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This study deals with the application of the concepts of total complexity
and total ligand numbers to the description of the equilibria of complexes
m two-phase systems especially in the liquid —liquid extraction of chelates
and associates. Some admissible simplifications of substance balances of
complexes, possible corrections and applications to the descriptions of the
concentration-dependent distribution and extraction titration are presented.
The possibility of characterizing the systems containing stoichiometrically -
comparable amounts of metal and extracting agent on the basis of the
corresponding extraction systems (systems with equal concentration of free
ligands and distribution ratio of metal) is discussed. An expression for the
maximum yield of metal extraction with respect to the amount of extracting
agent is derived: it represents the extraction capacity of a chelate system.
Some relationships are illustrated by experimental distribution of 9Fe3+ in
the extraction with the solutions of acetylacetone in carbon tetrachloride.

The equilibria, in which stoichiometrically comparable amounts of metal and complex-
-forming agent are involved, occur in the applications of the extraction of chelates and ion
associates to substoichiometric analysis, concentration-dependent distribution, exchange
extraction reactions, and extraction titrations [1— 3]. Besides a simple extraction reaction
characterized by the extraction equilibrium constant {4], the description of the extraction.
cquilibria of chelates at a great excess of extracting agent covers also a stepwise formation
of various complexes in the rational form put forward by Rydberg [5, 6] and Dyrssvis
and Sillén [7]. The ligand numbers, Bjerrum functions [8], were used for the characteri-
zation of the mean composition of individual phases and the variations in the distribution
ratio also by Irving, Rossotti, and Williams [9]. The equilibria in two-phase systems
of isomolar series as well as the substance balances were analyzed in more detail for
the first time by Komar [10]. Irving and Prerce [11] as well as Jensen [12] suggested
to use a simplified function of the total ligand number in a two-phase system for substance
balances and to consider a stepwise formation of chelates and a distribution of one chelate.
Sillén [13] elaborated the substance balances in systems containing several polynuclear
complexes. The complications arising when more detailed balances, which require the
application of computer technique [14—16] are considered, result obviously in the fact
that the substance balances of metal and agent are reduced to simpler relationships
which are easier applicable. The practically convenient conditions established by Ru#Zicka
and Stary [17, 18] for the extraction with substoichiometric amounts of agent are known
(they were partially corrected by Perezhogin and Alimarin {19—21]). On the basis
of assumptions of constant complexity in the aqueous phase Kyrs [221 formulated the
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theory of concentration-dependent distribution. Spivakov and Zolotow [23] proposed
a simplified calculation of the concentration of ligand for the extraction with chelates,
We have noticed [24] that certain neglections in the initial balances may result in the
inapplicability of the derived relationships. In this paper we are going to present gene-
ralizations and a more detailed analysis of the simplifications and corrections for practi-
cal use.

Theoretical

Substance balances

In order to describe the extraction of complex compounds we shall adopt an initial
scheme in a possibly broadest form. We shall consider the cquilibrium constants at
& coustant ionic strength and constant concentration of competing ligands [5].

Let a chelating agent be an amphoteric or dibasic acid. Tts ionic forms (e.g. A~ and
HyA*) are able to form the associates with minor ions which serve e.g. for the preservation
of ionic strength and pH. The distribution of these ion pairs may be describod hy apparent
partition coefficients [2]. The substance balance of agent including the forms A, JTA,
and HeA in both phases assumes the form '

[ATV A4 [Adore Vorg -+ [HAJV -+ [HA L. Vers -+ [HATV [HoAlog Viey = =[A]V. ()
Thus the function
=14 Ple L (1 - Dy e lGELTR] + (1 4- P;ﬁws)]ffﬂg fﬁl_ﬁxfﬂ]z (2)

gives the ratio of analytical concentration of all forms of the free agent (unbound to
central atom) 1o the conecentration of the anionic form A i the agueous phase. Further-
more, the agent and another possible ligand B (hydroxyl, water, masking agent, etc.)
form with cxiracted metal the complexes

MMt AT LGB = MuA Bt (4)

