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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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Freeze-drying microscopy (FDM) sz?skrj;;fdeggg'! o

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 (Tgy)
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Impedance enabled FDM Fmpe b

v' Impedance analyzer connected to the FDM with bespoke adapters
v' FDM stage remains intact, and IDE sit above the quartz cell
v' Gold IDE does not affect the optical application of the FDM Lens —» @

Glasscoverslip —

Bespoke IDE holder/spacer

0.05t0 0.5 uLofsample — @
(0.75- 0.85 mm)
Integrated IDE connected to —=
2 pin adaptor

Small drop of ————
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Interdigitated electrodes (IDEs)

* IDEs have been used in past for the prediction
of lyophile collapse temperature

gold response comb ——

gold excitation comb ——

A

platinum RTD

lé ; contact pads
metal ground plate ﬂ B
ceramic base

A: Showing individual components of a single surface,
co-planer, interdigitated-comb sensor and B: the
complete sensor
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Prediction of Lyophile Collapse Temperature by Dielectric Analysis
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ABSTRACT: s melod for predcing ophe colos empersts b spon detic nabc (OEA)

of frazen

eihod, called the take off relies both

abny

frozen sample umuvgmng a glass-liquid transition. Collapse temperatures for binary glass. [mml@ systemns (an

anbioric, sucrose, irchalase, or sorbitol, with water) were in

with the values reported in the

literature. DEA was easily able 1o detect glass transitions poosty defined by differential scanning calosimetry
rDer Conservafive lyophilization cycles for simiple systems can be quickly determined on the basis of the TOF

Introduction

Dielectric analysis (DEA) has been used extensively

in polymer science for determining the characteristics of

polymer fims (1). There is a1so a considerable history of

DEA in the study of molecular properties including

those of biological moleeules (2-6). With the advent of
instruments (see

explored in our lab. The current work summarizes
efforts o charaeterize representative frozen agueous
systems intended for yophilization for the purpase of
determining the highest allowable temperature for pri-
mary drying without collapse.

Pikal (7) thereisa

may precede the observed Tc by varying intervals up to
several degrees C (7). It was thought that DEA might
provide a more scnsitive and accurate measure of Tg” for
reasons described below. As with most techniques, we
Have come o view DEA s complementary 1o dusical
such msions. Ths report wilpresent thebasisofcur
“model" for predicting the Tc based on DEA results.
“This is @ new application of the techaique and the
uevempmm of our model may provide an approach
other ph

cal procssses and ysisms.

collapse temperature (Te) and the glass transition tem-
perature (Tg') of glass forming systems. There ure,
however, difficulties in the determination of Tg' by the
common methods such as differential scanning calorim-
ctry (DSC), conductivity, etc. DSC may require rela-
tively high concentrations in systems with very low

resistivity measurements depend on ionie content and
do ot easily distinguish firss order from higher order
transitions. It has also been documented that the Tg'

Basically, DEA involves the construstion cf  capici-
101 in which the sample t0 be examined is the diclectric
material between the capacitor plates. A sinusoidal
voltage of fixed amplitude and known frequency is

is followed with time. Changes in the phase of the
curent relative (© that of the applicd voltage are then
used 1o caloulare the dilectric constant (c). Since € is
ultimatcly a function of frequency and temperature, it is
ot a constant and is simply referred 10 as permittiity or
relative permitivity. This concept may be described

in terms of the force that the diclectric

May 15, 1994
This work was preseated in part on 5114792 in Newark DE at e
Spring Thernl Aralyie Stmposts & Bk on Applictiont

e Tvcomal aoaits Foe of Deemtre Vol s s povr o
the Bastern Regional AARS Meetng on 6/2/92 in New Brumswick,
NI

Author 1o whom correspondence should be addressed: Dr. Sean A
Evans. ImmuLogic Phamaceutical Corp., 610 Lincola Strect,
Wielbam, Ma, 02154

‘matcrial experiences in the capacitor, For a static ficld
Mawwel's sclationship (<> system) (8) for a non polas
diclectric is

D=k m
where D is the displacement force, £ is the electric field
inside the capacitor (B = £ in vacuo), and < is the
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Interdigitated electrodes (gold on glass) SPEELEMRED UL 5
displayed here!

2 C

micrux

IDEY - 10.x 10 um - 90 pairs

Commercial IDE

— Micrux™
Dimension:
10 X 6 x 0.75 mm 10 pm
Electrode e width
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Interdigitated electrodes (gold on glass) SPEELEMRED UL 5
displayed here!

