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Chapter One
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1.1 Historical Development of Metal Containing Polymers:

It is both interesting and informative to brieflgresider the historical
development of the metal-containing polymer redeafield. Without
attempting to be exhaustive, a selection of somthefkey breakthroughs,
with an important influence on the development lt¢é aarea as shown in
Figure (1-1).

2000 — o metalloinitiators, self-assembled supramolecular structures
L — 7T- conjugated polymer s conatining metals, liquid-crystalline or ganocobalt polymers

coor dination polymers (d- or f- block metals), metallodendrimers,

ROP routesto polyferrocene block copolymers, Gconjugated polystannanes
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ROMP routesto block copolymer swith metal-containing side groups

inor ganic polymers (e.g. polysiloxanes) with metal-containing side groups
~~—_[well-characterized polyferrocenylenes
\ rigid-rod polymetallaynes (Pd , Pt)
1970 — ~ polyferrocene-siloxanes, polymer-supported catalysts
characterization of poly (vinyl ferrocene)

{ROP routes to polyferrocenes (e.g. polyferrocenylsilanes)

1960 —

-«——— synthesis of poly (vinyl ferrocene)
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Figure (1-1): Some Kkey breakthroughs in the field of metal-containing
macr omolecules.

The birth of polymer science can be traced to tbeeptance of
Staudinger's hypothesis, that polymeric materiaks @mprised of long
chain macromolecules, in the early 1930s. Thistéethe rapid subsequent

synthetic development of organic polymers and peratudies of their
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physical properties. The first soluble metal-camtag polymer, poly (vinyl
ferrocene) [1], was prepared by radical polymemain 1955. With the
growing interest in new polymeric materials withvebproperties, the 1960s
and early 1970s were times of much activity in @hea of metal-containing
polymer science. However, few, if any, well-chaeaizted, soluble, high
molecular weight materials were actually reportedird) this period. The
first well-characterized polymer of appreciable emilar weight with metal
atoms in the main chain, a polyferrocene-siloxaa¢enmal [2], was prepared
by Pittmann in 1974 through a polycondensatiortesgna Noteworthy work
by Neuse later in the same decade led to well-cheiaed but rather low
molecular weight polyferrocenylenes [3]. Also irethate 1970s, the first
reports of members of the important class of rigid- polymetallayne
polymers containing Pd and Pt [4] were made by kg, Takahashi, and
Sonogashir¥.
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A series of important developments in the area efatrcontaining
polymers occurred in the 1990s as a consequerzeanfge of key synthetic
breakthroughs. For example, ring opening polyméonaROP routes and

ROP-related processes have provided access to et@lifatenes such as
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polyferrocenylsilanes [5] and analogues with, feample, disulfido spacers
[6]. Also included are main-chain metal-containpaymeric materials with

controlled architectures, such as block copolyrfie?s
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In the early 1990s, homopolymers and block copotgmath metal-
containing side groups were also made availabléhbytechnique of ring-
opening metathesis polymerization (ROMPB) In 1993, transition metal-
catalyzed poly-condensation strategies yieldedfitisé polystannanes [7],
with main chains consisting of tin atoms, and vagfined organocobalt
polymers and coordination polymers (e.g. [8]) ipmoating a variety of

transition metal elements or lanthanide metals weseribed" >

Star and dendritic materials containing metal atertiser in the core,
at the periphery, or distributed throughout theittire were also described

around the same tinte®.

An exciting development from the late 1990s invsltlee creation of
metallo-initiators for controlled polymerization aeions that have
considerable synthetic potentf&l An interesting feature of many of the
polymers prepared in the late 1990s is the preseheeetal atoms as an
integral part of the main chains of heteroaromatmonjugated polymeric
frameworks. These materials (e.g. [9]) are the $ogtigrowing intere§t®

self assembled and hierarchical structures basedmetal-containing



Chapter one Introduction

polymers, such as liquid crystals, self-assembledkbcopolymer micelles
and superlattices, are also starting to attraehse attention, and this area is
set to expand rapidly during the"2aentury**°*°)

In the final section of this Introduction, the amtly available range
of synthetic routes for making polymers with metaisthe side-group

structure or main chain is reviewed.

Ln=Eu,La,Gd,Y,Yb
Q:— ,CHz,SOZ

1.2 Synthetic Routes of Metal-Containing Polymers:
1.2.1 The Synthesis of Side-Chain Metal-Containing Polymers:

The incorporation of metallic elements into thessgtoup structure of
high molecular weight organic and inorganic polysneas, in general, been
well-developed. Such materials, are generally aiickesby subtle variations
of the synthetic methods used to prepare the me@lmaterials and can

often take advantage of well-established orgamctional group chemistry.
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Representative examples of typical synthesis irclude free radical

polymerization of vinyl cymantrene to yield polyifyl cymantrene§* *2

[10] and the formation of polysilanes [11] and gaiipsphazenes [12] with
metallocene side groups, by condensation and m@grag polymerization,
respectivel#***)  The attachment of organometallic moieties to
phosphinated polystyrene to give [13] and to polygylene imine)

dendrimers to affordl14] provide further examples of successful synthetic

strategies.
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In certain cases, the presence of the metal-contamoiety can lead
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to significant restrictions upon the methods ofypmrization that can be
used. For example, in the case of polysilanes feitfocene side groups [11]
prepared by Wurtz coupling, it was found that afitsmo introduce high
loadings of ferrocene were unsuccessful and onétively low loadings of

the organometallic moiety were found to be achi@fab

c(o)cl
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1.2.2 Main-Chain Metal-Containing Polymers:
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For many applications, side-chain metal-containpnglymers are
sufficient. However, to access the most profourtérations in polymer
properties that arise from the presence of metahgin a polymer structure,
incorporation in the main is required. Potentiavattages of including
metals in the backbone of a polymer rather thathénside-group structure

include the following:

1) The influence of the varied geometries of traosimetal centered on the
conformational and thermophysical properties wdaddnore significant.

2) The development of materials with properties tieggend on the ability of

the metal atoms to interact with one another iorgtrolled manner would be

facilitated, as smaller changes in M...M distanceoaqguany backbone

motions compared to those of side groups.

3) Access to interesting charge-transport propeered other characteristics
that depend on delocalization effects would be festcas the metal could
potentially be placed directly in the conjugatiatipvay.

4) Leaching of the metal from the polymer would dgected to be less
problematic and this might be significant for cwtial or preceramic

applications.

Unfortunately, compared to side-chain metallopolsgnéhe synthesis
of main-chain metal-containing polymers is muchsldsveloped, although
significant progress has been made over the lastdecades of the 20
century. In short, the construction of long chatohtaining metal atoms
represents a challenging synthetic problem. Moreosggnificantly, the
synthetic problem becomes ever challenging as tbiartce between the
metal atoms in the backbone of the prospectiverpelic material decreases
and, consequently, the degree of "metallizationfobges more substantial
and the possibility for interesting metal-metakiwtctions is enhancéd.

1.2.3 Synthesis of Main-Chain Metal-Containing Polymers:
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Consideration of the main synthetic routes to oiggmolymers
illustrates the problems associated with the sygishef main-chain metal-

containing polymers (see Scheme 1.1).

There are two main methods of polymer synthesisrepeowth
polymerization and step-growth polymerizatiohs. Chain-growth
processes involve initiation, propagation and, ligu@rmination and chain-

transfer steps.

Significantly, the presence of reactive intermegiatadicals, cations,
anions, organometallic species, etc,) that reapidia with monomer
molecules in an efficient propagation step, gemerallows the facile
formation of high molecular weight polymeric mas¢si Indeed, a usual
characteristic of this type of polymerization istla high molecular weight
polymer is formed even at low monomer conversioncéntrast, in step-
growth polymerizations, the reaction intermediate® of comparable
reactivity to the monomers, and the generation igh molecular weight
materials requires stringently accurate reactioncktometry and ca-100%

. (Ilf)
monomer conversion-.

1.2.3.1 Addition Polymerization:

Addition polymerization of unsaturated organic nooiles (-alkenes,
acetylenes, isonitriles, etc.) provides a versatiid industrially important

route to many organic polymers.

Such processes have as their thermodynamic drivange the
conversion oft-bonds into new and more staldonds and proceed by a
chain-growth mechanism that involves radicals, asiocations or other
reactive species as intermediates. However, anafogolymerizations are
very difficult to use for the synthesis of metahtaining polymers, as
suitably reactive but stable multiple bonds invotyimetallic elements are

relatively difficult to prepare.
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In contrast to the situation for organic moleculds isolation of
stable species with multiple bonds that involvinggetallic elements usually
requires the presena& sterically demanding, oligomerization-inhibiting

ancillary ligation.

Although the addition polymerization of examplestloése materials
Is of great potential interest as shown below @o#) such chemistry is

virtually unexplored and very few studies have besgortedn the case of
species such as [{M=N] (M=Mo or W), with metal-nitrogen multiple

bonds, individual monomers [15] seem to be preferras attempted
dissolution of solid-state materials [16] that @ntextended M--N chains

leads to depolymerization.

The structures of the latter materials have beeatyaed by single-
crystal X-ray diffraction and show the presence altiernating strong
(effectively triple) and very weak (< single) bonidsthe metal-containing

chain§™'"). Similar features have been observed for analogamsdium

systems [GL,V =N]. (L, =diiminef*".
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Route A
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Scheme (1-1): The main synthetic routes of main-chain metal-containing polymers.
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solution solid state

1.2.3.2 Ring-Opening Polymerization (ROP):
A further common and important route to organicypmrs involves
the ROP process, and this methodology is used tnallysto prepare nylon-

6 and poly(ethylene oxide). In the vast majoritycakses, the presence of

ring strain provides the thermodynamic driving ®ifor the ROP process.

Most examples of ROP proceed by a chain-growtherolttdeed, the

discovery of ROP routes to polycarbonates and othaterials has the

advantage of providing access to polymers of maitestsintial molecular

weights than those typically available by polycomsiiort .

1C



Chapter one Introduction

Metal-containing rings are relatively well-knoW#, but few have
been studied with respect to their polymerizatiehdvior. Nevertheless, in
the last decade, a range of examples of succedR€IRl processes (Scheme
1-1, Route D) have been described for ferrocenoghaand related
derivatives, and this has provided access to higlecalar weight main-
chain polymetallocen&s. Thermal and transition metal-catalyzed ROP and
metal-catalyzed ring-opening metathesis polymaonafROMP) processes
have been reported for metallocenophanes and yrahd-opened
polymers§' %) (e.g. [17] and [18]

Several examples of living polymerizations havenbaehieved by the
treatment of [l] ferrocenophanes with anionic gtibrs. No appreciable
termination or chain transfer is observed and #sailting polymer chains
have a very narrow molecular weight distribution (M, ~ )*". The living
nature of the ROP process allows the sequentighpmization of different
monomers, and thereby provides access to block lyyopos and other

controlled architectures.

For example, treatment of phosphorus-bridged femophane [19]
with BuLi yields the living anionic polymer [20], kich reacts with silicon-
bridged [l] ferrocenophane [21] to yield the livibipck copolymer [22] and
the polyferrocenylphosphine-fc-polyferrocenylsidablock copolymer [23],
with a narrow polydispersity, upon hydrolytic wouk®".

11
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1.2.3.3 Condensations Polymerization:
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(23]

Early attempts to prepare main-chain metal-contginpolymers

mainly focused on the use of step-growth polycosd@on processes
(Sheme 1-1, Route B).
These routes work well for the synthesis of carbased polymer;

when difunctional organic monomers are used becgaserally the latter

are easily accessible in a high degree of purityis Bllows the stringent

12
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stoichiometry and conversion requirements that nedok fulfilled for the
formation of high molecular weight polymers by stgpwth
Polycondensation reactions to be satisfied.Thi® tgp methodology also
works reasonably well if the metal atoms desiredhim polymer backbone
are well-spaced. In such cases, organic functignaip chemistry can be
used to successfully couple the monomers, provited the synthetic
transformations are compatible with the stabilifythee metal center. How-
ever, severe problems arise when polymeric masandh main-chain metal
atoms in close proximity are desired. In these sagee functional group
chemistry needed for efficient monomer couplingpa®rly developed and
difunctional metal-containing monomers (dilithiatedecies, for example)
are often so reactive that they are difficult tegare and purify. Thus, in
many cases, exact reactant stoichiometries forcpalyensation reactions
cannot be achieved. This generally results in dnmétion of low molecular
weight macromolecules products that are well beloe critical
entanglement molecular weight necessary for thendaon of fabricated
materials (e.g. free-standing films, fibers, etgilh reasonable mechanical
strength$™.

