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SUMMARY 

’ The behaviour of weak and strong ion exchangers in the sodium salt form is 
&tidied using neutral solutions of uni- and divalent ions and alkaline solutions of 
univalent' ions as eluents: The influence of various parameters (rate of exchange 
reaction, diffusion rate, swelling capacity, etc.) on the chromatographic behaviour 
of 3he ions has been investigated. The conditions for the determination of ionic 
charge &id the selectivity coefficients of the exchangers for some univalent and di- 
valent, ions are given. 
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INiRODUCTION 

The formation of two different eluent fronts on ion-exchange papers eluted 
with mineral and organic acids was investigated by OSSICINI AND LEDERER~. The 
presence of a double front on sodium carboxymethylcellulose thin layers (CMCNa) 
eluted with mineral “‘acids has been confirmed by COZZI et a.Z.2. The existence of a 
hydrogen ion concentration gradient on layers of alginic acid and carboxymethyl- 
cellulose (CMC) (eluting with solutions of mineral acids, buffer solutions and neutral 
saline solutions) and on layers of CMCNa (eluting with buffer solutions) was pointed 
out by Cdzzr et AZ .a. The hydrogen ion gradient is also formed with strong ion ex- 
changers, such as the mixture (I : I) of Dowex 50-X4 and cellulose, eluting with buffer 
solutions. The hydrogen ion gradient is affected by acidic eluents and/or acidic forms 
of an ion exchanger. We therefore tested ion exchangers in sodium salt forms, eluted 
with neutral and alkaline salt solutions, to ascertain whether the gradient-forming 
process was restricted to the hydrogen ions or was a general rule. - 

*, 

EXPERIMENTAL 

Condzcctivity fneasurements 
The following method was employed to measure the ion concentration along 

the layer. Bands (2 x IO cm) of the eluted plate were homogeneously dispersed in 
-- 

l Work presented at the C.N.R. symposium on Metodologie Analitiche, Equitibri in Solusiom 
e Termodinamica Chimica in Rome, December 1-3. 1969. 
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20 ml of distilled water by means of a magnetic stirrer. A Metrom Herisau E382 
conductimeter was employed to measure the conductivity of the suspensions. 

In the case of Ba(NO,), as eluent, the conductivity measurements were com- 
pleted by revealing the migration distance of Ba(I1). We sprayed the plates with a 
saturated solution of sodium rhodizonate. The migration distance of M&II) was de- 
tected with a I y. solution of 8-hydroxyquinoline in alcohol-ammonia (so: I). 

pH measurements 
pH measurements along the layer were described in a previous papers. 

Preparation of layers 
Dowex 50-X4 (200-400 mesh) was converted to the sodium form by treatment 

with I M NaCl. The resin was rinsed with water to eliminate Cl-; then it was treated 
with methanol and dried 24 h in the open air. Then 4.5 g of Dowex 50-X4 were added 
to 4.5 g of cellulose (N.123 commercially available from Carl Schleicher & Schtill) 
and reduced in a suspension with water (40 ml) to prepare 300-p layers. Layers made 
of Dowex 50-X4. and cellulose (I : I) have previously been successfully employeda. 
Two types of CMCNa have been used, with an exchange capacity of 0.89 and 1.18 

mequiv./g, respectively. 4.5 g of the exchanger were suspended in 40 ml and 50 ml 
of water, respectively, to prepare 300-p thin layers. The data reported refer to the 
exchanger with an 0.89 mequiv./g exchange capacity, unless indications to the con- 
trary are given, Such an exchanger was successfully used in previous work213. 

The eluents were salt solutions of NaCl, NaClO,, Ba(NO,),, Mg(NO,), and 
MgCl,. The concentration of each is reported in Table I. The detecting agents de- 
scribed in a previous study5 were used. The chromatographic measurements were 
carried out at 25 O using the DBGM Cryobox Desaga chamber for thin-layer chromato- 
graphy at constant temperature. 

