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Laser induced reaction of Ca*-tertbuylamine complex was studied by reflectron time of flight spectrum

(RTOF). Different photodissociation spectra, the action spectrum as function of laser wavelength, and ratio curve of

different channels were obtained. Two channels were found, one was Ca* cation separation channel, the other one was

reactive channel for product Ca*NH,. Product Ca* was dominant in the whole region studied and the only one in the re-

gion 530~595 nm. The action spectrum shows pronounced structureless peaks, which are relevant to the transition of

complex. The dynamic of the reaction was discussed at the end.
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1 Introduction

Photo-induced reactions of metal ions and molecular pre-
cursor complexes are crucial to the understanding of a wide
range of biological, chemical, and physical processes™”. In terms
of the photodissociation spectroscopy of weakly bound bimolec-
ular complexes, the information on structures, microsolvation
phe-nomena, reaction mechanisms as well as ion-molecule in-
teractions of complexes can be obtained®”. It is also a useful tool
to detect the dynamics of half-collision bimolecular reactions ',
Singly charged alkaline earth metal cations have only one va-
lence electron and have substantial oscillator strengths in the
visible, near ultraviolet, ultraviolet spectral regions, which can
be easily accessed by pulsed laser sources. With the rapid de-
velopment of the experiment techniques in supersonic expan-
sion, time-of-flight mass spectrometry, and laser spectroscopy, a
variety of work has been directed on the photodissociation of the
alkaline-earth cation-molecule complexes™®.

Many biological processes concern interactions between
metal ions and proteins or peptides where nitrogen atoms are of-
ten the coordination sites""". Photodissociation of the complex-
es of metal ions with various N-containing molecules is a useful
technique for the studies of these interactions. The complexes of
metal ions with some small molecules such as N,, CH;CN, and
NH; have been studied. During the past few years, we have also
used the photodissociation technique to study a series of com-
plexes between Mg* and CH;CN, H,NCH,CH,NH,, XCNC,H,,,,,

Complex, Photodissociation, Atomic orbital, Action spectrum

NCXC,H,,.(X=0, S;n=1, 2), etc.

Recently, we have started to look into Ca*molecule com-
plexes in view of that fact the Ca* is another important alkaline
earth cation and is more active than Mg*. Comparing the pho-
todissociation of complexes containing Ca* and Mg*, some com-
mon rule of alkaline earth cation can be found and more impor-
tantly, the special difference between them can give useful in-
formation about the selective reaction. Here, photo induced re-

action of Ca*-NH,C(CHz), was reported and discussed.

2 Experiment and Results

The experimental apparatus has been depicted previously!*!
and thus only the parts relevant to the present experiments are
given here. A rotating calcium-oxide rod attached to a sample
holder was mounted 15 mm downstream from the exit of a
pulsed valve (general valve). Driven by a step motor, the sample
disk rotated on each laser pulse to expose the fresh surface dur-
ing the laser-ablation. The pulse valve was used to generate
beam of tert-butylamine by supersonic expansion of a gas mix-
ture of tert-butylamine vapor seeded in helium carrier gas (with
a backing pressure of ~4.0827x10° Pa) through a 0. 5 mm diam-
eter orifice. The second harmonic(532 nm) of a Nd:YAG laser
(~40 ml/pulse) was weakly focused on a ~1 mm diameter spot
of the calcium-oxide disk for the generation of metal cations.
The laser-vaporized species traversed the supersonic jet stream

20 mm from the ablation sample target, forming a series of sol-
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vated metal cation-tertbutylamine cluster complexes. The clus-
ters thus formed traveled 14 cm downstream to the extraction
region of the reflection time-of-flight spectrometer (RTOFMS).
The cation-molecule complexes were accelerated vertically by a
high-voltage pulse (~1000 V in amplitude and 25 ws in width) in
a two-stage extractor. After extraction, the cation-molecule
complexes were steered by a pair of horizontal plates and a pair
of vertical deflection plates. All the cluster cations were reflect-
ed by the reflectron (VR1=+650 V, VR2=+1050 V) and finally
detected by a dual-plate microchannel detector (MCP). For pho-
todissociation experiments, a two-plate mass gate equipped with
a high-voltage pulser (normally at +500 V) was used to select
desired cluster cations. The mass-selected cluster cations, once
arrived at the turn-around region of the reflectron, were irradi-
ated with a collimated beam of a dye laser for photolysis. The
parent and nascent daughter cations were re-accelerated by the
reflectron electric field and detected by the MCP detector. The
dye laser for photodissociation was pumped by a XeCl excimer
laser (Lambda Physik LPX 210i/LPD3002). The spectral region
of 360~642 nm was covered by the fundamental outputs of the
dye laser using BBQ, stilbene 420, Coumarin 460, Coumarin
503, Coumarin 540A, Kiten Red. The photolysis laser fluence
was kept low( < 1 mJ-cm™) to avoid multiphoton processes and
saturation phenomena.

Fig.1 shows the photodissociation difference mass spectra
of the complex at 470 nm and 562 nm, which are obtained by
subtracting collected data taken with or without the photodisso-
ciation laser on. Thus, the negatively oriented peaks indicate the
disappearance of the parent complex, and the positively oriented
peaks correspond to the appearance of daughter ions. The loss of
Ca™ is the dominant pathway throughout the whole spectral re-
gion we studied(360~642 nm), and the only channel in the region
530~595 nm. Reactive channel product, Ca* NH,, is formed in ~
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Fig.1 Photodissociation difference mass spectra of

Ca*-tertbuylamine at 470 nm and 562 nm

6% yield and falls in whole region but 530 ~595 nm. The

photofragments can be summarized in terms of the reactions as

follows:
Ca'(NH,C(CHs);) + hv—
[Ca*(NH,C(CH,),)]*—
Ca*(m/e=40)+ NH,C(CHs); (nonreactive)— 1)
Ca*(NH,)(m/e=56) + C(CHjy),) (reactive) (2)

The total ion yield of the photofragments was recorded as a
function of the photolysis laser wavelength, and normalized by
the parent ion intensities and laser fluence. This constitutes the
photodissociation action spectrum as shown in Fig.2. The action
spectrum consists of three structureless bands. The bands are
peaked at ~424 nm (full width at half maximum, FWHM=~13 nm),
~476 nm (FWHM=~9 nm) and ~570 nm (FWHM=~23 nm). The
first peak (~424 nm) is from the transition of whole tert-buylamine,
and the two peaks left (~476 nm and ~ 570 nm) in the action
spectrum originate from the splitting of the 4°P < 43S atomic
transition of Ca*. These are consistent with result of ab inito cal-
culations. The presence of the ligand NH,C(CHy); causes the spl-
itting and gives strong perturbation to the atomic transition, then
forms the special spectral feature. The interaction between Ca*
and NH,C(CHy;); makes the 4p orbital splitting, and this splitting
depends on the orientations of the three 4p, , . orbitals with re-
spect to the complex bind axis.

In order to unravel the photodissociation mechanisms, we
examined the branching fraction of the fragments we observed
as a function of photolysis laser wavelength. As can be seen in
Fig. 3, non-reactive channel product is dominant in whole range
and the only channel in the region 530~595 nm. The reactive
channel product has a peak at ~480 nm, and its yield decreases
with the wavelength going to both sides till zero. The region cor-
responds to the transition of 4p, orbital. We calculated the

ground geometry of the complex, found that the Ca™ cation is
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Fig.2 Action spectrum of Ca*-tertbuylamine
The vertical axis represents the total photofragment ion yield.

The dash line indicates the atomic transition of Ca*(2P+>S).
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