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IIT RESULTS AND DISCUSSION

IITI, 1, Chelate polymers of 2,5-dihydroxy-p-benzoquinone :

2,5-Dihydpoxy;p-benchuinone is known to form
chelate polymers. Jain and Singhalz”j8 studied the
precipitation of various metal ions by the ligand and
suggested that 6-éoordinate M(ITII) and 8-coordinate M(IV)
might form eross-linked chelate polyﬁers whereas ;: blvalent

cations might form linear chelate polymers. Kanda dnd
1209 12392409259

coworkers prepared chelate polymers of
Cu(II), Ni(IT) and CA(II) and made extensive studies on
249

the copper (II) chelate polymer. Frank and coworkers
studied the preparation of a number of its metallic
complexes and chelate polymers. Recently Rose,Block and
Davis260 studied the degree of polymerisation of Zn
derivatives and Bottel and Fangman26‘ studied taermal

and spectral properties of Co (II), Ni(II),Cu(II) and
Zn(II) chelate polymers of the lizand. The complexes and
chelate polymers trormed by Co(II), Ni(TI),Cu(IT) and Fe(II)
with the above ligand in presence of amines and the

complexes formed by orgdpic bases are included in the
present studies. \
(1) Co(II) Chelate polymers :

The magnetic moments of Co(II) chelate polymers
caleulated from magnetie susceptidilities are presented in
table -40 and some important IR bands of B3Co B are given
in table~ %l. Plots of log,Q of the chelate polymers vs,

reciprocal temperature-are given in fig. 21,
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Table 41
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1
Some_characteristic IR freguencies (em ) of BoCo B

3300 m 1360 s 95 m
3200 m 1288 w 930 m
3100 w 1252 s | 838 w
1610 m 1185 w 822 m
1510 vs (b) 1095 w 793 m
1400 m 1015 m
Table 42
o« Compound Energy gap Resistivity at infinite
temperature
( B ev.) ( Qo ohm.cm.)
(a)
1.  Bgo 0452 1.11 x 10
2.  BQCo B 1.23 8.37 z 10°
3. BICo A 2.50 3.97 x lOm
(b)
l. BQCo B 0.9%% 1.82 x 105
2.  BCo P 1.86 7.1% x 10
3 BCo T 2.06 7.31 x 10—2
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The analysis of BQCo showz that the ratio of
metal to ligand is 1 ¢+ 1 § hence the chelate 1s represented

as g linear polymeric chain (1)

(1)

vhere LHp represents 2,5 dihydroxy-p-benzoquinone and aq
represents water.,

Its magnetic moment per cobalt atom is caleulated
as 5.20 B,M. The chelate monomer may, therefore, be
considered to have an octahedral configuration, with four
oxygen atoms of the ligands lying in the same plagne with

metal atom as in (2).

e g
: /
:'>C°\.5

0-...-..-.-~- O

(2)
monomer
It is suggested that the chelatekis a trans octahedral

one and be formulated as (3).
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i OHa i
0 l 0 Ve
I N
::“MO/I \0
0Ha
" - N
(3}

Bottei and Fangman suggested., on the basis of
elemental analysis and thermogravimetric investigations,
that the cobalt chelate be represented as Co(C¢H204)(Ha0)2.
They also studied IR spectra of the 1ligand and its
Co-chelate. From these studies they concluded that (1) the
1igand molecule may possibly be present as an end-group in
the polymer, (2) both carbonyl groups of the ligand have
functioned as coordinating groups and (3) both phenolie
hydrogens are absent in the chelate polyner.,

The analysis of the pyridinated complex BQCo Py
shows that the ratio of metal to pyridine is 1 ¢ 1. The

chelate is, therefore, represented as a linear polymer ().

1

L CO et

aq Py

(%)

where Py represents pyridine,



118

The magnetic moment of the chelate polymer per

N

cobalt atom is found to be 5.1% B,M, It indicates
~octahedral nature of the chelate monomer which may be

formulated as a trans octahedral one (5).

N -
{- -y
Co
§::0/4L \0/ N
OH»
_— ~ﬂ
(5)

Its thermal analyses (D,T.A. and T.G.A.)
(ef.fig.17) show that the’polyme: (1) is losing water
and pyridine over a temperature range of 150—40000,(2‘)
melts at 550-60°C and (3) undergoes depolymerisation at
6%0-5000. On the basis of D,T.i, it is possibls to suggest
that loss of water and pyridine molecules is a two-step
process § water is given out first, followed by the
evolution of pyridine, The thermal decomposition reactions

may be represented as follows.:

Py Py
f | ] heat | heat ]
L ?o L —2Co L Co
l- aq J-n n J A

+ naq + nPy
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However, it may be noted that both thermograms indicate
high unstability of 5-coordinate Co system and the
possible overlap of the two decomposition reactions.
The analysis of the chelate polymer with
benzidine shows that the ratio of metal to benzidine is

1 : 1. Hence it is represented as (6)

aqg B

(é&)

where B represents bengidine.

ITts magnetic moment per cobalt atom is
calculated as 5.25 B,M. and the chelate monomer is
represented as a trans octahedral one similar to (5).

Its thermal analyses (D.T.A, and T,.G.A.)

(cf, fig. 16) show that the polymer (1) is losing water
at llO~220°C, (2) is losing benzidine over a wide range
of temperature, (3) melts at 550~6000 and (&) undergoes
depq}ymerisation at 6#0-500C. The two step decomposition

reactionswnmy'be represented as follows :

B B '
| heak f heal
L Co L Co I Co J
L L n ,,

+ nagq + nB
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have the same melting point indicating the formation of

The results suggest that BYCo Py and BQCo

the same produect after the thermal loss of water and
amine, The possibility that benzidine may be forming

two coordinate links to cobalt atoms, 1s not completely
eliminated on the basls of these observations, The
decision can be reached from IR spectrum. Two bands at
3300 and 3200 cmf1 in the IR spectrum of B3Co B suggest
the presence of free and coordinated amino groups. It
eliQinates the possibility of both amino groups belng
coordinated to cobalt and confirms its structure similar
to (5).

The absorption band for chelated carbonyl group,
not coprdinagted to metal is observed at 1610 cmf',
indicating the presence of the ligand as the end
molecule of the chain. Further, Bottei and Fangman
observed the band for chelated carbonyl group, coordinated
to eobalt at 1529 cmf'. We find a broad band at 1520-= -
1400 cm-I '

'The analysis of the chelate polymer with azo-
aniline shows the ratio of metal to amine as 1 : 1/2,

Hence it is represented as (7)

- L Co

aqgs A /2
- (7) -

where A represents azoaniline,

-
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Its magﬁetic moment per cobalt atom is found
to be 5.19 B,M, and the chelate monomer 1s represented

as a trans octahedral one (8).

- b

(- Ay

L Co

aq  J adw

(8)

In the absence of any further studies, it 1s
not possible to decide whether azoaniline molecule links

the two cobalt atoms or is present as a molar fraction.

Thus all these chelate polymers are considered
to have the octahedral configuration and to contain the
amino ligand coordinated to metal rather than present.as
lattice molecule, or as impurity,

The electrical resistivitieéiéf these chelate
polymers show a wide varation, When the electrical
resistivities of the ”&i—aquo " echelate polymer are
compared® with those of the " ammino " chelate polymers,
it is generally observed that the di-aguo polymer has
smaller resistivity at room temperature and greater
resistivity at a temperature above 15000 than the
ammino-polymers.

The plots of log @ vs.tﬁy T for these polymers

~



are linear as required by the equation,
5.
5

Q - eo x ezk -cooocoooooooo--;o.ooi(a)

where E and @, are the>energy gap and a constant
respectively, ‘

From the plots are calculated B and €,
values and are presented in table - 42 (a).

