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ABSTRACT

A number of metal complexes containing the ligand
5,5,7,12,12,14-hexamethyl-1,4,8,11-tetra-azatetradecane were
synthesized and analyzed using electron impact (EI) and fast atom
bombardment (FAB). The FAB mass spectra were obtained in
positive and negative ion mode. FAB in the positive ion mode
proved to be the most successful technique for the identification
of these compounds. In the majority of cases the spectra
obtained using positive ion FAB were structurally informative,
although not all showed molecular (M+) or quasimolecular ([M+H]+)
ions. The fragmentations observed were characteristic of the
ligands, and were interpreted based on the chemistry of these

compounds.
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I. INTRODUCTION

A. Mass Spectroscopy

1. Desorption Ionization Techniques in Mass Spectrometry

The mass spectrometer is essentially a sophisticated
weighing machine. 1Its purpose is to convert the sample into
measurable products which are indicative of the original
molecule. To accomplish this, the instrument requires that the
sample molecules to be weighed be in the gas phase and that they
be ionized (1). It is the ion source which produces this
ionization. The mass spectrometer consists basically of an
inlet, ion source, mass analyzer, detector and a recorder.

Since its first use in organic analysis, mass spectrometry
has relied largely on electron impact (EI) to create ions from
the vaporized neutral molecules. 1In this method an electron
beam, usually with an energy of 70 electron volts, interacts with
a neutral molecule in the gas phase and strips an electromn to
leave a positive radical ion, M+. This interaction is
illustrated in equation 1.

[1] M+ e -—=-=> MT* 4 26

This radical molecular ion reflects the molecular weight of the

analyte, and it is this ion and the fragment ions which result
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from its dissociation which make up the mass spectrum. It is the
interpretation of these fragments which may reveal the structure
of the molecule. Sample vaporization is a prerequisite with EI,
and therefore the sample must be heated. For nonvolatile or
thermally fragile samples, heating the sample to vaporize it
often leads to thermal degradation.

Various alternative strategies have been developed to make
possible the analysis of these thermally labile compounds. The
basic concept of these alternative methods is the desorption of
ions directly from a condensed phase. Desorption iomizatiom (DI)
or particle-induced desorption are general terms often applied to
these techniques (2,3), and includes such ionization techniques
as secondary ion mass spectrometry (SIMS), fast atom bombardment
(FAB), plasma desorption (PD), field desorption (FD),
electrohydrodynamic ionization (EHMS), and laser induced
desorption (2).

FD is the precursor of this family of ionization methods.

It was first used for a compound of low volatility in 1969 by
Beckey (4), who published the mass spectrum of glucose using this
technique. In this method the sample is placed omn
microdendrites, usually carbon grown on a fine metal wire, and
introduced into a special ion source. A high field causes both
ionization and desorption to occur. This technique is difficult
in practice and the ions providing molecular weight information,
if produced at all, are frequently only transient (5).

Plasma desorption was developed as an outgrowth of work in
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which the decay of californium was studied by the time-of-flight
measurement of its fission fragments (2). This method uses the
interactions of high energy (hundreds of Mev) heavy ions in a
solid matrix to induce desorption and ionization (3). The
essential feature of 2520f PDMS was that the beam of energy was
highly concentrated and the excitation lasted for only short
periods of time. Under these conditions, large thermally labile
molecules were able to survive intact and to desorb from the
surface as ionized species.

Other means of obtaining the same results were sought and
found. SIMS was one such method. Samples, usually in solid
form, are energized by ions with energy in the Kev range. Up
until 1976 this method had been used routinely for surface
analysis of inorganic species. It was Benninghoven who showed
that these energetic ions impinging on the surface of a thin film
of biomolecules induced the same desorption-ionization process
observed in PDMS (6). In 1978, Meuzelaar introduced laser
desorption (LD) (7). Samples are prepared in a variety of
manners as both reflection and transmission experiments are
performed. Excitation of the sample is initiated by laser pulses
of short duration and produces patterns of desorbed molecular
ions similar to 252Cf PDMS and SIMS. The most recent

particle-induced desorption technique to be studied is fast atom

bombardment FAB.



2, FAB and its Advantages

This technique was first introduced by Barber in 1981, and
since then it has become a widely used soft iomization technique
(8). In this method, samples, usually in solution, are energized
by neutral atoms of kev energy. The neutral beam of atoms
bombards the sample and sample ions are produced as a result of
the interaction of the beam with the sample, see Figure 1. In
the initial interaction of the incident particles, a large amount
of energy is deposited into a highly localized region of the
sample. Some of this energy is transformed into intermnal
vibrational modes and into molecular translation/rotation of the
surface molecules. This initiates fragmentation and desorption
into the gas phase. Both positive and negative ions can be
formed in the bombardment process. Molecular weight information
is often obtained from quasimolecular ions especially for
molecules of biological interest; (M+H)+ in positive ion spectra
and typically from (M-H) ions in negative ion spectra rather
than simple molecular ions. The earliest experiments using the
FAB technique required that the sample be deposited directly on
the probe tip from solution and evaporated to dryness before
analysis. This method of preparation resulted in mass spectra of
a transient mnature. It was found by Barber et al (9), that the
use of low vapor pressure liquids and oils gave spectra that
lasted for hours. These liquids are commonly referred to as the

matrix. Matrix liquids commonly encountered are; glycerol,



Figure 1:

Simplified Diagram of a FAB Source (15).
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sulfolane, thioglycerol, nitrophenyl-octylether,and nujol.

Glycerol is by far the most popular. The sample preparation

consists of dissolving the sample of interest in a suitable

matrix and placing it on the probe tip.
Among the recently developed mass spectroscopy techniques

FAB has been considered one of the more successful. This success

is due in part to the advantages that are inherent to FAB.

1., The ionization and evaporation process occurs from either the
solid or the dissolved solid and thus, no separate sample
volatilization is required.

2, The sample preparation is fairly simple as compared to the
derivatization techniques required for EI or the involved
sample preparations required for field desorption. Imn fact,
when both FAB and FD give useful results FAB is preferred due
to the minimized sample preparation and the generally more
informative fragmentation which results (1,10).

3. FAB in many cases has a high pseudomolecular or molecular ion
sensitivity, and provides structurally significant
fragmentation. Fragmentation is quite often absent in some
of the other softer iomnization techniques. For example,

FD and EHMS produce spectra which have reduced
fragmentation (2).

4. Mass spectra may be obtained from molecules of relatively
high molecular weight. 1In fact it is still not known how
large a molecule can be lifted from the matrix surface by

FAB, although results have been obtained above 23,000 for



biologically interesting molecules using PD-MS (11), and
above 30,000 for inorganic ion clusters with SIMS (12).

5. The final advantage has to do with the spectra that may be
obtained. Both positive and negative ion spectra may be
obtained with equal facility and without any mneed to make
major changes in the ion source conditions, although changes
in the power supply polarities are necessary.

It can be noted that in the literature the main focus for FAB
has been towards molecules of biomedical interest. Applications
to inorganic compounds have not been as extemnsive, but the
advantages that FAB presents make it a potentially useful

technique for these compounds.

3. Applicatiouns

Mass spectroscopic analysis of non-volatile, thermally
labile inorganic complexes has generally proved so difficult that
in the past mass spectroscopy has not been a common tool of the
inorganic chemist. FAB makes it possible to obtain mass spectra
of organometallic and coordination compounds that could not be
analyzed previously. A mass spectroscopic technique should
provide (a) information concerning the parent ion's molecular
weight, (b) give an indication of structural complexity through
fragmentation and (c) perhaps predict the chemical reactivity of
the compound of interest. Such information is particularly

important for complexes containing for example, paramagnetic
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sites where NMR spectral studies are of limited value. The
following examples from the literature are provided to emphasize
not only the obvious advantages of FAB, but to illustrate that FAB

does satisfy the above criteria.

(a) Organometallic Compounds

The most extensively studied organometallic compound using
FAB is Vitamin B12 and its coenzymes. Vitamin B12 was featured in
the first paper published by Barber et al. on FAB (8). The
basic structure of the coenzyme is illustrated in Figure 2. The
bond to the carbon atom of the deoxyribose moiety is labile, and
as a result the ligand attached to the cobalt at that coordination
site is variable. This fact made it possible for Barber to not

only study Vitamin B but also the cyano-, methyl- and hydroxy-

12°
derivatives (13). 1In all cases a reasonably intense quasi-
molecular ion (M+1), was obtained. The next peak of importance
appears at m/z 1329, corresponding to loss of the axial ligand.
Barber reported the relative abundances of the quasimolecular ions
are m/z 1355>1344>1579>1346, which corresponds to cyano, methyl,
adenosine, and hydroxy compounds respectively. This series mimics
the 7Jr-acceptor ability of ligands noted in other transition metal
complexes.

FAB is known to produce the best results for polar or iomnic

species. FAB, however has been found to be applicable to

non-polar species as well. This is exemplified by the silyl



Figure 2:
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cyclopentadiene/cyclooctadienerhodium(I) compound. This compound
emphasizes the obvious advantages of FAB. No worthwhile
structural information could be obtained by conventional
techniques as it is water sensitive as well as thermally labile.
Also, it was applied as a liquid to the probe tip which
eliminated any type of sample preparation. A strong parent ion
was observed at m/z 438, with losses due to C8H4’ (CH30)3SiH and
(CH30)3SiCH=CH creating the most important high mass iomns (9).
This compound is typical of many organometallics for which
molecular ions rather than quasi-molecular ions are observed.

FAB has also been used in an analytical context in that it
has been used to identify organoarsenic compounds in seafoods
(14). This particular study involved the use of both FAB and FD.
The authors concluded that FAB was more practical, producing more

fragment ions than FD. The arsenic compound of interest was the

. +
arsenobetaine (CH3)3AS CHZCO2

isolated from plaice. Using high
resolution FAB and an ion counting multichannel analyzer system
it was possible to detect the protonated parent ion at m/z
179.0053.

The number of studies involving transition metal
organometallics are far more extensive than those of the main
group metals (15-19). In a recent paper by Cerny et al. , FAB
proved to be quite successful in giving interpretable fragment
ions for a series of organometallic derivatives of 0s(II) and

Ru{II) (16). The purpose of this study was to determine the

applicability of both FAB and FD techniques in studying 7
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-bonding ligand groups. In most cases the FD spectrum yielded only
information on the intact cation, whereas FAB revealed structural
aspects of the cation through its fragment ions. In most instances,
the most intense peaks were due to loss of the TW-bonding ligand and
the T(~bonding ligand+HCl. FAB proved to be a better characterization
technique as it produced fragment ions which aid in compound
identification.

In a similar study by Sharp and co-workers, a series of rhodium,
iridium and platinium organometallic complexes in which a cumulene
ligand is attached to the metal in either « or T bonding fashion,
were examined (17). The cumulene ligand was lost intact in all the
complexes studied. The observed fragmentation occurred at the
metal—liggnd bonds, and not within a ligand, which is consistent with
the known strength of the metal-ligand bonds and the bonds between
atoms within the ligands. In general, they found the most easily lost
ligands are the anionic ones. In the iridium complex series, the

triflate ligand (0SO CF3) was lost and in the rhodium series, the

2
chloride was lost. The unsaturated organic ligands are less easily
lost, and the acids carbon monoxide and triphenylphosphine are
relatively difficult to lose. The relative ordering of the bond
strengths mimics the solution chemistry of this series of complexes.
Sharp concluded that the FAB mass spectroscopy of these compounds is
the most useful method for structure determination short of x-ray

crystallography. The FAB-MS of the rhodium complexes were more

readily analyzed and potentially less ambigious than various



12

optical and magnetic spectra available (17).

Davis and coworkers applied FAB-MS to a range of mono- and
poly nuclear transition metal complexes which did not yield EI
spectra (18). Organometallic complexes of rhodium, ruthenium,
rhenium, palladium, platinum, as well as the metal clusters of
iron and osmium, were studied. Good FAB spectra were obtained for
the triphenylphosphine complexes for which EI gives only ions

arising from Ph_P, which is produced as a result of thermal

3
decomposition of the complexes. The compounds [RhX(PPh3)3] where
X=Cl or Br gave peaks corresponding to the cations of (M+H)+, M+,
+ + + +

(M+H=-X) , (M-X) , (M+H-PPh3) , and (M-PPh3) . The [RuClz(PPh3)3]
complex gave [(M+H)-PPh3]+ as its highest mass ion, which is
consistent with known solution behaviour. The complexes
[ReCl(CO)3(P(C ] have

F-p)3) ] and [Re(NO3)(CO)3(P(C Me-p)

3Hy 6f4 372

[(M+H)-X]+ where X=Cl or NO, as the highest mass ion. However

3
there are no published results to the effect that these molecules
behave like this in solution. The platinum and palladium
phosphines undergo extensive dissociation in accord with their
solution behaviour. The cluster compounds of Fe and Os were also
identified using FAB. Davis demonstrated the potential of FAB for
transition metal complexes, in particular organometallics and
stated that FAB will become an important weapon in the
organometallic chemist's arsenal.

Minard and Geoffroy also studied a number of organometallic

cluster compounds (19). It is known that as carbonyl groups of

carbonyl clusters are replaced by triphenylphosphine,
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diphenylphosphito and chloro groups, the volatility of the
organometallic compounds decreases, and thus, EI spectra cannot
be obtained. The matrix used for the FAB spectra was 18-crown-6
with 10% tetraglyme to depress the melting point. The spectra
obtained contained structurally significant fragmemtationsj; such
as, stepwise loss of all carbonyls,chloro, phenyl,
triphenylphosphine and other coordination groups and in almost

all cases molecular ions were observed.
(b) Coordination Compounds

Cerny, Sullivan, Bursey and Meyer found that FAB fragments
could be useful in predicting the solution chemistry of some
neutral, 1+ and 2+ cationic transition metal coordination
complexes (20). They obtained both parent ion information and
fragments for the 1+ complexes. For example, the compound

[ReI(bpy)(PMezPh)Z(CO)Z]PF had a peak at m/z 675 which

6
represents the quasi-molecular ion. The next peak of interest
was the loss of PMezPh at m/z 537. No peaks were obtained for
sequential loss of CO, see Figure 3. The weaker of the two
possible monodentate TIr-acceptor ligands, the tertiary phosphine
is lost in preference to the carbonyl. It was possible for a
number of generalizations to be drawn from this study. First,
monodenate ligands are lost in preference to bidentate ligands.

Second, if redox processes occur then the spectrum is complicated

with many fragment peaks, most of these fragments being formed by
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Figure 3: FAB Mass Spectrum of [ReI(bpy)(PMezPh)z(CO)z](PFG) (20).
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the reduction of a higher oxidation state to a lower one. In
those compounds in which metal reduction was disfavored, simple
ligand loss occurred. The final generalization made was that in
every case where the solution chemistry of the complex was known
it was paralleled by FAB fragﬁentation. The same group studied
copper complexes which were of biological interest, and found it
to be a useful characterization technique (21).

Applications of FAB-MS to biomedical compounds has received
a great deal of attention. Barber's group applied both the FD
and the FAB procedures to the analysis of hydroxamate containing
siderophores as iron(III) complexes (22). Siderophores are low
molecular weight chelating agents possessing a high affinity for
iron(III) and are secreted by a wide range of micro-organisms.
The FAB spectra obtained exhibited good molecular ion
sensitivity, and FAB was recommended as the preliminary screening
technique, as FD spectra were difficult to obtain. It was
suggested that because of the high sensitivity of FAB, (good
spectra were obtained of mg quantities), it offers a means for
identification of siderophore metabolites.

Dell and Morris studied bleomycins which are a family of
glycopeptide-derived antibiotics (23). These compounds had
proved to be difficult to characterize due to their complexity,
high molecular weight and thermal instability. The metal
complexes of these compounds yielded pseudomolecular (M+H)+ ions
in the FAB spectra. The FAB-MS gave m.w. information on all

bleomycins studied as both native material and as metal
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complexes. It was concluded that FAB-MS could be used to
characterize a wide variety of bleomycins and may be used as a
method of structure elucidation for other members within the
family.

Other interests have included the study of metal complexes
involved in medical research. ©Puzo et al. studied the
bis-guanosine adduct of the cisplatin anticancer drug (24). The
results were encouraging for the use of FAB spectrometry in the
charcterization of DNA adducts of platinum containing drugs.
Cohen et al. (25) and Costello et al. (26,27) studied
technetium compounds in a variety of oxidation states. These
compounds are of interest as technetium-based radiopharmaceutical
agents have become important clinical diagnostic agents. Cohen
found that the best results were obtained using monothioglycerol
as the matrix. FAB was discovered to be a useful technique in
identification of these compounds.

Johnstone et al. studied crown ether complexes of metallic
cations using FAB (28,29). In the past the methods for
investigating these complexes were cumbersome and time-consuming
usually requiring calorimetry, potentiometry and spectroscopy to
determine stability constants. Johnstone obtained molecular ions
of the type, [crown+Mn++A(n—1)-]+ where A is the anion. The
range of metallic salts included the chlorides, acetates, and
nitrates of Li, Na, K, Rb, Cs, Mg, Ca, Ba, Cu, Hg, etc. All
yielded molecular ions but not with equal facility. The

competitive reactions showed that the order of preference for
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complex formation in Group 1 is K >Cs >Na, which reflects the trends
found in solution. This trend is different for each crown ether
investigated. It was suggested that this method could be used to

_1OM. Johnstone also

rapidly analyze trace metals as low as 10
proposed a method by which stability constants could be measured
(28). The predicted stability constants closely paralleled
published results.

The 18-crown-6 ligand was the topic of another FAB-MS study
(30), the complex of interest being [HgC12(18—crown-6)]. The FAB-MS
showed a cluster of peaks centered at m/z 501 which corresponds to
the [HgCl(lS-crown-6)]+ ion. The appearance of this ion as the
highest mass peak is mnormal for chlorinated compounds, which
normally exhibit much stronger [M—Cl]+ peaks than [M]+ peaks. The
importance of this study stems from the fact that the mercury ion
remained associated with the 18-crown-6 ligand despite the weak
mercury-to-oxygen bonds. This hints that FAB-MS could have useful
applications in the identification of other macrocyclic compounds

not amendable to EI. It was this study which sparked the interest

in the examination of the macrocyclic compounds discussed herein.
B. Area of Interest
The compounds chosen for this study were the metal complexes of

the macrocyclic ligand 5,5,7,12,12,14~-hexamethyl-1,4,8,11-

tetraazacyclotetradecane, (see Figure 4(a)), often abbreviated
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Figure 4(a): Basic Structure of Me6[14]aneN4 (31). 7
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Me6[14]aneN The abbreviation used indicates the number of

40
methyl substituents, the size of the ring in brackets, followed
by the type and number of hetero atoms in the ring. There are
two isomers of this ligand and these are illustrated in Figure

4(b). The coordination compounds of the Me6[14]aneN were

4
thought to be a good choice for FAB, as FAB had previously proven
itself successful with oxygen containing macrocyclic compounds
(28-30).

Another reason for this choice was the fact that these
complexes contained nitrogen and in general coordination
complexes of nitrogen have low sample volatility (32). The use
of EI to study these complexes, would therefore, require high
source temperatures. Such temperatures would mean that sample
decomposition was likely to be a problem. Due to this, mass
spectrometry has not been used to any appreciable extent as a

characterization technique for the complexes of Me6[14]aneN In

Lt
the past, much of the work involving these compounds has involved
crystalline complexes, and as a result the two main
characterization techniques have been crystallography and infared
spectrometry.

The main reason for the choice of these complexes was the
fact that these complexes are remarkably stable, and are
relatively inert to dissociation. This was an important factor
as earlier work envolving the metal complexes of Vitamin-B6

produced spectra of the metal complexed to the matrix instead of

Vitamin-B6.
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The principal emphasis of this study was to determine
whether FAB was a suitable technique for the identification of
these compounds based on the three requirements of a good mass

spectrometry technique (see section C).



21

II. EXPERIMENTAL

A. Instumentation

Mass spectra of all compounds were obtained using a Kratos
MS-30 double beam, double focusing mass spectrometer, retrofitted
with a Kratos FAB source in beam 1. A resolution of 1000 and an
accelerating voltage of 4kv were used. Scan rates of 10
sec/decade and 30 sec/decade were used.

The samples were introduced by a heated solid probe for EIL
with an ionization voltage of 70ev. The source temperature was
varied between 180—2200C depending upon the decomposition point
of the coordination compound.

The samples for FAB were introduced on a stainless steel
probe at room temperature. The FAB ion gun (Ion Tech) was
operated at a voltage of 6-8 kev and at a source pressure of
10-5torr and a current of 1-2 mA. All data collection and
computation were carried out on a Kratos DS-55 data system
modified with Brock software. Both positive and negative FAB ion
spectra were obtained, using Xe as the primary beam.

The FORTRAN program BMASROS was used to calculate isotopic
patterns of specific ions. The DS-55 programs PKAVG, PLOT and
QUAN were used to obtain qualitative and quantitive mass spectral
data., The relative abundances of overlapping isotopic multiplets
were computed by a least squares fit of the output BMASROS to the
observed spectrum using the FORTRAN program BMASABD. The

Bayesian Statistical method (33) was also used to provide a more
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statistically valid method of deconvoluting overlapping species

in the spectra.

B. General Techniques

Decomposition points were taken using an Electrothermal

melting point apparatus. Infared spectra in the 4000 cm-1 to 400

cm’ range were recorded on an Analect FX-6260 FTIR spectrometer
to confirm the presence of the ligand in the complexes
synthesized. The shift in the y{(N-H) peaks were used to
determine if complexation had occurred, see Table 1. A decrease
in the N-H absorption frequency implies a weakening of the N-H
bond due to withdrawl of electron density by the metal. All
samples were prepared as KBr pellets.

Elemental analysis were preformed by Galbraith Laboratories

Inc., and Guelph Chemical Laboratories Ltd.

C. Chemicals

The Me6[14]aneN ligand was obtained from the Parish

4
Chemical Co., and Strem Chemicals Inc. The forms in which this
ligand were obtained are given in Table 2. The Parish chemical

is a mixture of teta and tetb isomers and will be referred to as

Me6[14]aneN The chemical obtained from Strem has only the teta

4.
isomer present, and will be referred to as teta. (See Figure 4.)

Two different batches of the ligand were obtained from Strem, as
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Table 1: X(N-H) Infared Absorption Frequencies

Compound Y'(N-H)

teta 3274, 3240
CdClz(teta) 3270, 3233
PtC14(teta) 3212

CuClz(teta) 3223, 3143
NiClz(teta) 3235, 3185
ZnCl(NOZ)(teta) 3266, 3200

ZnCl,(teta) 3243, 3212
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Table 2: Reagents
Chemical Formula Supplier
Me6[14]aneN4 C16H36N4'H20 Parish Chemical Co.
Orem, Utah
teta C16H36N4 Strem Chemicals, Inc,
Newbury, Massachusetts
Manganous Chloride MnCl,6 .4H, O BDH Chemicals Ltd.
2 2
Poole, England
Cobaltous Chloride CoC1256H20 BDH Chemicals Ltd.

Cadium Chloride

Cupric Acetate

Sodium Nitrite

Sodium Cyanide

Silver Nitrate

Zinc Chloride

Nickel Chloride

Sodium Azide

Sodium Thiocyanate

Cupric Chloride

Zinc Nitrate

Potassium Tetra-
chloroplatinate (II)

CdC12.2 H,O

(CH3C02)ZCu.H 0

NaNO2

NaCN

AgNO
ZnCl

N1012.6H20

NaN3

NaSCN

CuCl_.2H,0

3 2

Zn(NO3)2

KZPtCl4

2

2

Poole, England

J. T. Baker Chemical
Co. Phillipsburg,
New Jersey

BDH Chemicals Ltd.
Poole, England

McArthur Chemical Co.
Ltd. Montreal, Canada

Matheson Coleman &
Bell Manufactoring
Chemists Norwood, Ohio

McArthur Chemical Co.
Ltd. Montreal, Canada

Fisher Scientific Co.
FairLawn, New Jersey

BDH Chemicals Ltd.
Poole, England

Fisher Scientific Co.
FairLawn, New Jersey

Fisher Scientific Co.
FairLawn, New Jersey

BDH Chemicals Ltd.
Poole, England

Fisher Scientific Co.
FairLawn, New Jersey

Alfa Products
Danvers, Massachusetts
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the first batch, lot# 158K, was found to be contaminated with
chloride. The Parish reagent had been used in previous synthesis
work dome by M. R. Burke (34). The remaining reagents used in

the synthesis are also listed in Table 2.

D. Synthesis

The list of compounds synthesized and their molecular
weights and decomposition points are provided in Table 3. The
starred complexes were synthesized using the Parish ligand lot#
1065, and therefore are a mixture of teta and tetb isomers. See
figure 4 for an explanation of the abbreviations used for the
ligand. The (HgClz)z(tetb) was previously prepared by M. R.
Burke and provided in crystal form (35). An elemental analysis
was obtained to ensure that the mercury complex was the desired
compound. Data from the elemental analysis is provided in Table

4.

1) Cobalt Complexes

The cobalt complex CoZCl4(teta) was prepared according to
the basic procedure of Endicott et al. (36). The remaining
cobalt complexes were synthesized in accordance with the

preparations of Whimp and Curtis (37) found in the literature.



Table 3: Me6

[14]aneN, Complexes
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Complex MeWe d.p. (°C)
[CO(C16 36 4)(NO )(OH)]C104, 2 524 160
COZCl (C16 36 4) 544 280
[Co(C16 36 4)(NO )2]C104,1/2H20 544 190
[Co(C16 36 4)ClN ]C104, 2 538 130
[Co(C16 36 4)Cl ]C1,4H20 522 215
[CO(C16 36 4)(CN) ]ClOa, 513 250
[Co(C16 36 4)(SCN) 1scN, HZO 535 140
[Co(C16 36 )Clz]ClO4 514 210
[Mn(C16 36 4)Cl ]ci, 3H2 500 115
[Nl(C16 36 4)]Cl ZHZO 450 >300

7"[Cu(C16 36 4)](ClO ) 547 >300
[Ag(C, H, N, )](NO,), 516 220

*Cd(C16 36 4)Cl 467 280
(HgCIZ)Z(C16H36N4) 828 249
Cu(C16 36N )ClZ’HZO 436 220

Zn(C16 36 4)Cl 2 437 290

(PtCl )[H2 1636 4] 621 >300

zn(C, H, N, )CINO, ,H,0 449 260

% Complexes synthesized with Me6[14]aneN

4



2) Cadmium Complex

The complex of CdC122.5H20 and Me6[14]aneN was prepared by

4
dissolving 0.40g of CdC122.5H20 in 10 ml of warm distilled water
and allowing it to cool. The Me6[14]aneN4 was dissolved in 10 ml

of 1-butanol and cooled. The ligand solution was then layered on
top of the cadium solution in a separatory funnel and was allowed
to stand for 48 hrs. A large quantity of precipitate formed at
the interface. A small amount of precipitate had formed in the
aqueous layer and this was drawn off. The precipitate from the
interface was filtered and washed with 10 ml of cold l1-butanol
and allowed to air dry. The results of the elemental amnalysis of
this compound are provided in Table 4. Both the infared spectrum
and the mass spectrum showed the compound to be unique, and not

merely a mixture of starting materials.

