DOE/ER/ 1326 9--4

DE92 005560

A PROGRAM TO STUDY
CH REACTIONS RELEVANT TO

COMBUSTION/GASIFICATION PROCESSES

DOE-ER/13269-4

‘Joa1ay) Aouade Aue JO JUSWILIIACS SIEIS paNl)
901 Jo 3s0G3 103[31 10 NEIS A[UESSI0LU 30U Op UWIY pissaidxe siogine jo suommdo pue
SMJIA Y] Joasayy A>uafe Aue IO JUSUWILIIAOD SIS PaNUN) a1 Aq 3uuoae] 10 ‘vonepudw
w00l YUaWasIopus sy Ajdur 10 Jinansuco ApLressaoou jou S0P ISIMIAYIO 10 ‘I3InjoRjnuBw
“JIenIapen) ‘oureu apen £q 3014135 10 ‘ss2001d “jonpoid [erdrsuwoco onyads Aue 0] wdIAY SOUD
-12J9y "S143U poumo A[deaud IFULIjUI Jou pjnom 3sn s)I 1By} Sjussaidar Jo ‘pasofosip ssaooid
o “jonpoud ‘smeredde ‘uvoneunojur Aue jo ssaunjesn Jo ‘ssouazapdwos ‘Aoernsoe ay oy Kipiq
-Isuodsay 10 Ayjiqer] [eSo] Aue sownsse Jo ‘paydum Jo ssaidxs ‘Ajueiresm Kue soyew ‘saokojduwis
11213 jo Aue Jou ‘jod1ayy KousBe Aue 10U JUSWUIINAGH SIEIG PIJIU() Y} YU UIWUIIA0D
SIS panu) 3y jo Ksuade ue £q parcsuods Jy1om Jo Junocoe ue se paredard sem podar SigL

ATNIVIOSIA
7]
0
-
7]
L P
—~
O A«
N
—
e 7] o
) & v o O
. £ . . o D N
D oo ~ [LN-T-Y La)
mn o~ 5 0 8 —
© o = -] Qe NN -
[ -] mo ~ v - O O3 23]
o0 o ad O . O W g <
— - g 0O ] [ T 1 25 = ©
o ~ > 0 (o] Q > ™~ [}
> > mnr M 29 Yed 80 N X
-4 m 2] § &0 2 ® N 0D (=]
=] .m QO s o S 0o = (&)
Lar ] < T B - Q - b
[ 0 g @ o = Em g - 1
.} - ~ O o O o - Q@ [ -] =3
(2] « ~ el a Mg O EO (o]
z ™ 2 R~ 00X M Q@ PR & JES R aay
] ) o = ] 4 <¢ v M b0 .
P o 3] e O A e~ -9 oo oo (e}
ot =] < e YT - 0Om Q- 4
[o] g 0 ot | [ =}
[ -~ Q N m A S n o
O a8 o o ©° S 3}
e =3 C U<« et s = [
Law] [%] m O W | 3]
— NN - O . o
L) o O DD =
5 o o Yt o
o =] a - &)
Fxe < M o
o
.
x o
- @
[/ & ]

January 1989

DISTRIBUTION OF THIS NOCHIMENT 1 UNLIMITED



Section

1.0

2.0

3.0

4.0

5

.0

TABLE OF CONTENTS

INTRODUCTION ........

SUWARY LN BN I I I TR I I )

2.1 Year 1 ...c0.v.s.

2.2 Year 2 ..civen..
2.3 Year 3 ..... cees
2.4 Year 4 ....0....

DISCUSSION OF RECENT
3.1 Radical Source .
3.2 Spectroscopy ...

3.3 Kinetic Studies .
3.3.1 Overview ..

3.3.2 Procedure
3.3.3 Results a
Experiments at E
Product Channel

w W
(S o)

3.5.2 Procedure

3.5.3 Results and DiscusSSion ...ceeeeervronnnssasnnenss

CONCLUSIONS .........

REFERENCES ..........