Width of the
electrode
35mmg

2 C

micrux

IDEY - 10.x 10 um - 90 pairs

Commercial IDE -

Micrux™ 10 um

Electrode e width
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1P VIEW  Design of IDE holder Spgéskggvieddeggg', o€
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Theoretical sample height

b e d N o o B2
0. .
“agpunn®

*IDE height
* different 0.75 mm
height of IDE
adaptors used :
for initial IDE is lower than the
assessment: adapter and sample
* 0.85mm height derived between
. . « 0.90 mm .
IDE dimensions: . 0.95 mm difference between then

10X 6 X 0.75mm * 1.00mm IDE adaptor size
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Z-FDM - Applications in freezing (nucleation
temperature, ice growth rates, solidification
end point)

Observations on Sample size
Case study of 5% w/v Sucrose solution

B
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Nucleation of 0.5uL of 5% Sucrose
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Ice growth rates v

* 1 mL of 5% w/w sucrose has 0.95 g water
e Assumption: unfrozen fraction comprises 80:20 ratio of sucrose to water
* |t follows that 0.0125 g (0.05 x 20/80) is bound and produces 0.9375 g ice

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

* Ice formation time = 1.2 s (12 data points — more accurate)
* |ce growth rate: 4.688E-04 / 1.2 = 0.39 mg/s

Relevance : ice crystal size?
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Nucleation of 2 x 0.03pL of 5% Sucrose Fepr
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/-FDM - Applications in freezing
(Annealing)

Case study of 5% w/v Sucrose solution
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Full process of 0.05pL of 5% Sucrose Fepr
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Annealing of 5% w/v Sucrose solution eeEr e
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Glass transition detection with
TVIS

Case study of 5% w/v Sucrose solution
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Structural Modification studied by TVIS Speaker video will be

5% Sucrose solution
s o 1tcycle _ 2ndcycle ) 3 cycle

displayed here!
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Structural Modification studied by TVIS Speaker video will be

5% Sucrose solution
s - 1stcycle . 2dcycle . 3dcycle

displayed here!
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Glass transition detection with
Broadband Dielectric
Spectrometer

Case study of 5% w/v Sucrose solution
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Spectroscopy System: BDS (Sub Hz to 10 MHz) Speaker video will be
displayed here!

Inter-digitated electrode

Commercial state of the art broad-band
dielectric spectrometer (BDS) from
Novocontrol GmbH (mHz to 10 MHz)

‘1
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BDS sample cell arrangement Fmpe b

' .

IDE connected to / N# Banana plug connected ‘
banana plug with : R to the BDS cell

copper wire B

.

| IDE holder on BDS cell
/ and used as a sample
7 spacer/ IDE holder

N

Interdigitated Electrode IDE cell for BDS IDE arrangement on BDS stage
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BDS sample cell arrangement v

Place IDE inside the holder Add 2 uL of 5%w/v Sucrose Place coverslip Sample ready for analysis
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IDE

Adapter
Cover -Spacer
slip

Placed on a
cradle

NB: IDE filled
with 2 pL volume
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5% w/v Sucrose solution re-heating profile v
compared with DSC thermogram

. . DSC Profile 5% w/v Sucrose
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Diectric Storage ;
3w g . i 5% w/v Sucrose

§ o A - onset -34.0°C
3 4—0:511?» y= 00027+ 0.407 B - mid point -32.3°C
) /'? C - end point -30.5°C
)
Q g L

Temperature ('C)

350 - low Frequency C' vs Temp ,

o / 10 Hz
] *Tonset = '352°C ’/‘

250 A i
s

1y=0.0522x +219.75 - — @ 10H:
-8 o ¢ 0 o 00 -

* ¥ =4.7463x +384.97

C'/pF

200

50 -45 40 35 30 25 20
Temperature /°C

CONNECTING

PEOPLE

27

SCIENCE o
REGULATION®




CONNECTING

F’EUF’LE

SCIENCE~
REG! HLATILJN

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

DSC Profile 5% w/v Sucrose
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Further Reading B

Lyophilization of Pharmaceuticals and Biologicals pp 241-290 | Cite as

Through Vial Impedance Spectroscopy (TVIS): A Novel

Lyophilization

of Pharmaceuticals . .
B Approach to Process Understanding for Freeze-Drying
Cycle Development
Authors Authors and affiliations

Geoff Smith 55, Evgeny Polygalov

Introduction to TVIS theory
Description of the measurement principles
Dielectric loss and relaxations mechanisms (liquid and frozen states)
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CRC Press

Taylor & Francis Group

#A AboutUs~ Resources~ Textbooks ~ Featured Authors

Home / Pharmaceutical Science / Manufacturing & Engineering / Freeze Drying of Pharmaceutical Products

‘ Freeze Drying of Pharmaceutical Products Chapter 5 Through Vial
_ FREEZE DRYING OF 1st Edition Impedance SpeCtrOSCOpy (TVlS) A
H l“\:,fl‘;(l;l)[l;‘(l;!ﬂ;&"\[‘ Davide Fissore, Roberto Pisano, Antonello Barresi

New Method for Determining

the Ice Nucleation Temperature
: and the Solidification End point

CRC Press
November 13,2019
ROBERTO N Reference - 214 Pages - 4 Color & 66 B/W lllustrations
— ISBN 9780367076801 - CAT# K405807
Series: Advances in Drying Science and Technology
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https://www.crcpress.com/Freeze-Drying-of-Pharmaceutical-Products/Fissore-Pisano-Barresi/p/book/9780367076801
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