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Abstrict

The effect of diluent on the activity coefficienta of
the extracted complex and of the extractant in the orga-
nic phase has been discussed onr the basis of the regular
solutions theory. The dependence of the extraction coef-
ficients of the 00(']'-1:10011“)4 (Ncs)2 complex on the sa-
lubility paramsters ¢i inert organic diluenis is parabo-
lic, as predioted by the theory, Rather a small effoot of
diluent on the extraction coefficients of the complox at
a constant concentration of the extractant in the organio
phase in due to the partial compensation of the interac-—
tiong of the complex and of the extractant with the di-
luents. Deviations from the parabolic function of the ex-
traction coefficient values for some diluents result from
the specific molecular imteractions beiween the diluents

. !
and the extracted species. f J'9111\
\
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Streszczenie

Na podstawie tecerii roztwordw regularnych przedysku -
towano wplyw roscieldczalnika na wielkofol wapélcsynnikéw
aktymnoscli ekstrahowanego kompleksu i ekstrshenta w fazie
organiczne), Wykazano istnienie zgodne) ® teoriq parabo-
liczng zaleznoscl wepéicsynnikéw eksirakeli kompleksu
Co (T—pikolina)4 (NGS)Z od parametru rogpuszcsalunosci obo~
Jetnych rogpuszozalnikéw organicanych. Przy stailym ste-
3eniu ekstrahenta w fazie organioznej stosunkowo niezna-
ocgny wplyw roscielcsalnika na wspélezynniki  ekstrakeji
kompleksu spowodowany jest ozescicwa kompensacjq oddzia-
Iywai kompleksu 1 ekstrahenta z rozcienozalnikiem,Gdchyle-
nia wsp6lcsynnikéw ekstrakeji od paraboli dla niektéryoh
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rozpuszozalnik¢w sg wynikiem istnienia specyficznych od-
dsiaiywan czaatoeozkowych pomigdzy rozZpuszczalnikiem a
substanojami ks trahowanymi.

PespNe

Ha ocHORaHuu TOODHH DPErYNADHEX DACTBOPOB NPOIMCKYTU-
DOBBHO BAMAHW paslapuTesNa HA BEAUYMHH KRODJOHLUMOHTOB 8K-
THBHOCTH SKCTPErupOBAHHOTC KOMNAGKCA W SKCTIDAreHTa B Op-
ranyueckolt dgse. MoxasaRo cymecTBOBAHME, COTNGCHOR C Te~
oprefi, nepaGoeimyecKo}t 38BUCHMOCTH KOJPUUMOBTOB 3KCTPARIKK
KOMILIEKCA. ‘GQ(T-HHEOﬁHH)umCS)a OT MapaMeTpa pa:TBOPAMOCTH
HHEDTHHX ODPITAHWYECEUX PACTBODHTENel. OTHOCATENBHO EeGONB-
06 BAMAHWE PA3CABKTENR HA KoapduuMenTH 9KCTPAROHM KOMI-
lexce, B YOyORHAX NMOCTOAHHOM KOHMNEHTpAUMY SKCTPATeHTA B
OpPraRnvecrQp ase, ABNACTCA POIYALTATOM HacTHUHOW ROMIEH-
canuM B3aUNoNeHcTBMN ROMILIEKCE M DXCTPAréHTA ¢ pastaBuTe-
qeM, OTENOReHUA KoB(PHUXEHTOB IKCTPARLMM OT nNapadoMy Ixs
HeXOTOPHX pacTBOpHTENER ABAAVTCA ddbexTOM cymecIBUBARAA
cnemmrueQrux BIaUMOZeNcTEUR Mexzy pacrﬁgpmeneu K 9KC-
TParvpyeMEMM COeINBeHKAMM .

~I1I-



Distribution coefficient of a substance in the system
of two lmmisoible phases —~ agueous and organioc - depends
in a different way on their physico-chemical properties.
Standard free energy of the sclvent extraction proceas is
mainly determined by the entrapy effect in the agueous
phase. Weak intermolecular interactions in the organio
rhase affect in a much Zower extent the axtraction, ne -
vertihslesn its role cannot be neplected whenr considering
& real extraction aystem,

The present state of the theoretical chemistry creates
no possivilities of determining a priori the values of the
distribution soefficients, provided the physico-chemical
propsriles of the pure components of the extraction systom
are merely known. Only the infiuence of seme parmnmeters of
a real extraction system on the value of the distribution
coefficient can be anticipated; the value of the distribu-
tion coetficient can be estimated if its atandard value has
heen empirically measurad. Problems connected with the ef -
feots of the aqueous phase were discussed- in a previous
oommuninationi/. Let us consider now the role of some pa-
rameters concerning the organic phase,

The process of the extraction of an inert molecule of

a metal complex can be descoribed by the equation:



Me £++ m/?;l +nEo;,9a*MeRm Eno g /1/

where Me™%, R~ and E denote metal, anion and extraotant, resp.,
m and n are stoichiometry coefficients, indoxes aq and org re-
late to the aqueous and organic phases, resp. If the composition
of the aqueous phase is considered to be constant, the distri-

bution coefficient oan he expressed Wy the foliowiung cquationi

n- xh.aﬂ»
D=K ;€=K-—ETE- 2,
¢ ' c

where K is a constant /for a given complex, composition of the
aqueous phase and temperature/, ag ard Xg are the thermodynamic
activity and the concentration of the exiractant in the organio
phase, resp., ¥ and Y are the activity coefficients of the
extraotant and complex, resp. Thus, the distribution coeffi-
clent for the extrastion of a complex from the defined agueous
phass depends under defined conditions ons 1° - the concentra-
tion of the exiractant in the solvent /diluent/j 2% - the
values of the actlvity coefficiemis of the extraotant and oom=-
plex in this diluent.

The power depondence of D on the concentration of the ex~
traotant 18 & simple oonsequence of the law of mass aotion,
/Hereby one has to remember that for high conceatrxationa of the
oxtractant and complex thelr variations cause also changes in
the values of the corresponding activity coefficients/, 1In
Some sases, however, é changa in the extractant oonoentration

ocan also in & different way affect the D-value, The so)vation
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number, n, of some oomplex2s depends on the sxtiraotaat coneen-
tration. A change ip this number and & conseguent drifti of
the corfiguration equilibrium of itke complex can cause a dras-
tio ohange in the distribution coefficient. In such cases,
formula /2/ oan be applied only for a definmito rango of the
extractant oonoontratiqnal.

The values of the activity cowffisieute, ¥, and ¥, re-
present quantitatively the intermolecular interaction of the
extracted subatance with the diluent in solutions suffioiently
dilute. For a constant valne of the extractant concentiration
the ratio 'Kg/aa i5 a measure of the effect of the diluent on
the solvont sxiraction process.

Hildebraund-Scatohard’s theory of regular solutionsal nakes
possible tha oaloulation‘or values of the activity soeffticients
Irom the knowledge of ths physico-chemical propertiss of the
ccoponents of the soluiion. Assuming that the interaction of
the solute aud diluent can ﬁg reduced te non=specific disperaion
ferces, and that the diltribﬁtion of the molecules 1in ihe solu-
tion is random /the 1dea;:en§ropy of mixing/, the aotivity

coeflicient ¢r the solute . /Zk/ can be expressed as foliows?
RT in¥, =V, P3(S- &) Y,

where VA is the molar volume of tha solute in the msolution,
fd is the velume fraotion of the d@iluent in the solution, ¢§A
and (ﬁd are the solubility parameters of the solute and di-

luent, iesp. The value of the solubility parameter &t a tem-
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perature T can be calculated from the value of 1ta heat of

vaporisation /AHT/ and molar volume /V,r/ t

-RT
&= I/ -——-—AHQ /4/
T

In this simple case of extraction by a physical mechanism
/when the extraction system does not contain the extractant/,
equation /2/ oan be expressed as D = B]a‘A. If the activity
ccefficient of the solute is expreased using equation /3/, a
parabolic dependence of log D on the solubility parameter /d‘d/
of the diluent is ~btained, with a paximum for &i = (S\A:

LogD‘“Lag g.; =~ -2-3\%—1: J‘g + %‘;ﬁ- d\d+const. /5/

The substance is then besat extraoted 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 Siskierski and Olner‘/ while extraoc-
ting germanium halides into inerxrt organic solvents.
A similar relation can be applied (o the extraotion of thé free
molecules of extraotant: di- and tri-butylphosphate®'®/,
K-pioolinef/ and other,

To express the funotional effect of the diluent on the ex-
traction of solvated salt molecules /in the system: aqueous
Phase - extractant - diluent/, equation /3/ applies both for

the complex and extractant. One obtains as a resulttg
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v n V - A - :

The slope ot this parabola is.proportional to the difference of
the molar volumes of the complex and n moleculea of the extrac-—

tant, its maximum corresponds to the solubility parameter of

the diluent d\r{= -‘Qgc__.g.“_;fﬁ .
) ¢ Ve

or even complete compensation of eifeots of interaction of the

In this case, a partial

complex and extractant with the diluent occurs; the parabola /6/
has a mmch lees steep shape than the /5/, and the dependence of
the distribution coefficient on the solubility parameter of the
diluent is much less promounced. The comparition of such two pa-
rabolas for the solvent extraction of Co(ﬁ-picoline)4(NCS)2
complex into imerxt organic solvents can he seen from Figs.1i and 2.
Fig.l presents a vlot of the magnitude {oggci , proportional to
the diqtribution coefficlent of the complex at a constant comcen-

tration ot the extractant /a’—piconne/ in the organic phase.

