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Abstract 

The photodissoeiation of HNCO is examined at 230.1 nm, near the threshold to NI-I(a mA) + CO(X t ~ +). CO products are 
generated from NH(X 31~-) + CO(X iX+) and NH(a tA) + CO(X 1]~+). Although the two contributions overlap spectro- 
scopically, they are resolved in velocity space when using photofragment ion imaging. For both channels the CO rotational 
dislribution is cold and non-statistical. A high resolution variant of imaging is employed to obtain NH(a 1A) distributions 
correlating with specific Jco levels. Combining these measurements with NH(aIA) photofragment yield spectra and 
rotational distributions, we establish that decomposition to NI-I(atA)+ CO(X t~) evolves over a small barrier on S I, 
estimated at 400-600 em- ~. © 1997 Elsevier Science B.V. 

1. Introduction 

Recently, significant progress towards the under- 
standing of the photodissociation of HNCO follow- 
ing S t excitation has been achieved [1-17]. Al- 
though HNCO is only a four-atomic molecule, un- 
ravelling its dissociation mechanism is complicated 
by the participation of at least three potential energy 
surfaces (S0, SI and T 1) and the presence of three 
competitive pathways [10-13]: 

HNCO --, NH(X ~ - )  + CO(X'~;+) (1) 
HNCO ----) H(2S) + NCO(X 2II) (2) 

HNCO --=) NH(a 'A) + CO(X 'X +) (3) 
In what follows NH(X 3~=) and NH(aIA) will be 

* Corresponding author. E-mall: reisler@eheml.use.edu 

denoted by 3NH and INH, respectively. All three 
channels are active near the threshold to channel (3) 
[11,131. 

In a series of studies carried out a decade ago, 
Chandler and coworkers determined ~NH and CO 
product state distributions at several photolysis 
wavelengths [2], and concluded that channel (3) 
evolves via direct dissociation on fi I. Since then, 
new data have become available that call for a 
re-examination of this scenario. Specifically, the 
threshold to dissociation via channel (3) has been 
revised upward to Do( ~NH + CO) -- 42765 + 25 
cm - l  (233.8 nm) [12], and a second source of CO, 
i.e., channel (1) { D 0 ( 3 N H + C O ) = 3 0 0 8 0  cm -z 
(332.4 nm) [11,13]}, has been shown to be important 
at some of the wavelengths investigated previously. 

Recently, Reisler and coworkers have proposed, 
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based on their measured ~NH rotational state distri- 
butions obtained with jet-cooled samples, that at 
least near its threshold, channel (3) evolves on S O 
following S 1 ~ S o internal conversion (IC) [10]; at 
shorter wavelengths, e.g., 217 nm, dissociation on S~ 
is dominant [8,11,12]. The data suggest that a change 
in mechanism to direct dissociation on S~ occurs 
around 231-225 nm [11]. Re-interpretation of the 
results obtained by Chandler and coworkers by using 
the revised value of Do( I NH + CO) is not possible, 
since it is now established that at photolysis wave- 
lengths > 230 nm, channel (1) contributes signifi- 
cantly to the CO signal [13]. For example, at 230 nm 
production of CO via channel (1) is approx. 5-fold 
larger than via channel (3), and thus the previous CO 
measurements at this wavelength contain unknown 
contributions from the former channel. 

In order to reconcile the earlier observations and 
determine the mechanism near the threshold to chan- 
nel (3), it is necessary to distinguish between the 
contributions of channels (1) and (3) to the observed 
CO signal. The photofragment ion imaging technique 
is particularly suitable for this task [18]. In addition 
to providing selectivity in the frequency domain 
using resonantly enhanced multiphoton ionization 
(REMPI) for fragment detection, it also enables reso- 
lution in velocity space, allowing discrimination be- 
tween fast and slow products. Since the thresholds to 
channels (1) and (3) differ by > 12000 cm -I ,  this 
can be easily accomplished in the present case. 

