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A B S T R A C T   

Matrix assisted laser desorption ionization mass spectrometry (MALDI-MS) is an essential analytical technique 
for the molecular characterization of biomolecules and synthetic polymers. Its ability to provide comprehensive 
compositional information not afforded by other techniques, with high sensitivity and selectivity, is highly 
influenced by the sample preparation of the material prior to analysis. This review discusses MALDI-MS sample 
preparation protocols that do not utilize solvents. Such methods provide alternative routes for analyzing insol
uble polymeric materials and may also reveal information that is not attainable with solvent-based sample 
preparation techniques. Additionally, this review will present relevant surface analysis and imaging results only 
achievable with solvent-free sample preparation methodologies.   

Introduction 

Matrix-assisted laser desorption/ionization mass spectrometry 
(MALDI-MS) is widely used for the characterization of natural and 
synthetic macromolecules due to its ability to desorb intact molecular 
ions from analytes within a broad range of polarities and molecular 
weights. Most MALDI ion sources are coupled to time-of flight (ToF) 
mass analyzers which provide a practical mass range of up to 300 kDa 
[1]. The sole or predominant formation of singly charged ions in the 
MALDI process leads to relatively simple mass spectra, allowing for the 
analysis of complex mixtures not suited for techniques that create a 
charge distribution, like electrospray ionization (ESI). As a result, 
MALDI is extensively used for analyzing synthetic polymers to deter
mine repeat units, end groups, and molecular weight, as well as for 
fingerprinting proteins or other biopolymers, identifying protein modi
fications, and determining protein interactions [2–9]. 

Successful MALDI analysis requires both proper sample preparation 
as well as proper instrument parameters. The sample must be mixed 
with a chromophoric matrix and, in some cases, an ionization salt if the 
sample is not easily protonated by matrix ions. This process is typically 
done by preparing a solution containing the sample, matrix, and catio
nizing agent, spotting a few microliters of this mixture onto a stainless- 
steel plate, and allowing the solvent to evaporate [10]. This protocol, 

often referred to as the dried droplet method, results in the formation of 
a crystalline mixture containing both analyte and matrix (generally in 
1000–10,000 molar excess compared to the analyte amount). While the 
dried droplet method remains the most common sample preparation 
procedure, additional methods have been developed for cases where the 
dried droplet protocol fails to provide homogenous crystals, a require
ment for accurate MALDI analysis. Many of the other methods utilize 
multiple matrix layers to produce more uniform crystals. This can 
include forming one or two matrix layers on the sample plate before 
adding the analyte [11,12], or most commonly, implementing the 
sandwich method which applies one layer of matrix onto the target 
plate, followed by a layer of the analyte, and then lastly a second layer of 
matrix [13]. 

Sample preparation is one of the most important steps in MALDI 
analysis, as the density and morphology of the sample/matrix (salt) 
crystals have a direct correlation to the resulting mass accuracy, reso
lution, and reproducibility of the analysis [14,15]. For accurate and 
confident results, proper care must be taken when selecting matrix and 
ionization agents, removing impurities, and preparing the sample. In 
most cases matrix selection is dependent on mutual solubility with the 
analyte and absorption at the set laser wavelength. A few of the most 
frequently used matrices include α-cyano-4-hydroxycinnamic acid 
(CHCA), trans-2-[3-(4‑tert-Butylphenyl)−2-methyl-2-propenylidene] 
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malononitrile (DCTB), 2,5-dihydroxybenzoic acid (DHB), dithranol 
(DIT), and (E)−3-(4‑hydroxy-3,5-dimethoxyphenyl)prop‑2-enoic acid 
(SA). 

