
J. Chem. SOC., Faraday Trans. 1, 1983, 79, 2755-2764 

Pyrolysis of Propionitrile and the Resonance Stabilisation 
Energy of the Cyanomethyl Radical 

BY ANTONY B. TRENWITH 

Department of Inorganic Chemistry, School of Chemistry, The University, 
Newcastle upon Tyne NE1 7RU 

Received 25th April, 1983 

The pyrolysis of propionitrile has been studied at seven temperatures over the range 789-850 K 
and pressures between 10 and 100 Torr.? Under these conditions the principal reaction 
products which are formed by essentially homogeneous processes are hydrogen, hydrogen 
cyanide, methane, ethane, ethene, acetonitrile and acrylonitrile. For short reaction times (< 3% 
conversion) the products are formed at rates which do not vary noticeably with reaction time. 

A free radical chain mechanism has been proposed which accounts for all the above products. 
The chain initiating step is the reaction 

C,H,CN -+ *CH,+ *CH,CN. (1) 

(2) 

Measurements of the rate of formation of methane in the subsequent reaction 
CH, + C,H,CN + CH, + CH,cHCN 

yield the rate expression 

where 8 = 2.303RT/cal mol-'.$ The activation energy leads to D(H,C-CH,CN) = 
80.4 & 1 kcal mol-l and a resonance energy of 5.4 f 1.4 kcal mol-' for the cyanomethyl radical. 

log,,(k,/s-') = (15.5 +0.3)-(78700+950)/8 

Propionitrile is an unsaturated molecule with a methyl group attached to a carbon 
atom in the P-position relative to the multiple bond; thus, as with but-1-ene and its 
derivatives,l the pyrolysis of this compound would be expected to yield methane by 
a splitting of the terminal C-C bond, followed by hydrogen abstraction by the methyl 
radical thereby produced. Measurement of the methane formed should therefore yield 
a value for the heat of formation of the cyanomethyl radical and its resonance 
s t abilisa ti on energy. 

Only one detailed investigation of the dissociation of propionitrile has been 
reported,2 and this involved the use of the aniline carrier technique. An activation 
energy of 72.7 kcal mol-1 was obtained for the dissociation reaction from which AHP 
( CH2CN) = 52.2 kcal mol-l. A higher value of 58.5 kcal mol--l was obtained more 
recently3 for the heat of formation of the cyanomethyl radical from the very- 
low-pressure pyrolysis of n-butyronitrile. Other bond dissociation energies obtained 
by the aniline carrier technique have been found1 to be on the low side as a result 
of the pressure dependence of the experimental activation energy at the low pressures 
of reactant used in this technique. An analogous explanation seems appropriate for 
the discrepancy in the two values for the heat of formation of the cyanomethyl radical 
quoted above. 

t 1 Torr = 101 325/760 Pa. 
1 cal = 4.18 J. 

2755 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
83

. D
ow

nl
oa

de
d 

by
 O

sa
ka

 U
ni

ve
rs

ity
 o

n 
30

/1
0/

20
14

 0
5:

28
:5

5.
 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/f19837902755
http://pubs.rsc.org/en/journals/journal/F1
http://pubs.rsc.org/en/journals/journal/F1?issueid=F11983_79_11


2756 PYROLYSIS OF PROPIONITRILE 

Information on the overall mechanism of decomposition of propionitrile is limited 
and conflicting.* On the one hand, evidence has been put forward5 to support a 
molecular elimination reaction yielding hydrogen cyanide and ethene as the only 
products, and, on the other, a free radical chain mechanism has been proposed3y6 
yielding a variety of products. 

Although the main objective of the work described herein was to obtain a reliable 
value for the heat of formation of the cyanomethyl radical and hence its resonance 
stabilisation energy, the overall decomposition of propionitrile has been studied in 
more detail than hitherto. 

EXPERIMENTAL 

MATERIALS 

Propionitrile (Aldrich Chemical Co.) of 99% purity was doubly distilled, head and tail 
fractions being rejected in each distillation. The middle cut of the second distillation, b.p. 97.7 O C  

at 764 Torr (literature value7 97.35 O C  at 760 Torr), was transferred to the vacuum system and 
outgassed by repeated freezing at 147 K and pumping. After this treatment the only impurities 
present, detected by gas-chromatographic analysis, were 0.04% acetonitrile and 0.01 % propene. 
Nitric oxide (B.D.H.) of 99% purity and carbon dioxide (B.D.H.) of 99.995% purity were 
transferred to the vacuum system and, after repeated freezing at 77 K and pumping, were kept 
in storage bulbs. 

