wo 2012/138234 A1 [N 00 00O R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/138234 Al

11 October 2012 (11.10.2012) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
C08G 73/02 (2006.01) CO08G 73/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
21) International Apolication Number: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
PCT/NZ2012/000047 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
27 March 2012 (27.03.2012) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
592081 5 April 2011 (05.04.2011) Nz (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): AUCK- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
LAND UNISERVICES LIMITED [NZ/NZ]; Level 10, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
70 Symonds Street, Auckland (NZ). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(71) Applicant: COONEY, Ralph (heir of the deceased invent- DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
or) [NZ/NZ]; 22 Ashton Road, Mt. Eden (NZ) LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, 5K,
’ T ’ SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
(72) Inventor: EASTEAL, Allan James (deceased). GW, ML, MR, NE, SN, TD, TG).
(72) Inventor; and Declarations under Rule 4.17:
(75) Inventor/Applicant (for US only): RAY, Sudip [IN/NZ]; __ . . .
¢/- Auckland UniServices Limited, Level 10, 70 Symonds of inventorship (Rule 4.17(iv))
Street, Auckland (NZ). Published:
(74) Agent: SHELSTON IP; 60 Margaret Street, Sydney, —  With international search report (Art. 21(3))

NSW 2000 (AU).

(54) Title: POLYMERIZATION METHOD AND PRODUCT

(57) Abstract: Methods of preparing a polyaniline homopolymer or copolymer comprising at least one carboxylic acid group, and
homopolymers or copolymers arising theretrom, the methods comprising: preparing a solution of a polyaniline precursor having at
least one aromatic amine group and at least one carboxylic acid group (eg. 2-aminobenzoic acid, 3-aminobenzoic acid or 4-
aminobenzoic acid) in a solvent selected from aqueous methanesulfonic acid or aqueous ammonia and optionally one or more addi -
tional polyaniline precursors (such as aniline); and oxidatively polymerising the polyaniline precursor or precursors.



WO 2012/138234 PCT/NZ2012/000047

10

15

20

25

30

._1_

TITLE: POLYMERIZATION METHOD AND PRODUCT
TECHNICAL FIELD

The invention relates to processes for preparing polymers that include
aminobenzoic acid monomers, and to copolymers and homopolymers prepared by those

processes.
BACKGROUND ART

Polymers of aniline and its derivatives are useful as antimicrobial agents and
have good antistatic and free radical scavenging propeirties. These properties make them
useful for the manufacture of antimicrobial, antistatic and antioxidant objects, and
suitable for use in, for example, the health, food, packaging, water, paint, wood, textile,

poultry, glass, paper, rubber, ceramic, seafood, sports, plastic and agricultural industries.

Adding substituents to polyaniline (PANI) is one way in which the various
properties of the polymer can be improved. However, the synthesis of substituted
PANIs is not élways a straightforWard matter. Any substituent introduced to the aniline
building block needs to be co.mpatible with the reagents uséd, which is not always
possible undef the traditionally robust oxidative polyrrierisation conditions used to form

PANISs.

Carboxylated PANIs are one type of PANI derivative of particular interest due to
their good antibacterial properties. Carboxylated PANIs can either be homopo‘lymers,
which could also be described as a poly(aminobepzoic acid) (poly ABAs) or
copolymers, which could be considered as a PANI backbone bearing carboxylic acid
groubs on some of the aromaticvrings. Figure 1 shows the probable structure of poly(2-
aminobenzoic acid) and poly(3- aminobenzoic ac‘id). Figure 2 shows the probable
structure of copolymers of aniline and 2-arriinobenzoi¢ acid or 3-aminobenzoic acid,

where X and Y are the numbers of repeat units.
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However, producing PANI homopolymers and copolymers from aminobenzoic
amd (ABA) monomers in good yield and purlty isnot a snmple procedure. There are
51gn1ﬁcant problems with the solubilities of ABAs. ABAs tend to be solids, unlike
aniline itself or many substituted anilinés (alkyl anilines like toluidine, alkoxy anilines
like anisidine etc) which can be used directly in their liquid form. This low solublllty

1mpacts upon the cost of synthesis and the quahty of the resultant polymers.

