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SUMMARY

The thin-layer chromatographic behavior of a number of metals on DEAIL-
cellulose and on microcrystalline cellulose, Avicel SIF, has been surveyed in binary
solvent mixtures containing H,SO,4 and an organic solvent. Ry values were measured
as a function of the concentrations of H,SO, and the organic solvent. Although ion-
exchange adsorption of sulfatocomplexes on DEAlI-cellulose can be observed in
aqueous H,SO, solutions, enhanced ion exchange is found to occur in binary media
containing a protic solvent such as methanol and acetic acid. Even though increased
retention of many metals, including sulfatocomplex-forming metals, on DEAIL-cellu-
lose can also be observed in H,SO,—aprotic solvent mixtures, such as acetone and dio-
xane, the mechanism involved is not ion exchange proper, but partition appears to
play an appreciable role.

The chromatographic systems developed permit many useful separations of
analytical interest to be conducted effectively.

INTRODUCTION

The paper and thin-layer chromatographic (TLC) behaviorofa number of metals

on DEAE-cellulose (abbreviated to DEAE) has already been investigated in different
binary solvent mixtures consisting of HCI (ref. 1,2), HNO, (ref. 3) or HSCN (ref. 4)
and an organic solvent. R values of I"e(I1I), ReO,~, La, In and UQO,%2- on DEAE as
well as aminoethyl papers in aqueous H,SO, of varying concentration have been
reported by LEDERER AND OsSICINI®.
' This work has been extended to investigate the TLC behavior of 46 metals
on DEAE in binary solvent mixtures containing H,SO,, which should provide
a better understanding of the system involving weakly basic ion exchangers. Generally
metals forming sulfatocomplexes exhibit a stronger adsorption on DEAE in mixed
solvents containing a protic solvent like methanol and acetic acid than that in
aqueous H,SO, media.
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Although considerable retention of metals on DEAE can be observed in acetone—
and dioxane-H,SO, mixtures, competitive partition may play an important role in
the case of metals forming sulfatocomplexes, in addition to the contribution of the
ion-exchange process.

The solvent systems investigated permit many useful chromatographic separa-
tions of analytical interest to be conducted very effectively on DEAE.,

EXPERIMENTAL

Test solutions

Unless otherwise mentioned o.1 M stock solutions (0.x N in H,SO,) were
prepared from the sulfate, oxide or metal. IFor Ti(IV), Zr, Hf, Hg(1I) and In the stock
solutions were 3 N in H,SO,. For Bi(III) and Th, 3 V HNO; solutions were prepared
using the metal and nitrate, respectively. Stock solutions were adjusted to 0.1 IV in
HCI for platinum metals® and Au(III), 3 IV for Sb(III) and 6 N for As(III) and Sn(IV).
Ammonium or sodium salts of Mo(VI), W(VI), Re(VII), Se(IV) and Te(IV) were
simply dissolved in deionized water. IFor Nb see the previous paper?.

Preparation of the thin-layer plates

A cellulose anion exchanger, DEAE (diethylaminoethylcellulose, Serva, for
TLC) and a microcrystalline cellulose, Avicel SF (Avicel Sales Division, FMC Corp.)
were used as adsorbents. A portion of DEAE, about 6.5 g, slurried with 30 ml of de-
ionized water and 20 ml of 0.5 M (NH,),50,~0.02 M H,SO, solution, was placed in a
large column, washed with a sufficient volume of the acid sulfate solution above and
finally with deionized water. Two 6.5 g portions of DEAE, prepared thus, were com-
bined, slurried with 29 ml of deionized water, and spread to a thickness of 250 um
on five 20 X 20 cm glass plates. The plates were dried 2.5 h at 40° after air-drying
for 1 h and stored in a desiccator containing a saturated KBr solution.

For the preparation of the microcrystalline cellulose plates, 18 g of Avicel SI?
was soaked in 100 ml of deionized water and centrifuged. After slurrying with 30 ml
of deionized water, the Avicel SIF was spread on five 20 X 20 cm plates to a thickness
of 250 um. The plates were dried and stored as above.

Application and detection

The application procedure was the same as described in the previous paper4.
The solvent systems investigated were aqueous H,SO, solutions of varying concentra-
tion, and binary mixtures consisting of an organic solvent and an aqueous H,SO,
solution of varying concentration. Methanol, acetic acid, acetone and dioxane were
used as the organic solvent.

