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The pyrolysis of acetaldehyde in the presence of nitric oxide has been studled in the temperature
ange 495—550 °C at an initial acetaldehyde pressure of 25-—200 torr and at 0—50 torr nitric oxide
pressure. The decomposition was followed by pressure measurements and by GC analysis. The
order of reaction with respect to CH;CHO and NO was determined by different methods. From
pressure measurement data “influencing curves” were deduced and on this basis, some properties
of the catalytic and inhibition region are.summarized. Arrhenius parameters are given for the overall
decomposition in the catalytic region. The effect of nitric oxide on the formation of major and some
of the minor products (e.g. H., C,He, C;H,, acetone, HCN) was investigated in the catalytic and
inhibited reglons The possible routes of product formatlon are shortly discussed and a simple
mechanism is given for the NO influenced aldehyde decomposition.

Introduction

. The influence on the acetaldehyde decomposition of different substances has
been a frequently studied field of reaction kinetics. It was established that N,O,
H.S, I, Bry,, O,, HCI, HBr, propylene, nitric oxide, etc. have a strong catalytic
effect on the decomposition of acetaldehyde, while in the case of nitric oxide ahd
propylene, inhibition takes place, too [1," 31—34]. In consequence of this double
effect, the NO aroused considerable interest.

Many articles have been published in this field, the earlier ones, based on
pressure- measurements, did not provide detailed mformatlon [2, 3—5]. More recent
investigations were carried out by gas chromatography (GC) and mass spectroscopy
(MS) [6, 7). These latest publications, altogether with LAIDLER’s recent investigations
[8, 91 give us nowadays the best informations in this field, stating the following:
the order of decomposition with respect to acetaldehyde is 3/2 in a wide pressure
range of aldehyde and NO, and in the catalytic region the decomposition is pro-
portional to the square root of NO concentration. SCHUCHMANN and LAIDLER [9]
during the pyrolysis have indentified the products listed in Table I. Rates of for-
- mation of the most important products as a function of NO pressure are shown
according to [9],.in. Fig. 1. '

On the basis of the mentioned experimental results, LAIDLER assumes two
chain carriers in the system, namely CHy and CH,CHO radicals. The concentrations
of these two chain carriers are independent of each other, and the NO influences
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Table 1

Products of pyrolysis in the presence of NO according to SCHUCHMANN and L AIDLER [9]

. N ini Compounds, which
Major products Minor products ' zg.%zlllzng were not obtained during
) pyrolysis
co .| H,Co,, H.0, N,, N,O, HCN, CH,0, CH,ONO, CH;NO,,

C.H;CHO, C,H, | CH,NCO, C,H,;NCO | CH,ONO,, CH,0H, CH,CO,
CH,CN, C,H;0H, CH,0C,H,,
_ (CH,),CHOH, CH,COCOCH,
CH, C.H,, C;H,

CH3;COCH,
CH,COOCH = CH,
(crotonaldehyde)?

-their concentrations in different ways. In the case of methyl radicals, both generation
.and removal take place in a direct reaction with NO, while in the case of CH,CHO
radicals, the formation takes place in an indirect way

CH;+CH,CHO -~ CH,+CH,CHO )
:and the consumption of this radical commences in a direct reaction with NO.
- CH,CHO+NO — ONCH,CHO — HCN+CO+ H,0.
. A .

10" rate Pald=176 Torr
(in mole cc sec’ ) T=500°C N
16"CH,,CO

Hy

10' H,0, HCN

CH3NCO

© CH,COCH,
2 no
CHe 2
2''6
10 20 pNO(Tord
_Fig. 1. Rate of formation of pyrolysis products as function of NO

-pressure, according to SCHUCHMANN and LAIDLER [9]. p,,, =176
: torr, t =500 °C :
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LAIDLER assumes new initiation stéps in the presence of NO, wich explain the in-
crease in the amount of major products According to their very detailed analytical
investigations SCHUCHMANN and LAIDLER proposed a more accurate mechanism

cons1stmg of 41 steps. The steady-statc equations derived from this mechanism _

are in good agreement with the experimental rate—[NO] curves, which verifies
the validity of the mechanism,

After finishing the investigation of the decomposxtlon of the pure acetaldehyde
[25], we wished to clear up the influence of NO on the kinetics of  decomposition
and the distribution of products. Detailed investigations had been carried out ear-
lier in our Institute with the propionaldehyde—NO system {10, 11], Wthh offered
a good opportunity to compare these two systems. . .

