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The dissociation of cspJn,ion cooled NCNO follo\ving ‘i t 
tion. 2nd ~hc CN(r; ‘z+ 

.L\” - 7 ’ A’ excitation transpires via vibrational predissocia- 
) fragmcn~s arc exrro~re~~~ cold ncdr reaction threshold. Only u” = 0 is produced. and >902 of rhc 

CN is in 11”’ = 0 corresponding IO tlr‘intcrnal) <0.1 cm-1 X rcviscd v~luc for rhe NCNO dissociation cnrrgy (Do = 17085 
+ 10 cm-’ ) is rcportcd. 

1. Introduction 

Photodissociation provides a convenient means 
whereby the dynamics of small molecular systems 

can be studied wirh high precision. Theory has pro- 
gressed to the point where quantum mechanical cal- 

culations can provide reasonable estimates for product 

state distributions [ I] , and an interplay between es- 

periment and theory will now be more useful than 

ever. Presently, it is roulinc to use supersonic free jet 

espansions to cool parent excitations to near 0 K. 

thereby characterizing systems accurately in collision 
free environments [3], and tunable lasers can excite 
specific rovibrational states of jet cooled parent mole- 

cules which then evolve into fragments. Nascent prod- 

ucts can be detected in their occupied quantum states 

via state specific diagnostics such as laser induced fluo- 

rescence (LIF). whereas Doppler shift, polarization, 
and time-of-flight measurements provide velocity dis- 

tributions and anisotropies in the lab and/or molecular 

frame [3]_ Because this level of sophistication esacts 

a price in terms of energy and resources, it is important 

IO choose candidate systems carefully so that the maxi- 

mum information can be gleaned from the measure- 

ments_ We believe that NCNO is particularly suitable, 

and will provide a test case for theories of unimolecular 

reactions of small molecules. 

* Rcsenrch supported by the U.S. ;\ir Force Oflicc of 

Scientific Rcscarch. 
* Dr. Chaim Weizmann postdoctoral fellow. 

In this communication. we report experimental 

results concerning the photodissociation of expansion 

cooled NCNO, via excitation of the 2 ‘A” + % ‘A’sys- 
tern (hereaf’.er referred IO as St - So)_ using a runable 

dye laser. Free jet expansion and one-photon excita- 

tion insure that monoenergetic NCNO ensembles with 

well characterized angular momenta are prepared above 

dissociation threshold. It is particularly noteworth> 

that both NO(X ‘II) arid CN(X ?Z+) photofragmenrs 

can be detected in all of their available quantum states. 

and are also agreeable to velocity measurements. 

NCNO has a rich absorption spectrum throughout the 
UV, visible, and near IR [q-6], which allows for 
versatile and efficient excitation via one- and two- 

photon processes [5.7,5] _ The vibrationai and rota- 

tional constants of the So and St states have been 

determined [1,9], and .hc dissociation energy of NCNO 

was previously estimated mass specrrometrically at 
7S.S + 5 kcal mol-l [lo] _ 

Our esperiments show that subsequent to S, + So 

excitation of NCNO, photodissociation occurs via 

vibrational predissociation -* on either S, or So (fol- 

** We define vIbrational prcdissocbtion as an escitat;on IO a 
bound part of the potential surface abovr Do where the 
tifctime of the molecule before dissociation is lonpcr than 
a few vibrational periods. The Icrm clcctronic prrdissocb- 
lion is used whcnevcr dissociation follows crossing between 
tllc initially prepared bound state and a rcpulsivc surface. 
Direct dissociation involves initial cscitalion to 3 rcpulsivc 
s131c. 
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lowing internal conversion), and we observe nascent 
CN(X ?C+ ) via LIF. The threshold for photodissocio- 
tion ofespansion cooled NCNO following one-photon 
absorption is at X5.3 nm, which leads to a revised 
value for the dissociation energy, Do = 17085 2 10 
L’II~-~ (48235 2 0.03 kcal mol-’ ). The exrrcnzc@ cold 

CNC?( lY+) product (u” = 0, >90% in IV” = 0) observ- 
ed at threshold must evoivc via a vibrational predissocia- 
rion rne~ila~~isnl. and above tilrcshoid the results are 
in csceilcnt tgrtement with statistical theory. We 
also show that near threshold, effects due to quan- 
tum mechanical tunnc~ijl~ 3re manifest in tong CN ap- 
pcsruncc times. 2nd these effects should bc included 
irr ~~i~~l~~~i~~~ls of urli~~~oleculaf reaction rates [I 1 ,I 21. 

