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* Review allowable changes with USP <621>

 Understanding the impact and benefits of using
smaller I.D. analytical columns

e (Case studies

* Summary
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USP Chapter <621> Guidelines
for Changing
Isocratic and Gradient Methods



Pharmacopeia Changes
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* For United States Pharmacopeia (USP), changes went into effect December 1, 2022
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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:

e For British Pharmacopoeia (BP), European Pharmacopoeia (EP), and Japanese
Pharmacopoeia (JP), changes went into effect January 2023
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Allowable Changes_tp@%l%l\ﬂgt@és%

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/dp ratio™

Internal Diameter Change allowed Change allowed

Flow Rate F, = F; x [(dc? 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 tc)‘pSP"Meﬂ@ds,go.ntmued HAL@
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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%) /(L x d?))]
+10% absolute

pH +0.2 pH units, unless otherwise prescribed Same as isocratic
Buffer +10% Same as isocratic
i?cj;le;rt;cem Vinjz = Vinj1 X (L2d%;)/(L1dé;) Same as isocratic
Column + 10°C R

Temperature



Method Translators «4

NIVERSITE Analytical Sciences
DE GENEVE

#Home Groups~  Memberse s Softwarew  Llinks (4 Contact & Map Q@fancais @

| > HPLC Calculator

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

o HPLC calculator v3.1 o
Isocratic transfer method

¥
) Gradient transfer method

[ Chromatographic performance in isocratic ]

* https://www.acdlabs.com/resources/freeware/translator/index.php
@';) 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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Understanding the Impact and Benefits
of Using Smaller I.D. Analytical Columns



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

and Smaller Column . Dies ss s =€ s S

* 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
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* Smaller particle sizes and smaller column I.D.s are more susceptible to extra-
column band broadening 52 — 52 4 52 + 52
V,tot — “V,pre—col V,col V,post—col
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Words of Caution for I\/Iovmg to, Smaller Particle Slzes

and Smaller Column 1:D:8% s +* & """”"’(y’-.
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* Smaller particle sizes and smaller column I.D.s are more susceptible to extra-
column band broadening
UV tot — UV ,pre—col + O-V col + O-V ,post—col

U I / Pre-Column
_]_I ( ) " Tubing flow Cell / b=
1

Solvent lonization Source
Solvent Reservoir Delivery Pump

Sample

Injector = B'

Analytical Column

- Data Processing

Yellow = pre-column I System

Red = post-column

Post—Column
Tubing

I Detector / Mass I
Spectrometer
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Ways to Reduce Extra;(Zgl-grj-\n.ﬁ'a,pd,B{Q,a'd..en'ing ' HALG“
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* Use the shortest and smallest |.D. connecting tubing between
Instrument components

— .«((@h

* Use a smaller volume detector flow cell (< 2.5 L)
* 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 Band Broadenmg Impact on’
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Resolution and Efficieficy:* INXE,
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o ECV = 64 L Flow Cell: 12 pL , ,
50% average increase in
£ | N = 18,300 plates is observed by
reducing the excess
20 ,t Uk H volume in the system!
ZZ 0-.‘0—/L ois 1?\ l 1'.5 2r0 ' 2r5 . 3'.0 —3:5 4.0 4.5 5.0
160 - ECV =16 pL Flow Cell: 1 uL
g 80: N = 38 100
o WL JU
50 T VI v s

Isocratic Separations with HALO 90 AC1s8, 2 um, 3.0 x 150 mm

@ ﬂ[WﬂI]I:E[Imﬂl’ﬂ“ﬂlﬁl’ﬂl:"ﬂﬂll]u[l halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.




