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Outline

* Benefits of converting to methods that use superficially
porous particle (SPP) columns

* Review guidelines of USP Chapter <621> for changing
isocratic and gradient methods

e Case study examples
* |socratic
 Gradient

* Summary
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Benefits of Converting to
Methods that Use SPP Columns
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Effect of Particle Size and Type van Deemter Equation H_ A. + + CH

Columns: ‘S‘-ﬁrﬁggncqg H = height equivalent to theoretical plate H
3.5 um FPP C18 A = eddy diffusion term (particle size and how well bed was packed) 30 - 40% smaller

1.8 um FPP C18

2.7 um HALO C18 = longitudinal diffusion term 25 - 30% smaller

Solute: naphthalene C = resistance to mass transfer term (kinetics of the analyte b/w mobile phase and stationary phase)
Mobile phase: 60% ACN/40% water . . .
Temperature:24 °C 1 = mobile phase linear velocity (L/t,)
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Increased Speed &

Reduced Mobile Phase{Gonsampeionts: S e "

L 54 -
cen . .

390 - FPP Polar Embedded Amide
340 | 4.6 x 250 mm, 5 um

290 - 1.5 mL/min

240 - 30-60% B in 15 min

PEAK IDENTITIES:

. homovanillic acid
. caffeic acid

. syringic acid

. vanillic acid

190 - . chlorogenic acid

1
2
3
4
5
140 - 6. sinapic acid
7. ferulic acid
90 1 8. p-coumaric acid
40 - L 9. trans-cinnamic acid
. . 10. resveratrol
9 12

Absorbance, mAU

<

-10 T T ]
0 3 6 15
290 - Time, min
HALO RP-Amide
240 1 2.1 x 100 mm, 2 um
2 00 0.5 mL/min SPP method
g 0 | 30-60% B in 3.75 min e Ax faster
§ o M J\ e 12x less solvent
<
I .
-10 T U T T T ]
0.00 0.75 1.50 2.25 3.00 3.75
Time, min
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Increased Efficiency Demonstrated

Using Fat Soluble Vitamifisss ® L S

Sharper peaks and increased resolution with the HALO® C30 column!

PEAK IDENTITIES:
2 1. Retinyl acetate (A)

N=24,800 | R (3 4): 1.62 Delta tocopherol (E)

Ergocalciferol (D2)

Cholecalciferol (D3)
Alpha tocopherol (E)

Noupswn

£ . DL-alpha-tocopherol acetate (E)
g 1 . 2,3-trans-phylloquinone (K)
0
(o]
®
g J /\ 7 HALO® C30, 2.7 um SPP
E J A
o
8 2 . o
< N =11.400 Isocratic: 100% Methanol
! R (3 4 0.87 Wavelength: 280nm
1 N 5 Injection: 2 pL
3,4 6 7 FPP C30, 3 pm Temperature: 30 °C
Ve Flow Rate: 1.5 mL/min
' ' ' ' ' ' ' Columns: 4.6 x 150 mm
0 1 2 3 4 5 6

Time, min.
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USP Chapter <621> Guidelines
for Changing
Isocratic and Gradient Methods



When Did Changes Go;lg_tg‘E-ffe;c:r-.)-.-__ o
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* For United States Pharmacopeia (USP), changes went into effect December 1, 2022
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<621> Chromatography

o
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35
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b

Type of Posting: Notice of Adoption of Harmonized Standard
Posting Date: 19-Nov-2021

Official Date: 01-Dec-2022

Expert Committee: General Chapters—-Chemical Analysis (GCCA)
Coordinating Pharmacopeia: European Pharmacopeia

The new harmonized standard for <621> Chromatography has been approved by the Pharmacopeial Discussion Group (PDG) as described
inits PDG Stage 4 sign-off cover sheet. The chapter has been formally approved by the General Chapters-Chemical Analysis Expert
Committee in accordance with the Rules and Procedures of the Council of Experts.