3) ZnClz(teta)

The zinc complex was prepared by dissolving O.1l4g of ZnCl2
in 5 ml of ethanol, and 0.23g of the teta ligand in another 5 ml
of ethanol. Both solutions were filtered and then combined. The
resulting solution clouded and a white precipitate formed. The
product was recrystallized using ethanol as the solvent. The
results of the elemental analysis for this compound are provided
in Table 4. The mass spectrum confirmed that the compound was

that which was proposed. The infared spectrum showed the



Table 4: Analytical Data for Complexes of Me6[14]aneN
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4

Formula Metal C H N
Hg,Cl, (C ) %Found 48.07 23.43 4.50 ———
24 16 36 4 %Calculated 48.48 23.22 4,38 —_————
CcdCl (C16 36 4) %Found 25.21 38.04 7.09 -——--
%Calculated 24.03 41.09 7.76 ————
PtCl, (C ) %Found -——— 30.70 6.07 8.93
4 16 38 4 %Calculated ---- 30.85 6.10 8.99
ZnCl(NOZ)(C16 36 4) H 0 %Found -———— 40.61 7.78 16.23
%Calculated =---- 42.76 8.46 15.59
ZnCl (C16 36 4) H 0 %Found -———— 43.16 8.41 12.45
%Calculated ---- 43.79 8.65 12.76
NiCl (C16 36 4) ZHZO %Found -——— 40.99 8.51 11.91
%Calculated ---- 42.67 8.88 12.44
CuCl (C16 36 4) H O %Found - 44,13 8.68 13.18
%Calculated =---- 43.93 8.23 12.82
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compound to be unique.

4) NiClZ(teta)

The NiClz(teta) complex has been previously prepared by
Tasuko Ito and Koshiro Toriumi (38). The method used in this
work was not that published. The synthesis used was similar to
that used for the zinc complex, in that both the teta and
NiCl,.6H,O0 were dissolved in hot 1:1 ethanol/water and combined.

2 2

The characteristic orange crystals of the low-spin [Ni(teta)]Cl2

complex were obtained. The product was observed to turn mauve at
approximately 160-1650C which represents a conversion of this
product to the high-spin Ni-complex as stated by Ito (38). The
composition of this complex, as illustrated through elemental

analysis, is provided in Table 4. The infared spectrum had the

expected sharp band near 3200 cm"1 due to the N-H vibration (39).

5) CuClz(teta)

The copper(II) chloride teta complex was prepared by
dissolving 0.43g of teta in 10 ml of absolute ethanol. The
CuClz.ZHZO was dissolved in 5 ml of abs. ethanol and added to the
teta solution. The combined solution was heated for 15min, and

filtered. After 24 hrs a blue ppt formed and was filtered and

recrystallized from hot ethanol. The results from the elemental
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analysis are presented in Table 4. Both the mass spectrum and

the infared spectrum showed this compound to be unique.

6) (PtClA)[HZ(teta)]

The complex was prepared by dissolving 0.23g of the teta in
10ml of DMF. The solution was then heated slightly and filtered.
Approximately 0.28g of KZPtCl4 was dissolved in 15ml of DMF, this
solution was heated and then filtered. The warm solutions were
combined and allowed to cool to room temperature. The pink
precipitate which formed was washed with cold DMF and dried under
vacuum. The results from the elemental analysis agree well with
the prosed formula, however, no satisfactory mass spectral data
has been obtained for this complex. The infared spectrum
confirmed that this was a new compound, and not merely a mixture

of starting materials. The spectra for the uncomplexed ligand,

teta and the platinum complex are given in Figure 5.

7) ZnCl(NOZ)(teta)

This complex was prepared by dissolving O0.1l4g of

Zn(NO3)26H 0 in 2ml of methanol and adding this solutiom drop by

2
drop, to a solution of 0.14g of teta, Strem lot# 158K, dissolved
in 5ml of methanol. Upon addition the solution remained clear

but a white precipitate formed overnight. The precipitate was

collected and washed with a small amount of 1-butanol.
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2

Figure 5: Infared Spectra of (PtCla)[Hz(teta)] and Teta
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It was originally believed that the compound was

Zn(NO (teta). However, elemental analysis of this compound

3)2
disproved this formulation. The mass spectral analysis clearly
showed the presence of chloride. The infared spectrum showed
this compound to be unique.

The remaining metal complexes, (Ag,Mn and Cu) were prepared

from standard preparations (40-42).

E. FAB-MS Sample Preparation

The FAB samples were prepared by adding approximately 0O.1g
of the complex to 0.05 ml of the matrix liquid. A variety of
matrices were used in an attempt to produce suitable spectra. A
listing of the matrices utilized can be found in Table 5.

The complexes proved to be relatively insoluble in most of
the matrix liquids. To increase the amount dissolved and thus,
improve the quality of spectra, samples were left in the matrix
for 12-24 hrs, which greatly improved the quality of the spectra
obtained. Heating the sample slightly also improved the results
obtained.

Obtaining mass spectra for a number of the cobalt complexes
proved to be rather difficult and to improve the spectra a doping
technique was employed. This method consisted of dissolving
approximatedly 0.1g of the sample in a glycerol matrix and then
further adding 0.05 ml of a 0.1M anion solution. NH,Cl was used

4

to provide the doping anions in the majority of the cobalt
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Table 5: Matrices

2-nitro-phehyloctylether (NPOE)
di-tert-amylphenol (DAP)
nujol
glycerol

thioglycerol

30% glycerol in sulfolame
sulfolane
Dithiothreitol/dithiocerythritol 5:1
polyethylene glycol (PEG)
glycerol /DMF 1:1

glycerol/HZO 1:1

Diethylforamide

18-crown-6 with 107 tetraglyme



Sk

compounds with some success. However, the chloride anion did not

produce useful results for cobalt compounds that contained

nitrite. 0.1M NaNO, was used as the doping agent for the NO2

2

anion containing compounds.

The method of sample preparation proposed by Zhang and Liang
(43), was used on a number of the more intractible complexes.
This method consists of dissolving the sample in a suitable
solvent and transferring 2x1 of this solution to the surface of
the liquid matrix on the probe tip using a microsyringe. The
probe is then inserted into the vacuum lock, where the solvent is

evaporated, then after 1-2 minutes the probe is inserted into the

ioniztion chamber.

F. Spectra Reproducibility and Stability

The reproducibility of spectra was checked using the

[Co(teta)Clz]ClO complex. Two samples were prepared with

4
approximately the same w/w sample to glycerol ratio. Sample A
was prepared with a sample:glycerol ratio of 1:123. Sample B had
a 1:143 ratio. Both samples were heated at a low temperature
until all the complex had dissolved. The samples were then
cooled to room temperature and left in solution for a few days.
Twenty scans were collected for sample A and twenty-five scans
were collected for sample B. The data collection was done on the
same day for both samples with sample B being run directly after

sample A.

A linear regression was performed on each peak of interest



using a TI programmable 58C calculator. The mean and standard
deviation of the TIC and the absolute intensity of each peak were
calculated over the 20 scans of each sample. The correlation
coefficient of the absolute peak intensity versus the TIC were
also calculated. The results are presented in Table 6 and will

be discussed in Chapter III.
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Table 6: Statistical Data for Reproducibility Rumns
Sample Peak Absolute Intensity p.(relation of %TIC
absolute peak
intensity to TIC)
85RP1 285 1.56(11)x10% 0.30 0.35(03)
341 1.61(12)x10° 0.89 3.59(30)
378 4.56(11)}(105 -0.21 10.16(48)
413 4.17(27)x104 0.69 0.93(07)
TIC 4.49(18)x10°
85RP2 285 2.52(41)x104 0.96 0.35(07)
341 2.50(3O)x105 0.98 3.51(58)
378 6.09(46)x10° 0.92 8.5(1.2)
413 9.56(46)x10" ~0.59 1.34(17)
TIC 7.13(82)x106
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II1. Results and Discussion

A. Electron Impact Ionization

In the past, mass spectral studies of the Me6[14]aneN4
ligand and its complexes have been concerned with m.w.
determination only (44,45). The mass spectrum of the teta or
tetb show the parent ion peak at m/z 284, with a peak at m/z 269
corresponding to the loss of one methyl group (44), none of the
other fragments in the spectrum being identified.

The EI and FAB mass spectra of the Me6[14]aneN are given in

4
Figure 6. The two spectra of the ligand are very similar;
however, the electron-impact spectrum is not as clean as the FAB
spectrum, nor is the intensity of the parent ion as high. The
parent ion intensity is 1.9% of the total ion current in the
electron impact spectrum. The pseudomolecular iomn (M+H)+ at m/z
285 is 21.0% of the TIC in the FAB spectrum and represents the
highest peak in the spectrum. The TIC is 355,136 counts for the
electron impact spectrum compared to 3,345,408 counts for FAB.
Although, the ligand is well behaved in EI, precautions in
interpretation of the spectra of the metal complexes are
necessary as thermal decomposition of the sample is a possiblity
(32).

Application of electron impact mass spectroscopy to these

complexes proved to be difficult. Spectra could not be obtained

for the following complexes: C02C14(teta), [Co(teta)(CN)z]ClOA,
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Figure 6: FAB and EI Spectra of Me6[14]aneN4
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[Co(teta)Clz]Cl, [Co(teta)(SCN)Z]SCN, Cu(teta)Clz, Zn(teta)ClZ,
(PtClé)[Hz(teta)] and [Zn(teta)ClNOz] as these complexes
decomposed rapidly under EI conditions. The first and second
scans collected contained approximately fifteen hundred peaks,
after which the ion current decayed to the point where sample
peaks were not observed. The total ion current (TIC) for EI
spectra was a factor ten times less than the spectra obtained by
FAB (after background subtraction). The inability to obtain
spectra using electron impact is believed to result from the
involatility and thermal lability of these compounds. This
belief is reinforced by Busch's work on iron complexes of the

Me6[14]aneN ligand. The mass spectra obtained had only low m/z

4
values due to the decomposition of the complex (45).

Although spectra were obtained for a number of the complexes
studied, molecular ions were not observed. The spectra contained
peaks due only to the decomposition of the complex. The EI
spectra of the dinitro and dichloro cobalt complexes had in
common peaks at m/z 333, 315, 301 and 287; as well as peaks due

to the decomposition of the Me6[14]aneN ligand. The loss of 14

4
mass units 315-301 and 301-287 appears to be the predominant
decomposition pathway. Figure 7 is representative of the spectra
obtained for the cobalt compounds. It should be noted that the
cobalt complexes of [Co(teta)ClN3]C104 and [Co(teta)(OH)(NOz)]Cloh
also gave similar spectra, however, the peaks obtained were below

2000 counts and were not considered statistically valid. The Ag,

Mn and Cd compounds had peaks due only to the decomposition of
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the ligand, teta. The mercury complex had peaks corresponding to

3

Hg+ and HgCl2 s as well as ligand decomposition peaks. The

Cu(teta)(ClO spectrum had peaks due to the presence of

4)2
[Cu(teta)]+ and [Cu(teta)0104]+, however, these peaks were of
extremly low intensity. The Ni(teta)Cl2 complex showed a peak
due to [Ni(teta)]+. The isotope pattern for the nickel species
was not correct, as the smaller peaks in the isotope pattern were
below the detection limits of the instrument. The major peaks in
the spectra of the Ni, and Hg complexes are given in Table 7.

The fragmentation pattern of the nickel complex is similar to the
cobalt complexes, as it has the same peaks present in the 300-350
range as the cobalt complexes, refer to Figure 7. ©Note also that

the fragmentation products from the ligand are easily observed in

all the EI spectra of the complexes as well as the ligand itself.
B. Negative Ion FAB

Negative ion FAB was attempted for about omne third of the
complexes. The results were rather unproductive in terms of
providing molecular ions or fragment ions containing the ligand.
The complexes for which negative ion FAB results were obtained

were Co(teta)(CoClé), [CoClz(teta)]ClOA, [Cu(teta)](ClO4)2 and

[CdClz(teta)]. The major fragments obtained for these complexes
are presented in Table 8. Results could not be obtained either

for the (HgCl (tetb) or the [Ni(teta)ClZ] complexes.

2)2

In the [CoClz(teta)]ClO spectrum, the base peak was the

4
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Table 7: Major Peaks in the EI Spectra of the Ni and Hg
Complexes of Me6[14]aneN

4
(a) (HgClz)z(tetb) (b) NiClz(teta)

Fragment m/z (%TIC) Fragment m/z (7.TIC)

3 + , +
*Hgglz 272 (1.0) Ni(teta) 342 (0.6)
Hg 202 (8.7) 332 (1.4)
315 (1.3)
300 (1.0)

155 (0.9)

fragmentation 143 (3.3) fragmentation 143 (3.0)
due to the 127 (2.5) due to the 127 (1.5)
ligand 112 (2.7) ligand 112 (2.1)
84 (1.6) 82  (2.0)
72 (7.2) 72 (5.8)
56 (3.5) 56 (2.6)
44 (5.6) 44 (3.7)

%
Sum of all isotopic comntributions



Table 8: Major Peaks in the FAB Negative Ion Spectra of the Me6[14]aneN4 Complexes
Compound

(Co(teta)(CoCl4) [Co(teta)Clz]Clo4 [Cu(teta)](ClO4)2 CdClZ(teta)
Fragment m/z %(TIC) Fragment m/z %(TIC) Fragment m/z %(TIC) Fragment m/z %(TIC)
c1” 35 (68.5) Cl~ 35 (30.5) c1” 35  (24.1) Cdc12' 184 (18.8)
c°012' 129 ( 4.6) 0104' 99 (50.1) c1o4' 99  (44.5) CdC13- 219  (45.2)
Co013' 164 ( 5.2) Cu(c104)c1' 199  ( 2.1)

Cu(ClO4)(ClO3)_ 247  ( 0.9)

Cu(C104)2 263 ( 4.9)

¢h
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perchlorate ion, followed in intensity by the peak due to the
chloride ion with the remaining peaks of low intensity. The most
intense peak in the [Co(teta)(CoClé)] complex corresponded to the

chloride ion, with other peaks due to CoClZ_ and CoC13- ions.

The [Cu(teta)](ClO spectrum was remarkably similar to the

4)2
[Co(teta)ClZ]ClO4 in that the anion with the greatest intemnsity
was the perchlorate. The second most intense peak was due to the
chloride ion, most likely resulting from the perchlorate species.
A reasonably intense cluster of peaks was obtained around mass
m/z 263, which corresponded in isotope patterm to Cu(ClO4)2-. A

peak was observed 16 mass units below the Cu(ClO which

4)2-
corresponded to Cu(ClO4)(ClO3)-. A peak was also observed at m/z
199 which was identified as C|.1Cl((.‘.104)'= . The fact that peaks
were observed at m/z 247 and m/z 199, loss of i6 from the peak at
263 and 199 loss of 64, indicates that the perchlorate ion does
decompose under FAB conditions to produce chloride ion. This is
consistent with the reducing nature of the matrix under FAB
conditions.

The CdClz(teta) spectrum had peaks corresponding to Cl ,

CdClZ- and CdCl3_. The isotope patterns matched well for the

cadium containg fragments. Figure 8 compares the observed

isotope pattern to the BMASROS calculated cluster for CdClZ- and

CdCl3 .

The loss of the counter iom, ClO, in the [Co(teta)Clz]ClO

4 4

spectrum was expected in terms of what has been found by other

workers (14,16,25). This work was concerned mainly with the
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hexafluorophosphate anion, although the chloride and the
perchlorate anions had been used in a study by Cohen (25). As
with our present work, Cohen found that negative ions of any

significance were not observed.
C. Positive Ion FAB Mass Spectra
1) Reproducibility of Spectra

The check on reproducibility of spectra was preformed to
ensure that the data obtained were as precise as possible.
Figure 9 presents the spectra from the two successive sample

trials of the complex [Co(teta)ClZ]ClO The spectrum 85RP1

e
represents the 1:123 sample:glycerol ratio and 85RP2 represents
the 1:143 ratio. (Refer to section F in chapter II.) The
spectra obtained for these trials are very similar with the
expected peaks at m/z 285, 343, 378 and 413. These peaks
correspond to the (teta+H)+, Co(teta)+, Co(teta)Cl+ and
Co(teta)C12+ species respectively., In both spectra, over 50% of
the ion current is carried by the teta containing species.
Particular attention should be paid to the Co(teta) region of the
spectra in Figure 9. ©Note that the cluster of peaks associated
with successive loss of hydrogen are identical for both spectra;
this implies that the losses are inherent in the matrix-compound
solution and the FAB requirement and are not an artifact of the

instrument.

Table 6 lists the percent TIC for the peaks of interest in
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the spectra 85RP1 and 85RP2. The peaks m/z 285, 341, 378, and
413 were chosen as they represent the largest peaks of importance
to the complex being studied. (The peak at m/z 341 has been
identified as the species Co(teta)-2H) Observation of the %TIC
for both spectra illustrates clearly the excellent
reproducibility of the spectra. (The %TIC is calculated by
dividing the absolute intensity of each peak by the total ion
current.) The intensity of the peaks at m/z 285, 341, and 378 in
the 85RP1 spectrum are well within the standard deviations
calculated for their analogues in the 85RP2 spectrum. The peak
at m/z 413 in the 85RP1 spectrum, however is not within the
standard deviations associated with this peak in 85RP2.

The peak at m/z 413 must be interacting with the matrix as
the statistical results obtained for this peak do not agree in
the two spectra. It has been previously observed that the
glycerol spectrum changes drastically as the length of irradation
with the fast atom beam is prolonged (46). It was discovered
that new ions formed in the course of the fast atom bombardment
which were not present in the first scans. The intensity of
these ions grow as the bombardment is prolonged and the intensity
of the (glycerol+H)+ at m/z 93 falls in intensity (46). A check
on the intensity of the peak at m/z 93 in the spectra of 85RP1
and 85RP2 showed the peak to drop as predicted, this is
illustrated in Figure 10. Thus it is probable that the peak at
m/z 413 contains a component that is increasing with the

increasing radiation damage of the matrix. To obtain better
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Figure 10: Cross Scan Reports for the Sample Trials 85RP1 ind
85RP2, Showing the Decrease of the (glycerol+H)
Species with Increasing Scan Number.
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statistics for the peak at m/z 413 it would be necessary to
decrease the length of time of bombardment so that the species
which forms as a result of sputtering damage does not have time

to build in intensity.

2) Stability of Spectra

Stability by definition is a continuance without change, a
reliable steadiness (47). To determine the stability of the

Me6[14]aneN complexes under FAB conditions, correlation

4
coefficients were calculated for the absolute peak intemnsities as
a function of the total ion current (TIC) for two sample runs of

the complex [Co(teta)Clz]ClO Table 6 lists the peaks and their

4e
corresponding correlation coeffients.

The data from the 85RP1 sample suggests that the complex is
unstable. The correlation coefficients are poor for both the m/z
285 and 378 peaks. The m/z 341 peak has a good value associated
with its correlation coeffient of 0.89. The peak at m/z 413 has
a correlation coefficient of 0.69, but this by no means
represents linearity.

The 85RP2 sample has much improved correlation coefficients
associated with its data. The peaks m/z 285, 341, and 378 all
represent good linear fits. Again m/z 413 does not represent a
reasonable fit, this is to be expected if the peak has an

interference due to the decomposition of the matrix, glycerol.

The improved linearity of spectrum 85RP2 results from the fact
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that 85RP2 was run after spectrum 85RP1 and as a result, the
instrument had more time to stabilize. In fact spectrum 85RP1
was the first sample rum on that particular day, and therefore,
it is not representative of the stability of the spectra. It is
thus concluded that the complex [Co(Me6aneN4]Clo4 is stable under
FAB conditions, providing the instrument itself has had time to
stabilize. Spectrum 85RP2 is representative of the stability

possible in the dichloro complex and the Me6[14]aneN complexes

4

in general.

3) Studies on the Cobalt(III) Complexes of Me6[14]aneN4
The reaction scheme for the synthesis of the cobalt
complexes is given in Figure 11. Figures 12-19 illustrate the
positive ion FAB spectra of the cobalt compounds of interest.
The matrix used for all the spectra illustrated was
monothioglycerol. The TIC as mentioned earlier is much better in
FAB than in electrom impact even after subtraction of the matrix.
Initially glycerol was the matrix employed, but the spectra
obtained using this matrix were not very intense. (The spectra
obtained using glycerol as the matrix may be found in the
appendix I.) The use of monothioglycerol as the matrix improved
the intensity of the spectra. The principle positive ions result
from the liberation of the cation [C+], the subsequent loss of
the anion ligands followed by Co(III) loss, and the formation of

ions originating from the teta ligand.



Figure 11: The Reaction Scheme for the Preparation of the Cobalt Compounds
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Figure 12: The Positive Ion FAB Mass Spectrum of
[Co(Me6[14]aneN )Cl ]ClO in
Thioglycerol
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Figure 13: The Positive Ion FAB Mass Spectrum of [Co(teta)ClZICI
in Thioglycerol
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Figure 14: The Positive Ion FAB Mass Spectrum of (Co(teta))(CoCla)
in Thioglycerol
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Figure 15: The Positive Ion FAB Mass Spectrum of
[Co(teta)C1N3]ClO4 in Thioglycerol

DECB22,1 [TIC=4929090, 190%=221520] FAB
Loy
ag’ *5
a3y
N 44z
&6 Co(teta)Cl

=

=
43* 278
30 ]
20|
16

@ |

Pa

Co(teta)ClOa

Co(teta)CIZ

413

426

i00_ 242

oG
e Co(teta)

70|
60|

56 |

46 ‘
39

206

a“_ 538 teta+H %26

ja 15 -
-..4 [ 1\-‘ -"ul"n l
h il._. n

3_ "='|'H“Il!!|{"l'tif 1 Hjh, ,{_‘_‘n‘!’!hl - |!N e M‘ I'I'im!'t"i 4|1lll|‘| .;..uflagl LA djhi,l .

26a o s Ze i 26a 2ga 266




\Ji
~J

Figure 16: The Positive Ion FAB Mass Spectrum of
[c°(teta)(N02)2]cm4 in Thioglycerol
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Figure 17: The Positive Ion FAB Mass Spectrum of
[Co(teta)NOZOH]ClO4 in Thioglycerol
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Figure 18: The Positive Ion FAB Mass Spectrum of
[Co(teta)(CN)Z]CIO4 in Thioglycerol
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Figure 19: The Positive Ion FAB Mass Spectrum of
[Co(teta)(SCN)Z]SCN in Thioglycerol
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The [teta]+ and the [Co(teta)]+ species are common to all
the positive ion spectra of the cobalt compounds. These species,
however, did not appear in the expected isotope pattern. A
conglomeration of peaks was observed for these species due to
successive loss and gain of hydrogen via ion/molecule or
matrix/molecule reactions. This result was observed regardless
of the matrix utilized.

The spectrum of the uncomplexed ligand also had peaks due to
addition and subtraction of hydrogens. The quasimolecular ion at
m/z 285 was very intense, and the peaks due to hydrogen loss were
of minor intemsity. In the cobalt spectra the quasimolecular ion
associated with the teta species is weak and the surronding peaks
are more intense. Compare the quasimolecular ion for the teta
species in the spectrum of the ligand, (Figure 6(b)), and in the

spectrum of the complex [Co(teta)Clz]CIO (Figure 12). The

4
reason for the strange dehydrogenation of these species will be
discussed at a later point in this report. Data will also be
presented in a later section to corroborate that it is loss and
addition of hydrogens that is being observed.

In the cobalt cations which have perchlorate as the counter
ion (See Table 3), a peak is observed corresponding to
[Co(II)(teta)C104]+. This is unusual in the sense that the
perchlorate ion has relatively little tendency to serve as a

ligand and is often used where an anion unlikely to coordinate is

required (48). It is known that when no other domor is present
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to compete with the perchlorate, it is possible for the
perchlorate ion to exercise a donor capacity and can be
monodentate, bridging bidentate, or chelating bidentate (49).

The perchlorate is probably not a contaminant as it is soluble in
alcohol and cold water, therefore the peak identified as the
[Co(II)(teta)ClOa] species most probably results from some type
of matrix/molecule or ion/molecule reaction. The intensity of
this species is weak in all the cobalt perchlorate complexes.

The observation of coordination due to the counter iom is unusual
in that previous workers have found that the counter ion does not
have any effect on the observed spectrum (25).

The results obtained for the cobalt complexes, however,
indicate that the counter ion does have an effect on the spectra.
The complexes [Co(teta)Clz]ClO4 and [Co(teta)Clz]Cl basically
differ only in the outersphere anion, however, there is a great
difference in the intensity of the peaks that are obtained in the
spectra of these compounds, (See Figures 12 and 13). The peak

corresponding to the species Co(teta)Cl, has a much greater

2
intensity in the spectrum of the [Co(teta)Clz]Cl complex. The
cluster of peaks due to the dehydrogenation of the Co(teta)
species has a very different pattern inm the two spectra. Table 9
presents the normalized intensity for the peaks with mass greater
than and including the [teta]+ species. As no other chloride

complex was studied with a counter ion other than Cl0 " and Cl°,

4

it is not known as to whether this behaviour represents an

anomaly or is in fact consistent with these compounds. If the



63

Table 9: Comparison of the Ion Intensities in the FAB Mass
Spectra of the [Co(teta)Clz]Cl and [Co(teta)Clz]Clo4
Complexes.

[Co(teta)Clz]Cl [Co(teta)Clz]ClO4
Ion Intensities (a)
Ions Observed glycerol thioglycerol glycerol(b) thioglycerol
ctle) 22.3 50.8 2.2 27.1
ctocl 30.0 24.1 45.2 44.5
cto2c1 45.2 23.1 45.2 28.4
ct-2¢1-co 2.6 0.2 7.5 0.0

(a) Ion intensities are a percentage of the teta containing species
Isotope cluster peak intensities of the same elemental composition
are summed and included with the parent species. Peaks due to
deprotonation of an elemental cluster are also summed and included
with the parent peak.

