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* QPA on absolute scale of traces in organic mixture
e Internal standard method

* Constraints for the choice of an internal standard:
—Internal standard method in itself
—Synchrotron radiation

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

Photo: Paul Scherrer Institute
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Outlook

1. Internal standard for pharmaceuticals and SR-XRPD
2. Search of the internal standard
3. Challenges/Preliminary results

On going project!
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« Small volume analyzed

. ., US
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« Small volume analyzed
* Restrictions on capillary diameter

detector
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» Capillaries : transmission, angular resolution, modelling, highly
potent and/or reactive
« Fast measurement, high angular (FWHM) resolution/tunability

250700 — Bruker D8 Advance

200000 — Synchrotron with Mythen ACP (Pal‘acetamOD
§ gently grounded

14614?1431491 11121 31 41 -151 71 31 B 15 161 162163 16416 165157163 169 17 171 17217317417 1761771?3179 13 131 13.213313418 186137183

e Much higher S/N and S/B
* LoQQ<0.05 wt%, LoD<0.01 wt%

Majority phase (intensity up to 1.5 M counts): Haloperidol

5l A (O I A E | I
It N
> Il
G [ u Iy i ]
<l - LY :
Q|7 \ ) | i) PV SRV Aal smae.d Ve -
O | S .|
© . |
D . N - = ) 1% ACP

20 (degree)

F. Gozzo, PPXRD 13", Bad Herrenhalb, Germany Page 6

F. Gozzo, PPXRD 12, Beijing, China



PAUL SCHERRER INSTITUT

BS 1. Internal standard for pharmaceuticals and SR-XRPD

2
Excelsus

* Poor scattering power (H, B, C, N, Si, P, S, O)
« Radiation sensitive
 Low absorption

* Low symmetry
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1. Internal standard for pharmaceuticals and SR-XRPD

 Addition of a known weight ratio of internal standard to the
mixture to analyze — known reference to scale all phases
 Use of intensity ratios:

ILehkn)a Knk)s Pa
Ithkn)s Knk) o Ps

Sa(ZMV)o
Sc(ZMV)

SINGLE PEAK METHOD w/, = W

RIETVELT METHOD w, =

Internal

standard
£ or O I
a'? &
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* Direct correction for instrumental effects

» Comparable matrix effects

* Unknown compounds

- Amorphous quantification, Absolute scale
* Universal

» Internal standard tailored to analyte

 Time consuming powder processing

* Powder samples only ‘?’
 Analyte mixture contamination

Page 9
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* Constraints/requirements:

—High symmetry, high crystallinity — ,uus
— Well-known structure

—Well known amorphous component
—Comparable dimensions

20 (°)
—Small isometric particle, density X-rays @&
—Similar mass absorption coefficient &
—Small crystallite size
— Comparative intensities (wt %)
—Stable, not reactive E@:;Li‘i‘t.ﬁiéi‘!.‘&? O S
— Affordable, easily available T ——
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‘Most severe limitation to QPA accuracy is particle

[ ] [ ] ,
statistics
Deane K. Smith Powder Diffraction, 16, pp 186-191, (2001), doi:10.1154/1.1423285.

 Individual volumes representative of general phase distribution
in the whole sample requires
—Homogeneity of the analyte
— Homogeneity of the mixture
with Internal Standard
— Consistent sampling

« Measure entire sample??
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* QPA on the analyte mixture with internal standard candidates
« Demonstrate a method: negligible impact of test mixture
 Acceptable peak overlaps

« Particle/crystallite size

* QPA of a ternary organic mixture: APIs well-known structure
—Majority phase: Acetaminophen (Ball milled) — 75 to 96 %w/w

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

180004

1wo{ 1 Carbamazepine_G. 1eo00{— Carbamazepine_G.
1ze004 1 SalicylicAdid_G. £ 120 SalicylicAcid_G.
@ 10004l Acetamingphen_BM10. 5 2201~ Acetaminophen_BM10.
S o0 O &0004
3 = A
Q
40004 n '.4 '1_3.45 1 s' 5 1 s 1 s 6 1 s.'es- 1 s' 7 1 s.lrs
2000 “ " 2Th Degrees
i ML A A ﬂ_Jn._J iU LL A Hlre Vo S Mo B 8000 i LBl

T T T T T T
12 125 13 135 14 145 15 155 16 16 17 17 13 18 19 19 2 20 21 21 22 22 23 23 24 24 25 2§ 26 26 27 27 28 285 29 29 3 30 31 31 32
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« Organic?

