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Instruments

DSC 3+ with TOPEM
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4Different TMDSC techniques

TOPEM® stochastic modulation
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êxo Temperature and heat f low_2 28.08.2005 20:38:07

STARe  SW 9.00 T9Lab: METTLER -

Temperature

highly sensitive to 

temperature change

Heat Flow     =    Heat Capacity Component +   Latent Component

less sensitive to 

temperature change

Reversing Heat 

Flow

Total Heat 

Flow

Non-reversing Heat 

Flow

This correspondence requires quasi static conditions



5

non-reversing heat flow

TMDSC evaluation

average

amplitude
phase shift

total heat flow

reversing heat flow
-

TOPEM evaluation

not correlated

component

correlated

component

non-reversing heat flow

reversing heat flow

total heat flowaverage

consistency check

+

Conventional TMDSC evaluation



6
TOPEM advantages

Stochastik modulation

• Quasi-static heat capacity

• Multi frequency evaluation

Advanced evaluation procedure

• Smaller amplitudes are possible (acurate results)

• Use of higher heating rates

• No blank and calibration curves required

• Most accurate specific heat capacity in DSC

• Consistency check



Flash DSC 2+ 7

Sensor UFS1: -95 °C .. 520 °C

 Typical heating rates: 0.1 .. 20,000 K/s

 Typical cooling rates: 0.1 .. 4,000 K/s

Sensor UFH1: -95 °C..1000 °C

 Typical heating rates: 0.1 .. 60,000 K/s

 Typical cooling rates: 0.1 .. 40,000 K/s
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9Polymorphism

Physical polymer (Enantiotropy): 

Transition of a stable modification in a stable modification

Physical metamere (Monotropy):

Possible coexistence of more modifications

Otto Lehmann 1877:

Wilhelm Ostwald 1897: Ostwald's step rule

Max Planck 1882: Polymorphic phases could be in a metastable equilibrium

Gustav Tammann 1898: Metastable polymorphic modifications are formed at high 

supercooling

MonotropyEnanzotropy



10Polymorphism of Sulfapyridine



Monotropic Polymorphism
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Tammann's approach to form a glass from 1903
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At sufficient fast cooling all substances can form a 

glass if crystallization can be bypass. 
Gustav Tammann 1903:



Bulk Metallic Glass
14

First Metallic Glass: 

First Bulk Metallic Glass: 
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16BMG: Au70Cu5.5Ag7.5Si17



17DSC Curves and Structure



18BMG: Au70Cu5.5Ag7.5Si17
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19BMG: Au70Cu5.5Ag7.5Si17
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Properties of Metallic Glass
20

loss pcm C. Quick, J.E.K. Schawe, P.J. Uggowitzer, S. Pogatscher

Thermochim.Acta 677 (2019) 12-20

1000 K/s



Properties of Metallic Glass
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22BMG: Au70Cu5.5Ag7.5Si17
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Schawe, Pogatscher, Löffler, Thermochimica Acta 685 (2020) 178518



23Determination of the Thermodynamic Potentials
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24BMG: Au70Cu5.5Ag7.5Si17
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25BMG: Au70Cu5.5Ag7.5Si17



26BMG: Au70Cu5.5Ag7.5Si17
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S. Pogatscher at al.

J. Phys.: Condensed Matter, 30 (2018) 234002



27BMG: Au70Cu5.5Ag7.5Si17
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Conclusion
29

BMG forming alloys form metastable modifications.

BMG forming alloys show monotropic polymorphism and follow 

Ostwald's step rule.

The measurement of the heat capacity of the metastable phases 

are required to generate a Gibbs-free energy diagram.

The heat capacity of the metastable phases of BMG forming 

alloys can be measured by TMDSC and FDSC.
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