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Abstract

New complexes of copper(II), nickel(II) and cobalt(II) have been

prepared using triphenylphosphine and benzofurazan-1-oxide as ligands.

Benzofurazan-1-oxide was prepared from the reaction between

o-nitrophenyl azide and toluene as a catalyst.

These complexes have been identified by means of infra-red

spectra and also melting points determination.

The coordination bonding was found to be through phosphorus-

metal and nitrogen-metal. The melting points and colour confirmed are

used as initial confirmation or identification procedure.

Stability constants were studied to the new complexes prepared

which is in good agreement with reported value for similar complexes.
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1. Literature Review:

1.1. Introduction:

The transition elements are the most industrially important metals

and this is due mainly to the presence of strong inter-atomic bonding

which results in their having high melting points and good mechanical

properties, their ions are usually coloured and they form a wide variety of

complexes.

In the current work it is decided to consider the first transition

series which starts with scandium (Z=21) and ends with the copper

(Z=29) the outer electronic configuration of the atoms and some ions of

the first transition series are given in appendix (1).

Other features include variable oxidation states, catalytic activity

and their complexes are paramagnetic. The formation of the isomorphous

compounds and a large range of alloys and the existence of interstitial

compound0 }'(2) are also related characteristics of transition elements. The

complexes formed by these elements have attracted intense research

efforts, because of their scientific interest and wide applications in

various fields. The present study is one more such effort. It gives at

exploring, the complexing capacity of the transition metal ions: Cu(II),

Ni( } and Co(II) with various ligands as triphenylphosphine and

benzofurazan-1-oxide.

1.2 The Chemistry of Transition Elements:

The transition elements are dense, heavy, high melting and boiling

points. The high density is accounted by the relatively small atomic

radius e.g.: in the first transition series the largest atom is that of

scandium with an atomic radius (1.44x10'''pm), which is appreciably

smaller than that of the calcium atom (1.74x10'"pm). The high melting



; and boiling {points are due to strong inter-atomic bonding which involve

the participation of both 4s and 3d electrons. Along a particular transition

series there is little variation in atomic radii with a slight contraction from

(1.22 x 10"" to 1.15xlO'npm). This partially explains why these elements

are used in the production of alloy steels(2)r(3).

The majority of transition metal ions are coloured, the colours and

number of 3d electrons present in some hydrated ions are shown in

appendix (2). Notice that the hydrated Sc3^ and Zn2+ ions are non

transitional since they have respectively non and ten 3d electrons. These

ions are colourless. The colour of a particular transition metal ion

depends upon the nature of the ligands (either neutral molecules such as

water which contains lone pairs, or negative ions) bonded to the ion.

The pale blue hydrated copper(ll) ion changes to dark blue in the

presence of sufficient ammonia and to green if sufficient chloride ions are

added. Copper(II) chloride solution is, therefore, either blue or green

depending upon the relative concentration of water molecules and

chloride ions(4).

[Cu(H2O)6]
2+ + 4C1" -> [Cu Cl4]

2" + 6H2O

Pale Blue Green

The variable oxidation states displayed by transition elements are

primarily due to the fact that successive ionisation energies of a transition

metal atom increase gradually. Metals, which have only one oxidation

state, have a noticeable break in the values of successive ionisation

energies. The ionisation energies of a transition metal atom such as

vanadium, however, increase more gradually without any distinct breaks,

V648 V+ 1367 V+22858 V+34634

KJ/mole



Except for scandium, which has exclusively an oxidatioriistate'of

(+3), the first transition series elements show an oxidation state (+2)

when both 4s electrons are involved in bonding. For oxidation states

greater than (+2), 3d electrons are used in addition to both 4s electrons.

The oxidation states of the first transition series are given in appendix (3).

In general the lower oxidation states are reducing and metal gives

predominatly basic oxides (MnO) (+2) and the higher oxidation states are

oxidising and metal gives predominatly acidic oxides (Mn2O7) (+7).

The catalytic activity of transition metals and their compounds is

associated with their variable oxidation states. Typical catalysts are

vanadium oxide (Contact process), finally divided iron (Haber process),

and nickel (catalytic hydrogenation).

Catalysis at a solid surface involves the formations of bonds

between the reactant molecules and the surface atoms of catalyst (the first

transition series elements have 3d electrons in addition to the 4s electrons

which can be utilised in bonding. This has the effect of increasing the

concentration of the reactant at the catalyst surface, also of weakening the

bonds in the reactant molecules, i.e. the activation energy is lowered)1 ]).

Most substances are weakly repelled by a strong magnetic field

(diamagnetic), while some others are weakly attracted by it

(paramagnetic). If the force of attraction is very large the substance is

said to be ferromagnetic e.g. iron, cobalt and nickel. Paramagnetism

arises because it can be regarded as spinning on their axes and just as an

electric current flowing, through a wire generates a magnetic moment, so

too does a spinning electron, electrons that occupy the same orbital i.e.

have opposite spins, have of course, zero magnetic moment since the two

contributions act in the opposite sense, the fact that the magnetic moment

of transition metal ions agree fairly closely with those calculated

assuming the truth of Hund's rule is evidence for the rule's validity.

3



Transition metal form interstitial hydrides, in which the hydrogen

is accommodated in the lattice of the transition element, some expansion

of the lattice occurs, since they are non-stoichiometric, the uptake of

hydrogen is reversible and can in all cases be removed by heating in

vacuo to a sufficiently high temperature, other interstitial compounds

include and carbides which are very similar to interstitial hydrides in

general structure.

The main compound of the transition metal form is a complex

compound.

A complex ion is one that contains a central ion or atom linked to

other atoms, ions or molecules which are called ligands. Ligands attached

to the central metal by more than one point of attachment are called

chelating ligands and these ligands are called multidentate, and their

complexes are called chelates, the ligand directly bound to the metal are

said to be in the inner coordinating sphere, the ions that balance out of the

charge remaining on the complex after the coordination number of the

central metal has been "satisfied" are said to be outer sphere ions(2).

1.3. Objectives of the Study:

The present study is aimed at investigating the complexes of the

divalent ions Cu(II), Ni(II) and Co(11) with two ligands, namely,

triphenylphosphine and benzofurazan-1-oxide. Preparation of complexes,

their characterization and investigation of their stability will be the main

tasks addressed.

The work plan will be as follows:

l.To prepare some new complexes of copper(II), nickel(II) and

cobalt(II) compounds using triphenylphosphine and

benzofurazan-1-oxide as ligands.



2. To investigate the chemical and physical properties of these

new complexes.

3. Characterization of these complexes using infra-red, melting

point and ultra-violet.

4. To determine stability constants of complexes using molar-ratio

method.

1.4. Complexes of Transition Elements:

A completely satisfactory definition of a complex compound is

difficult to formulate, it is attempted below, complex compounds are

compounds which contain a central atom or ion closely surrounded by a

cluster of other ions or molecules called ligands are usually bonded to the

nuclear atom by what are classically described as coordinate bonds, and

complexes or complex compounds are often referred to as coordination

"compounds".

The number of nearest neighbours (ligands) to the nuclear atom is

referred to as the "coordination number" of the central atom and these

neighbours constitute what is known as the first coordination sphere.

Complex ions tend to retain their identity even in solution, partial

dissociation may occur. Another distinguishing characteristic is that both

the nuclear atom and ligands are usually capable of independent existence

as stable chemical species, as usual, cases occur in which it is not clear

whether the compounds should be considered as complexes or not. As

always with definition. It is usefulness that matters.

The critical question is whether it is useful to consider a particular

compound as a complex compound, such as ALF6
3", Ti(H2O)6

3+ and

CoCl4
3' are usefully considered as complexes: CH4, C1O4" (has not

independent existence), an intermediate type is that formed by ligands

being added to molecules, as opposed to atoms or ions



e.g.: SiF4 + 2F" —> SiIT
6
2" these are normally considered as complexes, a

sub-group called adducts is formed by the reaction of two neutral

molecules, e.g.: BF3 + NH3 —> BF3 - NH3 thus no perfect definition

exists: it is a matter of judgement

H Cl

CR,: II - - C - - II CP- Co 2 - Cl" [CoCl,]2"

H cr
No complex Complex-

Using the above model of complexes il is expected that the most stable

coordination compound would be formed by the interaction of highly

polarizing cations with stable ligands. e.g.; NH;. 11:0, CN\ CT and NO?",

this is roughly correct, but the situation much more complicated.

Transition Elements have great ability to form complex compounds and

this is due to availability of incomplete d-orbiials. which allow it; to

accept electrons from the ligands.

The followings are some examples of complexes of different.

transition metals with different ligands to show the ability of these

elements towards complex formation'^.

[C11CI4]2' [Cu(H2O)6]
2" [Cu(NH3)6f

Square-planar octahedral octahedral

Monodentate 1 igands

[Ni(en)6]
2h [Ni(DMG)2]

Nickel(II) ethylenediamine Niekel dimethyl glyoxime

Multi-dentate ligands form more stable complexes than

monodentate.



