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UV light irradiation induced structural changes of the cleavage of silicon–carbon bonds and elimination of or-

ganic groups in organosilsesquioxane-titania �RSiO3�2–TiO2, R�methyl, ethyl, phenyl and benzyl� hybrid films

due to the photocatalytic effect of TiO2 component. Phenyl and benzyl groups tended to remain in the films after

the cleavage of Si–C bonds presumably due to their higher stability of aromatic rings and lager steric effect. The

refractive index and dynamic hardness of all the hybrid films increased, and the thickness and contact angle for

water decreased by the structural changes induced by the UV light irradiation. On the basis of these changes in

film properties, micropatterning was successfully performed on the RSiO3�2–TiO2 hybrid films by UV light ir-

radiation through a photomask. The micropatterns thus obtained should be applicable to a printing plate using

the surface energy differences as well as a micro-optical component using the surface profiles and refractive in-

dex changes. �Received February 21, 2005; Accepted June 16, 2005�
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1. Introduction

Inorganic–organic hybrid materials have attracted sig-

nificant attention in recent years.1�,2� The sol–gel process

using metal alkoxides as starting materials has a great

potential for the preparation of variously shaped inorganic–

organic hybrid materials such as films, microparticles and

membranes. The thickness of inorganic, oxide films prepared

by the sol–gel process is generally limited to less than 1 mm due

to cracking, whereas thickness more than a few mm is attaina-

ble without cracking by incorporating organic components in

the films.3�,4� Furthermore, we can provide the newly designed

optical, mechanical and thermal properties such as refractive

index, flexibility and thermoplasticity, which are not achieved

by only inorganic components, by the selection of organic

components.5�–8� Organosilsesquioxane �RSiO3�2�, in which

organic functional groups R have covalently bonded to

siloxane structure, is a promising inorganic-organic hybrid

material in the molecular level. The physical and chemical

properties of RSiO3�2 can be controlled by varying the concen-

tration and the type of R in siloxane network.9�–13�

On the other hand, TiO2-containing inorganic–organic

materials have been extensively studied for their application to

optical coatings and micro-optic devices because of their high

refractive indices as well as good thermal and chemical

durability.14�–18� With respect to the use of photocatalytic ac-

tivity of TiO2, Tada et al. reported that photocatalytic decom-

position of the organic groups in chemisorbed methylsiloxane

layer on an anatase TiO2 lower layer during UV light irradia-

tion.19�,20� We also reported the fabrication of superhydro-

phobic-superhydrophillic micropatterns based on a fluoro-

alkylsilane�TiO2�flowerlike alumina multilayer on the sub-

strate and UV irradiation on the selected area for the multilay-

er through a photomask. Only the UV irradiated areas become

hydrophilic because of the decomposition of fluoroalkyl

groups in the upper layer by a photocatalytic activity of the

TiO2 lower layer, while the unirradiated areas remain hydro-

phobic.21� However, the photocatalytic decomposition of or-

ganic groups in the thick RSiO3�2 films is difficult by the above

two processes using the TiO2 layers.

Recently, we have proposed a new micropatterning process,

which has a great potential for designing the micro-optics

components and micro-printing plates, using UV photolitho-

graphy for ethylsilsesquioxane-titania �EtSiO3�2–TiO2� hybrid

film.22� This process is based on the irreversible structural

changes in the films caused by the cleavage of Si–C bonds by

the photocatalytic activity of the TiO2 component during UV

irradiation. In addition, these structural changes by the UV

irradiation induce the changes of film properties, such as the

refractive index, the contact angle for water and the hardness.

Such micropattering process is becoming more important in

the fabrication of refractive index-controlled micro-optic

devices like gratings, waveguides, and optical circuits.23�–25�

For further progress in the photocatalytic micropatterning for

the hybrid films, detailed studies on the effect of organic

groups on the changes in the physical and chemical properties

as well as in the structure of the films are essential. This paper

reports the structural changes in the several kinds of RSiO3�2–

TiO2 �R�Me�CH3–�, Et�CH3CH2–�, Ph�C6H5–�, Bn�C6H5–
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CH2–�� hybrid films with UV irradiation. The difference of

the effects of organic group R on the film properties has been

discussed. The micropatterning of the hybrid films based on

the photocatalytic effect of the TiO2 component has been also

described.

