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Reactions of Atomic Carbon C(23P;) by Kinetic Absorption
Spectroscopy in the Vacuum Ultra-Violet

By D. HusaiN AND L. J. KiIrsCH
Dept. of Physical Chemistry, University of Cambridge, Lensfield Road, Cambridge

Received 22nd February, 1971

Time-resolved attenuation of the atomic emission transition C(33Pj—23Py) at 166 nm has been
used to study the reactions of C(23Py). The decay of this atom, following its generation by the
vacuum ultra-violet flash photolysis of carbon suboxide, has been monitored directly in the presence
of a number of gases. The following rate data for 300 K have been obtained :

C(23Py)+NO ~»CN+O, k = 7.34+2.2x 10" cm® molecule~! s—*
C(Q23Py)+0,~>CO+0, k = 3.3+1.5x10-'! cm?® molecule~! s~
C(23Pp)+N,0->CO+N,, k = 2.5+1.6x10~** cm?® molecule~! s—!
or CN-+NO
C(2°Py)+H,0—-CO+H; k<3.6x 10-!3 cm® molecule~! s~!
or CH,O
C(23Py)+CO, »2CO, k< 10~'* ¢cm? molecule-! s-1
C(23Py)+CH, ~C,Hy, k<2x10-15 cm® molecule—! s—!
C(23Pn)+Ny+M->CN,+M, k = 3.1+1.5x10-33 cm® molecule~2 s~ (M = Ar)
CQP)+H,+M->CH,+M, k& = 7.14+2.5x 1032 cm® molecule~2 s~ (M = He)
C(23P))+CO+M->C04+M, k = 6.31+2.7%10~32 ¢cm® molecule~2 s~ (M = He)

The kinetic study of free atomic carbon, though of fundamental interest, presents
considerable experimental difficulties. The free energy of this atom is very high,
and only one case of its formation by chemical reaction at thermal energies has
recently been proposed.! Moreover, the number of exothermic reaction pathways
available for this atomic species is generally high, and the life time in most chemical
environments is consequently very short. Despite these difficulties, many studies of
the reactions of atomic carbon have been carried out. Problems inherent in the
generation of the free atom have been overcome in a number of ways, including the
use of arcs, photolyses and recoil techniques, and a summary of the methods employed
has been given by Shevlin and Wolf.! The chemistry of atomic carbon has been
reviewed by Wolf,> Wolfgang,3-* Mackay and Wolfgang,® and recently by Braun
etal.® Most of this work has, however, been either qualitative or purely mechanistic
in nature, not involving direct observation of the atoms, and often it has not been
possible to distinguish directly between the reactions of atomic carbon in its three
lower lying electronic energy levels C(23P;), C(2!D,) and C(2!S,). Skell and co-
workers 7-° have studied reaction mechanisms for atomic carbon by trapping carbon
vapour from an arc in inert, low-temperature solid matrices and have postulated
processes for the atoms in defined electronic quantum states. Martinotti, Welch
and Wolf *° have obtained limited kinetic data for carbon atoms, probably in the
C(23P,) state, following their production by the action of a microwave discharge
on carbon suboxide in a flow system. Kinetic studies employing direct spectrographic
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observations of atomic carbon have been employed by Meaburn and Perner,!! who
have studied C(2'S,), following its generation by pulse radiolysis of carbon com-
pounds, and by Braun et al.° who have monitored C(23P;), C(2!D,) and C(21S,)
at a fixed time delay (10 us) following the vacuum ultra-violet flash photolysis
of carbon suboxide. Thus, the extent of quantitative kinetic data is limited, and
further studies of atomic carbon in defined electronic quantum states particularly by
direct observations are of value. The authors have recently reported a method for
kinetic measurements of C(23P;) for the complete decay curve employing photo-
electric detection of the attenuation of the atomic carbon transitions at A = 166 nm
(C(33P3p)—(23Py)), following the flash photolysis of carbon suboxide in the Schumann
region.!? We now describe the first extensive set of kinetic data for the reaction
of C(23P,), with a wide range of simple molecules, obtained by this technique.

