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SUMMARY

Metal ions have been chromatographed on thin layers of cellulose impregnated
with the hydrochloride of the long-chain amine Primene JM-T, using hydrochloric
acid (1.0-9.0 M) as the mobile phase. Many separations are possible at a high im-
pregnation coefficient which are not possible at a low one. The influence of the cellu-
lose, of micellar aggregations of the stationary phase and chloro-complex formation
are discussed.

INTRODUCTION

The relationship which exists between the concentration of the impregnant
solution and the Rjas values of species chromatographed by reversed-phase thin-layer
chrornatography has been substantiated by us for some phenols!.2, and for some
inorganic species?. This linear relationship between the logarithm of the concentration
of the impregnant solution and the Rjps value is to be expected from the underlying
theories of partition chromatography which relate the partition coefficient, «, to Rp
valuest, and Ry values to R s values?, viz.

Ay,
=7 (7 ) g
and
1
Rar = loglo(R——-—F-— I) ) (2)

with substitution ot (2) in (1) togive
R pr = logioa + logiod s — logio4 1, (3)

The dependence of Ry values on the concentration of the impregnant solutions
has been observed. for the system Amberlite LA-1 hydrochloride using hydrochloric
arid eluents® and for the impregnants Amberlite LA-2, triisooctylamine or Aliquat
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TILC OF METAL IONS ON CELLULOSE 201
336 with either aqueoushydrochloric acid or aqueous lithium chloride as the eluents’.
In the first of these systems® optimum Rp values were obtained when a solution (0.1 M)
‘of the amine hydrochloride was used to impregnate the support, silica‘gel. In:the
1nvest1gat10ns involving other amines as impregnants®, 0.1 M solutions:.of these
amines were also used to impregnate the support. On this comparative basis, it was
concluded that the primary amine hydrochloride, Primene JM-T hydrochloride, had
weak adsorbing properties. This was confirmed in a later paper® in which the authors
systematically investigated the behaviour of 55 ions in hydrochloric acid (I o M-
9.0 M)—amine hydrochlonde (o 1 M) systems. Reference to these works®8shows that
few worthwhile separations of ions were obtained when Primene J M-T hydrochlorlde
(c.x M ) was used as the 1mpregnant 'However, it has been shown by us that varying
the concentratlon of this same impregnant over the range o.1—o. 7 M (ref. 3) ‘the Rp
values of some of the metal ions were 51gn1ﬁcantly altered. For this reason it was
decided to investigate metal 1ons in the system Prlmene _]M-T hydrochlorlde usmg a

hlgh 1mp1 egnation coefficient.
A’ significant difference between the present’ work and that of BRI\IK‘VIA\T

et al.%% is our use of cellulose as the support for the 1mpregnant The reasons for tlus
have been dlscussed3 i

EXPERIMENTAL

The standardisation of the amine with respect to the amine functional group,
the preparation of the amine solution in chloroform (0.3 M), its conversion to the
amine hydrochloride and the checking of the completeness of the conversion of the
free amine to the hydrochloride form have been reported earlier?.

Cellulose (x5 g of MN 300 HR) was slurried with either chloroform (70 ml) or
with the amine hydrochloride solution in chloroform (70 ml of 0.3 M) and the slurries
were used to coat clean glass plates (5 X 20 cm X 20 cm) with an applied layer thick-
ness of 0.3 mm, to give non-impregnated layers and impregnated layers, respectively.

After air drying the layers to allow the chloroform to evaporate, they were
spotted with the metal ion solutions (1 ul of 5 mg of metal ion per ml).

