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SUMMARY 

The chromatographic behaviour of 16 metal ions on thin layers of sodium 
carboxymethylcellulose and Dowex 50-X4 (Na”) was investigated. The eluents used 
were acetate, gluconate, lactate and oxalate buffer solutions at constant ionic strength. 
The influence on the RI: values of some parameters (the affinity of the ions for the 
exchanger, the concentration and the type of buffer solution) was determined. 
Criteria are proposed for the analytical use of these parameters. 

The stability constants of the complexes with the above ligands and the selec- 
tivity coefficients of the ions for the two exchangers were calculated. Finally, the 
validity of the method for the determination of the stability constants for mono- 
and bidentate ligands is discussed. 

INTRODUCTION 

In a previous paper’, it was pointed out that for tri- and tetravalent ions, 
interesting separations on sodium carboxymethylcellulose (CMCNa) and Dowex 
50-X4 (Na’) thin layers can be obtained when eluting with buffer solutions at con- 
stant ionic strength. For this reason, we considered it useful to study the behaviour 
of mono- and divalent ions using acetate, lactate, gluconate (used previously) and 
oxalate ions as ligand agents. 

Special care was devoted to the determination of the selectivity coefficients of 
the metal ions for the exchangers and the stability constants of the different com- 
plexes. 

EXPERIMENTAL 

The buffer solutions were prepared so that the ratio of the concentrations of 
the acid and its salt was 1:2. In the case of the oxalate buffer, HZCZ04. and NazCz04. 
were used. The ionic strength was kept constant (p= 1) by means of sodium :per- 
chlorate. 

The CMCNa layers (300,~m) were prepared with 4.5 g of the exchanger in 
50 ml of water, and the Dowex 50-X4 (Na”) layers by mixing 3 g of the resin and 
6 g of microcrystalline cellulose in 40 ml of water. The resin, obtained by neutralizing 
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the acid form with NaOH, was rinsed with water and methanol and dried at room 
temperature. 

The chromatographic measurements were carried out at 25”. The migration 
distance was 11 cm unless stated otherwise. The spots were detected with solutions 
of Ghydroxyquinoline in ethanol (followed by exposure to ammonia vapour), with 
aqueous solutions of sodium rhodizonate and with ammonium sulphide. 

RESULTS AND DISCUSSION 

The RF values of 16 metal ions on CMCNa layers, when eluting with solutions 
of increasing concentrations of acetate, gluconate and lactate, are reported in Table I. 

TABLE I 

RF VALUES OF MONO- AND DIVALENT IONS ON CMCNa THIN LAYERS 

Elution with buffer solutions: (a) acetate (pl-I=S.OS); (b) gluconate (PI-I-4.15); (c) lactate 
(PI-I 13.95). e.s. = Elongated spot. 

zon 0.05 molell 0. IO mole/l 0.30 mole/f 0.50 mofe/l 

a b c a b c a b c a b c 

‘I-l(l) 
&s(I) 
mm 
Pb(I 3) 
I-Igm 
Cu(II) 
Cd(I1) 
Zn(il) 
MnW) 
Co(H) 
Ni(W 
Ba(I1) 
Sr(II) 
Ca(I1) 
MgW) 
Be(H) 

0.59 0.61 0.60 0.60 0.61 O&l 0.60 0.63 0.61 0.60 0.65 0.62 
0.29 0.31 0.32 0.3 I 0,34 0.35 0.38 0.44 0.46 0.43 0.53 0.55 
r&l 0.01 0.23 C.S. 0.01 El 0.35 0.04 es. 0.03 zi7 0.59 0.19 e*s. 0.13 0.18 0.74 0.41 0.72 0.26 0.95 

0.03 e.s. 
:;2 

e.s. 
z2 z9 :s; 