There thus exists a need to produce poly-ABAs (carboxylated PANIs) in high

yield and in a cost effective manner, with high conversion of monomer units, short -

~ production time and high molecular weights.

It is an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the prior art, or to provide a useful alternative.
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SUMMARY

In a broad aspect, the invention provides a method of preparing a polyaniline
homopolymer or copolymer comprising at least one carboxylic acid group; the method
comprising: B '
preparing a solution of a polyaniline precursor having at least one aromatic amine group
and at least one carboxylic acid group in a solvent selected from aqueous
methanesulfonic acid or aqueous ammonia and optionally one or more additional
polyaniline precursors; and

oxidatively polymerising the polyaniline precursor or precursors.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the

sense of “including, but not limited to”.

In one aspect, the invention provides a method of preparing a polyaniline
homopolymer comprising carboxylic acid groups; the method comprising:
preparing a solution of a polyani'li'ne precursor having at least one aromatic amine group
and at least one carboxylic acid group in aqueous methanesulfonic acid; and
oxidatively polymerising the polyéniline precursor ha\'/ing at least one aromatic amine

group and at least one carboxylic acid group.

In one aspect, the invention provides a method of preparing a polyaniline

homopolymer comprising carboxylic acid groups; the method comprising:

- preparing a solution of a polyaniline precursor having at least one aromatic amine group

~ and at least one carboxylic acid group in aqueous ammonia; and

oxidatively polymerising the polyaniline precursor having at least one aromatic amine

group and at least -one carboxylic acid group.

The polyaniline precursor having at least one aromatic amine group and at least

one éarboxylic acid group may be any aromatic ring béaring —NH; and -COOH moieties

‘in any position, with or without other substituents. In certain preferred embodiments,
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‘the substance being polymerised is selected from 2-aminobenzoic acid, 3-aminobenzoic

acid or 4-aminobenzoic acid.
Monomers other than amino benzoic acids can be used, for example aniline- or pyrrole,

or derivatives thereof may be used.

In one aspect, the invention provides a method of preparing a polyaniline
copolymer comprising at least one carboxylic acid group; the method comprising:
preparing a solution of a polyaniline precursor having at least one aromatic amine group

and at least one carboxylic acid group in aqueous methanesulfonic acid and one or more

additional polyaniline precursors; and

oxidatively polymerising the polyaniline precursor having at least one aromatic amine
group and at least one carboxylic acid group and the one or more additional polyaniline

precursors.

In one aspect, the invention provides a method of pfeparing a polyaniline
copolymer comprising at least 'oné carboxylic acid group; the method combrising:
preparing a solution of a polyaniline precursor having at least one aromatic amine group
and at least one carboxylic acid group in aqueous ammonia and one or more additional
polyaniline précursors; and |

oxidatively polymerising the polyaniline precursor having at least one aromatic amine

group and at least one carboxylic acid group and the one or more additional polyaniline

precursors.

The polyaniline precursor having at least one aromatic amine group and at least
one carboxylic acid group may be any aromatic ring bearing ~NH; and -COOH moieties
in any position, with or without other substituents. In certain preferred embodiments,
the substance being polymerised is selected from 2-aminobenzoic acid, 3-aminobenzoic
acid or 4-aminobenzoic acid. The one or more additional polyaniline precursors may be
any amino substituted aromatic ring, which is in some cases preferably comprises

aniline.

Figure 3 shows a possible structure of poly(4-aminobenzoic acid).
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Figure 3

Monomers other than amino benzoic acids can be used, for example aniline and

other derivatives thereof or pyrrole and derivatives thereof may be used.

