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Abstract

Solvothermal synthesis of Zn (II) ion with mixed ligand 2,2’-Bipyridine and citric acid
resulted in new Zn:Hcit:(bpy): (1) [Zn3(CsH507)2 (C10HsN,)3.(H20), 1.6H20.(NH3)3 and
Zn:Hcit:(bpy)2 (2) [Zn3 (CsH507)2 (C10HsN2)s] (Hcit=citric acid, bpy =2,2’-Bipyridine )
the first was obtained from zinc chloride, citric acid and 2,2-bipyridine in 3:2:3 molar
ratio while the latter was obtained in 3:2:4 molar ratio. The coordination of the complex
depends on the variations of pH value and metal to ligand ratio. The synthesis of Mn (I1)
complex Mn; Hcit:(bpy),, [Mn3(CsHs07),2 (C10HsN2)4.(H20), 1.12H,0 was obtained from
hydrated manganese salt, citric acid and 2,2’-bipyridine in 3:2:4 molar ratios respectively.

The complexes were characterized on the bases of elemental analysis, molar

conductance, FT-IR and Uv-vis spectroscopy.
Key; Zn: Hcit: (bpy)1=( Hcit= citric acid, bpy =2,2’-bipyridine)
Zn: Hcit:(bpy):

Mn: Hcit:(bpy)2
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CHAPTER ONE

1. INTRODUCTION

Coordination complexes are considered to be a significant class of compounds in
chemistry due to their structural diversity and binding protocols [1 ]. Such complexes
find interesting applications in a variety of fields like catalysis and biology. For many
years biology and coordination chemistry were considered as separate fields of research.
Now research has proved that coordination compounds play some important and
diversified roles in biological systems like energy storage, oxygen transport, proper
functioning of different enzymes, electron transfer, and selective oxidation of carbon-
hydrogen bonds, nitrogen fixation and photosynthesis [2 ]. Studies revealed that metal
complexes show greater biological activity than free organic compounds. Augmentation
of biological activity is reported by implementation of transition metals into Schiff bases.
In fact, lipophilicity of a drug is increased through the formation of chelates which

increases the drug action due to its effective permeability into the site of action [3 ].

A Schiff base (or azomethine) is a class of organic compound that contains a carbon
nitrogen double bond with the nitrogen atom connected to an alkyl, aryl or hetero aryl
group, but not hydrogen. They have the general formula R1R,C=N-R3, where R3 is an
alkyl, aryl or hetero aryl group that makes the Schiff base a stable imine. Hugo Schiff a
German chemist reported the first Schiff base in 1864 [4 ].

Metal complexes of pyrimidine have been extensively studied in recent years owing to
their great variety of biological activity ranging from antimalarial, antibacterial,
antitumor, antiviral activities etc.[5,6 ] In this project works our investigation has been
concentrated on some of the multidentate ligands containing N and O donors that are
widely used in the synthesis of the novel metal complexes. Among these ligands | was
used 2, 2’bipyridine as N-doner and citric acid as O-doner ligands. The complexes have
been prepared and characterized using several physical tools, in particular elemental
analysis, molar conductance, infrared; and electronic spectroscopy were used to
investigate the chemical structure of the prepared complexes. Some common examples of

N-donor and O-donor ligands are given in Fig 1
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Fig 1: some common examples of N-donor and O-doner ligands



CHAPTER TWO
2. Literature review

2.1. Mixed-Ligand metal complexes

Mixed ligand complexes have been found to act as an active catalyst in reactions of
industrial importance including hydrogenation, hydro formation, and oxidative hydrolysis
of olefins and carboxylation of methanol. These complexes have also shown catalytic

activity in various oxidation reactions of environmental and biological importance [7-11].

The synthesis of a variety of mixed-ligand complexes of just one metal ion is imaginable,
and by considering different metal ions, a huge number of such complexes could be
synthesized. This provides an excellent chance for the study of structure-function
relationships. A large number of such complexes have been synthesized and studied.
Among them, mixed-ligand Cu(ll) complexes based on heterocyclic bidentate ligands
such as 1,10-phenanthroline, 2,2-bipyridine and related derivatives are of great interest
[12- 14 ]. Some mixed ligand complexes of Mn(Il), Co(ll), Cu(ll), Ni(ll) and Zn(lI),
(sheme-1) with o-vanillidene-2aminobenzothiazole and 1,10-phenanthroline were

synthesized and characterized by Neelakantan et al [15 ].
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Fig 2 structure of metal complex



Mixed-ligand M (Il) complexes based on heterocyclic bidentate ligands such as 1,10-
phenanthroline, 2,2-bipyridine and related derivatives was also studded. Among these
mixed-ligand Zn(II) complexes with curcuminate, 2,2 bipyridine, and carboxylates have
been reported.( two novel Zn(1l) compounds, [Zn(CH3COO)(cur)(bpy)](1)-CH30H-2H,0
and [Zn(PhCOO)(cur)(bpy)] (2)-CH30OH ).[16 ]. Combinations of Zn (I1) with cur— and
one of the aromatic spectator ligands (2, 2’-bipyridine, phenanthroline, terpyridine
derivatives, etc.) show anti-proliferative activity in different cancer cell lines in vitro.
Because of the cur— moiety, these complexes emit fluorescence light in the green part of
the spectrum, which enables investigation of their interaction with DNA and proteins by
optical methods [17, 18 ]. Furthermore, in some Zn (1) complexes with cur —, anti-

diabetic activity has also been observed [19 ].

