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A B S T R A C T

Organosilica hybrid films and fluorinated organosilica hybrid films have been successfully deposited using at-
mospheric plasma deposition. Different precursors, which incorporates epoxy groups in their molecules, were
used to obtain connected structures with tunable chemistry and connectivity. The study demonstrated the
capability of tuning the chemical composition, connectivity and mechanical properties of organosilica films by
selecting the precursors and operational parameters of the process. The use of (3-glycidiloxypropyl) tri-
methoxysilane (GPTMS) and 2-(3,4-epoxy-cyclohexylethyl) trimethoxysilane (TRIMO) as precursors made pos-
sible the deposition of hybrid films with high organic character, increasing the relative C content up to 20 at%
and 40 at%, respectively, due to the lower fragmentation caused during the deposition by atmospheric plasma.
The obtained structures had higher concentration of symmetric cages than those obtained from precursors
without epoxy groups, which lead to a more compact structure and higher stiffness than conventional organic
films. The combination with a fluorinated molecule also had a strong influence in the resultant structure caused
by the preferential orientation of fluorinated molecules due to the low surface energy of FDTS that causes
migration of fluorinated tails to the film-air interface during the film growth.

1. Introduction

During the last decade, organo-inorganic molecular hybrid mate-
rials has become of interest in many fields due to their properties be-
tween inorganic and organic materials [1]. Unlike conventional nano-
composites which are made of physical mixture of separated phases, the
intimate mixing of the organic and inorganic components in molecular
hybrids at the molecular scale leads to unique properties and func-
tionalities that is not simply a sum of the individual components [2].
Particularly, the advantages of organosilica, in comparison with the
inorganic SiO2, are their light-weights, [3] better adhesive properties to
the organic substrates due to the increasing coating plasticity [4], better
moisture resistance [5], and so on.

In general, silane precursors containing organic functional groups
are used to synthesis the organo-inorganic molecular hybrids. One of
the advantages of these hybrid films is that these precursors can react
with a wide range of substrates, both organic and inorganic.
Additionally, some organic functional groups such as epoxy ring or
vinyl groups can undergo in-situ polymerization reaction to form a

connected organic networks [4], which is possible to increase the
fracture toughness and moisture resistance of the coatings [5].

Traditionally, these coatings have been deposited using the sol-gel
method. However, the coating connectivity is usually low if high pro-
cessing temperature is prohibited [6]. Although there are many pub-
lications using conventional vacuum plasma technologies for making
high quality films with enhanced network connectivity [7,8], the use of
atmospheric plasma deposition to grow functional coatings has an in-
creasing interest [9]. The main advantages of this technology is the
reduction of costs and the higher production throughput [10] due to the
absence of vacuum.

Although post discharge atmospheric plasma has lower deposition
rates, depending on different parameters such as distance between the
substrate and the plasma source and precursors flow, there is a lower
fragmentation of the mentioned precursors as well as the lower damage
induce to the substrate [11]. This lower fragmentation leads to different
reaction mechanisms during the growth of the films, which can result in
different chemical compositions and connectivity [12] but also to
controlled deposition rate and properties.
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In this study, we analyze how chemical composition, molecular
structure and connectivity of hybrid organosilica films deposited by
atmospheric plasma deposition can be controlled and tuned by the se-
lection of different precursors and plasma operative conditions in order
to have customized properties. Three different organic precursors are
used for deposition: trimethoxy(propyl) silane (ETHER), (3-glycidilox-
ypropyl) trimethoxysilane (GPTMS) and 2-(3,4-epoxy-cyclohexylethyl)
trimethoxysilane (TRIMO), whose molecules are shown in Fig. 1. The
aim of using these precursors is the analysis of the influence of epoxide
and cyclohexyl groups into the molecule in deposition and structure of
the hybrid films. Compared to ETHER, both GPTMS and TRIMO have
epoxides which can potentially open and polymerize to form a con-
nected organic network with plasma activations. Moreover, the ring
tension caused by the cyclohexyl group structure present in TRIMO
significantly increases the epoxy ring activity and may increase the
organic network connectivity in the hybrid molecular structure. The
dependence of the films stiffness on the chemical composition and
connectivity was also studied. Additionally, the process was optimized
for the incorporation of fluorinated molecules into the structure of the
organosilica hybrid films. For this purpose, 1H, 1H, 2H, 2H-per-
fluorodecyltriethoxysilane (FDTS) was simultaneously used as pre-
cursor. The influence in chemical composition and connectivity, as well
as in efficiency of the atmospheric plasma deposition, of the in-
corporation of FDTS as secondary precursor was analyzed.

