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ABSTRACT

The resin salicylic acid-diaminobenzoicacid-formaldehyde (SDBF) has been synthesized by the condensation of
salicylicacid and diaminobenzoicacid with formaldehyde in the presence of hydrochloricacid as catalyst. Resin was
characterized by elemental analysis, infrared (IR) spectroscopy, nuclear magnetic resonance (NMR) spectroscopy
and UV- Visible spectral studies. The number average molecular weight of the resin was determined by non-
aqueous conductometric titration. Chelation ion exchange properties have also been studied for various metal ions
employing a batch equilibrium method. It was employed to study the selectivity of metal ion uptake involving the
measurements of distribution of a given metal ion between the polymer sample and a solution containing the metal
ion. The study was approved out over wide pH range and in media of various ionic strengths. The resin depicted
advanced selectivity for Fe**, Cu?* and Ni%*ions than for Co*", Zn?*, Cd**, and Pb** ions.
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INTRODUCTION

Resins exhibits better thermal and electrical priige than those of phenol-formaldehyde type copely These
resins can be used as high energy materials, iochaegers, semiconductors, bonding agent/additivedding
material, fungicides in plant and living tissuemsensors and controlled release devices for phzeutigals.[1-5].
Now a day’s renewed interest has been evidencatiencontext of obtaining materials with high tengtare
resistance and ion exchangers. Patel and Lad jp@fted the novel resins: poly (keto-amine-ureas) studied the
glass reinforcement of such resin- epoxy systenich&él and coworkers have reported the synthdsisitaral and
thermal degradation of a polymer derived from sdilic acid, guanidine and formaldehyde [7].Synthesis
characterization and ion exchange properties ofdtdxyacetophenone, biuret and formaldehyde temehyresin
were studied by Gurnule and coworkers [8]. lon exgje resin derived from semicarbazone and oxime- of
hydroxy acetophenone-substituted benzoic acid métdehyde studied by Nayak et.al. [9-10].Chelation
exchange resins derived from 2-hydroxy-4-methoxi@migenone and thiourea with trioxane was investigdty
Pancholi et. al.[11]. Patel[12-13] reported the ierchange properties of resacetophenone (2, 4 wikyd
acetophenone) -formaldehyde and resacetophenomaedgirmaldehyde resins. In our laboratory, extemsiv
research work was carried out on synthesis andacteization of resins and their ion exchange ptogse[14-17].
However, the literature studies have revealedrbatesins has been synthesized using the monoiérglis acid,
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diaminobenzoiczcid and formaldehyde. Thus in thesent communication we account synthesis, chaizatien
and ion exchange properties of a SDBF resin.

MATERIALSAND METHODS

2.1 Chemicals

All Chemicals were AR grade or chemically pure gra8alicylic Acid, Diaminobenzoicacid were purctthé®mm
Aldrich Chemical Co., USA while Formaldehyde fro’ARKEM, Ranbaxy, India, DMF and DMSO (HPLC grade)
were used.

2.2 Instruments used

The elemental analysis of resin for C, H and N wanalyzed on Carlo Erber Elemental Analyzer Fourier
Transform. Infrared spectra in the region 400-4@@bavere recorded on a Perkin-Elmer with KBr pellékae
electronic spectrum of the terpolymer was recoridedimethylformamide (DMF) at room temperature wéthJV-
240 Shimadzu double beam spectrophotometer. The NMi& scanned at 300MHz with dueterated
dimethylsulfoxide (DMSO) solvent at RSIC, Chandlgar

2.3 Synthesis of SDBF Resin

2.3.1 Condensation of Salicylicacid(S) and Diaminobenzoicacid (DB) with Formaldehyde (F):

A mixture of salicylicacid, diaminobenzoicacid, fiealdehyde and 2M hydrochloric acid was taken iroand
bottom flask fitted with water condenser and heategh oil bath at 12T for 6 hours with occasional shaking. The
temperature of electrically heated oil bath wastradled with the help of dimmer stat .The resin@adid product
obtained was immediately removed from the flasls@sn as the reaction period was over and thenigariThe
resinous product so obtained was repeatedly wasfithdcold distilled water dried in air and powdereith the
help of agated mortar and pestle. The powder wash&h many times with hot water to remove unreacted
monomers. The air-dried powder was extracted widthgll ether and then petroleum ether was usectwove
salicylicacid diaminobenzoicacid copolymer, whicight be present along with SDBF resin. It was ferthurified

