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Data on Cs(Rb) sorption on thallous salts of HPA* have been particularly 
concerned with the separation under dynamic conditions’*2. A considerably greater 
number of papers deal with the sorption of Cs and Rb on ammonium salts of HPA 
(e.g. refs. ~-IO), however there is little published information concerning the mecha- 
nism of sorption. SMUT and coworkersrl measured the distribution coefficient of the 
alkali metals in 0.1 M NH,NO, on ammonium salts of different HPA and the validity 
of the mass-action law has been checked for the sorption of Rb on NH4PMoa. In 
another paper 12, the characteristics of Cs sorption on ammonium phosphotungstate 
and phosphomolybdate were described. HEALY Is--l5 dealt with the preparation and 
composition of different salts of HPA and discussed the exchange properties of the 
salts prepared. He found that (NIL,) ,HPMo and (NH,) ,HPW sorbed caesium less than 
the normal salts; and the sorption of rubidium was higher than that of caesium 011 
these sorbents. 

Our work aimed al: finding the connections between sorption and sorbent 
composition, the constants characterizing Cs and Rb sorption, and at the interpretation 
of the mechanism of Cs and Rb sorption on these sorbents. 

EXPERIME .NTAL 

Pre$aration Of sorbents 
Ammonium and thallous salts of phosphomolybdic and phosphotungstic acids 

were prepared by precipitating the commercial HPA (Lachema, C.P. grade) with 
ammonium and thallous nitrate solutions, The procedure involved dissolution of 
weighed amounts (40 g) of the HPA in a certain volume (300 ml) of nitric acid. Two 
kinds of salts were prepared, viz. the tertiary (normal) and the secondary (acid) ones. 
For the preparation of the tertiary salts, the acidity was 0.1 M HNO, while for the 

* The following abbreviations are used in the articlc: EIPA = Hetcropolyacid (in general) ; 
(NI-I,,),l?W = tri-ammonium phosphotungstate ; (NH,) ,PMo = tri-ammonium phosphomolybdnte ; 
(NI-I,) ,HI?W = di-ammonium phosphotungstato; (NI-I,) ,WPMo = di-ammonium phospho- 
molybdatc, Thallous salts (Tl,PW(Mo), Tl,I-II?W(Mo)), caesium salts, or mixed salts arc denoted 
similarly. 
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preparation of the secondary salts, a higher acidity of 3 J& EENO,Ia was chosen. Clear 
solutions of EIPA were precipitated either by an excess of ammonium (thallous) 
nitrate in the case of the normal salts, or by the stoichiometric amount of it in the case 
of acid salts, the nitrates being dissolved in nitric acid of the same concentration (30 ml 
in volume). The molar ratios of NEL,(Tl) : ELPA equalled 6: I when the normal salts 
were prepared and 1.7-2.0: I when the acid salts were precipitated, according to 
literature129 14. The precipitates formed of ammonium (thallous) salts were separated 
from the mother liquor by centrifuging and they were washed three times with nitric 
acid of the same concentration as that from which the salts were precipitated. After 
washing, the precipitate was clried at 60” and analyzed for ammonium ion (thallium), 
phosphorus, molybdenum, tungsten, and water. Ammonium ion was determined 
calorimetrically by means of the Nessler reagent 16; the phosphorus in the hetero- 
polyacids containing molybdenum was determined calorimetrically as phospho- 
molybdo vanadic acid169 17, while in heteropolyacids containing tungsten it was also 
determined calorimetrically but as the phosphotungsto vanadic acidI’; tungsten and 
molybdenum were determined gravimetrically by means of oxine and after annealing 
to oxide@; thallium was determined as chromate 12 ; the water of crystallization by 
drying at 164” for the phosphomolybdate and at 271~ for the phosphotungstate,lO 

The results of the analyses are summarized in Tables I and II. 
The results of the analyses of the salts prepared show that the composition of the 
synthesized compounds differs from the theoretical only negligibly and that the 

TABLE I 
RESULTS OP THE ANALYSES OF AMMONIUM SALTS OF PHOSPHDMOLYI3DIC AND PHOSPHOTUNGSTtC 

ACIDS 

Ion exchanger % NI-f, % p % MO % w % I$,0 

Found Tkeor. Found Thor. Found Theor. Found Theor Found Thor. 

