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ABSTRACT

ML, coordination complexes where (M = v¥, crt, Mn* and L = phenacetylidene -2, 2,
5, 5 - tetramethyl -3- imidazolidine -1- oxyl free radical ligand), have been synthesized.

Vanadium(III) complex was prepared by refluxing a mixture of Vanadium Pentoxide and
the ligand in ethanol containing aqueous sodium hydroxide. Chromium(III) complex and
Manganese(III) complex were prepared by refluxing the mixture of the aqueous metal salt
with the ligand (LH) in ethanol.

The ML; metal chelates formed have been found to be soluble in most organic solvents
such as carbon tetrachloride, chloroform, benzene, Ether, ethanol and are insoluble in
water.

The complexes have been characterized by elemental analysis, Mass Spectroscopy
(FAB), X-ray Flourescence Spectrometry, Fourier Transform Infra-red (FTIR)
Spectroscopy, Electron Spin Resonance (ESR) and magnetic susceptibility
measurements. Cyclic voltammetric studies were also carried out.

All the ML; complexes have been found to be paramagnetic, but unlike the known ML,
complexes of the first row transition metals synthesized by Russian Scientists twenty
years ago, these complexes have shown unique magnetic properties which reflect not
only the spin properties of the electron, but also those associated with the orbital motion
of the electron.
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CHAPTER 1

INTRODUCTION:

The synthesis and characterization of cdordination complexes of imidazoline and
imidazolidine nitroxyl free radical ligands was initiated by Russian Scientists as early as
1975 [2]. As a follow up, this work demonstrates the synthesis of imidazolidine nitroxyl
free radical complexes of Vanadium, Chromium and Manganese. The synthesized
complexes were characterized by the well known published techniques, namely,
Elemental Analysis, Infrared (IR), Mass Spectroscopy (FAB), magnetic susceptibility
measurements, Electron Spin Resonance (ESR) spectroscopy, X-ray flourescence
spectrometry and cyclic voltammetry [2, 3 ] in order to establish their physico - chemical

properties.

1.0. VANADIUM, CHROMIUM AND MANGANESE CHEMISTRY

Vanadium, Chromium and Manganese belong to the first row d-block transition metal
clements. The importance of transition metal chemistry for the development of
technology in any country cannot be over-emphasized. After all, most transition elements
are used as catalysts in many chemical reactions [4]. The chemistry of the transition

metals named above is described below.

Vanadium has a configuration of [Ar]ds” 3d®. Itis a fairly soft, ductile and white metal.

It is stable in air but it is attacked by hydroflouric acid, nitric acid and readily combines



with carbon, nitrogen or oxygen, if heated. In nature, vanadium is quite abundant and

constitutes about 0.02% of the earth’s crust [4-6].

Chromium has a configuration of [Ar] 4s' 3d>. Ttis a silverly white metal with a body-
centred structure and is very reactive. It reacts with dilute hydrochloric acid and
sulphuric acid, but the pure metal is insoluble in dilute nitric acid, and the concentrated
acid renders the metal passive. It also reacts with sulphur, carbon, oxygen and nitrogen.
In nature, chromium occurs in form of an ore called chrome, Fe Cr,0,.

On the other hand, manganese has a configuration of [Ar]4s2 3d. Itisa hard, brittle and
grey metal and is highly reactive. It reacts with nitrogen and carbon. It also reacts with
dilute acids and slowly decomposes water [4-6]. In nature, manganese is quite abundant
and constitutes about 0.085% of the earth’s crust [6]. The physical properties of the

transition metals [5] described above are indicated in table 1.0 below.

TABLE 1.0: Some physical properties of Vanadium, Chromium and Manganese.

Vanadium Chromium Manganese
\'% Cr Mn

Atomic Number 23 24 25
Electronic structure [Ar]4s’ 3d® | [Ar] 4s' 3d° [Ar] 4s” 3d°
Atomic radius (nm) 0.122 0.117 0.117
Tonic radius M** (nm) 0.074 0.069 0.066
Electronegativity 1.7 1.6 1.5
Density (g cm™) 5.96 7.19 7.40
mp/°C 1,900 1,890 1,260
bp/°C 3,400 2,475 2,030
Some of the common oxidation
states. 2,3,4,5 2,3,6 1,2,3,4,5,6,7




From table 1.0, it is observed that moving across the first transition series from vanadium
to manganese, an anormally in filling the 3d subshell occurs with chromium and this can
be accounted for on the basis that a half - filled subshell represents a particularly stable
state. Thus with chromium, one 4s electron is drawn into the 3d subshell to achieve this
state. Besides, all the three elements exhibit the characteristic properties of metals i.e,
bright luster, good conduction, high density, melting point and boiling point. The high
melting and boiling points of the transition metals are related to their ability to use both
3d and 4s electrons for metallic bonding. A reduction in the melting and boiling points
can be observed as the electrons pair up in the 3d subshell and become less available for

metallic bonding [5].

VARIABILITY IN OXIDATION STATES OF VANADIUM, CHROMIUM AND
MANGANESE.

The various oxidation states known for the transition metals such as those mentioned
above are attributed to the unpaired inner d electrons which require little promotion
energy for use as valency electrons. For example, vanadium exhibits a range of four
oxidation states and has a tendency to form compounds in which all its oxidation states
are represented, while chromium exhibits oxidation states (2, 3 and 6). The most stable
oxidation state of the element is Cr** (d3). The most characteristic of the oxidation state,

Cr”*, is the formation of a large number of relatively kinetically inert complexes.

It is largely because of this kinetic inertness that so many complex species [6] can be

isolated as solids and that they persist for relatively long periods of time in solution even



under conditions where they are thermodynamically quite unstable. On the other hand,

manganese exhibits a range of seven oxidation states and has a tendency to form

compounds in which it is in a low oxidation state. Most manganese(I1I) salts are unstable

and in solution either disproportionate or readily undergo hydrolysis. Table 2.0 below,

shows some of the various transition metal complexes formed by vanadium, chromium

and manganese in their various oxidation states [4-6 and 8] .

TABLE 2.0: Some transition metal complexes formed by Vanadium, Chromium
and Manganese in their various oxidation states [8].

