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cluster—it reflects a peculiarity in the bonding of tetramers
rather than unusual dynamics.

To check this notion, we have also made observations of
the dissociation temperature T, (thatis of the temperature
for which the cluster dissociates during a heating interval of
a quarter of a second). The values of T, plotted in Fig. 1
show the same general trends as the diffusion temperature—
dissociation of the tetramer occurs at a substantially lower
temperature than for the trimer or pentamer. The binding of
cluster atoms in the tetramer is unusually weak, and it is this
weakness that allows atomic displacement, and therefore
diffusion, to occur so readily in the tetramer. For iridium
clusterson Ir(111), which so far is the only two-dimensional
system examined quantitatively, all the observations are
consistent with cluster diffusion by the same mechanism,
regardless of size—namely by displacements of the individ-
ual atoms making up the cluster.
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The interaction of excess electrons with water has been
studied extensively in media ranging from the solid state to
gas phase clusters. Such studies have included measurement
of elastic and inelastic scattering cross sections for electrons
in thin amorphous water films,"? ESR spectra of hydrated
electrons (e,, ) frozen in glasses,>* optical spectra of e, in
solution,>” and electron thermalization lengths in liquid wa-
ter.® The relaxation of electrons injected into liquid water
has been investigated via the disappearance of a transient IR
absorption®and appearance of a relatively long-lived absorp-
tion peaking from 600 to 700 nm attributed to e, .>"'%"2
Theoretical'>-2! and experimental®*-* interest in hydrated
electron clusters, (H,0), , has arisen because of the possible
connection between cluster and condensed phase behavior.
Experimental work has included mass spectrometry,?-2¢
photoelectron spectroscopy (PES),**=*? low energy electron
attachment,?’~?° vibrational autodetachment,> as well as
studies on the reactivity** of (H,0), . Previous work by
Posey and Johnson®? revealed that fragmentation competes
with electron detachment:
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thy
(H,0),” ()

when hydrated electron clusters (H,0),” (15<n<40) are
excited at 1064 nm, near the photodetachment thresholds
determined by PES.?*? The observed competition appears
to be a general property of homogeneous anionic cluster sys-
tems. 36

To quantify this connection between photodissociation
and threshold photodetachment, we report the wavelength
dependence of the photofragmentation quantum yield [Eq.
(1)] and compare it to the electron binding energy (EBE)
distribution measured by PES. We define the photofragmen-
tation quantum yield as the integrated ionic photofragment
intensity divided by the integrated parent depletion
{¢ = k,/(k, + k;)]. Inherent in this definition is the as-
sumption that all photons absorbed by the cluster lead toion
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depletion, i.e., absorption leads either to photodetachment
or photofragmentation.®® Hence, (1 — ¢) yields the photo-
detachment branching ratio. The details of (H,0), cluster
production as well as the experimental apparatus used in
these photofragmentation studies at Yale have been de-
scribed in previous work.*? First and second Stokes orders of
a Raman shifted (H,) pulsed dye laser supplied the near IR
wavelengths used for photofragmentation. Photoelectron
data (n = 2,6,7,11-40) was collected with the apparatus at
Johns Hopkins®!"**which has also been described previously.

Since the present study focuses on the competition be-
tween photofragmentation and photodetachment, we re-
strict our attention to excitation energies above the electron
photodetachment threshold (4v>0.8eV), which also ex-
ceeds the energy required to eject a neutral water monomer
(Dy=0.48 4+ 0.05eV, n>>15).*547 Figure 1 displays the pho-
tofragmentation quantum yield (¢) measured on the Yale
apparatus plotted as a function of photon energy for
(H,0);; along with its EBE distribution measured using the
continuous beam photoelectron spectrometer at Johns Hop-
kins. Remembering that the electron photodetachment
quantum yieldis 1 — &, Fig. 1 reveals that only photodetach-
ment is observed at excitation energies above 2 eV; however,
as the photon energy decreases photofragmentation begins
to compete with photodetachment with an onset in the range
of EBE distribution. It should be noted that although the
cluster ion sources used in the Yale*® and Johns Hopkins
experiments®**>? are different, both groups have obtained
nearly identical photoelectron spectra. The EBE distribu-
tion displayed in Fig. 1 was obtained at 488 nm (2.540¢eV), a
photon energy where photofragmentation no longer com-
petes with photodetachment. Interestingly, the vertical de-
tachment energy (VDE) of 1.4 eV for (H,0),; is in the
range of that calculated for surface state electron localiza-
tion."”

