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The mass-spectrometric composition and energy distributions of the secondary ions emitted from
ceramics with the nominal composition Bi,Sr,Ca,Cu;0,0; 5 and from CaO- SrO-BaO oxide
alloys bombarded Ar* ions with an energy of 5 keV are studied. The laws governing the variation
of the yield of the secondary ions Ca,,,Sr,,O;L R CaBiO; , and M,,,CuO;L (M=Ca, Cr) as a
function of the molecular composition and the type of system provide evidence that the formation
of each polyatomic ion is determined by a structure-sensitive process involving the direct
ejection of a fragment from the lattice, the ionization probability, which is exponentially dependent
on the combination of ionization potentials of the components of the molecule, and the

stability of the sputtered cluster against decomposition, which, in turn, is determined by the
dissociation energy of the interatomic metal-oxygen bonds. © 1995 American Institute of

Physics.

1. INTRODUCTION

The formation of molecular and polyatomic secondary
ions is one of the most complicated and still not fully under-
stood processes in secondary-ion emission. The theoretical
description of this process is presently confined to two prin-
cipal models' based on the impulse theory of sputtering,
which treats the emission of an atom or a group of atoms as
a result of the development of a cascade of binary collisions.
According to the statistical, or recombination, model,>* poly-
atomic ions form above a surface as a result of the agglom-
eration of atoms independently sputtered in one cascade
from lattice sites, which are not necessarily adjacent. For the
probability of this process to be significant, there must be a
temporal and spatial correlation between the particles emit-
ted, and the energy of the center of mass must be smaller
than the dissociation energy of the molecules formed. Obvi-
ously, as the number of components in a polyatomic ion
increases, the probability of its formation should decrease.
The charge state of a cluster is determined in this model by
the sum of the charge states of the components. One version
of this model treats the formation of a molecular ion as a
result of the ‘“condensation” of sputtered neutrals on a
charged center,>* which also determines the charge of the
cluster. The correlation between the yield of polyatomic sec-
ondary ions and the yield of monatomic ions has been of-
fered as proof of the recombination mechanism of their
formation.’ The direct ejection model proposes the emission
of a group of atoms as a whole without cleavage of the bonds
existing between them in the crystal lattice.%” This mecha-
nism is dominant when substances with polar bonds are sput-
tered. The formation of the charge of a cluster sputtered by
direct ejection is very complicated for a theoretical treatment
and is still not fully understood. Charge formation can occur
in various stages of the sputtering process: either as a result
of electron transfer between the surface and the departing
cluster® or as a result of the dissociation of polyatomic neu-
tral molecules on the surface.?

The purpose of the present work was to obtain experi-
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mental data which would make it possible to isolate the con-
tributions of the individual factors to the intensity of the
secondary-ion emission of polyatomic ions in order to eluci-
date the mechanism of their emission. Our experimental in-
vestigations of the secondary-ion emission of the high-
temperature superconducting ceramic Bi;Sr;Ca,Cu30404 5
(BSCCO) provided several interesting results, which shed
light on the formation of polyatomic secondary ions.