1. Experiment31 

Tl~e csp~rimcntal arrsngemcnt has been described 
in detail before [5,7). and the only significant change 
is the cooling of NCNQ using a pulsed free jet espan- 
sion. Brtetly. the LIF chamber IS connected directly 
to a vxuum system and is evacuablc to 10d6 Torr, 
and esixrunents are done under compietcly colhsion 
fret conditions. Pulsed espansions are achieved with a 
~~iezoc~cctri~~~l~~ driven valve (Laser Technics. 180 ps 
pulses) who~ss insides arc coated with reflon in order 
to nlinin~izc the destruction of NCNO which occurs 
on metal surfaces. When analyzing the rotational struc- 
ture of expansion cooled NCh’O using a He carrier, 
WC obtain Tit = 3 1( [b]. With an Ar carrier, even iotr- 
CI’ temiwmturcs arc achieved, and this is useful when 
awiyzing spectra and srudyrng the dissociatton thrcsh- 
old repion [6] _ The St -St, system of NCNO is escit- 

4 usittg tltc output from a tumrble dye laser (Quanta 
Rrty. 6 ns t-wimi. 0.6 cur-t resolution at 550 nm). CN 
is detected via LIF on the B 2X+ +.X 3Z? system, 
using a N, laser put~~pcd dye laser (~Iole~tron, 6 ns 
fwhm, BBQ dye, 0.3 cm-t rcsoiution at 3SS nm, with 
i~~tr~~~~~it~ craion - nominal 0.07 cntmi). Because 
0i the higii sensitivity, only tin2 oscilhtor portion of 

tile clye laser system is needed (~lO~.J/pulsc). Tile de- 

lay between the lasers is adjusted digitally (I 0 ns reso- 
iutiuu). and the unfocused laser beams. whicit are coi- 
lincclr and ~ount~r~roi~~~titl~. intercept the free jet 
sspar~s~on 2 cm (40 nozzle diameters) downstream fron 
the valve. and during the central portion of the time 
profile of the gas pulse. The ~uorcscen~~ is viewed at 

right angles with one or two phoromu~tiplier tubes 
@WTs) together with the appropriate fiters. Signals 
from the PMTs are digitized and transferred to a tab 
computer which stores~averages the data, controls the 
frequencies of the dye lasers, normalizes sign& as 
per the laser energies, and displays the results on a 
plotter. 

h!CNO is synthesized from AgCN and NOCI, foi- 
lowing the procedure given in ref. [9]. C~/~~~~C~Q~~C 
cat-c is rfzquired, sitice impure samples tad to &tomte 
~i~~e/i&~i, [ I 3 .14] _ Samples are purified by fra~tjollal 
distillation. and are stored at 77 K. Fresh samples are 
distilled from pentane (142 K) or ethanol (157 K) 
slushes each day prior to use into a 5 I! sample con- 
tainer where He : NCNQ or He : Ar : NCNO mixtures 
(900 : 4 Torr and 650 : 250 : 4 Torr respectively) are 
prepared. Since NCNO decomposes on metal surfaces. 
the preparation system is constructed from glass, teflon. 
and viton. 

3. Rest&s 

One-photon and sequential ~~vo-pho~o~l photodisso- 
ciation processes occur in NCNO following St +- So 
excitation [5.7.S]. In the two-photon process, absorp- 
tion ofn second photon promotes the excited moie- 
cules from the S, state to a dissociative surface that 
produces highly rotarionaily and vibrationally excited 
CN fragments (“hot” CN), whereas the CN produced 
via one-photon photodissociation is rotationally 
“cold” [ 5,7]. 