(NH&PMo 2.GG 2.80 I.59 I.GI 59.2 59.0 2,7 2.7 

(NH4),HPMo I.59 I .85 1.5G I.59 58.2 59.0 404 4.4 
(NH,),PW I.45 1.28 0.99 0.99 72.0 70#5 6.2 6.2 

(NH,,) ,I-IPW 1.13 1.17 1.00 1.01 71.0 72.1 5,1 5.1 

TABLE II 

RESULTS OF THE ANALYSES OF THALLOUS SALTS OP PHOSPHOMOLYBDIC r\ND PHOSPHOTUNGSTIC 

ACIDS 

% Tl % p y. MO % Iv % w,o 

Found Theor. Found Tlteov. Found Xheov. Fouml Xheov. Found Tlbeor. 

Tl,PMo 24.1 24.4 1.27 1.23 47.9 45.6 3.2 3,~ 
T1,HPMo 1G.7 17~0 1.31 I .2g 48.5 47.8 7.2 7.2 
Tl,PW 16.5 17.2 0.87 0.87 G2.3 62.1 2.0 2.0 
Tl,Hl?W 12.4 12.0 0.89 0.90 63.4 G5.0 3.7 3.7 

J. Clcromalog., 27 (1967) 460-473 



4.62 J. KRTIL, M. CHAVKO 

deviations are within the limits of experimental error. EIence, the following salts were 
prepared : 

(NJu3px* normal salts 
TI,PX ’ 

(NH,J,HPX acid salts 
T1,HPX 

The sorption of 137Cs and *oRb was studied with the above-mentioned thallous 
and ammonium salts under static conditions. The experiments were arranged so that 
the weighed amounts of the sorbent (0.10 g) were shaken with 6.00 ml solution of 
ammonium nitrate, thallous nitrate, or a mixture of ammonium nitrate and nitric 
acid, which contained carrier-free amounts of 137Cs and *ORb (IO-10-1o-ll M). On 
establishing the equilibrium (5 h shaking is sufficient), the contents of the test tubes 
were centrifuged twice at 4000 r.p.m. and samples for activity measurement were 
taken from the centrifugate. The partition of caesium (rubidium) between both 
phases was determined by comparing the activities of the centrifugate and a. standard 
measured under the same geometric conditions. The sorption was evaluated by means 
of the distribution coefficient ICd, which was defined as 

Kd = 
137Cs (aoRb) activity in I g of the sorbcnt 

13’0 (@ORb) activity in I: ml of the solution at equilibrium 

All relationships were studied at room temperature. All chemicals used were of 
A.R. grade. 

RESULTS AND DISCUSSION 

(a) De&mdence of 137Cs sorjbtion on time of shahing 

In order to reach equilibrium, sufficient time of contact of solid and liquid must 
be secured. Therefore, the dependence of Kd(cs), as a function of the time of contact 
with both phases was studied. The results obtained for normal ammonium as well as 
thallous salts of phosphomolybdic acid are summarized in Fig. I. 

With the ammonium salt, the I<d(cs) values practically did not vary with time 
and the equilibrium was established almost immediately, while with the thallous salt, 
constant values of I&J were obtained only after an hour’s shaking. This difference is 
evidently connected with the bond strength between thallium, caesium, ammonium, 
and the heteropolyanion lG. On the basis of the data plotted in Fig. I, 5 hours’ contact 
with both phases was chosen for all experiments. 

(b) Dependence of 137Cs sor$tian on anamonitinz nitrate covtcentration 
The effect of the presence of ammonium ions in the solution on caesium sorption 

was investigated with ammonium as well as thallous salts of both heteropolyacids. 
The NH,NO, concentration range chosen was 0.1-2.0 A4 for all sorbents. The results 
are plotted in Fig. 2. 