1.4.1 Effect of Ligand:

The nature of coordinating group varies considerably from

inorganic to organic species. The hydroxide ion has strong coordinating

tendency, partly because it has three pairs of unshared electrons, but

chiefly because it is of negative charge. Many organic anions form stable

coordination compounds, formate and acetate ions from strong bonds but

monocarboxilic acids with longer chains show rapidly decreasing ability

to coordinate. The aliphatic monoamines coordinate less readily than does

ammonia, the secondary amines coordinate less readily than the primary,

and tertiary amines are almost devoid of ability to coordinate with metal

ions. This is probably due to steric factors. Tertiary amines coordinate

firmly with the hydrogen ion, that is they are strong bases(2).

1.4.2 Effect of Metal Ions:

Ions of the transition elements have a tendency towards the

formation of complexes containing coordinate bonds, and these

complexes are apparently more stable than those formed by electrostatic

forces. The tendency to form coordinate compounds is indeed, one of the

most fundamental inorganic properties of both organic and inorganic

molecules. The radii of the transition metal cations are less than the radii

of cations which are isoelectronic with inert gases. This may account, in

port for the greater stability of the transition ion complexes.

According to Pauling the inner 3d orbitals of the transition

elements have about the same energy as the 4s and 4p orbitals of the

valence shell, and if they are not completely occupied by unshared

electron pairs, they play a very important part in bond formation. The

formation of complex ions by coordinate bonds appears to follow two

general rules:

7



"1 . The central ion tend to accept electrons to fill incomplete stable

orbitals.

2. The central ion tends to accept sufficient coordinated molecules

. or ions to produce a symmetrical structure of molecules packed

round the central ions(6).

1.4.3 Stability of Complexes:

In recent years a number of attempts have been made(7) to correlate

the stability constants of metal chelates with various properties of either

the metal ion or ligand in order to evaluate the factors affecting metal

chelate stability. One of the most extensive is Pearson's classification into

hard and soft ligand and metal ion. The metal ions are classified as hard

or soft acids, and the ligand as hard or soft bases; the generalization about

stabiiites is then that soft ligands form stable complexes with soft metal

ions; stable hard-ligand hard-ion complexes are also stable. Mixtures of

hard-ion soft-ligand or soft-ion hard-ligand are less stable. .For metal

complexes with multidentate ligands, the stability of the metal chelate is

in part governed by the chelate structure.

The type of the ligand has a distinct influence on the stabilities of

complexes, in an extended form of the series, the stabilities of complexes

by a particular chelating molecule with a series of metal atoms was first

discovered by Mellor and Mally (1948), for the bivalent metals, they

found an order(7), as, Cu > Ni > Co > Zn > Cd.

1.5 The Coordination Chemistry of Metal Used:

1.5.1 The Coordination Chemistry of Nickel(II):

In the divalent state nickel forms a very extensive series of

compounds. This is the only oxidation state of importance in the aqueous



chemistry of nickel, with the exception of a few'speciai^complexes of

nickel in other oxidation states. Nickel(II) is the d8 ion and is able to form

stable square planar complexes as well as octahedral or tetrahedral. An

aqueous solution of nickel(II) not containing strong complexing agents,

contains the green hexaquonickel(II) ion [Ni(H2O)6]2+ which also occurs

in a number of hydrated nickel(II) salts, such as Ni(NO3)2. 6H2O. The

water molecules in the aquo-ion can be readily displaced, especially by

amines to give complexes such as [Ni(H2O)2(NH3)4]2"r, [Ni(NH3)6]
2+or

[Ni(en)3]3+ (en ethylenediamine).

These amine complexes are usually blue or purple because of their

shifts in absorption bands when H2O is replaced by stronger field ligand,

nickel(II) forms a large number of complexes, the main structural types

being octahedral, square planar or tetrahedral, for the organic complexes

of nickel, the dioximes being the most stable. The kinetics of formation of

mono complexes of nickel(II) with a variety of ligands including amino

acid, peptides poly amino acid and pyridine carboxylates were studied by

Holzbecher, et al(33).

However, it is characteristic of nickel(II) complexes that

complicated equilibria, which are generally temperature dependant and

sometimes concentration dependant, exist between the various structural

types.

The maximum coordination number of nickel(II) is six. A large

number of neural ligands, especially amines, displace some or all of the

water molecules in the octahedral [Ni(H2O)6]
2+ ion to form complexes

such as [Ni(NH3)4(H2O)2] . Such amine complexes characteristically

have blue or purple colours in contrast is bright green colour of the

hexaquonickel(II). This is because of shift in the absorption band when

H2O molecules are replaced by the other ligands toward, the stronger end

of the spectro chemical series.

9



It is a characteristic feature of the spectra of octahedral nickel(Il)

complexes, exemplified by those of nickel [Ni(H2O)6]
2+ and [Ni(NH3)6]

2+

that molar absorbance of the bands are at the low end of the range

(1-100). For octahedral complexes of the first transition series in general,

namely between 1 and 10. The stability of complexes depends on one or

more chelate rings as an example consider the equilibrium constants for

the following nickel ammine complexes

Ni2+ + 2NH3 -> [Ni(NH3)2]
2+ log p = 5.000

Ni2+ + 4NH3 -> [Ni(NH3)4]
2+ log p = 7.80

Ni2+ + 6NH3 -» [Ni(NH3)6]
2+ log (3 = 8.61

Where p is equilibrium constants.

The overall stability constants for forming complexes with six

(Ni-N) bonds (8.6), (8.8), (19.8) show that the formation of chelate rings

has a considerable stabilizing influence which increases as the number of

the rings increase, it should be noted, however, that part of the great

increase in stability for [Ni(NH2)6]
2+is due to the fomiation of stronger

Ni-N bonds by the aliphatic amine, according to direct colorimetric

measurements of the enthalpies of reaction(8).

Tetrahedral complexes are formed by the halide ions. e.g. [NiCU]""4"

and often have an intense blue colour(9).

Other ligands from square-planar complexes such as [Ni(CN)4]"
+

and [Ni(DMG)2] which are often red, brown and yellow. The extreme

insolubility of the red compound, nickel dimethyl glyoxime is not only

due to the fact that it is a neutral complex, but also because in the solid

the molecules are linked in chains to from polymers by nickel-nickel

bonding, just like a deck of cards00).

10



•CH, CH,
SC = N - O - H

I
C=N-O-H

/ ' CHi

Ni2+
(aq) Ni2+ 2H+

C
CH. / \ ,-vCH/ \ / x / XCH,

N N

Nickel(II) dimethyl glyoxime

Nickel(II) reacts with glycine to give the coloured compound

glycine nickel(II) which has the formula:

NH2 CH2~

O CO.

Glycine nickel(II)

Glycine coordinates nickel(II) ion as abidenate ligand and the

glycine nickel is an inner complex. This chelate shows- the same

properties as the copper glycine. The complexes of Ni(!I) and Cu(1I) with

amino acids have been found to be more stable than those with hydroxy

acids, indicating greater tendency of the metal ions for coordination with

nitrogen as compared to oxygen .

1.5.2. The Coordination Chemistry of Copper(II):

The dipositive state is the most important one for copper; most

copper(I) compounds are fairly readily oxidized to copper(II) compounds,

but further oxidation to copper(III) is difficult. The copper(II) having one

unpaired electron and its compounds are paramagnetic. Most copper(ll)

salts dissolve readily in water and give the aquo ion, [Cu(H2O>,]2+.

Addition of ligands to such aqueous solutions leads to formation of

complexes by successive displacement of water molecules, with NH3, for

11



example, the species [Cu(NH3)(H2O)5]
2+h [Gi|OT3jM2<G))2]2t are formed

in the normal way, but the addition of the fifth and sixth molecules of

NH3 is difficult. Similarly it is found that with (en), [Cu en(H2O)4]2+ and

[Cu (en) (H2O)2]2+ form readily, but [Cu(en3)]
2+ forms only at extremely

high concentrations of ethylenediamine. Many other amine complexes of

Cu(II) are known, and all are much more in tensely blue than the aquo ion.

Multidentate ligands that coordinate through oxygen or nitrogen, such as

ammo acids from copper(II) complexes often of considerable complexity;

for example, copper(II) ion reacts with glycine to produce copper

glycinate in which each glycine molecule is attached to the copper atom

by one covalent bond and one coordinate bond, the d9 configuration

makes Cu(II) subject to Jahn-Teller distortion if placed in regular

octahedral or tetrahedral symmetry, and this has a profound effect on all

its stereochemistry. The addition of nitrate ions to copper(II) salts in

acetonitrile and ethyl acetate results in the formation of nitrato complexes

according to concentration dependent equilibrium121.

Cu2+ + 2NO"3, ^ Cu (NO3)
+ + NO"3 , N Cu(NO3)2

Many complexes are known for the oxidation state (+2) of copper,

most cupric salts dissolve readily in water and give the aquo ion which

may be written as [Cu (H2O)6]
2+, keeping in mind however that two of the

water molecules are further from the metal atom than the other four.

