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ABSTRACT: To figure out the reason for the drawback of the SWIFT waveform and realize
the high-resolution ion isolation on the miniaturized linear ion trap mass spectrometer, we
studied the efficiency that ions can be excited under different excitation periods and
amplitudes at different frequencies and compared the overlap rates of the effective excitation
bandwidths of the adjacent ions. According to this, we purposed a new coarse-to-fine isolation
waveform named SWIFTSIN. By superposing one or more sinusoidal waveforms on the
SWIFT waveform and modulating the phases of the superposed sinusoidal waveforms, the
generated SWIFTSIN waveform achieved unit mass isolation on the miniaturized linear ion
trap mass spectrometer without reducing the intensity of the target ion. The isolation ability of
the SWIFTSIN waveform was verified by isolating a single isotope peak in the mixed
samples.

With high sensitivity and specificity, mass spectrometry has been widely used and playing an
increasingly important role in biological research, food and drug analysis, explosive detection,
etc.’* Compared with the large-scale instruments used in the laboratory, the miniaturized ion
trap mass spectrometer is more suitable for on-site analysis because of its portability and has
attracted more and more researchers' attentions.>® Unfortunately, the reduction of the volume
has brought a series of negative effects on instrument performance. For examples, the
reduction of the ion trap size limits the capacity of ion storage, intensifies the space charge
effect inside; and the reduction of the radio frequency (RF) power supply volume limits the
maximum RF voltage. These will ultimately bring negative impacts on the resolution,
sensitivity, and ion detection range of the miniaturized ion trap mass spectrometer.®*?

Broadband waveform excitation is an important technology that can be applied to improve the
analytical performance of the miniaturized ion trap mass spectrometer. The purpose of the
technology is to activate the trapped ions selectively, which is also called ion isolation. By
trapping and isolating the ion of interest and wiping out all other ions before scanning, the
space charge effect can be significantly reduced, the signal-to-noise ratio, the analytical
sensitivity, and the quantitative analysis ability of mass spectrometry can be improved.® 314
Tandem mass spectrometry is also an important way of mass spectrometry analysis.*>* In this
mode, a selected specific mass-to-charge ratio ion can be isolated first, and then the target ion



in the trap can be fragmented through collision-induced dissociation to obtain more
abundant fragment information of the fragmented precursor ion and improve the accuracy of
material identification. In the above process, isolation can simplify the information of the
tandem mass spectrum and help to further establish the relationship between the target ion and
the productions.'®?° High-resolution ion isolation tandem mass spectrometry can also be used
to predict the molecular formula of the compound and obtain the cracking pathway of the
compound; this is an important analysis function mainly set in large-scale mass spectrometers,
2122 pyt seldom reported in miniaturized instruments.

The commonly used broadband waveform excitation technology is the stored waveform
inverse Fourier transform (SWIFT) technology,??’ others include filtered noise field
technology 2 ?° and mixed frequency modulation technology.** ** The common feature of the
waveforms generated by these techniques is that they all contain specific frequency
components which correspond to the secular frequencies of the ions that shouldn’t be isolated,
to achieve the selective excitation of the ions with different mass-to-charge ratios. The SWIFT
waveform is generated by a specific amplitude spectrum through secondary phase modulation
and then by inverse Fourier transform.®>3* Although the SWIFT waveform is widely used, it
also has some disadvantages. When applied to the miniaturized ion trap mass spectrometer,
the isolation resolution of the SWIFT waveform is insufficient. Due to the reduction of the
overall volume of the miniaturized ion trap mass spectrometer, the amplitude of the RF
voltage is also limited and as a consequence, the q value of the ion operating point is low,
which will make the secular frequency interval between the adjacent ions smaller, especially
for the ions with high mass-to-charge ratios.'® * Therefore, when an attempt is made to
isolate a target ion with a narrow isolation window, the energy of the adjacent frequency
components used to excite the other ions may cause the false excitation of the target ion and
greatly reduce the intensity.

