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ABSTRACT 

Titanium dioxide Pickering stabilized methyl methacrylate/n-butyl acrylate (MMA/BA) 

copolymer latexes were synthesized by miniemulsion polymerization. The particle size of the 

hybrid latexes was controlled by the concentration of TiO2 used as stabilizer; the larger the 

concentration the smaller the particle size. The hybrid latexes formed coherent films with honey 

comb structures, the opacity of the films increased with the amount of TiO2. The photocatalytic 

activity of the hybrid films was assessed by coating concrete specimens and analyzing the 

capabilities to degrade Rhodamine B under UV-light exposure. The films showed excellent self-

cleaning activity and it was found that the photocatalytic activity index was little affected by the 

concentration of TiO2 and the roughness of the film. The kinetic of the photocatalytic reaction 

was controlled by the diffusion of the Rhodamine B from the inner of the film to the interface. 
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1 Introduction 

Photocatalytic materials have gained extraordinary relevance in the last years due to their 

potential applications in fields such as photo-induced removal of pollutants from air and water, 

and self-cleaning and antibacterial materials [1-15]. Titanium dioxide (TiO2) is the most widely 

investigated photocatalyst due to its high photoactivity, low cost, low toxicity and good chemical 

and thermal stability [16,17]. 

Currently, most photocatalytic coatings are prepared by the post-deposition of the catalyst onto a 

substrate, such as, glass, textiles, metals or polymers [2,5-9,12]. In the case of photocatalytic 

waterborne paints, the photocatalyst (TiO2) usually is one of the components of the paint 

formulation that is blended with the waterborne dispersed polymer (binder) [3,10,11,15]. This 

often leads to the aggregation of the TiO2 reducing its activity efficiency. A way to reduce the 

aggregation of the TiO2 is by integrating it in the film forming waterborne polymer/inorganic 

hybrids [18-20]. However, the photocatalytic efficiency requires the presence of TiO2 at the 

surface of the film; good distribution of TiO2 in the polymer film does not guarantee high 

performance in photocatalysis. Thus, core-shell particles with the TiO2 in the core and the 

polymer in the shell lead to a fine dispersion of the titania in the film, but to a poor catalytic 

efficiency because the TiO2 is not accessible. Therefore, the morphology of the hybrid particles 

should be such that it allows an easy formation of a film with the surface covered by TiO2. A 

way of achieving this goal is to place the TiO2 at the surface of the hybrid polymer particle. 
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The morphology of the hybrid particles depends on the interplay between thermodynamics and 

kinetics, and hence it depends on the nature of the components of the polymerization recipe and 

the polymerization strategy used in the synthesis [21-24]. Among the different polymerization 

strategies aiming at producing hybrid latexes with the inorganic materials at the surface, 

polymerization of Pickering stabilized systems is advantageous [25].  In these systems the 

stability of the dispersion is provided by solid particles (often inorganic nanoparticles (NPs)) 

adsorbed on the oil/water interface. This allows avoiding (or at least substantially reducing) the 

use of conventional surfactants whose migration during film formation often causes poor gloss 

and adhesion, and high water sensitivity.  

Strong adsorption of the inorganic particles at the oil-water interface is needed to ensure the 

formation of the desired particle morphology. A key parameter in the adsorption is the 

wettability of the NPs at the oil/water interface that can be estimated by the three-phase contact 

angle (θNow). Maximum adsorption energy is achieved for θNow = 90° , namely for a particle 

that has half of its surface area in the aqueous phase and half in the oil phase [26-28]. The 

equilibrium shifts away from the interface as θNow separates from 90º. Because of geometrical 

reasons, water-in-oil dispersions are usually obtained when θNow > 90°  whereas  θNow < 90°  

yields oil-in-water dispersions [26]. Under equilibrium, the particles partition is between the 

aqueous phase and the interface for θNow < 90°, and between the oil phase and the interface for 

θNow > 90°. The high energy of adsorption in the vicinity of θNow = 90° is the reason for the 

higher stability of the Pickering stabilized emulsions as compared with those stabilized with 

conventional surfactants. As many inorganic materials are hydrophilic, surface modification is 

needed to increase the adsorption of the inorganic NPs at the interface, leading to highly stable 

oil-in-water dispersions [29-32].  
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In addition to avoiding the drawbacks associated to the use of conventional surfactants, it has 

been reported that Pickering stabilized latexes show improve mechanical properties in adhesives 

[33] and coatings [19,34-36]. These advantages have attracted the attention of the polymer 

community in the last years and a wide range of hybrid colloidal materials have been synthesized 

by means of emulsion [21,29,37-48] or miniemulsion polymerization [31,32,49-51]. 

