Is There a Simple Relationship Bet
Different Phases, Phase Transitio
Stability of Drugs?

n
nd

Milan D. Antonijevic

School of Science, University of Greenwich at Medway



Introduction
Research Interests

Examples of a solid state characterisation using
conventional thermo-analytical instrumentation

Thermally Stimulated Current Spectroscopy (TSC)
as a new mean of characterising materials

Conclusions

TA Instruments, London 2009



Educational Background

BSc Chemistry — 1997, University of Belgrade

Over 4 years — QA/QC, Pharmaceutical Industry,
Serbia

Y

PhD in Pharmaceuti

Aaal Matarvinale QaAailans~ans o29NN
| 7 (VAV )
Queens University Be

P [~
s Science — 2 I,

Academia (Lecturer in Pharmaceutical Analysis)
University of East Anglia (2004-2006)
University of Greenwich (2006-present)

TA Instruments, London 2009



Research Interests

Solid-State characterisation

Understanding relationship between phase
transitions and stability of different forms

Photo and thermal stability

Development of TSC as a new tool for
characterisation of small (pharmaceutically
important) molecules
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Aspirin

Nice model drug

Cheap, non hazardous
Significant information available
Gaps in knowledge
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TGA Results

Stability in solid-state
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Aspirin (25t0210°C/210to-30°C/-30t0210°C@10)

Intearal -1221.10m)
normalized  -204.54 1g~-1

Onset 141.07 =

Peak 142,37 *C

Heating Rate 10.00 *Cmin™-1

DSC Results

Aspirin run - 34, 01,12,2008 14:19:13
Aspirin run - 34, 5.9700 mg

W

Integral -534.66 m)
normalized  -89.56 Jg9©-1

Onset 189,54 =i

Peak 209,41 =

Heating Rate 10.00 *Cmin~™-1

50
iy
Aspirin run-35, 01.12.2008 16:04:49
Aspirin run-35, 6.05S00 mg
F M -
Integral -251.49 m)
_ normalized  -41.57 1g~-1
Integral -1106.589 m1 Onset 186.26 °C
normalized  -182.02 1g~-1 Paak 200,44 =C
Onset 140.68 °C Heating Rate 10.00 *Cmin™-1
Peak 142.53 *C
Heating Rate  10.00 *Cmin™-1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
u] 10 20 30 40 a0 &0 F0 a0 a0 i
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Aspirin

Aspirin run-36, 04,12.2008 12:38:51
Aspirin run-26, 6.6600 mg

DSC

Results

Integral
normalized

Jnset

Peak

332,40 ml
49,91 Jg~-1
41.57 *C

59,19 *C
Heating Rate 10.00 *Cmin-™-1

_e—l ~ad {1
s Integral -1474.97 ml
normalized -221.47 Jg™-1
Ornset 140,59 *C Integral -293.52 mi
Peak 142,33 °C normalized  -44.07 Jg~-1
Heating Rate 10,00 *Crin™-1 Crset 22,55 *C
Peak 111.14 =C
Heating Rate 10.00 *Criin™-1
50
sy
Integral 347,49 ml
normatized 92,10 g1
Onset 40,50 *C
oy Peak 59,20 *C
Aspirin run-37, 04, 12,2008 12:55:22 : ey
J agnirin run-37. 6.6700 mg Heating Rate 10.00 *Crin~™-1
Integral_ -13732.10
normalized -EDS.EIﬁng -1 Integral 578,10 m1
Onset 140,90 =C ; o
c, normalized  -41.71 Jg™-1
Peak 142,45 =C i o405
Heating Rate  10.00 *Crin™-1 Padk 111.00 °c
Heating Rate 10.00 *Criin™-1
25 S0 100 50 155 150 100 50 -30 u] =] 100 B
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 | 1 1 il e L | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 | |
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DSC Results
Salicylic Acid

100
iy
Integral 823,21 ml
hormalized 138,12 191
Onset 104,13 °C
Peak 109,61 °C
Heating Rate -20.00 *Cmin™-1
4 1
I| 3
Integral -961,98 m]
Tntegral -1013.20 m1 normalized  -161.41 Jg~-1
normalized  -170.00 Jg~-1 Onset 137,44 °C
Oriset 15853 °C Peak 139.43 °C
Peak 158.77 “C Heating Rate 10,00 *Cmin~-1
Heating Rate 10,00 *Cmin™-1
29 a0 100 150 180 100 a -0 a0 0 a0 100 150 *C
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DSC Results

