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* QPA: high degree of accuracy and precision
* Focus on the internal standard method
« Appropriate choices of primary importance

Why an internal standard?
Recipe to choose it?
Case study

\

http://chemistry.fas.nyu.edu/object/chem.sif.xdf.gadds.app1
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An internal standard for pharmaceuticals
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* Ratio Pal™
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* Add the internal standard

Internal
standard
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* Add the internal standard

Internal
GOWG g e standard
%) @ O
Q : o e‘> ' S
] Pa
(hkeD, R

Page 11



PAUL SCHERRER INSTITUT

L~

An internal standard for pharmaceuticals

2
Excelsus
Structural Solutions

* Add the internal standard

eeewe eg Oe
Q P °‘> Internal

standard

' Ithkn,a K15 Pa
Ithkns K10 Ps

a Wg

Calibration constant K I W
from ad-hoc mixtures 1,5 Pa _ I(hkD),s Ws

with known wg and w: K1« Ps I hien),a We




» Single peak method

p(xu*m
w, = I
o4 (hkl),a K1 o

* Whole pattern method
(ZMV) alt*
W, =S, -

» Absolute scale

bl ILhkna Kis Pa
“ Ihk,s Kia Ps

An internal standard for pharmaceuticals
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EXCCISAII

e Unknown compounds n
* Rietveld: only crystalline phases Z
=1

Without Internal Standard

Ry
v
¢ QO

100 @ Crystalline, 50 %w/w } 62,5 w%/w

WRONG!
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e Unknown compounds
« Amorphous quantification, Absolute scale

With Internal Standard
090 ' New weight
G ratios!
O o O . D 100 %wW/w
@ Crystalline, 37,5 %w/w | 44,11 %w/w = 37,5 %W/w = 50 %W/wW
@ Crystalline, 25 %w/w 20,41 %wW/w = 25 %W/w CORRECT!
C=0.85

(Correction factor: 0,25 = 0,2941-C)
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« Example: absolute QPA of the following mixture:

Weighted 0.09 wt% 2.38 wt% 77.527 Wt% 19.997 wt%

Refined
(Rietvelt)

Corrected 0.169 wt% 2.76wt% 76.73 wt% 19.997 wt%

0.17 wt% 2.77wWt% 76.99 wt% 20.07 wt%

Phase a 017 %
Phase p 2.77 %
Phase y 76.99 %
Internal standard 20.07 %
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« Example: absolute QPA of the following mixture:

Weighted 0.09 wt% 2.38 wt% 77.527 Wt% 19.997 wt%

Divided

L T 0.17 Wt% 2.77Wt% 76.99 Wt% 20.07 wt% by

(Rietvelt)
Corrected [ 0.169 wt% 2.76wt% 76.73 wt% ] 19.997 wt%

20.07
19.997
1.0036

Phase a 017 %
Phase p 2.77 %
Phase y 76.99 %
Internal standard 20.07 %
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« Example: absolute QPA of the following mixture:

Weighted 0.09 wt% 2.38 wt% 77.527 wt% 19.997 wt%

Refined Divided
(0) (0) (o) (o)
(Rietvelt) 0.17 wt% 2.77wt% 76.99 wt% 20.07 wt% by
Corrected [ 0.169 wt% 2.76wWt% 76.73 Wt% ] 19.997 wt% 20.07 _
19.997
1.0036

= Amorphous=100-0.169-2.76-76.73-19.9097=0.34 wt%

Phase a: corrected weight percent

Phase B: corrected weight percent

Phasey: corrected weight percent
Y - ght_p )

Internal standard: spiked phase measured weight percent

Amorphous: weight percent amorphous
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« Minimum amorphous content * Not negligible

40 . . . . . . . . - 2 3 5 6 7 8 9 10
354 Layer Thickness i (a) 2] : -
3 ——1.5nm £ 2
g 2‘5-. - ) g n - L -
§ 204 L g 2
] [
S - E2r
5 © & = e -
= 1.0 - g -
. [ D8 .- A
0.0 - — : = = = = = * .
0 1 2 3 4 5 1 2 3 4 5 6
Particle Size (um) Sample No.
L[] L]
« Amorphous/crystalline ratio, DoC ?
l—Alumina
2 = Empty
%120—
1004
O 204
504
LA lbdb_d
Ry Y IS e ' T ;
Q
Difference > expected 0.8% Cline, J. P., Von Dreele, R. B., Winburn, R., Stephens, P. W. & Filliben, J. J. (2011). Acta Cryst. A67, 357-367.

