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Syntheses, structures, electric conduction, electrochemical properties
and antimicrobial activity of azomethine monomer and oligomer
based on 4-hydroxybenzaldehyde and 2-aminopyridine

Summary — The effects of temperature (50—80 °C), reaction time (up to 15 h) as well as type and
concentration of oxidizing agent (NaOC], air O, H2O5) on the course of oxidative polymerization of
4-[(pyridin-2-yl-imino)methyl]phenol (4-PIMP) in aqueous alkaline medium, and on the yield of the
oligomers formed (O-4-PIMP) were investigated. The optimal cond1t1ons of the process have been
found. Reaction products were characterized using the following methods: "HNMR, ®C NMR, FT-IR,
UV-VIS, gel permeation chromatography and thermal analyses TG-DTA. M,, values of O-4-PIMP are
in the range 1250—4450. The oligomer shows better thermal stability than the monomer. On the basis
of voltammetric measurements’ results the electrochemical properties of 4-PIMP and O-4-PIMP were
characterized in detail, including an effect of iodine doping of O-4-PIMP on the electric conduction.
The comparison of antibacterial activity of 4-PIMP and O-4-PIMP against 8 bacterial strains has been
done.

Key words: 4-[(pyridin-2-yl-imino)methyllphenol, oligomers, oxidative polymerization, electro-
chemical properties, antibacterial activity.

OTRZYMYWANIE, STRUKTURA, PRZEWODNICTWO ELEKTRYCZNE, WEASCIWOSCI ELEK-
TROCHEMICZNE ORAZ DZIALANIE PRZECIWBAKTERYJNE ZAWIERAJACYCH UGRUPOWA-
NIE AZOMETINOWE MONOMERU I OLIGOMERU NA PODSTAWIE 4-HYDROKSYBENZALDE-
HYDU I 2-AMINOPIRYDYNY

Streszczenie — Zbadano wplyw temperatury (50—80 °C), czasu trwania (do 15 h) oraz rodzaju
(NaOCl, tlen powietrza, H>O,) i stezenia czynnika utleniajacego na przebieg utleniajacej polimeryzacji
4-[(pirydyn-2-ylo-imino)metylo]lfenolu (4-PIMP) w wodnym $rodowisku zasadowym na wydajnosé
powstajacych oligomeréw (O-4-PIMP), okresla]qc optymalne warunki tego procesu (tabele 1 i 2).
Produkty charakteryzowano metodami "H NMR, *C NMR, FT-IR, UV-VIS, chromatografii zelowej,
analizy termicznej (TG-DTA) (rys. 1—517, tabela 3). Wartosci M,, O-4-PIMP mieszcza sie w przedziale
1250—4450; oligomer odznacza sie lepsza odpornoscia cieplng niz monomer. Na podstawie wynikéw
pomiaréw woltametrycznych szczegélowo scharakteryzowano elektrochemiczne wlasciwosci 4-
PIMP i O-4-PIMP, w tym wplyw domieszkowania jodem O-4-PIMP na przewodnictwo elektryczne
(rys. 6 i 8). Poréwnano przeciwbakteryjne dzialanie 4-PIMP i O-4-PIMP w stosunku do 8 szczepéw
bakterii (tabela 8).

Stowa kluczowe: 4-[(pirydyn-2-ylo-imino)metylo]fenol, oligomery, polimeryzacja utleniajaca, wtasci-
wodci elektrochemiczne, dzialanie przeciwbakteryine.

The Schiff base polymers including conjugated bonds
and active hydroxyl (-OH) and azomethine (-CH=N)
groups have aroused researchers’ interest last decade [1].
These type polymers have based used in various fields
because of useful properties such as paramagnetism,
semiconductivity, electrochemical properties and resis-
tance to high energy [2, 3]. Because of these properties,
they are used to prepare composites having high resis-
tance at high temperature, being thermally stable, in
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graphite materials, epoxy oligomers and block copoly-
mers, photoresists, materials which are antistatic or
flame retarded [4—8]. By introducing of other functional
groups to these compounds, they can be enriched with
new useful properties. Schiff base polymers have shown
antimicrobial activity against various bacteria, yeast and
fungi [9, 10]. Oligophenols which have a lot of functional
groups may be used for cleaning of the industrial waste
waters from harmful heavy metals. Therefore, the syn-
thesis of oligomer-metal complexes is very important for
analytical and environmental chemistry. It seemed ad-
vantageous to attempt to design and prepare polymer
bounded chelating ligands, which would be able to form
complexes with a variety of transition metals and there-
fore having wide range of applications [11].
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In the oxidative polymerization of phenol deriva-
tives, it is known that two types of the linkage between
the monomer units, the C-C and C-O-C bonds, can be
formed during the polymerization. The reaction mecha-
nism and the coupling selectivity have been studied by
Kobayashi et al. and three possible reaction mechanisms
for the C-C coupling selectivity had been proposed [12].
Regioselectivity of coupling was found in the polymeri-
zation of oligophenol [13] and polyazomethine [14].

