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Introduction 

HYdrolysis of BieIII) cations bas been investi~ated many times. 
It was shown that polymeric compounds like . Bi6(OH)1~ OI' 

Bi9(OH)~27-X)+ are produced if the concentration of :the'·,·element 
~,~. 

in solutions exceeds 2.10-4 M /1-4/. If a solution contains a trace 
amowÍt of bismuth," hydrolysis yields monoméric products Bi (OH)~!n 
wbere n = 1,2,3,4 /5-11/. The~r hydrolysig'co~stants are give~ in 
Table 1. I' 

Table-l.	 Lit~rature dat~ of monomeric Bi(III) hydrolysis 
constants in electr9lyte solutions 

T(K) f(M), electrolyte pK1 pK2 ' pK3 p(b 3 p[3 4' nef. 

298.1	 0.2 NaCl04 
j 1.9 /5/ 

298.1	 3.0 NaCl0 1.58 /6/4 
HNO) 2.0 ).)7	 /7/ 

298.1	 '0.1 NaCl04 1.43 10.04 23.10 /8/' 

li
 298.1 1.0 NaCl0 1.55 2.82	 /9/
l 

f	 
4 

295.1	 0.1 KNO) 1.55 ".97 2.42 5.94 /10/
O.) " 1.50 1.95 2.48 5.93 /10/" 
0.5	 1.41 1.85 2.32 5.58 /10/" " 

" 1.0	 1.34 1.76 2.19 5.29 /10/" 
288.1	 1.0 NaCl0 2.82 /11/4 

" " " 3.20	 /11/
(D2O) 

We have stud~ed the equilibrium Bi 3+ ~ Bi(OH)~-n by means of 
a method which WQS pever'used tor this purpose batore. This is a 
horizontal electrophoresis of corrier-free Di(III) i9ns in aqueous

\	 electrolyte solutions with difterent pH. The experimental e;uipment 
and technique are conaidered in detail in the papers /12-14 • 

I . 
Experimental 

205t I 

Carrier-free samples ot Bi (t1/ 2 = 15.3 days, K-capture. ~r~· 206	 ' ,6
and BiCt1/ 2 = 6.24 .daya , K-capture. 'O') rodionuclides we~e usedj 
for the investigation. Radiobismutb was sYIlthesized' ip. reactiona of 

~b~CAhrtiuH~~ ~HC~ 

inl~B~ Btc3e~OE~~ 

6PASJlftiOTEHA 



the(p, X n ) type a t exposure of a lead targe t 4 e;. em-2 thic'k to 
protons with the initial energy 65 MeY in the ~xternal beam of the 
Lsochronous eyelotron U-24-o {INR of the Aeademy of Seiences of the 

Uk:rainian SSR, Kiev). 
The tecbnique of_~adiobismuth separation, purification and 

cnncentration was beseu on its ~o-pr.ecipitation with ferr~c hydro
xide and further ã.on-exchsnge in the o o'Lumn wi th anioni te Dowex 

1x8 /15/. The radionuclide purity Vias cheéked by gammn~spectra. Spe
cifio volume activity of the initiol 285, 206Bi stock-solution was 

about 10 GB1·ml-1 in 0.1 .M HNOJ. 

Fig. 1. Schemntic view of the 
electromigration ~ell. 1 - electro
migration tube of glass; 2 - pipes 
to put a temperature sensor, voltage
measuring electrodes and working 
80lut~on into the tube; J - thermo
static casing; 4 - e Lectz-ode- -cham

bers; 5 - unions to supply water 
for cooling the electrode chambersi 
6 - platinum electrodes. 

Migration mobilities of bismuth ions were mensureu at T=298.10 !) 

(10)K in the following solutions: Na(H)Cl04, 1-'= {).25 M, 0.75" pH' 
3.25; Na(OH)Cl04, f1 = 0.25 M, 12.6 fIb pU t:, 1J.); 0.4 M and 0.5 M 
NoOH. The pH value of acid Bolution wos measured by meons of a Blasa 
electrod~with the eTror ± 0.05. The instrument operotion waS checked 
by standard buffer solutions produced by YEB Feinchemie Sebnitz, GDR. 
Each measurement was carried out with a fresh electrolyte mode of 
bidistilled water and chemically pure agents. The solutions were 
poured into an eIectrornigration cell (see Fig. 1). There the seIected 
temperature of the solution was achieved thermosiatically. Then 1-2 
fI of the initial bismuth solution were odded to the contents of
 
