
techniques to evaluate their chemical structure and surface characteristics, 
demonstrating the potential of PECVD for the fabrication of hydrophobic SiOₓ 
nanostructured surfaces with tunable properties [1-3].
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This study investigates the formation of hydrophobic SiOₓ nanoparticle surfaces using HMDSO/O₂-based RF-PECVD. The effect of different HMDSO/O₂ flow ratios on nanoparticle 
formation, surface morphology, and wettability was systematically examined. FTIR and SEM analyses confirmed that gas composition strongly influenced the formation and 
distribution of nanoscale particulate structures. Under optimized deposition conditions, a water contact angle exceeding 140° was achieved, demonstrating highly hydrophobic 
surface behavior. These results highlight the potential of PECVD as a controllable and solvent-free approach for fabricating functional SiOₓ nanoparticle-based surfaces.
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Fig. 2. (a) Schematic representation of vacuum system used for vapor 
deposition processes, (b) Chemicals Used.

SiOx nanoparticles were deposited using a capacitively 
coupled RF-PECVD system. HMDSO and O₂ were introduced 
into the reactor at a constant total flow rate of 50 sccm. Three 
different precursor-to-oxygen flow ratios were investigated while 
maintaining all other deposition parameters constant.
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Fig. 4. SEM images of SiOx nanoparticle coatings (M2) obtained at a 
HMDSO/O2 ratio 25/25 (a-c) and the corresponding coated 

nanoparticles (d).

SEM images demonstrate the formation of highly agglomerated and 
porous SiOₓ nanoparticle clusters at the HMDSO/O₂ ratio of 25/25. The 
particles exhibit an irregular morphology with agglomerate sizes of 
approximately 140–170 nm. The balanced precursor-to-oxygen ratio 
appears to promote efficient nanoparticle formation and surface 
deposition.
 Figure (d) shows the downstream region of the reactor after the 
deposition process. The visible accumulation of deposited material on the 
glass substrates indicates that the SiOₓ nanoparticles generated in the 
plasma region were transported downstream by the gas flow and 
subsequently deposited onto the substrate surfaces.

Fig 6. Static water contact angle profiles demonstrating the influence of 
Bare Glass (a), M1(b), M2 (c) and M3 (d).
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Fig. 3. FTIR spectra of the (a) HMDSO monomer, (b) M3, (c) M2 
and (d) M1 nanoparticles.
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fig. 3 presents the FT-IR spectra of the monomer used (HMDSO) and the 
nanoparticles synthesized at three different HMDSO/O₂ flow-rate ratios. 
Similar characteristic bands were observed in the FT-IR spectra of the 
nanoparticles synthesized under all three operating conditions. The band 
around 3600 cm⁻¹ is attributed to the O–H stretching vibration of free Si–OH 
groups. The bands in the 2900–3000 cm⁻¹ region correspond to the 
asymmetric and symmetric C–H stretching vibrations of Si–CH₃ groups. In 
addition, the band around 1200 cm⁻¹ is associated with Si=O vibrations, while 
the bands at approximately 1074 and 830 cm⁻¹ are assigned to Si–O–Si 
stretching and bending vibrations, respectively. The band around 1260 cm⁻¹ is 
attributed to the stretching vibration of Si(CH₃)ₓ groups [1].
 When the samples are compared, an increase in the relative intensity of 
the Si–O–Si-related bands is observed with increasing O₂ flow rate. This can 
be attributed to the enhanced oxidation of HMDSO in the plasma environment 
through its interaction with oxygen species, promoting the formation of Si–O–
Si bonds. The formation of the O–H stretching band can also be associated 
with oxygen-containing species generated in the plasma and hydroxyl groups 
present on the nanoparticle surfaces. Overall, the FT-IR results indicate that 
the HMDSO/O₂ flow-rate ratio significantly influences the chemical structure 
of the synthesized nanoparticles, particularly the relative contributions of Si–
O–Si, Si–OH, and Si–CH₃ groups.
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Fig. 5. Surface nanoparticle density of the samples (a)Bare
glass, (b) M3, (c) M2 and (d) M1.

Conclusion

The FT-IR, SEM, and water contact angle results collectively demonstrate the
influence of the HMDSO/O₂ flow ratio on the chemical structure, surface
morphology, and wettability of the deposited SiOₓ nanoparticles. As the O₂
flow rate decreased from 35 to 15 sccm, the water contact angle increased
from 143.5° (M1) to 147.4° (M2) and 154.2° (M3), indicating an enhancement
in surface hydrophobicity. This behavior can be associated with changes in
the relative contributions of Si–CH₃ and Si–O–Si groups, as supported by the
FTIR results. Meanwhile, the SEM images revealed highly agglomerated and
porous nanoparticle structures, which can increase surface roughness and
further contribute to the observed hydrophobic behavior. Overall, increasing
the HMDSO content and decreasing the O₂ flow rate favored the formation of
highly hydrophobic SiOₓ nanoparticle-coated surfaces, with M3 exhibiting
the highest water contact angle (154.2°).

The deposition of SiOₓ nanoparticles significantly increased the water
contact angle from 46.64° for bare glass to 143.5°, 147.4°, and 154.2° for M1,
M2, and M3, respectively.
The increase in water contact angle from bare glass to the SiOₓ nanoparticle-
coated surfaces can be attributed to the formation of a rough, highly
agglomerated nanoparticle structure and the presence of Si–CH₃ and Si-O-
Si groups.

Fig. 1. Schematic representation of the transition from bare glass to
a hydrophobic SiOₓ nanoparticle-coated surface.
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