In this paper, the synthesis of oligo-4-[(pyridin-2-yl-
-imino)methyl]phenol (O-4-PIMP) was investigated and
the effects of different parameters such as temperature,
initial concentrations of NaOCl and the presence of alka-
line medium were studied. O-4-PIMP was characterized
by using FT-IR, UV-VIS, 'H NMR, *C NMR, elemental
analysis, TG-DTA, as well as AC conduction measure
and SEC techniques. The electrochemical (E’) and opti-
cal band gaps (Eg) of monomer and oligomer were deter-
mined using cyclic voltammetry (CV) and UV-VIS mea-
surements, respectively. The antimicrobial activity of
monomer and oligomer has been also studied.

EXPERIMENTAL
Materials

4-Hydroxybenzaldehyde (4-HB), 2-aminopyridine,
dioxane, methanol, ethanol, 1-butanol, acetonitrile, ben-
zene, toluene, acetone, ethyl acetate, heptane, CCly,
CHClI3, tetrahydrofurane (THF), dimethylformamide
(DMF), dimethylsulfoxide (DMSO), H,SO4 (98 %),
NaOH, KOH and hydrochloric acid (HCl, 37 %) were
supplied from Merck Chemical Co. (Germany) and were
used as received. Sodium hypochlorite (NaOCl, 30 %
aqueous solution) was supplied by Paksoy Chemical Co.
(Turkey).

Methods of preparation

Preparation of 4-[(pyridin-2-yl-imino)methyl]phenol

4-[(Pyridin-2-yl-imino)methyl]phenol (4-PIMP) was
prepared by the condensation of 4-hydroxybenzalde-
hyde (25 mmol) with 2-aminopyridine (25 mmol) in
methanol (15 ml) by keeping the boiling mixture under
reflux for 3 h [Eq. (1)].

HOO CHO + H2N@ o~
oy
—

The precipitated 4-PIMP was filtered, recrystallized
from methanol and dried in vacuum desiccators (yield
92 %). Characterization of the products by elemental
analysis, UV-VIS, FT-IR, '"H NMR and *C NMR me-
thods gave the following results:

(M

Calculate for 4-PIMP: C, 72.73; H, 5.05; N, 14.14;
found: C, 72.58; H, 4.95; N, 13.85.

UV-VIS (Apax): 208, 221, 285 and 334 nm, respectively.

FT-IR (cm™): v (O-H) 3200 s, v (C-H phenyl) 3016 m,
v (C=N) 1615 s, v (C=C phenyl) 1594, 1508, 1498 s,
v (C-0) 1293 s.

'H NMR (DMSO): § ppm, 8.98 (s, TH, -CH=N-); 9.93
(s, 1H, -OH); 6.93 (d, 2H, Ar-Haa’ and d, 1H, Ar-Hc); 7.77
(d, 2H, Ar-Hbb"); 7.36 (t, TH, Ar-Hd); 6.47 (t, 1H, Ar-He),
8.64 (d, 1H, Ar-HY).

13C NMR (DMSO): ppm, 159.92 (C1-ipso), 108.69 (C2,
6-H), 132.65 (C3, 5-H), 128.85 (C4-ipso), 191.66 (C7-H),

Ha Hb Hc Hd
23 910
7 8
HO—  NcH=N-¢ Ml e M
6 5 N= 12
Ha'  Hb HE

163.75 (C8-ipso), 116.32 (C9-H), 137.74 (C10-H), 112.48
(C11-H), 147.80 (C12-H) [see Formula (I)].