The developing and detection procedures were also the same as beforet, with
the exception of Be, Mg, Ti(IV), Cr(11I), Zn, Cd, Al, Ga and In, which were detected
by spraying with 19, 8-hydroxyquinoline in ethanol, followed by 159, NH,OH.
UV light was used when necessary. ‘

" Bcforc use we let them stand for 1 till 2 months, See G. BAGcLIANO AND L. OssICINI,

] Chyomatogr., 19 (1965) 412 for the effect of ageing on Rp values of Rh(III) Ir(III) and Ru(IIl)
in HC! solutions of varying concentration.
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RESULTS AND DISCUSSION

Adsorption from aqueous H,SO, solutions

Rp values for 46 metals chromatographed on DEAE and Avicel SIF in aqueous
H,SO, solutions are illustrated in Fig. 1 as a function of H,SO, concentration. As can
be seen, the metals, which form sulfatocomplexes and adsorb on a strongly basic
resin®?, can also adsorb on DEAE, showing increasing retention with decreasing
concentration of H,SO,. Sc, Ti(IV), Zr, Hf, Nb, Cr(I1I), Mo(VI), W(VI), IFe(III),
Rh(ITI), Ir(IV), Ga, In, As(III), Bi(III), Se(IV), Th and U(VI) are among those
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Fig. 1. Rp values of metals chromatographed on DEAE and Avicel ST in aqueous H,SO, solutions.
O = DEAE; @ = Avicel SF. All the 2 values on the two adsorbents were obtained at the three
concentrations of H,SO,, o.01, 0.1 and 1N. For convenience, IR values on Avicel SF shifted the
abscissa arbitrarily to the right.

metals known to exhibit some adsorption on the strongly basic resin in H,SO4 solu-’
tions particularly at concentrations less than 1 N. There are marked differences in
the Ry values obtained on DEAE and Avicel ST for the following metals: Zr, Hf, ND,
Mo(VI), W(VI), Re(VII), Rh(IIl), Ir(IV), Pt(IV), Au(I1l), Se(IV), Th and U(VI). All
of these belong to the group of metals adsorbing on the strongly basic resin.

In the case of Re(VII), Pt(IV) and Au(Ill) no information is available about
their adsorption on the strongly basic resin from H,SO, or sulfate solutions, but ob-
viously it can be assumed that those metals which exhibit pronounced differences in

Ry between DEAE and Avicel SIF adsorb on DEAE by ion exchange in aqueous
H,SO,4 media.
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Fig. 2. Variation of Rp values of metals on DEAE and Avicel ST with the concentration of
methanol in methanol-1N H,SO, media, O = DEALRL; @ = Avicel ST", All the Rr measurements

were conducted at 5o, 75 and 959% methanol concentrations. For convenience Ry valucs on
Avicel ST shifted the abscissa arbitrarily to the right.

Adsorj)twn from a mixture of H,SO4 and a protic solvent

The Ry variation of metals on DEAE and Avicel ST with increasing additions
of methanol to 1 N H,SO, is shown in Fig. 2. The addition of methanol to the H,SO,
solution generally lowers the Ry values on DEAE and Avicel SIF to some extent in the
case of nearly all the metals tested. The exception is -Au(I11); the Ry of Au(III) on
DEAE starts at o.15 in the aqueous 1 N H,SO,, and passes through a broad maximum
at 50~75% methanol, and then reaches around 0.15 on going to 95%, methanol. The
same exceptional behavior of AuCly;~ on DEAE-paper in HCl-ethanol mixtures wns
also noted by LEDERER AND MOSCATELLI2,

It is worth noting that metals forming sulfatocomplexes and adsorbing on the
strongly basic resin increase their retention on DEAE very rapidly as compared to
Avicel SIF with increasing methanol concentration, see for example Zr, Hf, Mo(VI),

W(VI), Ir(IV), Th and U(VI). .

- The Ry values on DEAE and Avicel SF in 1:1 methanol—H2SO4 mixtures are
plotted as a function of H,SO, concentration in Fig. 3. A pronounced lowering of Rp
values on DEAE, as compared to Avicel ST, is particularly marked at lower concen-
trations of H,SO, for metals which show adsorption on the strongly basic resin. To
explain these observations, ion exchange can reasonably be assumed to be the

mechanism controlling the Ry values for sulf'ttocompleﬁc-formmg metals in methanol—
H,SO, media.

