ION EXCHANGE CHROMATOGRAPHY

Whatis it ? [t is a special category
in which the stationary phase

PRINCIPLE
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of column chromatographs
IS an ion exchange resin.
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on and an insoluble solid (1on
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Here, a reversible exchange of ions takes
place between ions in a liquid phase (mobile phase) and an jon
exchange resin ( an insoluble substance containing ionic sites) which
s the stationary phase.

TYPES OF RESINS
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ge resin uniformly. The top of
the resin bed is covered with a glass wool pad. The column should
never be allowed to drain out.

Let us suppose that we wish to replace the CI- ions by OH-
lons. The resin column is washed with a concentrated solution of
NaOH to ensure the column contains only OH- ions and no other
anion. The solution contianing CI" ions 1s run thrqugh the cqlumn.
Cl s exchanged by OH-. The effluent will contain a quamlthaet;vz
vield of the hydroxide compound. The same process occurs w
“alion exchanger is used. . _

Ifa miiture of small quantitifes of two or more0 c]i;;fe;ent‘;;aytl(;st
X, Y, etc., is passed through an 1On—exChz:lljegzxcchange’resin than
“Parated. If catjon X is held more ﬁnnlyft:})]’e column before X. This
lon Y, Y will flow out of the POttom }?an »e chromatography. The

Paration technique is cal!ed lon;)'(fflue'%" The liquid leaving the
luid entering the column 18 called inj
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-exchange chromatography is used 1n the separation 0
rare-carths, actinides, transition metals, phosphatcs complex 1015 and
even .;sotopcs. It serves as a standard method in the discovery an

J.solatx()n‘ux’»tracc amount of actinides. Industrially, it is used in the
metal finishing industry, extraction of metals from OF€> and separatio”

of rare carths.
Some specific examples are given below:
cked Wi
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A Geparation of rare earths : A colum! is pi
resin and treated with hydrochloric acid first 10 ascertain that 3
exchange centres were occupied by hydrogen oS mixture of rarc
. column. The
e rare earth

earths (Janthanides) as their chlorides is sent oW
irth ions get exchanged with hidisgen o Jter. the
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ith a s ~ o
a solution of citric acid. The cations form

LlUtf‘d Wi
upon the stability of these

]OmP ¢ with citric acid. Depending
J
¢ <5, (hese ions are eluted at different rates.

ol
R/\T]ON OF Zn AND Mg
1¢ is absorbed from 2M HCl acid by @ column

principle . Zn
hile megnesium is not. Zinc in 2M HCI

of ani0 exchange resin w

o neg: atively € charged chloro complex.

procedure : A column of the anion exchange resin using 158

serolit FF in the chloride form is prepared. The column is made up

yCl. The mixture is allowed to flow through the column at a
minute. The column is washed with 50 c¢ of 2M

e of abou! 5cc/
ken not to permit the level of the liquid to fall below
cled in a receiver

Cl Care 15 (2
heto pof the column of the resin. The effluent is colle
ask). This will contain all the magnesium. The receiver 1s
Now Zinc is cluted with 30cc water followed by 80ce of
magnesium arc separated.

y 0.25 M HNO,. Thus zinc and
N OF CHLORIDE AND BROMIDE JONS
originally In the choloride

e - Ananion exchange resin
i{rate form by washing it with sodium
d solution of the chloride and bromide

f the column. The halide jons
sin forming 2 band at the

of z€
m

(c omcal

hanged
pprommate]

SEFARATIO

princip!
form 18 converted mto the ni
nitrate solution. A concentraie
intorduced at the top ©

mixture 1

exchange rapidly with nitrate ions in the res

top of the column. Now this band 18 eluted with sodium nitrate 59 olution.
ore rapidly cluted than bromide 1018 Thus they

Chloride ions arc m

are separated.
Procedure A co]umn of the anion exchange resinusing 40 &
pared. T he column i washcd
Joride i0nS.

comams noch
itrate solution.

