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The primary photodissociation of nitrosyl chioride, NOCl + Av — NO+Cl, has been investigated at selected excitation
wavelengths > 450 nm. By means of a one-colour (1+2)-photon experiment, i.e. one-photon absorption for parent
dissociation and two-photon absorption for LIF to probe NO, the vibrational and rotational state distributions of nascent
NO(X *IT) were measured and in combination with polarized Doppler spectroscopy also the translational energy obtained.
Based on the anisotropy parameter 8 the visible and near-UV part of the electronic absorption spectrum of NOC] was
assigned. After excitation at 475 nm the energy partitioning of both, the NO and Cl fragments, reveals that the dissociation
proceeds in the molecular plane of the parent preferring (= 65% efficiency) the channels which lead to NO(?I1_) and
CI(*P; ). The NO A-doublet and spin—orbit state population ratios *TI_; 5 : *Tl,;5: °TI_, ,,: *T1,, ,, were found to be

49:36:3:1.

1. Introduction

The relatively strong absorption over a wide
spectral region in combination with a weak N-Cl
bond make nitrosyl chloride an attractive model
system for the photodissociation of bent triatomic
molecules [1-4]. Indeed, NOCI has been the sub-
ject of continued interest since 1930 when Kistia-
kowsky [5] measured a dissociation quantum yield
close to 2 at incident wavelengths ranging from
635 to 365 nm. In 1962, Basco and Norrish [6]
observed in UV flash photolysis experiments
vibrationally excited NO(X °II, v” < 11) which
they concluded to originate from the primary pro-
cess

NOCI + hy -» NO(X *TI, v” < 11) + Cl (1)

and /or from a secondary process involving colli-
sional energy transfer to nascent NO. The ap-
pearance of vibrationally hot NO in (1) was later

! Present address: CIBA-GEIGY AG., CH-4002 Basel,
Switzerland.

attributed [7] to the increase of the NO bond
length upon electronic excitation.

In their pioneering work on photofragmenta-
tion, Busch and Wilson [8] studied the transla-
tional energy distribution of the NO and Cl frag-
ments using the second harmonic of a ruby laser
(347.2 nm) as photolysis source. At this wave-
length approximately 70% of the available energy
is channeled into translational recoil of the frag-
ments. It was indirectly inferred that the NO
fragment is vibrationally excited with »” <3
paralleling the prediction from an impulsive model.
Furthermore, from the angular anisotropy mea-
sured at different incident polarizations, a dissoci-
ation time < 80 fs was found for the A’ electronic
state of the parent. More recently, Werner et al.
[9,10] measured the kinetic energy of the photo-
fragments produced at 248 and 193 nm in a
molecular beam. The analysis of the time-of-flight
(TOF) spectra is consistent with a narrow vibra-
tional distribution of the NO fragment for both
dissociation energies.

Infrared fluorescence detection was utilized by

Grimley and Houston [11} to study vibrationally
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excited NO emerging from the primary and sec-
ondary photochemistry of NOCI after excitation
at 355 nm as well as in the 480—650 nm range. The
secondary process proposed by Basco and Norrish
[6] was characterized by these authors [11] to be:

NOCI + Cl - NO(X 2T1, v” > 0) + Cl,. )

In addition, at photolysis wavelengths > 480 nm
the primary step was found to produce “little if
any” vibrationally excited NO. A similar investi-
gation of the primary process (1) was performed
by Moser et al. [12,13]. For excitation at 308 and
337 nm they report a vibrational excitation of NO
up to v =35 and, for 193 and 248 nm a very
broad distribution with v” up to 14 and 16, re-
spectively. These latter results contradict the find-
ings of Werner et al. {9,10].

Laser-induced fluorescence (LIF) in combina-
tion with Doppler polarization spectroscopy
[14,15], recognized as one of the most powerful
contemporary techniques to investigate molecular
photodissociation processes, has already been used
to study several R—NO-type molecules [1,2,15-20].
The major difficulties encountered with NOCI,
which precluded the use of this technique in its
conventional form, relates to the fact that owing
to the broad continuous absorption of the parent,
both the pump and probe laser pulse induce dis-
sociation. The resulting mixture of two different
NO fragment distributions limits the value of such
an experiment.