The most preferred copolymers are those formed from mixtures of aniline and 2-
aminobenzoic acid, aniline and 3-aminobenzoic acid or aniline and 4-aminobenzoic acid.
Figure 4 shows a possible structure of copolymers of aniline and 4-aminobenzoic acid. Y

and Z are the numbers of repeat units. .

COOHJ

Figure ‘4

The ratio of the polyaniline precufsor having at least one aromatic amine group
and at least one carboxylic acid group: the one or more additional polyaniline precursors

is from 99:1 to 1:99. Alternatively, ratios in the range 72:25 to 25:75 may be used.
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If aqueous methane sulfonic acid is used, it is preferably in a concentration of 0.1

to 10 M in water. It is generally preferred if the ratio of concentration of ABA to

‘methanesulfonic acid is from 2:1 to 1:2. For example, it is preferred to use a solution of

methanesulfonic acid of around 1 M and an ABA concentration of around 0.5 M.

The polyaniline precursor having at least one aromatic amine group and at least

‘one carboxylic acid group is preferably dissolved in the aqueous methane sulfonic acid

and oxidising agent is added. If a copolymer is desired, additional polyaniline
precursors may be added in a suitable compatible solvent, which may include water or

aqueous methane sulfonic acid.

If ammonia is used, the polyaniline precursor having at least one aromatic amine

group and at least one carboxylic acid group is suspended in water and ammonia is

-added to dissolve it. The amount and conbentratipn required can be readily determined.

‘Typically, commercial strength ammonia is added to a suspension of the ABA in water

until the monomer is dissolved. The pH is readily maintained at around neutral to

slightly alkaline pHs, for example around pH 7-8.

~ The reaction of aminobenzoic acid and/or aniline to synthesize the homopolymer
or copolymer is carried out in an acidic or near neutral medium in the presence of an

oxidizing agerit. Any suitable oxidizing agent may be used. Suitable oxidizing agents

“include, although are not limited to ammonium persulphate, potassium ferricyanide, -

potassium iodate, hydrogen peroxide, cerium (IV) sulphate, potassium dichromate and
sodium vanadate. For neutral/alkaline based reaction, preferably the oxidizing agent is

ammonium persulphate or hydrogen peroxide.

The methods of the present invention will also.usually further include the step of

collecting the precipitated poly aminobenzoic acid homopolymer or copolymer by

filtration.
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DESCRIPTION

Aminobenzoic acids have low solubility in water and in common acids used to
carry out oxidative polymerfzation. For example, 3-ABA has only around 5 wt%
solubility in 1 M HC, which is typical for ABAs generally. Even if the aminobenzoic
acids can. be dissolved to some extent, it is difficult to get them into solution at
sufficiently high concentrations to achieve good yields of the resultant polyaniline
polymer or copolymer. The present inventors have developed solvent systems based
around methanesulfonic acid or ammonia that enable the monomer to be dissolved in

MSA or ammonia at high concentration (15% by weight or higher)

The methods of the present invention enable the practical large scale production
of PANIs, particularly those starting from amino benzoic acid derivatives, at room
temperature. Because of the good solubility of the starting monomers, the reaction yield
and starting monomer consumption is high and the reaction time is reduced, resulting in
a less wasteful and more economic synthesis. Moreover, the prdducts of the present
invention have been found to:have high molecular weight and, where copolymers are

concerned, high incorporation of n-ABA in the resultant copolymer is observed.
COMPARATIVE EXAMPLES

Oxidative polymerisation of 3-amino benzoic acid to the corresponding
polycarboxylated PANI was carried out under standard conditions using 1M HCl as-

monomer solvent and APS as oxidant.

