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I Chromatography: what is the goal?

The primary goal of chromatography is to separate the components of a sample
based on their differential interactions with a stationary phase and a mobile
phase, resulting in different migration rates. This separation enables:

« |dentification of individual components
« Quantification of components
« Purification/isolation of target compounds

Some separations are simple.... Others are more challenging....

CONDITIONS mAU CONDITIONS
Column: Avantor® ACE® 5 C18 ] 13,14 Columr: Avontor ACE® 3 C18
. 1112 Particle Size: 3pm
Particle Size: Sum Dimensions: 150 x 4.6 mm
Dimensi ions: 150 x 4.6 mm 4 ] Mobile Phase: A: 0:1% formic acid in H,0
Mabile Phase: MeOH/H,0 (50:50 v/v] 1. 135-Trinitrobenzene B: 0.1% formic acid in MeCN
2. Nitrobenzene
Flow Rate: 1 mL/mil Gradient:
ow Rate mb/min 3. 13-Dintrobenzene reden  rime mirs | 5|
Injection: 5uL 4. 24-Dinitrotoluene o 5
Temperature; 20°C
Detection: UV, 254 nm
Flow Rate: 1 mL/min
. . . . . . . . . . Temperature: 40°C
. Detection: UV, 240 nm
4 5 6 7 8 9 10 11 12 min

1. Paracetamol, 2. 4-Aminobenzoic acid, 3. 4-Hydroxybenzoic acid, 4. Caffeine, 5. 2-Acetamidophenol, 6. 3-Hydroxybenzoic acid,
25 : 75 1 min 7. Salicylamide, 8. Acetanilide, 9. Phenol, 10. Aspirin, 11. Benzoic acid, 12. Sorbic acid, 13. Salicylic acid, 14. Phenacetin, 15.
Salicylaldehyde

We need to optimize separation selectivity
4 // Confidential & Proprietary




I What is selectivity?

- Alpha (a) is the symbol used to denote the separation factor or separation selectivity between 2

adjacent peaks
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. k2
Separation factor o = K,
ldeal a>1.1
s 9 10

— Selectivity can be thought of as ‘peak spacing’
— Selectivity values should be > 1.0

5 // Confidential & Proprietary
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Resolution equation (Purnell equation)

30 |
] a
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Efficiency  Selectivity  Refention factor i
0.57
Selectivity (a) is the key to resolution and ]
efficiency (N) boosts performance o F—r—r—r+r—r—"——"rr—r——"rr—rrr1rrr
N" o 5000 10000 15000 20000 25000
k o 5 1o 15 20 25
Purnell, J.H. (1960). "The correlation of separating power and efficiency of gas- a ]iO(I)I | I]iOISI | I]i]IOI | I]i]ISI | I]fQIOI | I]iQS

chromatographic columns”. J. Chem. Soc.: 1268-1274.
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I Which factors' affect selectivity?

- Strongly influenced by physicochemical properties of the analyte, stationary phase, eluent etc.
- From a practical perspective:

Isocratic Separations MOST Gradient Separations

Infl . .
— Column stationary phase type iuence All parameters for isocratic PLUS
— pH (ionizable analytes only) s - Gradient steepness
- Organic modifier type - k* (tg, F, Vi, AP, M)
- % Organic modifier I tl
— Buffer selection ADOV M
- Column temperature - Dwell volume
— Buffer concentration LEAST — Column dimensions
Influence

Stationary phase chemistry is powerful!

7 // Confidential & Proprietary ' Adapted from ‘Infroduction to Modern Liquid Chromatography”, 3rd Edition, Snyder, Kirkland, Dolan, 2010, p.29, Wiley & sons avantor-
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What interactions drive retention?

R o
Hydrophobic (dispersive) interactions \F)

Non-polar/hydrophobic regions of the
analyte interact with the stationary phase
ligand via van der Waals and London
dispersion forces

For alkyl phases, longer chains are more
hydrophobic (C4<C8<CI18...)

WVIOIIIIIII

Hydrogen bonding

A non-covalent interaction between a hydrogen 5 &+
atom bonded to an electronegative atom and a 2 /\O'_

nearby electronegative atom. H === NEC/\/\\)

8 // Confidential & Proprietary avantor-



What interactions drive retention?

R R
Steric effects (shape selectivity) \/@/\/
Differences in analyte molecular size, shape,
and conformational flexibility.

Impacts how effectively analytes can
penetrate, orient within, and interact with
Teneeneme DIIIIIIII

™ - It interactions

Interactions occur due to infermolecular
overlapping of p-orbitals in p-conjugated
systems

9 // Confidential & Proprietary Images created using https://molview.org/ avantor-



I What interactions drive retention?

lonic Interactions

Strong interaction between positively and
negatively charged groups, e.g. IEX phases.

Can form between analyte and stationary phase

surface >

Most Acidic Least Acidic
Dipole-dipole
Electrostatic attraction between molecules or 5+ 5 & -
functional groups that possess permanent dipoles DR —- N= /\/\\)
Weaker than hydrogen bonding

4R!

