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Abstract: The terpolymer resin 2, 4-HABF-IV has been synthesized by the condensation of 2, 4-
dihydroxyacetophenone (2, 4-HA) and biuret (B) with formaldehyde (F) in 4:1:5 molar ratios in presence of 2M
hydrochloric acid as catalyst. UV-Visible, IR and proton NMR spectral studies have been carried out to
elucidate the structure of the resin. A terpolymer (2, 4-HABF-IV) proved to be a selective chelating ion exchange
polymer for certain metals. Chelating ion-exchange properties of this polymer were studied for Fe , Cu , Ni ,3+ 2+ 2+

Co ,  Zn ,  Cd  and  Pb  ions. A batch equilibrium method was employed in the study of the selectivity of2+ 2+ 2+ 2+

metal  ion  uptake.  The  study  was  carried out over a wide pH range and in media of various ionic strengths.
The polymer showed highest selectivity for Fe , Cu  ions than for Ni , Co , Zn , Cd  and Pb  ions. Study3+ 2+ 2+ 2+ 2+ 2+ 2+

of distribution ratio as a formation of pH indicates that the amount of metal ion taken by resin is increases with
the increasing pH of the medium.
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INTRODUCTION tetraazocyclotridecane (cyclam) and with an AIBN

Chelation ion-exchange properties and thermal containing polymer in bulk structure was removed from
properties of copolymer resins derived from oxamide, the  suspension  by filtration after washing and drying.
melamine, p-cresol and formaldehyde reported [1]. Resin The polymeric materials were used for transition metal ion
functionalized with dithiooxamide is found to be chelation adsorption and desorption of selected ions Cu (II), Ni (II),
ion exchangers [2]. Many copolymers with reactive Co (II), Cd (II) and Pb (II) from aqueous media containing
groups are now being synthesized, tested and used not different amounts of these metal ions at different pH
only for the macromolecular properties but also for the values. The adsorption rates were high and the
properties of functional groups. These functional groups adsorption equilibrium was reached in about 30 min. The
provide an approach to a subsequent modification of the affinity order of the transition metal ions was Cu (II) > Ni
copolymers for specific end application [3]. In recent (II) > Co (II) > Cd (II) >  Pb for competitive adsorption.
years, some comprehensive work has been published on The chelating ion-exchange properties of 8-HQMF [7]
functional monomers and their copolymers [4]. The were studied for Cu , Ni , Co , Zn , Cd , Fe  and Pb
interaction of heavy metal [5] ions and chelating ion- ions. A batch equilibrium method was used to study the
exchange resin containing 8-hydroxyquinoline (8-HQ), selectivity of metal ion uptake by measuring the
The resin has good selectivity to exchangeable distribution of a metal ion between the resin sample and
adsorption of heavy metal ions indicating Cu (II), Hg (II), solution containing the metal ion. The study was carried
Pb (II) and Mg (II) under pH 5.0 and also suggested that out at different pH ranges and in medium of different ionic
the chelating ion-exchange resin containing 8-HQ could strengths. The copolymer showed higher selectivity for
be used to enrich heavy metals in water and their analysis. Fe (III), Cu (II) and Ni (II) ions than Co (II), Zn (II), Cd (II)
Salih Bekir [6] has prepared modified 1,4,8,11- and Pb (II) ions. A chelating terpolymer resin synthesized

initiator polymerized the modified cyclam. Cyclam
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using an eco-friendly technique and reported its good Elemental Vario EL III Carlo Erba 1108 Elemental Analyzers
binding capacity for Ba  and Zn  ions [8]. The chelating at Sophisticated Analytical Instrumentation Facility,2+ 2+

ability of the resin synthesized by a microwave irradiation Punjab University, Chandigarh. The number average
technique by involving salicylic acid and formaldehyde molecular weights ( ) were determined by
[9]. conductometric titration in DMF using ethanolic KOH as

