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INIRODUCTION

Dithiooxamide (rubeanic acid) has been widely used as an
analytical reagent where it is found to provide a very sensitive spot
test for the detection of Co, Niand Cu® . This ligand (abbreviated
hereinafter as dto) forms insoluble 1:1 with Cu(IT) and Ni(II) that are
thought to be polymeric and involve N-S bis-bidentate bridging
behaviour®. The dto and its mono- and disubstituted derivatives have
a varied and interesting coordination chemistry® and their intense
chromophore™ have led to anumber of applications®, including an
important imaging process®. These ligands are exemplary of
polyfunctional molecules that can, in principle, chelate in a variety of
different ways, i.e they are flexidentate ligands.” Attention has been
focused especially an their intensely coloured neutral polymeric® and
cationic monomeric” complexes of Ni, Pd and Pt metals. The
particular complex formed depends on the reaction conditions and the

stoichiometry™.

In the case of Ni (II), one equivalent of metal ion reacts with one
equivalent of the ligand in neutral or weakly acidic media to give an
insoluble 1:1 polymer. In this material the ligand is believed to bridge
between two nickel atoms, coordinating to each metal atom through
one sulfur and one nitrogen forming a five membered chelate
(8,9,10)

ring such as the structure below .




o

&~ INTRODUCTION

\
\/\

I (I) — N
With two or more equivalents of the ligand and from strongly

acidic media, salts of monomeric cationic Ni(Il) complexes of general
formula [Ni (L,),]X; have been obtained®' in this complex, the
ligands were first believed to coordinate in a bidentate N,S(IT) fashion

(12,13)

forming a square planar complex . However another work

suggested that the ligands are probably bound in an S,S
fashion(TI)“**> .

Monomeric neutral complexes of unsubstituted and N-substituted
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dto ligands, of the general formula [M(LH),] have been reported for
Pd(Il) and PHI)"®. Crystallographic studies have confirmed S,

coordination sphere about M(II) in these complexes""” . Unlike Pd and

Pt, no monomeric neutral nickel complex of unsubstituted dto has
been reported. Neutral Ni complexes have been reported only for
N,N'-disubstituted dto ligands such as N,N'-—diethyl-dto and N,N'-
dibenzyl dto '®. A crystallographic study of the neutral quinoxaline-
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2,3-dithiol (or N,N'-1,2-phenylene-dto) complex showed an S,

environment about Ni(I[)"”.

Hurd et al,®” prepared a low polymer of nickel with RRdto and
stated that the size of the terminal structure of the complex depends on
the method of preparation and purification, and that from about pH=1
to alkaline solutions the complex is formed by replacement of the
amide hydrogen with nickel. The infrared spectra of Ni (RRdto) and
Ni (dto) have been given, some fundamentals have been assigned and
a polymeric structure with SN coordination sites was proposed.
Physical properties such as low solubility and the variable
composition suggested that these compounds are polymeric. The
magnitude of the magnetic susceptibility of these complexes has been
explained with the idea that the polymeric structure consists of planar
and octahedral conformations about the nickel atoms®". Kaneka and
Casey®" stated that the octahedral geometry may arise from
interaction between the nickel atoms and sulfur or nitrogen atoms in

adjacent planes or coordination of water molecules.

NMR spectral studies®”, indicated that the planar dithiooxamide
(dto) act as Dbidentate sulfur donor ligand with nickel(I). The
infrared bands in the 330 cm™ region were assigned to the v Ni-S and
only the most intense bands at 1500(vCN) and 850cm™ region (vCS)
have been mentioned, special attention has been given to the hydrogen
bonding ability in the complexes of dto and its N-substituted
derivatives and it was found that the ability of H-bond formation

together with metal-ligand bond strength increase on passing from




&~ INTRODUCTION 4

dto to RRdto and from iodide to the chloride compounds(”') the vNH,
appeared as a very broad and intense band in the IR spectra of Ni
(RRdto)X, with several sub-maxima, generally due to intermolecular
H-bonding. The chloride compounds showed the strongest hydrogen
bonds and had the highest ionic contribution in the thioamide group,

so both VvCN and ONH appeared the highest frequencies for the

chloride complexes. In these complexes vCN and 6NH are very near

to each other and the outers could not distinguish between them"?.

On the other hand, Cu(Il) gave square planar complexes having
the formulae Cu(LH;) X; and Cu(LH;),X, where X= Cl, Br or ClO,
with the planar dithiooxamides dto, Mdto and NNMdto, with
Mdto = N-methyl dithiooxamide and NNMdto = N\N'-
dimethyldithooxamide. The ligands act as bidentate with S.S
coordination in these complexes®”. The IR spectra of these complexes
have been investigated with special attention to the low frequency
region and to the influence of hydrogen bonding in the spectra. The

hydrogen bonding ability was found to increase following the series:
Dto < Mdto < NNMdto , and
ClO,<Br<(Cl

This difference in the hydrogen bond strength was found to be
much more pronounced in the [Cu (LH,;),] X, complexes than the [Cu

(LH,) X;,] ones .

(24-28)

The work of Desseyn and his coworkers , was extended to

characterize  some metal complexes of dithiomalonamide
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(H,NCSCH,CSNH,) where they found that introducing a CH, group
in this bidentate ligand between the two cis amide functions
dramatically changes the behaviour of the ligand compared with
dithiooxamide. The Ni(Il) and Pd(Il) complexes were described by
Peyronel et al,®® where they proposed SN coordination for the
cationic species and S,S coordination for the neutral complexes.
Martin®® reported on the Ni(Il), Pd(Il) and Pt(I) complexes of
dithiomalonamide and other metals such as Zn(II), Cu(Il) have been
also reported ©2 | Ray and Sathyarayana®” proposed S,S
coordination for the cationic species [Ni(H,A)] Cl, in analogy with
other metal complexes. De Beuklleer and Desseyn®® prepared the
Ni(Il), PdAI) and Pt(II) complexes with dithiomalonamide from acid
media and found that cationic species of general formula [M(H,A),]X;
are formed C(X= Cl, Br,I,Cl0,). They studied the infrared and Raman
spectral  characteristics of the complexes and investigated the
influence of both the central metal ion and the counter ion on the

spectra.

Desseyn group expended their work to the preparation of Au(III)
complexes with dithiooxamide®. They stated that in acid media they
got a complex having the formula [Au (dto) (dtoH)]Cl,. In strong
alkaline media, the N N-disubstituted dithiooxamide formed anew
type of complexes with formula A[Au(L),] where A =1Li, Na or K and
LH, is DMdto or DEdto. They used IR and Raman spectroscopy and
thermal analysis to study the complexes and concluded that all
complexes have a square planar geometry around Au(IIl) and that in

all cases the dithiooxamides act as bidentate ligands coordinating
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through both the two sulfur atoms forming chelate ring systems. For
the complexes formed in acid media special attention was given to the
effect of H-bonding on the infrared spectra while for the complexes
obtained in alkaline media the influence of the alkali counter-ion is
investigated. From the TG data it was concluded that the forces in the
ionic lattice of the A[Au (L)z ] complexes follow the series Li > Na >
K.

Stootmaekers et al,®® studied also the complexes of Cu(I) and
Ag(l) with dithiooxamides they stafed that both metal ions form
complexes of formula (MLH,)X in acid media where L-dto, methyl
dithiooxamide (Mdto) and N,N-dimethyldithiooxamides (Ddto). The
authors concluded that, although all the complexes studied have the
- same formula, different structures, depending on the halogen and the
ligand used, are formed as substantiated from fhorough mvestigation
of their vibrational spectra. The M (dto) X, (X= Cl, Br) complexes
and Cu (Mdto) Cl were found to be binuclear with bridging halogens,
while the ligand exhibits on S-cis structure. For the other complexes,
the dithiooxamide has an S-trans conformation and polymeric
structures are formed. In the case of Ag(dto)Cl, Ag(Mdto)Cl and
Cu(dto)Cl  terminal metal-halogen are present and trigonal
coordination around the metal is proposed, while for Cu(dto) Br and
the Cu(LH)I complexes bridging halogens are present in the structure
giving a tetrahedral coordination. Furthermore, 1:2 complexes of
Cu(I) and dithiooxamides have been prepared and characterized by X-
ray powder diffraction as well as vibrational spectroscopy®”. It was

found that Cu(I) can form complexes with the formula Cu (LH,), X
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where X=CL or Br and LH, is an N,N'-disubstituted dithiooxamides.
Vibrational analysis, with IR and Raman techniques indicated the
presence of an inversion centre in the structure of the prepared
complexes that leads to the proposal of a very unusual six-coordinate
structure for these compounds, with the two oxamide ligands having
S-cis conformation coordinating to the same copper and halogen
bridges between to different copper atoms. The authors tried to
confirm the six-coordinate Cu(I) complex, which is unusual, but the
powder diffraction together with the vibrational spectra could not
prove the structure, instead a square-pyramidal five-coordinate

structure was proposed.

El-Gahami®® reported the divalent copper, nickel, cobalt and
cadmium complexes of dithiooxamides as primary ligand and both di-
hydroxyanthraquinone and tetrahydroxyanthraquinone as secondary
ligands. The complexes were characterized by elemental analysis
electrical conductance measurements as well as electronic and IR
spectroscopy. The mixed ligand Cu(Il), Ni(Il) and Co(Il) complexes
were suggested to assume a distorted octahedral geometry while for

the Cd(II) complex, a tetrahedral structure was proposed.

Mikhaiolov and Polovnyak® found that the complexation
reaction occurring between mixed potassium  Iron(II)
hexacyanoferrate(Il), KFe [Fe(CN)s] and dithiooxamide or its N,N"-
diphenylsubstituted derivatives on thin gelatin layers proceeds

according to pseudo-SN; mechanism. The complexation was found to
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occur after the dissociation of Fe(Ill) hexacyano-ferrate(Il) in an

alkaline medium.

Dithiooxamide was used as a bridging ligand in the preparation of
binuclear Fe(III)-Fe(Il) complexes“? of the type [Fe(Salen),dto]-
2H,0, where Salen stands for bis(salicylidene)ethylenediamine. The
complexes were studied by elemental analysis, IR and electronic
spectra as well as magnetic measurements . A dimeric structure with
an octahedral arrangement of Fe(IIl) was proposed. Some of the
complexes have been characterized by temperature-dependent
magnetic  susceptibilities and an antiferrbmagnetic exchange
interaction was found for the binuclear complex containing the

dithiooxamides bridge.

Chemisorbed copper(Il) and Co(Il) complexes of dithiooxamide
on aminopropyl bonded silica®” were prepared and evaluated for the
separation of light hydrocarbons (C4and below) by micro column gas
chromatography (GC). All the columns appeared to be effective for
the separation of C;-C, saturates with reproducible retention times. In
general, the sample components were retained longer on the metal
containing packing presumably due to specific solute-metal
interactions. The cobalt(I) complex of amino propylsilyl-
dithiooxamides bonded phase showed better selectivity for the test
solutes, particularly the C, hydrocarbons this result, which reflects the
higher capability of cobalt(ll) to form m-complexes with electron
donor compounds than copper(Il), showed a significant improvement

in the separation of the C, hydrocarbons over molecular sieve 5A,
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alkyl bonded silica and copper(Il) complexes of cyano-and
mercaptopropyl bonded phase where ethane and ethylene eluted as a
single peak. Thermal stability test showed that the columns could be
operated at temperatures up to 200°C without any appreciable change

in retention properties.

In the search of metal, especially Pt(Il), complexes showing
metallomesogenic properties, [Pt(Rdto),] complexes were synthesized
starting from cis-[Pt(Me,SO) CL,]*?. The coordination chemistry of
long chain dithiooxamides which in some cases show a different
behaviour with respect to R, dto bearing small substituents on
nitrogen atoms was found to be interesting. The reactivity appeared
related only in part to the lower basicity of the amide nitrogen atomé
in diaryl with respect to dialkyl-dithiooxamides, and differently
populated conformations of the complexes seem to play an important
role.  Mesophase formation for [Pt(R,Hdto),] with 3,4-
dalkylsubstituents is suggested by polarising optical microscopy and

differential scanning calorimetry.

Workman et al,“? studied the monolayer properties of the
amphiphilic N, N'-bis(10,12-pentacosadiynyloxycarbonylmethyl)
dithiooxamide at the air-water interface by measuring surface
pressure-area isotherms. The amphiphile itself did not form stable
monolayers on an aqueous subphase but when Cu(Il) ions are added to
the subphase a coordination polymer was formed, forming stable
monolayers at the air-water interface. The monolayer stability was

found to be strongly influenced by the counter ion, pH and
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temperature of the subphase. Electron microscopy showed that at a
low surface pressure a monolyér of loosely packed islands is formed.
The monolayer of the coordination polymer could be transferred onto
solid substrates by a Y-type transfer. The presence of Cu(ll) ions is
confirmed by xps measurements and UV-visible spectroscopy showed
a strong absorption at 370nm, indicating that a strong conjugated
coordination polymer is formed at the air-water interface.

Sengupta et al,*?

studied the oxovanadium(I'V) complexes with
14-membered macrocyclic ligands derived from dithiooxamides.
Tentative structures have been proposed on the basis of elemental
analysis, electrical conductance, magnetic measurements and spectral
(IR, EPR, electronic) data. The X-band EPR spectra of all thé
complexes were recorded at room temperature and at liquid nitrogen
temperature. The room temperature EPR speétra did »not show
anisotropy because of rapid tumbling of the molecules in solution but
it is observed at liquid nitrogen temperature. The spectral studies
suggested a square pyramidal geometry for the oxovanadium(IV)

complexes.

