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Overview
Method development for high performance liquid chromatography (HPLC) is a critical task, 
but with the wide array of available columns, eluent, equipment, and operating parameters, it 
can seem like an extremely complex and time-consuming process to complete. Moreover, if 
individuals involved in HPLC method development do not establish a clear plan for how they 
will tackle the project from the start, it can quickly become even more complicated.

In this manuscript, experts lay out clear objectives for HPLC method development as well as 
identify key elements to keep in mind during the development process. Several HPLC method 
development strategies are discussed. In the end, efficient method development requires an 
appropriate balance between the initial investment and spending on developing the methods. 
When evaluating new technologies, the authors recommend choosing instruments that are 
scalable, flexible with upward and downward compatibility, and those that provide automation.

First Steps: HPLC Method Development
To ensure a smooth HPLC method development process, objectives must take into consideration:

•	 The kind of sample that will be analyzed and its complexity
•	 Whether high-efficiency separations are important, and which column particle 

sizes (e.g., sub-2-µm, 5-µm) may work best for the separation at hand
•	 The speed at which samples must be run
•	 Any potential instrument limitations in the lab
•	 The operators’ skillset, especially if the method requires a highly skilled analyst

Figure 1 offers several examples of method performance criteria, many of which will be required 
during method validation. To avoid potential problems, leave out any system suitability criteria 
that will lock in the use of specific instrument platforms or columns. For instance, specifying 
absolute retention times or column efficiency of an exact number of plates could stop labs from 
taking advantage of future developments in equipment and instrumentation.

Strategy 1:
“Hands-on” HPLC Method Development
One standard method development practice involves altering various selectivity-changing 
parameters such as pH, columns, and mobile phase types to establish the best separation 
conditions. After every step, technicians must analyze the results and determine how to proceed.

http://www.chromatographyonline.com/
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Individuals who prefer a hands-on HPLC method 
development technique should begin by selecting a high-
quality modern C18 or C8 column (e.g., Agilent InfinityLab 
Poroshell 120). Newer, shorter columns packed with small 
particles can help provide faster analysis with high efficiency 
and resolution.

Second, choose a simple mobile phase that is reliable 
and will work with numerous samples. Many compounds are 
ionizable, and thus their retention and selectivity are greatly 
affected by pH. Therefore, screening pH can be an important 
way to identify good separation conditions. Consider starting 
with a low pH in the aqueous portion (e.g., phosphate buffer 
pH 3, trifluoroacetic acid, or formic acid) and with acetonitrile 
or methanol as the organic modifier. Then, optimize the mobile 
phase to achieve the desired 
retention and resolution.

One can consider optimiza-
tion achieved when there is 
adequate peak resolution (Rs 
≥2); the f irst peak retention 
factor is k'=1 or better; and the 
analysis takes 20 minutes or less 
to complete.

Selectivity. How can one control 
the resolution from a chromato-
graphic separation? As Figure 2 
shows, resolution is affected 
by three impor tant factors: 
number of plates (i.e., efficiency), 
selectivity (i.e., separation), and 
retention (i.e., capacity, k').

One can see that increasing 
the number of theoretical plates 
(N)—by using a longer column, 
using a column with smaller par-
ticles, or moving to a superficially 
porous column—increases the 
efficiency of a separation. It is 
also possible to improve resolu-
tion by adjusting k'. This can be 
achieved by altering the ratio of 
organic to buffer mobile phase, 
but it is not the most effective 
approach. Conversely, changing 
selectivity (alpha) is clearly the 
most powerful and easiest way 
to affect resolution; this can be 
accomplished by changing either 
the bonded or mobile phase.

Other factors that af fect 
selectivity are shown in Figure 3.

Adjusting selectivity is easier 
if various column choices are 

available such as with the InfinityLab Poroshell line. These 
superficially porous columns offer high efficiencies, relatively 
low back pressures, and good lifetimes. The line has a wide 
variety of stationary phases, which supports fast and easy 
method development.