In the present work we circumvent this experi-
mental difficulty by designing a one-colour experi-
ment in which the dissociation and probing wave-
lengths are identical and thus only nascent NO
from the primary process is probed. (Close to
completion of this work we learnt about a similar
experimental design used by Pfab et al. [19] to
explore features of the CH;SNO photodissocia-
tion.)

We report here results on the primary photodis-
sociation of NOCI (1) for dissociation wavelengths
of =455, =475, and =495 nm. The NO frag-
ments were probed by a two-photon absorption
LIF method [21] taking the rotational line strength
given in the literature [22]. We obtained state
population distributions, in particular A-doublet

and spin populations in order to elucidate possible
spin correlation effects of the fragments. Further-
more, Doppler profile measurements provided re-
coil translational energy distributions for both NO
and Cl fragments as well as anisotropy parameters
to assign the longer wavelength part of the elec-
tronic absorption spectrum of NOCL

2. Experimental

The experiment was performed in a flow cell at
room temperature keeping the total pressure of
NOCI below 150 mTorr. These conditions
guaranteed that only nascent NO exclusively from
the primary process (1) was monitored during the
time between the dissociation and fragment detec-
tion of < 8 ns as given by the laser pulsewidth.
Tunable laser radiation in the 450-520 nm region
(coumarin dyes) was provided by an excimer
(XeCl) pumped dye laser system (Lambda-Physik
EMG 101 MSC + FL2002E) operated at 10 Hz.
The rotational structure of NO(X *II) vibronic
bands were recorded at resolutions of =~ 0.2 cm™!
while scans over selected rovibrational lines were
carried out at 0.05 + 0.02 cm ™! depending on the
wavelength and laser power. Actual bandwidth
values, required in the convolution step of the
Doppler profile fitting procedure, were obtained
by recording simultaneously the interference
fringes of a thermally stabilized confocal etalon
(Tecoptics, finesse 20-30) with each measurement.
The laser beam was slightly focused by a silica
lens ( f= 750 mm) about 5 cm before the viewing
zone of the photomultiplier tube (PMT Hama-
matsu R166UH). Power levels did not exceed 1.5
mJ to avoid saturation effects or power broad-
ening and to minimize resonant multiphoton ioni-
zation processes which are known to compete with
fluorescence [23] thus introducing intensity distor-
tions in rotational lines of the NO excitation
spectrum. Fluorescence reaching the PMT was
integrated in a boxcar averager (Stanford Re-
search System SR-250) and was corrected for
shot-to-shot intensity fluctuations. The experiment
was controlled by a MINC 11 computer.

Nitrosyl chloride was prepared by allowing a
mixture of Cl, and NO in excess to react at about
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—100°C. The product is at thermal equilibrium
with the reactants according to 2NO + Cl, &
2NOCIL. Although the chlorine and nitric oxide
concentrations are < 1% at room temperature, an
excess of NO was left in the sample to supress the
spectroscopically interfering Cl, except when
probing NO(s” = 0). In the latter case the sample
was degassed at low temperature (—60°C) prior
to use.

3. Results
3.1. Spectral data

Some features of NOCI are well suited for a
one-colour laser experiment (i.e. A giis = A rope = A)
which warrant a single NO vibrational distribu-
tion. The absorption spectrum of NOCI is smooth
thus reducing fluctuations in the NO productions
to a negligible amount when scanning over a
vibrational band of the fragment to obtain the
rotational spectrum. The lifetime of the lower
electronic states [8] is = 10° times shorter (vide
infra) than the laser pulsewidth of = 8 ns. Fur-
thermore, from previously reported data {11,12] on
the NOCI photodissociation it was expected that
using photolysis wavelengths > 450 nm, the NO
vibrational distribution will involve only lower v”’
levels.