Schreyer, M. et al., Journal of applied crystallography, 44, 1, 17 (2011).
Page 19



PAUL SCHERRER INSTITUT

L~

An internal standard for pharmaceuticals

Excels)ﬁ

« Unknown compounds

« Amorphous quantification, Absolute scale
* Direct correction for instrumental effects

» Comparable matrix effects

 Universal

 Internal standard tailored to analyte

» Time consuming powder processing
» Powder samples only Q

 Destructive sample preparation

What about the sample?
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 Poor scattering power

"
g Periodic Table of the Elements
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 Longer acquisition time

Atomic scattering factor in electrons
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An internal standard for pharmaceuticals

—— Lead A
— Iron

—— Carbon
Hydrogen

0.3
sin(8)/A

« Improved signal/noise and signal/background ratios
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 Low absorption

Periodic Table of the Elements

RN 8 20
. Scll _Till .V ”Cr Mn Fe Co Nv "W P Zn .a‘--.
o Mo e hu mn ed g co a8 s e
ﬁ“ﬁggéﬁéd...ﬂ‘-

g |
”“‘ﬂﬂﬂdﬂdﬂﬂdﬂdﬂﬂd 20
““ﬂﬁﬂﬂ“ﬂ“ﬂ‘“ﬁﬂ

— 18 20

* Geometry of the experiment? =
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* 95% of organics
crystallize in 5 space
groups:

-P2 /c
—P1
—P2.2 2,
—P2,
—-C2/c...

* Low symmetry

Higher symmetry

An internal standard for pharmaceuticals

230 The Space Group List Project

by Frank Hoffmann
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* Increasing reflection density with increasing angle, where
intensity drops
* Large cell size

85°000
80°000
35'000
0°000
45'000
40°000
35°000

30000
25'000 Iﬂlllll |!I
20'000 -

— T T h =  Ema—

15°000
10°000
00
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« Radiation sensitivity
Bupivacaine Hydrochloride - form D

1 i I B I B I ! 1 ! 1 i 1 " I

B h Multicrystal analyzer detector

L]
1" 15 min scan

AN Jk J“JU&J‘\J\JL

Diffracted Intensity (arb. units)

10,5 110 115 120 125 150 135 140 145 152

20 (degrees)
What about the instrument?

Bergamaschi et al, J. Synchrotron Rad. (2010). 17, 653-668
Page 25

 Adapt the detector!
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sl With synchrotron radiation

 Synchrotron radiation, transmission, capillaries (angular
resolution/counting statistics)

 High brilliance and angular resolution
 Tunability of the wavelength
« Mythen detector (also in laboratory)

 Very small sample volume, particle statistics problem
 Larger number of positions measured, automatization
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» Little absorption contrast required

B
-
O@

High absorbing
internal standard

X-rays

Low absorbing
Analyte mixture

« Underestimated weight ratio for high absorber
* Brindley correction complicated to apply
 Rather avoid than correct:

—Similar linear absorption coefficient

—Tuning the wavelength

— Particle sizes

Page 27
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 Experience with Alumina, which amount?
» Effect of particle size on QPA accuracy

s 20
@ " Lac rutile ' A ¢ Rutile (sm)
8 =579 cm™? | . A Rutile (Ig)
& 10 . A
- A e
£ 57 *
£ 0 — .
0 500 1000 1500

Linear Absorption Coefficient (cm™)

 Upper limit to the particle size

Paracetamol 1.26 5120
Salicylic Acid 1.44 4000
Carbamazepine 1.29 5880
Corundum 4.02 299

Adapted from: Pederson et al., Advances in x-ray analysis, 46, 2003.
Pederson et al., Advances in x-ray analysis, 47, 2004.
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* Precision of QPA: homogeneity / particle statistics

* Closest particle size, similar density and particle shape
 No extinction effects

 Preferential orientation: isometric particles

-l — Without Preferential Orientation
o sue] ~ With Preferential Orientation
‘T 5000
8 4'0004
O =000

20004

1“2_ s J/k M 4.}\-\

U.‘1 D.‘IIE U.‘Z D.éE- UI3 D.IEE U.‘4 0.115- UIE D.é-E- u'e U.éE- UI? U.ITE- UIS 0 éE- U.IB U.!?E- ‘i 1 65- 1.‘1 1 "IE- 1.‘2 1 IZE- 1.‘3 1 éE- 1.‘4 1.‘45

Q

 Preparation step mandatory
—Grinding
—Ball milling...
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 Avoid fluctuations along Debye-Scherrer
rings

250

200
n

= 150
c
8 1004
O
A h

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
014 016 0418 02 022 024 026 028 03 032 034 038 038 04 042 044 045 048 OS5 052 054 058 058 06 062 084 088 088 07 072 074 076 078 08

Q

« Avoid fluctuations between replicate samples

Crystallite diameter (jum) 40 10 1

Crystallites (20 mm®) 5.97 % 10° 3.82 % 107 382210 oo — v IVdifr N
Number diffracting 12 760 38 000 ’ LY dufl
Gps 0.289 0.036 0.005