Induced dipole R?QIL/Rz
Result when an ion or permanent dipole distorts the o

electron cloud on a non-polar species and induces

a dipole. (Weak forces). & A A ]
&+ |
10 // Confidential & Proprietary



RP stationary phase interactions

Dispersive
H-bonding

m- i interactions
H-bonding
Steric/shape A
) ; Dispersive H-b.o fiding
m- i interactions o Dipole
Dispersive > T W W Dispersive
L L
L
- D-co x—-mn-w xr—n-o [
/ / /
o) o

T Alkyl th Eh

11 // Confidential & Proprietary avantor



Influence of retention mechanism on selectivity

ACE C18 - Increase retention ACE CN - Elution order

Mindtes \ AC E C8 (Si‘q r‘l' poi n‘l') / 0.0 10 20 3.0 4.0M"m“5.0 6.0 7.0 8.0 9.0

ACE C4 - Decrease retention ﬂ M ACE Phenyl - Elution order

||||| 0 1 2 3 4 5 6 ¥ 8 9 10
00 05 10 15 20 25 30 35 40 45 50 55 60 65

Hydrophobicity dominated Dipole-dipole, pi-pi
mechanisms etc

Column: 250 x 4.6 mm 5 um Mobile phase: 80:20 MeOH/25 mM KH,PO, (pH 6.0) Flow: 1.00 ml/min

. . . . 2 . . .
12 // Confidential & Proprietary Components; 1: Norephedrine, 2: Nortriptyline, 3: Toluene, 4: Imipramine, 5: Amifriptyline  Wavelength: 215nm avantor:



Reversed-phase separations: stationary phase selectivity

D

A 3 . Avantor® ACE® 3 C18
200- Typical reversed-
1 phase elution ﬂ
150- The most )
hydrophobic ;55 R
2 compounds are £4 s
1007 retained the gaf R
50 longest
L J Hydrophobic interactions
0; T T |
0 5 10 15 20
Avantor® ACE® 3 C18-AR
mMAL 4
2001 3 ﬂ .
Eg R
£38 oL
1501 332/ Si
1 =p R "
1001 2
Hydrophobic
. J \ + -1 interactions
0 N —
I | ]
0 10 15 20

13 // Confidential & Proprietary

1. 1,3,5-trinitrobenzene ] 79
O,N NO,,
NO,
2. 1,3-dinitrobenzene ©\ ] 85
NO,
NO,
3. nitrobenzene © ] 9 |
CH,
4. foluene © 249

Column dimensions: 100 x 3.0 mm

Mobile phase: Isocratic, MeOH:H,0O 50:50 (v/v)
Flow rate: 0.43 ml/min

Column temperature: 40 °C

Injection vol: 2 ul
Detection: UV, 210 nm avantor-



I Stationary phase chemisiry helps solve tough challenges

- NDMA is a highly genotoxic impurity
 NDMA limits as low as 0.12 ppm, LOQ 2 ppb

 DMF residual solvent limit 880 ppm DMEF spiking experiment:
NDMA accurac
Avantor® ACE® UltraCore C18 250 y
(Solid core particle)
50805 NDMA and DMF not resolved 200 -
456405 >
4.0E+05 DMF 5 ]50 n
3.5E+05 NDMA 8
sor0s, K=0.3 _ _ O 100 A
g 2.5E+05 / O o O_N\ §
. 2.0E+O5 \ Nl_ Nl_ 20
1.5E+05 O I I I I
1.0E+05 DMF NDMA 0 1.25 12.5 25 50
50E+04 k 73.053 Da 74.048 Da DMF Concentration (ppm)

0 0.5 1 15 2 25 3
Time / mins

B Avantor® ACE® UltraCore C18 (no separation)

14 // Confidential & Proprietary (\/ avantor



Stationary phase chemisiry helps solve tough challenges

- NDMA is a highly genotoxic impurity
 NDMA limits as low as 0.12 ppm, LOQ 2 ppb

- DMF residual solvent limit 880 ppm DMF spiking experiment:
NDMA accuracy

250 -

Avantor® ACE® UltraCore Biphenyl

005, (Solid core particle) 200 A
Alternative selectivity provides better retention
150 A
- I I I
156405 4 0 T T T T
0 25 50

% Accuracy

O
(@)

k=1
1.25 12.5

1.8
X \
( DMF Concentration (ppm)
M J\ ]L A Avantor® ACE® UltraCore Biphenyl
— m Avantor® ACE® UltraCore C18 (no separation)
15 // Confidential & Proprietary




RP stationary phase interactions

Dispersive
H-bonding

m- i interactions
H-bonding
Steric/shape A
) ; Dispersive H-b.o fiding
m- i interactions o Dipole
Dispersive > T W W Dispersive
L L
L
- D-co x—-mn-w xr—n-o [
/ / /
o) o

T Alkyl th Eh
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Stationary phase design

 Many alternative selectivity phases tend to be bonded
to the stationary phase by short (often propyl, C3)
linkers.