From 150 ml 1 M HCl solution containing 2.2 g (16 mmol) 3-ABA, 0.0154 g

polymer was obtained (0.7% yield*) when the reaction was performed at 10°C for 7 days

~ From 200 g 1 M HCl solution containing 10 g n-ABA monomer, 1 g polymer
was obtained (10% yield*), when_fhe reaction was performed at room temperature for 48

h

‘ *Yi.eld: =100 x [mass of the polymer]/[mass of the (co)monomer(s)]



WO 2012/138234 PCT/NZ2012/000047

10

15

20

25

30

INVENTIVE EXAMPLES

METHANE SULFONIC ACID AS SOLVENT

Poly(n-amino benzoic acid) homopolymers, where n=2, 3 or 4 (P(n-ABA)) and
poly(n-amino benzoic acid-co-aniline) oopolymers (P(n-ABA-co-Ani)) were synthesisedv
in 1 M methane sulfonic acid (MSA) at 25°C (ambient temperature), with ammonium
persulfate (APS) as the oxidizing agent. The monomer(s) concentration and the mole
ratio of monomer(s) to APS were kept constant at 0.5 M and 1:1.25 respectir/ely. The

mole ratio of n-aminobenzoic acid (n-ABA) to aniline (Ani) in the comonomer mixtures

‘was varied from 99:1 to 1:99, or more \isually 75:25 to 25:75.

The maximum concentration of n-aminobenzoic acid (n-ABA) in 1 M MSA is

about 15%, which may be higher in more concentrated MSA.
HOMOPOLYMERS

H‘omopolymers of the present invention can be designated as follows:
HpMn: Hp Homopolymer M = methane sulfomc acid (MSA) n = position of COOH
functlonal group (4 or 3 or 2) in n-ABA precursor ‘
HpAn Hp Homopolymer A = ammonia, n = position of -COOH functronal group (4or3or2)

~ inn-ABA precursor. -

Synthesis of PANI homopolymers of aminoberlzoic acids P(n-ABA): 13.86 g of
4-ABA was dissolved in 100 mL of 1 M MSA. 28.52 g of APS Wers dissolved in 100
mL of water and added dropvﬁsé to the monomer solution with oonstaht stirring.
Polymerisation was continued with stirring for 24 h. The polymeric product that
precipitated from the so‘lution was collected by filtration, washed thoroughly with
distilled water then (vacuum) dried at 50°C. F rom this process 7. 2 g polymer HpM4
was obtamed (52% yleld)

The yield can be seen to be significantly better than that obtained from the use of -
HCl as solvent.
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The use of 3-ABA and 2-ABA in an identical manner resulted in the synthesis of
a homopolymer of 3-aminobenzoic HpM3 and a homopolymer of 2-aminobenzoic acid

HpM2 respectively.

5 .
Table 1 shows the properties of HpMn homopolymers synthesised using MSA as
solvent. The yields are significantly better than using traditional solvents, such as HCL.

TABLE 1
Antimicrobial
property
L s
(Minimum B
inhibitory Eo
concentration) % § 3\i
- 2=
S e |25 |2
: o 1)
= |3 5 |32 |o
S . g g @ |
£ s ) 2 E |2
5 o | ® o s |3 |2
s g = 8\/ E + T B %0 §
8 g 2 = £ g o 2 |2
p= = O > | = ) ) = & | O
HpM4 4ABA | Dark 52 | 19826 | 0.5 1 64 <10”
brown
HpM3 [ 3ABA | Dark 18 | 12947 |1 >2% | 60 <10’
' brown
HpM2 2ABA | Dark 30 | 22200 | 0.25 ] 61 <10°
brown ’ ‘
10

COPOLYMERS »

' Copolymers of the present invention can be d»esignvated as follows:
CpMnYZ: Cp = Copolymer, M = methane sulfonic acid (MSA), n = position of ;COOH
functional group (4 or 3 or 2) in n-ABA precursor, YZ ratio Y:Z of n-ABA:aniline in feed.