The present study deals with synthesis and an the titrant. The molecular weight ( ) of the terpolymer
application of chelating ion-exchange property of the 2, 4- resin was determined by non-aqueous conductometric
HABF-IV copolymer resin and functional polymers is their titration in DMF against ethanolic KOH by using 25 mg.
capability to recover metal ions from waste solutions. of sample. Electronic absorption spectra of the

MATERIALS AND METHODS Lambda 15 spectrophotometer. Infrared spectra of 2, 4-

Materials: The chemicals 2, 4-dihydroxyacetophenone, spectrophotometer in KBr pallets in the wave number
biuret and formaldehyde (37 %) used are of analytical region of 4000-400 cm at SAIF Punjab University,
grade and chemically pure which is purchased from Chandigarh. H-NMR spectra were recorded on Bruker
Merck, India. Advance-II 400 MHz proton NMR spectrometer DMSO-d

Synthesis of 2, 4-HABF Terpolymer Resin: The 2, 4- Instrumentation Facility, Punjab University, Chandigarh.
HABF-IV terpolymer was prepared by condensing 2, 4-
dihydroxyacetophenone (6.084 gm, 0.04 mol) and biuret Ion-Exchange Properties: The ion-exchange properties of
(1.3 gm,  0.01 mol)  with formaldehyde (18.75 ml, 0.05 mol) the 2, 4-HABF terpolymer resins were determined by the
in the presence of 2M HCl as a catalyst at 126 ± 2°C in an batch equilibrium method [8]. The ion-exchange properties
oil bath for 4 hrs [10, 4]. The cream colored solid product of all the four resins have been studied. However, only
was washed with hot water and ether to remove unreacted the data for the 2, 4-HABF-IV terpolymer resins have been
starting materials and acid monomers. The properly presented in this report.
washed resin was dried, powdered and then extracted with
diethyl ether and then with petroleum ether to remove 2, Determination of Metal Uptake in the Presence of
4-dihydroxyacetophenone-formaldehyde copolymer Various Electrolytes and Different Concentrations: The
which might be present along with the 2, 4-HABF-IV terpolymer sample (25 mg) was suspended in an
terpolymer. It was further purified by dissolving in 10 % electrolyte  solution  (25 ml)  of   known  concentration.
NaOH and then filtered. The terpolymer was then The pH of suspension was adjusted to the required value
reprecipitated  by  dropwise  addition  of 1:1 (v/v) conc. by using either 0.1M HNO  or 0.1 M NaOH. The
HCl / water with constant stirring and filtered. The suspension was stirred for a period of 24 h at 25°C. To
process was repeated thrice. The resulting polymer this suspension 2 ml of a 0.1 M solution of the metal ion
sample was washed with boiling water and dried in a was added and the pH was adjusted to the required value.
vacuum at room temperature. The purified terpolymer The mixture was again stirred at 25°C for 24 h and filtered
wash finely ground to pass through 300 mesh size sieve [11]. The terpolymer was washed and the filtrate and
and kept in a vacuum over silica gel. The yield of the washings were combined and estimated for the metal ion
terpolymer was found to be about 84%. content by titration against standard ethylene

Characterization: The terpolymer resins were subject to carried out in the same manner without adding the
micro   analysis  for  carbon,  hydrogen  and   nitrogen  on polymer  sample.  The  blank  was  again  estimated for the

terpolymers in DMSO were recorded on Perkin-Elmer

HABF terpolymers were recorded on Perkin-Elmer 983

1

1

6

was used as a solvents at Sophisticated Analytical

3

diaminetetraacetic acid. A blank experiment was also

Fig. 1: Most probable structures of 2, 4-HABF-IV terpolymer
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Table 1: Evaluation of the effect of different electrolytes on the uptake of several metal ionsa

Weight of metal ion (mg) taken up in the presence of
-----------------------------------------------------------------------------------------------------------------------

