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Fig 3A) Compressive Energy. The symbols are the experimental data and the dashed line 

is a fit using the Flory-Rehner theory. Fair agreement is achieved. 

B) Volume dependence of the compressive modulus. The stiffness of the particles 

increases rapidly with decreasing particle volume. The starting value is around the 2 MPa 

which is slightly higher than previously reported values. 

Fig 2A) State Diagram. The energy required to go from state 1 to 3 (𝐸13) can be measured

as can 𝐸23. The difference Δ𝐸 is related to the energy required to compress the particle.

B) Heat capacity Curve. By integrating the heat capacity curve obtained from DSC from

𝑇𝑠𝑡𝑎𝑟𝑡 to 𝑇𝑒𝑛𝑑 the 𝐸13 and 𝐸23 can be determined. In this graph the blue line is the

compressed particle and the red line is the uncompressed particle.

F.J.Aangenendt*, W.G. Ellenbroek* ,H.M. Wyss*

*DPI affiliation: ‘Dutch Polymer Institute (DPI), P.O. Box 902, 5600 AX Eindhoven, the Netherlands.

Soft matter matters
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Objective
Determine the mechanical properties of thermosensitive 

materials via calorimetric measurements. 

Theoretical background
The amount of energy required to heat a particle from a

starting volume (𝑉0 ) to a smaller end volume (𝑉𝐹) can be

determined by integrating the heat capacity over the

temperature as is shown in Fig 2B. When a compressed

particle is heated, less energy is required. The difference is

Δ𝐸, see Fig 2A. This difference in energy is equivalent to

compress a particle from 𝑉0 to at 𝑉𝐹 constant temperature.

Determine compressive modulus
𝐸𝑐𝑜𝑚𝑝𝑟 is the energy required for compressing a material

from an initial volume 𝑉0 to a final (smaller) volume 𝑉𝑓. It

is given by an integral of the applied pressure difference

𝑝(𝑉) − 𝑝(𝑉0) over volume, from 𝑉0 to 𝑉𝑓, as:

𝐸𝑐𝑜𝑚𝑝𝑟~  

𝑉0

𝑉𝑓

[𝑃 𝑉 − 𝑃 𝑉0 ]𝑑𝑉

The compressive or bulk elastic modulus 𝐾 is defined as:

𝐾 = −𝑉
𝑑𝑃

𝑑𝑉
Which means that if we assume that 𝑃(𝑉0) is independent

of 𝑉 we can write 𝐾 as:

𝐾 = −𝑉
𝑑2 𝐸𝑐𝑜𝑚𝑝𝑟

𝑑𝑉2

Results
We compared the experimentally obtained Δ𝐸 with the

theoretical 𝐸𝑐𝑜𝑚𝑝𝑟 function, based on Flory-Rehner

theory. Using parameters consistent with the physical

properties of the material, we obtain fair agreement

between the theory and our experimental data, as shown

in Fig 3A. The same fitting parameters are used to

determine 𝐾 𝑉 as is shown in Fig 3B.

Summary
We conclude that we are able to measure the mechanical

properties of pNIPAM using calorimetry measurements.

We are currently more explicitly exploring the 𝑇 -

dependence of 𝐾 by considering the Δ𝐸 over different

temperature intervals. Our work suggests a new method

for determining elastic properties that could be applied to

a wide range of 𝑇 -sensitive gel materials. This also

illustrates the connections between the thermal and

mechanical properties of polymer gel materials.

Contact  information: f.j.aangenendt@tue.nl

This research forms part of the research program of the 

Dutch Polymer Institute (DPI), project 738.

Microgels
Materials that contain soft particles are often used in

practical applications and in fundamental studies, see

Fig 1. These soft particles can be modeled using Poly(N-

isopropylacrylamide) microgels (pNIPAM). These gels

show a dramatic decrease in volume and a peak in heat

capacity around the lower critical solution temperature

(LCST). This behavior of pNIPAM hydrogels has been

thoroughly investigated by a wide variety of experimental

techniques, such as AFM, light scattering, Capillary

Micromechanics, and Differential Scanning Calorimetry

(DSC). However these studies have generally not

considered the inherent connection between DSC

measurements and mechanical properties. Here, by

exploiting this connection, we determine the mechanical

properties of pNIPAM hydrogels based on calorimetry

measurements.

Fig 1. Materials containing soft particles. Left to right: pastes/creams, paint, chees end

red blood cells. The soft particles are responsible for their unique properties.
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