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Abstract

The nature of species formed in the extraction of Ln(lll) (where Ln(lll)=La, Gd, Lu) with 5,7-dibromo-8-hydroxyquinoline
(5,7(Br)HOx) in CHCI, from water phase and La(lll) with 5,7-dichloro-8-hydroxyquinoline (5,7(CI)HOx) in CHCI, from water and
water—methanol phases was examined. It was stated that during the extraction from water phase the six-coordinated chelates were
extracted. In the presence of methanol in the water phase eight-coordinated mixed ligand adducts were observed. The parameters of the
extraction process and separation factors of La—Gd, Gd—Lu and La—Lu pairs were calculated. [0 2000 Published by Elsevier Science

S.A. All rights reserved.
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1. Introduction

The nature of species formed in the extraction of Y(lI1),
Gd(111) [1], Tb(l1), Dy(I11), Ho(lll), Er(1l1), Tm(lll),
Yb(I11) [2] and Lu(lll) [3] with 5,7-dichloro-8-hydroxy-
quinoline (5,7(CI)HOx) and Y(lIl), La(lll), lanth-
anides(I11) from Pr to Lu (except Pm) [4] with 8-hydroxy-
quinoline (HOx) was described previously. The literature
data concerning extraction of rare earth elements with
5,7-dibromo-8-hydroxyquinoline (5,7(Br)HOx) are scarce
and contradictory. It was stated that Nd(l11) [5], Pr(lIl),
Eu(lll) and Yb(Ill) [6-8] can be extracted as simple
chelates and self adducts containing one molecule of
5,7(Br)HOx. Now, the nature of species extracted into
organic phase and the equilibrium extraction constants in
the systems Ln(l11)-H,0-5,7(Br)HOx-CHCI, (Ln(l11)=La,
Gd, Lu); La(lll)-H,0-5,7(Cl)HOX-CHCl, and La(lll)-
H,0-MeOH-5,7(CI)HOx-CHCl, (MeOH=CH,OH) were
determined. Moreover, the separation factors (S) of investi-
gated pairs of rare earth elements were calculated.

2. Experimental
The solution of Ln(ClO,), was obtained by dissolving

the appropriate 99.9% pure: La,0,, Lu,O, (Fluka) and
Gd,O, (Koch & Ligh Lab.) in small quantity of hot 3 mol

*Corresponding author.

|~ perchloric acid and diluting with water. 5,7-Dibromo-
8-hydroxyquinoline and 5,7-dichloro-8-hydroxyquinoline
(99.9% Aldrich Chemical) solutions in chloroform were
used. The remaining reagents, experimenta procedure and
apparatus were described earlier [1].

The values of Ln(Il) distribution coefficient (D) were
determined by varying one of the parameters. pH or pH*
(pH*=—log [H"] in the water—methanol solution), con-
centration of extractant (HL=5,7(Br)HOx or 5,7(CI)HOx)
or methanol. Experiments were carried out at C_,=2.50-
107" mol 1%, C, €(0.15-2.40)-10"> mol |~ for
5,7(BHOx; C_,=50 wg ml~*, C,, €(0.15-3.00)-10 *
mol | 7%, Cy,eon€(5-50)% (v/v) for 5,7(CI)HOx; u=0.1
mol 1~ (NaClO,), temp. 21+1°C.

3. Results and discussion

The overall reactions for the extraction of Ln(lll) with
HL from water and water—methanol phase are as follows:

Kex
Ln(H,0);" + (3+ MHL y=LnL,-nHL ) +yH,0 +
3H" 1)

K,
Ln(H,0)%" + (3+ NHL ) + tMeOH ;, =LnL, - nHL -
tMeOH,, + mH,0 + 3H " (2

(@-organic phase
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Fig. 1. Systems Ln(l11)-H,0-5,7(Br)HOx in CHCI,. Dependencies: (g) log D-3pH=f(log [HL ,]) a pH~pH,s, C,. €(0.15-2.40)-10"% mol 17%; (b)
log D—3 log [HL ] =f(pH) at C, =2.40-10"% mol |~ (R? the correlation coefficient).
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Fig. 2. Extraction of La(lll) with 5,7(CI)HOx in CHCI . Dependencies: () log D —3pH(or pH*) =f(log [HL ,]) a pH(pH*)~pH, s(pH* ¢ 5), C €(0.15—
3.00)-107% mol 17%; (b) log D —(3+n)log [HL ] =f(pH)(or pH*) at C,,, =3.00-10 % mol I, curves: 1, from water phase; 2, from water —-50% (v/v)
methanol phase; () log D —3pH* — (3+n)log [HL ] =f(log [MeOH,]) a pH* ~pH* o, Cyye =3.00-10 2 mol 172, Ceps € (5-50)% (v/V).



236 D. Czakis-Sulikowska et al. / Journal of Alloys and Compounds 300—-301 (2000) 234—-237

The stoichiometric coefficients in Egs. (1) and (2) were
determined from plots of log D—3pH or (pH*)=f(log
[HL)]), log D—(3+n)log [HL ,]=f(pH) or (pH*) and
log D—3pH* —(3+n)log [HL]=f(log [MeOH]) for
the extraction from water and the water—methanol phase,
respectively (Figs 1 and 2). The extracted data were
analyzed using the linear regression computer program
Excel 7.0 [3]. From the suitable equations of the above-
mentioned dependencies it was stated that during the
extraction of La(lll), Gd(I11) and Lu(lll) with 5,7(Br)HOx
and La(lll) with 5,7(CI)HOx from water phase only six-
coordinated species of the type LnL, (Table 1) are
extracted:

KEX
Ln(H,0);" + 3HL =LNL 4 +yH,0+ 3H" 3

Analogous type of species LnL, in the extraction of
Gd(11) and Lu(lll) with 5,7(CI)HOx from water phase
were described [1,3]. However, in the extraction of Gd(l11)
with HOx from water phase the chelates Gd(Ox), and
seven-coordinated adducts Gd(Ox),-HOx were formed.
The extraction behaviour of La(lll) and Lu(lll) with HOx
was quite distinct. In this case the existence of the third
phase was observed [4].

