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The solvent extraction of Yb(III) and Ho(III) by 1-(2-pyridylazo)-2-
naphthol (PAN or HL) in carbon tetrachloride from aqueous-methanol phase
has been studied as a function of pH>* and the concentration of PAN or
methanol (MeOH) in the organic phase. When the aqueous phase contains above
~ 25% v/v of methanol the synergistic effect was increased. The equation for the
extraction reaction has been suggested as:

K
In (HzO)f’;(;) +3HLg, +tMeOH,,

LInLy(MeOH),,, + 3H, + mH,0

e

where: Ln*t = Yb, Ho;

t =3 for Cy,omm €(~ 25 —50)7 v/v;
t =0 for Cyopme(~ 5—25)% v/v.

The extraction equilibrium constants (K,,) and the two-phase stability
constants () for the LnL,(MeOH), complexes have been evaluated.
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Bxtraktion von Ionen der Seltenerdemmetalle mit 1-(2-Pyridilazo)-2-naphthol
(PAN). 111: Extraktion von Yb(IIT) und Ho(IIl) aus Wasser—Methanol-
Losungen

Die Extraktion von Yb(ILI) und Ho(IIT) mittels 1-(2-Pyridilazo)-2-napht-
hol (PAN oder HL) in Kohlenstofftetrachlorid aus Wasser—Methanol in
Abhingigkeit vom pH* sowie von der Konzentration von PAN oder Methanol
(MeOH) in der organischen Phase wurde untersucht. Es wurde eine Zunahme
der Extraktionsfahigkeit festgestellt, wenn die wasserige Losung ~ 25% v/
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Methanol enthilt. Die folgenden Gleichungen beschreiben die Extraktionsreak-
tion: K,
Ln(HZO)i;(Lp) +3HL, +tMeOH,,, =

LnLy (MeOH),, + 3HE +mH,0

wobei: Ln** = Yb, Ho;

t=3 fir Cyopm e(~ 25 —50)% v/v;
t=0 fir Cyonim €(~ 5—25)% v/v.

Die Werte der Extraktions-Gleichgewichtskonstante (K,) sowie der zwei-
phasigen Bestindigkeitskonstante (B;) fiir die Komplexe LnL,(MeOH), wur-
den berechnet.

Introduction

The extraction of Yb(1II) by 1-(2-pyridylazo)-2-naphthol (PAN or
HL) from aqueous and aqueous-ethanol solutions has been described in
previous papers'Z.

In the present paper the study of these type of systems is continued
and the results of the investigation of the extraction of Ho(III) from
aqueous phase and Yb(ITT) or Ho(III) from aqueous—methanol solu-
tions with PAN in carbon tetrachloride are given.

Experimental

Procedure and Reagents

The distribution coefficient (D) of Ln(I1I) [Ln(¥TI) = Yb, Ho] was obtained
from extraction and reextraction experiments as:

- [L’ﬂ] (0}
[Ln] ()

(1)

where [Ln],, [Ln],, are the equilibrium concentrations of Ln(IIT) in the
organic and the aqueous—methanol (polar) phase.

. 2The experimental procedure and the calculations were described previous-
lyh2 '
In the course of extracting Ho(III) with PAN solutions in carbon
tetrachloride from aqueous phase a turbidity of this phase and the occurrence of
a suspension at the phase boundary was observed. The extraction efficiency
(% E) of Ho(I1I) was calculated from the following equation?:

o 9y 100
%E = ”q % 2)

where g, is the Ho(II1) content in the orgamc phase in the state of equilibrium
(ng) ané ¢ is the initial Ho(III) content in the aqueous (or polar) phase (ug).
It was observed that the addition of methanol (MeOH) (d = 0.791 g/cm?,
POCh-Gliwice p.a.) to the aqueous phase during extraction with PAN in CCl,
causes an increase of the Yb(III) distribution coefficient (Fig. 1), prevents the
precipitation and increases the efficiency of Ho(Ill) extraction (Fig. 2).
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Fig. 1. Distribution coefficient of Yb(III) as a function of pH* (or pH) of the
polar phase. Curves: I extraction from aqueous phase?!, 2 from water—50% v/v
methanol phase. Cyy;, = 50pg/em? [HL], = 1.00-107>M

A %E

e Py
5.6 6.0 64 6.8 22 76 80 84 88 92 9.6 100

Fig. 2. The efficiency of Ho(III) extraction with PAN in CCl, from: I aqueous
phase, 2 water—507;v/v methanol phase. Cy,;,, = 50pgfem® [HL], =
1.00-1072 M

It was confirmed that Yb(ITX) and Ho(III) do not extract with pure CCL,
from water—methanol phase.