Proteins and peptides are preferentially mixed with acidic matrices, 
such as CHCA, presumably because their basic residues (Arg, Lys, His) 
help to form mixed crystals with the matrix. In contrast, matrix selection 
for other types of biopolymers and for synthetic polymers is less 
straightforward. Significant research has been performed to determine 
which matrices and cationization agents are best suited for polymeric 
materials; however, since many different polymer categories exist, 
spanning a wide range of polarities, solubilities, molecular weights, and 
acid/base or redox chemistries, matrix selection for these substances is 
still based on trial and error [7,16–20]. For insoluble or sparingly sol
uble polymers, solvent-free sample preparation approaches are typically 
used. There are several such variants, but the most common ones involve 
mechanical mixing or sublimation [15,21–23]. Mechanical mixing cre
ates a blend of matrix and analyte similar to that in the dried droplet and 
sandwich methods, but is free of solvent restrictions. On the other hand, 
sublimation directly deposits a layer of matrix and/or ionization agent 
onto the surface of the analyte. Sublimation and certain mechanical 
mixing methods can also be used for surface specific analysis, where the 
absence of solvent is necessary to prevent disruption of the surface 
environment. This review describes and discusses the various 
solvent-free approaches developed thus far that enable the successful 
analysis of insoluble materials as well as the elucidation of surface 
specific molecular properties which may be different from those of the 
bulk sample. 

Mechanical mixing methods 

In traditional solvent-based MALDI-MS preparation techniques, 
crystallinity and homogeneity of the final analyte/matrix (cationizing 
salt) mixture are highly dependent on the solvent, matrix, type of cat
ionizing salt, analyte/matrix molar ratio, crystallite thickness, and 
sample density. Variations in any of these factors can lead to low ioni
zation efficiency, poor reproducibility, and ion suppression, thus intro
ducing bias effects when drawing conclusions from the MALDI-MS data. 
Several of these factors, however, can be circumvented by using a 
solvent-free sample preparation approach. 

One of the most frequently used solvent-free methods utilizes either a 
ball mill grinder or mortar and pestle to mix the matrix and analyte into 
a fine powder. A few micrograms of this powder are then applied to the 
target plate either by spreading it onto the plate using a spatula or by 
pressing it into a small pellet and taping it to the target plate [24–26]. 
Since sample and matrix powder are mixed in their solid forms, the 
serious limitation of finding a common solvent system for dissolving 
matrix and analyte is eliminated. Additionally, sample density and 
thickness can be better controlled by performing mechanical mixing for 
a longer period to create a more homogenous blend and by having more 

precise control over the amount of powder deposited onto the plate. 
One factor that may still influence the quality of the resulting 

MALDI-MS spectra is the molar ratio of matrix to analyte. Several 
solvent-free MALDI-MS studies on synthetic polymers have shown that 
this ratio has less impact on the resulting spectra than other factors, such 
as matrix choice and mixture homogeneity, and that spectra with 
adequate signal-to-noise ratio can be obtained within a broad window of 
analyte/matrix molar ratios, ranging from 1:50 to 1:5000 [22,27]. 
Contrary to this finding, a different study found that using much larger 
analyte/matrix ratios, specifically between 1:1 and 1:5 (w/w), provided 
the best results in terms of sensitivity and reproducibility for a wide 
range of both low as well as high molecular weight polymers. Increasing 
the matrix fraction only resulted in an increase in the matrix signal and 
no improvement in the polymer distribution intensity [24]. These 
studies suggest that the optimal analyte/matrix ratio may depend on the 
type of matrix and sample and should be adjusted for each sample being 
studied. 

Applications to synthetic polymers and peptides/proteins 

Several studies have utilized the mortar and pestle preparation 
method due to its simplicity and the ready availability of the required 
tools. This sample preparation procedure has been successfully 
employed for the characterization of insoluble polyamides [24], the 
assessment of cation binding affinities to polyethers [28], and the 
minimization of signal suppression effects in the MALDI-MS analysis of 
peptide mixtures [29]. These studies underscored the benefits of using a 
solvent-free approach instead of the traditional solvent-based methods. 