Oxidative polymerization of 4-PIMP

O-4-PIMP was synthesized through oxidative poly-
merization of 4-PIMP in KOH solution with aqueous so-
lutions of NaOCI (30 %), HyO, (30 %) or air O, [15]:

7\ Nilg OH NaOCUHzOz or Air 02
! -~ KOH (aqu)
i
H@NC@ O}‘* @
N i

The 4-PIMP (0.198 g, 0.001 mol) was dissolved in an
aqueous solution of KOH (10 %, 0.001 mol) and placed
into a 50-ml three-necked round-bottom flask. It was fit-
ted with a condenser, thermometer, stirrer and an addi-
tional funnel in case of use of NaOCl or HyO, systems.
After heating to 40 °C, the oxidizer was added drop by
drop during about 20 min. The reaction mixtures were
stirred at the various temperatures and durations. In the
oxidizing reaction with O, an air O, was passed into an
aqueous solution of KOH (20 %) before being sent
through the reaction tube (to prevent water loss from the
reaction mixture and to neutralize CO5 in the air). The
reaction mixture was cooled to room temperature, and
then 0.001 mol HCl (37 %) was added. For the separation
of mineral salt and unreacted monomer, the mixture was
filtered, washed with hot water (3 x 25 ml) and then
dried in an oven at 110 °C. The results of O-4-PIMP
analyses are:

Calculate for O-4-PIMP: C, 73.74; H, 4.08; N, 14.29;
found: C, 73.10; H, 4.20; N, 14.15.

UV-VIS (Amay): 210, 274 and 355.

FT-IR (cm™): v (O-H) 3380 s, v (C-H phenyl) 3030 m,
v (C=N) 1630 s, v (C=C phenyl) 1590, 1502, 1498 s,
v (C-0O) 1280 s.
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'"H NMR (DMSO0): § ppm, 9.80 (s, 1H, -CH=N-); 10.70
(s, 1H, -OH); 6.95 (proton at the terminal position, d, 2H,
Ar-Haa"); 7.08 (d, 1H, Ar-Hc); 7.78 (d, 2H, Ar-Hbb’); 7.38
(t, 1H, Ar-Hd); 6.66 (t, 1H, Ar-He); 9.75 (d, 1H, Ar-Hf);
7.90 (new peak).

13C NMR (DMSO): ppm, 164.14 (Cl-ipso), 113.93 (C2,
6-H) (new peaks: 129.04 and 136.04), 132.52 (C3, 5-H),
129.04 (C4-ipso), 191.45 (C7-H), 161.82 (C8-ipso), 116.37
(C9-H), 144.52 (C10-H), 115.87 (C11-H), 152.12 (C12-H).

Methods of characterization
Physicochemical properties

O-4-PIMP was dark brown at powder form and it
was completely soluble in DMF, DMSO and aqueous al-
kaline or concentrated H,SOy solutions but it was inso-
luble in heptane, acetone, THF, hexane, benzene, to-
luene, acetonitrile, methanol, ethanol, CH,Cl,, CCly or
dioxane.

The infrared spectra were obtained using Perkin-El-
mer FT-IR equipment with ATR attachment (4000—
550 cm™).

Elemental analysis was carried out using a “Carlo
Erba 1106” apparatus.

UV-VIS spectra of 4-PIMP and O-4-PIMP were regis-
tered using methanol and DMSO, respectively.

These substances were characterized also by 'H NMR
and ®C NMR methods (“Bruker Avance DPX-400” and
100.6 MHz, respectively). Spectra were recorded at
25 °C, using deuterated DMSO as a solvent. Tetra-
methylsilane was used as internal standard.

Thermal data obtained using Perkin Elmer Diamond
Thermal Analysis. TG-DTA measurements were made in
the range of 20—1000 °C (in Ny, rate 10 °C/min).

Size Exclusion Chromatography (SEC) analyses were
performed at 25 °C using DMF/methanol (4/1 v/v) as
eluent at a flow rate of 0.4 ml/min. A refractive index
detector was used. The instrument (Shimadzu 10AVp
series HPLC-SEC system) was calibrated using a mix-
ture of polystyrene standards (Polymer Laboratories; the
peak molecular weights, My, between 162 and 60 450),
using SEC software for the determination M,, M,, and
polydispersity indexes (PDI) of the polymer samples.
For SEC investigations a Macherey-Nagel GmbH & Co.
equipment (100 A and 7.7 nm diameter loading material)
3.3 mm i.d. x 300 mm columns was used.