In this Letter we report a photofragment imaging 
study of the 230.1 nm photodecomposition of HNCO 
and determine the CO rotational distribution corre- 
lated solely with I NH. In addition, the rotational 
state disbributions of the ~NH counter-fragment cor- 
related with selected rotational levels of CO are 
obtained by using a high resolution variant of the 
imaging technique - -  velocity map imaging [19]. 
These measurements establish that at 230.1 nm chan- 
nel (3) evolves mainly via dissociation on S I. By 
combining these results with 1NH photofragment 
yield spectra and rotational state distributions ob- 
tained previously near the channel (3) threshold [10], 
we are able to place the S I barrier to dissociation at 
400-600 cm- 1 above Do( 1NH + CO). 

2. Experimental techniques 

2.1. Photofragment ion imaging 

The imaging arrangement is similar to the one 
developed by Chandler and Houston [18], and is 
described in detail elsewhere [12]. In brief, it consists 
of an ion-acceleration stage, a 60 cm long drift-tube, 
a position-sensitive detector and a CCD camera that 
monitors a phosphor screen coupled to a MCP parti- 
cle-multiplier. A doubly-skimmed pulsed molecular 
beam containing 2% HNCO seeded in 1 atm He 
propagates in-line with the detector and enters the 
acceleration region through a hole in the repeller 
plate. HNCO (T~o t < 5 K) is photolysed with pulsed, 
linearly polarized and focused ( f =  15 cm) laser 
radiation (0.5-1.5 mJ) intersecting the molecular 
beam at right angle. CO products are interrogated by 
2 + 1 REMPI via the Q-branch of the B l~+*  -- *-- 
X l~ + transition at 230.1 nm (*--*--denotes two- 
photon absorption). All imaging data reported here 
are from "one-color" experiments, i.e., HNCO pho- 
tolysis and product detection are carded out at the 
same wavelength. 

2.2. Velocity map imaging 

Results on correlated ~NH rotational distributions 
were obtained with a modified ion-optics configura- 
tion based on a scheme proposed recently by Parker 
et al. for velocity focusing [19]. A repeller, an open 
extractor electrode (with a 50 mm hole), and an open 
ground electrode (with a 25 mm hole) are used 
instead of the conventional setup - -  repeller and 
ground grid electrode. At an optimal voltage ratio for 
the repeller and extractor plates, all ions with the 
same initial velocity are focused to the same spot on 
the MCP detector (velocity map imaging). This setup 
removes grid distortions and, most importantly, im- 
age blurring due to the finite size of the 
laser/molecular beam interaction volume, thus in- 
creasing the velocity resolution by nearly an order of 
magnitude at high ion acceleration voltages (e.g. 
Av/v = 1% at 200 V/cm)  [20]. Typical acceleration 
voltages used in our study are < 30 V/cm,  corm- 
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sponding to flight times of = 20 Ixs. At these long 
times the resolution is poorer and is limited by the 
photofragment recoil and molecular beam velocity 
spread as well as by the mechanical precision of the 
lens assembly. 

2.3. CO REMPI spectra from imaging data 

Eighty images recorded at various wavelengths 
covering the relevant spectral region (Jco = 0-60) 
of the Q-branch of the B ,,-- ~ X system near 230.1 
nm were used to reconstruct the CO REMPI spec- 
trum. For each image the integrated ion signal, nor- 
malized to the number of laser shots (typically 150- 
6000), represents the spectral intensity at the image's 
wavelength 1. Note that the CO REMPI spectrum 
shown in Fig. l(c) is not structured because: (i) the 
Q-branch bandhead is severely collapsed [21], and 
therefore, with the bandwidth of our laser ( ~  0.2 
cm -~) the spectrum exhibits a smooth envelope at 
least up to Jco = 18-20; (ii) the CO rotational levels 
associated with channel (1) are significantly Doppler 
broadened due to a large translational energy release, 
(the linewidth at the bandhead is estimated at = 1 
cm-l  FWHM). Simulations show that the spectrum 
should remain structureless up to the highest Jco 
observed in our experiment, which justifies represen- 
tating the CO spectrum by a relatively small number 
of discrete points. For Jco < 25, images were 
recorded at fixed laser wavelengths; higher J 's ,  on 
the other hand, were probed while scanning the laser 
by = 0.02 nm during image acquisition. 

