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Abstract: Plasma polymerized (PP) thin films deposited in a soft or intermediate plasma discharge 

from hexamethyldisiloxane (HMDSO) were developed as sensors for the detection of volatile or-

ganic compounds (VOCs) vapors. Energy dispersive X-ray spectroscopy (EDX) and X-ray reflec-

tometry (XRR) were performed to determine the organosilicon films elemental composition and 

density. Spectroscopic ellipsometry measurements were carried out to determine the refractive in-

dex of the films. Quartz crystal microbalance (QCM) and ellipsometry coupled to vapor sorption 

were used to investigate the sorption mechanism of several VOCs vapors into the films as a function 

of the plasma deposition conditions. The density and the refractive index of the PP-HMDSO films 

increased with the plasma energy due to a different chemical composition and different proportion 

of free volumes in the material network. The PP-HMDSO films showed different affinities towards 

the VOCs vapors depending on the plasma discharge energy. The films elaborated in the lowest 

plasma energy revealed a good sensitivity towards the VOCs especially toluene (one of the BTEX 

vapors) compared to the other films deposited under higher plasma energy. In addition, the selec-

tivity between toluene and other non-BTEX VOCs such as heptane and ethanol decreased to become 

zero while increasing the plasma energy. 

Keywords: Organosilicon; VOCs; sorption; thin films; QCM; Ellipsometry. 

 

1. Introduction 

Volatile Organic Compounds (VOCs) are toxic gases present in ambient air because 

of natural resources and human activities, such as the transportation sector or industrial 

processes.  

Several materials have been synthetized for VOCs detection such as activated car-

bons [1], zeolites [2] and metal oxide materials [3]. Activated carbons are useful materials 

for VOCs detection due to their microporous structure, large surface area and fast adsorp-

tion capability [1,4]. However, these materials reveal experimental problems such as their 

high flammability [5] and difficulty of regeneration [6] that restrain their use in such ap-

plications. Alternatively, zeolite materials seems to be useful candidates for VOCs detec-

tion thanks to their high specific area, non-toxic behavior and high thermal stability [7,8]. 

Nevertheless, zeolite are hydrophilic and thus need a surface treatment to turn hydropho-

bic [9]. Furthermore, the detection of VOCs using zeolite materials requires a compact Gas 

Chromatograph (GC) system to analyze the gaseous effluent desorbed from the zeolite by 

thermal heating [10]. Numerous other studies focused on the sorption of toluene and ben-

zene on metal oxide materials such as ZnO and WO3 [11,12]. A good sensitivity has been 

obtained towards benzene and toluene detection with a fast response. Nevertheless, these 

materials have shown poor selectivity against other VOCs such as acetone and ethanol, 

except for high operating temperatures [13,14]. On the other hand, metal oxide materials 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 June 2023                   doi:10.20944/preprints202306.2243.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202306.2243.v1
http://creativecommons.org/licenses/by/4.0/


 

 

show an important sensitivity to water vapor that highly reduce their sensitivity towards 

VOCs [15]. 

Finally, organic polymers represent a very competitive class of materials for VOCs 

detection, for instance polyisobutylene (PIB) and polybutadiene (PBD), or organosilicon 

(SiOCH) polymers like polydimethylsiloxane (PDMS) and poly(methylphenylsiloxane) 

[16–18]. Organosilicon polymers present a high affinity to VOCs and especially to ben-

zene, toluene, ethylbenzene and xylene denoted as BTEX. These polymers are widely used 

in chromatographic columns for VOCs detection. They have received a remarkable atten-

tion for VOCs sensing applications due to their swelling effect upon VOCs absorption 

[19,20]. In addition, they are non-toxic [21], thermally and chemically stable [22] with high 

surface hydrophobicity, which is important for the detection of non-polar molecules such 

as BTEX [23]. More particularly, organosilicon materials prepared by Plasma-Enhanced 

Chemical Vapor Deposition (PECVD) are currently used in NEMS (Nano Electro Mechan-

ical Devices) devices for organic vapor detection not only because of their high affinity 

towards the target molecules, but also because they equilibrate more rapidly and reversi-

bly with the sorbed species than bulk polymers due to their micrometric thickness [24]. 