C.S. O.IG 0.66 0.59 0.29 
0.02 0.11 0.04 0.55 0.72 0.31 0.72 0.83 
0.06 0.09 0.11 0.10 0‘15 0.19 0.23 0.35 0.42 0.33 0.51 0.56 
0.12 0.24 0.35 0.14 0.37 0.58 0.25 0.65 0.86 0.35 0.80 0.97 
0.24 0.30 0.33 0.27 0.35 0.42 0.37 0.54 0.71 0.45 0.67 0,83 
0.22 0.33 0.39 0.25 0.45 0.58 0.35 0.68 0.85 0.44 0.81 0.95 
0.20 0.33 0.45 0.23 0.47 0.68 0.34 0.72 0.91 0.43 0.85 0.97 
0.29 0.34 0.32 0.30 0.39 0.36 0.33 0.57 0.49 0.36 0.70 0.58 
0.38 0.43 0.41 0.40 0.48 0.45 0.45 0.65 0.59 0.49 0.77 0.68 
0.32 0.41 0.38 0.34 0.49 0.45 0.41 0.68 0.66 0.48 0.78 0,77 
0.46 0.50 0.51 0.49 0.53 0.57 0.58 0.63 0.77 0.65 0.71 0.86 
0.13 0.14 0.17 0.19 0.20 0.25 0.42 0.39 0.4: 0.58 0.52 0.59 

With the exception of T](i), owing to its poor tendency to form complexes 
with the three ligands, and of Ba(I1) with acetate, the other ions are strongly influenced 
both by the concentration and the type of Iigand. On the basis of these two factors, 
some interesting separations can be obtained. From an analytical point of view, the 
separation of Ag(I), ‘II(I), Hg(I) and Pb(II), when eluting with 0.03 M gluconate, 
is particularly interesting (see Fig, 1). It should be noted that at such a concentration 
of the ligand, no elongated spots, which are generally obtained for mercury, are 
observed. The starting solutions of Hg(I) and Hg(II) were obtained by dissolving 
the two nitrates in dilute nitric acid. 

Other good separations are those of Cu(II) from Cd(H) when eluting with 
lactate concentrations above 0.3 M, of Mn(I1) from Co(H) and Ni(I1) with 0.1 M 
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lactate concentration, and of Zn(I1) from Cd(H) with gluconate or lactate over a wide 
range of concentrations of the two ligands. 

0 0 

Fig. 1. Thin-layer chromatogram of some ions on CMCNa. (a) Pb(II), H&I), Ag(I) and TKI). 
Sodium giuconatc concentration 0.03 M, 

TABLE II 

RF VALUES OF MONO- AND DIVALENT IONS ON DOWEX 50-X4 (Na’) THIN LAYERS 

Elution with buffer solutions: (a) acetate (pN=S.OS); (b) gluconate (pH=4.15); (c) lactate 
(pH = 3.95). 

lot1 0.05 mole/l 0.10 mole/l 0.30 tnole/t 0.50 inolefl 

a b c a b c a b C a b C 

TM) 0.12 0.12 
Ag(I) 0.15 0.15 
Hg(I) e.s. es. 
Pb(I1) 0.18 0.18 
Wg(l1) e.s. es. 
Cu(l1) 0.36 0.61 
Cd(H) 0.22 0,22 
Zn(I1) 0.22 0,38 
Mn(II) 0.20 0.22 
Co(II) 0.22 0.29 
Ni(I1) 0.22 0.36 
Ba(I1) 0.04 0.05 
Sr(II) ,O.lO 0.12 
Ca(I1) 0.13 0.18 
Mg(II) 0.27 0.27 
Be(II) 0.32 0.27 

0.12 0.12 
0.16 0.16 
e.s. es. 
0.14 0.33 

z2 E4 
0.22 0.31 
0.55 0.27 
0.24 0.22 
0.34 0.26 
0,41 0.26 
0.04 0.04 
0.10 0.11 
0.16 0.14 
0.29 0.29 
0.29 0.48 