) I l l l U l l l l l l l l l l l l l l l l l l l  I I I  I I I  I I I  I I I I I I I I I I I I I I I I I I 
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Fig. 1. Images of C O ( v = 0 )  from HNCO following 230.1 nm 
photolysis: (a) Jco = 10 and (b) Jco = 30. (c) 2 + 1  REMPI 
spectrum of CO recorded via the Q-branch of the B ] ~ + *- *-- 
X t ~  + transition; each data point corresponds to an image; 
arrows indicate the positions at which the images in (a) and (b) 
were taken. 

were normalized by the line strength factors to ob- 
tain Jinx-level populations. 

3.  Results 

3.1. Velocity resolved CO REMPI spectra 

2.4. Laser induced fluorescence (LIF) measurements 

The global I NH rotational distributions were 
measured in a separate apparatus as described else- 
where [22]. Jet-cooled HNCO (Tro t = 10 K) was pho- 
tolysed with the output of a tunable dye laser. I NH 
fragments were probed under non-saturated condi- 
tions by LIF via the c i II ~ a 1A transition, using a 
second laser. The observed spectral line intensities 

z The laser intensity was kept constant within + 5% for all data 
points. 

Fig. l(a) and (b) show representative images, i.e., 
2D projections of the 3D photofragment velocity 
distributions of CO products from photolysis at 230.1 
nm - 690 cm -] above Do( ]NH + CO) and 13375 
cm -1 above Do( 3NH + CO). Jco-" 10 and Jco = 
30 were monitored for (a) and (b), respectively, 
using the conventional imaging ion optics with a 
homogeneous extraction 
cussed above, individual 
resolved, and therefore 
ments can be given. 

The image for Jco = 

field. For the reasons dis- 
rotational lines are not well 
only approximate assign- 

10 exhibits a clear bimodal- 
ity in the photofragment velocity distribution. Based 
on energy conservation, the inner, more intense area 
is correlated with CO generated via the ~NH + CO 



T. Droz-Georget et al. / Chemical Physics Letters 276 (1997) 316-324 319 

1 (a) 

0 
86910 

I I I I I I J l l l l l l l l l  I I I I I ,]co 
0 1 10 15 20 

f ~  ~ = 1 8  

86915 86920 86925 86930 
2-Photon Frequency (cm -1) 

(b) I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  I I I  l l i l l l l l l l l  I I 

0 20 30 40 50 60 
0.3 -/co 

~- Jmx = 82 

o -" 
86900 86940 86980 87020 

2-Photon Frequency (em-l) 

Fig. 2. (a) 2 + 1 REMPI spectrum of CO(v = 0) correlated with 
INH. Solid lines show fits to various models: curve " 1 "  results 
from a fit to a Gaussian shaped rotational distribution peaking at 
J = 0 with J = 14 FWHM; curve " 2 "  represents an unrestricted 
PST distribution; curve " 3 "  is the PST result with an impact 
parameter restricted to br~ x = 2,~ and curve " 4 "  incorporates, in 
addition, the experimental I NH distribution (see text for details). 
(b) 2+1  REMPI spectrum of C O ( v = 0 )  correlated with 3NH. 
The intensity scales reflect the relative intensities of the CO 
REMPI signals originating in the singlet and triplet channels. Note 
the different frequency scales in (a) and (b). 

channel ("singlet" CO), while the weaker feature 
extending up to the highest velocities is associated 
with co from the 3NH + CO channel ("triplet" 
CO). For Jco > 18 the singlet channel is no longer 
accessible, while the energetic cut-off for the triplet 
channel is at Jco = 82. As a consequence, images 
recorded in the interval 18 < Jco < 82 are unimodal 
as displayed for Jco -- 30 in Fig. l(b). Note that the 
reduction in the image radius by = 6% in going 
from Jco = l0 to Jco = 30 reflects the decrease in 
available energy. 

The integrated signal for an image (both singlet 
and triplet contributions), normalized to its acquisi- 
tion time, represents the relative intensity of the 
CO(v, J )  REMPI signal at each wavelength. Fig. 

l(c) shows a compilation of integrated intensities 
obtained from 80 different images of CO(v = 0) as a 
function of the 2-photon frequency, which is equiva- 
lent to the CO(v= 0) REMPI spectrum. The two 
arrows indicate the positions at which the images in 
Fig. l(a) and (b) were recorded. For images taken at 
Jco > 57 the signal level drops below our detection 
limit. 