E values are incressing in orderr

- water ( benzidine ( 1/2 azoaniline

Qo values are decreasing in order,

water ) benzidine ) 1/2 azoaniline

Thus E and €, values appear to be inter—
related. To find out the relation, log,,R, is plotted
agalnst E in fig. 22. A straight line is obtained.
Hence,

- BE
e =Y xe S 4 )
where ¥ and f are constants,

Substituting the value of R. in equation (a) we get,

— E
€, =% xe 2kT

E (..;% -ﬁ)
=Y x e 2 k1T /.

This expression makes it elear that the

\..0.‘.‘..0...(0)

exponential term consists of temperature dependent and

temperature independent teprins |
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Flu.24: Log Qo/ow‘) vs F FOR COBALT
0 /T m
CHE LAIL  POLYMERD



While attempting to prepare ammino chelate’ 1;24
polymers containing simple ratio of chelate polymer to
amine, some products were isolated containing molar
fractional amounts of amines, These have been studied
with a view to understand their influence on the
electrical eonductivity of the polymeric systems.

On the basis of analyses, the Co-chelate
polymers with molar fractional amounts of benzidine,

p~-phenylenediamine and thioanliline mayb be represented

as follows @

( CoL )¢ By  adio )
- -
(9
( Col )5 Py  adjo
» 1
(10)
[ ( CoL )5 T aqsy }
. ' n
(11)

where P and T represent p-phenylenediamine and
thioanilihe respectively,

The above formulations indiecate that the minimum
degree of polymerisation calculated taking n = 1, will
be 5, |

The magnetic moments of (9) and (10) per cobalt
atom are found to be 5.15 and 4.87 B.M, respectively.

Hence octahedral configmrations for these chelate monomers

14



125

are suggested, ‘

Log Q of these chelate polymers is plotted
against resiproca; temperature in fig, 23. From the
curves, E and €. values are calculated and presented
in table W2 (D).

E and Re values for these polymers were found
to be inter-related. When a graph of logyo €, / 1 _+F
for ammino polymers is plotted vs., E in the earliir fig,

were Jound to .

22, Fointsllie on the same straight line. Hence, for

ammino polymers,

log 40 %o = logye ¥ -_g_._...’g

(1 +F
2
L;%El_ -8E (1 + F)
i.e Q°,= Y X e 2 o.ooo--o-ooo(d)

Where F is the molar fraction of the amino
ligand coordinated per Co-atow and ¥ and 8 are constants,
When F = 0, the relation (b) holds good. Values of Y and
‘Q are caleulated as 10‘“ and 17,16 respectively, Hence
the resistivitiss ( € ) of the ammino chelate polymers

over a range of tempe?ature may be represented by the

relation (e)

(143, E[l - s @wn]
X e 2

crensssle)
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-

When F = 0, the relation (c) holds good,

Values of resistivities caleunlated at‘3OOC and .
15006 using thé'above values of ¥ and 8 and known values
of F and E for each chelate polymer are presented in
table 43 and compared with the corresponding values of
resistivities observed from the graphs of logyo € vVs.
1/T, Close agreement between the values is observed.

The results were encouraging and hence in
subsequent studies complexes and chelate polymers
containing molar fractional amounts of amines were also

investigated,

(i1) Nickel (II) chelate polymers :

The magnetic moments of nickel chelate
polymers ealeulated from magnetie susceptibilities are
presented in table W+ and some important IR bands of
BONi are given in table 45, Plots of log,e of the
chelgte polymers vs, reciprocal temperature are given
in figs. 24 and 25,

The analysis of BQNi shows that the ratio of
metal to ligand is 1 : 1 § hence the polychelate is

represented as a linear pélymeric chain (12),

y L Ni 1

L

(12)
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-

i
Some characteristic IR freguepcies (em ) of BONi

3280 s 1250 s
1530 vs(b) 845 w
1370 s 815 m
1285 w 770 w
o Table 46
Noﬁ. Compound Energy gap Resistivity at infinite
temperature
( E ev.) ( @, ohm.cm.)
l.“ BQNi 2.80 1.07 x 10—5
2. BQNL By 2.85 9.77 x 10 *
3. BQNi P .1959 3.40 x 10
h.  BQNLT 2.33 1.06 x 10 °
Se BQNi A 2+.31 3.81 x 10-)*
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Its magdetic moment per nickel atom is found
to be 3.34 B.,M, The chelate monomer may, therefore, be

considered to have an octahedral configuration (13)

/ 0Hp \
L~

//' O\v /0 NS

S aal

<~ 7 ™~ 0

. OHZ / Hzo dn

(13)

Kanda has shown that the complex 1s a linear
polymer with metal : ligand ratio of 1 ¢ 1, Bottei and
Fangman have suggested that the (analytical) data be
corrected for adsorbed water and the complex be
formulated as ,

Ni (CgHaOy) (Ha0)»>

From the thermogravimetric studies they concluded that
the loss of water and the decomposition of the complex
occurred simultaneously. They also suggested from the
IR spectral studies that both ecarbonyl groups of the
ligand functioned as coordinating groups and both
phenolic groups were involved in complex formation,

' The IR spectrum obtained by us is almost
identiecal with the one presented by Bottel and Fangman
in their paper. It may be noted here tﬁat the

paramagnetic nature of the chelate monomer and its pink
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colour are contrary to the usual colour rule for

nickel (II) complexes.

The analysis of the pyridinated complex

BYNi Py shows that the ratio of metal to pyridine is

1 : 2 3 the polychelate is therefore represented as (1,

L Ni 1

Py2
- ) “

(1%)

Its magnetic moment per mickel atom is
caleulated as 3.17 B,M, It indicates octahedral nature
of the chelate monomer which may be formulated as a

trans octahedral one (1%),

/0\}”/0\ ¢
.

\0/1 0

(15)

When a dlamine such as p-phenylenediamine,

/ -\
7

or azoaniline is used for the formation, the ratio of

metal to diamine is found to be 1 ¢ 1 from analyses.
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The polychelates are therefore represented as (16),

L N1

dlamine,aq,

. =n
(16)

where diagmine = , x

]

(a) p-phenylenediamine

0
(b) azoaniline 7

The magnetic moments of 16(a) and 16(b) per
nickel atom are 3.18 and 3,40 B,M, respectively. The
results indicate octahedral nature of the monomeric

chelates whiech may be represented as (17)

NP ok
O/T\O <
f;"&

. ‘? J (H00x
W
("N
where R =, x
(a) CgHy
(b) CeMyN=NCgHy

~ O
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The gnalysis of BINi T shows that the ratio of
amine to metal is 7 : 10 3 hence the polychelate is

'represented as (18)

(NiL)yo T7 aaso

(18)

Tts magnetic moment per mickel atom 1s calculated
as 3,27 B.M, It indicates octahedral nature of the chelate
monomer .

The plots of log,e of these chelate polymers vs.
reciprocal temperature are linear, as required by equation
(a). From the plots are ealculated E and €, values and are

presented in table 46.

B values are inereasing in order,
p~phenylenediamine ( thiocaniline ~ gzoaniline
{ water ( pyridine
@, Values are decressing in order,
p-phenylenediamine » thioaniline ) azoaniline

y water ~ pyridine

Thus E and €, values appear to be inter-
related. When a graph of logyo Qo / n(;%fyfor ammino
polymers ( logyo ©. for aguo polymer) is plotted vs.BE
~{in fig. 26) , a straight line is obtained,satisfying

equation (d‘) for ammino polymers,
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o
L
Co

10g"0 Qe log ;Y B
= "0 -
n(1+F! g.3
n(1+F1) -8 E n(1+F*')
2 ~§
iceotozY X e .vo-.oc-o..-.oonohiﬂ(d‘)

Where F' is the fraction of half the amino
groups coordinated per nickel atom, n is the number of
rings assoclated with the amine molecule, and ¥ and 8

are constants, When F'=0, relation (b) will hold good.-

Qa =Yxe O.I.O0.00C.O‘.'.Q...O(b)
' 133

Values of ¥ and B are ealeculated as 10 and 1%.95
respectively, Hence the resistivity of ammino nickel
chelate polymers over a range of temperature may be

represented by the relation (&)

n(1+E) gl 1 - (1+F"]
= [m i

Q =Y X e A €10

when F'=0, the relation (€) will hold good.