Sabahy et al. [25] have studied PECVD-deposited SiOCH thin films for BTEX sensing ap-

plication. By varying the precursors and plasma deposition conditions i.e. plasma power, 

monomer flux and O2 flow rate, different SiOCH chemical compositions have been syn-

thesized and the effects of the chemical bonds on toluene sorption (as BTEX representa-

tive) has been investigated. The authors have shown that SiOSi bonds play the major role 

in toluene adsorption due to the free volumes created by these bonds in the films, either 

issued from the SiOSi chains flexibility or directly related to the high methyl bonds pro-

portion. In addition, they have concluded that Si-OH bonds are detrimental to toluene 

sorption. This result can be related to water vapor adsorption on the films surface after 

deposition favored by the polarity of the Si-OH bonds preventing toluene adsorption. The 

impact of Si-(CH3) bonds has also been studied. High concentration of Si-CH3 bonds is 

detrimental to toluene adsorption, however a compromise between low Si-CH3 concen-

tration and films hydrophobicity is necessary. An optimized composition of the plasma-

SiOCH thin film could be obtained with a higher affinity towards BTEX than conventional 

polymers. Finally, Boutamine et al. [26] have elaborated plasma polymerized thin films 

from HMDSO and investigated VOCs sorption using a quartz crystal microbalance 

(QCM). The affinity toward VOCs such as ethanol, methanol and chloroform has been 

correlated to the material surface hydrophobicity, the molecules size and to the free vol-

umes within the films network.  

In the present work, we aim at elaborating performant materials for VOCs detection 

that can be used in the manufacturing of portable gravimetric sensors being competitive 

in term of compactness when compared to gas chromatograph system (GC). As previ-

ously mentioned, due to their well-known low thickness, hydrophobicity, non-toxicity, 

thermal stability, and high affinity to VOCs, plasma polymerized organosilicon thin films 

appear as perfect candidates for the targeted application.  

In a recent paper [27] we have thoroughly investigated morphological and structural 

characterizations of plasma polymerized (PP-) organosilicon materials prepared in a mi-

crowave plasma discharge from HMDSO. The characterization of the bulk chemical com-

position studied by FTIR spectroscopy and quantitative 29Si solid state NMR has revealed 

a high amount of SiOC3 termination in the films deposited under soft plasma conditions 

(low plasma energy) due to the low monomer fragmentation. Moreover, linear SiO2C2 

chains that are close to PDMS chains were present in the material bulk deposited under 

soft plasma conditions. However, under hard plasma conditions (high plasma energy), 

the high monomer fragmentation has reduced the amount of SiOC3 terminations and fa-

vored the introduction of carbon/hydrogen atoms into the material bulk leading to the 

formation of new chemical bonds such as Si-O-C, Si-CH2-Si and Si-H. Furthermore, the 

amount of the linear SiO2C2 chains has decreased in the material bulk at hard plasma con-

ditions. These major evolutions have introduced chemical and structural disorder in the 
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bulk of the elaborated films. The surface chemical composition detected using a combina-

tion between X-ray photoelectron spectroscopy (XPS) and density functional theory (DFT) 

calculations has shown also a chemical modification while increasing the plasma energy. 

In fact, the number of SiOC3 unit have increased and the amount of the SiO2C2 units have 

decreased. In addition, the formation of new chemical bonds on the surface such as Si-

CH2-Si, Si-H, Si-O-C and Si-OH, has been confirmed leading to some disorder in the 

chains formation. Furthermore, the hydrophobicity of the films has been investigated; the 

PP-HMDSO films have shown a hydrophobic character especially at low plasma energy 

(close to 103°). As a conclusion of this previous paper, the films deposited under soft 

plasma conditions have shown a quite similarity to conventional PDMS. On the contrary, 

the films elaborated under hard plasma conditions have lost their PDMS-like character 

and changed to more hybrid structures due to the new bond formation and enhancement 

of the structural disorder in the films. 

