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LC TROUBLESHOOTING

Since I started thinking several months 

ago about putting this installment 

of “LC Troubleshooting” together, my 

thoughts have been focused on two 

themes. First, the information landscape 

is changing very rapidly in most fields, 

and separation science is not immune 

to this trend. There are so many differ-

ent vehicles for sharing information avail-

able now, including webinars, blogs, and 

websites, in addition to the more tradi-

tional resources of journals and books. 

As a result, it really is difficult—if not 

impossible—for any one of us to keep up 

with changes in the field that are impor-

tant to us. I don’t think any of my chro-

matographer friends would say they feel 

confident that they have a good handle 

on the literature and other information at 

any moment in time. Second, I think that 

a point John Dolan made in his final “LC 

Troubleshooting” column installment in 

October (1) is astute and valuable: Toward 

the end of that installment he noted that 

over the years he aimed to help readers 

of his column be better troubleshooters 

by supporting their learning about chro-

matography concepts and how chro-

matography instruments work. In other 

words, the more deeply we understand 

how the instrument works and what is 

going on inside the box chemically and 

physically, the more likely it is that we 

as practitioners can solve problems we 

encounter and make our work more effi-

cient and effective (and enjoyable!). The 

more I have thought about John’s point, 

the more I agree with it. To that end, I 

am hopeful that the resources that I’ve 

pulled together in this installment will 

yield at least one gem for each reader. I 

hope you find one new book, website, or 

tool that you had not considered before, 

and that it helps you in your work.

Now, the problem of course is that 

I don’t think there is any single person 

in the chromatography community that 

has the “right” answer to the following 

question: Which resources are the best 

ones? So, the approach I have taken 

here is to crowdsource that informa-

tion, with the hope that the cream has 

floated to the top. I’ve asked instrument 

and consumables companies that regu-

larly contribute to LCGC to send me a 

list of resources highlighting those they 

think are most useful to the community. 

I’ve also reached out to more than 60 

individuals in my professional network 

who I view as experts in their respec-

tive research areas, or at least as highly 

experienced chromatographers. This 

group is roughly composed of 60% from 

industry, 40% from academia, and a few 

folks from government laboratories. 

They represent six continents and eight 

countries. A large majority of respon-

dents were in the age range of 31–50 

years old; however, the range spanned 

from one person in his 20s to several 

over 70. I asked them to respond to 

the following questions, with a focus on 

those resources they find most helpful 

in whatever work they do that involves 

liquid chromatography (LC):

• What are the five most useful books 

on your bookshelf?

• What are the five most useful web-

based resources (such as websites, 

downloadable documents, or videos)?

• What are the five most useful tools 

supporting your work (such as calcula-

tors or simulators)?

In my presentation, discussion, and 

summary of the input received from indi-

viduals and suppliers I have focused the 

attention on those resources that people 

find most useful. Of course, it is impos-

sible to summarize all of the resources 

available to us in a few pages, so the 

perspective here is not intended to be 

comprehensive. However, I’d love to 

hear from you if you think there is a gem 

that has been overlooked here, and I’ll 

be sure to call attention to it in a future 

article (please see contact information at 

the end of this article). You can also share 

suggestions through the commenting 

function on the online version of this arti-

Resources for LC Practitioners in 2017: What’s 
on Your Bookshelf and in Your Web Browser?
What are the most useful chromatography books on your bookshelf? What are the most useful web-based resources 

(such as websites, downloadable documents, videos) about separation science? What are the most useful tools 

supporting your work (such as calculators and simulators)? This installment compiles input from the separation science 

community (both individuals and vendors) to guide you to the resources that people find most useful. 

