HPLC to UPLC: Method Transfer and Development

Method Transfer From HPLC to UPLC Methods Transfer Considerations

= Four classes of generic HPLC methods transfer include:
— Replace a longer column with a shorter column
— Replace a column brand with another column brand
— Replace an instrument with a different instrument
— Replace both the instrument and the column
= The major benefits of UPLC are realized when the HPLC method is
transferred to a UPLC instrument with a UPLC column.
— Need to replace both the instrument and column

T T www. forumscl.coll/hplc

HPLC Transferred to UPLC: Method Transfer Process

®Scaling Down to smaller columns Steps for success

°Changing to equivalent columns = Gather information about existing method and results
= Compare Instruments
= Select new or target column

— Chemistry

2 — Dimensions

N = Select target conditions based on geometric considerations
= Evaluate results of transfer
= Optimize as required

.Changing Instrument brand

Absorbance 254 nm
Absorbance 254 nm

J - L —
o 10 Minutes 20 730 0 M:Gtes 5.2
Original 30 minute HPLC Transferred 5.2 minute UPLC
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HPLC to UPLC: Method Transfer and Development

Critical Concern of Method Transfer

The new UPLC method will be different from the original HPLC
method....

— Operating conditions, e.g., flow rate

— Run time

— Appearance

But, the new UPLC method must also preserve critical HPLC method
parameters

— Complete resolution of all relevant analytes

— Peak homogeneity/purity

— Certainty of peak identification

— Quantitative accuracy and precision

Required Information
Original method

= Column
— Chemistry (ligand, brand, particle size)
— Dimensions
= Conditions
— Mobile phase
— Flow rate
— Gradient profile, including regeneration and reequilibration
— Temperature
= Sample
— Diluent
— Concentration
— Molecular weight(s)
— Injection volume

Required Information
Original results

= Chromatogram
— Number of peaks
— Retention
— Resolution
= Quantitation
— Limit of detection
— Limit of quantitation
— Linear dynamic range
— Accuracy
— Precision

Method Transfer Process
Steps for success

= Gather information about existing method and results

= Compare Instruments

= Select new or target column
— Chemistry
— Dimensions
= Scale down geometrically: flow, injection volume and gradient
times
= Evaluate results of transfer
= Optimize as required
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HPLC to UPLC: Method Transfer and Development

Instrument Comparison
Solvent delivery

= We assume that:
— Solvent is always flowing at the programmed rate
— Percent composition is always what is programmed
— A gradient follows the programmed profile
— Solvent composition reaches column at the programmed time

Required Information
Original instrument

= Mode of gradient generation
— single pump with gradient proportioning valve
— dual pump
— Brand and model number
= System volume (dwell volume or delay volume)
— Value and method used to measure
= Injection mechanism
= Mode of detection

Example
Original method

Ambient temperature: 21 -22°C
Flow rate: 1.50 mL/min
Sample analytes: Caffeine (100 pg/mL)

Hydroquinidine (33 pg/mL)
3-Aminobenzophenone (39 pg/mL)

Molecular weight(s): Less than 500

Sample diluent: DMSO

Injection: 10 pL

Detection: 254 nm

Mobile phase: A: 0.05% TFA in water

B: 0.05% TFA in acetonitrile

Example
Original gradient profile

Gradient Time since Flow %A %B Curve
Step injection Rate
Initial 0 1.5 95 5 *
2 15 1.5 5 95 6
3 20 1.5 5 95 1
4 30 1.5 95 5 1
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HPLC to UPLC: Method Transfer and Development

Example Example
Original column Original instrument
Solid Phase: XTerra MS Cyq =3
Particle Size: 5pum - : .
ID: 4.6 mm ;LB E . " Watgrs Alliance 2695 Sol.vent Manager N
Length: 150 mm ' . "‘%‘:\““":\J — Single pump gradient with low pressure mixing

i .‘_:;‘% = Waters Alliance 2695 Sample Manager

= Waters 2487 TUV at 254 nm
L 150,000 ym

. —=—"—"—=30,000
Calculate: d 5um ’ L
p
3 [ T
Example Volumes of Pumping Systems
iginal |
Original result Multi-Pump
Smaller System Volume = Dwell volume
2
3 I |
1 Pump 1 Mixer
£ ]—. Injector Detector
3 Resolution (1,2) = 12 Pump 2
% Resolution (2,3) = 28
E Single Pump
< Larger System Volume = Dwell volume
_l A ! |
A | S
‘ : ‘ Solvent
0 10 20 30 — d:Ii\\//Z:y Injector Detector
Minutes
Proportioning
Valve
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HPLC to UPLC: Method Transfer and Development

Different Configurations Create
Different Time Delays

8- Y P o 8
]
e
hi&*--@1 ) |
Mixing Valve Low — Mixing Valve High -
More Pipe Volume - Less Pipe Volume -
More Time Delay Less Time Delay

Timing Offset of a System
due to It's System Volume

Solvent Composition
at Mixer

Injection l
'\ The instruments’ System Volume

h
x J q\wmg) will cause a time delay
Solvent Composition before

at Column Head the solvent composition begins to
change at the inlet of the column -
Time Results in an ISOCRATIC HOLD
for that amount of time -
this helps make the separation that
you see

Offset from System Volume
Both systems in units of column volume (cv)

Solvent Composition L
at Mixer Original System
_-* Solvent composition
a at column head
Injection /"
7’
o -3 Target System...
cv
Lok
Time

Different System Volumes
Effect on separation

The gradient reaches the
column before the
isocratic elution of Peak 3
is complete. Peaks 3 and 4
are compressed

' | Peak 4 begins to elute
under isocratic
conditions to appear
as a shorter and wider
peak.

System with larger volume
(longer isocratic hold time)

System with smaller volume
(less isocratic hold time)
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Effects of System Volume on Gradients

Linear Gradient Separation

1 mL/min, 200 and 50 pL/min Application
0.12
1 mL/min
e
0.10
0.08
0.06
A 200 pL/min

:::: ) II nLll_ / 50 u'l;/min
0.00 __N_ A_k, h ﬁ

10.0 20.0 30.0 40.0 50.0 60.0
Minutes

100 | 1mL/min High volume
Low volume
0.80
0.60 > Retention
AU time changes
040 | vo > Resolution
0.20 h changes
0.00 H
2 4 6 8 10 12 14 16 18 20
Minutes
Measuring System Volume
Programmed time = 5.00 minutes
0.70
0659 5.69 min.
0.607 - 5.00 min.

AU

0.55-
0.50
0.45-
0.40-
0.35

0.30
0.25-
0.20
0.157
0.10
0.05

0.00 - Pm——— [P

0.69 minutes

1

:

: System Volume:

' 0.69 min. x 1.5 mL/min. = 1.04 mL
1

1

1

1

1

2.00 4.00 6.00 800 10000 1200 1400 1600 1800  20.00
Minutes

System Volume
Recommended method for measurement

1. Remove column

2. Use Acetonitrile as A, and Acetonitrile with 0.05 mg/mL uracil as B
(eliminates non-additive mixing and viscosity problems)

3. Monitor 254 nm

4. Use the flow rate in the original method and the intended flow rate on
the target instrument

5. Collect 100% A baseline for 5 min

6. At 5.00 min, program a step to 100% B, and collect data for an
additional 5 min

7. Measure absorbance difference between 100% A and 100% B
8. Measure time at 50% of that absorbance difference.

9. Calculate time difference between start of step and 50% point
10. Multiply time difference by flow rate yields System Volume
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System Delay Results

= Alliance 2695 = 1.04 mls
= ACQUITY UPLC = 0.109 mls

= Will this make a difference in the transferred
method?
— Alliance 2695 with a 4.6 x 150 mm column
— ACQUITY UPLC with a 2.1 x 50 mm column

Compensation for Different
System Volumes

Compare System Volumes (measured in cv)

— If Target system gives Smaller isocratic segment,

o ADD an initial hold to the gradient table to give the identical
hold.

— If Target system gives Larger isocratic segment, no exact
compensation is possible unless the system provides the
ability to start forming the gradient before the actual
injection. {Negative Hold}

Compensation for System Volume

= Original Alliance 2695 System
— Measured system volume = 1.04 mL
— 4.6 x 150 mm column volume = 2.49 mL

— System volume = 1.04 mL/ 2.49 mL = 0.42 column
volumes (Col-v)

= Target ACQUITY UPLC System
— Measured system volume = 0.109 mL
— 2.1 x 100 mm column volume = 0.34 mL

— System volume = 0.109 mL/ 0.34mL = 0.32 column
volumes (Col-v)

Offsets from Different System Volumes
Expressed in column volumes (cv)

Solvent Composition

at Mixer Original Alliance System
Injection Target ACQUITY
- } UPLC System
0.42 o)y
3
pa
0.32 cp)-y
Time
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Calculation of Initial Hold Time for UPLC .
Compensating for System Volumes

Initial Hold (column volumes) =
Original System Volume - Target System Volume

0.42 cv - 0.32 cv = 0.10 Col-v’s Initial Hold = Compare system volumes (measured in column volumes)
= Target system gives smaller isocratic segment
Initial Hold Volume (mL) = — ADD an initial hold to the gradient table to give the identical hold.

