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SUMMARY

The Rp values of inorganic ions on paper pre-treated with 0.25—2.0 % cellulose
acetate and impregnated with various concentrations of z-thenoyltrifluoroacetone
(TTA) was studied by using acetate buffer as a developing agent. 1% cellulose acetate
pre-treated paper impregnated with 0.2 M TTA was found suitable for reversed
phase paper chromatography.

The Rp values of inorganic ions were examined on the impregnated paper by
using various pH’s of the developing agent (0.1 M acetate buffer). Separations of
Pb-Cu, Co-Cu, Zn—Cu and Fe-Co-Ni were performed in this system. A

Reversed phase paper chromatography has been applied to the separation of
various radionuclides?,2. Most of the results, however, were obtained with liquid 1on
exchangers as the stationary phase and mineral acids of various concentrations ‘as
the mobile phase. In this paper, an attempt was made to use z-thenoyltnﬂumo-
acetone (TTA) as a substitute for the liquid exchangers.”TTA is.a chelatmg agent
effective for the solvent extraction of some fission products’and the related nuclides3—17,
Alkaline earth metals were successfully separated w1th thls reéagent by reversed
phase partition chromatography on a column of Kel .F18, The authors have studied the
behavior of some fission products and related nuclides on a paper pre-treated with
cellulose acetate and impregnated with TTA in benzene. From the results so far
obtained, some of these elements could be separated from each other by this technique.

MATERIALS AND METHODS

Toyo filter paper No. 50 (2 X 40 cm) was washed with 10 % hydrochloric acid
and distilled water three times alternately, and dried. The paper was extracted with
40-60° petroleum ether, followed by drying at 60° for 1 h. After the pre-treatment
of the paper as described later, the treated paper was immersed in a solution of
TTA in benzene for 1 h, equilibrated with the developing solution (acetate buffer).
Then, it was dried by warm air to remove the excess of benzene.

51Cr, e, 60Co, 95Zn, 3Sr, 0Y, 9Zr, 140] a, 144Ce and 19Cs were used as tracers,
to which was added the nitrate of each element as a carrier to make an o0.05 M
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solution: 0.05 M solutions of Al, Cu, Ba and Pb were prepared without adding radio-
isotopes. For mixtures, the concentration was 0.02 M for each element. 0.5 ul of
the solution was applied to the paper. Then, paper chromatographic separation was
carried out by the descending technique at about 25°, using acetate buffer of various
pH'’s and concentrations as the developing agent. The location of radionuclides on
the paper was determined by autoradiography. Ba was detected by spraying a
solution of 0.1% (w/v) sodium rhodizonate, a red spot being obtained. Cu was
detected by spraying 0.05% (w/v) dithizone in chloroform solution, a brownish red
spot being obtained. The spot of Al was detected by spraying a solution of 0.1 %
(w/v) alizarin-S solution; the spot obtained became purplish red on exposure to the
vapour of ammonia and acetic acid. Pb was detected by exposing to hydrogen
sulphide, a black spot being obtained.

PRE-TREATMENT OF THE PAPER

Before impregnation of the filter paper with TTA in benzene, pre-treatment of
the paper was necessary, in order to make the paper hydrophobic. The pre-treatment
method with vaseline or silicone described by BrowN AND KRITCHEVSKY!? was
examined but the migration of the developing agent on the paper impregnated with
TTA in benzene yielded irregular fronts. Silanized paper was prepared by placing
the paper in a desiccator over dichlorodimethylsilane, allowing it to stand overnight,
“washing thoroughly and drying at 110°. The pre-treated paper was brittle, and the
Rpr values observed on this paper were generally low. Acetylation of the paper with
acetic anhydride and sulfuric acid!® caused damage to the paper.

Finally, cellulose acetate pre-treated paper was prepared by the following
procedure. The paper was dipped in 0.25-2.0% (w/v) cellulose acetate in dry acetone
for 15 min, and dried at 60° for 1T h2°, Migration of the developing agent on the pre-
treated paper impregnated with 0.z M TTA in benzene was uniform and the de-
veloped zone was well defined. Therefore, paper pre-treated with cellulose acetate
was used throughout the subsequent experiments.

