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A B S T R A C T   

Efficient and environmentally friendly purification of wastewaters from toxic pollutants is a serious challenge 
both for science and industry. One of the most promising approach consists in photocatalytically-driven chemical 
degradation of organic pollutants to form nontoxic gases. High efficiency is achieved when photocatalyst is used 
in a form of a fine powder. However, it gives rise to a new problem related to filtration and separation of 
photocatalyst particles from water that is being purified. We demonstrate how involvement of poly-
dimethylsiloxane (PDMS) in preparation of photocatalytically-active materials in various configurations, e.g. 
PDMS as a host for embedding for photocatalyst particles, impervious or porous PDMS as a carrier for surface- 
mounted photocatalyst, or PDMS chemically bonded to photocatalyst in a form of a thin coating can help to 
overcome limitations of powder photocatalyst and increase the efficiency of photocatalysis. The whole range of 
native properties of PDMS such as optical transparency, ease of fabrication and fine-tuning of the base properties 
of material, chemical stability, ecological friendliness among others makes PDMS superior when compared to 
other candidates for fabrication of photocatalyst composites.   

1. Introduction 

Purification of industrial wastewater from toxic pollutants is one of 
the main problems in ecology and environmental sciences. Highly toxic 
substances such as e.g. alcohols, aldehydes, petroproducts, phenol, 
ethylene glycol, formaldehyde, methanol and others can be dangerous 
when dissolved in water already at concentration as low as 5 ppb [1]. 
Such small amounts of pollutants can be removed by chemical degra-
dation to form nontoxic gases (CO2, H2O, N2 etc.). This principle has 
become the basis for a group of purification methods known as advanced 
oxidation processes (AOPs) [2]. Among the AOP methods, photocatalysis 
is the most promising one due to number of factors. First, while other 
kinds of AOP require using high power electricity like e.g. ozonation 
equipment [3], photocatalytic treatment of water or air can be initiated 
with solar irradiation reducing the cost of purification process and 
making it more environmentally friendly. Moreover, photocatalysis al-
lows oxidation of pollutants without using special oxidants, such as a 
hydrogen peroxide or ozone. Toxic by-products of decomposition of the 
oxidants stay in water after treatment. 

Mechanism of photocatalytic process is well-known (see schematic in 

Fig. 1). Photocatalysis is related to photovoltaic properties of semi-
conductor materials and occurs as a result of interaction of semi-
conductor surface with photons of light. Incident photon activates the 
electron located in valence band resulting in formation of electron-hole 
pair. This further leads to creation of active radicals, such as activated 
oxygen and hydroxyl radicals, capable of oxidizing the pollutants. The 
key parameter of photocatalyst is the width of band gap that relates to 
the energy of photon capable of initiating the degradation process. 

Activity of photocatalysts is increasing with reducing the average 
size of particles due to increasing of active surface area [4] therefore 
powders consisting of finer particles of photoactive materials (e.g. TiO2, 
ZnO and others) are typically preferred. This, however, gives rise to the 
agglomeration problem, reducing the efficiency of photocatalysis, and 
complicates the separation of fine particles from water after photo-
catalysis. For instance, the use of nanoporous membranes drastically 
reduces the rate of purification. To avoid this problem, catalyst particles 
can be fixed on a substrate (support) [5,6]. This helps to mitigate the 
agglomeration problem [7] and, as a result, decreasing particles con-
sumption per litre and increasing the number of cycles of photocatalytic 
process without the loss of activity [8]. 

* Corresponding author. 
E-mail address: leonid.dorogin@majorrevision.com (L.M. Dorogin).  

Contents lists available at ScienceDirect 

Reactive and Functional Polymers 

journal homepage: www.elsevier.com/locate/react 

https://doi.org/10.1016/j.reactfunctpolym.2020.104781 
Received 11 September 2020; Received in revised form 18 November 2020; Accepted 21 November 2020   

mailto:leonid.dorogin@majorrevision.com
www.sciencedirect.com/science/journal/13815148
https://www.elsevier.com/locate/react
https://doi.org/10.1016/j.reactfunctpolym.2020.104781
https://doi.org/10.1016/j.reactfunctpolym.2020.104781
https://doi.org/10.1016/j.reactfunctpolym.2020.104781
http://crossmark.crossref.org/dialog/?doi=10.1016/j.reactfunctpolym.2020.104781&domain=pdf


