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The solvent extraction of Er(II1), Yb(III) and Lu(III) by 1-phenyl-3-methyl-4-
benzoyl-pyrazolone-5 (HPMBP or HL) in carbon tetrachloride has been studied
as a function of the pH of the aqueous phase and the concentration of the
extractant in the organic phase. The equation for the extraction reaction has been
suggested as:

Lt + 3HLy = LnLyg + 3H* (L’ = Er, Yb, Lu)

The extraction equilibrium constants (X,,) and two-phase stability constants
(B5) for the LnL; complexes have been evaluated.

(Keywords: Extraction; 1-Phenyl-3-methyl-4-benzoyl-pyrazolone-5; Rare
earth complexes)

Extraktion von Seltenerdmetall-Ionen mit 1-Phenyl-3-methyi-4-benzoyi-
pyrazolon-5 (HPMBP), I. Extraktion von Er(IlI), Yb(IIT) und Lu(Ill) aus
wdfriger Losung

Die Extraktion von Er(III), Yb(IIT) und Lu(III) mittels [-Phenyl-3-methyl-4-
benzoyl-pyrazolon-5 (HPMBP oder HL) in Kohlenstofftetrachlorid aus wiBriger
Phase in Abhingigkeit vom pH der wiBrigen Phase sowie von der Konzentration
von HPM BP in der organischen Phase wurde untersucht. Die folgende Gleichung
beschreibt die Extraktionsreaktion:

Ln** + 3HLg = LnLyg + 3H* (Ln** = Er, Yb, Lu)
Die Werte der Extraktions-Gleichgewichtskonstanten (K,,) sowie der zwei-

phasigen Bestidndigkeitskonstanten (8) fiir die Komplexe Lnl, wurden
berechnet.
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Introduction

Previously [1-4] it was shown that the presence of methanol or ethanol
in the aqueous phase causes a synergistic effect on the extraction of
lanthanides(ITT) with 1-(2-pyridylazo)-2-naphthol. The studies of these
problems were continued and the extraction of lanthanides(I1I) (Ln) with
1-phenyl-3-methyl-4-benzoyl-pyrazolone-5 (HPMBP or HL) was
investigated.

The extraction of rare-earth elements by HPM BP has been studied by
many authors using a variety of organic solvents, various ionic media and
ionic strength in the aqueous phase [5-22]. However, to our knowledge
these extraction systems have been studied only occasionaly, except [6],
and especially on the extraction with HPMBP in carbon tetrachloride
systematic data are not available.

The composition of the complex extracted corresponds to a formula
LnL; [6-12, 14, 16, 18, 20], LrnL;-HL [8-10, 12, 13, 15-17, 21, 22] or
LnL,X-sHL [14, 15] (where X = anion C1~ or NO;"). The extraction
mechanism depends on the HPMBP concentration, the lanthanide ion,
the kind of organic solvent in organic and anion in aqueous phases.

It is known that HPM BP extracts lanthanides(I1I) at a lower pH than
the widely used 2-thenoyl-trifluoracetone (H77A4) [9, 10, 20, 237 under
the same conditions. Moreover, the extraction of some lanthanides(III)
with HPM BP increases at the presence of a solvent containing oxygen
because complexes of the type Lnl;-xS (where S = the molecule of
solvent) are formed [19].

This paper reports a study of the extraction of Er(IIl), Yb(III) and
Lu(II) by 1-phenyl-3-methyl-4-benzoyl-pyrazolone-5. Carbon tetra-
chloride was chosen as solvent and sodium perchlorate as aqueous ionic
medium. The influence of methanol will be described in the next paper.