{further relationships can be generalized for arbitrary number of other Ligands) which

may be distributed between the aqueons and the organic phase. Hence. the balaneo
of agent will assvnic the form

Cu Vi = a[A]) > UMuABV + (ML AsBjlorg Vorg) . (3)

arg i
b

the balance of metal will be

CM V" = z m([:MmAeBy] I —'r“ {:I"{TRA»’EBJ'])I‘S Vorg) . (l)

mij

If we use the stability constants and partition coefficients, we obtain

0ac0 = oA} 4= 6[M] S ifmis(l - Pryye)[ M- [A][B]’ | (5)
ey i
‘ i
ey = o[ M] Z\: mPmi(l - Pm{je)[M]m*l[A]f[B]J'. (6)
Wij

The complexity of the element M in individual phases may be expressed as the ratio
of the total analytical concentration of the element in a given phase to the concentration
of the simple ionic form Mz+ in the aqueous phase, 1.e.




EXTRACTION EQUILIBRIA OF COMPLEX COMPOUNDS

X= 3 3 5 puyMIn{[AI[B]. (7)
m=17=037i=0
KXorg = D }j ﬁmijpmfj[:“ﬁ]m_l[A]i[B]f. (8)

M—m14=0 =0

Analogously, the total complexity in a two-phase svstem may be defined as the ratio
of the total analytical concentration of the metal in the system to the concentration
of the simple ionie form in the aqueous phase, 7.c.

Xe= 2 2 2 Pui(l 4+ Puye)MIm F[AY[BY. (9)

n=13=0;=0
As the ligand numbers in individual phases with respect to the ligand A are in general

22 2 wy[MImAY[BY

PR A
o= Moli=1i=0 S — _8_1(:7* , (10)
X o log [A]
> 2 2 iBmuPayMIm AT [BY loe X
1=1li=1j= 08 A org
ﬁorg : 771,77717, 1!"_97 7 o ) _ g 5 (11)
Xorg ¢ log [A]

the total ligand number in whole system will be

z \ :\_ 'i/))m'ij(l '1— Pmij"f)[l\/l}mﬂl[A]i[B]}' log X
T — m=1li=1j=0 - e d log X ) (12)
Xy o log [A]

and analogously e.g. B, Porg, and P for the ligand B.
Analogous functions expressed for the central atom will signify the mean degree
of polymerization, e.g.

> 2 2 (m— 1)Bmy[M]m A [BY

1 i = dlog X
7= = 1i=07=0 Sl - A (13)
X o log [M]
and
o a 1()5 Xorg o 6 10g X{,
Morg = — "=, Py ==
o log [M] o log [M]

similarly as in (17) and (12).
Using these expressions we may write the balances (5) and (6) in the following form

CAEY == :’T[A]O’ - —
1 - FiLg

CM. (I

Further relationships may be obtained from the balance of protons [15] but now it is
not necessary to analyze them.
The distribution ratio of metal

Z MMy AiBjlorg

D — mij (15)
Z m[MmA¢B5]

maj
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may be expressed in conformity with the preceding in the form

Xorg 1 4+ wig,
D — org -+ org ) ([6)
X 14 m
The universal relationship
| 1+ im
Xe=X 4 eXorg = X|1 4+ D v-) (17)
1+ #iorg,

may be derived from equations (7—9) and (16). The expression allows to analyze two-
-phase systems formally in the same way as one-phase systems.

As the possibility of using the simplified forms of the above balances may hardly
be assumed for the formation of polynueclear complexes (as known from one-phase
systems), we are going to deal exclusively with their application to the systems of mono-
nuclear complexes (m = 1, 7 and Hiorg = ().