The energetics of the experiment is depicted in
fig. 1. Following one-photon absorption, NOCI
dissociates and nascent NO(X 2II) is probed with
the same laser pulse by LIF detection utilizing
two-photon absorption to the A S « X *I1 elec-
tronic band system [21,22]. The wavelengths used
in the present experiment were those of two-pho-
ton transitions which originate from the v =0, 1,
and 2 vibrational states of NO(X 2II) and
terminate in the v’ = 0 level of NO(A 2Z). At the
red edges the dissociation wavelengths were 454.6,
474.7 and 496.6 nm. The v' =0« v” =3 transi-
tion (520 nm) was not observed (even at higher
photon intensities than used for the v»” =0 and 1
levels) and the fluorescence intensity was strongly
decreasing with increasing v”’. The rotational dis-
tributions of the three vibrational levels examined
were quite different. For v =0 and v” =1 the
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Fig. 1. Energy level diagram pertinent to the NOCI photodis-
sociation performed by a one-colour (1+2)-photon experi-
ment. Photon energies (nm) correspond to the red edges of the
v"=0«0v”"=0, 1 and 2 transitions of NO(?IT). At these
wavelengths the NOCI absorption is a continuum while the
two-photon spectrum of NO is discrete. Note that with A 4, =
Aorob Only those vibrational levels which satisfy the condition

E. — E;,(NO) > 0 are energetically accessible. Therefore v”/

> 4 levels were not considered. D, is given in cm ™.

rotational distributions show population maxima
at J =34 and J. =29, respectively. The rota-
tionally “coldest” NO was produced in v’ =2
where J/. =11. The spectrum of NO(X °II, v”
= 1), recorded at a resolution of Ay = 0.2 cm™ ! is
shown in fig. 2. Using an intracavity etalon
(AP, =0.05 cm™ ') we obtained the spectrum
displayed in fig. 3 for the O,, branch of
NO(X 211, v” =2).

3.2. Doppler profiles

Fast photodissociation of a gas phase molecular
ensemble with polarized light results in a non-iso-
tropic recoil velocity distribution. The center-of-
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Fig. 2. Two-photon absorption LIF spectrum of the A2Z" (v" = 0) « X 2II(v”" =1) rovibronic band of nascent NO fragments from
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Fig. 3. Spectrum of the O, branch in the (0-2) vibronic band of nascent NO recorded with a resolution of 0.05 cm™!. The line
profiles shown in the upper part of the figure were recorded with a higher S/ N ratio than the spectrum,
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mass normalized angular distribution of fragments
is [14]

£(8) = (1/4m)[1 + BP,(cos 8)], (3)

where 6 is the angle between the polarization
direction of the photolysis light and the recoil
direction. P,(cos 8)=(3 cos* § —1)/2 and B is
the anisotropy parameter which has to be de-
termined experimentally [24-28]. Since the present
experiment is constrained to only one polarization
orientation between the dissociation “d” and probe
“p” laser light, kP||k? and eP| e where k and e
are the propagation and polarization vectors.

By means of Doppler spectroscopy with LIF
detection one measures the recoil velocity of non-
isotropically distributed fragments (3) with respect
to a specific direction kP. For a single recoil
velocity », eq. (3) gives an inhomogeneously
broadened line profile of the form [16]

G(ve, x) = (1/2”k)[1 + BP(cos X)PZ(Uk/v)] s

v SV,
G(vy, x)=0, ¢,>v, (4)

where v, is the projection of the fragment velocity
onto the direction of the probing laser beam and
x denotes the angle between e® and kP. The
fragment velocity is related to the absorption
frequency by 7 =75,(1 —»/c) [29] where 7, de-
notes the center frequency (i.e. zero-velocity com-
ponent along kP). Integration of eq. (4) over »,
for the one-colour experiment results in [30]

G(5, #) =1+ 18— 3B[F - 5,/Aip ],
for |7 — 7y| < A¥p. (5)

Here A7, is the Doppler width. Figs. 4, 5 and 6
show high-resolution rotational line profiles of
v” =0 and 1 vibrational levels of nascent NO
(curves a). The smooth line in each case corre-
sponds to the best x>-fit of the experimental data
to eq. (5) upon convolution with the Gaussian
function

D(5, #0n) ~ exp{ —4(In 2)[(F = o) /AFicn] °}
(6)

Ap refers to an effective convolution width

con
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Fig. 4. Doppler profile of the P,,(21.5) rotational line in the
(0-1) vibronic transition of nascent NO from photodissocia-
tion of NOCL.The dissociation energy (center frequency) corre-
sponds to 21151 ¢cm ™ 1. (a) refers to the experimental and fitted
(smooth line) results, (b) shows the corresponding residuals
and (c) is the theoretical profile for an ideal laser resolution.
The anisotropy parameter (uncorrected for v—J correlation
effects) and the translational energy obtained from the best fit
are B(2A”) = —0.92 and E,,,, = 3140 cm ™}, respectively.

which takes into account the laser bandwidth
A%\, and the parent motion in terms of A7, en,-
At room temperature the parent motion amounts
merely to A%, ., =3.4x10"? cm™".

