INTRODUCTION




IRNTRODUCTTION

I.1 Geperal :-

Modern technological demands for materials which
have desirable mechanical thermal and/or electrical
characteristics at irereasingly higher temperatures as well
" as at the low and ambient temperatures have directed the
attention of irnvestigators to polymeric systems which may
be strictly inorganic or inorganic-organic in characters
Irorganic-organic polyﬁers consist mainly of polymers con-~
sontdining (a) Si, P, B, etc. (b) C-bonded metals ard
metalloids and (c) Co-ordinated or.chelated metals. They
are tabulated with references as folows : (tables are not
exhaustive) |
{a) Polymers containing Si

(fpcluding Polysiloxanes and poly

metallosiloxanes) eeses Table 1
(b) Polymers comtainirg P ceees Table 2
(e) Polymers containing B eesse Table 3
(d) Orgamometallic Polymess eesess Table k

(e) Co=ordination pclyﬁers

( 1)from 0-légands esees Table 5
( 11)from 0,N-ligands ceees Table 6
(111)from N-ligands ceees Table 7
( iv)from N-S ligands ceess Table 8
( v)from Polymeric ligards «eses Table 9

( vi)from Co-ordination complexes eeess Table 10
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Polymers contalining P
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Orgarometallic polymers.
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Co-ordination polymers from O-1igands

No. Ligand ' Metalions

Ko Referendes
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Table - 6

Co~-ordination polymers from O, N ligands,

Fe. Ligand , Metalions
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Table - 7

Co-ordination polymers from N-ligands
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Table - 8

Co~-ordination polymers from N, S ligands

Jo. Ligand Hetalions References
R
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Co-ordination polymers from polymeric ligands
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TablelZ—IOQ ‘
Coprdination polymers from coordination complexes

4% -4 i

No, Coordination complex Polymerization References
w o - , :
1 Veinyl ferrocene Veinyl polymeriza- 11k
tion ' :
Diene polymeriza-
tion
2 Cinnamoyl ferrocene Diene polymeriza- 115
tion
3 Coordination complexes Polyesterification 116

with free alcoholie
functions in the ligand
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I.2 er form $-
There are three principal types of reactions which
lead to the formation of éubstances of higher molecular
weight. (1) Condensation reactions which involve thex
elimination of simple molecules, (11) addition reactions in
which the monomerie, low molecular weight units are caused
to react additively with themselves, or with other moncmerie
units to ySeld polymeric produc%s, and(111) Co-ordination
polymerization reactions in which ligands get co-ordinated
or chelated to metal atoms, and which are frequently classified
under both condensation and addition polymerization reactions, _
but are sufficiently distinctive to warrant separate treatmente
They may be strictly inorganic or inerganic-organic in
character. ’ '
Reactions leading to the formation of polymers

containing co-ordinated or chelated metal lons can be divided

" into three general catagories s~

(1) Metal-ligapd chain formation s~-

Folymers may result when suitable metal ions ard

ligards combine., The possibility of using reactions of this

type depends primarily on the fact that many metal lons are
boly-co-ordinate in character and can conbine with polydentatg
ligands. Poly co-ordinate ions are capable of accepting more
than one pair of electrons amd consequently, in many cases,
reactions with polyfunctional (polydentate) donor molecules
will result in chain or cross-linked polymeric structures.
(i1) Metal irsertiop in polymeric ligands :-

Some metal-containing polymers are obtained by the
combination of metal ions and preformed polymeric ligands



having suitable co-ordination sites, ‘ 18

(111) Polymerisatiop of co-ordination complexes or chelates :-
Some polymers are obtained when monomers containing

co-ordinated or chelated metal ilons are polymerized through

functiomal groupse

1.3 Metal-ligan ha ormatiop :-

‘ In theory, a ligand molecule which contains two
pairs of unshared electfons can be used to link metal ionse.
Urder certain circumstances, when the stereochemistry of the
domor group and the metal ion,are favourable, chelate rirg
formation occurse. Polymeric compourds are formed (a) when
both pairs of electrons are on the same atom in the
co-ordinating group ( e.g. Cl, OH, NH,), (b) when the electron
pairs are on atoms linked directly to each other (e.g. =CN),
or (¢) when the domor atoms are widely separated in the ligand
molécule. ”

Simplest examples of polymeric complexes formed
by reaction (a) are the dimers (I and II) of the chlorides
of Aluminium and Iron in the vépour statetl7 Each metal

atom is surrounded tetrahedrally by four chlorine atoms.