The changes from the current official version of the chapter are:

* For British Pharmacopoeia (BP), European Pharmacopoeia (EP), and Japanese
Pharmacopoeia (JP), changes went into effect January 2023
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Allowable Changes te U

vt

Isocratic Methods Gradient Methods

Must keep same L category
Stationary Phase Change from totally porous particle (TPP) to superficially porous particle (SPP)  Same as isocratic
is allowed

Particle size and/or length of the column may be modified, provided that ratio
Column Dimensions of the column length (L) to the particle size (d;) remains constant or in the Same as isocratic”
range between -25% to +50% of the prescribed L/d, ratio*

Internal Diameter Change allowed Change allowed

Flow Rate F, = F; x [(dc3 X dp,) + (dc? X dp,)] Same as isocratic

*For changes from TPP to SPP, other combinations of L and dp can be used, provided that the plate number (N) is within -25% to +50%, relative to the prescribed
column. These changes are acceptable, provided that system suitability criteria are fulfilled, and selectivity and elution order of the specified impurities to be
controlled are demonstrated to be equivalent

AFor changes from TPP to SPP, other combinations of L and dp can be used provided that the ratio (tz/W,)? is within-25% to +50%, relative to the prescribed
column for all the peaks used to determine the system suitability parameters. These changes are acceptable provided system suitability criteria are fulfilled, and
selectivity and elution order of the specified impurities to be controlled are demonstrated to be equivalent.



Allowable Changes'teinP*Met@d ﬁo.ntmued HAL@

TR B
‘& % . K 'h‘ :
Isocratic Methods Gradient Methods
Detector
Wavelength No change allowed No change allowed

Amount of the minor components of the mobile

Mobile Phase  phase can be adjusted by £30% relative. However, Gradient time adjusted by equation

Composition the change in any component cannot exceed tey = teg X (F1/F)[(Ly X d%)/(Ly X d?))]
+10% absolute

pH +0.2 pH units, unless otherwise prescribed Same as isocratic
Buffer +10% Same as isocratic
i?gﬁf:rilzn Vinjz = Vinj1 X (Lyd%;)/(L1d%) Same as isocratic
Setlliile £10°C £5°C

Temperature



Method Translators «:

* https://ispso.unige.ch/labs/fanal/hplc calculator:en

UNIVERSITE Analytical Sciences

DE GENEVE

#Home Groups~  Members~  Research~ = Software~  Llinks 4 Contact&Map @Frangis @

I > HPLC Calculator

HPLC calculator: software for chromatographic performance evaluation and HPLC method transfer

o HPLC calculator v3.1 0

Isocratic transfer method
¥
. Gradient transfer method
|

Chromatographic performance in isocratic ] f

* https://www.acdlabs.com/resources/freeware/translator/index.php
(j:,;) Customer Portal  LogIn | Register Cart W @

ACD/Labs Products v/ v ytical Chemistry ics v Technical Support v Resources v  Events & Seminars  About Us v

Translate Liquid Chromatography Methods Quickly and Easily

ACD/Labs have teamed up with experienced chromatographers Patrik Petersson and Mel Euerby to provide an application for
translating liquid chromatography methods

We also offer a full suite of commercially available chromatography software.
Compare the functionality of the freeware and commercial products.

INSTRUMENTAL AND COLUMN PARAMETERS TYPICAL DWELL VOLUME ESTIMATES
New Alliance 140 mL
Original New Scaled Selected
Acquity UPLG "classic" with 50 pL mixer 0.10 mL
0.20 020

(e ) Acquity UPLC "classic" with 385 pL mixer 0.44 mL
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https://ispso.unige.ch/labs/fanal/hplc_calculator:en
https://www.acdlabs.com/resources/freeware/translator/index.php

Words of Caution for I\/Iovmg to SmaIIer Particle Slzes I I \ I

and Smaller Column4:Dis% s s s C g o £Fai

* Smaller particle sizes and smaller column I.D.s are more susceptible to
extra-column band broadening
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Words of Caution for I\/Iovmg to SmaIIer Particle Slzes

and Smaller Column{.B:s* P T

* Smaller particle sizes and smaller column I.D.s are more susceptible to
extra-column band broadeging
o = oy + 0f .o t OF
V,tot V,pre—col V,col V,post—col

I \- — - . "

H Pre-Column
/ Tubing Flow Cell /

I -
Solvent lonization Source” |
_ ; Sample
Solvent Reservoir Delivery Pump B Injector BEE——R8 I |
Analytical Column I
Mixer L4 4 Data Processing
I- System
Post-Column
Tubing I

Detector / Mass
Spectrometer
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Words of Caution for I\/Iovmg to SmaIIer Particle Slzes

and Smaller Column1.D:s* LV TS

w W F}l‘ -

* Smaller particle sizes and smaller column I.D.s are more susceptible to
extra-column band broadeging
Oy tot = GV ,pre—col + O-V col + O-V ,post—col

H Pre-Column
’ Tubing low Cell / o

Solvent lonization Source I
_ ; Sam ple
Solvent Reservoir Delivery Pump B Injector BEE——R8 I I
Analytical Column I
Mixer L Data Processing
Yellow = pre-column r System
Red = post-column Post-Column
Tubing
Detector / Mass
Spectrometer
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Ways to Reduce Extra;CgI-grja_n..B'a,pd,,B{Q_a'd..en-ing HALO:

- e
L " '}.{‘ - .

e Use the shortest and smallest I.D. connecting tubing between
Instrument components

: - __.W%

* Use a smaller volume detector flow cell (< 2.5 ul)
* Increase the data acquisition rate (= 20 Hz)

« Decrease the injection volume (more critical for isocratic than
gradient separations)

MarvelXACT and MarvelX are registered trademarks of IDEX.
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Extra-Column BandBroadening Impact on

Resolution and Efficieneiss® s S

. .“.:}l‘ - .