by dissolving in 8% sodium hydroxide solution,diled and reprecipeted by gradual drop wise addafdiil (v/v)
hydrochloric acid with constant and rapid stirritgg avoid lump formation [14-16, 22,23]. The SDBFireso
obtained was filtered, washed several times withwviater and dried (yield=17g; mp=2%2.Analytical data for
Ci6H14NLOs*H,O as per numerical calculations and experimentédieee are mentioned below respectively.
Theoretically calculated C=57.83%, H=4.81%, N=8.484perimentally found C=57.38 %, H=5.11%, N=8.12%.

H NH>
2M HCI
n + n  HxN COOH + 2n HCHO
COOH 12dPC
Salicylic acid Diaminobenzoic acid Formaldehyde
— NH ——
CH,NH COOH
OH
+ 2n H0
— 1 CHs COOH H>O
n

SDBF Resin

2.4. 1on exchange properties
The purified SDBF resin sample was finely powdeaed used in all experiments carried out in thedgohange
study.

2.4.1 Determination of M etal ion uptakein the presence of Electrolytes of Different Concentration

25mg of the finely powdered resin was suspendethielectrolyte solution (25ml) of known concentratiThe pH
of the solution was adjusted to required value bing either 0.1M HN@or 0.1M NaOH. The suspension was
stirred for a period of 24hours at room temperatdre this suspension 2ml of 0.1M solution of elelte
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wasadded and the pH was adjusted to the requiree.vihe mixture was again stirred at’@5or 24 hour and
filtered. The polymer was washed and the filtratel avashings were combined and estimated for thealnian

content by titration against standard EDTA. A blaxdperiment was also carried out in the same mawitbout

adding the polymer sample to estimate the metat@mnent. The amount of metal ion taken up by énpdlymer in
the presence of given electrolyte of known coneditin was determined from the difference betweenitank
reading and the reading in the actual experimdit&ll6, 22-27]. The experiment was repeated ingresence
several electrolytes of known concentration seviéfierdnt metal ions such as ¥eCu*, Ni?*, C&*, zn?*, Cd*,

PE*. The results with seven different metal ions aported in table 3.

2.4.2. Evaluation of the Rate of Metal Uptake

In order to determine the time required to reaehdtate of equilibrium under given experimentalditons series
of experiments of the type described above werdethout, in which the metal ion uptake by the atiag resins
was estimated from time to time at room temperatliravas assumed that under given conditions, thte sof
equilibrium is established in the 24 hrs. The mftenetal ion uptake is expressed as percentagbeofmount of
metal ions taken up after a certain time relatethad in state of equilibrium as table 4 [14-16,273.

2.4.3. Evaluation of distribution of metal ions at different pH values

The distribution of each of the metal ions*FeCi*, Ni**, C&*, zZr?*, Cd*, PE" between the resin phase and
aqueous phase was estimated &C26sing 1M NaN@ solution. The experiments were carried out as riest
above and the pH value. The distribution ratio s determined by the following equation [14-16.272:

The results are presented in table 5.
RESULTSAND DISCUSSION

The terpolymer resin was soluble in DMF and DMS@waver it is insoluble in common organic solveritke
composition of the polymeric unit was assigned lom basis of a detailed study of the elemental aismlyf the
polymer, ultraviolet-visible (UV-Visible), IR andMR spectral studies.

3.1. Characterization of resin

3.1.1.Determination of molecular weight by conductometric titration

The molecular weight (Mn) of the resin was deterdiby non-aqueous conductometric titration in DMfaiast
ethanolic KOH by using 50mg of sample. A plot (E)gof the specific conductance against the miliegjpénts of
potassium hydroxide required for neutralizatiorl®0g of terpolymer was made. Inspection of sucloarpvealed
the breaks in the plot. The first break at 270 eqilivalent of base and the last break at 2250 quili@lent of base
were noted. The calculations of (Mn) by this mett®dased on the following considerations [14-18); {1) the
first break corresponds to neutralization by theenacidic phenolic hydroxy group of all the repegtunits; (2)
The break in the plot beyond which a continuousdase is observed represents the stage at whiatolghe
hydroxy group of all the repeating units are ndizted. On the basis of the average degree of paigateon (DP)
is given by the following relation.

