
B American Society for Mass Spectrometry, 2018 J. Am. Soc. Mass Spectrom. (2019) 30:368Y375
DOI: 10.1007/s13361-018-2082-z

Enhanced Desorption Electrospray Ionization Mass
Spectrometry via Synchronizing Ion Generation
and Ion Injection

Zhuanghao Hou,1 Xingchuang Xiong,2 Xiang Fang,2 Guangming Huang1,3

1Department of Chemistry, School of Chemistry and Materials Science, University of Science and Technology of China (USTC),
Hefei, Anhui 230026, People’s Republic of China
2National Institute of Metrology, Beijing, 100013, People’s Republic of China
3National Synchrotron Radiation Laboratory, University of Science and Technology of China (USTC), Hefei, Anhui 230026,
People’s Republic of China

Abstract. A modified version of desorption
electrospray ionization mass spectrometry was
developed for (i) better utilization of analyte ions
and (ii) larger sampling area via synchronization
the pulsed nebulizer gas with ion injection. To
synchronize the sheath gas, gas flow was
paused for 50 ms within each cycle, leading to
solvent accumulation at the end of emitter tip.
That solvent accumulation enlarged the desorp-
tion areas. As a result, the amount of analytes

increased. Thus, the improved signal intensity (~ 2–5-folds for various substrates) was benefit from both better
analyte ion utilization and larger desorption areas. Finally, the enhanced signal intensity was confirmed with both
garlic homogenate and brain homogenate.
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Introduction

Desorption electrospray ionization (DESI) mass spectrom-
eter utilizes high speed solvent droplets for desorption

and ionization of samples on a rough surface [1], which has
been widely applied for rapid screening [2, 3], polymer char-
acterization [4], forensic identification [5], and biological tissue
profiling/imaging [6–10].

In order to further enhance the performance of DESI, inten-
sive efforts have been devoted for complex sample analysis in
the last decade, including (i) Introducing tedious sample pre-

treatment such as pre-concentration or imprinting analyte into
new substrates (such as nanofiber mat, nanoporous alumina
surface, tailored polylactic acid, and polytetrafluroethylene) to
overcome the matrix effect [11–15]. (ii) Apply online or offline
derivation [16–19], which would only benefit for targeted
analytes. (iii) Using physical treatment such as heating to
accelerate sample desorption process [20–22]. However, this
method is not suitable for compounds that are heat-instable.
Thus, to improve DESI performance in a rapid and universal
manner remains challenging.

Another attempt to improve the performance was tested by
using large emitter tip and much large solvent flow rate, via
much large sampling area (2.5 cm2) [23, 24].While the original
goal of that study was to implement large area sampling DESI,
it still implies that performance would be enhanced with larger
sampling area. However, to achieve large sampling area would
require much larger solvent flow rate (6 mL·min−1), which
would be hard to sustain. Recently, synchronized desorption
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electrospray ionization (sDESI) has been developed in various
ways to enhance DESI performance by precisely controlling
the high voltage and sheath gas in time. For example, to
minimize Bwashing effect,^ an additional nitrogen shutter gas
was introduced to synchronize DESI spray with the movement
of the imaging platform for higher spatial resolution [10]. We
believe the idea to synchronize DESI spray with MS collection
would potentially benefit DESI performance. Since conven-
tional DESI continuously generates ions while the mass spec-
trometer can only adopt a small amount of the ions (typically ~
1–10%, for ion trap MS instrument). Consequently, large
amount of ions generated by DESI has not been fully utilized.
Previously, we have achieved better sampling efficiency by
synchronizing DESI spray plumes with home-built MS instru-
ment [25], with a pulsed potential to precisely control high
voltage at millisecond level. We believe with both improve-
ment from (i) better analyte ion efficiency and (ii) larger sam-
pling area due to solvent accumulation, the performance of
DESI would be enhanced in a rapid and universal manner.
However, the previous set up needed to synchronize the high
voltage, the spray plumes, and the MS ion injection, which was
quite complicated and could only be achieved on a home-built
MS instrument. Until we could control every ion injection
events of the commercial MS instrument, it would be impossi-
ble to synchronize ion generation and ion capture on widely
used benchtop MS.