the electromigration tube. Contin~ous high voltage was applied to
 
the eleetrodes; it produced a field with the linear gradient of
 
10.0 V.cm- 1 in the tube. The moving zone of radiobismuth was narrow 
for al1. pH andhad à distinct marlmum. The electromigI'ation tube was 
continuously scanned by a scintillotion detector with the NoI(Tl) 
crystal. This allowed a repeated determination of the maximu~ posi
tion and registration of the time of measurement during the experi
mente The value of pH in the cell waS the same during the experiment, 
the temperatura oond1tions were maintained automatica1ly with a apoci
al electric block /49/. 

2 

Definitions and Symbols 

'~Electromigrution" or "ion mobility" (ui) meana here motion or 
iona in a cQnstant electric field with the voltage gradient of

·V.om-t. ' 
The motion "overall ion mobility" (ü) ia reIated to the mobility 

of a zone where the radioelement may be in several eq~librium forma. 
The aymbol u~ is for mobility of a specific ion at the given 

parameters or the electrolyte: overall ionic strengtb, temperatura, 
chemicul,composition. If there is equilibrium between several ion 
forms of an element in the solution under those conditions, the quan
tity u~ shows the individual ion mobility of an ion i at a parti 
cular mole f~action ~i= 1. 

2s-1 1• terma 4"migration;' The unit' for ti and uf ia 10-4 cm y- The 
,of an ion" or "migration mobility" are applied to a motion of an ion 
i (vi) or to a motion of an equilibrium system (v) under the given 
expez-í.merrta'l, condi td ona, The migration mobility ia the initial expe
riment~l quantity measured during electrophoreaia. Its unit ia 

-1cm·s • 
The ion mobility ui is proportional to equivalent conductivity 

Ãf'= pouf where the proportion factor F is FaradoY's 
allowa to compare the obtained values of u~ with ?\f 
ned by this or that method and published elsewhere. 

To denote anion ond cation mobility, we used the 
(+), reapectively. 

,
 

Realllts .and Discussions 

The results of experimental 
determination of radiobismuth ion 
mobility in acid and alkaline solu
tions are shown in Figa. 2 and 3, 
respective1y. 

The pH dependence of the over
alI ion mobility indicutea a shift 
to the right of the equilibrium 
reactions described by equation 
(1) when concentration of hYdrogen 
ions in the solution reducea: 

. f3 
Bi 3++ nH20 á Bi (OH)3-;-n + rur+ (1 ) 

n nl} 
where n=1,2,J,4, and Fn=hJ l<n 

1 
are the, stoichiometric equilibrium 
constants. 
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UBitIII)as a function of pH in 
acid ~olutione of Na(H)Cl04; 
jU=0.25 M, T ~ 298.1 K. 
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data, we make the 
following assumptions: 

Firstly, the value of U ia not affected by formation of Bi(III) 
- 2-/ complexe~with CI04 and CO) HCO) aniona due to relatively amall 

concentration of perchlorate ions·(0.25 M) and a low leveI of carbo
nate ion impurity in the fresh prepared solutions. 

Secondly, a change in the value of U only indicates formation 
of monomeric hydrolysis products of bismuth sinca in our case the 
concentration or the element in the active zona vuxe ~ 1o-12M, and 
it is known from other publications /8/, that polymeric products Df 
Bi(III)hydrolysia are not obaerved at concentrations ~ 10-5 M. 

Finally, presence of Na+ and CI04: ions in the solutions.affects 
neither ion mob11ity, nor chem1cal properties of Bi(III) iona. 

The dependence u = f([H+]) for the equilibrium system 
Bi)+~ Bi(OH)2+~ Bi(OH); ~ Bi(OR)) cnn be described in general 
by a sum of particular mole frnctions (~i) mult1plied by their indi

I-

Fig. ). Overall ion 

mobility UBi(III)as 
a function of pH in 
solutionsNaCl04!NaOH;
jJ = 0.25 !lI, T = 

298.1 K• 

The experimental 
results in Fig. ) 
eviden~ly confirm 
existence of an anio
nic hydroxide complex 
of Bi(III)in alkaline 
solutions. Thus, the 
same method yields 

-. information on·the 
" -,	 region Of existence 

and ion mobility of 
four Bi(III) hydro-

J lysis compounds. 