RESULTS AND DISCUSSION 

Elution on CMCNa and Dowex 50-X4 layers 
In the present study we examine the behaviour of CMCNa and Dowex 50-X4 

layers with neutral and alkaline salt solutions of univalent ions and with neutral 
solutions of divalent ions. 

Elulion using neutral salt solutions of univalent cations. In Fig. I, specific con- 
ductivity (c) values along the layer are reported for CMCNa (curves b, d, e, g, i) and 
Dowex 50-X4 (curves a, c, f, h, j), the eluents being water (curves a, b), 0.1 M NaClO, 
(curves c, d), 0.5 M NaClO, (curves e, f), I M NaClO, (curves g, h) and 2 M NaClO, 

(curves i, j). Similar behaviour for both the layers is observed with an increasing salt 
concentration. An increase in the quantity of salt is observed in fact in the solvent 
front. For NaClO, concentrations < I M and for eluent concentrations > I M, the 
salt concentration decreases along the layer. Such a phenomenon is more pronounced 
on CMCNa. 

The observed behaviour can be explained by recalling that when a resin is 
placed in contact with a salt solution, (e.g. NaClO,), 

(aNo+ ‘mO,-)roeln = (@No+ l azlo,-;-)solullon 
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This relation, considered in a qualitative way, indicates that the adsorption of the 
salt by the ion exchanger depends. on the salt in the solution and increases with’i’n- 
creasing concentration of the latter. 

When the exchanger adsorbs the solvent in preference to the salt, the patterns 
reported by curves c, d, e, f and h are obtained. On the contrary, in the case that, 
other than the solvent, the exchanger adsorbs a considerable amount of the dissolved 
salt, curves g, i and j are obtained. The different patterns of curves g and h are ex- 
plained by the different exchange capacities of the two resins (3.56 mequiv./g for 
Dowex 50-X4, 0.89 mequiv./g for CMCNa) and by a greater water adsorption in the 
case of CMCNa. As regards the behaviour of the layers eluted with water, we wish to 
emphasise that CMCNa was carefully washed with water before preparing the layers. 

EZtition wing nezctral solzctions of divalent ions. In the case of elution with neutral 
solutions,of divalent ions the formation of two fronts on the layer has also been ob- 
served. The first one depends on the migration distance of the divalent ions. The dis- 
tance between the two fronts decreases with increasing salt concentration (Table V). 

I : 

0 2 4 6 6 10 12 cm 

Fig. I. Specific conductance of CMCNa (0-O) and Dowex 50-X4 (0-O) suspensions referred 
to.t+ center of the strips. Eluents: a, b = H,O; c, d = 0.1 M NaClO,; e, f = 0.5 M NaClO,; 

g, ‘? = I M NnClO, ; i, j = z M NaCIO,. 
1 

Fig. 2. Specific conductance of CMCNa suspensions referred to the center of the strips. Eluents: 
a = 0.1 M Mg(NO,),; b = 0.25 M Mg(NO,),; c = 0.5 M M&NO,),. 

The specific conductivity patterns along CMCNa layers are shown in Fig. 2. They . . .: . . . .._ :...._.____ ._.. ____ _.. _...._ - ..___ _ _.. . . ._ ., 
r$$y ‘to o. I, 0.25 ad 0.5 M‘ ~g~N0 j),.‘as'-eluents (curves a, b, c), respectively.S-Fdr 
curves a and b, a first portion has been observed where the conductivity varies slightly. 
This ,portion represents the Mg(I1) migration distance (first front). The following 
portion .where remarkable conductivity changes are registered is due to the Na+ 
released by ionic exchange. It should be noted that the second portion is similiar to 
that reported for diluted univalent salts as eluents (Fig. I). 

