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Zoom Meeting ID: ...

You can ask questions

during the presentation.
Please use the Q&A to ’ 4

ask questions. Chat  Raise Hand
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Recording will be
available tomorrow.
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Using Thermal Analysis Techniques to
Accelerate Preclinical Development of

Pharmaceutical Products
presented by Genesis Infante, PhD

C-Therm: https://ctherm.com/
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https://ctherm.com/

@ Rigalicw

You will learn

1. Applications of TG-DTA and DSC in
preclinical development

2. Insights into mass loss,
dehydration, glass transitions, and
polymorphism

3. How thermal analysis optimizes
formulation and stability
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Polling
Question

#1
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1. What does Thermal
Analysis tell us?

Applications of Thermal Analysis and Coupled Techniques in Pharmaceutical Industry:
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https://link.springer.com/article/10.1023/A:1016015113795
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Thermogravimetric Analysis (TGA)

Mass loss

Mass change

Mass increase

Temperature, °C
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Reference

Sample

Heat flow

Endo

Heat Flow Analysis

Differential Thermal Analysis (DTA)
Differential Scanning Calorimetry (DSC)

Exothermic
reaction

Endothermic
reaction

\
Baseline shift

Peak area = Energy (J/q)

Temperature, °C
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Scope of
capabilities

Physical Property
Melting
Crystallization
Glass transition
Phase transition
Dehydration
Decomposition
Evaporation

Sublimation

Water vapor absorption

TG-DTA/TG-DSC

v

NN X N N 8K

O
V2
(@

< x x x R Q]


https://rigaku.com/products/thermal-analysis/sta/sta8122
https://rigaku.com/products/thermal-analysis/dsc

2. Advantages of the
TGA-DTA technique for

pre-clinical development
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Pre-screening

: : - i ‘ p
Testing a sample with an unknown  « © "4 <
thermal behavior using the TG-DTA ™% = -

for DSC measurement \{ Ny
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+00 +00 DSC _ +00
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-120.00 1
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-50.00 -140.00 1000
-60.00 -160.00 7  -120.0
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Screening Test for Thermal Stability and Stability in Air (OECD article): https://www.oecd.org/en/publications/1981/05/test-no-113-screening-test-for-thermal-
stability-and-stability-in-air g1gh28dfhtml
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Processing

Mechanochemical effects in
Pharmaceuticals

Water-content analysis 4 lh b
J Ll
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Mechanochemical effect of Sulfamic acid by STA

+00 +00
5.00 200.0
180.0
0. 00 160. 0
G 140.0
| |l[1'|.|"|]l o 120.0
S
e
HO | NHE 10,00 - 1999 E
O 2 Pulverized .0 3
- \
= 1500 ‘\ 60.0 g
. . . . ‘
Sulfamic acid is mainly a precursor \ 40.0
. \
to sweet-tasting compounds. ~20.00 v 20.0
Sulfamates have been used in the oo
design of many types of -25.00 20,0
therapeutic agents. o
~30. 00 ! L \ ! \ L \ ! ! d  -50.0
100.0 120.0 140.0 160.0 180.0 200.0 220.0 240.0 260.0 280.0 300.0
+00

Temperature/°C

Mechanochemical Effect in Caffeine: https://rigaku.com/products/thermal-analysis/dsc/application-notes/ta1008-mechanochemical-effect-caffeine

© 2025 — RIGAKU HOLDINGS CORPORATION AND ITS GLOBAL SUBSIDIARIES. ALL RIGHTS RESERVED. 17



https://rigaku.com/products/thermal-analysis/dsc/application-notes/ta1008-mechanochemical-effect-caffeine

@ Rigalcws

Thermal behavior of carbamazepine dihydrate by TG-DTA/TG-DSC

+00 +00
0.50 20.00 50.0
0.40 | 4 TG
0.00 + -552 % 16 - 40.0
ol Y -9.76 %
— -4.24 % 30.0
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N w\\[ 200 _
L 40.00 | ’ N
D;;LNH R Two-step dehydration B
2 S E DTA 185.8 °C -
= i o -60.00 + -
) ) ' 00 =
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t ha Y y ol mel Melting .
therapy of epilepsy Endo |
-1.00 | -120.00 1 1 1 1 1 1 -30.0
25.0 50.0 100.0 150.0 200.0 250.0 300.0

+00
Temperature/°C

Thermoanalytical studies of carbamazepine: hydration/dehydration, thermal decomposition, and solid phase transitions (SciELO article): https://doi.org/10.1590/51984 -
82502014000400023
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Thermal Behavior under the effect of relative humidity
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Water absorption and dehydration of a-Cyclodextrin