I. FAST FLOW STUD

II. THE CH + CO REACT

® © 0 5 00000058000 0s eSO LERNIRNENNOEIIEOLEEOESE

LI R I R I I R I R I A B I B B A R R A N N A )

L R I R R I I I I I N K I I I I B SR B N SN I

L N R R R I I O N I I R R S B R N R R S I S RN S W

------ ® 000000000 ELEBLLIOOEEIEPIYBERNEOEOSOE

ooooooooo L R I I R B B I B I I R I I R S Y

RESULTS e % s s 00 080NN RS s e s et e

----- . . e s s s 0 s e P eI PR RTCEOEIEREREOIEEDSS
-------------------- ¢ e s esces v
. . . se s s 0 s s a0 ce s e ses e s

. .. s e e s e e esres s see e

es e s e L R R L R IR I I I I R S B B R I S R I I I I S N 'Y

nd Discussion ...ccceieinoecnnasessoesss

levated Temperatures .....veeeveicececnns

Observations ....ccevve teresessceesena e
3.5.1 Overview ....

0 3 00 0800000 ENT OGPPSO EDROIEREETS e o0 00

APPENDIX A
IES OF CH RADICAL KINETICS AT 290 K

ION: RATE COEFFICIENT FOR CARBON ATOM
EXCHANGE AT 294 K

9é2¢044;v*' * L/;iL4f2L~;¢q 5%Z>¢q¢n/»4_aﬂu

iii

20000000000V LS LI R R A A R A )

faey
3
et

NN!:?NN
BN = s =

W WiWww
| L |
O ON O\ b b s

w
]

[y

[¢,]

$ Y
[
o O

3«16
3-17

5-1



LIST OF ILLUSTRATIONS

Schematic Diagram of the Alkali + Haloform CH Radical
Source Positioned Within the Main Flow Tube .....covvvvvvnees. 2=3

Laser Excitation Spectra for CH (above) and CD (below),
the Latter Obtained By Reacting CH with Excess Dy ............ 3=2

Laser Excitation Spectra in the 0-0 Band of the CH(A « x)
transition near 432 nm L R R R R N A 3-3

Plot of 13C Isotopic Shifts for CH. The O represent
observations at Aerodyne, A is the single MODR
measurement, and + are the data of Ref. 17 ...ccvvveeivvneess . 3=5

A Typical Decay (left) for CH + Nj, Showing Injector
Traverses with Ar (A), N7 (¢) and the Nz/Ar Signal
Ratios (V) EEEEEEE © 8 068 5 0 55 0900090890800 0EeC eSO READOE NSNS . 3—8

Comparison of Our Results with Those of Other
Laboratories ...... Ceeeee Cerereeaas T £ 3 1)

a) Pseudo First-order Decays Observed in the Overall ‘
Reaction of 12CH with 13co ....... cartiesessasanesstasaanen eses 3=13

Traces of OH LIF Signals As a Function of Time, During
Reaction of CH with NO (left) and 0y (right) ................. 3~14

iv



LIST OF TABLES

Page
Experimentally Determined Shifts for 13CH(A « X)
Spectral Lines ....coesvsveevessvercssvsvacnnssnssssscssserssss 3=b
Bimolecular Rate Coefficient for CH Reactions at 2 Torr He
Near Room Temperature Measured Using the Aerodyne

Fast'fIOWReactor I R R R S R R A A I I I N Cses e s s e LAY 3-9



1.0 INTRODUCTION

The goal of the proposed work has been to study a small, but important
family of CH reactions of interest in combustion-related systems; namely
CH + Ng, Hy, 07, NO, and N70. Until now, these reactions have been studied
almost exclusively by IR or UV flash photolysis at moderate temperatures, and
little quantitative information about product species has been obtained.l The
explicit objectives of the present effort were: 1) to develop and characterize
a new CW source of CH radicals suitable for use in a fast-flow reactor, 2) to
use this source to measure rate constants for several key CH reactions as a
function of temperature, and 3) to detect the product channels of these
reactions wherever possible. A major portion of these goals have been
fulfilled to date. Our accomplishments include: the successful development
of é chemical source of CH radicals; the measurement of eight rate constants
at 300 X (which agree with previously reported values where available); the
detection of OH produced by the CH + NO‘and 0y reactions; the completion of a
thorough study of isotopic exchange in the products of the reaction CH + CO;
and, finally, the taking of the first steps to extending this work to higher

temperatures.