The continued utilization of solvent-free sample preparation pro
tocols for MALDI-MS analysis has spurred the introduction of more 
efficient variations of mechanical mixing. It was noted that the mortar 
and pestle approach was time consuming, preventing quick and high 
throughput analyses. Additionally, cross contamination was also com
mon with this method if the equipment did not undergo thorough 
cleaning between samples [26]. To overcome these drawbacks, Hanton 
and Parees developed a new ball mill mixing method, utilizing a glass 
vial and small metal balls (commonly called BB balls) for sample and 
matrix mixing [26]. Since glass vials and BB balls are readily available 
and inexpensive, they can be disposed of after a single use, thus pre
venting cross contamination. Additionally, the use of a vortex mixer 
instead of mixing the powders by hand rapidly decreases the sample 
preparation time. 

A MALDI-MS study on polystyrene (PS) by Hanton and Parees indi
cated that the two solvent-free methods described give comparable re
sults (cf. Fig. 1a), proving that spectral quality is not diminished by the 
faster ball milling technique. These spectra are also very similar with the 
MALDI-MS spectrum acquired using solvent-based sample preparation 
(Fig. 1a). The ball mill method is beneficial for analyzing samples with 
various physical properties, ranging from low molecular weight liquids 

Fig. 1. (a) MALDI-MS spectra of a polystyrene (PS) sample prepared using the traditional solvent-based preparation (top), mortar and pestle (middle), and ball 
milling methods (bottom). (b) MALDI-MS spectra of poly(ethylene glycol) (PEG) samples of various molecular weights and physical properties, prepared using the 
ball milling method. Adapted from Hanton and Parees [26] with permission from the American Society for Mass Spectrometry. 
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to high molecular weight solids (cf. Fig. 1b). Since the initial introduc
tion of solvent-free MALDI, this technique has been expanded to multi- 
sample preparation for high throughput studies [30], and to a variety of 
analytes, including high molecular weight proteins and polymers [30, 
31], insoluble polycyclic aromatic hydrocarbons [25], hydrophobic 
peptides at femtomolar concentrations [32], and petroleum products 
[33]. 

Mechanical mixing of sample and matrix/salt may be necessary for 
the complete characterization of analyte mixtures. With certain organic 
and polymer chemistry reactions, precursor and product(s) can have 
significantly different solubilities (cf. Fig. 2a). In such cases, solvent- 
based MALDI-MS analysis suppresses the detection of the insoluble 
compound(s) (cf. Fig. 2b). The solvent-free approach, however, is able to 
detect both the soluble and insoluble sample constituents, thus 
providing a more comprehensive and accurate analysis (cf. Fig. 2c). 

It is important to note that solvent-free MALDI is applicable in both 
positive as well as negative ion mode. Fig. 3 illustrates an application 
involving ionization to negative ions and compares the MALDI mass 
spectra of fullerene derivatives differing in solubility [34]. Again, the 

sparingly soluble product is only visible when a solvent-free approach is 
employed. 

Mechanical mixing of analyte, matrix, and ionizing salt can be 
facilitated by adding a few droplets of an organic solvent, such as 
tetrahydrofuran (THF), to the mixture being ground to a fine powder. 
This sample preparation variant, called the evaporation-grinding 
method, results in a sticky paste that is better homogenized and more 
easily adheres at the sample holder than a mixture of dry powders 
[35–37]. The evaporation-grinding method has been successfully 
applied to insoluble polyamides [36]. Fig. 4 shows the MALDI-MS 
spectrum obtained from Nomex aramid fibers (poly-
m-phenylene-isophthalamide); it includes a series of peaks at m/z 
753–2896 with a 238-Da distance between adjacent oligomers, vali
dating the m-phenylene isophthalamide (C14H10N2O2, 238 Da) repeat 
unit of this polymer. The m/z values of the observed ions agree well with 
potassiated cyclic oligomers with no end groups (cf. Fig. 4). 