Thermal studies on the complexes formed between
monosubstituted dithiooxamides (Rdto) as well as disubstituted
dithiooxamides (RRdto) with Cu(I) and Au(Ill) ions are recently
reported®. Tt was found that the neutral Au complexes decompose
without formation of intermediates. The ionic MAu(L),] complexes,
where M'=LiNa or K, are mainly stabilized by the lattice forces. In
the' complex [Au(LH)Br,] Br, the release of one HBr per molecule
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occurs in two steps to form the more stable[Au(L)Br,] The
neutral[Cu(LH,),X,] decompose to the more stable [Cu(LH)X]. The
latter complex was found to disproportunate to form Cu LX polymers,
Cu, ligand and HX. |

Abou-Taleb et al.“® prepared a series of Ni(Il) complexes with
unsymmetric ~ NNSS quadridentate containing  hydrazine
carbothioamide residues by the nucleophilic displacement of one
SCH; =~ group from [(1-phenyl-1,2-ethanediylidenebis(S-
methylhydrazinecarbodithioate)NNSS]z’ Ni(Il) with primary and
secondary amines. The N-diethyl substituted complexes of
palladium(II) and platinum(II) have been similarly prepared. The
authors prepared also the mono hydrazine Ni(Il) complex and
discussed its condensation with acetylacetone and benzoylacetone to
the corresponding pyrazoles. The electron impact mass spectral
studies suggested a preferential displacement of the SCH; group on
the carbon atom directly conjugated to the phenyl group. The infrared,
ultraviolet and visible absorption spectra as well as proton NMR

spectra of these complexes have been discussed.

Kopel®” and his coworkers prepared some mixed ligand
complexes of Ni(Il) with dithiooxamide. The secondary ligands
include triphenyl phosphine, diethyl dithiocarbamate and 2-amino
thiophenol. The magneto-chemical and spectral properties of the

prepared complexes have been discussed.. The X-ray crystal structure

of [(Pphs),Cu(dto)Ni(dto)Cu(Pph;),] was solved. The sulfur atemisof -

dithiooxamides are coordinated to copper atoms, while nitrp"géﬁ atoms e

@ Vvex
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form a square planar surrounding the nickel atoms. The authors
suggested that the copper atoms were in an approximately tetrahedral

environment.

Mixed ligand mononuclear complexes of the type (Pph;),MdtoX,
where M=Cu(I), Ag(I) and X=Cl or Br have been synthesized and
characterized by elemental analysis and IR spectera(48) The X-ray
crystallographic structure determination of the bromide complex has
been reported. In these complexes, dithiooxamide was found to act as
monodentate ligand through one sulfur atom coordinated to Cu. The
coordination of Cu atom was suggested to be distorted tetrahedron
with a Cu-Br distance of 2.48A° and Cu-S distance of 2.35A°.

Tight contact ion pairs of general formula [Pt(R,H,dto),] X, have
been prepared(49) and their absorption spectra and luminescence
properties (at room temperature in dichloromethane fluid solution at
77K in butyronitrile rigid matrix) have been studied (R = methyl,
butyl, benzyl and X = Cl, Br). The absorption spectra of all the
compounds are dominated by moderately strong Pt(dw) / S(n) to
dithiooxamide =* charge transfer (Pt/S 3 dtoCT) bands in the
visible region (e =10*010°M"cm™). Absorption features are also
present at higher energies due to n-n transitions centered in the dto
ligands (ligand centered, LC). All the compounds exhibit an
unstructured Luminescence band in fluid solution at room
temperature, with the maximum centered in the 700-730nm range.
The luminescence band are blue shifted about 4000 cm™ on passing to

the ‘rigid matrix at 77 K. Luminescence is assigned to the triplet
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P/S —» dto CT excited states in all cases. The compounds
exhibited a second higher-energy luminescence band at room
temperature centered at 610nm, atiributed to LC excited state. Charge
transfer interactions between halides and dto ligands destabilize dto
centered orbitals, affecting the energy of Pt/S —» dtoCT
transitions and states. The X counterions and X — dto CT levels
are proposed to play a role in promoting excited state conversion
between LC and Pt/S — dto CT levels. The R substituents on the
nitrogen atoms of the dto ligands influence the absorption and
photophysical properties of the compounds, by affecting proximity of
the ion pairs. The possibility to functionalize the R substituents may
open the way to interface these luminescent compounds with desired

substrates and to construct supramolecular assemblies.

Finally, Barnard and his coworkers®” tried to ahswér the
question  “is dithiooxamide oxidized or reduced during
complexation?”. To answer this question, the authors studied the
complexes formed between dto and various [Mo(CO)s(PRs)]
fragments as well as the dioxomolybdenum-dto complexes®~?.
Trends in the CO stretching frequencies led authors to an interesting
assertion that [Mo(CO)y(R4N2C,S,)] and [Mo(CO)(PR3)
(RyN,C,S,)] species are Mo - dithione complexes whereas the
[Mo(CO),(PR;)2-R4°N2C2S2)] is a Mo -dithiolene complex. On
the other hand, from crystallographic data they could conclude that the
shot C - C bond length in the complex [Mo(CO)(PBus),

(CsHi1oN),C,S;)] and the observed planar chelate ring provide
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substantive evidence that the dithiooxamide ligand is present in its

reduced thiolene form confirming the previous assignments.
Complexes of other sulfur-nitrogen donor ligands

Other ligands, related to Dithiooxamide, with sulfur, nitrogen
and/or oxygen bonding sites are known. The derivatives of
dithiocarbamate with amino acids are famous S,N donor ligands
besides the importance of their complexes as models for some

biological systems.

Dithiocarbamates the subject of considerable interest , because
they are easily undergoing any different reactions , thus being useful
when studying substitution reactions in cation bonded ligands or
between ligands themselves. © Many proteins have systein and
methionine residues and so dithiocarbamate derivatives of amino acids
can be valid as models to study the coordination of proteins to metallic

cations ®¥ .

The dialkyldithiocarbamates are easily synthesized through the
reaction of the amine with carbon disulphide in basic medium
however if an o-amino acid is used instead of an amine
dithiocarbamte derivatives of o-amino acids are obtained with the
general structure where simultaneous presence of the dithiocarbamate
and the carboxylic groups makes these ligands very interesting as both

can be coordinate to the metallic cation . © 2

Metal ditiocarbamates have been successfully used in

agriculture for controlling insects and fungi in treatment of alcoholism
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and in estimation of copper. ®” Their range of application is covering

fields as different as chemical industry biology and boichemistry . ©®

The barium dithiocarbamate drivatives of glycine, alanine, 2-
amino buteric acid norvaline and norleucine have been synthesized ©”

the salts are formed according to the following equation :

(1)Ba (OH),

H,CHRCOOH G)Cs,

> Ba[S,CNHCH(R)COO]+2H,0 (3)

The anions have been used to obtain the corresponding nickel

(II) complexes in acidic form according to the following reaction .

Et

2Ba[S,CNHCH(R)COONiCL, —-2>

Ni[S,CNHCH(R)COOH] 2 +2BaCl2 4)

The complexes are diamagnetic and coordination takes place in
a square planar geometry around the Ni (II) ion through sulphur atom

of the dithiocarbamate .

Complexes of nickel (II) and copper (II) with aromatic
dithiocarbamate have been reported by Macias et al.®® Phenylglycine
and phenylalanine react with CS, in a basic medium to yield the
corresponding dithiocarbamates which react with Ni (II) and Cu (II)
salts to form complexes of general formulae (Ni aadtc) and Cu(aadtc)
respectively, where aadtc is the dithiocarbamate anion of the
respective a-amino acid. It has been proposed that both series of
complexes are diamagnetic and that the nickel (II) compounds are
square planar. A reaction of the copper (II) in the complexes to the Cu

(D) state occurs during synthesis .
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Complexes of Pd (II) with dithiocarbamate derived from o.-
amino acids ( glycine alanine valine and leucine ) have been also
reported®®. The stoichiometry of the complexes are Pd : L=1:2. The
complexes have a distorted square planar structure with the
ditiocarbamate acting as bidentate ligand through the sulphur atoms

the carboxylic group is in the free acidic form .

HOO(,

/
S \ /. \ c‘"H (l:OOH
\‘/ ~57 ]/H
C\

R

Where R=H, CH;, CH(CH3),, CH,-CH(CHj3),

Molybdenum(V)  complexes of the general formula
[Mo,O4(aadtc) ,].2H,0, where aadtc = anion of dithiocarbamate
derived from different amino acids have been prepared either by the
raction of the ligands with molybdenum (V) chloride in an inert
atmosphere or by reaction of sodium molybdate with dithionite in the
presence of ligands in acidic medium. It has been found that the
carboxylate group is in an acidic form without binding to the metal
cation. The oxidation state of molybdenum ion Mo (V) has been

confirmed by X-ray powder diffraction. ©®

Very few mixed ligand complexes containing dithiocarbamate

ligand derived form a-~amino acids have been reported in literature. “*
A number of mixed ligand complexes of general formula

Ba[(M(acac)z(aadtc)], [{VO(acac)},(aadtc)] and [{Fe(acac),}(aadtc)]
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where(aadtc = glycinlydithiocarbamate or alninyldihicarbamate, acac=
acetylacetonate and M=Co(Il) Ni(I)Cu(II) has been synthesized. An
octahedral structure around the central metal ions has been proposed
Vanadium (IV) and iron ( IIT) complexes are supposed to be dimeric

with the glycinly — and alaninyldithoicarbamates acting as a bridge as

shown below :
i 3 i}
"~ S o
B NUPZENN A
¢ M_ _ | CNH—CH—C_!

ﬂ/\ :

CNH —CH— C ’

M= Co(ll), NglI), Cu(ll); O O = acetylacetonate anion; R=H or CH;
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Importance and application of the used metal ions

The metal ions used in the present thesis have a variety of
application either in biological systéms or in chemical industries.
Co(Il) is known in vitamin Bj, which is found as the vitamin of the
lowest concentration in the human body®” Nickel on the other hand
was found to play an important role in biological systems “. Studies
on some hydrogenases indicate that the nickel center is surrounded by

©3)

S, N and or O atoms, " where complexes with such combination of

ligands can serve not only as models for some biological systems, but

“also can stabilize less usual oxidation states of Ni. ®” The blue copper

proteins are a well — known class of copper containing proteins. These

proteins are involved in electron transfer reactions and include
azurine, plastocynine and stellacyanine. Many other proteins were

found to contain Cu and Cu complexes . ©*”

In addition to the above mentioned biological importance of Co,
Ni and Cu; the ability of Ru (III) ion as catalytic oxidants is very
important especially in the oxidation of primary and secondary

alcohols .

The trinuclear complexes [RusOCO,(R) ¢Ls]™" (R = Me, Et;
L =H,0, pphs; n =0, 1) have been used to oxidise primary alcohols to
aldehydes and secondary alcohols to ketones with aerobic catalysts at
65° C and a considerable pressure of oxygen. High catalytic turnovers
were observed under such condition for [RusO(CO;Et);6(pphs)sl,
over 24h but with [Ru;O(Pfb)s(Et;O0], (Pfb = perfluorobutyratate)
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alkenes may oxidise with aerobic catalysts cyclohexene to a mixture

of the oxide ,the allylic alcohol and the ketone at 65° C .“®

The catalytic oxidation has been studied using the cyclic
voltammogram® of trans-[Ru(phen) , (OH,) (OH)] (ClO4), (10°M)
in 0.1 M CF;CO,H i presence of 2- propanol and indicated that the
presence of a catalytic oxidation current was found beyond the couple
Ru(IV)/Ru(Ill). Controlled potential electrolysis of this solution at
1.05 V vs. NHE ( normal hydrogen electrode ) produced acetone with
over 85% current efficiency. No other organic product was formed
however if the electrolysis was carried out at 1.25 V both the current

efficiency and catalytic activity of the ruthenium complex decreases .

The cyclic voltammogram demonstrates the catalytic oxiation of
isopropyl alcohol to acetone when the [Ru (N,0) (OH,)]** [(N,OH =
bis-2(2-pyridylethyl) (2-hydroxy-2-(2-pyridyl)amine]. 7

The complex is oxidised at a glassy carbon electrode and
controlled potential electrolysis in 0.1 M HCIO4 and 0.1 M NaClO,
at 1.2 V vs SCE (Saturated Calomel Electrode) in the presence of 2-
propan of (1 M) and yielded acetone with turnover 12, over a period

of 4.5 h. More importantly this ruthenim (III) complex provide a
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catalytic oxidation current that showed no sign of diminishing after

several hours of continuous electrolysis .

It was found that [RuCl, (pphs), (acac)]oxidises alcohol in the
presence of excess NMO, primary and secondary alcohols are
oxidised to the corresponding aldehydes and ketones respectively.
There is no oxidation by either NMO in the absence of the catalyst or
reaction between the complex and the alcohols in the absence of
NMO. The complex was found to be a good oxidant for alcohols
‘compared with its osmium analogue [OsCly(pphs) » (acac)] which

showed weak oxidation for alcohols .7V

The chelating ligands which are good o-donors increase the
electron density on the metal ion facilitating dioxygen binding. The
dioxygen carriers so far studied simply include metal complexes of
Schiff bases, prophyrins and macrocyclic ligands. ™" The cobalt (II)
complexes with tetra and pentadentate Schiff bases have attracted
much attention as used for separation of oxygen form air.
Oxygenation with molecular oxygen or H,O, of ruthenim (III) Schiff
base complexes , K(Ru"'(saloph) )X,] and [Ru™(saloph) )XY] gives

the oxo-derivatives, ruthenium (V) oxocomplexes.”®

X = Cl Y = Imidazole or its

derivatives.
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However oxygenation studies of ruthenium (III) complexes
derived from the Schiff bases HL of bis (Salicylaldehyde), ethylene-
dimine suggest the reversible binding of molecular oxygen (as shown

below) to form ruthenim (IV) superoxo speices [Ru''L(0,)Y]". -7
[RULXY] O, [RuL(0)Y]+X

Cyclic voltammogram of [Ru(Salen)ClY],(Y-2-methyl imida
zole) showed two redox wave at negative potential (-0.2- 1.0V)

corresponding to Ru"/Ru*"."

The RuCls/phlO system catalysed epoxidation of olefins and
gave more than 10% of epoxide. Pyridine addition increases the yield
and selectivity of epoxide. Spectral studies suggest that oxoruthenium
(V) is the active oxidising species.®® In the RuCly/hypochlorite or
periodate systems, oxidative cleavage of double bonds occurs and a

small proportion of epoxide (< 1%) is obtained .

