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Abstract A series of diimine Schiff bases and their polymers
were synthesized via the oxidative polycondensation reaction.
The structures of the compounds were confirmed by 1H-
NMR, 13C-NMR, FT-IR and UV–vis spectral measurements.
Electrochemical and optical band gap values of synthesized
compounds were determined by cyclic voltammetry (CV) and
UV–vis measurements, respectively. Fluorescence measure-
ments of the compounds were conducted in various solvents.
The effects of solution concentration on the fluorescence spec-
tra were investigated and quantum yield was calculated for the
polymer of 5-(diethylamino)-2-(biphenylmethylene)
hydrazonomethylphenol (PDEAHP). According to fluores-
cence measurements, the quantum yield of PDEAHP was
found as 16 % in DMF solution. Thermal characteristics of
polymers were studied by TG-DTA and DSC analyses.
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Introduction

In recent years, the various functional polymers have been
obtained by chemical oxidative polymerization [1].
Poly(azomethines) (PAMs), are classes of conjugated polymers
containing nitrogen atoms in a polymer backbone [2]. PAMs
and their oligophenol derivates have been widely investigated
in respect of their optical, electrochemical, thermal and conduc-
tivity measurements [3–5]. Coupling mechanism of the Schiff
base substituted phenol monomers have been also studied and
two coupling mechanisms are suggested: C-O and C-C

couplings [6–9]. The effect of the coupling rate on thermal
stability has been investigated and it is found that increasing
C-O coupling rate also decrease the thermal stability of the
oligophenol. Poly(azomethine-urethane); (E)-4-((2
hydroxyphenylimino) methyl)-2-methoxyphenyl 6-
acetamidohexylcarbamate (HDI-co-3-DHB-2-AP) was synthe-
sized as in the literature from Kaya et al. and it was used as a
new fluorescent probe for detection of Cd(II) concentration
[10]. The HDI-co-3-DHB-2-AP sensor was prepared as in the
literature [11] and determined as good candidate for optical
detection of Cd(II) ion. According to Kaya et al., the most
important advantage of the proposed Cd(II) sensor is easy pro-
duction with fine sensing and stable properties. Selectivity
study of the new Cd(II) sensor was investigated and a consid-
erable selectivity was obtained according to relative intensity
change values [10].

In this study, new polyphenol derivates were synthesized
via oxidative polycondensation reaction. The structures and
characterizations of compounds were made by Fourier trans-
form infrared spectroscopy (FT-IR), Ultraviolet–visible spec-
troscopy (UV–vis), Nuclear Magnetic Resonance Spectrosco-
py (NMR), cyclic voltammetry (CV), PL, TG-DTA, DSC and
SEC measurements. Emission characteristics of resulting
products were determined from fluorescence measurements.
We also, reported the effect of concentrations on the both
intensity and wavelength of the emission spectra. It was un-
derstood that PDEAHP exhibited the different emission colors
depending on the changing concentrations. On the other hand,
PHB showed white fluorescence emission.

Materials and Methods

Materials

Benzophenonehydrazone (BPH), 4-diethylaminosalicylaldehyde
(DASA), 3-hiydroxy-4-methoxybenzaldehyde (HMBA) were
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supplied from Alfa Easer and 2,4-dihydroxybenzaldehyde
(DHBA), 2-hydroxy-1-naphtaldehyde (HNA) and
salicylaldehyde (SA)were supplied fromAcross Organics, Fluka
and Merck companies (Germany), respectively. Sodium hypo-
chlorite (NaOCl) (30 % aqueous solution) was provided from
Paksoy Chem. Co. (Turkey).

Synthesis of Schiff Bases

S c h i f f b a s e s a b b r e v i a t e d a s
2-(((diphenylmethylene)hydrazono)methyl)phenol (HB),
4-(((diphenylmethylene)hydrazono)methyl)benzene-1,3-
diol(HBD), 5-(((diphenylmethylene)hydrazono)methyl)-2-
m e t h o x y p h e n o l ( HM P ) , 5 - ( d i e t h y l a m i n o ) -
2-(biphenylmethylene)hydrazonomethylphenol(DEAHP),
3(((diphenylmethylene)hydrazono) methyl)naphthalene-2-ol
(HN) were synthesized by the condensation reaction of
benzophenonehydrazone (BPH) with 4-diethylamino
salicylaldehyde, 3-hydroxy-4-methoxybenzaldehyde, 2,4-
dihydroxybenzaldehyde, 2-hydroxy-1-naphtaldehyde and
salicylaldehyde, respectively. The Synthesis reactions were per-
formed as follows Scheme 1. BPH (1.5 g 0.008 mol) was placed
into a 250 mL three-necked round-bottom flask which was fitted
with condenser, thermometer and magnetic stirrer. Fifty millili-
ters of methanol was added into the flask and reaction mixture

