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THEORY OF TON-ECHANGE IROCESS IN WEAK ORGANIC ACTD MED TUM

(42 ADSORPIION OF WEAK ORGANIC 4CIDS

Acetic acid is adsorbed by cation exchangers in H? form
and by anisn exchangers in a€etate form. This adsorption is
almost completely non=ionic since the high concentration of H?
or acetate ions in the ioneexchangers suppresses the dissociation
of the acid.1 In 2 similar way, weak bases such as amoniz,
pyridine and piperdine are adsorbed by anion exchangers in
OH  or free base form and by cation exchangers in ammorium,
pyridinium or piperidinium form. Resins may take up weak
electrolytes by noneionic sorption well in excess of their ion
exchange capacity. The dissociation of weak electrolytes and
hence, this uptake by ion~exchangers depend on the pH of the

solutLon?

. The PH dependence can be used for elution for example,
weak aclds which are taken up in wm=~dissociated form by cation
exchangers in Hﬂ form are efficiently eluted with alkali, the
resin and the acid are neutralized by the alkali, and the
dissocizted salt of the acid is expelled by the Donnan effectS .
Weak electrolytes can also be sorbed, without simultaneous ion=-
exchange, by resins containing multivalent cownter-ions. The
uptake of acld lowers the internzl pH. As a consequence, the
counter 1ons assoclate partly with the H ions of the penetrating
acid. Thig associatisn decreases the charge of the original
cowmbter ions, and ionic groups of the resin become available for
holding the anions of the penetrating acid. The net effect is

an uptake of acid without exchange of original couwmter ions.



This mechanism is called as 'Site sharing'h. & necessary
condition for acid sorption by site sharing is that H

ion of the penetrating acid associate with the cowmnter ion
in the resin. Hence, the pK of the penetrating acid must be
lower than the highegt pK of the multivalent acid anion in
the resin. A higher site sharing capacity 1s attained if the
PK of the penetrating acid is lower than the second«highegt
PK of the anion in the resin. On the other hand, the pK of
the venetrating aéid should be higher than the pK of the
anion in the resin since, otherwise, this anion will form
un=-digsociated acid which is no longer electrostatically
held by the fixed charges. The condition for site sharing

thus is (pKﬁB cowmbter ion <:(pK) sorbed acid.(k;ﬂh) counter ion.

(B) JON-EZCHANGE FPROCESS IN MIXED SOILVENIS

Ion~exchange between a s21id and a solution can only
occur if there is a solvent in which the exchanging species
are goluble. There should not be destruction or digsolution
of the solid ion-exchanger in the solvent. Water, because of
its high dielectric constant is an excellent solvent for most
inorganic and quite a number of organic acids, bases and salts.
gtrong electrolytes dissociate largely or completely when
digssolved in water, and aquedus solutions eﬁen of weak
electrolytes and strong complexes contain ions in measurable
concentrations. There are other solvents with high dielectric
constants in yhich electrolytes can dissolve and dissocicte and
in which most of the common ion exchangers are stable,’ llny

organic acids, are more readily dissolved in these sdlvenis
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than in water. Th quite a number of cases, organic solvents
can be used for achieving effects which can not be obtained
with vater. The nature of the solvents affects the solubilitym
dissociation and solvadion of the solutes and the behavioup of
the lon=exchanger and certain veculiarities and side effects

are more vrondunced with organic solvents than with water.

HISTORICAL REVIEW

The separation of metal iong as halogen complexes
by elution from a cation exchange colum with hydrocloric
acld organic s2lvent media is now an established anzlytical
techniques Kember et al6probably were the first to employ
addition of water-miscible non-&quedus solvents to promote
metzl halide complex formation for the selective elution

of trangition metal ions from cation exchange resins.

Fritz, Garralda and Karraller’ serarated many metal
ions using 0«1 M or 1 M hydrofluoric acid as the eluting
agent, the method of sewaration of 413", Ti**, V** ana 7"
ions was studled by using Dowex 50 W-X8, cation exchange
resin in H*'and ethylene diammoniwn forms. Yoshimo and KojimaB
and strelow9 sevarated cadmium from zine and other metal ions
Ly elution with 0.5 M hydrochloric acid. Frits and Garxﬂlda7

semarated :’113"', cuet Y Cdz*, 002*, e

and Th%*using nitric
acid. The stuwiies indicated that the nitric acid in non-aguedus
solvent sevarations required lerger volumes of eluent for
quantitative elution and a slower flow rate had to be endloyed.

11

0 . P gt s
Strelow1 y Mann and Swanson = measlureg the equilibrium
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distribution coefficients vwhich are a mseful guide to possible
cation exchange semarations in aguedous solution. Tgullibrium
distribution coefficients af ceatilons in hydrocholoric acvd12
nitric acid znd sulvhuric acid media using BIO-PAD AG 50W=X8
sulfonzted volysterene resin have becn worked out« The vossibi-
-lities of separation of wvaricus metals are indicated with

the help of the distribution coefficients. It has been shown
that metel ions are teaken up more strongly and at loyer
hydrochloric acld concentrations by an anion exchange colum

if &n appreaciable cmowmnt of 2 water-miscible orgenic solvent

1s acced to the aquedous hydrochloric acid12,1§ o This behaviour
indicated the possibility of using a non-agueous solvent to
promote metale-hglide commlex formetion for the selective elubion
of metcl ions from a cation exchange colum. Prelimincry wyork

M

by Plettryzyk' ™ indicated that acetone is the moszt effective of

the solvents tested.

The attenpts mide to investigote systemotically the
broad fields of mixed aqueous organic c¢olvent medie contoining
hyCrochloric 2¢cid Ls limited in comparision to the dota
aveilable for the cation exchange behaviouwr of the eluents
in aquesus hycrochloric aci¢. The exchange behaviour of
lithium, sodium and n»otassium and of megnesiw, calcium,

) 2 7’9’10,13 > 3 h 2% ] ] - L I
strontium ané barium in methanol hycdrochloric acildé
medla has been investigated. Some of the sys-tems were

pnlied to the effective gsemaration of lithium fron other

alkall metzals e.g. by using 90% methanol=10% 2 I hycrochloric
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acid as eluent for lithium” wnder these conditions the
distribution coefficients of lithium andéd sodium are 2 and L4
resvectively. In media containing phenosl as well as methanol

and hydrochloric acid, lithium was semrated from sodium and
patassium15;