100 +0 +00
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Water Absorption Behavior of Materials for Biomedical Application by HUM-TG: https://rigaku.com/products/thermal-analysis/sta/application-notes/tal027-water-
absorption-behavior-materials-biomedical
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Questions?
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Polling
Question

#2
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3. Differential
Scanning Calorimetry

DSC:
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https://rigaku.com/products/thermal-analysis/dsc
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Glass transitions and melting
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Crystallinity

Measuring the crystallinity of
nolymers and active ingredients

Polymorphs

Amorphous vs Crystalline

Effects of impurities
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Calculating crystallinity

Calculation from melting energy

Melting energy of sample
X 100 (%) 3
Melting energy of 100% crystal =
o Energy of melt
I
Pro: Relatively easy to calculate by
area calculation
Con: May be difficult in case of l §
polymorphism .
Nnao

Temperature, °C

Comparison and analysis of measurements for crystallinity of PEEK and CF/PEEK composites (Polymer Composites article): https://doi.org/10.1002/pc.29418

© 2025 — RIGAKU HOLDINGS CORPORATION AND ITS GLOBAL SUBSIDIARIES. ALL RIGHTS RESERVED.
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Calculating crystallinity

Calculation from the shift width of the glass

transition

Increasing Crystallinity

Shift of glass transition of sample Decreasing Amorphous

X100 (%)
1- Shift of glass transition at 0% crystallinity

Heat flow

Pro: Since the amorphous part can be

used, there is no problem even if it is
polymorphic

Con: It is difficult to obtain detailed l

crystallinity because it is calculated only Endo
from the shift width. femperature, “C

DSC in characterizing polymer crystallinity and thermal properties (a book chapter): https://ncstate.pressbooks.pub/advancesinpolymerscience/chapter/differential-
scanning-calorimetry-dsc-in-characterizing-polymer-crystallinity-and-thermal-properties/
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Heat Flow/mil
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Calculating crystallinity by DSC baseline shift

— 100% crystallline

— v -
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= 0.57

Crystallinity of the sample is 57%,
Partially crystallized during the
cooling process.
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Melting point and impurities
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Phase transition of polymorphs and melting of Sulfanilamide
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Thermal behavior of carbamazepine by sample observation DSC

Endol

Heat Flow/nW

+00

2.00
- ERBE - 251FY3- = O X
(DD -+ B el ik A

o

DSC -0.28mW
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-1.00 ;;"'-.;‘_‘ ,
N = 4
N a \

-3.00

150.0 160.0 170.0 180.0 190.0 200.0
Temperature/°C +00

Sample observation 1: https://rigaku.com/products/thermal-analysis/dsc/dscvesta2-sample-observation
Sample observation 2: https://ctherm.com/resources/webinars/innovation-calorimetry-sample-observation/
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https://rigaku.com/products/thermal-analysis/dsc/dscvesta2-sample-observation
https://ctherm.com/resources/webinars/innovation-calorimetry-sample-observation/

@ Rigalcw

Thermal behavior of carbamazepine by sample observation DSC

2.00

00:00:00
25.0°C
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177.0 C /

Melting of high tem

L
140.0
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E 4 : r : ;
Melting Crystallization
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Dynamic DSC %

Reversible vs Irreversible processes

T

Specific Heat Capacity
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Dynamic DSC (Modulated DSC)

aQ
dt

Total
Heat
Flow

DSC

«All Transitions

Reversing  Non-Reversing

Heat Flow Heat Flow
-Heat Capacity -Enthalpic Recovery
-Glass Transition -Evaporation
-Melting -Crystallization
*Thermoset Cure
-Denaturation
«Decomposition
«Some Melting

-Chemical Reactions

« Dehydration, crystallization, enthalpy relaxation — non-reversible reaction
 Glass transition — reversible reaction (change in specific heat capacity)

« Modulated DSC technique separates the DSC curve into specific heat capacity
component and other components by the Fourier transform technique.

Dynamic DSC: https://rigaku.com/products/thermal-analysis/accessories/dynamic-dsc

© 2025 — RIGAKU HOLDINGS CORPORATION AND ITS GLOBAL SUBSIDIARIES. ALL RIGHTS RESERVED.
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Heat Flow/ml

+00
4.00

Dynamic DSC of Terfenadine
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- ‘ i u i
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Heating rate: 3°C/min, Period: 36sec., Amplitude: 0.43°C

0.0 5.0 10.0 15.0 . 0.0 25.0 0.0 35.0 EDEDD
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+00
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Pre-screening and effects of
nrocessing.

