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Introduction to the TVIS System
• Impedance spectroscopy characterizes the ability of materials to conduct 

electricity under an applied an oscillating voltage (of varying frequency)
• Impedance measurements across a vial rather than within the vial
• Hence “Through Vial Impedance Spectroscopy”

• Features
• Single vial “non-product invasive”
• Both freezing and drying characterised in a single technique
• Non-perturbing to the packing of vials
• Stopper mechanism unaffected
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Outline of talk

• Introduction 
o Dielectric loss mechanisms

• TVIS Theory
o What frequency for what process?
o Observations on ice

• TVIS Applications 
o Ice nucleation
o Ice growth 
o Solidification end point

• Acknowledgements
• Supplementary Slides

o Description of measurement system
o Applications in Brief

Yowwares Jeeraruangrattana
GPO Thailand

TVIS pass through on 
GEA Lyophil dryer, Hurth, Cologne
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Through Vial Impedance Spectroscopy (TVIS)

Dielectric Loss Mechanisms
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Dielectric Loss Mechanisms

I. The polarization of the water
dipole in liquid water at 20 ˚C, with
a dielectric loss peak frequency of ~
18 GHz
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Dielectric Loss Mechanisms

II. Maxwell-Wagner (MW) polarization
of the glass wall of the TVIS vial at
+20 ˚C, with a dielectric loss peak
frequency of 17.8 kHz

0

1

2

3

4

1 2 3 4 5 6 7 8 9 10 11 12

C′
 / 

pF

Log Frequency

0,0

0,2

0,4

0,6

0,8

1 2 3 4 5 6 7 8 9 10 11 12

-C
″ /

 p
F

Log Frequency

Real part Capacitance

Imaginary part Capacitance

(I)

18 GHz

(II)

20.3 °C
18 kHz

20.3 °C

Measurement vial

+-

𝐸𝐸

- +

+

+

+

+

+

+

+

+

+

+

-

-

-

-

-

-

-

-

-

-

+

+

+

+

+

+

+

+

+

+

Dipolar 
polarization 

Ionic diffusion

𝐶𝐶𝐺𝐺
𝐶𝐶𝑠𝑠

𝑅𝑅𝑠𝑠

WaterGlass wall

Electronic 
polarization

Atomic 
polarization

OH-
H3O+

H3O+ OH-

OH-

H3O+



7

0

1

2

3

4

1 2 3 4 5 6 7 8 9 10 11 12

C′
 / 

pF

Log Frequency

Dielectric Loss Mechanisms

II. Maxwell-Wagner (MW) polarization
of the glass wall of the TVIS vial at
+20 ˚C, with a dielectric loss peak
frequency of 17.8 kHz
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Dielectric Loss Mechanisms

III. The dielectric polarization of ice at
−20 ˚C, with a dielectric loss peak
frequencies of 2.57 kHz
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Dielectric Loss Mechanisms

IV. The dielectric polarization of ice at
−40 ˚C with a dielectric loss peak
frequencies of 537 Hz.
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Dielectric Loss Mechanisms

I. The polarization of the water dipole
in liquid water at 20 ˚C, with a
dielectric loss peak frequency of ~ 18
GHz

II. Maxwell-Wagner (MW) polarization
of the glass wall of the TVIS vial at
+20 ˚C, with a dielectric loss peak
frequency of 17.8 kHz

III. The dielectric polarization of ice at
−20 ˚C, with a dielectric loss peak
frequencies of 2.57 kHz

IV. The dielectric polarization of ice at
−40 ˚C with a dielectric loss peak
frequencies of 537 Hz.
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Through Vial Impedance Spectroscopy (TVIS)

What frequency for what process? Observations on Ice
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Temperature Dependence of TVIS Parameters

Thermal cyclic of freeze 
drying process

Thermocouple (TC)
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Temperature Dependence of TVIS Parameters

Thermal cyclic of freeze 
drying process

In-line TVIS measurement
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Temperature Dependence of TVIS Parameters

Thermal cyclic of freeze 
drying process

In-line TVIS measurement

Identifying TVIS parameters 
using LyoView software

(i.e. 𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃″ , 𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃, 𝐶𝐶′) 
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Temperature Dependence of TVIS Parameters

Thermal cyclic of freeze 
drying process

In-line TVIS measurement

Identifying TVIS parameters 
using LyoView software

(i.e. 𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃″ , 𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃, 𝐶𝐶′) 
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Temperature Profile of Frozen Water
Re-heating
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Through Vial Impedance Spectroscopy (TVIS)

An example : 5% sucrose
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Freezing Step-5%Sucrose
S1 (0% NaCl)

0.2 MHz

10 Hz

-50

-30

-10

10

Te
m

p.
 

