
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: Apr 23, 2019

Micromechanical Thermal Analysis for Pharmaceutical Formulations

Karl, Maximilian; Larsen, Peter E.; Rantanen, Jukka; Boisen, Anja; Rades, Thomas

Publication date:
2018

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Karl, M., Larsen, P. E., Rantanen, J., Boisen, A., & Rades, T. (2018). Micromechanical Thermal Analysis for
Pharmaceutical Formulations. Abstract from 44th International conference on Micro and Nano Engineering,
Copenhagen, Denmark.

http://orbit.dtu.dk/en/publications/micromechanical-thermal-analysis-for-pharmaceutical-formulations(f3c08892-ff86-4061-b2f4-36dc6903b829).html


Micromechanical Thermal Analysis for Pharmaceutical Formulations 
 

Maximilian Karl a, Peter E. Larsen b, Jukka Rantanen a, Anja Boisen b, Thomas Radesa 
 
 

a University of Copenhagen, Department of Pharmacy, Universitetsparken 2, 2100 Copenhagen, Denmark 
b Technical University of Denmark, Department of Micro- and Nanotechnology, Ørsteds Plads, 2800 Kgs. 

Lyngby, Denmark 
e-mail: maximilian.karl@sund.ku.dk 

 
Keywords:  Thermal analysis, micromechanical, resonators, string, glass transition, MEMS 

  

Purpose 
 
Common thermal analysis techniques such as Differential Scanning Calorimetry (DSC), 
Thermomechanical Analysis (TMA) or Dynamic Mechanical Analysis (DMA) are widely used to study the 
properties of pharmaceuticals as they change with temperature [1]. However, certain drawbacks are 
associated with these techniques such as large sample size (DMA, TMA), the lack of sensitivity for 
secondary relaxations (DSC) or long run times (all). Here, we present a thermal technique using resonating 
low stress silicon nitride (SixNy) microstrings to overcome the above-mentioned issues and create novel 
insights into the thermal and mechanical properties of pharmaceutical formulations.  
 
Introduction 
 
The measuring principle is based on the string’s change of frequency during the temperature sweeps. As the 
silicon frame expands more than the SiN string during heating [2], the string’s tensile stress increases, 
leading to higher resonance frequencies (see Figure 1). Thermal transitions of samples coated onto the 
string (see Figure 2) affect the tensile stress and result in frequency slope changes. 
 
Materials and Methods 
 
SiN microstring sensors are cleanroom fabricated by depositing (LPCVD) SiN on a silicon wafer, followed 
by patterning using standard UV lithography and dry etching steps as well as a KOH etch for device 
release. The sensors are placed on a custom build temperature stage inside a vacuum chamber to eliminate 
air damping of the mirco resonators and thus reduce measurement noise. The change in frequency is 
measured with a laser-Doppler vibrometer (MSA-500, Polytec GmbH, Germany). A setup overview is 
given in Figure 3.  
 
 
Results 
 
The current setup could successfully be utilized to analyze both small molecule (e.g. drugs) and large 
molecule samples (polymer, proteins). As an example, Figure 4 on the right hand side shows the thermal 
response of amorphous carvedilol coated onto a microstring. The inlet displays the reference measurement 
of the same uncoated string. A major change in slope of the relative frequency shift at 50 °C, representing 
the glass transition, is observed. The sample mass is approximated to be below 1ng. 
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Figure 1. Measuring principle Figure 2. Light microscope picture of a coated 
string sensor 

  

         Figure 3. Instrumental setup overview   Figure 4. Glass transition of amorphous carvedilol  

 
 
 