Cation exchange separations of alkelil metals, alkaline
eaths and transition metals like copner, cobalt, nickel, m@nganese
and vanzdium in ethanosl-hydrochloric acid media have been
reported 16. T this case the media offer mny attractive
pogsibilities for semretions. Tts advantages over the acetone-
HC1 system are (i) Ethanol has high boiling voint, (ii) Tt has
no possibility of polymerization in acié solutions angd (iii)
non-toxic natuwre of ethanol. Its disadventages are the case of
chloride complex formation and increase in viscogity at higher
concentration of acid. Exchange rates for elements which requiee
these kind of eluents often are slow in aqueous solution. Th
ethanolic solutions they are even slower and resin of a fine
varticle size leads to considerably improved semerations. High
viscogities in such cases limit the maximum flow rates attainable
without the anvlication of externel pressures. Relatively great
attention has been paid to catione-exchange studies and semerations
of various elements with acetone=hyérocholoric acid mixtures as
eluents. Bugena, Cconstantinescu and Topar17 and Tonescu lNegodescu

and Gaininl®

have effected the sevarztion of copver and zinc
on phendol formaldehyde tyve cationeexchange resin uging ccetone~
water-hydrocholoric acld solutions as eluting agents. Hember,

Macdonald and Wells19 have stutied the behaviour of severel metals
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mn Zeokarb 225, cation-exchange resin using acetone-water-
hydrochloric acid eluents but were able to gseparcte onl

copPer and nickel'?Van.Erkelensgo has studied the ion exchonge
separation of complex mixtures of metzl cations and anions'in
trace pquentities using acetone-water=hydrocholoric add
solutiong as eluting agents. He observed that certein semrations
such as the mixture of cobalt, menganese and ion or the mixture
of copper and zinec could not be effected and that the adcition
of votzssium iodide %o the eluent is necessary to effect the

separation of the mixture of copper and cobslt.

Systemtic investigations for the seperation of bismuth,
cadmium, zinc, iron, copper, wanium, cobalt, gallium and

manganese were carried by Fritz and Rettig21-

The use of orgenic solvents like iso-propenol, methyl
ethyl ketone, glycol, tetra-=hydrofuran wés made by several

workers . The behaviour of pmasegdymiUm22,23

was investigated
in hydrochloric acid systems containing methanol, ethanol,
lgoe=provanol, methyl ethyl ketone and glycol. m effective
separation of large amownts of iron from cobalt, nickel and
aluminium is possible by using the mixture of tetravhydrofuran

and hydérochloric acicé as eluantszu}

Tt is seen that cationeexchange in hyérochloric acid
organic solvent media hes received attention only with respect
to the solution of specific semaration problems or hes been used

to stuwdy the adsorption behaviour of several metal ions in only
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one solvent or of only one or a smrll group of elements in
several different organic solvents. The correlation of the
various adsorotion data obtained in these media by the various
authors is extremely difficult because cation exchenge resins

of various type were used for this purpose. The effect of
increasing concemtration of organic solvent from o to 90% in
solutions with a consgtant over 211 acidity of 0.6 M ~hydrochloric
acid, and the effect of acidity ranging from 0.15 to 1.2 M overall
acldity at constant concentretion of organic solvent of 90% were
investigated by measuring the distribution-coefficient in the
same media. From the distribution-coefficients thus obtzined,
the possibilities of serarating the elements from one another

was investigatedy

Je. Korkisch and g.S. 4hluwalla 25 investigated 20
elements on the strongly acidic cationeexchange resin Doyex
50x8 in tedla containing varying concentrations of aqueous
hydérochloric acid and organic solvents like methanol, ethenol,
n=-propanol, isopropanol, methyl glycol, agetane, tetraphydrofuran
and acetic acid. Ion exchange equilibrium distribution of
Ca, Mg, COy Ni, Cu and Fe (III) on Imac=Ar Cation exchange resin
was studied by Hassan et a12® in hydrochloric acid containing
methansl, ethanol, isopropandol and acetone. The pogsibilities
of several uséful separations were suggested from the distribution
results.

Distribution coefficients have been measured for the
partition of metal ions between cation exchange resin and

acebtone~yater=hydrochloric acid solutions. The differences in

LT M L+
Sdivanl .. . e idini il
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distribution coefficients of a metal ion are greater in acetone
water media than in aqueous media of the same hydrochloric acid
concentration. By using distribution coefficient data, conditions
for colum separations of mixtures can be effected by eluting
with acetone~water~hydrochloric acid solutions of different
compositions. |

Ion exchange is extensively used for the concentration
of uranium & its complete sevaration from associated elements.
For a separation from the rare earths, a non-complexing elution
was inadequate owing to the insufficient difference in their ion
exchange affinities. Among the complexing elwnts proposed mey
be mentioned oxalate, acetate, fluoride, sulphate, carbonate
and EDTA, but fey of them have found favour. The anion exchange
methods were based on27 the retention of weanium ag its chloro
or sulphato complex appeared to be more useful. The popular
aminocarboxylic acid eluwants are less staisfactory in this case
because of the comperatively weak co-ordinating tendency of
uranium with nitrogen. The Ianthanides plus yttrium and
scandium were separated28 from Ba, Sr, Ca, Mg, P(II), BL(III),
Zn, Mn(II) and U(VI) by eluting these elements with 2.0 M nitric
acid from a colum of AG 50 W=X8 cation exchange resin (200-400
mesh). The lanthanides were retailned znd were eluted with 4 M
nit#lc or hydrochloric acid. Flements such as Cu (II), co(II),
Ni(II), Cd, Hg (II), T1 (I), 4g, Be, Ti (IV) and the alkaXi
mevals should accompany barium quantitatively according to
their known digtribution coefficients.

Cation exchange chromtographic studies of scandcium on

Trowex 50W=X8 were reported by Khopkar29. Mineral acids and their
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salts were tested as eluants. Their efficlency was evaluated in
terms of the elution constant and the bed distribution coefficient
as H,80,) CHBCOONH)+> NH,Cl > NaCl«> HI0;) EC 1. > E, N0y «

Scandlum was separated from alksli, alkaline earths,
iron, zinc, cadmium, mercury, copper, indium, aluminium,
vanadium, uranium, an¢ bismuth by the Dprocess of selectlve elution.
It was separated from titanium, zirconium, hafnium and antimony
by the process of gelective sorption. Separation of cobalt,
nickel, manganese, lead and silver from scanéium was accoaplished
with sodium chloride as an eluent. The separation fronm thorium

‘was carried out by gradient elution with hydrochloric acid.

