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1.

SUMMARY

Objective and contents of research

(1) Introduction of research

When the glass had been exposed under outdoor condition, rain or washing water
turn into droplet shape due to hydrophobic surface stem from accumulated
pollutants and dust. As a result of this, transparent surface changed into opaque
surface.

Whereas, photocatalyst (e.g. TiO;) coated glass have some useful effects such as
removing pollutants, antifouling, and hydrophilicity. This glass can use as
self-cleaning glass, which applicable in glasses for huge buildings like skyscrapers,
airport, and train station. Thus, maintenance charge can be decreased because
self-cleaning glass can remain transparent surface comparing with normal glass.

Developing the metal oxide semiconductor photocatalyst material and the method of
coating process can be used to meet the purpose of this research, which is
application of the outstanding self-cleaning characteristics of photocatalyst above
glasses for windows.

This research is first attempt at domestic building material area. The most
important point of this research is that photocatalytic activity of self-cleaning
glasses remain under reduced UV or visible light condition.

Furthermore, this method can maintain the hydrophilicity under lower light
condition. so that it can solve the problem of losing self-cleaning properties
during night.

In advanced country, many researches for superior photocatalyst material which
have hydrophilicity, anti-fouling, and self-cleaning properties have been widely
studied. Thus, commercialization of photocatalyst-applied materials is being
progressed such as glasses for windows and tiles. In case of Japan, which has the
most advanced photocatalyst technology for commercial usage, photocatalyst
coated glasses were already applied in Nagoya airport, Tokyo Haneda airport,
Tokyo train station, public gym, and skyscrapers. The glass coated with
photocatalyst attribute to reduce the holding cost. Similarly, needs of
environmental friendly technology such as clean dwelling space have been
increased as growing as quality of life in Korea.

With the development of quality of life, there will be more national interest in
clean, hygienic, and pleasant living space and dwelling. Accordingly, it is expected
that the demand of high functional building materials like tiles, glasses that utilize
photocatalyst will be increased.

Pressing policies are needed to compete with leading countries (such as Japan) that
have already commercialized photocatalyst-applied building materials and achieved



technical independence. Government should lead cooperative systems for
environmental friendly, high functional building materials (photocatalytic glasses or
tiles) that aim original technology development: establishment of base for R&D that
lead by Ministry of Land, Infrastructure, and Transport, which can promote new
industry.

(2) Object of the research

The object of the research is developing the functional self-cleaning glass for

housing and building using the photocatalyst nano-material. Detailed purpose of this

research is making the film which is appliable on the glass substrate and has

excellent superhydrophilicity and antifouling effect and developing the coating process

for photocatalyst film on glass which has good adhesion and hardness.

- Hydrophilicity : 5° and less

- Self-cleaning effect : decomposing the 95% of initial methylene blue

- Antifouling effect : decomposing the 85% of initial methyl mercaptan and toluene

(3) Contents and coverage of the research
(D Research of photocatalyst material which has superhydrophilicity and antifouling
effect for building window and the coating sol of photocatalyst
‘Mixing the organic solvents containing titania photocatalyst or other photocatalytic
metal oxide(WO3, CuO, and ZnO etc.) and considering the method of making
sol-solution for coating on the glass
*Consideration of develop the photocatalyst activated under visible light using
doping method like Ag, F, and N species
*Analysis of MB photodegradation
- Measuring the degrees of photodegradation
- Examining the self-cleaning effect

@ Research of thermal treatment for film on the glass substrate which has high
transmittance and strong adhesion.

*Study of sol-solutions containing the titania, TiO,-WOQO3; composite, titania-silca
composite for coating on the glass and its method of coating such as spin coating
or dipping method

*Consideration of sintering condition for improving the characteristics of
hydrophilicity, antifouling effect, and adhesion.

*Study for method of preventing the impurities diffusion which reduce the
photocatalytic activity like silica barrier layer.

® Fabrication of photocatalyst self-cleaning glass for housing and building
-Study for photocatalyst coating process on the glass substrate
*Characterization of photocatalyst film



—adhesion(cross-cut), hardness(pensile), transmittance

*Photocatalytic reaction of photocatalyst glass

~Measuring the residue of MB, and toluene gas after the photodecomposition

‘Fabrication of prototype(lab. scale)

2. Results of Research & development

(1) Results of Research

The summarized results for the past 2 years were listed.

Annual Contents of research Result of research
* Research of photocatalyst | * Examined the effect of particle shape like nano—coral
material and precursor for | or nano—needle TiO. for photocatalytic activity using
sol—gel coating reaction sol—gel hydrothermal synthesis.
. . . * Improved MB degradation effect was observed in
* Making heterojunction . X . - .
with another nitrogen doped TIOz/WQg heteros.tructu.re via nitric aqd
. . treated sol-gel synthesis comparing with hydrochloric
semiconductor(WQO3) via ) =
sol-gel method acid .treated one because of deactivation stem from
chlorine absorption.
* Enhanced benzene decomposition rate was observed
in graphite SiO>—TiO, heterojunction via one—pot route
* Development of visible comparing with TiO. only. Furthermore, visible light
light sensitive and highly activity was drastically improved.
photoactive photocatalyst |* TiO.—graphene oxide heterostured material was
synthesized via solvothermal method. It showed
enhanced photodecomposition efficiency benzene gas
* Improved hydrophilicity was observed for SiO,/TiO»
multilayer via sol—gel spin coating method under UV
light condition.
* Coating of photocatalyst |* Enhanced photodecomposition rate for MB solution and
composite hydrophilicity was detected in SiO,/TiO,—WO;3 film. This
Year 1 film was fabricated via sol—gel spin coating method.

Nitric acid treated sol shows good photocatalytic
activity because of nitrogen doping effect.

* Research for improvement
of photocatalytic activity
by metal deposition
process

More efficient photoactivity rate at benzene degradation
was examined in Ag—doped TiO. particles via
successive sol-gel and photodeposition method. The
higher photocatalytic activity was attributed to the band
modification effect of Ag doping.

* Various metal species such as chromium, cobalt, and
iron were doped on TiO., matrix via sol gel method. As
synthesized Cr-TiO,, Co-TiO,, Fe-TiO, nanoparticles
can activate under visible light. These nanoparticles
showed improved photodecomposition effect of MB
solution and removing bacteria under visible light
region.

* Research for synthesis
and examine the
characteristics of TiO2
luminescence
heterostructure material

TiO, heterostructure luminescence material was
synthesized via coating the TiO. on the
SrsAl14005:EU”*,Dy** powder. As prepared
TiO2—luminescence material heterostructured species
showed active photodecomposition effect for benzene
and toluene gas under visible light.




Annual

Contents of research

Result of research

Year 2

* Research for fabrication
of barrier layer and
photocatalyst layer
—Evaluating characteristics
of photocatalyst film
—Examining the
hydrophilicity and
photocatalytic activity

* The SiO,-TiO, double layer was fabricated using
sol—gel reaction subseqguent spin coating method. As
prepared uniform SiO-TiO2 double layered
photocatalyst film showed efficient photocatalytic
acitivity and super hydrophilicity under UV light
condition.

Ag—-F-Ti0O./SiO, double layer film was synthesized via
sol-gel spin coating method. This Ag-F-TiO./SiO;
double layer photocatalyst film showed improved
photocatalytic activity and hydrophilicity comparing with
TiO2/SiO» double layer film. Furthermore,
Ag-F-TiO./SiO, photocatalyst can activate under
visible-ray region, which can applied for various
practical fields.

TiO2/WOs composite film was fabricated via sol-gel
spin coating method. The film made by TNP(Titanium
n—propoxide) precursor showed the highest
photocatalytic activity and photo induced hydrophilicity
comparing with films which is made by other
precursors such as titanium n-—butoxdie and titnaium
isopropoxide.

* Effect of thermal
treatment for photocatalyst
film

— characterization of
photocatalyst film

— Analysis of
photocatalytic activity and
hydrophilicity

* TiOo film was synthesized via sol-gel spin coating
method. The film sintered at 400C was found to be
efficient for photocatalyst reaction and hydrophilicity.

Especially, TiO, film prepared from peroxo titanic acid
precursor showed photocatalytic activity after the 110C
of thermal treatment, which is relatively mild condition.

* Examination for
photocatalyst film of
durability and adhesion
characteristics

Superior adhesion was observed at SiO,—-TiO,
laminated film. The characterization is conducted by
cross—cut method. The result shows 0 class for ISO
standard.

Durability test was conducted using N-TiOoWO3 film
until April 2015. At July 2016, the film remained good
photodegradation ability, so it can be decided that
as—fabricated film had sufficient durability.

MB decomposition for N-TiO/WQO3z film (large area)
using liquid film contact method. MB solution turned
to clear solution under UV light for 3 hours. This fact
verified the uniformity of photocatalyst coated surface

(2) Records of research (The number of records)

Printing the articles in  printing the Application Presentaion o .
the international articles in the Patent bplical at :
iournal . L of utility |, . at domestic| Note
J domestic appliciation model international conference
SCI(E) SCOPUS journal conference
8 2 1 7 1 10 12




3. Utilization plan of the result of research & development(expectancy effects)

This research can show the technological and social contributions and applications
such as below.

- Plan of application

m  Constructor of photocatalyst glass : Hyundai engineering &

construction, Samsung C&T Corp, GS engineering & construction
Expected o )
Corp, Daelim industrial Corp, and etc.
demand
» Manufacturer of photocatalyst glass : Hanglass Corp, KCC Corp, KCC

glass, Gukyoung G&M Corp, Glatech Corp, etc.
= The technology result from this research which was performed by

manufacturers and constructors of glasses and university-industry
cooperation can be applied to practical areas to obtain the
o high-value products such as brand new photocatalyst glasses.
Application — . . . .
m  Contribution for training of specialist who majored high-value
building materials in order to induce the getting position in related
field of graduated students and ©practical application in

manufacturing of products.

| = The results of this research, method for fabrication of photocatalyst
Commercializati ) o )
glass and manufacturing photocatalyst treated building materials can
on
be transferred to demanded company.

®m Securing the fundamental technology via developing the method of
heterojunction with other semiconductor photocatalyst such as SnO,,

Securing the . } .
7Z/n0O, WOs; or the doping method for making Ag-doped TiO,,

future
(N,F)-doped TiO, for obtain the supreme photocatalytic activity and
fundamental o
hydrophilicity.
technology

m Patents application have been progressed to protect the intellectual

property right of fundamental technology
m As the increase of public interest towards eco-friendly building

) materials, it is expected that demand of photocatalyst applied
Creation of new o ] ) ] ) ]
] building will be increased with the course of time. This research can
industry ) ) ) ) ]
contribute to creation of new industry like manufacturing of

self-cleaning and photocatalytic glasses.

- Expectation effectiveness of technological aspect

m Photocatalyst can decompose the pollutants without any further utilization of
energy. It needs only light which has sufficient energy. Thus, it can be applied to
many areas such as photodecomposition of pollutants, cleaning air, self-cleaning,
preventing fogging, and antifouling. For these reason, increase of photocatalyst
market will be enlarged in near future.

m Photocatalyst coated glass has super hydrophilicity and photodecomposition ability



under sufficient light condition, so it can be applied to maintenance of clean
surface for windows in skyscrapers, airport, and station. Furthermore, metal oxide
photocatalyst like titania can be used to coat material for indoor glasses such as
hospital, sanitary and leisure/sport centers because of its photodegradation effect,
antifouling, and deodorization. Also, photocatalyst treated tiles can be used as
moss-free tile which is applied to fountain, artificial pond, and artificial waterway.
The leading country of photocatalyst commercialization field is Japan. For example,
environmental cleanup facility, air conditioner, medical equipment, building
materials, housing facilities, lighting fixture, atmosphere cleanup system, and
water purifying system. But Japan government did nor want to transfer their
technological to overseas. In this situation, we should push ahead with the
development of photocatalyst technology so as to prevent the technological
dependance stem from leading country and promote the domestic photocatalyst
industry.

Expectation effectiveness of social and economic aspect
Nowadays, The rapid increase of demands for photocatalyst building material is
observed in leading countries (Japan, Germany, France, USA, and etc.)

These demands for eco-friendly and functional building materials is due to lots of
pollutants during drastic industrialization and metropolitanization. As a result,
photocatalyst coated tiles and windows have been steadily increased because of
public opinion and active encouragement of governmental policy.

As the increase of interest for eco-friendly building material in Korea, it is
expected that demands of photocatalyst treated building material will be increased
with the course of time. Thus, this research can contribute to large influence in
our society such as commercialization of high-valued eco-friendly photocatalyst
coated glass and growth of related industry due to import-substituting effect.
Especially, It is expensive to regular cleanup process of skyscrapers because this
work is very dangerous and difficult. Comparing with this way, photocatalyst
coated self-cleaning glasses have good photodecomposition activity, so it can be
substituted the inefficient manual cleanup. In fact, Japan reduce the 50% of
maintenance cost wusing photocatalyst glasses at Nagoya airport, Tokyo Haneda
airport, Tokyo train station, public gym, and skyscrapers.

If the commercialization of high-valued photocatalyst glass which is developed
domestic technology is successively done, the import of this photocatalyst glass
does not need from Japan. Furthermore, domestic global construction company
can have competitiveness in worldwide market.

Keywords : Window glasses, Photocatalyst, Building material, Superhydrophilicity,
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hv, = /\
ANNANN> hv,
_ NANNNANANN D Photocatalytic Reaction
Light Photons
4f7 ¥ E, —] \/A
(]
ho
Phosphor, CaAl,O, :Eu, Nd )
P 274 TiO,
- 14 -
B IEU) A9 J8E 72 deo] T £ A, gHEAsE Ay, 28 A8 AR, 371384
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Environmental

Air purification ‘Water purification

Deodorizing Removal of hazardous
Removal of air pollutants substances / Disinfection
Eleotic oppiance o
Rafrigeeaios Side mirror
Fluorescent light
Residence (exterior) Residence (interior)
Painting / Tile 4 3 T Curtain
Glass / Tent i \ Wallpaper
W oo
Tunnel lighting Removal of residual pesticides
Sound insulation wall Deodorization
Removal of NOx Hydroponic culture
C Prning
Offset printing Cancer treatment

Catheter / Operating reom

Wator ol

Solar cell Hydrogen evolution

Energy

<O[&t3t EIE A E=0HS S 8>

titania-coated

regular

r glass

B Toyota Central R&D Center?] Asahi 5 reactive sputtering W& £3sto] A4S A
7tet 7TA1 G AE &0 o4tstE e A2ty 3F] 2 FE3 JNUsilaL, AISTojA = o]4te

Ao}
g A0} DY, S AS FH0) LY, 2401018140 IHY FRU 2L 52 )
WS oS YEY UL TPE Holgh 1R MO EHo| RARE WEIS sl o
S, ioF ZUrhatel Miao §¢ sputtering ©2 AAFE olMslElEt Algty nYo| A
AEL Eoto] ofEgel olAlatElHo] RetAye] ofdstElE Rt ARat 94519
T 400pW/cm’ ROl o] 247 BOb £ANE ¥ 93% WREL UEHi: 59 Aug
H1 st9e
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71&0] wAgo] o} f7|AR®or oYz} CNT(Peiron Chen, Ruhr Univ.),
graphite(Vanessa Zanon Baldissarelli, Federal de Santa Univ.) g-CsN4(Kai Li, Ludong
Univ.) S Stasgaxiele] g8 g7 ahustr) AsEn glon] ofo] mhat 2 gl ox:
Hemraj M. Yadav. 91 &% & graphene oxide?te] =23t AX| A|xof HSH A= XISy

=
ste.

_16_



4

Ind.
e

Zted Al
Ind.,
=

=
S

2= 0]
Daikin
2 &

tet,

9]

P\ PN/ ES

Ol Al
=)

F
),

[¢]

(DN
I1I1(=

g3t Jls= £=0l

IN

Ab
S
=

=

O ATHS
612 30%

=
=

=
-/

Al

0l
33
5
10

3+

110

ol

un
Wl

=0

HI

4

o
r
0
U

nJ
)

Ju
-

ulo

<
0
H

S ol
=2,

’

=
—

o 2 =20t W=A

0l
o3
I

H

J
Klo

9]
ol
to

-

0
i

Ok

wo
™

o
i
0

KO

Ok

ol
ol

Kk

-

)
oll

ok

Ok
K0
ol
0Kl

=
ulo
00
A0

nr
Ik

P

otulCh

)]

0

SIIEE,

&,

d8st

oloi=d, 2=J101, =&, 28I+, =2 &d|, U

o}
RO

O AIES

2=
S =

OFOIl A

cC
— 8

t=

3

Al

otH & A2l

=
[

FaPNIN

ol
ioll
ar

2=, M

a0
K0
<
J|J
o3
_.u_
7e)
or)

Ll

ol

0l

—

[}

<& 2-1. 29l 71&7pe
o

=42 Al =| Matsuhita Elec. Works, Sony, Matsushita Elec.

0 AT TiO." &

i

He171=74
z=
(L)gl-

9

Hol 0IEE X
222 0851

« 22 JIUA

(o) k=1
MO

-/

o
=

0

He

—

MOl AX MEZEoS Mgl &

LH il A

Kl
3+

0l

o

Ok
R0

<fclttete

e

ok

10
&0

2l

PSS
S o,

HoI=2
S UM

CHaL,
el

Xl =&t

Ko

ol

il

T
TH
R0
o)

ok
10

1)
00

g0 U

el

—

=

11%t Kl
JIE

4

t

t= A=S NMSEM M. s

C
EPNR

HIHX &k CHbl
ol

Xl THA 0ol X 2
A

AN

SOLID

=
RO

iy
or

i

==

a0
%0
el
!
o3

1 2 71470t

A 22 = 7l

=W

ol
= 100

4 o

304 7HA]
wolxE XA

o]
=

al
=

192 E 20139 12
- ‘|7 -

2]
=

51 SOl S5HolE

O

E
=

7H

al

tod 1992¢ 1
o

[9)

1ot =

F&O ofoll of
al ozl Ej
N Tryg "~

A




FelHAH

i

RESIEE]
(HExmes 2a)

"RrlHa Y dRate

a3

adg 2-1. 371E B F

g&%

oj

2. 37k B F

a9 2

700
oK
oT
o)
~

Ho
Br

_—
‘_o\_

kil

ur

- AZXO

2o ojx

5]

ol ]

AT, A

75)1—

7}

7}

1 A

= =
:|-o

o

A

m
Ep

B
B

gl

2 27

wOoF &7 o

_‘]8_



b QRoln], MutKoR g1gst U F@-Add, AL, 2L ALY FEY Ve
Aol YEHOoT £35 GGl £ WH| A AT B 2L 0lFo] YEAO

Total —gamns —ymsy LEE T .

50

xRk F, JE, Gy, T 58 1992°2013(5 4 HE)

a9 2-2. 235 (AF } Aol &8&) I7HE 535

B S5, 2999 9§ Eoly o] HEHE FEuje) £ S g

Yo, Qo] 70%, Ul 16%, § 9%, 9 5% wolo], AL S5 Hggo YrHo
2 %

Aroal  dxglo] Estg]le WEO]  FES  Aqxsly] sk TAEEH s
PCT/FR2004/001927 SQ M- FefAa, mRFA %Kﬂ%é%‘x} 2004 07. 21.
SIEU) 7152 P S, ZA|EYWS: PCT/JP2011/071078, 9910 17 Alo]AIErY] Z=
Eﬁ:j_ﬁﬁj#ﬁ, UE ZR|EFYAAL 2011, 09. 15.
Zotxol AA0 o5t EEHs AstEo] ZAF uhdl 2 EYHS: PCT/FR2004/001673, &Y
ol: M-yl ZejAa YA ZHESYLXE 2004. 06. 30.
Z0] Q2] U olo] AERYH, FYW3: 10-2008-0117015, HYQl:utweAn|zd, SYUAk:

2008. 11. 24.
e Felo] ARy 3 e el A, SAEY¥s: PCT/JP2010/003848, & Ql: ofAl7 2]
A EUAxE 2010. 06. 09.

_‘I(?_



A 32 UL A=

ls

oK

Heh A7 <

5

=]
TE

=9

i 971

03

N 4 97 TR,

I & 4 AAAM o= ZofoflA]

<]

2

==
1o

A7t 159

¥ 20119 = 7]&

5}

94

ol

e &3

o AX|

5t

=
=

B =uo &

o

|

rd

To
ol

. ok

AAHRo} 27

A

S
-

SF
e}

ol

3

R

AL
100

1o
wjr

ke

<+
ol

-—

—_—

H

o,

ol
5%

F2E ® 3-10] e

+

<O

oFE Al

)=
e

A Robd T AF FE>

=

3

<E 3-1.