. ECV = 64 L Flow Cell: 12 pL . .
50% average increase in
£ | N =18,300 plates is observed by
& 80 - .
reducing the excess
2 k Uk o volume in the system!
_22 (;0_/L OrS 17\ l 1i5 ZrO . 2r5 . 3i0 —3t5 4.0 4.5 5.0
160 - ECV =16 pL Flow Cell: 1 |-|.L
g 80: N = 38,100
o o JUL ch“ A
-0 Q0 0j5 WI[’O 1t5 ZrO 2t5 ‘ 3t0

Isocratic Separations with HALO 90 A C18, 2 um, 3.0 x 150 mm
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Isocratic Case Studies



What Changes are Posmbl,e.?-

P A R
- . ’ - T B - .
.- ' " ? .':_ . :}-{“ -

FPP C18, 5 um
1 4.6 x 150 mm L/dp = 150/.005 = 30,000
zz: 3 ' 313 bar N = 7[900 For _25_50%, L/dp Can be
1 M\f\ A N 22,500-45,000
120 A HALO C18,5 um — - =
ol 2 HALO C18, 5 L/dp = 150/0.005 = 30,000 =
l AJ\A 294 bar criteria met
40 - N = 12,600
% 1. I\ /\ 37% higher plates
i Rs,3=3.29 HALO C18, 2.7 um
100 1 4.6 x 100 mm
o 623 bar L/dp = 100/.0027 = 37,037 =
o h “ N = 18,300 criteria met
20 57% higher plates
o] R,.=231
N =13,500 L/dp = 50/0.002 = 25,000 =
“1 1 12 HALO C18, 2 pm teri ¢
» | §§1sxb5a? mm Criteria met 3, times faster
°1 : : , 41% higher plates
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Increased Speed withgu;.-_tqs.s,?;f@@g@&utiOn . CHALS:

FPP C18
4.6 x 250 mm, 5 um
1 mL/min

-v :;‘“‘ rl‘-{‘ - _ )
HPLC in Standard Configuration
N=25900 o ECy~35pL

e Standard flow cell, 14 uL L/dp = 250/0.005 = 50,000
0.5 sec. response time For -25-50%, L/dp can be 37,500-77,500
e Standard length and ID tubing N = 25 900

(0.007” ID x 750 mm)

R,=6.5 K
[l AL

For -25-50%, N can be 19,425-38,850

HALO C18

2 mL/min

Time, min @

HPLC in Ultra-Low ECV Configuration

N = 24,500 ECV ~10 ul
. Semi-micp;o flow cell, 5 pL L/dp = 100/0.0027 = 37,037
! = criteria not met, but is met
0.5 sec. response time
4.6 x 100 mm, 2.7 pm e Reduced length and ID tubing for plates

(0.005” ID x 460 mm) N = 24,500

R.=6.3 j\ 6 times faster run time!

L A

Time, min
bmarks of Advanced Materials Technology. Made in the USA.




USP Monograph for E-sﬁt.[ad,i,gq.-;; \Y ’oldj,f,‘i’e'd

- - |
. W - F}l‘__ - _ .

HALO 90 A C18, 2.7 um Original Method Modified Method
**7 1.5x100 mm 1 Column 3.9 x 300 mm 1.5 x 100 mm
280 - Flow Rate (mL/min) 1 0.2
. | 1.Ethyl Paraben Time (min) 8 1.5
: 2. Estradiol Volume (mL) 8 0.3
2 130 | 3. Estrone
© 2
B a0 - L/dp = 300/0.01 = 30,000
_3 s For-25-50%, L/dp can be 22,500-
80 A 45,000
20 - ~ \ \ L/dp = 100/0.0027 = 37,037
-20 T T T T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50
Time, min
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Gradient Case Studies



> » -
e X ™
cen 5. .

