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SUMMARY ‘t 

The RF values of 41 elements, some in two oxidation states, have been deter- ’ 

mined by TLC on alginic acid. The effect of the nature and concentration of the acids 
employed as cluents was extensively investigated. 

INTRODUCTION 

In a previous paper1 the characteristics and the use of alginic acid in TLC have 
been described. Since preliminary results appeared promising, the chromatographic 
behavior of most elements has been investigated. To correlate the chromatographic 
characteristics of the elements, they have been examined according to the groups of 
the periodic table. 

EXPERIMENTAL 

The thin layers were prepared from a slurry which was applied to the plates in 
the usual way with commercially available equipment manufactured by “Quickfit 
Instruments”. The spreader blade was set to give a layer 250 p thick. 

Sozzctions 

The solutions of the elements were prepared and used as previously describedl, 

Detection reageds 

(1) 
(2) 

(3) 
(4) 

(5) 

NHQHS: 0.2 N solution. 
8-Hydroxyquinoline : I o/o solution in ethanol followed by exposure to 
ammonia vapors. 
Morin: I y0 solution in methanol. 
Kojic acid and S-hydroxyquinoline mixture: 0.1 g of kojic acid and 0.5 g 
of &hydroxyquinoline in IOO ml of 60 O/O alcohol followed by exposure to 
ammonia vapors. 
Chromotropic acid: 5 y. solution in I : I sulfuric acid. 
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(6) 
(7) 

(8) 

(9) 
(10) 
w 
w 
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Potassium iodide: 5 y0 solution in water. 
Hydrogen peroside : freshly prepared 3 y0 solution in z N NaOH, followed 
by spraying with a 0.5 y0 benzidine solution in IO yO acetic acid. 
Stannous chloride-potassium iodide mixture : solution I : I by volume of 2 y. 

stannous chloride in IO o/o NC1 and 2 o/o potassium iodide in water, 
Mixed acids: concentrated HClO,, HNO,, and H,PO,. 
Silver nitrate: o,r A4 solution in water. 
Dithizone: I y. solution in chloroform. 
Sodium rhodizonate : freshly prepared saturated aqueous solution. 

The RF values were determined as previously describedi. All values, unless 
otherwise stated, are measured at room tenlperature (rg-22 “C). 

Re$wocihcibility 
Although the solvent front was irregular, the results of repeated experiments 

showed good agreement (&- 0.02~0.0s in RF value). In a few cases, reported in the 
remarks to the tables, altered RF values have been obtained. 

HCl, HNOS, HClO,, HJ?O,, CHJOOH, (COOH), of variable concentration. 
The concentration range of various acids was between IO-" and I M. Within these 

TABLE I 

~pVALUES0FELEMENTSONALGINIChCIDTNINLAYERS 

Ehcent 

(COOI-I) 2 

CN,COOI-I 

I-ICI 

I-I,PO,, 

I-INO, 

HClO., 

0.01 

0.1 

0.5 

I 

0.01 

0.1 

I 

0.01 

0.1 

I 

0.01 

0.1 

o-5 

0.01 
0.1 

I 

0.00 

0.00 

0.00 

0.00 

0.02 * 0.02 

0.34 & 0.04 
0.95 rt= 0.05 

0.00 
0.10 & 0.06 

0.70 * 0.06 

0.00 

0.33 zt 0.05 
0.94 zt 0.06 

0.00 
0.33 * 0.04 
0.94 & 0.06 

5 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.20 & 0.04 
0.43 f 0.04 

0.07 f: 0.04 
0.42 & 0.04 
0.64 & 0.04 

o.oG & 0.04 

0.37 zt 0.04 
0.60 & 0.~4 

5 Amount (pg) 

Detecting 
rcagc~ts I. I 

,' 

0.10 & 0.10 

0.12 f 0.x:! 

0.14 f 0.14. 

