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Through analyzing mixtures of compounds of known gas-phase basicities, the importance of
this property on the secondary ions emitted from a surface under primary ion bombardment
is investigated. The aim is to obtain a greater understanding of the ionization mechanisms that
occur in secondary ion mass spectrometry (SIMS). The commonly used matrix assisted laser
desorption/ionization (MALDI) matrix 2,4,6-trihydroxyacetophenone (THAP) and a range of
low molecular weight biomolecules were used to investigate whether analyte/matrix suppres-
sion effects that have been observed in analogous MALDI experiments were also present in
static-SIMS. The outcome of the experiments demonstrates that strong suppression of the
quasi-molecular signal of one molecule in a mixture can occur due to the presence of the other,
with the gas-phase basicity of the compounds being a good indicator of the secondary ions
detected. It is also demonstrated that the suppression of the quasi-molecular ion signal of a
compound in a two-component mixture can be minimized by the inclusion of a third

compound of suitable gas-phase basicity.
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tatic-SIMS (S-SIMS) has become a well-established

technique for obtaining chemical information

from surfaces, with molecular mapping of biolog-
ical samples being at the forefront of the current wide
list of applications. The secondary ion yields from the
compounds within these systems are generally very
low, and initial work on cells and tissue sections were
mainly limited to mapping phospholipid headgroups
[1, 2], which produce a fragment ion that is very
efficiently detected with SIMS. Recent developments
such as commercially available cluster ion sources [3-5],
and the sample pre-treatment techniques involving
matrix addition [6] and metal deposition [7], have
provided methods for increasing secondary ion yields
from organic surfaces, and when applied to cells and
tissue allow a greater wealth of information to be
obtained [8-15]. However, as compounds of lower
surface concentration become accessible to the SIMS
technique, care must be taken that the results obtained
are representative of the true distribution of the com-
pound within the sample. Complex systems such as
tissue contain different chemical domains, which may
alter the ionization probability of a given compound. To
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avoid the misinterpretation of chemical distributions in
such systems using SIMS requires the detailed under-
standing and, if possible, control of these effects.

The fact that the ionization of a molecule can be
greatly affected by its chemical environment has been
used in an advantageous way with matrix enhanced
SIMS (ME-SIMS). Success has been achieved in gener-
ating the quasi-molecular ions from proteins up to 10
kDa [16], and with drug molecules and carbocyanine
dyes [17]. Matrix addition has also aided in the imaging
of peptides in tissue sections [8]. The use of a matrix to
aid in the detection of the analyte has also been imple-
mented in the related technique, laser desorption ioniza-
tion (LDI). This approach proved so successful that the
technique matrix assisted laser desorption/ionization
(MALDI) [18-20] has now largely superseded LDI. How-
ever, in contrast to the laser based technique, the matrix
in ME-SIMS does not cause a fundamental difference to
the desorption process. In MALDI, the matrix acts as a
resonant absorber for the photons, causing a phase
explosion due to overheating of the surface, this leads to
the ablation of massive amounts of material. In contrast,
there is no evidence of greater efficiency of energy
deposition caused by the presence of the matrix in a
ME-SIMS event, and hence the yield enhancements seen
must then be justified by other mechanisms. The logical
conclusion is that the presence of the matrix in ME-
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SIMS provides an optimized surface chemistry for the
formation of molecular ions. This could be attributed to
the matrix acting as a source of protons, and/or form-
ing a ‘nestle environment’ for the analyte [6]. ME-SIMS
has also demonstrated lower fragmentation of the ana-
lyte molecules, thought to be due to a cooling effect,
which removes the internal energy of the desorbed
species and hence minimizes the probability that it
fragments in the gas-phase [16].

As it is central to the technique, the interaction
between matrix and analyte within MALDI analysis has
been studied in detail. Although many primary ioniza-
tion pathways have been identified [21], it is postulated
that secondary processes that occur within the expand-
ing plume of sputtered species are the most important
factor when it comes to explaining the ions detected
[22]. A model where a thermodynamic equilibrium is
reached, resulting in an ion population determined by
gas-phase chemistry, has been validated experimen-
tally, with the gas-phase basicities of the molecules
within the mixture used to successfully predict the
outcome [23].