Many attempts at sequence design have been cited to achieve the high-resolution isolation of
the target ion.'® % 3¢ However, these methods greatly increase the complexity of the analysis
sequence or increase the period of the whole analysis sequence, which is detrimental to the
on-site detection. Here, we explored the excitation of the ions under different excitation
periods and amplitudes at different frequencies and obtained the absorption frequency
bandwidths of the ions with different mass-to-charge ratios under these excitation conditions,
and then proposed a measurement of effective excitation frequency bandwidth. We found that
when the absorption frequency bandwidths of the adjacent ions overlap less, it was easier to
achieve high-resolution isolation. Accordingly, a simple yet efficient isolation waveform
SWIFTSIN was proposed for the high-resolution isolation of the target ion. The waveform
was achieved by superposing one or more sinusoidal waveforms with a specific frequency on
the traditional SWIFT waveform and adjusting the phases of the superposed sinusoidal
waveforms. The period of each frequency of the sinusoidal waveform was longer than that of
each frequency in the SWIFT waveform, but the amplitude was lower, thus achieving a
"softer" and “coarse-to-fine” excitation effect. Our results indicated that the unit mass
isolation of the target ion was achieved with almost no loss of the target ion intensity. The
mass spectrum of the fragmented ions obtained after the isolation of the precursor ion was
also been purified. The high-resolution isolation technology applied to the miniaturized ion



trap mass spectrometer is expected to improve the field analytical ability of the miniaturized
mass spectrometer.

EXPERIMENTAL SECTION

Instrumentation. Experiments were performed on a custom-made linear ion trap mass
spectrometer with a continuous atmospheric pressure interface. The distance between the field
center and the surface of the two electrodes was 4 mm and 4.25 mm. The RF voltage and
auxiliary AC excitation signal were applied on the two pairs of hyperbolic electrodes,
respectively. Using a two-stage vacuum chamber, the first vacuum chamber had a small ion
funnel for ion transmission, the RF frequency was 929 kHz. The ion trap was in the second
vacuum chamber, the RF frequency was 1227 kHz. A Rotary Vacuum pump RVD-2
(pumping speed 120 L/min, Kyky Technology Co., Ltd, Beijing, China), and an Hipace 80
turbo molecular pump (pumping speed 67 L/s, Pfeiffer Vacuum, Asslar, Germany) were used
to extract the vacuum. Finally, the pressure in the second vacuum chamber could be
maintained at ~0.12 pa. An entrance lens was placed between the ion trap and the skimmer
which was between the two vacuum chambers, and these three lenses together served as an
einzel lens. The isolation waveform could be generated by the Matlab program, downloaded
to the main control board, and finally converted to the analog signal output by a 14-bit
digital-analog converter. In the experiment, the normal scan rate was about 500™/s, and the
period of the isolation waveform was 21 ms. For more detail descriptions of the
instrumentation, it can be referred to our previous works.*": %

Chemical Samples. The chemical samples used in this study included dioxopromethazine
hydrochloride, rotundine, rosiglitazone, pioglitazone, and repaglinide. All the samples were
purchased from J&K Technology Co., Beijing, China, and were diluted in methanol to final
concentrations of ~1mg/L.

Waveform Calculation. The SWIFT waveform and the SWIFTSIN waveform were
calculated and applied in the isolation experiments. The core idea of the SWIFT waveform
design is the inverse Fourier transform. The notch frequency band of the magnitude spectrum
is designed according to the secular frequency of the isolated ion, and the phase is modulated
according to the quadratic phase modulation algorithm,*® finally, the isolation waveform is
generated by inverse Fourier transform. The magnitude spectrum of the SWIFT waveform is
generally conceived as a rectangular amplitude spectrum. Assuming that the amplitude of the
rectangular spectrum is A, the corresponding SWIFT waveform is

f(t)= % [ePeda, (L)

where p(w) is the phase function. The quadratic phase function can be expressed as

p(w)=-Lloze) (b) )