The concentration of Ln(III) in the aqueous or aqueous—methanol phase
(Cluin) Wwas always 50 pg/em?.

The initial concentration of methanol in the polar phase (Cy,01 4, ) and PAN
in the organic phase (Cyy,;, ) varied from 5 to 50% /v and from 2.50-10~2 to
4.00-10~> M, respectively.
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The pH* of the polar phase (pH* = —Ig[H™*] in water—methanol
solutions*) was adjusted with hexamethylenetetramine buffer® and was meas-
ured with an accuracy + 0.02pH> division.

The constant ionic strength (u = 0.1 M) was maintained by adding sodium
perchlorate.

The changes of the polar and organic phases volumes at different concentra-
tions of methanol in the polar phase were determined.

The distribution coefficients of Yb(ITI) and Ho(III) were determined
according to eqn. (1) in three series of measurements:

a) with fixed PAN and MeOH concentrations, varied pH*,

b) with fixed pH>* and PAN concentration, varied MeOH concentration,

¢) with fixed pH* and MeOH concentration, varied PAN concentration.

In series a) and b) the constant equilibrium concentration of PAN in the
organic phase ((HL],, = 1.00-107> M) was maintained.

Taking into account the volume changes, the balance of Ln(I1I) in both
phases (100 + 2%) and the initial concentration of PAN (Cy;,, ) in series a) and
b) were calculated.

The distribution constants (pg;) between carbon tetrachloride and water—
methanol solutions (i = 0.1 M) were obtained as previously2

The distribution constant of methanol (p,qg) between carbon tetrachloride
and water (u =0.1) was determined chromatographically. Investigations
were carried out using the chromatograph GIDE GCHF 18.3. Detector flame-
ionization gauge. Conditions of work: carrier gas—Ar, packing—10% skwalan
on chromosorb W, column 3 m, temp. 90 °C. The measurements were done for the
concentration of MeOH from 10 to 50% v/v.

Results

Fig. 3 shows the dependence of the PAN distribution coefficient
(D) between CCl, and water—50% v/v methanol phase (p = 0.1 M) vs.
pH ™ of this phase. As can be seen from Fig. 3 Dy, is constant at the pH ™
range from ~ 3.5 to ~ 9.0 and allow to determine the value of the
distribution constant of PAN (Igpy; = 2.16).

The values of pg;, at the other concentrations of methanol in the
polar phase (from 0 to 509 v/v) were obtained in the same way.

Fig. 4 shows the dependence of Ig pr7, on the methanol concentration
in the polar phase. The distribution constant of PAN between CCl, and
the water—methanol phase (n = 0.1 M) decreases with the increase of
the alcohol concentration in the polar phase.

It was shown previously? that the extraction of Yb(III) with PAN in
CCl, from water—ethanol (ROIH) solutions can be described by the

following equation:
K@I

Yh(H, 005 + (3 +n)HL, +1 ROH, =
YbLy(HL),(ROH),,, + 3H}, + mH,0 (3)

where the subscripts (p) and (o) denote the polar and the organic phase,
respectively; HL = PAN; and K,, is the extraction constant.
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Fig. 3. The distribution coefficient of PAN (D) between carbon tetrachloride
and water—50%, v/v methanol solution as a function of pH* of the polar phase.
Chpin. = 1.00-1072M, p=0.1M
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Fig. 4. The dependence of the PAN distribution constant (pyg;) between carbon
tetrachloride and water—methanol phase. Oy, = 1.00-1072 M, pH* = 6.39,
p=01M

In consideration of the side reactions in the polar phase, the
distribution coefficient of Yb(III) (D) can be expressed as 2
lgD +1g(1 +B, [L‘](p)) =lgK, + (3 +n)lg[HL], +
+3pH™ + tlg[ROH],, (4)

where B, is the stability constant of the complex YbIA+; [L] > LHL] )
are the equilibrium concentrations of anionic and neutral species of
PAN in the polar and organic phases, respectively; and [ROH],, is the
equilibrium concentration of alcohol in the organic phase.