The ruthenium (III) cdmplexes [Ru™X,(Asphs), (HL)] (X =Cl,
Br; HL = monoaino of Schiff bases formed from condensation of 2,3-
dihydroxy benzldeyde and aniline or its o- and p-substituted
derivatives) have been isolated characterized by spectroscopic
technique and investigated by cyclic voltammetry. These complexes
were found to be effective catalysts for oxidation of primary alcohols
to aldehydes, secondary alcohols to ketones and 3,5-(di-(tert-butyl) )
catechol to the corresponding o-benzoquione in the presence on N-

methylmorrpholine N-oxide as co-oxidant .®**%
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AIM OF THE WORK

The wide range of application of the dithiooxamide (dto) ligand
in analystical chemistry'”, biochemistry and imaging processes®
provides unambiguous importance of the study of its metal complexes.
The ligand is multifunctional and can chelate metal ions in a variety of
different ways including the formation of neutral polymeric and
cationic monomeric® complexes. Coordination polymer networks
based on multidentate ligands represent, on the other hand, a growing
area of interest because they can be used as ionic exchangers and
catalysts. They have also provided interesting examples of low-

dimentional magenetic materials®>®®.

In view of these findings and due to the lack of studies regarding
Co (II) and Ru (III) complexes with dto, as well as mixed ligand
complexes involving these and other metal ions, it is thought of
interest to present, in this thesis, a systematic study of the binary and
mixed ligand complexes of Co(Il), Ni(Il), Cu(II) and Ru(Il) with dto
as primary ligand and 8—hydroxyquinoline,v acetylacetone, o-pheylene-
diamine, salicylic acid or thioacetamide as a secondary ligand. The

study involve;

(a) Spectrophotometric determination of the stoichiometry of the
~ binary and mixed ligand complexes liable to form in solution

and evaluation of their apparent formtion constants.
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(b) Synthesis of the solid complexes and their characterization using
different tools, viz. elemental analysis, conductivity as well as
electronic and IR spectral measurements with the aim to shed
the light on the nature of interaction and bonding between the

metal ions and the ligands.

(c) Investigation of the thermal properties of the complexes and

kinetics of their decomposition.



CHAPTER 11

Experimental
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CHAPTER 11
EXPERIMENTAL
Materials:

All solvents used in this thesis were of the analar grade (B.D.H
or Merck products). Dithiooxamide (dto), used as primary ligand,
was E. Merck product, its purity was checked by elemental analysis

and IR spectra and was used as supplied.

Secondary ligands; o-phenylenediamine (0-phen),2,2"-bipyridyl
(bipy), acetylacetone (acac), 8-hydroxyquinoline (8-HQ),
 thioacetamide (taa) and salicylic acid (sal) were all of the Analar
grade (B.D.H. or Merck products) and used without further

purification.

Reagent grade metal salts; CoCl,. 6 H,O, Co(CH;COO), .4 H,0,
NiCl,.6H,0, Ni(CH3CO0),.4H,0, CuCl,.2H,0, Cu(CH; COO),
H,O, and RuCl; .6H,O have been used for the preparation of the solid
complexes, and also for invéstigation_ of the complex formation in

solution.
Solutions:

In order to investigate the possibility of complex formation in

solution two different spectrophotometric methods have been
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applied, namely the molar ratio and continuous variation methods.
For the purpose of using the molar ratio method a series of solutions
was prepared in which the metal ion concentration was kept constant
while the ligand concentration was varied to cover the ratios 2:1, 1:1,
1:2 and 1:3 ( metal ion :ligand). Both the metal salt and ligand were

dissolved in methanol.

For using the continuous variation method a series of methanolic
solutions was prepared in which both the metal ion and ligand
concentrations were varied while keeping the total molar

concentration constant.

Spectrophotometric measurements for the determination of
the stoichiometry of the complexes liable to form in solution and
to evaluate their formation constants have been carried out at

room temperature (~ 25°C).
Preparation of the complexes

(1) Binary complexes of Co(II), Ni(Il)and Cu(II)with
dto.

Two different methods were used for preparing the binary M(II)

complexes with dto.

(a) In the first method a methanolic solution containing 3mmol

of the M(I) salt was added to a solution of 6mmol of dto in methanol
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while stirring. The mixture was then refluxed for 2-4h depending
upon the type of the metal salt and left overnight whereby a
precipitate was formed. The precipitate was filtered, washed several
times with small portions of cold methanol and with water and dried

in vacuo over P4Oqg .

(b) In the second method, the acetate salt of the metal was used

and the preparation was performed in an acid medium, as follows:

Three mmol of the metal(Il) acetate was dissolved in a mixture
of acetate + glacial acetic acid (1:1 by volume) were added to a
solution containing 6m mol of dto dissolved in a mixture of acetone +
acetion acid, in the same composition. The mixture was digested at
about 70°C for about an hour while stirring and left at room
temperature for ~ 25h. The formed precipitate was filtered, washed
with acetic acid and acetone followed by washing with ether and

dried in vacuo over P4O1j.
(ii) Binary Ru(III)- dto complex

To a methanolic solution of Smmol of RuCl;.6H,0, 5ml of 1:1
HCI were added in order to avoid the possibility of hydrolysis of the
highly charged metal ion. The metal salt solution was then added to
10 m mol of dto dissolved in acetic acid + HCI (25 ml) while stirring.
The stirring of the mixture was continued for about one hour and the

mixture was left at room temperature for about 24h whereupon a
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precipitate is formed, the precipitated solid complex was filtered,
washed with acetic acid, methanol and ether and dried in vacuo over

P4O 10-
(ii1) Mixed ligand complexes

Two methods have been applied to synthesize the mixed ligand
complexes depending upon the solubility of the binary complex in

the common organic solvents:

(a) For soluble binary complexes, especially those prepared from
the metal acetate salt. In this case 3 to 5 mmole of the binary complex
were dissolved in warm methanol or ethanol and then addedto a
warm methanolic solution containing a slight excess than the
equimolar amount of the secondary ligand while stirring. The mixture
was kept warm and undef stirring for about one hour, then left at
room temperature for 24 hours whereupon a fine crystalline solid was
separated. This was filtered, washed with acetic acid, methanol and

finally with ether and kept in a desiccator over P4Oyo.

(b) When the binary complex was insoluble in water and
‘common organic solvents equimolar amounts of the metal acetate,
dto and the secondary ligand, dissolved each in a mixture of acetone
and glacial acetic acid, were mixed on hot and while stirring. The
mixture was digested at 60-70°C for 60 min with a constant stirring

and then left at room temperature for a full day whereupon a solid
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was precipitated as fine crystals. This was filtered, washed with
acetic acid, methanol and ether and dried in vacuo over P4Oq4 for

several days.

The prepared solid binary and ternary complexes were analyzed
for their carbon, hydrogen and nitrogen contents. The cobalt, nickel
and copper contents of the complexes have been also determined

using the recommended procedure.

Determination of the metal content in the prepared

complexes.
Determination of Co(II) and Ni(II)

1- About 0.03g of the Co(Il) or Ni(I) complex are decomposed
by adding 10 ml of conc. HCI + 5 ml of conc. HNO; and evaporating
till nearly dryness. To ensure decomposition, the process was

repeated using 5 ml conc. HCI.

2- The Decomposed sample was dissolved in 100ml doubly-
distilled water and heated just to boiling, then allowed to cool to the
room temperature. To this solution, 5-6 drops of freshly prepared
murexide-NaCl mixture was added, followed by 10ml of 1M NH,Cl
Solution. Concentrated ammonia solution was then introduced

dropwise until the pH was ~7.0.
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3- The solution was titrated with 0.01M EDTA solution until the
end point is approached, then the solution was rendered strongly
alkaline by about 10ml of conc. NH;,OH solution and the titration was
continued until the colour changed to wine-red (for cobalt) or bluish-

violet (in the case of nickel).
Determination of Copper

1- A 0.03g sample of the copper complex was decomposed as

described before for the cobalt and nickel complexes.

2- The diluted solution was neutralized with 2M Na OH solution

using M.O as indicator to the first yellow colour.

3- To that solution 5ml of buffer PHS5 solution were added, the

- resulting solution was heated to ~60°C, and 3 drops of PAN indicator

(pyridylazo-2-naphthol) were added.

4- The solution was then titrated with EDTA till the colour
change form red to yellow (end point).

Physical Measurements

Ultraviolet and visible spectra were recorded on a Varian 100S uv-vis
spectrophotometer using 1-cm matched silica cells at room

temperature (25°C).

The infrared spectra of the ligand (dto), its binary and ternary
complexes have been recorded as KBr discs using a Varian 450

spectrophotometer.

Conductivity measurements were performed using a Jenway

4310 Conductivity meter with an immersion cell (cell constant =
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1.09). Thermal analysis was obtained by a Du Pont 2000 thermal

analyzer in an air carrier. The heating rate was 10°/min .

Carbon, hydrogen and nitrogen analysis were performed in the
microanalytical laboratories at the university of Assiut, Asstut, Egypt;
Istituto di chimica dei Materiali, Area Della Recirca di Roma, Italy;
and Department of Chemistry King Fahd University, Dammam,
Kingdom of Saudi Arabia. The elemental analysis together with the
results of metal analysis are given in Tables 14-17 (Chapter IV)

The ligands used in this thesis have the following structures:

S5 oo N
Dithiooxamide Ic\ (dto)
S 7 NH,
2,2-Dipyridyl | N ] N
NS (bipy)
NH,
NH ~
o-Phenylenediamine (o-phen)
CH,
\
C=0
/
Acetylacetone C\{'I (acac)
' C-0OH
/
CH,
COOH
o  OH
Salicylic acid @ (Sal)
8-Hydroxyquinoline | X7 I :
: NEX | (8-HQ)
OH
_ y
Thioacetamide CHz — C~ (Taa)
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CHAPTER III
Spectrophotometric Studies on the Binary Metal-
Dithiooxamides and Mixed Ligand Complexes

Formed in Solution

The work given in this chapter is devoted to investigate the
possibility of formation of binary metal dithiooxamide complexes in
solution and also their mixed ligand adducts formed by using the
secondary ligands, where such a study is not reported as evident

from the literature survey given in the introduction .

The study involves a spectrophotometric investigation of the
reaction of the Co(Il) , Ni(Il), Cu(Il), and Ru(Ill) ions with
dithiooxamide in solution and also some of the mixed ligand
complexes formed in solution. It is aimed to determine the
stoichiometry of the binary and ternary complexes liable to form in

solution, and also to evaluate their apparent formation constants.

The uv-visible absorption spectra of methanolic solutions
having 1:1 (metal ion : ligand) composition have been recorded.
This is made with the intention to trace the ability of complex
formation, in solution, from the reaction of dithiooxamide and each
of the aforementioned metal ions; and to investigate the effect of the
coordinated metal ion on the low energy electronic transition band

of the ligand.
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Figure 1 represents the recorded electronic absorption spectra
of methanolic solutions of dto and its 1:1 complex solutions with
Ni(Il), Cu(Il) and Ru(Ill) as representative examples. The blank
used was methanol. In general, it is evident that the addition of
metal ion into the ligand solution causes distinguishable changes. It
could be easily recognized that there iS either, a pronounced shift of
the main band towards a longer wavelength (bathochromic shift in
the case of Cu(Il)), or a new band (or shoulder) is developed in the

lower energy side of the main band of dto ( Ni(II) and Ru(Il) ).

Such spectral changes can be attributed to the expected easier
charge transfer interaction within the complexed ligand relative to
the free one. This results from the high accepting character of the

coordinating positively charged metal ion.

These spectral changes together with the observed
instantaneous colour change on mixing solutions of the metal ions
and dto clearly indicate an immediate formation of complexes in

solution.
Determination of the Stoichiometry of the Complexes:

Metal complexes with organic ligands have usually, in general,
selective absorption in the uv-visible region. This property is
widely used to determine the stoichiometry of the complexes

formed in solution as well as to evaluate their stability constants.
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The spectrophotometric methods applied for the determination
of the stoichiometry of the complexes, formed in solution, are the

molar ratio method of Yoe-Jones®”

and Job's continuous variation
method®”.  Generally, for purpose of using these two methods, the
series of solutions mentioned in the experimental part (Chapter II)
were prepared. The spectra of all solutions were recorded within
the rémge 300-600 nm, where a solution containing the same
concentration of the ligand as that of the complex solution was

used as a blank.

Results of the molar ratio method:

The recorded spectra of the different complex solutions

prepared for this method are shown in Figs. 2-5 for the binary
complexes. The spectra are characterized by one main band in the
visible region. On plotting the absorbance values at a selected
Amax, Of all the complex solutions, against the molar ratio [dto] /
[M™"] the relationships given in Figs. 6-9 are obtained. It is evident
that these relationships are characterized by one or two breaks
located at the molar ratios [dto] / [M™] equal 1.0 and/or 2.0. This
clearly indicates that the stoichiometric ratios of the complexes
liable to form in solution from the reaction of the dto ligand with
Co(Il), Ni(ll), Cu(ll) and Ru(ll) are 1:1 or 1:2 (M™ : dto)
depending on the type of the metal ion. The data used in plotting
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the absorbance-molar ratio ( [dto] / [M™7] ) relationship for the

various complexes investigated are reported in Tables 1-4.

On the other hand, Figs. 10-14, represent the spectra obtained
for using the molar ratio method to determine the stoichiometry of
some mixed ligand complexes involving Cu(Il), dto and some
secondary ligands such as bipyridyl(bipy), o-phenylenediamine (o-
phen), acetyl acetone (acac), and thioacetamide (taa). It is
noteworthy in this context that, because the binary complex of Cu-
dto 1s reactive towards these secondary ligands, it is considered as
the metal ion in the series of solutions prepared for this study. The
relations shown in Figs.15-19 are those obtained for the formation
of mixed ligand complexes in solution. These relations clearly
indicate that the binary complexes are reactive toward the used
secondary ligands forming mixed ligand adducts and also used to
determine the ratio of secondary ligand to the binary complex. It is
evident that 1:1 or 1:2 (binary complex: secondary ligand) mixed

ligand complexes could be formed in solution.
Results of the continuous variation method

As an example, the continuous variation method has been
applied on the binary complex of Cu(Ill) with dto. The recorded
spectra of the different solutions prepared for this method are

shown in Fig.20. On plotting the absorbance values at a fixed
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wavelength, of all the complex solutions, against the mole fraction
of dto a curve was obtained as given in Fig.21. The maximum of
this curve was found to correspond a mole fraction of the ligand
equals 0.5 indicating the formation of 1.1 (Cu(Il):dto) cdmplex
which is in confirmation to the result obtained by applying the

molar ratio method as evideht from Table 11.
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Evaluation of the apparent formation constants of the metal

complexes formed in solution

The two spectrophotometric methods, namely the molar ratio
and continuous variation, that have been used in this thesis to
establish the stoichiometry of the complexes formed in solution
have ‘been also utilized for the evaluation of their formation

constants.