APPARATUS AND PROCEDURE 

The apparatus was essentially the same as that described earliers with the exception that for 
the packed reaction vessel s /u  = 5.3 cm-l rather than the value of 4.9 cm-l as previously stated. 
Reaction products were transferred through traps at 147 and 77 K to the Topler-McLeod 
gauge. After measuring the total volume of non-condensable products the methane present 
together with some ethene and ethane were analysed by gas chromatography using a 1 m 
silica-gel column at 50 OC. Hydrogen, which was shown by mass spectrometry to be present 
in the non-condensable fraction, was determined by difference. The fraction collected in the 
traps at 77 K contained the bulk of the ethene and ethane formed together with any propene 
produced and some hydrogen cyanide. This fraction was also analysed using the 1 m silica-gel 
column at 5OoC, although under these conditions HCN was irreversibly absorbed on the 
column. The final fraction held in the trap at 147 K contained unchanged reactant together 
with acetonitrile and acrylonitrile and some hydrogen cyanide. Gas-chromatographic analysis 
of this fraction was effected using a 1 m column of Poropak R at 175 OC. 

Some estimates of the yields of hydrogen cyanide were made by collecting in a trap at 77 K, 
into which 1-2 cm3 of water had been placed, all the condensable products from 5 or 6 repeated 
runs. After allowing the contents of the trap to warm to room temperature, the hydrogen 
cyanide present in the aqueous solution was estimated by titration with silver nitrate.Q 

RESULTS 

Propionitrile decomposes at temperatures in the range 789-850 K to yield hydrogen, 
methane, ethene, ethane, acrylonitrile, acetonitrile and hydrogen cyanide. For up to 
3y4 decomposition, product against time data were found to lie on straight lines 
passing through the origin. Acetonitrile was the one exception to this behaviour in 
that the graphs, which were again linear, invariably had a small intercept with the 
ordinate due to the trace of this compound present as an impurity in the starting 
material. Thus all the products listed above may be concluded to be primary products 
whose initial rates of formation are given by the slopes of the linear graphs. Typical 
sets of product against time data are shown in fig. 1, which are for the pyrolysis of 
50 Torr of propionitrile at 829.5 K .  
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A. B. TRENWITH 2757 

0 100 200 30 0 LOO 
time/s 

Fig. 1. Products of pyrolysis of 51 Torr propionitrile at 829.5 K: 0, CH,CHCN; 0,  C,H,; 
A, H,; X ,  GH4; A, CH,CN; 0, CH4- 

At the highest temperature studied (850 K) a few experiments were performed for 
longer heating times leading to ca. 10 % decomposition. Under these conditions 
there appears to be some slight enhancement of the yields of acrylonitrile, hydrogen 
and ethene, presumably as a result of secondary reactions. In addition to the products 
already mentioned, small amounts of propene and also an unidentified c6 compound 
were detected among the products obtained from pyrolysis of propionitrile at 850 K. 
Propene appears to be formed only in secondary reactions since its rate of formation 
increases with time from a negligible initial value. The c6 compound could be a 
chain-terminating product. 

Over the temperature range studied, pressure changes in the reaction vessel during 
the course of any run were negligible for initial pressures of 50 Torr and below, but 
for initial pressures of 90 Torr there was invariably a noticeable decrease in pressure 
with reaction time. Thus at all pressures, in addition to decomposition, some 
polymerisation must be occurring although this is insignificant at pressures < 50 Torr. 

Experiments were performed at seven different temperatures over the range 
789-850 K and pressures between 10 and 100 Torr. The values which are listed in 
table 1 for the initial rates of formation of the various products correspond to the mean 
of yield against time data; standard deviations were never more than & 10% and were 
generally around +6%. (Rates of formation of acetonitrile were obtaned from 
least-squares calculations of the slopes of the graphs.) 
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2758 PYROLYSIS OF PROPIONITRILE 
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Table 1. Rates of formation of the products of pyrolysis of propionitrile 
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Fig. 2. Graphs of log,,(kCH4/s-l) against 1 / T (0) and of log,,(k,/k6) against 1 / T (0). 
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A. B. TRENWITH 2759 

