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Methods Transfer ConsiderationsMethods 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

HPLC Transferred to UPLC:HPLC Transferred to UPLC:
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•Scaling Down to smaller columns

•Changing to equivalent columns

•Changing Instrument brand

Method Transfer ProcessMethod Transfer Process
Steps for successSteps 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
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Critical Concern of Method TransferCritical 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 Required Information 
Original methodOriginal 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 Required Information 
Original resultsOriginal results

� Chromatogram

—Number of peaks

— Retention

— Resolution

� Quantitation

— Limit of detection

— Limit of quantitation

— Linear dynamic range

— Accuracy

— Precision

Method Transfer ProcessMethod Transfer Process
Steps for successSteps 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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Instrument Comparison Instrument Comparison 
Solvent deliverySolvent 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 Required Information 
Original instrumentOriginal 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 Example 
Original methodOriginal method

Ambient temperature: 21 – 22° C

Flow rate: 1.50 mL/min

Sample analytes: Caffeine (100 µg/mL)
Hydroquinidine (33 µg/mL) 

3-Aminobenzophenone (39 µg/mL) 

Molecular weight(s): Less than 500

Sample diluent: DMSO

Injection: 10 µL

Detection: 254 nm

Mobile phase: A: 0.05% TFA in water
B: 0.05% TFA in acetonitrile

Example Example 
Original gradient profileOriginal gradient profile

Gradient 

Step

Time since 

injection

Flow 

Rate

%A %B Curve

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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Example Example 
Original columnOriginal column

Solid Phase: XTerra  MS C18

Particle Size: 5 µm

ID: 4.6 mm

Length: 150 mm

Calculate: 30,000
µm 5

µm 150,000L

dp 
==

Example Example 
Original instrumentOriginal instrument

� Waters Alliance 2695 Solvent Manager

—Single pump gradient with low pressure mixing

� Waters Alliance 2695 Sample Manager

� Waters 2487 TUV at 254 nm

ExampleExample
Original resultOriginal result
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Resolution (2,3) = 28

Volumes of Pumping SystemsVolumes of Pumping Systems

DetectorInjector Column

Pump 1

Smaller System Volume = Dwell volume

Pump 2

Mixer

Multi-Pump

Proportioning
Valve

DetectorInjectorA
B
C

D
Column

Solvent

delivery

Larger System Volume = Dwell volume

Single Pump
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Mixing Valve Low –
More Pipe Volume –
More Time Delay

Mixing Valve High –
Less Pipe Volume –
Less Time Delay

Different Configurations Create Different Configurations Create 
Different Time DelaysDifferent Time Delays

Timing Offset of a System Timing Offset of a System 
due to It’s System Volumedue to It’s System Volume

Solvent Composition

at MixerMixer

Solvent Composition

at Column Head

Injection
The instruments’ System Volume 
(plumbing) will cause a time delay 

before
the solvent composition begins to 
change at the inlet of the column -
Results in an ISOCRATIC HOLD
for that amount of time –

this helps make the separation that 
you see

{ }

Time

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

Time

Solvent Composition
at Mixer

Solvent composition
at column head

Injection

{ }

Original System

Target System

{     }

cv

cv

Different System Volumes Different System Volumes 
Effect on separationEffect on separation

System with smaller volume
(less isocratic hold time)

System with larger volume
(longer isocratic hold time)

Original System

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

The gradient reaches the 
column before the 
isocratic elution of Peak 3 
is complete. Peaks 3 and 4 
are compressed together.
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Effects of System Volume on GradientsEffects of System Volume on Gradients

High volume

Low volume

Retention 
time changes

Resolution 
changes

0.00

0.20

0.40

0.60

0.80

1.00

2 4 6 8 10 12 14 16 18 20

AU

Minutes

Vo

1 mL/min

Linear Gradient SeparationLinear Gradient Separation
1 1 mL/min, mL/min, 200 200 and and 50 50 µµµµµµµµL/minL/min

0.00

0.02

0.04

0.06

0.08

0.10

0.12

AU

10.0 20.0 30.0 40.0 50.0 60.0

Minutes

1 mL/min

200  µµµµL/min

50  µµµµL/min

Application

Measuring System VolumeMeasuring System Volume

5.69 min.
- 5.00 min. 
0.69 minutes

50% Time = 5.69 minutes

A
U

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

Minutes
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Programmed time = 5.00 minutes

System Volume:
0.69 min. x 1.5 mL/min. = 1.04 mL

System VolumeSystem Volume
Recommended method for measurementRecommended 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 ResultsSystem 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 Compensation for Different 
System VolumesSystem 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 VolumeCompensation 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 Offsets from Different System Volumes 
Expressed in column volumes (cv)Expressed in column volumes (cv)

Solvent Composition
at Mixer

Injection

{ }

Time

Original Alliance System

Target ACQUITY
UPLC System

{}
0.32 Col-v

0.42 Col-v
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Calculation of Initial Hold Time for UPLCCalculation of Initial Hold Time for UPLC

� Initial Hold  (column volumes)  = 
Original System Volume – Target System Volume

0.42 cv - 0.32 cv = 0.10 Col-v’s  Initial Hold 

� Initial Hold Volume (mL) =
Initial Hold Col-v x  Target Column Volume 

0.12 cv  x  0.34 mL = 0.0408 mL

� Initial Hold Time  = 
Initial Hold Volume / UPLC Flow rate = 

0.0408 mL / 0.6 mL/min = 00..068 068 minmin.