Fig 3: Structure [Zn (CH3COO) (cur) (bpy)](1) and [Zn(PhCOO)(cur)(bpy)](2)

Literature review shows that many factors such as organic ligands, metal ions/metal
clusters, reaction conditions, temperature, pH value play an important role in the control
of the structures and functions of these hybrid materials [20 ]. Generally, these hybrid
materials could be rationally synthesized by selecting organic ligands and metal ions [ 21
]. A subtle change of one of the above factors such as the reaction temperature,
ligand/metal ratio, and pH value may lead to a drastic change in the structure in the
dimension and topology, as well as in the properties, which makes the control of the
obtained structure difficult [22-24 ].



To understand the influences of pH, metal/ligand molar ratio, and temperature on the
structures of the complexes and interaction of the zinc (I1) ion with the malato ligand to
give different coordination modes of certain monomeric and polymeric zinc malate

complexes was reported. [25 ]
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Fig 4 Synthesis of zinc (11) malato complexes at various pH values and the molar
ratio

In addition to the above Zn(Il) malato complexes two citrate phenanthroline mixed-
ligand complexes of zinc, [Zn(Hcit)(phen)(H20)][Zn,(Hcit)(phen),(H,0)s] 13.5H,0 (1),
and [Znz(Hcit),2(phen)a],.14nH,0 (2) with different metal-to-ligand molar ratio was
reported. The synthetic conditions for 1 and 2 are very similar except for the different
metal-to-ligand molar ratio and pH value. The first was obtained from the reaction of zinc

nitrate, citric acid and phenanthroline in a molar ratio of 3:2:3, while a slightly excess of



phenanthroline results in the formation of the product 2 in a molar ratio 3:2:4. [26 ]
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Fig 5 : pH and molar ratio dependent structure of (1) and (2)

2.2. Bipyridine and its chemistry

Bipyridine is an organic heterocyclic compound containing two pyridine rings linked at
one carbon site on each ring, with general formula C;oHgN,. Each ring holds a tri-
unsaturated six-membered ring of five carbon atoms and one nitrogen atom. Bipyridine is
a white solid to some extent soluble in water and soluble in organic solvents. Six isomers
of the simplest bipyridine exist. The rules of nomenclature would indicate the position of
N atoms in the ring. The six possible region isomers of Bipyridine: (1) 2,2'-bipyridine;
(:2) 2,3"-bipyridine; (3) 2,4"-bipyridine; (4) 3,3'-bipyridine; (5) 3,4'-bipyridine; (6) 4,4'-
bipyridine. It is prepared by the dehydrogenation of pyridine using Raney nickel [27 ]
2CsHs N — (CsHyN), + Hy
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Fig 6: synthesis of 2, 2’-bipyridine

2.3. Metal complexes of bipyridine

2, 2’-Bipyridine (2,2’-bipy) is a chelating ligand that forms complexes with most
transition metal ions that are of wide academic interest. Various of these complexes have
distinctive optical properties, and some are of interest for analysis. Its complexes are used
in studies of electron and energy transfer, supramolecular and materials chemistry, and
catalysis. It is a bidentate chelating ligand, forming complexes with several transition
metals. Ruthenium complexes and platinum complexes of bipy exhibit intense

luminescence, which may have practical applications.

Ru(bpy)2(Cl), is a typical precursor in most syntheses of ruthenium polypyridine
complexes, a family of chemicals of growing importance which has been tested as
mimics of photosynthetic centers [28 ], phosphorescent dyes for photovoltaic cells[ 39 ]
or light-emitting diodes[30 ], and fluorescent probes for biomolecules such as DNA[31 ]
It is prepared by heating of a solution of ruthenium (III) chloride, 2, 2’-bipyridine and

lithium chloride in N, N-dimethylformamide (DMF) and refluxing for several hours.

N
LiCI, DMF
RuClH,0 + S

Fig 7 : Complexation of bipyridine

Bipyridine complexes absorb strongly in the visible part of the spectrum. The electronic
transitions are characterized to metal-to-ligand charge transfer (MLCT). In the "tris(bipy)

complexes" three bipyridine molecules coordinate to a metal ion, formulated as

7



[M(bipy)s]™ (M = metal ion; Cr, Fe, Co, Ru, Rh and so on; bipy = 2,2'-bipyridine). These
complexes have six-coordinated, octahedral structures and two enantiomers as the

structures shown below.

