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Foreword

Over the last 35 years, HPLC has become the analytical separation method par ex-
cellence. HPLC instruments are standard equipment in analytical laboratories, in third
place after scales and pH meters. Many introductions, compendia and textbooks have
been written on the subject of HPLC that give more or less systematic description of
the basic apparatus, various techniques and quantitative evaluation of chromatograms.
All these books require systematic study — at least of some individual chapters.

This book, however, uses a different, sometimes quite idiosyncratic approach to
HPLC. It provides practical support — answering questions of the “what do I do if...”
variety. As even minute and often inadvertent changes in the HPLC system can cause
heretofore-successful separations to go awry - e.g. a different supplier of solvents or
chemicals, subtle changes (volumetric measurements at different temperatures) in the
composition of eluents etc. — this book is an antidote to potential frustration. Over 90
tips deal with the choice of column, problems with buffers and eluent composition,
troubleshooting etc. giving the individual users support in their daily routine. The
author can build on his vast experience in HPLC.

I hope that his slightly unconventional description of HPLC technique will help
many users to cope with their frustration with badly documented analytic systems.
Perhaps, some of you may even feel inspired to document not only the process (dry-
ing at 40°C), but also the performance (drying at 40°C until the weight remains con-
stant), and keep a record of chromatographic parameters for the most important ana-
lytes or those most difficult to separate.

June 2003 Prof. Dr. Dr. h.c. Heinz Engelhardt
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Preface

The HPLC community gave “Practical Problem Solving in HPLC” a warm welcome.

Alongside joy, I also felt a kind of urge to “keep going”. The logical result of this
is “More Practical Problem Solving in HPLC”. The intention, language and style have
remained the same, serving one aim: The book is meant to be an easy-to-read com-
panion for HPLC users, providing tips and suggestions in a compact form.

Alongside general tips we have also included three “Special Areas” in this volume.
These are two techniques that are already important and will become increasingly so
in future — LC-MS-coupling and micro-/nano-LC — as well as a look at quantitative
evaluation. Even if today’s computers do nearly all the work for us, the background
could prove interesting for some readers, such as how settings influence the peak
shape, area and height, or why the calculated content is dependent on the evaluation
method used.

I would like to emphasize that the “Practical Problem Solving” series is not in-
tended as a course book. Rather, it is a concise representation of the relations and ex-
planations from a practical viewpoint. For the theoretical background I would point
the reader towards the appropriate works.

I wish to extend my gratitude to my colleagues Friedrich Mandel, Joachim Maier-
Rosenkranz and Hans-Joachim Kuss, who provided their expert knowledge in their
specialized area.

The cooperation with Steffen Pauly at Wiley-VCH proved to be most pleasant. I
also thank Renate FitzRoy for expertly translating the often not-trivial passages of the
original manuscript into English, and Uwe Neue for his scientific discussions and crit-
ical reading of the text.

Finally, I hope you have fun while reading this book and that you find here ideas
and help for your daily work with HPLC.

Saarbriicken, September 2004 Stavros Kromidas

More Practical Problem Solving in HPLC. S. Kromidas XV
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The Structure of the Book

Part 1 (general section)

In the first part, I am trying to break the reader in gently before proceeding to the
73 tips in which various aspects of HPLC are discussed. Although it is not always
possible to link everything to an overriding theme, I have tried to introduce the fol-
lowing subject categories:

Stationary phases, columns (Tips Nos. 01-11)

Buffers, pH value (Tips Nos. 12-22)

Optimization, checking peak homogeneity (Tips Nos. 23-34)
Troubleshooting (Tips Nos. 35-54)

Miscellaneous tips (Tips Nos. 55-73)

In general, every tip is a self-contained unit discussing a specific problem, which
means that the book does not have to be read from cover to cover. The reader can
jump back and forth at leisure. However, a very important and complex subject may
be spread over several tips, e.g., “Tailing in HPLC” is discussed in Tip Nos. 45 and
46.

Or the same problem may be discussed from different angles and crop up in two
or three different tips, e.g., “sources of errors when using buffers” in Tip No. 14, and
“Shift of pH value in the eluent” in Tip No. 18. What I am trying to achieve is to
open up a variety of routes to the reader to make the most of these tips.

