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Photocatalytic Thin Film Materials and Applications 

Abstract 

Photocatalytic thin film materials are now being used extensively for a broad range of applications 

including: energy, environmental remediation, self-cleaning windows, water splitting, carbon dioxide 

sequestration, antibacterial and biomedical.  Cost benefits are numerous because thin films, which can 

be applied to a wide variety of surfaces and their microstructures, are used instead of bulk materials. 

Photocatalytic thin films absorb radiant energy (photons) and create a number of chemical reactions, 

either in the film or on its surface. Chemical redox reactions, such as oxygen generation from water, and 

reduction of organic materials are catalyzed by electron hole pairs (excitons) generated in the film by 

photons. Excitons generate free OH radicals in film, which cause secondary reactions that can be used 

for oxygen generation or water splitting.  

 

The anatase crystalline phase of titanium dioxide (TiO2) is the primary material used for catalytic 

applications. Energy applications include dye-sensitized solar cells and artificial photosynthesis. Most 

importantly, photocatalytic thin films are used for the decomposition of organic contaminants on 

virtually every surface and environmental remediation.  Self-cleaning windows and windshields 

comprise a large market. Biomedical applications include a photolytic artificial lung device.  

Photocatalytic effects depend to a large extent on film morphology, with porous microstructures 

enhancing photocatalytic reactions. Nanostructures such as nanotubes, nanoparticles and mesoporous 

thin films are now being developed. Other photocatalytic thin film materials include tungsten oxide, 

nitrogen and gold doped titanium dioxide, nickel oxide and iron oxide.   

 

Introduction  

Thin film and low-dimensional structure technologies in conjunction with microtechnology are rapidly 

replacing many technologies and devices based on conventional bulk materials, particularly for medical 

and energy-related applications. Thin film photocatalytic and photo-active materials have now been 

adopted for a number of applications such as oxygen production via photolytically driven 

electrochemistry (PDEC), energy storage, environmental remediation, photovoltaic devices, dye 

sensitized solar cells (DSSC), self cleaning surfaces, drug delivery, and fuel cell electrodes – none of 

which are possible with bulk materials.[1 – 11]. Simply by employing thin film photocatalytic materials, 

there is a reduction in materials usage alone that results in substantial cost savings. New applications 

also contribute additional benefits: 
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 Extension of the life of windows and reduction in cleaning procedures 

 Low cost photovoltaic technology 

 Reduction of organic and inorganic pollutants 

 Inactivation and killing of harmful bacteria 

 Energy production and CO2 sequestration 

 Lower cost biomedical devices (such as the artificial lung) 

 Low cost hydrogen generation 

 Water splitting 

Photocatalytic reactions initiate much like solar cell operation; when a photon with energy of 

(usually ultraviolet) exceeds the energy of the band gap (in the 3.2 eV range), an electron (e -) is 

excited from the valence band into the conduction band leaving a hole (h+) behind. In electrically 

conducting materials, i.e., metals, the charge carriers immediately recombine.  Light activation requires the 

use of semiconductor materials with suitable band gaps as catalysts. In semiconductors (many insulators 

can become semiconducting when photons excite electrons into their valence bands) a fraction 

photoexcited electron-hole pairs (excitons) diffuse to the surface of the catalytic particle (electron hole 

pairs are trapped at the surface) and can take part in chemical reactions with the adsorbed donor (D) or 

acceptor (A) molecules. Referring to Figure 1 below, the following reactions can take place: 

 Holes can oxidize donor molecules: D + h+ → D.+ 

 Conduction band electrons can reduce appropriate electron acceptor molecules: A + e- → A.- 

Each application listed above uses photocatalytic activity differently to achieve a specific function, as 

depicted in Figure 1.  All these phenomena rely on the creation of an electron-hole pair (exciton) when 

the surface is illuminated with ultraviolet radiation, usually in the 350 nm – 400 nm spectral range. 

