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The densities of and sound velocities in t-butyl alcohol solutions in CCI4
were determined in temperature range 25 to 45°C. From these data the adi-
abatic compressibility coefficients of the solutions were calculated, as well as
excess densities and compressibilities. The positron annihilation spectrum for
this system in room temperature was measured. The results plotted against
alcohol concentration suggest that the structural processes occurring in this
system are caused by dimerization of the solute molecules.

PACS numbers: 61.25.Em, 78.70.Bj

1. Introduction

Ultrasonic velocity measurements are an useful tool for investigating liquid
structure and molecular interactions in liquids. This method has been applied to
pure liquids as well as to liquid mixtures of polar and non-polar components and
to electrolytic solutions. Recently we compared the ultrasonic results of aqueous
solutions of non-electrolytes (amines and alcohols) with those from positron anni-
hilation experiments (see for example [1-41).

It was found that both these different techniques applied led to consistent
results which were explicable within the framework of the theory of formation of
liquid pseudoclathrate stuctures. The successful correlation of these two experi-
mental methods was an attempt to compare the results obtained from them for
non-aqueous systems.

The local structure of a liquid mixture depends on the forces of molecular
interactions and on the volume and shape of the molecules. This structure reflects
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in the thermodynamic properties of the liquid and should be expressed exactly
in terms of the radial distribution function. Thus, the problem of the relation
between ultrasound velocity and liquid stucture could be solved exactly by means
of statistical thermodynamics.

An approximate but satisfactory representation of liquid state properties was
proposed by Flory [5] and applied to the interpretation of thermodynamic proper-
ties of mixtures of small non-polar molecules by Abe and Flory [6]. However, most
of the authors dealing with the dependence of ultrasonic velocity, compressibility,
and molar volume on the composition of binary mixtures have interpreted the
experimental results phenomenologically, i.e. information about the structure has
been obtained from the properties of the pure components.

This work was aimed at the relation between compressibility coefficient (cal-
culated from ultrasonic velocity and density) and the stucture of associated liq-
uid. We chose t-butanol as the polar associated component which was gradually
diluted with a non-polar liquid (carbon tetrachloride). Additionally, the positron
annihilation measurements were done to compare with the ultrasonic ones.

Although there is a lack of data concerning the stucture of liquid t-butanol,
it is expected to form dimers in liquid state. This is supported by Raman linewidth
[7] and X-ray diffraction studies [8] in t-butyl alcohol solutions as well as the
non-linear dielectric effect in pure t-butanol [9].

2. Experimental

2.1. Materials

Carbon tetrachloride (pure for synth., POCh, Gliwice, Poland) was fraction-
ally distilled and middle fraction collected.

t-butanol (analytical grade, Ubichem, U.K.) was distilled under reduced pres-
sure and stored over molecular sieve to preserve absorbing water from atmosphere.
Weighed portions of liquids were mixed before measuring.

2.2. Sound velocity measurements

The ultrasonic velocity was measured with a sing-around equipment SA-1000
constucted in the Institute of Fundamental Technical Research of the Polish
Academy of Sciences, Warsaw, Poland, according to principles described by Green-
span and Tschiegg [10] and Garnsey et al. [11]. The details of our apparatus can
be found in [12]. The velocity values were determined with an accuracy of about
±0.05 m/s. A recording ultrathermostat (type UR, VEB MLW, Pruefgerate Medin-
gen, GDR) was used for temperature stabilization. The temperature was stabilised
with an accuracy of ±0.02°C.

2.3. Density measurements

Densities were measured with an accuracy of ±0.5 kg•m -3 by weighing a
calibrated sinker immersed into the liquid under test. The temperatures of density
measurements were the same as in the case of sound velocity tests.
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2.4. Positron annihilation measurements

The lifetimes of positrons in the liquids were measured using a standard sys-
tem based on the "fast-slow" coincidence technique and described in details in [1].
The annihilation experiment was performed at room temperature (approximately
25°C).

3. Experimental resuIts

3.1. Acoustical measurements

The ultrasonic velocities, as well as densities, were measured in 5 degree inter-
vals over the temperature range 298.15-318.15 K. The concentration dependencies
of sound velocities in the solutions of t-butyl alcohol in CCl4, plotted against mole
fraction of alcohol in the mixture, are shown in Fig. 1, showing flat minima in the
region of low alcohol concentrations.

From the measured densities and ultrasonic velocities, the adiabatic com-
pressibility coefficients were calculated according to Laplace's equation

β

 = ( 90)-1 	 (1)

(where p — density, c — sound velocity). The adiabatic compressibilities plotted
against the mole fraction of t-butanol in CCl4 are shown in Fig. 2.
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3.2. Positron annihilation measurements

The obtained lifetime spectra were analysed with regard to the two com-
ponents τ1 and τ2 (short- and long-lived), with intensities I1 and /2. The short
lifetime component τj, of intensity I1 is due to the free positron annihilation and
to para-positronium annihilation, and the long lifetime one, τ2 of intensity I2 is
attributed to ortho-positronium annihilating in the pick-off process [13-15].