El 1 -
ERd

e zY xe .......Ql"..ll.....‘(c)
: o
Values of resistivities calculated at 30 C and
0
150 C using the above values of ¥ and B and known values

of n,F and E for each chelate polymer are presented in
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table 47 and compared with the corresponding values of
resistivities obtained from the graphs of 1oghe vs.lO}T.

Close agreement between the values is observed.

(iii) Copper (II) chelate polymers

The magnetic moments of the Cu(II) chelate
polymers calculated from the magnetic susceptibilities are
presented in table 48, and some important IR bands of RCu A
are presented in table #9.‘Plots of log,e of the chelate
polymers vs, reciprocal temperature are given in figs .27
and 28, cmetad: ligand )

Molar compositionjof the copner cnelate (BRCu) was
found by Tain and Singha1258 to vary from 1:0.72 to 1:1.25.

We prepared B3Cu by two methods. These complexes may be

represented by (19).

L]

Lo

(19) g
where X =
(a) 1/2
» . 372

B3Cu has been studied extensively by Kanda and
1203123924092 59
coworkers, From Z-ray diffraction and
magnetic studies they suggested that the polymer would
have one dimensional chain structure with a degree of

polymerisation of 9-10, They found that the polymer
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Table %2
-1
Some_characteristic IR freguencies (cm - ) of B3Cu 4

3450 m (b) 1475 s (b) 1070 m (b)
3190 m 1340 s 860 w.
1600 m 1280 m 843 m
1555w 1245 s 832 m
L ~Table 50
No. Compound Energy gap Resistivity at infinite
temperature
(  ev.) ( @, ohm.cm.)
: L
1. BQCu 0.73 1.59 x 10
5
2 BQCU. RY 0076 1&8‘7 x 10
T2
3. Blu B 1.93 1.88 x 10
~2
4, BQCu T 2,04 2.24% x 10

’ "2
S BQCu 4 2,04 5.98 x 10
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yielded no reproducible values of resistivity with either
a.c. or d.c. measurementsﬁ They further studied the antiferro
mggnetic behaviour of the complex. We also find that the
resistivities vary to a considerable extent. The values
presented here are one set of values which appear to be
the mean of the various determinations.

Bottei and Fangman suggested that the complex
be represented as (Cg¢H204Cu) containing adsorbed water ;
they concluded from thermogravimetrie and IR spectral
studies that the complex is not hydrated.

penGa-glom

The mean magnetic moment of the chelate polymerL
is found by us as 1.9% B,M,

On the basis of the above observations, the

polymer may be represented as (20)

]

- L0 0

b

~o0 o/ -
- Mx

(20)

The analyses of BYCu Py, BiCu B and BjCu T show
that molar fractions of amines are present in these

polymers, They may be represented by (21).



(L~ Cu) —
x  amine y aq,
n
(21)

vhere amine = , X= , y= , z=
(a) pyridine L K} 4
(b) benzidine 3 o 3
(¢) thioaniline 4 3 9

The mggnetic moments of these polymers BQCu Py,
BCu B and BJCu T per copper atom are calculated as 2,13,
2,07 and 1,89 BM, respectively, The introduction of amine
molecules in thess polymers do not show any abnormality
in their values of magnetic moments at room temperature,

The analysis of BQCu A shows the ratio of copper

to amine ag 1 :+ 1 5 hence it may be represented as (22).
[’ L Cu 1

(2é)

Its magnetic moment per copper atom has been
calculated as 2.28 B,M, The absorption band for chelated
carbonyl group coordinated te metal is found at 1475 cm“:

Plots of log,e of chelate polymers vs.reciprocal
temperature are found to be linear as expected by equation
(a), hence values of Eg and @, are calculated and presented

in table 50.
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+F
(logie B¢ for aquo polymer) is plotted vs. E in fig,29,

When 10g10{eo /‘%_ “ for ammino polymers

a straight line is obtained satisfying the equation(4"™)

2 gE(Tgm
i.e.B =y éﬁ?& x e )

l"‘.......‘(d")

Where F is the molar fraction of the amine
molecule per copper atom and ¥ and § are constants,

When F=0, the relation (b) will hold good,

Q° :Yxe cvooooo-o-ooo-ocuo‘b)

7+2%
Values of ¥ and 8 are caleulated as 10 and 9,66
respectively., Hence the resistivity ( € ) of ammino
copper chelate polymers may be represented by the

relation (e")

( Zf‘ E[ 1 -8 (2;‘
220 B kT T+
=Y ) x e 0..".."(8")
when F=0, the relation (e) will hold good.
e[ 1 -5]
KT
Q =Yxe '."....‘;..’..‘..(c)

s}
Values of resistivities caleulated at 30 C and

0 ,
150 € using the above values of ¥ and 8 and known values
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.of F and E for each chelate polymer axe"presented in

table 51 and compared with the corresponding values of
resistivity obtained from the graph of log o€ V8. 103/I,

Close agreemsnt between the valnes is observed,

(iv) Iron_ (I;lfchalate polymers ¢

The magnetic moments of iron chelate polymers

calculated from their magnetic susceptibilities are
presented in table 52 and some important IR bands of BQ Fe

ere presented in table 53, Pl

ots of log.e of these chelate

ﬁolymeré vs. reciprocal temperature are given in fig, 30,
_ From the analysis of BQ Fe, the ratio of metal

to ligand is found to be 1 : 1 § hence.it may be represented

as (23)

(‘zi)

aqe

. _Its magnetic moment per iron atom is found to
be 5J25 B,M, indicating high spin octahedral nature of
the chelate monomer. Hence it is considered to.have trans
octahedral structure and is represented. as .(2%)

OH>
o\\*g;//,o
o‘//I ™o

. ?ﬁ{-

(2%)

(}QOZZ.Jn
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Table ‘53

1
Some_characteristic IR freguencies £cm ) of BQFe

3450 m 1240 vs
3050 w 858 w
1485 vs 835 m
1335 vs
Table 54
No. Compourd ﬁnergy gap Resistivity at infinite
7 temperature
{ B ev.) ( €, ohm.cm.)
1
<1§ BQFG 1&22 6@78 X 10
2
2 BQFe Py 0.93 4.69 x 10
’ 1
3 BQFe T 1.03 1.16 x 10

i
o BQfe A 1.08 2.2% x 10 -




log,&

3
10/
oo o BQFe Py g BQfe A

FIG. 30: Log RESISTIVITY ws. “ﬁr FOR
I&ON CHELATE POLYMERS.