« These phases can offer very different selectivity
compared to a C18 but have some key
disadvantages:

« Reduced hydrophobicity
— not ideal for reversed phase

17 // Confidential & Proprietary

Phenyl Cyano Propyl PFP

L L

Propyl
linker

\ /\/\C—N
F

- B-
o/
P A ANAAANAANS MMMM W

Steroid separatio-n

ACE Excel2C18

ACE Excel 2 CN
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. . Phenyl Cyano Propyl PFP
Stationary phase design A
=z L L
 Many alternative selectivity phases tend to be bonded S
to the stationary phase by short (often propyl, C3) D ] Sropy "
linkers. linker
n:—/'u‘)— 14 n:—/'U_)— 14 n:—/'c?)— o
« These phases can offer very different selectivity 03 % Q
compared to a C18 but have some key

disadvantages:

« Reduced hydrophobicity Accelerated low pH stability ACE 5 C8
— not ideal for reversed phase studies at high temperature Iigh purty e
Conditions: 801 Leading PFP

« Lower stability and lifetime

. . (high purity silica)
Column Dimensions: 50 x 2.1 mm

ié 60-
Mobile Phase: 5:95 (v/v) MeOH:0.1% TFA =
. ! =
 Higher phase bleed in H,O pH 1.9 £
B 40+
Flow Rate: 0.20 mL/min
I ' 80 °C 0 Leading Pheny!
emperature: ° = ! (high purity silica)
24,000 column volumes —»i
0 ;
0 50 100 150 200 250

Time (hours)

18 // Confidential & Proprietary avantor-




New stationary phase design

Can we introduce additional modes of retention into a C18 platform?

Propyl-Phenyl o R F Propyl-PFP
Electron Rich Ring Osg - © » O\éi F Electron Deficient Ring
rm-donor (Lewis-base) R W R . . m-accepftor (Lewis-acid)
c18 + lon ; j C18
Hydrophobic % \ii/\/\/\/\/\/\/\/\/\ + g/o\i,i/\/\/\/\/\/\/\/\/\ Hydrophobic

53 53 R F

558 o R 558 o f

2210 S5 F

w . I .o

Q% R n X7 R n . =

F
Avantor® ACE® C18-AR Avantor® ACE® C18-PFP

Phases designed to have C18-like retention, stability and robustness, whilst providing
multiple modes of retention i.e. maximize selectivity

19 avantor-




Avantor® ACE® C18-PFP: methoxybenzene isomers

Avantor® ACE® : Hydrophobic — ACE C18-PFP mechanism combines
C18 , elerence hydrophobicity, shape selectivity, dipole-dipole

Avantor®
ACE® C18-PFP

Time (hours)

8 ; ;
/;\ and 11-1T inferactions
T T T T i . T
i oo . e P’:APCE c o Accelerated low pH
i \:\ (high purity silica) Stqbility SiUdieS Gi high
s ; ; CE 5 C18-AR temperature
Short linked , 504
PFP Reduced ! Leading PFP Condifions:
7 . i v high purity silical
i — 601
HydrOphObK:lTy i e} Column Dimensions: 50 x 2.1 mm
i <
! 5 404 Mobile Phase: 5:95 (v/v)
T , MeOH:0.1% TFA in H,0 pH 1.9
i ! Leading Phenyl
i 201 i fhigh purity siica Flow Rate: 0.20 mL/min
i 24,000 column volumes—!
i 0 : Temperature: 80 °C
H 0 50 100 150 200 250

Mobile phase 50:50 v/v MeOH / H,O; Column= 150 x 4.6 mm id; 1.00 ml/min; 40 °C; 254 nm
Sample: 1) 1,2,3-trimethoxybenzene, 2) 1,2,4-trimethoxybenzene, 3) 1,2-dimethoxybenzene,
4) 1,4-dimethoxybenzene 5) methoxybenzene, 6) 1,3-dimethoxybenzene,

7) 1,3,5-frimethoxybenzene, 8) toluene (ref)

20 // Confidential & Proprietary Comparative separations may not be representative of all applications. Phenomenex columns were not used in this comparison. quntor

Minutes




Scientific led stationary phase design: other phases

gives improved

C18 carbon chain tail stability

T

NH | T~
\/\/\[M}W\ Ultra-pure
n |c|> n|™~_ ACESilica

- J ~__ particle

Avantor® ACE® C18-Amide Extended spacer
/

Amide polar T~
Avantor® ACE® CN-ES embedded group
/ 6+
Ultra-pure B}
ACE silica /WN6
oarticle  —_ : ;
/ ______ Y \_Y_)
— Extended alkyl chain spacer: Terminal polar CN group:
Enhanced hydrophobicity & improved stability polar / dipole mechanism

Multiple mechanisms of interaction, low bleed and are 100% wettable: i.e. maximise selectivity

21 // Confidential & Proprietary avantor-



How do we characterise selectivity?

