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ABSTRACT

2-Hydroxy-4-acryloyloxy acetophenone formaldehyde [HAAF)
macromonomer containing polymerizable vinyl group, prepared by
condensing (1 :1 moi ratio) 3-hydroxy-4-acetyl phenylacrylate with
formaldehyde In the presence of oxalic acid, Is polymerized in methyl ethyl
ketone at 70 °C using benzoyl peroxide as Initiator . Polychelates are
obtained when the DMF solution of PHAAF containing a few drops of
ammonia is treated with the aqueous solution of Cu (11)/Ni (II) . Elemental
analysis of the polychelates indicates a metal-ligand ratio of 1 :2. The IR
spectral data of polychelates indicate that the metals are coordinated
through the oxygen of the Kato group and oxygen of the phenolic-OH group.
The diffuse reflectance spectra and magnetic momenta of polychelates
indicate an octahedral and square planar, respectively . X-ray diffraction
studies reveal a high crystalline nature of polychelates . The Intrinsic viscosity
and the thermal properties of polymer and metal complexes are discussed.
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INTRODUCTION

Recently, synthesis of polymer-metal complexes

	

Tomono et al. [3] reported the radical
has become a field of active research [1] . Voges

	

polymerization of Cu-complex with Schiff base
et al . [2] reported the free radical polymerization

	

ligand containing vinyl group . Free radical
of vinyl monomers containing transition-metal ions .

	

polymerization of methacrylate monomers
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Polymer-Meld Complexes

coordinated to Co (III) complexes was reported by
Osada et al . [4] . Kurimara et al . (5] prepared a
series of pendant-type polymer-metal complexes
having a uniform structure by the substitution
reaction between a polymer ligand and a metal ion,
such as Co (III) or Cr (III) . Dingman et al . [6]
studied the adsorption of metal ions on poly
(ethyleneimine) crosslinkcd with toluene
diisocyanate and reported that the amount of
metal ions adsorbed decreases with an increase in
the degree of crosslinking. Here the synthesis and
characterization of poly (2-hydroxy-4-acryloyloxy
acetophenone formaldehyde) and its Cu (II) and
Ni (II) complexes, are reported.

EXPERIMENTAL

Materials
Benzoyl peroxide (LR, BDH), was recrystallized
from chloroform-methanol mixture . Benzoyl
chloride (BDH, AR) was used without further
purification . Triethylamine (BDH, LR) was
purified by distillation . Dimethylformamide,
chloroform, benzene, ethanol, formaldehyde,
methyl ethyl ketone, toluene acrylic acid and
xylene were purified according to the standard
procedures and distilled before use.

2,4-Dihydroxyacetophenone was prepared as
reported in the literature [7]. Acryloyl chloride was
prepared as reported [8].

Preparation of 2- Hydroxy-4-Acryloyloxy Acetophenone
(HAA)
2,4- Dihydroxyacetophenone (30 .4g) triethylamine
(38 ml), methyl ethyl ketone (200 ml) and
hydroquinone (0.5g) were placed in a three necked
flask equipped with a stirrer, thermometer and
separating funnel, and the contents were cooled to
0 to -5 °C . The acryloyl chloride (12.4 ml in 25 ml
of methyl ethyl ketone) was added dropwise with
constant stirring and cooling. The reaction mixture
was then stirred for another two hours at room
temperature and the quarternary ammonium salt
was filtered off. The filtrate was thoroughly washed
with distilled water, dried over anhydrous sodium
sulphate and methyl ethyl ketonewas evaporated .

The crude 2-hydroxy-4-acryloyloxy acetophenone
was recrystallized from petroleum ether (m .p
57-59°C) . The IR and 'H-NMR spectra were
consistent with the assigned structure.

Preparation of (2-Hydroxy-4-Acryloyloxy Acetophenone
Formaldehyde)-HAAF Macromonomer
A mixture of 1 :1 .1 2-hydroxy-4-acryloyloxy
acetophenone and 37% formalin solution, 1g of
hydroquinone and 3% (W/W) of oxalic acid were
placed in a reaction tube, sealed and put in an oil
bath at 100 °C for 24 hours. The tube was then
cooled to room temperature, desealed and water
was decanted . The solid remaining in the tube
dissolved in dimethylformamide and the resulting
solution was added dropwise to large excess of
10% aqueous sodium chloride solution with
constant stirring . The red orange resin that
separated out was filtered, washed several times
with distilled water until free of chloride ion and
dried at 60 °C.