Initial Hold Col-v x Target Column Volume

= Target system gives larger isocratic segment
0.12cv x 0.34 mL = 0.0408 mL

— No exact compensation is possible
Initial Hold Time = — Chromatographic effect of extra isocratic hold usually small

Initial Hold Volume / UPLC Flow rate =
0.0408 mL / 0.6 mL/min = 0.068 min.

Method Transfer Process ACQUITY UPLC Columns

Steps for success

—~Q
(& 2 ACQUITY UPLC BEH C,q
= Gather information about existing method and results
= Compare Instruments ojoojs‘/\/\/\/\ ACQUITY UPLC BEH Cq
= Select new or target column ~a ACQUITY UPLC BEH Shield RP
— H 18
g?emlst_ry QO‘SF Waters Patented Technology
_ vimensions cHy (carbamate embedded polar group)
= Scale down geometrically: flow, injection volume and gradient
times
ACQUITY UPLC BEH Phenyl
O
= Evaluate results of transfer ~)sv\/v\'©
o
= Optimize as required
Q ACQUITY HILIC
oj&iw\/\w HSS T3 (High Strength Silica Cy3)
~d HSS C,5 (High Strength Silica C,g)
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ACQUITY
BEH, & HSS chemistries

uPLC® Ethylene Bridged Hybrid High Strength Silica
Particle (BEH) (HSS)
C::::stl:'lizs C18, €8, Shield RP18, Phenyl, HILIC 13, C18

R::qe 1-12; (RP18: 2-11); (HILIC: 1-8) 2-8

':f:;';‘u”r': 15,000 psi (~1000 bar) 15,000 psi (~1000 bar)

Pasritzi:Ie 1.7 pm 1.8 ym

P“;eVT:JTn‘lter 130A / 0.7 mL/g 1004 / 0.7 mL/g
s';rrf::e 185 m?/g 230 m¥/g

Ligand Selectivity
Caffeic Acid Derivatives in Echinacea Purpurea

3 5 BEH C,g
"1 | o
S I | I
3 5 BEH C,
2
BT N
3 5 | BEH shield RP18
2, |
i A 4 | ||
N AL L
3 5 BEH Phenyl
W
2 3 a 5 HSS T3
1
1] ||
I | | W Ul I
3 5 HSS c18
L il
0.00 0.50 100 160 2,00 250 300 350 400 450 5.00

Stationary Phase Selectivity:
UPLC® Separations of Analgesics

1 a
E 7
BEH Shicld RP18 22 ﬂ ﬁ[ U
1
a

5 rd
AP
1 4
.
W
v

1 a
BEH Phamy 3 = 7z
A M
! 4
HSS T3 > 3 F
A 7

HSS C,y

Stationary Phase Selectivity:
UPLC® Separations of Nitroaromatics

BEH C,,

BEH C,

a BEH Shield RP,,

BEH Phenyl

000 200 400 6.00 8.00 10.00 12,00 1400
imustess.
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Classification of Reversed Phase Columns

*Pharmacopeias Definitions and Database

*Selectivity Chart Database

-ACDLabs Database

*Physical Characterization

USP Definitions:

Categories For HPLC Columns

Definitions are too broad

Category Particle Dia.(p m) Bonding Description

L1 1.7to 10 c18 Octadecyl silane
chemically bonded
to porous silica or
ceramic particles.

L2 30 to 50 c18 Octadecyl silane

chemically bonded
to silicagel ofa
controlled surface

Pharmacopeias Definitions and Database

The Product Quality Research Institute (PQRI) approach for selecting

columns of equivalent selectivity

Column hydrophobicity " Pn'éém&'ﬁ"tﬁ‘?«:{aﬁ:‘:?ﬂameternm' H
Column steric interaction " S*
Column hydrogen-bond acidity " A
Column hydrogen-bond basicity " B
Column ion-exchange capa Fo= {1125 (Hy— H)P + [100 (5%, - S4B + [30 (4 — A2 C
+[143 (B, - B + B3 (Co - G} 1]
Rank F Column H ) A B C(2.8) €(7.0) Type USP Designation Manufacturer
o o Xterra MS C18 0.984 0.012 -0.143 -0.015 0.133 0.051 B L Waters
1 2.72 Ascentis C-8 0.899 0.024 -0.18 -0.002 -0.124 -0.035 B Supelco
2 2.87 Zorbax Eclipse Plus C18 1.03 0.007 -0.072 -0.02 -0.004 0.02 B Agilent
3 2.95 Zorbax Eclipse XDB-C8 0.919 0.025 -0.219 -0.008 0.003 0.012 B L7 Agilent
4 3.1 COSMOSIL MS-II 1.031 0.042 -0.132 -0.014 -0.118 -0.027 B Nacalai Tesque
5 3.32 CAPCELL PAK C8 UG120 0.854 0.037 -0.097 -0.013 -0.046 -0.01 B L7 Shiseido
6 4.37 Synergi Max-RP 0.989 0.028 -0.008 -0.013 -0.133 -0.034 B Phenomenex
7 4.54 Epic C18 0.95 -0.027 | -0.203 | -0.007 | -0.131 -0.041 B [51 ES Industries

Columns Classification

The PQRI approach for selecting columns of equivalent

selectivitv

Time: (minj

2 ] 6
Tirne (Friin)
J Fs =4
2 4 []
Time (min)

Tiwne (min)

Fig. 3. Example of use of Fyvalues to select columns of either similar (a-c) or different () selectivity
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Selectivity Chart Database

K'=(RT-to)/to)

(X.=k’2/k’1

Stationary Phase Characterization

Hydrophobicity (x - axis)

— Measured by the retention factor of acenaphthene

Selectivity and Silanol Activity (y - axis)

— Measured by the relative retention (a) between amitriptyline and acenaphthene at pH
7.00 in phosphate buffer

Selectivity Selectivity Chart
a for Different Columns

Hydrophobicity k

(In [K] acenaphthene)

neutral R
Conventional C18
Large a
. D >
=l arge Relative
Retention Factor base
(o) indicates high P~—
silanol activity Small
. Q..
« »
=Small Relative neutral base
Retention Factor (o) Symmetry C18
indicates low silanol \
activity ‘
° 50
Time (min)
*
3.6 1 Waters Spherisorb® S5 P
33 | Reversed-Phase Column Selectivity Chart
3 |
27 @ Waters Spherisorb® S5CN
@ Nova-Pak® CN HP Waters Spherisoro® ODS1
_ 24 . '\®Ph’ Ilnensi\® Ph-3 "o Resoive® 015
3 iypersil® Phenyl
221
% @ Waters Spherisorb® ODS2
>g18 | @ Bondapak™ C18 aters Spherisor
£§
S 8 . 'YMC-Pack™ YMC J'sphere™
= E 15 - Hypersil® (z’s Cyano Inertsil® CN-3 Phenyl @ 0DS-180 @ Nucleosil® C18
% _E @ @ NovaPak® Phenyl € 1M Sophore™ ODSEO
£ 1.2 Hypersil® BDS Pheny! - . sphere™ ODS-
At T i e
= 0.9 " Phenyl Nova-pak® _ LUNa ™ @ yMC-Pack™ ODS-AQ™
c MC-Pack™ CN 'YMC-Pack™ Pro C4™ P P 8 Phenyl Hexyl @ Atlantis® dC18
= YMC-Pack™ Pg CB'”“% - ’VMC—PECKW ODS-A™
0.6 ¢ ACT Ace® Q18 7 Symmetry® C8 ™ Zorbax® XDB C18
03 XTerra® MS C8 c8(2) VMC—Packz ° ’Inensi\® 0DSs-3
.3 . Pro C18™ SunFire ™ C18
SunFire ™ C8 Y Terra® MS G18 04 Eu‘rga@‘: un‘ re e
i SymmetryShield™ RP8 @ ymmelry®
0 XTerra® RP18 orbax® SB C18
03 . * o ¢ SymmetryShield™ RP18
| XTerra® RPg YMC-Pack™ PolymerCe™
-0.6
1.5 -0.5 0.5 15 25 35
Retentivity

Tool to Help Select The Right Column
Waters Reverse-Phase Column Selectivity Chart

Down-loaded from Waters web site (V3.0)
— http://www.waters.com/waters/promotionDetail.htm?id=10048475

Search criterias
— Supplier
— C18,C8, CN, ...

