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Photodissociation and photoisomerization pathways of the HNCN
free radical

Ryan T. Bise,? Alexandra A. Hoops, and Daniel M. Neumark®
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and Chemical Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, California 94720

(Received 22 January 2001; accepted 5 March 2001

The photodissociation spectroscopy and dynamics of the HNCN free radical have been investigated
by fast beam photofragment translational spectroscopy. Predissociative transitions for both the
B 2A’—X 2A” band and a higher-energy band system assigned t€ th&”— X ?A” band were
observed. Photofragment mass distributions indicate thatiolls is the primary dissociation
pathway. Translational energy distributions reveal a resolved vibrational structure of,the N
fragment, suggesting that the HNCN radical first isomerizes to a cyclic H@tdrmediate. A
dissociation mechanism is proposed in which electronically excited HNCN undergoes internal
conversion to the ground state, followed by isomerization to cyclic H&M dissociation through

a tight three-center transition state. The HNCN bond dissociation efy@nd heat of formation
A¢Hy(HNCN) were determined to be 2.8®.03 eV and 3.350.03 eV, respectively. €2001
American Institute of Physics[DOI: 10.1063/1.136741]1

I. INTRODUCTION in which thec-HCN, adduct isomerizes to the lower-energy
HNCN isomer. This dissociates to spin-allowed 2BY

In this paper we present a study of the photodissociation, NCN(;( 325) products, with N and NO formed by subse-

dynamics and spectroscopy of the HNCN radical. This radi-quent reactions of the NCN product.

cal and other HCRIstructural isomers have been proposed as' |, an effort to further characterize the global €N,

intermediates in the CHN, reaction, an important réaction ,aniial energy surface and assess the importance of the
in hydrocarbon combustion because of its possible role in thﬁNCN radical as a possible intermediate in the €, re-

H 13 " 1—5 H 41 H H
formation of “prompt” NO.™™ Specifically, this reaction ,.tion we have investigated the photodissociation spectros-
may proylde a onv-energy pathway for thf sphttmg_qf mo- copy and dynamics of the HNCN radical. The work pre-
lecular nitrogen via CH(I) +Np—HCN-+N("S), the initiat- sented here represents part of an ongoing study of radicals

ing step of the Fenimore mechanisf for prompt NO for- NCN, CNN, HCNN2-2that may play a role in the reac-
mation; the N and HCN products are subsequently oxidizetgions (’)f N, il"l flames leading to NO production

rapidly by O atoms and OH radicals to form nitric oxide. = p\o s the most stable HCNsomer. Previous studies
Although the initial reaction is only endothermic by less thanby Clifford et al2 indicate that the structural isomer HNCN

0.1 eV, itis spin forbidden. o _ lies more than 2.8 eV below CHN, products, compared to
The CH+N, reaction has been studied in detail both 1.13 eV for lin-HCNN* and 1.02 eV forc-HCN,. 112 The
experimentally**® and  theoretically:**"'* Early experi- NN radical was first identified spectroscopically by

mental work on this reaction has been revieyved by miIIerHerzberg and Warso¥,who reported a rotationally resolved
and Bowmarf. More recent shock tube studies by Deanzp: . 2pn alectronic absorptionT,=28 994 cm). They

etal® and Lindackerset al® have directly detected the
N(*S) atom and show that the K$) atom appearance is
correlagtegl with the removal of CH. Numerous theoretical
studie§121% indicate that the reaction pathway with the o )
highest probability proceeds through an intermediate doubleqiround state was foundzsto be 116.5° \zN't,h gnze?,rly _Imear
cyclic HCN,(c-HCN,) adduct. This then undergoes intersys- N_CN _backbon_d. Wet al™ probed theB “A <___X A" ori- )
tem crossing to a quartet surface and finally dissociates tg!n With laser-induced fluorescence, determining the excited
quartet products NS) + HCN. However, recent calculations state lifetime tq be 25 ns. Dispersed flui)gescence showed
by Cui et al*2 find the thermal rate constak(T) to be two € symmelric stretch 142=114E(1) cm’) and the
orders of magnitude lower than experimental results due t§(HIN-C—N a” mode (ys~440 cm™) to be vibronically

the slow ISC rate. This result led to a new mechanism prog:lctive; thevg mode was attributed to vibronic coupling via a

posed by Lin and co-workers™for N and NO production, Renner—Teller-type interaction. Travis and HerzB®neg-
ported higher-energy absorption bands at 30 475 and 31 550
cm ! from the flash photolysis of diazomethane, showing
dCurrent address: Bell Laboratories, Lucent Technologies, 600—700 MO“”(:ompIicated subband structure that shifts upon deuteration
tain Avenue, Murray Hill, New Jersey 07974. . . ’
YAuthor to whom correspondence should be addressed. Electronic maiIThese higher-energy absorption bands have been observed

dan@radon.cchem.berkeley.edu using a variety of photolysis sources by Basco and ¥ee,

determined the molecular structure for both the ground and
excited states and assigned this absorption to BHeA’
—X ?A” band of HNCN. The HNC bond angle for the

0021-9606/2001/114(20)/9000/12/$18.00 9000 © 2001 American Institute of Physics
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Kroto and co-workeré® and Mathewset al?° Il. EXPERIMENT
The microwave spectrum of HNCN measured by Yama- The f b hotof lational

moto and Saityf showed that the unpaired electron occupies r”“‘f‘i ast eam p oto rggm_ent trans f_mon_a spec_trom-

an orbital perpendicular to the molecular plane of symmetr _te used in these studies is shown in Fig. 1. Vibra-

and yielded an estimated energy difference of approximateltonally and rotguonally cold neu_tral radicals are produced
15 eV between the Renner—TelEr2A” and A 2A” pair y mass-selectively photodetaching a beam of stable nega-

) . 23 ,  tive ions. The neutral radicals are then photodissociated by a
Ph.otoelt'ectron studies by CI|ff9r§t al-= of the HNCN second laser and the photofragments are detected directly
anion yielded the electron affinity of HNCNEA=2.622 h high effici
+0.005 eV} and vibrational frequencies of 104962 and with hig | etficiency. , .
1_87.9i106 cni'? for the v, and v5 modes, respectively, in The ion source configuration for HNCNwas the same
2 3 ’ ) H 7,38 ;
reasonable agreement with matrix infrateénd the dis- as that previously used for NCN’"*Argon at a stagnation

persed fluorescence studf@sHigher-energy photoelectron pressure of-2 atm is expanded through a pulsed molecular

studies performed in our laboratdAhave located thé 2A’ beam valve into a reservoir containing cyanamide at room
P ~ ~ temperature and then through a pulsed electric discharge,

state, finding the< 2A”—A ?A’ splitting to be 0.7 eV. Un- generating mainly CN, NCN~, and HNCN' ions. Previous
like the X A" state, which displays a nearly vertical photo- studie<? indicate that this source typically produces anions
detachment spectrum showing little vibrational excitation,with rotational and vibrational temperatures of 50 and 200 K,
the A ?A’ state yields a broad barfd-1 eV in width. No  respectively. NCN was synthesized by repeated washing
regular vibrational structure was observed for this state.  of the cyanamide crystals with a methangl-acetic acid-g