Addition of ligands to such solutions leads to the formation of complexes

by successive displacement of water molecules. Here are two examples

for two types of ligand with copper(II). Copper(II) with NH3, for

example, the species [Cu(NH3)(H2O)5]
2+ ... [Cu(NH3)4(H2O)2]

2+ are

formed in the normal way, but the addition of the fifth and sixth

molecules of NH3 is difficult, in fact, the sixth can not be added to any

significant extend in aqueous media. [Cu(NH3)6]
2+ can be obtained in

liquid ammonia, however, the reason for this unusual behaviour is
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connected "with- the Jahn-Teller(4), effect, because of it, the Cu(1I) ion does

not bind the fifth and sixth ligands strongly (even the H2O). When this

intrinsic weak binding of the fifth and sixth ligands in added to the

normally expected decrease in the step-wise formation constants, the

formation constants, K5 and K.6 are very small indeed. In

[Cu(NH3)4(H2O)2]2+ the absorption maximum is at 600 urn. The reversal

of the shifts with increasing take-up of ammonia for fifth ammonia is to

be noted, indicating again the weaker bonding of the fifth ammonia

molecule(4\ Many other amine complexes of copper(II) are known, and

all are much more intensely blue than the aquo ion, this is because the

amines produce a stronger ligand field which causes the absorption band

to move from the far red to the end of the red region of the spectrum for

example in the aquo ion the maximum absoiption is at 800 urn.

NH, NH2

CH-,

CH2

Cu2+

CH2

CH,

NH2 NH2

Ethylenediamine copper(II)

Square planar

It has also been established that five-membered rings are more

stable than comparable six-membered rings, providing no special

resonance effects are involved, as shown, for example by data for

copper(II) complexes of (en).

Cu2+ + en -> [Cu (en)]2+ log (3 = 10.72

Cu2+ + 2en -» [Cu (en)2]
2+ log p = 20.03

Where P is equilibrium constants.

13



This decreasing stability with increasing ring size continues so that1

there are a few complexes known with seven membered rings and none

with larger rings(3). Copper(II) reacts with glycine to give a colour

complex, which forms the basis for the development of

spectrophotometric methods for the determination of the stoichiometry of

the copper(II) glycine and stability constant of its chelate. Glycine

coordinates to cooper(II) ion as a bidentate ligand, copper-glycine is an

inner complex. The deep blue colour of the compound indicates copper-

nitrogen linkage and the possibility of the of the formula Cu(NH3COO)2

is eliminated by the fact that N-Ndiethyl glycine gives an analogous

compound*10).

The compound is a nonelectrolyte, and it is evident that copper is

coordinately saturated for it absorbs ammonia only very slowly, and the

properties of copper-glycine are very similar to those of diamine

copper(II) acetate.

[Cu (OOCCH3)2(NH3)2]

The thermodynamic data for the divalent metal ions with amino

acids show that a five membered ring is more stable which seems to

justify the formula;

O CO.

Glycine copper(II) complex

1.5.3. The Coordination Chemistry of Cobalt(II):

In its ordinary aqueous chemistry, cobalt has two important

oxidation states, II and III, in a queous solution containing no complexing

agents, the oxidation to cobalt (II) is very unfavourable:
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[Co (H2O)6]
3++ e = [Co (H2O)6]

2+ E° = 1.84v

Although in the presence of complixmg agents, such as NH3,

which form stable complexes with cobalt(II) the stability of trivalent

cobalt is greatly improved:

[Co (NH3)6]
3++ e = [Co (NH3)6]

2+ E° = O.lv

The trend towards decreased stability of the very high oxidation

states and increased stability of oxidation state(II) compound which has

been noted through the first row transition metals Ti, V, Cr, Mn, and Fe

persists with cobalt(II)(4). Indeed, the former trend culminates in the

complete absence of oxidation states higher than IV under chemically

significant conditions. The III state is stable relative to the II state in

hydroxides, in the fluoride, but mainly in complexes of which, however,

there are a great many.

Cobalt(II) forms numerous complexes, mostly octahedral or

tetrahedral, but there are a fair number of square planar as well as some

which are five coordinate(I2'I3). There are more tetrahedral complexes of

cobalt(II) than for any other transition metal ion.

This is in accord with the fact that for a d7 ion, ligand field

stabilization energies disfavour the tetrahedral configuration relative to

the octahedral one to a smaller extent than for any other d11

configurationI4). Because of the small stability difference between

octahedral and tetrahedral cobalt(II) complexes, there are several cases in

which the two types may be in equilibrium0 5).

Tetrahedral complexes are generally formed with monodentate

anionic ligands such as Cl", Br", I", SCN", N"3 and OH'. With a

combination of two such ligands two neutral ones, tetrahedral complexes

of the types CoL2X2 are formed in some cases. Several neutral bidentate

ligands give planar complexes although ; it is known that the
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accompanying ~anions are coordinated to some degree so that these

complexes could also be considered as very distorted octahedral ones
(16,17)

An important feature of the chemistry of cobalt(Il) is the very

readily oxidation by molecular oxygen in the presence of a variety of

complexing ligands especially nitrogen donors.

As mentioned already, cobalt(II) occurs in a great variety of

structural environments, because of this, the electronic structures, hence

the spectral properties of the ion, are extremely varied.

The reaction between nickel(II), copper(II) and cobalt(II)

complexes with highly Enolized P-diketone, 3-(N-Acetylamido) pentane

2-4-dione(=Hamac) in a queous solution was studied by Jurgen(llS). He

concluded that the P-diketone (Hamac), a modified acetylacetone with a

N-a cetylamido group in the 3-position is very soluble in water and the

order of the reactivity being Ni<Co«Cu.

The reaction between trisulfonated triphenylphosphine,(TPPTS),

with cobalt carbonyl in water was studied by Tamas and Berit(19). They

concluded that the reaction procedures via the ionic intermediate

[Co(CO3). (TPPTS)2] [Co(CO3)4] which is relatively stable in water and

the hydride complexes are stable in the presence of water at low pM

values.

1.6. Ligands Studied:

Two ligands are used in the present study each is reacted with

(1I), Ni(II) and (II)
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1.6.1. Triphenylphosphine:

Triphenylphosphine is one of the ligands, which are used in the

reaction with the metal ion to form the desired metal complex.

The availability of lone pair of electrons in the phosphorous -

which is the only way of linking - allow triphenylphosphine to link with

the metal ion. The structure of Triphenylphosphine is:

Triphenylphosphine abbreviate as T.P.P.

1.6.2. Benzofurazan-1-oxide:

The second ligands is benzofurazan-1-oxide. Benzofurazan-1 -

oxide may be obtained by oxidation of o-quinonedioxime, e.g. 1,2-

naphthofurazan-1-oxide the first benzofurazan-1-oxide derivative.

Suitable oxidizing agents such as alkaline ferricyanides, bromine water,

chloride and nitric were used(20'21).

NOH

Oxidizing
Agent

NOH

Oxidation of o-nitro-aniline and the thermal decomposition of

o-nitrophenylazide are more commonly used methods(22' 23). The

oxidation of o-nitro-aniline to benzofurazan-1-oxide using alkaline
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hypochloride was discovered{24),- e.g.;5-chloro-4-methoxy benzofurazan-

1-oxide was obtained from the reaction of aqueous methanolic sodium

hypochlorite with 2,4 dinitro-aniline.

NH, OMe

MeOH

ocr
O,N NO,

O"

Pheny-iodo-sodi-acetate in benzene has been used to oxidize

o-nitro-aniline to benzofurazan-1-oxide, the yields vary considerably with

the position and nature of the substituents in the benzene ring(2:)).

Hofmana degradation followed by oxidation of the amide with sodium

hypochlorite and alkali lead to 4-methoxy-benzofurazan-l-oxide(26).

Me OMe
NO,

ocr
OH"

CONH,

Decomposition of o-nitrophenylazide also leads to the formation of

benzofurazan-1 -oxide, it can be achieved by irradiation, or by pyrolysis;

temperatures between 100 c and 150 c are commonly used.

Refluxing in glacial acetic acid is the recommended procedure for

4- or 5- substituted 2- nitrophenylazide, but with 3- or 6- substituted

compounds higher boiling solvents are usually necessary(27).

The reaction of benzofurazan-1-oxide with symmetrical 1,3-

diketones and dibenzoyl-methane was studied by Issidorides et.al, and
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Grwely:'et.al(? ^29), and they investigated that more than one quinoxaline

di-N-oxide were formed, on the other hand, the reaction of unsymmetrical

with benzofurazan-1-oxide might lead to one or a mixture of the two

products:

.N

Y
cr

R
o

N
R

o
N

O

K

The reaction of benzofurazan-1-oxide with the following

unsymmetrical aroylacetones was studied by Taha(30).

R,

R2

COCH2COR3

R, = CH3O, CH3, H, Br, NO2

R2 = H

R3 = CH3

The reaction of benzofurazan-1-oxide with some carbanion,

sulphur and nitrogen compounds was studied by Ahmed(31).

1.7. Analytical Methods for Determination of Stability

Constants:

Recent developments in analytical chemistry are characterized by

great progress towards more powerful methods of separation and more
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discriminating methods of determination. This is very important^sinc^e |in-

analysis normally involves separation of the desired substance and its

identification or quantitative determination.

Although recently much worthy research(32"33), has been dedicated

to the development of new instrumental techniques, the use of chemical

reaction still remains the true basis of numerous methods of detection,

separation and determination. In this regard the reaction of organic

reagents with inorganic substances are very important in inorganic

analysis.. The present investigation is based upon the reaction of organic

reagents with cobalt(II), nickel(II) and copper(II) ions for the

determination of the stability of the complexes formed.