Experimental

1-Phenyl-3-methyl-4-benzoyl-pyrazolone-5 was prepared by a procedure of
Jensen [24] (m.p. of the methanol-water recrystallized product was 121 °C, lit.
122 °C [24]). Stock solutions of HPM BP in carbon tetrachloride (POCh-Gliwice
p.a.) were prepared by weighing and then diluted to the predetermined concen-
trations with solvent. All organic solutions of HPMBP were prepared the day
before use. Initial solutions of Ln(C10,); [ Ln(I1]) = Er, Yb, Lu] were prepared by
solving Er,04, Yb,0, or Lu,O; (Fluka, 99.9% pure) in 3 M perchloric acid. The
metal content was estimated by EDTA titration with xylenol orange as the
indicator [25]. A 0.01% aqueous solution of the sodium salt of bis-2,7-(2-arseno-
benzo-1-azo)-chromotropic acid (Arsenazo III) (Reachim p.a.) was used. All other
chemicals (POCh-Gliwice) were analytically pure.
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Extraction Procedure

In all extraction experiments the concentration of Ln(I1I) in the aqueous phase
was 50 ug/em?®. The pH of this phase within the region 2.5-6.5 was adjusted by
means of HCIO,, NaClO, or NaOH solutions to obtain the final ionic strength
w =0.1. The initial concentration of HPMBP in the organic phase (Cy ) varied
from 1.75-1072 to 1.50-1073 M.

Equal volumes of the aqueous and organic phases (20 cm?) were agitated on a
shaking machine in a glass vial at the temperature 21 & 1 °C. The shaking duration
was established by preliminary experiments as 45 min. After the extraction and
phase separation the pH value of the aqueous phase was measured by using a pH-
meter N-517 type with an accuracy + 0.02pH division. The concentration of
Ln(IIT) in the aqueous phase was determined colorimetrically be means of
Arsenazo 111 [26]. The absorbance was measured at / = 660 nm on a spectral
colorimeter in a 1 cm cell.

In all experiments the organic phase was back-extracted with 0.2 M perchloric
acid. It was confirmed by preliminary investigations that such acid concentrations
were sufficient to assure the balance of lanthanide ion in both phases (100 + 2%)
in one-step reextraction (the time of reextraction is 1h).

After the phase separation the aqueous phase was alkalized with 0.1 M NaOH
and the concentration of Ln(IIT) was determined as above.

From the Ln(I1T) equilibrium concentrations in the organic and in the aqueous
phase the distribution coefficient (D) was calculated. The extent of extraction
{%E) was obtained as earlier [1].

Results and Discussions

The time required to reach equilibrium was determined by measuring
the concentration of lanthanide(III) in the aqueous phase as a function of
time. The results for the extraction of Yb(III) with 1.00- 102 A HPMBP
in CCly (pH = 3.30) are shown in Fig. 1. The equilibrium was established
after 30 min and in further experiments 45 min was accepted as the optimal
time of extraction. The same results were obtained for Er(IIT) and Lu(III).

The pH range for the extraction of Er(III), Yb(III) and Lu(IIT) with
HPMBP solutions in CCl, was determined. The data of the dependence of
the extraction extent (% E) vs. pH are given in Fig. 2. The extraction of
these lanthanides(III) starts at pH ~ 2.8, The influence of pH on Yb(IIT)
and Lu(III) extraction is the same. The efficiency of Yb(ITI) and Lu(III)
extraction is higher than for Er(IIl) extraction. In further calculations
only the linear ascending parts of the extraction curves were examined.

On the basis of the literature data [8, 27, 28] the influence of the side-
reactions in the aqueous phase on the extraction process in the range of
pH?2 — 4 was estimated. It was stated that in the extraction equation the
expressions reflecting the formation of Ln(I1I) complexes with OH ™,
ClO; or HPMBP anion can be neglected. Thus, the composition of the
complexes in the organic phase and the equilibrium constants of the
extraction reaction were determined from Ig-lg plots of D vs. [H*] or
HPMBP concentrations.
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Fig. 1. The concentration of Yb(III) in the aqueous phase as a function of time of
extraction. pH = 3.30, Cy,, = 50 ug/em®, Cypypp = 1.00-1072 M
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Fig. 2. Plot of the extent of Er(Il) ( 1), Yb(ITD) (2 O) and Lu(Iil) (2 x)
extraction vs. pH of the aqueous phase. C,,, = 50 ug/em?, Cypyrpp = 1.00- 1072 M
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Fig. 3. Effect of the hydrogen ion concentration on the Lu(III) distribution
between the aqueous phase and solutions of HPMBP in carbon tetrachloride.
Cry = 50 pg/em?, Cypppp = 1.00-1072 M