J. Chromatogr., 61 (1971) 307-316



TLC or METALS ON DEAE IN ORGANIC SOLVENT-SULTURIC ACID 311

ey 1.0
R $
05 % §
¥ g Al
e M Gt
0 0.01 0.1 1 ¢
H,S04N)
Ca _Sc Ti(lv) V(iv) Cr(III! Ms&ll; Fe(l.ll) c’C {1 Ni’ Cu(ll In S Ge As(ill Se(lV)
e V% © ¢0¢00 .é.o +§¢Oo éo o [ ++°o 5;“0 op* o S TED ¢o'o ¢¢¢.¢ °=:§¢ .o.°
é o
Sr Y Zzr Nb Mo(vl) Te Ru(itl) Rh(llN) Pa(ll) A Cd In Sniiv) SN Te(IV)
L MR en A P R
o 1y o ol 24 [T T Jo it
Ba RE [al} Ta WVI) Rel{Vl) Os L'(W) z!(lV) Auin) Hg(i hi{4)] Pbil) Bi(ll Po’
" e U0, et e
4o Lt
é + -] o0 égn Vlgl © ° ol ,.é.. -]
La Sm Yb Th u(vi)
¢.°'° ot o%° ¢.¢'o ‘§oo ¢ o
¢ b
5 ¢

Fig, 3. Variation of R, values on DIZALE and Avicel ST with the concentration of H,SO, in me-
thanol-H,SO, media (1:1). O = DEAL; @ = Avicel SIF. All the R, measurements were con-
ducted at the threec H,SO,4 concentrations, o.01, 0.1 and 1N. For convenience [ values on Avicel
ST" shifted the abscissa arbitrarily to the right,

Ry values for metals on DEAE and Avicel SIF in 1:1 and 3:1 (DEAE only)
acetic acid—-H,SO, media are given in Table I as the function of H,SO, concentration.
There are no marked differences in the Ry values on DEARE and Avicel SIF for most
of the metals over the H,SO, concentration range tested, except for Sc, Zr, Hf, Nb,
Mo(VI), W(VI), Re(VII), Ir(IV), Pt(IV), Au(I11), Pb(I1), Th and U(VI). With increas-
ing acetic acid concentration the Ry values for these metals on DEAE decrease rapid-
ly, almost remaining near the start, although Re(VII) and Au(I11) maintain about the
same chromatographic distribution regardless of the amounts of acetic acid added. As
indicated by LEDERER AND MoscATELLI? the hydration is perhaps already very poor
for the complexes of Au(IIl) and Re(VII). The differences in R, values between
DEAE and Avicel SIF can be explained on the same basis as the mechanism in the
methanol-H,SO, mixtures.

Adsorption from a mixture of H,SO,4 and an aprotic solvent

The trends of the Ry values of metals on DEAE and Avicel SIF were investigated
when acetone or dioxane was added as the aprotic solvent to H,SO, solutions of vary-
ing concentration. Results for the Ry measurements are given in Tables 11 and III.

In most cases the addition of increasing amounts of the aprotic solvent to H,SO,
solutions causes the Rp values on DEAE to be lower in both the acetone— and di-
oxane-H,SO, media. However, this is not always the case. Ry values for Au(I11) and
Re(VII) in aqueous H,SO, solutions increase with the addition of acetone or dioxane,
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‘.
TABLE 1
Rp VALUES (X 100) ON DEAE AND AvVICEL SF IN ACETIC ACID=H,80O, MIXTURES
D = DEAE; A = Avicel SF; w = weak tailing, difference between Ry gront and Rp renr = 0.3~

0.5; s == strong tailing, difference between Rpg yront and Ry rear > 0.5.