OXIDATION EXAMPLE OF TRANSITION METAL COMPLEXES
STATE FORMED
VANADIUM CHROMIUM MANGANESE
I - - Nas[Mn(CN);]
I [V(H,0)s]”", | Cry(CH;C00),2H,0
[V(CN)(* K4[Cr(CN)¢] MnCO;,
II1 VCl,;, VF,™, CrCl3(NMe), Mn(CH,C00),.2H,0
V(CN), Cr(acac), Mn(acac),
v VO(acac), Cr(CH,SiMe,), MnO,
V(NEL,), Cr(NEt,), K,[MnO;]
\Y% V,0s, VF - -
- VF;

*Abbreviations: acac = acetylacetonate (CH,;COCH = (%CHQ,

Et =ethyl (—CH,CH,) and

Me = methyl (=CH,)



MAGNETISM

Vanadium, Chromium and Manganese cations, like many transition metal cations and
compounds posses unpaired electrons in the inner 3d subshells and exhibit
paramagnetism [7]. When the 3d subshell is being filled, the added electrons enter the
empty orbitals before any pairing takes place. The magngtic moment increases with the
number of unpaired electrons and the observed magnetic moment gives a useful

indication of the number of unpaired electrons present in the atom, molecule, or ion [5].

1.1.0. COORDINATION CHEMISTRY OF TRANSITION METALS
The transition-metal cations are small and highly charged and readily attract polar
molecules or ions to form complexes particularly with cyanide, nitrite ions and
ammonia molecules. A typical characteristic of these complexes is that the

ligands bound to the metal ion are predominantly sigma donors with moderate to

weak 7 - acceptor or 7 - donor tendencies [6].

Synthetic and structural determination studies of transition metal complexes
containing imidazolidine nitroxyl free radical ligands are certainly important with
respect to their physical and chemical properties and have been spurred by the
progress on the theory of electronic, structural, thermodynamic, kinetic and redox

properties of the complexes [6,9].



1.2.0. CHEMISTRY OF NITROXIDE FREE RADICAL LIGANDS
In the 1960s, interest in the chemistry of nitroxides heightened, owing to the
expanding scope of their possible practical and theoretical applications. However,
previous research has shown that interest in the chemistry of nitroxide free radical
increased, largely because such nitroxides often exhibit a chemical inertness quite
uncharacteristic of other free radicals. Of particular interest from a theoretical
point of view have been the Electron Spin Resonance (ESR) studies of the
magnetic interaction between two or more nitroxide groups in the same molecule.
Perharps the most outstanding role played by nitroxide free radicals today is their
use in the study of biological systems by Electron Spin Resonance technique

[10,11].

Though, there is relatively adequate literature on the nitroxide free radicals
especially in the Russian journals of inorganic chemistry, much of it is
concentrated on their preparation, synthesis and characterization of metal
complexes of the first row of the transition metals. Nitroxide free radicals are
therefore, a new class of chemically stable and versatile free radicals. The
methods of synthesizing these radicals and studies of their properties are covered
in a number of reviews and monographs [10]. The fundamental chemical and
physical properties of stable nitroxides have been studied by E.G.Rozantserv in
the USSR and A. Rassat in France [47]. The advantages of the above nitroxides is

that they contain an imine or imine-N-oxide (nitrone) group in a molecule which



1.3.0.

nitroxides have been studied by E G Rozantserv in the USSR and A. Rassat in
France [47]. The advantages of the above nitroxides is that they contain an imine
or imine-N-oxide (nitrone) group in a molecule which dictates their stability in
acidic media and extensive reactivity towards electrophilic and nucleophilic
reagents. In addition, the presence in the molecule of an imidazolidine nitroxide
free radical [1] of an additional nitrogen atom or an N-oxide group in combination
with functional groups in position four of the heterocycle (see structure 1 below),
allows complexation, chelation and cyclometallation without the participation of
the radical centre. This makes it possible to characterize the complexes with the
help of ESR methods [11, 15]. The imidazoline structure differs from the
imidazolidine (1) in that it contains a double bond between C-4 and N-atom at

position 3 of structure 1.

~ 4 5
HN? 'N—0

\é/
ll/ \ RZ

)

GENERAL COMMENTS REGARDING STABLE IMIDAZOLINE AND
IMIDAZOLIDINE NITROXIDE FREE RADICAL LIGANDS.

The first imidazolidine derived nitroxide spin labels have been described by Keana
et al [10]. The nitroxides were prepared by condensation of 2, 3-diamino-2, 5-
dimethyl butane with a ketone (structure 2) followed by oxidation of the resulting

imidazolidine with m-chloroperbenzoic acid (equ. 1).



>

H,N Nﬁlﬁ HN NH
C¢Hg or Xylene, TSOH.H,0

/7 \\ (-H,0) \c/
R, R /7 \

O=0O

Ri, R,

2) 3

0

|

COOH H

HN N—0

. CI(MCPA) \c/ “4)

ether solvent - / \

R, R, (equ. 1)

TSOH.H,0 = Toluenesulfonic acid monohydrate.

MCPA = m - Chloroperbenzoic Acid.

Because of the rigid attachment of the nitroxide grouping to the parent molecule,
this new series of labels show many advantages over other nitroxides studied.
The remaining unreacted amino function (structure 4) additionally offers a site
for the attachment of a second grouping to the nitroxide moiety via an alkylation

or acylation.

STABILITY OF THE NITROXIDE GROUPING
In order for the nitroxide free radical to be useful in conventional spin - labelling studies,

it must be reasonably stable. Fortunately, a large number of nitroxide free radicals are



chemically stable (i.e. the free radicals can be obtained in pure form, stored and handled
in the laboratory with no more precaution than that observed when working with
conventional compounds).

Nitroxides are considered to be derivatives of the ‘stable’ inorganic radical nitric oxide

(NO) whose stability to dimerization can be attributed to its hybrid structure [5].

t . . .o ve +
:N (.).: S > :N O:= —=>IN=0:

&)

It has been represented by the structure with five bonding electrons : N O i,e with

ac - bond and a 3 - electron bond between the atoms. Such a structure is supported by
the small dipole-moment, the bond length and the infra-red spectrum. The bond length
(1.53) for (structure 5) is greater than the bond length for the triple bond of N = O
(1.064) and N, (1.064 ), and also greater than the bond length for the double bond present
in N=0 (1.184) and O, (1.214 ). The infrared vibration frequency (1806 cm’') is also
intermediate between that of N, (2330 cm™) and that of O, (1556cm™) [12]. By analogy,
nitroxides may be represented in three different ways as a resonance hybrid of forms (6)

and (7) by a structure with a 3 - electron bond (8)

R R —
Mo —— "N b
R R S

(6) M

are equivalent to structure (8),

R\ 222 0:

R /7 (8)
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N
H,C CH,
H,C 1~|1 CH,
o
(AH)

The procedure for the synthesis of the complexes and the methods of characterization of
the same are clearly described in the Russian journal of organic chemistry (Koordina
tsionaya khimiya, vol. 1, No. 10, 1975 [17]). The complexes from the reaction between
Cu(Il), Ni(Il) and Pd(II) ions and A were of the general formula MA,, whereas the
reaction between Co(III) ion and A formed the complex with a general formula, MA,
[where M = Co(III)]. The bonding between A and the metal ions in these complexes was
through the nitrogen atom of the oxime group and the oxygen atom of the nitrone group

1, 16, 17].

