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Viscosity measurements were performed for solutions of CH3CH2CH(OH)CH2(OH) and
HO(CH2)4OH, in water and 1-pentanol, at 10 – 50 ◦C. The activation energy and viscosity excess
were derived from the data. A peculiarity in the concentration dependence of the viscosity excess on
was observed for both diols dissolved in water.
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1. Introduction

The structure and properties of hydroxylic com-
pounds are of interest for scientists and technicians be-
cause molecular self-organization, due to directional
intermolecular hydrogen bonds O–H. . .O, is so effi-
cient that their physical properties differ essentially
from those of the non-associated liquids. Of course, the
most self-associated compound is water. By introduc-
ing the hydrocarbon chain between two O–H groups
one obtains a new class of compounds – the diols, the
physical properties of which depend mainly on the mu-
tual position of the O–H groups within the chain. The
simplest diol, methanediol, is extremely unstable. In-
deed, our studies of the viscosity of the homologous
series of 1,n–diols did show an anomalously low vis-
cosity expected for methanediol [1].

Some diols are widely employed because of their
large temperature range of their existence in the liq-
uid state. Due to the high degree of molecular self-
association by hydrogen bonds, the diols are rather vis-
cous liquids (especially at low temperatures) and they
are often used in mixtures with water or alcohols.

This paper concerns the shear viscosity of one of
the most frequently used diols – butanediol, pure and
in mixtures with water and 1–propanol. Two isomers:
1,2– and 1,4–butanediol were chosen because of their
extreme difference in the distribution of the hydropho-
bic and hydrophylic parts within the diol molecule [2].
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Fig. 1. Temperature dependences of the viscosity of 1,2–
butanediol (1,2-ButD) and 1,4–butanediol (1,4-ButD) + wa-
ter mixtures. x denotes the mole fraction of diol. The solid
lines represent the best fit of (1) to the experimental data.
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Fig. 2. Temperature dependences of the viscosity of
1,2–butanediol and 1,4–butanediol + 1–pentanol (Pnol)
mixtures. The solid lines represent the best fit of (1) to the
experimental data.

Fig. 4. Isothermal viscosity dependences on the mole
fraction of 1,2– and 1,4–butanediol in water. The dashed
line corresponds to additive behavior.

Fig. 3. The viscosity activation energy as a function of
the mole fraction of 1,2– and 1,4–butanediol dissolved in
water and 1–pentanol.

Fig. 5. Isothermal viscosity dependences on the mole
fraction of 1,2– and 1,4–butanediol in 1–pentanol. The
dashed line corresponds to additive behavior.
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Fig. 6. The viscosity excess as a function of the mole fraction
of 1,2– and 1,4–butanediol in water.

2. Experiment

1,2–butanediol and 1,4–butanediol (Fluka) of pu-
rity higher than 98%, and 1–pentanol (Aldrich, 99+%)
were used as purchased. Water was twice distilled and
deionised.

The shear viscosity was measured with a Haake ro-
tatory viscometer RV20 with an accuracy of 0.5%.
The temperature of the sample was controlled within
±0.1 ◦C. The experimental details are described in [1].

3. Results and Discussion

The temperature dependences of the shear viscosity
of 1,2–butanediol and 1,4–butanediol, dissolved with
the mole fraction x in water and in pentanol, are de-
picted in Figs. 1 and 2. The temperature dependences
of the viscosity fulfill quite well the Arrhenius equa-
tion, when one introduces a relatively small (of the or-
der of 1 mPa·s) viscosity background η0 [3]:

η(T ) = ηA exp

(
EA

RT

)
+ ηo. (1)

ηA, EA and ηo are the fitting parameters.

Fig. 7. The viscosity excess as a function of the mole fraction
of 1,2– and 1,4–butanediol in 1–pentanol.

Fig. 8. Comparison of the viscosity excess dependences
on 1,2– and 1,4–butanediol mole fraction in water and 1–
pentanol, at 10 ◦C.

