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Abstract

The effect of diluent on the activity coefficients of
the extracted complex and of the extractant in the orga-
nio phase has been discussed on the basis of the regular
solutions theory. The dependence of the extraction coef-
ficients of the Co(^-picoline)4 (NCS) 2 complex on the so-
lubility parameters of inert organlo diluents is parabo-
lic, as predioted by the theory. Rather a small effoot of
diluent on the extraction coefficients of the complex at
a constant oonoentration of the extraotant in the organic
phase in due to the partial compensation of the interac-
tions of the complex and of the extraotant with the di-
luents. Deviations from the parabolis function of the ex-
traction coefficient values for some diluents result from
the specific molecular interactions between the diluents
and the extracted species, j j i ir^

Streszczenie

Na podstawie teorii roztworów regularnych przedysku -
towano wpływ rozcieńczalnika na wielkośol współczynników
aktywności ekstrahowanego kompleksu 1 ekatrahenta w fazie
organicznej. Wykazano istnienie zgodnej z teorią parabo-
liczną zależnośoi współozynnlków ekstrakcji kompleksu
Co (y-pikolina)4 (NCS) 2 od parametru rozpuszczalności obo-
jętnych rozpuszczalników organicznych. Przy stałym stę-
żeniu ekstrahenta w fazie organloznej stosunkowo niezna-
czny wpływ roaoleńozalnika na współczynniki ekstrakcji
Kompleksu spowodowany Jeet ozęśoiową kompensacją oddzia-
ływań kompleksu 1 ekstrahenta z rozcieńczalnikiem.Odchyle-
nia współczynników ekstrakcji od paraboli dla niektórych
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są wynikiem istnienia specyficznych ой-
dslaływan cząsteczkowych pomiędzy rozpuszczalnikiem a
aubetanojaml ĵcs trenowanymi.

резюме

На основании теории регулярных растворов продискути-
ровано влияние разбавителя на величины коэффициентов ак-
тивности экстрагированного комплекса и экстрагента в ор-
ганической фазе. Показано существование, согласной с те-
орией, параболической зависимости коэффициентов экстракции
комплекса ОоСУ-пиколин^ДОСЗ^ от параметра растворимости
инертных органических растворителей. Относительно неболь-
шое влияние разбавителя на коэффициенты экстракции комп-
лекса, в условиях постоянной концентрации экстрагеняа в
органической фазе, является результатом частичной компен-
сации взаимодействий комплекса и экстрагента с разбавите-
лем. Отклонения коэффициентов экстракции от параболы для
некоторшс растворителей являются эффектом существования
специфических взаимодействия между растворителем и экс-
трагируемвди соединениями.

-III-



Distribution coefficient of a substance in ttea ayetem

of two inmisoible phases - aqueous and organio - depends

in a different way on their phyeioo-ohemioal properties.

Standard free energy of the solvent extraction ргооевн is

mainly determined by the entropy effect in the aqueoua

phase» Weak interraoleoular interactions in the organio

phase affect in a much lover extent the extraction, ne-

vertheless its role cannot be neglected when considering

a real extraction system.

The present state of the theoretical chemistry creates

no possibilities of determining a priori the values of the

distribution coefficients, provided the physico-chemical

properties of the pure components of the extraction syetom

are merely known. Only the influence of some parameters of

a real extraction system on the value of the distribution

coefficient can be anticipated; the value of the distribu-

tion coefficient can be estimated if its standard value has

been empirically measured. Problems conneoted with the ef-

fects of the aqueous phase were discussed' in a previous

communication . Let us consider now the role of some pa-

rameters concerning the organic phase»

The prooess of the extraction of an inert molecule of

a metal complex оan be described by the equationt
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where Me n +, R~ and В denote metal, anion and extraotant, reap.,

m and n are stoichiomotry coefficients, indoxes aq and org re-

late to the aqueous and organic phases, reap* If the composition

of the aqueoutt phase is considerod to be constant, the distri-

bution coefficient oan be expressed by the following aquation i

where К is a constant /for a given complex, composition of the

aqueous phase and temperature/, a^ and х Б are the thermodynamio

activity and the concentration of the extractant in the organic

phase, reap,, "JfE and Jfo are the activity coefficients of the

extraotant and complex, reap. Thus, the distribution ooeffi-

oient for the extraction of a complex from the defined aqueous

phase depends under defined conditions oni 1° - the concentra-

tion of the extraotant in the solvent /diluent/| 2° - the

valuee of the aotivity ooeffioients of the extraotant and oom-

plex in this diluent.