The reactions cited above are important for a variety of reasons which
are discussed briefly here. The CH + Ny process is believed to be the
precursor of prompt NO in hydrocarbon flames.2"3 This is probably because CH
is the only radical which can break the strong N; bond at flame-front
temperatures. Two separate studies, one in a flame? and the other at lower
temperatures where recombination dominates occurs,4 have been reported. A
single experiment covering the full range is necessary. Our careful study of
isotopic exchange in the CH + CO reaction, which is isoelectronic with the
CH + Ny reaction, was also undertaken to expand our understanding of the

dynamics of the reaction with Nj.



Not only is CH + Hy the simplest methylidyne reaction, it is
mechanistically interesting at easily accessible temperatures and amenable to
comparison with theory.5'7 It serves as a reliable touchstone for comparing

various experimental methods.

All work to date5,8-9 suggests that the CH + 02 and NO reactions are
fast, with weak temperatures dependences.10 Many possible product channels
are available;!S and 5 ground state sets for Oy and NO, respectively.
Electronically excited OH has been detected from the 0 reaction,ll and NH(A)
and CO(v) have been observed from the NO process.n'12 Quantitative
measurements of branching ratios are needed for models of NOy production in

combustion.

Reactions of CH with N7O, an important greenhouse gas which may be
produced in large amounts in stationary power plant combustors, are also fast
at room‘temperature.9 Even so, current models neglect this destruction
mechanism. 3 The identity of the product channels of the reaction (either N,
or NO) are important, and may play a significant role in nitrogen chemistry of

flames.

The new methods developed to study CH chemistry have been discussed
extensively in the first publication to come out of this effort,13 and are
only briefly summarized in this report. The fast-flow reactor configuration
is ideal for studying the kinetics and mechanisms of CH radical reactionms.
The Aerodyne high temperature flow system is particularly well-suited to
coherent investigations over a wide temperatue range. The results of these
studies of key elementary reactions should be of great value to the kinetics

and combustion communities.




2.0 SUMMARY
2.1 Year 1

In the first year of our present program, we,investigated a chemical CW
source of carbyne radicals suitable for kinetic studies in fast-flow reactors.
Our approach uses alkali metal atoms (M = Na or K) to successively abstract

halogen (X = Br or Cl) atoms from a haloform molecule,

M+ CHX, + + CHX | (2)
M+ CHX ++CH | (3)

producing the CH radical and three alkali halide molecules. For M = Na, the
CH + M + C + MH reaction is highly endothermic (AH = 33 kcal/mole) and M + CH
recomination is slow, precluding consumption of CH radicals by M atoms.
Experiments conducted in the Aerodyne high temperature flow reactor succeeded
in producing CH, which was identified by LIF spectroscopy of the X2

(v" = 0) + A%A (v' = 0) transition near 430 nm. Measurements of CH losses on
the reactor wall showed them to be large, approaching unit probability per
collision, and the number of radicals produced per bromoform molecule was

estimated to be about 1/10 by comparison with LIF of nitric oxide.

2.2 Year 2

Early in the second year, attempts to observe CH reacting with 0y, Hj,
and Ny produced mixed results. These and other experiments suggested that
better separation between CH oroduction and reaction zones was necessary. A
pre-reactor assembly that permits variation of nearly all source parameters
independent of main reactor conditions was designed and constructed, and has

been used in all subsequent work. A diagram of the radical source positioned
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‘in the flow reactor appears in Figure 1. We learned a great deal about the
chemistry of the M + CHX3 source, found optimum CH production conditions, and
performed preliminary experiments yielding rate coefficients for CH reacting
with Cl; and 0 at 300 K.

2.3 Year 3

The thifd year of the program proved to be more fruitful, yielding high
quality kinetic data for five CH reactions (CH + Cly, NpO, CHg, 0Oy, and Hj),
and preliminary results for three others (Dz, NO and Np) at 2 Torr and 290 K.
This was the first study of the CH + Cly reaction. In addition, we made
preli~.inary observations of sigﬁificant OH productiqn from both the CH + 0,
and NO reactions. Initial attempts to operate at higher temperatures (up to

1100 K) revealed a needed design change in the source.

2.4 Year 4

In‘the final year of this effort, we began construction of a new source
subassembly incorporating the design changes indicated by our experience in
Year 3. All the necessary parts have been fabricated, and the unit is ready
for assémbly. While this was underway, we used the existing radical source to
study several reactions near room temperature, including CH + 0 + M, and the
CH and CD + HD and 12cH + 13co isotope exchange processes. We concentrated on
the CO reaction due to its similarities to the important CH + N2 process, and
to 1CH2 + CO. The 13c study resulted in a second publication,14 and what to
our knowledge are the first measurements of isotopic line shifts for low J in
the A « X transition of CH. This spectroscopic work should be of interest to
other investigating the chemistries of CH and CHy and will shortly be

published as a separate study.
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CH RADICAL SOURCE