Strategy for I\/Ioderniz,ihg.M‘e.th;Qd,s.;.4,;,,,.-,;.. .. “HALO
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e Keep the same USP classification
* Calculate -25 to + 50% of the L/dp ratio for original column

e |f current method uses a FPP column:
e Use a smaller particle size HALO® column in smaller ID
and shorter column dimension
e |f current method uses a SPP column:

e Can either use a similar size HALO® column or move to a
smaller particle, smaller ID, and shorter column
dimension
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Case Studies




While Making Changes, ;T.a;kgl‘\lptj.,c'__eal,,,.,
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* 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“EEHmﬂtﬂ[lﬂlstﬂtnﬂﬂlﬂuu 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 Itrace,nazple,— Modlfled

1000 -~

800 A

600

400 -

200 S

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

it

‘ 0“’.“1 N

FPP C18, 3 um, 4.6 x 100 mm
10 uL, 1.5 mL/min, 30 °C

Run time: 20 min

Back pressure: 242 bar

Method was moved to
a shorter SPP column
with smalleri.d. and

-200 -

1000 -+

800 -

600 -+

400 A

200 A

T T T T
20 4.0 6.0 8.0

L/dp =50/0.002 = 25,000 &/

LN

Run time: 6.26 min
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V4 . .
10.0 12.0 14.0 16.0 18.0 20.0 Sma”er partICIe Slze
Time, min
HALO 90 A C18,2 um, 2.1 x 50 mm
Q (o] o . o
1 uL, 0.5 mL/min, 30 °C Total run time is > 3 times faster
H ®

Back pressure: 402 bar with the HALO® column!

1(;.0 121.0 141'.0 161.0 18'.0 ZC;.O

2.0 4.0 6.0 8.0

Time, min
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USP Monograph for Itracopazole: e
Mobile Phase Reductitng 5+ S g e o

. e

For 10 injections:

compared to
10X reduction

in mobile
phase used!
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USP Monograph for Itracopazole:System

Suitability — Modified#® g5 SN .

L/dp = 100/0.003 = 33,333 PEAK IDENTITIES
300 For -25-50%, L/dp can be A FPP C18, 3 um, 4.6 x 100 mm 1. 4-Triazolyl Isomer
=N 25,000-50,000 10 p.L: 1.5 mL/n.nn, 30°C 2. Propyl analog
c 200 ~ Run time: 27 min 3. Isopropyl analog
2 iz: . Back pressure: 307 bar 4. Epimer
S o 1 6 7 5. Itraconazole
g - __TLL }L ” )‘ U }\ 6. n-Butyl isomer
5 o ' ' ' ' ' 7. Didioxolanyl analog
0.0 5.0 10.0 15.0 20.0 25.0
Time, min
L/dp =50/0.002 = 25,000 &/
i ; HALO90AC18,2 um, 2.1x50 mm La| 0 column passes criteria
wl £ ey 2 iy £ of peak to-valley ratio b
e 29 Run time: 7.37 min P ] y ) y
5 10 s Back pressure: 455 bar 2 times the minimum
N 004 | 1 !
2 5] | | 6 7 o .
2 ,4 . }\ y ‘A W | Total run time is > 3 times faster
g = : : , ' ' , with the HALO® column and

fine, oin | solvent is reduced by 11 times!
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USP Monograph for C-quamghmidke,.}%ogjlﬁed

‘ 0“’.“1 N

L/dp = 100/0.0026 = 38,462

450

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

301 28 846-57,693 1 SPP C18, 2.6 um, 4.6 x 100 mm

300 o o
£ 0 5 ut, 1.2 mL/min, 40 °C Method was moved to
N 200 - Run time: 45 min
B o0 Back pressure: 506 bar a shorter SPP column
g 50 I with smalleri.d. and
3 o | | | | | | | — 7 smaller particle size

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Time, min

w01 L/dp =75/0.002 = 37,500 /"

500 - 1 Total run time is 1.8 times faster!
o HALO 90 A €18, 2 pm, 2.1 x 75 mm
8 %7 0.8 uL, 0.4 mL/min, 40 °C 54 mL/run compared to
© i Run time: 25.5 min o
g Back pressure: 540 bar 10 mL/run which is
5 | 5.4 times less solvent used!
o] 0 -\
<

-100 g0 SI.O 1(;.0 15'.0 2(;.0 25'.0 3OI.O SSI.O 40‘.0 45:.0

Time, min
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USP Monograph for Cobamamlde — Modified

