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ABSTRACT

An ion exchange resin chelator wastlsysized from 8-hydroxyquinoline and

pyrogallol using formaldehyde as a crosslinkingrage 120° C in a solution of DMF.

The resin was characterized by elemental analysida|IR.

The morphology of the synthesis resin was examimeaptical photograph and scanning

electron microscopy (SEM).

The physicochemical properties of the resin weudistl. The cation exchange capacity was
measured and the effect of pH and metal ion conatoh on the ability of the ion exchange
were studied. The ratio of cation exchange readimhthe distribution coefficient in tartaric

acid medium at different pH were also studied usiregmethod of batch equilibration.

Keywords. Chelating resin, Batch equilibration, Physico-cheahproperties, Distribution coefficient
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I ntroduction

Over the past years, there has been a ggogancern for the immobilization of metal
ions introduced into bodies of water and wastewdaternncreasing human technological

activities. It has been established beyond douhbt the ions of heavy metals in the
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environment (air, soil and water) pose a seriousathto human health. With the exponential
growth of the population, it is necessary to cdnthe release of toxic heavy metal ions

before entering the complex ecosystem.

Separation, removal, and the enrichment of metalgace amounts in aqueous solutions,
have an important role in wastewater, industrialgeological sample analysis. The solid
phase extraction on the metal ion was grantedafestptance due to its various advantages
over other the invention also provides methods. €k&action of metal ions using ion
exchange resin is a chelating power green analyheghod, since it does not involve the use
of toxic organic chlorine compounds, which are vémgquently used in conventional

techniques liquid-liquid extraction.

The main objective of much of the research on ¢imgaesins was the preparation of the
insoluble part functionalized polymers that canvie in conjunction with more flexible

working conditions good stability and high capadiy metal ions. The use of the modified
clay minerals for the adsorption of metal ions fragueous solutions for purification of

industrial water or waste water, the treatmentidsesn widely studied.

These clay minerals, when used as colloids or posvdere found to be effective as ion
equally exchange resin, but it is difficult to retre from these adsorbents filters after use.

This also regeneration and makes possible verigditfto reuse clay adsorbents.

Chelating ion exchange resins have also been mephy copolycondensing or 8-

hydroxyquinoline phenol derivatives such as o-amiremol, resorcinol or resorcylic acid

With formaldehyde [1].
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Antico and al synthesized from a gel-type ion exgjgaresin, Glycol 8-hydroxyquinoline
methacrylate and used to investigate separatinglPand Cu (ll) in the chloride solution
[2]. Chelating ion exchange resins also have begrthesized by the Friedel-Crafts
condensation 8-hydroxyquinoline [3] and substitu@dhydroxyquinoline with [4] 1,2-
dichloroethylene. The synthetic resins have beandaselective for certain metal ions over a
wide pH range. The chelating behavior poly (8- @lime-5, 7-dimethylene ) [5] and its
crosslinked polymer [6] from the reaction with @ifént amounts of bisphenol-a to certain
trivalent ions of lanthanides such that La (Il) ad (ll) was investigated by static a load
balancing Method. Vernon and al. prepared and studnelating properties of toxin resinto
the transition metal ions [ 7,8 ] stability te$tey suggested that the gel polymers must never

be allowed to dry; otherwise their favourable prtips are destroyed.

Shah and al. [ 9,10 ] and Warshwsky and al [11l]oren certain resins based on 8-
hydroxyquinoline and substituted 8-hydroxyquinolinespectively, and chelating properties
to transition and post-transition metal ions. Alalirg ion exchange resin was synthesized
from 8-hydroxyquinoline and catechol using form&lgde have been synthesized by Shah

and al. [12 ]

