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ABGTRACT

Visible spectra for solutions of Ni:bipy, Ni:bi-
py:wrea, Ni:bipy:Ms, Ni:phen:, Ni;phen:urea, Ni:phen:
MA, Cu:bipy, Cutbipy:urea and Cu:bipy:ls were recorded.
For the Ni complexes thesy  _ did not shift with in-
crease in pH but the intensity decreased. For the
copper complexes increase in pH shifted the ’kmax to
shorter wave length in the basic medium.

The synthesis was carried out in acidic medium.
The complex formed between Ni and bipy -in the
molar ratio 1:1 coyld not be isolated, but when the
concentration ¢f bipy increased two times pink colored
crystals of the formula Ni(bipy)5012.6H20 were isola-
ted. An attempt to synthesise a nickel mixed ligand
complex with bipymrea and bipy:malonamide was done
but in both cases Ni(bipy)5012.6H2O was isolated.

The binary complex Ni(phen)012.6H20 was synthe-
sised by the reaction of phen and Ni012.6H20. The
synthesis cf the mixed ligand complex with phensiurea
and phen:malonamide was then tried but in both cases
Ni(phen)012.6H20 was the product.

When CuCl2.2H20 and bipy reacted in the molar
ratio 1:1 at pH 45 Gu(bipy)Cl, was isolated but

when the pH was adjusted to 7.0 a complex with a probale
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formula Cu(bipy)(OH)Cl.BHZO wus isolated.

aAn attempt was made to synthesise the mixed ligand
complex of copper with bipy:urea and bipy:malonamide.

In both cases Cu(bipy)012 was formed.

The binary complexes of urea and malonamide with
copper were synthesised to give Cu(urea)Clg.Hzo and
Cu(MA) 5C1 50 2H,04

Phenanthroline reacted with CuCl2.2H20 in aqueous

nedium at pH 3.8 to form Cu(phen)Cl2.

Cadmium chloride gave white crystals with both
bipyridine and phenthroline. The complexes were obta-
ined as precipitates when the cadmium was added to the
ligand solution without heating. These complexes were
insoluble in water and other common solvents. Simi-
lar results were cbteined also in the presence of urea

and malonamidee

In methanolsethanol solvent system the binary
conplexes Ni(MA)e(Jl2 and Cu(MA)Cle.Hao were synthesi-
sed by refluxing the stiochiometric quantities for
eight hours. Cd(MA)ClE.HEO was also synthesised in
the same mannere. The reaction of copper chloride with
urea gave a complex of the formula Cu(urea)4012 - From
cadmium chloride and urea the complex Cd(urea)Cl2.H20

was isolated.

In an attempt to synthesise complexes of Ni:bipy:Ma
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and Ni:phen:Mi, Ni(Ma)Cl, was reacted with both bases
separatly and it was found thst both bases substitute
the malonamides When Cu(iu)Cl,.H,0 reacted with bi-
pyridine a complex of the formula Cu(bipy)2012.H20 was

isolatede




l. INTRODUCTICUN

Coordination chemistry is the chemistry of adducts
formed by metals in their higher oxidation state bonded
to inorganic or organic ions, or molecules. The ligands
bonded to the metal ion are predominantly sigma donors

with moderate to weak acceptgr or donor tendenciese.

A coordinate bond can be formed between any atom
or ion which can accept a share in a pair of electrons,
and any atom, ion or molecule which can furnish a pair
of electrons. The donor may be a netural molecule like

3

Ordinarily an acceptor reguires several donors which

H20, NH5’ bipy, or an ion like COZ~, or H2NCH2000—.

nay be alike or different. The resulting complex may
be positive ion, a negative ion or a neutral molecule.
Thereforey complex formation is not restricted to
association between two ionsof opposite charges. A
comnplex can therefore be defined as a species formed by
the association of two or more simpler species each

capable of indepcndent existence.

In general, thesmall highly charged cations form
the most stable coordinate bonds, and it is oftern
mistakenly supposed that the ability to form complexes
is limited to the transition metals. Transition metal
ions are, however, associated with such interesting
properties as small cation size, comparatively large

nuclear charge and the availability of a sufficient




number of low energy orbitals for bonding purpose}

Nearly all of the coumplexes of the light metals
such as metals of IA, IIA, IIIB and IVB contain oxygen

l, RCORl)a.

as the donor atom (H,0, OH , R-OH, R-O-R
These light metals seldom coordinate with molecules
containing N, 34 C or halogens. Llements across the
right (Cr, Mn, Fe, Co, Ni, Cu and Zn) easily coordi-
nate to nitrogeng For example chromium forms a large
number of amines, most of which are slowly destroyed

in waters. Cobalt, nickel, copper and zinc form stable
amines. These metals retain the ability to coordinate
with oxygen in cven greater degree than do the ionﬁ of
the lighter metals, but the tendency to form links with

nitrogen is still pronounced?

All metalic ions apparently form hydrates in aque-
ous solutions frequently surrounding themselves with
water molecules. This is accounted for by (i) the
excess water is not chemically combined but is held in
place by the demand of the lattice structure, (ii) the
coordination number of the metal is abnormal, (iii)
second and third eocordination spheres are formed and
(iv) part of the water molecules are combined with
anionse.

Hetero cyclic amines coordinate readily with trans-
tion metal ions? One such example is pyridine whose

complexes are widely reported in the literature.




Chelation greatly enhances coordination and metals
which do not ordinarily coordinate with nitrogen form
stable compounds with 2,2'-bipyridine and 1,10-phenan-

throline.

242'-bipyridine (1) and 1,10-phenanthnoline (II)
function as typicel bidentate chelate molecules through
the nitrogen atoms with formation of five membered

rings:

When crystalized from water, phenanthroline forms
wbll defined monohydrates. The molecule of water is
hydrogen bonded to the nitrogen atoms? & hydrate of
bipyridine has not been described, becuase the rings
are coplanayr Dbut in the trans position. However, it
is certain that in the metal complex the pyrid&ne rings

2

are in the cis positions

A, et s Bipyridine and phenanthroline are both relatively
Sy

weak bases. Yet they chelate with such a variety of
netal ions and the resulting complexes are generally
of such a high order of stability. The conmplexes of

2

phenanthroline are more stable than those of bipyridine<




Even Be and ligy which seldom coordinate with nitrogen
coupounds ferm complex ions containing three molecules
of phenanthrolinee. The complexes of 1,l10-phenanthroline
are chiefly of interest because of their stereochemi-
stry, their usefulness in analytiéal chenistry, and the
ability of phenanthroline to stabilize unusual valency
states of some of the metals?

Urea (III) forms rather weak complexes in agueous
solution? 4 urea molecule usually coordinates through
the oxygen atom of the carbonyl group; however, in somne
instances the urca molecule do coordinate through the

nitrogen atom?

0
~‘|v j Q% 49
H2N-C—Nh2 ?-CHE—?
HEN NH2
(I11) ()

Malonamide (IV) has two amide groups each having
two pairs of unchared electrons and coordinate readily
with certain metals?

Mixed ligend complexes are those in which more
than one kind of ligend, other than the solvent mole-
cules, are present in the inner-most coordination

sphere of the complex and can be represented by the
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]lO

general formule [mxiyqzk..
v

The study of mixed ligand complexes has received
considerable attention in recent years. The solution
stabilitics of mixed ligand systems have been determi-
ned by potentiometric, polarographic and spectrophoto-

metric techniquese

Mixed ligand complexes have vital role in physio-
logical systems. Formation of a mixed ligand comple-
Xe Dbetween an enzyme, metal ion and 2 substrate is
considered to be the reason for the activation of
certain enzymes with metal ions. To illustrate this,
one can consider the function of carboxy peptidase Ay
which is an enzyme that helps to clesve the carboxyl
terminal of amino acid from a peptide chain by hydro-

lysing the amide linkage}l

H20

carboxypeptidase

>ee o Pro-Leu-Glu

+
Phenylalapine

The active site in the enzyme contains a zinc(II) ion.
The metal is coordinated tetrahedrally to two nitrogen
atous and an oxygen atom from three amino acids in the
prdtein chaine The fourth coordination site is free and
50 it can aceepl a pair of clectrons from a donor atom

in the substrate to be cleaved.

An enzyme system of particular importance is that

which promotes the fixation of atmospheric nitrogen, a



very important step in the nitrogen cycle, providing
available nitrogen for plant nutrition. Nitrogenase
is a molybdoenzyue which catalyses the reduction of
molecular nitrogen to ammonia using photosynthesis pro-
ducts as reducing agents. Molybdenun 1is thought to
provide the active site or sites which bind diritrogen

and where it is reduced to ammonia}2

Interest in mixed chelates also arise from the
study of mechanism of organic reactions wher; the li-
gand bond is activated for selective reaction. Mixed
couplexes are also important as intermediates in ligend
displacement reaoctions. Formation of stable complexes
have also been widely exploited by analytical chemists
in the development of many selective and highly sensi-

tive analytical methods.
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2e LIVERATURE CURVEY

In recent ycars it have becomne increasingly appa-
rent that several transition metal ions favour coordi-
nation with mixcd ligand systems to a greater extent
than would be expected on statistical basis. The equi-~
librium distribution of Cu(II) ions among a mixture of
seventeen amino acids have been computed from stability
constants and blood plasma composition data. At pH
7elty 98% of the copper in the simulated plasma is co-
ordinated to hisbidine and cystine predominantly as

the mixed ligend [Cu.His.Cyst] and [Cu.H.His.Cyst]®>

2.1 Complexes cf 2,2'Bipyridine and 1,10-Fhenanthroline

Bipyridine and phenanthroline form binary and
ternary mixed ligand complexes with a variety of tran-
sition metal ionse With the exception of the rare
netals, numerous examples are known for each periodic
groupy including the alkali and alkaline earth elements.
These complexes were known for a long time%“ The rea-
ction between iron(II) and bipyridine with formation of
an intensly red colored substance was first observed by
BlaulB"17 in 1888. The analogous phenanthroline comp-
lex was first synthesised by BaluI7, and was shown to

form similarly colored salts of the same type.

Nickel coordinates with either of the base i.e.



bipyridine and phenanthrolines The tris complexes of
nickel are bright pink. Salts of the [Ni(bipy)*+t)

with a wide vapiety of anions are known}4

Copper(II) complex salts containing one, two or
three molecules of either chelate have also been
described].'2 Most are hydrated and of a blue or violet
colore. The complexes of cadmium and zinc are colorless.

They are four or six covalent containing one, two or

three molecules of the base.

The binary complexes of nickel, copper and cadmiun
with bipyridine and phenanthroline with a variety of
anions were synthesised in the thirties und thereafter.
Most of these complexes are hydrated, as complexes of
bipyridine end phenanthroline with bivalent nmetals di-
ffer from similar amines in combining with a large

quantity of watere.

The synthesis of [Ni(bipy)a]Cl2. 7H 0
[Ni(biyy)(H2O)]Cl2 and [Cu(biyy)51012.7ﬁ20 was reported
by Jaeger and Dijk19 in 1935. The synthesis was done
when 1,2 or 3 equivalent of the ligund was added to the

solution of the salt and evaporated at room teumperature.