In this treatment the condition is fulfilled
I1+I2 = 100%. (2)

From the analysis of the lifetime spectra of the CCl 4-t-butyl alcohol mixtures the
decay constants λ l =(τ1)-1 and λ2 = (τ2)-1 were determined. The obtained
values of τ1, τ2 and I2 are presented in Fig. 3.

The results of the annihilation experiment, when plotted against mole frac-
tion of one of the components, show unusual character in the region of very low
alcohol content in carbon tetrachloride, as well as in the region of low CCl 4 content
in the alcohol. From inspection of Fig. 3 it seems to be clear that the most rapid
and sharp changes of the solvent strncture occur when polluting it with small
amounts of the other agent.

4. Interpretation of the results

It was already noticed [16] that deviations from the "ideal" behaviour of a
liquid mixture should be useful for studying molecular interactions and stuctural
variations. The question of the mathematical representation of the "ideality" of
density, sound velocity, and compressibility of a liquid mixture was discussed in
[12] on the basis of thermodynamic criterion of the ideality [17]:

where G is the mean molar free enthalpy, xi is the molar fraction of i-th compo-
nent of the mixture, μi and μ°iare the chemical potentials of the i-th component in
the mixture and of the pure one, respectively. The analysis of the above equation
and its consequences shows that qualification of the deviations of density, sound
velocity or compressibility from additivity as "excess" values seems to be thermo-
dynamically wrong and devoided of a definite physical meaning. There was shown
that the following definitions of ideal quantities are at least acceptable [12]:
density —

(where xv ,i — volume fraction of i-th component in solution, superscript 0 denotes
the value for the pure component).
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Some difficulties arise [12] in defining the ultrasound velocity in an ideal
mixture and we shall not use it in our interpretation. The excess densities  pE =
p — pid and the excess adiabatic compressibility coefficient βE = β - βid were
calculated for the mixtures under investigation. The results plotted against mole
fraction of t-butanol in CCl4 are shown in Fig. 4 and Fig. 5.

The excess density seems to be much more sensitive for structural changes in
liquid mixture than the excess compressibility. Consequently, the shape of curves in
Fig. 4 surprisingly reminds that in Fig. 3, while the excess compressibility (Fig. 5)
does not.
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Our recent papers concerning the correlation between acoustical and anni-
hilation data in aqueous non-electrolytes show that stuctural changes cause fast
changes of τ1 and τ2 . Similarly, in the region where the changes of the liquid stuc-
ture are slow (i.e. there exist definite quasi-crystalline stuctures), the changes of
the annihilation parameters with organic solute concentration are much slower.
Although any comparison between aqueous solutions of non-electrolytes and their
solutions in a solvent like carbon tetrachloride is rather risky, the general idea, in
our opinion, can be conserved. Taking this into consideration, the character of the
changes observed in the solutions under test is as follows:

1. The region of very small alcohol concentrations in CCl4. In the range of
molar fractions of alcohols from 0 to 0.1 there are observed rapid changes in
both lifetimes (τ1 and τ2), as well as in the long-lived component intensity
/2. The character of these changes is not clear now but surprisingly distinct
and sharp. It is possible that a solvation process takes place in this region,
but some other explanations are also possible (see point 3).

2. The region of mean alcohol concentrations. In the region of molar fractions
of alcohol 0.1 to 0.9 there are no changes in excess annihilation parameters
as well as in excess density (within experimental error).

3. The region of very small carbon tetrachloride concentrations. In the region
of molar fraction of alcohol exceeding 0.9 there are noticeable changes in
the excess annihilation parameters, but not in excess density. The most in-
teresting, however, is the rapid increase in long-lived component of lifetime
spectum τ2, suggesting that this structural change is very strong. Supposing
that the pure t-butyl alcohol in liquid state forms mainly dimers (formation
of higher multimers is impeded because of the geometry of the t-butanol
molecule), the latter process can be attributed to dimerization. However, it
seems unreasonable that dimerization of t-butanol molecules begins at so
high concentrations (i.e. x t—butanol > 0.9). This composition corresponds to
the ratio number of alcohol molecules/number of CCl4 molecules equal to
(at least) 8/1. The process of dimerization should start much sooner.
Although there is a lack of data concerning this system, and we feel that our

results cannot solve the problem satisfactorily, the following concept is proposed.
Let us assume that the dimerization process of t-butanol molecules begins at low
alcohol concentrations (below 0.1 mole fraction). Thus, the changes in values in
Figs. 3 and 4 should be attributed to the dimerization, not solvation. This idea
implies the question about the nature of the process observed in high concentration
range of alcohol. We are not able to answer this question. It is possible that pure (or
almost pure) t-butyl alcohol forms in liquid state the stucture more complicated
than the simple mixture of dimers and monomers. To answer this question, one
should investigate more than one system non-polar solvent—alcohol.

5. Conclusions

Concentration dependencies of the positron annihilation parameters (Fig. 3)
as well as excess density and compressibility (Figs. 4 and 5) measured in the
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liquid mixtures of t-butyl alcohol in carbon tetrachloride show surprisingly sharp
and distinct character. The changes are observed only in very low and very high
alcohol concentrations. The changes in low alcohol contents were interpreted in
terms of dimerization of alcohol molecules in CCl4 solution, and those in almost
pure alcohol — to the formation of its own structure (for example multimerization
process).
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