Robert E. Dinnebier and Simon J. L. Billinge, Print ISBN: 978-0-85404-231-9, DOI:10.1039/978184755823
adapted from: D. K. Smith, Adv. X-Ray Anal., 1992, 35, 1-15
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. lelt peak overlap 230 The Space Group List Project
» High symmetry ™ EmERR
 High crystallinity

S o, a2
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Mere information at
crystalsymmetry.wordpress.com

https://crystalsymmetry.wordpress.com/2014/08/15/the-space-group-list-project-as-a-poster/
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 Limit peak overlap
« High symmetry
 High crystallinity

140004
12000

0 10000

E 2'000
3
6000
S
- M
2'000
. M J\M

04

T T T T T T T T T T T T
01 0.15 02 0.25 03 0.35 04 0.45 05 0.55 UG DG UT DT US DS 09 09 1 .UE 11 11 12 12 13 13 14 14 1 155 16
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 Limit peak overlap
* High symmetry
 High crystallinity

140004
12000

0 10000

E 2000
3
6000
S
o M
2'000
. M J\M

04

01 015 02 025 03 035 04 045 05 055 UG DGS 07 075 US DSS 09 095 1 105 11 115 12 125 13 135 14 145 15 155 16

» Angular range
» Well-known structure
» Known crystallinity

=~ Carbamazepine
|~ Paracetamol ,
x| Salicylic Acid [
": Internal Standard

Counts

::aci_. e

o on anes am ants a2 ons L]
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e Stability
—during preliminary powder preparation/mixing
—1in mixture
—to x-rays
—1in time during storage

» Safe to handle
 Cheap, easily available
 Not present in the analyte mixture !

Formulated drugs

besides internal standard addition
analyte mixture should stay identical!

Bruni G. et al., J. Pharm. Biomed. Anal., 2011 Apr 5;54(5):1196-9
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» Comparable diffracted intensities ALWAYS TEST FIRST !

=/ Ratio IS/Analyte 50/50 l l l l l
| Intensity too high!
-
=-Ratio |S/Analyte 20/80 l l l l l
More appropriate!

Counts
= i i i -]

" ]l J«_AJ A
os  os o7 o8  oe 1 a1 12 13  1e 15 18 17 18 19 3 21 22 25 2¢ 25 28 27 28 28 & 31 32 33  a3e 35 s 37 38 39 &
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Case study

EXCCIS)lI

* QPA on absolute scale of traces in organic mixture with
synchrotron radiation

» Constraints due to: v Internal standard method
v' Use of SR-XRPD
v' Application on pharmaceuticals

Which strategy for SR-XRPD?
Did we find THE internal standard ?

Photo: Paul Scherrer Institute
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(/== Case study: Analyte mixture

EXCCISAIIS

Structural Solutions

» QPA of a ternary organic mixture with several candidates
 Negligible impact of intrinsic properties on the refinement
» APIs well-known structure:

—Majority phase: Acetaminophen (Ball milled) — 75 to 96 %w/w

— Minority phase: Carbamazepine (Ground) - 0.1to 5 %w/w

wooo{ 4= Carbamazepine_G. I
=
8 §000

1zooo4 1 SalicylicAgid_G.
o] J__M_A_M A A "\ rA
Z“DE-J A '.h 1 - | At : fasdl IA )

100004 1
°o +Acetamingphen_BM10.
S zo00]

12 125 13 135 14 145 15 155 16 185 17 175 18 185 18 18 2 205 21 215 22 225 23 235 24 245 25 255 26 2685 27 275 28 285 28 28 3 305 31 315 32

« Adapt particle and crystallite size
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Case study: Internal standard candidates

Internal Standard Chemical Density Crystal
formula (g.cm'3) structure
Hexamethylene- .
tetramiyne (CH2)6N4 1,33 Cubic
Diamond C 3,51 Cubic
Lithium fluoride
ipitated, . .
e LiF 2,635  Cubic
Sigma Aldrich)
4 Two known
Monosodium .
citrate NaH2Ce¢Hs07 1,5 polymo.rphs.
(Jungbunzlauer) monoclinic &
orthorombic
Sodium -
carbonate monoclinic
(anhydrous, NazCos 2,54 or
299,9999%, orthorombic
Sigma Aldrich)
Zeolite [Nazs.sCai14.4(H20)263]
(Faujasite) [Si134.4Al57.60384] 1,93 Cubic
Corundum Trigonal-
(as a reference) Al203 4,02

