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ABSTRACT

CdS-TiO; nano-composite sol was prepared by the sol-gel method in organic solvents at
room temperature and further hydrothermal treatment at various temperatures to control the physical
properties of the primary particles. Again, CdS-TiO; composite particulate films were made by
casting CdS-TiO; sols onto F:SnO; conducting glass and then heat-treatment at 400°C. Physical
properties of these films were further controlled by the surface treatment with TiCl, aqueous
solution. The photocurrents and hydrogen production rates measured under the experimental
conditions varied according to the CdS/[CdS+TiO;] mole ratio and the mixed-sol preparation method.
For CdS-TiO; composite sols prepared in [PA, CdS particles were homogeneously surrounded by
TiO, particles. Also, the surface treatment with TiCly aqueous solution caused a considerable
improvement in the photocatalytic activity, probably as a result of close contacts between the
primary particles by the etching effect of TiCl. It was found that the photoelectrochemical
performance of these particulate films could be effectively enhanced by this approach.
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Fig. 1. XRD patterns of CT particles prepared with
hydrothermal treatment at 240°C for 12hr and
at various [CdS}/[TiO,+CdS] mole ratios of
(@ 0, (b) 0.2, (c) 0.5, (d) 0.8, (e) 1.0.
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Age ZARSHl 98] 240C, 12hr 5 FEA
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HA 00~1.0 HHANA AojdAn). £ FdH
Z7A X By 109 4 CdST hexagonal &
g Jehigich Bv] 082 CTHAY ZA$+&
TiOo 71918 oW & peak® HHAHA Gsto
o cubic de] £¥¥ CdSY hexagonal T+Z&7}
A H o2 Jepgth Ed)7F 08~022 #ad
o wa} CdS cubicde] ®&°] F7isle]
0291 CTYAY ASE CdSY cubicds TiO,
9] anatase’d°l €3¢ XRD patterns YERAA
o TiO:9 33571l whel g98g4oz nr
A%l hexagonal 7% AAo] Foj=x: Ao
2 Ho} CdS AANR #HAAAAM TiOYA7}
CdSel A#elg wajste Aoz Aztdr. &
H, 247} 009 &F Ti0: 949 3%, TiO
9] anatase peak%to] AU CdS YAt
Yot a2 2715 XRD pattern o 25§ t}
9 Sherrer 2/(1)& AHE3ld ARSI <
F CdSet TiO: d#ke] #et daAzarie a4
21, mm@Aew, CTEEAL CdS & 27|&
o] A Pzl o 27 pm AZE & WiE
Holz| gttt [Table 1]

Table 1. Crystal size and structure of CT particles
prepared with hydrothermal treatment at
240 for 12hr after the sol-gel synthesis.

Mole ratio
(CdS/CT) 10 |08 | 05| 02|00
.Partlcle o - 28 7 ;
size (nm)

Crystal* He

HC Hca Ca A
structure

*Superscript denotes a mixture of cubic from of
CdS or/and anatase (A) form of TiO;

Fig. 2. SEM photographs of CT film composed of
CT particles prepared in IPA and with
physical mixing at various CdS/CT mole
ratios of (a) 0.8(IPA), (b) 0.5(IPA), (c)0.2
(IPA), (d) 0.2(PM) ; hydrothermal treatment
temperature= 240°C, heat treatment temper-
ature= 400C.
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2 zgelAe CdS AAS TiO: 9A Alel9
LT HEF L Lolahx] gt zEY A7)
XRD “delAX BXo] Z4zte] ¢z AAe] 9¢e
E HEE o= HFxY 45 Fgo| EAF,
E HAHozx Eyor EFHT 7H$-(Fig
2d)el His FFAel FUHAR CdS YAE
FAHLE 39 TiO, A7 ¥ ¢dsiA ARz
AU W EH| Wslx EF3T TIO; 9
A FHENE BHolA Yol 0nmA XY 9
el A7jeA & WEE Yehyz ggton A
HHoR2 & CdS 2349#E #H Fd3A A
I 9E EHd RAFd

Fig. 3% Ev9|®isle @& CT d=e A
Z2% F TiClh 58902 ztz} guxag 4
Foltt. EHAN A F& H$9 vasle ¢
A2l necking Aol FUEHAR ohFA F=
7t #age B e, olE TiClk 899