To appreciate the requirements for accessing higlecular weight
polymers by step-growth polycondensation reactioasmore detailed
discussion is desirable. To access substantial aulalle weights (M>ca.
10,000) using a polycondensation of two difunctlom@onomers, two
stringent criteria need to be satisfied

First, exact reaction stoichiometries are requifiegl the functional
groups must be present in equal amounts) and sebaidconversions are

necessary (i.e. the extent of reaction must baalist 100%).

13
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1.3Type of metal-containing polymers.

Metal-containing conducting polymers can be dividetb three
types, known as types I, Il and (f). These are tethered, coupled and
incorporated respectively. Type | polymers haverttetal group tethered to
the conjugated backbone by a linker moiety sucanaalkyl group. In these
cases the polymer acts as a conductive electralytethe metal ions act in
similar way to an untethered group present in thigrper matrix. Type Il
polymers have the metal directly coupled to theymer backbone or
coupled to the backbone by a conjugated linker gradnich makes it easier
for the polymer and the metal group to affect eattier's properties directly.
Since conducting polymer backbone and many mete @ve redox-active,
systems can be electrochemically tuned. The tlypé of polymer has the
metal group directly incorporated into the conjegabackbone. In this type
the metal group has the greatest influence on topepties of the
conducting polymer. The three types of metallop@ysnare illustrated in
Figure (1-2).

type | type Il

type 11l

@ = metal group
- = conjugated backbone

Figure (1-2): Schematic representation of the three types of metallopolymers.

14
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Several method of synthesizing these polymers assible. These
include condensatiéy, ringopening metathe&3 and
electropolymerizatiofi’. Electropolymerization is a common method for
synthesising types | and Il and often results isolable thin films of
polymer being made.

The insolubility of these films can make their d&erization
difficult, as solution methods cannot be used. Eaample, accurate
molecular weight determination is impossible. Hoem\vhe advantages of
this method are that thin films can easily be mai@ the thickness and the
morphology can be controlled via control of thecalechemical parameters
such as potential, current density and depositina€”.

In addition, the electrochemical properties canshadied in situ,
allowing the polymer to be switched from a condugtto an insulating
state. Many of these polymers are based upon g aromatic
compounds such as pyrrole and thiophene and hawvy patential uses
such as in catalysts and senSots Type Il polymers cannot be
electrochemically synthesised. Only thiophene-bagee |1l polymers have
been successfully electropolymeriZ&d

Ring-opening and condensation methods are more ooitgmsed to
prepare this type of polymer. Examples include iplah based rod
polymer§", ferrocene based polymé&sand polysiland$’.

Figure (1-3) shows three examples of metallopolgmmepared by

condensation polymerization.

15
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———F
T(n-BU)s n
] Fe
T s
P(n-Bu)s

[23] [24]

[25]
3E=Si, Ge, Sn

Figure (1-3): Typelll metallopolymers prepared by condensation polymerization.

1.3.1 Type | Metallopolymers:

A number of complexes and other metal containingugs can be
tethered to a conjugated polymer backbone. Thesede various cyclaff’
and porphyrifi 7 complexes, ferroceff@, bipyridyl group§”, crown ether

complexe§” and sulfonic acid saff§. These are shown in Figure (1-4)

below:
0 .
\
g ST
N/ N, 1
L
)
T Bt

Figure (1-4): Tethered cyclam and porphyrin complex derivatives of polythiophene.
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Multicoloured electrochromism has been demonstravgth a
copolymer of a thiophene bearing a tethered” Niyclam and 3-
methylthiophene synthesised electrochemically etamitrile>".

The polymer is orange-red when neutral; green vtherthiophene is
oxidized and then turned blue when the nickel dlscame oxidized. The
nickel cyclam complex had several effects on thé&mer, because the
redox wave for a 3-functionalised thiophene shotveal distinct processes.
When polymers of bithiophenes with tethered fernecgroups Figure (1-5)
have been prepared, redox conduction was only ebdervhen the alkyl
chain was very shoft" *®. This was discovered bg-situ conductivity study
in which the conductivity of the polymer was measluover a range of
potentials. When the polymer chain was over sbb@as long, no redox

conduction was observed.

Figure (1-5): Metallopolymer with tethered ferrocene group.

1.3.2 Typell Metallopolymers:

A number of type Il conducting polymers are knowngluding
diimine polymers, pendant ferrocene complexes, aendis (salicylidene)
metal complexes, metallorotaxane polymers and cexapl polythiophenes.

Diamine groups such as bypyridyl, when they areaa pf the
polymer backbone have been used to complex witlnaber of metal ions.

17
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Metals that have been complexed include ruthenaapper and rhenium as

shown in figure (1-6).

[33]

\ / N/ /7 \ [,

O 5~O~ )0 COF
P

CgHy7 CgHy7
M = [Ru(bpy),][PFe)2, [Os(bpy).l[PFel>

CgH17

CgHi7

CgH17

[36][ . //_\< .

[\\_/<s\/

CgHi7 CgH17 CgHi7

Rabpy),*
2PF,

M=H", Fe?", Co?", Ni?*, cu?

[37] [38]

Figure (1-6): Polymers with diimine metal-binding sites.

Polymer [34] shown in Figure (1-6) can be dopedokidation and
reduction. It was made to complex with rutheniumg ats effect was to
decrease (make less negative) the potential refjtorelope it from below-
2.0t0 1.38 V Ag/A§ ™.

A similar polymer system to polymer [33], which s®luble, was
polymer [35] and [36] that is made from monomertsi@f four or six 3-

18
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octylthiophene units with a bypyridyl group on tlead . This was
complexed with ruthenium and osmium, which resulted a
photoluminescent polymer.

Polymer [37] has been prepared, complexed witmgeaf transition
metals, by placing the uncomplexed polymer in autsmh of metal
perchlorate salt in acetonitril@. Like the other polymers of this type, the
polymer could be doped both anodically and catradjic For the
uncomplexed polymer this occurred at -0.6V and ¥0Ag/Ag®. The
reduced polymer was weak to oxidation by atmosph@&xygen. When the
bypyridyl units were complexed with protons, thdypter also showed a
reduction peak at -1.3V, corresponding to the lo$shydrogen gas.
Introduction of the metal ions caused the polymer change colour
immediately from brown to violEf.

The ruthenium complexes of polymers [34] and [3&hwone of the
bithiophene removed, as well as ruthenium bipyratyhplexes of polymers
[34] and [38] were compared. All of the polymersplayed metal bipyridyl-
based and thienyl-based redox processes that tedhiigh redox
conductivity. Of these polymers produced, polym@&8][had the highest
conductivity at (0.33 Sij “°.

Another approach to the synthesis of type Il mepalymers was to
electropolymerise a monomer that was able to caxgohel then introduce a
metal, which has been done with bithiazole contayrpolymer [46]. Films
of the bithiazole polymer [41], shown in Figure {},- complexed with
rhenium were prepared by reacting the metal-frelgnper with rhenium
pentacarbonyl chloride and then silver hexafluoogphate to yield polymer

complexed to rhenium catiofi8.

1¢
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Figure (1-7): Polymerswith diimine and bithiazole metal-binding sites.

Conducting polymers with conjugated pendant grauigls metal ions
showed a greater degree of interaction with theémantones that had
saturated pendant groups (polymers [29] and [E4amples of these were
synthesized by Zotti when ferrocene derivativespofythiophene with

saturated and conjugated pendant groups were cedfpai’.

[42]

Figure (1-8): Metallopolymer with ferrocene group tethered with conjugated linker
group.

2C
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1.3.3 Typelll Metallopolymers:

Although the most common method of polymerizatidrthe above
examples was by electropolymerization, for polymeith the metal group
within the polymer backbone this method is mucls leemmon. For this
type of polymer, chemical polymerization was mucbrencommon?”.
These were the earliest metallopolymers synthesikkdre are three main

types of such polymers, represented schematicalygure (1-9).
X X
O
AN
X X n
-
r
A L M L A L M L
p———f——t

Figure (1-9): Schematic representation of typelll metallopolymers.

These can be either linear or three-dimensionalcamdbe obtained
with a wide range of physical and electronic prapsr Polymer chains can
be made through direct metal-metal bonding or tghodigand-metal
interactions. The conductivities of these systeramge from semi-
conducting (ca. 1HSm™) to highly conductive (ca. ®m?) “”. Examples
of such polymers are poly (metal tetrathiooxal&tés)rhese were highly
linear systems which were air stable, insoluble amainly amorphous
powders containing from three to eight monomeraunit
When pressed into pellets their conductivity ranffech 300 to 4500 Sth
for nickel and copper polymers, and to 100'Sor the lead polymer. These
were n-type semi-conductors with low thermoeleghwever coefficients of
ca. -10uV K™ This suggested a variable-range hopping mechafusthe

21



Chapter one Introduction

conductivity of the polymers. Oxidation with iodinepour caused a loss of
conductivity due to a reduction in the number obif@electrons.

Another example of a chemically prepared conducting
metallopolymer was the result of the reaction oftraodium
tetrathiafulvalene tetrathiolate with metal halite give the insoluble,

amorphous polymer [43] in Figure (1-16).

T~
S S S S/ \S S S S/
[43]

Figure (1-10): Tetrathiafulvalene tetrathiolate polymer.

This polymer was found to be a quasi-one dimensigoaductor
whose conductivity was highly dependent on the hetapresent.

The metallopolymer [44] shown in Figure (1-11), waepared by
reacting 1,2,4,5-tetrathiolate with metal halideshs as those of cobalt,
nickel iron and copper in an attempt to createrarpagnetic mixed valence
polymef ). The polymers produced were insoluble amorphousdpes,
except the cobalt polymer, which was microcrystalliHowever, whilst all
of the polymers were found to be paramagnetic cotwds with a range of
conductivity of between IHto 10 Sril, there was no evidence of any mixed

valence.

S\M
S/

S n
[44]

Figure (1-11): Tetrathiolate ligand based conducting polymers.
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The metallophthalocyanine polymer, [45] Figure @)-lwas also
synthesized and its conductivity was measured t8a8® Srif at the half-
wave potential of the ligand centred redox proadgfe polymer film, and
it decreased rapidly at higher potentials

[45]

Figure (1-12): Cyclictypelll conducting polymer.

Also, phthalocyanine polymers with “shish-kebab’peyr-stacked
structures [46] are generally prepared by two diffé routes. These are
illustrated below were L is typically a pyrazoleiisdcyanide, orp-
bipyridine, and a wide variety of metals (e.g. BeOs) and non-metals(e.g.
Si, Ge) have been used. The materials have atfractesiderable interest
and significant electrical conductivities of up ¢a. 0.1 Scr have been

detected for electrochemically or chemically dopeaterials'*®*").
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Salen-based monomers could also be electropolyatetiz produce

%,@ xS

the type Il metallopolymers, [46 and 47].
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[47]

M = Co, Ni, Cu, UO,.
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A chemically prepared conducting polymer with feene in its
backbone was polymer [48], which was synthesized by a ring opening
metathesis polymerisation. The polymer formed snoivn was an orange
precipitate. It was a completely insoluble, intedaté solid that was stable up
to 300° C in nitrogen. Doping under iodine vapourned the orange

polymer metallic grey in color with a conductivit§ 0.1 Snf.

m/CMezph
hMe,C
p 2 n

\ Fe
-

(48]

A large range of transition metal based conducpotymers exists,
many produced by electrochemical polymerizatione pblymers produced
are becoming increasingly more complex and it igeexed that this trend
will continue in the future.

Although compatibility of the oxidation potentiahiw cause problems
for the choice of the metal group, methods areddaveloped to reduce the
oxidation potential required, and so, be more kiodhese groups. The
degree of interaction between the metal groupsthaedolymer backbone
has only begun to be explored and more research lmeudone in order to
understand the effects of coupling metal and poiyadox moieties on the
properties of the materials.

