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Abstract: Attachment of metal ions to organic molecules in secondary ion mass spectrometry (SIMS) represents a new ioniza-
tion technique. The phenomenon is general with regard to both the metal (alkali, transition, and noble metals) and the organic
(polar and nonpolar compounds). Metals may be present in the free form or as their salts. The process allows for multiple
checks on molecular weights and has the advantage that the quasi-molecular ions can be shifted out of regions of the spectrum
which are subject to interferences. Fragmentation patterns are obtained and as in other mass spectrometric techniques they
can be interpreted to provide molecular structures. The extent of fragmentation varies with the cationizing agent and condi-
tions. The ability to attach a distinctive metal atom, rather than the ubiquitous H atom, as is done when ionizing by protona-
tion, represents an important analytical advantage. Competition studies show that completed d-shell ions such as Cut and Ag*
are more effective at cationization than are Pd* and Pt*, for example. The fragmentation reactions which occur in SIMS cor-
respond to those observed when protonated molecules are mass analyzed and subjected to collision-induced dissociation. These
data, together with correspondences between SIMS and electron impact mass spectra, provide strong evidence that the SIMS
spectrum arises in large measure from the fragmentation of a single precursor cationized molecule. Some information on the
site of cationization is available and there is evidence for o bonding in some cases and = bonding or simple electrostatic interac-
tions in others. The phenomena observed in SIMS show marked phenomenological parallels with other ionization methods,
specifically, field desorption, plasma desorption, laser desorption, and electrohydrodynamic ionization. The unique feature of
SIMS is the attachment of metals other than the alkalis. As an indication of the types of studies now possible, results are pre-

sented in which a binary alloy is analyzed by examination of organometallic adducts.

Introduction

In this paper a new ionization method for organic com-
pounds is presented.! In this procedure metal ions are attached
to organic molecules under the influence of a bombarding
primary ion beam and the mass spectrum of the ejected sec-
ondary ions (the SIMS spectrum) is recorded. The scope of this
method, the processes responsible for ion formation, the effects
of experimental variables, and some of the applications of the
technique in surface analysis and in a mass spectrometry are
treated here.

Secondary ion mass spectrometry has been heralded as the
most sensitive of all the surface techniques.2 Up until now or-
ganic molecules have largely been encountered as interferences
in the method,? although there has been some effort made to
study polymers* by SIMS. The first observations of organic
molecular ions in SIMS were reported recently® as emphasis
turned to the potential of the method as an ionization tech-
nique. Studies have been made on the fragmentation charac-
teristics of organic compounds in SIMS by investigation of the
collision-induced dissociation of the secondary ions.® The
SIMS method is also becoming of interest as a source of in-
formation on the adsorption of organic molecules onto metals.”
Of particular relevance to the present work is the reported
observation of the (Ni + C,;H4)* ion from ethylene adsorbed
on nickel.”

The ideal ion source for mass spectrometry would be one
based on the direct conversion of the molecule in the condensed
phase to a gas-phase ion. The ions so formed should, even for
fragile, involatile molecules, include molecular ions or their
simple analogues. The traditional ionization method for or-
ganic molecules, electron impact (EI), does not fulfill these
criteria nor do the more recently deployed chemical ionization
(CI) and field ionization (FI) techniques. In response to this
situation, there is now intense development of alternative
methods. Interest centers on field desorption (FD),? plasma
desportion (PD),’ laser desorption (LD),!® and electrohy-
drodynamic ionization (EHD)!! and on the use of field emit-
ters in chemical ionization,!2 all of which procedures have
registered some spectacular successes with thermally labile and
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involatile compounds. However, even the best established of
these techniques, field desorption, has a record of mixed success
partially attributable to the lack of understanding of the
physical basis of the technique.!2:13 Nevertheless, progress is
being made particularly with regard to methods for the at-
tachment of alkali metal atoms to the sample molecules.'4

In a preliminary communication we reported! the cationi-
zation of organic molecules (M) by metals Ag, Pt, and Li to
give species of the type (C + M)+ where C is the cation. Recent
experiments by Benninghoven and co-workers’©!5 have
demonstrated the formation of (H + M)™ ions in organic
SIMS. Both sets of experiments show that molecular weights
can be determined and Benninghoven’s results establish that
this is so even for labile and involatile molecules. The spectra
show fragmentation patterns from which molecular structural
information can be sought. The ion chemistry underlying
SIMS spectra is a topic which now merits detailed atten-
tion.

