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ION EXCHANGE EXPERIMENTS WITH POLONIUM

Edward R. Tompkins
Radiation Laboratory

May 11,1951

ABSTRACT

The.state of polonium in aqueous solutions was investigated by meané
of ion exchange equilibrium studies.. The distribution of thé polénium
between the solid and liquid phases was deiermined for solutions of
various compositions using both a cation and an anion exchanger. These
studies show that in the absence of # complexing agent polonium is
hydrolyzed to such a degree that iﬁ forms monovalent cations and anions
whose charge was not investigated in.this'study, On the basis,of these_
results aﬁd.prévioﬁs work it appears that these ions may be PoO(dH)*
and Po0 -2j . The addition of a complexing anion such as chloride decreases
both the cationic and anionic form of polonium up to a chloride concen-
tration of about 0,01 M. At higher chloride concentrations the cation
concentration continues to decrease while the percentage of polonium in
the anionic state increases. In the absence of a complexing anion; no
effect of hydrogen ion on the étaée of hydrolysis of the polonium could
be noted. In the presence.ofvchloridé the_hydrogen.ion concentration
is very important in determining the fractions'of.polanium in the cationic;,

neutral and anionic states.

- . _ _
This work was performed under the auspices of the U. S. AEC.
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TON EXCHANGE EXPERIMENTS WITH POLONIUM
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Electrodeposition studies have shown that polonium can exist in aqueous
solutions either as a cation or an anion, the relative amount in each state
%arying with cohditions. Also,iiﬁ is probable that it is presént as neutral
particles; particularly in the presence of complexing agents, éince it can
be extracted into non-polar liquids. This series of ion exchangé equili~
brium experiments was performed to Study these states of polenium in
aqueous solutions,

“Becausgﬂog ;he_tendency gf pglohium to ?orm‘co—ordination bpnds9_ith,, »
doeé'not exist in aquéoué'solutions as simple polonium ions° Itvforﬁs
complexes with anions such as.ﬁitrate, chloride; sulfate, ete¢. and in
their absence or in dilute solutions; is hydrolyzed. Depending upon the
degree of hydrolysis, one may postulate for Po(IV) such particles as:
Po(0H)’3, Po(0H),"2, Po0"%, PoO(0H)", Po(0H), PoO(CH),,, Po0,, Po0,(OH)
PéOBQ , etc. and for Po(II), Po(OH)*, Po(OH)2, PoO, PoO(OH) , P002“2, ete,
By determining the equilibrium distribution of polonium between a.cation ‘
exchanger and perchlorate solutions of various concentfaﬁions,.it should
be possible to obtain some informaﬁion about the cations. A similar study

vemploying an anion exchanger should give'infofmation about polonium in the
anionic stgte, If the hydrogen ion concentration is waried,; information
goncerning the hydrolysis may be obtained.

Technically, there are certain inherent difficulties in performing

experiments of this kind. Because of the large tendency of the polonium

to exchange from perchlorate solutions; a large percentage of it may
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collect on the walls of the vessels; even in the absence of»anyvexohangérn
Special polystyrene vials with polyethylene caps were obtained for these.
oXperiments but the exchange ﬁith them was still large and variable. Pre-
sumably, this was due‘to a mold release compound used in their manufactoreo
By waéhing them with alcohol or hexane; their eichange capacityvoouid bev
reduced to a small and rélatively constant value. » |

In the cation exchange oxperiments'with hydrogen form Dowex-50, the
equilibrium favored the exchanger to such an extent that a very small
quantity of resin had to be used if the polonium was to be distributed
evenly between the two phases. The_qﬁantity of resin needeo decreases as
| the concentrationvof the com@eting ion is reduced. Exchange resins.are
not very homogeneous and so it is necessafy_to-use enough particles to o
v_get a representative samblingo Therefore; the study coold not be extended
to 1ow.perchiorate concentrations., Ammonium perohloratép the most solublo
salt of perchloric acid,; can have a maximum concentration of about 137.E
at room temperature. This is about the minimum concentration which ean
be studied acourately, using a cétion.exchanger. |

In view of the above considerétions, most of the catibn:exchange
experiments were carried out in 2 to 8 M perchloric acid.  An aliquot
of the equilibrium solution was evaporated in a platinum dish and counted,
the amount of polonium_oo the resin being calculated by subtraeting}the
amount in solution‘from the quantity added in setting up the experimento
Because of the uncertainty regafding thevaotivity coefficients of ions in
the resin phase; concentrations rather than activities were used in cal-