Expressing of total ligand numbers

By taking the logarithm of (17) and differentiating it we obtain by means of (10)
and (12) for the systems of mononuclear complexes

eD dlog D 18)
1+ eD

ne=mn 4 .
dlog [A}

As known [5, 9], it follows from (10), (11), and (I5) that o log D/dlog [A] = Aorg — 7.
This relation allows to write the subsequent simple expression,

Ny = ﬁorgR + ﬁ(l - R) (]9)

instead of (18). The expression is exactly valid for the systems of mononnclear complexes.
Provided a single complex MA;B, is considered and extracted in maximum yield Rpax =
= E.Pn'n'/(]. + €Pﬂp) itr Will be

nk

e = , (20)
Rmax

The papers of Perezhogin [19—21] are based on the simplification of this type which gives
at Bmax = 1 as a maximum simplification for 7, (in conformity with Jensen [127)

In this case it is, however, more convenient to calculate 7, from the relationship 7, =
= n(l — 1/D).
The simplifications (20) and (21) may be used if the ratio
n
ko=

— (22)
nelD

is close to zero (the distribution ratio D has to be of 102 order of magnitude). This fact
necessitates the verification of the last condition of the neglection of chelates in the
aqueous phase when dealing with systems with ¢ prior: low distribution ratios {low P,
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or substoichiometric region). In particular, the condition (22) need not be fulfilled mainly
in the systems of complexes with a large spread factor of consecutive stability constants
(K; > K1) and low complexity with respect to competing ligands and a considerable
part of agent may be bonded to lower and non-extractable complexes. Provided the
values of consecutive constants are not known except the parameter of the mean stability
constant a, the condition k < 1 may be examined in the form

nePio

(n — ¢)pA < 10g( ) 4+ (n —1)a + in — )b + logk, (23)

7

where the value pA corresponds to a given distribution ratio, ¢ may be selected according
to the assumed composition of the aqueous phase and the spread factor b is of minimum
statistical probability [8].

Concentration-dependent duistribution

Let us consider how the distribution ratio varies in a system with constant amount
of agent at a constant pH and a concentration of competing ligands if the system with
negligible amount of extracted metal turns to a system with macroamount Gu. This
case is of practical importanece in the method of the concentration-dependent dlstmbutlon
[22] as well as of extraction titrations [8]. The quantities D and X in the system with
Gy — 0 will be denoted with index 0.

Provided no polynuclear complexes (m = 1) arise, we shall obtain on the basis of (7),
{8), and (15)

D Xorg XO

. (24)
DO (Xorg)o X

If we express the changes in complexity by means of the first terms of Taylor series
or Lagrange formula as

diog X

log Xo == log X 4 (log [AJo — log [A]) (28)
0 log [A]
we obtain with respect to (10)
log Xo — log X = 7 (log [A]e — log [A]). (26)
From (14) it is obvious that
(Al = 7. (27)
nc

Analogously, from the change in Xy according to (8) and (11) we obtain from (24)

n
log D = log Do + (feorg — 7) log (1 — 17-i) . (28)

n

If this relationship is transformed to the form
1

D\ e 1 D G

1 . s Norg—H + € B — l (29)
DO T + ’I—’l:orgSD GA
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the cquation derived by Kyri [22] ensues from it as a speclal case for 7 = 0 and ¥iery = n.
It 13, however, obvious that no simplifications except 7 = const and Tearg = O (choice
of pH of the extraction or other conditions) have been applied. From the point of view
of the sensitivity of the method of the concentration-dependent distribution the value

dlog D L(Foorg — 1) + 7

ﬁ@i)g 7 . _ s 7 ) _
B[l — (n — 7)) (1 - R)] + {n — ;)/('norg — 1) (30)

\ ]

18 of importanee (n is an arbitrary stoichiometric coefficient in the ratio 7). This value
shows for #igrg = 7 that the region of applicability of that method, practically defincd

i

as dlog Djdlogn < —0.5 for R — 1 [22], begins with the value of the ratio

n=(2n —R) } 111 (31)

what indicates that the sensmtivity of method decreases with increasing 7 up to the
stoichiometric ratio 7 = 1. It means practically that the method is suited for the use
at such composition of the aqueous phase where no chelation with agent is observed
(sufficient masking).
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ffig. 1. Theoretical curves of concentration-dependent distribution of the chelate MAs
(30 = 103; Bao = 1012; g = 4), — substance balance with stepwise chelation
(b =025); — — — _ neglection of lower chelates (b = —38); —. —. — . — correction
n=003; ........ ratio fi/n for “total” balance (b = 0.25).
7t/Ga: 1. 4.63 x 103; 2. 1.17 x 104 3. 5.60 x 105.
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Fig. 2. Concentration-dependent  distri- D

