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4.1  
ZnO

ZnO [1]

Y ZnO

[2]  

(Pd) [3,4] DMAB ZnO

[3]  

 

(CH3)2NHBH3 + 2H2O  BO2- + (CH3)2NH + 7H+ + 6e-  (1) 

NO3- + H2O + 2e-  NO2- + 2OH-      (2) 

Zn2+ + 2OH-  Zn(OH)2         (3) 

Zn(OH)2  ZnO + H2O     (4) 

 

Pd DMAB (1) ZnO (2-4)

Y ZnO

Y Y

[5-7]

ZnO DMAB
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Y ZnO Y

 

 

44.2  

4.2.1   

FTO 9  cm-2, AGC Fabritech [8]

30 nm ZnO

0.25 mol dm-3 2- 0.0125 mol dm-3 50 cm3

2-

723 K 30 FTO 15  

cm-2  

2- 1

(Pd2+) 0.10 mol dm-2

SnO2 xH2O

[2,9] 5.0 mmol dm-3 (AgNO3) 0~1.2 

mmol dm-3 (PdCl2) Pd2+

(DMAB) Pd

Pd

AgNO3  

Y ZnO 0.050 mol dm-3 Zn(NO3)2 0.025 mol dm-3 

DMAB 70 μmol dm-3 Y 200 cm3 pH 6
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333 K 343 K

423 K 30  

 

44.2.2  

UV-vis (Hitachi, U-4000) Y

(HPLC-MS, waters QT of 

MS / 50/50 0.5 mL min-1 L-ColummC18-ODS

40 ) EDS (SEM-EDS, Jeol 

JSM-6010LA, Carl Zeiss Ultraplus) X (XRF, 

Seiko Instruments SEA5150) X (XRD Rigaku 

RINT2100)

Y ZnO

1/4 (vol/vol 0.50 mol dm-3 0.030 mol dm-3

(4 μm)

(Hitachi F-2000) Xe

( 0.32 cm2) 300~600 nm (Agilent, 

34405A) J-V , HA-151B

350~1050 nm, 100 mW 

cm-2  

 

4.3  

4.3.1 Y   

(Pd2+) 0.025 mol dm-3 DMAB

Pd2+ DMAB Pd 1.2 mmol dm-3 PdCl2
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EDS Sn Pd

Sn Pd

SnO2 xH2O

Sn OH Sn O AgNO3

Ag+ PdCl2

Ag+ Pd2+ Pd2+

[10] PdCl2 SnO2 xH2O[9] Pd2+

AgNO3 Pd  

4-1 PdCl2

0.25 mmol dm-3 Y

(e) 515 nm Y [11]

PdCl2 0(a) 0.024 mol dm-3(b)

490 nm 525 nm

PdCl2 (c) 490 nm 1.2 mmol dm-3 PdCl2 (d)

490 nm 3

525 nm Y

490 nm

HPLC  

4-2 1.2 mmol dm-3 PdCl2

PdCl2

(a) 525 nm Y

(b) 490 nm  
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(a) 

Wavelength / nm 

4-2 1.2 mmol dm-3 PdCl2

 (a) 4hr (b) 14hr
(c) PdCl2  10min (d) PdCl2 30min 

4-1 PdCl2  (a) 0, (b) 0.024, (c) 0.060, (d) 1.2 mmol dm−3

 (e) Y  

(a) 

(e) 

(b) 
(c) 

(d) 

A
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or
ba

nc
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(N
or
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Wavelength / nm 
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1.2 mmol dm-3 PdCl2 490 nm

0.2 μm Pd 4 1.5 μm Pd 14 0.6 

μm 1.2 mmol dm-3 PdCl2 10 1.5 μm 1.2 mmol dm-3 PdCl2 30

1.2 mmol dm-3 PdCl2 30 1.5 μm

Pd 1.5 μm 10

Pd ZnO

  

ZnO Y (KOH)

[6] 4-3 Y ZnO 10 cm3 KOH

A B 0.06 mmol dm-3 PdCl2

1.2 mmol dm-3 PdCl2 Y ZnO

525 nm 490 nm A KOH

515 nm 4-1 B

KOH 500 nm A

KOH

1.2 10-5 mol dm-3 A 1.8 10-5 mol dm-3 B  

Y 490 nm pH12

9.0 10-3 mol dm-3 [12] A Y

KOH Y B

KOH A

515 nm B

KOH 500 nm

B Y

KOH HPLC-MS  
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4-4 KOH HPLC 490 nm