In the present study, some selected films among the previously prepared SiOCH 

plasma polymerized thin films are more deeply characterized by Energy dispersive X-ray 

spectroscopy (EDX) for the elemental composition, X-ray reflectometry (XRR) for the den-

sity, and ellipsometry for the film thickness and refractive index. We have decided to se-

lect films synthesized in a finer W/F range (5 W/sccm to 20 W/sccm) for which the influ-

ence of the chemical composition modification on sorption properties is more pro-

nounced. The deposition conditions of the three samples WF5, WF10 and WF20 are repro-

duced from [27] and presented in Table 1. The thicknesses of the samples are different 

from those presented in the previous work due to a different deposition duration. In order 

to study the affinity of the synthetized films towards VOCs, quartz crystal microbalance 

(QCM) and ellipsometry, both coupled with gas sorption techniques, are used. Finally, 

the impact of the chemical composition on the affinity towards VOCs is analyzed leading 

to the identification of an optimized SiOCH film for VOCs gravimetric sensing applica-

tions. 

Table 1. MW-PECVD thin films deposition parameters issued from [27]. 

Sample Plasma 

power 

(W) 

HMDSO 

flux 

(sccm) 

W/F Deposition 

pressure 

(x10-3 

mBar) 

Average 

thickness 

(nm) 

Average 

growth 

rate 

(nm/min) 

WF5 20 4 5 10.5 332 108 

WF10 20 2 10 7.5 344 63 

WF20 20 1 20 5.9 296 30 

 

2. Materials and Methods 

 

EDX (Silicon Drift Detector (SDD), X-MaxN, Oxford Instrument) analyses were per-

formed in order to obtain the elemental composition of the PP-HMDSO films.  

X-ray reflectometry analysis (XRR) were carried out using a Bruker D8 diffractometer 

with Cu Kα1 (λ = 0.154 nm) radiation. Standard θ−2θ scans for the data collections were 
taken from 2θ = 0 to 4° with an angular resolution of 0.002°. XRR measurements allowed 
the determination of the electronic density (e) from the limit angle of total reflection (crit-

ical angle) Ɵc, using (1): 

Ɵ𝑐 =  √𝜆2𝑟0𝜋 𝜌𝑒 

where λ is the wavenumber and r0 is the electron radius. 
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The elemental composition determined by EDX and the electronic density calculated 

by XRR analyses lead to the mass density (m) of the PP-HMDSO films using (2): 𝜌𝑚 = 𝜌𝑒 ∑ 𝐶𝑗𝐴𝑗𝑁𝐴 ∑ 𝐶𝑗𝑍𝑗 

where Cj is the percentage of an element j in the PP-HMDSO chemical composition, 

Zj its atomic number, Aj its atomic mass and NA the Avogadro number. 

The error on the density value is estimated to be ± 0.03 g/cm3. This error is due to the 

zero-point error (sample height and/or goniometer) and the unknown hydrogen content 

which is needed to convert the electron density to the mass density. 

Thin films refractive indexes and thicknesses were determined by spectroscopic el-

lipsometry (Semilab GES5E) at atmospheric pressure. The angle of incidence was fixed at 

70° and the collected data range was from E = 1.24 eV to E = 4.25 eV. In the article, the 

refractive index was given at  = 633 nm but the data were fitted in the full light range 

using a composition of Cauchy transparent dispersion law and a Lorentz absorption term 

towards the UV range. The fit quality exceeds 0.99 in the full range for all analyses.  

In situ ellipsometry coupled to sorption measurements [28] were carried out by ex-

posing PP-HMDSO thin films to toluene or ethanol at controlled vapor pressures. Samples 

were placed in a homemade optical cell equipped with pressure and temperature control 

systems. The cell was initially pumped down to 0.05 mbar before any adsorbate introduc-

tion. Afterwards, toluene or ethanol gas vapors were introduced inside the cell gradually 

up to its saturation pressure to get the refractive index isotherm. 

