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Introduction to Ion Trap Mass Spectrometer
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Abstract: Recently, increasing interest in mass spectrometry is focused on miniature instru-
mentation, especially on the development of miniature ion trap mass spectrometer. The mo-
tion of the ions can be expressed by Mathieu Equation and its stability diagram. The mass
spectrum of the analyzed ions can be achieved by scanning the amplitude of the RF voltage.
The miniaturization of the ion trap mass spectrometer mainly focuses on the miniaturization
of components, including ion fountain, mass analyzer, ion detector and vacuum system.
With the development of science and technology, the main studies focus on miniaturization,
wider applications, higher resolution and wider mass range, rapid analyzing and lower cost.
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Fig. 1 The first research quadrupole ion trap analyzer in the world™"
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Fig. 2 Four ages of ion trap technology
1.1 Mathieu q):@o(r'—ZZz‘) 8)
Mathieu 2
, Mathieu D 3T
521, R
(8)
E+E,Qx+toyty) (D
T V.2 iAo.Y =U-+VcosQt
.E, D (U—FVcoth?)(rZ*ZzZ)
27
Lapl 20=0 2
aplace V20 (2) T
E=—vo (3) . mr—e(—22=0)
. F,=mr=c¢E,
vE=0 4) J . ) Py
F.=mz=¢E.,>mz—e(—=—=0)
(D) 4) \lF - E dz
_ y :’ny:k" y .. C
Atoty=0 (5) my—e(—22—0)
dy
mr+ Ce/mr?) (U~+VecosQt)r=0
A=o A="0o J .
(a) y—— 2 (b) _ = mz—2Ce/mri) (U+VceosQu)z=0 (9)
@)) D my=0
1 ,m s e
0] *?E()(sz—i-ayz—’—}/zz) (6) ;U‘V
(6) (a) 370
s (b) o
’ E:%Z‘
° du_duds_ 1, du
(a) (6) di  dedr <4Q)d€
d( (*Q)*)
__ 1 2 : 2 d(du/d[) de de
=——-FE(x P —2; 7 —= (5=
(o) 5 Al +y 2°) D) s e s ( 5
sty =t (10)



252 27
<10) (9) ’ s Wy, n ’ .
d;?+(al¢+2quc052g)u=0 (1D n==+1,%2 \
dE*
Wy, 0 o
e gy 16U
UTTH% 3d. 2ar m(r(2)+223)02 Br B: r Z
(12) ' X ‘
— 9 _ 8V wu.o:?ﬁuﬂ U=r,z (16)
4 ar m(ri+2z2)0° ( )
(13) ‘811 Br’ﬁ:
(1) Mathieu , ’
3 0 1 B
) ; 0 1 . LB =1
1.2 B op
q- q.=0.908
o Mathieu , 1.3
3 (13)
’ B
ﬁr"gzzo ‘8,»9,83:1 . °
3 U=o0, Q (
1.1 MHz 0.88 MHz),
) r Z
V ) (13) ) q: )
ulr  2) q.=0.908 , oz
1 ’ o \%
W =T TR0 Osnses (D ( 0 7500 V),
wu,,,:*(n-f—%ﬂu)ﬂ —oco<{n<0 (15) ’
s 4 o
’ w , .
o . q.<<0. 908
n=10 s Wy.n W0 9 o n i %4 ,
2 N operating line for
mass selective instabili o q.=0.78,
0.4 ) q- ’
’ a;:O,q::
0.2 0.78 . u .,
(B.=1 B, =0
0.2
a ) s m/z
—0.2 °h'
s [
- B [l it
—047 i_:-. [T RET R o r ;
_I'\;i s ..__.- .-__- ._.-'

operating line for
—0.6 “mass selective instabil it

3 [3.8]

Fig.3 The Mathieu stability diagram

for the quadrupole ion trap™:*

]

i || L)),

| o -
i I=r Iiwasor
idzanmn ] Wiz

4 [1]
Fig.4 The working principle diagram

of the quadrupole ion trap"'
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Fig. 6 Sequential MS® analysis of an oleanolic acid glycoconjugate’™
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Table 1 Some kinds of ion sources in the research of ion trap spectrometer
(Electron Bomb Ionization) El 1920
(Chemical Ionization) CI 1965
(Field Tonization) FI 1970
(Field Desorption) FD 1969
(Fast Atom Bombandment) FAB 1981
(Laser Desorption) LD 1978
( ) (Eletrohydrodynamic Tonization) EH 1978
(Thermospray Ionization) ES 1985
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Fig. 8 The structure principle diagram of Faraday Cup"
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