Until now, no resin based on 8-hydroxyquinolineqgaillol-formaldehyde in DMF has been
insert for quantitative removal and separationdtesn metal ions and post transition. As
industrial effluents are often rich in transitiondatransition metal ions after, removing the
metals a large industrial task. The study describede present communication processes of
synthesis and characterization of aboveres togetiitarthe systematic studies of various

properties of ion exchange resin.
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Materials and methods
Materials
8-Hydroxyquinoline (Prolabo, IGT Paris) and fornetlgde were purified by
recrystallization method.
Pyrogallol (Glaxo extra pure) was purified by réetl spirit.
Metal ion solutions (KANTO CHEMICAL CO,INC.) weresad as received.
Synthesis Method
8-hydroxyquinoline (14.5 g, 0.1 mole) has been gdoimto fine powder and taken in a (250
ml) round bottom balloon and dissolved in DMF (26 )nto give a clear yellow solution.
Formaldehyde (7.5 ml, 0.25 mol as 37% ) addedséin@d until a solution of red color.
A pyrogallol solution (11 g, 0.1 mole) in (10 mIMF has been added to above the solution
and stirring for 3 h. Then, the mixture has beeatér to reflux on a water bath at 90°C
under constant stirring for 3to 5 h
Condensation reagents was carried out in the pceseihan acid HCI 2M on sand bath by
heating to 120°C during 7 -8 h until a viscous 8olu with formation of a hard mass of
brown colored resin has been obtained.
The synthetic resin has been removed from theiozagessel and cured in an oven at 70 -
80°C during 12 h. The resulting resin having beasived with DMF and deionized water to
remove unreacted monomers and impurities. Afterctiraplete washing cycle, the reaction
yield production of the resin synthesized was 50%().

The resin sample has been purified and driedlyficrushed and sieved to obtained
uniform particles of 50 -70 mesh and stored in etilylene bottle. The resin has been then
screened characterized using different instrumeanrtalysis techniques and was used for the

4
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entire experiments during the search period. Tgstinsolubility of the resin in a different
solvent were performed at room temperature andspreswith intermittent agitation. The
resin has been found being insoluble in all commooganic solvents such as acetone,

ethanol, benzene, chloroforett. and all acids and alkalies of higher strengths.

Infra-Red spectra of the synthesized resin samgle been carried out without solvent on a
Thermo Scientific Nicolet spectrometer IR-200 FT-#hich is the measurement accuracy
of 4 cni* in the area 400-4000¢m

The allocation FTIR spectra peaks are presentédyia.

Elemental analysis was performed on a Carlo ZAF EDjuantification (Standard Less).
The results of the elemental analysis are in gambralance with the calculated values of

%C, % H and % N which is presented in Table 1.

To convert the resin sample in its'Horm, it has been equilibrated with a solutionH(E|
1M for 24 h and washed with deionized water untisifree from chloride by testing with

silver nitrate solution.

The H™ form of the resin have been used for subsequeniest The batch equilibrium

method has been adopted for studying the ion-exyghproperties.

Physico-chemical properties such as moisture arfid sontents, apparent density, true

density and void volume fraction have been stubiethe methods of the literature [13].
The sorption properties such as exchange rateffpket @n the exchange capacity, effect of

the cation concentration on the exchange capaciydsstribution coefficient (K values for
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various metal ions as a function of pH and coneiain of the electrolyte have been studied

with the literature methods [ 14,15 ]. The valueha void volume fraction has been found

0.36, while other resins signaled 8-hydroxyquineliormaldehyde [8], 8-hydroxyquinoline
formaldehyde resorcinol [9] and 8-hydroxyquinoliieemaldehyde catechol [12 ] exhibited

void volume fraction values of 0.54, 0.59and Oré8pectively.

Rate of Exchange of M etal ons

For the experiment, an accurately weighed (0.250D061 g) dry resin in the 'Horm was
taken into different glass bottles stoppered andilibgated with a desired pH values
withbuffer solution for 24 h. After decanting ofetlbuffer solution, 50 ml (0.2 M) of metal
ion solution was added with the same pH. The amotimon-chelated metal ion has been
determined by Atomic Absorption Spectroscopy (AAb)fixed time intervals. The results

are shown in Fig. 2.

Effect of pH on Metal |on Exchange Capacity
To study the pH effect on absorbing metal ionsisinecessary to buffer the resin and
solutions used. For this purpose, buffer solutiohpH 3- 6 have been prepared from 0.2 M

acetic acid and 0.2 M sodium acetate solutions [16]

A pH-meter (Elico, model CL-44) has been used felasuring the pH. Different weighing
assemblies (0.250 £ 0.001 g) dry resin have bgaitilerated with buffer in different bottles

closed during 24 h, so that the resin attainedidsered pH value.

