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Abstract

Copolymer resin (0-APUF) was synthesized by thedeasation of o-aminophenol[AP] and
urea[U] with formaldehyde[F] in the presence ofaaid catalyst and using varied molar ratio of
reacting monomers. Copolymer resin compositionge Haeen determined on the basis of their
elemental analysis and the number average moleecutdght of o-APUF copolymer was
determined by conductometric titration in non-aqieemedium. Viscometric measurements in
dimethyl sulphoxide have been carried out witheawto ascertain the characteristic functions
and constants. UV-VIS, FT-IR artti NMR spectra were studied to elucidate the strection-
exchange properties of these resin were studiebalgh equilibrium method for e Cu?*,
Ni%*, Cd*, zn**, Cf*, Hg?" and PB" ions over the pH range, 1.5 to 6.5 and in metliztous
ionic strengths. In the presence of nitrate, pereté and chloride ions the uptake of Fe(lll),
Cu(ll), Hg(1), zn(11), and Pb(ll) ions increasingith increasing concentration of electrolytes,
whereas in the presence of sulphate ions, the anudwbove mentioned ions taken up by the
copolymer resin decreases with increasing condsmrabf electrolyte. The resin shows a
higher selectivity for F& ion over any other ions. Study of distributionizaas a function of
pH indicates that the amount of metal ion takenmdsn is increases with the increasing pH of
medium. The surface morphology of the copolymemresgas examined by scanning electron
microscopy and it establishes the transition diateeen crystalline and amorphous nature.

Keywords. Copolymer resin, Chelating properties, Batch eguim, lon-exchangers,
Distribution ratio, Metal ion uptake.

| ntroduction

Copolymer find very useful applications as adhesivegh temperature flame resistant, fibers,
coating materials, semiconductors, catalysis andcekchange resins [1-5]. lon exchange resins
have been attached much interest in the recens ykar to their applications in waste water
treatment, metal recovery and for the identificatiof specific metal ions. Chelating ion-
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exchange resin involving o-amino-phenol with reswktand formaldehyde was reported by
Pennington and Williams [6-8]. DeGeiso et. al. g#ddhe chelation ion-exchange properties of
the resin synthesized from salicylic acid and theau with trioxane copolymer [9-11].
Copolymer involving 2-hydroxyacetophenoneoxime-tinga-trioxane [12], 2,4-dihydroxy-
benzeldehyde and formaldehyde [13] and 4-hydroxgatenone-biuret-formaldehyde [14]
were reported for its ion-exachange characteris8gathesis of o-nitrophenol and thiourea with
paraformaldehyde copolymer was reported and itdatibe ion- exchange properties were
investigated by a static batch equilibrium methotl5]] Poly[(2-hydroxy-4-methoxy
benzophenone) ethylene] resin has good bindingcagpir the Lanthanum (Ill) at various
conditions [16]. The copolymer from 2,4dichloroplkercrylaté8-quinolinyl methacrylate and
acrylic copolymer derived from 8-quinolinyl groupave been synthesized [17, 18]. Recently,
Shah et. al. reported the chelating ability of tesin synthesized by a microwave irradiation
technique involving salicylic acid and formaldehyaéh resorcinol [19]. S. G. Pawaat. al
studied the conducting properties of t@nducting polymer of polyanilines films containing
electrical and optical properties [20]. RecentlyX[2 et. al. reported the conducting ability of
the chemically synthesized polymer by oxidationhodtat 6C [21].

The present study deals with the synthesis andactaization of o-aminophenol-urea-
formaldehyde [0-APUF] copolymer resin by spectratiods for the first time. The synthesized
copolymer was characterized by elemental analydié;VIS, FT-IR, 'H NMR, intrinsic
viscosity and number average molecular weight. Gfint@e important applications of chelating
and functional polymer is their capability to reeownetal ions from waste solutions. Hence, the
chelation ion-exchange property of the o-APUF cypp@r resin was also reported for specific
metal ions.

Materials and Methods

o-Aminophenol, urea and formaldehyde (37%) werardlytical grade and chemically pure,
(all from Merck India) and wherever necessary theitp was tested and confirmed by thin
layer chromatography using Silica gel as statipmdrase and chloroform: methanol (9:1). The
metal solutions were prepared by dissolving appatpramount of the nitrates of the metals in
double distilled water and standardized by EDTAatibns. Solvents like N, N dimethyl
formamide and dimethyl sulphoxide were used afisilidtion.