While Making Changes, Iak§4_lxptj.géi,.,§ -y

* Adjustment of conditions with gradient elution (HPLC) ...is more critical than
with isocratic (HPLC) ...elution, since it may shift some peaks to a different step
of the gradient ..., potentially causing partial or complete coelution of adjacent
peaks or peak inversion, and, thus leading to the incorrect assignment of peaks

and to the masking of peaks or a shift such that elution occurs beyond the
prescribed elution time.

 For some parameters the adjustments are explicitly defined in the monograph to
ensure the system suitability.

@ ﬂ[Wﬂ“I:Eﬂﬂ]ﬂl'ﬂ"ﬂlﬁl’ﬂ[:nﬂﬂll]uu halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.




Absorbance @ 225 nm

Absorbance @ 225 nm

USP Monograph for Cobamamld@.-

< ¥ s.

L/dp = 100/0.0026 = 38,462
mer -25-50%, L/dp can be 28,846-57,693

400 A

350 - 1 SPP C18, 2.6 um, 4.6 x 100 mm

il 5 pL, 1.2 mL/min, 40 °C

g ] Run time: 45 min

ey ‘ Back pressure: 506 bar

53 :

-50 T T T T T T T T !
3.0 10.0 15.0 20,0 25.0 30,0 35.0 40.0 45.0

0.0
Time, min

L/dp = 100/0.0027 = 37,037 &/

450 q

‘3 ] 1 HALO 90 A C18,2.7 um, 4.6 x 100 mm
300 - 5uL, 1.2 mL/min, 40 °C
| Run time: 45 min
ﬁ 1 Back pressure: 490 bar
50 1 J‘J |
0 g ¥ Ill\ ;
=50 T T T T T T T T 1
5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

0.0
Time, min

€80 advancedmateiastechnoogy

@ngmal

..’o:-‘r}v. o

* Cobamamide (labeled peak) is also known as
adenosylcobalamin and is one of the
biologically active forms of Vitamin B12

e Suitability requirements for cobamamide
e Column efficiency: NLT 22,000 plates
* Tailing factor: NMT 2.0

Monograph | HALO C18
Column

Efficiency  Pass Pass
Tail

ga= Pass Pass
Factor
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USP Monograph for Cobamamlde Original
. ‘4 U . ‘h"" .

System Suitability 43" ‘_- : e

. W r}l‘ - .

o SPP C18, 2.6 um, 4.6 x 100 mm
o 5 uL, 1.2 mL/min, 40 °C Peak Identities
5 ) Run time: 45 min 1. hydroxocobalamin chloride
& a0 5 Back pressure: 506 bar 2. cyanocobalamin
§ 20 3 3. cobamamide
N A i 4. methylcobalamin

| | | Time,.min | | |

11 HALO 90 A €18, 2.7 um, 4.6 x 100 mm

5 L, 1.2 mL/min, 40 °C Elution order is identical
& Run time: 45 min
B Back pressure: 490 bar on both columns
%; 30 2 3
E 20 l ||
S 10 “ || 4
E 0 __LLJl J _,Il lL N

Time, min
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Modifying the Orlgmal I\/Ie'tho‘d S

B L
taz — tG1 X (Fl/Fz)[(Lz X d?z)/(lll X dgl)] * Flow rate increased to 0.4 mL/min instead of
0.25 mL/min (same linear velocity as 1.2 mL/min)
Flow rate 1 (F1) 1.2 tGl1 tG2 %B  Equilibration time increased by 4 minutes for 20
Flow rate 2 (F2) 0.4 0 0 15 column volumes for a total run time of 25.5 min
Length 1 (Ll) 100 2 094 15 New Gradient Program
Length 2 (L2) 75 25 1.17 20 80
Column Diameter 1 (dcl) 4.6 8 3.75 23 N
Column Diameter 2 (dc2) 2.1 10 4.69 25 s0
22 10.32 30 e
24 11.25 35 20
30 14.07 35 0
31 14.54 70 K S T
40 18.76 70 o e |
405 18.99 15 . Injectlion volume reduced to 0.8 pL from 5 pL by this
equation:
45 21.10 15

Vinj2 = Vinj1 X (L,dZ;)/(L1dE)
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USP Monograph for Cobamamld@»Moqmed

. t“‘hq, .