After 24 h, buffer solutions have been decanted(&dnl) of 0.2 M metal ion solutions
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pH ranging from 3 to 6 have been added. Metal @ut®ns have been equilibrated at room

temperature for 24 h with intermittent agitation.

After 24 h, the solutions were decanted and metalconcentration in the supernatant was
measured by a method Atomic absorption spectros@dp$) which is a spectral procedure
for the quantitative determination of chemical etets employing the absorption of optical
radiation (light) by free atoms in the gaseousestat

The same method was followed throughout the staaylkculate the ion exchange capacity
of the resin as:

Exchange capacity (mmol.g™)

_ [Initial molarity of the metal ion] — [Remaining molarity of the metal ion]
B Atomic molar mass of the metal » Weight of the resin sample

Effect of Metal Ion Concentration on Exchange Capacity

To study the metal ion concentration effect on kptaf different metal ions by the resin, the
resin has been equilibrated with an acetate btdfdesired pH (pH value of highest
exchange) for 24 h and buffer solutions were thecadted. An accurately weighed (0.250 +
0.001 g) dry resin has been equilibrated with metakolutions (50 ml) with variant mass
concentration (eg, 1 ppm, 2 ppm, 3 ppm, 4 ppm fipfm) at the same pH value at room
temperature during 24 h with intermittent agitatio

After 24 h, the metal ion solutions were decanted aon-chelated metal ions have been
estimated by atomic absorption spectroscopy (AAS).

Kq Valuesfor Metal lonsin Presence of Electrolyte (Tartaric Acid) Solution

Measurement of distribution coefficient of metahsoover a wide range of condition is the

best method to avoid choosing elution conditionss&paration columns by a strictly trial
7
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and error process. The batch distribution coeffii&, is defined as:
Kg

mmole of metal ion on resin x volume of metal ion solution

mmomle of metal in solution * weight of dry resin

Although this distribution coefficient is measum@u a base discontinuously, it can be used to
predict elution behavior metal ions eluted from@mexchange column. For separating two
substances, the conditions should be chosen sathh distribution coefficient of one of
them is small (preferably 1 or less) so that itietythe column is fast, while the distribution
coefficient of the other substance, under the semmelitions should be as large as possible
(more than 10 times) such that the substancennyfineld by the resin [17].

Effect of different concentrations and pH of theatolyte (tartaric acid) to adsorbing metal
ion the synthetic resin was investigated. A drymesmple weighed exactly (0.250 + 0.001
g) has been suspended in the electrolyte solutastaic acid) of 50 ml different known
concentrations (eg 0.1 M, 0.2 M, 0.3 M, 0.5 M antl The pH of the suspension was
adjusted to the desired value using acetate baffdrthe resin has been equilibrated for 24 h.
To the suspension, 2.0 ml of different metal iolusons under study (5 mg./ was added

to be equilibrated for 24 h with intermittent agiwa. After 24 h, the solutions were decanted
and unabsorbed metal ions were estimated.

RESULTS AND DISCUSSION

Physico-chemical properties

Physicochemical properties of the synthesized resen presented in Table 2. Moisture
content of a resin providing a measure of its wateelling capacity or its loading capacity.
The water content depends on numerous factors, thaththe composition of the resin

matrix, the cross-linking degree or the naturehef active groups and the ionic resin form.
8
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The degree of cross-linking a resin has an effecthee moisture content and moisture
content of the resin, and therefore, has an effieche selectivity. In a high moisture content
of the resin, the active groups are more spaced, aggp strong acid cation resins contain
about 50% moisture. The water content percentaggrahetic resin, as shown in Table 2 is
5.25%.

Therefore, the resin has a low moisture percentagge relative to the commercial resins.
Resins synthesized from salicylic acid and furfln@hzidine p-hydroxybenzoic acid-
furfural-benzidine [18] have lower moisture conte(#.01 and 4.9% respectively) than the
synthesized resin.