In this work, a modified sDESI is developed by synchro-
nizing the pulsed gas of DESI with trigger voltage from each
ion injection event to achieve better performance. In that way,
with a minimal modification of DESI-MS instrument, (includ-
ing a pinch valve and a DC gate voltage to control sheath gas),
synchronization of ion generation and ion capture was
achieved on benchtop MS instrument. In addition, larger de-
sorption area for sDESI was discovered than that of conven-
tional DESI, due to solvent accumulation in sDESI emitter
during intervals of every sheath gas pulsations. Thus, sampling
efficiency was improved (via synchronization) and amount of
detected analytes in each measurement was increased (via
solvent accumulation), as a result, the performance of sDESI
was improved.

Experimental
Materials and Reagents

Rhodamine B and reserpine were purchased from Sigma-
Aldrich Co., Ltd. (United States). Dopamine was purchased
from Alfa Aesar Co., Ltd. (Shanghai, China). Acetylcholine
and methacholine were purchased from Kuerhuaxue Co., Ltd.
(Beijing, China). All chemicals used in this study were of
analytically pure grade. Methanol and acetonitrile were bought
from J&K Scientific Co., Ltd. (Shanghai, China) in liquid
chromatography (LC)-MS quality. Ultrapure water
(18.2 MΩ) was purified by Milli-Q® Reference System
(Millipore Corp., USA). 0.4-mm thick polytetrafluoretyhylene

(PTFE) material was purchased from ShenZhen Anceley Insu-
lated Plastic Material Co., Ltd.

Sample Preparation

The PTFE plates with the diameter of 4 mm were made by a
hole puncher. The plates were washed by pure methanol to
clean the contaminant before experiments.

To test the performance of sDESI and conventional DESI,
2.5 μL of rhodamine B (100 mg L−1) was spotted on the glass
slides and allowed to dry at room temperature. Subsequently,
the glass slides were applied test the synchronized performance
states of sDESI. To test the effect of substrates of sDESI and
conventional DESI, rhodamine B, reserpine, and dopamine
were mixed together with the ratio of (1 mg L−1:20 mg
L−1:50 mg L−1). A total of 2.5 μL of mixed solution was
spotted onto the glass slides (an area of about 100 mm2), paper
(an area of about 100 mm2), PTFE (an area of 12.64 mm2), and
PTFE (pre-spotted with 2.5 μL of brain homogenate, an area of
12.64 mm2), respectively.

For real biological sample desorption, the brain and garlic
homogenates were made as follows. All animal experiment
procedures were approved by the Institutional Animal Care
and Use Committee of the University of Science and Technol-
ogy of China (USTC). The head of an 8-week-old C57 mouse
was cut off and the brain was taken out rapidly. The brain was
washed by cold distilled water (4 °C) to remove the blood and
then removed the water by filter paper. The brain was placed on
ice and weight. The brain tissue was diluted with distilled water
(with a dilution rate of 1:10), then brain homogenate was
obtained by continuous stirring for 40 min by using a stir bar
with ice bath. The garlic homogenate was also made similar
with brain homogenate. Both brain and garlic homogenates
were stored at – 20 °C.

To test the performance of sDESI in quantitative analysis,
the standard solutions of methacholine in the 0–500 mg L−1

concentration range with 5.0 mg L−1 concentration of acetyl-
choline was deposited on glass slides and paper. Methacholine
in the 0–50 mg L−1 concentration range with 1.0 mg L−1

concentration of acetylcholine was deposited on PTFE plates.
Methacholine in the 0–750 mg L−1 concentration range with
50 mg L−1 concentration of acetylcholine was deposited on
brain homogenate spots.

Synchronized DESI Mass Spectrometry

All DESI experiments were carried out with a Finnigan LTQ
(Thermo Fisher Scientific, CA, USA) mass spectrometer. Main
experimental parameters were as follows: spray voltage, 5 kV;
capillary voltage, 35 V; capillary temperature, 275 °C; tube
lens, 50 V; collision energy, 30 eV; AGC, off; injection time,
100 ms (200 ms for brain and garlic homogenate desorption).
The mass-to-charge range analyzed was 50–750, expect for
brain homogenate and garlic homogenate desorption (mass-to-
charge range of 50–1500).