Experimental

The apparatus and procedures were essentially the same as used previously
[25]. The mixture of aldehyde and NO was left to stand half an hour, during which,
to promote good mixing, we used thermodiffusional stirring. This time was enough
to reach a good mixing, and the ‘““cold reaction”, mentioned by SCHUCHMANN and
LAIDLER [9), (i.e. the reaction between aldehyde and NO at room temperature and
in darkness) could not be observed. In most cases the reaction was followed by
the measurement of pressure change and the products were analysed by GC. To
facilitate the analysis, the products were separated into fractions condensable and -

non condensable at liquid air temperature. The GC apparatus used and the methods c

of analysis were similar to those used previously [25]. )
Materials. NO was produced by the method of WINKLER [12]. The frozen

NO was subjected to. low temperature bulb to ‘bulb distillation and- was stored o

"in a storage vessel.

CH,CHO. The purification and storage of acetaldehyde were the same as
described earlier [25]. Tn the same paper we gave detailed methods of purlﬁcatlon_
_ of the chemicals used to calibrate the GC.

Pressure—time measurements

The experiments were carried out at five temperatures (495.5, 512, 527.5, 539.5,
550.5°C) and at four different aldehyde concentrations (25, 50, 100, 200 torr).
The concentration of NO changed between 0 and 50 torr. The reproducibility of our
experiments was satisfactory. The character of pressure—time curves, plotted
from the experimental data, does not change in the presence of NO, as it can be
seen in Fig. 2; only, depending on the effect of NO, a rate increase is observable.

The order of reaction
The order of reaction with respect to aldehyde has been found to be 3/2in a
wide pressure range {7]. From the initial rates (calculated from the pressure—time
curves by computer), the order of reaction with respect of aldehyde was determined

and agreement with literature was found, but only in the case when the aldehyde

4
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Fig. 2. Pressuré—time curves at
different NO concentrations.
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420 torr; O 34 torr; & 528
» torr NO. p,,q=50 torr,
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10 - 20 30 t(min}
"1 o,
NP t=5275"C 196 Torr NO
Pald=100 Torr 49,43 Torr NO
03 .
2.2Torr NO

02

A}

OTorr NO
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Fig. 3. p~V2—¢ curves at different NO concentrations. 1= 527.5 °C,
Pa1a=100 torr. O Otorr; @ 2.2 torr; X 19.6 torr; A 49.43 torr NO
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concentration was above 50 torr and the NO concentration ‘above 5 torr (i.e. in -
the so called catalytic region). This order did not show any. significant change
neither by the effect of temperature increase, nor due to the increase of NO concen-
tration. This value and the same behaviour was found to be valid if the rate ‘was
calculated point by point from the pressure—time curves.

To check the.validity of the-above value of reaction order, the inverse square
root of the actual pressure vs. time was plotted. This must give a straight line if
the order of reaction is 3/2. As it can be seen from Fig. 3, this condition is fulfilled
above 100 torr initial aldehyde concertration at any NO: concentration, but at 50
and 25 torr aldehyde pressures a slight curvature can be observed. .

Using - the log wy—log p, graphs the order of reaction was determined with
respect of NO concentration.

h .
log w°~11 i : : o ) .
30 o - © 200Torrald
1=5275°C
: x
: x7 -~ . 100Torr ald
25 / . . =
. X Co- ) . /A/
o / % 50Tarr ald
7/
a— A% N
20 _—73%

o/ 25 Torrald -
. o’

. : . //
w

—

05 ] 1:0 © 15 log Pyo

Fig. 4. log wo——]og 25 © curves at different aldehyde concentrati-
ons. t=527.5°C. e 25 torr; O 50 torr; a 100 torr; X 200 torr
aldehyde '

As it can be seen from Fig. 4, where the results of a series of experiments are
plotted, the experlmental points under 5 torr NO always deviate consequently
and a break appears in the line. Omitting these values, the order of decomposition
with respect of NO will be very close to 0. 5, WhICh agrees qulte well w1th the value
found in literature.