2. EXPERIMENTAL METHOD

The experimental investigations of secondary-ion emis-
sion were performed on the apparatus described in Ref. 9.
The samples were bombarded in a vacuum ~107% Pa by a
mass-separated beam of Ar* ions with an energy of 5 keV
and a density of 100 wA/cm? incident to the surface at a
45° angle. The system for analyzing the secondary particles
included a hemispherical energy analyzer with particle-
collection optics (the extracting potential was 80 V, and the
energy resolution was 0.6%), and an ROMS-8 monopole
mass spectrometer (the range of masses was 1-250, and the
resolution was ~M, where M is the mass of the ion). The
mass spectra of the positively charged secondary ions were
recorded in the optimal energy window (E,~4 eV,
AE=0.5 eV). The mass spectra were interpreted using an
interactive program on a personal computer. The essence of
the interpretation process was as follows. A system of linear
equations was composed on the basis of data on the natural
abundance of the isotopes of the components of the samples
and the proposed set of polyatomic ions. The possibility of
breaking it up into several systems of smaller size, which
would then be solved by the least-squares method, was ana-
lyzed. The quality of the interpretation was evaluated sepa-
rately in terms of the magnitude of the deviation for the
entire system, for the group of equations for each polyatomic
ion, and for each peak in the mass spectrum. Because all the
elements in the compound have several isotopes, we were
able to interpret a complex secondary-ion emission spectrum
with a total error ~0.001% and a maximum error for any of
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FIG. 1. Yield of the polyatomic ions
Ca,Sr,0; (@ and  M,N,0f
(M=Ca, Sr; N=Cu, Bi) (b) emitted from the
ceramic Bi,;Sr,Ca,Cu;30,4 5 as a function of
the molecular composition.
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the peaks smaller than 20%. The energy distributions were
recorded for the most intensely emitted secondary ions pass-
ing at a constant rate through the entire analytical system.

Samples of a ceramic with the formula
Bi,Sr,Ca,Cus0,9, 5 were obtained by a solid-phase synthesis
method.'® According to the data from an x-ray structural in-
vestigation, the samples were mixtures of several phases. All
the lines in the x-ray diffraction pattern belonging to
Bi,Sr,Ca,Cu, +0,,+¢ phases, where n=1, 2, 0 (in order of
decreasing intensity of the peaks. Since the 2212 phase was
dominant, the transition to the superconducting state was
protracted. Before these samples were placed in the analyti-
cal chamber, the surfaces were cleaved to remove the layer
degraded during contact with the atmosphere. The surfaces
were not treated chemically.

A CaO-SrO-BaO oxide alloy with an NaCl lattice,
which was prepared using a technology for manufacturing
cathodes for vacuum tubes and had the form of a porous
tungsten matrix impregnated by an equimolar mixture of the
alkaline-earth metal oxides, also served as a sample. The
samples thus prepared, unlike the oxides of these elements
themselves, have a high conductivity, which prevents charg-
ing of the surface during the measurement of the secondary-
ion emission spectra. An equimolar mixture of the carbonates
CaCOj;, SrCO;, and BaCO; was added to powdered tung-
sten, mixed, compacted, and sintered at 1900 °C. This tem-
perature regime ensures melting of the oxides, the formation
of solid solutions, and the absence of a reaction between the
alkaline-earth metal oxides and the tungsten matrix. After
cooling, the samples were placed in a vacuum. X-ray analy-
sis showed that (BaSr)O and (SrCa)O solid solutions are
present in the alloy; the presence of other phases could not
be reliably determined. The vacuum flask was cut open im-
mediately before the experiment, and the surfaces of the
samples were mechanically polished. The surfaces were not
treated chemically.
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3. RESULTS

The mass spectra of the positively charged secondary
ions emitted from the high-T, superconductor BSCCO dis-
played peaks of the monatomic ions O*, Ca*, Sr*, Cu*,
and Bi*; the dimers Ca; and Sr; ; Ca,O; and Sr,,O; mo-
lecular ions; the hydroxy ions CaOH* and SrOH*; and a
large number of polyatomic ions of diverse composition and
intensity with the formulas Ca,,Sr,0; , Ca,,Sr,Cu,O; , and
Ca,,BiO; . The energy spectra of the monatomic secondary
ions had a maximum at approximately 4.5 eV and a half-
width of about 9 eV. The energy spectra of the molecule and
polyatomic ions had a maximum at 3—4 eV and a half-width
from 2.8 to 4.5 eV. This variation of the parameters of the
energy distributions in the transition from the monatomic
ions to the larger species is consistent with other published
data.!!