There are many solution properties, which change measurably as a

result of complex formation and which give information on the existence

and stability of the different species. A careful consideration is necessary

as to whether the effects of complex formation are qualitatively reflected

in the measured property, the choice of an adequate method is a

prerequisite for obtaining reliable equilibrium or stability constants.

The stability constants of the complexes of N-acetyl-l-cysteine

(NAC) with chromium(III), nickel(II), cobalt(II) and iron(TI) were

determined using Irwing-rosstti method(34).

1.7.1. Optical Method:

One spectacular consequence of complex formation is the change

in spectral properties. Observations of colour and reaction related colour

changes of coordination complexes have been important throughout the

history of the field. Indeed, in 1982(35) Fremy introduced a system of

nomenclature based on colour. The excitation of electrons of both metal

and ligand is influenced by their interaction.
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Excitation of transition^mHfai|;electroris is easy and consequently

they absorb in the visible region. Any chemical compound is colored if

light from the wavelength conjugate to that colour is absorbed, the colour

of the complex derives, of course, form the wavelength of light

transmitted. Spectrophotometry is based on the measurement of the

absorbance for monochrmatic light passing through the solution

containing the substance to be determined.

Spectrophotometric method can particularly be used to advantage

for studying complexation equilibria, and determination of the amount of

complex-forming constituents, as it is suited to the selective

determination of vary small concentration of species with out changing

the composition of the solution. The basic condition for application of

spectrophotometric method, as is true for all analytical methods based on

the, measurement of light absorption, is that the Beer-Lambert law is

obeyed by the constituents to be determined. If adequate selectivity in the

spectrophotometric determination of a given substance is to be achieved

some practical considerations must also be taken into account. For

example it is necessary to choose a suitable wavelength at which to make

the measurement.

The absorption coefficient of the substances being determined

should be high, and those of other substance present to be negligible. The

errors in spectrophotometric measurement are the results of chemical,

instrumental factors or deviations from Beer's law.

1.7.2. Molar Ratio Method:

This methods was introduced by Yoe and Jones( . In case of

successive complex formation more reliable information can be obtained

by the Molar Ratio method. A series of solutions is prepared in which the

total concentration of the metal is kept constant and concentration of the
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liga'nd is. varied under similar conditions. A plot is prepared of absorbance

as a function of the ratio of moles of ligand to moles of the metal. This is

expected to give a straight line from the origin to the point where

equivalent amounts of the constituents are present. The curve will then

become horizontal, if only one complex of high stability is formed

Fig. (1.1.-a). This is because all of one constituent is used up, and the

addition of more of the other constituent can produce no more of the

absorbing complex. If the constituent which is in excess itself absorbs at

the same wavelength, the curve after the equivalence point will show a

slope which is positive but of smaller magnitude than that prior to

equivalence. However, a complex that undergoes appreciable dissociation

in solution gives a continuous curve which becomes approximately

parallel to the molar ratio axis only when an excess of the variable

component is added, Fig. (1.1..-b). Therefore, results obtained by

extrapolation of this carve are uncertain1 )6!.

It was found'"1'"'8' that in some cases such a curve might be made to

break sharply at the perfect molar ratio, if the ionic strength of the

solutions had been adjusted by the addition of an unreacting electrolyte.

Thus the application of the molar ratio method may be extended by

carefully controlling the ionic strength of the solutions. In case of

successive formation of stable complexes of different absorbances more

than two linear interesting parts are observed in the graph,

Fig. (l.l.-c). The corresponding point at the molar ratio axis to each

interesting point gave directly the ligand to metal ion ratio in each

complex*'9'.
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Fig. (1.1.) Molar Ratio Plot.

To obtain the absorbance due only to complex, the curves are

extrapolated as shown in Fig. (1.2.)

Am-Ar

Ac*
A

0.2-

0.1-

0.00 0.5 1.5

Fig. (1.2)

Absorbance Curve

2 ' / M
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The net absorbance due to the complex is then (Am. Ar).

Where:

Am
 = a measured absorbance.

Ar = absorbance of the remained ligand.

Ani - Ar = absorbance of the complex formed.

The stability constant of 1:1 was calculated from the plots by using

the following express equation(40)'(41).

" n A . L-m

" e x

m̂ l- 1- A

Where:

Kn = the stability constant.

n = number of moles of ligand per mole of metal ion.

A = absorbance on the curve.

Acx = extrapolated absorbance (on the straight lines).

Cm = total concentration of metal ion.

CL - total concentration of ligand.

However, it is decided to approach the problem under study using

an established reaction procedure suitable for preparing new complexes.

More details have been given in the following experimental

section.
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2. Experimental

2.1. Materials and Equipment:

2.1.1. Materials:

2.1.1.1. Ethanol:

Dry ethanol was used in all experiment about (99.7w/w) density

(0.78g/cm3) as received also an industrial ethanol was dried.

Using quick-lime under reflux for six hours. The dry distillate was

collected over calcium metal over-night then redistilled for three times,

collected at 78 C and protected from atmospheric moisture until used in

the reaction.

2.1.1.2. Triphenylphosphine:

Triphenylphosphine supplied by Aldrich Chemical Co-Ltd. was

used as received in all experiments where required.

2.1.1.3. Nickel(II), Copper(II) and Cobalt(II) Chloride:

Nickel(II), copper(II) and cobalt(II) chloride supplied by F.S.A

laboratory, England, were used as received from supplier.

2.1.1.4. Water:

Double distilled water was used.

2.1.1.5. Glacial Acetic Acid and Sodium Azide:

Glacial acetic acid and Sodium azide supplied by Aldrish chemical

Co-Ltd. were used.

2.1.1.6. Diethylamine:

Diethyl amine supplied by Koch-light, lab-Ltd. England, was used.
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2.1.2. Equipment:

2.1.2.1. Reaction System

The reaction system used is shown in Figure (2.1.) Guard tubes

containing anhydrous calcium chloride used at the outlet of condenser to

prevent moisture from interring the system.

r

Water inlet

Dry nitrogen

Guard Tube

(Containing CaCl2

Water Outlet

Condenser

•Dropping funnel

Round-bottom flask

Hot plate

magnetic stirrer

Figure (2.1.) Reaction System
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2.1.2.2. Melting Points Apparatus:

The melting points for all products were determined by using

melting point apparatus.

2.1.2.3. Infra-red Spectra:

Infra-red spectra were recorded in A Perkin Elmer (157NaCl)

spectrometer at ambient temperature with spectra range 4000cm"1 to

600cm'1.

A small a mount of the prepared sample was spotted on two

sodium chloride plates which were pressed together to give a thin film,

liquids were used, solid samples were mulled with potassium bromide to

give a thin disk. Absorption frequencies are given in cm"1.

2.1.2.4. Ultra-violet:

Ultra-violet were recorded on A Perkin Elmer spectrophotometric,

Model (55os), using 1-cm quartz transmission cells.

The instrument was operated at maximum sensitivity.

2.2. Experimental Techniques:

2.2.1. General Techniques:

Standard quick-fit apparatus was used, chromic acid was used, for

cleaning and all apparatuses were dried in an oven.

Reactions were performed under atmosphere of dry nitrogen, which was

freed from oxygen by passing through alkaline pyrogallol.

Crystallisation from the appropriate solvent was repeated several times to

obtain pure products for analysis.

Products were identified and characterised using infra-red spectra and

ultra-violet spectrophotometry, and melting points measurement.
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2.2.2. Preparation of O-nitrophenylazide:

O-nitrophenylazide was prepared by the following procedure(3l).

A mixture of o-Nitro aniline (14g; 0.2mole), water (40ml) and

concentrated hydrochloric acid (45ml) is placed in a 500ml three-necked-

round bottomed flask equipped with magnetic stirrer, thermometer and

dropping funnel. The magnetic stirrer is started and flask is cooled in an

ice salt bath until the temperature of the mixture is 0-5 C. After that

temperature has been reached, the amine hydrochloride is diazotized by

dropwise adding of sodium nitrite solution (14.5g/50ml; 0.2mole).

Stirring is continued for 1 hour at 0.5 C, the yellow green solution is

filtered from traces of in soluble impurities and poured into a 2-L beaker

surrounded by an ice bath with stirring, a solution of sodium azide

(13g/50ml; 0.2 mole) is then added. Almost immediately the o-

nitrophenylazide forms as a light cream to colourless solid, which is

collected in a' Biichner funnel after the nitrogen evolution has ceased

(15-20 minutes).

The yield of o-nitrophenylazide (m.p 5 4 - 57 C) is usually about

30g. The crude product is used for the preparation of benzofurazan-1-

oxide. The impure azide is dissolved in 120ml of 95% ethanol at 55 C and

2g of activated charcoal is added to decolorize the compound. After being

filtered through a steam heated funnel, the warm solution was allowed to

cool at room temperature, about 7g of the.product is collected as light

yellow prismatic crystals (m.p 49 - 51 C).

The volume of the solvent of the filtrate was reduced to 30ml by

evaporation at room temperature under an air stream saturation of the
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solute in the-filtrate-more crystals and 3g of the material are collected

(m.p. 50 - 526C).