- ALO,
— Naproxen, Danazol, 10% and 50% wt mixing, Lab-machine
— Urinary stone constituents =, 30-40 %wt mixing, Lab-machine, failure

* LiF
— Sodium salt amorphous vs crystalline, 5%

— Tolnaftate in microspheres, 20%
— Racemic compound of ibuprofen, 20% wt mixing

 Diamond powder, Ca(OH), , CaSO,.2H,0, ZnO, Silicon
powder...
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Internal Standard Chemical Density Crystal
formula (g.cm™) structure
Hexamethylene- .
tetramiyne (CH2)6N4 1,33 Cubic
Diamond C 3,51 Cubic
Lithium fluoride
ipitated, . .
iy LiF 2,635  Cubic
Sigma Aldrich)
4 Two known
Monosodium .
citrate NaH2Ce¢Hs07 1,5 polymo.rphs.
(Jungbunzlauer) monoclinic &
orthorombic
Sodium _
T monoclinic
(anhydrous, NazCos 2,54 or
299,9999%, orthorombic
Sigma Aldrich)
Zeolite [NazssCa14.4(H20)263]
(Faujasite) [Si134.4Al57.60384] 1,93 Cubic
Corundum Trigonal-
(as areference) A1203 4'02 hexagonal
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Chemical Density Crystal
Internal Standard )
formula (g.cm™) structure
Hexamethylene- .
tetramine (CH2)6N4 1,33 Cubic
Diamond C 3,5 1 Cubic
Lithium fluoride
(precipitated, . .
99,995%, LiF 2,635 Cubic
Sigma Aldrich)
Monosodium

citrate
(Jungbunzlauer) | .

Low symmetry

Il

JL J.‘imtilﬂnl}:u}_ ) U —

Q

L
0 o

SOdlum — Sodium carbonate as received

o

carbonate o

(anhydrous, - “‘ .H | Low sym metry
299,9999%, . L UL AL b
Sigma Aldrich)y <
Zeolite [Na2§.8Ca14.4(H20)263] .
(Faujasite) [Si134.4Al57.60384] 1,93 Cubic
Corundum Trigonal-
(as a reference) Al203 4,02 h 8X§ gonal
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 Particle size distribution: 1-5 microns

« Dry microsieving 5 to 20 microns:
—As received, ground and ball-milled HMTA and LiF
—agglomeration or too large psd

 Ball-milling

 Characterization techniques:
— Laser granulometry
— Optical microscope
—Scanning electron microscopy
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APIs Internal
\

: \ standard

=

:
. <
—

Amorphization ?

=
- Ve
=

Electrostaticity ? _ " -
Agglomeration ? N - i

Water uptake ?

CONSISTENT SAMPLE .| -
PREPARATION | &%
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* Organic
—similar density
—similar mass absorption coefficient

Cubic symmetry, highly crystalline

w|— HMTA_Ground
=] HMTA_BM10

Bué EE: e am—

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
06 07 08 0.8 1 11 12 13 1.4 15 16 17 18 18 2 21 22 23 24 25 26 27 28 pa:] 3 31 3z 33 34 35 36 37 38

Q

 Resistant to milling

¥ — HMTA_Ground
—reduced particle size "1~ HMTA_BM10
distribution e
—reduced crystallite size e
—amorphization: in progress mrmmETe TR TR TR TR T TR

