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BRSE NAs

All variants of spectroscopy, microscopy, scattering etc. are used

Structure, order and dynamics of the solid state probed

Spectroscopy ssNMR, IR, Raman, Terahertz...
Microscopy SEM, Optical, AFM...

Scattering X-ray, Laser, ...

Thermal analysis DSC, TGA, Microcalorimetry, DMA, DEA...
Physio-Mechanical analysis Bulk density, Solubility, Surface area, PSD...
Computer Modeling Quantum, DFT, MD/MC, ...
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X 5 & AT 5t

(X-ray Diffraction, XRD)
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X S 45 4 B S i ) — 35
“ A rainbow of colors

[ Radio ) [ Microwave ] [ Infrared | [ Visible | Ultraviolet | [ X-ray ] (Gamma Ray

] 1 — wF 1w 1w0% suolaxio” 3wl iw0? w002

Ahout the size of; Wavelength in meters

S & % & & e

Buildings Sraing of Sugar Frataraans Bacteria Maleculas florms Atomic Mucke

X-rays: wavelength of 0.1 A to a few A.
Ideally suited for probing structural arrangements of molecules
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X HEZITH: Fi/a3E

Diffracted
Beam

Bragg’s law:
nA=2dsin0

Basic set-up

Diffraction Angle
Incident ¥X-ray Beam

> — >
Incident Angle Crystallographic Planes
K . wave 2 ‘_‘
A d: Interplanar spacing
R A \,
; S 4 : I: wavelength of X-ray
et Y o Learte q: Incident angle
atomic I N ‘,é ;‘ i
1 88
plane | A . ':
'\>/ ‘a"-a;‘—r h=2
atomic - LA
plane | '.,’ o
. - . /\/ b .
d sing
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X FEATEH: dhiR &4

coocoolp@do . . _
coocoldddfoo @-e-e-e—ei d,(100)  Various lattice planes are available
00000683000 -0
0CO0P O DF0000 600 Intensities expected at different q’s
PO HBO00000TTTTO
coppBoodddpooooo0
6O B0000QFAPO0O0O0OO0 o
WJOB00000BFQ4HOOOO0O A 69 X AT & AT H B %
Booooodaapooooo :
00000 QQQGPOOOOO : | d-spacings (angular position)
0000000 AADOO0OO0O0 /
<+ ]
d2 (010) 90000 —
. . Relative intensities
« XRPD pattern is the fingerprint of the crystal | / \
 Used to 1dentify different crystalline phases

0 T T T T T T T T T T T T T
40 50 60 70 80
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X A &ATHAL

X & & AT S R AT X

Sample Holder

X 5t B 474 H5HE X, X 5t B AT HAE 5 &

*Spinner stage (For routine sample analysis)
*Temperature/humidity stage
*Auto-sampler stage

*96-well high-throughput stage

Capillary stage
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X HF & AT 42

RESEARCH

-New crystal forms
-New chemical entities
-Atomic Structure
-Patents

Molecules

DEVELOPMENT
-Polymorphs screening
-Crystallinity
-Pre-formulation
-Formulation

-Stability
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A &g k2 R

Powder | Q>

R,

Formulation

PRODUCTION QUALITY
CONTROL

- Raw Materials

- Process Control

- Batch Uniformity

- etc
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Intensity (cps)

% an B 0y A2 Fo & & AT

famotidine polymorphs

fn \ o Int[ots °] 11.6/(11.6 + 18.7)

Famoatidine Foym A

1.0

] |

1 J"L AL f.hm_,e.__,J _,'L)J”l‘ulU L_U\ U ’ ’LMM " J

y=-0.0103x + 1.0264
R? = 0.90986

2= 0.6 1
4 ﬂﬂ.s I‘ 1?.11 | - II ’\ e
| — L1 ,.,,.,....»JL_/J |J'-J U‘ﬂL’ﬁJ bwilw WA e

0.2 1
q | ) LM s I"
yaras . ) lﬁl N u'lu' £ V L_n'l'u._,d‘»"g_,» ll-"'\_,_,f "\_;I]J‘“\M_\__.____,.J Loarn) ‘l\_
1 ! a |- [ |‘|'l. Y ; 0.0 ' ' ' T
L M o AWM M M ¢ 20 0 60 80 100
12 |14 1 18 20 2 24 2 28 30 322Theta(’) {) 2 w [Form A %]

XRPD is able to quantify ~3wt% Form B in a mixture of Form A and B.