Salicylic Acid + Acetic Acid

Integral 54,03 mJ
normalized  7.96 1g~-1
onset a7.a9 *C
] Peak Q7,65 *C
Heating Rate -10.00 *Crin~™-1
o 4 h| 4 i 4
" | ; 1 "
Inteqgral -60.42 m3
normalized  -2.90 1g~-1
Integral 339448 m1 Orset 19798 TC
normalized 499,92 1g~-1 Peak 158,51 °C
Orset 116.02 °C Heating Rate 10.00 *Cmin~-1
Peak 121.32 °C
Heating Rate 10,00 *Cmin™-1
a0
Ay
25 S0 100 150 1a0 150 100 S0 ] B0 55 50 u] S0 100 150 *C
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DSC Results

Correlation between presence of Acetic Acid and
temperature of a phase transitions '

1%t heating 2nd heating
25-155/-55/155 | Melting Point (°C) Tg (°C) Exo (°C) Endo (°C)
Crimped pans
cooling@5

141.2+0.6 -38.2+0.6 58.4+0.2 94.8+1.3
cooling@10

141.2+0.7 -38.2+0.6 58.510.4 94.4+1.2
cooling @20

140.6+0.5 -38.9+0.3 42.5+1.2 92.7+0.5
Pinhole pans
cooling@5

141.0£0.4 -20.4+0.4 69.3+0.5 109.7+0.4
cooling@10

140.9+0.3 -24.5+0.8 61.2+1.3 102.840.6
cooling @20

140.6+0.4 -25.7+0.3 58.2+1.2 100.8+0.5
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Caffeine

Polymorphic transition

Form Il is stable at room temperature

Form | is stable above 150°C

Xanthine alkaloid (theophylline, theobromine)
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st

Caffeine Form Il - DSC Res
1st heating

L and
ala

Inteqgral -108.53 ml

normalzed  -19.28 g1 Integral -598.32 mJ.
Onset 145,80 *C normalized  -105.92 Jg~-1
Peak 158.07 “C Onset 239,01 °C
Heating Rate 10,00 °Crmin™-1 Peak 224,77 °C

Heating Rate  10.00 *Crin™-1

20
i
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Caffeine Form Il - DSC Res
cooling

Integral 579,51 mJ
normnalized 102,93 g1
Onset 235.01 *C
e Peak 235,80 °C
Heating Rate -10.00 *Cmin~-1
20
iy
——F._.__I‘_u
4

240 220 200 120 160 140 120 100 a0 G0 40 “C

22 24 25 28 40 42 44 45 42 =1 ey
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Caffeine Form Il - DSC Res

2"d heating

-

Integral 27717 ml
rnormalized -49.23 Jg~-1
Onset 232,16 *C
Peak 235.89 *C
Heating Rate 10.00 *Cmin~™-1
20
iy

Integral -269.12 ml
normalized  -47.80 1g--1

Onset 233.95 *C

Peak 236.38 *C

Heating Rate 10.00 *Cmin<

71.0 71.5 72.0 72.5 73.0 73.5 74.0 74.5 73.0 75.5 76.0 ity
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Caffeine Form | - DSC Rest
1st heating

= o

Integral -444.91 m)

normalized  -100,89 Jg~-1
Onset 235.10 *C
Peak 234.82 *C

Heating Rate 10,00 *Criin™-1

20
i

40 &0 80 100 120 140 160 130 200 220 |40 °C

5] 2 10 12 14 16 12 20 22 24 26 min
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Caffeine Form | —- DSC Rest

cooling
]