Reactions in anatase titanium dioxide (TiO2) that can occur after creation of the electron hole pair are: 

 electrons can be used to form a photocurrent 

of TiO2 e + h 

 holes can perform hydrolysis (photolysis) 
o 2H2

(TiO2) Active oxygen (AO) + 2H+ + 2e- 

 holes can oxidize organics by 
o 2H2

(TiO2)-hole + OH- 
o OH- + organic → CO2 + H2O 
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Figure 1.  Photocatalytic Processes  

Thus, many metal oxides are strong oxidizers as a result of hole formation. Holes can react in one 

electron oxidation step to produce high reactive OH radicals. Both holes and OH radicals are high 

reactive oxidants: 

 H2O + h+→ .OH + H+ 

Atmospheric O2 acts as an electron acceptor and forms a super oxide ion (.O2
-) according to the reaction: 

 O2 + e- → .O2
- 

These highly reactive ions can readily oxidize organic material, which is the basis for self- cleaning 

surfaces. The first self-cleaning glass was based on TiO2 thin films. The glass cleans itself in two stages. 

The photocatalytic reaction breaks down the organic dirt on the glass using UV light and makes the glass 

hydrophilic (normally glass is hydrophobic). While in the "hydrophilic" state, rain can wash away dirt 

leaving few streaks, because hydrophilic glass spreads the water evenly over its surface. 

Microstructure, Crystal Structure and Porosity 

Crystal structure, microstructure and porosity all work synergistically in photocatalytic thin films. The 

following properties are important to enhance the performance of the photocatalytic structure or 

device: 

 Surface area of the film exposed to air, water, blood, etc. 
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 Photoactivity/quantum efficiency 

 UV absorption 

 Film thickness 

Crystal structure is very important in that it primarily determines energy band structure. While the 

anatase crystalline phase of TiO2 has demonstrated highest photocatalytic activity, good results have 

been achieved for anatase-rutile mixtures. High porosity is important to expose the holes to a high 

surface area in as small a volume as possible in order to react with water. To this end, mesoporous films 

[12], GLAD films [13,14,15], nanotubes [16,17,18], nanoparticles [19] and films with columnar structure 

[20] are desirable.  

Figure 2 below shows a picture of a mesoporous TiO2 film [12].  Figures 3 and 4 show SEM pictures of 

TiO2 nanotube arrays [17, 18]. Figure 5 shows a picture of TiO2 nanoparticles attached to a carbon 

nanotube [19]. High quantum efficiency (charge carrier/photon) is needed to utilize as many photons as 

possible and reduce the size and surface area of the device.  Additionally, high UV absorption is needed 

to introduce as many photons as possible into the photocatalytic film. This makes tuning the band gap of 

the photoactive film to the light source critical. If the film is too thin, UV radiation will penetrate it and 

may damage other parts of the device or structure [1]. For example, UV radiation heats and damages 

blood.  Thus, exposure of blood to UV radiation must be minimal. 

 

 

Figure 2.  TEM Image of Mesoporous Cubic and Hexagonal TiO2 Film [12]. 

 

http://yangyang.blog.usf.edu/?p=3
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Figure 3.  Picture of TiO2 Nanotube Array [17].             Figure 4.  SEM Picture of TiO2 Nanotube Array [18]. 

 

 

Figure 5. CNT Before and After Attachment of TiO2 Nanoparticles [19]. 
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Environmental Remediation 

It is beyond the scope of this article to cover all applications in detail. Environmental remediation, 

however, is the most important application for photocatalytic thin films that generally include gas-solid 

and liquid solid systems [11].  This involves abatement of organic and inorganic pollutants, 

inactivation/killing of bacteria, and organic syntheses. Anatase TiO2 is undoubtedly still the “heavy 

weight.” In these applications, anatase TiO2 in the form of modified TiO2, self-assembled TiO2, the above 

mentioned TiO2/CNT composites, carbon materials deposited on TiO2, and nitrogen doped TiO2 are the 

main players. However, binary compounds such as ZnO, Cu2O, WO3, V2O5, iron oxides, Bi2O3, Nb2O, NiO, 

Ta2O5, ZrO2, CeO2, Ga2O3 and ternary compounds such as vanadates (vanadium oxide ions), Bi2WO6, 

ZnWO4, galates, Zn2SnO4, binary sulfides Bi2S3, ZnS, MoS2, and Ag-based oxides are also being evaluated.  

These more complex systems, however, have proven to be no more convenient to use than bare TiO2 

phases (unmodified, etc.). Especially in aqueous liquid-solid systems, photocorrosion phenomena can 

give rise to the  release of pollutant species, the enhancement of the photocatalytic activity in non-TiO2 

materials may be low, and deactivation of the materials can be observed. On the other hand, use of the 

bare TiO2 phases present drawbacks such as:  

 

 Small amount of photons absorbed in the visible region, with the result that UV radiation must 
be used  

 High recombination rate for the photoproduced electron–hole pairs  

 Difficulty in significantly improving performances by loading or doping with foreign species that 
often work as recombination centers  

 Deactivation in the absence of water vapor observed in gas-solid systems when aromatic 
molecules must be eliminated  

 Difficulty in supporting powdered TiO2 on some materials  

Modified and Nanoassembled TiO2 

We now briefly address each type of photocatalytic material. 