-

e,

-

-

-

a0 KO g |KO <0 K0 K0
= KO elmo X\ mo o
Rl o0 |20 S S ® R0 2T ©
R L PR s lwel, 5 &
X0 o] &5 |l ™ o = > i0J RM
N 0 KO =| KO KO TJ reY|
o | 00 3 |80 3 50 |R
. : o o
e wo|oar 3 _
L2 2 IEE|E |2 e
K S S| S S o | ar | ar
<& g |22 ¢ glg|¢g
™ < o o o < o Y]
Lo o o o —
I 51 S| S
(ap) —
ok = |~ O ~
oy = KO = | 3
o o0 - U0jzo w3 K = | o
< :I ulo %_m uo[oT g xﬁw - il go, RO
R U RS = -
W = & g CjE | HO A | o=
= D |B = K= T U = | &
S G = a=! I A B B S
= .ol BIR B[R N ™ O
Moz =iy BE e K = | = | m
G KU Kol5 = (R0 N | K
K ol Bis 70
[0 w ifo <
. " u
IH &l (T R s __r_o S C_ﬂo
RO W LR Wo| K
ojfl Eo
30

Aragerel

HRlE, &4,

AMazAMe et

AP

=
pAL, oloRu| Zejo}, T3]

o

ASFA
o u

e,

o
ol

o &t 7le2 AACIA

27171,

B =

2773t A

717 ek AlAE,

29714, =2/,

_20_



AEL = rjofst Hoto] AHE3}5HY 11, Toto 7]17](%), ©]A|stet, Daikin Ind., Matsuhita
Elec. Works, Sony, Matsushita Elec. Ind. & $Al02 4= AKX &8 HH 4835
meMES P 25 Uk AR S WH, FHU) AFFBE 20108 /1F o
20009191 Feolch. WET) 712e 215 BHOAWA, AN WA, FF. B71Heh 27

|0 oX

1w O L ’
of, AHEAL U 24, ASA) 5o Tekst RofolA AEet HEA0R o 2ojx|RA o
2 29 Moz 1 ARt 3 F0E oz dyg.

NN
o N
o O
=
m
o
L
| !

/R
W

Al e,
=
o
o
o

00 0102 03 04 05 06 07 08 09 10 11 14

I

o B4 22 BS0BY K2

a9 3-1. =5 A7 4%

A

B (73) FRdMs 5L AAPIAA DSCBAPE Y202 RE 7]e EUstHo]
AABH A AlATE O] AR Thefel okl A FFu &S 8t s

ph
[}
sz

gelo] izt #alol ol AAKY g2l AEYM YTl WAL} =
A wE) S AT gom, EUY 57139l 37 219, T aarln
AL Akstel waD) AnZeld fe m2AES AMstn 98,

— o Jm ol
ol

= |>

moox
ol o mlu pe
o2 oo

e oROJE o

B (0]=) oj=oAs gistd 149 79S8 Aoz L0 AL35t Aol s
Fel4ak ti7]1d PPGRF CardinalAl, AndersonAt 50| £Eu 3528 Ao &85}

o -
T oglov], S5, Hajacl Paka ol ERAECE WYL FHU IYAE ALgott

_2‘|_



5002 HET AF Ago] M HhH T s

W 20169 A BCC researchol s WEF FEU) A ol st FE0) A upd A
e 715sto] 20209 299 Wl Fuo] o]F o= 5% IFOIME AA| ARl 25
of gejz 90%0] Yokt AR /ML glol B ATAA U s1&o] AHED ojxl}
el A0 @ 2 9S.

GLOBAL MARKET FOR PHOTOCATALYST PRODUCTS, 2013-2020
($ MILLIONS)

2013 2014 2015 = 2020

[ Construction 0 Er%rgisﬁucrtger 1 Others

a9 2-3. B AFY AR AR AF
W 20169 79 102 WA 0]RY J1F02 BEU) WS WA T S99 £UL 19924 19 1
92 5 357090 Ko} BINAL. ol 20139 129 312 V189 286700 9] 2
gro] 30%7} 5713t o= BERU) Algol Al FANAL Yok AL T3 gt Fu 7]
Qo] Selenl ohjel A1 FéAA TYA U olebiets RAsPlolt 5ol ol
QoA FU ALY ABL A S5S TES] Un Ut %I SAK N TS S

o
AR e 2EE Zlo] AL,

_22_
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1)

L2 APAE APRE 23 g3 AutE okt ofefo) met .
Xt o7 UWE o3 2

* sol-gel®2 0l23dt0 TiO,E &4adt] hydrothermal &Y

cE-Z IEE Z=E0 M| =2 0185tW nano—coral TiO,, nano—needle TiO,E M=
U A2 AR ot 2IXtel 220 Z=0 S0l 0IXles g HAHA
O NEGD HEE Rnyst
CEo3 sig) olE [l= m= *sol-gelEE 0l8otd &AI EEHE TiO.,/WO; SEHE
T e o HZEGIYCM, A ST E =, Ti-sol UM EAS
e SH83F2 el L . o =
N ag e FWOMHEL a5 HEE TIO WO BaE W0l HEE 2R
- === AL EZETIF BII6tD =2 MB 288 8BS,
* one-pot routeE O|E0tKH graphite-Si0,-TiO, =&HME
MZEoIHSM, EIEFLIOINI graphite-Si0. & &Jtgtez 2l
COAR HioE mEQ =8 otod DAl ZH %49:‘.01I{\-| ‘iﬂ&'ﬂtﬁ%_ E_F)H%*g 22 J|IE9
AT O =o mEM SA E% EIEILIOIONI HloH &EaE 2o E8S 2SS 4+ UM
ZE0 SAK K - _ . . )
* solvothermal &8 & 0I&Zat0 TiO.—graphene oxide =&
HME HMXSIH2M, graphene oxide EJIZ 26l X2
SAIANN HEIIA 2SS0l Sare.
*sol-gel8 & spin-coatingE2 0I3dlH  SiO,-TiOs
multilayer& HXotF 20, SiO,-TiO, multilayer= Al &
ZAHO CJo A ESOl ALMHO| SAES SIS £ UY
ez =2gAn 2E =3

* sol-gel® 2 spin—coatingS 0I5t SiOy/TiO,—-WOsE
i s Hotg oGt E+=4d & MB Edla

* sol-gel® 2 photodepositions 026t  Ag-TiOs
nanoparticle2 MZXoIA20, AgEE 0l QoA BHE =X
Jf HAZHA JINEBHIGEHAN HHEIIAE 26 & %
UAAD JI=0 HioH Sdlask &ag.

*sol-gel8#=2 0|83t  Cr-TiO,, Co-TiO,, Fe-TiO;
nanoparticle2 M XotA 20, Cr, Co= 0ol 2laHA JRA
ZEAAWANE MBSAHO| Z20 AL Soilasc i

S st FeTZO QoA JIAIZE I SA0A BHEICIOFDF

I

csEEAN0 2t 2=

e &g g

[==] <

SHEAD SHESE SAE.

« LHZA2SE SrAlOsELT DYy SEH 220 Z=0 TiO,
cTIO,~LZE2E &M ZEM =2 DEEOZAM TIO-=ZA(SrAl405:EU>,DyY) &4
AT HZE 2 ZBI2 E4| =28 ZEM ABES HZE. MEE TO,~Z2M &4 2
oA E0 2EAME JAZS GHHANE BIRIIAQ} S0 I}

Aol TG BH20| SYSHH L0,
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Al E-A 398 Ba0) Ax) L 92 A7

1. &-224Z ol &8 Tio; B4
TiOz= &-A(sol-gel)= ©o]&sto] Fdstdth. 8da+w TiO9 ARl TTIP(Titanium
Isopropoxide, Ti[OCH(CHs),ls, Aldrich), 7838l ZU0jA|91 H,O, &ofQl C,HsOH(DUKSAN,
99.99%)5 Arg&steitt. WA C,HsOH 10mLe} H,O 15mLE 35°Cojj4 58 =9t 300 rpmo =2
wetstg Tt T2] TTIP bmLE A7}stal 35°Co|Al 1A]7F Z9F 300 rpm O &2 wHltstod Ti-sol
BAZ AxstATt. o]$ol= Ti-sol §H3 oat P NAZ sz, 100°ColA 2A1F ARAIAA
TiO, &= 4ud. olff Aozl 2O JAXE Hk:=Z7i2 FMsh] oA 2=
ball-milling sFitt. 22]u xFA0s B35S AASH] YA 400°Co|A 4417t SFASH
ot 23 1-19] TiOz9] 6”# Hel sol-gel o] ¥4 ©A=F UEHUWIL, 13 1-20]= SEM
o WEH TIO] 0H7ES Yepjglnt.
C,H.OH+H,0

Stirring

[35°C-5min-300rpm]

TTIP
Mixing & Stirring
[35°C-1h-300rpm]

¥

Filtering

¥

Washing
Drying
[100°C-2h]

Uil I -t (W]

KHU 10.0kV 8.8mm x100.0k SE(M) 500nm

Ball-milling 19 1-2. SEMSZ #Z3 TiO,

| PR

Calcination
[400°C-4h]

29 1-1. sol-gel§ & o] &3 TiO, §A
THE

mol‘

2. 93U G 0] 838t nano-coral TiO; AX

nano-coral TiO,x $£ET/dW(hydrothermal method)E ©]&sto] A ARsHPTH SEUHE=
Titanium n-butoxide, NaCl, 3]A= HClIS A}F&s5t9th. WA Titanium n-butoxide 1mL,
NaCl 0.6g, 3]A4% HCl 30mLS 35°ColA] 205 =oF 300 rpmo.2 wetalgich 1alm &ate
L0183 Teflon-lined stainless steel autoclave©o]| 211, 150°Coj|A 8A|7{F=9F hydrothermalZS
5ttt o] o= hydrothermalgt &H-5 ofxt 3 ’\ﬂ’ﬂ.% 5kl 80°ColA 1AIZE HARAIAA
nano-coral TiO; B AUt of7]A4 NaClE AF&3St 0|8 nano-coral TiO, EZo]
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diameter, morphology, density, alignment, growth solutiong XAs}7] oAt} oup @
ARE ste olg AR2L AAst7] YahAch 27 1-30] nano-coral TiO,9] el
hydrothermalS YUE 1, 7 [-4of= SEMO & IASH nano-coral TiO, OJNG1ARE
SN

Titanimm n-butoxide (1ml) Y

NaCl (0.6g)

4

Diluted HC1 15.7% (30ml) _J

Mixing & Stirring )
[357C-20min-300rpm)]

Pouring the mixture
into Teflon-lined stainless steel autoclave

|

Hwvdrothermal m an elctric oven K
[150°C-8h]

|

Filtering & Washing
Drying
[B0°C-1h]

N r

13 1-3. hydrothermal& ©0]£3t nano-coral TiO; A& &A=

Y 1-4. SEM2. 2 # &3 nano-coral TiO, WAl F+Z

3. 28T HE 0] 83t nano-needle TiO; AR

nano-needle TiOy= hydrothermalS ©0]835t9 AN xstFct ZH2Hda = TBOT(Titanium
n-butoxide), H,O, HCIl, SDS solution, saturated aqueous NaCl solutiong A&s5tE T ©
A H,0 30mLet HCl 30mLE 28°CojlA] 58 =9 300 rpmO. 2 wuIsIHAl E =2 TBOT 1mL
@} SDS solution ImL%E 28°CojlA 5% =9t 300 rpmo &2 wyltstYTt J2j1 &+ f08S Sof
5ol 28°CojlA] b8 =9F 300 rpmO. 2 wEF st $0of saturated aqueous NaCl solution 5mL
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£ Artote 158 ¢ wulstYith. o]lZEA| == 8LAHS Teflon-lined stainless steel
autoclaveo] £ 20 FTO glass®= 'gojAl &Aoo F7]7A sttt 221 &3 &Auk FTO
glass?7l @7 X1 Teflon-lined stainless steel autoclaveS electric ovenof 2il 150°Coj|A 8
AlZFHEQt hydrothermalZS st3iTh hydrothermal 2.0 &9HofA] FTO glassES AHUA NAS
Stal, 80°CoflA]l 1A)1ZF AZRAIZCE o]ZHA AXAIZ] FTO glass EHE Z0JU A nano-needle
TiO, &S At} of7]A SDS solution, saturated aqueous NaCl solutionS AFE-sh o] &

+= nano-needle TiO,9] diameter, morphology, density, alignment, growth solutiong =&
A5tz ¢siAth FTO glass:= hydrothermalES AA] & ©f nano-needle TiO, S &&% 0
Agstal ARAIZI7] HeiA ARgSERIY:. 1"l 1-50] nano-needle  TiOp9] /YUY
hydrothermalS WUENY 11, 7 1-60]= SEMO &2 WAsSH nano-needle TiO; OJA|LAS

B it

2
Ql
B!

H,0+HCI TBOT+SDS solution
Stirring Stirring
[28°C-5min-300rpm] [28°C-5min-300rpm]
$
Stirring
[28°C-5min-300rpm]

Mixing & Stirring

Saturated aqueous NaCl solution
[28°C-15min-300rpm]

Pouring the mixture
nto Teflon-lined stamless steel autoclave

¥

FTO glass is placed at an angle agamst the ]
wall of the Teflon-liner

L 2

f Hydrothermal in an elctric oven
[150°C-8h]

\ i

2

Washing
&

L Drying[80°C-1h] N

-

i N

-

Scraping surface of slide glass

13 1-5. hydrothermalS ©0]£3l nano-needle TiO;, AlX &A%
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Aeroqel

/ Sol \ Gel
O000Q0 m }‘ =

33858 |
000000 Xarofik —>

V“: Heat

NFONINYINEs
v Dense

Fibers : iR Xe‘oge Ceramic
Derce =im

Unformparce

g 2-1. 71239l sol-gel ¥+ WAYE

2. A& £} TiO,/WO; 237 Ax

Anhydrous Ethanol : $524 : TTIP(Titanium TetralsoPropoxide) = 19 : 3 : 19] & H]
&2 B F LAEY @yst] TIO, YRS WEACH oA wEold TIO, UAE
Anhydrous Ethanolyt 542 ofg] ¥ AAst & QBoiA 60%9 2% 24A|7F=0F AX
ARG Axd SAE AR R ot 57 7FRE W &, 4005204 2ARHE0 AMAIA &S
Aoz TiO, YAME ettt A4t =38" 9Ak= TTIPE 27] Ao &do] JryotexE
Swi% L7t E=5 £YSH & TTIPE ‘2o dojlict

N-TiO,/WO3; A= N-TiO; : WOz = 100 : 49] & H|2 EIFAE
ARIAHHWO,)E =017 ¢fsll HoWO, @ NH,OHE 1 : 19] & H|= do] &
o7]of] N-TiO; 715 FAMIA &UE SHAIA N-TiO,/ W03 EIJAE I 5
a2 AR 3, Z2 x2doA dxRste] 500=oA 2A1FEer Addgth T
N-TiOz/WO; UAF Al&W-Z HERHA.
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[TTIP+Et0H+DI water ] [ NH,OH solution ]
ni

W

&

Ti0, sol (1h stirring)

=

]
]
o
=
-

Dry (60

o

Sintering (400°C, 2h)

-

H,WO+NH,0H

7

Dry (60°C., 24h)

: 2

Sintering (500, 2h)

L. o

O3 2-2. N-TiO,/WO; YA Al2Y 525

3. 24 ZLE0] Ax9] FurS EX
5ppme] MB%%* 100mlof| F=0j 0.1g2 21 1AF &QF YAl Fof
| EAtEle 2 gt o]$ 1 sun(AM. 1.5G)&710]A 308 7tAo =g 2417
5to] 3mI® AlRZ Fgich o] A]RES 12000rpmoflA] 1587F 4] B
=9 Hea|st &, UV-Vis Spectroscopys 0]&sto] Bajje]le A e sholst},
663nmY o] otArS 7|& o2 AAE it WEOje] AX X
P P QQJ rutile, brookite A2 iAoz gutrp ojxl
st &ujo] AN LE S X-Ray Diffraction 22 BAgH Jgfmolct 9] m]3
AF 1 23 (JCPDS 04-006-1918)3+ H]JJ_— 1S o TiO, anatase I3 So0] 2= 7oz Wt
ot ®5t ™y} B38ha] Aoz Qs oFte] m 3 o]%o] WELEQCH I 2-40A =
FEUY 8= 54 2S5 UEUATL WOset S9A] 125 J-e | AT
F 395 A& 2 on Aart mgd JAre] ¢ 400~480nm mpg g ofjx
2 %Y. Aeld oM SF =7 SVt A
2 240 EAis7] diwoll UEde Al o]

ox 1 orlo ol X rr _I:?: o Mr
olr
1 l:ol‘
rlo ME
oipA
)
|1|
ﬂJQ
A
o A
3
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N

N
m

HoHoc® of an |4 hu |H oo 2 oy
—_ le

|t
>
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o)
N
=
rlo

o
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o
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—Tio,
——N-Tio,
5 ——TiO,WO,
=) < ——N-TiO,/WO,
g
= g
2 2
] ]
£ 2
<
360 400 440 480 520 560 600
Theta (degree) Wavelength(nm)
a9 2-3. ZF AF9 XRD 18 = a9 2-4. UV-Vis asorbance &3

T3 2-50] FEO) YAle] MB Bs) &g Tejme uehelch XRDIZZAA B3 o=
anatase o] FE0] EWS Ut 2S AST 4 Ugon, Mast =YL WO B3
A PES P Y FHL Y B S-S Holk A HAT 4 YL,

ol A7 AF BHLS IHYE S WS AU WHE, B Yxjo] B AT ULk B
M7RlgE AAE $ FRetACh WS uAUZ] RHE sol WEL Zw u2stn £y Eg
osee BAME Aokt Hold @Al Mol B GAdA £33 U TEE Yol

sol-gel HZ o]&s TRl A A& & AU

1.0 — . . . . .
BN —=—Ti02
Y —e—N-Ti02
. 09 —4—TiO2/WO3 1
o v— N-TiO2/WO3 |
(] W
™~ N
O o8} .
c N
Kl v
5 0Tt N
° L
© .
> 06 v
o Y
a Y
05} e
" '} 2 1 " '} "
0 30 60 90 120
Time (min)
a9 2-5. #%v) 449 MB £3) 58 53
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Al 3 JHAT e TEU BTAA AL A7

o o

1. graphite-SiO,-TiO, 2§ F&u] 4] 7|

7}. one-pot routeE 0|83t graphite-SiO,-TiO, &3] A&

graphite-SiO,-TiO; B3t one-pot routeE 0]8&35to] A XsHUCH AlRZAS ]éh—lﬂ"itq
A Sol= 5mLe] TiClol 50mLe] aqueous HCIl solution (IM)S A7}stHA HAG] 71425
uhSo] 2ojulA 3} ojm] s}ais] ¥rSo] Qojibma] uke o] YhlaEly] wSo ice—water
bath OtojjA A< x| Ar} 7taEs) vre o2 utSo]Xl BEEWSE QoS AFRoA] QF 4]
ZF =oF wHiste] Efst gaioz ut=9ict 1 th2of= TiO,9] graphite2 0.5, 1.5, 2.5
wt% £835t7] YsllA] ARG ¢o] graphiteE £t &o] A71stch. graphite7} 7=

fulo
al
o
==
ol
—

SRS 158 FQt wRIgH ol Si07t 1.0, 3.0, 5.0 wt%= TiO,oF RS Aot 517l
oJsiA] AAst ofo] TEOSE Z7Md oz Ayfsta 2A|7F &9t wukstdct. 12]1 NH,0HZ A
Zhetal 1A1E EQF wutsto] dojfl Adzs SR dEEs ol&sto] oiet AAE st

th. o]%oll= 110°CoflA]  2A1ZF Hxska, 500°CollA  4AIZF shAstgch o|Z2A Alxd
graphite-SiO,-TiO, E3rA|= graphite® T=H=%0t Si0,9] =Tof T2}A GST-1(graphite :
SiO; = 0.5 wt% : 1.0 wt%), GST-2(graphite : SiO; = 1.5 wt% : 3.0 wt%), GST-3(graphite
0 Si0, = 2.5 wt% : 5.0 wt%)2 Yottt AF %o graphite?t TEOS7} &A7IEA] ke o
25t TiOg= GST-00.2 st

. TGA(Thermogravimetric analysis) %A
el B GST-29] TGA THE ze.g 3-10] Uehglct. A2
MelolA 3749 ApaAlgzio] ek 7
U 422 10065Co Lol
7) tgol WASITE £ WA AT 109,
A o

ﬂJE ¥0 o
30
.—‘1
S
rE
=
A
ol
rg

st whSo] AojubA wA¥sIAIct A
. 0.79%9] LA dojiet.

T T T T T 1 L L
] 100 200 300 400 500 600 700 800

Temperature (°C)
a2 3-1. GST-29] TGA JA g
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t}. XRD(X-ray diffraction) &4

I 3-2% GSTQ} &3t Ti0,9] XRD &S UERH Ziojct gjy¥o] XRD I3t Ti0,9]
anatase AHJCPDS NO. 84-1286) m 3} AX|5t% 1, rutileo|ut brookite AF o] 3= UELEX]
UATH XRD A5 FoHA TiO; U=YA] L2+ graphite 719 9= ©A] 2utt= 7
£ %P 2~ Qlolt} anatase A m3E A|Q]5t1 20=26.6"94] graphite T3S A 2 0197
al

"r'

m‘#"

T XA

, TiOy UYxJUAF BHO| graphite’l =H= 718 sHI51% T} graphite I 39| intensity=
graphite o] 710 wef S7sttt. 22 Si0; o] S71d4e-5 TiO,9] anatase 74} T
3 52 HojA 1 intensityr= ZASHITH o]2fgt FFE SolA TiO9} &F&ESH= SiO= TiO;

o] AujxlE WA= AE &0 & 4 AT 1™ 3-28 A SiO, go] F7HESF Tio;
o] A4 F7|= TASIAT,. scherrer equationg ©|-&sto] 7 MEe] Hd AAH A7

o
st A3t GST-0& 14nm, GST-1& 12nm, GST-2&= 1lnm, GST-3& 10nm% 37|15 B9

*; Anatase
ﬂ #: Graphile

a * * wa %

-, \ Y A e GST-3

~.
;__j I.i‘l' GST-2

__J[\\. A A GST-1
__J 1 A\ ,LJ. GST-0

zu 30 -s!l «ﬂ 60 Tll 8(I
20 (degree)

3% 3-2. 7zt BZ9] XRD |

Intensity (a.u.)

