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General relations among thermodynamic parameters characterizing chemical
equilibria including species H,A™, HA, H" and A~ in both phases of a two-phase wa-
ter—nitrobenzene extraction system have been derived. From the extraction measure-
ments, the equilibrium distribution constant of electroneutral 1-(2-thiazolylazo)-2-na-
phthol (TAN, HA) between the nitrobenzene and aqueous phases has been determined:
log Kp(HA) = 3.90+0.02. By using this value and further known constants and applying
the mentioned relations, the following values of dissociation constants of TAN in
nitrobenzene saturated with water have been calculated for a temperature of 25 °C:
pK " (H,A™) = —log K4™(H,A™) = 4.9 and pK¢"°(HA) = —log K" (HA) = 16.5.

Keywords: 1-(2-thiazolylazo)-2-naphthol, water —nitrobenzene system, distribution con-

stant, dissociation constants.

Study of electrochemical phenomena at the liquid/liquid interface is a rapidly
developing area in electrochemistry. These studies, which were carried out mainly
at the water/nitrobenzene interface, are relevant to many problems. Among them,
and of particular importance, are a better knowledge of biological systems, liquid
extraction processes, and liquid ion-selective electrodes.!~7

1-(2-Thiazolylazo)-2-naphthol, TAN, and some other thiazolylazodyes and
their derivatives were used as valuable chelatometric indicators and selective re-
agents for uranium,39 copper,®10-12 somewhat later for cobalt, zirconium and tho-
rium, 10.13 '

The aim of the present communication is to formulate general relations
among thermodynamic parameters which characterize dissociation equilibria in-
cluding particles HoA™, H*, HA and A~ in both phases of a water—nitrobenzene ex-
traction system and ion transfers across the interface of this system. Furthermore,

* Author for corrcspondence.
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the derived relations have been applied for the case of TAN in the mentioned ex-
traction system.

Nitrobenzene and all other chemicals used of analytical grade purity were
supplied by Lachema, Brno, Czech Republic.

The extraction experiments on a two-phase water-nitrobenzene—TAN system
were performed in 25 cm3 glass test tubes with polyethylene stoppers using 10 cm3
of each phase. The initial analytical concentrations of TAN in the nitrobenzene
phase were in the range 0f 0.01-0.10 M. The equilibrium in the extraction system at
2542 °C was achieved aproximately in 2 hours, using a laboratory shaker. Then,
both phases were separated by centrifugation (10 min, 2500 rpm).

The equilibrium concentration of TAN in the aqueous phase were determined
spectrophotometrically.!4 The equilibrium distribution constant of this electro-
neutral compoud between the nitrobenzene and aqueous phases was calculated as a
ratio of the corresponding equilibrium concentrations in the single phases.

The following values of log Kp(HA) were obtained by the above mentioned
method for five various initial concentrations (0.01, 0.03, 0.05, 0.075 and 0.10 M)
of TAN in the nitrobenzene phase: 3.87,3.94, 3.89, 3.86 and 3.95, respectively.
From these results it follows that log Kp(HA) = 3.90+0.02.
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Scheme 1. The two-phase extraction system with the species H2A™.

Let us consider an equilibrium system of two immiscible liquid phases consist-
ing of an aqueous (abbrev. aq) phase and a nitrobenzene (nb) phase in which a cation
particle HpA" is dissociated in both phases (see Scheme 1), the corresponding disso-
ciation constants being K * (HA™), K 2 (HA), K ;* (HoA™) and K ;° (HA). The equi-
librium distribution constant of an electroneutral compound HA between the ni-
trobenzene and aqueous phases is denoted by the standard Gibbs energies corre-
sponding to the transfers of the ions HyA*, H" and A~ from the aqueous phase into the
nitrobenzene one being AG::’_:":_"", AG t‘:“*;;‘__’"b and AG l‘:‘,‘:‘f’"b , respectively.

Then, these equilibrium constants and the foresaid Gibbs energies must fulfil

the following relations:
— RT In K¢™(HpA*) = pg+ " + upa®n® — pyg, A+ 010 (1

— RT In K£9(HpA™) = ppr 08 + pupgp29 —pugp 202 )
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~ RT In Kg"O(HA) = ppg 000 + 0 00D gy 5 0nb (3)
— RT In Kg*4(HA) = pp029 + pa 029 — ppgp 024 (4)
— RTIn Kp(HA) = ppa®™® — 404 (5)
AGL™ =y -y ©

DG = -y g

AG = B H (®)

where 11,3 and 1,9 are the standard chenncal potentials of species i in the aque-
ous and nitrobenzene phase, respectively.