Organic compounds provide an excellent vehicle for inves-
tigating the fundamental processes occurring in SIMS. The
measured spectrum represents the combined results of (1) the
sputtering process and (2) fragmentation of the gas-phase ions
after leaving the surface and before reaching the analyzer.
Since the ion chemistry of organic compounds is well known,
separation of these two factors is feasible. Organic compounds
also provide particularly simple tests, including the use of
specifically labeled substrates, for investigating any molecular
reorganization which occurs during ion bombardment. Con-
cern over the possibility of reactions accompanying ion impact
has led to the evolution of the static SIMS method2®:!6 which
employs low ion fluxes to minimize surface damage but does
s0 at large cost in terms of sensitivity. It is noteworthy that,
while quantitative models have been developed for the sputter
process? on which SIMS is based, a simple qualitative de-
scription of the process is yet to be agreed upon. The long-term
objective of the work initiated here is the utilization of organic
compounds as a vehicle for investigating the mechanism of
secondary ion emission while also developing an analytically
useful ionization protocol.
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Figure 1. Cationization of anthracene by silver as evidenced by its SIMS spectrum.

Experimental Section

The mass-analyzed ion kinetic energy (MIKE)!7 and SIMS spec-
trometers!® used have been described elsewhere. The samples were
introduced into the chemical ionization (CI) source of the MIKES
via the direct insertion probe. Isobutane was used as the reagent gas
for chemical ionization. The ion accelerating voltage was 7 kV.
Pressures of ca. 2 X 1074 Torr of N, were used in the collision chamber
between the two sectors to produce collision-induced dissociation of
the protonated molecular ions. MIKE spectra were taken on selected
ions by scanning the electric sector potential.

Samples were prepared and introduced into the SIMS instrument
as described elsewhere, '80:19 The organic compounds or their mixtures
with salts were supported on metal foils. All compounds were com-
mercial samples and were used without purification. The metal foils
were of >99.9% purity and were abrasively cleaned prior to use. The
preparation of the 60:40 silver/palladium alloy is described else-
where.!® Charging of the sample could be avoided in a number of
different ways including (1) scratching a grid onto the samples with
a razor blade so that the support metal was exposed and (2) admixing
salts or graphite to the sample. Large (~0.5 mg) sample sizes were
employed in these studies and this sufficed to allow spectra to be ob-
tained for many hours. Spectra were scanned at 1-20 s/amu with 15
s/amu being representative.

The operating pressure for most of the SIMS experiments was 6
X 10719¢09 X 10~? Torr. For experiments in which the pressure was
raised to 4 X 1078 Torr, the general features of the spectra did not
change. A 5-keV beam of Ar* ions was used as the primary ion species,
but in selected experiments 2.5-keV beams gave identical results.
Static SIMS conditions were employed with primary ion current
densities of 6 X 10710 t0 7 X 10~° A ¢cm~2. Experiments at higher ion
densities were also performed (see Results).

The electron impact (EI) mass spectra which were used for com-
parisons were either taken on a CEC-110B mass spectrometer or were
obtained from the literature. The EI spectra which are discussed refer
in all cases to 70-eV electron energies.

Results and Discussion

The results of secondary ion mass spectrometry experiments
using metal foils onto which were adsorbed pure organic
compounds or organic compounds mixed with metal salts will
be described. The organic compounds that were used were
p-aminobenzoic acid, 1,4-dicyanobenzene, anthracene,
hexamethylbenzene, o-phenylenediamine, phenylalanine, and
stilbene. These results are presented in conjunction with
mass-analyzed ion kinetic energy spectra of the protonated

analogues in most cases and with electron impact mass spectra
in some cases.