(v) ¢t = Co(teta)Cl,

(c) Data from spectrum 622CM1
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counter ion does cause differences in the observed spectrum,

comparisions between complexes would have to be done only among
complexes with the same counter ion.

Molecular cations or molecular ions could not be obtained
for a number of the cobalt complexes. The (Co(teta))(CoCl4)
complex proved to be very difficult to analyze, and a molecular
ion could not be obtained. The ions that were observed were

similar to [Co(teta)Clz]ClO or [Co(teta)ClZ]Cl complexes. Peaks

4
were observed at masses which corresponded to (Co(teta)C12)+,
(Co(teta)Cl)+, (Co(teta))+ and the teta+. Of the matrices used
for this compound, thioglycerol produced the best results. The
blue (Co(teta))(CoClA) turned pink upon dissolving in most of the
matrices used. These included the coprecipitation method using
DMF on glycerol, DMF on thioglycerol, and DMF on DAP. Other
matrices used included glycerol, DAP, NPOE, 30% glycerol in
sulfolane, DMF/glycerol and sulfolane. Doping with NHQCI was
also used with DMF/glycerol as the matrix. The complex only had
limited solubility in the majority of the matrices used. The
pink colour which occurred upon dissolving is characteristic of
Co(IIl) and usually indicates formation of an octahedral
cobalt(II) complex and destruction of the deep blue CoC142- ion.
It was hard to obtain spectra of the nitro- containing
complexes, and the ions that were observed were of low intensity.
The problem is believed to be due mainly to the poor solubility

in glycerol matrices. Even the doping method using NH4C1 and

NaNO2 did not produce worthwhile results. The problem with
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solubility is not surprising as it is well known that the teta
complexes have lower solubilities than the complexes of tetb
(50). (Increased solubility implies greater difficulty in
isolating the metal complexes, and therefore many of the
complexes that can be isolated for teta can not be isolated for
tetb.) FAB is greatly hindered when solubility is low, and as
these complexes dissolve to a greater extent in sulfur-
containing matrices such as sulfolane and thioglycerol, these
matrices produce better quality spectra. The ¢c” molecular ion

was not obtained for [Co(teta)(NOz)(OH)]ClO complex, nor was a

4
peak observed for the [Co(teta)(OH)]+ species even in the sulfur
matrices.

The cation molecular ion peak was obtained for the
di-nitrite containing complex, as well as the peak created by the
loss of one nitrite in both glycerol and thioglycerol. The
intensities of these species were low particularly in glycerol.
In fact, the parent ion intemnsity in glycerol was omnly 2000
counts in terms of absolute intemnsity, which is borderline in
terms of whether it exists or is merely noise.

The [Co(teta)ClN3]ClO did not produce a C+ parent ion. The

4

azide was not observed in any of the peaks present in the
spectrum. This is not an uncommon observation, as previous work

done on the electron impact spectra of inorganic azides had shown

that these compounds show a distinct preference for N, loss (51).

3
The major peaks were [Co(teta)+ and the [Co(teta)Cl]+. Other

peaks included the Co(teta)Cl2 and the Co(teta)ClO, species. The

4



Co(teta)Cl2 might be a result of contamination from the

[Co(teta)Clz]ClO species used as starting material to form this

4
compound. However, it might also be due to perchlorate
decomposition which will be discussed in the mext section.

Good quality spectra were obtained for the
[Co(teta)(CN)Z]ClO4 and the [Co(teta)(SCN)Z]SCN complexes in both
glycerol and thioglycerol. Solubility was good in both glycerol
and thioglycerol, and therefore the spectra were equally good in
both matrices. (Compare the spectra obtained for these complexes

in glycerol and in thioglycerol given in the appendix I, pages

A7-A10.)

4) Studies on the Metal Complexes Other Than Cobalt

Figures 20-23, 25 and 26 show the positive FAB ion spectra
of the metal complexes in thioglycerol. 1In these metal
complexes, the matrix did not have a great effect on the spectrum
observed, as the spectra appeared the same in both glycerol and
thioglycerol, (See appendix II for the spectra of the complexes
in glycerol.)

Spectra of the complexes Ag(teta)(NO3)2 and (HgCl (tethb)

2>2
proved to be extremely difficult to obtain. Both the silver and
the mercury complex showed the quasimolecular ion of the ligand
as the most intense peak. The di-mercury complex behaved

similarly to the complex (Co(teta))(CoCl4) in that spectra of

this compound were not easily obtained. The matrices used
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included: NPOE, 18-crown-6 with 107 tetraglyme, glycerol, PEG,
thioglycerol, nujol, DMF in 307% glycerol in sulfolane and 30%
glycerol in sulfolane. A mixture of methanol and glycerol doped
with NHacl was also tried without any success. Unlike
(Co(teta))(CoCl4), results were obtained when the coprecipitation
technique was employed. Methanol was the solvent used to
dissolve the complex and glycerol was the matrix layered on the
probe tip. The spectrum of the mercury complex is given in
Figure 20. It should be noted that the intemsities of the peaks
obtained were extremely low. (See the quantitative report for
the spectrum of this complex in appendix II, page A19.) The
peaks at m/z 485, m/z 521 and m/z 593 were identified as the
Hg(tetb)+, Hg(tetb)Cl+ and Hg(tetb)Cl3 species respectively,
although the isotope patterns for these clusters were not as
expected.

Both glycerol and thioglycerol were used as matricies in an
attempt to obtain spectra of the silver complex. The glycerol
matrix produced only the (teta)+ peak at m/z 285. In
thioglycerol, a doublet was observed for the species [Ag(teta)]+
in the second scan taken, however the averaged scan did not have
this pattern of peaks. Both coprecipitation and the doping
techniques were attempted, but without any success.

The dichloro complexes containing Cd, Mn and Zn all had the
( M (teta)Cl)+ as the most intense peak in the spectrum. The
spectra of these complexes are illustrated in Figures 21-23, and

in each case the BMASROS plot for the ( M (teta)Cl)+ is also
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Figure 21(a): The Positive Ion FAB Mass Spectrum of Cd(teta)Cl
in Thioglycerol
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The Positive Ion FAB Mass Spectrum of [Mn(teta)Cl

" in Thioglycerol

C=2870272,
274

Ma(teta)Cl

(5
4]
2]

169%=615280] FAB

e

499

180,
26 ]
50,
79
én.
48 |

39

7o |
19

oo

=
e
 efm———————

1llllllll‘l!!
60 5370

teta+H
265

l 24l

489

334

"410

B" ?I?Isl TU ¢
T2 2

(b)

&6

The Calculated Isotope Pattern of Mn(teta)Cl

e b

3 A1 i

Mn(teta)Cl

N

|

JE8 3¢9 378

371

372 373 37?4 37%

376 377

378 379

;ll%:lalé.lll"‘::;éél‘llj‘ls;lx.é“lr“‘%‘z‘é“““t‘g‘éé““ %40

,1c1



‘71

Figure 23(a): The Positive Ion FAB Mass Spectrum of Zn(teta)Cl2
in Thioglycerol
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provided. The cluster due to the ( M (teta)Cl)+ represented more
than 35% of the TIC for the Cd, Mn, and Zn complexes in glycerol,
This was also true of the Mn and Zn complexes in a thioglycerol
matrix; however, the cluster was reduced to 157 for the Cd
complex using thioglycerol. The only other peak of significant
intensity in the spectra of the Cd and Mn complexes was the teta
peak. The zinc complex had a peak corresponding to the
(Zn(teta)—H)+ species as well as the teta+H+ species. The

spectrum of the Zn(teta)Cl, in glycerol also has a peak which

2
corresponded in isotope pattern to the species (Zn(teta))ZClB.
(The observed peak at m/z 805 and the calculated isotope pattermn
are given in figure 24 for this dimerized species.) It should be
noted that these peaks are of minor intensity in comparison to
the ( M (teta)Cl)+ peak which overwhelms the spectra. Table 10
gives the intensities of the peaks obtained in the spectra of the
Zn, Cd, and Mn complexes.. The appearance of the M (teta)Cl+
ion as the highest-mass peak is normal for chlorinated compounds,
which usually exhibit much stromger [M-Cl]+ peaks than [M]+ peaks
(29,30). (The notation M represents the metal, and the
notation M is used to represent the molecular ion.) This is
contrasted against the Cu and Ni complexes which do not give
significant [ﬂ(teta)Cl]+ species.

The spectra of Cu(teta)(ClOLL)2 and the Cu(teta)Cl, are

2
similar as they are both four coordinate copper complexes. The

species common to these compounds included (teta)+, [Cu(teta)]+

and [Cu(teta)X]+, where X is the anion either C104— or Cl . The
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Figure 24: The Observed and Calculated Isotope Patterns for
(Zn(teta))2C13
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Table 10: The Observed Ion Intensities in the Positive Ion FAB Mass Spectra of the

Me6[14]aneN4 Metal Complexes of Cd, Zn and Mn in Glycerol and Thioglycerol
Compound

CdClz(teta) Zn(teta)Clz [Mn(teta)Clz]Cl

Fragment m/z %(TIC) Fragment m/z %(TIC) Fragment m/z  %(TIC)

Thioglycerol

teta-+H 285 ( 4.9)  teta+H 285 ( 2.3) tet+H 285 ( 4.3)

Cd(teta)Cl 433 (14.9) Zn(teta)~H 347 ( 0.9) Mn(teta)Cl 375 (35.3)
Zn(teta)Cl 383 (35.5)

Glycerol

teta+H 285 ( 3.3) teta+H 285 ( 1.3) teta+H 285 ( 1.4)

Cd(teta)Cl 433 (35.7) Zn(teta)-H 347 ( 1.1) Mn(teta)Cl 375 (32.8)
Zn(teta)Cl 383 (35.0)
(Zn(teta))2C13 805 ( 0.4)
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spectrum of Cu(teta)Cl, in thioglycerol has a peak at m/z 800

2

which corresponds to (Cu(teta))ZCl -H, as well as the other

3
common peaks (see appendix 2).
Figure 25 gives the spectrum of the copper perchlorate

complex in thioglycerol. The Cu(teta)(ClO spectra includes a

4)2
cluster of peaks due to the Cu(teta)Cl+ species., This cluster is
believed to be a result of 0104_ decomposition and 1is more
predominant in thio- matrices. This is consistent with the
results obtained in the negative ion FAB mass spectrum of this
complex, as ions were observed which were formed as a result of
the decomposition of perchlorate. The chlorinated M_(teta)+ has
been observed before in cobalt complexes containing no
coordinated chloride, however, pérchlorate was the outersphere
anion present. It is thus probable that the peaks observed in
the cobalt complexes due to [Co(teta)Cl]+ results from ClO4
decomposition as well as from incomplete conversion of the
dichloro-perchlorate into the desired complex.

There is a strong correspondence between the copper
complexes and the nickel complex in terms of the species obtained
in the FAB spectra, (compare Figures 25 and 26). The nickel
complex has peaks due to (teta)+, [Ni(teta)]+ and [Ni(teta)Cl]+.
A peak also appears at m/z 423 whose identity is unknown; it may
result from some type of matrix interaction. As in the mercury

and silver complexes the quasimolecular ligand peak at m/z 285 is

the most intense peak in this spectrum.
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Figure 25: The Positive Ion FAB Mass Spectrum of [Cu(teta)](ClO0,)
472
in Thioglycerol
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Figure 26: The Positive Ion FAB Mass Spectrum of [Ni(teta)]Cl

in Thioglycerol 2
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5) Dehydrogenation

As previously mentioned, it is common in the Me6[14]aneN4
complexes for dehydrogenation of the main fragments in the FAB
spectrum to occur. The cobalt complexes commonly gave a cluster
of peaks associated with the [Co(teta)]+ species. These peaks
were identified as being due to the dehydrogenation of the
macrocyclic ring.

The Fortran program BMASABD was used to show that the peaks
could be associated with successive loss of hydrogen. The
program BMASABD performs a least squares fit of the observed
intensities of the peaks to the calculated intensities (assuming
dehydrogenation). The results obtained from the BMASABD
calculation on the experimental data for [Co(teta)(SCN)z]SCN are
provided in Table 11. From this data, it is evident that there
is a good correlation between observed and calculated peak
intensities. BMASABD calculations were also performed on
[Co(teta)(CN)Z]ClO

[Co(teta)Clz]ClO and [Co(teta)CIZ]Cl in

49
glycerol, as well as [Co(teta)(SCN)z]SCN in a thioglycerol

4

matrix. All three spectra 622CM1, 85RP1 and 85RP2 of the

[Co(teta)Clz]ClO had BMASABD calculations done on the Co(teta)

4
cluster. In each instance, the percent composition obtained for
each fragment was comparable (see appendix III, pages A37-A39),
which reinforces the earlier statement that spectra of these

complexes are reproducible. The BMASABD results for the

[Co(teta)(SCN)z]SCN complex in glycerol and thioglycerol are also
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Table 11: The Data from the BMASABD Calculation of the Complex
[Co(teta)(SCN)z]SCN

(a) The % Composition of the Dehydrogenated Fragments

Fragment 7 Composition
Co(teta) 4,97756
Co(teta)-H 26.58000
Co(teta)-2H 12.02710
Co(teta)-3H 22.77330
Co(teta)-4H 5.41171
Co(teta)-5H 15.21020
Co(teta)=-6H 11.13720
Co(teta)-7H 1.42633
Co(teta)-8H 0.45658

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
347 0.00000 0.00005 -0.00005
346 0.00000 0.00142 -0.00142
345 0.00000 0.02543 -0.02543
344 0.32800 0.30795 0.02005
343 2.14300 2.14653 -0.00353
342 5.99200 5.99164 0.00036
341 3.39900 3.39902 -0.00002
340 4.91900 4,91900 0.00000
339 1.76200 1.76200 0.00000
338 3.55500 3.55500 0.00000
337 2.32800 2.32800 0.00000
336 0.30900 0.30900 0.00000
335 0.09300 0.09300 0.00000

Average Deviation = 0.004

*Note: Species with 7 composition's less than 1, are not statistically
valid but are known to exist on a chemical basis
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very similar. The results for the thiocyanide complex are given
in appendix III, page A4l. 1In all the calculations done on the
cobalt complexes, the average deviation obtained between the
observed and calculated intensities was less than 0.04.
Dehydrogenation of the teta species and the Co(teta)X species has
been observed in the spectra, but the intensity of these peaks
are minor in comparision to the Co(teta) cluster.

The teta complexes of Cu and Ni also display dehydrogenation
of the M (teta) species. The nickel complex and the copper
complexes are analogous to the cobalt complexes with the
dehydrogenation occurring with losses of one hydrogen at a time.
The BMASBD data for the copper complexes of [Cu(teta)](C104)2 and
[Cu(teta)]Cl2 are given in appendix III, pages A42-A43. The
results for the nickel complex may also be found in appendix III,
page A44,

The least squares method of obtaining mole fractions for
successive loss and gain of hydrogens does not represent the best
statistical approach (33). It was suggested that the Bayesian
Statistical Method would prove to be a more appropriate method to
analyze this data. The Bayesian method had been used
successfully in the analysis of data obtained from the EI spectra
of such compounds as H3B3N3C13 and GeCle10 which produced
overlapping spectra as a result of successive loss and gain of
hydrogens (33). The Bayesian program was written in Fortran by

S. M. Rothstein and L. M. Karrer as part of the latter's 4th year

thesis (52).
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The compound chosen for analysis was the [Co(teta)Clz]Clo4
complex. The reproducibility run 85RP2, which had 25 scans
collected, was the data set selected. Twenty scans of the 85RP2
sample run were selected as it had been previously shown that
this represented a good data set. (See sections Cl1l and C2 of
this chapter.) The program was debugged and results were

obtained for the [Co(teta)ClZ]ClO complex. The mole fractions

4
obtained from the Bayesian analysis gave a poor fit for observed
versus calculated peak intensities. The program reduced the
input six species to five. The species which were input were
Co(teta), Co(teta)-H, Co(teta)-2H, Cof(teta)-3H, Co(teta)-4H and
Co(teta)-5H. The Co{teta) and Co(teta)-4H were found to have
approximately the same mole fraction using the Bayesian method .
The Bayesian method reduced these parameters to 5, eliminating
the Co(teta)-4H species. This elimination resulted in a final
least squares fit and a Bayesian result which exhibited an
extremely poor correlation for observed versus calculated values,
(see appendix III, page A45).

This poor correlation of data was thought to be a result of
two possible problems. The first concerned the possibility that
the data from the 85RP2 sample was not within the necessary
experimental requirements. It had been found previously that
variations in the number of peaks as high as 20% had no adverse
affects on the quality of the data (33). A check on the 20 scans

showed that the number of peaks varied by approximately 217%,

which was slightly higher than allowed. The last 5 scans were
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eliminated, reducing the number of scans used to 15 and reducing
the variation in the number of peaks detected to 19%. The data
improved slightly, but there was still a large discrepancy
between observed and calculated intensities.

As the experimental data appeared to be within the
designated requirements, the only other possibility was that the
poor correlation in observed and calculated intensities was due
to poor precision in the data returned from the Burroughs
computer. One of the subroutines designed to find a minimum of a
function required that the calculated data be returmed with four
digit accuracy. It was thought that the possibility existed that
only one digit accuracy was being returned. To eliminate this
possibility the subroutine was rewritten in double precision.
With a number of other minor revisions, the program was again run
on the 15 scans from the 85RP2 sample.

The revisions to the program using double precision produced
very similar data to the single precision program, (see Appendix
ITI, page A46)., It is now believed that the problem is not with
the program itself. The inability to obtain data that produces a
reasonable agreement between observed and calculated intensities,
is most probably a result of statistically poor experimental
data. To obtain statistically reproducible data of reasonable
quality for the Bayesian Method, it may be necessary to collect
data in which the experimental parameters vary by only a small
margin; this is difficult with samples that produce low

sensitivity data. BMASABD does not impose the same rigorous
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statistical requirements on the data as does the Bayesian Method.
The data in Table 11, while not having the statistical rigour of the
Bayesian approach, are still valid on chemical and mass

spectrometric grounds.

6) Explanation for Dehydrogenation

It is not uncommon for complexes of the Me6[14]aneN ligand to

4
undergo dehydrogenation reactions. In fact, oxidative
dehydrogenations have been very useful in the synthesis of new
macrocyclic complexes (53). The reaction involves the oxidation of
the macrocyclic amine complex to form an imine complex. It was
observed by workers in this field that the macrocyclic amine

complexes of Niz+, Cu2+

and Fez+ undergo oxidative dehydrogenations,
whereas, the complexes of Co3+ are resistant to oxidation (54).

This indicated that the net reaction involved prior oxidation of the
metal ion, followed by oxidation of the ligand and subsequent
reduction of the metal ion. Figure 27 illustrates the typical
reactions for two of the better characterized systems (55). The
reactions illustrated may be carried out in steps and the trivalent
metal intermediate isolated for the Cu, Ni and Fe complexes. Note
that the maximum possible hydrogen loss is eight (see Figure 27). A
stepwise reaction scheme involving a +3 intermediate has been
proposed for these ligand reactions and is illustrated in Figure 28.
The reaction is believed to operate through a coordinated ligand

radical intermediate (56).

It has been observed in this study that the spectra of the
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Figure 27: The Products of the Oxidation of the Me6[14]aneN4
Complexes of Fe and Ni
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Figure 28: The Reaction Scheme Proposed for the Dehydrogenation of
the Metal Complexes of Me6[14]aneN4
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cobalt complexes may contain peaks due to loss of up to 8 hydrogens,
for the Co(teta) species, provided there is a strong enough signal.
This loss is consistent with what has been observed previously in
reactions of the Cu and Fe complexes (53,54). When absolute
intensities are poor, loss of up to 5 hydrogens for the cobalt
species is still easily observed. A five proton loss has also been
observed in the spectra of the nickel complex for the Ni(teta)
species. Loss of hydrogens for the coordinated ligand copper
species has also been observed in the FAB spectra of [Cu(teta)]Cl2
and [Cu(teta)](ClOA)z, (refer to the BMASABD calculations in
appendix III). This loss of hydrogens occurs in glycerol,
thioglycerol and 30% glycerol in sulfolane. The reaction occurs
independently of the matrix which indicates that it is not due to a
specific matrix/ion reaction.

As all the complexes behave similarly, it is unlikely that the
oxidative dehydrogenation mechanism (Figure 28) is operative, as
cobalt is not known to undergo this type of reaction. For Co3+ to
undergo this particular mechanism, cobalt would have to exist as a
+4 intermediate. The +4 oxidation state exists only for a few
compounds of cobalt and therefore it is unlikely that the +4&
intermediate is formed. (Reduction is more commonly observed in the
FAB spectra of coordinated compounds (16,20,57)). The mechanism
given for dehydrogentation illustrated in Figure 28 requires that
the metal in the +2 oxidation state dehydrogenate in the Cu and Ni
complexes and the metal in the +3 oxidation state dehydrogenate for

the Co complexes. Dehydrogenation of the metal complex in the +2

state is observed to a small extent in the Cu and Ni complexes, but
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it is minor in comparision to what is observed in the spectra for
the complexes in the +1 oxidation state. In the cobalt complexes no
dehydrogenation is observed in the +3 oxidation state, but
dehydrogenation does occur in the +1 oxidation state. The oxidative
dehydrogenation mechanism illustrated in figure 28 does not fit
what has been observed using FAB mass spectrometry, for the obove
mentioned reasons.

The solution chemistry of these complexes in the +1 oxidation
state have no parallel to the reaction observed in FAB-MS.
Dehydrogenation of the +1 oxidation state has not been observed in
the electrochemistry of these complexes (58-60). It has been noted
by Busch and coworkers, however that the overall oxidation-reduction
behavior of the macrocyclic metal complexes is a fumnction of the
degree and type of ligand unsaturation (60). In general, it has
been found that cyclic tetramine complexes are slightly more
difficult to reduce than the diene complexes of Co, Fe, Ni and Cu
(41). This is a result of the increased stability of the +1
oxidation state due to unsaturation of the ligand. It is therefore
possible that the dehydrogenation observed for the +1 oxidation
state is a result of stabilization of the +1 oxidation state.

In the Cu(Il) complexes it is necessary to have some degree of
unsaturation in the ligand in order for Cu(I) macrocyclic complexes
to exist in solution. It has been postulated that this behaviour
was related to @ and ¥ -bonding features of the Cu(I) macrocycle
(61). It is possible if unsaturation exists for Cu(I) to transfer
electron density to low energy antibonding orbitals of the ligand

through a U mechanism (62), and as a result stabilize the Cu(I)
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complex. The stabilization possible when unsaturation exists is
evident if one considers the following example;

L, LT 2+ .
Ni (Me4[14]1,3,8,10-tetraeneN4) undergoes two electrochemically
reversible one-electron reductions at -0.82v and -1.15v producing

II([14]1,4,8,11-tetraeneN4)2+

Ni(I) and Ni(0), contrasted with Ni
whose reduction occur at =-1.35v and -2.0v. The first complex, which
undergoes reduction much more readily, contains an d-~diimine ligand
while the second complex contains an isolated imine. The conjugated
diimine delocalizes the added electron density to a large degree,
and the added electron has predominantly ligand character, which
stabilizes the lower valence states (60).

It should be noted from the above discussion that the complexes
of Cu(I), Ni(I) and Co(I) are more stable if some degree of
unsaturation is present to allow delocalization of the electron
density into the macrocyclic ring. In the FAB spectra of these
complexes, dehydrogenation is observed for the +1 oxidation state.
This dehydrogenation results to produce a more stable form for the
complexes in the +1 oxidation state, which accounts for the large
peaks observed around the ﬂl(teta) species in FAB-MS.

The dehydrogenation occurs to stabilize the +1 oxidation state,
however the mechanism of this reaction is not known. Although the
oxidative dehydrogenation mechanism given in the literature has been
eliminated as a possibility, it is possible that a mechanism similar
to this is operative, involving a lower oxidaton state intermediate
than +3 or +4. 1In the Ni and Cu complexes, the M I(teta) ion may

be oxidized to M II(teta) and then dehydrogenate. This explanation

would account for the abundance of dehydrogenated species observed
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for the M I(teta) ion in the spectra of the copper and nickel
complexes. The cobalt complex could also undergo a similar
reaction, oxidation of the Co(teta)X+ ion from +2 to +3 which would
explain the presence of the dehydrogenated Co(II)(teta)X+ ions. The
unsaturated +2 ions thus generated could then be rgadily reduced to
the +1 state, as unsaturation stablizes the +1 oxidation state.
Further experimentation is required in order to determine whether
the oxidative dehydrogenation mechanism proposed is operative. The
use of partially oxidizing matrices containing nitro groups such as
nitrobenzyl alcohol and nitrophenyl octyl ether could be tried to
see their effect on the dehydrogenation reactions. The results
obtained using nitrobenzyl alcohol as the matrix for

and [Cu(teta)](Cl0

[Co(teta)(CN)z]Clo are given in Appendix V as

4 4)2

this work was done after the thesis was submitted.
7) Ring Size

In Section C of chapter I, three criteria were introduced that
a mass spectroscopic technique should provide. One of these
provisions was that the technique predict the chemical reactivity of
the compounds of interest. Perhaps one of the most important
aspects of these compounds chemically is their pronounced ability to
bind metal ions. Therefore, it would be useful if in FAB a trend
could be observed, parallelling the strength of the metal to ligand
bond.

When a metal ion is coordinated within the Me6[14]aneN ligand,

4

the donor atoms are constrained to occupy the coordination sites
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about the metal ion, with the lone pairs of electrons oriented
toward the metal ion. In most instances, the four nitrogen atoms
lie in the plane, thus allowing the ligand to adopt a relatively
strain-free conformation. Strain is introduced if the donor atoms
are required to move inwards or outwards from these preferred sites
to accomodate a metal ion. The distance from the center to a
nitrogen is approximately 2.07 A0 for the least strained

conformation for Me6[14]aheN (63). Therefore, for greatest

4
stability of the complex, the metal-ion must be within this best-fit
distance to provide the best metal-nitrogen interaction.