bution of Fe?r in a system acetate buffer
solution (pH 4.0)—0.01 m acetylacetone
m CCly. @ Distribution found radiometr:-
cally; a cistribution found spectrophoto-
metricallyv; ——— curve caleulated on

et

the basis of constants from literature
[1, 25] (for acetvlacetone fi1p = 1.86 > 109,
fao = 9.54 x 1017, fz0 = 7.36 x 1023,
Pag = 108; for OH~ for = 1.82 x 1011,
fo» = 9.22 0 1021; — — — — the same
according to (29) for n = 0.
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These considerations may be illustrated by a theoretical distribution of the chelate
MA; with total substance balance of all complex forms and under neglection of n for
different vatues of Dy determined by the concentration cs and pH, 7.e. by the ratio
7/Gs (Fig. 1). The distribution of the tris(acetylacetonato)iron(ILl) chelate found
experimentally (Fig. 2) also confirms and illustrates the established relations.

Celeulation of the equilibrivwm concenlration of a chelating ligand
in systems with macroamourt of metal

For the systems with monornuclear complexes equation (14) may be written in the form
nll

> i {owyi_1,; + yi(fem — cago)} [Alf = 0O, (32)

L

i=0j=0
where
vig = PulBP(L + Pise) (33)
and yp; = 01f 0 > k& > n. Anyway, the solution of this equation is tedious and practically
purposcless. If [A] is to be calculated for the extractions with the solutions of chelate

MA, [23, 24] in which only non-extractable complexes MB; arise (complexity Xsg),
equation (32) is reduced under the similar conditions to

1
[A] = {caeoXp/onfno(l + Puee)}" ! (34)
the applicability of which is not limited by the values of pH in contrast to the equation

in paper [24]. Obviously, the effect of # according to equation (I4) can manifest itself
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by an increased value of [A] caleulated by relation (34) and may be eliminated merely
by iteration provided 7 is known as & function of pA.

Corresponding extraction systems

The distribution ratio of metal in extraction systems in which no polynuclear complexes
are formed is only a function of the equilibrium concentrations of ligands according
to (16). The extraction systems with different concentrations of metal and equal con-
centrations of free ligands which must therefore show an equal distribution ratio of metal
may be called the corresponding extraction systems in analogy with one-phase systems
[8]. Since we do not know D as an explicit function of the concentrations ¢, ¢y, and
pH or other components, it is possible to use the corresponding systems for finding out
some parameters (ligand numbers, concentrations of free ligands). A system containing
& negligibly small amount of metal in comparison with agent will be ecalled shortly
a microconcentration system. In such a system it is possible to calculate for instance [A]
according to (27). In accordance with (30), we may consider such an amount of metal
to be negligibly small which corresponds to a certain tolerable value of the change in
distribution ratio if the concentration of metal increases, e.g. dlog D/dlog y < —0.1,
that means

em < 0.1 cagp/n2. (35)

This condition is fulfilled e.9. by a radioactive tracer with the molar activity exceeding
1012 5=t mol~1 (ca. 30 Ci mol~1) even at 10~ M concentrations of agent provided other
complex-forming elements are not present in comparable concentrations.

If the distribution ratio of metal in a microconcentration system has been determined,
it is possible under certain assumptions to find the conditions of equal distribution of
the macroamount of element (macroconcentration corresponding system).

For the corresponding systems of mononuclear complexes the subsequent expression
follows from (74) at a constant PH of the aqueous phase

d(CAE()) = T dCM, (36)

t.e. the system with concentrations (car and (em)1 will correspond t~ the system with
concentrations (ca): and (cy)s provided that

(cago)e — (caco)r = Wl (cm)2 — (emy.] - (37)

This equation cannot be used e.g. for the calculation of the concentration of agent

convenient for the extraction of a certain amount of metal without any simplifying

estimate of 7; (see above). But it enables us to caleulate 73, if the corresponding extraction
systems have been found (Fig. 3, Table 1) or to calculate [A]

