What we know and what we would like to know
new developments in characterisation of pharmaceutical materials
Milan D. Antonijevic T
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Overview of presentation
Part 1

e Introduction to Thermally Stimulated Current
Spectroscopy (TSC)

e Examples (amorphous, polymorphs, co-crystals)

Part 2
* Thermal Analysis by Structural Characterisation

 Thermal Dissolution Analysis (TDA)
e Conclusions
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TSC is a general term applied to the measurement of current
generated by temperature-activated relaxation of molecular
dipoles in response to the application of a static electric field

e 1936, Frei and Grotzinger

: electrets, i.onic crystals 8 8 8 8
e RO DD G
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Introduction to TSC

A Native state

AU A

Dipole alignment Native state

Polarisation
L X

tP =Time at TIJ

T, = Temperature of Polarisation

EP = Electrical Field

T; = Final Temperature
ti=Time at T¢

01000

I

Temperature

Units: )
_oc q = Heating rate
t=min
Ep = V/mm
q:=C/min [ORORORONONG

R

Suppressed Mobility

T, = Lowest Experimental Temperature
t,=Timeat T,
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r(T)=P(T)/J(T)

Arrhenius equation

7, (T) =1, exp( i.?.l j

Eyring equation

T(T)—LGX AG; —Lex A5 ex ARy
A N I i Pl

Log(tau)
s

ACAIlI

30/09/2014

3.3 3.25
1000/T (1/K0)



SR UNIVERSITY
SCIENCE g

B8 0 O
’/@Egy-‘;\ GREENWICH

Pharmaceutical Applications

e Amorphous materials
 Polymorphs
e Batch-to-batch control

e Co-crystals
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Fragility - Indometacin
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Integration Tax (K) E, (kdmol?) m
window (K)
TSDC (T, =303 K) 20 314.4 (0.1) 138.8 (1.0) 23.1(1.0)
10 314.4 (0.1) 178.3 (1.8) 29.6 (1.9)
5 314.4 (0.1) 232.3(1.0) 38.6 (1.0)
TSDC (T, =313 K) 20 314.3(0.1) 139.8 (1.5) 23.2(1.5)
10 314.3(0.1) 180.2 (1.2) 30.0(1.2)
5 314.3(0.1) 244.4 (2.3) 40.6 (2.3)
TSDC (T, =323 K) 20 3145 (0.1) 141.2 (1.5) 23.4 (1.5)
10 3145 (0.1) 183.6 (2.5) 30.5(2.0)
5 3145 (0.1) 251.5 (1.4) 41.8 (1.4)

Integration window 2 K

1

m=
2.303

T, (K) E, (kdmol?) T () m
TSDC (T, = 303 K) 314.4(0.1) | 376.0(3.3) | 59.3(9.0) 62.4 (3.3)
TSDC (T,=313K) | 314.3(0.1) | 388.3(4.0) | 54.8(8.0) | 645 (4.0)
TSDC (T,=323K) | 3145(0.1) | 385.8(3.2) | 51.4(7.4) | 64.1(3.2)

|
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Pharmaceutical Applications

e Amorphous materials
 Polymorphs
e Batch-to-batch control

e Co-crystals

ACAIlI 30/09/2014



UNIVERSITY

SCIENCE CaffEine ) pi—

Exists in two polymorphic forms:

Form |, unstable at room T, Trigonal
Form Il, stable at room T, Monoclinic

Transition point: 141 £+ 2°C

Melting Point: 236 - 243°C (British Pharmacopoeia)
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Sensitivity
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Pharmaceutical Applications

e Amorphous materials
 Polymorphs
e Batch-to-batch control

e Co-crystals
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Pharmaceutical Applications

e Amorphous materials
 Polymorphs
e Batch-to-batch control

e Co-crystals
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SCIENCE SA/BA co-crystal system

1:1 molar ratio co-crystal (CC) of salicylic acid (SA) and benzamide (BA)

1:1 molar ratio physical mixture (PM)

2 Primary transitions:

BA =128°C
SA =159°C

5 cC =119°C

s PM = 110°C

g

LL

f:

-

-12

| | I |
50 100 150 200 250 300
Temperature (°C)