In the case of curve. c, the first front is very near that of the solvent ; the mini- 
mum observed in curves a and b is missing. The continuous decreasing of specific 
conductance for curve c may be referred to the adsorption of Mg(I1) from the layer, 
such adsorption increasing with the salt concentration.in the eluent. 
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El&ion using alkaline sohtiorts of ztnivalent ions. Alkaline solutions consisting 
of NaClO, and NaOH and neutral salt solutions gave a similar NaClO, concentration 
gradient along the layer. It is interesting to observe the pH gradient along the layer 
as a function of the pH of the eluent. For weakly alkaline eluents (pH 7-x0), a pH 
constant value of about 7 is registered. When the eluent alkalinity increases (pH IO--12)) 

the formation of a pH gradient along the layer is observed (as was seen with ion ex- 
changers in acid form with mineral acids as eluents). 

Parameters injZa4owirtg the chtromatografihic belzaviozcr of the ions 
Ehtion using neutral salt solzctiom of divalent ions 
Rp values of some ions on CMCNa layers with NaClO, and NaCl solutions at 

different concentrations are reported in Table I. In general, upon increasing the con- 
centration of NaClO, in the eluent, a discrete increase in RF values is observed up to 
a concentration of 0.7-1 M. For higher concentrations the increase tends, in each case, 
to decrease in accordance with the greater adsorption of the salt with respect to 
the solvent by the exchanger. For concentrations of salt in eluent less than I M, the 
&?/ - log CENaoio, diagram (Fig. 3) also seems to indicate that the ion-exchange process 
is not the only parameter that conditions the retention mechanism of the ions. In 
any case, with Tl(1) being the only exception, an analogous curvilinear pattern was 
observed. 

TABLE I 
&$ VALUESOF METAL IONS ON CMCNa ~$11~ LAYERS 

IOVP Eduent : iVaCl0, ‘(M)’ Eluent : NaCl (M)- Amount 

0.1 0.3 0.5 0.7 I a 0.3 0.5 I 2 
-- (PS) 

AgP) 0.07 
Tl(I) 0.19 

z$::; 0.00 0.02 

Ni(I1) 0.01 

Zn(I1) 0.01 
Cd(I1) 0.00 
H&II) 0.00 
Pb(I1) 0.00 

E$Tiy 0.01 0.02 

"d',$!' 0.03 0.02 

S!w) 0.03 
Ba(II) 0.01 

In(II1) 0.00 
Bi(II1) 0.00 

0.14 0.19 0.23 0.26 0.30 0.00 0.00 0.00 

0.35 0.45 0.50 0.58 0.69 0.36 0.37 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
0.07 0.12 0.15 0.20 0.23 0.08 0.17 0.30 
0.05 0.09 0.12 0.17 0.18 0.07 0.15 0.27 
0.04 0.07 0.09 0.11 0.11 0.08 0.13 0,2x 
0.03 0.03 0.03 0.03 0.03 0.11 0.26 0.46 
0.00 0.00 0.00 0.00 0.00 0.95 0.96 0.96 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
0.07 0.13 0.18 0.24 0.28 0.12 0.23 0.36 
0.04 0.05 0.06 0.06 0.06 0.05 0.06 0.07 
0.16 0.27 0.33 0.44 o-55 0.18 0.30 0.48 
0.11 0.17 0.22 0029 o-35 0.11 0.18 0.31 
0.15 0.24 0.31 0038 o-44 0.15 0.24 0.38 
0.08 0.15 0.21 0.28 0.37 0.08 0.15 0.28 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 I .2 
0.00 2.5 
0,03 1.0 
0043 0.6 
0837 0.8 
0.33 0.6 
0~72 o-5 
o,g6 4.0 
0.14 1.0 
0,5x 1.0 
0.07 o-3 
0.61 o-5 
0~38 1.0 
0845 I.5 
oa37 I.2 
0,06 2.0 
0008 1.0 

n AI(III), Ga(III), Sc(III), Fc(III), Th(IV) and U(V1) remain at the start with both the 
elucnts. 

