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The velocity distributions for the Cl(2p3/a) and C1(2P1/2) photofragments produced by the
photolysis of C12 at 308 nm are measured using ion imaging. The angular distributions
yield anisotropy parameters of/3(P3/2) =-1.00+0.05, /3(2P1/2)=-0.95 +0.05, suggesting that C1(2p1/) is essentially produced via non-adiabatic curve crossing between
the and the 0+ excited electronic states.
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INTRODUCTION
The ultraviolet absorption spectrum of molecular chlorine between
250 and 450nm has been attributed to transitions between the
C12(Xlg) ground electronic state and the purely repulsive 1II, and
B3I-I, excited electronic states. A correlation diagram between the
atomic states of free C1 and the molecular electronic states of C12 has
been reported by Mulliken [1], Herzberg [2], Li et al. [3] and Matsumi
et al. [4], according to which the strong spin-orbit interaction in
atomic chorine mandates a Hund’s case (e) description of C12 [5].
Consequently, the notation for the above molecular electronic states
* Corresponding author.
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O;(Xlg),lu(1Hu), these two states correlating to C1(2p3/2)-+
C1(2p3/2) and 0+ (B3IIu) a state that correlates to C1(2p3/)+ C1(2p1/2)
are

In the remaining manuscript we will use C1 and CI* to denote C1(:2P3/2)
and C1(2P1/2) respectively, following the same notation used by
Matsumi et al. [4].
The nature of the transition probability, coupled with the lifetime
and the rotational period of the excited state, have a direct consequence to the angular distribution I(0) of the photofragments, which
is described by the equation [6, 7]

I(0)

-

(1 + /3P2 (cos 0))

where/3 is called the anisotropy parameter (- _</3 < 2) and P2(cos 0)
is the second Legendre polynomial. For a prompt dissociation/3 -1
if the transition is perpendicular (AFt +/- 1) and/3 2 if a parallel
transition (Af 0) is involved. Clearly, the shape of photofragment
angular distribution can provide useful information concerning the
nature of the C12 photodissociation process in this near ultraviolet
region (275 to 450 nm). Such studies in the vicinity of the absorption maximum ( 330 nm) have been reported by a number of groups
[3, 4, 8-11]. In this report we present our results concerning the
velocity distributions (speed and angle) of the C1 and CI* photofragments following the photolysis of C12 at 308 nm using an ion
imaging technique [12-14].

EXPERIMENTAL
The apparatus has been described in detail elsewhere [15]. Briefly, a gas
sample containing 5% C12 in He, is expanded into the source vacuum
chamber via a home-build piezoelectrically-actuated pulsed-molecular
beam operating at 20 .Hz. The beam which is skimmed and collimated,
is intersected at right angles by two counter propagating laser beams
generated by an excimer-pumped (Lumonics HyperX400, operating
with XeC1) pulsed-dye laser (ELTO LT1233, operating with Coumarin
480), using a BBO crystal. Part of the 308 nm laser light from the
excimer is split, linearly polarized, and used for the photodissociation
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of C12. The Cl-atom photofragments are ionized using (2 / 1) REMPI,
and the ions produced are accelerated towards a home-built ionimaging detector. Images appearing on the detector anode are
recorded using a CCD video camera. Ions of different masses are
separated by time-of-flight during their field-free trajectory on route to
the detector.
Following the pioneering work of Eppink and Parker [16] we have
adopted the velocity imaging technique as a major modification in our
experimental apparatus. The modification involves replacing the
uniform extraction field assembly which consisted of a repeller and a
flat-fine-mesh grid by an electrostatic zoom lens consisting of repeller,
extractor and ground electrodes. With this arrangement, Eppink and
Parker [16] report that ions with identical velocities produced anywhere within the interaction volume can be spatially focused to a very
small "spot" on the detector ( 150 tm). In the course of this work,
because of the limited spatial resolution offered by the microsphere
plates (El Mul) used in our detector, we have been able to achieve only
moderate "ion-spot" sizes of 800 lam. Even so, we find that the
energy resolution of our spectrometer is improved to about 10%, from
20% when the grid is used [15].

RESULTS/DISCUSSION
The C1 and CI* photofragments are ionized using two-photon resonant
transitions 4p(4Ds/z)+--3pS(ZPl/2) at 240.19nm and the 4p(4p3/2)
+-3pS(2P3/2) 240.53 [10, 17, 18]. Data images representing the 2D
projection of the 3D velocity distributions for the photofragments
35C1" and 35C1 are shown in Figures l(a, b). Both data images are
averaged with respect to the symmetry axis (laser polarization
direction) and subsequently averaged with respect to an axis perpendicular to the laser polarization direction which passes through the
center-of-mass.
The angular distributions for CI* and C1 photofragments shown
in Figures 2(a, b), are determined by appropriate processing [13, 19],
of the images in Figures l(a,b). Both distributions are strongly
anisotropic, peaking at 0 90 Modeling the experimental angular
distribution presented in Figure 2(a) using the functional form of Eq. (1)
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FIGURE
(a) Data image of the C1(2p3/2) photofragment; (b) Data image of the
CI( P1/2) photofragment generated from the photodissociation of C12 at 308 nm. The
polarization direction of the photolysis laser is indicated by the arrow. The bright spot at
the center of image (b) is CI* from the photodissociation of (C12)N 2,3 clusters.
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FIGURE 2 Angular distribution for the C1(2 PI/2), C1(2 P3/2) photofragments generated
from the photodissociation of C12 at 308 nm.

we find that

fl(C1)=-1.00+0.05. This values implies a prompt
dissociation following excitation through a perpendicular transition
[6, 7] such as lu+-0g+(XEg) The disturbing result concerns the
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value /3(C1")=-0.95 +0.05 determined by fitting the data show in
Figure 2(b). This result is surprising because CI* is produced exclusively
by the parallel excitation 0u+ +-0g+(X1Eg) and hence, upon prompt
dissociation this process should yield a cos20 distribution (i.e.,
/3(C1") 2.0). Previous measurements of the C1 and CI* angular
distribution at this wavelength reported /3(C1")=-0.7+0.2 and
-+- 0.1 [4, 11], in fair agreement with our results.
/3(C1)
The "anomalous"/3(C1") value is attributed to non-adiabatic curvecrossing between the lu and the 0u+ electronic states. From the CI*
image, we can determine the ratio of direct vs indirect CI* production
(100% direct production implies /3(C1") 2.0, while 100% indirect
production via curve crossing yields/3(C1") -1.0). From the experimentally determined value/3(C1") -0.95, we conclude that

C1 indirect
C1 direct + C1 indirect

98%,

i.e., Cl* is essentially produced via non-adiabatic curve crossing.
Determining the magnitude of this curve crossing probability is in
principle possible from the C1 image, as two rings are anticipated, one
corresponding to C1 / C1, and the other to CI*+ C1. Unfortunately,
the energy resolution of our spectrometer (10%) is not sufficient to
resolve these two rings.
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