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Abstract

This is the third annual progress report on this proaect During the
per1od covered by the first two reports. (June 1976 through December 1977)
a shock tube and an optical system to measure H and D atom concentrations
was built and fu]]y'characterized. The performance of our microwave dis-
charge lamps was defiﬁed by ﬁumeroys high-resolution spectroscopic prb—
‘files, while empirical ca1ibrations‘were made by shock-heating mixtures

of 02 NZO -Ar. Some measurements of H and D atom concentrations in H2-02—
Ar and D,- 02-Ar mixtures were made.

During 1978 the empifica] calibrations were completed by shock-
heating mi*tures of hexamethyethane in argon at temperatureé near 1000 K.
These data, combined with the higher-temperature DZ—NZO-Ar data and cor-
related using mathematical functions based on the line shapes, have led
to dependable calibration curves for both H and D over a wide temperature
range. H and D atom concentrations have been made for mixtures of H2—02-
Ar, Dz—Oz-Ar,.CD4-Ar, CD4-02-Ar, and C3H8-Ar, and absorption measurements
made for 0,-Ar mixtures. Numerous calculations have been made, based on

the data, and several papers written.
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Introduction

The general purpose of this project is to study hydrocarbon oxida-
tion by making.méasufemehts of H, 0, and OH and other free radicals in-
volved. fhis information will be of practical value in‘engineefing de-
sign to improve the efficiency and reduce the pollution of combustion
. dévices such as automobile and aircraft engines. '

Our first research goal, which has now been accomplished, has beeh
to develop dependable means of analysis for these substances, particu¥
larly H‘(and its isotopic variant D). Thelmethod we have‘used is reson-
ance absofptioh spectroscopy, our light source being a microwave discharge
lamp.. Following this, we have been measuring H and D concentrations'in |
a Véfiety of gas mfktures, and interpreting these data.in terms' of rate
constants for specific chemical reattions., In the near future we will

extend our work to the analysis of 0 and OH.




Data and Discussion

Speétroscopic Measurements. We described in last year's progress

report how we measured profiles of the H and D Lyman-a Tines emitted‘by :
microwave discharge lamps. The experimental work and most of the calcu-
" lations had been completed dﬁring 1977. This material has now been writ-
ten up for publication (f). It has been submitted to Journal of Chemical
Phyéics, and review copies have been submitted to DOE.

A short paper describing a microwave discharge lamp of somewhat
novel design was submitted with last year's progress réport, in draft
form. This papér has been published in Review of Scientific Instruments
(2), and 6 reprints‘are attached wfth this progréss report.

We have additional spectroscopfc data on 0 and N atomic lines that
we plan to use for analysis for these species. We are still making cal-
culations related to these lines, and plan to publish the results when

these calculations are complete.

‘Shock-Tube Calibrations for H and D Atoms. We had described in the

brevious progress report our observations of D atoms in N20-D2-Ar mix-
tures heated to 1900 - 3000 K in our shock tube. These provided an em-
pirical calibration 6ver this temperature range that was in quite good
agreément with our calibrations based on line shapes.

N During‘the'pést year we qompleted,our empirical calibrations by
observing H atbms produced by shock-heating 2,2,3,3-tetramethylbutane,
or hexamethylethane. The‘fate at which this subétance.decomposes to
form, among other products, H atoms, has been carefully measured by

Tsang (3). These data, obtained mainly in the 1000 - 1200 K range,



'cou1d be correlated very well with the NZO 02 -Ar data at higher temper-'
atures and with our 11ne shape measurements. These ca11brat1ons and the
re]ated calculations are described in a paper (4) that has been submitted
to Journa].of Chemical Physics, and also to DOE for review.

We now consider that we can measure H and D atom concentrations with
absolute accuracy of *25% over the temperatere range 900 ; 2600 K with a
time resolution of less than 5 micfoseconds. This capability enables us

to make our kinetic measurements with a great deal of confidence.

Shock Tube Measurements on D 0 -Ar and Ho 0 -Ar Mixtures. In 1977 we

~obtained some data on H and D atom concentrat1ons in mixtures of 1% H,

0.5% 0, - 98.5% Ar, 0.1% H, - 0.05% 0, - 99.85% Ar, 1% D, - 0.5% 02,4'98.5%
‘Ar, and 0.1% 02 - 0.05% O - 99.85% Ar over the temperature range 1000 -
2000 K. These systems are good ones to start w1th s1nce they have been
extensively studied by several methods, yet there have been few measure-
ments of atom concentrations for them. We have made éddjtiona] measurements

on the above mixtures, and also on mixfures of 5% H2 - 2.5% 02 - 92.5% Ar

and 5% D2 - 2.5% 02 - 92.5% Ar. From these data we have been able to deduce

rate constants for the reactions:

H(D) + 0, —> ou(oo’) +0 .
and
H(D)+0 + Ar —> HO. (DO)+Ar

The data for the H reactions are in quite good agreement w1th ‘data ob—
tained by other methods, but the rate constants for the D reactions are
smaller than indicated by the one previous study. Calculation of the

' ieotope'effect in these reactions is complicated by the fact that the HO2
(002) activated complex of the first reaction is a relatively stable free

radical, so the complex is probab]y unusually long-lived. We expect to



>prepare a paper on the experimental results before the end of this

. contract year.