Potential uses of these materials include sensowy eatalytic
applications. One critical problem that still remsis the long-term stability
of these systems, and it is anticipated that futoagerials will be improved

in this regard.
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1.4 Metal- Containing Polymers Based on Schiff-Base Ligands:

Schiff-base ligation has attracted significanétion as a method for
preparing metal containing polymers with interggtimorphological,
catalytic or conductive properties. This family famunately less reviewed,
Is that polyimines (PIs), which are also known a$ymeric Schiff bases,
polymers that are synthesized by a polycondensagawction between a
diamine and hydrazine with a dialdehyde or diketand has one of the

following structures [49] (a-d).

R3 R3 R3 R3
HN—TRF—NH,  + //cc\\—» HN—[R—N=c—{[R}—c==0
o) 0 [49] (a-d)

Here, R, R, and R can be:

R R2 Rs Polymer [49]
Aryl or alkyl Aryl or alkyl H a
N =1 Aryl or alkyl H b
Aryl or alkyl Aryl or alkyl Aryl or alkyl c
N=1 Aryl or alkyl Aryl or alkyl d

These polymers are also named polyazomethines (P9E(a)) or
polyazines (PAZs, [49] (b)) when diamines and hyahr@, respectively, are
used in reactions with dialdehyde compounds angkptdmines [49] (c) or
polyketazines [49] (d) when diketones are used@algonyl compounds in
reaction with diamines or hydrazine. A few exammégolyquinonimines.
Where the carbonyl derivative is a quinone, wilscalbe referenced.
However, in this review for all these polymers, treme Pls will be used
and in some specific cases the name PAMs or PAZs fifst polymer from

£9)

this class was synthesized in 1923 by Adams andod@sd'™. by a
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polycondensation reaction between terephthaldelaydk benzidine on-
anisidine.

[50] [51]

4&/”\ N
[52]

(53]

In 1938, Steinkopf and Ed& reacted hydrazine with
terephthaldehyde or isophthaldehyde in the moltate sand obtained an
insoluble and infusible product. Man/& also tried the synthesis of Pls (in
1950) by solution polycondensation of aromatic dkalydes witho-
phenylenediamine and hydrazine and obtained loweocubdr weight

products due to their insolubility in the reactimedium.

However, Pls start to be subject of a systemasearech beginning
with D' Alelio and coworkers, pioneering wofk as a result of the strong

interest in thermally stable polymers for aircigbplications.

Moreover, the interest in this class of polymers haen renewed in
the last few years because aromatic PANare isoelectronic with poly(p-
phenylenevinylene) [51], the first electrolumingailymef™™ while PAZ
[52] synthesized from glyoxal and hydrazine is taogien containing analog

of polyacetylene [53], the most known conductingasric polyme?r®.

Moreover, unlike polyacetylene that is unstableZHR# not oxidized
in air and is thermally stable.
The presence of nitrogen in the main chain atsmects Pls to other

heteroatom containing polymers, i.e., polyanilined apolypyrrole. For
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instance as shown below polyquinoneimine [54] oladi by
polycondensation ofp-benzoquinone withp-phenylenediamine contains
structural units similar to emeraldine base, a faifrpolyaniline [55], or
even an identical structure with peenigraniline, ¢tompletely oxidized form
of polyaniline}®”.

The PIs have attracted much attention not onlighk-performance
fiber and film- forming polymers with remarkableetmal stability, high
strength, and high modufis™, but also as particularly promising
electronic materials with semiconducting propefti&s, non-linear optical
propertie§S” and ability to form chelat€d.

Also, many of these polymers can form mesophasdsehting or in
solution®*™") but their high melting temperatures and low sdities make

both their characterization and processing difficul

+O--Ot 0O+

1.5 Synthesis of Polyimines (PIs):
1.5.1 Polycondensation Reactions:

Generally, Pls have been synthesized by the simpliel state or
solution polycondensation reaction of two partr@rasing their derivatives

(masked diamine or dicarbonyl compound).

Tables (1-1) present the structure of the mainrdmayl and diamine
compounds used for synthesis of Pls. Polycondemsatn be performed in
the melt or in solution using a suitable solventd acatalyst. Melt
polycondensation of such monomers is hard to cbrdamul gives side

reactions that lead to undesirable by-products.

It was ascertained that the synthesis of Pls byutisol
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polycondensation using methanol, ethanol, or watethe presence of a
Lewis acid, leads to low yields because of the ldgquim installed.
Therefore, other solvents such as benzene andn®luere used, which
allow the removal of water formed in the polyconsiion reaction by
azeotropic distillation. Azeotropic distillation ofvater accelerates the
condensation reaction and enhances the yieldst does not significantly
increase the degree of polycondensation. An exptamais that Pls
precipitate out of the solution during the polycensation reaction because
of the low solubility of the polymers having a ddgbackbone chain structure

in the reaction media.
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Table (1-1): PIs synthesized from dialdehyde and diamine compounds.

Dialdehyde HoN-R-NH» References
N
S
0 0 (TVTA)
AN
e S r
NC CN\(:[SOH OH
3
0 0 [1A,14-V1)
2) >_< >_< O
NO,
N [vY]
ST YT (T
| A

N F

N
0
NC CN
N—N _
</ \> ) 9 (V7]
N X \ 7~
X=S,0
Ry
~ )=~ resa
3) R

R>
Rl,RZ:CHs,OCHg
R,=H,R,=Cl, OH, CHs

O
@]

R=H,Cl, CHz, OCHj,
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Dialdehyde HoN-R-NH» References
4) HO
0 : 0 E E [V9]
CioHos

i /N \ Q_
v
o o N X \ ~ Hl
X=S,0
A, " <
R = CHs @e 15:16 [AQ]
-
< > < > [V5]
N=N

6) ~
o o @e 15;16 [AOAY]
~
SVS [A2]
y Q.O [3-6
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Table (1-2): Polyketoneimines based on aliphatic and aromatic diketones.

Diketone monomer Diamine compound References
1) R=CHj;, C,Hs, C3Hy
®) (0] 4< >7 [‘ V]
S 2 /N
R Féz— CH | OMe
- 3
Oj < > fo O h
R R
R = CHy MeO
2) < >
N
\ v

—(CHe—

: ~ : _ [AA]
a0 O~ "
B 0 - -

© o CH,
4) Ri
R /\ R [A3]
S —
o o
Rl =H y CH3 y C4H9
R = CH3 , C4Hg
5) (CHy),
[A3-91Y]
Fe
—(CHY)g——

~

[4Y]
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Table (1-3): Polyquinonimines synthesized from quinines and diamine.

Quinine monomer Diamine References

1) O
——CH,—CH,—— [4¥]
C [47]
(@]
\@/
S

N
CN
2. X1, X, = alkyloxy [AV]
Q s
/)(2
‘ [4¢,3¢]

/
X1

0]
H

/

[V]

\

[47]

Xl,X2=
X,=H, X, =1-Cl, 2-Cl

3) O 0
) :
DG e Ual

0 o) ——CH,—CH,——
)

9! - ™
OO \©/ [47]

4

X=H,Cl,NO,

[41]
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1.5.2 Chemical and Electrochemical Polymerization of Imine

Monomers:

Chemical or electrochemical oxidation of monomemtaining
aromatic rings derived from pyrrole, thiophene,ahe, naphthalene. etc.,
spaced by azomethine or azine linkages in the ofgam is another method
for the synthesis of Pls. The method is based enStholl reaction from
organic chemistry and involves the single electt@nsfer oxidation of
aromatic rings to cation radicals followed by theaupling at the radical

sites with elimination of two protofi$.

The oxidation can be realized through chemical lecteochemical
procedures. The advantage of generating active ieppeby the
electrochemical method consists of controlling thiiation rate and the
concentration of active centers. This polymerizattechnique is simple,
fast, and can be applied under potentiostatic, eyalic voltammetry

condition$’”.

The polymers can be obtained as films of desiréckmiess directly
from monomer solution on the electrode surfacecipr@tes, or soluble

products in the reaction medium, in doped st&tes

Chemical polymerization of monomers containing agtimme linkages was
realized using several inorganic oxidants: ¢(NB.Og, FeCk hydrate
(FeCk.xH,O where x is <6), Feglanhydrous, Cu(CIg,,... etc. ‘The first
two oxidants can polymerize only pyrrole monomeegsause they have a
low oxidation potential£0.8 eV against Ag/Agelectrode), while thiophene

(1.6eV) derivatives need stronger oxidarts

These monomers were synthesized by catalyzed ceatlen of an

aromatic or aliphatic (di) amine with alphatic, euatic or heteroaromatic
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(di) aldehydé&™. Some examples of azomethine monomers, which bhese

used in cation-radical polymerization, are presgimeas shown below.

Monomers containing naphthalene groups at one tr &ads led to
soluble polymers in DMF or DMSO. This behavior igributed to the
presence of bulky and non-coplanar 1,l-binaphthrgiugs in the polymer

backbone.
1.6 The Chelates of Polyimines (PIs):

Pls have a high ability to bind by imine site natlyoBronsted or
Lewis acids, but can also coordinate metal ionfotan hybrid materials,
which combine the processability and other specifimperties of
macromolecular state and the physical propertiem@tfal atoms, such as
color, electric, and magnetic properties. To inseeghe coordination
capacity of the azomethine group and stabilityh&f thelate, the aromatic
ring of the aldehyde or amine compound has to cortgubstituent, which
introduces an extra functionality; i.e., -OH, -NGCN, etc. The most known
dicarbonyl compounds used for synthesis of Pls aliglating properties are
based on salicylaldehyde: 5,5 -methyldmgsalicylaldehyde), 5,5-
methylenebis(2-hydroxyacetophenone),5-methylenief3,3 -
dinitrosalicylaldehyde). And 5, 5’-sulfonybis(salicylaldehyde) """ ". The
poly (Schiff-bases) are synthesized by solutionypmhdensation using
aliphatic and aromatic diamines (1,2-diaminoethdi8gdiaminopropane,
1,6-diaminohexane, 4,4-diaminostilbene, 4,4’-diasdiphenyl-methane)

and coordinated by mixing with metal salts solusion

Other dicarbonyl structures are based on 4,4 -dd¥yd 3,3 -diacetyl
(or dibenzoyl) biphenyl, which are polycondenzed thwi 4,4 -

\J“)

diaminodiphenylmethafié' . Polymeric chelates with metal ions even
polymers obtained from 2,5-dihydroxyterephthaldehydr 2,6-bis-

acetyl(formyl) pyridine polycondenzed with 1,2-diamethane, 1.3-
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diarninopropane, or 1,6-diaminohexane have goodduoating properties

for bivalent metal ions leading to insoluble polyinehelateS .
1.7 The Structure of Polyimines (PIs):

Many structural studies such as X-ray analysig Uv ¢, H-
NMR" ™ and photoelectron spectrosc6py, IR and Raman specttra’
evidenced the non-planar conformation of the azbmetcompounds in the
solid or solution phase. For instance, X-ray analg$ benzylidene aniline
has shown that the aniline ring is twisted outhled C—N=C—C plane by

55°, while the benzylidene ring is twisted by,l@ut in the opposite sense.

That bears on its anomalous UV spectrum comparddstilbene and
azobenzene molecules (which are isoelectronic batizylideneaniline) that
are planar onés . Although the planar conformation is favored b, thn
conjugation, steric repulsion andan€onjugation of the nitrogen lone
electron pair with the adjacent aromatic ring wotddlor a perpendicular
arrangement between the azomethine bond planehenglane of amine
aromatic ring. Based on these data, a non-planafoomoation for
azomethine polymer chains can be assumed, which arplain the low
electrical conductivity of doped PAMs. X-ray difét@on studies on the
PAMs obtained from terephthaldehyde gmg@henylenediamine showed a
remarkably high degree of crystallinity and largemehsions in their

crystalline regionS .