was heated up to 60 °C. A solution of equivalent mol of alde-
hydes (0.01 mol) in 20 mL methanol was added into the flask.
Reaction was maintained for 5 h under reflux [12]. The yields of
HB, HBD, HMP, DEAHP and HN were found as 88, 91, 89, 90
and 92 %, respectively.

Synthesis of the Polyphenols Containing Imine Bonding

The synthesized monomers (HBD, HB) were converted into
their polymer derivatives through oxidative polycondensation
reactions in an aqueous alkaline medium using NaOCl (30 %)
as the oxidant, as in the literature [13]. PHMP, PDEAHP, PHN
were synthesized via oxidative polycondensation of HMP,
DEAHP and HN in an aqueous solution (30 %) acetic acid
at 60 °C (Scheme 2). Then, a solution of NaOCl (30 %) was
added into the mixture drop by drop for 2 h [14].

Characterization Techniques

The solubility tests were done in an ultrasonic bath by using
1 mg sample and 1 mL solvent at room temperature. The
infrared and ultraviolet–visible spectra of compounds were
measured by Perkin Elmer FT-IR Spectrum and Analytikjena
Specord 210 Plus, respectively. The FT-IR spectra were re-
corded using universal ATR sampling accessory (4000–

Scheme 1 Synthesis reactions of
Schiff bases
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650 cm−1). 1H and 13C-NMR spectra (Bruker AC FT-NMR
spectrometer operating at 400 and 100.6 MHz, respectively)
were recorded by using DMSO-d6 as a solvent at 25 °C.
Tetramethylsilane was used as internal standard. DSC mea-
surements were performed between 20 and 450 °C (in N2, rate
10 °C/min) using a Perkin Elmer Pyris Sapphire DSC instru-
ment. The average molecular weight (Mn), average molecular
weight (Mw) and polydispersity index (PDI) were determined
by size exclusion chromatography (SEC) techniques of
Shimadzu Co. For SEC investigations a SGX (100 Å and
7 nm diameter loading material) 3.3 mm i.d. × 300 mm col-
umn was used eluent: DMF/Methanol (0.4 mL/min, v/v, 1/4),
polystyrene standards. Refractive index detector (RID) was
used to analyze the products at 25 °C. Cyclic voltammetry
(CV) measurements were carried out with a CHI 660 C Elec-
trochemical Analyzer (CH Instruments, Texas, USA). All the
experiments were performed in a dry box filled with argon at
room temperature. Glassy carbon working electrode (GCE),
Ag wire as reference electrode, and platinum wire as counter
e l e c t r ode we re used . A Sh imadzu RF-5301PC
spectrofluorophotometer was used for fluorescence measure-
ments [14]. The surface morphologies of polymers were

monitored by using a JEOL JSM-7100F Schottky field emis-
sion scanning electron microscope.

Results and Discussion

Structural Characterization of the Synthesized Compounds

Oxidative polycondensation reaction of Schiff bases mono-
mers were conducted in alkaline medium and NaOCl was
used as oxidant. The general reaction procedures are given
in Scheme 2. The structures of the monomer and polymer
were identified by FT-IR, UV–vis and NMR analyses. The
FT-IR spectral data were given in Table 1. As seen in Table 1,
monomers and corresponding polymers showed similar ab-
sorption characteristics. Schiff bases containing hydroxyl
groups at the ortho position were not observed hydroxyl
stretching due to intermolecular hydrogen interaction. The
formation of Schiff base monomers were confirmed by pres-
ence the imine (HC=N) vibrations in the spectra. However, the
weak C=O stretching peak (1650s cm1) was observed due to
formation of a keto-amine form. Aliphatic C-H stretching

Scheme 2 Synthesis reactions of
polymers

Table 1 FT-IR data of
compounds Functional Groups (cm−1)