Scheme: CHBr; + 3M — CH 4+ 3MBr

H,O in ‘ '
, Sliding O-Ring Seals Collection Optics,
o R/He e PMT
Alkali Oven 1 ' ~
Dye Laser
T~ % Beam

/

Heater

-

H,0 f Loop Injector
" out T He

CHBr,/Ar

Figure 1. Schematic Diagram of the Alkali + Haloform CH Radical Source
Positioned Within the Main Flow Tube .-
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3.0 DISCUSSION OF RECENT RESULTS

3.1 Radical Source

The development and characterization of a simple, CW radical source is
the key to successful fast=flow experiments. For CH, this has not been
accomplished until now. The components of the source reactor designed and

built under this contract are indicated in Figure 1.

Studies conducted to characterize the alkali + haloform system suggested
optimum operating parameters for carryiryz 6ut'kinetié and mechanistic
investigations. Briefly, the source works well for moderate alkali
concentrations (5-7 x 1012 cm‘3); haloform levels below stoichiometric
([M]/[CHX3] > 10) and contact times slighly longer than required for maximum
radical production. The CHX3 + CH conversion efficiency, estimated to be =
20%, is ample for kinetic measurements. These properties have been

independent of the identities of M (Na or K) or X (Br or Cl).

3.2 Spectroscopy

Typical low resolution laser excitation spectré, obtained for CH and CD
(produced from the CH + Dy reaction), are shown in Figure 2. These épectrn
agree well with those reported pteviously.6 For the C-atom exchange
axperiments, 13CH-12cH spectroscopic line shifts were needed. The only
previous syStematic study was confined to high J transitions in the R=-branch
that were too weak to be useful. We therefore examined the strongest low J
transitions, P(3) - P(7) and R(1) through R(4), using an intracavity etalon to
narrow the dye laser linewidth. Line shifts were determined with an accuracy
of +0.03 cm™! from pressure-tuned excitation spectra for mixtures of 12CH and
13cH and identical scans for nearly pure 12CH; Figure 3 shows samples for the

P(3) multiplet. The wavelength scale was verified by comparison between our

3-1



D, off

-LIF INTENSITY (ARB. UNITS)

| ] i 1
430.0 430.5 431.0 431.5

WAVELENGTH (nm)

Figure 2. Laser Excitation Spectra for CH (above) and CD (below), the
Latter Obtained By Reacting CH with Excess Da. A small amount
of CH (=10%) is present in the CD scan.

3=2



2dc
2cd

icd,dc

12

1cd

CH

1idc

b

13

icd

CH

‘1‘dc

12

1cd
1dc

-

) 05A

/

Figure 3. Laser Excitation Spectra in the 0-0 Band of the CH(A+x) transition
a) Normal resolution, grating-tuned scan of the F(3)

near 432 nm.

doublets. Wavelength increases to the right.

b) High resolution,

pressure-tuned etalon scan of the P(3); component with CH generated
from 12CHBr3. c) Same as (b), but CH generated from a mixture of

12¢ and 13C bromoform.
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P(6)idc-1cd and R(4)14c-1cd splittings (0.68 and 1.45 cm~1) and those observed
using MODR15 (0.6618 and 1.451 cm~1). |

Our results are compared with other work in Table 1 and Tigure 4. Note
the excellent agreement with the single MODR observation for‘R2(3),16 and the
shift of 0.00 £ 0.03 cm‘l, for the R(l)ldc‘transition. The curve represents
calculated isotope shifts, including electronic, vibrational and rotational .
contributions, and agrees quite well with our data. The crosses are the data

of Richter and Tnnner,l7 which clearly do not lie on the calculated curve.