I (caco)i(em)z — (caso)a(cm)s R

[A] = — (38)

g (Om)z —_ (CM)1

regardless of the formation of hydroxo or mixed complexes.
At a constant concentration of the extracting agent the condition of the corresponding
systems
[Ald(on) + emdn; + Fudew = 0O (39)

may be applied if #; is constant at a given concentration of [A] (negligible formation
of hydroxo complexes, competing ligands are strong bases). The required increase of pH

10 i Chem. zvesti 28 (1) 3- 16 (1974)
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Fig. 3. Extraction of Fe3+ with the solutions of acetylacetone in carbon tetrachloride

at constant pH 4.0 (o =1). 7. ey = 1.94 X 1074M; 2. e = 3.3 X 1073 M; 3. eu =

= 6.79 X 1073mM. — — — gystem corresponding to curve I for 7 = 3R (m = 0);
—.—.—.— the same for the maximum possible #; ==

in a macroconcentration system (the pH of which is expressed by the value of #n) with
respect to the corresponding macroconcentration system (the pH of which corresponds
to ze) follows from (39) and is given by subsequent relation

n=n0(1~ nﬁc) (40)

n

or

: Ui
logw = logmp + log { I — —1} . (41)
n

/

Table 1

Values of 7; and 7 in corresponding systems at constant pH (curves in Fig. 3) calculated
according to equations (37) and (19)

D n; = 3R For curves 7 and 2 For curves I and 3
@ = 0) 7 7 e 7
0.20 0.50 1.07 0.68 0.97 0.57
0.30 0.69 1.36 0.87 1.24 0.71
0.40 0.86 1.63 1.08 1.48 0.87
0.50 1.00 1.81 1.21 1.63 0.94
0.80 1.33 2.20 1.55 2.07 1.32
1.0 1.50 2.37 1.75 2.29 1.58
1.5 1.80 2.67 2.18 2.54 1.85
2.0 2.00 2.82 2.46 2.73 2.20
3.0 2.25 2.91 2.63 - —

Chem. zvestt 28 (1) 3—16 (1974) 11
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The effeet of 7 on the value of logarithmic expression may be included in the correction
factor normalized in the form

Fuly — &)
J=—log {1 — " ) : (42)
w{l -~ &)
whore
Z Z ?t[l\I;A,qB)]rqui7m ¢ .
L £ Hore
§ o= b7 e PR 21 : (43}
GA i

is the coefficicnt of utilization of the agent emploved in extraction in a macroconcentration
system. Then cquation (47) can he written in the form

log 7 == log mo + log (1 — nR) — f. (44)

The shift in the value of log & caused by the existence of chelatos in the aqueous phase
may be important especially for the extraction with substoichiometrié amounts of agent
(n > 1) as it follows from (42) and since 1 < o << =y, the corresponding macroconcentra-
tion systemn is to be achieved only if the subsequent inecquality is valid at a given D

ﬁg g 1

— (45)
T i)

If this condition is fulfilled, it is possible to simplify still more the conditions necessary
to achicve the corresponding system by raising the pl in a macroconcentration gystem.

If the dissociation of free agent is suppressed (z - 1), equation (2) vields (44) as an
explicit change in pH

pH = pHy — log (1 — »nf) + f, (46}
where pHp is the value at which the metal is extracted in the yield R in a microconcen-
tration system with a given amount of agent. For a quick estimate of pH of the ex-

traction of stoichiometric chelate (e.g. the equiv.lence point at extraction titrations,
nf = ¢ = 0.99) we obtain approximately at 7 == ()

pH = pH, + 2. (47)

The significance of the correction factor f increases evidently especially in stoichiometrie
and substoichiometric region (7 = 1) if the required portion & is close to one.