C.7?
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On the basis.of.analyses BQFe Py, BQFe T and 154
"~ BQPe A may be represented as.(25)

l S 'fFe ¥ amine; aéz:ll

- n
(25)
where amine. =. . x=, y=s , 2z =
- (a) pyridine 2 1. 8
- (b) thiocaniline _ 3 32
(¢) azoaniline 5. b 35

_The. magnetic moments of the polymers mFe Py,
"BQFe T and. BQFe A are found to.be 5.57, 5.16 and 5.21 B)M,
respectively, They are. all considered to have trans
o¢tahedral nature. |

Plots of log,t of these chelate polymers. VS,
reciprocal temperature are linear as_expected for the_
equation (a), F!Qm.khggplgtswargileenlétad the values of
E and €, and are. presented :ln table. .511»’. |

-------

When a graph of logso €, 3¢ plotted vs, E

".Ah_n;
: . e } , Lo l
( ;}g.n), a straight line. is obtained, satisfying equation

(@) for iron chelate polymers,

...........

logse €, = logto ‘Y E :
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Log go /i~ Vs E FOR IRON
CHELATE POLYMERS




T
CJre,
oo

1..
i.e. £
Y

R, = xe
vhere F is the molar fraction of the amino ligand

coordinated per iron atom, ‘and T and g are constmts.

h:
_Values of ‘Y and B are calculated as 10 _and

6.9 respectively, Hince the resistivity of iron chelate

polymers over _é range of temperature may be represented
#

by the equation (e )

» e

~1 Bl - p( "
D 6.2 kT YR | g

e =Y x 3 A oocooooaoooco(e)

e e S 7
_ Values of resistiwities calculated at 30 C and
‘o :

150 C using the above values of ¥ and $ and known values
of F and B for each chelate polymer are presented in table
55 and compared with_ the cor*asponding values of
resistivities obtained from the graph of 1og,,evs. 10/1'.

Close agreement, between the values, is observed.
(v) Cogglexes with. organic bases *

Schamtz 262 showed that 2 &dihydroxy-p—-
benzoquinone forms. a complex with pyridine melting at
27506 (decomp.). We have studied the formation of complexes
by 2,5-dihydroxy-p-benzoquinone with benzidine,p-phenylene-
diamine and azoaniline,
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On the basis of analysis, they are formulated as,

(26)
[ (LH2, diamine). aq]
(26)

Their ébsorption spectra. in thg. ultra-violet region are
presented in fig, 32, The wave-length maxima ( )\ max) and
the corresponding E values of these compounds are presented
in table ‘_5_6. These spectra are similar to the spectrum of

sodium 2,5-dihydroxy-p-benzoquinonate, hence it is ]
suggested that these. complexes may be represented as (27)

+(diMne Ha )Y(L) ﬂ_‘l’;’
(27)

The electriecal conductivity of BQ B 1s studied
in methanol solution. C_fal.culation of the equivalent
conductivity shows’ that the value 1s less than
10 cm2 equiv.’ ohm:- s indicating that BQ B may be considered
to be almost &non-electrolyf’ef;'. Other complexes may be
considered similar to BQ. B‘_gg;'l ‘they may be represented as

a linear polymeriec chain (28) and its ehelated forms,

i ]
“T— 0— O0—~H&N—R—~ N=H—T
Hz Hz
-~ o 0 ‘”\ oo
B ) RUSTRN
- - oA S+ .
0 — 0">EH~N“:.R-'_- N—-HTT
o Hy MHp S
- )

(28) o
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FIG. 32

UV SPECTRA OF ADDITION PRODUCTS,



Table 56

160 -

Ultra-vieolet absorption spectrs of sddition producis

No. Compound A\ max. i —valué
()
1. BgB 312 668
246 -4+8 192
2. BQ P 314-16 792
272 122
238 458
3. BQ A 340 149
314 270
280-82 108
Table 57
No. Compourd EBrergy gap Resistivity at infinite
‘ temperature |
( B ev.) ( @, ohmem,)
1: By B 1.53 9.0 x lO2
2. BY P 1.87 l.29 x 101
3. BQ A 2.26 324 x 10-5
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Graphs of log,p of these complexes vs. réciproeal
temperature are plc;tf:ed in fig, 33. Linear curves are
observed as expected for equation (a), Henee the B and €,
values are calculated from the curves and are presented
in tahle 57.

] Logto @, of these complexes is plotted vs, E in
fig.3%. A straight line is obtained,satisfying equation
(b)

logm e, = logto: Ym-g_'x;

p B

1090 eo = Y X e oo;no;ccc;Qooo;c-oo(h)

where ¥ and B are constants, Values of ¥ and P are

183 T . .
caleulated as 10 and 23,0 respectively. Hence the
resistivities of the eompoundé over a range of temperature

mey be represented by the equation (c)

LR
ZKT

€ =¢,xe
em[-%fér B p:)

Values of resistivities ealculated at 30 € and
15'0 C using the above values of ¥ and f and known values

=Y

ﬁ.cooccoo;ootccot(c)

of E for each compound are presented in table 58, and

compared with the corresponding values of resistivities
3

obtained from the graphs of log,, @ vs. 10/T, Close
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agreement between the values 1s observed except for BQ P,
(vi) General :

There is a wide veriation regarding the nature
'of the eompounds ;nvestigated. Pe,Co and Fi are in
octahedral 1igand fields, whereas Cu is in square or square
pyramidal 1igand field, Organic ecomplexes are condidered
to consist of one dimensional linear chains. Amines are
present as “‘catians " in organic complexes, but as
coordinated.molecules‘in metal. compounds,

Amine ﬁolecules are not eonsidered to form
impurity centres in these compounds. Henee econductivity is
considered to be essentially intrinsle in all the cases,

While preparing the chelate polymers, it was
observed that introducticn of amines inte the chelates ‘during
chain formation was difficult and often a few of the metal
atoms of the chain would. get coordinated to. amines.

Further, when diamines are used, both gﬁino
groups. may or may.not be\coordingted,to metal atoms. Thus
one amino group of the diamine was found coordinated to -
Co atom in the case.6f:@6—che1atebpol§mers and was
eonsidered to be coordin#ted to. Fe and Cu atoms in the case
" of Fe and Cu chelate polymers.nﬂbwever,wboﬁh.amino groups
of the diamine or two amino.groups of a monoamine were
found ecoordinated. to metal atom in the case of niekel
chelate polymers, Thies is refletted. in the .correlation
between log,.e,and B by the faetor (1+F) or (1+F'), Factor
(1+F) 1s useful when both amino groups of the diamine were
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" not coordinated to 'b,he metal atom and (1+F') when b;ath
amino groups were coordinated to metal atom. Further,
when both the amino groups of the diamine or two aminc
groups of the monoamine are used,in bond formation, the
size factor (n) of the amine ligand influences the
relation between log,e and E, ,

It 1s possible to correlate log,Y or f with

the atomic numbers of metal atoms. When graphs of log,Y

or f vs, atomic number are plot$ed (fig. 35), curves are
obtained which have the same néture as the.; CF stabilisation
energy curves, Thus metal atoms appear to have a definite
1nf1€ence on the conduction process in chelate polymers,

When the values of E of aquo polymers (BQCo,
BQNi, BQCu and BQFe) are compared,we find. they are

inereasing in the order,

BQCo { BRCu { BQFe ( BQNi
For the ammino. polymers,.a generalised equation
(£) showing the relation between ¢ and E for various metal
chelate polymers be written as

y4 -ZBE

€, =Y X @7 ceeeesccscccseseell)
where § and ¥ are constants depending on the nature of the
metal atom in the chelate polymer and Z will be a factor
depending on the mole fraction and sigze of'the anine ligand
and metal atom. It has been.found. that for "aquo® chelate
polymers, the equation (b) 1s satisfactory.

-
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- E

eo = Y X e ‘.000000ooocococooooooooooooooo(b)_
It appears that this is a special csse of a
generalised equation (g)

. -UB E
C =rxe

.....O.....QO.....‘O.....Q.(g)

vhere U would be a correlation. factor and would depend.
" primarily on the nature of the ligand, .