2. Experimental methods

2.1. Films atmospheric deposition

Organosilica films were deposited using an atmospheric 300 W RF
plasma source (Atomflow A500, Surfx Technologies LLC, US). The scan-
ning of substrates was carried out by a linear plasma head and a
scanning stage.

Trimethoxy(propyl) silane (ETHER,> 98%, Sigma Aldrich) was used
as precursor to grow organosilica films. The evaporation was carried
out at 30 °C and the deposition parameters for this precursor are de-
tailed in Table 1.

Two different precursors with epoxy groups were used, (3-

glycidiloxypropyl) trimethoxysilane (GPTMS,> 98%, Sigma Aldrich)
and 2-(3,4-epoxy-cyclohexylethyl) trimethoxysilane (TRIMO,>97%,
Sigma Aldrich). Plasma was created with 20 L/min of Ar, as the primary
gas, and O2, whose flow rate was dependent on the plasma power used
during operation. The precursors were heated up to 120 °C and then
delivered directly after the plasma glow region using a flow rate of
0.3 L/min and a dilution rate of 2 L/min with high purity Ar. The de-
position parameters used in each case are detailed in Table 2.

In order to achieve fluorinated organosilica films, 1H, 1H, 2H, 2H-
perfluorodecyltriethoxysilane (FDTS,> 97%, Sigma Aldrich) was used
as additional precursor. This precursor was delivered and mixed with
the epoxy-based ones, i.e. GPTMS and TRIMO to obtain the G/F and T/
F films, respectively. The evaporation of FDTS was carried out at room
temperature, which was set from calculations of the evaporation rates
for the given gas flow and limits to form good quality coatings, and the
deposition parameters used were the same of G100 and T100, whose
deposition parameters are detailed in Table 2, but with optimized
bubbler (main precursor for network formation) and dilution gas
(FDTS) flows as indicated in Table 2.

Coatings were deposited on standard silicon wafer with
20 × 15 × 0.78 mm3. Silicon substrates were cleaned with isopropanol
and UV-Ozone for 5 min (UVO-Cleaner 144 AX, Jelight Company, Inc.,
USA) prior to deposition.

2.2. Structural characterization

The thickness of deposited films was measured using a surface
profilometer (Veeco Dektak 150, Veeco Instrument Inc., USA).

Atomic contents of Si, C and O of as-prepared coatings were mea-
sured by X-ray photoelectron spectroscopy (XPS, PHI 5000 Versaprobe,
Physical Electronics Inc., USA). An Al-Kα X-ray source (1486 eV) with a
spot size of 1 mm was used in a scanning range from 0 to 1000 eV
(1 eV/step). Before each measurement, surfaces were ion sputtered for
0.5 min (~5nm) in order to remove any surface contaminants.

Fourier-transform Infrared spectroscopy (FTIR) was used to study
chemical bonds in coatings utilizing a Nicolet iS50 FT/IR Spectrometer
(ThermoFisher Scientific Inc., USA). The FTIR spectra were recorded from
650 to 4000 cm−1 with a resolution of 4 cm−1.

Additionally, Atomic Force Microscopy (AFM) was carried out in a
Bruker BioScope Resolve BioAFM (Bruker, USA) in order to evaluate the
surface quality and roughness of the deposited films.