Recent updates to the InfinityLab Poroshell line include: a 
new column ID tag to help track usage, a high pH column that 
helps maximize selectivity and improve peak shape for basic 
compounds, and the availability of three particle sizes (1.9 µm, 
2.7 µm, and 4 µm).

A recent study emphasizes the benefits of using new 
technology during process development. Researchers found 
a Poroshell 120 EC-C8 column slashed ibuprofen analysis 
time from 15 minutes to 2.4 minutes with pressure of <400 bar. 

For research use only.  Not for use in diagnostic procedures. 
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Selectivity is Powerful 

Rs = N½/4 • (α-1)/α • k’/(k’+1) 

Plates:  5000                10000           15000      20000                    25000 

Alpha:  1.10                  1.35             1.60        1.85         2.1 

k  2.0                   4.5              7.0                         9.5                       12.0 

Typical Method Development Parameters 

Selectivity Impacts Resolution Most 
•  Change bonded phase  
•  Change mobile phase 
•  Plates are easiest to increase 

For research use only.  Not for use in diagnostic procedures. 

Examples of Common Separation Goals and Method 
Performance Criteria 

AVOID THESE for System Suit. Criteria: 
 

Column efficiency (theoretical plates) 
Absolute retention time 

These may prevent the ability to speed 
up your method in the future! 

Good System Suitability Parameters 
•  Resolution: ≥2 
•  Peak shape: USP Tf close to 1 (<2) 
•  Injection Repeatability: areas, Tf, etc. 

(RSD 0.1 - 0.25%) 
•  Absolute retention factors: 1< k<10  
•  Relative Retention: α or k2/k1 
•  Signal-to-Noise Ratio: >10 
 

Method Performance Criteria 
•  Accuracy 
•  Precision 

•  Ruggedness 
•  Robustness 

•  Analytical Selectivity/Specificity 
•  Linearity 
•  Range 
•  Quantitation Limit (LOQ, 10x S/

N) 
•  Detection Limit (LOD, 3x S/N) 
 

Figure 2: Selectivity is powerful.

Figure 1: Examples of common separation goals and method performance criteria.
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Putting this into perspective with an assay method, one could 
run 5,000 injections at 3.5 mL/min in about 10.5 days; with an 
old column, the analysis would take 70 days.

Scout ing gradient .  A f te r 
selecting a shorter ef f icient 
column, another way to jump-
start method development is 
with the use of a scouting gra-
dient (e.g., 5–95% acetonitrile 
gradient at low pH, depending 
on the column length). If the 
gradient has spaced-out peaks 
across the gradient width, then 
method developers may find 
that a gradient method is ideal. 
If all peaks are pushed to one 
side of the chromatogram, an 
isocratic method might be 
more appropriate. Figure 4 
lists several column volumes 
and recommended scouting 
gradient times. In this example, 
a scouting method was used to 
produce a basic method in three 

injections; a short high-efficiency InfinityLab Poroshell 120 
EC-C18 column was at the heart of this process that took 
less than one hour.

For research use only.  Not for use in diagnostic procedures. 

Starting Point Scouting Gradient 

Good Starting Point for work is a scouting Gradient.  Conditions 
recommended by John Dolan are 5-95 % Acetonitrile low pH and are 
dependent on the column length. Where 10 cm columns are chosen use a 10 
minute gradient.  This example shows a 150 mm column. 
 

 

For research use only.  Not for use in diagnostic procedures. 

What Factors Influence Selectivity 

 
Isocratic Separations 
Column stationary phase 
Organic modifier 
pH (ionized analytes only) 
% Organic modifier 
Buffer selection 
Column temperature 
Buffer concentration 
 

 
 
Gradient Separations 
All parameters for isocratic 
Gradient steepness 
k* 
Dwell volume 
Column dimensions 
 

Adapted from ‘Introduction to Modern Liquid Chromatography”,  
3rd Edition, Snyder, Kirkland, Dolan, 2010, p.29, Wiley & Sons 
 

MOST 
Important 
 
 
 
 
 
 
 
 
 
 
 
LEAST 
Important 
 

Figure 4: Starting point: scouting gradient.