Table 1 - Experimentally Determined Shifts fou 13CH(A « X) Spectral Lines

Transition m AX(R) Ay (em=1) Reference
P(6) -6 -0.252 1,35 $0.03 This work
P(5) -5 -0.220 1.18 #0.03 This work
P(4) =4 -0.207 1.11 +0.03 This work
P(3) -3 -0.162 0.86 *0.03 This work
R(1) +2 0.000 0.00 %20.03 This werk
R(2) +3 +0.036 -0.19 #0.03 This work
R(3) +4 +0.059 -0.32 %0.03 This work
R(3) +4 +0.059 -0.34 %0.01 16
R(4) +5 +0.095 -0.52 +0.01 This work
R(6) +7 +0.185 -1.01 £0.01 17
R(7) +8 +0.215 -1.18 #0.01 17
R(8) +9 +0.248 -1.36 $0.01 17
R(9) +10 +0.279 -1.53 #0.01 17
R(10) +11 +0.312 -1.73 #0.01 17
R(11) +12 +0.345 -1.92 $£0.01 17
R(12) +13 +0.376 -2.09 +£0.01 17
R(13) +14 +0.416 -2.32 $£0.01 17
R(14) +15 +0.449 -2.51 +#0.01 17
R(15) +16 +0.487 =2.74 $£0.01 17
R(16) +17 +0.529 -2.98 +0.01 17




LINE SHIFT (cm-1)

Figure 4.

1.5
\'\\ﬁ - 113-12 (e.v|r)

‘ * |ARI
& |MODR
+IR&T

Plot of 13¢ Isotopic Shifts for CH. The ® represent cobservations
at Aerodyne, A is the single MODR measurement, and + are the data
of Ref. 17. The curve represents calculated values.
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The reason for the discrepancy is not obvious. A simple assignment offset,
for example, is ruled out by the unique R(7) multiplet (marked by a near
coincidence of the lcd and 2dc components) which was recorded and assigned as
such in Reference 1 and by us. In any case, our measurements should be useful
to others studying 13CH and show that extrapolation of the earlier data to
lower J-levels is unreliable. A paper describing these measurements and their

interpretation has been prepared for publication.18

3.3 Kinetic Studies
3.3.1 Qverview

Most qf the results described here have been published,msl4 and will
only be discussed briefly; manuscripts are included in this report as
Appendix A. The subjects of these papers are room temperature studies of the
reactions of CH with Cl,, CH,, Ny0, 0Oy, Hp, CO and 13C0. Preliminary studies
of the CH + Dy, NO, and Ny reactions are also discussed. All kinetic data
were obtained and analyzed in the same way, with the exception of those for
CH + Ny and 13co. The experimental procedure, results, and implications for

future work are discussed below.

3.3.2 Procedure

Methylidyne concentrations were monitored by laser excited fluorescence,
using either the strong Q;(2) or Ry(1) doublets, or the P(3) multiplet
(for 13C work). The radical source was positioned = 43 cm upsteam of the
detector. Flow speeds were always near 1000 cm-sec'l; gas flow rates,
pressures, and temperatures were monitored with calibrated electronic and
rotametric flowmeters, capacitince manometers and both fixed and moveable
thermocouples, respectively. Reagents were added through the injector, which
was moved between 8 and 38 cm upstream of the detector to effe:t pseudo-first

order decays of [CH].
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These were fitted to extract kI's, which were appropriately corrected for
transport effects. Typically, the correction factors applied were 1.6-1.7, as
expected for diffusion-controlled radical loss at the reactor wall in laminar
flow. The correctness of this assumption was demonstrated by observing a
doubling of the CH wall loss rate upon halving the total pressure. Plots of
corrected kl's against reagent concentration yielded bimolecular rate

constants.

This procedure was modified during studies of the CH + Ny reaction, which
proceeds so slowly that massive additions of Ny through the injector (up to
10% of total reactor flow) were required to observe the decays. The increase
in flow velocity at the injector reduced the source-to-detector flow time, and

thus the cumulative CH loss as the injector was withdrawn.

Injector traverses with noble gases substituted for Ny were recorded and
used as references for the Ny decays. Equivalence of total pressure, read
with a resolution of 1/2000 at 2 Torr, was used to set the substituent flows.
Point-by-point signal ratios were taken to represent the homogeneous process,
yielding kI(Nz); this procedure is summarized in Figure 5. Subsequent data

analysis was the same as described above.

For the CH + 13C0 rate constant measurements, the range of injector
positions was limited due to the reduced LEF sensitivity (dye laser power) at
high resolution. Relative rate measurements for wall-less, mixing-limited
conditions were also performed to evaluate the role of wall reactions on the

conventional kinetic data. These are described below.