Electrical and electrochemical properties

Cyclic voltammetry (CV) measurements were carried
out using a CH instruments “660B Electrochemical Ana-
lyzer” at a potential scan rate of 20 mV/s. All the experi-
ments were performed in dry box under Ar atmosphere
at room temperature. The electrochemical potential of
Ag was calibrated with respect to the ferrocene/ferro-
cenium (Fc/Fc*) couple. The half-wave potential (E'?)
of (Fc/Fc") measured in 0.1 M tetrabutylammonium
hexafluorophosphate (TBAPF¢) acetonitrile solution is

0.39 V vs. Ag wire or 0.38 V vs. supported calomel elec-
trolyte (SCE). The voltammetric measurements were car-
ried out for monomer and oligomer in acetonitrile and
DMSO solutions, respectively [16, 17]. The electrochemi-
cal HOMO and LUMO energy gaps (E,) were calculated
from oxidation and reduction onset values.

Conductivity was measured using a Keithley “2400
Electrometer”. The pellets were pressed in hydraulic
press with load up to 1687.2 kg/cm?. Todine doping was
carried out by exposure of the pellets to iodine vapor at
atmospheric pressure and room temperature in a desic-
cator [7].

Optical properties

The optical band gaps (E;) of monomer and oligomer
compounds were calculated from their absorption
edges. Ultraviolet-visible (UV-VIS) spectra were mea-
sured using Perkin Elmer “Lambda 25” apparatus. The
absorption spectra of monomer and oligomer were re-
corded using methanol and DMSO solutions, respec-
tively, at 25 °C.

Preparation of test microorganisms and tested compounds

Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 29213, Pseudomonas aeruginosa ATCC 27853, Bacil-
lus cereus England 1988, Listeria monocytogenes NCTC
2167, Enterococcus faecalis ATCC 8043, Vibrio cholerae 0139
NCTC12946, and Bacillus subtilis ATCC 6633 were used
as the test organisms in an antimicrobial study. The test-
ing bacteria were supplied by Refik Saydam Hifzisihha
Institute (Ankara, Turkey). The bacteria strains were in-
oculated into nutrient medium (“Difco”) and incubated
for 24 h. Using the Disc Diffusion method, the sterile
Mueller Hinton Agar (“Oxoid”) was inoculated with the
test microorganisms [18]. The tested compounds were
dissolved in DMSO at a concentration of 10 mg/ml in
order to obtain a final concentration of 1 mg/0.1 ml.
Three different concentrations of the drug were pre-
pared (1 mg/0.1 ml, 0.1 mg/0.1 ml, and 0.01 mg/0.1 ml)
for the microbiological tests and the were absorbed on
sterile paper antibiotic discs, which were placed in wells
(6 mm of diameter) cut in the agar media. The plates
were incubated at 32 °C (for 24 h). The resulting inhibi-
tion zones on the plates were measured after 48 h. The
control samples were absorbed only in DMSO.

RESULTS AND DISCUSSION

Determination of optimal oxidative polymerization
conditions of 4-PIMP

The parameters of oxidative polymerization of
4-PIMP with 30 % NaOCl solution in aqueous alkaline
medium are given in Table 1. So, the yield of O-4-PIMP
increased with the increasing temperature (except for
the highest one, i.e., 90 °C). At the same conditions (time,
temperature), when molar amount of NaOCl increased
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twice, the yield increased from 68 % to 91 % (see Table 1,
samples 12 and 14). The maximal conversion of 4-PIMP
(97 %, sample 6) was reached in the following condi-
tions: [4-PIMP], = [KOH], = 0.075 mol/L and [NaOCl],
= 0.211 mol/L, at 80 °C for 6 h. Reaction time prolonga-
tion to 15 h, when the other condition were kept the
same, caused decrease in 4-PIMP conversion to 20 %.