= Crystallinity and Polymorphs.
= \Visualization of thermal events.
= Modulated DSC
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Questions?
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Unlocking Drug Potential: The
Role of X-ray Powder Ditfraction

in Preformulation
presented by Akhilesh Tripathi, PhD

© 2025 RIGAKU HOLDINGS CORPORATION AND ITS GLOBAL SUBSIDIARIES. ALL RIGHTS RESERVED.
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You will learn

1. What is X-ray diffraction (XRD)?

2. Special cases

3. Applications
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Polling
Question

#1
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1. What s X-ray
diffraction (XRD)?
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The importance of powder X-ray diffraction in
pharmaceutical development

Lead Lead } Preclinical } Clinical } Approved Drug

Target
Generation Optimization

|dentification
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What is powder X-ray diffraction (XRD)?

_ Detector

Scattering intensity Scattering intensity

Scattering intensity

Crystalline

LW

0

Scattering angle 180

Amorphous

0 Scattering angle 180
onne] |
|
! | Crystalline &
] s Amorphous
B —— mixture

Scattering angle
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Powder X-ray diffraction patterns
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Is my material crystalline,
amorphous or a mesophase?




@ Rigalcws

Matching a polymorph with your database

Measurement data
Carbamazepine form I—

What about crystal
polymorphs?

Wi (cps)

Carbamazepine form I

J | ||l1|L A Ilr Il

‘)

in

o

L A ' AN |
1“1 . T
30
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Quantitative amount of a phase using a calibration curve

4000007 | ‘ ‘
Measurement data — 3000 y =3385x- 287.61 2
7 Tolbutamide Form I — . e 7;
g 200000, Tolbutamide Form II — ~ / :
g f P4 How much is
. 1, | H—— > 1 the form ||
NI WV § WO U (' % W v - B o
Ol e E / 0.478wt% Content?
e b T 500 r ,l,
‘.‘ | I |\| N . 0
10 20 20 (°) 30 40 0 0.2 04 06 0.8 1

Concentration of form II(wt%)
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Percent crystallinity

Crystallinity : 67%

How much is the
crystallinity?

Py
‘5
- .
Q Crystalline _
- L Amorphous
A o T TSIt NN, 0
10 20 30

20 (deg)
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Limit of quantitation (LOQ)
Amorphous quantification by DD method type C, function

Crystalline phase (wt. %)

Indomethacin Sample Prepared Result
A 3.0 3.20 (4)
_ B 2.0 2.18 (4)
45>: A: crystalline 3.0 % L C 15 165 (4)
é B: crystalline 2.0 % D 10 1.09 (4)
= C: crystalline 1.5 % | E 0.5 0.71 (3)

D: crystalline 1.0 %

A ' E: crystalline 0.5 %

crystalline 0 % (100
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Relative intensity ratio (RIR) method

Semi-quantitative methods pretase 10
* Quantitative values are
calculated using RIR numbers

from a database from the

integrated intensity of the £ M o
. E I Rutile, syn: 28.6(2)%

highest peak. et

10000
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Quantitative techniques: Rietveld analysis

Whole powder pattern fitting
* Rietveld, Pawley, and Direct - k S 1 = p——
Derivation (DD3) methods " d i |

Serdate || Rafne | Rwps 11.20% 50 12068

0 —l J A ‘)Juul’\__lﬂﬁ\l?_r/"&\_) | S | PO N ¥ Aefre Losd

» Profile fitting by the least = ]
squares method. : s

Intensity,

NEPS Profle View  Crystel Structune Vew  Crystalite Saw Distritastion View

» Chemical formuls
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Quantitative techniques: Calibration curve methods

Calibration curve methods
 External standard, Internal
Standard, and Standard

Addition (Spiking) methods
« Uses standard materials to
create a calibration curve

Intensity (CPS)

Anatase in rutile

0% —
1% —

y
4
4500 | | / |
3500 - /'
| s/
1000 ! ! : |
/ Anatase: ® -
0—1‘/ 0.18 (9) mass%: 1 ]
-;500 + . } ‘ ‘ 4 +
1

0051152253 35445555665

(%)
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Pharma XRD mstruments floor models

Scale up

4) Screening / Cluster analysis

Study precipitations

Floor models are
suitable for research
and development
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Pharma XRD instruments — benchtop model

Products

CFR Part1

Benchtop models are suitable
for all powder applications
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Questions?
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2. Special cases
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= XRD DSC
= Preferred orientation

= Small amount

= Liquid, gel, creams

= Air sensitive, highly potent




@ Rigalcws

Why XRD & DSC together?