7]
= N’.ﬂ, o
= /N| | =

A -isomer N\ -isomer

Fig 8: metal coordination mode of bipyridine

Important and classical coordination compounds 2, 2’-Bipyridine are
*Mo (CO)4 (bipy), derived from Mo(CO).
* [Ru (bipy) 3] Cl,, a well-known luminophore.

« [Fe (bipy)s]** is used for the colorimetric analysis of iron io
2.4. The chemistry of citric acid

Citric acid is a carboxylic acid commonly found in the metabolism of plants, animals, and
microorganisms [32 ] . Because it is one of the most important organic acids, it is widely
used in the food, beverage, chemical and metallurgical industries. Due to the wide
application of citric acid, its microbial production continues to be of interest for extensive
study [33 ]. Moreover, the large demand of citric acid indicates the need to find
alternatives for its efficient production either using low-cost substrates or by improving
the potency of the microorganisms.[34 ] . Citric acid belongs to the strongest fruit acid
and is commonly found in human organisms and plays a crucial role in the Krebs cycle
also called the citric acid cycle. Salts of citric acid occur in bones where they are

responsible for the regulation of the size of apatite crystals. Citric acid and its compounds



are used in medicine as supplements and drugs as well as in cosmetics as an antioxidant

and acidity regulator
2.5. Metal complex of citric acid

Citric acid shows a significant tendency towards the formation of all kinds of complexes
with metal ions, from relatively weak ones with alkali metal ions and alkaline earth metal
ions to very strong ones with heavy metal ions or lanthanides. Citric acid, a
hydroxycarboxylic acid, has been an attractive candidate as a linking agent in the design
of potentially useful coordination compound for its availability and naturally occurring
chelating ability. [35-36 ] Significant properties of the complex formation of citric acid
are associated with the character of their functional carboxyl and hydroxyl groups. The
relatively low protonation value of the carboxyl groups makes them a potential
coordination site of metal ions in the low pH values. Moreover; chelate complexes of
citric acid increase the bioavailability and assimilability of metal ions in biological
systems. [37-38 ]. Citric acid molecule comprises one a-position hydroxyl group, one a-
position carboxyl group, and two B-position carboxyl groups, and contains at least seven
potential donor sites capable of coordinating metal ions. This type of structure permits the
formation of coordination complexes of novel structure types [39-43].
Citric acid with the seven potentially O—donor atoms are an asymmetric ligand which can
be assembled around metal ions in diverse arrangements as a chelating and bridging
spacer. Citric acid is a very attractive agent in the design of potentially useful compounds
as monomeric, binuclear and polymeric complexes with both d- and f-electron metal ions
Citrate ligand is an asymmetric spacer, and can be assembled around metal centers in
diverse arrangements, consequently resulting in multidimensional coordination polymers.

The potential modes of metal coordination to citric acid are shown in scheme 5. [44 ]



=} i o c o &
a
1) 0/ ‘-\\0 O (W HO O“H—HM-——”O
el [} 9 \O o \G
e oH HO OH HO / /. OH
[+ o o, o
o, o AN
N/ R & - /Q
—— O
o o o o, o o
o
OH aH
Q. (o] 0,
b) w m
o 0
o
OH o \ [a]
/ vl
Q Q—iu M—0

Fig 9 : coordination mode of citric acid

Numerous metal complexes of this potentially multidentate ligand have been studied.
The reactions of citric acid (CgHgO7 ) with various divalent transition metals (Cd, Zn, Cu,
and Co) in acidic solution or under hydrothermal conditions (pH ) = (1-4) have resulted
in the isolation of five new coordination compound with versatile multidimensional
structure. The five metal citrate complexes, namely, [Cds(Hcit)2(H20)s,H20], (1),
[Cd3(Hcit)2(H20)2]n  (2),  [Zns(Heit)o(H20)2]n  (3)  [Cuz(Hcit)(H20)2]n  (4), and
[Co(Hocit)(H20)]n (5) [45 ] . The formation of metal citrate complexes is frequently
influenced by pH, mole ratio, temperature, and concentration of the reactants. By control

of the reaction conditions, it is possible to prepare complexes with specific structures [46]

H=7.0 .
P = (NH,)4[Zn(Hcit),] (3)
A
pH=7.0||pPH=2.0
- i pH=2.0 )
Zn~" + Hyeit + H,O > |[Zn{H,cit)}(H,0)],, (1)
i
pH=2.0 lpH =4.0
H=4.0 .
P = [Zn(H,0)]5,[Zn(Heit), ],(2)

Fig 10 : Synthesis and inter conversion of Zn(l1) citrate complex
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2.6. The chemistry of divalent manganese, d°

