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Abstract

This is the fourth annual progress report on this project. During the

"period covered by the first three reports (June 1976 through DeEember 1978) a

shock tube and an optical system to measure H and D atom concentrations were
bui]t and fully characterized. The performance of our microwave discharge
1amp$ was defined by numerous high-resolution spectroscopic profiles, while
empirica]Acalfbrations were made using mixture§ of DZ-NZO-Ar and hexamethyle-
thane-Ar. H and D atom concentrations were measured in H2-02-Ar, DZ-OZ-Ar,
CD4-Ar, CD4-02-Ar and C3H8-Ar mixtures, and absorption measufements made for
02—Ar miXtures.‘ Several calculations of e]ementary rate constants were made,
based on the above data. |
During 1979 H.and D atom measurements were extended to C3H8-027Ar,
C3Dé-Af, C3D8-02-Ar,'C2H6-Ar, Co Hg=0,-Ar, CZD6-Ar and CéDG-OZ—Af mixtures.

Most of these data have been interpreted in terms of elementary reactions, and

several calculations of elementary reaction rate constants have been made.

. Our apparatus has been modified so concentrations of 0, OH and other species

besides H and D can be determined by absorptioﬁ spectroscopy and measurements
with our new system are being made; Two. papers based on this work were pub-

lished in 1979, and three presentations made at scientific meetings.




Introduction

The general purpose of this project is to study hydrocarbon o*idation
by making measurements of H, 0, and OH and other free radicals involved.
This infofmation will be of practical value in engineering design to improve
the efficiency and reduce the pollution of combustion devices such as auto-
mobile and airtfaft engines.

In previous years we developed and characterized'resonahce absorption
spectroscopic apparatus, and studied the formatioh of H and D atoms in a
number of reacting gas mixtures. Many of these observations can be inter-"
preted in terms of rate constants for spécific chemfca1 reactions. During
the past year we continued our measurements of H and D atom concentratidns,
and have also mpdified our apparatus to make measurements of 0 atoms and

free radicals.




Data and Discussion

Analysis for H and D Atoms. Our first long paper deepribing our measurements
of the shapes of H and D Lyman-a lines emitted by microwave discharge lamps
has been published in Journal of Chemical Physics (1). A second paper descri-
bing empiricai‘calibrations for H and D concentrations in our shock tube,
using the N20-D2 method around 2000K and 2,2,3,3-tetramethy1 butane pyrolysis

around 1000K, was also published (2). Reprints of both of these papers have

.been submitted to DOE,

Since calibration curves calculated from the 1ine shapes agreed well with

‘the empirical calibrations, we consider that our H and D measurements are

based on a strong theoretical and experimental foundation.

Pyrolysis of CD4. Meaéurements of D atom concentrations in CD4-Ar'mixtures,
referred to in last year's report, were presented at the American Chemica]
Society meeting in April, 1979. However, the ACS decided not to publish a sym-
posium volume, so the paper was submitted to Journal of Physical Chemistry, and
has recently been accepted for publication (3). The original paper was submit-

ted to DOE, and reprints will be submitted when available.

Shock tube measurements on 02-02~Ar, H2-02-Ar and CD4-02-Ar mixtures. Measuref
ments of D and H atoms in these reactive mixtures had been reported earlier,
Several of the same reactions appear in both methane and hydrogen oxidation, se
it Qas convenient to present these oxidation studies in one paper (4). The
reactions on which data have been obtained most directly are
H (D) + 0, > OH (D) +0
H (D) + 0, + Ar > HO, (002) + Ar

‘Our reactions for the H reactions are in quite good agreement with data
obtained by other methods, but the rate constants for the D reactions are sma1~
ler than indiceted by the one previous study. This conclusion is indicated by

both the DZ—OZ;Ar and CD4-02-Ar data. This result is somewhat unexpected from




thebries of ‘isotope effects, but application of the_théory is not simple. A

_numbervof theorists are taking this reaction under consideration, and results
may come soon. A paper on these reactions was presenfed at the Twelfth
International Symposium on Shock Tubes'and Waves in the Summer of 1979, ahd
will be published in the Proceedings. Copies were submitted to DOE shortly
before the Symposium, .