Integral 279,17 m)
10 normalized 98,23 Jg~-1
g Onset 234.62 °C
e 5 Peal: 235,33 °C
Heating Rate -10.00 *Crin™-1
240 d 2 x\‘} 220 210 200 190 180 170 1A0 C
. 1 I ; 1 ’ L : 1 : L | . | : | I 1 . | T | . | T
24 a0 31 32 a3 24 a3 aa a7 232 min
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Caffeine Form | - DSC Res
2"d heating

e T

Integral -186.42 m)l
10 normalized -42,29 1g--1
_— Onset 232,10 °C R S
Peak 236,25 °C LAEdd: e e I
; i normalized  -48.96 Jg~-1
Heating Rate 10,00 *Cmin~™-1 Oreet 53348 o0
Peak 236.73 °C
Heating Rate 10,00 *Crmin~™-1
4
226.0 228.0 230.0 232.0 234.0 236.0 238 240.0 242.0 244.0 i
| | | | Il | | | Il | | | Il | | | | | 1 | | |
T T T T T T T T T T T T T T T T
74.0 74.2 74.4 74.6 74.8 75.0 75.2 75.4 75.6 75.8 76.0 miiry
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Caffeine Form | - DSC Resu
Melting of caffeine in1st and 2"d heating

{WM

Integrd -606.66 m)
normalized 485,32 Jg~-1
Onset 23548 °C
Pagk 233,33 °C
g Hesthg Rate 0.10 °Cmin~-1
miv¥
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74.0min

mw

2300

2310

Integrdl -256,65 m) Integrdl -294.22 m]
v Onset 23352 °C
Onset 23294 °C i
Pack 236,34 °C Peak 236,96 °C
Heating Rate 10,00 “Cmin"-1

Heating Rate 10,00 *Cmin™-1
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20
Y

Theophylline - DSC

1st heating

Inteqral
normalized

Onset

Peak

Heating Rate

t=r

-272ml

-1.00 Jg~-1
220,72 *C
222,30 "C
10,00 *Crnin™-1

Inteqgral
riormalized

Onset

Peak

Heating Rate

-1225.13 ml
-158.90 Jg~-1
271,11 *C
270,55 *C
10.00 “Criin™-1

280°C
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cooling

Integral
normalized

Onzet

Peak

50
iy

Heating Fate  -10.00 *Cmin™-1

Theophylline

114754 ml
148.84 1g~-1
238,45 *C
261.36 *C

TA Instruments, London 2009
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Theophylline
2"d heating

_h\_.___
Intearal -1184.32 m)
normnalized  -153.61 Jg~-1
Onset 270,96 *C
Peak 272.64 *C
Heating Rate  10.00 *Cmin™-1
20
my
40 G0 a0 100 120 140 160 180 200 220 240 260 °C
| 1 1 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 1
T T T T T T T T T T T T T T T T T T T T T T T T
64 [la] [ats] F0 72 74 76 7a a0 a2 84 = 1a] min
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Theophylline

Theophylline - reheated Theophylline - rehefated
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Theobromine

1st heating

)

Integral -1288.63 ml
notmalized  -233.87 1g©-1
Onset 346.69 *C
Peak 246,23 *C
Heating Rate 10,00 *Cmin™-1
50
vy
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Theobromine

cooling

Inteqgral 783.05 ml
normalized 142,11 Jg~-1

Cinset 230,40 =

Peak 333.68 *C

Heating Rate -10.00 *Cmin™-1

50
iy
340 320 300 280 260 240 220 200 130 160 140 120 100 a0 G0 40 =C
T 1 —1 : 1 —1 . 1 —1 T 1 —1 T 1 — : 1 —L . 1 —L T 1 —L T 1 —1 T 1 —L . 1 —L T 1 —L T 1 —1 T 1 —1 T 1 —1 T 1 y
42 44 46 43 S0 32 54 56 58 a0 G2 G4 66 63 70 72 min
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Theobromine

2nd heating

Inteqral -684.65 m]
normalized  -124.26 1971
Onset 345,97 *C
Peak 247,06 *C
Heating Rate 10,00 *Crmin~-1
20
ey
40 (alll a0 100 120 140 160 120 200 220 240 260 280 200 220 240 “C
III'III'III'III'III'III'III'III'III'III'III'III'III'III'III'III'I
= 20 g2 24 =il a8 Q0 Q2 =C =} o2 100 102 104 106 108 iy
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Caffeine, Theophylline, Theobr

Caffeine and Theobromine — sublime rapidly

Melting point (°C) Phase Transition (°C) | Recystallisation (°C3
Caffeine ~ 235 ~ 145 ~ 235
Theophylline ~ 271 ~ 220 ~ 260
Theobromine ~ 346 ~ 333