2.3. Mechanical and adhesion properties

Nanoindentation tests were performed to characterize the Young’s
modulus of the coatings deposited on silicon wafers. The tests were
carried out in dynamic mode with a load up to 50 mN and diamond
Berkovich probe in a iNano nanointation equipment from
Nanomechanics Inc. The Young’s modulus of the films were calibrated
using the Oliver Pharr method [13].

(a) (b) (c)

Fig. 1. Precursors for organosilica film atmospheric plasma deposition: (a) trimethoxy(propyl) silane (ETHER), (b) (3-glycidiloxypropyl) trimethoxysilane (GPTMS)
and (c) 2-(3,4-epoxy-cyclohexylethyl) trimethoxysilane (TRIMO).

Table 1
Deposition parameter used in organosilica coatings obtained from ETHER.

Precursor ETHER

E60 E80 E100 E120

Parameter Unit

Primary plasma gas (flow rate) L/min 20.0 20.0 20.0 20.0
Secondary plasma gas (flow rate) L/min 0.08 0.08 0.10 0.15
Plasma power W 60 80 100 120
Bubbler gas flow rate L/min 0.15 0.15 0.15 0.15
Dilution gas flow rate L/min 2.00 2.00 2.00 2.00
Deposition distance mm 7 7 7 7
Linear plasma head speed mm/s 25 25 25 25
Step mm 1 1 1 1

R. Moriche, et al. Applied Surface Science 508 (2020) 145233

2



3. Results and discussion

3.1. Chemical composition and connectivity of organosilica films

3.1.1. Chemical composition
As mentioned above, it has been demonstrated by several authors

that the adhesive properties of organosilica films increases with the
organic content due to the increment of overall coating plasticity con-
tribution to the coating adhesion energy [14]. In order to elucidate how
the selection of a proper precursor can strongly condition the chemical
composition of hybrid films, the atomic percentages of Si, O and C of
the deposited coatings, calculated from the full XPS spectra, are shown
in Fig. 2. It can be seen that using ETHER (E-films) as precursor, re-
sultant films have Si contents around 30 at% (Fig. 2a), O contents
around 70 at% (Fig. 2b) and negligible C contents (Fig. 2c). These va-
lues are nearly independent on the power used during deposition. It is
also important to notice, that the O/Si ratio in these coatings is ~2
(Fig. 3), which is the ratio of the inorganic SiO2 structure, revealing the
inorganic character of the coatings with a dominant SiO2-like structure.

In contrast, if GPTMS (G-films) and TRIMO (T-films) are used as
precursors, the relative amount of Si atoms decreases (Fig. 2a) and the C
content significantly increases in both cases (Fig. 2c), achieving values
of ~20% and ~40%, respectively, when the deposition is carried out
with a plasma power of 60 W. When the power used during deposition
increases, the C/Si ratio of the films strongly diminishes leading to a
major relative concentration of Si and O atoms in the created network
(Fig. 3). This fact makes atomic contents more similar to the ones of the
E-films as the plasma power is higher. Therefore, by increasing the
power, the inorganic character of the coatings increases, obtaining a
structure closer to the one of SiO2. This phenomenon was observed
previously when dipodal silanes were used as the precursors and was

explained by the precursor fragmentation and oxidation under harsh
plasma conditions [15].

Nevertheless, although tendencies are similar, the use of TRIMO as
precursor, related to GPTMS, in atmospheric plasma deposition in-
creases the C content of the organosilica coatings near 100% con-
sidering coatings deposited with the same power. As it has been ex-
plained, the main reasons are the different C contents initially into the
precursors molecules and the lower tendency to fragmentation of the
different precursors, already mentioned, as the cyclohexyl group needs
two cleavages of C-C bonds, which leads to differences in plasma
chemistry and, therefore, in films composition.

Table 2
Deposition parameter used in organosilica coatings obtained from precursors with epoxy groups: GPTMS and TRIMO.