Thus, the photofragmentation channel drops rapidly
with increasing photon energy over & range corresponding to
the width of the EBE spectrum. The half-height of the pho-
tofragmentation onset (¢=0.5) is nearly the same as the
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FIG. 1. Photon energy dependence of the photofragmentation quantum
yield (@) shown with representative error bars and the electon binding en-
ergy (EBE) distribution measured using photoelectron spectroscopy
(dashed curve) for (H,0),;. The displayed EBE distribution is artificially
truncated above 2.3 eV due to limitations in low energy photoelectron col-
lection.
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VDE (peak of the dashed spectrum), @ correlation which
holds for all clusters in the size range 20<n<40.*® Note that
excitation below the EBE threshold (=0.8 eV) does not
have sufficient energy to access the electron continuum; and
therefore, ¢ must converge to unity for #7v<0.8 eV.

The observation that photofragmentation only com-
petes with photodetachment near the detachment threshold
suggests that the energy of the photoexcited excess electron
may control the fragmentation of (H,O), clusters. In this
picture, photoabsorption above the VDE appears to be chan-
neled into excitation of the extra electron and hence in-
creases its propensity to escape from the cluster (photode-
tach).>**® In studying the reverse process, low energy
electron attachment to neutral water clusters, Echt and co-
workers " observed that only near zero kinetic energy
electrons (KE<0.5 eV, the limiting resolution of the appara-
tus) are efficiently attached to form negative ions. Kon-
dow?® has also prepared similar (H,0), cluster ion distri-
butions using collisional electron transfer from
high-Rydberg rare gas atoms, a technique which provides a
source of electrons with kinetic energies less than 10 meV.
Furthermore, the detailed shape of the (H,0), cluster ion
distribution created by low energy electron attachment can
be reconstructed considering only the photofragmentation
pathways of (H,0),” .>**® The similarities between the elec-
tron attachment studies and this work suggest that cluster
formation and photofragmentation proceed through a com-
mon intermediate.

(H,0); +hv—[(H,0); ]*~(H,0), +e~  (2)

perhaps with intracluster electron scattering mediating the
decay dynamics. Thus, optically excited (H,0), clusters

~appear to simulate the e~ -cluster complex at the “half-colli-

sion,” where increasing photon energy above the detach-
ment threshold corresponds to increasing the electron kinet-
ic energy.

Acknowledgments. The research at Yale University was
supported by NSF Grant No. CHE 8602195 and the Office
of Naval Research. The research at Johns Hopkins was sup-
ported by NSF Grant No. CHE 8511320.

) Present Address: Department of Chemistry, Stanford University, Stan-
ford, CA 94305.

® Author to whom correspondence should be addressed.

M. Michaud and L. Sanche, Phys. Rev. A 36, 4672 (1987).

M. Michaud and L. Sanche, Phys. Rev. A 36, 4684 (1987).

L. Kevan, Acc. Chem Res. 14, 138 (1981).

“H. Shiraishi, K. Ishigure, and K. Morokuma, J. Chem. Phys. 88, 4637
(1988).

°E. J. Hart and J. W. Boag, J. Am. Chem. Soc. 84, 4090 (1962).

$J. W. Boag and E. J. Hart, Nature 197, 45 (1963).

"F.-Y. Jou and G. R. Freeman, J. Phys. Chem. 83, 2383 (1979).

%Y. V. Konovalov, A. M. Raitsimring, and Yu. D. Tsvetkov. Radiat. Phys.
Chem. 32, 623 (1988).