2 W, —w,




where wg to w; is the frequency range of the SWIFT waveform, and ¢, to t; is the time
period. Figure 1a plots a SWIFT waveform with a frequency band from 0 kHz to 600 kHz and
a notch from 220 kHz to 240 kHz. The period is 21 ms. Figure 1b plots the magnitude
spectrum, and Figure 1c plots the time-frequency spectrum. Figure 1d is a SWIFT waveform
calculated with the same frequency band, but the energy is mainly concentrated in the first 15
ms. Figure 1e plots the magnitude spectrum, and Figure 1f plots the time-frequency spectrum.
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Figure 1. (a) SWIFT waveform with a notch from 220 kHz to 240 kHz. (b), (c) The
Magnitude spectrum and the time-frequency spectrum of the SWIFT waveform. (d) SWIFT
waveform with a notch from 220 kHz to 240 kHz but the energy is mainly concentrated in the
first 15 ms of the period. (e), (f) The amplitude and the time-frequency spectrum of the
second SWIFT waveform.
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To improve the isolation resolution of the isolation waveform, the reason why the SWIFT
waveform is difficult to achieve high-resolution isolation without losing the intensity of the
isolated target ion was explored and the SWIFTSIN waveform was designed. The SWIFTSIN
waveform was constructed by superposing one or more sinusoidal waveforms on the SWIFT
waveform. This design aimed to use a large frequency notch SWIFT waveform to achieve
coarse isolation, and then use one or more sinusoidal waveforms with specific frequencies to
fine excite the other ions near the target ion that were not excited by the coarse isolation. The
waveform contracting and superposing operations were used here to avoid an increase in the
detection period. To ensure that the ions far away from the target ion were first excited, and to
reduce the influence of the space charge effect in the ion trap during the fine isolation, the
SWIFT waveform was compressed to the first 15 ms in the time domain like the waveform in
Figure 1d. Successively, one or more 5 ms sinusoidal waveforms were superposed and
superposed between 15 ms and 20 ms of the SWIFT waveform. The design of the
high-resolution isolation waveform didn’t use a shorter period of SWIFT waveform splicing
sinusoidal waveforms was done to not reduce the resolution of the SWIFT waveform. The
following is a design example of a SWIFTSIN waveform. The frequency of the superposed
sinusoidal waveform is 229.2 kHz. Figure 2a plots the time domain waveform of a



SWIFTSIN waveform with a large notch from 220 kHz to 240 kHz. Figure 2b plots the
magnitude spectrum, and Figure 2c plots the time-frequency spectrum.
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Figure 2. SWIFTSIN waveform with a notch from 220 kHz to 240 kHz and superposed a
229.2 kHz sinusoidal waveform. (a) Time domain waveform. (b) Magnitude spectrum. (c)
Time-frequency spectrum.

RESULTS AND DISCUSSIONS

The SWIFT waveform isolation. When the isolation waveform is applied to the
miniaturized ion trap mass spectrometer and the requirement for the isolation resolution is not
high, the SWIFT waveform is usually the ideal choice. However, when the requirement for
the isolation resolution is high, the SWIFT waveform will expose some problems, as
mentioned above. Here, we tried to isolate the isotope ion (labeled as A + 1, at 358 m/z) of
pioglitazone (the other isotope ions of it were labeled as A and A + 2, at 357 m/z and 359 m/z)
and showed the isolation defect of the SWIFT waveform. The RF voltage at the full scan was
744 V, to 930 Vo, the frequency of the auxiliary AC was 200 kHz, and its amplitude was 0.5
Vo. Figure 3a plots the mass spectrum of 1 mg/L pioglitazone with an ion injection period of
200 ms. The isolated setting was: RF voltage, 828 Vo, and a SWIFT waveform with a
frequency band from 0 kHz to 600 kHz, a notch from 198 kHz to 201 kHz, and a period of 21
ms. To achieve the high-resolution isolation of the A+1 isotope ion, two methods were tried.
One was to narrow the notch band. The notch frequency range of the waveform was adjusted
to 198 kHz to 199.8 kHz and 198 kHz to 199.6 kHz respectively. Here, we tried to reduce the
notch frequency range from one side, that was, we first tried to excite the A isotope ion
without losing the intensity of the A + 1 isotope ion as much as possible. Figure 3b plots the
result of the target ion isolation after adjusting the notch frequency range. When the notch
frequency range was gradually reduced, The A isotope ion was gradually excited and the
intensity decreased continuously. However, when the intensity of the A isotope ion remained
about 3%, the intensity of the A + 1 isotope ion lost 48%, which could be considered as the
false excitation of the A + 1 isotope ion caused by the excitation of the A isotope ion. The
second high-resolution isolation attempt was to increase the frequency amplitude at the notch
boundary and change the frequency amplitude at 201kHz on the right side of the notch
frequency band to be 30 times and 35 times the original. As can be seen from Figure 3c, with
the increase of the frequency amplitude of 201 kHz, the excitation efficiency of the A isotope
ion was increasing. However, a similar situation also occurred, when the intensity of the A
isotope ion remained at about 3%, the intensity of the A + 1 isotope ion lost 33%. It could be
suggested that the lack of the high-resolution isolation ability of the SWIFT waveform was



mainly reflected in the error excitation of the isolated target ion, that was when the A isotope
ion was excited, the A + 1 isotope ion could also absorb part of the energy and get excited.
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Figure 3. Isolation results using the SWIFT waveform, the sample is 1mg/L pioglitazone. (a)
Isolation result using the SWIFT waveform with a notch from 198 kHz to 201 kHz. (b)
Isolation results using the SWIFT waveform after gradually narrowing the notch band. (c)
Isolation results of the SWIFT waveform after changing the edge frequency amplitude of the
notch frequency band.