Reactive and Functional Polymers 158 (2021) 104781

2

A number of materials were studied as a candidate for catalyst sup-
port, e.g. cement stone [9,10]. Using of photocatalyst powders in 
concrete-based composites enables creation of self-cleaning surface with 
anti-fouling effect. Another candidate was zeolite [11] because of its 
hierarchal porous structure that provide high surface area for photo-
catalysis. However, photocatalysis actually slows down in zeolite due to 
light scattering [11]. Moreover, both materials are not transparent, 
therefore, photocatalytic process will take place only on the irradiated 
side of the support. The use of transparent glass as the support was also 
reported [12–17]. However, glass is a brittle material, therefore special 
care should be taken during exploitation of such photocatalytic set-up. 
Moreover, the listed materials are rigid, which sets additional limita-
tions when used in curved geometry structures. Where flexibility is 
beneficial, cotton textile can be used [18], which is however not trans-
parent. The use of cellulose [19] and PMMA [20] were reported, how-
ever both materials may degrade due to photocorrosion. 

Based on potential applications and problems reported in available 
studies where photocatalyst was fixed on various substrates we can 
highlight number of parameters that are desirable for carrier (support) 
material to make it suitable for water purification.  

• Chemical stability, to avoid deterioration of the carrier under the 
influence of photocatalyst and impurities.  

• Low toxicity to exclude additional contamination of water that is 
being purified. 

• Low solubility in water to ensure longer operation time of the com-
posite and to prevent photocatalyst from getting into water due to 
dissolved carrier.  

• Hydrophobic properties, to attract organic pollutants from water and 
hence to increase the efficiency of photocatalysis.  

• High dielectric constant (2.2–3.5), to avoid charge dissipation that 
will otherwise prevent photocatalysis [21].  

• Good adhesion between carrier and photocatalyst particles to avoid 
detachment of photocatalyst during exploitation. 

Fig. 1. Schematics of photocatalytic process. Photocatalytic decomposition 
process includes: (a) formation of oxidation agents; (b) catalytic decomposi-
tion itself. 

Fig. 2. Schematics of structural configuration options for PDMS-based photo-
catalyst composites, including: (a) photocatalyst embedded in bulk; (b) pho-
tocatalyst deposited on surface of impervious or porous material; (c) 
photocatalyst coated with PDMS chains. 
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• Transparency, to avoid shadowing effect and to allow using both 
surfaces of the carrier.  

• Flexibility, to allow installation of the carrier on curved surfaces. 

At the moment, one of the most suitable candidates for the role of a 
support material is polydimethylsiloxane (PDMS). It does not have 
previously mentioned limitations and possess the whole range of bene-
ficial properties for photocatalytic purification applications including, 
but not limited to transparency [6], flexibility, chemical stability against 
corrosive effect of some common photocatalysts (e.g. copper oxide [22] 
and zinc oxide [23]), low toxicity, low solubility in water, high dielectric 
constant. Nonpolar (hydrophobic) surface of PDMS promotes the 
adsorption of hydrocarbons on photocatalysts fixed on [5] or covered by 
[24] PDMS and protects photocatalyst from bio-fouling [25]. Moreover, 
due to the fact that fabrication of PDMS-based materials starts form 
liquid phase followed by cross-linking to obtain final solid material, it is 
possible to tune the properties of resulting composite by adding other 
liquids and powders into a liquid precursor before cross-linking. In the 
solid state, PDMS can be modified further by post treatment with e.g. 
plasma [26,27], ozone [28], UV [28], focused ion [29] or electron [30] 
beams and by chemical means etc. 

More detailed look into advantageous characteristics and use of 
PDMS in photocatalytical applications is covered further in the present 
review and includes analysis of available works that involve PDMS as a 
support or coating material for photocatalyst in purification 
applications. 

2. PDMS in photocatalysis – literature overview 

In this section, we will briefly overview available works on photo-
catalytic water purification setups that involve PDMS. In the majority of 
studies PDMS was used as a carrier, fulfilling the role of either the 
support (substrate) coated with photocatalyst, or of a basis of a com-
posite filled with catalyst particles (Fig. 2a-c). In a few cases, considered 
at the end of the section, PDMS was applied in form of a functional 
monomolecular coating on photocatalyst (Fig. 2d). 