3=~7
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10.0

T T T T T T T T T
L CH®N, 4
B . A87 191
60 T Y T T T
- - CH+N,
a 2Torr, 290K
= - . 40
Z
5 Ar
g
. - 30
< o - . ‘o
2 ] 8
Z i i -
0] - N2 X 20 b
b L 4
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Q Nj /Ar
' - e 10 A
o0 1 2 3 4 8 []
[N,] 710" cm™
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Figure 5. A Typical Decay (left) for CH + Ny, Showing Injector Traverses
with Ar (A), N (¢) and the Ny/Ar Signal Ratios (V). Resulting

bimolecular plot (right) for CH + Ny, showing pseudo first-order
rates referenced to He (¢) and Ar (@),
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'3.3.3 Results and Discussion

A summary of bimolecular rate coefficients measured to date is presented
in Table 2. The quoted uncertainties are single standacd deviation, and

include both random and estimated 15% systematic errors.

Table 2 - Bimolecular Rate Coefficient for CH Reactions at 2 Torr He Near Room

Temperature Measured Using the Aerodyne Fast-flow Reactor

REAGENT : RATE COEFFICIENT
(x 1011 ¢p=3 - sec‘l)
NO 17.0 #4.0
Cl, 15.0 4.0
Dy 7.7 2.0
CH, 5.4 1.0
N»0 4.2 $0.7
0y 2.3 0.5
13co 0.24 +0.03
H, 0.075 +0.012
co 0.027 *0.003
Ny (8.2 *+1.5) x 1074

These results are compared with work from other laboratories in Figure 6,
and discussed in turn below. Agreement regérding relative reactivities is
very satisfying, spans more than four order of magnitude, and suggests that
there are no serious problems with our method. In absolute terms our values
tend to be slightly (10-30%) below those previously reported. The reason for

this minor discrepancy, which may be resclved by further measurements, is not

3=-9



k" (290K, 2Torr), cm®-sec”

Figure 6.
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1

clear but may involve non-thermal internal energy in CH produced in the

photolytic sources.

Study of the CH + bz reaction was motivated by the additional
information it conveys about the H; process. It has been examined only once
before, and was found to be very fast, with a rate constant of 1.14 x
10=10 cm3-5=1 at 100 Torr and 297 K.5‘ Isotope exchange occurring through the
energy-rich CHD; intermediate appears to be responsible for 80-85% of this
rate, or 9.5 x 10-11 cm3-s’1; the rest is due to recombination. Our
measurements support this finding, yielding k(Dj) = (7.7 £2.0) x 10-11 ¢p3-s-1
at 2 Torr and 290 K.

Brief kinetic studies of CH + NO were undertaken as an additional check
against previous work. The data shown in Figure 8 gave a rate constant of
(1.7 i0.45\x 10~10 ¢m3-s~1, in excellent agreement with other reported values,
1.9 i0.3,4‘and 2.0 +0.3,10 in the same units. The most important aspect of
this reaction is the nature of the products; our work on this question is

described in Section 3.4.

Practical interest in the CH + CO reaction is motivated by its sister
process, CH + Np. CO is isoelectronic with'Nz, both have 1Z+ electronic
ground states, and consumption of CH by either reagent near room temperature
is dominated by 3-body recombination.#>10 Additional insight into the CH + Nj

mechanism could be obtained by studying the isotope exchange reaction:

2o + 3co <-> Ben + 2c0,

This process is also of fundamental interest due to the chemical
similarity of CH(X) and CH2(1A1)23 and the evidence for fast C-exchange in
CHy + C0.2% The latter has received considerable theoretical attention.25-29

We first estimate the rate coefficient for CH + CO association by fitting

a standard fall-off curve to 2-body rate constants for the unlabeled reaction

3-11



from our own work at 2 Torr ((2.7 +0.3) x 10710 cm3-sec=1) and preQious
measurements at higher pressures. This procedure yielded k, = 1.1 x

10~10 cm3—sec'1, and ky ® 4.9 x 10=30 cpb-sec-1. Then, the rate coefficient
for C-atom exchange was measured in two ways, both of which employed
13c-1abeled €O and high resolution isotope-selective LEF. Conventional
kinetic measurements, which are summarized in Figure 7, gave ky = (2.1 %0.3) x
10712 ¢p3-sec™l. 1In the sécomd method, reagents were added just upstream of
the LEF field of view to eliminate wall reactions. Relative rate ratios for
consumption of CH by CO, 0 and 13c0 were identical with those obtained
previously; the exchange is indeed homogeneous. Note that ky lies about a

factor of 50 below the high pressure limit.