As the photoiysis lrtser wavelength is varied from 
the band origin of the S, +-S, system (882 nm) to 
successively shorter wavelengths, an abrupt onc-pho- 
ton dissociation onset at 583.3 nm is found, as shown 

in fig. 1. The spectrum is obtained by monitoring 
CNCZ\: 2 C+, u” = 0, N” = 0) as the plloto~ys~s wave- 
length (A,,) is scanned. and there is a one-to-one corre- 
spondence between the observed features and peaks 
in the NCNO absorption spectrum. However, [CN(V” 
= 0.N” = O)]/[CN(total)] varies with X,. and only 
by taking this into account could one convert the 
observed spectrum into an absorption spectrum. Al- 
though many vibrational bands have been analyzed up 
t0 E:*ib * 7-500 cm -I 161, extrapolation of these as- 
signments to the dissociation threshold region (E&, 
x 6000 ctnwl) is not feasible due to extreme spectral 



Volume 108, number 2 CHEMICAL PHYSICS LETTERS 79 June 1984 

NCNOt hv+CN+NO 

MONITOR CN(X*~+,v=O,N”=O) 

575 580 585 590 595 nm 

NCNO + hu - NCNO (S,) 

I[ MONITOR ONLY MOLECULES 
WHICH DO NOT DISSOCIATE 

k, 
Fig. I. SPwtra showing rhr compctirion bctlvccn non-dissociative one-photon excitation and one-photon phorodissocia~ion. The 

upper trdcc is obtained by monitoring CN(S ‘X+. u” = 0. N” = 0) via LIF and shows 3n abrupr onw I’or product formxrion. The 
rather \xwxlc fwturca at 390-595 nln result irom cxc.itaGon ol’vx her. bands of’ NCNO [6]. In rhc lo\vcr trncc. we monitor onl) 
11~~11 rY” (near llx bnndhrad) \vhvzh dcrivc from rwo-Photon Phorodissoclarion. TIwx 1V”arc macccssiblc energcriuUy via onc-pho- 
Ion photodissocinGon. and thcrcforc canno bc produced if NCNO disso&rrs rapidly iollo\\ing St - So cxciraiion 151. 

congestion (vibrational density of states ==2.5 states/ 

cm-t) and unknown Fran&--Condon factors and an- 
harmonicity corrections. The luck of one-photon dis- 
sociation at longer X, can be monitored via the se- 
quential two-photon excitation of NCNO [5,7]. By 

monitoring nascent “hot” CN states which derive 
solely from the two-photon process, we can probe 
NCNO molecules in the St state which have not dis- 
sociated. In doing this. we find that NCNO dissociates 
con~plcrc/~* following one-photon absorption at X, 
< 585 nm, and does not dissociate at h, > 585 nm, 
as shown in fig. 1. 

The competition between dissociation following 
one-photon absoption and the absorption of a second 
photon (leading to two-photon dissociation) is mani- 
fest in the threshold region where the product appear- 
ance times are long (see below). In this region, both 
processes occur simultaneously as is seen in fig. 1. By 
increasing the photolysis laser intensity (focusing the 
beam with a I m focal length lens), the optical pump- 
ing rate increases, and the two-photon process is weak- 

ly observed even at h, = 57 I.6 nm (41 1 cm-t above 
dissociation threshold). 