The chromatoplates were eluted with aqueous hydrochloric acid of different
molarities in a sandwich-type saturation chamber’. The solvent front was allowed
to rise a standard distance (14.0 4= 0.5 cm) from the point of application of the spots.
After elution, the chromatoplates were first viewed under U.V. light whilst wet, then
dried in an air oven at 120° for 15 min. After this time they were viewed under both
visible and U.V. light. The ions were further identified by spraying with one or more of
the following chromogenic reagents: ‘ ' |

(i) '2-(pyridylazo)-2-naphthol, PAN (0.1% w/vin ethanol)
(ii) 8-hydroxyquinoline (0.1% w/v in ethanol) ;
(iii) Arsenazo(III) (0.1 % w/v in water);
(iv) 1,2-dihydroxybenzene-3,5-disulphonic acid (Na salt) (o 19% w/v in water);
(v) p-dimethylamino-benzilidene-rhodanine (0.1% w/v in ethanol),

RESULTS

The Rp values quoted are the mean values for at. le'mst ﬁve deternnnatlons of a

given ion on different plates. The individual Ry values are reproducible to -4--0.02: Rp
]

) J. Cliwvomatog., 39 (1969).200-210



202 R. J. T. GRAHAM, L. §. BARK, D. A, TINSLEY

units of that mean. Each plate carried a spot of Zn(II) as an internal standard3.

The Ry values obtained from the non-impregnated chromatoplatés are given in
Table I whilst those obtained from the impregnated layers are glven in Table II. The
Rp spectra of the metal ions are glven in Fig. 1.

DISCUSSION

T/ze role of llze cellulose ,

. The behaviour of the metal ions on non-1mpregnated cellulose (Table 1 and Fig. 1)
indicates that the alkaline earths, Fe(I1I), Ga(III), Se(IV), Pa(II), Th(IV) and UO2+
show no adsorption at low acid concentrations but that they havea significantly increas-
ing adsorption at lngh acid concentrations. Pb(II) and TI(I) are significantly adsorbed
at low acid concentrations whilst the adsorption of Mo(VI) and Au(III) is independent
of acid concentration. By contrast, it was found that on non-impregnated silica gel,
using the same eluent systems®, most metals travelled with the solvent front; excep-
tions were: Ti(IV), Zr(1IV), Ag(I), Hg(I) and Sb(V), where significant adsorption occur-
red, and Sn(II), Sn(IV) and Sb(III), where some adsorption occurred at low acid con-
centrations. The differences between the two support media are therefore significant
and the part played by them must be borne in mind when interpreting the results
obtained from impregnated layers, particularly when low impregnation coefficients
are used so that incomplete-coverage of the substrate may be apparent®. However,
for reasons given earlier3, we considered cellulose to be preferable to silica gel.

' The exact nature of the role of the cellulose is difficult to interpret. The alkaline
earth elements, at high acid concentrations, show a decreasing adsorption with in-

TABLE 1

Rp VALULS OF METAL IONS ON CELLULOSE LAYERS ELUTED WITH HYDROCHLORIC ACID

The followings metals were at the solvent front at all eluent concentrations: the alkali metals,
Cu(1I), Co(I1), Ni(II), Mn(II), Cd(II), Y (III), In(III), and Bi(III).

Metal oo Molavity of acid
I 3 5 .7 9

Mg(11) : 1.00. - I.00 1.00 1.00 0.80
Ca(II) , 1.00 X.00 1.00 0.88 0.80
Sr(1I) 1.00 1,00 0.88 o.80 0.72
Ba(1I) 1.00 0.86 0.78 0.67 0.54
Fe(IIl) " 1.00 . I.00 1.00 . 0.86 0.62
Zn(II) 1.00 L.00™~. 1.00 I.00 0.9g0
Mo (VI) 0.72 0.66 0.67 0.70 0.70
Pd(11) 1.00 0.86 0.88 0.78 0.69
Ag(I) Streaks — . —_— 0.87 0.83
‘ Re(VII) 1.00 I.00 1.00 I.00 10,91

