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ABSTRACT: Simple quantitative technique has beevettped for assessing the exchange parameters béire IR
— 45 (OH) using column chromatographic techniquesifthe displacement of exchangeable hydroxyl @frtee resin
by sulphate ions. The results obtained showed tietetime of 33min, retention volume of 56.5¢moid volume of
18cn, and exchange capacity of 41mmole/g and exchatgdensity of 2.4682 x fesites /g.
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Introduction

The term solubility simply refers to the ambohsolute needed to form a saturated solutioa given
amount of solvent at a given temperature (Jame3))1®pon a critical look of the dissolution prosex
the solute, a number of dynamic equilibria are imed, which for a generalized electrolyte MX can be
outlined thus;

MX o <UL - MX

(S) Solvent (aq)
1988).

L Y "X") ) ) N Mo + X @  (Onuchukwuet al.,

In ion exchange chromatography (IEC), the rehangeable ion of the synthetic exchanger (résin
exchanged with the dissociated ions of the moldilesp in a reversible manner. For a resin havinga3H
the exchangeable ion and a stationary polymerikbmaeeP, on elution with a mobile phase having anion
X", the following exchange takes place:

P-OH ™ +X

(aq)

e PoX T HNOH ) oo @

Further estimation of the amount of n@kiserves as a measure of the amount g Xexchanged by
the resin and by extension to the concentratiorX'tf,, dissolved in the mobile phase. In this study
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exchange parameters like; exchange capacity, egeh@ttive) site density, retention timeg)(tretention
volume, (M) and void volume (}), were assessed for the resin under investigation.

The exchange capacity of the resin, whideigendent on the total number of the ion-activeigsger
unit weight of the resin expressed in milliequivageper gram of dry resin or milliequivalents perof
wet resin as reported by Frigzal ., (1979), and by Rendlet al., (1974), is expressed by the relation:

Exchange Capacity = _M wa Vi e <))
Weight of Adsorbent

where Myant and Viane are the molarity and volume of the titrant, resipety.

On the other hand, the exchange (active)dgtesity, assuming all the exchangeable sitesefekin
are available to the ions in the mobile phase fchange, is defined by the relation:

Exchange(Active) Ste Density = ExchangeCapacity X L g™ ......ccceeoveveerevieieeneeneee @
where L is Avogadro’s number.

Robert (1983) defined the retention timg @s the time required for the mobile phase to gwee
sample component off the stationary phase, anddtemtion volume (¥) as the volume of the mobile
phase needed to elute a sample component fronothie, and is related to the retention time by:

VR = FOtR ........................................................................................... (5) with Fo
representing the flow rate of the mobile phase esged in units of volume per time.

The void volume is expressed either from,

Vi T Bl oo e (6) where 4 is the
time for average mobile phase molecule to flow frome end of the stationary phase to the othersioigu
the relationship adopted by McCormiekal ., (1980) as:

MCCI4 ~M eon

VT O O et eee ettt e et eme e e s e et eme s e s s @)

Pcci, ~ Preon

where M and p are the masses and densities of the column egpidith with CCJ and methanol,
respectively.

Materials and M ethods

Prior to usage, the resin was regeneratedashing severally with 2M NaOH and HCI alternatetgla
was allowed to stand in 2M NaOH solution for 30m{BPES, 2001) and was finally washed with distilled
water until the washings were neutral to phenolaleih (Wilson, 1968). The resin was air dried, andn
oven at 60°C for 1 hour (Sigma, 1991) and storembimtainer for use as required.

Procedure
a. Elution

A 10g weight of the regenerated resin wak@a@s slurry in a sintered chromatographic col{inr
25cm in dimension). This was achieved by prepaifiegslurry in 30cridistilled water in a 100cfrbeaker

(Ibrahim, 2004).
The column was eluted with a saturated solutioN®BO, at a flow rate of 2cfimin.
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b. Titration

Combined eluate fractions collected aftezrg\Bmin were titrated using micro burettes agahsi
HCI to phenolphthalein end point.
Both elution and titration steps were repeatedrsdvienes and average of the results are recordéd the
Table.

Results and Discussion

The expected exchange during the elution gg®chetween the stationary phase, Amberlite IR —
45(0OH), and the mobile aqueous,88), phase (from equation (2)), can be expressed as:

2P-OH ™ +S07;

4(aq)

o Py =SOZ +20H ) covvorveeesieseeessses s ®

(aq)

Thus, the quantitative amount of $@ons adsorbed by the resin can be estimatedragirig the eluate
(20H) with an acid.

OH. . . +HCI

(aq)
(eluate)

1 H00) HCl g eeeemreeeeesomseesssss s 0

(aq)

From the mole ratio of equation (9) above,56n? of 0.1M HCI consumed during the titration is
equivalent to 1.5 x Ifnoles of OHions exchanged. Therefore, a total of 4.1aM0.1M HCI consumed
represents an equivalence of 41.0 Xrh@les of OHions exchanged, which by extension from equation

(8) is equivalent to 20.5 x PMoles or 19.68mg oiSOf(aq

compares well with the range of values reported jaartet al. (1983) for separating gallium of 1.5mg to
20mg using 3.0g to 10g of AG50W-X4 resin.

The void volume of the exchanger (equatio)) (as deduced from the fact thgtih the equation
corresponds to the total time taken before” @Hletected in the eluate which is 9min. Thushvaitflow
rate of 2cnymin, V,, equals 18crh The retention time from the table is equivalen88min, whereas an
aver age retention volume (¥) from equation (5) is equivalent to 56.5tmfihe use of the wordverage in
referring to the retention volumeg\of the resin became necessary as after elutiofidiverate decreased
due to swelling of the resin on prolonged usage.

The exchange capacity and exchange site tgenwsre computed from equations (3) and (4) to be
41mmole/g and 2.4682 x ¥8ites/g, respectively.

) adsorbed by the resin. This value

Conclusion

Comparing the values of the exchange capagity exchange site density obtained in this studk wi
those reported by Ibrahim and Ekane2f01 depicts a difference in the order of abodtsi@s/g of the
synthetic Amberlite exchanger in relation to tha@$emodified (activated) charcoal and maize cob peat
This shows that large amount of the exchangeabkeiimsolution can easily be removed by the resin.
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Table: Average volume of titrant consumed and moles of OH" ions exchanged by theresin.

Time(min) Volume of titrant(ml) Moles of OH (x 10°)

3 0.00 0.00

0.00 0.00
9 0.00 0.00
12 0.15 1.50
15 0.50 5.00
18 0.85 8.50
21 1.15 11.50
24 0.70 7.00
27 0.35 3.50
30 0.20 2.00
33 0.20 2.00

Total 4.10ml 41.0 x 10°moles
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