EXPERIMENTAL

The general experimental arrangement for the direct study of atomic reactions by time-
resolved monitoring of resonance radiation in the vacuum ultra-violet attenuated by transient
atoms has been described previously.!3- 14 The specific configuration of the apparatus
employed in the present experiments has also been described.’? Carbon atoms were
generated by the flash photolysis of carbon suboxide at low wavelength (1~160 nm) in
a coaxial lamp and vessel assembly, and were detected in their ground electronic state
C(23P;) by monitoring the attenuation of the resonance multiplet (33P;—23P;) at 166 nm.
This radiation was produced by subjecting a 1 9 mixture of acetylene in helium at
270 N m~? total pressure to a microwave discharge in a flow system. A limitation on
the time resolution of the apparatus was the effect of the scattered light pulse from
the photolysis flash. This was minimized by blackening the inner surface of the Pyrex
reaction vessel before attaching the lithium fluoride windows employed for the low
wavelength transmission (4>105nm) of both spectroscopic and photolytic radiation.
The duration of the initiating flash could be reduced by employing nitrogen rather than
argon in the photolysis lamp. The photomultiplier was gated for the first 50 us following
the triggering of the photolysis lamp by shorting together the fifth and seventh dynodes of
the chain using a high-voltage video transistor triggered by a Schmidt pulse generator. A
photolysis energy of 1125 J (10 uF at 15 kV) was employed throughout this work, and the
microwave lamp was operated at an indicent power of 125 W. The time constant of the
photomultiplier anode circuit was ca. 5 us. Under these conditions, measurements of the
C(23P;) concentrations could be made after 90-100 us, and the pressures employed were
such that transient absorption could be monitored for up to 500 ys. To minimize any
photolysis of the sample by the spectroscopic source before ltriggering of the Jphotoflash
lamp, the gaseous mixtures were not admitted to the reaction vessel until after the high-
voltage capacitor was charged. The residence time in the reaction vessel before firing of
the lamp was always less than 5 s.

MATERIALS

CARBON SUBOXIDE was prepared by the method described by Miller and Fately.!® The
product was stored at liquid-nitrogen temperature (—196°C), and periodically redistilled
from CO,+ethanol temperature (—78°C) to liquid-nitrogen temperature to remove poly-
merization products. Uniform samples diluted in inert gas were used for each series of
kinetic experiments.

NITRIC OXIDE.—Cylinder NO (Matheson Co.) was degassed at —196°C and distilled
twice from liquid-oxygen temperature (—183°C) to —196°C.

wATER,—Distilled water was degassed before use.

NITROUS OXIDE.—Cylinder N,OY(Air Products Ltd) was degassed at —196°C and twice
distilled from — 95°C (toluene slush) to —196°C.
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HELIUM.—Cylinder helium (Grade A, British Oxygen Company) was passed through a
molecular sieve at liquid-nitrogen temperature then over freshly prepared heated copper
with a quantity of copper oxide to remove any hydrogen or oxygen present, followed by
passage through a series of traps containing activated molecular sieve at —196°C.

NITROGEN.—Research-grade cylinder nitrogen (Air Products Ltd.) was stored in a bulb
fitted with a cold finger maintained at — 196°C before use.

Ar, CO, 0,, H,, CH; AND CO,.—Grade X gases (B.O.C. Ltd.) were used directly.
Gases employed in reaction mixtures were manipulated in a mercury-free vacuum system.

PHOTOLYSIS LAMP
Cylinder nitrogen (White Spot, O,-free, B.O.C. Ltd) was passed through a trap containing
activated molecular sieve at — 196°C before use in the photolysis lamp.

FLOW LAMP
HELIUM.—Cylinder helium (Grade A, B.O.C. Ltd) was passed through a trap containing
activated molecular sieve at —196°C before use in the microwave atomic flow lamp.

ACETYLENE.—Cylinder acetylene (B.O.C. Ltd) was degassed at —196°C and distilled
from —78 to —196°C.