4%
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As it was mentioned above, the order with respect to aldehyde in the presence
of NO, under special.circumstances (p,q=>50torr and pyo=>5 torr) was found
to be 3/2, similarly to the decomposition of pure acetaldehyde, and on the ba-
sis of these data obtained by pressure measurements, 3/2 order rate constants
(k’) were calculated. As the values of these rate constants showed no trend within
one experiment; this means that the right order has been established. The mean
values of the rate constants collected in Table Il were used. for the calculations.
As it can be seen from the table, the rate constants change with increasing NO con-
centration.

On the basis of our experimental data the vahdlty of the expressnon

x~Ve =14 % kt

was checked.

Table I
3/2-Order rate constdnts k4102 (in 12 mole~* secY) calculated- from

pressme—-nme measurements at different temperatures and at different
initial aldehyde and NO pressures

PLo (torr) g - X
t°C \ 0.5 1 10 20 35 50 -
. Pa1d (torr) . :
25 2.0466 2.2842 3.3214 4.3910 6.2307 7.8356
512 °C - 50 - 2.0061 2.0780 ; 3.5765 4.9359 5.7482 6.4391
- 100 | 1 2.2864 2.4938 3.3433 5.0071 6.1949 ~  7.6908
200 - 2.5683 2.8815 . 3.8727 C— 6.4220 7.4857
25 41725 30955 56788 7.9451 99824  13.0743
527.5 °C 50 4.0180 4.0552 5.7085 7.1422 ©9.4212 12,6311
’ 100 4.5319 . 4.5650 6.5204 8.1801 10.3819 12.0651
200 — = 7.0976 8.4977. -10.4713 —
25 5.6820 6.4810 7.9751 10.5422 - 17.9280 18.9714
539.5 °C 50 5.8059 6.0799 8.7783 10.9755 13.9311- - 17.4890
. 100 6.4289 — 91310 11.9646 15.4762 18.2058
550.5 °C 25 . 8.7468 - 9.8916 - 13.3774 17.0703 22.3297 —
. 50 9.0301 7.8097 12.2757 - 159104 19.9267 23.1799

This expression is obtained from

) .
k = 7 [C—1/2_CO—1/'2]

by rearranging and introducing some-symbols (¢/c,=x and c}/*t=1). A

In the case of reactions of 3/2 order, plotting x~/2 against 7, a straight line is
obtained, the slope of which gives k/2. Th1s gxpression was found to be valid only
in the catalytic region, as Fig. 5 shows.
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On the basis of this expression, 3/2
order rate constants were calculated
from our experimental data.

Inﬂuencing curves

If ko (the rate constant calculated

from experiments in the presence of -

NO) is divided by & (rate constant’ in
the absence of NO), and kyo/k (F(I))
is plotted as a function of the pressure
of NO, the curves obtained- very char-

acteristically show the inhibition and -

catalysis phenomena and offer the possi-
bility of a quick view of experimental
data. Typical influencing curves are
shown in Fig. 6.

In Fig. 6, the points of the curves'

below and above the value 1 indicate
inhibition and catalysis, respectlve]y

1 r i ~ 50Torr NO
36 Torr NO

t=500°C

- pald=200Torr 218 Torr

NO

10 Torr NO

>

0 100 200 plt 300

Fig. 5. v—l’z pa’2t (1) relatlonshnp at different
NO concentrations. .£=500°C p,;,=200 torr.
e 10 torr; O 21.8 torr; X 36torr; A 50 torr NO

It can be seen from Fig. 6 that above 100 torr aldehyde concentration the
rate of reaction monotonously increases with NO concentration (catalytic region).
As seen from Fig. 6, above 150 torr aldehyde concentrations the effect of NO
practically does not depend on the initial aldehyde concentration. This is proved
by the fact that the experimental points at 150 and 200 torr aldehyde concentrations
coincide with each other. The aldehyde dependence of the NO effect below 50 torr
aldehyde appears not only in the decrease of catalytic effect, but also in inhibition.
With increasing NO concentration the inhibition changes into catalysis. = -