Metal o.0rN H,S0, 0.IN H,S0O, N H,S0,
Adsorbent D D A .D D A D D A
Acetic ucid (%) 75 50 50 75 50 50 75 50 50
Ag 39 84 71 398 84 63 37 67 gg
Al 35 95 90 45 95 g1 38 95 93
16 22 67 24 37 66 66
As(L1D) 56 17z 183 157 {73 {86 7% 186
Au(Ill) 3 6 82 8 16 81 3r 41 79
Be 88 94 90 88 94 93 76 92 90
Bi(11I) 76 82 84 78 86 82 61 84 8o
Ca ' 4 69 8o o 73 85 o 86 85
Cd 86 92 81 83 93 84 46 90 79
Co(11) 85 92 88 81 93 85 48 93 84
89
Cr(11I) 24 99 97 13 57 86 33 94 {83
9
Cu(II) 87 93 86 87 93 84 48 92 84
89
Fe(I1I) 99 96 92 o8 93 93 30 {74 83
. 99 99
Ga 645 89 86 G6os 84w 88 39 95 84
Ge {28 67 26 59 63w 78 61 78 1)
58
Hf 6 14 41s 6 12 428 7 29 64w
Hg(I1) 92 94 81 92 85 82 Sg 86 8o
In 45 96 84 58w 94 {88 42 88 82
93 95
Ir(IV) o 4 74 o 5 68 5 4 65
La 22 74 79 21w 72w 82 31w 83 84
Mg 84 95 89 49s o1 go 8o 94 84
Mn(1I) 86 91 88 84 92 87 89 93 86
Mo(V]) o o 18 o o 24 3 4 {15
39
Nb 5 6 66 4 7 72 6 9 67
Ni 83 93 86 8o 93 83 {45 92 84
) 86
Pb(1I) o 0 8o - o o 15 o o o
PA(II) o 36s 70 o 315 6o I6W 34w 67
Pt(1V) o 9 72 4 3 77 5 15 76
Re(VII) 4 9 78 12 24 79 38 50 78
Rh(TII) 6 258 56 31 24W 59 16w  20s 55
90
Ru(11l) o 48s 67w o 275 67 20w 38s GIw
Sb(I1l) 52 47 55W . 44 46w 47w 41 35 48w
Sc 14 50 8o 11 46 79 22 67 S2
Se(IV) ‘47 59 71 46 56 71 54 74  G8
Sm . 29 . 74W 77 17 73w 8o 33 82 81
Sn(1V) 25 20w 77 20 27w 78 31 50 8o
'Te(IV) 7 278 258 27 36w 37w 22 50 59
Th « 21 38 76 14 15 75 7 - 61 78
Do o . . 122
Ti(IV) 7 . 358  4Is o 18w 498 13 64 72
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TABLE 1 (continued)

Metal : o.0r N H,S50, o.r N H,S50, r N H,SO,
Adsorbent D D A D D A D D A
Acetic acid (%) ”5 50 50 75 50 50 75 50 50
T1(1) 83 89 73 84 89 69 86 90 63
U(VvI) 5 7 8o 4 6 82 5 271 82
V(IV) . 57w 87 81 478% 86 81 40 78 8o
65 87
W(VI) o o 25w o o o o o { o
30
Y 3o 76w 78 26 75w B2 39 82 83
Yb 29 77w 78 23 74w 81 35 82 82
n 8o 93 83 79 92 85 44 2] 79
Zr 5 9 42s 5 9 43s 5 23 72

and then do not vary appreciably with further addition of acetone or dioxane. In-
sensitive variation of Ry values with increasing additions of acetone or dioxane can
also be seen for the platinum group of metals, Ge, Sn(IV), As(III), Sb(III), etc.

LEDERER AND MosCATELLI? found that the adsorption of Zn and Cd on DEAE-
paper from acetone—HCI and ethanol-HCI] mixtures increases with the concentration
of ethanol and decreases with the increasing concentration of acetone. This kind of
difference between a protic solvent and acetone or dioxane was not found in this
work for those metals which form strong sulfatocomplexes, because of the strong
retention of these complexes on DEAE in different media. Perhaps this difference
between two kinds of solvents can be reflected by the principal mechanism controlling
the Ry values. The retention of metals forming sulfatocomplexes on DEAE in acetone-
and dioxane-H,SO, media may not only be controlled by ion exchange proper, but
partition may also play an important role in determining the Ry values. The rather
higher R values of the platinum group of metals, Mo(VI), W(VI), U(VI), etc. on
Avicel ST as compared to those of metals exhibiting no evidence of sulfatocomplex
formation indicate an appreciable participation of the partition mechanism in the
case of sulfatocomplexes in acetone— and dioxane-H,SO, media.

Acetone and dioxane are sufficiently non-polar and not so effective as protic
solvents in destroying the hydration clouds around the metal ions. This may account

for the inadequate participation of the ion-exchange mechanism in acetone- -and
dioxane-H,SO4 media.