A double logarithmic plot of rate of formation of methane against pressure yielded 
a straight line of slope 1.04+0.04. The observation that addition of a twenty-fold 
excess of the inert gas carbon dioxide to 25 Torr propionitrile led to an increase of 
only 7% in the rate of formation of methane at 789 K supports the view that methane 
formation is by a process which is close to first order. From the appropriate Arrhenius 
plot shown in fig. 2 the first-order rate coefficient for methane formation was found 
to be given by the expression 

l ~ ~ l o ( k ~ ~ 4 / ~ ~ 1 )  = (1 5.5 k0.3) - (78 700 lOOO)/8 

where 8 = 2.303 RT/cal K-l mol-l. 
The effect of a change of the s/u ratio on reaction rates was investigated by pyrolysis 

of 50 Torr propionitrile in the packed reaction vessel at 819.5 K. The results, which 
are included in table I ,  indicate that a seven-fold increase in s /u  leads to an increase 
in the rate of formation of hydrogen (ca. 40%) and at the same time rates of formation 
of ethane, ethene and acrylonitrile decrease slightly (ca. lo%), whilst rates of 
formation of other products are virtually unchanged. 

Finally, the pyrolysis at 789 K of 25 Torr propionitrile with 0.9 Torr nitric oxide 
was investigated. The results show a small decrase (ca. 4%) in the rate of formation 
of methane as compared with that from propionitrile alone. With hydrogen, ethane, 
ethene and acrylonitrle, on the other hand, more significant decreases (ca. 40%) in 
rates of formation were observed. 

DISCUSSION 

The variety of primary products of pyrolysis of propionitrile strongly supports the 
view proposed earlier,? that the thermal decomposition of this compound occurs by 
a free radical chain mechanism. Although the inhibiting effect of nitric oxide does not 
provide conclusive evidence for a free radical chain mechanism, it does show that such 
a process is probable. The following reaction scheme is proposed since it accounts 
for all observed primary products and provides a rationale for the various changes in 
rate of formation with pressure: 

(M +) C,H,CN -+ *CH,+ -CH,CN (1) 

CH, + C,H,CN + CH, + CH,CHCN (2) 

CH,CN + C,H,CN + CH,CN + CH,CHCN (3) 

(M +) CH,CHCN + CH,CHCN + O H  (4) 

* H  +C,H,CN + H, + CH,CHCN ( 5 )  

*H + C,H,CN + HCN + C2H5 (6)  

*C,H, + C,H,CN + C,H, + CH,CHCN (7) 

( M + )  *C,H,+C,H,+*H (8) 

2CH,CHCN -+ products. (9) 
The above reaction mechanism is an extension of that already p r ~ p o s e d , ~  reactions 

(3), (5) and (7) being added to account for the products acetonitrile, hydrogen and 
ethane, respectively, and reaction (9) is considered to be the most likely chain- 
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2760 PYROLYSIS OF PROPIONITRILE 

terminating step although others are clearly possible. The four-centred molecular 
elimination process 

(10) 
should perhaps be added, although available evidence suggests that amounts of ethene 
and hydrogen cyanide formed by this route must be comparatively small. Thus it is 
seen from table 1 that in the presence of nitric oxide the yields of ethene and of ethane 
are both ca. 55% of those for the uninhibited reaction, a situation which would not 
pertain if an appreciable proportion of the ethene formed came from reaction (10). 
From the proposed chain mechanism alone we have d[C,H,]/d[C,H,] = 
k ,  [C,H,CN]/k,. A rough estimate of this ratio may be obtained by assuming first that 
the Arrhenius parameters for k ,  are the same as those reported for the analogous 
reaction with methyl radicals,1° i.e. log,, (k,/dm3 mokl s-l) = 8.6- 8600/8, the 
limiting high-pressure rate constant for reaction (8) is given by1' log,o(k,/s-l) = 
14.4 - 40900/8, and assuming secondly that in this reaction ethane and propionitrile 
have similar third-body efficiencies [the data of Loucks and Laidlerll yield for a 
pressure of 50 Torr propionitrile k8/(k& = 0.21. Thus we obtain an estimate of 
d[C,H,]/d[C,H,] = 6.4 which compares reasonably with the experimental value of 4.3 
at 789 K, the difference being well within the error limits of the calculation. The 
slightly lower experimental value does not, however, rule out the possibility that ca. 
25% of the ethene formed could result from the molecular process (10). 