The grouping consists of modified TiO2, TiO2/CNT nanocomposites, nanoassembled TiO2, conjugated 

carbon materials deposited on TiO2 and N-doped TiO2.   

Activated carbons (AC) have been reported to significantly increase the photoactivity of TiO2 for the 

degradation of organic pollutants such as phenol [21-24], 4-chlorophenol [22], 4-aminophenol [23], 

salicylic acid [23] and 2,4-dichlorophenoxyacetic acid [22]. The synergistic effect is related to the 

creation of a common contact interface between both solid phases and to the continuous transfer of the 

species from AC to TiO2. The interface is spontaneously created by a mixture of both phases in 

suspension [21]. 

TiO2/carbon composites have generally shown better performance than unmodified TiO2. Two types of 

composites have been prevalently studied: carbon-coated TiO2,  and TiO2 loaded on activated carbon. 

Carbon coated anatase TiO2 prepared by heat treatment of a mixture of TiO2 and various carbon  
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precursors (poly(vinyl alcohol), hydroxyl propyl cellulose or poly(ethylene terephthalate)) showed high 

adsorptivity, and high efficiency for the photodecomposition of methylene blue (MB) [25-27]. No 

detectable reduction in photocatalytic activity was observed after cyclic usage of the most active 

carbon-coated sample obtained by TiO2 and poly(vinyl alcohol)[28]. 

Carbon coating TiO2 particles stabilize the anatase phase and give adsorptivity to the catalyst surface. The 

photoactivity of the TiO2/carbon composites obtained by attaching TiO2 nanoparticles to activated 

carbon is generally higher than that of carbon coated TiO2 samples or mixed suspensions of TiO2 and 

activated carbon. The AC matrix not only acts as a support for TiO2 deposition but also countermands 

growth of TiO2 particles and the transformation from anatase to rutile phase. 

Nanoassembled TiO2 is the precursor to CNT/TiO2 structures.  Nanostructured materials are used to 

enhance the photoactivity of TiO2. The different shapes of TiO2 nanomaterials include not only 

nanoparticles, nanofibers and nanotubes but also nanocombs, nanorings, nanosprings, nanobowls, 

nanobelts, nanosheets, nanocages, nanorods, etc.  TiO2 nanotubes are shown in the previous Figures 2 

and 3.  The jury is still out on performance improvements of nanotubes.  The photocatalytic activity of 

TiO2 nanotubes annealed at different temperatures was evaluated by the degradation of the reactive 

blue 69 dye and compared with that of TiO2 Degussa P25 (TiO2 powder) [29]. When the TiO2 nanotubes 

were used without any annealing treatment, their photocatalytic performance was lower than that of 

P25.  Photoactivity was very close to that of the commercial sample after annealing the nanotubes at 

300°C, but it decreased at higher temperatures because the dehydration induced the collapse of the 

nanotubular array reducing the specific surface area of the anatase particles. 

More success has been achieved with CNT/TiO2 composites. Figure 6 summarizes photocatalytic 

reactions for this structure.  Figure 5 shows the CNT before and after TiO2 nanoparticle attachment. 

CNTs have been addressed in an earlier technical note. CNTs are classified as single-walled nanotubes 

(SWCNT) which consist of a single layer of graphene sheet rolled into a cylindrical tube or multiwalled 

nanotubes (MWCNT), which comprise multiple concentric tubes. In general, CNTs possess large specific 

surface areas due to their hollow geometry. CNT/TiO2 hybrids have been tested for the 

photodegradation of acetone [31], propene [32], phenol [33, 34], and methylene blue [35]. All these 

studies have revealed that the addition of CNTs enhance the photocatalytic efficiency of TiO2. 

