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Ph. Eur 11:2.2.46 – USP <621> – Supplement I, JP XVIII 2.0 

WHO 1.14.1 CHROMATOGRAPHY (draft)

Content (TLC, HPLC, GC, SFC)

• Definitions
– Be able to calculate parameters in a paper chromatogram

by using a pencil and a ruler

• System suitability
– Small variations since Ph. Eur. 10:  0.8 ≤ As ≤ 1.8 

• Adjustment of chromatographic conditions
– object of this presentation

• Quantitation

• Other considerations (new)

– Tangential skimming

– Correction of impurity relative response factor if
|rel. resp – 1|>0.2
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Individual monographs and chapter 2.2.46

3

Definitions
System Suitability Test
Adjustment of chromatographic conditions
Quantitation
Other considerations
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Reasons of the Adjustment of chromatographic

conditions paragraph

• Up to '90ies: all chromatographic parameters fixed, 
problems:

– small deviations from the system suitability test can be 
overcome by small adjustments of chromatographic 
conditions,

– "Nonetheless, since the stationary phases are described in 
a general way, with differences in chromatographic 
behaviour, some adjustments of the chromatographic 
conditions may be necessary to achieve the prescribed 
system suitability requirements…"

• Ph. Eur. 10: the system suitability test is the only qualification 
criterion.

• Ph. Eur. 10 : very limited adjustments to gradient conditions.
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"Chemistry" of the column (EDQM)

• Pharmacopoeias never give commercial indications on a 
reagent (or column) trade mark.

• The exact column used in development of Ph. Eur. procedures
can be found in the Knowledge Data Base of the EDQM site 
(free access).
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Introduction: Ph. Eur. 11 vs. Ph. Eur. 10
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Ph. Eur. 10 Ph. Eur. 11

→ Risk assessment - Lifecycle of the anal proc.

The chromatographic conditions described 
have been validated during the elaboration 
of the monograph. 
The extent to which the various parameters 
of a chromatographic test may be adjusted 
without fundamentally modifying the 
pharmacopeial analytical procedures are
listed below. Changes other than those 
indicated require validation of the 
procedure.

The extent to which the various parameters
of a chromatographic test may be adjusted to 
satisfy the system suitability criteria without
fundamentally modifying the method are
listed below

Changes other than those indicated require
revalidation of the method. The chromato-
graphic conditions described have been 
validated during the elaboration of the
monograph.

If adjustments are made to a pharmacopeial 
procedure, additional verification tests may be 
required. To verify the suitability of the adjusted
pharmacopoeial procedure, assess the relevant 
analytical performance characteristics 
potentially affected by the change.

GB: since Ph. Eur. 6: one point 
corrective action



Multiple adjustment

Multiple adjustments can have a cumulative effect on the performance of the system 
and are to be properly evaluated by the users. This is particularly important in cases 
where the separation pattern is described as a profile. In those cases, a
risk assessment has to be carried out.

Pavia, November 17, 2023 7

but in Ph. Eur. 11, 
(isocratic conditions, after adjustment of column & particles geometry: 

When a change is made from ≥ 3 μm to < 3 μm particles in
isocratic elution, an additional increase in linear velocity (by
adjusting the flow rate) may be justified, provided that the
column performance does not drop by more than 20 per cent.
Further adjustments in analytical procedure conditions
(mobile phase, temperature, pH, etc.) may be required, within
the permitted ranges described under System Suitability and
Adjustment of chromatographic conditions in this chapter.

more consideration of "technically inherent justifications"
MODR concept not included



New: superficially porous particles

• Stationary phase: no change of the identity of the substituent 
(e.g. no replacement of C18 by C8); 

• the other physico-chemical characteristics of the stationary 
phase (i.e. chromatographic support, surface modification and 
extent of chemical modification) must be similar ; 

• a change from totally porous particle (TPP) columns to 
superficially porous particle (SPP) columns is allowed provided 
the above-mentioned requirements are met.

• An example (paracetamol):
– end-capped solid core octadecylsilyl silica gel for chromatography R
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Column dimensions (particlesize, length):

• the particle size and/or length of the column may be modified provided that the 
ratio of the column length (L) to the particle size (dp) remains constant or in the 
range − 25 per cent to + 50 per cent of the prescribed L/dp ratio. For the 
application of particle-size adjustment from totally porous to superficially porous 
particles, other combinations of L and dp can be used provided that the plate 
number (N) is within − 25 per cent to+ 50 per cent relative to the prescribed 
column. 

• These changes are acceptable provided the system suitability requirements are 
fulfilled and the selectivity and elution order of the specified impurities to be 
controlled are demonstrated to be equivalent. (GB: also for GC)

GB: constant L/dp ratio → constant plate mumber (Knox equation, 1977):  
in column transfer, at constant reduced linear velocity ( ) the reduced 
plate height (h) is constant:
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Adjustments when colum geometry (dc, L)

and/or particle diameter (dp) are changed

• Flow rate:

• Injection volume:

• When the injection volume is decreased, special attention is given 
to (limit of) detection and repeatability of the peak response(s) to 
be determined. 