Tidual	 ion mobilities 
n 

ü L: 
n=O 

where n ~ 0,1,2,). 

(eq. (2): 

DcBi ( OH) 3- n 
n 

o 
• uBi (OH)J-n , (2 ) 

4 

• o 
Taking into account eq.(1) and the fect that uBi(OR)' = O, e q, (2) 
can be	 transformed ir~to eq. (3).: 

o l [T+J3 o [ +J2 KuBi3+ • li + uBi(OH)2t- • H 
U I 

[H+]) + (H+]2K1 +[H+] K1K2 

Eq. ()) can be used for calculations of 

3 

o ['+]1 + uBi(OH)+ • II K1K22 
(J) 

+ K1K2K)
 

its six unknown values 

individual hydrolysis constants (~) and individual ion mobilities 
(U~i(OH)3-n) of the Bi(III) cation - by the least sq~ares method 

usi~g minimizaticn program MINUIT /16/ at a CDC-650Q computer. The 
resulta of thcse calculationa a~e given in Table 2A. 

The calculated curve (Fig. 2) is in good correlation witQ the 
experimental data. Tbe values of '~ obtained in mathematical pro
ceasing of our experimental resulta áre close to or coincide (in 
the arder of magnitude) with the publiahed data on Bi(III)hydrolysis 
constants (Table 1). Our calculationa allowed ua to ·obtain unique 
information on the ion mobilities of Bi(III)cation in aqueous aolu
tions. The higher individual ion mobility of Bi(OH)~ as compared 
with Bi 3+ and BiOH2+ ia of particular' intereat. This is an unex
pected reault as far as the universally accepted ideas /17-25/ of 
correlation between ion mobility valuea, their prop~rtiea and pro
perties of media where they migrate are concerned. According to 
Stoke$' law, individual ion mobilities of the Bi 3+ cation' and it; 
hydrolysis products (ui) should depend on their charges (zi) and 

radii (ri) in the following way: 

u~ = const ·zi/ri	 (4 ) 

If we admit that radii Of the biamutb hydroxide ions are equal due 
to hydration, the ratio of their individual ion mobilities should 
be aa follows: 

o o' o ):2:1u Bi ) + uBi(OH)2+ : u Bi(OH)2 Q 

But mathematical treatment of the experimental function U = f([H+]) 
using the fixed mobility ratioa leada to a significant difference 
~f.K2 and K values from those published earlier (Table 2B). Thus,J 
the evidently correct values Df individual hydrolyaia constants o~ 

Bi(III)obtained by a free choice of the six constants in Eq. ) allow 
o	 () -4 2 -1 -1an assumption t4nt the quantity uBi(OH)+ = + 5.94 8 ·10 cm 8 V 

Ls..also corl'ect.	 2 

Stric~ly, ~peaking, we cannot exclude th~ faét that tliere is an 
effect owing to which variations of u do not correapond to our 

5 



r 

hydrolyaia model and, conaequently, mathematical treatment of the cation: 

I 

obtained pH-dependence of U leads to·an ineorrect value of the 
mobility of the Bi(III)aingle-charged hydrolysis eat10n.ln general, 
thia elfeei may consiat in a higher abaorption of hydrolyais pro
ducts on flass, whieh ia well-known for multicharged ions of 
metaIs /2 -34/. . 

Table 2. Valuea of hydrolysis constante and individual ion 
mobilitiea of Bi(III) in Na(H)Cl04 electrolytes. 
0.75 ~ pH ~).25; }Jo= 0.25 M; T = 298.1 K. 

Results of mathematical treatment of the experimental 
function li = f([R+]) using the minimization program 
MINUIT /16/. 

'~ 

(5)Bi(OR); -+ BiO+ + ~O 

Tbia cation with low density of surface charge ia weakly hydrated; 
that ia why it may have a relatively higb ind~vidual ion mobility. 