Synthetic procedure of o-APUF copolymer resin

The o-APUF copolymer was prepared by condensingnik@henol (1.09 gm, 0.1 mol) and
urea (0.70 gm, 0.1 mol) with formaldehyde (7.5 @2 mol) in presence of 2M HCI heated in
an oil bath at 126 + 2°C for 5 hrs [22]. The sq@iwduct obtained was immediately removed
from the flask as soon as the reaction period ov&s. It was washed with cold water, dried
and powdered. The powder was repeatedly washed vathwater to remove excess of o-
aminophenol - formaldehyde copolymer, which miglet fwesent along with the o-APUF
copolymer. It was further purified by dissolving B2 NaOH and filtered. It was then
precipitated by drop wise addition of 1:1 (v/v) corHCl/water with constant stirring and
filtered. The process was repeated twice. The tiagupolymer sample washed with boiling
water and dried in vacuum at room temperature. gin&ied copolymer resins were finally
ground well to pass through a 300 mesh size siadekapt in a vacuum over silica gel. The
yields of these copolymer resins found to be 86%e feaction and suggested structure of o-
APUF copolymer resin is depicted in Figure 1.
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Fig.1. Formation andsuggested structure of o-APUF copolyvmer

Characterization of the copolymer

The copolymer resin was subject to micro analysi<X, H and N on a Elementar Vario EL IlI
Carlo Erba 1108 elemental analyzer. The number ageermolecular weightM n was
determined by conductometric titration in DMSO mdiusing ethanolic KOH as the titrant by
using 25 mg of sample. A plot of the specific cortdnce against the milliequivalants of
potassium hydroxide required for neutralizatiorl60 gm of copolymer was made. Inspection
of such a plot revealed that there were many breakise plot. From this plot the first break
and the last break were noted. The calculatioMaf by this method is based on the following
consideration [23-24] : (1) the first break cormrasg@s to the stage at which the first acidic
phenolic hydroxyl group is neutralized, and (2) thst break observed beyond the first break
represents the stage at which phenolic hydroxyligraf all the repeating units are neutralized.
On the basis of the average degree of polymeriza{idP) the average molecular weight have
to be determined by following eq.(1)...

(Total milliquivalents of base ue@d for complete neutralization)

Pz — 000090090000 (1)
( Milliquivalents of basequired for smallest interval)

Mn = DP x molecular weight of the repeating unit

The intrinsic viscosity was determined using a Faaonss viscometer [25] at six different
concentrations ranging from 0.3 wt % to 0.05 wto¥resin in DMSO at 30°C. Intrinsic
viscosity ) was calculated by the Huggin’'s eq.(2) [26] anddmer’s eq.(3) [27].

In Ns/C = ] + Kq[N]%.C---rmmmmm--- (2)
InN/C =[] - Kg[N]%.C -----emmm- ©)

Electronic (UV-visible) absorption spectra of thepolymer in DMSO was recorded with a

double beam spectrophotometer fitted with an autenpeen chart recorter on themosensitive

paper in the range of 200 — 850 nm.

Infrared spectra of o-APUF copolymer resin was réed in najol mull with Perkin-Elmer-

Spectrum RX-I, FT-IR spectrophotometer in KBr ptlléen the range of 4000 — 500 ¢rat
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Sophisticated Analytical Instrumentation FaciliBunjab University, Chandigarh. Proton NMR
spectra was recorded with Bruker Adanve — Il 400Rspectrophotometer using DMS@-ab

a solvent, at Sophisticated Analytical Instrumantafacility, Punjab University, Chandigarh.
The surface analysis was performed using scannilegtren microscope at different
magnifications. SEM has been scnanned by JEOL J$30& Analytical Scanning Electron
Microscope.

lon-exchange properties

The ion-exchange properties of the o-APUF copolymesin was determined by the batch
equilibrium method. We studied the influence ofieas electrolytes, the rate of metal uptake
and distribution of metal ions between the copolyarel solutions.