Detailed analysis of energy and entropy restrictions suggests that the
mechanism involves formation of a quasi-linear HC70 complex through a
moderately tight transition state, followed by isomerization through a
symmetric oxiryl radical to accomplish the exchange. (Note that the previous
study of the CE + Nj process concluded that the transition state leading to
HCNy was very loose. )% Entropy appears to be the controlling factor.
Association may occur either by insertion or C-C bond formation; the A-factors
estimated using standard methods can accommodate either equally well. Study
of the temperature deperndence would be valuable in testing the proposed

mechanism.

The CH + Ny reaction is perhaps the most important of all those studied
here. Its small rate constant near 300K requires a slightly altered
experimental procedure, in which inert gases (Ar, He) were substituted for Nj
to provide unreactive gas baseline profiles of [CH] (see Figure 5). The
results suggest thatlslightly different behavior was obtained for Ar and He,
with the Ny decays referenced to He yielding the larger rate constant. The

cause is probably impurities in the UHP Ar substituent.

Extension of the present work to higher temperatures should be

straightforward. The precision of the measurements at 290K indicates that

3-12



2CH Signal (arb. units)

k' (sec’V)

Figure 7.

100 T T T T T T T Y T ] A-722

- 2014+ *CO-=Products

2.69

4.66

Injector position (cm)

300
126H4'3CO —= Products
200
100 12
k!'=(2.4£0.3)x10"’
01 1

0 2 4 6 8 10

[‘300]/1013 cm™3

a) Pseudo First-order Decays Observed in the Overall
Reaction of 12CH with 13C0. 12CH monitored at P(3)1q. with
narrowed laser linewidth. Fitted line in (b) corresponds to
kIT = (2.4 +0.3) x 10~12 cp3-sec~1,

3-13




OH trom GH + NQ

OH from CH+ Op

Figure 8. Traces of OH LIF Signals As a Function of Time, During Reaction of
CH with NO (left) and 0y (right). The symbols a-c denote
chronologically sequential traces. For CH + NO, [NO] spans an
order of magnitude from a (lowest) to c (highest). For
CH + 0p, a-c all used the same [0y], sufficient to reduce CH LIF
signals by 50%.

3=14



‘decay rates 10-20 times smaller, corfesponding to bimolecular rate constants
of =5 x 10716 cm3-5~1, can be detected for flow velocities of 1000 cm=-s~1,
Decreased flow speed and increased total pressure will lower this limit and
reduce the amount of Ny (relative to the total flow) required to produce
similar first érder rates. This approach will permit greater precision in

mapping out the Arrhenius plot.

At the highest temperatures, we expect that increased CH wall loss rates,
due to the temperature dependence of the diffusion coefficient, may establish
the smallest detectablg decay rates. Operation at 10 Torr and 1500K will
produce number densities equivalent to 2 Torr and 300K, while wall losses
might be expected to double. Increased sensitivity will therefore be required
to offset the smaller radical concentrations at the detector. The use of
filters in the fluorescence detection optics (required to discriminate agaiast
blackbody radiation from the flowtube) should significantly reduce the alkali
chemiluminescence which presently sets our detection limit for CH radi:als.

We should be able to explore the transition between three-~ and two-body

mechanisms occurring near 900K without great difficulty.

3.4 xperiments At Elevated Temperatures

Several attempts were made to produce CH‘with the main reactor operating
at 1100K. We could not detect CH using eithe£ of the CHBrj or CHClj
precursors, with K-atoms as the abstractor. *he problem was traced to thermal
decomposition of the CH precursor by operating the main reactor at room
temperature and heating the external wall of the source tube. The temperature
of the annulus carrying the precursor could tLus be altered independently of
that in the source or the main flow tube, with the source operating normally.
With X=Br, CH signals disappeared when the temperature of the outer tube
reached 500K, and reappeared as the tube cooled off. We were unable to

duplicate this for X=Cl; the heating apparatus limited the maximum temperature
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to 550K. We fully expect, based on our initial observations, that CHCl3 would
have dissociated well below 1100K.