(4" 

0.26 & 0.09 

0.35 & 0.08 
0.40 & 0.08 

0.14 f 0.10 

O.IG f 0.11 

0.1s f 0.11 

0.14 & 0.10 
O.IS * 0.09 
0.23 & 0.10 

0.15 f 0.10 
0.20 f 0.12 

0.30 f 0.13 

a (-) = cliff~pp 
b Purple. ‘, 

3 I 

.’ 
b 

~,:%/WO?MtO,Lj'., 35.(1968) 405-415 



TLC OF METAL TONS ON ALGINTC ACID 407 

TABLE II 

Rp VALUXS OF ELl%MENTS ON ALGINIC ACID THIN LAYERS 

Eheut 
- 

Moles/l Be (II) cu (rr) Sv(II) Ba(II) 

(COOH) 2 

CH,COOI-I 

IlCl 

H,PO, 

IINO, 

IIClO, 

Amount (,uug) 

Dctectin~ 
reagents 

0.01 

0.1 

0.5 

I 

0.01 

0.1 

I 

0.01 

0.1 

I 

0.01 

0.1 

0.5 

0.01 
0.1 
I 

0.06 & 0.06 
0.80 _i 0.07 
0.94 f o.oG 

0.04 f 0.04 

0.05 f 0.05 
0.63 & 0.07 
0.93 f 0.07 

0.05 & 0.05 
n.d. 
n.d. 

0.04 f 0.04 
0.63 It: 0.07 
0.94 f 0.06 

0.05 & 0.05 
0.62 f 0.07 
0.93 f 0.07 

0.7 

2 

o.oG &- 0.06 
0.72 f 0.06 
0.94 f 0.06 

0.06 f 0.06 

0.09 f 0.09 
o.G8 & 0.06 
0.94 & 0.06 

0.05 f 0.05 
0.29 f o.oG 
0.94 f 0.06 

0.08 f 0.08 
oh7 f 0.06 
0.94 f o.oG 

0.08 -J= 0.08 
0.68 f o.oG 
0.94 f o.oG 

I 

2 

n.d.u 0.00 

n.d. 0.21 f 0.04 
n.d. 1l.d 

0.00 

0.00 

0.44 zt 0.05 
0.95 & 0.05 

0.00 
0.12 * 0.05 
n.d. 

0.00 
0.44 * 0.05 
0.93 x!z 0.07 

0.00 
0.43 zt 0.05 
0.95 zt 0.05 

7 

2 

0.00 

0.00 

0.32 _i 0.04 
o.G8 & 0.05 

0.00 

0.10 + 0.05 
0.48 & 0.05 

0.00 
0.32 rt 0.05 
0.64 rt 0.05 

0.00 
0.31 rt 0.05 
o.G8 & 0.05 

15 

12 

0.00 

0.08 f 0.04 
0.20 f 0.04. 

0.00 

0.00 
0.08 f 0.04 
0.30 f 0.04 

0.00 
0.03 Irfi: 0.03 
0.15 f 0.04 

0.00 
0.08 & 0.04 
0.25 f 0.04 

0.00 
0.07 f 0.04 
0.30 f 0.05, 

IO 

12 

R n.d. = not determined. 

TABLE III 

Rp VALUBS OP ELEMENTS ON ALGINIC ACID THIN LAYERS 

EZuent Moles/Z Zn (II) Ccz(IT) H,g(rr) 

(COOI-3) “, 0.01 

0.1 

0.5 

cI-I,cooI-I 1 

HCl 0.01 
0.1 
1 

I--I,PO, 0.01 
0.1 

I 

HNO, 0.01 

0.1 

0.5 

1x10, 0.01 

0.1 

I 

Amount (,u& ‘, 

Detecting 
ica&ents 

0.00 0.00 
0.32 f 0.05 0.33 f 0.04. 
0.96 & 0.04 0.95 f 0.05 

0.00 0.00 

0.02 f 0.02 
0.58 f 0.05 
0.94 f 0.06 

0.00 
0.14 f 0.04 
0.94 _i. 0.06 

0.02 f 0.02 
0.54 f 0.05 
0.94 & 0.06 

0.02 f 0.02 

0.55 f 0.05 
0.94 f 0.06 

0.03 f 0.03 
0.72 _+ 0.05 
0.94 & 0.06 

0.00 
0.14 f 0.04 
0.95 f 0.05 

0.02 f 0.02 

0.53 f 0.04 
0.95 f 0.05 

0.02 f 0.02 

0.53 f 0.04 
0.95 f 0.05 

1.8 2.3 

2 If 

0.66 -f 0.08 
o.Gg * 0.07 
0.75 zt.z 0.07 

0.64 & 0.06 

0.79 f 0.06 
0.89 & 0.08 
0.93 & 0.07 

0.65 f 0.05 
0.68 & 0.06 
0.72 & 0,08 

0.64 & 0.06 . 