In the extraction of La(lll) with 5,7(CI)HOx from
water—methanol phase the formation of eight-coordinated
mixed ligand adducts (Tablel) takes place:

K&
La(H,0);" +4HL , + MeOH j=Lal ;- HL - MeOH, +
mH,0+3H" (4)

Previoudly, it was stated that during the extraction of
Gd(I11) and Lu(lll) with 5,7(Cl)HOx from water—metha
nol phase adducts of the type LnL,-2MeOH were ex-
tracted [1,3]. We reported [4], that Gd(I11) in the extraction
with HOx from water—methanol phase got extracted as
mixed ligand adducts Gd(Ox),-2MeOH, while La(lll) was
extracted as seven-coordinated adducts La(Ox),-HOX.
Lu(lll) was not extracted in this system.

The average values of the equilibrium extraction con-
stants were calculated as previously [3] with data presented
in Figs. 1 and 2. As can be seen from the extraction
parameters given in Table 1, 5,7-dihalogeno derivatives of
8-hydroxyquinoline show better extraction properties in
respect to La(lll), Gd(Il1) and Lu(lll) than 8-hydroxy-
quinoline.

The addition of methanol to the water phase causes an
increase of the extraction constants and decrease of pH, 5
(Table 1). The observed synergistic effect may be con-
nected with the increase of coordination number for
species extracted with 5,7(Cl)HOx, as well as, with HOx
[1,4].

The separation factors (S) of La—Gd, Gd—Lu and La—Lu
pairs were caculated (at pH=5.5) from efficiency of

Table 1
Extraction parameters and the species extracted into organic phase with 8-hydroxyquinoline or its 5,7-dihalogeno derivatives, ©=0.1 mol |7*, temp.
21+1°C
La(lll) Gd(I11) Lu(l11)
System Ln(111)-H,0-5, 7(Br )JHOx-CHCI
Species Lal, GdL, LuL,
pHos 6.15 5.18 4.76
—log K, 13.57 10.67 9.37
System Ln(111)-H,0-5,7(Cl)HOx-CHCI
Species Lal, GdL, [1] LuL, [3]
pH, ;" 5.90 4.94 5.96
—log K, 13.28 10.24 12.78
System Ln(111)-H,O-HOx-CHCl,
Species not extracted Gd(Ox), (Gd(Ox),-HOx) [4] Not extracted
PHo 5" 5.78
—log K, 13.32, (11.99)
System Ln(111)-H,0-MeOH-5,7(Cl JHOx-CHCI ,
Species Lal,-HL-MeOH GdL ,-2MeOH [1] LuL ,-2MeOH [3]
pH*,.° 5.45 434 5.32
—log K%, 10.28 8.67 11.56
System Ln(111)-H,0-MeOH-HOx-CHCI
Species La(Ox),-HOx [4] Gd(Ox),-2MeOH [4] Not extracted
pH* ° 6.18 5.20
—log K%, 13.14 12.02

2C,. =240-10"% mol I,
°C,, =3.00-10 > mol | %
°Ci0,=5.00-10"2 mol I°%,



D. Czakis-Sulikowska et al. / Journal of Alloys and Compounds 300—-301 (2000) 234—-237 237

100

901 —

801 —

70—

60 |

S 50—
40|
30
204

10

0

5,7(Br)HOx (H,0)
/ ’ 7 5,7(C|)HOX (H,0)

L/ / 5,7(CHHOX (1,0-me0H)

La-Gd Gd-Lu

—

La-Lu

Fig. 3. The separation factors (S) of La—Gd, Gd—Lu and La—Lu pairs during the extraction with 5,7(ClI)HOx or 5,7(Br)HOx from water phase and with

5,7(CI)HOx from water—50% (v/v) methanol phase.

Ln(I11) extraction [9] and presented in Fig. 3. The highest
vaue of S for La-Lu pair in the extraction with
5,7(Br)HOx from water phase was obtained (S ,_, ,=100).
The addition of methanol in the extraction with
5,7(Cl)HOx causes the increase of the separation factors of
investigated pairs (for an example S;,_, , changes from 49
to 80).

References

[1] D. Czakis-Sulikowska, N. Pustelnik, A. Malinowska, B. Kuznik,
Chem. Anal. (Warsaw) 42 (1997) 23.

[2] D. Czakis-Sulikowska, A. Malinowska, N. Pustelnik, B. Kuznik,
Acta Phys. Pol. A 90 (1996) 427.

[3] D. Czakis-Sulikowska, B. Kuznik, A. Malinowska, N. Pustelnik,
Chem. Anal. (Warsaw) 44 (1999) 925.

[4] D. Czakis-Sulikowska, B. Kuznik, A. Mainowska, U. Kijanowicz,
Chem. Anal. 38 (1993) 53, and references therein.

[5] V.M. Pieszkova, M.l. Gromova, T.Il. Romanceva, Zh. Ana. Khim.
23 (1968) 197.

[6] H. Freiser, Solvent Extr. lon Exch. 6 (1988) 1093.

[7] K. Fujinaga, H. Hojjatie, H. Freiser, Anal. Sci. 4 (1988) 139.

[8] O. Tochiyama, H. Freiser, Anal. Chem. 53 (1981) 874.

[9] D. Czakis-Sulikowska, B. Kuznik, A. Malinowska, N. Pustelnik,
Chem. Anal. 36 (1991) 319.