Eatraction capacity of chelate systems

The maximum possible coefficient of utilization of agent in the chelate system according
to (43) can be called extraction capacity of the system

6ma,x = C. (48)
Hquations (£0) and (43) give for the maximum increase in pH (7 — 1)

o w1
oc="erE T ' g (49)

e Lo
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For the extraction of one chelate MA,B, (Forg = n) using (19) and (23) we obtam

i — 1
e (50)

= . 5

1 -k TTo
The extraction capacity 1s thus limited by two factors: the presence of chelates in the
aqueous phase and the dissociation degree of a free agent. Tts course in the region of high
dissociation of the agent as a function of pH is shown in Fig. 4. At the same tirme 1t 1s

ovident that according to (43) the maximum capacity 1s achieved in the extraction
t in the extraction with substoichiometric amounts

of stoichiometric chelate and n

0
of agents as the neglection of # (b = 0) would suggost.
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Fig. 4. Theoretical dependence of the I ;’;’ a2 ! \‘%
. - . / ¢ o - s,
extraction capacity of microconcentra- 0.5 | H ,ei/ 1 !
tion systern (€'), the yield ol extraction i &f/ f o
: ; ) P P [ 4 K i

of microamounts (Rp), and the stoichio- o i f
g Aar —

metrie ehelate (£:) on pH. Composition 5’1 y: ] ?
- P . ¢ 5 & . |
of the chelate MAs, Pso — 103, &y == Ly ; -

N ¥

= 3 3 1074, a = 4. ; -

—~ — — — for the spread factor 5 - , ; j
N }LN oWl b Bl i
= —1.5; —— forb=0.25; —. —.— P q o

log (1)

region in which hydroxide is procipitat

A real hindrance of the limiting increase in pH in a macroconcentration system up to

the values pH > pAuas -+ log (1 | Puse) (m — 1) is the hydrolysis of metal in the alkaline

region. The allowable inerease in pH (so that the solubility product 8, of the hydroxide
M(OH), would not be exceeded) ensues as a limitation
g
pH = 14 + — [log 8, — iogew + log (1 — R) + log X]. (51)
R

Thongh the complexity X (e.g. masking in the extraction) raises the pH value at which

hydroxide is precipitated it equally raises the value of pH necessary for the extraction
in the corresponding microconcentration system which can be derived from the extraction

constant

, 1 .
pHo = —- (log £ — log ) + —log X — logca . (52)

n n
At a given ratio 7 the increasing concentration of agent decreases the value of pHo more
rapidly than the pIl at which the precipitation of hydroxide sets in and for this reason
a certain minimum concentration will occur in the stoichiometric region of the metal
and the agent where the hydrolysis will not hinder the effective extraction of chelate.
If the above relations are to be used for the calculation of this necessary concentration
of chelate by means of (46), (51), and (52) we come to the conclusion that

(n — 1)logea > (f — 12)n — logn — log £ — log Su (53)
Chem. zvesti 28 (1) 3 — 16 (1974) 13
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must hold provided the chelate of the concentration Sya = ca/n ought to be extracted
in the 999, yield (B = 0.99). Because of the low solubility of the majority of extractable
chelates this condition 1s essentially a postulate of minimum solubility of chelate from
the point of view of its cffective extractability. Provided the conditions involved in the
derivation of (46) could not be kept, it is possible to proceed from the corrcsponding
extraction curves. One may construct the relationship between R and pH in a micro-
concentration system at the concentration of agent ¢y = nSma or less. Then this graphi-
cally constructed function (57) can be used to estimate the real increase in pH in the
corresponding macroconcentration system and find out whether the conditions for the
increase of pIl in a macroconcentration system allow according to (44) to achieve the
required extraction capacity.

Experimental

The extraction was carried out with anal. grade chemicals. The extraction mixtures
with the volume ratio of the aqueous to the organic phase 1: 1 werc prepared by mixing
& stock solution of standardized 0.01 m-FeCls with acetylacetone (molar ratio 1:1)
with 0.01 M solution of acetylacetone (UCB Belgium, content of acetic acid < 0.29,
in carbon tetrachloride and pure carbon tetrachloride. The pH value of the aqucous
phase was adjusted with acetate buffer solution (2M-CH3COONa and 2 m-CHs;COOH)
and measured after equilibrium establishment with a precise OP-205 (Radelkis) pH-meter.
The ionic strength was kept at the approximate value of 0.1 by adding 2 M solution
of sodium perchlorate. The systems were agitated at 20°C for 4— 8 hours until the attain-
ment of equilibrium, Radionuclide 59Fe (UVVVR, Prague) detected by means of a one-
-channe] VA-M-160 (Vakutronik) spectrometer with a well type Nal(Tl) crystal was
used for the indication of Fe3+. The spectrophotometric determination of tris(acetyl-
acetonato)iron(I1T) chelate was performed at 2 = 440 nm on an OF 402 (MOM Budapest)
spectrophotometer. The theoretical curves were calculated on an ODRA 1013 computer
or on a Hewlett —Packard 9100 B calculator.