Figures 6 and 7 show the mechanisms by which CNT/TiO2 hybrid composites enhance photocatalytic 
activity [5].  Figure 6 shows a schematic illustration of the mechanism proposed for the enhanced 
photocatalytic activity of P25 by CNTs. Recall that P25 is composed of TiO2 nanoparticles. The two 
components interact with each other so that the electrons excited in the conduction band of P25 
migrate into the nanocylinder of MWCNT.  When this happens, electrons and holes are less likely to 
recombine. O2 adsorbed on the surface of the CNT accept the electron and form the •OH radical (see 
above) which oxidizes the adsorbed dye directly on the surface. Degradation of acetone in air by TiO2/CNT 
composites can also be explained by this mechanism [31]. The photoactivity of these samples is much 
higher than that of P25 or of an activated carbon/TiO2 composite.  
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Regarding the degradation of phenol by MWCNTs/TiO2 composites, the introduction of MWCNTs into TiO2 

significantly increases the rate of phenol reduction. The synergetic effect, induced by a strong interphase 
interaction between MWCNT and TiO2, is associated with MWCNT acting as a photosensitizer instead of  
an adsorbent or dispersing agent in the composite catalysts. As shown in Figure 7, the predicted 
mechanism is electron transfer from MWCNT to the TiO2 conduction band, and simultaneous electron 
transfer back to MWCNT with the formation of a hole in the TiO2 valence band. The resulting excitons 
trigger formation of O2*

- and hydroxyl OH radicals which degrade the organic compound. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.  Photocatalytic Reactions for                             Figure 7. Mechanism for the Enhanced Photoactivity 

CNT/TiO2 Composites [30]                                            of the MWCNTs/TiO2 Composites [30] 

 

Binary Compounds 

While there are a number of other TiO2 based structures, it will be instructive to move on to other 
materials, such as ZnO binary oxides.  ZnO and some of its alloys (e.g., ZnO:Al) are premier transparent 
conductive oxides used primarily in thin film solar cells. However, ZnO is also considered a valid 
alternative to TiO2 because of its ideal optoelectronic, catalytic and photochemical properties along with 
its low cost. ZnO has a band gap of 3.0 eV which is lower than that of anatase TiO2 and places it more 
towards visible wavelengths. Photogenerated holes in ZnO have strong enough oxidizing power to 
decompose most organic compounds [36]. ZnO has been tested to decompose aqueous solutions of 
several dyes [37, 38, 39], and many other environmental pollutants [40 – 45]. ZnO has been reported to 
actually be more efficient than TiO2 [46,47] in some applications.  However, photocorrosion and 
susceptibility of ZnO to a tendency to dissolve at extreme pH values, has significantly limited its 
application in photocatalysis. Not surprisingly, photoactivity and photostability depend critically on 
crystal phase composition [48].  
 
Unlike untreated TiO2, ZnO shows significant photocatalytic activity under visible light illumination for 
the photodegradation of some organic compounds in aqueous solution (attributed to its smaller 
bandgap) [49,50].   Similar to TiO2 nanoparticles, high surface area hexagonal ZnO nanoparticles  
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demonstrate an enhanced photocatalytic degradation of a tough pollutant such as gaseous (CH3)3S2 
compared to commercial ZnO powder [51]. 
 

Dye-Sensitized Solar Cells 

Dye-sensitized cells (DSSC) and Gratzel cells employ photoactive anatase TiO2 as the electron and hole 

producing material with the reaction described as:  

 

TiO2 e + h 

 

Referring to Figure 7, a TiO2-based cell functions as follows [3,52,53]:  

 A monolayer of dye is bonded to the TiO2.  Ideally, the dye should be black, i.e., absorb 
completely in the UVA, visible, and NIR. 

 Sunlight enters the cell through the top transparent conducting (TCO) contact, striking the 
dye on the surface of the TiO2.  More photons will be absorbed with increased porosity or 
surface area (keep this in mind for nanotubes).   

 Photons striking the dye with enough energy to be absorbed will create an excited state in 
the dye, from which an electron can be injected directly into the conduction band of the 
TiO2.  We can now see how modification of the band structure of nanotubes can tailor 
photon absorption. 

 The electron next moves by a chemical diffusion gradient into the top TCO. The dye 
molecule has lost an electron and will decompose if another electron is not provided.  

 The dye strips an electron from the electrolyte, creating a redox reaction.  This reaction 
occurs quickly compared to the time that it takes for the injected electron to recombine 
with the oxidized dye molecule. This prevents the recombination reaction that would 
effectively short-circuit the solar cell.  