As SIMS is another desorption/ionization technique
it could be postulated that similar factors govern the
final population of detected ions. However, the major
difference could be the most important- the size and
density of the desorption plume. If a certain plume
density is required for the effects to be seen, then the
much smaller amount of desorbed material per event
with SIMS as opposed to MALDI may mean the sec-
ondary events are not as significant. The sputter yield
with SIMS has traditionally been low, with single ion
impacts causing only tens [24] of secondary molecules
to be desorbed, even the newly developed cluster ion
beams such as Cg* [5] only result in ~2000 ejected
molecules from an ice surface [25]. This is in direct
comparison to MALDI events, which have been shown
to eject 10,000 wm?® of material in a single IR laser
exposure [26] with yield estimates in the region of
10" molecules per laser shot made in the literature
[27]. This discussion is valid in terms of the desorption/
ionization process, as every ion impact in a SIMS
analysis can be treated as an independent event. How-
ever, if one were to compare the techniques from the
point of view of secondary ions per pulse, it must be
remembered that a single ion beam pulse in SIMS will
contain in the order of 10° ions.

When we contemplate the fate of a molecule on a
surface during a SIMS event, it is certain that if it has
been desorbed then it has received a collision, that is,
contact with a neighboring molecule of greater intensity
than the normal thermal movement of a solid. There
will be an array of species emitted from the surface,
some from the site of the primary impact with high
internal energies and rapidly torn apart yielding elec-
trons, protons, small fragments and elemental ions.
Others will be desorbed from areas remote of this
collision, “lifted” from the surface by the relatively
gentle upward collision cascades [24]. It is these intact
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molecules with low internal energy that are the richest
source of information for static SIMS. As it is only
charged molecular species that are detected, the source
of these ionic species is an important factor. Studies of
amino acids on metal substrates have shown that the
existence of ions in a precharged state, [28] with the
molecular ion present in the surface with a counter ion
explaining the experimental results. Langmuir-Blodgett
films of acids and amines also lend support to the impor-
tance of preformed ions in certain systems [29]. However,
this model is not supported in every system, such as the
explanation of ions from multilayer films of neutral mol-
ecules. If the species is not present in the surface in a
precharged form then the charge must be obtained at, or
very near, the surface, and as with any system there must
be laws that govern these movements.

The desorption/ionization model suggested by
Cooks and Busch separates the desorption and ioniza-
tion steps [30]étatingdhatdheredsiodeté@reationdfdons
during the desorption, and that any neutral molecules
in the selvedge (near surface area) or in the gas phase
may be ionized by reaction with an electron or a
desorbed ion. It is here that the relative proton
affinity or gas-phase basicity of a molecule could be
all-important. One of the chemical reactions identi-
fied by Detter et al. that occur at the vacuum and
condensed phase interface are Bronsted acid-base reac-
tionsd31],&anddhed@as-phasedasicitiesdf@ompoundsain
mixtures have already been shown to be important in
fastatomdombardmentFAB){32].dfcthesamedsdtrue
within SIMS, then within binary mixtures, the probabil-
ity that a molecule is detected as a [M + H]" or [M —
H] ™ ion should be linked to these properties. By creat-
ing mixtures of compounds of known gas-phase basic-
ities and studying the ions that are detected we aim to
determine the role that these chemical properties play
in the outcome of a SIMS experiment.

Experimental
Instrumentation

All experiments were carried out on the Bio-TOF
SIMS@nstrumentdsdescribed@elsewhered33]. Briefly,
primary ion bombardment leads to the desorption of
secondary ions from the surface under analysis. These
secondary ions are accelerated to a reflectron type time
of flight mass analyzer and detected using a multi
channel plate detector with 21 keV post acceleration.

The experiments were carried out with a 15 keV Au™
primary ion beam, with the sample stage biased to
+2500 V, giving impact energies of 12.5 keV for positive
ion analysis and 17.5 keV for negative ion analysis. The
primary ion beam pulse width was 40 ns, with a DC
beam current of ~1 nA.

To resolve any issues of sample charging, a low-
energy (25 eV) electron flood gun was pulsed between
each ion gun pulse. Three areas of each sample were
analyzed, with each analysis conducted over a 400 X
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400 pum area, the average of these analyses are those
given in this manuscript.