Waters® Reversed-Phase Column Selectivity Chart
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ACDLabs Database
Result of 2 Columns Comparison

HPLC Column Selector, Version 11.0
Build version: 24 April 2008

The Column Selector is based on an article by M.R. Euerby and

Advanced P. Petersson published in J. Chromatogr. A 2003, 994, 13-36.

Chemistry

Development Single pair column comparison

CDF = 0.180 Parameters

kPB.  aCH2 aTO  aCP  aBP76 aBP27
Weightings ~ (1.00)  (1.00)  (1.00)  (1.00)  (1.00)  (1.00)

Column 1: Acquity BEH C18 2.81 146 136 036 026  0.14

Column 2: HyPURITY C18 3.2 147 18 037 029 01

ACDLabs Column Selector

T . ,
;Q AELICHg st (Frageare) - [noame] | Jda

Fle Edit Pages Tools Templates ©ptions Documents Add-Ons I-Lab  ACDjLabs Help

Structure Draw | [7] @é‘ F=| ] B & Q :----’Z-E.

Q88PN IFHIF BB EE L ERS I
FId g & /&5 + A5 F e prhasid

@ mm |9 10 20 30 40 S0 &0 70 &80 a0 100 =
Eolial St X

Select Calculation type

T

C

H " Compare Two Columng
20

N

R

W K X Cancel |
< T e | ]
ACDiLabs RSS Feed: 'un 27 16:92 Power to Make Faster, Smarter Decisions Comes fro Setup RSS
*%® |lsblogin  MNOMAMED! .SK2 Af] Pagei1n [k Fornula Weight

1-ChemSketch 2-Datahase 3-ChemCoder

Physical Parameters Characterizing
Stationary Phases
Physical Characteristics of HPLC and UPLC™ Packing Materials

Brand Chemistry Partide Shape  Partidk Size(s)  Pore Size  Surface Area [m/g] Pore Volume [cc/g] % CarbonLoad  Endenpped
Sunfire” Cu heria 535510m 100k 4 I yas
G herical 5,35,5,10 m 100k 10 15 s
Silia hetica 104m 100k 10 o wa
Symmelny® [ heiical 5,5 4m 100k 1 e
G heical .5, 5 ym 1004 ] s
13 heiica 5 5ym o0k 0 e
(1 heicl m 100 0 85
Symmenyrep” [ herical m 100k 9.1 s
G herical 7im 100k 17 yes
Symmeny300™ Ca herical 5, 5ym 300k 85 yes
G herical 5, 5ym 3008 080 268 yes
Vigters Spherisarb® Siica phetic 5 10pm B0k 220 nfa nfa
005, hetica 510ym [0} Pl ] 15 ves
005 hetica 510)m a0k 20 X ] m
[ i v a0k 20 ] 15 yes
G herical m 80k 20 & yes
[¢ herical m 80k 20 T yes
& herical m [ 220 7 m
Hitile phetic m B0k 220 1 m
Aning ercal m a0k 220 9 m
Pheryl phetica m a0k 220 5 m
0D/CH heria m 80k 20 0 e
SAY, 50X phetic 104m a0k 20 40 m
NEW XBidge™ [ hetica .5, 35,5 um 3 7 Yo
il 5,35, 5 pm 35 7 7. s
ekl P,y heiica 5.5 um 3k 7 7 yes
el pheical 5.5 m 3L 7 7. 85
Wena® » herical 10m 25 Yes
X herical 10m 250 7 yes
S G herical 55,10 ym 250 7 yes
S0 herical 35,510 m 251 7 e
eyl phetic 5pm 250 7 yes

(In [o] amitriptyline/acenaphthene)

The Modern “C,g Zone”

15 ¥ Niclessi&C1E
EXPANDED VIEW
12
10 - & Chromolith™ RP-18 ACQU;I’JHUPLC
ACQUITY UPLC XBridge C18
08 - BEH
- XBridge Phenyl | Supelcosil™ LG/DB-C18
'YMC-Pgck ODS-AQ

@ Zorbax® Rx C18

0.6 - . \ Atlantis dC,, | @
@ Zorbax® Eclipse® XDB C18
Luna™

o FEELITIELE merareef o * G imonsa

N * @ Luna™C18(2) -
XTe MSC18
XBridge C8 era Prodigy®c1s SunFire C;g

0.2 Hypersil® HyPurity Elite C18 ¢

* °
Hypersil® Elite C18 < Symmetry C18

& Polaris™ C18-A

Supelcosil™ LC-ABZ+Plus 4

0z - XTerraRP18 * & © SymmetryShield RP18
ACQUITY UPLC BEH
XBridge
. . Shield RP18 T
1 1.5 25 3 3.5

2
(In [k] acenaphthene)
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Column Selectivity Chart Method Transfer Process
Steps for success

Waters

= Gather information about existing method and results
= Compare Instruments

Chemisiry Type

i Colurmns

= = Select new or target column
‘L:""”’"“'""' — Chemistry

CN Columns.

[Erbdied oo Cobrrs — Dimensions

[Bher et

= Scale down geometrically: flow, injection volume and
gradient times

= Evaluate results of transfer
= Optimize as required

Waters® Reversed-Phase Column Selectivity Chart

Calculate Target Conditions:
Injection

Select your existing HPLC conditions here.
Column Column  Particle MW of Flow Rate  12M
Length  Diameter i oW RAE  ature Fac!

Sze  Samnl
@ T w E = Use exactly the same sample
A AR ETTI 4

39mm ¥ fmbdmin) - AGestis] — Same concentration
Solvent Composition Results With Fxisting Column H
— Same diluents
whaqueos| 60 3| HeH —————— NN N[ ] Plates . X
Pressure Units injection Volume e = Scale injection volume to volume of column

Oba @ P3O MPa [0 &

Zoom
Select the *%water. then select
the mixture of acetonitrile and
methanol using the trackbar

Select Maximum Column Pressure 10000FS|  Change
Click here for your ACQUITY UPLC® column choices.

Calculate

on the right.
Fiesults | Explanation of Resuls |
Conditions of Maximum Conditions of Shortest
Conditions of Equal Efficiency Efficiency Analysis Time
Column Length om  Max Plates Run Time min
Run Time min Run Time min Plates
Flow Rate mL/min Flow Rate mL/min Flow Rate mL/min
Pressure” PSI  Pressue” PSI  Pressure” =
Column ID mm Column D mm  Column ID mm
Inj. Yolume WL Ini Volume uL Ini. Volume L

Dr. Shula Levin
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Scale Injection Volume: Isocratic Conditions

4.6 x 150 mm

20 pL injection/2.49 mL =
0.8%

2.1 x50 mm

[ T 20pLinjection/0.17 mL =

12%

Guideline:
Injection volume should be less than 5% of column volume.
Aim for <1% and experimentally determine if you can go higher based
on chromatographic conditions.

Calculation of Injection Volume

Target injection volume =

Target Column Volume
Original Column Volume

Original injection volume X

‘Scaling a 10 pL injection on 4.6 x 250 mm to 2.1 x 50 mm |

10 pL X 3.14 x1.12 x 50
3.14 x 2.32 x 150

10 pL x (2’-—}1; =10 pL x 0.068

= 0.7 pL

Target Conditions:
Injection

= Use exactly the same sample
— Same concentration
—Same diluents
= Scale injection volume to volume of column

—Suggested minimum injection volume on the
ACQUITY UPLC instrument is 0.5 - 1 pL
— If calculated volume too small for injection
o Dilute 5 - 10x with initial strength mobile phase
— 5 pL maximum injection on 2.1 x 50 mm

Target Conditions
Flow rate

= Adjust flow rate proportional to column diameter
squared for constant linear velocity

or

= Adjust linear velocity for smaller particle

Dr. Shula Levin
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Geometrically Scaled Flow Rate
Calculation

2
_ I 7 X rtarget
Target Flow Rate = Original Flow Rate x —_—

2
T X roriginal
This reduces to:
. 2
Target Flow Rate = Original Flow Rate x d'aLte'}“
diameter. g

Calculation

of Linear Velocity

Linear Velocity

Flowrate

Constant Linear Velocity
Constant Length, Smaller ID, Scaled Down Flow Rate and Injection Volume

|
| 4.6 x 100 mm, 3.5 um

2 H | “ Injection = 15.8 uL
0.10 “ H “\ il Flow Rate = 1.439 mL/min
N\
- A RS 4 = 2.38
L ——— R —— — SL
000 050 100 150 200 250 300 350 400 450 500
|
|
mj ‘H N 3.0 x 100 mm, 3.5 pym
|