Dwight R. Stoll
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TABLE I: Most useful books supporting work in liquid chromatography

Title Authors/Editors Year ISBN Votes

Introduction to Modern Liquid Chromatography Snyder, Kirkland, and Dolan 2009 978-0470167540 20

Practical HPLC Method Development Snyder, Kirkland, and Glajch 2011 978-8126528530 13

HPLC Columns: Theory, Technology, and Practice Neue 1997 978-0471190370 12

High-Performance Gradient Elution: The Practical 

Application of the Linear-Solvent-Strength Model

Snyder and Dolan 2006 978-0471706465 11

Unifi ed Separation Science Giddings 1991 978-0471520894 10

Practical High-Performance Liquid Chromatography Meyer 2010 978-0470682173 7

Dynamics of Chromatography Giddings 2002 978-0824712259 6

Essence of Chromatography Poole 2002 978-0444501998 5

Introduction to Separation Science Karger, Snyder, and Horvath 1973 978-0471458609 4

Quantitative Chemical Analysis Harris 2015  978-1464135385 4

Troubleshooting LC Systems Dolan and Snyder 1989 978-0896031517 3

Modern Size-Exclusion Liquid Chromatography Striegel, Yau, Kirkland, and Bly 2009 978-0471201724 3

Modern HPLC for Practicing Scientists Dong 2006 978-0471727897 3

HPLC for Pharmaceutical Scientists Kazakevich and LoBrutto 2007 978-0471681625 3

Chiral Separation Techniques: A Practical Approach Subramanian 2006 978-3527315093 2

Multidimensional Liquid Chromatography Cohen and Schure 2008 978-0471738473 2

Comprehensive Chromatography in

Combination with Mass Spectrometry

Mondello 2011 978-0470434079 2

Chromatography: Concepts and Contrasts Miller 2009 978-0470530252 2

The HPLC-Expert II: Optimizing the 

Benefi ts of HPLC/UHPLC

Kromidas 2017 978-3527339723 1

The HPLC–MS Handbook for Practitioners Kromidas 2017 978-3527343072 1

Chromatography: Principles and Instrumentation Vitha 2016 978-1119270881 1

Cromatografi a Líquida - Novas Tendências e Aplicações Cass and Cassiano 2015 978-8535275971 1

UHPLC in Life Sciences Guillarme and Veuthey 2015 1849735492 1

Chromatography Today Poole and Poole 2014 978-0444596192 1

Beginners Guide to UPLC: Ultra-

Performance Liquid Chromatography

Waters Corporation 2014 978-1879732070 1

Pitfalls and Errors of HPLC in Pictures Meyer 2013 978-3527332939 1

Hydrophilic Interaction Chromatography:

A Guide for Practitioners

Olson and Pack 2013 978-1118054178 1

HPLC of Polymers Pasch and Trathnigg 2013 978-3540655510 1

Multidimensional HPLC of Polymers Pasch and Trathnigg 2013 978-3642360794 1

Hydrophilic Interaction Liquid Chromatography 

(HILIC) and Advanced Applications

Wang and He 2011 978-1439807538 1

Solvents and Solvent Effects in Organic Chemistry Reichadt and Welton 2011 978-3527324736 1

Handbook of Modern Pharmaceutical Analysis Ahuja and Scypinski 2010 978-0123756800 1

Chiral Recognition in Separation Methods: 

Mechanisms and Applications

Berthod 2010 978-3642124440 1

Lipid Analysis, Fourth Edition: Isolation, Separation, 

Identifi cation and Lipidomic Analysis

Han and Christie 2010 978-0955251245 1

Table continued on next page



WWW.CHROMATOGRAPHYONLINE.COM DECEMBER 2017  LCGC NORTH AMERICA  VOLUME 35 NUMBER 12  857

cle at www.chromatographyonline.com/

resources-lc-practitioners-2017-what-s-

your-bookshelf-and-your-web-browser.

Books

In total, 58 different books were cited 

by respondents as being on their list 

of five most useful for their work in LC. 

Many of these were only cited once 

by the group, but I’ve chosen to share 

them all because there is quite a lot 

of diversity of material represented in 

the list. Table I shows the list, sorted 

by descending frequency of mention 

by the group, where the “votes” col-

umn indicates the frequency of men-

tion. Those titles receiving the fewest 

mentions are sorted by year of pub-

lication. A few comments come to 

mind after looking at this list. First, I 

think it makes a great shopping list for 

TABLE I: (continued) Most useful books supporting work in liquid chromatography

Title Authors/Editors Year ISBN Votes

Basic Gas Chromatography McNair and Miller 2009 978-0470439548 1

Fundamentals of Preparative and 

Nonlinear Chromatography

Guiochon, Felinger, 
Shirazi, and Katti

2006 978-0123705372 1

Coulson and Richardson'S Chemical 

Engineering, Volume 2, 5th Edition: Particle 

Technology and Separation Processes

Richardson 2006 978-8181471444 1

Principles of Instrumental Analysis Skoog and Holler 2006 978-8131525579 1

Chirality in Natural and Applied Science Lough and Wainer 2002 978-0849324345 1

Solvent Mixtures: Properties and Selective Solvation Marcus 2002 978-0824708375 1