Zoltan et al, Journal of Pharmaceutical and Biomedical Analysis 49 (2009) 338-346
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an 78/ T I 0 ke Fe S = AT

s)

2000 -

Intensity (count

Perfect crystal

o Mixed system

1000

/
LA, '
‘Tlm L

ﬁ |'|l )\ Imperfect crystal
)

Amorphous /

material 100% amorphous 100% crystalline

|
2
2Theta (%)

"-._"Lj_r,-"'ﬁ"“xm

Amorphous system: Broad halo
Mixed system: Crystalline peaks superimposed on
the halo

@> EFYStEl Pharmatech  Business confidential 12

TR EMARFESH R ER




counts/z

3500

2500+

2000+
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1500+
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1 Investigate crystal transformation as a function of temperature

4000+

Fonma
1

Variable temperature stage

Form |
Form Il Form 111 Form |
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KRR A T A A 4 494n B %

E | Investigate crystal form change as a function of RH
= : .
% 3000 - Relative humidity stage
=
W
LS RH%=20 for 2 hrs
Monohydrate .

RH%=20 for 0.5 hr

Starting Material, dihydrate
Dlhyd rate \./ w\w

0 =5 L N DL DL DL L DL L L L | l
b 10 \/ﬂi 18 22 2B 30 34
2Theta (%)

) 20% RH, 2 hours _ 60% RH, 1 hour_ i
Dihydrate > Monohydrate > Dihydrate

VY
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Intensity (counts)

B AR @B 7] F A

6000 —

4000 <

2000 —

Reference Monohydrate

24-HR Free acid
2 b :

M J 16-HR
.
8-HR
. y
3-HR
. |
| K-salt
1-HR
LJM_M I [
L‘ . Reference anhydrous
L AW a0
T i T T T T T T T T 1 T i
5 1 15 20 2 0 ki3

2Theta (%)
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3 mm

 Significant increase in
non-destructive testing of
complete formulations

(tablets)

Chocolate Bar
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Capillary XRPD:
2 4% ah TR AT 50 P 09 2

BO00 —

5000 - samples with preferred orientation

Intensity (counts)

4000 —

3000 - IJ
2000 —j/ spinner stage, tightly packed

. 1000 — spinner stage, loosely packed
Capillary Stage _

I I ' I ' | ' | !
5 10 15 20 25 a0 35

capillary stage

dTheta (¥
Capillary stage gives accurate relative intensities, very useful for (1)
samples with preferred orientation, such as needles; (2) crystal

structure determination from XRPD 7
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¥k X S E&ATH: AT

Crystal Structure very important in

e Stereochemistry

* Deep understanding at the atomic/molecular level
* Study of structure-property relationship

* Molecular modeling for drug and process desgin
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%> #7 (Thermal Analysis)
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4> #7 (Thermal Analysis)

in’ /\#)’T/%(TGA)&r J#
£ TR E R IEDSC) A F
* I TR AT (DEA) A R A

20
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# 7> #7(Thermal Analysis) i) />

Thermal Analysis: techniques whereby certain physical
property of the sample 1s monitored as a function of
temperature or time.

*Weight loss: TGA, TGA-MS, TGA-IR

*Heat flow: DTA, DSC(mDSC), microcalorimetry
*Dielectric: DEA _
*Mechanic: DMA

DSC
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ST iE(TGA) B
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WE T

*Measure weight changes of sample as a function of time or temperature.
*Can measure evolution of solvents, sublimation or evaporation of sample,

or evaluate decomposition to volatile products

~
A

__— Electronic Balance

AN Optional MS or IR

2 Transfer line

|
“

— Sample Pan

Counterweight

IS

Furnace
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RE AT R KE AN

| |
|
1001 Step 1: 6.2 wt%
98 ¢ =5-2140-%
a9 Inflection Paint = 83.386 °C
o 0 o 0
‘ a4 _Jg' 8 -~ Step 2: 2.1 wt% Decomposition
:% 9z ; |
T
= Delta ¥ =[2.1256 % Bt
o
= Inflection Paojnt = 133.330 °C
Cata]
8 Overall weight loss = 8.3% \
g4
. Theo. Dihydrate = 8.2% \
| | | |
20 a0 100 150 200 250 00 350 400