Complex formation of the metals with orgenic compounds
has been advantageously used to achieve difficult seperations.
4 cation exchange separation methods for wranium in dimethyl
sulphoxide 30 and in tetrahydrofuran-nitric acid media

containing trioctylphosphineoxide31

have been developed.

Carboxylic acid mecia have shown great potential for the seperction
of metal ilons which are other wise very difficult to separate.
Fridman and Yﬁdina32 extracted and sevarated Nb5¥ ané Tiu*from
oxalic acld solubtion using cation exchanger Ky=-2 in protonated
form. The use of ion exchange seperations in determining trace
elements by neutron activation analysis is described by
Brooksbank and Ieddicotte33. Ianthanides were semarated on
Dowex=50 colwm using ammonium citrate as eluent at pH 3 .26,
Tartaric acid3n,Acitric acid and formic acid35 have proved to

be very effective for metal ioﬁ separations. Boron and megnesium

were separatad from iron by a simple procedure with a cation
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exchange resin, Wiaron k! H3BQ3 in an acidic solution of the
sample 1s passed through the resin, and iron or other cations
are adsorbed. Boron was detected titrimetrically or colori-
metrically. Magnesium was adsorbed gquantitatively by the

resin even in the presence of tartaric acid, but iron 1s mssed

into the eluate through the resin by 207 tartaric acid.

The catian exchange characteristics of a large number
of elements towards the strongly acidic cation exchange resin
Towex 50x8 in dedla contzining varying concentrations of formie
acid and mixtures of formic acid with aqueous dioxan were
investigated. Themixture of bismuth and copper solubtiong was
separateds The bismuth vas eluted by passing 23 M formic acid
through the colum at 2 flow rate of 3.0 ml/min. The copper
was then eluted with 2.5 M hydrochloric acld at a flow rate
of 1.5 ml/min.

The distribution coefficients in agueous dioxan-3 M
formic acid (131) mixtuwres for the various metal ions were
calculated and the semarations of the mixtures of lead and
copper, barium and lanthanum, cadmium and copper were

3%

predicted””+ A sclective study of titanium, vanadium, iron,
niobium and wanium in formic, axalic, tartaric anc cifric

acld media was ceérried out by Quereshl, Varshney and KauShik36.

The distribution coefficients in these media at
various concentrations were calculated and mixtures of
titanium and uranium or titanium and vonadium were separcted.

Tartaric acid was used ag eluent for titanium, formic acid
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for niosbium and nitiic acid for vanadium, uranium and iron.
Electrophoretic movements of these metal iong were studied

in 2% tartaric acid, 10% tartaric acid and 2 M nitric acid in
order to ascertain the nature of the charged species of these
metals.

Cation exchange distribution coefficients were vresented
for 46 elements in tartaric acid « nitric acid and in tartaric
acld « ammonilum tartrate mixture337 with 26 50 w=X8, a
sulvhongted polystyrene resin. The Ionexchange behaviour of the
elements in tartrate~contecining media was discussed. A selectivity
series of elements in tartrate media according to thelr tendency
to tartrate compnlex formation was presented togebther with three
multielement elution curves demonstrating the sevaration of the
element combinations sn(IV)=In-2Zn-Cd, Mo(VI)-U(V-TI) Ni(II) -
Mn(II)y, and Ti (IV)=~Sc-Al=-Ca.The same study was carried further
with the help of Dowex 1x8 anion exchanger. The results obtained
by both types of resins were compared and the pozsible sevaratibpns
of various metal ions were pTOposed17. Cation exchange studies38
of Yttrium and its semaration from various other elements were
carriled out by Khopkar using malonic acid, tartaric acid as
eluting agents.

FEESENT WORK

Tt 1s observed that the carbbxylic acld=organic solvent
meGia have shown a great potential in the separation of nmetal
ions. Tn the present work the distribution coefficients for

calcium, magnesium, manganese, lead nickel, thorium, aluminium
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mercury, strontium, barium, zinc, cobalt, copper and cadmium
ions in acetone=succinic acid, has been worked out. The cdata is
used for working out the optimum conditions for analytical

separetions of binary system.

EXPER IMENTAL

(A) Measurement of distribution coefficients

1.00 gm of air dried cation exchange resin was taken
in 250 ml glass stoppered conical flaske. 4 ml of 0.05 M metal
ion solution ang 50 ml of the appromtlate acetone~wcter-succinic
-acid mixture was taken. The flask was stoppered and kept for
ok hrse s aliquot from the supern-ent liquid was pipetted out
and acetone was evaporated. The metal ion content yas determined

by suitable titration method.

(B) Ion-Exchange seperation of metal ions

The pyrex glass chromatogravhic colums of 50 ml capecity
were Useds The colums were Provided with safety device to
maintain the ion exchanger‘under liquid. The colum was nacked
with a small wad of glass wool at the bottom and a2 slurry of
10 g sozked resin was passed and was allowed to settle by
occassional tapning. & care was taken to prevent the formation

of air pockets or strata of the ion exchange resin.

L L Tt

The colum was equilibrated with the resin by passing
20 ml of acetonee«yater~carboxylic acid mixture at maximum flow
rat639sl*0. The binary mixtures of various metal ions were
Preparel.

Tt was allowed to pass down the colum sloyly without

alloying the level of the liguid to drop below the surface of
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the exchanger. The requlsite amount of eluting agent was adced.
After about ten minubes the effluent fractions were collected
in test tubes by maintaining a flow rate of 4.6 ml/min. The
presence of metal 1on was tested by suitable analytical

reagents in the effluent fractions.

Under speciflied exverimental conditions the first
netal ion starts eluting and it is completely removed in
a series of fractions collected. The second metzl ion glerts
eluting by 24 HCI or 3 M HNQB or 6 M HNOS’ and gets completely
eluted at a particular fraction. After comvlete removal of
the two metals,elution is stopped, and the fractions containing
first metal are mixed together and the fractios contalning
second metal 1on are also mixed together. The metal ion contents
of the two mixtures were carried out by standard titrimetric
procedUres . Under certain conditions the separation is not

complete, some micdle fractions were found to contzin both the

ions, such experimental conditions were avoided.

