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The published information on the eonstan.ts of hydroi~~~--. 
lind stability of fluoride complexes of lanthanides b 4-y.t~e . . 
soa'(~e• lor example, for europium one h•$ determineo.'~n,l~ ~~- '' 
fi~st hycbolylis constant p~ • 8. 5111 and two f1®rocol!+1•• · . 
stilbiUtJ constants l'~J1• 3!\9, laa2K• 6.48 (~ • o.s)'P~:~d,,· 
llf!ttt"' 3.08 c .... 1.0) \ o I ;''. ,,: I, .' 

In·tul inve•tttations we followed the expert.*Dtally ~~~ 
ideas that additional information Oft these processes can ',._.,, 
obtaintld by Hans of a new version of the el.chomianti~~ -~, 
tho4 developed in our Laboratory ~dier' 11 ' *'. lts spe(!ifiq' · ' 
fe•ture ll •lectrophoresis in electrolyte solutions free of 
finely divi4ed hydrodynamic stebiliters., vhic:h is very 8Ul 
for th8 study of the behaviour of caniet .. ftee radion\le.ltdes.· 

8XPERIHlltr.lL 
' ' '.,' ,.· i"'.·t 

the t' •• ,. racUonuclide (T 1 I 2 ea .s years) waa obtain.-d f~o·· 1 '' 

1111Sm irradiated with neutrons in. a nuclear :reactor.* ~, 
. aet was' k'tt~t Utltreated for about half a yeat till the ccmr.ilet!J 

• . dtcay of tUBu (T112 .. 15 days). Samarium oxide was 
citric ac14, tn4 europium was extraeted from the sol 
t:he 'sodiUII •1aam. The ~Ul&am was dest;royed by the hydrocblt 
ric acid aolution. and europiwn wa!ll precipitated w:lthf41t(Olf) 
Iron wa1 ••,atated from europiua on an anion-excha~&e •ol~ 
filled with a"i.onite Domex Jx8. The electromigrati~ ~a.i!&Ur9.'-' 
unts wen c;anied out :ln $olutions of constant ionis,~enath · 
~ • 0.1 at 25°C~ · · 

ftiSU~Ts·AMD DlSCUSSlON 
I 

The behavtout of the can:ler-free 155Eu(Ill) JaObilit)' in 
the interval 1 ' pll $ 13 allows the conclusion that ... ydt1tl:yd8 •·· 
of t .. ebtloent beaina •t pH > 8 and ends at pH 9-9. S 1dth . for• '' 
uti~n of I"(OH), (rta.n. . · · 

4
, ~~\')~ .,_ RuOitP le~ of U.... ~~t.n ~ of lcitMM 

·~ ...... .,....,. ................... ,a,a.,lttl 
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Fig.l. Mobility of carrier-free 15 5 Eu(III) in perchlorate· 'solutions 
of background electrolytes,~= 0.1, 25°C. The curve is calculated by 
equation (2): ~ 3h= 3·10- 26 mo1 3 ·1- 3 , u 0 = 5.3 •10· 4 cm2 v- 1 s- 1• 

pH 

Investigation of europium electromigration in highly alkali
ne solutions (pH ~ 13) did not reveal transformation of hydro
xides into complex hydroxyanions. The sharp decrease in the mo
bility in a narrow interval of pH indicates that neutral mole
culae dominate in the equilibrium mixture of europium hydroly
sis products: 

~3h 
Eu 2

• + 3H 2 0 ~ Eu(OH) 3 + 3H• (1) 

so the migration equation can be written down as 

Uo 
uEu(III) = (2) 

1 + ~3h IW ,. 3 

The curve in Fig.1 is calculated by equation (2) at U0 = 
= 5.3·10- 4 cm 2V- 1 s· 1 and p~ 3 = 25.5. The above information on 
~lh 1 11 and our estimation o~ ~ 3h allow a conclusion that the 
stepwise constants of europium hydrolysis have close values 
of the same order: Ki= n•10- 9 mol·l- 1 • 
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Fig.2. Dependence of the 155 Eu(III) mobility in neutral (pH 6-7) 
perchlorate solutions of background electrolytes on the concentration 
of fluoride ions. ~ = 0.1, 25°C. The curve is calculated by equation 
(4): ~lK = 4-10 4 mol•l" 1

, ~ZK = 1.45•10 7 mol2 •1 ··2
, ~ K = 

= 2.5 • 109 mol3 ·1· 3 , u 
1
= 4.6•10 - 4 cm2 v- 1 s·I, u 2=5.0•10-~cm 2 v·~- 1 

Dependence of the 155Eu(III) mobility on the concentration of 
F- in neutral solutions of electrolytes (pH 6-7) is shown in 
Fig.2. The experimental results allow one to calculate cons
tants of the following equilibrium reactions: 

K1 

Eu 3+ + F- ~ EuF 2 + K1 =; ~1K 

K2 
EuF 2 + + F- ~ EuF+ K K 2 = ~ 2K 

- 2 1 

K3 
EuF 1 + + F- ~ EuF 

2 - 3 
K1K2Ka = ~3K 

solving the electromigration equation (4) using the MINUIT 
programme 1 61

: 

uEu(III) = 
uo + ul ~lK jF·j + U2~K jF·j

2 

1 + ~lK I F- I + ~ 2K I F - I 2 + ~K I F- I 3 

4 

(3a) 

(3b) 

(3c) 

(4) 

~ ,{ 
I 
,,. 

