Laser-Desorbed Large Molecules in a Supersonic Jet
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A new technique of desorption of non volatile thermally unstable molecules into a supersonic
jet has been developped. With this method isolated large molecules are now available for mass
spectrometry as well as for spectroscopic studies at temperatures of a few Kelvin, thus avoiding
spectral congestion. It could be demonstrated that molecules like tryptophane and retinal could
be desorbed with an IR laser pulse without decomposition and be ionized with a second UV laser

to form bare molecule ions without fragmentation.

Spectra of large molecules in solution generally
display only a broad band response with little
detailed information, in contrast to gas phase spec-
tra which give detailed structural and dynamic
information of very many lines. Hence, by vaporiz-
ing large molecules one expects an enormous in-
crease in the structural information obtainable.
Experiments with some thermally stable systems
have confirmed this. Unfortunately many, if not
most large molecules are thermally unstable so that
special techniques must be found for volatization if
extensive fragmentation is to be avoided. Once
volatalized the molecules can remain in the gas
phase if they are diluted in an inert medium. This
medium can be isentropically expanded in a super-
sonic beam which then yields temperatures in the
1 K range. This further simplifies the spectra of
most large molecules which are otherwise invariably
susceptible to hot band congestion.

A suitable method for injecting large thermally
unstable non-volatile molecules into a supersonic
beam of a noble gas therefore would make such
molecules accessible to electronic spectroscopy
under collisionfree conditions in a state of frozen
internal modes of motion. Here we employ a two
laser method, one to vaporize and one to ionize the
sample. This twe step technique has certain advan-
tages over a one step ionization method.

In recent years a number of different techniques
for mass spectrometry [1] have been developed to
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desorb non-volatile substances directly from a solid
sample by irradiation with photons, electrons or fast
ionic or neutral particles. The interaction may
probably be most closely described as ultrafast local
heating at the surface of the sample which results in
desorption of neutral and charged species. In most
cases only a small fraction of the desorbed particles
is ionized and subjected to mass spectrometry.

Here we report preliminary mass spectra [2] of
some thermally unstable non-volatile compounds
which were injected by IR-LD into a supersonic jet
and ionized by MPL In particular, IR Laser-induced
photodesorption (LD) [3] can yield exclusively neu-
tral molecules [4] without significant fragmentation
when moderate laser fluences are used. The test
substances were tryptophane (x-amino-f-indoyl-
propionic acid) and retinal (Vitamine A aldehyde)
as well as anthracene as a reference with well known
spectroscopic data.

A pulsed supersonic argon jet was generated by a
modified fuel injection valve (Bosch Mod. 280-
150152). The valve throat itself constituted an annu-
lar nozzle of ca. 100 pm width which was capable of
forming a cold jet without an additional pinhole
nozzle. The laser desorption took place in a mixing
chamber mounted immediately in front of the valve
throat as shown in Figure 1. The chamber consisted
of a cylindrical block of stainless steel with an axial
bore of 2.5 mm diameter through which the ex-
panding carrier gas pulse passes. Perpendicular to
this bore a channel of 2.5 mm was drilled; thus the
sample could be irradiated inside the mixing cham-
ber with a focused laser pulse. The samples consist-
ed of bulk material pressed to a pill. The expanded
supersonic jet was directly introduced into the
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Fig. 1. Mixing chamber for laser desorption into a super-
sonic jet.
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Fig. 2. Time-of-Flight mass spectrum of laser desorbed
tryptophan (mass 204). Ionisation laser at 4 = 266 nm.
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Fig. 3. Time-of-Flight mass spectrum of laser desorbed
retinal (mass 284). Ionization laser at 4 = 355 nm.

drawout region of a time-of-flight mass spectrome-
ter in a threegrid configuration (Wiley-McLaren)
[5]. The drift tube of the mass spectrometer was
pumped differentially. A secondary electron multi-
plier was used as a detector. The mass spectra were
recorded on a Tektronix 7912 transient digitizer.
For LD a pulsed CO,-Laser (Lumonics) capable of
delivering pulses with a rectangular cross section of
2.3x2.5cm?, up to 0.3J/cm? in I us was used. The
beam was focussed by a gold covered concave
mirror (f=28cm) and directed to the sample
through a barium fluoride window. The intensity of
the laser pulse could be controlled by two variable
iris apertures placed in the beam prior to focussing.
MPI was produced by a Quanta Ray pulsed Nd-
YAG and dye laser system using frequency dou-
bling. The laser pulse was focussed to the crossing
point of the jet with the ion optical axis of the TOF-
MS by means of a quartz lens ( f= 50 cm). Synchro-
nisation of the pulsed valve, the two lasers and the
transient digitizer was accomplished by separately
adjustable delay generators.

In a preliminary experiment a LIF excitation
spectrum of laser-desorbed anthracene was taken by
tuning the dye laser across the 0—0 band. The width
of the resonance band was approx. 0.1 nm corre-
sponding to an internal temperature of a few Kelvin.
This proved that cooling is fully effective even for
molecules injected by LD into the expanding super-
sonic jet.

Non-resonant MPI mass spectra of tryptophan
and retinal were taken under the following experi-
mental conditions: argon stagnation pressure: 0.4 bar;
power density of the CO,-laser: ca. 1.2 MW/cm?;
delay from valve opening time to the CO,-laser
pulse: 880 ps; and a delay further of the ionizing
laser pulses: 350 usd. The recorded spectra were
averaged over 10 shots. The mass spectrum shown
in Fig. 2 was taken with the ionizing laser wave-
length at 266 nm (4th harmonic of the Nd-YAG
laser) at a power level just high enough to cause
lonization. Similarly, the mass spectrum of retinal
in Fig. 3 was obtained with a laser wavelength of
355 nm. When the power density was increased con-
siderable ion fragmentation was observed in both
cases. Both spectra show essentially the parent ion
peak with no indication of significant fragmentation
due to the IR laser desorption process. The small
additional features in the mass spectra are due to an
impurity background which was also present in the
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absence of the IR laser pulse. These results clearly
demonstrate the usefulness of IR-Laser-induced
desorption for seeding a supersonic jet with mole-
cules of thermally unstable non-volatile compounds.

Recently, Rizzo, Park, and Levy [6] reported the
production of a jet seeded with tryptophane employ-
ing, however, the thermospray technique [7]. Using
a solution in methanol they obtained a mass spec-
trum from MPI in the skimmed jet showing the
parent ion mass but also an almost equal breakdown
peak. The spectrum also showed two peaks due to
tryptophane-methanol complexes. Since thermo-

sprays can also produce ions [7] it seems likely that
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the fragments originate in the thermospray rather
than the MIP process. Peaks due to fragment ions
were not observed in our experiments (our second-
ary peaks are always present and due to a residual
contamination of the system). While the thermo-
spray technique offers an interesting alternative to
the LD-method described here further work is
needed to allow a full evaluation.
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