From the course of most relationships for log I& = f (log [NH,+]), which are 

* X denotes MO or W. 
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Fig. I. Dcpenclcncc of distribution cocfficicnt I<d for Cs on time of contact with both phases. 
ICd = Distribution coof’ficient (ml/g); T = time of contact with phase (11). I = (NI-I,),PMo; 
[N&NO,] = 1.0 M; 2 = Tl,PMo; [TINO,] = 0.01 Ad; [XNO,] = 0.01 M. 

Fig, 2. Dependence of distribution coeffxient I<a for Cs on ammonium nitrate concentration. I<d = 
Distribution coeincient (ml/g): C = molar concentration of NI-IdNO,. I = (NI-I,),PMo; 2 = 
(NI-I,),I?W: 3 = (NEI,),EIPMo: 4 = Tl,-ElPW; 5 = Tl,Hl’Mo; 6 = (NI-I,)$-IPW; 7 = Tl,l?W: 8 = 
Tl,PMo; [I-INO,] = 0.01 M. 

linear, one may expect that the exchange of Cs ions for NH, ions will be controlled 
by the law of mass action. From the value of the slope ( -I ) , one may further suggest 
that one Cs+ ion will replace one NH, + ion, and vice versa. From this it follows that 
caesium is bonded to the sorbents studied by an ion-exchange mechanism. 

The caesium-ammonium exchange may be, in our case, expressed 
equation : 

N&+(e) + C~+(L) + cS+(s) + NI-I~+(L) 

In equilibrium, we obtain 

[Cs+ls [NJ&+] L 
&s/NI_14 = ------ 

[~S+]L [N=i+]s 

by the 

(r) 

(2) 

If Cs is a microcomponent, [NHW+]l A [NN,‘-]~nlt and [NH,+]9 = const. After 
modification, we obtain 

. . I . . . . ., . . . ,. ,. ,. , ,. 

log JCti = 106 (I~cs/NH~ * Q) - log [NJ%+] L (3) 

where [Cs+] s/[Cs+]~ = Kd, [NW,+]s A Q is the total capacity of the sorbent, which 
corresponds to the maximum number of exchangeable ammonium ions of the sorbent. 

When comparing relation (3) and the relationship shown in Fig. 2, agreement is 
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apparent and therefore the hypothesis of Cs ion exchange on ammonium and thallous 
salts of heteropolyacids is well-founded. For the calculation of the selectivity coef- 
ficient values, the maximum capacity of the sorbent, Q, must be known. The capacity 
was, de&3mine.d_ un&z &lkir, ~,rlndikinns_ G-E (N.Er&JYV 25 w~JI_ -m for_ (N.H&EMfi. 
The results are shown in Table III. 

TABLE III 

DETERMINATION OIr MAXIMUM SORPTION CAPACITY FOR CAESIUM ON (NEI,),PIMo AND (NH,) ,l?W 
0.1 g (NI-IJ,l?Mo (52 pmoles) ancl 0.1 6 (NH,),PW (33 pmolcs) were shaken in 600 ml 0.3 M 
NaNO, and 0.01 M HNO,. 

CCsN~,ll”lt % s Meph. cs /g g atoms Cslmole P 

(M) (NH4),PMo (NH,),PCV (NH,,),PMo (NH‘,),PIY (NN,,),PMo (NII,),PW 

5.0 x IO-3 g8.8 
1.0 x 10-2 80.5 

2.0 x 10-a 49.5 

3.0 x 10-Z 39.5 
4.0 x 10-R - 

5.0 x 10-a 28.9 

7.0 x 10-0 33.3 
9.0 x 10-a 19.0 

97.4 0.2g 

Go.3 0.4s 
3.5.2 0.59 
264 0.71 
25.0 - 

21.9 0.87 
- 0.98 
12.5 1.02 

0.29 0.57 0.88 

0.3G 0.92 I.09 
0043 1.14 1.31 

0.48 1.40 I.56 
o.Go - I.82 
O.Grj I.G7 2.06 
- 1.88 - 
0,GS r.gG 2.12 

From Table III it follows that the maximum capacity of (NH,),PMo equals 
I .o mequiv. Cs per I g of sorbent, and that of (NH,) ,PW equals 0.66 mequiv. Cs per I g 

sorbent, which corresponds, in both cases, to the formation of a dicaesium ammonium 
salt of the type Cs,NH.PMo(W). This statement is in agreement with that published 
by HEALY~“. The Q values for Cs exchange on thallous salts of HPA were taken from 
ref. 15 where the formation of Tl,CsPW is described. 