Aromatic polyamides like Nomex mainly comprise linear chains with 
high polydispersity and much higher molecular weights than the cyclic 
oligomers detected in Fig. 4 (Mn > 10 kDa; Mw > 28 kDa) [38]. Cycli
zation of the growing chains, an unwanted termination side reaction, 
proceeds most efficiently at low degrees of polymerization, where ring 
formation is entropically favored [39]. Hence, the observed macrocycles 

Fig. 2. (a) Synthesis of a polycyclic aromatic hydrocarbon (PAH) from a dendritic precursor. (b,c) MALDI-MS spectra of analyte prepared using (b) solvent-based 
sample preparation and (c) solvent-free sample preparation. Adapted from Trimpin et al. [27] with permission from the American Society for Mass Spectrometry. 

Fig. 3. MALDI-MS spectra of the products formed by [4 + 2] cycloaddition of 
tetracene (T, a PAH) and C60 fullerene, acquired using negative ion mode and 
either (a) solvent-based or (b) solvent-free sample preparation. The bis adduct 
C60T2 is clearly detected only with the solvent-free method. Adapted from 
Kotisiris et al. [34] with permission from SAGE Publishing. 

Fig. 4. MALDI-MS spectrum of Nomex, acquired using 3-aminoquinoline as 
matrix, potassium trifluoroacetate (KTFA) as cationizing salt, and the 
evaporation-grinding solvent-free sample preparation protocol. The peaks with 
marked m/z values correspond to [M + K]+ ions of macrocycles with the m- 
phenylene isophthalamide repeat unit (C14H10N2O2, 238 Da). The minor dis
tributions arise from [M + H]+, [M – H + 2 K]+, and [M + 3-aminoquinoline +
H]+ species. Adapted from Gies and Nonidez [36] with permission from the 
American Chemical Society. 
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are attributed to a byproduct formed in the early stages of polymeriza
tion. MALDI favors desorption and ionization of such low-mass oligo
mers and discriminates against the much heavier linear chains in 
polymers of high polydispersity [40,41]. Even though the main con
stituent of Nomex evades detection, the low-mass fraction detected 
through solvent-free analysis still provides important compositional 
insight by identifying the sample’s monomer units. 

Applications to surface analysis and imaging 

The surface layer variant of MALDI (SL-MALDI) was introduced by 
Wang et al. to characterize the molecular composition of polymer film 
surfaces [42]. These initial SL-MALDI-MS studies utilized a mechanical 
mixing method to apply both matrix and cationizing salt to the surface of 
the film (Fig. 5a). Specifically, fine crystals of matrix and salt were 
dusted onto the film surface using a spatula. Optical images of the sur
face indicated a broad size distribution for these crystals (1–10 μm) 
which, nevertheless, gave rise to adequate mass spectra [42]. The depth 
profiling of this solvent-free approach was probed with the investigation 
of a bilayer film comprised of a 1–2 nm poly(methyl methacrylate) 
(PMMA) layer on top of a 100 nm PS layer. PS was deposited first onto a 
silicon wafer using spin casting and the PMMA layer was applied on top 
of the PS film using the Langmuir-Schaefer technique, which deposits 
single molecular layers. Only peaks corresponding to PMMA were 
detected in the MALDI-MS analysis (Fig. 5b–d) confirming the probe 
depth of this method to be less than 2 nm. This unique analysis would be 
impossible using traditional solvent-based approaches, as the similar 
solubilities of PS and PMMA would lead to an averaged mass spectrum 
containing both polymers. 

This surface analysis method has since been used to study polymer 
segregation trends in thin films prepared by spin casting of blends 
containing polymers with distinct polarities, molecular weights, and 
architectures (cf. Fig. 6) [43,44]. Consistent with thin film theory, 
shorter linear chains are entropically driven to the film surface (Fig. 6a) 
[43], whereas polar chains are enthalpically driven away from the film 
surface [44]. On the other hand, polymer blends of cyclic and linear PS 
analyzed via SL-MALDI-MS showed enrichment of the linear chains at 
the surface (Fig. 6b) [42]; this finding contradicted older theoretical 
predictions, thus proving the benefits of having analytical methods that 
can directly investigate surface composition so that theoretical models 
can be modified accordingly [42]. 

