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Synthesis, characterization, and thermal degradation process of
poly-4-[(4-hydroxy-2-methylphenyl)iminomethyl]-2,6-dimethylphenol

Summary — Schiff base polymer [P-4-HMPIMP] of 4-[(4-hydroxy-2-methylphenyl)imino-
methyl]-2,6-dimethylphenol (4-HMPIMP) was synthesized via oxidative polycondensation reac-
tion in an alkaline medium with using NaOCl, H2O2 or air as oxidants. The structures of the syn-
thesized monomer and polymer were confirmed by FT-IR, UV-Vis, NMR and elemental analysis,
while their properties were characterized by TG-DTA, size exclusion chromatography (SEC) and
solubility tests. The influence of the type of oxidizer on Mn, Mw and PDI values was also studied.
Conductivity measurements of the polymer was done by electrometer using four point probe tech-
nique and the electrochemical and optical band gap values of both 4-HMPIMP and P-4-HMPIMP
were determined by using cyclic voltammetry and UV-Vis measurements. Conductivity and band
gap values indicate that this polymer is a typical semiconductor.
Key words: poly-4-[(4-hydroxy-2-methylphenyl)iminomethyl]-2,6-dimethylphenol, synthesis,
band gap, conductivity, thermal analysis.

OTRZYMYWANIE, CHARAKTERYSTYKA I PROCES DEGRADACJI TERMICZNEJ
POLI-4-[(4-HYDROKSY-2-METYLOFENYLO)IMINOMETYLO]-2,6-DIMETYLOFENOLU
Streszczenie — Wymieniony w tytule polimer (P-4-HMPIMP) typu polizasady Schiffa otrzymy-
wano metod¹ utleniaj¹cej polikondensacji odpowiedniego monomeru (4-HMPIMP) (schemat A)
w zasadowym œrodowisku roztworu KOH, z zastosowaniem jako œrodków utleniaj¹cych NaOCl,
H2O2 b¹dŸ powietrza. Okreœlono wp³yw warunków procesu, rodzaju i stê¿enia œrodka utlenia-
j¹cego, temperatury (40—80 °C) oraz czasu trwania (5—20 h) na wydajnoœæ P-4-HMPIMP (tabela
1). Budowê monomeru i polimeru scharakteryzowano na podstawie widm FT-IR (rys. 1), 1H NMR
(rys. 2) oraz 13C NMR a tak¿e analizy elementarnej. Przedstawiono te¿ wyniki badania metodami
cyklicznej woltametrii (rys. 3), UV-Vis (rys. 4), przewodnictwa elektrycznego (rys. 5) i przebiegu
krzywych TG-DTG-DTA(rys. 6 i 7). Wartoœci Mn i Mw oraz polidyspersyjnoœæ próbek P-4-HMPIMP
otrzymanych wobec ró¿nych œrodków utleniaj¹cych uzyskiwano metod¹ chromatograficzn¹ SEC
(tabela 2). Wyniki te pos³u¿y³y do szczegó³owego scharakteryzowania elektrochemicznych
i optycznych (poziomy energetyczne oraz po³o¿enia pasm wzbronionych, tabela 3) a tak¿e kine-
tycznych i termodynamicznych parametrów procesu degradacji termicznej wyznaczonych trzema
ró¿nymi metodami: Coatsa-Redterna, Mac Callma-Tannera, van Krevelena (tabela 4, rys. 8—10).
S³owa kluczowe: poli-4-[(4-hydroksy-2-metylofenylo)iminometylo]-2,6-dimetylofenol, synteza,
pasmo wzbronione, przewodnictwo, analiza termiczna.

Polyazomethines (PAMs) containing -HC=N- group
in their structures, known as polyimines or Schiff bases
polymers, were prepared for the first time from tere-
phthalaldehyde, benzidine and dianisidine in 1923 by
Adams and co-workers [1]. This class of polymers has at-
tracted much attention because of their useful properties

and wide application fields. Due to the conjugated bond-
ing and active hydroxyl group, in their structure, pheno-
lic polymers substituted with azomethine group possess
useful properties such as paramagnetism, semi-conduc-
tivity, electrochemical cell and resistance to high energy.
They have therefore found applications in the prepara-
tion of composites resistant to high temperature, thermo-
stabilizers and graphite materials, epoxy oligomers and
block copolymers, adhesives, photoresistors and anti-
static materials [2—8]. The addition of halogen, sulfur de-
rivatives or other functional groups to these compounds
led to a wider range of useful properties such as enhanc-
ing flame-resistance in composite materials of specific
detergents [9], removal of poisonous heavy metals in in-
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dustrial wastewaters. The synthesis of polymer-metal
complexes is therefore very important in analytic and
environmental chemistry.