Ab initio calculations of the molecular geometry and vi- solution (20:1 by volume followed by evaporation of the
brational frequencies of the HNCN ground state were firskolvent. From our ion mass distributions, we estimate the
performed by Taoet al® and, more recently, by several extent of deuteration to be40%.
other groups™'#'°?*The calculations are in reasonable  The negative ions generated in the source region are ac-
agreement with the experimental vibrational frequenciegelerated to 8 keV and separated temporally by a Bakker
given above. The calculations support an acetylenic structurgme-of-flight (TOF) mass spectromet®r®® with a mass
showing a shorter HNEN bond and longer HN-CN bond resolution (n/Am)~100. The ion of interest is selectively
with HNC bond angles between 110.8° to 113.6° and ghotodetached by a pulsed dye laser. To generate vibra-
nearly linear NCN bond angle of 175°, in good agreementionally cold radicals, an excimer pumped dye laser is tuned
with the spectroscopic results of Herzberg and Tré¥is. to 2.74 eV, which is 118 meV above the detachment thresh-

The HNCN radical provides an intriguing system for old based upon the photoelectron spectrum of Clifford
photodissociation studies, with several relatively low-lying et al2® Undetached ions are deflected out of the beam path.
product channels. Based on this work and accepted literature In the dissociation region, the fast beam of neutrals are
values, the heats of reactidat 0 K), As,Hg, for the five intersected by a second excimer-pumped dye laser. A frac-

lowest-energy product channels are as follows: tion of the neutrals absorb and dissociate yielding photofrag-
ments detected directly by either the TOF or T@8e and
HNCN(X 2A") position sensing microchannel plate detector assemblies

shown in Fig. 1. An aluminum strip is positioned at the cen-
ter of each detector to prohibit undissociated radicals from
N,(X 1E$)+CH(;( 2[1) 2.80+0.03 eV (1)  impacting the detector, so that the observed signal is entirely
_ from recoiling photofragments.
HCN(X 1=%)+N(*S) 2.87£0.05 eV () Two types of experiments are performed. First, the spec-
HNC(;( 1S +) + N(%S) 3.45+005 eV (Il troscopy of the.dissgci.ative electronic stqte; is examined by
_ scanning the dissociation laser and monitoring the total flux
Ny(X '=4)+CH(@ *S) 3.54+0.03 eV (IV)  of photofragments arriving at the retractable TOF detector,
H(zs)JrNCN(;( 32;) 3.7260.04 eV (V). located 0.68 m .from the dissocigtion laser. The resulting
photofragment yieldPFY) spectra is complementary to ab-

sorption and fluorescence measurements. We examined the

Dissociation o the lowest-energy channl®—(IV)] re-  pnotoysis of the HNCN radical from 28 800 to 34 850 ¢m
quires substantial bond rearrangement and/or intersystem

crossing(ISC) to quartet surfaces.
The photofragmentation studies performed here show

hv

that vibronic levels of both th@& 2A’ state and the higher- jon source o d;gfm
energy band systerf81 200-34 700 cm') assigned to the JMass ~ detachment; dissociation

C 2A" state are predissociative. Photofragment mass distri
butions show CH-N, to be the primary dissociation channel. | {1 { i
Translational energy distributions display a resolved struc- Al detector
ture corresponding to vibrational excitation of the photo- oy

fragment' The formation of Hin the ph0t0|ySIS of HNCN FIG. 1. Fast beam photofragment translational spectrometer. The dotted line

suggests tha_t this radical is a likely intermediate in thesgparates the radical production section on the left from the photodissocia-
CH+N, reaction. tion experiment on the right.
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The fundamental output of the dye laser with a bandwidth of — - v & =T Tt 1
0.2 cmi ! was used to cover thB ?A’—X 2A” band from [
28 800 to 29 850 cm' while the dye laser output was fre-
guency doubled using KDP-R6G and BBO-B crystals to
cover frequencies from 29 850 to 34 850 cthwith a laser
bandwidth of 0.3 cri. Saturation and power-broadening ef-
fects were observed for tHg ?A’—X ?A” band at laser flu-
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<20 mJ/cni. No noticeable saturation effects were seen for &
the higher-energy transitions.
Once the spectroscopy of the dissociative states has bee,g -
examined, the dissociation dynamics at selected photolysig
energies are investigated. In this experiment, both photofrag:
ments from a single parent radical are detected in coinci- |
dence using a TPS detector based upon the concept deve
oped by de Bruijn and Lo This detection scheme has been :
described in detail elsewhet&® The TPS detector records 29400
the positions and difference in arrival time of the two pho-
tofragments from a single dissociation event. This informay,; 5 (@ Photofragment yieldPFY) spectrum of the HNCNB 2A’
tion is then used to determine the masses of the fragments,% 2a vibronic origin, showingAK,=*1 transitionsK, stacks are la-
their relative translational energ¥,, and the scattering beledk,—K". (b) PFY spectra of the higher-energy vibronic band of the
angle 6 between the relative velocity vector of the polarizedB ?A’—X ?A” transition. This band is assigned to excitation of &ieiN—
dissociation laser. This coincident detection scheme requireg-N &" v¢ bend mode.
that photofragment mass ratio be less than 4. The photofrag-
ment mass resolutiorm/Am, is ~10 and the translational

energy resolgtion IAEr/Er=2.0%. As discussed in a pre- the origin band. The band is attributed to a parallel vibronic
vious papef? the relatively poor mass resolution for the transition (see Sec. IV A with K, selection rulesAK,=0,
photofragments is due to thel mm diameter of the radical +5 4 ThesubbandK, values are labeled using the

beam at the TPS detector.