N&(bipy)2012 and Ni(yhen)ecl2 were also reported
in 1953.18 Ni(bily)2012 was obtained by heating rose
red [Ni(biry)BJC1.6H20¢ Ni(bi}y)2012 is grass green and

it is stable in air bubt cannot be recrystalized from



waters

Controlled thermal decoupositon of Ni(biyy)5C12.7H2O
was studied by Lee, Griswold and Klienbergy?o The pro-
duct of this were Ni(biyy)2cl2; Nia(bipy)4C16, and
Ni(bipy)Cl,e

The diamagnetic white crystals of the tetrahedral
complex CdLCl, (I = bipyridine, phenanthroline), were
synthesised by refluxing the stoickhiometric guantities

of 0dCl, and the ligand in methanol for half an hoursst

The synthesis of Cd(bipy)g.Hgo was also reported

22

by Taeger and Dijk in 1935. The complex Cd(bipy)Cl2

and the analogous complexes with the anions acetates,

23

sulfates and nitrates were also reported in 193677

The mono complex of 2,2'-bipyridine and 1,10-phen-
anthroline with ©the halide of Ni(II) were prepared in
good yield by recaction of the base with an excess of
the anhydrous mctal halide in boiling dimethylforma-
mide.24 The mixed ligand coumplexes of bipyridine and
phenanthroline with many transition metal atoms are
reported in the literature. lMost of the secondary li-
gands are nitrogen or oxygen donor ligunds.l4

Some of the secondary ligands that can be mentioned
are the sminoacids. Mixed ligand complexes of the type
Cu(bipy) (glycin@te)+, ou(bipy)glycine)++, cu(bipy)

(alanine)**, Niil (4 = bipyridine, L = glycine, analine
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. 25
valine)2” are reiporteds Ternary complexes of Cu(II)
and Ni(II) with bipyridine and substitued salicylic

aclid were studied by potentiometric technique.26

Uncharged complexes of the type M(phen)2(NCS)q,
(u=Ni(II) and Cu(II))have been prepared both from

agueous and nonsagueous system.27

The mixed complexes of [Ni(phen)(N-R-Salicyla-
ldimine)e],Ni(phcn)2(8alicylic acid)e.EHEO and Ni(phen)
(balicylaldimine) (Sal).BHEO were synthesised in ben-

ZEIEC 28

The mixed ligand complexes MAL (M = Ni(II); cu(II);
zn(II) or Cd(II); A = bipyridine or phenanthroline and
L = ethylene diamine or propolyne diamine) were studied

in solution by Parikh and Bhattacharyaa29

The mixed ligands [Ni (phen)gj[Ni(CN)4}..4H20 “nd
Ni(phen)B(CN)g. H,0 are reported by Schilt.°

The major factor for electron pairing and strong
covalent bonding with many of the bipyridine and phen-
anthroline complex was syggested by Nyholm31—32 to be
the formation of double bonds, and suggested that

structures (III) and (IV) contribute to the resonance

hybride.
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Similar structures can be written for the phenan-
throline compounds. Thus, the double bonds are indi-
cated to accountv for the stability of some bipyridine

and phenanthroline complexes.

Bipyridine reects slower than does phenanthroline,
but this difference only in small degree accounts for

33

the lower stability of bipyridine complexes.

Since bipyridine and 1l,10-rhenanthroline are
bidentate ligands it might be reasonable to assume the
complex formation with a metal ion to proceed in a
step wise fashion, one nitrogen-metal bond forming in
each step, with the replacement of one coordinated
wabter moleculees Usually this stepwise replacement of
water molecules by a chelate formation would be expected
to follow in rajpid sequence with no way of distingui-
shing the individual steps. However, 1t is possible
to postulabe an acid catalysis where the intermediate
formed by the replacement of one water nolecule goes

34

to product faster by elemination of hydronium ion.
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2.2 Complexes of Urea and Malonanide

Urea is the amide of the carbonic acid znd there-
fore it is sometimes called carbamnide. Urea, CO(NH2)2,
is both a weak acid and a weak base, the basic dissoci-

ation constant

T . —— o e -—
CO(NH2)2 + Hy0 =— HQNLONHBOH

14, similar to that of Water.35 Urea

is about 10~
formns rather wealk complexes in water. Urea has two
possible sites of coordination, namely the amine nitro-

gen and the carbonyl oxygen.

Vaughan and Donohuea6 considered the structure of
urea to invclve resonance between the three following
structures, the¢ observed values of the interatomic

distance indicating 30% double bond

’ 8 NH
N, 5 47NH2 o« P
0 = 0 —C° 0-—C
i \ § N\
NiL, N, NH,,

. ' -,
character for the carbon-to-nitrogen bond leaving 40/e

for the carbon-to-oxygen bond. The donor g5y, FARh

Cu(II) and Zn(II) is the oxygen atom.57 However, in
some instances urea coordinates through the nitrogen
Hence, by observing the

ar 1700 cm

eton with Pt(II> and Pd(II)' 1

presence or absence of a carbonyl IR band ne
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and by the prresence or absence of shifted NH2 preaks,
the urea complexes have been divided into two groups,
one with nitrogen and the other with oxygen as the donor

atone.

Stable complexes formed from metal salts with 2,4,
or 6 moles of urea are known. Conplexes of urea uith
nickel, coprer, zinc and cadmium are reported in the
literature.38_43 In the systen urea—CuCl2 and urea=-
NiCly,, the complexes detected were CuCl,. ZCO(NH2)2;
NiClye 2C0(NH,), and NiCl,.1OCO(NE,),. The spectrum
of CuCl2.2CO(NH2)2 showed _that the urea coordinates
through the oxyszen atom.44 As it was observed that
the C~0 stretching vibration decreases by 50-60 cm_l.
In the systen CdCle— urea in aqueous medium, the
cadmium coordinates to six urea molecules.44 But in
the systen CdClg—urea—methanol and CdCle—urea-ethunol
the existence of complexation in the ratios 1l:1 and

1l:4 was established.45

Mslonamide or propanediamide, CHE(CONH2)2, is the
derivative of malonic acid. Conmplexes of malonamide
are not widely reported in the literature. Copper
coordinates with only one or two molecules of malonsmide
forning CuCl,L, (L = Molonanide)*®. Nickel chloride
forms NiCl2L2 and the stability of ithe coordinate bond

47-48

decrease in the series Fe < Cod(Ni < Cu. The

ligand coordinatcs through the oxygen atom. The
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complex CdX,L, (X = Br, NC; L = malonamide) is also
reported49 and it is known that the malonamide coordi-

nates through thce oxygen atom. aggarwal and coworker550
also reported the synthesis and characterization of the

conplexes NiLClzand CuLCl2.H20 in alcoholic medium

(L = nmalorapide)e.

2.3 Reaction Mechanism of Complex Compoundssl-52

There are several mechanisims for complex compoundsSe
They are generally classified as (i) electron transfer
reactions (ii) substitution reactions (iii) molecular

rearrangment and (iv) reaction of coordinated ligand.

(i) Electron transfer reactions are those rea-
ctions termed as oxidation reduction reactions in
which there is a change in the formal oxidation state
of the reaoting substances involved. However, there
are two types of reactions that fall within the scope
of the redox process; reactions involving simple ele-
ctron transfer ¢nd reactions that can be considered as
atom transfer reactions both with or without electron
transfer. The two reactions can be illustrated by

23

the following two reactions.
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Where N N is 242"'-bipyridine. The two chiral re-
actants do not themselves racemize, but when they are
nixed, electron transfer leads to a rapid loss of opti-
cal activity.

NO2 + 0Cl ———mm—e > NO5 + Cl1

The oxidation state of nitrogen changes from + 3
to +5 while chlorine changes from 1 to -l. Electron
transfer reactions may occur by either or both of the
TPwo mechanismes known as outer sphere and inner sphere.
(uter sphere mechsnism involves electron transfer from
reductant to oxidant, with the coordination spheres of
each staying intact. Inner sphere mechanism on the other
hand,is one in which the reductant and oxidant share a
ligand in their inner or primary coordination sphere,

the electron being transfered across a bridiging group.

(ii) oubstitution rerctions are reactions where
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the ligand-metal bond is brolen agd a new one is formed
instead. The mechanism of substitution reactions are
thbroughly studied for square planar coumplexes like those
formed by Pt(II) and other a° systems. Though Ni(II)
belongs with Pt(II) to the same group, more often it
forms tetrahedral complexes and it 4s found that it can
undergo substitution reactions 106 times more rapidly

than Pt(II) complexes.

In such reactions usually the factors influencing
the reactivity of the complex are the nature of the
entering groups, the position (cis or trans) of other
groups, the nature of the incoming group and, of course,

the nature of the central metal ion.

The ma jority of complexes formed by transition
metals are, howcver, octahedral, so their substitution
reactions are extremely important. Reaction at square
planar centres occur by association addition but in
octahedral complex this is not possible because addi-
tional coordination positions are not available and so

substitution occurs by dissociative activation.

Studies on octahedral complexes have been largely
linited to two types of reactions:
i. ‘“azplacement of coordinsted solvent e.g.

[IJi(H20)6]2+ + bipy — [Wi(H0) (bipy)1%t + H,0

ii. Hydrolysis: €«ge
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[Co(NH,)5(08ke ;)17 + H0 ——=> [CO(NH5)5(H2O)P+ + lie 580

There is significant cor*ribution to the activation
energy in substitution rcactiéns by the change in the
energy of the d orbitals on going from the ground state to
the transition state. 4ny loss in energy is presumed to
be proportional {o the activation energy. The kinetic
lability or innertness of a complex depends on the stru-
ture preference energy, SPE, of the octahedron and a
transition state; if the structure preference energy is
less than some arbitrary value, the complex is predicted
to be labil, but if the structure preference energy is

51

less than that value, the complex will be inert.

(iii) Molecular rearrangement reactions are rea-
ctions in which the ligunds of fhe first coordination
sphere remain attached to the central metal ion but re-
arrangement of these ligands occurs.5l This may lead
either to cis-trans isomerization or to a change in
chirality, or bothe The possibility of rearrangement
obviously has a bearing on the synthesis of coordination

conpounds.

(iV) Reactions of coordinated ligands are reactions
that occur at the coordinated ligands themselves.Bl A
netal ion should be able to influence strongly the re-
action at the coordinsted ligands, as compared to the

uncoordinated ligends This is csused by changes in
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in intra-ligand charge distribution, by both sigma

withdrawal and by pi donation or withdrawal.

Coordination of ligands to metal ions also place
them in the correct geometry for their later union,

thereby, the course of their reaction is changed.

2.4 BSolvent Effect

The nature of the metasl is the foremost factor that
affect the stability of complex ions, but the nature of
the donor group and the solvent are also influential.
Since most reactions are cerried out in the liquid phase
the effect of the solvent has a determining effect in the
the path way of a reaction. The way in which the rate
constant vary may depend in the nature of the solvent.

In many reactions, the solvent plays an important role
by participating intimatly in the rate controlling

step of the reaction.