Figure 3: Factors that influence selectivity.

Adapted from ‘Introduction to Modern Liquid Chromatography”, 3rd Edition, Snyder, Kirkland, Dolan, 2010, 
p.29, Wiley & Sons.
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Changing solvent. During HPLC method development, one 
should optimize the organic modifier before the bonded phase. 
There are several reasons for completing these steps in this 
order. First, most HPLC instruments will easily accommodate 
a quick change of mobile phase; replacing acetonitrile with 
methanol (or vice versa) is easy, both are readily available, 
and they work with any bonded phase. A simple move from 
acetonitrile to methanol may provide a better peak shape with 
bases, for instance.

Controlling mobile phase pH. 
One can also control the mobile 
phase pH to adjust peak shapes. 
To do so, one must first consider 
whether the compounds are 
ionizable, and thereby pH sensi-
tive. Figure 5 shows how various 
compounds’ retentions change 
with pH.

Standard columns can have 
pH limitations; however, the 
InfinityLab Poroshell HPH column 
may be helpful in that it can be 
used in high-pH mobile phases 
without any loss of retention and 
with excellent lifetime efficiency.

Changing the column. If the 
previous steps have not fully 

optimized the HPLC method, one may next consider changing 
the bonded phase, which can help quickly and easily improve 
selectivity and resolution. Figure 6 illustrates how a simple 
change in the column phase, while using the same gradient, 
altered the compounds’ elution order. Note that this run on a 
triple-quadrupole mass spectrometer involved a C18, a Phenyl-
Hexyl, and the Bonus RP embedded polar columns.

For research use only.  Not for use in diagnostic procedures. 

Selectivity: Comparison of Sulfa Drugs on Different  
Phases with 0.1 % Formic Acid : Acetonitrile 

C18 
3 x 100 mm 

Phenyl Hexyl 
3 x 100 mm 

Bonus RP 
3 x 100 mm 

1.Sulfadiazine 
2.Sulfathiazole 
3.Sulfapyridine 
4.Sulfamerazine 
5.Sulfamethazine 
6.Sulfamethizole 
7.Sulfamethoxypyridazine 
8.Sulfachloropyridazine 
9.Sulfamethoxazole 
10.Sulfamethoxine 

G6240 TOF 
1200 SL 

For research use only.  Not for use in diagnostic procedures. 

Change in Retention with pH for Ionizable 
 Compounds is Compound-Dependent 

22 

Mobile Phase: 45% MeOH, 55% 20 mM Phosphate Buffer 

More retention for non-charged analytes  (i.e. acids at low pH and bases at high pH) 
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Acetylsalicylic acid   (pka 3.5) 
Pyridine  (pKa 5.2) 
Codeine  (pKa 8) 
Procainamide  (pKa 9.2) 
Amphetamine (pKa 9.9) 
Caffeine  (pKa 14) 

R
et

en
tio

n 
Ti

m
e 

Figure 6: Selectivity: comparison of sulfa drugs on different phases with 0.1 % formic acid.

Figure 5: Change in retention with pH for ionizable (compound-dependent).
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How else can column selection affect method development?
•	 Studies demonstrate that column elution 

order can be very different on an endcapped 
versus un-endcapped column.

•	 The use of Cyano columns can be helpful when 
separating mixtures of polar and non-polar columns.

•	 HILIC columns may work well for compounds not 
very well retained on a reversed-phase column, 
which is helpful when exploring polar compounds 
(e.g., dopamine, epinephrine, and norepinephrine).

As will be explored in the next section, it may also be helpful 
to use automation software for column screening. One system 
from Agilent (the 1260 Infinity II Method Development System), 
for instance, can automatically screen up to 100 different 
column conditions, 15 mobile phases, or four different col-
umns, while another model (the 1290 system) can automatically 
screen even more conditions and columns.