Determination of metal uptake in the presence of electrolytes of different concentrations

The copolymer sample (25 mg) was suspended in ectrelyte solution (25 ml) of known
concentration. The pH of the suspension was adjusté¢he required value by using either 0.1
N HCI or 0.1 N NaOH. The suspension was stirreddqueriod of 24 hrs at 25°C. To this
suspension was added 2 ml of a 0.1 M solution dfalren and the pH was adjusted to the
required value. The mixture was again stirred &C2for 24 hrs and filtered [28, 29]. The solid
was washed and the filtrate and washings were cwmudband the metal ion content was
determined by titration against standard EDTA. @&heunt of metal ion uptake of the polymer
was calculated from the difference between a b&geriment without polymer and the reading
in the actual experiments [30, 31]. The experinvea$ repeated in the presence of other three
electrolyte such as NaCl, NaClénd NaSO..

Evaluation of the rate of metal uptake

In order to estimate the time required to reach dhae of equilibrium under the given
experimental conditions, a series of experimentheftype describe above were carried out, in
which the metal ion taken up by the chelating regits determined from time to time at 25°C
(in the presence of 25 ml of 1 M Nal@olution). It was assumed that under the given
conditions, the state of equilibrium was establisigthin 24 hrs. the rate of metal uptake is
expressed as percentage of the amount of metatakas up after a certain related to that at the
state of equilibrium.

Evaluation of the Distribution of Metal lons at Different pH

The distribution of each one of the eight metalsioe. Fe(lll), Cu(ll), Hg(ll), Cd(l1), Co(ll),
Zn(Il), Ni(ll) and Pb(Il) between the polymer phased the aqueous phase was determined at
25°C and in the presence of a 1M NaN¢&dlution. The experiment were carried out as
described earlier at different pH values. The ttigtion ratio “D” is defined by the following
relationship........

{Wt. (in mg) of metal iotesken up by 1 gm of copolymer}

{ Wt. (in mg) of metal isipresent in 1 ml of copolymer}

Results and Discussion

The resin sample was dark brown in colour, ins@ublcommonly used organic solvents, but
was soluble in dimethyl formamide, dimethyl sulidej tetrahydrofuran, pyridine and
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concentrated pEOy. The resin synthesized do not show sharp meltioigt pout undergo
decomposition above 550°Che resin was analyzed for carbon, hydrogen, atrgen
content. C = 46.78% (Cal) and 46.22%(F); H= %80al) and 5.25%( Cal); N = 18.58%
(Cal) and 18.03%(F).

Characterisation of copolymer resin

The number average molecular weigﬁm) could be obtained by multiplying th®P by the
formula Weight of the repeating unit [32]. The moleculaeight of copolymer was also

estimated by conductometric titration. The caleadamolecular weight for o-APUF resin is
5803.68.

Viscometric measurement was carried out in DMSGQ®C. o-APUF resin showed normal
behavior. The intrinsic viscosity was determinedtby Huggin's [26] eq. (2) and Kraemer’s
[27], eqg. (3) which is 0.28 and 0.26 respectively. accordance with the above relations, the
plots of nspcandnrerc against C was linear giving as slopesafd K(0.54) respectively. The
Intercept on the axis of viscosity function gave tly) value in both the plots. The values 9f (
obtained from both relations were in good agreemétht each other [33].

The UV-visible spectra of o-APUF copolymer resiowh in Figure 2. UV-visible spectra of o-
APUF resin has been recorded in pure DMSO in th@neof 200 — 800 nm at a scanning rate
of 100 nm mift and at a chart speed of 5 cm thiThe electronic spectra of copolymer exhibit
two absorption maxima in the region 248.50 and 28B2im. These observed positions of the
absorption bands indicate the presence of hydroxym which is in conjugation with the
aromatic nucleus. The appearance of former bande(nmbense) can be accounted fepn*
transition, while the later band (less intense) rhaydue to #»n* electronic transition. The
presence of phenolic hydroxyl group (auxochromesesponsible for hyperehromic shift i.e.
€max higher values [34-35]. This observation is in gagteement with the proposed most
probable structures of o-APUF copolymer resin.
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0.800

0.600

%)

0.400

Absorption {

0.200

0.000 : y :
0.200 0.250 0.300 0.250 0.400
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Fig 2. Electronic spectra of o-APUF copolymer resin

The IR spectra of 0-APUF copolymer resin is preseémh Figure 3and IR data are specified in
Table 1.
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Tablel. FT- IR Spectral data of o-APUF Copolymer Resin

