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Method Transfer vs. Method Translation

Move method from one column brand and particle size to another

Implement method in a different laboratory, different company or
country

Move method from one particle size and/or column geometry to
another with the same column brand

Move same column geometry and particle size to a different
instrument brand (A delay volume, dispersion, etc.)

Transfer an HPLC method to a UHPLC column and system
e e.g., TPP or SPP column to UHPLC SPP column

Translate a UHPLC method to an HPLC column and system
* e.g., from R&D to QC

Direct implementation of an existing method

* Only extracolumn volume, dispersion, delay volume and system max. pressure
considerations



Questions to Ask

Method Transfer and Translation

— Does the instrument deliver the correct, accurate temperature?

— How do the setpoint temperatures compare vs. actual temperatures for the
instrument(s)?

— Predict pressure

— Predict efficiency

— Measure extracolumn dispersion

— Measure gradient dwell volume/delay volume "



Important Method and Instrumental Parameters

to Consider for Method Transfer and Translation

Isocratic Methods Gradient Methods
— Practical maximum operating pressure — Less impact on “efficiency” and peak
usually 75-80% of instrument maximum capacity from precolumn tubing
dispersion
— Tubing
* ID and Length — High pressure mixing
* Homogeneous or heterogeneous * Mixer volume
IDs in sample flow path — Low pressure mixing
— Flow cell volume and path length — Often a function of backpressure
— Injection volume e o column length
— Injector type * o flow rate
* Flow through needle vs. loop fill * oc 1/particle size, d,

— Function of flow rate
— Data Rate and Response Time
— Instrument type

— Forced air, block/contact heater, heat
tape wrap, etc.

— Actual temperature vs. set point

— Effects on efficiency, peak width and
selectivity



Pressure Estimation

— There are tables available for binary
mixtures of ACN and MeOH with water

— Tables for ternary mixtures (ACN, MeOH,
water) or for binary mixtures of other
solvents such as IPA, ethanol or THF with
water are much harder to find.

Example
HALO 2 um, 2.1 x 150 mm

Mobile Phase A: ammonium formate, 10 mM, pH 3.7
Mobile Phase B: CH;CN

Mobile phase composition: 50% B

Flow Rate: 0.5 mL/min

Temperature: 50 °C

Viscosity, n: 0.51 cP

Porosity: 0.506

V,, = x ID?x L/(4 x 1000) = 0.263 mL

t,=0.263/0.5 = 0.526 min

K (mm/sec) = 150 mm/(0.526 x 60 sec/min) = 4.75 mm/sec

® Flow resistance parameter estimated at 600

_ OXxnxuxL
100 x (d,)?

600 X 0.51 x 4.75 X 150

100 x 2.02 e 0 0




Efficiency Measurement or

Theoretical Efficiency Estimation

2 um
2.1 mm, 1.7
3.0mm, 1.6
2.7 pm
2.1 mm, 1.7
3.0mm, 1.6
4.6 mm, 1.4
5um
2.1 mm, 1.7
3.0mm, 1.3
4.6 mm, 1.3

1.7and 1.8 pum: h~1.8-2.8
3um: h=2.2-2.3
5um: h=2.3-25
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Guiochon-Gritti Approach

