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Adaptation of desorption electrospray ionization to a transmission mode (TM-DESI) entails
passing an electrospray plume through a sample that has been deposited onto a mesh
substrate. A combination of mass spectrometry and fluorescence microscopy studies is used to
illustrate the critical role material composition, mesh open space, and mesh fiber diameter play
on the transmission, desorption, and ionization process. Substrates with open spaces less than
150 �m and accompanying minimal strand diameters produce less scattering of the plume and��
therefore favor transmission. Larger strand diameters typically encompass larger open spaces,
but the increase in the surface area of the strand increases plume scattering as well as solvent
and analyte spreading on the mesh. Polypropylene (PP), ethylene tetrafluoroethylene (ETFE),
and polyetheretherketone (PEEK) materials afford much better desorption than similarly sized
polyethylene terephthalate (PETE) or nylon-6,6 (PA66) substrates. Ultimately, the manner in
which the electrospray plume interacts with the mesh as it is transmitted through the substrate
is shown to be critical to performing and optimizing TM-DESI analyses. In addition, evidence
is presented for analyte dependent variations in the desorption mechanisms of dry and
solvated samples. (J Am Soc Mass Spectrom 2009, 20, 584–592) © 2009 American Society for
Mass Spectrometry

Desorption electrospray ionization (DESI) is among
the growing number of atmospheric pressure
ionization techniques that are suitable for cou-

pling to mass spectrometric analysis [1]. In DESI, ions
are produced by directing charged solvent droplets
from an electrospray source toward a sample that is
either a bulk material in its native state (e.g., pharma-
ceutical tablet) or one that has been deposited from
solution onto a sampling surface. Analytes present at
the surface are desorbed and ionized by the incoming
plume and subsequently transferred to the mass spec-
trometer inlet by the influence of the applied potential
and the pressure differential between atmospheric pres-
sure and the low-pressure region of the mass analyzer.
To date, DESI has found many applications includ-
ing forensic analysis [2–5], explosives detection [6–9],
chemical warfare agent detection [3, 10–12], imaging
[13–15], pharmaceutical analysis [16–24], natural prod-
uct characterization [2, 25], polymer analysis [26, 27],
metabolomics [2, 28–31], proteomics [2, 32–33], and
glycomics [34].
Recent adaptations of DESI, including geometry in-

dependent DESI in gas tight enclosures [35] and trans-
mission mode desorption electrospray ionization
(TM-DESI), have been developed to reduce the

geometry dependence of DESI experiments [36]. In the
transmission DESI mode the sample is not deposited
onto a continuous solid surface but rather onto a
sampling mesh. In this adaptation, the incident spray
angle and collection angle are fixed at 0° and the spray
is transmitted through the sample (Figure 1). Along
with the simplification of the experimental geometry,
the transmission mode also allows convenient analysis
of both dry (i.e., following evaporation of the deposition
solvent) and wet (i.e., solvated) samples with similar
performance characteristics to those achieved using
traditional DESI [36].
Surface variables including the chemical composi-

tion, porosity, texture, and electrical conductivity of the
substrate have been reported to affect DESI analyses [2,
24, 37–39]. Dramatic reductions in response have been
noted for high conductivity surfaces due to neutraliza-
tion of the incoming ion plume at the surface [2, 38].
Variations in response due to the impact of the surface
on crystallization of deposited samples have been re-
ported [2, 37], as well as increases in response for
porous or rough surfaces due to a reduction in sample
spreading [2, 37], and increases in response due to
chemical inertness and hydrophobicity of materials
such as PTFE [24, 38]. DESI analyses have utilized a
variety of surface materials, including glass, PMMA,
PTFE, TLC plates, UTLC plates, porous silicon, nano-
porous aluminum, paper, and stainless steel. However,
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in general the use of rough, nonconducting materials is
now widely preferred.
The utilization of a mesh material as the sample