At X, > 585.2 m-n. where CN(X ?Z+, u” = 0, IV” 
= 0) is quite dominant, a finite risetime is observed for 
its production. By varying the delay between the 

phorolysis and rhe probe lasers, we find an esponen- 
tial growth, with rsp = 34 i 5 ns at X, = 585.5 nm. This 
risetime is shortened to I8 f 5 ns for A, = 585.3 run. 
and is no longer measurable at A, S 585.2 m-n (7ap 
< 10 ns, the experimental resolution). Fig. 2 presents 
three traces taken with 70 ns delay between the photo- 
lysis and probe laser pulses, and scanning the phozo- 
lysis laser at 0.6 cm-l steps. In both the upper and the 
middle traces, CN(X ?E+, u” = 0, N” = 0) is monitored 
as X, is scanned. In the latter case, the beam tempera- 
ture is very low (<3 K,J,,,(NCNO)< 7, stagnation 
pressure: He : Ar : NCNO = 650 : 250 : 4 Torr respec- 
tively), and an abrupt onset for producing hr" = 0 

is observed. Ln the upper trace (warmer expansion, 
stagnation pressure: He : NCNO = 350 : 4 Torr) the 
production of N” = 0 is extended to longer h, due 
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NCNO PHOTOLYSIS 
supersonic expansion 

70ns delay between 
photolysis and probe pulses 

“WARM” EXPANSION 

He/NCNO = 300/4 Torr 

MONITOR : 

~N(X’~~v’~O,N”=O~ 

29 June 1984 

234!:5ns 

(b) “COLD” EXPANSION 

He/Ar/NCNO = 650/250/4 Torr 

MONITOR : 
CN(X=Z+, v-=0, N-=0) 

586 lnml 

I 
r,, 5 10 “5 

(cl “COLD” EXPANSION 

He/Ar/NCNO = 650/250/4 Torr 

MONITOR : 
CN(XZ~*,v”=O, N”= if 

I 
SBS 585 586 fnm) 

PHOTOLY SIS LASER WAVELENGTH 

1%~. 2. D31o showrng rhe rwr throhotd bchavror of NCNO pbotodissocistion 3s zr function of p;rrcnt rotational escitation. In 
tr.rces (a) and @l CN(X ‘x1+. u” = 0, i\“’ = 0) is monitored rrs the photo&& laser wvelength is scznncd. In trace (a) the capan- 
bion condrtionsproduce incIficrrnr rot~tionrdcooting. The peaks me broad, and the tl~rrsl~old regron ewznds to longer wavelengths 
(see ICYI). In trdcc’ (b). tbc beam ternpwrturc is ==:! K;, ;ind rm abrupr onset for CN(IV” = 0) production is obscrvcd. Tnce (c) is 
obrsmcd under sinlilar espansion conditions, but CN(A’” = 1) is monitored. Notice the higher threshold wavelength in this case. 
in 311 three tracts. thr deiay bc!wecn the onsets of the photolysis and probe lasers is m~nr~Incd at 70 2 10 ns. The insets show 
thr qqw~rancc rimes (rap) of K” = 0 irt wavelengths 585.5,~S5.3 and 585.2 nm. For iv” = I. rap at threshold is ~10 ns. 

I I8 
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to the fact that excitation of Sotation~Uy unrelaxed 
NCNO molecules to levels above the dissociation lim- 

it requires less energy (i.e. longer $). The appearance 
fates are consistent with the existence of a small cen- 
trifugd barrier to the dissociation, as discussed in sec- 
tion 4. In the lowest trace, N” = 1 is monitored as Xp 
is varied, and the sli$tly higher photolysis energy 

(-4 cm A) which is required to produce this siate 
corresponds to the difference in energy between CN 
N” = 0 and 1 levels. 

The observed CN(N” = 0) appearance times depend 
within experimental error, solely on h, (indicated by 
the vertical broken lines in fig. 2), and do not vary 
when the expansion conditions are changed to yield 

NCNO Phoiolysis: 
supersomc expansion 

~e/NCNO = SOOr Torr 

I 

CL---- \-- 
\ 

‘3/ 
Xdlss= 582.04 nm 

P-branch 1 R-branch P-branch 1 R-branch P-branch I R- branch 

CN (X2x”, vu=01 ROTATIONAL QUANTUM NUMBER N” 

Fig. 3. Drita showing the dissociztion of expansion cooled NCNO (He carrier, T = 
system. The upper spectrum is obtained by monitoring CN(X 2Z*, u” = 0, N” s 