Compensating for System VolumesCompensating for System Volumes

� Compare system volumes (measured in column volumes)

� Target system gives smaller isocratic segment

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

� Target system gives larger isocratic segment

—No exact compensation is possible

— Chromatographic effect of extra isocratic hold usually small

Method Transfer ProcessMethod Transfer Process
Steps for successSteps 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

ACQUITY UPLC ColumnsACQUITY UPLC Columns

ACQUITY UPLC BEH C18

ACQUITY UPLC BEH C8

ACQUITY UPLC BEH Shield RP18
Waters Patented Technology 

(carbamate embedded polar group)

ACQUITY UPLC BEH Phenyl

ACQUITY HILIC

HSS T3 (High Strength Silica C18)

HSS C18 (High Strength Silica C18)
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ACQUITY ACQUITY 
BEH, & HSS chemistriesBEH, & HSS chemistries

Ligand SelectivityLigand Selectivity
Caffeic Acid Derivatives in Echinacea PurpureaCaffeic Acid Derivatives in Echinacea Purpurea

Stationary Phase Selectivity:Stationary Phase Selectivity:
UPLCUPLC®® Separations of AnalgesicsSeparations of Analgesics

Stationary Phase Selectivity:Stationary Phase Selectivity:
UPLCUPLC®® Separations of NitroaromaticsSeparations of Nitroaromatics
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••Pharmacopeias Definitions and DatabasePharmacopeias Definitions and Database

••Selectivity Chart DatabaseSelectivity Chart Database

••ACDLabs DatabaseACDLabs Database

••Physical CharacterizationPhysical Characterization 

••Pharmacopeias Definitions and DatabasePharmacopeias Definitions and Database

••Selectivity Chart DatabaseSelectivity Chart Database

••ACDLabs DatabaseACDLabs Database

••Physical CharacterizationPhysical Characterization 

USP Definitions:USP Definitions:
Categories For HPLC ColumnsCategories For HPLC Columns

Definitions are too broadDefinitions are too broad

Category Particle Dia.(µµµµ m) Bonding Description

L1 1.7 to 10 C18 Octadecyl silane 

chemically bonded 

to porous silica or 

ceramic particles.

L2 30 to 50 C18 Octadecyl silane 

chemically bonded 

to silica gel of a 

controlled surface

The Product Quality Research Institute (PQRI)The Product Quality Research Institute (PQRI) approach for selecting approach for selecting 
columns of equivalent selectivity columns of equivalent selectivity 

http://www.usp.org/USPNF/columns.htmlhttp://www.usp.org/USPNF/columns.html

C" "Column ion-exchange capacity

B" "Column hydrogen-bond basicity

A" "Column hydrogen-bond acidity

S*" "Column steric interaction

Hmeasured by the column parameterColumn hydrophobicity

ManufacturerUSP DesignationTypeC(7.0)C(2.8)BASHColumnF
Rank

WatersL1B0.0510.133-0.015-0.1430.0120.984Xterra MS C1800

SupelcoB-0.035-0.124-0.002-0.180.0240.899Ascentis C-82.721

AgilentB0.02-0.004-0.02-0.0720.0071.03Zorbax Eclipse Plus C182.872

AgilentL7B0.0120.003-0.008-0.2190.0250.919Zorbax Eclipse XDB-C82.953

Nacalai TesqueB-0.027-0.118-0.014-0.1320.0421.031COSMOSIL MS-II3.14

ShiseidoL7B-0.01-0.046-0.013-0.0970.0370.854CAPCELL PAK C8 UG1203.325

PhenomenexB-0.034-0.133-0.013-0.0080.0280.989Synergi Max-RP4.376

ES IndustriesL1B-0.041-0.131-0.007-0.203-0.0270.95Epic C184.547

Pharmacopeias Definitions and DatabasePharmacopeias Definitions and Database
Columns ClassificationColumns Classification

The PQRI approach for selecting columns of equivalent The PQRI approach for selecting columns of equivalent 
selectivity selectivity 
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Selectivity Chart DatabaseSelectivity Chart Database

Time (min)

50

Conventional C18

Symmetry  C18
neutral

base

neutral

base

0

Large αααα

Small

αααα

�Large Relative 
Retention Factor 
(α) indicates high 
silanol activity

�Small Relative 
Retention Factor (α) 
indicates low silanol 
activity

α=k’2/k’1K’=(RT-t0)/t0)

Stationary Phase CharacterizationStationary Phase Characterization

� Hydrophobicity (x - axis)

— Measured by the retention factor of acenaphthene

� Selectivity and Silanol Activity (y - axis)

— Measured by the relative retention (αααα) between amitriptyline and acenaphthene at pH 