The different spatial distributions of CO associ- 
ated with the singlet and triplet channels enable us to 
determine their separate contributions to the total 
signal intensity. Integration of the intense, inner part 
of an image yields the amount of CO from the 
singlet channel, while subtraction of this number 
from the total signal intensity gives the triplet chan- 
nel contribution. A minor correction for the spatial 
overlap of the two distributions near the center of the 
image is taken into account. This procedure yields 
the separated REMPI spectra for decomposition to 
INH + CO and 3NH + CO, as displayed in Fig. 2. 

The arrows mark the highest Jco allowed by energy 
conservation 2 

3.2. " Singlet"  CO rotational distribution 

The 2 + 1 REMPI spectrum of CO produced via 
the singlet channel consists of the Q-band of the CO 
B 1E+~  ,,-- X I~+ transition, which is severely col- 
lapsed. Consequently, it is impossible to extract line 
intensities for individual CO rotational levels and 
convert them to relative populations. A sensible way 
to proceed is to use forward convolution. The best fit 
to the experimental spectrum was obtained by de- 
scribing the CO rotational distribution with a Gauss- 
ian function centered at Jco = 0 with FWHM = 14. 
The fit is shown by the solid line marked " 1 "  in 
Fig. 2(a), obtained by describing the REMPI signal 
intensity at frequency v by: 

_j-~ 

I ( v )  = C •  ( 2 J  + 1) F (  v - v~)e "" 

where v is the 2-photon frequency, ~j is the fre- 

2 In general, it is best to obtain the separate REMPI spectra by 
first reconstructing the 3D velocity distribution for each image by 
Abel inversion [18,23] followed by the integration steps. However, 
most of the images described here have a signal to noise ratio 
which is too low for a reliable Abel transformation (especially in 
the part generated by the triplet channel). 
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Fig. 3. (a) Model CO(v = 0) rotational distributions for the vari- 
ous fits presented in Fig. 2(a); see caption of  Fig. 2 for the 
description of the curves. Curve " 1 "  provides the best fit to the 
experimental REMPI spectrum. (b) The experimental rotational 
distribution of I NI-I obtained via LIF with 230.0 nm photolysis. 

quency of the Qj transition (B IX+*-- ~ X IX+), J 
denotes the CO rotational levels, F ( v - v j )  is an 
effective Gaussian line shape function of 0.3 cm- 
FWHM dominated by the laser bandwidth (the 
Doppler broadening for Jco = 0 is < 0.2 cm- i), C 
is an instrumental constant, and tr = 8.3 is the distri- 
bution width fit parameter. The rotational distribu- 
tion is shown as trace " 1 "  in Fig. 3(a), and the 
resulting REMPI spectrum is obtained by assuming 
that the rotational line strengths are proportional to 
the degeneracies of the rotational levels (total satura- 

Table 1 

tion), and no other J-dependent intensity variations 
are important. 

3.3. NH rotational distributions 

I NH rotational distributions were obtained at sev- 
eral photolysis wavelengths in the range 233.1-224.7 
nm [135-1735 cm -1 above Do( INH + CO)] from 
LIF spectra shown in fig. 4 of Ref. [10]. The INH 
distribution obtained with 230.0 nm photolysis is 
presented in Fig. 3(b), and provides the conterpart of 
the CO distribution shown in Fig. 3(a). All the X NH 
distributions are cold, peaking at the lowest rota- 
tional level of the a IA state, i.e. JNH = 2, and Table 
1 summarizes the relative I NH populations of Jr~H 
= 2 and 3. For Eav I > = 500 cm -I the rotational 
excitation increases rather monotonically with excess 
energy. However, near the channel (3) threshold, 
there is a distinct change - -  the distribution obtained 
with 231.7 nm photolysis is significantly "hotter" 
than the one obtained at 230.8 nm (vide infra). 

