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1. Overview of the experimental set up
2. Applications

– Freezing (ice nucleation, growth and solidification end point)

– Annealing (rates of change of the ice mass)

– Glass transition determination
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Real-time observation of the behavior of formulations during freeze-drying

Typically used to study the critical collapse temperature (Tc), and its relationship with 

The glass transitions (𝑇G) of amorphous components, and/or 

The melting of crystalline components (𝑇EU) 

Freeze-drying microscopy (FDM)

Biopharma 

Lyostat5 FDM
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✓ Impedance analyzer connected to the FDM with bespoke adapters  

✓ FDM stage remains intact, and IDE sit above the quartz cell 

✓ Gold IDE does not affect the optical application of the FDM

Impedance enabled FDM

Z-FDM
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• IDEs have been used in past for the prediction 
of lyophile collapse temperature 

Interdigitated electrodes (IDEs)

A

B

A: Showing individual components of a single surface, 

co-planer, interdigitated-comb sensor and B: the 

complete sensor

Mackenzie, A. P., Evans, S. 

A. and Morris,. Prediction of 

Lyophile Collapse 

Temperature by Dielectric 

Analysis Prediction of 

Lyophile Collapse 

Temperature by Dielectric 

Analysis, PDA J Pharm Sci 

and Tech 1994, 48 318-329.
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Commercial IDE 

– MicruxTM

Dimension:      

10 x 6 x 0.75 mm 10 m 10 m

Electrode gap Electrode width

3.5 mm Ø

Interdigitated electrodes (gold on glass)
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Commercial IDE –

MicruxTM
10 m 10 m

Electrode gap Electrode width

Light aperture 

1.3mm 

diameter 

Width of the 

electrode 

3.5 mm Ø

Interdigitated electrodes (gold on glass)
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IDE dimensions: 

10 x 6 x 0.75 mm

1
0

m
m

Top view

6 mm

16mm

0.85 mm*

* different 

height of IDE 

adaptors used 

for initial 

assessment:

• 0.85 mm

• 0.90 mm

• 0.95 mm

• 1.00 mm

*IDE height 

0.75 mm

*

IDE is lower than the 

adapter and sample 

height derived between 

difference between then 

IDE adaptor size 

Theoretical sample height 

Design of IDE holder 
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Observations on Sample size

Case study of 5% w/v Sucrose solution

Z-FDM – Applications in freezing (nucleation 

temperature, ice growth rates, solidification 

end point) 
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6

A. Nucleation

Temperature/time

B. Ice solidification

end point time/temp

Time difference between time 

points A and B is the ice 

solidification time and hence 

provides an opportunity to 

measure ice growth rates at the 

mean ice growth temperature 

(C)

Ice solidification

time = 1.2 s

C. Mean ice growth 

Temperature – 17.9

Nucleation of 0.5µL of 5% Sucrose
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• 1 mL of 5% w/w sucrose has 0.95 g water 

• Assumption: unfrozen fraction comprises 80:20 ratio of sucrose to water

• It follows that 0.0125 g (0.05 x 20/80) is bound and produces 0.9375 g ice

Estimated from:

Larger sample : 0.5 µL of 5% sucrose (produces 4.688E-04 g ice)

• Ice formation time = 1.2 s (12 data points – more accurate)

• Ice growth rate: 4.688E-04 / 1.2 = 0.39 mg/s

Relevance : ice crystal size?

Ice growth rates
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1

2

3

4

21

3 4

Ice solidification

time

Nucleation of 0.05µL of 5% Sucrose
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1

2

4

3

21

3 4

Ice solidification

time

Ice solidification 

time

Nucleation of 2 x 0.03µL of 5% Sucrose
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Case study of 5% w/v Sucrose solution

Z-FDM – Applications in freezing 
(Annealing) 
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Capacitance data measured at 
1.6KHz

Full process of 0.05µL of 5% Sucrose
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Excursions 

in 

temperature 

just above 

the glass 

transition

Annealing of 5% w/v Sucrose solution

Structural 

changes on re-

heating

decrease with 

each annealing

0.05 µL 5%sucroseCapacitance data measured at 
1.6KHz
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Case study of 5% w/v Sucrose solution

Glass transition detection with 
TVIS
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Closed symbols demonstrated the data when the sample was heated above its 
glass transition of freeze concentration (𝑇𝑔

′ = -34°C) whereas the product which 

annealed below transformation points of -35 °C were represented by open 

symbols. Circle, square and triangle are 1st, 2nd and 3rd re-heating accordingly

Structural Modification studied by TVIS 
5% Sucrose solution

DSC Thermogram
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Structural Modification studied by TVIS 
5% Sucrose solution

Closed symbols demonstrated the data when the sample was heated above its 
glass transition of freeze concentration (𝑇𝑔

′ = -34°C) whereas the product which 

annealed below transformation points of -35 °C were represented by open 

symbols. Circle, square and triangle are 1st, 2nd and 3rd re-heating accordingly

DSC Thermogram

Temperature 

calibration for 

predicting ice 

temperature 
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Case study of 5% w/v Sucrose solution

Glass transition detection with 
Broadband Dielectric 
Spectrometer
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Novocontrol

BDS system

Spectroscopy System (sub Hz to 10 MHz)
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Novocontro
l 

BDS system

Spectroscopy System (sub Hz to 10 MHz)
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Inter-digitated electrode

Commercial state of the art broad-band 

dielectric spectrometer (BDS) from 

Novocontrol GmbH (mHz to 10 MHz)

Spectroscopy System: BDS (Sub Hz to 10 MHz)
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BDS sample cell arrangement

Interdigitated Electrode

IDE connected to 
banana plug with 
copper wire

IDE cell for BDS IDE arrangement on BDS stage

Banana plug connected 
to the BDS cell

IDE holder on BDS cell 
and used as a sample 
spacer/ IDE holder
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Place IDE inside the holder Add 2 μL of 5%w/v Sucrose Place coverslip Sample ready for analysis

BDS sample cell arrangement
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Cover
slip

Adapter 
-spacer

NB: IDE filled 

with 2 μL volume

Placed on a 

cradle

IDE

Spectroscopy System (sub Hz to 10 MHz)
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compared with DSC thermogram

A - onset -34.0˚C

B - mid point -32.3˚C

C - end point -30.5˚C A
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*Tonset = -35.2˚C 

*
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5% w/v Sucrose solution re-heating profile 
compared with DSC thermogram

A - onset -34.0˚C

B - mid point -32.3˚C

C - end point -30.5˚C A

B

C

*Tonset = -34.5˚C 
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• Introduction to TVIS theory

• Description of the measurement principles

• Dielectric loss and relaxations mechanisms (liquid and frozen states)

Further Reading
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Chapter 5 Through Vial 
Impedance Spectroscopy (TVIS) A 
New Method for Determining 
the Ice Nucleation Temperature 
and the Solidification End point

Further Reading

https://www.crcpress.com/Freeze-Drying-of-Pharmaceutical-Products/Fissore-Pisano-Barresi/p/book/9780367076801
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