7.00 in phosphate buffer

Selectivity

αααα

Hydrophobicity    k

Selectivity Chart

for Different Columns

ReversedReversed--Phase Column Selectivity ChartPhase Column Selectivity Chart

Retentivity
(ln [k] acenaphthene)

SunFire ™ C18

YMC-Pack™ PolymerC18™

Hypersil® CPS Cyano

YMC-Pack™ CN

Waters Spherisorb® S5 P

Hypersil® BDS Phenyl

Nova-Pak® Phenyl

YMC-Pack™ 

Phenyl

Hypersil® Phenyl

Inertsil® Ph-3

YMC-Pack™ Pro C4™

YMCbasic™

Symmetry® C8
YMC-Pack™ Pro C8™

Nova-Pak® 
C8

XTerra® MS C18
Symmetry® C18

YMC-Pack™ 
Pro C18™

Inertsil® ODS-3

YMC-Pack™ ODS-A™

Nova-Pak®
C18

YMC J'sphere™

ODS–L80 Nucleosil® C18

Waters Spherisorb® ODS2

Waters Spherisorb® ODS1

Resolve® C18

µBondapak™ C18

YMC-Pack™ ODS–AQ™

YMC J'sphere™ ODS–H80

YMC J'sphere™ ODS–M80

Inertsil® CN-3

Waters Spherisorb® S5CN

Nova-Pak® CN HP

SymmetryShield™ RP8

SymmetryShield™ RP18

XTerra® RP8

XTerra® RP18
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XTerra® MS C8

Luna ®
C18 
(2)

XTerra ®
Phenyl Luna ™ 

Phenyl Hexyl

ChromolithTM 

RP-18

Atlantis® dC18

Zorbax® XDB C18ACT Ace® C18

Zorbax® SB C18

SunFire ™ C8

Luna® 
C8 (2)

Tool to Help Select The Right ColumnTool to Help Select The Right Column
Waters ReverseWaters Reverse--Phase Column Selectivity ChartPhase 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, …

Original HPLC Column

Closest UPLC Column
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ACDLabs DatabaseACDLabs Database
Result of Result of 2 2 Columns ComparisonColumns Comparison

Parameters

HPLC Column Selector, Version 11.0

Build version: 24 April 2008

The Column Selector is based on an article by M.R. Euerby and 
P. Petersson published in J. Chromatogr. A 2003, 994, 13-36.

Single pair column comparison

Weightings

CDF =   0.180

Column 1: Acquity BEH C18
Column 2: HyPURITY C18

kPB
(1.00)
2.81
3.2

aCH2
(1.00)
1.46
1.47

aTO
(1.00)
1.36
1.6

aCP
(1.00)
0.36
0.37

aBP76
(1.00)
0.26
0.29

aBP27
(1.00)
0.14
0.1

ACDLabs Column SelectorACDLabs Column Selector

Physical Parameters Characterizing Physical Parameters Characterizing 
Stationary PhasesStationary Phases

(ln [k] acenaphthene)

XTerra MS C18

Hypersil® Elite C18

Inertsil® ODS-3

Hypersil® HyPurity Elite C18

Luna™ C18
Zorbax® Eclipse® XDB C18

Zorbax® Rx C18

Prodigy™ C18

Symmetry C18

SymmetryShield RP18

Supelcosil™ LC-ABZ+Plus

Supelcosil™ LC DB-C18

XTerra RP18

Luna™ C18(2)

Polaris™ C18-A
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Atlantis dC18

YMC-Pack ODS–AQ

EXPANDED VIEW

ACQUITY UPLC 
BEH

XBridge C18 

ChromolithTM RP-18

Nucleosil® C181.5

SunFire C8

SunFire C18

ACQUITY UPLC BEH
XBridge

Shield RP18

ACQUITY UPLC 
BEH

XBridge Phenyl

ACQUITY UPLC 
BEH

XBridge C8

The Modern “CThe Modern “C1818 Zone”Zone”

YMC-Pack Pro C18
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Column Selectivity ChartColumn Selectivity Chart Method Transfer ProcessMethod Transfer Process
Steps for successSteps 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

CalculateCalculate Target Conditions:Target Conditions:
InjectionInjection

� Use exactly the same sample

— Same concentration

— Same diluents

� Scale injection volume to volume of column



HPLC to UPLC: Method Transfer and Development

14

Dr. Shula Levin

Scale Injection Volume: Isocratic ConditionsScale Injection Volume: Isocratic Conditions

4.6 x 150 mm

2.1 x 50 mm

20 µL injection/2.49 mL = 
0.8%

20 µL injection/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 VolumeCalculation of Injection Volume