From a careful review of the data reported in Table I, we might expect very 
interesting results using CMCNa layers for analytical purposes in the inorganic field. 
Firstly, a small quantity of substance sufficient for detection, which is also favoured 
by the compactness of the spots, should be observed. Thus only very small differences 
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0 *0.5 *I 
-log aNaCl04 

Fig. 3. Relationship of RM values to -log aNaClo, for: a = Tl; b = Mg; c = Sr; d = Ca; e = Co: 
f = Ni; g = Zn; on CMCNa thin layers. 

Fig, 4. Relationship of AM values to -log aNaCloI for: a = Ag, Tl; b = Mg; c = Mn, Zn, CO, 
Ni, Cu; d, = Ca,Cd; e = Ba on Dowex 50-X4 thin layers. 

between the RF values (2~0.05) are necessary to separate two elements clearly. For 
example, perhaps it is possible to separate the elements of a given analytical subgroup, 
such as Cu(II), Bi(III), Pb(II), Cd(I1) and H&II), with z M NaCl as eluent, notwith- 
stan@g the small differences in the RF values of Cu(II), Pb(I1) and Bi(II1). 

.The behaviour of Dowex 50-X4 differs from that of CMCNa using NaClO, 
solutions as eluents, both with regard to the retention mechanism for the ions at low 
eluent concentrations and to the possibility of application in the analytical field. 
The idn-exc@a?ge process seems to be the main parameter in the ion retention mecha- 
nism, as can be seen from the Rp values presented in Table II, and, above all, from 
the pattern of the relationship RM/ - log ~N~CIO, (Fig. 4). It seems to be true at least 
for salt concentrations in the eluent lower or equal to I M. 

Other parameters begin to affect the relationship RM/ - log [NaClO,] markedly 
when the NaqlO, concentration is higher than I M, as the curvilinear portions in 
Fig. 5 show..The confirmation of the prevalence of the ion-exchange process is given 
by the straight-line slopes in Fig. 4 for NaClO, < I M. The values of these slopes 
have been reported for every ion in Table III; the values agree perfectly with those 
one might have expected on the basis of the ion charges. 

On the contrary, the slope values we deduce from the RM/ - log [NaClO,] graph 
are S-II o/( lower than the preceding ones. On CMCNa layers a different behaviour 
was observed. All the ions exhibited a graph with a slope clearly lower than that 
which could be foreseen, the only exceptions being Tl(1) and Ag(1) for which we found 
slope values of 0.78 and 0.88, respectively. 

Ion retention. The different behaviour of the ions on the two exchangers cannot 
be ascribed to the smaller exchange power of CMCNa with respect to Dowex 50-X4 
(ref. 7). In fact, in spite of the greater exchange power of th.e mixed layers (consisting 
of CMCNa + Dowex 50-X4, I : I) with respect to those consisting of only CMCNa, 
a few ions such as Ag(I), Tl(I), Mg(I1) and Ca(I1) behave in agreement with the law 
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TABLE II 

Rp VALUES Olr METAL IONS ON DOWEX 50-x4 THIN LAYERS 

IO?3 EZuent: NaCGO, (M) 

0.1 o-3 0.5 0.7 r a 4 

JQAI) 
WI) 
Hg (1) 
Cu(IL) 
Co(U) 
Ni(I1) 
Zn(II) 
Cd(I1) 
Hg(II) 
l?b(II) 

z&II:) 
M6(II) 
Ca(II) 
Sr(I1) 
Ba(IL) 
Al(II1) 
Ga(II1) 
In(lI1) 

z$;) 