Since the laser wavelength, which probes the
v” =1 level after exciting the parent into the 2A”
state, turned out to be most favorable regarding
line profile measurements, we studied profiles in
v” =1 more extensively than those in v’ =0 and
2. From v” =1 we selected for analysis lines with
J"" =215, 285, 29.5, 35.5 and 39.5 of the P,,Q;,,
P,,0,; and S,, branches in order to probe the.
different states of nascent NO. The combination
branches have been chosen because the transition
strength ratio S@(P,,)/S@(Q,,) are > 10° at
J” = 5 making the Q,, contributions to the P,,Q;,
line intensity negligible [22,31]. The S@(P};)/
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Fig. 5. Doppler profile of the S,;(21.5) rotational line in the
(0-1) vibronic transition of nascent NO from photodissocia-
tion of NOCI at 21358 cm ™. (a), (b) and (c) are as explained
in caption of fig. 4. The “dip” at the zero fragment velocity
region of this profile is significantly less pronounced than that
of the profile shown in fig. 4, in spite of the fact that both
correspond to NO molecules having the same J” quantum
number. This difference is the result of J—v correlation which
is manifested more strongly in AJ= F2, 0 than in AJ=F1
transitions [16,32]. The “dip” more pronounced in P or R than
in O or S profiles indicates that » tends to be perpendicularly
oriented with respect to J. The best fit provided B(2A”) =
—0.1+0.05 (uncorrected for correlation) and E, ., = 3220
cm™ 1.

S$@(0,,) ratio is, at the J”' values here studied,
close to 4.

The anisotropy parameter determined from P,,
lines is, within experimental error, J” indepen-
dent and it averages to 8= —0.92 + 0.05 (see fig.
4). In contrast, the 8 value determined from the
S,1(21.5) line is rather small, i.e. 8= —0.15 + 0.05
(see fig. 5) clearly indicating that the recoil veloc-
ity ¢+ and the angular momentum J of the NO
fragment are correlated [16,32). The anisotropy
parameter determined from P;;0,, lines is ex-
pected to be free of J—» correlation effects. Both
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Fig. 6. Doppler profile of the P,,(29.5) rotational line in the
(0-0) vibronic transition of nascent NO from photodissocia-
tion of NOCI at 22139 cm . (a), (b) and (c) are as explained
in caption of fig. 4. At this energy, NOCI is excited into
superimposed parallel and perpendicular transitions giving rise
to a Doppler profile composed of two components indicated in
(c) (see text). The best fit (uncorrected for v—J correlation)
provided B(2A’) =1.8 and B(2A”) = —0.92, and E,,, = 4190
cm™ .

individual transitions of this combination branch
have opposite polarization behavior [16,31] and
their contributions to the line intensities are very
close to the weights (according to eq. (19) of ref.
(16)) required to completely eliminate J—e-type
effects. The more accurate anisotropy parameter
thus determined and averaged over three P;;0,,
lines is 8= —0.7 + 0.05.

The translational energy for the various rota-
tional lines here studied are reported in table 1.
They were calculated from

17 ~ ~ 2
Etrans(‘] ) = %mNO(CAVD/Vlaser) > (7)

where A7, was obtained from the fitting proce-
dure.
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Table 1

Energy (cm™!) partitioned into the NO and Cl fragments in the photodissociation of NOCI

NO(U”’ J”’ F”(Hv )) Y jaser Eavl Erot
Evib

E,(NO)

E\rans (NO) Etrans(Cl) » Eel (Cl) ®

(0,295, FK,(IT™ ) 22139 9420 1463
0
124

(1,395, K,(IT7)) 21295 8580 2572
1876
124

(1,28.5, F,(I17)) 21196 8480 1344
1876
124

(1,21.5, F(II7)) 21151 8430 736
1876
124

(1,215, F(II7)) 21358 8640 757
1876
0

(1,295 F(TI7)) 21229 8510 1441
1876
0

(1,35.5, F(I17)) 21275 8560 2091
1876
0

4190 3540 100

2140 1810 60

2830 2390 —80

3140 2650 —100

3220 2720 60

2890 2440 —140

2510 2120 —40

» Etra.ns(Cl) = (mNO/mCl)Etrans(NO)'