2}. TEM(transmission electron microscopy)C. 2 OJA|F#+A £2A

a4 3-3(a)= GST-09] TEM AAMIZ YERH Zoltt. Ti0Y 2743 Z7]+= ti=f 15nm=z
XRD #A4& &dll dojil At Ao LX|sitt. 17 3-3(b)e dimAd AMEQ! GST-29
TEM #&AMlS YEtd Zlojtt. 23 3-3(b)% TEM AMilZ &5HA graphite mHo|| A2 TiO;
Ul JAt=zo] 7t SAE ] HdstAl 22Eo] Qe A2 sttt A= graphite mHO| A}
TiO; Yk YASo] 2 20iQl7] 2o +43t TiOBth d=u E4do] A = Zloz HQl
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0F. EDS(energy dispersive spectrum) A

a3 3-4% GST-29 EDS spectrags UEeRH Zlo|th. C, Si, Ti, O o3&
1, o]2fst 3 EL graphite EHO| TiO; Wi YAP} # LAl 22E 0] AThs= A YA
}.

18.0
16.0-
Ti

14,0+
= 120~
g
w
¥
=
2
[&]

T

1 | 1 | [ I
000 100 200 300 400 500 600 700 800 900 1000
eV

3% 3-4. GST-29] EDS Jegj=

v}, UV-Vis diffuse reflectance spectroscopy &4

a3 3-5% GST E3HA|9} £4-5F TiO,9] UV-Vis diffuse reflectance spectraS UERH
ojltt. ZE= GST 5¥Al= 784 GolM S4-&(absorbance)o] /4w, YA 4
TiO = ZHAIBAGOI0lA §4-80] WoITh GST BgAlY 40 /T Qoo o|EslY
4, ol TiO; Yi=UAtet graphite?] AWOlA C2pe} OZp At H=9 &/do=z <Qlsty
C-0 £ C=0 Aol FHEUY| B2olct. Co o] F7HE4=S GSTY E48L FHEL,
o= C& /% graphite7} At FAut 7HAGA FIoIN =2 S5&= 7L 7] HE
olt}. T2]il UV-Vis diffuse reflectance spectroscopy &4 ZAyt= TiO,7} graphite, SiO,
o BAAS ol 9dv] WOl JPATA Felold HA/HE S WHITHE AL FYst

Aot

rSL' P
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bl T T T i bkoded T T T T

(a): GST-0 || 3
(b): GST-1 || 3
(c): GST-2 | ;
(d): GST-3

(d)

Absorbance (a.u.)

(a) 3

PPPTOPTVY IOTPTTTTPT FOTTTRTOTT! PYPPTTITTPY [TUTPTTITY [OTPPRTTTTL [TTPOTPITTL [PPYPTTTOTY FPPTTUOPIT] FIPOTPTOIT.
300 3s0 400 450 500 550 600 650 700 750 800

Wavelength (nm)

a3 3-5, ZF A=0] UV-Vis diffuse reflectance spectra 13|z

® 9}t GST-39F 2o graphite o] 2 UPo}xlm GSM 28 oH Ay} Laqx]L 740 gto]
e & QISiTh et el graphitest SiO,7F HZIER TiOe] F o712 AHH A/ 4
| meol YRS &7k webnc SiAlR LT e ool HIHEW Tio
AEsh] oRo] Y o717t B8HoR QoA fof WAIZRAS Bafste AL
s} YR 47t iRk

In dark In light
0 -
E I L 1 1 L L
0 30 60 20 120 150 180

Time (min)

33 3-6. PAIFA stolAl GST BEAol @ WA~ s= wat
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2. TiO,-graphene oxide 53 Z&F0] AX| 7
7}. solvothermal& ©]-&3t TiO,-graphene oxide E23A| A&

TiOy-graphene oxide &A= solvothermals ©]&35to] A X5t T} X Z0+= H|HE o|&
5to] 100mLe] F/49F 25mLo| oS E8ste] wutstity. 22 A8t F9] graphene
oxide FEtM(4mgmwmL)S F7iste] AL wutstoic). o]Z A £H|E graphene oxide &
0“01] 1g_] anatase T102 LJrlr_O‘T\}E 7&, ot 308 =9oF Zii% 8B5S AlAlsto] garphene

HS Teflon-lined autoclaveo] &

7 &1 electric oveng ©0]83te] 130°COA]  4A] —E—?_P solvothermalS 3s}3iC}.
solvothermal $.0f St S Z==20F oEF22 o] 835to] MA U o= 511, electric oven
2 0]83t] 70°CoA] AxGIYCE o]zist A2 FAL ¥rE3ste] TiO,-graphene oxide(0.25
wt%), TiO,-graphene oxide(0.5 wt%), TiO,-graphene oxide(1.0 wt%), TiO,-graphene
oxide(2.0 wt%)S A|xstFct. T2]1 xF o2 0] 83517 64 graphene oxide?} A7}E] K]
oo A5t TiO® AAsHYETH o5t TiO,,  TiOg-graphene  oxide(0.25  wt%),
TiO,-graphene oxide(0.5 wt%), TiO,-graphene oxide(1.0 wt%), TiO,-graphene oxide(2.0
wt%)S PT, GOT-0.25, GOT-0.5, GOT-1.0, and GOT-2.00.2 s}t

L. XRD(X-ray diffraction) &4

a2 3-72 GOTQ PTO XRD mj8lS uERH Zlojth @mE XRD m 3= Ti0,°] anatase A
(JCPDS NO. 04-016-2837) ml=Ze} AX|5}¥ 1L, rutileo|t}t brookite A m 3= UERLA] QFQk
T}, scherrer equationS ©o]8&sto] 72 M=ol Wy AAH F7|S AN ZAap @& AHZ O
1Inme] H+ ARFZ[ 715 B 9 1@ 7&‘-43 &oliA TiOz9] E”é% graphene oxide+
AR 37)9 Ae] Lxo] Mel GaFe 7]

)

o2 w

=

204
116
0

GOT-2.0

GOT-0.5

Intensity (a.u.)

GOT-1.25

20 30 4l 5 6l ™ 8k

20 (degree)
a9 3-7. ZF ABE9Q] XRD |

t}. FTIR(Fourier transform infrared) ¥4

2 3-82 GOT-0.25, GO(graphene oxide), PT(TiO2)9] FTIR spectras UERH Zlo|ct.
GO2Q] FTIR spectra® ArmHY ™ 3400, 1730, 1620, 1370, 1218, 1165, 1051 cm™'ojA m =7}
LERGTE 3400 cm'olA9] m 3= hydroxyl group(-OH)Q] Al&AIZo] 7]Qlgh Zlojx
1620cm o A]2] 1m 3= 9F2 grapheneS? ZTAXIZof 7|93t Zo|c}. 1730, 1370, 1218,
1165, 1051 cm o] A 9] oj3= carboxyl(C=0), carboxyl(C-0), epoxy(C-0),
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carboxyl(C-OH), alkoxy(C-O) group® Al&FZI=zof 7]olsto UERT Zlolty. GOT-0.259]
FTIR spectra® A e ™ 3400, 1730, 1620, 1370, 1218, cm'o|A] m 37} el GOOJA]
LHERGE 1165, 1051 cm'oflAo] m 3= 0 & 4 Qiglal, UEhd D352 m% GOojA <]
]38} intensity?} 7ZtAstEch o]7& ESHAl solvothermalS st= =9F graphene oxide
Aurb 24 Holth 2 & 4 Utk I2l intensity: FASHAAS HaL s
TE9lc}. olejsl AT graphene oxide’t TiO0F BYME WAt A .
GOT-0.258} PTQ] 500~900 cm™'oflA] AZu} tjdo] WAL, ol= Ti-O-Tie] XlEof 25
of UEht Zolth. T3t 3000~3500 cm oA WL W37} BAE LT o= TiO, L AAS
EHO] hydroxyl group(-OH)o] A1&%1&2 5to] UERd Zoltt.

I.".IS\Q
1370—
1620
1730

3400—

Transmittance (a.u.)

___H_M\_T P
=
3

1165

2:8/\
1370—
1620—
1730 —

—PT
— GOT-0.25
— GO

1051—

T T ¥ T T T ¥
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm'l)

a3 3-8. PT, GOT-0.25, GOQ] FTIR =

2}, A AL 0]7(electron microscopy)C 2 OJN|G1A BA

J2 3-9= PTQ GOT-0.259] TEM #AAAS UeRd Zlo|tt PTQ} GOT-0.25+= 2% 13
o] obd TiO, YAl YUebHth. 22]i PTe GOT-0.255 /st e Ti0.9] AAY 2
7] 10~15nmolt] ZAHE Afolof Aol TAYSHA] gttt 13 3-9(b)e] TEM A2
&ollAl graphene oxide ®HO| A2 TiO, UkYAt0] & FR2EHO] Qe Ze A & 4 3l
otk I8 3-102 GOT-0.25, GOT-0.5, GOT-1.0, GOT-2.09] SEM ZrARRla
EDS-elemental mapping AtZls YWERH Zioloh. TEM WEAMlS EoiA WAt 2 55t
Al SEM WAAMRIOAME TiO;, YAIEAS L&o] oYl graphene oxide ZHO| EX|st
A4t EDS-elemental mapping AM5lZ &dlA] C(yellow), Ti(green), O(red) d+s59 X%

AR el @ 4 golck
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13 3-10. SEM #ARFA] @ EDS-elemental mapping A4l :
(a) GOT-0.25, (b) GOT-0.5, (c) GOT-1.0, (d) GOT-2.0

Of. Raman spectroscopy w4

a3 3-112 PTeF GOT9] Raman spectraZ® UERH Zlo|ch »E&E AlZ
+AFet Raman o3 ifHl5 E It} SHA|SE rutile 3 miEl 2 WA &
anatase &9l TiO& DYam(l4i/amd) FItatol &5tn, dwbaQl &g (anatase =
AigtBigtBrtE)S TR 7PY 2 intensityS Hol: 145 cm oA B, A9 mIy

anatase 29| 9§ Al oz Qlsto] WAsI L, ol FH|H 2= AES50] anatase ol2t

O
L.
2 Qo). tetragonal
A

L 718 Al 195 cm oA AN intensityZ} A2 m 3L anatase L& Qto|A] ofst
Rlso] 71915ttt WE AHZo] 398, 516, 639 cm™ oAl UERd m 3= 712} By, Big+tAjg, By
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walo] &stch J2]3 196, 144 cm” oA UERSd o3 E, 9o sigsich. GOT2] Raman
spectrad| A= PToA] A& 3t 4 ¢i= D band T3¢ G band M 37} YeRtt 1350 cm™
o TAE D band mIE WY EE= 7PAte]o] sp® Adat FAMSH C(carbon)ol] 7191gtH
Zloltt. wiHoll, 1600 cm™loA] A=l G band W IL sp’-ZATtE C(carbon)PAEQ] WU
Zsol 711k Floltt.

——rT

144 em’

—GOT-05
— GOT-1.0
— GOT-2.0

Intensity (a.u.)

L} % T T T T 1 1 L}
200 400 600 800 1000 1200 1400 1600 1800
Raman shift (cm'l)

a3 3-11. ZF A=9] Raman spectra 1@

v}, UV-Vis diffuse reflectance spectroscopy &4

2] 3-12= PTRF GOTY UV-Vis diffuse reflectance spectras UEH “Zlojct. PTY <
2% 5582 390nmoA] UERGT) ¥tHol, GOT+= graphene oxide®] o] Z71&a= 7t
AlgA %‘0%‘01]1 580 S7tstgion AoA sMoz AZo]l WSt GOT HYAN7E

red-shift7} QojUA 7RAEA QoA E4-g0l F7tste 2 TiO2} graphene oxide Abol
ol Ti-0-Col e ke Agol A1) TEolc

——PT

GOT-0.25
. . + GOT-0.5
) - ~— GOT-1.0
- + GOT-2.0

Absorbance (a.u.)
- /f ..'1

. . . . . . : .
300 400 500 600 700 800
Wavelength (nm)

a3 3-12. ZF M=09] UV-Vis diffuse reflectance spectra 1=
Ab. Photoluminescence &4

2] 3-138 PTQF GOTS tjEst= GOT-0.259] PL spectrasS UEMH Ziolt}. 390nm H&
o] m 3= TiOz9] band gap AZATY ol YERSL, 460nm #2] w3 = =stel W AJE)
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oA 7RI 2 o]zt dot?] miwol UEhHth. GOT-0.259] w3 intensity= PTof H][A]
of-% Attt o]72 &diAl graphene oxide’l 2% A7IE|H2t: intensity= AEer 4= 2
=0 AZ 9 & A T2 O 3-133F 22 ZAibe graphene oxideZ} A% A7IEH

Az olgeh At 7HA 2 oAl S0k 7Hedol HoRlthe AMd S SIEAd. 2=

LIS

graphene oxide: ¥ oi7]% MALY] YAAFA AL sto] WA/ T AAT 5L

‘+PT
® GOI"G-ZS

AL

PL Intensity (a.u.)

T T T T . T T L T
350 375 400 425 450 475 s00  s25 550
Wavelength (nm)

a2 3-13. PTeF GOT-0.259] PL spectra 2=

A

r{m

of. HIA7EA(CeHg)oll et d-2al W&

19 3-14= A stollA AlRE Wgto] mE PTeE GOTO] WilAlZRAo] ofsh g2 vhas
et J2jmolct. 13 3-149] ZAuE AmE¥ GOT-0.25 > GOT-0.5 > GOT-1.0 >

GOT-2.0 > PTe 7o Az TS| 2z7F Uehdch 714 w2 2Es] 252 gol
GOT-0.25% AteAdl ZA} 50% Tho] B WiAl7tAS o) eRstlch 2o gheiAl, 7H =
FES £52 HQ PT: ARIMS 508 XAMSIH LT 33%°] WIAIZEAZE dolglgity, mE
GOT: PTRC} L85 &7} #waich o] graphene oxide’l H7IE|d #IAIZIAS Eafsts
AR 8 AATSe BAstA Esll &gl FdE7] diwoldt. PTS AQjsti GOT A&

== =]

S9] BEs|] £ = H|WEH graphene oxideE 0.25 wt% &A71st GOT-0.257F 7H&F w211
2.0 wt%s ZH7Ist GOT-2.00] 71t r2jt}. o]gist ZAyts EoljA 0.25 wt%7} AAsH
graphene oxide®] ¢fo]il 71 o]49] 5 F7IsHAl HW FEel] v dasttes A & 2
AIAct. graphene oxideE 0.25 wt% o]Af A7IsHA EH TiOo RAE= 98 AHsH7] W&
of & o717t 2&Xog JojuA] oot MAIZIAE Foliste AAL/AS ol AAl B F
2ol £=7F gdastth. w3, AA BEE AR/ AEE %*91 5= 75740l Z7tet AR/ s A

Olt

of AET 7hsHol F715h] W] Wreh 47k Faeth

¢
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0.8

0.6

C/Cy

0.4

0.2

0.0

—a—PT
—eo— GOT-0.25
—&— GOT-0.5
—4+—GOT-1.0
—v— GOT-2.0

T T -7 T 7 T T T T T 7 1

T
0 10 20 30 40 50 60 70 80 9 100 110 120
Irradiation time (min)

33 3-14. A4 sto]A| PTe GOT BZA|ol oj3t WAl
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Al 48 BE0 AA9 g2 39 714 AL A7

1. F&0) TiO9] 2] LY

7t Si0,-Ti0, T8 Y& #8] Y glass 78

Si0,-TiO, multilayer= sol-gelfi1} spin-coatings ©]835t9 A x5ttt Si0,&S FHs)
7] 9JaiA E¢Y a2 TEOS, MTEOS, IPA, HCIS AME3519 1, TiO 522 FH®SH] QsliA &9
dg2 TTIP, Anhydrous Ethanol, n-butanol, HNO3:S A}835}9tt. WA slide glasso] SiO,
Bl5t7] oA EerY a2 TEOS:MTEOS:IPA:HCI = 1:1:28:39] 2u| &2 MAstYct &

S 3
g FH|&S v oz TEOS, MTEOS, IPAE 35°CofA] 5% =9t 300 rpmeo 2 ZE3stgict

1 HCIZ A7iste] 35°ColAl 302 =9 300 rpmOo g2 wytsto] Si-sol2 $HAI5HYICH o]
o= slide glasso] Si-sol2 30sec-1000rpm© 2 spin-coatingS 3dtal, 400°CoA] 1A|ZF
annealingsto] SiO, 55 s AEHC2 Si0,530 TiO, 5= ZYs5H7] sl &2dd=
= TTIP:Anhydrous Ethanol:n-butanol:HNOj; = 1:30:1:19] v]&2 AAs5IYc}t. SUU R =H]
=S vtgroz TTIP, Anhydrous Ethanol, n-butanolS 35°Co|A 5% =9 300 rpmoz &
ottt I2]1 HNOsE 7ot 35°ColA] 30% &9t 300 rpme =z wWHtst Ti-sols A3

7t annealingsto] TiO,2S FESTO 23 Si0,-TiO, multilayersS A xstIcE 1 4-10]
Si0,-TiO, multilayer?] A& £A =S UELHICH

TEOS+MTEOQS+PA
Stirring HCI
[357C-5min-300rpm]
; TTIP+EtOH+n-butanol
. Stirring HNO i
[35%-5min-300tpm]
Stirring
[35C-30min-300rpm] mix
Si-sol
Spin-coating on the glass Stirring
[3056(:-1 OOOTPHI] [35 C-30min-3 OOrpm
Ti-sol
) [ Spin-coating on the
Annealing $i0, coating
400°C-1h L [30sec-1000rpm]
Annealing
500C-1h

I3 4-1. sol-gelR ¥} spin-coatingg ©] &3 SiO,-TiO, multilayer

Az A=

L. Si0,-TiO, Z® /219 Al/d 7t

B 4-10f slide glass ¥ SiO,-TiO, multilayer?] &&7HS UEMY9ITH SiO,-TiO, multilayer
of Ate]A(A=365nm)= 0-30-60= ZAF gt So] AEZS FAsHL, F7HRog I®Z 514
re slide glasse] AE7tE Z4sto] A4y 712 sfoick 1 A 29L o1x %L slide

glass®] A&E7Fe 40.29°2 YJERF o, SiO,-TiO, multilayers At A (A=365nm) XA} A|7HO]

| =R

—
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—

0% o m 2235, 30% o m 13.48° 60% U m 56 WEZS LEnfsich o2 FaA
Si0,-TiO, multilayer+ slide glass®] R4S FAAASZTH, AFJA(A=365nm) &RAF A]7Ho]|
Tt A440l HeT B He A2 2 4 ASck

<¥E 4-1. Slide glass 2 SiO;-TiO; multilayer d &7z+>

SiO>-TiO2(HNO3) SiO—TiO2(HNO3) SiO>—-TiO2(HNO3)

slide glass . o . - : =
multilayer [02] multilayer [302] multilayer [602]

2. Si0y/Ti0,-WO; 9] 82 IE

7t I & sol AR

Anhydrous Ethanol : n-butanol : &4 @ TTIP : THIP(Tungsten HexalsoPropoxide)&
19 :1:1:1:0.0259 = H&2 92 gol& U=y TW2t HYsIoH o] solo] 0.09 =H|

o] @itg M7KEt Ae TWCloletn Wwgtch ®ah AALS 0.09, 0.15 vl 9o § 27t

=
[s)

A=
TWN1, TWN22t1 H9sich %5t Anhydrous Ethanol : €At : &524 © TEOS(TetraEthyl
OrthoSilicate)S 2tZF 10 : 0.03 : 4 : 19] = H]&&2 2o] Si0; solg Tr=rt o7& TiO%

Ho| =zEo] EA2] & Na'o]2it 71%% FEWN 252 F5E 2450] StEHE Js YAE
Zojct. 09 4-20] ~¥ 38 ¥y NH=S UERHIS
O\ 2epingthe rotating b drying e

ksaivem solution

repeating to prepare
multilayer structure

@

[ Swbstate J— [ ] —[ J—=—

Pl

7] Yo Azt sole AW AY YAS olgst #e BU EATL_?JE}. 7|
25%x25X1mm ACHt 82]3 AR&st 2800rpmo2 40%7F §AIgH} Si0,58 WA wast
o

o] 350&0A 1AIZFESE 274 = floA e TIO 52 #2 =o= Eio}@l 500 0f| A
4027 BAlES Attt ofFA| stof SiO,/TiO,-WOs AS5+x2E 27 &t
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- HA =2 O o % 'ﬁ‘}
o xfl02 YxtE GEol XADE AHeINTt $A4 Haleyel ICPDS 04-006- 19182 st
of anataselo] EAfst: e & 4 Atk OSt BE DIt ADEA Pt i Ao}
Qo] oS YA AR FE/t FHHo] 243 anatased FLsHA  olrf A A
23t pore WA £3o] AU Holt o] e AFASREE FYHon], o|Ae s
O 4-38 89 & £ Qlty, TWHO TWCI, TWNI1, 29] m37}F gdog o]53t 718 Sof &
2 Qlh AA9 A7) ALt Ay, TWeF TWCIE 9F 26nm%P il TWNI1, 2= °F 19nm<o] 3
712 Ytk oS @i o]2e =ho] HjA] Qe AXITE,

g0} weo] AEMos Aolst Wik HWd 9t YaSolch EWO Ui £YL

EDS(Energy Dispersive Spectroscopy)2 ZAst¥ i o] ZAuS T 4-40f YERYQITTH
TWN1, 29 0.48eV @Foa mIAof J7tE #wEZ & QAo TIV)Y viIg oyXx|7t
0.52eVa tha HAPZ| fizo 7|2 M3 AAPPE ot =4 SFEHJAAT o2 Ti ol 300A Tid
T A FAEG R A4 diFo] mIE7F 2t Zojeta AU & ok WOl oF2
= WS7E QARG Cl o] 29 s== TWCIA =7 SREUG. oA d4 o]2o] =io]
Ho]| Satg]o] o} 9188 x|AFstCh Mg, Ca, Si, Nax 7]mo] ¥dAiolil Aux
SEMAMAIS &S ] 83t "j&oltt. 0L Ti0,, Si0;, WO; V5% ZFE|o g ARSI %ofch