Effective excitation frequency bandwidth. To verify the above conjecture, experiments
were designed to explore the frequency bandwidths of the ions with different mass-to-charge
ratios that could be excited effectively, and the overlap of the effective excitation frequency
bandwidths of the ions was investigated. In particular, the exciting process of adding a single
sinusoidal waveform before scanning was studied. By changing the frequency, period, and
amplitude of the sinusoidal waveform, we could get the efficiencies of the ions that could be
excited with the change of these excitation parameters. The sample was still 1 mg/L
pioglitazone.

When the frequency of the sinusoidal waveform changed from small to large, the isotope ions
A+2 A+1 and A were excited respectively. The mass spectrum obtained after the full scan
plots, the intensity of the ions after different excitation conditions, and then the excitation
efficiencies were obtained. Here we defined effective excitation when the excitation
efficiency was greater than or equal to 50 %. Fig. 4a plots the frequency intervals from the A
+ 2 isotope ion was first effectively excited to the A isotope ion was last effectively excited
under different excitation conditions. It could be seen that with the increase of the excitation
periods and the excitation amplitudes, the frequency intervals became larger. We suggest
that’s because the increase in the excitation periods and the excitation amplitudes brought an
increase in excitation energy. An increase in the overall frequency interval might imply an
increase in the effective excitation bandwidth per mass-to-charge ratio ion and might cause
the overlap of the effective excitation frequency bandwidths of the adjacent ions. An extreme
case is that the effective excitation frequency bandwidths of the three ions all overlap. It is
difficult to attempt to excite only the A isotope ion or the A + 1 isotope ion without affecting
the adjacent ions. Figure 4b plots the ratio of the effective excitation frequency bandwidths of
the ions with one mass-to-charge ratio (the averages of three mass-to-charge ratio ions) to the



frequency intervals from the A + 2 isotope ion was first effectively excited to the A isotope
ion was last effectively excited under different excitation conditions. It can be seen that the
overlap of the effective excitation frequency bandwidths of the ions increased with the
increasing of the excitation periods and the excitation amplitudes. To effectively excite the
adjacent ions without reducing the intensity of the target ion, we should make the effective
excitation frequency bandwidths of the adjacent ions overlap as little as possible. Figure 4c
plots the excitation efficiencies at different frequencies when the excitation period was 0.1ms
and the excitation amplitude was 3V,. Figure 4d plots the excitation efficiencies of the ions at
different frequencies when the excitation period was 5ms and the excitation amplitude was
0.2 Vo. It can be seen that under the second excitation condition, the effective excitation
frequency bandwidths of the ions became narrow, and the overlap of the excitation frequency
bandwidths of the ions with different mass-to-charge ratios decreased. Using the 198 kHz
frequency was expected to realize the excitation of the A + 2 isotope ion without affecting the
A + 1 isotope ion. Similarly, using the 199.5 kHz frequency was expected to realize the
excitation of the A isotope ion without affecting the A + 1 isotope ion. To achieve
high-resolution excitation, the excitation parameters were used in Figure 4d should be
referred to in the design of the SWIFTSIN waveform.

(a)
ﬁlz 0.5ms ( )90
z -
— b s
=10 £80
z =
2 8 3
= & 70
= =
g 6 =
s s 60
= 4 S
g
= 2d ‘ : - 50+ . . : .
0.5 1 1.5 2 2.5 0.5 1 1.5 2 2.5
Voltage/\/u Voltage/V 0
(©) 359 m/z (d) 359 m/z
100 358 miz 100 358 m/z

357 m/z 357 m/z

=]
=

801

60

=
=

40

[
=

201

Excitation Efficiency(%) &
a
=

Excitation Efficiency(%

(}94 1I96 1‘58 260 2(I)2 2(I)4 2(I)6 [}97 1§s 1;\9 ZIIJ() 201
Frequency(kHz) Frequency(kHz)

