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1,4-BIS(2’-HYDROXYPHENYLAZOMETHINE)
PHENYLENE

M. K. HASSAN, M. A. ABD-ALLA,* and R. M. HASAN

Department of Chemistry
Faculty of Science
Assiut University, Assiut, Egypt

ABSTRACT

Coordination polymers of 1,4-bis(2’-hydroxyphenylazomethine)
phenylene have been prepared with the metal ions Ti(III), Cr(III),
Fe(I1I), Mn(II), Ni(II), and Cu(ll). They were characterized by ele-
mental analysis, IR, and electronic spectra. The metal contents in
all polymers were found to be consistent with a 1:1 (metal:ligand)
stoichiometry. The thermal behavior of these coordination poly-
mers has been studied by thermogravimetric analysis in air up to
750°C, and the data showed that they are thermally stable up to
200°C. Physical properties such as the solubility and viscosity of
the polymer complexes were also determined. Electrical conductivi-
ty measurements of the synthesized polychelated polymers showed
that they are insulators except for the Ni(II) complex which shows a
semiconducting character. Mossbauer data clearly establish the 3 +
oxidation state for the iron complex polymer.

INTRODUCTION

Recently, the development of new polymeric chelates has been of great
interest due to their thermal stability, electrical conductivity, and catalytic
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action in some chemical reactions occurring in biological materials (1, 3].
Such polymers can be obtained by inclusion of metal ions into the poly-
mer main chain. The polychelates derived from poly-Schiff bases have
been studied by numerous workers [4-8]. It was noted that properly
designed coordination polymers of transition metals should have semi-
conductive properties [9], and semiconductive coordination polymers
have been observed [10, 11]. In this work the difunctional Schiff-base
ligand 1,4-bis(2’-hydroxyphenylazomethine) phenylene was prepared and
interacted with the metal ions Ti*, Cr?*, Fe**, Mn?*, Ni?*, and Cu?*. The
interaction between these metal ions and the synthesized ligand led to the
formation of coordinate polymers. All the chelate polymers were charac-
terized by elemental analysis, electronic and IR spectra, solubility, and
viscometry measurements. Furthermore, their thermal stability and elec-
trical properties were studied and are discussed.

EXPERIMENTAL
Materials

All chemicals were of Analar or chemically pure grade.

Synthesis of 1,4-Bis(2'-hydroxyphenylazomethine)
Phenylene (BHPAP)

A mixture of 0.2 mol o-aminophenol and 0.1 mol terephthaldehyde
was dissolved in 100 mL absolute ethanol. The reaction mixture was
warmed to 60°C on a water bath for /2 h. After this time, shining golden
yellow flakes separated. The product was filtered off, washed with etha-
nol, dried, and recrystallized from ethanol as golden yellow plate crys-
tals, mp 213°C, and had a yield of 95%.

Analysis. Calculated for C,0H,(N,0,: C, 75.93; H, 5.09; N, 8.86%.
Found: C, 75.86; H, 5.11; N, 8.96%. IR(KBr), at 3450-3100 cm™ (br,
OH), at 1620 cm™ (s, C=N), and at 1260 cm™ (s, C—O phenolic). 'H
NMR (01(CD;), C=0), at 7-8 (m, 12 H, Ar—H), at 8.1 (5.2 H, N=CH),
and at 10.1 (5, 2H, OH phenolic) ppm.

The reaction takes place as follows:

OH

HO
-H20
2 H240HC4@-CHO — N=CH-@-CH=N
OH
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Preparation of Polychelates

The coordination polymers were prepared by mixing a hot solution of
metal chloride (0.01 mol) in ethanol with a solution of the ligand
(BHPAP) (0.01 mol) in ethanol in the presence of a few drops of DMF as
scavenger for HCL. The resulting mixture was warmed on a water bath at
a constant temperature of 70°C for 2 h, whereby the product separated
out. The colored products were filtered off, washed thoroughly with ethyl
alcohol, then dried under vacuum over phosphorus pentoxide.

Measurements

Elemental analysis for C, H, and N was carried out using an Perkin-
Elmer 240 C instrument, and the chlorine content was determined in the
Analytical Unit of the Department. The electronic spectra of DMF solu-
tions of the ligand and its different metal complexes were recorded by
using a Unicam SP 800 spectrophotometer. The IR spectra were scanned
on a Perkin-Elmer 599 B (4000-200 ¢m™!) spectrophotometer by using the
KBr disk technique. The inherent viscosities of polymer solutions in
DMF were determined at 30°C by using an Ubbelohde Suspended Level
Viscometer. Thermogravimetric analysis was carried out in air with Du
Pont Models 951, 910 and a Du Pont 1090 Thermal Analyzers at a
heating rate of 10°C/min. X-ray diffractograms were obtained with a
Philips X-ray PW 1710 diffractometer by using Ni-filtered Cu, radiation.
Pellets for electrical conductivity measurements were pressed at a con-
stant pressure of 1000 psi by using an IR die. Silver paste was used to
make contact and sandwiched between two standard graphite electrodes.
Conductivities were measured over a range of 304-404 K in air by using a
610°C Keithley Electrometer. All calculations were adapted for Arrhenius
plots. The iron-57 Mdssbauer spectrum was collected on a Austin Science
Associates constant acceleration drive with a flyback mode. Isomer shifts
were referenced to iron at room temperature.