Re(VII) 0.82 0.76 o.8o0 0.81 0.80
Au(IIl) 0.48 0.47 0.50 0.49 0.53 -
Ga(III) v 1.00 I.00 - 1.00 . 0.74 0.65
THI) 0.71 0.73 0.76, 0.83 0.83
Sn(II) 0.89 0,74 0.68 0.61 0.63
Sn(IV) 0.88 0.83 0.69 0.6% 0.61
Pb(II) 0.79 0.88 I.00 1.00 1.00
Se(IV) ©0.90 0.92 0.8g 0.88 0.79
Th(IV), . . . I.00 . I.00 . 1.00 . 0.8;5 0.75
U0+ | _ 0.94 0.86 0.94 077 0.72
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TLC OF METAL IONS ON CELLULOSE 203
creasing atomic number. However, this cannot be simple cation exchange with the
cellulose because, at the high acid concentrations used, the dissociation of the carbo-
xylic acid groups on the cellulose is probably suppresséd and no exchange is possible.
As the general behaviour of these ions seems to be independent of the presence or
absence of the impregnant from the cellulose, a possible explanation of this behaviour
is prec1p1tat1on chromatography Th1s isin agreement with the theory reporteds.

c kromatogmj)hy on zmpmgnated layers :
- Nature of the amine hydrochloride zmpregmmt - ' .

In an earlier paper® we indicated that plots of Rjys- values vSs. the logarlthm of
the amine hydrochloride in the slurrying solvent were linear up to 0.5 M loading.
Above this concentration, the slopes of the plots altered. By a consideration of our
results and the work of other authors!®!! this may be expl'unecl in the following way
At low concentrations the amine hydrochlorlcle molecules in the slurrying solvent,
and hence on the layers are essentially monomeric, thus all the functional groups are
available for the ion exchange process. This results in the rapid attainment of equilib-
rium and the establishment of sharp zones on the chroma‘I:ogram12 At higher concen-
trations, intermolecular hydrogen bonding occurs resulting in the formation. of
micellar aggregates—caused by some polymerisation of the amine. We suggest that
these micellar aggregates are transferred from the slurrying solvent to the layers. In

the separation of ions on ion exchange resins there are probably two diffusion factors
which are rate controlling, viz, -

(i) film diffusion;
(ii) diffusion within the particle.

The second of these becomes 51gn1ﬁcant in llqulcl ion exchange systems only
where micellar aggregates are present. This results in lower Rp values than could
be expected where the system consists of monomers. Furthermore, this particle
diffusion will slow down the rate of attainment of equilibrium and hence will contrib-
ute to the phenomenon of. 7one-spread1ng This has been observed by us? for the specws
Zn(I1), PA(11) and Re(VII) at high amine hyclrochlonde loadings.

A decrease in the ARy values with a change in the loading of the 1mpregn'l.nt
on the cellulose has been observed by other workers?. They attributed this to:changes
in the A;/As ratio consequent upon the increased amine hydrochloride loading re-
ducing the availability (and effectiveness) of the capillaries of the cellulose so that
smaller volumes of the mobile phase are drawn into the layer.

Variations in the 4ARp/Rps values caused by this effect alone would be gradual
and would not result in the sharp change in'the slope.of the plots which we have
observed. The sudden change in the slope of the plots becomes tenable only if we
postulate a change in the nature of the impregnant on the layer from a monomeric
species to a polymeric species which probably also drastically reduces the effective
capillary volume of the cellulose. The combined: effect would thus be exponentlal
and would result in the phenomenon observecl

Sepavation in the Pmmene JM -T kydrocklomde—hydrochlomc aczd systems

The alkali metals (Table -IIa). These are not:separable. .

Beryllium, magnesmm and the alkaline earths (Table 1IV). Separat1on of the
members of this group is p0331b1e in8 M oring M hyclrochlorlc acid. Using the sub-
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204 R. J. T. GRAHAM, L. S, BARK, D. A. TINSLEY

strate of amine hydrochloride with g M hydrochloric acid as the eluent a good separa-
tion of-all five ions is.obtained (Ba(lI) tails at this high acid concentration).