D ISCUSSION 3

(&) Distribution coefficients

The distribution coefficients of Cu, Zn, Mg, N1, Cd, CO,
Mn, Ca, Po, Th(IV), AL(IITI), Hg(II), ST and Ba were fownd out at
0, 20, 4O, 60,'and 80 vercentages of acetone and at 0.1, 0.3,
0.5 and 0.7 M concentrations of sucecinic acids. The values of

distribution coefficients are presented in tables lzc,l to lrclF
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CATION EXCHANGE DISTRIBUTION COEFFICIENTS IN AQUEOUS ACETONE-SUCCINIC

ACID (0,7 M) MEDIA ON DOWEX 50W-x8 (H™)

ION

Cu(I1I)
2n(II)
Mg(II)
Ni(II)
ca(ir)
Co(II)
Mn(II)
ca(II)
Pb(II)
Th(IV)
al(I11)
Hg(IT)
Sr(II)
Ba(ii)

ACETONE PERCENTAGE % (Vv/v)

20
TeAs
144
203
Tehe
1728
1147
72,2
ToA,
4158
2806
693
1458
TeAe
Tels

T.A. = Total Adserption

40
TeA,
157
353
TedAe
1728
1296
81
Tohe
4806
2443
693
Tehe
Tehe
ToA,

60
Tehe
17¢
461
TeAs
1728
1746
85,4
Tehe
4806
2443
1066
T.A,
TeA.
TeAs

80
teAs
190
594
Tehe
2619
2646
9543
TeAs
9666
2443
1066
TaAe
TeAe
Tode
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TABLE=- 4C2

CATION EXCHANGE DISTRIBUTION COEFFICIENTS IN AQUEOUS ACETONE-SUCCINIC
ACID (0,5 M) MEDIA ON DOWEX 50 W=x8 (H™)

TN ACETONE PERCENTAGE % V/V

0 20 40 60 80
cu(IIx) 972 972 1198 1198 Tede
Z2n(11) 486 576 667 667 667
Mg(II) 385 491 474 482 592
Ni(II) Tehe. Tehe Tehe TeAs Te Ao
cd(11) 266 705, 5 814 1296 1730
Co(II) 918 918 918 918 918
Mn(II) 12,56 12,56 15,43 15,43 22,74
ca(II) 1566 1566 1296 1296 1192
Pb(II) 1566 2376 2376 2376 ' 4804
Th(IV) 4941 4941 3276 2443 1611
a1(III) 6s3 693 1066 5063 5063
Hg (II) 324 324 450 702 1458
Sr(1I) TeA, TeAs T.he Tebre €, A,
Ba(II) T.A. TeAe Tede TeA. TeAe

T.A, = Total adsorption
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TABLE-4C

6 3

CATION EXCHANGE DISTRIBUTION COEFFICIENTS IN AQUEOUS ACETONE-SUCCINIC
ACID (0,3 M) MEDIA ON DOWEX 50 w-X 8 (H™)

ION ACETONE CONCENTRATION % V/V
0 20 40 60 80

Ccu(1I) 9el 992 1215 2484 2484
2n(II) 871,86 1242 1242 1242 1566
mg(II) 441 625 677 688 738
Ni(II) T.A. T.A, TeAe Tede TeAe
cd(II) 1366 1435 1433 2025 2043
Co(II) 1486 2145 2145 2145 5076
mn(II) 47 76 78 751 798
ca(II) 507 161 161 105 103
Th(Iv) 2844 2119,5 2119,5 737 ppt.

TeAe= Total adsorption
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CATION EXCHANGE DISTRIBUTION COEFFICIENTS IN AQUEOUS ACETNE-SUCCINIC

ACID (0,1 M) MEDIA ON DOWEX 50 W= x8 (HY)

IO

cu(1I)

Zn(II)’

Mg (II)
Ni(II)
ca(rzX
Co(II)
Mn(II)
ca(zI)

Th(Iv)

ACETONE CONCENTRATION % V/v

231,4
307
TeAe
854
522
203
873.4

2844

20

TeAe

47848

472

Tede

854

876

206

454

1395

T.As = Total adscrption

40

Tele

611,9

525

TeAe

870

876

382,3

356,2

912.0

o0

TeAe

634,9

532,5

TeAe

944

954

400

356,42

737

%670
602
T.A,
944

1458
400, 5
206, 0

ppt.
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The dilstribubion coefficients of M are low at 2.7,
0.5 M succinic acid(S84) at &ll percentages of acetone, 0.3 M
S& upto L0O% acetone. This indicates that My has very litile
tendency of forming comdlexes with sucecinic acid. The
distribution coefficients of Mn at 0.3M sh(above 604 acctone)
and Q0.1 M 84 are higher showing that low concentration of
stceinie acid is favowrsble for comnlex formation.

The distribution coefficients of Zn, Mg, Ca, Co,
increase as the percentage of acetone increases and the I
velues suggest that the amount taken up on the resin is b to 8
times greater than the amount of these metalions remain in the
solution,

The cistribution coefficients of cu, ¥i, Th(IV), Sr,
Ba are very high indicating that these metal ions are vreferred
strongly by a cation exchange, Towex 50 WX8. The I data of
the metal ions in tebles 1{-(31 - KC, suggest the following

selectivity sesquence.
tin (zn (g (31 (Co Lea {mn (Po (3g (st (Ba {Ca~TixCu
(0.7 M 8A)
Mn <Hg (ve <Zn @d @1 {co {cu(ca <?o (Tn (n1 (sr (B2 (0.5 1 38)
Ivm<0a<1‘~Ig<Cu<Zn<Th<Ni (0.3 M SA)
i (it <2.‘n (cooa {mn (it (ou (0.1 M 8A)
The éistribution coefficients for b metils arc
revorted at D41, 043, 0.5 and 047 M of succinic acid. The
velues could not be obtained at cencentrations more than D.7M
an¢ the reason is that the succinic acld is soluble at varlous
nercentages 9f acetone only upto 0.7 M. This limit of

concentration of succinic =cié 1s the serious obstacle
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in the studies and the achievements are restricted by this
hehaviour. The distribution coefficlents at 0.7M SA could
not be ohtained at zero percentage of acetone, the reason

being the insolubility of succinic acid.

Tt is seen that the distribution coefficients vary
with the change in concertration of acetone (figd+.1 to L.
and acid (figdtLe to 4.8). The role of acetone and acid on

the distribution coefficient is discussed below.