4

200 Torr ald

100 Torr atd
. x

FD[ - , 1=512°C .
. A/
50 Torr ald”
10 : 20 30 40 pyolTorn)

Fig. 6. Aldehyde dependence of influencing curves at 512°C. a 25 torr;

A 50 torr; X 100 torr; O

150 torr; e 200 torr aldehyde



54 . I. BARDI AND F. MARTA

Similar behaviour was found by LAIDLER and Eusur [13] in the case of pro-

- pionaldehyde, where, independently from the initial aldehyde concentration, an

inhibition perrod going over into cataly51s was always found to appear. In the
catalytic reglon the rate-of reaction is independent of the pressure of aldehyde.
" With increasing temperature, the degree of catalysis strongly decreases, as

it can be seen from Fig. 7. '

This decrease is very significant at higher concentrations of NO and aldehyde.

A
F 4955°C 512°C

- pald=200Torr

o 10 20 30 40 50 pyo(Torn),

th 7 _Temperature dependence of influencing curves in the catalyuc reglon
p,,,d—200 torr. O 495.5°C;  512°C; X 527.5°C

In contrary, by mcreasrng the temperature the 1nh1b1t10n markedly increases
(Fig. 8).

It turns out from the influencing curves that the aldehyde decomposition in
‘the presence of NO may be divided into two sections, i.e. the catalytic and in-
hibition sections. The characteristic features of these two stages.can be summarized
as follows.

Catalytic region

At above 100 torr aldehyde' concentrations, only catalysis exists at any NO
concentration. In this région, the rate of decomposition was found to be proportional
to pN§. If the 3/2 order rate constants k” (presented in Table II) are divided by the:
square root of pyo, then.the rate constant values tend to be independent of the NO
and aldehyde concentrations (within the limits of experlmental error), as it can be
seen in Table III.

. Using the mean values of these rate constants (Table IV), the overall activation
energy of the NO influenced decomposition was determined from the temperature
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Table 1T
k'[pf2-10-2 values at 512 °C at different NO and aldehyde pressures

Pyo (torr) . :
i 10 20 35 50
Pyyq (torr) : A

25 1.0226 £ 0.9820 1.0531 ©1.0948
50 " 1.0318 0.9872 0.9857 0.9104
100 1.0573 1.0724 1.0447 - 1.0875

200 1.2247 — - 1.0709 - " 1.0587 .

dependence of k’/pl/ 2 for the catalytic region. These values are:.
E, = 41.38£0.79 keal/mole.
A'=3.61840.214-10%

(at 25—200 torr aldehyde and 10—50 torr NO concentrations). The Arrhenius
parameters obtained in this way are comparable with LAIDLER and EUsUF’s values,

k =2.2-102exp —43.5/RT 12 mole~* sec™!

k o _ Tablq 4
(at 100 torr aldehyde and 50 torr NO concentration).

Mean values of k'[pE =k at
. different temperatures (k’-10~2
Inhibition region ‘ . . values in 1? mole~*sec!,
: . Pno in torr)
‘On the basis of our experimental data, only quali-

tative remarks can be'given for this region of reactions. t°C X

The appearance of inhibition is the function of alde-

hyde and NO concentration. Above 100 torr initial s12 1;0456:

aldehyde concentration, inhibition is practically im- 327.5 1.80732
539.5 2.5980

possible to be detected, since a small amount of NO - 550.5 - 3.6578¢

(~0.5 torr) causes a significant catalysis. The inhibition
region caused by NO is very narrow (it is observable ;.

up to max. 5—6 torr NO) and the inhibition is inversely (@) Average of 15 data
proportional to the aldehyde concentration. The (b) Average of 12 data
inhibition region' significantly increases with the tem- (c) Average of 7 data
perature (for example at 50 torrin itial aldehyde '

concentration, 50°C temperature rise increased the inhibition region to the- threefold)
The degree of inhibition also increases, as can be seen from Fig. 8."

