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Conclusions

Results

Here we use Molecular Dynamics simulations to investigate the
volumes of hydrophobic association of a series of alcohols in
solution. We show that these volumes are negative at low
temperature and become positive with increasing temperature.
Determination of these effects can prove useful when examining
the properties of surfactants, micelles, and proteins due to their
wide usability as smart materials.
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Partial Molar Volume of Ethanol (cm3/mol), Veth

The hydrophobic effect is characterized by the old adage “oil
and water do not mix.” Beyond the insolubility of oils in water,
this phenomenon is usually associated with characteristic
temperature dependent properties that can give rise to unique
behaviors like solubility minima. Pressure effects on the other
hand have not been as thoroughly investigated, despite the fact
that pressure can modulate assembly behavior in solution.
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Starting from infinite dilution, the partial molar volume of ethanol
in water at 25°C decreases as a function of increasing
concentration. This decreasing trend indicates a negative volume
of association, which is in good agreement with experiment.
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Fig 4: Illustration of how Voronoi volumes are
constructed and used in Voronoi analyses.2
These volumes show packing at a molecular
level by defining an irregular polyhedral
shaped cell around each particle.3 The red
dots represent the solute (alcohol) particles,
while the black dots represent the solvent
(water) particles.
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Voronoi
analyses
show
whether
or
not
Voronoi
volumes of solute monomers
and dimers can be correlated
to their respective volumes of
association. Voronoi analyses
of these systems are being
carried out (as shown in Figure
4) in an attempt to connect the
macroscopic
behavior
of
theses systems to their
molecular behavior.
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Fig 1a): A snapshot of 20 methanol molecules in 2000 water molecules. Fig 1b): A snapshot of 40
methanol molecules in 2000 water molecules. Both systems were created with VMD at 25°C. The
methanol molecules are the larger species composed of colors cyan, red, and white.
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Simulation
Temperature (°C)
57.93
68.29
48.40

We appear to be capturing the correct trends by comparing
simulation data to previous experimental data.1 A shift is seen
from negative volumes of association to positive volumes of
association as temperature increases, telling us that the
clustering of these mixtures is highly temperature dependent.
Thus, negative volumes of association caused by
temperature changes are driving hydrophobic interactions
within these alcohol-water mixtures.
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Volume of Association (cm3/mol)

• GROMACS was used to simulate the alcohol–water mixtures in
the isothermal-isobaric ensemble at 1 bar pressure over a
temperature range from 5 to 75°C.
• Water was modeled using TIP4P/2005, while alcohols
(methanol to 1-propanol) were modeled using the TraPPEUnited Atom model.
• Alcohol concentrations for methanol and 1-propanol varied
from 0 to 2 mol%, while ethanol was simulated over the full
concentration range.

Experimental
Temperature (°C)
46.17
64.24
44.64

Table 1: Crossover temperature at which dV/dxeth = 0 for the alcohol-water mixtures.1
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Fig 2: Comparison of simulation and experimental data at 25°C for the ethanol-water system. Emphasis
is placed on the infinite points of dilution to highlight deviations that are caused by solute-solute
interactions.
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By extracting volume of association trends, the temperatures
at which a crossover occurs from negative to positive
volumes of association are determined and shown in Table 1,
and are in agreement with experimental results.
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Fig 3: Comparison of simulation and experimental trends of the volumes of association for methanol,
ethanol, and 1-propanol.1

By examining volumes of association, we are able to show that at
low temperatures these alcohols exhibit negative volumes of
association, meaning they occupy less volume when clustered
together than when apart. Conversely, at higher temperatures,
they occupy more volume when clustered together.
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