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Investigation of Size Effect in Supported Metal Catalysts Using Atomic Scale
Observation
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The structure-activity relationship in supported metal catalysts has been
investigated using atomic scale analysis by aberration corrected (scanning) transmission electron
microscopy (Cs-S/TEM). In particular, the metal-support interaction (MSI) concerning size effect is
investigated as a new size effect in supported metal catalysts. For this investigation, supported Pd

catalysts are prepared using three kinds of AI203 with different crystal phases (y , 6 , a -Al203)
to change the MSI. The catalytic activity of Pd/Al1203 is evaluated by CH4 oxidation reaction, where
the activity is drastically varied with the Pd particle size and Al203 crystalline phase. The atomic
scale analysis by Cs-S/TEM and CO adsorption IR spectroscopy reveals the MSI concerning size effect

of Pd/A1203 in CH4 oxidation.
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Fig. 1 ¥ Al MAS-NMR spectra of Al,O3 (red lines) and 2wt% Pd/Al,O; (black lines): (a) y-Al2Os, (b)
0-Al>03, and (c) a-Al>Os.
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Fig. 2 (a) Pd-metal weight normalized reaction rates for CH4 combustion over ca. 5 nm Pd/y-, 6-,
a-Al>03: 5.4 nm Pd/y-Al,O3(m), 5.4 nm Pd/6-Al,03(e), and 5.3 nm Pd/a-Al,O3( A). (b) Dependence
of TOF (at 300°C) on Pd particle size (m: Pd/y-Al,O3, ®: Pd/0-Al;03, A: Pd/a-Al;O3).

Pd/AlLO3z @ Pd RHEIHEEIZOWT, £9°, CO WA IR 7tk W THEAT L 7=, Fig. 3 12k~
72 PA/ALO3 IZW A& L7z CO D IR A7 Fv& 7, CO fififfi Ny NiT4fE@lssniz, £7.,
b @ ® 2100-2200 cm? fEIE O N> Rix, MSZ L7z Pd* EIZ Linear (W75 L 7= CO

(Pd*-COlinear)  IZIRBTE 5, WIT, 2000-2100 cmt gEIk DN KiZ, Pd 2—F—H% A b, &
BHUNE, Pd(111)if 2 Linear W35 L7z CO (Pd®-COjinear) (ZHIZET 5, 1960-2000 cm™ fE I D /X
¥ RiZPd 27 > 7% A ~Z bridge W35 L 72 CO (PdPstep-CObridge) T & % o i H KK £ 7> 1750-1960
e EIIC BN D 7 — K72 30 RIL, Pd(100)if (2 bridge 7% L7= CO, & %\ %, Pd(111)ifi
@ hollow H A ~MZWa5 L72 CO (Pd%iane-CObriage) ()it JE T & 5,



(a) 1gnm - (b) ‘1?“\]\/_\
%5
14 nm
J\j\N 7.7 nm
3 3 <2
E(7.3nm s
3 ]
2 2 5.4 nm
(1] m
£ y =
w w
=] =]
< << | 3.7nm
3.8 nm J\/_/\
X2
1.5 nm 1.9 nm
Z W
2100 2000 1900 1800 2100 2000 1900 1800
Wavenumbers (cm ') Wavenumbers (cm )

Fig. 3 IR spectra of adsorbed CO at room temperature on (a) Pd/6-Al,O3 and (b) Pd/y-Al,O3 with
various Pd particle sizes.
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Fig. 4 (a) Dependence of the fraction of step sites on Pd particle size. (b) Plot of TOF (at 300°C)
against the fraction of step sites (m: Pd/y-Al;O3, e: Pd/6-Al;03, A : Pd/a-AlL0Os).
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