The most commonly used Pickering stabilizers are clays [37,38,49,50] and silica NPs 

[21,29,31,32,39]. However other inorganic fillers, such as zinc oxide [40,41], magnetite [42], 

graphene [43,44] or cerium dioxide [51] have also been used. The use of titania NPs as Pickering 

stabilizers is scarce [30,45-48,52] and to the best of our knowledge none of these works have 

used titania NPs to stabilize film forming latexes for coating applications. Therefore, the 

photocatalytic efficiency of films cast form waterborne dispersions Pickering stabilized with 

TiO2 remains to be demonstrated. 

 In this article, we report for the first time, the use of titania NPs as Pickering stabilizer of film 

forming latexes for coating applications and proof of the photocatalytic properties is provided. 

Polymerizations were carried out by means of surfactant-free Pickering miniemulsion 

polymerization using hydrophobically modified TiO2 photocatalytic NPs. The effect of the 

amount of TiO2 NPs on the morphology of the final latexes as well as on that of the film was 

studied. The photocatalytic efficiency of the hybrid polymer films was assessed performing self-

cleaning test of the coatings applied in concrete specimens. 

2. Material and methods 

2.1. Materials 

Methyl methacrylate (MMA) and n-butyl acrylate (BA) monomers were used as received from 

Quimidroga (Spain) . The modified TiO2 NPs aqueous dispersion was provided by Fraunhofer 
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ISC (Germany) [53]. The TiO2 was modified with acetyl acetone and para-benzene sulfonic acid. 

This modification renders the TiO2 more hydrophobic than the pristine TiO2.  Octadecyl acrylate 

(Aldrich) was used as reactive costabilizer and 2,2′-Azobis(2-methylpropionitrile) (AIBN, 

Aldrich) as initiator. Doubly deionized (DDI, MiliQ quality) water was used throughout the 

work. 

 

2.2. Synthesis of Pickering-Stabilized Latexes. 

A copolymer of MMA and BA (50/50 wt %) commonly used for coating applications [54,55] 

was synthesized. Pickering stabilized latexes were sought because attempts to use physical 

blends of TiO2 aqueous dispersions and acrylic latexes , yielded films where aggregation of the 

TiO2  NPs could not be controlled, and besides, there was accumulation of the TiO2  NPs at the 

substrate-film interface, which reduced substantially the performance of the nanocomposite films 

in the air-film interface. 

Pickering-stabilized miniemulsions were prepared using the formulations given in Table 1. The 

challenges related with the industrial implementation of this process have been recently reviewed 

[56]. The oil phase was prepared by mixing the main monomers (MMA and BA; 50/50 wt %), 

the monomeric costabilizer (octadecyl acrylate) and the oil-soluble initiator (AIBN). This 

mixture was stirred magnetically for 5 min. The aqueous phase was obtained by diluting the 

original sulfonic acid modified aqueous TiO2 NPs dispersion (original concentration ~12 wt % 

and particle size of 25 nm measured by Dynamic Light Scattering) in water and sonifying it for 

10 minutes using a Branson 450 w (operating at 8-output control and 60% duty cycle) in order to 

achieve a good dispersion of the NPs in the aqueous phase. Both phases were mixed for 5 min 

under magnetic agitation and then sonified for 10 minutes using a Branson 450 w (operating at 8-
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output control and 60% duty cycle). During sonication, the flask was immersed in an ice bath to 

avoid overheating. 

