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Negative ion laser photoelectron spectroscopy has proelectron affinity of SnO is expected to be rather low, as, e.g.,
vided accurate electron affinities for a wide variety of spe-EA(CO)<O0.
cies, ranging from atoms to complex molecular systéms. A survey of the entire 3.408 eV accessible photoelectron
Data from these studies frequently determine several spespectrum indicates photodetached electrons were observed
troscopic constants for the neutral as well as the precursdily between 1.7 and 0.3 eV electron binding energy. The
anion, including vibrational frequencies, term energies forcold photoelectron spectra of SnCtaken between these
low-lying electronic states, spin—orbit splittings, and electron energy limits is shown in Fig. 1. Three intense peaks
singlet—triplet gapé.Continuing a study of metal oxides, we (A—C) and a number of weak features are observed in this
report the 364 nm photoelectron spectra of Sn@he prop-  '€gion; the uniform=810 cm* spacing between the ten
erties of the neutral SnO have been the focus of sporadig€aks A—J identifies them as arising from transitions to

z ; Iy + :
attention over the last 30 yeas. While there are several —0 - -9 in theX"X ground state of SnO. This very long
reports on the higher excited states, virtually nothing isProgression is the result of the 364 nm photon producing
known concerning electronic states of SnO lying belew both direct photodetachment and also exciting an autoioniz-

) 5 ) : ’
eV 8-15 Balasubramanian and PitZeeport calculations of a "9 (probably“) excited state of SnQ thus simple, cal

. . culated Franck—Condon intensity profiles cannot be used to
"3 state lying 2.3 eV ahove the ground state, but this Stat%btain an accurate anion bond %eagth. Another readily as-
has never been observed.

o ... .signable feature of th rum is the progressidon
The negative ion photoelectron spectrometer used in thlS gnable feature of the spectrum is the progression &,

. ) - . 3rising from the spin—orbit excited], state of SnO. The
work has been described in det%\Anlon§ are generatedina g_ g eycited state will exhibit a progression of peaks similar
variable temperatur¢180—300 K flowing afterglow ion

) : : to A-J, shifted to lower binding energy by the spin—orbit
source and thermalized. Tin anions,

_and generated - by, citation energy, and reduced in intensity as a result of the
sputtering® a tin rod (Goodfellow, 99.75% are allowed to

react with Q added downstream to produce several tin oxide
anions. The anions are extracted from the flow tube, mass 250
analyzed(~3 pA of SnO’), and crossed with-100 W of
364 nm radiation(3.408 eV} from an Argon ion laser in a
high finesse build-up cavity. Photoelectrons detached per-
pendicular to both beams are energy analyzed with a hemi-
spherical analyzer having7 meV resolution. The absolute
electron energy scale is determined by calibration with O
whose electron affinity is well determin¥dand a small en-
ergy scale nonlinearity is determined and corrected using the 7 G F
well-known W atom fine structure intervafobserved in the e H N
photoelectron spectrum of W 0 ' T T
The SnO molecule has a formal triple bond and3a 14 12 1.0 0.8 0.6 04
ground state, in analogy to CO. The added electron in the electron binding energy (eV)
anion must reside in a* orbital, giving rise to a2H1,2,3,2

a.nion.ground state, with increased. bond length and a reducegls 1. 364 nm photoelectron spectrum of Sn@ken at 180 K(dotted
vibrational frequency compared with ground-state SnO. Théine) and Franck—Condon simulatiggolid line).
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TABLE I. Spectroscopic constants for Sn@nd SnO.

re (A) Vibrational frequency(cm™?)
State To(cm™1) Experimental Ab initio® Experimental Ab initio®
SnO™(211,y) 0 1.91+0.02 1.907 726:25 68¢"
SnO (2115,) 1120+15
Sno ¢sh) 4825+50F 1.832 508 1.830 81610 810

#B3LYP/SDD/aug-cc-pVTZ.

PFrequencies are not scaled.
‘Corresponds to EASnO=0.598+0.006 eV.
YFrom Ref. 20.

lower population in the excited state. Finally, by comparisonhigher electron binding energies indicates that the first ex-
of this 180 K photoelectron spectrum with a room tempera<ited state of SnO lies above 2.7 eV, the difference between
ture spectrun{not shown, one can identify vibrational hot the photon energy and the E®nO. Calculations by Bala-
bands. Peaks a and are such vibrational hot bands, arising subramanian and PitZeindicate the’s, * state to be the first
from the first vibrational excited states of the ground and thexxcited state in SnO, with a excitation value of 2.3 eV: how-
first S—-O excited states, respectively. The position of peak Awer, the lowest exited state observed experimentally has an
determines the electron affinity of SnO, 0.3%B006 eV.  excitation energy of 2.6 eV?
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the intense peaks exhibit significant anisotrof§=0.4) ' ' '

while the extended weak features exhibit isotrofiz=0) a ] )
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