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Abstract

Two series of bonding isomers of Ni(ll) coordination compounds with tetradentate quasimacrocyclic ligands based or
S-substituted isothiocarbohydrazides were characterized by electron impact (EI) mass spectrometry and by tandem me
spectrometry methods. Conventional EI mass spectra wereiswoner specifithan metastable ion (MI) and collision induced
dissociation (CID) mass spectra of the molecular ions. The Ml (and CID) mass spectra of the isomers were very similar. Thi
effect resulted from a facile randomization of Ni—N bonds in the ions possessing low internal energies, prior to their
dissociation. The compounds were found to be convenient precursors for coordinatively unsaturated metal-containing ion:
[NiL ] " and [RNiL,]" (n = 1, 2; L = NCCH,;, NCSCH;; R = OH, NO). Most of these species had a structure of mono-
or disolvated nickel ion. The dissociation of [HONINCGJF ions was consistent with the formation of two isomers: one
corresponding to the [HONI] ion solvated by acetonitrile and the other is a complex gbhvith [NINCCH,] . A structure
of [HO,Ni,(NCCH,),] " ions was best represented by a five-membered cycle formed by two acetonitrile units and the metal
atom with the OH group attached to one of the nitrogen atoms. (Int J Mass Spectrom 193 (1999) 131-141) © 1999 Elsevie
Science B.V.

Keywords: Coordination compounds; Tetradentate quasimacrocyclic ligands; Isomer recognition; Gas-phase organometallic dications
Tandem mass spectrometry

1. Introduction of bivalent metals with tetradentate chelating ligands
(open-contour, structurg and tetradentate macrocy-
In our previous papers we reported mass spectral clic ligands (closed-contour, structuré) [1-12].
characteristics of a variety of coordination compounds Complexes of typel have three metallocycles,
whereas the compounds of typle have four metal-
mspondmg author. E-mail: pali@chem.ufledu locycles surrounding the metal atom. Bdtland I .
1 For previous communications see [1]-[10] in reference sec- showed abundant molecular and other metal-contain-
tion. ing ions, whereas peaks due to ions having no metal
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R'=CH;, R"=H (la); R'=CH;, R"=H (1b);
( A= donor atom; Met =metal atom ) R=CDy, R'=H Qa); R'=CDy, R'=H (2b);
Diagram 1. R'=CH;, R"=CH; (3a); R'=CH;, R"=CH; (3b);’
R'=CD;, R'=CH; (4a); R'=CD;, R"=CH; (4b);
atom were only rarely present in their electron impact =~ ®=CHs, R'=H (a) R'= C;Hs, R'=H (5b);
(El) mass spectra. These substances were also char- R=CHs, R'=CH; (6a); R'=C,Hs, R'=CH; (6b);
acterized by the formation of intense peaks of doubly  Rr'=cH,cH;, R'=CH, (7a); R'= CH,CHs, R"=CH; (7b).
charged ions. High stability of complexésandll to Diagram 2.

electron impact was assigned to the effective distri-
bution of the internal energy on the multiple vibra-
tional degrees of freedom of the ligand and to the 2. Experimental
ability of the metal atom to change its oxidation state
[1-12]. Coordination compoundk-7 were synthesized by

In the present work, the ElI mass spectra of com- the procedure described in [13]. Deuterated deriva-
pounds of typdll will be discussed. Similar tb and tives 8a, 8b, 9a, and9b were obtained by refluxing
I, complexes of typelll are highly conjugated solution of3a, 3b, 6a, or 6b, respectively, in chloro-
systems where the metal atom and the ligand form form with CD;OD for about 3 h. The synthesis of the
three metallocycles and one quasimetallocycle; the Pd-containing compound0O was performed by the
latter is provided by a hydrogen bridge between two procedure similar t@aand3b. Note that for Pd only
oxygen atoms. One of the goals of this study was to one isomer has been obtained. Tt structure was
apply mass spectrometry for the identification of assigned from the results of the nuclear magnetic
isomeric complexesla and 1b, 2a and 2b, etc. resonance (NMR) study [14] and from the analysis of
Complexes of thea series contain two six- and two the El mass spectrum.
five-membered metallocycles with the alternation (6: Thermal transformations ai andb bond isomer
6:5:5), whereas compounds of theseries possess the
(6:5:6:5) metallocycle sequence (one of the six-mem-
bered metallocycles for both isomers has a hydrogen N NN
bridge). We were also looking for precursors for e 111 111 8 | 1L
relatively simple coordinatively unsaturated metal- :&CH
containing ions, such as solvated nickel ions, [iL - ’ .
(n =1, 2; L= NCCH,;, NCSCH,) and [RNiL,]" ’ N IL r|q
(R = OH, NO). These species are of special interest -
with regard to their role as potential intermediates in @ ®)
solution chemistry and in the catalysis. Compounds of
type lll turned out to be convenient precursors for
these ions and we studied their structures using
tandem mass spectrometry methods. Diagram 3.