By 1983, V. 1. Ovcharenko, S.V. Larionov, V. K. Mokhosoeva and L.B. Volodarskii [13]
managed to synthesize compounds of Co(II), Ni(II), Cu(Il) and Zn(II) ions with a stable
radical 4(3’, 3', 3' - trifluoro- 2 - oxopropylidene) - 2, 2, 5, 5 - tetramethyl - 3 -

imidazolidine -1 - oxyl ligand (BH) and studied their physico chemical properties.



13

i-Pr
—= 0
H
N
H,C CH,
H,C N " NCH;
(CH)

The complexation of (C) with the metal ions resulted in the formation of complexes with
a general formula MC, [M = Cu(II), Ni(I), Zn(II), Co(II) and Pd(II)]. It was noted that
the metal ion in the complexes was coordinated to the oxygen atom of the carbonyl group
and the nitrogen atom of the imine group of the ligand to give the chelate having the

structure (P)[14] shown below.

i-Pr
O-._‘
/M/Z
N
H,C CH,
H,C N CH,
o
(P)

The complexes were synthesized according to the literature method [18] and were found

to be volatile as well. For the purpose of expanding the list of volatile chelates with
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stable nitroxide radicals in 1987, V. B. Durasov and other Scientists [3], synthesized and
studied volatile chelates of Co(II), Ni(II), and Pd(II) with two new radicals, 4-(4-methyl-
2-oxopentylidine)-2, 2, 5, 5, 5-tetramethyl -3-imidazolidine -1-oxyl ligand (DH) and 4-(3,
3-dimethyl -2-oxobutylidene)-2, 2, 5, 5-tetramethyl - 3- imidazolidine-1-oxyl ligand (EH)

whose general structure is given below.

R
= 8
N
H,C CH,
H,C N CH,
o

For DH, R = isobutyl [-CH, CH(CH,),], and for EH, R =tert-butyl [-C(CHy),] or t-C,H,.
The choice of these two radicals as objects of investigation was governed by the earlier
research which revealed that the presence of branched terminal hydrocarbon groups in the
composition of the organic ligand has a favourable influence on the volatility of the
chelates formed with these ligands [19].

The metal chelates of Co", Ni", Cu", Zn" and Pd" having the formulae MD, and ME,
showed appreciable volatility [20] and the bonding between the metal ion and the ligand
was realised through the oxygen atom of the carbonyl group and the nitrogen atom of the

imine group of the ligand to give a chelate unit MO,N,.
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1.4.2. METHODS OF CHARACTERIZATION OF TRANSITION METAL
COMPLEXES CONTAINING IMIDAZOLINE AND IMIDAZOLIDINE
NITROXIDE FREE RADICAL LIGANDS.

The literature available so far on coordination complexes of transition metals with
imidazoline and imidazolidine nitroxide free radical ligands show that all the
transition metal complexes that have been synthpsized by S. V. Larionov and
other Scientists [1-3] were charﬁcterized with the aid of electronic, IR, ESR and
NMR spectroscopy, as well as magnetic susceptibility measurements. FEach of
these techniques was very vital to the successfil determination of the structures of
the synthesized complexes and properties. The details of each technique and how

it was used have been described in many chemical journals and monographs [1-3,

11-14, 21-23].

COORDINATION OF ;t-PHENACETYLIDENE -2, 2, 5, 5-TETRAMETHYL-3-
IMIDAZOLIDINE -1-OXYL FREE RADICAL LIGAND (LH) TO TRANSITION
METALS.

S. V. Larionov et al [2] have also synthesized the complexes of the transition metals with

one of the sterically hindered paramagnetic enaminoketone [4-phenacetylidene-2, 2, 5, 5-

tetramethyl -3- imidazolidine -1- oxyl free radical ligand (LH)].




16

(LH)

The above imidazolidine free radical ligand (LH) possesses an ionizable nitrogen
hydrogen. In the presennce of a base the hydrogen ion is removed and a chelating
bidentate ligand, I is generated. The deprotonated ligand then binds to a metal central
atom through the nitrogen aton"l of the imine group and the oxygen atom of the carbonyl
group of the ligand, forming a six-membered ring. This is possible because the
deprotonated free radical ligand can exist as any of the two tautomeric forms, Y and Z,

increasing its stability.

Ph
——3 0}

Q@ ——

v

N
H,C CH; CH;
H;C N CH, CH;

o)
(Y) Z2)
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Hence,complexation of the deprotonated ligandI® , with metal ions results in conversion

of the form (Y) or (Z) into the chelate complexes with the structure (9).

o
M 3
X
HiC CH;
Hi;C T CH;
o
) ©)

M = Central metal ion.
Therefore, the resonance factor and the ability to form chelating compounds by the above
ligand enables it to genera.te highly stable complexes. Besides, the ligand has a unique
characteristic of preserving its free radical entity >N-—‘O) during its complexation.
The retention of the (> N==0) group influences the physical properties of its
coordination complexes such as magnetic susceptibility, Electron Spin Resonance (ESR)

and Nuclear Magnetic Resonance (NMR) properties.

Complexes with the composition ML,, involving the metal ions Co(II), Ni(II), Cu(Il),
Zn(Il) and Pd(I) with the ligand, have been synthesized and their physico-chemical
properties studied [2]. The complexes were prepared by the reaction of aqueous salts of
the above named metal ions with the ligand in a water-ethanol mixture and heated for

about 30 - 60 minutes on a hot water-bath. The reaction mixture contained a base, whose
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main function was to deprotonate the ligand (LH) to I® before complexation with the

metal ion.

All the complexes were found to be paramagnetic as indicated by their magnetic
susceptibility measurements, and their ESR spectra data conﬁrmed that the free radical
entity (>N—'-O) of the ligand is preserved during complexation. The complexes also
showed appreciable volatility and the IR spectra results indicated that the deprotonated
iminoenol form of LH was coordinated to the oxygen atom of the carbonyl group and the
nitrogen atom of the imine group of the ligand, forming a chelate unit MO,N,.
SYNTHESIS OF NEW TRANSITION METAL COMPLEXES WITH 4-
PHENACETYLIDENE-2, 2, 5, 5-TETRAMETHYL -3- IMIDAZOLIDINE-1-
OXYL FREE RADICAL LIGAND.

The need to synthesize new 'complexes containing imidazolidine nitroxide free radical

ligand was seen after thoroughly reviewing all the work that has been done by scientists

in this area for the past twenty - years. In particular, it was noted that;

@). Only a few transition metal elements of the first row of the periodic table have
been used to synthesize complexes with stable imidazolidine nitroxide free
radicals.

