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❖ Attaining a long-term stability by freeze-drying can be attractive as it can eliminate the need for cold chain storage of biopharmaceutical products (e.g. proteins).
❖ A precise determination of the point of complete ice removal during primary drying has been one of the strategies for avoiding product collapse or eutectic melt [1].
❖ Common batch techniques include the comparative pressure measurement: the Pirani gauge (more sensitive to the water vapour) with a capacitance manometer (CM)

(controls the absolute pressure of the chamber). The point at which the Pirani pressure approaches that of CM is taken as the endpoint for the whole batch [2].
❖ Single vial techniques (e.g. thermocouples, resistance temperature detectors, etc) involve inserting an invasive probe into the product to measure the product temperature,

which when equals the shelf temperature, is generally taken as the endpoint for the batch; but it is known that probe containing vials dry faster than the vials without the
invasive probes and front row edge vials receive an additional heat contribution via heat radiation from the Plexiglass door [3].

❖ Through Vial Impedance Spectroscopy (TVIS) senses the amount of ice in the vial in real time by measuring the dielectric properties of the frozen solid by employing a pair of
copper electrodes attached externally to a single vial (i.e. non-product invasive) [4].

❖ Previously, the time-line of the imaginary part capacitance at 1 kHz, C"(1kHz), has been used to determine the primary drying endpoint for a simple sucrose solution [4].

The aim of this study is to develop an impedance-based methodology to determine the primary drying endpoint with the following objectives:
❖ to use the time-line of the C'(100kHz) parameter for determining the primary drying endpoint of ice in a complex protein formulation located at the edge and the core
❖ to compare the endpoint from TVIS with the endpoint given by the comparative pressure measurement

Materials and Methods

❖ The dielectric relaxation of ice was characterized by a step in the real
part around 10 kHz (Fig.1a) where,

𝑆𝑡𝑒𝑝 𝐻𝑒𝑖𝑔ℎ𝑡 ≅ 𝐶′ 10𝐻𝑧 − 𝐶′(100𝑘𝐻𝑧)
❖ The step height is proportional to the height of the sublimation front

which manifests as an ice cylinder when it is in intimate contact with the
glass wall bounded by the electrodes.

❖ For the IgG-sucrose formulation in the core vial, the step height had
decreased by 85% by ~44 h, yet the Pirani vapour pressure was still
approaching the CM value (Fig.1c).

❖ The time-line of C'(100kHz) was then used to track sublimation and
understand the changes in the shape of the sublimation interface
(Fig.1b).

❖ First 5 h: C'(100kHz) decreased linearly with time; suggests the
sublimation front was drying in a horizontal plane.

❖ 5 to 44 h: the rate of decrease in C'(100kHz) exhibited a non-linear
behavior; suggests the shape of the sublimation front had changed over
this period.

❖ At 44 h: a characteristic dip in the time-line was observed; corresponds
to the point when the ice mass had retracted from the glass wall.

❖ After 44 h: C'(100kHz) started to recover as it was still sensitive to the
remaining ice mass.

❖ In Fig.2(b to e), the inflection in time-line of d(C'100kHz)/dt after the
completion of the C'(100kHz) recovery was used as an endpoint
indicator for all TVIS vials.

❖ Endpoint Summary: Sucrose-IgG edge vial (Fig.2b) dried 11 h earlier
than the onset of the reduction in the Pirani vapour pressure (43 h). In
addition, the TVIS endpoint for both core TVIS vials (Fig.2d&e) occurred
at 62 h and yet the Pirani was still active until 73 h. This may be due to
one or both of two factors: (i) other core vials were still drying (most
probable) and/or (ii) the Pirani continued to sense water vapour in the
dryer even when all the ice had sublimed (least probable).

Fig. 2 Batch endpoint from Pirani-CM v/s TVIS Endpoints for the edge and the
core TVIS vials containing IgG-Sucrose and IgG-Mannitol rich formulations
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TVIS Vial Location
4% IgG with 5% 

Sucrose 
4% IgG with 4:1 

Mannitol:Sucrose IgG

Front Edge 32 h 46 h

Core 62 h 62 h

❖ Core vials may take almost twice as long to dry than edge vials and/or not all core vials dry at the same time. 
❖ TVIS used in conjunction with batch sensors can enhance one’s understanding of the hot and cold spots on the shelf. 
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T(shelf) -25 oC for 73 h

Secondary drying step at 
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Fig. 1 Application of the real part capacitance at
100 kHz, i.e. C'(100kHz): TVIS is most sensitive to
the height of the ice cylinder in intimate contact
with the glass wall in the region bounded by the
electrodes. When the ice mass retracts from the
glass wall, the characteristic “dip” and recovery
in C'(100kHz) are subsequently used to track the
point of complete ice removal in a single vial.

TVIS vial TC vial

Electrodes

• 4 TVIS vials: 1 of each IgG 
formulation in edge and core

• 8 TC vials: 2 TC vials per TVIS 
vial (Type T thermocouples)

10 mm 

(Width 19mm)

3 mm 


