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Abstract— One of the interesting properties of nanoparticulate materials is the variation of thermodynamic properties from
the bulk ones. Study of thermodynamic properties of individual nanoscale particles and very low volume novel materials is
beyond the sensitivity of conventional calorimetry. We present a theoretical description and experimental results of an
alternative approach for measurement of changes in heat capacity, elastic modulus and viscosity of small volumes (order of
attoliters) of materials using micro and nanoelectromechanical systems. A resistive heater placed on a mechanical platform that
holds the sample to be studied is heated by applying a time varying external current while the DC deflections, resonance
frequency shifts and mechanical dissipation factors are monitored. Using analytical and numerical techniques, the behavior of
the system can be modelled and information about the material properties can be obtained. Application to thin chalcogenide

films is demonstrated. Limits of the technique are discussed.

Calorimetry holds an important place in chemistry and
materials science, since thermodynamic properties of bulk
materials such as phase transition temperatures and enthalpies
can be obtained using calorimetry. However, conventional
differential scanning calorimeters require large sample mass to
acquire data with reasonable signal to noise ratio. It is also
known that, nanoscale particles and materials show distinctly
different thermodynamic properties than their bulk
counterparts. It is therefore desirable to have a means of
studying thermodynamic properties of small volume samples,
ultimately a single nanoparticle. In this work, we extend the
approach previously demonstrated by Berger et al [1] and use
properly  designed and characterized micro and
nanoelectromechanical  devices for  calorimetry and
measurement of mechanical properties.
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Figure 1: Excitation of a bimorph cantilever using periodic resistive
heating. Inset shows SEM micrograph of the cantilever, fabricated in-
house, of silicon nitride and nickel layers on silicon. Experimental data
and theoretical model (blue and green curves) perfectly fit over all
measurement range. Thermal time constant can be extracted from the
response curve (red) to be about 300 psec.

Periodic thermomechanical excitation of microstructures is
possible even if the frequency of excitation is far beyond the
thermal time constants. The thermomechanical excitation is a
combined function of the thermal and mechanical responses
and carries information about phase transition temperatures
and enthalpies. Deviations from ideal bimorph response
indicate phase transitions. Example of thermomechanical
excitation of an uncoated lever is shown in Figure 1, where
experimental data perfectly fits the thermal and mechanical
responses of the microstructure. By coating such micro or
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Figure 2: (a) Thermomechanical calorimetry of As,S; films. Deviation
of deflection from ideal parabolic behavior indicates softening and
melting (vertical arrows) of the chalcogenide glass. Insets show
resonance frequency and phase shifts. (b) Thermal simulation and
optical micrograph of lever after the experiment. Above 15 V As;S;
starts to evaporate.
nanoelectromechanical structures with the materials to be
characterized, it is possible to observe the effects of
thermodynamic  properties through  measurements  of
mechanical observables such as resonance frequency shifts,
loss factors and bending. Preliminary measurement results on
chalcogenide glass As,S; is shown in Figure 2. In this
preliminary experiment, 50 nm thick As,S; is evaporated onto
a cantilever (total volume of measured material is 0.5 pL), and
the cantilever is subjected to cyclic voltage sweeps. Resistive
heating of the cantilever results in a cyclic temperature change
and cantilever deflection. Resonance frequency and quality
factor show signatures of phase changes. At large biases
numerical model shows that the cantilever end is heated to
about 388°C where the As,S; layer partially evaporates. The
temperature gradients can be seen in the micrograph (Figure 2)
and compared with finite element analysis results.

The technique is promising for calorimetry of single
nanoparticles if the dimensions are reduced to sub-micrometer
scale. This work was partially supported by TUBITAK under
Grant No. 107T547.
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