Fig. 8 shows ‘that the value of the rate minimum (the maximally inhibited rate)
shifts towards lower NO' concentrations, due to the effect of temperature rise.
This behaviour is in contradiction with that found by MARrTA and SzaBo [15] in
the propionaldehyde—NO system, where the value of the rate minimum shifts
. towards higher NO concentrations. This fact is interpreted by the authors considering
that, at higher temperatures, the primary steps take place much more often, thus
the radical concentration is higher and to remove this higher radical concentration
more NO is needed. A similar effect of temperature on the degrée of inhibition was-
found in the investigation of RICE and VARNERIN [6]. In contrary to our observations,
Eusur and LAIDLER [8] found the degree of inhibition to decrease with temperature.’
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Pald=50Torr pald=25Tor}
05 ‘

2 4 6 pNo(Torr) 2 - 4 6 -

Fig. 8. Temperature depéndence of influencing curves in the inhibited region.
Para=>50torr and 25 torr. t=X527.5°C; a 512°C; O 539.5 °C; ¢ 550.5 °C
at 25 torr aldehyde. t=a 512°C; O 539.5 °C;e 550.5 °C at 50 torr aldehyde

As well known, oxygen in very small amounts (~10~%%) exerts-a strong
catalytic effect on the decomposition of aldehyde [14], and changes very significantly
the rate of NO influenced decomposition. In the presence of trace amounts of
oxygen, we observed significant inhibition at 200 torr initial aldehyde concentration,
at which concentration under oxygen-free conditions, only catalysis could be
observed. : ’ '

Analyncal survey of products

In some cases our experiments were connected with GC analysis. These
measurements were made at 512 °C with two aldehyde concentrations (80 and 50
torr) and four NO concentrations (0.75, 10, .20, 40 torr), which cover both the
catalytic and inhibition regions.

The effect of NO on majér products

~ Some typical concentration—time plots for CH, and CO formation in the
presence of NO are shown in Figs. 9 and 10, respectively, where the results of
experiments at 512 °C, at 80 torr aldehyde pressure and at different NO concentration
. are plotted. This reaction mixture represents the catalytic region.

It can be seen from the Figs 9 and 10 that the shapes of the curves representing
the formation of major products in the presence of NO do not change, however
strongly the amount of major products increases with the increase in NO concentra-
" tion. This increase is observable in the pressure—time curves, too (Fig 2). In the
maximally inhibited region, as it can be seen in Fig. 11, this increase is smaller but
definitely exists.

‘This increase in the concentration of major products with increasing NO
concentration can be interpreted by supposing that the NO reacts with the aldehyde
‘molecule, abstracting hydrogen and producing R radicals, which can continue
the chain

RH+NO-HNO+R. -
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60 40 Torr NO
1=512°C
CHg, Patd=80 Torr 20 Torr NO
(p mole)
40

1 Torr NO

20.

20 - 40 80 t (min)

Fig. 9. Formation of CH, as fuiction of time at differ- -
ent NO concentrations (catalytic region) 1=512°C,
Para=80 torr; pyo: A Otorr; X 1torr; @ 20 torr; O 40 torr

co
{pmole)
60

40Tar NO

20 Torr NO

0 OTorr NO -

1Torr NO

S 20

1=512°C
Pald=80 Torr
y

‘20 40 60 . t (min)

Fig. 10. Formation of CO as function of time at differ--

ent NO concentrations (catalytic region) r=3512°C

Paa=80 torr; pyo: X Otorr; 4 1torr; e 20 torr;
: ) O 40 torr '
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From the Figs 9 and 10 it can also be seen that in absence of NO, the amounts
of CH, and CO agree well, while in the presence of NO, the amount of CO exceeds
that of CH,, especially at higher conversions. This experimental fact has not been
observed by other authors. It is to- be explained by assuming that a greater part

20 N 3
CH, o _—=
(umole) : ot
O ///,
o a7 _ 1=512°C
/ )
4 ~ Pald=50Torr.
. /
7%
(4
0- 20 40 - - 60 t (min)

Fig. 11. Formation of CH, as function of time at
512°C (mhlblted region) paa=>350 torr: pyo: O
O 0 torr; e 0.75 torr

of methyl radicals, mainly at higher NO concentrations, are in the form of RNO
and not in the form of free methyl radicals. The former does not produce CH, at

“all in the reaction.

