The Viscous Properties of Diols
I. The Homologous Series of 1,2- and 1, n-Alkanediols
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The paper presents the results of viscosity measurements performed on 1,2-alkanediols,
H(CH;),,—,CH(OH)CH,(OH), n = 2 : 12, and 1,n-alkanediols, HO(CH;),,OH, n =2 : 10, as func-
tions of the temperature. It is shown that the viscosity (at constant temperature) and activation energy
of the viscosity show a quite different dependence on the length of the alkane chain in 1,2- and 1,n-

alkanediols molecules.
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1. Introduction

The momentum transport in fluids subjected a ve-
locity gradient can be described by the shear viscosity,
defined by the shear stress divided by the velocity gra-
dient. Numerous papers on viscosity simulations have
been published [1-10].

The paper presents the results of viscosity measure-
ments on two series of diols: 1,2- and 1,n-alkanediols.
The intermolecular hydrogen bonds O-H...O make
the compounds highly self-associated, and for not too
long alkane chains (n < 6) the temperature range of the
liquid phase is exceptionally large.

2. Experiment

The shear viscosity was measured with a Haake vis-
cometer RV20 and the measuring system CV100. It
consists of a rotary beaker filled with the studied lig-
uid and a cylinder sensor of the Mooney-Ewart type
(MEL15), placed in the center of the beaker. The liquid
gap was 0.5 mm. The studied liquids show Newtonian
behavior in the available range of shear rates (30 s !
— 300 s~!). The accuracy of the viscosity determina-
tions was 0.5%. The temperature of the sample was
controlled within 0.1 °C.

The purity and the viscosities of the diols are given
in[11,12].

3. Results and Discussion

Figures 1 and 2 present the temperature depen-
dences of the viscosities of two series of diols, differ-
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Fig. 1. Temperature dependences of the viscosity of
1,2—alkanediols. The solid lines represent the best fit of
(3) to the experimental viscosity data.

ing in the location of the two hydroxyl groups. The
location determines the intermolecular structures due
to the hydrogen bonds between O—H groups. Two hy-
droxylic groups joined with two neighboring carbon
atoms at the end of the hydrocarbon chain make a
distinct separation of the hydrophobic and hydrophilic
parts of 1,2-alkanediol molecules. In such a situation,
the hydrogen bonds O-H. . .O lead to rather cyclic, mi-
celle-like structures. On the other hand, two terminal
O-H groups, separated by the hydrocarbon chain, in
1, n-alkanediol molecules, can associate via O-H...O
bonds in rather elongated, layer-like structures.
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Fig. 2. Temperature dependences of the viscosity of 1,n-

alkanediols. The solid lines represent the best fit of (3) to
the experimental viscosity data.
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Fig. 3. Viscosity of 1,2- and 1,n-alkanediols as function of
the length of the alkane chain, at 58 °C.

Figure 3 shows that the different intermolecular hy-
drogen bonded structures formed by 1,2- and 1,n-al-
kanediols manifest themselves in quite different vis-
cosity dependences on the length of the alkane chain
of the compounds. It is worth noticiting that the extra-
polation of the experimental 1(n) dependence of 1,n-
alkanediols to n = 1, i.e. to methanediol, HOCH,OH,
results in a very low viscosity. Of course, the data
do not allow to estimate the viscosity of methanediol
with a high precision, but the fact is puzzling because
this diol, when pure, is very unstable, and perhaps
our data can be useful in understanding that instabil-

1ty.
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Fig. 4. The viscosity measured for 1,2-ethanediol (open

points) as a function of T~! shows non-Arrhenius behavior.
Subtraction of the constant value 1, ~ 1.4 mPa-s makes the
results quite good linear, as predicted by (3).

The experimental viscosity data presented in Figs. 1
and 2 do not quite fulfill the Arrhenius dependence

Ex
n(T) = maexp (17 )- (M
As an example, the data for 1,2-ethanediol are pre-
sented in Figure 4. Two conclusions are in common
practice in the literature. Either one ignores the exper-
imental nonlinearity in the Inn vs. T~ dependence,
and the activation energy is calculated as the mean
slope of the dependence. Or it leads to the introduc-
tion of some modifications of the Arrhenius equation.
In the 1920’s Vogel and Fulcher proposed the equation
[13,14]
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in which three fitting parameters (nyg, D and T;,) oc-
cur. Equation (2) is used with success for the empir-
ical description of the viscosity dependence on tem-
perature for many liquids, specially in the supercooled
state [15, 16].

Another modification of the Arrhenius equation is
based on the following experimental fact observed for
many liquids of different structure and interactions: the
axis 1 = 0 (as in the Arrhenius equation) is not the
real asymptotic axis for the viscosity measured with in-
creasing temperature. Of course, a strict discussion on
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Fig. 5. Arrhenius-like plots for the viscosity of 1,2-(a) and
1, n-alkanediols (b).

that problem is rather difficult because, in practice, the
temperature range AT of the viscosity measurements is
very narrow if compared to the whole range of possi-
ble T variation (75, 0); for a typical liquid AT does not
exceed 100 K. Nevertheless, the residual value of the
viscosity, of the order of 1 mPa-s (probably depending
on the compound and the experimental method used),
seems to be a common feature of different liquids. In
such circumstances, the following modification of the
Arrhenius equation is possible [17]
Ex

N(T) = maexp (25) + 1o g

The equation contains three fitting parameters: Na, Ea
and 1,. It was shown in [17] that (2) and (3) repro-
duce the experimental temperature dependence of the
viscosity of different liquids with the comparable reli-
ability. However, (3) is interesting because a very use-
ful conception of the activation energy is conserved
here.
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Fig. 6. Viscosity activation energy as a function of length
of the alkane chain in 1,2- and 1, n-alkanediols molecules.

For thermally activated processes, as the viscous
flow, the value of the activation energy gives directly
the temperature dependence of the process. The prob-
lem is quite important as constantly a great effort is
undertaken in finding for liquids (such as oils) an ap-
propriate value of the viscosity with a temperature de-
pendence as weak as possible, i.e. with the low activa-
tion energy of the viscosity. Besides, quite significant
conclusions on the molecular level can be drawn from
a comparison of the activation energy of the viscosity
with other activation energies, as obtained from dielec-
tric relaxation studies, for example.

The solid lines in Figs. 1 and 2 represent the best fit
of (3) to the experimental data.

The essential difference between the Arrhenius ap-
proach and that of (3) is presented in Figure 4. If one
takes into account the viscosity background, i.e. if one
subtracts the constant 7, from the experimental vis-
cosity, the dependence In(1 —7n,) on T~ ! is quite lin-
ear and the activation energy can be determined not so
optionally as from the Arrhenius Inn on 7! depen-
dence. Figure 5 shows the dependences of In(n —n,)
on T~! for all diols studied.

The activation energy of the viscosity as a function
of length of the alkane chain in 1,2- and 1,n-alkane-
diol molecules is presented in Figure 6. In case of the
1,2-alkanediols, the activation energy is practically in-
dependent of the molecular length. It certainly means
that the hydrogen bonded intermolecular entities of the
same structure (the micelle-like) are created indepen-
dently of the alkane tail length in the diol molecule.
The results obtained for the 1, n-alkanediols show that
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the distance between two end O—-H groups is essential
for the liquid structure up to about six CH, groups in
the alkane chain, and for n > 6 the intermolecular enti-
ties of the layer-like structure are dominant. It is inter-
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