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The photodissociation dynamics of state selected OD radicals has been examined at 243 and 226 nm
using velocity map imaging to probe the angle—speed distributions of tR&)¥nd OFP,)
products. Both experiment and complementary first principle calculations demonstrate that
photodissociation occurs by promotion of OD from high vibrational levels of the gréfidl state

to the repulsive 3~ state. © 2003 American Institute of Physic§DOI: 10.1063/1.1623175

Experimental methods for studying molecular photodis-cence and resonance enhanced multiphoton ionization
sociation under collision-free conditions were introduced al{REMPI) detection techniqués’ the only species in the
most forty years agbDespite its importance in atmospheric beam that was found to focus with the hexapole was OD. A
and astrochemical proces§e|so such studies have been re- corresponding increase in signal for the photodissociation
ported for the hydroxyl radical. OH is experimentally chal- processes with the hexapole on is thus direct proof that the
lenging because all of the electronic transitions originating®hotodissociation signal arises from OD.
from X 2II(v=0) lie in the vacuum ultraviolet region of the At about 5 cm from the end of the hexapole both photo-
spectrum, except the well-knowk-X transition used for la- dissociation of OD and photoionization of the atomic frag-
ser induced fluorescencklF) detection. Furthermore, most Ments is induced t_’y pulsed radiation from a frequency-
sources of OH radicals also co-produce large amounts dfoubled dye laser with a pulse energy-ei.5 mJ. The laser
O(P) and HED) atoms, which can overwhelm the photo- yva\_/ele_ngth is chosen for twp-photon resonant three-photon
product signals. In this Communication, we report a photolonization[(2+1) REMPI] of either O(P.) atom products at

dissociation study of state-selected OD under collision-free26 nmhor D_ES) atg!’n pr?cél;(cts atd243 nm. f\Ne wg:jrepc()jrt
conditions. Using a hexapole state selector and the velocit omprehensive studies of &R, detection from an

map imaging techniqué? we measure angle—speed distribu-t H acht26 r:m m_g Iaterfaort::;:le. Thert'ethare not knc.)wgé),\r;lgl or
tions for the O¢P,) atom product following photodissocia- Wo-photon transitions o + or 4D at these atomic
tion at 226 nm and th®(n=1,2S) product for photodisso- wavelengths. The ©or D™ atoms produced by the REMPI

ciation at 243 nm. New, fullyab initio calculations of the process are velocity mapped onto the two-dimensional imag-

. . ing detector using an electrostatic inversion lens. A CCD
lower electronically excited states of OD were performed to 9 g

. . ) camera records the 2-D image, which is presented as a slice
yield accurate wave functions and internuclear dependerﬂ1r0ugh the reconstructed 3-D image using an inverse Abel
transition dipole functions for the states involved. These

. RN _ Alransformatiorf:
used to explain the observed dissociation dynamics. Raw D' and O images(hexapole on—hexapole dfare
OD is produced by an electric discharge in aQbAr

) Y presented in Fig. 1. These images are a summation from
mixture expanded through a pulsed valv@he molecular 54 g |aser shots with the hexapole on, corrected by a sub-

beam passes through a skimmer followed by a 12 cm longgq et hackground image taken with the hexapole off. Both
hexapole electrostatic lens which focuses OD in thepe pt and O images show a strong peak in the middle of
X2y, =312, f lambda doublet levelThe enlargement of e image, which corresponds to zero-velocity fragment
the distance between the source and photodissociation aredp,) or D(2S) atoms formed in the discharge source.
by the insertion of the state selector decreases the contribt4hese atoms are not fully eliminated by the hexapole on—off
tions from all other species in the discharge beam, while thgyptraction scheme and cause a slight overload of the CCD
hexapole increases the concentration of the state-selectgémera at the image center. Signals at larger distances from
component by a factor of-8 at the crossing point with the the image center arise from atoms with increasingly higher
photodissociation laser. Using both laser induced ﬂUOI‘eSphotofragment velocities. The images are calibrated by
O(®P,) from O, photodissociation at 226 nm and by 1)

Author to whom correspondence should be addressed. Electronic maiffOM Dl_ photodissociatioq at 243 nm. Two rir_lgs appear in
parker@sci.kun.nl the O" image corresponding to &®,) atoms with velocity
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a fully perpendicular angular distribution is measured

b) : (sir? §,8=—1.0+0.2). A quantitative discussion of the an-
J 1 gular distributions including the effects of O atom angular
» 2 momentum alignment will be given in a following paper.