0,5

0,6

0,7

0,8

C″
PE

AK
/p

F

2

3

4

5

Lo
g 

F P
EA

K
1

2

3

C′
(1

0 
Hz

)/
pF

0,0
0,2
0,4
0,6
0,8
1,0
1,2

1,5 2,5 3,5 4,5

C′
(0

.2
 M

Hz
)/

pF

Time/h

-50
-40
-30
-20
-10

0
10

1,5 2,5 3,5 4,5

Te
m

p.
 /°

C

Time/h

TC1

0,0
0,5
1,0
1,5
2,0
2,5
3,0
3,5

1 2 3 4 5 6

C′
/p

F

Log Frequency

0,0
0,2
0,4
0,6
0,8
1,0

1 2 3 4 5 6

-C
″/

pF

Log Frequency



20

Freezing Step-5%Sucrose
S1 (0% NaCl)
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Freezing Step-5%Sucrose
S1 (0% NaCl)
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Freezing Step-5%Sucrose
S1 (0% NaCl)
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Freezing Step-5%Sucrose
S1 (0% NaCl)
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Freezing Step-5%Sucrose
S1 (0% NaCl)
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Freezing Step-5%Sucrose
S1 (0% NaCl)
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Freezing Step-5%Sucrose
S1 (0% NaCl)
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Freezing Step-5%Sucrose
S1 (0% NaCl)
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Through Vial Impedance Spectroscopy (TVIS)

Another example : What if we add salt?

Jump to Ice 
Nucleation slide
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Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl

2,0

2,5

3,0

3,5

C′
(1

0 
Hz

)/
pF

0,0
0,5
1,0
1,5
2,0
2,5

1,5 2,5 3,5 4,5

C′
(0

.2
 M

Hz
)/

pF

Time/h

-50

-30

-10

10

Te
m

p.
 

0,2
0,4
0,6
0,8
1,0
1,2

C″
PE

AK
/p

F

1
2
3
4
5
6

Lo
g 

F P
EA

K

High frequency

Nucleation point from TC 

Sensitive to nucleation

Sensitive to ice growth

Solidification



108

Freezing Step - 5%Sucrose+0.55%NaCl
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Freezing Step - 5%Sucrose+0.55%NaCl
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Through Vial Impedance Spectroscopy (TVIS)

Contrast between low and high conductivity

Jump to Ice 
Nucleation slide
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Stage TVIS Parameters

LC HC
Temperature 
indication 𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃″

𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

Nucleation 𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃″

𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
Ice growth 𝐶𝐶′(10 Hz)

𝐶𝐶′(0.2MHz)
𝐶𝐶′(10 Hz)
𝐶𝐶′(0.2MHz)

Solidification 𝐶𝐶′(0.2MHz) 𝐶𝐶′(0.2MHz)
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Through Vial Impedance Spectroscopy (TVIS)

Prediction of ice nucleation temperature
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Ice Nucleation Temperature

• In case the TVIS vial nucleates before
TC vial, the nucleation temperature
in the TVIS vial can be inferred
directly from TC temperatures in the
nearest neighbor vials

• However, if TVIS vial nucleates later
than TC vial, the nucleation
temperature can be predicted by
fitting a curve to the plot of the
average temperature from
thermocouple vials against TVIS
parameter (i.e. 𝐶𝐶′(10 𝐻𝐻𝐻𝐻))

• In this presentation, the ice
nucleation temperature of both
sample are extrapolate from fitting
because TVIS vials form ice after TC
vials

y = 58,343x2 - 304,81x + 374,38
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Concluding remarks

Jump to Ice 
Nucleation slide
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• Low frequency (100 Hz)
(real part)
o Temperature spike from ice 

growth (any σ;)
• High frequency (200 kHz)

(real part)
o Solidification end point (any σ)

• Dielectric loss peak
(imaginary part)
o Ice nucleation  (nano-seeding) 

MW for low σ; LFD for high σ
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Design Space

• Nucleation temperature
o A critical process parameter
o As influences the rate of ice crystal 

growth  which in turn impacts 
o Size crystal structure and hence dry 

layer resistance

• Solidification end point
o Also a critical process parameter?