15 CpAnYZ: Cp = Copolymer, A = ammonia, n = position of -COOH functional group (4 or3or2)
in n-ABA precursor, YZ ratio Y:Z of n-ABA:aniline in feed. '
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Synthesis of copolymers of aminobenzoic acids and aniline P(n-ABA-co-Ani):
For a typical synthesis of P(n-ABA-co-Ani) (starting from a solution with equimolar
proportions of comonomers, for example), 6.94 g of n-ABA was dissolved in 100 mL of
1 M MSA. 4.66 g aniline was added to this solution and stirred for 15 mins. 28.52 g of
APS was dissolved in 100 mL of water and added dropwise to the solution of the |
monomers with constant stirring. Polymerisation was continued with stirring for 24 h.
The polymer product that precipitated from the solution was collected by filtration,

washed thoroughly with distilled water then (vacuum) dried at 50°C.

Oxidative synthesis of copolymer CpM411: 6.94 g of 4-ABA was dissolved in 100 mL
of 1 M MSA. 4.66 g aniline was added to this solution and stirred for 15 mins. 28.52 g
of APS was dissolved in 100 mL of water and added dropwise to the solution of the
monomers with constant stirring. - Polymerisation was continued with stirring for 24 h.
The polyfner product that precipitated from the solution was collected by filtration,
washed thoroughly with distilled water then (vacuum) dried at 50°C. From this process
11.6 g copolymer (CpM411) was obtained (100% yield). |

Under similar conditions, copol_ymefs of 4-ABA and aniline, copolymers of 3-
ABA and aniline, copolymers of 2-ABA and aniline at various monomer feed ratio

(from 99:1 to 1:99) can be synthesized.
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Table 2 shows the properties of copolymers (CpMnYZ) synthesised in acidic medium.

TABLE 2

Antimicrobial Free radical

property scavenging

(Minimum (micromoles

inhibitory of DPPH

concentration) scavenged/m | g
o _é) % g of sample) 9,
- : N . z

— o - X o 9 o =
E: s | |F8|%e g
- [=] < ke — = g ) &

5 S T S © £ 8 E S 5
= = £ O > 54 | 5d O
CpM431 | 4ABA Dark = |78 [025 |2 57 <10”

Aniline (3:1) | brown _
CpM411 | 4ABA: Dark - | 100 |0.5 >2 59 0.002
Aniline (1:1) | brown
CpM413 4ABA: | Dark 112 0.5 >2 60 1
Aniline (1:3) | green '
CpM331 | 3ABA: Dark |8 |05 |2 57 <107
v Aniline (3:1) | brown '
CpM311 | 3ABA: Dark 101 |2 >2 54 0.002
Aniline (1:1) | brown
‘CpM313 | 3ABA: Dark 114 | >2 >2 46 0.6
Aniline (1:3) | green
CpM231 | 2ABA: Dark [78 |05 |2 |54 <10°
Aniline (3:1) | brown '
CpM211 | 2ABA: Dark 81 0.5 >2 47 0.04
Aniline (1:1) | brown '
CpM213 | 2ABA: - .. | Dark 121 0.5 ) 54 2
Aniline (1:3) | green
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AMMONIA AS SOLVENT
HOMOPOLYMERS
5 Synthesis of HpA4 in non-acidic medium (by neutralizing monomér with

ammonia): 13.86 g monomer (4-ABA) was dissolved in 100 mL water by neutralizing
with 7.5 mL of 28% ammonia. 28.52 g of APS was dissolved in 92.5 mL of water and
added dropwise to the monomer solution with constant stirring. Polymerisation was
continued with stirring for 24 h. The polymeric product that precipitated out from the
10 solution was collected by filtration, washed thoroughly with distilled ;watér then
(vacuum) dried at 50°C. From this process 11.3.7 g polymef HpA4 was obtained (82%
yield). .
Again, the yield can be seen to be significantly better than that obtainedbfrom the
use of HCI as solvent. Under the same conditions HpA3 and HpA2 can be synthesized in

15 non-acidic medium (by neutralizing monomer with ammonia.)