After preparation, the miniemulsions were introduced into 0.1 L bottles and purged with nitrogen 

for 10 min. Then, the bottles were sealed and introduced into the thermostatic bath at 70 °C 

where they were tumbled end-over-end at 49 rpm for 15 h. Polymerizations with different TiO2 

NPs loadings were carried out. 

Table 1 Formulation used for the synthesis of the Pickering stabilized latexes 

 Component wt % Amount** (g) 

Oil phase 

MMA 4.8 3.84 

BA 4.8 3.84 

Octadecyl acrylate 0.4 0.32 

AIBN* 1 0.8 

Water phase 
TiO2 NPs 5/10/20* 0.4/0.8/1.6 

Deionized water 90 72 

*Respect to the main monomers (MMA/BA); ** For a recipe of 80 g latex 

 

2.3. Latex and film characterization. 

Conversion of the final latexes was measured gravimetrically. Dynamic Light Scattering 

(Zetasizer Nano ZS, Malvern Instruments) was used to measure the z-average diameter of the 

TiO2 NP dispersion, miniemulsion droplets, and final polymer particles.  

The stability of the miniemulsions was determined in a Turbiscan LAB (Formulaction) by 

placing the miniemulsion in a cylindrical glass cell which was completely scanned by a light 

source. The backscattered light, which depends on the droplet mean diameter and on the volume 

fraction, provided an easy measurement of the miniemulsion stability.  
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The contact angle at the TiO2/monomer/water interface (ϑNow) was calculated as: 

CosθNow = γwcosθw−γocosθo
γow

                            (1) 

where γw and γo are the surface tensions of the aqueous phase and the monomer mixture, 

respectively, γow the interfacial tension between the monomer mixture and the aqueous phase, 

and ϑw and ϑo are the contact angles of the TiO2 NPs with the water phase and with the 

monomer mixture. These contact angles were measured by means of Washburn method [57] 

using a KSV30 tensiometer. The same equipment was used to determine the surface and 

interfacial tensions.  

The morphology of both the final latex particles and the films was analyzed by Transition 

Electron Microscopy (TEM) and cryo-TEM in a TECNAI G2 20 TWIN (FEI) operating at an 

accelerating voltage of 200 kV in a bright field image mode. Polymer particles were observed 

without any staining. The preparation of samples for cryo-TEM involved first a vitrification 

procedure on a FEI Vitrobot Mark IV (Eindhoven, The Netherlands). One drop of the sample 

solution (~3 μL) was deposited in a copper grid (300 mesh Quantifolis, hydrophilized by glow-

discharged treatment just prior to use) within the environmental chamber of the Vitrobot and the 

excess liquid was blotted away. The sample was shot into melting (liquid) ethane and transferred 

through a 655 Turbo Pumping Station (Gatan, France) to a 626 DH Single Tilt Cryo-Holder 

(Gatan, France) where it was maintained below -170 ºC (liquid nitrogen temperature).  

The films cast at room temperature were trimmed at -40 °C using an ultramicrotome device 

(Leica EMFC6) equipped with a diamond knife. The ultrathin sections (100 nm) were placed on 

300 mesh copper grids and were observed without further staining.  

Atomic Force Microscopy (AFM) images of the film surface were obtained by a multimode 

Nanoscope IV (Veeco) working under taping mode with the TESP tips. X-ray photoelectron 
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spectroscopy (XPS) composition data and spectra were acquired on a SPECS (Berlin, Germany) 

instrument equipped with a Phoibos 150 1D-DLD analyzer and a monochromatic Al Kα X-ray 

source. Compositional survey and detail scans were acquired using a pass energy of 80 eV.  High 

resolution spectra were acquired using a pass energy of 30 eV. The above data were taken at 90 º 

takeoff angle. Data analysis was performed with Casa XPS 2.3.16 Software to fit the signals to 

Gauss-Lorentzian curves, after removing the background (Shirley). 

 

2.4. Self-cleaning properties.  

Self-cleaning tests were performed in order to assess the photocatalytic activity of these coatings. 