The selectivity coeflicient values, calculated from relation (2) under the above- 
mentioned presupposition are summarked in Table IV. 

TABLE IV 

SELECTIVITY COEPPICIENT VALUES I<Cs/NI-Q FOR EXCHANGE IN AMMONIUM AND TWALLOUS SALTS OF 

PI~OSPNOMOLYI3DIC AND PHOSPI-IOTUNGSTIC ACIDS AT A HNO, CONCENTRATION OF 0.01 nf 

(NI-I&J’Mo 2.8 x 102 

(NH,),PW 2.9 x 102 
(NH,),HPMo I.5 x 102 
(NH,),HPW 8.7 x 101 
T1 &IPMo 3.1 x 102 
TI,HPW 2.8 x 102 

The results show first that, in the presence of ammonium ions, caesium is sorbed 
equally well on the normal ammonium and acid thallous salts of both HPA. Further, 
one can see that caesium has a lower affinity to the acid than to the normal ammonium 
salts. In this respect, our results agree with those published by HEALY~~. The reason 
for this difference in caesium sorption on acid and normal ammonium salts of HPA 

J. Clwomalog., 27 (1967) 460-473 
a 



ION-EXCEIANGE FROFERTIES OF SALTS OF HETEROPOLYACIDS. VII. 465 

may be sought in the different nature of the caesium bond. In the normal ammonium 
salts, caesium can be exchanged only for ammonium ion of the sorbent. In the case 
of acid ammonium salts, we can assume that the caesium can be exchanged for the 
ammonium ion or for the acid hydrogen ion of the sorbent. In order to elucidate the 
mechanism of caesium sorption on acid ammonium salts, the sorption of ls7Cs was 
investigated as a function of the concentration of hydrogen ions at constant concen- 
tration of ammonium (sodium) ions (Pig. 3). 

Fig. 3. Dcpcndence of distribution cocfficicnt K(J for Cs on nitric acid concentration. J<d = Distribu- 
tfinNy;gciyt (ml/g) ; [HNO,] = molar concentration of GINO,. Sorbcnt: (NI-Id),Ml?Mo. I = 0.3 

‘ 3; = 0.5 n/r NM,NO,. 

From the course of the relationship: log I<& = f(log [HNO,]) it follows that the 
sorption of 137Cs on (NH,) ,HPMo does not depend on the acidity up to [HN03] < I iW 

(see curve 2). The effect of HNO, appears only at higher acidities when log l& 
decreases linearly with a slope of -I. This means that caesium is exchanged by acid 
hydrogen only at higher acidities and that I Cs+ is exchanged again for I EL+, and vice 
versa, Curve I, where the experiments were performed in the presence of Na-ions 
instead of NH,-ions, has the sa.me character. 

In our former case (Fig. 2)) the acidity of the solutions, from which caesium was 
sorbed, was 0.01 n/z, and therefore 137Cs was exchanged for ammonium ion of the 
sorbent. The results show that the I<& as well as the I<cs/N~r~ values are lower for acid 
ammonium salts, and from this we can conclude that ammonium ions in the am- 
monium salts of HPA are bonded by different strengths and that caesium is apparently 
very easily exchanged for the first, but less easily for the second ammonium ion. 
These conclusions are drawn for the exchange of microamounts of 1%~ and they are 
not necessarily valid for macroconcentrations, or for the formation of salts precipitated 
from their components. The above mentioned conclusions are supported also by some 
solubility data published in the literaturel”, 
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The J<dll~ 1% 15 and 1<cs/~n412 values presented in the literature wizen compared 
,with our results differed very much. This is obviously caused by different methods of 
sorbent preparation, and compositio+. 