////Gl\\\\\ ////,cl Gl ///,Clx\\\\ ////,Cl
/‘u\/\ /F\/\

Ci1 ¢l

(1) (II)
Further, copper (I) chloride is found to exist as

eyelic trimer (III),

Cu
o1’ Ta

l |

Gu Cu
\wxr//

(1I1)



and palladium (II) chloride exists as infinite chains
(IV) in the solid state.

(Iv)
ReCu~I is an example which is represented as a tetrahedral

120
cage (V).

R=Cu

(v)
Werner isolated the first optieally active
dinuclear complex (VI),

_ .

(Izl:é:) e ~_(m)

en, 0\ /Goen2
(vn -

2nd prepared various products (VII fo X) by substitution

122
reactions, __
NH +3
(11 /" N (m
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( éIV N (111) *
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Weakly volatile covalent alkoxides of metals are
considered to be polymeric. Thus thallous alkoxides are found

123
to be tetrameri¢ (XI).

Tl
R—O O—R

25k

R
(x1) »
) 124 ‘
Titanium ethoxide is porposed to exist as trimer (XII) in

concentrated benzene solution ami,



R-O\ / :\ - 6\ /'o-a

R0 0
R

XID

5

o 12 i 126
the alkoxides of b and Ta are shown to have dimerie

structures (XIID).

R-0 \\M/
R-0 /o/ ~

g R g
(X11T)
M= Nb, Ta

5 8 3§
0

o i ' (129-30)
Key polymers in Aluminium alkoxides are

dimer, (XIV) tetramer, (XV), hexamer, (XVI) and octamer,(XVII).
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Metal cyanldes are the familiar examplés of

polymers formegl‘by reaction (B). Thus Silver cyanide is a

i31
linear polymer-- - (XVIII),
-{--dg--C=N--sg--C=N-1)
(XVIII) I
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A . tas
and R Au CN is represented as a cyelie tetz-amer3 (XIX)

- ‘R‘ R{ ’
. !
Riefy -G = Ne-An—R
ooy
N c
i il
c N
R+~Au-N=C-~ -.léu—-fca
R R
(XIx)

however, if R (alkyi) groups can be made‘to occupy trans
instead of cis positions, a linear polymer (XX) would result.
R R
?ﬁ---c—zn---fm--—cz-n “n
2 4

(xx)

-

Nickel (II) cyanide is an example of planer,

133
sheetlike polymer (XXI),
n ‘

I il
Cc ¥ -

I [
-EN--—I\}i———NECﬁ-——l?i—a-GEN—--I\;i--—-—NE
N 194 N
it i il

]
I
= G-——I\{i ——O= N—-—l\gi -——--N=C ---1;11——-0':‘
G N ' c
i i i
(Xx1)
and clat:hrate type complexes formed by nickel (II)cyanide
exemplify the regular, infinite three dimensional polymers,
Co-ordinat ion polymers obtained by reaction (C)
are numerous and are listed in tables 5-8. It has been

observed in many cases that chelation with metal ions greatly
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enhances the thermal stability of organic ligands., Monomeric
chelate compounds are obtained with bidentate ligands such
as ethylenedliamine but polydentate agents can give rise to
polymeric compounds, The degree of crosslinking in any
polymer of this type is governed by the co—ordination number
of the metal and the number of co-oréinating centres of
the ligand., Combination between a bis-(bidentate) ligand
and a tetraco-ordinate metal ion, or between a bis(tridentate)
ligand and a hexa co-ordinate metal lon will lead to a
linear pol&mer if the two bidentate or tridentate functions
of the ligand are unable to co-ordinate with the same metal
ion, A bis-(bidentate) ligand and a hexaco-ordinate metal
ion or a polyfunctional ligand with a tetraco-ordinate metal
ion, on the other hand, can give highly erosslinked polymeric
products, A hexaco-ordinate getal can be used with bis-
(bidentate) ligands to prepare linear polymers b& bloeking
two of the co-ordination positions with other groups,