The resin synthesized from 8-hydroxyquinoline-pwita-formaldehyde [ 12 ] and salicylic
acid formaldehyde-m-cresol [19] had slightly highewisture content (5.64 to 9.4%,
respectively ).The moisture differential may bessiby different experimental conditions,
such as carriers, wherein the resins have beehesinéd, the polymer backbones, the cross-
linking degree and the functional groups involved.

The true density of the synthetic resin is 0.95mF,cwhich is given in Table 2. The actual
density commercial resins is generally betweentd 1.7 g cni®. To prevent flutter of resin
particles, the actual density floating must be ggethan a resin particles is not desirable in
chromatographic studies, as disturbs forming a @mnpolumn. The optimum density and
size uniform particles allow the perfect columnkag and column performance.

Measuring the density of the column or the appadentsity is necessary that the resins are
commercially available on a volume basis and padked weight basis. The bulk density of
the polymer synthesized is given in Table 2, fromoh to see that the apparent density of
the resin is in the range of 0.51 g &mwhich is comparable to the density commodityrresi

9
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This can be due to changes in the polymer matrifkerdnt functional groups and the
synthesis process.

The apparent density parameter gives an indicatidine required length of a column packed
with a study of the ideal chromatographic column.

The value of the void volume fraction resin is afgeen in table a vacuum volume fraction
of the synthetic resin was the order of 0,38. Téwsgive value the void volume fraction is
broadcast on the resin and exchangeable ion exeheatg increases leaving ions. The
essential minimum void volume has an improved difin exchangeable ion and gives the
feasibility of the operation of the column thereby.

Spectral Characterization of Resin

The FTIR spectrum of the resin is shown in FigA Btrong band at 3300 ¢his due to the
v(O-H) stretching of phenolic group, a medium ban®@66 cnt is due to thev(C- H)
stretching of aromatic ring and the presence okdiom-strong band at 2900 ¢ris due to
the v(C-H) stretching of methylene group. The bands&86] 1585 and 1447 ¢hcan be
assigned ta(C=N) heterocyclic ring and(C=C) aromatic ring stretching, respectively. A
band at 1442 cthis also due t6(C-H) deformation of methylene group [9]. The pre=eof

a medium-strong band at 1384 tiwan be assigned to in plad@-H) bending of aromatic
and a band at 1285 ¢nis due to aromatio(C-O) stretching. A sharp single band at 781 cm
! which can be assigned to the presence of 1,3;pghta substituted benzene ring [10],
confirms the polymerization of monomers.

Elemental Analysis

The theoretical percent of carbon, nitrogen andrdyein content of the resin have been
calculated from the general formula;{8:3NO,) of the repeating unit of the structure likely

10
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(Scheme 1). Table 1 show that the results of tamehtal analysis are in good accordance
with the calculated values. The elemental analyssults are supported the proposed
structure of the resin presented in Scheme 1.

Optical and SEM Photographs

The morphology of the insert resin sample was ingated by scanning electron
micrographs, which are represented in Fig. 2 amgd Bj respectively. The synthetic resin
optical photographing showed that it is of a braxeior. The morphology of the resin shows
a fringed model of the, crystalline-amorphous dtrees

The fringes represent transition state betweegnystalline and amorphous phase [20]. The
resin exhibits more amorphous character with clgsexked surface having deep [{fggs.

3a and 3bas it compared with anthranilic acid-formaldehydsarcinol resin and 8-
hydroxyquinoline-formaldehyde-pyrogallol resin regeal earlier [12 -20].

Surface analysis has been found to be useful inrtkderstanding surface features of the
material. The morphology of the resin parts crygtalwth from polymer solutions
corresponding to the largest organization largéesogpolymers, eg in size spherulites of a
few millimeters. Ideally, the spherulites are aggtes of size sub-microscopic particles.
Spherulites are characterized by the secondargtatrifeatures, such as faint corrugations.
The higher magnification 500 'shows the coexistari@n appreciable amorphous fraction
with a small amount of shallow pits.

The surface of the resin (Fig.3 ) contributes gmesegments of crystalline regions.