We bave mentioned above that wà inveatigated anion products 
dí hydrolysis in strong a1kaline solutiona (pH ) 12.6). We assume 
that under those conditions equilibrium ia most likely only between 
two hydrolysed for~s of Bi(III}: 

K4 
Bi(OH)3 +·H20 .~ Bi(OH)4 + n+. (6) 

Then Eq.(7) ia valid for calculation of overall ion mobility: 

n 
(Kn 

p~ 

in mol'1- 1) 
General cor
relation 
coefficient 

u~'(OR)3-n 
~ n 

(10-4cm2s-1V- t) 

General cor
relation 
coefficient 

u = 
[H+] + K4 

o 
u Bi(OH)4 • K4 

(1 ) 

A 

o 
1 
2 

3 

1.40(5) 
2.11(10) 
2.84(2) 

0.807 
0.746 
0.279 

+ 5.67(10) 
+ 3.61(9) 
+ 5.94(8) 

O 

0.848 
0.80) 
0.)25 

Mathematical treatment of the experimental data on dependence 
of Ü upon[~]with tbe use of the program MINUIT /16/ yielded tbe 
rollowing valuea of the constants in Eq.(1): u~i(OH)- = -2.25(30) 

10-4 cm2a-1y-1 and K
4 

= 8.5(2)·10-14mol.1-1 (pK4 = 1j.01(16». 

~2 a 0.2335E + 02 

B 

O 
1 
2. 
3 

1.51(}) 
6.38(4) 

-0.008(40) 

0.009 
0.1.41 
0.141 

+ 5.61 
+ ).18 
+ 1.89 

O 

I ~l~I ,~ " 
o~ 0.4 -. 

~ 0.3 ~ 
0.2 ó 

0.1 

<, 

~ a 0.lt18E + O) O 

-0.1 ~'~ o 

A. Free ahoice of parameters in Eq. (). 

B. Fixed values of individual ion mob1lities. 

-0.2 

-0.3 

-0.4 

-, 

~ .......... 
On the other band, bowever, we do not have sufficient in!ormation on 
actual relat10ns between pbysical and cbemical properties of iona 1n 
aqueous solut10ns and values of their 10n mobili~y. It is obvious 
tbat at tbe success1ve deprotonation of the Bi(H20)i+ not only the 
charge and structur~, but also tbe epecific mícroviscos1ty and sur
face cpargedens1ty of 'an ion are changed. We tb1nk 1t ia quite pro

J
l,
, 
I 

-0.5 

-0.6 

-0.7 
_ L 

0·\l:5 13.0 

+ 
~ 

pH13.5 

.......... "'" 
.......... "" 

bebIe that the second stage of.bydrolyais producls a b1smutbyl Fig. 4. ,See expIanat10n in the texto 
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The value of the hydrolysis constant practically coincides with the 
one obtained earlier by the solubility method /8/. The calculated 
curve is in satisfactory correlation with tbe experimental data 
(Fig. 3). Increase in tbe overall ion mobility witb increase in pH 
indicates a rightward shift of reaction (5) equilibrium. However, 
increase in alkal~ concentration did not resulted in higher ü in 
our experiments: in 0.25 MNaOH the overall ion mobility was -1.69(13), 

2s-1V-1,in,0.4 and 0.5 M. alkali it was -1.70(9) and -1.71(15).10-4cm
respeotively. 

A higher anionic nverall ion mobility of bismutb in the equi
librium system was prcbably compensated by the atopping effeot rela
ted to inerease in the overall ionie strength of the solution. If 
Eq.(7) ie transformed into a linear one: 

o 

19 [ 

uBi(OH)4: 
" 

- ü ] = pK4 - pH (8) 

( 

f: 
i l 

l We think that this result proves the assumption that only one anionio 
i · Bi(III) hydroxyle complex ia produced in thealkaline aolutions 

inveatigated. 

Analysis of retioa Df u~(OH)J-n values of ions with n=0,1, 
, 3,4 (Fig. 5) allows a ~onelusion that a simple linear relationship 
tI is valid for them: 
, o 1.98( 18)· (J-n) (9 ) I uBi(OH)3-n 

3 
1 : 
.\ Conclusion 

Measurements of carrier-free radiobismuth electromigration in 
free eleotrolytes followed by mathematical treatment of experimental 
data allowed for the first time to obtain individual ion mobility 
values for Bi(OH)~-n bismutb ions with the charges J+, 2+, 1+ and 
1- and values of individual hydrolysis constants using one and the 
same method. The highest individual ion mobility waS observed for 

the calouléted points will be near a straigbt line that has a slope the single-charged eation, which qllows a conclusion thnt a mono
of -1 and runs throl~h O at minimal X2 at pK ~ 13.03 (Fig. 4). meric cation BiO+ exists under our experimental conditions. 
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Fig. 5. Individual in mobility of monomet~o hydrolysis products Fig. 6. Relative quantitiea of tbe rnonomeric bydrolysis products 