Strategy #2:
Automated HPLC Method Development
Another option for HPLC method development is to use 
dedicated method development software to predict the best 
possible separation conditions. A workflow solution for auto-
mated method development has numerous benefits in terms of 
improved efficiency in methods development, such as:

•	 Reduced instrument idle time
•	 Less manual interaction with the LC system
•	 Less time spent on manual data analysis, 

yielding more time for other tasks
•	 Better system performance
•	 Cost efficiency

Automated column switching. As noted, trying different 
columns is an important aspect of optimizing separation 
conditions. Screening stationary phases with automated 
column-switching valves makes this task faster and easier. For 
instance, the Agilent 1290 Infinity II column compartment and 
the column selection valve enables a method developer to test 
a variety of stationary phases and easily assess a wide range 
of column selectivities.

The 1290 Infinity II column compartment can hold as many 
as eight columns per compartment. Four compartments can 
be added to a system, allowing a total of 32 columns to be 
tested without manual system interaction.

The Agilent 1290 Infinity II column compartment has two 
independent heating zones, which is useful for preheating the 
next column if temperatures are screened, thus resulting in 
reduced equilibration time.

Colum ID tags. If process developers do not know the history 
of a column’s use, it can make it difficult to interpret results 
(e.g., Could poor results be attributable to a broken or old 
column?). Insufficient tracking of column usage, therefore, 

might lead to false negative results. It is critical to know the 
number of injections performed on columns as well as the pH 
and temperatures that the column was exposed to in the past.

One solution are column ID tags, which are available on 
Agilent InfinityLab Poroshell columns. These tags store 
important information about columns such as the number of 
injections performed, the dates of the first/last injections, pH 
and temperature stability information, a full product description 
(including serial and batch numbers), and more. The affiliated 
software will also warn users if incompatible methods are 
selected for a column that could harm the column.

Automated solvent selection. When developers want to opti-
mize a separation method by screening mobile phase solvents, 
automation provides great efficiency. In a manual method, 
re-priming solvent lines and re-equilibrating a system in new 
mobile phase solvents can take a considerable amount of time. 
Instead, using a solvent selection valve with Agilent technology 
lets users choose from as many as 12 different mobile phases 
(e.g., buffers, organic solvents, or various modifiers); additional 
solvent selection valves can be added.

Method development software. Two major software 
approaches can be used to achieve automated method 
development. The first involves method prediction software, 
which uses algorithms to predict and test separation condi-
tions in iterative cycles. A combination of Agilent hardware (e.g., 
1260 Infinity II and 1290 Infinity II) and third-party software can 
be used to accomplish such method prediction. Examples of 
third-party software, all aligned with quality by design (QbD) 
as the foundation of their methodology, include:

•	 ChromSwordAuto, an intelligent chromatography data 
system with four modules, viz. for method scouting 
(e.g., to quickly find the most promising combination 
of stationary and mobile phases); optimization of 
isocratic and gradient methods and fine optimization 
for late-stage projects; development of robust 
quality control methods and their transfer through 
the automatic creation, performance, and analysis 
of different experiment designs; and data browsing 
analyzing and report generation (see Figure 7).

•	 Fusion QbD, a modular informatics platform for 
various chromatography types including reversed 
phase, normal phase, chiral, HILIC, ion exchange, size 
exclusion, and SFC. Modules include those for LC 
method development with intelligence that minimizes 
run time and maximizes consistency; analytical 
method validation with a suite of experiments required 
for the validation of analytical methods with full CDS 
automation; product development for formulation 
and process optimization as well as non-LC method 
development (e.g., GC, CD, dissolution, and MS 
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detection optimization); 
respiratory drug 
development; and QC 
testing (see Figure 8). 
Equipment setup is simple 
and conforms to the 
instrument’s configuration, 
though it can expand 
beyond the equipment’s 
capabilities if need be. The 
software automatically 
generates a complete 
experiment to support the 
variables that have been 
aggregated for the study 
and then reconstruct 
that experiment in 
the chromatography 
data software.

