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MOTIONAL ANISOTROPY AND INTERNAL STATE DISTRIBUTION OF THE OH FRAGMENT
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Anisotropic translational and rotational motion is observed in the ground-state hydroxyl radical generated by photolysis
of trans-nitrous acid. The OH translational motion, determined from an analysis of Doppler line profiles, shows a sharply
peaked velocity distribution with =46% of the total available energy (=10300 cm -1y appearing in OH recoil. The OH in-
ternal state distribution, determined from the laser excitation spectrum, is vibrationally and rotationally cold and the two
211 spin—orbit components are not in equilibrium. These results are compared with a simple impulse model for the frag-

mentation process.

1. Introduction

Molecular photofragmentation has long been re-
garded as a “half collision”, where the recoiling frag-
ments are prepared by photon impact [1,2]. As such,
elucidation of the dynamics of fragmentation evenis
is a prerequisite to the detailed understanding of col-
lisional (reactive) processes. In a photofragmentation
process the parent molecule is prepared spatially
aligned in an excited internal state. The available en-
ergy then becomes partitioned into the internal de-
grees of freedom of the products and into their trans-
lational recoil. If the dissociation is faster than mo-
lecular rotation the alignment of the parent may re-
sult in rotational alignment of the products, and also
in an anisotropic velocity distribution. Ideally, for
each parent molecular state, one would like to mea-
sure the fragment yield as a function of all internal-
state quantum numbers (v, L, S, J, M) as well as the
translational motion. Such a study, especially the in-
ternal-state-dependent anisotropic velocity distribu-
tion, has not previously been carried out for molecu-
lar photofragments, although flash photolysis, time-

0 009-2614/83/0000—0000/$ 03.00 © 1983 North-Holland

of-flight fragment mass analysis, and photofragment
polarized emission have made valuable contributions
toward this general aim.

A powerful technique that is capable of providing
the desired detailed information is the one based on
Doppler spectroscopy of photo products [3] using a
narrow band probe laser. Here we report such a study
of OH produced by photolysis at 369 nm of rrans-
nitrous acid:

HONO(X) + hv ~ HONO(A) - OH(X 21I) + NO(X 211).
1)

The Jowest energy transition in HONO(300—-390 nm)
has previously been assigned to the AIA”"—X 1A sys-
tem, and is of the #* « n type involving the —_N=0
chromophore [4]. This absorption spectrum consists
of a progression (23) in the v, vibration associated
predominantly with the terminal NO stretch, suggest-
ing that the only internal coordinate that undergoes
an appreciable change is the N=0 bond length. It has
been shown that process (1) has unit quantum effi-
ciency [5). The bands are devoid of any discernible
rotational structure, implying that the fragmentation
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of the A siate is probably faster than rotation. Thus
this molecule is especially suitable for a study of
anisotropic fragment motion.

2. Experimental

Nitrous acid is prepared by mixing H, O vapor, NO;
and NQ in the ratio 1 - 2 : 1 at a total pressure of
~50 Torr. These are allowed 1o stand overnight to
estabhish the surface-cataly zed equilibrium [6]:

H,0 + NO, + NO = 2HNO, . @

This muature is slowly bled into the photolysis cham-
ber at a pressure of 30—-60 mTorr.

The photolysis frequency (27100 cm— 1) is generat-
ed by Raman shifting the second harmonic of the out-
put of'a Nd : YAG laser (Quanta-Ray DCR-1A) in H,.
The second anti-Stokes radiation, which excites the
24 band 1n rrans-HONO. is isolated by a Pellin—Broca
prism and passed through a polarizer. The probe beam
1s obtamed by frequency doubling a N5 laser-pumped
dy e laser {(Molectron UV24/DL H). This is used to ex-
cite OH in the A—X (1.0) band (281285 nm), which
is momtored through emission of the (1,1) transition
(310-330 nmin). The two laser beams are counter-
propagated through the photolysis chamber, with the
probe arriving <50 ns after the photolysis beam.

For comparison with the fragment spectrum the
spectrum of thermalized (300 K) OH is recorded. For
this purpose OH is generated by the reaction H +
NO, — NO + OH and allowed to equilibrate collision-
allv.

3. Results and discussion

Fig. 1a shows a portion of a broad band (1.3 cm~1)
A 2X* X 211 eacitation spectrum of the OH photo-
fragment, along with the experimental photolysis/
probe geometry (see inset). Shown in fig. 1b, for com-
parison, 1s the excitation spectrum of the themmalized
OH. The most striking difference between these spectra
1s the intensity rano between the branches originating
from the F5 levels (J" =A’" — }) and the Fy levels
(J" =N"+%). This rauo is much larger in the frag-
ment OH spectrum (fig. 1a) than in the thermalized
OH spectrum (fig. 1b), as readily seen by comparing,
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Fig. 1. Comparison of (a) the excitation spectrum of the
A2x*-A211(1,0) band of the OH fragment generated by
369 nm photolysis of HONO and (b) the excitation spectrum
of thermalized (300 K) OH. The inset shows the photolysis/
probe geometry: the two beams, polarized along the Z axis,
are counterpropagated along the X axis. The photomultiplier,
which detects all polarizations, is along the Z axis.

for example, the R, and P, line intensities in the two
spectra. Thus the F, levels are preferentially populated.
Fig. 2 shows Boltzmann plots constructed for the ob-
served intensities, corrected for polarization effects,
and the published OH A—X line strength factors [7].
The “effective temperatures™ from these plots are 320
K for the Fy (V) levels and 275 K for the F, (V) levels.
In addition to being rotationally not hot, the OH frag-
ment is also vibrationally cold, since the A—X (2,1)
band could not be detected.