Metal ion Electrolyte (mol l ) pH NaNO NaCl NaClO Na SO1
3 4 2 4

Zn 0.01 5.5 2.82 4.15 3.69 2.662+

0.05 2.68 3.81 3.39 2.28
0.10 2.37 1.99 2.91 2.18
0.50 2.15 1.70 2.19 1.88
1.00 1.69 1.48 1.89 1.83

Cd 0.01 5.5 2.68 2.99 2.70 2.982+

0.05 2.45 2.75 2.38 2.58
0.10 2.43 2.51 2.18 2.18
0.50 1.96 2.20 1.77 1.69
1.00 1.72 1.85 1.61 1.56

Pb 0.01 5.5 3.01 2.82 2.31 -2+

0.05 2.89 2.68 2.18 -
0.10 2.78 2.49 1.78 -
0.50 2.38 2.19 1.68 -
1.00 1.99 1.93 1.51 -

Fe 0.01 2.5 2.39 1.56 2.41 3.823+

0.05 2.91 2.18 3.36 2.77
0.10 3.19 2.89 3.61 2.71
0.50 3.42 3.39 3.97 2.18
1.00 3.85 4.19 4.32 1.63

Cu 0.01 5.0 2.18 2.49 2.99 4.722+

0.05 2.81 3.38 3.51 3.99
0.10 2.38 3.98 3.88 3.23
0.50 3.51 4.58 4.41 2.39
1.00 4.72 4.78 5.78 1.47

Ni 0.01 5.5 2.39 2.51 3.32 4.212+

0.05 3.27 2.98 3.48 3.68
0.10 3.98 3.78 3.78 2.89
0.50 4.78 4.27 3.98 2.23
1.00 5.89 4.88 4.81 1.56

Co 0.01 5.5 2.81 3.19 3.16 3.182+

0.05 2.51 2.46 2.68 2.58
0.10 2.31 2.38 2.38 2.29
0.50 1.32 2.22 2.18 1.78
1.00 1.19 1.82 1.68 1.56

Mt (NO ) =0.1 mol l ; volume, 2ml; volume of electrolyte solution, 25 ml, weight of resin, 25 mg; time, 24 h; room temperature3 2
1

Table 2: Composition of the rates of metal (M) ion uptakea

Percentage of metal ion uptake  at different times (h)b

------------------------------------------------------------------------------------------------------------------------------------------------
Metal ion pH 1 2 3 4 5 6 7

Zn 5.5 52 64 74 89 98 - -2+

Cd 5.5 37 52 64 72 88 95 -2+

Pb 5.5 34 47 61 69 91 97 -2+

Fe 2.5 83 96 99 - - - -3+

Cu 5.0 62 69 81 96 99 - -2+

Ni 5.5 53 66 82 96 99 - -2+

Co 5.5 49 66 79 95 96 - -2+

 Mt (NO ) =0.1 mol l ; volume, 2 ml; NaNO =1 mol l ; volume, 25 ml; room temperaturea 1 1
3 2 3
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Table 3: Distribution ratio D  of different metal ions as a function of the pHa b

Distribution ratio of the metal ion at different pH
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Metal ion 1.5 1.75 2.0 2.5 3.0 3.5 4.0 5.0 6.0 6.5
Zn - - - 56.2 75.3 96.1 182.1 375.1 515.2 522.02+

Cd - - - - 49.2 54.2 69.2 89.3 471.8 561.82+

Pb - - - 51.2 72.1 82.3 137.2 351.8 442.1 479.12+

Fe 41.3 248.3 422.2 538.2 - - - - - -3+

Cu - - - 86.3 144.2 314.2 595.3 1501.1 1812.1 1981.32+

Ni - - - 64.3 125.2 291.3 578.2 678.3 1368.2 1479.22+

Co - - - 44.2 81.3 158.2 359.2 415.5 518.2 541.32+

Mt (NO ) = 0.1 mol l ; volume, 2ml; NaNO =1 mol l ; volume, 25 ml; room temperature; time, 24 h (equilibrium state)b 1 1
3 2 3