Sample Preparation

All materials were obtained from Sigma-Aldrich (Poole,
UK) and analyzed without further purification. Stan-
dard surfaces of the pure compounds, as well as mix-
tures of these compounds were analyzed following one
of two sample preparation techniques. The first is the
dried droplet method, where solutions of the com-
pounds were prepared in a 1:1 vol/vol acetonitrile:
water mixture at a concentration of 5 X 107> mol dm™°.
For the mixed samples, aliquots of the relevant solu-
tions were added together and thoroughly mixed. Fol-
lowing preparation, 5 uL of the resulting solution was
then pipetted onto a cleaned silicon shard, producing a
homogenous layer upon evaporation of the solvent. For
the investigations involving cytosine, thymine and bar-
bituric acid, the samples were prepared in an identical
way; however the solvent used was methanol.
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The second method involved analyzing the samples
in a pressed powder form. Here the samples were
prepared by coarsely grinding the pure dry powder and
then placing a suitable amount onto a piece of indium
and pressed with a cleaned metal implement to create a
flat surface for analysis. For the mixtures, the com-
pounds were mixed in a 1:1 wt/wt ratio before grind-
ing. Multiple samples were analyzed to ensure that
sample heterogeneity did not influence the results.

Results and Discussion
Mixtures of GGH and THAP

Spectra were obtained from pure films of these two
compounds,éwhichéaredshownsindTabledl,stosidentify
thedcharacteristicopeaks.dFiguredladshowssthedpositive
spectrum of the tri-peptide, glycine-glycine-histidine
(GGH), the major peaks of interest are the [M + H] " at
m/z 270, the two immonium ions relating to the amino
acids, glycine at m/z 30 and histidine at 7/z 110, and the

Table 1. The gas phase basicities of the compounds used in this investigation. These values will be used in the discussion of the

observed results

Molecular weight

Glycine-glycine-histidine (GGH) 269.26
2, 4, 6 trihydroxyacetophenone (THAP) 168.15
Cytosine 111.10
Thymine 126.11
Barbituric acid (BA) 128.09

Structure Gas phase basicity
0 o 979 kJ/mol [34]
H2N\/{k NH
NH/Y OH
(¢}
N X
\/NH
o CHg 850 kJ/mol [23]
HO OH
OH
NH, 918 kJ/mol [35]
B
NH&O
o) 841 kJ/mol [35]
HN NH
Krko
CHy
o] 782 kJ/mol [36]
HN NH
o o
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Figure 1. (a) Positive spectrum of GGH; (b) negative spectrum of GGH; (c) positive spectrum of

THAP; (d) negative spectrum of THAP. All samples prepared as dried droplets on silicon.

protonateddondofdhistidinedatdn/z 156.&Figuredbdhows
the negative spectrum of the tripeptide with m/z 268
attributed to the [M — H] ™ ion, as well as the deproto-
nated ion from histidine at m/z 154.

Ino Figured 1c,6 thed positived spectrumé ofd 2,4,6-
trihydroxyacetophenone (THAP), the [M + H] " is seen
at m/z 169 and the sodium adduct [M + Na]* at m/z 191.
ThednegativesspectrumdofSTHAP&Figuredsld)dcontains
the [M — H] ion at m/z 167.

Mixtures of the solutions of the tripeptide (GGH)
and the matrix (THAP) were prepared in a 1:1 M ratio
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and used to form films on cleaned silicon via the dried
droplet method. This combination of compounds was
chosen to replicate the experiments performed by the
Zenobiogroupd[23]owheredsignificantomatrix/analyte
suppression was observed and rationalized in the
MALDI analysis. Because the gas-phase basicities of
thesecompoundsdarecknownd(Tabledl),ctheyécoulddbe
incorporated into the discussion of the ionization mech-
anismsdccurringéwithinidhesystem.dFromdFigure®@a, dt
is observed that there is a suppression effect occurring
within the SIMS analysis. The [M + H]" ion of the
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(a) Positive spectrum of a 1:1 mixture of THAP and GGH formed by the dried droplet

method; (b) negative spectrum of the same area. The characteristic ions for the THAP are only present

in the negative spectrum.
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THAP is not detected even though the [M — H]™ ion is
present in the negative spectrum at a high abundance
(Figure@b).d'hisdsan@&ontrastdodheipured HAPGample
inFigured ceandawheredthedMo+dH] * anddMo—dH]
ions are of similar intensity. Clearly, the presence of the
GGH has altered the probability of either the formation
or survival of protonated THAP species during the
SIMS event.