0.13 
0.17 

K3 

K4 
0.32 
0.57 
0.26 
0.40 
0.53 
0.06 
0.15 
0.23 
0.30 
0.39 

0.12 
0.17 

z55 
0.59 
0.86 
0.32 
0.70 
0.30 
0.50 
0.64 
0.04 
0.11 
0.20 
0.34 
0.42 

0.12 
0.19 
e.s. 
0.71 

z2 
0.65 
0.50 
0.32 
0.40 
0.40 
0.05 
0.13 
0.19 
0.37 
0.83 

0.14 
0.22 

KO 

K-7 
0.65 
0.86 
0.43 
0.71 
0.84 
0.12 
0.26 
0.41 
0.38 
0.64 

0.13 
0.23 

:“Q0 
0.81 
0.97 
0.65 
0.91 
0.53 
0.87 
0.96 
0.05 
0.15 
0.34 
0.50 
0.69 

0,12 0.16 
0.22 0.26 
e.s. e.s, 
0.82 0.83 

::6 g7 
0.79 0.79 
Oh66 0.97 
0.40 0.56 
0.51 0.85 
0.51 0.97 
0.06 0.18 
0.15 0,35 
0.23 OS4 
0.44 ,0.45 
0.96 0,75 

0.13 
0.28 
0.75 
0.75 
0.87 
0.97 
0.79 
0.97 
0.67 
0.97 
0.97 
0.06 
0.19 
0.45 
0.63 
0.81 
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Apart from the type and concentration of the ligand, the affinity of the ions 
for the exchanger also plays an important role in their chromatographic behaviour. 
Such an influence can be seen from the RF values reported in Table II, which refer 
to the metal ions on Dowex SO-X4 (Na’) thin layers when eluting with the same 
solutions as those used on CMCNa layers. 

It can be seen, in fact, by comparing the RF values on the two layers, that, as 
the concentration and the type of ligand change, different behaviours are observed 
owing to the variation of the affinity of the ions for the exchanger. Among the mono- 
valent. ions, such behaviour is evident for Ag(l) and, among the divalent ions, for 
Pb(II), Cu(lI), Cd(II), Zn(II), Ba(Il), Sr(II), Ca(II) and Mg(I1). As regards Cd(II), 
however, it should be noted that on Dowex the RF values are virtually the same 
when eluting with the three different ligands, unlike the effect observed on CMCNa. 
The differences observed on this last exchanger can be attributed to the different 
pH values of the buffer solutions. A change in the pH value should have an 
influence on the affinity of the ion for the exchanger’. and, therefore, on the 
reversibility of the exchange reaction between Cd(H) in the resin and Na(I) in the 
solution. 

The dependence of the reversibility of the exchange reaction on the affinity of 
the ion for the exchanger has already been pointed out’ for CMCNa with Cd(II), 
Cu(II), Pb(II), Be(U) and Zn(I1). According to such an assumption, a decrease in 
the affinity of the ion for the CMCNa, leading to an increase in reversibility and to 
higher RF values, should be observed as the pH decreases. Such an assumption is 
confirmed, because the RF values of cadmium increase as the pH of the solution 
decreases. It must be noted, furthermore, that such behaviour is particularly clear at 
high ligand concentrations, in relation to the same pH value on the layer and in 
the solution3. 

The different RI: sequence for Pb(I1) and Be(I1) on the two layers when eluting 
with the same ligands seems to be consistent with the different pH values of the 
bufier solutions. The behaviour of Cu(I1) on CMCNa agrees with that which can be 
predicted on the basis of the pH of the eluents. In face, the RF sequence is similar 
on both layers apart from a greater difference, on CMCNa layers, between the RF 
values relative to the three ligands. Such behaviour is justified, as the sequence of 
stability constants of the three ligands with Cu(I1) (lactate>gluconate>acetate) is 
opposite to that of the corresponding pH values of the solutions. 