Tempersture (°C)

Two step weight loss process indicating two types of hydrated water (3:1)
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Wisight % (%) ——

[ui] [u] o [An] o w [in] [u] [fu]
] [} - ] [} - o =4
1 1 1 1 1 1 1

o0
o

o
1

T AT
R AN EE BT

:‘_' Initial Welght loss due to surface water

.2 Hold for 720 min at 21 °C + heat to 400 °C

Tightly
held
water

Hold for 720 min at 40 °C + heat to 400 °C

1] 100 200 300 400 a0a GO0 oo vart

Titme (min)

Temperature | Initial loss |Holding loss| Heating loss
21 1.0% 6.0% 2.5%
40 1.0% 5.8% 2.4%

~ 1.0% surface water, ~ 5.9% loosely held water, ~2.5% tightly held water
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TGA-MS & JA : £ 3 o 5 AR 2 09 A

o 7.001
Both step losses involve water loss i
2nd step: THF and toluene also evolved
From GC: THF=0.1% and toluene=0.04%
98 6.183%
m/e 72.06 THF - 0.0003
/ &
S~ o=
S =
> /93,06 Toluene 2
8 =
- ‘ g
93 2.045% /W/W/\/\//W =
88 +—+—r+—r—+——7—+——+—7——+——+——7————+—7—+——+—7—r———7———+ 0.0002
0 50 100 150 200 250 300 350 400
Temperature (°C) Universal V3.9A TA Instruments
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£ R 12HhE HA(DSC) A A
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735;7}7;}35}% A ook (DSC)

Pt sensors
2
,_/\_\ ,_/\_\ é o
Q X1dati
S R = Crystallization Clz%ssrlé;nkm
7 N— 2
O
A A
L AAANA AAANAAL
2 | Glass —
S | Transition
Dual heaters o
<
D)
Measure heat flow to or from a sample T
Melting
Temperature
28
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Heat Flow (W/g)

nnnnn

2
=
S
Ji
=
A
&
T

JF1DSC A2 M) o

Form III

Heat Flow (W/g)

0 100 150 200 250 300 350

100 120 140 160 180 200
Unive

Temperature (°C) Universal V4 2E TA Instruments -4 % &% P
Temperature (3 )

DSC results for three anhydrous forms

Heat Flow (WW/g)

nnnnn

Form tm (°C) Tm (K) AH (J/g)
Forml1 162.4 435.6 71.80
Form II 146.7 419.9 87.40
Form III 157.8 431.0 110.70

Form 11

50 100 150 200 250 300 350
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Q

T

t

y

K

(AHm,A/AHm,B _1)_yK
" (AHm,A /AHm,B _(1+y))_yK
T%A__T%ﬁ T;A

T T, 5

m,B

(Cp,L o Cp,B )Tm,B /AHm,B

®

Form 11

Form III

Liquid

v

The relative thermodynamic stability between the three forms
was confirmed by solubility measurement.
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Heat Flow (W/g)

Exo Up

110%

90% =

y = 0.3682x? + 0.6325x

70% 4 Re=1

50% <

30% <

Actual wt% of Form |

10% <

-10%

80

100 120 10 160 180 -10% 10% 30% 50% 70% 90%
0 Uni | V3.9A TA Instr it
Temperature {(C) e reumens wt% of Form | from peak area

Limit of detection (LOD): < 1%
Limit of quantification (LOQ): < 1%
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Temperature (% )

62

A% X £ 7 42 858 #AU(mDSC)

58

56

54

52

Amplitude

wre (;

<

Average Temperature

Note that temperature is not decreasing during |

Modulation i.e. no cooling

“ Modulated Temperature |

62

r 54

13.0

T

T T T T T T T
14.0 14.5 15.0

Time (min)

52

Modulated Temperature (3 )

§ > EI"YStEIl Pharmatech  Business confidential
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* Heat the sample at a constant
rate as in standard DSC

» Apply sinusoidal heating
profile on top of underlying
heating rate

* Separate “reversible” and
“non-reversible” events

(“reversible” and “non-
reversible” events refers to the
timescale of material response,
NOT thermodynamics)

32



mDSC a9y £ = &

Benefits

* Increased sensitivity for detecting weak (glass) transitions
— Eliminates baseline curvature and drift