Theoretically, azomethine linkages can exist in tgeometrical
forms; syn (gauche) and anti, which correspondgeand trans-isomers in
polyacetylene series. If in the last case thesstructure is well understood,

there is very little information in the literatuabout the structure of the Pls.
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The hyperfine splitting observed for imine protdnsthe 'H-NMR
spectra of some polymers has been assigned taekente of two different

isomers’"?,

However, the first studies about the steric stmectof PAMs have
been started by Destri coworkérs' ' using *H-2D DQF-COSY NMR
spectroscopy. Protons of the imine group give teselistinct singlets for
azomethine anti and syn isomers and they alsotatiecnearest phenylene
protons of diamine residue, which are sensitiveneteethe anti/anti. syn/
anti or anti /syn, and syn/syn configurations & ttvo imine linkages near
the phenylene ring. It was also observed that photmescence spectra of

these polymers are dependent on the anti/syn‘ratio

The experimental conditions of the polymerizatiols as the pH of
the medium, the temperature, and the overall sizbeomolecule strongly
affect the syn/ anti ratio. However, more studies rzecessary to elucidate
this aspeét™?.

1.8 The Complexes of Polyimines (PIs):

Because these polymers contain basic sites ofrilmeitype, they can
be dissolved in strong protic acids, such as sulfacid, methane solfonic
acid, chlorosulfonic acid, hydrogen fluoride, foomacid, forming solutions
with lyotropic liquid crystalline properties at Imng concentration
Unfortunately, after solubilization in acids, a hglysis process of the
azornethine linkages takes place, leading to teaking of polymer chains

at random place§'?. The degradation is evidenced by the rapid
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decoloration of sulfluric acid cast films of the M& immersed in water and
also by viscosity measurements. Another methodtafreng the solubility
and processing of the Pls was introduced by Jeneklrkers!' ' by
complexation with Lewis acids, such as AlGr GaC} (molar ratio
GaChk/—CH=N—is 1: 1 to 2:1). The resulting complexeg aoluble in
nitromethane and other nitroalkah€s Similarly, Bronsted acids, such as
diphenyl phosphate, dicresyl phosphate, or polyphosc acid inm-cresol
have been used for the solubilization of Pls assallt of quaternization of
the imine nitrogef . The complexes of the Pls with polyphosphoric acid
can be changed to higher molecular weight by reactif the dissolved
staté''”. The complexation is a reversible process, thgtipg polymers can
be recovered by treatment of the complexed or quiaed Pls with
appropriate Lewis or Bronsted bases (triethylandinpe/methanol). The
complexation or quaternization of the imine nitrog®esides solubility,
induces a planarization of the backbone with bésetd the electric
properties of the polymer, a greater electroniockgization and smaller
band gaps (from 2.07-2.5 to 1.85-2.15&V)

Other polyacids used for complexation of Pls anetopolyacids of Keggin
type; HPW;,040 andHPMo,04. They can be molecularly dispersed in Pls
matrixes by protonation reaction of imine nitrogeith preserving their
structural identity and catalytic activity, but nreasing their selectivity in the
catalyzed reactiofns”.

1.9 Electrical Properties of Polyimines (PIs):

PAZs are conjugated polymers that are nitrogenatoimy analogs of
polyacetylene (when glyoxal is used as dialdehyanpr) or substituted
polyacetylenes, while aromatic PAMs are analogpafarylenevinylene.
The presence of the heteroatom also likens PAMsth@r conducting

polymers such as polypyrrole, polythiophene, andyagioline. Unlike
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polyacetylene. PAZs are environmentally stable, dédwer, while

polyacetylene can be obtained in four steric stm&s (cis-cisoidal, cis-
transosdal, trans-cisosdal, and trans-transoidapending on experimental
conditions, PAZs are obtained only as trans-tratedasomers due to high
temperatures used in the polycondensation step, Aldike polyacetylenes
that have been doped by chemical, electrochemaralpn implantation

methods, using reducing or oxidizing agents. PAZdgehbeen doped only
with iodine. The nature of the doping process ef BAZs is not very well

understood.

Originally  the  spectroscopical data of iodine-doped
permethylpolyazine have been interpreted assumingtragen-centered
bipolaron charge carrier N (+)-C=C-N ()",

This idea was consistent with the typical behawioother conducting
polymers. However, theoretical calculations, loabgity of nitrenium ions,
and UV-VIS and XPS studiés” suggested that PAZ chain is not oxidized
by being exposed to iodine. It seems that iodisprdiportionates into land
I3 in the presence of PAZ and polymer chain playsdie of stabilizing the
jodonium ions. The stabilization can be realizethesic (through the
nitrogen lone pair) orx (through the iminer bond). The level of
conductivity of iodine-doped PAZs (£®/cm)"'™ or iodine-doped PAMs
(10* 107 S/em)™*™ is comparable to other iodine-doped non-conjugated
polymers (e.g. iodine-doped polybutadiene or polpiene). Therefore, the
charge transport in iodine doped PAZ is realizesbugh the polyiodide
chains. The degree of conjugation along the polyotain is small, in
agreement with the relatively small degree of cmgpbf the imine bond (is
too localized) to the rest of the chain and thisaweor explains the failure of

iodine oxidation of PAZ.
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1.9.1 Electron Transport Pathways:

The primary reason for creating transition metamptex/polymer
hybrid materials is the prospect that electroniteractions between the
conjugated polymer backbone and the metal centilsmwdulate the
properties of both components in interesting antemally useful ways.
Electron transfer between immobilized metal cenimes polymer can occur
by three mechanisms; (1) outer-sphere electron transfer between metal
centres (electron hopping), i.e., as in conventiaealox polymers (2)
electron transfer via a superexchange pathway (esorant superexchange)
(3) or mediated by charge carriers on conjugatedelis or polymer
backbones (which essentially is resonant superegeshaor electron
hopping)!'™' ). Figure (1-13) illustrates these three pathways frype Il

system.

& R

€

Figure (1-13): Schematic illustration of electron transfer pathways in a Type Il
polymer. M = metal centre A) Outer sphere electron transfer (electron-hopping) B)
Non-resonant super exchange C) Bridge-mediated electron hopping (resonant super

exchange).
1.10 Applications of Conductive Polymers:

The applications are divided into two main grougp® first group
utilizes their conductivity as its main propertpdahe second group utilizes
their electroactivity. The extendedsystems of conjugated polymer are
highly susceptible to chemical or electrochemicsidation or reduction.

These alter the electrical and optical propertiegshe polymer, and by

4C



Chapter one Introduction

controlling this oxidation and reduction, it is gdde to precisely control
these properties. Since these reactions are oftargible, it is possible to
systematically control the electrical and opticedgerties with a great deal
of precision. It is even possible to switch front@nducting state to an

insulating state' . The two groups of applications are shown in Tébié).

Table (1-4): Main groups of applications of conducting and semiconducting

polymers.
Group one Group two
Electrostatic materials Molecular electronics
Conducting adhesives Electrical displays
Electromagnetic shielding Chemical biochemical and thermal sensor
Printed circuit boards Rechargeable batteries and solid electrolyte

Artificial nerves

Drug release systems

Antistatic clothing

Optical computers

Piezocer amic

lon exchange membranes

Active electronics (diodes transistors)

Electromechanical actuators

Aircraft structure

Smart structures

1.10.1 Group One Conductivity:

These applications use just the polymer’'s conditgtifhe polymers
are used because of either their light weight,dgmal compatibility for
ease of manufacturing or cost. By coating an irteulaith a very thin layer
of conducting polymer it is possible to prevent theildup of static
electricity. This is particularly important whereuch a discharge is
undesirable. Such a discharge can be dangerous enaronment with

flammable gasses and liquids and also in the exgssndustry ™. In the
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computer industry the sudden discharge of staectetity can damage
microcircuits. This has become particularly acuterecent years with the
development of modern integrated circuits. To iasespeed and reduce
power consumption, junctions and connecting lines faner and closer
together. The resulting integrated circuits are ansensitive and can be
easily damaged by static discharge at a very lolage. By modifying the
thermoplastic used by adding a conducting plastia the resin results in a

plastic that can be used for the protection aga&iestrostatic dischar§e”.

Many electrical devices, particularly computers, nerate
electromagnetic radiation, often radio and microsvérequencies. This can
cause malfunctions in nearby electrical devicee plastic casing used in
many of these devices is transparent to such radid®y coating the inside
of the plastic casing with a conductive surfaces thadiation can be
absorbed. This can best be achieved by using ctinduglastics. This is
cheap, easy to apply and can be used with a witgeraf resins. The final
finish generally has good adhesion, gives a gooderage. Thermally
expands approximately the same as the polymercihasing, needs just one

YA

step and gives a good thicknéss.

Due to the biocompatibility of some conducting asniconducting
polymers they may be used to transport small etettsignals through the
body, i.e. act as artificial nerves. Perhaps modiions to the brain might

eventually be contemplat€d”.

Weight is at a premium for aircraft and spacecrdtie use of
polymers with a density of about 1 g ¢mather than 10 g cifor metals is
attractive. Moreover, the power ratio of the inEroombustion engine is
about 676.6 watts per kilogramme. This compares31@ watts per
kilogramme for a battery-electric motor combinatidndrop in magnitude

of weight could give similar ratios to the interrmmbustion engin€".

42



Chapter one Introduction

Modern planes are often made with light weight cosies. This makes
them vulnerable to damage from lightning bolts. &ating aircraft with a
conducting polymer the electricity can be direcgdy from the vulnerable
internals of the aircratft.

1.10.2 Group Two Electroactive:

Molecular electronics are electronic structureseadded atom by
atom. One proposal for this method involves condgctpolymers. A
possible example is a modified polyacetylene withedectron accepting
group at one end and a withdrawing group at therpthshort section of the
chain is saturated in order to decouple the funeligroups. This section is
known as a ‘space? or a 'modulable barrier'. Thrs loe used to create a
logic device. There are two inputs, one light puigech excites one end and
another which excites the modulable barrier. Therene output, a light
pulse to see if the other end has become exciedsé this there must be a

great deal of redundancy to compensate for swigchimors .

Ml;):rurliikrﬂe

Figure (1-14): Insertion of a" spacer” to decouplethefunctionalized chain ends.

Depending on the conducting polymer chosen, thedand undoped
states can be either colorless or intensely coldlesvever, the color of the
doped state is greatly redshifted from that ofuhdoped state. The color of
this state can be altered by using dopant ionsdhabrb in visible light.
Because conducting polymers are intensely colaely,a very thin layer is
required for devices with a high contrast and lavgeving angle. Unlike

liquid crystal displays, the image formed by read»xa conducting polymer
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can have a high stability even in the absence ofagplied field. The
switching time achieved with such systems has lasdiow as 10@s but a
time of about 2 ms is more common. The cycle lifetiis generally about
10° cycles. Experiments are being done to try to iaseecycle lifetime to
above 16 cycles"™". Probably the most publicized and promising of the
current applications are light weight rechargeddalteries. Some prototype
cells are comparable to, or better than nickel-gadmcells now on the
market. The polymer battery, such as a polypyrlitheam cell operates by
the oxidation and reduction of the polymer backbdmearing charging the
polymer oxidizes anions in the electrolyte enteg fhorous polymer to
balance the charge created simultaneously, lithioms in electrolyte are
electrodeposited at the lithium surface. Duringckdasging electrons are
removed from the lithium, causing lithium ions &enter the electrolyte and
to pass through the load and into the oxidizedmpely The positive sites on
the polymer are reduced, releasing the charge-tialgranions back to the
electrolyte. This process can be repeated aboubfem as a typical
secondary battery céll”.

Conducting polymers can be used to directly coneiexdtrical energy
into mechanical energy. This utilizes large changesze undergone during
the doping and dedoping of many conducting polymEngs can be as large
as 10%. Electrochemical actuators can function byigu changes in a
dimension of a conducting polymer, changes in #iative dimensions of a
conducting polymer and a counter electrode andgd®im total volume of a
conducting polymer electrode, electrolyte and ceualectrode. The method
of doping and dedoping is very similar as that useechargeable batteries
discussed above. What is required is the anodig atrd the cathodic strip
changing size at different rates during chargingl alscharging. The

applications of this include microtweezers, micigea, micropositioners
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for microscopic optical elements, and actuatorsri@mromechanical sorting

(such as the sorting of biological cefis}.