Compounds Ar-C-H O-H C-H (imine) -C=N Ar-C=C Alipht.-C-H

HB 3056 – 2975–2993 1605 1570–1543 –

PHB 3055 – 3025 1573 1570–1486 –

HBD 3022 3511 2970–2990 1606 1590–1521 –

PHBD 3056 – – 1594 1575–1490 –

HMP 3010 3305 3097–3107 1605 1577–1504 –

PHMP 3056 3397 – 1597 1590–1490 –

DEAHP 3057 – 3041–3050 1619–1588 1597–1576

PDEAHP 3058 – – 1594 1556–1468 2970–2871

HN 3020 – 2987–3015 1587 1588–1570 –

PHN 3056 – – 1571 1514–1468 –

J Fluoresc (2015) 25:663–673 665



Fig. 1 1H-NMR and 13C-NMR spectra of HBD (a, b) and PHBD (c, d)

Table 2 1H-NMR and 13C-NMR data of compounds

Compounds Spectral data (δ ppm)

HB 1H-NMR (DMSO-d6): 8.97 (s, -OH), 7.69 (s, -CH=N-), 7.70 (d, -Hf), 7.55 (t, -Hj), 7.51(t,-Hg) 6.92 (t, -Hc), 6.91 (t, -Hb), 6.83 (d, -Ha).

PHB 1H-NMR (DMSO-d6): 11.20–10.95 (s, -OH), 8.96–9.09 (s, -CH=N-), 6.96–7.78 (m, aromatic protons).

HBD 1H-NMR (DMSO-d6): 11.32 (s, -OHa), 10.32 (s, -OHb) 8.82 (s, -CHc=N-), 7.66 (d, -Hf), 7.47 (t,-Hg), 7.43 (d, -Hh), 7.36
(t, -Hj), 6.6 (d,-He), 6.40 (s, -Hd).

PHBD 1H-NMR (DMSO-d6): 10.26 (s, -OH), 9.2 (d, -OH), 8.5 (s, -CH=N-), 6.70–8.03 (m, aromatic protons), 6.30 (s, -Hd).

HBD 13C-NMR (DMSO-d6): 166.13 (C8-ipso), 163 (C1), 162.36 (C7-OH), 161.12(C5-OH), 136.28 (C3), 136.79
(C9-ipso), 135.6 (C12), 128.48 (C11), 110 (C2-ipso), 108 (C4), 102.35 (C6).

PHBD 13C-NMR (DMSO-d6):159.04 (C1H=N), 144.4 (C8=N), 125.43–144.40 (aromatic carbons).

HMP 1H-NMR (DMSO-d6): 9.79(s,-OH), 9.3(s,-CH=N-), 7.64 (d, -Hf), 7.48 (t, -Hg), 7.28 (d, -Hh), 7.29 (t, -Hj), 8.47
(s, -Ha), 7.10 (d, -Hb), 6.98 (d, -Hc), 3.33 (s, -OCH3).

PHMP 1H-NMR (DMSO-d6):10.29 (s,-OH1), 7.96(s, -CH=N-), 6.78–7.74 (m, aromatic protons), 2.52 (s, -OCH3).

DEAHP 1H-NMR (DMSO-d6):11.31 (s, -OH), 8.72(s, -CH=N-), 7.66 (d, -Hf), 7.64(t,-Hg), 7.53 (d, -Hh), 7.51 (t, -Hj), 7.25
(s, -Ha),7.29 (d, -Hb), 6.26 (s, -Hc), 3.34 (m, -CH2), 1.08 (t, -CH3).

PDEAHP 1H-NMR (DMSO-d6): 11.5 (s,-OH), 9.62 (s, -CH=N-), 8.91 (s, -Hb), 8.79 (s, -Ha), 6.31 (s, -Hc), 7.25–7.95
(m, aromatic protons) 3.14 (m, -CH2), 1.11 (t, -CH3).

HN 1H-NMR (DMSO-d6):12.71(s,-OH), 9.82 (s,-CH=N-), 7.58 (d, -Hf), 7.51(t,-Hg), 7.41 (d, -Hh), 7.10 (t, -Hj), 8.45
(d,-Ha),7.96(d, -Hb), 7.86 (d, -Hc), 7.74 (d, -Hd), 7.35(t, -He).

PHN 1H-NMR (DMSO-d6):12.71 (s, -OH), 9.83 (s, -CH=N-), 8.44 (d,-Ha), 7.96 (d, -Hb), 7.86 (d, -Hc), 7.77 (d, -Hd), 7.57–7.08
(m, aromatic protons).
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vibrations of methyl (-CH3) groups were observed at 2970–
2871 cm−1. Polymers exhibited expanded peaks due to their
polyconjugated the structures.

