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Fig. 2 PdK-edge XAFS spectra for Pd/H-USY measured in an 8%
H, flow at 300 K (first cycle). Data were collected every 0.6
min.
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(a) Pd K-edge EXAFS Fourier transforms for Pd/H-USY
measured in an 8% H, flow, (b) CNs of Pd-O(N) and
nearest-neighboring Pd—Pd bonds determined by curve-fit-
ting analysis.
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Fig. 4 Stepwise growth of Pd clusters through iterative exposure of
H2 and 02.
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Fig. 6 (a) XANES of Pd/USY measured in the atmosphere of H,

(1st). (b) Relative concentrations of Pd? in Pd/H-USY plot-
ted as a function of time measured in an 8% H, flow.
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Fig. 7 (a) Pd K-edge EXAFS spectra for Pd/H-USY measured in
an 8% H, flow, (b) change in the coordination numbers of
the nearest-neighboring Pd—Pd (b) measured in the temper-
ature programmed reduction.
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Fig. 9 Pd K-edge Fourier transforms of Pd/USY measured during
reduction with a hydrazine solution using the cell displayed
in Fig. 8(a).
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Fig. 10 (a) Time-course change the conversion of bromobenzene in
the Suzuki-Miyaura reaction using Pd/USY (1 mg) as the
catalyst. @ the catalyst was used as received, @ H,-bub-
bling was undertaken before the reaction, @ H,-bubbling
was undertaken before and during the reaction, (b) the pic-
tures of catalyst and product in the reaction with H,-bub-
bling.
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Time-resolved QXAFS studies on the formation and
dynamic behavior of the highly active Pd catalyst

Kazu OKUMURA Tottori University, 4-101, Koyama-cho Minami, Tottori, 680-8552, Japan

Abstract The stepwise growth of Pd in a USY zeolite was followed by in situ scanning quick X-ray absorp-
tion fine structure (QXAFS) spectroscopy involving repeated alternating exposures to H, and O, flows at
room temperature. During the first reduction of 0.4 wt%—-Pd/USY with 8% H,, Pd clusters of 13 atoms with a
coordination number (CN) of 5.1 formed within 20 min in the supercage of USY. The growth followed first-
order kinetics with respect to the concentration of Pd?* and the CN of Pd—Pd. The clusters were stable up to
443 K. The clusters were partially oxidized in less than 2 min on exposure to 8% 0,, and then quickly reduced
with 8% H, (second reduction) to afford larger Pd clusters of 26 atoms. The clusters continued to increase in
size in a stepwise fashion on further alternate exposures to O, and H,. The finely dispersed Pd° species exhibit-
ed extremely high activity in the Suzuki-Miyaura coupling reactions when the o-xylene solution was activated
with H,-bubbling.
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