One of the most futuristic applications for condlugtpolymers are
smart structures, these are items which alter tBkms to make them
better. An example is a golf club which adapts @alrtime to persons
tendency to slice or undercut their shots. A m@a&lizable application is
vibration controf' . Smart skis have recently been developed whichado
vibrate during skiing. This is achieved by using tbrce of the vibration to
apply a force opposite to the vibratibh’. Other applications of smart
structures include active suspension systems @ ttacks and train; traffic
control in tunnels and on roads and bridges; damagessments on boats;

automatic damping of buildings and programmablerdor robotic$' ™.
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1.11 Aim of The Work:

Metal-containing polymers in their backbonéepfa new area, widely
used for material scientists and technologists ah® looking for new
classes of compounds that are attracting attenéisnhigh technology

materials such as electrical conductors and semugziors.
Consequently, the aim of the present wark is

1) Preparation and identification of a new Schiffiase tetradentate ligands

by reacting Salicylaldehyde with various aromatenaines.

2) Condensation polymerization of these ligand$ wdme transition metals
lons such as Cu(ll), Ni(ll) and Co(ll) in an attetimip prepare high-

molecular weight polymers.

3) Investigation of the electrical properties o€ tprepared condensation

polymers and their free Schiff-base ligands.

4) ldentification of the relationship between thecé&ical properties and

different structures of ligands and types of metats.
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Chapter Three

Results and Discussion
Schiff-base reaction was carried out to prepare fetradentate
ligands by reacting different aromatic diamineshwstlicylaldehyde in
acidic medium. The following scheme representsgér@eral mechanism

of the reaction.

0
/
C  + HoN—X—NH,

\
H Where x =
OH 1) H*
2) P.T. . .
g
P ~ )

H

H
|

C=N—2X—NH,

OH
lsame steps

H H

|
C=N——X—N=—7C

OH HO
The structures and some physical properties gptepared ligands

are shown in Table (3-1).
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Results and Discussion

Table (3-1): The physical properties of the prepared ligands.

Symbol Structure Melting point °C Color
L1 QCH:N <:> N=CH@ 226 Orange
OH HO
L QCH:N N=CH @ 262 Yellow
OH HO
L3 QCH:N 4@7% ON=CH @ 219 Off white
oH HO
La QCH:NOOON=CH© 212 Light yellow
oH HO

3.1 I dentification of The Ligands:
3.1.1 I dentification of L;:

Compound 1(L) was prepared through the reactiormpgdhenylene

diamine and 2 moles of salicylaldehyde in the preseof glacial acetic

acid as catalyst and absolute ethanol as a solvent.

The structure of compound (was identified by its melting point

and spectral data (F.T.I&J-NMR and Mass Spectrometry).

The F.T.IR spectrum Figure (3-1) showed an absmmpbands
around (3500, 1606 and 1566 ¥mThese bands characteristic to (O-H)
group of salicylaldehyde, azomethine (CH=N) and @Tstretching in

aromatic system respectively. Other bands appesr2890 and 825 cm

due to (C-H) aliphatic and ortho substitution of nbene ring

respectivel{*

In addition to F.T.IR studiesH-NMR spectroscopy was employed

to further identify the prepared ligands.

The'H-NMR spectrum of L. ligand showed the expected signal of

all protons as revealed in Figure (3-2).
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Chapter three Results and Discussion

'H-NMR (DMSO-d6) (300 MHz) for kL. compound5(3.3-3.55) (1
H, azomethane group),7.5 (4 H) for H-b protons(7.4-7.47) (t-1 H) for
H-c protons$(6.96-7.08) (t-H) for H-d protons, 7.7 (dd-1 H) for He,Hf
protons,and 9.0 (1 H, singlet) which assigned to O-H grdtp

Although Maldi-MS technique is not commonly usedhwiow
molecular weight moleculé§®, in our study, however it was employed
because of the insolubility of the prepared ligamasmost organic
solvents.

The results of molecular weight determination byalditMs
technique are demonstrated in Figure (3-3) whicbw&d a signal at
317.39 m/z referring to the M+¥Hmoiety (M represents the molecular
weight of Ly), Figure (3-4) showed the presence of other sggnailich
were attributed to the matrix material, it can kplained by comparing
to Figure (3-3).
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Chapter three Results and Discussion

3.1.2 Identification of Ly:

This ligand was prepared by reacting salicylaldiehywith
benzidine. F.T.IR,'H-NMR and Maldi Ms techniques were used to
establish the proposed structure.

The F.T.IR spectrum of Hl Figure (3-5) shows the following
characteristic bands: The broad band at 3458 istdue to stretching
vibration of (O-H) group, an absorption band at@@®&i’ is due to the
(C-H) aromatic.

The band at 1614 ¢his due to (C=N) stretching and 1566 tm
due to the presence of (C=C) of aromatic systerhaAd at 825 crhis
due to the ortho substitutiBir’.

The results obtained forfH-NMR spectroscopy are revealed in
Figure (3-6).

The 'H-NMR spectrum of L compound (DMSO-d6) solvent a
signale atd(3.2-3.5)(1 H-singlet)$(7.5-7.6)(2 H-doublet)p(7.8-7.9)(2
H-doublet), 6(7.4-7.5)(1H-triplet),d(7)(H-triplet) ands(9)(1 H-singlet)
were attributed to H-a (proton of azomethane grodg, H-c, H-d, H-e,
H-f and proton of hydroxyl group (O-H) protd#, respectively.

Figure (3-7) shows the results of Maldi-MS techui@gA sharp
peak at 391 m/z was noticed indicating the molecwkight (M+H) of
L, moleculé®®. Other peaks can similarly be attributed to therixa

material.
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Chapter three Results and Discussion

3.1.3 Identification of Lj:

Salicylaldehyde was reacted with 4,4-diaminodigthemethane to
prepare this ligand d), which was identified by employing F.T.IR and
'H-NMR techniques.

The F.T.IR spectrum Figure (3-8) exhibited a brdzhd at )
2900-3454 cil) which is due to (O-H) group, the weaker (C-H)
stretching band of methylene group, as well ag@C) absorption band
at 1569 crit of benzene ring. Also, a strong band appeare®2® tnt
which is due to azomethine stretching, indicatimg formation of Schiff
basé&®)

The results ofH-NMR study are depicted in Figure (3-9) which
shows signals ai(1.3)(1H-singlet) 5(3.2-3.5)(1H-singlet)$(7.1-7.2) (2
H-doublet), 6(7.5-7.6)(2 H-doublet), §(7.6-7.7)(1H-doublet), 5(6.9-
7.09)(1H-tirplet), 6(7.4-7.7)(1H-triplet) andd$(9) (1H-singlet) were
assigned to Ha, (azomethine group), Hb, Hc, Hd, Hie,and (H-O)

group protons*>.
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Chapter three Results and Discussion

3.1.4 Identification of L,:

The preparation of this ligand was achieved by ctieg
salicylaldehyde with 4,4-diaminodiphenyl ether, @sddentification was
done using F.T.IRH-NMR and electronionization mass spectrometry.

The F.T.IR spectrum of ligand {LFigure (3-10) was characterized
by bands at (3454, 3100, 1618 and 1569'crnThese bands can be
assigned too., ve.n aromatic, azomethine (CH=N) stretching and (C=C)
of benzene ring respectively. In addition to theat 1460 ci for
ether linkage (C-O-C§*,

The'H-NMR spectrum Figure (3-11) shows signab&t5 was due
to DMSO solvent. The proton of azomethane (C-Hpgttson occurs at
6 3.3 ¢, 1H) aromatic protons (b, c, d, e and f) appeaedultiplet at
6.8-7.5. The signal &9 @, 1 H) due to hydroxyl groi5®.

Electronionization mass spectrometry was empldgedetermine
the molecular weight of molecule Figure (3-12) shows strong peak at
408.2 m/z which represents the molecular weight,afiolecul &),

Moreover, other peaks were considered to be aeaue for the
molecular weight.

The fragmentation process could be explained asrshm Scheme
(3-1).
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/ | SN :
Oromd ek el |

m/z288
m /z 303

\

m/z212

Scheme (3-1): Thefragmentations of L 4.
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Chapter three Results and Discussion

3.2 I dentifiction of Prepared the Coordination Polymers:
1) Cu L™

The F.T.IR spectrum of the complex (ChlEigure (3-13) shows
the shifting of the frequency of azomethine stretghirom (1606 crif) in
the ligand (L) to higher frequency at (1608 &n This indicates the
involvement of azomethine (N) in coordination. Tdigsorption band of
(O-H) stretching was disappeared indicating th@ivmement of hydroxyl
group in coordinatioft*”),

New bands appeared at 555 and 412',cwhich are due to the
presence of (Cu-N) and (Cu-O) bands respectiv&ly
2) Cu L%

The azomethine stretching frequency of Cu(ll) ctaxp(Cul?)
Figure (3-14) was found to be shifted to low fregeyeand found at 1610
cm® which refers to participation of azomethine (N) doordination.
Also, the disappearance of bond (O-H) absorptiderseto involvement
of hydroxyl group in coordination.

The newly bands at (522) and 420 tmvhich assigned to the
bands (Cu-N) and (Cu-O) respectiv&l).

3) Cu L>;

The F.T.R spectrum of (CdL Figure (3-15) shows the
azomethine stretching band at 1608 'cwith highly reduced intensity
and which indicates the involvement of azomethinecoordination,
besides the disappearance of absorption band obxyidyroup.

Other bands appeared at (522), (412) cassigned to the bands of
(Cu-N) and (Cu-O) respectivefyf”.

\A
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4) Cu L*

The azomethine stretching frequency of Cu(ll) ctaxp(Cul?)
Figure (3-16) was found to be shifted to low fregzyeand found at 1608
cm* which refers to participation of azomethine (NS@)coordination,
besides the disappearancevgfy absorption refers to involvement of
hydroxyl group in coordination, all these obsemas indicate the
formation of the complex (CU). Also, new bands have been appeared at
the region (588 cil) and (440 cil) which assigned to the presence of
the bands (Cu-N) and (Cu-O) respectiV&ly
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Chapter three Results and Discussion

5) Ni L":

The FTIR spectrum of ligand (L Figure (3-2) shows (O-H)
stretching at 3500 cirwhich was disappeared on complexesFigure(3-17)
indicating the involvement of hydroxyl group in edmation. Also, the
azomethine group (Schiff base) has been observ&f0# cnt, besides
the band at 3014 chwhich is due tovcy aromatic. New bands also
appeared at the region (550) and (440) amay be due to the band of
(Ni-N) and (Ni-O)**"),

6) Ni L%

Ligand FTIR spectrum Figure (3-5) shows (C=N) tstneng at
1614 cnt which was shifted to 1600 ¢mon complexes Figure (3-
18)indicating the involvement of (N=CH) group inacdination, besides
the disappearance of band of hydroxyl group inthgathe involvement
of hydroxyl (O-H) group in complexation. New bandsve been
observed at (540) cmand (459) cm in F.T.IR spectrum of complex
(NiL? and these bands assigned to (Ni-N) and  (Ns@2tching

vibration respectivefy*”,

7) Ni L*:

The F.T.IR spectrum of complex (NiLFigure (3-19) that the
azomethine stretching frequency of Ni(ll) complékL(®) complex was
found to be shifted to low frequency and found&tQcni* Figure (3-4),
Table (3-2). This indicates the involvement of aetimme (nitrogen) in
coordination, besides the disappearance of hydrgrodip absorption at
(3000-3454) criin the ligand. The bands at (540) and (459) cnay be
due to the band of (Ni-N) and (Ni-85".
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Chapter three Results and Discussion

8) Ni L*:

The azomethine stretching frequency of Ni(ll) cdemp
(NiL*Figure (3-20) was found to be shifted to low fregqay and found
at 1608 crif, which indicates the involvement of azomethine {N)
coordination, besides the disappearance of therpti®o of hydroxyl
group in the region 3500 chin the ligand L, indicating the involvement
of (O-H) group in complex.

New bands have been appeared at the regions (BEg)) cm'
which assigned to the presence of the bands (NaNJ (Ni-O)

respectively**").
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Chapter three Results and Discussion

9) ColLh

The F.T.IR spectrum of (CdL Figure (3-21), showed the
appearance of a strong band at 1604" amssigned tovyc-n Of the
azomethine and the disappearance band/xqf, these observations
indicate the participation of azomethine and hygifogroups in
coordinatiof®”.