2. Experimental

2.1 Preparation of hybrid films

Preparation procedure of 80RSiO3�2�20TiO2 �in mol�, R�

Me, Ph and Bn� hybrid films is essentially the same as that of

80EtSiO3�2�20TiO2 film described in the preceding paper.22�

Several kinds of organotriethoxysilanes �RSi�OEt�3 �R�Me,

Et, Ph and Bn�, Shin-Etsu Chemical Industries� and titanium

tetra-n-butoxide �Ti�O-n-Bu�4, Wako Pure Chemical Indus-

tries� were used as the starting materials. RSi�OEt�3 in

ethanol �EtOH� was hydrolyzed with diluted hydrochloric

acid of 0.1 mass� HCl at room temperature for 30 min.

The molar ratio of RSi�OEt�3	H2O	EtOH was 0.8	4	1. Ti

�O-n-Bu�4 in EtOH was chemically modified with ethylaceto-

acetate �EAcAc, Kishida Chemical Co., Ltd.� by stirring the

solution at room temperature for 1 h. The molar ratio of Ti

�O-n-Bu�4	EtOH	EAcAc was 1	20	1. The modified Ti�O-n-

Bu�4 solution was added to the hydrolyzed RSi�OEt�3 solu-

tion and stirred continuously for 30 min. The clear sols ob-

tained were filtered using a 0.45-mm filter �GL Chromato

Disk, Kurabo, Ind., Ltd.� and served as coating solutions.

The coating was carried out by dipping-withdrawing of a

substrate with a speed of 0.45–1.11 mm�s in an ambient at-

mosphere. Silica glass plates, soda–lime–silica glass plates,

and silicon wafers were used as the substrates for coating. The

substrates coated with films were dried at room temperature

for 40 min and then heat-treated at 150
C for 1 h.

UV light irradiation on the films was carried out using

an ultra-high-pressure mercury lamp �UIS–25102 250 W,

Ushio Inc.�. The intensity of the UV light was measured using

an illumination photometer �UIT–150–A, Ushio Inc.� with

detectors S365 and S254. The intensities of the light irradiated

were 82 mW�cm2 in a range of 310–390 nm and 22 mW�cm2 in

a range of 220–310 nm. The maximum temperature of the

films coated on glass substrates during UV light irradiation for

240 min under the conditions above was lower than 50
C,

which was monitored using a thermocouple.

2.2 Characterization of hybrid films

Fourier transformed infrared �FT–IR� absorption spectra

of the films coated on silicon substrates were measured in a

transmission mode using an FT–IR spectrophotometer �FT–

IR1650, PerkinElmer�. Ultraviolet–visible �UV-Vis� trans-

mission spectra of the film, which was coated on the one side

of silica glass or soda–lime–silica glass substrates, were ob-

tained using a UV-Vis spectrophotometer �V–560, JASCO�.

The refractive index and thickness of the film were calculated

from wavy patterns in the UV-Vis transmission spectra due

to the interference between the film and the substrate.26� In

the calculation, refractive indices of 1.46 and 1.52 were adopt-

ed for silica glass and soda–lime–silica–glass, respectively.

Changes in microhardness and contact angle for water of the

films with UV irradiation were measured using a dynamic

ultra microhardness tester �DUH–W201, Shimadzu Corp.�

and a contact angle meter �CA–C, Kyowa Surface Science�,

respectively. X-ray diffraction �XRD� patterns of the films

before and after UV irradiation were measured using an X-ray

diffractometer �M18XHF22–SRA, Mac Science�. The texture

of the films before and after UV light irradiation was observed

using a field-emission-type scanning electron microscope �FE–

SEM, S–4500, Hitachi Ltd.� and a field-emission-type trans-

mission electron microscope �FE–TEM, HF–2000, Hitachi

Ltd.�.

2.3 Micropatterning on hybrid films with UV irradiation

The micropatterning process on the hybrid films with UV ir-

radiation was essentially the same as in our previous paper.22�

UV light was irradiated against the film coated on the sub-

strate through a photomask. Metal meshes with 30-mm squares

through holes in 60-mm pitch were mainly used as a phtomask.

The surface of the patterned film with UV light irradiation

was observed on an optical microscope �Model BX50, Olym-

pus Co.�. The three-dimensional shapes of the micropatterns

formed in the films were evaluated using an atomic force

microscopy �AFM, Nanopics, Seiko Instruments Inc.� and a

three-dimensional surface profilometer �TDA–22, Kosaka

Laboratory Ltd.�.