Figure 4. Study on the excitation frequency bandwidths of the ions, the sample was 1mg/L
pioglitazone (a) The frequency intervals from the A + 2 isotope ion were first effectively
excited to the A isotope ion was last effectively excited under different excitation conditions.
(b) The ratios of the effective excitation frequency bandwidths of the ions with one
mass-to-charge ratio (The average of three mass-to-charge ratio ions) to the frequency
intervals. (c) The excitation efficiencies of the ions at different frequencies when the
excitation period was 0.1ms and the excitation amplitude was 3 Vo (d) The excitation
efficiencies of the ions at different frequencies when the excitation period was 5ms and the
excitation amplitude was 0.2 Vo



The SWIFTSIN waveform isolation. Inspired by the above observations, the SWIFTSIN
waveform was designed for the high-resolution isolation of the target ion. The sample was a
mixture of promethazine hydrochloride (labeled as B at 317 m/z), rotonidine (labeled as C
and at 356 m/z), rosiglitazone (labeled as D at 358 m/z) and repaglinide (labeled as E, at 453
m/z). All the samples were diluted in methanol to final concentrations of 1mg/L. The injection
period was 150ms, the frequency of the auxiliary AC signal was 230 kHz, and the amplitude
was 0.7 Vo. The full scan spectrum was shown in Figure 5a. It can be seen from the peaks of
C and D that the spectral resolving power was poor without isolation. The SWIFT waveform
with a notch from 227 kHz to 231 kHz and 2.5 V, was designed to roughly isolate rotonidine
and rosiglitazone, and the resolution was significantly improved (inside Figure. 5a). In
addition to the C isotope peak and the D isotope peak, the isotope peaks of C + 1, D + 1 and
D + 2 were also included.

The SWIFTSIN waveform was designed for the high-resolution isolation of the target ion.
High-resolution isolation corresponds to high-resolution excitation. In the first experiment,
the notch band of the SWIFTSIN waveform was designed as 227 kHz to 231 kHz, with an
amplitude of 2.5 V, in the time domain. The frequency of the superposed sinusoidal waveform
was 229.2 kHz, and the amplitude was 0.27 Vo. The SWIFT waveform was used to coarsely
isolate rotonidine and rosiglitazone, and the sinusoidal waveform was used for the excitation
of the C + 1 isotope ion. The SWIFT waveform was compressed to the first 15 ms of the
whole period, and the sinusoidal waveform with a length of 5 ms was superposed on the latter
half of the SWIFT waveform to achieve the purpose of coarse isolation to fine isolation.
Figure 5b plots the isolation ability of the SWIFTSIN waveform. It can be seen that the C + 1
isotopic ion was excited, but the intensity of adjacent ions was not affected. The inner side of
Figure 5b showed the isolation effect for a larger mass range, and you could see that B and E
were effectively excited using the previous SWIFT waveform. Figure 5¢ shows the ability to
isolate the D isotope ion using the SWIFTSIN waveform. In the design of the SWIFTSIN
waveform, the notch of the SWIFT waveform was still designed to be 227 kHz to 231 kHz,
but the difference was the superposition of four sinusoidal waveforms. The frequencies of the
sinusoidal waveforms were 230 kHz, 229.2 kHz, 227.8 kHz, and 227.2 kHz, and the
amplitudes were 0.23 Vg, 0.12 Vo, 0.12 Vo, and 0.23 V,, respectively. They were used to
excite isotope ions C, C + 1, D + 1, and D + 2, respectively. The red dashed line in Figure 5¢
shows that the D isotope ion is isolated without any loss of intensity. We also added
collision-induced dissociation experiments to further prove that only the D isotope ion was
isolated. The auxiliary AC signal for collision-induced dissociation was 50 kHz, and its
amplitude was 0.14V,. The period was 100ms, and the RF voltage was 195 V, to 205 Vo.
Firstly, the ions after rough isolation were fragmented. Fig. 5d plots the secondary mass
spectrum, where the isotope ion at m/z 135 corresponded to the fragment ion of rosiglitazone,
and the isotope ions at m/z 165 and m/z 192 corresponded to the fragment ions of
rotundine.®®** In addition, the isotope ion at m/z 136 also appeared (inside Figure 5e),
according to the fragmentation law, which can be considered that the ion was the
fragmentation of the rosiglitazone isotope. The D isotope ion obtained after fine isolation was
fragmented, as in the interior of Figure 5e, only the fragment peak was retained at m/z 135