An explanation for the suppression of the [M + H]*
ion of the THAP molecule can be suggested based on
ion molecule interactions. By using the gas-phase basic-
ityovalues6inoTable61,0eqo16candbedcalculated.6 This
suggests that any collisions between the neutral tripep-
tide and a protonated THAP molecule will strongly
favor a transfer of the proton to the tripeptide.

GGH + [THAP + H]" —[GGH + H]" + THAP
AG —129k]/mol 1)

However,dunliketthedMALDIéxperimentd23],&thedsup-
pression of the [GGH — H]  ion is not seen here.

Through imaging the surface (not shown) it was seen
that the [M — H]  of THAP and GGH are detected
from the same areas of the sample, ruling out distinct
chemical domains. As precise values for the gas-
phase basicities of the [M — H] ™ ion of both the GGH
and THAP are not available, it is not possible to
calculate the exact energies involved in eq 2. How-
ever,0fromoestimatesomadedindreferenced[23],0itois
postulated that the endoergicity is less than 75 kJ/
mol, and hence the formation of the [GGH — H] is
restricted by an energy barrier that equates to 0.78 eV,
which could be accounted for by the internal energy
of the molecule.

GGH + [THAP — H]” —[GGH — H]” + THAP
AG < +75k]/mol 2)

Additionally, as the internal energy of the desorbed
species increase, so therefore does the probability of
fragmentation occurring within the vacuum as the
molecules dissipate the excess energy through bond
fissions. One product of such action could be the
deprotonated molecular species. These dissociations
away from the surface may be the significant pathway to
the [M — H] ™ of the GGH and hence the yield of these ions
is not greatly affected by the surface chemistry.

The other possible source of these ions could be due
to solution phase chemistry leading to the presence of
ionized species within the liquid, which may prevail as
the solvent evaporates to form the solid surface. The
presence of both an amino group and a carboxylic
group on the tripeptide may lead to the formation of
preformed ions of both ion polarities within the sample,
whilst the acidic matrix largely favors the formation of
[M — HJ] ions following solution phase reactions.
Studiestf@minodcidGystemsiwithdoth&IMSd37]and
laserd desorptiono ionization masso spectrometry6 [38]
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demonstrate, through the use of deuterium in place of
the labile hydrogen atoms, that it is these atoms that are
transferred to form the ions seen, and, thus, supporting
the solution phase proton transfer theory. The SIMS
analysis of a selection of compounds with a range of
pKa values, deposited onto silver from solutions with
varying pH, demonstrated a strong relationship be-
tween the intensity of the [M + H] " ion and the relative
pHdaodpKagatiomfdhesolution@andanalyted39].dtéwas
suggested that ions formed in solution could conserve
their ionic state during the evaporation of the solvent,
and therefore that solution phase chemistry may dictate
the ions observed in the analysis.

GGH and THAP as Pressed Powder Sample

By creating a powder mixture of THAP and GGH
which had been ground together before being pressed
into an indium substrate, the importance of solution
phase chemistry can be assessed. With this method of
preparation, it should be fair to assume that the sample
will be far from homogeneous on the molecular level
due to incomplete mixing. On a local scale, many
molecules will be adjacent only to molecules of the
same compound, although on a larger scale the surface
should appear as a homogeneous mixture.
Nevertheless, if we are to accept that the majority of
ions detected from a sample are due to preformed ions
then we would expect this coarse mixture to more
closely resemble an overlapping of the spectra from the
two compounds, with the most noticeable effect being
the presence of the [M + H]" ion of the THAP in the
positived spectra.o Figured 36 showso thed spectrald area
around the quasi-molecular peak of THAP in a pure
THAP powder sample and in a 1:1 wt/wt powder
mixture with the tripeptide GGH. Here, as with the
samples prepared from solution, we see the dramatic

