Understanding molecular mobility of pharmaceutically important
materials/systems — current knowledge and challenges
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Overview of presentation
Challenge 1
 Molecular mobility studied by TSC
e Examples (amorphous, polymorphs, co-crystals)

Challenge 2
 Thermal Analysis by Structural Characterisation
 Thermal Dissolution Analysis (TDA)

Challenge 3
e Consumers care
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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, ionic crystals 8 8 8 8

® waxes, resins o

e e BEBE DS

VI Congress of Serbian Pharmacists - New Challenges in Drug Analysis 16/10/2014



Curr

)

Temperature — |}




Introduction to TSC

SCIENCE

A Native state Dipole alignment

Polarisation

RN > 1Y

Native state

AU

T, = Temperature of Polarisation
t,=Time at T,
E,, = Electrical Field

E 1I]IIIIIIIII
a
E
2 Units:
=°C

t=min

Ep = V/mm

q ="C/min R R R

R

Suppressed Mobility

t,=Timeat T,

T; = Final Temperature
ti=Time at T¢

T, = Lowest Experimental Temperature

Time
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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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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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SEIENCE Caffeine - TSDC Results o
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TSDC SDC
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Pharmaceutical Applications

e Amorphous materials

 Polymorphs

e Batch-to-batch control

e Co-crystals
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Batch to Batch variations
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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
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SA/BA co-crystal system @i
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 Thermal Analysis by Structural
Characterisation (TASC)

 Thermal Dissolution Analysis (TDA)

VI Congress of Serbian Pharmacists - New Challenges in Drug Analysis 16/10/2014



SCIENCE

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

VI Congress of Serbian Pharmacists - New Challenges in ™




UNIVERSITY

SCIENCE

< of
% ¥ GREENWICH

1.4 -

1.2 -

0.8 H

0.6 o

Normalised Values

0.4 -

0.2 -

0 50 100 150
Temp. /°C

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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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
200pum 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™ , .

G
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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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Thermal Dissolution Analysis
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The dissolution behavior clears falls into two categories

shown as red and green.
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Thermal Dissolution Analysis
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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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It is typically the case that different material have different ¥y CreenwicH
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 chromatography 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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g

VI Congress of Serbian Pharmacists - New Challenges in Drug Analysis 16/10/2014




SUR, UNIVERSITY

‘:‘.:\“ l’d:
SCIENCE Cha I Ienge 3 %ﬁ%ﬁi‘“ gREENWICH

Do customers get what they pay for?
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SCIENCE %0\ creeswich two commercially available emollient gels g

S. Owusu-Ware, D. Jordan, E. Sappor, M. Antonijevic
Faculty of Engineering and Science, University of Greenwich at Medway, Chatham Maritime, ME4 4TB, UK

Results and Discussion

The f this stud
aim of this ““cf.r W45 1 Luble 1. Dispensing efficiency for Zerodouble gel (ZD) and Doublebase gel (DB)

of t\vo commercially available
emollient  gels, Zerodouble gel
{ZD) and Doublebase gel (DB), Bottle
and to observe differences in the

dispensing  behaviour of these  Starting bottle
products, andproduct | 52610 52511 52570 52665 | 525.55 52641 | S88.57 | 50284 58645 SRGH0 | 59248 | 58923 52588 | 58956
weight (g) 2063 | 1303
5 Emplybottle | 4481 | 4464 4498 4457 | 4467 4466 8796 | 8865 8816 8874 | 8822 | RBA8 4470 | 8RS
Materials and (@ T | e
Methods Total guantlly | 48118 | soLLl
:L‘E‘u'&’}’, 48120 48047 480.72 48208 | 48D.88 48175 50061 | S04.19 49829 495.06 | 50426 | S00.75 <070 | +3.03
Zerodouble gel evaluation Total g gl 1 .