substrate for TM-DESI analysis introduces a new set of
experimental variables that have not been investigated
by traditional DESI. In TM-DESI, the mesh substrate is
not only composed of a particular material, but also
fashioned into a variety of different forms depending
on the strand size used for the mesh and the open space
between the various strands. Liquid samples spotted
onto the sampling mesh fill one or more of the openings
and the analyte may either adsorb onto the mesh or
remain partitioned in the deposition solvent. Initial
studies of rhodamine 6G, bradykinin, and nicotine by
TM-DESI using mesh substrates composed of five dif-

ferent materials but with similar mesh characteristics
showed tremendous differences in response [36]. The
present investigation expands on the previous results
by including not only more materials but also substrates
with widely varying mesh characteristics. Furthermore,
more attention is given to the interaction of the electro-
spray plume with the mesh substrate, how the mesh
characteristics impact the transmission of the electros-
pray, and how the material composition and mesh
characteristics ultimately impact desorption and ioniza-
tion mechanisms of liquid samples by TM-DESI.

Experimental

Materials

Rhodamine 6G and bradykinin were purchased from
Sigma Aldrich (St. Louis, MO) and used without further
purification. High purity methanol, water, and acetone
were purchased from Fisher Scientific (Hampton, NH).
Working standards of both rhodamine 6G and brady-
kinin were prepared at concentrations of 60 and 100
pg/�L in methanol.�
A total of 20 different mesh substrates manufactured

from five different polymeric materials; polypropylene
(PP), polyetheretherketone (PEEK), ethylene tetraflu-
oroethylene (ETFE), nylon-6,6 (PA66), and polyethylene
terephthalate (PETE) were purchased from Small Parts,
Inc. (Miramar, FL). The monomeric structures for these
materials are shown in Figure 2. As indicated in Table 1,
the different materials were fashioned into meshes with
differing structural characteristics, namely the open
space between the strands of the mesh and the diameter
of the strands used to compose the mesh. Ultimately,
these two variables were used to compute a theoretical
percent transmittance of the mesh by taking the square
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Figure 1. Transmission mode desorption electrospray ionization
(TM-DESI) geometry. Sample (S) is deposited on a mesh screen
and analyzed by passing an electrospray through it. The angle
between the electrospray tip (T), sample (S), and capillary inlet (C)
to the mass spectrometer is set to 0 degrees. DTC is the distance
from the electrospray tip to the capillary, DTS is the distance from
the electrospray tip to the sample, and DSC is the distance from the
sample to the capillary.

Figure 2. Monomers of the polymeric mesh materials used as TM-DESI substrates.
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of the open space divided by the square of the sum of
the open space and strand diameter. Throughout the
text, mesh materials are given an alphanumeric desig-
nation by their material composition and their open
space. (e.g., PP 149 was the mesh composed of polypro-
pylene fibers with an open space of 149 �m) Before��
analysis, each mesh substrate was rinsed with a mixture
of high purity water, methanol, and acetone. After
drying, the mesh sheets were cut into 5 mm � 10 mm
rectangular pieces. Blank measurements were made on
representative samples of each substrate to ensure that
each was free of analyte or any detectable interference.

Mass Spectrometry

An Omni Spray ion source (Prosolia, Inc., Indianapolis,
IN) was mounted to a Thermo Fisher Scientific LTQ XL
mass spectrometer (Thermo Fisher Scientific Inc.,
Waltham, MA) and modified to allow a 0° angle be-
tween the electrospray tip and capillary inlet to the
mass spectrometer. Samples were affixed to the sample
slide arm of the Omni Spray ion source using a sample
holder constructed of two rectangular support pieces
(1.2 cm � 15 cm): one high density polyethylene
(HDPE) 2.3 mm thick and one oriented polyester 0.3
mm thick. A 7 mm diameter hole was drilled through
both support pieces and the sample mesh was held
between the two layers. Mass spectra were acquired by
scrolling the sample holder perpendicularly into the
electrospray plume between the spray tip and the cap-

illary inlet, thereby allowing transmission of the
ionizing spray through the mesh. Except where other-
wise noted, all analyses were carried out with a TM-
DESI geometry of DTS equal to 2 mm and DTC equal to
8 mm (see Figure 1).
Mass spectra were acquired using the Xcalibur 2.0

software program in the positive ion mode with the
electrospray voltage set to 4.0 kV, the ion accumulation
time set to 10 ms and signal averaging set for four
microscans. Nitrogen at a pressure of 100 psi was used
as the nebulizing gas. Unless otherwise noted, a syringe
pump (Harvard Apparatus, Holliston, MA) was used to
deliver either methanolic samples for ESI or methanol
electrospray solvent for TM-DESI at a rate of 5 �L/min.�

TM-DESI samples were prepared by spotting 1 �L of�

solution onto a sample mesh using a 5 �L syringe (SGE,�

Austin, TX) and analyzed wet, before the deposition
solvent had evaporated.
The response of rhodamine 6G was monitored using

a selected dissociation reaction of the protonated spe-
cies of m/z 443.3 Da to the dominant fragment of m/z
415.2 Da (i.e., selected reaction monitoring). The re-
sponse of bradykinin was monitored using a selective
ion monitoring of the doubly protonated species [M �
2H]2� of m/z 530.7 Da. The area of the peak chosen by
Xcalibur’s ICIS peak detection algorithm was used to
compare responses and each experiment was repeated a
minimum of five times to ensure consistency between
mesh samples.

Table 1. Sample mesh characteristics and results summary for rhodamine 6G analyses

Mesh
material

Open space
(�m)

Strand
diameter (�m)

Transmittance
(%)a

Average
recovery (%)b

Normalized
recovery (%)c

Normalized
desorption (%)d

PP 105 100 26.2 33.5 68.6 56.1
PP 125 100 30.9 40.3 82.6 55.4
PP 149 106 34.1 48.8 100.0 100.0
PP 250 200 30.9 27.9 57.2 10.1
PP 297 215 33.6 37.7 77.2 6.3
PP 500 300 39.1 23.0 47.2 4.3
PA66 110 51 46.7 15.6 31.9 27.6
PA66 130 50 52.2 22.5 46.1 19.7
PA66 150 92 38.4 7.1 14.5 15.9
PA66 250 180 33.8 3.7 7.6 3.7
PA66 310 151 45.2 8.0 16.3 7.6
PA66 500 315 37.6 2.0 4.1 14.2
PETE 105 42 51.0 10.8 22.2 5.8
PETE 132 54 50.4 5.1 10.5 6.8
PETE 150 96 37.2 4.5 9.2 2.0
PETE 250 152 38.7 12.0 24.6 18.8
PETE 300 143 45.9 10.0 20.5 19.9
PETE 500 220 48.2 13.6 27.9 10.2
ETFE 150 96 37.2 40.6 83.2 86.9
PEEK 300 200 36.0 24.5 50.3 21.5

aThe percent transmittance was calculated as the square of the open space divided by the square of the sum of the open space and strand diameter.
bThe average recovery was calculated as the average response of ten replicate electrospray analyses when the mesh was placed in the path of the
electrospray plume divided by the response of the same solution electrosprayed without any mesh present in the sample holder. All values are
�0.5%.
cThe average response of ten replicate electrospray transmission analyses relative to all of the mesh materials. All values are �0.5%.
dThe average response of ten replicate TM-DESI analyses relative to all of the mesh materials. All values are �0.5%.
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Fluorescence Microscopy

Analysis of residual rhodamine 6G was performed
using either the 2.5X or 4X objective of an Olympus BX2
epifluorescent microscope equipped with a 12 bit CCD
camera (DVC Co., Austin, TX) and high-pressure mer-
cury bulb excitation source. Excitation of rhodamine 6G
occurred at 480 nm and emission was monitored at 535
nm. Photomicrographs were captured via DVC software
with adjustable gain, offset, and exposure time. While
variousmicroscopy settings were used for different exper-
iments based on the sensitivity of the instrument and the
amount of residual analyte, all microscopy settings were
consistent among the samples being compared.