Cationization was observed for every combination of com-
pound with metal which was examined, although the intensity
of the peak due to the cationized molecule varied. Most com-
monly, the evidence for cationization consisted of the presence
of the species (C + M)* in which C is the cationizing agent
(the metal) and M is the intact organic molecule. The scope
of the cationization reaction can be inferred by comparing the
behavior of nonpolar compounds with that of highly polar
compounds. Anthracene serves as an example of a nonpolar
compound; its spectrum, taken from a sample deposited on
silver, is shown in part in Figure 1. The cationized molecule,
(Ag + M)*, occurs at m/z 285 and 287. In forming the
metal-molecular adduct this compound parallels the behavior
of p-aminobenzoic acid, whose SIMS spectrum was reported
in a preliminary communication.! While nonpolar compounds
can be cationized, the extent to which they fragment by loss
of the metal is expected and found to be much greater than is
the case for more polar compounds. The (Ag + M)*/M* ratio
for p-dicyanobenzene, for example, is three orders of magni-
tude greater than that for anthracene, while stilbene gives in-
termediate results. Thus the major ion in the high mass region
of the anthracene spectrum is the anthracene molecular ion,
m/z 178,20

Given that silver adducts could be formed from all the
compounds examined—ranging from nonpolar through
zwitterionic molecules—a simple polar molecule, p-dicyano-
benzene, was chosen in order to examine effects due to the
metal. On the assumption that cationization might be facili-
tated if the metal were supplied as a salt, the spectrum of a
mixture (ca. 10:1) of AgNQO; and p-dicyanobenzene on a
platinum support was obtained (Figure 2). Abundant cation-
ized molecule formation is observed. In an extension of this
approach the dicyanobenzene was mixed intimately with
CoCl,-6H,0, NiCl;-6H>0, blue tungsten oxide, and CuCl;-
2H;,0 and the mixture was examined on a silver support. Ad-
dition of each metal to the organic molecule was observed, the
relative intensity order being (Cu + M)* > (Ni + M)* > (Ag
+ M)* > (Co + M)* > (W + M)+, Figure 3 shows the region
of the spectrum in which most of the cationized molecules fall.
Clearly, transition metal salts can provide ions for cationiza-
tion, a result which extends and generalizes the earlier results!
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Figure 2. The SIMS spectrum of a mixture of 1,4-dicyanobenzene and silver nitrate supported on Pt.
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Figure 3. Cationization of 1,4-dicyanobenzene by a variety of metal ions in SIMS.

on Li* attachment by admixture of LiCl with p-aminobenzoic
acid. The relative effectiveness of alkali metals and transition
metals has not yet been determined. In some cases (K + M)+
and (Al + M)* peaks associated with the inadvertent presence
of particular cations are observed. Nevertheless, the large in-
tensity of the Na* and K+ peaks at m/z 23 and 39 observed in
virtually all SIMS spectra does not translate into large inten-
sities of (Na + M)* and (K + M)* ions.

The relative effectiveness of metal ions in cationization was
further tested in experiments in which copper salts in different
oxidation states were mixed with AgNQO; and 1,4-dicyano-
benzene and supported in Pt foil. Cu2* derived from CuCl,-
2H,0 was found to be a significantly better cationizing agent
than Ag* derived from AgNOj; while the Cu(I) and Ag(I)
salts, Cu;O and AgNQs, give comparable results (Figure 4).
The relative cationizing ability does not simply reflect the
relative peak heights of Ag* and Cut for the two spectra, as
the Cut/Ag* ratio for CuCl-2H,0/AgNO; mixture was
10:1, and for the Cu;O/AgNO; mixture it was 7.5:1. In con-
trast the (Cu + M)*/(Ag + M)* ratio is some 30 times
greater for the Cu(II)- than for the Cu(I)-containing sample.
Charge neutralization is an important process which is ex-
pected toreduce the ion current in SIMS, so the extra charge
in Cu?* might facilitate the ejection of an ionic species in this
case.

