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ELECTRICAL PROPERTIES OF SOME COBALT PHTHALOCYANINES

Neelam Mann, P. Vasudevan , Santosh, Sandhya, Brij Bhushan,
S.C. Mathur and J.P.S. Chauhan

ABSTRACT

Highly interesting electrical behaviour of some phthalocyanines have been
reported earlier by the authors and others. For example, the dielectric
constant of certain copper and iron phthalocyanines have been found to be very
high (of the order of 10 -10 ) depending on the temperature. The conductivity
of the compounds depend on parameters like the nature of the central metal
atom, degree of polymerization, pendant group structure (including end groups),
atmosphere, temperature, pressure etc. The conductivity and dielectric
properties of monomeric and polymeric CoPc prepared under different conditions
are discussed.

INTRODUCTION

Phthalocyanines have high thermal and chemical stabilities and are used as dyes
in preparation of inks and for cotton fibres, as catalysts or electro-catalysts
for various reactions, in semiconductor gas sensors, for making laser recording
disk etc. Metallophthalocyanines are highly conjugated systems and hence are of
interest as organic semiconductors. The semiconducting properties of
raetallophthalocyanines have been reviewed by various authors (1,2).

The present paper discusses the conductivity and dielectric properties of
monomeric and polymeric CoPc prepared under different conditions.

EXPERIMENTAL

Cobalt phthalocyanine was prepared using phthalonitrile and cobalt chloride at
300°C by the method reported elsewhere (3). The crude product obtained was
extracted with ethylalcohol to remove all the unreacted phthalonitrile. This
was treated with sodium hydroxide and then with hydrochloric acid at 70°C for
1.5 h, filtered, washed thoroughly with distilled water to remove the traces of
acid and dried. The dry product was then repeatedly soxhletted with acetone and
was heated under vacuum at 180°C at 10" mm Hg. Three batches of cobalt
phthalocyanine were prepared. Batch I was prepared by heating hexahydrated salt
of CoCl, and phthalonitrile at 300°C in air.
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Preparation of Cobalt Phthalocyanine Polymer with Imido End Groups (Sample A)

This compound (A) was prepared by adding 9.17 mraol of the 1,2,4,5-benzenetetra-
carboxylic acid to 4.59 mmol of CoCl anhydrous, 173.17 mmol Urea and 0.065
mmol of ammonium molybdate (4). The reactants were mixed intimately under
nitrogen; poured into a 100 ml 2-necked flask, equipped with a reflux condenser
and nitrogen inlet. After evacuation and flushing with nitrogen three times the
flask was dipped into a hot metal bath (Temperature = 270°C). Heating was
continued for 60 min. After cooling, the powdered reaction mixture was
extracted for 20 h with DMF in a Soxhlet apparatus and washed with acetone.
Then, the deep blue product was stirred with 300 ml of 6 M hydrofchloric acid
for 16 h at room temperature and washed intensively with 6 M hydrochloric acid,
water and acetone. Finally, the product was heated at 27O-300°C and 50 Pa over
P 40 1 Q for 3-4 days.

Preparation of CoPc Polymer with COOH End Group (Sample B)

1 gm of A prepared as above and 15 ml of 2 M sodium hydroxide and 6 gm of
sodium chloride were placed in a 25 ml 2-necked flask with reflux condenser and
nitrogen inlet (4). The mixture was heated at 90°C until almost no more ammonia
evolved. After filteration, the product was stirred in 15 ml of 2 M hydrochlo-
ric acid for 30 min and isolated. Then, the polymer was purified three times by
dissolving it in 0.1 M sodium hydroxide, filtering and precipitating with 2 M
hydrochloric acid. Finally, the polymer was washed with acetone and dried at
60°C and 50 Pa over P205-

The samples were characterized by elemental analysis, IR, UV-VIS spectroscopy,
thermogravimetric analysis etc.

All the electrical measurements were made on the samples in the form of pellets
pressed at a load of 9 tons at room temperature. Conductive silver coating (no.
1228 of Eltecks Corporation) was applied on both sides of the pellet. The
pellets were sandwiched between two copper electrodes. The dielectric constant
was determined as the ratio £ = C/C , where C is the capacitance of a parallel
plate condenser containing the material as a pellet and Co is the corresponding
capacitance in air. The capacitance was measured with a standard LCR bridge at
various frequencies as a function of temperature. The area 'a' of the pellet
was measured geometrically and graphically and the thickness d of the pellet
was measured by a micrometer screw reading up to 0.01 mm. The dielectric
constant was calculated from the equation.