Absorption coefficient of 0,. In the course of our oxidation studies we

found that O2 absorbs H and D Lyman-o radiation much more strongly at high
temperatures than at room temperature. We found that the increase iniabsorp-
tion coefficient can be.interpreted in terms of. the increase in vibrational
excitation of 02 at higher'temperatures. Abéorption cross-sections have been
ca]cu]ated for 02 with v =1 and v = 2. A paper on fhis work was submitted
to DOE and has been accepted for publication in Journal of Quantitative
Spectroscopy and Radiative Transfer (5).

. Pyrolysis of Propane. Di]ute mixtureé‘of 5 and 20 ppm of C3H8, and also of

5, 20 and 100 ppm of C3D8 in argon were pyrolyzed in the shock tube, and H and

D concentrations measured. These measurements give direct information on the E
rate of dissociation of propane by the reaction |
| C3H8 -+ CH3 + C2H5 o

and its deuterium analog, since at our low concentrations and relatively high
- temperatures the methyl radicals are relatively unreactive, while the ethyl ;
radicals dissbciate rapidly to produce C2H4 and H, It seems that rates of dis-
sociation of C3H8 and C308 are nearly the same, which would be expected since
the deuterium substitution broduces only a secondary isotope effect. -

A paper describing this work has been prepared and will beisubmitted soon
to DOE. We plan to present this work at the Combustion Symposium fhis°Summer.

' Pyrolysis of Ethane. This reaction, which has been extensively studied by our-

selves and others in the past, mainly by analysis for stable products, does not



lead to the formation of H atomé directly, as does propane pyrolysis, but only

later in the reaction scheme. It is generally considered that the first reac-
tion is :
| C2H6 > 2 CH3
and at moderate temperatures and concentrations- the next reaction is

following which H atoms are formed by dissociation of CZHS' At our low con-
centrations the reaction of CH3 with C2H6 occurs slowly, so large concentra-
tions of H are not produced unless we to to fairly high temperatures where the
reactfon rate constants are higher. In a recently published study ( 6‘), Roth

and Just concluded, from work using the resonance absorption technique, that

at very high -temperatures (v 2000 K) ethane dissociates so rapidly to methyl

~radicals that no H would be formed by reaction of CH3 with CZHG’ They didAobe -

serve H, and considéred that it comes from the reaction
2 CH3 +AC2H5 + H,
the C2H5 dissociating also so the overall process is

3+ CoHy + 2 H

At the same time; it seems Tikely that the process

2 CH

| 2 CHy »~ C,Hy + H,

is also occurring.

On the whole, our experimental results, which include pyrolysis of 10 and
50 ppm C2H6 énd 10, 50 and 200 ppm C2D6 in argon, confirm these ideas of Roth
and Just about the high temperature reactions. We also have enough data at
lTower temperatures (1200 - 1400 K) to draw conc]uéions_about fhe rate constants
for the dissociation of C2H6 and CZDG in that range. These data (which ars
still at relatively high temperatures comparéd to other studies on the dissqci-
ation of Csz) can be combined with other data from our laboratory ahd other
places, anq lead to a very good kinetic model for ethane dissociation (and also

CH3 combination) over a broad temperature range.



This work is now being prepared for publication and will be submitted

to DOE in the near future, probably by the end of the contract year,

Oxidation of Ethane and Propane. We have carried out an extensive series

of measureménts of H and D atoms using the following mixtures in argon:"

+

10 ppm.C2H6 400 ppm 02
50'ppm CZHG 2000 ppm 02
10 ppm CZDG 400 ppm 0,
50 ppm CZDG + 2000 ppm 02
- 20 ppm C3H8 200 ppm 02
20 ppm C3H8 2000 ppm 02
20 ppm C3D8 200 ppm 02
20 ppm C308 2000 ppm 02>

The presence of 02 modified the H and

+ +

+ 4+ 4+ +

o

concentrations, mainly, we think, via

the reaction
H (or D) + 0, » OH (or 0D) + 0

which we studied earliér as part of the H2/02 or 02/02 system., Initiai}y the“'
effect is to Eeduce‘the number of H atoms, but later in the reaction process
the production 6f Tayer numbérs of other free radicals (OH and 0) that cén re-
act with the hydrocarbons éan lead to an increase in the concentrations of H B
and D.

We have been able to develop reaction schemes based on. our H and D measure-
ments, but since several reactions are involved we have not been able to deduce
rate constants for them all. Before publishing -these data we Wou]d 1ike to cb-
tain 0 and possibly OH concentrations in these same mixtures, so that our cal-
culated rate constants will be firmly based on a substantial body of experimen-
tal data.