Absorption Coefficient of 0y. In the course of the above work we

found that, while 0, does not absorb Lyman-o radiation much at room
temperature, 1ts absorption coefficient iﬁcreases greatly at high temp-
eratures. This rgquireé us to limit the O2 cbncentrétions we may use

in experiments. We have made measurements bn this absorption coeffi-
cient and also on the time required for it to occur (which appears to

be related to the vibrational relaxation time) énd are preparing a paper
on this.' We have a]so-found’that a_sma11 amount of H2 greatly increases

the rate of vibrational relaxation.

Pyro]ysié‘and Oxidation-of CD,. We have measured the concentrationsA

of D atoms in the pyrolysis of several dilute mixtures of CD4 in argon,

obtaining rate conStants for the reactfons:,

CD4 +Ar — (D, + D+ Ar
and
D + CD4 - 02 + CD3

>At the low CD4 concentrations studied, no other reaction; were signifi-
cant, so the'interpretation of the data was relatively simple. The data
for CD4 decomposition were compared'to othér values for'CH4 via the RRKM
theory, while an -activated complex theory calculation was-used'to analyze
the results for the second reaction. A paper on this work has been'Writ-
ten (5) and submitted for publication and presentatioﬁ at the Amériéan
Chemica] Socféty national meeting in April, 1979, Copies have also been

submitted to DOE.



Addition of up to 1% of 02‘to these mixtures actually reduced the D

concentration somewhat, via the reaction:
D.+02' — 0D +0
and subsequent reactions produced less D than were lost by this reaction.
The rate'constant for the above reaction that was determined from our |
D, + 0, * Ar studies fit we]]_witn that found from the CD, - 0, - Ar mix-

2
tures, indicating that our 1ower-than-éxpected value may be correct.

Pyrolysis of'Propane.“Diiute mixtures (5 and 20 ppm) of propane in

argon have been studied at 1200 - 1500 K, at which temperétures measurable -

quantities of H have been found. At these temperatures the free radicals

C.H_, CH,CH,CH and CH3CHCH3 are quite unstable, so the production of H

2°5° ©27 273
atoms is a direct measure of the rate of dissoc1ation of propane, by the

reaction:
followed by
| C2H5 —> CZ 4
Subsequent reactions of CH3 and H with C3H8 tend to be s]ow at these low

concentrations, and we cannot use higher concentrations of C3H8 because

' it absorbs quite strongly at H Lyman-a. However, we do have the advan-

tage of being able to measure the initial rate of dissociation directly,

which .is difficuit or perhaps impossible to do by other high temperature'

techniques. We are still making calculations based on these experiments.



- Plans for the Balance of the Year

4 We p]an to make addit1ona1 measurements of H and D atom concentra-

tions in hydrocarbon conta1n1ng m1xtures during the balance of the year.
These will inc]ude propane-oxygen, ethane, and ethane-oxygen m1xtures in
argon. We will also study one or both of thése compounds in deuterated'

form.

We a]so plan to set up the monochromator which was resently obtained,

and prepare ‘to measure 0 atom concentrations by resonance absorption.

Knowledge of concentrations of both H and 0 atoms w111 assist great]y in

deducing reaction mechanisms and kinetic data. In these experiments we
again plan to make empirical calibrations which can be correlated with
our line shape measurements to yield dependable calibration curves over 

a temperature range.




Personnel Involvement

The Principal Investigator, Dr. Gordon Skinner, spent approximotely
40% of his time on the proaect during the summer quarter (June 15 to Aug
31, 1978) and 20% of his time during the balance of 1978 He plans to
devote about 20% of his time between Jan. 1 and May 31, 1979 -
Dr. C.-C. Chiang, post -doctoral fe1low, spent 100% of his time on 1t
during 1978, and p]ans to spend 100% of his time through May 31, 1979 .
Dr. David R. Wood, Associate Professor of Phys1cs, has donated about
"~ 15% of his time to the ‘project during“1978, because of his professional
. ‘interest in the spectroscopic component of the project. He has been,veryv
he1pfu1 in.this work, and Hence has been hade a co-author‘of this report‘
and of journal articles to which he hastcontributed (1,2).
Mr. Howard Dufour, instrument machinist, has speot obout 3C hours
~ on the project during 1978. ' .
A1l of these personnel involvements have'been in compliance with the

contract.
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