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ChromSword® 
Computer-assisted HPLC method optimization
ChromSword® is a unique and proven software system for computer-assisted HPLC method 
development and optimization. The software enables chromatographic separations to be 
optimized virtually using physical-chemical retention models or empirically using real 
HPLC data. This is done by using various intelligent optimization and simulation procedures 
with the optimization objective of optimum peak resolution at minimum analysis time. On 
entering the structural formulae of the analytes under investigation, ChromSword® predicts 
the best possible column/solvent combination and the optimal separation conditions for the 
analysis in question. The major advantage of this procedure is that the subsequent method 
optimization procedure already starts at the theoretically predicted optimum so that the 
number of chromatographic experiments is reduced to a minimum.

ChromSword Auto®  
Fully automatic HPLC method optimization
The unique ChromSword Auto® software is capable of developing and optimizing HPLC 
methods fully automatically within just a few hours. Methods already in use can also be 
optimized, thus reducing analysis time considerably. 

All you have to do is place the sample in the Autosampler, set a few parameters and start 
the optimization process. ChromSword Auto® then predicts the method conditions and 
controls the HPLC system connected in recording the chromatograms. These are analyzed 
by the software and the optimal conditions determined. 

The rapid optimization mode can be used to provide an overview of the performance of 
the column/solvent system selected or to rapidly screen columns and eluents considered 
for use. 

The fine optimization mode additionally collects and evaluates further ancillary data and 
produces up to 10 sets of alternative optimal HPLC conditions.

Both of these operating modes can be applied in combination with column and solvent 
switching procedures in order to try a variety of column/solvent combinations or to establish 
optimal pH conditions – fully automatically. 

AutoRobust – Simple programming and 
automatic HPLC robustness testing
Robustness testing should be carried out for newly developed or existing analytical methods 
in order to establish the tolerance limits for minor deviations in method parameters. These 
should then be indicated in the corresponding analytical procedures (method SOPs). The 
AutoRobust software can be used to rapidly program the matrix for the HPLC experiments 
to be carried out; subsequently, the robustness tests are then carried out fully automati-
cally. The software controls the HPLC system and records the chromatograms including 
any minor variations specified in the HPLC conditions. The chromatograms recorded and 
the corresponding peak parameters, e.g. peak resolution, are displayed. The software also 
produces a clearly arranged robustness test report. 

Unique software tools to save time in 
the lab and improve analytical methods

software
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The software functions of ChromSword Auto and AutoRobust enable HPLC method 
optimization processes, e.g. for the separation of new pharmaceutical substances, to 
be fully automated. 

The following procedures are normally employed in the professional method development 
laboratories of major pharmaceutical and chemical companies:

Step 1: Prediction of suitable columns and solvents
 Subsequent to entering the structure of the analytes in question, ChromSword 

Auto, using virtual chromatography, establishes a hit list of the best column/
solvent combinations for the separation. 

Step 2: Screening of columns and solvents
 By means of automatic switching of columns and solvents and using a 

gradient specified by the user, rapid screening of the selected columns and 
solvents is carried out. The preferred column/solvent combination is then 
specified. This can then be used for further optimization. 

Step 3: Rapid optimization
 Rapid optimization provides useful separating conditions for initial tests and 

provisional applications.
Step 4: Fine optimization
 This provides up to 10 possible sets of optimal separating conditions. The 

user can now select the most suitable set of conditions for the application 
on hand, e.g. quality control. 

Step 5: Automatic robustness test
 Tests of robustness using the AutoRobust software provides the maximum 

tolerance limits for minor variations in the method parameters as well as 
the criteria for system suitability testing. 

Such optimized HPLC methods can then, subsequent to method validation, be used in 
quality control or other applications.