Manganese is a silvery-gray metal that resembles iron. It is hard and very brittle, difficult
to fuse, but easy to oxidize [47 ]. Manganese metal and its common ions are
paramagnetic [48 |]. The most common oxidation states of manganese are +2, +3, +4, +6,
and +7, though all oxidation states from —3 to +7 have been seen. Manganese (Il) most
commonly exists with high spin, S = 5/2 ground state because of the high pairing energy
for manganese (I1). The ion forms many complexes in which the metal is octahedrally
coordinated and most of them are high spin implying the absence of ligand field. There
are no spin-allowed d—d transitions in Mn (11). Four spin forbidden bands are observed in
the visible region, which corresponds to °Ajg — *Tig, ®Arg — “Tag, °Asg — *Eg and °Ayg
— 4Alg transitions [49 ]. For the Mn (I1) complexes, there is only one configuration for
five unpaired electrons, which corresponds to the half-filled d-shell and is spherically
symmetric. The ground state term is °S and belongs to the GAlg group. The d-d transitions
for the high-spin manganese (I) complexes are spin-forbidden. The intensity of the
electronic transition from ground state (°S) to the states of fourfold multiplicity are very
weak and since Mn(11) ion has a d” configuration the same type of energy level diagram

is applied whether the metal ion is in octahedral or in tetrahedral environments [50 ].
2.7. The chemistry of divalent zinc, d*°

Zinc is attractive metal as a central metal ion in coordination chemistry. It is the only
metal that is present in all enzyme classes and is the second most abundant trace metal in
humans after iron. In a variety of biological processes zinc performs different
physiological functions, e.g., as a structural component (zinc fingers), as a catalytic factor
(enzyme cofactors in six main enzyme classes), or as a signaling mediator. [51, 52]
Combinations of Zn (Il) with curcuminate (cur-) and one of the aromatic spectator
ligands (2 2’-bipyridine, phenanthroline, terpyridine derivatives, etc.) show anti-
proliferative activity in different cancer cell lines in vitro. [53 ] Furthermore, in some
Zn(I1) complexes with curcuminate, anti- diabetic activity has also been observed [54 ].
The divalent zinc ion is exceptionally stable concerning oxidation and reduction and so it
does not participate in redox reactions, in contrast to Mn, Fe, and Cu. The d°

configuration of Zn** indicates that zinc complexes are not subject to ligand field

11



stabilization effects and so coordination number and geometry are only dictated by ligand
size and charge. Zinc is an element of borderline hardness so that nitrogen, oxygen and
sulfur ligands can all be accommodated, in contrast to magnesium and calcium, which
favor binding to oxygen. Therefore, zinc binds strongly to many proteins [55 ] . This
metal ion is diamagnetic and does not possess any d-d transition due to a d°

configuration [56 ].

2.8. STATEMENT OF THE PROBLEM

Design and synthesis of organic chelating agents containing nitrogen and oxygen as
donor atoms and their metal complexes is an interesting field of research for their
different types of activities. In this case, bi-dentate N,N chelating agent such as 2,2’-
bipyridyl has played a vital role in building many mixed-ligand complexes for their
desired predictable co-ordination behavior and their electrochemical and photo physical
properties .but the PH dependent nature of Zn citrate with bipyridine was not much
studied. In this regard this paper presents effectiveness of the carboxyl groups of citric
acid and 2,2’-bipyridine in coordination and characterized the different structure at

different PH value.

2.9. Significance of the study

Metal complexes of pyrimidine have been extensively studied in recent years owing to
their great variety of biological activity ranging from antimalarial, antibacterial,

antitumor, antiviral activities. Therefore

I The study is used as supportive for further studies of metal complexes of

pyrimidine and

ii. The synthesized materials contribute to the fields of coordination chemistry.
Moreover, the worth of work is demonstrated by the investigation of the
properties that may be exhibited by the synthesized compounds on the basis of

their structural features.

12



2.10. Limitation

1. Absence of conductivity measurement in our laboratory.

2. It takes time to get the laboratory technician for running the sample (AAS).

2.11. Objective of the work

A new class of hybrid materials, coordination compounds has attracted tremendous
interests from scientists not only owing to their diverse topological frameworks but also
owing to their promising applications in luminescence, catalysis, magnetism, and gas
storage. Under this background, much effort has been devoted to this field with the aim
of rational design and construction of coordination compounds, and simultaneously,
many effective synthetic strategies also have been successfully established and developed
by chemists. Among these strategies to construct coordination compounds, the mixed-
ligand self-assembly strategy is one of the most effective and the most commonly used
methods to synthesize new functional Compounds. Based on the above considerations, in
this work, | was selected O-donor ligand citric acid and N-donor ligand ( 2,2-bpy) as the
mixed-ligand targeted to the synthesis and characterization of Mn(Il) and Zn(Il) metal

complexes in 3:2:3 and 3:2:4 metal -to -ligand ratio at different pH values.