A number of studies have involved the determination of which
metal ion best fits the macrocycle and as a result determine which
metal ion will bind the strongest to the ligand. Busch and
coworkers studied the relationship between metal-donor distance and
ring size in macrocyclic complexes (64). Table 12 gives the ideal
bond lengths for a variety of ring sizes. Busch demonstrated that
there is an ideal ring size for any given metal ion having a given
metal-donor atom distance and that ring sizes slightly smaller

(0.1-0.2 A°

in terms of M-N distance) than the best fit ring show
abnormally strong metal-donor bonds, while rings that are slightly
oversized show substantially decreased metal-donor interactions.
Most transition metal-nitrogen linkages fall within the 1.8-2.4 A0
range spanned by the values given in Table 12.

If the metal-nitrogen distances for the macrocyclic complex are
known, it is possible to predict a trend in terms of the relative

strength of the bond to the macrocycle. Table 13 gives the

metal-nitrogen distances for a number of tetradentate nitrogen
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Table 12: Ideal Metal-Nitrogen Bond Lengths and Planarity of
Macrocyclic Ligands (64).

Ring Size Average Ideal0 Average Deviation frgm
Bond Length (A7) the ideal N4 plane A

[12] 1.83 0.41

[13] 1.92 0.12

[14] 2.07 0.00

[15] 2.22 0.14

[16] 2.38 0.00




Table 13: Metal-Nitrogen Distances in some Tetradentate

Complexes.

Complex M -N(a) [ M -N] Atomic Radii (70)
[CoLa(N3)21N3 (65) 1.94 -0.13 0.69
[Ni(teta)]Cl2 (38) 1.96 -0.11 0.63
[Ni(teta)Clzl (38) 2.08 0.01 0.83
[Ni(cyclam)Clz] (66) 2.06 -0.01 0.83
[Cu(teta)](C104)2 (67) 2.04 -0.03 0.71
[Cu(cy‘clam)](Cth)2 (68) 2.02 -0.05 0.71
[ZanCl]ClO4 (69) 2.20 0.13 0.82

(a) All the distances and atomic radii are given in AO

La = C-meso-5,12~dimethyl-1,4,8,11~-tetra~azacyclotetradecane
cyclam = 1,4,8,11-tetra-azacyclotetradecane

L, = 1,4,8,11~-tetramethyl-1,4,8,11~tetra~azacyclotetradecane

b
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containing complexes whose structures are known. The metal-nitrogen
distances for the Co and Ni teta complexes have not been published.
There is, however, a reasonable correlation between the structures
of other tetra-aza ligands and teta in terms of their binding to
nitrogen and so these have been cited. Note that the cyclam M-N
distances are given for those teta amnalogues whose structures have
been published and that these distances are in good agreement with
those of teta.

The atomic radii cam also be used as an indication of the
strength of the metal to ligand bond. As the atomic radius
increases in size, the fit between the ring and the metal ion
becomes poorer. The increased size means that the metal ion will no
longer fit in the hole of the macrocyclic ring and as a result,
alteration will occur inm the metal-domor linkage which reduces the
strength of the M-N bond (71). The atomic radii are also given imn
Table 13.

From the consideration of a substantial array of data derived
from x-ray structure determinations, Co(III) complexes have been
found to coordinate in a trans-octahedral geometry and to have in
general a range of 1.94-2,03 AO for their Co(III)-N distance (64),
which is consistent with the structure givem in Table 13. Busch
found that the octahedrally coordinated Ni(II) ion has a Ni(II)=-N
distance approxiamtely 0.1-0.15 AO greater than the Co(III)-N
distance. He also found on examination of x-ray data that the
square planar Ni(II) complexes had approximately the same M=-N

distance as the low-spin octahedral Co(III). Therefore, the
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l4-membered macrocyclic ring fits low spin Co(III) and Ni(II) best

(72), and the [15]aneN, fits the high spin Ni(II). This is in

4
agreement with the data presented in Table 12 and Table 13. The
bond distances and atomic radii provided in Table 13 indicates that
the trend in terms of decreasing bond strength should be Co(III)
>Ni(II)(square planar) >Cu(II) >Ni(II)(octaheral) >Zn(II).

Table 14 provides the mass spectral data for the metal
complexes. The trend observed in terms of the intensity of the
[ M (teta)]+ peak in the glycerol matrix is as follows:
Co(III)>Ni(II)>Cu(II)>Zn(II). The intensity of the metal-ligand
peak thus seems to provide a good estimate of the ability of the
metais to bind to the macrocycle. The trend observed in the
glycerol matrix is not observed in the thioglycerol matrix. The
copper complex is out of sequence, which is not surprising as copper
has a tendency to bind strongly to sulfur. It is probable that in
this instance the complex is reacting with the sulfur containing
matrix which causes the copper complex to appear out of sequence.

The remainder of the series does not appear to be effected by the

thioglycerol matrix.
8) J(-Acidity

Another aspect of the chemical reactivity of these compounds

that was hoped would be mimicked using FAB was their solution
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Table 14: Metal Complexes of Teta.

. ... A
Matrix Compound Ion Intensities

NP n-c11t [n-zerlt [wem-2c11t

Glycerol
“[Co(teta)cl,]” 5 100 100 17
[Ni(teta)]Cl2 - 7 75 100
[Cu(teta)]Cl2 - 19 31 100
Zn(teta)Cl2 - 100 3 4
Thioglycerol
[Co(teta)cl, 1™ 61 100 64 ---
[Ni(teta)]Cl2 —-——— 3 71 100
[Cu(teta)]Cl2 - 70 100 49
Zn(teta)Cl2 - 100 3 6

a Relative intensities are normalized to the most intense ion above or
equal to the mass of the [teta] ion. Isotope cluster peak intensities
of the same elemental composition are also summed and included with the
parent species.

b N= M (teta)Cl, where M is the metal ion of interest.

¢ Cobalt compound is [Co(teta)Clz]ClO4
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chemistry. The complexes of the type [Co(teta)Xz]Y were studied
with the desire to see if a 1T-acidity trend might be discovered

by FAB. The complexes studied were Y=SCN or Cl0, and X=NO SCN,

4 2?

CN and Cl. Two different matrices were used for the study,
glycerol and thioglycerol. 1In the glycerol matrix, it was
discovered fhat the C+—X species was more intense than the C+
species. In thioglycerol, the opposite trend was observed. This
type of effect is not uncommon and may be explained in terms of
the reducing potential of the matrix. Pelzer et al
investigated the oxidation-reduction chemistry of glycerol
solutions submitted to ion (SIMS) or atom (FAB) bombardment. It
was discovered that a reduction process occurred in glycerol for
both inorganics and organics (73). It was concluded that the
reduction process occurring in the FAB of glycerol solutions
could be governed by a simple redox equilibrium between hydrogen
atoms produced in glycerol by bombardment and the oxidized
species present in solution. In other common solvents, such as
diethanolamine and tetraglyme, the reduction process was less
severe. Meili and Seibl also investigated matrix effects in the
FAB analysis of cobalamines (74). They concluded that if any
metal containing system appears to give as the highest ion in FAB
a species corresponding to the reduction of the metal, then a
slightly oxidizing matrix is advisable.

In glycerol, C+-X is more intense than C+, which coincides
with glycerol's reducing behaviour (11). This corresponds to the

following equation:
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[2] [Co T H(teta)x, 1™" s [cotT(teta)x]T 4 x”
The asterisk on the precursor complex indicates a thermally
excited vibrational state. The process in equation 1 involves
reduction of the Co(III) center to Co(II) accompanied by the
formation of a X radical; this process is favored over X
dissociation (shown in equation 2) since no peak is seen where
the dicationic species would appear.

oIII(teta)X]2+ + C1°

[3] [cott(teta)x, 17" --o> [0
Since glycerol is enhancing reduction, according to Meili a
slightly oxidizing matrix should produce the opposite affect,
increase the C+ cation. This is in fact what is observed, the C+
peak is more intense than the C-X+ peak. Thus, the thioglycerol
is sufficiently oxidizing to produce the desired molecular ion.
It may then be concluded that the matrix must be kept constant in
comparing trends among complexes. Table 15 lists the intensity
of the C+ and the C+-X species for the complexes of interest in
both glycerol and thioglycerol. Previous workers have used a
ratio of C+/C+—X when making comparisons in spectra of similar
complexes (75), where C+ is the cation and C+-X represents the
cation minus an axial ligand.

In both matrices, the trend observed is that of CN -~ >N02-
>SCN~ >Cl in terms of the relative intensity of the parent ion
versus loss of the axial ligand. This is a familar trend in
terms of the ability of the ligand to split the d-orbitals.

The ordering of ligands in terms of decreasing Dq is termed

the spectrochemical series. This may be written as: I <Br <Cl_
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Table 15: Comparison of ct and C+-X for the Series of Cobalt
Complexes [Co(teta)XZ]Y in Glycerol and Thioglycerol.

Complex ct ct-x ct/etox
Matrix: Glycerol

[Co(teta)Clz]Clo4 2.2 45.2 1/21
[Co(teta)(SCN)z]SCN 1.2 17.6 1/15
[Co(teta)(NOz)z]ClO4 1.9 5.6 1/3
[Co(teta)(CN)z]ClO4 3.1 6.3 1/2
Matrix: Thioglycerol

[Co(teta)Clz]Clo4 27.1 44,5 0.6/1
[Co(teta)(SCN)Z]SCN 18.0 22.7 0.8/1
[Co(teta)(NOz)z]ClO4 9.5 3.2 3/1

[Co(teta)(CN)Z]ClO4 53.3 2.7 20/1
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<dsep-=82‘=dtp_ <N3- <F~ <dtc <urea=OH“=IO3_ <oxalate?”
2

ﬁmalonate2-=0 B <H20 <SCN~ <N02==bipy=o—phen <CH

3'=ph" <CN~
<constrained phosphite=CO (76). Those ligands which are
pi-acceptors lie at the high end, while ligands such as halides
with moderately large pi-domnor character fall at the low end of
the series. The series obtained by mass spectrometry for the
teta cobalt complexes parallels the spectrochemical series (see
Table 15). This is in accord with known solution behavior of
these type of complexes. 1In a study by Martin and Busch on
complexes of the type Ni([14]aneN4)X2, it was found that the Dq”
decreased according to the normal spectrochemical series Br <Cl~
<N, <NesT (77).

The ultraviolet data for a number of the cobalt complexes

synthesized was provided in a study by Whimp and Curtis (37) and

is given below.

Table 16: Reflectance Spectra_gor_fhe Complexes
[Co(teta)XZ]Y in 10 “cm .

1 1 1 1
Complex Alg---> T1g Alg—~—> ng
[Co(teta)Clz]Clo4 20.9,15.3 25.2,28.1
[Co(teta)(CN)Z]ClO4,H20 20.4,16.0 28.7
[Co(teta)(NCS)z]SCN,HZO 20.0,18.7 24.0,26.7
[Co(teta)(NOZ)Z]C104,1/2H20 20.0 25.2,26.3

Using this data and the method developed by Wentworth and Piper
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Y and qu may be

(78), the crystal field splitting parameters DqX
calculated, where quy is the in plane ligand field splitting

parameter and qu is the axial ligand field splitting parameter.

As observed, the 1Tlg<—~-1A1g band is split into two components
1. a 1 1 1 . s

the Eg === A1g and A2g<--- Alg’ and a complete ligand field

analysis may be done based on a D model. When both low

4h

symmetry components derived from the first octahedral band are

observed, a complete calculation of quy and qu is possible

according to:

[41 Dq, =(1/10)( 1A2g<---1A1g + ¢)

[5] Dt=(-4/35)(lEga<---1A SN g<----1A )

[6] Dq®=pq*Y - (7/4)Dt

1

where C is commonly taken as 3800 cm = (71). Table 17 below

y

provides the values of qu and qu obtained.

Table 17: Ligand Field Spectral Parameters for the Complexes
of the type [Co(teta)Xz]Y.

Compound quy qu
[Co(teta)Clz]Clo4 2470 1350
[Co(teta)(NCS)z]SCN 2380 2120
[Co(teta)(CN)Z]Clo4 1980 2860

Note that for the nitro complex the first octahedral band is not

split and therefore cannot be interpreted in any detail. Three
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bands are observed for the dicyano complex; however, the 1AZg
level has dropped below the 1Eg level because cyanide is a
stronger ligand than the macrocycle (71), see Table 16. From
Table 17 the following trend is observed in terms of the ability
to split the d orbitals CN >SCN >Cl . The FAB results parallel

this trend. The variation in the quy

parameter is a result of
the variation of the axial ligand. It has been previously found

that the value of quy decreases as the value of qu increases

which is also the trend observed in Table 17 (72).

9) FAB as an Identification Method for Coordination Compounds

In an attempt to prepare Zn(N03)2(teta), a compound was
obtained whose elemental analysis was inconsistent with the
dinitrate formulation (see chapter II Table 4).

A positive ion FAB-MS was done on the unknown compound in
both glycerol and thioglycerol. (The spectra obtained for the
zinc complex in glycerol and thioglycerol are given in appendix
IT, pages A33 and A34.) 1In glycerol a large conglomeration of
peaks was obtained centered around m/z 429. The isotope pattern
did not match any of the expected fragments, but it did appear to
contain zinc. The thioglycerol spectrum had a large peak at m/z
383, as well as the peak at m/z 429. Figure 29 gives the BMASROS
calculation of the (Zn(teta)Cl)+ species and the peak obtained at
m/z 383. Note that the pattern obtained from the BMASROS matches

well the pattern obtained in the thioglycerol spectrum. The
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spectrum clearly indicated the presence of chloride in the
complex. The presence of chloride was not possible unless there

was contamination in either Zn(NO .6H20 or the teta ligand.

3)2
(The teta turned out to contain chloride; see appendix IV.)

The peak at m/z 429 corresponded to Zn(teta)Cl(NOz). The
BMASROS calculated intensities of this species along with the
observed pattern is also given in Figure 29. The discrepancy
observed between the calculated pattern and the observed cluster
is a result of dehydrogenation of the Zn(teta)Cl(NOz) species.
The BMASABD results given in Table 18, provides evidence that
this is what had occurred. The elmental analysis of this complex
matched Zn(teta)Cl(NOz) with one water of hydration.

It appears that FAB is a useful technique in the
identification of this compound. The FAB-MS of the
Zn(teta)(NOz)Cl provided not only the molecular weight for this
complex but also gave an indication of the complexity of the
compound through identifiction of the fragments present. This

satisfies the other two criteria of a good mass spectroscopic

technique listed in the introduction.
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Figure 29: A Comparison of the Observed and Calculated Isotope
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Table 18: The Data from the BMASABD Calculation of the Complex
Zn(teta)Cl(NOz)

(a) The % Composition of the Fragments

Fragment % Composition
Zn(teta)Cl(NOz) 17.77760
Zn(teta)Cl(NOz)-ZH 82.22240

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
435 0.00000 0.19757 -0.19757
434 0.00000 0.13245 -0.13245
433 0.90000 0.92140 -0.02140
432 0.60000 0.65989 -0.05989
431 2.30000 2.58594 -0.28594
430 1.00000 1.00951 -0.00951
429 4.,00000 3.65751 0.34249
428 0.70000 0.65951 0.04049
427 3.10000 3.22840 -0.12840

Average Deviation = 0.135
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v CONCLUSION

The major emphasis in this study was to determine whether
FAB was a suitable technique for the identificatiomn of the
5,5,7,12,12,14-hexamethly-1,4,8,11-tetra-azacyclotetradecane
metal complexes. To be considered a suitable technique, the
spectra obtained should provide; (a) molecular weight information
(b) information concerning the structural complexity through
fragmentation and (c) predict the chemical reactivity of the
complexes of interest.

Molecular weights were obtained in the majority of the
spectra. There were exceptions such as the nitrite-containing
cobalt complexes and the complexes containing two metal ions.

The problem in producing quality spectra for these complexes was
their insolubility, a prerequisite for obtaining a good spectrum
being sufficient solubility in the matrix.

In those complexes which yielded good spectra, the ion with the
greatest intensity at high m/z could be attributed to the
complex. Peaks did occur at high m/z values which could not be
attributed to the complex (see Figure 12 the peak at 485), but
these were usually of minor intensity. The cobalt complexes gave
spectra containing the intact cation [Co(teta)Xz], and the
fragments from this cation. These complexes did not have ions
corresponding to the (cation+anion) in positive ion FAB.
Information concerning the anion could be easily obtained using

negative FAB-MS.
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There was some confusion caused by the perchlorate counterion
in the cobalt and copper complexes. A peak was observed im the
cobalt complexes which was identified as the [Co(teta)ClO4]+ ion.
This would cause some confusion in the spectra where the cation
intensity is weak, as the intensity of the [Co(teta)C104]+ peak
would dominate the spectra. Such confusion would occcur in the
nitrite and azide complexes where only peaks of low intensity were
observed. The perchlorate ion also decomposed to produce Cl~ ions,
which complexed with the M (teta) species in the spectra of the

[Cu(teta)](C1lO complex and the perchlorate-containing cobalt

4)2
complexes. Due to this complexation, peaks were observed which
would indicate the presence of a chloride ion where it should not
have been observed. This would result in the incorrect formulation
of the compound.

The metal complexes in the +2 oxidation state had the
M (teta) peak as the highest peak in the spectrum. No other peaks
could be identified at higher m/z values. Although this provides
information concerning the metal and the anion present, it would
not allow for the complete identification of the complex. The
oxidation state of the metal would still be lacking for a total
determination. In the zinc complex ZnClNOZ(teta) it was possible
to identify both the anions through the fragments obtained in the
FAB spectrum of this compound. However, the coordination sphere of

the complex cannot be identified. The complex could be either

four, five or six coordinate, although a five coordinate complex
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is more probable (69).

The information obtained through a comparison of peak
heights allowed for the determination of the chemical reactivity
of the complexes. A +Ytracidity trend was determined through a
comparison of the C+ and C+—X peaks which parallelled known
solution behavior. The strength of the metal-to-teta bond was
determined by a comparison of the height of the M (teta)+ ion,
which was comparable to known bond strengths. The utility of FAB
mass spectral data to predict the chemistry of these complexes
should not be overlooked.

The FAB-MS fulfilled the requirements to be considered a
good mass spectral method for the characterization of the
complexes of teta. FAB should provide a reliable and quick
method for the identification of these macrocyclic complexes as
well as others. Care is required where the solubility of the
compound is poor or where the counterion could cause
interferences. The use of FAB~MS for macrocyclic compounds has
shown itself to be a dependable technique and should greatly
facilitate the progress in the area of macrocyclic coordination

compounds.
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APPENDIX I

The Positive Ion FAB Mass Spectra of the Cobalt
Complexes of Teta

Page

A2

A3

A4

A5

A6

A7

A8

A9

Al10

Al1l

Al12

Al13

Al4

Al5

Al6

Complex

[Co(teta)ClZ]Clo in Thioglycerol

4

[Co(teta)Clz]ClO in Glycerol

4
[Co(teta)Clz]Cl in Thioglycerol

[Co(teta)Clz]Cl in Glycerol
Co(teta)(CoC14) in Thioglycerol
[Co(teta)(SCN)z]SCN in Thioglycerol
[Co(teta)(SCN)z]SCN in Glycerol

[Co(teta)(CN)Z]CIO in Thioglycerol

4

[Co(teta)(CN)z]ClO in Glycerol

4

[Co(teta)CIN_]Cl0, in Thioglycerol

3 4
[Co(teta)ClN3]C104 in Glycerol

[Co(teta)(NOZ)z]Clo in Thioglycerol

4

[Co(teta)(NOZ)z]ClO in Glycerol

4

[Co(teta)NOZOH]ClO4

[Co(teta)NOZOH]Clo

in Thioglycerol

4 in Glycerol
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ND. MASS  POINTS INTENSITY ~BASE  NREF 0L 2t 53 fg% {: Z {3 0.2
6 309 29 1637 {2 i 0.1
2 487 25 1895 1.4 i.4 0.2 &b 308 29 1559 i1 1.4 0.1x
3 A8% 5 1493 1.4 i4 0.4 87 307 25 1997 i4 §.4 0.2
4 485 35 ci04 37 37 0.5 &9 305 25 1516 {4 i 0.{
10 442 29 2846 2.0 2.0 0.2 77 285 29 1804 {3 £3 0.2
ib 47 29 3967 28 28 0.3 79 283 25 1549 14 i1 0.4
17 Ath 35 2 3.4 3.4 0.4 g4 274 29 1809. 1.3 i3 0.2
R O A U O O T N SO © O O
20 443 A3 33568 239 239 29 9 254 29 2019, 1.4 4 0.2
22 a4 25 1540 i4 .4 0.4 02 242 24 1413 i i 0.%
28 84 5 4218 3.0 3.0 0.4 103 24{ 15 2209 14 14 0.2
89 p0 43 18964 135 {35 1.7 104 240 29 757 {3 {3 0.2
30 379 35 §3440 96 9% 12 {05 239 35 1224 2.3 2.3 0.3
31 378 Si 60858 43 .4 3.4 5.3 06 238 J 3936 2.8 2.8 0.3
3 177 35 5.0 S0 0.6% 110 234 35 4800 I 3.4 9.4
33 376 43 11247 8.0 8.0 £0 9§44 232 29 2444 1.7 17 0.2
ki 374 29 1849 13 {3 0.2% {i3 230 a5 {752 {2 12 0.2
36 372 39 1495 §.4 i 0.1 114 229 25 1648 1.2 {2 0.1
9 362 29 2424 2.2 2.2 0.3 {49 224 5 1608 {4 4 0.4
A5 343 35 977 2.4 2.4 0.3 123 220 a5 1676 1.2 i.2 0.1
Ab 242 43 9927 7.4 7.4 0.9 i34 219 35 8741 4.8 4’8 0.4
BoWoo§ 8RR B jaE B O% sm 4L
o8 F R OH e on b Woalu o
54 337 a3 R S B S {39 214 35 3363 24 24 13
52 336 29 a014. 1.4 1.4 0.2 130 213 29 2004 £4 i 0.2
54 327 35 3044 2.4 2.4 0.3 {38 204 35 4322 34 39 0.4
&g 13 a3 4308 31 34 LA {3 200 29 2224 16 i 12
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DP4: 620CH1 HS
SCAN: f. 6/22/84 {2: 4

mnxsnzrgu rsg
%SE/NREF INT: 969024./ 869024,
HASS RANGE: 53 - A49

PEAK  MEASURED  NO. @BSOLUTE X INT. % INT. % TOT.
NO. MASS  POINTS  INTENSITY BASE  NREF TUN

2 A4 i 14392. 1.3 1.3 0.2%
3 443 5§ 116585, 1.3 13 0.2
4 442 59 27993 32 32 0.5
12 A0 64 11091, i3 13 §.2
i& 264 €9 27189 32 32 0.5
17 380 87 93768 10.8  40.8 1.3%
18 9 a7 9470 106 0.8 1 8%
19 378 103 242084, 279 27.9 §7%
20 377 7i 33577 39 39 0.5%
§3 %Zﬁ gé 3%332 ?'é ?"é 3'%‘ PEAK  MEASURED _ MO ABSOLUTE % INI. % INT. % 10T
34 343 21 7504 78 748 '3 NO. MASS  POINTS  INTENSITY BASE NREF TON
12 g2 103 104 147 147 2.0%
1 344 103 107848 12,4 2.4 248 &9 257 5§ 9702. 1.4 i 0.2
34 240 175 108004 124 2.4 a4r 70 756 74 93§ . {4 i 9.2
5 339 143 53437 6.4 64 Lo 7 255 59 8782 ] i 0.2
34 328 287 78632 9.8 9.1 {55 74 243 59 9712, 14 1 1.2
g o@m g e lnomonbonoa 4o oo
40 335 59 3460 1.5 {5 3277 240 59 11180 §.3 i3 b3
44 I 71 7827 2.4 24 0.3 78 239 54 §3363. i35 i 0.3
42 233 87 9159 {4 {1 27 239 59 21395 2.5 2§ 8.3
43 22 74 i 14 2 8 29 1 9208 1 i 9.2
45 313 59 16904 1.9 19 38 37 & 9074 0 i 9.3
Ab 310 239 22695 26 26 4 85 225 7 9506 14 if 0.2
5§ 285 7t 10353 i.2 1.2 2 B 233 59 8917 1.4 1.0 9.3
63 g3 24 11408 i3 i3 292 245 &4 11389 §.3 13 0.2
g 377 59 2 3.4 34 &5 99 20l 51 93 11 {3 8.3
68 58 9 13913 i6 i 3100 200 3] 14358 i3 1.3 0.2




Al
FAB of [Co(teta)C12]C1 in Thioglycerol

Co(teta)Cl
350020 .1 (TIC=35628672, 100%=3394681 FAB of ) 2
% 412

-

1
a

5

L
Dl
Rad

Co(teta)Cl
L 373

a3 .
teta+H l"gg 324 ‘ sz | "
w ! ’ |!£m£' i

[}
{'-1,_ whatonatatiile oapitng h!n nn""]’l.. ull
T""}‘q"uunul|nuul_uun||r TIirrr ey
268 <88 ] :

oo

DP4.85C020. M8
GCAN: 1, 6/25/85 14:49

IONTSATION: EAB
BAQE/NREF'gun 330400./  330400.
TIC: 520672

: . PEAK  MEASURED - NO ABSOLUTE % INT. % IMT. 7 TOT.
MASS RANGE: 69 - 847 NO.