The Properties of Gases and Liquids Poling and Prausnitz 2000 978-0070116825 1

Contemporary Instrumental Analysis Rubinson and Rubinson 1999 978-0137907267 1

Basic HPLC and CE of Biomolecules Cunico, Gooding, and Wehr 1998 978-0966322903 1

Handbook of HPLC

Katz, Eksteen, 
Schoenmakers, and Miller

1998 978-0824794446 1

Manuel pratique de chromatographie en phase liquide Rosset, Carde, and Jardy 1997 978-2225851261 1

Chromatographic Detectors: Design: 

Function, and Operation

Scott 1996 978-0824797799 1

High Performance Liquid Chromatography, 

Fundamental Principles and Practice

Lough and Wainer 1995 978-0751400762 1

Packed Column SFC Berger 1995 978-0854045006 1

HPLC: A Practical User's Guide McMaster 1994 978-0471185864 1

High Performance Liquid Chromatography Brown and Hartwick 1989 978-0471845065 1

Multidimensional Chromatography: 

Techniques and Applications

Cortes 1989 978-0824781361 1

Quantitative Gas Chromatography Guiochon and Guillemin 1988
Journal of 

Chromatography 
Library

1

Gradient Elution in Column Liquid Chromatography, 

Volume 31: Theory and Practice

Jandera and Churacek 1985 978-0080858340 1

Contemporary Practice of Chromatography Poole 1985 978-0444425065 1

Instrumental Methods of Chemical Analysis Ewing 1985 978-0070198579 1

Practical Liquid Chromatography: An Introduction Ettre and Yost 1980
B000JJLTAM 

(ASIN)
1

Modern Practice of Liquid Chromatography Kirkland 1971 978-0471488781 1

Principles of Adsorption Chromatography Snyder 1968 978-0824716394 1

Advances in Chromatography series (CRC Press) Multiple authors   1
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young scientists. Second, several respondents pointed out 

that the most useful books on their shelves are not about 

chromatography per se, and this observation is evident 

from the table. For example, the books by Reichadt and 

Welton (Solvents and Solvent Effects in Organic Chemis-

try) and Poling and Prausnitz (The Properties of Gases and 

Liquids) are not focused on chromatography, but contain 

information about solvent properties that help us under-

stand how chromatography works. Similarly, some respon-

dents referred to books that focus on a different mode 

of chromatography (for example, Berger’s Packed Column 

SFC), because they contain good ideas and explanations of 

chromatography that are generally applicable. Again, I’ve 

intentionally included the less frequently mentioned books. 

Some of the newer ones will benefit from more consider-

ation by a wide audience (for example, Vitha’s Chroma-

tography: Principles and Instrumentation), while some of 

the older ones are classics that younger scientists simply 

may not be aware of (for example, Snyder’s Principles of 

Adsorption Chromatography).

User-Identified Web-Based Resources

The books listed in Table I provide an incredible amount of 

information to support anyone working in LC. Increasingly, 

though, web-based resources provide information and tools 

that are difficult, if not impossible, to deliver in the form 

of a traditional printed book. Table II contains a summary 

of the web-based resources mentioned by respondents to 

my user survey. Again, this collection is not intended to be 

comprehensive. Rather, it represents a first pass at identi-

fying those resources users find most useful in their day-

to-day work with LC. The printed version of Table II only 

contains the resource name and a short description, but 

the online version of this article contains hyperlinks. And in 

principle, these are discoverable with a simple web search. 

Many of these resources are self-explanatory, but I’d like to 

highlight a few things in each category.