Each of six marketed 475 g packs  ofproduct | 400.06| 417.68 41775 41588 | 41973 41758 48697 | 49047 48627 48886 | 40440 48905 41832 | 48981
(Lot No HI34) was weighed | dispensedby =0.95 +2.98
il . . squeszing the : h

prior to testing, During  the bettie/pumping |

evaluation, the bottles were held  outig)

inverted with the cnp at the base % of product

and gently sg 1 1w disp

the product out through the TomPoUSBY | 51 | 879 | 879 | 82 | 884 79 | 974 | 981 | 973 998 | 989 | 978 | 381 980

valve/cap. The amount of  pumping cut 402 0.6
e e from weaight

pru.:lw dlspc_nscd was f\':cordcd declared (4755

during the trial and at intervals g 55 ana

when an air-lock prevented the | 500g for D8}

product from being dispensed. pmerge culcolations veors Tamec a5 Wikl (2-5340 B s i s e Y sk i vk & coryecH dispeasing Wit

Upon ining the of two cmollient gels (Zerodouble and Doublebase), it is evident that significant
differences exist, as sug;t,x,stcd I‘mm the results presented in Table 1.

If an air-lock occurred the bottle
was tapped on the bench to allow
the product to settle. Maximum
effort was used to dispense as
much of the product out of the
bottle as possible. To achieve this

The Zerodouble formulation had a great tendency to adhere to the walls of the plastic bottle (Fig. 1). Only 88% of the product could
be dispensed even with repeated and vigorous tapping around the bottle, Air locking was observed during the second squeezing
action and throughout the use of the pmd.ncl I-mhcrmm. a great deal of effort was needed to remove the remaining Zerodouble

&1, ‘vt the: Liotllé, e it di produet from the bottle. Strongly i b the formulation and the bottle prevented a greater amount of the
?:v " d © 'iliL o additions] taps product from being dispensed. 1t was noticed that the Zerodouble batch numbers were easily removed during bottle handling and
cried position, additional taps § L

on the bottom' sides were applied
to  detach the gel that was
adhering strongly to the bottle
walls.

At the end, the bottle was washed
and dried to enable pack weight
to be determined.

Doublebase gel evaluation was
based on the delivery of the gel
as per the bottle design (through
the supplied bottle/pump pack).
The amount of product dispensed
from six 500g boule/pump packs
(Lot No NI530) was recorded
during the trial.

Figure 1. Images of Zerodouble and Doublebase packaging after maximum amount of product is dispensed

In the case of Doublebase gel, the trial revealed that 98% of the gel was dispensed from the original pump/bottle packaging. Air
If an air-lock occurred, the bottle  locking was infrequent and mainly observed towards the end, when a very small amount of the product was left in the bottle. The

was shaken and tapped on the Doublebase bottles were easily washed. This suggests low i ion between the formulation and the bottle material, which was
bench to allow the product to  also evident during product dispensing.
settle.

At the end of the testing when no
[ e Conclusion
i 1
t‘l;)!:ns‘::s ':r::n:'heldmant:lou:edtrz There were significant differences in the dispensing efficiency between the two commercially available cmollient gels. Zerodouble

Gel, packaged in a 475 g squeezy boutle dispensed on average 88.1% of the declared weight, whereas Doublebase Gel, packaged in
2 500 g pump dispenser, dispensed on average 98.0% of the declared weight.

enable pack weight
determination.
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Bottle

Starting bottle '

and product 526 10 | 525.11 | 525.70 | 526.65 525.55 | 526.41
weight (g)

589.23

Empty bottle  44.81  44.64 | 4498 | 4457 4467 44.66 8796 8865 | 88.16 @ 88.74 | 8822  88.48 44.70 88.45
(9)

Total quantity

of starting 48129 480.47 480.72 482.08 480.88 481.75 500.61 504.19
product (g) .

Total quantity

of product 409.06 417.68 417.75 418.88 419.73 417.58 486.97 490.47 486.27 488.86 49440 489.05 418.32 489.81

dispensed by +0.95 +2.98
squeezing the . '

bottle/pumping
out (g)

% of product
dispensed
from bqttle by 86.1 879 87.9 88.2 88.4 87.9
squeezing/
pumping out
from weight
declared (475g
for ZB and
5009 for DB)

98.0

+0.6
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SCIENCE Conclusions

Challenges are all around us
some are new, some old

They are often complex
therefore

Thoughtful approach and joint effort, often
involving innovative intellect, is required
to solve them

Innovation often faces challenges and challenges in
one area drive innovation in another
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