RESULTS

Carbon suboxide exhibits strong absorption continua in the vacuum ultra-
violet of which the transition at 2 = 159 nm is the most intense (¢ = 7000 cm~1).1¢
Under comparable experimental conditions to those reported here, photolytic
dissociation in this wavelength region occurs by the process ¢

C;0,+hv—2C0O+C. 1)

Carbon atoms are generated in the three low-lying electronic states, C(23P;, 21D,
and 2!'S,). Braun et al.° have observed that C(2'S,) and C(2!D,) are relatively
minor products with most atoms (~ 80 %) being formed in the ground state. Further,
Braun ¢ has deduced that C(21S,) is derived from secondary photolytic processes.
In all cases with added gases in this investigation, the results of Braun ¢ show that
the small yields of C(21D,) will be completely deactivated to the electronic ground
state before the first kinetic observations are carried out (100 us) where quenching of
this state is the dominant removal processes; where chemical reaction of C(2'D,)
takes place, this will not significantly affect the data derived from spectroscopic
observations on C(23Py) itself. Further, C(2' D,) could not be positively identified
in these experiments via the tramsition at 193.1 nm (C(3'P})-C(2'D,)). The f
value for this transition is comparable to those of the lines at 165.7 nm 17 and thus
we conclude the atom in the 2 D, state was not present in any appreciable concentra-
tion during the course of these kinetic measurements. With the optical resolution
employed, transitions corresponding to the three J states of C(23P,) are not separated,
and we may confindently assume that a Boltzmann distribution is maintained between
these close lying levels (J = 1: 16 cm'; J = 2: 43 cm~?!) throughout the course
of the rate measurements.

The degree of photolytic dissociation in this investigation has been estimated as
ca. 25-30 9,.12 Removal of C(23P;) following photolysis in the absence of added
gas is probably due to reaction with the parent molecule C;0,. We therefore
assume the simplified kinetic scheme for the removal of C(23P)) of pseudo first-order
kinetics, and of the pseudo first-order rate coefficient k" of the form

k' = K+kelR], )
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where kg is the second-order rate coefficient due to an added reactant R, and the
constant K represents an empirical rate coefficient in the absence of added reactant.
We further employ an absorption law of the Beer-Lambert form?*?

I, = I exp —(elc) (iD)

to describe the attenuation of radiation at 4 = 166 nm by C(2%P,). Thus a plot of

or—

In (In fo/Iy) (0 = 166 nm)

-3.0 4 I ! l 1 I ]
[e] 100 200 300

time (us)

Fic. 2.—Typical pseudo first-order plots for the decay of C(23Py) in the presence of hydrogen.
PC30, = 0.27 N'm—2; piotal with He = 200 kN m~?; E = 1125J. pu, WNm=2): 0,0.0; O, 60.8;
A, 104; O, 113,

In(In (I,/1,,)) against time yields a straight line of slope k', the first-order rate co-
efficient. In general, slight curvature in the first-order plots was apparent and this
may indicate a more complex form of the absorption law, which could not be deter-
mined in the present investigation. For the kinetic analysis, the best straight line

©)
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F1G. 3.—Plot of pseudo first-order rate coefficient £’ for the removal of C(23P)) against pressure of
hydrogen. pc;0, = 0.27 Nm~2; piora1 with He = 20.0kNm-2; E = 1125 1.
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Fic. 1.—Typical oscilloscopic traces for the decay of C(23Py), obtained. by monitoring the light

absorption at A= 166 nm, in the presence of hydrogen. pc,0, = 0.27 Nm~2; ptotal with He =

20.0 kN m~-2; E = 1125J; time scale = 50 ps/division. pu, (Nm=2): (a) 0.0; (b) 60.8; (c) 104;
@) 113.
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through each set of kinetic data was computed. This kinetic technique has been
applied previously to the reaction of C(23P;)+NO 12 and given good agreement
with the existing data reported by Braun.® This method is further substantiated by
the excellent agreement with the data of C(23P,) with O, (see discussion).

20—

5 | l 1

) 0.5 1.0 1.5
po, Nm=?)

F16. 4.—Plot of pseudo first-order rate coefficient k* for the removal of C(23Py) against pressure of
oxygen. pc;0, = 027N m~2; piotal with He = 20.0 kKN m~2; E = 1125 J.

