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SUMMARY

I. Title
A study on preparation of hydrogen using photoelectrochemical

reactions.

II. Objectives

Because of the limitation of fossil fuels which is supposed to be
depleted in the end of next century and the environmental .contamination
by accumulating the toxic gases and carcinogens in the air flaming the
fossil fuels, development of alternative fuels which is indifinitive
resource and contamination-free to replace the present energy resource
have been studied for a long time,

Solar energy appears to be the best option for long term energy
needs. The widespred utilization of a solar technology primarily depends
upon. the construction of inexpensive systems based on matirials that can
be used to cover the large areas,

The most efficient chemical systems for the production of electricity
and the promotion of chemical reactions that can produce fuels, such as
hydrogen or other useful products,by the utilization of solar energy are
based or semiconductor materials.

The most efficient chemical systems for the production of fuels such as
hydrogen or other wuseful products by solar energy based on the

semiconductor materials are actively studied.
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Development of high efficiency system to produce hydrogen or methanol

using photoelectrochemical reaction will be significant contributions to

develop the inexpensive and safe future energy.

III. Contents and Results

In this report the light-induced water splitting systems are
developed and discused in Idetails. Chapter three is divided into three
parts,

The first part covers about chemical actinometry which can be used for
the calculations of quantum yiield.

The second part describes about the preparation procedures of the
colloidal Ti0Oz catalyst.Colloidal TiO2 particals were coated with
ultrafine deposits of Pt and RuO2. Such a catalyst is efficient in
coupling H2 and 02 production to a light-driven redox reaction in which
an election relay such as methyl viologen(MV*2) is reduced by the charge
transfer excited stated state of Ru(bpy)s3*?2. In this report the
Ru(bpy)3*2/MV*2 based model system is used to generate hydrogen from

water photolysis.

Third part describes about the characterics of CdS-ZnS/Pt/Nafion

catalyst systenm,

IV, Applications
The widespread utilization of a solar technology, now and in the near

future, primarily depends upon the construction of inexpensive systems
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based on materials that can be used to cover large areas. The most
efficient chemical systems for the production of electricity and the
promotion of chemical reactions that can produce fuels, such as hydrogen
or other useful products,by the utilization of solar energy are those
based on semiconductor materials.

Establishment of production of photocatalysts to transfer from solar
energy to chemical energy and measurement of electrochemical reactions

will be utilized to develop the economic and safe future energy
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HE At B3 ES A= whgolrt. FHAF QoM A
AT E] Mot 27 2-13 gt} BojA AW Ax= PS-119} PS-10] 2] 3
2¥H o 7] (excitation)XE| 3 o 7]A Chlorophyl EVXIEE 7|0 ¥ S

3 o4 R =% (energy concentration)z} HJ|Ze|oe FLI HEE

= 3

*

Lig= 3

Ch1(1)2 1 «zliie] (phytyl group)& XE¥3S}iL ¢l phorphyring] mj1
g 2=dd o|RE w2t 2AEZ A Thylakoid o]Fzhfo] o] Al
Aoz uwidEolelrt.  Antenna Chlo] 2J3] F4H Wouyx|s urgFA
Chl %o & o]F¥ct. ¥H§FA Chl 17]% antenna Chl& 200~300747} Qlc}.
o 7] (excitation)¥ ¥h-§F4l Chl2 UdAH3 A= AXILAEZR (pheophytin)
of &AM AtHE I OS2 4H3EHH Chl* o] HxIFA X} (plastoquinone
= Fe-quinone)oll  2|3jx HYFHcl A} o=T FH3Y 2|7l dojytrt.
o] light-harnestingz} A3}E 2] & Fig 2-2 oA D¥d o g rv}e}WIT],

0] AT dojutr] $IB A= Eo’=2.33 V (pH 7, vs. NHE)&] Ab3}t #H A
#}17 & ©AE ¢ A FAE dwo ues=d "Hasith (A4(1)). 8y
&l stol| A F A (intermidiates)7t ¢4 EHIT EFA 27|E FE B 4714
Azx}7t 27 E o2 Eedtx] ¢332 A= o (four-electron process ef

H)e A 0.82ve] AU MY & HaER v} (X(2)).

Hp0 ———> HO- + e + H* (E'¢9 =2.33V) - - - - - (1)

2 H20 > 02 + 4e- + H* (E'9 = 0,82V)- - - - - (2)

a3 2-18 FHFAE ZHFoA 02 7 UASH= AlgojA = four-electron
process7} dojdtt, Fo] AMEE xielde ME AIZRES= 4] o)

__..5.__
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Mn o] & XU QUdojA] E2] four-electron ¥F-g-of 2]3) AtA 7} AAH}.
o] 2] ¥t multi-electron RF-golA Fo| oFigdxle] 23] FTUE S 442 WA
A o ki,

3. I AH/EY

efotoluixl o) wepatael AV 98] AL ¢ By¥Do] 37 2-30] U}
glgic}. o] B3 -& photoreaction couple, £=Z&F2] electron mediator, A3}
Zol Q BAEWE FHFHAC oA T HYZo| RE JH r}}y)
RE7] W2 H7A HYESe] WAy J5ES Urol¥ 4 AEF 714
goitt. EBE WU Fol A AVL 4y Ao E¥o] Yol

Py 3t P2 & Z3HIEY FHLEAN WE EoE THEAMY A4S 3lx
itt. &< F5¥E 2 deHyE (P)ojvt F F7Y HU=E HI
Qg 4+ th ol BN UL ANBHAA Rg PoA FHol vt
Ty 2} T2 = [AX}ufA] (electron mediator) TA HREEE WA|517| I3t ¥
Ao FHSIA AE £ Pl

Ci 2} Cox A3 W Y Fnof =iglojvt. e} Fo| FE 3l Hrid C2 oA
AbEIE dojubA 0271 AR EAL C oA #HYo| dojutA Haot B EHA
(3)2F A (4)).

4 H* + 4 e —— > 2H2 - ------ (4)

52 FTdlol Y o] BEFPA C & A= -0.41 V R} yolopsdiar C;
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o] Hfl= 0.82 VHT} wolof Rl g xle] o] dojrr] 3= A
(4)(Eo = -0.41V)e] 5+ A A} A (two-electron pricess)o] -2.52 V& HQ 8

st Al (5)8] SAE WSof QoA RuA MSRTIE WA welgoj i,

H* + e- > H - - - - - - - - (5)

P 2y oF| FHojxlg|olA = multi-electron process?7} T A dojit
C}l.
2% 2-32) FHUY AVERHAN 7Y BAANE Fe GUA 2R

HEgh2] Stx| U= HHA}Ho| (back electron transfer : AAMOE HFAHA)

& Fub-g Fx}Ho] (side electron transfer), & (Ci)red oA (T2)ox Z}A
o] MApHolch Rt} EE FGuEol AFEA FHET Ue FU&ulolA it
Zo] dojydriH o] 23t upetAslx] X3t Ax}HO|E UR|st= AL ALY E7}

S3lch. ola| ¥t EAE 31A317) 915t molecular assemblyl} polymere} ¢
< "] # 2 HER A"l (heterogeneous conversion system) ©] U2 AFLx}E2]
BRAZZE Aok, Tz -C A2l FE T - € A& W2 FLeA7|A A
o] FHlEZ WAYE 4+ U&H ol

T T FAAE|TL dojus T2 WM EES AP LEHN &Y
7 ot o718 e8] P7L Ty of &3l AtEHo ©2] JHe¥t A=} kg
2(T1)red A (Plox 24 REZolrt. HIUIZE P*7} Teo o3l HYUHo outg
< A (P)redoll A (T2)ox22 ¥rEo|ti. 2} F 7Y HJAXHo|&= vH-§9 ¥
of A Expe Fdol 3 W2 H5Uc}

=2 FEME AT I FH(P)Y BY2 o33 T2 2320 ¢
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(1) 10000]4re] 8 F A4 (molar extinction coefficient, & )& x| L
ANBAE Hasol vt

(2) wbebabeie] ALBFBQIASTE 0.82 V o4 olojo} ¥hT} (pHT)

(3) oi7lele] ABBUAATL -0.41 V ol 8} o]ojo} Rirh (pH)

(4) 17 el +BE ABAANY AL} VS Y VI 2Ee 3
A7 olojob BT} (AEBAH)