The g D dependence on the pH of the aqueous phase within the range
2.70-3.70, at constant HPMBP concentration (1.00-107?M) for the
Lu(IIl) extraction is linear with a slope of 3 (Fig.3). Analogous
dependences were obtained for the extraction of Yb(III) (slope 3.2) and
Er(IIl) (slope 3.2). It indicates that three protons per metal ion are
released.

These results suggest that the LnL; - nHL complex can be extracted and
the extraction may be expressed by the equation:

where Ln** = Er, Yb, Lu; (0) denotes the organic phase.

Taking into account the acid dissociation constants of HPMBP (K,
and K,) and the distribution coefficient of the molecular form of reagent
(pur), the equilibrium concentration of HPMBP in the organic phase
([HL]y) may be calculated [1]:

[HL], = I K [0 ) 2

1 +——<1 + +
PHL [H*] Kp
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Fig. 4. Effect of the initial concentration of HPMBP on the Yb(III) distribution
between the aqueous phase and solutions of HPMBP in carbon tetrachloride.
Cyp = 50 ugfem’

From Eq. (2) it follows thatatlg K, = —4.11,1g K, = — 0.28 [29] and
lg pyz = 3.10 [30] [HL]y = Cq; for 1 < pH < 4 within experimental
error (i.e. [HL]y/Cy, for pH =2 and pH =4 is 0.9992 and 0.9986,
respectively). So, the equilibrium concentration of HPM BP in the organic
phase was assumed to be equal to its initial concentration in this phase.

To determine the number of HPM BP molecules participating in the
extraction process, lgD as a function of the inital concentration of
HPMBP in the organic phase at constant pH of the aqueous phase was
measured. The concentration of HPMBP changed in the range 1.75- 102
—1.50-107* M. The distribution coefficient was corrected for small
changes in hydrogen ion concentration. The dependences of (g D — 3 pH)
vs. lg Cyparpp are straight lines with slopes 3 for Yb(II) (Fig. 4), 2.7 for
Lu(III), and 3.2 for Er(III).

These results show that the extraction process of ytterbium, lutetium
and erbium with a solution of 1-phenyl-3-methyl-4-benzoyl-pyrazolone-5
in carbon tetrachloride (in the mentioned HPM BP concentration) may be
described by the following equation:

Ké.‘:
Lw*" + 3HLgy = LnLyg + 3HT (3)

where Ln** = Er, Yb, Lu.
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The extraction constants (K,,) calculated from the experimental data
maintain satisfactory constancy when the pH and the concentration of the
extractant change. The Ig K, values were calculated by a least square
procedure and are given in Table 1.

Table 1. Extraction parameters for the formation of LnL; complexes (at 21 + 1°C,
ionic strength 0.1 M; Cypppp = 1.00-1072 M)

Parameters Er+ Y3+ Lu’t
lg K, (£ 0.03) —4.22 —3.76 - 3.65
lg B3 17.41 17.87 1798

pH, s 3.43 323 325

From the data for K,, and the values of K, and py,, the two-phase
stability constants (8;°) for the LnL; complexes were calculated as [1]:

. lgﬁ; = ngex + 3pKa + 31ngL (4)

The results are given in Table 1.

The extraction constants (Table 1) are greater than those for the
extraction of Er(III), Yb(IIl) and Lu(I1I) with HPM BP in chloroform [6]
(at 25 £ 1 °C, ionic strength 0.1 M). These values are also considerable
greater than the extraction constants obtained by Alstad and coworkers
[23] when HTTA in carbon tetrachloride as extractant was used.