T T T L) T T T T T T

. [ Si —_—TW

z - A . ——Twel

- " = Sampee N Dourﬂs iSamFﬁe_W Duums: ——— TWHN1 -

o] e ™W (760 || [Tw 1318 | TWH2
- ! THiN1 e — tmwoi esa ||| [twai 1315 |
5 Tving = TWN1 (760 |TWN1 1306 Sample]Cl count
: s = Lo e - [(TWiNZ 800
=t ' BT e < }
= =8 & &8: T =z 5 i
£ fw= | =55 ¢ 88 %
g _..-"u__...___.JrL._ o SR T VOB ool =
4] i ! =]
E = --’( L\_Twcl ' P '-...._-"",‘-___ ¥ T Q
— t_.._.._wl*g_u.___.l o, (R "
u_.w_z._»a,_ B R DY S R
1 L I L L et T, A n
20 30 40 50 80 T0 20 2 3 4 5
Theta (degree) Energy (keV)
a9 4-3. 2 A& XRDEA I 4-4. 9 EDSE4A 2

FEu2AC] H5E FstAT G2] s AEEL ThF SnE UL W] o] 2ojA
of sitc}, ZF wtoto] Eutwol FWH WIS ZHZF UV-Viset SEM(Scanning Electron
MiCFOSCODY)OE wAste] O 4-50] UERYQITE. AbA2]7F EX] of2 TWof Hlsf ibA2]7}

H AZS0] 2 Eutes morh AN M ARst @hEc Eibes) o W 549 2
o g4 oz alsh MY FoSl SRS K] GOl e oy SRS 2
A SIRA] koA BEUI WSS BU 4 Ut ol ¥ 4 Ak,
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100
B0
&0

40

Transmittance(%)

u " i L " i i L i

300 400 500 600 T00 BOO
Wavelength{nm)

a9 4-5. 29 FHE=9 W SEM A

pepsel AR oAl gl 2 A7 o &
4-20] F1EA AWHE A7) Bt
£ APgSIAl e e Bl

0z
MK

2HOI &

0
H

1HOI Gt 2HOI &

202 AFM(Atomic Force Microscopy)S ©|8sto] W EAS Ut HusHA A3
I 4-32 AFM EA go|g. Rpv= A XA x]11749] =o] Xto], Rgqe root mean square
roughness, Ra= average roughnesss =gttt 1 -6} B 4-30 vtat ARy EA ’\Kl
2 717F GeRggIch TWol ulal TWCIe] 7%7]7t oS et olAe A E0j7t Uxt 2
A ghgo] Weh WHe obg el o] sleldt ZoR 2 4 9ok otk TWNL, 29] #Al
Z7Kied oS =Y autz 8| AAbt Sojx| m¥o] ARojdl Zow B 4 n}
A7) EERo] HolAl: ane o8] BEU) WSS A0, BEZ oAl W

g% Qich

|.|'|_| ﬁ, o
e
4

—|>4 I:l:I NN
rr rg rr rulm

i)
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a9 4-6. 4 AE9 AFMALZ. (a)TW, (b)TWCI, (c)TWNI, (d)TWN2

<¥E 4-3. AFM &4 do)g>

Ra
Rpv root mean square Ra
Sample no. (I DE-FHE =0l]) ( a (average roughness)
roughness)
TW 13.166 1.580 1.253
TWCI 11.551 1.327 1.047
TWNI1 17.904 2.306 1.847
TWN2 19.291 2.189 1.729

2% 4-7004 ufere] HE&7L wWels S4lsto] defmol AbAloR LERRQITE ol tiEgo
2 T(TiO)9] Hute Z7stoict. FE7Le 5870 20W AlelAl £AF & AEglon] Lyl
TiO, ulato] wls] WO.o BEAE AT Aol ©e AR Uehie oz sl
TWCIL Cl o]29] dgfo g Q |

is spectroscopye Olﬁo}@l MBo] §3d=E5 Fs5IT v‘i—ﬁﬁ Jzj
663nmP A0 SHEE 7|For AGHIT. I 4-82 ZF MEE° MB ®off &8 1
2 YEpd Zojot olff tixFo g T(TiOy)9 Zits F7Fsidoh. A&FZfut tpi7HA]2 TWNI1
o] Fofl 5u7t 7 Hold Aoz sRlLion A shego] =opxl TWN2 grafoA= 25|
2ol &&0] Zaste A AT & ATt o]AL TiO, A7l F/dol AUA|A BojXA &

T oA2 Tua T

nZ
L |H e Ao
1=l =T
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%0} xpAlo] &7} Wolml o= Az 4 QIth @A Al2j®l wiere Clojeo] Fite
£ SHAl 92 Ao vlsf Fall gab gadh A o 4 Ao
50 i L] L L) L] 1'“ T T T L T
" . —a—T
—a—TW
40 | . 0.8 + —a—TWCI
o —s— TWHN1
g I —=— TWHZ
g wl 0.6} g
E
£ — g ~
s nl O 04l S
g t -
=
S ul | 02} \
L] u i 1 i L % I i 1 s i
5 ) - i 1 : 0.0
T ™ WGl TWN1 TWND 0 10 20 30 40 50 &0
Sample no. TFI'I‘IE[I'I‘IiI"I]

2% 47 7 A AE5F W

19 4-8. 74 HE4 MB £8& 1=
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Al 5 2 2HYAWL o[ &3 TIO, THUY g

o

oo

P A

1. Ag7t X9 Ag-TiO, FFU A= AL

7}. sol-gel¥i ¥t photodepositiong ©0]-83F Ag-TiO, nanoparticle A&
Ag-TiO, nanoparticle?] 247} E+= TiO, nanoparticle2 sol-gelH-& o] &ct st
ot &Y 8+= TiO, nanoparticle® HA3A|Ql  TTIP (titanium tetraisopropoxide,
Ti[OCH(CHs)2la, Aldrich), 7FeEoi Z0jA|Ql H,O, &uiQl EtOH (ethyl alcohol, C,;HsOH,
DUKSAN)E ARgstich HAl EtOH 10mLe} H,O 156mLE 35°CoflA] 58 =9 300 rpmo&
wetstith T72j3 TTIP bmLE Z7Fstal 35°CoA 1A17F &QF 300 rpmo.2 wytst TiO,
sol M-S A 25T o] &= TiO; sol &M o} A AMAlS stal, 100°ColA 2A17F Ax
AlAA TiO; particleg €43t ol Fojg] HJEHiz ZIHH UAE EMst7] Hsid 2=
ball-milling sttt 22]u 2FRo=z ZeaES AZSH] ¢siA 400°CoA 4AF st
(calcination) sttt 7= 5-12 TiO, nanoparticle?] AAZAZAQl sol-gelHo ZASAE
UER AT

Ag-TiO, nanoparticle2 photodeposition® 2 AR5t T}H. sol-gelHoz 3FHdst Tio,
nanoparticle, Ag T=3HO] A LA|Q AgNO; (silver nitrate, DUKSAN, 99.8%), pHS X745}

i
L5ttt HA TiO, nanoparticle 1g¥t H,O 500mLE 35°CojlA] 5% =9F 300 rpmO =2 gk
StHA  &3tstgdy, 58 ZoF  AFRo]A]  sonicationg  stEch TJ2li AgNOsE
AgNO3:TiOy=1:10+ 22 ZdH|(molar ratio)2 ZA7}sto] 35°CojlA 30% =9 300 rpmO 2
WEISIHA Sgstith. pH7F 680 @F2 J S5t &Aoo EXfst= TiO; nanoparticle I
W2 OH,'AJEfolal, pH7l 6HTh =2 4 273t &0 EAst= TiO; nanoparticle ®H-2
O /JEfolty: $At] 4% TiO; nanoparticle £H2 X5t ©7] O o] Ag'ol2Z =H5h=
gl Aghet 2oty 22]al pHZF 7, 1091 73 Ag”t TiO; nanoparticleo] =H% JEi+= O

1t

rok

> rd

TiO, + Ag" — TiO,@(Ag") at pH = 7-------------- (5-1)
TiO,(Ag") + BH, —TiO,@Ag at pH = 10--——--—------ (5-2)

=g A2 A7Astil, AgE nanow 7|2 =Hs5h7] QSiA =gt &0
NH,OHE 7g7Ist0] pH 1022 Z7Astal, 157 &9t wiksiIth o] fofl= Agll 4tetsE WX|s
7] YoM X5 AEjolA W8S shal, =A|o] 6WRZ(Sankyo Denki UV Lamp G6T5, Japan)
2 At (A=250nm)s ZAStY] AgE TiO, nanoparticleo] =35ttt o|EA Aad &HZ
A5/ &5t £»8Aif nanoparticlel F2]A]7]aL, 100°CojlA 12A13F HRATA ZHR H0
AAsHAS. 22ju 2FA 0= Ag-TiO, nanoparticle®] E&=& A 2 St 24+
A& Yot 400°C, 500°C, 700°CoflA] 6A]7F =9t annealingst$itt. o|Z A A&XA0F A
Ag-TiO, nanoparticle2 annealing %0 ©2}A AGT-400, AGT-500, AGT-7000. 2
sttt I8 5-2+= Ag-TiO, nanoparticle?] A|Z37d<Ql photodeposition?] FF+-A=sS

Lpebdl ol

o Ay

of it o2t
o Bt P

u
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TiO; nanoparticle +H,O

C;H50H+H;0 g
BsC Em.mfmm ] [35 °C - Smin-300:pm]
2 - 21—~ 1
Sonication

[35 % -Smin]

TifOCH(CHz)z]a
Mizing & Staving —E
[35C-1h-300rpm] Mixing & Stirring
[35°C 30min 300rpm]

Filtering Adjusting pH 10 bv NH,OH
Stirring
l [35 % -15min-300rpm]
Washing
Irradiating UV Light(2 50nm)
‘ Vacouming & Stirring
. [35 % -30min-300rpm]
Drving
[100°C -2h] l.
I Filtering I
Ball-milling Dr!.:lg
; [100 i 12h]
C‘alci:iation R ienbing
[400 ©-4h] [400°%. 500 %, 700 “C -6h]
29 5-1. sol-gel & o] &3 1% 5-2. photodepositione o] &3+
TiO; nanoparticle AZ €A %X Ag-TiO; nanoparticle AZ €A%

EREL EESE

a2 5-32 sol-geldoz SHAdst TiO, % photodeposition© 2 A
AGT-500, AGT-7009] XRD mj&fo|t}. of7|A TiOo] =He Agd mI+= Wi & 4 giqich
EgE Agol o] A, AAH F7[= WAQI TiO.o v|siA At7] mjzof 3]&o] 72| dojit
Al AAY -0l dojuttet=e MINZ|7F ofsiA m Z7F HAEIA] oottt TiO.2F AGT-400,
AGT-500, AGT-700& anatase Aty rutile Alo] =xjEojQJcHJCPDS 21-1272 / JCPDS
76-1940). AGT-400, AGT-500, AGT-7002 annealing 2%’} 57242 anatase A o 3A|
717t 4AsHH, rutile 4 o] 3A7]= 5718t o= annealing =7} 57}5HW anatase 7419
wx = dAastd, rutile 4o Fx= F7HES Uit

# 5-12 annealing 2%=0] O ARFHY F7] " Y Fx:ojth. ZAAFFY 7
Scherrer’s equationS ©0]-835t0 AA5HI Tt

kA
B Bcost

DE 2R RIam), M= XA 0, ki BAYSoln dysoz

[

rlr

0.892}= ZHg 7HXIth. B wh7=(full width at half maximum), 6+ 3]&ZFco|tt,
Axate] BEL ofe] A1g ol Gstol AL,
Rutile phase % = LO[ —————————— (5—4)
1+0.8(T‘;)
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[x= anatase (101) 8]H0]39] intensity, [z rutile (110) &M 39] intensityo]c}.
annealing 257} 7}51% anatase A7 rutile A4S 7HAl= 2RYO 7 B £7)69)
o g9 22+ XRD mifE SoiM 2 4 ANE Ak Zo] annealing 2=7F S7tstHA

anatase A9 Ex = 7FASH, rutile A9 Ex= Z71ES SQI6HYITH o= annealing 2%
1= Rnn () SEO X L. () =
7t AR Z7] F e 2o ¥ g2 vt e AZ Qujeitt
AiA @)=TiO,
: Anatase s
=) 2 (h)=AGT-400
= R: Rutile (©)=AGT-500
= = = ()=AGT-700
S =
= g &
= = 5
3 £ 2o g 8
Zg€ 8 & s8 &8 o~
& J sl B = g8 =z &
og d)’.‘ = 43 I“ Eﬁ
o gl =& = .5 g a =
- ol = g®RgAa & & GeAg T oy &
| a4 |z g3 2 8 % 283 g 23 &
() LSS 2 A GRS X 2% %
(b) LL__AAL.__,A_JV\_‘_/\_,__&
(a) “ I A l\ ﬂ A A
T T T T T

20 30 40 50 60 70 80
20 (degree)

a4 5-3. ZF AE9] XRD =

<E 5-1. 2t WB AYYY 7] L Yo LE>

Material Phase purity (%) | Crystallite size | Crystallite size
Anatase | Rutile | Of Anatase (nm) | of Rutile (nm)
TiO» 78 22 25 25
AGT-400 75 25 25 30
AGT-500 63 37 30 30
AGT-700 1 89 51 50

o} oA % Ya BA

sol-gelH o & 3PSt TiO, ¥ photodeposition© & A &$H AGT-400, AGT-500, AGT-700
o nlAl+xE WEs7] $5lA SEME AR&stith. 1% 5-4% TiO,2F AGT-400, AGT-500,
AGT-7002 SEMO & A3 Apilo|tt. SEM AMEl-E &dllAl particleg2 +30] ofYet= A&
& 2 91913, particleSo] LasH el 9l e =l ¥ & loich 8 ANe A
A0 ofsiA BAYst= Aoz AtrdT. SEMO| Aohd sie dfZof] SEMezE= Ags
W E 4 g

EDS 242 TiO, EHo| Age] &A= #holslr] 9aliA Z8steith. a2 5-5= Ti0,o}
AGT-400, AGT-500, AGT-7009] EDS spectrum % mapping images UENH Zlo|c}.
AGT-400, AGT-500, AGT-7009] EDS spectrum S3§4 TiO0] £HE Ags =l & 4 9
At J2]31 mapping images oAl AAEH WY Qo EA§st= Ag(white), Ti(red),
O(green)9] H2YE: & 4 SUAT

714 9l
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AGT-400, AGT-500, AGT-7000]4 Age] =7] @ EmAtej2 Lolw7] 9JsjA TEMS ALL
SHtt. 1 5-62 TEMOo= WA AKlZ YeRd Zojty. TEM AMlE &dliA TiO,
nanoparticle EHo|| At Ao Moz Hola Agrlt EXst= 718 &0l & 4 9ol Tio,
nanoparticle EHo| == Agt- FI7|7} o] Aty To] A glo] Qoict Ago UA
1~5nmo| 1, Sxlgjo] QJX] ¢korc}t. T2]1l Ag: TiO, nanoparticle o] THE|R] ¢t H
of AldAoz wigo] HAct. o]gst ZAutE FollA photodeposion TiO, nanopartlcle
Hofl AgE =A7|= Helgh Yiolats A2 & 4 A

50 nm

L}
& §.Brem 100 O SE[M) 50 JHI 10.GR 5.0men 100,00

50 nm 50 nm

m-um.mr'szmxunsam . -:mcwazwnm::-:s SEQM)

Y 5-4. SEMo 2 #ASH njALx : (a) TiO,, (b) AGT-400, (c) AGT-500,
(d) AGT-700
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2
Ful Scale 182 c15 Cursor: 0.000

1 2 3
Full Scale 182 cts Cursor. 0,000

13 5-5. EDS spectrum ¥ mapping image : (a) TiO,, (b) AGT-400,
(c) AGT-500, (d) AGT-700

Z0) rirrl

| i—

3% 5-6. TEMOo 2 IASH oJqLx @ (a) AGT-400, (b) AGT-500, (c) AGT-700
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2t g B4 24

sol-gelH oz 3PSt TiO, @ photodeposition© & A &sH AGT-400, AGT-500, AGT-700
o] FstA £ S4&5 vlusty] HsiA UV-Vis spectrometerE ARESHRTH 1 5-72
TiO,2F AGT-400, AGT-500, AGT-7009] E4&(absorbance) Z2jmoltt. Ti0,9o] S4HE
405nmoj|A UEPGOon o]= YHEZo] 3.06 eVel= A2 Qujsit}. UvtAo=® TiO,2] WHEAY
< 3.2 eVolx|gt ZAXHL =70 E}EW YR 7ol WSt 350nm O]9 g & oflA
AGT-400, AGT-500, AGT-7009] &4&0°] TiO,Ett =7 UEtgth o= TiO, BHo| =3%
AgZt TiO} H2A82 st Ha §46he Yol Ao £og ol53i7] ol

1.2

(a)=TiO,

(b)=AGT-400
0.9 )=AGT-500
(b) (d)=AGT-700

0.6 -

Absorbance(a.u)

0.3

T T T T T T T
300 400 500 600 700 800

Wavelength (nm)

a3 5-7. ZF ME9] UV-Vis absorbance spectra 1aj=

OF. WAZLA(CHs)Ol Chgt ) whg 2
F20] 2opoll 91014 Ag-TiO, nanoparticle®] ZAI2l S H7kst7] Slal AFel4(A=365nm)zt
A= 410nm)stol A MAZEA chgt FEel AHS ShUth 1% 5-82 ALM st

O3 5-9= JHA|EA SHojlA] AJZE WHSH & TiO,2F AGT-400, AGT-500, AGT-7009] HiAl
Fhaol ofEh FEH WSS A3 Tefmolch JhARA oA SHsts Aol 200W W
Aol Afeldl AFTH WElS RAtste] Ateld g AAstch 13 5-8at 13 5-99) Jgjm A
= AmEW ApMT JPAZA sHo]A AGT-400, AGT-500, AGT-7002 TiO,RC} ZEs] &%
7t 3t ol TiO, mHo| Aget 22 Hkeg&Ho] EPEH Y452 2 faoHo of
off w2 AALY] AAAGA JZS st =il ARHe )-F5(h"V&(Electron-Hole Pair, EHP)
o] Fags TEAA 7] "dizoltt. 22fil TiOzx= 7HAgAl stofld = F2sl7t AofuA] of
11 AGT-400, AGT-500, AGT-700& Z2al7} dojwdtt. o]= TiO, BHO| =-= AgZt TiO,
o HEREL sto] We FHsHE Yol P KO 053] fEolch Al T
LA sHo|A TiO, & AlQlsti Ag-TiO 5 AHEH AGT-700 < AGT-400 < AGT-5001t £&
FEol £55 Bt oA7[A AGT-7002 F-Zoflol AstA] &2 rutile 9] #250] =1
AFHE 3717 AM vlmEA o] A7] gZo PEs £=7F AGT-400, AGT-500%c} LEJUr
AGT-4001} AGT-500& ZAA=9] 37]% H|25HK|9H AGT-400L Aro] B 1 g(%)o] anatase :
rutile = 75 : 250|311 AGT-500-2 anatase : rutile = 63 : 372 th=2rt}. x|A9] LES HH20|
doju= AMo] BEx (%) anatase : rutile = 60 @ 400]c}t. AGT-500L AGT-4000] H|siA]
A9 FFoll vhgo] doju= 4o FxEo 7PE7] ol AGT-5000] F#dll &£=7} ©f wi
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—=—Ti0,
—o— AGT-400
A—AGT-500
| —v—AGT-700

SN
9\\‘\!§"‘-_‘;—__'

0.2 “\m__,_,a

0.0 T T T T T T T T T T T T T T T T T

0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 |60 HMJ
Time (min) Time (min)
a7 5-8. AYA sl A 2 AE 2% 5-9. 7HAFA Sl A 74 A9
WA 72 FEE g 2P A7t A FEE H3 2P

2. Cr-TiO; &0 A= A

7}. sol-gelS o] &35t Cr-TiO, nanoparticle A&

Cr-TiO, nanoparticle &0 248 A Rs5H7] YA 7129 sol-gelHE o ¥
Alstith. A4 titanium (IV) isopropoxide?}t glacial acetic acidS 5%
sttt 1 29 sodium dodecyl sulfate £~89H-S HILSHA 408 =
Cr¥*o] @< 1~3 mole% E=3}7] 9afA Z7R 02 Cr(NOs); - 9H,0 2~-8oH
A71sliA 607 &Qt wEksHIth o] 9os dEyol £8MS HIIsA 60°ColA 24]
4 Pt =8 BHL ofur P AMIAS st 110°ColM daste FUAE7E =L
ot z|lzA" 02 BoS 400°Co)|A] 4A]7t stAste Cr-TiO, nanoparticle Z=0j
Act A|R3F Cr-TiO; nanoparticle Cr*o]29] Tilrtwo] mabr] 1
Crl1-TiOy, 2 mole%?l 732 Cr2-TiO,, 3 mole%?l 4L Cr3-TiO,=2 UEFLHCE

=
mole%?l 4<%

U XRD(X-ray diffraction) &4

TiO,2F Cr-TiO; nanoparticle®] XRD &2 = 5-109] UeEpdth =Z&=  Cr-TiO,
nanoparticle?] 3]& IS ®F anatase TiO,(JCPDS 21-1272) 3|A& &y}t AX|st9ct =
B E Cr-TiO, nanoparticle52 Edst A9l anatase Aoz AL QT Scherer’s equation
o= Akt ZAut AAEY Z7]+ 12~ldnmets AS & & AT oj2igh IE mHAg M=
chrome oxide?} &2 E&Fo|u o]xH) W3 7F UEUA] ottt TiO, 2A|0] chromes =
Yohe A2 m3o YU Al7lol As] ¥FS xR ettt Criole Tito]l 21} o] 247
o] A9l v&atct wata Cr¥ole Ti*ol2o] AEFHrh= ey w=go] ity AJzte
o}
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a=TiO,
b=Cri-TiO,
e=Cr2-TiO,
d=Cr3l- l'[(];

Intensity (a.u.)