0.74 & 0.06 
0.7G & 0.06 

0.63 & 0.06 
0.73 & 0.07 
0.90 & 0;10 

5 

II 
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TABLE IV 

D. COZZL, l?. G. DESIDERI, L. LEPRI, G. CIANTELLT 

Rp VALUES OB ELBMENTS ON ALGINIC ACID TWIN LAYERS 

Ehcent Moles/Z A Z(NI) Ga (III) rut (III) T/(-o 

(COOI-I) 2 0.01 

0.1 

0.5 

CI-1,COOH I 

HCI 0.01 
0.1 

I 

%PO‘a 0.0x 

0.1 

I 

&NO, O.OI 
0.1 

0.5 

HCIO, O.OI 
0.1 

I 

Amount (,ug) 

Detecting 
rca~ents 

0.93 =t: 0.07 0.93 f 0.07 
0.94 & o.oG 0.94 f 0.06 
0.94 f o.oG 0.94 f 0.06 

0.00 0.00 

0.05 f 0.05 
(-)” 
0.94 f 0.06 

0.04 f 0.04 
0.24 f 0.08 
0.94 f o.oG 

0.05 & 0.05 
( -) 
0.94 f o.oG 

0.00 
0.22 f 0.06 
0.94 & 0.06 

0.00 

0.08 & 0.06 
0.94 j= 0.06 

0.00 
0.22 f. 0.06 
0.93 f 0.07 

0.00 
0.21 & 0.06 
0.94 & 0.06 

I.5 

0.05 * 0.05 
(-) 
0.94 f 0.06 

0.5 

2 3 

0.15 * 0.05 
ad. b 
n.d. 

0.00 

0.03 rt 0.03 
0.40 & 0.06 
0.94 & 0.06 

0.00 
0.18 & 0.06 
0.94 & 0.06 

0.00 
0.03 & 0.03 
0.56 f 0.07 

0.00 
0.04 f 0.04 
0.94 & 0.06 

2.5 

3 

0.05 * 0.04 
0.17 & 0.04 
0.25 f 0.04 

0.00 

0.08 f 0.04 
(-) 
0.00 

0.06 & 0.04 
0.09 -+ 0.04 
0.22 & 0.04 

0.05 & 0.04 
0.21 rt 0.04 
0.32 rt 0.04 

0.05 _i 0.04 
0.20 * 0.04 
0.36 & 0.04 

IO 

I 

= diffuse 
E !-I:‘. = not dekmined . . . 

limits the RI;I values of most of the elements examined cover a wide range. When the 
acid concentration is below 0.01 M the Rp values do not vary appreciably. 

RESULTS AND DISCUSSION 

General remarks 
Most of the elements examined gave well defined spots. For the following ions: 

Au(III), M&II), Be(H), Al(III), Ti(IV), W(VI), Fe(III), Pd(II), and Th(IV) the 
spots obtained were more or less diffuse depending upon the ion and the medium in 
which the chromatogram was developed. Difficulties in detection of the ions were not, 
in general, encountered, except in a few cases discussed under the remarks to the 
tables. The development distance of the solvent front was always approx. IO cm; 
the development time was approx. 35-40 min. 