The dielectric constant of a solvent, and the nolarity
and polarizability of solvent molecules are the properties whidh
effect strongly their interactions with solutes and hence their
solvent power. Onszgar and Kirkwoadu1 gave the relationghip

between dlelectric constant and dipole moment as

\ hx e
(e-l}(ze*lp/g = N (& gA/3KT)

where & 1s the polarizability,4{ dipolemoment, 9 coefficient,
X Boltgman consgstant and T absolute temperature. The solvents
are classified as non polar (M = 0), polar (A)0), slightly
polarizable ( &.( 2 &%) and highly polarizeble (< < 10 2.
The symmetrical molecuwles such as cyclohexane, pP=-xylene and
carbontetrachloride are non polar, the molecules of lower
symmetry (toluene, p-dloxane), show a small divolemoment

and the very wmsymmetrical molecules, with functionzl groups
such as C = 0, —NOQ, - CN show high dipddemoments, e.g. acetone
(272 Debye), nitrobengene (3 .99 Nebye). Multiple bonds and
bonds between carbon and the heavier halogen and sulphur

atoms highly contribute to the polarizability of organic
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molecules, whereas singly C-~C or ¢~0 bondés, C-H gnd @-F

bonds contribute lesse.

The solvents like acetic acid or dibutyl phosphoric
acld are hydrogen-tonded dimers and alcohols and water are
hydrogen-bonded chaing or larger aggregates. Cyclic aggregates
and a low dipolemoment, while chain polymers have a low a2nd

high dipolemoments respectivelyko.

Tt is obgserved that the distribution - coefficlents
of calcium, magnesium, maganese, mercury in;ZiHC, cacdmium,
aluminium, lead cobgalt, copper, thorium in succinic acid
increase with the rise in concentration of acetone. Tt 1s
reported that the distribution coefflcients increase with the
decrease in dielectric constant. Akerolafhz has determined the
dlelectire constants of a number of aqueous organic solvent
alxtures.

TRBIE’J—A_‘

THE DIEIECTRIC CONSTAIN'S OF ACETONE-WATER MIXTWRES, v/v

— . -

Acetone % 100 70 30 20 10 0

Tiielectric 211 35.7 61 67 73 78 J+
constaent .

- —

Mixture of such polar solvents as alchols, water and

acetone follow Kirkwood!s equation37.

€= €1 = §2 C,

where<§2 is the molar dielectric decrement for dilute solutions

of the less polar component 2 = (acetone) € = 21.1 in the highly



polar component 1 (water € = 78.M4).

A similar chenge in distribution coefficients of
uranium in methanolewater mixtures containing 10% of 6 M

nitric acid hes been reported earlierzs.

Tonic dissociation leading to electrical conductivity
is the most important distiguishing feature of electrolyte
solutions and this makes the dielectric congtant of the solvent
a properiy of prime importance. Active solvents, being wwally
highly polar, have apnreciable dilelectric constants, so that
some lonic dissociation oceurs (e.g. acetone € = 20.7). xtive
solvents permit strong ione~dipole interactions, having in many
cases atoms with donor nropverties, so that they can co-crdinate
and solvate metal ionse. Oxygen and nitrogen atoms with unshared
electron vairs are the most important doner atoms. The solvation
reaction can be envisaged as a generialiged acid base reaction.
Solvation 1s thus one of the main features of electrolyte solutions

in active solvents.

The disgolution of a salt in an organic solvent is
furthered by a favourable entrovy and heat of the solution,
the former is always positive and the latter 1s within the runge
of 3'10 K.-cal/mole. The heat of solution devends strongly on
whether the salt 1s anhydrous, a hydrate or a solvate with the
solvent employed, as does the solubility itself. Anhydrous salts
are more soluble than the hydrated salts in organic solvents.
“he heat of gslvation of the ions by the solvent, which nust

overcome the latsice energy of the salt, is an importent term
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in the heat of solution. Only very strong lewis base sdlvents
can supnly the heats of solubtion so these salts are insoluble
in most organic solvents. The same is true for the alkali
and alkaline earth metal halides.

The phase diagram in the ternary system CoCl2 - QHéO—
—CH3 COCHé is presented in gigure. 4t 2500 above about 37%
acetone, there is a two liquid phase region, where the sdolution
splits into a light blue acetone~-rich phase containing
tetrahedral(CoClz. CHSCOC%, HQO),_P and a megenta=coloured
water-rich phase, contzining more cobalt, as the octahedral
Co(Hy0)Z" mixed with CoCl, (CH, COCHy, Hy0), . Moove about 86%
acctone in the nixture, the two phases coalesce again, and a
minimun solubility is observed at Ca 90% acetone. Ab still
higher acetone concentration, however, there is a sharp upiwn
in the s2lubility and cobzlt chloride tetra~ and trihydrites are
at equilibrium with above 20% cobalt chloride in solution. When
more acetone is added the golubility again drops, bubt rises at
st111 higher acetone concentrations again, to yileld a 25%
cobalt chloride solution, containing only 3% water, at equilibrium
with cobalt chloride dihydratex and various acetonate crystals.
The solubility drops to rather low values for the anhydrous
salt in pure acetone.

Tt has been stated that the solubllity of an electrolyte
in a geries of golvents 1s correlated with the dielectric constant

43

of the solvents and mixtures of solvents too. Walden - has shown
that there 1s a direct proportionality between the mole fraction

of the golute 'it' in the saturated so2lubtion and the cube of the
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dielectric constant of the solvent 'j!

Xy 1, j (8-2td.) =k 1 € 53

The relative binding energies of water and to organic
solvent in mixed solvates were obtained from meiasurements of
the heat of golution of metal salt, hydrates in the orgenic
solvents and in their mixtures with wateruk. Octahedral
cobalt(II) is capable of binding two solvent molecules, in
addition to two water molecules and two nitrate ions in
organic solution, so that the heats of solution of CO(NOBDQ.
2H,0 depend directly on the binding of the organic solvent,

2
ranging from &H soln

17 76 K cal/mole for dimethyl formamide
to = 1.65 K cal/mole for acetsne. The difference between the
heats of golution of the tetrahydrate and the dihydrate -
8 .78 K cal/mole is the corresponding heat of addition of two
water molecules. The value is reasonable with resnect to the
relative base strengths of the choosen solvent paig. Addition
of a small amowunt of water to an acetone solution of the
nitrate dihydrate gives essentially the same value. The
ryoscople measurements in dioxane indicate that acids which
assoclate strongly with water i.z2. perchloric acid forms
HC1O, zﬁgﬁ, hydrochloric acid forms (HCl.HéO)z and sulvhurie

acld forms H2804 .0 get solvated to an unknouyn extent with

diaxeneug. :

The number of moles of solvent transported with a mole
of calcium chloride electro=~osmotically has been measured in
aguedus methanolu6. At a mole fraction of 0.7 of methanol there
are 7 moles of each solvent transported with the calcium ions,
2 moles of each with the chloride ions. They hydration of

closed=ghell iong such as the alkaline earths (e.g. Cag*, Mg2+§,
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cadmiun in 50% by volume of aqueous dioxane hag been estimated
L7

from the chemiczl shifs of nem.r. singals ‘..