Polymerization
Appropriate amounts of 2-hydroxy-4-acryloyloxy
acetophenone formaldehyde (HAAF), methyl ethyl
ketone and benzoylperoxidc (BPO) were placed in
a standard reaction tube (100 ml) and deaerated by
passing oxygen free nitrogen gas for half an hour.
The reaction tube was closed and kept in a
thermostat at 70+ PC for an hour . Then the
contents were added to a large excess of methanol.
The precipitated PHAAF was filtered, washed with
methanol and purified by dissolving in dimethyl-
formamide and reprecipitating by the addition of
methanol . The purified polymer was dried under
reduced pressure at 50 °C for constant weight.

Preparation of Poly (HAAF)-Metal Complexes
Poly (HAAF) (4.16g, 0.02 mol of repeat unit) was
dissolved in 100 ml of dimethylformamide and the
pH of the solution was adjusted to 7 with dilute
NH 4 OH . Then an aqueous Cu (II) or Ni (II)
acetate solution (0 .01 mol) was added dropwise to
the polymer solution with constant stirring. The
mixture was then digested in a water bath for two
hours and kept overnight at room temperature.
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The separated polymer-metal complex was filtered,
washed with hot distilled water and ethanol,
respectively, and dried at 60 °C under vacuum.

Spectral Measurements
IR spectra of the polymer and metal complexes
were recorded with a Perkin-EImer Spectrometer
782 G on solid samples as KBr pellets . 'H-NMR
spectra were run on Hitachi-R 600 90 MHz NMR
Spectrometer . Spectra were recorded at room
temperature for 20-25% (WN) solutions in actone
-d 6. TMS was the internal reference.

The magnetic moments were measured using
Gouy method and corrected for the diamagnetism
of the component atoms using Pascal's constant.

The elemental analysis of HAAF, poly
(HAAF) and the polychelates were carried out
using Heraeus Carbon-Hydrogen analyzer . The
amount of copper and nickel present in the
polymer-metal complexes was estimated using
titrimetric procedures after decomposing the
polymers,

The viscosity measurements were made in
dimethylformamide at 30 °C with an ubbelohde
suspended viscometer .

The molecular weights (% and Mn) of poly
(HAAF) were determined by gel permeation
chromatography (Waters 501 equipped with a RI
detector and calibrated with polystyrene standards.

Thermal Study
Thermogravimetric analysis curves were obtained
with Metter TA3000 thermobalance . Samples
(5 mg) were used at a heating rate of 15 'C min' in
air .

The glass transition temperatures of poly
(HAAF) and the metal complexes were
determined by differential scanning calorimetry
with a Du Pont 900 thermal analyzer at a heating
rate of 10 'C min. ' in air.

RESULTS AND DISCUSSION

2-Hydroxy-4-acryloyloxy acetophenone was
prepared according to Scheme 1.

HAAF-macromonomer containing a poly-
merizable vinyl group was prepared by condensing
HAA with formaldehyde in the presence of oxalic
acid . M e, Mw of HAAF are 0.99 x 104 and 1 .52 x
10° .

CHZ =CH
C=0

H 3C-C=O

+ CHZ =CH
OH

	

I

	

Et3N
C MEK --}
Cl

01

H;C-C=O

OH

OH

Scheme 1

CHZ -CH

6=O

I + HCHO QOxalic, 1 0 °C'
HQ, 100 °C

H 3 C-C=O

II
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HAAF macromonomer was polymerized in
DMF at 70 °C using benzoyl peroxide as a tree
radical initiator.

II

	

BPO

	

[CH 2-CHL
70°C '	I

CoO

CHO

OH

Polymer-metal complexes were obtained
when the DMF solution of poly (HAAF) was
treated with the aqueous solutions of metals Cu
(II) and Ni (H) in the presence of a few drops of
ammonia . The polychelates were insoluble in
common organic solvents but moderately soluble in
dimethylformamide . The elemental analysis data
for poly (HAAF) and metal complexes are
presented in Table 1 . The elemental analysis data
suggested a metal to polymer by ratio of 1 : 2.