46 Monatshefte fiir Chemie, Vol. 115/6—7
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Taking into account the hydrogen ion concentration, volume
changes of phases, the appropriate values of pyy (Fig.4), and the acid
dissociation constants of PAN (K, K,) in the aqueous—methanol
solutions containing a suitable concentration of methanol®7, values of
[L™ ], and [HL], were calculated from equations given previouslyl’ z,
[ROH], was calculated with the value of py,on = 1.74- 1072,

By the spectrophotometric method of Malinowska and Czakis-
Sulikowska® it was shown that Yb(III) and Ho(III) form with PAN in
water—50% v/v methanol solutions the complexes of the type LnL**
with the stability constants lg B, = 10.17 for YbL?* and Ig B, = 9.56 for
HoL?* complexes. These complexes were formed at the same conditions
which exists in the extraction process in the polar phase.

As can be seen from eqn. (4) the plots of gD (1 + B,[L7],) vs. pH ™
at constant [HL], and [ROH],, or that of lgD (1 4+ B,[L7],)) vs.
lg[HL], at a certain hydrogen ion concentration and at constant
[ROH], should be straight lines of slopes 3 and (3 4 n), respectively. At
the same time, from distribution experiments performed at constant
pH™ and THL],, the value of ¢ can be obtained from the slope of Ig D

Extraction as a Function of pH ™ (Series “‘a”
P

Fig.5 shows the dependence of gD (1 + B,[L™],)) vs. pH* of
water—50%; v/v methanol phase. The extraction process was investiga-
ted in the pH ™ range from ~ 5.4 to ~ 6.7 for [HL],, = 3.00- 1072 M
[curve 1 for Yb(IIT)] and [HL], = 1.00: 1072 M [eurves 2, 3 for
Yb(IIT) and Ho(III), respectively]. As to be expected for trivalent
cations the slopes of these plots are about 3. This indicates that in both
cases three protons are lost. With increase of the initial concentration of
PAN the extraction curves move towards lower values of pH ™ (Fig. 5,
curves 1 and 2).

Bztraction as a Function of Methanol Concentration (Series “b”’)

In these series of measurements the distribution coefficient of
Ln(I11) at constant pH* of the water—methanol phase [pH* = 6.26
and 6.34¢ for YDb(IIT), pH* =6.26 for Ho(II)] and [HL], =
1.00- 10~% M was investigated. The initial concentration of methanol in
the polar phase varied from 5 to 50% v/v.

Fig. 6 shows the results as the dependence of Ig D (1 4 B,[L™],)) vs.
lg [MeOH], [curves 1, 2 for YD(III), curve 3 for Ho(III)].

It is seen from Fig. 6 that the extraction curves have two asympto-
tes, one of slope O (up to the initial concentration of MeOH in the polar
phase ~ 25%»/v) and the other of slope ~ 3 (above ~ 259 v/v of the
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Fig. 5. The dependence of IgD (1 4 B,[L~],,) vs. pH* of water—50%;v/v
methanol phase. Curves: I extraction of Yb Iﬁ at [HL], = 3.00- 102 M, 2

extraction of Yb(ITI) at [HL],
[HL],
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Fig. 6. The dependence of lg D (1 + B,[L7],) vs. lg[MeOH], at [HL],,

1.00-102 M. Curves: 1, 2.for the extraction of&b IT) at pH* = 6 34 and 6 26
respectively, 3 for the extraction of Ho(IIT) at pH’< =6.26.C;,,, =50 ;,lg/cm3

46*
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initial concentration of methanol). Thus, the extraction in the lower
[ MeOH], region is independent of the concentration of methanol in the
polar phase. In the higher region of [MeOH],, on the other hand, the
extraction is dependent on the third order of | MeOH],). This indicates
that in the extraction process of Yb(ITI) and Ho(ITI) from water—
methanol phase at the initial concentration of methanol in the polar
phase from ~ 25 to 50% v/v participate 3 molecules of MeOH [t =3 in
eqn. (4)]. When the initial concentration of methanol in the polar phase
is lower than ~ 25% v/v ¢ in eqn. (4) is equal O.