3. Results and discussion

3.1 Comparison of structural changes in hybrid films with

UV irradiation

FT–IR absorption spectra of 80RSiO3�2�20TiO2 hybrid

films coated on silicon substrates and irradiated with UV light

for 240 min have been measured. In the FT–IR spectra of all

the RSiO3�2–TiO2 hybrid films, a broad and intense absorption

band at around 1100 cm�1 assigned to Si–O–Si bond and a

band at around 930 cm�1 assigned to Si–O–Ti bonds in which

titanium ions were incorporated in the four-coordinated

state27�,28� were observed. Absorption bands due to Si–C and

C–H bonds were, respectively, observed at around 1300 and

3000 cm�1 for MeSiO3�2– and EtSiO3�2–TiO2 hybrid films,

while those were seen at around 1200 and 3100 cm�1 for

PhSiO3�2– and BnSiO3�2–TiO2 hybrid films. The intensities of

absorption peaks due to Si–C bonds and C–H bonds in the

spectra of all the films gradually decreased with UV irradia-

tion accompanied by a decrease in the intensity of the absorp-

tion band due to Si–O–Ti bonds. In addition, the intensity of a

broad band at around 3400 cm�1 due to OH bonds increased

concomitantly by these spectral changes during UV irradia-

tion. These results indicate that organic groups in all the

RSiO3�2–TiO2 hybrid film were eliminated after the cleavage of

Si–C bonds and Si–O–Ti bonds were dissociated to form –OH

and�or Si–O–Si bonds. No decrease in Si–C bonds was ob-

served for the films without incorporation of TiO2 during UV

irradiation. Therefore, these structural changes with the ir-

radiation are caused by the photocatalytic effect of the TiO2

component in the hybrid. Consequently, structural changes in

these RSiO3�2–TiO2 hybrid films with UV irradiation proceed

through the cleavage of Si–C and Si–O–Ti bonds and the for-

mation of –OH bonds such as Si–OH and Ti–OH groups.

With respect to the effect of EAcAc, the thermal decomposi-

tion of Ti-EAcAc complex and disappearance of EAcAc in the

hybrid films at 80
C were confirmed from the IR absorption

spectra. Therefore, EAcAc used for chemical modification of

Ti�O-nBu�4 has little influence on the above structural

changes of the RSiO3�2–TiO2 hybrid films by UV irradiation

because all the films were heat-treated at 150
C before the ir-

radiation.

The changes in the normalized intensities of the absorption

peaks assigned to �a� Si–C and �b� Si–O–Ti bonds in the

FT–IR spectra of 80RSiO3�2�20TiO2 hybrid films with UV ir-

radiation are shown in Fig. 1. The intensities of the absorption

peaks were normalized with those of the film before the irradi-

ation. The intensity of the peaks assigned to Si–C bonds

decreases with UV irradiation in 240 min to become 0.65 �R�

Me�, 0.45 �R�Et�, 0.55 �R�Ph� and 0.45 �R�Bn� of that

of the film before the irradiation, indicating that Si–C bonds



521

Fig. 1. Changes in the normalized intensities of the absorption peaks

assigned to 	a� Si–C and 	b� Si–O–Ti bonds in the FT–IR spectra of

80RSiO3�2A20TiO2 	RBMe, Et, Ph and Bn� hybrid films with UV ir-

radiation. The intensities of the absorption peaks were normalized

with those of the film before the irradiation.

Fig. 2. Optical transmission spectra of the 80RSiO3�2C20TiO2 hybrid

films coated on one side of the silica glass substrates which were heat-

treated at 150DC for 1 h and irradiated with UV light for various

periods of time. 	a�, 	b�, 	c� and 	d� are for the 80RSiO3�2C20TiO2

of RBMe, Et, Ph and Bn, respectively.
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in the films are cleaved by 35, 55, 45 and 55�, respectively,

�Fig. 1�a��. The decrease in the intensity of the peak due to

Si–C bonds with UV irradiation was accompanied by the

decrease of a peak assigned to C–H bonds at around 3000

cm�1, indicating the cleaved organic groups probably left the

film after UV irradiation. Si–C bonds in MeSiO3�2 were the

most stable against UV irradiation among the RSiO3�2 exa-

mined, whereas methyl groups were desorbed from the film

just after the cleavage of Si–C bonds. On the other hand,

phenyl and benzyl groups in the hybrid films were found to

remain in the films presumably due to their higher stability of

aromatic rings and lager steric effect after the cleavage of Si–C

bonds.