Figure 3 shows the activation energy of the viscos-
ity as a function of the diols mole fraction in water
and 1–pentanol. The distinctly higher values of E A
observed for 1,2–butanediol solutions than for 1,4–
butanediol solutions coincide with those obtained for
the previously studied 1,2–pentanediol solutions [4].
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Evidently the separation of the hydrophobic and hy-
drophylic parts within the diol molecule leads to a
stronger temperature dependence of the viscosity for
the pure diols and for the mixtures. This can be impor-
tant for technical reasons.

Figures 4 and 5 show the dependence of the vis-
cosity on the concentration of the diols in water
and alcohol, respectively, at constant temperature. The
viscosity of these two groups of solutions shows a
markedly different deviation from additivity. This ef-
fect is clearly seen in Figs. 6 – 8, where the viscosity
excess

ηE = ηmeas − [ηdiol · x+ ηsolv · (1− x)] , (2)

as a function of the diols mole fraction is drawn. In (2)
ηmeas is the measured viscosity of the solution and ηdiol
and ηsolv are the viscosities of the pure components.

As Figs. 6 – 8 show, the excess of the viscosity as
a function of the diol concentration behaves quite dif-
ferently for the different admixtures. The solutions of
both 1,2– and 1,4–butanediol in pentanol (Fig. 7) show
a negative value of η E in the whole range of the di-
ols concentration. For 1,2–butanediol the η E(X) de-
pendence is somewhat asymmetric – the minimum is
shifted towards higher diol concentration if compared
to the 1,4–butanediol + pentanol solutions. A nega-
tive excess of the viscosity corresponds to the situa-
tion when the mixing process of two liquids leads to
destruction of the intermolecular structures existing in
the pure components. Less structurized entities created
in the solution, make the flowing of 1,2– and 1,4–bu-
tanediol + alcohol mixtures easier than that of the pure
diols.

The picture is quite different in aqueous solutions
of the diols studied. For a not too high content of wa-
ter: up to about 10% (in mole fraction) in case of 1,2–
butanediol, and 40% in case of 1,4–butanediol, the vis-
cosity of the solutions is higher than that resulting from
the additivity, i. e. the viscosity excess is positive.

The results presented in Fig. 6 show an essential
difference in the role of water molecules in the re-
inforcement and next – in the destruction of the in-
termolecular entities formed by the diols of differ-
ent molecular structure. The micelle-like entities cre-
ated in liquid 1,2–butanediol due to the distinct sep-
aration of the hydrophobic and hydrophylic parts of
the molecules can accept but an inconspicuous number
of water molecules with maintaining the same struc-
ture. Our viscosity data show that, when adding wa-
ter molecules, the micelle-like entities become, at first,
more and more rigid up to a water concentration of
about 0.05 mole fraction; for that concentration η E(x)
shows a maximum. Next, with increasing the ratio of
water to diol molecules, η E decreases, and for the ra-
tio 1:10 the viscosity excess is zero. The quite strong
decrease of the viscosity of the mixtures observed for
a further increase of water concentration is undoubt-
edly due to a gradual destruction of the well-organized
micelle-like entities.

The intermolecular layer-like structures formed by
1,4–butanediol molecules (in which two O–H groups
are located at their ends) can take in much more water
molecules without changing structure. Our data sug-
gest that the layer-like entities disappear when the wa-
ter to 1,4–butanediol molecules ratio exceed about 2:5.
For about 1:5, the layer-like entities exhibit the high-
est rigidity, which manifests itself by the highest resis-
tance to the flow.

[1] G. Czechowski and J. Jadżyn, Z. Naturforsch. 58a, 317
(2003).

[2] A. G. Petrov, Lyotropic State of Matter, Gordon and
Breach Sci. Publ. Amsterdam 1999.
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[4] G. Czechowski and J. Jadżyn, Z. Naturforsch. 58a, 321
(2003).