It is of interest to note the presence of inorganic ions, such
as the mixed metal species AgCuCN+* seen in Figure 4. Inor-
ganic metal jon adducts of the type (CAC’)* where A is an
anion and C and C’ are cations occur widely. The anions in-
corporated in these types of adducts were Cl, CN, O, OH,
NO;, and NO;, depending on the types of anions present and
their concentrations. Ions containing only the metal, such as
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Figure 4. Relative cationization efficiency for a Ag* salt vs. a Cu* salt
as determined by SIMS.

Agt, Agyt, and Ags™, could always be observed. The cluster
ions could thus be used as mass markers, as they give both
absolute mass references and a mass scale.

Experiments were generally done under conditions of low
primary ion current so as to minimize any possible damage to
the sample resulting from the ion bombardment. It is antici-
pated that such effects may be of less concern in experiments
directed toward molecular structure elucidation than they are
in other SIMS work. Thus, the strong intramolecular bonds
of organic compounds should mitigate against structural
reorganizations involving neighboring molecules (although
they would not of course prevent intramolecular rearrangement
or fragmentation). To further this enquiry the effect of in-
creasing the primary ion current was studied. An order of
magnitude increase (giving conditions definitely not charac-
terizable as corresponding to static SIMS) produced no de-
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Figure 5. SIMS spectrum of p-aminobenzoic acid supported on a Ag-Pd (60:40) alloy.

tectable effect on the dicyanobenzene spectrum except that
the total secondary ion yield increased by a factor of about
5.

Attention is now turned to the organic and organometallic
ions which occur below (C + M)* in the SIMS spectra. These
ions appear to be related to (C + M)* by loss of neutral frag-
ments. The particular processes which occur are predictable
from a knowledge of unimolecular ionic fragmentations as will
now be shown. Detailed arguments supporting the view that
the cationized molecule is the precursor of most lower mass
ions are given below.

In general the major fragmentations of the cationized
molecules involve losses of simple stable neutral molecules such
as H,O and HCN or radicals such as the metal atom, CN-, and
HCO,.. While the types of fragmentations of a given organic
compound do not vary, the extent of fragmentation as judged
by the relative abundances of fragment ions and cationized
molecules depends upon (1) the nature of the cation and (2)
the state of the metal. Thus, in an experiment in which p-
aminobenzoic acid was examined on a silver/palladium alloy,
the (Ag + M)*/(Ag + M — CO,H)* ratio was ~1 while the
(Pd + M)*/(Pd + M = CO,H)* ratio was ~!/; (Figure 5).2!
The greater extent of fragmentation of the palladium adduct
also shows up in the presence of (Pd + 65)* and (Pd + 39)*
ions which do not have silver analogues. Platinum adducts
correspond to those of palladium in showing extensive frag-
mentation.

In order to obtain reproducible spectra, standard sample
preparation methods and metal support cleaning procedures
have been used.!? This is necessary since the extent of frag-
mentation of a given adduct does depend on the metal support.
For example, the usual (Ag + M)*/(Ag + M — CO,H)* ratio
for p-aminobenzoic acid upon silver is ~14 but the ratio ob-
served for an oxidized silver support (treated briefly with nitric
acid) was 10. The ability to selectively control the degree of
fragmentation, especially by cationizing with different metals,
is analogous to the control exerted in electron impact mass
spectrometry by varying the electron energy and in chemical
ionization mass spectrometry by varying, for example, the
acidity of the reagent ion. This feature should therefore be of
advantage in analysis.

We now turn to a detailed discussion of fragmentation be-
havior and in doing so comparisons are made between the be-
havior of (C + M)* ions in SIMS, (H + M)* ions in CI/
MIKES,22 and M*-ions in EI. It will be shown that for most
of the systems studied, the SIMS and MIKE spectra are closely
parallel. When the silver is weakly bonded to the organic
molecule, as in nonpolar compounds, the resemblance to the
EI spectrum is striking. These facts are interpreted to mean
that corresponding reactions occur in the cationized species,
(C + M)* and (H + M)*, but loss of the metal regenerates
M+*. and hence when this latter process is the dominant pri-
mary reaction the spectrum must resemble that observed on
electron impact.