(5) ol7]E AEls A3 BPA BOSY 1Bos By Axtde] FAL

B3 "AYHo=E AHEOR ¥

=2 ¥ E A VS FHLE HYo] F2 EH 2 Tris (22'-bipyridyl)
ruthenium (11) 2HZ (Ru(bpy)s*2)ojti2), EojlA o] Ee] HF4
AHEZ L] 2ot 500 nm A ¢l 452 nooll A AU e 32 I3 &ol
1.38 x 1045 UElT), AFHBUAAS] (Rurd/*2)E0’= 1.27 V (4 (6))= &
1t3}stsle] F £ 3t

7] Bt AL FHo2HE UERY ALY olFoln AZ|H A
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Ru (bpy)3*3 + e~ ——> Ru (bpy)s3*2, Eo’=1.27V - - - - (6)

Ru (bpy)3*3 + e —> (3CT)Ru (bpy)3*2,Eo’ = -0.83V - - (7)

ol Hsgl= o]EXHLE EIEINE &It e ojxEA E
23l% 7] ¢l3iA = FHulolA multi-electron process?} dojLtolgtct, o 7€
LEN L] 2 650 nso| AV|EH HEl= AI}FLR AnRHYCR FHx}H|T}

dof e},

4. eEfdofiyx] ALY S 9% Polymeri} Molecular Assemblies
micelles ©]L} liposome 2} Z+2 EX}RIgto|L} polymerZ} e &Folltix] ¥
2R F&3HA AHEE e, 28 A3E 2495 i3 Zr
(1) ol =[o]&& ¢ viH
HEE AoAES EoiRl AR olFufIEAME HuUE ).
(2) oAl BF 2
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(3) multi-electron process& $|%¥t &nuj
A E TEREL multi-electron BHS S ¢1% 203 2o 24&F
Z2ol=F& A A|7It}. Polynuclear metal XEL Eo FEE L9
nulti-electron processS $1% §-&% Zujolc}.
(4) E4d AREHL 7%
AUV xS gAY BAeES w28 ¥ + . e
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(5) %, HE 2|3 sheetsHENS] HFH %}

9718 Jelg Hx}Ho] wtgo 7|2¥ AMEL FElY photodiode:s FFE
PEEA HYEE U polymer S ARSI F4H 4 Ut}

LT AS2 solar concentrator® A HE-g-&uje] X|X|AE A, 28l {7
AR E Y AFoSA AU} oy RETolA A He] X (light
harvesting)ol|= R7}*] & Aqt o] FojA gl o Y=x]e o]FoL} Ho] 1
2|3 YA T E=x}o]] gloJ A excimer LU} exciplex o] AFEgom 3.4)
=X} AlgUo] BF§FA4 S92 A leuco crystal violet?} antenna® A B HA

g 7UN BWo| MYHAUTH),



A 2 A Ex}L 8=} Assemblieso|A] 3 FxH
A3te] Telet Ax}e] relay

FRHEH F3te Fels AT P* oA (T1)oxE 1 F3AY FHLE (Tz2)red
ol A P*E o]FUuf Uofytir}

h vy
P + (T1)ox > P* + (T1)ox > (Plox + (T1)red- - - - - (8)

_ _ |

back electrron transfer

h v
P + (Tz)red“—"> P* + (Tz)red' D (P)red + (Tz)ox T T (9)

| _ ]

back election transfer

HE U2 olf el £28 d37) oA [AZAY N oUAE &R
Uch AE Ee VYA BEE3 F43] HgHEde 9ibgo] Wx|FEE
A58 2|7t 83| o] FojFrh

th7f P E A= Ru (bpy)3*27} AILEH (T1)ox2EA X methylviologen

(1,1'- dimethyl-4,4’- dipyridinium dichloride, MV*2)o] ulo] A}R-E] 1QlC},

) &
OO
9 C1®
o 5

R 7he] EDTA 1} THEOAS} T2 YA = (sacrificial reducing agent) A

d Ru(bpy)s*2& BHsiA Aste] Hals Qos 2 Mg BREAUTS).
hy

- (EDTA), qu(r:;r.wy)gei MV2E P |, H?
)( )( $X )( Schemne |
EDTA Rul bpy]) ge MV P V2H;



MV*2/MV+ 2] L A7 23] S7diEol (-0.44 V, pH7) FE2}E BU3)
710l 2E3Jct, Mvto] EUH LA FnEHN Pt7} S A

o] o]Fo]Zlt}. Scheme 1 FoA FEH A3 At} HALE relayol 23}
T4&7F BPE = tEAHQ] EQo|t}. oA ¥ 2-30M HAFE FHIFHQ
S I BYAE Y b 4hE-8& cycled UEepdc]

1. Molecular Assemblies of|A]&] HEH R

Z}+= micelle, bilayer

Slis

o] {3 U ¢HIE EHUIZ U=
membrane, E = vesicle (liposome) (Fig.2-4)°’9} 7+& molecular assemblies&
=T olgE Agg g 3 WA EEC AL S A7E7]7)

EdolA AAtho| HYEL Ast el golstA stz urgaiz] e A E
=

micelle & ©o]|2% (ionic field)E F-FX A3l £el8 AEE F7HA| It}
Laser flash 3 3o A micelleo] ¢+ A|AEN A XrTlE sodium lauryl
sulfate (SDS)&} UL Lol nicelled] ¥Holol: Ax}EA  (dipyrene,
perylene & )ol ZAIH TN BEH AR} e aqd] ol ¢ 72 AU BAF
gct?), o] micelle 2] o]l o] 23A e aqe] bulk &4 o T ¥}

ol 47171 wizolth(4(10)).

— hy Z
> ~ o) 1
D)EA* LA @E A® (11)

_— 14_.._.




Micell Bilaver membrane Liposome
(Vesicle)

Fig.2-4,11lustrative structure of micelle, bitayer wembranc,and
| iposouwe (Vesicle). O I[onic group:; - ijLong alkyl group.

-
G

A 'Qt.c}ﬁ X =320

0.t}

Absorbance of RuCQB$

Acetomitrile

itme.(ms)

['ig,2-5.Effect of micelle on the lifetime of photochemically reduced
RuCy2B*.



Bulk & ojjAe] HMXPLA = micelleo] ¢l system oA Hrix ¥tEFy D
2} A-F welsted ZaFo|ri(2(11)). bpy ring o] 1 €¢AAEE X§3)
3 9l Ru (bpy)s*2(RuC;2B*2) 7} micelleo] o8] o}glc). o7jx HEI=
< Eol #/23 it}

dimethylaniline (DMA)o| -&3[%]o] Q& micellar o] W& XojH 3}
2] =27} 4oyt RuCiz2B* 2 DMA* 71 4378 ¥t} (2](12)).

e A ANAYUSIE B3] B@S Ao atepzich eyt A

o] 4me micelled] AMsto] Awts] mo] S|EZFT}s). RuCizB* & oFo

oX,

=
=
<

—

Lo —

micelle@l CTAC (cetyl trimethyl ammonium Chloride)oll A 7% 4o ZA

=02 micellqQl SDSOA 7}% 4= o| Fr} Micelle EHo] QU= Yol A3}
= 288 DMA* & nmicelled] UFoA 2% & WojWlit), & RuCizB* 2} DMA*
8 Hubgo| Yx|Hrl.

N-alkyl-N’'-methyl-4,4’-dipyridinium dichloride (Cn MV* 2; Cn = dodecyl,
tetradecyl, hexadecyl, and octadecyl )2} Ru(bpy)s3*2 A}o]of A .%%E% 2] 3}
2] T2l CTAC micelled] Exq¥o] T P& W=ri%).  Ru(bpy)s*2* o
¥t #YoJA viologenZ Lg4do] EI micelle o8 ¢HFE Hr
(Eq.13). ol A=z AAY &S YE4E& A nmicelle £ 3] A A

f o] AL AAAIMo] W2 LEASE HolE 500u) 7HH A TH

PP

DMA I:Qu?e i

F
\,
—

-

% ®OMA® (12)

o Ionic groups



o] 1} vesiclex HFE F EWH Etohz} RhFxi2| & B =S el 3l
E TR 4g AFUL. FARHEY daidol: ARYEA Ru (bpy)s*Z 7}
F o] 9l vesicled] Yol Qi EDTAMA 2§ Qe MV*2 71| ol&
Hrh(2](14)).