3.4. Correlated ~NH distributions 

Displayed in Fig. 4(a) is a CO image obtained by 
using velocity map imaging. The image size was 
adjusted to display only the contribution from the 
singlet channel. In order to best define Jco, i.e., 
minimize the overlap of CO rotational levels in the 
region of Jco --" 0-2, the image was recorded with 
the laser tuned to the red "tai l"  of the Q-band of the 
CO REMPI spectrum. At this wavelength, the laser 
frequency excites mainly CO fragments which move 
towards the laser light source (Doppler selection of 
products), and consequently the resulting image is 
asymmetric. Consistent with our previous measure- 
ments, which gave a recoil anisotropy parameter of 
-0 .66  [12], the image exhibits clear anisotropy. 

Following symmetrization, the image was trans- 
formed into the corresponding 3D recoil distribution 

I NH rotational populations from HNCO dissociation obtained by LIF for six different photolysis wavelengths (kdiss) 

Adiss (rim) 233.1 231.7 230.8 230.0 229.4 224.7 
Ear I (cm- J) 135 395 555 715 835 1735 
Jmt = 2 1.00 1.00 1.00 1.00 1.00 1,00 
dNrl = 3 0 0.34 O. 16 0.30 0.28 0.51 

Ea~ l denotes the available energy with respect to D0(INH + CO). All values are normalized to the J s n  = 2 population and have an 
accuracy of 10%. 
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Fig. 4. (a) Experimental image of CO(v = 0) recorded for the red 
tail (low J's) of the REMPI spectrum shown in Fig. l(b); only the 
low velocity part is monitored. The spot at the center of the image 
originates from residual CO introduced to adjust the ion-lens 
voltages for maximum focusing. (b) Abel transformation of the 
raw image in (a); the intensity discernible along the symmetry 
axis is not real but originates from experimental noise accumu- 
lated in the transformation process. (c) The corresponding velocity 
distribution (solid line). The positions of the correlated t NH 
rotational levels (assuming Jco = 0) are given as dashed Ganssian 
curves; (d) The corresponding velocity distribution for an image 
taken at Jco --" 9-10. The dashed Gaussian curves represent line 
positions and widths for Jco = 9 (see text for details). 

agreement with the global t NH distribution shown in 
Fig. 3(6). 

More quantitative information on the ~NH corre- 
lated distribution is gained from the CO recoil veloc- 
ity distribution (solid line in Fig. 4c) obtained by 
integrating the 3D distribution along the polar angu- 
lar coordinates 0 and ok. The Gaussian-shaped dashed 
traces show schematically the positions of the corre- 
lated I NH rotational levels as calculated from en- 
ergy conservation. Their estimated width is governed 
primarily by the uncertainty in the selection of CO 
rotational levels described above, i.e., AEav I = 12 
cm -I ,  and the initial velocity spread in the HNCO 
beam. Obviously, the lowest J ' s  of CO correlate 
mostly with JNa = 2; JNH = 3 contributing < 20% 
to the distribution. Although JNH levels up to 6 are 
energetically allowed, JNH ~ - 3  is  t h e  highest ob- 
served level. The small signal at the highest veloci- 
ties is due to fast recoiling CO from the triplet 
channel. 

Fig. 4(d) presents a CO recoil velocity plot ob- 
tained from an image (not shown) recorded for Jco 
--- 9-10,. The energetically allowed l NH rotational 
levels are Jr~H = 2-5;  the dashed Gaussian curves 
assume only a single CO rotational level, Jco = 9, 
and therefore a slight offset increasing with JNH is 
apparent between the model and the data. Again, the 
correlated INH distribution is dominated by the JNH 
= 2 contribution; however, the JNH = 3 fraction has 
visibly increased relative to Jr~8 = 2, and even JNH 
= 4 and 5 are noticeable. When comparing Fig. 4(c) 
and (d), it is important to relalize that the width, due 
to the spectral overlap of Jco levels, has almost 
doubled in going from Jco = 0 -2  to Jco = 9-10; 
the shift in velocity between the two sets of data 
reflects the change in the available energy. 