Tetra co-ordinate metal ions such as Cu(II) and Ni(II)
are treated with bis-(bidentate) ligands such as 2,5;dihjdroxy
p-benzoquinone, napthazarin, quinizarin, anthrarufin, 5,8-
dihydroxy quinoxaline, 1,5-dihydroxy phenazine, dioxime of
1,5;d1gcy1—2,6-dihydroxy naphthalene, bis-(acetylacetone),
bis-(salieylaldehyde), rubeanie acid, etc., to get linear
polymers, Cross-linked.polymers were obtained in most of the
cases when 6-co-ordinate M(III) and 8-co-ordinate M(IV) were
used with the above ligands and no co-ordlnation position
was blocked by other ligands,

Many of the products that have been obtained at

the present time from the above processes have expected
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thermal characteristics but are very brittle. To some extent
this can be related to the highly directioral mature of the
bonding between the ligand ard the metal ions.

I.4 Metgl insertion in polymeriec ligandg :-

Co-ordination polymers obtained by metal insertion
in polymeric ligamis are listed in table-9, Production of
polymers using preformed pclymerié liganis has not yet been .
studied to any great extent. The literature, however, contains
some_ interesting :applications of this second general method.
An interesting and well known example of this is the tanning
of leather by metal ilons, which irnvolves, the cross-lir;king
and’ stabilising of polypeptide polymers by co-ordimation.
Lions and Martin?'m pfepared polydentate ligands by the
reaction of pyridine-256 dialdehyde and diamires such as
ethylene diamine, hexamethylene diamine and benzidine. The
ligands, considered to have the structure (XXII)

| HC@C : H @
¥ e
—N N—¥>—N . N—x—N N —

(XXII)

where X is -(CH),) =, =(CHp)¢ or

give polymers of unknown molecular weights where treated
with bivalent copper or ipon salts. Similarly Marvel and

Tarko;»oz prepared polymeric schiff bases wlth molecular



welights in the region of 10,000, For example, treatment
of 5,5-methylene~bis-(salicylaldehyde) with -o-phenylene~
diamine gave the poly Kis(tetradentate) ligand,(XXIII)

CH= N=CH

taCn e

dm

ol

(XXIII)

which gave polymetallic éhelates with Cu (II), 2n (ID),
etc. Analogous reactions were carried out‘by Bayerlzzrusing
polymeric schiff bases obtained from glyoxal amd either
2,6-diamimo-p-cresol or 2,4,6-triaminophenole It is also
possible that some of the naturally occuring polymers

(eeg+ certain polypeptides and polysaccharides) can function
similarly but interaction with ions has not been examined
extensively from this point of view. However, Mesterl35ha54
shown that formazarnes obtained from polysaccharides are
capable of complexing with metal ions.

I.5. Polymerization of monomeriec co-ordination complexes 3 -

Co-ordination polymers obtained by polymerization
of monomeric co-ordination complexes are listed in table-10.
Higher molecular weight compounds can be prepared from
‘co—ordination.complexes when the ligand contains functional
groups capable of urndergoing conventional addition or
condensation reactions. If the ligard contains an ethylenie
side-chain, the usual addition polymerization may be possible,

Vinyl ferrocene has been shown to undergo homo and



27

i1y

co=-polymerization with vinyl monomers and dienes and

although trans cinmmonyl ferrocene does not\ homopodymerize,

115
a variety of copolymers have heen obtained. On the other

116

hand, Bailar amd Co-workers have carried out polyesteri-

fication of co-ordination compourds having aleohelic

functions in the ligande The rezction between nickel bis-

(p-hydroxy ethyl glycine) and phthaliec anhydride in vaccum

0
at 1704 C gave low molecular weight polymer (XXIV)»

§2

- 0C— C00~CHp— CH,—NH 0

CT "'"c}lxz
o\ /_I\IH—CE;Z—GH; 0

Ni

/ \

CH, TC6

dm
(xx1Iv) “

while dimethylterph’chalate and copper bis-salicylidene

etha

nolamine)gave product with structure (XXV).

| Y
“'“"OC@'C 00— CHy— CH,—/™N \

0 C/u 0O
@CH: N——CH?,—C”Q:—O—
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Rau&scﬁbtained short chain polymers (XXVI):by-
heteropolymerization of metal-containing monomérs, ard
Ghen | showed that chain-length can be incressed by
digestion of the product.

