RHEOLASER CRYSTAL

INTRODUCTION
Rheolaser Crystal enables researchers to monitor temperature dependent microstructure
evolution in heterogeneous products with an innovative optical method. The combination of a
non-invasive measurement with accurate temperature control and measurement as well as a
sufficiently large sample volume (0.05-5g) helps overcome difficulties in heterogeneities and
sampling. Rheolaser Crystal is perfectly adapted to study finished products, such as food,
cosmetics or pharmaceuticals, and to identify transition temperatures of proteins, polymers,
waxes, or any fatty compound. In addition, temperature cycles can be applied on the sample
to imitate thermal stress and evaluate the stability of samples against temperature variations.
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HOW IT WORKS
The technology of Rheolaser Crystal is based on Dynamic Light
Scattering, which is called Diffusing Wave Spectroscopy (DWS).
Light is scattered by the particles inside the sample (droplets,
crystallites, etc.), creating an interference pattern (Speckle
Image). The variation of this image in time is directly related to
the motion of the particles: the faster they move, the faster the
Speckle Image changes. By a mathematical analysis of this
variation, decorrelation functions can be computed and then
processed, to obtain the Microscopic Dynamic (MicroDynamics) as a function of temperature or time.

Figure 2. Construction of a decorrelation curve by comparing several speckle images.

Micro-Dynamics is directly related to microstructure mobility
(viscoelasticity of the product, polymorphic transitions…). A High
Micro-Dynamics values mean a fast motion of the particles or
structure and low Micro-Dynamics values are related to the slow
motion of particles or structure.
When there is a transition (phase transition, such as melting or
crystallization, from a crystal polymorphic form to another),
microstructures will move very quickly due to restructuring. This is
observed as the appearance of a characteristic peaks.

Figure 1. Schematical representation of the measurement set-up.

MICRO-DYNAMICS
A series of speckle images is taken and compared, giving
decorrelation functions (Figure 2). The Micro-Dynamics is
calculated as the reverse of the characteristic time to reach
66% of decorrelation. The faster the particles move, the faster
a decorrelation of 66% is obtained, and the higher the microdynamic.
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Figure 3. Characteristic melting profile with peak indicating the phase transition.

RHEOLASER CRYSTAL
MICRO-DYNAMICS EVOLUTION
The Micro-Dynamics Evolution is the integration of the MicroDynamics below the peak. Each Micro-Dynamic value is divided
by the whole area below the peak to give a curve going from 0
to 100%. It enables researchers to determine, with high
accuracy, characteristic transition parameters as a function of
temperature or time.
Four parameters are calculated:

THERMAL CYCLES
Thanks to the precise and versatile temperature control,
thermal cycles can be applied to solid samples, such as
lipsticks and other cosmetic products. By studying the
response to an applied cycle, the stability can evaluated.
An equal response is a characteristic of a stable product,
A decreasing or increasing response indicates a variation of
the microstructure, thus an evolution with a potential risk for
destabilization.

T50 is the average transition temperature or time.
ΔT is the transition range, it represents the “polydispersity”
of the microstructure.
T10 and T90 are used to define the beginning and end of
the transition phenomena. They correspond to the
temperature for which 10 and 90% of the transition
occurred.

Figure 5. Schematical representation of a thermal cycle experiments. The evolution of the
peak height gives an indication of the sample's stability.

Specifications
Laser wavelength

650 nm

Temperature range

4 - 90 °C

Temperature speed

0.1 - 25 °C/min

Sample volume

0.05 - 5 g

Sample form

Any (liquid, solid, gel

CONCLUSION
Figure 4. Calculation of micro-dynamic evolution (bottom) from micro-dynamics.

Perfect temperature control
Rheolaser Crystal combines the efficiency of a Peltier
temperature control system with an infrared thermometer to
enable the study of very complex samples (heterogeneous,
from 0.05 to 5 g…). The Peltier system allows the study of
products at a fast temperature ramp (up to 25°C/min) from 4
to 90°C. The high sensitivity infrared thermometer measures
the temperature at the surface of the sample in the area
scanned by DWS. The microscopic dynamics and temperature
are thus perfectly correlated.

Application Note : RH CRY-TN-01_Thermal profiling
www.formulaction.com 3-5 rue Paule raymondis - 31200 Toulouse, France

Rheolaser Crystal is a highly resolved
instrument, dedicated to crystallinity and
phase transition detection. Its principle of
measurement relies on a very sensitive
optical technique, accurate thermal
control, and direct control of the sample
temperature in the measurement area.
That way, any physical phenomenon can
be easily detected in complex products.

