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Abstract

Recently, we reported that significant ion loss occurred prior to its detection in the conventional
single particles mass spectrometry and more seriously the loss is ion-kinetic-energy-dependent. These
lead to significant error in the measured chemical composition of nanoparticles. Here we attempted to
design a novel ion optics that is capable of 100% detection of ions generated from single nanoparticle.
Using a commercial software SIMION, we simulated the trajectories of ions launched at different
speeds inside the previous single particle mass spectrometer. We tested how affect changes in shape of
repelling plate, adding Einzel lens, substitution of tube electrode between extraction and acceleration
grids. As a results, we could find a best design by assembliig the trials in the present condition.
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Fig. 1 Schematic of single particle mass spectrometer
and details of ion optics
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Fig. 2 Geometrical configuration of an ion cloud
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Fig. 3 Ion trajectories of flat reflector with various kinetic

energy(VR=4500V, VE=3350V, VA=GND)
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Fig. 4 Strong kinetic effect on DE

283, Ve=4500V, Ve=3350V, VA=GND= A& H
By ukalge st Add AEAEDEE
Fig. 49| AA &k Fig. 3914 Jebgd npep 2ol
7189 HBY o|2AdAME, o9 %7 &F
AU A(KEY}t $71EsE 1 A4 Mt es
9 HAg 1 A3, 9 F& 3E7 73 o)
tho] A& H 3, DEE AF FFHoz gadA
BohFig. 48F). & A2, KE7F 100eVE B4
AEHE0] 017% A2 #$ B}
AFEN S 93l FolA ol2yL ol &d=
g, dzke] F7)e) HlEsld o & o|YAR o
2ol AMEEHE AL A £ ¢} gt
A7]-tHEAk(Size-Polydisperse) YA WL A7 &
XE AE3 dFshr] AdME 27 EFAUA
o F#% AEEEL AT oA At
ggasit. &, Fig 494 @ = Q% 22 A&
"2EE JhAok @t ol g ool wet A=

200eV

Fig. 5 Trajectories of ions with different KEs

& o279 ol&Hd HAAAF} HTE& ¢
ZoA 71edtt

[

4. MZ2 o|2M12] A

2L o)A st SIMIONS A}43}7]
A3t AP Tl FYF Y o]28 A
23t ol2o] nigF A=pn HstFe Wzt
E e Aoz #AvdL FXNY E5A4Fig 1
Azx) Yz do] FridEA=E ¢l F(Aerodyna-
mic Lens Inlet)yE E33te] o] A9 o)A =4
02 ALPH FAo) o238 #HolA N AWML
7tz A8 of 3t} o)& 1B EA Fig. 19 AAHL
2 g 221 Zo] dolx 23, & JAt
o] 23l Hi AAHE wARH o2FEFI=9
FAAA0E 33 R

FEY L E AFdM AAHE M2E o
2719 dAs dgdda AFEAle AL
AE BEX=2 7] g, Axte &3 #e
HHAQl o]l2Algts tE Azl gl A
, He H92 BXdE vgd 2549 o2
&4 glol AE7IMCP)l =2eA &8
of gt} B4, A&d FA4 AdxAL 1y
stojof gr}, mEbA B dFoA ANE§ ot
P9 ol2Ale H9 F /1A FR 7]x3Ed
cAH oz AAEAC

pe

o 2 o

41 ofeld AXE o|8% o2 AL

WA Azppel Akl £3 AHSHE okd
Az9) Hg FsHE Lolugich dwFoz 3
Ao FEy AFoz FASE ol Az



642

+100v = S
1508V T

Fig 6 Concurrent focusing ions with two different
KEs and the corresponding electrical energy
view
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Fig. 7 Shapes of reflector. (a) flat type, (b) parabolic
type, (c) hemispherical type

Fig. 8 Ion trajectories for parabolic-type reflector with

various curvature; Blue, red, and black lines
correspond to KE=50, 100, 200eV,
respectively. Note that curvature p is defined
by y'=4px)
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Fig. 9 Effect of location of laser ionization region;
KE=100eV; x denotes the position of laser
focus while the origin corresponds to that in
Fig. 3
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Fig. 12 Final design of ion optics which is capable
of 100% detection of 0-200eV energetic

ions in single particle mass spectrometer

Fig. 13 Trajectories of ions ejected with different
KEs for the final design of jon optics
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