Q
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* Not stable in mixture

3. Preliminary results: HMTA

— Acetaminophen.
4'500 H .
— Carbamazepine.
% «w07— Hexamethylenetetramine.
§ rn{— Salicylic acid.
o] — Mixture. L
zsnnl%ﬂ—-— ,J l
A A M f‘“’ﬂ_ - )
U.I3 U.|35 .|4 .AS U.IS U.!I':S (1] 33 U.és UIT 75 0.8 u.és U.IB .!I?S 1I 1.p5 1I1
Q
£2004 .
so0od — Testreaction 1
2004
36004
__03 34004
= 32004
g 3000 |
) 3004
26004
2'400
2200
ZDUD T T T T T T T T T T T T T T T T T T T T T T T T
0.35 0.4 045 0.5 0.55 06 0.65 0T 075 0.8 0.85 09 095 1 1.08 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5

HMTA + SA

LAG in EtOH

HMTA*SA-®

>

LAG in EtOH (50ulL)
10 min grinding in agate mortar
The salt was not pure

[reactant as contaminant]
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* NIST Quantitative Analysis Powder Diffraction Standard
* Few intense peaks

110000 .
1oroen{— AlUmina.
90000
80000
700004
50000 {

50000 4
400004
300004
20000 {
i

10000

Counts

‘l | l‘ll.l .I l - ..ll L lu‘l Ll
5 5.5 6 5 5
Q

e Known structural model
* Mean particle size below 2 microns

%< um
10 058
50 128
80 282
£
g
04 1 10

Particle Diameter (um)

* Well-known amorphous content (99,2% crystalline)

Cline, J. P, Von Dreele, R. B., Winburn, R., Stephens, P. W. & Filliben, J. J. (2011). Acta Cryst. A67, 357-367.
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* High density, inhomogeneity along capillary ?
_ %

12000+ »
11000 — Position1

1p000] — Position2 Al O

000

=001 — Position1

22000

2001 Position5

» 180004

€ =0 — Position2

= 140004 .
S 120001 — Position3
10°0004
2'000
50004
4'0004

o o000

b= T'UUU: reﬂectlon

3 0003
O =000
#0004
30004
2000

1000
445 445 447 448 440 45 45 42 453 254 4% 455 457 453

— Position4

T T T T T T T T T T ~
1.43 1.435 1.44 1.445 1.45 1.455 1.46 1.465 1.47 1.475

Q
* Absorption contrast, high mass attenuation coefficient:

—+—Salicylic Acid
20 —B-Acetaminophen
15 —&—Carbamaze| pine
—m-Hexamethylenetetramine
Lithium Fluoride

Mass attenuation Coefficient
(em2/g)

=
w o

—=—Alumina

9 10 11 12 13 14 15 16 17 18 19 20 21

Energy (keV)

* Previous experiment: effect of microabsorption with 20% Al,O,
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 Excellent structural model (special positions) é
 No preferential orientation

w] HIF_Ground. =i | iF_Ground.
] LIF_BM10. o LiF_BM10.

= ]
100 o 2500
() 20004
0 1500
1000
80
k 5004
40 0
. ; . T T T T T T T T T T T T T T T
0.8 1 12 1.4 18 18 2 22 24 28 28 311 3412 3114 3116 3118 312 3422 3424 34126 3428 313 3132 3134 3136 3138

* Resistant to milling
— Particle size distribution < 5 microns
—reduced crystallite size
—amorphization: in progress
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« Inhomogeneous distribution in spite of milling
and careful mixing
 Strong agglomeration, hygroscopic T 7

260004 . 00 -
Seonn]  FOSitioNT. CP o o] Positionf. L.F
22000 — POsitioNG. A o0 | — POSitions. 1
2v000] — POSItion2 . 200004 — Position2 .
& 15000{— Position8 reﬂectlon 180001 — Position8 I‘eﬂectlon
= 160004 2 150004
= c .
S s 14000
14000 5
5] O 120004
Q) 12000 S
10000 voo]
50004 6000
60004 000
40007 2000 dm o P . o B
1475 148 1485 148 1188 12 1208 121 1215 122 1225 123 508 51 512 514 516 518 52 522 524 526 528 53 532 534 53 538 54 542 544
Q Q
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Relative bias (wt %)
(weighted - calc)/weighted
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(F=}=» 3. Preliminary results: LiF

2y
E;.?iffigg: Medium Statistics (MS) c———————

Low Statistics (LS) ¢ I I  — e m—)