The first-row transition metals (Table IIc). Except for Zn(II) and Fe(III) these
metals have similar Ry values. It is possible to obtain. separations of these two from
each other and from the other elements of this third period in the acid range 7—-9 M.
The importance of the separation of iron from the other elements of this period is of
interest in the investigation of the corrosion products of alloy steels. The conditions
under which partial or complete separation of these components can be effected can
be seen from Table II. The quantitative determmatlon of the ions separated by this
system w111 be reported soon. :

TABLE II‘

Rp VALUES OF METAL IONS IN THE PRIMENE JM-T HYDROCHLORIDE/CELLULOSE~HYDROCHLORIC
ACID SYSTEM

Location methods: (1) PAN/ammonia; (2) baking; (3) U.V. before drying; (4) visible; (5) Oxine/

U.V.; (6) Arsenazo(1LlI)/U.V.; (7)  1,2-dihydroxybenzene-3,5-disulphonic acid (Na salt)/U.V.;
(8) p-dimethylamine-benzilidene-rhodamine/U.V,

Metal - Molavity of acid ‘ ' : Locatior
e ‘ method.

x 2 3 4 5 6 7 8 9

(@) The alkali metals

Li(I) .00 I1.00 I,00 11,00 I.00 I.00 o0.90 0.85 081 2
Na(I) 1.o00 1,00 .00 11,00 00 o090 0.8 0,86 0.82 =2
K(I) 1.0o0 100 00 1,00 .00 090 087 086 o080 2
Rb(I) 1.o0 100 o0 1,00 o090 087 085 08I o0.77 2
-Cs(I) - 0,90 090 . o0 0,90 o090 086 087 ' 086 0.83 2
(b) Beryllivm, magnesium and the alkaline earth metals
Be(1I) Solvent front at all acid concentrations : 5
Mg(1I) .00 100 1,00 1.00 .00 Io00 0,8 084 0.83 35
Ca(1I) .00 I.00 .00 1I.00 I.00 00 0.86 o071 0.66 35
Sr(II) : t.00 1,00 TI.00 100 r.00 0,8 o0.76 0,66 o0.58 2,5
Ba(ll) .00 ‘1.00 0.83 o0.79 078 o0.65 o0.55 ©0.50  0.33 5
(c) The first-vow transition metals ‘
Sc(I1I) . 1,00 I1.00 I.00 r00 0092 0.87 08I o077 ‘072 3
TiO2+ . 0.92 0.90 0.9I, 0.93 0.90 0.83 0.73 0.69 0.59 Vi
VO, + 1.00 1I.00 1,00 1,00 O0.92 09I ©0.9I 085 084 1
Cr(111) ' .00  T.00 I.00 1,00 09I 087 08X o077 o074 5
"Mn(II) 1,00 .00 I,00 1,00 0902 087 085 o081 o076 1
Fe(IlI) 1.00 .00 0.0 0.85 0,49 0.26 0.07 003 o000 I
Co(1II) 100 1,00 I.,00 (.00 09I 085 0.8 o072 o0.55 1
- Ni(IT) - 1.00 11.00. .00 00 09X 0.86 0.82 080 o774 1
Cu(lI) _I.00 x.oo 1.00 o0.93. 087 o0.81 o0.73 0,68 o060 , 1
Zn(II) _0.56 0.43 0.47 0.54 ©0.57 ©.59 0.59 0.58 0.54 I
{a) The swond-wow transition metals ‘ '.- v
Y(III) 1.00 1,00 I.00 1,00 0.0 084 0.8z 079 0.72 2,5
‘ZrQO2+ ‘ © Streaks at all acid concentrations
Nb(V) n n 0.69 ‘0.74 0.83 [ 'l.: n o a 2
Mo(VI) . 0,55 o0.55 0.56 0.54 0.53 0.53 0.49 042 044 3
- Ru(IV) 0.00 0,00 0,00 0,00 0.00 O 00 0,00 0,00 0,00 4
Rh(III) ‘091 - 0.8t '0.82 0.8 0.83 0.84 0.86 0.84 081 3
PA(II) ‘0,02 0,09 0,17 0,25 0.28 o029 0.31 0,20 0,28 T
ooAg(l) . 0,00 -008 o0.27 058 o0.62 . 065 o0.70 o0.71 0.67 8
- CA(II) - 0.32 0.35 0.43 0.55 .0.57 060 0.6r 0.6I1 0,59 I
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TABLE LI (continued) -