With thallous salts of WPA, a difference exists between the sorption properties 
of acid and normal salts when sorbing caesium in the presence of ammonium salts 
because acid thallous salts sorb caesium far more. The explanation of this difference 
can be sought in an exceptionally strong bond between thallium and heteropoly- 
anionl”. With the normal salts, thallium occupies all of the three hydrogen atoms of 
the EIPA and therefore the substitution of thallium of the sorbent by caesium does 
not proceed readily and only to a far smaller extent. The I’d values consequently are 
low. Higher sorption of caesium on Tl,HPW and Tl,HPMo can be explained provided 
that caesium is bonded to the sorbent instead of the”acid hydrogen. However, at 
higher ammonium ion concentrations in the solution, the formation of the dithallous 
ammonium salt can be supposed, by which caesium is sorbed by exchange for am- 
monium. The hypothesis of caesium exchange for the ammonium of the sorbent is 
more acceptable, it corresponds to the experimental results and the exchange of 
caesium for thallium. With acid thallous salts of HPA, the exchange of caesium for 
ammonium is controlled by the mass-action law and the l<cS/Nn4 values are com- 
parable with the K C8/Na4 values for ammoniu!n salts of HPA. 

(c) De$endence of aORb sor$tioe ON anmoniacm nitrate concent~atiom and tlie s$mration. 
factor for Cs and Rb 

The dependence of 8fiRb sorption on ammonium nitrate concentration is shown 
in Fig. 4 for ammonium and thallous salts of HPA. 

log c 
Fig. 4. Dependence of distribution cocfficicnt ICd for Rb on ammonium nitrate concentration. 
Kd = Distribution coefficient (ml/g) ; C 
2 = (NH,),PW; 3 

= molar concentration of NH,NO,. I = (NEId),I?Mo; 

Tl,l?W; 8 
= (NH,),HPMo; 4 = (NH,),HPW; 5 = TI,HPMo; G = TI,I-IPW; 7 = 

= TI,PMo; [HNO,] = O,OI M. 
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The curves for log I<& = f(log [NIX,+]) have the same character as those for the 
sorption of caesium, and rubidium may be therefore assumed to be sorbed by the same 
mechanism as caesium. The relations derived for caesium can be used for rubidium 
and, provided that finally the dirubidium ammonium salt is formed when sorbing an 
excess of rubidium, the selectivity coefficient values can be calculated for the exchange 
of rubidium with ammonium. The results are presented in Table V. 

TARLE v 

SELECTIVITY COEPFICIENT VALUES ~<R?,/NH,, FOR EXCHANGE IN AMMONIUM AND TWALLOUS SALTS OF 

PNOS.PWOMOLYBDIC AND PHOSPI-IOTUNGSTIC ACIDS AT A I-INO, CONCENTRATION OF 0.01 m 

(NKd,PMo 12.2 

(NI-I,) &FA’ 13.7 
(NH,),HPMo 5.1 

(NH,),HPW 6.0 
Tl$+Il?Mo 9.3 
Tl,HPW 10.0 

%~ALY~~ suggests that, for acid salts, I<&(Rb) > &(on), our results show that 
acid as well as normal salts of heteropolyacids sorb heavy alkali metals in the order 
Cs > Rb. The Kd values published in the literature for phosphomolybdate differ from 
those measured in this work by more than the Kd values for phosphotungstste~~ so* 16. 

The same conclusions as those for the sorption of caesium are valid for the sorp- 
tion of rubidium on thallous salts of EIPA, though caesium is sorbed more than 
rubidium on thallous salts of heteropolyacids. 

The differences between the sorption of 137Cs and that of RCRb show that there is 
a possibility of using these sorbents for the separation of these elements. The values 
of the separation factors (clefined as a ratio of I<d(cs)/&(Rb), or &e/NH4/KRb/Nn4) 
in ammonium salts medium are presented in Table VI for both ammonium and thallous 
salts of HPA. 

TABLE VJ. 

