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Abstract

Titanium dioxide composites with the addition of SnO,, SiO, and silver were
synthesized. Amount of SnO, and SiO, were fixed at 1mol% while amount of Ag doped was
varied 0.1-1.0mol%. The fungal genera (Penicillium expansum, Aspergillus sp. and Rhizopus sp.)
were used to test anti-fungal properties of synthesized powders and films. This anti-fungal film
will be applied for coating on the microscope lens which their surfaces were often damaged by
fungi. TiO, composites powders and films were synthesized by sol-gel method and calcined at
500 °C. The film samples were prepared by spin coating on a glass plate. The films thickness was
about 1.25+0.24 microns and the coated film had not disturbed the refraction property of the glass
substrate. This research focuses on the effect of the type of additions and amount of silver on
physical properties, photocatalytic and anti-fungal activity. After calcinations only anatase phase
was found in all samples with crystallite size in the range of 13-20 and 11-19 nm for powders and
films respectively. Anti-fungal test showed that the growth of fungal infections was inhibited
under UV light greater than under visible light radiation. The antifungal efficiencies were also
significantly enhanced with the increasing amount of Ag doped. These films can prevent the

infection of P. expansum better than Aspergillus sp. and Rhizopus sp. respectively.
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31 E.P. Meagher and G.A. Lager, The Canadian Mineralogist, 17, 77 (1979).

Material name Rutile
Composition TiO,
System Tetragonal
Temperature (°C) 25
a(A), b(A), c(A) 4.593(2) 4.593(2) 2.959(2)
0l(deg), B(deg), Y(deg) 90 90 90
Unit cell volume (AS) 62.42
D, (g/cmS) 425
Space group P4, /mnm (No.136)
Atom Site G xla /b zle B (A%
Ti 2a 1 0 0 0 0.42(6)
o 4f 1 0.3051(7) 0.3051(7) 0 0.6(6)

N1 M. Horn, C.F. Schwerdtfeger, and E.P. Meagher, Zeitschrift fiir Kristallographie, 136, 273

(1972).
Material name Anatase
Composition TiO,
System Tetragonal
Temperature (°C) 25
a(A), b(A), c(A) 3.7842(13) 3.7842(13) 9.5146(15)
0l(deg), B(deg), V(deg) 90 90 90
Unit cell volume (A’) 136.3
D, (g/em’) 3.89
Space group 14, /amd (No.141)
Atom Site G xla /b zle B(A)
Ti 4a 1 0 0 0 0.390(63)
o) 8e 1 0 0 0.2081(2) | 0.613(90)




31 E.P. Meagher and G.A. Lager, The Canadian Mineralogist, 17, 77 (1979).

Material name Brookite
Composition TiO,
System Orthorhombic
Temperature (°C) 25
a(A), b(A), c(A) 9.174(2) 5.449(2) 5.138(2)
0l(deg), B(deg), Y(deg) 90 90 90
Unit cell volume (A%) 257
D, (g/cms) 4.13
Space group Pbca (No.61)

Atom Site G xla /b zle B (A%
Ti 8¢ 0.1289(1) 0.0972(1) | 0.8628(1) 0.37(3)
Ol 8c 0.0095(4) 0.1491(5) | 0.1835(5) 0.46(6)
02 8¢ 0.2314(4) 0.1110(4) | 0.5366(6) 0.53(7)
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dye + hD - dye

dye +TiO, —  dye’ +TiO,(e)

TiO,(e) + O, - Ti0,+02

0, +TiO,(e) +2H - H0,

H,0, + TiO,(e) —  OH+OH
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—>—> degraded or mineralized products
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2. nadeusza@ninmignse I lauans ladnvedlnmiionlaoen loandunsizn
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Taold Methylene blue method
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o TR ¥ .. o aaa
TagTannua ud uinlasumlaslide0v-visible Spectrometer taziiwalinadouigase
v Y 7