5000 . 5000 :
positive SIMS negative SIMS
4000 a 4000 b
3000
3000 THAP alone
2000 2000
1000 1000
0]
2 0 It 0
o 160 164 168 172 176 180 160 164 168 172 176 180
o
D 2500 2500
1
2000 C- 2000] d-
1:1 THAP and
1500 1800 GGH mixture
1000 1000
500 500
0 0
160 164 168 172 176 180 160 164 168 172 176 180

mass to charge ratio

Figure 3. The quasi-molecular ion region of THAP in both
positive and negative ion modes in two different pressed powder
samples. (a) and (b) a pure surface of THAP; (c) and (d) a 1:1
mixture with the tripeptide GGH.
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Table 2. The ratio of protonated to deprotonated molecular ions from pure films and from 1:1 mixtures of THAP with compounds

of varying gas phase basicity

Pure Pure Pure

THAP cytosine thymine Pure BA Cytosine/THAP Thymine/THAP BA/THAP
[M + H]"/[M — H]” THAP 0.9 — - — 0.02* (2%) 0.73 (81%) 1.5 (167%)
[M + HI"/[M — H]™ other — 3.1 1.1 0.5 43 (1390%) 1.4 (127%) 0.08 (6%)

component

*The figures in the parenthesis refer to the difference between the [M + H]*/[M — H] values for the compounds when analyzed in the mixture as

opposed to the pure sample.

suppression of the [M + H]" ion of THAP in the
positive spectrum. When the [M + H]"/[M — H]~
values of the THAP molecule are compared from the
pure powder sample (ratio 0.9) to this powder mixture
(ratio 0.06) clearly even without solution phase chem-
istry there is a significant suppression of the protonated
species. However, as seen with the samples prepared
from solution, the [M + H]"/[M — H] ratio for the
tripeptide does not show a significant change in the ion
distribution when compared with the pure samples
and, thus, there is seemingly no complementary effect
to the suppression of the THAP [M + H]" ion in the
negative ion spectra.

The fact that the results from these two different
sample preparation techniques are very similar, in
terms of the ions present, suggests that the factors
determining the ions that are detected occur after the
impact of the primary ion. In addition, it has been
shown that there must be a large degree of mixing within
the perturbed region of the sample, which is in agreement
withdprevioustworkdonsimilarGampledypesd40].

DNA Bases and THAP

If the acid/base properties of the THAP and GGH
mixture cause the suppression of the [M + H]" ion of
the THAP, then it could be postulated that when mixed

60001 positive SIMS 6000 1  negative SIMS
50004 (a) 5000 (b)
m/z 110 ]
34000' cytosine 4000 1 mz 167
c THAP
83000+ 3000 4
] ]
I-m_ 2000 -
1000 1000
0 ¥ II“'llh"l‘l 'AI IL IL AL . ! 'll ‘-I'I“'JIJ'JII‘lIh' l‘
0 50 100 150 0 50 100 150
mass to charge ratio
Figure 4.

with a compound of lower gas-phase basicity the [M +
H]" ion could be favored. Unfortunately, the gas-phase
basicity of the least basic amino acid, glycine is 852
kJ/mold34],avhichds@pproximately@qualdodhatidfdhe
THAP molecule. Therefore, for the continuation of this
study the bio-molecules that will be used are the DNA
nucleobases cytosine and thymine, and the structurally
similardarbituric@ciddBA),@llshowndindabled . hese
compounds have gas-phase basicities of 918, 841 and
78206k] /moldrespectivelyd[35,036]0andSthusoprovideda
suitable range to allow the behavior of the THAP
molecule within mixtures to be further investigated.
Inélable®,dhedatiofdhedMot+H] ™ /[Mo—-3H] Qons
for the molecules involved are listed for a pure sample
and within the mixtures. These results demonstrate
that, in agreement with the tripeptide gly-gly-his sam-
ple, the mixture of THAP and cytosine (which has a
higher gas-phase basicity) favors of the [M — H]™ ion
for the THAP molecule, indicated by the low value for
the [M + H]"/[M — H] ratio. With thymine, a
compound of similar gas-phase basicity, the ratio is
equivalent to the pure sample. This suggests that nei-
ther direction of proton transfer is completely dominant
over the other. In the sample where the THAP was
mixed with barbituric acid, a molecule of lower gas-
phase basicity, the protonated form of the THAP mol-
ecule is favored. As this is the only case where the [M +
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o] | (c) 201 (d)
1800
1200 - - 1600 4
] 169 1400
gice THP el
§800 ] 1000
0 600 - 800 m/ZE;AZ','
400 ort miz 167
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re |
0- U ‘dl_.- A | Fl l: ey
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mass to charge ratio

