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l Goals:
u Evaluate effects of surface sampling 

parameters/methods on DESI signal 
reproducibility for high-throughput 
applications 

u Study DESI parameters affecting 
chemical image quality

l Methods:
u DESI signal reproducibility:

v Spot sampling
v Lane scanning

u Image quality
v Surface-to-sampling capillary distance
v Scanning mode (uni- and bidirectional)
v Sub-plume size resolution

l Results: 
u Best reproducibility achieved for spot 

sampling if the sample spot is approached 
as quickly as possible

u Good reproducibility can be obtained at very 
fast scan rates using lane scanning. 
Analysis time of ca. 0.6 s/sample was 
achieved.

u Changing sampling capillary-to-surface 
distance during imaging may result in signal 
loss and incorrect spatial assignment of the 
area sampled on the surface, but can be 
controlled through automation.

u Imaging using unidirectional scanning 
provides more accurate signal-to-surface 
spatial location assignment over 
bidirectional scanning.

u Sub-plume size vertical image resolution 
(ca. 50 µm) is possible because of the size of 
the most efficient desorption/ionization 
region (“sweet spot”). 

l This research is focused on understanding and 
controlling technology-related parameters affecting 
DESI signal reproducibility for high-throughput 
analysis and affecting imaging quality using 
desorption electrospray ionization mass 
spectrometry [1-3].

l DESI-MS has been used before to demonstrate high-
throughput monitoring of pharmaceutical samples [4] 
using a variable-speed moving belt providing rapid 
qualitative and semi-quantitative information on drug 
constituents in tablets.

l Recently, the technique was used to demonstrate 
imaging of analyte bands on TLC plates [5] and 
imaging endogenous compounds in rat brain tissue 
[6-7].

l To-date investigations have focused on the effect of 
spray parameters on the VISIBLE spatial 
resolution/spot size [2,5-7]. 

l In this work we report on
u optimization of DESI signal reproducibility for 

spot sampling and lane scanning
u the effects of scanning direction/mode (uni- or 

bidirectional scanning) and sampling capillary-
to-surface distance on image quality

u development of an image analysis automation 
concept and associated software to control the 
sampling capillary-to-surface distance during 
surface scans to achieve maximum DESI signal 
and to ensure accurate spatial assignment of the 
area sampled

u sub-plume size vertical image resolution

l Best DESI signal reproducibility is observed in spot 
sampling if
u the sample spot is approached as quickly as 

possible AND the DESI plume leaves the sample 
spot as quickly as possible following analysis by 
a path that avoids efficient sampling of fresh 
analyte surface area

l Good reproducibility can be obtained even at very 
fast surface scan speeds allowing high-throughput 
sample analysis using lane scanning. Analysis time 
of ca. 0.6 s/sample was achieved.

l Non-optimal and/or changing sampling capillary-to-
surface distance results in signal loss and incorrect 
spatial assignment of the area sampled.
u Image analysis automation concept and 

associated software (HandsFree Surface 
Analysis©) enables control and “hands-free” 
reoptimization of the sampling capillary-to-
surface distance during surface scans to achieve 
maximum DESI signal and to ensure correct 
spatial assignment of the area sampled to its true 
surface location.

l Unidirectional scanning provides more accurate 
signal-to-surface spatial location assignment over 
bidirectional scanning.

l Vertical image resolution higher than expected based 
on the vertical plume size is possible because of the 
size of the most efficient desorption/ionization region 
(“sweet spot”) size. 
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l Develop faster surface/analyte spot approaches to 
obtain 
u more reproducible results/lower RDSs
u higher throughputs

l Study the effect of 
u analyte-surface interaction on reproducibility
u surface parameters on reproducibility

v roughness
v spray-to-surface distance
v divergence angle

l High-throughput studies with real-life samples
l High-resolution chemical imaging of tissues
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SPOT SAMPLING CHEMICAL IMAGING

ll Chemicals.Chemicals. HPLC grade acetonitrile (ACN), methanol and 
isopropanol (IPA) were purchased from Burdick & Jackson 
(Muskegon, MI), rhodamines 6G (1) and B (2) were from Eastman 
Kodak Company (Rochester, NY) 

ll Spot Sampling/Lane Scanning.Spot Sampling/Lane Scanning. Square-shaped sample spots (3x3 
mm in size with 5-mm spacing unless otherwise noted) were 
printed with an Epson Stylus Photo R340 printer on premium 
copy paper (Hammermill, Item # 00450, International Paper 
Company, Memphis, TN) using a 0.1 mM 1/0.1 mM 2/isopropanol 
solution as ink. MRM signal collected for 1 (m/z 443.3 → 415.3) 
used as sample analyte signal, while MRM signal collected for 2
(m/z 443.3 → 399.3) was used as an internal standard. Results 
from analyses of 10 sample spots were used to calculate relative
standard deviation (RSD).

