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The equilibrium of distribution of Yb(III} and Lu(lIl) between chloroform
and the aqueous phase in the presence of cupferron (the ammonium salt of N-
nitrosophenythydroxylamine) were studied as a pH function of the aqueous phase
and the concentration of N-nitrosophenylhydroxylamine (HL}).

The stability constants for the LnL, %™ complexes (n = 1 + 3) being formed
in the aqueous phase were established, as well as the equilibrium constants of the
extraction reaction

Koy .
Ln(H,00 + 3HLy =2 LnLyy + 3HY + mHO(La** = Yb, Lu),

two-phase stability constants for the LnL; complexes, pH, s and the separation
factor Lu(lI) from Yb(ID).

{ Keywords: Cupferron; Extraction; Rare earth complexes)

Die Extraktion von Yb(IT) und Lu(111) aus wiifirigen Losungen mittels Chloroform
in Anwesenheit von Cupferron

Das Gleichgewicht der Verteilung von Yb{III) und Lu(IIf} zwischen Chloro-
form und Wasser in Anwesenheit von Cupferron (Ammoniumsalz des N-
Nitrosophenylhydroxylamins) als Funktion des pH-Wertes der Wasserphase und
der Konzentration des N-Nitrosophenylhydroxylamins (HL) wurde untersucht.

Die Bestindigkeits-Konstanten der in der Wasserphase entstehenden Kom-
plexe LnL, % (n = 1 + 3), die Gleichgewichtskonstante der Extraktions-Reak-
tion:

Kex N
Ln(H0%%" + 3HL == LnLyy + 3HT + mH,0(Ln** = Yb, Lu),

die zweiphasigen Bestindigkeits-Konstanten der Komplexe LnL,, pH, s und der
Trennungskoeffizient des Lu(HIT) von Yb(IIl) wurden bestimmt.

Introduction

Cupferron (the ammonium salt of N-nitrosophenylhydroxylamine) is
used for both precipitatory and extractive eduction and separation of ions

64 Monatshefte fiir Chemie, Vol. 119/8—9



904 D. M. Czakis-Sulikowska and N. Pustelnik:

of several metals [e.g. 1-6]. Free N-nitrosophenylhydroxylamine (HL),
showing acidic properties in aqueous solutions [7], may occur in two
tautomeric variations {4, 8, 9]

N=0 N—OH
| = i
—N—OH —N*—O—
I 11

Together with ions of several metals, it forms stable, five-membered
chelate rings [1, 3, 8]. According to some authors [8, 9] they originate from
form II through the substitution of the hydrogen atom by metal and a
coordinative bond with oxygen.

Popov and Wendlandt [10] found out that in an aqueous solution
containing trivalent rare earth metal ions, soluble complex MeL?" ions
are formed, along with deposits consisting of MelL,(Me = La, Ce, Pr, Nd,
Sm, Gd). Other sources [11] also report sparingly soluble cupferrates
Ce(IIl) and Nd(III) to have the MeL; composition. According to
Vasilienko’s data [12], the sparingly soluble compound of cupferron and
Y(I11) has the composition YL; NH,L.

As it can be seen from Cheng’s [13], Philipienko’s [14], and others [1]
research, all the rare earth elements can, under suitable conditions, form
sparingly water-soluble cupferron compounds. They can be dissolved in
numerous organic solvents among in 4-methyl-2-pentanone [13], methyl
isobutyl ketone [1], chloroform [with the exception of Pr(III) and Er(I11)]
[14].

The cupferrates of the rare earth elements—the cerium and yttrium
subgroups—differ markedly with regard to their dissolubility and stability
in organic solvents containing oxygen (cyclohexanol, cyclohexanone,
isoamyl alcohol, ethyl acetate) [15). It was suggested that these differences
may be utilized for approximate separation of mixture of these clements.
Ce(III) can be eliminated from the aqueous phase completely, in the form
of a cupferrate, by means of triple extraction with chloroform [16].
La(IIT), Sm(I1I), and Y(III) in the presence of cupferron are extracted
both by chloroform and methyl isobutyl ketone, in the form of MelL,
compounds [17-20]. It follows from Dyrssen’s research that methyl
isobutyl ketone is a more effective extraction solvent of the cupferrates of
these elements than chloroform [17, 19]. Y(III) in the presence of
considerable cupferron surplus can be quantitavely extracted with isoamyl

alcohol {21].
Distinct differences in the dissolubility of the rare earth metal

cupferrates in various organic solvents justify the possibility of using
cupferron for their separation by an extraction method. The values of
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equilibriumn constants of the extraction (X,,) from the aqueous phase with
chloroform [Ig K,, = — 6.22(La), — 4.74(Y) [20], — 5.8 (Sm) [22]] deter-
mined for some of them, seem to confirm such a possibility.