In recent years, considerable effort has been directed
towards the synthesis of conjugated polymers with low
optical band gaps (Eg), because they exhibit intrinsic elec-
trical conductivity. For this reason, the conductivity and
electrochemical properties of some PAMs and their metal
complexes was investigated by Kaya et al. [10, 11]. For the
past two decades, conjugated PAMs have generated con-
siderable interest because of their electronic, optoelec-
tronic, electrochemical and non-linear optical properties
[12].

In this paper we have investigated the effects of diffe-
rent parameters such as temperature, time and initial
concentrations of oxidants (air, NaOCl, H2O2) for the pre-
paration of poly-4-[(4-hydroxy-2-methylphenyl)imino-
methyl]-2,6-dimethylphenol (P-4-HMPIMP). Both the
monomer and polymers were characterized by spectral,
thermal and SEC techniques. The electrochemical energy
gaps (E’g) of 4-HMPIMP and P-4-HMPIMP were calcu-
lated from cyclic voltammogram measurements. The
electrical properties of undoped and doped with I2
P-4-HMPIMP were determined by a four-point probe
technique at ambient conditions. The kinetic and thermo-
dynamic parameters of thermal degradation of
4-HMPIMP and P-4-HMPIMP were also investigated by
MacCallum-Tanner (MC), Coats-Redfern (CR) and van
Krevelen (vK) methods.

EXPERIMENTAL

Materials

4-hydroxy-3,5-dimethylbenzaldehyde and 4-ami-
no-3-methylphenol were purchased from Alfa Aesar
Chemical Co.; tetrahydrofuran (THF), dimethylfor-
mamide (DMF), dimethylsulfoxide (DMSO), acetone,
ethyl acetate, acetonitrile, dioxane, hexane, heptane,
H2O2 (30 % aqueous solution), KOH, HCl (37 %), CCl4
and CHCl3 were obtained from Merck and used as re-
ceived. Sodium hypochloride (NaOCl) (30 % aqueous so-
lution) was supplied by Paksoy Chemical Co. (Turkey).

Preparation of 4-[(4-hydroxy-2-methylphenyl)imino-
methyl]-2,6-dimethylphenol

4-HMPIMP was prepared by boiling the mixture of
4-hydroxy-3,5-dimethylbenzaldehyde (1.50 g, 0.01 mol)
and 4-amino-3-methylphenol (1.23 g, 0.01 mol) in metha-
nol (25 mL) under reflux for 3 h at 70 °C (see Scheme A).
The precipitated 4-[(4-hydroxy-2-methylphenyl)imino-
methyl]-2,6-dimethylphenol (4-HMPIMP) was filtered,
recrystallized from methanol and dried under vacuum
(90 % yield).

Elemental analysis: Calcd. for 4-HMPIMP: C, 75.29;
H, 6.67; N, 5.49. Found: C, 75.10; H, 6.51; N, 5.34.

FT-IR (cm-1): �(O-H) 3341 s, �(C-H Phenyl) 3020 s,
�(C-H aliphatic) 2967 s, �(C=N) 1622 s, �(C=C of Ar) 1591,
1492, �(C-O) 1292 s.

1H NMR (DMSO): � ppm, 9.06 (s, 2H, -OH), 8.26
(s, 1H, -CH=N-), 7.50 (s, 2H, Ar-Haa’), 6.91 (d, 1H, Ar-Hb),
6.72 (s, 1H, Ar-Hc), 6.67 (d, 1H, Ar-Hd), 2.30 (s, 3H, -CH3),
2.26 (s, 6H, 2-CH3).

13C NMR (DMSO): � ppm, 155.74 (C1-ipso), 118.54
(C2), 129.26 (C3), 128.52 (C4-ipso), 17.10 (C5), 157.01 (C6),
142.90 (C7-ipso), 133.74 (C8-ipso), 117.32 (C9), 156.55
(C10-ipso), 113.74 (C11), 124.82 (C12), 18.30 (C13).