°A. Migus, Y. Gauduel, J. L. Martin, and A. Antonetti, Phys. Rev. Lett. 58,
1559 (1987).

'®W. J. Chase and J. W. Hunt, J. Phys. Chem. 79, 2835 (1975).

'], M. Wiesenfeld and E. P. Ippen, Chem. Phys. Lett. 73, 47 (1980).

12J, M. Warman, M. Kunst, and C. D. Jonah, J. Phys. Chem. 87, 4292
(1983).

®A. Wallqvist, D. Thirumalai, and B. J. Berne, J. Chem. Phys. 85, 1583
(1986).

14U, Landman, R. N. Bamnett, C. L. Cleveland, D. Scharf, and J. Jortner, J.

J. Chem. Phys., Vol. 91, No. 10, 15 November 1989



Letters to the Editor

Phys. Chem. 91, 4890 (1987).

SR. N. Barnett, U. Landman, C. L. Cleveland, and J. Jortner, Phys. Rev.
Lett. 59, 811 (1987).

'SR. N. Barnett, U. Landman, C. L. Cleveland, and J. Jortner, J. Chem.
Phys. 88, 4421 (1988).

7R. N. Barnett, U. Landman, C. L. Cleveland, and J. Jortner, J. Chem.
Phys. 88, 4429 (1988).

18R. N. Barnett, U. Landman, C. L. Cleveland, and J. Jortner, Chem. Phys.
Lett. 145, 382 (1988).

R. N. Barnett, U. Landman, C. L. Cleveland, N. R. Kestner, and J.
Jortner, J. Chem. Phys. 88, 6670 (1988).

20R. N. Barnett, U. Landman, and A. Nitzan, J. Chem. Phys. 89, 2242
(1988).

213. Jortner, U. Landman, and R. N. Barnett, Chem. Phys. Lett. 152, 353
(1988).

22M. Armbruster, H. Haberland, and H.-G. Schindler, Phys. Rev. Lett. 47,
323 (1981).

23H. Haberland, H.-G. Schindler, and D. R. Worsnop, Ber. Bunsenges.
Phys. Chem. 88, 271 (1984).

2¢H. Haberland, C. Ludewigt, H.-G. Schindler, and D. R. Worsnop, J.
Chem. Phys. 81, 3742(1984).

%*H. Haberland, H. Langosch, H.-G. Schindler, and D. R. Worsnop, J.
Phys. Chem. 88, 3903 (1984).

26H. Haberland, C. Ludewigt, H.-G. Schindler, and D. R. Worsnop, Surf.
Sci. 156, 157 (1985).

2M. Knapp, O. Echt, D. Kreisle, and E. Recknagel, J. Chem. Phys. 85, 636
(1986).

28M. Knapp, O. Echt, D. Kreisle, and E. Recknagel, J. Phys. Chem. 91,
2601 (1987).

T. Kondow, J. Phys. Chem. 91, 1307 (1987).

39). V. Coe, Ph.D. Thesis, The Johns Hopkins University, 1986.

COMMENTS

318, T. Arnold, J. G. Eaton, D. Patel-Misra, H. W. Sarkas, and K. H.
Bowen, Jon and Cluster Ion Spectroscopy and Structure, edited by J. P.
Maier (Elsevier, Amsterdam, 1989), p. 417; K. H. Bowen and J. G. Ea-
ton, in The Structure of Small Molecules and Ions, edited by R. Naaman
and Z. Vager (Plenum, New York, 1988), p. 147.

32G. H. Lee, C. Ludewigt, J. G. Eaton, H. Haberland, and K. H. Bowen (to
be published).

3L. A. Posey and M. A. Johnson, J. Chem. Phys. 89, 4807 (1988).

341.. A. Posey, M. J. DeLuca, P. J. Campagnola, and M. A. Johnson, J.
Phys. Chem. 93, 1178 (1989).

35A. Bar-on and R. Naaman, J. Chem. Phys. 90, 5198 (1989).