HASS  POINTS INTENSITY BASE  NREF 10N

PEAK  MEASURED _ NO B ZINT. ZINT. 2 70T. 4 4 74 34236. 10.4 10.4 0.9%
NO. ﬁ?\gs POINTS QNQ%EHY si@s N&F }SN 18% %‘4% 71 96196. 9.1 29.4 2.7%
103 340 71 54169 19.4 19.4 £.9%

32 424 35 SiAl. i.6 i.6 4 104 339 74 3555 10.8 10.8 1.0%
§4 422 29 Sied. 1.6 1.6 0.1 185 338 87 40595 12.3 12.3 {.ix
] 418 35 6790, 2.1 2.4 0.2 {06 337 87 19738 6.0 6.0 0.5%
39 A{7 o4 35600. 10.8 i0.8 1.0 07 338 74 11684 3.5 3.5 3%
d00a 31 e B OBL IR B0 0§ #4h i i b
42 414 4788 20.2 20.2 1.8% }15 326 43 15903 4.8 4.8 4
A3 413 103 330400. 100.0 100.0 9.4% 16 325 Si 11978 3.6 3.6 J3x
A4 442 51 11999, 3.6 3.6 0.3% 147 324 S 16980 5.4 S 0.5%
45 [}5Y S 26009 7.9 7.9 0.7% 18 323 Sq 6872 2.4 2.1 h.2%
55 397 3 4329 1.3 1.3 0.4 {i9 322 S{ 7555 2.3 2.3 0.2%
65 384 43 997 3.0 3.0 0.3 1§27 313 29 JAL4 1.0 i.0 0.4
b6 380 Si S1238 15.5 15.5 1.4% 128 342 43 13903 4.2 4.2 4
67 379 51 i2.0 12.9 1.4% £30 310 S{ 450 i.4 1.4 Ax
68 378 71 166824 S0.8 S0.5 4.6% 134 309 175 24616 7.9 7.5 7%
49 377 71 28340 8.6 8.6 0.8% 132 308 74 6029 .8 1.8 0.2%
70 376 59 47082 14.2 122 .3 133 307 S 35%6 A i1 it
71 375 35 1.2 i.2 By 297 43 Sib6 .6 5.6 A
72 374 A3 639 1.9 1.9 .2% {50 286 A3 4192 .3 1.3 A
74 372 35 3863 i.2 1.2 4 158 285 Si 7250 2.2 2.2 2
TR ¢ % (1O SRS S RO S B O B O B
g2 362 A3 15021 A5 4.5 .4 {55 %81 35 3463 0 1.0 Ax
85 358 35 3383 1.0 1.0 .ix 197 279 35 3666 A 1.1 0.¢
89 354 35 3927 i.2 i.2 4162 274 43 4123 .2 1.2 0.1
97 346 74 5089 1.5 1.5 % 166 270 35 4394 .3 1.3 0.4
98 345 74 4875 i.5 i.5 AR 1469 267 35 3644 A i4 0.1
344 87 12030 3.6 3.6 0.3% 170 266 35 3492 {4 1.1 0.1

100 343 59 6595 2.0 2.0 0.2% 174 265 35 5444 i.6 1.6 0.2



AS

FAB of [Co(teta)C12]C1 in Glycerol

. 340P19.1 [TIC=26B43b2, 199%=181@761 Fay  Co(teta)Cl
1A8 a7
3] ’:1
.
'E-Ei_1
Co(teta)Cl
. Co(teta) o( e,
vé| 346 413
1235
L@
4
o1}
.
g
324
i9 R e gm
- teta+H P s 467
a it nl!”i 1, l!h ’ L d bttt o “ ol da ] ‘ "h
-“t\ iy LIS l_ L I'I‘IlLi.IIITI N llllll!‘ l!::‘l Ill IlIIOIIIII'::“;‘glI]!: ['. I.h:li"
25 al b tge e 32 3 Lei 38 4 420
) PEAK MEASURED  NO.  ABSOLUTE % INT. % INT. % T0T.
DRASSCOI NS cses 14.23 Wb TERUEEY oofhie  DNTERTR Sk TwEr 0N
\ 197 354 35 3751, 2.4 2.4 0.4
Ly LA O T
g?sg/uksr INT: .181076./ 181076, ﬁ % :ﬁ% éf :ggg g: 2 %: : 3"‘2;*
ASS RANGE: &8 - . . . 2
e 0 , SO S S
PEAK  MEASURED  NO.  ABSOLUT INT. Z INT. % 101. 2523 . . .
HO. NASS POINTS msusx%v BASE" NREF }SN 1122'5 m ﬁg &g%% 2; 2 gé . 2 : %
2 i ) . 4 124 339 103 e3342. 2904 294 2.0%
pr R a3 e, &0 60 M4 Bk 3: B gHe 89 g1 ih
44 43 43 16076 . 8.3 83 6 126 337 391 109344, 60.4 60.4 4.2%
47 A{ 35 3936, 2.2 2.2 2 & 136 143 20293, 442 1.2 1.9%
48 420 35 G244 . 2.9 29 2 132 327 43 -44440. 7.8 7.8 0.5
1 447 43 $3257. 7.3 7.3 e 133 326 St 19739. 0.9 10.9 §.3%
82 446 A3 §4232. 9. 2.0 6y 134 325 Si {5253, 8.4 8.4 0.6%
g3 A4S 59 76412 42 422 2§ 135 324 74 23534, 3.0 13.0 1.7%
1] 444 4 273i8.  i5. 5.4 {.0x 136 323 59 7504, 44 A4 0.3%
[ 413 74 126756 . 70.0 70.8 4 137 322 7" i0788. 5.0 6.4 0.4%
b 442 43 10248, 5.4 5.6 43 142 343 35 3729. 2.4 2.4 0.4
57 414 43 24308, 134 134 9% 143 312 a3 17458. 9.5 9.5 0.7
£9 A9 ki 5263 . 2.9 2.9 2 a4 341 59 Ezsa. 3.1 3.0 0.2%
50 408 15 3730, 2 2% {145 310 143 15397, 8.5 8.5 i 6%
74 397 35 4775. 2. 24 2 146 309 143 15598. 8.6 8.6 0.6%
74 194 5 3718, 2 24 11 308 103 0484 5.8 5.8 0.4%
74 392 35 4913 . 27 27 2 148 307 71 4325 2.4 2.4 0.2%
78 390 i5 1894, 2.2 22 R )] 297 43 4200 2.3 2.3 0.2
83 ki3 A3 12869 . 7.4 7.4 Gy 156 296 35 377 2.4 2.4 9.4
84 380 5t ©5726. 308 30.8 21k 163 284 43 4088 2.3 2.1 0.2
85 379 74 si704. 28.6 29.b 2.08 164 285 54 7853 4.3 1.3 0.3%
86 378 a7 181076,  100.0 100.0 7. 169 284 43 5095 2.8 2.8 0.2
87 177 74 38702, 214 2i.4 {.cx 166 283 54 7969 44 4.4 0.3
ag 37 59 SS3af. 36 0.6 2.1% 167 2g2 35 3625 2.0 2.0 0.4
89 375 A3 5900, 3.3 3.3 oy 68 281 43 4530 2.5 2.3 o.%x
90 374 43 7289. 4.0 4.8 3 176 278 35 4594 2.5 2.5 0.
99 b4 35 5999 3.3 3.3 2 177 269 43 4279 2.4 2.4 9.2
100 353 35 4546, 2.5 25 37 287 43 4343 2.4 2.4 9.3
104 362 A3 16321 . 9.9 9.9 5.6 181 265 A3 4292 2.4 2.4 0.2
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of Co(teta)(CoCla) in Thioglycerol

BLHLI.L DIC-2728848, 100%=422032] FRB
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JC;,‘; i B Ll i R

Yad

Co(teta)Cl
18 378
e‘ : 1!?41.343 :?65 RITR 391 1413 1%22

§ et L n
L B R B llvlllllll T § v 1 PV 11y llllllllllllll"fl’ll'lll‘lllll
e 260 b

1)

Co(teta)

o

Co(teta)Cl2

458

i
L L

teta+H

@a_ g1

28 | #
g@ |
79
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6
17}
28
ia ] =1

. £ e .
ol 26 274 Li z@y 318
- ‘t" T 2t 100 e X T T
ol sEn e X g tal 535] Sae e

] S

T

i
Teate
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3
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nr4:85C043. 1S
GCAN: {. 3/20/85 14: 9

TONISATION: FSB

NO. PEAKS: 3
_ ; PEAC NEASURED WO ABSOLUTE % INT. % INT. % J0I.
BASE/MREF INT. | 4s2032./ 43203z NO. T HWASS  POINTS INTENSITY 'BASE® NREF  ION
HASS RANCE: 32 - 704

% INT. Z IM1. %701 35 39“3 Qg Bee- 378 33 “
PEAK  MEASURED NO. ABSOLUTE INT. . . . . . .
INTENSITY BASE NREF I0N {02 287 Si 10446, 2.4 2.4 4
R R T R SR SOt QO B
27 452 2 . . . . . . . s ¢
29 450 35 4234, N | 2 405 284 7 13849 12 332 .oX
30 424 35 3509 .8 .8 A 106 283 13 21275, 4.9 4.9 ANk
32 422 38 4431 N 0 2 112 276 35 3759. 0.9 0.9 A
37 418 35 3362 .8 .8 A {13 275 43 4444 . .0 i.0 0.2
39 443 35 4803 A A 2 114 274 59 24823, S.7 5.7 .9
42 394 35 3420 .8 8 A {19 273 43 6126 . i.4 1.4 2
44 384 43 4104 .9 .9 A 117 2N 3] 3244, 0.8 0.8 A
45 380 Si 11403 2.7 2.7 A {48 270 43 3207 8.7 0.7 A
L1y 379 43 2.0 2.0 .3 119 269 43 14093 2.6 2.6 4
47 378 43 29044 7 7 012 258 5{ 34 ) 10 2
48 377 35 .9 .9 % S ¥ 257 131 5604 1.3 1.3 .2
49 376 15 3349 .8 .8 40 128 256 59 4439, 1.0 i.0 .2
2 367 A3 6329 g {.S 2 f27 255 ce 7448. 0.7 0.7 0.4%
54 365 o4 6879 b K 2 14 242 S9 3067. 0.7 0.7 0.4
64 342 35 4506 .0 {.0 2 435 244 59 3154 0.7 0.7 0.4
85 341 35 7035 .6 b 3137 239 59 4406 1.0 1.0 0.2
&6 JA0 43 4813 A 1.4 2 4 234 35 5473 i{.2 i{.2 0.2
74 327 43 3047 .7 Vi 4 145 229 9 3243 0.8 0.8 0.1%
73 325 Si CG41 3 3 2 154 219 43 6906 i.6 i.6 0.2
74 324 ci 3627 .8 .8 T 11 18 43 4 i.6 i.6 0.2
75 323 o 8489 2.0 2.0 3 §S6 247 54 47423 10.9 i0.9 5.7
7% 322 31 sp29. 13 i3 2 18 1 13 5 15 4
77 321 43 18133 £2 A2 6 158 21s A3 6144 i4 44 032
80 347 35 3813 0.9 0.9 A 159 214 43 4093 0.9 0.9 0.4
82 314 A3 4073 0.9 0.9 0.1 4bb 204 5§ 4309 £i0 10 0.2
50 g sh o4 ogaids o o g ad a
a5 . . . . . .23
88 307 99 3500 .8 0.8 0.4 {70 200 7 G360 {.2 {2 0.2%

490 420 440 YY)




&7

FAB of [Co(teta)(SCN)ZISCN in Thioglycerol

LCAL2 .1 [TIC=16461448, 186%-513c88]1 FAR

ag Co(teta)SCN
461 Co(teta)(SCN)2

s 453

56 |
e £ag
36_
20 | Co(teta)Cl

14 -y
& 308 477 435 45@! |

- 2 iilil
LI M

}
)

LI AL AL )

50 Lop

Iy
LRI !lllﬁllll’l

440 450 4

1
Tire by llll'lll’i

%0 450 4650 4 k2

-
Lo By

58 342
1
. Co(teta)

JPALGELILD HY
CORN: i, 3/20/85 43:%59

IONISATION: FAR
0. PEAKS: 41
HAGC/NREF INT: 613600,/ 613600,

IC: 10461440,
4ASS RANGE: 32 - 585 PEAK  MEASURED  NO. ABSOLUTE % INT. % INT. % TOT.
& !E]n. HASS  POINTS  INTENSITY BASE  NREF 100

PEAK  MEASURED  NO. ABSOLUTE % INT. % INT. % TOT. N
HO.

) HAGS  POINTS  INTENSITY BASE  NREF N 127 32 54 53259, .7 8.7 0.5
9 10 43 29464 4.8 4.8 0.3 153 3%3 3? %3323 33 ',573 3'3*
10 509 43 82403, 10.1  10.4 0.6% fio §23 74 17532 2.9 29 0.2%
14 508 74 248b54 9.4 39.4 2.3 13 322 87 26565 4.3 4.3 0.3%
22 bt 43 4183 .8 6.8 0.8 144 312 54 28433 4.4 A4 0.3
a3 468 59 85200 13,9 139 0.8% {43 340 S 4703 2.4 2.4 1.ix
24 459 a7 159664 s8.6  S8.6 3.48 {6l 392 239 30325 4.9 59 0.3%
2 150 43 17424 2.8 2.8 9.2 169 283 59 14357 2.3 2.3 0 1%
3t 448 35 13750 2.2 2.2 0.1 194 258 3 16475 2.6 24 0.2%
a0 427 ki 16929 2.8 2.8 0.2 195 357 &1 1739 a8 X 0.2
5o 405 I 13608 a2 2.2 0.{ 19 256 59 15997 2.4 2.6 8.2
51 403 A3 3 5.4 5.4 8.3 209 242 5i 13564 2.2 2.2 0.1
b2 407 9 100148 1.3 16.3 {.0% 210 241 cf 19614 3.3 3.2 §.2
63 404 193 463520 755 755 448 214 240 1 16§53 2.6 2% 0.3
Iy 440 54 24 3.9 EX 0.2 242 219 59 22388 36 I 0.2%
65 399 &4 28957 4.7 47 0.3% 213 239 1 31654 5.2 5.2 0.3
) 80 33 1442 2.4 2.4 0.1 36 235 43 16459 2.7 2.7 p.2
82 178 43 43478 7.4 7.4 0.4 531 23} 41 5547 35 36 0.1
3 377 35 {3124 2.4 21 0.4 222 239 i 12653 2.1 2.4 0.4
86 174 43 14044 2.4 3.4 0.4 224 227 54 1359 2.2 2.0 0
114 343 5t 89692 14.6  14.6 1.9% 22% 225 €4 12834 2.4 24 [
iis 142 193 352624 575 575 342 227 274 43 £2710 34 2.4 01
114 144 103 259948 24 a2 2.5y 232 219 43 15939 a6 26 9.2
§47 140 119 326992 533  S3.3 3.4% 213 2ig 51 14834 2.4 2.4 0.1
118 339 87 112656 18.4 184 i3 234 247 4 142900 233 233 1.4
19 318 207 223452 6.4 3bA 2.4 235 216 59 15703 2.5 2% g2
120 137 37 80780 t3.2 3.2 0.03 236 a5 54 36994 I A4 03
g B L R & e b i 0
{23 334 87 2 , . 2 i . )

13h 357 gf 30 5.9 g0 0.3 258 200 51 18590 30 30 0.3



A8

FAB of [Co(teta)(SCN)ZISCN in Glycerol

SLOARL 1 [TIC=323%664, 180%=193¥78) FAB
188
99 *E
58 Co(teta)SCN
78
] 4
l’:u@_ a1
La
48 |
38
ceon ] Co(teta)(SCN)2
8 437
i L.,
Q— 417 beglliil 446 l:ni:g 4?& s11d 1l
LI L) l'! ) r'r1 T ;’L:-“I'; i I": 1 :l| 1 : LI} sT{":L: LIR L i % , : ; L LI} l l L] ’ LB UL L LR B L B § gl’;; LI B }
@ 428 48 4t 8 an 28
§clc] 242
Q&
e | Co(teta)
78
U
58
48 |
158
6 teta+H 236
1@ EEG 533 312 ‘d 354
H"‘"T*H H‘P’T"l ;‘.“‘m‘i" l‘glfl;llhha i llr‘i 1 “!{I_I 5'1 t :LE' - E ™1 3‘5‘%4‘3'{‘1 t ;.2!};24.‘ ;LI.‘;':‘; T
Y] 286 Jaa Gea S48 iyt &6
594 :B5C004.HS
GCAM: . 1. 3/ 5/85 15:12
ToushTIOn: £
bhsE RReE IN; 93776./ 193776
BAsEAN 193776 : PEAK  MEASURED MO, ABSOLUTE % INT. % INT. % TOT.
HASS RANCES 2B - 8o NO. KASS  POINTS INTENSITY DASE NRET  ION
WD . MMm oG UL g M OB @ mpow o g
HO. WSS POINTS N 149 328 35 6267, X5 35 g8
3[4 35 p448. 3.3 3.3 0.2 450 3 i3 22807 118 118 0%
£ 43 A3 16189 84 84 0.5 5 3% 43 3094, b0 160 40
84 137 3% 4981 26 26 02 452 ¥ 43 15992 83 83 Dok
£5 A 35 A48 26 26 03 f83 IR 5 24351, 136 136 0.3
75 403 i3 14499, 59 &9 g4 154 333 84 7583 3.9 19 0o
7% 402 43 77367, 193 193 i@ {55 33 5 11269, 5.8 5.8 0.3%
AL 59 124660, 643 643 3.9 ks 312 13 {1315 8 8§ 03
78 ag 43 16376, 8.7 8.7 05k 67 3§ 43 g093. 3{ 3 03
I 43 4954 7.7 7.7 0% ih9 368 43 Sia2. 27 37 g3
2385 43 5827 30 30 . 02 179 298 43 897. 35 35 0.3
103 37 35 86780 34 34 g2 {80 597 43 809, XS 35 g3
0 372 13 23 SO S B O B O 1 296 43 S143. 2F  2E 03w
07 370 43 s997. 34 34 02 188  2og 5f Segd. 37 57 B
(08 39 35 Be00. 34 34 02 g5 592 87 Soif. 34 34 05y
109 38 a3 si44. 27 27 0.2 190 287 43 S199. 27 27 g3
19 358 43 j199. 47 €7 0% 194 2% i3 7581 39 39 15
{20 357 35 403 25 25 g2 492 Bgs 5§ 7i80. 37 37 0%
124 186 43 9324 48 48 03 93 2m 33 293 44 44 05
52 3 35 £675. 34 34 02 494  5g3 5 9761, 5.0 S0 03
27 19 13 973, &0 50 0.3 195 5g3 43 5003, 26 24 Q3
55 33 3 €8s’ A7 27 0B 19 o8¢ £i €90,  f9 29 g5
g i AT - S ST S R B 7 It TR R S B
3 . . . . i 6284 X iz ¢
134 343 51 9288 3B 338§ 2.4 27 5% 43 R N S S
(25 32 87 193776, 400.0 100.0  6.0% 218 358 43 si7. s 7% g%
3% 341 87 109924, S67 567  3.4% 34y 5%y 43 9339, 48 48 0.3
137 in 119 159048, 824 @24  A.9% 220  9%p 5 9380, 49 49 %
38 339 103 56989, 294 294 {3% 231 ate a3 656 AT 4% 0.3
RGN o 287 14952 €93 €93 3ex 2 55 & €80, 297 23 g3



A9

FAB of [Co(teta)(CN)Z]CLU4 in Thioglycerol
3ECH11.1 [1IC=2828v35, 1R8B%=898161 FAR

Co(teta)(CN)2

RE 2595
el
26 ]
Ta |
el
Ly
48
Co(teta)Cl

3-1 - Co{teta) 378
. S4u
‘E - Co(teta)CN cl
151 | tetat 406 ?‘ Co(teta)Cl,

211 !ub | Gadarz
s:d ‘{I Il "!lll ’!le “!’!’!’r"’%‘lj‘! T.I'!l!’!!!li LI tﬂ Illl L] l"!',l! !ll I'I!r_z'!lg ) ! p[’ll!'fl ’ ll l’l Ti18681 ll LR 0N I ) ill ) L L lll'l
» P Lo b 240 hew 350 4556 420

1)
68 28y 2

DP4:85C014.45
SCAN: i, 3/20/85 12:39

TONISATION: FAB

ND. PEAKS: 287

BAGEANRET T 280384/ 260384,
HASS RANGE: 3% - 4S5

PEAK  MEASURED _ NO. ABSOLUTE 7 INT. % INT. % T0T.

NO. HASS  POINTS  INTEMSITY BASE  NREF 10N

5 445 35 3257, i.2 i.2 9.4

[y 413 35 4498 {.6 1.6 8.2

9 406 5 3398. 1.2 1.2 0.1

11 404 35 4822, 1.7 i7 8.2

i2 403 43 3143 i4 i.4 8.4

14 197 35 29 {4 1.4 0.4

15 396 43 19454 6.9 6.9 0.7

16 395 43 89016 3.7 .7 3.2

BB o5 @ B ou b

22 381 35 043 i4 i 0.4 PEAK NMEASURED  NO. ABSOLUTE % INT. Z INT. 2 TT.
34 ggg gg 9545 g.i- g.; %.g NO. MASS  POINTS  INTENSITY BASE  NREF 10M
as 378 A3 26204 9. 2.3 .9 56 325 43 9086 3.2 3.2 0.3
26 377 35 1.4 1.4 457 324 43 6989 2.5 2.5 0.2
27 376 35 5207 1.9 1.9 2 S8 323 43 4553 1.6 i.6 .2
30 369 35 422 1.9 1.9 2 5% 322 39 3658 1.3 1.3 A
" 368 29 3208 .4 i.d 4 62 i2 3 3104 i1 i.4 A
36 362 35 3234 1.2 1.2 4 63 14 4 4632 1.7 1.7 .2
A4 343 43 4097 1.5 i.5 467 307 35 4541 1.6 1.6 6.2
45 342 43 6356 5.8 5.8 b 73 295 5 3365 {.2 i.2 A
A6 3 43 18461 6.6 6.6 77 285 A3 3497 1.2 1.2 A
47 340 S 9038 5.8 6.8 .7 8 283 S{ 3318 i.2 1.2 A
A8 339 S9 2.9 2.9 0.3 83 204 35 3509 1.3 1.3 0.1
49 338 <9 10683 3.8 3.8 0.4 84 280 35 3481 i.2 i.2 A
S0 337 35 i1 i.4 0.i 85 279 43 23070 8.2 g.2 .8
Si 336 43 3084 1.4 i1 0.4 87 277 35 3007 i.4 i.4 0.1
54 327 43 5395 1.9 1.9 5.2 89 275 35 2 1.2 i.2 0.1
1) 326 43 8431 3.0 3.0 0.3 9 274 43 10423 3.7 3.7 0.4
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FAB of [Co(teta)(CN)Z]CIO4 in Glycerol

LLAEs .1 [TIC=23213440, 189%=445088] FAB
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e
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g%d 369 Co(teta)Cl
X S
. o o Co(teta)ClO
Ha 378 Co(teta)(CNJ, ] 4
‘_’HJ._ 395 44d
28 iy | 432 i
18 4 414 428 44
B
¥ o
2560 378 288 3308 4808 418 428 4368 440 458 458
Co(teta
1B gzt
?BJ #2
pg )
7a
‘533 .-.*,?
o o
=R
36
‘ _‘_‘ SEG 356
= teta+H ]
Hi ! Il
o Lttt st gl s L o
LR LR II!I LR A ILIIICI l_ lllllTL!.lLllll L‘_
pegye aora 89 Z1é 2@ 35a A 34§ 356 6@
PEAK MEASURED  NO.  ABSOLUTE  Z INT. % INT. 2 10T.
ND. HASS  POINTS INTENSITY BASE  MREF TON
3 342 31 A4508. 8.7 8.7 t.2
f:é 34t 3 31046, 6.4 6.4 0.8
P4:85C006.M5 {31 340 87 39584 7.8 7.8 B
SCAN: {. 3/20/B5 11:14 133 339 %gg gggg %Z “ K-t}
. . . h
mmsmmn FAB B& %%9 st 5931, 1.2 1.2 g
437 137 33 53 5135, {.2 .2 2
BASE/NREF INT: a0 5i4456./  S114%6. ns ggg :zg gggg 2(7, 29 4
NASS ReMCE: 31 553 i4 326 a3 11727, 23 23 3
148 325 43 7455 {5 £5 0.2
PEAK MCASURED  ND.  ABSOLUTE Z INT. X IMi. 2 70T, 449 324 43 10963 2.4 2.4 3
0. MASS  POINTS INTENSITY ~BASE™  NREF I 150 323 43 4428 0.8 0.8 13
154 2 43 5853 14 14 2%
i3 444 35 3384, 0.7 0.7 BT 313 35 2704, 0.5 0.5 0.t
3 443 35 2631 . 0.5 0.5 T 342 43 2949, 0.8 0.8 Kt
35 442 35 6638, 3 i.3 .2 {82 34 43 3485, 0.6 6 Rt
42 433 35 4223, 8 0.8 g 183 30 43 4005, 0.8 8 R
59 414 35 2628. 5 0.5 A 164 309 35 2697, .5 0.5 0.1
78 395 5 5853. i1 A .2 {65 308 43 3623, 7 0.7 Rt
93 389 35 3976. 0.8 8 R/ 299 5 349" b 0.6 1
94 379 5 3879. 1.8 K 4 479 298 43 3512 N 9.7 K
Bowof o oomg o omo o8 g oo
97 176 15 2777. 5 5 4178 395 5§ 3239. 8 4 Ay
104 172 35 2733. 5 it 186 287 5 2587, 5 S K
102 kyiY 35 a597. 5 5 187 286 3 3106, & b 1
103 370 4383. 9 R 1 188 285 43 3620 7 7 gt
i04 369 43 11314, 22 2.2 349 283 43 3930, 8 8 i
105 348 5262 . 0 90 283 5i 5075, N 0 X
i0b 307 35 4640, 9 9 A9 292 43 3663, 7 1.7 0.4
107 266 35 2624, 4.5 5 4 492 281 5i 3537, 7 0.7 0.4
u;g ggg ﬁ gggz;. 2 So % . }gg z;g 3 5930. b 06 0§
i 187 35 37 07 7 4 19h & i 2459 4 18 U
147 354 43 5778, 1.1 K 2 197 274 35 5482 i.1 1.4 A
i18 55 A3 4062. 0.8 8 4198 275 43 5673, i1 i4 i
119 154 3 5243 {0 0 4203 278 i 3707. 9.7 0.7 T
i20 53 5 3223, 0.4 ¥ 4204 269 43 3603, 0.7 0.y 0.1
124 352 43 1877. 0.8 0.8 0.1 205 268 43 3341, 1.7 0.7 0.4
i22 351 5 2692 0.5 0.5 4 20b 267 St 1538 0.7 0.7 8.1
§29 344 43 4780 0.9 0.9 {207 2bb 43 2574, 0.5 0.5 0 i1
130 143 5 24304 48 48 % 208 265 43 2557 0.5 ns 0.4



Al

Co(teta)