+ +
+ +
+ + o
+ F?u(l:d:?}’)"‘)e by :‘_ Rulbpy)3 (13)
+ . CaMV2® CaMV® [,
+ +
+ +
$ +
Micell Micell

(14)

-—-—_'"'—-'——:'—_ ] 20
Vesicle wall incorporated with surfactant Ru{bpy!;



Z] 3 A Polymer systemol] 2|3t E 2] 3 F3j

it
il
A
I
i
L
Iy
AW

multi-electron A S 3A ZER}o] &3] A F]
polynuclear 23 EU A2 Ful2H )¢ [F&sict. 7IAFHFHoAA =
& 33l band gap ©] A2 EUARY YUEANESS AEHIALEA filnlE ¢

HazosH R AW+ YUrh

1. age AAHE FHERNE
A3 A9 32 A (sacrificial reductant and oxidant)S A A ol u}z}
Scheme 1 2} 52| Whg2e H¥o| F& 028 H: & w3list=d] FHYUSIcE o
A AB2 Az} mediator (Tz) 7} gl Aol O 2-32] AZA|AEIZIL] x}o]
olt}. Poly (styrene-co-maleic anhydride) $]o] X]&x]¥ RuOz 2|31 PVA %]
of x]x]H Pt F&20]|=, Ru(bpy)s*?, MV'2& XUSI= FYA|LH WS RO
H Eo] E3Eo] 028 Ha7t FAlof At 10, v]& I3 2-6° A =
g] FE37 dGYH o R E= JHedtAR 0284 datad] FF3 AENEZ L] A
digo] V&Rl AR XSt qlch
RuD2 S K I 3}7] 23] A8 S poly (styrene-co-maleic anhydride)ll) 3+
7hA B g gsto A MV*2 B|UL2 Ho & B8t oluf PtE FulE A&}
Ar o) Mve2E XSt= FSAIAH A MA R Folo] dojL=II& |3
317] ¢lsle A7t f71E"d % Mv+2 3 jhFof it XAy He
sttt FHAIZ Ao 23 E2] FEIME €27+ Ru (bpy)s*2: MV2*, RuOz, Pt
7} dopping ¥ TiOz suspension®Z A H X AE2) oMx 9|8 system 3

d FAR EAEE RaYUCh



i 02 PtE AZY n-Tioy AFo] UV U RYSZHN Fo] F3F o]
TiOz olA|= 02, Pt HAIFfloA = He7t BEHE HAFATHI) 27 2-7ol4
Ay AAHNM band bendings] ¢]#] liquid junction ¥FE o] Ewo] W
2H ¥ 5 st Tt ol Fo Ml

Zn02} & TIE n-type HEAHE ST FBE Ett. ©] systemof A&
FA AL Zn0 (3.2 eV)L} Si0z (3.0 eV)2} 2 band gapo] UAJ HIENES
CtX] near UV dde] vl o]&ut FL3IJHo}, Si(1.1 eV),GaAs (1.35
eV),CdS(2. 4eV)oll poly (pyrrole)S YU LEN FFIE FEH HFFZSE R2Y
ch o2 FBHAY FE band gapd] n¥ WEANEO| Pt t)AI} AH A
=8 Hwdlol A&H 4 St

RuO; dispersiong FUA|Z] poly(pyrrole)Z# &I CdS HZo 7}A|HAl
& RYL2H HYo] 0 7} A7 Pt HIoIAM Hyrp UAPcHO (Y
2-7). ol {2 CdS I Fof o3 ¥H F& 68%7 =& AHAIA 02

g A4sten AR H L 3% CdSE BHAATH Hol jH HEH A8t

gl
ALY
rr
rﬂ:

Ao XA A dofur] wiEel AEAE UTULEHN UE
A BH SHE YWAY 5 Ut 2YHEBE ol AR &3

g
£ A7 4 Ak AL A2 UG A ¥ 4 UG ROE V)



""'1 = ee

0 - 720,+ 2H"

hy

29 H®
H,0 Ru0, Rulbpy){®MV?® Pt 2
2 L(f%zl lczf (P) (R} (G (R

[ig.2-6.A mode! of water photolysis.

|
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A 3 F2AXE FESUY AR AESH

A1 E AEZA W U

1. ¥F &3

g A4 o8 27 913 FHUL2 1 kW Xe-lamp (Oriel A}, Model 6269)%}
power supply (OrielA}, Model 68820)8 FA ¥ Xe-lamp systemS A}-EJ}H S
™ IR W& X}¢Is7] 913 15cm Z o] 2] Water filterE& A}R3IG Tt EIJF JFA]
2 49 WE A3} $18iA = 385 nm UV cut-off filter& A}&3}4ic}.
Zutof Wt R7|EAE 30 ul 7] Pyrex ¥E A}L3E o, 10 mLe] ¥}
& MeF BUge BUSAC. BUS WA= Fig.3-13} 2t 2L
B potassium FerrioxlateE  AFE3F 33 S A H(chemical

actinometry) 22 33, FH YU via3}

olo
ojo
L

Hatchard®} Parkeroll &]3f 71U ¥ potassium ferrioxalate systemo] Q&S

2] FEY REgolA e el FFAE AEEH L glrh ol RS Y2 e

o] A HgoA ul-$ A ANESEZ] THEFE Yot o] MPEHE
KsFe(C204)38]  34AHE o] 2500 AojlA 5770 A 7IZ| TpAHR oA WS 2

=" irono] ferrous JEfE T|HUE| I oxalate iono] AtHE= HF I HLg &
o] &3t Wrjoltt. o] WHE Ferz AE ¥Ae&(quantunm yield)E & H3}
A &3Y 4+ olen, ug

=0 &% W Fo= 4800 - 2537 A ¢ oA vl
T Fth. Ae-E2 A VA e Y FElE Table 3-13 o] 3

Bol #aygouet F7hdth. o] £& ABe wE, WAL AT 2
o vl HA 2ERIT.

K3Fe(C204 )3  3H20A| Z: 1.5 M K2C204 23} 1.5 M FeClg 2392 HIy&F



Photolysis System for Water Spliting

reactlon
vial
© o
photo . OO
catalyst| °
Lyge Lrmez3
\[>
mirror
OO
ower suppl
Xe—lamp housing P PPY
Fig. 3-1 A Schematic Diagram of Photo-reation System



Table 3-1. Quantum yield of Fe*?2 in the KzFe(C2041)3 chemical
actinometer at 22 °C,

Fraction of Light Absorbed

Wavelength, A [K;Fe(C,0,),], M (! = 15 mm) D2+
5770
5790} 0.15 0.118 0.013
5460 0.15 0.061 0.15
5090 0.15 0.132 0.86
4800 0.15 0.578 0.94
4680 0.15 0.850 0.93
4360 0.15 0.997 1.01
0.006 (0.615 I.11
4050 0.006 0.962 1.14
3660 0.006 1.00 1.21
1.26*
0.15 1.00 1.15
1.20%*
3340 0.006 1.00 1.23
3130 0.006 1.00 1.24
2970
3020} 0.006 1.00 1.24
2537 0.006 1.00 1.25

2 Most of .the data shown are-thase of Hatchard and Parker;%°® values marked
with an asterisk are from Lee and Seliger.”®8



318 42 F BEH FHEQU KsFe(C204)3 3H20& 3H AZFE ¥ F
& Yol R@stdct o] AF 2 o] FEMo|x|xt Uvel 23| 3|7t Yo
U rgtztao g WHItgrt, 182 ferrioxalate £9& ClIEWE red
photographic safelight& A}23t= tAlofjA] 2] 25}4ct. 0.006 M K3sFe(C204)3
£ 2 3mAo] 4300A 71X S FH® (quantum yield) & ZoRE HE ¥Y
e FHUY FFE HEA &% 7tsdich o HUES 1 cn] F2HH
ol A 3900 A 7}2] 99 % o]e] W& F31H, 4300 AdlA = 50 %8| WE F
gt