1 J A Aa A Ay 03‘ A = am A v A
MTNUFDINNNAY UUMDUE ABDIBOP. expansum U UABDUN3 ANHIITNITIANDULDSA ’JLL“]JTVHJ

D,

A

' Ao Y an A . . a1 A . .
wa@amimaam\laumm’waﬁm;ul,mm (Spin coating) LazIBINAABY (Dip coating)
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2.2 AN 1B IATOIND !!ﬁ%Qﬂﬂim

2.2.1 snd

—

Titanium (IV) isopropoxide (TTIP,99.95%, Fluka Sigma-Aldrich) (AR grade)

2. Ethanol (C,H,0OH, 99.9%, Merck Germany) (AR grade)

3. Tin (IV) chloride pentahydrate (SnCl,.5H,0, 98%, Fluka Sigma-Aldrich) (AR grade)
4. Tetraethyl orthosilicate (TEOS, 98%, Fluka Sigma-Aldrich) (AR grade)

5. Silver nitrate (AgNO,, VWR Prolabo, United Kingdom) (AR grade)

30



31

6. Methylene Blue (C,,H,,N,CIS.2H,0, Unilab, Austrealia) (AR grade)
7. Potato dextrose agar (PDA, Difco " Potato Dextrose Agar)
A
2.2.2 15931
9 [ 9
yiaveurei iy lunisived launp. expansum (Penicillium expansum),
[ 4 a a a 4
Aspergillus Sp. !LaZRhiZOpuS Sp. hlﬁiﬂﬂ')'lh@‘lallﬂﬁ'lg?ﬁnﬂﬂ'lﬂ')“]ﬂ%qa%:]?]‘ﬂfﬂ AUSINYIAITNT
a [ a 4
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A oA ¢
2.2.3 Lﬂimumquﬂnim

U
2

1. 19509% 9 1W¥4 & wwinlg
2. 1A599% 4T3 & Wil
3. Hemacytometer (ERMA, Tokyo)
4. ndewanssmiFas
A
5. wandwestila (Pasture pipette)
4 1 1 I
6. IATOINIULNAINAD (Magnetic stirrer)
7. I9HRUNNIE 1(Furnace, Nebertherm)
8. 19191 (Oven)
. . )
9. IATPUNINHFUY N1 (Centrifuge, KCE Model PLC-05)
=1 4
10. UNNO35
11. tnaudIAuasazae
12. Wila vua 10 vaz 1 Yaaans
13. ¥ 158105 (volumetric flask)
14. iaoaNA0dA (test tube)
Y Y
15. ¥IAUTTYO TR 89501000 Hadans
9
16. MNUWIZIFO (Petri dish)
1 d‘ J U
17. unanade 31auea (glass spreader)
s A A .
18. 1NV LY ® (needle, loop, treasing)
19. dnadoy
Y = o
20. Wi 91l 9Aua U 18(Autoclave)
9 éy
21. Uu¥ o (Incubator)
d‘ A A d
22.4  nI09NDINIITHIMATNATDY

1. Fourier Transform Infrared Spectrometer; (FT-IR, Perkin Elmer Model Spectrum 2000)
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2. UV-Visible Spectrophotometer; (UV-Vis, UV-VIS spectroscopy (UV-2401, Shimadzu,
Japan.)) 3ATIEHAIA 0819

3. UV-Visible Spectrophotometer; (GENESY'S 10 spectrophotometer) InTzransazae

4. X-ray diffractrometer; (XRD, Philips Model X’Pert)

5. SEM ag EDS mapping (Scanning Electron Microscope and Energy dispersive
spectrometer; JEOL JSM-5800LV)

6. ABBE refractrometer NAR-3T ATAGO, Japan)

7. Atomic Force Microscope (AFM, easyScan 2 version 2.0, Nanosurf)
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TTIP 8.9 ml

C,H,OH 143 ml

Stirr 20 min

\ 4

TTIP solution

Stirr 40 min

\ 4

Sol pH 3

10°C, 24h.

Spin coating

A\ 4

\ 4

Dry 105°C, 24h.

Dry 25°C, 24h.

'

Calcine 500°C, 2h.