T able 1. Oxidative polymerizations of 4-[(pyridine-2-yl-imi-
no)methyl]phenol*) with NaOCl in an aqueous KOH

Sample | Temp. Time [KOH]o | [NaOCllo| The yield of

No. °C h mol/L | mol/L | O-4-PIMP, %
1 50 3 0.075 0.211 89
2 60 3 0.075 0.211 92
3 70 3 0.075 0.211 95
4 80 3 0.075 0.211 96
5 90 3 0.075 0.211 90
6 80 6 0.075 0.211 97
7 80 9 0.075 0.211 94
8 80 12 0.075 0.211 91
9 80 15 0.075 0.211 90
10 80 6 0.150 0.211 81
11 80 6 0.225 0.211 74
12 80 6 0.300 0.211 68
13 80 6 0.075 0.316 99
14 80 6 0.075 0.422 91
15 80 6 0.075 0.528 90

* Monomer concentration used in reactions was 0.075 mol L.

T able 2. Oxidative polymerizations of 4-[(pyridine-2-yl-imi-
no)methyllphenol” in an aqueous KOH with air O passing with
constant rate 8.5 L/h

Sample Temp., Time [KOH]o The yield of

No. °C h mol/L O-4-PIMP, %
1 50 3 0.075 78
2 60 3 0.075 85
3 70 3 0.075 89
4 80 3 0.075 86
5 90 3 0.075 77
6 70 6 0.075 91
7 70 9 0.075 94
8 70 12 0.075 86
9 70 15 0.075 85
10 70 9 0.150 76
11 70 9 0.225 65
12 70 9 0.300 53

* . . . -1
) Monomer concentration used in reactions was 0.075 mol L.

Table 2 presents similar data concerning the use of air
O,, passing with constant rate 8.5 L/h, as an oxidizing
agent in the oxidative polymerization discussed. The
maximal yield of O-4-PIMP in this case was 94 % at opti-
mum reactivity conditions, namely [4-PIMP], = [KOH],
= 0.075 mol/L, temp. 70 °C, time 9 h (sample 7). For the
same time and temperature conditions, 100 % increase in
KOH concentration caused decrease in yield to 76 %
(sample 10).

From the comparison of the data presented in Table 1
and 2 it results that both NaOCl and air O, are good
oxidants in oxidative polymerization of 4-PIMP.

Structure of O-4-PIMP

The values of number-average molecular weight and
weight-average molecular weight of O-4-PIMP deter-
mined by SEC method are given in Table 3. So, the
highest molecular weights were obtained when NaOCl
was used as an oxidizer. The same time this oxidizer let
obtain relatively narrow molecular weight distribution
(small PDI values). Because of the higher molecular
weight, together with the broadening of polydispersity,
NMR analyses failed to give valuable information for the
characterization of these compounds. However, SEC
analysis shows that new oligomer was formed with
small part of fractions of higher molecular weights. At
the same time, the molecular weights measured by SEC
based on PS standards, should be estimated as the mini-
mal ones because of the highly branched or comb-like
structures of the obtained oligoazomethine.

The UV-VIS spectra of O-4-PIMP and 4-PIMP are
similar one to another. However, in the spectra of
4-PIMP, K bands of phenol and C4Hs5-N= were observed
at 208 nm and 221 nm, respectively, benzene band of
4-PIMP and strength R band of -C=N- groups — at
285 nm and 334 nm, respectively, while in the UV-VIS
spectra of O-4-PIMP K and R bands were observed at
274 and 355 nm, respectively, and shifting of -CH=N-
band from 334 nm (monomer) to 355 nm (oligomer) has

- -'!._ -. W L Y .l_j 'Il' L

10 8 6
8, ppm

Fig. 1. 'H NMR spectrum of 4-PIMP
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T ab1e 3. Effect of oxidizing agent type on the number average molecular weight, welght average molecular weight, polydispersity index

(PDI) and parts of fractions in the products of oxidative polymerization of 0-4-PIMP”