The equation (g) can be trewvted for chelate
polymersiobtaineé.fromlvarions,qninonoid and non~
quinonoid ligands. For that purpose, the values of f
and ¥ obtained fromnthe”studies.of chelate polymers of
2,5;61hydroxyap-benzoquinoﬁe may -be considered.applicaple
to the study of chelate polymers of other ligands. Use of
these yalues will lead to the determination of the
correlation factor (U), A constant value of (U) will be
anticipated for the chelate polymers of the same 11§and
and also for the chelate polymers of similar ligands. This
has been attempted in subsequent investigationsand |
reported.in the fbllowing pages.,

II1, 2, 1.4-Dihydroxy naphthoquinone (naghthazarinz and
its transition metalwchelate.gclzggrs t 3

263
Underwood, Toribara and Neuman = found from

spectroscopic studies at different pH by continuous variation
~ method that two complexes were formed by naphthazarin(NQ)
with Berryllium corresponding to. the ratios of 1 : 1 and
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211, The reaction has been investigated for the
deteetion of Be by Mustafin and Khl'bergzsn and for thé
colorimetric determination of Be by Przheval'skii, et 3126’
and Karanovichzss. |

Moeller and Tecotzky267 found from spectroscopie
studies by Job's method that rare earth metals, titanium
and thorium foried complexes with NQ wherein the ratio of
metal to NQ was 1 : 2 § they also investigated the use of.
NQ as analytical reagent for Be, ‘

I‘!"ang:l.n:l.amlSt:rad':*t:ax“~8 prepared Cu (II), Ni(II)
and Co(II) chelate polymers of NQ wherein the. ratio of
metal to ligand was found to be.1 ¢ 1, Bailes and cal§152
prepared Co(II) chelate.polymer of NQ with, two molecules
of water and studied 1ts . oxygen-carrying properties,

69

Bottei and Gerace27° prepared chelate polymers of Co(II),
N3(I1), Cu(II), Zn(II) and Be(II) with NQ and studied
their IR spectral and thermal properties,
Recently Akiyama and Mizutania7"prepared,ﬂu
chelate polymer of NQ and studied its electrical resistivity.
We have prepared. the chelate polymers of Co(II) .
and Cu(II) with NQ, The magnetic moments of the chelate
polymerswcalcﬁlated,f}em the magnetic susceptibilities
are presented in table. 59(a) and plots of log..c of these
polymers vs,. ieciprooal temperature. are given'ig r1g.36,

(a) Cobalt chelate polymer of naphthazarin(NQCo
Prom the analyses of NQCo, the ratio of metal to
ligand is found. as 1 :.1 § hence the chelate polymer. is
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represented as a 1inear polymeric chain (29)

[ oo o]

A

(29) -

where L*H> represents naphthazarin, ,

. Magnetic moment of NQCo per cobalt atom is
found to be 5.09 B,M,, indicating octahedral nature of
the chelate polymer., The monomer may therefore be
represented as a trans octahedral one (30),

" { OHQ T
/0 O\ l
. Co
\ Oﬂz l{lO dn
(30)

Bottel and Gerace suggested that ecobalt complex
is octahedral in which KQ and Co alternate to form a linear
chain with the water molecules.occupying the remaining two
trans positions, The thermal investigations (TCGA) showed

LN

-

that 4. loss.in. water was greater than ﬁbuld.correSpomd to
the presence of two water molecules and it was attributed
to the presence _of adsorbed water in the complex. Further,
they alsc suggested from IR speefroscopic,studiea that NQ
was present‘as:an end-molecule in the pelyme#ie chaiﬁ.
Plot of log,e vs. reciprocal temperature.is
linear Qs expected for the equation (a), From the graph

»
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the values of E and lég 10 €o are calculated as ;.35 ov,
and 1,9 respectively. On substituting these values in the
equation (g), the value of the correlation factor U is
caleulated as 1.19.

(b) Copper_chelate polymer of naphthazarin (NQCu) ¢
From the analysis of NQCu, the ratio of metal to
1ligand 1s found as 1 ¢ 1 § henée the chelate polymer is
represented as a linear polymerie ehain (31),

]
L .,

(31)

Magnetic moment of NQCu per copper atom is
found to be 2,21 BM,, indicating square planar nature of

the monomer. Hence it may be represented as (32),
F‘ 4 1

(32) |
Bottei and' Gerace found that although two water
molecules were coordinated to cobalt in the Co-chelate

polymer, no water was coordinated to Cu in copper chelate

polymer,
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Piot of 1033& ¢ vs, reciprocal temperaxuré is
linear as expected by the equation (aj, The values of E
and 16gm €, are calculated from the graph as 0,92k ev,
and 6,05 resﬁectively.,@n substituting these values in
the equation (g), the value of the correlation factor U
is found as 0,31,

Akiyama and Mizutani fbund that E for copper
complex of NQ was close to.that for NQ but that the
conductivity of the complex was greater than that for NQ,

(¢) General @

Values of E of the chelate polymers of NQ are

increasing in the order,
Cu { Co
~ Value of U is found to be 1.19 (and not 1.00 )
for Co~chelate polymer. Increase in value may be attributed
to the increase in the number of fused rings or in the

number of w-bonds in the quinonoidlligand. The value of

v for copper chelate polymer appears to be anomalous,

I11.3. Dinydroxy anthraquinones ‘and their transition
_ hetal chelate polymers ¢ /

Mustafin and Khl'bergzsn studied the analytiecal
detection of Be with 1,4-dihydroxy anthraquincne
(quinizarin) and its §,8-dichloro derivative. Przheval'skii
et alzss developed colarimetric method for the detection
of Be with quinizarin (4Q) and its 5,8-dichloro. derivative,

Iy
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White, Hoffman and Maéee272 studied the fluorescence
emision spectra, fluorescence excitation spee'tra and
absorption speetra of Be complex with AQ, Fletcher273
utilised Be-AQ system to study the performance‘of a filter
fluorometer, White, Ho and Weimerz7‘ compared the absorption
and fluorescence speetra; of Al,Be,Th,Zr,B and Li with AQ,

1 Suemitsn27’ found from spectroscopic studies by
Job's method that Mg formed a chelate polymer with AQ
wherein the ratio of metal to ligand was 1 ¢ 1, Korenman,
Kurina and Emelin276 investigated the colour reaction of
Ge with 4Q and 1,5-dihydroxy anthraquinone (anthrarufin)
(a9R)., | R |

Fluniani and Bajic'2?7 prepared Cu(II) chelate

polymers of-AQ and AQR, Knobloch and Ranscher278prepared
chelate polymers of Cu(II) and Ni(II) with AQ and studied
their IR spectra. Korshak and coworker5279 (1) prepared
chelate polymers of AQ with Mn(II), Co(II),Ni(II),Cu(II),
2n(II) and CA(II) and studiad their thermomechanieal
properties, crystal structures and approximate molecular
weights, (i1) prepared homogeneocus chelate polymers of
AQ with Be,Mg and Ca and copolymers of'AQ and k,k:bis
(acétoaeetyl) diphenyl ether with Be,Mg,Mn,Co,Ni,Cu and
Zn and studied their magnetie properties, Slinkin,Dulov
and Rubinstein280 investigated the catalytic properties
of chelate polymers of AQ with Mn,Co,Ni,Cu and Zn and
found that (1) Zn and Co polyeﬁelates showéd no catalytic
activity and (ii) with other polychelates, the activity

24 2+ 2+
was Cu ) Mn > Ni_- .
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v o Inoue and eoworkers zprepared chelate polymers t
of AQ and AQR with Fb(II),Cb(II),Ni(II),Gu(II),Zn(II),
8n(II),Pb(II) and studied their heat resistivities and
electrieal conductivities,

We have prepared the chelate polymers of AQ with
Co(II) and Cu(II) and of AQR with Co(II),Ni(II) and Cu(II).
The Qagnet;c moments of these chelate polymers are presented
in table 59(d) and plots of_f!.ogq‘(;e VS, reciprogal temperature
are shown in figs; 37 and. 38,

(a) Cobalt chelate polymer with quinizarin : (AQCo)s

From the analysis of AQCo, the ratio of metal to
ligand is found as 1 : 1 § hence it 1s represented as a
linear polymer.(33)

N
ey

(33)

x
where LHz represents quinizarin,

) The magnetic moment of AQCo per €o-atom is
caleulated as 4,92 BM,, indicating octahedraIAStructuie.