fragm.
(=]
f=1

I I 1
29500 29600 29700

Photon Energy (cm™)

same notation described above for BIEA’ < X 2A” origin

IIl. RESULTS transition.
A. Photofragment yield spectra
1. B 2A'—X 2A" transitions 2. Higher-energy transitions
Photofragment yield spectra for tBe?A’ X ?A” band Higher-energy transition originate near 31 500 ¢rand

are displayed in Figs.(8) and 2b). Figure Za) shows the form a progression spaced by about 1000 &nas shown in
photofragment yield spectra between 28 850 to 29 170'cm Fig. 3(a), with the most intense feature located near 32 500
and displays sharp, intense features separated4fycmi®,  cm L. A detailed list of the transition energies and relative
consistent with thd 2A’« X 2A” origin transition first ob-  intensities for the HNCN and DNCN photofragment yield
served in higher resolution absorption and LIF experimenspectra is given in Table |, with the vibrational spacing de-
by Herzberg and Warsépand Wuet al.?® respectively. The fined as the energy difference between the intensity maxima
band displays features characteristic of a perpendicular tramf each vibronic transition. The observed PFY transitions are
sition for a nearly prolate symmetric top: a series of sub-consistent with a number of previously reported absorption
bands each with a sharp Q branch and weaker P and Bands?®~2° Despite extensive scanning, we were unable to
branches. Each Q branch is labelég—K, indicating the observe the lowest previously reported member of this pro-
excited and ground state quantum numbéfsandK”, re-  gression near 30 475 ¢rh?6:2°
spectively; the spectrum is dominated A ,= =1 transi- Expanded views of the transitions at 31 550 and 32 550
tions, as expected for a nearly prolate top. A fit to the rotacm * are shown in Fig. ®). As can be seen in Figs(8 and
tional contour for the P and R branches of the 2-1 subban@(b), the subband structure of the 31 500 cntransition is
yields a temperature of60 K for rotation about thé® andc  remarkably different from the higher-energy transitions; it is
axes. The intensity distribution of the Q branches reveals aomprised of three main subbands of nearly equal intensity
hotter distribution with a characteristic temperature-af00  spaced by~24 cmi ! that are denote, Y, andZ following
K. Note that the 2-1 Q branch is about twice as intense as ththe labeling scheme of Mathewet al?® FeatureX is split
0-1 Q branch because twice as many transitions contribute timto three main peaks split by nearly 5 and 7 ¢mwhile Y
it.#2 shows smaller splittings of 2 and 3 ¢t FeatureZ is split
Figure 2b) shows a new weak band located60 cmi®  into a doublet with a peak separation of 6 dmThe ob-
to the blue of the origin band. The most intense features arserved subband structure for this transition is in excellent
spaced by approximately 80 ¢ twice that observed for agreement with that observed by Kroto and co-worfeaad
the origin band, and display broader rotational contours thaby Mathewset al >



J. Chem. Phys., Vol. 114, No. 20, 22 May 2001 Isomerization and dissociation of HNCN 9003

Intensity (arb. units)

A

32000 33000 34000
/L
T T T 7/ T v

b ox v oz

L =G 4]
10 12 14 16 18 20 22 24 26 28 30 32
Mass (amu)

Photofragment Yield (arb. units)

=
=

FIG. 4. Photofragment mass distributions for the fragmentation of HNCN
(squaresand DNCN(triangles at 3.9 eV showing the photoproducts to be
CH(CD)+No,.

L /L
"7

31500 31550 32500 32550
Photon Energy (cm™)

vibronic transition increases with photon energy, with values
of 5, 10, and 50 cm', respectively, for the features at
32545, 33524, and 34 525 ¢th
FIG. 3. (@) PFY spectra of the HNCN radical from 31 000-35 000 ¢m For DNCN (not shown, transitions were observed near
This band has been assigned to B€A"—X A" band. (b) Expanded 31 530 and 32 547 cit that are strongly red degraded. The
Vie\,le of the 31 550_and 32 550 crhvibronic transitions. For the 31 550 peak positions are similar to those observed for HNCN
cm - band three major subbands are labe¥edt, andZ and are spaced by . . . . .
24 e L showing no real isotope effect. A significant isotope effect is
observed for the subband structure of the 31 530 cband
with peak spacings of 9 and 16 chcompared to 24 cimt
Higher-energy members of this progression, of WhiChfor HNCN, indicating that this subpand structure is due to
’ the rotationalk ; structure. Only a single red degraded peak

71 . . . ._
the 32 550 cm band in Fig. 8) is an examp]e, are domi is seen for the 32 547 ¢ transitions. These observations
nated by an intense peak to the red that is strongly red:

. - are again in excellent agreement with the absorption studies
degraded. Less intense subbamtst shown in Fig. &)] are f Krc?to and co-worke@gand Mathewset al2 P
located to the blue and do not display any regular subband '
spacing. The FWHM of the most intense subbands of eacB Photofragment mass distributions

Figure 4 shows the photofragment mass distributions for
TABLE I. Photofragment yield transition energies for HNCN and DNCN. HNCN and DNCN for a photon energy of 3.9 eV. Our pho-
tofragment mass resolution is ontg/ Am=10, so from the
HNCN DNCN HNCN distribution alone it is difficult to distinguish between
Transition Relative Vibrational Transition Relative Vibrational CH+N, products(13:28 mass ratjpand N+HCN products
(cm™Y)  intensity spacinglcm™) (cm™) intensity spacingcm™)  (14:27. Note that these channels are quite close energeti-
cally (see the Introductiorso one does not expect to be able

31521 5 31506 10

31526 5 31522 8 to use the product kinetic energy distributions to identify the

31543 5 31531 6 mass channel. However, an unambiguous determination re-

31545 5 sults from a comparison with DNCN photodissociation, for

21 gg; g 50502 . 1036 which both product channels yield a mass ratio of 14:28. The

31574 4 width of the mass distributions for HNCN is identical to that
1024 for DNCN, indicating that only one mass channel contrib-

31505 2 utes. In addition, the mass of the light photofragment from

32538 6 HNCN is one mass unit lower than that from DNCN,

82545 10 whereas the heavy fragment mass is the same. Hence

32603 4 : o

32 620 3 CH+N, must be the dominant product channel in Fig. 4.

32 640 3 Although the H-loss channel is energetically available for

32645 3 transitions greater than 3.72 eV, our coincident detection

- A 989 scheme requires a photofragment mass ratband we are

33534 : therefore insensitive to the H-loss channel.

33601 3

33644 2 C. Photofragment translational energy distributions

34525 13 991 The translational energy(E+) distributions for the

B 2A’—X 2A” origin band and the higher-energy transitions
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fine the maximum translational enerdsy' >, corresponding

to fragments with zero internal energy. The corresponding
values of ET'®™ at higher photon energies for HNCN and
DNCN, shown by dashed vertical lines in Figs. 5 and 6,
agree very well with the onset of signal in tR€Et) distri-
butions, strongly supporting our assumption of thermody-
namic significance t&ET. A very weak signal observed
aboveET® in some of the distributions is attributed to pho-
toexcitation from vibrationally excited levels of the ground
electronic state.

The structure of th&(Ey) distributions reflect the inter-
nal energy distribution of the nascent-NCH(CD) photo-
fragments. The observed structure with an energy separation
of ~250 meV can be reasonably assigned to the vibrational
excitation of the N photofragment. A further comment on
the internal energy distribution of the photofragments will be
made in Sec. IV B.