0.04 0.10 0.14 o.xg 0.24 0.30 o-37 
0.04 0.10 0.14 0.19 0.24 0.35 0.54 
0.00 0.00 0.00 0.00 0.04 0.07 0.11 
0.00 0.03 0.07 0.12 0.20 0.32 0.38 
0.00 0.03 0.07 0.12 0.20 0.32 0.45 
0.00 0.03 0.07 0.12 0.20 0.32 o-45 
0.00 0.03 0.07 0.12 0.20 0.32 0.46 
0.00 0.02 0.05 0.09 0.15 0.26 0.33 
0.00 0.00 0.02 0.05 0.08 0.14 0.18 
0.00 0.00 0.00 0.00 0.00 0.09 0.15 
0.00 0.03 0.07 0.12 0.20 0.32 0.44 
0.00 0.05 0.11 0.19 0.30 0.48 0.56 
0.00 0.04 0.09 0.16 0.26 0.44 o-55 
0.00 0.02 0.05 0.09 0.15 0.26 0.33 
0.00 0.02 0.05 0.09 0.14 0.23 0.31 
0.00 0.00 0.02 0.04 0.07 0.14 0.18 
0.00 0.00 0.00 0.00 0.05 0.16 0.34 
0.00 0.00 0.00 0.00 0.05 0.15 e.!I.a 
0.00 0.00 0.00 0.00 0.02 0.10 C.S. 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.03 0.06 0.08 0.10 0.13 0.13 

a es. = elongated spot. 

I 
-0.5 

Alog eclcl0Jo 
+ 0.5 *I 

Fig. 5. Relationship of AM values to -log[NaClO,] for: a = Mg; b = Tl; c = Ag; d = Ca, Cd; 
c = Es on Dowex 50-X4 thin layers. 

*of mass action, the others being not appreciably affected by an increase in salt concen- 
,tration in the eluent (Table IV). The RF values obtained on layers of CMCNa having 
.different exchange capacities for several ions (again shown in Table IV) also seem to 
.exclude such an hypothesis. There are essentially two other parameters that are able, 
.in an ionic exchange process, to control the retention mechanism of the layer: 

(a) exchange rate at the surface 
(b) diffusion rate within the resin. 
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TABLE III 

SLOPES OF THE RELATIONSHIP RM/- log GNoclG, (A) AND R~/-llog [N&IO,] (B) FOR IONS OF 
VARIOUSIONIC CHARGE ON DowEx 50-X4 THIN LAYERS 

(4 . (B) 

AdI) 
--WI) 

2$:’ 
Sr(II) 
Ba(II) 
Co(II) 
Ni(II) 
Mn(I1) 
Zn(II) 
Cd(D) 
Cu(I1) 
Be(D) 

0.97 
o-97 
I.94 
I.96 

1.84 
2.00 
I .go 
I.90 
I.90 
I.90 

1.96 

I.90 

I.90 

0.88 
0.88 
1.78 
1.82 
1.64 
I.90 

I.74 
I.74 
I.74 

:*zt . 
I.74 
I.76 

TABLEIV 

RF VALUES OF METAL IONS ON THIN LAYERS CONSISTING OF DOWEX 50-X4 + CMCNa (I: I) AND 
CMCNa WITH EXCHANGE CAPACITY OF 0.89 AND I.18 mcquiv./g, RESPECTIVELY 

Eluents: (A) NdO,, 0.3 M, (B) NaClO,, 0.5 M, (C) NaCIO,, I M. 

Dower so-X4 + CMClVa CMCNa (0.89 msquiv./g) 

(A) (B) (Cl (A) (B) (C) 

CMCNa (r.18 mequiv.,/g) 

(A) (B) (Cl 

Ad) 0.07 0.10 0.17 
Tl(l) 0.10 

0.00 
0.14 0.24 

Cu(I1) 0.02 0.02 

!$I;;; 0.02 0.01 0.12 0.11 0.06 0.05 

yd,tw; o-00 0.02 0.01 0.05 0.03 0.08 
Be(II) 0.02 0.04 0.06 
Mg(ll) 0.26 ., 0.04 0.09 