Hence the monomeric chelate may be represented as a trans
octahedral one (34)

Korshak and eoworkers have suggested from the
studieg of magnéttcmoment that Co(II) chelate polymer with
AQ would be oetahedral involving sp3d? hybrid orbitals,
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OHy
) °,\cl° A
oMy
» 4dn
(34)

Plot of logic @ VS. reciprocal temperature is
iinear as expected for the egquation (a), The values of E
and log|§:eoare calculatgd from the graph as 1.28ev and
0,60 respectively, Wheﬁ these values are substituted in the
equation (g), the value of the eorrelation factor U is
found to be 1.40,

(b) Copper(II) chelate polymers with quinizarin :(AQCu):

Copper. polychelates were prepared.under'different
-conditions:(i) in presence. of ammonia and (11) in presence
of acetic acid; The analysis of both pblychelates gave the
ratio of metal to ligand as 1 : 1, Hence they may be

represented as a linear chain (35)
| =
L Cu
' (39
The magnetic moments of these polychelates are

found to be 2,37 BM, and 2,33 BM, respéctiveiy. Korshak

and coworkers have suggested .- sp’q hybridisation for
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the bording orbitals of copper in the polychelate from
magnetie studies.

The plots of logy o€ ¥se. reciprocal‘temperature
are linear as expected for the relation (a). The values

of BE ard log, o€are calculated from the graph as follows.

E(ev) logi o Qo
AQGu (am) 1.485 0.75
AQCu (Ac) 1.48 1.30

When these valuss are substituted in the
equation (g) the values of the correlation factor U for
A7%Cu(Am) and ACu(Ac) are fourd to be 1.0% and 0,96
‘raospectively. ‘ ]

(c) Copper chelats polymer of anthrarufin: (AQRCu):

From the analysis of AQHRCu the ratio of metal

to ligand is found to be l:l ; herce it is represented as

a linear polymer (36)

[
L Cu

T

(36)
%

where IH, represents anthrarufin molecule.

n

Plot of log,€ vs. reciprocal temperature is
linear as expected. From the graph are calculated the
values of E and 1log,,@.as 1.99 ev.and 0.93 respectively.
When these values are substituted in the equation (g)
the value of the correlation factor U is fournd to be

Oa?éo
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(d) Cobalt and pidkel chelate polymers of apthrarufin :

(AQRCo and AQRNi)

The analysis of these polymers indicate that (1)
the degree of polymerisation of these polymers is low and
(ii) the metal is the end group in the polymeric chain.

They may be represented as (37 and 38)

Co GO(OH) 2 (OHZ) 2

B x

i |
G
:

%
L Ni M(0H), (0Hp)s

(38)
Plotsof log, € vs. reciprocal temperature are

linear as expected. From the graphs are calculated the

values of B and log,o e, as follows.

B(ev) logio €
A3RCo 099 4497
AQRI 1.83 0.81

When these values are substituted in the equation
(g) the values of the correlation faector U for AQRCo and

AQRNi are found to be 1.22 ard 1.05 respectively.
(e) General : )
» The values of E for the chelate polymers of AQ

and AQR are increasing in order;

S
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aq

-

Co < Cu

AQR Co < M < Cu

It may be noted here that the degree of
polymerisation of Co and Ni chelate polymers of AQR is low.

The value of U for AGCo is 1.40 and may be related
to the number of fused rings or the number of T-bonds
in the ligand. The value of U for AQRCo, however, is
somewhat low as its anticipated value would correspond to
that for AQLo . It may be attributed mainly tc the low
value of the degree of polymerisation of AQRCo .

A graph of the correlation factor vs. the number
of = T -bonds in the ligand for the cobalt‘chelate polymers
of BQyN; and AQ is a straight line (fig.39). Hence,

U= w?r + Z 0."‘!05.}.(}1)

where W and Z are constants ard T represents the mmber

of T-bords per Co-atom. If it 1s assumed that for the
Co~-chelate polymers of low degree of polymerisation, the

| presence of metal atom or ligand as the end-molecule and
the coplanarity of the metal and ligand would influence

the effective numbers of T -bormis per metal atom along a
plane, explanation can be put forth for the low value of

U for such polymers. Thus,for AQRCo, the degree of
polymerisation can be calculated from amalysis as two,
with Co-atcm as the end-group j hence the effective number

of T -ponds per Co-atom along a plane would be 5.33 5 and
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the value of U would be 1.13. If the above graph (fig.39)
1s considered the known value of U (i.e. 1.22) will
suggest the effective number of T -bonds per Co-atom as

6 and the degree of polymerisation to be 3. Thus the
effective number of W-bonds per Co-atom alorg a plane
appears to be an important guide in fixing the value of U.

In the case of nickel chelate polymers, the
value of U does not change appreciably with the change in
the number of fused rings or the number of T -bonds in the
ligand.

The values of U for copper chelate polymers are
not constant and are also not changing as in the case of
cobalt qhg;ate polyimers § very low values of U are found
for NOCu an@“AQRQu,_’ o A

For further comparison other ligand systems which
may or may not have apparent resemblance to guinonoid ring

system are rnow considered,

II1.4%. 1,5-Disubstituted 2.6-¢ihydroxy naphthalene and
their chelate polymers :

Devar and Tala_ti121 prepared dioximes of 1,5~
diacetyl amd 1,5-diformyl derivatives of 2,6-dihydroxy
naphthalene and their chelate polymers with Cu(II),Ni(II)
and FA(II) and studied their electrical conductivity.

" We have prepared the Co(II) and Cu(II) chelate
polymers of the dioxime of 1,5-diacetyl-2,6-d1hydroxy
raphthalene and also the Co(II) echelate polymer of
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1,5-d1amino-2,6-dihydroxy naphthalene. The plots of log,,e
vse reciprocal temperature are given in fig. 40,

(a) Cobalt chelate polyme the dioxime of 1,5~

diacetyl-2.6=-dihydroxy nephthalene : (0NCo) :

From the amlysis of ONCo the ratio of metal to
ligand is found as 131 § hence it may be represented as
(39

(39
where I;.éHz represents the dloxime ligand;

It is considered to have trans octahedral structure
" for the moromeric unit. )

Plot of log,e vs. reciprocal temperature is
linear as expected. From thegraph are found the E and
log,,e,values as>1.28 ev. and 1.85 respectively. When these
values are substituted in the equation (g), the value of

the correlation factor U is found to be 1l.27.
(b) Copper_chelate polymer of the dioxime of 1,5-

diacetyl-2,6-dihydroxy naphthalene : (OKCu) :
From the analysis of ONCu, the ratlo of metal

to ligamd is found as 1l:1, hence it may be represented as
(40). B -

=+
L

aq
T (40) o
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Flot of lo‘g“e vse reéciprocal temperature is
linear as expected. From the graph are caleulated the
values of B and log,, e, as 0.61 ev. and 1.97 respectivelye.
Dewar and Talati have found the values of & and log ¢,
as 0473 ev. and 1.72 respectively for the anhydrous’'copper
chelate polymer. When the values of B and log,e,are
substituted in the equation (g), the value of the -

correlation factor U is found as 2.06.