V ) . ) . X The distributions change noticeably with increased pho-
02 04 06 08 10 12 14 ton energy. For HNCN, the lowest-energy transition displays
Translational Energy(eV) two major features peaked at 0.67 and 0.44 eV, respectively,
FIG. 5. Translational energ®(E+) distributions for CH-N, photofrag- W!th the former comprising-85% (_)f the total distribution,
ments. Photon energies are given and maximum translational enefifes  With FWHM=150 meV and a slight symmetry to lower
are indicated with dashed vertical lines. Energetic onsets for the vibrationdiranslational energy. The width of the corresponding feature
states of the bifragment are denoted with a comb. for DNCN, peaked at 0.73 eV, is slightly broader, FWHM
=170 meV. At higher excitation energies the overall widths
of the P(Et) distributions increase and the structured fea-
tures are considerably broader. The higher-energy distribu-
ions are not as sharply peaked toward high translational en-
rgy, e.g., excitation at 4.035 and 4.157 eV for HNCN yields
(Et) distributions peaked 0.44 and 0.46 eV below the
maximum translational energy. For all photon energies, the
famgular distributions were found to be nearly isotropic.

P(E,)

are shown for HNCN and DNCN in Figs. 5 and 6. Distribu-
tions for HNCN and DNCN at the same photon energies ar
quite similar. All the distributions display sharp onsets at
high translational energy and reveal structured features wit
peak separations ranging from 220 to 260 meV. For HNCN
the P(E+) distribution from excitation at 3.603 eV displays a
particularly sharp onset at 0.795 eV. A similarly sharp onse
at 0.763 eV is seen in th@(E;) distribution for DNCN

photodissociation at 3.599 eV. We assume these onsets d&. ANALYSIS

A. Photofragment yield spectra

1. B 2A’—X 2A" transitions

The B 2A’—X 2A” origin, observed in this work via
photofragment yield spectroscopy, Figag has been char-
acterized previously in higher resolution absorptfoand
emission studie$ In this section, we will therefore focus
our attention toward the new band observed in our PFY
spectra centered-560 cm * to the blue of the origirfFig.
2(b)]. Wu et al?® determined the-axis rotational constants
for the X 2A” and B ?A’ states to be 21.298 and 22.300
cm !, respectively. The rotational subband spacing in Fig.
} 2(a) is nearly 80 cm?, approximately 4’, consistent with
AK,=*2 transitions, suggesting a parallel-type transition
with K, selection rulesAK,=0,=2,4,.... Thesubband
spacing is larger toward the blue, in agreement with the up-
per statea-axis rotational constant being slightly larger than
) ) ) ) that for the ground state. Based upon hesubband spacing

02 04 06 08 10 12 14 and intensity, we assign the largest feature near 29 570 cm
Translational Energy (eV) to overlappedAK,=0 bands with contributions expected
FIG. 6. P(Ey) distributions for the CB-N, from DNCN photodissociation fror.n.Ka: 0,1,2, and 3 branches. The exact pOSItIC.mS of the
Pho-tor.l eneTrgies are given and maxirrium translational eneliﬁ‘é’éare- individual AK,=0 bands cannot be clearly ascertained from
indicated with dashed vertical lines. Energetic onsets for the vibrationaPUr Spectrum. The rotational contours of each subband are
states of the BMfragment are denoted with a comb. broad, lacking the sharp intense Q branch features observed

P(E,)
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for the origin band. The broader rotational contours are conTable Il, the predictedET® value the HCNN isomer at a
sistent with a parallel vibronic transition. While theK,  photon energy of 4.035 eV is 2.9D.81 eV

=0 bandhead is most intense, theAK, Although the PFY spectra in Fig. 3 correspond to
=+2 subbands show considerable intensity. The energpreviously observed spectra, no assignments of the respon-

spacing of 560 cm' from the origin suggests that this band sible electronic transition were made in the earlier work.
involves an HN—C-N bend mode and the parallel band The HNCN radical is isoelectronic with the linear

structure indicates that the overall vibronic symmetry of thisNcO  radical, which has electron  configuration

band is the same as the ground stété, 9 ... (60)%(1m)*(70)?(2m)%. The HNCN radical is bent,
An analogous parallel band, centered~a#40 cm “ 10 gpjitting the  orbitals intoa’ anda” orbitals and yielding

the red of theB 2A’ — X ?A” has been observed in dispersed ... (6a')3(7a’)?(1a")?(8a’)?(9a’)%(2a")* for the mo-

fluorescence measurements by fwal”® As in our spectra, lecular orbital configuration. The perpendiculé 27

the AK,=*2 subbands show significant intensity. The au- < 2,, " ;

thors assign this band to the out of plane bend modeHX A" transition corresponds to promotion of an electron

S(HN-C—-a", of the ground state and suggest that this bant{]rom a nonbonding &' to the 2" lone pairon the_
. . . .hydrogen-bonded N atom. The next electronic absorption
becomes active via a Renner—Teller-type mechanism in

which theX 2A” and A 25’ bands are contaminated by the Zthrc(;t:ldl ngﬁjﬁl or:t toetr:)?bﬁ;c:mg/lo; 3;,61 nt(;elt?]c;rgzt_f(r)?_m a
B 2A’ state, giving theX ?A” states someA’ character. gy oryp : ’

: ; ' = 2 X 2
These authors argue that the mechanism is similar to thBIane lone pair orbital &', analogous 1o thé “Il—X “II

Renner—Teller interaction described by Bolman and Bf6wn tLa_msmon_of the NCS rad|_céﬁ AN electronlcéra:jnsmon of .
to account for the “forbidden” parallel bands in the analo- 'S type Is expected to give rise to an extended progression

goushA 25+ _X 2[1 band system of NCO. We propose that aOf the HN—C—Nsymmetric stretch. Excitation of an electron

similar Renner—Teller interaction is responsible for the par—frorn the 1a” or 7a’ orbital yields a paralleb-type or per-

allel vibronic band centered about 560 thto the blue of penfli_ir?ula.rt():—type ttrans_itt-ion, respegc:;i\éeol)é. 33 500. and 34 500
the B state origin in which the zero-point vibrational level of € vibronic transitions near ' » an

71 - - _
the X 2A” state is mixed with vibrational states of tBe?A” cm™ clearly do not exhibit the sharp, well sepaNratﬁg