. N CHCCH)— N = M

T~ oi LI‘IH @J i

(XXVI)

I.6 Design of co-ordination polvmers-factors s~

Some of the factorsq&hich are considered important
) in the design of stable co-ordination polymers are listed
below 3~ )

(1) The co-ordinate covalent bonds in co-ordination
cémpounds aré never purzly covalent,but retainin: enough !
ionic character to allow depolymerisations, rearrangementSs
amd displacement reactlons to take places. It may also be
poifted out that because of the partial ionie character

of most of the co-ordinate covalent bonds, the metals

in complexes cormonly retain some positive charge, leaving
the donor atoms with negative charges. If these charges
are large, they bind the polymer chains together,and
flexiblity is loste.

(11) Hydrolytic stability of a complex 1s quite
unrelated to its thermal stability and its ability to

resist oxidation.
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(1i1) It should not be expected thet a co-ordinated
metal atom will influence the stability of cﬁemical bonis
which are mnot closely associated with ite

(iv) If the ligard ié a neutral molecule, the polymer
will be an ion, bearing 2 positive charge on each unit of
the polymer chain equal to that of the co-ordinated metal
ion. In gemeral, greater thermal stability is attained, if
these\charges are internally neutralised by the use of
polymer-forming ligands, which contribute negative charges
equal to the positive charge on the metal ions, or by some
other co~ordinated groups of proper negative charge.

(v) The stereochemistry of the metal ion and the
ligand will determine whether a complex can be formed, how
stable it can be, and if éolymersse whether it will be -
linear or cross-linked, o

(vi) The stabilising influerce of chelation will be
evident in co-ordination polymers as in metal complexes.
I.7 Aim apd object of. the presept work -

Interest in the field of eo-ogdination polymers
can be for various reasons. Elliotnﬂy prepared highly
cross-linked complexes of transition metals with bis
(¢ -amincaeids), etc. with the hope getting highly coloured,
stablg materials which would serve as paint pigments.

Amon and Kane}Ba patented the use of lirear polymers of

+ copper and nickel with dithiooxémide as polarising medig.
wilkins ard Wittbeckar33 studied the formation of plastie
polymeric material from the reaction of bis(pB-diketores) -

and fouy co-ordinate metals (e.g. Be). Defence interest for
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the production of polymers of high thermal stability or
semicondueting property has given much impetus to the

present day irnvestigationse

It is known that in many cases, the organic material is
stabilised against thermal or chemical attack by co-ordination
with & metal lon. Thus the schiff base of acetylacetone and
ethylenediamine shows no marked thermal stability, but
its copper complex is only slowly decomposed at red neat >

It is considered possible to build heat-resistant co-ordinatédn
polymers from less stable suitable organic ligands.

It may be remarked that transition metals possess
catalytie activity. Decomposition of organic ligand
containirg less stable group may be catalysed by co-ordination
of the ligand with the transition metal ion.

Further, the~formation of co-ordination polymers
from monomeric co-ordination complexes by polymerisation
through the functioral groups, may be similarly influenced
by the presemce of transition metal ion in the complex.

Our ‘main aim in this field of co-ordination or
chelate polymers was to synthesise chelate polymems of
highly conjugated organic ligands which would possess high
thermal stability and may possess semicorducting properties.
It might happen that introduction of certaln groups in the
chains may lead to the reduced thermal stability of the
polymer. It was considered thaf whenever polymer fermation
canmot be éuccessful, moromeric complexes be prepared as

model compounds for further investigatiens.



31

With the above considerations in view we planned
(a) ( 1) to preparec suita‘ble miltifunctioml ligands
( 11) to prepare their transition metal polymeric
complexes
~(111) to study their optical, electrical, magnetic
and thermal properties, amd
(p) ( 1) to prepare suitable monomeric co-ordination
‘ complexes ard
( 1i) to polymerise them through suitable functional
groups.
Investigations carried out with the above

considerations in view and the results obtained are discussed

.in the following pagess