=
O
O—
+—
(48}
)
I

2,

Order to
disorder?
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Simultaneous XRD and DSC measurement attachment

SmartlLab

X-ray Diffractometer

X-ray DSC
XRD-DSC attachment

Sample amount:  3-10 mg
Temp. range: RT — 350 °C (-40°C — 350 °C)
Atmosphere: Static air, inert gas, humid air

© 2025 RIGAKU HOLDINGS CORPORATION AND ITS GLOBAL SUBSIDIARIES. ALL RIGHTS RESERVED.
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Simultaneous in-situ XRD-DSC measurement

Heating and cooling of Tolbutamide form Il under dry N, +0p Temperature/C

R ; 1400 100.0. . . . | 30,0/90
70000 From: 2 To:34 Step: 1 80.0 R
75.0
6500004 .
A - 30°C 70.0
600000 | | -
e .
550000 4
. s 60.0 o
500000““"““@%*4@ \ 78°C it Crystallization
. A
4500001 50.0
2 4000004 450 ¢
= 200 5
2 350000} 2
c 140 °C 350 )
£ 300000; 129 oC w0 _'f - === Melting
W _____ I R .
zsooooé;jduw&_ﬁ A n ] ) ( 55 0 Phase transition
12 °C
200000} N P 20.0
S Y
150000f 15.0
—— g 10.0
100000f————— : = .
50000“&%“”) 30c P SN 2
[ A —M -~ 0.0
T T T T T T T T T T T T T T T 50 -3.0 -10.0 ’ Form II
5.0 100 140 180 220 260 300 35.0 00 Heat Flow/mw
2Theta[deg] +00

XRD-DSC can continuously monitor the changes in crystal structure during heating and cooling.
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Texture effects powder pattern

Anticonvulsant Gabapentin

Reflection geometry

4e+005—
Transmission geometry
Theoretical pattern
3e+005
S 2e+005- l

1e+005—

0e+000 J\_J

I
10 20 30 40 50
2-theta (deg)

Kaolinite
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Texture effects: minimization of preferred orientation

Back loading Side loading * Randomized mounting
 Slurry mounting with acetone

Transmission geometry
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Special cases: small amount of sample

Corundum, syn
30000+

20000+

0.2 mg Corundum

Intensity (CPS)

10000+

5 mg of sample powder 0

1500+

Theophylline anhydrate
Lactose hydrate

0.1 mg Theophylline
anhydrate

1000+

Intensity (CPS)

500+

1 mg or less of sample powder

)]
-
o
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Special cases: small concentration

Bronchodilator: Theophylline polymorphs

Detection Limit (3c) 0.1 mass%

1.56+0057 Quantification Limit(10c) 0.35 mass%
1.0e+005- Mixture of monohydrate
. - 30007 — 1.00 mass%
=
% Peak of — 0.80 mass%
E 5.0e+004+ ‘__,_---—""""_’- theophylline — 0.35 mass%
2 — 0.10 mass%
= monohydrate
__2500+ — 0.00 mass%
0.0e+000 A o~ 2
- Theophylline monohydrate =
1 z
- [T}
_ I I 1 4 lh‘.‘." P — N 'II. S T T Y S S — E
. Theophylline anhydride 2000+
11 | 2 | PR I q;;“'“‘w,lh_
10 20 30 e 40
26 (deg) h 1500

11.0 1.5
26 (deg)
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Airtight sample holders

Iron (Ill) chloride: FeCl;

1500

1500 .
—0 min. after —0 min after
—10 min. after —60 min. after
— 20 min. after —120 min. after
S 1000 A ' 1000 -
s
) S BN
500 1 | 500 1 R
0 mmu.m.uhm“ A‘ll“ h . LA 0 JMQL&J——A—L
10 20 30 40 50 60 10 20 30 40 50 60
20 (deg) 26 (deg)
General sample holder Air sensitive sample holder
(Change within a short time) (Stable with hours)
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Liquid sample holders

MiniFlex data

200000

v

quU|d Samp|e 150000

The sunscreen lotion from Company A (PA+++)

-/
Je sk

The sunscreen lotion from Company B (PA++++)

NS GRS W

100000+

Intensity (cps)

50000+

0

. Zincite,Zn0Q

] j )\ JL A h A b
s : - : . ; . Rutile TiO,

Fig. 1: Sunscreen lotion (left) and liquid sample holder filled with sunscreen lotion (right) - JL i N i N
. .