Photocatalytic reaction
test, XRD, SEM, EDX
mapping, UV-vis
spectrometer, FT-IR and

Anti-fungal test

Photocatalytic reaction

test, XRD, AFM, SEM,

EDX mapping, optical
properties and Anti-fungal

test

d‘ (2 J ad o ] .
g‘ij‘ﬂ 2.1 MITUATIEHRWazaua 1Y NTiO,



TTIP 8.9 ml

SnCl,.5H,0 0.1052 g.

TEOS 0.07 ml

C,H,OH 143 ml

Stirr 20 min
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TTIP solution

Stirr 40 min

\ 4

Sol pH 3

10°C, 24h.

Spin coating

Dry 105°C, 24h.

\ 4

Dry 25°C, 24h.

'

Calcine 500°C, 2h.

\ 4

Powder

Photocatalytic reaction
test, XRD, SEM, EDX
mapping, UV-vis
spectrometer, FT-IR and

Anti-fungal test

Photocatalytic reaction
test, XRD, AFM, SEM,
EDX mapping, optical

properties and Anti-fungal

test

d‘ (2 J ad o ] . .
31 2.2 MsdunT ey Na 119819 TiO,/Sn0,/SiO,
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TTIP 8.9 ml

0.1,0.5, 1.0 mol% Ti0,/Sn0,/SiO,

C,H,OH 143 ml

of AgNO,

Stirr 20 min v

TTIP solution

Stirr 40 min SR

A

Sol pH 3

10°C, 24h.

A4

Gel

Calcine 500°C, 2h.

A 4

Powder

A

2M HNO,

Photocatalytic reaction test, XRD, SEM,
EDX mapping, UV-vis spectrometer,

FT-IR and Anti-fungal test

511 2.3 MsduAT1Z¥iRIA 1989 TIO,/Sn0,/Si0, +TiO /Ag
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TTIP 8.9 ml

0.1, 0.5, 1.0 mol% of AgNO,

C,H,OH 143 ml

Stirr 20 min

TTIP solution

Stirr 40 min l D R—

Sol pH 3

10°C, 24h.

A

Gel

A

Spin coating

Dry 25°C, 24h.

\ 4

Calcine 500°C, 2h.

Photocatalytic reaction test, XRD, AFM,
SEM, EDX mapping, optical properties and

Anti-fungal test
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s ' Aunas dudaan
x dope AN A1 Refractive index
RIAverage SD
1 1.5200
1 2 1.5200 1.5200 0.0000
3 1.5200
1 1.5200
2 2 1.5200 1.5200 0.0000
3 1.5200
1 1.5200
3 2 1.5200 1.5200 0.0000
3 1.5200
M1919 A.2 A Refractive Index Y04 TP
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MANUIN 4.3 Atomic Force Microscope, AFM (http://www.nano.kmitl.ac.th:20/10/2553)
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1.0ml 1.0mi 1.0ml 1.0ml
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1.0mi
Mix with warm
agar and pour.
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STREAKS

AFPEARARCE OF
COLONIES AFTER
PHCUBAT IO
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Photocatalytic Activity Against Pemicillium Expansum of Ag-doped
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Keywords: Photocatalvtic, Ag-doped Ti0Sn0JE0,. sol-gel, Tid., Penicilfum expansum

Abetract. The afert of 0.1-1 mal®ad s doping on orystallite tizs momholosy, photocasahric amd
fimzal prowth suppression actvigies of TiCw 500, 510, neno-composite powders were investzamed.
The powder was synthesized by sol-gsl method and smdied for physicochemics] propsmses by
XFD, specoomemc techmgues, FTIR, 5EM, EDX and BET. The anatase stmcfure was formed
after calcinamion at 00°C, Photocatelytic activides towands Pemvcillinon expanoem Zowth
suppression cormelated to the amomt of slver doped I Ti0wSn0,'Si0y nano-composite powder
umder ulraviolet radiation. Ag 1 0mol%s doped in Ti0,/5i0: 500 composite has a significans affect
omn andfimgs]l behsviowr. It could complesely kill Pemicillium emasuwm within one day of
photacatalytic meameent umder TN imadiation.