~~$;) 0.02 0.02 ' 0.05 0.05 0.14 0.12 

Ba(l1) 0.00 0.02 0.06 

0.14 0,1g 0.26 0.12 0.18 0.25 
o-35 0.45 0.58 0.33 0.44 0.56 
0.00 0.00 0.00 0.00 0.00 0.00 
0.07 0.12 0.20 0.05 0.11 0.18 
0.05 0.09 0.17 0.04 0.08 0.14 
0.03 0.03 0.03 0.00 0.02 0.02 
0.04 0.07 0.11 0.03 0.07 0.10 
0.04 0.05 0.06 0.02 0.03 0.05 
0.16 0.27 0.44 0.14 0.26 0.43 
0.11 0.17 0.29 0.08 0.17 0.28 
0.15 0.24 0.38 0.14 0.24 0.38 
0.08 0.15 0.28 0.07 0.14 . 0.26 

The ‘behaviour of the ions on mixed layers of Dowex 50-X4 + CMCNa, as 

already commented on previously, seems to exclude a determining influence of this 
parameter in that the diffusion rate should influence the behaviour of divalent ions 
in practically the same way. * 

j ’ The observed.differences in. the chrornatographic behaviour of the same ions 
on layersof .CMCNa and Dowex 50-X4 could thus be attributed to the different ionic 
reaction rate at the,resin/solution interface. In fact, the rate of the exchange reaction 
in both directions’is very different in carboxylic resins*, depending on the affinity of 
the ion for the exchanger, whereas in the case of sulphonic resins the two rates are 
practically equal. 
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Elution ming nezltral so&.&ions of divalent ions 
In Table V Rp values are reported for several ions eluted with solutions of 

M&NO,),, M&l, and Ba(NO,),, of varying concentrations. In each case a regular 
increase of Rp values with increasing salt concentration in the eluent can be observed, 
in contrast to what is observed eluting with univalent salt solutions under the same 
conditions of concentrations and ionic strength. The difference in behavidur can be 
explained by the greater affinity of Mg(I1) and Ba(I1) with respect to Na(1) for the 
exchanger. This causes a levelling of the affinities of the ions involved in the 
exchange and, therefore, an increase in the rate of the ionic exchange reaction. 

TABLEV 

Rp VA.LUJ%S OF METAL IONS ON 

DIVALENT IONS AS ELUENT 

CMCNa THIN LAYERS OBTAINED USING NEUTRAL SOLUTIONS OF 

IO?Z NdNO,) 2 UW J47Cl2 (M) J34NOd 2 UW 

0.X 0.5 I o-5 I 0.I o-5 

AfxU) 
TW 
Be(I1) 
Zn(I1) 
Cd(I1) 
Cu(I1) 
Co(II) 
Ni(II) 
H&II) 
I-Q(I) 
Mn(I1) 
Pb(I1) 
Sr(II) 
Ba(I1) 
AI(II1) 
Fc!(III) 
Bi(III) 
U(VI) 

0.24 0.36 0.48 
0.48 0.72 0.76 
n.d. n.d. 1l.d. 
n.d. n.d. n.d. 
0.06 0.16 0.28 
0.02 0.06 0.07 
0.21 0.52 0.66 
0.18 0.48 0.61 
0.00 0.01 0.01 

0.00 0.00 0.00 

0.26 o-54 0.62 
0.00 0.02 0.04 
o-37 0.67 0.78 
0.31 0.60 0.66 
n.d. n.d. n.d. 
0.00 0.00 0.00 
0.00 0.00 0.00 
0,oo 0.00 0.00 

0.00 0.00 

n.d.a n.d. 
n.d. n.d. 
n-d. n.d. 
0.72 0.82 
0.06 0.08 
0.61 0.60 
0.58 0.65 
0.98 0.98 
0.00 0.00 
0.66 0.74 
0.07 0.25 
0.67 0.78 
0.60 0.66 
n.d. n.d, 
0.00 0.00 
0.02 0.04 
0.00 0.00 