 The electrolyte then recovers its missing electron by mechanically diffusing to the Pt counter 
electrode at the bottom of the cell, where the cathode injects electrons after flowing 
through the external circuit.   

 

 

 

http://en.wikipedia.org/wiki/Diffusion
http://en.wikipedia.org/wiki/Gradient
http://en.wikipedia.org/wiki/Short-circuit
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Figure 7. Structure of TiO2 Solar Cell [3, 53]   Thus, the surface that holds the dye should be highly porous 

(or have high surface area) and be able to transport electrons and separate electrons and holes 

efficiently. TiO2 nanotubes and mesoporous TiO2 are well suited for use in dye-sensitized solar cells 

(DSSC) [54].  Figure 8 shows a schematic of how they are used in DSSCs [54]. Nanotubes are synthesized 

by anodizing sputtered Ti thin films by placing them in an acidic bath with a mild electric current. 

Titanium dioxide nanotube arrays grow to about 360 nm in length [3]. The tubes are then crystallized by 

heating them in oxygen. This process turns the opaque coating of titanium into a transparent coating of 

nanotubes. The axes of the nanotubes are oriented perpendicular to the substrate, as shown in Figure 4. 

This nanotube array is then coated in a commercially available dye. Dye- coated nanotubes make up the 

negative electrode and a positive electrode seals the cell which contains an iodized electrolyte. 

 

Figure 8.  Structure of TiO2 Nanotube DSSC [54] 
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TiO2 nanotubes have a well defined and controllable pore size, wall thickness, and tube-length.  Thus, for 

a 20 μm nanotube array, the effective surface area is ~3000 times greater than that of a planar 

unstructured surface. Like most one-dimensional structures, this high-aspect ratio nanotube array 

architecture promotes efficient harvesting of photons by orthogonalizing the processes of light 

absorption and charge separation [55].  This tube geometry permits dye to be coated onto the walls or 

filled into pores of a semiconductor.  Both configurations increase exciton production (see earlier 

discussion of excitons). Two types of nanotubes are being developed for DSSCs: opaque and transparent 

[56].  The advantage of transparent NTs is that the cell can be illuminated from the front, which reduces 

absorption by the counter electrode.  Metallic NTs must be illuminated from the back of the cell, which 

causes larger optical losses. 

Conversion efficiency generally increases with NT length (more surface area to absorb photons).  

Conversion efficiency for UV radiation is ~ 12 %, but some think that 15% can be achieved eventually.  

The main factor that limits higher efficiencies is transport of electrons across the NT network.  

Recombination at tube interfaces is a problem. While increasing NT length helps, interface states lying 

below the conduction band edge must also be reduced [57].  

As with environmental remediation, nanotube-polymer composites are also being developed for use in 

DSCCs (see above). These composites combine NTs with high conductivity along their axes in a highly 

conductive polymer matrix, which disperse the CNTs into the photoactive layer and hopefully increase 

cell efficiency. The role of CNTs is to increase electron transport. Each CNT-polymer interface essentially 

acts like a p-n junction. Along this network of CNTs, polymer, electrons and holes can travel toward their 

respective contacts through the electron acceptor and the polymer hole donor. Increased efficiency is 

attributed to the introduction of internal polymer/nanotube junctions within the polymer matrix. The 

structure of the DSCC is then [58]: 

 Glass/TCO 

 40 nm thick sublayer of (poly(3,4-ethylenedioxythiophene)) (PEDOT) and 
poly(styrenesulfonate) (PSS) to smooth the TCO surface 

 20 – 70 nm thick Al or LiF4 applied to the photoactive CNT/polymer composite 

Using CNTs in the photoactive layer of DSSCs is still in the initial research stages and there is still room 

for novel methods to take advantage of the beneficial properties of CNTs.  Conversion efficiencies for 

composite DSSCs are still generally quite low, between 1.3 and 1.5 %. However, efficiency ~ 4.9 % has 

been reported for CNT composites made by sandwiching a SWCNT layer between the ITO and the 

PEDOT [59]. 

Biomedical Applications: Photolytically Driven ElectroChemistry (PDEC) 

Photolytically Driven ElectroChemistry (PDEC) processes are being developed primarily to generate 

oxygen using photons to photocatalytically “split” water. This and many of the above applications are  
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inspired from Photosystem II which is an integral subprocess of photosynthesis [60].  Photosystem II (or 

water-plastoquinone oxidoreductase), shown in Figure 9, is the first protein complex in photo-activated 

reactions occurring in photosynthesis, and is located in the thylakoid membrane of plants, algae, and 

cyanobacteria [60]. Photons absorbed by this enzyme are used to eject electrons that are then 

transferred through a variety of coenzymes and cofactors and to reduce plastoquinone to plastoquinol.  