Precursor GPTMS TRIMO

G60 G80 G100 G120 G/F T60 T80 T100 T120 T/F

Parameter Unit

Primary plasma gas (flow rate) L/min 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Secondary plasma gas (flow rate) L/min 0.08 0.08 0.10 0.15 0.10 0.08 0.08 0.10 0.15 0.10
Plasma power W 60 80 100 120 120 60 80 100 120 100
Bubbler gas flow rate L/min 0.30 0.30 0.30 0.30 0.20 0.30 0.30 0.30 0.30 0.18
Dilution gas flow rate L/min 2.00 2.00 2.00 2.00 0.10 2.00 2.00 2.00 2.00 0.12
Deposition distance mm 7 7 7 7 7 7 7 7 7 7
Linear plasma head speed mm/s 25 25 25 25 25 25 25 25 25 25
Step mm 1 1 1 1 1 1 1 1 1 1

60 70 80 90 100 110 120
20,0

22,5

25,0

27,5

30,0

32,5

35,0

60 70 80 90 100 110 120

40

45

50

55

60

65

70

75

60 70 80 90 100 110 120
0

5

10

15

20

25

30

35

40

S
i (

at
om

ic
 %

)

Power (W)

 ETHER
 GPTMS
 TRIMO

O
 (a

to
m

ic
 %

)

Power (W)

 ETHER
 GPTMS
 TRIMO

C
 (a

to
m

ic
 %

)

Power (W)

 ETHER
 GPTMS
 TRIMO

(a) (b) (c)

Fig. 2. Chemical composition of different coatings using ETHER, GPTMS and TRIMO as precursors: (a) Si, (b) O and (c) C atomic contents.
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Fig. 3. O/Si and C/Si ratios of deposited coatings using ETHER, GPTMS and
TRIMO as precursors.
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3.1.2. Influence of the precursor molecule in connectivity of organosilica
films

In order to analyze the chemical structure and connectivity of de-
posited films, FTIR vibrational modes were studied. Fig. 4 shows the
FTIR spectra of the deposited coatings for each precursor as a function
of the plasma power used during deposition.

Fig. 4a shows the spectra of the E100, G100 and T100 coatings. The
asymmetric stretching of SieOeSi can be clearly observed in all cases,
which has been previously reported to appear in the range between
1075 and 1108 cm−1. This peak is the result of three contributions due
to different connectivity between Si and O atoms. Peaks at 1129, 1063
and 1023 cm−1 are associated to SieOeSi cage like structure, SieOeSi
network and SieOeSi sub-oxide structure, respectively [16,17].
Therefore, the connectivity of G100 and T100 films has a higher con-
tribution of organic networks as the peak shifts to lower values of
wavelengths. The shift to wavelengths lower than 1063 cm−1 in the
case of G100 and T100, in some reported cases down to 1050 cm−1, is
attributed to longer SieOeSi chains but can also be due to the ap-
pearance of open cages [15]. In both of the cases, it implies a less
symmetric and more random structure with more fraction of open
cages. When highly symmetric cages are formed in the organosilica
structure, a vibrational mode at 1140 cm−1 can be observed. This peak
can be also observed in E100, G100 and T100 but with a higher con-
tribution in G100 and even higher in T100. This fact also supports
evident differences in the connectivity of the structure, as using pre-
cursors with epoxy groups promotes formation of more symmetric
cages and a more compact structure [18]. Additionally, the higher in-
tensity of the peak located at ~1075 cm−1, resultant from SieOeSi
contributions, in E and G films is an indicator of the formation of new
SieOeSi bonds [19]. It is important to note that the epoxide ring de-
formation band at 1257 cm−1 and the antisymmetric epoxide ring de-
formation bands at 755 and 907 cm−1 [20] were not observed in G and
T films after deposition, indicating that all the epoxy groups have re-
acted, which indicates the formation a connected organic network. It is
important to note that the opening of the epoxy ring occurs at relative
high temperatures or at low temperatures with the use of catalysts in
sol-gel processes, so atmospheric plasma makes possible to promote this
opening to achieve the connected organic network already mentioned.