0.006 M K3Fe(C204)3 RNE A Z3}7] $13te] 2.947 g o] F2A AAFE 800
ml2] o =¥ 1.0 N HzS04 100 ml& ¥718l2 1 L7} HEF £ H71W
o} Fer28] ¥Ag A The 37ixe EE2Yg AMzsAth &Y (a)
0.4x10-6 M Fe*2/mL(FeSO4 6.08 mgS 0.1 NH2S04 100 mLoll &), &% (b)
= 0.1 % (by weight) 1, 10-phenanthroline/water, £ (c) 1.0 N NaO2CCHs
600 mL2} 1.0 N HoS04 542 ¥ 1 LE v,

&2 20 mL ®}2] SelAF 117§E £Y] 33 pipett L & standard &< (a)
Z 0, 0.51.0, .... 4.5, 5.0 mLE A3 X z2tZte] EelA Ao 0.1 N H2S04
& H7I8le 10 mL7t H=F st 2e|avtA of 2wl (b) €92} 5 ol
8] (c) 8AL MY F A HL ¥ 60 min o]A RAJIYPct. 2 £ T3
T 51004 ¥}AOJA] 1 cm pathlength A]& cell & AM&3}ld &A st
Fe*2 2H2o Basmr] FHE (log lo/]1) = IAHEE F2AL

-SRIl A 8] el MIIE A7 M= J LY HX 2 ferrioxalate &
dg grlel AAASL We HAth VEEAE AeEd AW S BA
F3] Vi pipett 22X FHIA ST WS Rols & A&7 A

A9 HAE FHAINEAN &A& AojF ot} Fer?/mle] FX7} ¢F 5x10-8



moleo] BAHE 4 UEF WL Ro|ls AASE ZRAJIATE. tRX Fge WS
2Q ¥, £9& A AojA Fy 10 mL(Vz) & &S Ry 25 mL(V3)e] &e}

A30] Y=t} &3 A phenanthroline £ (b) 2 ml2} 2]3]Z photolyte

W

Ful o] ofilo) Gtz F3Y buffer & (c)& HIsidct 2 g &
A 26 oL F-¥A7t2] JFY F, A AHolA 1A ¢ B3t 2 g H
22 89 A Rslo] W Ro|x| ¢l reference beamoim blank & A}-& 3}
HAY std FZAololA 5100 AojA &g EFEE

t}. 1 cm, 5 cm =
ESGAJHCE. HHEE F¢oll B H Fer? o|Z8 == Tt Tol A4S

6.023 x 1020 VyV3 1logio (Io/1)

Fe*t2 = — (A 3-1)
Vo L-e
o] 7] A Vi = 3l ZR9l actinometer £2] Eyu| (ml)

V2 = €4 317] #3iA T F3 (ml)
Vs =V27l &3 AA E HFHI (wl)

logio (Io/I) = 5100 ANA &SAHH LY optical density
L = SXF=AY cell Zo]

e = Fe*?2 2E5° ZYUFHIAS (2F 1.11 x 104 1/mole-cm)

3714 @olA Fer2 o] &2 4, HHY mpAol tiyt dretd] Zh W =<
N7, #eA LA o3 F4H Wl B AEsld QAFY ME T
Ao A Arstdct,

Fe*2

— ————— quanta/sec (4] 3-2)
Pre*2 t(1-10-elAll)

Io -



$lot B WHLRE A HdEE HEARBo uiet EEE NS ARYA W
o]3] Fe*2e] EdsEr] FFX (log lo/1)8 A (Table 3-2)F 3},
REARAE 2 SIEcHFig. 3-2). TS 0.006 M K3Fe(C204)3 &< 1 mLoj
(b) €% 2 mL, (c) &Y 0.5 nLE M7 ¥ E& A7t JAF 37} 25 ol
7t IR 270e] AEE WE F, WAL ASE(NE A) 60 sec 52 Xe Lamp
of #Ho|i t}E Shu=(Al® B) FEE& AlF1A] WYL reference YL ZA
g8t ol@A A JA Y UV absorbance Ztol 0.9560] urgiri. &4
H AekdoA o] 2 [Fes2] =0.118 x 10-3 [M]ollA] 33ty & U

ZQl Z2] ferrioxalate &%ofA 0.118 x 10-3 M&] Fe*Zz o}2o0] WAE

&
gt 2HEE PHH o2 & 4 (3-1)of 93,

6.023 x 1020 x V; V3 log(lo/I)
Fe"'z o e - - - — —— e

Vo2 | e

6.023 x 1020 x 10-3 L x 0.0251 x 0.956

103 L x1 cmx 0.8 x 104
:_0.167 x 1019 )

Che2 A 3-29] &3] YAzl A7l Io & 3T

Fet*2

Io - —

Pre+2-t- (1-10-¢[R11 )

= 3.08 x 10-16 quanta/sec

o] 7] A Fe*2 = 0.167 x 1019, $re*? =1 & 718, (Table 3-104)
t = 60 sec, e = (0.86 x 104 1/mole cm

[A] = 0,118 x 10-3 M, 1 =1 cm



%

T

Table 3-2. [Fe*2?] & Ede %o 3t FHx FHA data*.
[Fe*2]  (x10-3[M]) =

0.000 0.0025
0.012 0.1103
0.023 0.2175
0. 035 ' 0. 3060
0.047 | 0.4049
0.059 0.4955
0.070 | 0. 6036
0.082 0.7015
0.094 0.7292
0.106 | 0.8472
0.118 0.9590

_ - R | e

s B32120] ¢ 1 cm, ¥# : 510 nn,
71 7] : Varian CARY 219 spectrophotometer

ref. cell :
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Fig. 3-2
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2. T4 4 W IxEY AL

ZH S AL EN UNE g4 7|A AZutEHT(GC)o IA
E43tadct. 6C 4 Z2T2 Table 3-3 3 Zom, o] ZAUA FojA A9
AZntEIPRE Fig.3-30] Uehldrth. 49 BFFEHS HlAE E€AF
AoA FFY 3| AZI 1A EETILQ] 1 % He/ NoF AHESIE LN, &
il A 859 BEINAE 47 0.5 oL gas tight syringeE2# FYT ¥
peak height& W|3fA Festdct, ztz}e] Fojd o] ozl UEF 449
Y& viA|Ztoicl S st (23,38 HX)
o] gzt ol &Y FF W FAEH AHoA FEHujo] ciyt FAlrE(Ds)

<= A 3-3o &3] Aitstsict.

NB ta CDA
Pp = - Al (3-3)
na tob
of 7] A ta  : actinometry £of W& E[QA|ZL

b Mg Eo] W HUAD

NA : actinometry ojjA AWAH Fer2e] T

ng : A=Y =7

P : actinometry £ oljA Fe?2 OUIFR}4H

TiOz F&n] A]A”AE 1E5¢ 1.67 x 10-3 nL7} U 3lgct. &, 1&
2t 0.74 x 107 [M]8] 47 8=t U8 FLST S8 AHAA 15T

g Fet2?] E4+= 0.118 x 10-3[M]o]lBE 4] (3-3)2.8 FE Ti0, I

nj2] JFRAES

0.74x10-7[M] x 60 sec x 1

0.118 x 10-3[M] 60 sec



= 6.3 x 10-3 (A7IA Parx= 12 7HAR ST}

0.63%71 @ojFrt. o] actinometry of &3t HHE SHHUZ vl FAE &
Boll ALSH actinometry EE8 92| S} BIYNSOT AR BUY
SSE PA SASTA BELE wasts Pholth.  IPES oS
heterogencous ¥ H&u} Mg AAue] Hgx FUY Wz SEE AY 4
Gt BAEe 2T At B3 2o RPN 0 A BN AL B
REol ST} BolmE Ma BEsjo] B B ¥ FHsA U 27 ¢l
o webd 910 BES FZAUNME BEUY o] Fhuel wet W
¥ 447t UHIDET BAEE F/HE AE @A Mt BIFUA 3
of Stol M B TS AYUSA Fston Yol UAW olAY BAAS
B2ty s el AAMY BEE 5% A9 vzt v B
24 BEES EWUo| vt Azt