QCM measurements for gas sorption and desorption were performed using an Infi-

con STM2 thin film oscillator monitor driven by a lab-made data collection software in 

order to get mass uptake sorption isotherms. PP-HMDSO thin films were deposited on an 

AT-cut gold-covered quartz (6 MHz). The coated quartz was placed in a chamber under 

vacuum in which gas vapors were introduced systematically up to its saturated vapor 

pressure value at room temperature. For all the measurements, the quartz was thermally 

stabilized at 25°C using a water circulation and bath. The frequency variation (∆f) is pro-

portionally linked to the mass variation (∆m) due to gas vapor sorption or desorption 

according to Sauerbrey’s equation [29] (3): ∆𝑓 =  −𝑓𝑞2 × ∆𝑚𝐶 × 𝜌𝑞 × 𝑆 

where fq = 6 MHz is the frequency of the uncoated quartz, depending on the quartz 

size. S = 0.5 cm2 represents the surface area of the deposited film, q = 2.65 g/cm3 is the 

density of the quartz and C = 1.67 × 105 cm/s is an apparatus constant.  

The mass of the deposited film can be neglected compared to the mass of the quartz. 

Thus, the density of the coated quartz is equal to the density of the pristine quartz (q). 

Since the mass of both the quartz and the films are constant, Δm corresponds to the sorbed 

vapor mass uptake (msorbed) by the thin films. Therefore, msorbed of the deposited thin films 

was determined using (4): 𝑚𝑠𝑜𝑟𝑏𝑒𝑑 (𝑃 𝑃0⁄ ) =  −∆𝑓𝑓𝑞2  1.67 × 105 × 𝜌𝑞 × 𝑆 

The collected data were converted into mass uptake and isotherms of msorbed as a func-

tion of relative pressure (P/P0) were plotted, P0 being the saturated pressure of the used 

vapors (Table 2). For isotherms under air, the maximal collected absolute pressure is 1 bar. 

 

Table 2. Saturated pressure (P0) of the vapors used in this work  

Vapor P0 at 25°C 

(mbar) 

Water 31.7 

Ethanol 75.9 
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Heptane 60.7 

Toluene 37.1 

 

3. Results 

In this section, the elemental composition and physical properties such as density 

and refractive index of the PP-HMDSO thin films as well as their response towards several 

VOCs vapors separately are presented.  

The elemental composition determined by EDX reveals a quite similar composition 

of the three films. The carbon, oxygen and silicon percentages are at% 52.2±0.8, 22.4±0.8 

and 25.4±0.8 respectively, revealing a composition close to that of conventional PDMS, i.e. 

C:50at%, O:25at% and Si:25at%. 

The calculated density and the refractive index of the PP-HMDSO thin films are pre-

sented in Figure 1. The film deposited at 5 W/sccm reveals a low density (1.35 g/cm3) com-

pared to the films deposited at 10 W/sccm and 20 W/sccm (values close to 1.45 g/cm3).  In 

addition, the refractive index of the SiOCH films increases from 1.52 for the films depos-

ited at 5 W/sccm to values close to 1.57 for the films deposited at 10 W/sccm and 20 

W/sccm. In fact, the variation of the films density generates a variation of the deposited 

films refractive index while increasing the W/F parameter. Indeed, the well-known Clau-

sius-Mosotti equation (5) reveals the influence of the material density to the dielectric con-

stant or the refractive index (n), since n = 2 in the visible optical range: 𝜀 − 1𝜀 + 2 = 𝜌𝑚3𝜀0 ∑ 𝑁𝑖𝛼𝑖𝑘
𝑖=1  

where m is the density of the elaborated SiOCH films, 0 is the vacuum permittivity, 

 is the dielectric constant, Ni is the number of atoms i per cm3, and i is the polarizability 

of atom i. 

 

 

Figure 1. The refractive index and the calculated density of the deposited films 

The responses of the PP-HMDSO thin films towards hydrocarbons and ethanol va-

pors sorption studied using QCM are presented in Figure 2. In this study, heptane and 

ethanol vapors were used as representatives for COVs and toluene vapor as representa-

tive for BTEX gases. Ethanol vapor was used as reference in order to compare its sorption 

to hydrocarbons. The calculated mass uptake value represents the mass of the vapor 

sorbed by the thin film. Moreover as the mass uptake increases proportionally with the 

film thickness, it can be concluded that the molecules are not only adsorbed on the film 

surface but are absorbed in the bulk also.  Therefore, the mass uptake was simply divided 
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by the film thickness value to get the concentration of absorbed molecules per material 

volume unity even if no conclusion can be written on how the absorbed molecules are 

diluted in the material matrix, homogeneously or in a gradient concentration from the 

surface to the bulk. The uncertainty on the mass uptake value is taken as the standard 

deviation over three repeated QCM measurements. 