‘Figure 5 below shows a possible reaction scheme for synthesis of poly(4-aminobenzoic

acid).
120 : ‘ _ Figure 5
— . -
NH : NH
GOOH | coon COoH

: NH, NH,
Q 0 IOI
COOH
: COOH

COOH . COOH COOH COOHJ . COOH
z
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Table 3 shows the properties of HpAn homopolymers synthesised by pre-

neutralization with ammonia

TABLE 3
Antimicrobial
property
(Minimum Free radical
inhibitory scavenging
concentration) (umol
% ' DPPH
’% _ scavenged/ 2
& &
~ S S .mg of \% |
£ 2 w | sample) % &
i = 8 ) o : oz
E QE) - 9\./ E -t ;I> g) )
g g 2 = | 2 £ £ g
s 8 IS 2 =) e g o -
= = S) > = &} &) O
HPA4 4ABA | Dark 82 118362 |0.125 |>2 55 <10”
brown
HPA3 3ABA | Dark 82 | 62847 |1 2 16l <10
brown ' o
HPA2 2ABA | Dark 7'_71 44645 | 0.5 1 56 : <10?
brown
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COPOLYMERS

Oxidative synthesis of copolymer CpA411: 6.94 g monomer (4-ABA) was
dissolved in 100 mL water by neutralizing with 4 mL of 28% ammonia. 4.66 g aniline
was added to this solution and stirred for 15 mins. 28.52 g of APS was dissolved in 96
mL of water and added dropwise to the monomer solution with constant stirring.

Polymerisation was continued with stirring for 24 h. The polymeric product that

‘precipitated out from the solution was collected by filtration, washed thoroughly with

distilled water then (vacuum) dried at 50°C. From this process 10.2 g copolymer

(CpA411) was obtained (88% yield). |
Under similar conditions, copolymers of (4-ABA) and aniline, (3-ABA) and
aniline, and (2-ABA) and aniline at various monomer feed ratio (can be from 99:1 to

1:99) can be synthesized in acidic medium.

Table 4 shows ;a property chart of copolymers (CpAnYZ) synthesised by pre-

_neutralization of monomer n-ABA with ammonia.
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TABLE 4
Antimicrobial Free radical
property scavenging .
(Minimum (micromoles‘
g inhibitory of DPPH
::% concentration) | scavenged/m
g % g of sample)
< % . E
g _ 2} z
e : . € [F2fe E
= = o > S 5|6 & _ o
CpA431 4ABA: Dark |83 | 0.06% | >2% |60 <10™
3 Aniline 3:1) | brown | |
CpA4ll 4ABA: Dark |88 [0.13% [>2% |58 <10
| Aniline (1:1) | brown v
CpA413 4ABA: Dark |90 | 0.25% | >2% |55 0.000
Aniline (1:3) | green 3
CpA331 3ABA: Dark |83 |0.125 |>2 |58 <107
| Aniline 3:1) | brown -
CpA311 3ABA: Dark |87 ]0.125 [>2 61 <10’
' | Aniline (1:1) | brown
CpA313 3ABA: Dark |85 |025 |>2 55 0.000
Aniline (1:3) | green ‘ V 05 ’.
CpA231 2ABA: | Dark |72 [o0.125 [1 53 <10°
Aniline (3:1) | brown |
CpA211 2ABA: Dark |91 [0.125 [2 52 <107
| Aniline (1:1) | brown _ ' .
CpA213 2ABA: Dark |93 | 025 |>2 |36 <10
Aniline (1:3) | green
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‘THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A method of preparing a polyaniline homopolymer or copolymer comprising at

~ least one carboxylic acid group; the method comprising:

preparing a solution of a polyaniline precursor having at least one aromatic amine group
and at least one carboxylic acid group in a solvent selected from aqueous

methanesulfonic acid or aqueous ammonia and optionally one or more additional

- polyaniline precursors; and

oxidatively polymerising the polyaniline precursor or precursors‘.