Molecular weight distribution parameters
Product total fraction I part fraction II part fraction IIT part
My | My | PDI | My | My | PDI | % My | My | PDI | % My, | My | PDI | %
0-4-PIMP” 1250 | 1750 | 1.400 | 2000 | 2400 | 1.200 84 2700 | 3000 | 1.111 4 16 500 | 25450 | 1.542 12
0-4-PIMP? 4450 | 5200 | 1.169 850 900 1.059 40 2000 | 2200 | 1.100 25 35700 | 41650 | 1.167 35
0-4-PIMP? 1800 | 1950 | 1.083 | 2700 | 2900 | 1.074 95 19850 | 21 600 | 1.088 5 — — — —
“ Type of oxidizer: 1 — air Oz, 2 — NaOCl, 3 — H2O2
N N
| (1) 0)
II = =
| N | Na |
' N
| | |
/ HC HC
|
]
|
/| / en01y51s
I
|
; I I
; | | )
| 1\
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\ \ [ Z Z
12 10 8 6 _ . _
Covar o Gy o s
Fig. 2. TH NMR spectrum O-4-PIMP N N .
11) 1)
= =
KOH \ |
- H20 Na Na
N
- NaOCI/Hzoz/OQ I H
—_— \ / N=CH OKt —— > HC HC
N 0 OH
— enolysis
e Droe —
N o OH
%)) ‘(‘ZH ﬁH
— . N
e e \ )
N | |
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demonstrated the formation of conjugated m-system at

0

Scheme A. Radical units formation

the structure of oligomer.

FT-IR spectra of the second fractions of oxidative po-

Schemes B1 and B2. Interconversions of radical units (I) and

(II) from scheme A [15]

and peak numbers in comparison with FI-IR spectra of
4-PIMP and O-4-PIMP. In these two last spectra bands of
OH and -CH=N groups were observed at 3200,

lymerization product of 4-[(pyridine-2-yl-imino)me-
thyllphenol differ only by reduction of band strength 1615 cm™, and 3380, 1630 respectively.
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In order to identify the structures of monomer and
oligomer, the '"H NMR and 3C NMR spectra were re-
corded. At the 'H NMR spectra of 4-PIMP (Fig. 1) and
O-4-PIMP (Fig. 2) the signals of -OH and -CH=N groups
were observed at 9.93, 8.98 ppm and 10.70, 9.80 ppm
respectively.

The FT-IR, 'H NMR and ®C NMR spectra of
O-4-PIMP have confirmed the oligomer formation. The
reaction mechanism and the coupling selectivity have
been studied by us [15] and three possible reaction
mechanisms for the C-C coupling selectivity have been
proposed according to the literature [12, 19] namely; (i)
coupling of Schiff base substituted free phenoxy radicals
resulting from one-electron-oxidation of 4-[(pyridine-2-
-yl-imino)methyl]phenol and other Schiff base mono-
mers, (ii) coupling of phenoxy radicals coordinated to
each other in ortho or para positions by using oxidants
(such as NaOCl, HyO; or air Op) and (iii) coupling
through phenoxy anion formed by using KOH. Mono-
mer and dimer interconversion combinations of radical
units and formation of radical units are proposed in [15]
(see Schemes A and B).

At the "H NMR spectra of O-4-PIMP (Fig. 2), small
signal of -OH observed at 10.67 ppm demonstrates the
formation of C-C and C-O-C coupling systems. Accord-
ing to 'H NMR spectra of O-4-PIMP, the ratios of C-C
and C-O-C coupling systems were determined from pro-
ton integration of -OH peak and they were found to be
87 % (C-C) and 13 % (C-O-C). In 13C NMR spectra the

3
T | T T I
200 175 150 125 100
3, ppm
b
1 | ‘ |
T I [ I [
200 175 150 125 100
3, ppm

Fig. 3. 3¢ NMR spectrum of 4-PIMP (a) and O-4-PIMP (b)

peak values for C2,6 were observed at 108.69 ppm in the
monomer and 129.04 and 136.04 ppm (new peaks) in the
oligomer, respectively (Fig. 3). The shifting of this value
of oligomer demonstrated the formation of conjugated
T-system.

Thermal stability of 4-PIMP and O-4-PIMP

Thermal TG-DTA curves of monomer and oligomer
ware given in Figs. 4 and 5. The initial, 50 % and 97.87 %
weight loss degradation temperatures of 4-PIMP were
found to be 165 °C, 253 °C and 1000 °C, respectively. The
initial, 50 % and 51.62 % degradation temperatures
weight loss of O-4-PIMP were found to be 201 °C, 815 °C
and 1000 °C, respectively. This oligomer formed carbo-
nized residue at high amount (48.38 % at 1000 °C).