A fully automatic HPLC method 
development process 
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ChromSword®

The following types of  
optimization can 
be performed with 
ChromSword®:
Reversed-phase chromatography  
l Composition of the mobile phase: 

isocratic
l Composition of the mobile phase: 

linear and step-gradient 
l Column temperature
l pH of the mobile phase (including 

calculation of pKa)
l 2-dimensional optimization
l Ternary solvent mixtures 
l Combinations of columns of 

different selectivities
Normal-phase chromatography
l Composition of the mobile phase 
l Column temperature
Ion-exchange chromatography 
l Buffer concentration
l Column temperature

Your virtual expert in computer-assisted HPLC 
method optimization 

Virtual chromatography
Using virtual chromatography, ChromSword predicts the optimal separating conditions for 
reversed-phase HPLC without the need for prior experiments. Virtual chromatography is 
based on physico-chemical retention models derived from the properties of the analytes 
(e.g. their structures) and the properties of the column and eluent used.

The advantage of this procedure is that the subsequent method optimization procedure 
already starts at the theoretically predicted optimum so that the number of chromatographic 
experiments is reduced to an absolute minimum. 

Empirical optimization
In empirical optimization, at least two real chromatography runs are carried out using the 
sample in question and under different HPLC conditions. Based on the retention times ob-
served, retention models (dependence of analyte retention time on optimization parameter) 
are calculated; they are then used to predict the optimal HPLC conditions. Using the results of 
further experiments, the retention models can be fine-tuned in a stepwise fashion until they 
are accurate enough to be able to calculate the final optimal chromatographic conditions.

Super-fast automatic gradient optimization –  
using virtual chromatography
For automated gradient optimization, no further experiments are necessary! Once the reten-
tion models have been established, ChromSword optimizes linear and step-gradients within 
seconds using a super-fast “Monte Carlo” optimization method. With these special calculation 
processes and the huge computer capacity available, ChromSword can take into account far 
more possibilities than could be considered by purely manual method development.

Virtual chromatography – Examples: Separation of the components of an aromatic mixture 

1. Input of structural formulae in ChromSword formula 
editor.  
ISIS data may also be imported

2. Calculation of the theoretical retention models based 
on the structural formulae and column/eluent entered 
from the column data base

3. Simulation of the chromatogram under the predicted 
optimal conditions.

software
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Input of special requirements 
Any special requirements, e.g. the desired retention times for the 
first and last peaks and/or the desired distance between the peaks, 
can be specified in advance. The software then searches for the 
conditions which best fulfill these requirements. 

Analysis of peak resolution 
Chromsword® analyzes peak resolution according to the formula:

This function allows the causes of poor peak resolution to be 
assessed. Critical contributions of retention, selectivity or efficiency 
are highlighted in red and represent the main reasons for poor peak 
resolution. The improvement of the parameters marked “critical” 
represents the best chance for improving peak resolution.

Method transfer to another HPLC system 
Gradient method performance strongly depends on the dwell 
volume of the HPLC system being used. Therefore, the transfer of a 
gradient method to an HPLC system of a different manufacturer and 
with a different dwell volume usually creates problems. However, 
with ChromSword, you simply enter the new dwell volume of the 
HPLC system and the new gradient conditions will be automatically 
recalculated. 

2-dimensional method optimization
This shows simultaneous pH and temperature 
optimization of a revered-phase separation of 
nucleosides. On the left: 3D resolution diagram 
for both optimization parameters. On the right: 
simulated chromatogram at the cursor position in 
the resolution diagram. 

Optimization of column coupling 
The resolution diagram shows optimum ranges 
for the length ratio of two columns of different 
selectivity in dependence of the concentration 
of organic solvent. On the right: the simulated 
chromatogram at the cursor position in the peak 
resolution diagram. 

3. Simulation of the chromatogram under the predicted 
optimal conditions.

4. Result of optimization with  ChromSword®:

 A) Manually developed method, 

 B)  Method optimized with ChromSword®: isocratic, faster 
separation, better resolution, excellent correlation with the 
predicted simulated chromatogram.

Analysis of peak resolution
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ChromSword Auto® 4.0

 ChromSword® Auto

software

Your Professional Expert  
For Automatic HPLC Optimization
All you have to do is place your sample in the Autosampler, enter a few data and press the 
“Start” button! Then your methods are developed and optimized in automatic overnight 

or weekend runs. This is how easy HPLC method 
development is with ChromSword Auto, recognized 
as the best available software for fully automatic 
HPLC method development.