Within a certain, rather restricted, range the inflection point of
the molar ratio plot and the maximum of the continuous variation
plot can be, to a good advantage, used for the calculation of the
formation constant of the complex. Thus if the metal ion (M™") and
the ligand(X) are found to form a 1:1 complex (MX) and the total
concentration of M™ in solution is Cf, then that of the ligand X at
the inflection point (or maximum) would virtually be Cf. If the
concentration of MX 1s taken as C, then its absorbance would be
the same as the absorbance Am, which is the limiting absorbance,
that is reached only when a large excess of the ligand (X) 1s present
in solution, corresponding to the maximum formation of the
complex. Actually, the formation of a complex is not quite complete
at the inflection point and so the absorbance A, at that point is
smaller than Am. The value of A can be calculated from the

intersection of the straight lines on both sides of the inflection
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point. For calculating the formation constant of a complex of the

type (MX), one proceeds in the following manner:

The equilibrium existing in solution might be given as

M™ +X  —=  (MX)™ (1)

For which the limiting absorbance Am, corresponds to the
concentration of MX at full colour development, A corresponds to
the concentration of the complex species existing in equilibrium. If

C is the initial concentration of the metal ion , then at equilibrium

we have :
[MX]=(A/Am).C | @)
[M] =C—[MX] = C (1-A/Am) | 3)

From the equilibrium(l), the formation constant (Kf) of the

complex is given by:

Kfe Xy
M [X]
Substituting the values of [M] and [MX] from the relations (2)
and (3) we get

(A/Am) C

Kf: (1-A/Am)2 C2 or
(A/Am)

Kf= | 4)

(1-A/am)* C
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In the case of formation of MX; type complex, the value of the

formation constant Kf, can be evaluated as follows:

MY +2X =—= MXp)" (5)
[M™] = C- [MX,] = C (1-A/Am) (6)
[X] =2C (1-A/Am) )
[MX,] = (A/Am) C (8)
Then
(1-A/Am)C |
Kf= " aaamp (1-A/Am) C or
A/Am
Ki= = i-AAmy ©)

The Kf values obtained for the binary and mixed ligand
complexes formed in solution have been calculated by applying
equations(4) and (9) on the data of the molar ration and continuous

variation methods. The obtained values are given in Tables 12 and

13.

Examination of the Kf values in Table 12 reveals that they

decrease in the following order.

+ .
Ru* > Cu*t > Ni** > Co?*
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This is in agreement with the general order of stability reported
by Irving and Williams®" and also by Grinberg and Yatsimerski
which is based upon the increase in the ionic radius in the same
direction. On the other hand. The relatively greater value of the
formation constant of the Ni-dto complex reflects the fact that Ni(Il)
ions are preferred as “soft Lewis acid” to the dto molecules. This
behaviour suggests the coordination of dto molecules through its

sulfur atoms (soft Lewis base) to the nickel ions.

Regarding mixed ligand complexes, the data given in Table 12
reveal that the stability decreases on changing the secondary ligand

‘according to the following order for 1:1:1 complexes:
ac.ac.> 8-HQ > bipy > o-phen

The above order indicates the greater affinity of Cu®" ions
towards oxygen donor ligands from one hand, and from the other
hand both acac and 8-HQ which are usually coordinates to metal
ions as monvalent bidentate ligands are expected to form more
stable complexes than the neutral bidentate (bipy and o-phen)

ligands®>*¥

. Moreover, bipyridine ligand with extended = -
electronic system is capable for back donation by the metal ion
through = -bonding® forms more stable complexes with Cu** ions
relative to the o-phenylenediammine ligand having no extended =-

system.

©2)
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Tablel: Data of molar ratio method for Co(IT)-dto complexes

0.2 0.054
1.0 0.0755
1.4 0.0844
1.8 0.888
24 0.955
2.8 0.101

Table 2: Data of the molar ratio method for Ni(II)-dto complexes

0.2 0.027
0.6 0.066
1.0 0.0944
14 0.1277
2.0 0.194
2.6 0.255
3.2 0.311
3.6 0.383
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Table 3: Data of the molar ratio method for Cu(II)-dto complexes

0.2 0.055
0.6 0.188
0.8 0.283
1.0 0.327
1.4 0.338
1.8 0.350
2.6 0.350

Table 4: Data of the molar ratio method for Ru(Ill)-dto complexes

0.2 0.229
0.6 0.241
1.0 0.2475
14 0.250
1.8 0.2536
24 0.259
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Table 5: Data of the molar ratio method for Cu(Il)-dto-acac ~ mixed

ligand complexes.
IF

0.2 0.387
0.6 0.505
1.0 0.590
1.4 0.615
1.8 0.633
2.2 0.658

Table 6: Data of the molar ratio method for Cu(Il)-dto-8-HQ

mixed ligand complexes.

0.2 0.387
0.6 0.505
1.0 0.590
1.4 0.615
1.8 0.633
22 0.658
\
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Table 7: Data

mixed ligand complexes.

of molar

0.6
1.0
1.4
1.8
24
2.8

ratto method for

0.325
0.354
0.485
0.515
0.586
0.619

Cu(Il)-dto-Taa

Table 8: Data of molar ratio method for Cu(Il)-dto-Tsc Mixed ligand

complexes.

0.2
0.6
1.0
1.4
1.8
2.2
2.6

0.233
0.244
0.261
0.272
0.283
0.322
0.372
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Table 9: Data of molar ratio method for Cu(Il)-dto-o-phen Mixed ligand

complexes.

02 0.275
0.6 0.280
1.0 0.304
1.8 0.329
2.2 0.33
2.6 1 0.345

Table 10: Data of molar ratio method for Cu(IT)-dto-bipy Mixed ligand

complexes.

0.2 0.147
0.6 0.203
1.0 0.337
14 0.381
1.8 0.406
2.2 0.395
2.6 0.477
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Table 11: Data of the continuous variation method for Cu(Il)-dto

complexes.
1 9 0.9 0.033
2 8 0.8 0.105
3 7 0.7 0.108
4 6 0.6 0.25
5 5 0.5 0.35
6 4 04 0.288
7 3 0.3 0.222
8 2 0.2 0.147
9 1 0.1 0.088

Table 12: Apparent Formation (Kf) values for the binary complex.

Ni(dto) | 7.00 x 107

Co(dto) | 1.86x 10°
Ru(dto) |2.27x 10"
Cu(dto) |5.05x10°
Cu(dto) |5.52x10°*

* Calculated form Continuous Variation
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Table 13: Apparent Formation Constant (Kf) values for the Mixed

complexes.

Cu(dto) (acac) |4.42 x 10*
Cu(dto)(8-HQ) |1.37x 10*
Cu(dto) (bipy) |1.22x 10

Cu(dto)(o-phen) |4.05 x 10*
Cu(dto)(Taa), |4.50x 10°
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Fig. 1. Absorption spectra of dto and its 1:1 metal complex solutions

1- Cu(II) + dto, 2-Free dto, 3-Ni(Il) + dto, 4- Ru () + dto
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Fig. 2. Absorption spectra of the Co™-dto complex solutions
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CHAPTER 1V

Characterization of the Isolated Binary Dithiooxamide
complexes of Co(II), Ni (Il) , Cu (II) , Ru (III) and Their
Mixed Ligand Adducts

This chapter represents the results obtained on characterizing the
different synthesized binany Co (II) , Ni (II) , Cu (II) and Ru (IT)
complexes with dithiooxamide as well as the mixed ligand complexes
of these metal ions, dto as primary ligand and acetate, o-
phylenediamine, 8-hydrexyquinoline, salicylic acid, acetyl acetone, 2,
2-bipynidyl or thioacetamide as secondary ligands. Characterization of
the solid complexes have been éccomplished using several tools
including: elemental analysis, TGA ,uv-visible and infrared
spectroscopy as well as molar conductivity measurements for the
complexes that dissolve in alcohol or dimethyformamide (DMF).
Reflectance spectra were measured for the complexes which are

sparingly soluble in the common organic solvents.

It is to be noted that, trials were made to prepare mixed ligand
complexes of each of the above mentioned metal ions with dto as
primary ligand and all of the secondary ﬁgands used, but some gave
unsatisfactory elemental analyses. Only those gave good results in the

elemental analysis are considered in this thesis.



& Chapter IV 69

Elemental Analysis and Conductivity Data
Co (II) Complexes.

The Synthesized binary and mixed ligand complexes of Co (1)
are reported in Table 14, together with their elemental analysis and
molar conductivity data. Two binary Co (II) complexes with dto were
prepared, the first H;O[Co (dto);]. 2 H,O, was obtained from neutral
solutions by applying the first method of preparation as given in the
experimental part (chapter II). This complex contains three mono-
ionized dto ligands. The second binary complex, although it contains
acetate groups coordinated to the Co (II) ion, is prepared from acid
medium, using Co (II)-acetate and a medium of HCI and acetic acid as
mentioned in the experimental part. This complex contains two
nonionized dto molecules and two acetate groups coordinated to the
Co (II) ions. The complex is sparingly soluble in the common organic
solvents and in water and seems to be polymeric with the formula unit

as given in Table 14 .

Only three mixed ligand complexes of Co (II) with dto and o-
phen, 8-HQ or taa as secondary ligand gave satisfactory elemental
analysis, all prepared from acid medium. The Co (II) ions in all the
binary and mixed ligand complexes is hexacoordinated, as
substantiated from spectroscopic data given herein after, which means

that the acetate group acts in these complexes as a mono-dentate
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ligand. Conductivity data are consistent with 1:1 electrolyte for the
binary H;O [Co(dto);] 2H,O complex and 1:2 electrolyte for the
mixed ligand complex containing 8-HQ as secondary ligand. The
value of molor conductivity of 107 M ethanolic solution of the former
is 62.5 Ohm™ cm® mol™ and that for the latter complex is 118.7 Ohm™
cm’® mol .

| These values are in agreement with thereported range for 1:1

and 1:2 electrolytes in ethanol ©°.
Ni (II) complexes

The obtained binary and mixed ligand Ni (II) complexes are
shown in Table 15. Several complex species prepared from neutral
and acid media gave reasonable elemental analysis data which reflects
a high affinity of dto ligands towards the Ni (II) ions. The when
prepared from neutral solutions and using NiCl, . 6H,O. This
precursor was used to prepare mixed ligand complexes with acac, 8-
HQ , sal , and taa as secondary ligands. The mixed ligand complexes
are obtained by substitution of one dto ligand with a bidentate ligand
or two monodentate ligands in the case of using thioacetamide (taa) as
secondary ligand, where in all cases the Ni (II) ions are

tetracoordinated.

On the other hand, upon using Ni (IT) acetate in the acid
medium, an acetate bridged complex having the formula [Ni, (dto),

(CH;COQ),] was obtained in which the Ni (I) ions are still tetra-
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coordinated as would be explained latter. The mixed ligand complexes
obtained from acid medium in contrast to those obtained from neutral
or slightly alkaline media, are cationic and contain a neutral dto
molecule coordinated to the Ni (II) ions. The molar conductivity of
acetylacetonate mixed ligand complex equals 86.2 Ohm™ cm* mol™
-for a DMF solution of 10 M concentration.

| This value is consistent with 1:1 electrolyte, since the reasonable
range for 1:1 electrolytes in DMF solutions as reported by Greary ©®
is 65-90 Ohm™ cm® mol™ . The other mixed ligand complex obtained
from acid medium, i.e that containing o-phen as the secondary ligand
is dinuclear Ni(IT) complex contains a bridging neutral dto ligand and
two terminal o-phen ligands. This complex 1is , unfortunately,
sparingly soluble in all the common organic solvents and therefore its

molar conductivity could not be measured.
Cu(Il) Complexes

The prepared binary and mixed ligand Cu (II) complexes are
reported in Table 16. Both the two experimental procedures used in
this thesis resulted in the formation of Cu (II) complexes containing
either dto alone, 1.e. binary complexes or dto together with the
secondary ligand in the mixed ligand complexes. The binary complex
obtained from slightly alkaline medium is dinuclear and seems to be
bridged by two Clions. Also, that obtained from acid medium using

Cu (II) acetate is a dinuclear one and most likely has two acetate
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bridges which is quite familiar especially with Cu (II) ions © . Both
the two complexes are insoluble in common organic solvents and
seems to be polymeric with the two terminal dto ligands (monoionic)

are involved in coordination to Cu(Il) ions in a long chain.

On the other hand, the two synthetic routes afforded mixed
ligand complexes involving dto coordinated together with another
ligahd to the Cu (II) ion. In neutral or slightly alkaline media, the dto
ligand is coordinated in its mono-anionic form while the neutral dto
molecule is coordinated to the Cu (IT) ion in the mixed ligand complex
formed in the acid medium ie [Cu, (dto) (bipy) Cl] Cl,.
Unfortunately all the Cu (I) complexes are sparingly souble in the
common organic solvents and therefore their molar conducts could not
be determined. Their behaviour comes in harmony with the expected

polymeric nature of these complexes.
Ru (III) complexes

The synthesized binary and mixed ligand complexes of Ru (III)
are reported in Table 17. The binary complex is soluble in DMF and
the value of its molar conductivity is 82.5 Ohm™ cm” mol” which
corresponds to 1:1 electrolyte in this DMF since the reasonable

range® for 1:1 electrolyte in this solvent is reported to be 65-90

- Ohm™ cm® mol”. The complex was prepared in methanol and the

expected solvolysis of RuCl; in this solvent tends to render the

medium acidic and consequently the neutral dto molecules are
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coordinated to the Ru (II) ion. The same was found on using 8-
hydroxyquinoline as secondary ligand and the preparation was in
methanol. On using salicylic acid as secondary ligand and due to the
high acidity of the reactants, 1:1 dilute amonia was added dropwise
until precipifation started. In this case the obtained mixed ligand
complex was found to contain two monovalent dto and one salicylate
ligarids (cf Table 17). The molar conductivity of this complex is 31.5
Ohm™ cm’mol” in DMF which is much lower than the value of 1:1
electroyte in DMEF, i.e this complex is neutral and its DMF solution is
nonelectrolyte. The acetate complex, prepared in acid medium, 1s
dinuclear and contain two acetate bridges which satisfy the
coordination requirements of the metal ion, i.e six-coordination. In,

this complex also the neutral dto molecules are coordinated to the

metal ion.