The use of PDMS in photocatalytic materials was introduced in 2003 
[24] where it was applied as an intermediate layer between PMMA 
substrate and titania (TiO2) photocatalyst to slow down the photo-
corrosion that is caused by PMMA/TiO2 interaction. The role of PMMA 
was to serve as a rigid base. Composite had overall good efficiency in 
decomposition of organic substances. However, the activity exhibited a 
slightly decreasing trend with the increase of PDMS layer thickness. 
After that work, number of authors have studied combination of PDMS 
with TiO2 in context of photocatalysis. The efficiency of PDMS/TiO2 and 
Polyester/TiO2 composites in gas-phase degradation of ethanol at 
200 ◦C was compared [31]. PDMS-based composite was efficient only in 
the first cycle of photocatalysis, while polyester composite retained 
photocatalytic activity also in subsequent cycles. Authors link the 
decrease of PDMS/TiO2 composite activity to chemical degradation of 
PDMS caused by KOH that was used for surface treatment at the prep-
aration stage in order to increase hydrophilicity, which can be useful for 
degradation of toxic chemicals with hydrophilic properties. These re-
sults suggest that PDMS is not suitable for use in strongly alkaline en-
vironments. Authors also note that despite some degradation observed 
at the surface of PDMS/TiO2 composite film as a function of the UV 
exposure time, this appears to be one of the reasons for the maintenance 
of the catalytic activity through continuous leaching of the surface and 
renewing active sites at the catalyst. Interaction of TiO2 with PDMS in 
PDMS–TiO2 composites can be further improved if specially modified 
TiO2 particles are used [32]. The activity of PDMS/TiO2 composite in 
degradation of methyl orange was shown to be ~3 times higher 
compared to TiO2 without PDMS support. Authors explain this phe-
nomenon by high sorption activity of PDMS towards pollutants dis-
solved in water. Pollutants attracted by PDMS get closer to photocatalyst 
resulting in increased reaction rate. 

Benefits of PDMS elasticity when used as support material for pho-
tocatalyst were demonstrated [33]. Authors have tested PDMS/TiO2 
composite in photocatalytic oxidation of methylene blue in two forms: 
planar and bent into circular profile. No dependence of photocatalytic 
activity on the bending radius was found making PDMS a suitable sup-
port for uneven and curved surfaces such as inner surface of any 
reservoirs. 

PDMS can be used also in form of a porous sponge [34]. TiO2 
nanocatalyst particles formed a layer on inner surface of the PDMS 
pores. Authors demonstrated that obtained composite sponges were 
capable of removing organic pollutants such as the toxic dye Rhodamine 
B from water via synergistic effects of adsorption and photocatalytic 
degradation under solar light. The overall dye removal efficiency of the 
composite was comparable to that of a similar amount of the TiO2 in 
solution. However, the use of composite eliminates the need for 
complicated separation of the catalyst particles from the solution. 
Porous composite was shown to be more effective that solid. 

Liquid TiO2-PDMS mixture can be sprayed onto different materials 
(glass slide, rubber, cotton, silicon wafer and paper) followed by curing 
to obtain solid hydrophilic coating [35]. Described approach benefits 
from increased photocatalytic activity and simplified process of catalyst 
separation from water after the reaction. It should be noted, that 
although the hydrophobic behaviour is beneficial for the operation of 
photocatalytical devices, a homogeneous and continuous deposition of 
the hydrophobic agent on the photocatalyst can hinder the radiation 
reaching the photocatalyst. This limitation can be potentially avoided 
via heterogeneous surface modification like e.g. formation of 
superhydrophobic-hydrophilic patterns on the surface of TiO2-PDMS 
composite films [36]. Patterns can be erased and then reconstructed 
with the use of UV irradiation and thermal treatment, demonstrating 

Fig. 3. Schematic illustration of principle of PDMS-based multilayer photo-
catalyst composite material. PDMS layers host photocatalyst nanoparticles and 
enable light passing-through due to their transparency. 
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rewritable wettability without the need for organic chemicals. Proposed 
approach can be beneficial also for other materials and applications 
including the development of self-cleaning surfaces. 

Although studied the most, TiO2 is not the only photocatalyst used in 
conjunction with PDMS. Recently a novel piezo-catalytic composite 
material on the basis of porous PDMS combined with barium titanate 
(BaTiO3, BTO) was reported [37]. Efficiency of the composite was suc-
cessfully demonstrated in degradation of Rhodamine B (RhB) dye so-
lution by ~94%. Material exhibited excellent stability after repeated 
decomposition of 12 cycles. Authors assume that under ultrasonic 
excitation the piezoelectric BTO materials create separated electro-
n–hole pairs that react with hydroxyl ions and oxygen molecules to 
generate superoxide (•O2− ) and hydroxyl (•OH) radicals for organic dye 
degradation. Synergetic effect of ultrasonic treatment with ultraviolet 
irradiation provide enhanced efficiency of photocatalysis. The degra-
dation efficiency of RhB is associated with the piezoelectric constant, the 
specific surface area, and the shape of the material. Considering that 
many photocatalysts have piezoelectric properties (like e.g. ZnO [38]), 
piezocatalysis may become a second important factor in catalytic ac-
tivity of polymeric composites. Elastic properties of PDMS are beneficial 
in operation of such materials. 

