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Experimental setup for measurements of light irradiation time dependence
Experimental

Objective

Indirect observation and evaluation of change 

inTiO2 surface by adsorption of organic dye

Si substrate

Si/Au

Si/Au/TiO2

Si/Au/TiO2/Fluorescein

Deposition of Au nanoparticle 

by vacuum evaporation

Sol-gel method

Titania sol

Ethanol, Nitric acid 

Distilled water , TTIP 

773 K, 30 min heat treatment

• 60~300 min Light 

irradiation
• Fluorescein 1.0×10-2 M

60 min Immersion
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✓ Depletion of 

fossil resources 

✓ Emission of CO2

• Environmental 

purification

• Energy 

conversion

H

O O

O O

O

O

O

Ti Ti

H

h+

H

H

hv (h+)

H

H

O O

O O

O O

Ti Ti

HH H

H

O
O

O O

O O

Ti Ti

HH H

(a)

(b)

(c)

(a)→(b)Generating OH radicals by UV irradiation.

(b) Longer bond distance between Ti-O, resulting 

in bond weaknes

(b)→(c)Formation of new surface hydroxyl groups, 

and increased density of the hydroxyl group 

on the TiO2 surface.

1) Kazuhito Hashimoto and Hiroshi Irie“Photo-induced Hydrophilic 

Conversion on TiO2 Surface”surface science Vol. 25, No. 5, (2004) pp. 252―259.

The mechanism of the formation of the hydrophilic 

surface has not been elucidated clearly

Observation of adsorbed dye on TiO2 surface by FT-IR

✓ No significant peak was confirmed in Si/TiO2 after fluorescein adsorption

✓ A peak of adsorbed fluorescein was confirmed at 1300-1700 cm-1 in Si/Au/TiO2

Peak position of each vibration mode1)

Result and Discussion
Adsorbed amounts of fluorescein on TiO2
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フルオレセイン/TiO2/Si

フルオレセイン/TiO2/Au/Si

Si/TiO2/fluorescein

Si/Au/TiO2/fluorescein

The adsorbed fluorescein was 
redissolved in 1.0 × 10-2 M HCl and 

the absorption spectrum of the 

solution was measured

There was no significant 

difference in adsorbed amounts 

of fluorescein with or without 

gold modification

Enhanced IR absorption by gold 

surface plasmon resonance
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Changes in amounts of adsorbed dye according to light irradiation time

Time courses of adsorbed amounts of dye 
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peak area ➢ Changes in actual surface conditions may be completed within 1 

hour of light irradiation

Definition of the peak area

Changes in IR spectra of adsorbed dye according to light irradiation time
IR spectra of fluorescein aqueous solution 

at different pH2)

IR spectra of Si/Au/TiO2/fluorescein 

after dye adsorption
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UV irradiation time
✓ No significant change in spectral 

shape could be confirmed at 1 

and 5 hours of light irradiation

✓ Almost all adsorbed dyes are 

considered to be in the form of 

dianion

Observation for adsorbed dye in a 

shorter time scale should be is 

necessary

2) L. Wang et al., Spectrochimica Acta Part A, 57 (2001) 1781-1791.

Conclusion

• Significant IR absorption of fluorescein 

could be observed by with using gold 

modified Si/TiO2

• There was no significant difference in 

adsorption amount regardless of the gold 

modification

➔Fluorescein could be observed by surface 

plasmon enhancement of gold

• Regardless of UV irradiation time, the peak 

area of adsorbed dye was almost constant

• From the shape of the IR spectrum, almost 

all adsorbed dyes are considered to be in 

the form of dianion

➔ Investigation of adsorbed dye in a shorter 

time  and detailed observation of temporal 

change in surface condition are future 

issues

light source（15 W Black light）

UV irradiation time：60~300 min

Distance from light source：10 cm

10 cm

✓ In the case of Si/TiO2 , the peak area of the IR absorption peak of 

fluorescein is increased by UV irradiation time longer

✓ In the case of Si/Au/TiO2/fluorescein, regardless of UV irradiation 

time, the peak area of the dye is almost constant

➢ Enhanced surface 

plasmon enhancement 

of gold allowed accurate 

tracking of adsorbed dye
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Si/TiO2 （After Fluorescein irradiation）

Si/Au/TiO2（After Fluorescein irraiation）
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Introduction
A clean and sustainable society using photocatalyst Reaction process on photocatalyst powder surface1)

Fluorescein
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