A homemade sDESI platform was adapted by adding an
8320G142 precise gas flow valve (ASCO Red-Hat, America)
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to the conventional DESI source. A solvent spray of water/
methanol (10:90, v/v, flow rate of 0.75 μL min−1) was posi-
tioned 1.5 mm from the surface at an angle of 62.5°. The
surface-to-inlet distance and tip-to-inlet distance were placed
to 4 and 0.5 mm, respectively. The nitrogen gas (99.99%
purity) pressure of 145 psi was used.

A homemade control panel was designed to provide stable
power and response to the synchronized signal. One of the
programs was designed to control the sampling procedure of
mass spectrometer by adding an adjustable trigger signal and a
waiting signal. Another one was programmed to detect the
trigger signal and transmit signal to turn on the DESI gas valve.

To capture the spray plume of synchronized DESI and
conventional DESI, a smartphone (Smartisan Nut Pro2) was
set with 29.97 frames per second of sampling rate. A halogen
lamp unit for cold, high-intensity fiber light source (Minebea
Co., Ltd., China) was placed behind the DESI source.

Data Process

Desorption experiment was determined for more than three
time to reduce the measurement error. DESI-MS data was
evaluation of extracted ion chromatograms of rhodamine B
(m/z = 443.42), reserpine (m/z = 609.25), dopamine (m/z =
154.17), acetylcholine (m/z = 146.25), and methacholine
(m/z = 160.25). In order to minimize the variation, all experi-
ments were measured for three times at least (n ≥ 3) and the
data shown in this study was the mean value of five scans for
each experiment.

Limits of detection (LODs) of sDESI and conventional
DESI were determined in accordance with the calculation
equation as follows [26]:

LOD ¼ 3δc=S ð1Þ

Where δ is the standard deviation of the blank samples
signal, c is the minimal concentration signal of the tested
components, and S is the mean signal intensity value of the
analytes at the minimal concentration.

The desorption area measurement was carried out by using
sodium hydroxide solution (pH = 13) as the DESI solvent and
applying pH test paper as a chromogenic plate. HP LaserJet
M1005 scanner was used to scan the pH test paper together
with a ruler. The image was later measured by using Nano
Measurer 1.2 program to obtain the precise size of desorption
area of sDESI and conventional DESI.

Result and Discussion
The Procedure of Synchronized DESI

Conventional DESI continuously generates charged droplets,
which would waste large amount of ions when ion injection of
mass spectrometer is closed. For better utilization of analyte
ions, an enhanced DESI mass spectrometry method was
achieved via synchronizing ion generation with ion acquisition.

A pinch valve was used to control the sheath gas. When ion
injection was closed, the pinch valve was turned off to pause
the sheath gas. When ion injection was turned on, the pinch
valve was triggered on for ion generations (Figure 1a and figure
S1). It is worth mentioning that when sheath gas of sDESI was
paused, the spray solvent accumulated at the end of emitter tip,
leading to much larger desorption area (relative discussion
could be found in the later part of the manuscript). With
improved ion utilization efficiency and enlarged desorption
area, sDESI could provide higher signal intensity over conven-
tional DESI (Figure 1b).

To test the signal enhancement, three different analytes
(dopamine, m.w. = 154.2, rhodamine B, m.w. = 443.4, and
reserpine, m.w. = 609.3) deposited on paper substrate were
subjected to sDESI and conventional DESI, separately. All
three compounds were identified with their characteristic frag-
ment ions via collision-induced dissociation (CID) experiments
(dopamine with fragment ion of 137.1 inMS/MS, rhodamine B
with fragment ions of 427.8/413.8/399.8 in MS/MS, reserpine
with fragment ions of 578.3/448.3/397.3 in MS/MS).The sig-
nal intensity of all three molecules was found to be improved
by using sDESI comparing to conventional DESI (Figure 1b).

To improve sDESI performance, one key issue for this study
is to pause the sheath gas when ion injection was turned off.
That was accomplished by using a pinch valve, which was
triggered on each time the ion injection was turned on. The
pinch valve was controlled via a gate voltage (24 V), which
was triggered by a feed-back voltage (red arrow in Figure 2a)
from the control circuit of the mass spectrometer. However,
normally, there would be a delay between the feed-back volt-
age and ion injection. The delay time (delay 1 in Figure 2a) was
found to be different on each individual MS instrument. Thus,
to test out principle, and to maximum the synchronization of
the ion generation and ion injection, we added another delay
time (as delay 2 in Figure 2a) to compensate the delay time (as
delay 1 in Figure 2a). The duration of that delay time (delay 2)
was tested in the range of 0–200 ms. As data shown in
Figure 2b, when delay 2 was applied as 0 ms or > 100 ms,
the signal intensity of rhodamine B was extremely low, which
indicating that ion generation was not properly matched with
ion injection. When applying 50 ms of delay 2, the signal
intensity achieved its maximum values. These results sug-
gested that the ion generation was perfectly synchronized with
ion injection using correct delay settings, which leading to the
improvement of signal of sDESI. Therefore, an optimized
delay time was set as 50 ms in the following experiments.