The emission of positive molecular ions from the high-
T. superconductor is qualitatively consistent with the va-
lence model in Ref. 12, which describes the emission of ions
of the form MO from metal oxides. For example, in series
of CaO;L s CuO;r , and SrO;r ions differing only with respect
to the number of oxygen atoms, the highest intensity in the
mass spectrum was exhibited by the ions for which the total
formal valence (G) of the components is equal to 1 or 2. In
addition, we observed a similar dependence for ions contain-
ing more than one metal atom in the Ca,,,O;' , Sr,0F,
Ca,, Sr,,O: , Ca,,,CukO;r , Sr,,,CukO;rL , and Ca,,,Sr,,CukO;'
series for 1<n+m+ k=<3. The ions containing trivalent Bi
atoms did not conform to this rule. For example, the intensity
of the CaBiO* peaks (G=3) was higher than that of the
CaBiOz+ peaks (G=1), and BiO" ions were not detected at
all.

The presence of diverse polyatomic ions in the mass
spectrum of the high-T', superconductor made it possible to
trace how the emission intensity of ions of similar configu-
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FIG. 2. Yield of the polyatomic ions Ca,Sr,Ba,O; emitted from a
Ca0O-SrO-BaO oxide alloy as a function of the molecular composition.

ration varies as a function of their composition (Fig. 1). The
data obtained show that when the calcium atoms in the mol-
ecules of Ca,0, (m=1-3, x=1-3) (Fig. la) and CaCuO,
(x=0-2) (Fig. 1b) are successively replaced by isoelec-
tronic strontium atoms, the emission intensity of the corre-
sponding secondary ion increases. The replacement of a Ca
or Sr atom in the molecules of Ca,Sr,O, (m,n=0-3,
x=1, 2) by a Cu atom, as well as the replacement of a Ca
atom in the molecules of Ca,O, by a Bi atom, increases the
yield of secondary ions (Fig. 1b). On the other hand, when
one atom in the Ca,, Sr,, CaSr molecules is replaced by a
Cu atom, the yield of MCu* ions increases (Fig. 1b). It is
seen from Fig. 1 that the yield of ions decreases as the num-
ber of oxygen atoms x in M,,N,Of (x=m+n—1,m+n)
increases. The ion-current ratios I*(Ca,0,")/I*(Ca,0")
and I*(Ca;07)/I"(Ca;05) are equal to 0.41-0.62 and
0.63-0.65, respectively, and increase somewhat as Ca is suc-
cessively replaced by Sr. The replacement of Ca by a Bi
atom decreases the ratio slightly to
I'*(CaBiO; )/I*(CaBiO*)~0.35, and the replacement of
Ca or Sr by a Cu atom reduces the ratio by almost two orders
of magnitude: I*(MCuO;)/I*(MCuO") =~0.005-0.007,
M=Ca, Sr). While the values of IT(MO*)/I*(M*) for
M=Ca and Sr were equal to 0.09 and 0.12, respectively, the
values of I*(M,0%)/I*(M;) were far greater than unity
and varied from 15.1 to 39.8 when Ca was replaced by Sr.
To ascertain how general these laws are, we investigated
the secondary-ion emission of a CaO-SrO-BaO alloy of
alkaline-earth metal oxides. The laws described were exhib-
ited in its mass spectra: when the Ca atoms in the molecules
of Ca, O, (m,x=1,2) were replaced by Sr or Ba atoms, and
when the Sr atoms in the molecules of Sr,O, (n,x=1,2)
were replaced by Ba atoms, the emission intensity of these
ions increased (Fig. 2). However, the values of
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FIG. 3. Dependence of the yield of monatomic ions from the high-T. su-
perconductor Be,Sr,Ca;Cu;0,9+ 5 (1) and Ca0-SrO-BaO (2) on the on the
ionization potential of the atom.

It (M0;)/I* (My0™) and IT(MO*)/I*(M*) (M=Sr, Ca)
for the oxide were three to four times smaller than the cor-
responding ratios for the high-T, superconductor (compare
Figs. 1a and 2).