metal ion content. The amount of metal ion taken up by DMSO, THF and conc. H SO . Analytical data for
the polymer in the presence of the given electrolyte of C H O N  as per numerical calculations and
known concentrations results from the difference between experimental evidence are mentioned below respectively.
the blank reading and the reading in the actual experiment. Theoretically calculated C=60.54%, H=4.78% and
The experiment was repeated in the presence of several N=5.43%. Experimentally found C=59.06%, H=4.17% and
electrolytes. The results with seven different metal ions N=5.47%. Decomposition temperature of the polymer was
are reported in Table 1. found to be above 495 K.

Evaluation of the Rate of Metal Uptake: In order to was determined by non- aqueous conductometric titration
estimate the time required to reach the state of equilibrium in DMF against ethanolic KOH by using 50 mg of sample.
under the given experimental conditions, a series of A plot of the specific conductance against the
experiments of the type described above were carried out, milliequivalents of potassium hydroxide required for
in which the metal ion up taken by the chelating resins neutralization of 100 g of terpolymer was made. Inspection
was  estimated  from  time  to  time at 25°C (in presence of of such a plot revealed that there were many breaks in the
25 ml of 1M NaNO  solution). It was assumed that under plot. From this plot the first break at 392 milliequivalent of3

the given conditions, the state of equilibrium was base and the last break at 1456 milliequivalent of base
established within 24 h. The rate of metal uptake is were noted. The calculation of  by this method is
expressed as percentage of the amount of metal ions taken based on the following consideration [12], (1) the first
up after certain time related to that in the state of break corresponds to neutralization of the more acidic
equilibrium (Table 2). phenolic hydroxy group of all the repeating units; and (2)

Evaluation of the Distribution of the Metal Ions at increase is observed represents the stage at which
Different pH: The distribution of each one of the seven phenolic hydroxy group of all the repeating units are
metal ions i.e. Fe , Cu , Co , Zn  Cd , Pb  and Ni neutralized. On the basis of the average degree of3+ 2+ 2+ 2+ +2 +2 2+

between the polymer phase and the aqueous phase was polymerization,  is given by the following relation, is
estimated at 25°C and in the presence of a 1 M NaNO found to be 3.71. On the basis of the average degree of3

solution. The experiments were carried out as described polymerization,  is given by the following relation: 
above at different pH values. The results are presented in = (Total meq. of base required for complete neutralization)
Table 3. The distribution ratio ‘D’ is defined by the / (meq. Of base required for smallest interval). The number
following relationship: D = Weight (mg) of metal ions average molecular weight  is 1035 as obtained by
taken up by 1 g of terpolymer / Weight (mg) of metal ions multiplying the  by the formula weight of the repeating
present in 1 ml of solution. unit [2].

RESULTS AND DISCUSSION samples in pure DMF were recorded in the region 190-700

The newly synthesized purified 2, 4-HABF-IV resin of 5 cm min . The perusal of the UV-Visible spectra of
was found to be cream in colour and soluble in DMF, terpolymers showed almost similar nature. The spectra of