-eulating the values of the exchange constant for the reactions

.y +n N - +
PoOx(OH)y + pHR =" PoO, (OH).R + nH
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where PoOX(OH)y+n is the predominant polonium cation and ﬁR is the hydrogen
form of the resin. An approximate value for the exchange constant mayvbe‘
Qalculated by assuming that the activitiés of the components of the binary
solid gsolution are equal to their mole fractions. In cases where one com-

ponent is present in trace concentrations:

o+ C +
(H) R, (H)"

PoO (CH) R
X __Jyn. —< OF = °
R (Poog0i) ) O ()

K = -

in which CR and Cq are the counts per minute of polonium in the resin and
solution phases; respecffive]:y°

| By'inaependently varying the quanﬁity of resin employed’and the
hydrogen ion concentration of the solution, an approximate value for n
“may be obtaihed; In Table 1 are given the rééults of varying (A) the -
"quantity of resin; and‘(B) the concentration of perchloric acid and the
quantity of resin. The relative constancy of Kd in the first case and
K in the second indicate that n is one. Thus, it appears that polonium
exists as monovalent cations in 4 to 8 M perchloric acid solutions.

Electrodeposition experiments indicate ﬁhat polonium isvreduced by

hydrogen peroﬁide to the lower valence state. The results‘shown inA
Table 1B indicate that the exchange constant for the reduced state is
about one-third of that for the oxidized state. However, in both casés
* the cations appear to be monovalent.

Several series of experiments were performed using anion exchange

resins and pérchloric acid to determine the effect of the acid concentra-
tion on the distribution. In all cases the results were erratic but the-
+ distribution coefficient was only about 0.0l of that observed with the

cation exchanger, indicating that polonium is largely cationie in peféhlorie
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Table 1

UCRL-129A

- A. Effect of the Quantity of Exchanger on Kq in 3.7 M HCth (3 ml)‘

3*

Dowex-~50 Counts per Minute K 4

Resin (mg) Solution  Resin -
2.7 7380 6960 1.05 x 10°
Loy 4920 9420  1.31 x 10°
6.2 1140 10200 1.19 x 10°
8.4 2970 11370 1.37 x 10°
9.9 2160 12180  1.71 x 10°

B. Effect of the Concentration of HGlOA and of the Presence of 8202

on the Exchange Constant

Dowex-50 HC10, (3 ml) Counts per Minute
Resin (mg)” 4 Selution Resin :

b LM 3800 3120 1.9 x 10°
5,0 5M 2510 3960 4.0 x 10°
6.1 6N 3630 3320 2.3 x 10°

6.6 7M 2780 3720 3.6 x 10°
8.6 8 M 1990 2560 3.0 x 107
5.0 LM+ OLNHD, 5990 2680 0.9 x 10°
5.6 5M+0.1M H,0, 4980 290 1.0 x 105
5.6 6 M+ 0.1 M H,0, 5220 1740 0.9 x 10°
7.5 TM+OLMHD, 4250 3100 1.7 x 10°
9.9 §M+0.1MHO 2060 5930 0.6 x 10°
5.5 5M+ 0,05 MHQD, 3970 23590 1.4 %105
5.5 5M+ 0.2 MHO, 6090 220 0.9 x 10°

*Ky = (CRES) (ml solution/g resin).
. *%Equivalent weight of Dowex-50, H-form, air dried is 254 g. =
#tCalculated for first power dependence of (H') concentration.
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acid solutions. When hydrogen peroxide is added, less than 1% of the
bolonium is found in the resin phase when SO.mg cf Dowex—2 isbequilibraped
withkz.ml of 4 M perchloric acid containing the polonium. These results
are consistent qualitatively with electrodeposition studies which show
‘that about 10% of the polonium is deposited on the anode and about 90%

on the cathode from perchloric acid solution while over 99% is deposited

cathodically when hydrogen>peroxide is added.

CHLORIDE COMPLEXES OF POLONIUM
The effect of the chloride concentration on the distribution of
polenium between the résin and solution phases was studied with both a
‘cation and an ani§n exchanééf° A preliminary expériment in whicﬁ the
quantiﬁy of resin wés variedbshoﬁed that this did not affect the values '

of Kd as may be seen in Table 2.