‘All the data considered up to now refer to the behaviour of the ions with 
monodentate ligands, which differ from each other due to the presence of one or more 
OH group’s, Our study has been extended so as to include a bidentate ligand, such as 
oxalate, in order to obtain a complete picture of the influence of complex formation 
on the ion-exchange process and, especially, to characterize possible differences due 
to the different kinds of complexes. The use of such ligands generally involves the 
need for buffer solutions with a lower concentration than that of acetate, gluconate 
and lactate solutions. The concentration range of sodium oxalate is, in fact, included 
between 10-j and 9s 10m2 M. 

Some of the best separations that can be obtained with oxalate on CMCNa 
are reported in Table III. Table III also includes, apart from the mono- and divalent 
.ibns, so&e trivalent ions whose behaviour has already been studied’. 
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‘TABLE III 

SEPARATIONS OBTAINED ON CMCNa TWIN’ LAYERS 

Elution with oxalate buffer solutions. Migration distance: 12 cm. 

Sodiwn oxafate RP 
comewrafioall (M) 

WIINWII) 10-s 0.12/0.48 
Pb(II)/TI(I) 10-S 0.01/0.59 
Cr(llI)/Al(III)/Fe(III) 2.5. IO-3 0.00/0.40/0.97 
Cr(III)/Mn(II)/Ni(lI)/Fc(III) 2.5.10-3 0.00/0.35/0.59/0.97 
Cd(II)/Cu(LI) 5, IO-3 0.09/0.78 
Cd(II)/Zn(II) 7 5.10-3 0.12/0.77 
Cd(lI)/ln(lII)/AI(III), Ga(II1) 7.5. IO-3 0.12/0.48/0.96 
wm/HgW) 9.10-a 0.00/o. 19 

Selectivity coe~cicnts 
In a previous paper2, a difference has been pointed out between the values of 

the selectivity coefficients calculated on the basis of thin-layer chromatography and 
those obtained by determining the amount of ions adsorbed by the exchanger in 
a solution of known concentration of the ion. The good agreement between the 
sequences of the affinities, apart from the absolute value of the coefficients, has also 
been noted. As we used microcrystalline cellulose instead of cellulose, we tried to 
ascertain if the different nature of cellulose might have an influence on the selectivity 

TABLE IV 

SELECTIVITY COEFFICIENTS (&) OF MONO- AND DIVALENT IONS FOR CMCNa 
AND DOWEX 50-X4 (Na+) AT THE GLUCONATE BUFFER pN (4.15) 

ION IO KS 

CMCNa Do wex .50-x4 CMCNa Dowcx SO-X4 
(Na-c) (Na? 

TI(I) 2.55 27.1 1.34 14.1 
Ae(I) 9.95 22.8 5.22 11.9 
I-MI) 61.5 - 32.3 - 
Pb(I1) - 144.2 39.0 
Cu(I1) 2&8 5.65 
Cd(I1) 127.0 24.8 34.5 6.72 
Zn(I1) 33.4 16.85 9.05 4.57 
Mn(I1) 12.1 17,45 3.27 4.73 
Co(I1) 16.2 16.85 4.4 4.57 
Ni(I1) 18.5 16.85 5.0 4.57 
Ba(I1) 9.85 102 2.67 27.6 
Sr(I1) 6.68 35.3 1.81 9.55 
Ca(I1) 8.75 258 2.37 7.0 
MfgII)’ ” 4.78 11.1 1.29 3.0 
Be(H) 45.0 19.4 12.2 5.25 
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coefficients. in Table IV are reported values of the selectivity coefficients on CMCNa 
(not previously reported) and Dowex 50-X4 (Na’) calculated by using the equation 

where x is the charge on the ion involved in the exchange reaction and ma’JR is 
1.18 for CMCNa and 1.19 for Dowex 50-X4 (Na”) plus microcrystalline cellulose. 
The /, values for the different ions have been determined by extrapolating the RF 
values to zero ligand concentration and replacing such values in the relationship 