AB of [Co(teta)CLN ]ClO4 in Thioglycerol
TECO22.1 11074725008, 100%=0915261 FAE
HEERC
a4l wh
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Y
e 44z
Gl Co(teta)cCl
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ave
e f 45@ -
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- a
gt ofLe 2 482
ié& =
= 1 T R T .ELJL n.unimi:l:;::; mﬁ};‘gg il il
:lfllil’rlillTllL\:lI.—;flllel!ili!lfr1lljl=ll!:‘:L:'i%. T (e ;‘: l'lrlut’; lli.l' {';‘!'
360 220 ey 428 440 46 429 tan
lee_ 342
ELR
=1
78
B
i | .
48|
15
P !
4 e teta+H o
] sy aae e K
Al et Iy AT R
SRR Ey el - . eads i reat ol "
T ! j":HL!' l,,, ank ‘ 4 Y T‘f’iﬁ H‘l‘; + 'ill T !| T
Py i) e S ke X% 4 “EE 28a SEQ Sed S48
P4 50023, M5 PEAK  MEASURED  NO.  ABSDILUTE % INT. % INT. % T0T.
SCAN. 1. b/25/85 15:48 iy HASS ~ POINTS INTENSITY BASE  NREF T0M
TONISATION: FAE 182 325 59 22930. 7.9 7.9 0.5%
BASE/EE TR 291520,/ 29420 0 O A R
ASE/NRE : i . 0. 2 28. . A R
TIC: 4929792." i85 322 87 (8181, 62 62 0.4%
HASS RANGE: &9 - 819 195 342 54 18297, 8.3 6.3 8. 44
R ABSOLUTE 2 INT. Z IM1. % 10T 1133 %%g ‘%Z 13‘333 H “ 33&
PEAK  MEASURED MO, 5| ) . . . . . 2
HO. WASS ~ POINTS INTENSITY ~BASE NREF [N 228 286 1) 9307. 32 32 0.2
29 492 43 19862 5.8 6.9 0.4 gzzg §§§ EZ ‘3?33 “ 32‘ 33*
9 482 5 12203 4.2 4.2 2 224 283 59 15494 52 5.3 0.3
g9 450 43 21540 78 7% 237 270 &4 9460 . 32 32 0.2%
50 439 43 18495, 54 5.4 4 238 269 54 10277. 35 3.5 0.2
65 444 43 13851 . 4.8 48 3249 258 9 18530 . 6.4 b4 D.4%
b6 A43 43 9203. 3.2 3.2 2 350 357 g9 11582, 4.0 4.0 0.0%
&7 442 i 39949, 437 137 ‘g 25 256 71 14447 | 49 49 §.3%
126 38{ 33 9965, 14 3 2 95 255 4 9666, 3.3 13 0,24
127 380 of 22487 146 146 G 264 243 54 9023, 34 38 0.2
173 379 54 27974 . 9.6 9.6 by 285 242 59 14413 9 5 g
129 378 74 125120,  43.0  43.0 2.5k 266 241 59 20075 6.9 6.9 0.4%
130 377 4} 12000 4.4 44 2% 267 241 59 16444 5.6 S.b 0.3%
134 76 43 15677 5.4 5.4 3% 268 239 59 19020 §.5 b5 §. 44
133 374 43 19291 b.b b.b 3% 269 a8 59 5405 2.0 120 0.7%
135 72 43 10987 3.8 3.8 9.2 277 230 54 12227 4.2 4.2 9.2
119 58 A3 1253 39 39 0.2 278 229 Gi 10864 19 27 0.2
154 356 43 9591 33 33 2 a0 227 51 11937 44 44 0.2
153 354 43 929§ 3.2 3.2 3 282 235 59 12215 43 4.3 0.2k
163 344 43 14920 38 38 2 283 224 £9 14847 . 44 A4 0.7%
164 343 7 79824 7.4 27 .4 h% 290 217 54 16059, 5.9 5.5 0.3
165 342 149 291520,  400.0 100.0 5.9% 294 aib a3 9109, 34 33 9.2
104 344 103 101032, 624 62.4 7% 292 215 5§ 24405 9.4 24 0%
167 240 149 19004 820 82.0 4,98 293 244 59 §8177. 6.2 5.2 0.4
16 339 103 4480 2970 29.8 {.7% 294 313 54 9989 19 34 0. 2%
169 139 103 70776, 243 243 { 4% 295 212 9 9252, K] 2.2 0.2%
170 337 287 157264 539  S3.9 3.0 296 34 54 9370 13 15 05
WoB OB mmo e e ogwsomooq w3 g b
184 334 74 40649 139 139 888 307 200 37 17418 6.0 6.8 0 4%



Ar2

FAB of {Co(teta)ClN3]Clo4 in Glycerol

fRE, 1BEN=2Rhaa] Fhk

1@
a6 ] Co(teta)ClO4
i 440
3o
La
38
36
2
14|
&
SB
Co(teta)
{En_ 242
Q& |
t=Tr}
Te
56
|
36 Q
sl o teta+H o
H e Lad o iy o L e
?' | 1o I o8 G 2l
A ; |
'“'fi;‘f‘ff"ml}"}if‘ ““"p:‘}‘ét e % E‘L t ?%.u‘ﬂ!‘!‘i’} ;s]ug]{ T 1‘}‘951}‘; n‘f'm‘i“u :’M‘Sln L] i}l}ii T+ 128 oy %I L
CEa e o) g 1% S6hE DEG SEG S2a S48
P4 BSLO2E MG PEAK  MEASURED  ND.  ABSOLUTE N
COANL L T e/25/85 15:44 53. nfi;ss POINTS  INTENSITY xsasg ‘ zm%gg. ‘ %35
TONISATION: FaB 182 385 g9 22930.
NO. PEAKS: 438 183 324 74 27';2 152 152 3;:
BASE/NREF INT: 294520/ 291520, 184 323 7 338 A6 16
BORE o790 185 322 87 18454 . 5.2 5.2 0.4%
HASS RANGE: 69 ~ 819 iig; g%g 3% 18297, 6.3 6.3 0. 4%
7 12886, 44 44 0H
PEAK  MEASURED  NO.  ABSOLUTE % INT. % INT. % 7TOT. f99 308 74 9788 . ' ¥
NO. HAGS = POINTS  INTENSITY ~BASE n&r * IBH %%é ggg §§ 9§g$. :3;3 §§ 3'.5*
29 492 43 19862 6.8 6.8 0.4 223 284 &1 Hooea 2 1 b3t
39 482 35 12203 4.2 4.2 0.2 224 283 o9 5494 5.3 g3 0.3
59 450 43 21940 7.5 7.5 9.4 237 270 54 9460 3.2 3.2 0.2%
60 439 43 18695 83 84 94 238 269 51 10277 35 35 0@
65 444 43 13851 48 48 0.3 249 258 59 18530 6.4 b4 0.4%
&b 443 43 9203 3.2 3.2 250 257 59 {1582 40 4’1 2. 7%
&7 442 Si 39949 13.7  13.7 ‘g 254 256 74 1441 4.9 49 0.3%
124 384 13 9945 34 34 2 252 255 54 9646 3.3 3.3 0.2
137 380 5§ 42487 146 14b 9 2h4 243 i 2023 34 34 0.2
i3 379 g 27971 96 9% 4y 245 242 &9 14413 49 39 0%
i29 178 7 135327, A3.0  43.0 2oy 266 241 59 20075 69 5% 0.4%
130 377 ] {2000 4.4 4.4 21 267 240 59 16241 5.6 S 0. 3%
131 76 43 15677 54 54 .3t 268 23 9 19020 4€ 6.5 0. 4%
133 174 A3 {9294 bbbk 3% 969 238 g9 35105 2.0 1200 8.7
{35 172 43 10987 3.8 g.s 2 an 230 51 §2227 42 42 0.2
149 358 43 11253 3.9 9 2 278 229 &f 10864 37 3.7 0.2
154 356 43 9594 3.3 33 .2 28 297 i 11937 44 44 0.2
183 354 £ 9294 35 35 'S 982 235 59 {2215 4.2 4.3 1.0%
163 44 43 £1020 38 ;.3 2y 283 224 59 {847 44 4 g 028
16 343 7 79834 274 274 ‘6% 290 217 1) 16959 5.5 5.5 0.3
165 242 149 291520, 100.0  100.0 5.98 294 246 43 1 14 34 0.2
164 344 103 184032 624 621 I 292 3i5 5§ 24505 84 3.4 .S
167 140 119 229004 820 82.9 3py 293 244 59 18177 8.2 5.2 0.4
168 339 103 84480 290 29.4 {.7% 294 13 &4 9989 34 i 0,24
169 738 103 70776 243 243 {43 295 242 59 9252 3.2 3.2 03¢
170 337 287 157264 S3.9 519 3.2 296 244 51 9371 33 3.3 1o
74 3% 103 22194 76 7.8 0.c% 297 214 59 10459 4 34 9.2
180 37 ot 21737 7.5 75 0.4 306 204 31 12397 43 4.3 0.3
{e{ 336 71 40619 13.9 3.9 g.8% 307 209 €9 17448 5.0 6.0 §.4%
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FAB of [Co(teta)(NOz)Z]C104 in Thioglycerol
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DP4:850040.MS
GCAN: 1. 3/20/85 11:44

TONISATION: FAR

NO. PCAKS: 274

BASE/NREF INT: 68428./ 68428
TIC: 1901952,

MASS RANGE: 3i - 485
P&EK MEASURED  ND. ABSOLUTE  Z INT. % INT. % 70T.

PEAK  MEASURED  NO.  ABSOLUTE % INT. % éNT. 1 10T MASS  POINTS  INTENSITY BASE NREF 10N
NO. NASS  POINTS  INTENSITY ~BASE NREF ION . - o397 15 .
285 . ) 4
1 485 ki 2664, 3.9 3.9 A 93 284 43 2444 b 3 A
R OB OB L M B & @ ou oo
6 435 35 13‘343. i9.8 19.8 ; 79 267 35 2512 3.7 3.7 0.4
14 389 35 2916. 4.3 4.3 28 265 i 2404 3.5 3.5 0.4
17 330 43 13172, 17.8 17.8 6 83 258 35 3135 45 44 2
18 379 35 8934. i3.4 §3.i | ? 84 257 A3 3210 4.7 4.7 .2
19 378 43 39290. 57.4 7.4 2. a5 254 35 3366 4.9 4.9 3
20 77 35 4702. 6.9 6.9 2 8 255 47 2650 3.9 3.9 A
24 376 35 5477, 2.6 7.6 38 243 43 2646 3.9 3.9 q
27 162 5 2440 3.6 3.6 .& 90 242 43 2934 4.3 43 2
37 343 43 6553. 7.6 2.6 3 94 244 43 4206 6.4 6.1 X
38 42 i 29773.  A3.5 435 1.6% 92 240 43 3901 5.7 5.7 2
39 344 54 38784.  S6.7  5A.7 2.0 93 239 35 4466 6.5 6.5 2
40 340 g7 30002, 43.8 43.8 {.6% 94 238 43 4899 7.2 7.2 3
A 33 S9 10839, i5.8 iS.8 0.5% ¢7 230 43 2428 3.8 3.8 4
A2 338 103 23704 . 346 348 .2 100 227 35 2723 4.9 4.0 A
43 337 43 2887. 4.2 4.2 .2 {0 226 43 2453 3.6 3.6 ix
44 23 43 3886 5.7 5.7 .2 402 225 43 3590 5.2 5.2 0.2
43 327 35 4335, 6.3 6.3 2403 224 35 3148 4.6 Ak 0.2
49 2 5 089. 10.4 0.4 4 109 217 43 5436 7.9 7.9 0.3
50 32 35 4957. 7.2 7.2 3140 21b 43 2575 38 38 0.1
2 33 41 184, 120 1200 A i 215 A3 3455 4.5 4.6 0.2
22 323 35 3043, 4.4 a4 2 42 214 35 2507 1.7 3.7 0.1
€3 322 43 968 . 7.3 2.3 0.3 {44 242 A3 3087 4.5 4.5 0.2
57 312 35 4029. 5.9 5.9 .2 4s 211 43 3114 IR 4.h 0.2
69 340 ki) gg 5. 4.3 g.g ‘5 16 210 43 3038 4.4 4.4 0.2
61 308 Ad 7. 5. : Y] ang 35 3040 44 44 .2
8 286 35 2439. 3.6 3.6 0.4 32 200 43 3441 S.0 5.0 6.2




ATl
FAB of [Co(teta)(NOz)Z]C104 in Glycerxol

SLCHAT.L [VIC=331385%8, 180%=V25721 FAE
196
el
=iy
CH
ey Co(teta)ClO4
1354 447
48 |
=
2y
1@
@ )
186 242
I o
S =iy #2
s Co(teta)
7a
&6
e . Co(teta)Cl
1 ab s -
£ 378
30 | Co(teta)NO,
&4 ‘ 389
. teta+H 326 “
D P4 L ihh‘ﬂu roaad i b g1, .;Hhhu.. lL.H““h (PR {.
LR B} L.‘ T ¢ § § 1 ¢ 91 L( 'I P4 0§ f L -‘.—-lal LI I B n LRI} ) . A A
S8E Saa S 248 SeE SEG
P4 850007 HS
, . PEAK MEASURED  ND.  ABSOMUTE  Z INT. I INT. % TOT.
SCAN: 4. J/19/85 1546 NO.  HASS POINTS INTENSITY 'BASE ~NREF  ION
JONISATION: FaB 43 3N 35 2226. 0.2 02 0.4
DASE/NREF INT:  1090624./7  1090624. 144 373 35 3337. 0.3 3 R
TIC: 3813056, 145 372 5 2383, 0.2 2 R
s e 6o, o Wonoo§ @ o on
PEAK  MEASURED  NO.  ADSOLUTE % INT. % INT. % T0T. . . . :
] 259 I 2455 9.2 g.2 N
HD. MASS POINTS mrr.hsr%v niss WhET i } 2 : %é? §§’ 2§§§ H ] § u %
4 0.3 .3 g.4% . ) :
23 ﬁg §§ 39?9. R % 5 .9y 44 356 3 376h 9.3 3 N
70 A8 43 4045. 0.4 4 qr 62 355 i 2248 0.2 2 H
74 442 43 7994, 0.7 7 2% 163 354 35 2704 9.2 2 i
75 443 5 4994 9.5 5 i 172 344 43 9.7 0.7 0.2
7 442 43 17826 4 b 5 173 243 51 43596 4.0 4.0 i
77 444 k5] 2972 3 3 A 174 342 59 72572 8.7 5.7 o
78 AN 35 642 A R 1 175 344 59 49783 4% 4.5 J3n
&3 435 ki 2355 2 2 41 47 340 74 37782 35 35 §.0%
soR 0 BEOD N OB o§ N oW b oH i
86 432 A3 5888 8 5 Y 337 43 2694 2 0.2 843
92 426 5 2904 3 3 q i80 136 15 2788 3 0.3 1%
97 43¢ 15 2338 2 2 RTEEY 227 43 874 b 0.4 )
98 419 ki 3654 3 3 K 19 326 43 8306 0.8 0.8 2
99 418 43 5418 5 R iy 19 135 35 4723 4 04 q
103 414 ;;5 9% 3 g } 19 324 43 bidd .6 0.8 .2
105 412 1 : : . 194 322 15 2677 2 0.2 A
{4 406 5 6.4 0.4 B 203 343 ki 2228 2 0.2 R
112 A0S 43 13938 1.3 3 4 204 342 5 4504 4 0.4 R
14 403 ki 0.2 2 q 04 340 ] 2368 0.2 0.2 K1
{24 393 K 2265 9.2 2 Ax 218 298 . 35 2309 2 0.8 N
127 90 38 2549 3 3 0.4 247 297 i 2362 .2 ¥ ¥
128 389 43 7484 7 7 0.2 226 287 35 2290 2 9.2 A
129 g8 35 345 b N3 0.2 227 286 35 2389 1.2 0.2 0.4
R SR SR - GO & S O B 2 Sa. 0 05 03
138 379 35 4844 3 0.4 R 230 283 43 3524 0.3 H £
139 378 Y] 14633 3 173 4 232 284 i 2337 9.2 p.2 0.1
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FAB of [Co(teta)NO OH]CIO4 in Thioglycero
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SLCEES .1 LTIC=2E973ve, la@u=17a492] FOB
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! 238 e p g
e 218 22E {lig 1;56 ldBH |d‘”1‘ ‘J[
f,fl_ T‘T"“'{""*'L}J‘T'“r't"i'}lsl:‘t it ! P: T i‘:'lill“uﬁd{';l: T TT ‘Lf.} !l:.l I B M i "l’; Tt
il il =26 i X SEa SEa et 326
BEABE000 M8 ey 10050
1ONISATION
MO. I%ﬁg s“ 5“3 PEAK  MEASURED ND. ABSOLUTE % INT. Z INT. % TOT.
EASE/NREF INT?J?& 173492.7 173492 NO. HASS POINTS  INTENSITY BASE NREF 10N
nnss RANGE: 34 - 497 &5 344 13 4963. 2.9 2.9 0.2
RETN TIME/MISC: 0: 0/ 0/ 0/ 0 bb 343 3 38830, 22.4 2¢.4 1.9
67 342 74 163514 94.2 94.2 6. 3%
PEAK MEASURED NO. ADSOLUTE 7 INT. % INMY. % 70T. 68 341 119 173492,  100.0 400.0 &.7%
MASS PDINTS  INTENSITY  BASE NREF TON 69 340 i19 128308. 74.0 74.0 A.7%
70 339 87 53552 30.9 30.9 2.4%
i0 450 35 730 4.2 4.2 0.3 V4 338 354 119368, 68.8 68.8 4.5%
i1 A49 43 20700 11.9 1.9 0.8 76 328 35 2851 . i.6 i.6 0.4
i2 448 35 393 2.3 2.3 .2 77 327 43 13134, 7.6 7.6 0.5
16 444 35 8454 4.9 4.9 .3 78 326 o4 26149, 15.4 iS5.4 i.90
bowoo§ 4 4 N8B 5 B4
19 441 5 3953 2.3 2.3 2 8 333 7 9?732 5.3 8.3 0.4%
20 240 35 4382 2.9 2.5 .2 82 322 74 14240. 8.2 8.2 0.5%
24 439 35 4869, 2.8 2.8 .2 83 321 59 3052. 1.8 i.8 h.ix
24 425 35 35464, 2.4 2.4 A 84 20 Si 3436, 2.0 2.0 0.4
27 405 35 4244 2.4 2.4 0.2 87 i3 35 2962, 1.7 1.7 0.1
34 389 35 6876 4.0 4.0 0.3 28 342 43 11304, 6.5 6.9 0.4
37 384 35 i.9 1.9 0.4 89 344 43 4021 . 2.3 2.3 0.2%
38 380 35 14457 8.2 8.2 0.5 90 310 74 8940. S.A S.i 0.3x
9 379 5 9339 5.4 G.4 4 94 309 71 4716, 2.7 2.7 h.0%
40 378 51 41939 24.2 24.2 & 92 308 Si 6265. 3.6 3.6 0.2
45 377 35 3964 2.3 2.3 .2 98 299 L 3864. 2.2 2.2 0.1
42 376 35 4540 2.6 2.b .2 99 298 43 2036. 2.9 2.9 0.2
44 374 35 5084 2.9 2.9 2 100 297 43 5462. 3.4 3.4 0.2
45 373 35 4334 2.5 EX 2 104 294 43 4331 2.5 2.5 0.2%
Af 372 35 3945 2.; 2.3 2 02 295 43 3401, 2.0 2.0 0.4
A7 371 43 2959 i. 1.7 40103 294 35 2746, i.6 1.6 0.4
S5 358 35 6206 3.6 3.6 .2 108 287 35 2822, 1.6 1.6 0.1
Sh 397 43 A4 2.5 2.5 .2 109 286 43 bi72. 3.6 3.6 0.2
57 56 43 6527 3.8 ,'5’.8 3% {40 285 59 6415, 3.7 3.7 0.2
58 355 3 4672 2.7 2.7 e 114 284 43 6429 . 3.7 3.7 0.2
59 354 43 6035 3.5 3.5 2 {42 283 S9 8206 . 4.7 4.7 0.3
50 353 a5 3343 1.9 i.9 143 282 S 4550. 2.6 2.6 0.2
b4 352 43 4088 2.4 2.4 2 114 284 43 S667. 3.3 33 0.2
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FAB of [Co(teta)N020H1C104 in Glycerol

JLLBEE L [TIC=3911288, 1oa%=2428807 FADB Co(teta)C104
188 241 )
@i #5 da
wE
??- Co(teta)
G| CO(teta)NOZ
be, Co(teta)Cl
268
22‘ 378
o~ 465
&M, 426
1@ T@ ;
el LM!J.‘JHHJ?. eyt G e g G0 L o
TP llllllliL’Tll lllIL‘li'lllllll'llYIlllll!"l'llllll_r—fl Illlllll’.
KL Sinf 3808 48 428 448 460
13
-
2@ |
£ |
70
Eg |
43|
B,
ma teta+H 126
jg'i z1E 225 298 258 aga e 312
it et el upeppepsp
u*;:‘ﬁ@ gt P SRE caa aaa 28

DP4: 850005 M5
SCAN: 1. 3/20/85 9:%6

IONISATION: FAB PEAK  MEASURED M. ABSOLUTE  Z INT. % INT. Z TOT.
NU. PEAKS: 448 NO. HASS POINTS INTENSITY BASE NREF I0N
BASE/NREF INT: 242580./ 242580.
C: 808. 170 324 71 35689. 14.7 14.7 0.9%
HASS RANGE: 30 - 932 i74 323 74 11352, 4.7 4.7 0.3%
PEAK  MEASURED  NO.  ABSOLUTE % INI. % INT. % 10T 1‘33 gfé? Zf fﬁggg . Z 3 33 34’*
i ME? . \ . . . . . . .
ND. MNSS POINTS  INTENSITY  BASE NREF LON %gz gég E% ”‘1’33 : 31 2 g 2 g g
S0 444 43 15577. 6.4 6.4 0.4 596 298 43 7692. 3.2 3.2 0.2
54 A43 43 13067. S.A 5.4 0.3 208 286 A3 8672. 3.6 3.6 0.2
52 442 51 44234 i8.2  i8.2 &é 209 285 11 7682, 3.2 3.2 0.2
S3 LI 43 9233. 3.8 3.8 & 240 284 S 9813. 4.9 4.0 0.3
54 440 43 10300. 4.2 4.2 0.3 2i4 283 Si 10068. 4.2 4.2 0.3
69 426 43 7985 3.3 3.3 0.2 2i3 284 Si 7288. 3.0 3.0 0.2
9 405 43 12046 5.0 5.0 0.3 224 a70 Si 7900, 33 33 0.2
105 389 43 13795 5.7 5.7 0.4 225 269 Si 8803. 3.6 3.6 0.2
i06 388 43 20648 8.5 8.5 0.5 236 258 S 15884 . 6.9 h.5 0.4
116 378 43 15877 6.5 65 0.4 237 257 3 9053. 3.7 3.7 0.2
124 373 43 10473 4.2 4.2 §.3 238 256 o 11500, 4.7 4.7 0.3
123 374 43 3.7 3.7 0.2 239 255 43 8908. 3.7 3.7 0.2
136 358 43 13668 S.b6 5.6 0.3 2% 243 43 7860. 3.2 3.2 0.2
137 357 43 4.2 4.2 0.3 254 242 Si 11780. 4.9 4.9 0.3
138 356 A3 13442 5.9 5.5 3§ 241 5 §5454. 5.5 6.5 0.4
13 355 43 4.0 4.0 2 253 240 54 12923 5.3 5.3 3
140 354 S 11045 4.6 4.5 0.3 254 239 o 15927. 6.6 6.6 .4
150 344 43 14585 4.8 4.8 0.3 259 238 Si 20860. 8.6 8.6 .5
154 343 59 7384 30.4 30.; é.?t 263 230 43 7441 . 1 3.4 2
i52 32 87 199712 82.3 82. AR 264 229 A3 7649 . 3.2 ] 2
153 344 103 242580 100.0 100.0 6.2% 264 227 5i 9887. 4.4 4.4 .3
154 340 103 157652 65.0 65.0 4.03% 268 225 5§ 10439, A3 4.3 0.2
155 339 87 6745 27.7  27.7 1.7% 249 224 Si 8811. 16 3.6 2
156 338 287 118940 492.0 490 3.0% 278 218 ) 9585, 4.0 N 2
157 337 239 89812 37.0 37.0 2.3% 280 23 8029. 3.3 3.3 .2
158 336 87 14513 6.0 6.0 0.4 282 241 43 7785. 3.2 3.2 .2
167 327 3 22960. 9.5 9.5 0.6 283 240 St 9155, 3.4 3.4 0.2
168 326 S 37418, 15.4 iS.4 1.0 291 204 o4 7734 . 3.2 3.2 0.2
169 325 54 23531, 9.7 9.7 b.Ex 292 200 13 10872 4.5 45 0.3
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APPENDIX II

The Positive Ion FAB Mass Spectra of the Teta Metal
Containing Complexes other than Cobalt

Page Complex

Al8 (HgClz)z(tetb) using Coprecipitation
A20 Cd(teta)Cl2 in Thioglycerol

A21 Cd(teta)Cl2 in Glycerol

A22 [Mn(teta)Clz]Cl in Thioglycerol
A23 [Mn(teta)Clz]Cl in Glycerol

A24 Zn(teta)(‘.l2 in Thioglycerol

A25 Zn(teta)Cl2 in Glycerol

A26 [Cu(teta)](ClO4)2 in Thioglycerol
A28 [Cu(teta)](ClO4)2 in Glycerol

A29 [Cu(teta)]Cl2 in Thiolycerol

A30 [Cu(teta)]Cl2 in Glycerol

A31 [Ni(teta)]Cl2 in Thioglycerol

A32 [Ni(teta)](‘.l2 in Glycerol

A33 Zn(teta)ClNO2 in Thioglycerol

A34 Zn(teta)CINO, in Glycerol
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FAB Mass Spectrum of (HgCl (tetb)
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Quantitative Report for the Complex (HgClz)z(tetb)

OP4 . {0BCHE HS

GEAN:

IONISATION: FAB

ND. PEAKS:
BASE/NREF INTA?