Table 3-3 F4AEME ¢t 6C 4 =24

Experimental Conditions

GC
column

carrier gas

HP 5880 GC

178" 6ft, stainless

Porapak Q@ (80/100 mesh)

reference column : 30 mL/min., N3
sample column . 30 mL/min., N2

see Table 3-3

oven 50 °oC isothermal
injector 100 oC packed column injector
Detector TCD, negative polarity, 150 oC
Sample size 0.5 mL gas
b.4udo
0.1% H»
= Ba.3H
qu'q'
KNP DYSUH MHNUHL LNJECILUN ¥ 11234 HPR 1, 1991
HREH #
RT AREA TYPE ARER - %
B.y6 v3.7Y 8 9.44Y9
V.36 9357.13 FH 79.2%7
Y.4934 331.6Y AH 2%9.34944
TOTAL HRER = 1362.51
MULTIPLIER = 1
Fig. 3-3 Chromatograms of Hz, 02 gases. Analytical condition



A 2 A2 ¥ FulRA TiE A& FLAR

1. Suje Ao 53

¥ AYME Ti0, FEolT Uzt Pto} Ru0 9] mlAlRt YAHE BA
AAN THE FujA 2 o] R $442 APE +Usc). o] Fuj: of
718 AJEfe] Ru(bpy)s*2¢] HzpHolof 2j3jrx HUH methyl viologen
(MV+2) 2} Z+2 electron relayZ} BAE = A3 utZof 23 F40 Al
a7b 4™l Fol WA AT o] AAHWL u]H methyl viologenol
& Aet= ggo] B HACHD) | o3 F o glojA FHujgzle &
olol: HFZtA|gte] Aol Ti028]  conduction band (CB)7} electron
relay 24 2}&¥ch.  Ru(bpy)s*2/Mv+2e)] 7123 B¥ L2 Zuj L.-?-'-_’a‘. €
Aol pH, dye 55, 2= T2 ARES &2 E3o] olF H¥E nx&7}
of th¥t AF7F B3 F 3t} electron relay7t gl & Ystolre] HEE]
FEF2A 7L e dejolA UV Wof 2% Ti0z¢] band gap o 7] (excitation)
of ci¥t A¥o] Mol ghrt. oYY AME
(mechanisn)$} #HH 2% FEE #59 4 iz 7lch= At

E Ao A 232] Fig 2—60jlA A3t B Eaf 28] 723 2

I & T34 UE71F

2

A AHE AASIA o] AXE A 3o 7]4% CdS ZnS/Pt/Nafion film H&
miste] 44 wbd Ao} vRPo TN Boh SN Fu) AlANG sLst
2} steich.

Zoje] Mz S} Yol o]FojATt. Ti0z Y=loj( J.T. Baker Chemical

Co. 2] 'Baker Analyzed’ regent) RuOz (Aldrich Chemical Co., 99.9%)<

rlr

5-10mg B 7}8t F TiO2/Ru0z of PtUYA}F loading Al ZiT}t, PtEF U3+ U

HzPtClg 8- & A 23t ¥ citrate® VU= g 22 ol F o] Mg (YR} ¥



{30A) PtUx}E A|d YL TiO2/Rulz &=}t M -2r}-E photoplatinization
A7l el sdrt

w dFoAM e FHR YHE Ao, o] ¥H oA photoplatinization
L AlA]FtE )3, Photoplatinization A HzPtCle (3 mg)3} 4% aq.
formaldehyde £ -& 12 mg?] TiOz2/Rul; &} H&F EZA 20 mL7} HEE 3}
drt. I thd N2 Z]Alo] &3] deaeration ¥tFE 1 KWe] Xe Lamp ollA] 24|zt
%5t Ro| Pt o] & conduction band electrongo] 2&l3l] 3dA|F ).

TiOz &] valance bandofjA] WA E hole & formaldehyde®] Al3lo] 2] 3] A
AHAS, olwl Tio, Ewelol Ru0; Yo Atk chTAL o] Mol &
Y& centrifuge ¥ Tl A5 W< HCHOLY & HHRF AR3qct. dxH ¢
Alofl= 1 g&] TiOz of ti3] 80 mg®] pt7} loading ¥ ¢lt}. H2PtCls & =&
Z2AYOZTHN pt loading & XAY 4 qAdrt. ¢ F71*] 8 pt loading
HLE AL bvie¥ FAE X|dr). a3} citrate reductionol B3|
photoplatinization o] ZI#H &3 ¥ o] 435}c}4.

o 7| A A& HaPtClg 6H20 = INUISHO PRECIOUS METALS CO., LTD. I
Al S A}&38}glt}. Methyl viologen dichloride hydrate (98%, Aldrich

Chem. Co. )& electron relay &4 A}L3l3 HFZZHAH 2 A}L3¥F Ru(pby)s*?

& the 3t ol wstarh

2. Ru(bpy)3*2 2] A,

Y JEME HYU B3 FHLEY 27X E USS= Fs FH
-3

tlo
R

=ABA (tris (22’ -bipyridyl) ruthenium (II) %= (Ru(bpy)s*2))
o} ® AN BN FULE AssRon of AEY FLUYL S
T}.

o] & vl o] A dtdrh. 1.0g2] RuCls-nH0 2} 1g2] bipyridine
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Fig. 3-4 UV Spectra of Ru(bpy)s*2,



& 50 mL2] DMF (NN’-dimethylformamide)o]] Y31 ¢F 3A|Zt5¢t M oA 714
stadch. o 3A1Z o DMF7E M3 U of 10 ol F YT A St
o] dolgl= DMF £%& tetra-n-butylammonium chlorideZ} X3} o} &9
A3 718l ol Ru(bpy)sCla7t B8EHATE., HAW AYPsS AZsA
P22 AJRSIEOom o] 2E UV-vis A2 F4 spectrund Fig
3-42} ottt o] HUELS 286 nne) UV G 7x|#AH 99 450 nmof| A
F4¥olad g 7IABEE o|HUES Y spectrum HTti F4IHFQ 500 nm 24

<3S ¢ + dAdrh

3. ¥ A¥Ead
ZHXAFA oA FAUY 5 11 ol Y02 Yy SFYu, A
Ru(bpy)s*2 (2x10-4 M), MV*2 (5x10-3 M), TiO2 (50mg - 100mg)& Al-&3}4 L
M Pt loading& % H2PtCls 6H20 & %2 10mg - 20mgS 2|3l Ru0z += 10
mgS AH&3HlcTh. Fig. 3-50A A|Zte] wiE $4HWATE &9 Uk o] A
HR2AStA LU A7t ¢ 0.1 nLe] 471 YA E A E4 9
=dl, ol ol 7|&¥ 3HoA AR Ful AA% Hole of 267ty o Y
2 oY olddrt. gLt ojuf AME¥ Foje &2 F A|LAE T I
ct2ch o] AHoAME & 70 mgd] FulE AHEIIHA L2 3-2] = &4 10
mge] A FHuof ¢lo] ¢F 1 mg F=o N U7 UFHA U FulE AHE
Tt r
FolE #o A=Y & ulel A2 ohF M2, Rulbpy)s*is A7 F
S AA] YW Folles FFE A8 activation A|ZE HLE T

3027t Xe Lampd] W& HUF FL2UAFE SFUEU = 0|

b

A& %
2%t 84 Qglou Th g AFe] FUE N2 purging T F 02N F
3 3

Sule A& RHul o @2 &2 $471 GANUCH Y] AdY saUED



o] AdFA} 742 A& F71 st =dl(Fig. 3-6), & 3A|Zt o] ¥ FE = tf&g
AT I F47F dAHACE. AHHBE FojEA Ptel Ru0z H¥of oyt
Ht-8-71F+ Fig. 3-7 3} Ltlé, Ti0z ¢loll FAH FF24AA = ol YN o
7153, 4718 FF5HA= AAE o471 WAHE Pt A2 9Z2¥ Tio:
BtE ] 2]2] conduction band® £Tl. ¥ Rulz= ES AM¥A]|H 2 HH
A4aE BPAIFIAL S*e SE thA] A¥|HTLL

TiOz ol AHA|= Prgol iyt 8 SFH7] 913 v B2 A8S
A A stedtt. Fig. 3-8 10mg - 30mg A}o]8] HaPtCle 6H20 & M7 ¥ &
U}t photoplatinization & AX Fuljol th3fx LY dHS & A
olth. TE HEEE EF U xUstolM AHE HAl dtgtt.  Micheal
Gratzel 7 & Pt ol ule} Hy A %o| F7I8 Lt %2l Pt oA 23]
ol E4tial Risigict, 2 & HYPoAs oA et o] Pt ol u}
e} T4 Fo] F7I5tA| sttt o]= Ti0z 50 mgd 1 - 4 mg®| PtE AH&
3l Micheal Gratzel?] Aol v|3] UF WL 428 Pt7} AUV wi&
olel BZtHcrl. PtI7}l gl FulstolM e 47 WA gadrth

MV*2 o] E3H -Y3loflA Ru(bpy)s*? 2 ofefjet @2 HApHo] Hlg& A

A deactivation HC}.