Sl il
20 (Degree)
a9 5-10. 24 MES XRD 1=

T
0 B

t}. UV-Vis diffuse reflectance spectroscopy =
TiO,2t Cr-TiO, nanoparticle®] UV-Vis diffuse reflectance spectra= 12 5-110f UE}
Wt sol-gelfioz A Ax= Crl-TiO;, Cr2-TiO,, Cr3-TiO,9] absorption edgets 417nm,
436nm, 477nm= UERGTEH o|2ist absorption edgeS o] &34 TiO,, Crl-TiOz, Cr2-TiO,,
Cr3-TiO,9] band gap energy’t 3.21, 3.0, 2.86, 2.60 eVet= 71S & 5 9t TiO, A
of £3e Cr oleel F7he JAITH Gebal ¥ E42 HIHOR F7t AL FHePe
gaupgol o £& WPYAUR WolAlt 2e olatth JAIBA oAl B 54 57}
Cr oA TiO, A=tz HAAt=zo] of7] 47| wiwolth. Ti0,2] FstA Edo of 3
2 UV-Vis diffuse reflectance spectrao] WH=ts| UERGTH 7R3 o
Cr-TiO; nanoparticle?] @ S5+ 7M1 99 I EBjdolA TiO9 F&0j

L 7g o3

a=TiO,

b=Crl-TiO,
e=Cr2-TiO,
d=Cr3-TiO,

Absorption (a.u.)

T T T v T T
300 400 500 600 T00

Wavelc;ngth (nm)

a2 5-11. ZF ME9] UV-Vis diffuse reflectance spectra 3=
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2}. Raman spectroscopy &4

TiO,2} Cr-TiO; nanoparticle®] Rman spectroscopy~= 3 5-120] UgWt. =Z&
Cr-TiO, nanoparticle®] Raman I3+ anatase &2 EojQl= TiO,9] EA1 SARSH
Raman I 32 7}& T} tetragonal anatase £x91 TiO,= DYy (14,/amd)&7F 128 71X,
oS uF 72 UWHAQl lattice vibration modes(Anatase = Aj+Big+Bygt+E) S 71X} 145cm ™!
oA 7t 7Z$H Eg7F UEhU+=t], o]= anatase 71X 9] external vibrationof 24l UERATE
197cm™ oAl O A2 m 33X anatase Ti0,9] <3t vibration TEolct TE  TiO,9t
Cr-TiO; nanoparticle®] 147, 445, 639cm™'o|A] @ 3L By, E, A, modeE UERACT} 516,
639cm oA} AL B oA 7]QEIQ 1, 196, 144cm” oA} mj 3L E, vibration mode?} ¥
Attt o187, Cr-TiO; nanoparticleoA] T oxides?t ##® mI3r} LEFLUA] oottt
ol Cro] x|&d &igo] EQct= ZAolt}. rutile TiO,Q} YX|5H= 235, 447, 612cm™ 9]
Raman bande UEFX] QForct.

&

—TiO,

Crl-TiO,
Cr2-1i0,
——Cr3-10,

Intensity (a.0.)

Intensity (a.u.)

s L “e sa0 Ase wa a5 o0
Raman shift (em”)

-

m L w |
Raman shift (cm™)

13 5-12. Zt AM=9] Raman spectra 13]=

0F. TEM(transmission electron microscopy)C. 2 OJA|#+A &A1

TiO,9} Cr3-Ti0,9] TEMO 2 Abst AMA-S & 5-130] YUEHcH TEM DJAtx B4 0
@olxl ARY F7]E 7~14nm= XRD BHL oA @ojal Lxlet Qatsleit. TEMES @
Cr-TiO; nanoparticle anatase %= 7HA|WA, & Ao Ql1, Lo] ofyetes A=
A&t TiOeF Cr3-TiO,9] SAED= 13 5-13(a)et 1™ 5-13(b)oll &/l Ausictt. &
o] ¥t A2 242 YA FAHR B8 AAME UEU AL, Tiozeb Cr3-Tio9] A% 274
ghelstAl si&dth. 23 5-13(c)= Cr3-TiO,2] EDSE YWERHT. Cr, Ti, 09 o3 g YEfut

>Rkl oo gx Horn Ru

oE m3s UERR] &do o2 SsiA =wEol EAIsHAl 9L, Cro] =Xz ke
= =20 2 4 Aol

_55_



"
4
(c) i
;
|
I
|
]
E
3 5
S I|Fza
Z INR-E:
1 |
| AV
L A |
T T T T T T
oo 1m0 m 1m 4 am o 70 L G JLIT i

33 5-13. TEMO 2 &3 uld 2= : (a) TiO,, (b) Cr3-TiO, (54T SAED 4H¢))
EDS HEEA : (c)Cr3-TiO,

v}, XPS(X-ray photoelectron spectroscopy) &4

Cr3-TiO, WZQ| EHL LAHsP] Yo XPSES Abgstel 242 APt 24 Ans T3
5-140] UERQICE. 284.6 Vol Ehast A& E et o2 XPSO WIeteeg At 3

AN

ol 431 Zoltk. Cr3-TiO, A=A Ti, O, Cr 947t A&t Tis TiZpys Ti2pie7t
Z+7} 463.56, 457.87 eVolA] Ltgton o]712 TiO; anataseAl®t A Sh=rch Cr2pQ] o9l o3
L 576.93 eV ©o]1 585.71 eVo] ooy mFo|c}, o] M35 Cr¥a Azist 2 9tk 09 1s
o] 37} 531,73 eV, 526.46 eVollA] A& P=d o)7L TiO, EH hydroxyl groupo] 2]t
A3t T 9§ Ao 247 A 4 9tk

u-:r-l O1%  Swrvey Speeirom

v M

var] LA

.'I Cr2pd | Tizpy
! l‘th_l \

i o ! "'

(LIS \' g

e o

[ENTE

County's

(LS

FEUIE

A WA s as T e A e AW AN a%e

Rinding Knergy (eV)

on
e Ol

e e T S e LS - - —
L I T I TR o me o me o mm L T

Binding Energy (eV) Binding huq:,\r V)

3 5-14. Cr3-TiO,, Ti2p, Cr2p, OlsQ] XPS =
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AL Ol AZ2(MB)O] ThE R uhg A

MBE: ®, & ®& UAHQl oj2] @A 5 CRoRg Hojo] sol: 2Aolch MBZ §54 27
o OMJAIT AROlA] @, AR FUh TE SO U g F 2& ok B APoH:
MBS EF2A= AMgstol Bof M@ AAWsHGIct MBY =t 1.6¥10° mol/LS AHEICH,
J7 5-158 Cr3-TiO, AP 10417 & 100%9] 23182 Holt 2S WECH MBE ol
AAFEA] e AEfolA 20%7} ol@etEl Zo® molth 7 Eo MB Waige 1Y 5-16
of Uetoict. 73 5-162 MB7 7} A wol E45he 999 664nmE J|1FOR AZte) B

of wet F7g3ict. 15A17te] £AF & Cr-TiO; nanopartlcleoﬂ o]st mpgtAlio]l MB -g-Qio] &
o= ¢t2%o] MB £8-2 Pds| E%‘ﬁﬂx]t 1S g 4 AU Y TfmofA Cr3-TiO,0] 7}

% w682 US Y 4 Uk oA TIO, TH0YS w7} 28 oje] =HOE Fofd
2 oltks 718 volxch & 3 mol%Q FE o]Lo] Ti0,9 7}}\];& T3de =49 & e
o of x = TiO 0 7HAE 8730l

%
ne o AT} THAIL F499] 8_47\4‘_ S27F 24 o]2o0] =1 )
' Few FQSAT 5 o]0l Hrrt o YA o

- —+—Cr3-TiO,
g —s—Cr2-Ti0,
121 Ok N —e—Crl-TiO,
- ——1h 1\ —+—Ti0,
z '-"\ ——2h ‘-.\
< 0.9+ i \ ——3h
@ ' o 06+ Same
g AN J N
E / W ——3h by * Sk,
= ensiet” 1\ ; b N A—a_
g 0o el Wb 6h 04 *Ne i
2 e A\ +—Th AN
< o b \ N e,
e || +—8h S
034 —— :.‘- \.-\% sh 31 \"*o-—--
“”»’_,..»’"'m-...‘\ -_:.t\q_ 10h *_' .\i\. —
et -:\ 0.0 4 i =S
0.0 T T T ‘»...u ; T T T T T T T
S 550 o 650 T 750 0 2 4 6 8 10 12 14 16
Wavelength (nm) Time (h)

1d 5-16. 7HABA stel A 7
MB Z&d] w3 2=

a9 5-15. 7FA1FA el A Crs-TiOzol A E 9

o3 FE )P MBS absorbance L=

3. Co-TiO, I&E0j A=

7}. sol-gel¥l& o] &3t TlOz, Co-TiO, nanoparticle A&

TiOQ} Co-TiO, nanoparticle2 sol-gelH-& AlA|5tq AR5t A1 156mLY titanium
(IV) isopropoxide©]] bmL<Q] glacial acetic acidS A7}iA 5% =QF wEIsIHA =359t

o299 sodium dodecyl sulfate -80S AM7bsfAl 1A|ZF =9 wylstY Ti0,0]] Co? 0]
£& 13 mole £9517] Hol 71402 ColNOy: - 6O $-8hg A Slsteaa)
= F7IoIA 2A17F &QF WHISHYICE. o]S o= =gE Zolo tmujol 85 HIts|A pH
2 1002 &gsti, 60°CA 3A7F @ULS shelth Wy $ol 89 Lo WYH AHEBL of

35 EalA Solnt Relsti, AABE R4 TS o8 AN stAch XS A
MES 80°ColA] 7dxsta AEA o2 500°CoA dtAste Co-TiO; nanoparticle2 ATt
TiO; nanoparticle Co FGAIE A7ISHA] ¢l ofe] Wut FUSHA sol-gelH= A A5+
7<1]_7$_8}01EJ( A &35t w20 Co-TiO, nanoparticle2 Co?*0]29] Td=tof watA 1 mole%

ol 42 COT-1, 2 mole%?l 4% COT-2, 3 mole%?l 4% COT-3=2 Yot
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L. XRD(X-ray diffraction) 24

TiO,2} Co-TiO; nanoparticle®] XRD 8 T 5-170] UEHcH 2= AHZ0o] 3|4 &l
o drl2e WAs HYD, ot RE AlZo] AAL A olTojfcks 2L ojujgich Ea,
o= M=ol 3|4 18§ BZ anatase TiO,(JCPDS 21-1272) 3]4& migyt LX|5t$ 01 rutile
A o3, Co AlstE 13, Co 24 m3+s= WA 3 £ g9t Scherer’s equation© @ AAHSH
2n W@ 2AY Al J-lnmas e ¢ 4 otk Coz =Y MBS 3
intensity 571= 2575 WalE OJolgict. Ti9} Coel o|2del Alol Ml Ti* Aizlo]
Co?7} Soi7tel Hsts 542 8Alsh] 9IshA A4 vacancy® AAstoE ARRETL W
Al M3 intensity’} F715h= 0|ty 3+ E Oo|ETF W2 AMeJE|R} dASH= dopantZt
TiO, ZAto] Sol7}®, Mo} WAl 20| vacancy® AAetn ALG MAF EES 7AAZICH

e
=)
-
=

Intensity (a.u.)

¥ T T T
20 30 40 50 60 70 80 920

20 (degree)
a2 5-17. ZF ABZ0] XRD =

T}. TEM(transmission electron microscopy)C 2 OJA|F#+AR &A1

TiO.} COT-32 TEMOZ s AMHlg 13 5-180] Uik & A5 25 7o 290]
717t nanoparticleSo] tha 274go] QIQit TEM UJALx BEHog dojxl ZAAY F7]|=
6~13nm= XRD E@,g E54] HojRl 2|9} o] Azttt Tl & AE nroji @d
9] nanoparticle52 20nm9] ZAY F7|E HFtt. TiO; nanoparticle52 EHSIHA A9

F3do] 7tE- y_gg H3on, Co nanoparticle5 TiO; nanoparticleS EHO| EXc}HA]

o7 Bt 1% 5-180] AYE SAEDE EelA wa® AAslAmee oje Agstw
nanoparticle59] tFg4 /i 2] Welg Rk

17 5-18. TEMOo 2 It ] 2x : (a) TiOz, (b) COT-3 (&4 Tl SAED A1)
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2}. EDS(energy dispersive spectrum) A

2] 5-19+= COT-39] EDS spectras UEerd Zlojtt. Co, Ti, O mj3 & & & 5 Q91
olg{st o] 3 5L TiO, nanoparticle EHO| Co nanoparticleo] #Us5tA ExE o] Q= Z1&

YAl

‘TiKa

TiKb

CoKa
CoKb

0,00 1.00 200 3.00 4.00 5.00 6.00 7.00 800 9.00 10.00
keV
a3 5-19. COT-39] EDS 1gj=

0F. XPS(X-ray photoelectron spectroscopy) &4

I3 5-202 COT-39] XPS spectra® WEeRA Zolc} T3 5-20(a)o|Al= COT-32 A8t

+ Ti, O, Co m=et COT-39 #dLdAart ofd C mjZ5 & & 4 . 284.6 eVOA L
B C At XPSe] WAZeE Er fEstn b APl mEel Uede 18 5200k
M Co2pQl WIS 1Hj&oA AT Co2pse, Co2pip®] T3 ZF2F 780.04, 795.07 eV
oA YepFon, & m39] binding energy Afo]= 15.03 eVolrt}. o]2{gh Co2pel A& &
siAl Co™ ol =Ags HatstA &l & 4 et olidE+E 15.05 eVol binding energy A}o]
ol Co2p®] XPS spectrat= HjA|E 4= Qltt. o]2{gh xfo]= Co7t TiO, AX E0f7t
e Ag 9ujgit). 22]1 785, 800 eV £oA Co2pss. Co2pipl] A= AME UofA
o Am yEjet A CoP7t Efetn Qioks 212 FYch 13 5-20(b)k Tizpd] W 3g
v g0l A ARG 7ot Ti2pss,, TiZ2pia Z42F 457.97, 463.66 eVOollA LEFJTH 5.69 eVel
= 1 39] binding energy &fo]: Ti*7} TiOUlo]l A6t Jot= 2L Z9sich 1
5-20(d)= Ol1s9] m3E wHj&oA] &AEFStE Zloj m 3= 531.82, 529.53 eVollA LERITH
Ols W22 SaiA &Y hydroxyl groupSe] £xXIZ &9 & & QI Ols m2o|A Ltk
binding energy: TiO, ZAXI2 X E ©tAsH 7o},

ka3
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a3 5-20. COT-3, Ti2p, Co2p, Olse] XPS J2jx

v}, UV-Vis diffuse reflectance spectroscopy &4

TiO2}F Co-TiO2 nanoparticle® UV-Vis diffuse reflectance spectrats= 13 5-219] UE}F
Wk TiO9 4% 384nmFE] ool HoldaE F4-E(absorbance)o]l F7SHAG Ol
384nme] THFHE] 3 07]7F YolLpA shAtTie] HAt AErfR o] E5] mEolch. xtelAl
Ayt Aot JAQl 7HA]EA F oA Co-TiO, nanoparticle2 TiO, X} AFAo2 S5

go] =1, Co =®YPo] E7142 F4go] Eotgrt ol TiO, RA0] Cot7l =mEw A
6}1’5*&4 =0l 4t4a vacancy’b A3/do]l HUA & F47F 7HAREA 7R S ET] diE
olch. Ateld Qdeiuct Fuby Jojol FMABH Y Hoz 480l FUH: AL red shift
et gt} 2% 5-217 band gap energy /gAl(ahv = A (hv - Eg)’)& o] &stel A
A1t TiO,, COT-1, COT-2, COT-39 band gap energy= 3.2, 2.96, 2.89, 2.82 eVZ UEIS
ot ol oA Co =g go] 571E45 TiO9 band gapo] FoRilth= & & & AU

—TiO,
—COT-1
—COT-2
_~ ; n
Z N COT-3
W‘ \
—
o
o
=
)
=
-
=
7]
=
-«
. T ' T v T ¥ T ¥ T ¥
oo is0 400 450 500 550 600

Wavelength (nm)

a3 5-21. ZF ME=9] UV-Vis diffuse reflectance spectra 1=
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AL TR 2 (MB)o] ThEt PR wre B

% 522 FRAIRA sl AIZE WEo] T TiO,e Co-TiO, nanoparticlee] MBoj| st

Bes) ¥ree 24 dojmolth Jejns wwl & 4 9l5o] TiOol CoE EMst COTI
TiOWCh Whe YR £E2 Rk S8, COT-3= ZHa) %7t 7Py Waton] 7halaAl
A} 6002 o] MBS @Hils] Ralstqirt MAl M=o Pua) =2 vlasA UGehfE TiO,

= Gl
< COT-1 < COT-2 < COT-3z} Zt}h olgst AmS FaiA COT-37} 71 =& L&) ag
= 2t A g & : gt 49l Co =goz TiO, & It Lot
ES om}L e 1@_01 q % of 9J5A TiO, band gap©| &otx]1l, =HE Co*of 25
d AstEo] AAY £28 WR7] g FEsl &

.03 Light on —=—TiO,
—e— COT-1
—a— COT-2
0.8 ~— . —v—COT-3
e —
.\ . n
= 0.6
S—f 6 -\
.
© ..
0.4 \\o—_.___

|

>

under visible irradiation el
T T

—— T T T T T T —T
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33 5-22. 7HA3A stolA ZF A& MB FE8f W 17y

[=]

4. Fe-TiO; I&10] AlZx A
7t HP@E sol-gelHE 0] &3t TiO,, Fe-TiO, nanoparticle A&

TiO,2t Fe-TiO, nanoparticle W% sol-gelHS AlA|sto] ARSI A titanium
(IV) butoxide®} glacial acetic acidZ s}stF2A 0l oFof| LA sto] &8sty wHtshgIth AA
AlZF 1Yt S0 271" 02 sodium dodecyl sulfate 48002 X 7}15[ A . TiOz0] Fe
< 1~3 mole% Emém Hali Al Fe(NOs)s 9OH,0 85 A-SHA 7]5tetA] A7lA 2
ojgol= E8d &Moo 26mLe] FrYot HEAMZ HIIstAL 60°CofA
2A17t ﬂ‘ﬂ% 3}&"‘; : ﬂ-‘ﬂJ o & &Ko AYH AdES AHE oM BNt Felstal, Al
NEg2 575 AdEES oldstod AAZ sttt AlASH AldEs 110°CoflA RSt 21F5

o2 400°ColA 4A]7F =9F stAsdHY Fe-TiO, nanoparticle2 ¥t} TiO, nanoparticle2
Fe MAS M7lolx] 9n o] Winl Sk WA sol-geldg AAlsto] xlzxseict. A
A26F =29l Fe-TiOy nanoparticle2 Feo] Tl x=wof T2tA] 1 mole%?l 32 Fel-TiO,, 2
mole%?l 74 Fe2-TiO,, 3 mole%?Ql 349 Fe3-TiO,2 HHsIYCH

st
o] OF
(o]

ﬂJlo £

LIS

L}, XRD(X-ray diffraction) &4

TiO,2} Fe-TiO; nanoparticle®] XRD mfj&l-& 73 5-230] LJrEJrU*EJr 2= M=ol 3|4 "l
2 tetragonal anatase TiOy(JCPDS 21-1272) 3]A mjein} Ax|stP 1, Fes m3hst k2 AR



Aol m3e W & 4 gljlty. d2]1 Fe-TiO; nanoparticle?] ZE 3A m3E Tio,
nanoparticle?] 2= 3] m3 ¥} intensity’} AFQIth. Scherer’s equationo 2 Al4beh A}
e AEY B A%8Y Z71+ 9~18nmetE AS & 4 AYY. Fe-TiO; nanoparticle?] 2
A2 37]= TiO, nanoparticle®] A& 37|¥ct &by, o]= TiO, AA o] 9= Feo] o
AAg= Qlstel Uehd ZAnto|rt. gREoA Ti¥ o]2g Fe™ o]2o] thAIHHA TiOg
octahedra®] FHE3 dilo] 2ASH, o]2st HEZ Ao oA EAYsH ~ 5_} x5} x}o]=
Aba A S Aba ASe pRYRe YR B2 godut 2 AR RHlES AL
Fe =3go] °]sto] WA st= ol2iet A4 ol PR R =) H?é'%} L2702
2317] W20l Fe-TiO, nanoparticle®] &0} g« 5742 “Jetdot.