A comparison of the behavior of argentated and protonated
p-aminobenzoic acid is made in Table I. Interest here is limited
to the types of reactions undergone by these ions; the differ-
ences in composition and associated thermochemistry do not
lead one to expect quantitative similarities even for exactly
analogous ion structures nor would the entirely different ex-
perimental procedures permit such congruence in any event.
The qualitative agreement seen in Table I, however, is re-
markable. This result supports the empirical interpretation of
the SIMS spectra in terms of unimolecular fragmentation
sequences from the cationized molecule 2 This interpretation
is also supported by a comparison of the SIMS spectrum of
p-dicyanobenzene (Figure 2) with the MIKE spectrum of the
protonated molecule (Figure 6) where analogous reactions are
again observed. This latter example also provides explicit ev-
idence that fragment ions are derived from (C + M)*, not from
M., as a primary precursor. In the electron impact spectrum,
the most intense ion is the molecular ion (100%) which frag-
ments by loss of CN- (5%), HCN (50%), and H,CN- (3%) to
give m/z 102, 101, and 100, respectively. The MIKE spectrum
of the protonated molecule shows loss of H- (100%), CN- (5%),
HCN (65%), and H,CN- (18%) to give m/z 128, 103, 102, and
101, respectively. The loss of HCN, the major fragmentation
pathway in both spectra, gives m/z 101 from M*. and m/z 102
from (H + M)*. As seen in Figure 2, the argentated molecule
in SIMS (Ag + M)* shows loss of CN-at m/z 209 and 211 and
AgCN at m/z 102, The peak at m/z 101 is almost completely
absent in the SIMS spectrum, so an M*. precursor for the
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Figure 6, MIKE spectrum showing the collision-induced dissociation of protonated p-dicyanobenzene.

fragments in SIMS is unlikely. The loss of AgCN from the
cationized molecule is, on the other hand, exactly analogous
to the loss of HCN seen for the protonated molecule.

In contrast to the behavior displayed by p-aminobenzoic acid
and p-dicyanobenzene, the nonpolar compounds anthracene
and hexamethylbenzene give SIMS spectra which show close
resemblances to EI mass spectra (M*. fragmentations) rather
than to CI mass spectra ((H + M)* fragmentations). The
molecular jon region in the anthracene SIMS spectrum in-
cludes m/z 179 (15%), 178 (100%), 177 (14%), 176 (24%), and
175 (4%). The electron impact mass spectrum showed peaks
at m/z 179 (16%), 178 (100%), 177 (10%), 176 (17%), and 175
(4%). The similarity of the two spectra is striking. The MIKE
spectrum of the protonated species shows somewhat greater
differences: 178 (100%), 177 (20%), 176 (15%), and 175 (5%).
The low mass organic peaks in the SIMS spectrum also more
closely resemble EI results than MIKE results. Another fact
to be considered is that no peaks occur in the SIMS spectrum
which represent fragments from the cationized molecule in
which the Ag atom is retained. The interpretation of these data
is that the silver forms a weak bond with the molecule. The
adduct fragments very readily by losing the silver atom, and
the ion which results is the molecular ion M*. of anthracene
which fragments just as it does in EI.

o-Phenylenediamine shows SIMS behavior (Table II) which
is intermediate between that of anthracene and that of the
polar dicyanobenzene. It shows both an intense (Ag + M)+
adduct ion and an intense molecular ion. The fact that the peak
due to the cationized molecule is intense suggests a fairly strong
Ag-organic bond. However, the lowest energy fragmentation
reaction is apparently Ag- loss; no silver-containing fragment
ions are observed and the SIMS spectrum corresponds closely
with the EI mass spectrum (Table II) and also shows similar-
ities to the MIKE spectrum.2* These observations are consis-
tent with the expectation that Ag*-amino bonding will be
weak compared, for example, to Ag*-nitrile ¢ bonding where
d-7 back-bonding can occur; hence the much smaller (Ag +
M)*/(M*.) ratio in o-phenylenediamine as compared to o-
dicyanobenzene.