Fig.2. presents a plot of ng #‘.proportional to the distribution
coelficient at a constant thermodynamic activity of the extrac-
tart in the organic phase, i.e. the constant concentration of

the extractant in the aqueous phase at equilibrium. This cor-’
responds to the case of extraction o0f the solvated complex by

a simple physiocal mechanism. It can bhe geen that the dependence

of the distribution coeffioient on the solubility paramoter of

the Qlluent is very significamnt in the latter case. It is only
slightly marked in the former oase, as a result of the discussed
compensation. It must be pointed out that all these considerations



pertain extraction from an aqueous phase oi a constant composi-
tion into diluents of equal concentration of the extractant and
of no “pecific interaction with the extracted substance,

If specifio interactions occur between molecules of the
extracted substance and diluent, eguation /3/ cannot be applied,
and experimental values of the activity coefficiente /and dis-
tribution coefficients/ do not correspond to the theoretiocal
parshbola. Speoific interactions ars usuwally of chemlocal oharaio-
ter. Thus, the muoch greatar than antioipated extiraction of the
di-butylphosphate or ] ~picoline into chloreform or broxoform
can be prlainod as being due to the formation of hydregen bonds
between moleoules of the extracted substance and the diluent®'?/,
A more officient extraction of arfenio and antimony halides into
arumatic hydrocarbons is dus to their mutual electronio inter-
aotion whioh results in the formation of complexes /metal halide
- aromatio hydrocarbon/ of charge~transfer charaotorsl. Specific
offeots due to the structure of the diluent molecule were also
found, Thus, the extraction of the Co(J -picoline),(NcS), complex
- into mono-substituted benzene derivatives can be descoribed by the
equation of the regular solution theory /Fig.2/. An inoreasing
0f the number of substitusnts in the aromatio ring of the diluent
moleocule to two or, especially, throe leads to promounced re-
duotion of the extraction power of the solvent, independentily of
the chemiocal character of the lubstltucntliﬁl.

In the ocase where the tendenoy of the diluent to apeoific
interactions with the extraotant and the complex is different,

-6



considerakle deviations of the exparimental values of log D

from the parabela /6/ can ba observed /Fig.1/. Specific inter-
actions ¢f the ohemical character aro, as a rule, strenger in

the diluent~extraotant system than in the diluent-gomplex ona,.

To given an example, hoth the free electron pair of the hatero -
atom /nitrogene/ of picoline and the 7 -eleotrons of its aromatic
ring can partioipate in the formation of the hydrogen hond be-
tween the molecules of chloroferm and picoline. In a coordination
complex the pailr of electrons of nitrogene is already bonded and
cannot participate in the formation of a supplementary hydrogen
bhond. The interaction of chloroform with picoline ceoordinated in
a oomplex is, therefore, much weaker than that with free picoline,
The pronounced dacrease of the activity ceoefficient of the ox-
tractant cannot be fully compensated for by the correasponding
change of tho complex. This sffect causes a relative /with res-
pect to the comstant concentration of tho extraotant/ reduction
of the extractiion power of this diluent,- although the solubility
of the complex in this diluent is higher.

The described above dependence of the distribution coeffi-
olent on the solubility parameter of the diluents was stated
experimentally in many laboratories for numeroug metals ir the
form of such species as non-solvated molecules, inert selvated
salts, chelates and ilon-pairs, Most frequently such extraciants
as phosphoroorganic &aoclds and thelr saltas’e'ii/, ﬁ -diketoneslo'

1"15/, aliphati¢ and heterocycliec aminos7'9'12/ and otheria/

have been applied.



Analysis of the results of these papers implies that the

conaiderations and results preesented here are of general

character.
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4
Fig.1, The dependence of [09 ¥e

of the Co (T-picoline)4’\NCS)2

on the solubility paraneter of the diluent, Curve - a cal-

culated part of the parabola /6/; toluene heing chosen as
the standard solveni,

Experimental points were marked as in Fig.2.
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Log %c

Fig.2, The dependence of log 1}— of the Co (y-picoline)4(NCS)

|
bromoform

a
chiloroform

1
8 9 1 T

2.

complex on the solubility parameter of the diluent.
Parabola has been calculated from equation /5/, ueing
toluene as the standard solvent /XE,tM,g i/.

Marks for the experimental points:

Circles - aromatic solvents: o© -~ benzene and mono-

-substituted, -0- -~ di-subsgtituted Jo~, m-

and p-/, A =~ tri-substituted /eym- and as-/
beny snes;

Squares - aliphatic and halogenated aliphatic solvents,

=10~