SEPARATION FACTOR VALUES C1cs/Rt, FOR SORPTION ON TWALLOUS AND AMMONIUM SALTS OP WETERO- 

POLYACIDS WI3EN USING AMMONIUM SALTS AT A HNO, CONCENTRATION OF 0.01 M 

Sovbenl CICE/Rb 

(NH,),PMo 23.4 
(NH,),l?W 21.3 
(NH,) ,HPMo 18.2 

(NH,) ,Hl?W 14.5 
Tl,HPMo 33.3 
Tl,HPW 28.0 

Table VI shows that there is less possibility of separating rubidium from caesium 
on acid ammonium salts of heteropolyacids than on normal salts. The separation 
factor data presented in literature are, on the whole, in agreement~:B,s0~2r with our 
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values. The values of the separation factors, C@s/Rb, measured for acid thallous salts 
of heteropolyacids are higher than those for ammonium salts, which means that the 
separation of rubidium from caesium would proceed better and more completely with 
the acid thallous salts. 

In an ideal case, the separation factor acs/Rb should represent the exchange 
constant l<cs/Rb, which would mean the exchange of 1s7Cs for rubidium ions of the 
sorbent should be accomplished in the presence of macroconcentrations of Rb in the 
solution. In our experiments, we sorbed microamounts of 137Cs op ammonium salts of 
HPA in the presence of macroamounts of rubidium and thus ::we introduced, to a 
certain extent, an error due to the change in the sorbent composition. The results of 
the experiment made with two ammonium salts of HPA are summarked in Fig. 5, 

w------I 
-2.0 - 1.0 

log [Rb*J ’ 

Fig. 5. Dopendencc of distribution coefficient .ICa for caesium on rubidium nitrate concentration, 
IC(J = Distribution coefficient (ml/g) ; [Rb+J = molar concentration of RbNO,. I = (WI-I,),l?lUo; 
z 5 (NI-I,),PW; [E-INO,] = 0.01 M. In the plot, equilibrium Rb concentrations are shown, 
supposing that Rb,NH,PMo(W) salt is formed, 

The course of the relation: log I<d(cs) = f(log [Rb+l) is linear for both sorbents studied, 
the slope of the straight line being --I. If we calculate the I<cs,nb values, with the 
presupposition presented in part (a), viz. that the dicaesium rubidium salt will be 
formed when sorbing an excess of caesium (see Table VII, column (a)), we obtain the 
k?ce/Rb values that are approximately half the CQ,b/cs values. This disagreement may 
be explained obviously by a change in the sorbent composition caused by the action 
of rubidium ions. In the limiting case, the Rb,NH,PX salt can be formed, by \\hich 

TABLE VII 

COMPARISON OF SELECTIVITY COEFFICIENT VALUES J<Cs/Rb WITH SEPARATION FACTORS tXCe/Rb AT A 

WNO, CONCENTRATION OF 0.01 II/I 

Ion cxchangev .I~Cs/Rb (a) ICCsfRb (b) aCeIRb 

(NI-I,),PMo 13.4 
(NI-I,j,PW 

26.7 
II.7 23.4 

23.4 
21.3 
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caesium is sorbed. Caesium can be exchanged either for ammonium of the sorbent or 
for both ammonium and rubidium. of the sorbent. The exchange of caesium for am- 
monium seems to be the most- acceptable for interpretation of the results. In the 
presence of an excess of Cs, the formation of dirubidium caesium salt may be presumed 
and, in this case, the l<oslab values agree with the CXRb/cs values. (Table VII, column 
(b).) 

(a) Soq!Aio?% of r3’ICs and daRb on ammonizcm and thallotis salts of ketero$oiyacids in the 
$Yesmwe of thallozcs ions 

The curves of & for 137Cs and8”Rb sorption on ammonium and thallous salts of 
HPA in the presence of thallous ions are plotted in Figs. 6 and 7. 

3.0 - 
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2.0 - 

I.0 - 
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G? 
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l,O 

0 

CS 

Rbs 

I I I I I 

-3.0 -2.0 - 1.c 
log [Tly 

Fig. G. Dependence of distribution cocficient Kd for Cs and Rb on thallous nitrate concentration. 
K& = Distribution coefficient (ml/g) ; [Tl+]inll = molar concentration of Tl in initial solution. 
I = (NH&l?Mo ; z = (NH,),PW; 3 = (NH,),I-IPMo; 4 = (NH,),HPW; [HNO,] = 0.01 M. 

