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ABSTRACT

3-Carboxy– 4 – hydroxy acetophenone (CHA) was polycondensed with sodium
hydrosulfide (NaSH) and formaldehyde (F) at CHA : NaSH : F 1:1:1 molar ratio using alcoholic
alkali as catalyst. The resin sample designated as CHAS-F have been characterized by
elemental analysis and IR Spectroscopy, by estimation of its number average molecular
weight (Mn), by measurement of intrinsic viscosity and by TGA. Polymeric metal chelates
of CHAS-F samples with Cu2+, Fe3+, CO2+, Ni2+, UO2

2+ ions have been prepared and
characterised. Ion exchange properties of CHAS-F resin sample for Fe3+, Cu2+ and UO2

2+

metal ions are studied by the applications of the batch equilibration method. This resin has
been used for treatment to effluents of metallurgical industry. A result shows that the heavy
metals can be removed from effluents by using this resin.

Key Words :  Poly (keto-sulfides), IR spectroscopy, Polymeric Chelates,
Ion exchange properties, Ligand

INTRODUCTION

The ketone resins are formed by
condensation of aliphatic ketone and
formaldehyde and find many industrial
applications.1-3 Similarly keto-sulfide resins are
formed by condensation of various ketones with
sodium hydrosulfide and formaldehyde.4-6 It
was thought interesting to utilize this type of
keto sulfide resinification in the synthesis of
polymeric ligands of the type salicylic acid (and
acetyl salicylic acid)–formaldehyde polymer
developed by De Geiso et al.7 and Patel et al.8

For this purpose 3-carboxy-4 hydroxy

actophenone was polycondensed with sodium
hydrosulfide and formaldehyde to obtain
CHAS-F resin of the following structure.

  

COOH

OHCO

CH CH2 S CH2

The structure is assigned on the basis of
the structure of keto sulfide resins prepared
from acetophenone and formaldehyde3.
CHAS-F resin sample was used for the
synthesis and characterization of polymeric
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chelates with Cu2+, Fe3+, CO2+, Ni2+ and UO2
2+

ions and for the study of ion exchanging
properties following the batch equilibration
method.

MATERIAL AND METHODS
 3–Carboxy–4–hydroxy acetophenone

was prepared by Fries reaction of 2–
acetoxybenzoic acid (i.e. aspirin) following the
method reported; m.p. 220°C9. All the other
chemicals used were of chemically pure grade.

Preparation of CHAS-F resin : The
resin CHAS-F was prepared according to the
methods reported for other ketones.3 The
method is follows:

To a solution of 37% aq. formaldehyde
(17.8 ml; 0.2 moles) and freshly prepared NaSH
(5.6 gm; 0.1 moles) in methanol (100 ml.)
3 – carboxy – 4 – hydroxy acetophenone (18.0
gm; 0.1 mole) was added in small amounts with
continuous stirring. The mixture was left for
10 days at room temperature. It was then
heated at 70OC for 6 h. The resulting mixture
was poured in 10% aq. HCl (100 ml). The solid
was filtered, washed with boiling water and was
allowed to dry in air. It was a buff white solid
which did not soften up to 250°C. The yield
was quantitative.

Preparation of sodium salt solution
of CHAS-F resin sample : A solution of 1.0
M NaOH (100 ml.) was added dropwise to a
well-stirred solution of CHAS-F resin sample
of 23.8 g; 0.10 mol in 1:1 (v/v) ethanol-acetone
mixture (700 ml.) at room temperature. During
neutralization some sticky precipitates
appeared, water was added to dissolve these
precipitates. The resulting solution was diluted
to 1 L with water. This stock solution (0.1M)
reagent was used for preparing all polychelates.

Preparation of polymeric chelates of
CHAS-F : To the above mentioned 0.1 M
solution of sodium salt of CHAS-F resin (100 ml.)
at room temperature, the aq. solution containing
adequate amount of metal ion was added with
stirring. For the precipitation of Cu, Co and Ni

chelates the solution used contained slightly
more than 0.005 mol of the metal di acetate,
the amount of solution of ferric nitrate used for
the precipitation of the Fe3+ polychelate
contained slightly more than 0.003 mol of Ferric
nitrate. The pH of resulting solution was found
to be 4.5, 1.8, 6.0, 5.5 and 2.8 during the
formation of Cu, Fe, Co, Ni and UO2 polymeric
chelates respectively. The precipitates of the
polychelates were allowed to settle. The solid
was filtered by decantation, washed with water
and then with ethanol and finally air dried. The
characteristics of these polymeric chelates are
presented in Table.-2.
Measurements :