"he relative solvating power of water, formemide, methanosl
and ethanol for cadmium and lead hzs been measured pdlarogredhe

-icallyy8

e Thallium(I) prefers methanol to water even up to 5 M
of the latter solvent, while lead forms hydrates upto.}b(OHéDg*
and cadmium and zinec upto the trihydrate. Water can displace
all, and methanosl most, of the golvent around cadmium ions in
acetone, but ethanol cannot, while it can displace some of the
solvent from lead ions. Zinc is most hydrzted, and least

solvated by formamide, while lead shows the ovnosite behaviour.

A cation is surrownded by the hydration field. As the
acetone concentration is increased the distribution coefficlent
increases without disturbing this hydration field. In sone
cases the hydration field is weakened enough to alloy replacenment
of the water ligands in the coordination shell by the anilons.
This causes a sudden decrease In the values of the coefficients,
often very much bel=oy thelr value in pure aqueous acid. hen
the distribution coefficients reach to their high or saturation
values, the state of equilibrium 1s established between the
anions and the watér ligands in the coordination shell. At the
steady state free cations wder study are in equilibrium
with those already deposited on the resin, and the nrocess stands
out as a limiting case 2f polar adsorptianug. 4rnikar, Taniels
and Kulkarni have observ-ed the steady state in the adsorniion
of sr2* and ca2"ions on aluminium surfices’ .

In order to know the behavioue of succinic =cid towards
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oo

.

CATION EXCHANGE DISTRIBUTICN COEFFICIENTS CON DOWEX 50 W-X8 H'

ACETONE CONCENTRATW % /v

METAL
ION 0 20 40 60
a b a f o a b a b

Cu(II) 972 high 972 high 1198 high 1198 high
2n(II) 486 216 576 216 667 413 667 413
Mg(II) 385 400 491 450 474 641 482 high
Ni(II) T.A. 19 T.aA. 40 TeAe 495 TeAe high
ca(ii) 266 480 1705,5 high 81& high 1296 high
col{Il) 918 3 918 19 918 10 918 6
Mn(II) 12.56 18 12.56 22 15,43 30 15,43 44
ca(11) 1566 400 1566 444 1296 660 1296 high
Pb(II) 1566 486 237; high 237; high 2376 high
T.As, = Total adsorption,

a = Aqueous acetone-succinic acid (0,5 M)

b = Aqueous acetone~acetic acid (0.5 MY
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the metal ions in aquedous acetone media, the values of distribution

coefficients of some of the metaliong like Cu, Ni, Co, Zn,

Ca, Mg, Po, CA& and Mn in 0, 20, 40, and 60 percentages of

acetone at 0.5M succinic acid are compared with those in

0.,5M acetic acid. The values are dresented In table MCS.

Tt is observed that the distribution coefficients in succinie

acid is higher than the corregvonding values in acetic acid.
Acetic acid (HA) is a monocarboxylic acld while

succinic acid is a dicarboxylic acid. “he strength of the acid

denencs on its capacity to donate protons in agueous solution.

Hono=Carboxylic acid undergdes ionization to an apnreciable

etent according to

HA e A %

S ———
Tf there 1s a base present to accept the proton which is being
lost weter 1s capable of acting as 2 bage and the ionisation

of an acid HA in water 1s revresented by

Hh # HO ———— H3o* + A"

2 e ettt

In monocarbox¥lic acilds the egquilibrium in solution exists as

. - - X

ECOH % HO —-——a>A RCOO™ + 50 -——-(1)
2 -

“he ionigzation of acid in water increases the concentration of

ST . . . . .

h30 ions in the solution. The extent of dissociation in agueous

solubion exPressed as

(RCO0™) (330*9
Jie:) = -
RCOOHE

r

where Xa 1s acidity congtant or ionization constant.



TABIE - 44,

TON 24 TOH COISaNrs 23+9% oF 4cTs

— —— —— e et

Apid  Temp. MJ.P. B.P. =~ log Ky ~log Ké
o)
C
Acetic 25 1646 1181 k.76 -
Succinic
acid 25  18.5 - L .2066 5«57
30 - - L ,1980 -39
35 - - 4191k “99"
LO - - 4 .,1878 -y
45 - - L.1869 -y
SO - - l"o1863 bt B R

The acicily to the cerboxyl group stems, at least in rart,
from the polar nature of the carboxyl grouvp, the polarity of

which can be ascribed to contribution of the structures.

~N .. \+ .o
C=0€¢>»C—0:
/ .« / bl

For a carboxyl group the folloying structures may also

contribute.
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!he stebiligation energy of the carboxylate anion 1s exnected

;2 be greater than that of the zcld, because the anlon cun be

regorded as a resonance hybrié of twd energeticilly equivalent

structures (2a) and (2b) while the wcid is represented by a

hybrid of noneequivalent striuctures.

c
3 C//.O.

N6
(2a)

(2b)

—

Lo
g

(1)

The higher degree of stabiligzation is achieved when the

contributing structures are energetically equivslent.
resonance energy of the carboxylate anion should be

that of the acid. A driving force is hence exnected

the cdigsociation of carboxylic aclds.

A
H3C —C
AN

r

Lae

grecter than

to mromote
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g&@ucti e Effects_as_iHeagured by 4cld strengths

From acid=gtrength data ye can set up 2 serics 2
relative electron-attracting or electron-donating nronertles
for atoms or groups. Because the induced volarizations setb
up by bond dindles are roughly additive. succinic aclé 1is

stronser t:an acetic acid.

H
| A{ﬁO _ ! ’K(;D _

We see that the acid strength of the dicarboxylic acids,

as meagured by the first acid-dissociation constant, I%, is

higher then t¥at of acetic acid (I, 1.75 X 1077) and falls

§0

-

off with Increasing Cigtance between the two carboxyl grouns

A
acetic acid (with excention of oxelic acldé) for. the reason

“he second~Cissociation constant, Ké, is smaller than X, for

that it 1s more c¢ifficuli to pull off a proton unfer the
electrogtatic attraction of the nearby carboxylate anion.
This inductive effect of one carbonyl group is exnected 19
enhance the acldity of the other.