4. DISCUSSION OF RESULTS

The current theories on the formation of monatomic ions
during sputtering treat the electron exchange between the
departing particle and the surface either as a local or nonlocal
process, depending on the character of the chemical bonds
between the atoms on the surface. The emission of ions from
surfaces of pure metals is usually described by an electron-
tunneling theory,”'14 while emission from compounds with a
polar bond is described more accurately by a bond-cleavage
model.!® Both theories predict an exponential dependence of
the ionization probability of the sputtered particles on the
ionization potential of the atom. High-T', superconducting
materials are unique objects for investigating secondary-ion
emission, since they simultaneously have a structure with
highly polarized bonds and metallic conduction in the nor-
mal state. Figure 3 presents plots of the dependence of the
yield of monatomic ions from the high-T, superconductor
BSCCO and CaO-SrO-BaO oxide alloys on the ionization
potential of the atom, which are in fairly good agreement
with the predictions of the theories in Refs. 13 and 15.

According to our earlier investigations,'® polyatomic
ions are emitted from the high-7. superconductor
YBa,Cu;0, (123) by a direct ejection mechanism. For
Bi,Sr,Ca,Cu;0,,+ s there is also evidence that large molecu-
lar ions are emitted by directly ejecting fragments from the
lattice. For example, the yield of a whole series of ions con-
sisting of 3, 4, 5, and 6 atoms was higher than the yield of
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ions with a smaller number of atoms [the most striking ex-
amples are 1*(Sr,0;)>1*(CaO") and
I'*(Ca;_,,Sr,,07)>I1"(CaCu0;), and the half-widths of
the energy distributions AE of the triatomic molecular ions
CaCuO*, Ca,0%, and CaSrO* (3.2-3.6 ¢V) were greater
than the values of AE for the diatomic SrCu™ ions (2.8 eV),
which, according to the theory in Refs. 2 and 3, should not
be the case when sputtered atoms recombine.

From the crystal-structure standpoint, all the phases of
Bi,Sr,Ca;Cu30,94 5, Viz., the 2212, 2223, and 2201 phases,
are similar and differ only with respect to the number of
CuO, planes separated by Ca planes. It is also known that
strict ordering of the metal atoms in the cationic crystal-
lattice sites is not observed in these compounds. In our
samples the 2212 phase was dominant. Therefore, the Ca
atoms, which are excess atoms in the compounds with n=0
and n=1 are apparently placed in “foreign” cationic sites
during synthesis. Redistribution of the intensities of the x-ray
lines is known to occur in such cases (see, for example, Ref.
17) and was also observed in our case. Moreover, in the
dynamic secondary-ion mass-spectrometric (SIMS) mode
which we employed the structure of the surface layers, from
which emission actually occurs, is disturbed by ion bombard-
ment. We used a broad beam of primary ions and thus ob-
tained averaged information from many crystallites of all the
phases simultaneously. Therefore, the presence of poly-
atomic ions in the mass spectrum and the intensity of their
emission are determined by the degree of disorder in the
actual sample, rather than by the positions of the ions in the
ideal crystal structure. For example, the CaBiO" and
CaBiO; ions observed in the spectrum could not have
formed by direct ejection of a cluster from an ideally ordered
lattice, since the BiO atomic layers are separated from the Ca
layers by SrO and CuQ, layers; however, direct ejection of
CaBiO and CaBiO, particles becomes possible when Sr at-
oms lying near Bi atoms in the lattice are replaced by Ca or
when Bi atoms are replaced by Ca atoms.'®

The following description can be proposed for the
mechanism of the emission of positive polyatomic ions from
materials with an ionic type of bonding. Ionic bombardment
of polar compounds can eject ionized molecular fragments
from the lattice, whose rate of emission is determined by the
probability of the sputtering of each particular cluster S, its
ionization probability P*, and the stability of the sputtered
cluster against dissociation:

I+(MNO)“I()S(CI ’Wi ,n,- ,m,—)P+(Q,81,U)R(D,~j), (])

where [y is a factor determined by the parameters of the
primary beam. The factor S depends on the concentration C
and the arrangement of the atoms of type i (=M, N, 0), i.e.,
on the type of lattice, the binding energies W; of the compo-
nents in the crystal, the number n; and the mass m; of the
atoms of type i in the sputtered cluster. The value of P*
clearly depends on the local electronic structure of the sur-
face ({1) of the sputtered cluster (&) (the ionization potential
I for the monatomic ions), and on the velocity v of the par-
ticles. The stability of the cluster R is determined by the
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dissociation energy D;; of its weakest bond, which appar-
ently depends on the composition of the polyatomic ion and
its electronic structure.'®

The results obtained from studying the secondary-ion
emission of the high-T',. superconductor BSCCO and the ox-
ide alloy make it possible to isolate the contributions of the
individual factors to the emission mechanism of the poly-
atomic ions. The observed differences between the ion-
current ratios ITMOHYy/ It (M) and
1Y (M,0;)/I* (M,0") (M=Ca, Sr) for the high-T. super-
conductor and the oxide are clearly caused by the influence
of the structural factor S alone or, more specifically, by dif-
ferences between the crystal structures, the character of the
atomic environment, and, accordingly, the energies and
lengths of the interatomic bonds in these compounds. Ac-
cording to Ref. 20, when the high-T,. superconductor
RBa,Cu;0, and the corresponding oxides R,0; (R is a rare-
earth element) are bombarded, the value of
I (RO*)/IT(R*) correlates with the R—O bond length,
clearly reflecting the energy inequivalence of the R—-O bonds
in these structurally different compounds. Similarly, the
larger lengths of the M—O bonds in the high-T, supercon-
ductor BSCCO (Ref. 18) in comparison with CaO-SrO-BaO
correspond to the observed higher values of the ion-current
ratios. The higher rate of increase in the emission of ions
when Ca atoms are replaced by Sr atoms in Ca,0* [the
It (CaSrO)/I* (Ca,O") ratio] for the oxide than for the
high-T, superconductor (Figs. 1a and 2) is also stipulated by
S, i.e., by the difference between their crystal structures and
interatomic bond energies.

The influence of P* and R on the emission of
Ca,,Sr,0; is inferred from the fact that the concentrations of
Ca and Sr in the high-T, superconductor and of Ca, Sr, and
Ba in the oxide are identical and, being isovalent elements
from a single subgroup, they can occupy the same lattice
sites, thereby ensuring the constancy of S. According to Ref.
21, the ion-current ratio has the form

I*(MO*)/ I (M%) xexp[D(M*-0)]
=exp[D(M,0)+I(M)—-I(MO)], (2)

where D(MT—0) and D(M—O0) are the dissociation ener-
gies of the MO" ion and the neutral MO molecule, respec-
tively. Since I*(M*) « exp[—I(M)] (Fig. 3), it follows that
1T (MO™") x exp[D(M—0)—I(MO)]. It can be postulated
by analogy that

I*(M,,0,)/1*(M,,0,,_ Yxexp[D(M,,—-0,,)
_D(Mm_om—1)+I(Mm0m—l)'—1(MmOm)]’ (3)
I+(MmO;)°(exp[D(Mm—‘Om)_‘I(Mmom)]- (4)

The increase in the yield of molecular secondary ions
from the high-T. superconductor and the oxide when the Ca
atoms in them are replaced by Sr and Ba atoms and Sr atoms
are replaced by Ba atoms (Figs. 1a and 2) becomes under-
stood, if it is assumed, first, that the dependence of P on the
electronic structure of the cluster £ can be represented by the
dependence of P* on the ionization potential of the cluster /,
second, that the ionization potential of the cluster is a mono-
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tonic function of the ionization potentials of its components
[as it is, for example, in CF,_,,Cl,, (m=0-4) and other
similar molecules??] and, third, that the dissociation energy
D of the cluster is monotonically dependent on the energies
of the pairwise bonds between the components [this can be
traced, for example, in the variation of D over the series of
molecules CH;X, where X=F, Cl, Br, I (Ref. 22)]. Since the
atomic ionization potential decreases along the Ca-Sr—Ba
series,?? and since the bond energy D(M—O) increases
monotonically through this series,?! P*(I), R(D), and the
emission intensity of the similar clusters /*(MNO) should
increase according to (4) when the metal atoms from this
series in them are successively replaced.