RESULTS AND DISCUSSION

The interaction of terephthaldehyde and o-aminophenol in ethanol
yields 1,4-bis(2’-hydroxyphenylazomethine) phenylene (BHPAP), the
structure of which is supported by analytical and spectral data. The
ligand is freely soluble in sodium hydroxide and gives an orange-colored
product which resumes its yellow color on acidification with acetic acid.
The desired polymeric chelates, having the stoichiometric ratio 1:1, were
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obtained in quantitative yields by the interaction of equimolar amounts
of the ligand (BHPAP) with Ti**, Cr¥*, Fe**, Mn?*, Ni?*, and Cu?* cations
as metal chlorides in ethanol. A few drops of dimethylformamide were
added to the reaction mixture as a scavenger for HCl. The resulting
polychelates were found to be quite stable in air. X-ray analysis indicated
that all polychelates have halo patterns in the range of 20 = 5-35°, and
this confirmed the amorphous state of the polychelates. All chelates were
colored and insoluble in common organic solvents, partially soluble in
N, N-dimethylacetamide and formamide, and freely soluble in dimethyl-
formamide (DMF). The inherent viscosity of coordinated polymers solu-
tions (0.5 g/100 mL DMF) was measured at 30°C, and the data are given
in Table 1 together with elemental analysis for C, H, N and metal deter-
minations. Table 1 shows that the polychelates have a 1:1 (metal:ligand)
stoichiometric ratio and also suggests the presence of coordinated water
molecules except for the Cu(Il) complex.

Spectrophotometric investigations in the UV and visible region for the
DMEF solutions of the ligand and related polychelates were performed to
inspect the formation of the complexes. The electronic absorption spec-
trum of the ligand shows two absorption peaks at 295 and 370 nm, which
are ascribed to the w-7* transition of the —CH=N— and intraligand
charge transfer transitions [13], respectively. The electronic absorption
spectra of DMF solutions of the different polymeric chelates shown in
Fig. 1 exhibited no apparent differences from each other, and the values
of .« are given in Table 1. The band appearing in the 245-285 nm region
can be assigned to w-x* transitions. The ligand band observed at 370 nm
is red shifted (15-58 nm) and deformed to a shoulder. A new band in the
405-452 nm region is observed in the spectra of complexes due to LM
CT transitions from the ligand orbitals to the central metal atom orbitals.
These bands are characterized by high molar extinction coefficients in
comparison with those of other bands, which reduces absorptions corre-
sponding to transitions within metal ions to non-entities.

The reaction between the 1,4-bis(2’-hydroxyphenyleneazomethine)bi-
dentate ligand and Ti(I1I), Cr(1II), Fe(111), Mn(II), Ni(II), and Cu(ll)
chorides occurs as follows:

aMCl, + nH,L = (ML), + 2nHCI
nMCI;, + nH,L = (MCIL), + 2rHCI

The infrared spectrum of BHPAP shows a broad band at 3450-3100
cm™! with a maximum at 3250 cm™, attributed to the OH group. The
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FIG. 1. UV-visible spectra of the ligand and its polymer complexes.

spectrum also shows sharp bands at 1620 cm™ due to the C=N bond, at
1260 cm™* due to phenolic C—O stretching vibrations, and at 1590 cm™
which is attributed to C=C stretching vibrations of the aromatic ring

system [14].