This paper presents the distribution equilibrium data for the extraction
of Yb(III) and Lu(IIl) in tracer concentration with chloroform from
aqueous solutions in the presence of cupferron and interprets the results
on the basis of a probable extraction reaction.

Experimental

Cupferron (Reachim p.a.) was purified (due to its instability). A saturated
aqueous solution of cupferron was decolourized with active carbon; then N-
nitrosophenylhydroxylamine was precipitated with hydrochloric acid. After being
dissolved in ethanol, it was later neutralized with ammonia (23]. The obtained
crystals were repeatedly rinsed with ethanol and then recrystallized from ethanol,
rinsed with ether and dried in a vacuum desiccator over ammonium carbonate.
They were stored without exposure to light, in the presence of ammonium
carbonate [24]. The melting point of the purified compound was 163 °C. It was the
lowest temperature in which the compound would melt without external signs of
decomposition (browning). The capillary tubes containing the compound were
introduced into an oil bath of established temperature. The cupferron solutions
were prepared by means of dissolving a given weighed portion of the compound in
water just before it was used.

The basic solutions of Yb(ClO,), or Lu(ClO,), were prepared by dissolving
Yb,0; (99.9% pure—Fluka) or Lu,0; (99.99% pure—Koch-Light Lab.) in
HCIO, (3mol/dm?® and then diluting it with water. The total lanthanide
concentration in the solution was determined by EDTA titration with xylenol
orange as indicator [25]. Chloroform (POCh—Gliwice p.a.) was purified by
destillation. A 0.05% aqueous solution of the sodium salt of bis-2,7-(2-arseno-
benzo-1-azo)—chromotropic acid (Arsenazo III, Reachim p.a.) was used.
Perchloric acid was obtained from Hopkin Williams (p. a.). All other reagents,
from POCh—Gliwice, were analytically pure. Redestillated water was used for the
preparation of solutions, from which gases had been removed by boiling.

Extraction Procedure

20 cm? of an aqueous phase containing 1 000 ug Yb(I1I) od Lu(I1I) and varying
quantities of cupferron (0.020-0.200 mmoles) was extracted with 20 cm® CHCl,,
The pH of the aqueous phase was adjusted with a small amount of diluted
solutions of perchloric acid or sodium hydroxide. The ionic strength was kept
constant (u = 0.1 mol/dm?) with the addition of sodium perchlorate. The extrac-
tion was conducted at the temperature of 21 + 1°C, by mechanical mixing
(laboratory shaker of the WV-3 type). Because of the instability of cupferron in
acid environment [9, 26], the extraction time did not exceed 5 minutes. In initial
tests it was found that this time was sufficient to achieve the equilibrium state of
the system. After the separation of the phases, the pH of the aqueous phase was
measured (pH-meter Radelkis of OP-206 type, measuring aceuracy + 0.02 pH), as
well as the lanthanide(ITT) concentration in both phases. The lanthanide content in
the organic phase was determined by means of the re-extraction method. It was
found that a single re-extraction of the organic phase with an equal volume of
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perchloric acid of 2.0mol/dm’® concentration for 5 minutes allows for total
elimination of Yb(IIT) or Lu(IIT) from the organic phase.

The concentration of lanthanide in the aqueous phase and in the re-extract was
determined by using the colorimetric method from Arsenazo-III [27] in the
medium of HCIO, (0.10 mol/dm? concentration). The absorbance was measured at
/= 650nm, on a spectral colorimeter in a Scm cell.

The balance of the determined Yb(III) or Lu(Ill) content in both phases
corresponded to the amount introduced (measuring accuracy =+ 5%).

