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Fig.1-23 Tafel plot : cathodic sweep of
10wt%Pt / Metal oxides in 1M H,SO,
under O,, 5mVs*

Table.1-2  Solubility of Pt/MO catalysts

at50 after 125h.
Catalyst Solubility / ppm
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Pt/CeO, 3.6><101
Pt/Ta,O, 1.6><102
Pt/SnO, 6.7>=<103
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Fig.1-24 TEM photograph of Pt/SnO, catalysts prepared by thermal reaction method.
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Fig.1-32 XRD pattern and TEM image of WC+Ta.
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Fig.1-39 Potential-current curves of (a)
Ta;Ng and (b) TaO, g,N, ,s under N, and O,
atmospheres in 0.1 mol7dm3 sulfurlc acid .
Potential was scanned from 1.2 V vs. RHE
to 0.2V with scan rate of 5mV s,
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Fig.1-40 Dependence of oxygen reduction
current density at 0.5V vs. RHE on heat
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Tablel-2 Sputtering condition of ZrO,_,
electrodes.

Electrode (N IEEIIAE\ARVARY|

Thickness/nm | 30| 30| 30| 20| 10| 20

RF Power / W |100| 125|150 150(150(100

Substrate- target

Distance / cm 24| 24| 24| 24| 24| 8

Fig.1-44
Fig.1-44
20nm
RF
Zr0,
0.1M
50 120
1.03ppm(wt/wt)
0.41ppm(wt/wt); 50
700 1000
5mV st
60
Fig.1-45
700 1000
-0.1pA cm?
0.46V 054V 0.4v

-0.17uAlcm? -0.30pA/cm?

900 -0.1pA cm™

-1.87uAlcm® 700 1000

XRD
700 800 TiO,(Rutile)
Ti

TiO,(Rutile) (L10)

TiO,
TiO (331) (251)

0 0.3 0.6 0.9 1.2
E/Vvs RHE

Fig.1-44 Potential-Current curves of ZrO,_,
electrodes prepared by different condition
for oxygen reduction in 0.1M H,SO,.
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-5 1800

900

-15 ] ] ] ] ]
02 04 06 08 1.0
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Fig.1-45 Potential-current curve of TiO,_,
prepared at different temperature for
oxygen reduction in 0.1M H,SO,.
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Fig.1-46 XRD patterns of heat-treated TiO,_,
samples.
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(TaOxNy) (Ta
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1x107° Pa Ar+Ny+0,
0.08Pa 0.39Pa 0.01Pa
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800nm
FIB TEM
ICP-AES (Seiko Instrument SPS3000)
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SSV SSV
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Fig.1-47 Tantalum  concentration
determined by ICP in 0.1M H,SO, at 30°C
as a function of time. TaO,N, was
deposited at 500°C.

o
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Fig.1-49 Potential-current curves for
ORR. Scan rate = 5mV s

0.75V

20
0.4v
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Fig.1-48 Steady state cyclic voltamograms
of TaO,N, under N, with scan rate of
50mV s

iorg at 0.4V vs. RHE / A cm2
O P N W b 01 O N OO
v

0 200 400 600 800 1000

Deposition temperature / °C

Fig.1-50 Dependence of ORR current
density at 0.4V on the deposition
temperature.

Fig.1-50 0.4V vs. RHE
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Fig.1-51 XRD patterns of tantalum Fig.1-52 TEM image of TaO,N, deposited
oxynitrides  films (ca.0.8 mm) at 500°C and image processing to extract the
deposited at 50 — 600°C on glass crystal lattice area using FFT and IFFT.
substrate.
TEM Fig.1-52 500 1.2
TEM
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FFT < 08
IFFT i
Fig.1-52 - 06
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Fig.1-53 Deposition temperature / °C
50 300 Fig.1-53 Relationship between the ratio of
crystal and the deposition temperature.
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(TaOxNy) (zr 99.9%)
5.2mm
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ICP-AES (Seiko Instrument SPS3000)

0.1mol dm 30 (RHE)
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Fig.1-55 Cyclic voltamograms of

Fig.1-54 Zirconium concentration in 0.1mol
g ZrO,N, under N, atmosphere. Scan rate

dm=2 H,SO, as a function of time at 30°C

under air. =50mV/s.
Fig.1-56 5mV st
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Fig.1-57 0.4V vs. RHE
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Fig.1-56  Potential-current curves of