“he eract mechanlsm of the uptake of netal ions on

o+ «

the resin is not mounn. In absence 5f succinic acid the

- * 3.t ?1-* x <
metaliong get exchanged with H iong of the resin. I nresence
of weak acids like acetle acid or suecinic 2cid the behaviour

o7 the acid in g2l s 1on my suggest some nechanism. The acic



ot
Q2
| QW

like acetic acid gets dissolved in water, produces a sdtion
Fad b ] : + e

cantaining rather small amounts of hydrogen ion, H 4, anc

acctate ion CI3GN0, and a large amownt of wndlssociated

molecules of acctic acld E C,.I%Og. similerly succinic acid,

2

2
when ¢issolved in weter, produces a solutisn containing
stell amowmts T, [“QCOO ’ ? ?COO and undigsociated
CHQS- 0 CI;COO

succinic acid molecule. Succinic acid forms tvely chargcd
connlexes In orcder 1o exchange with H* ions 2f the resin.
The Wliimte structures of complexes mey be renresentodby
?"En(nS&)n « The detalls are cxpresed on vage §7 .+ In case

of commowmds like HgCl,), 1t 1s martially ionised in acuedus
= «
o

IS

solution and containg moleccula® snecies -LNClg, I—I f‘l ’ hg
an¢ C1~, all in avoreciable concentrations. The exchange
between HgCl , Hg‘- or Hg (2813-’92 and H of resin may teke nlacec.
"he distribution coefficients of metal ions is higher in

aguedus acetone succinic acid than aquedous acetone solutione.

(B) S_gpaﬂ"“t ions ¢

The reswlis of the gquantitative semaration o £ smihetic
binary nixturcs in agquedus acetone=suceinic acid are »resonted

in table CC 7 ané by flgs. 4.9, 4.10, L.11.

Separation of Mn from zn/Co/Cu/Ca/Ca/Me/Ni/k1/St/%a .

e

anganese wvas weakly bowmd 1o the resin in commarison
with the co=ion in the binary mixlures. Therefore, lhngancse was
first eluted by 209 acetone = 2.5M Succinic acid solution. The
digtribution coefficients of 2Zn, Co, Cu, Ca, Cd, Mg, Ni, al,

Sr, Ba are higher at all concentrations of succinic acid anc



TABLE-4C

QUANTATIVE SEPARATION OF SYNTHETIC BINARY MIXTURES ( FIRST ION

IN THE MIXTURE IS ELUTED, WHILE THE SECOND ION IS RETAINED)

Mixture Metalion Eluting M moles m moles
eluted agent taken found
1 2 3 4 £
1 Mn(II)+ Mn(II) a 0,241 0,231
2n(11) 2n(II) b 0,242 0,248
2 Mn(II)+ Mn(II) a 0.241 0,231
Co(II) Cco(II) b , 0,244 0,243
3Mn(II)+ Mn(II) a 0,241 0,231
cu(II) Cu(1x) b 0,252 0,232
an(II)+ Mn(II) a 0.241 0,231
ca(II) Ca(1I) b 0,244 0,231
5 Mn(II)+ Mn(II) a 0,241 0,231
ca(rx) ca(ir) b 0,249 0,246
6 Mn(II)+ Mn(II) a 0,241 0,231
Mg(I1) Mg(I1I1) b 0.256 0,248
7 Mn(II)+ Mn(II) 0,241 0,231
Ni(II) Ni(II1) b 0.251 0,248

Contd. on next page
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1 2 3 4 5

8 Mn(II)+ Mn(II) a 0,241 0,231
Th(IV) TH(IV) c 0,255 0,253

9 Mn(II)+ Mn9I1) a 0,241 0,231
Pb(I1) Po(II) d 0,256 0,238

10 Mn(II)+ Mn(1II) a 0,241 0,231
AL(IIX) Al (III) b 0,248 0.235

11 Mn(II)+ Mn(II) a 0,241 0,231
Hg(II) Hg(II) c 0,263 0.231

12 Mn(II)+ Mn(II) a 0,241 0.231
sr(1x) sr(1I) b 0,23 0,228

13 Mn(II)+ Mn(II) 0,241 0,231
Ba(II) Ba(II) b 0,248 0,246

a = 20 % Acetone + 0,5 M Sucecinic acid
b =2 MRK]L

c =& 4 M HNO

d = 6 M HNO

3

3




at 0, 20, 40, €2, 80 verc-entages of accione and hence these
metal ions could not be eluted by medium containing succinic

51

acid. These metal ionsg form chlorocomvlexes”’ with hydrochloric

acld, these were eluted by 2M IC1l.
HBeparation of Mn from Th/Hg :

Tt was scen that 20% acetone - 0.5 M = succinic zcid
was the best eluent for manganese but not for thorium and
mmtmv.ﬂameﬂiamh&weofﬁmﬁm,mammywﬁhmmmwwm%
manganese was separated by 204 acetone = 0.5 M succinie acid
solucione. The distribution coefficients of Th and g was found
to be higher at all concentrations of succinic acid and at
0, 20, 40, 60, 80 percentages of acetone and hence these metal
ions could not be elubed by mixed medium containing succinic
acid. The distribution coefficients of Th and Hg are low

in LM HVO, and hence these were eluted by 4 HNO, .

Separation of Mn from Tbs

Iead was taken up very strongly in commarison to
manganese. Manganese was eluted first by 20% acetone-
0.5 ¥ succinic acid. The distribution coefficient>af lead vwas

£ona®2 o be low in 6 M MOy, 16 is eluted by + 6} MIO0;.

Elution cwrves ¢

The elution curves for the semaration o f binary
mixtures are »resented by fizs. 4.9, 410, 4411. The curves
incicste hoy the systemetic informetion contained in tables
of distribution coefficients can be apnlied o develone analytical
senaration nrocedures. The clear out separations of metal ilons

are Indicated by no overlap of the elution curves. The varlous

shanes 2f the elution curves are discussed belovw.