Scaling a 10 µL injection on 4.6 x 250 mm to 2.1 x 50 mm

Target injection volume  =

Original injection volume X Target Column Volume
Original Column Volume

0.068
0.17
2.49

=

10 µL x  3.14 x 1.1
2 x 50

3.14 x 2.32 x 150
=

10 µL x10 µL x

= 0.7 µL

Target Conditions:Target Conditions:
InjectionInjection

� 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 µL

—If calculated volume too small for injection

o Dilute 5 - 10x with initial strength mobile phase

—5 µL maximum injection on 2.1 x 50 mm

Target Conditions Target Conditions 
Flow rateFlow rate

� Adjust flow rate proportional to column diameter 

squared for constant linear velocity

or

� Adjust linear velocity for smaller particle



HPLC to UPLC: Method Transfer and Development

15

Dr. Shula Levin

Geometrically Scaled Flow Rate Geometrically Scaled Flow Rate 
CalculationCalculation

r

r
2

original

2

target

 x 

 x 

π

π
Target Flow Rate = Original Flow Rate x   

This reduces to:

Target Flow Rate = Original Flow Rate x   
diameter

diameter
2

original

2

target
 

Calculation of Linear VelocityCalculation of Linear Velocity

ππππ R (cm) L (cm) r2
ππππr2L (mL)

t0

Linear Velocity

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

Flow rate

mL/min

A
U

0.00

0.10

00..2020

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

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

2.1 x 100 mm, 3.5 µm
Injection = 3.3 µL

Flow Rate = 0.3 mL/min

Rs (2,3) = 2.32

4.6 x 100 mm, 3.5 µm
Injection = 15.8 µL

Flow Rate = 1.439 mL/min

Rs (2,3) = 2.38

3.0 x 100 mm, 3.5 µm
Injection = 6.7 µL

Flow Rate = 0.612 mL/min

Rs (2,3) = 2.57

A
U

0.00

0.10

00..2020

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

A
U

0.00

0.10

00..2020

Minutes
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Geometrically Scaled Flow Rate CalculationGeometrically Scaled Flow Rate Calculation

Scaling a 1.5 mL/min flow rate on 4.6 x 150 mm to 2.1 x 50 mm

r

r
2

original

2

target

 x 

 x 

π

π
Target Flow Rate = Original Flow Rate x   

This reduces to:

Target Flow Rate = Original Flow Rate x   
diameter

diameter 
2
original 

2
target 

mL/min 0.31
4.6

2.1 mL/min 1.5
2

2

=







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Original Gradient ProfileOriginal Gradient Profile

Gradient 

Step

Time Since 

Injection
Flow Rate %A %B Curve

Initial 0 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

Target Conditions Target Conditions 
Flow rateFlow rate

� Adjust flow rate proportional to column diameter 

squared for constant linear velocity

or

� Adjust linear velocity for smaller particle

Traditionally “Doubled” Flow Rate Traditionally “Doubled” Flow Rate Target Conditions Target Conditions 
Gradient profileGradient 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
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Column Volume to RunColumn Volume to Run--Time Volume Time Volume RelationshipRelationship

Column Volume: (πr2L ~) 00..2 2 mLmL Column Volume: (πr2L ~) 1 1 mLmL

25 min Run-Time at Flow = 0.2 ml/min 25 min Run Time at Flow = 1 ml/min

Run-Time Volume: Analytical

25 min x 0.21 ml/min = 5 ml
Run-Time Volume: HPLC

25 min x 1 ml/min = 25 ml

No. of Column Volumes:
Run-Time Vol/Column Vol

5/ 00..2 2 = = 2525

No. of Column Volumes:
Run-Time Vol/Column Vol

25 / 11 = = 2525

2 x50 mm 5 x50 mm Gradient SegmentsGradient Segments
Express as column volumes 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 = ππππ x r2 x L  =  
3.14 x 2.32 x 150  =  2.49 mL

Gradient Duration (Col-v) = 

Gradient Duration = 
22.5 mL
2.49 mL

=  9.03 cv

Volume Column

Volume Gradient

Target Conditions Target Conditions 
Gradient profileGradient 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 ScalingOriginal Gradient Profile for Scaling

Gradient

Step

Time Since 

Injection

Flow 

Rate
%A %B Curve

Segment 

Duration 

(min)

Segment 

Duration (cv)

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
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Target Conditions Target Conditions 
Gradient profileGradient 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

Scaled Gradient ProfileScaled Gradient Profile
22..1 1 x x 50 50 mm columnmm column

Gradient 

Step

Time 

Since 

Injection

Flow 

Rate
%A %B Curve

Segment 

Duration 

(min)

Segment 

Duration (cv)

Initial 0 0.31 95 5 * 0 0

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

Adjust flow rate for 2.1 x 50 at constant linear velocity

Target Conditions Target Conditions 
Gradient profileGradient 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 Traditionally “Doubled” Flow Rate 
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Estimate Optimum Flow Rate UPLC Estimate Optimum Flow Rate UPLC 

� Consider 1.7-1.9 µm 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 ScalingUPLC Scaling

Gradient

Step

Time 

Since 

Injection

Flow 

Rate
%A %B Curve

Segment 

Duration 

(min)

Segment 

Duration (cv)

