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In this study, a newly designed hydration cell is described, which allows setting a
standardized humidity level while in parallel measuring the mass uptake/loss using a
quartz crystal balance (QCM). Furthermore, simultaneously dielectric measurements
are performed in such systems with a known moisture content to examine how drying
and hydration processes affect the molecular dynamics in a frequency region from 0.1
Hz up to 1 MHz and in a wide temperature range.

Introduction

Hydration of natural or synthetic macromolecules is responsible for a variety of
phenomena, affecting both the structure and the stability of such systems. Studying the
effect of hydration enhances the understanding of many complex biological mechanisms
such as protein folding, phospholipid hydration, as well as the dynamics and
conformation of polymers [1-3]. Previous hydration studies, however, largely relied on
the combination of separate measurements of relevant physical quantities aiming to a
further refinement of e.g. the theory of hydration forces. In this study, we present a
compact setup able to simultaneously quantify the film thickness while monitoring the
evolution of the dynamics upon thickness variation [4].

Results and discussion

We have studied the multilamellar DMPC vesicles (MLVs) dynamics increasing
dehydration stress. It was shown that at low hydration levels more pronounced lipids
phase transitions are revealed and humidity affects the T-dependence of the main lipid
phase transition (Tm). The data acquired by dielectric spectroscopy were supported by in
situ mass uptake and loss as revealed by QCM results. The phase transition temperatures
got from the two simultaneous measurements are resumed in the table below.

The two samples might present slight differences in the sample thickness and it explains
the small variation in the Tm values.



RH 32% 22% 11%
QCM  Tm 46 54 62
DRS Tm 49 54 61

Table 1: DMPC vesicles phase transition temperature in Celsius degrees at three different relative
humidity (RH).

Conclusions

The combination of simultaneous DRS and gravimetric measurements allows to monitor
the film dynamics upon variation of the sample mass, which is directly related to the
moisture uptake/loss. The complementary results provide new insights into
multilamellar lipids dynamics and viscoelastic properties at different humidity levels.
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