The energized electrons are replaced by oxidizing water to form H ions and molecular oxygen. By 

obtaining these electrons from water, Photosystem II provides the electrons necessary for 

photosynthesis to occur. This process has several steps: (1) photons (UVA + visible) are absorbed by 

chromophores (D1 and D2), (2) charge separation occurs with the ejection of an electron, leaving the 

hole behind, (3) a chemical change from redox reaction driven by electrons to H+ flow occurs due to 

energy capture to produce chemical products ATP and NADPH+, and (4) an O2 molecule is formed from 

water supplying the electrons. Referring to Figure 1, water is “slit” by the following reaction [60]: 

 2H2O → 4H+ + O2 + 4e- 

 

Figure 9.  Schematic of Photosystem II. 

Figure 1 depicts the various types of photocatalytic reactions and Figure 9 compares these reactions 

with basic photosynthesis processes. Each uses photocatalytic activity differently to achieve a specific 

function. Comparing this to photosynthesis, we see that oxygen is generated using Photosystem II [60], 

and the fundamental photosynthesis reactions can be summarized as: 

 6CO2 + 12H2O  -- C6H12O6 + 6O2 + 6H2O 
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Thus, all these phenomena rely on the creation of an electron-hole pair (exciton) when the surface is 

illuminated with ultraviolet radiation, usually in the 350 nm – 400 nm spectral range and the absorption 

of a photon.  As with all other photocatalytic applications, the anatase phase of TiO2 has demonstrated 

the best photocatalytic properties to date.   

TiO2 films which have good reports for photocatalytic performance are deposited by magnetron 

sputtering [61, 62], PECVD [83], laser ablation [6392], ALD [64], and sol gel [1] processes.  

 
Materion Materials 
A comprehensive range of high quality sputtering targets are available from Materion to support all 
configurations. Evaporation and high-performance thin film deposition materials can also be obtained. 
For more information, visit the website: 
  

 Sputtering Targets   

 High Performance Engineered Films   

 Evaporation Materials Thin Film Deposition Materials  

 PVD Products  
 

Figure 10 shows the surface morphology and surface profile of a magnetron sputtered TiO2 film [1], 

demonstrating a relatively uniform array of submicron ( -0.25 −0.5 m diameter) agglomerates 

constituting the photoactive thin film. 2D RMS roughness was 13–15 nm as shown in Figure 11.  This 

figure shows a cross section surface profile from the image in Figure 10, showing a peak-to-valley 

height of 70 nm (red triangles) on a vertical scale of ±100 nm. These results demonstrate that reactive 

magnetron sputtering results in a stochastically uniform array of nanocrystallites on the surface. 

 

 

 

 

 

 

 

 

 

http://materion.com/Products/ThinFilmDepositionMaterials/SputteringTargets/SputteringTargets-Microelectronics.aspx
http://materion.com/Products/ThinFilmCoatings/HighPerformanceEngineeredFilms.aspx
http://materion.com/Products/ThinFilmDepositionMaterials/EvaporationMaterials/EvaporationMaterials-Microelectronics.aspx
http://materion.com/Products/ThinFilmDepositionMaterials/PVDMaterialList/PVDMaterialList-Microelectronics.aspx
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Figure 10.  Surface Morphology of TiO2 Film [1]. 

 

Figure 11.  Cross Section Surface Profile of Film Shown in Figure 10 [1]. 

Applications for photocatalytic thin films and structures have literally exploded over the last decade.  

This technology complements photovoltaic technology in using light to clean surfaces, decompose 

organic materials, clean the environment and even oxygenate blood. It is not possible to address all 

applications and photocatalytic reactions here.  Additional reading on this emerging technology is 

referenced below. 
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Materion Microelectronics & Services 
2978 Main Street 
Buffalo, NY 14214 
+1  716.837.1000 
www.materion.com/microelectronics 

 

Materion Microelectronics & Services supplies thin film deposition materials, electronic packaging products, 

high purity and specialty materials, precision parts cleaning and precious metals refining  to the semiconductor, 

LED, photonics, data storage, wireless, military, medical and other demanding markets. 
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