(i)).  The few complexes of transition metals (only about five so far), i.e, complexes of
Co(II), Ni(IT), Cu(II), Zn(Il) and Pd(II) ions with the above named ligand, that
have been studied, showed interesting physical properties.

(ii).  The ligand (4-phenacetylidene-2, 2, 5, 5- tetramethyl -3-imidazolidine-1-oxyl free

radical) that has been used in the synthesis of the complexes is very stable,
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it possible for the preparation of the complexes to be carried out under normal

laboratory conditions [2].

The above observations prompted the search for new transition metal complexes
containing 4-phenacetylidene-2, 2, 5, 5-;etramethyl-3-imidgzolidine -1-oxyl free radical.
Therefore, the overall objective of the present research work was to synthesise and
characterize vanadium, chromium and manganese complexes containing 4-phenacetylidene
-2,2,5,5-tetramethyl-3-imidazolidine-1-oxyl free radical ligand. Moreover, charaterization
of metal Imidazolidine Nitroxide free radical complexes using voltammetric techniques is

being reported for the first time.
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CHAPTER II

EXPERIMENTAL SECTION.

2.1.0. GENERAL PROCEDURE.

All reactions were performed under normal Iaboratofy conditions and ensured that
all solvents were pure prior to their use (i.e. only distilled water and chemicals of
analytical reagent were used). The following transition metal salts/compounds
were used to synthesize the complexes; vanadium Pentoxide (V20s), Chromium
(IT) acetate [Cr(CH;CO,);] and Manganese(II) acetylacetonate [Mn(acac);]

(acac =CH; COCHCOCH).

All the complexes wére prepared by the reaction of salts/compounds of transition
metals with the ligand in a water-ethanol mixture under reflux for a suitable period
of time. The reaction mixture had to contain an alkali where required, whose main
function was to deprotonate the ligand (LH) to I before complexation with the

metal ion Each complex was purified by recrystallization using a suitable solvent.

2.1.1. CHEMICALS AND SOLUTIONS.
4-Phenacetylidene-2, 2, 5, 5 -tetramethyl-3-imidazolidine-1-oxyl radical (LH) and

ether were obtained from Aldrich and used without any further
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purification. Chromium(III) acetate [Cr (CH:CO2)3], vanadium pentoxide (V,0s),
ethanol, sodium hydroxide (NaOH), chloroform, acetonitrile, tetra ethyl
ammonium bromide (TEAB) and acetone were obtained from BDH chemical Ltd

in England.

Manganese(III) acetylacetonate, was prepared in the laboratory according to the

literature method [26]. All chemicals were of reagent grade.

2.2.0. ANEW APPROACH TO THE SYNTHESIS OF NEW
TRANSITION METAL COMPLEXES OF VANADIUM,
CHROMIUM AND MANGANESE CONTAINING
IMIDAZOLIDINE NITROXYL FREE RADICAL LIGAND.

The synthesis of each of the complexes involves the preparation and isolation of

the product. The isolated product, is then purified and its melting point and the

percentage yield determined . The details of the synthesis procedure are described

below.

2.2.1. SYNTHESIS OF THE VANADIUM ;HI) COMPLEX

The vanadium complex was prepared using the method described below. To a
mixture of sodium hydroxide (0.4g, 0.0lmoliés) and vanadium pentoxide (0.094g,
5.17 x 10* moles) in a 250cm® round bottomed Rask was added distilled water
(30cm’) and stirred until a yellow solution was ‘ebtained. To this solution was

added a solution containing LH (0.4g, 1.54
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x 107 moles) dissolved in ethanol (20cm3). The mixture was then refluxed
for about six-hours during which period, the solution changed from yellow
to light yellow. The solution was ‘then put in a 250cm’ beaker and
evaporated to about half of its original volume. During the evaporation
process a white precipitate formed in the light yellow solution and thus

was separated after cooling the solution to room temperature.

The filtrate obtained was further cooled by leaving it in the fridge for one
night. This led to the formation of yellow crystals which were separated
by filtration using a sintered cruscible and washed with ether. The crystals
were further purified by recrystallization from ethanol and dried under the
suction pump. The melting point of the pure crystals as determined by the
Gallen Kamp melting point apparatus was in the range of 184-186.5°C.
The yield of the yellow product was 52%, and that of the white solid was
0.112g. The melting point of the white solid was very high and it gave an

ESR signal in solid state only and this is shown in fig. 14(d) on page 70

SYNTHESIS OF THE CHROMIUM(III) COMPLEX

Attempts to prepare chromium(Ill) complex by the methods used by
Larionov et al [2] were unsuccessful. Hence a modification was done by
refluxing the mixture instead of merely heating on a water bath as it was

in this case. A solution containing LH (0.30g, 1.157 x 10°* moles)
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dissolved in ethanol (20cm’) was added to another solution prepared by dissolving
chromium(III) acetate (0.095g, 3.84 x 10™ moles) in distilled water (10cm®). The mixture
was put in a 250cm’ round bottomed flask and refluxed until the colour of the solution
mixture changed from green to pale yellow. This took about six-hours of refluxing time.
Then, the solution was removed from £he flask and put into a 250cm® beaker, and
concentrated by evaporating off the solvent to about half of its original volume. The
remaining solution was left for a period of twenty-four hours in a refridgerator to cool.
After this period, it was found that greenish/yellow crystals had formed at the bottom of
the yellow solution in the beaker. The crystals were separated by filtration and washed
Qith two small portions of ether. Further purification of the crystals was done by
recrystallizing the product from acetone and left it to dry under the suction pump for
about half an hour. The recrystallized yellow product had a melting temperature range of

182-188°C, and the percentage yield was about 74%
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2.2.3. SYNTHESIS OF MANGANESE(IIT) COMPLEX

Details of the synthesis of manganese(III) complex are as that applied to the synthesis of
the chromium(II) complex above. The ligand (LH) (0.40g, 1.54 x 107 moles) was
dissolved in ethanol (40cm®) and the solufion was added to another solution containing
freshly prepared manganese(III) acetylacetonate (0.187g, 5.14 x10™ moles) dissolved in
ethanol (40cm’). The mixture was put into a 250cm’ round bottomed flask and refluxed
until the colour of the solution changed from dark to brownish-yellow. The period of

refluxing was about nine hours.

Tﬁe solution was removed from the flask and put into a 250cm® beaker, and vaporised off
to about one-fifth of the original volume on a hot water-bath. The solution that remained
was left overnight to cool in a refridgerator. The brownish-yellow crystals that were
formed were filtered, washed with ether and recrystallized from acetone. The
recrystallised product had a melting temperature range of 178-181°C and gave a yield of

43%.