Metal ‘ Molarity of acid ' Location
S melhod
4 2 3 4 5 o 7 8 [
(e) The thivd-vow transition metals
La(I1I) 082 087 o089 085 o082 o0.79 0.75 0.74 071 2,5
HE(LV) Streaks at all acid concentrations .
Re(VII) 0.35 0.5 0.64 0069 o0.72 0.68 0.68 0.66 0.65 2
- 0.05 ©0.I3 0.23 ©0.32  0.40 0.43 0.46 0.49 0.49 2
Os(VIII) 0.00 000 0,00 ©0,00 0,00 0,00 '0.00 ©0.00 0.00 3
Pt(I1) 0.32 0.40 0.43 ' O.45 ¥ L o o a 3
000 0,02 0.03 ©0O04. 0.05 0.04 ©0.04 004 004 3
Au(IlI) 0.00 0,00 0,00 O©000 ©0.02. 0,02 0©0.03 '0.03 0.03 3
Hg(II) . 084 089 094 006 094 o090 -0.85 o0.79 076 =2
{f) Some p-block elements _
AL(III) 1,00 1I.00 I.00 I©O0 I.00 IO0O I.00 I.00 .00 5
Ga(Ill) " I.0o0O 'I.00 1,00 094 Sitr. o.II 0.00 0.00 000 5
In(III) 086 085 0.83 080 0.4 066 0,66 0.54 047 1
TI(I) 064 068 0067 o078 o0B8r o081 0.85 o0.72 o070 3
Sn(IT) 0.63 046 o031 o023 o018 o.a2 o.10 o0.08 o0.08 3,5
3n(IVv) 0.12 004 0.0 O00I 0,00 0,00 O0.00 ‘0,00 000 3,5
Pb(Il) 0.27 026 o042 057 0.7 073 072 073 074 1
Sb(I1l) "0478 o579 o082 085 0.84 078 o076 0,73 o0.72 2
Bi(ILII) 0,00 0,02 0,06 0,13 0.2I 0.25 0.26 0.27 0.29 I
Se(IV). ogo 08 o090 088 o090 0,32 0.25 0,20 016 2
(g) Some lanthanides . .
Ce(1IV) 1.00 100 100 IO0O0 100 I00 09I 086 0.8 35
Pr(I1I) "~ 1,00 1,00 .00 I00 093 086 o078 076 o096 5
Nd(III) 079 086 089 o089 o091 ‘090 0.86 0.82 o077 2
Eu(Il). 1.00 100 1100 I00 003 o089 o0.79 076 075 5
Dy(I1I) 1,00 100 .00 I00 I00 o085 o0.,77 078 o078 5
Ho(I1I) .00 100 .00 100 o087 084 083 o076 0.68 2
Ex(III) 1.00 100 100 100 00 o0.87 o080 o080 o048 5
Tm(II1) I.00 100 1100 I00 IO0O0 002 000 & o 5
Yb(I1I) t.o0 1.00 100 I.00 I.00. 0g0o 084 082 079 5
Lu(III) 1.00 100 100 I,00 09I o087 o084 o08r 078 35
(7)) Some actinides ‘ .
Th(IV) 0.43 11,00 I1I.00 100 093 080 o082 o078 o7x 6
U0 2+ : 091 087 o084 082 076 o063 0.54 029 020 I

u Jon could not be detected.

The second-row transition metals (Table IId). If ZrO?%*+, which streaks at all acid
concentrations, is excluded, it is possible to separate the remaining elements.

Nb(V) was chromatographed at all acid concentrations but could not be detected
except under the conditions shown (the sensitivities of many of the blanket reagents
used for the visualisation of metal ions are very dependent not only upon the nature
of the mobile phase but also upon the nature of the substrate).