TiO,

fun
1
of
o
ftjo
ne
o]
)

Fe2-TiO,
Fe3-TiO,

Intensity (a.u.)

e e

20 25 30 35 40 45 S0 55 60 65 70 75 80
26 (Degree)

a3 5-23. ZF AlZ0] XRD 1=

T}. TEM(transmission electron microscopy)C. 2 OJA|1+A &4

TiOz9} Fe3-TiO;5 TEMO =2 ¥aAsSH AMLlE I8 5-240] UEIGH & ME 2% JX=
Dofe BRAYAS T ANYHE BYLh TEM UHTE 2Ho2 dojy FFY 7|
12~20nm= XRD A4S EdfA] Hojxl LRt Aol UX|5tYct Fe AtstzEyt 7+ A
BAHE BiA Fe’ o]2o] TiO, RAo] £Afste= Ti* o] 485 FAsH of
Aes g 4 A%oh

33 5-24. TEMO 2 st ulH X : (a) TiO, (b) Fe3-TiO,
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2}, XPS(X-ray photoelectron spectroscopy) &4

2] 5-25+= Fe3-Ti0y9] XPS spectras UERH Zloltth. 25(a oAM= Fe3-TiO S
st= Ti, O, Fe o3¢} Fel3-TiO,9] L4 ¥4A7F ofd C m= QlIc}. 284.6 eV
ol Yetd C M3+ XPS wiigtpc 28y WAlst C S5 Owo YeREH. 18 5-25(b)
M= Ti2pY 35 wHjEollA WA, Ti2ps,, TiZ2p1,° MI= 242 458.21, 463.88 eV
oA} UERth Ti2p 1 29] binding energyx anatase Ti0,9] Ti** 0] 29] binding energy?t
719] v]&sic}. ol2igt Auts FaiA 49| Ferl =HEW TiO, BAo] EXjsHe Fe* o]
Ti2p9] binding energydl ¥&= FA| At Zla & 4 A} 18 5-25(c)= Fezpo] I
35 VHjEA TWEASH Zo|t] Fel2psn, Fe2pipe 2H2F 710.4~712.3, 725.4~726.0 eVojlA Ut
Ebtth. Fes A% =95197] w20l Fe2p m 39| counts/s $X|7} of¢ Afokch dwo] Ti*
o]20] Fe™ ol2oa thAE|HA AFZAA Yol Ti-O-Fe Aol Pt olzfst AL
Ti*e} 0,9 AANULES WHEAAA FH0] BHo| EXjste YAS9] XstRRE BigA|7]7]
o Zof Fe3-Ti0,9] &=uf EAFL FAE Zlozg wolth I3 5-25(d)= 01s9] mj3E HiS
oA TWASH Zlol m 3= 531.73, 526.46 eVollA] UERGTH 531.73 eVollA #AE Ols o3

+= #W hydroxyl group=o°] £A1stth= A& e, 526.46 eVoAQ] m 3= TiO, AAL=
2y At Zojot

a2l
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=
=

ﬂd
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ot
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3% 5-25. Fe3-TiO,, Ti2p, Fe2p, O1s?] XPS T2z

0F. UV-Vis diffuse reflectance spectroscopy &

TiO2} Fe-TiO, nanopamcle_l UV-Vis diffuse reflectance spectra= 13 5-260 UE}
Wit Fe-TiO; nanoparticle®] 7% Fe T ofo] =712 400~500nm THYHLQOA S48
(absorbance)o| Z-7}51H% 11, nanopartlcle_l AZEO. SO A e Ao 2 vy 9ith TiO,
nanoparticle2 387nmojjA 27128 S4HS 7181, Fe-TiO, nanoparticle2 7HA|3A JA
%03 S2rtto] o]l%stgct I3 5-261 band gap energy YA Al(ahv = A (hv - Eg)Y%)<
o] &35t AAtst Axub TiO,, Fel-TiO,, Fe2-TiO;, Fe3-Ti0O,9] band gap energy+ 3.2, 3.02,
2.97, 2.72 eV2 UERT. o]& &M Fe =F o] 5712 4= TiO29 band gape] Fotrlth
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= A2 & 5 AAG. =g™ Feof TiO; A=t AfoloA Ast7t AR olsst7] WOl
Fe-TiO, nanoparticle2 TiO, nanoparticle 2t} 7}A|ZA FAofA S50 =& Zlo|th

a -
a=TiO,
c b = Fel-TiO,
— ¢ =Fe2-TiO,
= d = Fe3-TiO,
= :
-
53
‘,':’ b
=
s=l b
= a
W
-_
<
¥ T T T L T ¥ T ¥
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Wavelength (nm)

a2 5-26. ZF ME9] UV-Vis diffuse reflectance spectra 3=

al. ute2joto] cjst e v BA

02 £ 20] dhg|gjoll Gram-positive(S. aureus)?t Gram-negative(E. coli)S LAIoA
Fe-TiO, nanoparticlet @7 slofstict. QoA 5 559 Wel2jo} 4P4EL Fe-TiO,
nanoparticle®] {79t AgEQlol  dAsklth. EIh POl dE2 ol Fe-TiO,
nanoparticleo] ©lslx ¥ale|x] Qiokct. wteejolsl AAfsteE] QloiA o FilE Lojw]
ol sElelo} deang Fe-TiO, nanoparticle glol /Aol g AZCE WElZlob} 1A

Mo =ET|AS o) Mol wElzjote] A Ms wastAl Lotk ol AUE A
sreleiolo] gl Tusl ARE @ U MIPAE ASIE Hos ARe U 4 9ot

sl 4

I3 5-272 7IA|LA shof|A] A|7F ®Eto]] w2 Fe-TiO; nanoparticle®] Gram-positive(S.
aureus)o]| digt FFoll vh35 £ 2fjmolt}. Jgng B &4 4 Q1%0] Fe3-TiO7t 7t
A 7rst HEAS HF oW, JHAGA RAF 12082 Zof Gram-positive(S. aureus)S BHEs
Rt Fel-TiOz9} Fe2-TiOz= Fe3-TiOHTH OffF ofst dtE4dS B on, 7RG RA}
1508 3.0 Gram-positive(S. aureus)S BrEs51% .

2] 5-288 7IA|ZA StolA] A|ZF ¥Hgto] mH2 Fe-TiO, nanoparticle®] Gram-negative(E.
coli)of] thdt LE5) vr2 S =AsH Jejmoltt. Fe3-TiO,7b 7HF 743t stFEAS v on, 7}
Al RAF 2408 Z0o] Gram-negative(E. coli)E ¥tEs19cH  Fel-TiO,eF Fe2-TiO,=
Fe3-TiO,XH Tt o7t kst StAEAS WP on, ZIA]GA ZAF 2708 30| Gram-negative(E.
coli)2 uraslair.

= Jlx| £g9| E2jols o] &3t AFo|A Fe3-TiOz} 71 73t s
SolM AEa Feol £ e 3 mole%et: 22 ¥ 4 oich E3t, W
ZAtstH2tE Fe3-TiO, nanoparticleo] QLo Aoll= vfE2|oto] = FashA] &
Ae & 4 ot

ftlo
he
2
i
e

fr o wju

O

P
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o
=
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&=
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t—8—Dark
r —€— Without NPs + Visible light
E—r Fnl-Ti()=+ Visible light
t—/—Fe2-TiO,+ Visible light

% Bacterial survival (CFUs)
=

o = o S
= 2 = =

% Bacterial survival (CFUs)

0 -~ Fe3-TiO + Visible light
Cilowwainnany Lasvusnniny Beivvanains Ly vuanvnans losveinnany 14
0 30 60 90
Time (min)

29 5-27. 7FABA dtell A Fe-TiO;

nanoparticle®] Gram-positive(S.
aureus)ol W3 FE W Y=

—8— Dark
—i— Without NPs + Visible light
- Fcl-Ti02+ Visible light
== Fe2-TiO,+ Visible light
—#—Fe3-TiO + Visible light

il 1

1 | | il Laisaal

0 300 60 90 120 150 180 200 240 270
Time (min)

a9 5-28. 7FA B A Stell A Fe-TiO,

nanoparticle®] Gram-negative(E.
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Al 6 2 TiO-F=H &4 5 &4 A=z 71

1. TiO-& 4 =4

A 24 L5 A8 Ax
TiO, —HgA| =
=

=73
FarE AxEs7] HsHA SruAliuOzs:Eu” Dy -23A 2o LPCVD3A S
0] 83t0] TiO, 2 ZANsIYICH B ol jlofA] AFRE LPCVD Arx]= 37| Ti source =27, ¥HS
AL BiZIAZR Usoiiltt. 241 Y3715 ARESHo] shower head WAl9] 2|z ¥h37RATE
dEA &8 So7t=s siglen, vh3gr] e Yhas EYFoN A:HS Fast AlFT.
Shower head®}t 7]®Ato]o] 7HAL 6emZ s o0, BH27tA9] o]£&8 heating band=z2 7t
of& thS 60°C= 7FEsHYict. o]2e 7tgsto 2.4 ¥R g9l TTIP[titanium isopropoxide,
Ti(OC(CHs)o)al7t o] &8O &= A AT TTIP= 60°ColA IR HEE FAIstA
o, 93 7hA0 fF 4= MFCE AREstol R4St on, AehA 7tA2 0.5 sdshit
B 6-10] LPCVD 574 2742 YEY AL ApAlet A2 of&a 2ot

<# 6-1. LPCVD 348 271>

Components
Source TTIP[Ti(OC(CHs)2)4]
Deposition time 60 sec
Ar flow
20 sccm
Flow gas NS
O, flow
10 sccm
rate
Processing pressure below 1 torr
Deposition temperature 390°C
Source temperature 60°C

ANxE A BYS vhgAivo] du 1 oA Ay yYro =& 10°C
/min®] &£r g ZAFL 7R 7tEst & ZAFR Lo E%}ﬁ}'ﬁ r(carrier gas)¥} Oj(oxidizing
agent gas)s S5 HA ¥HE AHoA 1AIZF 59 SAIAIZ] & TTIPE 22150 ¥H3AIH U
o] ZAF xm7do] st ot

2. SryAl140,5:Eu?®, Dy*"-TiO, B3t FEujjo] EA HA
TiOz-coated SrsAljOz SHARC] F&/d ¥Hgo olst F&a] 54 +A42 10ppme
(benzene, CeHg)t EF<M(Toluene) 7tAS AHESIITH YHg-7EAC] FAFO] o] R0jX]|A]
o2 RfAQl 2L 49 7tA "ol JtA S FUSHR L TiOz-coated SrsAlisOgs %?jﬁ\jiﬂ
wo o3t of7] WS- WAIStIAL Feut FAlof AoA DAL fAlstAC 1
ool @ & Ws Atolg AEsts] fiste] visible lighty} UV lightS 22 RA}s)H
=5 &A4519T}. 8rEItA9 = BXAX9 (GC(gas chromatography, 7890A, agilent)
ARG F 5’\} & 0‘7‘“]7}01 ALal 7hA HE O *lié ImL 4‘13*94 *laxl(syringe)

il
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Yo, detectorolA ol vlISt A7|AQ] 452 HEEC) detectoroAd U2 Als S Y&
o, AI7te XF0o2 sto] I 2utE T8-S TJ2Wlict ojrff 5% X&F1 Y& A& a2 A7

ufe} Wakste] oS Sslol WEAES WL 4 Ak,

=2 T A

a9 6-12 TEMO =2 st TiOz-coated SryAlisOzs S FF0N AJHO ©H 0|4 LXE(a)2t
TiO,2} SryAlis0g5 &FA| FAAHE &2 A lattice imagesS UERHITH T2oA &
50l TiOx9} SryAlisOzs A Atolofl Sr-Ti-O etEo] FAdElo] lon tjfFo] SrTiOs=
T/dEo] Tk Sr-Ti-O F41tetE] 28 +A2 = TiO2b SryAliOy FEAY AREZRS}F 2
o] FAIAQ AR FFoz YEYR] ot ZAIAQl ofR X A(amorphous) 4 o® UERGL
Aot o] A2 Ti09] FAZ =7t 390°C2A] Sr-Ti-O ghgd&Eo] ¢ds] AR 4 Qe =%
(725°C o))l ggs] ¥ 2wol7] mFolrt.

3% 6-1. TEMC g A3 uA Lz -
(a) TiO,-coated SryAl;4Ops:Eu,Dy 23t ZH&0] oo, (b) A BES st Oy

a3 6-2& I 6-1(a)ollA] SraAlisOs5-TiO; AH &4 Q] “1-3"0=2 ®7|H oA d&=
XS st EDS spectrum©|t}. TEM AFRIOA “172 SryAlj4Os:Eu,Dy @<, “3"2 TiO, & 9
A, "2"E  SryAliy0y5-TiO; AW Fo|ct. "279] AW HR|oA 54E EDS AHEHEL O,
Ti, Sr, Al 940 sigE= fIso] F&ESHL ATt EDS JE2A0] sl nm o|ste] - of
o}, Tie} Sr o]

2 Y 25 U SITIOs 4ol BHHE JGL Bs] TR 2
20| BEsHE RRAA SITIO; FMgol BHHAS 715
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) g 10 15 0 3 10 15

Full Scale 275 cts keV . Full Scele 275 cts ke ,

0 3 10 15
Full Scale 275 cts keV .

_’E‘] 6-2. TiOy-coated SrsAl4045:Eu, Dy —‘_—",—?J' -‘é’zﬁz—nﬁ E]'D:IQA] EDS _’EH-TI
( : SryAl4095:Eu,Dy %‘oﬁl 2 Sr4Al14025-TiO, 7:" u o —l 3 : TiO, ig. oéo_l:])

3% 6-32 SriAliOx:Eu” Dy* A Aleet o] 60&3F TiO, YA & A 07] &

9hA7 E (relative luminous intensity)S £43E excitation spectra?lt emission spectra©]th.
TiO; ¥iato] IR H AJH2 FYEA] of2 HYA T TPF 7 dastiitt. ol H3A #d
of ZHH TiO; Fol FEAY o7]et &g ol tigh Holi2= AH&s5H7] miEoltt. shA|gh =
BAPE @4 HEAVIE RAIE A4S HEAIY Fort TioEo Aujidics 37] giZof HEA
of ofsl Ld& = 2ol TiO9 F&/dol 53] 7192 4 Ao

= — pure SrdA18025
s — TiO2 - SrAAIN4025

4200 - (b}

4000 =

3500 - (a) ; (1
L T
2500 N

2000

1500

Intensity(a.u.)

1000

.m-..l 1.1 L i L.
=0 300 350 «00 50 500 550 &0 G50

wavelength{nm)

33 6-3. TiO,-coated SrsAlj40z5:Eu,Dy X SryAl;4025:Eu,Dy9] RLFE :
(a) excitation spectra, (b) emission spectra
I 6-4 AA(N=365 nm) FH THAGAE(A>420 nm) ZAF StolA] ARE Wsto] mHE
SryAl140z5-TiO; EF AR Algo] WiAIZFAo st FE6l ¥he= £ Zajmojtt. 7IAg
< 100-W HBEA Lo Ape}d APk fl=(UV-filter Lens, Edmond)E #4150 Atej4d3 AA
bt 1ol Aet 7*01 WA LA el B £A} & &7] wad] ZAstn &AF Al7to] Al

22 A mepl Pasts AW Uepn 9ok 15X%F olsol: o oy ®ai7h Uojux]

ol
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sl Aol AldeS PPslgol Bl fele Fial hgol AYEL Gl g =
L 370240 SujEHo] At WSS Walsh] BRoE ofAMCh ALM WYL ouiA
Jwe e WYl WoRA JIFANG HE AT] TIO, HeiEe] HAE o7 B
A OEE 9] gEo] whE WESIE-S UERIAIG 15417 o] S REE A2 8Ad FReE
(70%)0] Lrebstet. ZEshgo] A AIZAAolA JA BT} Afejdo] o ol AyEYo &

=]
A9 T BANANE SB35 BRI ol 2ojAS Bl & & At

100 &
fn-n_ g 8-n o n " u.g
o B0 e
39"' L]
S L]
s
g 60 .
-
o "o
-
C 40}
Q
(5]
= a
8 20 = Blank a2
4 Visible light
® UV light
0 I

5 TID 1‘5 ZID
Time (hours)

33 6-4. 7HABA " R4 stol A TiOz-coated SraAlisOzs:Eu,Dy9]

WAZEA FRa] vhg ddn

o

T3 6-5% AN W MY EAL StolA] ARE Hsto] T2 SriAluOu-TiO, B3Arle)
S2q7kx0] Ot wEol Wee £ Timolch. WAk OiF YRS AF A
200 Jba SEL AfMY JAFY Stold BE R wgo] os) Y £A 5 &) w
=

A Gastal 2AF A A5 GAF = daste 48e UEHL o

L T‘.l—l-._.__-_r."-x_.__._—I.__.—,—.-—'."—B—".—n..
i a
I.-\
g 80 ey g
(=9 \ a
(=} \
S \ -
oot Ul
=] Y
® s
& ol g
E e
g -.__f i a
o ke
e o} —s—Blank -y
Q0 & Wisible lght
—u — UV light
0 L i i i

a 5 1o 15 0

Time [hDI.II‘S]
3% 6-5. 7HAEA U A SHoflA| TiOz-coated SrsAli4035:Eu,Dy9]
E2drtA Fus ue 1m

3. SryAl;4Oz5:Eu” Dy*"-TiO, &% F&ujo] Futg w7ty E &4

TiO-&FFA SEAE7F 789 stolA d¥HE5S €271+ mechanismCzA] A& OhE o
YA Wie 25 715 & 7HA] 4tslksE Atole] o] F /g e (heterojunction)of waf of x| BHER
9] bendingo] YAUHA SLHIPF7E 7HAF o2 Uk = ddZ 5 & UT. Bessekhouad
et. al|/. Photochem. Photobio. A: Chem. 163, 569-580 (2004)]= o]&X3at CdS/TiO,,
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BizS3/TiOz0] 7HAE oy diold = F2sll ¥hgo] & dojdtis AMMZ VASIAH. ES
Otsuka-Yao-Matsuo et. all/. Photochem. Photobiol. A: Chem. 168, 1
(Sri-xLax) TiOs5:5-TiO, E&ZEOll 2ol MB &Ho] 7FAGAOA F2ol &= AdS WESHA
o, 7 9012 o]5RT AH Aol UXWME bending FAFo2 MWl 5
o] ofYxJ¥H=7} up-hill bending EHA] ZFAJZA (A>420 nm)ol| o)l A} 7isstctn
StTH olet nii7ERl = 2 Aol AlRE TiOz-coated SryAliaOz HHAKNY 742, CVDO
ogt TiO, ZAF IFA  (SraAliaOs:Eu™ . Dy*)et TiOb AFATNA A2 (SrTiOs
perovskite structure)o] AAJ= Qltk. Teg]il o] AWstgtEo|l 1 6-60942F Zo] TiO,
AT olFAY AUAE 325 JSH HUA HIAHY ofUARE 27T HYE o]
ST 7HAEe R SETE L ZHAEEO] Qs = TiOzo] &/detrt dojut EEsl §hE-0]
7HsstAl dot. 238t TiO= UV light RAF stoA T g/ Wity 22z F3A|oA
FEY GAE 410~600nme] o] ZiAlgolr] diFof FEFiY FEH 7lE &~ o
T2t} SreAlOzs:Eu™ Dy”-TiO; 2% F&0ie 01]L17<l‘1ﬂ5 T27F HYEol STzt Tt
AlFez SMier] fiZo FEA2RE Ldd "ol s Tio, 8 Fol S5 FFd =2

AL

ESF, SrsAlyOz:Eu” Dy* 9t TiO,9] HAIHA AMAH AWSHEE SrTiOs= TiOo &
ARRE ol|A] SREZRS JHAIAL Qle T2HAZIOIE 59 ZAAo|t. SrTiOs eotg=0] Y™
A Al Sr o] Ti-siteE A}A|sHA il Kroger-Vink notationo]] 2]s Eq.(6-1), (6-2)2}
Zol AragA AS WM Dok AaYA Aee Med) offel local oA £UE A
AeHA Hil AFgo] ELR| 2L wIE Frpo] o5 Metiz of7|EE JoMALS A|Feict
Aedie] o7]e ARte Gurgol ofstA Eof WiAlViAe] FRolE FAAIA 4 Ao

4>

»

S8y + Vi ————————— 6-1)
Or 0y = Vi + 5 0,(g) +2 — E (6-2)
P(E)
L Before junction
Ec
Ev
SrTi0s  Ti0s

33 6-6. SrTiOs2t TiOz0f 2J3fiA J4E oJFHEY YANME #=
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A 72wl B SMGAY H FE0 9 39 Ve A4

1. Si0,-TiO; &% uat 3% uhy
7F. sol-gelf I} spin-coatinga ©0]-83t SiO,-TiO, AF €ral A&

Si0z-TiO, AT 822 sol-gelH} spin-coatinga ©]-&3t Alxstct. SiO; 9ets 3H
571 ¢JoliA] &Y a2 TEOS (tetraethyl orthosilicate, Si[OCyHs)s, Aldrich), H,O, HCI
(hydrochloric acid, J.T.Baker, 36.5~38%), IPA (isopropyl alcohol, C3HgO, DongWoo
Fine-Chem)E& AF8351991, TiO, ©ake FESH| QoiaA SHYzg=z TTIP (titanium
isopropoxide, Ti[OCH(CHjs);ls, Aldrich), EtOH (ethyl alcohol, C,HsOH, DUKSAN), H,O,
HCl, n-butanol (n-butyl alcohol, CH3CH;30OH, DUKSAN)S A5ttt ™A &S2tole 2
2tA o] Si0, BrakE FEsH7] YsiA EHPaE TEOS @ H,O - HCl @ IPA =1 : 4 : 0.03 :
209] Z=AdH](molar ratio)Z AAsIYCH SHAd g xAAH|E vigtoz TEOS, HCl, IPAS 28°C
oANM 57 = 300 rpmez 2stTh 22 H0E 7g7tste] 28°CollA 300 rpmez 29
steiA 29 SO aging@ stol 0l¥rg TEOS7} Wolell g Si-sole @stact. olFol:
Zetol= ZF2tAo] Si-solg 30sec-2000rpmO 2  spin-coatings  stil, 400°CofA  1A]7t
annealingsto] SiO, ¥rats FESHY T o]t Si0, 8tats #7502 FESHA] o, Tio,
grars. 3857 {54 annealing & @ Na'o]o] TiO, ¥fafo g shitg|o] AdBF Na,TiOy
/\Po] thso] Aoy 22| TiO, vfare] Fxu] 5442 Astelty. 2137 giEo] S5 =A

Si0, =HE T %&éj Agg A,

: n-butanol = 1 : 20 11035 1_1 2/dd| 2 Hﬂo}gﬂ;q E2Uds 24U S HIEfo=Z
TTIP, EtOH, HCI, n-butanolg& 28°CoA 58 =9 300 rpmo & =35ttt 721 H,05
A7ysto] 28°CoflA 300 rpm&i S SH5HH A 12}\]7]'50]' agingS oto] 0]8F2 TTIP7t do}9)
Al %2 Ti-solg FAstRth. 1 th2olle QoA /gt Ti-solo] EtOHE 1 @ 19 Rz
St Ti-soli} EtOHES =3%tsHA] 48 Ti-sol & 7HA|9] Ti-sol& #H|5H T o]3o= SiO,
o] IEE LI9] &etole ZFafAof ZH2Ho] Ti-solg 30sec-2000rpm O & spin-coatingS
5Fal, 500°CoflA] 1A]Zt annealingsto] & 7FA] £719] Si0,-TiO; AF vfats A|R5HITH o
27 FEACR ARE F 7R 2749 Si0,-TiO, AF v9f2 Ti-solof] EtOH A&7} of fof ot
2bA EtOHE A7t AF 8ah2 Si0p-TiOx(EtOH), EtOHE A7IstA] o2 A5 drare
Si0,-TiO, 2 FHstAtt. 13 7-12 Si0,-TiO; AF 9 Az £ =S YUERH Zojt.