; - ; 27
state witha” character. The parallel band is accordingly as-SUUcturé associated with the perpendicutatype B “A

signed to the out of plane bend(HN—C-), ana” mode of —X 2A” transition and are instead dominated by an intense

the B 2A’ state with an estimated frequency of 560 subband that looks Iik(_a a red—degrad%{tbandheazﬂsee Fig.
cm™L. An alternative mechanism for this parallel vibronic 3(P)- The shape of this feature is consistent with a parallel
transition would involve vibronic coupling between the vi- electr_on_lc transition in which thea-axis rotat|onal_ constants
brational levels of theB 2A’ state with the nearby?: 27" are similar so tha’F FhaKazq bands are super!mposed on
state to which the higher-energy bands between 31 5op&ach other. In_a;d'dltlo.n,.the vibrational progression freqyency
34500 cm® are assigned below. of ~1000 cm~ is similar to the 1050 cm!t symmetric
stretch progression of tH# °= ;X 3 " band of the NCN
radical?>?® and is in reasonable agreement with experimen-
T N ~ tal values of 1140 cm® (Ref. 25 and 1146 cm® (Ref. 31)

The PFY spectra in Fig. 3 reveals transitions at highefs, the HN—C—Nground state symmetric stretch. Hence it is
photon energies starting at 31 500 drpThe observed tran- raaq0nable to assume that the observed progression is due to
sitions are in excellent agreement with earlier reported abt'he upper state symmetric stretch. These observations sug-

- 629 :
sorption spgctré, in which these b~anzds’ agpezar"ed simul- 5ot that the transition involves electronic excitation from the
taneOUS|y with the rotatlonally resolv&l“A’—X “A” band 1a” orbital to the 2" orbital and it is assigned to the

of Hl7\lCN. Th|s_led Kroto and co-wprke?r’%and Basc_o and € 2A7 X 2A” band.
Ye€?’ to associate these bands with another excited elec- . .
. ; . -~ The band structure associated with the 31550 tm

tronic state of HNCN. However, based upon isotopic substi- . . :

. . ) . band is particularly complex, as demonstrated by the previ-
tution data and partial rotational analysis of the 31 500 tm ous misassianment of this band to the HNCN isofier
band, Mathewsst al® assigned the carrier of these bandsBased upon ?he vibrational spacing, this transition appearé to
near 30 500, 31 500, and 32 500 chto the HCNN species, Re a lower vibronic transition of th€ 2A” X 2A” band.
an assignment we believe is incorrect. We confidently assig - o
this transition and the higher-energy transitions to the HNCNTowever, the regular subband spacing-€24 cm " is dra-
radical based upon two observations. First, a photoelectroffiatically different from the band structure of the higher-
spectrum taken in a separate apparatus in our laboratory u§Neray transitions and is not consistent with either parallel or
ing the same source conditions shows that only the HNCNPerpendicular electronic transitions. A complicated subband
isomer is produced upon photodetachnié@econd, the ex- Structure that shifts upon deuteration has also been observed
perimental thresholds foP(Eq) distributions for the bands for a lower member of this progression at 30 450 ¢iff°
between 31 50034 500 crhmatch the expecteBT® val-  this feature was not seen in our PFY spectrum, presumably
ues determined from th@(Eq) distribution of the well- because of its low quantum yield for~dissoci§ti0n. The band
known B 2A’ <X 2A” band of HNCN. These higher-energy structure of the lower members of ti&2?A”—X 2A” band
bands must therefore also correspond to the HNCN isomenear 30 450 and 31 550 cthmay be due to perturbations by
For a comparison, based upon the heats of formation listed ithe nearbyB ?A’ state, similar to the strong perturbations

2. Higher-energy bands, C~ 2A"« X 2A"
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TABLE II. Heats of formation of relevant € N, species. TABLE lIl. N, photofragment vibrational distributions and average vibra-

tional energy for the HNCN and DNCR(E+) distributions.
Species AfHq (eV) AH g (V) Reference

Photon

e L =
N 4.8797:0.001  4.89820.001 47 molecile V) &) (=0) (=D (=2 (=3 @)
CH 6.149+0.013 6.1846:0.013 48 HNCN 3.6027 0.795 85 5 .- 0.043
NH 3.90£0.17 3.90:0.17 47 3.911 1.115 43 39 18 0.216
N, 0 0 Ref. state 4.035 1235 31 41 25 3 0.288
CN 4.513:0.021 4.4980.021 49 4.157 1.36 18 39 30 13 0.396
CNN 6.16-0.03 6.15-0.03 21 DNCN 3.599 0.764 83 17 .- 0.049
NCN 4.83+0.03 4.82:0.03 20 3.909 1.074 44 41 15 .- 0.203
HCN 1.34+0.03 1.336:0.03 50 4.035 1200 33 42 24 2 0.276
HNC 1.92+0.04 1.95-0.04 51 Franck—Condon mapping of TS2 17.5 33.8 31.0 17.7 0.427
HCNN 5.02:0.18 4.98-0.18 21
HNCN  3.35:£0.03 3.310.03 This work
H,CNN  3.09:0.20 3.03:0.02 21
HNCN ~ 1.4670.11 1.38-0.11 This work with Ref. 23 re of the P(E;) distributions for HNCN and DNCN at

similar photon energies indicates that the observed structure
is not associated with the C—H vibration and is instead due to
that have been observed for the correspondingl and  Vibration of the N photofragment. Furthermore, the spacing
A 23+ states of NCCf4—46 between peak maxima ranges from 220—-260 meV, in reason-
able agreement with the,Nibrational frequency, 292 meV,
compared to 354 meV for CH. The combs shown above the
P(E+) distributions indicate the calculated onsets for vibra-
The P(Ey) distributions reveal how available energy is tionally excited levels of the Nragment. The Mvibrational
distributed among the photofragments. The energy balancgistribution for each of the HNCN and DNCR(E+) distri-
for dissociation of HNCN to CH N, is described by Eq1).  butions are estimated by fitting the vibrational features of the