for Estimating Extracolumn Dispersion

Example for 2.1 x 100 mm, 2 um SPP column

2
02pps = 0o + 0%p) = 020 + (#) (1 + k)2 (0.5 uL injection, 0.4 mL/min with 50:50 CH3CN/water, 30 °C)
theoretical
Analyte Plates RT k YA +k? HK h % Max Plates
acetophenone 8118 1.024 1.18 0.2101 12.3183 6.1592 32%
propiophenone 11693  1.349  1.87 01210  8.5521 4.2761 45%
butyrophenone 16398  1.828  2.90  0.0659  6.0983 3.0492 64%
valerophenone 21408 2.632 4.61 0.0318 4.6712 2.3356 83%
hexanophenone 25054 4.000 7.52 0.0138 3.9914 1.9957 97%
2 2 3 heptanophenone 25738 6.295 12.41 0.0056 3.8853 1.9427 100%
_ 0 ec 2 _V, (mm”)X slope octanophenone 24346  10.132 20.59  0.0021 = 4.1075 2.0537 95%
Slope =L(—),0% =
V, L (mm)
™ ing all point: H (k)
. . - using all points B
1. Chromatograph the mixture of homologs (plus uracil as t, <] 140000 - Curvature occurs as B v= 4;5_2{1]"9; ;’;’448
marker) at the desired flow rate and linear velocity. 12.0000 - term becomes large » '
2. Obtain a performance report that shows plate count for each 10.0000
peak at half height 2.0000 /
. . . + H(k
3. Plot the observed plate height in microns for each peak vs. 6.0000  Linear (1 (1)
2
1/(1+k)%. \ 4.0000
4. Note where the plot curves and include only those points from | :.o000
the first analyte forward. 0.0000 . ‘ . ‘ .
. . q 0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 2
5. Usually curvature occurs at or just before point for maximum 1/(1+k)
plates vs. k is reached. H(k) = L x 1000/N(k)
L 100 mm h = H(k)/d
Vo 187.7 uL B P

Vo2  35241.59 uL?

Accurate measurements of the true column efficiency and of the
instrument band broadening contributions in the presence of a

2 2
chromatographic column Cec 15.1 L Excel calculator available
on request from authors

slope 42.7213

Hintrinsic intercept 3.34 pm

IBW 4o 15.5 pL
h 1.67 7

Journal of Chromatography A, 1327 (2014) 49— 56
Fabrice Gritti, Georges Guiochon



Estimating Gradient Delay Volume (aka Dwell Volume)

— 1 mL/min flow rate for 4.6 mm ID columns
— 0.4 mL/min for 3 mm ID column
— 0.2 0r 0.25 mL/min for 2 mm ID columns

- seline
Q
G
2 50%
8
o
m
ty 12 tg th =5 - latg
VD = tD xF
L -?ESOURCES

Note: If you use a 0.5 or 1.0 minute hold, remember to “back out” that
portion of the calculated ty and thus V,

Excel calculator available on request from authors

LC-GC Magazine, 1990, Vol. 8, Number 7, 524-537

“Reproducibility Problems in Gradient Elution Caused by Differing
Equipment.

J Chromatogr A. 2014 Nov 21; 1369: 73-82.

“Measure Your Gradient”: A New Way to Measure Gradients in High
Performance Liquid Chromatography by Mass Spectrometric or

Absorbance Detection i



Instrumentation Configurations

for Dispersion and Delay Volume

* Agilent 1200 Low Dispersion Configuration

Binary pump, mixer removed, pulse dampener
bypassed, 600 bar max.

All sample flow path tubing 0.127 mm ID
Automatic delay volume reduction (ADVR)
Micro flow cell, 2 pL, path length 3 mm
Data rate: various 10 Hz/80 Hz

Response time: 0.5 sec/0.025 sec

* Agilent 1100 Low Dispersion Configuration

Quaternary pump, low pressure mixing, 400 bar max.

All sample flow path tubing 0.127 mm ID
3 pL TCC heat exchanger

Semi-micro flow cell (5 uL, heat exchanger bypassed,
path length 6 mm)

Data rate: fastest setting 13.7 Hz
Response time: 0.0625 sec

* Agilent 1100 Standard Configuration

Quaternary pump, low pressure mixing, 400 bar max.

All sample flow path tubing 0.178 mm ID

3 pL TCC heat exchanger

Standard flow cell (14 pL, path length 10 mm)
Data Rate: fastest setting 13.7 Hz

Response time: 0.0625 sec

Column Geometries for all Dispersion and Delay Volume Experiments
e 3x50 mm, HALO 2 um

* 3 x50 mm, HALO 2.7 pm

e 3x50 mm, HALO 5 um

3 Flow Rates

*  0.43 mL/min

* 0.64 mL/min (not for delay volume expts)

* 0.75 mL/min

Dwell Volume Estimates

Agilent 1100 optimized
Flow Rate HALO 2 DryLab HALO 5 DryLab  Step Gradient

0.43 1.02 1.01 1.00
0.75 1.04 1.04 1.08

Agilent 1100 Standard Configuration

Flow Rate HALO 2 DryLab HALO 5 DryLab Step Gradient

0.43 1.10 1.10
0.75 1.12 1.03
Nexera
Flow Rate HALO 2 DryLab HALO 5 DrylLab Step Gradient
0.43 0.44
0.75 0.45