The intensity of the peak assigned to Si–O–Ti bonds

decreases with UV irradiation in 240 min to become about 0.8

�R�Me�, 0.7 �R�Et�, 0.7 �R�Ph� and 0.7 �R�Bn� of

those in the films before the irradiation, indicating that

Si–O–Ti bonds in the films are dissociated with UV irradiation

�Fig. 2�b��. The decrease in the amounts of Si–C bonds

shown in Fig. 2�a� corresponds to that in the amounts of

Si–O–Ti bonds shown in Fig. 2�b�. This suggests that dissoci-

ation of Si–O–Ti bonds is closely related to the photocatalytic

cleavage of Si–C bonds.

XRD measurements showed that all the hybrid films before

and after UV irradiation were amorphous. In addition, TEM

observation of the films irradiated with UV light revealed that

no crystalline phases and no inhomogenieties were present in

the films. TiO2 component present in RSiO3�2–TiO2 hybrids

absorbs UV light and the excited electrons probably cleave the

Si–C bonds. The cleavage of Si–C bonds should induce the

dissociation of Si–O–Ti bonds in the hybrid films. The
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Fig. 3. Changes in 	a� refractive index and 	b� thickness of

80RSiO3�2C20TiO2 	RBMe, Et, Ph and Bn� hybrid films during UV

irradiation.

Fig. 4. Changes in dynamic hardness of the 80RSiO3�2C20TiO2 	RB

Me, Et, Ph and Bn� hybrid films with UV irradiation. Error bars

show the range between the maximum and minimum values of the

repeated measurements.
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cleavage of Si–C bonds with UV irradiation occurred owing

not to titania crystallites but to amorphous titania component

in which titanium ions were incorporated in a four-coordinat-

ed state in silsesquioxane as shown by the IR absorption spec-

tra.

3.2 Comparison of physical and chemical changes in

hybrid films with UV irradiation

Optical transmission spectra of the 80RSiO3�2�20TiO2

hybrid films coated on one side of the silica glass substrates

which were heat-treated at 150
C for 1 h and irradiated with

UV light for various periods of time are shown in Fig. 2: �a�,

�b�, �c� and �d� are for the 80RSiO3�2�20TiO2 of R�Me, Et,

Ph and Bn, respectively. In the spectra of MeSiO3�2– and

EtSiO3�2–TiO2 films �Figs. 2 �a� and �b��, the maxima of

wavy transmission spectra are as high as that of the substrate

without coating, so that the films are highly transparent even

after the UV irradiation. The minima of transmission wavy

patterns of MeSiO3�2– and EtSiO3�2–TiO2 films decrease and

shift to shorter wavelength with UV irradiation, indicating

that the refractive index of the film increases and the film

thickness decreases during irradiation. On the other hand,

PhSiO3�2– and BnSiO3�2–TiO2 films �Figs. 2�c� and �d��

without UV irradiation are highly transparent before UV

irradiation, while the transmittance at shorter wavelength

decreases and the absorption edge shifts to longer wavelength

with the irradiation. These optical changes in PhSiO3�2– and

BnSiO3�2–TiO2 films with UV irradiation are not observed in

the MeSiO3�2– and EtSiO3�2–TiO2 �Figs. 2�a� and �b��. This

may be ascribed to the higher stability and larger steric effect

of aromatic rings in phenyl and benzyl groups than alkyls such

as methyl and ethyl groups in the films after the cleavage of

Si–C bonds. Neither crystalline phase nor inhomogeneity was

observed on TEM in the hybrid films with aromatic rings after

UV irradiation. Thus the remaining, degraded aromatic rings

should cause the UV-Vis absorption in the region with a longer

wavelength than 250 nm.

