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The ?rda& photoinitiation;/probc technique has been used to obtain room-temperature sax&-ordcsr& con&mts for. 

the reaction of CN tad&Is with compoimds key to~atmospheric and combustion chemistry_ CN was &naatid by g _- 
photol~sis of ICN.‘.Lscr-induced fl uoesence probin& via both -(A-X) and CN(E+X) has ban utiliz$_ Valuq 

reported arts k(H,).= (4_9_CO_~)xlO-‘=. A-(CH,)= (1.110.1)x10-‘=. &(C,H,)= (2.9~0_1)~10-“. X-(C;H,).= (2_3~0_1) 
x10-“. P(C2H,)=(2_7~0.1)x10-‘0; &(C~H,)=(23~0.3)~10-‘~. and k(02)=f2_5~0.2jx10-'1cn2 &tie-l-;-t; 
A comparison w3.h awilabIe litaksrc data is made and mecb - are d&used_ -. .- 

1_ Illtiuction kinetics of several CN reactions reIev& to Corn-’ 
bustion and planet& -atmospheric chemise_ 

The chemist-t of the CN radical & crucial to Room temperature rate -constants me&ured for 
understanding the complex nature of NO, forma-- some of +&e&z reactions .will be compared .with 
tion in a hydrocarbon flame- and the nitrogen those availabie in the literature. : 
balance in ~atmosphe&r of several -key planets in .- _ : 
our solar system To date most studies .of CN 
reaction kinetics utihzed the -flash photoIysis/ t-Experimental . 

UV-absorption technique [l-12], which, albeit 
useful for measuring the slower reaction rates. is 

~. 
The .iwo-la&r photoinitiation/probe apparatus 

not appropriate for very fast processes_ Accord- used in the experiment is simiku to that-employed 
ingIy, only a Iimited amount of kinetic data on CN for CH kinetic studies [13-161; It consisted of five 
reactions exists in the literature major components: a flow&rough reaction ce& 

We have recentIy employed the two-Iaser t&o lasers (one for CN radic$ generation, one for 
pump-probe technique to study~the kinetics and LIP probing), detectors with associated optics, and 
mechanisms of very fast processes involving CH electronics to control laser firing as wehas coliect 
radicals over a broad range of temperature and _. and process LIFdata_- ~- -- ~ - _~ 
pressure [13-16J_~~By~ ut@zing -the very .sensi_tive ~. The reaction cells used were basically s&way 
Iaser-induced fluo rescence (LIP) detection method : pj&x crosseswith one baffled horizontal axis’foi 
and a judicious choice of radicaI precm-so rs, rate the two cohinearly~~ propagating -Ias& beams,. the 
constant vaIu& were determined readiIy and reha- other for. fluor&cence detection and : the vertical 
bIy up to the gas-kinetic limit;. In this work, .we ‘ai& for :re&ant fIow_ Molecular re&tant+~ prey 
have employed ~the- ‘same app_roa& to .studying : ._ miied with or, Was. ihroduced jnto-:- tie systti 

:- -: : 
through a- f&ted glass filt& -on which purified 

-. _-. ._: solid ICN (the CN radical precursor) was plaid_ 
.;- ’ NRC/NRLPostdoctonlRearch~ 

,- 
- te<1&2-84)); pns This mix&e was further dihrted WithAr to.ach&e .i- 

.-sm-address: -Ihe Aauqace Corporation& Las- Ang&s, -~ the desired concentrations and’ totaIpressu&_ S$ L 
Glifomia9ooo9-2957.usA. .- -_-_ - tem press&&s were m&&red with calibrated MI(S- 
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any glass filters) to block scattered light at shorter 
: wavekngths, particularly that from. the photo 

dissociation Source_ 

Baratrons situated immediately do&stream from 
-the cross_ 

The photoiysis hght at 266 nmwas provided by 

a quadrupled Nd : YAG laser (Quanta-Ray .DCR- 
IA)_ After prismatic separation of the dissociation 
beam from the Nd : YAG fundamental- and sec- 
ond-harmonic fmquencies. it was directed through 
the baffled ati of the reaction~cell with the aid of 
a m&By focusing 1 m fetal length lens To avoid 
multiph0ton pmccrses geucrating excited CN radi- 
cak the 266 nm output energy of the laser was 
maintained at = 50 .uJ_- 

For LiF probing two different lasers were used- 
A flashhunp pumped dye Iaser(Chromatix CIMX~) 
operating at.619 nm was used to monitor CN via 
the A’D(d =4)-X%+(&*“-= 0) _transition Data 
obtained from these experiments suff& &a- 
tivc!y large uuceruu ‘nties due co this laser% erratic 
output power and the weakness of A --, X Buores- 
cences The latter problem was exasperated by the 
need to filter out the direct LIF (at ~619 nm) 

because of excessive dispersion of the probe beam 
FinaBy~ the long fluorescence lifetime of the A 
state, x-7 ps (13 * makes this transition inap- 
propriate under our conditions for monitoring the 

near gas-kinetic reactions_ The second probe used 
in our experiments was a XeCI-e__cimcr Iastx- 
pumped dye !aser system (Lambda Physics) oper- 
ated at 358 m monitoring the CK concentration 
decay via the B’Z-X’S? transition Because of 
the short radiative Efetime of the B state (61 ns 
[19D. our ability to monitor LIF directly at 388 nm 
and the Iaser power pulse-to-puke stability (10% 
fiuctuation), kinetic data obtained from B-state 
probing experiments were less scattered and more 
reproducibIe 