R'=CH; (8a); R'=CH; (8b);

R'= C,Hs (92); R'= C,Hs (9b).
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pairs were studied by heating them up to the temper- 3. Results and discussion
ature of their decomposition. The latter always ex-
ceeded the temperature where these compounds were.1. El mass spectra
evaporated into the ion source of the mass spectrom-
eter. Heated samples were analyzed by the thin-layer The El mass spectra of compountis? are listed
chromatography method after each 15-20 °C of the in Table 1. Molecular ions ([M]) were very abun-
increase in temperature. Only one spot was observeddant in all cases. Their contribution to the total ion
on all thin-layer chromatograms, indicating no ther- current was higher than 15%. Intense peaks of doubly
mal interconversion of the isomers. charged molecular ions were also observed. Similar
The El mass spectra were obtained on a double- results have been observed for other highly conju-
focusing mass spectrometer MX-1320 (Analitpribor, gated complexes, such as complexes of the types
Sumy) and on a ZAB-SE machine (VG Analytical, andIl [1-12], porphirines and phtalocyanines [18].
Manchester, UK). The compounds were introduced  Molecular ions ofl—7 showed two types of disso-
to the ion source of the mass spectrometer using aciation. The first was the fragmentation of thioalkyl
direct inlet probe. The temperature of the inlet group, RS, resulting in losses of HSSCH,, (R' —
system was 180-220 °C, the temperature of the H) or {(R" — H) + NO}. These processes were sim-
ionization chamber was 250 °C, emission current ilar to the fragmentation of other thioalkyl substituted
10 pA, ionizing electron energy 70 eV. Monoiso- coordination compounds of typésindll, and related
topic mass spectra were calculated from the exper- complexes [1-12]. They required a hydrogen rear-
imental mass spectra by using AELITA and rangement and their overall yield was very small.
ISOMETA programs [15]. Simple bond cleavage in peripheral groups, which
Tandem mass spectrometry experiments were car-would result in a loss of RS, R” or CH;, was not
ried out on a modified triple-sector VG Analytical detected in the El mass spectra of compouhd§.
ZAB-2F mass spectrometer [16] with magnetic sec- Only the ElI mass spectrum &f displayed abundant
tor/electric sector/electric sector (BEE) geometry. The peaks of organic ions, [El,]", originating from a
data acquisition was performed using the ZABCAT simple S—C bond cleavage.
program (Mommers Tech., Ottawa, Ontario, Canada) A loss of 30 mass units was observed from
[17]. The metastable ion (MI) and collision induced molecular ions of all compounds studied in this work.
dissociation (CID) mass spectra were recorded by This process could correspond to a loss of NQHg
scanning the voltage on the first or the second or 2CH;. Metastable and collision induced dissocia-
electrostatic analyzers (ESA). Oxygen was used as tion of mass selected molecular ionslat 1b, 3a, 3b,
target gas in the CID experiments. The pressure of O 5a, 5b, 6a, and6b was examined to identify the origin
in the second collision cell of the second field free of [M — 30]* ions. The MI and CID mass spectra
region (2-FFR) was adjusted to provide 10%-15% displayed peaks of [M- 30]" ions and no signals
reduction (90%—85% T) of the main ion beam. In corresponding to [M— 15]" ions (see, e.g. Figs. 1
triple mass spectrometry (MS/MS/MS) experiments, and 2). Also the CDderivatives oRa, 2b, 4a, and4b
ions generated from metastable or collisionally ex- did not contain peaks due to a 36 Da loss in their Ml
cited precursors in the 2-FFR were mass selected mass spectra. From these observations we conclude
using the first ESA, transmitted into the 3-FFR and that [M — 30]* ions originated from the loss of NO
then collisionally activated (He; 85% T). The second type of dissociation reactions was
MI mass spectra of molecular ions of some com- characterized by the fragmentation of quasimacrocy-
pounds were also recorded on a reversed geometryclic ligand skeleton starting with H—O bond cleavage
mass spectrometer Varian MAT-112. The results and followed by N-O, N-C, C-C, or N-N bond
were similar to the Ml mass spectra obtained on the ruptures. Similar reactions have been observed for
ZAB-2F machine. molecular ions of mono- and dioximates of bivalent
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(o-dioximates of bivalent metals)