043297 100, —-. TG r 28.36
01 | ~ - 25
N 8 org /- : 20 5
o*:"2’0\960 s \ ) 15 g
838 ' 4 110
£ E40 S ]
B -4 : 5 5
£ .[°_] )
B -51 20 ﬂ FO0
6] 1DTA e — —_— -5
-6.405' 0O T T r r T T -7.311
10 100 300 500 700 900 1000
Temperature, °C
Fig. 4. TG-DTG-DTA curves of 4-PIMP
9.3487 100y ——__ TG ; r 24.06
81 1 L
s 6| 80 20
Eole - ~ 15 2
[ 470@607 T 0 8
E 2|£  |DTG o == B
- 1S40/ 5
g o—g40, ; M > 5
; g @
S 2] 20 0
4] 1DTA L5
-4703° O -7.092
10 100 300 500 700 900 1000

Temperature, °C
Fig. 5. TG-DTG-DTA curves O-4-PIMP

Because of formation of long conjugated bonds systems
in the structure of oligomer, it demonstrated higher re-
sistance to high temperature in comparison to monomer.
According to DTG curves of 4-PIMP and O-4-PIMP, Ty,
values were observed at 210 °C, 393 °C and 241 °C, re-
spectively. According to DTA curves of 4-PIMP, endo-
thermic peaks were observed at 99 °C and 420 °C. The
data published recently on good thermal stability of
polyketanils (polymers containing, as O-4-PIMP, N=C
groups) [20] confirm our results.
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Electrochemical, electrical and optical properties of
4-PIMP and O-4-PIMP

The HOMO, LUMO and electrochemical energy gaps
(E’g) were calculated from oxidation and reduction onset
values and for 4-PIMP and O-4-PIMP were found to be
-5.78, -5.57 (HOMO); -2.60, -2.79 (LUMO) and 3.18,
2.78 eV (E’g), respectively.

The cyclic voltammograms of O-4-PIMP (Fig. 6, curve
2) displayed two irreversible peaks — cathodal and ano-
dal ones. The cathodal peak (E,.) which occured -1.6 V
was assigned to the reduction of the azomethine group,
while the anodal peak (Ep,;) occurred 1.3 V might be cor-
responded to oxidation of OH groups. Similarly, the cy-
clic voltammograms of 4-PIMP displayed two irrever-
sible peaks (Fig. 6, curve 1): the cathodal peak which
occurred at E,. = -2.0 was assigned to the reduction of
the azomethine group while the anodal occurred at Ey, =
1.65 V might be corresponded to oxidation of OH
groups. With an increase in the electron-withdrawing

1510"

4 L p -
1.0-10 '+ I. Ill'lhf-*--"'.:':?
0510 F .

A ”u-’
<_ 0.0+ 2,7 _E.I"/

-4 _L:__,..-"F i 5
-05:10 e — - 7 1
-1.010" / ..MI."r 2
_1.5_10-4_}.... -uh.

-2.010" — 7T

-30 -24 -1.8 -1.2 -06 00 06 12 18 24

E V
Fig. 6. Cyclic voltammograms of 4-PIMP (1) and O-4-PIMP
(2), measured vs. Ag/AgCl

power of the substituent groups, the Ey, values in the
range +1.30 to 1.65 V are shifted anodally indicating
their difficulty in oxidation. Electrochemical investiga-
tion of the free ligands showed some cathodal and ano-
dal irreversible peaks due to interconversions via elec-
tron transfer [21].

From the absorption spectra of 4-PIMP and O-4-
PIMP (Fig. 7) Amax (nm) and E; (eV) values of 4-PIMP
and O-4-PIMP were found to be 287, 290 nm and 3.82,
3.60 nm respectively.