Synthesis of poly-4-[(4-hydroxy-2-methyl-
phenyl)iminomethyl]-2,6-dimethylphenol

P-4-HMPIMP was synthesized by the oxidative poly-
condensation of 4-HMPIMP [13] in aqueous solution
(30 %) of NaOCl, H2O2 (30 %) or in the air atmosphere
(see Scheme A).

The 4-HMPIMP (2.55 g, 0.01 mol) dissolved in an
aqueous solution of KOH (1 M, 2 mL) was placed in a
50 mL three-necked round-bottom flask fitted with a con-
denser, thermometer, stirrer and a tap-funnel containing
NaOCl. The system was maintained at room temperature
and NaOCl (runs 1—13) or H2O2 (runs 14—24) were
added dropwise for about 20 min. The reaction mixtures
were stirred at various temperatures and durations (see
Table 1 in further text).

Air was passed through an aqueous solution of
KOH (1 M, 2 mL) to neutralize the CO2 contained in it
before being sent to the reaction to prevent water loss
(runs 25—33). The mixture was neutralized after the
reaction with 0.03 mol HCl (37 %) at room temperature
and the unreacted monomer was separated from the
products by washing with ethanol. Mineral salts were
separated by filtering the mixture and washing in
25 mL of hot water three times before drying in a va-
cuum oven at 60 °C.

FT-IR (cm-1): �(O-H) 3219 s, �(C-H of Ar) 3012 m,
�(C-H aliphatic) 2975 s, �(C=N) 1603 s, �(C=C of Ar) 1586,
1499 s, �(C-O) 1292 s, �C(Ar)-O-C(Ar) and C(Ar)-O-H
1209 m, �C(Ar)-O-C(Ar) 1106 m.

1H NMR (DMSO): � ppm, 9.73 (s, 2H, -OH), 7.95 (s,
1H, -CH=N-), 7.48 (s, 2H, Ar-Haa’), 7.17 (d, 1H, Ar-Hb),
6.95 (s, 1H, terminal-Ar-Hc), 6.74 (d, 1H, terminal-Ar-Hd),
2.89 (s, 3H, -CH3), 2.73 (s, 3H, -CH3), 2.60 (s, 3H, -CH3).

13C NMR (DMSO): � ppm, 156.85 (C1-ipso), 118.68
(C2), 133.16 (C3), 130.79 (C4-ipso), 33.95 (C5), 162.90 (C6),
145.79 (C7-ipso), 135.30 (C8-ipso), 120.10 (C9), 159.47
(C10-ipso), 116.32 (C11), 124.21 (C12), 40.53 (C13), 126.32
and 128.95 (new peaks of C-C and C-O couplings).

Methods of testing

The infrared spectra were measured by a Perkin
Elmer FT-IR Spectrum One using an ATR attachment
(4000—550 cm-1).
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4-HMPIMP and P-4-HMPIMP were characterized
also by 1H NMR and 13C NMR (Bruker Avance DPX-400
and 100.6 MHz, respectively) performed at 25 °C, in the
presence of deuterated DMSO as solvent and tetra-
methylsilane as internal standard.

Thermal analysis (TG-DTA) was performed on
a Perkin Elmer Diamond Thermal Analysis in the
10—1000 °C temperature range (N2, ramping rate —
10 °C/min).

DSC analysis of P-4-HMPIMP was carried out
(30—420 °C, in N2, ramping rate 20 °C/min) on a Perkin
Elmer Pyris Saphire DSC.

The number average molecular weight (Mn), weight
average molecular weight (Mw) and polydispersity index
(PDI) values were determined by Shimadzu Co. size ex-
clusion chromatography (SEC) techniques using an SGX
(100 Å and 7 nm diameter loading material) 3.3 mm (in-
ternal diameter) × 300 mm column [eluent: DMF/metha-
nol (v/v = 4/1, 0.4 mL/min), polystyrene standards]. A re-
fractive index detector was used to analyze the polymer
at 25 °C.