The broad band at 3450 cm−1, which can be observed in Fig. 4b, is
associated to OH stretching vibration of SieOH and the peak at
2950 cm−1 corresponds to the CH3 and CH2 stretch region [21]. This

peak is stronger in T films, has lower intensity in G films and is absent E
films, so the incorporation into the precursor molecule of the cyclohexyl
and epoxy groups leads to a higher chemical stability of the molecule,
which results in a higher C content as indicated above [22].

A model of the proposed structures, which are formed depending on
the molecule used as precursor, are plotted in Fig. 5.

This connectivity was also corroborated by the XPS spectra. Fig. 6
shows XPS detailed peaks for G100 and T100 (as E100 did not present
detectable C content, XPS is not included for C1s). There are two im-
portant features in C1s peak (Fig. 6a) for the hybrid films: the increase
of intensity, caused by a higher C content in T100 already mentioned,
and the shift of the peak to lower binding energies (BE) in T100, which
means a higher ratio of CeC (~284.6 eV) and C-Si (~284 eV) [23]
bonds, related to CeO (~286.4 eV) bonds, which have a higher con-
tribution in G100 spectra [24–26]. The higher CeC content can be
justified by the C content of the precursor and the remaining of eCH3

groups characterized by FTIR and the cyclohexyl group.
If Si2p peak is analyzed (Fig. 6b), contribution of SieC

(~100.2–100.4 eV), SieOeC (~102.1 eV) and Si-Ox

(~103.5–104.2 eV) [27,28] bonds needs to be discussed. As expected,
the peak of E100 is located at ~104.8 eV due to the chemical state of Si,
O/Si ratio of ~2. In contrast, there is a shift to lower BE in the case of
G100 (~102.6 eV) and it is more pronounced in T100 (~101.8 eV).
This fact shows that GPTMS has lower relative concentration of SieC
bonds than T100 and a higher ratio of SieOeC bonds, which is con-
sistent with the FTIR data and the proposed structures.

One common issue for all the hybrid films was the smooth surface
obtained, Fig. 7 shows AFM images of the films deposited using a
plasma power of 100 W. The surfaces roughness for films deposited
from ETHER, GPTMS and TRIMO were 0.406, 0.435 and 2.115 nm,
respectively. This fact makes evident that a higher C content, i.e. or-
ganic character, in the hybrid films results in higher roughness.

3.1.3. Tuning connectivity of organosilica films by modifying plasma power
Another important factor, which tunes connectivity, is the plasma

power. It is important to point out that a minimum plasma power of
80 W is needed to achieve a film when ETHER is used as precursor and
still the deposition rate of this process is too low (< 1 nm/cycle). The
incorporation of epoxide groups to the precursor molecule decreases
the plasma power needed to grow the film, down to 60 W, because of
the higher reactivity of the mentioned epoxide groups, particularly in
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Fig. 4. FTIR spectra of deposited coating using ETHER, GPTMS and TRIMO as precursors with a plasma power of 100 W: (a) 700–1300 cm−1 and (b)
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TRIMO, but adhesion to the substrate is not good enough [29]. In order
to elucidate the influence of power in the growth of the films, Fig. 8
shows deposition rates and thickness of the films depending on the
precursor and plasma power. Above the minimum plasma power
needed, the deposition rate of all the deposited films was higher than
3.5 nm/cycle. In E-films, the deposition rate is too low for plasma

powers below 120 W because of the lower reactivity of the molecule. In
G-films, the deposition rate slightly diminishes with plasma power, due
to the fact the fragmentation of the organic molecule, with the con-
sequent diminution in C content, as it has been explained. In contrast,
the augment of plasma power increases the efficiency of molecules in-
corporated into the film, although the C content also diminishes

Fig. 5. Structure of organosilica films using (a) ETHER, (b) GPTMS and (c) TRIMOS as precursors.
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because of the loss of eCH3 or eCH2 groups, which will be discussed
later.