We note that the successive replacement of the Ca atoms
in Ca,,O, by the heavier Sr and Ba atoms should result in a
decrease in the velocity v of the corresponding polyatomic
ions (all the ions were detected at the same energy) and,
therefore, in a decrease in P*(v) (Refs. 13—15). The in-
crease in emission along this series of ions (Figs. 1a and 2)
provides evidence that the contribution of P*(I) and R(D)
dominates over the contribution of P*(v).

The replacement of the Ca atoms in Ca,O, by Cu or Bi
atoms, unlike their replacement by the isoelectronic Sr and
Ba atoms, significantly alters the electronic structure of the
cluster. The bond dissociation energy D(Bi—0)=~3.5 eV is
close to D(Ca—0)=~3.95 eV (Ref. 21; therefore, the de-
crease in the emission of CaBiO; ions compared with the
emission of Ca,O; ions (Fig. 1b) is caused [see (4)] mainly
by the decrease in the ionization probability P* () due to the
increase in the ionization potential of the molecule when Ca
is replaced by Bi, since /(Bi)=7.27 eV is far greater than
I(Ca)=6.11 eV (Ref. 21). The decrease in the yield of
MCuO" in comparison to M,0%, where M=Ca or Sr (Fig.
1b) is also mainly due to the decrease in P*(I(MNO)),
since the ionization potential of Cu (7.72 eV) is also higher
than that of Ca. Although the bond dissociation energy
D(Cu—0)=2.7 eV (Ref. 21) is very small, the stability
R(D) of a given cluster MCuO™, like that of M,0", is most
likely provided by the M—O bond. On the other hand, the
higher ionization potential and smaller energy of the bond
with the oxygen atom in the case of Cu in comparison to the
case of Bi should decrease the yield of CaCuO™ ions more
severely than that of CaBiO". However, we observed the
opposite picture (Fig. 1b): the yield of CaCuO* ions was
higher than that of CaBiO*. Clearly, the structural factor S
begins to play the decisive role in this case. In fact, the
probability of the direct ejection of a CaBiO fragment is
small and is determined by the degree of disorder in the
lattice, i.e., by the possibility of the replacement of Sr or Bi
atoms by Ca atoms, while the direct ejection of a CaCuO
cluster can occur with a high probability owing to the place-
ment of the Ca layers between the CuO, layers.'® We note
that when Ca (Sr) is replaced by Cu in a molecule of
M,0,, the situation is drastically altered, and the low stabil-
ity of the cluster due to the unavoidable appearance of a
weak Cu-O bond begins to play the decisive role in the
emission of MCuO; [see (4)]. As a result, the yield of
MCuO; decreases considerably more strongly than the yield
of CaBiO; (Fig. 1b).
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Unlike the emission of the oxygen-containing molecules,
the emission of dimers of the form M; and M,M;L (M= Ca,
Sr, Cu) is low and is characterized by energy distributions
with a very small half-width (AE=2.5-2.8 eV), which is
considerably less than AE not only for the diatomic CaO™*
and SrO* molecules (5.5 and 5.3 eV), but also for the tri-
atomic M,0" and M;M,0" molecules (3.2-3.6 eV). In ad-
dition, only for the Ca; , CaSr*, and Sr; dimers does the
replacement of Ca (Sr) by Cu result in an increase in emis-
sion, rather than a decrease (Fig. 1b), the tendency for an
increase in emission upon the replacement of Ca by isoelec-
tronic Sr being maintained in the Ca; —Sr, and CaCu*-
SrCu* series. These peculiarities are attributable to the fact
that the M; and M;M; dimers are formed by a recombina-
tion mechanism, although an appreciable contribution of di-
rect ejection owing to the factor S (the Ca—Cu and Sr—Cu
pairs, unlike the Ca—Ca and Sr—Sr pairs are nearest neigh-
bors in the BSCCO lattice) has not been ruled out. This is
responsible for their higher yield in comparison to M; .