The conductivity of the compounds was measured on
a Keithley 2400 electrometer. Pellets were made in a hy-
draulic press applying 1687.2 kg·cm-2 pressure. Iodine
doping was carried out by exposing the pellet to iodine
vapor at atmospheric pressure and room temperature in
a desiccator [7].

The optical band gaps (Eg) of 4-HMPIMP and
P-4-HMPIMP were calculated from their absorption
edges [14]. Their ultraviolet-visible absorption (UV-Vis)
spectra were obtained with a Perkin Elmer Lambda 25 at
25 °C in methanol and DMSO, respectively.

The electrochemical properties of the products
were determined by CH instruments 660C cyclic
voltammetry with 0.1 M tetrabutylammonium hexa-
fluorophosphate (TBAPF6) as supporting electrolyte.
The voltammetric measurements were carried out for
the monomer and the polymer in acetonitrile and
DMSO, respectively. The HOMO and LUMO energy
levels were determined from the onset potentials of the
n-doping (�‘n) and p-doping (�‘p), respectively, accord-
ing to the literature [15].

RESULTS AND DISCUSSION

FT-IR, NMR, SEC analyses and solubility

The FT-IR spectra of oxidative polycondensation pro-
duct of 4-[(4-hydroxy-2-methylphenyl)iminome-
thyl]-2,6-dimethylphenol differ from that of the mono-
mer only by a reduction of the band strength and number
of bands -OH and -CH=N group absorption bands were
observed at 3341 and 1622 cm-1 and at 3219 and 1603 cm-1

for the monomer and polymer, respectively (Fig. 1).
Moreover C(Ar)-O-C(Ar) and C(Ar)-O-H or
C(Ar)-O-C(Ar) bending vibrations were observed in 1209
and 1106 cm-1, respectively for P-4-HMPIMP.

The structures of the products were determined also
by performing 1H NMR and 13C NMR analysis in
DMSO-d6.

1H NMR spectra are presented in Fig. 2. So
-OH and -CH=N group signals were observed at 9.06 and
8.26 ppm and 9.73 (a) and 7.95 ppm (b) for the monomer
and polymer, respectively. Other phenol derivatives were
also polymerized as reported in the literature [16].
Cross-linking in polymer structure is expected in the
cases where the ortho position of the corresponding
monomer is unsubstituted. 1H NMR and 13C NMR stu-
dies on P-4-HMPIMP indicate that the linkage between
any two adjacent phenyl rings is largely at ortho position
and oxyphenylene. This type of linkage may strain the
polymer backbone in such a manner that the phenyl rings
are displaced out of plane with respect to the adjacent
rings. The peak values of C1, C9, C10 and C11 carbon
atoms were observed at 155.74, 117.32, 156.55 and 113.74
ppm for the monomer, and at 156.85, 120.10, 159.47 and
116.32 ppm, for the polymer. New peaks appeared at
126.30 and 128.95 ppm in the 13C NMR spectrum of poly-
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mer. The hydroxyl groups are involved in the formation
of free radicals leading to polymer formation and C-O
coupling system appeared according to proton integra-
tion of peak at the 1H NMR spectrum of polymer. This
confirms that the phenyl rings in the polymer are most
probably linked primarily at ortho position and oxy-
phenylene. 1H NMR and 13C NMR results showed that
the polymerization of 4-HMPIMP was propagated by
C-C and C-O coupling from ortho position according to
-OH group and oxyphenylene, respectively [17]. The cou-
pling selectivity reaction mechanism has been studied by
Kaya et al. and three possible pathways for C-C and C-O
coupling selectivity and Schiff base monomer and dimer

interconversion combinations of radical units were pro-
posed [18] (Scheme A).

4-HMPIMP was in the form of a grey powder com-
pletely soluble in organic polar solvents such as methanol,
ethanol, acetone, THF, acetonitrile, ethyl acetate, 1-butanol,
chloroform, DMF, and DMSO, but insoluble in organic
apolar solvents (e.g. heptane and hexane). P-4-HMPIMP
was in the form of a dark brown powder completely solu-
ble in chloroform, DMF and DMSO, partly soluble in etha-
nol, methanol, acetone, ethyl acetate and THF, but insolu-
ble in acetonitrile, 1-butanol, heptane and hexane.