Calculations of Thermodynamic Data. To use along with our kinetic data we have

made calculations of thermodynamic functions for'severa1 substances for which
literature data are unavailable or else not up to date, Our calculations

cover the range from room témperature to 3000 K. Substances include CH3, CD3,




D4, and.CZDZ.' We have also made less accurate cg]cu]ations

Dg> Co
for C2H5 and CZDS; We will submit these tables and consider publication .in an

¢p,, C,H

a» Collgs Gy

appropriate journal.

Measurements of O Atom Concentrations. We have installed the M;Pherson Model

218 monochromator on the shock tube, and set up the necessary vacuum system.
This instrument reso]Qes the 0 triplet near 1300 A very easily in the fourth
order using a 1200 groove/mm grating blazed at 5000 A. For high intensity wé
use wide slits (0.5-1 mm), under which conditions the lines are not resolved,
but are well separated from.other radiation emitted by our microwave discharge
lamp. We have carried out a number of experiménts to measure the absorption
coefficient of 02 at this wave]eﬂgth, ;ndhé%é preparing to calibrate the sys-
tem for O atoms using the dissociation of NZO' o

Automatijon of Data Acquisition. We have installed the digité] storage oscil-

1pscppe, so we no longer have to make measurements from photographs, which was
both very time consuming and §omewhat limiting in-accuracyl At present we
simply record the data on a strip chart recorder, from which ﬁeasurements can
be made more easily and accurately., However, we have alsc ordered a number of
components to set up a microcomputer which will be able to accept and process
the data, thereby saving more time and also allowing use of statisticallmethods
that have been cumbersome to apply (involving preparation of large numbers of

' punched cards) with our present manual data collection system. .

Plans for the Balance of the Year

We plan to calibrate the O atom measuremeht system using N20 dissbciation,
and to calculate calibration curves by combining these measurements with the
line shabe measurements made earlier on the high-resolution monochromator, "
This will be followed by 0 atom measurements in several of the reaction mix-
tures iﬁ which H and D atom concentrations have already been méaéured.

We also will assemble the microcomputer system as components come in, and




program it to handle our data.

Personnel Involvement

The Principal Investigator, Dr. Gordon Skinner, spent approximately 40%
of his time on the project during the summer quarter (June 15 to Aug. 31,
1979) and 20% of his time during the balance of 1979. He plans to devote T
about 20% of his time to the project between Jan. 1 and May 31, 1980.

Dr. C.-C. Chiang, post-doctoral fellow, spent 100% of his time on it be-
tween Jan. 1 and May 31, 1979. Having spent two years on the project, he left
at the end of May'to pursue additional post-doctoral studiés at Stanford
University. |

Dr, P.M.M, Krishna, post-doctora] fellow, had planned to join the pro-
5ect in June, but hqd difficulties obtaining a visa to come frbm India to the
U.S.A., and actually joined us on October 15, 1979, since which time he has
devoted full time to.fhe'projeqt. .He plans to spend 100% of his time through
May 31, 1980 on it. |

Dr. ﬁavid R. Wood, Associate Professor of Physics, has continued his in-
terest in the spectfoscopic part of the project, and has spent about 15% of
his time during 1979 carrying out an analysis of the N atom 1line shapes emit-
ted by our miéfowave lamp. He will probably continue to help 6n the analjsis
- of the 0 atom line shapes, and will be a co-author on papers resu]ting from
this work., |

Mr. Scot Pencil and Mr. C; Stevgn Dick are Wright State undergraduates
who have participatéd in several ways (such as making ca]cu]atfoné, assembling
the vacuum system and organizing our literature file) on a part-time basis.
Mr. Pencil graduated last August, while Mr. Dick will continue to work 8-10
hours per week through May, 1980.

~ Mr. Howard Du Four, instrument machinist, has spent about 30 hours on the

project during 1979.




A11 of these personnel invo]Vemenfs have been in compliance with the
contract. Because of the unavoidable delay in Dr. Kfjshna's joining the-
project, we have asked'for and obtained permission to use the unused funds
from the salary budget to purchase items needed to improve our vacuum Sys-
tem and purchase computer components for data acquisition and processing. '
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