Results and Discussion

Desorption electrospray ionization involves the interac-
tion of an incoming electrospray plume with analytes
adsorbed onto a surface. Desorption and ionization of
these analytes is believed to proceed through a multi-
step droplet pick-up mechanism, where the initial step
involves the formation of a thin solvent layer on the
surface by the incoming solvent plume [1, 40]. Ad-
sorbed molecules eventually dissolve or migrate into
the solvent layer and are subsequently desorbed by the
momentum of the high velocity electrospray droplets
that continue to contact the surface. Once the analytes
are sequestered in the charged off-spring droplets, they
are ionized by typical ESI mechanisms. Ultimately, the
droplet pick-up mechanism depends not only on the
characteristics of the electrospray but also on the phys-
ical and chemical characteristics of the surface. Specifi-
cally, the surface influences the formation of the solvent
layer, spreading of the solvent layer, the ease with
which off-spring droplets leave the surface and the
migration rate of adsorbed molecules into the solvent
layer. Therefore, experiments were designed to assess
the size and shape of the electrospray plume interacting
with the mesh, the impact of the mesh characteristics on
electrospray transmission, and the influence of the
mesh on the desorption of solvated analytes.

Sample Spot Size and Shape in TM-DESI

Experiments were conducted to determine the influence
of the electrospray solvent flow rate and experimental
geometry on the TM-DESI sampling spot size and
shape. Accordingly, a standard piece of printer paper
was cut into 5 mm� 10 mm pieces and inserted into the
sample holder in place of a sampling mesh. A solution
of rhodamine 6G (100 pg/�L in MeOH) was electros-�
prayed for 30 s at various flow rates (2 �L/min to 10�
�L/min) and distances (D� TS 2 mm to 8 mm) onto the
paper substrate, resulting in depositions of 100 to 500
pg of rhodamine 6G.
Fluorescence microscopy was used to determine the

effective size and shape of the electrospray plume as it
reached the substrate. Figure 3 shows an example

where the electrospray flow rate was 5 �L/min and the�
distance from the spray tip to the sample was 2 mm.
The bright area shown in the photomicrograph illus-
trates that the TM-DESI spot is dense, relatively sym-
metrical, and has a diameter of �1 mm under these
electrospray conditions. These characteristics therefore
result in an effective sampling area of �0.8 mm2.
Higher flow rates and larger distances resulted in more
irregular, diffuse spray patterns with sampling diame-
ters about 2 to 3 mm. These results generally agree
with recent reports for DESI imaging [15] but differ in
that elliptical spray patterns are not observed at
higher flow rates. Ultimately, a distance of 2 mm and
an electrospray flow rate of 5 �L/min were chosen
for all subsequent analyses as a balance between
spot regularity and the flux of the ionizing solvent
through the mesh.

Electrospray Transmission through Mesh
Substrates

Numerous studies have investigated fundamental elec-
trospray characteristics at various geometries, flow
rates, gas pressures and applied voltages [41–43]. How-
ever, the transmission of an electrospray through a
material is not typically addressed. One way to probe
the interaction is to compare the mass spectral response
when an analyte is electrosprayed through the mesh
with that when no mesh is present. Accordingly, a
solution of rhodamine 6G (60 pg/�L in MeOH) was�
electrosprayed at a flow of 5 �L/min though each mesh�
material for 20 s, resulting in the analysis of a total of
100 pg of rhodamine 6G. Ten replicate experiments
were conducted for each mesh material, each utilizing a
new mesh for the analysis. The average response when

Figure 3. Fluorescence image of rhodamine 6G electrosprayed
onto a paper substrate at a distance of 2 mm and an electrospray
flow rate of 5 uL/min. Under these electrospray conditions the
TM-DESI spot size remains essentially circular and has a diameter
of �1 mm.
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the mesh was present was divided by the average
response obtained in control experiments (i.e., no
mesh present) performed immediately before and
after each set of replicates, thereby resulting in an
average percent recovery for rhodamine 6G. These
results, along with the normalized percent recovery
among the twenty different mesh substrates, are
presented in Table 1.
The average recovery of rhodamine 6G varied from