13



CHAPTER THREE

3.1. Chemicals and Equipment

Chemicals; Zinc chloride (ZnCl;), manganese chloride tetra hydrate (MnCl,.4H,0 ) 2, 2-
bipyridine (C10HgN, ) and mono hydrated citric acid (C¢HgO7.H,O) were used. All
starting chemicals were reagent grade, purchased from Alfa-Aesar and used without
further purification. Other reagents and solvents used in this investigation are ammonium
hydroxide. nitric acid, perchloric acid, distilled water; DMSO, acetonitrile hexane, HAC,

and chloroform were also used.
3.2. Physical and analytical measurements

Zee nit 700 P (analytikjena) Flame-AAS was used to measure the amount of metal in
ppm (ng/ml) in their prepared 3x10™ M solution. Elemental analysis of C, H, and N was
determined using FLASHEA 1112 elemental analyzers. The IR spectra of the products
were taken using KBr pellets (Spectrum 65 PerkinElmer) in the range of 4000 -400 cm™.
The electronic (Uv-Vis) absorption spectra were measured on SPECTRONI
GENESYTM 2PC Uv-Vis spectrophotometer in the range of 200 — 800 nm region in
distilled water and DMSO. The melting point was determined using start SMP3, Digital
Melting point apparatus. Molar conductance of the complex in distilled water was

recorded at room temperature with JANEWAY 4330 conductometry.
3.3, Synthesis of the complexes
3.3.1 Synthesis of Zn:Hcit:(bpy), complex (3:2:3 ratio)
Procedure-1

e ZnCl, (0.41 g, 3.0 mmol) was dissolved in 50 ml distilled water in 250 ml

volumetric flask.

e Citric acid (0.42 g, 2.0 mmol) and 2.2-Bipyridin (0.468 g, 3.0 mmol) were added

to a stirred solution of ZnCl, solution.

e The pH of the solution was adjusted to 5.1 with ammonium hydroxide and

magnetic stirrer was added.
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e The mixture was heated in a water bath at 60 °C for about 96 hours.

e The mixture was allowed to stand and cooled to room temperature and put in the

refrigerator for two days to give a solid crystalline product.

e The product was isolated by filtration and dried in air (Yield; 200.4 mg, 15 %).

50ml w
3 Zn2+ +2 C6H807 HZO +3 ClOH8N2 [ Zn3 ( CSH507) 2 ( C10H8N2 ) 3 ( Hzo )2] + 6H*
60 °C
con. stirr

3.3.2 Synthesis of Zn:Hcit:(bpy), complex (3:2:4 ratio)

Procedure-2

e ZnCly(0.41 g, 3.0 mmol) was dissolved in 50 ml distilled water in 250 ml

volumetric flask.

e Citric acid (0.42 g, 2.0 mmol) and 2.2-Bipyridine (0.624 g, 4.0 mmol) were added
to stirred solution of ZnCl,.

e The pH of the solution was adjusted to 5.5 with ammonium hydroxide.
e A magnetic stirrer was added.

e The mixture was heated in a water bath at 60 °C for about 96 hours.

e The light pink color is observed.

e The mixture was down from the stand and cooled to room temperature and then

put in the refrigerator for two days to give a solid crystalline product.

e The product was isolated by filtration and dried in air (Yield; 294.1 mg, 20%).

50m| w
32Zn?" +2 CgHgOy7 .HpO + 4( C1oHgN)15 —————————— [ Zns (CgHs07) 5 ( C1oHgN2 ) 6 1. 2H,0 + 6H*
60 °C
con. stirr
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3.3.3 Synthesis of Mn:Hcit:(bpy), complex (3:2:4 ratio)

Procedure-3

e MnCl,.4H,0 (0.41 g, 3.0 mmol) was dissolved in 50 ml distilled water in 250 ml
volumetric flask

e Citric acid (0.42 g, 2.0 mmol) and 2.2-Bipyridine (0.624 g, 4.0 mmol) were added
to stirred solution of MnCl,.4H,0

e The pH of the solution was adjusted to 5.5 with dilute ammonium hydroxide.
e The mixture was heated in a water bath at 60 °C for about 96 hours.
e The black color is observed.

e The mixture was allowed to cool to room temperature to give a solid crystalline

product.

e The product was isolated by filtration and dried in air (Yield; 260.8 mg, 18%).

50ml w
3 Mn?* + 2 CgHgO7 .H,0 + 4 CioHgN, » [Mn3 ( CgH507) 5 ( CioHsN,) 4.( HO )] + 6H*
60 °C
con. stirr

16



CHAPTER FOUR
4. Results and discussions

4.1. Physical properties

The prepared metal complexes were stable at room temperature having various colors
with a melting point / decomposition temperature of greater than 300 °C .Zinc (II)
complexes is soluble in water, DMSO, and acetic acid but insoluble in hexane and
chloroform. Mn (1) complex is partially soluble in water, DMSO and acetic acid but
insoluble in chloroform and hexane. The purity of the complexes was tested by TLC. A
single spot for each of the complexes was observed which confirms the purity of the

complex.