av)
Diagram 4.

metals (V; see, e.g. [18-20] and references cited
therein). The behavior of oximate fragment,
O-H ... O, inmolecular ions ofl—7 was similar to,
but not the same as that of dioximates of tylpe
Among the dissociations common for the ioniZeer
and dioximates were losses of QHNOH and the
formation of [HONIL,]* ions (Table 1). In these
reactions, the hydrogen atom of the hydroxyl group
endured its position at the oxygen atom. It was clearly
indicated by the mass spectra of compouBés8b,

9a, and9b, in which the hydrogen atom was replaced
by deuterium. The ions, having HO group in the El
mass spectra @a, 3b, 6a, and6b, were shifted by 1

135

H

CH;

CH;
Met

‘H

(Met(Il) complexes of
1,2-hydroxyaminooxime derivatives)

)
Diagram 5.

compounds—7corresponded to [M], [NINCCHg]*

and [NiNCR]™". [Ni]* and [NiNCSR]* ions were
also abundant in the El mass spectrd-ef. All these
ions were a result of multi-stage dissociations, involv-
ing a rupture of various metal-ligand bonds and bonds
within the ligand. The high intensity of these frag-
ments is indicative of their high stability.

One of the interesting features of the mass spectral
behavior of complexe4—6 was that some fragment
ions displaying a very low abundance in the El mass
spectra were rather intense in the MI mass spectra.
For example [M— NOJ ™ ions and the ions formed
from them by losses of NO, 'RCCH; and

Da to heavier masses in the mass spectra of the CH;CCR'NO (or {CH;CCR' + NO}) were impok
corresponding DO analogs, whereas ions having no tant products of the metastable dissociation of molec-

HO group retained their position on the mass scale.
Unlike the above mentioned reactions where the

ular ions of 1-6 but they displayed a very low
abundance in the El mass spectra. This effect can be

hydrogen atom retains its position to one of the rationalized in terms of the energy content of the ions
oxygen atoms, the formation of [M NO,] " ions is produced from molecular ions in the ion source and in
preceded by a hydrogen rearrangement. It should bethe field-free region. The dissociation of the molecu-
noted that peaks due to [M NO,] " ions were found lar ions in the ion source most likely resulted in [M

in the El mass spectra of the series of1-7 com- NOJ ™" ions whose internal energy exceeded the (low)
pounds, whereas the mass spectra o&ttsmmers did barrier for their (further) dissociation. [M- NOJ™*

not display such peaks (Table 1). Tandem mass ions originating from the metastable molecular ions

spectrometry experiments with mass selected[M]
[M — O]" and [M — NOJ* ions demonstrated that
all of them were precursors for [M- NO,] " ions.

Thus, the latter originated from the direct loss of NO

possessed lower internal energy than their counter-
parts from ion source generated analog. As a result
they had better chances to survive further dissocia-
tion. Note that similar behavior has been observed for

from the consecutive losses of NO and O, and by a the Ni-containing analogue of thé[21]. The El mass

loss of an oxygen atom followed by expulsion of NO.
The loss of NQ as an intact unit must have involved

a shift of oxygen atom from one of the nitrogen atoms
to another.

