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Molecular-Beam Infrared Chemiluminescence Study of the Dynamics
of Catalytic Reactions : Decomposition and Oxidation
of Methanol and Formic Acid and Partial Oxidation
of Butane on Pd Surface
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The infrared chemiluminescence fechnique was applied to catalytic oxidation of CH,O, HCOOH and i-C.H,, on a Pd sur-
face, and the reaction dynamics and mechanism were discussed in terms of internal energy states of nascent product COx and
CO melecules. The vibrational and rotaticnal states of CO, produced by CH;OH oxidation were quite similar o those of CO;
produced by CO oxidation, indicating that the final step of the CO. formation in the CH.OH oxidation invelved a bimolecular
process (i.e., COu 1 O.). On the contrary, the intensity of IR emission of CO, produced by HCOOH oxidation was very weak,
suggesting that most of CO. was not so vibrationally excited and that CQ, was formed via decomposition of HCQO., {uni-
melecular decomposition of formate). The selective production of CG and H:0 was observed by the partial oxidation of i-C,H,
on Pd, and the vibrational state of product CO was very different between the Pd and Pt surfaces. These differences in inter-
nal energy states of the CO and CO; preducts can provide us with new information on the dynamics and mechanism of cat-
alytic reactions.
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Fig.1 Schematic view of the measurement of infrared emission
from nascent CO and CO, molecules produced by sur-
face-catalyzed reactions.
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Fig. 2 The rate of (O) CO{or H.O) and (@) CO, (or H;) for-
mation for HCOOH decomposition on Pd, and the rate
of {0} CO: (or H:0) formation for HCGOH + Q. reac-
tien (O/HCOOH = 3) on Pd, as a function of surface

temperature.
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Fig. 3 IR emission spectra of CO; produced by {a) HCOOH
=+ Q. reaction and (b) CO oxidation on Pd at the surface

temperature (Ts} of 650 K.
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Fig. 4 The rate of (O) CO and (A) H, formation for CH,OH
decomposition on Pd as a function of surface tempera-
ture.
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Table1 The vibraticnal temperature {7\) and rotalional temperature {7y)
of product CO and CO; desorbed during the catalytic reactions on
Pd and Pt surfaces (7: surface temperature).

Surface Reacticn Product 75 (K) v (K) v (K)
CoO+0, C0, 650 1340 1050

Pd HCOOH + G, CO, 630 10207 680"
CH:OH + O, COx 650 1350 950
i-CHu+ 0, CO 1200 1030° 260
Pt” CO+ 0, CO, 750 1360 1200
HCOOH + O, CO, 750 1340 1260

The uncertainty in 7y is £30 K and in Tr is £ 50 K; (a) = 100 K, (b}
+ 150 K. Reactant raties: 0,/CO = 1, O,/HCOOH = 3, Q,/CH,0H = 1,
O:/i-CiHw = 1. (¢) The spectral intensity was very weak, suggesting that
only small part of CO, melecules was vibrationally excited (see text). (d)

from ref.9).
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Fig. 8 The rate of (O) CQ, (@) CO: and () H,O formation
for CH;OH + O, reacticn on Pd. The 0./CH;OH ratio
was 1/2.

(1996)

A —REEIEM LTI Y (Table 1), FAGILSIL7c3
RSN TY, PELOREEOBSICbEVIESL
nigpofe, TR AY iRk COBE T, [
e COARGRR (H(3)) 2RO EERETD.
CH,OH — CH,0,,> CH,0,,— CHO,,—> CO,, (2)
C0..+0,—~CO, (3)
FThbbAZ/ —ABETHEA ML ORKEREL
(2N ITE»TER L COL L 0. DR EIC L -
THEFRLIE O DEETCORERLTHWALELD
b,
3.3 A V7 ALOEREB{ERE
Fig. 62”3 Lot Y 7 & OERERIE T, 04
FCHe=1 D&M BNT, 950 KFFhs B RIEMHET L
W, CO, HOMEIEW L, CO» HbdbPFhicsg
L. M&EHCB TP LolBETH, 6852
(CO+H.) 25100% OB THER LA™, Pd T
BH.OFESLY DL OBEOIE BESTHLILD
KHOMREIERTDEEL BB, FHCODERHE
L < BT CO.DEMEESEWDE, HEIERE (950
KELE)Y AEnieic, CO.O LY b Co.0lRRio
ES BB THEROHELELZLNDEY Y, PABLUR
EIZBNT, REHROFHET (OA-CH,=05~9) Tht
ML (A V77w CHAR EY BEllEh
¥, Huff & Schmidt™ {2 WKL, Pt2a—50 7 Lk
2 2B TR, -CHLOER bR AR BRE IS XY
PCHDERT D, oL I RERHOBENT, BEL
<, BAEOGTFHRER (107°~107 Torr} & P-%./ 1
A EORIEESY (1.4 am) DEWCEALOTH
35,

R 0 H:O
« 8.0+ o:co
g ®: CO:
:U A He
2 60
b
b
2
CE 40
fus}
2
g 20t
-]
e
oy
0 s
800 1000 1200

Surface Temperature (K)

Fig. 6 The rate of () CO, (@) CO,, (&) H: and (1) H.O
formation for i-C,H;, + Q; reaction on Pd. The Q./
i-CiH,q ratio was 1.
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