The mixed ligand Ru (III) complexes, prepared from acid
medium, all contain the neutral dto molecules coordinated to the metal
ion. It could be concluded, therefore, that cationic complexes are
formed on using acetylacetone and bipridyl as secondary ligands in
this medium (cf Table 17). The molar conductance values of 10° M
DMF solutions of these two complexes are 75.4 and 112.6 Ohm™

cm’mol” (Table 17) indicating that the formeris 1:1 electrolyte and
the latter is 1:2 electrolytes. ©®

One can therefore conclude that the complexes formed in

neutral or slightly alkaline media contain in geheral, monovalent dto
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ligands coordinated to the metal ions. On the other hand, in the

complexes prepared from acid medium, neutral dto molecules are

coordinated to the metal ion . This behaviour is general and looks

reasonable since in acidic solutions, the thioamide function occurs in
the neutral mode and can only coordinate to metal ions through the
thione sulfur atoms ®*. This can be understood from the following
schematic representation of the most important resonance forms of the

thioamide functionality:

| |
H
N Ny 5N N{z ® N6 —N—H
-~ ~— |
(1) | (D (1)

In view of these resonating forms, the most probable mode to be

exerted by the dto molecules in acid media is the thione (I) and neutral

dto molecules are expected to be coordirated to the metal ions in such
media. On the contrary, in neutral or alkaline media the thiol mode
(1D is that favorable as the dto moleeule will lose proton from the SH
group providing a monoanionic ligand to be coordinated to the metal

ion in such media as could be seen from the complex species reported
in Tables 14-17.
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Infrared Spectra:

Infrared spectroscopy has became a very helpful tool inthe
study of molecular structure especially for complex compounds. In
such cases, the spectrum of the ligand is usually compared with that of
the complex compound in order to achieve an idea about the groups
involved in complex formation as well as the influence of the electric
field of the central metal ion in the charge distribution within the
ligand. An insight in type of the bond formed between the ligand and
the central metal ion can be gained from a careful investigation of the
spectrum of the complex especially in comparison to that of the free
ligand. To have a conclusive idea about the structure of the metal
complexes, it seems necessary to make an assignment for the IR bands

corresponding to the active groups in the ligand (dithiooxamide).

On the other hand, with respect to the mixed ligand complexes,
the coordination of the secbndary ligand can be verified from the IR
spectra of the complexes. In this case and due to the expected large
number of IR bands displayed by the two ligands and due to the
possible mixing of some bands that are either similar or very near in
frequency, it is important to identify at least the characteristic bands of
the secondary ligands in addition to those of the primary one in order
to support the other methods used for characterizing the mixed ligand

complexes.
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The important IR spectral bands of dithiooxamide and its Co D)
, Ni (I) , Cu (II) and Ru (IIT) complexes together with their tentative
assignment, in addition to the bands that could be recognised for the
secondary ligands are given in Tables 18-21. The corresponding

spectra are shown in Figures 22-30.

The group of bands appearing in the range 3293 to 3137 cmin
the IR spectrum of dto have been assigned to the stretching vibration
of the terminal NH, groups of the free dithiooxamide molecule
(vNH,) ©” . The strong band appearing at 1585 cm™ in the spectrum
of the free dto is due to the bending mode of the NH, group of the
molecule, i,e SNH,. Another strong band appears at 1480 cm™ in the
spectrum of the free dto. This band is assignable to the stretching
vibration of the CN bond of the dto molecule, i.e ven. The strong band
found at 1200 cm™ in the IR spectrum of the free dto is due to the
stretching vibration of the C-C bond which is influenced, to some
extent, by the neighbouring vC-N frequency, i.e it is best ascribed to

vC-C +vCN.

The position of this band, keeps in mind the already observed
conjugation over the carbon - carbon bond ®® . The quite strong band
occurring at 836 cm™ in the spectrum of the free dto is assigned to
vC=S and mdicate that the free ligand favors the cis thioamide form.
This band together with the medium band due to "NH appearing at
703 cm™ in the IR spectrum of the free ligand are indicative of a high
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vC=S double bond character. A rather stronge band appears in the
spectrum of the free dto at 628 cm -1 which corresponds to the 6 NCS

vibration mode.

In the IR spectra of the complexes, significant changes could be
observed as a result of the coordination of dto to the metal ions. The
vNH, band appears, in most cases, as a broad and intense band with
several submaxima on the low and high frequency sides of the main
band. This behavior can be explained on the basis that the NH, groups
are involved in strong intermolecular associations, mainly hydrogen
bending with the available counter ions. Therefore, the NH, groups
acquire some ammonium-type character. Moreover, the presence of
overtones and combinations and their effect on the vNH,
fundamentals explain such a broad profile absorbed for these bands. It
should be noted here that no clear distinction between the
intramolecular NH.. N and intermolecular NH+...X- modes could be
observed. As Nakamoto et al ® pointed out, the position of vNH in a
NH...X system depends not only on the effective strength of the
association, but also on the charge and nature of X and on the Electro
configuration around the nitrogen atom. These factors makes it rather
complicated to compare our results with other similar but not identical
systems. At first sight the low vNH, positions in the spectra of the

present compounds seem to indicate extremely strong hydrogen
bonding when compared with the free vVNH, at about 3500 cm™ . But

due to the ammonium character of the bands it is better to take the
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vNH band at about 3200 cm™ as a reference. In this case the frequency

shift is not so large and we can state that the interactions are not of the

strong type.

For the binary Co (II) complex, the VNH, band appears as a
broad one and it shifts to lower frequency (at 3230 cm™) relative to the
free dto. This behaviour is in agreement with the above discussion and
indicates an ammonium type nature of the band. This together with the
results of elemental analysis and conductivity data which suggest the
coordination of three mono-ionised dto molecules reveal the formation
of the complex by coordination of the ligands in their thiol form (III)
as mentioned before. On the other hand, the acetate complex displayed
an additional band at 1604 cm™ (cf. Table 18) due to the vCOO of the
coordinated acetate anions. The position of this band is indicative of
the coordinate of the acetates as unidentate ligands “°“'°V . The
position of vCOO band in all the Co (II) mixed ligand complexes is in

the range of monodentate acetate groups (cf. Table 18) .

Furthermore, the two strong bands appearing at 1585 cm™ and
1430 cm™ in the spectra of the free dto were found to possess marked
shifts in the spectra of the complexes. The former band which has
been assigned to dNH, shifts to lower frequencies whereas the latter
which is due to vCN was found to shift towards higher frequencies.
This behaviour can be explained as follows: on forming complexes,

the positively charged metal ion stabilizes the negative charge on the
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sulfur atom, which occurs in the ionized thiol form of dto, and thus
increases the double bond character of the CN bond, which is
expressed as a rise in the frequency. This will, in turn, decrease the
electron density on the nitrogen atom of the amine group resulting in
an increase in its ammonium character and lowers its ONH, frequency.
The vC-C band was found to locate, in most cases, at lower
frequencies relative to its position for the free dto. As earlier stated the
two thioamide moieties possess a conjugation over the C-C bond in
the free ligand. Such a conjugation is lowered in the complexed ligand
and one, therefore, would expect vCC to be situated at a lower
frequency than in the free ligand. The band appearing, in the spectra
of some mixed ligand complexes, in the region of 1200 - 1300 cm™ is
probably due to strong coupling of vCN with other vibrations in the
region, especially the SNH vibration or other vibrations from the

secondary ligands.

The vC=S band occurring at 836 cm™ in the spectra of the free
- ligand was found to appear at a lower frequency in the binary Co (II)
complex and at higher frequencies in the mixed ligand complexes.
Such changes are reasonable because in the binary complex, the
coordination of the sulfur atom decreases the bond order ofthe C=S
group while in the mixed ligand complexes, one would expect that the
coordination of secondary ligand will increase the electron density on
the metal ion which is not, of course, favorable and hence the metal

ion tends to avoid accumulation of the negative charge by back
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donation to the available w*-orbitals on the sulfur atom leading to the
observed increase in the double bond charaeter of the vC = S in the

mixed ligand complexes.

It should be noted that due to the complications airsed from the
presence of dto, acetate and the secondary ligands 8HQ, o-phen or taa
all together in the same compound it is very difficult to recognize
unambigously the bands of the secondary ligands, especially in the
VvCN region . In this region all the secondary ligands display strong
bands which are expected to be involved in a strong coupling with the
strong bands of dto especially vVCN and 8NN besides these
complications the bands, in the high frequency region, that can be
displayed by some secondary ligands, such as bipy are not metal
sensitive since they originate in the heteroaromatic rings of the

ligands.

The IR spectral features of the binary and mixed ligand Ni (IT)
complexes are assembled in Table 19. It 1s erident that the vNH, band
exhibits a similar behaviour as mentioned before where it appears as a
broad medium band centered in the range 3230 -3250 cm . The
position and broadness of this band keeps in mind the involvement of
the NH, groups of dto, in its Ni(Il) complexes, in association via H-
bonding with the counter ions or water molecules and also its
ammonium character. A similar behaviour is also observed for the

Cu(II) complexes.
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The binary Ni(Il) complex is neutral ( cf. Table 15) and seems
to be monomer formed by coordination of two monoionized dto
ligands, this compound displays IR spectral features similar to those
obtained fof the Co (II) complex with dto, i.e the ligand in both acts as
S,S donor from its thiole mode. However the mixed ligand Ni(11)
complexes containing acetate, acetylacetone, 8-heydroxyquinoline,
salicylate, thioacetamide or bipyridyl as secondary ligands, which are
prepared from or slightly alkaline solutions, show differences in the

spectral characteristics of dto relative to the binary complex.

On the other hand, the binary and mixed ligand complexes of
Cu(Il) showed similar changes of the Aspectral fundamentals of the dto
relative to the Co (II) complexes as well as the binary Ni(Il) - dto
complexes. Such changes are in favor of the formation of polymeric
Ni(Il) complexes, which are prepared from neutral or slightly alkaline
media, and / or at least dinuclear Cu (II) complexes. The most
important differences in the IR spectra which indicate the polymeric
or dinuclear nature of the complexes can be summarized as follows :
(a) The band arising in the range 3270-3255 cm™ as a shoulder of the

main vNH, band around 3230cm™; (b) The most intense band in the
range 1490-1370 cm™ having predominantly vCN character ; (c) The
conjugation over the carbon - carbon bond, which has been already
observed for the free ligand (dto), remains in the planar polymeric
complexes and a band with high vCC character can be observed in the

range 1106 to 1270 cm™ in the spectra of the complexes ; and (d) The
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vCS band is located in the spectra of those complexes at relatively

high position in the range 875-860 cm’ . All these changes ‘were taken

to indicate a planner polymeric structure for the complexes ¢'4*7 .

~Such a polymeric structure exhibits the cis thioamide group which can
be represented schematically for these complexes as follows:

H H

]

\ j/ \C/ \ //
\
/ ~N\ N

l -

H

m——-

This S-cis position has only been observed for cyclic organic
molecules and complexes with cyclic structures “*'%  The
fundamentals for this cis-thioamide group will be different from the

typical bands generally observed for the t7ans thioamide groups @7 .

CL L
S 4

S-cis S-trans
In addition to the above mentioned differences in the IR spectral
features, another evidence for the polymeric, or dinuclear, complexes
could be attained for those containing acetate groups where two bands
near 1660 cm™ and 1540 crril'1 are displayed. The former is due to vas

(C = O) of the acetate and the latter is due to the vs (OCO) . The
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position of these two bands together with their frequency difference
are in agreement with bridging carboxylate groups (104105~ Again,
bands of the secondary ligands can be observed in the region 1500-
600 cm”, but unfortunately due to the strong coupling with the
reighbouring bands of dto, they can not be used for diagnostic

purposes.

| It should be noted that many of the copper (II) complexes have
bridging chloride, acetate or dto in the formation of polymeric or
dinuclear species. This, in turn, reflects the greater ability of Cu(Il) to
form such compounds with the possibility of metal-metal bonding ©*
. The IR spectra of Ru (IIT) complexes exhibit some similarities with
those of the Co (II) complexes especially in the high frequency region.
This behaviour reveals that the Ru(Ill) complexes are formed by
coordination of the dto and other secondary ligands in the same way
as the Co(Il) complexes. Such similarities can be summarized as
follows : (a) the vNH,; band shifts to lower frequencies with a broad
profile with several submaxima and a broad shoulder in the high
frequency side, (b) the SNH, band was found to locate at lower
frequency in the spectra of the Ru (III) complexes relative to its
position in the free dto, while the vCN band was found to appear at
higher frequencies. The shifts in these two bands came in agreement
with the increased double bond character of the CN bond as a result of

stabilization of the negative charge on the sulfur atoms upon

coordination to the positively charged Ru (III) ions, and the
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appearance of the vCS band at lower frequencies in the spectrum of
the binary Ru (III) complex relative to its position in the free dto and
rises back to higher frequencies in the spectra of the mixed ligand
complexes. A behaviour which comes in harmony with the previous
explained changes in the CS group bond order in the binary and mixed

ligand complexes.

Combination of the above discussed IR spectra with the results

of element analysis provides the folloWing important conclusions:

(1) The planar dithiooxamide molecule acts as bidentate ligand
capable for coordination to the metal ions as S,S or S,N donor. The
NH, groups of the ligand have an ammonium-type character due to

either intramolecular or intermolecular associations.

(i1) The way by which this flexidentate ligand form complexes
with metal ions depends on the reaction conditions, especially on the
pH of the solutions. In neutral or slightly alkaline media, it works as
monobasic bidentate ligand while in acid solutions it coordinates to

the metal ions as neutral bidentate ligand.