The most intense peaks in the El mass spectra of

spectrum of this complex did not show [M 2NOJ*
ions, whereas the loss of NO from metastable {M
NOJ ™" ions gave rise to a stable [M 2NO]" spe
cies.

Unlike the Ni-containing comple¥, the EI mass
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Diagram 6.

spectrum of its palladium-containing analog showed
intense peaks for [M- 2NOJ" ions [21]. The differ

ence in mass spectral behavior of the two complexes [oNPdNCSCH]*

likely arose from a higher stability of Pd—C relative to
Ni—C bonds. Formation ofr-metal—carbon bonds is
expected after the loss of two NO molecules from the
molecular ions. As a result, the dissociation of the
ionized Pd-containing analog of compoui pro-
duced abundant [M- 2NO]" ions.

The El mass spectrum of another Pd-containing
complex, 10b did not show peaks for [M- 2NOJ*

ions. The major differences between the dissociation

of the Ni-containing comple®b and its Pd-contain-
ing analog 10b appeared in those mass regions
where the latter displayed intense peaks for
[Met(NCCH,),NO]" and [Met(CCH,),NO]* ions

(compare Tables 1 and 2). These results again

illustrate the effect of the metal atom on the mass
spectral fragmentation of coordination complexes.
The nature of the organic ligand is an another
significant factor, determining what ions can be
formed.

In summary, the mass spectral behavior of com-
plexes1-10is similar to that of other coordination
compounds having highly conjugated polyheterocy-
clic ligands [1-12,18]. The positive charge in their
molecular ions is efficiently delocalized between the
central metal atom and the ligand. As a result, the

S.P. Palii et al./International Journal of Mass Spectrometry 193 (1999) 131-141

Table 2
Electron impact mass spectrum (70 eV) of compoaod
lons m/Z Rel. int. (%)
[M]* 390 100.0
M - O] 374 27.8
M - NOJ* 360 17.2
[M — NOH]* 359 0.6
[M — OH — CHy]™" 358 0.6
[M — SHJ* 357 0.7
[M — SCHJ]™" 344 (6.7%
[M — NO,* 344 (6.7%
[M — O — NCCH; — NCCH]* 292 3.4
[H3CSC(N)NNCCHPd]* 234 25
[H,CSC(N)NNCCHPd]" 233 5.0
[ONPd(NCCH),]* 218 13.0
209 25
[HOPA(NCCH,),] " 205 21.7
[Pd(CCHy),NO]* 190 20.0
[PA(NCCH,),] " 188 5.0
[PANCSCH]* 179 1.7
[ONPANCCH]* 177 317
[HOPANCCH]* 164 5.0
[PANCCH,] " 147 75.0
[PANOT" 136 29.2
[PAOH]* 123 8.0
[Pd]* 106 50.0
[M]2+ 195 25
Other Pd-containing ions: 291 2.0

2m/zvalues are given for ions having the most abundant isotopes
(*°%d, *2C, etc.).
P Summed intensity for [M— SCH,]" and [M — NO,] " ions.

3.2. Recognition of the isomers

The MI mass spectra of the isomers of the types
andb were very similar. The observed differences in
relative abundances of fragment ions did not allow
assignment of the mass spectrum to the structure of
the isomer (see, e.g. Fig. 1 f&a and 3b). The
molecular ions of the isomers also displayed compa-
rable CID mass spectra (Fig. 2).

Distinctive differences betweemandb type iso-
mers were observed in the El mass spectra. For
example, a loss of NOQ(and/or {NO + O}, {O +

molecular ions of these compounds are very stable NO}) from [M]* was detected only for thb type

and doubly charged ions can be easily produced.

isomers (Table 1). The El mass spectra of these

Surprisingly, the most abundant fragmentations of the isomers also displayed more abundant fMO]"

molecular ions involved a splitting the quasi-macro-
cyclic ligand apart rather than the dissociation of
“peripheral” groups (substituents).

ions than those of the correspondiagtype com-
plexes. The intensities of peaks for [NiNQ]
[NINCCH,] ", and [HONINCCH]" ions were also
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Fig. 2. Collision induced dissociation {£390% T) mass spectra of