2. A method of preparing a polyaniline homopolymer comprising carboxylic acid
groups; the method comprising: ‘ ‘
preparing a solution of a polyaniline precursor having at least one aromatic amine group

and at least one carboxylic acid group in aqueous methanesulfonic acid; and

-oxidatively polymerising the polyaniline precursor having at least one aromatic amine

group and at least one carboxylic acid group.

3. A method of preparing a polyaniline homopolymer comprisiﬁg carboxylic acid
groups; the method comprising:
preparing a solution of a polyaniline precursor having at least one aromatic amine group

and at least one carboxylic acid group in aqueous ammonia; and

- oxidatively polymerising the polyaniline precursor having at least one aromatic amine '

group and at least one carboxylic acid group.

4, A method according to any one of the preceding claims wherein the polyaniline

precursor having at least one aromatic amine group and at least one carboxylic acid

group is selected from 2-aminobenzoic acid, 3-aminobenzoic acid or 4-aminobenzoic

acid.

5. A method of preparing a polyaniline copolymer comprising at least one

cafboxylic acid group; the method comprising:
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preparing a solution of a polyaniline precursor having at least one aromatic amine group
and at least one carboxylic acid group in aqueous methanesulfonic acid and one or more
additional polyaniline precursors; and '
oxidatively polymerising the polyaniline precursor having at least one aromatic amine
group and at least one carboxylic acid group and the one or more additional polyaniline

precursors.

6. A method of preparing a polyaniline copolymer comprising at least one

carboxylic acid group; the method comprising:

* preparing a solution of a polyaniline precursor having at least one aromatic amine group

and at least one carboxylic acid group in aqueous ammonia and one or more additional
polyaniline precursors; and '
oxidatively polymerising the polyaniline precursor having at least one aromatic amine

group and at least one carboxylic acid group and the one or more additional polyaniline

- precursors.

7. A method according to claim 5 or claim 6 wherein the polyaniline precursor
having at least one aromatic amine group and at least one carboxylic acid group is

selected from 2-aminobenzoic acid, 3-aminobenzoic acid or 4-aminobenzoic acid.

8. A method according to any one of claims 5 to 7 wherein the one or more

~ additional polyaniline precursors comprises aniline.

9. A method according to any one of claims 5 to 8 wherein the ratio of the

polyaniline precursor having at least one aromatic arine group and at least one

carboxylic acid group: the one or more additional polyaniline precursors is from 99:1 to

' 1:99

10. A method according to claim! wherein the polyanili'nze precursér and

methanesulfonic acid are present in a ratio of 2:1 to 1:2.

11. . A method according to any one of the preceding claims wherein the

polymerisation is carried out by APS. .
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12. A method according to any one of the preceding claims further including the step

of collecting precipitated polyaniline by filtration.
13. A polyaniline random copolymer comprising 4ABA and aniline monomers.

14. A polyaniline random copolymer comprising 4ABA and aniline monomers in a

ratio of between 3:1 and 1:3.

15. A polyaniline random copolymer comprising 4ABA and aniline monomers in a

10 ratio of 1:1.
16. A polyaniline random copolymer comprising 2ABA and aniline monomers.

17. A polyaniline random copolymer comprising 2ABA and aniline monomers in a

15 ratio_ of betwee_n 3:1and 1:3.

18. A polyaniline random copolymer comprising 2ABA and aniline monomers in a

ratio of 1:1.
20 19. A polyaniline random copolymer comprising 3ABA and aniline monomers.

20. A polyaniline random copolymer comprising 3ABA and aniline monomers in a

ratio of between 3:1 and 1:3.

25 21.- A polyaniline random copolymer comprising 3ABA énd aniline monomers in a

ratio of 1:1.
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