The intelligent ChromSword Auto software is simply 
connected to the HPLC. It is then capable of optimiz-
ing reversed-phase chromatography fully automati-
cally using the parameters
-   Composition of the mobile phase (isocratic, linear 

and step-gradient)
-   pH of the mobile phase
-   Column temperature.

Objectives of the automatic optimization are:
-  Separation of the maximum number of peaks
-  Optimal peak resolution
-  Minimal analysis time.

ChromSword Auto® with its sophisticated and intel-
ligent calculating processes and the huge compu-
ter capacity available, takes into account far more 
method development possibilities than could possibly 
be coped with manually.

On completion of the optimization process, the system 
presents the chromatograms that can be obtained 

using the predicted optimal conditions.
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Screening, Fast Optimization And 
Fine Optimization
These three stages of the professional method development process 
can be carried out by ChromSword Auto fully automatically.

Screening
To rapidly develop a new separation method, a selection of col-
umns and solvents is tested using a rapid solvent gradient. The 
HPLC system in question is fitted with the appropriate column and 
solvent switching valves. ChromSword Auto is then programmed 
with the required gradient and subsequently carries out the com-
plete screening process fully automatically within a short period 
of time. The chromatograms produced can be observed by means 
of the Report Viewer. The best column/solvent combination can 
then be selected for further optimization.

Fast optimization
Using this function, a suitable method can be developed within a 
very short period of time. Initially, the system performs an overview 
gradient run; this enables it to obtain information on the peaks 
and the distribution of analyte retention times. Using this data, the 
software calculates optimal linear and step gradients. A suitable 
separation method can be developed in this way in max. 3 hours. 
The period depends on the column length and sorbent used, the 
flow rate, the polarity of the analytes and the number of peaks.

Fine optimization
In this mode, the software collects and evaluates further data and 
calculates, as closely as possible, appropriate retention models 
(dependence of analyte retention time on optimization parameter). 
Using this information, a number of alternative optimal HPLC 
conditions (isocratic, linear and step gradients) is calculated. 

Fast optimization and separation of 11 standards of 
drugs-of-abuse: 
1. Overview gradient 
2. Optimal linear gradient 
3. Optimal step gradient.

Fine optimization and separation of a 
pharmaceutical sample containing impurities.
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How Does It Work?

Retention models and gradient 
optimization
The more information the software is given concerning analytes and separat-
ing system (column/solvent), the better it can predict the optimal separation 
conditions. Thus, in the course of the optimization process, the system carries 
out chromatographic runs under varying conditions and then calculates the 
retention models. These are then used to predict the optimal conditions. 

These functions, together with the super-fast Monte Carlo gradient optimi-
zation system, are included both in the off-line version of ChromSword (see 
pages 4-5) and in ChromSword Auto.

Further expert functions render the HPLC method development process 
fully automatic:

Automation module
A special software interface connects ChromSword Auto with the chroma-
tography data system of the HPLC in use.

Artificial intelligence
A software module equipped with self-learning artificial intelligence exercises 
control over the optimization process and makes all the necessary decisions 
pertaining to method development.

Peak tracking for target substances
The somewhat difficult task of unambiguous peak tracking can be solved by 
simply using pure substances during the experimental phase of method devel-
opment. This procedure is employed by ChromSword Auto for the separation 
optimization of analytes if these are available as individual standards.

Intelligent peak allocation for substance 
mixtures containing impurities
In the case of samples where there may be no pure substances available, 
ChromSword Auto is equipped with a novel function for intelligent peak 
tracking. This enables peak tracking and assignment to be carried out reliably 
when separating mixtures of substances, even without having recourse to 
spectral data. However, should such be available, DAD and MS data can ad-
ditionally be applied for peak tracking as well. All that is required is to place 
the sample vial in the Autosampler. By identifying and tracking the peaks 
produced under different chromatographic conditions, the system optimizes 
the method to produce the maximum number of peaks with optimal peak 
resolution in the shortest possible period of time.

software

Fast and fine optimization and separation of a pharmaceutical sample 
containing degradation products.  
1. Overview gradient, 2. Optimal linear gradient,
3. Optimal step gradient 
4. Optimal Step gradient subsequent to fine optimization.
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Column and solvent switching
If the HPLC system is equipped with a column selection valve, the ChromSword Auto 
software performs screening and HPLC optimization with up to 10 columns and three 
organic solvents automatically. For pH optimization, the gradient system can be fitted 
with an additional solvent valve containing up to 16 channels for connecting buffers 
of different pH values. In this way, rapid screening of columns, solvents and pH can be 
carried out.