Van Deemter Plots for HALO 2, HALO 2.7 and HALO 5

Optimum linear velocity ranges vary by particle size
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Efficiency and Dispersion Results for HALO 2, 2.7 and 5 um,

3 x 50 mm Columns Using Agilent 1100 and 1200 Instruments

Agilent 1200
(0.127 mm ID tubing and 2 pL flow cell)

HALO 2 HALO 2.7 HALO 5
Flow Rate Average N o? Average N o? Average N o?
0.43 12554 7.0 10083 4.7 7997 5.8
0.64 14327 7.7 10760 5.5 7431 6.8
0.75 14867 7.9 10717 5.7 7220 5.7

Agilent 1100 Optimized

(0.127 mm ID tubing and bypassed semi-micro flow cell)

HALO 2 HALO 2.7 HALO 5
Flow Rate AverageN G2 AverageN ©2  AverageN o?
0.43 12367 11.2 9621 9.5 7345 14.4
0.64 14123 10.9 10649 9.9 7146 12.9
0.75 14634 12.4 10829 10.5 6926 12.0

Agilent 1100 Standard Configuration
(14 pL Flow Cell and 0.17 mm ID tubing)

HALO 2 HALO 2.7 HALO 5
Flow Rate AverageN G2 AverageN G2  AverageN c?
0.43 10454 50.5 8345 44.7 6701 52.1
0.64 11776 58.8 9318 51.8 6565 57.9
0.75 12363 62.5 9410 55.7 6447 62.2

Max. Theoretical Plates (C2 to C8 phenones, PW, )
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1100 Opt
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\1200
e — IS 1 ]
HALO 5
1100 std
1.95 2.15 2.35 2.55 2.75 2.95 3.15 3.35 3.55 3.75

Linear Velocity (mm/sec)

1200
1100 Opt

HALO 2

1100 Std

1200

1100 Std

Measured Dispersion (pL?)

03

Dispersion (puL2?)

62.5

58.8
1100STDHALOS e )
57.9
e—— o
1100STDHALO2 ~505 518

11005TDHALD 27 47

11000PTHALOS 144
129 12.4

11000PTHALO2 1y, _

10.5
1100 OPT HALO 2.7

1200 HALO 2

1200 HALOS

1200 HALO 2.7 a7

035 04 0.45 0s 0.55 06 0.65 07 0.75
Flow Rate (on 3 mm ID)

1100 Optimized
Configuration
1200 Low
Dispersion
08
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Isocratic Separation: Cannabinoids

3 x 150 mm, HALO 5

3 x50 mm, HALO 2

HALG: | Fused-Core® Particle Technology 2.1 x 50 mm. HALO 2.7
. L4 Vi [ ]

Application Note: 165-CN

G0157

1
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s 34
] |
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2 | | 9
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:S( 10 '

A A\ 14
_..“ ! — | S—— S
0 1 2 3 B 5 6 7 8 9
Time, min.

Column: HALO 90A. C18, 2.7 pm, 3.0 x 150mm
Part Number: 92813-702
Mobile Phase:
A= Water/ 0.1% formic acid
B= Acetonitrile/ 0.085% formic acid
Isocratic: 75%B
Flow Rate: 1.0 mL/min.
Initial Pressure: 350 bar
Temperature: 30°C
Detection: UV 220 nm, PDA
Injection Volume: 0.6 pL
Dwell Volume: 0.471 mL
Sample Solvent: 75/25 methanol/ water
Response Time: 0.025 sec. 12
Data Rate: 100 Hz
LC System: Shimadzu Nexera X2
Flow Cell: 1 pL



Agilent 1100 Standard

Agilent 1100 Optimized

Cannabinoids: Isocratic Separations
75:25 CH,CN/water with 0.1% HCOOH, 30 °C at 2.8 mm/sec

Agilent 1200 Low Dispersion

] 3x150 mm, 5 um - 3x150 mm, 5 um 3x150 mm, 5 um

] Vy =0.537 mLZ|

ﬂ“‘J ﬂL

¢ 2 ' 00 N 10 2 4 6 8 10

i 3 x50 mm, 2 um 3 x50 mm, 2 um 3 x50 mm, 2 um
Vy=0.175mL ||

2.1 x50 mm, 2.7 um

Vy=0.088mL |]