 

 

Figure 2. QCM sorption isotherms (25°C) showing the evolution of ethanol, heptane and toluene 

vapor mass uptake with P/P0 (P0 being the saturated vapor pressure) for a) WF5, b) WF10 and c) 

WF20. 

As observed in Figure 2, the mass uptake of the gas vapors increases with increasing 

the relative pressure P/P0 for all the PP-HMDSO thin films, P0 being the saturated vapor 

pressure at the temperature of the quartz, stabilized at 25°C. The WF5 film shows a linear 

increase of the toluene uptake mass up to 100 mg/cm3 at a relative pressure equal to 0.8. 

Moreover, heptane and ethanol uptake masses reveal also a linear increase but to lower 

values (close to 60 mg/cm3) compared to toluene. Thus, the WF5 deposit shows a better 

affinity to toluene vapor than the two other vapors. The WF10 deposit shown in Figure 2b 

illustrates weaker responses to the three vapors compared to the WF5 deposit especially 
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to toluene vapor. Besides, the toluene isotherm of the WF10 film shows a non-linear in-

crease. However, the final mass uptake for toluene vapor is higher than the two other 

vapors masses especially than ethanol uptake mass indicating a better affinity for WF10 

towards toluene vapor. Besides, WF5 and WF10 deposits reveal a slightly better affinity 

towards heptane vapor compared to ethanol vapor. On the other hand, the deposit with 

the higher W/F (WF20) shows similar isotherms for toluene and ethanol. The toluene and 

ethanol isotherms shows a non-linear uptake mass increase showing a fast sorption be-

tween 0 and 0.2 P/P0 followed by a slower sorption between 0.2 and 0.8 P/P0. Furthermore, 

heptane vapor isotherm reveal mass uptakes lower than that of toluene and ethanol, sug-

gesting a weaker affinity towards heptane vapor compared to toluene and ethanol vapors.  

Figure 3 focuses on the comparison between the toluene sorption isotherms of the 

three PP-HMDSO thin films. A remarkable change in the sorption isotherms is shown 

while increasing W/F from 5 W/sccm to 10 W/sccm. However, identical isotherms are ob-

served for the films elaborated at 10 W/sccm and 20 W/sccm. 

 

 

Figure 3. QCM toluene sorption isotherm (25°C) of films synthesized at different W/F values show-

ing the evolution of the mass uptake vs P/P0, P0 being the saturated vapor pressure at 25°C. 

In fact, the toluene isotherm loses its linearity while increasing W/F from 5 W/sccm 

to 10 W/sccm and the final uptake mass value decreases from 100 mg/cm3 to 50 mg/cm3 

approximately. These variations indicates a slower sorption process especially at lower 

P/P0 values, typically between 0 and ~ 0.2, and a weaker affinity for WF10 and WF20 de-

posits towards toluene compared to WF5. 

The responses of the PP-HMDSO thin films towards toluene and ethanol vapors was 

also studied using ellipsometry coupled to vapor sorption.  Figure 4 shows the swelling 

of the PP-HMDSO thin films along the normal to the film when exposed to toluene or 

ethanol vapors. We assume in this study that the swelling is homogenous despite the me-

chanical constraints present between the film and the silicon support. This model induces 

that the COVs concentration should vary along the depth of the film from the surface. d0 

is the thickness measured under vacuum and d is the thickness measured as a function of 

the stabilized environment pressure, i.e. after enough time to attend the equilibrium be-

tween the gaseous molecules pressure and the absorbed molecules pressure inside the 

material bulk. 
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Figure 4. Swelling of the elaborated PP-HMDSO thin films while exposed to toluene or ethanol 

atmospheres, P0 being the saturated vapor pressure. 