Easy to program…
Via a Programming Assistant, the necessary data are requested by very few screen 
prompts. The optimization process is then initiated by activating the “GO” key. On 
completion of the optimization process, the HPLC system can be switched automatically 
to standby mode. 

…and to generate reports
ChromSword Auto documents the parameters entered and all the optimization runs along 
with the corresponding chromatograms. Using the Report Viewer, all the chromatograms 
and data collected can be displayed and assessed. Using the export function based on 
WORD, a tailor-made method optimization report with chromatograms, gradient profiles 
etc. can be generated.

Typical samples for 
automatic HPLC method 
development with 
ChromSword Auto®

• Active ingredients, new 
compounds (including chiral 
separations)

• Pharmaceutical formulations
• Major products and unknown 

impurities, by-products, 
degradation products

• Reaction mixtures
• Biological extracts

Even the separation of 
complex samples can be 
developed and optimized 
with  ChromSword Auto®: 
• Chiral substances / enantiomers 
• Achiral isomers and diastereomers 
• Inorganic ions 
• Proteins and peptides
• Carbohydrates 
• Extremely hydrophilic substances 
• Extremely hydrophobic substances 
• Highly charged substances 
• Very low concentrations  

(< 0.05 %)
• Samples with more than 50 peaks  

ChromSword Auto® controls 
following HPLC and UHPLC 
systems
• VWR-Hitachi
• Agilent
• Waters
• Dionex
• Knauer

Using the following 
chromatography data systems 
(stand-alone and client/server)
• EZChromElite™  and Agilent 

ChemStation® 
• Waters Empower™
• Dionex Chromeleon®

• Knauer ChromGate®

Fine optimization and separation of a pharmaceutical 
sample containing impurities.

Fine optimization and separation of 16 standards of 
polyaromatic hydrocarbons (PAH).

Fine optimization and separation of standards of 
pharmaceutical substances.
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AutoRobust

Easy programming for the robustness test. 
When using a chromatography data system, a  
separate method has to be compiled for each 
parameter variation.

software

Your Expert For Automatic HPLC Robustness 
Testing

What is method robustness?
In routine analysis it is inevitable that minor deviations occur 
in the prescribed procedural conditions. These are caused e.g. 
when using different analytical systems, different reagents, 
new eluent systems, a different column or different laboratory 
environments. 

A robust analytical method is insensitive to such minor vari-
ations of method parameters. In chromatographic methods, 
this means that peak resolution does not change or if so then 
almost negligibly. Thus, reliable analytical results are obtained 
even when slight variations occur. 

However, should a particular method prove sensitive to such 
minor variations in conditions, the method parameters must be 
stringently controlled if reliable results are to be obtained. 

To check whether a method is robust and if not to determine 
the tolerance limits to be adhered to in the case of such varia-
tions, a robustness test should be carried out (see ICH Guideline: 
Validation of Analytical Procedures: Text and Methodology, Q2 
(R1), Chapter 8: Robustness, www.ich.org).

How is a robustness test carried out?
In the case of chromatographic methods e.g., the effects of 
changes in solvent composition, pH, temperature, flow rate etc. 
and the use of columns from different batches are checked to 
determine the precision and accuracy of the analytical results 
obtained. The selection of the parameters to be checked is the 
responsibility of the method developer and is usually based on 
personal experience. 

Depending on how many method parameters are to be checked, 
a robustness test can be extensive with respect to the experi-
mental work involved; often, 100 or more chromatographic 
runs are required. 