*Ru(bpy)3*2 + MV*2 —> MV*! + Ru(bpy)3*3 ------ (1)

o] Wkgo] bulk EollA Yojgto] wlel MV+ & Ti0; YAEHOE HArHT).

o] ¥k-g2} ZFBA LR HtZ I AtLo &3 FTdo| Yojudrh

Ru(bpy)3*3 + MV* >  Ru(bpy)s3*2 + MV*2 ————--- (2)

MV* + 02 D MV+2 + 027 -----mem- (3)



o] ¥ FANGL &Ko) ATt g Fo] wiel 6 ¥ Yol Yol o}
1/73 atm®]| 4tAQUYHSloA MV 2] To] @F 5 usec ¢l LT HIAFI )
th. £ FE3IF LAY HME M LE KE Tio: YAIRY AR
FUol &R gus o|UE e dojuof ¥t UAIY FEIL F7iEA wel
A MV+ oA Tioz 2 AxatFglo] el dojd Zoltt

2 dFode A d W AR FgstelA 4 FAE HY FUIEH
TiO29} BAY H7IA Y HF S AmEdrt. ¢F ¢ ol systemo] o] =
AY BES Y4 A WS A7 Hado] 3o & Aoy 2
FAURBEI} 2 3- YL tIE Fuldty s4aUY AEE AU EH
Hrh o &3 FEFuALEE AT AFE AG £8Y oA Folrt
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Fig. 3-5 Time dependence of hydrogen generation by irradiation.
Reaction condition : Ti03 50 mg, HzptClg-6H20 10 mg, RuO2 10mg,
[Ru(bpy)3+2] =2 x 10-3 M,1 mL; [MV*2] =5 x 10-3M, 10 mL; T = 25

°C. Photo-platinization time : 2h,.
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Time dependence of catalyst's activity. Reaction

10mg, H2PtClg- 6H20 23mg, RuOz 10mg: [Ru(bpy)szt2] = 2

x 10-3M, 1 mL: [MV*2] =5 x 10-3M, 10 nL.




SENSITIZER / COLLOIDAL SEMICONDUCTOR

Fig. 3-7 Schematic illustration of the process involved in the
dye-sensitized decomposition of water, S: sensitizer R! electron
relay.
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Effect of the amount of Pt on the water splitting

reation, TiOz 50 mg, RuO2 10 mg, [MV*2] = 5 x 10-3[M], 10 mL:
[Ru(bpy)3*2] = 2 x 10-3M, 1 mL.




A 33 H SuE A CdS-ZnS/Pt/NafionS A}L31
TAFHZ

FHujEHN CdS YAE AHEFF FubFol iyt @& dF47F BilEal s,
FE o] HZoM= &Yool Fit-§ FHul suspensiond]] WS HULEH 4
E WA FAC}, F3J| "sacrificial donor” g} Eelv= HAFTA 2 F
(sulfide, tartrate)o| F&oljel A o] & X it

2 A FoA= vt Fof UYRAEE polymer matrixol LA A|AA FuEE&
AR ZXN 42 WS F7IX7] WHE EF35t3dct. CdSe= polymer
matrix (Nafion)ol T}t Zo] A XS Qt}9, Nafion 2 Du pont of] A
AAtH perfluorinated sulfonate ¢Fo|-& 13&—‘?‘-?‘]% A3t Nafion ¥

e Cd2*s XY &YKo €73 Nafiono] 8l ol Zlg]of Cd*29]

SOs3- Na* SO3-
+ (Cd*? > Cd*2 + 2Nat
SO3- Na* SO3 -
SO03- S03- H*
+ Cd*2 + HS — CdS
S03- SO3- H*

Zo] o] Zi¥o] oL} NafionEHo| Z5tA ZARURIcE Icks o] filmE

HoS gas® A |3 8 CdS Y A}7} polymer matrix LjF-of & AHZc}.

NAZAL HASHA ZAYORA el cd'2 o HS o Mg o
lEo 2 X CdSe) g ZAY 4 Yo}
Mediator Ei relay M 2gsts AIBARE o] 3¢ AW 4 4

Cl. ol&§&™ Nafionol]l CdSE AGAIZ Fof ol 3o &3] methyl
— 43 — *



viologen (MV*2) & FUX|HAA Nafion/CdS/MV*2 & RtS4

A Mol 3ty & HuU Ye FHULEY FEHOFT HIte=Y oA
CdSofj A A8/ A=A MV*2.& BUAAM MV & &7 uj

g ABARYU  FUAIE 4+ Urh. A &EW  Nafion  film&
Pt(NHz)zIz20l ©7HE ¥ NaBHs 8¢ oA AHe|std Pty 2hufjo] F¢ ¥}
o] film& 0.1M NazS & (pH=13)e] €Tl WS 2o|H t}F Hkgo] Yofr}
o 471 B8}

CdS

2S-2 + 2H20 —> S92- + Hy + 20H-
2h v -

CdSe| AZAEX+= a (cubic)?} B (hexagonal)Zl QoA &Fufe] H&of F
83 9¥S oA}

12 Suljol A Hrp o] s4F BPA717] #3A Ptel T2 HIFEE A
€31t & dFY 1xd XA = Nafion/CdS ZnS Fuje] Ao} EH2 &
4 R FZol s A3 ZARE vf Ul & dFY 2AdEA =
Nafion/pt/CdS ZnS &ujo] cth3] FHgE& Al A3} 1xdxef v|3] T2 5
A7F B HEE gt Etopyel Pet&ojr4l Pd W Nig A EUSHE $4
LAFe] F7hE e a9y AHEEH Ru0bE& HIISIAL Y9

2Ae AP esy Brt d A&HA FujA 2 TE 4 Qdch

L Fuje Az Q54

BE Znfe] A Ro] Nafion R 117 (perfluorinated membrane, 0.007 in
thickness Du PontA})&E A}&3%tgc}t. Nafion filmE A}R3}7]|3 &= HNO39j|
A AEF, tiA] JF= FFTE MY F AHESIct. HA Nafion filmo

Pt& A3l U317 #1834 &2 HzPtCle 6H20 &< (0.25 mM)oll HEHE 2
— 44 — | .



- 3 A ©@tol Frh. Pt #HFo] FFH Nafion film& oj¥ol= 0. 1M
NaBHy -&of 315 5<¢¢ g T4t old FAEE A7 WA A=Y o
+ Nafion film®| MM EHAM Pt 2Fo] Pt FEHUXE FHET7] wEolr)
ol Pt7} UHI HYHE B FHTE Mol A& dlrt. Nafion filmo] 8l
ojA Pt X Pt HEEY ©HF F= A wet 2FE 5 At
o] 3] ¥ platinization CdS-InSE ¢13]7] o o]Fo] Hon, CdS ZnSE ¢
3= WS 1XAF oA o] &uj& Nafion filmof ¢J3|= WA YT WH
& AHE3tAA T

Pt ol cth4l Pdz} NiE % Nafion/Pd/CdS-ZnS &uj B Nafion/Ni/CdS- ZnS
Zoj & Azstdedl pde YUZ$ PAClz 0.5oM &HE A}E3td T, Nig ¢
d A9 NiSO4 6H20 0.7mME& A}E3RA ¢ plétinizationl}?@:*} =dJ A
& AHAAHM HRstgct. Fig. 3-9 (a) (b) (c) oA+ AHZRE Z4 Huje] FH
£ Scanning electron microscopy (SEM)© & ¥¢i3dt ZHlo|r}., Nafionof ¥ A
2 AATE (a- o B-CdS)E AZWHol me A S Zsho SEvel 25}

Fw2l AdIo] dojAH A xo]st YElEen B-CdS (Cubic)7l a
-CdS (hexagonal) of uvj3] EHo| HX AHHgct & AHolA AHERE FuofA

A

2L [B-CdS ZF & BEstes WHeld o, SEM AL R HOE e EH
°| «-CdS (hexagonal)®t= THE AH B-CdS A% Befol st}

Pt} ¢l& 2zl Nafiono] CdS ZnSE cl33 L& v og Qldct wHx 0, 5M
Cd(NO3)2 4H20 2} 0.5M Ni(NO3)z H20 & Z+Z} 10 mlL®) Z33F 98 A 2§
¥ o] &dof 103 HI/HFHTt. Nafion B%b& ZAuolA H:S 7} 38 <
£ 30 mLoll Y31 magnetic barE ¢} {0 A FUcrt. FulEF 7oA
=2 ¥ A3

2L Wy o g Nafion/Pd, Nafion/Ni $Jolx= CdS FH2 ZnSut UF Fnoje}



Fig .3-9. (A) Scanning Electron Microscope Images of Surface of the
(a) Pt/Nafion and (b) CdS:ZnS/Pt/Nafion,

— 46 —
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Fig. 3-9. (B) Scanning Electron Microscope Images of Surface of the
(a) Pd/Nafion and (b) CdS-ZnS/Pd/Nafion.