2.0% to 48.8%, clearly indicating that the physical
parameters of the mesh substrate had a dramatic impact
on the transmission of the analyte. Examination of the
entire dataset illustrates that the transmission of rhoda-
mine 6G is not strictly favored for mesh materials with
large open spaces, as materials such as PP 149 and ETFE
150 yield higher recoveries than PA66 500 or PETE 300,
even though the open space is one-half to one-third as
large. Furthermore, high recoveries were not strictly
attributed to small strand diameters, as recoveries for
PP 297 and PA66 500 are much larger than ETFE 105
and PA66 150, although the latter have much smaller
strand diameters. When substrates are grouped based
on their open space (e.g., PP 149, ETFE 150, PA66 150,
PETE 150), it is apparent that PP, ETFE, and PEEK
materials afford much higher transmission than simi-
larly sized PETE or PA66 substrates, especially for those
with open spaces less than 300 �m (see�� Figure 4). These
results are consistent throughout each size grouping
and emphasize the influence of the mesh material
relative to the size characteristics of the mesh. However,
the size characteristics are also an influential factor
since the average recoveries for each mesh of a partic-
ular material were not equal.
Rhodamine 6G that was not transmitted through the

mesh to the mass spectrometer must have either ad-
sorbed to the mesh or been scattered by the mesh away
from the capillary inlet. Therefore, the mesh samples
used for the transmission experiments were analyzed
by fluorescence microscopy to determine the extent of
analyte adsorption that occurred during the analysis.
Furthermore, the transmission experiments were also
repeated with a second sample holder containing a 5
mm � 10 mm piece of paper placed �6 mm behind the

sample holder containing the mesh material but directly
in front of the capillary inlet. In this case, the paper was
used to collect rhodamine 6G analyte (i.e., ions and
solvated neutrals) that was scattered by the various
mesh substrates.
As shown in Figure 5, there was a remarkable

difference in the photomicrographs of the mesh mate-
rials. Materials such as PETE and PA66 tended to
adsorb the rhodamine 6G while those composed of PP
or ETFE did not. These results correlate directly with
the recovery data and may be explained by either the
porosity of the strands or the polarity and charging
characteristics of the oligomeric materials since hydro-
phobic materials such as PP did not adsorb the dye
nearly as much as the PA66 or PETE. Furthermore, the
variation among the series of substrates of a particular
material was at least partially explained by the amount
of visible spreading of the adsorbed analyte. While the
mesh materials with small open spaces and small strand
diameters showed little or no adsorption of analyte
outside of the �1 mm spot size, the meshes with large
open spaces and correspondingly larger strand sizes
were typically observed to have rhodamine 6G spread
several mm across the mesh. These results suggest that
the erosion effects typical in DESI [44] may also be
present in TM-DESI, but only when the surface area
of the mesh strands becomes too large for effective
transmission.
The results of the scattering experiments also dem-

onstrated that mesh materials with larger strand sizes
(i.e., those with open spaces �150 to 315 �m) tended to��
facilitate scattering of the analytes as they passed
through the mesh. For example; PP 250, PP 297, PETE
300, and PA66 310 all showed the distinct deposition of
rhodamine 6G in multiple locations on the paper sur-
rounding the capillary inlet. In contrast, transmission of
the electrospray through mesh materials with smaller
stand diameters (i.e., �100 �m), such as PETE 105,��
PETE 50, ETFE 150, and PP 105, did not appear to
produce any significant scattering (see Supplementary
Figure S1, which can be found in the electronic version
of this article).

Figure 4. Normalized responses of rhodamine 6G and bradykinin using (a) polypropylene mesh
materials with open spaces ranging from 105 to 500 �m and (�� b) meshes of different materials with
open spaces of�150 �m. Solid bars indicate transmission of rhodamine 6G electrosprayed through the��
mesh. Square patterned bars correspond to desorption of rhodamine 6G while horizontal striped bars
correspond to desorption of bradykinin using TM-DESI analysis.
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Desorption of Liquid Samples from Mesh
Substrates