Similar dry matrix application approaches have been utilized to 
image tissue samples. Goodwin et al. [45,46] and Puolitaival et al. [47] 
were among the first groups to report the benefits of using solvent-free 
sample preparation to image phospholipids and drug segregation in 
rat brain tissue sections, respectively. Finely ground matrix was added as 
powder onto the tissue [45,46] or filtered onto the tissue through a 20 
µm stainless steel sieve [47]. Fig. 7 compares MALDI-MS imaging 

(MALDI-MSI) data of sagittal mouse brain sections acquired using either 
a solvent-free or a spray-coating method [47]. The MALDI-MS images 
shown reveal the spatial distribution of phosphatidylcholine 36:1 (m/z 
826) and phosphatidylcholine 40:6 (m/z 872) in the analyzed tissue 
section, constructed based on the intensities of these ions at each scan
ned pixel. As clearly attested by Fig. 7, the dry-coating method produced 
images with similar ion intensity and phospholipid distribution as those 
obtained from the spray-coated samples. 

Meanwhile, MALDI-MSI analysis of mouse brain sections from both 
control animals and drug-dosed animals using conventional matrix 
application via spray coating could detect lipids and cholesterol, but not 
the drug of interest [45]. The absence of drug signals with solvent-based 
matrix application was ascribed to analyte spreading and redistribution 
effects interfering with the analysis [46]. With the dry-matrix method on 
the other hand, the drug was easily detected in the drug-dosed animal 
and absent from the control animal [45]. Collectively, these studies 
[45–47] prove that dry-matrix coating is a simple and efficient alter
native to spray coating, providing complementary results and, in some 
cases, additional information that cannot be achieved by solvent-based 
sample preparation methods. 

Sublimation methods 

As has been mentioned, SL-MALDI-MS requires solventless sample 
preparation to avoid disruption of the chemical environment at the 
surface. The dry-matrix application discussed above is a convenient and 
easily implementable procedure, but it can lead to increased noise due to 
excess matrix/salt powder or uneven matrix/salt distribution on the 
surface. With sublimation, on the other hand, a more uniform surface 
coating and improved reproducibility should be achievable. Sublimation 
devices are typically comprised of a glass outer body and a glass inner 
body/condenser [48]. The sample is attached to the condenser and 
oriented with the surface facing the matrix/ionization agent in the flat 
bottom of the outer body. The pressure in the entire chamber is then 
reduced to a suitable vacuum level and the bottom of the outer body is 
heated either using a heating mantle or an oil bath. This causes the 
matrix and salt molecules to sublime into the gas phase and then deposit 
onto the cold sample surface [48]. 

For analytes that are easily protonated, only matrix sublimation is 
needed to prepare the samples; in such cases, matrix ions formed during 
the MALDI event act as acids to protonate the analyte via ion-molecule 
reactions in the MALDI plume [1,10,14]. This scenario does not apply to 
most polymers, however, which require an additional ionization agent, 
usually a metal cation, to become charged and detectable by MALDI-MS. 
This requirement introduces an additional variable in the sublimation 
process. Sublimation can be done either in one step, where both the 
matrix and ionizing agent are placed in the apparatus together, or in two 
individual steps. Sublimation of matrix and ionization salt at the same 

Fig. 5. (a) Schematic of the bilayer polymer film prepared to examine the surface specificity of SL-MALDI-MS. (b,c) MALDI-MS spectra of (b) PMMA and (c) PS 
standards. (d) SL-MALDI-MS spectrum of the PMMA/PS bilayer film. Adapted from Wang et al. [42] with permission from the American Chemical Society. 
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time can result in unbalanced concentrations of the two components, as 
the sublimation temperature for the matrix is often lower than that of 
the salt, resulting in increased amounts of matrix at the surface [48]. 
Conversely, a two-step process, where the matrix and ionizing agent are 
sublimed individually, allows for more control over the concentration of 
each material deposited on the surface [48]. 