Fig. 1. Metastable ion mass spectra3af(a) and3b (b).
3a (a) and3b (b).

different. They were more abundant in the mass
spectra of thés isomers (Table 1), which was consis-
tent with their formation from [M— O]" and [M —

The presence of [M- NO,]™ ions in the mass
spectrum of the Pd-containing compl&® was indic-
NO,]" ions. ative for the structure of thke type by the analogy to

The similarity in the MI and CID mass spectra of its Ni-containing analog. The El mass spectrum was a
the isomers, and the difference in their EI mass useful addition to the NMR data [14] of the complex

spectra can be rationalized by the internal energies of 10 in the assignment of its structure.

ions examined in various mass spectral experiments. N summary, the compounds aferies can be best
The (molecular) ions from the field-free region rep- distinguished from theib isomers using conventional
resented “long-lived” species whose internal energy is EI mass spectra. The Ml and CID mass spectra of
lower or just above the dissociation limit(s). This molecular ions were less informative as a tool for the
energy however, was sufficient for the interconver- identification of these compounds, but they were
sion between isomers by the “randomization” of Ni-N important for the identification of ion origin and
bonds resulting in a loss of the isomer identity. The dissociation sequences.

energy for such isomerization should be lower than

the activation energies of isomer specific dissocia- 3.3. Structures of “solvated” Ni ions

tions. The latter takes place in energy rich ions, e.g. in

the species decomposing in the ion source of the mass The El mass spectra dfi—7 and the CID mass

spectrometer. spectra of their molecular ions showed a number of



138

low mass nickel-containing fragments. Their struc-
tures might be represented as RNor Ni* ions
solvated with neutral molecules. lons of this type, e.g.
metal ions solvated by nitriles have been generated by
electron impact induced dissociation of a variety of
coordination compounds-dioximates of metals
(see, e.g. [18-20]), Ni(ll) and Pd(Il) complexes of
1,2-hydroxyaminooxime derivatives [21], complexes
of various metals with thiosemicarbazones of ali-
phatic ketones [1-4,6,7,9,11], and 14-membered
hexaazamacrocyclic [8,11,12], as well as 14- and
15-membered octaazamacrocyclic derivatives of
Ni(Il) [5,11]. Other methods of generating metal ions
solvated by nitrile molecule(s), including ion—mol-
ecule reactions are described in [22—-29], and refer-
ences cited therein.

We tested structures of some “simple” Ni-contain-
ing ions originating from the ionized—7 by using
tandem mass spectrometry (Ml and CID) experi-
ments. The ions under investigation contained NO,
OH, HCN, CH,CN, and CHSCN groups connected
directly to the metal atom or forming ligands of a
higher complexity. To provide the best interpretation
of the experimental results it is essential to consider
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Fig. 3. Collision induced dissociation §090% T) mass spectrum
of [NINCCH] " ions.

CH;CN were bound stronger to the metal atom than
NO [35].

No data on Nf-NCSCH, bond dissociation ener
gies were available. Nevertheless, we believe that
NCSCH,; should be stronger bound to the transition
metal ion than acetonitrile. The presence of the sulfur
atom should increase electron-donating properties of
SCH,; relative to the CH group [37]. Also a direct
interaction between Ni and S atoms will likely in-

bond strength between the above molecules and thecrease the stability of the Ni-NCSCH, bond.

Ni™ ion.

Experimental measurements of bond dissociation
energies (BDEs) have been performed for the
Ni*—NO bond. The D(Ni-NO) value was deter
mined as 54 kcal mol* [30]. The Ni*-NO bond
cleavage in two-ligand systems, LNNO, required
lower energy,~42 (L = CgHg [31,32]) and 29 (L=
NO [31]) kcal mol . The dissociation energy for the
Ni*—OH bond has been estimated to k&6 kcal
mol~* [33].