The solubilization of a solute will occur when the
attraction force between the solvent molecules and
solute molecules are greater than those between the
solvent molecules themselves and between the solute
nolecules themselves. These solvent-solute attraction
may be non specific (vandeer Waals and dipolar) or
specific (with an identifiable acid-bsse interaction
between solute and solvent). The terms specific and

non specific suggest solvation by a specific donor
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orbital-acceptor orbital interaction or by more general

way intermolecular attraction respectively.

The heterolytic cleavage of solute bonds to form
ionic species in solution is another very important
aspect of the solvent solute interaction. This requires
efficient ion separation and solvation. Therefore, the
type of species that form in solution are largely de-

termined by the properties of the solvent.

One characteristic of a solvent that is of a great
importance in causing ion formation by a solute is the
dielectric constent of the solvent. The dielectric
constant is defined in terms of the medium ability to

weaken the forces between two ions:

F o= (q3a,/r°) (1/e)

where &€ is the dielectric constant of the medium. The
conclusion is then that a high solvent dielectric con-
stant tend to support a high degree of solute ioniaatione
Hence the solvent choiee for synthetic work is of para-
mount importances. As an example for donor ligands, a
suitable solvent would be one that makes the ligand
more basic or less acidice

54

2.5 Donor Acceptor Properties

Few concepts have been so enduring as the concept

of acids and bases. In the modern concept acids are
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molecules with a relatively low energy LUMO and fairly
high - lying HOMO. The HOMO depends on the base, but

most often is an spn lone pair.

The amines and ammonia are among the most commonly
recognized and generally the strongest of the nitrogen
donorse. As a cleoss the pyridines are of intermediate

basicity.

Many examples of oxygen as a donor can be sited,

€ef5e water, ethers, ketones, phosphine oxides, etce

Metal cations, on the other hand, are widely known
to act as acidss because they accept electrons from the
donor atoms into their d orbital systems or in higher
orbitals. This is, thei, the basis for a great deal of

transition metal ion chemistry.

In the electrochemical series, where the ligands
of UMDy (M = metal ion, D = ligand) are arranged in
order of increasing Do (Do = splitting energy) a
rough single scale of metel-ligand interaction is po-
ssible. Bipyridine and phenanthroline come higher

than pyridine and ammonia in the serries.
«ese Pyridine /'ONH5 < en < bipy ~#»~ phen

The higher positions of bipyridine and phenanthroline
are believed to be due to the weaker Pi donor character

and stronger Pi acceptor nature of the more delocalized
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amineses In bipyridine and phenanthroline, the deloca-
lization over an extended carbon frame tends to lower

the energy of both m - HMO and m - LUMO.

The stability of a complex is also affected to a
great extent by steric factors. The clashing of groups
on one or two coordinating ligands results in disto-
rtion of bond angles and a decrease in stability. The
substituted 2-methyl-ly10-phenanthroline forms weaker
complexes with the ferrous ion55. This is due to steric
hindrance to coordination which increases with further
substitution to such an extent that the 2,9-dimethyl
rhenanthroline does not form com lexes with iron. Simi-
larly, the same effect is observed in 6,6'-dimethyl
242'-bipyridine which has a low coordinating ability
compared to the unsubstituted 2,2'-bipyridine.56 Acco-
rding to the literature survey done it was found that
binary complexes of bipyridine and phenanthroline with
the metal ions Ni(II), Cu(II) and Cd(II) are reported.
Gimilarly the binsry complexes of these metal ions with
urea and malonanide are also reported. However, mixed
ligand oomplexcs of these metel ions with bipyridine:
urea, bipyridinc: malonamide, phenanthroline: urea and
phenanthroline: malonamide are not reported. Hence,
the objective of this investigation is to attempt the

synthesis of such mixed ligands complexes.

To effect the synthesis of these complexes, the
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visible spectra of solutions of the metal ions with
the ligands in different molar ratioes at different pH
will be invistigated. The effect of thermal treatment
will also be invistigated spectrophotometrically.

The results of cuch investigations will give a clue as
to the optimum conditions to carry sbout the actual

synthesis in the agueous medium.

As solvents have an effect on the course of chemi-
cal reactions the synthesis will also be attempted in
alcoholic mediume Suitable procedures of synthesis

will also be adapted from the literature.

For the charactrization of the isolated complexes,
the metal content, nitrogen content and chlorine con-
tent will be analysed. IR and NIk spectra will be re-
corded. On the besis of these, molecular formulas

will be assigned for the isolated complexes.
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3e EXPIRIMENTAL
3.1 General

All the complexes were stable to oxidation and
hydroly§is and were handled in air and synthesised in
aqueous midium at pH between 2.0 and 5.0. As bipyri-
dine and phenanthroline are insoluble in water, they
were first dissolved in a minimum quantity of ethanol
and then water was added. In the synthesis in alco-
holic medium the methanol and ethanol were taken in

the ratio (v:v) 50:50.

3.2 Reagents and Equipments

All solvents used were purified before use. The
ligands used were 1l,10-phenanthroline (sigma, AnalaR),
2,2'-bipyridine (BDH, snalaR), urea (reagent grade)
and melonamide that was synthesised from diethylmalo=
nate and concentrated ammonia solution in the ratio

i

1:% by volume as described in the literature.

The metal halides used were NiClz.GHZO,
CuC12.2H20 and Cd012.2H20 which were all of reagent
grade.

The IR spechra of the compounds were measured

1 4o 600 cm~ ¥ on an IR-spectro-

over the range 4000 cm
neter Perkin Elmer 727 B in KBr. The visible spectra

were precorded on a Beckman Model spectrophotometer.
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The 'H NMR were reccorded on a 60 MHz Varian T-60 A
proton nuclear magnetic resonance spectrometer. The
PH of solutions were adjusted by a BECKMuN Chem-Mate
PH Metere In the determination of chlorine

rhilips PW 9418 pH meter was used.

5«5 Elemental Analysis

Nitrogen was determined by the Kjeldahl method.C
In all cases Qe2 g of commercial Kjeldahl catalyst con-
taining CuSO4 and 5.0 g of potassium sulfaste were added

and the sample digested with concentrated sulfuric acid.

Nickel was determined gravimetrically ty precipi-
tetion with dimcthylglyoxime.59 Copper was also dete-
ruined grevimetrically by precipitation as a complex of

’ : 6
benzoin—-0=o0xime 0

Cadnium was determined gravemitri-
caly by precipitation with pyridine and anmonium thio-
cyanate.6l Complexes that were not soluble in water
were first digested in concentrated HCl, diluted and
then the analysis attemptede

Chlorine was determined with a chloride sensitive

2

electrode.62 A series of KCl solutions in 10 “M KNO

3
solutions were prepared and the potential resading for
each solution wzs recorded from which a calibration

sraph of potentisl versus pCl was drawn. Known con-

centrations of the samples were prepared and the

potential of each solution recorded. From the cali-
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bration graph, the concentration of the chloride ions
were determined, and from this the chlorine rercentage

in the samples wzs calculate.

5«4 Preliminary Spectroscopic Studies of Bipyridine

Comglexes

3e4el Ni: bipy (1:2) Different solutions of

N1012.6H20 and bipyridine in the molar ratio 1:2 were prepared
by mixing 25 ml of 0.002M solution of nickel chlo-
ride solution with 5 ml of 0.002M solution of bipyri-
dine, and the pH of the solutions were adjusted to
2.0y 3.049 440y 5.0, 7.0 and 9.0 using diluted HC1l and
diluted NaOH solution. The visible spectra of these
solutions were rccorded in the range 700 to 400 nm.
All the solutions were found to absorb at 515 nm. and
the highest absorbance was observed for the solution
with pH 2.0. For the other solutions the absorbance
decreased with increasing pH; the color of the solu-

tions was pinke The spectra appears as Fig. 1.

3e442 Ni: bipy: urea (1:2:1) Different solutions

of nickel chloride, bipyridine and urea in the molar
ration 1:2:1 respectively, were prepared as in the above
case (3.4el)e The pH were adjusted to 2.0y 345, 445y
6e0y 7404 8¢0 and 9.0. The visible spectra were reco-

rded and all the solutions were found to absorb at
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520 nm. The absorbance was highest for the solution
with pH 2.0. The color of the solutions was pink. The

spectra ig given as Fige 2.

3,443 Ni: bipy: malonamide (1:2:1)y 8ix solutions

of nickel chloridey bipyridine and malonaride in 4ae

molar ratio 1l:2:1 were prepared. The pH were adjusted
to 2.0y 360y 460y 5.0y 6.2y 7¢5 and 11.0. The visible
spectra was recorded. 4 broad peak at about 510 nm
was observed for all solutions, with the sclution of
PH 4.0 having the maximum absorbance. It was also
observed that the absorbance decreased with increasing
pH, the soclution with pH 11.0 having the lowest abso-
rbance. The spectra is given as Fig. 3.

The solution with pH 4.0 was then heated for one
hour at 80°C and the spectrum was taken again. However,

no change in the )\max was observed..

3.4.4 Cu: bipy (1:1)  Bolutions of CuCl,2H,0 and bipyri-

dine in the molar ration l:1 were prepared by adding

5 ml of 0.01 M solution of CuCl2.2H20 to 5.0 ml of
0.01 M bipyridine and the pH adjusted to 2.0y 340, 4.0,
5.0, 640y 7.0 and 10. The visible spectra were taken.
Solutions with pH less than 7.0 absorbed at 660 nm;
for solutions with pH 7.0 and above the absorbance

shifted to shorter wave length. The solution with pH
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7 absorbed at 625 nm and the solution with pH 11 absc-
rbed at 610 nme For golutions with PH less than 7.0,
the highest absorbance was for solution with PH 2.0.
The color of all the solutions range from light blue

to dark blue. The spectra are given as Fige. 4.

3e4¢5 Cu bipy: urea (1:1:1) Four solutions with pH

240y 3404 7.0 and 11.0 were prepared in the manner de-
scribed above., The color of the solutions was blue.
The visible spectra were taken. The addition of ures
to the Cu:bipy solution broadened the band; otherwise
the value of A are the same. These solutions were
max

then heated for one hour at 80°C in which case the
peak for the solution with pH 11 broadened very much.

But no change was observed in the other peaks. The

spectrum is shown as Fig. 5.

3.4.6 Cu: bipy: malonemide (1:1:1) 8ix solutions of

identical concentrations were prepared by mixing 5 ml
of 0.01 M solution of CuCl2.2H2O, bipyridine and malo-
nanide. The pH of the solutions were adjusted to 2.0,
3664 5089 70y 1040y and 1l.3. The color of solutions
was blue. Solutions with pH less than 7.0 have similar
spectrum and absorb at 670 nm. For solutions with pH
greater then 7, the wavelength shifts to shorter wave-
lengthe Solutions with pH 7 absorbs at 625 nm. Solu-

tion with pH 10 absorbs at 610 nm. Solution with pH
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spectrum is given as Fig. 6.