l Lines were drawn on 75x25 mm glass microscope slides 
(Fisherfinest, Cat. No. 12-544-2, Fisher Scientific, Pittsburgh, PA) 
and fully frosted glass microscope slides (Fisherfinest, Cat. No. 
12-544-5CY, Fisher Scientific) using red permanent markers (Fine 
Sharpie (ser. no. 30000) and UltraFine Sharpie (ser. no. 37000), 
Sanford Corporation, Oak Brook, IL).  The principal dye in the red 
ink was 2, determined by its parent ion at m/z 443.3 and by 
product ion spectrum (not shown). 

ll Imaging Printed Lines/Cliparts/Shapes on Copy Paper.Imaging Printed Lines/Cliparts/Shapes on Copy Paper.
Lines/clipart images/shapes were printed on copy paper 
(Hammermill Great White Copy, Item # 86700) using an Epson 
Stylus Color 600 printer with its default S020089 color cartridge 
and the distribution of the most intense n-mer of a polymer 
additive in the ink at m/z 689.3 was monitored.  Both the full mass 
spectrum of the ink and the product ion spectrum of m/z 689.3 
were recorded in positive ion mode (not shown).

ll HighHigh--Resolution Imaging.Resolution Imaging. Visible and fluorescent images of 
printed grids on normal-phase TLC plates were acquired with a 
Zeiss Axioskop 2 FS plus fluorescence microscope (Carl Zeiss 
Microscopy, Jena, Germany).

l The mass spectrometers used were a 4000 QTrap hybrid triple 
quadrupole/linear ion trap mass spectrometer (MDS Sciex, 
Concord, Ontario, Canada) in the spot sampling/lane scanning 
and high-resolution chemical imaging experiments and a 
ThermoFinnigan LCQ Deca ion trap (Thermo-Finnigan, San Jose, 
CA, USA) in all other experiments.  In case of the 4000 QTrap, an 
extended, heated particle discriminator, while in the case of the 
LCQ DECA instrument the extended atmospheric sampling 
heated capillary, allowed the instruments to be interfaced with 
automated MS2000 x, y, z robotic platforms (Applied Scientific 
Instrumentation Inc., Eugene, OR).  For more details on 
instrumental setup see ref. 5.

Figure 1. DESI Setup
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Figure 4. DESI Signal Reproducibility as a Function of 
Sampling Mode

l “Lower-down and lift-off” (LD+LO) method: after a sample spot 
is analyzed, surface is lowered/emitter is lifted to finish analysis. 
Emitter is positioned above the next spot to be analyzed and 
surface is lifted/emitter is lowered to analyze the next spot.

l Fast signal change is not tracked efficiently using long dwell 
times, resulting in less reproducible results.

l Analyte is washed off from the region of analysis at slower 
surface approach speeds resulting in less reproducible results.

Figure 3. DESI Signal Reproducibility as a Function of 
Surface Approach Speed
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Figure 2. DESI Signal Reproducibility as a Function of 
Analysis and Dwell Times
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l “Slide-in and slide-out” (SI+SO) method: after a sample spot is 
analyzed, emitter is moved to a blank spot.  After a specific 
“wait” time the emitter is moved to the next spot to be 
analyzed.

l “Slide-in and lift-off” (SI+LO) method: after a sample spot is 
analyzed, surface is lowered/emitter is lifted to finish analysis. 
Emitter is moved above a blank spot and surface is 
lifted/emitter is lowered. After a specific “wait” time the emitter 
is moved to the next spot to be analyzed.

l The SI+LO method addresses the problem of the SI method by 
preventing the evolution of the second peak by lowering the 
surface/lifting up the emitter at the end of the analysis.

Summary The SI+LO method provides the most reproducible 
DESI signal among the investigated spot sampling methods. 
Generally, lowest RSD is obtained if 

u the sample spot is approached as quickly as possible (in 
our case vx,max = 7 mm/s and vz,max =1.75 mm/s)

u the DESI plume leaves the sample spot as quickly as 
possible following analysis by a path that avoids efficient 
sampling of fresh analyte surface area
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l When using SI method, two peaks 

can be observed in the signal 
profile when analyzing a spot.  The 
second peak is the result of 
efficient sample desorption from 
fresh, unanalyzed surface when 
moving out from the analysis 
position. It introduces another 
quickly changing signal component 
resulting in increased RSD values.

l 5 vertical lines were drawn with red UltraFine Sharpie on a 
glass slide and scanned in 10 horizontal lanes with 500 μm
spacing. The projected surface distribution of the principal dye
(2) was determined using bi- and unidirectional scanning 
modes.
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l Possible to obtain vertical resolution higher than that 
expected based on plume size, because the “sweet spot”, i.e. 
the high impact area where efficient desorption/ionization 
takes place is smaller than plume diameter (general plume 
diameter is 300-400 µm with our setup). 

l Physical spray parameters (e.g. incident angle, spray-to-
surface distance, divergence angle at the spray tip affecting 
spray compactness) that change the plume (size, pressure 
profile) possibly change “sweet spot”, i.e. image resolution 
as well.
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Photo taken before imaging a heart shape 
printed on regular copy paper. Paper was 
intentionally placed at an angle of 1.35o

relative to the plane perpendicular to the 
sampling capillary (left side of the printed 
paper was lower by 400 µm compared to 
the right side) for test purposes.