where AI/As is the ratio of the weights of the mobile phase and the stationary phase. 
This ratio, under our experimental conditions, is 3.72-4.09 for CMCNa layers and 
3.53-3.97 for Dowex 50-X4 (Na”) layers. In both cases, a.decreasing trend, similar 
to that observed by Grimaldi et al.” on ion-exchange papers, was not observed. For 
this reason, we considered an average value of AI/As of 3.92 for the CMCNa and 
3.70 for the Dowex layers. If one compares the values of the selectivity coefficients 
for the Dowex plus microcrystalline cellulose layers with those obtained on layers of 
the same exchanger plus cellulose, a sharp increase in the selectivity coefficients and 
a different sequence of the affinities for some ions is observed on changing from 
layers containing cellulose to those containing microcrystalline cellulose. 

I* It should be noted, furthermore, that for a given ion, the selectivity coefficient 
is in some instances higher on CMCNa than on Dowex thin layers; for Pb(I1) and 
Cu(l1) it is SD high that it has not been possible to determine it with sufficient accuracy. 
For the monovalent and alkaline earth ions, lower values have been found on CMCNa 
than on Dowex. 

The values reported in Table IV refer to a gluconate buffer solution of pH 4.15. 
The selectivity coefficients at the pH values of acetate and lactate buffer solutions 
are different for some ions, mostly on CMCNa layers. The greatest difference is 
observed for Be(II), whose KS value, when eluting with acetate buffer solutions, is 
15.3 instead of the reported value of 12.2. 

The increase in the selectivity coefficients on changing from Dowex layers con- 
taining cellulose to those containing microcrystalline cellulose and, overall, the differ- 
ent sequence observed for some ions, indicate the necessity of knowing the “con- 
ditional” value of the selectivity coefficients for a given exchanger. It is particularly 
useful to know these values relative to the ionic strength (1 in this work) and to 
the pH at which the chromatographic process occurs. . . 

Stability constants 
From an analytical point of view, it is useful to know the value of the stability 

constants under the conditions at which the chromatographic process occurs other 
than the “conditional” selectivity coefficients. The chromatographic behaviour of the 
ions on the different exchangers and the possibilities of their separation can be pre- 
dicted Q priori on the basis of the knowledge of these two parameters. Such pre- 
dictions, at least from a quantitative point of view, are very difficult to make on 
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the basis of the values of the stability constants reported in the literature, as such 
values generally refer to an ionic strength of zero and, for a given ion, often differ 
from each other owing to the different techniaues used in their determination. 

The calculation-of ,the 
the following relationship: 

a= 63 * 
1 +&A’] 

1 + +,[A-]” 

stability constants has been carried out by means of 

(1) 

where I is calculated on the basis of the Fronaeus method’, which has already been 
applied to ion-exchange papers by Grimaldi et al.“. 

This method, critically revised by Marcus’, is limited in the determination of 
higher stability constants owing to the uncertainty of the extrapolations that involve 
the use of auxiliary functions involving subtractions of closely similar numbers. For 
this reason, only the values of & and /I, are reported in Table V. It should be noted 
that for some ions the /3 values are reported for only one exchanger. The non-determi- 
nation of the stability constants is due, for Pb(II) and Cu(I1) on CMCNa, to the 
impossibility of obtaining a finite value of I, and, for Ba(I1) on Dowex, to the high 
affinity of this ion for the exchanger so that the influence of the complex formation 
on the RF value is negligible. As regards the numerical values of the stabiiity con- 
stants, good agreement is observed between the results obtained on the two exchangers 
with the exception of Cd(I1) and, to a lesser extent, of Zn(I1) and Be(I1). Such diEer- 
ences can be attributed to the incomplete reversibility of the exchange reaction of 
these ions with CMCNa2. 