Where appropriate, references are given regarding tips that are related to the topic
or provide additional information. For easier reference, the tips have been numbered.
As some of you may already possess Volume 1 of the series "“Practical Problem Solv-
ing in HPLC”, I have also included it in my references. Whenever I refer to it, the
figure | will appear behind a forward slash, e.g., Tip No. 34/1. If not stated other-
wise, the chromatograms are results of my own measurements or they are examples
from practical separation classes held at NOVIA GmbH, Frankfurt/Main to whom I
would like to express my thanks.

Part 2 (specific questions)

Over recent years, many variants of classical HPLC as well as related separation
techniques have been developed. The most important of these are in my opinion LC-
MS coupling and micro- or nano-LC. Both have an important role to play in the fu-
ture, which is why you will find tips referring to them in Part 2.

Finally, a word about quantification.

More Practical Problem Solving in HPLC. S. Kromidas 1
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With the software programs that are now available, quantitative evaluation of chro-
matograms has become child’s play. However, I thought it would perhaps be a good
idea to give a brief overview of the integration and data handling methods, and the
reader could draw some educational benefit from hands-on quantification using a
range of methods. Both the pocket calculator and the personal computer approach are
offered; the latter using MS Exal. This might even help to memorize and internalize
these various methods. What we also wanted to achieve was to give some background
to the integration process and demonstrate the impact of individual parameters on
peak area and height to round off the discussion in Part 2.

The Appendix contains a bibliography, an index and further information on HPLC.



In Lieu of an Introduction

Dear Reader,

Now you hold this book in your hands and you may feel a little reluctant to jump
in at the deep end and go straight to the serious subjects. If that’s the case, take. it
easy and go through the fun pages first before you start on any earnest work. There is
something for every taste.

1. Do you like a challenge? Have a go at the crossword on page 4.

2. Do you like solving riddles? There is a quiz waiting for you on page 7.

3. Are you a child at heart? Do you still enjoy being told stories? Then read the chro-
matographic tale of Peaky and Chromy on page 9.

You will find the answers from page 261 on.
Are you far too grown-up and serious to waste your time with childish games? All
right, then go ahead and dive into the fountain of wisdom on page 11.

More Practical Problem Solving in HPLC. S. Kromidas 3
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Across

la  Whisky and port, but not necessarily columns improve with ...

lb Substance in the analyte of Tip No. 1

2 In normal life, it is measured on two different scales in the USA and Europe.

In chromatography it can be crucial to the reproducibility of your results

3a World Health Organization

3b  Acronym for Alaska

3¢ Additive to an eluent

3d United Nations

4 Repair

S5a  Short for a Californian city

5b  What do you do with your pump in order to get rid of excess air?
5¢ Used for hearing

5d  Summer time or Saint

6a  Depends on the interaction between sample and stationary phase

6b  Inevitable part of British school uniform

7a Interrogative pronoun

7b ... of macromolecules from a C,g phase takes ages

8a Phenomenon that occurs if a sample is not properly dissolved in the eluent
8b  Heading :

9a  Non-interactive type of fitting, tubing and accessories used in HPLC
9b  Expressing your wish or opinion in an authorized formal way
10a Mapping technique used in genetics
10b  Substance at one end of the pH spectrum
10c¢ Nothing, zero
Ila Help, support
I1b  Cowboy competition
12a French for ‘wrong’, harm
12b Predator

13a What runs through a column (plural)

14a Turkish currency

14b  American news agency

15a Woman with refined manners
I5b  The method discussed in this book

Down

Ta  Is usually kept constant throughout a separation

Ib In chromatography, it always is theoretical

2a  Not old!

2b  Chemical sign for iron

2¢ Highly polar phase

3a  Initials of a Dutch housewife who became tamous as a spy
3b  Noble gases are also called ...

3c Pagan

4a Another name for hashish

4b  Animal you keep at home



4c¢ All right

4d  Blood vessel leading away from the heart

Sa The first two of the five basic vowels

5b  Abbreviation for retention time

Sc Colloidal solution or Latin for sun

5d  Chemical sign for nitrogen

Se Chemical sign for sodium

6a With this separation mode you can nearly always save time and always lower
the limit of detection, but you can hardly ever improve selectivity

6b Make changes in a text, film or recorded piece of music

7a We like it narrow!

7b German column manufacturer with a US subsidiary in Easton PA

7¢  Electrically charged particle

7d  Goddess of Dawn in Greek mythology

8a  Just to underline its significance, here again is 6a

8b Chemical symbol for aluminium

9a  Essential part of lab equipment

9b  Abbreviation for Illinois

9c Flexible polymer

9d  Abbreviation for Reversed Phase Chromatography

10a Either ...
10b To put to some purpose
10¢ Inand ...