The alternative modes of reaction of atomic hydrogen with propionitrile, i.e. 
reactions (5)  and (6), and the alternative fates of the ethyl radical through reactions 
(7) and (8) means that the chain process involving reactions (4)-(8) cannot satisfactorily 
be represented by a single equation and that the overall process involves the sum of 
three separate steps, viz. 

C,H,CN + CH,CHCN + H, [from reactions (4) and (5)] 

C,H,CN + C2H4 + HCN [from reactions (6) and (8) and possibly reaction (lo)] 

2 C,H,CN -+ C,H, + CH,CHCN + HCN [from reactions (4), (6) and (7)]. 

Thus - d[C,H,CN]/dt = 2d[C2H,]/dt+ d[C,H,]/dt + d[H,]/dt. The results ob- 
tained from experiments at 850 K yield -d[C,H,CN]/dt = 1652 x lo-, Torr s-l, in 
satisfactory agreement with the figure of 1740 x lo-, Torr s-l obtained from the sum 
of the three quantities on the right-hand side of the equation. Further, we have from 
the three overall steps d[HCNJ/dt = d[C,H,]/dt + d[C,H,] dt, and assuming that 
acrylonitrile formation by disproportionation in reaction (9) is negligible compared 
with that obtained from reaction (4) we have d[CH,CHCN]/dt + d[C,H,]/dt = 
d[H,]/dt+d[HCN]/dt. From the rates of product formation at 789 K we have 
14.3 x lo-, Torr s-' and 13.1 x lo-, Torr s-l for the right- and left-hand sides of the 
first of these equalities, with 27.0 x lop5 Torr s-l and 24.5 x lo-, Torr s-' for the two 
sides of the second equality. Thus the experimental results are consistent with both 
of the above equations, agreement being within the limit of experimental error. A 
further equality necessitated by the proposed reaction mechanism is d[CH,]/dt = 
d[CH,CN]/dt, and the data shown in table 1 indicate that this is indeed the case at 
the temperatures where rates of formation of both of these products were measured; 
differences in rate never exceed 9% of the methane rate and are generally much less 
than this. 

By analogy with reactions ( 5 )  and (6) it would at first sight seem reasonable to 
propose the reaction 

C,H,CN --* C2H4 + HCN 

CH3 + C,H,CN + CH,CN + C2H5 (1 1) 
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A. B. TRENWITH 276 1 

as an alternative to reaction (2). The fact that the rates of formation of methane and 
acetonitrile are in good agreement, however, effectively rules reaction (1 1) out as a 
source of acetonitrile since it would lead to a rate of formation of this product which 
must exceed that of methane. The removal of cyanomethyl radicals by recombination 
with themselves or other radicals present would also seem to be a possibility. Again, 
this alternative to reaction (3) as a fate for cyanomethyl must be unlikely because of 
the similar rates of formation of methane and acetonitrile, as well as the observation 
that at all temperatures studied no succinonitrile could be found among the reaction 
products. In the first reported investigation of the pyrolysis of propionitrile12 a small 
amount of succinonitrile was found to be formed (ca. 16% of the methane produced 
at 948 K), but this was after 65% of the starting material had reacted so that the 
succinonitrile could have resulted here from a secondary process. 

Thus the proposed reaction scheme, although perhaps slightly oversimplified, 
accounts for all the observed products and yields equations for the overall reactions 
which are consistent with their measured rates of formation. In addition to reactions 
(5) and (6) the reaction 

H + C,H,CN -+ H, + CH,CH,CN 

should, for completeness, also be included and is probably not significantly slower 
than either of the alternatives. The most probable mode of decomposition of the cyan0 
radical so formed is the reaction 

*CH,CH,CN -P CH,CHCN+ * H  

which is ca. 26 kcal mol-l less endothermic than the alternative loss of a cyanide 
radical, so that the overall result of these two reactions is the same as that from 
reactions (4) and (5). The results obtained using the packed reaction vessel indicate 
that an increase in the ratio s / u  leads to an enhancement of the yield of hydrogen, 
probably as a result of the surface reaction 

wall 
2H*-H2 

which must occur much more rapidly in the packed reactor. This in turn must lead 
to a decrease in the steady-state concentration of hydrogen atoms and hence to the 
observed decrease in the rates of formation of acrylonitrile, ethene and ethane. From 
the measured rates of formation of hydrogen in the packed and unpacked reaction 
vessels it is likely that at 819.5 K no more than ca. 7% of the hydrogen formed in 
the latter vessel results from the surface reaction (1 2). The negligible variation in yields 
of methane and acetonitrile formed in the packed and unpacked vessels indicates that 
reactions leading to the formation of these products in chain-initiating steps are 
entirely homogeneous. 