The IR spectra of polychelates are not significantly different from
each other, and their assignments are given in Table 2. New IR bands are
observed in the spectra of coordinated polymers appearing at 455-438
cm™, and they are due to the M—O bonds [15]. The band at 1260 cm™! for
C—O stretching vibration was shifted to a higher frequency (1290-1280



O°H pa7euIpIo0) JO uoneIqia 3un>oy - §68 0¢8 0<8 §68 08 -

D—N - - - SYeE 0S¢ 0LE -
uoneIqA “ISN—-W SIS 1743 o1s 01§ 01s SIS -
UonRIQIA IS O—N  Obb ovy Sty €Y SSY 8EY -
uoneIqiA ‘ISN=D 0191  ZI9I 0191 S191 SI91 8191 0291

uopneiqia s ofjoudyd 0O—D 0821 08TI 0821 81 06¢1 0621 0921

uonBIQIA IS ONRWIONR D=D  06ST  06SI 0651 0651 0651 0651 06S1

001€
dnoi8 HO - - - - - - osve
JuAUBSSY 7 OH"1 O°HYT OHI1ID OHTID OHIID TH

(DD QDN DU (amna4 (m» (I  puesry

sare[eyD SLISWATOd UL Pue (T°H) puesr] 3yl jo (;-ur) spueq paresjuf Juedyusis 'z ATVL

1102 Alenuer $2 ¥€:/T I Ppapeo |uwog



17: 34 24 January 2011

Downl oaded At:

1508 HASSAN, ABD-ALLA, AND HASAN

cm™!) whereas the band for the C=N group at 1620 cm™! shifted to a
lower frequency (17-25 cm™) in all polychelates. This behavior is consis-
tent with the wider delocalization of the electronic charge in the chelate
ring [16]. The IR spectra show that all the chelate polymers possess
coordinated water except for Cu(II). The Ti(1II), Cr(I1I), Fe(I1II), Mn(II),
and Ni(II) chelates exhibit weak bands at ~860 cm™! which are ascribed to
the rocking vibrations of coordinated water [17]. The IR spectra of triva-
lent metal chelated polymers showed a band at 370-345 cm™! which is due
to the M—Cl bond as well as vibrational bands at 515 cm™ which are
assigned to the M— N stretching vibrations. There were other characteris-
tic absorption bands for the rest of the molecules. The infrared spectral
data of the ligand and metal chelates are given in Fig. 2.
Based on what was stated above, the polymeric structures are

0
\
N-.M‘L— N |
1Y RS
cH HP CH OHp
W0 @
L o
—-M4+—N .;M*‘N
\ ’\
75 ]
H20 HZO
L ..n L -n

where M = Ti(Ill), Cr(III), or Fe(1ll) in the left-hand structure, and
M = Mn(I) or Ni(II) in the right-hand structure.

Thermogravimetric analysis of polychelates and their weight loss at
different temperatures are reported in Table 3. The TG curves confirm the
presence of water molecules in all the chelates, except that of Cu(II).
According to the literature (17], water eliminated below 150°C can be
considered as crystalline water, and water eliminated above 150°C may be
due to its coordination to the metal atom in chelates. In our study, the
removal of water from Ni(II) and Mn(II) chelates is complete at nearly
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FIG. 2. IR spectra of the ligand and its polymer complexes.

TABLE 3. Thermogravimetric Analysis of Polychelates

Wt% loss at temperature, °C

Compound 150 200 300 400 500 600 700

Ti-BHPAP 7 10 22 35 60 68 85
Cr-BHPAP 3.5 7 18 30 65 77 80
Fe-BHPAP 4.5 9 25 32 62 77 82
Mn-BHPAP 8 10 20 35 60 72 83
Ni-BHPAP 2.5 9 17.5 30 59 65 84

Cu-BHPAP - 8.5 15 38 55 65 83
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130°C. This water is probably crystalline water. The removal of water
from Ti(III), Cr(I1I), and Fe(III) chelates above 150°C indicates the pres-
ence of coordinated water molecules. Most of the polychelates start to
decompose with a weight loss of from 7 to 10% at 200°C except for
elimination of water molecules. The TG thermograms indicate that the
polychelates decompose in two stages, and that the rate of degradation in
the first stage is fast compared to the second stage. Table 3 indicates that
the thermal stabilities of polycoordinates are in the order of Ni > Cu >
Mn, Cr > Ti > Fe. Moreover, decomposition is complete at about
750°C in all chelates.

Electrical conductivity measurements were made over a wide range of
temperatures (304-404 K). All the polychelates are insulator materials
with values of 107" to 10712 (ochm - cm)™! except the Ni(lI) complex which
has a value of 7.1 x 107% (ohm - ¢cm)!, A typical plot of log o vs 1/T for
Ni(II) chelate is shown in Fig. 3.

For further confirmation of our results, Mdssbauer measurements of
the iron polychelate sample are presented in Fig. 4. The Mossbauer spec-
trum consists of a broad quadrupole doublet with an isomer shift (8) of
0.35 mm/s relative to iron and quadrupole splitting (QS) of 0.7 mm/s
attributed to a high-spin Fe(I1I) species. The broad line indicates that the
Fe nuclei were situated in two sites of slightly different chemical environ-
ment. This is consistent with what has been reported [18]. The aromatic
azomethine linkage is found in syn-anti isomerism.
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