TA Instruments, London 2009



Nifedipine

Exists in several polymorphic forms
May exist in amorphous form
Photo sensitive

TA Instruments, London 2009



Nifedipine
As received — 1st heating

Inteqgral -F76.47 ml
normalized  -107.84 Jg~-1
Cnzet 172,73 *C
Peak 173.253 °C
Heating Rate 2.00 *Cmin™-1
10
iy
20 20 40 50 a0 70 20 o0 100 110 120 130 140 150 160 170 180 °C
L B o o e R A e e e e e N e L O L
15 20 25 30 a5 40 45 50 55 a0 65 70 75 a0 g5 a0 95 min

TA Instruments, London 2009

.



Nifedipine
As received — 2"d heating

Inteqgral 517.62 ml

w0
normalized 80,25 1g~-1

COnset 100,63 *C

Peak 108.09

Heating Rate  10.00 *Crnin~™-1

b
Glazs Transition
_ Onset 43,34 °C
Midpoirit 44,01 °C
Sl T Intearal 550,63 m)
Azgunng ngue FRENE EEnn S]] L nDrI‘naliZEd '86.?6 Jg,\_l
Onset 166,79 °C
Peak 171.26 °C
Heating Fate  10.00 *Crin~™-1
20
1y
20 40 B0 a0 100 120 140 160 180 200 e
& | l i | 1 l | l 1 | 1 l | l 1 l ! l 1
T T T T T T T T T T T T T T T T T T T T
74 76 78 20 a2 a4 26 o8 an 92min
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Nifedipine

UV irradiated — 1st heating

Inteqral
niormalized

Ohset

Peak

Heating Rate 5.00 "Crain™-1

-26.74 ml

-3.82 1g~-1

70.62 °C

82.08 °C
Integral

niarmalized

Onset
Peak

Heating Rate

-453.47 ml
-54.69 171
158,15 °C
167.37 °C
2,00 *Crnin™-1

—

TA Instruments, London 2009
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Nifedipine
UV irradiated — 2"d heating

Inteqral
niormialized

Onzet

Peak

Heating Rate  5.00 *Cmin~™-1 £

316,33 ml
45,13 191
112,68 °C
128.84 °C

2
L —— | 1] AR A R0 HHENARRRARNANRRRR
ooty E . oA
- Glass Transition
ik 97 51 °C Integral -312.33 mﬂ
e 2 normalized  -44.56 1g©-1
Midpoint 358,52 *C 5
Onset 154,59 =
Extrapol, Peak 42,82 °C i
BEETeh Lt Peak 164,29 °C
Balng Rate 2. i Heating Rate  5.00 °Crnin“-1
20 40 [l a0 100 120 140 160 120 200 I
-ttt tt++——t———t——t—t+——t+—t——t+——t——t——F—
94 96 a8 100 102 104 106 103 110 112 114 116 118 120 122 124 126 128 130 min
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Nifedipine
Amorphous — 1st heating

Integral 569.02 mJ
normalized 75,78 Jgo-1
gnset 2100 E Integral 0.00 rmnd
eak TO1aT 2 rorrmalized 0,00 Jg--1
Heating Rate 10.00 *Crmin™-1 Onsat 03.05 °C
Peak 109,81 =C

Heating Rate 10,00 *Crmin~™-1

SN 11—

Glass Transition

Onset 26,15 °C
Midpoint 40,15 =C
Extrapol. Peak 45.07 °C

Heating Rate  10.00 *Crmin™-1

Integral -549,41 ml
rorrnalized  -F3.16 197°-1

Onset 160.90 *C

Peak 167.34 °C

Heating Rate 10.00 *Cmin™-1

TA Instruments, London 2009



Nifedipine
Amorphous — 2"d heating

Inteqgral 483.27 ml u
normalized 64,35 Jg~-1
Onset Q9,93 *C
Peak 112,99 *C
Heating Rate  10.00 *Cmin™-1
; ,-Hfrﬂ'rﬂ mﬂﬂm
———.‘%v_ 4 [ PP
Glass Transition
10 Orset 36.60 °C
iy Midnoint 3742 *C
L Extrapol. Peak 42.80 °C
Heating Rate 10,00 *Cmin™-1 Integral 43612 mi
normalized  -58.07 1g~-1
Onset 152,09 *C
Peak 155,93 *C
Heating Rate 10.00 *Cmin~-1
20 40 ] a0 100 120 140 150 120 200 g
} f } t } } } } } i } i } t } t } } } }
54 ] o8 A o2 G4 ] oa 70 min
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Amorphous UV irradiated — 15t heating