By combining relations (1), (2), (5), (6) and (8) we obtain the sought equation
in the form

Knb H,A+
G:l)d:—;nb _AGOAq—>|\b +RT ln u d (+ 2 ) (9)
' K (H,A")-K,(HA)

Analogously, the combination of Egs. (3) — (7) yields
K3 (HA) (10)
K (HA)- K, (HA)

Go aq —mb Go Laq —nb =RT In
try H

Equations (11) and (12) given below are equivalent to previous relations (9)
and (10)
nb o nb o RT K:q (H2A+)'KD (HA) (11)

Ad(p Ad(p +-—1In
q q F K:;b(HZA+)

K" (HA)- K, (HA) (12)
K2 (HA)

nb _Atb RT
Aaq (p:{+ - A:q (p:— + ? In

because the standard Galvani potential differences between the nitrobenzene and
aqueous phases!> for the ions HyA¥, H" and A-, denoted by the symbols
Aag™PH2A+% Aag"POH+0 and A, q "P@A.°, respectively, are defined by relations

nb o oaq——»nb
ARGy, o =mAG T IF (13)
A:‘:’(pm AG""‘“"" /F (14)
ab 0. anb
A% S _AG";' IF (15)

It is obvious that each of rclationships (9) (12) formulated in this communi-
cation can be applied for calculating one constant when the values of'all the remain-
ing constants are known.

By using the following values pKg2d(HzA™) = — log Kg24(HoA™) = 0.88,14
pKdaq(HA) = log K429(HA) = 9.10,!4 log Kp(HA) = 3.90+0.02 determined here,

Aag™p+°=-0.337 V,!¢ inferred from data on the water—nitrobenzene system pub-
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lished by Rais, 7 Ayq"@p,A+° =0.130 V,18 A, hbg s -0 = —0.130 V,!8 and employ-
ing Eqs. (11) and (12) we have the values of dissociation constants of TAN in
nitrobenzene saturated with water at 25 °C in the forms

pKqMP(HyA ") = - log Kg"P(HaA™) = 4.9 (16)
pKg"P(HA) = — log K4"P(HA) = 16.5 (17)
where Kg"P(H,A") and K4"P(HA) are expressed in mol dm=3.

The fact that the dissociation constants of the TAN particles HyA+ and HA are
cssentially higher in the aqueous phase than in the nitrobenzene one, i.e., K424(H,A ")
>> Kq"(HyA™) and K429(HA) >> K4"P(HA), can be obviously explained by the
higher basicity and solvating power of water compared to those of nitrobenzene.
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[NPUJIOT TEPMOIOUMHAMMUUMU 1-(2-TUA3O0JTNIA30)-2-HAPTOJIA Y EKCTPAKIIMOHOM
CHUCTEMY BOJA-HHUTPOBEH3EH

EMANUEL MAKRLIK' and PETR VANURAZ

'nstitute of Physical Engineering, University of West Bohemia, Veleslavinova 11, 301 14 Pilsen, Czech Republic and :Dept:r‘l-
ment of Analvtical Chemistry, Prague Institute of Chemical Technology, Technickd 5, 166 28 Prague 6, Czech Republic

Wssepgene cy onmute TEpMOAMHAMMUKE Pellalyje KOje KapaKTEepHuilly XeMHjCKY PaBHO-
Texy xemujckux Bpera H2A™, HA, H u A™ y o6e dasze ABOha3HOr EKCTPAKIMOHOT CHCTEMa
BOAa-HUTpoOen3eH. Ha ocHOBY eKcTpakUuMOHHX Mepeba ojipebena je paBHOTEeXKHA KOHCTaHTa
pacnopesie enekrponeyrpannor 1 -(2-tuasonunazo)-2-Hadgrona (TAN, HA) kao log Kp(HA) = 3.9
+ 0,02. Kopucrehin oBy BpefHOCT, Kao W Jpyre [03HAaT¢ KOHCTaHTE, KA0 U IpuMebyjyhu
NIOMEHYTE W3BEACHE pelaliuje, u3pauyHare cy cnefiehe BpefnocTu koncranty guconujanuja TAN
y HuTpoGenseny 3acuhenoM Bogom Ha 25 °C: pKa™ (HaA ") =~ log Ka"™(HaA ") = 4.9 n pK " (HA) = -
log K¢ (HA) = 16,5.

(IMpummeno 12. janyapa, pesuupano 12. maja 2000)
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