(i11) Both the binary and mixed ligand Co (II) complexes are
hexa-coordinate and the acetate groups in these complexes are all

monodentately coordinated to the metal ions.

(iv) The infrared spectral features of most of the Ni (II) and
Cu(Il) complexes are in favour of polymeric structures. In the

polymeric complexes dto neutral molecules, acetate or chloride ions
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act as bridges between two Ni (II) or Cu (II) ions in the complex. The
determined metal contents are in good agreement with short chain

(0,33, 98

polymers as compared with the literature results on related

but not identical work.

(v) Binary and mixed ligand Ru (111) complexes are all six -
coordinate. The acetate groups in these complexes are bridging and
some complexes have bridges of the dto molecules, 1, most of the Ru
(111) complexes are polymeric and therefore they are sparingly

soluble in the most common organic solvents.

(vi) Several types of complex species are formed including
neutral and cationic complexes mainly on the reaction conditions as

mentioned before.
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Electronic Spectra

The electronic spectra of the binary M (II) — dto (where M = Co,
Ni, Cu) and Ru (III) — dto complexes as well as their mixed ligand
complexes have been recorded in ethanol or DMF solutions for the
soluble complexes . Reflectance spectra were recorded as nujol mull,
for the insoluble complexes . The spectra were recorded in the visible
region mainly because the intra-ligand bands which were expected in

the uv region are less important for structural determination purpose.

The obtained spectral characteristics (mainly Vi in cm™) are

given in Tables 22-25, and representative spectra are shown in Figures
31-37 .

Cobalt(Il) complexes display a broad multiple band in the
visible region . This band comprise tWo or three maxima, the first
two maxima occur in the range 25,700 — 19,200 cm™ (cf. Fig. 31) and
are associated with charge transfer transitions in views of their
broadness and relatively high molar absorption coefficient. These
bands are therefore due to LMCT, mainly S — M CT. Based on
energy and relative intensity consideration “°” these two maxima are
desirable to two types, namely 6 S > M and =S —> M Charge

(107, 108).

transfer The CT band of relatively higher energy is due to

o S— M and that of relatively lower energy is assignable to S — M

charge transfer.
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The third maximum occurring in the range 16,100 — 15,400 cm™
is of low intensity and can be assigned to a d - d transition. This band
is usually found in oetahedral Co (II) complexes and corresponds to
the transition ‘T, — *Tyg (P) 4%

The binary and mixed ligand Ni (11) complexes displayed either
a broad band at 17,800-17,100 cm™ associated with a well - defined
shoulder at shorter wavelengths (18.800-17.800 cm'™) as represented
by Fig. 32 , or a single band with a maximum in the range 18,400-
17.500 cm™ (cf. Fig. 33). The composite band has, in general, high
molar absorptivity and hence - it represents the charge transfer
transitions mw S — Niand - o6 S Ni as explained before. On the
other hand, the single band appearing in the spectra of some
complexes is characterized by low molar extinction coefficient and as
reported by lever “°7, the square planar Ni (11) complexes can display
a single d-d band in the range 16.000-19.500 cm™ with low intensity.
Therefore, this single band is due to the transition *A,; — A, (P) of
the square planar Ni (II) complexes. It should be noted that this band
is expected to be hidden under the intense CT bands appeared in some
complexes, and the CT bands of those displaying this single d-d band,
appear at shorter wavelengths. Copper (II) complexes comprise also
one or two bands in the visible region, at longer wavelengths, in the
range 23,200 - 16,200 cm™ [representative reflectance spectra are
shown in Figs. 34,35. The longer wavelength band is due to a d-d
transition and its position is typical for distorted octahedral Cu (II)
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complexes ‘°”, Since it was reported that the majority of six -
coordinate Cu (II) complexes have a tetragonally distorted structure,
where such complexes give rise to one absorption band near 16.000

- 109
o (107109

. Accordingly, a tetragonal distorted structure can be
suggested for the present Cu (IT) complexes. The shorter wavelength
visible band appeared in the spectra of the complexes are due to
charge transfer transitions.

The visible spectra of Ru (IIl) complexes are characterized by
either a very broad band or a composite one with two maxima (cf.
Figs. 36.37). The very broad band centered at about 22,200 cm’ s
due to charge transfer transition and can include more than one type of
charge transfer, since it has been pointed out that Ru (IIT) complexes
possess both ligand to metal !'” and metal to ligand CT in this
region. The former type is that occurring from either o S —> M
and the latter type of charge transfer transition is due to t,g (M) —»n*
(L). On the other hand, the two maximum appearing in the composite
band displayed by some Ru (III) complexes (ct. Fig 38) can be
attributed to the same types of charge transfer to the same types of
charge transfer transitions.

Furthermore, some Ru (IIT) complexes displayed lower intensity
bands or shoulders at rather lower energy, in the range 18,500 —
17,500 c¢m™. This band occurs in the range of d-d spectra of Ru (III).
The ground state of Ru (III) is ZTZg and the first excited doublet levels

in the order of increasing energy are A, and “T), which arise from
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T,,' eg' configuration “*¥. Consequently, one may assign the band
appearing at 18,500 — 17,500 cm™ to the *T,g — “A,g transition, but

in the present complexes having the soft Lewis base donor S atoms

‘and in view of the relatively high intensity of the band ( [e in the

order of 1.800 cm® mol™]) this band is best ascribed to a charge

transfer transition (mainly © S — Ru (IIT) CT).

Based on the results of elemental analysis and conductivity data,
as well as the foregoing discussion of the IR and electronic
spectroscopy of the different complexes, the following conclusions

could be drawn :

(@ Co (II), Cu (I) and Ru (III) ions form six coordinate

complexes both as binary or in the mixed ligand complexes.

(b) The binary and mixed ligand Ni (II) complexes are all

four-coordinate and possess a square planar geometry.

(¢) The mixed ligand complexes of Co (IT), Ni (IT) and Cu (II)
are formed by substitution of one dto ligand by either two
monodentate ligands (acetafe or thioacetamide) or one

bidentate ligand.

(d) Ru (II) mixed ligand complexes are formed by
substitution of the coordinated chloride in the binary
complex and in some mixed ligand complexes by

substitution of two chlorides and one dto ligand.



& Chapter IV 94

(¢) The dithiooxamide molecule is a flexibidentate ligand
capable for coordination to metal ion as either as neutral S, S

or mono-anionic S, N donor.

(f) Two types of complex species are mainly formed, hamely
neutral and catonic complexes are monomeric and some
others are polymeric. The latter complexes are most likely

low polymers, i. e of relatively short chain.

The results of the chemical analysis, conductivity measurement,

IR and electronic spectroscopy suggest the following structures for the

binary and mixed-ligand complexes :

(1) Monomeric complexes

e
S N =monovalent M = Co (IT) or Ru (III)
dto ligand X = Cl- or monodentate
N

S S = neutral dto ligand

M = Co (II) or Ru (III)
L = bldentate secondary ligand (or monodentate hgands)
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(i1) dto bridged complexes

i H
\ fs “\C/ \, )
/[ \S;[\ o\l/ \_\n

H H

M=Ni(II)or Cu(Il);
.= 2 for dinuclear complexes
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Table 18. Relevant IR Frequéncies (in cm'l)
of dto and its binary and mixed ligand Co (IT) complexes
compound
Free dto assignment
1 2 3 4 5
3293 (m) v NH,
3211 (m) | 3230(b) 3244(b) 3238(b) | 3228b | 3240b v NH
3137 (m) v NH
1660(w) 1604(w) | 1656(w) | 1612(w) | v OCO(acetaté)
1586 (s) 1548 1511(s) 1510(s) | 1520 1526 § NH,
1430 (s) 1380 1382 1385(w) | 1390 1394 vCN
1340 1340(w) | 1345
1200 (s) 1110 1100 (m) | 1278(w) | 1270 1268 v C-C
1064 1096(w)
836 (s) 826 863(s) 863(s) 845 852 vCS
703 (s) 705 703 708 702 703 7NH
628 (s) 680 834 630 635 635 § NCS

b =broad, m = medium, s = strong, w = weak, sh = shoulder
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Table 19. Relevant IR Frequencies (in cm™)

of dto and its binary and mixed ligand Ni (IT) complexes

Free compound '
dto 6 7 8 9 10 11 12 13 assignment
3293(m) | 3230b 3265sh 3260sh 3255sh | 3260sh | 3264sh 3240 | 3230 | v NH,
3211(m) 3247(m) 3239(m) | 3240 3238 3248(m) v NH
3137(m) VNH
1700(m) v 0CO
1600(m) (acetate)
1586(s) | 1565 | 1510(s) 1570(s) | 1520 1530 1513(m) | 1510 | 1515 | oNH, -
1430(s) | 1380 | 1370(w) 1400 1420 1380 1447(w) | 1420 [ 1390 | v CN
1347(w) 1340 1280 1310 1312(w) | 1315 | 1320 ‘
1200(s) | 1220 | 1106(s) 1270(m) | 1170 | 1230 1106(w) | 1160 | 1180 | vCC + bands
1016(s) 1200(w) 1076 | 1020(m) | 1050 | 1100 | of secondary
1052(s) - 1030 | figands
836(s) 825 871(s) 829(s) 860 864 875(s) 870 856 v Cs
836(s)
703(s) 715 T74(s) 778(s) 760 767 777(s) 714 770 7iNH+bands of
659(s) 736(w) secondary
ligands
628(s) 612 615 592(s) 618 620 593 593 600 3NCS

b =broad, m = medium, s = strong, w = weak
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Table 20. Relevant IR Frequencies (in cm™)

of dto and its binary and mixed ligand Cu (IT) complexes

Free compound
assignment
dto 14 15 16 17 18 19 - 20
3293(m) v NH,
3211(m) | 32406 3230 3233(m) | 3235 3234(m) | 3230(m) | 3338() | v NH
3137(m) v NH
1702 1580 1600(s) v OCO+
1586(s) 1570 1568 1578(s) 1570(s) 1558(s) 1567(@) bands of
1511(s) secondary
ligands +
ONH,
1430(s) | 1440 | 1438 1377(m) | 1400(m) | 1497(s) 1473(m) | v ON+
| 1466(s) | 1430 1444(s) | bands of
1377(s) 1317(s) | secondary
1321(s) 1320 ligands
1200(s) | 1255 | 1265 1274(s) | 1278(m) | 1260 1281(m) | 1158(s) | v CC
836(s) 850 862 870(s) 867(s) 869(s) 869(s) | 866 v CC
820
703(s) 780 785 784(s) 796(m) | 782(s) 789(m) | 776(s) | aNH
720 730 741(s) 730(s)

b =broad, m = medium, s = strong, w = weak, sh= shoulder
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Table 21. Relevant IR Frequencies (in cm™)

of dto and its binary and mixed ligand Ru (III) complexes

Free Corﬁpound
Assignment
dto 21 22 23 24 25 26
3293(m) v NH,
3211(m) | 3240 3235 3230 | 3243 3230 3240 v NH
3137(m) 319(b) 3120(b) 31310) |y Nm
1586(s) 1615 1609(m) 1610 | 1608)m) 1618(m) | 1620(m) | SNH,
1430(s) 1440 1442(sh) 1436 | 1431(s) 1448(m) | 1444(m) | v CC+ bands of -
1403(s) | secondary ligands
1200(s) | 1215 1223(w) 1220 | 1214 1210 1212(m) | vCC+ bands of
1058 1057(w) 1070 | 1062 1048 1033(w) secondary ligands
836(s) 826 822(w) 830 827 857(w) 825 v CC
628(s) 610 593(m) 597 | 615(m) 588 590(m) | SNCS

b =broad, m = medium, s = strong, w = weak, sh= shoulder
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Table 22. Electronic spectral data of the Co (IT) complexes

No. |complex Via,CM | € max” assignment
1. |Co(Il)—dto 25,000 4,3000 CT
20,000 3,200 CT
15,900 900 d-d
2. | Co (II) — dto-Ac 25,600 b CT
20,800 b CT
16,100 b d-d
3. | Co (II) — dto-o-phen | 25,000 7,400 CT
20,000 5,300 CT
15,400 890 d-d
4. | Co (IT) — dto-taa 25,700 6,400 CT
19,200 4,200 CT
5. |Co(Il) - dto— 8HQ |25,300 6,700 CT
19,800 5,100 CT

a)cm” mol™ ; b) =reflectance
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Table 23. Electronic spectral data of the Ni (IT) complexes

i No. |complex | Vipa,cm™ £ assignment
Ni (IT) -dto 17,700 110 d-d
Ni (I) —dto- ac 17,800sh |b CT
17,400

8. | Ni (II) —dto-acac 18,600sh |12,500 |CT
17,800 10,000

9. |Ni(ll)—dw-8HQ _ |17.500 | 800 d—d
10. | Ni (IT) —dto-Sal 18400 | d—-d
11. | Ni (II) —dto-taa 18.800sh |8.500  |CT

17,100 |6.700 |
12. | Ni()—dto-bipy | 18200  |b d—d
13. | Ni (I) -dto-ophen | 17,600 | b d-d

a)cm® mol”; b)=reflectance
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Table 24. Electronic spectral data of the Cu (IT) complexes

; | No. |complex Vi, CM | Eman assignment
14. | Cu(Il)-dto 16,200 b d-d
15. | Cu(Il)— dto - sal 23,200 b CT

| 18,200 b d—d
16. | Cu(ll) — dto — acac 21,900 b CT
18,200 b d-d
17. | Cu(Il) — dto —ophen 16,400 b d—d
18. | Cu(Il) — dto —8HQ 19,800 b CT
16,300 b d-d
19. | Cu(I) — dto — Acetate | 20,000 b CT
20. | Cu (II) — dto-bipy 19,900 b CT

a) cm® mol”; b)=reflectance
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Table 25. Electronic spectral data of the Ru (IIT) complexes

