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Abstract: Orbitrap mass analyzer is renowned for its capability to confine charged particles stably
and precisely determine their mass-to-charge ratios via a unique electrostatic field generated by
spindle-shaped electrodes. However, practical imperfections such as electrode axial truncation, outer
electrode splitting, and the incorporation of ion inlets can significantly degrade the instrument’s mass
resolving power. This study proposed a method for analyzing the mass resolution of Orbitrap. By
combining finite element-based electromagnetic field simulations with higher-order resonance term
coefficient analysis, a systematic study was conducted on the mass resolution of Orbitrap under
varying axial truncation lengths, outer electrode splitting sizes, and ion injection inlet dimensions.
Finite element simulations were employed to construct two distinct models: the standard Orbitrap and
the high-field type. This study focused on three primary parameters: the axial truncation length, the

outer electrode splitting size, and the size of the ion injection inlet. The results indicated that the high-
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field Orbitrap consistently exhibits superior resolving power compared to the standard Orbitrap. This
is due to the stronger electric field in the high-field model, which can effectively compensate for
imperfect electric fields, resulting in smaller higher-order resonance terms and, consequently, higher
mass resolution. The effect of a finite axial electrode length on resolution is negligible when the
length is within a certain threshold, beyond which deviations may disrupt the electrostatic field.
Additionally, as the degree of outer electrode splitting increases, the resolving power decreases
significantly due to the resulting imperfect electric field, which distorts ion trajectories and degrades
mass accuracy. Furthermore, the presence of an ion injection inlet introduces an asymmetry in the
axial electric field, leading to additional resolution loss. This asymmetry disrupts the ideal field
distribution necessary for stable ion motion, further highlighting the importance of precise electrode
design in optimizing Orbitrap performance. This study is of great significance for both the theoretical
research and practical optimization of Orbitrap mass spectrometers. Optimizing electrode dimensions
and configurations, particularly by adopting a strong-field approach and minimizing external
electrode splitting, can substantially improve instrument performance. Although the finite element
models offer valuable insights into the influence of electrode variations, the study acknowledges
certain limitations. The simulations are based on idealized operating conditions and do not fully
capture real-world factors such as mechanical tolerances. In summary, this work provides a concise
yet comprehensive analysis of how electrode structural parameters impact the resolving power of
Orbitrap analyzers. The insights gained offer practical guidance for the future design and optimization
of high-performance mass spectrometric instruments, contributing to advances in various scientific
disciplines.
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Table 1 Injection parameters for ions with m/z 100 in high field and standard Orbitrap

2% Parameter

JAY Type
x/mm y/mm z/mm V./(m/s) V,/(m/s) V./(m/s)
fises7p 10 0 6 0 46240 0
FrifE s 9 0 6 0 33466 0
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Fig. 2 Ion trajectories in Orbitrap
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Table 2 C, coefficients of different axial truncation lengths with different outer electrode split sizes

Hh AR B AL S| C,Z$UA C, coefficient

Outer electrode split sizezmm  Type 10 mm 12.5 mm 15 mm 17.5 mm 20 mm 30 mm 50 mm
0.8 FIHE —-9.73x107 —5.79x107° —1.83x107° —1.74x107° —1.74x10"° —1.74x107° —1.72x10"
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Table 3 C, coefficients of different outer electrode split sizes with the axial truncation of 20 mm

CARBE

R C, coefficient
Type
0.01 mm 0.05 mm 0.1 mm 0.2 mm 0.4 mm 0.8 mm 1.2 mm 1.6 mm
B 277107 —4.78x107°  —2.37x10°  —1.03x10*  —4.71x10*  —1.68x10°  —3.86x10°  —7.25x107
FRAERL —1.10x107° —1.56x107°  —4.21x10°  —-1.51x10*  —6.39x10*  —2.32x107°  —5.16x10°  —9.63x10°°
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Vi AR Ak X FL 3 e AR SRR, AT R B0 X
O R R T K Bt AL SE BE AN 1 mm Yk
/NZE 0.25 mm, 2 FiR Y (1) 4 BER L 10 15 LA
b WA E L 5.6 mm g /N 1.4 mm B, 53 B
FAER 3L . W FER AL A R E,
IO SR BRI /N A LR ST, R S 2 B 1) Bk
i R R PR B TR AME A LB A
H, A 7R
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Table 4 C; and C; coefficients with ion inlet influences

FEUE
LI oy Value of coefficient(x10™*)
Ion inlet size/mm Type L=1.4 mm L=2.8 mm L=5.6 mm
G G G G, G G,
0.25 I 0.484 1.09 0.936 1.72 1.52 278
iy 0.415 1.33 0.810 2.09 1.51 3.35
0.5 [ eo7Ei} 1.76 3.64 3.83 7.12 6.34 9.81
Frifi 1.51 3.85 3.26 7.41 6.11 12.2
1 GLisep 6.20 11.5 15.1 27.4 27.4 432
PRy 5.26 11.8 13.1 29.0 25.9 50.6
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Table 5 Resolution of Orbitrap with ion

inlet influences

AL eIy Resolution(x10*)
Ion inlet size/mm  Type
L=14mm L[=2.8 mm L=5.6mm

0.25 AL 43.6 27.5 17.0
FRAERD 356 227 14.1

0.5 B 13.0 6.65 4.83
FRAERD 123 6.39 3.88

1 AL 413 1.73 1.10
FRUERD  4.02 1.63 0.937

4 FHiLERZE

A TAESR T —Fh 3B i L 3 030 B o
Gy BRI Tk, T 2 A BT FROT Y LG 15
LR B IR IR 00 22 5003 BT 7 vk, Xl 3 R R A o
VB T B A ()l ) AT B L A R AR B SRR
INJE T AN FLR T ST B 4 B R i AT
ARG . S5 R, i o3 SR A ) AT K
JE 25T A R TR e AR R R B
1] AR KT B R T 20 mm B, 2 Rl B2 ik b
B 3 %, s A7 PR A% B 1 K 32 X 0 BT P B 119 52
Wi ] 2200 AN T Bl AN LR BE SR B R, T Ay
PR 0 25 BRA Y A0 i B S AL 1.2 mm
2 R EIE BF A B A BER IR T 100, B AT
FL2x T IR B S G B, 0 — 2D R A R 4y
BEA, FLAS LA 1) B 5 % 43 R o AgURK, B A
LR 386 K, H S 43 3 56 1) S i o 4 2
LA, A 3 XoF Fb i 37 2R R o 25 e B R A A
[Fi) il o) 7 T B L A A B SR A G L 5 A 1Y
T L, & IR 17 B 0 B T o o0 B R R R R T
T AR, e B AR T e 4 ) SR B AR
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