The distribution coefficient (D) of Ln(IIT) was calculated as:

D= [La(TID)],510) )
[Ln(III)]tor(uq)
where [Ln(1I1)},,, and [Ln(II1)],,,, refer to the Ln(Ill) concentration in the
equilibrium state in the organic and aqueous phase, respectively.
The changes of the Yb(III) and Lu(IIl) distribution ceoefficient D were
determined in two series of measurements:
(i) with constant initial cupferron concentration in the aqueous phase and

variable pH,
(ii) with constant pH and variable cupferron concentration.

Results and Discussion

N-nitrosophenylhydroxylamine (HL) in chioroform in the concentra-
tion range 107°-102mol/cm® does not form dimers [26]. In order to
calculate the concentration of the [L™],q) anion in the aqueous phase in
equilibrium state the following equation may be written on the basis of
balance of ligand:

Cnmyry Vagin = Vie((HL) o) T NILALy]o) + V(L Yag)

S
+ [HL](aq) + ;ln[LnLn](aq)) (2)

where Cnp, ;. is the initial concentration of cupferron, [HL),y and [HL]
are the equilibrium concentrations of free HL in the organic and aqueous
phases, [LnLye) and [LnL,),, are the equilibrium concentrations of
complexes Ln(III) with L™ in the organic and the aqueous phases, ¥V, ;,
and Vi, Vo are the initial and the equilibrium volumes of phases.

When the dissociation constant (Ky;) and distribution constant (Py;)
of HL are introduced

_HTLT
Ky = A[ﬁIT (3)
HL
Puy = L__](O_) ()

(HLjg
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with equal volumes (V,, ;, = V(o) = Vi4g) from Eq. (2) we get

q,in
s
[L Jag) = (Cnngr,, — NILnLyo) — Zin[LnLn](aq)) ‘o
=
where
H*]
=1 (1 + ppg, + 1 6))

Kur

The preliminary curves showing the dependence of the determined
distribution coefficients Yb(III) and Lu(I1I) on [L™ ], were obtained for
the approximate [L ™, values calculated from equation

(L7 )g) = Oy, (6)

The dependencies of lgD on Ig[L™ ], obtained for different initial
cupferron concentrations in the aqueous phase within the pH range 2-6,
both for Yb(IIT) and Lu(III), can be described by one curve. The tangent
obliquity to this curve in the range of low [L7],, values is ~ 2.7. This
obliquity decreases gradually, together with an increase of [L ], up to
that of 0, [L 7], values being high. Such type of 1gD dependency on
lg[L ™ }qq indicates thata LnL; complex is extracted into the organic phase
[28, 29] and the highest complex appearing in the system within the
investigated pH range is LnlL, [in Eq. (5) N and S values are equal 3.0].

The influence of a reaction of Yb(IIT) and Lu(ITI) hydroxo complexes
formation in the aqueous phase may be disregarded in the measurement
conditions [30]. The complexes of lanthanide with ammonia are thermo-
dynamically unstable in aqueous solution [31]. In the applied conditions
no complexes of Lau(III) with Cl1O; ions are formed either [32]. The initial
experiments have shown that Yb(III) and Lu(IIl) are not extracted with
chloroform in the absence of cupferron.

Figures 1 and 2 present the dependency of the determined distribution
coefficients Yb(III) (Fig. 1) and Lu(IIl) (Fig. 2) on free (L™ J(aq) anion
concentration within the pH range 2-6 of the aqueous phase at
pKy; = 4.16 and Igpy; = 2.18 [7). The free [L7],,, values were found
from Eq. (5) by successive approximation.

3
Preliminary values of Zln[LnL,,,](aq) were calculated from the

n=

(ag

relationship
3
3 [Ln (III)] tot(ag) Z] n ﬁ n [L_]?aq)
ZI n [LnLn](aq) = 3 = (7>
n=
(1 + nzl ﬁ n [L—]?aq))
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Fig. 1. The distribution coefficient D of Yb(III) as a function of [L™},, in the
aqueous phase. Cngm) w = 50 ugfem?; Cnnyr,in = 3.00- 107 (@),5.00- 1073 (O),
1.00 - 102 mol/dm? ( x). The full-drawn curve is determined by the parameters