The self-cleaning performance of a surface is usually measured by following the discoloration of 

an organic dye under UV radiation [58-61]. In this case, Rhodamine B based colorimetric tests 

were performed. Before the experiment, latexes were cast at room temperature over concrete 

substrates. Once the films were dried, they were dyed with a solution of Rhodamine B in ethanol. 

Rhodamine B dye exhibits a strong red color due to its highly delocalized Π- electrons , and 

discolorates by the action of radicals generated by the photocatalytic titania . Consequently, its 

discoloration can be followed by colorimetry.  

The experimental set-up consisted of a test chamber where the specimens were placed 

horizontally and a light source located above their surface. The light intensity received by the 

specimens was 10W/m2. The color of the samples was measured with a colorimeter. The results 

are expressed in the CIELAB system with L*, a* and b* colorimetric coordinates. As 

Rhodamine B applied onto materials gives an initial pink coloration, only the colorimetric 

coordinate a* was considered [62]. The measurements of a* were performed at different time 

intervals during 9 hours and two measurements were taken from each single sample.  
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The photocatalytic activity (Γ) was evaluated using the method proposed by Ruot et al. [62] 

based on the evolution of the a* parameter as follows:  

Γ =  C − Co                                       (2) 

where C is the dimensionless activity coefficient for the specimen that contains TiO2 defined as:  

C = At(a∗)−A(a∗)
At(a∗)                            (3) 

and Co is the dimensionless activity coefficient for the blank sample (without TiO2), where 

At(a∗) = t × a0∗  and A(a∗) = ∫ a∗(t)dtt
0 . 

 

3. Results and discussion 

The three phase contact angle value of the sulfonic acid modified TiO2 NPs calculated by means 

of equation (1) was θNow =83° (γw= 46.6 mN/m, γo= 25.8mN/m. γow= 15.8 mN/m, ϑw= 86 ° 

and ϑo= 87 °) which is close to the optimum value found by Gonzalez-Matheus et al. for silica 

NPs to obtain high solids content Pickering stabilized latexes [32]. 

Figure 1 displays the stability test (measured at 60 ° C) of the 10 % solids content miniemulsion 

prepared with 10 % weight based on monomers (wbm) of TiO2. The miniemulsion presented 

excellent stability over a period of 3 hours. Very similar results were observed for the rest of the 

miniemulsions (with 5 and 20 wbm % of TiO2). 

Table 2 shows the droplet sizes of the prepared miniemulsions as well as the particle size and 

conversion of the final latexes. As it can be observed, the droplet size of the miniemusion 

decreased as the amount of hydrophobically modified TiO2 was increased. This is a clear 

indication that the TiO2 NPs were acting as efficient stabilizer, the larger the amount of TiO2 

used, the larger the area that could be stabilized and consequently, the smaller the droplet size. 
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Fig. 1. Stability measurement of the miniemulsion prepared at 10 % s.c with 10 wbm % of 

sulfonic acid modified TiO2. Measurement was performed at 60 ° C. 
 

Table 2 Characteristics of the prepared Pickering stabilized miniemulsions and final latexes 

TiO2 

(wbm  %) 

Droplet size 

(nm) 

Particle size 

(nm) 

Conversion 

(%) 

5 307 1035 91 

10 208 618 92 

20 148 370 97 

 

In all the reactions, the final average particle size was larger than the droplet size of the initial 

miniemulsion. Similar trends were observed by other authors when SiO2 or CeO2 NPs were used 

as stabilizers [32,51].  

The increment in the particle size shows the occurrence of coalescence of monomer droplets 

(and/or polymer particles) during polymerization. Nevertheless, it is worth pointing out that no 

macroscopic coagulum was observed in any case after filtering the latexes through a mesh of 530 

μm. The fact that the miniemulsion droplets were stable (see Figure 1), but the system 

destabilized upon polymerization strongly suggests that the reason for the droplets coalescence 

during the polymerization are changes occurring at the water-oil interface as polymer is formed. 

This modification in the nature of the interface, results in a variation of the interfacial tensions 
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and therefore, in a variation of the affinity of titania NPs to the oil/water interface affecting their 

adsorption energy.  