1H-NMR and 13C-NMR spectra of the synthesized HBD
and PHBD are shown in Fig. 1. The phenolic, azomethine and
aromatic proton signals were appeared at 11.32, 10.32, 8.94,
7.67, 6.23 ppm, respectively. 13C-NMR spectrum of HBD
indicated that the multiples in 136–102 ppm. 161.21,
162.16, 163.71, 166 ppm were attributed to aromatic carbon
signals due to C5-OH, C7-OH HC1-N and C8=N carbon sig-
nals, respectively. FT-IR and NMR analyses confirmed the
proposed monomer structure. 13C-NMR and 1H-NMR spectra

of PHBD showed that the polymerization occurred via C4
carbon and the phenolic O-H position. The broad signals ob-
served between from 8.0 to 6.26 ppm were attributed to
phenylene protons with the different chemical surroundings.
The presence of low proton signal (Ha) assigned that the po-
lymerization occurred via Hb elimination. Due to a long dis-
tance interaction between Hf and N=C-Ha doublet pick at
9.5 ppm was observed in Fig. 1. The NMR analyses data of
the synthesized compounds are summarized in Table 2.

According to the proton integration value etheric bond den-
sities of polymers changed the following order: PDEAHP=
PHN<PHB<PHBD<PHMP.

Fig. 2 UV–vis spectra of HBD/
PHBD (a), HMP/PHMP (b),
DEAHP/PDEAHP (c), HN/PHN
(d), HB/PHB (e)
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Optical and Electrochemical Properties

The UV–vis spectra of the synthesized compounds are
shown in Fig. 2. UV–vis spectra of all synthesized com-
pounds were recorded in DMF at 25 °C. It was under-
stood that, R band (n→π*electronic transition) for poly-
mers was broadened. This shift to the red wavelength
was attributed to the presence of different-sized polymer

chains. Optical band gap values (Eg) are determined as in
the literature [15]:

Eg ¼ 1242=λonset ð1Þ

The calculated optical band gaps had lower than corre-
sponding Schiff base monomers. This case was attributed to

Fig. 3 CV voltammograms of
HBD/PHBD (a), HMP/PHMP
(b), DEAHP/PDEAHP (c), HB/
PHB (d), HN/PHN (e)
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due to the polyconjugated structures of polymers. The optical
band gaps of polymers changed the following order: PDEA
HP<PHMP<PHN<PHB<PHBD.

As shown, PDEAHP has the smallest optical band gap
value. It owes to amine functional group (-NEt2) which is
mesomeric electron releasing. The optical band gap value of
PHMP is the bigger than PDEAHP, because methoxy group
on PHMP is mesomeric electron releasing however it is in-
ductive electron-withdrawing group. Aromatic naphthalene
ring has provided electron conjugation to PHN. As results,
the structures of PHB and PHBD compounds were similar
as electron band gaps.

The cyclic voltammograms of the synthesized compounds
were recorded using platinum working electrode, Ag wire as
the reference electrode, and platinum wire as the counter elec-
trode in acetonitrile/DMSO solvent mixtures. The CV voltam-
mograms of all compounds are given in Fig. 3. According to
the cyclic voltammetry (CV) measurements, the calculated
HOMO-LUMO energy levels and the electrochemical band
gaps (Eg′) are shown in Table 3. These data were estimated by
using the oxidation (Eox) and reduction (Ered) peak potentials.
The calculations were made by using the following equations
[16, 17]:

EHOMO ¼ − 4:39þ Eoxð Þ ð2Þ

ELUMO ¼ − 4:39þ Eredð Þ ð3Þ

E
0
g ¼ ELUMO−EHOMO ð4Þ

The calculated electrochemical band gaps harmony with
the optical band gap values. However, it was observed that
HOMO energy levels of the polymers are lower than those of
the Schiff bases. The electrochemical band gaps of polymers
changed the following order: PHMP<PDEAHP<PHN<
PHBD<PHB. The electrochemical band gaps values and op-
tical band gap values support substantially each others.