Figure 3 shows changes in �a� refractive index and �b�

thickness of 80RSiO3�2�20TiO2 �R�Me, Et, Ph and Bn�

hybrid films during UV irradiation. The irradiation time was

within 40 min because of the slight coloration of PhSiO3�2–

and BnSiO3�2–TiO2 films. The refractive index and thickness

were calculated from the minima and wavelength at around

600 nm in the optical transmission spectra. It is seen that the

refractive index of the hybrid film can be controlled by the

selection of the organic group and the indices of all the films

increase with the UV irradiation. MeSiO3�2–TiO2 film has the

lowest refractive index, which increases from 1.48 to 1.50 by

UV irradiation for 40 min. Those of EtSiO3�2–, PhSiO3�2– and

BnSiO3�2–TiO2 films increase from 1.52 to 1.55, from 1.58 to

1.61, and from 1.55 to 1.57 with the irradiation, respectively

�Fig. 3�a��. The thickness of each film decreases with UV ir-

radiation, which corresponds to the increase in the refractive

index of the film �Fig. 3�b��. These phenomena indicate that

the films are densified with UV irradiation. The thickness of

MeSiO3�2–TiO2 film decreases from 0.79 to 0.73 mm by about

8� after a UV light irradiation for 40 min followed by the in-

crease in refractive index from 1.48 to 1.50. The values of

shrinkage in PhSiO3�2– and BnSiO3�2–TiO2 films are 11 and

3�, respectively, whereas that of EtSiO3�2–TiO2 is 25�.

Although the increases in refractive index of the hybrid films

are almost same �0.02–0.03�, the decrease in thickness of

EtSiO3�2–TiO2 film is larger than those of the other RSiO3�2–

TiO2 films. The larger decrease in thickness of the EtSiO3�2–

TiO2 film is caused by the larger amount of cleaved Si–C

bonds and by more readily eliminated alkyl groups as

described in the preceding Section 3.1.

Figure 4 shows dynamic hardness change of the 80RSiO3�2�

20TiO2 hybrid films with UV irradiation. Error bars show

the range between the maximum and minimum values of

the repeated measurements. The hardness of all the films in-

creases with UV irradiation time, which is attributed to the

densification of the films. MeSiO3�2– and EtSiO3�2–TiO2 films

show higher hardness and steeper increase in hardness than

PhSiO3�2– and BnSiO3�2–TiO2 during UV irradiation. In the

PhSiO3�2– and BnSiO3�2–TiO2 films, the hardness gradually in-

creases. This probably reflects the presence of phenyl and ben-

zyl groups in the hybrid films after the cleavage of Si–C bonds
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Fig. 5. Changes in the contact angle for water of the 80RSiO3�2C

20TiO2 	RBMe, Et, Ph and Bn� hybrid films with UV light irradia-

tion.

Fig. 6. AFM images of the surface of the 80RSiO3�2C20TiO2 hybrid

films after UV irradiation for 40 min through a photomask. 	a�, 	b�,

	c� and 	d� are for the 80RSiO3�2C20TiO2 of RBMe, Et, Ph and Bn,

respectively.
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with UV irradiation. The hardness of polystyrene substrates

was ca. 20 under the same conditions. The RSiO3�2–TiO2

hybrid films can be formed not only on glass and metals but

also on plastics, so that the films are promising as protective

coatings and hard coatings for plastic substrates like goggles.

Figure 5 shows contact angle for water of the 80RSiO3�2�

20TiO2 hybrid films irradiated with UV light. Before UV ir-

radiation, all the hybrid films are hydrophobic, i.e., contact

angles for water are higher than 80
, due to the corresponding

organic group. The contact angle of the films decreases with

UV irradiation, which is attributed to the decrease in the

amount of organic groups at the surface of the films due to

photocatalytic effect of TiO2. In BnSiO3�2–TiO2 hybrid film,

the contact angle steeply decreases from 82
to 34
in 40 min,

so that hydrophobic-hydrophilic patterns with a relatively

large difference in the contact angles can be designed in this

system. The tendency of the decrease in the contact angle for

water of the film with UV irradiation can be attributed to the

state of the organic groups especially at the surface of the

films.