* Increased resolution without loss of sensitivity
— Two heating rates (average and instantaneous)

« Ability to separate complex thermal events and transitions into their
heat capacity and kinetic components

« Ability to measure heat capacity (structure) changes during reactions
and under 1sothermal conditions

Downside
 Slow data collection
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mDSCH %4 : PET

WMDSC Calculated A\
) Signals ’ Cold Crytallization 24
of Amorphous Material Crystal
ll Pefection
7 - ’ \ 4
] "/..-
/ oo N
- Monreversing e — (==
(Kinetic Signal) =
Enthalpic % g
= Recovery T
g o 1
£ L 3
= Total I =
= T > L
T - E —2--0 ":E
b S T
@ = E
o - Reversing I Y
-2 (Cp Signal) 1
Glass Transition —
| amall Decrease in Cp Melting 4T
Due to Cold Crystallization
] - 4
0 ¥ ' v Y T Y T Y -4
50 100 150 200 250 300
Exn Lp Temperature (OC) Universal W3 42 TA Instruments
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JFIDSC/mDSCF . & 4 Ax, 2~ MJ %ﬂ/&é‘ﬁ\#ﬁ

l T

|IIII|II l

100% |} 0.0 ;_ =

/ / 5 . amorphous

80% 0.1 ;_ ;

el $ |t ;

% j:: § - amorphous free 1

30% b -0'3;_ E

10(; | o delta Cp -0.4 E— —E

o —Li.near(deltan). i: | Ly | T Ll it ]

0.0 0.1 0.2 0.3 0.4 80 90 100 110 120

ACp Temperature (°C)

Sample Amorphous content (wt%) std (Wt%) # of measurements
Sample 1 16.4 2.0 3
Sample 2 23.2 2.9 3
Sample 3 37.8 2.0 3
Sample 3 stability study at 39.6 2.7 3

25°C/60%RH for 2 month
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AN TR AT (DEA) & 2
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A v, TG AL

(Dielectric relaxation analyzer)

Excitation (Input)

T A Amplitude

Response {Output)

®

> E[‘YStEl PhElI"ITIEtEEh Business Confidential
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A low voltage AC signal is
applied at one electrode

The response signal detected
at the other electrode is
attenuated and phase shifted

€’: permittivity, a measure of the
alignment and number of dipolar
groups

€”’: loss factor, a measure of
total energy loss due to the work
performed aligning dipoles and
moving ions



A, J T AT :
B 50 T S 25 A 0 TR FL %

T(s)

D = 7.4965, T, = 267.3
T, =321.7K (48.5 °C)
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—o— Adsorption < 1 Ad i
- -e- - Desorption ) —o— Adsorption
| iy S ---e--- Desorption
£ 0.6
o
=
IS
=l
]
=
1 1 1 ! '0.2 1 1 | |
0 20 40 60 80 100 0 20 40 o60 80 100
%RH %RH
Information about
» storage conditions and drying conditions
* hydration-dehydration
40



NSRRI KA =

‘,sg“f.
e
\_\
e

20.0
Tetrahydrate

16.0 -
s
S 120- Dihydrate
(&)
é l
;E 8.0 - ,¢‘ -- -
Rz -’
w 4
= 40- Monohydrate >— Adsorption

' '/ - -e- - Desorption
/ Hemlhydrate
0.0 .

60 80 100
%RH

41
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BRI AL 50 9 ATAX

(Laser Light Scattering Particle Size
Distribution Analyzer

&> EI"YStEl Pharmatech  Business Confidential 42

AR EMRFESH A ER



. ) M- b _

A AT 2 F ) 25 M Bk K
Particle size can impact dissolution O O
rate and bio-performance QO%O A0

0 ()
Particle size can impact formulation O OOé)OOQ
process: flow, compaction, sticking, Q O
bulk density, segregation O QQOO o
O

0.25

Consistent product at full scale
requires PSD control

Particle size impacts API processing:
equipment choice, cost, filtration rate

diameter
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AT = 8oy #AT A7

Primary particles
Mixture of primary particles and agglomerates
Mixture of primary particles and aggregates
Agglomerates
Aggregates
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AR Bk KN