1.0 2.0 3.0

2.1 x50 mm, 2.7 um

4.0

1.0 2.0 3.0

2.1 x50 mm, 2.7 um

Time (min)

g IR~ i e T
1.0 2.0

3.0

A e I T e 3T 8T T e Tt
1.0 2.0
Time (min)

3.0
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Gradient Separation: Cannabi

HALG: | Fused-Core® Particle Technology

Application Note: 162-CN

g Go1s4
8
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E ’ 56
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8 | [ o
% | | 14
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AR
o 1 2 3 s s 6 7
Time, min.

Column: HALO 90A, C18, 2.7 pm, 3.0 x 150mm
Part Number: 92813-702
Mobile Phase:

A= Water/ 0.1% formic acid 1. Cannabidivarinic acid (CBDVA)
B= Acetonitrile/ 0.085% formic acid i

Gradient 70.83%8 In 6 min. 2. Cannabidvarin (CBDV)
Flow Rate: 1.0 mLimin 3. Cannabidiolic acid (CBDA)
Initial Pressure: 350 bar 4. Cannabigerolic acid (CBGA)
Lemw'ﬁful'fvég"éi - 5. Cannabigerol (CBG)

etection: nm,
rjection Volume: 0.8 i 6. Cannabidiol (CBD)
Dwell Volume: 0471 mL 7. Tetrahydrocannabivarin (THCV)
Sample Solvent: 75/25 methanol/ water 8. Cannabinol (CBN)
Response Time: 0.025 sec 9. .
oo bl 9. delta-9- Tetrahydrocannabinol (AS-THC)
LC System: Shimadzu Nexera X2 10. delta-8-Tetrahydrocannabinol (8-THC)
Flow Cell: 1 pL 11. Cannabicyclol (CBL)

12. Cannabichromene (CBC)
A HALO CI8 column is used to separate a mixture of

fourteen cannabinoids, showing fast results and high
resolution within critical pairs. Cannabinoids are a class
of chemical compounds primarily found in the
marijuana plant. Many of these compounds have been
found to provide medicinal benefits such as reduction
in pain and inflammation,

14, Cannabichromenic acid (CBCA)

P

Thermo

SCIENTIFIC

UHPLG RESET

focused

Best Viewed in 1024 x 768 screen resolution

Current Celumn Planned Column
Length (mm) Length (mm)
Diameter (mm) Diameter (mm)

Particle Size (upm)
Peak Details (Critical Pair)

Particle Size (pm)

METHOD TRANSFER RECOMMENDATIONS
ErTTa—

Actual Rs 1.50) Predicted Rs Change Factor n.a
(resolution factor) Predicted Rs n.a
Current Method Conditions Recommended Method Conditions
Boost Factor 111x 0
Flow {mL/min) 1.000 mL/min Flow {mL/min) 0 mL/m
Injection Volume (pL) 0pl Injection Volume (pL) 14pL
Max Pressure 350.0[bar 5 Estimated Max Pressure 61.2 bar
Number of Samples 1 Number of Samples 1
Data Collection Rate (Hz) 25 0Hz Data Collection Rate (Hz) 12Hz
Gradient Delay Volume (uL) 471,00 pl Gradient Delay Volume (uL)
Gradient Table Optimal GDV (pL) 471 pl Additcnal gradient sieps recommende
Time (min % %B %HC %D Step| Time (min) % %B %C %D
1 0.000 0 70.0 = 1 0.000 30.0 70.0 0.0 0.0
2 6.000 88.0 2 0.585 30.0 70.0 0.0 0.0
| 3 7.000 88.0 | 3 10.585 12.0 88.0 0.0 0.0
4 7.100 70.0 4 12.252 12.0 88.0 0.0 0.0
5 11.700 70.0 5 12.418 30.0 70.0 0.0 0.0
6 6 20670 30.0 70.0 0o 00
7 7
8 8
9 =9
10 ] C m%B m%A g9
e 11.700 min e  20.670 min
R e 4.61.min R ime 7.09 min
TOTALS TOTALS
Eluent Usage 11.70 mL Eluent Usage 12.40 mL = -
Time 11.7 min Time 20.7 min Throughput
0.20 hr 034hr = x1.8
Sample Usage 1.00 pL Sample Usage 1.36 pL = %

13. delta-9-Tetrahydrocannabinolic acid A (THCA)

For more information on Rapid Separation LC (RSLC) visit website

Input delay volume for “new” instrument.
Flow rate

Used calculated injection delay as needed
for 3 x50 and 2.1 x 50 mm columns.