Resources, Broadly Defined

Many users commented on the usefulness of John Dolan’s 

past “LC Troubleshooting” articles. These are all accessible 

through the LCGC website, but they have also been orga-

nized into John’s “LC Troubleshooting Bible.” The web ver-

sion of this resource is searchable by keyword and enables 

rapid discovery and access to the troubleshooting ideas you 

need most.

Tutorials, Primers, and Guides

Much of the information cited in this box did not exist five 

years ago, and certainly not 10 years ago. The resources 

listed here are incredibly rich, with accurate information 

that is relevant to modern high performance liquid chro-

matography (HPLC). ChromAcademy was mentioned by 

users most frequently, and it is an excellent tool for learn-

ing about HPLC and related technologies. I personally 

use it extensively in my own teaching—both for classroom 

teaching and with my research students—in addition to 

the excellent primers on various topics offered by Waters 

and Agilent.

Tools for LC Simulation and Calculation

When we get to the tools in this column, the value of 

web-based resources really becomes apparent. It is said 

that a picture is worth 1000 words. A video or animation, 

then, must be worth at least 20,000 words. The tools listed 

here, like animations in ChromAcademy, enable users to 

explore and study the complex physical relationships that 

are central to the way chromatography works. The HPLC 

simulators listed in this box offer users a number of dif-

ferent options for simulating HPLC separations with vary-

ing degrees of sophistication. There are also dedicated 

tools to assist users with transferring methods from one 

instrument to another (2), or to improve analysis time by 

taking advantage of recent improvements in particle and 

instrument technology. The commercial product DryLab 

was mentioned frequently as an aid to method develop-

ment. This sophisticated tool was originally developed 

by LC Resources, and is currently available from the 

Molnar Institute.









 !!

∀#∃%&∋∃()∋∗(%%

+++,,

−.,



/0



WWW.CHROMATOGRAPHYONLINE.COM DECEMBER 2017  LCGC NORTH AMERICA  VOLUME 35 NUMBER 12  859

Tools for Molecular Properties

Effective and efficient method devel-

opment in HPLC usually benefits from 

a detailed understanding of the physi-

cal and chemical properties of the 

compounds we are trying to separate. 

Users pointed to a number of tools 

that are useful for this purpose. I’ve 

only listed two in this box, because the 

ChemSpider website actually lever-

ages several individual tools for molec-

ular property prediction. For example, 

ChemSpider allows the user to pre-

dict (for free) properties such as dis-

sociation constants (pKa) and partition 

coefficients (log P) using the EpiSuite 

algorithms from the U.S. Environmen-

tal Protection Agency (EPA), tools from 

ACD Labs, Inc., and ChemAxxon (for 

example, www.chemicalize.com). As 

someone who also spends quite a lot 

of time teaching acid–base chemistry 

in the context of quantitative chemical 

analysis, I find these tools invaluable.

TABLE II: Most useful web-based resources for liquid chromatography mentioned by users

Resources, Broadly Defined Tutorials, Primers, and Guides Tools for LC Simulation and Calculation

• LCGC websiteC  – Great free resource

for all aspects of separation science

• John Dolan’s LC Troubleshooting Bible
– All of Dolan’s “LC Troubleshooting” 

articles, searchable by keyword

•  Miscellaneous resources 

curated by LC Resources
• Analytical Sciences Digital 

Library – Collection of resources 

developed with funding from the 

U.S. National Science Foundation

• Agilent Teaching Resources for
Academia – Collection of videos 

and animations demonstrating the 

principles of various LC and mass 

spectrometry (MS) approaches

• ChromAcademy – Full learning
management system of >1000 animated
and video training courses, with 
customizable learning paths, and online
troubleshooting tools, in chromatography, 
sample preparation, mass spectrometry,
spectroscopy, and basic laboratory
skills. Constantly updated.

•  Chromedia – Multimedia learning
resources for sample preparation, 
chromatography, and mass spectrometry.

• Wall Charts and Quick-Start Guides – 
– LCGC’s Sample Preparation Guide

– LCGC’s LC Troubleshooting Guide

• Primers by Agilent
– Introduction to Liquid Chromatography
– Two-Dimensional Liquid Chromatography

• Primers by Waters
– Beginners Guide to HPLC

• Introductory video about HPLC
– Produced by the Royal Society of 
Chemistry, captures in 5 minutes 
the essence of how HPLC works
and why it is so useful.