Fig. 7. Dcpenclcncc of clistribution coefficient Kd for Cs and, Rb on Tl ion concentration in solution. 
Ir’a = Distribution coefiicicnt (ml/g); [Tl+] = molar concentration of TINO,. I a Tl,HPW; z = 
Tl,PW; 3 = Tl,HPMo; 4 = T13PMo; [I-ENO,] 
assuming that TI,PW(Mo) salt is formed. 

= 0.01 M. i Equilibrium concentrations of Tl, 
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Thallous ions greatly affect the sorption of caesium and rubidium on ammonium 
and thallous salts of HPA. Considerable depression of caesium and rubidium sorption 
is caused by the high affinity of thallium to the sorbentls. The course of the relation: 
log & = f(log [T1+Jinrt) is somewhat unusual, which is true also for the slope, the 
value of which is -3*, This is obviously caused by the fact that the condition of 
[Tl”]inic =L [Tl+] equlllbrlum is valid neither for ammonium nor thallous salts of HPA 
and a change in the sorbent composition may occur. The exchange of 137Cs may be 
regarded as a result of two reactions on thallous ions. They are, on the one hand, the 
exchange of Tl-+ for NH, + of the sorbent and the competitive exchange of Tl+ for Cs+ 
on the other. As it is difficult to find to what extent the sorbent composition has 
changed, we cannot describe the sorption of Tl on NH., salts of HPA quantitatively. 

The situation when sorbing Cs and Rb on thallous salts of WPA is somewhat 
clearer. The dependence of log Kd(ca,nb) = f(log [Tl+]) gives a straight line with a 
slope of --I for normal thallous salts of HPA, while for acid salts, log Kd decreases at 
the beginning with a slope of -2, and only later with a slope of --L. This course of 
the sorption dependence is obviously connected with the change in the sorbent 
composition and, consequently, with a change in the concentration of free thallium 
in the solution. If one assumes that an excess of thallium causes the formation of the 
normal salt of the EIPA from the acid thallous salt, we also obtain a linear course for 
the sorption dependence for acid thallous salts of HPA, which is coincident with the 
dependence for normal thallous salt. This means that acid thallous salts of HPA are 
not stable in the presence of thallous ions and give normal salts. The values of the 
selectivity coefficients of the exchange of Cs+ and Rb+ ions for Tl+ are presented in 
Table VIII together with the separation factors acs/Rb supposing the formation of, 
at most, dithallous caesium (rubidium) salt. 

TABLE VIII 

VALUES OIr SELECTIVITY COIWFICIBNTS Ir“Q/Xl, I<Rb/Xl, AND SEPARATION FACTORS acsjnb FOR 

EXCHANGE IN THALLOUS SALTS OF HPA 

[HNO,] = 0.01 M. 

T1,HPW I.43 0.12 II.9 

TI,PW I.43 0.12 II.9 

Tl ,I-Il?Mo 0.13 0.02 712 
Tl,PMo 0.13 - - 

The selectivity coefficient values for Cs are very low and they indicate, on the one hand, 
the great affinity of thallium to the sorbent and, on the other, allow us to use Tl salts 
for the desorption of sorbed caesium (rubidium). The separation factors obtained are 
considerably lower than those obtained with ammonium salts, and therefore Tl salts 
do not seem to be useful for a more complete separation of rubidium and caesium, 
even when the trivalency of Tl will certainly play a role in this separation. 

* While experimenting with the Tl+-ions, we did not expect them to change to Tls+ ions, 
according to the literature data availabl@. 
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(e’ SoYJ!Jtion of 13Ts and OaRb from alcoholic-aqzteows msdiwn and tkair seifiaratio?z,factors 
The sorption of 137Cs (aoRb> from an alcoholic-aqueous medium was studied 

with the (NH,),I?Mo and (NH,),HPMo pair of sorbents. Methyl alcohol and ethyl 
alcohol were chosen. The dependence of rs7Cs (saRb) sorption on the percentage of 
alcohol in the aqueous phase is plotted in Fig. 8. 