RESULTS AND DISCUSSION

Ry values of the ions at different pH values of developing agent (0.1 M acetate buffer)
Fig. 1 shows the Rp values of ions on paper pre-treated with 1 % cellulose
acetate in acetone and impregnated with 0.2 M TTA in benzene, as a function of the
pH of the developing agent (0.1 M acetate buffer). Fe(I1I), Cu(II), and Zr(IV) remain
at the origin. The RF value of Cs is ~ 0.85 independent of the pH of the bulffer, which
may be due to non-interaction of Cs with TTA. R values of Al, Cr(III), Co(II),
Zn, Sr, Y, Ba, Ca, Ce(III) and Pb decrease with increasing pH of the buffer. The
relation between Rp and distribution ratio?! (the ratio of the concentration of the
inorganic ion, in the organic and the aqueous phases), obtained from the liquid-liquid
extraction between 0.2 M TTA in benzene and ~ 10—4M Sr, Ce(I11), Zn and Co aqueous
phase, seemed to show the establishment of reversed phase partition on the paper.

Relation between Ry values and the percentage (w/v) of cellulose acetate in acetone
Fig. 2 shows that the Rr values of Co and Ba on the paper impregnated with
0.2 M TTA in benzene are nearly constant over the range from 0.25 to 2.0 % (w/v)
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Fig, 1. Rp values of inorganic ions plotted against the PH of the developing agent (o.1r M acectate
buffer) Paper was pre-treated with 19, cellulose acetate in acetone and impregnated with o.2 I/

TTA in benzene.
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Fig. 2. Relation between Ry values and the percentage (w/v) of cellulose acetate in acetone.
Cellulose acetate pre-treated paper was impregnated with o.2 M TTA in benzene. o.1 M acetate

buffer (pH 2.5) was used as the developmg agent

.

cellulose acetate in acetone. The paper pre-treated with > 1.5 % solution showed a
marked decrease of the rate of migration of developing agent. :

Relation between Ry values and the concentration of TTA tn benzene

Fig. 3 shows the Ry values of Sr, Pb, Zn, Fe(I1II), Zr(IV) and Ce(I1I) as a func-
tion of the concentration of TTA in benzene used for the impregnation of the paper,
after pre-treatment with 1 % (w/v) cellulose acetate in acetone.

The Rp values of Sr and Ba are both 0.85, independent of the concentration
of the TTA in benzene, whereas, those of Pb, Zn, and Al gradually decrease with
increasing concentration of TTA and remain constant over the concentration range
from 0.15 to 0.4 M. Fe(III) Ce(III) and Zr(IV) remain at the origin over the whole

pH range.
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Fig. 3. Ry values for various ions as a function of the concentration of TTA in benzene. Paper was

pre-treated with 1% cellulose acetate in acetone and impregnated with various concentrations
of TTA in benzene. 0.1 M acetate buffer (pH 4.5) was used the developing agent.

Relation between Rr values and the concentration of the developing agent (acetate buffer)
Fig. 4 shows that Rp values of Ce(III) and Pb on 1 % cellulose acetate pre-
treated paper impregnated with 0.2 M TTA increase with the increase of the concen-
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Fig. 4. Relation between Rp values and the concentration of the developmg agent (acetate buffer)
(—0 —) pH of acetate buffer 2. 5 (— A—) pH of acetate buffer 3.5; (— X—,--=-% ---) PH of

acetate buffer 4.5; (---@---) pH of acetate buffer 5.3. Paper was pre-treated with 19, cellulose
acetate in aceton imoregnated with o.2 M TTA in benzene, ! ) _
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Fig. 5. Separation of some inorganic ion mixtures. Paper was pre-treated with 1 9, cellulose acetate
in acetone and impregnated with o.2 M TTA in benzene. o.1 JM acetate buffer (pH 2.5) was used
as the developing agent.

Separation of some tnorganic ion mixtures

From Fig. 1, it wou]d be anticipated that mixtures of some inorganic ions can
be separated by the 1 9% cellulose acetate pre-treated paper impregnated with o.2 M
TTA. Fig. 5 shows some typical results of such separations, viz. Pb—Cu, Co-Cu,
Zn—Cu and FFe-Co-Ni.
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