• Supelco Resources for Chiral 
Chromatography – Multimedia learning 
resources for chiral separations

• HPLC Simulator (www.hplcsimulator.org) – r
Dynamic simulator for exploring the effects
of operating variables on reversed-phase 
separations; developed at the University 
of Minnesota; Java application (free)

• HPLC Simulator – More-detailed simulator r
compared to hplcsimulator.org;
developed at the University of 
Geneva; Excel spreadsheet (free)

• HPLC Teaching Assistant – Calculators 
to facilitate teaching and learning about
HPLC concepts; developed at the University
of Geneva; Excel spreadsheet (free)

• Calculator Apps for Parameter
Estimation – Apps for estimating
parameters such as pressure versus 
fl ow rate; Agilent (free) (web, iOS)

• Method Transfer Tools - Calculators 
for scaling to different particle sizes,
movement between instruments, and 
so on; Thermo Excel spreadsheet (free;
Waters Desktop application (free)

• Buffer Wizard – Web-based application 
designed to assist with calculations 
needed for preparing buffers (free
and paid versions available)

Tools for Column Selection 
and Characterization

Tools for Molecular Properties

• PQRI Website – Database of column 
parameters based on the hydrophobic 
subtraction (HS) model developed by 
Snyder, Dolan, and coworkers; maintained
by United States Pharmacopeia

• hplccolumns.org – Database of 
column parameters based on HS 
model, presented in a different way 
compared to USP PQRI site, and 
with unique tools for visualization; 
maintained by Stoll Laboratory

• Waters RP Column Selectivity Chart –
Tool for comparing selectivities of 
different reversed-phase chemistries,
and columns from different vendors

•  ICOA Website – Classifi cation tool for
reversed phases developed at the Institut
de Chimie Organique et Analytique

• ChemSpider – Free chemical structure 
database providing access to millions 
of structures from hundreds of data 
sources. Enables predication of 
properties including pKaK  and log P using P
a number of different algorithms

• NIST WebBook – Free access tok
physical and chemical property data 
compiled by U.S. National Institute of 
Standards and Technology (NIST)

Please see the online version of this article (www.chromatographyonline.com/resources-lc-practitioners-2017-what-s-your-bookshelf-and-
your-web-browser) for the hyperlinks to all of these resources.r
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TABLE III: Most useful web-based resources for liquid chromatography identifi ed by vendors

Vendor Handbooks and Guides
Apps, Calculators, 
and Selection Tools

Applications 
Database

Other

Agilent 

Technologies

•  LC Handbook (www.agilent.
com/cs/library/primers/
Public/LC-Handbook-
Complete-2.pdf) 

•  2D-LC Primer (www.
reolgrade.ru/docs/
documents/news/2017-
04-21/5991-2359EN.pdf)

LC Columns Navigator 
(navigator.chem.agilent.com/)

Application Finder
(www.agilent.
com/chem/
application-fi nder)

Chiral 

Technologies

Chiral Separation Method
Development Guide 
(chiraltech.com/method-
development-strategies/)

Generic Drug
Application Index 
(chiraltech.com/global-
application-center/)

Phenomenex •  What is USP Chapter 
621? (phenomenex.
blog/2017/06/28/what-
is-usp-chapter-621/) 

•  Resources for Scaling up 
to Prep (phenomenex.
blog/2017/03/14/
preparative_separation/)

•  Stages of Column Death 
(https://phenomenex.
blog/2017/07/11/stages-
of-column-death/) 

•   Method Development
for Size Exclusion
Separations of Antibodies
(https://phenomenex.
blog/2017/08/17/hplc-
method-development-
monoclonal-antibody-
aggregates-sec/)

Restek 

Corporation

Troubleshooting and FAQs 
(www.restek.com/Technical-
Resources/Technical-Library)

Application Notes 
(www.restek.com/
Technical-Resources/
Technical-Library)

Physical Characteristics 
of HPLC Columns 
(www.restek.com/
Chromatography-Columns/
HPLC-UHPLC-Columns/
LC-Columns-Physical-
Characteristics-Chart)