The bands at 3055, (534) and 450 cnefer tovcy aromatic
ring®®), (Co-N) and (Co-OY*" respectively.

The bands at 1460 and 1434 trefer to (C=C) aromatic ring.

10) Co L*;

The F.T.IR spectrum of (C8L.complex is shown in Figure (3-22).
The stretching frequency of azomethine (CH=N) growgs shifted to
lower frequency by 8 cth and appeared at 1606 ¢mbesides the
disappearance ot .4, all these observations indicate the formatiothef
complex (Col®) and involvement of azomethine and hydroxyl groimps
coordination.

The other bans which are due to the bands (CatlY@o0-0O) have
been appeared at the regions (526) and (470)respectivel{>”.

11) Co L>;

The F.T.IR spectrum of (CS).complex Figure (3-23) shows the
stretching frequency of azomethine (C=N) group chiff-base was
shifted to lower frequency by 14 ¢nand appeared at 1606 ¢nwhich
refers to participation of azomethine (N) in cooation.

Also, the disappearance stretching bandsqf absorption refers
to involvement of hydroxyl group in coordination.

Other bands appeared at (522, 497)' amay refer toveo.n and

Veo.orespectively™®”.
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Chapter three Results and Discussion

12) Co L*:

The azomethine stretching frequency of Co(ll) ctamp(Col?)
Figure (3-24) was found to be shifted to low fregeyeand found at 1606
cm® which refers to participation of azomethine (N) dnordination,
besides the disappearance vgfy, all these observations indicate the
formation of complex (Cof).

Also, new bands have been appeared at the refs 430) crit
which assigned to the presence of the band (CoiN) €éCo-O)

respectively**").
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Chapter three Results and Discussion

Table(3-2): F.T.l.R spectral data of theligandsand their coordination polymers.

Symbol | vO-H | vN=C | vC-H | vC-H | vC-O | Ortho | vC=C M-N M-O
arom. | aliph. sub.

L 3500 1620 | 3050 | 2990 - 825 1566 - -
ColL 4 - 1604 305 - - 844 1583 534 450
NiL 1 - 1606 | 3014 - - 848 1533 550 440
CulL - 1608 - - - 838 1533 555 412

Lo 3458 1614 | 3090 | 2990 - 825 1566 - -
Col, - 1604 | 3028 - - 815 1460 526 470
NiL - 1600 | 3026 - - 827 1589 540 459
CulL» - 1610 | 3026 - - 850 1558 543 412

Ls 3454 1620 | 3050 | 2990 - 831 1569 - -
CoL3 - 1606 | 3055 | 2920 - 831 1579 522 497
NiL 3 - 1610 | 3041 | 2929 - 844 1533 540 420
CulLs; - 1608 | 3056 - - 848 1560 522 412

Lg 3454 1618 | 3100 | 2990 1494 831 1569 - -
ColL 4 - 1606 | 3056 - 1492 831 1579 522 430
NiL 4 - 1608 | 3047 - 1492 833 1533 528 460
CulL.4 - 1608 | 3045 - 1492 829 1533 588 440
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Chapter three Results and Discussion

3.3 Electronic Spectral study of The Coordination Polymers:

The electronic spectra of the prepared polymerse hbeen
measured using DMSO as a solvent; they exhibitedraltion bands in
the visible region which reflect the geometry oé ttormed polymers.
Hexa coordinated cobalt complexes have been rgcémtipreviously)
shown to be high spin octahedral structure of {keetenic distribution
t,g° — ed “*® so three allowed transitions could be noticechveitich
complexe&3?),

*T.g (F)— *T.g (F)v, 7500 — 12000 cih
“T.g (F)— “A.g (F)v, 14000 — 16000 crh
*T.g (F)— *T1g (P)vs; 18000 — 21000 cth

Whereas hexa coordinated Ni(ll) gives regular astadted
octahedral complexes, hence, three allowed transiti® could be seen
with these complex&§®**")
3A.g (F)— °T,g (F)v, 7000 — 13000 cth
*A,g (F)— °T1g (F)v, 11000 — 20000 cih
*A.g (F)— °T1g (P)v; 20000 — 28000 cth

As for hexa coordinated copper (Il), one broadd&as been
noticed which can be attributed to the interferemfetwo or three
transitions.

Cu(ll) complexes exhibited a band in region und8p00 crit
,where the band has exhibited for Cu(ll) complexbgh might suggest
the octahedral structufé?. The transitions are:

*Big — *Aug
*B,g — “B.g } one band
°Big — “Bg
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The asymmetry of the broad band can be explainedrding to
Jahn — Teller effe€f?.

Only one broad asymmetric band has been seen \littha
prepared Cu(ll) polymers, Figures (3-25) to (3-28he values of M. In
addition to the electronic absorption bands providermation for the

distorted octahedral geometry of these compofiffds

1.675 — e e ISR - T

1.500

1.000F -

Abs

0.500 iRk

0.000F

i |

-0.131 L
200.00 400.00 600.00 800,00
nm

Figure (3-25): The electronic spectrum of CuL’.
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104y _ - e - « - T - - , -

0.500

Abs

0.000 o : A L _ _
200.00 400.00 §00.00 800 00
nm.

Figure (3-26): The electronic spectrum of CuL?.
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Figure (3-27): The electronic spectrum of CuL >,
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Figure (3-28): The electronic spectrum of CuL”.

NiL! and Nil? exhibited three bands, while two bands appearediiot
and NiL' as demonstrated in Figures (3-29) to (3-32).
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Figure (3-29): The electronic spectrum of NiL™.
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Figure (3-30): Theeectronic spectrum of NiL“.
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Figure (3-31): The electronic spectrum of NiL>.
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Figure (3-32): The electronic spectrum of NiL*.

Our results reveal that Co(ll) polymers exhibitedo tto three
bands as shown in Figures (3-33) to (3-36). Theoregf these

absorptions are in the range of the octahedrattstre!**.

0.600"
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0.400 15 f

0.200

0,008 L [ i E 3
200.00 400.00 600.00 206.01
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Figure (3-33): The electronic spectrum of CoL™.
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Figure (3-34): The electronic spectrum of CoL?.
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Figure (3-35): The electronic spectrum of CoL>.
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Figure (3-36): The electronic spectrum of CoL*.

In addition, the values of M have been measured at room
temperature.

All these data make a further proof for the octahkgeometry of
these compounds.

The absorption data of electronic spectra of thepared
coordination polymers, magnetic moment and theggssted structures

are summarized in Table (3-3).

v
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Table (3-3): Electronic spectra, magnetic moment and suggested structures for

prepared coordination polymers.

Symbol of Transitions Magnetic | Suggested
coordination moment structure
polymers Vi V2 Ve Mgt (B.M)
CoL' - 15128 21929 3.47 o.h
CoL? 11312 14409 20491 3.23 o.h
ColL? 12500 14500 - 3.61 o.h
CoL* 11415 14992 19569 3.64 o.h
NiL! 11111 16393 25974 2.79 o.h
NiL? 11764 13297 26809 2.39 o.h
NiL® 12500 17667 - 2.62 o.h
NiL* 12920 18115 - 2.46 o.h
CuL® 15873 - - 1.95 o.h
CuL? 15151 - - 1.62 o.h
CuL’® 14705 - - 1.49 o.h
CuL’ 14450 - - 1.84 o.h

3.4 The Chemical Nature of the Prepared Coordination Polymers:

The polymeric nature of a substance is often defiby having
more than approximately 20 structural units (monyté>).

It is now known that viscosity of a sample coufdicate its
molecular weight*®. In our study the difficulty to dissolve the prepe
coordinated polymers in most organic solvents igiclg DMSO, THF
and DMF made difficulty in measuring the viscosity.

Although Maldi-MS is one of the most advanced teghe$?, it
failed in determining the molecular weight of oangles due to their the
inability to ionize polymer chains within the matmaterial.

X-ray diffraction technique has been employed larity whether
the coordinated samples have the crystalline ptpp€ne results showed

that the samples were completely amorphous as dgmated in the

aA
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representative Figures (3-37) to (3-39) which showssharp peaks
indicating no reflection of the incident x-ray ohet crystal lattice
face§'*)

However, the air stability, non-hygroscopic prdpgeimsolubility
in water and common polar and non polar solventisaamorphousity has
denoted the polymeric nature of the prepared coatitin samples. These
properties have been previously considéf®dto be valuable indicators

to determine such nature.

19
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Figure (3-37): X-ray diffraction of CuL™.
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3.5 The Electrical Properties of the Prepared Coordination
Polymers:

The electrical properties of the prepared ligandse studied by
measuring the changes in their resistance with ¢eatpre, Tables (3-4)
to (3-7) show the data of conductivity measuredhwihcreasing
temperature, it could be seen that all ligands @tdd conductive
features of about 18 Sm.cnmi that slightly change with raising
temperature, conductivity within that range hasagalty been considered
to be exhibited by insulator materi&fs’.

On the other hand, the electrical properties of firepared
polymers were examined; accordingly, the effecttehperature on
resistance was studied. The achieved experimentseshthat there was
an obvious decrease in polymer resistance (i.ereasing conductivities)
with increasing temperature in a behavior similay that of
semiconductof§™®.

From these results, it could be said that thestifiice in the extent
to which the conductivities are affected by tempeeacan be attributed
to the difference in chain length since the chargesfer in the polymer
chain was previously shown to be easier than ipksirmolecule$§™.

Tables (3-8) to (3-23) reveal values of resistamosductivities
and the corresponding temperatures for all prepacedrdination
polymers.

Figures (3-40) to (3-51) show the plot ofélmgainst the
corresponding 1000/T values. The non-linearityhofe Figures indicates
that all polymers have amorphous propertds. Moreover, the
amorphousity of this type of polymers was previgustached out by
many authorg*¢%%)

The relationship between conductivity and actmatienergy is

inversely one. Activation energy is defined as #mount of energy

VoY
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required to make an electron excitement from th&anee band to
conduction band as shown in the following relattops

Ea = 2 X Poltzmann constant X slope
Where the slope represents:

In conductivity (Sm.cril) / [1000 / T (K)].

Table (3-20) shows the slops of first phases &k 1000/T plots.
The activation energy was in the sequence:

L, - polymers < l,- polymers < L, - polymers < k - polymers

A possible explanation for these data takes intooant the
difference in molecular weights. The first ligand,)( has the lowest
molecular weight, then prolonged time in the solutof polymerization
so the polymeric chain growthing took a long tinasscompared to the
other polymers, consequently, increasing in the bemof the repeating
units in the polymer chains (i.e., high moleculaights), and hence an
increase in the number of metal ions in the backhufrthe chains which
Is an important factor in the enhancement of itsdewtivity and lowered
activation energ{°>®.

The conductivity values obtained with-polymers were relatively
higher than those for,land L; -polymers. Oxygen atoms in the structure
of the forth ligand might increase the electrongiignalong the chain by
providing additional two pairs of electrons in gvegpeating units.

The presence of the inert methylene group ¢LHh ligand three
(L3) molecule might act as interruptéfs?) for charge transfer, hence,
conductivity values were the lowest among the ather

Activation energy data shown in Tables (3-20) &dvéhe
superiority of Cu-containing polymers over otherypmers. It is not
surprising that Cu-containing polymers will exhibigher conductivity,
presumably because of the large number of elecirotise outer sphere

of copper ion. This result is, generally, similarithat obtained from other
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studies dealing with Cu-containing polymét¥ and consequently

Ni-containing polymers and Co.

Table (3-4): Values of Resistance, Conductivities and the Corresponding
Temperatures, In 8 and 1000/T for L;.

Temperature Resistivity Conductivity In o 1000/T

(K)

293 2.15E+11 4.65E-12 -26.0935 3.412969
303 2.13E+11 4.69E-12 -26.086 3.30033
313 2.13E+11 4.69E-12 -26.086 3.194888
323 2.14E+11 4.68E-12 -26.0885 3.095975
333 2.13E+11 4.7E-12 -26.0834 3.003003
343 2.13E+11 4.7E-12 -26.0834 2.915452
353 2.13E+11 4.69E-12 -26.086 2.832861
363 2.13E+11 4.7E-12 -26.0834 2.754821
373 2.12E+11 4.71E-12 -26.0809 2.680965

Table (3-5): Values of Resistance, Conductivities and the Corresponding
Temperatures, In 8 and 1000/T for L.