'o ‘. v .. \ . - _
System Suitability i UMV

| 1 SPP C18, 2.6 um, 4.6 x 100 mm

60+ 5 L, 1.2 mL/min, 40 °C Peak Identities
£ 50 Run time: 45 min 1. hydroxocobalamin chloride
- Bl Back pressure: 506 bar 2. cyanocobalamin
® 30 -
£ 5l 2 3 3. cobamamide
5 104 A A 4 4. methylcobalamin
T prd—mhes = U A

-10 T T T T T 1

| | ' Time,.min . . '

80 -

- HALO 90 A €18, 2 um, 2.1 x 75 mm

L B Gl 210 Elution order is identical
£ 50 1 Run time: 25.5 min
Q40 Back pressure: 540 bar on both columns
® 30 1 :
g 20 - ’ 2 }l‘ 3 4
§ 0 -_,_'.__:L ﬂ \ A

-10 T T T T T T 1

0.0 20 40 6.0 8.0 10.0 12.0 14.0

€8 atvancedmateriatechnolog

Time, min
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Absorbance @ 250 nm

Absorbance @ 250 nm

180 -
160 -
140 A
120
100 A
80 -
60 -
40 A
20 A

-20 4
_40 -

180

120 A

L/dp = 150/0.0035 = 42,857 Peak Identities

2 1. Rivaroxaban related compound B
1 -25-50¢ -
For -25-50%, L/dp can be 32,143-64,286 2. Rivaroxaban related compound D
4 3. Rivaroxaban related compound G
5 5 FPP C18, 3.5 Hm, 3.00 X 150 mm 4 Rivaroxaban
3 pL, 1.0 mL/min, 60 °C 5. Rivaroxaban related compound J
Run time: 45 min
| Back pressure: 210 bar
T T T T T r—v T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Time, min
L/dp = 100/0.0027 = 37,037 ) )
5 /dp / \/ HALO® column is 1.7 times faster and
1 . .
|
. HALO 90 A €18, 2.7 pm, 2.1 x 100 mm uses 3.3 times less mobile phase!
3 > 0.9 pL, 0.5 mL/min, 60 °C
d Run time: 27 min
i Back pressure: 233 bar
: ' : S — : ' ' ' ' '
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

Time, min
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Modified USP Method for Rlvaroxabap. 'ingil 5.mm ID

Absorbance @ 250 nm

Absorbance @ 220 nm

180
160 -
140 ~
120 +
100 -
80 -
60 -
40
20

220 4
-40

120 A

. o — ’-\u- P
L/dp = 150/0.0035 = 42,857 Peak Identities
1 2 For -25-50%, L/dp can be 32,143-64,286 1. Rivaroxaban related compound B
2. Rivaroxaban related compound D
4 5 FPP C18, 3.5 um, 3.0 x 150 mm 3. R?varoxaban related compound G
3 3 uL, 1.0 ml./min, 60 OC 4, R!varoxaban
. . 5. Rivaroxaban related compound J
Run time: 45 min
Back pressure: 210 bar
L L \
0.0 StO 1(;.0 1;.0 2(;.0 ZSI.OV 3(;.0 351.0 4(;.0 45'.0
Time, min
L/dp = 100/0.0027 = 37,037 N/ HALO® column is 1.7 times faster and
uses 6.7 times less mobile phase!
1, HALO 90 A C18, 2.7 um, 1.5 x 100 mm
3 5 0.5 pL, 0.25 mL/min, 60 °C
Run time: 27 min
Back pressure: 197 bar
0.0 sto 1(;.0 §v-/ 2c;.o 2sl.o 3c;.0 3;.0 4(;.0 4:;.0
Time, min

€8 atvancedmateriatechnolog
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Modified USP Method for..Rlv.ar'@),(aban#smg 2 p.m HAL

Absorbance @ 250 nm

Absorbance @ 220 nm

180 -
160 -
140 ~
120 ~
100 ~
80 +
60 -
40
20 A

-20 A

180 -

120

""éu .