3.5 Preliminary Spectroscopic Studies of 1,10-Phenan-

throline Complexes

3¢5¢1 Ni: Phen(l:1). Five solutions of nickel

chloride and phenanthroline were prepared by mixing 10
nl of 0.01 M, N1012«6H20 and 10 ml of 0.0l M phenan-
throline. The pH of the solutions were adjusted to
2.04 504 8¢5 and 10.0. The solutions were light pink
in color. The maximum wavelength at which all the
solutions absorb was 515 nme For solutions with higher
PH i.e. 8¢5 snd 10.0, however, the band broadens. The
pink color of the solution disappeared leaving & colo-
rless solutions when the solutions were left overnight.
In the two solutions with pH greater than 7.0 a bluish
suspension was formed. The spectrum is given as Figs

7o

3,5,2 Ni:Phen: urea (1:1:1) Four solutions of

nickel chloride, phenanthroline and urea in the molar
ration 1l:1:1 were prepared by mixing 5 ml of 0.01 M of
each. The pH was adjusted to 2.2, 6.0, 8«5 and 11.0
and the visible spectra were recorded. 4ll four solu-
tions absorb at 515 nm and with increasing pH the
band becomes broad. The solutions were pink in color.

The spectrum is given as Fig. 8.
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3e543 Ni: Fhen: malonamide (1:1:1) Three solutions

were prepared as described above. Go were the pH

adjusted to 2.2y 5.3 and 10.7 and the visible spectra
were taken. all the three solutions absorb at ’Xmax
515 nm with a broad band. The three solutions have a

pink colore The spectrum is given as Fige. 9.
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4¢ SYUTHWGIS IN AQUEOUS MEDIUM

4,1 DNickel Complexes

4elel Ni: bipy (1:1) A 0.0l mole of NiCl..6H.O

2 2
was reacted in water with 0.0l mole bipyridine disso-

lved in 10 ml ethanol and 20 ml water. The solution
was first pinke Then changed to blue on heating.

after concentretion and cooling no crystals were iso-
lateds The visible spectrum was recorded and was found

to absorb at 560 nm,

In another experiment the same stoichiometric
quantities were refluxed for three hours; however, the
product was the same, and the complex remained in solu-
tion.

In another experiment 0.01 mole NiClg.6H20, 0.01
nole bipyridine and 0.04 moles urea were then mixed
and the solution was refluxed for three hours. The
result obtained was the same as the one above.

Similarly the reaction between Ni012.6H20, bi-
pyridine and melc¢namide was also investigated, and the

result were the same.-

4,1.2 Preparation of Dichlorotris (bipyridine)

nickel(II) hexa-hydrate: Ni(bipy)5012.6H20

0.2377 g of Ni012.6H20 (0.001 moles) was dissolved in
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30 ml distilled water and nixed with 0.3124 g of bi-
pyridine (0.002 moles) dissolved in 10 ml ethanol and
20 ml water. The color of the solution was pinke. The
PH of the solution was adjusted to 2.0 with diluted
HCl. The solution was slowly concentrated by evapora-
tion and then cooled. after cooling overnight pink
crystals were formed. The yicld was 0.15 g (32%).
Melting point: at 175°C changes to green and does not
melt up to BOOOC. Elemental analysis: found % (calcu-
lated®) Ni: 9497 (8.31); N: 10.82 (11.89), Cl: 10.60

(10.05)3 Visible spectrunm )\ma : 515 nm.; IR spectrum:

X.
given as Fige 10 (a).

3400 cm™T (0-H str.), 3100 cm T (C~-H str.)
1600 et (C=N str.;), 1480 cm Y3 (C-H bending)

1020 cm—l (ring vibr), 760 cm™t (C~-H out of plane
def.)
Solubility: It is insoluble in CH2012, CHCl5, and CClq,
but soluble in CH5OH, H20, DMS0. Water loss: 16.01%
(cale 15629%)-

4,1.% usttempt to prepare Dichlorobis(bipyridine) mono

urez nickel(II)-[Ni (bipy)e,(urea)JClg 1.188 g

NiCl,s6H,0 (04005 moles) and 0.3003 g urea (0.005 moles )
dissolved in 50 ml distilled water was mixed with l.562
g bipy (001 moles) dissolved in 10 ml ethanol and 20

nl water, and “he mixture refluxed for three hours,
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after adjusting its pH to 2.0. The solution was con-
centrated by evaporation and cooled overnitht. It gave
pink crystals. Yield: 0.7 g (30.4%) melting point: at
about 172°¢ changes to green. Llemental analysis:

found %(calculated)); Ni: 9.35 (8.31); Cl: 12.72 (10.05);
N: 9.64(11.89)s Visible spectrum: A‘max: 520 nm. IR
spectrum: given as Fige. 10 (b). The spectrum is simi-
lar to that of 4.1.2 Fig. 10 (a). Solubility: inso-
luble in CH2Cl2, CHCl5 and CCl,. bGoluble in CH50H, H,O
and DMSO, The isolated complex was established to be

IIi(bipy)3012.6H20.

4.1.4 Attempt to prepare Dichloro bis(bipyridine) mono-

malonamide nickel(II) [Ni(bipy)2MA1012.Ni012.6H20

bipyridine and malonamide in the molar ratio 1:;2:1 were
reacted as described above. Fink crystals were isolated,
Yield: 0.52 g (22.6%). Melting point: at 170°C changes

to green., Elemental analysis: found% (calculated¥);

Ni: 4e3 (Be31)3 W: 10435 (11.89), Cl: 10,14 (10.054);
Visible spectrum: A ___ = 510 nm.; IR spectrum: given as
appendix Fige 10(c). The spectrum is similar to that of
4,1.2. Fige 10 (&). Solubility: insoluble in CH2012,

CHCl, and 0014, but soluble in CHBOH, H20 and DMSO.

3
The complex isolated was established to be
Ni(bipy)5012.6H20.

4,1.% uattempt to prepsre HNickel: urea complex Solutions
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of 2.377 g NiClE.6H20 (0.0l moles) and U.6006 £ urea
(0.01 moles) were mixed and the pH adjusted to 2.0.
The solution wzs then refluxed for three hours. .fter
concentration and gooling no crystals were isolated.
The color of solution remained throughout green.

In another experiment the amount of urea was in-
creased four times and the solution refluxed for four

hours, but result obtained were the some as above.

"

4.1.6 uattempt o prepare nickel: malonamide complex

2.37 g NiCl,.6I,0 (0.01 moles) and 1.0209 g malonamide
(0.01 moles) were dissolved in 60 ml distilled water,
and the bright grecen solution was refluxed for three
hours. On concentration and cooling white crystals
were isolated. The crystals were filtered off. The
white crystals vwere established to be malinamide on
the basis of melting point and 'H .NMR spectrum. The
concentration of the malonamide was then increased
four times and Ghe experiment repeated, but this did
not show any effcet on the product.

The reaction between N1012.6H2O, malonamide and
urea were also investigated in thce same manner descri-

bed above.s No mixed complex was, however, isolatede
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4ele?7 attempt to prepare bichloro bis(l,lO0-phengr-

throline) nickel hexahydrates: Ni(Phen),Cl,.6H,0. 0.47

£ Ni012.6H20 (0002 moles) dissolved in 30 ml distillgd
water was added to 0439 g phenanthroline (0.002 moles)
dissolved in 10 ml ethaﬂol and 20 ml water. The pH of
the solution was adjusted to 2.5. The color of the
solution was purple which changed to bright blue on

heating.s On cooling however, no crystals were isolated.

4.1.8 Attempt to prepare Dichloro bis(l,l10-phenan-

throline) mono urea nickel(LI)4 [Ni(phen)2 -

(urea)]Cl2.Ni012.6H 0 and phenanthroline in the molar

& «
ratio l:1 were mixed as described above. To this

solution was added drop wise 0.1201 g urea dissolved
in 30 ml distilled water while heating and stirringe
The volume of the solution was then reduced to 15 ml,
and after long standing for several days 0.15 g of
blue crystals were obtained. Yield: 0.15 g (25.4%),
lMelting point: 2G about 140°¢ changes to greene.
Elemental analysis: foundY (calculetedi). Ni: 8.02%
(9.81%)s Cl: 11l.5% (11.87%). Visible spectrum: )\max
- 585 nm. IR spoctrum: given as Fig. II (a). 3350 cg™t
(O-H stre)e 1620 cm t (C=C, C=N str.). 1440 cm
(C-H bend), 876 (C-H out of plane def.). The complex
isolated wes established to be [Ni(phen)20121.6H20.
Solubility: it is insoluble in CH2012, CHClB, CCl4

but soluble is CHBOH, HEO’ and DMSOe.
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The concentration of urca was increased four
times, so that the molar ratio of nickel chloride,
rhenanthroline ond urea was l:1:4, respectively. Bluc
crystals were obtained, which have similar decompo-

sition temperature and IR spectrum to the one abovee.

4419 Attempt prepared Dichloro bis(l,lO-phenanthro-

linc monomaslonamide nickel(II) 0.47 g

IiCl,e6HL0 (0.002 mole) was dissolved in 30 ml disti-
lled water and mixed with 0.39 g phenanthroline (0.002
moles)dissolved in 5 ml ethanol and 20 ml water. Qa2
g malonamide (0.002 moeles) dissolved in 30 ml water was
added drop wise to the above solution while heating and
stirring. After adding all the amide solution and re-
fluxing for thrce more hours, the blue solution was con-
centrated by evancration. 0.16 g (27.1%) blue crystals
were obtained. lelting point: at 140°C changes to
grecen; Elemental analysis: foundj (calculated%) . Ni:
8.70% (9.81%); Cl: 11.207 (11.874). Visible spectrum:
A pax? 585 mme The formula was established to be
Ni(phen)2012.6H20. IR spectrum: is given as Fige 1l
()

It is similar to that of 4.1.8 Fige. 11 (a).
Solubility: it is insoluble in CH2012, CHCl3 and 0014,

but solublc in CHEOH, HQO and DMSOe.
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4.2 Preparation of Copper Complexes

“4e241 Preperation of Dichloro mono (bipyridine)

copper(II) Cu(bipy) 012: l.56 g bipyridine (0.0l moles)

dissolved in 10 ml ethanol and 20 ml water was mixed
with 1.70 g CuCl,e2H,0 (0.0l moles) dissolved in 30 ml
distilled watery ond the pIl of the solution was adju-
sted to 45 The green solution was heated and then
concentrated by evaporation. On cooling green crystals
were separateds Yield: Q.41 g (14.13%), melting point:
at 280°C changes color to black, e¢lemental analysis:
found7, (calculated/). Cu: 21.13/ (21.854), N: 10.1%
(9.63/). Cl: 24417 (24.46/). Visible spectrum A . =
660 nm. IR spectrum: given as azppendix Fig. 12 (a).
3050 em™t (G-H str.); 1600 cu > (C=C str.), 1500 cm™*
(C=N str.), 780 cm t (C-H out of planc defe)e Solubi-
lity: it is insoluble in CH2012, CHUla, CHCl3 and CCl4
but soluble in HEO and DMSO.

4.,2.2 usttempt o prepare Dichloro mono(bipyridine)

mono urca copper(II): [Cu(t-ipy)(urea)]Cl2

0.0025 moles of cach of the reacting subsftances were
dissolved in %0 ml water and the three solutions were
nixede. The pH of the resulting solution was adjusted
to 2.2 The solution was then heated while conti-

nuously stirring and then concentrated by evaporatione
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On cooling green crystals were isolated. Yield: 0.60 =8
(20.6/). Melting loint: at about 300°C changeed to
dark greenes Llemental analysis: found) (calculated).).
Cu: 21.52 (21.85), N: 8407 (9.63), Cl: 16.26 (2u4.42).
Visible spectrum: A i 66C nm. IR spectrum: given
as Fige 12 (b)e It is similar to the spectrum of

4,2.1 Fige 12 (2)e The isolated complex was establi-

shed to be [Cu(bipy)Clsl.