Total meq of base required for completeutralization

DP =

meq of base required for smallest interval

The number average molecular weight (Mn) is 28#tictvis obtained by multiplying the DP by the folaweight
of the repeating unit [14-16, 18].
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Figure 1: Conductometric titration curve of SDBF resin

3.1.2.UV-Visible studies

The electronic spectrum of the SDBF resin is showfigure 2. The spectrum depicted two characterisands in
the region of 270 nm and 380 nm. The band at 27@dinates the presence of a carbonyl (>C=0) grauyaining

a carbon oxygen double bond in conjugation witraesmatic nucleus and was characteristic of-art] transition

while the latter band may be due te, ] electronic transition. The additional shift of aly#tion to the longer
wavelength region i.e. is bathochromic shift frame tasic value (237nm and 320nm, respectively) beague to
conjugation effect and phenolic hydroxyl group (@ctxrome) is more effective for hyperchromic effidet-16, 18].

Lrsafman

ity

190 =l &ID = O
L T

Figure2: Electronic spectrum of SDBF resin

3.1.3Infra Red Studies

The IR spectrum of the newly synthesized Salicgidadiaminobenzoicacid, formaldehyde resin is digal in fig 3
and IR values are mentioned in table 1. A broaddkapeared at 3400.3 cm-1 [14-17,19,20] might ke tduhe
stretching vibrations of phenolic hydroxyl groupheiting intermolecular hydrogen bonding which ésibetween -
OH groups of different polymer chains. The bandeobsd at 2925.1 cm-1 may be due to the stretchimgtions
of —NH (imide) [14-17, 19, 20]. The inflections aral 1288.1 cm-1 and 765.2 cm-1 suggest the presaice
wagging,rocking vibrations of methylene (-CH2-)dgés in polymeric chains [14-17,19,20]. The broaddat
1591.9 cm-1 may be due to the stretching vibratiohsC=0 [14-17,19,20].The broad bands at 688.5 é1@l5
cm-1 are due to —NH wagging and deformation ouiplahe vibrations in terpolymer resin respectively-{
17,19,20]. The band at 1342.2 ¢may be due to phenolic >C-O stretching modes tofation [14-17, 19, 20]. The
bands present at 907 cm-1t01173.6 cm-1suggestththatomatic ring is 1, 2, 3, 5-tetrasubstitutbtt17, 19, 20].
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Figure 3: Infrared spectrum of SDBF resin
Table 1.IR Spectral data of SDBF resin
Assignment Observed band  Expectecband
9 Frequency (c)  Frequency (ci)
Phenolic -OH 3400.3 3500-3000
-NH stretcl 2925.; 350(-280(
>C=0 stretching 1591.9 1680-1630
Phenolic C-O 1342.2 1410-1310
Methylene bridge (-Ck} mode
ragging 1288.1 1300-1200
765.2 775
1,2,3,5- substitution on aromatic ring  907-1173.6 0049200
Tetra substitution benzene ring 830 ~830
N-H wagging 688.5 650-800
N-H deformation out of plane 619.5 800-600
1
|
Figure4: NMR spectrum of SDBFresin
Table2. 'H-NMR spectral data of SDBF resin
. . Expected Chemical
Nature of proton Chemical Shif) (ppm) Shift,3 (ppm)
Aromatic (Ar-H) 7.7 7.3-8.8
Phenolic (Ar-OH) 7.9 7.5-12
Carboxylic (Ar-COOH) 7.4 7.41
-NH bridging 6.7 5.0-8.5
Ar-CH,-N moiety 3.9 2.5-45

3.1.4.NMR studies

The NMR spectrum of the SDBF resin shown in figdrexhibits signals in the region of B4ppm), which may
have been due to the proton of the aromatic ringHRA and the signals in the region &.gppm) may have been
due to the phenolic-OH proton in hydrogen bondiAg®@H) [14-22]. The signals displayed at @4ppm) may

have been due to the carboxylic proton of Ar-COUHM-22]. The presence of a broad signal around §@apm)
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may have been due to the presence of —NH bridge22]. A methylene proton Ar-CH2-N moiety was ikt by
the appearance of a weak singlet signal ab 3gbm) [14-22]. The spectral data is as tabulate@dbble 2.