A final and particularly interesting case where cationized
molecules can be compared with other quasi-molecular ions
is provided by hexamethylbenzene. The relevant data are
summarized in Figure 7, which compares the MIKE spectrum
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Table L. Comparison of the SIMS and MIKE Spectra of Ions
Derived from p-Aminobenzoic Acid®
MIKES (H + M)* SIMS (Ag+ M)*
m/z intensity  loss mjz intensity loss
137 b H 137 0.62 Ag
120 78  HOH 120,226- 65,04 AgOH,
228 HOH
94 53 H + 43 150-152 0.25 Ag + 43¢
93 45  HCO, 199-201 1.0 HCO,
92 65 HCO- 92 40 AgCO;H
»H
77 15  HCO»- 77 20 AgCO,NH,
NH,
65 100 H+72 65 100 Ag+ 72
63 30 H+74 63 40 Ag+ 74
39 30 H+98 145-147 0.18 H + 98

@ Intensity relative to the most abundant fragment ion. # Present
but of uncertain intensity. ¢ Charged fragment.

with the SIMS spectrum. The protonated molecule behaves
as if it had the o-bonded structure as seen by the losses of H-
or CHj- to give ionized hexamethyl- and pentamethylbenzene,
respectively. The expected facile loss of CHj3- from these mo-
lecular ions to give m/z 147 and 133 accounts for the other two
major ions in the MIKE spectrum. By contrast the SIMS
spectrum, while it shows Cu loss to give M*., shows no trace
of CHs- loss as might occur for a s-bonded structure. While
this result is by no means unexpected, it does represent at-
tainment of considerable detail in understanding the ion
chemistry which underlies SIMS spectra.

Information on ion structures is also accessible from the
behavior of a given molecule cationized with different metals.
The Lit+ adduct of p-aminobenzoic acid behaved differently
from the Ag* adduct. The loss of H;O and CO5H. in the latter
adduct (Table I) constitutes evidence against a silver-carboxyl
bond. The lithium adduct does not show H,O and CO,H-
losses. This could be due to differences in internal energies and
ease of fragmentation or the ion may be the lithium carbox-
ylate.

In addition to ions of lower mass than the cationized mole-
cule, ions of higher mass were observed under certain cir-
cumstances. While such ions are undesirable from the ana-
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Figure 7. Comparison of the MIKE spectrum of protonated hexameth-
ylbenzene with the SIMS spectrum of hexamethylbenzene mixed with
CuCl,:2H,0 and supported on Pt. The (M + H)* ion is not shown in the
MIKE spectrum.

lytical viewpoint, their occurrence can be controlled. Two types
of ions, both containing more than one metal atom, were ob-
served. Firstly, ions in which one or more hydrogen atoms were
substituted by alkali atoms were generated; thus deliberate
addition of an alkali salt (LiCl) to p-aminobenzoic acid gave
(M + 2Li — H)* and (M + 3Li — 2H)*.25 The second type
of ion occurred in significant intensity only for Pt for which the
entire series of monoplatinated ions is repeated with two
platinum atoms per ion. Platinum and palladium are relatively
ineffective at producing simple cation adducts. For example,
when p-aminobenzoic acid was adsorbed onto a platinum foil,
three adduct species of the type observed for silver were ob-
served as well as ions of the type (Pt + C,Hp,)*, where m is
not exactly known and n = 3-6. For the ions which do parallel
those for silver, the intensities are very low as compared to the
lower mass fragments. Platinum also showed contrasting be-
havior tosilver in that it was retained in lower mass ionic ad-
ducts which are not related to the ions seen in MIKES. The
inclusion of Pt or Pd in the molecular ion apparently results
in a more reactive system.