The IR spectrum of poly (HAAF) (Figure 1)
shows a medium broad band that extends from
2800 to 3600 cm- I , which is assigned to the
overlapping peaks due to aliphatic C-H stretch
(<3000 cm• 1 ), aromatic C-H stretch (>3010 cur l )
and intramolecular and intermolecular hydrogen
bonded phenolic 0-H stretch (-- 3100 - 3600 cm . ')
[9] . But this broad peak is found disappeared in

V U

3500

	

1900 1500

	

11TH] 700
Wavenumber (cm'')

Fig.l . IR spectrum of poly (HAAF).

the spectra of polychelates leaving behind the
sharp peaks for aliphatic and aromatic C-H
stretching vibrations . So there is a loss of phenolic-
OH hydrogen on coordination with the metal
ions[10] . Ni (II) polychelates show a strong band at
higher frequency region (3500 cm-l ) and this band
remains even when the polymer-metal complex was
heated up to 150 °C . This suggests the coordination
of H2O molecules to Ni (II).

Poly (HAAF) displays strong bands at 1725
and 1620 cm - ' which maybe assigned to CO=of
ester and ketonic groups, respectively . In the
spectra of polychelates, the band at 1620 cm-' shifts
to lower frequency, thus indicating the
coordination through oxygen of the kctp group
[11-13] . The medium intense band at 1100 cm-' in
the spectrum of poly (HAAF) may he assigned to
C-O vibration of hydrogen bonded ring system of
the ligand [14]. On coordination, this hand does
show a small positive shift, indicating involvement

H3C-C=O

H2 C

8
aE
cC

Table 1 . Elemental analysis data of HAAF, poly (HAAF) and polymer-metal complexes.

Compound

	

Empirical
formula

%Calculated
Cu/Ni C

% Found
H 0 Cu/NiC H 0

HAAF

	

C 13H ,20 4 67 .24 5 .17 27 .59 67.02 5.75 27 .33
Poly (HAAF)

	

C13H120e 67 .24 5 .17 27 .59 66.98 5 .56 27 .46
Poly (HAAF)
Cu (II) Complex ( C,3H 110d)xCu 60 .00 4.23 24 .62 11 .15 60 .13 4.17 24 .73 10.97

Poly (HAAF)
4.69 28 .88 10.12 56 .24 4 .55 29 .01 9 .20Ni (II)Complex (C 13H 11 0 4),Ni(H20)y 56 .31

Calculated percentage of C.n,O, Cu and Ni for polymer-moral complexes is based on the value of x=y=2. Found x=2.02; y=201
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Table 2. IR spectral data (cm- 1 ) of poly (HAAF) and polychelates.

C=C -OH

	

C-O-C

	

C-O
Stretch Stretch

	

Stretching Stretch
(Phenolic) of Phenolic ester

-OH
Poly(HAAF)

	

1725 1620 1595 3250 1100 1365 1420 730 980
(m) (s) (m) (b) (w) (w) (m)

PHAAF-Cu(II) 1730 1610 1595 1110 1360 1420 730 990
(s) (s) (m) (w) (m)

PHAAF-Ni(II) 1730 1615 1595 3400 1110 1360 1420 735 985
(s) (s) (m) (b) (w ) ( m)

b=broad, m=median, s=strong o weak.

C=0
Sample

	

Ester Ketone -CH 2

	

-CH

	

-CH3
Stretch

	

Stretch Bending

8.0

	

7.0 6. 3.0

	

2.0

	

1 .0
PP m b

Fig.2 . NMR spectrum of poly (HAAF).

of oxygen of phenolic C-O in bonding with metal
ion [15,16] . The other absorptions observed are
presented in Table 2.

The 'H-NMR spectrum (Figure 2) of
HAAF- macromonomer is characterized by a
muhiplet at 7 .95 ppm which may be assigned to the
proton of Ar-OH . The signals at 6 .75-7.6 ppm were
due to the aromatic protons [17,181 . The -CH 2
protons of polymer appeared at 1 .95 ppm. The
CH 3 C=O protons signals of HAAF were observed
at 1 .35 ppm . The resonance signals at 1 .85 and
2 .2 ppm may he assigned, respectively, to
methylene and methine protons . Since the
polychelates are insoluble in common organic
solvents, the' H-NMR spectra of the polychelates
are not reported . Viscometric results are presented
in Figure 3 . The intrinsic viscosity (i) was obtained

0.2 0.4 0.6

	

0 .8 1 .0

Fig .3 . q,pie - C plot for the determination of
intrinsic viscosity of poly (HAAF).

by extrapolating i 1e to zero concentration . The
intrinsic viscosity of poly (HAAF) was determined
to be 0.33 dl.lg.