Fig. 1 illustrates typical oscilloscope traces obtained for the decay of C(2°Py) in
the presence of increasing pressures of hydrogen, and fig. 2, the first-order plots
derived from these traces. Plots of k' against pressure for H, and O, are given in
fig. 3 and 4, respectively. The scatter in these plots arises from the relatively low
signal-to-noise ratio resulting from the application of this type of experimental
system to such rapid decay processes, particularly in the presence of high pressures
of reactant gas. The slopes of these plots thus yield the second-order removal rate
rate constants kg of C(23P;) by these species (see eqn (i)). The kinetic data obtained
for O,, NO,'2 N,O and H,O are listed in table 1(¢). A number of reactions of
C(23P;) were found to exhibit third-order kinetics and thus the values of ki obtained
from such plots as fig. 3 depended on the pressure of inert gas employed to maintain
isothermal conditions (300 K). The kinetic data for the third-order reactions of
C(23P;) with H,, N, and CO are presented in table 1(5). Writing

k" = k'—K, (iii)
where k' is the rate coeflicient for the decay of C(23P;) in the presence of a fixed pressure
of H, and given total pressure, and X is the rate coefficient measured from a blank
experiment in the absence of H, at the same total pressure, a plot of £ against total
pressure is expected to yield a straight line passing through the origin. This plot
is shown in fig. 5 for C(23P;)+H,. Whilst there is considerable scatter in this plot,
the reaction is clearly pressure dependent. Table 1(c) lists the values of £” obtained
for the reactions of C(23P,) with H,, N, and CO over a range of total pressures,
and the third-order rate coefficients derived from these values.
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TABLE 1.—KINETIC DATA FOR THE DECAY OF C(23P;), FOLLOWING THE FLASH PHOTOLYSIS OF
C30,, IN THE PRESENCE OF DIFFERENT GASES.

Pcs0, = 027N m2;

E=11251.

)

A. SECOND-ORDER REACTIONS
Pseudo first-order rate coefficients (k”) for the decay of C(23P)) in the presence of NO, O,
N,0, and H,O.
Protal With He = 20.0 kN m—2
NO 0
NO(Nm™2 103k (1) PO, (Nm~2) 103k (s71)

0 5.5 0 8.1
0 6.6 0 8.5
0.106 8.5 0.154 11.8
0.136 8.8 0.247 10.2
0.198 10.1 0.398 10.8
0.208 11.7 0.605 10.7
0.259 11.3 0.757 123
0.260 104 0.938 17.4
0.346 13.2 1.015 17.8
0.408 12.5 1.129 19.4
0.408 12.7 1.194 16.3
0.468 15.5

N,0 H,0

PN,0 (Nm™2) 1073k (s71) PH,0 (Nm~2) 10-3 k' (s~1

0 6.4 0 9.1
0 8.6 1.33 10.0
0.309 9.2 4.495 10.0
0.529 10.7 5.027 9.9
0.734 13.0 57.2 7.8
0.962 10.2 76.9 12.6
1.149 9.6 83.0 13.5
1.237 20.6 128 14.6
1.478 14.5 131 12.9
1.639 16.7 200 20.1
1.724 18.2 216 17.6
1.772 19.0 221 18.8

B. THIRD-ORDER REACTIONS

Pseudo first-order rate coefficients &k’ for the decay of C(23P)) in the presence of N, H,
and CO at a fixed total pressure.

Na(Piotal With Ar = 399 Hylpygrag With He = 200  CO(pyoa) With He = 200
KN m-2) KN m-2) KN m-2)
PN, KNm2) 103K () pg,(Nm2) 1073k (™) pooMNm2) 1073k (1)
0 8.2 0 8.3 0 7.2
0 6.8 0 84 0 8.8
0.39 10.8 16.6 10.3 0 8.8
0.605 10.9 35.8 12,5 37.2 13.1
0.78 9.7 42.4 13.1 62.5 159
0.83 14.9 60.8 11.5 84.3 19.1
1.10 134 73.8 12.3 110 14.6
1.29 13.6 104 14.7 124 18.8
1.60 13.2 113 18.4 161 18.8
1.98 26.4 169 24.2 179 23.5
2.46 25.5
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C. THIRD-ORDER REACTIONS

Dependence of the pseudo first-order rate coefficient (k) for the decay of C(23P)) in the
presence of fixed pressures of N,, H, and CO with total pressure.
N, pn,=1.07 kN m—2

third-order rate
constant 1033 kyy

Piotal With Ar (cm6 molecule=2s-1
(kN m~—2) 10-3 k" (s~1) (300 K)
20.0 1.9 1.5
26.6 4.7 2.8
39.9 7.8 3.1
53.2 12.1 3.6
66.5 10.4 2.5