I 
) 
/, I 
r/ 
\ ., 

', 
'i 

~I 
'I ., 

1 ,, 
11 
'( 
I' 
) 

\, 

u,.·10. 
[cm1/(V·~ I] 

~ 

-1 

I 

I 

8 9 10 11 12 n 

Fig.3. Mobility of 155 Eu(III) as a function of pH at the constant 
concentration 1•10- 2 mol•l ··1 ofF-, ~ = 0.1, 25°C. The curve is 
calculated by the electromigration equation with the values of the 
europium cation mobility and the complex formation and hydrolysis 
constants obtained in this paper. 

pH 

Our values 
appear to 
methods 

of the constants lg~ 1K= 4.6(2) and lg~K= 7.16(4) 
be close to the values obtained by other 

and under other conditions 12
'

31
• The third cons-

tant lg~3K = 9.40(7) has been determined for the first 
time. 

It was also interesting for us to study the influence of 
the competition between the processes of fluoride complex for
mation and hydrolysis on the europium mobility. So we carried 
out several experiments with 155Eu(III) in solutions of back
ground electrolytes with a constant concentrations of the fluo
ride (10" 2 mol·l- 1 ) in the pH interval from 6.5 to 13. With 
these concentrations of the ligand, following the calculations 
by the electromigration equation that takes into account both 
complex formation and hydrolysis, one could expect a sharp dec
rease in the europium mobility at lower concentrations of hyd
rogen ions (pH ~ 10) than in pure fluoride-free solutions. 

As is seen from Fig.3, the experimental and calculated data 
are in good agreement with each other, which can additionally 
prove the correctness of all values determined by us. 
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\:·~~·A:, HoaropoAO*' A.41., Xan!<Mii I.A. . 1;12-91·28 
'~~~11¥1eCK~ MCCR8AONHMA I'IJX>"8CC08 

· f~nHJI 14 tlfSpa3o-..HA ciJTOJ>HAHbiX KOMOJJ8KC08 

,; !'$•'·""~-•. · · · · ~ ... ~ ttOCMTeJIA 

.;~OM afttt<Tpoctlopeaa ._ BOAHitiX pactlllopax Na(H)CI..04 (~ == 0,1, 26°C) 
~O.,.nMCb Opol.&8CCttl rMAponMal M 06pa30&aHMA $Top!IIAHitiX KOMnneKCOI 
15 ~ ,e\fUH) C)e3 HOCHTenft. Ha OCH088H14M 3KC08pMMeH18J'IbHbiX AttfHIOIX J)tCC'iMTI· 

Hilt .... ""MHbl KOHCT!tHTiol rMApoltl438 pfjSr = 26,5 (5) H KOHCfiHT YOTO~'II480CTIII 
·· · · . · .3-n · 

1K9""M~~ 1'11!na EuF n : 19/jlK = 4,6(2) ,lgJ32K.= 7,16 (4), 1QI,JSK"" •• 40(7). 
M~J'ftAOMMO 11111MAHMe t<OHKVPIH"I'IM npoueoooa o6pa3088HI4A ~ClploiAKbllll 
KOMfU1ti<OOB Ill fMApoltM38 HI ncwnnKHOCTb eaponHA. 

,f*ta lllttnoiiHeHa a fla6oparopMM,ftAtpHbiX npo6neM O~Af,1. 

Cooitij-~etUeoro mtC111TyTa JlllepHtoJX t~Cc:nMo..,..tlit .lly6Ha 19t't 

II'• 

Sdtu"'*rm Q,, N~vgo.rodov A.F,., Khalkin V.A. 
El~,t9PI\(\tetic tnvtftigftions of Hydrolysl~ 
and ~~tioo ot Fluoride Complexes of .Carrier-Free 
U$M:i,'< 

• ·'"'" I 

E12"1·28 

'f .. ~Ocle$$8S of hydrolysis and formttion of fluoride oomplexe.s of carrier· 
frect .. •:U,tvllll) have been investigated by elecrtromigratlon in aqueous Mllutions 
of .. ,.,tf.l0104 (" = 0.1, 26°C). The brutto hydrolysis constant pl33h = 28.&(f;), 
~~,.~~ attpwiM stability oonstanls Qf th• EuF:·n complexes lglt K = 4.8(21 • 
,_,~:tf/1.~ t.~EU41, JGIJaK= 9.40(7) havt been calculated on the b•ls of the f)lperl· 
nMnj~ -•t•. The lnfluern:e of the oompetl~lon betwten ttut processes of fluori· 

•, '··\·, ' 
oomp-~ f~matlon and hydrolysis on the europium mobilitY has been lnvtstl~:: 

. ltd. ·' '. 

·, 

.l'f:lt .lnvatigatlon has been performtd lit the Laboratory of Nuclear Probltm~. . 
. . j, 
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