4.  D i s c u s s i o n  

by means of Abel inversion [23]; a 2D cut through 
the reconstructed 3D distribution (containing the axis 
of cylindrical symmetry) is shown in Fig. 4(b). Vi- 
sual inspection of Fig. 4(b) reveals that the transla- 
tional energy release for CO(v = 0, J = 0-2)  is con- 
centrated near the maximum value allowed by en- 
ergy conservation. Thus, I NH produced in correla- 
tion with low J ' s  of CO is rotationally cold, in 

4.1. Singlet channel dissociation at 230.1 nm 

In previous work it was concluded that near its 
threshold, dissociation to ~NH + CO proceeded on 
S O following IC. No significant barrier to decompo- 
sition was found experimentally [10] and in ab initio 
calculations [24]. For barriefless S o decomposition, 
the product state distributions are expected to be well 
described by statistical theories, and therefore, sev- 
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eral forms of phase space theory (PST) [25] have 
been compared with the experimental CO REMPI 
spectrum (Fig. 2a) and its rotational distribution (Fig. 
3a). Unrestricted PST assumes that the probability of 
finding a product in a specified state is proportional 
to the number of ways the available energy (Eav 1) 
can be distributed, subject only to energy and angu- 
lar momentum conservation; curve " 2 "  in Fig. 2(a) 
and Fig. 3(a) shows the results of such unrestricted 
PST calculation for JnNco = 0. Deviations from this 
distribution may arise from additional constrains, 
e.g., on the impact parameter and the co-fragment 
state distribution. Trace " 3 "  in Fig. 2(a) and Fig. 
3(a) displays results of a calculation in which the 
impact parameter is limited by bm~ x = 2 ,~,. The trace 
denoted by " 4 "  incorporates an additional constraint 
- -  it imposes the experimentally determined 1NH 
rotational distribution shown in Fig. 3(b). Obviously, 
none of these curves fits the data; although the CO 
rotational distribution extends to the maximum J 
allowed by energy conservation, it is quite cold, 
peaking at the lowest J 's .  We conclude that at 690 
cm- 1 above Do( 1NH + CO) the CO rotational dis- 
tribution is controlled by dynamics. 

This conclusion is reinforced by the cold I NH 
rotational distribution shown in Fig. 3(b), as well as 
by the correlated ~NH rotational distributions shown 
in Fig. 4(c) and (d). The latter display a low J - low J 
vs. a high J-high J correlation, which is character- 
istic of dissociation controlled by dynamics. Note 
also that the heights of the Gaussian curves in Fig. 
4(c) and (d) representing the individual JNH levels 
describe the unrestricted PST populations for JHNCO 
= 0. The resulting large translational energy release 
inferred by energy balance is common in dissocia- 
tions above a barrier, and thus we conclude that 
dissociation to 1NH + CO proceeds on the S 1 poten- 
tial energy surface over a barrier < 690 cm -1. The 
cold 1NH and CO rotational distributions are typical 
of dynamics on a surface with little anisotropy in the 
angular NCO and HNC coordinates. In fact, the 
rotational populations resemble those predicted by 
the Franck-Condon model for dissociation [26]. The 
large recoil anisotropy parameter is also in agree- 
ment with dissociation on S 1. We note, however, that 
because the well depth on S I is small, state-specific 
effects in the product state distributions may be 
present. 

4.2. Barrier to INH + CO dissociation on S 1 

The S l barrier height to channel (3) can be better 
defined by examining the near threshold I NH yield 
spectra and rotational distributions [10]. Near its 
threshold (Ear I = 0 to = 500 cm - I )  the I NH yield 
is very small and increases only slowly with excess 
energy, as shown in fig. 4(a) of Ref. [10]. At = 500 
cm-l  above Do( I NH + CO), a sudden increase in 
the lNH yield is observed both in one-photon [10], 
and in vibrationally mediated photodissociation [9]. 
This increase is much larger than the gradual in- 
crease in the HNCO absorption cross section; e.g., a 
corresponding change in the NCO yield spectrum 
from channel (2) is not observed (see fig. 5 of Ref. 
[10]). An abrupt increase in quantum yield is antici- 
pated when the barrier to direct dissociation on S I is 
exceeded. Moreover, the increase in the I NH yield 
is accompanied by a change in its rotational distribu- 
tion. At the lowest excess energy examined (Eav I --- 
135 cm-1), only JNH = 2 is populated, as dictated 
by energy conservation. When Ear j is increased to 
395 cm -~, significant population also appears in 
J =  3 (see Table 1), in agreement with statistical 
theories for a barrierless dissociation. However, a 
pronounced change in the I NH rotational distribu- 
tion occurs again at = 500 cm-l  above Do( I NH + 
CO). The distribution recorded for E~v I = 555 cm-l  
is significantly colder than that at 395 cm- l ,  and for 
Eav I > 555 cm -I the rotational excitation increases 
only modestly and smoothly with excess energy, as 
is common in decomposition over a barrier. 

