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Annual Report (December 31, 1979)

on

Measurements of Gas-Phase Reaction

Rates Involving N20 and CH2O

under

ONR Contract No. N00014-75-C-026 1

1. Publications

The following papers have been published du r ing 1979: (a) K. G. P.

Sulzmann , J. M. Kline and S. S. Penner, “Shock-Tube Studies of N7 0-Decom-

position , II Twelft h Internat ional Symposium on Shock Tubes & Waves, Hebrew

University Press , The Hebrew University, Jerusalem, Israel , 1979. This

paper contains ve ry extensive modifications from the version that had been

completed by the end of 1978. (b) K. G. P. Sulzmann , 3. M. Kline and S. S.

Penner , “Empirical Determinations of the E ffective Absorption Coefficients

for the NO y-Bands at 2259 A and the v 3-Fundamental of N2O at 4. 52 ii, ”

JQSRTZ1 , 475-482 (1979).

2. Experimental Accomplishment s

A. Measurement of Absorption Coefficients

Shock-Tube correlation -absorpt ion data at 2259 A (~~ = 39 A) of low-pressure

(... 5 torr) emission lines by high-pressure (0. 5 ~ p, atm ~ 2. 1) and h igh-temperature

I



2.

(9 05 ~ T, °K ~ 2015) lines belonging to the (0 , 0) band of the NO y-system are

described by using an effective absorption coefficient for emission lines of

negligible width and line-center absorption by isolated Voigt-lines of common

widths. The effective f-number differs by -26% from the preferred value.

Modeling the system with narrow-line emission and absorption by a just -

overlapp ing band system does not correlate the observed data.

• Shock -tube emission data at 4. 52 ~ (AX = 0. 083 ~) for N20 in the 11
3

fundamental for 975 tc~ T, °K ~ 2300 and 0. 4 ~ p, atm ~ 2. 2 are well described

by the ju st-ove rlapping line model. The effective integrated band-intensity

agrees within 9.4% with recent literature data.

The appropriate models are useful for concentration time-history measure-

ments of NO and N2O behind shock waves.

B. N20 Pyrolysis

The thermal decomposition of nitrous oxide has been studied behind reflected

shock waves for 1685 � T, °K � 2560 and 1. 7 � p, atm � 4. 6 in Ar-N20 mixture s

containing 2% N20. Concentration-tim e histories have been dete rmined for N20

from emission at 4. 52 ~ (A X 0 083 ii. ) and for NO by correlation spectroscopy at

2259 A (AX = 39 A). Needed spectral absorption coefficient s were obtained by the

use of semi-empirical procedures.

There is some delay before the 0-atom concentrations attain steady -state

values at low temperatures, for which the initial N20-decomposition is governed

by the binary decomposition reaction N20 + M N2 + 0 + M with the rate coefficient

Vt
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• 3.

k 1. At higher temperatures, the reactions N20 + 0 — 2N0 and N20 + 0 — N
2 + 02

(with rate coefficient s k2 and k3, respectively) occur so rapidly that the 0-atoms

attain steady-state concentrations (within the experimentally achieved time reso-

lution ) immediately afte r reflected shock-heating. When a stead y state obtains

for the 0-atom concentrations , the effective rate of N20-decomposition is double

(2k 1) that for the one-step binary decomposition step. We find that k
1 

= (3. 71

± 2.74) ~< iø
14 exp[- (27 , 660 ~ 1, 445)°K/T]crn

3
/mole-sec and k3/k2 

1.09 ~ 0. 10

for 1685 ~ T, °K � 2560. For 1685 � T, °K � 2000 , k2 + k3 was measured

directly and yielded k2 = (4. 07 ± 3. 26) x 1013 exp[- (12, 350 ± 2,380)°K/T] and

k 3 = (4.43 ± 3.97) x io 13 exp(- (12 , 350 ± 2 , 380)°K/TJcm 3
/mole-sec.

C. Preliminary Studies on CH2O Pyrolysis

Formaldehyde pyrolysis has been studied by Dean et al (1978) and by Just

(1979). Formaldehyde oxidation using N20 or 02 has been investigated by Dean

et al (1979). Examination of these studies leads to the following conclusions.

The initial step in CH2O py rolysis is believed to be the format ion of two

free radicals. The mechanism of Just (1979) includes the direct decomposition

*of CH2O to CO and H2, 1.

CH2O + M - ’ C H O + H + M , (10)

CH2O + M - ’ C 0 + H 2 + M , (11)

_ _ _ _  

•

*The numbering system used for reaction processes corresponds to the numbering
system used in our computer codes.
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V 4.

CH2O + H - C H O + H 2 , (1 4)

C H O + M - ’ H + C O + M ;  (3 1)

on the other hand, the mechanism of Dean et al (1978) requires a chain reaction

for the production of H2 and CO, i. e.

CH2O + M -
~ CHO + H + M, (1 0)

CH2O + H - CHO + H2 , (14)

C H O + M - . H + C 0 + M , (3 1)

C H O + H - H 2 + C0. 
• 

(37)

The estimated rat e constants for the specified elementary steps are listed

in Table 1.

Comparison s of pyrolysis and oxidation rates suggest to us that the rate of

CH2O decomposition , in the presence of N20, is initially determined by CH2O

pyrolysis [in particular by reaction (10)] and subsequently accelerates to values

that are dominated by the presence of 0 atoms in the react ing mixture. In the

limit, at sufficiently high temperatures , a value may be reached for the 0-atom

• concentration that approaches the steady-state value encountered during N 20

• pyrolysis. The correspondin g rate of CH2O removal is probably close to the

highest rate that is achievable in CH2O-N 20 mixtures. •

Clarification and validation of the hypothesis presented in the preced in g

paragraph will represent the principal focus for our expe rimental studies during

P • • 
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6.

the third contract year. . A key measurement technique that will be used in th i s

validation involves spectral absorption measurements for an He-Xe laser

centered near 3. 5 ~i, which coincides with an absorption line of CH1O. In the

oxidation studies of CH2
O by N20

, we monitor the CH2
O concentration by

absorp tion of the He-Xe line and the (CO)(O) product by chemiluminescence

at 3700 A in mixtures of CH 2O, N 20 and CO in Ar. It should be noted that

V 

direct measurement of CO emission is difficult because of N2
0 emission at 4. 8 ~~.

Rate constants for 0-atom reactions will be evaluated with the aid of a
/ 

V

chemical kinetics computer code.

In addi tion to the facilities described in our 1978 annual report , we have

installed an He-Xe laser for absorption measurements on CH2
O.

The He-Xe laser was manufactured by Advanced Kinetics, Inc., of Costa

Mesa, Calif. It consists of an 8 mm diameter, water-cooled discharge tube

mounted in a 98 cm long optical cavity. The He-Xe mixture flows through the

tube at a pressure of approxima tely 2 torr. The maximum power output of the

laser is 3 mW. It may be operated in either a CW mode or a pulsed mode.

Pulse rates between 40 and 1000 pulses per second may be achieved. In the V
.’

pulsed mode, the laser output power may be feed-back stabilized.

The laser is mounted below the shock tube, and its beam is di rected by

two mirrors th rough the cente r of the shock tube observation windows and onto

a liquid-N 2-cooled InSb detector.
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