5 K), foilowing escitation afthe Z ‘A” -2 ‘X 

of CN(B %+ - X ‘2+ system) showing nascent X 2E*, u” = 
0) as hp is varied. The lower traces are LIF spectra 

0 rotational states. Notice the dominance ofN” = 0 at Xp = 585.3 
nm. The full circles on the traces at Xp = 582.O4 nm and 580.4 nm are the relative peak heights calculated using PST(see test). 
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different NCNO rotational temperatures. However, 
the dissociation yield at A,., > 585.3 nm decreases sig- 
nificantly with better cooling. and for the coldest 
expansion an abrupt onset is detected at X, = 5S5.3 
nm. We interpret this as corresponding to the dissocia- 
tion threshold (see beloiv). 

Xr car31 Xt,. a LIF spectrum of CN reveals the nas- 

cent rovtbrational excitations, and these are shown 
for four wavelengths X,, at the bottom of fig. 3 (in all 
cases. CN(S 2x+. u” = 0)). A significant result is the 
C.Y’IUWIC~~~ cold rotational disrrrburion obtained at X 
= 5S5.3 nm. Analysis of this CN LIF spectrum [5.6 P 
rndicarcs 11131 >90% of rhe CN are in .A”’ = 0 and the 
rematnder are in A”’ = 1. Product distributions such as 

this. wlrrrc tlte average internal energy of CN is CO.4 

c~il-~. flaw not been cncountercd previously rn photo- 
dissociation studios. 

The trxkrtional energy of CN was estimated from 
measurements of the shapes of the 11;” = O-3 rotation- 
al lines with the probe laser bandwidth narrowed by 
an intracavity etalon. The probed lines have a width 
smalicr than cspected for 300 K CN (-0.07 cm-t). 

Frutn rhcsc results, we derive a revised value for 

the dissociation energy oiNCN0. It corresponds to the 
wxelength of the abrupt onset of dissociation under 
conditions of the coldest cspansion (fig. 1, middle 
trace), where the ratio [CN(A”’ = O)]/[CN(N” = I)] 

is m;Ll;iniuni. The error estimate reflects uncertainties 
in the absolute calibration of h,,. and in the exact 
onset for dissociation of rotationless NCNO. THUS. 
IIIC v3luc 0iD,) = (5S5.3 nm)-t = 17055 cm-* is 

mtircr accurate. and an uncertainty of 110 cm-t is 

S3l.C. 

1. Discussion 

Our results slro\\v that NCNO dissociates rorrzp/cfe- 
!I’ v13 one-photon 3bsorptiotr with hp < 5SS nm, and 
dots not dissocrate with h,, > 585 nm (fiS. 1). As dis- 
~usscd before [5 1. by monitoring CN fragments pro- 
duccd vi3 two-photon photodissociation, we monitor 
NCNO nwleculcs which do not dissociate rapldly iol- 
lo:vinc rlrc .rbsorption of a single photon. Therefore. 

the disappearance of the two-photon process is due 

10 competition between dissociation following one- 

photon excitation. and the absorption of a second 
photon. Since the duration of the photolysis pulse is 

120 

z-6 ns fwhm, the complete disappearance of the two- 
photon processindicates that the one-photon photodis- 
sociation rate at wavelengths<585 nm greatly exceeds 
the rate of optically pumping out of the initially ex- 

cited state, and must be >lOg s-t _ However, with 
focused radiation, the optical pump rate can be made 
competitive with the dissociation rate, and we can 

monitor CN which derives from two-photon escitn- 
tion with Xp as short as 57 1.6 nm _ Deriving the dis- 
sociation rate from these measurements is not straight- 

forward, and iurther work is required for quantitative 
interpretation of these results. 

The esperimental observations can only be recon- 
ciled with a vibrational predissociation mechanism and 

the absence of any appreciable barier. The extremely 
cold CN rotational distribution obtained at h, = 585.3 
nm indicates that >90% of the CN molecules arc in 

IV” = 0. and their average internal energy is <0.4 cm-‘. 