« Itis useful to characterize stationary phase chemistry:
«  Design new stationary phases
« Help guide stationary phase selection
« Design structured and rational method development protocols

- Several approaches have been published that are designed to
probe/characterise chromatographic selectivity, for example:

- Tanaka approach!

Snyder-Dolan Hydrophobic subtfraction model (HSM)?2
Neue selectivity approach3

K. Kimata, K. Iwaguchi, S. Onishi, K. Jinno, R. Eksteen, K. Hosoya, M. Arki, N. Tanaka, J. Chromatogr. Sci. (1989) 27 721
Wilson, NS. Nelson, MD. Dolan, JW. Snyder, LR, Wilcott, RG. Carr, PW. J. chromatogr. A (2002) 961 171-193
Neue, O'Gara, Méndez “Selectivity in Reversed-Phase Separations: Influence of the Stationary Phase”, J. Chromatogr. A (2006) 1127 161-174

22 // Confidential & Proprietary avantor-
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Tanaka characterization

+ Developed by Tanaka to characterize and compare LC stationary phases

« Standard probe analytes are used to assess specific chromatographic interactions between the
analyte and stationary phase

shape selectivity ) 9
Amylbenzene, butylbenzene Keg, Qi © O‘O ® ®
Caffeine, phenol Oc/p Triphenylene  O-terphenyl
Triphenylene, O-terphenyl /o UL

— Column A —low a0
Phenol, benzylalcohol 9P /BrOH pH 2.7 o

Acidic cation ) a
. Benzylamine, phenol B/P pH2.7 .
exchange capacit 4 P Column B - high aro

Total cation : LN*_TM_
: Benzylamine, phenol a B a—
exchange capacit Y P B/P pH7.6 0 5 10 15 20 25  min

- Can be extended to include compounds to probe aromatic and dipole interactions?3

1. K. Kimata, K. Iwaguchi, S. Onishi, K. Jinno, R. Eksteen, K. Hosoya, M. Arki, N. Tanaka, J. Chromatogr. Sci. 27 (1989) 721

2. Merkopoulou C et al, Chromatographia (2009) 10 705-715
23 // Confidential & Proprietary 3. Euerby, M. James, M. Axelsson, B-O. Rosen, O. Petersson, P. J. Sep. Sci (2012) 35 2592-2698 (\/ avantor-



Tanaka characterization of Avantor® ACE® novel phases

ACE Tanaka Data

—=ACES5CI18 ACE 5 C18-AR ACE 5 C18-PFP >
. = CN-ES
=== ACE 5 C18-Amide ACE 5 CN-ES Steric A

31

Hydrophobicity
4.5

2
sg 3 .’ LA WP C18-Amide m C18
3 S 1 ) @ PFP
Total lon Exchange 2.5 . y o ©®
Capacity 2 Stefic Selectivity g 0 .A e ©%, © Phenyl
ks ° ° N ...ﬂ‘ © PEG
05 14 o © = . ACN
0 1 Silanophilic o o Hydrophobicity
-2 < :
Acidic lon
Exchange Hydrogen Bonding -3 v Y v v v Y Y r Y r
Capacity -7 -6 -5 -4 -3 -2 - 0 1 2 3 4 5
PC1 (59%)
Phenolic selectivity Adapted from Euerby, MR, Fever, M, Hulse, J, James, M,

Petersson, P, Pipe, C, LCGC Europe (2016) 29 8-21

24 // Confidential & Proprietary avantor-



I Selectivity value (S) approach

« Developed by Neue, O'Gara and Méndez to obtain a numerical value for how similar/different
two columns are in terms of their selectivity.!

« A large number of analytes are screened under identical gradient conditions on two columns.
« The retention fimes are plotted for both columns and the selectivity correlations determined (r?)

» Selectivity values S are calculated

« Can compare selectivity under different mobile phase conditions

6 -

R?=0.9952

t, C18

25 // Confidential & Proprietary

1.

R?=0.8992

S=31.7

3 4 5 6
t, C18

Neue, O'Gara, Méndez “Selectivity in Reversed-Phase Separations: Influence of the )
avantor

Stationary Phase”, J. Chromatogr. A (2006) 1127 161-174



Selectivity values for Avantor® ACE® novel phases

41 structurally diverse analytes (basic, acidic, neutrals, and phenolic) we screened under
gradient conditions to obtain selectivity values.

0) 19 15 18 25

0 15 28 27

C18-PFP 0 19 20
C18-Amide 0 19
0

5 min gradient (3-100% B) on 50 x 2.1 mm columns
A : 20 mM Ammonium formate pH 3.0 (ag)

B: 20 mM Ammonium formate pH 3.0 in MeOH:H,O (9:1 v/v)
Flow rate 0.4 mL/min S=100 V 1-— TZ

Temperature: 40 °C

26 // Confidential & Proprietary Euerby, MR, Fever, M, Hulse, J, James, M, Petersson, P, Pipe, C, LCGC Europe (2016) 29 8-21 (\/ avantor



Building a method development platform

é stationary phases, 1 solvent, 1 low pH

CN-ES o — DR - C18-PFP
]9 i //// \\\‘\\ ,’//,\\’\\ ]
A N 6 Column Method Development Platform
C18-Amide i SuperC18 Based Upon The Power of Phase Chemistry /

Selectivity

27 // Confidential & Proprietary avantor-



I Building a method development platform

The organic modifier has a big impact on selectivity too
Great for method development!