10k 0% CH3COVCH3+ 0:-5M SA ©0- Th{lV)

o Al 3".:..2M HCl
-9
8 O Mn o Cd

6 =
E
~
[
< AT
E
{
2F
0 1 [ wl__v
0 100 200 300
Fig.4.9— Elution Curves of Mn——Hg/Th(IV)/Pb/A[/Cd )
20% CHCOCH3 + 0-5M SA 0 Cu=-2M HCI
) V - Co - 3
< Mn
o Zn- 5
o - Ni-
E
\ -
[}
°
£
; -
1 } L0
0 100 200 300

Fig. 4+10 — Elution Curves of Mn— CufCof Zn/Ni,



20 % CH3COCH3+0.5M SA o Ca — 2M HCI
0 Mg — »
-0~ MN o Sr — 3]
- Ba — ”
12+
R
»
10F
8
£
~—
2 s}
o
£
B -
2+
0 1 [ |.v 1
0 100 200 300 400 o

Fig. 4+11 — Elution Curves of Mn — Ca/Mg/Sr/ Ba .




136

Iceally the concentration profile of a solute in the
direction of movement of the mobile phase shoulé remain
Gausgian at all concentrations as 1t moves through the

system. However, sorntion charaé¢teristics of change at high
concentrations resulting in changes in the distribution

ratio. If no such changes occured, & plot of the concentration
of solute in the mobile phese as a function of that in the
stationary vhase at constant temperature woulé be linear and
the concentration vprofile symmetrical., Plots of this type,
known as sorption igotherms, can show curvature towards eigher
axis wcer vhich circumstances the concentration profiles will
shoy tailing or fronting. Both these effects are wndersirable

N :
5

as they lead poor separations and wmreliable quantitive da
Fronting which produces peaks with sloping front and sharp
near bouncdarles is more likely to occur iIn systens vhere
vartition forms the basis of the severation process, and where
the golute has a smell dlstribution ratio. Tailling nroduces
peaks with sharp leading edges and long sloping near
bomcariese It is particularly likely to ocecur where
alsorption ig involved in the separation nrocess. Both effectis
become pronowmced at high concentrations and are therefore
symptomatic of overloading the colum or surface with samnle.
Pestricting the sanple size s0 as 10 operate over the linear
region of the sorption igotherm is a recognized mesns of
nreventing fronting and tailing.

on is

k,.h

T two commonent letUTes the second metal

senarated by 2 M IC1 4M HN03/6 jid HNOB and the curges renresent



13

Linear i1gotherm or gauvssion profile. Similar Gaussion nrofile
is shown by most of the other metal long indicating good
senaration. (Fig. 4.9, %.10, 4,11) The elution curves for ce ot
ions (fig.te11) and the elution curves for Mn2+ ions (fig.

L'.9, 4410, 4411) are non-linear isotherms and incdicate fronting
effect. These semaration vrocesses rRy be due to partition
phenodmenosn,. The most of the elution curves are linear

isotherms 1.2+ gaugsizn nrofiles and few shoy slight curved
isotherms. ITL ccn be concluded that the diagrams represent &

congiderable g20C sevaration.

Severation Limits

“he semrabtlon of manganese from zinc, cobalt, comner,
nickel, calcium, mgnesiun, mercury, thorium, leacd, cadmium,
strontium, barium, aluninium in waler-acetone and succinic
acld (N.5M) mediunm was carried &t 0405 M each. The sevarctions
were further carried out at 0.025 and 0.012 M of the metals.

-

Tt 1g generully observed that the metzl 1lons caleium,
manganese could be separated In the mixed media only upto
0.05 . The recovery of 0.025 and 9.012 M of these metel
ions in these media is only 35%. Thorium, mercury were eluted
by b+ M HNO3 and lead by 6 M HEO3 up to 0.012 M concentration.

inc, cob=1%t, copver, caldum, magnesium, nikel, aluminiumn,

strontium ané bzrium vere eluted by 2 M HCL up to
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TABLE-4C.)

ELUTION CHARACTERISTICS OF METAL IONS IN ACETONE WATER-SUCCINIC ACID

MEDIA
3:5.‘ Metal Ion BTV ml VEP ml TEV ml Eluent
O
1 Cu(I1I) 8 40 144 b
2 ca(zr) 5 40 . 90 b
3 Hg(II) 3 20 90 c /
4 Zzn(IX) 6 80 144 b
5 Mn(n) 25 220 320 a
6 Co(1I1) 6 60 112 b
7 N1i(II) 8 80 138 b
8 A1(II1I1) 10 70 158 b
9 Th(IV) 12,5 60 145 c
10 Pb(II) 5 30 90 d
11 Mg(IT) 5 50 100 b
12 Ca(1I1) 25 30 117 b
13 sr(II) 20 50 100 b
14 Ba(II) 5 70 110 b

a = 20 % Acetone+ 0,5 M Succinic Acid
P =2 M R]1 c:=4MHN03 d=6MHN03
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0.992 M concentrations.

Elui?on Cha”acterls cs:s

The ngture o-f elution ~of metal ions by various
eluents from ion exchenge colums is known by the elution
characteristic values. BTV is break through volume and
describes the inithl volume required to start the elution.
Once the elutlion is started, the effluents are collected
in various fra#tions and the maximum amownt of it 1is recorded
whlith is termed as peak elution volume, VEP. The elution is
continued till almost all concentration of metal ion is
removed from the colum. The total volune required for

conplete elution is called as terminal elution volunme, TLV.

The elubtion characteristics of Cu, Cd, Hz, Zn, M, Co,

1, &1, Thy P, Mg, Ca, Sr, Ba are Tresented in tadle LC,. Tk

s

1s observed that the elution of Cu, Cd, Hg, Zn, Co, Ni, b,
Mg, Ca, Ba, 1s very quick. The rate of floy for the elution

of these metal ions was 2 ml/umin and hence the average time

f‘i

required to start the elution is 2-3 minutes. The elution of
thrium starts after 6-8 minutes and 8r required 10 minute:
The menganere 1ons require more time with the flow rate

2 nl/ain and hence the rate of flow for the elubion of Hn?

wes kept Y4.6 ml/min. Tt reguires 6-8 minubtes with this hicher

D

rate. The values of VEP are in the range 37=80 for all nmotal

{

ions excent mznganeses. VEP =

N

20 for menganeses. AS  Tegs
the time requlred for complete elution of these metal long,

2.

it is seen that these reguire nealy two hours. Mangonese
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requlre about 1% hrs but the flow rate iz meintained hish.
the same flow rates are adjusted nmenganese rcouire more

time. In the quentitative separation of binary mixtuwre

manganese s elubted first, i.e. the elution o-f manganesc

takes place in presence of its co=ion and hence it requirecs

more tine. In the elution of second metal ion from the

binary mixture therc is no interference of other ion and hence

it 1s eluted fost.
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