TABLE V 

STABILITY CONSTANTS OF THE ACETATE (Is,, GLUCONATE (/!I’) AND LACTATE (/I”, 
COMPLEXES OF MONO- AND DIVALENT IONS CALCULATED ON THE BASIS OF 
THE RF VALUES ON (a) CMCNa AND (11) DOWEX 50-X4 (Na”) THIN LAYERS 

IOII Bl I32 8’1 B’a PI’1 19”a 

a Ir a b a b a b a b a b 

TIW 0 0 0 0 0.5 0.7 0 0 0 0 0 Ag(I) 2.0 1.4 0 0 2.8 2.4 1.4 0 3.0 2.8 1.7 x 
Hg(1) - - - - 7.5 - - - 
Pb(H) - 126 - 4500 - 126 f 4500 : 101 - 1500 
Cu(I1) - 44.5 - 700 - 

& 
- - - - 

Cd(H) 24.7 20 102 235 43.6 310 235 58.5 20 610 235 
Zn(I1) 4.2 6.9 19 35 31 31 293 420 51.5 36.5 950 1100 
Mn(H) 4.9 4.3 8 

7’ 
.6.2 6.4 21 15 11.5 10.2 82 3s 

Co(I1) 5.0 6.6 11 : 17.6 120 198 29.1 21 390 330 
Ni(II) 6.2 6.6 14 ,’ 27.3 340 270 44.2 - 1200 - 
Ba(l1) 192 - 0.7 

i:X ;:5 f: 
12 

;:: 
7 - 

Sr(I1) 3:: 1.9 1.1 0.8 11 2.8 2 
Ca(II) i:8 4 4 14.2 12 59 38 
MHIU 3.7 22: 29; 3.2 3.85 5: 4 

:*;5 

3113 

3.t5 
:4 

21 
23 14 

Be(I1) 26 24 18 20.8 141 22:s 222 180 
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An interesting parameter, which seems to have a constant value for each type 
of ligand, is the ratio 

11 1 -E’- 

10 Pl 

where 

I /MeA% and 1 

’ = [MeA’],,, 
/Me2 ’ JR 

’ = [Me’ ‘Jsol ’ 

On both exchangers, for the monodentate ligands the 1,//,, values are virtually 
the same for the different ions, viz., 0.2810.12 (acetate), 0.20f0.10 (lactate) and 
0.16f0.06 (gluconate). It is interesting to note that the value of 0.28f0.12 for acetate 
is similar to that found by Marcus’ for the same ligand (0.30fO.l). It should be 
noted, furthermore, that the /,/I,, values decrease as the ligand size increases; in fact, 
the i,//, values for chloride, whose size is much smaller than that of the ligands we 
used, are 0.75 and 0.92 in 0.691 M HC104 solution. These values were calculated on 
the basis of the data of Morris and Short’** on Amberlite IR-120 (H’) relative to 
the Mn(I1) and Co(I1) chloro-complexes. 

Greater reliability of the values of the stability constants obtained with the 
chromatogmphic method is achieved when the ligand charge is equal to or higher 
than that of the cation. In this case, eqn. 1 becomes 

* = p1 +~,[A-]-I-~JA-]~~... 
a[A-1 

(2) 

and the calculation of the constants is greatly simplified, as a and lo can easily be 
obtained from the chromatographic data. Eqn. 2 is similar to that used for the calcu- 
lation of the stability constants obtained by the standard methods. The values of 
the stability constants relative to oxalate and calculated by means of eqn. 2 are re- 
ported in Table VI. These values do not refer to the analytical concentrations, but 

TABLE VI 

STABILITY CONSTANTS FOR THE OXALATE COMPLEXES WITW MONO- AND 
DlVALENT IONS 

zon Zotr-excltattge TLC 0th.~ invessligations 

h.? Pl Log p2 Log pi- Log PI Log/h Log /Is RCA 

‘WI) 0.23 - - 
Bn(lI) 0.81 - - 0.58 - - 
Sr(I0 1.65 - - 1.25 1.90 - I: 
Mg(II) 2.06 - - 2.00 - - 11 
Mn(II) 2.30 3.90 - 
Ni(I1) 3.31 4.89 6.31 - - - 
Co(U) 3.15 4.75 - 