The swelling phenomenon of the SiOCH films when exposed to VOCs is due to the 

penetration of the gas vapors into the material bulk through the free volumes present in 

the polymer network. Figure 4 reveals that the thickness of WF5 thin film improves while 

increasing toluene or ethanol vapor relative pressure. However, WF5 reveals a higher 

swelling rate for toluene compared to ethanol. Therefore, WF5 shows a better absorption 

of toluene molecules compared to ethanol molecules. On the other hand, WF10 and WF20 

isotherms indicate a low film-swelling rate while exposed to both vapors. Nevertheless, 

WF10 swelling rate is slightly better when exposed to ethanol compared to the swelling 

rate in the presence of toluene for which a slight film contraction is observed. 

Since the WF5 deposit revealed the better affinity towards toluene, it might be inter-

esting to study the affinity of the WF5 deposit towards humidity.  Figure 5 shows a com-

parison between the WF5 deposit responses towards toluene and water vapor. The water 

vapor isotherm reveals extremely low mass uptakes compared to the toluene indicating a 

very weak sensitivity of WF5 towards water vapor. 
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Figure 5. Comparison of the adsorption of water vapor and toluene on the WF5 deposit as a function 

of the relative pressure (P0 being the saturated vapor pressure at measurement temperature, 25°C). 

4. Discussion 

4.1. Density and refractive index 

The density change shown in Figure 1 while increasing W/F from 5 W/sccm to 10 

W/sccm and 20 W/sccm is probably the result of the introduction of carbon atoms into the 

film skeleton to replace the oxygen atom in the Si-O-Si chains creating new bonds such as 

Si-O-C and Si-CH2-Si. In fact, the Si-O-Si chains that form the material skeleton of orga-

nosilicon films are responsible of creating free volumes in the material network and de-

creasing the density [30]. However, the replacement of these bonds by Si-O-C and Si-CH2-

Si bonds and the disorder introduced in the films network at higher W/F values shown in 

our previous work [27] reduce the proportion of free volumes in the material bulk causing 

the increase of the films density. Furthermore, the refractive index enhancement with W/F 

can be demonstrated by the films density increase (equation (1)) due to the reduction of 

the free volume proportion. In addition, the refractive index improvement can be a result 

of another factor, which is the electronic polarizability increase due to the incorporation 

of carbon atoms into the material bulk. In fact, the incorporation of carbon atoms can gen-

erate variations on chemical bond angles in the SiOCH films leading to reduce the number 

of dipole moments in the system, hence, increasing the polarizability [31–33]. Accord-

ingly, the remarkable differences in the densities and refractive indexes between WF5 on 

the one hand and WF10/WF20 on the other hand confirms the division of the soft plasma 

range into two groups. In fact, the weak variation in the energetic plasma character be-

tween WF5 and WF10 enhances the PP-HMDSO films density and refractive index by 

changing the film composition and reducing the proportion of free volumes in the SiOCH 

film. 

 

4.2. Gas sorption performance 

The SiOCH films performance towards VOCs vapors sorption depends strongly on 

the chemical composition and the structure of the films.  In the WF5 material, the sorp-

tion selectivity between toluene and ethanol is due to the hydrophobicity difference of the 

films surface shown previously [27] that gives a higher affinity towards the non-polar 

toluene. In addition, the better response for toluene compared to heptane can be assigned 

to the molecule size and chain length for linear hydrocarbons. We assume that the absorp-

tion of toluene into the films is greater than the absorption of heptane, which mainly re-

mains adsorbed on the surface. In fact, Zheng Yang et al. concluded that alkanes lie flat 

on silica surface and the molecules adsorption on the surface increases with chain length 

[34]. We have also studied butane vapor sorption on WF5 sample. Butane vapor showed 

good affinity towards WF5. The butane sorbed mass was 36 mg/cm3 at P/P0 = 0.34 greater 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 June 2023                   doi:10.20944/preprints202306.2243.v1

https://doi.org/10.20944/preprints202306.2243.v1


 

 

than heptane sorbed mass (27 mg/cm3) at the same P/P0 value. Thus, WF5 thin film re-

vealed a better affinity towards butane vapor than heptane because of its shorter chain 

length. This result is consistent with the work of Zheng Yang et al [34]. 