B. Translational energy distributions

hw+ Epr(HNCN) P_(ET) distribution_s Wi_th nearly Gaussia_n functions_ with a
slightly asymmetric tail to lower translational energies. The
=Dy(HNCN) + E++ Eyr(N,) + Eyg(CH), (1) resulting vibrational distributions and average vibrational en-

ergy,(E,j,) are listed in Table Ill. Table Ill and Figs. 5 and
6 show that the Blvibrational excitation increases as a func-
tion of the overall photon energy. Increasing the photon en-
ergy from theB state origin at 3.603 eV to th€ state at
3.911 eV shifts thev=0:v=1 vibrational population ratio
from 6:1 to nearly 1:1, where is the vibrational state of the
N, photofragment. At even higher photon energies,ithd
state of N dominates the vibrational distribution and the

wherehv is the photon energ\g\t(HNCN) is the average
rotational energy of the parent radical about thendc axes
(=60 K) plus the rotational energy associated with a particu
lar K, level. For theC 2A”—X 2A” transitions, we excite
the largest feature of thR bandhead and assume that the
K,=0 levels dominate this featur® is the dissociation
energy, E; is the measured translational energy, and
Eyr(N,) andEygr(CH) are the internal vibrational and rota-

tional energies of the Nand CH photofragments. population in thev=2 and 3 states increases as well.
Do(HNCN) for the N, loss channel can be extracted The peak widths and shape of the vibrational features of

from these distributions so long as one can determine aH]e P(Er) distr_ibutions are determined by the e_xpe_rim_ental
accurate value foE™, the translational energy correspond- energy resolutiori~20 me\) and the rotational dlstn_butlon
ing to photofragments with zero internal energy. As dis-Of the N, and CH photofragments. For each Nbratlona!
cussed in Sec. Ill C, this condition is satisfied, since the disState, the most probable value for total fragment rotational

tributions all drop off sharply above a consistent value ofenergy,Emt, is given by
ET®. For HNCN, the sharpest onset occurshat=3.609 Eror= EF*(¥) — Epeal v). 2
eV, yielding Dy=2.80+0.02 eV. From our experimental
value forDg, and from literature values for the photofrag-
ment heats of formatiofsee Table I}, and heat capacitié,
we calculate A{Ho(HNCN)=3.35+x0.02 eV and
A¢H 9 HNCN)=3.31+0.02 eV. The latter is in reasonable
agreement with {H,q(HNCN)=3.34+0.13 eV derived by
Clifford et al?® but smaller error bars are associated with our ET®™(v)=hv—Do— E}(v), 3)
value. Similarly, from theP(E;) distribution for DNCN at 2
3.599 eV,Dy=2.835-0.030 eV andAH,(DNCN)=3.33 wherehv is the photon energy, is the dissociation energy,
+0.03 eV. and E‘,(}S(v) is the energy for theth vibrational state of M

The P(E) distributions also reveal the internal energy Table IV lists values oE,,; for both HNCN and DNCN.
distributions of the nascent,Nand CH photofragments. The The vibrational structure is increasingly broadened for higher
resolved structure in these distributions reflects the photophoton energies, making a precise determination of the peak
fragment vibrational distributions. The nearly identical struc-positions less certain as reflected by the reported error bars.

Here Epeafv) is the translational energy of the peak maxi-
mum of a particular B vibrational state an&T*{v) repre-
sents the maximum translational energy for that state, corre-
sponding to photofragments with zero rotational excitation
and given by



J. Chem. Phys., Vol. 114, No. 20, 22 May 2001 Isomerization and dissociation of HNCN 9007

TABLE IV. Rotational energy maxima as function of, Nibrational quan-
tum number. 5 TS2
)
Photon energy  E,(v=0)  Eqo(r=1)  Ep(r=2) TSI g’ o/-
(eV) (eV) (eV) (eV) 4{Goan__ Nz
= o ® _6_ ©
HNCN 3.603 0.1250.10  0.064-0.010 BA—
3.911 0.178:0.020 0.13%+0.020 0.049:0.025 % 34 =0
4.035 0.147+0.015 0.064:0.020 \56
4.157 0.210.020  0.17%0.025 0.096:0.025 g,
DNCN 3.599 0.130.015  0.0450.020 5
3.909 0.1740.020 0.07%0.020 0.03%0.020
4.035 0.216:0.030 0.0810.030 0.056-0.030 1
AAN—
04X Az >
Rxn Coordinate
The values ofE,,; exhibit a strong dependence on thg N f :

vibrational quantum number, with higher,Nvibrational

states yielding smaller values &f.;. For a given N vibra-  FIG. 7. Energetics of the excited states of HNCN and schematic of the

tional state E,; increases with photon energy. Based on thedverall dissociation reaction mechanism. The energetic positions of the
: ro ; .- ¢ ) 28 . . N "R 2p7

peak widths for each feature in tHé(ET) distributions, X 2A” state is based upon this work, the term values forAH\”, B 2A’,

. . - andC 2A” states are based upon the respective spectroscopic studies, Refs.
hlgher values OEFOt are correlated with broader rotational 32, 24, and 26. The structure for HNCN is based upon spectroscopic results

distributions. (Ref. 21), the structure and energies for TS1 are from Ref. 13, while the TS2
Finally, we can place limits on the rate of dissociationand INT1 are from Ref. 12.
for the excitedB ?A’ state. The LIF experiments of Wu
et al® determined the fluorescence lifetime of tBe?A’
—X 2A” transition to be 285 ns, so the lifetimery with barrier. The second observation is quite unusual and suggests
respect with respect to dissociation must at least be this long highly specific partitioning of energy among product rota-
An upper limit on74 can be obtained because delayed dis-tional and vibrational degrees of freedom, with most of the
sociation reduces the effective flight length between the phoavailable internal energy channeled intg Wbration. To our
tolysis laser and the detectét m). This effect transforms knowledge, the only other observation of a vibrationally re-
what would normally be an infinitely sharp peak in the solvedP(E+) distribution for a channel with two molecular
P(Eq) distribution to a feature with an exponential “tail” products was in the dissociative photodetachment O
toward low E; with a width on the order ofAE/E;  This trend is consistent with passage through a linear or cy-
=274/7, wherer (~5 us) is the flight time from the in- clic HNCN transition state in which the N-N bond length
teraction region to the detector. For the HN®YE) distri-  differs from that of diatomic B with a considerably smaller
bution athv=3.603 eV, simulations of the peak shapes yielddifference for the C—H bond length.
an upper bound of-250 ns forry, beyond which the expo- Ab initio calculations by Cuietal,'**? Lin and
nential tail becomes too prominent in comparison with theco-workers:**°and Walch® on the potential energy surfaces
experimental peaks. of CH+N, have identified a number of bound intermediates
and transition states structures that may be relevant to the
dissociation mechanism of HNCN. Of particular interest are
the linear(lin-) HCNN and cyclic €-) HCN, isomers calcu-
The formation of CH-N, photofragments from the lated to lie 1.2 and 1.0 eV, respectively, below the 0N,
HNCN radical is an interesting and surprising result, requir-product channel. The linear isomer does not have an exit
ing both an H-atom shift to the central carbon and bending obarrier with respect to dissociation to GH\,, so product
the NCN backbone to allow N—N bond formation, and sug-state distributions from this intermediate should be reason-
gesting linear or cyclic isomers of HNCN as possible inter-ably described by statistical models such as a prior
mediate structures. Such a complicated rearrangement prdistribution®® which, depending on the available energy, pre-
cess is expected to give rise to substantial potential energdicts between 25%-42% of the available energy is parti-
barriers. Our goal in this section is to use the experimentationed into translation. This statistical distribution is in sharp
product state internal energy distributions to gain insight intacontrast to the experiment®(E+) distributions with 61%—
the barrier heights, transition state geometries, and electronit5% of the available energy partitioned into translation.
states involved in the dissociation of electronically excited  The reaction coordinate for dissociation of HNCN to
HNCN to CH+N, products. CH+N, via c-HCN, is shown in Fig. 7. Two transition
The most important trends in the experimenfE+) states are involved: TS1, the transition state for isomerization
distributions are thatl) they all extend towardET® and  of HNCN to c-HCN,, and TS2, the transition state for dis-
show that most of the available energy goes into producsociation ofc-HCN, to CH+N,. The TS2 structure is a rea-
translation, and?2) they display resolved vibrational struc- sonable candidate for the transition state leading to the ex-
ture characteristic of the Nphotofragment. Fron{1) we  perimental P(E;) distributions. The tight three-center
infer that dissociation occurs either on a repulsive surface oransition state is expected to give rise to a nonstatistical
through a tight transition state associated with passage overpmoduct state distribution and it is energetically accessible at