> Ecl (Cl) = Eavl - Elotal(No)_ Elrans(Cl)’ where Elolal(NO) =E + Evib + Eel (NO)+ Elrans(No)'

The experimental line profile shown in fig. 6
corresponds to the P,,(29.5) line of the v’ =0
vibrational level. Because the absorptions of the
2A” and 2A” states overlap at this wavelength (see
section 4.1), they are simultaneously excited.
Therefore, the line profile has been fitted to a sum
of two weighted functions (5). The fitting parame-
ters for this profile are the Doppler width, A7y,
the weights w(A’) and w(A"), and the anisotropy
parameter B(A’). The best fit was obtained with
B(A)=18+01 and BA")= —-09 £ 0.1,
weights w(A')=0.78 and w(A”)=022, and
E,.n(29.5)=4190 cm ™.

Three line profiles belonging to the v =2 of
the O,, single branch are shown in the upper part
of fig. 3. The A¥, values of the fit for J” = 5.5,
11.5, and 25.5 are included in the figure. The slow
fragments produced under these conditions give

rise to narrow Doppler linewidths making the
profile analysis less accurate.

3.3. Spin state and A-doublet populations of nascent
NO

Spin—orbit interactions split the 2IT ground
electronic state of NO into the two spin states
I, 2 and I, 2 according to the coupling scheme
J”"=N"7}. The F,(3/2) level lies =124 cm™!
above the F;(1/2) one {21,22]. They are the only
two electronic states energetically accessible when
using the present dissociation wavelengths. Each
F level is further split into an antisymmetric I1_
and a symmetric I, sublevel owing to interac-
tions between rotation and orbital angular
momentum. Although the spacing between the A
states is too small to be resolved at our laser
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resolution, the four resulting sublevels, F(I1_; ,,
IM,5,,) and F(I_,,, II,,,), can be probed
separately in different branches of the two-photon
absorption spectrum. The rotational distributions
of the four sublevels in the three NO vibrational
levels v =0, 1 and 2 examined are non-Boltz-
mann. In the v’ =1 case, which allows clean
excitation into the 2A” electronic state, the A-
doublet and spin-orbit state population ratios
I 5,5, 0, ,: 11, , were found to be
49:3.6:3:1 at J,,, =29.5. The populations were
calculated using a previously described procedure
[16] with the exception that the alignment factor
A, required to correct raw line intensity data,
was determined by comparing line intensities of
differently polarized transitions. It is noted that
the II_/II, ratio is J dependent [33,34]; for
J” <Jr, it is smaller, for J” >J greater. The
value taken at J_,, represents about the average
value of the rotational distribution. A detailed
account of the properties of the rotational distri-
butions will be given in a forthcoming publication
[35].

4. Discussion
4.1. Electronic absorption spectrum of NOCI

The visible and near-UV part of the absorption
spectrum of NOCI is reproduced in fig. 7. Four
maxima are clearly discernable at 330, 436, 472
and 610 nm which were labeled B, C, D and E,
respectively {36,37]. A preliminary assignment has
been given by Mitchell and Simons [7] who used
arguments based on Walsh’s molecular orbital
rules [38] and SCF calculations. More recently, an
ab initio study of the potential energy surfaces for
the ground and excited singlet states of NOCI has
been performed by Solgadi et al. [39]. The results
pertinent to this work are included in table 2.
Although the calculated transition energies are too
high with respect to the observed maxima, the
ordering of the lower singlet states is consistent
with our findings (vide infra).

The NOCI molecule belongs to the C, point
group (see fig. 8). Electric dipole transitions from
the ground state to excited electronic states, A’ «

ENERGY [10° cmi']
18 20 25 30

WAVELENGTH [10? nm]

Fig. 7. Visible and near-UV part of the NOCI absorption

spectrum as reported by Goodeve and Katz [36]. The dissocia-

tion wavelengths used in this study are indicated by arrows (&
is given in units £ mol~lcm™1).