Sublimation for surface analysis and imaging 

MALDI-MSI has been extensively employed to characterize lipid 
distributions in tissue samples [49,50]. However, the potential for an
alyte spreading when using spray-based sample preparation techniques 
is very high due to the solubility of these compounds in commonly used 
spray solvents. To bypass this problem, Hankin et al. introduced subli
mation as a solvent-free approach for matrix application to thereby 
avoid disruption of the native lipid distribution [23]. Contrary to 
spray-coating methods, sublimation enhanced the purity of the matrix 
coating and led to uniform microcrystals on the tissue surface, thus 
allowing for reproducible and high- resolution images of the lipid profile 
to be obtained [23]. 

Since then, sublimation has become a widely used tool for imaging 

lipids [51–53] and proteins [54] in brain, kidney, liver, and retina tis
sues. The MALDI-MSI studies of lipids in rat tissues have revealed that 1, 
5-diaminonaphthalene (DAN) matrix applied by sublimation is a 
promising procedure for enhancing the detection of lipids in both pos
itive as well as negative ion mode, cf. Fig. 8 [52,53]. Similarly, 
MALDI-MSI of the protein composition in chicken livers using tissues of 
different thickness and varying amounts of matrix (SA) provided insight 
into the effects of matrix coating. These experiments indicated that the 
optimal matrix coating is between 0.1 and 0.3 mg cm−2 matrix mole
cules on the surface. Signal intensity was significantly reduced when 
using a lower amount of matrix, whereas using a thicker coating resulted 
in an increase in the background noise [54]. 

Sublimation based MALDI-MS studies on polymer films are scarce, 
compared to such studies on biological specimen (vide supra). Never
theless, a recent application of SL-MALDI-MSI to synthetic polymer 
surfaces has demonstrated the usefulness of this analytical tool for 
identifying defects on the surface of polymer films due to mechanical 
alterations and solvent perturbation. Endres et al. utilized SL-MALDI- 
MSI to characterize defects on PMMA films caused by a PS stamp, 
obstruction of film formation by tape, scratching/laser etching, and 
polymer removal by organic solvents [55]. By using a mass filter to only 

Fig. 6. (a) SL-MALDI-MS spectra of dried and annealed films formed by spin casting a blend of 2.5-kDa (12 wt%) and 6-kDa (88 wt%) polystyrenes, in comparison to 
the MALDI-MS spectrum of the bulk PS blend. Adapted from Hill et al. [43] with permission from the American Chemical Society. (b) MALDI-MS spectrum (top) of 
the bulk sample of a blend composed of 20 wt% 2-kDa cyclic polystyrene (CPS; not deuterated) and 80 wt% 2-kDa linear polystyrene (LPS; fully deuterated), and 
SL-MALDI-MS spectrum (bottom) of the surface of a film prepared by spin casting of this blend. Adapted from Wang et al. [42] with permission from the American 
Chemical Society. 

Fig. 7. (a) Optical image of a brain section overlaid with phospholipid ion images of m/z 826 (pink) and m/z 872 (blue) from the spray-coated and dry-coated 
experiments. (b) Extracted MALDI-MS spectra from the spray-coated and dry-coated imaging experiments. Adapted from Puolitaival et al. [47] with permission 
from the American Chemical Society. 
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monitor PMMA oligomers, images were obtained that detailed the 
extent of the defects. Fig. 9 demonstrates the SL-MALDI-MSI analysis of 
scratched/etched surfaces; matrix and sodium trifluoroacetate catio
nizing salt were applied onto the damaged surfaces by sublimation. The 
films shown in Fig. 9a and c were scratched and sample-prepared in the 
same manner but analyzed using different instruments; even at the lower 
spatial resolution analysis, the UA logo is clearly discerned [55]. 

