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Over the past few decades, a number of analytical instruments have been developed for the characterization of product formulations intended for Lyophilisation.
Freeze-drying microscopy (FDM) is now used routinely to determine the critical temperature (Tc) at which the product may collapse during primary drying whereas a
combination of differential thermal analysis (DTA) with electrical impedance analysis has been used to study the critical temperatures of a sample in a frozen state
(i.e. the glass transition, ice crystallisation and eutectic melting temperatures). In this study, a combination of impedance spectroscopy with freeze-drying
microscopy (Z-FDM, G. Smith, 2019, doi.org/10.21253/DMU.7980071.v1) has been reported for the first time.

Materials/Instruments Gold electrode integrated into the FDM stage Interdigitated electrode
A. 5% w/v solution of sucrose (Sigma-Aldrich)

B. Lyostat 5 freeze drying microscope (Biopharma)
C. ED-IDE1-AU gold interdigitated electrode (Micrux)

D. ISX3-mini Impedance analyser (Sciospec)
Z-FDM Experimental parameters

Experiment 1: Freezing and drying study of 5% sucrose solution

o . TP Time Vacuum Image capture
St | el (el | Hie 165, (hh:mm:ss) (mbar) dgelay ?s)
1 10 -42 00:05:00 1E+3 0.1
2 1 -42 01:40:00 1E-3 30
3 10 +20 00:00:00 1E-3 0.1
Impedance measured at set frequency at 1.6 kHz ! 7 F
micru
IDE2 - 10 x 5 um - 120 pak
Experiment 2: Collapse study of 5% sucrose solution ‘
0 . T Time Vacuum Image capture
Step [Rate (°C/min)| Limit (°C) (hh:mm:ss) (mbar) dgelay E)S)
1 10 -60 00:05:00 1E+3 1
2 5 -50 00:00:00 1E-3 1
3 1 +20 00:00:00 1E-3 1
Impedance measured at frequency range 10 Hz - 100 kHz Figure 1: Key components of the Z-FDM study. From left to right: Z-FDM system, integrated FDM stage and Z-FDM electrode
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The addition of impedance spectroscopy to FDM has the potential to make the Impedance based freeze drying microscopy was developed under FastLyo project
determination of Tc less subjective while expanding its application to other critical (Formulation accelerated freeze-drying by reduced vapour flow resistance) funded by
freeze-drying such as the nucleation temperature (T,), freezing rate & sublimation rate. Innovate UK (grant ref. 133425).