A’ and A” « A’, are allowed by transition dipole
moments p;(I'(A") and I'(A”), respectively) lying
in the plane or perpendicular to it. Moreover, all
vibrational modes are totally symmetric and there-
fore do not affect the symmetry of the electronic
transitions {8]. For a planar molecule which un-
dergoes prompt dissociation from an A" state, p
of the parent is perpendicular to the recoil velocity
of the fragment ». The anisotropy parameter 8 is
then found negative with a limiting value 8= —1.
In case of an A’ state dissociation, p and » are in
the plane of the parent and B becomes positive
with a limiting value of 8= +2 [14].

At an excitation wavelength of about 450 nm,
close to the absorption valley between C and D,
the fitting procedure described above rendered
two P,, anisotropy parameters B(A’)=1.8 and
B(A”) = —0.9 which thus correspond to a parallel
and a perpendicular transition in the parent. At
this excitation wavelength two electronic states of
A’ and A” symmetry are prepared. According to
the fit of the line profile (see fig. 6) which, how-
ever, was performed without consideration of J-«¢
correlation effects, the A’ < A’ transition con-
tributes = 78% and the A” < A’ one = 22% to the
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Table 2
Absorption maxima and assignment of the visible and the UV electronic spectrum of NOCI
State Dominant Type » Spectroscopic Spectral Estimated Calculated
(symmetry) electronic region © energy energy vertical
configuration @ maximum range transition
(nm) (nm) energy ¥ (nm)

Se(1 A ..(6a") (2a")2(7a')2 - - - - -
S;(1 A" ...(7Ta")3a”) « (72)? (m* < ny) E 610 650-560 498
S, (2 A”) ...(6a’ )(3a") « (6a")? (n* < ng) D 472 580-410 364
S3(2 A") ..(2a")(3a") « (2a")? (n* <ng) C 436 460-400 359

AN ren"2\2 sk o N n 210 A2 _non 201
S4(3 A" . .\oa y+«{6a") {0" < i D 22U 435—~20U i74

? Solgadi et al. [39]. ® Mitchel and Simons [7].
it

total absorption The interpretation of two over-
ld.pplng lrdllblllonb lb u)rrooora‘teu Dy lﬂC uuumg
that excitation into the D maximum at 472 nm
resulted in single valued anisotropy parameters of
B(A”)= —0.9 F 0.05 when P,, lines were probed.
Finally, Busch and Wilson [8] who used 347.2 nm
laser excitation into the B absorption found 8=
1.78 which implies an excited state of A" symme-
try.

These results in conjunction with the ab initio
calculations [39] allow assignments of the elec-
tronic states in the B, C and D absorption regions
of NOCL. The D continuum arises from absorp-
tion to the 2A” antisymmetric state, the C region
corresponds to the 2A’ state and the B continuum

AN

with a maximum aosorpuon at 330 nm is asmgnea

Fig. 8. Equilibrium configuration of nitrosyl chloride in the

ground electronic state [40,41]. The a and b principal axes are

indicated, ¢ is perpendicular to the plane.

© Goodeve and Katz [36).

to the 3A” state. The distinct absorption band E is
predicied by the calculations {39] to arise from a
1A’ « A’ transition. In table 2 we summarize the
results and include the dominant electronic con-
figurations involved in the transitions. Within the
simple MO picture, excitation from the ground
state to the 2A”, 2A” and 3A’ excited states pro-
motes an electron from the 6a’ to the 2a”" molecu-
lar orbital localized mainly at the Ci atom. This
behavior is different from the one in the S, photo-
dissociation of HONO [15], (CH;),N-NO [16],
CH,ONO [17] and CH;SNO [19] where the exci-
tation process is localized on the N=O group.

4.2. Fragment energy partitioning and channel
efficiencies
The available energy for ibution among the
degrees of freedom of the NO and Cl fragments is
given by E,, = hv + E, (NOCI) — D°. The inter-
nal energy E;,, of the parent at room temperature
is essentially E,,, = 3kT = 310 cm ™. The dissocia-
tion energy D°(ON-Cl), which has been calcu-
lated from heats of formation of Cl( P, /2)
l‘U\ 111/2) auu l‘U\/l [4UJ, is lJUJU ‘1‘ lUU cim
Given these data E,, amounts to = 9400, 8300,
7400, and 6300 cm™! at the four laser light en-
ergies (hv) employed for dissociation of NOCI
and probing of the v”’ =0, 1, 2, 3 vibrational levels
of NO. The energies of the NO vibrational levels
are 0 (v =0), 1876 (v =1), 3724 (v =2) and
5544 (v” =3) cm ™' [41,42]. With excitation wave-
lengths of 455 (2A’, 2A” states) and 475 nm (2A”
state), corresponding to E,, of 9400 and 8300
-1, respectively, the v’ =0 and v” =1 levels