2.2.4. REACTION OF BIS (ACETYLACETONATO)
OXOVANADIUM(IV) WITH 4-PHENACETYLIDENE - 2, 2,5, 5 -
TETRAMETHYL -3-IMIDAZOLIDINE-1-OXYL FREE RADICAL
LIGAND.

The oxovanadium complex was prepared by refluxing a mixture of

Bis(acetylacetonato)oxovanadium(IV), VO(acac), and

4 -phenacetylidene-2, 2, 5, 5-tetramethyl-3-imidazolidine-1-oxyl free radical ligand (LH)

in ethanol (60cm®). Bis(acetylacetonato) oxovanadium(IV) was prepared in the laboratory

according to the literature method [26],
The detailed procedure for the synthesis of the above complex is described below:

A solution containing LH (0.40g, 1.54 x 10™ moles) dissolved in ethanol (40cm’) was
added to another solution prepared by dissolving bis(acetylacetonato) oxovanadium(IV)
(0.14g, 5.13 x 10 moles) in ethanol (20cm®). The pale green mixture was put in a
250cm’® round bottomed flask and refluxed until the colour of the solution mixture
changed from pale-green to yellow. This took about nine hours of refluxing time. Then,
the solution was removed from the flask and put into a 250cm’ beaker, and concentrated
by evaporating off the solvent to about half of its original volume on a water-bath. The
remaining solution was cooled by leaving it in the refridgerator at a temperature of 0°C for
one night. Upon cooling the yellow solution turned deep red and some yellowish crystals
formed at the bottomed of the beaker. The crystals were separated by filtration and

washed with ethanol.  Further purification of the yellow crystals was done by
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recrystéllizing the product from acetone and drying it under the suction pump. The red
filtrate collected, was left to evaporate to dryness at room temperature and a red sticky
solid was collected at the bottom of the beaker. The recrystallized yellow crystals had a
melting temperature range 175-179.6°C and the yield was 0.194g. (36.4%). The yellow
product was found to be soluble in acetone, chloroform, ether and insoluble in water and

ethanol.

The oily-sticky red product was kept for sometime to allow it to dry completely. The two
products have not yet been characterized. However, arrangements are being made lfor
them to be analysed.

Tfle complexes for vanadium, chromium and manganese synthesized above were
characterized by elementa'l analysis, infra-red (IR), X-ray flourescence, magnetic
susceptibility measurements, Electron Spin Resonance (ESR) and Mass Spectroscopy, as
well as cyclic voltammetry in order to establish their structures, general formulae and
physico-chemical properties. Each of these methods has been described in detail under

results and discussion in the next chapter.
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CHAPTER I11

RESULTS AND DISCUSSION

The complexes of vanadium, chromium and manganese containing 4-
phenacetylidene-2, 2, 5, 5-tetramethyl-3-imidazolidine -1-oxyl free radical ligand
(LH), were successfully prepared by the methods described in the experimental

section of the dissertation.

In order to determine the formulae, structure and properties of the synthesized
complexes, the compounds were subjected to elemental analysis, IR, ESR, X-ray
flourescence and mass spectroscopy (FAB), as well as magnetic susceptibility
measurements and cyclic voltammetric studies. The results of analysis of the
above mentioned tecfmiques are given and discussed below:

ELEMENTAL ANALYSIS RESULTS OF COMPLEXES OF VANADIUM,
CHROMIUM AND MANGANESE CONTAINING 4-
PHENACETYLIDENE -2, 2, 5, 5-TETRAMETHYL-3-IMIDAZOLAIDINE-
1- OXYL FREE RADICAL LIGAND (LH).

The results obtained from elemental analysis of the complexes were compared with
the calculated values for an expected formula of the complexes of ML;. The

experimentally determined elemental analysis and calculated results, including

some characteristics of the synthesized complexes are listed in table 3.0. below:
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TABLE 3.0: Elemental analysis data and some characteristics of Vanadium,
Chromium and Manganese complexes.

COMPOUND COLOUR Tm, °K FOUND/CALCULATED
C% H % N%
VL; Yellow 457-459 66.22/65.33 7.32/6.34 | 10.20/10.17
CrL; Light-yellow 455-461 | 68.88/65.30 | 7.46/6.53 |10.77/10.12
MnL; Brown-yellow 451-454 | 68.70/65.06 | 7.26/6.51 |10.32/10.12

The elemental data obtained from the elemental analysis is in agreement with the

théoretically calculated values for each complex when their general formula was assumed

to be ML (table 3.0). This confirms that the synthesized complexes must have been of the

composition ML;,  since the data does not agree with the ML, structure.

However, the found and calculated values for %C in complexes of CrL; and MnL; do not

agree very well. The slight discrepancies between the experimentally determined element

content and the theoretically calculated ones observed, indicate the possibility of having

had some impurities in the complexes. It is also possible that some unusual reactions

could have occured during the analysis due to the presence of the free radical entity

( > N 0O), which could have contaminated the complexes.
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3.2.0. DETERMINATION OF VANADIUM, CHROMIUM AND MANGANESE
ELEMENTS IN THE ML; COMPLEXES BY X-RAY FLOURESCENCE
SPECTROSCOPY.

The aim of X-ray flourescence analysis is the qualitative detection of elements in
samples having atomic numbers greater than 8. The phenomena used is the
photoelectric absorption, whereby atoms of the sample will become excited and
send out their characteristics radi;nion to all sides. Therefore the choice of the
tube’s target material should be done carefully in order to produce an X-ray
spectrum favourable to excite the atoms of the required element in the sample.

This implies that the sample acts as a radiation source, whose spectrum will be

dependant on the element present in the sample [29].

The qualitative determination of vanadium, chromium and manganese elements in
the synthesized complexes was done by X-ray flourescence using the following
procedure. Standard samples of Vanadium, Chromium and Manganese of known
concentrations were prepared according to the literature method [21]. Each of the
standards was then slowly scanned over a 2@ region using the x-ray flourescence
spectrometer which registered the counts on a paper graph recorder, giving a 20
versus intensity plot (where 20 is the angle between the incident X-ray and the
diffracted beam). A peak characteristic of vanadium, chromium and manganese
appeared on each graph in a specific 20 range of values for each standard [21].
The above procedure was repeated using a sample of the synthesized complexes.

Each sample of the metal complex, was slowly scanned over the same range of 20




30

values as for its standard and a peak appeared on a paper graph recorder giving a
2@ versus intensity plot. The peaks for each metal complex and its standard metal

sample were recorded on the same graph paper.