Inmrodwction

Titanivm dicecide (Ti0y) is used in wide applications in photocatalyst [1, 2], self-cleaning surfaces
[#] and optical ceadng [4]. The tewabedral anatase TiQ; stuchme is he mess effcent for phote-
induced techmological applications. The hizh surface area and good photocatalytic actvicy of
anatase thin films heve been prepared with crystallization temperanme at 500 °C by s0l-gel meshod
[=]. However major limitations of Sst recombinaton rate of hole-electron padrs within nanoseconds
lead in =pplicadon of additives soch as 5o, 56 and Ag for improwing the photocatalytic efficiency of
TiDy [5-8] Swuitable silver dopant can incyease the actdvity which the mechsmizm iz meindy
atmibured to the change of anstase srain size [B].

Fumerous spplications to anfimicrebial by photocatalyst TiD: powdear s been reposied [10].
When exposed o sunlight or uloravieles light, TiQ), exhilvits anomicrodbial actvity due te its soong
oxidizing proparty [11]. The microbial dastrction achioved trough direct damage of it call walls
caused by hydroay] radical (OH-) [12].

Since ancient timees silwer has been nsed as ant-micebial azentss against infections and prevent
spoilage [13]. At present, many researchers have fooused on and-beacterial and nlt-fimctonal
properties of silver mano-particles [13-16]. Using silver nano-particles leads. to increase in mmmber
of particles per unit ares and maximized mb-baceenal efects [17]. Tin cxide (So0:) and Si0,
doped were also use for many advantazes in environmental inprovenents and indnstrisl technology
18, 19].

: H"1'IJ.1'.=.] promoted ws to carry out Ti0: 50, Si0—Ti0, Az composite: powder synthesis by sol-gsl
method and smdy for photocatalyic snd P epanen inhibitor efficiemcy. This will be the
preliminary muide for thin flm ceating process with snafimes] effect for glass or lems devices.

Bl rights sems~ved N~z of contris of Bt epse i be ceorsduosd or Senerid in sy o o by any e wisoul He weten perssson of TP
e Eprmd [0 200 T2 -1 AR 1, IER S0
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Experiment and Details

Eeagemts and materials

Titaniem (T3 isoproxide {TTIR, 99.95%, Fluks Sigms-&ldrch). terachlomosannans pentabydrate
(SnCl, SH,O, 98%, Fluka Sizms-Aldnch) and tetraethylorthosilicate (TEOS, 8%, Fluka Sigma-
Addrich) were: used as starting materials, Ethanol (99.9% Merck Genmamy)y was wsed as 2 solvent
amd silver nimate (AgM0,, T1943) as a doping agent.

Preparation of TiQh; nano-composite powders.

(1) Ti0x (TF): 2M HNO: was added drop wise into the stiming, solution containing 8.9 ml TTIF in
143 ml ethanol to Gx pH at 3. The nuixtre was contimaously stimed af room temperanre vl &
clear aned homuogeneous solnton was obtamed.

(2} TiO.5n0.,5i0, (T55) : A mixture congposed of TTIP 8.9 ml, ethanol 143 ml, TEOS 0.07 ml
and 5o, 5H, 0 01052 g was starred for 15 mmn snd then 23 HNO, was added to et the pH 3 and
further stimed for 45min

{3) Ti0./Se0. /510, +Ti0u Az (TS5A): 01, 0.50, L0 mal% of Az sammpla: wers symsbalized ac
TE5A0.1, TS5A0.5 and TS5A1.0, respectively prepared by adding a desipmed quantity of AgHOy
sofution to THO: sol (1), then mixed with TiOkw5w0./5104 ol (2) and stimed roughly for 45 min

Theree types of ols ware changed o powder fomm by drying at 105°C for 24 b and then calcined
at S00PC for 2 h
Adaterials characterization
The XED parterns were obtained via the X-ray diffractometer {PHILTP X Pert MPLY). The averzge
crystallite size was determined from ERD peaks using the Scheper’s foommla [207].