The total yield of purified o-nitrophenylazide is about 40g.

The product obtained is analysed using infra-red spectrometry and its

melting point is also determined.

2.2.3. Preparation of Benzofurazan-1-oxide:

Benzofurazan-1-oxide was prepared by the following procedure'3'':

A mixture of o-nitrophenylazide (16.4g; o.lmole) and toluene (30ml;

0.2mole) was placed in around bottomed flask (100ml). The reaction was

carried on water bath under reflux for 3 hours, the solution was cooled in

an ice bath until light straw coloured crystals formed in clusters of

prisms.

About 6g of pure product (m.p 72 - 74 C) was obtained.

Another 4g slightly darker colour were collect from the filtrate, when

saturated, which purified by recrystallization from 15ml of 70% ethanol

to obtain pure compound.

The total yield is lOg. The product obtained was analysed using infra-red,

ultra-violet spectra, gas liquid chromatography and melting point was

also determined.

A, max (n.m) 355, 220.
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2.2.4. Reaction of Metal with Triphenylphosphine:

2.2.4.1. Reaction Between Triphenylphosphine and Nickel(II):

Dichloro(triphenylphosphine) nickel(II) was prepared by the

following procedure(42):

Nickel(II) chloride (1.3g; 5.5 x 10~3mole) was dissolved in water (l.Og;

1.0 cm3; 0.55 x 10'"mole) then diluted with glacial acetic acid (25ml; 0.43

mole) in a three necked round bottom flask.

A solution of triphenylphosphine (2.65g; 1 x 10"'mol) in glacial acetic

acid (12.5ml; 0.22mole) was added to. A dark green crystal was obtained,

the total yield is 4g. The product obtained was analysed using infra-red

spectra. Also melting point of product was measured.

2.2.4.2. Reaction Between Triphenylphosphine and Copper(II):

Dichloro(triphenylphosphine) copper(II) was prepared by the

following procedure(43;):

A solution of copper(II) chloride hexahydrate (0.5g; 0.385 x 10"2 mole) in

hot absolute ethanol (25ml; 0.47mole) and triphenylphosphine (2.03g;

0.7 x 10"2mole) in absolute ethanol (12.5ml; 0.24mole) were added to

each other in a three necked round bottom flask the mixture was refluxed

for 2 hr and then the solution filtered.
A dark yellow crystals was obtained (5g), the product was analysed using

infra-red spectra, Also melting point of product was measured.

2.2.4.3 Reaction Between Triphenylphosphine and Cobalt(H):

Dichloro(triphenylphosphine) was prepared by the following

procedure(44):

A solution of cobalt(II) chloride hexahydrate (lg; 0.712 x 10~2 mole) in

hot absolute ethanol (50ml; 0.94mole) and triphenylphosphine (4.06g; 1.4

x 10"2 mole) in hot absolute ethanol (25ml; 0.47 mole) were added

together in a three necked round bottom flask.
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The mixture was refluxed for 3 hr and thentb£ solution filtered. A dark

blue crystals was obtained (7g), the product was analysed using infra-red

spectra. Also melting point of product was measured.

2.2.5. Reaction of Metal Complexes with Benzofurazan-1-oxide:

2.2.5.1. Reaction Between Benzofurazan-1-oxide and Nickel(II)

A solution of nickel(II) chloride hexahydrate (lg; 5.4 x 10"3mole)

in hot diethylamine and benzofurazan 1-oxide (1.5g; 0.011 mole) in

diethylamine (5ml; 0.048mole) were added in a round bottom flask.

The mixture was refluxed for 10 hr, the product was collected by

suction filteration and washed with two portions of ethanol. Infra-red and

melting point were performed on the collected compound.

A greenish-yellow crystals was obtained, the total yield is (2g).

2.2.5.2. Reaction Between Benzofurazan-1-oxide and Copper(II):

A warm solution of copper(II) chloride hexahydrate (lg; 0.305 x

10" mole) in diethylamine (5ml; 0.048mole) was mixed''with a warm

solution of benzofurazan-1-oxide (1.5g; 0.011 mole) in diethylamine (5ml;

0.048mole). The mixture which become deep red was placed in 50ml

round bottomed flask equipped with magnetic stirrer and reflux

condenser.

The compound formed after 10 hr of stirring then collected by

suction filteration and washed with two ethanol.

Infra-red and melting point were performed on the collected compound.

A yellow crystals was obtained, the total yield is (1.4g).

2.2.5.3.Reaction Between Benzofurazan-1-oxide and Cobalt(II):

A solution of cobalt(II) chloride hexahydrate (2g; 1.42 x 10"2 mole)

in hot diethyl amine (7.5ml; 0.072mole) is mixed with hot solution of

benzofurazan-1-oxide (3g; 0.021mole) in diethyl amine (8ml; 0.077mole).
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The mixture which becomes deep-red is placed in 50ml round bottommed

flask equipped with magnetic stirrer and reflux condenser.

The compound formed after 10 hr of stirring then collected by suction

filteration and washed with two ethanol.

Infra-red and melting point were performed on the collected compound.

A reddish yellow crystals was obtained, the total yield is (2.3g).

2.2.6. Molar Ratio Method:

A series of solutions which contain varing a mounts of one

constituent with constant amounts of the other were prepared. Their sum

is kept constant(33). Double distilled water was added to make ttie total

volume 5.00cm3.

The pH of the solutions was maintained constant. The absorbance of

these solutions was recorded at the wavelength of maximum absorption.

2.2.7. Preparation of Solution:

2.2.7.1. Metal Ions:

The required weight of copper(II) chloride, nicked(II) chloride and

cobalt(II) chloride was dissolved in the appropriate a mounts of double

distilled water to give 0.1M stock solution for each. Dilute solutions were

prepared when needed.

2.2.7.2. Triphenylphosphine:

The required weight of triphenylphosphine was dissolved in the

appropriate amount of hot double distilled water to give 0.1M stock

solution. Dilute solution were prepared from the stock solution for each

run.
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2.2.7.3. Benzofurazan-1-oxide:

The required weight of benzofurazan-1 -oxide was dissolved in hot

double distilled water to give 0.1M solution.

2.2.8. Spectrophotometric Methods of Determination Stability

Constants:

2.2.8.1. Stability Constant of Triphenylphosphine with Copper(II)

Complex:

A series of solutions of constant volume of copper(II) chloride

hexa hydrate and variable volumes of triphenyl phosphine were prepared

and the absorbance was measured at wavelength where maximum

absorbances takes place.

2. 2.8.2. Stability Constant of Triphenylphosphine with Nickel(II)

Complex:

A series of solutions of constant volume of nickel(II) chloride

hexahydrate and variable volumes of triphenylphosphine were prepared

and the absorbance was measured at wavelength where maximum

absorbances takes place.

2.2.8.3.StabiIity Constant of Triphenylphosphine with Cobalt(II)

Complex:

A series of solutions of constant volume of cobalt(II) chloride

hexahydrate and variable volumes of triphenylphosphine were prepared

and the absorbance was measured at wavelength where maximum

absorbances takes place.
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2.2.8.4.Stability Constant of Benzofiirazan-l^Qxide with Copper(II):

A series of solutions of constant volume of copper(II) chloride

hexahydrate and variable volumes of benzofurazan-1-oxide were

prepared and the absorbance was measured at wavelength where

maximum absorbances takes place.

2.2.8.5. Stability Constant of Benzofurazan-1-oxide with Nickel(Il)

Complex:

A series of solutions of constant volume of nickel(II) chloride hexa

hydrate and variable volumes of benzofurazan-1-oxide were prepared and

the absorbance was measured at wavelength where maximum

absorbances takes place.

2.2.8.6. Stability Constant of Benzofurazan-1-oxide with Cobalt(II)

Complex:

A series of solutions of constant volume of cobalt(II) chloride

hexahydrate and variable volumes of benzofurazan-1-oxide were

prepared and the absorbance was measured at wavelength where

maximum absorbances take place.

However, results obtained from all these experiments are represent

in results chapter.
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3. Results

3.1. Melting Points:

The melting points of the precursors, the two ligands used,the

study and those of the various complexes prepared are shown in

Table (3.1.). Where possible these have been compared with values cited

in the literature.

Table (3.1.): Melting Points of the Products:

Product

O-nitrophenylazide

Benzofurazan-1 -oxide

Dichloro(triphenylphosphine) nickel(II)

Dichloro(triphenylphosphine) copper(II)

Dichloro(triphenylphosphine) cobalt(II)

Dichloro(Benzofurazan-1 -oxide) nickel(II)

Dichloro(Benzofurazan-l-oxide) copper(II)

Dichloro(Benzofurazan-1 -oxide) cobalt(II)

M.P.

Measured C

54-57

72-74

235

240

225

190

193

180

Reported

52-55

70-72

246

250

225
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3.2. Infra-red Spectra:

The Infra-red Spectra obtained using the equipment and procedure

given in section (2.2.) are shown in the following Figures through the

following Tables: '

Table (3.2.): Infra-red Spectra of O-Nitrophenylazide:

Frequency cm'1

780 s

820 s

1500 s

1600 w

2750

3500 s

Assignments

C-O

C-C

N-C

N - O or N - H.