Y KOH 15.8~15.9 c Y

KOH 8.8~9.0
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Wavelength / nm 
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a 12.4 b c a

b B A B

a b a

4-1 3

ESI-MS Y

a b c Y 2 Y

3 Y 4

B Y

4-3 B KOH

490 nm Y

Y 4-1 PdCl2

490 nm (a) (b) (c) 490 nm

PdCl2
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4-1 ESI-MS  

 

Y Y

ZnO DMAB 1.2 mmol dm-3 PdCl2

4-5

490 nm

DMAB PdCl2  

 

 

 

 

 

 

 

 

 

 

 

Retention time 

/ min 

m/z 

(ESI pos) 

m/z 

 (ESI neg) 
Assigned molecular species 

8.7 ( a) 
333  C20H12O5 (fragment) 

 488 C20H10O5Br2 

12.3 ( b) 568, 570 566, 568 C20H9O5Br3 

15.3 ( c) 648 646 C20H8O5Br4 

4-5  
(a) PdCl2 +DMAB , (b) 1.2 mmol dm-3 PdCl2+DMAB , 
(c) PdCl2 +DMAB , (d) 1.2 mmol dm-3 PdCl2+DMAB

Wavelength / nm 

A
bs
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ba
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(N
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m
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(a) 
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Y 1.2 mmol dm-3 PdCl2

4-6 Y 4-7

Y

Y ZnO Y 3

1557 1458 1353 cm-1 COO CO COO

[13,14] 3

Y

COO Y

[13] 1.2 mmol dm-3 PdCl2 COO

(1559 cm-1) COO (1337 cm-1) Y

Zn

Zn

COO COO

 

 

 

 

 

 

 

 

  

 

 

 
4-6 (a) Y (b) PdCl2 (c) 1.2 mmol dm-3 PdCl2  

FT-IR  

1557 1458 1353 

1557 1347 

1579 

1337 1446 

1455 
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Y ZnO Y

ZnO Y

Pd DMAB Y

 

  

4.3.2 ZnO   

4-8 PdCl2

SEM PdCl2 Y PdCl2

Y 0.06 mol dm-3 PdCl2 Y 1.2 mmol dm-3 PdCl2

Y Pd0 Pd0-EY Pd0.06-EY

Pd1.2-EY 0.3~0.6 μm

 

Pd0 ZnO

SEM ZnO

(0002)  

4-7 Y  

COO-

O

Br

-O

Br Br

Br

O
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4-8 Pd0, Pd0-EY, Pd0.06-EY, Pd1.2-EY SEM  

Pd0  

Pd0-EY

Pd0.06-EY

Pd1.2-EY  
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Pd0-EY

Pd0.06-EY Pd1.2-EY

ZnO Pd0.06-EY

Pd1.2-EY SEM 50 

nm(Pd0) 130 nm(Pd0-EY) 250 nm(Pd0.06-EY) 150 nm(Pd1.2-EY)  

4-9 Pd0-EY(1.1 μm) Pd0.06-EY(1.4 

μm) SEM  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-9 Pd0-EY Pd0.06-EY SEM  

Pd0-EY 

Pd0.06-EY 
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ZnO XRD  
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ZnO (0002)

[15] Pd0 ZnO c

Y Y ZnO (0002)

c [16] Pd0.06-EY Pd1.2-EY

ZnO XRD Pd1.2-EY Pd0.06-EY

Pd0.06-EY  

DMAB Pd

4-11 ZnO Pd

ZnO c Pd0 (0002)

4-11(a) Y Y

ZnO (0002) (0002) [2] ZnO a

Pd0-EY (0002)

4-11(b) Matsushita [17] ZnO

(0002) (1011) (1010)  

Y

 

Pd ZnO

ZnO Pd0.06-EY

Pd1.2-EY 4-10(c) Pd0.06-EY

2 Pd1.2-EY Pd0.06-EY

ZnO 2 Pd0.06-EY

Pd1.2-EY XRD

ZnO Pd ZnO

[18]  
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ZnO ZnO 10~50 nm

2 Pd ZnO

ZnO

Y Pd

ZnO ZnO

ZnO 2

Y

Y Y

DMAB

ZnO 2 Pd0.06-EY Pd1.2-EY

 