Several authors [28,34—-36] have measured the
affinities of Ni-containing ions to nitriles, including
the determination of relative double metal-ligand
BDEs [34,36]. In all cases higher alkyl derivatives
showed a stronger binding to the Niion than
molecules with fewer carbon atoms. For example,
HCN was always weaker bound than N to metal
ions. No experiments have been performed to com-
pare directly BDEs for nitriles and OH. The results for
CsHgNi "L ions showed, however, that both HCN and

From the above considerations the following trend
in Ni"—L BDEs can be drawn: I= NO < HCN <
CH;CN < CH;SCN < OH. Certainly, to exclude any
doubts concerning this Ni-L bond energy order,
experimental measurements of BDEs performed in
similar conditions would be required. It should also be
noted that absolute and relative bond strengths could
vary depending on other ligand(s) connected to the
metal atom. This general tendency can be nonetheless
used effectively for the following assignment of
Ni*-containing ion structures.

The El mass spectra of all compounds studied in
this work displayed intense peaks of NNCCH,)
ions. The MI mass spectrum of NINCCH,) was
very simple, showing only a peak for the [Nijon.
Collisional activation of Ni (NCCH,) resulted in
three additional products (Fig. 3). The observation of
a low abundant methyl radical loss was consistent
with the previous results by Chen and Miller [25],
who assigned this reaction to the metal atom insertion
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Fig. 4. Collision induced dissociation §090% T) mass spectrum
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into the C—C bond. The other peaks in the CID mass
spectrum corresponded to [NINCGHA" and
[CHLCN] ™ ions; the latter most likely originated from
the doubly charged species. Note that" fNCCH,)
ions produced by unimolecular dissociation of com-
pounds1-7 were indistinguishable from their ana-
logues formed by ion—-molecule reactions in £LH—
nickelocene and CICN—(acac)Ni mixtures. These
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_Q .

[R"CN—Met—NCCH;]*
(VID)

Scheme 1.

our calculations by the Modified Neglect of Diatomic
Differential Overlap (MNDO) method for the
[Zn(NCR),]* system [38]. The latter predicted that
the linear isomer \(Il') should be the most stable
among [Met(NCR)] " species.

The MI mass spectra of HONNCCH, ions orig
inating from compoundsdla, 1b, 3a, and 3b were
indistinguishable. The most abundant process
(~80%) corresponded to the loss of,®l The M
mass spectrum of DONNCCH,; ions displayed a
peak for a loss of HDO, whereas no,®l loss was
observed. This result indicated that the H-atom shift
from the methyl to the hydroxyl group was irre-
versible. The other metastable dissociation of
HONi*NCCH; involved a loss of CHCN. The

results indicated that in both cases solvated metal ionsabsence of HOloss from the metastable ions was

were formed. The present experiments however,
could not distinguish a type of binding of acetonitrile
to the metal ion.

The MI mass spectrum of N{NCCH;), displayed
only one peak corresponding to a loss of one aceto-
nitrile molecule. The collisional activation gave rise
to Ni* ions. Doubly charged ions, [Ni(NCCHE]*",
were also abundant species in the CID (target gas
O,) mass spectrum (Fig. 4T.he CID mass spectrum
also showed minor fragments<{%) corresponding
to H,C and HCN losses from CIEN ligands. The
dissociation of Nf(NCCH;), ions was consistent
with the structure of disolvated nickel cation, which

consistent with a stronger Ni-OH relative to
Ni*—~NCCH, bond. Collisional activation of
HONIi"NCCH,; significantly increased the yield of
HONi™ ions. It also produced NINCCH; ions, but
the signal of the latter was very weak. Thus, the
dissociation of HONINCCH;, ions was consistent
with the formation of two structures: one corre-
sponding to the HONi cation solvated by aceto
nitrile molecule and the other is the complex of
H,O with Ni*NCCH, ions. A third structure for
these ions, i.e. that having a HONCgHhoiety as

a single ligand, could also be considered. However,
the close similarity in the dissociation of ions

has been previously generated and characterized byoriginating from the precursors witt8& and 3b)

the Fourier transform ion cyclotron resonance (FT-
ICR) MS method [36]. A cyclic isomerYI, might
have been formed upon the fragmentation of com-
plexes3a and 3b under El (Scheme 1), but it most
likely rearranged to the structure having two separate
acetonitrile units prior to the dissociation. The exper-
imental observations were in a good agreement with