•	 The ACD/AutoChrom 
software was designed 
to address the challenges 
that analysts face when 
developing stability-
indicating methods 
that require baseline 
resolution between the 
drug product, process 
impurities, degradants, 
and excipients (see 
Figure 9). The software 
uses a five-step process 
centered on QbD quality, 
which includes instrument 
control (e.g., compatible 
with Agilent ChemStation, 
Agilent OpenLAB 
ChemStation Edition, and 
others); automated data 
processing and peak 
tracking using a solvent 
subtracted UV spectrum 
and LC/MS deconvolution 
as well as identification 
of molecular ions; an 
advanced processing 
interface to review and adjust processing and peak 
tracking results, if necessary; a dashboard design that 
allows simultaneous comparison of various pieces of 
data (chromatographic data and associated spectral, 
structural, and text information) to enable faster more 
informed decisions; chromatographic simulation for 
method optimization and robust methods design; 

and the ability to generate high-quality results or 
to upload the data to a searchable and sharable 
knowledge base. The user can edit the QbD strategy 
and set critical quality attributes at any stage.

Method scouting software. Another approach to achieving 
automated method development is method scouting. For 

31 Copyright © 2017 S-Matrix Corporation. All Rights Reserved. 

Fusion QbD – Modular Software Platform 

LC Method 
Development 

Analytical Method 
Validation 

Product Development 
 

•  Formulation & Process 
Development 

 
•  Non-LC Method 

Development 

Respiratory Drug 
QC Testing 

ChemStation 
OpenLAB 

Full QbD Experiment Automation 
 
 
 
 

mation 

Figure 8: Fusion QbD: Modular software platform.

Figure 7: ChromSword: Supports method development strategies for earlier and later 
stages of product development.
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instance, one can use Agilent’s 
1260 Infinity II and 1290 Infinity II 
instruments combined with the 
firm’s Method Scouting Wizard 
software to set up even complex 
screening campaigns in a simple 
and automated manner. In 10 
steps, experienced or novice 
developers can design work-
flows for even advanced work-
flows such as chiral separations.

Users define their process; 
select columns and solvents 
from a preloaded drop-down 
menu; define binary, tertiary, 
or quaternary gradients and 
temperatures; review and select 
screening methods; and define 
injection volumes and repeti-
tions. The system automatically 
warns users if something is 
incompatible.

Once the scouting runs are completed and the data 
are collected for the screening conditions, the OpenLAB 
ChemStation (CDS) data analysis and reporting functional-
ities that help users process the scouting data quickly and 
efficiently. Find your most suitable results by visualizing data 
in bubble plots and filtering results can for different quality 
criteria (e.g., number of peaks, maximum/minimum resolution, 
and maximum symmetry).

Simplified Methods Transfer
One factor in simplified methods transfer is the choice of 
columns. The Poroshell family of columns was designed with 
various particle sizes (1.9 µm, 2.7 µm, and 4 µm) for scalability 
and simpler transferability. For instance, the selectivity devel-
oped on a 2.7-µm Poroshell column can be readily transferred 
to either a 4-µm or a 1.9-µm Poroshell column.

To reduce unwanted variations in retention behavior after 
transfer of your method to other target systems, rely on 

Intelligent System Emulation Technology (ISET) as a part of 
the 1290 Infinity II Method Development System. ISET gives 
you the opportunity to directly develop methods with on the fly 
target system emulation. With ISET, your method development 
system mimics the characteristics of the legacy target instru-
ments and reduces variations to a minimum.

Summary
HPLC method development can be made more efficient in 
several ways such as by proper column selection, a well-
planned and systematic off-line approach, or the use of 
hardware and software for automated method development. 
In the end, efficient method development requires an appro-
priate balance between the initial investment and spending 
on developing methods. When evaluating new technologies, 
protect your investment by choosing instruments that are 
scalable, flexible with upward and downward compatibility 
with existing LC systems, and those that provide the highest 
degree of automation possible.

Agilent publication number: 5991-8285EN
Published in the USA, July 17, 2017
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Figure 9: ACD/AutoChrom: Five steps to improve complex chromatography.