Modifications of the radical source to prevent decomposition of the CH
precursor were designed and fabricated. This was done without significantly
disrﬁpting the temperature of the main reactor gases in the reaction zone by

adding a radiatively shielded water jacket to a new source tube.

3.5 Product Channel Observations

3.5.1 Qverview

The identity of product species, as opposed to reaction rate constants,
is of dominant import for several methylidyne reactions, including CH + Oy, NO
and Ng9O. As discussed previously, there is a profusion of energetically
accessible pathways for these reactions, and their impact on the chemical

systems in which they occur depends on which are actually taken.

Our approach was to focus on the two simplest reactions first, namely
CH + 0y and NO, and to attempt quantitative detection of OH. These reagents
also suffer the least possible interaction with the alkali atoms; NO does not
react at all, and 0y recombines very slowly. Detection limits for OH, with
the CH source off, were =108 cm~3; with the source on, they degraded to

2109 c¢m~3 due to alkali chemiluminescence.

3.5.2 Procedure

Once the CH source was operating normally, as verified by LEF, it was
positioned 15 cm from the detection zone. The dye laser wavelength was
changed to excite the Q3(1) line of OH at 307.844 nm. OH signals were
calibrated via the H + NO; reaction, with H from an upstream discharge of
Hp/He in large excess. After the calibration, the N0, and Hz flows were
valved off and the discharge was extinguished, to prevent any chemistry

associated with these species. The desired O-containing molecules were then
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added either through the injector or another inlet which allowed smaller
contact distances. OH signals were recalibrated after these observations were

complete.

3.5.3 esults and Discugsion

Our results are summarized in Figure 8, which presents.a time history of
the OH signals observed during additions of NO and 03 as described above.
Note that the reagent-off levels correspond within the background noise to
[OH]=0. For NO, even the smallest amounts used were sufficient to drive the
reaction te completion, while for 0y only 50% of the CH had been consumed.
Subsequent experiments with Oy in which both the appearance of OH and the
disappearance of CH were monitored showed the expected monotonic increase and
decrease respectively, but the S/N for OH was insufficient to pin down the
temporal relationship with confidence. Source [CHBr3]p in these experiments
was =5 x 1011 cm™3, corresponding to maxiﬁum [CH]g of § x 1010 in the flow

tube just downstream of the source outlet.

Although it appears that OH is a major producf of both reactions, these
observations beg the question of whether or not the OH we have seen is a
primary product. It seems fortuitous that both should produce the same amount
of OH. For CH + 0y, large QH yields are nof unexpected. For CH + NO,
however, experimentally useful concentrations of NH(A) have been observed30-31
and it may be that considerable ground~state NH is also formed. In the
present experiments, this radical could react with NO to form OH, although

N9O + H are thought to be the preferred product channels. 32



4.0 CONCLUSIONS

We have come close to satisfying the objectives of this program. Two
papers have been published,13s14 and a third has been submitted for
publication.l? A new CW source of CH radicals suitable for use in fast-flow

reactors has been successfully developed and characterized.

Measurements of rate coefficients for ten reactions: CH + NO, Cly, Djp,
CH,, N2O, 09, 13¢o, Hy, CO and Ny have been carried out near room temperature
in helium at low preSsure (2 Torr). Agreement with previous work, where
available,‘is satisfactory. The CH + Cly and 13c0 reactions had not been
studied before, nor had the 13C isotopic line shifts at low J. Observations of
C-atom exchange in the CH + CO reaction provided new information on the HC,0
intermediate, which should be analogous to the HCN; intermediate in the CH +

Ny reaction.

A new radical source assembly, incorporating design changes indicated in
preliﬁinary high temperature runs, was fabricated, but could not be tested
before the end of the grant period. As a result, no high temperature studies
were carried out. A search for OH products from the CH + NO and 0, reactions
was initiated. Preliminary data suggest that it is a major product of both

reactions at room temperature.
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APPENDIX A
I. FAST FLOW STUDIES OF CH RADICAL KINETICS AT 290 K

II. THE CH + CO REACTION: RATE COEFFICIENT FOR CARBON ATOM
EXCHANGE AT 294 K
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