ZrO,N, electrodes for ORR in 0.1
mol/dm? H,SO,. Scan rate: 5SmV s
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Fig.1-58 ~ XRD patterns of ZrO,N,
(ca.0.8 mm) deposited at several
temperature on glass substrate.
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Fig.1-57 Relationship between the current
density for ORR at 0.4V of ZrON,
electrode and the deposition temperature.
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Fig.1-59 Cross-sectional surface of TEM
images and the electron beam diffraction
patterns of the ZrO,N, deposited at 500°C
and 700°C.
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Fig.1-60 Relationship between the ratio
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Fig.1-61 Comparison of catalytic activity
between ZrO,N, and TaO,N, prepared by
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Fig.1-62 Comparison of catalytic
activity of non-platinum and
platinum catalysts.
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PAN Au/Co
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Fig.2-1 EDX
Au Co XPS
Audf Fig.2-1. TEM images of co-deposited
Au 0.3eV Au/Co nano-alloys (a) before and (b)—(d)
Au Co after heat-treatment. Heat-treatment
temperature is at (b) 473 K; (c) 673 K;
and (d) 873 K.
Table 2-1. Mean diameters and standard deviations of Au/Co nano-alloys
Heat-treatment  fempera- Mean diameterynm  Standard deviation/nm
ture/K
As-deposited 2.2 .4
473 2.2 0.6
673 4.0 2.3
873 8.4 4.7
Au Co
0 TEM
Au/Co
500
Table 2-1
473 K
673 K
TEM 2nm
Fig.2-2(a) Fig.2-2. High-resolution TEM images of (a) as-
'0 230 deposited and (b) heat-treated samples at 873 K.
0.201 nm
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Fig.2-3 873K d-spacing / nm
SAED SAED Fig.2-3. SAED images of (a) as-deposited and
Au d (b) heat-treated samples at 873 K, and (c) the
corresponding SAED patterns calibrated with
the SAED pattern of the Au single crystal. (i)
As-deposited and (ii) heat-treated samples.
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Au (0.407nm) disordersd A1 ordered L1,
Au fec structure structure
Co0(0.355 nm) Fig.2-4. Cells of the Al and L1, structures.
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Au:Co=1:1 , 0.381nm
Au/Co
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Au Au/Co
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Table 2-2 Pt
800
4 nm
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10 nm
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Snm

Fig.2-5 Plane-view TEM images of Pt / PAN thin films after
the carbonization treatment at (a) 400 °C, (b) 600 °C, and (c) 800
2 oC,
Table 2-2. Mean particle size and Standard deviation of Pt /
PAN thin films after carbonization treatment at various

temperature.
Heat treatment Mean particle Standard
Temperature /°C  size/nm deviation/nm
400 1.39 0.20
600 2.49 0.42
800 3.21 0.67
81 PAN
N Pt
600
TEM TEM Fig.2-6 Pt
Pt (111) (2.26 )
Pt
XPS Pt
Pt
Pt
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>\<’

3 nm

Fig.2-6. (a) Cross-sectional TEM image of Pt /
PAN thin films after the carbonization treatment
at 600 °C, and (b) high-resolution TEM image of
the carbonization treatment at 600 °C.
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Absorbance
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Fig.2-7. IR absorption spectra of Pt/PAN
sample (a) as-deposited, (b) stabilized at
230 °C, carbonized at (c) 400°C, (d)600°C,
and (e)800°C.
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C1ls 284.6 eV
SEM-EDS JSM-5610LVS
ICP(ICP-AE;SPS 1500VR, Seiko Instruments Inc.) 1 mg
20 ml
10 mm (150kg/cm?)

TEM
Fig.2-11
50nm
nm
TEM
2nm
(Fig.2-11(c))
ca.2.3A
(Fig.2-11(d))
Pt(111)
Fig.2-11 HR-TEM images of Pt/PPy composites for R=0.6. (a)
and (b) show the morphology of the PPy phase; (c) Pt supported
by PPy, and (d) lattice fringe of supported Pt particle.
49)
Pt
3
Fig.2-12 g
1210cm™ €
930cm™ bipolaron band :'c;
=
XPS
Pt 4f7, ) ! ! ! L
718 75.09 eV 1600 1400 1200 1000 800 600
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TEM
Fig.2-12. FT-IR spectra of Pt/PPy
composite at the various ratios;R = 0.1-1.5.
Bipolaron bands are given by arrows at
TEM 1210 cmt and 930 cm'L.
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Fig.2-13. Size distribution of Pt particles
dispersied in Pt/PPy composite at the various
ratios;R = 0.6.
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Fig.2-15. Variation of electrical
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Fig.2-19  Chronoamperograms  of
PtPPy m 0.5 M H,30, at 2mV (vs
AglAoCl under (@) N, and (b) O,
bubbling.
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Fig.3-2 (a) STM image of the surface of
OT-SAM/Au electrode after conducting
Ag UPD for 3 min. The image was
obtained with a bias voltage of 0.7 V and
a 30 pA tip current. (b) Cross-sectional
view of the STM images along the line
X-Y shown in (a). (c) expanded images
of the areas A and B in (a), which are for
the Au substrate and the deposited Ag
island, respectively.
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Fig.3-7 STM images (100><100 nm?)
of Pt monolayer islands after
desorption of thiols. Concentrations
used for preparation of the electrodes
were MPA/OT= (a) 2.0, (b) 2.5, and
(c) 4.0. The images were obtained
with a bias voltage of 0.2 V and a tip
current of 1 nA in air. Cross-sectional
profile (d) was taken along the white
line.
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Nafion|GC (c), and Pt-PAn-Nafion|GC (d) electrodes taken at 10 mV s-1 in O,
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