14



Cannabinoids: Gradient Separations

70 to 88% CH,CN/water (0.1% HCOOH)

Agilent 1100 Standard ] Agilent 1100 Optimized ] Agilent 1200 Low Dispersion
3x150 mm, 5 um | 3 x150 mm, 5 um i 3x150 mm, 5 pm
T 1 7*JH
o 2 4 & 8 w0 | 2 a4 & 8 10 9o 2 a4 & s
1 70-88in 3.33 min 3x50mm, 2pum 50 580333 min 3x50mm, 2 um 70-88in 3.33 min 3x50mm, 2 um

— Inj.delay 1.44 min 7 Inj. delay 1.44 min | Noinj. delay

2.0 3.0 4.0 5.0 1 2.0 3.0 4.0 5.0 1.0 2.0 3.0

1 2.80mm/sec 2.1 x50 mm, 2.7 Hm| 2.80 mm/sec 2.1x50 mm, 2.7 pm | 3.8 mm/sec 2.1x50 mm, 2.7 pm

— BT IR sl e Tl T [ T T T T T T T T Tl e R B e e T s T
3.0 4.0 5.0 2.0 3.0 4.0 5.0 1.0 2.0

Time imin) Time (min) Time (min) 15



Example Translation from 3 x150 mm HALO 2.7 to 2.1 x 50 mm, HALO 2.7

on Agilent 1100 configuration (standard, micro, semi-micro flow cells)

1 2.1x50mm, 2.7 pm 14 pL standard cell
10 mm path length

1 pL micro cell All conditions held constant on Agilent 1100
5 mm path length in standard configuration except flow cell
(compare vs. bottom left preceding slide)

| 2.1x50 mm, 2.7 pm

5 pL semi-micro cell
(bypassed), 6 mm path length

2.1 x50 mm, 2.7 pum

Time (min) 16



Transfer of 11-Steroid Separation from 4.6 x 250 mm, 5 um TPP

to3x 150 mm, 5 um SPP and 3 x 50 mm, 2 um SPP

HALO 90 A C18, 5 um, 3 x 150 mm SPP column

. . e TPP C18, 4.6 x 250 mm, 5 pm ]
il Original 104, 1.5 mL/min, 20°C : \1y,  23ML10mL/min, 20°C
] Method Gradient : 25-46% CH,CN/water in 26.67 min 1 Inj. Delay: 0.84min Gradient from 25-46% CH,CN/water in 9.4 min
*: ] R, 1.74
] R,1.33 21.920 : R, 1.54 ; @
- 1 Time %CH.CN — J Time % CH,CN 4085 (‘H
T4 o0 25 9.531 23.806 26.856 E 1 o000 25 5123 10.810 '11.876
1 o044 25 N\ 9-826 1 o024 25 R;1.10
] / 10.508 ] .
1 2712 46 y - 1492 46 7.358
1 28.00 46 14.733 . )
1 =2 _15.579 1 15.41 46 \
4 2850 25 4 1546 25
1 39.00 25 J 39.00 25
1 T ‘ T T ‘ T ) T T T T T T ‘ T
0 10 20 0 2 4 6 8 10 12
Time (min) Time (min)
No injector program HALO 90 A C18, 5 um, 3 x 150 mm SPP column Inj. Delay: 2.03 min HALO 90 A €18, 2 um, 3 x 50 mm SPP column
2.3 uL, 1.0 mL/min, 20 °C 1pL, 0.50 mL/min, 20 °C
h 3.556 Gradient : 25-46% CH,CN/water in 9.4 min 7 Gradient from 25-46% CH3CN/water in 6.26 min
3.412
R, 1 65 @ R,1.29 Rs 1.68 4
Time % CH,CN R,1.35 Time % CH,CN peaks
5 8 1 4.426 58 0.00 25 3.917
39 0.00 25 N E 5
E 9.293 R, 0.97 = I 6. 426 o
0.15 25 4.30 .706 10.205 ’ - 7.607
9.55 46 6.36 46 5.099
1 986 46 4/6'626 9;0 11-“? /11.594 1657 46 /4.056 5. 555
9.90 25 6.34 6.60 25 :
1567 2 1045 25
o 3 o —
0 2 2 4 6
Time (min) Time (min)