1ngbL 1.76,1/3 1g ﬂYbL 4.77,1/21g B&/B,_¢ - B,+1 = 0.21 (the broken limit-
ing curve corresponds t0 1/21g BBy Bye1 = — ~)
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Fig. 2. The distribution coefficient D of Lu(III) as a function of [L 7], in the
aqueous phase. Cpyqp,n = 50 ug/cm Crnyr,in = 1.00-1073(A),3.00- 102 (@),
5.00 - 1073 (O), 1.00 - 10~2 mol/dm? (% ). The full-drawn curve is determined by
the parametersig py ., = 1.60,1/31g §,,, = 4.95,1/21g ﬁn/ﬁ,,_l Bar1 = 0.21 (the
broken 11m1t1ng curve corresponds to 1/21g f2/Bucq Bus1 = — ~)
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where f3,is the stability constant of a given complex, and together with the
value of [LnLs], substituted into Eq. (5) to give better values of [L™ ],

The total Ln(III) concentration in the aqueous phase may be
illustrated by the following equation:

3
[Ln(III)]tat(aq) = [Ln3+](aq) + Zl [LnL513-n)](aq)

3
=L Nap (1 + 3 BlL Tig) ®)

The distribution constant (py,z,) of the extracted complex LnL; and its
stability constant (f,,,) are equal to:

[LnLs],
nly = 9
Prnis [Ln L3](aq) ®
_ [LnL3]
Brary = [L—njﬂ?]‘[z_t]}“ (10

Equation (1), after Egs. (8)-(10) have been considered, will assume the
following form:

Brnrs [L_]?aq)
3

(1 + ;1 ﬁn[L_]?aq))

D= pra, (1

On the basis of Eq. (11), stability constants 8, were estimated for LnL{™"
complexes being formed in the system, and distribution constants p;,,;, of
the extracted chelates were determined by means of the two-parameter
Dyrssen and Sillen method [33). Table 1 lists the determined values.

The two-phase stability constant of the extracted Lnl; complexes (£3)
may be calculated from the relationship

g B3 = 1g Brar, + 181101, (12)

In Table 1 i3 values have been given as well, calculated from Eq. (11) for
the obtained values of stability constants ,,, of the complexes, and for
the values [L 7], determined graphically for D = 1.

On the basis of the results presented above, the process of Yb(I1I) and
Lu(III) extraction in the studied system can be described by the following
summary equation:

Ly + 3HL = LnLy,y + 3HJ,) (13)
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Table 1. The values of the stability constants (By,; ) for LnL3™™ complexes,
distribution constants (py,;,) and two-phase stability constants (B5) for the LnL;
complexes (at 21 = 1°C, ionic strength 0.1)

Constant Yb(IIT) Lu(1ID)
1g B2+ (£ 0.04) 5.19 5.37
Ig Bray (& 0.04) 9.96 10.32
1g 811, (£ 0.04) 14.31 14.85
1gp g, (£ 0.05) 1.76 1.60
lg B3 (% 0.04) 16.07 16.45

Table 2. The equilibrium constants (1gK,.) of Yb(IIT) and Lu(lll) extraction
reaction with CHCl; from aqueous solutions in the presence of cupferron (at
21 & 1°C, ionic strength 0.1)

Conditions of measurements PHy s Igk,,

Variable Constant

Extraction of Yb(III)

pH Criyz,, (mol/dm?)
2.60+ 6.40 3.00-1073 3.69 ~2.93
5.00-10~2 3.44 ~ 2.97
1.00-102 3.12 -~ 2.98
Cnngz,, (mol/dm?) pH
1.00-1073 < 3.40 ~2.95
+1.00-1072 3.60 - 2.96
Average g K, (Yb) + 0.04 - 2.96
Extraction of Lu(TIT)
pH Cnii,,, (mol/dm’®)
2.10 = 6.50 3.00-1073 3.58 ~ 2.68
5.00-1073 3.33 ~2.62
1.00-1072 3.00 - 2.60
Cup, 1, (mol/dm’) pH
1.06-10% + 3.00 - 2.60
+1.00- 1072 3.60 — 2.65
Average Ig K, (Lu) + 0.05 — 2.63

The equilibrium constant of this process (X,,) will be

_ [LnL3])H +]gaq)

“ [Ln3 * ](aq)[HL]go)

(14
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Taking into account Egs. (3), (4), and (11) it may be shown from Eq. (14)
that:

3
Ig Kex = lgD + lg(l + Z] ﬁn[L‘]?aq))

K
+31g 1~ 31g[L Ny (15)
PuaL

The values lg X, calculated on the basis of Eq. (15) for the obtained
values of D in different series of measurements, have been compiled in
Table 2. The values [L 7], were calculated from Eq. (5).