In another experiment the concentration of the
urea was increassed ten times but the crystals isolated
were the same as those above on the basis of the simi-
larity of their IR spectra and decomposition tempe-

raturee.

4,2.3 Preparation of lionochloro monohydroxo mono(bi-

pyridine)copper(II) trihydrate: Gu(bipy)(OH)Cl.H20

0.0025 moles of cach of copper chloride, bipyridine and
urea were cach ¢issolved in 30 ml of distilledwater and
the three solutions were mixed. The pH of the resluting
solution was adjusted to 7 with dilute NaCH sclutione

"he color of the solution was deep blue. The solution
was then heeted while continuomsly stirring for one houre
It was then concentrated by slow evaporation until the
volume was about 30 ml. On cooling blue crystals were
isolated, The yield was 0.67 g (74+4/). The complex

does not melt and at 16500 its color changes to black.
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The elemental analysis results were, found), (calculated¥),
Cu: 17.90 (1947), Cl: 1046 (10.8), water loss:12e85
(16.55), Visible spectrum: Amax = 625 nm. IR spectrum
is given as Fige 13 (a). 3400-3300 om™t (O-H str.),
1600 cm—l, 1580 em™t (C=C str. and C=N str., 1450 cm~t
(C-H bend)s It is insoluble in CH2C12, CHClE, CCl4 and

CH5COCH3’ slightly soluble in CH,OH but soluble in H20

3
and DMSOe

4,244 Preparation of Dichloro monourea copper(II)

monohydrate Cu(urea)0121§2q- 1.70 g

CuCl,e2H,0 (0.01 moles) and 6.006 g (0.01 moles) urea

4
were dissolved in 100 ml distilled water and the pH

of the solution was adjusted to 3.5. On heating the
color of the solution changed from blue to green. The
solution was slowly concentrated by evaporation and
coolede On cooling green crystals were isolated. The
isolated compound was dried at 80°C for one hour. The
vield was 0.87 g (41.42/). It does not melt but at
about 175—1800C its color changes to blacke. The eleme-
ntal analysis was: foundy (calculatedl) : Cu: 29.79
(29.88), N: 11,7 (13.17). It is slightly soluble in
water but insoluble in orgenic solvents. Its IR

spectrum is given as Fig. 13 (D).
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4e2e5 Attempt to prepare copper: bipy: malonanide

complex: 0.,4261 g CuCl,,28,0 (0.0025 moles)
was dissolved in 30 ml distilled water. To this 0.39
g of bipyridine (0.0025 moles) dissolved in 5 ml
ethanol and 25 ml water was added. The pH of the solu-
tion was adjustecd to 2.0, and 0.25 g malonamide
(0.0025 moles) dissolved in 30 ml water was added drop
wise while heating and stirring. The solution was
intense blue in color. The solution was concentrated
giving green crystals. Yield was 0«24 g (3341570,
Melting point: at about 29000 the compound changes
colour to dark green. Elemental analysis: found/
(calculated/s): Cu: 19.87 (21.85), Cl: 18,92 (24.42).
Visible spectrums Amax = 670 nm. Its IR spectrum

is given as Fige. 12 (c).

It is similar to spectrum of 4.,2.1l. Solubility:
it is soluble in H2O and DMSO. But inscluble in
CH°Cl2’ CHClB, 0014, and CHBOH. The compound isolated

was established o be Cu(bipy)Cl,e

4,2.6 Preparation of Dichloro dimnlonamide copper(II)

2-waters Cu(MA)ZCl2.2H20. A solution of 3.41
g CuCl,2H0 (0s02 moles) was added dropwise while
heating to a sclution of 2.041 g malonamide dissolved
in 30 ml woters The color of solutions was green.

After concentration and cooling, brown crystals were isolated.
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YTield was 0.80 g. (21.35/). The melting point is at
240°C the complex changes color to blacke. ELlemental
analysis were, found/ (calculatedy), Cu: 16.79 (16.90);
Cl: 17.10 (18.9)3 N: 12.57 (14.9). Solubility: inso-
luble in CHZCIB’ CCl4 and CHBOH. Slightly soluble in
water and DMSO. IR spectrum is given as Fige. 13 (c).
3400-3200 cm™t (OH N-H str.); 1620 cu* (C-0 str.),
1450 em 1 (C=N stre)e

4.,2.7 Preparation of Dichloro mono (1l,10-phenthroline)

copper(II) [Cu(phen)Cl,] - 0«39 g phen disso-
2

lved in 5 ml ethanol and 10 ml distilled water was added
to 0«34 g CuC12.2H20 dissolved in 30 ml water. The pH
was adjusted to %8. The solution was bright blue.
after concentration and coeling it gave green crystals.
Yield: 0.54 g (87.2/); Melting point: at about 300°C
changes to dark green. Llemental analysis: found y/
(calculated): Cu: 20.13 (20.06); Cl: 12.92 (22.57);

: 710 nm. IR

N: 7.9% (8,90)s Visible spectrum )\max’

spectrum is given as Fig. 14 (a). 1600 em~t (C=N str.),
1510 en™t (C=C str.), 1425 cnt (C-H bend). Solubi-
lity: insoluble in CH2012, CHCl5 and CC14, but soluble

in H20 and DMSO.

4,2.8 usttempt to prepare copper: phen: urea complex

O.34 ge CuCl,e2H0 (0.002 moles) dissolved in 30 ml
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water was mixed with 0.24 g urea (0.004 moles) in 20

nl waters To this 0.39 g phen (0.002 moles) in 10 ml
ethanol and 20 ml water was added drop wise while
heating and stirring. Green crystals, were obtained.
The yield obtained was 0.39 g. Melting point: at BOOOC
changes to black, Visible spectrum ,\max- = 710 nme

IR spectrum is given as Fig. 14 (b). us this complex
was found to be slightly soluble in water the elemen-

tal analysis was not carried.

In another experiment the reacting substances
Cu012.2H20, phen and urea were taken in the molar
ratio 1:1:40. Vhile heating fine blue crystals were
isolated. The yield was 0619 ge¢ lMelting point: at
190 - 2OOOC changes to dark blue. Visible spectrum

A]nax = 710 nm. IR spectrum: appears on appendix:
Fig. 15. 2250 et 2200 em~L (doublet). 1450 cm—l,
1150 em~t 850 en™1,  Elemental analysis: because it is
insoluble in water it was not possible to analyse con-

tent of Cu and Cle Digestion with concentrated HCl

was tried but the complex precipitatema on dilution.

4.2.9 Attempt to prepare copper: phen malonamide

complex Equal quantities of CuCl,.2H,0 and
phen as in the zbove case (4.2.8) was reacted with
0.408 g malonamide (0.004 moles) as described. Green

crystals were obteined. The Yield was 0.18 g (28.1%),
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lMelting peint: at about 290°C changes %o blacke Elemental
analysis: found/ (calculated]), Cu: 19.80 (20.06),

Cl: 11.25 (22.57)s Visible spectrums A __ =710 nm.

IR spectrum is given as Fig. 14 (c¢). It is similar to

the spectrum of 4.2.7. Solubility: insoluble in

CH2012, CHBClE' 0014, CH,OH slightly soluble in H50

3
and DMSO. The isolated complex was found to be.

Cu(phen)Cl2.

4.3 Complexes of Cadmimm

4,341 Cadmium: bipyridine coumplexes. 0.45 g

Cd012.2H2O (0«002 moles) dissolved in 30 ml di-
stilled water was added to 0.3l g bipyridine (0.C02
moles) dissolved in 10 ml ethanol and 20 ml distilled
water. Ifhen adding the cadminm salt solution to the
bipyridine solution, a white precipitate was formed.

The solution was well stirred and then left to stand.
The precipitate was filtered off, washed with cold

water and air dried. Yield: 0.67 g. Melting point:

> 300°C., IR spectrum: given as appendix. Fig. 16 (a).
3100 B (C-H str.) 1600%m~t (C=sC str. and CsN str.).
1450 cn~! (C-H bend.) 780 cn~l (C-H out of plane bend).
Llemental analysis: because the complex was inoluble in
water and concentrated HCl it was not possible to do

the analysis for Cd and Cl. The content of nitrogen was

10.2/. The complex is insoluble in all common organic
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solvents, water and DMSO.

In a similar experiment cadmium chloride, urea
and bipyridine were reacted. A white precipitate was
obtained, which has the same IR spectrum (Fig. 16 (b)
as the spectrum of the Cd: bipyridine binary complex,
Fig. 16 (a)s The complex also does not melt up to

300°

Ce

Malonamide, cadmium chloride and bipyridine also
tave a white precipitate, which has the same IR spec-
trum, Fige 17 (o) to that of the binary complex of Cd
and bipyridine, Fig. 16 (a). It does not melt or deco-

mpose up to BOOOC.

In similar two other reactions the concentrations
of the urea and melonamide were increased four times
and reacted with cadmium chloride and bipyridine. In
both experiments, a white precipitate was obtained.
Their IR spectra were taken (Fig. 18 (z2) and (b)) and
found to be identical with the Cd: bipyridine complex,

Flg 16 a.

4,%,2 Cadmium: phenanthroline complext O.45 g of

cadmium chloride (0.002 moles) dissolved in 20 ml
distilled water was added to 0.39 g phenanthroline
(0.002 moles) dissolved in 10 ml ethanol and 20 ml
water. Cn adding the cadmium salt to the phenanthro-

line solution, a white precipitate was formed immedia-
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tely. The precipitate was filtered off and washed with
cold waters The yield was 0.64 g. Melting point:

> 280°C. The complex is insoluble in H20. DMSO and
counmon solventse. Llemental analysis was done only for
nitrogen: 8.1/ IR spectrum is given as Fig. 19 (a),

3050 em ™t (C-H str.); 1620 en™t (coc str.), 1520 em™ L

1

(C=N str.); 1440 cm — (C-H bend). 850 cm-l; (C-H out

of plane bend).

In another reaction cadmium chloride was first re-
acted with urea and then phenanthroline solution was
added drop wisee A white precipitate was formed, which
has the same IR spectrum (Fig. 19 (b)) as the cadmium:
Phenanthroline binary complex. It also has similar
solubility behaviour. Its melting point is higher

than 280°C.

The amount of urea was then increased ten times.
A white precipitate was formed. Its IR spectrum (Fig.
19 (¢)) shows a sharp peak at 2186* cm-l, otherwisec it
is similar to the above spectrum. Vhen phenanthroline
was reacted with a solution mixture of cadmium chloride
and melonamide, a white precipitate was formed. It has
a sinmilar IR spectrum to the cadmium: phenanthroline

complexe.