Experiments were also performed to investigate the
potential differences between desorption and transmis-
sion and their relationships to TM-DESI analysis of wet
samples. Successful sample deposition for conventional
DESI analyses involves balancing drying time and
sample spreading. If low volatility solvents (e.g., water)
are used, the drying time often becomes the rate limit-
ing step of the analyses [2, 15]. If a more volatile solvent
is used (e.g., methanol), the evaporation time may be
reduced; however the low surface tension of the solvent
makes uniform sample deposition more challenging [2].
Furthermore, sample analyses that utilize smooth sur-
faces are typically prone to erosion effects, thereby
requiring alternative deposition onto porous or rough
surfaces that retain the adsorbed analyte during the
formation of the initial solvation layer [2, 37, 39]. The
mesh materials used for TM-DESI overcome these dif-
ficulties by suspending both high and low volatility
deposition solvents of varying surface tensions in the

open space of a mesh. Like DESI, TM-DESI is also
expected to proceed through a droplet pickup mecha-
nism. However, a distinction can be drawn between
TM-DESI analyses of dry samples versus wet samples.
Analysis of dry samples should be completely analo-
gous to traditional DESI as analytes are merely ad-
sorbed onto a mesh strand instead of a hydrophobic
spot or other surface. However, wet analyses present a
different situation since the deposition solvent remains
a component of the system and effectively acts as an
abundant initial solvent layer.
Analyte molecules that remain suspended in the

droplets are efficiently and rapidly desorbed into the
electrospray, where surface active analytes may be ion-
ized by heterogeneous charge-transfer between the
electrospray droplets and the analyte or by typical ESI
mechanisms following droplet fusion. Both of these
mechanisms have been proposed previously for electro-
spray assisted desorption techniques such as ELDI and
MALDESI [45–50]. In contrast, analyte molecules that
preferentially adsorb to the mesh substrate withstand
the release of the deposition solvent droplets and in-
stead are both desorbed and ionized by the spray
solvent. The intricacies of the three component system
(i.e., substrate, deposition solvent, electrospray solvent)
are not entirely inconsequential as analyte response has
been observed to depend on the identity of both the
deposition and electrospray solvent [36].
Experiments analogous to the transmission studies

were performed to assess the influence of various mesh
materials and mesh characteristics on the desorption
and ionization process. In this case, methanol was used
as both the deposition and electrospray solvents,
thereby isolating the experiment from any solvent-
dependent mechanistic variations. Samples were pre-
pared by depositing 1 �L of a solution of rhodamine 6G�
(100 pg/�L) or bradykinin (100 pg/� �L) on the surface�
of a mesh substrate and analyzed before solvent evap-
oration by scanning a single pass across the visibly wet
surface at a rate of 300 �m/s. Ten replicate experiments��
were conducted for each mesh material, each utilizing a
new 5 mm � 10 mm mesh. The response of the 10
measurements was averaged and normalized to the
maximum average response for the 20 mesh substrates.
The normalized results for rhodamine 6G desorption
(i.e., normalized desorption) are presented alongside
the transmission results (i.e., normalized recovery) in
Table 1.
In general, the desorption of rhodamine 6G and

bradykinin followed the trends established by the trans-
mission experiments as the largest responses were
observed for nonpolar mesh materials with moderate
open space and small strand diameters. For both ana-
lytes, desorption from PP 149 and ETFE 150 resulted in
the largest responses while much smaller signals were
observed for substrates of different materials with sim-
ilar mesh characteristics (e.g., PA66 150, PETE 150).
Interestingly, results for other relatively transmissive
substrates such as PP 250, PP 297, PP 500, and PK 300

Figure 5. Fluorescence micrographs of mesh materials (a) PP 149
(149 �m open space) and (�� b) PETE 150 (150 �m open space)��
following electrospray of rhodamine 6G (60 pg/�L) through the�
mesh for 20 s. Both micrographs were acquired using identical
microscope gain and exposure settings.
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showed dramatic decreases in the relative efficiencies of
desorption compared with transmission. Figure 4a
highlights the differences between the various polypro-
pylene substrates and Figure 4b compares the responses
for substrates with �150 �m of open space. While the��
differences among the various mesh materials are of
specific interest to this study, the relative similarity of
the normalized responses for rhodamine 6G and brady-
kinin desorption by TM-DESI are particularly signifi-
cant because they indicate the potential transference
between a model compound such as rhodamine 6G and
broader molecular classes such as peptides.
Fluorescence microscopy was again used to assess

the impact of the mesh material by examining the extent
of residual rhodamine 6G on the mesh after TM-DESI
analysis. For example, Table 1 and Figure 4 indicate that
the response of rhodamine 6G from PA66 via desorp-
tion was only 16% of the response from PP 149. Figure
6 depicts example micrographs taken on PP 149 and