Fluorescence Characteristics

The Fluorescence measurements of PDEAHP and PHB were
made in different concentrations to determine the optimal con-
centrations in DMF. The effect of the concentration on the

Fig. 4 Fluorescence spectra of PDEAHP (a), PHB (b) (λEx.=277 nm,
Slit: Ex: 1.5, Em: 5 nm, for PEAHDP and λEx.=292 nm, Slit: Ex: 5 nm,
Em: 5 nm for PHB)

Table 3 The electrochemical
(Eg′) and optical (Eg) band gaps
values of synthesized compounds

DEAHP PDEAHP HBD PHBD HMP PHMP HB PHB HN PHN

Eg′ (eV) 2.77 1.30 2.98 2.86 2.20 2.12 3.11 2.50 2.30 2.20

Eg (eV) 2.70 2.60 3.00 2.90 2.42 2.26 3.07 3.03 2.80 2.73
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both intensity and wavelength of the emission spectra was
shown Fig. 4. Fluorescence spectral data of the synthesized
PDEAHP and PHB in the various concentrations are given in
Table 4. Importantly, to be increasing of the concentrations of

the PDEAHP and PHB, maximum emission intensity was
observed higher at the fluorescence spectra. The emission
wavelength of PDEAHP and PHB were changed from blue
to red. It is important to emit white emission in certain con-
centrations of PHB solution. The compounds demonstration
similar fluorescence bands have used for white light emitting
diodes in the literature [18]. The high solution concentrations
of PDEAHP and PHB light emit at peak wavelength forward
from 500 nm. So that lowering the polymer concentration by
addition of DMF showed that the fluorescence emission red
shifted. While the increasing the concentration, the intensity
of the emission bandwas decrease due to the self quenching of
the molecules in the sorbet band for both compounds. π-
stacked structure constructs which is consisting with concen-
tration increase induced to hypochromic effect on B band. On
the other hand, solution concentrations of PDEAHP and PHB
made hyperchromic effect on Q band. This feature could be
attributed to increasing of the intermolecular non-covalent
π-π interactions among the molecules in the higher concen-
trations [19]. The intermolecular polymer-solvent affinity
force is weaker than polymer-polymer association when
polymer-polymer aggregation arises. Therefore, inter molec-
ular n→π* transition and n-p conjugation caused to increase
of the emission band on Q band. In addition, the intensity of
the entire band significantly increase and peak around
100 mg/L of PDEAHP and PHB.

A particularly interesting feature is the change in the band
shape of the fluorescence emission. At the high and low con-
centration this shape is very similar to spectra shown for the
PHN, PHMP and PHBD. However, for intermediate concen-
trations the spectra shape indicates the existent of two bands
shown for PDEAHP and PHB.

Table 5 Thermal degradation values of the synthesized compounds

TGA DSC

Compounds Ton
a Tmax.

b T20
c

(°C)
T50

d

(°C)
% Char at
1000 °C

Tg
e

PHBD 160 183, 283 260 311 23 101

HBD 213 250, 301 256 301 39 –

PHMP 151 180, 271 168 188 13 140

HMP 267 295 286 310 38 –

PDEAHP 296 301, 329 331 18 117

DEAHP 299 329 300 322 15 –

PHB 158 192, 272 192 178 3 148

HB 253 290 248 275 5 –

PHN 146 186, 299 211 294 20 119

HN 281 320 282 309 3 –

a The onset temperature
b Temperature of the peak maxima
c Temperature corresponding to 20 % weight loss
d Temperature corresponding to 50 % weight loss
e The glass transition temperature

Fig. 5 TG curves of all synthesized monomers and polymers (under N2

atmosphere at a temperature scan rate of 10 °C/min)

Table 4 Fluorescence spectral data of the synthesized PDEAHP and
PHB polymers

cλmax(Em)1,2
dIEm1,2

aPDEAHP Conc.(mg/L)

50 410 328

25 339, 498 30, 235

12.5 339, 498 89, 119

6.25 339, 503 117, 69

3.125 339, 505 136, 35

1.5625 339, 510 420
bPHB Conc.(mg/L)

100 346 595

50 346, 556 487, 70

25 346, 558 328, 190

12.5 346, 560 164, 242

6.25 346, 560 48, 202

3.125 560 72

a Excitation and emission wavelengths for emission and excitation, re-
spectively, λEx.=277 nm and λEm.=305 nm for PDEAHP
b Excitation and emission wavelengths for emission and excitation, re-
spectively, λEx.=292 nm and λEm.=308 nm for PHB
cMaximum emission wavelength
dMaximum emission intensity
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Florescence Quantum Yield

The fluorescence quantum yield (ØF) of the PDEAHP was
measured in DMF and fluorescein was used as standard in
0.1 molar aqueous NaOH solutions. The refractive indices of
the solvents were used for calculation of ØF. The new com-
pound and the standard were excited at same wavelength
(400 nm). Fluorescence quantum yield (ØF) were calculated
by the comparative method (Eq. 5) [20].