T he thivd-vow transition elements (Table II¢). Some of the elements were difficult
to detect in the systems used. For those which could -be posﬁ:wely identified the
following separations could be effected at all a.c1d concentratmns, mz. (a) Hg(II)-
Au(IIIl) and (b) Re(VII)-Os(VIII).
©  “Atall acid concentrations ekcept 1 M, Re(VII) could be separated from Pt(II)

J. Chvomalog., 39 (1969) 200-210
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in splte of two spots appearing for Re(VII) over the whole amd range studied and for
Pt(II) in therange 1—4 M. :

Some p-block elemenis (T able IIf). One of the most interesting separatlons here
is that of the aluminium group, A(III), Ga(III), In(III) and TI(I), all the members,
of which can be separated from each other in the acid range 6—-g M.

The two oxidation states of tin are separable from each other and from Pb(II)
over the whole range of acid concentrations studied.

It was not possible to locate arsenic with any of the above reagents, nor with
those reagents often used for the detection of this element, ¢.g. hydrogen sulphide,
dithizone, so that a complete separation of the elements of this group cannot be
claimed. Separation of the remaining two elements of the group Sb(III) and B1(III)
was possible at all acid concentrations.

The separation of Pb(II) Sn(11 and IV) and Sb(IIT) in hydrochloric acid (1—5 M)
is of potential importance since these metals are often used in industrial alloys.

Some lanthanides and some actinides (Table I1, g and h). The separation of the
lanthanides is generally not possible with the exception of the separation of Nd(III)
from the others at low acid concentrations.

The separation of nuclear fission products is of importance, thus Th(IV) is
separable from the rare earths and from the uranyl ion at 1 M acid concentration.
The uranyl ion is separable from the bulk of the lanthanides at all acid concentrations
though there is overlap with Nd(III) at low concentrations.

Othey separations , o S

Other separations of 1mportance 1nclude (a) Cr(II1)~Mo(VI) at all acid concen-
trations. (b) Cu(II)-Ag(I)-Au(IIl) at 3 M acid. (c) Zn(II)-Hg(II)-CA(II) at 1 M acid.
(d) The platinum group metals are amenable to certain separations although it is not
possible to separate all members of the group from each other, ¢.g. at 4 M acid, Pd(II)
can be separated from Os(VIII), at 6 M acid, Ru(IV)-Rh(1II)~Pd(II) are separable.
The separation of Rh(III) from Os(VIII) occurs at all acid concentrations.

Some of the separations obtained are illustrated in Fig. 2.

A comparison of Ry values obtained from diffevent systems

The Ry values obtained for a number of metal ions from different amine hy-
drochloride impregnated layers using aqueous hydrochloric acid as the eluent?12 are
given in Table III.

Whilst these values generally support the view® that the adsorptlve strength of
the amines is: tertiary amine > secondary amine > primary amine, the table equally
shows that the apparent adsorptive strength of a particular amine may be increased
by an increase in the amount of amine hydrochloride on the layers. This is probably
due to the increase in the number of active sites over the same area of plate. Irrespec-
tive of the reason for it, incontrovertable evidence is presented here for the advantage
to be gained by using the higher loading of the weakly active impregnant. This is
further emphasised by the following (selected) separatlons which were not possible in
System 1 (Ref. 8) but have been found to occur in System 2:: (a) Sb-Bi, (b) Zn—-Cd-Hg,
(¢) Al-Ga-In-Tl, (d) Th-U, and (e) Fe-Co~Ni. =

Not only has the higher loading of the weakly active 1mpregnant advantages
over lower loadings of the same material, but it has in many cases advantages over

J« Chvomatog., 39 (1969) 200~210
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TABLE IIT.

A COMPARISON OF Rp VALUES OBTAINED FROM DIFFERENT AMINE HYDROCHLORIDE~HYDROCHLORIC
ACIDSYSTEMS

Systems: (1) Prirhene JM-T hydrochlonde (o.1 M); (2) Primene JM-T hydrochloride (0.3 M);
(3) Amberlite L A-1 hydrochloride {(o.r M); (4) Alamine 336 hydrochloride (o.r M) (5) tri-n-
octylamine hydrochloride (0.1 M).