PA66 150 following these analyses. The differences
clearly illustrate that the lower recovery is due to the
preferential partitioning of the analyte between the
substrate and the deposition solvent. In the case of PP
149, the rhodamine 6G remained dissolved in the meth-
anol and was thus rapidly desorbed and ionized by the
electrospray plume as it was scanned across the mesh.
In contrast, the PA66 mesh material more strongly
bound the analyte and less of the dye remained in the
deposition solvent. In this instance, scanning across the
mesh removed the deposition solvent but left a signif-
icant amount of the analyte behind.
Additional experiments to assess the decay rate of

rhodamine 6G spotted onto PP 149 and PA66 150 were
performed to expand on these observations. In this case
the electrospray was not scanned across the 1 �L spot�
but instead moved rapidly to the position of the liquid
droplet and held in place. The results for PP 149 echoed
those previously reported for meshes of this material
but of different size characteristics [36] and showed a
sharp initial response for PP 149 followed by rapid
signal decay. In contrast, the initial response from PA66
150 was much smaller and decayed more slowly,
thereby indicating that the rhodamine 6G was gradu-
ally being desorbed from the mesh long after the initial
deposition solvent had been incorporated into the elec-
trospray plume.

Conclusions

The mass spectrometry and fluorescence microscopy
results reported here illustrate the significance of the
material of composition and the mesh characteristics on
TM-DESI analyses. Under typical conditions, the elec-
trospray plume will produce a relatively symmetrical
circular sampling spot of �1 mm diameter. However,
the transmission of the electrospray plume through the
mesh depends highly on mesh characteristics such as
open space and strand diameter. Substrates with open
spaces less than 150 �m and accompanying minimal��
strand diameters produce less scattering of the plume
and therefore favor transmission. Larger strand diame-
ters typically encompass larger open spaces, but the
increase in the surface area of the strand increases both
plume scattering and solvent and analyte spreading on
the mesh.
Desorption of liquid samples from various mesh

substrates is highly dependent on the material compo-
sition of the mesh and the relative affinity of the target
analytes for the deposition solvent relative to the sub-
strate material. Analytes that remain partitioned into
the deposition solvent are rapidly desorbed into the
electrospray plume where they undergo ionization via
heterogeneous charge-transfer with other electrospray
solvent droplets or by droplet fusion, charge redistribu-
tion and subsequent fission of the new progeny drop-
lets. In contrast, analytes that have a higher affinity for
the mesh substrate are desorbed more gradually from
the surface following resolvation by the electrospray

Figure 6. Fluorescence micrographs of mesh materials (a) PP 149
(149 �m open space) and (�� b) PA66 150 (150 �m open space)��
following TM-DESI analysis of a 1 �L sample of rhodamine 6G�
(100 pg/�L). Both samples were analyzed wet and micrographs�
were taken using identical gain and exposure settings.

590 CHIPUK AND BRODBELT J Am Soc Mass Spectrom 2009, 20, 584–592



solvent in a typical droplet pickup mechanism. Exper-
iments utilizing rhodamine 6G and bradykinin, typical
model compounds for DESI analyses, clearly illustrate
these effects as mesh materials composed of polypro-
pylene and ethylene tetrafluoroethylene with open
spaces of �150 um and strand diameters of �100 �m��
afforded the most efficient desorption, and ultimately
the greatest response for both analytes.
The compilation of these results highlights the intri-

cate chemistry that exists as the electrospray plume is
transmitted through a mesh material, especially one
containing a solvated sample. Ongoing research aims to
take advantage of these studies by developing solvent-
surface systems that increase the selectivity of the
transmission mode approach to desorption electrospray
ionization.
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