In other work ZnO nanoparticles with specially modified defect 
structure for higher photocatalytic activity in VIS range were mechan-
ically transferred onto PDMS substrate [39]. Due to high transparency of 
the composite, the efficiency did not depend on direction of incident 
light. Light can move through PDMS and activate photocatalyst parti-
cles, fixed on opposite side of PDMS. It may be useful for fabrication of 
specific photocatalytic set-ups with multilayer cell for purification of 
wastewater under solar irradiation (Fig. 3). 

Plasmonic nanoparticles such as gold [40,41], silver [42,43], silver/ 
silver halide [44–46], platinum [47,48] etc., can enhance photocatalysis 
by accumulating photons of certain wavelength and promoting electrons 
into conduction band of semiconductor [49]. Lee et al. [50] added 
plasmonic gold nanoparticles to a floating porous PDMS sponge deco-
rated with TiO2, so that both types of particles situated on inner surface 
of pores. Highly enhanced photocatalytic activity under both UV and 
visible light compared to the PDMS–TiO2 sponge and the PDMS–Au 
sponge was shown. In addition, recyclability of the composite was 
demonstrated for multiple cycles. Every type of plasmonic particles is 
active in certain range of VIS spectrum, therefore combination of plas-
monic particles from different materials results in more efficient light 
usage and increased efficiency of photocatalysis. This fact was utilized in 
the study [8] where two types of plasmonic particles (Au and Pt) were 
used alongside with photocatalytic CdS in PDMS matrix. The structure of 
Au/Pt/CdS layer was regulated with graphene that allowed to decrease 
the layer thickness and accumulate all three types of particles on a PDMS 
surface rather than inside. Graphene also contributes to increased pho-
tocatalytic activity by reducing recombination probability of electrons 

and holes. 
In addition to its photocatalytic activity porous PDMS-based mate-

rials filled with photocatalyst particles can serve also as an efficient 
sorbent for separation of water and oil [51]. The use of 2D CN nanofilms 
as photocatalyst in porous PDMS enhanced hydrophobic properties of 
composite. Obtained material was highly efficient in absorption of dyes 
from chloroform and hexane, as well as in separation of water-toluene 
emulsion stabilised with Tween. Absorption was followed by irradia-
tion with VIS light for 1 h to test the photocatalytic activity of the ma-
terial. Irradiated samples became colorless indicating that 
photodegradation of dye was successful. Results of the study suggests 
that obtained composite can be used e.g. for two-stage elimination of oil 
spills (absorption followed by photocatalytic oxidation of absorbed oil). 

Real wastewaters contain different salt ions. It was demonstrated 
[52] that the presence of any ions (cations or anions) reduces the effi-
ciency of photocatalysis due to partial absorption of active radicals 
formed in the process of photogeneration. However, authors prepared 
PDMS–SiO2–BiPO4 composite that demonstrated high efficiency even in 
the presence of additional salts dissolved in water. Moreover, the pres-
ence of HCO3

− even accelerates the photocatalytical reaction by 
increasing the sorption capacity of PDMS through the surface treatment. 
This, again, indicates that involvement of PDMS is beneficial compared 
to powder catalyst. 