-(e) Cobalt chelate polymer of 1,5-diamino-2.6-
dihydroxy raphthalene : (ANCo) 3

From the analysis of ANlo, it is found that (1)
the degree of polymerisation is low, ard (ii) metal atom
is the end-group in the polymeric chain. Hence it is

represented ags (41)

, l[:f: Co :II Co(0H) ; (0H,)
@y
" |

where L H, represents 1,5-diamino-2,6-dihydroxy maphthalene.
Plot of log,,@ vse. reciprocal temperature is

linear as e:_cpeéted. From the graph are calculated & and

log,, ¢,values as 1.10 ev. and 2.97 respectively. When

these values aré substituted inthe equation (g),the value

of the correlation factor U 1s obtained as l.34.

ITI.5. 5,8-Dihydroxy guinoxalins and its chelate polymers :
Kauqauf.za:L investigated the colour reactions of

Cu,Zn,Pb and B1 amnd precipitation reactions of Fe,Co,Ni,

CGu and Zn with 5,8~dihydroxy quinoxaline (Q). i’-kcita'::hi251&13&)
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investigated the precipitation and colour reaetions of
various ions in aqueous and acetone solutions.

We have prepared Cu,Ni and Co chelate polymers
of Q. The plots of loglog"vs. reciprocal temperature are
given in fig. 4l.

(a) Nickel chelate polymer of 5,8-dihydroxy

guimxalines: (QNi) 3

- From the amalysis of QNi, the ratio of metal
to ligand is fournd as 1:1 § hernce the chelate polymer 1is

represented as a linear polymeric chain (42),

S

B {2
(+2)
» A
where L H, represents 5,8-dihydroxy quinoxaline.

Plot of log(,€ vs. reciprocal temperature is
linear as expected. From the graph are calculated the

1t

values of L and 10g,,€, as leli6 ev. and 1.5 respectively.
when these values are substituted in the equation (g),

the value of the correlation factor U is found to be 1.2k.

(b) Cobalt chelate polymer of 5,8-dihydroxy
guirpxaline: (QCo) s
The analysis of this polymer irdicates that (1)
the degree of polymerisation is low and (ii) the metal 1is
the end ~group in the polymeric chain. It mgy be

represented as (43)
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Co Co(0H) , (0H,) 38

- =3
(43)

Plot of 1og"g VSe reciprocal temperature is
linear as expected. From the graph are calculated the
values of E and log,e,6 as 2.06 ev. and i.37 respectively.
When these values are substituted in the equation (g),
the vélge of the correlation factor U 1s found to be 0.95.

(e) Copper_chelate polymer of_ 5,8-dihydroxy
guinoxaline:(qCu): ‘
The amalysis of this polymer irdicates that (i)
the degree of polymerisation is low and (ii) the ligand is
the end ~molecule in the polymeric chain. It may be

represented as (k).

* ofé
L cu L H2 (OHz)le

o ) ~4
Plot of log,,e vs. reciprocal temperature is
linear as expected. Fromthe graph are calculated the
values of & armd log,,e,2as 1.36 ev. and 0.025 respectively.
Wnen these values are substituted in the eéuation (g),

the value of the correlation factor U is found to be 1l.26.
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(d) Geperal :

The ligard ON can be represented in the
quinonoid form. Hernce the equation (h) relating U with
the (effective) mumber of 7-bonds per Co-atom should be
applicable to ONCo. The walue of U calculated using the
equation (h) is 1.30, whereas that obtained from the
equation (g) is 1.27. .

The ligand AN cannot be represented in the
_ quirompid form § and the value of U for ANCo appears to
be much higher than anticipated for-the effective number
of Wbonis Per CGo-atom, Further the ligand ¢, cannot be
represented in.thé quinonoid form:. Even then, the equation
(h) appears suitsble in calculating the value of U for
QCo. The degree of polymerisation of QCo is low 1.e4'3 3
hence the effective number of T-bonds per Co-atom along
a plane may be calculated as 3.75 and the valge of U would
be 0.975. The value of U obtained using the equation (g)
is 0.95. Thus for Co-chelate polymers a correlation factor
is obtained which can be evaluated from the effective
number of w-bords pef Co-atom along a plane in the polymer.

Non-polymeric Co and Ni complexes are investigated

with a view to understand the nature of U for such complexes.

ITI.6. L,6-Diacetyl resorcinol arnd its cobalt complex :
(DARCO)

o Imue et al.122 prepared Zn,Gu,Ni,Co,Fe,Pb and
Sn complexes of 2,#-diacetyl resorcirol and its dioxime
and studied theilr electrical cogdudﬁiviﬁy;.Ramaswamy and
Sanzs2 studied Cu,Fl,Co and Zn chelate polymers of
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2yh-diformyl resorcinol and Cu chelate polymer of résorcinol
2,4-dialdoxime. Bailes and Calvin269 have reported the
preparation of Co-chelate polymer of L,6-diformyl resorcimnol.
Baker283 studied 2,4-diacetyl and 4,6-diacetyl resorcinols.
He showed that 2,4t-diacetyl resorcinol is completely intra-
molecularly H-bonded,while L,6-diacetyl resorcimol exhibits
only partial kntramolecular H-bonding § IR spectrum of
4,6-diacetyl resorcinol showed two distinet CO frequencies
corresponding to the normal and H-bonded GO groups. -

We have prepared cobalt complex of 4,6-diacetyl
resorcinol. On the basis of amlysis, DARCo may be

represented as (45)

Xe—©Co—X

agz

45)

where XH represents 4,6-diacetyl resorcimnol. \
Plot of log, e vs.reeiprocal temperature (fig.42)
1s linear as expected. From the graph are calculated the
values of E and log,,e, as 2.0l ev. and i.?S respectively.
When these values are substituted in the equation (g) the
value of U is found to be 0.95. When this value of U is
considered for equation (h), the effective number of 7 -bords
per Co-atom aIOng a piane can be calculated as 3.5; Hence
it can be suggested that the two ligand molecules are mot
coplarmar ard even one of the two CO groups is also'out of

plane of the ligand ringa .
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ITI.7. Ozalyl bis (shlicylidens hydrazide) apd its piekel

complex (OSH Ni) :

254
Sacconi prepared nickel complex of oxalyl big

(salicyliders hydrazide) and represented it asg (46) s

VHy
N ~w 0
TN Y
‘3/??\\0’/// §§§N‘/’N

Mty
(46)

We prepared the nickel complex by the same method
and obtained slmilar analysis for the complex OSH Ni.

The plot of log,e vs. reciprocal temperature
(fig.42) is linear as expected. From the graph are found E
and log,€, values as 2.16 ev. and 5.73 respectively. When
these values are substituted in the equation (g) the value
of U is fournd to be 1.04. The results imdicate that
moromeric or polymeric mature of the complex does not
affect the value of kU). It has been observed by us from
the comparative studies of other Ni-complexes of aromatic
and heteroecyclic ligamds that the value of U is influenced
by the mmber of rings formed by the ligands with the
Ni-atom. The values of U for the different systems,

together with characteristic examples ars as follows :
g P
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Sy stem U example U (obs.)
[:>ﬁ<:} 1.0 Wi BY 0.98
Ni AQR 1.09
1.25 Ni salphen 1.20
Ni Salen 1022
1.50 Ni phthalo~- 1.52
cyanine

IT1.8. The halogzen adducts of the transition metal

complexes of glyoximes :

- 119 . I
Ehat and. coworkers studied the semiconductivity

behaviogr of bis(dimethyl glyokimates)of nickel and palladium
(DMGNi and DM&Pd) . Thomas and Und’eyhu.lzg4 investigated the
semiconductivity of the single crystals of DMGINL. Foust ..
prepared the bromine and iodine adducts of bis{diphenyl
glyoximates)of nickel and palladium and studied the
semiconductivity and other properties of the iodine adduct
of bis{diphenyl glyoximato) nickel (DPGNi I).

