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A tremendous number of data describing acid-base equilibria in alcohols and their mixtures
with water are available in literature. However, the majority of them refer to methanol and
ethanol. In this communication we report the results of a study of protolytic equilibria in the
mixed solvent butan-1-ol — H,O near the region of stratification, at 25 °C. The mass fraction
of the alcohol was 82% . The above solvent possesses low relative permittivity (&£=20.8) and

relatively high molar fraction of water (xH20=0.47). The goal in this work was to obtain the
thermodynamic pK, values for a set of organic acids and common indicator dyes, and to

compare them with the pK, values in water (pKy') as well as in other solvents. The combi-

nation of potentiometrical (with glass electrode) and spectrophotometrical methods was used.
Five buffer solutions are proposed as a set of standards for 82 mass.% butan-1-ol. Their pH

values, standardized to infinite dilution in the given solvent, i.e. pa*H+, were obtained within

the range 2.5 to 12.2 by the US NBS method [1,2]. The results were confirmed in several
cases through measurements with indicator dyes. These buffer solutions are used for calibra-
tion of cells with liquid junction, in order to determine the acidity of working solutions. The
pK, values of dyes were obtained by using their absorption spectra in buffer solutions. The

ionic strength was as a rule 0.01 M; Debye-Huckel equation was used for calculations of ionic
activity coefficients. Some additional experiments showed that the association of ions can be
neglected under chosen working conditions.

The thermodynamic pK, values of 37 substances (scale of molar concentrations) are plot-

ted vs. the corresponding pKY' values (Fig.1). The given mixed solvent (with E{\' = 0.657)
displays a certain differentiating action. The influence of 82 mass.% butan-1-0l is similar to
that of 1,4-dioxane — water mixtures with X0 ca. 0.7 (¢ 19 to 25); the pKj values of ben-

zoic acid in 82 mass.% butan-1-ol and in 64 mass.% 1,4-dioxane are 7.42 and 7.40, respec-
tively.

As it can be seen from Fig.1, the acid-base couples of various charge types and functional
groups form several groups of points (carboxylic acids, phenols, sulfonephthaleins, cationic
acids). Such a picture is typical for differentiating solvents, in accord with the classical stud-
ies of Izmailov [3,4] as well as of other authors [5-7], and can be explained in terms of Born-
Bronsted approach [8] and of specific solvation of the species [3-6,9].

On the other hand, any classification of reactants with complicated structure into various
groups is conventional. Within each group a further subdivision is possible. Moreover, in
some cases a given substance can be simultaneously partially placed into two or more groups,
with good reason. Such situation becomes understandable if we use the term ‘fuzzy sets’
[10,11].

The differentiating impact of 82% butan-1-ol is similar to that of methanol: practically all
points in Fig.2 belong to a single strait line:

pK,(in 82% butan-1-ol) = -1.84 + 0.997pK,(in CH3OH) (1)
r=0.988,n =25 s=0.53
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Probably, the first term of the right part of equation (1) mainly reflects the difference be-
tween the proton medium effects, Iog;/H+ , in the two solvents.
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Fig.1. The dependence of pK, in 82 mass.% butane-1-ol vs. pK, in water (the charge

types are shown in parentheses): 1 — methyl yellow (+/ 0), 2 — hexamethoxy red (+/ 0), 3 —
ethyl fluorescein (+/ 0) [1], 4 — neutral red (+/ 0), 5 — 4-(2,4,6-triphenylpyridinium-1-yl)-2,6-
diphenylphenol (+/+), 6 — methyl orange (+/ -), 7 — phenal red (+/ -), 8 — thymol blue (+/ -), 9
— sulfonefluorescein (#/-) [1], 10 — rhodamine B (+/ %), 11 - salicylic acid (0/-), 12 — 3-
nitrobenzoic acid (0/-), 13 — benzoic acid (0/-), 14 — acetic acid (0/-), 15 — diethylbarbi-
turic acid (0/ -), 16 — picric acid (0/ -), 17 — 2,4-dinitrophenol (0/ -), 18 — 4-nitrophenol (0/ -
), 19 — ethyl fluorescein (0/-) [1], 20 — phenol (0/-), 21 - sulfonefluorescein (-/ =) [1], 22 —
bromophenol blue (-/ =), 23 — bromocresol green (-/ =), 24 — bromocresol purple (-/ =), 25 -
bromothymol blue (-/ =), 26 — phenol red (-/ =), 27 — thymol blue (-/ =), 28 — fluorescein (-
/ =, hydroxy group) [1], 29 — eosin (-/ =, carboxylic group) [1], 30 — fluorescein (0/ —, carbox-
ylic group) [1], 31 - eosin (0/-, hydroxy group) [1].
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Fig.2. The dependence of pK, in 82 mass.% butane-1-ol vs. pK5 in methanol (the numbers
of points—- asin Fig.1).
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Preferential solvation, caused by the hydrophobicity of the species, is revealed to be one
of the reasons for the dissimilarity between differentiating action of butan-1-ol — water mix-
tures and that of dipolar aprotic solvents and their mixtures with water. The significance of
this effect is proved by additional studies within the range from 82 mass.% to 100% butan-1-
ol [12].
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Kharkov University Bulletin. 2001. Ne532. Chemical Series. Issue 7(30). H.O.Muegnos-
MetpocaH, O.H.TeiunHa, T.A.BepexHasa, O.B.BeageHeBa. [uccoumaumss OpraHnUYeckmx
KWUCNOT U MHOVKATOPHbIX Kpacutenen B cMecu byTtaH-1-ona (82 mMacc.%) ¢ BOAOWN.

Mpr nOMOWM NOTEHLUMOMETPUUECKOTO M  CNEKTPOOTOMETPUHECKOTO METOLOB  OMpeaeneHsbl
KOHCTaHTbl [JMCCOLMALIMM CEPUM OPraHMHECKMX KMCIOT M MHOMKATOPHbIX Kpacutenen B cmecn ByTtan-1-
ona (82 macc.%) c sogon npu 25 °C. lNokasaHo, YTO 3TOT PaCTBOPUTENb C [OCTATOYHO BbICOKOM
MOTMSIPHOM Jonen BopAbl (XH20:O-47) e ooiineoaeuii Heceie aM3aNeKTPUHECKON MPOHULLAEMOCTbIO

(£=20.8) pnddepeHuMpyeT KMCMOTHbIE CBOMCTBA PEAreHTOB MPUMMEPHO TaK e, KaK M METMMOBbIM
cnupT. AHanms 3aemucumocTel 3Havenuit PK, B cmeluaHHom pacteoputene ot 3Havennin PKy B Boge

no3BonseT NPOCMefMTb POMb TWMa 3apsfa M NPMPOAbl PyHKUMOHanbHOM rpynnbl. B To e Bpems,
KNacCUMUKALIMA KMCITIOTHO-OCHOBHbIX Map HOCHUT OO0 HEKOTOPOM CTeneHM YCIOBHbIM XapaKTep, B Ayxe
M3BECTHbIX NPEACTABNEHUN O KHEYETKUX MHOMECTBAX.
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