The Ka values for 137Cs as well as for sfiRb increase with increasing alcohol 
concentration. A number of factors obviously play their role under these conditions, 
as for example, the decrease in solubility of the sorbent and the salts formed, etc., and 
one of them is also the increased dissociation of NH** ions to their components in 
alcoholic medium : NH4+ + NH, + H-‘-z3. In the presence of alcohol, the same situation 
occurs as in water, viz. that the sorption of 13’Cs (aaRb) on acid ammonium salts of 
HPA is lower than that on normal salts. The dependence of la’Cs (aORb) sorption on the 
concentration of ammonium ions in 50 O/0 alcoholic medium is shown in Fig. g. 
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Fig. 8. Dependence of distribution coefficient Ka for Cs and Rb on alcohol content in solution. 
JCd = Distribution coeflicient (ml/g) ; y. A = volume percentage of riicthanol (ethanol) in solution. 
I = (NI-I&PMo, CHsOH; 2 = (NHJ,PMo, C,HI,OH; 3 = (NH,),HPMo, CH,CH; 4 = (NH,),- 
HPMo, C,H,OH;[NI-I,NO,] = 0.1 M. [HNO,] = 0.01 M. 

Fig:. g. Dependence of distribution coefficient K,J for Cs and Rb on ammonium nitrate concen- 
tration in 50 o/o alcohol. ICa = Distribution coefficient (ml/g) ; C = molar concentration of NH,NO,. 
I = (NH,),PMo, CI-IsOH; 2 = (NH&PMo, C&,01-I; 3 = (NH,)sHPMo, CH,OH; 4 = (NH,),- 
I-IPMo, C,H,OH; [HNO,] = 0.01 M. 

The results show that log &~(cs,nb) = f(log [NH,+]) is linear with a slope of 
--I and the .Kb values are higher throughout the whole concentration range studied 
when compared with those obtained in an aqueous medium. As the courses of the 
relation plotted in Fig. g are coincident, all the conclusions drawn for the sorption 
of 137Cs (aoRb) in aqueous medium in the presence of NH,+ may be applied to these 
r&LtiOnS and the ValUeS Of the. SekCtiVity COeffiCientS I<CB/N~~,+ (I<Rb/NH*) and the 
separation factors o@&&/Rb may be calculated, The results are summarized in Table IX. 
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TABLE IX 

VALUES OF SELECTIVITY 
EXCHANGE IN AMMONIUM 

COEFPICII3NTS IfCs/NI_lq, Ifn,,/NI-I,, AND SEPARATION FACTORS aCs/R,b FOR 
SALTS OF PI1OSPWOMOLYBDIC ACID IN ALCOI-IOLIC-AQUEOUSMISDIUM 

Cl-INO,] = 0.01 M. 

(NI-I,,),PMo 6.2 x 102 5.5 x 102 34.8 30.8 18.0 17.9 
(NI-I,),HPMo 4.8 x 102 3.5 x 102 23.1 19.7 20.8 18.0 

The selectivity coefficient values I<cs/Nn~ (j<Rb/NHq) measured in alcoholic- 
aqueous medium are considerably higher (2-3 times) than those measured in water. 
Therefore, the efficiency of the separation of trace amounts of caesium as well as 
rubidium seems to be increased by the presence of alcohol. Nevertheless, the separa- 
tion factor values are lower than those obtained in water. Hence, the alcoholic- 
aqueous medium appears to affect only the magnitude of r3’Cs (“ORb) sorption, which 
increases in this medium, while the separation of the two elements (Cs, Rb) is not 
positively affected by alcoholic-aqueous medium. 

The sorption of 137Cs and 8”Rb on acid and normal ammonium and thallous 
phosphomolybdate and phosphotungstate was studied under static conditions. The 
values of the distribution and selectivity coefficients, which characterize the sorption 
of ls7Cs and saRb on the above-mentioned sorbents under different conditions (the 
presence of ammonium and thallous salts, organo-aqueous medium), were determined 
together with the values of the separation factors for both elements, and an inter- 
pretation of the mechanism of sorption of caesium and rubidium on the sorbents 
studied was suggested. 
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