Js P
L1SLL

<m
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are probed as illustrated in fig. 1. They show a
high rotational excitation with population distri-

Tiitim  mavima at T (0 = O\ =~ 48§ and
uvuLvn lllal\lllla al vy max\ L% ‘J} TS [-B 0LV
JI (v =1)=28.5. At 496 nm (2A’ state) and

E,,=7400 cm™!, the weak fluorescence signal
observed indicates that the v” =2 level is only
weakly populated. The rotational excitation ap-
peared downward shifted with J, . (v"=2)=
11.5. Finally, at a wavelength of 519.5 nm (E,,, =
6300 cm ') no LIF signal of the probed v” =3
level could be detected. Based on these observa-
tions it is very likely — an extremely inverted
vibrational distribution excluded — that following
a 520 nm excitation of NOCI the primary photo-
dissociation produces NO fragments populated
apprec1ably only in the v’ =0 and v’ =1 levels
This result is consistent with the findin
ley and Houston [11].

The energy partitioning after dissociation was
examined in detail for NO fragments in selected
rotational, vibrational, A-doublet and electronic
states. Having measured the translational energy
of these state selected fragments their energy con-
tent is completely known. The resuits are sum-
marized in table 1. Apart from translational en-
ergy, the Cl frasment mav also possess electronic

10 R IQpiCii gy &S0 pOsostas LAl

energy depending whether it is created in the ?P, Y

r P, , state whose energies are E,(Cl)=0 and
881 cm ™, respectively. While the translational
energy of Cl is readily obtained from E,,  (NO)
by linear momentum conservation, E,, (Cl)=
(Mmuo/Mc1) Eyans(NO), the electronic energy is

oiven hv the enerov congervation
gven oy Lhe energy conservation

._
=
[=N
o]
=

ae
(7]
<
s
é
=
=

)

Eel(Cl) = Eavl Etot (NO) - Etrans(Cl)’ (8)
where

tot (NO) Erot + Evrb + Eel (NO) + Etrans (NO)
(

P
O
~—

Thus, with the exception of the distribution of the
electronic energy between the *P, > and p, y
states of Cl, all energy data are basically available
for the selected rotational lines.

In determining E_(Cl) we relied on the accu-
racy of the F and (N values Dae to the

racy of the E,, and E,, (NO) values. Due to the

parent internal energy, E,, is subject to a distri-

bution with fwhm of =200 cm ~'. This is mainly
due to E,, (NOCI) as shown in fig. 3 of ref. [8] and

accounted for tha convahition nraocedure (cee
LQ AvvvuUulilva 11Ul .lll Lll\/ UVI[VU[ULlULl yluuvuuxv \Q‘J\(

section 3.2). Furthermore, the error range in
E,..s(NO) is less than +100 em™'. E,, (NO)
determined from P and S lines having the same J "
(cf. table 1) agree with those calculated on energy
conservation basis within 4% indicating that J—»
correlation produces only small effects on the
translational energy. Hence, in spite of the uncer-
tainties, the E(Cl) values given in table 1 suggest
a preferential population of the lower 2P3/2 state
of Cl,ie. E,(Cl)y=0cm™".

To further look into a possible selectivity of the
channels leading to *P, ,, and P, > states of Cl
with respect to the F, and F, state production of
NO, we recoursed io a correlation diagram [43].
NOCI contains 18 valence electrons and it is bent
in both the ground and excited states examined
here. The electronic configuration of NOCI in the
ground state is 6a’*2a”?7a’> while those of the
2A” and 2A’ states are 6a’3a” and 2a”3a”, re-
spectively (cf. table 2). In a Walsh diagram, the
configurations of these two excited states are x>,
i.e. a core m® with tight spin-orbit coupling plus
three outer electrons «° (Hund’s case (c) M.Ah