L/dp = 100/0.0026 = 38,462

| For -25-50%, L/dp can be

304 28 846-57,693 1 SPP C18, 2.6 um, 4.6 x 100 mm
é il le:nL'tilr:efn:s/ "n:'i:’ 40°c Method was moved to
% 1501 Back pressure: 506 bar a shorter SPP column
& with smaller i.d. and
5 | | | | | | | — 7 smaller particle size

. ) : . e ! : . :

s L/dp =75/0.002 = 37,500 §/

500 1 Total run time is 1.8 times faster!
. 400 - HALO 90 A C18, 2 um, 2.1 x 75 mm
JECE 0.8 uL, 0.4 ml/min, 40 °C 54 mL/run compared to
g Run time: 25.5 min hich i
: . Back pressure: 540 bar 10 mL/run whichis
E 3 ,I 5.4 times less solvent used!

Time, min
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USP Monograph for Cobamamlde Modified

l- ‘J v-'*\el

System Suitability AL o %

- 1 SPP C18, 2.6 pm, 4.6 x 100 mm

60 5 L, 1.2 mL/min, 40 °C Peak Identities
£ 7 Run time: 45 min 1. hydroxocobalamin chloride
5 Back pressure: 506 bar 2. cyanocobalamin
® 30
. 2 3 3. cobamamide
E 10 A A 4 4. methylcobalamin
2 0 o [ A

. . . Time,.min . . .

] HALO 90 A €18, 2 pm, 2.1 x 75 mm

0.8 pL, 0.4 mL/min, 40 °C Elution order is identical
£ 501 1 Run time: 25.5 min
Q401 Back pressure: 540 bar on both columns
® 30
 w ‘ ? | 4
s 10- n | |f|
- S | \ ) )\ o

Time, min
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Particle Size Distribui_:iga;@qmgégjgéqn -' ..

- £
.

2.6 um SPP HALO® 2.7 um
3500 . ‘ ‘
2500 ' ' ' ' 3000 | . * No s'ignifi.cant difference in
Mode: 2.66 Mode: 2.75 particle size
2000 - S.D.: 0.024 1 2500 F S.D.: 0.013 1
e Slightly better standard deviation
for HALO®
— _2000¢
* &
o 1500
=1000
1000 r
500 -
500
1.5 2 2.5 8 8.5 4 %5 2 25 3 35 4

diameter (p:m) diameter (um)
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Absorbance @ 225 nm

Absorbance @ 225 nm

1000 -~

800 1

600 4

400

200

-200 -

1000 -

800 +

600

400 1

200 4

USP Monograph for Itrace,nazpl

L/dp =100/0.003 = 33,333
For -25-50%, L/dp can be
25,000-50,000

FPP C18, 3 um, 4.6 x 100 mm
10 pL, 1.5 mL/min, 30 °C
Gradient: 20-50% B in 12 min
Back pressure: 242 bar

L

.
1

0 2.0 4.0 6.0 8.0

L/dp = 100/0.0027 = 37,037 N/

10.0 12.0 14.0 16.0 18.0 20,0

Time, min

HALO 90 A C18, 2.7 um, 4.6 x 100 mm
10 uL, 1.5 mL/min, 30 °C

Gradient: 20-50% B in 12 min

Back pressure: 290 bar

T T
0 2.0 4.0

€8 atvancedmateriatechnolog

T T T 1
10.0 14.0 16.0 18.0 20.0

Time, min

ltraconazole is an antifungal medication
Suitability Requirements

e Tailing factor: NMT 2.0
e RSD: NMT 2.0%

Monograph | HALO C18
Column

Tail
il Pass Pass
Factor

RSD Pass Pass

halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.
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USP Monograph for It,r;aggﬁ‘aizp.l_e,.?;M,c')*difiéd-.-'

. FPP C18, 3 um, 4.6 x 100 mm
: ™| L/dp=100/0.003 = 33,333 10 pL, 1.5 mL/min, 30 °C Method was moved to
5 a0+  For-25-50%, L/dp can be Run time: 20 min o SPP col
% .0 ] 25,000-50,000 Back pressure: 242 bar d S orter 'CO umn
E L with smaller i.d. and
I R e e e e e . smaller particle size
A Time, min
w0 1 |/dp = 50/0.002 = 25,000 &/
. HALO 90 A C18, 2 um, 2.1 x 50 mm
. ;l:‘r""t?r:ems"/z 'gm'i:o e Total run time is > 3 times faster
%; . 0. . ®
S 200 4 Back pressure: 402 bar with the HALO® column!
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Time, min
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compared to
10X reduction

in mobile
phase used!
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Summary

 HALO® columns are made for ruggedness with high efficiency and
high speed separations.

* Itisimportant to optimize the instruments in order to gain the most
benefit from HALO® column technology.

* Following new USP guidelines for gradient method modernization
enables both FPP and SPP methods to be improved for speed and
mobile phase savings using HALO® Fused-Core® column technology.
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