6 stationary phases, 2 solvents, 1 low pH

__@ cis-prp

SuperCl18

C18-Amide

28 // Confidential & Proprietary

ACE3CI1850x2.1 mm
A: MeOH as modifier
B: MeCN as modifier
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I Building a method development platform

The organic modifier has a big impact on selectivity too
Great for method development!

6 stationary phases, 2 solvents, 1 low pH

C18-PFP

CN-ES

C18-Amide

SuperCl18

29 // Confidential & Proprietary

ACE3CI1850x2.1 mm
A: MeOH as modifier
B: MeCN as modifier
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Method development workflow

Identify the
most suitable Optimise the Method
column/solvent separation Developed
combination

Screen different

columns/
solvents

- The screening data is used to select a column/organic modifier
combination for method optimization.

- Method optimization requires investigation of other parameters:
- Gradient fime and %B range
- Temperature

_ pH
— Retention modelling software (ChromSword Offline 5.2 Lite) can be used
to streamline method optimization.

E. ChromSword
30 // Confidential & Proprietary



Total selectivity, method development: screening plaiform

Most common starting |
oint I Avantor® ACE® Excel®2 C18

: 6/10

710

Avantor® ACE® Excel® 2 C18-AR
J‘{,IO 6/10

23

|

Avantor® ACE® Excel® 2 C18-PFP
8/10

910

Avantor® ACE® Excel® 2 Super C18

) 8/10
N 710

Avantor® ACE® Excel®2 C18-Amide General Scouting Conditions:

10/10 Columns: 100 x 3.0 mm, 2 um
4 10 A: 20 MM ammonium acetate pH 6.0
: : ‘ B: 20 mM ammonium acetate pH 6.0
Avantor® ACE® Excel® 2 CN-ES in MeOH or MeCN:H,O (9:1 v/v)
Gradient: 5 to 95 %B in 10 mins
1 0/‘I 0 Temp: 40 °C, 2 ul injection,
Flow rate: 1.2 ml/min

1 2 3 4 5 6 min

31 // Confidential & Proprietary avantor-



Total selectivity, method development: screening plaiform

Most common starting point | Avantor® ACE® Excel® 2 C18 Me C N

8/10

Avantor® ACE® Excel®2 C18-AR
10/10

Avantor® ACE® Excel® 2 C18-PFP
10/10

Avantor® ACE® Excel® 2 Super C18

‘/ 10/10
Avantor® ACE® Excel® 2 C18-Amide General Scouting Conditions:
5 Columns: 100 x 3.0 mm, 2 um
2 3 g JLMJ/‘I 0 A: 20 MM ammonium acetate pH 6.0
B ‘ B: 20 mM ammonium acetate pH 6.0
in MeOH or MeCN:H,O (9:1 v/v)
Avantor® ACE® Excel®2 CN-ES Gradient: 5 to 95 %B in 10 mins
J 10/10 Temp: 40 °C, 2 pl injection,
Flow rate: 1.2 ml/min

1 2 3 4 5 6 min
32 // Confidential & Proprietary avantor-



é Column screen of friple APl sample & impurities (17 peaks)

O coelution

woyg | aAssTe N MeCN
20| 15

101 12 > 10 1314 6 17 10/17
07 T T H L |

A o e LA A I S s S S S

mAu’C‘ls-AR 34 56_ 89

10/17
C18-PFP 65 7, 11,12

mAU

w SuperC18 5 485 78 11,12
30!

101 1 13 14
A

AL B s B e B S e B S S S

w, C18-Amide 45 s 12
3 7

33 // Confidential & Proprietary

Columns:
System:
Mobile phases:

Gradient:
Temp:
Flow rate:
Detection:

Sample:

Avantor® ACE® Excel 2, 100 x 3.0 mm
VWR Hitachi ChromasterUltra Rs

A: 10 mM ammonium formate pH 3.0

B1: 10 mM ammonium formate pH 3.0 in
MeCN:H,O 9:1 v/v

B2: 10 mM ammonium formate pH 3.0 in
MeOH:H,O 9:1 v/v

5-95% B in 5 minutes
40 °C

1.2 ml/min

uv, 270 nm

Aspirin: 5 mg/ml, Paracetamol: 3.3 mg/ml, Caffeine: 0.75
mg/mil, Impurities spiked at 0.1% (wrt aspirin)

1. 2-Aminophenol, 2. Hydroquinone, 3. Theobromine,
4. Paracetamol, 5. Theophylline, 6. Paraxanthine,

7. 4- Hydroxybenzoic acid, 8. Caffeine,

9. 2-Acetamidophenol, 10. 2-Hydroxybenzoic acid,
11. Phenol, 12. Aspirin, 13. 4-Nitrophenol,

14. 4-Chloroacetanilide, 15. 2-Nitrophenol,

16. Acetylsalicylsalicylic acid, 17. Salsalate

avantor-



é Column screen of friple APl sample & impurities (17 peaks)

- Methanol provides better retention and selectivity
for the more hydrophilic analytes.

mAU

- The screening approach provides multfiple options
to pursue for obtaining a full separation.