Elemental Analysis of CHAS-F resin and
its polymeric chelates: Carbon and hydrogen
were microanalyzed by C,H,N analyzer. The
analysis of metal ions in polymeric chelates was
carried out by decomposition of a known
amount of the chelate by mineral acids. The
Metal content of each polymeric chelate was
estimated by the method reported in.10 IR
Spectra of CHAS-F polymer sample and its
polymeric metal chelates were scanned in KBr
with a Perkin-Elmer-IR spectrophotometer.
The solid diffusion spectra of polymeric
chelates were recorded with Beckman DU
Spectrophotometer with solid reflectance
attached using MgO as reference material.

Magnetic susceptibilities of the polymeric
chelates were estimated at room temperature
on Gouy balance using Hg [Co(NCS)

4
] as

calibrant. Molecular susceptibilities were
corrected for diamagnetism of the component
atoms by the use of Pascal’s constants.11

Conductometric titrations of CHAS-F
resin samples were carried out in pyridine
towards standard solution of terta-n-buty1
ammonium hydroxide (TBAH) in pyridine, to
estimate values of Mn following the method
reported.12

Viscometric measurements of the
solutions of resin samples were carried out using
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and Ubbelhode viscometer. The viscosity
functions of the three resin samples were
measured in 2.5 M NaOH solution. The resin
samples dissolved in 2.5 M NaOH solution did
not undergo any change.

This was checked by measuring Mn
of the polymer sample formed on precipitation
from the aq. alkali solution. Thermogravimetry
of the three resins and polymeric metal chelates
was carried out on TGA thermobalance in air
at a heating rate of  10°C/min by thermal
gravimetric analyzer.
Ion-Exchange properties :

The batch equilibration method was
employed for this purpose13,14 to evaluate the
influence of different electrolytes and different
ionic strengths on the metal ion absorption under
equilibrium conditions, the rate of metal uptake
under specified conditions, and the distribution
of metal ion at different pH values. The study
has been carried out as described earlier.13

 RESULTS AND DISCUSSION
Characterization of CHAS-F resins:

The condensation of CHA with NaSH
and formaldehyde is performed on the basis of
earlier report.14 This report indicated that
ketones like acetone, methyl ethyl ketone,
cyclohexanone and acetophenone could
condense with NaSH and formaldehyde and
afford keto sulfide resin.

The CHAS-F resin sample is insoluble
is solution and aq. alkali. Neutral solution of

each of this samples developed a characteristic
colour with Fe3+ ions. The C, H content of
CHAS-F resin shown in Table 1. Results agree
well with those predicted on the basis of the
structure of the repeat unit. Hence, as indicated
earlier 4  the keto sulfide type polycondensation
of CHA aliphatic primary alcohol. The bands
at 863cm-1 and 836 cm-1 are due to isolated
H-atom and two adjacent H-atoms,
respectively. A band at 640 may assigned due
to CH

2
–S–CH

2 
group11. It was observed that

the Mn of CHAS-F resin was found to be 1450
g.mol-1. The intrinsic viscosity of  CHAS-F resin
in 2.5 M. NaOH is 3.0 x 10-2d 1 g-1. It is also
observed that the flow time of resin in 2.5 M
NaOH do not change even after keeping
solution for 24 h.

Examination of the TG thermograms,
the TG curves of the resin sample indicate that
the CHAS-F resin degrades in two steps. The
first step (200 – 300oC) in the degradation of
the above mentioned SA-F type polymer is
attributed to the decarboxylated of the salicylic
acid (SA) units present in the polymer chains.
Accordingly it was concluded that the first step
in the thermal degradation of CHAS-F can be
due to decarboxylation and the subsequent
degradation in the second steps may be random
degradation. The observed values of % wt. loss
due to decarboxylation step agree well with the
calculated values shown in Table-1.