3.2. lon-exchanging properties

To ascertain the selectivity of SDBF, we have stddhe influence of various electrolytes, the @tenetal uptake
and the distribution of metal ions between therresid solution. The results of the batch equilibristudy carried
out with resin sample SDBF are presented in takldsand 5.

3.2.1.Effect of Electrolyte on Metal Uptake

The data presented in table 3 reveals that the aihafumetal ions taken up for a given amount ofrremmple
depends on the nature and concentration of elgt@grgresent in the solution. In presence of chi@d nitrate
ions, the amount of Beé CU*, and Nf* ions taken up by the terpolymer sample increaseitevin presence of
sulphate ions the amount of above mentioned iokentaup by the resin samples decreases with incrgasi
concentration of electrolyte. Moreover, The amooih€c®*, Zrn?*, Cd* and PB* ions taken up by the terpolymer
samples decreases with increasing concentratitimeathloride, nitrate and sulphate ions. This magkplained on
the basis of stability constant of the complexe@ic*, Zrn?*, C* and PB" metal cations [14-16, 22-25].

Table 3. Evaluation of the effect of different electrolyteson the uptake of several metal ions of SDBF resin

Metal ion Electrolyte Weight of metal ion (mg) taken up in presence of
Conc. (mole/lit) NaNG; NaCl NaSQ,

0.01 1.99 1.93 2.63

0.05 2.14 2.09 2.53

Fe* 0.1 2.31 2.23 2.21
0.5 2.69 2.54 2.06

1 2.8¢ 2.71 1.91

0.01 0.76 0.68 1.55

0.05 0.96 0.89 1.45

Cuw 0.1 1.22 1.13 1.14
0.5 1.51 1.42 0.86

1 1.74 1.62 0.66

0.01 1.03 0.93 1.84

0.05 1.12 1.01 1.52

Ni 2* 0.1 1.31 1.19 1.06
0.5 1.64 1.56 0.89

1 2.04 1.96 0.68

0.01 1.89 1.85 1.83

0.05 1.61 1.59 1.51

Co** 0.1 1.26 1.19 1.16
0.5 1.12 1.09 1.05

1 1.01 0.98 0.91

0.01 1.46 1.43 1.39

0.05 1.34 1.32 1.32

zn?* 0.1 1.12 0.98 1.02
0.5 0.92 0.84 0.76

1 0.84 0.79 0.70

0.01 1.41 1.27 1.33

0.05 1.30 1.14 1.06

C* 0.1 1.07 0.97 0.79
0.5 0.99 0.81 0.71

1 0.83 0.72 0.56

0.01 1.40 1.14 0.99

0.05 1.15 0.89 0.75

PR 0.1 0.98 0.72 0.63
0.5 0.84 0.69 0.49

1 0.77 0.51 0.24

A M(NO3),=0.1 mol/I; Volume = 2ml; Volume of electrolyte solution: 25 ml; time: 24 h ; room temperature

3.2.2. Rates of metal uptake

The rates of metal adsorption by the SDBF resiretzen measured for ¥eCl/*, Ni¢* Co?*, zr**, Cd* and PB"
ions, in order to know the equilibrium time requird he term “rates” refers merely change in theceotration of
metal ion in the aqueous solution, which is in echtwvith given terpolymer resins. The experimergallts which
are given in table 4, shows that the time takeritferuptake of the metal ions at a given stagerd¥pen the nature
of the metal ion under the given conditions. Asslze of the metal ion increases time taken foughtake metal ion
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also increases. The experimental results inditateFe" ions required less time of 4 hours for the estabiisnt of
equilibrium. Cd", Ni?*, Cé?*, Zr?*, ion required 5 hours while €dand PB"ions required about 6 hour reaching for
the establishment of equilibrium. It is further ealed that the rates of metal ion uptake followdtder: F& > Cu
LN - Cd** - Zn?* > Cd* - P for all the terpolymers [14-16, 22-25].