, From the initial rate values, calculated from the curves of the formatlon of
‘major products, the partial order related to NO was found to be 0.61, in agreement
with the value calculated from pressure—tlme measurements.

In the max1mally inhibited region (50 torr. acetaldehyde + 0.75 torr NO)
there is no difference in the amount of major products within hmlts of experimental

. erTor. :

The effect of NO on minor products

_ H,. Among the minor products, hydrogen forms i the greatest amount’

‘A typlcal H, yield—time curve is given in Fig. 12, showing the analysis data of a
series of - experiments carried out at 512 °C, at 80 tort - aldehyde Ppressure and at
-different pressures of NO.

The shape of these curves does not change in the presence of NO, ‘and remains
.s1m11ar to the curves of major products due to the effect of NO; however, the hydrogen
yield increases markedly. The degree of this increase is higher than in the case of
major products. As it can be seen, e.g. from Fig. 12, after an hour pyrolysis time,
the increase of the amount of major products is twofold, while in the case of hydrogen
is 6fold. This increase in hydrogen formation takes place in the max1ma11y inhibited
region too, but in a smaller extent (Fig. 13). This fact indicates that in both regions
the formation of hydrogen takes place with the same mechanism:

" Acetone, ethane, ethylene. In the presence -of NO, the amount of acetone
formed does not change significantly, while that of ethane and ethylene slightly
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_ Fig. 12. Formation of H, as function
of time at different NO concentra-
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torr; @ 20 torr; O 40 torr 20 40 60 T (i)
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Fig. 13. Formation of H, as func-
tion of time -at 512 °C. (inhibited
region) p,;a=50torr; pyo: @ 0 torr; - o
O 0.75 torr 0. 50 100 t(min) -
Dete‘c!orA t=512°C
Response " pald=80Torr .
500 °
Fig. 14. Formation of acetone as e *
function of NO concentrations at .
512 °C, paq = 80 torr. (The
.amount of acetone was measured at . >
50% conversion) - 0 20 40 60 Pno(Torr)
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increases, as seen from Figs 14—16. These observations are in agreement with
literature [9]. '
HCN. Itis a general observation that in the pyrolysis of organic compounds
in the presence of NO, HCN is always an easily detectable product. A typical HCN
formation curve is shown in Fig. 17. It can be clearly seen that the formation of
HCN takes place with an induction period, which indicates that HCN is a secondary

A
. O Torr
30 . NO
CoH
26 20 Torr NO
Q.lmolz 10°) )
20| /
o
o]
. [
1=512°C
10 pald=80 Torr .
7°
) 50 100 t(min) 150

Fig. 15. Formation of ethane as function of time at 512 °C_
(catalytic region) p,;a =80 torr; pxo ® 0 torr; O 20 torr

. Detector|

Response 1=512°C
pald=80 Torr 20 Torr NO A
- 100 : S 20
0 Torr NO
Detector
Response
) .
10 t=512°C

50 10 pald= 80 Torr

’ pNOﬂO Torr

0 E 100 t(mm - O 20 40 - 60 t (min)

Fig. 16. Formation of ethylene as function of  Fig. 17. Formation of HCN as function of time
time at 512°C. (catalytic region) p..a= - at 512°C (catalytic region) pa,d—SO torr Prno="
80 torr; pno: @ O.torr; O 20'torr 10 torr
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product; The shape of HCN formation curves is similar to that of major products,
and the amount of HCN formed increases proportionally to NO concentration as
seen from Fig. 18. where the amount of HCN, obtained in the pyrolysis of 80 torr
aldehyde at 50% conversion, is plotted against NO concentration.