In recent years, some studies demonstrated that beneficial applica-
tions of PDMS in photocatalysis are not limited only to serving as a 
support or carrier material for photocatalyst. PDMS provides significant 
advantages also in a form of a thin functional coating on catalyst par-
ticles. The ability to apply monomolecular layers of PDMS to catalyst 
was demonstrated for ZnO nanorods, and TiO2 films and nanopillars 
[25]. Solidification of PDMS occurs during the photocatalytic process. 
As a result, “photocatalytic brush” is formed consisting of the layer of 
PDMS with protruding nanorods of photocatalyst. The surface of the 
photocatalyst becomes hydrophobic and attracts hydrocarbons from the 
water resulting in increased efficiency of the photocatalysis. Hydro-
phobic properties did not change after 15 days of exposure to sunlight. 
Moreover, the coating is resistant to biological fouling duo to hydro-
phobicity and photocatalytic mechanism of surface decontamination. 
Authors applied PDMS coating also on TiO2 nanoparticles and obtained 
stable suspension of photocatalyst particles in nonpolar solvent. It 
allowed photocatalytic reaction to be performed in nonpolar liquid. 
Such process can be useful in important industrial applications like e.g. 
soft oxidation of benzene to phenol. Neves [53] et al. reported modifi-
cation of TiO2 thin films with two different types of PDMS: hydroxyl and 
vinyl-terminated. In cases where the functionalization was heteroge-
neous it resulted in a significant increase in surface roughness, allowing 
these samples to present hydrophobicity and photocatalytic activity. 
Zhou [54] et al. applied PDMS onto TiO2 nanowires transversely fixed 
on fluorine-doped tin oxide coated glass support. Due to hydrophobic 

Fig. 4. (a) Schematic illustrations of the superhydrophobic SMPD system and the reaction interface microenvironment, respectively. (b) Interface microenvironment 
of the conventional solid–liquid diphase SMPD system. (Adopted from [54]). 
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properties of nanowires the air medium was formed between them and 
photocatalysis took place at abundant concentration of oxygen (Fig. 4). 
Authors report 30-fold increase in photocatalytic activity compared to 
uncoated TiO2 nanowires. 

3. Methods of fabrication of PDMS-photocatalyst composites 

In this section, we will overview different approaches to preparation 
of PDMS-based composites for photocatalytic applications. For conve-
nience, common preparation routes can be roughly divided into three 
groups:  

• mixing catalyst particles with a liquid PDMS before curing, so that 
resulting material has catalyst incorporated in the matrix;  

• applying photocatalyst particles onto already solidified PDMS 
support;  

• coating photocatalyst particles with molecules of PDMS. 

Below we will briefly overview some chosen examples in each 
category to demonstrate the diversity of preparation methods (Fig. 5). 

3.1. Incorporation of photocatalyst into liquid PDMS before curing 

Preparation of photoactive PDMS-photocatalyst composite can be as 
straightforward as simply mixing the catalyst particles with liquid PDMS 
followed by curing, but may also involve intermediate steps and addi-
tional processing like separate thermal treatment, irradiation etc. Dis-
solving of photocatalysts in PDMS before solidification is convenient 
approach in managing the shape of composite including formation of 
porous structure [50,55]. 

A simple method of fabrication of planar composites was described 
by Lamberti et al. [33]. Ethanol solution contained titanium oxide 
nanoparticles which had been dispersed by ultrasonic treatment. The 
solution was poured onto glass surface and heated to evaporate ethanol 
and create a layer of nanoparticles. Then PDMS prepolymer was landed 
onto the glass covered by the layer of photocatalysts nanoparticles. 
Cross-linking was initiated by heating at 80 ◦C. 

Alkaline solutions can be used to modify wetting properties of PDMS 
composite [31]. Authors added TiO2 at 10% (w/w) to the 1:10 base and 
curing agent mixture and stirred until homogeneous suspension. A 
surface treatment to make this film more hydrophilic was carried out by 
contact with a 5% (w/v) KOH/ethanol solution for 1 h. 

Instead of addition of previously synthesized photocatalyst into 
liquid PDMS, photocatalyst may be synthesized from liquid precursors 
inside liquid PDMS prepolymer [24,52] following well-known sol-gel 
route [56]. This approach allows to obtain uniform distribution of 

photocatalyst particles in PDMS. Iketani et al. [24] prepared TiO2/PDMS 
hybrid sol by hydrolyzing Ti(OPri)4 in solution of PDMS. Ti(OPri)4/ 
tetrahydrofuran (THF) solution was added dropwise to the mixed solu-
tion of PDMS, H2O, HNO3 and THF at room temperature followed by 
continuous stirring for 17 h. Alternatively, sol-gel-assisted route was 
used for preparation of PDMS–SiO2–BiPO4 (P/Si/Bi) via thermal 
degradation of bismuth oxybromide into a solution composed of 
PDMS–OH [52]. 