The bulk of the evidence thus suggests that below 
the S 1 barrier, decomposition to INH + CO takes 
place on S O following IC to that surface; once the 
barrier height on S~ is exceeded direct dissociation 
on S~ via channel (3) becomes important. We place 
this barrier at 400-600 cm -I and note that our 
experimental barrier height is in excellent agreement 
with two very recent ab initio calculations that give 
values of < 700 cm -l  [16] and 550 ___ 50 cm -I [17]. 
A barrier to dissociation on S I has been predicted 
before from a low level ab initio study that reported 
a 1.95 ~, C - N  bond length at the transition state [7]. 

4.3. Triplet channel dissociation 

At 230.1 rim, the available energy for C -N  bond 
cleavage via channel (1) is approx. 14000 cm -1, and 
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calculations place the exit channel barrier height at 
1800 cm -l  above D0( 3NH + CO) [15]. Previous 

experimental results show that the corresponding 
3NH rotational distribution is quite cold [13]. The 

triplet channel CO REMPI spectrum extracted from 
the imaging data (Fig. 2b) clearly peaks at low J ' s  
(Jco < 20), but also exhibits a pronounced tail ex- 
tending up to Jco = 60, while the maximum allowed 
by energetics is J = 82. The appearance of the spec- 
trum suggests at least a bimodal energy distribution, 
but a fit using forward convolution was not at- 
tempted. A possible explanation for the multimodal 
appearance of the CO rotational distribution is the 
participation of other triplet surfaces; for example, 
preliminary calculations using the Gaussian 94 pack- 
age reveal a second triplet surface, T2(3~), which is 
close to Tl(3N) in the Franck-Condon region of the 
optical excitation [27]. 

5. Concluding remarks 

The results presented here resolve the apparent 
disagreement regarding the dissociation mechanism 
leading to channel (3) near its threshold, and the 
CO(v= 0) rotational distribution at 230.1 nm. We 
conclude that at this photolysis wavelength, CO cor- 
related with channel (3) evolves mainly on S 1, and 
that a large fraction of the observed CO(v = 0) signal 
originates in channel (1). The present results are also 
in agreement with the available information on 
photofragment yield spectra, i NH rotational distribu- 
tions and 1NH/3NH population ratios [13] 3. Indi- 
cations for increased S~ participation at photolysis 
wavelengths < 230 nm are the increasing t NH yield, 
~NH/3NH population ratios, and widths of struc- 

tural features in the I NH yield spectra with decreas- 
ing wavelength [10-13], as well as the appearance of 
state-specific effects in the one-photon and the vibra- 

3 The relative CO populations from channels (3) and (1) cannot 
be extracted from the imaging data which are recorded only for 
CO(v = 0), whereas v = I and 2 are also produced [20]. Also, the 
CO(B l ~ + )  state is predissociative for J >  37. A reliable value 
for the branching ratio was obtained from LIF measurements of 
the INH and 3NH fragments, which give a INI-I/3NI-I popula- 
tion ratio of --- 0.2 at 230.0 nm [13]. 

tionally mediated photodissociation [9,13]. The rota- 
tional distributions of both CO and I NH are cold, 
indicating little angular anisotropy in the exit chan- 
nel on the S t potential energy surface; the large 
translational energy release is common in dissocia- 
tion over a barrier. 

The suggested barrier height to S~ dissociation is 
400-600 cm- 1 above Do( i NH + CO), or -- 9000 
cm-~ above the S~ origin, in good agreement with 
theory [16,17]. Note that theoretical calculations place 
the barrier to channel (2) on S 1 at 8800 + 900 cm- 1 
above D0(H + NCO), or > 12000 cm-i  above the 
S I origin [17], and thus at 230 nm channel (2) 
products are generated via radiationless decay on S 0. 
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