Comlne& 092 t/zze tables 
Table I. The spot of Au(II1) is very diffuse in several media excepting hydro- 

chloric acid, in which a fairly well defined spot is obtained. This behavior is related 
to the partial reduction of gold by alginic acid. Au(II1) shows up as a purple. spot so 
that there is no need for a detecting agent. The color intensity increases by heating 
the chromatoplates at’S0”. 
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TLC OF METAL IONS ON ALGINIC ACID 409 

TabZe II. Owing to the considerable stability of the compound formed, Ca(I1) 
is not detected and the RF values are not reported for phosphoric and oxalic acid 
media. In ‘some respects,. Sr(I1) behaves like Ca( II). However, detection of Sr( II) is 
possible even in a phosphoric acid medium on increasing thcamount of the element. 
This procedure fails in 0.5 M oxalic acid. The detection of Be(I.1) is also difhcult with 
0.1 and I M H,P04 as developer. The chromatograpbic behavior of alkaline earths 
zlerszbs the concentration of eluent is shown in Fig. I. With hydrochloric acid con- 
centrations in the eluent higher than I 1M, the RF values decrease as the acid con- 
centration increases. Similar behavior has been observed by others2~a for several ions, 
not only with hydrochloric acid but also with other mineral acids. 

Fig. I. Relation of Rp values to log [lb..+] for Ba, Sr, Ca. Eluent : HCl. 

TABLE V 

RpVALUm OFBLEMENTS ON ALGINICACID TWIN LAYERS 

Eluent Moles/Z Ge (IV) Sn(IV) Pb(II) 

(COOM) 2 

cw,cooEc 

EICl 

I!c,PO, 

EINO, 

I-ICIO, 

‘se 

Amount (pug) 

Detecting 
reagents 

O.OI 

0.X 

0.5 

1: 

0.01 
0.1 
I: 

0.01 
0.1 
I 

0.01 
0.1 

0.5 

0.01 
0.X 
I 

(4” 
o.g4 f o.oG 
0.94 f 0.06 

(-) 

0.94 f 0.06 
0.94 f 0.06 
0.94 f 0.06 

i’i 

0.94 f 0.06 
0.94 f 0.06 
0.94 f 0.06 

0.94 f 0.06 
0.94 & 0.06 
0.94 & 0.06 

IO 

3 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

IO 

4 

0.00 

0.00 

0.00 

0.00 

0.00 

0.03 & 0.03 
0.37 zt 0.03 

0.00 
0.00 
o.oG & 0.03 

0.00 
0.00 
0.10 & 0.03 

0.00 
0.00 
0.14 & 0.03 

5 

I 

a (-) = diffuse. 
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Table IIT. From a chromatographic point of view, there are no differences 
between Zn(I1) and Cd(I1) in the various media. Their separation is only possible in 
0.1 M HCl ; in this medium, owing to the relative stability of their chloro-complexes 
the behavior of Cd(I1) is different from that of Zn(I1). Hg(I1) is little influenced by the 
nature of the acid; only in hydrochloric acid is the complexing action of the chloride 
ion evident. In this medium, the 22~ values are more reproducible. In the case of 
Cd(I1) and Hg(I1) the ‘chlorides were used and the initial solutions were acidified with 
HCL. 

Table IV. The detection of In(II1) fails in 0.1 and 0.5 AL! oxalic acid. Separation 
of Al(III), Ga(II1) and In(II1) is possible in several media. For these elements the 
extent of retention increases as the atomic number of the ion increases. 

The behavior of Tl(1) with HCl as developer is dependent on the solubility of 
TlCl, and with a hydrochloric acid eluent concentration of > 0.25 moles/l, the Tl(1) 
spot remains at the origin. 

TabLe V. In the case of Ge(IV), it is advisable, if H,PO, is used as eluent, to 
spray the plate with 3 M HCl before detecting it with the reagent solution. The RF 
values of Sn(IV) are in agreement with the formation of stannic acid and/or basic salts 
with alginic acid as shown by SCNWEIGER 4. In the case of Sn(IV) and Ge(IV) the 
chlorides were used and the initial solutions acidified with HCl. In such a medium 
both elements are present as very stable chloro-complexes, so that the chromato- 
graphic characteristics depend upon the initial complex state of the elements. 