Signal averaging and data acquisition .were 
- accomplished with.gated:integrators used in con- 

junction with--a ’ laboratory. computer (DEC. _ 
.+INC-11/23)_ In the initial A t X IJF probing 
experiments a twochannel gated integrator con- 
structed from Evans circuit boards was utihzed_ in 
subsequent experiment& with B-+X ‘probing, a 
two-channel SRS (Stanford R esearch Systems) 
boxcar averager v+s cmploycd in ^last sample” 
mode_ The rate of CN radical disappearances was. 
measured by following the decrease in LIF inten- 
sity with increasing delay times between firing the 

The detection part of the apparatus consisted of 
appropriate filters, coliection optics and an RCA 
C3lO24 photomuhiplier tube This particuhn P&ff 
was chosen for its high sensitivity up to 800 nm. 
aBotig denzction uf both A-X a.nd.B+X 
emissions During all experiments an SnClz (OS N 
in 3 - 2 HCI : H,O) sohuion filter (T= 50% at 345 
run) was used in the detection train(before any 















The CN f a reaction probably takes place 
effectively by adstraction as follows: -- 

CN+oO,~OcN+O. -.- 

The m&ion is exothermic by = 4 kcal/moje with 
negggible activation energy [7j_ The simultaneous 
formation of CO &d NO via the very exothem& 
four-centered route (AH’= -1Q6 kcaf/moIe) is 
most likely unimportant. Previously it was found, 
in our study of-CO stimulated emission--from the 
0(3P)+ CN reaction. that addition of a small 
amount of 0, to such a laser system drastically 
diminished the laser output [29]. This .quenching 
effect was assumed to be caused by removal of the 
CN radic+ by rapid reaction with 02. as given 
above. followed by reactions involving OCN. to 
produce vibrationahy cold CO molecules. Produc- 
tion of vibrationally excited CO directIy via the 
exothermic four-centered process, if it did occur to 
any significant extenl would have enhanced rather 
than diminished the CO laser output. An unequiv- 
ocal test for the mechanism of this reaction can be 
made by directly probing for OCN and NO or CO 
formation. This can be achieved by either time-re- 
solved LIF or resonance absorption utilizing UV 
or IR lasers. 

5. Conduding remarks 

We have determined the rate eonstants for the 
reactions of the ground state CN radical. CN 

(X 2x*_ u = 0) generated by the photodissociation 
of XCN at 266 nm [30], with H,, CH,, C,H,, 
C,H,, C3H, and 0,. at room temperature by 
varied delay laser-induced fluorescence. The mag- 
nitudes of these rate constants range from a Iow 
value of 5 x lo-” ems moIecuIe-’ s-r for CN + 
Hz to near gas-kinetic values of (2-3) X lo-*’ cm’ 
molecule- s-t for reactions with unsaturated hy- 
drocarbons The trend correlates inversely with the 
ionization potentials of the moleeuku reactants, 
parahehug what is observed for the reaction of OH 
radieaIs with these same eompouuds. 

In this paper our discussion centers on reac- 
tions of the CN( u = 0) radicaI. The kinetics ,for 
disapPearanee of the vibrationahy excited radical 

- 

CN( u = 1). have be& inv&igated previ&sly - by 
severaI workers [4,10,20]. For &s&~&er& abstic- : 
tiin reacti+ c&occur (e.g. m +-Hi Or- CO,), --I 
the rates of disappearanti for. CN(o.=:l) .$pp_ear 
to be about twice as fast.as those for CN(u = 0)‘ 
according to recent .data of Jackson and eo- 
workers. In the case of CN + O,, for which vibra- 
tionaI excitation Was earlier reported ‘]ils] to 
have _a retarding effect, such excitation has now 
been shown to have neghgible effect [20]_ 

To clarify these discrepancies, a systematic study 

of some of these fundamentaily important 
pro&sses (such as CN + Hz, O& C,Hi and C,H,) 
should be made over a broad range of tempemturee _’ 
and pressure to establish more fiiy their kinetics 
as weII as the operative mechanisms. TakeCNi 
O,, for example; in addition to the direct meeha- 

nism discussed earlier it also may take place, in 
principle, via the long-lived adduct CN-00 [20]. 
If this is the ease. a careful study of the’ reaction 
over a wide range of temperature and pressure 
may reveal the importance of this additional cban- 
nel. 
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