No. |complex Vina,CM | Emax assignment

21. |Ru (D)-(dto) 8HQ | 26,300 0.800 Intraligand
17,500 1,900 CT

22. | Ru (III) — dto 27,000 11,200 Intraligand
22,700 7,600 CT

23. | Ru (III) — dto —sal 23,200 6,200 CT

24, |Ru (III)-dto—ac 22,800 8,500 CT

25. |Ru (IIl) - dto—acac |22,200 b CT

26. | Ru (IIT) — dto — bipy | 20,400 4000 |CT

| 18,500 1,800 |CT

a) cm® mol™; b) = reflectance
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Fig. 22. IR spectrum of the free dto
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Fig. 23. IR spectra of the binary metal complexes, a) Co", b) NiT,
¢) Cu” and d) Ru™
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Fig. 25. IR spectra of the mixed ligand Ni"” complexes : a) dto + acetate,
b) dto + acac, and ¢) dto + 8HQ
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Fig. 26. IR spectra of the mixed ligand NiZ complexes : a) dto + sal,
b) dto + taa, c) dto + bipy, and d) dto + o-phen
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Fig. 27. IR spectra of the mixed ligand Cu” complexes : a) dto + acetate,
b) dto + acac, and c) dto + S8HQ
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Fig. 29. IR spectra of the mixed ligand RJ" complexes a) dto + 8HQ, and
b) dto + acetate
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Fig. 30. IR spectra of the mixed ligand Ru™ complexes : a) dto + sal,
b) dto + acac, and c) dto + bipy
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Fig.31. Electronic spectra of Co" complexes
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Fig. 32. Electronic spectra of NiY + dto + acetate
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Fig. 36. Electronic spectra of mixed ligand Ru™ + dto + 8-HQ complex
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Fig. 37. Electronic spectra of mixed ligand Ru™ + dto + 8-HQ complex
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CHAPTER Vv

Thermal analysis of the complexes

Thermal analysis plays an important role in studying the structure and
properties of the metal complexes. The extent of reaction on fractional
conversion term, f (), is given by:

oa=(X;-X)/Xi-Xp
and the fraction remaining is given by:

(I- o) = X-X) (X;- X

Where X is the measured value for the extensive variable ( mass, enthalpy,
volume, etc.); X rand X ; are, respectively, its initial and final values at the
beginning and at the end of the reaction of interest. This is applied when
only a part of the experimental data range is being analyzed or several
different experiments are being compared. The equations and methods are
developed in terms of o. However, one may substitute for o, values for the
measured change in the extensive variable, X, without any loss of general
applicability.

The most general differential equation commonly used to describe the
reaction rate 1s:

a/dt=flo) k(T) (1)
Where the rate of change of a is expressed as a product of separable

functions for o and temperature. The term, f (), can be fitted occasionally
by the equation:

F(a)=(1-a)° 2)

A fit of the temperature dependent expression, k(T), by the Arthenius
equation is almost attempted:

k(T) = A exp. (-E/RT) - (3)

The differential method is fully developed to apply any set of experiments
with differing temperature programs. The constancy of E/R with o and
temperature is tested. If E/R is constant, the correct value for the pre-
exponential factor A is determined, and then the applicability of equation
(2) 1s tested .

The equation (1) may be written differentially:
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do dhha A (1—05)" E
\ = — = ———eXp| —— (4)
wdl dI q « RT

Where q=dT/dt is the linear heating rate of the substance by °C/min or
°C/ sec. The approximate solution of this equation is given by Horowitz
and Metzger®?, the value of the decomposed substance fraction. o, at the
moment of maximum development of reaction (with T=T,) being
determined from the relation®*:

(1- an) =n " )
The experiment was constructed at different initial concentrations. ¢, and
¢, their rates are -dc;/dt=kc;"and—dc,/dt=k¢,” SO:
n=(ln(dc;/dt)—Indc,/dt)/(Inc;-Inc;) (6)

Simply, the order of reaction, n, is calculated.

The differential method is applied for a single isothermal experiment |
in the form:

Inda/dt=nin(I-a)+ Ink(T) 7)

The plot of In da /dt, as a function of In (1- o ), In k (T) is obtained
from the intercept at o equals zero. If the plot is linear, then its slope is
equal to the reaction order, n. The change in the order during the reaction 1s
observed directly from changes in the slope of the plot. The “ initial rate ,
v, , is obtained from this method so that if initial rates are obtained from
several experiments performed at different initial concentrations, C, , then
one may write:

Inv,-n,Inc, -+ constant (8)

The “ order as a function of initial data “ , n, , may be compared with
n , the « order as function of time * . The two orders may differ in cases for
which the reaction kinetics is complex, i.e. where intermediates and
products affect the form of the rate equation and value of n. Thus ,this
distinction between the two orders can be useful in establishing reaction
mechanism.

For non- isothermal experiments:
da /dt = fla) A exp. (-E/RT) 9)

One obtains, upon taking logarithms, for a value of o, a;
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In(da/dt);=Inf(o; )A-E/RT; (10)
where the subscript i refers to the value of the variable at o .

The plot of Inda /dt, as 1/T values at the same degree of conversion
from a series of experiments at differing constant heating rates would
result in a straight line with a slope of —E/R and an intercept of InAf(a; )

These values at o ; are obtained from the slope and the intercept of the
latter equation (115.116),

Tyin (d ovdt); = T InAf (@) — E/R (11)

It is more common to perform thermal analysis experiments at a
constant heating rate. In general, as o increase, the T and 1/T points will be
skewed to higher temperatures especially at faster heating rates. The slopes
of [Int(a)- nln (1- ) ] curves are equal to the reaction order, n.

When a reaction occurs, the DTA curves show the changes in heat
content controlled by recording some peaks. For a reaction at a rate

varying with temperature, i.e., possesses an E,, the position of the peak
varies with the heating rate'”''®.

The temperature distribution in the DTA specimen holders obeys the
general heat flow equation:

Q_T_-_-_k_VZTz_}_ﬂ

ot pc pc dt (12)

where:

Is the absolute temperature in Kelvin.
Is the time in sec.

Is the thermal conductivity.

Is the density.

Is the specific heat.

Qbﬁﬂﬂ

y Is the rate of heat generation due to a chemical
Ip/dt : :
reaction per unit volume of the sample.

“No heat effects occur in the reference sample, so the temperature
distribution in the reference is given by:
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QZ:—IE—VZT@OR: dr/jdt _ k

ot pc ot pc

v?r (13)

If the sample is assumed to be a cylinder of radius (a) and of infinite
length with a temperature of the outside is given by T=T, +¢t,isa
constant rate of the temperature rise and T is the initial temperature. The
temperature, T.at the center of reference sample is given by integrated
equation (13) with proper limits: |

T.=T, + ¢t—( gpca’ /4k) (14)

In. equation (12), the rate of heat generation is function of temperature
in the active sample, i.e., the temperature outside the holder rises at a linear
rate. So, the solution of this equation expressing the temperature at the
center of the sample will be of the form:

Ty =Ty + ¢t—f(dg/d) (15)
Where f (. dg/dt ) is a function of the reaction rate. '

The differential temperature (0), is the difference in temperature
between the centers of both the sample and the reference where:

dq Dpca’
o=74| -
f( dt )sample ( 4k }reference (] 6)

deg = 7 dq\d’q
From equation (17) is maximum, d¢ /dt is zero. Since the rate of heat
absorption to the rate of reaction, equation (17) states that the peak

differential deflection occurs when the reaction rate is a maximum. This is
true only when the heating rate of the reference is constant.

Most reaction of the type solid — solid can be described by an
equation:

_CZ.BC— — A(l_x)ne—E/RT

dt (18)
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Where:
dx/dt Is the rate of reaction.
X Is the fraction reacted.
n Is the empirical order of reaction.

T Is the Kelvin temperature.

If the temperature rises during the reaction, the rate dx/dt will rise to a
maximum value then returns to zero as it exhausted. The maximum rate
occurs when (dx/dt ) is zero.

d(dx\ dx( E¢ vt _EIRT
Sl 2 == — An(l -
dt(dtj dt[Rsz ll-x)"e (19)

If the temperature rises at a constant rate ¢ and occurs at T ,:

E n-1 ~E/RT, |
L(R]%j—/ln( —x)m e '") (20)

T is the sample temperature at which the peak DTA deflection

occurs. Equation (18) can be integrated assuming a constant heating rate to
obtain the extent of reaction as a function of temperature as follows:

1 1 ART? 2RT
__1 - e—E/RT 1_______
n—ll(l—x)"‘l ) E, ( E j )

Combination between equations (20) and (21), where the obtained
equation is applicable for n not equal to zero or unity:

1 1 |1 1 (1_2RTm)
(=) mal- U E 2

2RT,
= (23)

| ~ This equation does not contain the heating rate except as T, varies

n(1—3;)’;‘1 =1+(n-1)
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with heating rate. The product »(1-x)," 1is not only independent of ¢, but

is very nearly equal to unity. Substituting this value in equation (20) and
differentiating neglecting small quantities:

- d(%] - (24)

The activation energy for a simple decomposition reaction can be
determined by making DTA runs at a number of heating rates.

From equation (23), the amount of the undecomposed reaction at the
peak temperature will decrease as the exponent, n, is decreased. This
implies that the corresponding DTA peak will become more asymmetric as
n is decreased. It should be possible to express the degree of asymmetry in
terms of n, providing that the peak shape is independent of heating rate and
the values of the kinetic constant.

For a quantitative picture for the peak shape, the shape index “S” is
defined ™ as the absolute value of the ratio of the slopes of the tangents to
the curve at the inflection points: |

J
d*x\ (25)
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Subscripts 1 and 2 refer to the value of these quantities at the
inflection points. From equation (19) and (25), the shape index i1s a
function only of the reaction order, n:

o G-a)p-G-a)li-x) (T)

—(3+0£)[,3'(3+,3)](1~x)2 T, (26)

o= '\[9 - 4(2 - %)(1 ~ 31;_7’) (27a)

ﬁ=2[2—1] : (27b)

n

The ratio T,/T,is slightly greater than unity (= 1.08). The order of the
reaction process (first— order, second — order,..... etc.) can be determined
from the symmetry of the DTA curve. The asymmetry of the peak is
simply a/b and the reaction order ™ is calculated as follows:

S = 0.63n> (28)
and ~ n=126(a/b)" (29

The values of collision factor, Z, can be obtained in case of Horowitz
Metzger “'* by making use of the relation:

AECI AELI
Also. The entropies of activation (AS ") can be obtained from the
relation:
7= kT AS”®
= eXp R (31)

Where, R represents molar gas constant, £ is rate of heating (Ks™'),
k is the Boltzmann constant and h is the Planck’s constant®”.
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In what follows, thermal analysis of a selected number of the isolated

binary and mixed ligand complexes is described.

The TGA data of the octahedral H;O [Co)dto);]1,H,O complex are
represented in Figure (38). Four characteristic peaks at (47.4), (204.6),
(2652), and (523.4)°c are observed, all of them are of exothermic
behavior. The mechanism of the effect of temperature on the complex is

represented in the following scheme:

[Coldto),]3H,0—2£<[Co(dto), |12H,0

204.6°C ¥ calced 96.18

Found 96.42%

Coldto)+ C,N,H, «<252°C_[co(dto),]

Caled .,63.19%
Found ,62 .96 %

Finally the complex is subjected to heating up to (523.4)°C giving
CoO as a final product (% calcd 15.8; % found 15.57).

Following the data for the prepared Ni (II) complexes, eight samples
have been studied from the thermal analysis viewpoint. Most of these
complexes gave numerous peaks indicative of successive and stepwise

mechanistic decomposition steps.
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The [Ni(dto), RH,O complex gave five peaks at (100) , (144.7) ,
(199.5) , (242.8) and (336.5)°C ( cf. Figure 39). The assignment of these

peaks can be given according to the following proposed mechanism:
[Ni(dto), R H ,0 —2<[Ni(dto), |H,0
ll 44.7°C

Ni(C,N,H,S,) «22£5—|Ni(dro),]

|

336.5°C s NIS
It is apparent that the geometry of the complex persists as square
planar, independent of temperature up to (242.8)°C . This, in turn, reflects

the higher thermal stability of the complex as a result of its polymeric

nature as pointed out in the previous chapter.

On the other hand the square planar complex, [Ni(dto)acac)lH,0,
showed only two TG peaks at (121.4) and (336.3)°C as clear from figure
(40).

The first peak is assignable to the removal of the H,0 molecule
existing in the outer sphere. The second one is due to the dissociation of
both dto and acetylacetonate moieties with the formation of NiS as the

final product. This final product suggests that the ac.ac, moiety dissociates

at first, following by the dissociation of the dto moiety.

The thermogram of the square planar [N i(dto)(8 - HQ)] complex,
shown in Fig. (41), displays four peaks at (168), (292), (329.5) and
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(463.7)°C, the first peaks corresponds to the dissociation of (8-HQ) ligand
with removal of CH,CHCN fragment. The second peak can be assigned to
the beginning of dissociation of the dto ligand with removal of S and NH
species. The third peak corresponds to the dissociation of the rest of
8-HQ ligand.

The fourth step is assigned to the removal of the rest of dto ligand
with the formation of Ni S as a final product. Such a trend of dissociation
can be considered as good example for the coordination combination
between dto and 8-HQ to the Ni (II) ions. Also, a similar behaviour was
observed for the thermal decomposition of the mixed ligand complex
containing thioacetamide as a secondary ligand (cf.Fig.42), where three -
decomposition steps at (100), (330) and (500)°C are observed. The final

- product was Ni S.

On the other hand, the square planar [Ni(dto)(Sal )] complex gave three
TG peak at (123.5), (332.7) and (500)°c (Fig. 43). The first peaks

corresponds to the starting dissociation of the salicylate ligand while the
second step is assigned to the dissociation of both dto and the rest of the
salicylate ligands. The third one is due to dissociation of the rest of the dto
ligand with the formation of NiO+2S the final product.

The [Cu(dto)8HQ)|CI.H,O complex gave five peaks at (60.6), (176),
(305.8), (376.5) and (419.7)°C (Fig. 44). The structure of this complex was
suggested to be square planar where both dithiooxamide and 8-
quinolinolate ligands act as bidentate ones coordinating to the Cu(Il) ion.
The first peak is due to the loss of water molecule while the second one

corresponds to the loss of the chloride with starting dissociation of (8-HQ)
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ligand, where a fragment of dihydropyridine (CONH, ) is being lost. The

third peak is probably due to the complete removal of the (8-HQ) ligand
with the beginning decomposition of the dto ligand .