Hz, PH, = 62.6 N m—2
1032 kg, (cm$

Ptotal With He molecule=2 s-1)
(kN m~2) 103 k7 (s~1) (300 K)
13.3 2.0 4.0
20.0 5.3 7.1
26.6 9.0 9.1
39.9 10.8 6.9
53.2 11.0 59

CO, pco = 66.5 Nm2

1032 ko (ecm$
Piotal With He molecule~2 s~1)
(kN m~2) 103 k7 (s~1) (300 K)

13.3 6.1 11.7
20.0 4.9 6.3
26.6 7.1 6.7
39.9 8.4 54
53.2 13.9 6.6

For methane and carbon dioxide, no significant reaction of C(23P;) could be
detected over the pressure range of added gas studied. Some increase in the value of
k' was observed when relatively low pressures of CH, (~2 kN m~2) were employed ;
however, on further addition of this molecule up to a pressure of 30 kN m~? no
further increase in &’ resulted. It would therefore appear that the increase in rate
arises from the photolysis products of methane itself at the lower pressures employed,
the yield of these products decreasing upon further addition of methane due to strong
absorption of photolyzing radiation by this gas (A< 144 nm)'® close to the windows
of the reaction vessel. No increase in k&’ was observed when CO, was added up to a
pressure of 1.3 kN m—2, and although a slight increase in k' was significant at double
this pressure, this is consistent with reaction of C(23P;) with CO produced by the
photolysis of CO, (A~140 nm).'® Upper limits have therefore been placed on the
reaction rate constants of C(23P;) with CH, and CO, of 2x 10-*3, and 10-'* cm?
molecule~! s~! (300 K), measured at a total pressure of 20.0 kN m~2? (M = He).
These estimates are based on the minimum increase in &’ which would be significant
under the present experimental conditions.


http://dx.doi.org/10.1039/tf9716702025

Downloaded by Stanford University on 14 October 2012
Published on 01 January 1971 on http://pubs.rsc.org | doi:10.1039/TF9716702025

View Online

2032 REACTIONS OF ATOMIC CARBON C(23P))
15—
O

10—

o O

D)

A"

)i

=
5 —

O

o l | I | l |
@] 20 40 60

Diotal With He (KN m~2)

FiG 5.—Variation of the pseudo Arst-order rate coefficient k” for the removal of C(23Py) by H,
with total pressure. pc;0, = 027 Nm2; py, = 626 Nm~2; E = 11257,

The rate constants derived from least-squares analyses of thedata presented in tables
1(a) and () are given in table 2, and compared with existing data in the literature.
The reactions are discussed individually below.

TABLE 2.—RATE CONSTANTS FOR THE RrACTIONS OF C(23P))
SECOND-ORDER REACTIONS

k (cm3 molecule~1s~1)
(300K

reagent ) Braun et al. Wolf ef al.
NO 7.342.2x 1071t 1.1x10-1°

0, 3.3:+1.5x 107! 3.3x 1071t 2.5%x 10712
N,O 2.54+1.6x1071t

H.O <3.6x10°13

CO, <10-14

CH, <2x10-15 <5x10-15 <6x 1017

THIRD-ORDER REACTIONS

reaction M k (cm6 molecule-2 s-1) (300 K)
C+N,+M—-CN,+M Ar 3.1+1.5%x10733
C+CO+M—-C,0+M He 6.3 +2.7x 10732
C+H,+M—-CH,+M He 7.1:4£2.5x10732

(errors = 3 standard deviations)

DISCUSSION
C(23P,)+NO

The rate constant derived for the reaction of C(23P;) with NO of 7.3+2.2x 10-1*
cm? molecule—* s—* (300 K) has been reported previously.’? This value is in good
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agreement with that obtained by Braun er al.® of 1.1x10-1° cm3 molecule! s—*
(300 K). The pressure dependence of this reaction was not investigated although
Braun et al.% have reported traces of NCO as a product at high total pressures, and
Milligan and Jacox 2° report the formation of this radical by the reaction of these
species in low-temperature matrices. It may be inferred, however, from the very
high collisional efficiency for this reaction (Z <~ 4) that the contribution from any
kinetically third-order process may only constitute a small proportion of the overall
rate. Thus, we conclude that the reaction is most probably due to the exothermic
process :

C(2°P;)+NO(X?IT)-»CN(X 221+ 0(2°P,), AH = —1.05¢V, @

occurring via the pathways (?4’+224"+%A4’+2%4") although some decay via the
close to thermoneutral reaction

C(2°P;) + NO(X?IT)—»CN(4%I1,)+ O(2°P;), AH = +0.09¢V, 3)
may also take place by means of the surfaces (224'+24"+2%4"+44").?!