Single Position (PX) c——>—>1—71 ==

 Confirm inhomogeneity of LiF
« Improving the statistics, insufficient volumes collected

weighted — refined

Relative bias (Wt%) = , 2001 Position1.
weighted o1 Positions.
200004 — Position2
Relative bias wrt calculated 129001 — Position8
(Rietvelt) weight ratios for LiF
0.8
06 LiF
0.4
0.2 PX
0 B ®ALL
0.2 A . o ' B MS
¢ LS
0.4
0.6
overestimated
ne

Individual mixtures
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Relative bias (wt %)
(weighted - calc)/weighted

Relative bias (wt%)
(weighted - calc)/weighted

e LiF overestimated

0.8

0.6

LiF

0.4

0.2

=%

-0.2

-0.4

¢ B

0.6

-0.8

Individual mixtures
0.8

o Carbamazepine

04 —

0.2 —

' 4 |

02 L

0.4

ShEl -

-0.6

0.8

Weighted ratio CBZ (wt %)

Relative bias (wt %)
{weighted - calc)/weighted

Relative bias (wt %)
{weighted - calc)/weighted

0.8

0.6

0.4

0.2

-0.2

-0.4

-0.6

-0.8

0.8

0.6

0.4

0.2

-0.2

-0.4

-0.6

-0.8

3. Preliminary results: LiF

PX
& ALL
B MS

LS

Acetaminophen
" .h A "_._’-‘ a
5 60 65 70 75 8

Weighted ratio ACP (wt %)

Salicylic Acid

10 " 14 ’s

WMo

Weighted ratio SA (wt %)
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Relative bias (wt%)
(weighted - calc)/weighted

Relative bias (wt %)
(weighted - calc)fweighted
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e LiF overestimated

» ACP underestimated , CBZ and SA overestimated

0.8

0.6

0.4

0.2

0

-0.2

-0.4

-0.6

-0.8

0.8

0.6

0.4

0.2

0

-0.2

0.4

0.6

-0.8

LiF
*
*
. *
*
overestimated
Individual mixtures
Carbamazepine
1 2 3 4
+* Py -
’
*
overestimated

Weighted ratio CBZ (wt %)

Relative bias (wt %)
{weighted - calc)/weighted

Relative bias (wt %)
{weighted - calc)/weighted

0.8

0.6

0.4

0.2

0

-0.2

-0.4

-0.6

-0.8

038

0.6

0.4

0.2

0

-0.2

0.4

-0.6

0.8

3. Preliminary results: LiF

5

PX
& ALL
B MS

LS

Acetaminophen

5 60

65 70 75 8

overestimated

Weighted ratio ACP (wt %)

Salicylic Acid

10 14

overestimated

Weighted ratio SA (wt %)
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. Preferentlal orientation in Acetamlnophen and Sahcyhc A01d

Large agglomerates
Of Salicylic Acid

Re BN

Mag= 400KX EHT=200kV InLens vy ' .
o Dyn.Focus = OF Sean | :ltaﬁljl:P: 900 StageatT= 0.0

1 File Name = 08b_No11_2kV.tif O s g
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 Degree of crystallinity method — not yet convincing results
 Problem with modelling and correction of extrinsic background

1~ Alumina

o Empty

su-é LJ

- o

Zu;”u"”i'/“1""2""2.'5"'::-'”3.'5'":1"'4 """" _-1:"_‘_;___46‘?
Q

Difference > expected 0.8%

 Additional techniques:
— Water sorption (gravimetric method)
—Infrared spectroscopy
—Calorimetry
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Analyte mixture:
— Replace ACP, SA

Internal standard
— Identify when HMTA can be used
— Reduce agglomeration in LiF
— Amorphous

Measurements @ SLS
— Determine statistically significant
number of volumes
— Compare with total powder result
— Automation of measurement
— Appropriate acquisition time
— Cluster analysis of data

Stccess
—_—

/

what Pe:;;:le Think

T looks ke

Success
*

what iT F‘EU”}!

10&[&3 !.lke
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Thank you for your attention!

Contact: m.reinle-schmitt@excels.us
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