• An increase is permitted provided that, in particular, linearity and
resolution of the peak(s) to be determined remain satisfactory.
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(derived from the Knox equation)

(to take into account plate volume)



Suggestion for training: the use of simulators

HPLC simulator of the Université de Genève (an Excel file with 
macro, 7 example mixtures):

https://ispso.unige.ch/labs/fanal/practical_hplc_simulator:en

Pavia, November 17, 2023 11

https://ispso.unige.ch/labs/fanal/practical_hplc_simulator:en


Adjustments of isocratic conditions

• Mobile phase

– composition,

– pH of the aqeous component

– Concentration of the salt in the buffer component

– Flow rate 

Small changes from Ph. Eur 10

Inverted order vs. geometric changes.
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GRADIENT ELUTION

• Fewer adjustments allowed:
– flow rate not listed as adjustable (rational:  gradient volume 

changes and retention order can change) unless granulometry 
change and/or column geometry change;

– mobile phase/gradient adjustments:
• the principal peak(s) elute(s) within ± 15 per cent of the indicated 

retention time(s) obtained with the original conditions; this 
requirement does not apply when the column dimensions are 
changed;

• the composition of the mobile phase and the gradient are such that 
the first peaks are sufficiently retained and the last peaks are eluted. 
(Ph. Eur. 10: the final composition of the mobile phase is not weaker in 
elution power.)

– Dwell volume to be adapted to chromatograph (dwell volume of 
the chromatogram used for monograph elaboration on the 
Knowledge Database).
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GRADIENT: adjustment in column/particle geometry

• In case of change of column/particle geometry

– adjust flow rate,
(see isocratic elution)

– adjust injection volume,
(see isocratic elution)

– adjust the gradient time to keep the same gradient 
volume:
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Qualification (validation) of adjustments in Ph. Eur. 11

• Compliance with the system suitability criteria is required to verify that 
conditions for satisfactory performance of the test or assay are achieved.

• These changes are acceptable provided the system suitability requirements 
are fulfilled and the selectivity and elution order of the specified impurities to 
be controlled are demonstrated to be equivalent.

• When the injection volume is decreased, special attention is given to (limit of) 
detection and repeatability of the peak response(s) to be determined

• An increase is permitted provided that, in particular, linearity and resolution of 
the peak(s) to be determined remain satisfactory.

✓ more freedom, possibility to adopt technology advancements,
✓ more responsability (more validation).
✓ Ph. Eur. 5.26 a useful guide (risk analysis + experimental work)?
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Not new, but important

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

The PAR concept (Permitted Acceptable Range, 
guideline ICH Q14)

An example (methotrexate – related substances, gradient 
method):

System Suitability 

….

if the resolution between impurity D and methotrexate does not 
comply, increase the flow rate to meet the requirement.
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A comment on a table (isocratic conditions adjustment)

Pavia, November 17, 2023 17

it work if* the exact
chemistry** is the same after 
adjustment

* not necessarily only if
** the particle brand



Go back to the chemistry of the stationary phase

or 

column equivalency
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«It’s a simple C18!»
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The properties of the column
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• Packing materials and related
features

• Functionalisation and related
features

• Packing Technology and quality



• Size

• Porosity

• Shape

• Uniformity

• Surface Area

• Purity

Packing materials and related features
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Functionalisation and related features
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Functionalisation and related features
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• chemical reaction of functionalisation

• How many alkyl chains (ligand density/ % 

Carbon)?

• Type of endcapping

• Endcapping technology



Come si notano queste differenze?
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I Tools
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• Tanaka test*

• NIST**

• PQRI***

* McHale, Conner, et al. “A Simple Approach for Reversed Phase Column Comparisons via the Tanaka Test.” Microchemical Journal, vol. 162, Mar. 2021, p. 105793, 

https://doi.org/10.1016/j.microc.2020.105793

“Column Selection for Reversed-Phase HPLC.” LCGC North America, vol. 31, no. 3, 1 Mar. 2013, pp. 262–262,  www.chromatographyonline.com/view/column-

selection-reversed-phase-hplc

** ***

USP Pharmacopoeial forum 31(2)

about:blank
about:blank


USP Tools
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The use of USP Tools
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The use of USP Tools
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Conclusions

✓ More freedom, possibility to adopt technology advancements,

✓ more responsability (more validation).

✓ Ph. Eur. 5.26 a useful guide (risk analysis + experimental
work)?

✓ A simple but solid base on chromatographic theory is
advisable to correctly apply the chapters.

✓ USP seems to encourage the use of good science in column
changes.
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