Short videos were recorded to show the differentiation of spray
procedure between conventional DESI and synchronized DESI.
We captured the spray procedure of conventional DESI and
synchronized DESI at the solvent flow rate of 1.0 μL min−1

(videos shown in the supporting online material). The conven-
tional DESI was found to be spraying continuously, while the
spray plume of synchronized DESI was pulsating under the
control of the pinch valve. With the solvent accumulation at the
end of the emitter tip, the spray plume of synchronized DESI was
denser than that of conventional DESI (shown in fig S7a-b). The
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videos provided direct evidence of the pulsed spray procedure and
enlarged spray plume of our synchronized DESI. With the im-
provement of the density of spray plume, synchronized DESI
achieved the larger desorption area rather than conventional DESI.
Consequently, the signal intensity and sensitivity were also slight-
ly enhanced (shown in table S1).

There might be two possible reasons for the signal enhance-
ment, which include (i) the enlarged desorption area of sDESI
might pick up more amount of analytes and (ii) the depletion
efficiency of sDESI might be increased due to the lager amount
of solvent consumption. To confirm which reason is majorly
responsible, we characterized both effects for sDESI and con-
ventional DESI.

Characterization the Influence of Desorption Area

Tomeasure and compare the desorption area of sDESI and DESI,
we used sodium hydroxide solution (pH= 13) as the spray solvent

and applied pH test paper as a chromogenic plate. Spraying
sodium hydroxide solution on pH test paper formed a visible spot.
The diameter of impact area created by sDESI and conventional
DESI are present in Figure 3a (optical image shown in figure S7c).
Although the diameter of impact area increased with higher
solvent flow rate in both sDESI and conventional DESI, much
larger impact area was created by sDESI. At the solvent flow rate
of 0.75 μL min−1, the diameter of impact spot created by sDESI
(0.98 mm) was 1.6 times larger than that of conventional DESI
(0.61 mm). Similarly, larger impact area was created by sDESI
than conventional DESI with different distance between spray tip
and sample surface (figure S2). During synchronized procedure,
when the ion injection was turned off, the sDESI sheath gas was
paused while the spray solvent would accumulate at the end of
emitter tip, leading to an enlarged desorption area. In a word, the
impact area of sDESI was universally lager than that of conven-
tional DESI due to the accumulation of solvent at the end of the
emitter tip.

Figure 1. (a) Schematic diagram of synchronized desorption electrospray ionizationmass spectrometry. A pinch valve was used to
synchronize ion generation with ion injection for better utilization of analyte ions. With solvent accumulation at the end of emitter tip,
sDESI was triggered bymass spectrometry and led to larger desorption area than conventional DESI. (b) Respectivemass spectra of
desorption of rhodamine B (1 mg L−1, 2.5 μL on 100 mm2, 0.025 ng mm−2), reserpine (20 mg L−1, 2.5 μL on 100 mm2, 0.5 ng mm−2),
and dopamine (50mg L−1, 2.5 μL on 100mm2, 1.25 ngmm−2) from paper by using sDESI (red line) and conventional DESI (black line)

Figure 2. (a) Procedure of synchronized sDESI mass spectrometry. Fifty milliseconds ahead of ion injection procedure, a trigger
signal was sent out (red arrow) and followed by ion injection for 100 ms. A delay time (black arrow) between catching trigger signal
and turning on gas valve was adjustable in order to synchronized DESI spray with ion injection. (b) Signal acquisition of rhodamine B
of spotted on glass slides with the concentration of 5 ng mm−2 (100 mg L−1, 2.5 μL on 50 mm2) controlled by the delay time 2 of gas
valve from 0 to 200 ms
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With larger impact area, more amount of analyte could be
picked up. Glass slides spotted with rhodamine B were sub-
mitted to sDESI and conventional DESI to test the the signal
enhancement under different solvent flow rates. The data
shown in Figure 3b indicated that the signal intensity of rho-
damine B obtained by sDESI was higher than that of conven-
tional DESI at different solvent flow rates. Especially in the
range of 0.5–0.75 μL min−1, the signal intensity obtained by
sDESI was 4.8–7.4-folds higher than that of conventional
DESI. However due to large amount of solvent accumulation
at the end of the emitter tip under 1.50 μL min−1, the plume of
sDESI with too much solvent might prevent the desolvent
procedure of analyte which would decrease the ion efficiency.
So at such condition, the ion signal intensity was proportional
to the desorption area, but still improved.