As esplainrd below. it would be impossible to have 
such a cold rotational distribution accompany direct 
dissociation or electronic predissoclation. 

Classically, in the event that there is significant 
recoil, the CN bond axis would have to be aligned along 
the esit channel minimum in order to prevent CN from 
acquiring rotational excitation during the dissociation 
process. At sufficiently large separations @6 A), the 
dominant interaction between the fragments is dipole- 
dipole, and the minimum energy dissociation pathway 
corresponds to all four nuclei being collmear. Thus, it 
is likely that forces would be directed mainly along 
the CN axis. However, one cannot localize the nuclei 
with such precision. Even for a linear configuration. 
rhc three “bending-type” vibrations for NCNO (~3, 
vj, and u6) [a] which evolve, in concert with motion 

along the reaction coordinate. into product R,T excita- 
tions still have their zero point energies, as dictated by 
the uncertainty principle. This leads to a disirilrufh of 

geometries and velocities among these three parent 
degrees of freedom which convolutes with the reac- 
tion coordinate recoil during the dissociation process 
to produce the final state distributions. Wlere a direct 
dissociation process of arr_bl kind involved, the combm- 
ed zero-point kinetic energies of vl. vg, and vg (270 
cm -l on S,, 290 cm-1 on S, [4,9]) would have to be 
accounted for, especially since these motions are 

strongly correlated to product rotation [ 151. Since 

direct dissociation and electronic predissociation ofren 
place rhe deparring fragmenrs on a repulsive potential 
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with considerable energy above Do (e.g. rhousands 
of cm-l). the convolution of rhis energy with the zero 
poinr motions will result in EroI jCN 9 0.1 cm-l. Thus, 

it is required that parent vibrations evolve into product 

motions via the loose transition state expected for a 

unimolecular reaction which produces radical fragments 

[I?-]. F rom the absence of CN internal excitation, it 
is obvious that coupling is facile during reaction, and 

there is no hint of suddenness in the product excita- 

tions (c.g. parent morions carried over adiabarically 
to products). 

Other experimental observations are also in accord 

with this interpretation. At each )b studied to date, 

CN rotational states are observed up to the limit im- 

posed by energy consenrarion. but not above it, and 
rhe same Do is also derived from rhe observed rhresh- 

old for producrion of CN u” = 1 and 3 [6]. The aver- 

age rotational energy in CN, and the shape of the 
energy distribution depend only on the excess energy. 
and in comparing distributions obtained by photolyzing 

the molecules via different rovibronic bands, no mode 

specific effects are observed. Finally, the low CN trans- 

IaGonal energy is incompatible with lhe existence of a 

large barrier to dissociation, as required by Do = 38.8 
kcd mol-* [lo]. 

Thus, we conclude that Do = 17085 i: 10 cm-’ 

(4S.S5 + 0.03 kcal mol-I), and that NCNO dissocia- 

tes via vibrational predissociation. The previous esperi- 

mental value for Do was obtained from measuring ap- 
pearance porentials, and is quite low. This value has 
been criticized by Bjorkman and Bagus [ 161, whose ab 
initio calculations give Do = 4s kcal mol-I. and Benson 

who suggested 48-50 kcal mol-t [ 171. The present 

measurement is in excellent agreement with these esti- 

mates, and falls in between the dissociation energies 
for NOF and NOCI [ 181, as expected for CN which is 

a pseudo halogen. Thus, we believe that the dissocia- 
tion energy of NCNO is now well established. 