Expected Observed
Assignment wave wave number

number (cm™)

(cm™)

0-APUF

-OH (phenolic) 3100-3500 3396(b,st)
>C=0(ketonic and urea) 1630-1680 1627.7 (w,sh)
>NH (amido) 1533.6 1533.7 (sh,st)
Aromatic ring 1445-1485 1445.2 (sh,m)
>CH, (methylene bridges) 1250-1340 1275.5-1353.9 (w)m)
-OH bending and C-O stretching 1050-1100 1098.7 (w)
1,2,3,4,5substitution in benzene skeleton 557.9 by st)

Sh= sharp; b= broad; st = strong; m = medium; wakve

A broad band appear in the region 3100 — 3500 oray be assigned to the stretching vibration
of the phenolic hydroxyl groups exhibiting interraclilar hydrogen bonding [36]. The sharp
band displayed at 1630 — 1680 tmay be due to the bending vibration of >C=0 groTipe
bond obtained at ~ 1533 €nsuggest the presence of >NH (amido) group. A kepear in the
reason of 1250 — 1340 ¢hshow the presence of methylene bridges (3GHl the polymer
chain [37]. 1,2,3,4 and 5 pentasubstitution of atenring is recognized from the bands
appearing at ~557.9 ¢hi3s-42].

100.00% =
T

Transmittance(%e)

0.00 T
3500

T T T T y
3000 2500 2000 1500 1000

Wavenumber ¥ 100(cm)

Fig 3. Infrared spectra of 0-APUF copolymer resin

H* NMR spectra of 0-APUF copolymer is shown in Figdrand show a weak multiplicity

signals (unsymmetrical pattern) in the region A@7.88 §)ppm may be due to the aromatic
protons. The weak multiply signals appearing a6.®.75 §)ppm may due to the amido —-gH

-NH-CO linkage [37-38]. A signal appeared in thgioa 4.07 — 4.983)ppm may be due to

proton of methelenic bridges (Ar — GH N) of polymer chain. The signal in the rang8 &6 —
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8.32 ¢) ppm is attributed to phenolic -OH proton. A wesagnal in the range of 1.25 exhibits
the present of Ar — Nigroup.

Table2. *H NMR Spectral Data of o-APUF Copolymer Resin

Chemical shift (8) ppm of
copolymer _
Natur e of proton assigned
o-APUF
7.88 Aromatic proton (unsymm. Pattern)
6.60 , .
Amido proton of —-CHNH-CO linkage
4.60 .
Methelene proton of Ar-CHN moiety
8.26 Proton of Ar-OH
1.2505 Amine Ar-NH,

Chemical Shift & (ppm)
Fig4. HLNMR spectra of 0-APUF copolymer resin

Scanning electron microscopy (SEM)

Surface analysis has found great use in undersigride surface features of the materials. The
morphology of the reported resin sample was ingated by scanning electron micrographs at
different magnification, which are shown in Figui@h 5(b)and 5(c) respectively. It gives the
information of surface topology and defect in theiture. The resin appeared to be dark brawn
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in colour. The morphology of copolymer resin shoggherulites and fringed model. The
spherulites are complex polycrystalline formatioaving as good as smooth surface. This
indicates the crystalline nature of o-APUF copolymesin sample. The morphology of resin
polymer shows also a fringes model of the crystallamorphous structure. The extent of
crystalline character depends on the acidic natfithe monomer. But the photograph shows
the fringed and scatted nature having shallow ngfsesent the transition between crystalline
and amorphous. The resin exhibits more amorphoasacters with closed packed surface
having deep pits in figure 5(c). Thus by SEM miceqahs morphology of the resin shows the
transition between crystalline and amorphous natuhen compare to the other resin [43-44],
the 0-APUF copolymer resin is more amorphous irumegathence shows higher metal ion
exchange capacity.

180m B8B813

Srkm BB13

Fig.5(b). SEM NMicrographs of o-APUF copolyiner resin at S000x magnification.
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18kU

Fig.5(c). SEMMicrographs of o-APUF copolyinerresin at 3500x magnification.

lon-exchange properties

With a view to ascertain the selectivity of thedséwl the influence of various electrolytes on the
selectivity of metal ions, the rate of metal uptaked the distribution ratio of metal ions
between the copolymer and solution containing tregaimions, by using batch equilibrium
method [45-47].