Wlth 0.6 M sodiuii nitrate uil
Now the column is washed W with 50cc 0 M sodiumn
The mixture of chloride and promide is mixed with 0.3 M sodium
nitrate and the mixture is plac ced at the 0P of the column 03 M
sodium nitrate 1S pa%ged through the column at the rate of ] ce / minute.

Chloride jons are eluted first. Bromide tons are eluted next. Thus
hev are separated.

FPARA rmw OF Co AND' NI

(,,u“ forms 2 munownnl complex anion

™ .t
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(probably [CoCL LY in ‘?I\‘! HC th”‘C ‘m:c‘kcl (h)'c?'r‘mt.:rhis Migy
apudly extacted from ks solution by a strongly bagjc anion CXchgy !
‘\;‘;uh as zerolit FF. The anionic chloro complex of nicke] jg not rma'm
by the resin. as it 1s not stable. [y can be washe out of (he coly X
{ — INCHCL T ater, the column g cluted wiph water, The C'Ob']“
/ complex 1s decomposed and Passes out in the elfuent g4 Cobaly (];;Jl

chlonde,

Procedure : A columnp of the anjon ¢xchange resin using 3,
of zerolit FF in the chloride form is Prepared. 50¢c of OM H(y it
passeed through the column . [0ce of the MiXture of (g and Nj is
placed at the rop of the column With the ajg of a pipette. A smy|

y amount of IN{ H(J s added. The Mmixture reaches the upper p;
the column. 100¢c 01 9M H(J s passed through the column, Nicke
s eluted our It jg collected. Then 50 cc water jg bassed througpp, the
column at the rate of 5S¢/ minute. The anionic cobaly chloro com lex
IS decomposed and comes oyt of the column as cobalt (I11) chloride

[t1s collected | Thus cobalq and nickel are Separated.,
SEPA\R:\_TIO\' OF Cd AND Zn

Principle : Cadmium ang Zinc form negatively charged chiorg
complexes which are adsorbed by a strongly basic anion ¢Xchange
resin such as zeroljt FF. Zinc is eluted with 2M NaOH COntaining 2(
g of NaCl' dm? Cadmium s retained on the resin. It jg later eluted
with | M HNQ..

Procedure : A column of the anion exchange regip Using 20g
of Zerolit FF ip the chloride form s prepared. The colymy, IS Washed
with 0.12 M H¢ containing 100g/dm* AR Na(l] (reagent ) The
mixture of Cd and Zp i« placed on the top of the column, |t jq brought
Into the column with the help of reagent I. ]‘50 CCof 2 M NaOH
containing 20 g of AR NaCl/dm? (reagent I1), is passed through the
column at the rate of 4e¢/ minute. Znis cl_uwd out. It is Collecteq The
resin is washed (o remov e NaOH. Now ]?OCC ‘)“] M ,{N()] IS passed
through the column at the rate of 4ce/minute. Cd is cluted out. 1t g
collected. Thus Znand Cd are separated. , .

Advantapes of ion-exchange ch.r;nlni‘l(t)()i;;‘ar;:[)i'o;‘] l‘)' The
exchange capacity of the resins is very high. & ¥

effected fairly quickly:.
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ti) The recovery of ions from the column is nearly 100%
complete. So expensive materials can be separated by this technique
so that there would be no loss. Also , quantitative works could be
carried out since separation 1s nearly ]OO"o complete.

Factors determining the distribution of ions between an ion=_«
exchange resin and a solution : /) Nature of exchanging ion : At low
aqueous concentrations and at ordinary temperatures, the extent of
exchange increases with increasing valency of the exchanging ion,

ie. Na'<Ca®*<AP<Th*

iii) Under similar conditions and constant valency, for
univalent jons, the extent of exchange increases with decrease 1n s1zc
of the hydrated cation. i.e., Li' < H* < Na*<NH < K" <Rb

while for divalent jons, the [ONIC S1Z¢ 1S an important factor but the

‘;‘»“)3! N !r" 'f

| ‘ o ‘
incomplere dissociation of salts of bivalent metats

","!'.-"'»..."..‘r‘!; - Ud- “Be? - Mn’ U_J' /1 _ \ (

- il H,e"”
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