The results for vanadium, chromium and manganese complexes and their

respective standards are shown in figures 1, 2 and 3.
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From the results shown in the figures 1, 2 and 3, it is clearly noted that two peaks
characteristic of vanadium appear at a 20 value which lies between K, -46° and 49°
(figurel), the ones characteristic of chromium appear at a 20 value which lies between
K, - 41° and 45° (figure 2), while the two peaks characteristic of manganese appear at a
20 value which lies between K, . 38° and 41° (figure 3). It is further observed that the
two peaks on each graph appeared in the same position for the same 2@ range of scanning

for each metal complex and its standard. The results gave further qualitative

confirmation of the presence of the metal elements in the complexes.

The complexes were also analysed by mass spectrometry.

3.2.1. MASS SPECTRA OF COMPLEXES OF VANADIUM(III),
CHROMIUM(III) AND MANGANESE(III) IONS WITH 4-
PHENACETYLIDENE -2, 2, 5,5 -TETRAMETHYL -3-IMIDAZOLIDINE -
1-OXYL FREE RADICAL LIGAND.

Mass spectrometry is a widely used technique capable of providing qualitative
information about both the atomic and the molecular composition of inorganic
and organic materials. Since 1960, the major development of mass spectrometry
has shifted towards its use for identification and structural analysis of complex

molecules [29].
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A more recently developed method for producing ions for mass spectra is by fast
atom bombardment (FAB). This technique is rapidly assuming a major role in the
production of ions for mass spectroscopic studies of high molecular weight
biologically active species. In fast atom bombardment spectrometry, samples in
condensed form (often in a glycerol matrix) are ionised by bombardment with
fast moving xenon or argon atorr;s at a relatively high pressure. The speeding ions
undergo an electron exchange reaction with the lower energy atoms in which

charge neutralization occurs without substancial loss of kinetic energy [29].

Fast atom bombardment of organic or biochemical complexes usually produces
significant amounts of the parent ion (as ion fragments) even for high-molecular
weight and thermally unstable samples [29]. This method has been found to be
more efficient than the Electron Impact source (EI). The metal complexes
containing LH mentioned above were analysed by fast atom bombardment
technique (FAB). In order to facilitate the interpretation of the mass spectra of the
complexes, the mass spectra of the ligand (LH) and the known Zinc(II) complex,
ZnL, were also recorded. The mass spectra of prominent peaks for LH, Znl, and

the synthesized complexes are presented in table 4.0 below.
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TABLE 4.0: Mass spectra peaks recorded for LH, ZnL, and the synthesized

complexes.
COMPOUND Characteristic Peaks in increasing order Deduced
of (m/e) values Molecular
Mass
LH 28, 41, 51, 59, 68 77, 82, 91, 105, 110, 124, 131, 146, 259 /
158 172, 186, 196, 201, 214, 245,260
Znl, 28, 42, 56, 68, 77, 82, 91, 105, 110, 124, 129, 143, 158,
172, 186, 199, 214, 229, 239, 252, 260, 268, 276, 291,
296, 307, 333, 349, 414, 419, 430, 448, 462, 478, 504, 581
518, 534, 549, 568
VL; 146, 172, 188, 214, 229, 245, 260, 282, 335, 367, 396,
435, 488, 516, 520, 581, 626, 649, 673, 710, 745, 778, 826
825
CrL; 146, 172, 188, 214, 229, 245, 261, 283, 303, 335, 367,
396, 412, 431, 470, 500, 518, 543, 558, 608, 656, 710, 827
745, 778, 825.
MnL; 131, 158, 172, 188, 214, 229, 245, 261, 283, 298, 323, 829

351, 380, 396, 436, 486, 518, 543, 653, 710 777, 825

From the mass spectra peaks listed in Table 4.0, for LH, ZnL, and the three synthesized

complexes, the following observations could be made:

(1).  Certain peaks are found to be common to the ligand, ZnL, and all the three

complexes. These peaks appear at positions of (m/e) 172, 214 and 260 in the

mass spectrum of each compound.

(ii).  Some peaks appear in both the mass spectrum of the ligand and the ZnL, complex

and these involve peaks at positions with (m/e) 28, 77, 82, 91, 105, 124, 158, 172,

186, 214 and 260.
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(iii).  Other peaks observed were common to all the three synthesized complexes and
these occur at the positions in the mass spectrum of each complex with (m/e) 172,
188, 214, 229, 245, 260, 283, 396, 710, 778 and 825.

There are other peaks appearing at different positions in the mass spectra and these are

unique to each compound. The common peaks observed in the mass spectra of LH and all

the complexes indicate the presence of the ligand in the synthesized complexes.

The peaks listed in table 4.0 were extracted from the mass spectra (FAB) charts recorded
for the compounds. The mass spectra results of the pure ligand and all the synthesized

complexes are shown in figures 4, S(page3), 6, T(page39), and 3(page 40),
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The mass spectrum of the pure ligand, shown in figure 4, shows peaks in increasing order
of (m/e) values ranging from 28 to 260. The molecular ion or parent ion peak which
occurs at a mass corresponding to the molecular weight of the original neutral molecule is
not observed, as it is not always possible to identify the parent ion peak [23]. Ion
molecular collisions can produce a peak at higher mass numbers than the parent ion peak
in which the collision transfers a hydrogen atom to the ion and an (m + 1)" peak results
[27]. Hence, the last peak in the mass spectrum of the ligand observed at 260 (m/e)

corresponds to (m + 1) ion.

The Zinc complex (fig. 5) gave a spectra pattern similar to that of LH and the last peak
corresponding to (m + 1)* jon was observed at 582 (m/e). This shows that there is more
than one ligand attached to the central metal ion, and the peak at 582 is in agreement with
the formular of ZnL, for the Zinc complex. A similar pattern was observed in the spectra
of vanadium, chromium and manganese complexes. A parent ion peak corresponding to
the original molecular weight of the neutral vanadium complex was observed at 825
(m/e) and the peaks observed at (m/e) 827 and 829 for the chromium and manganese
complexes respectively, correspond to (m +1)" peaks. Besides the molecular masses of
826, 827,and 829 for vanadium, chromium and manganeses complexes deduced from
FAB (table 4) mass spectra are consistent with VL;, CrL; and MnL, formulations

respectively.
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THE BASE PEAKS

A base peak is the largest peak in a mass spectrum and such peaks were observed in the
mass spectra of the synthesized ML; complexes. It is noted that in each of the mass
spectra of the ML, complexes shown in figures 6.0 - 8.0, »the base peak occurs at a mass
of 229, which corresponds to the ion formed by the loss of two methyl (-CH,) groups

from [LH]" fragment remaining from the fragmentation of the ML, complexes.

FRAGMENTATION PATTERNS OF LH, ZnL, AND THE ML; COMPLEXES.