The o-APUF copolymelFig.1) shows that the group -OH and -NH containelgrair of
electrons, which can be donated to the metal iaimgwomplex formation. Hence it shows
chelating behavior. When polymer is suspended itahien solution, the chelating tendency of
copolymer forms the cyclic complex with the metah,i which absorbs the metal ion from
solution to surface of polymer. This mechanism @gaption of metal ion by polymer ligands
is known at metal uptake of polymer. Due to mepthle concentration of metal ion in solution
decreases, this can be determined by titration stendard EDTA solution. The metal uptake
capacity of polymer is different for different metan, is also known as selectivity of polymer
towards the uptake of metal ion. The metal uptakeopolymer depends on three variables,
concentration of electrolyte solution, shaking timed pH of the solution. The chelating
behavior of 0-APUF copolymer was studied with thésee variables by keeping two variable
constant at each time.

Polymer + metal ion solution + shaking—» polymer — metal ion chelate
(Metal uptake capacity of polymer depends on stglamf polymer — metal ion chelate)

Batch equilibrium technique developed by Gregaleand DeGeiso et al. was used to study of
ion exchange property of 0-APUF copolymer resine Tésult of the batch equilibrium study
carried out with the copolymer resin 0o-APUF is preed in Fig.6-11. Eight metal ions’Ee
CU', Ni**, Cd*, zr?*, Cd**, Hg™" and PB'in the form of aqueous metal nitrate solution were
used. The ion exchange study was carried out ukneg experimental variables : (a) electrolyte
and its ionic strength (b) shaking time and (c) pHthe aqueous medium. Among three
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variables, two were kept constant and only one veaiged at a time to evaluable its effect on
metal uptake capacity of the polymer [28, 29, 31].

Effect of electrolytes and their concentration on the metal ion uptake capacity

We examined the effect of NO CI, SQ® and CIQ at various concentration on the
equilibrium of metal resin interaction of constait. Different metal ions have different pH in
solution, has been mentioned in Fig.6-9, which shthvat the amount of metal ions taken up by
a given amount of copolymer depends on the natuoemcentration of the electrolyte present
in the solution. In the presence of nitrates, plerelte and chloride ions the uptake of Fe(lll),
Cu(ll), Hg(ll), Zn(ll) and Pb(ll) ions increasingith increasing concentration of electrolytes.
Whereas in the present of sulphate ions, the ammfualbove maintained ions taken up by the
copolymer resin decreases with increasing condeonraf the electrolyte [48]. Above NQ
CI', and CIQ ions form weak complex with the above metal iomkile SQ? form stronger
complex thus the equilibrium is affected. This nisey explained on the basis of the stability
constants of the complexes with those metal iodsnature of ligands.

3 e
—+Fe
&y
E 2.5 4 - Hg
E- =0
B ey
g 4 —Zn
a 1
= —FPh
= 1.5 4
g i
-]
g‘ ;
D T T T T T 1
0 0.2 04 0.6 0. 1 1.2
Concentation of electrlyte solution (mol)

M(NO3),]=0.1 Mol1; Volume = ml; Volume of electrolyte solution : 25 ml; Weight of resin = 23 mg; time : 24
hrs: Room temperature.

pH: Fe(Il) =2.5: Cu (I) = 4.5: Ni(I)=4.5: Co(ID=5.0; Zn (ID=5.0; Cd@D=5.0; Ph(ID=6.0

Figure 6. Uptakeof several metalions by o-APUF Copolymer resin at five different
concentration of electrolyte solution NaNO,;
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Figure 8. Uptake of several metal ions by o-APUF copolymer resin at five different concentration of

electrolyte solution NaClO,
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pH  Fe(ll} =1.5%: Cw (I} = 4.5 Ni(Il)=4 % Co{Il}=%0; Zn (I)=50: Cd{I}=%0: Phill}=6 0. Hg(Il)=60

Figure 9. Uptake of severalneral ions by o-APUF copolviner resin at five different concenfration of
electrolvte solution Na,S Oy