The influence of synthesis parameters on yield
and molecular weight of P-4-HMPIMP

The reaction conditions for the oxidative poly-
condensation of 4-[(4-hydroxy-2-methylphenyl)imino-

methyl]-2,6-dimethylphenol using air, H2O2 or NaOCl as
oxidant in an aqueous alkaline medium were investigated
and the results presented in Table 1. On contact with these
oxidants, brown phenoxy radicals were immediately
formed, which precipitated from the reaction mixture. The
highest P-4-HMPIMP yields obtained for the oxidants were
86 (run 8), 72 (run 32) and 69 % (run 20) for NaOCl, O2 and
H2O2, respectively. Thus, the most active catalyst was
NaOCl. The yields of the polymerization product was also
dependent on temperature, reaction time, and the initial
concentration of the oxidizer and KOH.

T a b l e 1. Parameters of the oxidative polycondensation reac-

tion 4-HMPIMP�) with NaOCl (runs 1—13), H2O2 (runs 14—24) or

air (runs 25—33) in aqueous KOH

Run [KOH]o
mol L-1

[NaOCl]o
mol·L-1 or

[H2O2], mol·L-1

or air, L/h

Temp.
°C

Time
h

Yield of
P-4-HMPIMP

%

1 0.15 0.05 40 5 54

2 0.15 0.05 50 5 60

3 0.15 0.05 60 5 68

4 0.15 0.05 70 5 74

5 0.15 0.05 80 5 79

6 0.15 0.05 90 5 68

7 0.15 0.05 80 10 81

8 0.15 0.05 80 15 86

9 0.15 0.05 80 20 65

10 0.075 0.05 80 5 53

11 0.20 0.05 80 5 61

12 0.15 0.1 80 5 68

13 0.15 0.15 80 5 56

14 0.15 0.05 40 5 29

15 0.15 0.05 50 5 43

16 0.15 0.05 60 5 60

17 0.15 0.05 70 5 65

18 0.15 0.05 80 5 59

19 0.15 0.05 90 5 50

20 0.15 0.05 70 10 69

21 0.15 0.05 70 15 56

22 0.15 0.05 70 20 53

23 0.15 0.1 70 10 62

24 0.15 0.15 70 10 55

25 0.15 8.5 40 5 27

26 0.15 8.5 50 5 43

27 0.15 8.5 60 5 50

28 0.15 8,5 70 5 54

29 0.15 8.5 80 5 61

30 0.15 8.5 90 5 51

31 0.15 8.5 80 10 65

32 0.15 8.5 80 15 72

33 0.15 8.5 80 20 61

*) The initial concentration of 4-HMPIMP = 0.15 mol L-1.

POLIMERY 2010, 55, nr 9 649

H3C

HO

H3C

C H + H2N

O
H3C

OH
MeOH
(reflux)
- H2O

H3C

HO

H3C Ha

C N

H

H3C Hc

OH

HdHbH'a

1

2 3

4

5

6
7

8 9

10

11

4-HMPIMP

NaOCl or H2O2 or air

KOH aq.

H3C

O

H3C

C N

H

H3C

OH

O N C

H

CH3

OH

CH3CH3

OH

H3C

NC

H

H3C

O

H3C

(

(

(

)

)

P-4-HMPIMP

12

Scheme A. Synthesis of 4-HMPIMP and P-4-HMPIMP



The P-4-HMPIMP Mn, Mn and PDI values, and also
the weight distribution of lower and higher molecular
weight fractions are presented in Table 2. The values were
calculated on the basis of SEC measurements using the
polystyrene standard calibration curve. An obvious in-
fluence of the type of oxidant on the results can be
observed.

Electrochemical properties of 4-HMPIMP
and P-4-HMPIMP

The voltammograms of 4-HMPIMP and P-4-HMPIMP
were carried out with acetonitrile and DMSO, respec-
tively. The HOMO and LUMO levels and electrochemical
energy gaps (E‘g) were determined from the onset values
of oxidation and reduction processes (Fig. 3). The
HOMO, LUMO energy levels (�max), and optical (Eg) elec-
trochemical (E‘g) and band gap values of are given in

Table 3. So, energy levels and electrochemical band gaps
(E‘g) of 4-HMPIMP and P-4-HMPIMP were found to be in
the range of -5.71— -5.43; -2.65— -2.61; 3.06—2.82; while
the electrochemical band gap (E‘g) values of monomer
and polymer were measured to be 2.87 and 2.48 eV,
respectively [19]. The optical band gap (Eg) values of
4-HMPIMP and P-4-HMPIMP determined on the basis of
the absorption spectra presented in Fig. 4 were found to
be 3.15 and 2.76 eV, respectively.