Nifedipine

S i
Integral -582.05 md
normalized -70.34 Jg~-1

Onset 157.59 =C

Peak; 168,89 =C

Heating Rate 10,00 *Crin™-1

20 40 G0 a0 100 120 140 1a0 Ili)t
' | ' I I | ' I I I I I ' | I I I I '
1z 14 1A 18 20 22 24 26 28 min
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Nifedipine
Amorphous UV irradiated — 2"d heating

Inteqgral 224.69 m]
normalized 26,88 Jg©-1
Onset 120.03 *C
Peak 134,54 °C
Heating Rate  10.00 *Cmin~™-1 7

e

--r

Glass Transition

Ornset 40,10 *C
Midpoint 43,53 *C
Extrapol, Peak 46,16 *C
Heating Rate 10,00 *Cmin~™-1

Integral -222.36 M)
normalized  -26.60 Jg©-1

Onset 157.93 *C

Peak 106,07 *C

Heating Rate  10.00 °Crin~™-1

24 26 28 sli] 62 G4 ala] as] 70 rnir
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Conclusion

Crystalline Nifedipine more prone to photo
degradation compare to amorphous

Less stable crystalline form may be formed upon
the exposure of crystalline Nifedipine to the UV
light

15t heating 2nd heating

Tg (°C) Te (°C) PT (°C) | Tm (°C) Tg (°C) Te (°C) PT (°C) Tm (°C)
Crystalline ~172 ~45 ~100 ~135 ~ 166
Crystalline- Tm - 72 ~159 ~37 ~135 ~154
Uv
Amorphous | ~ 36 ~91 ~102 ~ 160 ~37 ~99 ~ 158
Amorphous- ~157 ~40 ~120 ~157
uv

TA Instruments, London 2009



Thermally Stimulated Curren
Spectroscopy (TSC)

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

1936, Frei and Grotzinger

electrets, ionic crystals
e waxes, resins
ceramics, plastic

TA Instruments, London 2009




TSC origin

Experimental variables:

Molecular mobility

NWEQVARS
S\WR@ (|2

« Temperature of polarization

Dipole alignment - Time of polarization
" + Polarization field
: « Cooling rate
f%  The lowest temperature
Suppressed mobilty / - Time at lowest temperature
I][]illlllll- « Heating rate
S « Final temperature
Dipole relaxation « Temperature of stabilization
NAN P ﬁ)
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Current (A)

TSC spectrum

2. 80E-012

240E-012 4

2.00E-012

1.60E-012 S

1.20E-012 S

5. 00E-013 5

4 .00E-013 4

0.00E+000 H

-4 ODE-013

1 1
170 180 190 200 210 220 230 240 250 260 270
Temperature (K)
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Main parts of the instrument

Thermostated sample holder
Vacuum system

Heating and Cooling unit

DC generator

Current detector (104 to 10-15 A)
Recording unit

TA Instruments, London 2009



Amorphous Materials

Glass transition is characterised by:

Heat capacity change (DSC)

Visco-elastic changes (TSC)

TA Instruments, London 2009



TW-TSDC

T, +
T T -
P E :
20
- 1.8 TSDC
16 Tp=242K
: g ' Tp=239K
Lale ¢ 3 L4 Tp=236K
; : 12 Tp=233K
t, time — S os I Tp=227K
X
= 06 Tp=221K
5]
g 0.4
Lo O 02 ﬁJ
Tp A 0.0 _
0.2
T' -
l E 04
———T—
e 190 200 210 220 230 240 250 260 270
Temperature (K)
i
t time —
p
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TSC PEG 4000 - Aldrich