TABLE VI 

RpVALUm OFELEMENTS ONALGINICACID THINLAYERS 

Eluerzt ikfolesll Ti( IV) 2%(W) Th(IV) 

(--_)” 

[I,’ 
0.91 i 0.09 

0.91 & 0.09 

0.92 f 0.0s 
0.92 f 0.08 

11; 
(-1 

0.g1 & 0.09 

0.91 & 0.09 

o.ga & 0.08 

o.gI & 0.09 

0.91 & o.og 

0.92 * 0.08 

6 

5 

0.04 f 0.04 0.00 

o.g1 f 0.09 0.00 

0.94 f 0406 0.00 

0.00 

0.00 0.00 

0.05 f 0.05 0.00 

0.06 f 0.06 0.74 f 0.0s 

0.00 

0.00 

0.00 

0.00 

0.00 

0.03 & 0.03 

0.00 

0.00 

0.05 * 0.05 

S 

2 

(COOH), 0.01 
0.1 

0.5 

CII,COOH I 

IlCl 0.01 

0.1 

I 

I-I,PO~ 0.01 
0.1 
I 

I-INO, 0.01 

0.1 

0.5 

I-ICIO, 0.01 

0.1 

I 

Amount (pug) 

Detecting 
reagents 

a (-) = dii’fuse. 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.26 f: 0.07 

0.00 

0.00 

0,4s & 0.10 

I5 

3 
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TABLE VII 

&? VALUES OPEL-EMENTS ON ALGINIC ACIDTHIN LAYERS 

Ehenl Moles/Z A s(V) A s (111) Sb (I-II) Bi (III) V(V) 

(COOEI) 2 0.01 

0.1 

0.5 

CI-r,coo1-I I 

I-ICl 0.01 

0.1 

I 

1-x,l?0, 0.01 

0.1 

I 

I-INO, 0.01 

0.1 

o-5 

I-IClO, 0.01 

0.1 

.A 

Amount (,ug) 

Detecting 
reagents 

0.94 & 0.06 
0.94 & 0.06 
0.94 & 0.06 

0.94 & 0.06 

0.94 & 0.06 
0.94 & 0.06 
0.94 & 0.06 

0.94 & 0.06 
0.94 _I 0.06 
0.94 =I= 0.06 

0.94 & 0.06 
0.94 & 0.06 
0.94 & 0.06 

0.94 & 0.06 
0.94 & 0.06 
0.94 -& 0.06 

7 

6 

0.50 f 0.04 
0.49 & 0.04 
0.50 & 0.04. 

0.48 & 0.04 

0.54 f 0.04 
0.55 f 0.04 
0.52 & 0.04 

0.45 & 0.04 
0.48 _I 0.04 
0.50 f 0.04 

0.47 * 0.04 
0.48 f 0.04 
0.48 -I: 0.04 

0.47 & 0.04 
0.47 f 0.04 
0.47 & 0.04 

I.5 

o.oG * 0.04 
0.50 * 0.04 
0.73 zt 0.04 

0.00 

0.00 

0.03 & 0.03 
0.22 & 0.03 

0.00 
0.05 & 0.05 
0.30 & 0.05 

0.00 
0.03 f 0.03 
0.05 & 0.05 

0.00 
0.00 
0.03 f 0.03 

4 

I 

0.06 & 0.03 
0.18 i_ 0.04 
0.24 & 0.06 

0.00 

0.00 

0.03 & 0.03 
0.93 i 0.07 

0.00 
0.00 
0.00 

0.00 

0.03 & 0.03 
0.05 & 0.05 

0.00 
0.00 
0.03 f 0.03 

3 

I 

0.93 dz 0.07 
0.94 & 0.06 
0.95 & 0.05 

0.00 

0.03 f 0.03 
0.33 rt 0.05 
0.95 SF_ 0.05 

0.03 f 0.03 
0.22 + 0.06 

0.93 zt 0.07 

0.04 * 0.04 
0.30 & 0.06 
0.95 rt: 0.05 

0.04 f 0.04 
0.31 + 0.06 
0.95 -& 0.05 

4 

2 

TABLE VIII 

RF VALUES OFELEMENTS ON ALGINIC ACID THIN LAYERS 

Eheul Moles/l c+qxrI) Mo(VI) W(V1) U(V4 

(COOI-r) 2 0.01 

0.1 

0.5 

CI-I,COOI-I I 

I-ICl 0.01 
0.1 
I 

I-I &‘O, 0.01 

0.1 

I 

I-INO, 0.01 

0.1 

0.5 

EIClO,~ 0.01 

0.1 

I 

Amount (pus) 