The number average molecular weight (M a )
and weight average molecular weight (Mw) of poly
(HAAF) were determined by gel permeation
chromatography using tetrahydrofuran . M R =-

1 .72 x 104 , Mw = 2.87 x 10 4 . The polydispersing
index (MwIM,,) for poly (HAAF) is 1 .67 . The
theoretical value of Mw1M, for poly (HAAF)
suggests a strong tendency for chain termination by
radical recombination.

1 .2

1 .0

0.8

0.6

0 .4

0 .2 .
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Fig.4. TGA and DTG curves of poly (HAAF) (a),
poly (HAAF) - Cu (II) - chelates (b) and poly
(HAAF) - Ni (II) - chelates (c).

The diffuse reflectance spectrum of Cu (II)
polymeric chelates contains two bands, one at
15 090 cm-' and the second at 23 724 cm-', which
may be assigned to d-d transition corresponding to
the 2Eg ..---- .T25 transition and to a symmetry
forbidden ligand - metal charge transfer band
[19-22] . In the electronic spectra, the Ni (II)
chelate polymers are characterized by three bands
at 12 325 cm'', 13 867 cm-' and 16 832 cm -' which

may be assigned to 3 A2g (F)	 , '' T25 (F),
3A2g (F)	 .3Tlg (F) and 3A25 (F)	 n ;T~g ( P )
transitions respectively . Generally octahedral spin-
free nickel complexes exhibit three bands in their
electronic spectra 123-251.

Cu (II) - polychelates has a magnetic
moment of 1 .70 BM indicating square planar
configuration . The magnetic moment of 3 .13 BM
and the paramagnetic behaviour of Ni (II) -
complexes suggest distorted octahedral geometry
for Ni (II) - polychelates [26,27].

X-ray diffraction studies have shown that
poly (HAAF) is amorphous, whereas its
polychelates possess a good crystalline nature . The
crystallinity in polychelates may not be due to any
ordering in poly (HAAF) induced during metal
chelates anchoring, more so, since anchoring, of
metals to poly (HAAF) would imply interchain
crosslinking between poly (HAAF) chains, which
should further reduce, rather than enhance, any
such ordering . The appearance of crystallinity in
poly (HAAF) - metal complexes may be due to the
inherent crystalline nature of the metallic
compounds.

The TGA and DTG data for poly (HAAF)
and polychelates are presented in Table 3 and in
Figure 4 (a), (b) and (c), respectively . The thermal
analytical data indicates that all the polychelates
have a 96% weight loss . The Cu (II) and chelatcs
are somewhat more stable than Ni (II) chelates.

The glass transition temperature of polymer
and polymer metal complexes was determined by
DSC 132, 182 and 175°C for poly (HAAF), poly
(HAAF) - Cu (II) and poly (HAAF) - Ni (II),
respectively.

Table 3. Thermogravimetric data of poly (HAAF) and its metal chelates.

Sample Weight % loss at temperature
200 300 400 500 600 700

Poly (HAAF) 2.50 15.79 51 .32 81 .76 96.57 98.03
Poly (HAAF)-
Cu (II) 3 .62 28 .41 41 .47 76 .18 90 .48 95 .04
Poly (HAAF)-
Ni (II) 4.71 64 .32 86 .67 96.01 96 .53 97 .32
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From IR, 1 H-NMR, electronic spectra
viscometric results magnetic moments, elemental
analysis, thermal study and the structure of poly
(HAAF), it appears that the chelation of metal
ions may possibly be occurring between two groups
from different polymeric chains as shown below

On reduction of keto group by NaBH 4, the
polymer failed to form complexes which confirms
the coordination through the oxygen of keto group
and oxygen of phenolic-OH group.

Poly (HAAF) - Cu (H) and poly (HAAF) -
Ni (II) are found to catalyze the ester hydrolysis

and oxidation of phenol and also initiate the
polymerization of N-vinyl pyrrolidone . The
catalytic activity of the polychelates may be
explained by the formation of an intermediate
substrate - polychclate complex and subsequent
reaction leading to products.
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