Rate of metal ion uptake as a function of time

The rate of metal adsorption was determined to @intithe shortest period of time for which
equilibrium could be carried out while operatingchsse to equilibrium condition as possible.
During rate of metal ion determination, the concatiin of metal ion and electrolyte solution
and pH of the solution remain constant and pH cheaetal ion is different which is given in
Fig 10. As shaking time increases the polymer geise time for adsorption, hence uptake of
metal ions increases. Fig 10 shows the resultsaf of uptake of metal ion on 0-APUF
copolymer resin. The rate refer to the change & dbncentration of the metal ions in the
agueous solution which is in contact with the gieepolymer. The figure shows that the time
taken for the uptake of the different metal ions given stage depends on the nature of metal
ions under given conditions. It is found that F@(lions required about 3 hrs for the
establishment of the equilibrium, whereas Cu(l1ig(lj, Zn(ll) and Pb(ll) ions required about 6
hrs. Thus the rate of metal ions uptake followsdraer Fe(lll) >> Pb(ll) > Zn(Il) > Hg(ll) >
Cu(ll) for the copolymer [49-52].
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[M(NO;):]=0.1 mol1; volume of metal nitrate=2ml; NaNO;=1.0 moll; volume of electrolyte=23ml, Room
temperature
Metal ion uptake = (Amount of metal ion absorbed x 100} / (amount of metal ion absorbed at equilibrium)

pH : Fe(TI) =2.5; Cu (I) = 4.5; Ni(ID)=4.5; Co(ID=5.0; Zn (IN)=5.0; CAD)=5.0; Pb(I)=6.0; He(I[)=6.0

Figure 10. Comparison of the rate of metal ion uptake by 0-APUF copolvmer resin

Distribution ratios of metal ions at different pH

The distribution of metal ion depends upon pH @& 8olution. By increasing pH, the'kbn
concentration in the solution decrease and onhahiet in the solution available for adsorption
which increase uptake of metal ions.

The effect of pH on the amount of metal ions distted between two phases can be explained
by the results given in Fig 11. The data on thé&ibistion ratio as a function of pH indicate that
the relative amount of metal ions taken up by thgotymers increase with increasing pH of the
medium [22, 31, 48]. The magnitude of increase, dwmr, is different for different metal
cations. The study was carried out from 2.5 upHo6®b to prevent hydrolysis of metal ions at
higher pH (Figll). The selectivity of Fe(lll) ios more for the 0o-APUF copolymer resin as
compare to the any other metal ions under studg. drider of distribution ratio of metal ions
measured in the range, 1.5 to 6.5 is found to g2 Cu(ll) > Pb(ll) > Hg(ll) > Zn(Il) [31].
Thus the result of such type of study are helpfuteélecting the optimum pH for a selective
uptake of a particular metal cation from a mixtafaifferent metal ions [22, 29]. For example,
the result suggests the optimum pH 2.5 for thersgipa of Fe(lll) and Zn(ll) with distribution
ratio ‘D’ are 4355.6 and 65.7 respectively using thAPUF copolymer resin as ion exchange.
Similarly for the separation of Fe(lll) and Hg(kt the optimum pH is 2.5 with distribution
ratio are 4355.6 and 72.72 respectively for o-ARIdpolymer. The lowering in the distribution
ratios of Fe(lll) was found to be small hence,@éint separation could be achieved. Thus the
separation of Fe(lll) from other metal having conation (1) F& and Ca", (2) F€* and Hg"

(3) F€* and Zii* (4) Fé* and PB" are effectively may separate out.
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Figure 11. Distribution ration (D) of various metal ions as function of different pH by by 0-APUF
copolymer resin

Conclusion

A copolymer o0-APUF based on the condensation re@aabdf o-aminophenol and urea with
formaldehyde in the presence of acid catalyst wapgred. The copolymer resin o-APUF is a
selective chelating ion exchange copolymer resincstain metals. The uptake capacities of
metal ions by the resin was carried out by the hbaquilibrium technique. The uptake
capacities of metal ions by the copolymer resinemeiH dependent. As the pH of medium
increase the polymer should a higher selectivelyF8*, Hg?* and PB" ions than for Zfi" and
CU?*. Due to considerable difference in the uptake citipa at different pH and media of
electrolyte, the rate of metal ion uptake and dtigtion ratios at equilibrium, it is possible to
use for separation of particular metal ions froeirtldmixture.
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