Additionally, as it has been previously mentioned, tuning the
plasma power can change C content and connectivity of the films. Fig. 9
shows FTIR spectra of the deposited coatings for each of the precursors
used depending on the plasma power. From the obtained results, it was
confirmed in all the cases that when higher plasma power is used

during deposition, an increase in the intensity of the peak located at
~1075 cm−1 occurs, which is an indicator of the formation of new
SieOeSi bonds [19]. In addition, the formation of symmetrical cages
diminishes, associated to a decrease of the intensity of the peak located
at 1040 cm−1. Another issue to point out is the shift of SieOeSi as-
sociated peak to higher wavenumbers approaching to a value of
1065 cm−1, which corresponds to SiO2-like structure [16,17] in the
case of E-films (Fig. 9a) and additional opening of cages in the cases of
G- (Fig. 9b) and T-films (Fig. 9c) [15]. As well as in the cases already
explained, peaks suggesting the presence of unreacted epoxy rings were
not observed, so a connected network was formed.

As it has been explained, the use of TRIMO as precursor leads to
films with higher eCH3 groups in the network, but the concentration of
SieCH3 (1260 cm−1) [16] is reduced when plasma power increases
(Fig. 9c) and it is negligible for films deposited at 120 W leading to a
higher ratio of SieOeSi bonds.

If the XPS detailed spectra are analyzed (Fig. 10), additional issues
can be pointed out. As it has been mentioned above, the increase in
plasma power causes a diminution in organic character of the films.
Consequently, the peaks associated to C1s and Si2p should shift to
higher BE due to the chemical state of the species [27,28]. Nevertheless,
a shift to lower BE values of C1s peaks was observed in XPS spectra with
the increase of power. This phenomenon can be attributed to C va-
cancy-like defects in the structure [30] induce by the higher energy of
the process and the disappearance of eCH3 groups [31]. The Si2p peak
in all the cases experienced a shift to higher BE increasing plasma
power due to the higher SiOx ratio already reported.

3.2. Stiffness of hybrid films

Mechanical properties of hybrid films are strongly conditioned by
their chemical composition and connectivity [4]. To elucidate how
chemical composition and connectivity affects mechanical properties,
Fig. 11 shows the elastic modulus of the deposited films. Films de-
posited using ETHER as precursor showed the higher elastic modulus
values because of the higher SiO2-like structure ratio, i.e. the inorganic
character. On the other hand, films deposited from TRIMO, showed
lower stiffness due to the remaining CH3 groups as well as the higher
fraction of organic network previously characterized [32]. Despite of
their considerable higher organic character, the elastic modulus of T-
films is in the same range of E-films due to their high concentration of
symmetric cages that leads to a more compact structure and, conse-
quently, to a high elastic modulus, near one order of magnitude higher
than previously published coatings deposited by sol-gel method as a
result of the more energetic process [6]. Those values are in the order of
films deposited using plasma-enhanced chemical deposition (PECVD)
reported by H. Li et al. [33]. Additionally, compared with E- and G-
films, the use of TRIMO as precursor promotes cross-linking, more
preservation of the backbone and SieC bonds [34].

Although the composition of E-films is similar independently on the
plasma power, the increase of plasma power in their deposition causes
augment of the elastic modulus, which can be due to the higher con-
centration of SieOeSi bonds and a diminution in the cages fraction, i.e.
change in connectivity of the film. The same tendency is observed in T-
films, but in this case, the enhancement in the elastic modulus is not
only caused by the change in connectivity but also by the chemical
composition, as the inorganic character of the film is higher when using
higher plasma powers. However, G-films behaves differently, there is a
diminution in the elastic modulus, this fact is attributed to the C va-
cancy-like defects discussed in the previous section, which causes the
detriment of mechanical properties of the films.