T a b l e 3. Electrochemical and optical parameters of the synthe-

sized compounds*)

Compound �max, nm HOMO
eV

LUMO
eV

Eg, eV E’g, eV

4-HMPIMP 230, 286, 336 -5.71 -2.65 3.15 3.06

P-4-HMPIMP 232, 482, 375 -5.43 -2.61 2.76 2.82

*) �max — maximum wavelength, HOMO — the highest occupied
molecular orbital, LUMO — the lowest unoccupied molecular or-
bital, Eg — optical band gap, E’g — electrochemical band gap.
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The conductivity of P-4-HMPIMP was found to begin
between 10-10—10-9 S cm-1; which increased after doping
with iodine. Fig. 5 shows the influence of doping dura-
tion at 25 °C on conductivity of doped P-4-HMPIMP. The
conductivity initially rose sharply with doping duration,
but later levelled off at longer periods. This should indi-
cate a continuous formation of a charge transfer complex
between the polymer and iodine. The results also indicate
the reaction rate on doping. In order to achieve maximum
conductivity, a longer doping duration is required. The
conductivity/doping time curve varies also with doping
conditions. In order to eliminate the influence of doping
conditions, the conductivity of the polymer was deter-
mined in relation to the doping extent. The maximal (or
saturated) conductivity values of P-4-HMPIMP were
found to be 7.95 · 10-4 S cm-1.

Diaz et al. proposed conductivity mechanisms for
Schiff base polymers doped with iodine [7]. Nitrogen is
a very electronegative element which is capable of coor-
dinating an iodine molecule. Nitrogen atom coordination
of Schiff base polymers and pyridine/iodine solutions has
been presented in the literature [20—22].

Thermal degradation

Results

TG-DTG-DTA analysis was applied to determine ther-
mal degradation of the studied monomer and polymer

and their results presented in Fig. 6 and 7. Degradation of
4-HMPIMP was found to commence at 250 °C while
P-4-HMPIMP started to degrade at 254 °C. A weight loss
of 74.69 % at 1000 °C was recorded for 4-HMPIMP and for
P-4-HMPIMP the value was 25.92 %. A large amount
(74.08 %) of carbine residue was formed on the polymer
at 1000 °C. DTG analysis showed Tmax values of 292 and
381 °C for 4-HMPIMP and P-4-HMPIMP, respectively.
Exothermic and endothermic peaks were observed at 335
and 204 °C for 4-HMPIMP. TG analysis results indicate
that P-4-HMPIMP is more stable thermally and resistant
to thermal decomposition than the monomer due to the
presence of long conjugated band systems.

The glass transition temperatures (Tg) and changes in
specific heat during glass transition (�Cp) were found to
be 179 °C and 0.078 J/g °C, respectively for P-4-HMPIMP.

Kinetic and thermodynamic parameters

Non-isothermal methods have been extensively used
for the study of the kinetics and mechanism of condensed
phase reactions [23]. In general, most methods of kinetic
analysis of thermoanalytical data begin with the
well-known Arrhenius’ equation

k = A exp(–Ea / RT) (1)

and a rate expression

d�/dt = kf(�) (2)
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The expression f(�) in equation (2) is the so-called ki-
netic function that depends on the reaction mechanism,
and � is the fractional conversion (from 0 to 1) of the solid
reactant.

In a condition where f(�) = (1 – �)n and a steady tem-
perature rise, dT/dt = 
 (
 is the heating rate in °C/min)
and then the integration of equation (2) leads to

(3)

where: g(�) — rate of degradation, Ea — apparent energy of
thermal degradation, n — reaction order.

For n = 1:

(4)

and for n values other than zero or unity:

(5)

Several following techniques have been developed for
solving the integral of equation (3).