2 4

39 37 14 3

The molecular weight ( ) of the terpolymer resin

the last break in the plot beyond which a continuous

The UV-Visible spectra of 2, 4-HABF-IV terpolymer

nm at a scanning rate of 100 nm min  and at a chart speed1

1
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these terpolymers exhibit two absorption maxima in the metal-resin interactions. Examination of the data given in
region 280 nm and 304 nm. These observed positions of Table 1 reveals that the amount of Fe , Cu  and Ni  ions
the absorption bands indicate the presence of carbonyl taken up by the 2, 4-HABF-IV terpolymer sample
group (ketonic) having a carbon-oxygen double bond increases with increasing concentrations of ClO , NO
which  is in  conjugation  with  the   aromatic  nucleus. and Cl   and decreases with increasing concentrations of,
The appearance of former band (more intense) can be SO  whereas the uptake of Co , Zn , Pb  and Cd  ions
accounted for * transition while the later bond (less by above terpolymer increases with decreasing
intense) may be due to n * electronic transition. The concentrations of ClO , NO Cl  and SO . This may be
shift from the basic value (viz. 240 nm and 320 nm explained in terms of the stability constants of the
respectively) may be due to conjugation effect and complexes which Cu , Ni , Co , Cd , Zn , Fe  and Pb
presence of phenolic hydroxy group (auxochromes) is ions form with these anions . SO might form rather
responsible for hyperchromic effect i.e.  higher values strong complexes with Fe , Cu  and Ni  ions, while ClO ,max

[10]. NO  and Cl  might form weak complexes and, therefore,
From the IR spectral studies it has been revealed that might not be expected to influence the position of the

a broad band appearing in the region 3415-3361 cm  to Fe , Cu  and Ni  chelates equilibrium as much as SO .1

the stretching vibration of phenolic -OH group.  The ClO , NO Cl  and SO  might form rather strong chelates19,30,31

sharp band displayed at 1627 cm  may be on account of with Co , Zn , Pb  and Cd  and, therefore, might be1

the stretching vibrations of carbonyl group (>C=O) of expected to influence the position of the Co , Zn , Pb
biuret moiety [13]. Presence of >NH has been indicated by and Cd  chelates equilibrium. This type of trend has also
the medium band at 2365-2363 cm  which is merged with been observed by other investigators in this field [17].1

broad intense peak due to hydroxyl group.  The spectra18,20

show bands at 800.2-800, 1373-1372, 1438-1432 cm  which Rate of Metal Uptake: The rate of metal adsorption was1

may be ascribed to methylene groups. The sharp peak at determined to find out the shortest period of time for19

1520-1510 cm  may be due to breathing modes of which equilibrium could be carried out while operating as1

aromatic skeletal ring. 1, 2, 3, 4, 5- penta substitution are close to equilibrium conditions as possible. Table 2 shows
indicated by the peaks at 994-990, 1094-1090, 1198-1189, the dependence of the rates of metal ion uptake on the
1283-1279 and 1373-1330 cm  [14]. nature of the metal. Fe  ion required almost 3 h for the1

The NMR spectrum of terpolymer was scanned in establishment of equilibrium, while Cu , Ni , Co  and
DMSO-d . From the spectra it is reveal that 2, 4-HABF-IV Zn  ions required about 5 h for equilibrium. Cd  and Pb6

terpolymer gave rise to different patterns of H NMR ions required almost 6 h for equilibrium. The rate of metal1

spectra. uptake follows the order Fe  > Cu , Ni , Co , Zn  > Cd
2,  4-HABF-IV  exhibit  singlet  signal  in  the  region and Pb .

 2.3-2.7 ppm which are due to methylene protons of the
Ar-CH -Ar bridges [15]. The weak multiplate signal Distribution Ratios of Metal Ions at Different pH: The2

(unsymmetrical  proton)  in the region  7.4-7.7 ppm are effect of pH on the amount of metal ions distributed
due  to aromatic  protons. The methylenic proton of the between two phase can be explained by the results shown
Ar-CH -N moity may be recognized as signal appearing in in Table 3. The results indicate that the relative amount of2

the region  3.3-3.4 ppm [16]. The signal in the  region metal ions taken up by the terpolymer increases with
5.1-5.4 ppm  are  attributed  to  the  protons of -NH- increasing pH of the medium. The study was carried out
bridges. The methyl proton of the Ar-CO-CH  moiety may up to a definite pH value for the particular metal ion to3

be  identified  by  the  intense  peak  at    4.3-4.5  ppm. prevent  hydrolysis  of  the  metal  ions  at   higher  pH.
The signal in the range of  8.9-9.0 ppm is attributed to The Fe  ion is taken up more selectively than any other
phenolic hydroxy proton. This significant downfield metal ions under study. Zn and Pb ions have a low
chemical shift of the protons of the phenolic OH group distribution ratio in the range of pH 4-6. This could be
clearly indicates intramolecular hydrogen bonding of OH attributed to the low stability constant, i.e. weak ligand
with the carbonyl group present at the adjacent ortho stabilization energy, of the metal complexes [18]. The
position [9]. possible order of selectivity of a cation exchange resin for