The separation factor between Lu(11l) and Yb(III) (obtained from the
ratio of K, values) is 2.1.

References

[1]1 Koch OG, Koch-Dedic GA (1974) Handbuch der Spurenanalyse, vol 1.
Springer, Berlin Heidelberg New York, pp 242, 340
[2] Umiland F, Janssen A, Thierig D, Winsch G (1975) Kompleksnyje
sojedinienija w analiticzeskoj chimii. Izd Mir, Moskva, pp 175, 182, 187, 201,
271
(3] Minczewski J, Chwastowska J, Dybczyiski R (1973) Analiza $ladowa.
Metody rozdzielania i zaggszczania. WNT, Warszawa, p 218
4] Nadezhda AA, Ivanova KP, Gorbenko FP, Maslieva FI (1976) Ukr Khim Zh
42: 760
[5] Holgye Z (1982) Radiochem Radioanal Lett 53: 285
[6] Mathuswami SV, Vijayan S, Woods DR, Banerjee S (1983) Can J Chem Eng
61: 728
[7] Dyrssen D (1952) Svensk Kem Tidskr 64: 213
[8] Fieser LF, Fieser M (1962) Chemia organiczna. PWN, Warszawa, p 778
[9] Kemp DM (1962) Anal Chim Acta 27: 480
[10] Popov Al, Wendland: WW (1954) Anal Chem 26: 883
(11] Furman NH, Mason WB, Pekola JS (1949) Anal Chem 21: 1325
[12] Vasilenko VD (1960) Ukr Khim Zh 26: 767
[13] Cheng KL (1958) Anal Chem 30: 1941
[14] Pilipienko AT, Shpak AV, Shpak EA (1975) Ukr Khim Zh 41: 79
[15] Tiszczenko MA, Lauer RS, Poluekiov NS (1964) Ukr Khim Zh 30: 390
[16] Kiba T, Ohashi S, Maeda T (1960) Bull Chem Soc Jpn 33: 818
[17] Dyrssen D, Dahiberg V (1953) Acta Chem Scand 7: 1186
[18] Dyrssen D (1954) Svensk Kem Tidskr 66: 234
[19] Dyrssen D (1956) Svensk Kem Tidskr 68: 212
[20] Stary J, Smifanska J (1963) Anal Chim Acta 29: 545
[21] Nadieida AA, Gorbienko FP, Ivanova KP (1980) Ukr Khim Zh 46: 1315
[22] Sebesta F(1978) Primenienie khelatoobrazuyushchikh reagentov v kachestve
nepodvizhnoi fazui v ekstraktsionnoi khromatografii. In: Braun T, Ghersini G
(eds) Ekstraktsionnaya khromatografiya. 1zd Mir, Moskva, p 391



912 D. M. Czakis-Sulikowska er al.: The Extraction of Yb(IIT) and Lu(I1])

[23] Dziomko VM, Rudienko NP, Kremienskaja IN (1963) Zh Neorg Khim 8: 655

[24) Baudisch O (1911) Chem Ztg 35: 913

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

[26] Komar NP, Perkov JG (1964) Zh anal khim 19: 145

[27] Savvin SB (1971) Organiczeskije reagenty gruppy Arsenazo II1. Atomizdat,
Moskva, p 286

[28] Stary J (1966) Ekstrakcja chelatov. Izd Mir, Moskva, p 25

[29] Beck MT (1970) Chemistry of complex equilibria. Akadémiai Kiado,
Budapest, p 114

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

[31] Forsberg JH (1973) Coord Chem Rev 10: 195

[32] Yatsimirskii KB, Kostromina NA, Sheka ZA, Davidenko NK, Kriss EE,
Ermolenko VI (1966) Khimiya kompleksnykh soedinienii redkozemelnykh
elementov. Izd Naukova Dumka, Kiev

[33] Rossotti FIC, Rossotti H (1961) The determination of stability constants and
other equilibrium constants in solution. McGraw-Hill, New York, p 217