1Z rlok
= mgL'
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TEOS+PA+HCI
Stirring H,0
[28 C-5min-300tpm] -

mix TTIP+EtOH+HC+n-butanol
Stirring H,O
[28C-5min-300tpm] -

StimingtAging
[28C-2 day-300rpm]

‘Si-sol

Spin-coating on the glass Stirring+Aging
[30sec-2000rpm] [28°C-12b-300pm)

mix

*Ti-sol
*Ti-sol + EtOH

5 $10, coating
[400°C-1h] [30sec-2000mpm]

Spin-coating on the ]

Annealing
[500T-1h]

a3 7-1. sol-gel@# ¥t spin-coating2 0]83F Si0,-TiO, A vhak X SAT

U SI0,-TiO, BF wote] Sx4w7t

® AYPE BA

O 7-2%= sol-gelH1}t spin-coating2 0] 83510 A &R3sE SiO,-TiO,F SiO,-TiOy(EtOH)2]
XRD mj&lo]t}. Si0,-TiO,2F SiO,-TiOy(EtOH)= Z% #EHo] 500°CoflA] 1A]7t annealing$t
TiO,2 FE L9 7] T2 anatase A o] 3¢F UEPITHJCPDS 21-1272).

(b)=SiO -TiO_(EtOH)

(a)=Si0_-TiO, I

Intensity (a.u.)

20 30 40 50 60 70 80

20 [degree]
a3y 7-2. ZF ABE0o] XRD =

@ 29 ¥ ©HY UAFR 24
sol-gel#H 1} spin-coatingg ©o|8st] A|&RSH SiO,-TiO,2F SiO,-TiOy(EtOH)e] ™ U

S sl7) 9YelM SEME AMgstch 13 7-32

S SEMO.2 ASH Atxlolch ®W SEM AMRS E5jA SiOz ot #HE WA & # AL,

Si02-TiOp= TiO, dfuto] Ew st ¥

TiO, 9ofo] FUsH] 2YH A el

SHAl TiO, ¥fato]l F/dd olf+

e Flﬂ
P

Q o
1
o
O

ok

>

%o 4

32

O
_‘EL
QKr
9
:3
9
o
O

=
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of o odsl =27t Edyn A fdgol LASHR] kvl diwEeld. 1Y 7-4
Si0;-TiOo(EtOH)9] ©H3 SEMo g it Aptlolt}y. ©® SEM AMlE EdllA] SiO, 8faf
A7t 215nmo]aL, TiO, 89 A= 74nmet= A2 &0 & 5 A Si0,-Ti0z9] SiO, df
22 Si0z-TiOy(EtOH)Q} #2 A9 ¥iato] P = QAT TiO, vfahe St dshA 28 =371
ol 48 FAE R &€ 4 gt 1A o]u] Si0, ¥far2 "l 7-40A &RIgiv,
Si0z-Ti0z9] TiO, vfor2 Eddsh F-EOA o] Fojustr] w&o
Si0,-Ti0,9] ©H SEM ARRlS A|Q]sHct,

&
4n rir

re
o

g
2
ol
o
rr
P

3% 7-3. SEMe g #ASE M OlNXx : (a) SiO;, (b) SiO,-TiO, [1K],
(c) SiO,-TiO, [100K], (d) SiO,-TiO,(EtOH) [1K], (e) SiO2-TiO2(EtOH) [100K]
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15.8kV KS58.80K E@8@nm

3% 7-4. SEMO 2 #ASE Si0,-TiOx(EtOH)Q] ©H OjA|£x

AFM 242 SiO,-TiOx(EtOH)9] TiO; ¥efo] &HFga #A7]|(roughness)E ZotEr] ¢
s 4aiElict I” 7-5% Si0;-TiOy(EtOH)?] AFM ©oJulx]E& UEehd Zlolyw, ® 7-1&
SiO,-TiO(EtOH)9]  TiO, d¥rate]  roughnessE UWERWH  Zlojtd. o] ZAx % Z35)A]
Si02-TiOo(EtOH)9] TiO; ¥oh2 «thsHAl 2H HAt= 22 ohA] ot &l & £ Qlelth
Si02-TiOz= TiO; ¥9o] St dstA LHEHOIA roughness »A17F U7 37] mizof AFM &
Mol E7hssit

a9 7-5. AFMo g2 #3EsH SiO,-TiOy(EtOH)e] W DjALx

<} 7-1. SiO,-TiOo(EtOH)Q] TiO; ¥rat roughness>
Rq (root mean square roughness), Ra (average roughness)

Sample name Ra(nm) Ra(nm)
SiO,—TiOx(EtOH) 1.569 1.244
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(:) _T‘J‘} = %i

sol-gel¥l 1} spin-coating2 0] 8&35t0] A ARSH Si0y-TiO,2F  SiOz-TiO(EtOH)9] EFEiha
(transmittance)S Yoty 7| QsfA] UV-Vis spectroscopys AtEstgct. 72 7-62 SA0HAE
(wavelength)®H 2] 200~800nmojf|A sol-gelH 1} spin-coatingg ©]8st] A &R3H SiO,-TiO,2}
Si0z-TiOy(EtOH)9] Fil&2 UEPH Zjmo|c}. Fubg A A EH Si0-TiOx Fih&0]
60~70%0]1L, SiO,-TiOy(EtOH)= Eitgo] 80~90%0]tt. SiO,-TiOy= TiO7t d¥Ls5tA ZEHE
Al o1 BEARog ZAo] HolA FAR Fo] 4 Zol EASH. ol2e FAR 52 WO
Futs Wolisty] tiwol Fags ASHAIZIY. o2t tiad oz SiO,-TiOy(EtOH)= TiO7t w4
SHAl ZHEOIA RS FA9 o2 Sl FHE}Y] diwol Hel FukgE AY WshishA] 9dot
A Eatgo] =7 Uehdet gelo] TH uore PaojzAo] A& FRsHAg 92] 7w
AgEE U Fibg 7HA2 9EEA] o] fo|Ao} st} Weta Bil&2 80%0l4 wAlsts A2

T —

(0]

—_—

0jo %@t}

100

(2)=S10_-TiO,
{b)=Si0_-TiQ_(EtOH)

60 -

40 |

Transmittance (%)

20

300 400 500 600 700 800
Wavelength (nm)

a3 7-6. ZF AB=0] UV-Vis transmittance spectra 1aj=

29

A

o Si0,-TiO; A% were] A4 U BE0) ¥hS 2

@ 44 £

M

sol-gel#H 1} spin-coatingS o] 85t A|ASH SiO,-TiO2F SiOy-TiOy(EtOH)9] XlLAdE BA
sk oM AE5Z 54715 AMEsEI T 1™ 7-72 Si0z-TiO22} SiO2-TiO(EtOH)9] Aol A
(\=365nm) AAF AZHo] ThE 57} WskE Uekd Jejmolch A&7 We Auts Almud
Si0,-TiOx9} SiO,-TiOy(EtOH)= W& XFQIAM A} 5REE 10° o|slo] AE7LS &4 slgon],
2844 EHS BT SI0TIO(EOH)E AHolA £A} 5R-HE o]n] 5 ojste] F&7e &

Y900 Si0-TiOAE AFelM &AL 152RE 5 ‘olste] AE22 FAsAct,
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©
o

- (a)
sl (a)=Si0_-TiO,
L (b) (b)=SiO_-TiO.(EtOH)
b N\
Z=[ \\
2 )
& 15 = b ! \
%
= 10 |-
§ ! \\n e
5 -\\-\_H
[ — o —
0 1 i 1 1
0 5 10 15
Time(min.)

a3 7-7. 7 AEO| Aol AL AlZio] WE &7 Wt agm

@ BEU WS mah) B

sol-gel#H 1} spin-coatingS 0|85t A|ASH SiO,-TiO2F SiO,-TiOy(EtOH)S] AF7HAIAY &t
BA5H7] ¢siA UV-Vis spectroscopyS AHEsto] AFR]A(A=365nm) stojlA MB solution
2o AdE AAlotgth. I8 7-8& Si0,-TiO.e} SiO,-TiOo(EtOH)E E7hHe2 MB solution
AP Z=AL AIZHO g S4-&(absorbance) Wets UEtH Jojjmoltt, J2jy Oy 7-9&
a2 7-80|4 AFRIA ZAo] @2 MB solution S48 A ZiE vigto g st MB solution
FEo& Tefjmolct. I 7-81F I 7-99] AvtE AHEH SiO,-TiO(EtOH)2 SiO,-TiOxE
T} MB solution ¥&sl| &=7F watch SiO,-TiOy(EtOH)= st 2 TiO, ¥tolo] FE L]
of lojA vlm@Ao]l 33, SiOp-TiO= L5t TiO, vfufo] FEEo] glojAl H]EHA 0]
A7) ool vlmAo] 2 SiO,-TiOn(EtOH)7F E-28ll £%=7t wharA] Yepdtt. ol2fst Ziutg &
54 SiO,-TiOx(EtOH)7} SiO,-TiO BT AZFAIY 2ab7t Hojute A& & 4 A

19 o nf

<

o4 05

Absorbance(a.u)
Absorbance(a.u)

0o B 1 Il l
400 500 600 700 800

Wavelength(nm) Wavelength(nm)

ag 7-8. Aol stoflA ZF AMEof o]t MBe] absorbance W3}
(a) Si0,-TiO,, (b) SiO,-TiO,(EtOH)
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(a)=Si0,-TiO,
(b)=SiO_-TiO_(EtOH)

08 \_____E')
| (b)\

I i ™
s

crc,

0.2 |-

L] 15 30 4'5 Blo 75 90
Time(min)

a3 7-9. AFA StlA 2 BB MB FEs) WS 17

[E

2. Ag-F-Ti0,/SiO; 0|55 utat 3& 4y

7}. sol-gel¥ ¥t spin-coatingg o] &3t Ag-F-Ti0,/Si0, o]|&& dhat fqix

LGE0J(TiO,, Ag-TiO,, F-TiO,, Ag-F-TiO,)/Si0, o]&%% vrakl gol-gel¥ld}t spin-coating
o olgsto] AMAstYTt S0, were Eleb] 9alH FWWER TEOS (tetraethyl
orthosilicate, Si[OC,Hs)s, Aldrich), H,O, HCl (hydrochloric acid, ].T.Baker, 36.5~38%),
IPA (isopropyl alcohol, C3HgO, DongWoo Fine-Chem)E Ar85199 1, S=E0[(TiO,, Ag-TiO,,
F-TiO,, Ag-F-TiOy) ¥tars FE5H7] oA &P E 2 TTIP (titanium tetraisopropoxide,
Ti[OCH(CHz3);]4, Aldrich), EtOH (ethyl alcohol, C;HsOH, DUKSAN), H,O, HCI, HNOj3 (nitric
acid, DUKSAN, 64~66%), n-butanol (n-butyl alcohol, CHj3CH,]sOH, DUKSAN), AgNOj;
(silver nitrate, DUKSAN, 99.8%), NH4sF (ammonium fluoride, DUKSAN, 97%)& At&351%
tf. ggtolt ZEtA0) SiO, Bfs FZYsH] shA &28d=eE TEOS @ HO : HCI @ IPA =1
4 0 0.03 @ 209 &2AH]|(molar ratio)2 AAstaL 28°ColA 300 rpmO 2 Z3H6tHA 29 =
OF agingg shof DJ¥h-g TEOS7t EolRlA] &2 SiO; sole sttt olfoe =30 Al
712 AASH &efole Ze2tA ®rUHO| SiO, solg 300uL ©ojxz 30sec-2000rpmO 2
spin-coatingS stil, 400°Co|A 1A]7F annealingsto] SiO, BHarS FEISHS T o]2{3st SiO,
ulokg F1502 TYeiAl ¢od, TiO, W9E Y] UsIA annealing & T &efolc
=ef204 Na'o]20] TiO, "feto g shitk o] JHF Na,TiOy 4ol Tt=of At} 22{H Tio;
drato]l IR 542 Aot 137] gz S5 22A Sio; #ah2 e Fast 942
ottt 2|34 0= Si0; 89 Yol FFu(TiO,, Ag-TiO,, F-TiO,, Ag-F-TiO,) ¥afg 31¥5}7]
254l TiO, sol& TTIP : EtOH : H,O : HCl : n-butanol = 1 : 20 : 1 : 0.35 : 1, Ag-TiO,
sol& TTIP : EtOH : H;O : HNOs : n-butanol : AgNO; = 1 : 20 : 1 : 0.35 : 1 : 0.03,
F-TiO; sol& TTIP : EtOH : H,O : HNO; : n-butanol : NHsF = 1 : 20 : 1 : 035 :1:
0.04, Ag-F-TiO,; sol2 TTIP : EtOH : H,0O : HNO; : n-butanol : AgNOs; : NH.F = 1 : 20
1 :035:1:0.03:0.049 =AH]|(molar ratio)= AA st 28°Co|A 300 rpmo =z =3tsh
WA 12A17F5QF agingS stof U]ghg TTIP7L FollA] 42 EXF0 sols &/dstdt. L o=
ol St WA solft 2L Ymle] EOHS A7letod Awg Waglr) Sio, ulat 9o Aw
7F Wobxl BET solS 300pL ©oj=a] 30sec-2000rpm O 2 spin-coatingS stil, 500°Cof A

ol
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1AX]Z}F annealingsto] &=0}(TiO,, Ag-TiO,, F-TiO,, Ag-F-TiO,)/Si0O, vrarS FESHY T} O]
27 FEAoz Ax-E TiO,/Si0,, Ag-TiO,/Si0O,, F-TiO,/Si0,, Ag-F-TiO,/Si0O, o]%= drak
2 TS, ATS, FTS, AFTS®Z "9dsieitt. I 7-10& FE0i(TIO,, Ag-TiO,, F-TiO,,
Ag-F-Ti0,)/Si0, o]&= vtul Alx A5 YEeRH Zlojt}. TiO,;, Ag-TiO, nanoparticleS

Az & oot ge] FE0] solof] AFFTN(HCIL, HNO3)E F7Ie =X FE0] sole] ZAsts WX
sto] £9at a0} wore Istoct shAlgt AlsO) A7lR Qstel wEO) wake Aol B
23l §82 Ho]:= anatase?} rutileo] =3r=l Alo] ofd £ anatase AFo 2 JLAE|9ICH
[ $i0, sol
Stirring+Aging

| [28°T-2day-300rpm]

7
‘ [ Ti0, sol / Ag-TiO, sol / F-TiO, sol / Ag-F-Ti0, sol ]

Stirring+Aging

Spin-coating on the glass
’ [30$ec-g2000q3mj (28 T-12b-300rpm] * Ti0, sol + EtOH
— + Ag-TiO, sol + EtOH
‘ +F-TiO, sol + EOH
Aitiigatiiie Spin-coating on the * Ag-F-TiO, sol + EIOH
o i Si0, thin film
[400C-1h] [30sec-2000rpm]

Annealing
[500C-1h]

Photocatalyst(Ti0,, Ag-TiO,, F-TiO,, Ag-F-Ti0,)/Si0,
Double layer thin films

a2 7-10. sol-gelf ¥t spin-coatingS 0|83t Ag-F-Ti0,/Si0; o|&F% vlul xR &A=

U Ag-F-Ti0,/SI0; 0|55 wato] S}

® AYPE BA

2 7-118 sol-gel#H 1} spin-coatingS o|-&sto A|Ast TS, ATS, FTS, AFTSS] XRD 1j
Blo|t}t. TS, ATS, FTS, AFTSE B % anatase o] 37} WAL QTHJCPDS 21-1272). o]& &35
A A7tR] Fe 25 ZA7Aehd anatase TiOZF ZHEJTE 25 &0 & & 3T AgE =
3ot ATS, AFTSOIA = Agd] WIAE WA & & Aot =39 Agd o] A, AFHY 3
71%= BRI TiOzof HlsiA AH7] wizofl 880l A UojuA] ALY 2ol dojut|ete
FAZ17F ofsiA o =27t HAEX gkttt FE =St FTS, AFTSo|M+= F =0 9
anatase W39} YX| o]z WAYSIA] AGt. 1 o]f= F A= O AR} et 2311

31 F0o So{7HR|eF F 4ARe} o] 28H3(0.133nm)> O AXe] o] 2¥74(0.132nm)} Ao} 2
OW ARt &S FA] ¢7] mjFoltt. Scherrer’s equationg o]&sto] Aitst Aol I
7]= 15nmo|t}.
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CNE (a)=Ts
< A : Anatase | (b)=ATS
(c)=FTS
- g (d)=AFTS
=3 b M vy TR ] g2
= ; s
é" v
m ) Ll
c ——— .
¥]
£
b L o " .
T T T T T T T T T |Y - T —
20 30 40 50 60 70 80
20 [degree]

ag 7-11. Zf ABZ°] XRD Iz

@ oA 7AW Pa BA
sol-gel#H 1} spin-coatings ©o] &5t A &35t TS, ATS, FTS, AFTSe B#WH 4 ©HS abar
517] YsliA] SEMS AR5 T 2 7-12= TS, ATS, FTS, AFTSO] EH-E SEMO

Aok, BE o[F% wotel HED) BN AR A FPo| WALUAN HAHORL 2
2 3719 YA AEQOl SolRA AT FEO) WokS Pt ool AnE FoIA
WPE IO Aget FE mHslclels FUT FEU) wofo] FYHE AS L 2 AU

=2 O %

a9 7-132 FRU(TIO,, Ag-TiOz, F-TiO;, Ag-F-Ti0,)/Si0; o535 €t ©Hls

Rt Apflolty. @ SEM AME FolAl SiO, ¥t £l 215nmolil, FEFUN(TiO,,
g-TiO;, F-TiO;, Ag-F-TiO,) B9 S/l 74nmete= 215 =l & 4 olth. g=uf 2o
F8 & o AFESH= TiO, sol, Ag-TiO; sol, F-TiO, sol, Ag-F-TiO, sol®] Ax7} =AUsta
spin-coating Atz & 71(30sec-2000rpm)= =Ust7] dj&of L& F=0f 2ot “jl= 74nm=E
YA UERRT

A\

>
—]

3% 7-12. SEMOo & #ASH WM OjA|LX : (a) TS, (b) ATS, (c) FTS, (d) AFTS
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15.8kV KS58.80K E@8@nm

a4 7-13. SEMo.z2 #ASH 4= ufj(TiO,, Ag-TiO;, F-TiO,, Ag-F-TiO,)/Si0,9]
oW PR

TEM £4& ATS, AFTSS] Y&0) soio] EAjsts Age] 27] % £ Aehg Lopus] 9

2 =
s 2aIQick. 13 7-14% ATS, AFTSO| TEM APIS Uepdl Zlolck. TEM AMIS EaiA]
Suj wpopo] A2 7 2 39l & 2 Yotk Agt A

M Mo Holt Agrt EAISH: A
o]

O
L
of 9Al erm BAtelo] gl9lon] YAL 2nmAck.