Dctectin~ 
reagents 

0.06 & 0.06 0.93 * 0.07 
0.33 zt 0.0.5 0.94. f 0.06 
0.94 -& 0.06 0.95 & 0.05 

0.00 0.00 

0.00 

0.39 zt 0.05 
0.93 zt 0.07 

0.04 * 0.04 
0.08 & 0.08 

(-)” 

0.00 
0.3s & 0.05 
0.92 & 0.0s 

0.00 
0.38 & 0.05 
0.94 & 0.06 

3 

‘0.00 
0.06 -& 0.04 

0.37 =t o-04 

;z; 

0.93 & 0.07 

0.00 
0.07 & 0.07 
0.22 * 0.04 

0.00 
0.07 zt 0.04 
0.35 * 0.05 

5 

7 I 

0.06 f 0.06 
0.08 f 0.08 
0.11 & 0.07 

0.00 

0.06 f 0.06 
0.08 f 0.08 
0.08 f: 0.08 

;z,) 

0.08 & o.oG 

0.05 f 0.05 
0.07 f 0.07 
0.08 f 0.08 

o.oG _i 0.06 
0.08 f 0.08 
0.08 f 0.0s 

9 

8 

0.5G * 0.11 

0.94 f 0.06 
O-94 * 0.06 

0.00 

0.03 & 0.03 
0.28 f 0.05 

0.95 & 0.05 

0403 f 0.03 
0.45 rt: 0.04 
o.g,1. i: 0.06 

0.04 f 0.04 
0.21 * 0.05 
0.92 f: 0.08 

0.03 + 0.03 
0.20 f 0.06 

0.93 & 0.07 

II 

2 

a (-) = diffuse. 
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TABLE IX 

Rr;l VALUES OFELEMENTS ON ALGINICACID THINLAYERS 

EZuent Moles/Z Se(W) Te(IV) 

(COOH), 

CH,COOH 

HCl 

KJ334 

HNO, 

HCIO, 

Amount (pg) 

Detecting 
reagents 

O.OI 0.95 zt 0.05 
0.1 0.95 =t 0.05 
0.5 0.95 rt 0.05 

I 0.9s f 0.05 

0.01 0.95 =t 0.05 
0.1 0.95 =t 0.05 
I 0.95 & 0.05 

0.01 0.95 zt 0.05 
0.X 0.95 f 0.05 
I 0.95 zk 0.05 

0.01 0.95 f 0.05 
0.1 0.95 f 0.05 
0.5 0.95 f 0.05 

0.01 0.95 zt 0.05 
0.1 0.95 * 0.05 
I 0.95 * 0.05 

2 

6 

0.00 

0.00 

0.05 & 0.04 

0.00 

0.00 
0.05 & 0.04 
0.28 &- 0.04 

0.00 
0.00 
0.05 * 0.04 

0.00 
0.05 & 0.04 
O.IG * 0.04 

0.00 
0.04 * 0.04 
0.2G & 0.04 

3 

6 

TABLE S 

RIP VALUES OFELEMENTS ON ALGINIC ACID TWIN LAYERS 

Eked Moles/l M$z(II) Re(III) 

(COOH) 3 

cH,cooII 

HCI 

H,PO, 

IrfNO, 

HClO, 

Amount (,u& 

Detecting 
reapnts 

0.01 
0.1 

0.5 

I 

0.01 
0.1 
I 

0.01: 
0.1 
I 

0.01 
0.1 

0.5 

o.or 
0.1 
I 

0.06 f 0.06 
0.51 & 0.08 
0.93 4 0.07 

0.03 f 0.03 

0.05 f 0.05 
o.G4 f 0.05 
0.93 f 0.07 

0.05 & 0.05 
0.10 & 0.10 
n.d.n 

0.04 & 0.04 
0.63 f 0.05 
0.93 =t 0.07 

0.04 f 0.04 
0.64 f 0.05 
0.95 f 0.05 

2 

7 

0.68-0.83 
o.G8-0.83 
0.68-0.83 

0.68-0.83 

0.68-0.83 
0.68-0.83 
0.68-0.83 

0.68-0.83 
0.68-0.83 
o.GS-0.83 

0.68-0.83 
0.68-0.83 
0.68-0.83 

0.68-0.83 
0.68-0.83 
0.68-0.83 

IO 

b 

a rd. = not determined. 
lJ Reel. 