(b)

Fig. 3-9 (C) Scanning Electron Microscope Images of Surface of the
(a) Ni/Nifion and (b) CdS-ZnS/Ni/Nafion.,
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K20 .0 TILT= 0.0 TKOFF=32 . €
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Fig.3-10
EDAX .

12-APR—-91 14:448:88 PEAK TDENT

RABTE= Z26591CPS T IME = C8L.SEC
FS= CAASCNT PRST= 288L.SEC
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S K
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!
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Analytical results for Pt, Pd, Ni on Nafion polymer
(a) Pd/Nafion, (b) Ni/Nafion, and (c) Pt/Nafion.

by



(a) sample

PARAMETERS FOR SCAM FRIM 214388 10 2{45.08 4 Comgents

Integration tine. 3.00  seconds. PT 7/ ¥ ( S0al DILUTICH )
Resolution. .88 Angstroas.

Intensity

2144, 514 T4t 4o
6.0 + 21432214 21 2 21 21 21 21 2143 2143, 2 21 2 2y 2 214408 RI44.5 2144, 2 24 2 21 2144.98
3.4

316.8
277.2
¢3/.6
198.8
158.4 1
{18.8
79.20
33.66

| | v Wavelength.
2143.00 2143.20 214346 2143.60 2143.80 2144.80 214498 2144.40 214468 214480 2145.40

(b) pure pt 10 ppm.

M F 4.6 10 214 Lomwents

integration lime., 3.88 seconds, PURE PT 18 PP (2144.33 R)
Resolution, .B28  fArgstroms.

Intensity
o144 .20

7163.
6452,
3733.
218.
4381,

ctel. T

2l T
W3 T 2221220242120 21 243 2143.28 \ 2 2478 214456
76.9 -

2143.88  2143.208 2143.40 2143.60 2143.88 214488 214420 214440 cl4d.08 2l44.B8 TIH.W

Wavelengih,

Fig. 3-11 Analytical results for pt/Nafion by Inductively Coupled
Plasma : (a) sample, (b) pure Pt 10 ppm.



cdS ZnSE A YW Fulg Azstdrh. olF 2z FulolA polymer #of &
3 AA REN g2ty RAE QaE Us7] A QUFY RAS w2

A &AstHEct (Table 3-4).

Table. 3-4 Polymer $]o] & X v¥lx A Qlx}e] oF

e " - e el ool Wikl

System (1 g%) CdS ¥4 (mg) ZnS A (mg) CdS ZnS XA (mg)

1. Nafion/Pt 71. 21 23.6 37. 4
2. Nation/Pd 33.8 42.7 41.0
3. Nafion/Ni 61.7 36. 2 37.6

ol Nafion/Pt/CdS ZnS 1 g % CdS ZnS &] &2 ¢F 37.2 mg ©o]Qc}. AR
&l systemof| A| Nafion Polymer $Jof & 3 Pd, Ni& EDAX (Philips Co. PV
9900) & B3 BUY 4 2drct (Fig. 3-10). 234} Polymer $lofl 433 Pt
= 33| p|gfo] X ¥E|o] EDAXE HA¥ 4 ¢lodct. 28 2& Nafion/Pt 10mg
= HNO3:H2S04(v/v 50:50) 10mLo] Q1 ¥ cCjr] & 50mL #3F c} ICP
(Inductively Coupled Plasma)E§ o]&3le] EA3lgct (Fig. 3-11). o]uf
10ppm Pt ¥ F-& 3} v|a3lq 50 mL-&A<o] 0.07 ppnd] Pt7} USS HUY
T %t 3 EER FAR A EE ¢F 3.5 ng?] ofF njgke] Ptr} 10

mg2] Nafiono]] Y3 A Qladc}.

2. sty AEAH

T AYo] AFSY FY U FAENS A 1o HEY A T2
B & AHEStATt. oA AR FujY FALUPFANE BRI €A
Fig. 3-12 of el gicy.




T4&APAZAA Pt, Pd B Nio] #4480 F2¥¢ S 3= A& ¢
T U3 olge| ¥ Ti0z oA Pty HE (¥ 3-7)3 2 S ¥
1 BZbEch Nig]  BPrtii 32 471 YAEHA=Y o/ 2% 3-9
oM B 4 slxo| zare] Nio] Nafiono] 432 zlglojrin AZHE o=
A.J. Bard?] HA=}7 oA Pt2] loadingo] 4 wt% o]A4to] HAZu= 238 $4
o]l oS AR A zojrl.

a7 3-120] A= CdS-InS& F Ao AR A o] CdS E+= ZnS & Nafion/
24 Fojol A v3] Ko} g3 471 YHE S AUrt

T4 YAKSEE Ao Ao me} tih EolEs AE HUE 7 A
Ch. Aol 1XTTE & A0ulBE BEEH= T471 & 20A|0 3 A
AF ol AW o 0uLE AYEE7 EoE &uiel BP0l R4LHS
4 olgtt.,  o|F A activityZ} BoAAX= RS A o] Ao uiel A4S
A ECl FriEdHe BEH= A d¥olet AAHY, oS B+ Ed
wold AMA=E de BEE HAEES 5 AT

AAFA S2E AHEE = NaxS 4 HH =& Yolh7] sty sEH 3o

i3 ALY LU BEFE AL S THFig. 3-13). ¢f 0.5M2] wXolA i3k

L

,-m

A& FZRA1F|7] £I% FulEA Ru0:E HIIY F 2 93§ ZAS]
Att. Ru028] & 1.2mg - 6.9mg7}x| HEA| Ao FALUBF AojM=
HrlE xjo]& Ro|x] Quri. 2r} £Aoj 0.05M & SDS(sodium dodecyl

sulfate)& 1 oL HE 7% A3} Ru028| ol F71%del wiel Hy PR gFo] F713%

al
¥2.
Q

RuO22] H 3% 1§ 3-150]A &} T2 %¥H-§ mechanism® ® HAEH
ol 23] g™ WEAA AxI} FEAlA ARl T30 E2 AL



Aol TAZCE o] ASo] W band gapE X CdSe} AL ERL A
A g9 YoMz S A|drh o] Ffo uf$ BAol & AHSuE
82 322, & M= Ru0zE AHESigich CdS7t /8 &5 ‘;&1%1
ol trl&2} o] CdS 7} 4t¥E o H(sulfur)o] BEEHE= F FAlo] dojd

c}.

2h* + CdS ——> (Cd+2 + S
2322 Rulz2, Ru03, EX PtE CdSETHo| gy o8 H 33 Halg ulx|sli

hole®] ®¥H-§&-& &o| A¥FHE &2 ¥ + AUT|.

4ht + 2H20 > 02 +  4H*

Aux] o] I miA B mlM B AHE AT SDSY AR AY
stdt} (Fig. 3-16). U AU ZAoIM SDSE A/ A$ (a)e F7psix|
AL A9 (b)ol F2tAo) glolq xto]& Bgch. SIS ¢ ionic fielde
FRE At A2 27 AW 4 Atk &, AW spS £ Wl 23
N FEH N Axiet Fo| HeE F71A4917] "ol Ru; 7t B A
sisted o A o] Pty B YA =Y U aYes g o
£ Qltl, J#HE=E 0.05M SDS 1 mL & XEHUZF 0.5M NazS A Elof] Q=
Nafion/Pt & Pd/CdS-ZnS &FnojslollA 7FA e $£471 WA 319 3 (Fig.