TIC:
MASS RANGE:

PEAK
NO.

e 0D NO Ve g o O NIoN Ul Girg =

PO 00 gt 5 g B ot 0% i b gt

i, 1/ 8/85 11:40
327
1766848,/
1A - 643
HEASURED  NO.
HASS  POINTS
643 29
633 g4
632 5
627 I8
608 &
07 a3
404 a3
605 43
404 5
503 35
595 15
594 35
£93 15
592 33
691 43
£99 35
589 43
548 15
Stk 29
533 35
532 3
531 35
520 %
519 35
&8 35
547 35
497 35
495 35
483 38
483 35
482 5
481 35
459 ki
453 35
359 51
35 43
353 51
133 &1
324 1
307 59
297 1
287 5
28b 87
285 175
84 87
283 103
81 71
269 54
184 59
183 74
172 of
169 g7
187 74
155 71
153 87
143 74
143 &
14§ 74
140 87
139 g7
134 g7
129 g7
128 1

1764848
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A20

FAB of Cd(teta)Gl2 in Thioglycerol

ceel.l L7IC=1149212, 198%=48L58] FAB

fxx]
i
PN
[
0

L1
o
>

-

Cd(teta)Cl

B e
L)
i

o oo -
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Do
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e 0
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3 Let 2 faaa].
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fan

Licx)
{
02
[Xx}
o
s o
[y
B -]
e
o
.
[0 encemm———y

I 447 460
' 40

o
"ot

4,

X1}

S D @

teta+H

it

i 4

Y g~

=
L}

LA <N
oy

1

L

<
299 aiv 348
L Y 3l Sodeadl 3.
T8 T vt T Td 8 1 7 LB L AL I L ) T ¢ ¢80 8 8 v 8§ LI 2 B A L DB DL

320 340 db@ 3840

- T
LCu O
[

(23]
D
3

i H
[
oo
DA
T

y [x s
i 8,
O
[

)

apA- 850004
JEZN?FM{'MSE/ZU/BS 11: 4
ISNISATION rA
BASE/NREF INT 49348./ 49348.
TIC 1149312,

HASS RANGE: 18 - 903
RETN TIME/MISC: 0: 0/ 0/ 0/ 0

ASURED  ND. ABSOLUTE % INT. % INI. % TOT.
PESK HE%%%%ED NO. ABSOLUTE % INT. Z INT. %707, PEAK HE RIS m

POINTS INTENSITY "BASE' 'NREF  ~ ION NO.  HASS  POINTS  INTENSITY
119 87 ss8. 113 443 0.3
e o o L S A v BN ¢ B! | g9 124 {2 0l
5 4% a3 177794, 3.0 360 15 478 {12 119 g4, 167 b7 078
5 43 43 11094. 225 225 19 179 i 59 e 78 78 0
& a3 5 ase.  Bz2  g22 35 ge1 140 103 w707 :
7 43 5 24003, 486 436 2.4 182 D8 8 ORI B A B 51
88 59 3455. 9z 492 308489 il 87 sp62. 107 407 0%
22 AW 13 183%. .3 373 s 90 d0d 87 §a0d 130 130 06
B ey 43 13034, 22800 @0 12
2 Ay 35 262, 'S.3 53 02
82 28 a3 7283, 147 147 0k
63 285 59 W3 77 737 32
66 283 43 218, 207 207 09
2 B
123 183 i3 16 R S B
125 8l 7 Se53. 406 106 05
3 49 7 ETTIO X B B o
133 167 7 2905 819 59 0.3k
38 {55 8 SB35 418 118 4
147 443 87 Sdt. {19 119 05
149 1af 59 9918, AL A4 0.9
59 13 87 14359 &30 @30 i
6 129 7 TS % S % B
62 128 13 207 59 59 03
163 {2 st 23706 Ap.0 4B 2.0
64 i3 &1 819, 958 98 14
{65 128 ) AfS6. B4 B4 004
66 124 103 2. 86 8% 04



FAB of Cd(teta)Cl, in Glycerol
Llacma2.l [Tll:':].?f;'gl?ﬂd . 198%=154252] FAB
‘ 433
Cd(teta)Cl
L
Ko
1@
oo fir
= iy
Il
a | )
" WM‘;::T}?}I o ;1 Wil ’4?? o
H5Y Wit 2 44w wew 488 Spa
1o
e
G
g
v::&':lj
Si_
4 |
>@_ 282
ARCh SED teta+H
ol 1255 L e 286 317 530 348
268 “es  we@ 328 46 368 380

WAL NS 3rma 9.3
LovISHTION: 4L

DRSEVNREE INT:~  iSAZS2./ 154252
6. 1725184, _
HASS RANGE: 68 - 539

RETN TIME/NISC: 0:0/ 0O/ 0/ 0O

PEAK  MEASURED  NO.  ABSOLUTE % INT. % INT. % T0T. PEAK  MEASURE .
NO. ¥ASS  POINTS INTENSITY BASE  NREF oN MO, Rt poin T Toll- XML T

0 WASS  POINTS IMTENSITY ~BASE  NREF  ION
3 a9 2t 2994. 19 19 0.2 32 3N 2 204, L

i a7 % €04, 34 34 03 3 3y 5 oo T G B
5 4y 29 2640, 17 17 02 3 3k 2 fMos. 24 21 02
§ At 2 asss {7 47 0 ¥ b S LA O S W S X
7 4 1 € 33 33 03 3% 5es 35 wes, 32 32 03
I V11 25 35 14 11 0l ¥ e 2 8 32 013
9 A13 25 2544 ie 16 04 38 283 87 34786, 236 2486 2.0
' NN B BN IENAN T N B I
5 A% 119 bisee. a7 a7 37 M & sWe7. 23 23 0.2
(5 43 103 e, W7 37 27

23 {9 oA 10000 1000 8.9

A 119 §eB73. 434 434 3.9

5 431 43 19208, 773 773 6.9

7 430 103 8760, AAb  A4p 40

g 429 119 agi7i. 32 32 2.8

5 428 59 §897. 5.8 58 0.5

20 47 . 8 W07i4. b9 B9 1A

3 435 54 ased. . 30 30 0.3

2 A9 ] 7829, 48 48 Qa4

55 s 2 g595. 43 A3 D4

2 a7 % 26590 18 46 O

5 415 3 fig2. 27 27 12

B 21 uH. 22 2% 003

5 43 5 OO T S I

%% 397 29 Wee. A3 23 0.2

2 394 25 g, 21 31 02

B M 29 w3 23 23 0.2

3 3 5 S-S WS I
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FAB of [Mn(teta)ClZ]Cl in Thioglycerol
ECAB2,1 [TIC=2870272,. 168%=5152801 FAR

s:?d'
7 #16

p—
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o
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i
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| s
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273
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ova s8a £330 3
PRARESC00E S0 20/85  14.20

JONISATION: FAB

ND. PEAKS: 3%2

ot
pros

PEAK  MEASURED  NO. ABSOLUTE % INT. % IMT. ¥ 70T.

%?EE/NREF INT: _ 615280./  615280. ND. WASS  POINTS  INTENSITY BASE ~ NREF 10N
MASS RANGE : iB - 944 64 354 35 1980. 0.3 0.3 1.4
RETN TIME/MISC: 0: 0/ 0/ o/ 0 69 346 35 2660 0.4 0.4 0.4
70 345 29 1849, 0.3 0.3 0.4

PEAK  MEASURED  NO. ABSOLUTE X INT. % INT. Z 107 Pl 344 35 bhaa, i 1.4 0.2
HO. MASS  POINTS  INTENSITY BASE  NREF fow 73 342 35 2025, 8.3 0.3 0.4
76 337 35 3213, 8.5 0.5 0.4

15 420 35 4206 2 0.7 47 336 35 3254, $.5 0.5 0.4
i7 418 35 4630 .8 0.8 .2 7 3 35 2967. 8.5 0.5 0.4
25 408 29 032 .3 0.3 4 % 43 8363, i.4 i4 0.3
26 406 35 2003 3 0.3 48 332 35 4419, 0.7 §.7 0.4
28 404 29 1874 3 0.3 40 8 329 29 2152, 0.3 0.3 0.4
30 402 38 3534 b 0.6 489 320 35 6076. A i.0 g.2
31 04 35 10062 b 1.6 3 9 348 43 5647 9 0.9 g.2
37 390 35 S2 .9 0.9 .2 92 347 43 2998 5 8.5 0.4
BB O% O Loy ongomo8 o o@monoo
40 387 29 24 4 0.4 4040 304 35 2264 4 0.4 1.4
M 386 35 8i46 .3 1.3 .3 102 303 35 3297 .9 0.5 0.4%
OB O & o@BopoHm & o§o&, b
44 378 35 35 .b 0.6 40405 300 43 2618 A 0.4 0.4
15 377 43 374 6.0 6.0 {.2% 106 299 59 3787 b 0.6 0.4x
46 376 7 202360 329 329 6.6 108 297 35 2368, A 0.4 0.4
47 37 be! 125200 203 203 4.1% 149 289 35 3440 b 0.6 0.1
48 374 103 615280 100.0 1000  20.0% 146 208 35 3803. .6 0.6 0.4
49 373 54 37657 6.4 6.4 {2y 447 7 74 9i62. 1.5 1.5 0.3%
S0 372 1 65154 10.6 106 2.4 118 286 St 37439, 6.0 6.0 i.2
51 374 35 3222 0.5 0.5 0.1% 119 285 59 133356, 247 217 4.3
52 378 35 8305 1.3 i.3 0.3 420 284 43 272, 0.5 0.5 0%
g 361 35 4287 0.7 0.7 0.4 i2i 283 43 15789. 2.6 2.6 0.5%
58 340 43 22988 3.6 3.6 0.7 123 281 35 2697. 0.4 0.4 0.4
59 359 43 {2525 2.0 2.0 0.4 424 280 35 2760 . 0.4 0.4 0.1
60 358 Si 58782 9.6 9.6 1.9 F& 78 %E 3067, 0.9 0.5 0.4
64 357 3 2304 0.4 0.4 0.4 18 76 2268, 0.4 0.4 0.4
62 354 35 5579 0.9 0.9 0.2 {29 27s 35 3695 0.6 0.6 0.4
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FAB of [Mn(teta)Cl ]Cl in Glycerol
il .1 ETIC

15?@ 136, 188%=22472081 FAB

Fere]
au |
3gd
)
il -
- &
Ca | 464
10 { oo . 43
W ERe 4mg o413 (490
2id
ST 448
25, zegq (419
e il |
e Ll lﬂd ‘”J!lhuJ‘i”!”“dﬂdJld"nudH"lhuundJﬂunndullafn
LA 2 B Bt ) ! L LB L B A ) ] LR LR BRI ! L DR L L ANLL A I AL ’ l.. L L L L T I ! l_l E N L L ) kl L L L
466 428 443 =35 o8 Laa
e 274
=T *28
GJ Mn(teta)Cl
=1y
e
59}
3Y% 2es
46“ t
cluy teta+H
.::@_‘_
s i 2HE 358
| j 334 344 | I I
a”“ﬁ“n“l‘?i’lnh‘l%‘;'ct Tt i3|€jl1l 1!1';';i_i||rl§¥:‘el§ 1N %‘;‘illlflll'l (e ‘; L‘!‘!_{cl T
cod I6a 329 346 26a SEe
PEAK  MEASURED  MO.  ABSOLUTE % INT. Z IMI. % T07.
NO.  HASS  POINTS INTENSITY ~BASE  ~NREF ~ ION
ZpApitacHy g , 7 19750 1.9 0.9 4
S Rornm 130 % 3 %%Z 71 28255 {3 1.3 2
TONISATION: FAD 142 354 54 18303 18 08 B
NO. PEAKS: 435 159 316 74 29861 13 13 2
PASE/NREF INT. 2247808/ 2247808. {54 345 87 26491 12 g2 3
15707136 183 a4 87 56696 30 30 4
T 153 343 74 18168 18 08 g
RETN TIME/KISC: 0: 0/ O/ O/ 8 {53 338 59 39165 17 47 2
{59 337 59 34865 16 14 2
PEAK HEASURD MO ABSOLUTE X INT. ZIMI. z7TOT. 160 33 103 59849 a3 23 3
NO.  MNSS  POINTS INTENSITY ~BASE' NREF . ~ TON' 41 335 103 30788 £ i o
162 33 175 83912 37 37 o¥
31 466 54 22307 Ly 10 S A 143 45743 20 2 33
33 464 5 62308 g 28 4 30 74 20397 g9 09 it
39 148 81 28104 £33 {3 2 16b 329 74 18529 08 0.8 g
63 434 51 30840 {1 1 2 174 324 74 18154 18 0.8 4
67 430 §4 43730 919 347 330 71 46280 24 24 3
69 428 & 39573 g 18 3 177 318 87 43956 82 32 3
; 450 g 34409 5 45 2178 317 74 23905 1 {1 92
79 a{g 5t 40098 8 18 3179 316 74 35606 16 4b 2
8 411 g4 20508 909 4. 180 35 7 41309 18 18 3
87 310 g9 3 S 1192 303 7 24447 {4 i 2
88 409 31 24102 q0 i 2 193 302 87 29406 13 {3 0.2
93 04 54 40126 8 i3 3194 301 119 59902 217 27 4
99 398 3 20328 909 1 1% 299 87 19380 g9 0.9 g
107 390 51 42334 919 3 198 297 74 19518 19 0.9 i
108 389 &1 19257 909 1 a0 294 59 18036 0.8 08 0%
109 388 g9 57670, 2.6 2.6 4 208 389 71 27757 {2 12 2
151 386 €9 39160, 717 2 207 289 74 24937 (1 i 2
{19 378 6536 2 12 2r 508 297 74 33564 15 15 3
20 377 10 233928° 404 10.4 St 209 286 7 47034 21 2 3
21 7 103 1331872)  SA'3 S48 7.9y Big 285 87 220524 $8 98 3
122 375 a7 797935, 355 355 54y 244 281 7 22062 £ 4.0 i
123 374 119 2247808 100.0 400.0  14.3k* 5i2 303 74 77236 34 34 5
£33 33 75440, 123 123 188 343 282 71 18177 18 03 By
125 172 175 3352 (44 140 2 ) 28§ 7 36073 16 16 0.2
3 370 7i 20722, 0.9 09 0.4 2s 280 7 29952 3 41 0
135 361 59 273,  f2 12 0.2 5ib 279 74 {9635 09 0.9 0
134 360 7" tiesdd. 50 90 0.7 27 278 7 27015 g2 12 0.2
{37 359 87 76548 34 34 05k 519 374 921 27215 £2 12 02
138 358 103 93072, 130 130 1.9% 239 275 7" 32765 s {5 03
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FAB of Zn(teta)Cl2 in Thioglycerol

PRI L1 TTIC=2615744a, 1B8%-293104] FAB
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9 _| Zn(teta)Cl

20 | teta+H Zn(teta) 2a

12... 285 = = G? et

B f“ LB ) " ‘% t 4 ¢ 1 ¥ § vty 8§ 6§ '::::1|4 T 6 ¢ ¢ & § 1§ § & 1) |_L[L;3|4:}| L S § T 1 ¢ 1 :ll L2 L) l: LB} !]‘
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1]

ta15]
4.
LA, isms 13.40
1ONISATION: FAB
NO. PEAKS: 33
PASE/NREF INT: 293104./ 293104,
Tieo - 3eie7a4.

HASS RANGE: 18 - 493
RETH TIME/MISC: 0:0/ O/ 0/ 8

L]

.
o

PEAK  HEASURED  NO. ADSOLUTE % INT. X INT. X TOT. PEAK  MEASURED  MO. OBSOLUTE % INT. % INT. % T0T.
NO. MASS  POINTS  INTENSITY BASE  NRFF ION NO. MASS  POINTS  INTENSITY BASE  NREF 10N
i7 404 29 2974. i.0 i.0 0.4 8% 35 "M 3645 {.2 i.2 0.4x
i7 399 a9 4941, 1.7 i.7 0.2 86 314 59 3980 i.4 1.4 2%
24 197 35 5936, 2.9 2.8 8.2 g3 32 35 3593 1.2 1.2 A
2 395 22 2659. 8.9 0.9 8.4 99 3i0 29 3743 1.3 1.3 A
26 390 35 6928, 2.4 2.4 0.3 400 298 35 2501 1.9 0.9 A
27 389 35 39164 13.4 13.4 1.5 108 289 35 2970 }).0 ‘1,.0 A
28 308 35 826 {2.6  12.6 1.4 {44 28 9 2.5 2.5 . 3%
29 387 S9 158536 9.4 S4.4 6.4x {12 28 59 27255 9.3 9.3 2
30 386 43 245 245 2.7% 143 284 3 i.6 1.6 e
do§ 8 omd RIom o ndom owom onoH
33 383 ps! 293404 100.0 i00.8 11.9% {16 281 43 4453 1.4 1.4 .2%
34 382 35 2.2 2.2 8.2
35 384 35 24004 8.2 8.2 0.9
37 379 29 i.0 i.0 A
49 373 35 3583 i.2 i.2 A
44 372 29 .9 i.0 4
42 374 35 13044 4.4 4.4 .S
43 370 35 i.8 i.8 .2
A4 369 35 18899 6.4 6.4 .7
15 268 35 i.6 i.6 .2
46 367 35 21076 7.2 7.2 .8
Sé 354 29 2590 0.9 0.9 A
58 349 35 5088 1.7 1.7 .2
] 347 43 8392 2.9 2.9 .3
62 345 43 9927 2.0 2.1 2%
b4 343 Si 3123 1.4 i4 0.1x
73 334 35 2656 0.9 0.9 0.4
78 326 29 2579 0.9 0.9 0.4
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FAB of Zn(teta)Cl, in Glycerol
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iZBCME.1 LVIC=23ECE7E, 1086%=3vuEaez] FAB

188 _
L) 2|
30 |
ve.
g |
Le_
41 | (Zn(teta))2C13
38, 805
29
16|
@ |
1391 Zn(teta)Cl 383
26 _|
e
7
e
6 |
o
40
1o)
o8|
8_
8a 5a ofs] 56 a9
4. 130CH3. HS
A "i“ 1/30/85 14: 8
10NISATI
a6
s?ss/uasr INT: ) 370592./  370592.
HASS RANGE: 14 - 811
RETN TIME/NISC: 0: 0/ O/ 0/ 8
"PEAK  MEASURED NO.  ABSOLUTE % INT. % INT. 2 707. PEQK MEASURED _ HNO. BSOLUTE. % INT. % INT. 2 T0T.
N0, NASS  POINTS INTENSITY ~BASE NREF 0N 53. ﬁﬁgg POIRTS Qmeusm BASE NREF 108
s 807 9 AD61. 1.4 §.4 0.4 11 345 59 7341 2.0 2.1 .28
i 805 %9 509%1. {4 {4 0.2 113 343 g9 4240 {1 H .%t
9 803 9 4323. 1.2 i'f H 129 32h 5 4249 it : A
A0 A29 g 3960 {1 . 1 438 315 71 3974 i 1.3 A%
60 404 38 4507. {2 {2 0.4 139 314 74 5481 {4 %.4 48
62 399 35 7549 2.0 2. 0.2 iai 312 A3 6429 i 14 X:
64 397 g 7509 2.2 2.0 n.§ 143 340 3% 4912 .3 o 0.1
66 395 35 4197 g [ 0.1 i54 298 35 3776 0 §.0 84
70 390 I 9196 25 25 0.3 166 284 43 4398 (.2 {2 4
71 389 A3 50498 13.6 136 1.5 167 285 71 7044 1.9 19 2
72 398 ] 45955, 12,7 127 1.4 168 284 43 5246 1.7 i 2
Ao@ g 3R oA omm B 4 WoH o iE
75 185 74 323246 §7.2 872 9.5% 174 FETY 43 5469 {5 {5 0.2%
76 364 74 76 20.6 %o.s Hz
383 87 370592, 100.0 100.0  if.
78 82 5i 9854 2.7 27 0.38
79 384 A3 27748 75 75 0.8
85 373 35 1.4 1.3 .2
86 172 15 i1 i1 1
87 kv 41 43 16564 45 4SS S
370 43 4 2.0 20 2
89 389 43 26337 7.1 7.4 8
0 368 35 1.7 1.7 2
9 I 43 28032 76 7% 8
T S S O & O £
108 348 15 3956 i it &
109 7 i 12194 33 33 Ay
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in Thioglycerol
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A27

Quantitative Repsrt for ,[Cu(teta)](Cl0¢)2,~in Thioglycerol

PEAK  HEASURED  NO. ABSOLUTE % INT. X INT, X TOT.
NO. HAGS  POINTS  INTENSITY BASE  MNRET 100

55 359 5 4303 2.6 2.4 0.1

s 358 25 1774 1.4 1.4 0.0

57 357 29 224 .3 {3 0.4

&4 350 5 432 2.6 2.6 0.4

62 349 3K 20417 12.4 12 8.5

63 348 43 25595 5.2 152 0.6

64 347 51 73598 436 Al% 17

65 348 31 41370 245 245 {0

4% 345 g9 72216 28 428 £.7

67 44 35 946 S.b 5. 0.2

&8 343 71 13033 7.7 7.7 1.3

69 342 35 2014 i.2 1.2 0.0

70 34 43 3602 2.1 2.1 .5

74 334 35 3.4 3.4 0.4

75 333 43 28562 6.9 169 6.7

75 332 35 13877 8.2 8.2 0.3

AN R B A S 5 B 5

DF 4120402 45 % 39 13 1359, 80 20 0.3
P T T
AONISATION: AR 84 15 38 2043, 2 £2 00
BASE/NREF INT: ~ 168632./ 468632 ] 3t 43 gsd. 17 17 b
TIC: 4353534 87 348 35 3545. 2.4 2.4 0.1
HASS RANGE: {4 - 552 8 %%Z g 2;:253 3 3 “ 02
RETN TIME/MISC: 0.0/ 0/ 0/ 0 32 %ﬁ % ?%%? gg ;2 %{
PEAK  MEASURED  NO.  ABSOLUTE % INT. % INT. % TOT. . . .
. 33 43 2879 W .7 0.1

ND. MASS  POINTS INTENSITY BASE  NREF 0N §§ . %E ‘ZE %% % 3 : % 8 %
a [ . . .

;3 = 4 I C SR TSR T S 1 ST S 5 2048, {2 2 0
10 462 39 3540 i'g {8 R 97 304 25 2685. 1.6 i.6 0.4
2 460 29 3052 i {8 8.1 98 303 35 3254 . i.9 i.9 0.4
is 454 35 4587 2.7 2.7 0.f 9, 30 35 4168, 2.5 2.5 0.4
1b 450 35 18586 (1.0 1.0 0.4 100 04 35 2887 1.7 1.7 0.4
i7 449 15 19120 f1.3 113 g 4r f04 300 29 2619 1.6 b 0.4
18 448 51 95234 56,5 G4.5 2.2 102 299 35 2222 1.3 .3 0.4
i9 447 43 24189 {4.3 143 0.6% 303 2798 35 1849 1.4 K1 0.0
a0 445 59 122824 72.8 728 2.5% 104 297 35 2709 {.6 1.4 0.1
24 445 29 {2 {2 ] 296 35 1921 1.4 14 8.0
] A43 35 5192 3.7 37 g1 106 295 25 2492 1.3 3 6.4
23 434 2% 2687 1.6 16 g.4 108 293 22 1793 {4 1 9.0
24 433 a9 2341 i4 {4 9.4 140 291 29 2269 1.3 .3 0.4
25 432 35 9490 5.4 S .4 2 1§31 290 35 3795 2.3 2.3 0.1
4 434 a5 ie ie i 42 289 35 4056 2.4 2.4 0.4
27 430 5 £§348 L4 44 2 413 288 35 5715 3.4 1.4 0.4
ki 409 35 i8 i'g f 0 ii4 287 41 3512 2.4 2.1 0.1
34 387 29 2873 {7 1.7 K {19 286 43 5369 3.2 3.2 0.1
15 386 29 5544 33 33 Rt 285 S 15282 9.4 9.4 0.4
k(A 335 5 A4 A4 2 117 284 35 394 2.3 2.3 0.4
17 384 35 24608 12°8 12°8 5 148 283 43 17604 i0.4 i0.4 0.4
38 383 29 5032 34 38 4119 282 35 3496 2.4 24 0.1
39 382 35 28036 166 16.6 e d20 281 43 6046, 36 36 0.4
A4 377 35 {.2 {2 0 12t 279 43 3347. 2.0 2.0 0.4
54 Th3 35 2406 1.4 1.4 R 278 35 {998 {.2 £.2 0.0
52 342 25 2284 {4 i 4133 277 43 4485 2.5 2.5 0.4
83 361 35 4§24 2.4 2.4 124 276 35 8284 4.9 49 0.2
54 360 3% 2807 {7 {7 0.4 125 375 43 7899 47 4.7 8.2
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1ONISATION: FAB

HO. PEAKS: 247

WSE/REF I 21720/ 2357,

IC: .
MASS RANGE: 68 - 507
RETN TIME/MISC: 0: 0/ 0/ 0/ @

PEAK  MEASURED  NO. ABSOLUTE % INT. % INT.
MD. MASS  POINTS  INTENSITY BASE  NREF
i 507 a4 2447, 1.0 .0
2 497 2f 3244, i.4 %,4
3 476 35 4004. 1.7 1.7
4 462 A3 4966. 2.4 2.4
g 458 35 2569, i.4 i.4
7 451 A3 6549 2.8 2.8
g 450 " 20547, 8.7 8.7
9 A49 74 16693, 7.4 7.4
10 448 102 89656. 3.0 3I8.0
i1 447 87 25345, i8.7 0.7
i2 446 143 i17024. 9.6 49.6
13 444 6282, 2.7 2.7
14 433 2 2689, i.2 i.2
{5 432 7§ 12442, 5.2 g.2
i6 434 3367. i.4 i.4
17 438 721 14753, 5.0 S.0
i8 444 24 2683, i4 114
19 410 25 2909. i.2 i.2
20 409 3 3868, 1.6 1.6
24 398 2t 2677. i4 i4
22 386 29 2843, i.2 1.2
23 385 29 4047. 1.7 1.7
24 363 29 4254, i.g i.8
25 362 a5 4621 . 2.0 2.0
26 364 25 3997 1.7 1.7
27 360 35 2083 i.2 i.2
o8 359 35 5920 2.5 2.5
29 350 43 2.2 2.2
30 349 103 36043 8.3 153
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103 28452
119 127052
t 35954
143 96518

9 7183
103 26836
35 3617
35 8364
103 35576
59 12902
103 68228
31 9065
7 16278
24 3042
35 4763
] 973
a3 4576
74 7455
35 497
29 3077
35 4224
43 £090
35 5622
29 3565
35 3394
25 3955
35 3545
29 5170
25 3581
87 16892
103 71908
29 3747
87 26405
25 2785
7 9435
i3 405
21 3233
29 3981
59 12720
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FAB of [Cu(tei:a)](‘.l2 in-Thioglycerol
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GCAN: 1. 2/720/85 {4:46

PEAK  MEASURED  MD.  ABSOLUTE % INT. % IMI.
LNISATION: FAL : ND. HASS  POINS INTENSITY BASE  NREF
TASE/NREF INT:  136500./  136500. 73 343 5§ 923 68 6.8
T 3304568, 74 242 43 2051 . 24 24

ASS RANGE: 18 - 804 75 341 71 3651 a7 29
R TiNEirsc™® 0. 500 o o 0 79 334 5 4123 45 45
80 3 a3 25495, 8.7 187

PEAK  MEASURED  NO.  ABSODLUTE X INT. % INT. % TOT. 8i kiH] A3 13239, 97 97
WO, HASS  POINTS INTENSITY BASE  NREF- ~ IUN ag %%6 gg 51634’ 4“ 4“
omoop o omopowono8 g & 4w oo
10 482 29 3193 S N 86 137 43 3840 31 21
17 428 a9 2043 15 - : 92 1) 13 2715 ap 20
g 398 29 2262 7 192 04 94 37 87 9457 59 69
3 3% 35 a3 {7 17 01 9g 36 5§ 577 42 42
3 387 35 28 28 014 9% 345 175 23478 17.2 178
i 86 i 13152 96 946 04 97 43 5i 278 20 2.8
3 85 3 12999 95 95 D4 98 243 271 5445 40 48
I 382 51 £3959° 469 469 {9 99 332 7 3470 23 23
17 33 A3 17383, 427 127 0.5 100 3¢ 59 3530 19 19
39 I 59 83746, 6.3 1.3 25% {05 304 29 2204 6 14
I 8t i k{1 23 2.3 01 10k 303 29 3090 £5 1§
40 390 ki 7645 S6 S4& 0.2 107 302 3 4099 30 30
42 178 29 2313 17 17 94 18 304 ki 2412 {5 1§
5§ 348 35 3344 24 24 0.1 109 300 3 2672 20 270
£3 6 K 3535 a2 4140 299 I 3196 33 23
8@ ¢ oo@ 0N oWoEomo5 om o on
59 360 2 3042 32 22 1 594 g 3447 gt 5
60 9 35 3574 36 2% 1119 289 ki 2849 EX 21
81 58 5 2669 £9 19 1 120 288 15 6300 I 4%
64, 350 ki 197 24 204 4 1ae 287 5 3429 25 2%
87 139 43 14133 f0'4 104 4 122 286 59 136880 10.0 100D
8% 348 3 40846, 299 299 2 133 285 gy a3 387 2817
89 347 59 s175. 392 3902 by 134 284 35 11837 45 8BS
78 346 7 9i228°  b6.8  bb.B 288 135 283 51 §3392.  39.% 191
74 345 59 S2304 J8.3 38.3 by {24 292 43 6012 A4 4.4
72 344 9 17504. {28 128 0.5% {37 28§ b 7792 €7 57
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FAB of [Cu(teta)]Cl, in Glycerol
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IDMSERQH FAB

BAST/NREF INT: 363376.7 363376
TIC: Jaaznza.