As a result, with improved ion ultilization efficiency and
enlarged desorption area, more amount of analyte could be
picked up which would be helpful to the enhancement of the
signal intensity of sDESI without any sample pre-treatment.

Characterization the Influence of Depletion
Efficiency

To explore the depletion efficiency of sDESI and DESI, we
compared the signal intensity of sDESI and conventional DESI
under area-unlimited sampling and area-limited sampling
mode by adjusting the amount of analyte. As we spotted
2.0 μL of sample solution on the glass slides, the diameter of
deposition area (about 5 mm) was much larger than impact area
of both sDESI (about 0.98 mm) and conventional DESI (about
0.63 mm). So for both sDESI and conventional DESI, the
desorption was under area-unlimited sampling mode. Intensity
of sDESI was found to be ~ 4 times higher than that of con-
ventional DESI (data shown in Figure 4a, red histogram).
However, when using a 300-μm tip to dip rhodamine B solu-
tion on glass slide (deposition was genteelly repeated to avoid
solution spreading), a series of tiny sample spots (about 0.3 mm
in diameter) were formed. Under such area-limited sampling
mode, the signal intensity obtained by conventional DESI and
sDESI was at the similar level (data shown in Figure 4a, blue
histogram). The result above suggested that the depletion

efficiency of sDESI might be at the same level with conven-
tional DESI.

To further explore the depletion efficiency, another experi-
ment was carried out. Firstly, we applied conventional DESI
and sDESI (first scan) to scan the paper deposited with rhoda-
mine B. Due to larger desorption area, the signal intensity (data
shown in Figure 4b with sDESI and DESI label) obtained by
sDESI was higher than that of conventional DESI, which was
consistent with the result shown in Figure 3b and Figure 4a (red
histogram). Secondly, the traces of both sDESI and conven-
tional DESI containing the residues of rhodamine B were
submitted to conventional DESI (second scan) to verify the
depletion efficiency of the first scan. The signal intensity of
second scan (followed with sDESI and conventional DESI)
was kept at the similar level (shown in Figure 4b with sDESI/
DESI and DESI/DESI label), which implies after first scan, the
residues of rhodamine B were at the similar level. That indi-
cated the depletion efficiency of sDESI might be similar to that
of conventional DESI.

Effect of Substrates and Quantification Analysis
of sDESI and Conventional DESI

To test the improvement of sDESI on various substrates, four
kinds of substrates (glass slides, paper, PTFE, and brain homog-
enate) spiked with three analytes (dopamine, rhodamine B, and
reserpine) were submitted to sDESI and conventional DESI. The
ratios of signal intensity and lasting time of sDESI and conven-
tional DESIwere presented in Table 1. Among the four substrates,
signal intensities were improved for 1.62–5.58-folds with glass
slides, paper, and PTFE plates. The signal intensity of molecules
was also improved slightly brain homogenates. The respective
mass spectrum of all three substrates was shown in Figure 1b,
figure S3a–S3c. The lasting time of sDESI was also mildly
elevated for 1.0–3.08-folds by comparing to conventional DESI.
Three replicate respective spectra of extracted ion chromatography
(EIC) of rhodomaine B were showed in figure S4a-S4d. In a
word, sDESI could reduce effect of substrates obviously and
achieve a universal enhancement of both signal intensity and
lasting time of various kinds of analytes.