Effect of Electrolytes on Metal Uptake: We examined the the present study the observed order of distribution ratios
influence of ClO , NO Cl  and SO  at various of divalent ions was found to be Cu  > Ni  > Co  > Zn4 3 , 4

- - - 2-

concentrations  on  the  position of the equilibrium of > Pb  > Cd , which well with that reported. The results of

3+ 2+ 2+

4 3
- -

-

4
2- 2+ 2+ 2+ 2+

4 3 , 4
- - - 2-
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divalent metal ions is : Cu > Ni > Co > Zn > Cd > Fe. In27
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this study are helpful in selecting the optimum pH for the 3. Atia, A.A., A.M. Donia and K.Z. Elwakeel, 2005.
selective uptake of a metal ion from a mixture of different Selective separation of mercury (II) using synthetic
ions. For example, for the separation of Cu  and Fe  ions resin containing amine and mercaptan as chelating2+ 3+

the optimum pH is 2.5, at which the distribution ratio D for groups. React. Funct. Polym., 65: 267.
Cu  is 68.2 and that for Fe  is 523.2. 4. Nabi, S., A. Alim, A. Islam and M. Amjad, 2005.2+ 3+

In order to asses the potential for separation of metal Column chromatographic of metal ions on 1-(2-
ions such as Fe  from other metal ions the following pyridylazo) -2-naphthol modified amberlite IR 203+

combinations of metal solutions were prepared: (1) Fe resin. J. Appl. Polym. Sci., 18: 2463.3+

and Cu , (2) Fe  and Ni , (3) Fe  and Co  and (4) Fe 5. Liu, X., D. Zhu and D. Chang, 2000. Interaction of2+ 3+ 2+ 3+ 2+ 3+

and Zn . The solutions for separation were prepared by heavy metal ion and chelating ion exchange resin2+

mixing 1 ml of 1.0 M solution of Fe  with 1 ml of 1.0 M containing 8-hydroxyquinoline. Huazhong Nongye3+

solution of Cu , Ni , Co  or Zn . Selective uptake of the Daxue Xuebao, 19, 15; Chem. Abstr., 133: 34740w.2+ 2+ 2+ 2+

metal ions was studied by adjusting the optimum pH of 6. Bekir, S., 2002. Synthesis of 1,4,8,11-
2.5. The lowering in the distribution ratios of Fe is found tetraazacyclotetradecane monomer by addition of3+

to be small and, hence, efficient separation could be acryloyl chloride and its polymer for specific
achieved. A similar trend has also been observed by transition   metal    binding.   J.   Appl.   Polym.  Sci.,
earlier investigators [19]. 83: 1406; Chem. Abstr., 136: 217085t.

CONCLUSIONS characterization and chelation ion-exchange

A terpolymer 2, 4-HABF-IV based on the dihydroxy benzoic acid, ethylene diamine and
condensation reaction of 2, 4-dihydroxyacetophenone formaldehyde, Der Pharma Chemica, 4(2): 791-799.
and biuret with formaldehyde in the presence of acid 8. Azarudeen, R.S., M.A. Riswan, D. Jeyakumar and
catalyst has been prepared. 2, 4-HABF-IV is a selective A.R.  Burkanudeen,  2009.   An   eco-friendly
chelating  ion   exchange   polymer   for  certain  metals. synthesis  of  a  terpolymer  resin:  characterization
The terpolymer showed a higher selectivity for Cu  and and chelation ion-exchange property. Iran. Polym. J.,2+

Fe  ions than for Co  and Zn  ions. 18: 821-832.3+ 2+ 2+
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