Zn(IIJ 3.20 4.49 3.44 6.48 7.24 Cd(H) 2.60 3.75 2.61 4.11 5.06 :: 
3.0 4.7 - 14 
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to the actual oxalate concentrations on the layer. The pH on the layer, determined 
as previously describedj, is about 5.90 for almost the whole of the concentration 
range investigated. At this pH value, the ratio Cz0422’/HC204- is 50: 1 instead of 
1: 2 in the eluent. On the basis of these results, the formation of complexes such as 
[Me(HC,O,&]“‘” can be excluded. 

As regards the accuracy of the results, the comparison of our results with those. 
of other workers using different techniques at an ionic strength of unity may be 
interesting (see Table VI). It should be noted that the same order of magnitude is 
found and, for Mg(II), there is good agreement between the numerical values. 

For Cd(H) and Zn(II), for which the incomplete reversibility of the exchange 
reaction on CMCNa has been pointed out, the constants have only an analytical 
interest with regard to this layer. 

Differences between the pH on the layer and that in solution have been pointed 
out both on Dowex and CMCNa layers when eluting with acetate, gluconate and 
lactate buffer solutions, With such ligands, however, the pH on the layer is tending 
towards that of the solution as the buffer concentration increases and its influence 
on the value of the stability constants does not seem to be determined, as the good 
agreement between our values and those of Fronaeus for the copper-acetate” and 
nickel-acetate” systems shows. 

AfFnity and complex formation in ion-exchange analysis 
The influence of both the affinity of the ions for the exchanger and the concen- 

tration and type of ligand enables criteria to be fixed such that the best separations 
among two or more elements may be obtained. 

Solvenq 
front 

stop ._w______----.--_--. 

a b c d 

Fig. 2. Thin-layer chromatograms of Be(H) and alkaline earth ions on Dowcx SO-X4 (Na+) when 
eluting with buffer solutions containing (a) 1 M sodium acetate; (b) 0.5 M sodium lactate; (c) 
1 M sodium lactate. Chromatogram (d) refers to the results of Berger cl c&lo when eluting with 
0.75 M ammonium lactate. 



164 L, LEPRI, P. G. DESIDERI 

Such criteria are: (a) the affinity sequence of the ions for the exchanger must 
be opposite to that of their stability constants with the ligand; and (b) the differences 
in RF values among the different ions may be increased because, if point (a) applies, 
the difference is a function only of the ligand concentration. 

The validity of these two criteria in order to obtain good separations is demon- 
strated by the chromatograms in Fig. 2. 

Apart from Be(U), whose affinity is intermediate .between that of Ca(I1) and 
Sr(II) and whose behaviour is determined by the high stability of its acetate and 
lactate complexes, the alkaline earth ions show a decreasing affinity for the Dowex 
layer from Ba(I1) to Mg(I1). The sequence of the complexes of these ions with acetate 
and lactate is opposite to that of the affinities, with the exception of Mg(II) whose 
stability constants with lactate are lower than those of Ca(I1). The complexes with 
acetate of these five ions are less stable than those with lactate. On this basis, it is 
possible to obtain: (a) a separation with acetate of the five ions; (b) a good separation 
of the same ions with a lactate concentration equivalent, to half of that of acetate; 
and (c) a better separation among Ba(II), Sr(I1) and Ca(I1) by simply doubling the 
lactate concentration. 

In Fig. 2 (d), there is also reported the separation-of Ba(II), Sr(I1) and Ca(I1) 
obtained by Berger et aleI on Dowex 50-X2 (H*) layers when eluting with 0.75 M 
ammonium lactate. From a comparison of the chromatograms, it seems that the 
criteria we have put forward have great importance in the improvement of the sepa- 
rations on these layers when eluting with the same ligand agents. 
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