V. DISCUSSION
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TABLE V. Transition state bond angles and distance from dbeinitio ; iati

calculations of Cukt al. (Refs. 11 and 1R The bond distances for the free dISZOCIatIC.)l? to. proldUCt dleglrees of frehedom' Tfflle C.:H a%ld hN

diatomic fragmentgRef. 54 are shown for a comparison. pro UCtl vibrational populations are_t en a reflection of the
populations of the CH and Nstretching modes at the tran-

Cyclic transition sition state. Using the vibrational frequencies of Cui
state(TS2) Diatomic fragments gt | 1112 and assuming that the vibrational modes are har-
Ren 1.103 A 1.1199 A monic, the relative population of the vibrational levels of the
R 1.189 A 1.0976 A transition state were calculated as a function of energy above
Rent 1.522 A the barrier using the Beyer—Swinehart algorittfhirhese
';g:z 81'.2?3 A calculations indicate that a statistical distribution of transi-
Oono 53.8° tion state vibrational states and a barrier height of 0.5 eV
Dih H-C—-N—N; -158.4° above the dissociation asymptote reproduce thevilra-

tional distribution of at 3.603 eV; this barrier height is rea-
sonable based on the energetics in Fig. 7. However, using
this same barrier height, the degree of\Worational excita-
Mon is underestimated at higher photon energies, suggesting

11,12
eters for TS2 calculated by Cet al."* “at the UCCSRT)/ that the vibrational populations of the transition state modes

31'311(1?’3. vael'of theo:jy gﬁ_":’;w iﬂ Table'V,’\?IoSgbwitg are not statistically distributed.
ose of diatomic bl an » the change In N—= on Overall, the experimental Nvibrational distributions

length upon dissociation is con_s?derably 'afgef th_an thEfall between the FC and SACM model limits. The fact that
change n C-H bond length, providing f_u_rther moitivation for neither model works over the entire range of photon energies
considering TS2 as the relevant transition state for our eXrs ot entirely surprising. On the other hand, the SACM and

periment. i FC models reasonably reproduce thevibrational distribu-
In order to be more quantitative, we compare below our;

. o X tjons at the lowest and highest photon energies, respectively,
experimental product state distributions with those expecteénd this limited agreement provides more quantitative sup-
from simple dissociation models involving dissociation via

o . . port for assuming TS2 to be the transition state through
the TS? tr.ansiltlon state. The product vibrational and rotag, nich dissociation occurs.
tional distributions are treated separately.

A. Vibrational distributions B. Rotational distributions—modified impulsive

In this section, limiting models for the product vibra- model

tional distributions are considered assuming TS2 to be the The results in Table IV show that at each photon energy,
transition state for dissociation. In the limit of rapid disso- E,, decreases with increasing, Nibration. This trend sug-
ciation over a barrier the steep repulsive exit valley does nogests that the rotational distributions should be analyzed us-
allow for coupling between vibrational and translationaling the modified impulsive modé? % which assumes that
modes. A simple model for describing the resulting photo-dissociation is mediated by an instantaneous repulsive force
fragment vibrational distribution is provided by a Franck—between the departing atoms and that the vibrations of the
Condon(FC) mapping of the transition state equilibrium ge- recoiling fragments are infinitely stiff. The impulse does not
ometry onto the photofragment equilibrium bond distariées. generate fragment vibrational excitation. The fragment vibra-
As is seen in Table V, the CH bond length changes onlytional distribution is formed prior to the impulse, and hence
0.017 A from TS2 to the free diatomic. FC mapping of thethis vibrational energyE,;;,, is not available to translation or
transition state produces99% of the vibrational population rotation. The impulsive fragment rotational energy’, de-
in »=0. The N, bond distance shows a more substantialscribed by Eq(4), is dependent upon the parent molecular
change, decreasing by0.09 A from TS2, leading to a ;N geometry and the energy available for translation,
vibrational distribution that peaks at=1 with nearly equal imp_ ,
populations iny=1 and »=2. Table Il shows that a FC Erot = @ (Evai) + Bhy (4)
mapping of the transition state, which is independent of phowhere « describes the geometric factors as described by
ton energy, overestimates the extent of lbrational exci-  Buttenhoffet al,®? E,; is equal to the total energy available
tation compared to thB(Et) distribution from excitation at to the products minus the fragment vibrational energy, and
3.603 eV, although it agrees well with the results at 4.1578,,, is ideally equal to zero.
ev. The first step in assessing the suitability of this model is
The observed evolution of thB(E) distributions to- to determine how well the experimental data in Table IV are
ward higher N vibration with increasing photon energy sug- described by Eq(4). The parameterr was found at each
gests that higher vibrational levels of the transition state bephoton energy and the results are shown in Fig. 8 for HNCN
come populated akv increases. An alternative description and DNCN. This plot shows that the entire dataset for each
of the product vibrational distribution that accounts for thisspecies has approximately the same value,ofith slightly
effect is the statistically adiabatic channel modelhigher values, in general, for DNCN than HNCN. However,
(SACM).%5-%8|n this model it is assumed that the vibrational plots of E,y Vs E, 4 have small, nonzerg-intercept values
levels of the transition state are statistically populated angB,,, that vary between-0.04 to —0.13 eV for HNCN and
that the vibrational quantum numbers are preserved through0.10 to—0.14 eV for DNCN, in contrast to the predictions
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FIG. 8. Experimental values af for the dependence &, with E 4 for Translational Energy (eV)