SEPARATIONS

Inspection of the R values of metals chromatographed on DEAE in methanol-,
acetic acid-, acetone—, and dioxane~-H,SO, mixtures will allow many useful separa-
tions of analytical interest to be conducted effectively Typical chromatograms in-
volving multicomponent separations are illustrated in Fig. 4.

~ The time necessary for the separation is dependent on the volume ratio,
concentration of sulfuric acid, and the type of organic solvent and adsorbent. When

J. Chromatogr., 61 (1971) 307-316
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Rp VALUES (X 100) oN DEAL AND AVICEL STT IN ACETONE~H,SO,; MIXTURES

See Table 1 for symbols, s, w, D and A.

Metal o.0r N H,SO, 0.1 N H,S0O, I N H,SO,
Adsorbent D D A D D A D D A
Acetone (%) 75 50 50 75 50 50 75 50 50
Ag 13 40 48 13 46 54 12 50 38
Al o 38 53 3 43 66 10 72 72
As(III) 14 13 66 19 29 62 46 68 61
49 66 88 43 62 84 87
Au(ILl) 51s 43 83w 31 57 97 63 75 98
Be 5 38 68 12 43 78 41 8o 82
Bi(III) 7 5 13 5 6 11 7 22w 37w
Ca o) 18w 43w 6 20w 268 o 14 6
Cd o) 28 50 4 41 64 20 74 71
Co(IT) o 26 48 5 43 65 18 73 67
Cr(111) o 15 47 o 28 64 8 67 70
Cu(II) o 26 44 3 44 64 18 75 67
Fe(II1) o ‘20w 28s 4 17 67 13 58 69
Ga 3 3Iw 30 3 38 64 11 70 70
Ge 278 36s 68w 31 59 73 56 74 77
Hf o) 4 8 o 4 12 3 11 458
Hg(11) 24w . 52 59 30 56 72 45 78 74
In 3 20 53 3 29 66 20 65 69
Ir(IV) o o 65 4 5 67 14 6 64
La o IX 32 o 18 40 3 52 46
Mg 3 48 57 8 46 67 22 76 71
Mn(I1) o 34 58 4 46 66 23 8o 70
Mo(V1) o o 45 o o {34 o o {55
: . 98 99
Nb o o 22w o o 21w 4 6 28s
Ni o 28 47 4 43 63 16 73 64
Pb(II) o o 23w o (o} 12 o o o
Pd(I1) 11 22w 48s 18 27% 76w 48 58w 83w
Pt(IV) 4 14 90 13 14 89 15 36s 93
. . 20
Re(VII) : Pt 3 fe1 93 43 {43 95 61 78 94
57 72 64
Rh(III) 12 27 64w 12 23w 56w 17 348 58
Ru(IIl) 12 27s 348 13 23W 57w 20 38s 57w
SbL(III) . 19 TI 32w 106 13 38w 15 25W  53s
Sc o 8 50w o 16 64 7 50 68
Se(IV) 11 20 61 21 43 70 58 44 69
Sm o 9 34 o 17 45 4 5t 49
Sn(lVv) 37w 278 57s 32w 38y 479 39w 548 84
Te(IV) 0 5 8 o 12 23w 10 74 43
Th 3 6 42w o 13 57 4 33 59
Ti(IV) o 5 10 o 14 33s 9 3gw 56
TI(I) 5 26 32 6 42 37 10 45 33
U(VI) o 4 66 o 5 70 5 I4 74
V(1V) o 24 51 3 41 68 22 71 72
W(VI) o ) 98 o o o8 o o {89
A 99
Y o 13 40 o} 23 50 4 52 54
Yb o 14 35 o 23 48 4 52 51
zn o 28 48 4 43 62 17 73 68
Zr o 4 12 o 4 15 3 11