The infrared specTa were recorded using Fourier-oamsformed nfrared specrophotometer (FI-
IE. EQUINOMSS, Bruker, Germamy) in diffised neflactance mode at 400-9000 oo with KBr as
blank. The SEM micTographs were perfonmed on gold-costed samples using a Jeol apparams (TaM-
5200 LV) aquipped with 3 link smalymer (TSIS300) for X-ray enerme-diepersive amalyses. The
Bnmsuer-Emrnet-Teller snmface areas of powders were deternuined by means of Coulter 54 3100
nsing nirogen sdsorption at-1067C.

The band gap energies of powders were determined wing UV-vis spectmophotonoeter
(Shimadzy Trv-2401). The spectra were recorded in diffnsed reflectance mode with Ba50, a5 a
reference The band gap enermes (E;) of the catalyst were cabmulated by the Planck’s equation

11
i E = ko = 1240 1}

When E, is the band zsp energy (eV7), b is the Plandk's constant, ¢ is the lighs vebocity (m's) and )
iz the wavelsmeth (nom).

Photocatalyhic reaction of Az-doped TrD: Snl, 510k powders against Pemcillinm expanswm
F. axpamsum was provided by Depamment of Micwobiology, Faoulty of Science, Prince of Songkla
Univarsity (P17 It was ST0WD 00 potato dextroce agar (PDA), and its comidial cpore suspansions
wrere prepared by spread on & oulnre plate contining a 2 week-0ld sporulating culnore with sterile
distilled wates, Spoge suspension was <ounied using a hasmecyiometer (EFMA, Tokyo), and was
adjnsted 1o a concenmation of 1.6 x10° spoze'ml for investigzting the anti-fimgs] activity of Ag-
doped Ti0./500./500: photocamalytic reaction against the sowsh of P, expepisum, To obtain a3 finsl
concentration of 2.6 x 107 spore'ml, 1.6 ml spote suspension was imoculated into 5.4 ml normsl
saline sohimion (085 aaCl) containing 250 mg of TP, TS5 and T554 powders. After weell mixins,
0.1 ml of mixnme mmspension was doped om FDA plates: and cultared at room temperanme umder
UWVA (315400 no) imediation for 72 b Afrer immadiation, the PDA plates were placed in the dark
for an additonsl 24 b The comirol experaments were camed out i the dark throughout the
experiment perod The mmuwbers of wisble colomies of P expannew on each PDA plate wwere
obcerves] Five replicates per e mment were nsad.
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Fesult: and Dizomssion

XED and SEM analyses

XFD patterns of TP, TS5 and T55A powders calcined at 500°C are present in Fig. 1. All samples
exhibit anatase phase except for T55A1.0 sample, Az0 phase was also formed. The crystallite size
of anate of all samples derved fom XPD data was about 13-20 nm and that of Az phase was 2§
om for TS5A1.0 sample. Furthermore it was also foand that the considered dopants have an effect
on reduction in degree of anatase crystallimiry.

®  Anaisse

4 Ago

Intemsdty fmm)

] . ' v - =
: . 3% k1] LT 410 430 450
" " o “ ‘ Wavelength (mm)
Fig.1 3RD patteme of &) TP, b) TS5, <) Fig 2 TV-visible sheorbance spectra of TP,
TS5A0.1, d) TS5A0.5 and €] TSSALD T5% and T35 A powders prepared by sol-gel
powders. process and calcined at S00°C.

T -\izible absorpticn specira and energy band sap measurements

[-Wis data (Fig. 1) are consistent with the changes in crystalline souchme observed from XED
Cmly TS5A1.0 sample showed a shift of absorption onset to the red part of the spectnm (Fig. 4)
which might be caused by AgQ crystalline. However, the other sanples did not change the position
of the absorpton onset.

It cam be seen that all synthesized Ti0: samples have an effect oo the TUV-Vis specra, especially
mﬂ:ecaseofTSSmi'I&S.—‘L;peums Themefore, £, of these samples were namowed as 2 38-
248 &V comparng to 3.06 eV of pare TiD.. Thschmgedmmamung}ﬁ:rshq}mg
photecatalysis by an stomic-level doping for nano-catalyst

Fig 3 S5EM images and EDX specima of T554A powdars prepared by sol-gel process and calcned at
500°C.