(a) Pd0 

(b) Pd0-EY 

(c) Pd1.2-EY 

Y 0002  

c  

0002  

Pd 
ZnO  

4-11 ZnO  

(ZnO  

0002 
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PdCl2 Y ZnO

520 nm

PdCl2

Y ZnO

 

 

44.3.3 Y  

4-12 Pd0-EY Pd0.06-EY Pd1.2-EY

Y

0.43(Pd0-EY) 0.71(Pd0.06-EY) 0.56(Pd1.2-EY) mol dm-3 EDS

Pd ZnO (Pd 0.1 )

Pd ZnO Pd

400~600 nm IPCE

0.24(Pd0-EY) 0.25(Pd0.06-EY) 0.07(Pd1.2-EY) ZnO Y

350 nm 510~530 nm

(APCE) 4-2

APCE ZnO

400~600 nm Pd1.2-EY IPCE APCE

Pd0-EY Pd0.06-EY Y

Pd1.2-EY

ZnO

[19] Y

[20,21] 400~600 nm Pd0.06-EY

Pd0-EY 2 IPCE Pd0.06-EY

Y ZnO 2
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KOH Y ZnO

350 nm APCE Pd1.2-EY Pd0.06-EY Pd0-EY

ZnO Pd1.2-EY

Pd0.06-EY Y

Pd1.2-EY IPCE APCE

Pd0.06-EY ZnO

Pd1.2-EY Pd0-EY  Pd0.06-EY

Y ZnO

 

Pd0-EY

1 70

TiO2 [22]  

4-13 J-V (η) 450~520 nm

Pd1.2-EY Pd0.06-EY

Y ZnO [6]

Y 2.7 ZnO

Y

Electrode UV range(A) Visible range B  Ratio B/A  

Pd0-EY 0.53(350 nm) 0.35(530 nm) 0.66 

Pd0.06-EY 0.46(350 nm) 0.29(530 nm) 0.63 

Pd1.2-EY 0.26(350 nm) 0.08(510 nm) 0.31 

4-2 Pd0-EY Pd0.06-EY Pd1.2-EY  

(APCE)  
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4.4  
Y ZnO FTO
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Y 328 K Y ZnO
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4-13 (a) Pd0-EY, (b) Pd0.06-EY, (c) Pd1.2-EY J-V  
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5.1  
(DSSC) 3 (1) 

(2) 

773 K (3) 

TiO2

ZnO ZnO

DSSC TiO2 [1-3] ZnO

[4,5] [6] 373 K

TiO2

ZnO ZnO

[6]  

ZnO ZnO

[6,7]

ZnO

DSSC

ZnO [8,9]

 

ZnO
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Y

ZnO Y ZnO

ZnO

 

 

55.2  

5.2.1  

(Matsunami Glass S1225) FTO (9 Ω cm-2, AGC Fabritech)

ZnO [10]

0.25 mol dm-3 2- 0.0125 mol dm-3 50 cm3

2-

15 Ω cm-2  

2 1

 

Y ZnO 0.050 mol dm-3 Zn(NO3)2 0.025 mol dm-3 DMAB 0~200 

μmol dm-3 Y 200 cm3 pH 6

333 K 343 K 423 

K 30 Y 0 70 100 200 μmol dm-3

E0 E70 E100 E200

 

 

5.2.2  

UV-vis (Hitachi U-4000)

X (SEM-EDS, JEOL 
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JSM-6010LA) X (XRF, Seiko Instruments 

SEA5150) ZnO X (XRD, Rigaku RINT2100)

 

Y ZnO

1/4 (vol/vol 0.50 mol 

dm-3 0.030 mol dm-3

(4 μm) (Hitachi F-2000)

Xe 0.32 cm2 300~600 nm

(Agilent 34405A) J-V

 HA-151B

(350~1050 nm, 100 mW cm-2  

 

55.3  

5.3.1 Y ZnO  

Y

Y ZnO

 

5-1 Y ZnO 525 nm

Y 400~600 nm

Y 525 nm Y

[11] ZnO 0.3 μm(E70) 0.2 μm(E100)

0.2 μm(E200) Y

350 nm ZnO

E70 400~600 nm
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mol dm-3 TiO2 (10 μm)
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