C-H

C-H

b = broad,

s = sharp

w = weak.

Table (3.3.): Infra-red Spectra of Benzofurazan-1-oxide:

Frequency cm"

780 s

820 s

1500

1200

1600 vs

2200 s

3200 w

Assignments

C-O

C-C

N-C

C-C

N-0

N-O

C-H

b = broad.

s = sharp

w = weak.
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^ ^ Spectra of the Product Obtained from the

Reaction Between Triphenylphosphine and Nickel(II):

Frequency cm"1

750 s

600 s

1050 s

1400 b

1500 s

2500 w

3500 w

Assignments

C-C

C-C

c-c
M-P

M-P

C-P

C-H

b = broad,

s = sharp

w = weak.

Table (3.5.): Infra-red Spectra of the Product Obtained from the

Reaction Between Triphenylphosphine and Copper(II):

Frequency cm"

750 s

900

1200 b

1400 w

2500 s

3500 s

Assignments

C-C

C-C

—

P-M

C-P

C-H

b = broad.

s = sharp

w = weak.
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Table (3.6.): Infra-red Spectra of the Product Obtained from the

Reaction Between Triphenylphosphine and Cobalt(II):

Frequency cm"1

600 w

950 w

1000 b

1100 b

1400 b

2820 s

3500 w

Assignments

C-C

C-C

c-c
c-c
P-M

C-P

C-H

b = broad,

s = sharp

w = weak.

Table (3.7.): Infra-red Spectra of the Product Obtained from the

Reaction Between Benzofurazan-1-oxide and Nickel(II):

Frequency cm"

720 w

900 s

1100 b

1200 b

1400 b

1600

2800

3500 b

Assignments

C-OorC-C

C-C

c c

—

N= O, N - O

N-M

O-H

C-H

b = broad,

s = sharp,

w = weak.
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Table (3.8.): Infra-red Spectra of the Product Obtained from the

Reaction Between Benzofurazan-1-oxide and Copper(II):

Frequency cm"1

700 w

1000

1250 b

1400

1600

3500 b

Assignments

C-O

C-C

N-O

N-O

N-M

C-H

b = broad,

s = sharp,

w = weak.

Table (3.9.): Infra-red Spectra of the Product Obtained from the

Reaction Between Benzofurazan-1-oxide and Cobalt(II):

Frequency cm"

720 w

880 s

1100 s

1200 s

1400 s

1600

2750 s

3500 s

Assignments

C-O

C-C
c-c
N-O

N-M

N-O

O-H

C-H

b = broad.

s = sharp,

w = weak.
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3.3. Stability Constants:

For each of the divalent ions (Cu(ll), Ni(ll) and Co(II)), a series of

solutions constant volume of the chloride hexa hydrate was prepared. To

these solutions were added variable volumes of either triphenylphosphine

or benzofurazan-1-oxide.

The absorbance for each solution in the series was then measured

at this wavelength. The data are shown in the appendix (4).

The Ar values were calculate for the remained ligands according to

the following equation(40)'(41).

Ar = remained ligand x complex absorbance

total ratio

The absorbance of the complex is then reported as A = Am - A,.. The

values of A for each complex are then plotted vs the calculated mole

ratio; the curve obtained are shown in appendix (4). The abosrbance at

infinite ligand concentration is extrapolated on each curve.

From these data the stability constants is calculated for each complex

(a sample calculation is shown in appendix 4). The kn values are given in

Table (3.10.).

Table (3.10.): The Stability Constants of the Complexes:

Chem. Species

Dichloro(triphenylphosphine) Copper(II)

Dichloro(triphenylphosphine)Nickel(II)

Dichloro(triphenylphosphine) Cobalt(II)

Dichloro(benzofurazan-1 -oxide) Copper(II)

Dichloro(benzofurazan-1 -oxide) Nickel(II)

Dichloro(benzofurazan-1 -oxide) Cobalt(II)

Stability constant

4.9

4.8

5.1

4.9

4.8

4.6

However, results obtained from all these experiments are

sequentially discussed in details in the following discussion chapter.
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4. Discussion:

4.1. Introduction to Discussion:

The work discussed here is concerned with the reaction of

copper(II), nickel(II) and cobalt(II) ions with triphenylphosphine and

benzofurazan-1 -oxide as ligands.

All reactions were carried out in 1:1 and 1:2: molar-ratio of metal

ion to the ligand.

The final reaction product was identified and characterized by

infra-red, ultra-violet spectra, colour and melting point.

The information in the literature devoted to preparation

benzofurazan-1-oxide, but not for its use as ligands. Thus it is decided to

use benzofurazan-1-oxide to prepare significant complexes of copper(ll),

nickel(II) and cobalt(II) for the first time in this department.

Benzofurazan-1-oxide was prepared previously in(31) this

department and its decide to extend this work by further using it as

suitable ligand for the preparation of new compounds.

The discussion will be divided into three main sections. Firstly;

preparation of benzofurazan-1-oxide will be discussed in section (4.2).

Secondly; preparation of the complexes of nickel(II), copper(II) and

cobalt(II) with triphenylphosphine and benzofurazan-1-oxide as aligands

are discussed in section (4.3). Thirdly; the stability constants of the all

complexes formed will be discussed in section (4.4).

4.2. The Preparation of Benzofurazan-1-oxide:

The preparation of benzofurazan-1-oxide (see section 2.2.2.) from

o-nitrophenylazide and toluene as catalyst was achieved with a yield of

70% and 95% purity as indicated by gas liquid chromatographic analysis.

Also ultra-violet confirm the formation of the product (see Table 4.1.).
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This can be summarized by the following equation:

N,

Toluene

NO,

A light yellow crystal of the cluster prisms were obtained ;is a

product for this reaction.

The final product is confirmed by analysis and found to be in good

agreement with the reported values*3!). (see Table 4.1.).

Infra-red spectra were recorded (see Fig. 3.2.) and are suitable lor

the required product, these are as follows:

The presence of the bands 780cm"1 (C - C), 1500cm"1 (N - C) imd

1600cm"1 (N - O) indicate the formation of benzofurazan-1-oxide which

was in good agreement with previous result(31). (see Table 4.1.).

The melting point of the product is 72 - 7 4 C (see Table 3.1.) it

was found to be in agreement with the reported values(28). (see Table

4.1.).

However, this method of preparation is now fully established and

confirmed to achieve reliable and reproducible results.

Therefore, this confirmed product is used as a ligand lor

preparation of new complexes of copper(II), nickel(II) and cobalt(lI), as

given in section (2.2.)

These preparation procedures are discussed in the following

section.
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Table (4.1.): Measured and Reported Characteristics

Benzofurazan-1-Oxide.

Of

Analysis

M.P.C

I.R.

Yield

G.L.C

Purity

U.V

A,max

Results Measured

72-74

750, 1200, 1500

1600,3200

70%

90%

255, 220

Reported

70-72

950, 1150,3100

1440, 1780

77%

235.6,220

4.3. Preparation of Complexes:

4.3.1. Preparation of Dichloro(triphenylphosphine) nickel(Il):

Dichloro(triphenylphosphine) nickel(II) complex a dark given

crystals was prepared from the reaction between triphenylphosphine

nickel(II) chloride hexa hydrate dissolved in glacial acetic acid

section 2.2.4.1.).

The product was analysed using infra-red spectrometry (see Table 3 •-•••)

and (Figure 3.3.).

The bands appears at 600cm"1 (C - C), 1400cm"1 - 1600cm"1 (M - ^

2500cm'1 (C - P) and 3500cm"1 (C - H) confirmed the formation of the

complex.

The band appears at 2500cm"1 (C - P) and 1400cm"1 (M - P) indicate the

presence of phosphorous-nickel(II) bond.

Melting point of product is 235 C (see Table 3.1.) reflect the high thermal

stability of such a compound.
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4.3.2. Preparation of Dichloro(triphenylphosphine) copper(II):

Dichloro(triphenylphosphine) copper(II) complex, a yellow crystals

was prepared by reacting the copper(II) chloride hexa hydrate and

triphenylphosphine dissolved in hot absolute ethanol (see section 2.2.

4.2.).

The product was analysed using infra-red spectra (see Table 3.5.) and

(Figure 3.4.).

The presence of the bands: 750cm'1 (C - C), 1400cm'1 ( M - P), 2500cm'1

(C - P) and 2500cm'1 (C - H) these confirmed the formation of the

desired complex.

The coordination on the complex is passed through phosphorous (P—>M)

to give a four rnembered ring:

P h 3 - P Cl

Ph3p . CuCl2 - 6H2O -» Cu2+

Cl

Melting point of product is 240 C (see Table 3.1.) reflect the high thermal

stability of suoh a compound.

4.3.3. Preparation of Dichloro(triphenylphosphine) cobalt(II):

Dichlors>(triphenylphosphine)cobalt(II) complex, a dark blue

crystals was prepared by reacting the cobalt(II) chloride hexa hydrate and

triphenylphosphine in hot absolute ethanol (see section 2.2.4.3.).

The product -was analyzed using infra-red spectra (see Table 3.6.) and

(Figure 3.5.).
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The presence of the bands 600cm"1 (C - C), 1 OOOein' (C - C), 1400cm'

(P - M), 2280 cm'1 (C - P) and 3500cm"1 (C - H ) confirmed the

formation of the desired complex.