0.29 o-44 
0.48 0.72 
0.10 0.28 
0.18 0.46 
0.10 0.19 
0.03 0.07 
0.28 0.60 
0.25 o-57 
0.00 0.01 
0.00 0.00 
0.32 0.71 
0.00 0.02 

n-d. n.d. 
n.d. n.d. 
0.00 0.02 

0.00 0.00 

0.00 0.08 
0.00 0.00 

1st front 0.42 0.78 0.92 0.87 o-93 o-33 0.71 

nn.d. = not determined. 

Such hypotheses are confirmed by the data in Table VI relative to the slopes of 
the lines obtained by graphing the RM values of several ions, on layers of carboxyme- 
thylcellulose in the magnesium salt form (CMCMg), as a function of - log[Mg(NO,),] , 
In fact, ions having an affinity similiar to magnesium, with respect to the exchanger, 
behave in accordance with the law of mass action. They are Ag(I), Tl(I), Sr(II), Ba(I1) 
and, to a lesser degree, Mn(I1). The remaining ions are not influenced in an analogous 
manner upon increasing the concentration of the salt in the eluent. 

It might also be interesting to compare the data obtained by us with those 
observed by KNIGHTS on cellulose-base ion-exchange papers. The sequence of affinities 
found on ion-exchange papers is respected at least for those ions common to both 
contributions studied on thin layers. 
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TABLE VI 

RF VALUES OFMETALIONS ON CMCMg THIN LAYERS 

roti 
: 

EZzwnt: Mg(NO,), (M) 

0.1 0.3 0.5 I 

Slope of the veZationship 
RMl- WPkWO,),l 

&3(I) 0.20 
Tl(1) o-44 
Sr(I1) 0.24 
Ba(I1) 0.22 
Mn(II) 0.19 
Co(I1) 0.20 
Ni(II) 0.18 
Zn(I1) 0.15 
Cd(I1) 0.06 

0.31 0.36 0.42 0.5 
O.fj8 t.63 0.72 0.5 
o-47 o-57 0.72 0.9 
0.44 0154 0.70 0.9 
‘0.38 0.49 0.63 0.8 
0.36 0.45 0.57 0.7 
0.32 0.41 0.52 0.7 
0.22 0.26 0.32 o-5 
0.10 0.13 0.17 0.5 

TABLE VII 

RF VALUES 0~~0~x3 METAL IONSON CMCNa THINLAYERS 
The data reported refer to solutions with an Na+ concentration of 0.5 M and different pH values. 

Ion ‘pH of the eluent 

9.5 XI.5 X2.0 

0.00 0.00 0.02 

0.12 0.04 0.01 
0.09 0.03 0.00 
0.07 0.05 0.40 
0.03 0.03 0.01 

0.27 0.27 0.02 
0.00 0.00 0.02 

Election wing alkaline sohtions of a&vaZcnt ions 
Using a solution of pH 7 to IO for elution, the RF values (Table VII) are equal 

to those obtained with neutral eluents, in accordance with the fact that the pH on 
the layer does not change appreciably when working in the above-mentioned interval. 
For eluent pH values greater than IO, arid in particular at the values 11.5 and 12.5 

a sharp decrease in RF values is observed for those ions having a tendency to give 
insoluble hydroxides. The behaviour of Zn(I1) should be noted (related to its ampho- 
terism), This could be used for analytical purposes. 