Initial 0 0.6 95 5 * 0 0

2 0.6 5 95 6 9.03

3 0.6 5 95 1 3.01

4 0.6 95 5 1 6.02

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

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

= 9.03 cv x 0.17 mL = 1.54 mL

Gradient Step Time = 

Gradient Step Volume / UPLC Flow Rate 

= 1.54 mL / 0.60 mL/min. = 

2.61 min

UPLC ScalingUPLC Scaling

Gradient

Step

Time Since 

Injection

Flow 

Rate
%A %B Curve

Segment 

Duration 

(min)

Segment 

Duration 

(cv)

Initial 0 0.6 95 5 * 0 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

Scale to a 2.1 x 50 mm column at a flow rate of 0.6 mL/min
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Summary of Gradient ScaleSummary of Gradient Scale--DownDown

HPLC 2.49 column vol

Gradient
Step

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
Step

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
Step

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

Curve

Segment 

Duration (min)

Segment 

Duration(Col.Vol.

Time 

Since 

Flow 

Rate %A %B Curve

Segment 

Duration (min)

Segment 

Duration(Col.Vol.

Time 

Since 

Flow 

Rate %A %B

Time 

Since 

Flow 

Rate %A %B Curve

Segment 

Duration (min)

Segment 

Duration(Col.Vol.

CalculateCalculate

Change FlowChange Flow New UPLC Flow RateNew UPLC Flow Rate

UPLC Flow Rate of 0.6 ml/min

1 2

3
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22..1 1 mm mm 
Geometrically Scaled Gradient ResultsGeometrically Scaled Gradient Results

22..1 1 x x 50 50 mm mm 
Geometrically Scaled UPLC Gradient tableGeometrically Scaled UPLC Gradient table

Method Transfer ProcessMethod Transfer Process
Steps for successSteps 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 Target Conditions: Fine Tuning 
Mobile phaseMobile phase

� Use exactly the same mobile phase

—Modifier

— pH

— Ionic strength

— Organic solvent

— Percentage composition

� Change conditions only after evaluating geometric transfer if 

optimization is required
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Target Conditions Target Conditions 
TemperatureTemperature

� 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

Effect of PreEffect of Pre--heatingheating
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e
 2
5
4
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m

Minutes

0 1.5 3.0

Black = with column 
stabilization module

Blue = without column 
stabilization module
Note: impact varies for 
different peaks

Evaluate ResultsEvaluate 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)

Original HPLC MethodOriginal HPLC Method
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b
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5
4
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Minutes

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

Resolution 2/3 = 281

2
3

0 10 20 30
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UPLC Resolution UPLC Resolution 
Time scale as HPLCTime scale as HPLC

A
b
s
o
rb
a
n
c
e
 2
5
4
 n
m

Minutes
0 10 20 30

1

2
3 UPLC optimized 2.1 x 50 mm

Resolution 1/2 = 11

Resolution 2/3 = 26

Proportionately Magnified ViewProportionately Magnified View
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UPLC optimized 2.1 x 50 mm
Resolution 1/2 = 11
Resolution 2/3 = 26

Original Original 30 30 minute HPLC Methodminute HPLC Method
Minor componentsMinor components
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0 10 20 30

Baseline and presence of unknown “peaks”

55..2 2 Minute UPLC Magnified ViewMinute UPLC Magnified View
Minor componentsMinor components
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Minutes

0 2.6 5.2
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2
3
Same resolving power and sensitivity
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Original Original HPLCHPLC MethodMethod
Caffeic acid derivatives found inCaffeic acid derivatives found in Echinacea sp.Echinacea sp.

Chromatographic Conditions :

Columns: XTerra MS C18 4.6 x 150 mm, 5.0 µm

Mobile Phase A: 0.1% CF3COOH in H2O

Mobile Phase B: 0.08% CF3COOH in ACN

Flow Rate: 1.0 mL/min 

Gradient: Time Profile Curve

(min) %A     %B

0.0 92          8 6

2.0 92          8 7

32.0 50         50 6

35.0 10         90 6

36.0 92          8 6

41.0 92          8 6

Injection Volume: 10.0 µL

Weak Needle Wash: 0.1% CF3COOH in 8% ACN

Sample: Caffeic Acid Derivatives in Echinacea purpurea

Sample Diluent: 50:50 H2O: MeOH with 0.05% CF3COOH 

Sample Concentration: 100 µg/mL

Temperature: 40° C

Detection: UV @ 330 nm

Sampling rate: 10 pts/sec

Time Constant: 0.1

Instrument: Alliance 2695 Separations Module with 

2996 PDA detector

Analyte
1. Caftaric acid
2. Chlorogenic acid
3. Cynarin
4. Echinacoside
5. Cichoric acid
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Enhanced Baseline

Full ViewFull View

ZOOMZOOM

Transferred Transferred UPLCUPLC MethodMethod
Caffeic acid derivatives found inCaffeic acid derivatives found in Echinacea sp.Echinacea sp.

