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During the last year tha dependence of the apparent rate of OD + CO on
water pressure was measured at 305, 570, 865 and 1223 K. An explanation was
found and tested for the HoO dependence of the apparent rate of OH(OD) + CO at
high temperatures. The isotope effect for OH(D) with CO was determined over
the temperature range 330K - 1225 K. The reason for the water dependence of
the rate of OH(OD) + CO near room temperatures has been investigated but no
clear explanation has been found. j

Last year we reported on the water-pressure dependence of the rate con- j
stants for OH + CO. There was a large enhancement of the measured rate at
1223 K.. Several theories were given as to the origin of this effect; however i
none were convincing. The origin of this water dependence comes from the ;

reaction '

CO + H20 < > C02 + H 2 j

This reaction occurs thermally in the flow system while the gases are brought j
to high temperature and transported to the reaction cell. At low tempera- f
tures, the equilibrium is strongly shifted to the right, but the rate is very ;
slow (greater than 3 days) while at high temperatures the equilibrium has .i
shifted to the left with an equilibrium constant of about .7 at 1223 K and a J
rate in the second regime. The reaction is not elementary and the rate may be f
surface dependent. In fact, there exist no suitable data in the literature |
which can give the rate of the reaction at 1223K. The presence of the reac- I
Cion was confirmed by measuring the production of H2 in the system in the i
absence of the electron beam under conditions used in the actual experiment. |
Measurable amounts of H2 were produced thermally only at high temperatures. '$
Using the rate constant measured for OH + CO measured at low water, the known |
rate constants for OH + H2, the equilibrium constant calculated for the shift %
reaction, and assuming the concentration of H 2 to be that at equilibrium (a j

bl i b d 1220K) bl jreasonable assumption based upon our measurements at 1220K), we were able to
reproduce the water dependence curves at high temperature. Using a non-linear
least squares fitting routine, we were able to fit the entire family of indi-
vidual data points arising from varying water and CO concentration and confirm
the extrapolation to low water pressures.

Measurement of isotope effects can give information about the potential
energy surfaces on which the reactions take place. In the figure, we show the
isotope effect measured for CO + OH as a function of temperature using the
"zero" H20 data- The curves shown are different extreme models of the poten-
tial which are consistent with the temperature dependence. It is clear that
the isotope dependence when coupled with the temperature dependence makes a
sensitive probe of the potential energy surfaces.
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Several attempts have been made to explain the unusual dependence of the
rate constant on water concentration near room temperature. Recent publica-
tions have attributed large effects to small concentrations of oxygen and we
have tried to probe the significance of these effects on our system. By vary-
ing the concentration of radicals by about a factor 40, CO concentration, and
quality of CO, we were ur ble to make any significant change in the rate con-
stants. We have used the reaction sche-'J of Paraskevopolous and Irwin and
integrated the resulting differential equations using a Gear-type integrator
to try to see if the above results were consistent with an oxygen effect and
they do not appear to be. We have just acquired an oxygen meter which is
sensitive to less than 5 ppra oxygen and will make direct measurements of the
oxygen in our system.

One of the major advantages of the pulse radiolysis system is the ability
to create concentrations of radicals sufficiently high that absorption tech-
niques can be used. Previous experiments at Argonne have shown that the HO2
radical can be observed and measured using its ultra-violet absorption bands.
This radical, which does not have any fluorescing states and therefore cannot
be detected using the highly sensitive laser-induced fluorescence technique,
thus can be studied using our pulse radiolysis technique. We also plan to
continue the OH and OD measurements over a wide temperature range.

At present we have only measured the decay of the OH radical in the reac-
tion

OH + CO — > H + C0 2

but we now plan to monitor the production of the H atom using multiphoton
excitation of the H atom with a laser. This should make it possible to see if
the intermediate state, the postulated HOCO, has any existence on an experi-
mental time scale. The techniques which we plan to use have been developed at
the CRF at Sandia. The planned preliminary experiment will be to generate H
atoms and measure the reaction rate of H with Oj to form Ho.

We would like to thank the assistance of the accelerator operators at
Argonne.
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Figure: Measured isotope effect: fot the reaction OH + CO at 1 atm Argon. Two
theoretical calculations for the isotope effect are shown, indicating
the importance of these measurements. Note: the theoretical curves
have not been optimized for the present data.
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