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Abstract

Multiphoton-induced fragmentation of di-a-butyl tin diacetate was investigated using fluorescence spectroscopy. One-color multiphoton
dissociation/laser-induced fluorescence (MPD/LIF) experiments were performed at 236.28 nm and 227.5 nm on gas-phase samples of di-n-
butyl tin diacetate. These wavelengths correspond to one-photon excitation above the predicted onset of absorption for the dissociative
ligand-centered '(n,7r*) transition. With the excitation laser focused into a gas-phase sample, two bands were observed in the dispersed
fluorescence spectrum. The band centered at 390 nm was assigned to the CH (B*Z—-XIT) 0-0 transition and the band at 430 nm was assigned
to the CH (A?A-XI1) transition. Emission from the CH (B*2-X?IT) 1-1 transition was also observed in the MPD/LIF spectrum obtained

using 227.5 nm excitation.
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1. Introduction

Comparison of the UV and visible multiphoton dissocia-
tion (MPD) patterns of inorganic and organic compounds
has been the subject of a great deal of interest. Organometallic
compounds have long been known to yield bare metal atoms
in resonance-enhanced multiphoton ionization (REMPI)
spectroscopic studies. This characteristic pattern of dissoci-
ation, followed by ionization, has been termed class B non-
linear photochemistry [1]. Metal atoms are readily detected
in the total ion current spectrum, via mass spectrometry or
fluorescence. Fragmentation of organic species is known to
be dependent on the details of the excitation scheme [1,2],
with ionization of the parent compound via intermediate Ryd-
berg states commonly observed.

Di-n-buty! tin diacetate (DBTDA) is an example of a
compound which may combine features of inorganic and
organic MPI patterns. Previous work in our laboratory
explored some of the potential one- and multiphoton frag-
mentation channels of DBTDA [3]. The excitation scheme
was based on the use of the ligand-centered ' (n,#r*) transi-
tion as a dissociative first step in the decomposition. One-
photon excitation led to a small amount of CO, formation,
with an upper limit on the total absolute quantum yield of
2.0X 1072 As expected [ 1] for a tetravalent tin complex,
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Sn atomic resonances were observed in the MPI spectrum. In
addition, a series of broad features were observed which could
not be unambiguously identified via the total ion yicld spec-
trum. In the work reported here, fluorescence spectroscopy is
utilized as a complementary technique for the identification
of photofragments obtained from DBTDA.

Fluorescence spectroscopy has been shown to be a valuable
tool for examining the photofragments produced in MPD
experiments and has been applied to organometallic systems.
One approach is to monitor the vacuum UV emission pro-
duced via electron impact excitation of buffer gases in bulk
gas experiments with parallel plate electrodes. This technique
provides an alternative detection scheme for MPI spectra and
has been applied to arene chromium tricarbonyl compounds
[4]. Laser-induced fluorescence (LIF) can be used to mon-
itor the populations of atomic or molecular electronic states
which may not be accessible in REMPI experiments due to
selection rules. LIF monitoring of metal atoms produced from
the MPD of a variety of organometallics and metal alkyl
complexes is one example of this type of experiment [5-9].
Fluorescence from ligand fragments originating from copper
complexes has also been reported {10.11].

2. Experimental details

The basic experimental apparatus is an adaptation of that
discussed previously for phosphorescence experiments [ 12]
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and MPI spectroscopy [3]. A Questek v-f excimer laser,
operated at 1 Hz, was used to pump a Lambda Physik FL.3002
dye laser. The dye laser output was frequency-doubled using
a BBO crystal housed in an InRad autotracker. The funda-
mental was separated from the harmonic and blocked. The
final UV laser energy, measured by a Molectron J-25 joule
meter, was 0.5 mJ per pulse at each excitation wavelength.
The laser was focused in the center of a T-shaped glass cell
using a 20 cm focal length lens. The ion collection plates
used in the REMPI experiments were removed from the cell
for the fluorescence measurements.