ACAIlI 30/09/2014



SCIENCE

SA/BA co-crystal system By v

GREENWICH

1.25
1.00 -
‘o 0754 —BA
x ——SA
< ——PM
€ 0504 ——ccC
e
|
o
0.25 -
0.00
| T T T |

Temperature (°C)

ACAIlI 30/09/2014



UNIVERSITY

SCIENCE SA/BA co-crystal system
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Part 2

 Thermal Analysis by Structural
Characterisation (TASC)

 Thermal Dissolution Analysis (TDA)
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TASC consists of imposing a pattern on the surface of a sample
or exploiting pre-existing structure, then characterizing how
that pattern changes as the sample is heated; in this case
Optical Microscopy was used but it can be applied to other

forms of microscopy such as electron microscopy and Atomic
Force Microscopy.

heat
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The TASC algorithm scans an area
and tries to identify whether a
designated structure exists and
where it is located. Top right there is
a schematic of an indentation,
underneath this is the result of a
TASC analysis.

Right is a 3D representation of the
output of the TASC analysis. The apex
of the cone provides the location of
the feature

ACAIII
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It is important that the algorithm is
robust because it must deal with
non-ideal samples. Above right
there is a schematic of 4
indentations in a ‘noisy’ background.
Below this is the result of a TASC
analysis.

Right is a 3D representation of the
output of the TASC analysis with the
noisy background.
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Above shows a series of schematic indentations
of decreasing size. The degree of recognition by
the TASC algorithm decreases as the size of the
indentation decreases.
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This is graph showing a co-plot of DSC and TASC data.
The flow event happens after the glass transition as
measured by DSC as expected.
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Normalised TASC
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An ideal form of microscopy is
Atomic Force Microscopy. Below is a

comparison of an AFM result
(circles), on an indentation 500nm in
diameter with one obtained using
optical microscopy on an indentation
200m in diameter (squares).
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Part 2

 Thermal Analysis by Structural
Characterisation (TASC)

 Thermal Dissolution Analysis (TDA)
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Right is an image of a collection
of sugar crystals in water in a DSC
crucible. The TASC algorithm can
follow their disappearance.

1.2 «A

1 *B

In the graph shown right; it can o] :f}
be seen that small crystals D, F °° T\ \§& | e
and G disappear much faster Z: S °F
- ° G

than the large crystal I. o o™ , .
0 10G 20 30 40 S|

-0.2 Time /s
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Right shows a reduced
time plot of all of the
crystals.

Right, averaged data are
plotted against (1-a)3, an
approximately linear
graph is obtained as
would be expected for a
shrinking 3D object.

Red u4ced time o

b . V4

q
Reduced time
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Thermal Dissolution Analysis

35 Temp / 0C40

TASC is used to track the dissolution of the salicylic acid
crystals in the field of view of the microscope. The
temperature program was 5°C/min.
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TASC is used to track the dissolution of the objects in the
field of view of the microscope. The temperature program
was 5°C/min.
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A line was fitted to the linear part of the dissolution curves
and the gradients were plotted against the size of the

crystals.
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The dissolution behavior clears falls into two categories
shown as red and green.
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The objects in the field can be allocated to the two
categories.
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By appropriate chemical analysis the ‘red” and
‘ereen’ materials can be identified.
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dissolution kinetics.
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TGA-GC-MS Mass Loss
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Figure 2: The TGA run of a sample of switch grass shows most weight loss
occurs in one temperature range Figure 3: GC/MS on the gases evolved between 8 and 9 minutes and

collected on the head ofa GC column gave the c.hromamgraphy seen on
the bottom of tht;graph MS analysis suggest that 15.8 is the acetic acid,
which is confirmed above by running a standard of acetic, formic and
propanoic acids

Figure 1: The Pyris 1 TGA coupled to the Clarus 600 C GC/MS gives the
most sensitive method to identify evolved gases

TDA-HPLC ‘Volume’ Loss Chromatography
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TSC

e Detection and characterisation of amorphous materials

e Characterisation (Kinetics) of polymorphic transitions and co-crystal
systems

e Detection of beta and gama relaxation processes
e Links between secondary (beta and gama) and primary relaxation

e Batch to batch variations

TASC/TDA
e Molecular mobility at a micro and potentially nano scale
e Surface structural analysis

* Dissolution kinetics of different materials in different solvents
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