When doped with iodine, the conductivity of
O-4-PIMP could be substantially increased. Figure 8
shows the doping results for O-4-PIMP with iodine for
the various times at 25 °C. Although the structure of
different O-4-PIMP differs, little difference in conducti-
vity was observed. For doping of O-4-PIMP with iodine,
the conductivity first increased significantly with dop-
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Fig. 7. Absorption spectra of 4-PIMP (1) and O-4-PIMP (2)
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Fig. 8. Electrical conductivity of I,-doped O-4-PIMP vs. dop-

ing time at 25 °C

ing time (for about 48—60 h), then tends to level-off. The
maximal (or saturated) conductivity shown in Fig. 8 was
5.40 - 107 S/cm. The increasing conductivity could indi-
cate that a charge-transfer complex between O-4-PIMP
and dopant iodine is continuously formed. Conse-
quently, Fig. 8 not only shows the conductivity /doping
time relationship but also indicates how quickly the
doping reaction runs. The experiments showed that a
long doping time is needed to obtain the maximal con-
ductivity. As a result, the conductivity/doping time
curve varies with doping conditions. In order to exclude

Scheme C. Coordination of iodine during O-4-PIMP doping
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Table 4. Antimicrobial activity of 4-[(pyridine-2-yl-imino)methyllphenol and its oligomer

Inhibition zones
Bacteria 4-PIMP O-4-PIMP
0.1mg/0.1ml | 0.01mg/0.1ml |0.001 mg/0.1ml| 0.1 mg/0.1ml | 0.01 mg/0.1ml |0.001 mg/0.1 ml
Bacillus subtilis ATCC 6633 5 3 — 5 — —
Listeria monocytogenes NCTC 2167 4 3 1 8 5 4
Enterococcus faecalis 4 — — 3 2 —
Bacillus cereus England 1988 2 — — 6 — —
Vibrio cholerae 0139 NCTC 12946 4 — — 4 — —
Pseudomonas aeruginosa 3 5 3 4 4 —
Staphylococcus aureus 3 — — — — —
E. Coli 4 2 — 4 3 2

the influence of doping conditions, the conductivity of
doped O-4-PIMP has been related with doping extend.

Diaz et al. had been suggested the conductivity me-
chanisms of Schiff base polymers doped with iodine [7].
Nitrogen is a very electronegative element and it is capa-
ble to coordinate a iodine molecule. Coordination of io-
dine on the nitrogen atom of Schiff base polymers in
pyridine solution had been suggested in the literatures
as follows [22, 23] (Scheme C).

The increasing conjugation length in the compounds
may lead to higher conductivity [24]. Figure 8 illustrates
the effect of doping time on electrical conductivity of I,
— doped O-4-PIMP.

Antimicrobial activity of 4-PIMP and O-4-PIMP

Bactericidal activity of the monomer and oligomer
are given in Table 4. It has been suggested than the
monomer and oligomer with N and O donor system
might inhibit enzymes” activity because enzymes re-
quire free hydroxyl groups for their activity [25]. The
variation in the effectiveness of different bi-radical
agents against different organisms depends on the im-
permeability of the cell [26]. In this study 4-PIMP and
O-4-PIMP at high concentrations (0.1 mg/0.1 ml) de-
monstrated the highest biological activity, and affected
eight and seven types of microorganisms, respectively.
At their lowest concentration (0.001 mg/0.1 ml) they
showed little effect. Both 4-PIMP and O-4-PIMP showed
good antibacterial activity against Listeria monocytogenes,
Enterococcus faecalis, Bacillus cereus, Vibrio cholerae and
Pseudomonas aeruginosa. The oligomer showed no acti-
vity against Pseudomonas aeruginosa in all the concentra-
tions tested.

CONCLUSION

Oxidative polymerizations of 4-PIMP were per-
formed at various temperatures and times, using diffe-
rent oxidant agents, namely air O, NaOClI or H,0,. Co-
lored (ranging from light brown to black) oligoazo-
methine products were obtained. The major feature of

the synthesized oligoazomethine is its good solubility in
organic solvents (DMSO, DMF, DMAc, partially in
methanol, ethanol and ethyl acetate) what distinguished
majority of them from aromatic polyazomethine or
poly(Schiff base)s which are insoluble. This opens possi-
bilities of various applications e.g. as electroactive and
photoactive materials. Oligoazomethines can be easily
prepared by oxidative polymerization without special
reaction conditions such as high temperature or use of
special catalysts. The results of this study show that syn-
thesized oligomers are an interesting class of conjugated
compounds which structures and electronic properties
can be regulated in a wide range by using different oxi-
dative reagents. The antimicrobial activity of monomer
and oligomer against selected bacteria were found.
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