In order to carry out a robustness test on an HPLC system, 
each variation in the original method must be entered into the 
chromatography data system so that this then becomes a new 
method. In addition, for each variation of any parameter, system 
equilibration and column flushing must be carried out. Thus, the 
manual programming of these experimental matrices for robust-
ness tests is not only extensive but also subject to error. 

Entry of method parameters  
from the original method.
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The AutoRobust Software
This software has been specially developed for simple, automatic robustness 
testing. 

Easy to program
Programming the experimental matrix for a robustness test is by means of the 
Program Assistant and only two screens and comprises:

1.  Entering the parameters of the original method (subsequent to method 
optimization by ChromSword Auto the method can be imported directly)

2.  Entry of the required variations to the method parameters. Programming 
for robustness requires a few minutes only.

Automatic robustness study
After preparing the HPLC system with column(s), sample(s) and eluents, the 
chromatography runs are initiated by the AutoRobust software. AutoRobust 
controls the entire system as well as the analytical sequence, the specified 
variations in method parameters and all necessary flushing and equilibration 
steps.

Documentation, reporting and evaluation
Whilst the analytical sequence is running, all the procedural steps are automati-
cally documented in a report. All the chromatograms recorded can be displayed 
and analyzed using corresponding tables with peak parameters. Particularly 
important is the peak resolution factor of critical peak pairs.

On completion of the experimental runs, the peak parameters of all the chro-
matograms (e.g. peak resolution factors) are summarized in overview tables. 
All the chromatograms, tables and ancillary data can then be summarized 
automatically in a Robustness Report according to the requirements of the 
user.  

By evaluating the chromatograms and ancillary data, the user can determine 
which parameter variations are critical for a particular method. In addition, 
particularly by using the tables with the peak resolution factors, the maximum 
tolerance limits for individual parameters can be established. 

AutoRobust
The following variations to method parameters can be programmed:
• Temperature e.g. ± 1°C
• Flow rate e.g. ± 0.1 mL/min
• Solvent composition e.g. ± 1% organic solvent
• Gradient profile e.g. ± 0.1 min
• Buffer concentration / pH e.g. ± 0.1 pH
• Injection volume e.g. ± 1 µL
• Equilibration time e.g. ± 1 min
• Detection wavelength e.g. ± 1 nm
• Column batch  e.g. 3 different batches using an 

automatic column switch valve

AutoRobust and ChromSword 
Auto control following HPLC and 
UHPLC systems
• VWR-Hitachi
• Agilent
• Waters
• Dionex
• Knauer
Using the following 
chromatography data systems 
(stand-alone and client/server)
• EZChromElite™ and Agilent 

ChemStation®

• Waters Empower™
• Dionex Chromeleon®

• Knauer ChromGate®

Overview table of peak parameters (here: peak 
resolution factors) for all chromatographic runs and 
all parameter variations. 

Display of results of the robustness test by the 
Report Viewer. 
Display of the chromatographic runs and 
corresponding parameter variations (left). 
The chromatograms of the various runs can be 
superimposed. The table of corresponding peak 
parameters can be called up for each chromatogram. 



9 Good Reasons For Automatic 
Method Development Using  
ChromSword Auto®

l Separation of more substances and also with 
lowest concentrations of impurities  
(> 50 peaks, < 0.05 %)

l Better peak resolution
l Higher degree of robustness  

and hence more reliable
l Faster separations, shorter analysis times
l Savings in time and effort in method development 

(fully automatic, optimization overnight)
l Savings in solvents in method development  

and routine analysis  
(cost, disposal, protection of the environment)

l Easy conversion of methods  
to more favorable solvents

l Increase in productivity and reliability  
in HPLC analysis

l Amortization of software costs  
after only few method optimization runs

Ordering informations

Description Cat. No.
ChromSword Auto® 4.0 Professional 908-0055 
with column and solvent switching  
(up to 10 columns, up to 16 solvents)  
and many further special functions
ChromSword Auto® 4.0 Standard 908-0056 
with column and solvent switching  
(up to 3 columns, up to 4 solvents)
ChromSword Auto® 4.0 Basic 908-0057 
without column and solvent switching  
(with 1 column and 2 solvents)
ChromSword Auto® 2.0 Off-line 908-0058
AutoRobust 1.1 908-0017

Further software products, upgrades, installation and training 
services on request.