L/dp = 150/0.0035 = 42,857 Peak Identities
1 2 For -25-50%, L/dp can be 32,143-64,286 1. Rivaroxaban related compound B
2. Rivaroxaban related compound D
4 c FPP C18, 3.5 um, 3.0 x 150 mm 3. Rivaroxaban related compound G
3 . . 4. Rivaroxaban
:l:lrll-’tilr;loew4l-5/ r:1li:' 60C 5. Rivaroxaban related compound J
| Back pressure: 210 bar
| - N
0.0 5.0 10.0 15.0 ZO.OTime,minZS.O 30.0 35.0 40.0 45.0 L/dp Criteria is not met’ but the ratio
L/dp = 50/0.002 = 25,000 (te/W,)? is within —=25% to +50%,
, relative to the prescribed column
A HALO 90 A C18,2 um, 2.1 x 50 mm
113 5 0.5 pL, 0.5 mL/min, 60 °C
Run time: 15 min HALO® column is 3 times faster and
A EEELS [DIRERLTEE S LE uses 6 times less mobile phase!
0.0 sto 1(;.0 15'.0 2c;.o 2sl.o 3c'>.0 3;.0 4(;.0 4:;.0
Time, min

€8 atvancedmateriatechnolog
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A Few Words About L1 USP;C_{a‘ssi,,f.icaj;:iodnq b

- e :}

* L1 =0Octadecyl silane chemically bonded to porous or nonporous silica particles or superficially
porous particles or ceramic micro-particles, 1.5 to 10 um in diameter, or a monolithic rod.

* There are >1100 columns listed in the L1 category of USP

e All L1 stationary phases are not equivalent

* https://www.uspchromcolumns.com/chrom/display can be used to find which column was used
to validate the USP monograph
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https://www.uspchromcolumns.com/chrom/display

A Few Words About L1 USP.Classifications--continued

‘f -

2T - ,
e T

 Doxapram Hydrochloride

DOXAPRAM HYDROCHLORIDE

41(4) L1 XSelect CSH C18 Assay and Organic Impurities 4.6 mmx5cm, 2.5 pm. Manufacturer: Waters Corp.

* XSelect CSH C18 is a charged surface hybrid stationary phase
 Closest HALO equivalent is the HALO 90 A PCS C18 — a positively charged surface stationary phase

XSelect: 4.6 x 50 mm, 2.5 um HALO: 4.6 x 50 mm, 2.7 um
L/dp = 50/0.0025 = 20,000 L/dp =50/0.0027 = 18,518
For -25-50%, L/dp can be 15,000-30,000
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USP Method for Doxapram HCI 3~Qﬁrj‘g‘ip§,l'.~,8: ;I\Qo'ijjfie

Absorbance @ 254 nm

Absorbance @ 254 nm

345 -
295 -
245 -
195 -
145 -
95 -
45 -

345 ~
295 A
245 A
195 A
145 A
95 -
45 A

HALO 90 A PCS C18,2.7 um, 4.6 x 50 mm
5 uL, 1 mL/min, 35 °C

Run time: 30 min

Back pressure: 156 bar

0.0

5.0

10.0 15.0 20.0 25.0

Time, min

HALO 90 A PCS C18, 2.7 pm, 4.6 x 50 mm
5 uL, 2 mL/min, 35 °C

Run time: 15 min

Back pressure: 312 bar

™

0.0

T T
10.0 15.0 20.0 25.0

Time, min

1
30.0

d.v

Method was moved to an SPP
column using double the flow rate

HALO® column delivers 50% time
savings and meets the system
suitability for tailing NMT 2 and
RSD NMT 0.73%
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Summary

 HALO® columns are well suited for USP method improvements.

* Making an assessment whether to modernize a USP method should be
based on monograph column availability and the goals for time and
solvent savings.

* 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 without the need for
revalidation.

* For those looking to improve their sustainability, the HALO® 1.5 mm ID
columns are a great option for those with low dispersion UHPLC systems.
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