De!tzctorA
Response
10° C t=512°C

- 80 . pald= 80 Torr
60
40

20

o 20 40 80 80 pNO(ToF)
Fig. 18. Formation of HCN as function of pye at 512 °C p,,, =80 torr
\ _ e

’ ,q'mole ' : 1=512°C -

60 " pald=g0Torr
pNO=201Térr

40

\03

) 20 » M mole
T : . . 108
- CH,CHO
Afﬁ/ibﬂ-c i ! ¢~ CoHg

20 . 40 60 C ot (min)

Fig. 19. Mass-balance curves at 512°C (catalytic region) p,;q =80
torr. pno =20 torr. 0 CO; a CH,; @ H,: X CH;CHO; O C.H,.
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It is to be noted that, besides the products mentioned above, N,, N,O, H,O,
CO2 could also be detected with the MS technique. A typical mass balance curve
of the pyrolysxs products at 512 °C of 80 torr aldehyde and 20 torr NO (catalysis
region) is to be seen in Fig. 19.

Discussion

It can be seen-from our experimental results that, in the presence of NO, in
the catalytic region the amounts of major and minor products increase. This is in
agreement with the findings of other authors [7, 9]. The increase in concentration
of major products can be interpreted by the chain initiation role of NO. So be51des the

initiation process,
CH3CHO—»CH3+CHO : o NON

we have to take into cons1derat10n the step
"CH,CHO +NO—>CH3CO+HNO —_— )

too. This- step was first suggested by WOICIECHOWSKI and LAIDLER [16]
as an initiation step in NO influenced pyrolyses of orgamc compounds These -
steps are followed by the decompositions :

CH,CO~-CH,+CO (3)
CHO-CO+H ~ _ )
"HNO--H+NO, o -5

which, at the temperature of pyrolysis.(500 °C), take place instantly.
The further reactions of methyl radicals are the following: _
'  CHy+CH,CHO—CH, + CH,CO | ©6)
CH, + CH,CHO ~ CH, + CH,CHO. ‘ ' )
The ratio of these two rate constants (kg/k7), on the basis of literature, is-about
10 [22, 23].

Part of the methyl radlcals reacts with NO in an eqmllbnum reaction, forming
nitrosomethane [17, 18]

‘ , CH3+NO = CH,NO. ' - ®)
The nitrosomethane, formed in step (8) could ison]erize to formaldoxime [26]
CH;NO-CH,NOH _ )
- which later decomposes ' : .
CH;NOH-HCN+H,0 : _ (10)

into water and HCN. In the direct decomposition of formaldoxime, TAYLOR and
BENDER [27] has found, among others, NH, and CO as products, but these results
were confirmed neither by other authors nor by our results. The steps (8), (9) and
(10) show one route of NO consumption. Another route (i.e. further reactions
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of mtrosomethane) 'was first described by Brown [19]. Accordmg to BROWN the
nitrosomethane reacts with NO at higher' NO concentrations '

RNO+2 NO—R(NO);~RN;NO,~ R +N, + NO,

. and gives N, and R radical, whlle the NO; in the NO;+NO—-2 NO2 reaction
glves a stable product. '

- On the basis of our exper1menta1 data, the ex1stence of this type of NO consump-
tion is confirmed. Similar reactions were established by CHRISTIE and EDWARDS [20]
in the photolysis of acetaldehyde—NO system, and by EASTMOND. and PRATT [28]
in the pyrolysis of ethane and butane in the presence of NO.
' The reaction :

_ RNO+NO—>RO+N20 ‘

supposed by CHRISTIE [21] has to be rejected, because we could not detect any
products orlgmatlng from further reactions of methoxy radicals. NyO, which was
detected in our system, probably formed in an another way (maybe in the ‘“cold
reaction” mentioned by SCHUCHMANN and LAIDLER). ‘
Accordmg to our analytical résults, the amount of acetone does not change»
significantly in the presence of NO so the consideration of a new acetone forming
reaction, be51des the
CH3+CH3CHO—>CH3COCH3+H_ T (11)

step, is not necessary
The great increase in the hydrogen formation in the presence’ of NO can be
explained, besides the steps. :

'H+CH,CHO~H, +CH,CO- : , (12)
H+CH3CHO—>H2+CH2CHO ' L a3)

with (11) (4), ‘and (5) as a new step.
- The slight increase in formation of ethylene in the presence of NO can be
interpreted on the’ ba51s of LAIDLER’s mechamsm, because, accordlng to step

H+CH,=CHOH - C,H, +-OH (14) -

with the increase of H atom concentratlon the rate of ethylene formatlon also
increases.