49s
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TABLE I1L
Rp VALUES (X 100) oN DEALL AND AviceL SF 1N proxaNe—H,S0, MINTURES
See Table 1 for symbols, s, w, D and A,
Metal o.or N H,S50, o.r N H,S0, r N H,S50,
Adsorbent D D A D D A D D A
Dioxane () 75 50 50 75 50 50 75 50 50
Ag 6 30 49 9 39 58 16 52 50
Al 10 sow 82 11 45 85 35 72 89
As(111) 13 {20 71 f19 {28 {69 40 64 {63
47 63 90 - 149 67 86 54 83
Au(l11) 28 37 95 28 44W 93 Go 74 96
Be 4 24 62 13 40 81 51 73 971
Bi(111) 14 14 378 15 15 {385 20w 41 {76
89 94
Ca o 13 448 6 20W 338 19w 306s 12
Ca o 22 56 7 39 76 44 72 86
Co(11) o} 21 506 10 38 75 42 70 85
Cr(111) o 13 52s 4 32 77 29 72 87
Cu(ll) o 23 53 9 38 70 41 69 86
Fe(I11) o 7 48w o 19 77 22 61 87
Ga 12 29w 83 8 45 85 35 72 88
Ge 28s 45 72w 38 58w 82 54 77 85
Hf 5 7 25W (¢] 9 30% 7 21 65w
Hg(1h 16w { 8 o 18 { o 74 o { o 97
47 48 11 88
In 12 31w 83 10 4ow 83 206 72 88
Ir(1V) 3 o 81 o o 77 o o 83
La 4 22w 52 4 31 66 12 62 71
Mg 7 35 72 12 42 8o 50 73 89
Mn(11) o 27 65 10 42 79 44 72 85
Mo(V1) o o 99 o o 099 {o 7 {75
6 20
Nb o 5 20w o 6 48 3 o 428
Ni 5] 21 55 10 39 74 40 70 83
Ph(11) o o 24W o o 21W o o 5
Pd(11) 14 T4 438 14 21W { o 38w { o 87
8o 54W
Pt(1V) 7 13 o2 o] 2IW O 20w 42 04
Re(V1I) o 13 92 22 30 o1 51 72 95
56 61
Rh(I111) 348 38s 81 {20 9 79 348 73 83
63 55
73
Ru(111) 24w 308 448 21W 21w 75 28s 73 85
Shi111) 22 15 47 27 21 525 34 41w Bo
Sc 6 19w 66 7 26 78 18 57 8o
Se(1V) o 15 63 18 41 71 51 71 75
8 .
Sm 3 18w 52 o 26 68 13 Go 72
Sn(1Vv) 35W  30W 57 45W 41w 82 51 69 88
Te(IV) o 5 T4 4 23W 40w 37 63 71
Th 6 ¢] 73w 6 15 79 9 45 81
Ti(1V) o o) 206s 5 338 70 19w 063 81
T o 23 40 8 38 49 18 50 48
UV o 4 83 o 5 84 c 7 .19 86
V(1V) 3 27 62 11 41 79 46 72 85
W (V1) o (o} 37 o o 97 o o o8
Y 7 26w 61 6 30w 72 16 65 76
b 6} 29 58 5 3ow 71 15 65 75
Zn o 21 54 8 37 76 40 72 86
Zr 4 6 32s 4 8 448 6 17 - 74
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compared on the same basis, the developing time in each solvent system is in the
order:

Aqueous > acetone = methanol > dioxane > acetic acid.

10 (a) (b (¢) (d) (e)
Qo
Rp La Ga Y b g M) 0 M
(]
O 560 O O o O O o Au(lloé
G
As(n) O R’M”O. 8) Se Th  Th s¢c O Sc
' In
o [ 70100 7|17 0
Sb(m)

Th T
Zr AOl.Klil) O 9(‘)
Aulil) Zr
O 0O M 1riv) O
_wa) ﬂ

- Uy uive
0 W)

Fig. 4 Various separations, DEAE used throughout. (a) Methanol-1N H,80O,; (1:1); (b) acetic
acid—1N HyaSO,4 (1:1); (c) acetic acid~o.1N H,80, (1:1); (d) dioxane-1N H, SO, (1:1); (e) acetonec
~IN H,SO, (1:1).

v

Decreasing the concentration of H,SO, also helps to shorten the time of separa-
tion. Development on Avicel SF usually needs about twice the time of development
on DEAE in the same solvent mixture. Although not illustrated, the following
separations were also feasible:

DEAE-~aqueous 1 N HySOy (time: 1 h 30 min)

Nb(0.00-0.25)-Zr(0.28-0.87)-Y (0.91—0.98)

Zr(0.72~0.88)-Ti(I1V)(0.90-0.95)

W(VI)(0.00-0.22)-Re(VI1I)(0.47—0.57)

DEAE-acetone—r N HySO,(3:1) (time: 1 h 50 min)

Te(IV) (0.02-0.16)-Ge(0.45—0.65)

- Te(1V) (0.03-0.18)-Se(IV) (0.57-0.65)
Sb(III) (0.00-0.05)—As(1II) (0.40-0.60)
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