C(23P,) + O,

The second-order rate constant obtained for the reaction of C(2°P,)+0, (3.3%
1.5% 10~** cm® molecule~! s=1 (300 K), table 2) supports the values reported by
Braun ef al.5 rather than that of Martinotti et al.'® Dissociation of molecular
oxygen by light from both the photolytic and microwave lamps may generate a small
error in this value, however, the relative integrated absorption coefficients *¢- 1
indicate that fission due to the former effect should be considerably less than the
degree of dissociation estimated for C;0,. The latter effect was minimized as
previously described. The reaction is clearly very efficient, in accordance with the
correlation diagram connecting the states of C+ O, and CO+O given by Donovan
and Husain,?! which shows highly exothermic reaction pathways correlating with
the products CO(X'ZH)+O0Q3P;) (AH = —6.0eV, 34’+34"), or CO(X'E*)+
O(2'D,) (AH = —4.03 eV, 214'+14").

C(23P,) +N,0

Consideration of the correlation diagrams connecting the states of C+N,0
with CN +NO or N, + CO indicates the availability of exothermic reaction pathways
for the following processes:

C(2’P)+N,0(X'Z*)»CO@ M)+ Ny(X'EH)AH=—33%V  (A'+34") (4

C(23P))+ N,O(X'2H)»CO(X T+ N,(BI1,), AH = —2.03eV (34" (5)
C(2°P)+N,O(X'ZH)>CN(X25H) + NO(X?I), AH = —2.61eV (CA'+34") (6)
C(2P)) + N,O(X =) ->CN(42[,) + NO(X2II), AH = —147eV  (34") 0)

The rapid rate observed (table 2) is consistent with reaction by fully-allowed pathways
and time-resolved measurement of the reaction products in specific states would thus
be of interest for a detailed consideration of this decay process.

C(2*P;)+H,0

Quantitative removal of C(23P;) with the addition of H,O was observed (table
1(a)) and the apparent rate constant was invariant with total pressure over the range
6.7-53.2 kN m~2(He). Strong absorption of the atomic radiation at 166 nm by
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H,O and appreciable photolysis of this molecule by radiation from the photolytic
and spectroscopic lamps limited the accuracy of the measurement. Nevertheless,
it is clear that rapid reaction analogous to that of C(23P,) with O, or NO does not
occur. The close to thermoneutral reaction,

C(2°P) +H,0(X'4,)~H,(X'2}) +CO(aIL), AH = —0.03 eV, (8)
g

may account for these observations as may the spin-forbidden reaction to form both
products in their ground electronic states. Maddock and co-workers 22 have observed
formaldehyde as a product of the reaction of carbon atoms directed onto an ice
surface. The second-order kinetics observed in these gas-phase studies require that
the lifetime of any state of CH,O formed on the collision between C(23P;)+H,0
be long, or that stabilization occurs by means of radiation. A further possibility
arising from the photolytic dissociation of H,O is the reaction

C(2°P;)+ OH(X?I1))»CO(X'Z+) + H(12Sy), AH = —6.72¢V. ©)

We therefore express our result for C+H,O as an upper limit of ky,0<3.6x 10-*3
cm? molecule~! s=! (300 K) which is double the apparent rate from the data in
table 1.

C(23pP))+CO,
No spin-allowed exothermic pathways are available for the process :
C(23P,)+CO,—2CO. (10)
For reaction the spin-forbidden process :
C(2°P))+CO,(X'EH)—-2CO(X'L¥), AH = —5.64 eV, (11)
or the endothermic reaction (34" +34'):
C(2%P;)+ CO(X'Z}) » CO(X'E+)+CO(@®IL,), AH = 0.39 eV, (12)

will take place. These considerations are consistent with the experimental observa-
tions, which indicate an upper limit for the reaction of 10-'* cm?® molecule—* s~!
(300 K) (table 2).