£ - Co.d/(£o.a)

where £ = 8.85 x 10"14 F cm"1

Conductivity at room temperature was determined using a stablized power supply
and 610 C electrometer.

RESULTS AND DISCUSSION

All cobalt phthalocyanine derivatives studied for electrical conductivity are
found to show very high specific conductivity as compared to microscopic grade
CoPc (obtained from polysciences, Inc, Warrington) as shown in table below:
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TABLE _1_ - Specific Conductivity of some Coualt Phthalocyanine derivatives.

Complex Specific Conductivity

(ohm cm )

CoPc polymer with COOH end group

CoPc polymer with imido end group

CoPc batch I

CoPc (microscopic grade)

7.25 x 10,-4

1.42 x 10'
-6

1.57 x 10
-5

4.17 x 10
-9

High conductivity of CoPc batch I as compared to microscopic grade may be due
to the presence of small traces of chloride ions in the complex which were not
removed even after many steps of purification.

TABLE 2_ - Dielectric Constant of monomeric and polymeric Metal Phthalocyanines.

Complex

CoPc polymer
with imido end
group (A)

CoPc Polymer
with COOH end
group (B)

ZoPc monomer

FePc mononer

Method of
Preparation

1,2,4,5-benzene
tetracarboxylic
acid+CoCl?+Urea+
Ammonium molyb-
date

A+Sodium hydro-
xide+Sodium
chloride

Phthalonitrile+

coci2

Phthalic anhyd-
ride+Urea+ anhy-

Treatment

Hydrochloric
acid, water
and acetone

Hydrochloric
acid

Sodium hydro-
xide, hydro-
chloric acid
and acetone

Acetone

Dielectric
Constant at
1 Kz at room
temperature

3.5

4956

41.9

19

Ref.

Present
paper

Present
paper

5

6

7ePc Polymer
with amide end
groups

drous FeCl,+
ammonium molyb-
date

Pyromellitic
dianhydride+
Urea+ anhydrous
FeCl3+(NH4)2Mo04

Acetone 73
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Table 2 contd.

NiPc monomer Phthalonitrile+ Sodium hydroxide 5.8
NiCl., + hydrochloric

acid+ acetone

CuPc
with

group

polymer
COOH end

CuCl2+Urea+
pyromellitic
dianhydride+
ammonium
molybdate

Potassium hydro-
xide

Acetone

Hydrochloric
acid

7

9.

12

.5x10

9
8x10

Figure 1 and 2 show dieletric constant of CoPc polymer with imido end group and
CoPc poly^fmer with COOH end group respectively as a function of temperature.

It is clear from fig. 1 & 2 and table 2 that CuPc polymer and CoPc polymer with
carboxylic end groups shows high dielectric constant in comparision to FePC
polymer with amide end group and CoPc polymer with imido end group. High
dielectric constant of CoPc polymer with COOH end groups may be due to be
oresence of ionised COOH group which could also be partially neutralised in the
form as COOM where M is Mn.CT K.Evidently in the samples with amide or imide end
groups ionized COOH group is not present.

In general eka-conjugated molecular solids have characteristically large
dielectric constant indicative of the presence of nomadic polarization(9). This
is a type of electrical polarization which can be much stronger than the
familiar electronic, atomic, or dipolar orientational polarizations. Two
factors could lead to high polarizability; the presence of an appreciable
number of free charges and of long domains in which they can rove under the
influence of an external electric field. These condit obviously exist in
these aromatic, conductive, highly conjugated structures.

As shown in Fig. 1 & 2 dielectric constants are frequency dependent with the
highest response occuring at the lower frequencies of the applied electric
field, indicative of nomadic polarization. The dielectric constant was observed
to increase strongly with temperature. This behaviour is in harmony with the
model of nomadic polarization, as apparently the number of free mobile charges
would increase with increase in temperature.
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Fig. 1. Dielectric constant of CoPc polyraer with-COOH end group at various
frequencies as a function of temperature.
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Fig. 2. Dielectric constant of CoPc polymer with imido end group at various
frequencies as a function of temperature.