Extracted ion current images of an ink 
component at m/z 689.3 WITHOUT the 
automated sampling-capillary-to-surface 
optimization.  

Extracted ion current images of an ink 
component at m/z 689.3 WITH the 
automated sampling-capillary-to-surface 
optimization (same parameters as above)

sampling capillary

∆Y : incorrect spatial 
assignment

Figure 8. Effect of Scanning Mode on Signal-to-surface 
Spatial Location Assignment

Figure 9. Effect of Scanning Mode on 
DESI Signal Abundance

Figure 7. Effect of Capillary-to-surface Distance (dSC/S) on the Quality of the Chemical Image

l Non-optimal and/or changing dSC/S results in signal loss
and incorrect spatial assignment of the area sampled
on the surface during imaging experiments.

l Image analysis automation concept and associated 
software (HandsFree Surface Analysis©) controls dSC/S 
and  enables “hands-free” reoptimization of dSC/S
during a surface scan to achieve maximum DESI signal 
and to ensure correct spatial assignment of the area 
sampled to its true surface location
u dSC/S=0 µm: the sampling capillary just barely 

touched the surface; dSC/S>0 µm: gap with the 
specific distance between the sampling capillary 
and the surface; dSC/S<0 µm: the surface was lifted 
up from the dSC/S=0 µm state with the specific 
distance (while stretching the flexible capillary).

dSC/S (µm)
-400 -200 0 200 400

R
el

. A
b.

0
20
40
60
80

100

l Thick line

l Thin line

l Relation of the sampling capillary and the surface 
showing the shift of the area sampled by the spray 
plume for 
u (a) positive dSC/S, (c) dSC/S = 0 µm and (e) negative 

dSC/S in case of sampling a 0.6 mm-wide line, and
u (b) positive dSC/S, (d) dSC/S = 0 µm and (f) negative 

dSC/S in case of sampling a 2 mm-wide line parallel 
to the X-axis were drawn on frosted glass slides 
with red UltraFine Sharpie and Fine Sharpie pens, 
respectively.

Summary In order to obtain quality images (i.e. correct 
spatial assignment and correct signal intensity) with DESI it is
required to

l precisely control dSC/S

l use unidirectional scanning

Figure 10. DESI Plume Map
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Figure 11. High-resolution Imaging with DESI

Summary Sub-plume-size resolution can be readily 
obtained (estimated resolution is ca. 50-70 µm).

l A 2x2 grid, 0.5x0.5 mm in size was printed on a plastic-backed 
TLC plate using a 0.1 mM 1/IPA solution as ink and was imaged 
using 1.5 µL/min ACN as DESI spray solvent. Scan speed: 100 
µm/s, step size: 10 µm, SRM: 443.3 → 415.3.
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l A 2x2 grid, 1x1 mm in size was printed on a plastic-backed 
TLC plate using a 0.1 mM 1/IPA solution as ink and was 
imaged using 2.5 µL/min ACN as DESI spray solvent. Scan 
speed: 100 µm/s, step size: 25 µm, SRM: 443.3 → 415.3.
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l 9 pixels positioned on the nodes of a 2x2 grid, 0.25x0.25 mm 
in size was printed on a plastic-backed TLC plate using 
Epson magenta ink and was imaged using 1.5 µL/min 
acetonitrile as DESI spray solvent. Scan speed: 100 µm/s, 
step size: 10 µm, SRM: 601.5 → 303.5.
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LANE SCANNING

l Dwell time did not significantly affect DESI signal reproducibility 
except when total analysis time was comparable to dwell time, 
i.e. at vx=7 mm/s (tanalysis=0.43 s) and tdwell=0.1 s.

Figure 5. DESI Signal Reproducibility as a Function of 
Surface Scan Speed and Dwell Time

Figure 6. DESI Signal Reproducibility as a Function of 
Sample Spot Size and Spacing
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l Analyte spots of 2x2 mm in size and with 2 mm spacing can be 
reproducibly sampled at fast scan rates.  (*: peaks are not 
baseline separated at 1 mm spacing)

Summary Good reproducibility can be obtained even at very 
fast scan rates allowing high-throughput sample analysis. If 
samples are e.g. 2 mm apart and e.g. 2x2 mm in size, analysis 
time/sample is ca. 0.6 s at surface scan speed of 7 mm/s. 
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