Table 2

The Effect of Varying the Quantity of Exchanger on the Kd of Polonium
in 6 M Perchloric Acid in the Presence of Chloride

Dowex~50 HCl Conc. Kd

Resin (mg) M ,
ldO 0.01 26.9
200 0.01 26.8
300 0.01 25.2
400 0.01L 24.2
500 | 0.01 27.8
300 0.03 4.7
400 ' 0403 . »&03
500 0.03 L.5
600 0.03 4.0

700 0,03 A
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.In one series; 4 M perchloric acid was used as-the bulk electrolyte, the
chloride concentration being varied from ].O_I+ to 0.1 M. The résults of
these studies are plotted in Fig. 1. It will be noted that the polonium
is largely cationic in perchloric acid. As the concentration of hydro-
nhlorie acid is increased, the percentage in the cationic form decreases
more and more rapidlya Up to a concentration of about 0.01 M chloride,
there is little change in the percentage of the anionic form although
there is an indication that it also.decreases slightly in this region.
This indicates that a neutraliy charged complex is most stable under these
conditions; being formed from both the cationic and anionic polonium,

As thé'chloride concentration is increased further; the distribution co-
éffiqient of polonium on anion exchange resin increases. AIn the chloride
concentration range nf ébout.OOOOS to 0.1 M, this increase seems to have
a first power dependence nn the chloride concentration. At higher chloride
concentrations the slope appearé to increase; as mny be seen from the
data in Table 3. The results of the two series of experiments shown in
Fig. 1 and Table 3, respectively, cannot be compared dirently° In the
first series a constant concentration of perchloric acid.was used and

the concentration of hydrochloric acid was low enough until both the

. ionic strength and hydrogen ion concentration were nearly constant.
“Therefore, the change in Kd'in this series is due largely to the change
in chloride concentration. In the second series; the ionic stréngth and
hydrogen ion concentration were keptvconstant at 1 M acid by varying

the ratio of perchlnric-to hydrochloric acid in the solution. Subsequent

measurement of the exchange constant for the reaction:

RC10, *+ C17 &= RC1 + C10,~
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gave a value of about 0.02 for:

~\
RCL . (0104 /
Rgl% (c1™)

If the values of Kd are corrected on the baéis of the perchloréte concen-
tration in the varioué vials, assuming a first powerbdependence upon the
perchloric acid concentration, the dependence of Kd upon chloridevéoncen—
" tration in the range of 0.03 to 0.7 M is about (1c1)1-7 as against (HCl)l°8
for the uncorrected curve. Correction oﬂ the basis of a second power
dependence of the perchloric acid concentration gives a curve whose mini-
" mum slope is greater than one. Thus it appears that chloride ion is
forming both moﬁovalent and divalént anions with the.polonium in this
rénge of hydroéhioric acid coﬁcéntrationa: -
THE EFFECT OF HYDROGEN ION CONCENTRATION ON K4
IN THE PRESENCE OF CHLORIDE °

A series of experiments were performed to de£ermine the effect of
varying the_perchloric acid conqentration at constant chloride concen-
ﬁratidn on the distribution eoefficieht of polonium fof Both a cation
and an anion exchanger. On the basis of previous experiments a chloridé
concentration of 0.0l M was chosen and the peréhloric acid concentration
was vafied from 1.0 to 8.0 M. The results of these experimenté are
shown in Fig. 2, It will be thed that the cations in solutibn appear
to decrease rapidly as the acid ccncentration is increased. At pefchloric
acid concentrations above 3 M there appears to be é fourth power dependence
on the hydrogen ion conéentratidno A miniﬁum in the anion exchange curve
occurs in the range of 2 to 4 M perchloric acid. At higher concentrations

of perchloric acid the curve rises sharply'with a slope of'appfoximately 5.
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Table 3
The Effect of Chloride Concentration on the Kd“s of RaD, E and F
A. When the Following Solutions are Equilibrated with Dowex-2 Anion Exchanger

Concentration ‘ K - Separation Factors
HC1 HC10,, RaD R% “HaF K dRaE/KdRaD K;RaF/KjRaE
(Pb) (Bi) (Po) ‘