Conclusion

The analysis of the results obteined showed the possibilities of simplifying the sukstance
balances and the relationships derived for the extraction of macroamounts of complexes
especially in the case of the stepwise formation of complexes. By means of the corres-
ponding extraction systems it is possible to derive the conditions of extraction for the
systems with comparable amounts of metal and agent without understanding a number
of theorctical constants. Because of the complications caused by a possible change
in complexity at great variations of pH in the corresponding systems, the formation
of polynuclear complexes, and eventual variations of ioniec strength in macroconcentration
systems, the experimental investigation of the relations obtained demands more extensive
material. In spite of this the starting relationships cmployed by us enable to weigh
the necessity as well as the admissibility of the used simplifications when prefering the
extraction reaction of a certain type or to introduce some proper corrections into cal-
culations. Special attention should, however, be given to the simplifications concerning
the formation of polynuclear complexes by the transition to macroconcentration systems.
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EXTRACTION EQUILIBRIA OF COMPLEX COMPOUXNDS

M

A

B

e

MmAiB:i

7, P

Fie, Pt

7, P

[M], [A]
v, VZ)rg

v, Vorg

g= V|V

& = V(,)rg/V’

£ = Vorg/V

CA

G, = cAV:)rg

M

GM = CM V’

n = nGM/GA

§ = nRGwu/G A

R = eDJ(1 - ¢D)

D

Pri; = [MnAiBjlorg/[MmA:B;] =

PHA e [HA]Org/[HA]

K = [MAJor[EL]%/[M] [HA]"
ﬁm'i;i = [MmA%Bj]/[M]m[A]Z[B]?

Bis
K; = [MA;B;]/[MA;_1B;] [A]

a = 1/nlog fa

b = 1/2 (log K; — log K1)
Kua = [H][A)/[HA]

Kiton = [H] [HAJ/[HA]

S, = [M][OHF
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* Symbols

sntral atom
charge of the central atom
anionic ligand (anion of a weak acid HA, HzA)
competing ligand or associated ion
charge of the competing ligand or associated ion
(negative, zero, or positive)

complexes
mean ligand numbers of complexes in the aqueous phase
mean ligand numbers in a two-phase system
number of ligands A and B in an extracted complex
(provided it 1s single)
equilibrium concentrations of the particles M=+, A~ eic.
in the aqueous phase (charges are omitted)
initial volumes of the aqueous and organic phase
equilibrium volumes of the aqueous and organic phase
volume change during extraction
initial phase volume ratio
equilibrium phase volume ratio
molar concentration of chelating agent in the starting
aqueous phase
substance amount of the extracting agent
molar concentration of extracted eclement M in the
starting aqueous phase
substance amount of the extracted element
stoichiometric ratio of the element to the extracting
agent
coefficient of utilization of extracting agent
yield of distribution
distribution ratio (ratio of the total analytical con-
centration of extracted element in the organiec phase
to the concentration in the aqueous phase at equilibrium)
partition coefficient of the complex MypA:B;

partition coefficient of the molecules HA

apparent partition coefficient of anions A~ and cations
H,A+ of the agent HA (extraction of associates)
extraction equilibrium constant (concentration product)
stoichiometric constants of the stability of complexes
M, AB;

stability of complexes MA;B; (conventionally foo = 1)
consecutive stoichiometrie stability constants of com-
plexes MA;B;

parameter of the mean stability constant

mean spread factor of stability constants

dissociation constant of the agent HA

dissociation constant of the molecules Ha2A

solubility product of hydroxide M(OH).
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