HNCN (O) and DNCN(A) at various photon energidsee the text Cal-

culated values from the modified impulsive model described in the text arcf'G' 10. A g‘;mpags"”_ ﬁf Lhe_exp?ri_menla(dETl) d:strlibgtion_lfﬁr edXCitr?_d
shown with dashed horizontal lines. The error bars are significantly IargeFIon at 3.6027 eO) with the impulsive model calculation. The dashed—

for data points at 3.6 and 4.0 eV since only two data points were used tgot line is the result of the impulsive model including the zero-point vibra-
determine the slopé ' tional motion of the transition state. The solid line includes the zero-point

motion and an estimated parent rotational distribution of 100 K.

of the model. Nonetheless the relatively small variations in
slope(i.e., @) suggest that the model be pursued further. tofragment, e.g., a value of;;=0.6 eV gives rise to
The next step is to compare the experimental values of fotational quantum numbers of 19 and 3 fiq;, and jcu,
to predictions from the modified impulsive model, again as-respectively. Values otx from the model calculation for
suming TS2 as the transition state for dissociation. FOHNCN and DNCN are shown as horizontal lines in Fig. 8.
simple bond cleavage, the impulsive force is naturally ap-The larger value for the DNCN system is due to the larger
plied along the breaking bond, but for three-center-type disimpact parameter associated with the CD fragment. There is
sociations, such as-HCN,— CH+N,, the impulse need not reasonable agreement with the experimental values for both
occur along an individual borff. The normal modes of TS2 species, supporting the validity of the model and the assump-
are shown in Fig. 82 An approximate direction of the im- tion of TS2 as the transition state.
pulse can be obtained from the motion along the reaction The modified impulsive model provides only a single
coordinate, the/g eigenvector, which is primarily associated rotational energy, not a rotational distribution. Such a distri-
with stretching of the long C—N bond (CN As pointed bution can be obtained by including the effect of parent vi-
out by Buttenhoffet al.% the impulsive force occurs in the brational and rotational motioff.We first consider the con-
exit valley past the transition state geometry since at théribution from zero-point vibrational motion. Using the
transition state itself, there is no force on the photofragmentsigenvectors and frequencies for the transition state normal
Here, we have made the further approximation that the ggvnode§3 (Fig. 9, and following the work of Buttenhoff
ometry at which the impulse is applied is that of the transi-et al.°> we have determined the contribution of the zero-
tion state. The impulsive force primarily excites the pho- ~ point motion of each transition state vibration toward the
fragment rotational distributions. Vibrational motion in the
CNN plane will have the largest effect upon the rotational
distribution since the momentum will add or subtract from
the impulsive momentum. Asymmetric stretching of the

C—N bonds,v,, leads to the largest spread in the hdta-
tional distribution with a FWHM of four rotational quanta
while the in-plane H-atom bending mode;, leads to a

FWHM of 2 quanta for the CH fragment. Converting the
rotational distribution into an energy distribution and then
convoluting with our experimental energy resolution yields

the dashed line in Fig. 10 for the(E+) distribution athv
=3.603 eV. It appears that vibrational motion does not com-
pletely account for the total width of the experimental trans-
lational energy distribution. However, following Levene and
v, 654 cm’ v;271 cm™ v, 354i cm’ Valentini!? parent rotational excitation is also expected to
) ) contribute to the fragment rotational distribution resulting in
FIG. 9. Eigenvectors and eigenvalues of the normal modes for TS2 from the e proadening. A temperature of 100 K for the rotational
ab initio calculations of Cuiet al. (Ref. 58. Only the motion in the o . . I .
C—Ny—N, plane is shown herezs and v possess “out-of-plane” H-atom  distribution of the transition state provides a reasonable fit to

motion. the experimental data, shown with a solid line in Fig. 10.

v, 3073 cm’! v, 1763 cm™ v, 972 cm®
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The same procedure could not account for the width ofather by subsequent chemistry of the NCN radical. It would
the features in th@(E+) distributions at higher photon en- clearly be of great interest to perform experiments on the
ergies. This discrepancy may reflect the contribution of vi-CH+N, reaction under single-collision conditions to directly
brationally excited levels of the transition state, since thedetermine the identity of the products of the biomolecular
larger momentum associated with higher vibrational levelgeaction.
should lead to a broader fragment rotational distribution. For
example, thev,=1 transition state level results in a rota-
tional distribution with a FWHM of seven rotational quanta VI. CONCLUSIONS
for the N, fragment. This corresponds to a width of 170 meV ~ The photodissociation dynamics and spectroscopy of the
for the N, (v=0) feature of theP(Ey) distribution at 3.911  HNCN radical have been investigated. Photofragment yield
eV, accounting for most of the observed width of 210 meV.spectra show that thB A’ excited state predissociates. In
C. Dissociation mechanism addition, predissociation is seen from the previously ob-

. ) . o served absorption bands 31 500-34 500 triThese bands

The preceding discussion strongly implies that thegre conclusively attributed to HNCN and are assigned as the

CH+N, products are formed by passage through the cycli@ 2a»__ % 2po” pand. At all photon energies, CHN, is

TS2 transition state. This raises the question of how eleCry ng to be the primary dissociation channel. The product
tronically excited HNCN radicals access this transition stateg;ate distributions are vibrationally resolved, showing vibra-

Several observations are relevant here. The PFY spectra fgb a1 progressions in the Nragment. The distributions are

excitation to theB A’ andC ?A” states are structured, in- highly nonstatistical and show an inverse relationship be-
dicating predissociation rather than direct dissociation on repyeen rotational and vibrational excitation.
pulsive surfaces. Th& state, in particular, is quite long The product vibrational and rotational distributions can
lived, with a lifetime between 20 and 250 Sec. IVB. e reasonably well fit by applying simple models to the cy-
The B and C excited states both dissociate to ground stateclic HCN, transition state geometry calculated by Cui and
CH+N, products. Furthermore, the extent of Mbrational ~ Morokumal! suggesting that the dissociation pathway to
excitation and width of the rotational distributions appear toCH+N, involves ac-HCN, intermediate that dissociates via
increase smoothly with excitation energy and do not display tight-three-center transition state. Based upon the variation
any obvious dependence on either the electronic or vibraef the product state distributions with photon energy, a dis-
tional character of the optically prepared excited state. sociation mechanism is proposed in which the excited states

This set of observations suggests that electronically exundergo internal conversion to the ground state, followed by
cited HNCN undergoes internal conversigi€), forming  isomerization tae-HCN,, which then dissociates to GHN..
highly vibrationally excited HNCN in its ground 2A” state. ~ Our results are generally consistent wib initio barrier
Once this occurs, dissociation to GH, can proceed along heights for the CHN, reaction and imply that the HNCN
the reaction coordinate shown in Fig. 7, in which isomeriza+adical is an important intermediate in the formation of
tion via TS1 toc-HCN, is followed by dissociation via TS2 prompt NO in a combustion environment.
to CH+N, products:
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