J. ChVOWZdOg., 35 (1968) 405-415 
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TABLE XI 

&VALUES OFELEMENTS ON ALGINICACID TWIN LAYERS 

El‘blent Moles/l Fe(III) co (II) lvi(I1’) 

(COOH) 3 0.01 
0.1 

0.5 

CI~,COOI-I I 

HCl 0.01 
0.1 
I 

’ H,PO, 0.01 
0.1 
I 

HNO, 0.01 
0.1 

0.5 

(-1” 
0.92 f 0.08 
0.93 f 0.07 

0.04 f 0.04 

0.05 =t: 0.05 
0.12 & 0.09 

0.93 zt o-07 

0.04 & 0.04 
0.24 & 0.09 
0.93 =t: 0.07 

0.05 If: 0.05 
0.09 & 0.09 
(-) 

1x10, 0.01 
0.1 
-I 

Amount (,ug) 

Detecting 
reagents 

0.05 & 0.05 
0.10 If: 0.10 
0.92 & 0.08 

r-5 

2 

0.06 & 0.04 0.13 f 0.04 
0.93 f 0.07 0.93 f 0.07 
0.95 f 0.05 0.95 zk 0.05 

0.00 , 

0.05 & 0.04 0.05 f 0.04 
0.60 & 0.05 0.59 * 0.05 
0.94 f 0.06 0.95 =t 0.05 

0.06 f 0.04 0.06 f 0.04 
0.13 f 0.04 0.13 f 0.04 
0.95 =t 0.05 0.95 f 0.05 

0.03 f 0.03 
0.55 f 0.04 
0.95 zt 0.05 

0.03 f 0.03 
0.54 4 0.04 
0.95 zt 0.05 

x.5 

I 

0.00 

0.03 & 0.03 
0.55 f 0.04 
0.95 f 0.05 

0.03 & 0.03 
0.54 4 0.04 
0.95 -f 0.05 

I.5 

‘5. 

I 

0 (-) = diffuse. 

Table VI’. Ti(IV), present in the initial solution as the sulfuric acid complex, 
is not retained on alginic acid thin layers when weakly complexing acids are used as 
eluents. In oxalic and in phosphoric acids Ti(IV) is retained more. This behavior is 
probably due to the conversion of the initial sulfuric complex of ‘Ti(IV) into 
different ionic species. 

Table VII. As(V) is not retained on alginic acid thin layers on using-acidic 
eluents. The behavior of P(V) is identical to that of As(V). As(II1) shows anomalous 

RM 

0.05 rn- . . 

c I I 

1 2 PH 

Fig, 2. p1-I dependence of ,R& values for As (III). 

J. Ciwomatog., 35 (rg68)‘405-4x5 
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TABZE XII 

D. COZZI, I?. G. DESIDERI, I.. LEPRI, G. CIANTELLI 

RF VALUES OPELEMENTS ON irLGINICACID THIN LAYERS 

Ehent Moles/l Pt(IV) Ir(W) OS (IV) Rh (III) Pd(I1) 