*'Gould-not be assigned to any known peak of urea.
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5. GYNTHESIS C¥ SCME COMPLEXES IN ALCOHOLIC MEDIUM

5.1 The Reaction Between Ni(MA)2012 and Bipyridine

The complex Ni(MA)2012 was synthesised according to the
procedure described by AggrawaIEO by dissolving the
stoichiometric cuentities of hexa hydrate nickel chlo-
ride and melinomide in a methanol: ethanol mixture,
50:50 (v/v), and refluxing the solution for eight
hours. The yellowish green complex separated during

refluxinge Its IR spectrum is given as Fig. 20 (a).

0.39 g bipyridine (0.0025 molex) in 50 ml metha-
nol: ethanol mixture was reacted with 0.83%5 g of
Ni(MA),Clyy (040025 moles). At first the color of the
solution was pink but on heating it changed to blue.
The solution was refluxed for four hours. It was then
concentrated by distilling off most of the solvent ond
on standing over night white crystals with some blue
crystals co-crystalized. The white crystals were sepa-
rated by washing off the blue crystals with a small
quantity of ethanol and charactrized, by melting point
determination znd NMR, to be melonamide. However, the
blue crystals were not characterized because it could

not be isolsted from the solvent in appreciable quan-

tity.



5.2 The Reaction Between Ni(hﬁ)acl and 1,10-Phenen

2

throline 0.49 g 1,10-Phenanthroline was reacted
with 0.83 g Ni(MA),Cl,, (0.0025 moles), following a
procedure similar to 5.l. The color of the solution
was pale pink at the begining of the reaction. On re-
fluxing, after 2bout one hour, the color of the solu-
tion changed to light blue. VWhite and blue crystals
were isolated after long standing. The blue crystals
were separated by dissolving them in a mimimum quanti-
ty of water and then recrysvalized from ethanol. The
white crystals were characterized to be malonamide on
the basis of melting point determination and NMR. The
blue crystals were characterized to have the formula
Ni(phen)Cl2.6H20, on the basis of elemental analysis.
Yield: Oet g (3845)). lMelting Point: at 140°C it
changes to grecns. Elemental analysis: foundy (calcu-
lated))s Ni: 13468 (13.8); Cl: 15.4 (16.9), N: 5.9

(6+7)e Visible spectrum: ‘)\ = 700 nm. IR spec-

max

trum:; is given as Fig. 20 (b).

5.% Attempt to Prepare Nickel: Urea Complex 2.77 8

urea (0.02 moles) was dissolved in 100 ml methanol
and the resulting green solution was refluxed for six
hours. The solvent wes then distilled off and the
volune reduced to'EO ml and cooled. No crystals were
isolated. The solution was then left standing and

nost of the methanol was evaporated at room temperature,
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however, crystals were not isolated and the complex

renained in solutione.

5.4 Preparat;on of Dichlorobis(bipyridine)copper(II)

Monohydrate Cu(bipy)2012.H20' Cu(MA)Cl2.H20 —

synthesised as described by nggrawal.so Its IR spec-

trum is given cs Fig. 21 (a).

6.78 g of bipyridine (0.005 moles) and 1.27 g
Cu(MA)C1l,eH50 (04005 moles), was added to 100 ml etha-
nol.. On the additon of the bipyridine the solution
immediately turned to brown and this solution was re-
fluxed for eight hours. During refluxing green crysta-
1ls were isolateds The solution was filtered and the
crystals washed with small portions of ether. The
filtrate was concentrated by evaporation and some nore
crystals (0.25 g) were obtained.. Total yield: 1l.25 g
(54.117). Melting point: at 150°C changes to dark
green. blemental analysis: Foundy (calculatedl),

Cu: 13.92 (13.66), Cl: 12.92 (15.27), N: 1l.4 (12,04).

Visible spectrum: A = 650 nm. IR spectrum given

max
as Appendix Fige 21 (b). 3400 et (0-H str.),
1610 om™L (C=C stre). 1450 cm™t (C-H bend), 780 cm™
(C-H out of plane deformation). Solubility: slightly
soluble in alcohol. Soluble in water and dimethyl-

sulfoxidees Incsoluble in chloroform and carbon tetra-

chloride.




5¢5 Preparstion of Dichlorotutruureacopper(II)

Cu -
(urea)4012_ 2.4024 g urea (0.04 moles) and

544094 g CuCl,eH,0 (0.02 moles) were dissolved in 100
nl .alcohol mixture (50:50). The color of the solution
was intense groens It was refluxed for eight hours,
During refluxing the color of the solution turned more
darke The solution was ccncentrated by distilling off
about 80 ml of the solvent. Green crystals were obta-
ined on coolings The crystels were washed with small
portions of ether and then air dried. Yield: 3.55 g
(94.9/). Elemental snalysis: Found/ (calculatedy).
Cu: 16.08 (16.95)y N: 29.2 (29.88), Cl: 18.15 (18.94)
Melting point: ot 160°C changes to dark green. IR
spectrum is given as Fig. 22 (b). 3500-3300 cm(N-H
str.), 1580 cm (C-0 str.) 1480 dﬁl(G-N str.). Solubi-
lity: Soluble in water, alcohol and dimethylsulfoxide.
Insoluble in acctone, dichloronethane, chloroform and

carbontetrachloride.

5.6 Preparation of Dichloromonomslonanidecadmium(II)-

Monohydrate Cd(MA)012.H2o: 1.0209 g malonamide

(0.01 moles) and 2.2835 g (0.0l moles) were dissolved in
100 ml methanol: ethanol mixture (50:50). <he solution
was colorlesse. It was refluxed for eight hours. The
clear solution was then concentrated by distilling off

about 70 ml of the solvent. <The concentrated solution
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was then cooled over night in a refrigirator. White
crystals were isclated. The crystals were dried at
70°C. Yield 1.8 g (94.7/)4 Llemental analysis: found/
(calculated/). Cd: 36.12 (37.02), Cl: 21.55 (23.38),
N: 8.9 (9.22). Melting Point: at 194°C - 205°C melts
and changes to ycllow. solubility: highly soluble in

water and alchol,.

5.7. Preparation of Dichloromonouresacadmium(II)mono-

hydrate Cd(urea)Cle.Hao 2.3 g CdClpe2H,0 and

le2 g urea Werc added to 100 ml ethanol. The mixture
was gently heated with continuous stirring for four
hours. During heeting white crystals were isolated.
The crystals were filtered off, washed with small po-
rtions of ether ond then dried in the oven at 7OOC.
Yield: 2.1 g (40e43/). Melting point: it does not melt
up to 250°C. Elemental analysis: found/, (calculated/).
Cd: 45.17 (43.05)y N: 9.81 (10472)4 Cl: 26499 (27.19).
IR spectrum: appears as Appendix Fig. 22 (a)e 3500~
3400 (0-H and N~H stre)., 1640 e XC-0 str.), 148 cmt
(C-N stre)e Sclubility: soluble in water and dimethyl
sulfoxides ©Slightly soluble in alcohol. Insolluble in

chloroform and carbon tetrachloride.
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6s RESLULTS oD DISCUSSION

The synthesis of all complexes in the aqueous
nedium was carried in the pH range 2-5, because if the
PH is greatcer than 7, the metal ions precipitated ax

the hydroxide.

To synthesis the binary complexes of nickel and
bipyridine, the metal ion and the ligand were taken in
the molar ratio of 1l:1. The solution was blue in
color and absorbs at )\max 560 nme After concentra-
tion and cooling the complex was not isolated, The
effect of prolonged heating was investigated in
another experiment by refluxing the solution for three
hours and then concentrated and cooled, but crystals

were not isolated.

In an attenpt to synthesis the nickel:lipyridi-
ne:urea complex and nickel:bipyridine:malcnamide
complex, the metal halide and the ligands were taken
in the molar ratio of l:1l:1. The complexes could not
be isolated having the same blue color and the same
visible spectra, N . 560 nm, as the nickel:bipyri-
dine complex in the molar ratic of 1l:l. Hence, it was
necessary to investigate the effect of prolonged re-

fluxing and increased concentration.

The concentration of urea and malonamide were

then increased four times, and the solutions refluxed
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for six hours eachs. However, this waried condition
did not have any effect on the product formed. The
560 nm,

and was blue in color as shown when the molar ratio of

solutions have the same visible spectra, )\max
netal ion and ligandswas l:1l:1l. It is therefore possi-
ble to conclude that in aqueous medium at pH 2-5, the
formation of a mixed ligand complex was not attainable
when the molar ratio of Ni:bipy:malonamide were l:l:l

or l:l:ls

Hencey it was necessary to work with an excess of
the second ligands namely urea and malonamide. There-
fore, the concentration of the second ligand was in-
creased ten foldsy and the same procedure was followed

but the results obtained were similar to the above casee

When the synthesis of Ni:bipyridine complex was
done at a higher concentration of the ligand, by
adjusting the concentration in the molar ratio of 1l:2
respectively, pink crystals were isolated.- From the
IR spectrum (Fige 10 a) of the complex it shows that

it is hydrated, as there is a strong O-H stretching

1

peak at 3400 cm—l. The sharp peak at 1600 cm — is for

the aromatic C=N stretching vibration. At 1480 T
the C-E bending peak is observed. The elemental ana-
lysis data obtained suggest that the complex has the
formula Ni(bipy)5012.6ﬁ20. The nickel content was
9,977 (oale. 8.31), nitrogen content was 10.82/ (cal.
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11.89) and chlorine content was 10.60/ (cals 10.05%).
The water loss was 16.01/ (cal. 15.29/). It absorbs

in the visible spectrum with a )\ of 510 nme It

max
is soluble in HEO, CHBOH and DISO, but inscluble in
CH2Cl2, CHCl3 and CC14. It decomposes at 17500 to
give a green colored complex, probably due to the
formation of the enhydrous bis complex.l8 Original

literature on the tris complex was not available, and

hence it was not possible tc make any comparison.

The synthesis of Ni(bipy)z(urea)cl2 was attempted
by reacting bipyridine, urea and nickel chloride in
the molar ratio of 2:1:1 following the procedure for
the synthesis of the nickel:bipyridine tris complexXe.
In this case also pink colored crystals were isolated.
The IR spectrum of this complex (Fig. 10 b) was simi-
lar to that of Ni(bipy)5012.6H20, (¥ig. 10 a). The
elemental analysis were carried out and was found to
have nickel 9.357 (cals 8.31/), chlorine 12.72/ (cals
10.05%) and nitrogen 9.647 (cal. 11.89). It deco-
uposes at about 172°C and changes to green. In the
visible spectrum it absorbes at 520 nm. It is soluble
in H2O, CHaOH and DMSO, but insoluble in CH5Clo, CHClB
and CClq. Thesc data suggest that the complex isola-
ted was Nl(bipy)3012.6H2O and therefore, it can be
concluded that the urea molecule does not coordinate,

and instead of a mixed ligand complex, the binary
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coumplex of nickel and bipyridine was obtained.

In similar manner the synthesis of Ni(bipy)e(MA)Gle
vas attempted.s In this case also pink crystals were
isolated. The IR spectrum (Fig. 10 ¢) is similar to
that of Ni(bipy)3Cl2.6H20. The elemental analysis,
nickel content, 4.37% (cal. 8.31%), nitrogen content
10.35/ (cal. 11.89%) and chlorine content 10.14Y%

(cal. 10.05%), suggests that it has the formula
Ni(bipy)3012.6H20. It is then concluded that follo-
wing this procedure it was not possible to synthesise

the mixed ligand complexe.