SEM image shows the agglomerate grains of T35A41.0 powders (Fig. 3) which heve an average

particle size of 14 pm and specific surface area of 72.2 m''g (BET analysis). it can be seen from

e
'
]
B
g
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ED¥ speecmm of TS5A1.0 sample that Ag is presemt in this powder together with Ti, So_ 5 C and
. All of these elements were well dispersed in TiD: nsno-composite powdsrs showm by 3-may
muapping technique in the imsert of Fig. 3b.

FT-IR spectra and photocataly®ic activity against Pexpansum

The infared specrz of all the synthesized mano-conposite powdsr @ the moge 4000400 cm’
wave pumnber are shown in Fig 4. The large broad band ar 3400-3300 cm © cam be assizned to
mixed OH mwodes. The results are comparable with literature: [12, 20]. These bonds are in. the
bydroecy] sretching region and should comrespond to O-H vibration of the Ti—-0H groups and H.O
muleculies [21]. The mather namow bends arowmd 1600 oo’ and 1400 cm™' can be assigred to OH
mndes (hending mosdes) of bydroxy] (OH) groups. The peaks st 640485 cm - cormespond tor the
vibratiom of Ti—0 [22]. It can be seen that TS 5 sample exhibits higher concemmation of OH radicals
om TiD: surfaces tham that of pue Ti0, or TP sample This results ina higher photocatabic actvity
agminst Pepansey of T35, FT-IR specmmm of TS5A0. 1 seems simelarly o that of TS5 sanple
since 8 wery low guamdary of Ag doped in TS5 co that it hes g little affect on FT-IE. peak_ Ag doping
imfluenced on FT-IR. spectra that it reduced 3 concenmetion of photo-generated OH radicals on
powider swfaces.

10 4

‘qﬁt o g = & &
L= e (7
T e o= —:/ w ; - 1; ==t
E —r I".‘I £ 1 ~@=TP
2w = \.J g o] —TEE
£ .k ——T55A0L1
E' —Ts8 7 N
= N -» ==TH5A05
i LY -THALS
a5 ~TEEALD - | ﬁ\
£ \-.\_
£ |
1 = a4 =
g 10 Lion i ] 1 i
Warvenumaber (nm ) Time (dayy
Fiz4 FT-IR. specira of the syorhesized pme- T8 Photocatalytic snfi-fingal activity of the
Compos ite powrders. synthesized nano-composite powders.

Phatocatalytic activity of TiD: nane-composite powders agaimst P. expan:mm

Fiz 5 ilmswates the Fexpowum killing efidency over tresmment time of synthesized namo-
composite powders calcined at 500 °C. It was shown that T55541.0 snple had the hizhest acaviny
against P expemsiom due to the efect of TiCk: photocatalysic and antimicrobial behavior of doping
silver. Feactive oxygen species (ROS), such as OH-, O, and H:O: genersted on the imadiated
photoeatalyet surface have been proposad to stk pobmsanarated phespholipics of Simeal call
[23]. P. epamzum was completely destroved during one day of photoscatalymic treanment mmder TV
irradistion wiile the killing efficiencies of T5540 5, TS5A0.1, T55 and TF samples wers 93 52,
75 and 57%, respectively {Fig.5). For longer photocatalytic oesmment sl samples. exhibvited 10074
killing eficiency (Fiz. 5 and Fig). Az doped TiO. seems to be a good casalyst for antifimgal
applicadons soch as thin Slm coatdng fior antifimeal glass or lens devices.
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@ peqpaay = .

{confrol)

T55

TE54A01

TE5A05

T55A19

Fiz §. Growth of P. expansum on potate dexmose agar (PDA) plates with the presence of Ti0: nano-
composites exposed to UVA (315 400 nni).

Snmmary

Pare Tik, Ti0k/'500.5n0: and TiCw/Si0. 500, with 0.1-1 mol%As nano-composite powders
were prepared by sol gel process. Ooly anatase stuchre was formed at calcinstion tfempershme of
500°C while sitver exdide was also found in TiQw 50 5S00: with Imel%eAg I wes obvious that the
augment of silver doped in TiD./510,'500); neno-composite povwder leads to a superior efidency
on Penicillium expansum growth suppression.
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