The power dependence of D on the concentration of the ex-

traotant is a simple consequence of the law of mass action,

/Hereby one has to remember that for high concentrations of the

extraotant and complex their variations cause also changes in

the values of the corresponding aotivity ooeffioients/. In

some cases, however, a change in the extractant concentration

oan also in a different way affect the D-value. The soJvation
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number, n, of some complexes depend* on the extractant ooueen-

tratlon. A ohange in this muaber and a consequent drift of

tbe configuration equilibrium of «*« complex can cause a dras-

tio obange in the distribution coefficient. In such oaeea,

formula /2/ oan be applied only for a definite rango of the
p/•x true tan t concentration*' .

The value* of the activity oo«ffislents, $ R and ^fo, re-

present quantitatively the interooltoular interaction of the

extracted substance with the diluent in eolations euffioiently

dilute. For a constant, value of the extraotant oonoentration

the ratio ftg/5fQ

 i s & measure of the effect of the diluent on

the solvent extraotlon process.

Hlldebra&d-Scatohard'e theory of regular solutions4' makes

possible the calculation of values of the activity ooefficients

from the Imcwledge of thv physioo-cheKical properties of the

ooaponente of the solution. Assuming that the interaction of

the solute wa& diluent can be reduced to non-epeoifio dispersion

foroes, and that the distribution of the molecules in the solu-

tion is random /the ideal entropy of mixing/, the aotivlty

coefficient cf the solute /У А/ oan b e expressed as follows i

RT LntA~VA ?${<$A- cTd)
2 /3/

"here V^ is the molar volume of the solute in the solution,

^ d is the volume fraction of the diluent in the solution, $ д

and (̂ d are the solubility parameters of the solute and di-

luent, resp. The value of the solubility parameter at a tern-
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perature T can be calculated fro» the value of its heat of

vaporisation /ДН-/ and molar volume

In this simple case of extraction by a physical mechanism

/when the extraotlon system does not oontain the extraotant/,

equation /2/ oaa be expressed ae D «• K^^A* If the activity

coefficient of the solute is expressed using equation /3/, a

parabolic dependence of log D on the solubility parameter /crd/

of the diluent is obtained, with a maximum for $ d = $A»

The subBtanoe is then best extracted by solvents /diluents/

whose solubility parameters are equal to the solubility parame-

ters of the extracted substance. The slope of the parabola /5/

is proportional to the molar volume of the extracted substance.

This has been observed by Siekiereki and Olsser*' while extrac-

ting germanium halides into inert organie solvents .

A similar relation can be applied to the extraction of the free

moleoules of extraotanti di- and tri-butylphoephateS'6/\

З'-Piooline7'' and other.

To express the functional effect of the diluent on the ex-

traction of solvated salt molecules /in the systemi aqueous

phase - extractant - diluent/, equation /3/ applies both for

the complex and extractant. One obtains as a resultt
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The alope of this parabola is proportional to the difference of

the molar volumes of the complex and n molecules of the extrao-

tant, its maximum corresponds to the solubility parameter of

= *S/* ~Л.Т Fthe diluent ^r = *S/* Л.Т F • *» *bie case, a partial

or even oomplete compensation of effeots of interaction of the

complex and extractant with the diluent occurs; the parabola /6/

has a much lees steep shape than the /5/, and the dependence of

the distribution coefficient on the solubility parameter of the

diluent is much less pronounced. The comparition of such two pa-

rabolas for the solvent extraction of 0о($-р1соПпе ) 4(NCS)„

complex into inert organic solvents can be seen from Pigs, i and 2.

Flg.l presents a plot of the magnitude (on~ , proportional to

с с

the distribution coefficient of the complex at a constant concen-

tration of the extraotant /Jjf-picoline/ in the organic phase.