In the attempt to synthesise and isolate the
binary complex of nickel with urea, it was found that
the complex could not be isolated and remains in
solution in the form of a suspension. In the case of
nickel: malonamide binary complex, the malonamide re-
crystalized on coolinge. This was confirmed by melting
point determination and KIR.

When nickel chloride and phenthroline were rea-
cted in the molar ratio 1l:1 at pH 2-5, the color of
the solution was blue. uafter concentration and coocling,
however, crystals of the formed complex were not iso-

lated. The solution absorb at )‘max 525 nm.

To synthesise the mixed ligand complex of nickel

with phenanthroline and urea, the urea sovlution was
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added dropwise to a sclution of nickel chloride and
pPhenanthroline in.the molar ratio 1l:1:1, while heating
and stirring. On long standing, light blue crystals
in low yield (25.4/) were isolated. This complex was
analysed to be Ni(phen)2012.6ﬁ20 from the elemental
analysis from which it was found the nickel content to
be 8.02/. (cal. 9481)/) and the chlorine content to be
11.5/ (cale 11.8/). The IR spectrum of the complex
(Fige 11 a), show that it is hydrated, showing an

O-H stretching peak at 3350 cnt. The aromatic C=N

stretching peak appears at 1620 cm—l. The peaks in

the finger print region of the IR spectrum are all
similar to that found in the free phenanthroline IR

spectrum (Fig. 2% b)e It is soluble in H20, CH,OH and

3

3 and 0014. The

conclusion arrived at is, therefore, the mixed ligand

DMSO4 but insoluble in CH2012, CHC1

conplex of nickel with phenanthroline and urea was not

isolated.

In another c¢xperiment in place of urea malonamide
was used and the same procedure was followed. In this
case also blue crystals were isolated, which have the
sane IR spectrum (Fige. 11 b) to that of Ni(phen)2C12.6H20
(Fige 11 a)e LElemental analysis results show that these
two complexes are the same. The nickel content was 8.7/
cal., 9.81) and the chlorine content was 11.2/% (cal.

11.87). It decompouses at 140°C. It is soluble in
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H20, CHBOH and DMSO, but is insoluble in CHEClz, CHC1

3

Dichloro monobipyridine copper(II), Cu(bipy)Cl,,
was synthesised from copper chloride and bipyridine in
the molar ratio of l:lat pH 4.5. The crystals obtained
were green, and decompose at 280°C. The elemental
analysis results were, copper content 2l.l1l/ (cal.
21.15/) 4 nitrogen content 10.1Y (cal. 9.63%) and chlo-
rine content 24486/). The IR spectrum of this complex
(Fig. 12 a) indicates that it is not hydrated, as the
0-H stretching peak at about 3600-3200 cm"l was not

1

observeds C-H stretching peak at 3050 cm —, C=C stre-

tching peak and C=N stretching peak at 1500 en™ ! were
also observed. The absobtion peaks in the finger print
region were similer to that of bipyridine (Fig. 23 a)e

The complex absorb in the visible region with a )‘max

of 660 nme

To synthesise the mixed ligand complex of copper
with urea and bipyridine, the reacting substances were
taken in the molar ratio 1l:1:1 and the pH adjusted to
2.2. The IR spectrum of this complex (Fige. 12 b) did
not show any absorbtion at 3500-3200 cn~t indicating
that it is not hydrated. Moreover, the K-H stre-
tching peak at 3400 en~L and the C=0 stretching peak
at about 1600 cm—l were not also observed, which is

a conclusive evidence for the absence of urea as a
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ligand in the complex isolated. The elemental analysis
results suggest that the complex is Cu(bipy)Cle. The
content of copper was 21.52/ (cal. 21.85/), that of
nitrogen was 8409/ (cal. 9.63/) and that of chlorine
was 16.26/, (cals 24.42/). "The results of the chlorine
analysis show a devistion from the theoritical value
which may be due to experimental error. The decompo-
siton temperature is about BOOOC. The absorbtion in

the visible region was found with a )'max of 660 nm.

IR and elemecntal analysis results show that the
urea is not coordinated and therefore, the synthesis

of the mixed ligoand complex was not renlized.

<

In the attempt to synthesise the mixed ligand
conplex of copper with urea and bipyridine in neutreal
nedium the reacting substances were teken in the molar
ratio 1:1:1 and the pH adjusted to 7.0. Yrom the deep
blue colored solution, blue crysicls were isolatede
The IR spectrum (Fig. 135 ) of this complex showed a
peak at 3460-3300 cm™T, vhich is attributed to
0-H stretchinge The typical carbonyl peak at about

1 there was

1650 em~t wes not cbserved, but at 1600 cm”
a sharp penk which is assigned to C=0 stretching vi-
bration. At 1450 cm_l, the C-H bending peak was sharpe
The formula assigned is Cu(bipy)(CH)C1.3H,0, as the
elemental analysis show the copper content to be 17.94

(cal. 19.4%) and the chlorine content to be 10.67
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(cal, 10.8%)e The water loss was 12.85% (cale 16.55%).
Its decomposition temperature is 165°C and it is

soluble in water and DMSO, slightly soluble in CHBOH,
but insoluble in CH,CL,, CHCl3 and CCl,. & hygifPéfi“'i; y

complex of this type is not mentioned in the lf%§§gv 
and hence, this is assumed to be a newly isolated

conplex.

an attempt wes made to synthesise the mixed 1li-
gand complex of copper with bipyridine and malonamide.
The reacting sut tances were taken in the molar ratio
1:1:1 and the pH adjusted to 2.0 Green crystals were
isolated. The IR spectrum of this complex (Fig. 12 C)
was similar to thet of Cu(bipy>012. The elemental
enalysis obtained were, copper content was 19.87/
(cal. 21.85/) and chlorine content was 18.92/ (cal.
24, 427)s It is soluble in H,0 and DMSO but insoluble
in CHzcl2 CHCl5 and CCl4. It can therefore be conclu-

ded that the mixed ligand complex was not isolateds

Dichloro monourea copper(II) monohy.rate was
synthesised in acidic medium at pH 3.5. The green
crystals isolated were analysed and found to contain
copper 294794 (Cals 29.88X), and nitrogen 11.7/ (cal.
13.17/). 48 this complex wes not completely soluble
in water the analysis for the chlorine content using
the chloride sensetice electrode was not possible

with the procedure followed. Its IR spectrun
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(Fige 13 b) showed an absorbtion peak, a doublet for
the O-H and N-H stretching vibrgtions. ~The absorbtion

peak of the C=0 at 1600 cm'l was not strong and sli-

ghtly shifted indicating that the urea molecul,
rdinates through the carbonyl oxygen. From.ﬁh;_&ﬁﬁw’ B
terature survey done the isolation of the a monohydro
monourea of copper is not metnioned. Therefore, this

complex is a newly isolated complex.

Dichloro dimalonamide copper(II) dihydrate,
Cu(MA)2012.2H20, was synthesised, by the reaction of
copper chloride and monanide, in 2l.3%/ yield. The
complex has a brown color. Its IR spectrum (Fig. 13 c)
showed two prominant peaks, one at 3400-3200 cm-l,
which is an O-H and N-H stretching vibrations, and

1

another at 1620 cm ~ for the carbonyl group. In the

free malonamide the carbonyl vibration peak is broad
and appears at about 1650 cn L. Hence, the shift of
this peak in the coordinated molecule to lower freque-
ncy is an indication of the envolvement of the carbonyl
oxygen in bondinge. Therefore, it is concluded that

the malonamide molecule coordinates through the oxygen

atome

The copper content of this complex was 16.79%
(cal. 16.97) and that of chlorine was 17.10/ (cal.
18.9/) and the nitrogen content was 12.57/ (cale 1449%).

Its decomposition temperature is 240°c. It is slightly
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soluble in H2O and DMSO and insoluble in other orgenic
solvents. The unhydrated Cu(lA),Cl, and the mono-
hydrate Cu(Ma) Clg.HZO are reported in the literatureso,
but the dihydrate is not reported. Therefore, this is

a newly isolated complex.

The reaction between copper chloride and phenan-
throline at pH 3.8 gave Cu(phen)cl2 in 82.2/ yield.
The IR spectrum of this complex, (Fig. 14 a) showed
that it is not hydrated because of the absence of the
intense O0-H peak near 3500-3200 cm Y. The other peaks
that appear in the free phenanthroline molecule (Fige
23 b) were slso observed here. Its elemental analysis
showed copper content of 20.13/ (cal. 20.064X), chlorine
content of 12.92/ (cal. 22.57/), and the nitrogen con-
tent of 76934 (cale 8.9/). The chlorine content is
close to half the calculated value which suggest that
the two chlorine atoms are in different sphere of co-
ordination, with only one of them to be ionizable.

Its visible spectrum showed a xmax at 710 nm. Its

decomposition temperature is BOOOC. It is soluble in
H20 and DMSO but insoluble in CH2K12, CHCl3 and CClq.
Original literature on this complex was not available

and therefore, it was not possible to make any comparison.
The synthesis of a mixed ligand complex of copper

with phenanthroline and urea was attempted by taking the re-

actants in the molar ratio 1:1:2, respectively. Green
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crystals having a similar IR spectrum, (Fige. 14 b) to
that of Cu(phen)G12 (Fig. 14 a) were obtained. Its

visible spectrum also shows a )\ at 710 nge. Hence

mex
a mixed ligand complex was not isolated.

In a similar experiment the reactants copper,
phenanthroline and urea were taking in the molar ratio
1:1:40, respectively, and fine blue crystals in very
low yield were isolated. This isolated compound was
insoluble in water. To do the elementsl analysis it
wvas digested with concentratad HCl, but it precipi-
tates on dilutione Therefore, the elemental analysis
were not done. The IR spectrum of this complex (Fige

1 and 2200 cm_l.

15) showed a sharp doublet at 2250 cm
This peak was also observed in complexes where a large
concentration of urea was used. A similar case was

when urea reacted with Cd012 and phenanthroline in the

nolar ratio of 10:1:1 (Page63).

In another experiment urea was replaced with malo-
namide and the product obtained was green in color.
Its IR spectrum (Fig. 14 c¢) was similar to that of
Cu(phen)Cle,(Fig. 14 a). The elemental analysis re-
sults were also reasonably close to each other. con-
tent of copper was 19.87 (cal. 20.06/) and chlorine
content was 11.25% (cal. 22.57Z), but cae of the
chlorine atoms is assumed to be unionizable. In the

visible region it gbsorbed at 710 nm. Its decompo-



- Bl -

sition temperature was 29000. It is therefore possible
to conclude that the malonamide mclecule did not co-

ordinate and a mixed ligand complex was not isclated.

Cadmium chloride reacts readily in aqueous medium
with bipyridine and @ white complex is separated
innediatly as a precipitate. The complex isolated was
highly stable to heat and its decompositon temperature
is above 300°C. It is also highly insoluble in water.