Temperature | Resistivity (p) | Conductivity () In & 1000/T

(K) Ohm Sm.cm™

293 153E+11 6.54807E-12 -25.7519 3.412969
303 151E+11 6.61682E-12 -25.7414 3.30033
313 1.51E+11 6.61682E-12 -25.7414 3.194888
323 15E+11 6.65174E-12 -25.7361 3.095975
333 15E+11 6.68702E-12 -25.7309 3.003003
343 1.5E+11 6.68702E-12 -25.7309 2.915452
353 149E+11 6.70481E-12 -25.7282 2.832861
363 1.49E+11 6.70481E-12 -25.7282 2.754821
373 149E+11 6.72269E-12 -25.7255 2.680965
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Table (3-6): Values of Resistance, Conductivities and the Corresponding

Temperatures, In 8 and 1000/T for L.

Temperature | Resistivity (p) | Conductivity () In o 1000/T

(K) Ohm Sm.cm™

293 4.46E+11 2.24E-12 -26.8236 3.412969
303 4.47E+11 2.24E-12 -26.8248 3.30033
313 4.46E+11 2.24E-12 -26.8236 3.194888
323 4.46E+11 2.24E-12 -26.8225 3.095975
333 4.46E+11 2.24E-12 -26.8225 3.003003
343 4.45E+11 2.25E-12 -26.8213 2.915452
353 445E+11 2.25E-12 -26.8213 2.832861
363 4.44E+11 2.25E-12 -26.8201 2.754821
373 4.44E+11 2.25E-12 -26.819 2.680965

Table (3-7): Values of Resistance, Conductivities

Temperatures, In 8 and 1000/T for L.

and the Corresponding

Temperature | Resistivity (p) | Conductivity (d) In o 1000/T

(K) Ohm Sm.cm™

293 2.1E+11 4.75E-12 -26.0724 3.412969
303 2.09E+11 4.78E-12 -26.0671 3.30033
313 2.09E+11 4.79E-12 -26.0644 3.194888
323 2.07E+11 4.83E-12 -26.0564 3.095975
333 2.07E+11 4.83E-12 -26.0564 3.003003
343 2.07E+11 4.84E-12 -26.0537 2.915452
353 2.06E+11 4.86E-12 -26.051 2.832861
363 2.05E+11 4.88E-12 -26.0456 2.754821
373 2.04E+11 4.89E-12 -26.0428 2.680965
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Table (3-8): Values of Resistance, Conductivities and the Corresponding
Temperatures, In & and 1000/T for CuL ™.

Temperature (K) Resistivity (p) | Conductivity (8) In & 1000/T
Ohm Sm.cm™

293 4.63E+09 2.335E-08 -17.57269098 3.412969
303 4.61E+09 2.345E-08 -17.56836197 3.30033
313 4.60E+09 2.35E-08 -17.56619041 3.194888
323 4.56E+09 2.371E-08 -17.55745673 3.095975
333 4.54E+09 2.381E-08 -17.55306112 3.003003
343 4.48E+09 2.413E-08 -17.53975716 2.915452
353 4.44E+09 2.435E-08 -17.53078849 2.832861
363 4.42E+09 2.446E-08 -17.52627381 2.754821
373 4.40E+09 2.457E-08 -17.52173865 2.680965

-17.51 — T —T—
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>
©
S -17.55 -
@)
5 -17.56 -

-17.57 |

-17.58
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Figure (3-40): Plot of conductivity vs 1000/T for CuL'.
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Table (3-9): Values of Resistance, Conductivities

Temperatures, In 8 and 1000/T for CuL ?.

and the Corresponding

Temperature Resistivity (p) | Conductivity () In & 1000/T

(K) Ohm Sm.cm™
293 4.85E+09 3.158E-09 -19.5734813 3.412969
303 4.81E+09 3.184E-09 -19.56519968 3.30033
313 4.77E+09 3.21E-09 -19.5568489 3.194888
323 4.75E+09 3.224E-09 -19.55264721 3.095975
333 4.73E+09 3.238E-09 -19.5484278 3.003003
343 4.73E+09 3.238E-09 -19.5484278 2.915452
353 4.70E+09 3.258E-09 -19.5420651 2.832861
363 4.65E+09 3.293E-09 -19.53136981 2.754821
373 4.61E+09 3.322E-09 -19.52273045 2.680965
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Figure (3-41): Plot of conductivity vs 1000/T for CuL?.
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Table (3-10): Values of Resistance, Conductivities and the Corresponding
Temperatures, In & and 1000/T for CuL >,

1000/T (K)

Temperature Resistivity (p) | Conductivity (8) In & 1000/T
(K) Ohm Sm.cm?
293 430500000 5.858E-09 -18.95537864 3.412969
303 427052500 5.906E-09 -18.94733828 3.30033
313 422567500 5.968E-09 -18.93678052 3.194888
323 417000000 6.048E-09 -18.92351754 3.095975
333 415007500 6.077E-09 -18.91872791 3.003003
343 413335000 6.102E-09 -18.91468972 2.915452
353 409502500 6.159E-09 -18.90537433 2.832861
363 405505000 6.22E-09 -18.89556452 2754821
373 401025000 6.289E-09 -18.88445509 2.680965
-18-88 T T T T T
18.892 3.3 315
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Figure (3-42): Plot of conductivity vs 1000/T for CuL>.
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Table (3-11): Values of Resistance, Conductivities and the Corresponding
Temperatures, In & and 1000/T for CuL*.

Temperature Resistivity (p) | Conductivity (8) In & 1000/T

(K) Ohm Sm.cm™
293 4.05E+09 3.849E-09 -19.37545153 3.412969
303 4.01E+09 3.887E-09 -19.36552589 3.30033
313 3.97E+09 3.927E-09 -19.35550074 3.194888
323 3.97E+09 3.932E-09 -19.3542405 3.095975
333 3.93E+09 3.967E-09 -19.34537407 3.003003
343 3.92E+09 3.977E-09 -19.3428263 2.915452
353 3.89E+09 4.007E-09 -19.33514381 2.832861
363 3.85E+09 4.049E-09 -19.3248078 2.754821
373 3.83E+09 4.07E-09 -19.31959945 2.680965

_19.31 T T T T T T T T T T T T T T T T T T T T

2|5 2.7 2.9 3.1 3.3 35

-19.32 -
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Figure (3-43): Plot of conductivity vs 1000/T for CuL*.
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Table (3-12): Values of Resistance, Conductivities and the Corresponding
Temperatures, In & and 1000/T for NiL®,

Temperature Resistivity (p) | Conductivity () In & 1000/T

(K) Ohm Sm.cm™
293 4.91E+09 5.256E-09 -19.06391526 3.412969
303 4.82E+09 5.354E-09 -19.04541524 3.30033
313 4.69E+09 5.502E-09 -19.0180739 3.194888
323 4.66E+09 5.538E-09 -19.01165676 3.095975
333 4.64E+09 5.562E-09 -19.00735568 3.003003
343 4.60E+09 5.61E-09 -18.99869762 2.915452
353 4.57E+09 5.647E-09 -18.99215452 2.832861
363 4.54E+09 5.684E-09 -18.98556833 2.754821
373 4.50E+09 5.735E-09 -18.97671871 2.680965
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Figure (3-44): Plot of conductivity vs 1000/T for NiL™.
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Table (3-13): Values of Resistance, Conductivities and the Corresponding
Temperatures, In  and 1000/T for NiL?,

Temperature Resistivity (p) | Conductivity () In o 1000/T

(K) Ohm Sm.cm™
293 4.74E+09 1.678E-09 -20.2058435 3.412969
303 4.66E+09 1.706E-09 -20.18882182 3.30033
313 4.61E+09 1.725E-09 -20.17803422 3.194888
323 4.60E+09 1.729E-09 -20.17586267 3.095975
333 4.58E+09 1.736E-09 -20.17150537 3.003003
343 4.53E+09 1.755E-09 -20.16052831 2.915452
353 4.49E+09 1.771E-09 -20.15165907 2.832861
363 4.43E+09 1.795E-09 -20.13820595 2.754821
373 4.39E+09 1.811E-09 -20.12913559 2.680965
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Figure (3-45): Plot of conductivity vs 1000/T for NiL?2.
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Table (3-14): Values of Resistance, Conductivities and the Corresponding
Temperatures, In & and 1000/T for NiL 3,

Temperature (K) Resistivity (p) | Conductivity (8) In & 1000/T
Ohm Sm.cm™
293 5.95E+09 1.4E-09 -20.3868101 3.412969
303 5.55E+09 1.501E-09 -20.31721681 3.30033
313 5.18E+09 1.608E-09 -20.24822394 3.194888
323 5.10E+09 1.633E-09 -20.23265942 3.095975
333 5.05E+09 1.649E-09 -20.22280712 3.003003
343 4.88E+09 1.707E-09 -20.1885641 2.915452
353 4.82E+09 1.728E-09 -20.17619281 2.832861
363 4.77E+09 1.746E-09 -20.16576519 2.754821
373 4.70E+09 1.772E-09 -20.15098139 2.680965
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Figure (3-46): Plot of conductivity vs 1000/T for NiL>,
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Table (3-15): Values of Resistance, Conductivities and the Corresponding
Temperatures, In & and 1000/T for NiL*,

Temperature Resistivity (p) | Conductivity (8) In & 1000/T

(K) Ohm Sm.cm™
293 7.37E+09 2.653E-09 -19.74769076 3.412969
303 7.26E+09 2.693E-09 -19.73265288 3.30033
313 6.98E+09 2.801E-09 -19.69332197 3.194888
323 6.26E+09 3.123E-09 -19.58445324 3.095975
333 5.15E+09 3.796E-09 -19.38926977 3.003003
343 4.73E+09 4.133E-09 -19.30419825 2.915452
353 4.70E+09 4.16E-09 -19.29783556 2.832861
363 4.66E+09 4.195E-09 -19.2892885 2.754821
373 4.60E+09 4.25E-09 -19.27632935 2.680965
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Figure (3-47): Plot of conductivity vs 1000/T for NiL*.
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Table (3-16): Values of Resistance, Conductivities and the Corresponding
Temperatures, In 8 and 1000/T for CoL*.

Temperature Resistivity (p) | Conductivity (8) In & 1000/T
(K) Ohm Sm.cm™
293 6.63E+09 2.605E-09 -19.76583275 3.412969
303 6.58E+09 2.625E-09 -19.75826269 3.30033
313 6.52E+09 2.649E-09 -19.74910232 3.194888
323 6.09E+09 2.836E-09 -19.68087602 3.095975
333 5.92E+09 2.917E-09 -19.65256439 3.003003
343 5.32E+09 3.246E-09 -19.54570125 2.915452
353 5.26E+09 3.283E-09 -19.53435897 2.832861
363 5.22E+09 3.309E-09 -19.52672534 2.754821
373 5.16E+09 3.347E-09 -19.51516452 2.680965
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Figure (3-48): Plot of conductivity vs 1000/T for CoL™.
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Table (3-17): Values of Resistance, Conductivities and the Corresponding
Temperatures, In 8 and 1000/T for CoL 2,

Temperature Resistivity (p) | Conductivity (8) In & 1000/T

(K) Ohm Sm.cm™
293 5.01E+09 9.557E-10 -20.76857137 3.412969
303 5.00E+09 9.701E-10 -20.75358357 3.30033
313 4.99E+09 9.718E-10 -20.75190431 3.194888
323 4.99E+09 1.061E-09 -20.6641287 3.095975
333 4.94E+09 1.065E-09 -20.66045223 3.003003
343 4.92E+09 1.065E-09 -20.66045223 2.915452
353 4.88E+09 1.233E-09 -20.51394568 2.832861
363 4.81E+09 1.254E-09 -20.49674095 2.754821
373 4.74E+09 1.271E-09 -20.48364033 2.680965
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Figure (3-49): Plot of conductivity vs 1000/T for CoL?.
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Table (3-18): Values of Resistance, Conductivities and the Corresponding
Temperatures, In 8 and 1000/T for CoL 3,

Temperature Resistivity (p) | Conductivity () In & 1000/T
(K) Ohm Sm.cm™
293 6.20E+09 9.326E-10 -20.79306239 3.412969
303 5.96E+09 9.701E-10 -20.75358357 3.30033
313 5.77E+09 1.002E-09 -20.72118517 3.194888
323 5.45E+09 1.061E-09 -20.6641287 3.095975
333 5.43E+09 1.065E-09 -20.66045223 3.003003
343 5.22E+09 1.108E-09 -20.6210105 2.915452
353 4.69E+09 1.233E-09 -20.51394568 2.832861
363 4.61E+09 1.254E-09 -20.49674095 2.754821
373 4.55E+09 1.271E-09 -20.48364033 2.680965
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Figure (3-50): Plot of conductivity vs 1000/T for CoL>.
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Table (3-19): Values of Resistance, Conductivities and the Corresponding
Temperatures, In  and 1000/T for CoL*.