Figures 2 and 3 show TEM and cryo-TEM micrographs of latexes stabilized with different 

amounts of TiO2. All images showed a polydisperse distribution of mostly spherical particles. 

Moreover, TEM images show that the average particle size decreased with increasing amounts of 

TiO2  while the surface coverage of the polymer particles (by titania NPs, as calculated from the 

particle sizes and final conversions displayed in Table 2) was similar for all the TiO2 loadings. 

Furthermore, the shape of larger particles (Figure 2 (b) and (c)) tend to be less regular and 

exhibited a buckled surface. This could be an indication that these particles contained unreacted 

monomer at the end of the polymerization and their relatively stiff surface was deformed due to 

the decrease in volume caused by the evaporation of the monomer. In the cryo-TEM 

micrographs (Figure 3) taken for the Pickering latex stabilized with 10 wbm % of titania, the 

presence of the TiO2 NPs at the polymer/water interface is clear. In the higher magnification 

images (Figure 3 (a) and (b)), a homogeneous surface coverage of the NPs in the polymer 

particles surface can be observed. Furthermore, the images show that little amount or no TiO2 

nanoparticles were present in the aqueous phase; namely most of the nanoparticles were 

adsorbed at the surface of the polymer particles. 
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Fig. 2. TEM micrographs of latexes synthesized with different TiO2 loadings: (a) 5 wbm %, (b) 
10 wbm % and (c) 20 wbm %. 

 

 
Fig. 3. Cryo-TEM micrographs of latex synthesized with a TiO2 loading of 10 wbm %. 

 

Figure 4 shows pictures of the films cast at room temperature. All the latexes were film-forming 

at room temperature following one of the requirements for application. White continuous films 

were obtained in all the cases and the opacity of the film increased as the amount of titania used 

as stabilizer was increased. 

 

Fig. 4. Photographs of films casted at room temperature for Pickering latexes stabilized by 
different amount of TiO2: (a) 5 wbm %, (b) 10 wbm % and (c) 20 wbm %. 

(a) (b)

(c)
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Figure 5 presents TEM micrographs of the cross-section of these films. It is clearly observed that 

the TiO2 NPs located at the surface of the polymer particles, create a continuous inorganic NPs 

network in the final film. It can also be observed that higher TiO2 NPs loading led to larger 

aggregates of NPs at the interparticles interstices inside the film structure (see Figure 5). Note 

that it cannot be discarded that this accumulation of TiO2 nanoparticles can be due to detachment 

of nanoparticles during the preparation of the film for the TEM analysis. 

 

 

 



 14 

 
 
Fig. 5. TEM micrographs of the cross-sectioned films of the Pickering stabilized latexes by 

different amounts of TiO2: (a) 5 wbm %, (b) 10 wbm % and (c) 20 wbm %. 
 

The presence of inorganic NPs in the film was also analyzed by AFM at the air-film interface. 

Figure 6 presents the height and phase micrographs for films synthesized with 5, 10 and 20 wbm 

% of TiO2. Table 3 displays the roughness (given as Ra, arithmetic average of the absolute 

values of the surface height deviations) calculated from the height images in a 10 μm x 10 μm 

region. The height images and the roughness data clearly indicated that the lower the amount of 

TiO2 employed in the synthesis of the Pickering stabilized latexes, the higher is the film surface 

roughness. Furthermore, the phase images indicate that the surface is partially covered by the 

TiO2 nanoparticles (see also Figure 7 for the higher magnification images) and that the coverage 

increases with the concentration of TiO2. The increase of roughness as the amount of TiO2 

decreased can be attributed to the larger polymer particles sizes attained in the polymerization. 

In order to explain this, let us discuss film formation from Pickering stabilized latexes, which 

seems counterintuitive as the particles are covered by a shell of TiO2 NPs. It has been 

demonstrated that the resistance to particle deformation produced by hard shell, is overcome by 

the capillary forces arising during water evaporation [63] (first step of film formation). The 
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capillary forces increase as the particle size decreases [64] and hence, better and smoother films 

are produced with latexes of smaller particles sizes. In addition, the differences in size of the 

polymer particles located at the top layer of the film (larger polymer particles were obtained 

when lower amounts of TiO2 NPs were used) also affect roughness. 