To do the elemental analysis it was digested with con-
centrated HC1 but it precipitates on dilutione This

was also observed with all other complexes of cadmium which
centain bipyridine. The IR spectrum of this complex,

(Fige 16 a) showed that it is not hydrated. It is Pe-

14—21, that cadmium coordinates

ported in the litergture
to one, two or three molecules of the b:se. However,
it was not possilble to know how many molecules do co-
ordinated and whether this was the mono or bis or the

tris complexe.

In two other similar experinments urec and melo-
nanide were introduced as the second ligand. In both
cases a white complex wae precipitated with similar IR
spectra (Fige. 1€ b and Fig. 17). This complexes also
did not melt up to 300°C. In both isolated complexes,

1 was not observed.

Neither was the strong C=0 peak at about 1650 cn L,

the N-H stretching peak at 3400 cm

This is, therefore, a conclusive evidence to rule out

the foruation of e mixed ligand complex.
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In yet other two experiments the concentration of
urca and melonamide were increased four folds, but the
complexes isolated in these two cases have similar IR
spectra (Fig. 18 a and Fig. 18 b) to the above two
complexes when the molar ratio was l:1:1. The con-
clusion thet can be derived here is that an increase
of four folds in the concentration of urea and malong-
nide did not alter the course of the reaction and the
urea and the malonamide did not coordinate even when

present in relatively higher concentrations.

Cadmium chloride reacts also with phenanthroline
similarly and a white precipitate is separated. This
conmplex w=s also stable to heat as it does not melt
up to 300°C. The IR spectrum of this complex (Fige 19
a) showed that it is not hydrated. LElemental analysis
for this complex was not carried out because of the

solubility reason mentioned above.

In another experiment urea was added as a second
ligand to cadmium chloride and phenanthroline. The
reacting substonces were added in the molar ratio of
1:1:1s A white complex was isclated. Its IR spectrum
(Fig. 19 b) showed that it is not hydrated. The typi-
cal N-H and C=0 pesks also were not observed. There-
fore, the urea did not coordinate. The concentration
of urea was then increased ten times ahd the reaction

carried. A white precipitate was formed. The IR spe-
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ctrum of the complex (Fig. 19 c¢) showed a very diffused

peak at 3500-3400 cm'l. It also showed a sharp peak at
-1

2180 cm ~y a peel: that was observed with high urea con-

centration as in the case of copper complex (page 60).

The synthesis of some of the complexes were then
carried out in mecthanol: ethsnol mixture 50:50 (v/v).
This solvent system was found out to be a better
system as far as yield and isolation were concernede.
As the alcohols heve a low dielectric constunt than
water the solute-solvent interaction is less and so
the complexes seperated were easily isolated from the
solvent. In some cases the complexes were isolated
during refluxing end in other cases concentration was

needed.

The two binary complexes of nickel and copper,
Ni(MA),Cl, and Cu(la) Cl,.H,U were synthesised acco-
rding to the procedure described by aggrawal and co-
workersBo and then the reactions of bijyridine and
phenanthroline with these two conplexes were investi-
getede

Ni(lia),Cl, wes refluxed with bipyridine in methanol:
ethanol systew for four hours. after concentration and
cooling white crystals cocrystalized with some blue
crystals. The blue crystals vere washed off with a
ninimum quantity of ethanol and the white crystals were

characterized by melting point determination and NMR to
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be malonamide. The blue crystals could not be isolated.
This may suggest that the walonamide in the originsal

coumplex was substituted by the bipyridine.

when Ni(Mh),Cl, was refluxed with phenanthroline
in alcohol mixture, white and blue crystals precipitated.
These were separated and the white crystals were chara-
cterized to be malonamide. The blue crystals were
assigned the formula Ni(phen)012.6H20 as the nickel co-
ntent was 15.68% (cale. 13.8/), chlorine content was
15.47 (cale 1649/) and the nitrogen content 5.9/ (cal.
6.9/4)s However, its Ik spectrum, (Fig. 20 b) showed a

1

peak at about 1650 cm ~. This may be due to impuri-

ties of malonamide.

The synthesis of the binary complex of nickel with
urea was also tried in alcohol. ufter refluxing for
six hours, concentration and cooling, the complex was

not isolated.

The reaction between Cu(Mu)Cl2.H20 and bipyridine
was investigateds The two reacting compounds were
taking in ethanol and refluxed for eight hours. Green
crystals separatied during refluxing. The formula assi-

gned to this complex is Cu(bipy)2012.H20 on the basis

of the copper content - 13.92/ (cal. 13.66L), nitro-
gen content 11.4% (eal. 12.04%) and chlorine content

12,927 (cals 15:277)s The IR spectrum (Fige 21 b)

showed that it is hydrated as there was a strong peak
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at 5400 ca ~» The strong carbonyl peak at about 1650
-1 ¢ e
cn was not seen, which indicates that the malonamide
was substituted, The complex is soluble in water and

DMSO, but imsoluble in (JHCl-j and CClq.

Cu(urea)4012 was synthesised in methanol ;ethanol
nixture by taking copper chloride and urea in the molar ratio
1:2. It is green in color and decompose at 160°C. The
IR spectrum (Fige 22 b) showed a shifted C=0 peak at
1580 em~t., This shift of the C=0 peak to lower freque-
ncy suggests that the urea coordinates through the
oxygen atom. The peaks for the N-H was seen as strong

1 and 3300 en~l. The elemental

one between 3500 cm~
analysis was found to be Cu, 16.08/ (cal. 16.95£), N,
29.27 (cale 29.88%) and Cl, 18.15) (cal. 18.944), re-
spectively. It is soluble in H2O, CH30H and DMSO, and
insoluble in CH2012, CHCl3 and CClq. A complex of
copper where four urea molecules are coordinated to

the copper ion is not mentioned in the literature.

Therefore, this is a newly isolate complex.

CA(MA)CLl,.H,0 was synthesised folowing a similar
procedure. The reacting substances were taking in e
nethanol: ethanol mixture and refluxed for eight hcurs.
The crystals were isolated after concentration and
cooling. It decomposes at about 200°C. the results
of the analysis showed the cadmium content to be
36.127 (cal. 37.02/), chlorine content %o be 21.55/,

(cal. 2%.38/) and nitrogen content to be 8.97, (cal.
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9.22/)s This complex is highly soluble in weter and
alcohol. The yield was quite high for this complex
(Y477

Cd(urea)Cle.Hao was synthesised in methanol from
urea and cadmium chloride. The solution was not re-
fluxed but it was heated gently for about three hours.
The complex was isolated during heating. The elemental
analysis was found to be Cd, 45.17/ (cale. 43.05), Ne
981/ (cale 10472/) and Cl, 26,997 (cal. 27.197), re-
spectivelys The IR spectrum (Fig. 22 a) showed a

'

strong peak at 3500-3400 cm — which is due to O-H and

II-H stretching vibrations. The C=0 peak appeaved at

1, and the C-N stretching peak at 1450 cm™ L,

1640 cm™
It is soluble in water and DMSO,slightly soluble in
ethanol and insoluble in CH2012, CHCl3 and CClu. In
the system CdCl2-urea—methanol and CdCl2-urea-ethanol
the existance of complexes in the ratio 1l:1 and 1l:4

is reported4b but the isolation of either complexes is

not mentioned.

There are several conclutions that can be drawn
from the foregoing discussions. The binary complexes
of bipyridine and phenanthroline with Ni(II), Cu(II)
and Cd(II) are easily formed. Urea and malonamide do
not coordinste as a second ligand in the presence of
either bipyridine or phenanthroline, as in none of

the experiments attempted a nixed ligand was formede
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Comparing the stability of the complexes formed
by 2,2-Bipyridine and 1,10-Fhenanthroline, in the case
of bipyridine there is a free rotation of the central
C-C bond in the bipyridine molecule% while the phenan-
throline molecule has a rigid structure, which is a
planar system5, hence the entropy conditions make the
formation of the bipyridine complex slightly less
favoured than the rigid prearranged phenanthroline

noiecule,

Comparing this two bases to malonanmide and urea,
they have an apometic ring system, meking them stro-
nger pi acceptors with delocalization over an extended
carbon frame-work, which is absent in malonamide and

urea.,

Chelate formstion is a factor that contributes to
the stability of a complex. Bipyridine and phenan-
throline form five membered rings with metal ions
while malonsmile may form six membered rings. However,
bipyridine snd phenanthroline form fused rings around
the metal ion which seems to confer an even greater
stability than the formatiocn of a single ring as in
case of malonamide. Moreover, back donation from the
netal ion enhances the base-metsl bond strength, in-

creasing the stability of the complex.

Urea,HZNCONH2, is a bidentate ligand coordinating

through the oxygen atom or the nitrogen atom., because
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if it was tc act as a bidintate ligand it would form a
four membered ring which would be strained wnd so un-
stable. Thereiore,the chances for a urea molecule to
coordinate in the presence of a strong chelating liga-
nds like bipyridine and phenanthroline is minimum as

was observed in this work.

Steric factors also play a role in complex forma-
tion. Phenanthroline and bipyridine compared to malo-
nanide and urea are bualky groups, and therefore, it is
assuned that they hinder the malonamide and urea mole-

cules from having acces to the metal ion.
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Fig.‘h Absorbtion spectra of Ni:phem:urea (I:1:]) complex at
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Table I. Physical Characteristics of Newly Synthesised Compounds

Elemental analysis
m, pte. —
Compmind (dec.toT.) iioﬁuo Found % Calculated ¥

2

¥y N c1 M N c1

Cu(bipy)(on)m.snao 165 solu. o & - 10.6 19.47 7.38 10.8

Cu(uru)c12.u2o I175-180 | slightly 29.79 | II.7 - 29.47| I3.17 33.4)
sol.

cu(lu)zclz.znzo 240 slightly| 16.79| I2.57 17.10| 16.90 14.9 18.9
solu.

*¥ M = metal

- IB8 =




" Table 1. cont.

Elemental analysis
lu
Compound m. pt. s '
(deo. thal} in HZO Found % Galculated %
M N c1 "u N c1
B Cu(ur..)4c12 160 solu. 16.08 29.2 18.15 | 16.95 29.88 18.94
e - el
Se ca(u}clz.nzo 194-205 sol. 36.12 8.9 21.55 | 37.02 9.22 23.38
" T Y 4— ey
6. Cd(urol)C12.820 250 solu. 45.17 9.81 26.99 | 43.05 10.72 27.19

¥ = metal
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Table 2.

Spectral Characteristics of Newly Synthesised Compounds

vis. spect. g
A in nm Infra Red ( cm )
Compound g
v( O-H ) v ( N-H) v(C=0) v(C=N) |v(C-N)
- L
I. Cu(bipy)(Oﬂ)Cl.an.o 625 3400-3300 - - 1580 -
| |5 =
2. 'l Cu(urea)Cl,.E,0 650 3400-3300 3400-3300 1650 - 1450
[ :
; p B . o F-8
3| Cu(KA)2CI2.2H2O 710 3400-3300 3400-3300 1620 - 1450
l z
|
4. | Cu(urea) 4012 650 - 3400-3300 1580 - 1480
Se Cd(urca)012.820 - 3500-3300 3500-3300 1620 s 1450
- i L..- s s e ————— i R — P . —— = - L_ RE—

- 08 =
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