Table 1: Physical characteristics of the complexes

M.pt
Compound Color Appearance | /Decomposition Yield

Temperature °C

Zn:Hcit (bpy): Grey Powder 362 15.45%
Zn:Hcit: (bpy)> Pinc Powder 370 20.24%
Mn:Hcit:(bpy) Black Powder 325 18.35%

4.2. Elemental analysis

For Zn:Hcit:(bpy): complex the elemental analysis result showed that the calculated
percentage values of C, H, and N were closed to the experimental measured values of C,
H, and N. This correlation of calculated values and the experimental measured values of
C, H and N, indicating the formation Zn:Hcit: (bpy): complex with the formula
[Zn3(CsH507)2(C10HsN2)3.2H,0].6H,0.(NH3)3 which its total number of each atoms are

(empirical formula) C4,Hs9NgO2ZnN3
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In, Zn; Hcit: (bpy), complex the calculated percentage values of C, H and N was closed
to the experimental measured values of C, H, and N, respectively. This calculated values
and the experimental measured values of C, H and N, indicating the formation of
Zn:Hcit:(bpy), complex with the formula [Zn3 (CsH507)2(C10HsN2)s].2(H20) which its

total number of each atoms are (empirical formula) C7,Hg2N12016Zn3.

In Mn: Hcit: (bpy), complexes the calculated percentage values of C, H and N was closed
to the experimental measured values of C, H, and N, respectively. This calculated values
and the experimental measured values of C, H and N indicating the formation of
Mn:Hcit:(bpy), complex with the formula ( [Mn3(CgHs07)2 (C10HgN2)4.(H20)2]=12H,0)

The elemental analyses of the metal complexes are summarized in table 3.

Table 2: Elemental analysis of the metal complex

Compound C% H % N %
Cal (found) Cal (found) Cal (found)
Zn:Hcit:(bpy): 40.74 (41.07) 4.8 (5.66) 10.18 (10.14)
Ca2Hs59NgO222n3
Zn:Hcit:(bpy)s 56.87 (58.33) 4.08 (5.7) 10.97 (11.75)
C72Hg2N12016Z03
Mn:Hcit: (bpy)s 43.98 (44.42) 4.97 (4.40) | 7.89 (7.15)
Cs2H70Mn3NgO2s
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4.3. Molar Conductance

The complexes were dissolved in distilled water and the molar conductivities of 10 * M
of their solutions at 25 °C were measured. The Specific conductance (k) of 10° M
solution of the complexes at 25 °C is 0.01 mS/cm for Mn: Hcit: (bpy),, 1 mS/cm for Zn:
Hcit: (bpy): and 0.53 mS/cm for, Zn: Hcit: (bpy).. The relation AM=1000k/M is used to
calculate the molar conductance (AM) of the complex where M is the molar
concentration of the complex, k is the specific conductance. When these values are
converted by using the above relation the molar conductance, Am, of the complex
tabulated in table 4.

Table 3 Molar Conductivity of the metal complexes in distilled water

Metal Am in Type of
Complex Solvent S /cm? mol Electrolyte
Zn:Hcit:(bpy), | Distilled Water 1000 Electrolyte
Zn:Hcit:(bpy), | Distilled Water 530 Electrolyte
Mn:Hcit:(bpy), | Distilled Water 10 Non electrolyte

4.4. IR spectrum of the complex

When the IR spectra of the Zn:Hcit:(bpy):, Zn:Hcit:(bpy), and Mn:Hcit:(bpy). metal
complexes were compared with that of the IR spectra of free 2, 2-bipyridine (ligand)
certain shifts and new bands were found. Free citric acids contain two functional groups
carboxyl group and alcohol therefore it shows a very strong and broadband covering the

wide range between 2500 cm™ to 3500 cm™ for the O-H stretching.

In the free 2,2-bipyridine, a weak band observed from 3100-2900 cm™ due to C-H (Ar)
stretching. A strong band observed at 1581 cm™ and 1559 cm™ is due to C=C (Ar)
stretching. Two bands at 1457 and 1416 cm™ correspond to C=N stretching. The band
observed between 900 — 650 cm™due to C-H (Ar) out of plane bending.
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Comparison of the free citric acid and 2,2-bipyridine spectra with that of the
Zn:Hcit:(bpy):, Zn:Hcit:(bpy), and Mn:Hcit:(bpy), complexes, the following are the main

features.
The notable features of the IR spectrum of Zn:Hcit:(bpy), complex.

(i), The new strong broadband formed at 3428 cm™ in the Zn: Hcit: (bpy): complex
indicates the presence of vO-H stretching of water.

(i), The (C-H) stretching vibration frequency in the free 2.2-Bpy ligand at 3053 cm-
13000 cm™, and 2922 cm™ was shifted to 3104 cm™, 3062 cm™, and 3030 cm™ in Zn:

Hcit:(bpy); is an indication of the involvement of the ligand to the complex.

(iii), There are two regions of the infrared spectra of aromatics that distinguish aromatics

from organic compounds that do not have an aromatic ring. This is;
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«2000 cm™ - 1665 cm™ (weak bands known as "overtones")
900 cm™ - 675 cm™ v C-H bend (out-of-plane or "oop" bands)

The weak overtone bands observed in the range of 2020 cm™ — 1860 cm™ in the complex

has confirmed the involvement of aromatics ( 2,2-bipyridine) in the complex.