1la  Opposite of right

11b  Greek for against

12a  Preposition

12b  Abbreviation for Information Technology

13a Chemical symbol for erbium

13b  Preposition indicating a direction

14 Solid polymeric packing used in ion-exchange separations
15 What comes out of a column

When you put the letters with circles around them in the right order you will get
something you want to achieve in HPLC.

Good luck!



An HPLC-Quiz

On the left, you will find the description of a situation. On the right, there is a list
of possible answers or consequences. How many of these possible answers are cor-

rect? All, some, one or none?

The packing has deteriorated

The proportion of acetonitrile in the
eluent is increased

The temperature is increased
(ordinary RP-system)

The flow rate is increased

Endcapped C,g phases

A conditioning or saturation column
(column between pump and injector)

O-ITMA THENm <mOo-H® —Z2mCR

w2

@)

The peaks appear later
The peaks become broader
Resolution declines
Selectivity declines
Tailing appears

The peak area changes

The retention time decreases

The peak height changes

The plate number changes

The lifetime of the column increases

Selectivity improves

Resolution improves

The plate number increases
Efficiency improves

The retention factor is increased

The peak are increases
Resolution improves

The plate number increases
Efficiency improves
Selectivity decreases

... provide better peak symmetry for
bases
... achieve a better separation of
strong acids

. achieve a better separation of
bases, but they are unsuitable for
non-polar substances
... are more stable in an acidic eluent
than non-endcapped C,g phases

. mean that the surface is abso-

lutely non-polar o
... saturates the eluent with silica gel

and protects the analytical column

... must contain material with the

same particle size as the separation
column



1 ... raises the pressure

K ... must be filled with the same sta-
tionary phase as the separation col-
umn

C ... must also be thermostatically con-
trolled in order to ensure the constant
viscosity

The letters in front of the correct answers, put in the right order, will give you a
thermodynamic factor that is a measure of the relative retention of two compounds.
Its value is determined by the choice of stationary phase, the mobile phase composi-
tion and the temperature. Find the solution!

Happy puzzle-solving!



An HPLC Tale

The Tale of Peaky and Chromy

Once upon a time there were two peaks who were very good friends — little Peaky

Acid and big Chromy Silicasky. Whenever they met up in the “The Last Drop” tavern
after a long retention time, they usually had enough time to tell each other their latest
adventures. Today it was the turn of the lively little chap Peaky:

You know, we had really great fun when our friend Nicolas W. Pump — remember
Pumpous Nick — wanted to separate me and the other strong boys of the Acid
Gang. His boss, Mr. Chromadis, wanted to have us all quantified. Well, Nick took
a 125 mmx4 mm endcapped Super-X-fantastic-pura pura C,g column and used an
85/15 (w/w) mixture of ACN/100 mmol phosphate buffer, pH=5 at a flow rate of
1 mL min™,

And?

Well, some of the others made their appearance after 1-2 minutes, while others
took 4-5 minutes. He seemed to be quite happy. Using his software, he already
had us measured.

How is that?
Just the usual things: height, area, asymmetry factor and theoretical plate number.
And were you all tall and slender?

No, two or three of us were on the small side, and they were carrying something
that looked like a tail ...

So there was some tailing.

Yes, and because they were so small he couldn’t really measure them, but that
didn’t seem to bother him.

So was everything O.K.?

No, he suddenly wanted us all to move towards the back. So he took a little more
water, and we all came a little later. Qur height and area changed until
suddenly ...

What happened?

One of us appeared as a double peak. You know it was a very old column and the
packing was past its best. But fortunately, Nick not only have his wits about him,
he even had a second column in his cupboard!

Did it at least work then?

No, I don’t think so. Anyhow, he started cursing and then soon went home. The
next day ...

Peaky had no time to finish his sentence, as the two friends had to leave their cozy

place and move on to the large cafeteria “The Dregs”.



Is there anything you don’t like about this story or is there something not quite
logical about it? Perhaps good old Mr. Pump did not take the best decisions or could
Peaky be wrong in places?

10



1 HPLC Tips

1.1 Stationary Phases and Columns

TpNo. ‘It improves with age” is a rule that applies
01 to port and sometimes to red wine,
but how about your C;3 column?

Problem/Question

Experience shows that in an HPLC column, quality declines over time and peaks
tend to broaden. Has the opposite ever been observed?