On the basis of the proposed reaction mechanism, the measured rate constant k C H l  

must correspond to k,, this being the rate-determining step for methane formation. 
Since the measured order for the formation of this product is close to unity, the 
reported Arrhenius parameters should be close to the limiting high-pressure value for 
this reaction. On applying the reported values to the R.R.K. expression for k / k ,  and 
taking s = 12, the ratio k/k, is found to be ca. 0.9 for a pressure of 50 Torr and at 
a temperature in the middle of the experimental range. Hence any difference between 
the limiting high-pressure Arrhenius parameters for reaction (1) and those reported 
here must be small, and in particular the measured activation energy cannot be more 
than 1.5 kcal mol-l below the limiting value. 
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2762 PYROLYSIS OF PROPIONITRILE 

From the measured activation energy we have for reaction (1) 
A H g 8  = 80.4f 1 kcal mol-l, assuming the reverse reaction to have an activation 
energy of zero. [Specific heat data were taken from ref. (13) and (14).] Taking values 
of 12.4 kcal mol-l and 34.8 kcal mol-1 for AH? of pr~pionitrilel~ and methyl,15 
respectively, yields AHP ( - CH,CN) = 58.0 kcal mol-l, in excellent agreement with the 
value of 58.5 kcal mol-1 reported by King and Goddard., In view of the known 
uncertainty in the value for AHP (CH,CN), the resonance stabilisation energy has 
been estimated by the same procedure as that adopted by King and Goddard, i.e. 
R.E. = D2,, (CH,-CH,CH,) - D2,, (CH,-CH2CN). Taking for the C-C bond dis- 
sociation energy in propane16 a value of 85.8f 1 kcal mol-’ we obtain a resonance 
stabilisation energy of 5.4k 1.4 kcal mol-1 for the cyanomethyl radical. This is 
significantly lower than that for the allyl radical17 (12.6 kcal mol-l), a difference which 
can be ascribed to the very different stabilities of the two canonical forms for this 
radical, i.e. 

C 

CH2 N 

From available entropy and specific heat we have for reaction (l), 
A@ = 27.6 cal K-’ mol-l at 800 K for a standard state of 1 mol drn-,. Assuming the 
recombination rate constant for cyanomethyl radicals to be the same as for allyl 
radica1s,l8 i.e. loglo(k,/dm3 mol-l s-l) = 9.9, and taking for methyl radicalszg 
logl,(k,/dm3 mol-1 s-l) = 10.4, we have for reaction (- I ) ,  using the geometric 
mean rule, logl0(k~~,,/dm3 mol-l s-l) = 10.45 and hence for reaction (- 1) 
A S  = - 16.66 cal K-l mol-l. Thus for reaction (1) A S  = 10.94 and logzo(A/s-l) = 
16.0. The agreement between this value and that obtained experimentally is reasonable 
in view of the approximations necessary to deduce the former. 

As with reaction (I), the unimolecular reactions (4) and (8) would, under the 
experimental conditions employed here, be expected to be in their pressure-dependent 
regions. Thus the rate of reaction (4), again assuming acrylonitrile formation from 
reaction (9) to be negligible, is given by 

d[CH,CHCN]/dt = k,[CH,CHCN] [C,H,CN]” 
and the rate of reaction (8) by 

dLC2H.4 I/df = k8 [C2H5 I [C2H5CN]Y* 
Making the usual steady-state assumption that the rates of the chain-initiating 
reaction (1) and the chain-terminating reaction (9) are the same, we have 

[CH,CHCN] = ( kl LC:5‘N 

Thus we have for reaction (4) 
kq k, 
ki 

d[CH,CHCN]/dt = - [C,H5CN](itZ). 

Using the data obtained from pyrolysis at 789 K, a double logarithmic plot of 
d[CH,CHCNJ/dt against pressure of reactant gave a straight line of slope 0.91 f 0.02. 
Hence in the above equation x = 0.41 f 0.02 and over the pressure-range studied, the 
overall order of reaction (4) is 1.41 kO.02. From reactions (7) and (8) we have 

d[C,H,l/d[C,H,I = (k,/k,) [C2H,CNl(1-Y) 
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Using the ethane and ethene yields obtained from the pyrolysis of various initial 
pressures of propionitrile at 819.5 K, a double logarithmic plot of d[C,H,]/d[C,H,] 
against pressure of reactant yielded a straight line of slope 0.35f0.03, so that 
y = 0.65 & 0.03 and the overall order of reaction (8) over the pressure range 10-100 Torr 
is 1.65 f 0.03. 