Thermo 

Fisher 

Scientifi c

Charged Aerosol Detection 
for Liquid Chromatography 
and Related Separation
Techniques (www.
wiley.com/WileyCDA/
WileyTitle/productCd-
0470937785,subjectCd-
LS35.html)

•  LC Method Transfer 
Calculator (www.
separatedbyexperience.
com/uhplc/calculator.html) 

•  HPLC Troubleshooting Guide 
App (www.thermofi sher.com/
us/en/home/life-science/lab-
data-management-analysis-
software/lab-apps.html)

Tosoh 

Bioscience

Principles of Chromatography 
(www.separations.
us.tosohbioscience.com/
service--support/technical-
support/resource-center/
principles-of-chromagraphy)

Chromatography Calculator
App (Android, iOS) (play.
google.com/store/apps/
details?id=com.app_
tosohchrom.layout&hl=en)

Applications
Database (https://
www.separations.
us.tosohbioscience.
com/applications-
database)

Gel Permeation 
Chromatography Glossary 
(Android, iOS) (play.
google.com/store/
apps/details?id=com.
app_tosoh.layout&hl=en)

Waters 

Corporation

•  Beginners Guide to HPLC
(www.waters.com/waters/
en_US/HPLC---High-
Performance-Liquid-
Chromatography-Explained/
nav.htm?cid=10048919)

•  Beginners Guide to
UPLC (www.waters.com/
waters/en_US/UPLC-
--Ultra-Performance-
Liquid-Chromatography-
Beginner%27s-Guide/nav.
htm?cid=134803622)

•  Interactive Column Selectivity 
Chart (www.waters.com/
waters/promotionDetail.
htm?id=10048475&alias=Alias_
selectivitychart__CHEMISTRY)

•  Filter Selector (www.
waters.com/app/selector/
en/fi lters.html)
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Tools for HPLC Column Comparison and Selection

Finally, several web-based resources were mentioned by 

users as being useful for the purpose of understanding the 

relationships between different column chemistries and col-

umns from different vendors. To some extent these tools 

also support column selection, especially in cases where a 

column is very similar to, or very different from, a column 

already in hand.

Vendor-Identified Web-Based Resources

In addition to my survey of individual experienced chroma-

tographers, I also asked several vendors of chromatography 

instrumentation, consumables, and software to send me refer-

ences for up to five web-based resources that they believe are 

particularly useful to the community. Of these, I selected up 

to four in each case, and organized those into the categories 

presented in Table III. 

Surprisingly, there is not too much overlap between Tables 

II and III. Perhaps some of the resources identified by ven-

dors have been a bit hidden, and users will find them use-

ful now that they have been brought to light. I think most of 

the items in Table III are self-explanatory, especially given the 

prior discussion of Table II, and I will not comment further 

on them here. However, there is one item that I found to be 

unique—the Phenomenex blog post “What is USP Chapter 

621?”—which may be of particular value to many readers. In 

conversation with many users and vendors I find there is a lot 

of confusion around United States Pharmacopeia (USP) Chap-

ter 621 (3), part of which is concerned with allowable changes 

to a USP method. I hope that resource will bring some clarity 

to this topic.

Closing Thoughts

I hope this installment achieves two things. First, I hope that 

all readers find a resource identified here that they were 

not previously familiar with, and helps them in their work 

on LC. Second, I expect that identifying these resources 

will lead to conversation that uncovers other gems, and 

perhaps even inspires individuals or groups to develop new 

resources that address existing gaps in these materials. If 

you know of a useful resource that you would like to see 

discussed, please let me know and I will draw attention to 

it in the future.

Two final points are worth mentioning here. First, a few 

respondents pointed to online discussion groups such as 

www.chromforum.org as resources for questions that the 

chromatography community might have answers to. Second, 

some respondents pointed out the value of hands-on train-

ing in learning about chromatography. Although the paper 

and web-based resources discussed here are very useful, I 

would certainly agree with the idea that there is no more 

effective way to learn about the practice of LC than through 

hands-on experience, recognizing that this can also involve 

significant upfront cost.
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