Table 1. Characterization of CHAS-F resin*
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Characterization of polymeric Metal
chelates of CHAS-F:

All the polymeric chelates are insoluble
in common organic solvents. Each of them is
decomposed by mineral acids affording the
parent polymeric ligand. The TGA data reveal
that polymeric chelates are apparently
unaffected when heated up to 300 °C.
Examination of the results of metal analysis of
the polymeric chelates reveals that the metal
to ligand (M:L) ratio is 1:2 for the polychelates
of all the divalent metals and is 1:3 for the
polychelates of Fe3+. The IR spectra of the
polymeric chelates resembled each other in
general shape and relative intensity of bands.
A comparison of the IR spectrum of polymeric
ligand CHAS-F and that of the polymeric
chelate CHAS-F-Cu2+ reveals that the broad
absorption band in the region from 3600-2500
cm-1 in the spectrum of the polymeric ligand is
much less broad in the spectrum of the
polymeric chelate. This indicates the absence
of internal H- bonding due to chelation. This is
also in agreement with observation made by
DeGeiso et al.7 while comparing the IR
spectrum of SA-F resin with those of its
polymeric chelates. It is also observed that the
band at 1668 cm-1 in the IR spectrum of
polymeric ligands which is assigned to  u C=O
of –COOH is shifted to 1600 cm–1 in the IR
spectra of polymeric chelate due to
complexation. However, the band at 1600
cm–1 which has been assigned to  C=O of
–COOH group appears at the same position in
the spectrum of each polychelate. Accordingly
it is inferred that the carbonyl group of –COOH
participated in the chelation with metal ions.
Magnetic moments of polymeric chelates are

given in Table-2. The diffuse electronic
spectrum of the Cu2+ polychelates shows two
broad bands around 13010 and 23008 cm-1. The
first band may be due to a 2T2g2Eg
transition, while the second band may be due
to charge transfer. The first band shows
structures suggesting a distorted octahedral
structure for the Cu2+ polychelate. The higher
value of the magnetic moment of the Cu2+

polychelate supports the same. The Co2+

polychelates give rise to two absorption bands
at 23810 and 19045 cm-1 which can be assigned
to  4T1g 2T 2g, 4T1g  4T1g (P) transitions.
These absorption bands and the eff. value
indicate an octahedral configuration of the Co2+

polychelate. The spectrum of the Fe3+

polychelate comprised two bands at 19000
cm–1 (asymmetry.) and 23000 cm-1. The latter
does not have a very long tail. These bands may be
assigned to 6A1g 4T2g (G) and 6A1g 4A1g
(G) transitions, respectively. The high intensity
of the bands suggests that they may have some
charge transfer character. The magnetic
moment is found to be lower than normal range
in the absence of low temperature moments.
It is difficult to attach any significance to this
as the spectrum of the polychelate of UO2

2+

polychalate is found to be diamagnetic.
The examination of the TG thermograms

of all the polymeric chelates reveals that like
the parent polymer. Each polymeric chelate
degrades in two steps. The rate of
decomposition of the polychelate is higher than
that of the parent polymer. It is also observed
that the polymeric chelate is comparatively less
stable than the parent resin. It seems that metal
ions accelerate decomposition of the polymeric
chelate.9
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Table 2.
Analysis of Polymeric chelates of CHAS-F polymer

B.M.= Bohr Magneton

Results of ion-exchange capacity:
Effect of electrolyte : Examination of

the data presented in Table-3 reveals that the
amount of Cu2+, Fe3+, UO

2
2+ ions taken up by

the polymer sample increases with an increase
in the concentration of nitrate, per chlorate, and

chloride ions. However, in the presence of
sulfate ions the reverse trend is observed.10

Authors also reported that the absorption of
the Fe3+ ion by the SA-F resin increases in the
concentration of the chloride, chlorate, and
nitrate ions but decreases with an increase in
the  concentration of sulfate and acetate ions.

Conc. Adsorpation of m mol x 101 of the metal ion on CHAS-F
Metalion p H Electrolyte               polymerb  with electrolyte

M NaClO4 NaNO3 NaCI Na2SO4

Cu2+ 5.5 1.00 0.56 0.26 0.36 0.26
0.50 0.32 0.26 0.26 0.36
0.10 0.24 0.24 0.24 0.34
0.05 0.23 0.13 0.22 0.36
0.01 0.16 0.12 0.26 0.35

UO
2

2+ 4.0 1.00 0.66 0.58 0.34 0.25
0.50 0.42 0.52 0.30 0.28
0.10 0.32 0.28 0.27 0.33
0.05 0.29 0.23 0.24 0.34
0.01 0.23 0.21 0.23 0.35