Such an approach is related to the competitive complexing ability of
both ligands. The fourth peak is due to dissociation of the residual species

and formation of CusS as final product.

The [Cul(dto),(o- Phen)|4H,0 complex (Fig.45) gave five peaks at
(136.27), (193.96), (225.69), (284.82) and (453.57)°C. The first peak is
due to removal of the four water molecules, while the second assigned to

the beginning of dissociation of o-phenylenediamine ligand .

The third peak is due to the dissociation of dto ligand with removal of
" HCNS molecule. The fourth peak is due to further decomposition of the
dto ligand with formation of Cu,(SCN), . The last peak probably assigned

for the dissociation of cusCN species with the formation of metallic Cu as

final product.

The complex [Cu(dto)SaZIZH ,O gave three thermogravimetric peaks
at (207.6), (239.9) and (428.3)°C (Fig. 46). The first one corresponds to
the removal of the two water molecules, while the second peak is due to
the dissociation of the salicylate ligand with starting dissociation of the dto

ligand. The third peak, however, is due to a further decomposition with the

formation of c«0 as final product.

The octahedral [Ru(dto),CILH,0]3H,0 complex gave five TG peaks at

(53.05) , (280.93) , (366.03) , (429.49) and (490)°C ( Fig. 47) . The first
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peak assigned to the removal of three water molecules and the second step
is the removal of chloride with dissociation of one dto. The third peak
assigned to complete dissociation for the second dto molecule leering RuS,,

the last peak .

The [Ru(dTOX8-HQ),]C! complex which is of conducting property
showed four TG steps with peaks at (110) , (224.6), (389.1) and (500) °C
(Fig. 48) . The first peak» is assignable to the removal of the chloride while
the second one is due to the dissociation of 8-HQ ligands . The third peak
is assigned to the decomposition of the dto ligand with the formation of
RuS as final product. The final product suggests that the decomposition of
dto results in the formation of reducing species that are able to reduce the
trivalent Ru to the divalent state in the formed RuS. Similar trend could be
observed from the thermal analysis of the complex [Ru(dto), sal]|2H,0 (Fig.
49). Five decomposition steps were observed ending with the formation of

metallic ruthenium which indicates the formation of reducing species

during the dissociation of the complex.
Kinetics of thermal decomposition of the complexes

The aforementioned thermal analysis data reveal the occurrence of an
exothermic peak in the temperature range 47.4 — 224.6 C that canbe

assigned to the dehydation of the complexes (121,122)

The energies of activation (Ea) of the solid-solid formation reactions
have been determined from the therograms using the method of Rilogan et
al 1 Ea was determined from the stop of the lincs (Figs 50-61). The
reactions are nearly first order as indicated in Table (29) . The orders

were estimated by the peak assymmetry method"*”. Values of the kinetic
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parameters of the decomposition of the complexes are recorded in Table
(29).

The data relate to the following general observations and conclusions:

1-1t is evident that both the polymeric and other complexes have a
uniform decomposition pattern. In all complexes dehydration
being the first step, whenevr they containing water molecules, loss
of the side chain of the ligand being the second step and the loss of

the ligand fragments are the third or later steps with the ultimate
products being the metal oxide, sulphide or metallic residue as in

the case of ruthenium.

2-All the complexes for all the peaks are nearly of first order

decomposition kinetics.

3-All the entropy values are negative and are approximately of the
same magnitude. The negative values of As indicated that the
activated complex has a more ordered structure than the
reactants'??, and further the low values of Z indicate the slow

nature of the reaction .

In general, there is a direct relation
between Ea and Z. The values of Ea and Z decrease in the order

Ru > Ni.

4-All the AH values are negative and they are affected by the
geometry of the complex, meanwhile they are related to the

basicity of the secondary ligand.
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Table 26. Thermogravimetric analysis data of the binary and
mixed ligand Co(II) and Ni(II) complexes

complex Temp.°C | %Calcd | %Found Change
H,;0[Co(dto);]2H,0 | 47.41 96.18 | 96.42 Loss of H,O
20462 |63.19 |62.96 |Loss of dto+2 H,0
265.20 25.80 {24.51 Loss of dto+C,N,H,
v 523.37 15.88 | 15.57 Residue CoO
[Ni(dto),] 2,0 | 1445|8237 |83.74 | Loss of2 H,0
242.8 60.68 |62.29 Loss of C,N,S
336.5 2235 23.92 Residue NiS
[Ni(dto) (acac)] H,O | 121.42 93.5 95.20 Loss of H,O
336.33 32.77 (35.36 Loss of acac + dto
Residue NiS
[Ni(dto) (8HQ)] 168.01 83.50 |48.34 |Loss of C;H3N
292.05 68.90 |70.49 Loss of (S + NH)
329.55 40.60 (42.12 Loss of CsH50
463.68 |28.19 |29.66 | Residue NiS
[Ni(dto) , (taa)] H,O | 100 95.16 |95.89 loss of H,O
330 3046 |40.48 |loss of taa + dto+
NH,+NH
[Ni(dto) (sal)] 123.54 96.05 |97.00 Loss of %2 H,O
332.67 36.12 |35.88 Loss of C;H505+
500 44 10 |44.44 C,N,H;

Residue N10O + 2S5
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Table 27. Thermogravimetric analysis data
of the complexes mixed ligand Cu(II)

complex Temp.°C | %Caled | %Found Change
[Cu(dto)(8HQ)]CL.H,O 60.62 9527 195.82 Loss of H,O
176.01 |95.75 |67.49 Loss of Cl
305.81 |40.04 |41.39 dto+C,NHs
37649 |36.89 |36.09 NH+NH,+all 8HQ
47976 |33.47 |33.84 Loss dto
Residue CuS+S
[Cu(dto) ; (o-pben)]4H,O | 136.27 | 86.08 |86.75 Loss of 4H,0
1193.96 6522 |63.17 Loss of CeHsN,
122569 |353.82 |53.98 Loss of NHCS
284.82 4690 |46.37 (dto)
45357 |1226 |8.77 Residue CuSCN
Residue Cu
[Cu(dto) (sal)]2H,O 207.62 | 50.45 |49.52 Loss of 2H,0
23935 4035 |40.02 Loss of salicylate
428.03 | 1827 |17.31 +NH;+NCS

Residue CuO
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Table 28. Thermogravimetric analysis data
of the binary and mixed ligand Ru(III) complexes

( complex Temp.°C | %Calcd | %Found Change
[Ru(dto),C1L.H,O]3H,O | 53.05 95.98 96.7 Loss of H,O
28093 |5334 |5503 |Lossof
2H,0+CIHC,HsN, S,
366.01 43.53 43.53 Loss of NCS
429.49 39.0 38.41 Residue RuCS
490 22.5 23.56 Residue Ru
[Ru(dto)(8HQ),]C1 110 93.48 95.10 Loss of C1
224.65 50.3 50.27 Loss of 8HQ+CsHs
389.07 |4335 4421 | Loss of CsHs |
500 24 .43 25.5 Residue RuS
[Ru(d@io)(Sa)2E,0 | 6645  |93.1 | 9428 | Lossof 250
268.38 493 48.25 Loss of C;N,H;3S
350 28.8 28.24 Loss of the
419 24.2 23.62 second dto
448.66 92.80 22.41 Residue Ru,0;
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Table 29. Thermdynamic parameters

of the thermal decomosition of the complexes

complex Step n E, B Zx10° | AS*X10° | Temp k AH

H30[Co(dfo)3]2H20 1* 1.071 73.64 2.13 | 0.0391 -275.6 477.6 -131.67
ond 1.30 161.49 | 2.47 0.089 -269.9 538.2 -145.27

31 0.7971 | 705.50 | 1.49 0.159 -268.4 796.37 213.7

[Ni(dto),]2H,O 1* 1.15 11447 | 226 | 0.074 -269.4 420.4 -113.28
2nd 1.20 170.85 | 2.33 0.100 -267.8 473.8 -126.9

3¢ 0.890 320.08 | 1.75 0.110 269.0 | 606.5 -163.1

[Ni(dio)acac)] FLO | 1° | 084 | 26400 | 162 | 0084 | 2774 | 6093 | -1653

Z, ST AS* k] . K mol™




& Chapter V

Table 29. continued
[Ni(dto)(8HQ)] 1* 119 | 3865 | 233 | 0.024 | 2789 | 4470
2™ 099 | 2354 | 199 | 0.049 | -275.1 565.0
31 1.16 1223 | 227 | 0.055 | -274.7 602.5
[Ni(dto),(taa)|H,O | 1% 060 | 7394 | 070 | 0.018 | -283.9 617.1
[Ni(dto) (Sal)] 1* 0.80 | 285.0 | 1.50 | 0.084 | -271.3 605.6
[Cu(dto) 1* 1.03 1336 | 2.06 | 0073 | 2707 | 3336 | -1227
(8-HQ)]CLH,0 2 120 | 2430 | 234 | 0.140 | -265.3 4491 | -1294
3" 117 | 1847 | 230 | 0.066 | 2727 | 5788 | -153.1
4" 129 | 1654 | 245 | 0078 | -272.1 6495 | -168.5
5m 0.96 | 2001 | 1.92 | 0.055 | --2725 | 6927 | -231.9
[Cu(dto), 1 097 | 1162 | 1.95 | 0.053 | -273.8 4093 | -1405
(O-phen)|4H,0 2™ 095 | 2861 | 1.97 | 0.155 | -265.3 4669 | -155.4
i 1.03 1017 | 2.05 | 0.050 | -2740 | 4987 | -163.7
4 126 | 3014 | 241 | 0136 | 2625 | 5578 | -141.7
5% 1.13 | 2832 | 1.66 | 0.096 | -270.1 7256 | -157.6
[Cu(dto)(Sal)] 2H,0 | I¥ 126 | 2008 | 241 | 0.107 | -2685 4806 | -1463
2~ 094 | 2587 | 1.62 | 0.080 | -272.7 5123 | -178.1
31 088 | 2622 | 1.82 | 0.082 | -2723 7013 | -190.7
[Ru(dto) ;H,OclP® 1¥ | 0803 | 4633 | 151 | 0.017 | -282.7 | 4890 [ -138.29
2% | 0796 | 12072 | 1.49 | 0308 | -261.8 702.4 | -183.91
[Ru(dto)(8HQ),]Cl | 1% | 1.668 | 5596 | 2.80 | 0.037 | -276.3 4976 | -1375
2™ | 0.796 | 433.0 | 149 | 0.117 | -2693 662.0 | -1783
31 063 | 11555 | 0.825| 0.163 | -267.0 699.5 | -186.7
[Ru(dto), Sal]l2H,O | 1% | 1469 | 7887 | 2638 | 0.046 | -2754 | 5413 | -149.1
2° | 0975 | 480.18 | 1.951| 0.172 | -266.0 653.8 | -173.9
3¢ | 1064 | 4743 |2.122| 0174 | 2664 | 6928 | -1845

Z, S AS* k] . K mol™
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SUMMARY

The general scope of this thesis is to present a systematic study
on the transition metal complexes with dithiooxamide and their
mixed ligand complexes formed by using a variety of secondary
ligands with the intention to investigate the possibility of
formation of the complexes in solution and to check their
stability. It is also intended to isolate the complexes in the solid
form to understand the mode of bonding between the ligand and
the metal ions and also to investigate | their thermal
decomposition. The metal ions used are Co-(II), Cu (II) and Ru
(TID).

In what follows, a brief description of the different chapters

included in the present thesis is given.

The first chapter reports a general literature survey on the
metal complexes of dithiooxamide as well as other related N, S
donor ligands. A survey on the biological and industrial

importance of the metal ions used in this thesis is also given.

In the second chapter, the experimental details for the
spectrophotometric study of complex formation of solution and
the methods used for determining the steroichiometry and
formation constants are described. The methods used for
preparatioh of the solid complexes as well as the methods of

determination of the metal ion content in these complexes are
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reported in this chapter. The various equipments used for

different measurements are also given.

Chapter III is dealing with the study of the binary and mixed
ligand Co (II), Ni (ID), Cu (II) and» Ru (IIT) complexes formed in
solution. The study involves spectrophotomertic determination
of the stoichiometry of the complexes using the molar ratio and
continuous variation methods as well as evaluation of the
apparent formation constants of the complexes formed in
solution. The results obtained were discussed in relation to the
nature of the metal ion and also to the basic character of the

secondary ligand.

Chapter IV reports the synthesis and characterization of the
solid complexes of Co (II), Ni (II), Cu (II) and Ru (III) with
dithiooxamide as the primary ligand and a number of secondary
ligands. The secondary ligands used are 8 — hydroxyquinoline,
acetylacetdne, 0- phenylenediamine, salicylic acid and thio-
acetamide. Characterization of the isolated solid complexes has
been accomplished using several tools in including elemental
analysis, conductivity measurements, infrared and electronic
spectroscopy. The studies given in this chapter revealed the

following con clusions:

(I) The NH, groups of dithiooxamide have an ammonium
type character due to intermoleeular or intramolecular

association.
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(Il) The dto molecule acts as bidentate ligand capable of

coordination to the metal ions as S,S or S,N donor.

(IIT) The dto molecule behaves as ambidentate ligand forming a
variety of complex species depending upon the pH of the
medium. The complexes formed are either monomeric or
polymeric depending on both the nature of the metal ion

and the medium in which the complexes were prepared.

(IV) The binary and mixed ligand Ni (IT) complexes are all four
coordinate and assume a square planar geometry. The Co
(II) and Ru (IIT) complexes are hexa-coordinate assuming
octahedral stereochemical configuration while Cu (II)
complexes were found to be of either square planar or

tetragonally distorted octahedral environment.

Chapter V includes the results of the thermogravimetric
analysis of a selected number of the isolated solid complexes.
The study provides an investigation of the way by which
thermal decomposition of the complexes takes place where it
was found that the final product of the decomposition could be
either the metal sulfide or oxide depending on the nature of the
secondary ligand. The kinetics of dissociation of the complexes
have been studied and the thermodynamic parameters were
determined and discussed.
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