hexagonal
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EXCCISAIIS

Structural Solutions

Case study: Internal standard candidates

Chemical Densit Crystal
Internal Standard 3y ¥
formula (g.cm™) structure
Hexamethylene- .
tetramiyne (CH2)6Na4 1,33 Cubic
Diamond C 3,51 Cubic
Lithium fluoride
ipitated, . .
iy LiF 2,635  Cubic
Sigma Aldrich)
Monosodium _
citrate ’ |\ Low sym metry
Qungbunztaver) = L Ihidd oo
Sodium ‘:‘ — Sodium carbonate as received
carbonate o
(anhydrous, l.‘ .“. | Low sym metry
299,9999%, N "L.“l“'.“.'””“.{" “‘:‘"‘*‘J‘“"Hf"“'.h"":“‘":’J‘".. et
Sigma Aldrich) — o : R
Zeolite [Nazs.sCai14.4(H20)263]
(Faujasite) [Si134.4Al57.60384] 1,93 Cubic
Corundum ALO 402 Trigonal-
(as a reference) 2V3 ’ hexagonal
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Case study: Sample preparation
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« Target particle size distribution: 1-5 microns

* Microsieving 5 to 20 microns:
—As received, ground and ball-milled HMTA and LiF
—agglomeration problem / too large psd

 Ball-milling

 Characterization techniques:
— Laser granulometry
— Optical microscopy |
— Scanning electron microscopy |

Source: fritsch-international.com
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Case study: Sample preparation

Excelsls
APIs Internal
: A \ standard
* | g

T 8 &
pL

Amorphization ?

Electrostaticity ? ___
Agglomeration ? N
Water uptake ? 5

CONSISTENT SAMPLE .| -
PREPARATION | &%
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2
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* Avoid transparency effect: transmission geometry
* Achieve sufficient statistics in small volumes:
—Trade of between capillary diameter and achieved
resolution
—Capillary spinning
—Data on multiple cap. volumes
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RS Case study: HMTA

A\ o ?

« HMTA: not stable in mixture !

Excels)ﬁs

Structural Solutions

Acetaminophen.
Carbamazepine.

£ Hexamethylenetetramine.
3 »=0{— Salicylic acid.

O el — Mixture.

— Test reactiof 1
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RS Case study: Al,O,

EXCCISAIIS

Structural Solutions

« Inhomogeneity along capillary

Al,O,
systematically
overestimated

— )

) )

X-ray beam

24— Position 1 fﬂﬂﬂ;gosggong ALO
" 100004 — Position
20001 Positiond so00] — Position3 273
b EEEE: T « =000 — Position4 ﬂ t’
g 14'000-_P05|t|0n2 § 7000 Position5 reriection
S rzwei— Position3 8 ]
s0{— Position4 o]
50004 20004
4000 10004 — = S = ~

1_"43 1_4'35 1_:_14 1_4'45 1_115 1_4'55 1.-|46 1.4IGE- 1_:17 1_4'75 445 415 447 448 443 45 451 452 453 454 455 456 457 458

Q Q

 High density
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L~

Case study: LiF

Excels)ﬂs

Structural Solutions

LiF
systematically
overestimated

« Inhomogeneous distribution in spite of milling
and careful mixing

267000

Position1. 26000 iti .

240004 ™ CP 000 ] Pos!t!om L. F

22000{ — POSItIONS. A 000 ] — POSsitions. 1

20000 — POSition2 . 20000 — Position2 .

000] — Position8 ﬂ 180004 — Position8 ﬂ

g 5 reflection P reflection
= 16°0004 = .
S 420004 S 140004
R O 120004
Q 12quu— 100004

100004 2000

80004 go004

60004 #0004

£0004 20004 A - Ty, = e

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
1175 1.18 1.185 118 1.195 1.2 12058 1.21 1.215 122 1.225 123 5.08 51 512 514 516 518 52 522 524 526 528 53 532 534 536 538 54 542 5
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L~

Case study: LiF

EXCGISAIIS

Structural Solutions

LiF
systematically
overestimated

« Inhomogeneous distribution in spite of milling
and careful mixing
* Strong agglomeration, hygroscopic
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L~

Case study: Preliminary results

2
Excelsus

lllllllllll 1 Solutions

Alternative?

C )

Crystal structure X X v/
PO yes yes no
Reactivity Vv Vv v/
Agglomerates no no no
Particle/
Crystallite size 2 2 Vv
Homogeneous
distribution 2 2 no

Micro-absorption

no no no
QPA satisfying always always always

underestimated overestimated overestimated
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BS Conclusion

Excels)ﬁ

tttttttttttttt ons

Constraints must be taken into account due to
* Internal standard’s role in itself
 Analyte mixture
e Instrument used
= Adapt internal standard to analyte and instrument
Step-by-step approach, preliminary tests on important points

Know your pure phases the best you can (amorphous content)

Consistency in sample preparation
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