 

 
Fig. 6. AFM micrographs of the surface of the film of the latexes stabilized by 5, 10 and 20 wbm 

% of TiO2. (Top) Height image and (bottom) phase image. Dimensions: 10 μm x 10 μm. It is 
demonstrated that the surface of the film is fully covered by titania. NPs. 

 

Table 3 Roughness (Ra) of the air-film surfaces of the Pickering stabilized latexes calculated from 
the height AFM micrographs (10 x 10 μm region) 

TiO2 amount 20 wbm % 10 wbm % 5 wbm % 

Ra (nm) 20 22 28 
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Fig. 7. AFM phase micrographs of the surface of the film of the latexes stabilized by 5, 10 and 

20 wbm % of TiO2. Dimensions: 3 μm x 3 μm. 
 

The presence of the TiO2 at the air-film interface and the roughness of the films are both  very 

important features for photocatalytic applications, because the accessibility of the catalyst and 

the enhanced surface area favor the photocatalytic activity of the nanocomposite films (as the 

contaminants to be degraded must be adsorbed at the surface of the catalyst where the radicals 

are generated). 

Therefore, in order to determine the concentration of Ti at the air-film interface of the films, XPS 

analyses were performed. The values of the concentration of Ti presented in Table 4 confirmed 

the qualitative data gathered by AFM; namely, the amount of Ti at the film surface increased 

with the concentration of TiO2 employed during the synthesis. 

In addition, XPS was also used to determine the distribution of the Ti along the film depth. For 

this purpose, depth profiling was carried out on both sides of the films for the film obtained with 

10 wbm % of TiO2. The air-film and substrate-film interfaces were bombarded for periods of 10 

minutes up to 50 minutes using argon. The values at the air-film interface scattered between 3.2 

8 (first layer) and 4.7 (after 50 min) At. % and at the substrate-film interface between 2 and 3.1 

At. %, respectively.  
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Table 4 XPS measurement of Ti at air-film surfaces of the Pickering stabilized latex films 

TiO2 amount 20 wbm % 10 wbm % 5 wbm % 

(Ti,  atomic %) 5.5 3.2 0.5 

 

Self-cleaning tests were performed in order to assess the photocatalytic activity of these coatings. 

It is noteworthy to mention that the photocatalytic activity of the TiO2 NPs can potentially 

degrade the organic polymer too. Even if no polymer degradation was observed in the tested 

samples after the experiment, it should be mentioned that these tests were not long enough to 

conclude about this part.  

Figure 8 shows pictures of the Rhodamine B dyed films cast over concrete substrates before and 

after being exposed to UV light. The blank sample corresponds to a conventional MMA/BA 

(50/50 wt %) latex stabilized by sodium lauryl sulfate [63] without any titania. As it can be 

observed, after 9 hours of UV radiation, the blank latex film continued being pink colored, 

whereas the films made of the hybrid latexes presented a significant discoloration. Thus, it is 

demonstrated that hybrid films are able to decompose Rhodamine B photocatalitically and 

therefore present self-cleaning properties. 
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Fig. 8. Pictures of the Rhodamine B dyed films (cast over concrete substrates) before and after 

being exposed to UV light. 

The photocatalytic activity index (Г) was quantified from the time evolution of a* coordinate for 

each sample during the UV exposure. Figure 9 shows the evolution of both, a* coordinate and Г. 