36L. A. Posey, M. J. DeLuca, and M. A. Johnson, Chem. Phys. Lett. 131,
170 (1986).

37M. L. Alexander, M. A. Johnson, N. E. Levinger, and W. C. Lineberger,
Phys. Rev. Lett. 57, 976 (1986).

3M. J. DeLuca, B. Niu, and M. A. Johnson, J. Chem. Phys. 88, 5857
(1988).

3H..S. Kim and M. T. Bowers, J. Chem. Phys. 85, 2718 (1986).

40J. T. Snodgrass, J. V. Coe, Jr., C. B. Freidhoff, K. M. McHugh, and K. H.
Bowen, J. Chem. Phys. 88, 8014 (1988).

4!L. A. Posey and M. A. Johnson, J. Chem. Phys. 88, 5383 (1988).

42M. J. DeLuca and M. A. Johnson, Chem. Phys. Lett. 152, 67 (1988).

438. H. Yang, C. L. Pettiette, J. Conceicao, O. Cheshnovsky, and R. E.
Smalley, Chem. Phys. Lett. 139, 233 (1987).

“44L.-S. Zheng, C. M. Karner, P. J. Brucat, S. H. Yang, C. L. Pettiette, M. J.
Craycraft, and R. E. Smalley, J. Chem. Phys. 85, 1681 (1986).

45J. V. Coe, J. T. Snodgrass, C. B. Freidhoff, K. M. McHugh, and K. H.
Bowen, J. Chem. Phys. 84, 618 (1986).

46C. E. Klots, J. Chem. Phys. 83, 5854 (1985).

47p. J. Campagnola, L. A. Posey, and M. A. Johnson (to be published).

“8L. A. Posey, Ph.D. Thesis, Yale University, 1989.

Comment on predissociation of O, in the B state
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In their paper on the predissociation of O, in the B state,
Wodtke et al.! attempt to match the observed excitation
spectrum of some O, Schumann—Runge features with simu-
lated spectra synthesized from triplet component line center
spacings, obtained from the fine structure analysis of Berge-
man and Wofsy,” and individual triplet component widths,
based on the calculations of Julienne® and Julienne and
Krauss* for curve crossings of the B33 states of symme-
tries *I1,,, *I1,, and X (or 'Il,), respectively. For exam-
ple, the R(27) feature of the (11,2) band, which is partially
resolved in the experimental excitation spectrum of Fig. 4 of
Wodtke et al., is compared with three simulated spectra of
which only one, viz., that corresponding to the curve cross-
ing by the repulsive I, state, is consistent, according to
Wodtke et al., with the experimental result. In their Fig. 4,
the relative peak heights of the individual R,, R,, and R,
components are given by the ratios of the reciprocals of the
line widths of Julienne. These relative peak heights are used
together with the component widths of Julienne and the
component spacings calculated from the spin constants of
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Bergeman and Wofsy? to generate three Lorentzians that are
added to produce the resultant R(27) line profile, which is
then convoluted with the (assumed Gaussian) laser profile
for comparison with the experimental excitation spectrum.

We have verified that the relative peak heights of the
components, shown in Fig. 4 of Wodtke et al. on the same
ordinate as the resultant cross section, are not the relative
peak cross sections of the component Lorentzians, but are
instead the relative integrated cross sections. This significant
distinction, nowhere stated in their paper, confirms that the
simulated spectra in their Fig. 4 are excitation spectra and
not absorption spectra.

Wodtke et al. used the spin—spin and spin—-rotation con-
stants of the v’ = 11 level of Bergeman and Wofsy” to calcu-
late the triplet spacings for the R(27) feature of the (11,2)
band. Those spacings, estimated from Fig. 4 of Wodtkeet al.,
are R, — R, ~09 and R; — R, ~1.2 cm~!. We have re-
cently performed high resolution photographic absorption
wavelength measurements of O, at ~520 K (unpublished),
with the same spectrographic apparatus used in our earlier
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