QUESTION:
• Difference between solidification 

time and ice growth onset time –
coupled to nucleation temperature –
could help formulate the design 
space? 
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Further Reading 

Link to this book

https://www.springer.com/gb/book/9781493989270?wt_mc=Internal.Event.1.SEM.ChapterAuthorCongrat
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• De Montfort University, School of Pharmacy
o Evgeny Polygalov: co-inventor of TVIS instrument
o Yowwares Jeeraruangrattana. PhD student 
o Bhaskar Pandya. PhD student 
o Irina Ermolina. Senior Lecturer
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Through Vial Impedance Spectroscopy (TVIS)

Description of Measurement System



120Through Vial Impedance Spectroscopy

Freeze drying chamber

Stimulating 
voltage

Resultant 
current

LyoDEATM measurement 
software

Junction
box

TVIS system 
(I to V convertor)

Pass-through

TVIS 
measurement vial

LyoViewTM analysis 
software
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• The designs of various vials that have been
modified with copper foil electrodes (10 mm in
height and 3 mm from the base of each container

i. 20 mm crimp-neck vial with 10 ml nominal capacity
ii. 20 mm crimp-neck vial with 5 ml nominal capacity
iii. screw-neck vial with 5 ml nominal capacity

• The different styles of a bespoke pass-through for
TVIS systems

A. Connected via the manifold hose on the outside of the dryer
B. Connected via the port on top left side of the door on the dryer
C. Connected to a port on the top of the drying chamber

TVIS Measurement System

Adelphi
VC010-20C

Adelphi
VC005-20C

Adelphi
VCD005

A B

C
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Through Vial Impedance Spectroscopy (TVIS)

Supplementary Material
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Imaginary Part of Capacitance Real Part of Capacitance

High frequency

Liquid stateLiquid state

Annealing = Re-heating and Re-cooling

TVIS Response Surface (3D-Plot)
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Imaginary Part of Capacitance Real Part of Capacitance

Annealing = Re-heating and Re-cooling

TVIS Response Surface (3D-Plot)

Frozen solid

Frozen solid

low frequency
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Imaginary Part of Capacitance Real Part of Capacitance

Annealing = Re-heating and Re-cooling

TVIS Response Surface (3D-Plot)

Re-heating
Re-heating

Intermediate frequency
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Imaginary Part of Capacitance Real Part of Capacitance

Annealing = Re-heating and Re-cooling

TVIS Response Surface (3D-Plot)

Re-cooling

Re-cooling

low frequency
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Imaginary Part of Capacitance Real Part of Capacitance

Annealing = Re-heating and Re-cooling

TVIS Response Surface (3D-Plot)

Primary dryingPrimary drying

low frequency
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Through Vial Impedance Spectroscopy (TVIS)

Applications
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Through Vial Impedance Spectroscopy (TVIS)
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Through Vial Impedance Spectroscopy (TVIS)
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Through Vial Impedance Spectroscopy (TVIS)
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Through Vial Impedance Spectroscopy (TVIS)
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𝐶𝐶′(~ 100 kHz) is highly sensitive to low ice volumes; therefore it could be used for 
determination end point of primary drying
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• Data analysing software (LyoView ™)
identifies the peak frequency (𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 )
and peak amplitude (𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃″ ) in the
imaginary part of the capacitance
spectrum

• As the frequency increase, 𝐶𝐶″
increases to maximum (𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃″ )

• A frequency of

Dielectric loss spectrum – liquid state
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𝐶𝐶″𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =
𝐶𝐶𝐺𝐺2

2(𝐶𝐶𝑠𝑠+𝐶𝐶𝐺𝐺)

𝐹𝐹𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =
1

)2𝜋𝜋𝑅𝑅S (𝐶𝐶𝑠𝑠 + 𝐶𝐶𝐺𝐺
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Glass-liquid Interface capacitance

𝐶𝐶g 𝐶𝐶a𝐶𝐶s 𝐶𝐶i

𝐶𝐶s Capacitance of the sample
𝐶𝐶i Capacitance of the interfacial layer between 

the glass and the sample
𝐶𝐶g Capacitance of glass wall
𝐶𝐶a Capacitance of adhesive layer

1
𝐶𝐶T

=
1
𝐶𝐶s

+
1
𝐶𝐶i

+
1
𝐶𝐶g

+
1
𝐶𝐶a

𝐶𝐶T =
𝐶𝐶s𝐶𝐶i𝐶𝐶g𝐶𝐶a

(𝐶𝐶i𝐶𝐶g𝐶𝐶a) + (𝐶𝐶s𝐶𝐶g𝐶𝐶a) + 𝐶𝐶s𝐶𝐶i𝐶𝐶a + (𝐶𝐶s𝐶𝐶i𝐶𝐶g)

𝐶𝐶T Total capacitance in series of 𝐶𝐶s, 𝐶𝐶i, 𝐶𝐶g and 𝐶𝐶a
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