The next striking aspect of the fragment excitation
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Fig. 2. Boltzmann plots of the relative populations of the
FiJ"=N"+ %) and F5(J" = N" — 1) levels of the OH frag-
ment.

spectrum concerns the rotational alignment of the OH
photoproduct. For the case presented in fig. 1a the
probe and photolysis electric vectors are along the Z
axis. Spectra are also recorded in which the parent
transition moment is preferentially aligned along the
Y axis by rotating the photolysis polarization vector.
When this is done, the relative intensities of the higher
members of the Q branches are lowered, by a factor
of approximately two for the highest observed
N"[Q(6)]. The P and R branches, on the ohter hand,
show the opposite behavior in accord with the theory
of LIF-probed rotational alignment [8]. We thus con-
clude that the fragment rotational axis is preferential-
ly aligned paraliel to the photolysis polarization vec-
tor,and hence parallel to the electronic transition mo-
ment in the parent molecule. Quantitative measure-
ments of such alignment effects will be presentedin a
later paper.
The third important measurement in the present

experiments concerns the translational motion of the
OH fragment. The photolysis photon energy is =~1.24
eV in excess of the HO—NO bond dissociation energy
[6.,9]. Since the OH fragment is vibrationally and ro-
tationally cold a substantial portion of the available
energy might be expected to be channeled into trans-
lation. In addition, the translational motion is antici-
pated to be anisotropic, as mentioned earlier. In the
current experiments this motion is probed by measur-
ing the shapes of selected lines with the probe laser
bandwidth narrowed to =~0.1 cm—1. All the probed
lines show a similar double-peaked shape, which we
call a split Doppler profile, indicating that there are
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more fragments moving forward and backward with
high velocity than those with low velocity along the
probe laser propagation axis (the X axis: see fig. 1).
Since this axis is perpendicular to the parent mole-
cule alignment axis (the Z axis), the observed distri-
bution corresponds to anisotropic OH translation pre-
dominantly in the XY plane. This appears to be the
first observation of a Doppler split line profile of a
molecular photofragment; however, such profiles have
been observed for the H atom both in photodissocia-
tion [10] and in electron impact dissociation [11].
Doppler spectroscopy of molecular photofragments
has previously been applied to NH, and OH produced
by the infrared multiphoton dissociation of CH3NH,
{12] and CH3OH [13] but the line profiles were not
observed to be split. Doppler spectroscopy has also
been applied to the OH(OD) product of the chemical
reaction H(D) + NO, - OH(OD) + NO, but again the
line shapes are approximately gaussian [14].

From the theory of Zare and Herschbach [3],
adapted to our experiment, the expected lineshape for
a single fragment velocity v is

S(Avg) = (/AT R)[1 — 58P, (AT, /ATR)] , 3)

where AV is the displacement from the line-center
and AV, =Vgy/c is the Doppler shift. The anisotropy
parameter § is equal to +2 or —1 in the limits of frag-
ment recoil along, or perpendicular to, the parent
molecule transition moment. This lineshape is depicted
in fig. 3a for § = —1. A convolution of S(AVj) witha
gaussian center-of-mass motion (fwhm =0.063 cm—1),
a time-averaged gaussian laser profile (fwhm =0.116
cm—1), and a width 2APp, =0.61 cm~1 is compared
in fig. 3b with the observed P, (1) line profile. The
above value of 2AVp, gives the best agreement between
the fwhm of the simulated and the observed line pro-
files. Experimentally, all the lines are found to have
almost the same width (0.63 + 0.02 cm—1) witha
slight variation in the contrast of the central dip.

The satisfactory agreement between the simulated
and experimental profiles shows that the § parameter
must be close to the limiting value of —1, and that the
velocity distribution must be sharply peaked. The
value of 2A5) =0.61 + 0.01 cm~1 corresponds to
an OH fragment velocity of 2.58 km/s, equivalent to
a translational energy of 4720 cm— 1. This is 46 per-
cent of the total energy (10290 * 200 cm—1) avail-
able to the fragments. Conservation of linear momen-
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tum then implies the presence of 2680 cm~! in NO
translation. Thus a high percentage of the available
energy (72%)appears in fragment recoil.

Finally . we compare our result with that predicted
by a4 stmple impulse model [15} in which a short-
range repulsive force acts along the central O—N bond
anas between nigid OH and NO groups. This leads to a
partition between translational and rotational energy
decording to

} (Ol E(NO) . L (OH) - Ex(NO)

=2
= ’".\'"()'".\‘0 .'"IN"lofn()ll :)"anNo’llli Sln'GHON

@)

With the ground-state inter-bond angles (8;;0n = 105°.
8a0 = 120°). this partitioning of the available ener-
2y gnes

£{(OH) =4840 cm— 1,

2 L
IH()III()” 5"]"00:\0 .

E4(NO)=2740cm~1,

FOH) =280 em~! | ERp(NO)=2440cm~!. (5)

This model correctly accounts for the high transla-
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tional and low rotational excitation observed for OH.
However, the ‘““available energy™ used in the above cal-
culation includes the vibrational quantum initially de-
posited in the terminal NO bond. The photolysis of
HONO in different members of the 2§ progression
will provide a test for the validity of this non-adiabatic
assumption. Results of such further experiments will
be reported elsewhere.
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