Creation of PDMS-based photocatalytic films may be realized by 
several methods. For example, spin-coating is used for deposition of 
liquid PDMS contained photocatalytic nanoparticles onto different sur-
faces, such as a glass [31], poly(methyl methacrylate) (PMMA) [24] and 
other. After deposition films are heated to initiate the cross-linking. 
Porosity and roughness of support also influence the properties of 
photocatalytic composite. Liquid PDMS-photocatalyst solution can be 
brushed [57] onto solid substrates such as medical stone, pumice stone 
and fiber glass. In another study [35] authors sprayed PDMS/hexane/ 
TiO2 solution on different substrates including glass slide, rubber, cot-
ton, silicon wafer, and paper, and then heated them. Hexane was used to 
decrease viscosity of PDMS during the spraying, and was evaporated 
during cross-linking. 

Liquid PDMS also allows to fabricate porous structure of resulting 
composite. If porous PDMS-sponges are prepared, photocatalyst can be 
added into template that is then soaked in liquid PDMS mixture. For 
instance, Hossain et al. [55] mixed ZnO powder with sugar particles and 
kneaded the mixture into a 4 cm × 4 cm × 1 cm mold. The resulting 
block was then dried and dipped into a typical blend of PDMS prepol-
ymer and curing agent with a 10:1 proportion. The PDMS was infiltrated 
into the pores of the sugar template filling the spaces inside the template 
due to capillary forces while degassing in a vacuum chamber. The 
PDMS-filled template was then cured at 80 ◦C inside an oven for 2 h. 
Afterward, the sugar/PDMS template was dipped in water to dissolve 
the sugar and finally dried to get the sponge-like structure. In resulting 
material ZnO particles were incorporated into the PDMS matrix and 
attached well on the wall of the PDMS sponges. Similar sugar-template 
method was used with colloidal TiO2 nanoparticles added into template 
[50]. However, their procedure also included in situ reduction of Au 
nanoparticles from Au precusor at the PDMS sponge pore interface 
without extra chemicals. 

3.2. Applying photocatalyst particles onto already solidified PDMS 
support 

Fabrication of PDMS/photocatalyst composite can be as simple as 
application of catalyst particles on already solidified PDMS. This can be 
done mechanically by pressing the photocatalyst-covered Si wafer 
against flat PDMS sample [39]. Excess photocatalyst was removed by 
treating samples in an ultrasonic bath. Hickman et al. [34] reported the 
preparation of porous PDMS sponges filled with TiO2 particles. In 
contrast to approach used by Hossain et al. [55], where photocatalyst 
was mixed with sugar during making of template (See Section 4.1), 
Hickman et al. [34] prepared porous PDMS using similar sugar template 
scheme, but catalyst particles were introduced into already cured PDMS 
sponge in a form of a solution of TiO2 in hexamethyldisiloxane and 
ethanol. The residual ethanol was allowed to evaporate at room tem-
perature. In resulting material photocatalyst particles formed a layer on 
inner surface of the PDMS pores. The use of porous PDMS not only 
provide increased surface area for photocatalyst, but also prevents so- 
called “coffee rings” problem that appear during drying of 
photocatalyst-containing solution deposited onto a flat substrate [58]. 

3.3. Coating photocatalyst with PDMS molecules 

In studies described below PDMS was chemically bonded to photo-
catalyst in a form of monomolecular coating. 

Wooh et al. [25] demonstrated the ability to graft molecules of PDMS 

Fig. 5. Schematics of material processing stages used in fabrication of PDMS- 
based photocatalyst composites. Photocatalyst can be added in the liquid so-
lution at the mixing stage or can be applied onto the surface of solidified PDMS. 
Optional surface treatment may include irradiation with light, plasma treat-
ment, chemical treatment etc. 
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to metal-oxide photocatalysts (MOPC) such as TiO2 and ZnO. Solidifi-
cation of PDMS occurs during the photocatalytic process. To covalently 
graft PDMS onto MOPC surfaces, authors illuminated the MOPCs in the 
presence of trimethylsiloxy-terminated PDMS (silicone oil) with light 
(Fig. 6). The required wavelength of light varies between 300 and 500 
nm depending on the absorption range of the MOPC. E.g. grafting of 
TiO2 film covered with liquid PDMS was successfully performed under 
400 nm UV light. The unbound PDMS was removed by rinsing with 
toluene and tetrahydrofuran (THF), while chemical bonds between 
PDMS chains created a molecular network. Photocatalysis takes place on 
the surface of semiconductor between PDMS chains. After the grafting 
reaction, PDMS layers with dry thicknesses in the range of 7.5–12 nm 
were formed depending on viscosity of PDMS used. X-ray photoelectron 
spectroscopy (XPS) of the PDMS-TiO2 film revealed the formation of Si- 
O-Si (532.9 eV) and Ti-O-Si (531.4 eV) bonds in addition to the previ-
ously existing Ti-O-Ti (530.9 eV) bonds. The grafting of PDMS to MOPC 
can be tentatively understood as follows: Under UV illumination, 
MOPCs generate electron–hole pairs, which excite hydroxyl groups and 
water molecules on the surfaces. The activated molecules partially 
cleave siloxane bonds of surrounding PDMS. These segmented siloxane- 
based chains form a covalent bond with the MOPC (Fig. 6a) via a Me-O- 
Si (Me: metal) bond, which result in grafted PDMS brush. Procedure was 
performed also on TiO2 nanopillars and ZnO nanorods. Estimated den-
sity of PDMS molecular chains on the surface of TiO2 nanopillars was 
0.25 nm− 2. According to their experiments this was sufficient to pre-
serve long-term photocatalytic activity of MOPC. 