(iv). vC=C at 1581 cm™ and 1559 cm™ in the free 2,2-bipyridine shifted to 1599 cm™
and 1566 cm™ in the complex respectively indicates the formation of Zn:Hcit:(bpy):

complex

(v). The bands at 1457 cm™ and at 1416 cm™ in the free 2,2-bipyridine shifted to strong
sharp multiple bands at 1495 cm™ - 1444 cm™(characteristic of v C=N),. This may be
taken as evidence for the fact that the condensation (involvement) of the ligand was

successful

(vi), another sharp band observed at 1252 cm™ was assigned for C-N vibrations of 2,2-
bipyridine, these vibrations were shifted to 1319 cm™ in the FTIR spectra of metal
complexes. This observation suggested that the nitrogen atom on 2, 2’- pyridine ring

formed a coordinate bond during the complexation.

(vii). The band at 1040 cm™ and 892 cm™ in the free bipyridine shifted to the sharp
peaks at 1158 cm™, 1018 cm™ and 906 cm™ is characteristic of C-H (Ar) in-plane

bending confirms the involvement of aromatics in the complex .

(viii). The disappearance of a sharp strong peak at 758 cm™ in the free 2,2’- bipyridine
and the appearance of two peaks in this region at 727 cm™ and 771 cm™ in the complex is

an assignment to the C-H (Ar) out-of-plane bending of the spectrum.

(ix). The appearance of medium intensity band in the region 462 cm™ and 412 cm™ is
assignable to Zn-N and Zn-O stretching. These assignments are based on the fact that
oxygen is more electronegative than nitrogen, the M-O bond tends to be more ionic than
the M-N bond and, therefore, M-O vibrations were expected to appear at lower

frequencies than the M-N vibration.
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IR Spectrum of Zn: Hcit: (bpy):
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The notable features of the IR spectrum of in Zn: Hcit: (bpy).

In the comparison of the complex to the free ligand, the IR spectrum of Zn (Il) in both

ratios is similar except a little shift of the band.

(i), The new strong broad band formed at 3400 cm™ in the complex indicates the presence
of vO-H stretching.

(ii), The (C-H) stretching vibration frequency in the free 2.2-Bpy ligand at 3053 cm’
113000 cm™, and 2922 cm™ was shifted to 3101 cm™, 3056 cm™, and 3030 cm™ in Zn:

Hcit:(bpy), is an indication of the involvement of the ligand to the complex.

(iii), The over-tones, finger-like weak bands between 2020 cm™ - 1860 cm™ confirm the

existence of aromatic ring in the complex.

(iv), vC=C at 1581 cm™ and 1559 cm™ in the free 2,2’-bipyridine shifted to 1596 cm™
and 1552 cm™ in the complex respectively indicates the formation of Zn:Hcit:(bpy).

complex
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(v), The appearance of strong sharp multiple bands in the region 1495 cm™ - 1442 cm -

Ycharacteristic of v C=N

(vi), Another sharp band observed at 1252 cm™ was assigned for C-N vibrations of 2, 2’-
bipyridine, these vibrations were shifted to the lower frequency of 1315 cm™ in the FTIR
spectra of metal complexes. This observation suggested that the nitrogen atom on a 2, 2’-

pyridine ring formed a coordinate bond during the complexation.

(vii), The band at 1040 cm™ and 892 cm™ in the free bipyridine shifted to a strong sharp
peaks at 1161 cm-*, 1018 cm™ and 906 cm-! is the characteristics of C-H (Ar) in-plane

bending confirms the involvement of aromatics in the complex.

(viii), The disappearance of a strong peak at 758 cm™ and the appearance of two peaks at

779 cm™ and 727 cm™ is the characteristics of aromatic C —H bend out of the plane.

(ix), The appearance of medium intensity bands in the region 440 cm™ and 419 cm™ are

assignable to Zn-N and Zn-O stretching.

IR Spectrum of Zn: Hcit: (bpy).
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The notable features of the IR spectrum of Mn: Hcit: (bpy).

i, The new strong broadband formed at 3378 cm™ in the complex indicates the presence

of vO-H stretching of water.
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ii, The (C-H) stretching vibration frequency in the free 2.2-Bpy ligand at 3053 cm-*,3000
cm™ and 2922 cm™ was shifted to 2843 cm™, 2489 cm™, 2142 cm™ respectively are

asymmetric and symmetric CH, stretching.

iii, The bands at 1457 cm™ and at 1416 cm™ in the free 2,2-bipyridine are disappeared
and the appearance of a strong broad band at the region of 1451 cm™ is the characteristics

of C=N of the ligand which confirms the involvement of 2,2’-bipyridine in the complex.

V, The band at 1040 cm™ and 892 cm™ in the free bipyridine shifted to the medium band
at 1072 cm™ and 942 cm™ are aromatic vC-H in-plane bending which indicate the

involvement of 2, 2’°-bipyridine.

Vi, The disappearance of strong band at 758 cm™ in the free bipyridine and appearance
of strong band at 861 cm™ and a weak band at 771 cm™ and 725 cm™ are aromatic vC-H
out plane bending.