HABS RANG E 30 - 608

RETN TIME/MISC: 0.0/ 0/ @/ O

PEAK SURED O ABSOLUTE % INT. Z NY %701,
MO, HE% 55 POlI‘NTS INTENlS'I Y B%gE H
342

g .9 0.9 0.8

1% 385 59 2336 T SR OF R 8

i7 384 7 16148 4 4 5

18 383 71 i4 14 2

{9 382 74 21534 §9 5.9 7

21 380 5§ 1.5 0.5 1

24 74 9 2917 08 0.8 iy

a5 7 £817 19 49 2

34 173 5 2139 0.6 0.6 K

3 k1Y &4 1927 0.5 0.5 1

kel 359 74 3373 2.9 0.9 g

] %7 9 2043 06 06 1

37 339 74 035 2.2 2.2 9.2

gg 54473 5% 24103 E Z E Z 73

40 344 7 {5597 13 43 ‘S PEM MEASURED  ND.  ABSOLUTE % INT. % INT. % TOT.
af 34s g7 23108 6.4  b.A 7 NG,  KASS  POINTS INTENSITY BASE  NREF  IOM
42 342 7 0y 0.9 1

43 343 7 4398 2 42 N ] 299 71 4398 12 t2 0.
50 733 74 Sibh 4 14 2 8 297 74 1580 i3 130
5§ 332 59 2247 b 06 i o8 787 8 4668 {3 130
52 331 7 9372 26 2 3 286 g7 108 408 ¢

53 330 51 1947 05 95  0.4% 90 285 119 199028, S48 548 4

54 329 59 3926 08 0.8 04 9 284 74 77 24 24 0

g9 323 31 3329 .6 0.6 0.4 92 283 71 22332 S S SO |

b 331 7 5332 717 12 9 281 54 3577 97 07 1
bb 314 59 2745 0.7 0.7 A 9% a7 59 5548 s 15 1

67 315 87 4023 g 11 197 976 &9 2373 86 0.6 0

78 301 74 1360 9 99 1 ars &9 3533 07 07 0
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A31
FAB of [Ni.(l'.eta)]Cl2 in Thioglycerol

sLUB17 .1 LT1C=1228205, 1688%=1523%2] FAB

189 288

7 +5 #5

tet
9i | eta+H
£9_
70 |
68
o41
L@ Ni(teta),
43
30 |
£e
Ni(teta)Cl
e Sk 423
ABE
@""‘LC“M ] i'l NI AN TN WS NN R IS I B R B IO N L B
275 L] 225 250 578 4Rl 425 450 475 Eop

BRANISCOIT Sy aerps  43.53
o of

WeehiBlR nés  isomsa.s  ssemse.
TIE: 1288254

WASS RANGE: 68 - &5%
RETH TIMC/MISC: 0: 8/ 0/ 0/ 0

PEAK  MEASURED WO ABSOLUTE X INT. 7 INT. % TOT.
HO. HASS

0 POINTS INTENSITY ~BASE NREF  IOM

g 651 21 509 1.4 4 A

H 39 29 2434 i1 4 2

s 425 29 729 11t K

2 NS B

7 421 39 5637 R R, 4

18 79 29 2797 18 (8 2

2 7 35 284 22 22 3

{ 355 29 y 1 13 q

23 353 35 83 11 i 1

28 34b 29 09 {4 14 2

a m §§ ba 24 3'3 3 PEMK  MEASURED  NO.  ABSOLUTE % INT. 2 0T
: : 8 . %L INT. %707

31 43 3 786, 129 1219 fl38 Ror e POINTS INTENSITY DASE  MREF 10N

¥ 4 e 88 8% 8L o 35 2009 20 24 9.2

34 340 59 2055 35 135 168 ©7 310 29 2246, .5 4§ 2

35 339 £f 12897 85 8§ 1493 ¢ 309 29 2282, 1§ 1§ 3

36 338 59 532 315 3% A 59 308 3 655" 44 1.9 R

37 37 35 33 21 2 2% 83 300 29 1535, 1.0 18 1

42 59 26 165 12 12 4 64 299 35 227, 415 4§ 2

3 128 35 5485 3.7 7 Y I 097 35 2002, {3 (3 5

44 327 35 52 315 35 84 71 287 38 33}E 23 22 3

45 32 13 13618 g9 89 4 72 agb 59 31653 2008 2008 5

13 33 5 4 42 42 s 73 285 2 153352 100.9 10000 448

47 324 35 S036 3.3 3.3 -A 74 284 of 4923 3.2 3.2 A

43 323 35 3012 20 2% 2 05 83 { 14560 7 78 8

8 313 25 1640 I 1 8 82 5 2 21 2

5 32 59 1959 313 2 7 284 35 1863 {2 {2 q

hod -

ka4
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FAB of {Ni(teta)]Cl2 in Glycerol

SLOBIELL (VL0 19VE224, 100%=2400487 FAR
Jgere SER
#& #1@
1%
teta+H
o
Ve
&0 _| 423
L@ 341 5os
|_v‘
Ni(teta)

P

' Ni(teta)Cl
313_1
2|
19 | 26

ol
@1 |
"j"!‘l‘h froa Lm' -y
a1 pe{s e petel ) 440

a1 MY

GCAN: 1. 6/25/85 14: 8
10NISATION: FAB

ND. PEAKS:

BA%E/NREF {N; 24 242240./  242240.

NG RaNGE . CEg ' est
REIN TINEZNISC:. 0: 0/ O/ 0f 0

PEAK  HMEASURED ND. ABSOLUTE 2 INT. % INT. % TOT. PEAK  MEASURED MO, ABSOLUTE % INT. 7% INT. T
NO. MASS POINTS  INTENSITY  BASE NREF IO NO. HASS POINTS  INTENSITY BASE NéEF * 18}5 .
i0 434 35 2614 A A 0.4 83 338 3 5442, 2.2 2.2 §.35%
16 425 35 5144 %.i 1‘.2.1 0.3 84 337 A3 3324 i.4 1.4 0.2%
17 424 35 1.3 1.3 0.2 88 329 2 2459 i.0 i.0 0.4
i8 A23 A3 14601 6.0 6.0 0.7 89 328 35 8670 2.8 2.8 0.3
19 A22 35 3 i.3 1.3 0.2 327 43 3.0 3.0 0.4
20 421 43 11468 4.7 4.7 0.6 9 326 A3 15472 6.3 &.3 0.8
45 384 35 2905 i.2 i.2 0.4 2 325 43 2.8 2.8 0.3
A% 380 25 2472 0.9 0.9 0.4 93 324 35 4324 1.8 i.8 0.2
47 379 35 8422 3.4 3.4 0.4 9N 323 35 2573 1.4 i1 0.4
A8 378 29 2636 1.4 i1 0.{ 9 324 35 2622 i.4 14 0.4
49 377 A3 11669 4.8 4.9 b 78 3 35 2462 1.0 i.0 0.1
of 375 35 i.S 1.5 .2 100 313 35 2618 i1 114 0.4
58 367 35 3408 1.4 i.4 2 104 342 35 2662 1.4 i1 0.1
60 365 35 2992 {.2 i.2 .2 102 341 43 4760 2.0 2.0 0.2
63 359 29 2073 0.9 0.9 Jix 103 310 35 2498 1.0 1.0 0.4
b4 358 25 1967 0.8 0.8 .4 104 309 43 2926 1.2 1.2 0.1x%
A% 357 35 3404 1.3 1.3 .2 109 301 35 3073 1.3 1.3 h.2%
bb 356 35 2804 1.2 1.2 4410 300 35 2842 i.2 i.2 0.4
67 355 29 2953 1.2 i.2 KRS 9 43 4876 2.0 2.0 0.2
68 354 29 2410 {.0 1.0 A 142 298 35 2855 i.2 1.2 0.1%
59 353 29 2350 i.0 1.0 A 143 29 43 5564 2.3 2.3 0.3
75 346 35 3935 i.6 1.6 .2 145 295 35 2343 i.0 1.0 0.1%
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APPENDIX TIT

The BMASABD and Bayesian Results for the Metal Complexes of Teta
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The BMASABD data for [Co(teta)(CN)z]ClO

(a) The % Composition of the Dehydrogenated Fragments

A36

4

Fragment 7% Composition
Co(teta) 9.75333
Co(teta)-H 23.61660
Co(teta)=-2H 14.18570
Co(teta)=-3H 22.00590
Co(teta)-4H 8.59596
Co(teta)-5H 13.68690
Co(teta)-6H 2.89647
Co(teta)-7H 3.32421
Co(teta)-8H 1.93941

(b) Observed and Calculated Averaged Intensities

m/ z Observed Calculated Difference
347 0.00000 0.00002 -0.00002
346 0.00000 0.00053 -0.00053
345 0.00000 0.00920 -0.00920
344 0.12500 0.10474 0.02026
343 0.63700 0.64087 -0.00387
342 1.16700 1.16660 0.00040
341 0.81400 0.81403 -0.00003
340 1.04100 1.04100 0.00000
339 0.49400 0.49400 0.00000
338 0.62200 0.62200 0.00000
337 0.15600 0.15600 0.00000
336 0.16100 0.16100 0.00000
335 0.08400 0.08400 0.00000

Average Deviation = 0.003
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The BMASABD Data for [Co(teta)Clz]Clo Spectrum 622CM1

4

(a) The % Composition of the Dehydrogenated Fragments

Fragment 7% Composition
Co(teta) 11.44300
Co(teta)-H 18.96260
Co(teta)-2H 20.07160
Co(teta)=-3H 22.75850
Co(teta)-4H 8.68362
Co(teta)-5H 18.08070

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
347 0.00000 0.00005 -0.00005
346 0.00000 0.00117 -0.00117
345 0.00000 0.02012 -0.02012
344 0.25700 0.22468 0.03232
343 1.31000 1.31608 -0.00608
342 1.97100 1.97037 0.00063
341 2.08700 2.08704 -0.00004
340 2.09000 2.09000 0.00000
339 1.03400 1.03400 0.00000
338 2.52200 2.52200 0.00000

Average Deviation = 0.006
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The BMASABD Data for [Co(teta)ClZ]Clo Spectrum 85RP1

4

(a) The % Composition of the Dehydrogenated Fragments

Fragment 7 Composition
Co(teta) 8.49768
Co(teta)-H 14.94480
Co(teta)-2H 23.40100
Co(teta)-3H 23.58770
Co(teta)-4H 6.76771
Co(teta)-5H 18.02470
Co(teta)=-6H 2.69371
Co(teta)-7H 1.33924
Co(teta)-8H 0.74346

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
347 0.10000 0.00006 0.09994
346 0.00000 0.00139 -0.00139
345 0.10000 0.02407 0.07593
344 0.30000 0.27013 0.02987
343 1.60000 1.60741 -0.00741
342 2.70000 2.69917 0.00083
341 3.80000 3.80006 -0.00006
340 3.40000 3.40000 0.00000
339 1.40000 1.40000 0.00000
338 2.50000 2.50000 0.00000
337 0.40000 0.40000 0.00000
336 0.20000 0.20000 0.00000
335 0.10000 0.10000 0.00000

Average Deviation = 0.017
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The BMASABD Data for [Co(teta)Clz]ClO Spectrum 85RP2

A
(a) The % Composition of the Dehydrogenated Fragments

Fragment % Composition
Co(teta) 8.09828
Co(teta)-H 13.89950
Co(teta)=-2H 24.,49290
Co(teta)-3H 25.52100
Co(teta)-4H 7.09154
Co(teta)-5H 20.89670

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
347 0.10000 0.00005 0.09995
346 0.10000 0.00123 0.09877
345 0.10000 0.02118 0.07882
344 0.30000 0.23766 0.06234
343 1.40000 1.41407 -0.01407
342 2.40000 2.39846 0.00154
341 3.70000 3.70011 -0.00011
340 3.40000 3.39999 0.00001
339 1.40000 1.40000 0.00000
338 2.60000 2.60000 0.00000

Average Deviation = 0.036
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The BMASABD data for [Co(teta)ClZ]Cl

(a) The % Composition of the Dehydrogenated Fragments

Fragment % Composition
Co(teta) 2.30138
Co(teta)-H 6.72428
Co(teta)-2H 17.77230
Co{teta)=-3H 23.22440
Co(teta)-4H 7.14924
Co(teta)~-5H 16.70200
Co(teta)-6H 21.51210
Co(teta)-7H 4.,02417
Co(teta)-8H 0.59011

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
347 0.00000 0.00002 -0.00002
346 0.00000 0.00055 -0.00055
345 0.00000 0.00979 -0.00979
344 0.16800 0.11441 0.05359
343 0.74300 0.75352 -0.01052
342 2.01700 2.01590 0.00110
341 4,24300 4.24308 -0, 00008
340 4,70000 4,70000 0.00000
339 2.04700 2.04700 0.00000
338 3.96100 3.96100 0.00000
337 4.19900 4.19900 0.00000
336 0.77900 0.77900 0.00000
335 0.11100 0.11100 0.00000

Average Deviation = 0.006




The BMASABD data for [Co(teta)(SCN)z]SCN in Thioglycerol

(a) The % Composition of the Dehydrogenated Fragments

Al

Fragment 7% Composition
Co(teta) 1.91758
Co(teta)-H 24.39170
Co(teta)-2H 15.61000
Co(teta)-3H 24.52270
Co(teta)-4H 5.53024
Co(teta)-5H 16.59440
Co(teta)-6H 5.15946
Co(teta)=-7H 6.27394

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
347 0.00000 0.00001 -0.00001
346 0.00000 0.00041 -0.00041
345 0.00000 0.00779 -0.00779
344 0.10400 0.10400 0.00000
343 0.85700 0.85685 0.00015
342 3.37100 3.37102 -0.00002
341 2.48500 2.48500 0.00000
340 3.12600 3.12600 0.00000
339 1.07700 1.07700 0.00000
338 2.13800 2.13800 0.00000
337 0.77200 0.77200 0.00000
336 0.75600 0.75600 0.00000

Average Deviation = 0.001
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The BMASABD data for [Cu(teta)](ClO4)2

(a) The % Composition of the Dehydrogenated Fragments

Fragment 7% Composition
Cu(teta) 38.88720
Cu(teta)-H 7.07896
Cu(teta)-2H 40.34430
Cu(teta)-3H 1.10324
Cu(teta)-4H 12.58620

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
350 0.12000 0.17969 -0.05969
349 0.86000 0.95391 -0.09391
348 0.68000 0.73524 -0.05524
347 3.02000 2.95977 0.06023
346 0.86000 0.83727 0.02273
345 2.29000 2.31680 -0.02680
344 0.17000 0.18018 -0.01018
343 0.64000 0.62801 0.01199

Average Deviation = 0,043




The BMASABD data for [Cu(teta)]Cl2

(a) The % Composition of the Dehydrogenated Fragments

ALS

Fragment 7% Composition
Cu(teta) 25.19750
Cu(teta)-H 18.97250
Cu(teta)-2H 22.57460
Cu(teta)-3H -1.54535
Cu(teta)-4H 34.80070

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
350 0.00000 0.04505 -0.04505
349 0.24500 0.25073 -0.00573
348 0.29700 0.29238 0.00462
347 0.73400 0.72817 0.00583
346 0.47300 0.47541 -0.00241
345 0.70400 0.70658 -0.00258
344 0.10000 0.09892 0.00108
343 0.64000 0.63885 0.00115

Average Deviation = 0.009




The BMASABD data for [Ni(teta)]Cl2

(a) The % Composition of the Dehydrogenated Fragments

ALl

Fragment % Composition
Ni(teta) 18.04170
Ni(teta)-H 41.52240
Ni(teta)-2H 19.72100
Ni(teta)-3H 14.43990
Ni(teta)-4H 6.27507

(b) Observed and Calculated Averaged Intensities

m/z Observed Calculated Difference
346 0.20000 0.12932 0.07068
345 0.30000 0.31268 -0.01268
344 0.80000 0.81750 -0.01750
343 1.50000 1.48521 0.01479
342 2.30000 2.29923 0.00077
341 3.30000 3.30447 -0.00447
340 1.60000 1.60076 -0.00076
339 1.00000 0.99888 0.00112
338 0.40000 0.39939 0.00061

Average Deviation = 0.014




The Results from the Single Precision Bayesian Analysis

using Twenty Scans

ALS

Compostion (%)

least squares Bayes
Co(teta) 8.91 8.38
Co(teta)-H 15.10 16.30
Co(teta)-2H 25.07 24,65
Co(teta)-3H 27.68 25.02
Co(teta)-4H 0.00 0.00
Co(teta)-5H 23.26 25.66

(b) Observed and Calculated Averaged Intensities

m/z Obsd (%) Calcd (%) Calcd (%)
least squares Bayes
347 0.4661 0.0003 0.0003
346 0.3056 0.0089 0.0084
345 0.5297 0.1532 0.1460
344 1.6782 1.7177 1.6487
343 8.9381 10.1888 9.9406
342 15.9052 16.9065 17.7856
341 24.0697 25.0977 24,3232
340 22.0227 23.0493 20.9110
339 9.3387 3.7985 4.1902
338 16.7457 19.0789 21.0460

sum of squares, least squares =

sum of squares, Bayes = 51

.29

41.26




The Results from the Double Precision Bayesian Analysis

using Fifteen Scans

ALG

Compostion (%)

least squares Bayes
Co(teta) 9.03 7.13
Co(teta)-H 15.09 15.93
Co(teta)-2H 25.06 25.36
Co(teta)-3H 27.13 29.46
Co(teta)-4H 0.00 0.00
Co(teta)-5H 23.69 22.12

(b) Observed and Calculated Averaged Intensities

m/z Obsd (%) Calcd (%) Calcd (%)
least squares Bayes
347 0.4597 0.0004 0.0003
346 0.2810 0.0090 0.0073
345 0.5593 0.1550 0.1263
344 1.6934 1.7370 1.4391
343 9.0622 10.2844 8.8710
342 15.9140 16.8925 17.6675
341 24,0018 25.0063 25.6350
340 21.6088 22.6116 24,4974
339 9.2609 3.8693 3.6123
338 17.1588 19.4344 18.1438

sum of squares, least squares =

sum of squares, Bayes = 47.54

39.16
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APPENDIX IV

The Zn(NO .6H20 was reported to have less tham 0.0057%

3)2
chloride. The zinc nitrate complex was tested with AgNO3
solution and gave a negative indication for chloride. The zinc

teta complex was tested with AgNO, and a positive result was

3
obtained. The preliminary results indicated chloride
contamination of the teta ligand.

A sodium fusion on the teta Strem lot# 158k was dome. The
test confirmed the presence of chloride. A melting point of the
ligand clearly indicated the compound to be impure. The Strem
Chemical Co. was informed of the impurity. After a number of
denials and some checking by the company the faulty chemical was
replaced. A check on the melting point of the new batch showed
the chemical to be pure.

The impurity of the ligand was a concern as a number of the
cobalt complexes not containing chloride as a ligand, had peaks
due to chloride. A number of theses complexes were resynthesized
and their FAB spectra repeated. The complexes for which
resynthesis was deemed necessary included all the cobalt

complexes with the exception of the dichloro and azide complexes,

as these already contained chloride as a ligand.
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APPENDIX V

The oxidative dehydrogenation reaction was proposed as an
explanation for the hydrogen loss observed in the teta complexes.
The reaction was believed to proceed through oxidation of the +I
species to a +II species (ie Co(I)(teta)--->Co(II)(teta))
followed by hydrogen loss, and reduction of the complex to the +I
species. Therefore, the use of an oxidizing matrix should
increase the intensity of the species obtained due to loss of
hydrogens if this reaction is occurring.

The positive FAB mass spectra of [Co(teta)(CN)z]Clo4 and

[Cu(teta)](C1lO were obtained using nitrobenzyl alcohol as the

4)2
matrix. The spectra of these complexes in nitrobenzyl alcohol
are given on pages A49 and A50 respectively. The spectrum of the

[Cu(teta)](ClO complex was similar to the spectrum obtained imn

4)2
glycerol (page A28), with the exception that the peak at m/z 345
was equivalent in intensity to the peak at m/z 347. The peak at
m/z 345 has been identified as loss of two hydrogens from the
[Cu(teta)]+ species. The nitrobenzyl alcohol matrix has enhanced
hydrogen loss in the copper complex.

The [Co(teta)(CN)z]Clo complex also produced a similar

4
spectrum in nitrobenzyl alcohol to the one obtained in glycerol
(page A10). The peaks due to hydrogen loss, however were altered
to a great extent in the oxidizing matrix. The peak due to the

[Co(teta)]+ at m/z 343 was much greater in intensity in the

glycerol matrix than in the nitrobenzyl alcohol matrix. The
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FAB of {Co(teta)(CN)Z]ClO4 in Nitrobenzyl alcohol
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39 ig 15 bABA 3.4 34 g2 79 284 2 1114, 06 0.4 0.0 |
40 337 2 1457 0.3 08 0 13 80 203 29 1348 07 07 01
4q 135 b 1018, 0.9 0.9 04 81 282 2 TE 0.5 85 0.0
44 127 35 {804, 07 Ny 04 02 281 25 1035 05 0§ 0 g {
45 124 3% 5648, 2.9 2.9 02 83 280 kil 974 b5 T Ao
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FAB of [Cu(teta)](Cth)2 in Nitrobenzyl alcohol
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PEAK ~ WEASURED  NO.  ABSOLUTE % INT. % INT. 7% T0OT.
NO. KASS  POINTS  INTENSITY ~BASE  NREF TN
g 486 17 1024 §.4 1.4 8'1
§ 4&? a% x%4o 1.5 1.2 .
4 50 %5 1%1%9 1%18 1%13 gi?
S 449 15 14407 14.9 149 é-‘
b 448 43 74289 774 774 5
7 447 s 18482 9.2 9.2 i 43
[ 44 43 95408. 1000 100.0 718

44 29 404 {5 15 0.4

10 443 H e 1929 2.0 a0 0.1

Y 434 24 1043 i1 I 0.4 PEAK  MEASURED NO. ABSOLUTE % INT. % INT. % TOT.

| i 43 % ] I3 13 1y NO. MASS ~ POINTS  INTENSITY BASE  NREF 10N

5 4 X : 0.

Y 434 2t 1297 1.3 1.3 0.1 36 331 35 18402.  18.8  1B.9 f.
is 430 29 5576 5.8 5.8 0.4 3 330 2 1465, 1.5 1.9 [
16 363 24 934 T S O S O 32 35 B Y O S
7 54 {35 {7 h 33 318 21 938, 1.0 0 0.
2 35% 5 1% 1 1 Mt ow 347 2 (#1242 0
§ 5t t0&0 R 105 316 35 85, 17 47 0
20 10 5 7944 TSR X S I S 118 52 {453, {5 {5 Q.
51 48 18 7849 g1 8.1 06 37 314 24 907. 0.9 0.9 0.
A B A SO S B D R G G O
24 45 43 &os&% .11; 5&19 312 a0 304 54 859 0.9 0.9 0.
25 144 2 {746 1.8 i.8 0.4 44 103 24 868. 0.9 0.9 0.
2b 343 2 1364 35 35 02 42 302 2 1041 11 54 0
27 134 24 1432 1.5 1.5 0.4 A3 300 24 1006, 10 10 0
28 333 35 7591 7.9 7.9 0.5 44 294 o4 1108 34 i1 )
29 332 29 3704 38 38 0.3 4 290 o 1343 (] 1A 0
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peaks at m/z 341, 340, 339, and 338, which were due to loss of
hydrogens from the species at m/z 343 are increased in intensity
with respect to the peak at m/z 342. In the spectrum of the
cobalt compound, using glycerol the peak at m/z 342 was the
largest peak and all the others were of lower intemsity. Again
hydrogen loss was elevated by the use of the more oxidizing
matrix nitrobenzyl alcohol. This increase in hydrogen loss
supports the theory that an oxidative dehydrogenation mechanism

is occurring.
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