0.00  1.00 0.2 4.1 8.6 20,5 2.1
0.01  0.99 0.5 10.7 2.9 19.8 | 2.7
0.03  0.97 0.3 1.8 5.8 7.2 3.2
0.1 0.9 0.6 3.3 57' 5.5 - 17.3
0.3 0.7 0.8 11.1 - 360 13.2 32.4
1.0 o.o_‘ 2.1 1,080 8,500 507 7.9

" B. When the following solutions are equilibrafed with Dowex;SO Cation Exchanger

0.00  1.00 740 3,860 3,200 52 . 0.8
0.0L 0.99 650 1,700 1,500 2.6 0.9
0.03 0.97 580 510 214 0.9 04
0.1 0.9 380 36 10 0.1 S 03
0.3 0.7 134 3 - 0.02 -

1.0 00 17 1 7.5 0.07 6.3

One is not justified in drawing any definite conclusions from this
series of experiments withdut considefing the efféct of the perchlorig
aéid concentration on the activitieé of the other ions. However; as in
Fig. 1, these curves do indicate that a neutrally charged complex is
forming iﬁ the lower acid concentration range. Above!a perchloric acid
concentration of 4 M, the rate of decrease of cations appears to remain

constant but the anion concentration seems to be ianeasing rapidly.
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These data indicate that up to about 4 M perchloric acid a neutral complex
isipgipg formed but that above this concentration the amount of anion

increases rapidly with perchloric acid concentration.

_ -W:DISCUSSION

On the baéis of these experiments it is evident that both Po(IV) aﬁd
Po(II) are highly hydrolyzed in aqueous solutions. They both form mono-
valent cati&ns in perchloric acid solutions but dnly the higher valence
state appears to form anions. As the chloride concentration is increased
in the presence of -4 M peréhloric acid, the oxide and hydroxide groups |
seem to be replaced by the chloride to form at fi:st anoth;r cation then
a neutrally charged particle and finally one or more anions. Although
”therégree'of:hydrol&sis does not seem to change‘with“ﬁenéthridVaéid-7”': B
concentration in the absence of a complexing agent,; the éhange is very
rapid in 0.0l M hydrochloric acid. The oxygen and hydroxide groups seem
to be successively replaced %y chloride to form first a neutrally charged
particle and fihally; in highef perchloric acid COncentrations, anions.

The following reactions have been postulated to explain these observations:

o

+ +
Po(vIV) + 2 HQO —— PoO(OH) + 3H

2

: - +
Po(IV) + 3 H,0 === Po0, = + 6H

3

+ +
‘ . [N
Po(II) + H0 Po(OH) +H
+ -5 ' +
PoO(OH) + C1 === PoOCl

+
PoOCl + Cl ;:::f‘PoOCl2

PoOCL, + cL —= PoOC1,
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Pooc113"’ + 01— Pooc21;2
- - + .
Po0C1, 24 201" + oH == Pocl, 2, B 0

,+ ]
PoOC1, + C1 +H <_.__.——"“ Po(0H)C1,

Po(0H)CL, + C1” P H = PoCl, + H,0

PoCl, + CL —— PoCl,

PoCl_ + C17 == PoCl,”?

5 - 6

-‘\ . _2 P + ,
: PoO3 + 201 + L[H ;::::f‘PoOCl.2 + 2H2O

.‘The fraétion'of the total polonium that is present in any one of these
"forﬁélwill_depend upon tﬁe éonditions; In exchange equilibfium expériments
one can determine onlj‘theﬁeffect of changing eonditiéns on the qpaﬁtity
of polonium adsorbed on either the cation or anion exchanger. If the
log-log ploﬁ of Kd vs. concentration were a straight line over the entire
concentratién range studied for both exchangers; it would be possible to
_calculate the concentrations of cations, anions and neutral particles,
respectively, at any concentrabion of competing ions. When the relation-
ships are more complicated it is possible to draw qualitative conelu§ions
only. Therefore; while the results of this study leave much to be desired
in. interpreting the chemistry of polonium, it is possible to derive a
limited amount of interesting results. Continuatioﬁ of the study using
nitric or acetic acid so that hydrogen peroxide'eould'be employed in
connecfion_with a compiex forming anion should yield additional daté

- regarding the two valence states of polonium. Further studies with anion
exchange résin in the alkaliné range in the'preéence of oﬁidizing and reducing

agents should lead to further conclusions in regard to the anions of polonium.
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