Vii, The appearance of medium intensity band in the region 608 cm™ and 505 cm™ is

assignable to Mn-N and Mn-O bonding respectively.
IR Spectrum of Mn: Hcit: (bpy)
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Table 4: Summary of the IR spectral data

Chemical compound | 2.2-bip Zn:Hcit:(bpy): | Zn:Hcit:(bpy)2 | Mn:Hcit:(bpy)2
(ligand)
O-H stretching _ 3428 3400 3378
C-H stretching (Ar) 3053 3104 3101 2843
3000 3062 3056 2489
2922 3030 3030 2142 ,1796
C-H (Ar) bending
weak overtone 2000-1665 2020 -1860 2020 -1860
C=C stretching 1581 1599 1596
1559 1566 1552
C=N 1457, 1495, 1495,
1416 1444 1442 1451
C-N 1252 1319 1315 -
C-H bending in plane | 1040, 892 1158 1161,
1018,906 1018,906 1072&942
C-H bending out 758 771 779
plane 727 727 861, 771&725
M-N - 462 440 608
M-O 412 419 505

4.5. Electronic spectra

Electronic spectra measurements are very useful for assigning the stereochemistry of the

complex based on the position and number of d-d transitions. The electronic absorption

spectra of the Mn (1) and Zn (Il) complexes were recorded at room temperature using

DMSO and distilled water respectively.
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UV- VIS Spectrum of the free 2,2-bipyridine

The ligand 2,2-bipyridine has two bands at 234 nm and 280 nm due to n—x* transition
of the aromatic systems, while the other bands could be due to (C=N) chromophore

respectively.
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UV- VIS Spectrum of the complex Zn:Hcit:(bpy):

Three bands are observed at 242 nm, 295 nm, and 305 nm. The band at 242 nm is
attributed to m—7* transition of the aromatic region of the 2,2-bipyridine. The band
around 295 nm is due to the n —x* transition of the (C=N) group. The band at 305 nm is
attributed to n —7* transition of the carboxyl (C=0) group. The electronic spectrum of
the Zn:Hcit:(bpy);. complex provides evidence for the involvement of the ligand in the

complex as evidenced by a bathochromic shift of the ligand from 234 nm to 242 nm and
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280 nm to 295 nm. The new band observed at 305 nm corresponding to the C=0 function
of the carboxyl group providing evidence for the involvement of the citric acid in

coordination. As Zn?* is a d'° system no d-d transitions are possible.
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UV- VIS Spectrum of the complex Zn:Hcit:(bpy)

Similar to Zn: Hcit: (bpy): the above Zn: Hcit: (bpy), has three bands are observed at
235 nm, 286 nm, and 304 nm. The band at 235 nm is attributed to m=—n* transition of the
aromatic region of the 2,2-bipyridine. The band around 286 nm is due to the n —»=n*
transition of C=N. The new band at 304 nm is assigned to n —=n* transition of the
carboxyl (C=0) group of the citric acid which confirms the involvement of 2,2’-

bipyridine and the carboxylate groups of the citric acid in the complex respectively.

27



0.8 4
0.6 4
o 35
L] J
5 286
E 0.4 -
2 304
m -
0.2 4
0.0 4
| T | T T T | T | T | : 1
200 300 400 500 600 700 800

wave length (nm)

Uv-Vis spectrum of the complex Mn:Hcit:(bpy)

The Mn (I1) complex shows three bands at 319 nm, 355 nm 370 nm. The band at 319
nm is attributed to n—n* transition of the aromatic group. The band around 355 nm is

due to the n —x* transition of the C=0 group and 370 nm is n —a* of C=N.
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4.6. Conclusion

In summary, two zinc (1), (Zn: Hcit: (bpy): & Zn: Hcit: (bpy), and one Manganese (I1)
(Mn: Hcit: (bpy), compounds have been synthesized from the reactions of zinc chloride
with citrate and 2.2’-biyridine aqueous solution. The structural analysis shows that
slightly changing the metal-to-ligand molar ratio and PH value leads to the different
structures. The synthesized coordination complexes are trinuclear subunits, linked by the

carboxyl groups of citrate ligands.

Based on elemental analysis, Uv-vis, IR, and conductivity measurements the proposed
structure of Zn:Hcit:(bpy):, Zn:Hcit:(bpy). and Mn:Hcit:(bpy), complexes are distorted
octahedral. The proposed structures are shown below.
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Fig 11: Proposed structure of Zn: Hcit: (bpy):

Fig 12: Proposed structure of Zn: Hcit: (bpy).
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Fig 13: Proposed structure of Mn: Hcit: (bpy)

4.7. Recommendations

Coordination compounds play a great role in biological and other systems; therefore, the
synthesis, characterization and study of their properties are very important in
luminescence, catalysts and magnetism. In this project Zn(Il) and Mn(Il) mixed ligand
complexes which are derived from 2,2- bipyridine and citric acid ( N, and O doner
ligands) are synthesized and characterized. Therefore, it is recommended to continue the

project and gains the application from the mixed ligand complex.
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