\

/\

o
||

Y

J \ J \ v j\_'_l

LYJ

Light Source |

Beam
Processing

Measurement

Zone

Fourier

Lens

TR EMARFESH R ER

Detector
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S ORI B KN A A

35
Mode 1 12 -
130 —Jet 1
- —@— Jet 2
1 25 AFG 1
0.8 - —o— AFG 2
120 - — Wet milled
1) ] )
) £ —— unmilled
115 ?'; O
r X
Mode 2 0.4 -
¢ Mode 3 110 :
5 'Y
] 0' '
. . 1 10 1000
AN [e0] ~— < ~ (o)) » <
°Q‘°."’.°QL°‘_00‘—'N°°S§§‘,2 )
S 2 J @ @ e 5 B size (um)

Size (micron)
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B AN E R T ERE

c XRGIE AR B, 1% AR B AGRT A fe ik B

o« AF B A 5 H B T

o Bk B9 ITH R K

s RNET KeylE, Bl—) KR RAE T
BE, B—A T8 EEZRE — LS

o BRI vs. Tk

R E B R A PTAF 89 BB R R AT & XL
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Z 45 . AR B B A XPREE K ) 89 2 R

140.0 | —— 350.0
120.0 F ——Mv ] 300.0
100.0 | 4 250.0

— - ) )

£ 80.0 4 200.0 =

2 - . v

S 600 [ 1 150.0 &

X . N
40.0 4 100.0
20.0 F 50.0
0.0 —— 1 0.0

0 30 60 90 120

Sonication time (seconds)
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kb & & AR A

(Surface Area Measurement

&> EI"YStEl Pharmatech  Business Confidential 49

AR EMRFESH A ER



tb & d A 6 =

* Many sizing techniques yield distributions that are
quite misleading for highly non-spherical shapes

« Surface area 1s sensitive to surface roughness on a
nm length scale (for gas adsorption)
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tb & AR 69 F M

« Example: surface area can be a convenient quantity
to correlate with coating, dissolution, etc.

0.04

0.03

1
AUC (0-24 hr)

0.01 -

0.02

dog data

three
different

] batches
] --needles, plates,

1
| A [m¥g]

0.6 0.8

0.2
@> Crystal Pharmatech
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W (adsorbed mass)

rb & @ AR . BETOR I

Ph . t- . 0.25
ySs1Sorpton: 7 i1
v(Po/P-1) V,C Po V,C
AHads> AI_Ivap 020 }
iy
ar S 015 |
% :
a
3t &
S 010 }
i - y=0.6552x + 0.0116
R?=0.9998
005 }
---------- monolayer amount
‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.00
0.t 0.2 0.3 04 05 06 0.7 000 005 010 045 020 025 030 035
P/Po
P/P,
N, adsorption Surface area (m?/g): 6.5
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tb £ wm ARl & ik

-2%

d Multi-point measurement for |
gas adsorption isotherm C

30

4% b -~

» slower (~1 hour / sample)
« for special cases
* absorbate = N, or Kr

* o difference (%)

Linear (difference (%))

6%

y =-1.6209x - 0.0153
R?=0.9839

(SPT- 5PT)/5PT

i Single-point measurement for
B.E.T. surface area [m?/g]

-8% F

 quicker (as fast as 10
minutes) 10% |

* absorbate = N,

 assumptions and pitfalls

-12%

0.00 0.01 0.02 0.03 0.04 0.05 0.06
1/C
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15 % b ik

(Raman Spectroscon

4
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Light delivery via
Fiber optics
Process interface

l

A4

Source

UV-Vis-NIR-IR
(200-25,000 nm)

D2, xenon

Tungsten

Glowbar

V{asers

=% T

> Light Collection after
- Absorption, emission, or
Ra L ¢ Scattering by sample
Sample Disperse

“éablets }ilter
wders Grating

‘/Lqulds FT Interferometer
ses AOTF

g Product

Biologics/Vaccines

@> Crystal Pharmatecl’” CausonssR omsmdential

TR EMARFESH R ER

Detect

PMT
Photodiode

PbS, InGaAs,
TGS, MCT

Pyrolelectric
‘?ermopile
CD

95



i i i
1 | 1
20000
. Neutral Amorphous | :
1
: :
1 I
1 1
1
0 1 : :
I . I I
' Neutral Crystalline ! :
1
. : :
-2000Q l |
1 1
1 | 1
1 | 1
1 | 1
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