X The formation of CO, and NZO detected by MS method, can be descrlbed
with the following- reactions:

CH,CO +NO—CH,CONO o 5)
CH;CONO +NO--CH,CO(NO),—~ CH3 +CO,+N,0. (16)
Step (15), which was supposed by'severalv authors at room temperature photo-

~ lyses [24, 29, 30] is only to be regarded as formal because its ex1stence at higher
- temperatures is questlonable



64 I. BARDI AND F. MARTA

Besides the termination steps described for the decomposition in the absence

~of NO .
: 2 CH,—~C,H, 1
.and : . .
CH,;+ CH,CHO—C,H;CHO, (18)

the following new termination steps take place:
CH;+CH,NO-C,Hs+NO (19)
CH,CHO +NO—» ONCH,CHO-~QCHCHN=0OH—-~H,0+HCNO+CO (20)

"The CO formed in step (20) could give a contribution to the experlmentally found
CO overproduction.

During our investigations, we were not able to detect CH,NCO. So the ex1stence
of a new NO addition step, described by SCHUCHMANN and LAIDLER [9]

o~
CH;CHO 4+ NO = CH,CH—NO ~'CH;+ OCHCNO

‘was not confirmed by us. According to this step, numerous products contammg
‘CN (so CH3NCO, too) should form.
The elementary steps summarized above are suitable for interpreting the main
features of the influenced reaction both in the inhibited and catalytic regions. |
This elementary steps account also for the change in the distribution of products

found experimentally.

* *
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M3VYEHWE TEPMUYECKOI'O PA3JIOXEHUS ALIETAJIBAETMIA
’ B IIPUCYTCTBHU OKNCH A30TA ’

H. Bapou, ®. Mapma
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Wi3yyeH IMpOJIM3 aLETaNbAETHIA [P Temmeparypax 496—550°C, mpd aBicHMsIX aleTallb-
- meruaa 25—200 Topp u oxuca azora 0—350 Topp. 3a KHHETHKOM Pa3JIOKEHUSA CICANIIA 10 OABJICHUIO

CMECH M Ta30XpoMaTorpaduyecKuM MeToIoM. Pa3HBIMH METOAAMH OUpEAEIeHbI IOPAAKH PEAKIHA -

Pa3JIOKEHAS OTHOCHTENBHO aleTaJbAeruia H OKHCH a30Ta. Ha OCHOBAaHHH LAHHBIX I10 M3MEPEH-
HBIM JIaBJICHUSIM BBIBEJACHH! ,,KDHBbIC BIIMAHAA ", HA OCHOBAHMA KOTODPAIX IPHLIIK K OHPEAEIICHHBIM
BBIBOZIAM OTHOCHTENILHO O0NACTEd HHAYKIME B KaTam3a. B xaTaaMTHUeCKO# 00/1acTH OB onpe-
IeJIeHbl APpPeHHyCOBbIC HapaMeTPLL Ui obmieil peakuumd. M3yyeHo BIHSHAEC OKHCH a30Ta Ha o6pa-
30BaHME OCHOBHOTO MPOAYKTA H HEKOTOPHIX APYTHX mponyKToB pasnoxenns (H,, C;H,, C,H,, HCN,
u CH3;COCHj;) xak B KaTaIATHYCCKOM, TaK M MHTAOMIHOHHO#M o0nacTsax peakmun. KpaTtko paccMoT-
. peHbl MeXaHW3Mbl 00pa30BaHHA NPOAYKTOB H NPEATATaeTCs NPOCTOH MEXaHH3M pa3IOoXKECHHAA

aleTaNbaeriaa B IPACYTCTBHM OKHCH a30Ta.
- " .