(COOH) 2 0.01 
0.1 

0.5 

CI-1,COOH I 

I-ICl 0.01 
0.1 
I 

H,PO, 0.01 
0.1 
I 

HNO, 0.01 
0.1 

0.5 

EICIO, 0.01 
0.1 
I 

Amount (,u& 

Dctecl&g 
reagents 

0.95 f 0.05 
0.95 =t 0.05 
0.95 zk 0.05 

0.95 z!.z 0.05 

0.95 f 0.05 
0.95 $; 0.05 
0.95 rt 0.05 

0.95 =t 0.05 
0.95 f 0.05 
0.95 =t 0.05 

0.95 =t 0.05 
0.95 & 0.05 
0.95 =t 0.05 

0.95 =t 0.05 
0.95 =t: 0.05 
0.95 =t 0.05 

5 

S 

0.95 f 0.05 
0.95 rt 0.05 
0.95 zt 0.05 

0.95 zt 0.05 

0.95 f 0.05 
0.95 f 0.05 
0.95 zt 0.05 

0.95 =t 0.05 
0.95 * 0.05 
0.95 f 0.05 

0.95 f 0.05 
0.95 f 0.05 
0+95 zt 0.05 

0.95 & 0.05 
0.95 z!z 0.05 
0.95 z!z 0.05 

7 

9 

0.95 z!.z 0.05 
0.95 =t 0.05 
0.95 f 0.05 

0.95 rt 0.05 

0.95 =t 0.05 
0.95 =t 0.05 
0.95 =t 0105 

0.95 zt 0.05 
0.95 =t 0.05 
0.95 & 0.05 

0.95 =t 0.05 
0.95 & 0.05 
0.95 zk 0.05 

0.95 =t 0.05 
0.95 dz 0.05 
0.95 I 0.05 

5 

IO 

(0.00; 0.23; 0.95) 
(0.00; 0.94) 
(0.00; 0.94) 

(0.00; 0.20; 0.95) 

(0.00; 0.26; 0.95) 
(0.00; 0.95) 
(0.00; 0.95) 

(0.00; 0.28; 0.94) 
(0.00; 0.46; 0.95) 
(0.00; 0.95) 

(0.00; 0.26; 0.95) 
(0.00; O&5) 
(0.00; 0.95) 

(0.00; 0.25; 0.95) 
(o.oo;o,g4) 
(0.00; 0.95) 

0.7 

8 

(4” 
( -1 
( -1 

0.06 f 0.06 

0.03 * 0.03 

(-) 
(0.00; 0.95) 

0.00 

0.03 & 0.03 
0.08 & 0.0s 

0.03 =t 0.03 
0.05 & 0.05 
0.12 * 0.12 

0.03 & 0.03 
0.05 f 0.05 

(-) 

I 

8 

n (-) = diffuse. 

behavior. It isinfluenced neither by the nature nor by the concentration of the eluent. 
This fact is probably due to the presence of a neutral species in the initial solution and 
to the considerable stability of these compounds. According to the opinion O~LEDERER 
AND KERTES~ the plot obtained in Fig. 2 is characteristic of neutral species. In the case 
of As(II1) the initial solution was acidified with HCl. 

T&e VIII. The separation of Mo(V1) and W(V1) is easily obtained owing to the 
different solubilities of the corresponding acids in the various media; the exception is 
in CH&OOH and for concentrations of mineral acids in the eluent below 0.5 A4. 
The spots of W(V1) are generally diffuse. Cr(III) and U(V1) behave similarly in every 
medium, except for phosphoric acid, where U(V1) is present as a soluble phosphoric 
acid comples and in oxalic acid owing to the different stabilities of the corresponding 
complexes. 

TabLe IX. Se(IV) and Te(IV) are easily separated by the various eluents. The 
chromatographic behavior is in agreement with the weakly metallic character of 
Se(IV) and with the stronger metallic properties of Te(IV). 

TabZe X. Re(II1) shows up as a red spot and there is no need for a detecting 
agent. The behavior of this ion is similar to As(II1) since it is not sensibly influenced by 
the nature and concentration of the eluent. In the case of Re(II1) the chloride was used 
and the initial solution acidified with HCl. 

J. Clrrromatog., 35 (1968). 405-415 
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Table XI. The chromatographic behavior of Fe(II1) is in agreement with the 
formation of basic salts with alginic acid*. The spots of Fe(II1) are generally diffuse. 
From a chrornatographic point of view, the behavior of Co(I1) and Ni(I1) is similar. 

TabZe A’II. .Pt(IV), Ir(IV) and Os(IV), present in the initial solution, as chloro- 
complexes, are not retained by alginic acid thin layers. In the case of Rh(III), where a 
variety of chloro-complexes of varying stability are known0, three spots are obtained 
at low acid concentrations in the eluent and two spots with higher acid strengths. In 
I A4 hydrochloric and perchloric acid the main portion of the element is found close to 
the solvent front while a minor part is found at the origin. In I 1M hydrochloric acid 
the behavior of Pd(I1) is similar to that of Rh(II1). 
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