Neves [53] et al. described the synthesis of monomolecular hydro-
phobic photocatalyticaly-active self-cleaning PDMS coating on TiO2 
films prepared via sol-gel route [59] using solution containing titanium 
isopropoxide and isopropanol. Prepared TiO2 thin films were modified 
with two different types of PDMS: hydroxyl (AHH) and vinyl-terminated 
(AHV) – and prepared by two distinct routes: Route A, which involved a 
modified TiO2 sol-gel process, and route B, consisting in the function-
alization of TiO2 films after their calcination. In the first route (RA), a 
modified TiO2 sol-gel solution containing both hydrophobic agent (AHH 
and AHV) and the titanium isopropoxide in isopropanol was prepared. 
TiO2 films were functionalized only with AHH, since the sol-gel con-
taining AHV did not present sufficient stability for the deposition. This 
sol-gel preparation occurred analogously to TiO2 sol-gel, with an addi-
tion of the hydrophobic agent to the reaction medium. The resulting 
solution was used to deposit 5 layers of thin films on clean glass sub-
strates by dip-coating. After the deposition of each layer, the films were 
submitted to a thermal pre-treatment at 80 ◦C. After reaching the desired 
thickness, the resulting films were calcined. In the second route (RB), 
thin films containing five layers were prepared as described previously. 
These films were then immersed in an AHH or AHV solution in toluene 
and exposed to UV-A radiation. Then films were washed thoroughly 
with toluene. Each route was best suited for a different type of PDMS. 
The PDMS modification occurred by a covalent linkage allowing a better 
durability of the functionalization on TiO2 surface. 

In another study [54] the photocatalyst was used in the form of the 
forest of TiO2 nanowires grown on fluorine-doped tin oxide coated glass 
substrates. The PDMS solution was drop-casted onto fabricated surface 
and treated by ultraviolet irradiation so that PDMS chemically reacted 
with nanowires. Unreacted liquid PDMS was washed with 
hexamethylene. 

4. Discussion 

In this section, we would like to summarize key properties of PDMS 
that make it attractive for photocatalytical purification applications 
either in form of a support for a catalyst particles or as a thin functional 
coating chemically bonded to photocatalyst. 

Shortly after cross-linking, surface of PDMS is sticky and acts as a 
binder, increasing the adhesion of catalyst particles to the substrate 
[60–62] and eliminating the need of filtration and separation of catalyst 
from water. Chemical stability of PDMS against corrosive effect of some 
common photocatalysts (e.g. copper oxide [22] and zinc oxide [23]) 
provided by siloxane chemical bonds, makes it beneficial over other 
polymers, such as e.g. poly(methyl methacrylate) (PMMA) [24], poly-
acrylamide [63] and etc. Moreover, PDMS in form of monomolecular 
coating [24] can help to protect also the catalyst against photocorrosion. 
PDMS is non-toxic, making it suitable for domestic applications. How-
ever, it is nonbiodegradable. Therefore, care should be taken when 
utilizing used PDMS-based materials. It also can be recycled. Trans-
parency of PDMS [6] is close to that of silicone glass allowing to utilize 
the whole surface of PDMS without shadowing effect [39]. The energy of 
Si-O-Si bond is 443 kJ/mol [32], so PDMS is stable under irradiation. 
Flexibility of PDMS makes it suitable for use on arbitrarily curved sur-
faces of various water reservoirs [33] and prevents the resulting material 
from cracking [52,57] that is often a problem for many oxide solid 
materials prepared by sol-gel method. Low density of PDMS [57] en-
ables creation of photocatalysts floating on water. PDMS is also one of 
the main materials in making of microfluidic devices that can be readily 
used for photodegradation of various pollutants [17]. However, elastic 
modulus of PDMS may be insufficient for some microfluidic devices with 
high width∕height ratio due to the risk of collapse or damage [16]. 
Worth noting that PDMS is stable at elevated temperatures [64], which 
can be useful in purification of air exhaust of chemical factories. It 
should be noted though, that PDMS is not stable in strongly alkaline 
environments [31], but is better suitable for solutions with neutral pH 
like e.g. for purification of waste waters of petrochemical plants from 
phenol using e.g. ZnO (that is also sensitive to alkaline environments) as 
photocatalyst, at final stage of water purification after standard methods 
of filtration were already applied. Hydrophobicity of PDMS helps to 
prevent photocatalyst from being covering with bio-organic layers [25] 
during long-time use in water. 