The dispersed fluorescence spectra were measured at 90°
relative to the excitation laser beam. Emission from the vol-
ume of the laser focus was imaged onto the slits of a PTI
1/4 monochromator using two lenses. Fluorescence signals
were detected using a Hamamatsu model R1104 photomul-
tiplier tube. The phototube signals were integrated using a
computer-controlled home-built gated integrator (Evans
Electronics boards) operated in boxcar mode. Data acquisi-
tion and monochromator scanning were controlled using a
Northgate 386 PC. The monochromator was stepped in 0.5
nm increments and 200 laser shots were averaged per wave-
length.

Samples of DBTDA (Pfaltz and Bauer, 95%) were pre-
pared by degassing via multiple freeze—pump—thaw cycles in
liquid nitrogen. The only detectable contaminant was a larger,
less volatile, complex consistent with a dimeric di-tin hydrol-
ysis product [3] which is not expected to interfere with the
experiments performed here. The gas-phase absorption spec-
trum of DBTDA was measured at its room-temperature vapor
pressure, in 1 atm of air, with a Perkin-Elmer 320 spectro-
photometer.

Fluorescence experiments were performed on room-tem-
perature, continuously flowing, 50 mTorr samples of
DBTDA. Sample pressures were monitored using a Baratron
capacitance manometer. The front window of the reaction
cell was rotated after approximately 2 X 10° laser shots in
order to minimize the effects of photoproduct deposition on
the CaF, window.

3. Results

The gas-phase absorption spectrum of DBTDA is shown
in Fig. 1. The onset of absorption at approximately 240 nm
is similar to that observed for the '(n,77*) chromophore in
organic esters [ 13]. The one-photon wavelengths used for
the MPD/LIF experiments are also indicated in Fig. 1.

A broad structure, not consistent with atomic transitions,
was observed [3] in the DBTDA total ion current MPI spec-
trum at one-photon energies of 42 25042 500 cm . Exci-
tation at 236.28 nm was chosen as representative of this
region for the MPD/LIF experiments. This wavelength cor-
responds to a position between two REMPI peaks. Fig. 2
shows typical results for a 50 mTorr sample of DBTDA.
Weak emission was observed with one band centered at 390
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Fig. 1. UV absorption spectrum of DBTDA. The spectrum was obtained
with 2 nm resolution. No absorption was observed at wavelengths above

300 nm. The top trace is the DBTDA spectrum and the bottom trace was
obtained with an empty cell.
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Fig. 2. Dispersed emission spectrum. The one-photon excitation wavelength
was 236.28 nm. Other experimental conditions are given in the text.

nm and a second band observed at 430 nm. Emission signals
were weak and no observable wavelength dependence on the
MPD/LIF spectrum was found with one-photon excitation
energies in the range 42 25042 500 cm ™.

In order to obtain larger LIF signals, the excitation wave-
length was shifted to 227.5 nm. This provides a better one-
photon initial absorption by DBTDA, as indicated in Fig. 1,
at a wavelength where good UV powers can still be generated
in our apparatus. The resulting MPD/LIF spectrum for a 50
mTorr DBTDA sample is shown in Fig. 3. The two bands
observed in Fig. 2 are also found at this excitation wavelength,
although the intensity of the 430 nm band is increased relative
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Fig. 3. Dispersed emission spectrum. The one-photon excitation wavelength
was 227.5 nm. Other experimental conditions are given in the text. The inset
shows the 430 nm band at slightly higher resolution.

to the 390 nm band. In addition, a weak band is observed at
approximately 403 nm. The intense 430 nm band appears
to have shoulders on each side and a scan performed at the
limit of the monochromator resolution is shown in the inset
of Fig. 3.