Global TSDC
T =22588
1.2 = i
Tp=220K
T =218
1.0 = P
0.8 =
<
”'2 0.6 -
£ 04-
=
=
© 024
0.0 -
V2T T T T T
160 170 180 190 200 210 220 230 240 250 260
Temperature (K)
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Current (xlO'BA)

TSC PEG 6000 - BDH

2.0
1.8-
1.61
144

1.2 -
1.0- K
0.8 = i\

0.6 -

0.4 -
0.2 -
0.0 4

Global TSDC
T =242K
T =239K
T =236 K
T =233K

T =227K

=001 K
T =218K

-0-2 l v ' L] ' L] ' L] ' L ' L ' L '

190 200 210 220 230 240 250 260
Temperature (K)

270

280
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Current (10" A)

1.0 -

0.8 =

<
o)
]

=
IS
1

<
)
]

0.0+

TSC PEG 20000 - Clariant

Global TSDC

T,= 258K
T, =250
T =247K
T =241K 8
T, =285\
T, =232K
T =229K
=226 K
=223K

190 200 210 220 230 240 250 260 270 280 290

Temperature (K)
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TSC PEG 4000/6000/20000

deltaH(eV) deltaH(eV)
1.16 | i3 |-
1.14 b 1.375 -
135
1.12 +
1325 |
1.1 + 15 L
1.08 - 1275 +
1.25 -
1.06
1.225 +
1.04 12 L
| | | | | | ! ! ! ! !
200 205 210 215 220 225 220 225 230 235 240
Tp(K) Tp(K)

deltaH(eV)

1.175 |

115 F

1.125 |

11+

1.075 |

105 |

1.025 |

1 L

| | | | | | |
225 230 235 240 245 250 255
Tp(K)
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TSC PEG 4000/6000/20000

PEG 4,000 PEG 6,000 PEG 20,000
Melting T (K) 326 - 331 328 - 333 333- 340
TWT,, (K) 205 227 235
TW T, (K) 220 236 247
TSDCT, (K) 205.8 2234 237711
AHTW T, (kJmol 1) 111.25 134.91 112.43
AHTW T, (kJmol) 111.46 116.96 113.64
Fragility index T, 28.3 31.0 25.0
Fragility index T, 26.5 25.9 24.0

TA Instruments, London 2009



Current (10'13 A)

TSC PEG 6000 - Lancaster/BD

PEG (T) —

Vectran
(B relaxation)

T
210

220

230 240 250 260
Temperature (K)

T
270

—T
280

1
290

Current (x10"°A)

Global TSDC
T =242K
T =239K
T = 25618
T =233K

T =227K

Tp=221 K
Tp=218 K

T
190

200 210 220 230 240 250
Temperature (K)

T T T
260 270 280
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HS Microscopy PEG 6000 -
Lancster/BDH

TA Instruments, London 2009



Caffeine - TSDC Results
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Caffeine - SDC Results

15 - Form |
T Form Il

-80 -60 -40 -20 O 20 40 60 80 100 120 140

Temperature (OC)

Form | - negative peak at -8°C and 112°C
Form Il - negative peak at 52°C

TA Instruments, London 2009



Current (x10"°4)

Kinetic Parameters - TSC Met

TSDC SDC

Form | fresh prepared Form | - fresh prepared
Form | after 10 days 2. Form | - after 10 days
5+ 0]
-2
44 4]
s 6]
3 & g
(=]
x -10
24 E 12 4
E -14
1- © 161
-18 4
0 -20 1
- 22+
-90 -60 -30 0 30 60 90 120 150 180 -90 -60 -30 O 30 80 90 120 150

Temperature ('C) Temperature ('C)

TA Instruments, London 2009




Validation Characterist
TSC Method
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Conclusions
TSC technique:

« Appears as a powerful technique for the
detection of the polymorphs and polymorphic
transitions, weak glass transitions and second
order transitions in materials.

« Ability to detect movements of side groups
makes this thermal technique potentially
applicable in the field of structural analysis,
and could even expand its thermodynamic
use.
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Conclusions

There have been well established correlations betwe
phases and phase transitions such as:

Stability of amorphous phase (Tg — 50°C)
Stability of pseudo-polymorphs (solvent-drug inter.)
Stability of polymorphs (difference in energy)

Poorly understood relationships:

Width of the phase transition process
Importance of second order transitions ( and v)
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