The coordination on the complex is passed ihrough phosphorous

(P -» M) to give a four membered ring:

P

Ph3P + CoCl2. 6H2O -» Co2

Melting point of product is 225 Vj ( s e e Table 3.1.), <l)e h i § h melting point

which are indications to their high thermal stability.

4.3.4. Preparation of Dichloro(benzofurazan-1-oxide) nickel(II):

Dichloro(benzofurazan-1 -oxide) nickel(II) complex, a greenish

yellow crystals was prepared from the reaction between benzofurazan-1-

oxide and nickel(II) chloride hc>;a hydrate dissolved in diethyamine (see

section 2.2.5.1.).

The product was analyzed using infra-red spectra (see Table 3.7.) and

(Figure 3.6.).

The presence of the bands at 720cm"1 (C - C or C - O), 1400cm'1 (N - O

or N - H), 1600 cm' (N - M, and 3500cm"1 (C - H) confirmed the

formation complex, the presence of the band 1400cm"1 indicate that the

coordination is through nitrogen in the complex to give a four membered

ring:
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NiCl2.6H2O +

The melting point 190C (See Table 3.1.). The higher melting point

indicates the high thermal stability of this compound.

4.3.5. Preparation of Dichloro(benzofurazan-l-oxide) copper(II):

Dichloro(benzofurazan-1-oxide) copper(II) complex, a yellow

crystals was prepared form the reaction between benzofurazan-1-oxide

and copper(Il) chloride hexa hydrate dissolved in diethylamine (see

section 2.2.5.2.).

The product was analyzed using infra-red spectra (see Table 3.8.) and

(Figure 3.7.).

The presence of the bands: 700cm"1 (C - C), 1400cm'1 (N - O), 1600cm"1

(N - M) and 3500 cm"1 (C - H) confirmed the formation of the complex.

The presence of the band 1400cm"1 indicate that the coordination is

through nitrogen to give a four membered ring:

CuCl2.6H2O +
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Melting point of product is 193 C (see Table 3.1.) reflect the high thermal

stability of such a complex.

4.3.6. Preparation of Dichloro(benzofurazan-l-oxide) cobalt(II):

Dichloro(benzofurazan-1 -oxide) cobalt(II) complex, a reddish

yellow crystals was prepared form the reaction between benzofurazan-1-

oxide and cobalt(II) chloride hexa hydrate dissolved in diethyl amine

(see section 2.2.5.3.).

The product was analyzed using infra-red spectra (see Table 3.9.) and

(Figure 3.8.).

The presence of the bands: 720cm"1 (C - C), 1400cm"1 (N - M), 1600cm"1

(C - H) confirmed the formation of the complex.

The presence of the band 1400cm"1 (N - M) indicate that the coordination

is through both the nitrogen atoms giving a four membered ring:

O

CoCl2.6H2O +

Melting point of product is 180 C (see Table 3.1.) reflect the high thermal

stability of such a compound.

4.4. Stability Constants of the Complexes:

4.4.1. Stability Constant of Dichloro(triphenylphosphine) copper(II):

The stability constant of the 1:1 dichloro(triphenylphosphine)

copper(II) complex was measured by using the molar ratio method.

Absorptions were measured using the ultra-violet spectroscopy at A, max.
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The ••'-•••maximum absorption was obtained when the copper-

triphenylphosphine ratio was 1:1: (see appendix 4.1.) which describe the

mole ratio versus the absorbance indicate that the complex was formed at

maximum absorbance (1:1 mole ratio) and then became stable.

From the graph A and Acx (where A: absorbance on the curve, Aex" Extra

polated absorbance on the straight line) were measured and the stability

constant was determined according to the following equation(40-41):

Kn= A . C m

1- A" T- _A_ • -±JL' • CL"
n

The result obtained (log ki = 4.97 « 5.00) was found to be in good

agreement in comparison with other related complexes. (Log K| = 5.2,

given by Me. Entyre)(4l).

4.4.2. Stability Constant of Dichloro(triphenylphosphine) nickel(Il):

The stability constant of the 1:1 dichloro(triphenylphosphine)

complex was measured by using the molar ratio method.

Absorptions were measured using the ultra-violet spectroscopy at A,| max.

The maximum absorption was obtained when the nickel(II)-triphenyl

phosphine ratio was 1:1: (see appendix 4.2.) which describe the mole

ratio versus the absorbance indicate that the complex was formed at

maximum absorbance (1:1 mole ratio) and then became stable.

From the graph A and Aex were measured and the stability constant was

determined.

The result obtained (log ki = 4.8) was found to be in good agreement in

comparison with other related complexes. (Log K1 = 3.9, given by

Gueloglu)(34).
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4.4.3. Stability Constant of Dichloro(triphenylphosphine) cobalt(II):

The stability constant of the 1:1 dichloro(triphenylphosphine)

cobalt(II) complex was measured by using the molar ratio method.

Absorptions were measured using the ultra-violet spectroscopy at A,|

maximum.

The maximum absorption was obtained when the cobalt(II)-

triphenylphosphine ratio was 1:1: (see appendix 4.3.) which describe the

mole ratio versus the absorbance indicates that the complex was formed

at maximum absorbance (1:1 mole ratio) and then became stable.

From the graph A and Aex were measured and the stability constant was

determined.

The result obtained (log ki = 5.1) was found to be in good agreement in

comparison with other related complexes. (Log K2 = 6.8, given by

Hamoud)(44).

4.4.4. Stability Constant of Dichloro(benzofurazan-l-oxide)

copper(II):

The stability constant of the 1:1 dichloro(benzofurazan-1-oxide)

copper(II) complex was measured by using the molar ratio method.

The absorptions were measured using the ultra-violet spectroscopy at A-!

maximum.

The maximum absorption was obtained when the copper(II)-

benzofurazan-1-oxide ratio was 1:1: (see appendix 4.4.) which describe

the mole ratio versus the absorbance indicate that the complex was

formed at maximum absorbance (1:1 mole ratio) and then became stable.

From the graph A and Aex were measured and the stability constant was

determined.
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The result obtained (log k| =4.9) was found to be in good agreement in

comparison with other related complexes. (Log Ki = 5.2, given by Me.

Enyre)(41).

4.4.5. Stability Constant of Dichloro(benzofurazan-l-oxide)

nickel(II):

Nickel(II) benzofurazan-1 -oxide complex was prepared by spectral

method. By using ultra-violet spectrophotometric at X max the

absorptions were measured. Using molar ratio method for determination

the stability constant.

The maximum absorption was obtained at 1:1 ratio (see appendix 4.5.).

From the graph A and Aex were measured and the stability constant was

determined.

The result obtained (log k| = 4.8) was found to be in good agreement in

comparison with other related complexes. (Log Ki = 5.2, given by Me.

Enyre)(41).

4.4.6. Stability Constant of Dichloro(benzofurazan-l-oxide)

cobalt(II):

Cobalt(II) benzofurazan-1-oxide complex was prepared by spectral

method. By using ultra-violet spectrophotometric at X maximum the

absorptions were measured. Using molar-ratio method for determination

the stability constant.

The maximum absorption was obtained at 1:1 ratio (see appendix 4.1).

From the graph A and Aex were measured and the stability constant was

determined.

The result obtained (log ki = 4.6) was found to be in good agreement in

comparison with other related complexes. (Log k| = 5.2, given by Me.

Enyre)(4i).
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4.5. Conclusion

New complexes of benzofurazan-1-oxide with copper(ll),

nickel(II) and cobalt(II) were prepared for the first time in this

department. Benzofurazan-1-oxide was reacted with the metal chloride

under reflux conditions using diethyl amine as a solvent.

These complexes are charactrised and identified using infra-red,

ultra-violet spectra and melting point determination. It is to be concluded

that the type of donor atom in the ligand has a distinct influence oa the

stabilites of complexes.

Triphenylphosphine in these complexes is bonded to the copper(II),

nickel(II) and cobalt(II) atom through both the phosphorous atoms giving

a four membered ring:

Ph3-P Cl

MC12. 6H2O + ph3P -> MT

ph3-P ' ^ Cl

(where M = Cu(I1), Ni(II), Co(II))

On the other hand the benzo furazan-1-oxide is bonded to the atom

through both nitrogen atoms giving a four membered chelate ring:

MC12.6H2O

59



The logarithms of the first stability constant of the copper(II),

nickel(II) and cobalt(II) chelates with triphenylphosphine were found to

be 4.9, 4.8 and 5.1(k|) respectively.

On the other hand, the corresponding values for the benzofurazan-1-oxide

were found to be 4.9, 4.8 and 4.6 (ki).

The melting point values of the Cu(Ii), Ni(II) and Co(ll) with

triphenylphosphine were found to be 240, 235 and 225 C respectively,

and with benzofurazan-1-oxide were found to be 193, 190 and 180 C.

The results of stability constants and melting points are in good

agreement with the Irving Williams(4:3) order which shows that the

stability order of metal ions increase in the order below:

Fe < Co < Ni < Cu:
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Appendix (1):

The Outer Electronic Configuration of the Atom and Some

Ions of the First Transition Series.