4. Discussion

The LIF spectra shown in Figs. 2 and 3 are not consistent
with the known Sn transitions [ 14], eliminating the atomic
product as the source of the emission. A second potential Sn-
containing fragment, SnO, was considered since the uniden-
tified structure in the REMPI spectrum was observed in the
region of the one-photon E «— X transition [15]. Emission
from several excited states of SnO has been observed in the
300-600 nm range [16-18]. No emission was observed in
our experiments at wavelengths above 450 nm where the
intense SnO (a2 " (1)-X'2 ") system is reported [ 15-17].
The feature at 390 nm in Figs. 2 and 3 is also inconsistent
with the expected SnO bands.

Another possible source of the observed REMPI structure
is the Rydberg transitions of CH [19]. The features at 390
nm and 430 nm coincide exactly with the CH (B*%,~-X’I1)
and (A*A-X?I1) 0-0 bands respectively [19]. The contour
of the A — X band shown in the inset of Fig. 3 is similar to
that observed in higher resolution measurements of CH
excited via LIF in atmospheric pressure flames [20] and
generated via electron-impact dissociation of methyl halides
[21]. Nearly identical spectral resolution of this CH band
has been reported for laser photolysis fragmentation-fluores-
cence spectrometry (LPF-FS) experiments on CH;NO, at
193 nm [10]. While the 0-0, 1-1 and 2-2 bands of the CH
A — X transition overlap [21], the 1-1 band of the B—»X

transition, observed at approximately 403 nm [22], should
be resolvable in our apparatus. A weak band at this wave-
length is evident in Fig. 3.

The results obtained here are analogous to the observation
of ligand-derived CH generated from UV MPD of bis(1,1,1-
trifluoroacetylacetonato)copper(II)  [10] and Cu(Il),
Al(ID), Fe(1D), Cr(I1T) and Ga(IIl) with 1,1,1,5,5,5-hex-
afluoro-2,4-pentanedione ligands [11]. Fluorescence from
metal atoms was also observed in these experiments, as well
as emission from the Fe (IIT) complex at 389.3 nm which was
assigned to the CO (C'S*-A'll) 0-1 Herzberg band
[10,11]. Our spectral resolution would not be sufficient to
discriminate between the CO C— A 0-1 and the CH B »X
0-0 transitions. Two factors lead us to reject CO as the source
of our 390 nm band. First, no evidence was obtained in our
spectra for the CO C — A 0-2 transition at 412.5 nm, which
has a slightly larger Franck—Condon factor than the 0—1 band
[22]. The second piece of supporting evidence for CH B-X
emission is the observation of a peak consistent with the CH
B — X 01 transition.

The source of CH fragments in the UV MPD of DBTDA
may be either the n-butyl or the acetate ligand. Based on the
photochemistry of organic esters [13], cxcitation of the
"(n,7*) chromophore, which is localized on the carbonyl
group, should result in Norrish type I a-cleavage or Norrish
type II molecular elimination. Loss of CH, from the acetate
ligand via a Norrish type I channel, followed by thermal
decarboxylation, is a likely source of the small yield of CO,
observed in one-photon experiments [3]. CH; is a source of
CH, as shown in LPF-FS experiments on nitromethane at 193
nm [ 10]. Dissociation of CH; via two single-photon absorp-
tion steps, each followed by the loss of one H atom, or two-
photon excitation followed by dissociation into CH and H,
have been proposed as possible mechanisms [ 10]. In addi-
tion, UV MPD/LIF experiments performed on small organic
species, such as CH,CO, have resulted in the detection of CH
[23]. Additional investigations are required to characterize
the ligand fragmentation mechanism and to clarify whether
CH is the source of the structure in the REMPI spectrum of
DBTDA.

5. Conclusions

UV MPD of di-n-butyl tin diacetate results in extensive
ligand fragmentation in addition to atomic Sn formation.
Emission from the CH (B*% ~—X°I1) 0-0 and 0-1 bands and
the (AA-X*I1) band is observed via one-color MPD/LIF
spectroscopy.
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