Injection = 6.7 pL

f Flow Rate = 0.612 mL/min
I “\ H “M“ RS 5 = 2.57
0.00 i — ’
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
|
ozoj [ \“ 2.1 x 100 mm, 3.5 ym
5 “ H‘ M Injection = 3.3 L
0.10 ‘\ \‘ ”‘ i Flow Rate = 0.3 mL/min
|
i “ { Al Rs ¢4 =232
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Minutes

T R (cm) L (cm) r2 AL (mL) ) min cm/min
3.14 0.25 5.00 0.06 0.98 1.00 0.98 5.10
3.14 0.10 5.00 0.01 0.16 0.16 0.98 5.10
Geometrically Scaled Flow Rate Calculation
X
Target Flow Rate = Original Flow Rate x %
7 X roriginal

This reduces to:

Target Flow Rate

Original Flow Rate x

diameteriarge
. 2
diameter original

|Sca|ing a 1.5 mL/min flow rate on 4.6 x 150 mm to 2.1 x 50 mm

1.5 mL/min[

2
2-12J - 0.31mL/min
4.6

Dr. Shula Levin
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Original Gradient Profile

Target Conditions
Flow rate

= Adjust flow rate proportional to column diameter
squared for constant linear velocity

or

Gradient Time Since | 1y Rate | %A | %B Curve
Step Injection
Initial /] 0.31 95 5 *
2 15 0.31 5 95 6
3 20 0.31 5 95 1
4 30 0.31 95 5 1

= Adjust linear velocity for smaller particle

Traditionally “"Doubled” Flow Rate

Target Conditions
Gradient profile

> Express gradient duration in percent change per column
volume (Col-v) units

10 um Particle HPLC
20 1970's
H 154 5 pm Particle
E e
T N
P 1o 3.5 um Pafticle
[m] 1990" R
»
\ ACQUITY LUPLC™ Q\Ilctem_,
7 1.7 unf Particle
2404
° . : . " : .
o] 1 2 3 4 5 6 7
Flow Rate [mi/minj: Linear Velocity [u, mm/sec] ——»
ID = 1.0 mm 0.04 0.07 0.10 0.13 0.17 0.20 0.24

D=21mm 015 0.45 0.6 0.75 0.9

1.05

4.9

> Calculate each segment as a number of column volumes

> Calculate time required to deliver the same number of
column volumes to the target column at the geometrically
scaled flow rate

> Calculate time required to deliver the same number of
column volumes to the target column at the UPLC flow
rate

Dr. Shula Levin
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Columnzv%lume to Run-Time Volume Reloationship

x50 mm 5 x50 mm ]
Column Volume: (ur2L)~0.2 mL  <m==) Column Volume: (wrL)~1mL
25 min Run-Time at Flow = 0.2 m/min <===) 25 min Run Time at Flow = 1 ml/min
Run-Time Volume: Analytical Run-Time Volume: HPLC
25 min x 0.21 mi/min =5 ml G 25 min x 1 m/min = 25 ml
No. of Column Volumes: No. of Column Volumes:
Run-Time Vol/Column Vol ) Run-Time Vol/Column Vol
5/0.2= 25 25/1=25
—0 O0—O1 0O—0 O0—0 O0—1 [ L e L =N 2
—0 00— O—0 O—0 O=—=1D1
—( 0—0 00— 0O— 0—=20
—0 O—= O0—0 O—0 O0——=>0 = H
—0 00— 0O— O0—{O O—— L L L L L) L

Gradient Segments
Express as column volumes

For 15 min at 1.5 mL/min on a 4.6 x 150 mm column

Gradient Volume = Flow Rate x Time =
1.5 mL/min x 15 min = 22.5 mL

Column Volume =g xr2xL =
3.14x 2.32 x 150 = 2.49mL

Gradient Volume

Gradient Duration (Col-v) =
Column Volume

. L 22.5mL _
Gradient Duration = S49mL - 9.03 cv

Target Conditions
Gradient profile

> Express gradient duration in percent change per column
volume (Col-v) units

> Calculate each segment as a number of column volumes

> Calculate time required to deliver the same number of
column volumes to the target column at the geometrically
scaled flow rate

> Calculate time required to deliver the same number of
column volumes to the target column at the UPLC flow
rate

Original Gradient Profile for Scaling

- . . Segment
Gradient Tme S!nce Flow %A | %B | curve Duration Segment
Step Injection Rate ; Duration (cv)
(min)

Initial 0 1.5 95 5 * 0 0

2 15 1.5 5 95 6 15 9.03

3 20 1.5 5 95 1 5 3.01

4 30 1.5 95 5 1 10 6.02

Dr. Shula Levin
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Target Conditions
Gradient profile

Express gradient duration in percent change per column
volume (Col-v) units

Calculate each segment as a number of column volumes

Scaled Gradient Profile
2.1 x 50 mm column

Adjust flow rate for 2.1 x 50 at constant linear velocity

Calculate time required to deliver the same number of
column volumes to the target column at the geometrically
scaled flow rate

Calculate time required to deliver the same number of
column volumes to the target column at the UPLC flow
rate

. Time Segment
Gradient Since Flow %A | %B Curve Duration Seg.ment
Step . Rate R Duration (cv)
Injection (min)

Initial 1] 0.31 95 5 * 1] 1]

2 5 0.31 5 95 6 5.0 9.03

3 6.67 0.31 5 95 1 1.67 3.01

4 10.00 0.31 95 5 1 3.33 6.02

Target Conditions
Gradient profile

Express gradient duration in percent change per column
volume (Col-v) units

Calculate each segment as a number of column volumes

Calculate time required to deliver the same number of
column volumes to the target column at the geometrically
scaled flow rate

Calculate time required to deliver the same number of
column volumes to the target column at the UPLC flow
rate

Traditionally “"Doubled” Flow Rate

10 um Particle HPLC
204 1970's
H 154 5 um Particle
NG
T \
P o 3.5 pum Pafticle
fuum] 1990' N
L@
\ ACQUITY LUPLC™ Q\/dnm
7 1.7 un| Particle
2404
0 . : : . . .
(o] 1 2 3 4 5 6 7
Flow Rate mL/min]: Linear Velocity [u, mm/sec] ——»
ID=1.0mm 0.04 0.07 0.10 0.13 0.17 0.20 0.24

D-21mm 015 0.45 0.6 075 0.9 1.05

Dr. Shula Levin
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Estimate Optimum Flow Rate UPLC

= Consider 1.7-1.9 um target particle (2 mm ID column)
= Assume temperature and viscosity transferred

= Adjust flow rate based on van Deemter curve and
approximate molecular weight
— ~0.6 mL/min for smaller molecules
o average 500 dalton (molecular weight) molecules
— ~0.1 mL/min for larger molecules because diffusion is slower

o e.g., ~2,000 dalton peptides

UPLC Scaling

Scale to a 2.1 x 50 mm column at a flow rate of 0.6 mL/min

- Time Segment
Gradient | oo | Flow | o A | %B | curve | Duration Segment
Step I Rate R Duration (cv)
Injection (min)

Initial 1] 0.6 95 5 * o o

2 0.6 5 95 6 9.03

3 0.6 5 95 1 3.01

4 0.6 95 5 1 6.02

Scaling for UPLC Flow Rate
Step time to maintain duration (cv)

Original Step 2: 15 min @ 1.5 mL/min with duration of 9.03 cv
Calculate Target Step 2: ? min @ 0.60 mL/min keeping
duration @ 9.03 cv

Target Column Volume (2.1 x 50) = 0.17 mL

Gradient Step Volume = Duration (cv) x
Target Column Volume
=9.03cvx0.17 mL=1.54mL

Gradient Step Time =
Gradient Step Volume / UPLC Flow Rate
=1.54 mL / 0.60 mL/min. =
2.61 min

UPLC Scaling

Scaleto a 2.1 x 50 mm column at a flow rate of 0.6 mL/min

i Time Since | Flow Sl Segment
Gradient o %A | %B | Curve Duration Duration
P Injection Rate )
(min) (cv)
Initial 0 0.6 95 5 * o 0
2 2.6 0.6 5 95 6 2.61 9.03
3 3.4 0.6 5 95 1 0.87 3.01
4 5.1 0.6 95 5 1 1.74 6.02

Dr. Shula Levin
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Summary of Gradient Scale-Down

HPLC 2.49 column vol
Gradient  Time Flow S
Step Since Rate %A %B. Curve  Duration (min) Duration(Col.Vol.
Initial 0 1.5 95 5 * 0 0
2 15 1.5 5 95 6 15 9.04
3 20 1.5 5 95 1 5 3.01
4 30 1.5 95 5 1 10 6.02
Geometric UPLC 0.17 column vol
Gradient  Time Flow S
Step Since Rate %A %B. Curve  Duration (min) Duration(Col.Vol.
Initial 0.0 0.31 95 5 * 0 0
2 5.0 0.31 5 95 6 5.0 9.04
3 6.6 0.31 5 95 1 1.7 3.01
4 9.9 0.31 95 5 1 3.3 6.02
UPLC-scale UPLC 0.17 column vol
Gradient  Time Flow S
Step Since Rate %A %B. Curve  Duration (min) Duration(Col.Vol.
Initial 0.0 0.6 95 5 * 0 0
2 2.6 0.6 5 95 6 2.6 9.04
3 3.4 0.6 5 95 1 0.9 3.01
4 5.1 0.6 95 5 1 1.7 6.02

Calculate

here for your ACQUITY UPLC® column choices.