Important that PDMS can significantly enhance the efficiency and 
rate of the photocatalytic process. Nonpolar surface of PDMS promotes 
adsorption of hydrocarbons and other oil products on photocatalysts 

Fig. 6. PDMS grafting reaction on the metal-oxide photocatalyst. a) Schematic of the proposed grafting reaction. PDMS was directly grafted onto the surface via UV 
illumination, resulting in the formation of Si-O-metal bonds. b) Schematic of the photocatalytic surface, which is liquid repellent. (Adapted form [25]). 
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fixed on [5] or covered by [24] PDMS and, as a result, the rate of pho-
tocatalysis is increased [5]. The increase can reach up to 30-fold if 
special nanostructured surface is used where air can be trapped and 
provide additional oxygen for photocatalysis when system is immersed 
into water [54]. 

Some of the beneficial properties of PDMS can be further tuned in 
order to better meet the needs of particular applications. Main motiva-
tions for altering properties of PDMS may include, but not limited to:  

- Increased adhesion provides better fixation of the photocatalyst on 
the surface of PDMS and reduces the risk of leakage of the catalyst 
particles into water.  

- Controlled polarity may improve sorption of pollutants while 
reducing the sorption of side salts that are present in wastewaters.  

- Controlling the roughness and topography of the PDMS may help to 
achieve more efficient distribution of catalyst particles on the sub-
strate surface 

Bulk properties can be modified by various additives during com-
posite fabrication. For instance, strong polymer-filler interaction may 
improve mechanical strength and hardness of the PDMS [65] while gold 
nanoparticles block formation of chemical bond Si-O-Si leading to 
increased elasticity [66]. Surface properties are typically modulated by 
post treatment like plasma [26,27], ozone [28], UV [28], focused ion 
[29] or electron [30] beams and by chemical means. Chemical treatment 
is the most flexible as it enables changing functional groups connected to 
silicon atoms. For example, hydrophilicity can be modified by treatment 
with polydopamine (PD) [67] or PEG-acrylate [68]. Even simple im-
mersion into hot water [69] leads to formation of SiOH groups from 
residual SiH groups and results in increased wettability. Some treat-
ments, like e.g. exposure of PDMS to electrical discharge [70], may have 
temporary effect and surface properties will recover to pre-treatment 
state after some time. It should be also noted that additives, including 
catalyst particles, may increase surface roughness and reduce adhesion 
[71]. 

Last, but not least - PDMS is a well-studied and reasonably priced 
material that is produced on industrial scale worldwide [72]. The same 
can be said about the most common photocatalysts like e.g. TiO2. As was 
shown in the present review, photoactive PDMS-based composites can 
be prepared via relatively simple routes. All this makes PDMS attractive 
material for photocatalytic applications. 

For convenience, some chosen features of PDMS that makes it 
attractive for applications in photocatalysis are briefly summarized in 
Table 1. 

5. Conclusion 

In this review, we demonstrated that PDMS has the whole range of 
characteristics that make it attractive material for photocatalytic water 
purification applications with great potential of making the process 
more convenient and effective. It can be used as a carrier, fulfilling the 

role of either the support (substrate) coated with photocatalyst, or of a 
basis of a composite filled with catalyst particles. Alternatively, PDMS 
can be chemically bonded to photocatalyst in a form of a thin functional 
coating. Probably the main limitation of PDMS is that it is not stable in 
strongly alkaline environments, but is better suitable for solutions with 
neutral pH like e.g. final stage of water purification after standard 
methods of filtration were already applied. 
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