- The Avantor® ACE® C18, C18-AR and C18-Amide
allresolve 11 of the 14 impurity peaks.

mAU
3

mAU
30y

- Further optimization required after the initial 6
column, 2 solvent screen.

10 | 5 1 131416 17 11/17

€ L = e N e e

mAU
301

1. 2-Aminophenol, 2. Hydrogquinone, 3. Theobromine, 4. Paracetamol,
5. Theophylline, 6. Paraxanthine, 7. 4-Hydroxybenzoic acid, 8. Caffeine,
9. 2-Acetamidophenol, 10. 2-Hydroxybenzoic acid, 11. Phenol,

12. Aspirin, 13. 4-Nitrophenol, 14. 4-Chloroacetanilide,

15. 2-Nitrophenol, 16. Acetylsalicylsalicylic acid, 17. Salsalate

34 // Confidential & Proprietary avantor-




¥ Optimising the separation with ChromSword 2 / ChromSword Lite 5.1

Final separation (Avantor® ACE® Excel 2 C18-Amide)

Compound Predicted t; | Experimental t;| % error (\J avantor
2-aminophenol 0.71 0.633 10.8
F) re d i C -I- e d | : hydroquinone 1.14 1.098 3.7 |
""""""" | | theobromine 1.47 1.395 5.1 %255;“‘)‘%%'\43:1%&‘“
(\ g ' paracetamol 1.70 1.633 3.9 Avantor® ACE® ChromSword
l‘ ; paraxanthine 2.14 2.064 3.6 it
‘ \ r theophylline 237 2.357 0.5
’ ‘1 2-acetamidophenol 2.54 2.554 -0.6
| / M caffeine 2.69 2.747 -2.1
| g | ‘ | ; 4-hydroxybenzoic acid 2.90 2.933 -1.1
\ | | 1 \ : phenol 3.02 3.039 -0.6
] 5 ' } , | I‘ aspirin 3.21 3.26 -1.6
. In,‘: | |\ : | '\\ I‘ ‘\‘ & : 2-hydroxybenzoic acid 3.54 3.559 -0.5
U WSS T NS | S 5 W A 0 A U /W 2 WA 6 A O e~ 10 sl7-nitrophenol 4.16 4.189 -0.7
maAll o 4-nitrophenol 4.66 4.697 -0.8
Experlmen_l_gl RSl =5.76 4-chloroacetanilide 5.01 5.027 -0.3
R, = 4.38 ASSA 5.17 5.21 -0.8
g ng =2.29 Salsalate 5.42 5.452 -0.6
Gradient Profile
10 t (mins.) %B
0.0 10
5] 1.6 10
j 2.2 34
4.0 40
— L et s s A 5.0 90
0 3 4 5 min 6.0
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https://av.cmd2.vwr.com/pub/apl/chrom/main?key=C-13321

36
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I Exploring peptide selectivity

Response [mAU]

Peptide digests used to generate S values for a range of

prototype ACE phases bonded to 150 A silica

x10%]
2.8

Cytochrome C
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8 9 10 11 12 13 14
Retention time [min]

C18-PFP

SuperC18

tR,column 2 (mlﬂ)

Selectivity value determination

CN-ESvs C4 o

| R2=09769 oo oo™

e e C18vsC4
] s R? = 0.9992

o008 &
..,.9"’5..' ,..,.9@"'.
o o S = 100 \Y} 1 I Tz

0 4 8 12 16

JrR,column 1 (mm)

C18-AR|(C18-PFP| CN-ES

7.8 7.3 14.7 3.6 2.2
0 4.8 9.6 /.3 8.9 8.9
0 8.0 6.9 8.2 8.1
0 14.0 15.2 15.3

0 5.4 4.0

0 2.0

0
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I Exploring peptide selectivity

: : Selectivity value determination
- Pepfide digests used to generafe § values for a range of 16 Y g
prototype ACE phases bonded to 150 A silica CN-ESusC4 .
) o . . E 12 4 R2=0.9769 o',,.?--"ﬁ'c;o“.ggoo
« Alkyl phase S values very low - litfle selectivity variation £ A g us ca
C E o e R2 = 0.9992
«  Lower S values than small molecules, but significant g ® 00058 g
selectivity differences can be observed . el
) 4 - _ 2
1 c18 B/D ° @ $=100y1—r
% 0'87 T 0 T T T )
é 04 0 4 8 12 16
o OA* A JrR,column] (mm)
O'Q:MJ\—,_/ . N N
"1 C18-AR B/C
€ o D C18-AR|C18-PFP| CN-ES
R 78 73 147 3.6 2.2
ESSESETSS = 0 48 9.6 73 89 89
) Cle-pee C18-PFP 0 80 69 82 8l
£ o o 0 140 152 153
3 ° SuperC18 0 54 40
A N 0 2.0
‘ ‘ “? ‘ ‘ ‘ ‘ .1‘0. ‘ - ‘ ‘ ‘ 1‘1 ‘ ‘ O
Retention time [min]
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Tanaka characterization results for Avantor ACE HILIC columns