3-17), ¢} 25 mg?] Fujrp&Ajo] A7t 0.06 nLe] 471 YA SHAATE
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Fig.3-12 Plots of the catalyst’'s efficiency for Hz generation.

Reaction condition : 0.5M Na32S, 10mL + catalyst : 1.CdS-ZnS/Pt/Nafion,
25 mg. 2.CdS-ZnS/Pd/Nafion, 25 mg. 3.CdS-ZnS/Ni/Nafion, 25 mg. 4.

CdS- ZnS/Nafion, 25 mg.



The Amount of HZ2 Generated

Peak height (cm)

Fig,3-13

Catalyst :
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Rate of hydrogen formation vs NazS concentration
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Fig.3-14 Influence of catalyst concentration (RuO3z) on the

efficiency of light-induced water splitting :(a) no SDS:
(b) 0.05M SDS 2 mL addition



COLLOIDAL SEMICONDUCTOR

Fig.3-15 Schematic representation of the generation of hydrogen in
colloidal semiconductor. Cat 1 : Pt. Cat 2 : RuO3.



0.1

b 0060

Fig.3-16
splitting : (a)

Time (hr)

0.05M SDS 2 mL addition,

(b)

no SDS

Effect of SDS on the efficiency of light-induced water



\
/

eneroted{rmi

—

ihe arrmoont of Hydrooen G

0.4 BE—
_......._.,_...... —
() BB, frommemmm s o Oy — Il ﬂ .2 o
O 1 | | [
1 Z 3 4 5 8
Time{hr)
Fig. 3-17 Photo-generation of Hz from CdS-ZnS/Pt/Nafion., Reaction
10 ml:

condition : CdS-ZnS/Pt/Nafion, 25 mg: RuOz2, 10mg: 0.5M NazS,
0.05M SDS, 2 mlL.



3 1 2 8

 — |

1.Borgarelllo,E. ;Kiwi,J. :Pelizzetti,E. :Visca, M. iGratzel, M. Nature(London)
1980, 289, 158.

2. Brugger,P.A.:. Cuendet,P.: Gratzel,M. J.Am, Chem.Soc. 1981, 103, 2923.
3. Kraeutler, B, :Bard,A.J. J.Am, Chem, Soc, 1978, 100, 4318.

4. Kiwi,j.: Gratzel,M, J.Am, Chem, Soc, 1979, 101, 7214.

5. James,N,B.: Thomas, J.M*.  J.Am, Chen. Soc. /95:10/May 16, 1973.

6. Gratzei. M.: Ber. Bunsenges. Phys.Chem., 1980, 84, 981.

7. Borgarello,E. : J.Kiwi: Ezio Pelizzetti: M.Visca M. Grazel®
J. Am. Chem. Soc. 1981, 103, 6324-6329.

8. S.N.Frank: A.J.Bard. J. Phys. Chem., 81, 1484 (1977).

g. J.P.Knczynski: B.H.Milosavljevic: J.K,Thomas, J.Phys.Chen., 88, 980,

(1984)

10. A.Mau; C.Huang: N.KaKuta; A.J.Bard: A.Campion: M.A.Fox: J.M.White:

S.E. Webber, J.Am.Chem.Soc., in press.



A48 2 E

AFolA A2 7R Ful A|ARE AHEA Bl A&HOR s4F5 U
Al e & AESATh A=, Tio: WEANE o] &3l AHR2pHo]
TRt Gl A LRE NEste olf HeE& HIAIAT) o] FujAlA®ES
M7 YAV #58 28-S AHESHA] i U] SR dEAES AR
o223 ZFujA 7l Z1dtgct. F 50mg TiOz2, 10mg HzPtClg 6H20 =
photo-platinization® ujE 5x10-3 M MV*2 10mL, 2x10-3 Ru(bpy)3*2 1 mL
of AEo2M AR oF 0.1 ol8] s4F A2Y 5 s FuALEE Y
st ct.

2 dAFoA YUY F Ha) A A=Q] Nafion/Pt/CdS-ZnS Fujr] A=l HS$
ol 25mgol] th3l| A|% ¢F 0.06 mLe] 43 o] ZHsdtact. olu Nafion/Pt
#lo H7E CdS ZnS2] &2 &3 1 mg FEo|QlBR o4¥ UENL i
o2 AA¥u= ¥ 37t ¥ X Eo| Acta & ok AU HR
4888 o8& W Nafion Hilo QU A= Sy e LT
A Azt F57F B o] A&Ad RHujr| Lozt Al

do s FHufe] X4, pH 2 25 FFF 723U UAto it ¥¥ =
ZApsto] R AL FNHE A2 JYstaz}p et & 78 3AEE
£ ARMHo| ybgof iyt FER o3 ol& Y MEZ FFHAMY LUE B
tl &0 &2 FFWE 7YY AYo|cth



	MONO1199104847.pdf
	[표제지 등]
	BIBLIOGRAPHIC DATA SHEET
	제출문
	요약문
	SUMMARY
	목차
	제1장 서론
	참고문헌

	제2장 물의 광 분해에 관한 이론적 고찰
	제1절 태양에너지의 화학적 전환
	제2절 분자나 고분자 Assemblies에서 광 유도된 전하의 분리와 전자의 relay
	제3절 Polymer system에 의한 물의 광 분해
	참고문헌

	제3장 수소제조용 광촉매의 제조와 효율측정
	제1절 실험장치 및 방법
	제2절 광 촉매로서 TiO₂를 사용한 수소제조
	제3절 광 촉매로서 CdS·ZnS／Pt／Nafion을 사용한 수소제조
	참고문헌

	제4장 결론

	[title page etc.]
	BIBLIOGRAPHIC DATA SHEET
	SUMMARY
	Contents
	Chapter 1. Introduction
	Reference

	Chapter 2. Theoretical considerations on water photolysis
	Section 1. Chemical conversion of solar energy
	Section 2. Photoinduced(Phtoinduced) charge separation and electron relay in Molecular and Polymer Assemblies
	Section 3. Water photolysis by polymer system
	Reference

	Chapter 3. Preparation of Photocatalysts and measurement of their efficiency
	Section 1. Experimental design and Methods
	Section 2. The production of hydrogen using TiO₂ catalyst system
	Section 3. The production of hydrogen(hydrogn) using CdS·ZnS／Pt／Nafion catalyst system
	Reference

	Chapter 4. Conclusions

	칼라



MONO1199104847

79

1991

과학기술처

광전기화학을 이용한 수소제조에 관한 연구 ,제2차년도

[표제지 등]

BIBLIOGRAPHIC DATA SHEET

제출문

요약문

SUMMARY

칼라

목차

제1장 서론 18

 참고문헌 20

제2장 물의 광 분해에 관한 이론적 고찰 21

 제1절 태양에너지의 화학적 전환 21

 제2절 분자나 고분자 Assemblies에서 광 유도된 전하의 분리와 전자의 relay 30

 제3절 Polymer system에 의한 물의 광 분해 35

 참고문헌 38

제3장 수소제조용 광촉매의 제조와 효율측정 39

 제1절 실험장치 및 방법 39

 제2절 광 촉매로서 TiO₂를 사용한 수소제조 50

 제3절 광 촉매로서 CdS·ZnS／Pt／Nafion을 사용한 수소제조 60

 참고문헌 78

제4장 결론 79

[title page etc.] 

BIBLIOGRAPHIC DATA SHEET 

SUMMARY 

Contents

Chapter 1. Introduction 18

 Reference 20

Chapter 2. Theoretical considerations on water photolysis 21

 Section 1. Chemical conversion of solar energy 21

 Section 2. Photoinduced(Phtoinduced) charge separation and electron relay in Molecular and Polymer Assemblies 30

 Section 3. Water photolysis by polymer system 35

 Reference 38

Chapter 3. Preparation of Photocatalysts and measurement of their efficiency 39

 Section 1. Experimental design and Methods 39

 Section 2. The production of hydrogen using TiO₂ catalyst system 50

 Section 3. The production of hydrogen(hydrogn) using CdS·ZnS／Pt／Nafion catalyst system 60

 Reference 78

Chapter 4. Conclusions 79

칼라

jpg