The mass spectra of LH, ZnL, and complexes of vanadium, chromium and manganese
containing LH show sufficient intensive lines of molecular ions as shown in figure 4, 5,
6, 7 and 8. Analysis of the high resolution spectra of the ligand and all the above
mentioned complexes, have shown that they undergo a somewhat more complicated
fragmentation pattern [11]. Consequently, the radical ions formed initially are in a highly
excited state and can undergo rearrangement or collision to give ions of higher masses
than expected [27] as observed in the mass spectrum for the synthesized ML; complexes.
The behaviour of these compounds upon fast atom bombardment (FAB) is a function of
the ligand radical sites [23]. The mass spectra of all the above compounds studied

displayed molecular ions as shown in table 5 below.
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TABLE 5.0: Molecular ions responsible for the observed peaks in the mass spectra
of LH, ZnL, and VL;, CrL; and MnL; compounds.

FRAGMENTATION PATTERNS

ION LH ZnL, VL, CrL, MnL,
[M'] - 581 826 827 829
[M-15+2H]" - 568 - . i
[M-30-2H]" - 549 - ; -
[M-45-2H]" - 534 - ; .
[M-45-3H]" - - 778 ; -
[M-45-4H]" - - - 778 -
[M-45-7H]" - - - - 777
[M-60-3H]" - 518 - - -
[M-75-2H]" - 504 ] ] )
[M-75-6H]" - - 745 - -
[M-75-7H]" - - - 745 -
[M-C¢HCO+2H]" - 478 - - -
[M-C¢HsCO-15]" - - - - 710
[M-C¢H;CO-15+1H]" - 462 - - .
[M-C¢HCO-15+3H]" - - - 710 -
[M-C¢HsCO-15+4H]" - - 710 - .
[M-C4H,CO-30+2H]" - 448 - - .
[M-C4H;CO-45-H]" - 430 - - .
[M-C(HCO-45-3H]" - - 673 - -
[M-C4H;CO-60+3H]" - 419 - - -
[M-C¢H;CO-60-2H]" - 414 - - -
[M-C¢H;CO-60-6H]" - - - 656 -

[M-C¢H,CO-75+3H]" - - 649 - .
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[M-C¢H;CO-90-5H]"
[M-C¢H;CO-MnOH]"
[M-2CH,CO-9H]"
[M-2C¢H;CO-15-7H]"
[M-2C(H,CO-30-5H]"
[M-2C¢HCO-30-8H]"
[M-L-15-H]"
[M-L-15+ 4H]"
[M-L-30+H]"
[M-L-30+3H]"
[M-L-30+4H]"
[M-L-30-2H]
[M-L-45-2H]"
[M-L-45-3H]"
[M-L-45-6H]"
[M-L-45-7H]"
[M-L-60+5H]"
[M-L-60+6H]"
[M-L-60-3H]"
[M-L-75+4H]"
[M-L-75-5H]"
[M-L-90+4H]"
[
[

+

M-L-CrOH]"
M-L-90-9H]"

LH

Znl,

307

296

291
276

268

260
252

44

349

333

VL,

626

520

516

581

CrL,

608

500
470

MnlL,

653



ION

[M-L-ZnOH-2H]"
[M-L-C¢H;CO-30+2H]"
[M-L-C¢H;CO-VOH+H]"
[M-L-C¢HsCO-30-HJ"
[M-L-C¢H,CO-30-3H]"
[M-L-C(HsCO-45-7H]"
[M-L-C¢H,CO-60-8H]"
[M-L-C4H;CO-75+4H]"
[M-L-CHs;CO-90+3H]"
[M-L-C(H;CO-90-6H]"
[M-L-C¢HCO-90-7H]"
[M-L-2C¢HsCO-15+4H]
[M-L-2C¢HCO-15-8H]"
[M-L-2C¢HsCO-15-9H]"
[M-L-2C¢H;CO-30-9H]"
[M-2L-8H]"
[M-2L-15-H]"
[M-2L-30+2H]"
[M-2L-30-H]"
[M-2L-45-5H]"
[M-2L-45-8H]"
[M-2L-60-5H]"
[M-2L-60-6H]"
[
[

+

M-2L-60-9H]"
HL-15 + H]

LH

245

45

ZnL,

239

VL,

435
396

282

260

245

CrL,

431
412
396

MnlL;
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ION LH ZnL, VL, CrL; MnL;
[HL-30 7] - 229 229 229 -
[HL - 45] 214 214 214 214 214
[HL -60 | - 119° - - -
[HL -75+4H | - - 188 188

188
[HL -75+2H ] 186 186 - -
[HL -90+3H T 172 172 172 172

172
[HL-CsHsCO+4H] 158 158 - - 158
[HL-CsHsCO+8H]" 146 - 146 146 .
[HL-15-CsHsCO-8H]" . 131 - - - 131
[HL-30-CsHsCOJ 124 124 - - .
[CsHsCOT 105 105 - . -
[CsHs]™ 77 77 - - .
[cor 28 28 - g -

The fragmentation pattern of the complexes and the ligand were used to explain the
molecular ions responsible for the observed peaks, rather than using the actual ion’s
structure or formula responsible, because these are very unstable species and often times

yied no actual molecular ion peaks, but instead fragmentation peaks [11,23, and 27].

The fragmentation pattern for LH, ZnL,, VL3, CrL; and MnL; compounds shown in (table

5) is very essential in that it helps one to explain the source of the peaks observed in the
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spectrum of each compound. For the above compounds, the decomposition of the ions

for each compound occured by the stages described below:

(a).

(b).

(c)

Decomposition of the ions of LH. For the ligand(LH), the peaks in the range of
(m/e) 245 to 28 are due to losses by a molecular ion [LH]" of fragments shown in
table 5 under the columns of ION and LH. |

Decomposition of the ions of ZnL,. The peaks in the range of (m/e) 568 to 28 for
the Zinc complex are due to losses of a molecular ion [M'] of fragments shown in
table 5 under the columns, ION and ZnL,. The decomposition of the ions for this
complex clearly shows the loss of two ligands with peaks appearing at (m/e) 307
and 229. The loss of central metal ion from the molecular ion also occured giving
a peak at (m/e) 239. The information that can be gathered from the fragmentation
pattern of the zinc cc;mplex 1s in agreement with the assumed formula of ZnL,.
Decomposition of the ions of vanadium complex. The peaks in the range of (m/e)
778 to 146 for this complex are due to the decomposition from the molecular ion
[M'] of fragments shown in table 5 under the columns, ION and VL;. The
fragments lost from the molecular ion [M], also involves the loss of three

ligands, with the loss of the first ligand giving a peak at (m/e) 520, the second
ligand gave a peak at (m/e) 282 and the last one, gave a peak at (m/e) 229. The
fragmentation also involved the loss of the central metal ion, giving a peak at
(m/e) 396. Therefore, this information further confirms the earlier assumption

that  the vanadium complex synthesized has the formular VL;.
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(d).  Decomposition of the ions of chromium complex. The peaks in the range of (m/e)
778 to 146 for the complex are due to the losses from the molecular ion [M'] of
fragments shown in table 5 under the columns, ION and CrL;. Here, again, it was
observed that fragmentation involved the loss of three ligands with peaks
appearing at (m/e) 558, 303 and 229, in this order. The metal central ion was also
lost during fragmentation giving a beak at (m/e) 500. The above information is in

agreement with the synthesized chromium complex having the formula, CrLa.