∅F ¼ ∅F Stdð Þ F:AStd:n2

FStd:A:n2Std
ð5Þ

Thermal Properties of Polymers

Thermal decomposition data of compounds are given in
Table 5. The TGA curves of the synthesized polymers
are shown in Fig. 5. According to the TGA results, poly-
mers have decomposed in two steps. The initial degrada-
tion temperatures (Ton) for PHBD, PHMP, PDEAHP,
PHB and PHN were found to be 160, 151, 296, 158,
146 °C, respectively. The initial degradation temperatures
of polymers changed the following order: PHN<PHMP<
PHB<PHBD<PDEAHP. According to these results, ther-
mal stability of PDEAHP is higher than those of the
others. This case might be attributed to presence of
higher C-C couplings in PDEAHP structure which was
confirmed based on 1H-NMR analysis. Beside PDEAHP
has the most total molecular weight. It is a fact that
increasing the molecular weight gains the thermal stabil-
ity. The other polymers have the thermal stability in di-
rect proportion to total molecular weight and C-C cou-
pling. Although PHN has the most C-C coupling, its
thermal stability is so bad because of the least total mo-
lecular weight. Table 5 shows the temperatures corre-
sponding to 20 % and 50 % weight loss of the polymers.
The 20 % weight losses for PHBD, PHMP, PDEAHP,
PHB and PHN were calculated as 260, 188, 331, 192

and 282 °C respectively. On the other hand, the 50 %
weight losses for PHBD, PHMP, PDEAHP, PHB, PHN
were calculated as 331, 188, 310, 148 and 294 °C re-
spectively. From these results, it can be said that the
synthesized polymers are thermally stable. The glass
transition temperatures of polymers were determined
from DSC measurements and the results are given in
Table 5. The glass transition temperatures of polymers
were changed between 101 and 148 °C.

SEC Analysis

SEC chromatogram results of the polymers are listed in
Table 6. As seen in Table 6, the PHB and PHN had
three main fractions. According to the total values, the
average molecular weight of PDEAHP was found to be
51,740 g mol−1. The total molecular weights of poly-
mers were found in following order: PHN<PHB<
PHMP<PHBD<PDEAHP.

Surface Morphological Properties

The scanning electron microscopy (SEM) was used to char-
acterize the morphologies of the resulting products. Figure 6
shows SEM photographs of PDEAHP and PBH. In general,
the morphologies of PDEAHP and PBH were observed like
rode and wire [21, 22]. The lengths of these wires were
changed between 500 and 1200 nm.

Conclusion

A series of Schiff base monomers and their correspond-
ing polymers synthesized and their structures were con-
firmed by UV–vis, FT-IR, 1H-NMR, 13C-NMR analysis.
From fluorescence analysis, it was understood that PBH
emitted the white light. On the other hand PBDAH ex-
hibited multicolor emission behavior: PBDAH emitted
blue-yellow and green colors as excited at different

Table 6 The number-average molecular weight (Mn), mass-average molecular weight (Mw), polydispersity index (PDI) and % values of polymers

Molecular weight distributions

Total Fraction I Fraction II Fraction III

Polymers Mn Mw PDI Mn Mw PDI % Mn Mw PDI % Mn Mw PDI %

PHBD 47,500 48,280 1.02 57,100 58,200 1.02 60 33,100 33,400 1.01 40 – – – –

PHMP 25,600 26,550 1.04 27,700 28,900 1.04 75 19,300 19,500 1.01 25 – – – –

PDEAHP 49,690 51,740 1.04 61,650 62,300 1.01 20 46,700 49,100 1.05 80 – – – –

PHB 21,055 26,025 1.20 101,000 102,500 1.01 10 17,100 23,250 1.4 40 8150 8300 1.02 50

PHN 19,300 21,400 1.11 115,800 125,250 1.01 40 37,000 39,400 1.06 15 13,600 18,500 1.05 45
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wavelengths. Thermal behaviors of the obtained prod-
ucts were evaluated by TG, DSC analysis. Fluorescence

quantum yield (ØF) of PDEAHP was determined as
16 %.

Fig. 6 SEM photographs of
PDEAHP (a) and PHB (b) for
different magnification with the
average size of 800 nm
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