As would be anticipated, therefore, the rate of reaction (4) which involves the 
decomposition of a radical with 18 vibrational degrees of freedom is, under the 
experimental conditions, closer to the limiting high-pressure value than is the similar 
reaction (8), where the radical involved has only 15 vibrational degrees of freedom. 
The order of 1.65 obtained for reaction (8) compares well with the estimate, from the 
data of Loucks and Laidler," of an order of 1.55 for the same reaction under the same 
conditions with ethane as the chaperon rather than propionitrile. The pressure 
dependences of reactions (4) and (8) provide a ready explanation for the enhanced 
rates of formation of both hydrogen and acrylonitrile in the presence of an added 
excess of carbon dioxide. 

The ethyl radical produced in reaction (6) reacts subsequently to form either ethene 
or ethane. Thus from reactions ( 5 )  and (6) we have 

Using rate measurements obtained over the temperature range 809.5-850 K, a plot 
of the logarithm of the left-hand side of the above equation against 1/T, which is 
shown in fig. 2, yielded the expression 

lOg,,(k,/k,) = (- 1.4 f 0.2) + (4000 f 800)/6. 

Thus, as might be anticipated, reaction (6) has a slightly higher activation energy than 
reaction (5) .  Both the difference in the activation energies and the ratio of the A 
factors are very close to those for the analogous reactions of hydrogen atoms with 
acetonitrile,20 i.e. 4.8 kcal mol-1 and respectively. Unfortunately information 
on metathetical reactions of hydrogen atoms is limited and it is not possible to deduce 
from the above reliable Arrhenius parameters for either k, or k,. It will be seen from 
fig. 2 that the data obtained at the lower temperatures deviate significantly from the 
best straight line plot through the remaining points. This may be due to the fact that 
in this temperature region a significant proportion of the hydrogen produced results 
from the low-activation-energy reaction (12). For this reason the data for only the 
top five temperatures were used in the least-squares calculation of slope and intercept. 

Finally, the slope of a plot of log,,(d[C,H,]/d[C,~,]) against 1/T yielded 
E,-E,  = 22.5f0.5 kcal mol-l. The value for E, must be roughly half-way between 
the limiting high- and low-pressure values for this reacfion,,l i.e. in the region of 
35 kcal mol-l. This leads to an activation energy of 12.5 kcal mol-1 for reaction (7). 
Although slightly higher than the value reported for the analogous reaction involving 
methyl radicals,lo the difference is not unreasonable since a number of metathetical 
reactions involving ethyl radicals appear to have activation energies which are a few 
kcal mol-1 higher than those for analogous reactions involving methyl radicals.,, 

To summarise, the experimental evidence indicates that propionitrile decomposes 
predominantly by a homogeneous free radical chain mechanism initiated by the 
dissociation of the reactant into methyl and cyanomethyl radicals, a process which, 
under the experimental conditions employed, is close to first order. Alternative modes 
of reaction of hydrogen atoms with propionitrile lead to minor complications in the 
chain mechanism, as do the two alternative fates of the ethyl radical. The cyanoethyl 
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radical is an important intermediate in the chain mechanism and as a result of the 
resonance stabilisation of this radical the chains are necessarily short, involving no 
more than 5 or 6 units. Even so, there is a marked difference between the stability 
of the cyanoethyl radical formed in this system and the 3-methylallyl radical which 
must be formed in the pyrolysis of but- 1 -em. The ratio d[H,]/d[CH,] for each system 
gives a measure of the stability of the respective resonance-stabilised free radicals and 
this is close to 4 for propionitrile whilst with but-1-ene it is ca. 0.1 under similar 
experimental conditions. Thus in the decomposition of but- 1 -ene, dissociation of the 
methylally1 radical into atomic hydrogen and butadiene is unimportant compared with 
radical recombination and any possible chain process can be disregarded. This is in 
accord with the considerably higher resonance stabilisation energy found for the ally1 
and methylallyl radicals' (ca. 13 kcal mol-') as compared with that found here 
(5.4 kcal mol-1) for the cyanomethyl, a figure which must be close to that for the 
cyanoe thy1 radical. 

I wish to thank both referees for their helpful comments. 
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