The SL-MALDI-MSI technique with matrix application via sublima
tion can also be applied to study the distribution of small molecule ad
ditives on the surface of polymer thin films. Such analysis has recently 
been carried out on poly(ester urea) films doped with bupivacaine so
lutions of varying concentration [48,56,57]. Bupivacaine is a widely 
used anesthetic drug with the chemical formula C18H28N2O. Bupiva
caine signal ([M + H]+ at m/z 289.2) was detected from each surface, 
and variations in the surface coverage were observed based on the signal 
intensity measured at each scanned pixel, cf. Fig. 10. At lower drug 
loads, there is a direct correlation between an increase in the solution 
concentration and the intensity of the observed bupivacaine signal at the 

surface, but at higher solution concentrations the signal intensity levels 
off, indicating surface saturation. These SL-MALDI-MSI results provide 
useful information about small molecule distributions in polymer films 
and aid in the development of materials engineered for applications as 
transdermal patches or biomedical implants. 

Conclusions 

This review presented two solvent-free sample preparation methods 
that can be applied to the MALDI-MS study of both biological materials, 
such as organ tissues, as well as insoluble polymers and polymeric thin 
films. The use of SL-MALDI-MS with these solvent-free sample prepa
ration methods can provide information about surface properties and 
surface chemical composition that cannot be directly obtained with 
analytical methods that probe the bulk and, thus, are not surface- 
specific. Furthermore, the SL-MALDI-MS sample preparation method 
can be a valuable tool for analyzing materials that cannot be ground into 
a mixture using the basic mechanical grinding approach. The examples 
covered in this review detailed both the need for, and the current state of 
solvent-free sample preparation methods for MALDI. The relative ease of 
use and wide compatibility of the mechanical mixing method make it a 
valuable tool for studying polymer blend properties, lipid segregation, 
and protein structures. In cases where high resolution imaging is needed 

Fig. 8. Consecutive MALDI-MSI analysis of a rat brain tissue in both positive and negative ionization modes after sublimation of DAN matrix. Reproduced from 
Thomas et al. [52] with permission from the American Chemical Society. 

Fig. 9. (a,c) Optical images of UA defect scratched on the surface of a 7-kDa 
PMMA films and (b,d) corresponding SL-MALDI-MS images acquired with in
struments having (b) 200 μm or (d) 35 μm spatial resolution. (e) Optical images 
of University of Akron logo (top) and mascot (bottom) laser-etched on the 
surface of a 7-kDa PMMA film and (f) corresponding 35 μm SL-MALDI-MS 
image. Adapted from Endres et al. [55] with permission from the American 
Chemical Society. 

Fig. 10. SL-MALDI images of protonated bupivacaine molecules (m/z 289.2) at 
the surface of poly(ester urea) films. Adapted from Williams-Pavlantos [48]. 
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in conjunction with MALDI-MS methods, sublimation serves as the su
perior method by producing a high purity and uniform matrix (plus 
cationizing salt) coating. 

Solvent-free MALDI has become an essential analytical tool for the 
analysis of insoluble and sparingly soluble compounds and, thus, 
increased applications to such samples are anticipated both in materials 
as well as biological sciences. Similarly, the SL-MALDI-MS technique 
and its imaging variant have opened the door for gaining molecular 
structure information on solid surfaces and their coatings. These tech
niques should benefit the detection and characterization of surface de
fects and/or drug segregation. Continued advancement of these 
methods, in combination with orthogonal techniques such as ion 
mobility spectrometry and tandem mass spectrometry fragmentation, 
and further development in the design of new sublimators [56–59] will 
undoubtedly continue to expand the scope and opportunities of 
compositional and structural characterizations via MALDI-MS and 
MALDI-MSI. 
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[27] S. Trimpin, S. Keune, H.J. Räder, K. Müllen, Solvent-free MALDI-MS: 
developmental improvements in the reliability and the potential of MALDI in the 
analysis of synthetic polymers and giant organic molecules, J. Am. Soc. Mass 
Spectrom. 17 (5) (2006) 661–671, https://doi.org/10.1016/J. 
JASMS.2006.01.007. 

[28] A.R. Hortal, P. Hurtado, B. Martínez-Haya, A. Arregui, L. Bañares, Solvent-free 
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