of B1(IIIJ as a functt6n of the ion charge. 
'fi 

13i(0H)~-n (n = 0-4) in solutions with r: 0.25 M and 
T = 298.1 K as a fun~tion of pH. 
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It has become poss~b1e t~ carry out the experiment~ with radio-. 
bismuth because in the e1ectromigration tube the temperature wes 
automatiçal1y regu1ated during tbe experiment an~ ~be initia1 p'H 

of the solution was maintained, which ~as not tbe c~se.in previous 
e1ectromi~ration L~ve8tigetions /'35-48/. Fig. 6 sbows,equl1ibrium .... concentrations of bismuth hydroxyle comp1exes in solutions witb 
;U = 0.25 M at T = 298.1 K 8S a function óf pH; basing on the 

hydrolysis constants obtained. Those concentrations practica11y 
coincide with those pub1ished ear1ier /50/ and differ from them by. 
en insignifi9ant (AyH ~ 0,.3) shift toward the alka1ine region. 

Success in investigatio~ of Bi(III) prop;erties shows that our .	 . 
electromigration set-up can be wide1y emp10yed for studying proces
ses of hydro1ysis and compiex tormat~.on of various elements at their 
ultramicroconcentrations i~ solutions. 

Autbors are pleased to express their gratitude to V.A~Ageev 

for the samp1e of irradiated lead, and ~o D.Schoninsky for ·con
structiona1 modificatibn of the e1ectromigration ce11. 
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MHnaHoB M., H ~P. E12-B6-144 
3neKTpOMHrpa~HR HOHOB PaAHOHYKnHgoB 5e3 HOCHTeneH 
B 3neKTponHTax. fHgponH3 Bi(III) B BOgHbIX paCTBopax 

HccrregoBaH8 ~neKTpOMHrpa~HR HOHOB pagHoBHcMYTa-205, 206 
5e3 HOCHTenR B nOCTORHHOM 3neKTpHQeCKOM none. rrony~eHw gaHHwe 
o 3aBHCHMOCTH nogBHJKHOCTH HOHOB DHCMYTa OT pR npH HOHHOH cnne 
0,25 H TeMnepaType 298,1(I)K. HcxogR H3 3THX gaHHwx, B COOT
BeTCTBHH c paBHOBeCHhIMH I'H,JJ;ponHTHl.leCKHMH npoue ccaxa MOHOMep
HbIX c oen..:lHeHHH BHCMYTa paccxaraau KOHCTaHTbI rHgponH3a H non-: 
BHJKHOCTH HOHOB BHCMYTa D rrepxrtopa'r astx pac'r aop ax , 05Hap-YJKeHa 
OTHOCHTeJlbHO BbICOKaR nogBHJKHOCTb onaos apnzmor-o KaTHOHa 
Bi(OR);. 3TO ll03BonHeT cgenaTb npegnonOJKeHHe o cy~ecTBoBaHHH 
B BOAHWX paCTBopax MOHOMepHoro KaTHOHa DHCMYTHna. 

Paõo'r a nsmornreaa B Jlaõoparopaa HgepllbIx npoõrre» m'InH. 

Ilpenpaar 06'beAHHeHHoro HHCTHTYTa anepnsrx accnenoaaaaâ. Ilyõaa 1986 

Milanov M. et alo	 E12-86-144 
Electromigration of Carrier-Free Radionuclide Ions 
ín Electrolytes. Hydrolysis of Bi(III) in Aqueous Solution 

. . 20'5 ,-20'6
The electroml~ratlon of carrier-free Bi ions ln 

a constant electric field has been investigated. Results 
about dependence of bismuthium ion mobilities on pU have been 
obtained at overall ionic strength 0.25 M and te~perature 

29S.I(I)K. Basing on this results hydrolysis constants and 
individual ion mobi.lities of bismuthium species have been 
cal~ulated according to the hydrolysis processes of monome 
ric bismuthium. A reiative high ion mobility of the monova
lent bismuthium cation Bi(OH)~ has been detected. This may be 
interpreted by ·the exis tence of monomeric bismuthyl cation 
in aqueous solutions. 

The inve~tigation has been performed at the Laboratory 
of Nuclear Prob lems, JINR. 
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