Seledt your LC conditions here. - tion
Column  Column Mwol | [ o Jemps: Iniection Lostument
Lenath  Diameter Sample 2" M2 Giure  Volume Delay
FMom ~ A [t & [0 A (1m0 [0 2 [ w0 %) [1m%
e e e R R T BT (L]
Oiganic Modifier in B Pressure Units Results With Existing Column
e MeOH Peak Capacity
Y —_— bar @ PSI O MPs
%100 ¥ #0 o @ o Pressuie®
G Time Flow o 3 ET ixm Column
P [min] | [mLZmin] = lﬂinl Volumes
Init Cond_ | 0.00 50 55 5 000 -
InitHold | 0.00 1.50 5 5 000 .00
3 15.00 1.50 5 ] 15.00 1368
4 2000 1.50 5 S 500 456
5 000 1.50 g5 5 1000 ERE]
10 =l
Select Maximum Column Pressure 15000 PS| Change

Gradient Results

Change Flow

Select View to see method details.

Geometrically Scaled UPLC Method Choices
» Scaled Gradient 2.1 mm Colrn
Scaled Gradiert 1.0 mm Column
Optimally Scaled UPLC Method Choices
tarimum Peak Capacit at Egual Run Time
Shortest éinalysis Time st Equal Pesk Capacity

Results With Existing Column
Peak Capacity: 123
Pressure [BS1] 1176
Column Length: 15 cm

Column Diameter. 4.6 mm
Farticle Size: 5 pm
M of Sample: 200

Scaled Gradient 2.1 mm Column

Length 1D Flow  Peak Run Pressure= Inisation  Detailed.
[cm] Imm] [mL/min] Capacity min] Ji=1] Ll e
3 21 0313 il 50 1815 04
H il 0313 [F3 0.0 3025 [k Tiew
0 Al 0313 178 200 6049 14 Viewr
15 21 0313 220 303 5073 21 Tewr

‘Ehange Flow| [ Calculste ] “ HPLC Linear Velocity ] “ UPLC Linear Yelocity ]|

Frirt Results ..

New UPLC Flow Rate

| r nt2.1 mm lumn
[(HPLC Linear Yelocity)

Length 1D Flow Peak  Bun Time Pressues 'vioction.
[cm] Imim] [mL/min] Capacity Imin] IPSI] “lull
3 2.1 0.313 91 6.0 1815 0.4
5 21 0.313 122 100 3025 0.7 Wigw
10 21 0.313 176 20.0 6043 14 View
15 2.1 0.313 220 303 9073 2.1 Miew
[Ehange Flow[ 0f [ Caloulsts | ‘ [ HpLC Linear vetosity | | [ UPLE Linear weiocity ]1-

|

‘ 3

Print Results ...

UPLC Flow Rate of 0.6 ml/min
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2.1 mm
Geometrically Scaled Gradient Results

Gradient Results

Select View to see method details.

Results With Existing Column

’ Peak Capacily, 123

¥ Scaled Gradient 2.1 mm Column e 1

Scaled Gradient 1.0 mm Column Colurn Length: 15 om

Optimally Scaled UPLC Method Choices Column Diameter. 4.6 mm
Fatticle Size: 5 pm

Masimum Peak, Capaciy at Equal Fun Tine MW of Sample: 200

Shortest Anslysis Time sl Equsl Pesk Capaciy

Geometrically Scaled UPLC Method Choices

Scaled Gradient 2.1 mm Column
(User Selected Flow: 0.60 mL/min)

Injection Detailed

Length  ID_ Flow  Peak HunTime Pressure®
fem]  Imml  [mi/minl Copacity [mn]  [BSL  YSeme- Gradtant
3 2.1 0.600 89 31 3483 0.4 View
5 21 0.600 114 5.2 5&05 0.7 View
10 2.1 0.600 174 104 11609 1.4 View
15 — [ — | — | — [ — [ —
‘Ehange Flow [ 060 |[_Cacusie | | [ HPLC Linear veincity | | [ UPLC Linear velocty | |
""""" Indicates maximum UPLC® pressure limit exceeded. Please increase UPLCE
maximumm pressure, lower HPLC flow rate andfor increase Temperature

Frirt Results ..

2.1 x50 mm
Geometrically Scaled UPLC Gradient table

Geometrically Scaled Gradient: 2.1 X 50 mm [‘57|
- Time -
s | fom || s | x|t | Goten |
Init Cond. 0.00n 0.600 95 ) 0.00 -
Init Hold 0.00 0.600 95 ) 0.00 0.00
3 261 0.600 5 95 261 1368
4 347 0.600 3 95 087 4.56
5 5.21 0.600 95 5 1.74 .12
]
¥
8
9
10 -
Injection Yolume: 0.7 pl
Pmax = 5805 P51
& 2007 W akers Corporation

Method Transfer Process
Steps for success

Gather information about existing method and results
Compare Instruments
Select new or target column

— Chemistry

— Dimensions
Scale down geometrically: flow, injection volume and gradient
times

Evaluate results of transfer

Optimize as required

Target Conditions: Fine Tuning
Mobile phase

= Use exactly the same mobile phase
— Modifier

— Ionic strength
— Organic solvent
— Percentage composition

= Change conditions only after evaluating geometric transfer if

optimization is required

Dr. Shula Levin
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Target Conditions
Temperature

Temperature directly affects every chromatographic mechanism
In method transfer temperature must be kept constant
Pre-heating of the sample before entering the column is essential
— Solvent is in column for 1.66 min in the original
— Solvent is in column for 15 sec in the optimized target column
— Less time for heat transfer
ACQUITY UPLC Column Thermal Stabilization Kit is tuned for flow
rates of about 0.5 to 0.75 mL/min

Absorbance 254 nm

Effect of Pre-heating

—— Black = with column
stabilization module

stabilization module
Note: impact varies for
different peaks

FECTTTETTTTTITTees

1.5 3.0
Minutes

Blue = without column

Evaluate Results

= Match Peaks
— Count peaks
— Examine spacing

— Critically examine baseline for appearance or
absence of small peaks

— Match elution order and resolution

= Proceed to usual quantitative evaluation
— Resolution(s)
— Limits of detection (LOD)
— Limits of quantitation (LOQ)