Fe3+ 2.75 1.00 0.40 0.32 0.32 0.07
0.50 0.40 0.36 0.26 0.09
0.10 0.32 0.26 0.13 0.10
0.05 0.36 0.24 0.08 0.12
0.01 0.18 0.23 0.04 0.30

avolume of elctrolyte solution = 40 ml., time: 24 h.                volume of metal ion solution = 1 ml.,

 bweight of polymer : 25 mg.                                                       Temperature =  28°C

Table 3.
Evaluation of the influence of different electrolytes in the uptake of metal ions

[Mt(NO3)2] = 0.1 mol.1-1a

    Polymer/ 
polymeric chelate 

Resultant 
pH Colour 

MW of repeat 
unit 

(g/mol) 

ueff 

B.M 
 

Wt. loss (%) at 
various temp.(oC) 

200    300   400   500 
CHAS-F-Co2+ 
CHAS-F-Cu2+ 
CHAS-F-Fe3+ 
CHAS-F-Ni2+ 
CHAS-F-UO2

2+ 
 

6.2 
4.3 
1.9 
5.4 
3.0 

Pink 
Green 
Violet 

Pale green 
Brown 
yellow 

532.93 
537.54 
606.63 
532.93 
637.00 

4.40 
2.20 
5.50 
3.10 

Diamagnetic 

10 
13 
11 
17 
09 

19 
72 
41 
23 
24 

35 
80 
80 
72 
58 

45 
82 
84 
81 
65 
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Rate of metal uptake : Examination
of the data presented in Table-4 reveals that
the time required for reaching the state of
equilibrium under given experimental conditions
depends upon the nature of the metal ion. The

time required to attain the state of equilibrium
and the amount of the metal ion taken up at the
stage of equilibrium increases in the order
Cu2+ > UO

2
2+> Fe3+.

Table 4.
Comparison of the Rates of metal ion Uptakea

Time % Attianament of Equilibrium Stateb

(h) Cu2+ Fe3+ UO2
2+

½ 42 71 38
1 56 80 70
2 69 95 90
3 80 98 98
4 87 98 99
5 93 – –
6 96 – –
7 99 – –

a  [Mt (NO3)2
] : 0.1 mol. 1-1, vol:1 ml, NaNO3 : 1 mol.1-1, vol : 40 ml. temp.: 28o C, wt of polymer

   : 25 mg. at pH = 3
b Related to the amt. of metal ion taken up at the state of equilibrium assumed to be established in
   24 hr. at 100%.

Distribution ratios of metal ions :
Examination of the results shown in Table-5
that the effect of pH on the amount of metal
ions distributed between two phases indicate
that the relative amount of metal ions taken up
by the polymeric material increases with an
increase in the pH of the medium. The

distribution ratios of Cu2+ at pH 5 and of UO2
2+

at pH 4 are comparable. Distribution ratio of
Fe3+ is about 450 at pH 2.5. The lower value
of the distribution ration for Fe3+ ion may be
due to steric restriction the accommodation of
three units around a single metal ion.

Table 5.
Distribution Ratio aKD

Value for metal ionb (ml. g–1)
pH Cu2+ Fe3+ UO2

2+

1.5 – – 275
1.75 – 135 435
2.0 – 180 530
2.5 – 450 605
3.0 135 – –
4.0 255 – –
5.0 590 – –
6.0 2825 – –

a KD
 = meq. of metal ions taken up by 1g. of polymer sample/meq. of metal ions present in 1 ml. of the

solution phase. [Mt (NO3)2] = 0.1mol. 1-1, vol: 1 ml, weight of polymer: 25 mg. NaNO
3
: 1 mol. 1-1, vol: 44

ml.,temp. : 28 °C, time : 24 h (equilibrium state)
b Error + 5%.
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Effect of the nature and size of the bridge
There are reports about the study of

chelation ion-exchange capacity of various
resin based on salicylic acid. The bridge
between two successive acid units in the
polymer chains   are CH2

In the present case the bridge is,

Comparison of the study of ion-exchange
capacity of all these resins reveals that the value
KD for a given metal ion measured under the
same experimental conditions depends on the
size of the polymeric ligand. The manner in
which the KD value changes with pH is also
the same in case of all these resins.
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