Rate of Exchangefor Metal lons

As the base resin structure is important in physaesorption metal ions by the different
copolymers of the resin. From the results, viewesd the metal ion exchange rate is faster at

11
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the beginning and then slow. These occur due ta¢h®val or exchange of ions of the
solution the surface of the resin and after thereerstvailable site (group) were occupied
resin. It results in slower rate of the exchangeg..B shows the rate of exchange of the metal
ion of the synthetic resin.
Metal ion exchange on the resin has a time depénmenomenon. The rate of different
metal ion exchange was to determine the shortast itnterval for whickequilibriumcan be
performed [21]. The graph represented on Fig. #atds that time required for the exchange
of 50% (&) for Cu (Il) is 30 min and Zn (ll) and Pb (Il) a&® and 56 min, respectively.
This is assigned to the Cu (Il) hydrated have radialler (0.419 nm) that hydrated Zn (Il)
(0.430 nm) and thus have greater access to the sesface. The order of the exchange
capacity is:

Cu(I)>2zZn (1) >Pb ().
Rapid exchange rate in the beginning can be exgdaom the basis of mass action of the law
and the equilibrium state.
The exchange rate greater facilitates the chromapbgc separation column. Metal ion
exchange kinetics mainly depends on various phlypicgerties, including the particle size
distribution, the size pores, the physical basgctire and diffusion of counterion [ 13,14 ]
Effect of pH on Exchange Capacity
Metal removal ions from an aqueous solution by sonpgs strongly dependent on pH of the
solution which influences the surface charge ofsthibent [20]. Chelating ligands form
complexes with various metal ions in specific pkditions [21]. Therefore, the synthesis

resin has been used to study the effect of vamyth@n its chelating ability to various

12



263 metal ions. The results of the exchange capacitgni@ing on the pH for different metal ions
264 are presented in Fig. 5. The results show thatsthrption metal ions is increased with
265 Increasing pH to a maximum value and thereafteredsed.

266 Maximum sorption occurred Cu (ll) at pH 6, Zn @) pH 4 and Pb (ll) at pH 4. The order of
267 selectivity for the metal ions is : Cu (ll) > Zh) (> Pb (lI).

268 Anincrease in pH increases the negatively changdare of the sorbent surface. This leads
269 to an increase in the electrostatic attraction betwpositively charged metal ions and

270 negatively charged sorbent and results in increasgation of metal ions. At lower pH, the
271 removal of metal ions is decreased due to the highrecentration of Hions present in the

272 reaction mixture which compete with the metal iGarsthe sorption sites at the surface.

273 Meanwhile, the observed decrease in sorption cgpiaaiue to the formation of insoluble
274  metal ion hydroxidef22].

275 In the case of Pb(ll) purely electrostatic factare responsible. Due to the less deep pits,
276  resin exhibits lower ion exchange capacity for Bb@b(Il) has bigger hydrated radii, so it
277 cannot easily penetrate to originate in more chyséaregion of the polymeric network.
278  Therefore, the cleaner separation can be obtairwed fhe browser binary mixture Pb (I1)
279 with transition metal ions such as Cu (1) or Zh.(I

280 Effect of Metal lon Concentration on Exchange Capacity

281 Examination data presented in Fig. 6 shows thaatheunt of adsorbed metal ions

282 increases with increasing concentration of metas io the solution to a maximum value,

283 and will remain constant while new increase of medacentration. A low concentration of
284 metal ions, the available number of metal iondgngolution is low relative to the

285 arrangement sites on the sorbent [22]. Howevdnghier concentrations, the sorption

13
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available sites remain same as more metal ionawvaitable for sorption and subsequently
sorption becomes almost constant then after [ P,10

Effect of Electrolyte Concentration and pH on Distribution Coefficient (K4) Values

Batch process of equilibrium is useful to deternthmedistribution coefficient (K) for the
metal ions depending on the concentration of tartaeid. Tartaric acid is a potent chelating
elution agent. It contains six oxygen atoms witshared electron pairs, which from
complexes of chelating metal ions more stable vaiin-metal complexes. Tartaric acid can
easily eluting resin metal ions and give clear szpa.

Distribution coefficient values (Kd) for differentetal ions have been determined by the
batch equilibration method. The #alues have been investigated metal ions depermting
pH and the concentration of the electrolyte soluaad the results are shown in table 3. The
present survey limit distribution studies to a aer{pH to each metal ion to avoid hydrolysis
metal ions at a pH above [9]. As is evident from fbllowing table 3, any electrolyte
concentrations and the entire pH range, the valtigg decrease in order Pb (I1) > Zn (ll)

> Cu (Il).