We have prepared the bromire and iodine adducts
of the bisfglyoximates)of Ni,Co ard Cu and studied their
electrical corductivity. The plots of logy,e vs. reciprocal
temperature for the adducts over a small range of‘temperature
are presented in figs. 43 armd L4 and their magnetic moments
'~ are presented in table 60.

Co and Ni complexes of diphenyl glyoxime (DPGCo,
DPGNi), Ni complex of dimethyl glyoxime(DMiNi) and

A
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Cu,Ni and Co complexes of 2,3-dioxobutyranilide dioxime
(00Cu,00Ni,00C0) were prepared by the known methods.

The bromine adducts of DPGNi arnd D#GCo were
prepared in carbon tetrachloride,while the iodine adduct
of DPGNi was prepared in benzyl alcohol. The bromine
adducts of DMENi1,00Cu,00C0 and OONL were prepared in
chloroform and the iodine adduct of 00Cu was prepared in
o-dichlorobenzene. The products DPGNi Br and DPGN:I. I are
known and hence are not investigated further.

Large excess of bromine was used in all experiments.
As o result, adducts containing large proportions of
bromine were obtained. On the basis of amalyses the

products are formulated as

?H
GGH5 -G =N
\ CO.BI‘g
G6H5 -0 = N/
I <
0
(47)
0H
|
CHB -G =N
GH3 -0 = N/
- <
0

(48)



OH
|
CHy ~C = N
l N Cu.Brg(H,0),
CgHsNHCO- G = N
{ 2
0
(49)
OH
I
CHy =C = N
3 l > Co WBr ¢ (H,0) ,
CgHsNHZ0- C = N
l R
0
(50)
OH
|
GHB "T = N \' c I
Ne
CeHNEGOSHG = 17
l <
0
(51)
?H
CHy =C = N
3 l > Ni.Br*lz(Hzo)n
OngNHCG - Cx = N
| %
)

(52)

209
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~ Foust studied 1in detall, the structure of
DPGN1 I, He suggested that it 1s an inclusion-type molecular
complex stabilised by charge transfer interaction. He fourd
from X-ray studies that I -atoms lie in channels which
are parallel to DPGN1 stacks.

' 00Cu I may be considered to have a structure
similar to DPGN1 I, In the casé of bromine adducts, bromine
may be present (1) as forming molecular complex,(11) as
anion and (111) as impurity atoms. &f bromine was present
as anion, saline mature of the product would be observed
and the metal ion would be present in the higher oxidation
state. The magnetic studies showed that both Cu ard Co
are in bivalent state and are not oxidised to the tervalent
state. Further, the products do mot exhibit salire nature.
Hencg bromire is not considered to be present as an anion.
Further, if bromine was present as impurity, it would have
been washed off during the preparation., Herce all bromine
atoms are considered to form inclusion ~ type molecular
complexes, although different bromine atoms may mot be
present in the same way in the system,

The plots of log,; @ vs. 163/ T are linear as
expected. From the curves are calculated the values of E
and Qo and are presented in table 61, The values of E
for the adducts containirg the same ligand and halogen are

ircreasing in order.

] Co<Cud< N
and for the adducts containing different halogens but the
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Table 61 '
No. Compound Energy gap Resigtivity at infinite
temperature
( Eev.) ( e, ohm.cm.)
1. DPGCo Br 1.04 1.8 x 10”5
2e DMGNL Br l.12 1.0 x lO‘
3. 00Cu I 1.16 3.5 % 10 °
4.  00Cu Br 2.2} 4e§ x 10
5. 00Co Br 1.56 8.9 x 10 '
6. OONi Br 2.96 6.3 X 10"]'8
) Table 62
No . Compound Correlation factor
(W)
1. DPGCo Br 2442
2.. DM3Ni Br 2,51
3. 00Cu I 1.99
L, 00Cu Br 1.98
Fe 00Co Br 1.72
6. 00NiL Br 1.58
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same ligand, the value of B is increasing in order.

I <Br

The correlation factor (U) is calculated by
substituting the values of Z and e, for the different
adducts in the equation (g) and are presenmted in table
62. Substituting these values of (U) in the equation (h),
the effective number of T ~bonds per Co-atom along a plane
are caleulated, as 18 for DPGCo Br and 11 for 00Co Br.
The rumber of W ~bonds calculated on the bagis of their
structures are 16 for DPGCo Br and 12 for 00Co Br. Thus
the equation (h) appears to be applicable to ‘the Co-

complexes of different bypes.

I11.9. Geperal Discussion :

(a) Conjugation :

286.
aley ~ suggested that conductivity will be

higher as the elsctrons become more delocaliged and a
ring system like benzene or a conjugated bond chain
may be considered to behave like internal super conductor;
Pohl, however, pointed out that such superconductivity
would result only if the system contains appreciable
density of unpaired electrons. Generally the corductivity
riseg as the gmount of unsaturation increases.

Our investigations deal with chelate polymers
of various metals and ligands. For cobalt chelate polymers,

we find that the corductivity is increasing in order,

BQ < Ng < A3



we have correlated this effect to the factor (U). ) 2{)4
However, in the case of copper chelate polymers, we

find that conductivity is inereasing in order,
AQR < AQ ~ N3 < Bg

The results indicate that factors other than conjugation
are of greater importants in deciding the conductivity of

the system.

(b) Metal :
Gooden2 showed that copper chelates are less
corducting than the corresponiing nickel chelates of
schiff bases. It is also observed that conductivities

kS
of metal substituted phthalocyanines increase in order,

Gu < Ni < Co

127
and those of metal rubeamates are increasing in order,

Co < Ni<Cu
We find that in the case of chelate polymers of
Gu and Co, the conductivity shows a variation with the

ligands as follows,

BQs Cu > Co

NQs Cu ~ Co
AQs Cu € Co
ONe Cu > Co

3 s Su > Go



(¢) Anisotropy : , 2(}5

el a234 u3e 2119287
Conduction anlsotropy ~1.247h; " has been observed

for phenanthrene,poly~iodides, layer compounds, free

radicals, copper-phthalocyanine ete. The present investigations
on corductivity were carried out using pressed powder.

Hence the effect of anisotropy has been averaged out. If

single crystal can be prepared and investigated, the

influence of anisotrbpy can be evaluated. It is seen that,

good correlations are possible in the case of cobalt

chelate polymers § Wit not in the case of copper chelate
polymers. It may be suggested, therefore, that anisotropy

may be exertirg considerable influence on the conductivity

of copper chelate polymers of different ligards.

(d) Lope range order :

It is often considered that high degree of
polymerisation of cornducting units leading to long range
order may improve upon the copductivity of the system.
The degree of polymerisation obtainable in the case of
conducting chelate polymers is often low and may have a
value of less than 10. Long range order can give rise to
carrier transport but is not essential to it. This short
range order is found sufficient for conductivity.
considerations.

(e) Mobility

Many, Harnik: and Gerlich289 sugzested that a rough

correlation exiéts bstween the mobilities and the

3



corresponding activation energies. The higher mobilities
correspond, on the whole, to higher activation energies,

Their results are generalised by the relation

log g, = 10 B' - 13

We find that a correlation exists between ¢,

and E,
-~0:8 B

where U,ﬁ and ¥ are constants, We suggest that U, and ¥
are not having the same value for different systems, but
have different values, depending on the nature of the
metal and the conjugated ligand system and on the mode
of linkage. Values of 8 gnd ¥ have been established for
cobalt and nickel chelate polymers 3 and the factor (U)
is related to the number of w bonds per Céaatom in the
case of cobalt chelates and chelate polymers and to the
number of rings formed by the ligands witﬁ nickel atom

in the case of nickel chelates and chelate polymers,

Fals