Chromatographic Conditions :

Columns: ACQUITY UPLC BEH C18 2.1 x 50 mm, 1.7 µm

Mobile Phase A: 0.1% CF3COOH in H2O

Mobile Phase B: 0.08% CF3COOH in ACN

Flow Rate: 0.5 mL/min 

Gradient: Time Profile Curve

(min) %A     %B

0.0 92          8 6

0.1 92          8 7

4.45 50         50 6

4.86 10         90 6

5.0 92          8 6

6.0 92          8 6

Injection Volume: 1.0 µL

Weak Needle Wash: 0.1% CF3COOH in 8% ACN

Sample: Caffeic Acid Derivatives in Echinacea purpurea

Sample Diluent: 50:50 H2O: MeOH with 0.05% CF3COOH 

Sample Concentration: 100 µg/mL

Temperature: 40° C

Detection: UV @ 330 nm

Sampling rate: 40 pts/sec

Time Constant: 0.1

Instrument: Waters ACQUITY UPLC, with TUV detector
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2. Chlorogenic acid
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5. Cichoric acid
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HPLC to UPLC TransferHPLC to UPLC Transfer
Caffeic acid derivatives found inCaffeic acid derivatives found in Echinacea sp.Echinacea sp.
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Original HPLC Method = 35 min
XTerra MS C18
4.6 x 150 mm, 5 µm

Final UPLC Method = 5 min
ACQUITY UPLC BEH C18
2.1 x 50 mm, 1.7 µm

XTerra XTerra 22..1 1 x x 50 50 mm mm 22..5 5 µm  on µm  on 
ACQUITY UPLC SystemACQUITY UPLC System

Analytes 
(Tricyclic Antidepressants):
1. Nordoxepin
2. Desipramine
3. Nortriptyline

4. Doxepine
5. Imipramine
6. Amitriptyline
7. Trimipramine
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Comparison of XTerra Comparison of XTerra 22..5 5 µm and µm and 
ACQUITY UPLC ACQUITY UPLC 11..7 7 µm Columnsµm Columns

XTerra 2.1 x 50mm 2.5 µm. 
4.0 min gradient 0.5 mL//min.

ACQUITY UPLC BEH C18 2.1 x 50mm 1.7µm
4.0 min gradient 0.5 mL/min.

ACQUITY UPLC BEH C18 2.1 x 50mm 1.7 µm 0.8 
min gradient 1.0 mL/min
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Comparison of XTerra Comparison of XTerra 22..5 5 µm and µm and 
ACQUITY UPLC ACQUITY UPLC 11..7 7 µm Columnsµm Columns

Final: Optimized for SpeedFinal: Optimized for Speed
ACQUITY UPLC ColumnACQUITY UPLC Column

1. Nordoxepin
2. Desipramine
3. Nortriptyline
4. Doxepine
5. Imipramine

6. Amitriptyline
7. Trimipramine

Chromatographic Conditions :

Columns: AQUITY BEH C18 Column 2.1 x 50 mm, 1.7 µm

Mobile Phase A: 10 mM Ammonium Bicarbonate, pH 10

Mobile Phase B: Acetonitrile

Flow Rate:  1.0 mL/min 

Gradient: 30%-80%B over 0.8 min, hold to 1.0 min 

Injection Volume: 5.0 µL

Sample Diluent: 50/50 Water/ACN (2 ng/µL)

Temperature: 50° C

Detection: UV @ 240 nm

Time Constant: 0.1

Sampling rate: 40 pts/sec (ACQUITY UPLC)

Instrument: UPLC: ACQUITY UPLC, with 500 nL Flowcell

Strong Needle Wash: 500 µL 50/50 Water/ACN

Weak Needle Wash: 500 µL 70/30 Water/ACN

Analytes 

(Tricyclic Antidepressants):
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ACQUITY UPLC BEH CACQUITY UPLC BEH C1818 22..1 1 x x 50 50 mmmm

0.8 minute gradient
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Method Transfer ProcessMethod Transfer Process
Steps for successSteps 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 MethodOptimization 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

SummarySummary

� 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 Method Conversion Significantly 
Different Column ChemistryDifferent 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
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Practical Approach To Practical Approach To 

Efficient Method DevelopmentEfficient Method Development

Where to begin?

Flexibility for Buffer ScoutingFlexibility for Buffer Scouting

A2

Configuration #2

A2 pH 3.0 HCOOH

A3 pH 7.0 NH4CH3COOH

A4 pH 10.0 NH4HCO3
A5,A6,A7  Open/H2O

A1 H2O 

B1 MeCN

B2 MeOH

A total of 6 bottles can be used 

A2 A3 A4 A5 A6 A7

A1

B1 B2
OR

Configuration #1

A1 pH 3.0 HCOOH

A2 pH 10.0 NH4HCO3
B1 MeCN

B2 MeOH

ACQUITY UPLC Column ManagerACQUITY UPLC Column Manager

� Thermostated from 10 – 90 °C

� eCord™ Information Management 

Technology for each column

� Accepts HPLC and UPLC columns 

with lengths from 30 mm to 

150 mm

ACQUITY UPLC PDA DetectorACQUITY UPLC PDA Detector
for Peak Purityfor Peak Purity

� Support for data rates up to 80 Hz
— Featuring independent data rate and filter constants