Ezxtraction as a Function of PAN Concentration (Series “c¢”)

The influence of PAN concentration on the Lxn(I11) extraction at
constant initial concentration of MeOH in the polar phase (509, v/v) and
the variation of the initial concentration of PAN in the organic phase
(from 2.50- 107 t0 4.00-10~2 M) have been investigated.

The distribution coefficient was corrected for small changes in
hydrogen ion concentration by multiplying D (1 +B,[L7],,) by
[H*]®®. The plots of Ig D (1 + B,[L~],) [HT? vs. Ig[HL];, [Fig.7,
curve 1 for Yb(I11), curve 2 for Ho(I1I)] are straight lines of slope about
3. These values indicate that three molecules of PAN participate in the
extraction of Yb(ITI) or Ho(IIl) from water—methanol phase.

AL lg DB LI IHTT? | g DOHALLLHT
13 -3 o
1 /e 2
T YS(1) ‘ T Ho (i)
nt "
slope 3.0 slope 2.7
-154 ‘ ~154
i | | o, © tg [HL,
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Fig. 7. The dependence of igD (1 4 B,[L],,) [H*]® vs. lg[HL], for the
extraction of Yb(ILI) (curve 1) and Ho(Ill) (curve 2) from water—b50% v/v
methanol phase. C = 50 pg/em?

Imin.
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Discussion

The obtained data show that the extraction of ytterbium or holmium
with 1-(2-pyridylazo)-2-naphthol in carbon tetrachloride from water—
methanol solutions may be described as:

Kez
In(H,0)3%  + 3HLy, +t MOH,) =

where In(I11) = Yb, Ho; t =3 for Cy,omim. € (~ 25 — 50)% v/v; and
t =0 for OM@OHin. € (N 5 — 25)%@/@.

Thus, the increase of Yb(III) or Ho(I1I) distribution coefficients at
the presence of methanol in the aqueous phase (from ~ 25 to 509 v/v) is
caused by the formation of solvates LnL,(MeOH), At lower MeOH
concentration in the polar phase (from 5 to ~ 25%, v/v) the chelates LnL,
are extracted. '

The values of Ig K, of Yb(I1I) and Ho(IIl) reaction extraction at
Careom in. from ~ 25 to 50%; v/v, calculated from eqn. (4) (in which n = 0,
t = 3) are given in Table 1. The K,, values were calculated by a least
square procedure.

The formation of Ybl,(MeOIl), in the organic phase may also be
given as a two-step reaction:

K

Yo' +3HL, = YbLy, +3H* (6)
and K,
YbLy, +t MeOHy, = YbL,(MeOH),, (7
Tt is evident, that
K,=K K, (8)

as it was shown previously?*:

D _
r Kl (—D—l — 1) (1 + ﬁI[L ](p})
“ [MeOH],,

&)

where lg K, = —13.30%; D, is the distribution coefficient of Yb(III)
from aqueous phase obtained at the same conditions as D1

The average value of the equilibrium constant of the Yb(III)
reaction extraction obtained from eqn.(9) (for £ =3) is g K,(Yb) =
— 10.11. This value is in a fair agreement with the one calculated from
eqn. (4) [lg K..(Yb) = —10.04, Tab.1].
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Table 1. The equilibrium constants (g K,,) of Yb(IIL) and Ho(IIl) reaction
extraction [eqn. (4) with n =0, t = 3] with PAN in CCl, from water—methanol
solutions for Cyomim > 25%v/v (at 21 + 1°C, ionic strength 0.1 M)

Conditions of measurements

Variable Constant g K
System: Yb(III)—(water-methanol)—PAN in CCl,

o

pH* 50% v/v of MeOH [HL], =1.00-10"2M —9.98
5.40 = 6.50 [HL], =3.00-10">M —10.00
OHLin.