C(23P;)+ CH,

An upper limit is placed on the rate of this reaction in accord with the results of
Braun et al.5 and Martinotti el al.,'° and also with those of Skell and Engel,?*> who
observed no products from the reaction of C(23P,) with saturated hydrocarbons.

C(23P;)+N,, H, anND CO

The third-order kinetics observed for these reactions is consistent with the results
of Braun ef al.® who report a pressure-dependent process but present only semi-
quantitative rate data. Exothermic metathetical pathways are not available for
these reactants, and thus recombination is the only mechanism available at thermal
energies. Braun et al.® have shown that the most likely products are the radicals
CN,, CH, and C,0 for C(23P,)+N,, and H, and CO respectively. An order-of-
magnitude calculation assuming unit collision efficiencies for both formation and
deactivation leads to estimates of 5x 10-*4, 10~12 and 10-!2 s for the lifetime of the
energised intermediates derived from C(23P;)+N,, H, and CO, respectively, employ-
ing the third-order rates presented in table 2.


http://dx.doi.org/10.1039/tf9716702025

Downloaded by Stanford University on 14 October 2012
Published on 01 January 1971 on http://pubs.rsc.org | doi:10.1039/TF9716702025

View Online
D. HUSAIN AND L. J. KIRSCH 2035

We thank Prof. J. W. Linnett F.R.S. for encouragement and laboratory facilities.
We are also indebted to the Science Research Council for a grant for equipment and
for a maintenance grant to one of us (L. J. K.) during the tenure of which this work
was carried out.

1 P. B. Shevlin and A. P. Wolf, Tetrahedron Letters, 1970, 3987.
2 A. P. Wolf, Adv. Phys. Org. Chem., 1964, 2, 202.
3 R. Wolfgang, Progr. Reaction Kinetics, 1965, 3, 97.
4 R. Wolfgang, Ann. Rev. Phys. Chem., 1965, 16, 15.
5 C. MacKay and R. Wolfgang, Sc:ence, 1965, 148, 899.
% W. Braun, A. M. Bass, D. D. Davis and J. D. Simmons, Proc. Roy. Soc. 4, 1969, 312, 417.
7P. S. Skell and R. R. Engel, J. Amer. Chem. Soc., 1965, 87, 1135.
8 P. S. Skell and R. F. Harris, J. Amer. Chem. Soc., 1969, 91, 4440 and papers cited therein.
9 P. S. Skell and J. H. Plonka, J. Amer. Chem. Soc., 1970, 92, 836.
10 R, F. Martinotti, M. J. Welch and A. P. Wolf, Chem. Comm., 1968, 115.
11 G. M. Meaburn and D. Perner, Nature, 1966, 212, 1042,
12 D. Husain and L. J. Kirsch, Chem. Phys. Letters, 1971, 8, 543.
13 R. J. Donovan, D. Husain and L. J. Xirsch, Trans. Faraday Soc., 1970, 66, 2551.
14 R. J. Donovan, D. Husain and L. J. Kirsch, Trans. Faraday Soc., 1971, 67, 375.
15 F. A. Miller and W. G. Fately, Spectrochim. Acta, 1964, 20, 253.
16 J. L. Roebber, J. C. Larrabee and R. E. Huffman, J. Chem. Phys., 1967, 46, 4594.
17 G. M. Lawrence and B. D. Savage, Phys. Rev., 1966, 141, 67.
18 H. Okabe and D. A. Becker, J. Chem. Phys., 1963, 39, 2549.
19 J. H. McNesby and H. Okabe, Adv. Photochem., 1964, 3, 157.
20 D. E. Milligan and M. E. Jacox, J. Chem. Phys., 1967, 47, 5157.
21 R. J. Donovan and D. Husain, Chem. Rev., 1970, 70, 489.
22 A. G. Maddock, private communication.
23 P, S. Skell and R. R. Engel, J. Amer. Chem. Soc., 1965, 87, 4663.


http://dx.doi.org/10.1039/tf9716702025