. l Tale-2M, Mg;Si;045(OH),

7 ‘ + ) (a . b

20 30 40 50 60 70

26(°%)

¥ - - Diffraction peaks from the covered film

-Qualitative analysis results on components contained in two types of sunscreen lotion
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3. Applications
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= Crystal forms

= High throughput screening

= DD and cluster analysis
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Investigation of crystal forms
Acyclovir Form IV, Measurement Temperature 210 °C

4000

Ryp = 7.19%
S=2.22

3000

2000 \
Ka system
1000 Form IV switchable
0 A NN

20 40 AN an

500 SmartLab,
| l ' | I Johansson monochromator

-500

20 40 60 80

2-theta (deq)
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Ka⇒Ka1変更.wmv

@ Rigalcw

High throughput screening

Edit Mapping Condition
Attachment:| Well plate reflection/transmission attac... ¥
Point list Mapping
B | S0 R O | R e | [=CR EE @ S ]
2 position:| Move v Phi position:| Move )
No.  Exec ] X mm Ymm [5] Zmm ] Snapshot =
1 W -31.850 -50050 0.00000 el
2 v -22.750 50,050 000000 v
3 v -13.650 -50050 000000 v
4 v 4550 -50050 000000 v
5 v 4550 -50050 0.00000 v
6 v 13650 -50050 000000 v
7 v 22750 -50050 0.00000 v
8 v 31850 -50050 000000 v
9 v -31850 -40950 0.00000 v
10 v -22.750 ~40950 000000 v
1 v -13650 ~40950 000000 v, |
12 v -4550 -40950 000000 ) j
13 v 4550 ~40950 000000 v
14 v 13650 ~40950 000000 )
15 v 22750 -40950 0.00000 v
16 v 31850 -40950 000000 v
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High throughput screening — sorting polymorphs

10000 {0000 10000 09599

10000
frac-or
L1&L2-01{1)

8000

CERCA-07(2)
CO&CA-0T(d}
C6&CA-07(3)

6000

CB&C2-01(1)
C8&C2-01(2)
C88C2-013)
CB&C2-0114)
Cca&c2-02

CaaC2-02(1)
4000+ caac2-022)
CB8C2-02(4)
CB&C2-02(3)
C88C2-05

CB&C2-05(2)
CBAC2-0(3)
CB&C2-0514)
CB&C2-08(1)
CB&C2-04

CB&C2-04(1)
2000+ CB&C2-04(4)

Intensity, counts

Dendrogram  PCA 1020 Data

Condibons View settings
Convession: | Original Data v ¥ Show toaltip
0 £ ® Orignal
Cometation type: | Default v, Converted
Range: Min: (30000 Max [200000 Caiculste sl

10 20 30 40 50 60 70 80 90 ] Speciy reference
0/28, ° W Estimate simitarty

Cluster analysis makes a report
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Cluster analysis to extract reference pattern (indomethacin)

10000 10000 1000009393 09995 0.9590 09950 05500 09500

18000

lgound_amorphos_indo_2_ spike_4_g

morphos indo_2 spike 4 &
lgound_amorphos_indo_2_spike_4 i
lgound_amorphos indo_2_spike_4_{

16000

raon Measured data
- Crystallization

2
3
3
o
- study
2
2
&
8000
6000
gound amorphos.indo_2_spke_1
4000 gound_amorphos indo_2_spike_ 1.1
20
! T T T T T y y T T T |
5 10 15 20 25 30 35 40 45 50 55 60
0126, ° amorphos indo MQ e

Dendrogram | PCA. 1D/2D Dats  Base Profile

2510%054 :m:?;::::; Cluster analySiS
g 151005 ‘
E ol \
Extract o |
Components M A
A AN w}. wAA AA A
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DD and cluster analysis (absolute quantitative method)

100 )

90
y=1.0141x

80 R?=(.9986
70

)
50 .

40 *
30

20 -
10 ..-"

0e®

0 20 40 60 80 100
nominal % w/w

predicted % wiw

Intensity, cps
3 3

30
20, °

Response plot

Perform DD Analysis Slope ~1
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Questions?
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@ Rigalcw

©®

We'll follow up with Recording will be Register for
your questions. available tomorrow. seminar.




Webinar
Series

Webinar Series: Enhancing Pharma
Processes with X-ray, Thermal, and
Raman Analysis Tools

Episode 3 — Formulation Development

1. Streamline Your Pharmaceutical Formulation Chemistry Process
with EDXRF Analysis
Presenter: Scott Fess

Starting Wednesday, April 16 at T pm CDT

Don't forget to register for the next episode!
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