(e).  Decomposition of the ions of manganese complex. Like for the above
compounds, the peaks in the range of (m/e) 777 to 131 for the manganese
complex are as a result of the losses from the molecular ion [M'] of fragments
shown in table 5 under the columns, ION and MnL;. There was a loss of three
ligands and the centr.al metal ion for this complex as well. The first, second and
third ligands  were lost, giving peaks at (m/e) 543, 298 and 214 respectively. On
the other hand, the complex lost the central metal ion, giving a peak at (m/e) 653.
Hence, with the above information obtained from the fragmentation pattern of the
manganese complex, one can confidently say that the complex has the

composition, MnL;.

Table 5 shows that the mass spectra for vanadium(III) complex, chromium(III) complex
and manganese(II) complex hardly differ relative to the set of peaks formed, indicating

similarity in their fragmentation. It has been proposed that the unpaired electron of the
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ligand is lost upon ionization of the metal complexes with free radicals and that the major
factor determining fragmentation of such complexes is the localization of the positive

charge and radical site in M in the ligands [23].

The appearance of peaks in each of the mass spectra of the ML; complexes at (m/e) 520,
282 and 229 for the VL;, (m/e) 558, 303 and 229 for CrL; :cmd (m/e) 543, 298 and 214 for
MnL;, is a clear indication that the initial fragmentation of the coordination compounds of
metals with bidentate ligands is accomplished in such a way that only one ligand takes part
in the decomposition, while the second and the third remain unchanged until the first
ligand is completely cleared. Cases of the concurrent participation of two or three ligands
iﬁ the initial fragmentation steps without the complete cleavage of one of the ligands are

rare [28].

3.2.2. INFRA-RED SPECTRA RESULTS FOR ML; COMPLEXES, M = V™,
Cr** AND Mn*).
The infra-red spectrum of a compound is characteristic of that compound and may be used

for identification, just as melting point, refractive index and boiling point.

To identify the synthesized ML; complexes, the infra-red spectra of each complex was
taken. In order to facilitate the interpretation of the data obtained, the infra-red spectra
data for the pure ligand (LH) (see page 16) was also recorded. The Fourier Transform

Infra-red (FTIR) spectra data for the uncoordinated free radical ligand (LH) was then
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compared with those obtained for each of the ML; complexes. The wave numbers (cm™)
of some characteristic absorption bands in the FTIR spectra for LH and each of the ML,
complexes are given in table 6 below.

Table 6.0 : Wave numbers (cm™) of some characteristeristic absorption

bands in the FTIR spectra for LH afld the ML; complexes.

LH:  638m, 662m, 673m, 697s, 738m, 1014m, 1030m, 1063m, 1180s, 1214ms,
1252m, 1296s, 1310s, 1322v.s, 1366m, 1380m, 1436m, 1451s, 1495m,
1538s, 1550s, 1587s, 1628s, 2858m, 2930m, 2978m, 3020m, 3059m,
3225m.br., 3465m.br.

VLs: 622m, 661m, 675m, 700m, 756v.s, 806s, 882m, 900m, 1025m, 1059m,
1194m, 1317m, 1378m, 1456m, 1506m, 1520m, 1540s, 1558v.s, 1651m,
1698m, 236Qv.s, 2872w, 2938m, 2980m.

CrLs: 696w, 794m, 806m, 882m, 952m, 1025m, 1059m, 1194m, 1317m, 1374m,
1456m, 1506m, 1521m, 1540s, 1558v.s, 1617m, 1651m, 1698w, 2360s,
2872w, 2930m, 2980m.

MnL;: 806m, 882m, 951m, 1025m, 1059m, 1194m, 1317m, 1374m, 1456m,
1506m, 1520m, 1541s, 1558s, 1651m, 2358.6m, 2872w, 2931m, 298 1m.

Symbols: m = medium intensity of a peak

s = strong intensity of a peak
w = weak intensity of a peak

V.§ = very strong intensity of a peak



51

The absence of the band at 1628cm From the FTIR spectra data given above, it
can be noted that the spectra data of the ML; complexes differ from that of LH,
mainly in two ways. For example, in the FTIR data for LH above, an intense band
at 1628 cm™ is observed, which corresponds to v(C =0) group and the bands
between 3225 - 3465 cm™, corresponds to V(N—H) group, broadened on account
of intramolecular H-bonding which is characteristic of the uncoordinated free
radical ligand (LH) given on page 16. The band occuring at 1436¢cm™ in the FTIR
data of LH can be assigned to v( >N-_’ O) stretching vibrations, which is found
at 1440+ 4cm™ in imidazolidine nitroxides [24]. The above information is in

agreement with the structure of LH given on page 16.

The absence of the band at 1628cm™ and the bands between 3225 - 3465 cm™ in
the FTIR spectra data of the ML; complexes, indicate that the free radical ligands
(LH), have become deprotonated and are coordinated to the central metal ion,

forming complexes with the structure (T) shown below.

(A) or (B) (T)

Where (M = V", Cr*" and Mn*").
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Furthermore, it should be noted that the bands present in the FTIR spectra of the
ML; complexes which are important for the characterization of the complexes are
described below.

The bands between 1050 - 1317 cm™ in the FTIR spectra of the ML, complexes
may be assigned to v ( C — O) stretching vibration. The bands in the range 1500
- 1600cm™ can be assigned to the conjugated system of C =C and C=N bonds,

which is in agreement with structure (T) representing the ML complexes.

The band occuring at 1456cm™ in the spectra of the ML complexes may be
assigned to v (>N"—' O) stretching vibration [24] which is attached to each ligand
and is preserved during complexation. The other peaks present in the spectra of
the ML; complexeg occuring in the regions between 1000 - 700cm™ and 2858 -
3200cm™ could be due to 5 -adjacent hydrogen atoms on the aromatic ring of the
phenyl group attached to the ligand (ie. mono substituted) and the C - H
vibrations in the methyl groups present in the structure (T), respectively. The
strong peak at 2360cm™ appearing in each FTIR spectra of the ML; complexes is
likely due to the presence of an impurity in each sample. The FTIR spectra of each
of the ML; complexes and the ligand LH are given in figure 9, 10, 11 and 12 on

pages 53, 54 and 55.
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