CdSel 1245422 & N Q3te] AR B Fig. 3. SEM photographs of CT film composed of
th AgsA ddE T2E YUY gRrez A CT particles prepared in IPA and with
z+g e}, o] CT E{HAlGlA  CdSe) Eu)7) 7 physical mixing(PM) with surface treatment

_ N N using TiCls and at various CdS/CT mole
8w ol dge Q‘?ﬂ'é’]—?ﬂ e, ratiogs of (a) 0.8(IPA), (b) 0.5(IPA), (c)
CT sdzt=he] Eul7h 02 (IPAYW #4 3 &9 0.2(IPA), (d) 0.2(PM) ; hydrothermal
A 2§ 2R AL EuAY R ¥ A¢ treatment temperature = 240°C, heat
o Hlg A3d] & FW F4L JehlEd, treatment temperature = 400C.
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Fig. 45 °l& CT <A=(Fig. 2)9 UV-
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o FF 4E0mm)E, 2 o EFACNME
CdS (Eg = 24 eV)9 &5 33540nm <) &
Uetiith &4 ¥l mE zpole FEA
oro} ojw 3}8tA Aol 23 oxysulfide 59
AAddlel g £ £ HHYS A &
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Fig. 5 € °|& CT A9 PL spectras
vebd Aol 100% TiO:01A £ blue emission
(410nm  £3))e], 100% CdSolA= green
emission (560nm &A)o] FFES ©oF1 o
o, EFAAAE FF EF 943 emission
& Yehligicl gA] gH)o Wl x B

— . @00CTINIFA
20t —— HOTTA
— (©@05CTnIFA
— . @100

Fig. 4. Diffuse reflectance spectra of CT film

electrode composed of CT particles prepared
in IPA at various CdS/CT mole ratios ;
hydrothermal treatment temperature=240C.

emission shift & FEe3 Atoles #FHA &
sked 4 A3 Bt o 20~30nmAE A}
ol7}b v AYAY AARES JeRIUC Fig
2 ~ Fig. 59 AE2FE B AgdA Az
g CTdzE A3e) 3HFES ATl o]
CdSYAE FA g TIOUA) YA #x
VE BAS 91 ALS ¢ 5 AU

Fig. 6(a)& CTH A2 34/ 34s 24
Fd, CdSe EM)7l 1044 022 7H4g
et FHFEe 12814 266nA/crt 7HA] F 7}
3hrt, E8] 02 o|FREE uA #Fasle &
A& YeEhdTE CTYAe] EH7F 009 A%
Z, TiOYAe] &8s o] A9 FAF
gol 0.22mV/cr2 7 ¥ &g Yeh
CdSe] &v]7F AAA FEFE] wolx FA
W & AAk 3 238 #AaY 02 =
o} 22 Evld A Hdighg Kol Aoz Kol

— @00CTnIFA
— B02CnIA
— ({905CTnIAA
— - @10CIRA

Fig. 5. Photoluminescence spectra of CT film
electrode composed of CT particles prepared
in [PA at various CdS/CT mole ratios ;
hydrothermal treatment temperature = 240°C.
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Fig. 6. Effect of CdS/CT mole ratios on photocurrent
of CT film electrode composed of CT particles
prepared in IPA (a) without, (b) with surface
treatment by TiCls ; hydrothermal treatment
temperature = 240°C.
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Fig. 7. The amount of hydrogen produced from CT
film electrode composed of CT particles
prepared in IPA and with physical mixing
(PM) at various CdS/CT mole ratios of (a)
0.8(IPA), (b)0.5(TPA), (c)0.2(IPA), (d)0.2(PM);
hydrothermal treatment temperature= 240°C.
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KRIABUAUNAH HEE +AHNEE CAS-TIO, LI BE A&/ €4 7

24

-4 (O5CTIA
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20l -#- Q02CnMA 40

Fig. 8. The amount of hydrogen produced from CT
film electrode composed of CT particles
prepared in IPA and with physical mixing
(PM) with surface treatment by TiCly and at
various CdS/CT mole ratios of (a) 0.8(IPA),
(b) 0.5 (IPA), (c) 0.2 (IPA), (d) 0.2 (PM);
hydrothermal treatment temperature=240TC.
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