Absorbance 254 nm

Original HPLC Method

2 4.6 x 150 mm, 5pm
3 Resolution 1/2 = 12

1 Resolution 2/3 = 28

10 20 30
Minutes

Dr. Shula

Levin
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N

[y

Absorbance 254 nm

=

UPLC Resolution
Time scale as HPLC

UPLC optimized 2.1 x 50 mm
Resolution 1/2 = 11
Resolution 2/3 = 26

o

10 Minutes

Proportionately Magnified View

2 UPLC optimized 2.1 x 50 mm
3 Resolution 1/2 = 11
1 Resolution 2/3 = 26

Absorbance 254 nm

0 2.6 5.2
Minutes

Original 30 minute HPLC Method

Absorbance 254 nm

Minor components

3 Baseline and presence of unknown “peaks”

—

N

10 20 30
Minutes

5.2 Minute UPLC Magnified View
Minor components

2 Same resolving power and sensitivity

3

Absorbance 254 nm

o e/

0 2.6 5.2
Minutes
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- =
Original HPLC Method Transferred UPLC Method
. . . p. Chromatographic Conditions : p.
Chromatographic Conditions ;
" Columns: ACQUITY UPLC BEH Cyg 2.1 x 50 mm, 1.7 ym
Columns: XTerra M5 Ce 4.6 X 150 mm, 5.0 um Mobile Phase A: 0.1% CF3COOH in H,0 025 1
Mobile Phase A: 0.1% CF,COOH in H,0 Mobile Phase B: 0.08% CFsCOOH in ACN 5
Mobile Phase B: 0.08% CF;COOH in ACN Flzw' ;at:soes -mL-/min“ 3 n 3
Flow Rate: 1.0 mL/min 040 e > N 020
Gradient: Time Profile Curve 5 Gradient: Tme  Profile  Curve
(min) %A %B (min) %A %B 015 2
0.0 92 s 6 030 | 3 Full View 0.0 92 8 6 3 ‘ ‘ Full View
y 0.1 92 8 7 E ‘
2.0 92 8 7 . 1 5 ! aas 0 0 e 0.10 l‘ 1
32.0 50 50 6 20 ‘ 4 4.86 10 90 6 | ‘
35.0 10 90 6 h ” 5o pes s ¢ 0.05 |
36.0 %2 8 ¢ 6.0 92 8 6 I\t | |
1.0 o2 8 6 o U I ‘ I | Injection Volume: 1.0 pL 000 - . —
f,;";,f‘gge‘{j;”(,‘v‘j;hl.%"lt,:CF COOH in 8% ACN I\ M “ | I . Weak Needle Wash: 0.1% CFsCOOH in 8% ACN 0.0 1.00 2o 300 4.00 5.0
: 0. 3 000 _— | S | : Apeiiidetiuiane : inutes :
Sample: Caffeic Acid Derivatives in Echinacea purpurea ——— T ———— EZEF:Z'D?EZ?E /;%'.dsge:‘g.t%eez'a 5?:;\/?321/“(/:?%?3}-1 5 min.
Sample Diluent: 50:50 H,0: MeOH with 0.05% CF,COOH 0 5.00 1000 1500 20.00 25.00 3000 35.00) < F| c tration: 100 i DR
Sample Concentration: 100 pg/mL Minutes ample toncentration: pg/mi 0.005
Temperature: 40° C Temperature: 40° C
Detection: U\) @ 330 nm 0.005 TTT Detection: UV @ 330 nm 0.004
Samplin ;'ate- 10 pts/sec | ‘ H Sampling rate: 40 pts/sec
TirnepCogstant" 0 lp 0.004 4 ‘ ‘ Time Constant: 0.1 0.003
Instrument: Alliance 2695 Separations Module with 0003 1 | ‘ I ZO0OM | Instrument: Waters ACQUITY UPLC, with TUV detector e ZOOM
2996 PDA detector ‘ | ‘ ‘ | 3
20002 \ \ ‘ Analyte 0.001 i
Analyte _ _ M | 1 | 1. Caftaric acid
1. Caftaric acid 0.001 W | 2 Chlorogenic acid 0.000 I
2. Chlorogenic acid W 3, Cynarin \ l ]
3. Cynarin 0.000 - 4 Echinacoside 0001 S RS
4. Echinacoside 5. Cichoric acid — .
5. Cichoric acid -0.001 3 0.00 1.00 2.00 3.00 4.00 5.0
000 500 1000 | 1500 2000 2500 3000 3500 Minutes
Minutes . Enhanced Baseline
Enhanced Baseline

HPLC to UPLC Transfer XTerra 2.1 x 50 mm 2.5 pm on
Caffeic acid derivatives found in Echinacea sp. ACQUITY UPLC System
o008 | ‘ [ [ 1 | Original HPLC Method = 35 min
0004 ‘ ‘ | [l | XTerra MS C,g ] Analytes
0.003 ‘ | ‘ | 4.6 x 150 mm, 5 pm | 0.045 (Tricyclic Antidepressants):
I | \ ‘ ‘ } X 1. Nordoxepin
_ 0002 ‘ ‘ \ I \ \ 0040 7 e 2. Desipramine
ool 11 IRV | W \ \ , “ 3. Nortriptyline
- \ | \ i J | I | | 0035 - 2 4. Doxepine
0.000 Mg W W MMWW ‘W Y 5. LImipramine
0.001 ] 0.030 6. &Amitriptyline
—_— 7. | Trimipramine
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 0.025 -
Minutes =) 3
0.005 < 3
\ ‘ Final UPLC Method = 5 min 0020 Q N
0004 ‘ ACQUITY UPLC BEH C,q o 3
0003 2.1 x 50 mm, 1.7 ym 0015 7 8 % &
0.002 | 0010 | T
0.001 l‘ 0.005 -
0.000 “ B 5
i 0.000 T - -
0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 5.00
0.00 0s0 100 1so 200 280 300  3s0 a0 450 " 500 Minutes
Minutes
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Comparison of XTerra 2.5 pm and
ACQUITY UPLC 1.7 pm Columns

Comparison of XTerra 2.5 ym and
ACQUITY UPLC 1.7 pm Columns

Peak N width in
Name RT. Area Height USP. Capacity | 9 Sigma Width @ seconds @
Resolution " 134%
4Sigma 13.4%
Xterra 2.5um Mordoxepin 1.8581 81126 37588 68.70 16809 0.0582 3.49
Aterra 2.5um Desipramine 2.234 23818 12136 219 7B8.53 26749]  0.0530 318
Kterra 2.5um MNortriptyline 2.474 62684 30809 4.53 7392 30779]  0.0548 329
Xterra 2.5um Doxexin 2705 8054 18567 4.4 242 380048 00580 fen
Aterra 2.5um Imipramine 3.088 18663 9737 B.94 78.34 53789 0.0517 310
Kterra 2.5um Armitriptyline 3.280 52903 26583 4.09 76.74 57805 0.0528 317
Xterra 2.5um Trimipramine 3.857 22891 11774 B.11 7718 71551 0.0525 315
Peak
. usp : . Width width in
Name R.T. Area Height Resolution Ca.pacny 5 Sigma 134% @ seconds
4Sigma
ACQUITY 1.7um  |Nordoxepin 1.980 81613 46507 85.56 25484 0.0473 284
ACQUITY 1.7um | Desipraming 2.217 24655 18177 5.63 92.37 33466)  0.0438 263
ACQUITY 1.7um | Morriptyline 2.480 62683 37797 571 90.68 44729 0.0448 268
ACTUITY 1.7um | Doxesin 2741 SHEhT 27248 B.18 G54 45538  0.0503 3
ACQUITY 1.7um_|Imipramine 3.108 20229 11452 797 88.21 66965)  0.0459 274
ACQUITY 1.7um | Amitriptyline 331 52040 31246 4.63 91.04 84679  0.0444 267
ACQUITY 1.7um | Trimipramine 3.684 22748 13522 8.35 83.73 104829 0.0451 270

0.06
XTerra 2.1 x 50mm 2.5 um.
004 1 4.0 min gradient 0.5 mL//min.
2
<
0.02 -
0.00 A A
0.06
ACQUITY UPLC BEH C,g 2.1 x 50mm 1.7um
004 - 4.0 min gradient 0.5 mL/min.
2
<
0.02
0.06 -
e
< 8 ACQUITY UPLC BEH Cyg 2.1 x 50mm 1.7 um 0.8
0.04 - 3 “’\ min gradient 1.0 mL/min
2 ®
< D
002 I
0.00 -7 T T T T T T T T T
0.00 0.50 1.00 150 2.00 250 3.00 350 4.00 450 5.00
Minutes
Final: Optimized for Speed
ACQUITY UPLC Column
0.060
Chromatographic Conditions - Analytes
0.055 | =
Columns: AQUITY BEH C18 Column 2.1 x 50 mm, 1.7 ym § (Tricyclic Antidepressants):
0.050 -| Mobile Phase A: 10 mM Ammonium Bicarbonate, pH 10 ™
Y
Mobile Phase B: Acetonitrile § 1. Nordoxepin
1 o - .
0045 7 ow Rate: 1.0 mLimin 2 2. Desipramine
3 Al
0.040 -| Gradient: 30%-80%B over 0.8 min, hold to 1.0 min - 3. Nortri Ptyl'ne
: 4, Doxepine
Injection Volume: 5.0 pL 5. Imipramine
0035 "4 Sample Diluent: 50/50 Watet/ACN (2 ng/uL) 3 6. Amitriptyline
0030 | Temperature: 50°C IS 7. Trimipramine
< Detection: UV @ 240 nm
0:025 7 ime Constant: 0.1 o &
0.020 | Sampling rate: 40 pts/sec (ACQUITY UPLC) é % §
- o
Instrument: UPLC: ACQUITY UPLC, with 500 nL Flowcell ’gj
0.015 | Strong Needle Wash: 500 uL 50/50 Water/ACN
0010 | Weak Needle Wash: 500 4L 7030 Water/ACN

- 7__k_1;/‘——-‘J -
0.000

T T T T T T
0.00 0.10 0.20 0.30 0.40 0.50 0.60

T T T T T T T
0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40
Minutes

1.50)

ACQUITY UPLC BEH C;5 2.1 x 50 mm

0.8 minute gradient

Peak
- : a Width width in
Name RT. Area Height Resolution (‘ias;:acl!y 5 Sigma 134%@ seconds
gma

