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A new experimental system that enables mass spectromet-
ric studies of secondary ions emitted from microdroplet
surfaces has been developed to investigate the complex re-
action processes induced by MeV-energy heavy ions on
liquid surfaces. In particular, coincidence measurements
with forward-scattered ions provide a systematic and com-
prehensive analysis of the positive and negative secondary
ions. In addition, the penetration length of projectile ions
in droplet targets was evaluated from the amount of en-
ergy loss of the forward-scattered ions. The results pro-
pose the existence of unknown “submicron effects”, such
as variation in the mass distribution and kinetic energy of
secondary ions in the submicron scale. This review article
presents a detail of the experimental system and examples

of the results demonstrated with ethanol droplets.

Keywords: fast heavy ion, microdroplet, secondary ion
emission, TOF mass spectrometry, submicron effect
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Figure 1. (a) Images of droplets ejected from

the piezoelectric nozzle and introduced into the
vacuum chamber. (b) An image and an illustra-
tion of a thin liquid jet being introduced into the
vacuum chamber from the glass capillary. (c) A
photo of a fog containing droplets generated in a
glass 4-way cross by the ultrasonic atomization
method.
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Figure 2. Schematic of the experimental apparatus and its photo.
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Figure 3. Two-dimensional coincidence map between forward-scattered ion energy and TOF of (a)

positive or (b) negative secondary ions from ethanol droplets irradiated with 4-MeV C**.The scattering

angle 6 was 6 mrad. The gray lines in the TOF spectra are the results of the beam chopping method
normalized at n = 2. (Reprinted from Ref. 13), with the permission of AIP Publishing)
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Figure4. A low mass region of the mass spectra of (a) positive and (b) negative secondary ions emitted
from the ethanol droplet surface by 4-MeV C3* irradiation. The black line in (a) is the result of the beam
chopping method. (Reprinted from Ref. 13), with the permission of AIP Publishing)
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Figure 5. Emission probabilities of each posi-
tive and negative secondary ion species for each
region (ii)—(vi). Frag. and Reac. are the sum of
major fragment ions and reaction product ions,
respectively. Positive and negative cluster ions
are protonated and deprotonated cluster ions, re-
spectively (including H, loss except for n = 1).
(Reprinted from Ref. 13), with the permission
of AIP Publishing)
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Figure 6. Magnified views of TOF peaks of
[(EtOH)+H]* and [(EtOH)-H]". For comparing
the peak widths, the horizontal axis is plotted as
TOF divided by vm/z. The upper axis shows
the kinetic energy along the TOF axis. The re-
sults are shown for the different regions (ii), (iii),
and (v). (Reprinted from Ref. 13), with the per-
mission of AIP Publishing)
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