2.50-107° M +  50% v/v of MeOH  pH* =6.20 ~6.30 —10.14
2.50-10~2 M )

Cyeonin. pH> =6.26 [HL],=100-10M  —10.10

25 =+ 50%, v/v pH* =6.34 - 10.05

Average lg K, (Yb) (£ 0.03) —10.04

System: Ho(ITI)—(water-methanol)}—PAN in CCl,

pH> .
5.90 = 6.70 509 v/v of MeOH [HL], =1.00- 1072 M —10.29
CHLin.
2.50-10° M = 50% vfv of MeOH pH* =6.15 - 6.21 —10.26
4.00-1072 M ’
OMeOHi%. .
25 -+ 50% vfv pH* =6.26 [HL]y, = 1.00- 102 M —10.36

Average lg K, (Ho) (4 0.03) —10.30

Unfortunately the equilibrium constant of the Ho(IIT) reaction
extraction with PAN from aqueous—methanol phase [lg K, (Ho)]
cannot be calculated in this manner because the extraction of Ho(ITT)
from aqueous solution is connected with formation of a third phase [D,
in eqn. (9) cannot be determined].

According to eqn. (5) for the initial concentration of methanol in the
polar phase from 5 to ~ 259 v/v the chelates LnL, are extracted. Thus,
from eqn. (4) for n =0 and ¢ =0 the value of lgK,, = lg K, can be
calculated. The average value of Ig K, of the Yb(III) reaction extraction
islg K,(Yb) = — 13.13. Previously, from the data of Yb(IIT) extraction
with PAN from aqueous phase! the value of Ig K ,(Yb) = — 13.30 was
obtained.
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The equilibrium constants of Yb(I1I) reactions extraction with PAN
from aqueous and aqueous-(~ 25—50)% v/v of ROH solution (ROH =
methanol, ethanol) change in the order:

lg Kez(Yb)aq-MeOH ~ lg Kex(Yb)dq—EtOH > lg Kez<Yb)aq
—10.04 ~ —10.142 > —13.30"

It is seen that the addition of MeOH or EtOH to the aqueous phase
(above ~ 25%v/v of ROH) causes considerable displacement of the
reaction extraction equilibrium. This fact explains the increase of
extractability when the aqueous phase contains above ~ 25% v/v of
methanol (Figs. 1 and 2) or ethanol®.

lg ,5;( Ho)
301
201 3
281
2.74
lg B (YD)
I )65 , L, . ‘cﬂe OHin, ™)
6 8 10 2 o
! ' L I CROH‘-,,_ ™) P

2 q 6 8 0 1z

Fig. 8. Ig By as a function of the initial concentration of ROH in the polar phase.

Curves: I extraction of Yb(III) from aqueous—ethanol phase?, 2 extraction of

Yb(IIT) from aqueous—methanol phase, 3 extraction of Ho(IlI) from
aqueous—methanol phase
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On the other hand, the small difference in the values of 1g K,,(Yb)
from aqueous—methanol and aqueous—ethanol solutions have been
observed. Both alcoholes cause a similar synergistic effect.

As can be seen from Table 1

lg Kex(Yb)aq—MeOH ~ lg Kez(HO)aq—MeOH
—10.04 ~ —10.30

Small difference in the values of lg K, of Yb(IIT) and Ho(III)
reaction extraction from aqueous—methanol phase is probably caused
by the double-double effect® 1012,

Two-phase stability constants of the complexes LnL (MeOH),
(Ig By ) may be calculated from:

lg B =g By Pras,reom,) =12 Koy + 39K, +
+ 3lgpur + 312 Pyeon (10)

where B3 and pr,z, (.0m), are the overall formation constant in the polar
phase and the distribution constant of the chelate complex, respectively.

Fig. 8 shows the obtained values of 1gB.° of Yb(III) and Ho(IIT)
solvates as a function of the initial concentration of ROH in the polar
phase. A straight line relationship was found. Curves 1 and 2 in Fig.8
represent the values of lgf,° for the extraction of Yb(III) from
aqueous—ethanol® (curve 1) and aqueous—methanol (curve 2) phase.
Both straight lines intersect the abscissa (Crops, = 0) at the value of
two-phase stability constant of YbL, chelate [lg B, (YbL,) = 32.3'].

The difference in the values of lgBy for YbL,(MeOH), and
YbL,(EtOH), solvates increases with the increase of the initial concen-
tration of alcohol in the polar phase. This is due to the changes in pK,
and pyy, values.
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