Fig.2. presents a plot of io§ %,proportional to tho distribution
coefficient at a constant thermodynamic activity of the extrae-
tant in the organic phase, i.e. the constant oonoentration of
the extraotant in the aqueous phase at equilibrium. This cor-
responds to the oase of extraction of the solvated complex by
a simple physioal mechanism. It can be seen that the dependence
of the distribution coefficient on the solubility parameter of
the diluent is very significant In the latter case. It is only
slightly marked in the former case, as a result of the discussed
compensation. It must be pointed out that all these considerations
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pertain extraction from an aqueous phase of a constant composi-

tion into diluents of equal oonoentration of the oxtraotant and

of no specific lnteraotion with the extracted substance.

If speciflo interactions ooour between molecules of the

extracted substance and diluent, equation /3/ oannot be applied,

and experimental values of the activity coefficients /and dis-

tribution coefficients/ do not correspond to the theoretioal

parabola. Speoifio interactions aro usually of ohealoal charac-

ter. Thus, the muoh greater than anticipated extraction of the

di-butylphosphate or "If -piooline into ohlorofora or bromoform

can be explained as being due to the formation of hydrogen bonds
6 7/

between molecules of the extracted substance and the diluent ' '.

Л more effloient extraction of arsenio and antimony halidee into

aruuatio hydrooarbons is due to their mutual electronic lnter-

aotion which results in the formation of complexes /metal hallde

- aromatio hydrocarbon/ of charge-transfer charaoter • Specific

affeots due to the structure of the diluent moleoule were also

found. Thus, the extraction of the Co(^-piooline)4(NCS^2 oomplex

into mono-substituted bensene derivatives can be desorlbcd by the

equation of the regular solution theory /Fig.a/. An increasing

of the number of substituents in the aromatio ring of the diluent

moleoule to two or, especially, three leads to pronounoed re-

duction of the extraction power of the solvent, Independently of

the ohemloal charaoter of the substituents 1 6 Л

In the case where the tendency of the diluent to speoifio

Interactions with the extpaotant and the oomplex is different,



considerable deviations of the experimental values of log 0

from the parabola /6/ can b« observed /Fig.1/. Speoifio inter-

actions of the ohemioal oharaoter are, as a rule, stronger in

the diluent-extraotant system than in the diluent-complex oaa.

To given an example, both the free electron pair of the betero ~

atom /nitrogene/ of picolino and the Tt-eleotronc of its aromatic

ring can participate in the formation of the hydrogen bond be-

tween the molecules of chloroform and plooline. In a coordination

complex the pair of electrons of nitrogene is already bonded and

cannot participate in the formation of a supplementary hydrogen

bond. The Interaction of ohloroform with plooline coordinated in

a complex is, therefore, much weaker than that with free picoline.

The pronounced decrease of the activity coefficient of the ex-

tractant cannot be fully compensated for by the corresponding

change of the complex. This effect oauses a relative /with res-

peot to the constant concentration of the extraotant/ reduction

of the extract ion power of this diluent, although the solubility

of the complex in this diluent is higher.

The described above dependence of the distribution ooeffi-

oient on the solubility parameter of the diluents was stated

experimentally in many laboratories for numerous metals in the

form of suoh epeoles as non-aolvated molecules, inert solvatecl

salts, ohelatee and ion-pairs. Most frequently such extгасtanto

as phosphoroorganic acids and their salts5 | 6 > l i / /, /i -diketones10'
1 4» 1 6', aliphatic and heterooycllc amines7>9>12/ and other13''

have been applied.



Analysis of the results of these papers implies that the

considerations and results presented here are of general

character.
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Fig.l. The dependence of tog-4Д-of the Co (y-picoline)4(NCs)2

on the solubility parameter of the diluent. Curve - a cal-
culated part of the parabola /6/; toluene being chosen as
the Btandard solvent.
Experimental points were marked as in Fig.2.
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Pig.2. The dependence of log -A- of the Co (y-picoline)4(NCs)2

complex on the solubility parameter of the diluent.
Parabola has been calculated from equation /5/, using
toluene as the standard solvent /y c ^ « 1 / .
Harks for the experimental pointst
Circles - aromatic solvents i o - benzene and mono-

-Bubetltuted, -o- - di-substituted /o-, m-
and p-/, Д - tri-substituted /eym- and as-/
benie 9nes;

Squares - aliphatic and halogenated aliphatic solvents.
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