Metal Eluent (HC?) System 18 System 2 Systemm 38 System 4" System 513

molar

concentration
Zn(11) 2 0.70 0.43 0.00 0,00 0.04
Cd(I1) 2 o.70 0.35 0.00 0.00 _
Ag(I) 2 0.20 0.08 0.00 - 0.00 —
Pd(II) 3 0.50 0.17 0.00 0,00 —
Bi(I1I) 5 0.70 0.21 - 0.66 0.00 —
Mo(VI) 6 0.60 T 0.53 —_ 0.00 —
Re(VII) 6 o.80 " 0.68 0.02 0.00 —
Pb(II) 6 .00 0.73 . 0.93 0.60 —_
Fe(I1T) 7 0.50 - 0.07 0.00 0.00 .0.00
In(IIT) 7 I.00 0.66 0.02 0.00 —
Co(IT) 8 I.00 0.72 0.53 0.50 0.05
Cu(IT) 8 0.90 0.68 0.73 0.00 0.04
UO,2+ 8 o.80 0.29 0.00 0.00 —_
Mn(IT) o) I.00 0.72 0.53 0.05 0.05

& Approximate 2y values obtained from Iy spectra8,

low loadlngs of more strongly active 1mpregnants where the increased binding of the
metals to the substrates in ma.ny cases results in very low Ry values or even no migra-
tion at all. In a number of cases this has meant that in order to effect separations high
acid molarities are required, e.g. Cu—-Cd-Pb-Bi-Hg(II), and Zn-Cd-Hg(II). These
elements were separable at g M acid in System 3 but the separation can be brought
aboutin 1 M or 2 M acid in System 2.

Hydrochloric acid molarity
™M M M ™ ™ amM emM

— -— Solvent
C‘) . - @ — Ufront
4-
voz* Mg(I) Cu @)
Hg(EI) O
O Cr‘(lI[) Colll) Sblm)
Sr' (I
Nb(X)
Zntm) snt)
Bo (I
M)
Th(IX)
Ca(l) ‘
8i () _
sn(l¥) A R e A'y\(DI)
¥ -’

Pomt of applications of metal |ons

Fig. 2. Chromatomaps of some metal i 1onq chrom'\.tographed on cellulose 1mpregnated with Primene
JM-T hydrochloride (0.3 M) using hydrochlonc acid as the mobile phase.’
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The elements Pb-Bi-Sn(IV)-Cd, the components of Wood’s metal, could not

be completely separated in System 3, but in System 2 they can be separated in acid
concentrations of 1 M or 5-8 M. . o v

The Ry spectra and ckloro complex formation

Some of the variations of the Rp values of the rnetal ions have been shown to be
due to the effect of the cellulose, but other variations are undoubtedly caused by the
exchange of anionic chloro-complexes of the metals and the chloride ions of the
amine hydrochloride. Metals which do not form chloro-complexes, such as the alkali
metals, alkaline earths and the lanthanides, have high Ry values, whilst those metals
which form chloro-complexes have values which depend upon the concentration of the
acidic eluent.

The Rp spectra reported here show a close similarity with those obtamed for the
same metal ions chromatographed on layers of cellulose impregnated with a neutral
organo-phosphorus compound tri-n-butyl phosphate'4, when the results were ex-
plained on the basis of an anion exchange system involving chloro- comple\es of the
metal ions.

The possible natures of the chloro-complexes present in the organic phase in

reversed-phase chromatography involving liquid anion exchangers have been dis-
cussed's,

Comparison of Ry spectra with the corvesponding liquid—liguid extraction behaviour

A comparison of our Ry spectra with extraction data obtained from similar
systems?® shows that those ions which have high extractability have low Rr values
and vice versa. Where maxima occurred in the extraction curves minima appeared in
the Ry spectra (e.g. Zn(1I) and Cd(1I)).

Comparisons of Ry spectra with extraction data can sometimes be misleading
because of the effects of the substrate (e.g. the effect of the cellulose on the behaviour
of the alkaline earths) in chromatography and the possibly synergistic or antagonistic
effects of the supposedly inert organic diluent in extraction studies.

"CONCILUSIONS

In reversed-phase chromatographic systems involving weakly active substrates
an increase in the concentration of the impregnant on the support results in an increase
in the retardation of the solutes and can lead to improved separations.
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