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Overview of SIMS technique is reported in conjunction with novel primary ion beams and advanced mass spec-
trometers. Many applications of SIMS, from organic semiconductors to cells and tissues, have been demonstrated over
the past 10 years. One of the biggest problems was the “static limit” in the analysis of organic molecules, which are
very fragile in ion bombardment. However, this problem was overcome after the development of large cluster ion
beams.

This opens up new possibilities for SIMS to analyze organic materials. Future prospects of MS/MS technique and
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“Ambient SIMS” with MeV ion beam are discussed.
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Fig. 1. (color online). Principle of the MS/MS technique
Two mass spectrometers, QI and Q2, are arranged in
tandem, with a collision cell between them. Molecular ions,
which structures are to be determined, are selected with Q1,
and are injected into a collision cell. The collision induced
fragment ions are then analyzed by mass spectrometer Q2.
The fragmented ions reflect the structure of the original ions.
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Fig. 2. (color online). Schematic diagram of MS/MS SIMS
Instrument with Q-TOF. Q-TOF mass spectrometer was
coupled with a gas cluster ion source. SIMS measurement is
carried out with oa-TOF. When there is an ion to identify the
molecular structure, the m/z was selected by a quadrupole
mass spectrometer, and the collision induced fragmented
pieces were measured using the oa-TOF (MS/MS method).
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Fig. 3.

(color online). SIMS spectrum and MS/MS spectrum (negative ion,
m/z : 861.6) of a natural glycerophospholipid called lecithin extracted from
egg yolk. More than a few dozen peaks were found in the spectrum, indicating
that glycerophospholipids with many different molecular structures are con-
tained in natural lecithin. The MS/MS measurement, shown in lower panel,
was carried out for the negative ion at m/z=861.6. Strong peaks were ob-
served in 240.9 (inositol head group). It was found to be phosphatidylinositol
with the composition formula of C4sHs3O,3P. The main fatty acids are stearic

acid and linoleic acid.
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Fig. 4. (color online). Energy deposition mechanism with
ions. Two different energy-deposition mechanisms are known
as nuclear and electronic stopping. Nuclear stopping is the
collision of ions with nuclei and the recoiled atoms are causes
destruction of the molecules. On the other hand, an incident
ion gives energy by exciting electrons around a nucleus. The
electronic stopping power is dominant for the MeV ions.
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Fig. 5. SIMS spectrum of arginine, which is one of the
amino acids. The energy of primary ions(Cu) used in the
measurement was varied from keV to MeV. Fig. 5(c) shows
the dependence of the electronic stopping power and the
nuclear stopping power on the incident energy. The increase
in S. L. yield shown in Fig. 5(d) is similar to the increase in
electronic stopping power in Fig. 5(c).
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Fig. 6. SIMS spectra of a polypeptide called angiotensin II
measured with different incident energies. A comparison was
made between 6 MeV Cu*" ions and 30 keV Bi;™ cluster
ions. Nearly 1000 times higher S.I. yield was obtained using
6 MeV Cu*" ions. MeV ions are excellent as a primary ion
of the SIMS for organic molecules.
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Fig. 7. SIMS spectrum from a water droplet (liquid)
measured under atmospheric pressure. Multimer ions such as
dimer, trimer, tetramer are detected in addition to the
monomer of the water molecule. The presence of such
multimers is one of the characteristics of the liquid phase,
and the most intense ions are trimers.
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