HILIC Tanaka Characterisation (Normalised)

OR
N Avantor® ACE® HILIC-A e .
— . - — - ydrophilicity
(lj'R Proprietary Acidic Phase P,
Cationic Exchange Hydroxyl Selectivity
OR

Avantor® ACE® HILIC-B

Proprietary Basic Phase

OR
OH Anionic Exchange 4 Config. Isomers
CO o SR Avantor® ACE® HILIC-N
"Si OH Proprietary Neutral Phase
OR n

O_1
“Si NH2

Shape Selectivity Regio-lsomers
Parameter Calculation Parameter Calculation

a{2dG/3dG) Retention factor ratio between 2'-
deoxyguanosine (2dG) and 3’
deoxyguanosine (3dG)

a{a/B) Retention factor ratio between 4-
nitrophenyl-a-D-glucopyranoside (a) and
4-nitrophenyl-B-D-aglucopyranoside ()

a(pH) Retention factor ratio (Th/Tp) between
theobromine (Th) and theophylline (Tp)

a(CH2) Retention factor ratio (U/5mU) between
uridine (U) and 5-methyluridine {5mUJ)

- - a{AX) Retention factor ratio (SpTS/U) between
a(OH) Retention factor ratio (U/2dU) between sodium p-toluenesulfonate (SpTS) and
uridine (U) and 2'-deoxyuridine (2dU) uridine (U)
a(V/A) Retention factor ratio between vidarabine alCX) Retention factor ratio [TMPAC/U) between
(V) and adenosine (A) N,NN-trimethylphenyl ammonium chleoride

(TMPAC) and uridine (U)
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HILIC method development - influence of eluent pH

HILIC-B HILIC-B
pH 3.0 pH 4.7
oL o o B
/4 74
HILIC-A HILIC-N HILIC-B HILIC-A HILIC-N

- Using a HILIC characterisation pH 6.0 - These data indicate that phases of acidic,

protocol with 54 polar neutral and basic character offer suitable

analytes, Selectivity values in o(\\’ R differences for HILIC method development

HILIC mode were activities

determined:

/1

HILIC-A HILIC-N
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HILIC stationary phases with different selectivity

4

2
"0 13 Avantor® ACE® HILIC-A Elution order
60 5/6
50
40/ . Mobile phase: 10 mM ammonium formate
301 \ ]/3' 2' 5/6, 9' 4' 7' 8 pH 4.7 |n.MeCN/HQO (90:10 v/v)
21 Flow: 1.5 ml/min
12_,JJU Y 7&8 Temperature:  25°C
0 | | | | | | | Detection: 254 nm
70- 1/4 Avantor® ACE® HILIC-N Injection: Syl
60 1
1. p-Aminobenzoic acid
3,1/4,5,2,7,6/8, 9 2. 4-Hydroxybenzoic acid
3. Nicotinamide
4. Acebutolol
5. Adenine
Ay i Avantor® ACE® HILIC-B 6. Mandelic acid
7. Tyramine
e 4 8. Atenolol
- 9. 2-Deoxyguanosine

o 3 ! 3 2 3,4,57/8,1,9,2 6
6

07 T T T T T T T T
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HILIC method development

HILIC-B
More complex selectivity
pH 3.0

relationships!

HILIC-A B/ Sk HILIC-N
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HILIC method development flow chart

Arn analyta
proparties known?
NO

L d31S

Column ACE HILIC-A, ACE HILIC-B and ACE HILIC-N, 150 x 4.6, 5 um

Isocratic screening 10 mM ammenium formate in MeCN/H,O (91 wv) ammaonium formate
at pH 3.0, 4.7 or 6.0

Gradient screening Line A: 10 mM ammonium formate in MeCN/H,O (94:6 viv)
Line B: 10 mM ammaonium formate in MeCN/H,O [50:50 vwv)

2d3ls

Did jaocntie YES [
uialysin improve the - ‘
separation?

il s Armmonium formate at pH 3.0, 4.7 or 6.0

B etz
: 0 0

15 100

20 100

21 0

41 0

€d3ls

Flow rate 1.5 mlfmin
Temperature 25*°C

Detection Dependent on sample

Recommended isccratic and gradient HILIC screening conditions.