00 ORICE QLIS LAl S Last

Under (£, ) coupling, where Q desrgnates the
total angular momentum for the core and w for
the outer electrons, two pairs of states arise,
{(3/2, 3/2), (3/2, 1/2)} and {(1/2, 3/2),
(1/2,1/2)}, which further split to generate a total
of 10 states [44,45). Connecting these states with

those of the sepmarate NO and Cl fragments kv

LLVSL UL wuv Shpala o alits o apiiiliils

using the appropriate non-crossing rules {43], the
correlation diagram shown in fig. 9 was con-
structed. Furthermore, dipole-allowed parallel and
perpendicular transitions resulting from the AQ =
0 and A =1 selection rules are indicated in fig.
9. According to the correlation diagram it is ex-

nected that dissaciation from thae 27A7 and 2A7
P\/\Il«\lu Liidar uioouvuwvialivii 11141 (S 9iw) Fa%e ¥ allud oy

states, accessed by parallel and perpendicular
transitions, correlate with both NO(X *IT, ,,) and
NO(X *I1, ,,) while only the ground state ’p, 2 of
the CI fragment is expected if the NOCI dissocia-
tion process proceeds adiabaticaily.

Albeit adiabatic conditions are not always pre-

vailing the nrecent result conformes with the nre
vaidilg, WiC pPICSCIit IUsuit COMNIUNINS Wiul wuib pProe-

diction of the correlation diagram. Therefore, we
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27337

27322

Fig. 9. Correlation diagram for the NOCl — NO(?I1)+ CI(*P) dissociation system assuming a a’n3 electronic configaration for the
excited states of NOCL. Parallel and perpendicular transitions are denoted by full and dashed arrows, respectively.

may conclude that NOCI excited into the D state
at 475 nm results in photodissociation proceeding
mainly adiabatically and producing preferentially
correlated fragments. Though this was examined
only for the antisymmetric A-state (II ) in both F
levels of NO, an extension to the I, component
is allowed since no symmetry restrictions due to
the NO A-doublet is involved in this correlation.

The 475 nm photolysis with LIF probing of the
v”’ =1 level generates a sublevel population distri-
bution of NO given by the A-doublet and
spin-orbit state population ratios IT_; ,: I, ,:
m_,,:1,,,, of 49:3.6:3.0:1.0 measured at
the maximum of the rotational population
J (v’ =1)=285. These findings provide now
the following picture of the spin-state channel
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efficiencies for NO(v”” = 1) fragments when NOCI
is excited into the 2A” state at 475 nm:

NOCI* (475 nm) =*%NO(’I1_, , ) + CI(*P; ;)

=2%NO(*IL, 4 ) + CI(°Py )

2

=2%5,NO('TT_, ,) + CI(°P,

=NO('IL, 0 ) + Cl(2P3/2).
(10)

The preferred population of the antisymmetric
A-doublet state in the F; and F, spin states paral-
lels the behaviour observed in the S; photodissoci-
ation of CH;ONO [17] and implies a fast and
planar dissociation process.

5. Conclusions

The photofragmentation of NOCI(2A’, 2A”) —
NO(?II) + CI(*P) at excitation wavelengths of 455
and 475 nm has been studied under collision-free
conditions. With an available energy of 9500 to
7300 cm ™' the NO fragment carries a high degree
of rotational excitation and the translational en-
ergy of individual lines is J”-dependent. Appre-
ciable vibrational population is confined to states
with v” < 2. When probing selected NO fragment
states (v”, J”, F”, A) by measuring the transla-
tional energy, the energy partitioning into the
fragments is obtained which revealed that, irre-
spective of the spin state II, ,, or Il , of NO, the
Cl fragment is preferentially produced in the 2P, 2
state. This selectivity is consistent with symmetry
correlations following electronic excitation into
the 2A” and 2A” states of NOCI.

According to the measured 8 values and in
conjunction with a previous ab initio calculation
the transitions in the spectral regions E, D, C and
B correspond to S;(1A”) « Sy(1A"), S,(2A”) «
Sp(1A7), S;(2A7) « Sy(1A") and S,(3A7) «
So(1A"), respectively.

Note added in proof

In order to avoid confusion a new nomencla-
ture will be proposed (M.H. Alexander et al.) for
A-doublet levels of linear molecules with non-zero
electronic angular momentum: A(A’) and A(A”).
These levels correspond to I1, and Il_, respec-
tively, in the present paper.
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