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COUPLE GAS SORPTION CALORIMETRY OF BIOMOLECULAR NANOCOMPLEXES

R E I M A G I N E  M A T E R I A L  C H A R A C T E R I Z A T I O N 

INORGANIC MATERIALS
NANOMATERIALS 

INTRODUCTION

EXPERIMENT

Water adsorption and hydration influence the behavior of drug delivery nanocarriers in physiological environments, 
including their colloidal stability and transport, the protein corona formation, and biological interactions.

This application note demonstrates how the SETARAM Calvet PRO calorimeter (formerly Sensys Evo) coupled with a 
gas dosing system can directly measure water adsorption energetics on free biomolecules and biomolecule coated 
nanoparticles.

Coupled gas sorption calorimetry combines precise water vapor dosing, volumetric adsorption measurements and 
simultaneous calorimetric detection. 

Small doses of water vapor were stepwise released into the system at room temperature. Each dose generated an 
exothermic calorimetric peak recorded by the calorimeter. The simultaneous record of the amount of adsorbed 
water and the heat effect provided a high resolution measurement of the differential heat of adsorption as a 
function of surface coverage and amount of adsorbed water in mg/g sample Unlike adsorption isotherms alone this 
methodology directly measures the differential enthalpy of adsorption. 

The methodology was applied to magnetite nanoparticles coated with bovine serum albumin (BSA), potato starch, 
and lauric acid representing protein, polysaccharide, and lipid-type biomolecular interfaces.
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Differential enthalpy of adsorption of water on free bovine serum albumin (left) and BSA coated nano magnetite (right). The 
horizontal straight line corresponds to the enthalpy of condensation of bulk water and indicates the end of the chemisorp-

tion process. Adapted from (1).
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RESULTS

CONCLUSION

The measurements revealed how the surface functionalization with proteins, polysaccharides, and fatty acid affects 
the hydrophilicity and the hydration capacity of the nanocomplexes, which can provide a basis for engineered 
nanocarriers with tailored colloidal stability, immune interactions, and drug delivery behavior.

The SETARAM Calvet PRO coupled gas sorption calorimetry platform enables direct measurement of hydration 
energetics on biomolecularly functionalized nanomaterials. The methodology provides quantitative insight into 
water interactions at nano–bio interfaces and extends the calorimetric technique to biologically relevant inorganic-
organic systems.

Potential applications include nanomedicine, biomaterials, drug delivery systems. functionalized nanoparticles, 
biointerfaces, soft hybrid materials.
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INSTRUMENT

CALVET PRO

HIGHEST HEAT MEASUREMENT ACCURACY
Calvet 3D sensor based on thermocouples with Joule effect calibration

HIGHEST MASS VARIATION ACCURACY
with its optional Hang-down Symmetrical Beam Balance

EXTERNAL COUPLING CAPABILITY

SUB-AMBIENT TO HIGH TEMPERATURE OPERATIONS
with solutions from -120 to 830 °C

CONVENIENT INTERCHANGEABLE CRUCIBLES AND CELLS
to perform even the most demanding experiments using one 
instrument :
• high pressure (up to 500 bar) and high vacuum
• pressure resistance, measurement or control
• packed bed reactor experiments

ISOTHERMAL OR TEMPERATURE SCANNING MODES
for increased flexibility and replication of real life conditions