The coating without TiO2 was not discolored at all during the exposure time; namely, a* 

coordinate did not vary (within the experimental error), indicating that there was no other 

physicochemical phenomena able to discolor Rhodamine B. For the hybrid coatings, the 

discoloration mainly occurred during the first 200 minutes, which is in good agreement with the 

observations of Ruot et al. [61] for two types of cement-based materials containing TiO2 

particles. A direct comparison of the photocatalytic activity, is better captured by the 

photocatalytic activity index (Г, Figure 9 (b)) as the dependence of the initial a* coordinate value 

(different for each specimen) is circumvented. The three different coatings (with increasing 

amount of TiO2) reached similar Г values (0.73, 0.70 and 0.76, respectively) at the end of the 

test. However, the kinetics along the exposure time presented a trend that did not agree with the 

increased concentration of TiO2 in the coated specimens; indeed, the specimen with 5 wbm % 

TiO2 presented faster degradation of Rhodamine B than the specimen coated with the 
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nanocomposite with 20 wbm %. Nonetheless, the fastest discoloration was achieved by the 

coating with 10 wbm % of TiO2. Others authors [66, 67] found also that the photocatalytic 

activity was independent of the loading of TiO2 in the cementicious materials or that the size of 

the catalyst played a more important role. Ruot et al. [62], however, found that for cement paste 

Г increased with loading of TiO2, but for mortars the effect was not substantial. However, in 

these works the kinetics of the photocatalytic activity was hardly mentioned. 

 
Fig. 9. Time evolution of the a* coordinate (a) and photocatalytic activity index (Г, (b)) of latex 

films cast over concrete substrates. 

 

Provided that the pollutant is available at the surface of the nanocomposite, the photocatalytic 

activity should be proportional to the concentration of TiO2 and the available surface for 

adsorption of the organic compound to be degraded; i.e., Rhodamine B. AFM and XPS 
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demonstrated that the concentration of TiO2 at the air-film interface increases with the amount of 

TiO2 employed in the formulation, but interestingly the roughness measured by AFM shows the 

opposite trend; that is, the roughness increases by decreasing the amount of TiO2 in the 

nanocomposites (although the difference is modest for the three concentrations). Figure 9 (b) 

shows that Г is substantially higher for the nanocomposite film containing 10 wbm % TiO2 than 

for those containing 5 and 20 wbm % during the first 150 min of UV exposure, which can hardly 

be explained by the surface concentration of TiO2 and available surface area of the 

nanocomposite films; namely, the slightly higher roughness (surface area) of the nanocomposite 

containing 10 wbm % cannot justify the large difference in activity observed. Therefore, the only 

explanation that can be provided for this behavior is related with the availability of Rhodamine B 

at the film surface. The nanocomposite films absorb polar solvents (not shown) and hence when 

dying them with the Rhodamine B solution in ethanol (see experimental part), it can be 

speculated that Rhodamine penetrates to the interior of the nanocomposite film. Only Rhodamine 

B at the air-film interface participates in the photocatalytic reaction and hence there should be a 

diffusion of the Rhodamine B from the inner of the film to the interface where it is consumed. 

The rate of diffusion of Rhodamine B controls the discoloration reaction; the higher the 

concentration of TiO2 in the film the lower the rate of diffusion. These competing mechanisms 

(photocatalytic reaction and Rhodamine B diffusion rates) can explain why the nanocomposite 

film with 10 wbm % of TiO2 presents the fastest apparent photocatalytic reaction. 

 

4. Conclusions 

Miniemulsion polymerization using hydrophobically modified TiO2 nanoparticles as the sole 

stabilizer were used to produce hybrid latexes made of MMA/BA that forms coherent films with 
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perfect honey-comb structures at room temperature. This one pot synthesis was used to prepare 

hybrid polymeric dispersions with different concentrations of TiO2 that can be used as a 

photocatalyst to degrade pollutants and contaminants in paints, coatings and as additive in other 

formulations. In this work, the hybrid latexes were used to coat concrete specimens and test the 

self-cleaning capability of the films. It was shown that the coated films were able to degrade 

Rhodamine B. The photocatalytic activity index measured at the end of the UV exposure show 

no clear dependence of the concentration of TiO2 employed during the synthesis; however the 

time evolution of the photocatalytic degradation was found to be controlled by the diffusion of 

the Rhodamine B from the inner of the film to the surface where the photocatalytic reaction 

occurred. The concentration of TiO2 at the interface and the roughness of the film, seem to be 

less important than the diffusion rate of Rhodamine B regarding the photocatalytic activity of the 

hybrid coatings. 
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