Temperature Resistivity (p) | Conductivity () In o 1000/T

(K) Ohm Sm.cm™
293 5.45E+09 1.734E-09 -20.17267669 3.412969
303 5.44E+09 1.737E-09 -20.17084014 3.30033
313 5.44E+09 1.737E-09 -20.17084014 3.194888
323 5.29E+09 1.787E-09 -20.14287932 3.095975
333 5.26E+09 1.797E-09 -20.1371921 3.003003
343 5.25E+09 1.8E-09 -20.13528915 2.915452
353 5.20E+09 1.818E-09 -20.1257197 2.832861
363 5.12E+09 1.846E-09 -20.11021552 2.754821
373 5.08E+09 1.861E-09 -20.10237234 2.680965
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Figure (3-51): Plot of conductivity vs 1000/T for CoL*.
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Table (3-20): The sdope and activation energies of the prepared coordination
polymers.

Polymer symbol Slope Eaev
CuL® -0.0752 0.006482
CuL? -0.1121 0.009663
CulL’ -0.1284 0.011068
CuL’ -0.1025 0.008836
NiL? -0.0923 0.007956
NiL? -0.1375 0.011853
NiL? -0.1577 0.013594
NiL* -0.1174 0.01012
CoL' -0.1269 0.010939
ColL? -0.161 0.013878
ColL? -0.1997 0.017214
CoL* -0.1462 0.012602
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3.6 Conclusions:

The following conclusions have been reached out:
1) The average molecular weight of the preparegrpeis can not be
determined due to their insolubility in most orgasolvents.
2) The prepared polymers are stable, non-cryséllemd non-
hygroscopic.
3) All the prepared ligands with metal ions have tbllowing octahedral

geometry:
CH:NON=E X = H,0 , DMSO , NO,
M=Cu, Co, Ni
X
OH ,\'/l/OH
o 3

Xl

WSy

4) The presence of metal ions in the polymers siras has promoted
their electrical conductivity as compared to tlgahds.

5) The electrical conductivity was in the sequence:

Cu polymer > Ni polymer > Co polymer

6) There was a significant increase in electricalductivity, since it has
been changed from $6to 10° Sm.cn.

VYo
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The Future Work:

1)

2)

3)

4)

5)

6)

Study of the ability of the prepared polymers arghnds as
photostabilizers or thermal stable materials foy polymer and
petroleum derivatives.

Study the liquid crystalline properties of the @ea polymers
and ligands.

Study of the biological activity of the ligands dtee established
biological activity of the prepared Schiff-bases.

Using another group of transition metals to prepee polymers
and study of their electrical properties or otreatlires of interest.
Study of the optical properties of both the liganaisd the
polymers.

Determination of the exact stereostructure and #verage

molecular weight of the polymers.

AR B
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Chapter Two
Experimental part
2.1 Instruments:
A) Fourier Transform Infrared Spectrophotometer:

The infrared spectra were recorded onSlIMADZU 8:00s
Fourier Transform Infrared Spectrophotometer (RY.by using the
(KBr) in the wavenumber range (4000-500)tm
B) Ultra Violet-Visible Spectrophotometer:

The electronic spectra of the polymers and theie figands were
obtained using SHIMADZU UV-Vis 1650 PC) Ultraviolet
spectrophotometer in the range at wave length ré@@@-250) nm using
a quartz cell of 10 mm pathlength.

C) Magnetic Susceptibility Balancement:

The magnetic susceptibility values for the pregarelymers were
obtained at room temperature using (Magnetic Susxky Balance),
Johnson Mattey catalytic division, England.

D) Melting Point Apparatus:

B-CHI melting point B-545 apparatus was used tasuoee the
melting points of all the prepared ligands, in Z£bri University/
Switzerland.

E) Nuclear Magnetic Resonance (NMR):

H-NMR Burker, 300 MHz. was used to measure protoclaar
magnetic resonance in Zurich University/ Switzedlan
F) Mass Spectroscopy:

Mass spectra analyses were achieved by Zurich ddsity/
Switzerland using MALDI MS Voyager spectrometer. oltechniques
were employed to analyze mass spectra;pkiand L.

Maldi mass technique was used fqrdnd L, according to which,

the analyzed sample is mixed with the matrix matsrin a ratio of 1:

1A%
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10000, the mixture is then exposed to laser iothiezesample of interest
without or few fragmentation.

L, spectrum was analyzed using the electron ionizagohniques.
An electronic beam of 70 eV is applied to fragntdetsample and ionize
its fragments.
G) X-Ray Diffraction:
X-ray diffractometer Siemens SRS D 500

The preparation of samples is done by grindingrtia¢erial into
(150 micron) size then placed into the sample hgltlenm thick and 1.5
cm diameter) pressed by hand using a smooth gtass,cthen put into
the sample holder place at the x-ray diffractoma&tstrument (copper,
A = 1.54050) interpretation of data is made using 3ables.
2.2 Preparation of Ligands:
2.2.1 Preparation of (1,4-bis(N-o-hydroxybenzylidine)phenylene
diamine) L;:

L, was prepared by the reaction pfphenylene diamine with

salicylaldehyde.

p-phenylene diamine 1.06 g (0.01 mol) (Fluka, 99%s
dissolved in (10 ml) of absolute ethanol (Fluke&¥®9ew drops of glacial
acetic acid were added. The solution was added4i @ (0.02 mol) of
salicylaldehyde (Fluka, 99%). After that the mixd@wras refluxed for one
hour and an orange precipitate was formed. Thenptkeipitate was
filtered, washed with hot ethanol and dried at 30Gor two hours. The
orange precipitate product (96% vyield) was ideatifby melting point,
F.T.IR, H- NMR and mass spectroscopy.

¢A
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2.2.2 Preparation of (4,4-bis(o-hydroxybenzylidene)biphenyl-

amine) L2:

Benzedrine 1.84 g (0.01 mol) of (BDH, 99%) was diigsd in
(10 ml) of absolute ethanol. The solution was ttreated as mentioned
in (2.2.1). The melting point of the resulte yellpwecipitate (93% yield)
was determined and the product was identified BylR, H'- NMR and

mass spectroscopy.

2.2.3Prepar ationof (4,4-bis(o-hydroxybenzylidene)methylene-
dianiline) L3:

1.98 g (0.01 mol) of 4,4-diaminodiphenyl methan®B 99%)
was dissolved in (10 ml) of absolute ethanol. Thme steps mentioned
in (2.2.1) for L preparation was repeated. The milky precipitat@?49
yield) product was identified by melting point mee=ment, F.T.IR, 4

NMR and mass spectroscopy.

224 Preparation of (4,4-bis(o-hydroxybenzylidene)aminodi-
phenylether) L4:

Absolute ethang|10 ml) were used to dissolve 2.00 g (0.01 mol)
of 4,4-diaminodiphenyl ether (Fluka, 99%). Then teame steps
mentioned in (2.2.1) for Lpreparation were consulted. The resulting
yellow precipitate (94% vyield) product identified/ BF.T.IR and H-

NMR, mass spectroscopy and determining meltingtpoin

2.3 Preparation of the coordination polymers:

In this work four types of ligands wereepared, and were reacted
with three types of transition metal ions [coppérate hydrate (BDH,
99%), cobalt nitrate hexahydrate (Fluka, 99%) andkeil nitrate

1)
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hexahydrate (Fluka, 99%)]. 0.01 mole of the pregaligands were
dissolved in 20 ml DMSO (Merck, 98%) and 0.01 mofethe metal

nitrate salts was dissolved in (20 ml) DMSO. The fwepared solutions
were mixed and (2 gram) sodium bicarbonate (FI9Ra7%) was added
to the mixture. The resulted solution was refluxed 6 hours under
nitrogen atmosphere. The obtained precipitate vitasefd under reduced
pressure, washed several times with hot water e dried at 106C

for two hours. Table (2-1) represents the weighstafiting materials,

product and the product colors.

Table (2-1) Weights of starting materials, Weight of the product and The

product colors:

Symbol of Weight of | Weight of | Weight of product Color of product

polymers | ligand (gm) | salt (gm) (gm)
CuL?! 3.16 2.23 Deep brown
NiL* 3.16 2.90 Olivegreen
CoL?! 3.16 2.90 Reddish brown
CuL? 3.92 2.23 Brown
NiL? 3.92 2.90 Light olive green
CoL? 3.92 2.90 Reddish brown
CuL?® 4.06 2.23 Deep brown
NiL® 4.06 2.90 Olivegreen
CoL* 4.06 2.90 Reddish brown
CuL? 4.08 2.23 Deep brown
NiL? 4.08 2.90 Light olivegreen
CoL* 4.08 2.90 Reddish brown
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2.4 Electrical Measurements:

Different weights of the prepared polymer powdeese pressed
under approximately 10 bars,to prepare discs omld@ameter, then a
micrometer was used to determine the thicknesdhefdisc. Fidwar's
system was followed to coat the opposite sides hef discs with
aluminum by evaporating it under highly reducedsptee.

Two copper wires were linked to the aluminum-coaields with a
silver paste {SP 51; Johnson Matthey andCo.,England). The overall
system was placed in the oven (THELCO GCA/Precissorentific
model 16) and joined to a micromultimeter (3466AyiEal multimetter).
The temperature was measured using a digital cotipemometer
(Jenway model 2003 Thermocouple type K). Figurel)(2shows a

representative scheme of the system used for iel@latneasurements.

Cuwire Oven
l i{—\ Aluminum Surface
(.
Multimeter
Power —1
supply -

Figure (2-1): Schematic chart used for electrical measurements.

The resistance of the discs was measured at diffegenperatures
(20, 30, 40, 50, 60, 70, 80, 90 and Q9.
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Abstract

Four tetradentate ligands were prepared by reacting salicylaldehyde
with different aromatic diaminesin acidic medium (Schiff-base reaction).

FT.IR, 'H-NMR and Madi- MS techniques were employed to
identify the L, (1,4-bis(N-o-hydroxybenzylidine)phenylene diamine)and
L, (4,4-bis(o-hydroxybenzylidene)biphenyl- amine) molecules, while
only F.T.IR and 'H-NMR spectra were used in the identification of L3(4,4-
bis(o-hydroxybenzylidene)methylene-dianiline)mol ecul es.

Electron ionization mass spectrometry measurements were carried out
to identify L, (4,4-bis(o-hydroxybenzylidene)aminodi-phenylether)
molecules in addition to both F.T.IR and *H-NMR techniques.

A set of coordination polymers was prepared by reacting the
tetradentate ligands with nitrate salts of Cu(ll), Ni(ll) and Co(ll).

The prepared coordination polymers were identified using F.T.IR,
UV-Vis. spectroscopy and magnetic susceptibility measurements. The
results indicated that al polymers were octahedral. The prepared polymers
were aso shown to be insoluble in most polar and non-polar organic
solvents.However, the polymeric nature was concluded taking into account
amorphousity and stability proved by x-ray diffraction studies for CuL?,
NiL*and CoL" samples.

The DC-electrical properties were studied; the results showed that the
semi conductive properties were to be improved by inserting a metal ion into
the polymeric chains.

Also, Cu-polymers were shown to have the higher conductivities than

the other type of polymers.
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