Austria
VWR International GmbH
Graumanngasse 7
1150 Wien
Tel.: 01 97 002 0
Fax: 01 97 002 600
E-mail: info@at.vwr.com

Belgium
VWR International bvba
Researchpark Haasrode 2020
Geldenaaksebaan 464
3001 Leuven
Tel.: 016 385 011
Fax: 016 385 385
E-mail: customerservice@be.vwr.com

Denmark
VWR - Bie & Berntsen
Transformervej 8
2730 Herlev
Tlf.:  43 86 87 88
Fax:  43 86 87 90
E-mail: info@dk.vwr.com

Finland
VWR International Oy
Pihatörmä 1 C 1
02240 Espoo
Tel.: 09 80 45 51
Fax: 09 80 45 52 00
E-mail: info@fi.vwr.com

France
VWR International S.A.S.
Le Périgares – Bâtiment B
201, rue Carnot
94126 Fontenay-sous-Bois cedex
Tel.: 0 825 02 30 30 (0,15 € TTC/min)
Fax: 0 825 02 30 35 (0,15 € TTC/min)
E-mail: info@fr.vwr.com

Germany
VWR International GmbH
Hilpertstraße 20a
D - 64295 Darmstadt
Tel.: 0180 570 20 00*
Fax: 0180 570 22 22*
E-Mail: info@de.vwr.com
(*0,14 €/Min. aus d. dt. Festnetz,
Mobilfunk max. 0,42 €/Min.)

Ireland / Northern Ireland
VWR International Ltd /  
VWR International (Northern Ireland) Ltd
Orion Business Campus
Northwest Business Park
Ballycoolin
Dublin 15
Tel.: 01 88 22 222
Fax: 01 88 22 333
e-mail : sales@ie.vwr.com

Italy
VWR International s.r.l.
Via Stephenson 94
20157 Milano (MI)
Tel.: 02 332 03 11
Fax: 800 152 999
E-mail: info@it.vwr.com

The Netherlands
VWR International B.V.
Postbus 8198
1005 AD Amsterdam
Tel.: 020 4808 400
Fax: 020 4808 480
E-mail: info@nl.vwr.com

Northern Ireland
VWR International (Northern Ireland) Ltd  
Orion Business Campus
Northwest Business Park
Ballycoolin
Dublin 15
Tel.: 01 88 22 222
Fax: 01 88 22 333
e-mail : sales@ie.vwr.com

Norway
VWR International AS
Haavard Martinsensvei 30
0978 Oslo
Tel.: 0 2290
Fax: 815 00 940
E-mail: info@no.vwr.com

Portugal
VWR International - Material de 
Laboratório, Lda
Edifício Neopark
Rua Tomás Ribeiro, 43- 3 D
2790-221 Carnaxide
Tel.: 21 3600 770
Fax: 21 3600 798/9
E-mail: info@pt.vwr.com

Spain
VWR International Eurolab S.L.
Ronda Can Fatjó, nº 11 
Edifici Tecnopark, 3 
Parc Tecnològic del Vallés
08290 Cerdanyola del Vallés
Barcelona
Tel.: 902 222 897
Fax: 902 430 657
E-mail: info@es.vwr.com

Sweden
VWR International AB
Fagerstagatan 18a
163 94 Stockholm
Tel.: 08 621 34 00
Fax: 08 621 34 66
E-mail: info@se.vwr.com

Switzerland
VWR International AG
Lerzenstrasse 16/18
8953 Dietikon
Tel.: 044 745 13 13
Fax: 044 745 13 10
E-mail: info@ch.vwr.com

UK
VWR International Ltd
Customer Service Centre
Hunter Boulevard
Magna Park
Lutterworth- Leicestershire
LE17 4XN
Tel.: 0800 22 33 44
Fax: 01455 55 85 86
E-mail: uksales@uk.vwr.com

Your European Distribution Partners
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