� Improved sensitivity

� Superior noise performance 

� Light guiding flow cell design
— Multiple flow cell options for a wider application range

� Lamp optimization
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PDA Peak Purity PlotPDA Peak Purity Plot

Spectrally Pure Peak

Glimepiride

Questionable peak

Unknown @ 1.482 minutes

G
li
m
e
p
ir
id
e
 -
 2
.0
8
7

Purity

Auto Threshold

M

A
U

D
e
g
re
e
s

0.00

0.35

0.70

1.05

1.40

0.00

20.00

40.00

60.00

80.00

Minutes

2.064 2.080 2.096 2.112 2.128

G
li
m
e
p
ir
id
e
 -
 2
.0
8
7

Purity

Auto Threshold

M

A
U

D
e
g
re
e
s

0.00

0.35

0.70

1.05

1.40

0.00

20.00

40.00

60.00

80.00

Minutes

2.064 2.080 2.096 2.112 2.128

1
.4
8
2

Purity

Auto Threshold

MA
U

D
e
g
re
e
s

0.00

0.10

0.20

0.30

0.40

0.00

20.00

40.00

60.00

80.00

Minutes
1.460 1.470 1.480 1.490 1.500

1
.4
8
2

Purity

Auto Threshold

MA
U

D
e
g
re
e
s

0.00

0.10

0.20

0.30

0.40

0.00

20.00

40.00

60.00

80.00

Minutes
1.460 1.470 1.480 1.490 1.500

The “M” denotes the point of maximum difference

Empower 2 automatically identifies 

potentially impure peaks

Why Use Mass Spectrometry?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 TrackingUV Peak Tracking

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

Mass Spectra Peak TrackingMass Spectra Peak Tracking

…with MS data, the peaks can now be easily tracked as well as any 
additional peaks invisible to UV detection
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Base Peak (m/z)
Glimepiride – 491.3

Peak 2 – 497.5

Peak 3 – 352.3

Peak 4 – 383.1

Peak 5 – 410.1

Peak 6 – 398.1

Peak 7 – 505.2, 561.3

Column - ACQUITY UPLC® BEH C18 Solvents – Acetonitrile
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ACQUITY SQD MS Peak Tracking: ACQUITY SQD MS Peak Tracking: 
pH pH 3 3 vs. pH vs. pH 1010
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UPLC Systematic ScoutingUPLC Systematic Scouting

� Methodology
— Four ACQUITY UPLC chemistries 2.1 x 50 mm, 1.7 µm 

o ACQUITY UPLC BEH C18

o ACQUITY UPLC BEH Phenyl

o ACQUITY UPLC BEH Shield RP18 

o ACQUITY UPLC HSS T3

— Solvents

o Acetonitrile

o Methanol

— Buffers

o pH 3 (Ammonium Formate)

o pH 10 (Ammonium Bicarbonate)

Setting Up Method Scouting Setting Up Method Scouting 
Experiments with Empower TemplatesExperiments with Empower Templates

Key to data visualization
Essential for streamlining 
sequential workflow

Template DefinedUser Defined
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Importance of Scouting with Various Importance of Scouting with Various 
Selectivity ToolsSelectivity Tools
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Manually tracking and labeling known peaks of 
interest peaks (approx. 4 hours).

How much time is now needed to evaluate each 
of the other 7 chromatogram’s various 

separation attributes?



HPLC to UPLC: Method Transfer and Development

30

Dr. Shula Levin

Data Processing and InterpretationData Processing and Interpretation
with Empower with Empower 22

� 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
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Obtaining Separation AttributesObtaining Separation Attributes

System Suitability is used to obtain information related to quality of 
separation criteria

— Resolution

— Tailing

— Efficiency

— Symmetry

— Retention Factor (k’)

*Scouting injection of Glimepiride on ACQUITY Phenyl, ACN, pH 3.0              Labeled only major peaks of interest
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Using Separation Attributes to Evaluate Using Separation Attributes to Evaluate 
and Interpret Separation Conditionsand Interpret Separation Conditions

Identify the Method 
Intent

Resolution?

Impurity profile, stability indicating, 
forced degradation evaluation?

Plot greatest 
number of 
separated 
peaks

How many 
peaks meet 
your 

resolution 
criteria?

How many 
critical pairs 
of peaks are 
present?

Average Peak 
width?

Speed?

API assay identification, content 
uniformity intent?

Least amount 
of tailing for 
the API?

Which has a 
suitable k’ for 

API?

Which 
exhibits the 
best peak 
width?

Total Peak Number PlotsTotal Peak Number Plots

One of the fastest ways to roughly mine the 

method scouting data is to determine the 

conditions that separated the most number of 

peaks or by most number of peaks of interest 

> x%

Total Peaks Integrated
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Multiple Component PlotsMultiple Component Plots

# of Critical Pairs

Lowest is Best

Peak Shape

Lowest is Best

# peaks Rs >1.5

Highest is best
Identify the 
Method Intent

Resolution

How many peaks 
meet your 
resolution 
criteria?

How many critical 
pairs of peaks are 

present?

Average Peak 
width?