Selectidly coe$icie*ts 
. ..:.- -From the data that we have reported up to this point it results that the selec- 
tivity dqefficients can be calculated using RF values on layers of Dowex 50-X4, up 
.to. a;orie,molar concentration of the salt in the eluent. In the case of CMCNa, on the 
dt@er:hand; the selectivity coefficients can be determined only in the case of exchange 
.betwden ,ions having similar affinities for the exchangers. This is the case with Tl(I) 
and some basic amino acidslo. 
,. . In Table VIII are reported values of the selectivity coefficients calculated with 
equation : 
‘I 

log K# = ‘RM-nlog [Na+n] + log AI + nlog aNa+ 
Ae 

c 
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TABLE VIII 

SELECTIVITY COEFFICIENTS (I<#) OF SOME METAL IONS FOR DOWEX 50-X4 
(I) Calculated from Rp values. (2) Data found in the literature (ref. I I). 

Ion K¶ 

&z(I) 4.1 
Tl(I) 4.-I 
Be(I1) I.2 

M&II) I.4 

::(Y;; 
2.6 

2:‘: Ba(I1) 
Cu(I1) I.8 
Co(I1) 1.8 
Ni(If) 1.8 

Zn(II) :*: Mn(I1) . 
Cd(I1) 2.5 

3.0 
4.2 
I-4 
I.2 
I.7 
I.9 
3.0 
I.3 
I-3 
I.4 
I.3 
I.4 
1.3 

in which I(e is the selectivity coefficient, [Na+R] is the concentration of sodium in 

the resin in mequiv./g, and AI/A, is the ratio between the weights of the mobile phase 

and the stationary phase (3.70). 
In the same table are reported, for confrontation, the selectivity coefficients 

obtained directly by determining the quantity of ions adsorbed by the resin at equili- 

brium in a solution of known concentration of the ionll. The difference between the 

values of the coefficients for a given ion is evidently due to the diversity in the techni- 

ques employed, The good agreement in the sequence of the affinities should, however, 

be noted. 

Conclusions 
From the data obtained one can draw the following conclusions: 

(I) Contrary to that which is observed for ionic exchangers in the acid form, in 

the case of exchangers in the sodium form (eluted with neutral solutions of univalent 

ions) a concentration gradient within a given interval of concentrations of the salt 

in the eluent is not observed. 

(2) It is possible in such a concentration interval to determine the charge of 

an ion in solution. This possibility is limited to those ions for which the exchange 

reaction rates in the two directions are not very different. 

(3) The retention of the ions on such layers does not seem to be influenced by 

the diffusion rate of the ions through the resin but rather by the exchange reaction 

rate at the surface. _. 

REFERENCES 

I L. OSSICINI AND M. LEDERER, J. Chromalog., 17 (1963) 387. 
2 D. Cozzr, I?. G. DESIDERI, L. LEPRI AND G. CIANTELLI, J. Ciwotnalog., 35 (1968) 396. 
3 D. COZZI, I?. G. DESIDERI AND L. LEPRI, J. Clzromatog., 42 (1969) 532. 
4 J. A. BERGER, G. MEYNIEL, P. DLANQUET AND J. PETIT, Carnfil. Rend., 257 .(Ig63) 1534. 

J. ChvOmatOg., 47 (1970) 442-452 



452 L. LEPRI, P. G. DESIDERI, V. WAS, D. CO221 

5 D. COZZL, P. G. DESIDERI, L. LISPRI AND G. CIANTELLI, J. Chvomatog., 35 (IgGS) 405. 
6 G. ALBERTI, F. DOBIC~ AND G. GRASSINI, J. Ciwomatog., 8 (1962) 103. 
7 E. CERRAI. G. GHERSINI, M. LEDIZRER AND M. MAZEI, J. Chvomatog., 44 (1969) 161. 
8 R. KUNIN AND R. E. BARRY, Ind. Bag. Chem., 41 (1949) 1269. 
g C. S, KNIGHT, Advan. Chvomatog., 4 (1967) gg. 

xo D. COZZI, P. G. DESIDISRI, L,. LEPRI AND V. COAS, J. Clwomalog., 40 (1969) 138. 
II 0. D. BONNZR AND L. L. SMITH, J. Chem. Phys., 61 (1957) 326. 

J. C?bYOtGatOg., 47 (1970) 442-452 