3% 7-14. TEMO & &3St OlNXx : (a) ATS, (b) AFTS

TS, ATS, FTS, AFTSO] &0} ulote Lajste 40} @ao] shetaside)s 2ajslr] ¢
Al XPSE AtEstict 1 7-15= TS, ATS, FTS, AFTSQ] XPS spectra?t 18j-&0fA Ag
3d, F 1S9] XPS spectras UERH Zlolt}. TS, ATS, FTS, AFTS= ©5% Ti, O, C 37} &
AE|QICE 72) 7 ATSE Ag, FTSE F. AFTSE: Agel F mas} £7pdo2 wals|oich wao)
wore st Wast ofd Col mat WA W mwo] 3] Fo| =Feo] 0wl
diZof] W ez AtgdHt. 7] Fo =&5H0 I As YAISH] HsiA A=
BEstAY, edd F50) 9 mHS Zfotd7] HsiA AlZbAe]E st C m3rt wEE =
7212 wix] & £ Qltt. 1Hj|E Ag 3d9] XPS spectrao]A] 367 eVe} 373 eV binding

v & 1Y m=7F WEEL, oA SdiA Agrt SETEIR FE0) 9
Eg5olct AS & 4 9otk WulgoA F 159] XPS spectrat Ag 3de} o] = o]
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. binding energy’} 684 eV?9l m 3= F7} Fol& JFE|Z TiO} E|doz
S TiF, WEj2 SAEs Ae UER)D], 688 eVel WAk Atast wl
9l F2 UERdch F 9119 O 9ake] ol 2uizde 7o) $Usty] th2o] #5

of sol BHL g APATTIPG 7haaizt doluh Fob xe] i Abast wixkel2 of
Alstct, O 7-162 TS, ATS, FTS, AFTS9O] 1vj&ojA O 1S9] XPS spectraS UERH Z10]

th. Ti-O ZAZ-2 AFTS < ATS < FTS < TSet 72 intensityS B, O-H AL TS <
FTS < ATS < AFTS® Z2 intensityS ®¢th AFTSE TS, FTS, ATSO|| 814 O-H 2%
o] intensity7} 3 UERHTE ol= AFTS7t TS, FTS, ATSol| vlshA FH0f 9fef £Ho] Exf
5t= -OH (hydroxyl groups)e] 47} Wti: 718 ojnjstt}y. A AFTSE TS, FTS, ATSO|
BlshAl ~OHO| 47} BotA F of7]A] 85 = Be(h)s F50 2 A0 Hotbse= 880

=1 Astols 280l 7] 2o 7P whE ol =5 Y o= oygdn.

a1s

{a) (b) 018 Ag 3y,
| 2 ag 34,
3 {
—_ Tias —_ Tias E
= 3 !
= Ti2s = 7 25 | | R 5
b i -
g | 2 L -
5 cis 5 W\ c1s
£ 2
= v | = i g 3d
| | Ti 3P TP
bt R k| S e | PSS ) |
700 600 500 a0 300 200 100 o 700 500 840 B0 30 200 160
Binding energy (eV) Binding energy (eV)
F15 (F) 5 i 1 g B,
{©) o1s stk {d) o, e
5 Y \ o1s i i
g | i [
3 T g ) ' = Ji36 T I —
= [ ! =
o o
= |gis Ti2s e = lris TS|
- — minang o = n.,_,-,urJ-\
S 2 J
E " k cis s o £1s
Nap Lo
= L | E l ag 3d .
{ 1 i 3P | | Ti 3P
LW erotmn Y Ti 35 LUV Y Ti 35
Sreraea it ] | W ey |
T T v T T T T T
T00 600 500 400 300 200 100 a Too 600 500 400 300 200 100

Binding energy (eV)

a9 7-15. XPS JI|= : (a) TS,

Binding energy (eV)

(b) ATS, (c) FTS, (d) AFTS

22 A Aol o
(LE%F o 44 XPS 1= : Ag 3d, F 19)
6000 - 14000
(a) [i-n2 (b)
14000 (| 14000 4 _Te
| ==
—_ 20 I H — 120004 \
= | El |
& joren] £ om0 I\
- \ 2
[ w /
g oo | £ #o00 oH |
- LY £ N
= 00 \ \ E ol
080 o i 4000 #
2000 T T T T T T 2000 T . T T T T T T
se0 s sk &M & s28 518 24 6m S40 638 636 s34 &2 S0 628 SI 624 S
Binding energy (eV) Binding energy (eV)
i 16000
© b &
4000 ;’-I/’ 14000
—~ 2008 ;I l\ — 12000
3 I 3 " Ti0
L e {4 L roomo A
Z f ~;—:’ i\
@ \ oH
2 s oH { £ tom / |
£ \\ £ \‘\"} \
E e ¥ = \ = o i
A \ _J' \
4000 L 4500 -
2003 T T T T T T T 2800 T T T T
e 538 534 534 &3z 530 628 526 524 522 540 538 536 534 &2 530 528 526 524 522

Binding energy (eV) Binding energy (eV)

a8 7-16. 18804 O 1S9] XPS 2= : (a) TS, (b) ATS, (c) FTS, (d) AFTS
® WsHA EN BA
o 1 71 -1 O v 71
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sol-gel#H 1} spin-coatingg o] 8&35to] A|Ast TS, ATS, FTS, AFTS9] IstA EXo] Eutg

O

(transmittance)x %—’.‘—%(absorbance)2 otx 7] QsfA] UV-Vis spectrometers AHEsHY
o} 1% 7-17¢ =782 Uepd 1moln, 19 7-18S £48< Uehd Tajmolch gix]
Evg Tz ’\Ehlil-ﬂ_@ TS+ 350nm~800nm I (wavelength)o|A] Fi}-&0] 65~85%0]Ct.
ATSE= 340nm~380nm THAH|AM = TSHCT Eyh&0] =11, 380nm ©o]A4t9] mpitoA= TSHCTOH
Filgo] @t} £5] 380nm~450nm SHFOA = ATSO| Fubg2 TSo| vlsh Uf¢ 2t} FTS+=
S60nm~440nm BFOIASH TSREF £kgol i, Yol Ml TSurt fakgol el
AFTSE Zmo] Yepd RE oA TS, ATS, FTSEG Fabgo] dot. & WHAlZ S8
Jxs ATEH TS 350nm o]she] o= |45 4801 571stil, 350nm 0449
oA = §48°] @t ATS:= 340nm~380nm  mPoA= TSEO F4&0] Wi,
380nm~450nm A= TSHTOE &480] =0 FTS= 360nm~440nm mHgof A9t TSHCTH
480 OF W, UmAl mdAL TSEe §480] £0h AFTSE Jejmo] Uepd 2E
ool TS, ATS, FTSEH §48°] =t 380nm~450nm oA ATSe] Fitaut S48
Ane FE0o] =YY Age] BY Felxe Y v AshA Ueid Zolch FTSY| £ikg

6/\0

W 548 A= color centerQl F center W&ol AtArt HIx}2]o] F7F 5071 F center
7t REEolA]aL FE0] HEsgo] Fopilct. AFTS= Age] #W &et=E &% (surface plasmon
resonance) &1}e} AtA7F HlAR2]o] F7p S0]7kA §HE0]A F centero] 9JsfA] WHE=78o] Fof

l-l:l

A7] gzoll TS, ATS, FTSEC} Ripgo] WY1l 5482 =
100 1.0
(a)=TS
—_ (b)-ATS
S 5
~ = (d)AAFTS
8 3
c Q
g % 0.5
‘= 2
T a
= <
0.0 L L 1 L 1
300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
a9 7-17. 7 A E a9 7-18. 7 M E

UV - Vis transmittance spectra L] X UV - Vis absorbance spectra 1 X

tf. Ag-F-TiO,/Si0; o]&-F vfe] Fl4a/d & E&50) vhg &4
O A 24
sol-gel®l 1} spin-coatingS o]&sto] A &3F TS, ATS, FTS, AFTSQ] ®12A8 BAMs517] ¢
A MEZF AX7|2 AFREIACE 13 7-19% TS, ATS, FTS, AFTSO] xFe]M(A=365nm) %
AR AP o A& ¥stE vERd oty AEZE WHeh Aubg AmEw TS, ATS,
FTS, AFTS @& Aol &AL 5 $8E o]l 5° o]ste] FHEZS JA stRon, 23SME &
de BTt BE o]FF uute] FEU BUHA dR A2 o] HAE AT Ao =
wdst FEU ks FAASIAZ] gzl TS, ATS, FTS, AFTS+ v|&E 2RI L=
o
A

A
= T O
}.
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«w
o

—u—TS
—e—ATS

»n
o,
T

—v— AFTS

n
o
T

-
o
T

Contact angle(’)

e
o o
T T

Time(min.)
a3 7-19. ZF BEQ] A FAL Ao O FEZF W 2o

@ HEU WS 54) 24
sol-gel#H 1} spin-coatingS o] &5t AASH TS, ATS, FTS, AFTSO] APHAIA EA
AFe] A (N=365nm)t 7FA]3EAI (A =410nm) 5toflA MB solution F#5ll deds &6 A5
TS, ATS, FTS, AFTSO] 9JsiA ZEsiE MB solutiong % ZARZE #E=2 xF|st Fof
UV-Vis spectrometerE ©|&5to] 452 £74stL ojgff o7l S5 HoJHE 7|[&2=2
MB solution =% WHets g Yol AVHAE §45 vla FAs5tY. 19 7-202
A stollAd 2™ 7-212 ZHAEA stolM TS, ATS, FTS, AFTSO| sl E-Zsiid MB
solution®] =5 B ZAAIZMO] me} Yepd Jefjmojct. 12y 7-20 L= Auks An{Ed
ATS, FTS+= TSYCt}t I8 &£27} =21, AFTS= TSHETh &5 &£=7f w20}, ATSE= Ag
cdgua sty 380nm~450nm JJ-}KJOHH% TSECH 5480] =X|9F 365nmojjAl= TSHECTH
580 RotA & 7] ago] BX|Y] g0 F&sl =7t TSEG =2|tf. FTSE F =3
gtz st fRR9 mpgolA TSEH F4&0] =A19F ATSeE ORI 2 365nmof|A+=
TSET S450] RotA & o7] ago] BolA]7] fiZof F2ofl £=7F TSHHt 2|t} AFTS
+ 250nm~800nm mHFoA TS, ATS, FTSEH §480] =otA & o7 mg0] 7] ¢
2o el £Esb TSHC} warh of7]4 AFTSY §482 Agel W Zatxa® 2y
(surface plasmon resonance) g3te} AbA7}F 8B1X}2]of] F7F S50]714] @59 Xl F center9]] 2]
oAl YR=ZRo] Fopx7] wiFo TS, ATS, FTSY g4&¥t =t 213 7-21 I Ans
AHEH TS < FTS < ATS < AFTS®} Zte #¥5)] 252 ®aolr} TSL vic7io] 7A] 7}A]
Aol gt F 7171 DofuA] ¢k7] Wil FEsh7t A9 dojuA] k=th. FTSE TSet 28
ZEAIREA O] SfsiA FEsl7E Lol ol Atart WIARE|o] F7F Z017tA F center?t UHE0]
Alal FFo] sHEesgo] Fopilr] miZoloh. ATS= FTSeF ZHo] ZhAgAlof QA g&ali7F Loi
Ui, FTSEG F@oll £=7} whath Agol BW S22 5F autz QsiA sHefo] Fotx]
7] giZol ATS= ZHAIEAIC] s FZoii7t dolHth. Z22]i F centerof ©JsfiA sSHE=Z4qk
Fotzl FTSe 28] ATSE= Agrt @2 m=ol2Ho os] 229 AAe AL L= of
A AAHe )-AZ(h*)H(Electron-Hole Pair, EHP)9] B2l &2 IAA|AH F7] &9 FTSHCTH
Re w7t wharh AFTSE 7HIZA0) olsiA Eal7t dojuba, ATSeH FTSuC 21s
SL7F w20 ol Ag?t F7 SAlo =HEHA Agl] BH Z2f2E 3% 8319} F centero]

mltl
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OlsliA HREZHo] Fobx|al, Agrt @2 m=ulHEof o FH AR AAAGA
of AX-FE F FelasS THTAA 7] dwolth. ESh Agt F7F FAlo] =3 1
OH (hydroxyl groups)®] *7} ATSQ} FTSEY F718H7] ti2o & oA7|A] APEE F5=
W= whol go]] Aol=l §8o] sFAE 1 Mslo]ls §80] A gtn]/q AFTS7F 714w &
LB £5 S HYc} o]2ist MB solution &S| AY A= E5[4 AFTS7} 714 Holjd
S 5ES Eeldte e E & /it

2.0 4 20— o
i —_m—TS lh______.\.
E. —s—ATS E Ty
1.6 A—FTS 1.6
g —v— AFTS %
c =
9 1.2 9 1.2 4
S <
‘.g 0.8 “é 0.8
§ vl e E —n—TS
0.4 n_ — O ;4] [—2—ATS
m e, exl A FTS
= \'ﬁ, i % —v— AFTS
0.0 T T T T T T T 0.0 T T T T T T T T T T
o 15 30 45 60 75 80 (1] 15 30 45 80 75 80
Time(min) Time(min)
2P 7-20. AYA FelA 7 AE a9 7-21. 7HNBA StelA 7 AE
MB #&3] 68 18 = MB #&3) uwg =

3. A3A /7T o TiO2/WO3 &3
7F 22Xl TiOy/WO; S8A 8= ¢

Tio, BAN woel Alsel Hol solt YRAClE Ad AAL ohE
(Titanium isopropoxide)?} Qth. &=FAol= TiO, H#AlE Tt S77F AR T
ol 2 SAo] Yt 202 ojAXL ek SHAIS T} FZAtol M PRI A5
A TIO, BRI SAol ot YL BT o] Dad 4 98 et
3 28 24e 9o AT SUste ATl FRYU Lejstel AL AT Ar8H
TAl= TIP (Titanium isopropoxide), TNB (Titanium n-butoxide), TNP (Titanium
n-propoxide)o|tt. ESF TIP > TNB > TNP 9] A& Y= A}o]=7]9] steric hidrance
effect7} Atct.

1o 4;
ol
o
2
-+
3
2
-4

=
TIP
o

—_

A
S|
gt
|
o]

o
o
[$)
A o
= [$)
3

Om T O_>f, l'n-l
e

of

ok 2 o

. AR B57F 8 TiO,/WO; E3A| vrate] E/d37t

S

TiOz/WO; E5tA] 12 & F84E o d3AolE ARAe T/7F 2
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2 TIO; 9] Ols binding energy & 531.1, 530.9eVaZ Hi1&Eo] 9Qit}, ¥FH, TNPZ Uh=E &
2 TiOp= 9F 530.7eVY] Ols blndmg energy peaks H o0 WO3= 530.5eVQ binding
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Precursor | d, (A) d 00y (R) a (A) c (A) Volume(A3)
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TNB 3.517 1.892 3.784 9.532 136.5
TNP 3.512 1.891 3.782 9.465 135.4
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Precursor k(m")
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I3 7-29. SEMOo g AN Ol Lx
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® BY 4
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7] 0

oT 2 ‘oT
£ Y0 £5REPI ERAAolts Tol, 849 FeE WA W Ro] ke Folk
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Arithmetic roughness (R.), root-mean-square roughness (Rpms),
skewness (Rq), kurtosis (Ryu)

o Roughness Ra | Roughness Rims )
Thin films Skewness Rsk Kurtosis Rk
(nm) (nm)
SiO, 0.11039 0.1378 -0.125 2.945
TiO» 0.733 0.998 0.514 5.113
SiOL/TiO, 0.971 1.219 -1.287 3.665
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a2 7-32. AR x

xrsw M %

NE7

1 (a) SiO,, (b) TiO,, (c) TiO,/SiO;
1' (d) TlOz/SlOz

4
A=
a=

Ti0,, & = 0.0088 min™!

$i0,/Ti0,, k = 0.1395 min™

Timc(min;le
a3 7-33. ALY A A 7 AE
MB Z&38 ¥ 8=

I;ll
Time (min)
g 7-34. Z+ A F9 MB BFE3

Hk-$-o] )3 pseudo first order kinetics
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Al 87 BEU) 3P| A FH A7

L B0 29 9o] dAg 3H A7

TiO, ¥rak2 peroxotitanic acid solutiong 0|85t sol-gelH 1} spin-coatingof &lsiA] A
AE 9t AMLo= OlANist TiO, UAES A7] Qs TTIP(Titanium TetralsoPropoxide),
[PA(Isopropyl alcohol), H:O(5-/F3)E &¥dto] 7F2dllE AlIZT. olff & vl TTIP
IPA : HO = 1 : 10 : 4%}, @ojZl TiO; YAE oot F/+E ol&sto AASH o5
110°ColA] 4X|7F =0t AxA|Zic Je2]lu E9st o2lx] Al AMEjol peroxotitanic acidE 7]
siA] ARSE TiO, YA} 0.2g37F 30%2] aqueous hydrogen peroxide solution 4mL-E &35}
of wHtstich z|EZEAoz A AMEJQl peroxotitanic acidE 1mL9] aqueous hydrogen
peroxide solution© & 3]Astil bmLe] &E&545 A7}5H peroxotitanic acid solg 2443513
o}, ¢4 peroxotitanic acid sol& ZY3sI7] Aol g5 AAlstd WO olgAd&= A7st
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9o Uehd Jejmoltt. £ ATS AHEH TiO- 1102 7% golo] oy &
hgo] 89%0l1, Ti0-4002 ZHXF Aolo] mArdeiolN Ezkgo] 78%o|ct. Aoz,
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70° = 520 L& 17° =

0 min 15 min 0 min

0° = 40° = LN = )
S min 20 min 5 min
5 o q 310 - 5° v
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(a)~(f) : TiO,-110, (g)~(i) : TiO,-400

]_4— J_,]—inﬂ H]—O H}\-l
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AFURHY Si0,-TiO, 39 A2 £4 Bt
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Nano composites for photocatalyvsis with (4) semiconductor-semiconductor (B) semiconductor -metal (C) semiconductor-RGO hybrid architectures

Understand the interfacial charge fransfer processes in (A)semiconductor-semiconductor (B) semiconductor -metal (C)
semiconductor-RGO hybrid architectures for photocatalysis
Improve charge separation in the semiconductors using the above mentioned architectures

Extend the light absorption of photocatalysts info the visible region of the solar spectrum to utilize a greater portion of the
incident solar radiation

Employ capacitative metal nanoparticles (Ag and Au) —semiconductor- RGO nanocomposites for H, generation

semiconductor-BGO hybrid architectures,

Nano composites for photocatalysis with {A) semiconductor-metal (B} semiconductor - semiconductor in confined media (C) semiconductor-Ag hybrid structures (D)

Pioneered a solution-based method for the formation of "haley" graphene with potential benefits to sensing as well as other
fields

Performed galvanic exchange on the surface of graphene oxide to provide a multifunctional catalyst assembly

Observed photocatalytic events of CdSe Quantum Dffots in Confined Media

DCemanstraged the storing and shuttling of electrons across RGO surface

- Amirav Laboratory(Technion-Israel Institute of Technology)

Amirav Laboratoryo|Al+= CdSe@CdS Ur =zt Z=ifjof IrO, UxUAI=S
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Photochemical Oxidation on
Nanorod Photocatalysts

The combination of photochemical oxidation with colloidal synthesis
enables us to re-think the design of photocatalvsts with an eve towards
overall water splitting. Here, IrO2 nanoparticle oxidative catalysts that
were photodeposited on colloidal CdSe@CdS nanorod photocatalysts
revealed a mediated oxidative pathway, and afforded the rods remarkable

photochemical stability under prolonged illumination in pure water.

Morphological Effects on
Photocatalytic Activity

Simple geometrical modifications of the photocatalyst enable
manipulation of the photoinduced charge carriers and can significantly
improve the catalytic effidency. Our labs’ precise control over
morphology  facilitates innovative design, and construction of
sophisticated nanoheterostructures, that will implement this finding. We
have a few projects correlating structure, composition and merphology
with photocatalytic activity towards H2 production. The information

obtained will help us devise an efficient photocatalyst for widespread use.

Bi-Metallic Co-catalysts for
Efficient Photocatalytic H>

Production

The research is concerned with the effect of a bi-metallic co-catalyst in a
semiconductor-metal nanocomposite on interfacial charge-transfer
processes and efficiency for photocatalytic hvdrogen production.
Semiconductor photocatalysts are often loaded with metallic co-catalyst,
which presumably promotes charge separation of photogenerated
electrons and holes and also acts as the site for the reduction reaction.
These cocatalvsts play an essential role in reactions such as water splitting,
as they offer lower activation potentials for hvdrogen evolution, and
greatly enhance the photocatalvtic activity. Utilization of a bi-metallic
catalyst might enable separate optimization of the different interfaces that

exist in such a heterostructure photocatalyst system.
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