The Coats—Redfern (CR) method [24]
The following equation can be obtained applying an

asymptotic approximation for resolution of equation (3):

(6)

The authors supposed that ln[1 – (2RT/Ea)] � 0 for
Doyle approximation [25], thereby obtaining:

(7)

in the natural logarithmic form.
The apparent activation energy degradation for each

thermal decomposition mechanism can be obtained from
the slope of the plot of ln [g(�)/T2] versus 1000/T.

MacCallum—Tanner (MCT) method [26]
The MacCallum—Tanner method provides an ap-

proximation integrated from the rate of degradation as
a function of temperature. This can be expressed as:

(8)

The value of Ea can be derived from the plot of log g(�)
versus 1/T and the value of A — from the intersection of
the Y axis.

van Krevelen (vK) method [27]
The integration method used by van Krevelen is for

n � 1 expressed by:

(9)

where: x = Ea/RTm, and Tm — the temperature at the maxi-
mum rate of weight loss.

Ea can be obtained from the slope of a plot of ln g(�)
versus lnT.

In the equations (1)—(9), g(�), 
, Tm, Ea, A, R, k repre-
sent the integral functions of conversion, heating rate,
DTG peak temperature, activation energy (kJ·mol-1),
pre-exponential factor (min-1), gas constant (8.314
J·mol-1·K-1) and specific rate constant, respectively. The
kinetic parameters were calculated from the linear plots
of the left-hand side of kinetic equations (6) and (7)
against 1/T. For equation (8) the left-hand side is plotted
against lnT. The Ea and A values were calculated from the
slope and intercept of the straight lines.

For the investigated methods, the determination of
the pre-exponential factor and the reaction order is possi-
ble from of g(�) in equation (3) where n � 1:

(10)

The kinetic data (n, Ea, lnA) obtained by different
methods correspond with each other.

The change in values of enthalpy (�H*), entropy (�S*)
and the Gibbs free energy (�G*) for the monomer and
polymer were calculated using the following relations
[26]:

where: h — the Planck constant.
TGA experiments were performed to determine ther-

mal behavior of monomer and polymer and to evaluate
the degradation processes and kinetic parameters. The
CR, MCT and vK methods presented above were used for
kinetic analysis. The methods were applied using a single
heating rate (10 °C min-1). The reaction order (n), activa-
tion energy (Ea), pre-exponential factor (A), as well as
entropies (�S*), enthalpy (�H*) and free energy (�G*)
changes were calculated from the TGA curves of the
monomer and the polymer and presented in Table 4.

The thermal degradation linearization curves of the
samples have been elucidated by the methods mentioned
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above. The results in Table 4 indicate that the correlation
coefficient (r) of linearization of these curves is approxi-
mately 1.00 and the thermal degradation reaction order is
about zero. The results obtained from the different me-
thods are in good agreement so they can be referred to as
comparable.

The Arrhenius plots for the TG-DTA thermal degrada-
tion measurements as determined by the CR, MCT and
vK methods are presented in Figs. 8—10.

The kinetic parameters of these processes were calcu-
lated by non-isothermal data used in the cases of thermal
and thermo-oxidative degradation of polymers and poly-
meric materials [28, 29].

CONCLUSION

Poly-4-[(4-hydroxy-2-methylphenyl)iminomethyl]-2,
6-dimethylphenol was synthesized in the oxidative
polycondensation of the appropriate monomer. NaOCl,
H2O2 or air in an aqueous alkaline medium were used as
oxidizer. The maximal of P-4-HMPIMP yields obtained
were 86, 69 and 72 % for NaOCl, H2O2 and air, respec-
tively. The highest activity was observed with NaOCl as
oxidant. 1H NMR, 13C NMR and FT-IR spectral analysis
results have confirmed the bondage of ortho carbons and
oxyphenylene of the phenol ring to obtain the polymer
from the oxidative polycondensation of 4-HMPIMP. The
optical band gap Ea of the monomer was higher than that
of polymer. For both products the HOMO values were
higher than the LUMO. The electrochemical band gap E’g
was lower than Eg in the case of monomer; for polymer
the situation was inverted.

TGA-DTG-DTA analysis conform a high resistance of
the polymer to thermal degradation. TGA experiments
can be used to determine the thermal behavior and to
evaluate the degradation processes of the studied mate-
rials. The thermodynamic of the thermal degradation
processes were calculated by the vK, MCT and CR
methods.
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