Figure 3. Variation tendency of the diameter of desorption area (a) and the signal intensity of rhodamine B (b) of sDESI and
conventional DESI spraying by adjusting the solvent flow rate
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To verify the quantitative capabilities of sDESI, internal
calibration curves were carried out by both sDESI and conven-
tional DESI. Acetylcholine (AC,m/z = 146.4) was used as inter-
nal standard for methacholine (MAC, m/z = 160.4).
Methacholine and acetylcholine were identified based on CID
experiments (methacholine with fragment ion of 101.1 in MS/
MS, acetylcholine with fragment ions of 87.1/60 in MS/MS).
The calibration curves showed excellent linear response with
correlation coefficient (R2) higher than 0.99 for all compounds
tested on various substrates (figure S5) by both sDESI and
conventional DESI. In addition, the R2 in sDESI (R2 > 0.999)
was better than that in conventional DESI (R2 > 0.99) on both
paper and PTFE. The linear range is more than two orders of
magnitude for desorption from glass slides (from 0.063 to
2.5 ng mm−2), paper (from 0.064 to 2.5 ng mm−2), and PTFE
plates (from 0.02 to 1.9 ng mm−2). When applying sDESI to
complicated biological matrices, such as brain homogenate, the

linear range for methacholine was from 1.2 to 148 ng mm−2.
Therefore, the proposed method (sDESI) is more accurate and
reliable in quantitative analysis compared to conventional DESI.

The Desorption of Raw Biological Samples by Using
sDESI

Finally, sDESI was applied to homogenates of raw biolog-
ical samples to further verify its enhanced performance for
actual sample. Figure 5 shows representative mass spectra of
brain homogenate when applying using both sDESI and
conventional DESI, respectively. The signal intensity of
phospholipids by using sDESI was increased to 1.20–3.08-
folds (date shown in Table 2). Series of chemical such as
choline (m/z = 104), alanine (m/z = 132), nrepinephrine
(m/z = 170), and phosphorylcholine (m/z = 184) were also

Table 1. Comparison of the Signal Intensity and Lasting Time (sDESI/Con-
ventional DESI) of Rhodamine B, Reserpine, and Dopamine Between sDESI
and Conventional DESI from Four Substrates

Species Substrates Intensity ratio* Lasting time ratio**

Rhodamine B Glass 5.58 1.80
Paper 2.40 1.68
PTFE 3.45 2.25
Brain homogenates 1.62 1.10

Reserpine Glass 2.56 2.86
Paper 4.26 2.43
PTFE 2.83 0.99
Brain homogenates 1.69 3.08

Dopamine Glass 3.11 1.29
Paper 2.32 2.21
PTFE 3.05 1.80
Brain homogenates 3.03 1.54

*Intensity ratio = IsDESI/IDESI
**Lasting time ratio = tsDESI/tDESI

Figure 4. (a) The signal intensity of rhodamine B of the lager desorption surface (area-unlimited samplingmode, sampling area of ~
20 mm2, 12.5 ng mm−2) and small desorption surface (area-limited sampling mode, sampling area of ~ 0.07 mm2, 125 ng mm−2)
obtained by conventional DESI and sDESI. (b) Repeated-scanning of the same line using conventional DESI and sDESI

Figure 5. Representative mass spectrum of brain homoge-
nates by using sDESI (red line) and conventional DESI (black
line)

Z. Hou et al.: Synchronized Desorption Electrospray Ionization Mass Spectrometry 373



improved when using sDESI. The identified fragment of
ions based on CID was listed in Table 2. In addition, sDESI
and conventional DESI were also applied to garlic homog-
enate. The result was consistent with the brain homogenate
desorption (respective mass spectra shown in figure S6).
Serials of peaks in the mass range of 543 to 1353 with
mass shifts of 162 Da were assigned as fructosans
((−C6H10O5−), 162 Da), the mass assign result was in
accordance with previous reports [27]. The signal intensity
of high abundance chemical such as arginine and fructosans
in garlic homogenate was found to be improve by 2–3-folds
(data shown in table S2). Therefore, for raw biological
samples, the improved performance of sDESI was
confirmed.

Conclusion By synchronizing ion generation and ion
injection of DESI, maximum utilization of analyte ions
was achieved. Due to the accumulation of solvent at the
end of DESI tip, desorption area was also enlarged and
more samples were picked up. With such improvement,
sDESI enables universal enhancement of signal intensity
on various substrates over conventional DESI. However,
the performance was also confirmed with raw brain/garlic
homogenates. In addition, the synchronizing approach
might benefit not only DESI but also other ionization
methods (including electrospray ionization), which provide
ions continuously.
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