: The observed peaks in the TKER distributions can only
be assigned to one-photon dissociation of OD in high vibra-
s & o tional levels of the groundIl electronic state. Using the
km/s kmis — % energy balance equation TKERv+ E(vib)gp— Dg, with

) _ _ _ OD vibrational energie&(vib) op and bond energy Pfrom
FIG. 1. Velocity map images df) O" and(b) D* ions detected following Refs. 8 and 9, the two main peaks seen for O atom detection
photodissociation of OD and subsequertl2REMPI of the atomic prod- : ! . . L. .
ucts at 226 and 243 nm, respectively, with insets showing the velocity scalédl 226 nm are attributed to photodissociation of ODvin

Darker areas correspond to more signal, as coded by the gray-scale bar en3 andv =4, as marked in Fig. 2. For D atom detection at

the left side of the figure. The central spots originate from zero-velocity243 nm, the three main peaks correspond to dissociation of
O(P,) or D(®S) atoms produced in the discharge source. The outer ringso[) (U =3, 4,and 5

arise from photodissociation of vibrationally excited QD11 radicals. The . L .
arrow at the right indicates the direction of the laser polarization. First principle calculations also demonstrate that the

photodissociation processes at 226 and 243 nm occur by one-
photon excitation of ODX ?[I1(v) to the repulsive 23~
verting these O atom velocities to total kinetic energy releas@nd 1°X ™ states are computed at the MRCI level of theory

[TKER=(mop/Mp) X KERG] yields values of 2.08 and 2.32 With the MoLPRO package?’~**The aug-cc-pV6Z basis sét
+0.06 eV. For O, at least three rings are seen, correspondiS uUsed and the molecular orbitals are obtained from a

ing to D atom velocities of 11800, 12800, and 13800 m/sCASSCF calculatioff*°in which the lowestr orbital is kept
and TKER values of 1.62, 1.91, and 2:20.06 eV, respec- doubly occupied. The active space consists of foutwo
tively. The TKER curves obtained from integrating over the 7x. and twor orbitals. A grid of 30 points from 1 to 18,
angular distribution of the images are shown in Fig. 2. ThdS émployed. The quality of th [T potential was evaluated
widths of the peaks in the TKER curves are determined byPy computing the lowest seven vibrational energy levels us-
electron recoil from th€2+1) REMPI process, as will be ing the sinc-function discrete variable representation
discussed in a future publication. method!® and the energy spacings were found to agree with
All of the observed angular distributions for D and O experiment to within 0.1%. Th&-dependent transition di-
atom signals peak in the horizontal plane, indicating a perPole moment between the two states was also calculated at
pendicular transition3® *+~«2I1 or 2A«2II) to a rapidly ~the MRCI level with orbitals from a state-averaged CASSCF

dissociating state. For the stronger rings in the D atom imaggalculation. The photodissociation cross sections for OD at
226 and 243 nm were then evaluated uing

a)

W2 2% - F\[2
0 1 2 3 4 O'(E)ZQKX I, (v) | ux(R)1 27, E7)|%,

wheref o is the photon energy and 2%~ ,E ") is the con-
tinuum wave function at total enerdy with photodissocia-
tion boundary condition¥ which were obtained using the
renormalized Numerov methdd.

Figure 3 illustrates the process of photodissociation from
the ODX 2[1(v=5) state based on the calculated potentials,
transition dipole function, and wave functions. As seen in the
figure, when using 243 nm light ODE5) can be excited to
the 125~ repulsive curve leading to the first dissociation
limit, but poor overlap of the bound and continuum wave
functions prevents absorption from O€5) at 226 nm.
More quantitatively, the calculations show that the OD
X2II(v=>5) photodissociation cross section 430 times
larger at 243 nm than at 226 nm. This same effect is found
experimentally, where a peak corresponding te5 is ob-
served in the TKER curve for D atoms at 243 nm in Fig. 2,

TKER (eV) while this peak is not detectable above the background in the
O atom TKER curve at 226 nm.
FIG. 2. Total kinetic energy releasdKER) derived from velocity map The relative intensity of the peaks in the TKER curves of

images of OtP,) and D@S) fragm_ent atoms fqllpwing photodissociation of_ Fig. 2 can be qualitatively understood based on the photodis-
OD at _226 and 243 nm, respecnvgly. The initial wpratlonal state of OD ISsociation cross sections computed for various vibrational
determined from energy balance with TKER v+ E(vib)op— Dy . The bar . . . .

graphs show the calculated photodissociation yields forXobI(v) ata  States. The calculations predict that at a vibrational tempera-

vibrational temperature of 1700 K. ture of ~ 1700 K thev =3 and 4 state&andv =2 to a lesser
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for two-photon dissociation is observed. While it is known
that discharge beams produce Vvibrationally excited
radicals?’ it is remarkable that the imaging experiment is
able to detect signal from vibrational levels which contain
such small fractiongas low as 10°) of the population. Nei-
ther one-photon nor two-photon dissociation is detected from
OD X ?1(v=0) at 243 or 226 nm. Stepwise two-photon dis-
sociation via the repulsive 2~ curve, starting from vibra-
tionally excited OD is also not observed. The apparent weak-
ness of two-photon excitation is most likely due to the
transition dipole and unfavorable Franck—Condon overlap.

1 2 3 4 5 D.H.P. and M.LL. thank the Dutch National Science
R(a) Foundation(NWO) for a visiting professor fellowship B70-
FIG. 3. Photodissociation of OB *[1(v=>5) at 226 and 243 nm via the 316. The experimental work in the Netherlan_ds i_S part of the
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continuum wave functions, and transition dipole moment fundtishitrary ~ initio work has been financially supported by the Council for
units). The photodissociat'ion cross secti_on is large at 243_ nm, put pooChemical Sciences of the Netherlands Organization for Sci-
overlap of ine wave functions when staring flam S results in minimal  gnific ResearchCW-NWO). M.E.G. and M.I.L. gratefully
acknowledge support from the Air Force Office of Scientific
Research.
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