3.3. Fluorinated organosilica films

In order to achieve higher hydrophobicity in coatings [35,36], FDTS
was successfully incorporated in coatings with high C contents

5μm

5μm

5μm

(a)

(b)

(c)

Fig. 7. AFM images of hybrid films deposited at 100 W using: (a) ETHER, (b)
GPTMS and (c) TRIMO as precursors.
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deposited at 100 W, i.e. G100 and T100. The incorporation of the
molecules was successfully achieved by atmospheric plasma deposition
and the contents in both cases was around 15 at%. In order to analyze
the influence in the chemical composition of the hybrid films, Fig. 12
shows atomic contents (Fig. 12a) and ratios (Fig. 12b) of non-fluori-
nated and fluorinated hybrid films. The amount of Si and O atoms
follows the same tendency in both cases, as expected an increase of Si
at.% and reduction of O at.% were induced. The relative carbon content
in G/F increases when fluorinated molecules are incorporated into the
film due to the C atoms of FDTS. Conversely, it diminishes in T/F, fact
that can be due to the loss of eCH3 groups caused by the bonding re-
action of FDTS with TRIMO molecules.

The incorporation of fluorinated chains in the structure of the hy-
brid films also causes changes in connectivity. These changes were
monitored by FTIR and results are shown in Fig. 13. In the FTIR spec-
trum of G/F (Fig. 13a), new bands corresponding to CeF vibration
appears at 1150–1250 cm−1 [37] and the peak associated to SieOeSi
remains mainly the same, indicating that there is no significant change
in SieOeSi connectivity and fluorinated chains are incorporated in
open cages. In the case of T/F (Fig. 13b), there is an appreciable change

in connectivity caused by the loss of eCH3 mentioned above (Fig. 13c),
formation of SieOeSi networks is promoted in detriment of cages,
leading to a more random structure.

Additionally, the efficiency of the atmospheric plasma deposition
strongly diminishes, more than one order of magnitude. This fact is
attributed to the preferential orientation of fluorinated molecules due
to the low surface energy of FDTS that causes migration of fluorinated
tails to the film-air interface during the film growth [38,39]. Conse-
quently, the enrichment of the surface in F atoms reduces surface en-
ergy inhibiting the deposition of the precursor and, therefore, the ef-
ficiency of the process.

In order to study the increase of the hydrophobicity of the films due
to the incorporation of the fluorinated molecules, water contact angle
measurements were carried out. Fig. 14 shows the values of the water
contact angles and images for the G- and T-based films. The fluorinated
films caused an augment in water contact angle of 23.4 and 21.0% in G-
and T-based films, respectively, increasing hydrophobicity of the sur-
faces. This fact supports the efficiency of the atmospheric plasma de-
position for the deposition fluorinated organosilica films.

4. Conclusions

Atmospheric plasma deposition was successfully used to deposited
organosilica hybrid films and fluorinated organosilica hybrid films. The
strong influence of epoxy groups in the precursor molecule as a con-
sequence of changes in activity and fragmentation in the connected
organic networks was discussed. Chemical composition and con-
nectivity of hybrid films could be tuned and controlled by the use of
different precursors and plasma power during deposition. Results con-
firmed that the incorporation of epoxide groups in the precursor mo-
lecules favors formation of cages in the structure. The use of precursors
with more C atoms in the molecule considerably increases the organic
character of the films and the incorporation of cyclohexyl groups in-
creases stability of the compound and leads to a higher concentration of
eCH3 group in films. The increase in power induce shifting to a more
inorganic network and diminishes concentration of eCH3. These facts
make possible tuning of mechanical properties as it is strongly depen-
dent on chemical composition and connectivity.

Incorporation of fluorinated molecules into the hybrid network was
also successfully achieved by atmospheric plasma deposition with the
consequent increase of hydrophobicity. Apparently, these molecules
were bonded to open cages in the case of GPTMS and replacing eCH3 in
TRIMO based films changing composition and connectivity of hybrid
films. Due to the preferential orientation of the chains caused by the
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low surface energy, which increases F concentration in surface, effi-
ciency of the deposition process was significantly inhibited.
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