ACQUITY 1.7um  Nordoxepin 0713 3164 49452 3951 17431 0.0208 1.5
ACQUITY 1.7um  Desipramine | 0.774 1221 16222 313 4471 26329 00183 1.10
ACQUITY 1.7um  Nortriptyline | 0.828 29852 4234 297 4283% 20231 00189 1.13
ACQUITY 1.7um  Doxegin 0892 18186 7114 346 4388 30808 0.0187 1.12
ACQUITY 1.7um  Imipramine 0972 8543 13203 451 4734 49981 0.0173 1.04
ACQUITY 1.7um  Amitriptyline | 1,020 24672 36538 254 4579 50185 0.0179 1.07
ACQUITY 1.7um  Trimipramine | 1.108 11291 15166 455 41,64 42893 0.0197 1.18
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Method Transfer Process
Steps for success

Gather information about existing method and results
Compare Instruments
Select new or target column

— Chemistry

— Dimensions
Select target conditions based on geometric considerations

Evaluate results of transfer

Optimize as required for Time and/or Resolution

Optimization of Transferred Method

= ACQUITY UPLC is governed by the same principles
reversed phase HPLC

= Everything that you used to know is still true
— All the chemical manipulations still apply
— All your strategies remain the same

— Simulation software has proven useful for some cases,
just like it has in conventional HPLC

= Optimize as always, but the process goes faster

Summary

Methods can be moved directly from
HPLC to ACQUITY UPLC for
—Improved resolution

—Improved speed

— Improved detection

Many parameters can and must be manipulated to
preserve results

Attention to detail leads to success

Method Conversion Significantly
Different Column Chemistry

= At what point does method conversion become
method development?

= Use same strategy as using today

—Choosing the column type that you have typically used with
the compounds of interest

— Generic gradients: 10 to 90% organic solvent
—Run a short gradient (3 min) and a long gradient (6 min)
— Make decisions based on results to optimize method

= Optimization tools (simulation software) can be used

Dr. Shula Levin
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Flexibility for Buffer Scouting

T 1 1 I
= -/n g
A3 A4 A5 A6 | A7

Configuration #2

Practical Approach To

Configuration #1

Efficient Method Development AL pH 3.0 HCOOH A2 pH 3.0 HCOOH
A2 pH 10.0 NH,HCO, A3 pH 7.0 NH,CH5COOH
B1 MeCN EE A4 pH 10.0 NH,HCO;
B2 MeOH A5,A6,A7 Open/H,0
Al H,0
B1 MeCN
B2 MeOH

Where to begin?

A total of 6 bottles can be used

ACQUITY UPLC PDA Detector

ACQUITY UPLC Column Manager for Peak Purity
= Thermostated from 10 - 90 °C = Support for data rates up to 80 Hz
_‘ coumn! — Featuring independent data rate and filter constants
Coumz = eCord™ Information Management = Improved sensitivity
Technology for each column = Superior noise performance
= Accepts HPLC and UPLC columns = Light guiding flow cell design
with Iengths from 30 mm to — Multiple flow cell options for a wider application range
150 mm = Lamp optimization
e i B O - - | pogyity

B =t ®:[F <

Equieaicn Tive.
 wn
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AU

The "M” denotes the point of maximum difference

PDA Peak Purity Plot

Empower 2 automatically identifies

Spectrally Pure Peak

potentially impure peaks
Glimepiride

1.401

[80.00

Questionable peak
Unknown @ 1.482 minutes

0.404

/BN

F20.00 0.201

AU

F0.00

T T T T
2.064 2.080 2.096 2112 2.128
Minutes

0.001

T T T T T
1.460 1.470 1.480 1.490 1.500
Minutes

;sovoo
[-60.00
-40.00
;2ovoo

-0.00

Degrees

Why Use Mass Spectrometry?

Ability to track peaks

Assists as orthogonal analysis

Confirm identity of knowns

Verify purity of the peak(s) of interest

Help to identify unknowns

UV Peak Tracking

Tracking peaks by UV during the method development process may be
difficult as the spectra of related substances can be similar

2l 0w a2
2

©
§838 8

-« =

Y (- .
o I
o a i
a 4
= 7 =
5 = = a 2
] a1 B 4

...with MS data, the peaks can now be easily tracked as well as any

Mass Spectra Peak Tracking

additional peaks invisible to UV detection
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HPLC to UPLC: Method Transfer and Development

ACQUITY SQD MS Peak Tracking: . .
pH 3 vs. pH 10 UPLC Systematic Scouting

Column - ACQUITY UPLC® BEH C,4 Solvents - Acetonitrile

pH 3.0 ’

.

4 7
: 5

= Methodology
— Four ACQUITY UPLC chemistries 2.1 x 50 mm, 1.7 ym
o ACQUITY UPLC BEH Cyg
o ACQUITY UPLC BEH Phenyl
o ACQUITY UPLC BEH Shield RP18

Glimepiride

o ACQUITY UPLC HSS T3
... Base Peak (m/z) -
Biinineeee s ™ | Glimepiride - 491.3 o Acetonitrile
o Methanol
pH 10.0 e s Peak 2 - 497.5
] — Buffers
= Peak 3 - 352.3 o pH 3 (Ammonium Formate)
‘ . 3 g Peak 4 — 383.1 o pH 10 (Ammonium Bicarbonate)
:
| 27 Peak 5 - 410.1
‘‘‘‘‘‘ - - Peak 6 - 398.1
Peak 7 - 505.2, 561.3
Setting Up Method Scouting Importance of Scouting with Various
Experiments with Empower Templates Selectivity Tools
Essential for streamlining Acetonitrile pH 3.0 Acetonitrile pH 10.0
sequential workflow | Key to data visualization § 2
: . 8 u : scourry :
2 4l 5 |E UPLC BEH £
EHETIT 2316 o Cis o
Samplehiame N Function Time. Delay P”“;.m” Buffer_type Column_Type pH 0o
iMirutes) | (Minutes) ostion I Q &
=]
ondtion Column 500| 1.0 |Posiion £ 2
- - K 3 ACQUITY S
Blank riect Samples 500 1.00 10mM Ammonium Formate | ACQUITY BEH C18 2 E UPLC BEH g
Glimepirice M3 riect Samples 500 100 10mM Ammonium Formate | ACQUITY BEH C18 . [C] Phenyl ©
oneiion Calamn sw| 1o - -
Blark riect Samples 5.00 100 1 0rmbt Ammanium Formate | ACGQUITY BEH Phenyl g = 5 E
. S ACQUITY 028 7 5
Glimepirice M3 riect Samples 5.00 100 1 0rmbt Ammanium Formate | ACGQUITY BEH Phenyl 2 g UPLC BEH 2 \f 4 3 E
oneiton Colunn so0| 1o . [ Shield RPg o \ 65
Blank riect Samples 5.00 100 1 Ombt Ammanium Formate | ACGUITY BEH Shigld RP1G | ACN 0001
@ 000 o0 2o B o0 5ol
Glimepirice M5 riect Samales 5.00 100 1 0mbd Ammanium Formate | ACGUITY BEH Shigld RP18 | ACN rnes
. ACQUITY
onelton Colunn so0| 1o R UPLC HSS
181 |Benk 20| 1 [Jriect Samples so0| 100 10kt Ammonium Formete | ACGUITY HSS T3 AN pH=3.00 T3 Manually tracking and labeling known peaks of
. .
142 |Gimepridems | 20| 1 Jriect Sampies soo| 100 10t Ammoriun Formate: | ACGLITY HSS T3 Ach pHe300 interest peaks (approx. 4 hours).
& How much time is now needed to evaluate each
— . of the other 7 chromatogram's various
29 H User Defined I T D d separation attributes?
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HPLC to UPLC: Method Transfer and Development

Data Processing and Interpretation
with Empower 2

= Sorting and visualization to evaluate:

— Peak attributes
o Area, RT, width, number of peaks
o System suitability results
« Resolution, tailing, k’
— Purity
o Flags maximum point of impurity

= Decision Making Tools

— Appropriate calculation and reporting templates

Obtaining Separation Attributes

System Suitability is used to obtain information related to quality of

se pa ratlo n Crlte ria Retertion Time | Area o avea | K |Selctivit usp usp Symimetry

(min) (Wv*ses) ¥ | Resolution | Taiing | Factor

0361 5 0865 | 19535 | 04| 284 142 142
—  Resolution

—  Tailing 1.0m s | 047|345 | 12 19 1.08 1.08
—  Efficiency

—  Symmetry 1244 | 4517|049 [4s3 | 13 121 | 103 103

. —  Retention Factor (k) 1321 s118| 022|487 | 108 331 118 118

1453 | 7733 | 033|548 | 112 568 126 126

1632 | 25207 | 108|625 | 115 808 115 115

de

imepiri

Gl

Minutes

*Scouting injection of Glimepiride on ACQUITY Phenyl, ACN, pH 3.0 Labeled only major peaks of interest

Using Separation Attributes to Evaluate
and Interpret Separation Conditions

Identify the Method

Intent
[
Resolution? Speed?
Impurity profile, stability indicating, API assay identification, content
forced degradation evaluation? uniformity intent?