The decrease in the toluene uptake mass and the loss of linearity of the isotherm, i.e. 

slower sorption process, while increasing W/F to 10 W/sccm and 20 W/sccm suggest a 

toluene sensitivity decrease for the materials elaborated at higher plasma energy. In fact, 

the reduction of the free volumes proportion detected in the density section weakens the 

toluene sorption process. In addition, the formation of Si-OH bonds on the surface at 

higher W/F  favors a rapid water adsorption on the surface and can be detrimental for 

toluene adsorption [25]. These chemical and physical modifications can explain also the 

loss of the selectivity between toluene and ethanol vapors shown especially in the WF20 

deposit.  Furthermore, the weak hydrophobicity of WF20 compared to the two other 

samples and the large size of heptane molecule result in lower sorbed masses compared 

to ethanol and toluene.  As mentioned before, alkanes lie flat on the silica surface [34]; 

this conclusion can explain the low penetrated masses of heptane compared to toluene in 

all the PP-HMDSO thin films.  

Similarly, the ellipsometry coupled to sorption results reveal a loss of the swelling 

rate during toluene sorption for WF10 and WF20 indicating a weak affinity towards tolu-

ene vapor.  In fact, the material density increase and the chemical composition modifica-

tions observed in WF10 and WF20 prevents the film swelling leading to a decrease in the 

gas vapors penetration into the material. In addition, the swelling phenomenon can be 

linked to the crosslinking degree of the films and the bonds chemical composition. In fact, 

a low crosslinking rate induces the swelling of the polymeric chains [20]. Furthermore, the 

flexibility of the Si-O-Si chains facilitates the penetration ability of VOCs, unlike Si-O-C 

chains that are less flexible. Hence, the low films swelling rate can suggest an improve-

ment in the WF10 and WF20 hardness provoked by the structural and chemical defor-

mation of the films network shown in Dakroub et al.[20,27,33] On the other hand, we as-

sume that the decrease in the WF10 film thickness while exposed to toluene vapor is due 

to the absence of the free volume that prevents toluene vapor absorption and a less rigidity 

of the WF10 film compared to WF20. Finally, the ellipsometry coupled to sorption results 

are in accordance with QCM results showing a better affinity for WF5 towards toluene 

vapor compared to ethanol vapor.  

Furthermore, the WF5 affinity towards water vapor was studied in order to deter-

mine the effect of humidity on toluene sorption. WF5 revealed a very weak affinity to-

wards water vapors allowing its performance in humid environments. Indeed, the hydro-

phobic character of the organosilicon thin films is detrimental to the sorption of water 

vapor. 

 

5. Conclusions 

In a previous work, we determined the effect of the plasma energy on the chemical 

composition and structure of the PP-HMDSO thin films. In the present article, physical 

properties such as refractive index and density of the films were presented. In addition, 

the effects of the materials chemical composition and the physical properties on the sorp-

tion of VOCs vapors were also investigated.  

In conclusion, the plasma energy governs the density of the films In fact, the films 

free volumes proportion decreases while increasing the plasma energy leading to a denser 

material due to the formation new bonds such as Si-CH2-Si and Si-O-C in the film struc-

ture. The chemical composition modification shown previously and the density variation 

with the plasma energy affect both the sensitivity and the sorption selectivity of the ma-

terials towards the VOCs. In fact, the PP-HMDSO thin films elaborated in this study, 

showed different responses towards tested VOCs vapors (ethanol, heptane, toluene) de-

spite the small plasma conditions variation between WF5, WF10 and W20 (5 W/sccm to 
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20 W/sccm). The WF5 showed good sensitivity towards toluene and good sorption selec-

tivity between toluene and the other tested VOCs compared to the WF10 and WF20 de-

posits. This is due to a low density and high hydrophobicity (≈ 103° detected previously 
in [27]) of the WF5 material as well as a high SiOSi bonds amount in the PP-HMDSO 

network. 

Finally, chemical and physical properties play important roles in the vapors sorption 

into the organosilicon films. A combination of surface hydrophobicity and free volumes 

size (density) should be optimized in order to achieve a good sensitivity/selectivity to tol-

uene (BTEX) vapor compared to other VOCs. 
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