Acknowledgements

This paper was included in the problem RP.I.-08 and supported by the
Ministry of Science, Higher Education and Technology and the Polish Academy of
Sciences.

Some experimental data were obtained by Anna Kosiriska, undergraduate.

References

[11 Kuznik B (1981) J Inorg Nucl Chem 43: 3363

[2] Kuznik B (1984) Monatsh Chem 115: 289

[3] Kuznik B (1984) ibid 115: 683

[4] Kuznik B, Malinowska A (1987) Monatsh Chem 118: 1325

[5] Jensen BS (1959) Acta Chem Scand 13: 1890

[6] Roy A, Nag K (1978) J Inorg Nucl Chem 40: 331

[7] Sizonenko NT, Zolotov YuA (1969) Zhurn Anal Khim 24: 1341

[8] Navratil O, Mikulec Z (1973) Collect Czech Chem Commun 38: 2430



396 B. Kuznik and D. M. Czakis-Sulikowska: Solvent Extraction

[9] Navratil O (1974) Chem Listy 68: 470

[101 Nawvratil O (1977) Radiokhimiya 5: 626

[11] Efimowv IP, Tomilova LG, Voronec LS, Peskova VM (1973) Zhurn Anal
Khim 28: 267

[12] Kolarik Z (1971) J Inorg Nucl Chem 33: 1135

[13] Zhang Huinong, Zhang Hualin (1981) Fudan Xuebaon, Ziran Kexueban 20:
455; (1982) CA 96: 130664

[14] Gu Yi-Dong, Song Yuan (1981) Kao Teng Hsue-h Hsiao Hua Hsueh Hsueh
Pao 2: 139; (1981) CA 95: 13586

[15] Yang Ru-Dong, Liu Jian-Min, Ma Tai-Ru, Wang Wei, Shi Qi-Zhen, Mo Ri-
Gen, Zhang Xing-Xia, Xiao Li (1980) Lan-chou Ta Hsueh Hsueh Pao, Tzu
Jan K’0 Hsueh Pan 1: 63; (1981) CA 95: 157527

[16] Liu Jian-Min, Yang Ru-Dong, Ma Tai-Ru (1980) K’o Hsueh T’ung Pao 25:
267; (1981) CA 94: 128227

[17] Liu Jian-Min, Yang Ru-Dong, Ma Tai-Ru (1980) Kao Teng Hsueh Hsiao
Hua Hsueh Hsueh Pao 1: 23; (1981) CA 94: 163450

[181 Vdovienko VM, Kovalskaya M P, Smirnova EA (1973) Radiokhimiya 15: 316

[19] Chmutova MK, Koczetkova NE (1969) Zhurn Anal Khim 24: 1757

[20] Roy A, Nag K (1977) Ind J Chem 15: 474

[217 Chen Dian, Li Shengchong, Wu Jinguang, Li Lemin, Xu Guangxian, Yang Pin
(1983) Yingyong Huaxue 1: 15; (1984) CA 101: 203184

[22] Dukow I, Genowv L (1986) Solvent Extr Ton Exch 4: 95

[23] Alstad J, Augustson JH, Farbu L (1974) J Inorg Nucl Chem 36: 899

[24] Jensen BS (1959) Acta Chemn Scand 13: 1688

[25] Welcher FJ (1963) Analityczne zastosowanie kwasu wersenowego. WNT,
Warszawa

[26] Sawin SB (1966) Arsenazo III. Atomizdat, Moskwa

[27] Frolova UK, Kumok WN, Sieriebriennikov WW (1966) 1zv Vysshikh Ucheb
Zaved Khim Khim Technol 9: 176

[28] Kasabov G, Genov L, Dukov I (1981) God Vissh Khim Tekhnol Inst (Sofia)
24 265

[29] Zolotov YuAd, Lambriev VG, Chmutova MK, Sizonenko NT (1965) Dokl
Akad Nauk SSSR 165: 117

[30] Kuznik B, unpublished data