OH

|
N
Ni

H;C
I )
\

/
HiC N

+

(VIID)

Diagram 7.
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and without an HO group attached to acetonitrile best represented as nickel-containing ions solvated

fragment (a and 1b) made that structure as very with nitrile(s), [NiL,]* (n = 1, 2; L = NCCH;,

unlikely. NCSCH;) or [RNiL,] " (R = OH, NO). The obser
The dissociation of HONi(NCCH;), ions was vation of dissociations opposing the expected trend in

significantly different from that of the ions having metal-ligand bond dissociation energies was indica-

only one acetonitrile group. The most abundant meta- tive of the presence of different types of structures.

stable process was a loss of HDwo other reactions  For example, the metallocyclic structuxéll ratio-

resulted in HONTNCCH; and Ni"NCCH, ions.  najizes well the behavior of “HONNCCHs),” ions.

These observations were in disagreement with the

thermochemistry of the Ni-ligand bond dissociation

because the Ni-OH bond is expected to be stronger

than Ni*—acetonitrile bond. For the latter reason a 4. Conclusion

preferable loss of OH over NCCHwould be very

unlikely from the ions having the structure of disol- Electron impact ionization of two series of bonding
vated HONi" ions. The experimental observations isomers of Ni(ll) coordination compounds with tetra-
can be easily rationalized by the cyclic structwiié . dentate quasimacrocyclic ligands9 generated very

This structural unit was present in molecules of all intense molecular ions. Their fragmentation was sim-
complexes and the corresponding ions could be jjar to that of other coordination compounds having
formed by a loss of the rest of the quasi-macrocyclic nighly conjugated macroheterocyclic ligands. The
ligand. The OH group in th&lll ionis notconnected  mplecular ions underwent two common types of
to the metal atom and can be easily lost as a radical or gissociation. The first involved the fragmentation of

together with the NCCHunit. . thioalkyl, R'S, group and their yield was very small.
The behavior of the Ni(NCCHy)(NCSCH;) ion The second type of dissociation resulted in the exten-

W_ai IconglstenthW|th the structure of fa h@solvatgd sive fission of metal-ligand bonds and bonds (N-O,
nickel cation. The MI mass spectrum of this species N—C, C-C, and N-N) of the ligand. These reactions

displayed two peak_s, correspond|_n g to losses of started from the H-O bond cleavage of the quasimet-
NCCH; and NCSCH in agreement with the structure allocvele
of disolvated nickel ions. The latter process wa4 ycle. o
. L . Isomers ofa andb structures can be distinguished
times less abundant, indicating a predicted stronger by their EI mass spectra. In particular. the presence of
binding of Ni* to NCSCH, than to NCCH, The CID y nass spectra. in particuiar, the pre

[M — NO,] ™ ions was a characteristic for the isomers

mass spectrum displayed a peak fof" Nbns. Minor
fragments €1%) were also observed at/z 145 and of the b type. The MI (and CID) mass spectra of the
m/z113. They corresponded to the losses of NCH and isomers were very similar. This effect resulted from a

NCSH from NCCH, and NCSCH groups, respec facile rgndomizgtion of Ni—N boan in thg igns
possessing low internal energies, prior to their disso-

tively. 0S:
The MI mass spectra of ONNNCCH; and ciation. _
ONNi*NCSCH, ions were very simple showing only Complexes of théll type proved to be convenient

indicated that Nf—nitrile bonds are stronger than the ~containing ions. Structures of these ions were as-
Ni"=NO bond in agreement with the general trend in Signed based on their metastable and collision induced

Ni*-ligand bond dissociation energies. dissociations. Most of these species possessed a struc-
The results from this part of our study exhibited ture of solvated Ni or RNi" ions. The metallocyclic

that the coordination compounds-7 are convenient  structureVIll was suggested for “‘HON{NCCH,),"

precursors for coordinatively unsaturated metal-con- ions to rationalize the preferable loss of OH over the

taining ions. In most cases structures of these ions areloss of NCCH.
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