3.3 Photocatalytic micropatterning of hybrid films

UV light was irradiated on the 80RSiO3�2�20TiO2 hybrid

films coated on the substrate using a metal mesh with 30-mm

squares through holes in 60-mm pitch as a photomask. AFM

images of the surface of the 80RSiO3�2�20TiO2 hybrid films af-

ter UV irradiation for 40 min are shown in Figs. 6 �a�, �b�,

�c� and �d� are for the 80RSiO3�2�20TiO2 of R�Me, Et, Ph

and Bn, respectively. Arrayed dark squares are concave areas,

which correspond to the through holes of the metal mesh used

as a photomask. The depth of the concave areas on the

MeSiO3�2–, EtSiO3�2–, PhSiO3�2– and BnSiO3�2–TiO2 hybrid

films was 0.09, 0.11, 0.05 and 0.03 mm, which was 11, 18, 7

and 3� of the initial thickness of the films before UV irradia-

tion. The shrinkage in the areas on which UV light was ir-

radiated through the photomask is fairly close to that of the

film after UV light irradiation without a photomask shown in

Fig. 3�b�. Thus, the influence of the neighboring unirradiated

areas on the shrinkage of the film during UV irradiation

should be relatively small. Micropatterns and microdots based

on the refractive index change can be also formed in the films

using this process. For example, BnSiO3�2–TiO2 film shows a

larger refractive index change with a smaller shrinkage after

UV irradiation. This suggests that BnSiO3�2–TiO2 film has a

great potential to fabricate flat-type optical components. In

the EtSiO3�2–TiO2 hybrid film a larger shrinkage is obtained

with UV irradiation, while the refractive index change is

almost the same as BnSiO3�2–TiO2. That is, the geometrical

patterns with a high aspect ratio for optical components can

be formed on the EtSiO3�2–TiO2 film with UV irradiation.

Moreover, the changes in the optical properties, surface pro-

files, and chemical and physical properties of the RSiO3�2–

TiO2 hybrid films with UV light irradiation can be controlled

by not only varying the organic groups R but also UV ex-

posure conditions.

This micropatterning process is based on the irreversible

structural changes in the hybrid films caused by the cleavage

of Si–C bonds during UV irradiation. Therefore, the shape of

the resultant patterns is quite stable upon storage for a long

period of time. In addition, UV light irradiated areas show

higher hardness and lower contact angle for water than the UV

light unirradiated areas as shown in Figs. 4 and 5. One of

the promising applications of such hydrophobic-hydrophilic

micropatterns is a printing plate, which holds ink on the

hydrophilic areas and imprints it on another surface. In

Fig. 5, changes in the contact angle for water with UV irradia-

tion is largest in BnSiO3�2–TiO2 film with UV irradiation,

which proves the significant difference in the wettability be-

tween the UV irradiated and unirradiated areas. Micropat-

terned BnSiO3�2–TiO2 film with UV light irradiation is, thus,

promising for the microprinting process. The thickness of

RSiO3�2–TiO2 hybrid films can be increased up to about 1 mm,

so the abrasion resistance in repeated printings is expected for

the patterned films.

4. Conclusions

UV irradiation on RSiO3�2–TiO2 �R�Me, Et, Ph, Bn�

hybrid films caused the cleavage of the Si–C bonds and the

dissociation of Si–O–Ti bonds to form –OH groups and�or

Si–O–Si bonds due to the photocatalytic effects of TiO2 com-

ponent. Alkyl groups in MeSiO3�2– and EtSiO3�2–TiO2 films

were eliminated just after the cleavage of Si–C bonds with UV

irradiation, so that the refractive index was increased accom-
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panied by the large decrease in the film thickness. On the other

hand, aromatic rings in PhSiO3�2– and BnSiO3�2–TiO2 films

were relatively stable for the UV light and tended to remain in

the film after the cleavage of Si–C bonds. The increase in dy-

namic hardness of MeSiO3�2– and EtSiO3�2–TiO2 films was

larger than that of PhSiO3�2– and BnSiO3�2–TiO2 films because

of their larger shrinkage followed by the elimination of the

alkyl groups induced by the UV irradiation.

Micropatterning on the RSiO3�2–TiO2 hybrid films coated

on the substrate was successfully carried out by UV irradiation

through a photomask. The changes in the optical properties,

surface profiles and chemical and mechanical properties of the

RSiO3�2–TiO2 hybrid films with UV irradiation can be con-

trolled by varying the organic group R in the hybrid films and

UV exposure conditions. This micropatterning process has a

great potential to fabricate micro-optic and photonic compo-

nents such as gratings, waveguides and optical circuits. In ad-

dition, micropatterned hydrophobic-hydrophilic surface thus

obtained can be used as a microprinting plate.
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