Meanwhile, in all cases, the;Kalues decrease with increasing electrolyte canagon and
increase with increasing in pH. It is expected thsatribution coefficients metal ions can
vary depending on the stability metal complexe$ witelating groups of the resin. Best
results for stabilizing higher distribution coeféats.

This study limit distribution studies to a certaiH to each metal ion to avoid hydrolysis
metal ions at a higher pH.

It is evident that to obtain sharper separatiorairiens, large values &K, should selected
from the same experimental conditions [23].
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Analytical application

Removal of toxic metal from industrial effluents.

The efficiency of recovery of metal ions from tH#uent has been examined using the
synthetic resin. The effluents have been collefrtmnh waste industry discharges batteries
(Tunisian Plant) and industrial emissions galvargziTunisian Plant too) for the Pb (Il) and
Zn (I1), respectively. The initial concentrationszn (I1) and Pb (11) in the effluents are
found to be 165 and 101 mg dnrespectively. Industrial effluent analysis hasrbearried
out in a simple manner using the synthetic resime fesin has been introduced into a column
(diameter is 0.5 cm) for a length of 15 cm. THiedi resin has been pr-equilibrated at pH 3.
The pH of the effluent containing Pb has been aegus 3 and pass through the resin
column at a rate of 1 ctmin™, followed by a gentle washing with deionized wafére
chelated lead has been eluted with a tartaricsadigtion 1 M at pH 3.

The chelated lead has been eluted with a tartamtcsalution to 1 M to pH 3. It has been
found that removal and recovery of copper fromefilient were quantitative.

The pH of the industrial effluent containing Zn Q1€n? ) has been adjusted to 3 using a
buffer solution and passed through the resin colatrarate of 1 cimin™ stream, followed
by washing with water carefully.

The results showed 92% Pb (II) and 89% Pb (II) vecpof industrial effluents using the
resin. The synthetic resin may be adopted forridastrial processing(treatment) of
wastewater.

CONCLUSIONS

In conclusion, the chelating resin derived fromdepllol and 8-Hydroxyquinoline with
formaldehyde was useful cation exchanger for divtateetal ions. A SEM image of the
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resin establishes the amorphous nature of the wadsith helps for the higher metal ion
uptake. The synthesized resin can be used foethewval of toxic heavy metals from
aqueous media and industrial wastewater contai@undl) and Pb(ll). The recovery of the
metals from Industrial effluents gives an indicataf the utilization potential of the
synthesized resin for wastewater treatment.
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Tablel. Element Analysis of the Resin

% Calculated (% Found)
C H N
69.15 4.04 4.74
68.15 3.98 4.65

Table 2. Physicochemical Properties of the synthesizedrResi

True density
Apparent density

Void volume fraction

Property Values (S.D)
% Moisture content 5.25 (x0.05)
% Solid 93 (0.05)

0.95 (+0.01) g.c
0.51 (+0.01) g.cf

0.38 (+0.025)
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Table 3. K4 Values of Metal lons at Various Tartaric Acid Centrations and pH Values

Metal [Tartricacid] K4 values at different pH
ion (M)
3 3.5 4 5 6
0.1 1101 670.8 527.1 201.7 155.2
0.2 6983  320.2 129.9 110 79.7
Cu(lt) 0.3 250.1 105.5 80.5 50.8 38.9
0.5 556  55.6 39.7 52.3 55
1 14 19.3 11.8 8.4 6.5
0.1 1800 1320 432.4 401.9 200
0.2 640.7 617.8 220.1 110.9 130.5
Zn(11) 0.3 588.2  300.4 95 71.8 59
0.5 134 115.1 74 28.1 36.8
1 81 35.5 25.2 11.8 5.3
0.1 22213 980.4 610.3 420.9 261.2
0.2 668.4 640.2 230.7 116 142.3
Pb(11) 0.3 4359  340.7 95.3 82.2 30.4
0.5 1302 825 80 40.3 4.7
1 108 454 34.9 17 2.8
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