and other fragment peaks disappeared. It can be considered that the isolation of the D isotope
ion was completed. From the primary and secondary mass spectrum, it can be seen that the
intensity of the D isotope ion was not reduced after isolation, which is achieved at the expense
of the isolation efficiency of some adjacent ions. As shown in Figure 5b, the intensity of the C
+ 1 isotope ion was not zero, but it retained a part of the intensity. However, compared with
the SWIFT waveform, although it retained part of the intensity of some ions adjacent to the
target ion, the isolation of the target ion still brought intensity loss, up to 30%, and combined
with the previous excitation frequency bandwidths overlap theory, it is obvious that the
SWIFTSIN has obvious advantages. Especially in Figure 5d and Figure 5e, it can be seen that
although the intensity of the C + 1 isotope ion and the D + 1 isotope ion may still be retained
in a small part, this small part was not been reflected in the secondary spectrum.

(a) (b)
250 800 800+
¢ 800
Coon o0
2001 ) C
an +H 6004 4
D
200
@ @ 200
g 1501 ol e g
7 : 0t
i B = s o m £ 400 300 350 400 450 500
= =
= p 2
= 100 = D
200 A
50
D J D+1
el A . D+2
300 350 400 450 500 350 355 360 365 370
m/z m/z
(©)
800
g .
Z 600 Coarse Iso
"§4nn — = — - Finc Iso
2 200
= D+2
U I 1 T i 1 T T 1 1
350 352 354 356 358 360 362 304 366 368 370
m/z
d
@ 60—
2 45
=
2 30
2
2154 l l u
0 T T 1 1 T A T 1 1
14 150 200 250 300 350 400 450 500
m/z o0
©
2457 30
"g 15
= 30|
2 [)
j 154 l 132 134 136 138
)} T T T T b A T |
100 150 200 250 300 350 400 450 500
m/z

Figure 5. Isolation results using the SWIFTSIN waveform. The sample was a mixture of
dioxypromazine hydrochloride, rotundine, rosiglitazone, and repaglinide, All samples were
diluted in methanol to final concentrations of ~1mg/L, and the injection time was 150ms (a)



Full scan spectrum (b) Mass spectrum after the isotope ions B, C+1, and E were been excited,
The inner side shows the spectrum of the larger mass range (c) Mass spectrum after the D
isotope ion was isolated (d) Secondary mass spectrum after coarse isolation (e) Secondary
spectrum after the D isotope ion was been isolated.

It is worth noting that when we designed the SWIFTSIN waveform, we used the most direct
method to overlay a sinusoidal waveform onto the SWIFT waveform. The period of the
sinusoidal waveform was 5ms. From the perspective of signal processing, the shorter the time
is, the worse the resolution of the signal is. Therefore, the Gibbs effect could be observed in
the notch of the amplitude spectrum of the SWIFTSIN waveform. However, when we used
this direct superposition method to isolate the target ion, we did not find that the adjacent
energy had any adverse effect on the target ion. Therefore, the isolation was completed by
directly adding sinusoidal signals to the latter half of the isolated waveform.

Conclusion

In this paper, the efficiencies of ion excitation under different excitation conditions were
explored, and the idea of effective excitation frequency bandwidth was proposed. With special
attention to the overlap of effective excitation frequency bandwidths of the adjacent ions, the
reason for the lack of the high-resolution ion isolation ability of the SWIFT waveform was
analyzed. On this basis, a simple yet efficient isolation waveform, the SWIFTSIN operating in
a coarse-to-fine manner, was proposed. Using this waveform, the unit mass isolation was
realized on the miniaturized ion trap mass spectrometer without reducing the intensity of the
target ion. It is expected to further achieve better isolation under the condition of the higher
performance of the instrument (such as allowing higher RF voltage). The high-resolution
isolation can simplify MS/MS mass spectrum, helps to improve the on-site detection
efficiency of miniaturized mass spectrometry, and also helps researchers further understand
the cracking pathway of compounds. This isolation technology is not only suitable for
small-scale mass spectrometry, but also for any type of ion trap mass spectrometry. It puts
forward a solution to improve the performance of mass spectrometers, especially the ion trap
mass spectrometry whose physical structure has been determined.
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