1: HILIC method development flow chart.
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I Measuring the selectivity range of prototype SFC phases

BSO
4‘5 ¢
*
« High S values indicating -
that selectivity differences o e
are significant s
15 Steroids
10 ¢ Sulfonamides
Sili Columns: 150 x 4.6 mm, 5 um - |
100} Mobile phases: A: CO,, B: MeOH oo - Trendiine
zz Gradient; 10 to 55% B in 5 mins T00 05 10 15 20 25 30 35 40 45 50
Flow rate: 4 mL/min Silea
“ ﬂA BPR Pressure: 150 bar
‘ ‘ ‘ : Injection volume: 5 pL c
Cy Temperature: 40 °C > R
Detection: UV, 254 nm 45 .
40 Neutrals
Sample: - . :ltyt‘l
1.  Theophylline - o Acids
‘ ‘ ‘ 2. Caffeine : Bases
Y s 2-Ethy 3. Cortisone o Lo
ZZ 695 7 4. Prednisone 0 & Sulfonamides
] 3 5. Hydrocortisone .
104 6. Prednisolone N — Trendline
’ 7. Sulfaguinoxaline o0 10 20 30 40 50
e e 8 Sylfamerazine. cvane
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Conclusions

« Selectivity is powerful in chromatography

- Understanding selectivity aids method development by focussing efforts on high
Impact variables

* It is possible to design stationary phases to maximize selectivity

- Screening columns with differing retention mechanisms is useful for method
development — explore ‘selectivity space’

« An optimised method development platform based on selectivity has been described
* Novel stationary phases show potential advantages for peptide separations

« Stationary phase selectivity is also powerful in HILIC and SFC
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Avantor® ACE® Resources

('VGVGntOTN \ 7 avantor- | Zomse
@acnodl). i
Resources ®
Avo ntor® ACE
| id Avantor® ACE® method
pnase gw e Vantor netno
- M - elopment kits
Sex leSOUrCe:
Dot - = ol Socton ke Pt | Apacka ot
Octylphenols in Wastewater and Protein RPLC Maximizing Sample Peak
Capacity for Complex Low
Molecular Mass Molecule
Separations.
o "
|||||| g Gradient Peak Us:‘ni‘;}’;hsb« Column Approaches for Reducing the
pa the Analysi to Resolve Background Environmental kmpact and
Protein Digests and Other System Interference in the LC. increasing Throughput of LC
Complex Samples IS-MS Determinationof | Separations

Avantor® ACE®

El.sh
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Thank you for your attention

technical@mac-mod.com

Acknowledgements:

Current colleagues: Colin Pipe, David Dunthorne, Gemma Lo, Sergey Bylikin

Past colleagues: Mel Euerby, Gesa Schad, Tony Edge, Sophie Bailes, Mark
Fever, Jen Field, Lauren Hampton, Alan McKeown

Collaborations: Patrik Petersson (via Mel Euerby)

(\/ avantor-



	Slide 1: Stationary Phase Selectivity: A Powerful Tool for Challenging Separations
	Slide 2
	Slide 3: Contents
	Slide 4: Chromatography: what is the goal?
	Slide 5: What is selectivity? 
	Slide 6: Resolution equation (Purnell equation)  
	Slide 7: Which factors1 affect selectivity?
	Slide 8: What interactions drive retention?
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Influence of retention mechanism on selectivity
	Slide 13: Reversed-phase separations: stationary phase selectivity
	Slide 14: Stationary phase chemistry helps solve tough challenges
	Slide 15: Stationary phase chemistry helps solve tough challenges
	Slide 16
	Slide 17: Stationary phase design
	Slide 18: Stationary phase design
	Slide 19: New stationary phase design
	Slide 20: Avantor® ACE® C18-PFP: methoxybenzene isomers
	Slide 21: Scientific led stationary phase design: other phases 
	Slide 22: How do we characterise selectivity?
	Slide 23: Tanaka characterization
	Slide 24: Tanaka characterization of Avantor® ACE® novel phases
	Slide 25
	Slide 26: Selectivity values for Avantor® ACE® novel phases
	Slide 27: Building a method development platform
	Slide 28: Building a method development platform
	Slide 29: Building a method development platform
	Slide 30
	Slide 31: Total selectivity, method development: screening platform
	Slide 32
	Slide 33: 6 Column screen of triple API sample & impurities (17 peaks)
	Slide 34: 6 Column screen of triple API sample & impurities (17 peaks)
	Slide 35: Optimising the separation with ChromSword 2 / ChromSword Lite 5.1
	Slide 36: Application to other analyte classes and separation modes
	Slide 37: Exploring peptide selectivity 
	Slide 38: Exploring peptide selectivity 
	Slide 39
	Slide 40: HILIC method development - influence of eluent pH
	Slide 41: HILIC stationary phases with different selectivity
	Slide 42: HILIC method development
	Slide 43: HILIC method development flow chart 
	Slide 44: Measuring the selectivity range of prototype SFC phases
	Slide 45: Conclusions
	Slide 46: Avantor® ACE® Resources
	Slide 47


   1 4   N 2      (    𝛼 − 1 𝛼 )     (    k 2  1 + k 2 )


  𝑺 = 𝟏 𝟎 𝟎     𝟏 −  𝒓 𝟐


  𝑺 = 𝟏 𝟎 𝟎     𝟏 −  𝒓 𝟐