Table 4. Comparison of therates of metal ion uptake of SDBF resin

Percentage of the metal ion upf® at different times (t

Metal ions 0% 1 > 3 2 5 6
== 63 75 81 91 98 -
Ccuw 38 49 68 80 91 97
Ni2* 23 34 53 71 81 96
co* 18 33 48 64 80 95
znt 16 23 37 63 79 95 -
Cd* 15 30 61 72 80 89 98
P 14 26 37 69 78 89 96

5[ M* (NOs),] =0.1 mole/l, Volume=2,NaNOs=0.1mol/I Volume of electrolyte solution=25ml, time=24hr (equilibrium state), room temperature.

Amount of metal ion absorbed 100

’ Metal ion uptake =
Amount of metal ion absorbed at equiiim

3.2.3. Evaluation of distribution coefficient of the metal ions over wide pH range

The results of the effect of pH on the amount ofahien distributed between two phases are incatgakin table
5. Examination of the data indicates that the isdamount of metal ions taken up by the resin dempt
equilibrium increases with increasing pH of the med[14-16, 22-25]. The study was carried out oufy to
pH=6.5 in order to prevent hydrolysis of the mébals at higher pH. Perusal of data given in tabthesselectivity
of resin samples for Bés higher than that of other metal ions. The lowfistribution ratio of F& due to sterric
hindrance imposed by polymer matrix [22-25]. Amahg other metal ions Gliand Nf* ions taken up more
selectively by terpolymer resin. The other metaisi€d*, zn**, Cd* and PB'have distribution ratio, ‘D’ over the
pH range of 4 to 6.5. This could be attributedh® low stability constant i.e. the weak ligand stzdtion energy of
the metal complexes [14-16, 22-25]. The possibtiopf selectivity of a cation-exchange resin fivatent metal
ions is [14-16, 22-25]: Pd>Cu>Ni>Co>Zn>Cd>Fe>Mn>Mgpmparison of the values of distribution coeffitie
of a given metal ion for all the four molar ratibterpolymer reveals that there is no much diffeeem the values.
Thus in the present study the observed order dfilalision ratio of metal ions measured in the ran§éd.5 to 6.5
pH was found to be Be> Cu?> Ni** > Cd* > zrt* > Cd* > P

Earlier workers have also suggested this ordeeleictivity for a salicylic acid containing polymer.

Table 5. Distribution ratio D? of the metal ion asa function of the pH® of SDBF resin

Distribution ratio of the metal ion at different pH

Metlion = o> 05"255 30 40 45 50 60 65
F&" 2174 2926 5984 - - - - -

CF - - : 1146 2041 397.8 595 9819 1171.4
NiZ* - - : 931 1145 1581 2344 4033 8596
CH - - 682 873 986 1452 2249 3863
7 - - : 389 536 814 142 2316 3613
Cd* - - - 31.8 50.2 743 1144 1853 2985
P - 206 498 687 1274 1733 2764

3 M*(NO3)2] =0.1 mole/l, Volume = 2, NaNOz = 0.1mol/I,Volume of electrol yte solution=25ml, time=24hr (equilibrium state),Room temperature.

Weight of metal ions taken up by 1g a&fsin
Weight of metal ions present in 1ml odlation

a

CONCLUSION

[1] It is selective chelating ion-exchange resin fof' FEW*, Ni?*, Cd**, Zr?*, CF* and PB" metal ions.
[2] These resin showed a higher selectivity fof' FEU** and Nf* ions as compared to Zn Cdf* and PB" ions.
[3] The polymer showed higher selectivity for’Fat pH 2.5 as compared to other metal ions.
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[4] The results of ion exchange study are helpful lecig the optimum pH for a selective uptake gfaaticular
metal ion from a mixture of a different metal ion.
[5] Thus resin can be useful in water treatment anldifparh control.
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