The types of ions observed in this SIMS study have ana-
logues in those observed in several other ionization methods
in which the organic compound is ionized directly from the
solid state. The cationization observed in SIMS is much more
general than in the other techniques with the metals Li, K, Co,
Ni, Ca, Pd, Ag, W, and Pt (all those tried) being used suc-
cessfully to cationize organic molecules. In the other techniques
the chief cationizing species have up to now been the alkali
metals, although there have been isolated cases of Fe addition
in electrohydrodynamic ionization!!® and possible cases of
FeCl and CoCl addition in field ionization.26

Parallels between SIMS and FD extend to the alkali metal
substitution process. Contrasts with the other methods, par-
ticularly with EHD, are to be found in the absence in SIMS
of ions in which clusters of organic molecules are cationized
by a single metal atom. Since this type of ion is most undesir-

Journal of the American Chemical Society |/ 100:18 | August 30, 1978

Table II. Comparison of the Electron Impact Mass Spectrum and
the SIMS Spectrum of o-Phenylenediamine

SIMSse SIMS
rel El rel rel EI rel

mfz intensity  intensity my/z  intensity  intensity
108 40 100 55 S 4
107 b 35 54 14 32

92 1 2 53 12 47

91 2 10 52 22 43

90 1 S Sl 7 23

81 6 31 50 S 15

80 22 90 49 4

79 1 5 46 1

78 3 7 45 4

77 2 2 44 3

76 1 4 43 8 4

75 3 3 42 12 7

69 4 1 41 100 18

68 1 1 40 b 8

67 4 9 39 b 24

66 5 4 38 11 15

65 16 12 37 2 7

64 S 14 35 1

63 16 15 31 2

62 2 4 30 10 S

61 2 29 13 S

60 3 28 4] 40

59 7 27 31 17

57 2 26 S S

56 12 3 25 2

24 11

23 b

a SIMS intensities are expressed relative to m/e 41 and encompass
all ions up to m/z 108. & Obscured by 197Ag+, 40Ar+, 39K+ or
2Na+.

able in analytical studies, the metal-rich as opposed to or-
ganic-rich nature of the SIMS spectra is an advantage. Given
that all these ionization procedures involve deposition of energy
into organic solids in contact with metal supports, mechanistic
similarities are evidently implied by the parallels between the
spectra.

Conclusion

Cationization of organic molecules using transition and
noble metals is a general procedure which can be applied to
both polar and nonpolar organic molecules for which it yields
the molecular weight and structural information. The metal
can be supplied in pure form or as an added salt with only
qualitative effects on the nature of the mass spectrum. Nev-
ertheless, both the nature of the cation itself and that of the
substrate (pure, oxidized, alloy) can affect the degree of
fragmentation observed. Copper and silver adducts are asso-
ciated with less fragmentation than are the platinum or pal-
ladium species.?” The former species appear to be more suitable
for organic structural analysis. Ions containing more than one
metal atom are observed for Pt and are prominent for the alkali
metals Li and K. Parallels exist between metal attachment
observed here and the alkali metal adducts observed in plasma
desorption, field desorption, and electrohydrodynamic ion-
ization.

While the relative merits of the various procedures for di-
rectly ionizing organic solids are yet to be established there are
clear advantages in cationizing with metals rather than with
hydrogen. They are (1) multiple isotope cluster peaks can be
used to characterize the molecular weight, (2) fragmentation
patterns are easier to interpret because the cation is distin-
guishable from the atoms in the organic molecule, (3) by al-
tering the cation the degree of fragmentation can be altered
and the ions characterizing the molecular weight can be moved
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away from background or interfering ions, and finally, (4)
different metals may bond to different sites (cf. Ag* vs. Li*
on p-aminobenzoic acid) and thus yield complementary
fragmentation patterns.

The present data strongly point to a mechanism for ca-
tionization in which the cationized molecule is the precursor
for all the major organic peaks observed in the SIMS spectra.
Some of the adduct ions are sufficiently energized to fragment
spontaneously in the gas phase. The similarities of the frag-
mentation observed in electron impact and collision-induced
dissociation of (H + M)* ions in MIKES point to the unimo-
lecular fragmentations of the energized ions in all three tech-
niques. The process in which the actual cationized molecule
is formed is not yet known. By combining information from
SIMS with that from FD, PD, LD, and EHD, significant
progress should now be imminent in locating and controlling
those factors which will optimize the efficiency, sensitivity, and
specificity with which ions can be generated directly from the
solid.
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