(a) and (b) 1:1 mixture of THAP and cytosine, demonstrating the gas-phase basicity of the

molecules within the mixture dictate the ion polarity in which the quasi-molecular ion will be
detected; (c) and (d) 1:1 mixture of THAP with barbituric acid, demonstrating that by mixing the
THAP molecule with a compound of lower gas-phase basicity the [M + H] " ion, which is suppressed
in the previous example, can become the favored ion.
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Figure 5. The positive and negative spectra of a 1:1:1 M mixture of THAP, cytosine, and barbituric
acid. In the presence of both a compound of higher and lower gas-phase basicities the quasi-molecular
ion distribution of the THAP molecule is very similar to that from a pure spectrum.

H]" yields a stronger signal than the [M — H]~ for the
THAP, the importance of gas-phase basicity to the
proton transfer direction within mixtures is strongly
supported here.

Thedresultsdndlable®dalsoddemonstratedhatdhedguasi-
molecular ions of the other component in the mixture
behaves in a complementary fashion to the THAP mole-
cule, with the [M + H]" of cytosine and the [M — H]~
ofdthedbarbituricéaciddbeingdfavoured.dFiguresdéshows
the positive and negative ion spectra from both the 1:1
THAP:&ytosinedFig.atatandd)andSTHAP:BA4Fig.dtc
and d) mixtures, respectively. These samples demon-
strate almost complete suppression of the respective
molecules in the two polarities as predicted from the
acid/base properties of the molecules. Unfortunately,
there are no values available for the gas-phase basicity
of the [M — H]  of the compounds present in the
mixtures with THAP in this section, therefore the ener-
getics of the negative ion formation cannot be calcu-
lated. However, the fact that there is complementary
suppression of the two constituents of the mixture, one
in the positive polarity the other in negative, suggests
that the energetics and also the collision density within
the emission zone are such that the species predicted by
the gas-phase basicities are those that make up the
majority of quasi-molecular signal detected.

Three-Component Mixture

ThetexampledndFiguretdatandbédemonstratectheddra-
matic suppression of the quasi-molecular ions of both
components in a mixture containing cytosine and
THAP, due to the transfer of protons within the system
being strongly favoured in a given direction, dictated
by the chemical properties of the molecules involved.
To investigate whether the effect of this suppression can
be influenced by a third molecule, THAP was analyzed
once more, this time in a 1:1:1 M mixture of THAP,
cytosine and barbituric acid. The spectra presented in

Figuretbédemonstratesthatowhendsthisomixturedisdana-
lyzed, the positive ion spectrum shows the quasi-
molecular ions of cytosine and THAP, whilst the nega-
tive ion spectrum has the quasi-molecular ions of THAP
and barbituric acid.

If the three-component mixture is compared with the
THAP&ndaytosinednixtureshowndndiguredtaiandd,
it is shown that the addition of a third molecule can
negate the suppression effect, and as demonstrated in
Table®dhedMot+dH] ™/ [M6-d]~ DfdhedTHAPGs@lmost
identical to that seen in the pure sample. Contrary to
this, both the cytosine and barbituric acid show almost
an order of magnitude difference to the pure samples,
the cytosine favoring the protonated species, the barbi-
turic acid the deprotonated quasi-molecular ion.

This result can be rationalized in terms of the overall
reaction sequence occurring within the surface region.
In the two-component mixture, any interactions
between the THAP molecules and another species favor
the transfer of a proton to the cytosine molecule. Within
the three-component system it may be expected that a
THAP molecule involved in a SIMS event will poten-
tially form either the [M + H]" or [M — H] ion
depending upon which other species it encounters,
which appears to be the case from the data. By using
this argument it would be expected that the cytosine
molecule should accept a proton from both the THAP
and BA molecular ions so will strongly favor the [M +
H]" ion, with the converse true of the BA.