API Specific PlotsAPI Specific Plots

Peak Width

Lowest is Best

Tailing Factor

Lowest is Best

Retention Factor

Define a range
(i.e: k’ = 4-9)

Identify the 
Method Intent

Speed

API 
Tailing?

Which has a 
suitable k’ 
for API?

Best peak 
width?

Injection ScoreInjection Score

The “Injection Score” is an 
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 found
�Total peaks above 1% area
�Run time
�Average peak width
�Separation space 

Injection score equations are 
recommended to include a 

weighted relationship of the 
user’s goals and criteria
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Optimization ChoiceOptimization Choice

� Based on total number of peaks and injection score, the 

conditions to optimize are:

� 2.1 x 50 mm ACQUITY BEH C18

� Ammonium Formate pH 3

� Acetonitrile
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OverviewOverview

� 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:  Method Optimization:  
Goals and ChallengesGoals 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 SoftwareModeling 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 GlimepirideOptimizing Glimepiride

� To model the separation for % organic and 

temperature, the following injections were performed 

on an ACQUITY BEH C18, 2.1 x 50 mm; 1.7 µm:

— 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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Observing Gradient Slope EffectsObserving Gradient Slope Effects
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35 0C 
5 min gradient

35 0C 
10 min gradient

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

Observing Temperature EffectsObserving Temperature Effects
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Temperature had no effect on selectivity or emergence of coelutions…
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Actual ChromatogramActual Chromatogram

ACQUITY BEH C18
2.1 x 50mm 

Gradient:  12-58% ACN, 
Run time:  5 minute. 

Temp: 500C
Flow rate:  0.8mL/min

Sample: black

Blank: red

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

Optimization PathwaysOptimization 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
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Option #Option #11: Increase Temperature and : Increase Temperature and 
Flow RateFlow Rate

Sample:  black
Blank: red

Rs = 1.9

Software Optimized for ACQUITY BEH C18
Column Dimensions: 2.1 x 50mm  

Gradient:    12-58% ACN 
Run time:    5.0 minutes 
Temp.: 650C
Flow rate:   1.0mL/min
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Option #Option #22: : 
100 100 mm Column Resultsmm Column Results

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

Gradient: 12-58% ACN 
Run time:   10.0 minutes 
Temp.: 65 0C
Flow rate:   0.8 mL/min

Sample:  black
Blank: red

Rs = 3.1

The Final MethodThe Final Method

Either one can be used! 

50 mm for added productivity 100 mm for added information
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Develop Methods Faster with UPLC:Develop Methods Faster with UPLC:
Time SavingsTime Savings

EQUIV HPLC Method Development Protocol

4.6 x 150 mm, 5 µm
pH 3/ acetonitrile x 4 Time

Column conditioning 20 min

Column re-equilibration 10 min

Sample injection (2 replicates) (40min x 2) 80 min

Blank injection (2 replicates) (40min x 2) 80 min

System purge 7 min

pH 3/ methanol  x  4

Column conditioning 20 min

Column re-equilibration 10 min

Sample injection (2 replicates) (40min x 2) 80 min

Blank injection (2 replicates) (40min x 2) 80 min

System purge 7 min

pH 10/ acetonitrile  x  3

Column conditioning 20 min

Column re-equilibration 10 min

Sample injection (2 replicates) (40min x 2) 80 min

Blank injection (2 replicates) (40min x 2) 80 min

System purge 7 min

pH 10/ methanol  x  3

Column conditioning 20 min

Column re-equilibration 10 min

Sample injection (2 replicates) (40min x 2) 80 min

Blank injection (2 replicates) (40min x 2) 80 min

System purge 7 min

pH 3 scouting time 1576 minutes

pH 10 scouting time 1182 minutes

SCOUTING  TIME 2758 min

TOTAL SCOUTING TIME                   46.0 HOURS

UPLC Method Development Protocol

2.1 x 50 mm, 1.7 µm
pH 3/ acetonitrile x 4 columns Time

Column conditioning 5 min

Column re-equilibration 1 min

Sample injection (2 replicates) (6min x 2)    12 min

Blank injection (2 replicates) (6min x 2) 12 min

System purge 4 min

pH 3/ methanol x 4 columns

Column conditioning 5 min

Column re-equilibration 1 min

Sample injection (2 replicates) (6min x 2)    12 min

Blank injection (2 replicates) (6min x 2) 12 min

System purge 4 min

pH 10/ acetonitrile x 3 columns

Column conditioning 5 min

Column re-equilibration 1 min

Sample injection (2 replicates) (6min x 2) 12 min

Blank injection (2 replicates) (6min x 2) 12 min

System purge 4 min

pH 10/ methanol x 3 columns

Column conditioning 5 min

Column re-equilibration 1 min

Sample injection (2 replicates) (6min x 2) 12 min

Blank injection (2 replicates) (6min x 2) 12 min

System purge 4 min

pH 3 scouting time 272 minutes

pH 10 scouting time 204 minutes

SCOUTING  TIME 476 min

TOTAL SCOUTING TIME                     7.9 HOURS