Analyte Elution order on HALO 5: (1) estriol, (2) prednisolone , (3) hydrocortisone, (4) cortisone, (5) dexamethasone, (6) corticosterone, (7) 17-3-estradiol,
(8) 17-a-estradiol, (9) estrone, (10) epi-testosterone, (11) cortisone acetate

NOTE: Separation was transferred from a method on 4.6 x 150 mm, 3 um TPP column to 4.6 x 250 mm, 5 um TPP column
17
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3x150 mm, 2.7 um HALO C18 to 4.6 x 250 mm, 5 um HALO C18

Cannabinoids: Gradient Translation from

Rs 2.33

P initial Niheor 34,700
E .
£ 350 bar (‘H Rs 1.94 Rs 2.04
o~
o~
: L
5]
g
2
3
2
<
L
0 1 2 3 4 5 6 7
Time, min.
] R, 2.25
1 Ppinitial n R, 1.83 Niheor ~ 38,820
| 193 bar
. R, 1.68
1)
D 4 6 8 10 12
Time (min)
P initial R,2.41 Niheor = 38,820
144 bar R, 2.04

\‘\\\\\\\\\‘\\\\\\\\N

40% of the R, 1.76
pressure!
L
o] 2 4 6 8 10 12 14

Time (min)

Shimadzu Nexera, Delay volume, 0.47 mL
HALO 90 A C18, 2.7 um, 3 x 150 mm
Flow rate, 1.0 mL/min; 30 °C

Gradient: 70 to 88% ACN/water (0.1% HCOOH) in 6 min

Inj. Vol.: 1pulL
Linear velocity: 4.66 mm/sec
. . Flow d vl Limitin,
p ‘
Instrument Dimensions S| o Nieor | Vm e P. Rs
Nexera 3 x 150 1.00 2.7 39700 | 0.537 4.66 125 1.94
Agilent 1100 |, £ 550 | 200 | 5 | 38820 2.10 396 | 126 | 168
Optimized
Agilent 1100 | o oey | 150 | 5 | 38820 | 2.10 297 | 136 | 176
Optimized
Time %B
Agilent 1100 Optimized, Delay volume, 1.02 mL --
HALO 90 A C18, 5 um, 4.6 x 250 mm 000 70
Flow rate, 2.0 mL/min; 30 °C 0.41 70
Gradient: 70 to 88% ACN/water (0.1% HCOOH)
in 11.76 min R
Inj. Vol.: 4pL 1413 88
Linear velocity: 3.96 mm/sec
14.32 70
20.60 70
Agilent 1100 Optimized, Delay volume, 1.02 mL
HALO 90 A C18, 5 um, 4.6 x 250 mm ——
Flow rate, 1.5 mL/min; 30 °C '
Gradient: 70 to 88% ACN/water (0.1% HCOOH) 055 70
in 15.67min p—
Inj. Vol.: 4 puL
Linear velocity: 2.97 mm/sec | EE
19.10 70
27.47 70
18



Summary and Conclusions

Described the key parameters to be measured and assessed for the columns and
instruments
Knowledge of the gradient delay volume, instrument dispersion and other
instrument parameters, along with column theoretical and actual performance
under prescribed conditions is important.
Method translation can be done quite readily if proper measurements and
calculations are made beforehand.
Transfer between different column brands (even with the same stationary phase
type (C18, phenyl, cyano, etc.)

— always subject to selectivity changes and may require separation re-development and

optimization (“adequatization”).

The web site www.hplccolumns.org with the Hydrophobic Subtraction Model of
Lloyd R. Snyder, John Dolan and Peter Carr is strongly recommended for
identifying alternative, “equivalent” columns.

HALG.
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http://www.hplccolumns.org/