Table 3. Ratio of protonated to deprotonated molecular ions
for cytosine, THAP and barbituric acid (BA) from pure samples
and the three-component 1:1:1 mixture

[M + H]*/[M — H] [M + H]*/[M — H] from the
in a pure sample three component mixture

Cytosine 3.1 36
THAP 0.9 1.1
BA 0.5 0.07
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Conclusions

Zenobidtal.d22]adescribeithedmportancedfGecondary
reactions to the outcome of ions detected in a MALDI
event; these secondary reactions are ion molecule colli-
sions within the expanding plume of desorbed material.
As stated in the introduction it is suspected that the
sputter plume in SIMS is not large enough to allow a
thermodynamic equilibrium to be reached within the
desorbed material. However, as demonstrated in this
work, the population of ions that are desorbed from a
binary or tertiary mixture under SIMS analysis is de-
pendant upon the chemical properties of compounds
within the mixture. The propensity of a molecule to
form either a protonated or deprotonated ion depends
upon the relative acid/base properties of the com-
pounds present, which dictate the direction of proton
transfer in ion molecule reactions. Knowledge of the
gas-phase basicities of the compounds analyzed has
allowed the transfer of protons within the experiments
to be explained. Although the amount of material
sputtered in a SIMS event can be as low as tens of
molecules, the number of interactions within the solid
and expanding surface following primary ion impact is
sufficient to allow the detected ion population to reflect
the properties of the compounds present.

As the applications of static-SIMS widens, dealing
with increasingly complex sample types, the conse-
quences of matrix effect on the ions detected must be an
important consideration for the analyst. In a multi-
domain sample, there is a significant possibility the
same analyte may be detected with varying success due
to differences in the chemical environments. This is
particularly relevant to biological samples where vari-
ous chemical domains exist within a single tissue sec-
tion and, in many cases, the molecule of interest will be
in a low abundance.

The results reported here highlight the care that must
be taken when reporting results from complex samples,
especially for images. A molecule distributed homoge-
neously across a surface may be detected with very
different intensity from one region to another, solely
due to differences in the chemical composition of these
areas. Such results have been demonstrated in both
SIMS¢41]anddMALDIg42]dissued@nalysis.cAdditionally,
in certain circumstances, the compound responsible for
the variation in ionization probability may have its
signal suppressed in that ion polarity and, hence, not be
detected. It is for this reason that it is important that
data be collected for the same sample in both polarities.

To have confidence in the distribution shown for a
target molecule in a SIMS image of a complex surface,
the use of model systems and normalization as dis-
cusseddbydStoecklietdal.o[42]6iséonedpossibledmethod.
However, this is a long-winded approach and removes
a novel feature of imaging mass spectrometry, that of
demonstrating the distribution of many molecules
within the same sample. Another possibility is to lessen
the contribution of the native compounds to the ioniza-

J Am Soc Mass Spectrom 2007, 18, 1559-1567

tion process, whilst creating a near heterogeneous
chemical environment from all regions of the sample.

The three-component experiments demonstrated
that the suppression of the [THAP + H]" ion by a
compound of higher gas-phase basicity could be ne-
gated by the presence of a compound of significantly
lower gas-phase basicity. Although ideally, the amount
of alteration a sample undergoes before analysis should
be kept low to ensure the system is in as native a state
as possible, approaches such as matrix deposition may
well reduce the variance in the ionization probabilities
of a given analyte across a heterogeneous sample, if
they initiated dominant ionization pathways. Within
biological samples, a suitable “matrix” molecule may
already be present, water. With a high abundance, and
a gas-phase basicity of 660 kJ/mol, analyzing cells and
tissue in a frozen hydrated form would ensure an
abundant amount of matrix molecules that could be an
important source of protons, without having to disrupt
the native chemistry of the sample. Recent work from
thiségroupdsupportsdthisdpropositiond43],candditdisdan
area of ongoing interest.
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