The foregoing material also makes it possible to under-
stand why the values of I*(M,,0)/I*(M,0,;_,) (m=2,
3) vary in a given manner and are close to one another when
Ca is replaced by Sr or Bi, while they decrease sharply when
Ca (Sr) is replaced by Cu. Since the changes in the ionization
potentials of M,,0,, and M,,0,,_; caused by the replace-
ments of M are apparently similar, then, according to (3), the
ion-current ratios are determined mainly by the stability
R(D) of M,,0,, and M,,0,,,_,. When Ca is replaced by Sr,
the ratios increase somewhat due to the contribution of the
stronger Sr—O bond [D =4.27 eV (Ref. 21)], and when Ca is
replaced by Bi, the weaker Bi—O bond makes a contribution.
The sharper decrease in the intensity ratios upon the replace-
ment of Ca (Sr) by Cu is due to the appearance of the weak
Cu-0 bond in the molecules of CaCuO, and SrCuO,. Un-
like IT(MO*)YIT(MY), IT(M0;)/I"(M,0%), and
1Y (M;0)/11(M;05), 11 (M0*)/ 1T (M3) is far greater
than unity, apparently due to the dominant contribution of the
recombination processes to the emission of M.

As for the charge of the sputtered polyatomic ions, the
following mechanism for shaping it seems likely to us. When
a cluster is emitted, several localized bonds between atoms
of the cluster and the surface are cleaved practically simul-
taneously. The cleavage of each of these bonds can result in
a separation of charges. However, when a stable charge
forms on one of the atoms in the cluster (when it reaches a
distance greater than the critical value), the levels of ioniza-
tion of the remaining atoms in the cluster vary due to the
Coulomb interaction in such a manner that the formation of a
second charge of the same sign becomes impossible (in fact,
multiply charged cluster-type secondary ions have never
been observed), and the probability of charge compensation
increases. The last bond cleaved possibly has the strongest
influence on the shaping of the charge, since there is nothing
to compensate the charge formed. Therefore, the ionization
probability of a cluster is determined by a linear combination
of the ionization probabilities of each of the atoms appearing
in it or by their mean value, since the last bond cleaved
belongs to any of the atoms in the cluster with equal prob-
ability. Such an interpretation is not, however, entirely cor-
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rect, since the distance at which ionization occurs is compa-
rable to the distance between atoms in the lattice and is
therefore too large to neglect the influence of the other atoms
in the cluster. On the other hand, a cluster cannot be treated
as a single particle having a certain level of ionization, since
the distance to the surface at the moment of ionization is so
small that, for example, the pseudopotential of such a par-
ticle is negligible. However, in both limiting cases the ion-
ization probability of a cluster is directly dependent on the
ionization potentials of the atoms appearing in the cluster.
Therefore, a similar monotonic dependence can be proposed
for the intermediate case actually realized.

5. CONCLUSIONS

The yield of monatomic secondary ions of the compo-
nents of the high-T, superconductor Bi,Sr;Ca,Cu;0,4+ s and
Ca0-SrO-BaO are exponentially dependent on their ioniza-
tion potentials. The relative yields of the polyatomic ions
Ca,,Sr,0 from BSCCO and CaO-SrO-Ba0 depend on the
structure of the object, which determines the energies of the
interatomic bonds. The successive replacement of Ca atoms
by Sr and Ba atoms in Ca,,O, results in an increase in the
emission of the corresponding polyatomic ions, and their re-
placement by Bi and Cu atoms results in a decrease in emis-
sion. The contributions of the structure-sensitive process of
direct ejection of a fragment from the lattice, its ionization
probability, which depends on the ionization potentials of the
components of the molecule, and the stability of the sput-
tered cluster toward decomposition, which is determined by
the dissociation energy of the metal-oxygen bonds, to the
mechanism of the emission of polyatomic ions can be distin-
guished.
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