Plot greatest Which

Least amount Which has a

r;g;t;:tre%f of tailing for suitable k' for eg;‘istt’igse g&e
peaks the API? API? Sl

pe%vlzsmn‘?gzt [R[SX) (T
your critical pairs Average Peak
. of peaks are width?
resolution present?

\ criteria?

Total Peak Number Plots

Total Peaks Integrated One of the fastest ways to roughly mine the
“ method scouting data is to determine the
z z conditions that separated the most number of
= 5 & = r_ = eaks or by most number of peaks of interest
z Z z
I = 3 =4 D &
20012 f;ézzcé, 4 I§§§ > x%
T L £ 8493 3 & G5B Tutal Peaks > 19 area
# 5=z iz £ 8 2w £ T
Efz¥ Eg¥ g8z e d =
EzEg2 2822225 EEC =
2 ESEES 5 22E:3 g 2
sumls 222823820 EE 238 =8 _zg 2 g
ETEEE S5 p g Sl O R =
S izgygesalagggad =nZgEg2 2501 23
H f2tgfeEgiEdidgis TEEBEEZRE=FE8BTEE
& Sy mT Emimseg = EgagEsfsofersad
e 'Rl K izt EigpScccpfcicsge
2 ool £ s||f2 5 32853 3g%gagzcd3
2 IgEpgIitzsTsiszt
3 2 H B
£.004 gSDD i . ii im
Total Column Buffer H Solvent e
Peak Mumber Tupe °
1
2
3 0.00
a 19.000 | ACQUITY BEH Phanyl nun Number
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Method Transfer and Development

HPLC to UPLC

= ©
< X
29 % g8 8%
By
e b~ aE <5% as
> Q g = £© ]
Es — 0 T 2E5 s
=)
el & 1= &
(V]
k] 11 ]
=
=

ice

Cho

ion

imizat

Opt

1 x 50 mm ACQUITY BEH Cq

= Ammonium Formate pH 3

= Acetonitrile
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conditions to optimize are

= Based on total number of peaks and injection score, the
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Injection Score

estimation of which conditions are
suitable to explore for further

optimization.

In this this particular example,
the injection score equation
included factors about:

=Total peaks above 1% area

The “Injection Score” is an
=Run time

=Total peaks found

=Average peak width
=Separation space
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Injection score equations are
recommended to include a

weighted relationship of the
user’s goals and criteria
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10mM Ammonium Formate

10mM mmonium Farmste

10mM &mmonium Formate

Best runs) for this set
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HPLC to UPLC: Method Transfer and Development

Overview

= Points to Consider
— Quality by Design
— Intended Use of the Method
— Sample Selection

= Method Scouting
— Available Tools
— Experimental set-up
— Case Study: Glimepiride
o Peak Purity
o Peak Tracking
— Practical Approaches to Mining the Data

= Method Optimization

— Gradients and Temperature
— Modeling with Simulation Software

Method Optimization:
Goals and Challenges

= Goals

— Achieve a satisfactory resolution for major peaks of interest
— Perform the analysis in a minimal amount of injections
— Achieve reproducibility

= Challenges

— Many scientists still practice a very manual approach
o Educated guess and trial and error
o Serial injections changing one variable at a time

— Difficult to achieve desired resolution

— Knowing when to stop can decide the time associated with the experiment.
o Intended use of the method
o Was all the needed information obtained?
o Where is it going next?

Modeling with Simulation Software

= Ability to model in multiple dimensions
— Reduces time needed to optimize a method
— Models effects of multiple variables simultaneously

= There are a number of commercially-available chromatography

simulation software packages

= Generally, temperature and organic modifier are linear
relationships, hence only two experimental points are needed.

Optimizing Glimepiride

= To model the separation for % organic and
temperature, the following injections were performed
on an ACQUITY BEH Cyg, 2.1 x 50 mm; 1.7 ym:

— 5 minute, 5-100% B linear gradient, at 35 °C
— 5 minute, 5-100% B linear gradient, at 50 °C

— 10 minute, 5-100% B linear gradient, at 35 °C

10 minute, 5-100% B linear gradient, at 50 °C
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HPLC to UPLC: Method Transfer and Development

Observing Gradient Slope Effects

Gradient slope had no effect on selectivity or emergence of coelutions...

350C
5 min gradient

35°C
10 min gradient

Observing Temperature Effects

Temperature had no effect on selectivity or emergence of coelutions...

35 °C
5 min gradient

50 °C
5 min gradient

Actual Chromatogram

..the presence of an emerging peak from the API was observed to be
temperature selective in the modeling software

ACQUITY BEH C,q
004 2.1 x 50mm

Gradient: 12-58% ACN,
Run time: 5 minute. N
. Temp: 500C

Flow rate: 0.8mL/min

Sample: black
Blank: red

AU

00201

L. | '

Optimization Pathways

= How can we achieve greater resolution of the co-eluting peak
with the API?

— Increasing temperature to resolve peak
o Using the present 50mm column
o Adjust for higher flow rate

— Configure for longer column dimensions (100mm)
o Increase Temperature as necessary
o Adjust flow rate for optimum pressure

Dr. Shula Levin
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HPLC to UPLC: Method Transfer and Development

Option #1: Increase Temperature and
Flow Rate

Software Optimized for ACQUITY BEH C,g
Column Dimensions: 2.1 x 50mm

Option #2:
100 mm Column Results

Software Optimized for ACQUITY BEH C18
Column Dimensions: 2.1 x 100mm

00407

0030

00207

00107

00007

Gradient: 12-58% ACN

Run time: 5.0 minutes

Temp.: 65°C

Flow rate: 1.0mL/min

Sample: black R.=1.9
Blank: red s

\L

Minutes

0040

Gradient:
Run time:
Temp.:

Flow rate:

0.0001

oeo] Sample: black
Blank: red

o010

ook F’”“‘”‘L'“‘LL

12-58% ACN
10.0 minutes
65 °C

0.8 mL/min

Mnutes

1
1000

50 mm for added productivity

The Final Method

Either one can be used!

100 mm for added information

Ul NAMA

!
i

Develop Methods Faster with UPLC:
Time Savings

UPLC Method Development Protocol
2.1 x50 mm, 1.7 pm

Column conditioning

Column re-equilibration
Sample injection (2 replicates)
Blank injection (2 replicates)
System purge

Time
5 min
1 min
(éminx 2) 12 min
(6minx 2) 12min
4 min

pH 3/ methanol x 4 columns

Column conditioning

Column re-equilibration
Sample injection (2 replicates)
Blank injection (2 replicates)
System purge

5 min
1 min
(6minx 2) 12 min
(6minx 2) 12min
4 min

0 itrile x 3

Column conditioning

Column re-equilibration
Sample injection (2 replicates)
Blank injection (2 replicates)
System purge

5 min
1 min
(6minx 2) 12min
(6minx 2) 12 min
4 min

pH 10/ methanol x 3 columns

Column conditioning

Column re-equilibration
Sample injection (2 replicates)
Blank injection (2 replicates)

5 min
1 min
(6minx 2) 12min
(6minx 2) 12min

EQUIV HPLC Method Development Protocol

4.6 x 150 mm, 5 pm
pH 3/ acetonitrile x4

Column conditioning
Column re-equilibration
Sample injection (2 replicates)
Blank injection (2 replicates)
System purge

pH 3/ methanol x 4
Column conditioning
Column re-equilibration
Sample injection (2 replicates)
Blank injection (2 replicates)
System purge

110 _— 3

Column conditioning
Column re-equilibration
Sample injection (2 replicates)
Blank injection (2 replicates)
System purge

pH 10/ methanol x 3
Column conditioning
Column re-equilibration
Sample injection (2 replicates)
Blank injection (2 replicates)

Time
20 min
10 min

(40min x 2) 80 min
(40min x 2) 80 min

7 min

20 min
10 min

(40min x 2) 80 min
(40min x 2) 80 min

7 min

20 min
10 min

(40min x 2) 80 min
(40min x 2) 80 min

7 min

20 min
10 min

(40min x 2) 80 min
(40min x 2) 80 min

System purge 4 min System purge 7 min
pH 3 scouting time 272 minutes pH 3 scouting time 1576 minutes
pH 10 scouting time 204 minutes pH 10 scouting time 1182 minutes
SCOUTING TIME 476 min SCOUTING TIME 2758 min
TOTAL SCOUTING TIME 7.9 HOURS TOTAL SCOUTING TIME 46.0 HOURS
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