NCNO, which evolves into IWO coupled rotors, is 
an ideal candidate for studies of energy disposal in a 

nnimolecular reaction. Since product vibrations are 

not accessible for E’ - Do < 1876 cm-l, only product 

R, T excitations need be considered, and in this case 
the phse space theory of unimolecular reactions 
(PST) [19-161 can be used to estimate product exci- 

excitations?. PST calculations were performed for all 
but the smallest E’ - Do (<20 cm-l), where atten- 

tion must be paid to proper angular momentum addi- 

tion [27], and typical results are shown in fig. 3 for 

E* - Do = 96 and 144 cm-‘. The fit is excellent, and 
we find similar agreement for E’ - Do up to =I000 

cm -1. The validity of a PST perspective at these ener- 

gies derives from combining parent motions (overall 

rotation + 1 “disappearing oscillators”) to form prod- 
uct states which CaMOt be represented diagonally 

in terms of the parent sra:es [6]. The accord berwcen 

experiment and theory at modest Ei - Do is very 
encouraging, and we believe that the NCNO system 
will provide an escellenr oporrunity IO examine sratis- 
tical unimolecular processes in derail. 

Finally, we would like to comment on the > 10 ns 

riserime which is observed in the production of 

CN(X 2x+. u” = 0.X” = 0) near dissociation rhreshold. 

Ir is possible rhat rorational cfiects irr Ihe escircd stare 

of the parent molecule play a significanr role in tl12 

predissociation mechanism either due IO symmetry 
consideration or to cenrrifugal barrier associated with 
higher rotational levels. For esample, sample RRKM 
calculations show rhar the fasr increase in the dissocis- 

tion rate with 3 very small increase in excess energ! 
near threshold cannot be reconciled wirh a statistical 

theory unless quantum tunneling effects are taken into 
account [ 11.17] _ In order to estimate the tunneling 
through a centrifugal barrier, we used the barrier trans- 
mission coefficient for an asymmetric E&art porenrial 
[X-30] : 

T(E) = [cosh(u + b) - cosh(u - !I)] 

x [cosh(a + b) + COSll(d)] -1 . (1) 

Q = (2pE=)‘l’L/ll . 

b= [$(ET - Do)]112L/h, 

(I= {Zp[(Do + l’b)u’ + vi/‘] z - (771r/L)1j @L/I) . 

where p is the reduced mass. I’,, is the barrier height. 
and L is related to the width of the barrier. In our 

case, Do = I7085 cm-l, ,u = I4 amu, and we consider 
I’,, = l-5 cm-’ and L = l-3 A. These values allow 
the following simplification of eq. (I), 

T(E) = [ 1 - esp(-26)] / [ 1 + esp(d - a - b)] . (2) 

7 When product vibrationsare accessible, PST cannot be used. 
since it dots not [r&e esplicit account of the parent being 
vibrationally excited but rotationally cold, and this will bc 
discussed in detail clscwhcrc 161. 
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Under these conditions, we find, using eq. (2), that 

T(E) varies by a facrcr of z-5 for incident energies 

7-10 cm-l above alid below DO t I’,,. The experi- 
mental results show that the observed lifetime in the 

threshold region varies by a factor of at least 1 over a 

range of<4 IX-I-~. These results are easily fit with l’b 

Z l-7 cni-l, which is quite reasonable for a centri- 

I’u~al barrier. The barrier was estimated [ 1 1,121 using 

an attractive potential of the form -Crm6 (where C is 

cstimatcd from the dissociation energy), and the repul- 

sive rotational energy term. The latter was calculated 

as a function of r by estimating the variation of the 

rotational constant along the c-axis of NCNO with the 

cionparion of rhc central CN bond. WC find that bnr- 

ricrs of0.5~4 cm-J are espectcd for NCNO in rota- 

lion4 levels 5- I5 respectively. Since in the jet espan- 

sion of NCNO only rotational levels <7 are populat- 

ed [6] _ barriers of the order 0.5- 1 cm-t should be 

typical and the rapid change in r3,, with X, in the re- 

gion near Do is consistent with tunneling through a 

barrier of that magnitude. The snlount of rotational 

excitation in parent NCNO can be varied by varying 

the cxparwon conditions, and, as esprcted, the long 
iifctimc component becomes more prominent in 

“\vurmcr” esp3nsions (fig. 2). 
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