Element

Sc

Ti

V

Cr

Mn

Fe

Co

Ni

Cu

Zn

Outer Configuration

M

3p63d]4s2*

3p63d24s2

3p63d34s2

3p63d44s'

3p63d54s2

3p63d64s2

3p63d74s2

3p63d84s2

3P
63dI04s]

3p63d104s2*

M+

-

-

-

-

-

-

-

-

3p63d10*

-

M2+

-

3p63d2

3p63d3

3p63d4

3p63d5

3p63d6

3p63d7

3p63d8

3p63d9

3p63d10*

M3+

3P6

3p63d'

3p63d2

3p63d3

3p63d4

3p63d5

3p63d6

-

-

-

* Is Non Transitional.
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Appendix (2):

The Colours and Number of 3d Electron Present in Some

Hydrated Ions.

Ions

Sc3+

Ti3+

V3+

Cr3+

Mn2+

Mn3+

Fe3+

Fe2+

Co2+

Ni2+

Cu2+

Zn2+

Number of 3d electrons

3d0

3d1

3d2

3d3

3d4

3d5

3d5

3d6

3d7

3d8

3d9

3d10

Colours

Colourless

Purple

Green

Violet

Violet

Pink

Yellow

Green

Pink

Green

Blue

Colourless
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Appendix (3):

The oxidation states shown by the first transition series:

Sc

3

Ti

4

3

2

V

5

4

3

2

Cr

6

3

2

Mn

7

6

4

3

2

Fe

6

3

2

Co

4

3

2

Ni

4

2

Cu

2

1

Zn

2

Appendix (4):

(4.1) Determination of Stability Constant of 1:1 Copper(II) and

Triphenylphosphine by Molar Ratio:

[Cu ] = 0.l [T.p.p] = 0.l T = 30C

Cu2+

Cm3

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.00

Ligand

Cm3

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

Water

Cm3

4.00

3.75

3.50

3.25

3.00

2.75

2.50

2.25

2.00

2.75

L/

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

a

0.109

0.182

0.200

0.231
0.280

0.320

0.350

0.393

0.426

0.301

Ar

0.109

0.014

0.027

0.040

0.00

0.037

0.075

0.112

0.151

0.301

Am-Ar

0.00

0.168

0.173

0.191

0.280

0.284

0.275

0.281

0.275 .

0.00

Where:

Am = the measured absorbance of the mixture.

Ar = the absorbance of the remain ligand.

Am —Ar = the absorbance of the complex formed.
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0.00 0.5

Fis.(4.1)
The absorbance versus mole ratio of triphenylphosphine per mole

of copper(II).
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From the graph

A = 0.280

Aex = 0.295

Cm

Aex

1- A"̂ 1- A . 1

11-

n (-\ n

^3-^K n= 0.280 (4x10")

0.295

4x103- 1-0.280

0.295J

1-0.280 . 1

0.295 1

n (4x103')

K,= 3.796

0.0416x103-

K, = 91.25 x 10-

Log ki = 4
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(4.2.) Determination of Stability "^Constant of 1:1 Nickel(II) and

Triphenylphosphine by Molar Ratio:

[Ni2+] = 0.1 [T.p.p] = 0.1

T = 30C

Ni2+

Cm3

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.00

Ligand

Cm3

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

Water

Cm3

4.00

3.75

3.50

3.25

3.00

2.75

2.50

2.25

2.00

2.75

L ,
'M

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

a

A in

0.120

0.182

0.171

0.233

0.260

0.283

0.321

0.52

0.388

0.287

Ar

0.120

0.045.

0.030

0.015

0.00

0.35

0.071

0.107

0.143

0.287

A -A

0.00

0.137

0.141

0.218 •

0.260

0.251

0.250

0.245

0.245

•o.oo

70



0.00 0.5 1 1.5 2 L/M

Fig. (4.2)
The absorbance versus mole ratio of triphenylphosphine per mole

ofnickel(II).
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From the graph

A = 0.260

Aex = 0.275

Kn= A

cm 1 - A l 1- A . 1

•£~*-exJ — ^ * - P V **•

n /-i n

^3-^= 0.260 (4x10J")

0.275

4x103- 1-0.260

0.275J

1-0.260 . 1 11 (4xlO3-)

0.275 1

K. = 3.76

0.0576x10 3-

K, = 65.27 xlO3

Log k, =
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(4.3.) Determination of Stability Constant of 1:1 Cobalt(II) and

Triphenylphosphine by Molar Ratio:

[Co2+] = 0.1 [T.p.p] = 0.1

T = 30C

Co2+

Cm3

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.00

Ligand

Cm3

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

Water

Cm3

4.00

3.75

3.50

3.25

3.00

2.75

2.50

2.25

2.00

2.75

L/

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

a

Am

0.093

0.136

0.199

0.241

0.287

0.313

0.342

0.387

0.413

0.290

Ar

0.093

0.034

0.023

0.011

0.00

0.036

0.072

0.108

0.145

0.290

A "A

0.00

0.102

0.176

0.230 '

0.287

0.277

0.270

0.279

0.268

0.00

73



Am-Ar

0.00

Fig. (4.3)
The absorbance versus mole ratio of triphenylphosphine per mole

ofcobalt(II).
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From the graph

A = 0.287

Aex = 0.297

Kn= A .C n

*ex

cm 1 - A~] 1- A . 1

•A-eJ (-— A o v 11-

n r~> n

^3-^K, - 0.287 (4x10J-)

0.297

4 x l 0 T l - 0.287] f l -0.287 . 1 |n (4xlO3-)

0.297^ 0.297 1

K, = 3.864

0.0256 x 103-

= 150xl03

Log ki = §±
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(4.4.)Determination of Stability Constant of 1:1 Copper(II) and

Benzofurazan-1-oxide by Molar Ratio:

[Cu21] = 0.1 [B.F.O] = 0.1

T = 30C

Cu2+

Cm3

1.00

1.00

1.00

1.00

1.00

1.00

LOO

1.00

1.00

0.00

Ligand

Cm3

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

Water

Cm3

4.00

3.75

3.50

3.25

3.00

2.75

2.30

2.25

2.00

2.75

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

a

Am

0.113

0.193

0.214

0.288

0.280

0.289

0.283

0.294

0.298

0.291

A,.

0.113

0.014

0.028

0.042

0.00

0.011

0.027

0.034

0.045

0.291

Am7\ r

0.00

0.1 79

0.186 • ;

0.248

0.280 |

0.278

0.261 !

0.260

0.253
i

0.00 |
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0.00 0.5

Fig. (4.4)
The absorbance versus mole ratio of benzofurazan-1-oxide per

mole of copper(II).
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From the graph

A = 0.280

Aex = 0.297

-rn 1- A"

*-ex

1- A . _ 1 n r

K, = 0.280 (4x103

0.297

4x103- 1-0.280

0.297-

1-0.280 . 1

. 0.297 1

11 (4x103-)

K, - 3.768

0.0538x10

= 70.03xl0]

3-

Log ki = M
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(4.5.) Determination" of Stability Constant of 1:1 Nickel(II) and

Benzofurazan-1-oxide by Molar Ratio:
2+] = 0.1 [B.F.O] = 0.1

T = 30C

Ni2+

Cm3

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.00

Ligand

Cm3

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

Water

Cm3

4.00

3.75

3.50

3.25

3.00

2.75

2.50

2.25

2.00

2.75

L/

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

a

0.611

0.119

0.141

0.193

0.207

0.216

0.222

0.239

0.248

0.131

Ar

0.611

0.003

0.029

0.014

0.00

0.016

0.032

0.049

0.065

0.131

A 'A
"111 "̂ M-

0.000

0.076

0.112

0.179 •

0.207

0.200

0.190

0.190

0.183

0.000
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0.00 0.5

Fig. (4.5)
The absorbance versus mole ratio of benzofurazan-1-oxide per

mole of nickel(II).
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From the graph

A = 0.207

Aex = 0.219

n = A . C r

Aex

Cmfl- A i 11- A . 1 n /-I n

n

^3-^
K, = 0.207 (4xlOJ-)

0.219

4xlO3"| 1-0.207

0.219-

1-0.207 . 1

- 0.219 1

11 (4xl0J l

K, = 3.76

0.057x103-

K, = 65.96x10"

Log k, = 4
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(4.6.) Determination of Stability Constant of 1:1 Cobalt(II) and

Benzofurazan-1-oxide by Molar Ratio:

[Co2+] = 0.1 [B.F.O] = 0:i

T = 3 0 C

Co2+

Cm3

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.00

Ligand

Cm3

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

Water

Cm3

4.00

3.75

3.50

3.25

3.00

2.75

2.50

2.25

2.00

2.75

L/

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

a

0.082

0.095

0.132

0.153

0. 185

0.188

0.198

0.201

0.215

0.110

Ar

0.082

0.0307

0.0205

0.010

0.00

0.013

0.027

0.041

0.055

0.110

A m A,-

0.000

0.064

0.112

0.143

0.185

0.175

0.171

0.160

0.160

0.000
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0.2
0.198
0.185

0.00 0.5

ig. (4.6)
The absorbance versus mole ratio of benzofurazan-1 -oxide per

mole of cobalt(II).
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