Solution/Answer

Yes! Let us be clear that “deterioration of the C;g-column” can mean two things!
Firstly, there is the mechanical wear and tear on the packing material, the extent of
which depends on flow, temperature, number of injections and operating mode (iso-
cratic or gradient). The decline in quality of the packing material manifests itself in
broadened peaks and/or tailing, sometimes even in double peaks, while the retention
time remains constant. Secondly. the stationary phase can undergo a qualitative
change, e.g., if sample components are irreversibly adsorbed onto the surface of the
stationary phase. This causes a shift in retention time as well as a change in selectiv-
ity. This second type of deterioration could also be a positive change.

We know that if non-endcapped or poorly endcapped phases with a large number
of free, active silanol groups at the surface are used with basic compounds. they pro-
duce tailing peaks. This is not a pretty sight, and if more basic substances are injected
over time, they may get stuck to the interfering silanol groups, blocking their activity.
As a consequence, basic compounds in the current sample do not find free silanol
groups to flirt with and are thus eluted earlier, producing neat symmetrical peaks. Fig-
ure 1-1 shows just one of many typical examples, the separation of phthalic acid, ani-
line and acetophenone using 70/30 (w/w) MeOH/H,O eluent with a non-endcapped
Resolve C,z-column.

As would be expected, on a new column, aniline (the last peak) produces consider-
able tailing. Some time ago, during an HPLC course, the same mixture was injected
into a vintage 1984 Resolve column (see Figure 1-2).

During its lifetime, this column has probably seen so many basic substances that
none of the silanol groups have survived. As a result, aniline finds nowhere to bind to
and is eluted earlier, producing a symmetrical peak. Just recently, the same column
has been put to the test again (see Figure 1-3).

The chromatogram of a mixture of phthalic acid, aniline, toluene and ethylbenzene
looks very neat. On this ancient column, aniline (2nd peak) is eluted almost as sym-
metrically as on a modern base-deactivated column. Incidentally — just to make a
practical point, this column has been dropped several hundred times on purpose. The

More Practical Problem Solving in HPLC. S. Kromidas 11
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Figure 1-1. The separation ot phthalic acid, aniline and acetophenone using a 70/30 (w/w) MeOH/
H,O eluent with a non-endcapped Resolve C;g column.
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Figure 1-2. Separation of phthalic acid, aniline and acetophenone with a 70/30 (w/w) MeOH/H,0 elu-
ent on a very old Resolve C,g column.
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Figure 1-3. Separation of phthalic acid, aniline, toluene and ethylbenzene on the old (see Figure 1-2)
Resolve column.

clear peaks of the other three components show that if a column, e.g., Resolve, is
well packed, the packing material can easily survive such shock treatment.

Conclusion

If an HPLC phase irreversibly adsorbs problematic components, it may affect its
properties, mainly in a negative way, but occasionally it may even turn out to be an
improvement.
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TipNo.  Optimization via column parameters -
02 ~ what works best?

Problem/Question

Suppose you want to use a certain stationary phase to perform an isocratic separa-
tion. It could be that your raw material supplier has used this material to validate the
method, so you are stuck with it. Unfortunately, the first injection only produces a
fairly lousy separation, and so does the second one. The equipment and everything
else seem to be all right. Stationary and mobile phases being off limits, your boss
gives you some leeway to experiment with the physical column characteristics and
the flow. Thus, some of the parameters could be modified. The column can be length-
ened, while the flow, particle size and inner diameter can be reduced. Whereas the
first three measures will raise the number of theoretical plates, the last will reduce
variance in the radial diffusion. Which of these options is the most effective?

Solution/Answer

Table 2-1 gives the resulting data (resolution, retention time, pressure) in relation
to their physical parameters. The first row contains data from the first separation that
was deemed insufficient (resolution R,=1.1) and marks our starting point.

First attempt

Reducing the flow to 0.5 mL min~' reduces the pressure by a factor of two (from
45 bar to 22.5 bar) and increases the retention time by a factor of two (from 11 min
to 22 min), but you will achieve a slight improvement in the resolution (1.3).

Second attempt

Lengthening the column by 1/3 (150 mm) slightly increases the retention time and
the pressure while improving the resolution to 1.4.

Table 2-1, Physical properties of a column and the resulting chromatographic data (see text for further
explanations).

Inner Particle Flow Length Resolution  Retention Pressure
diameter size (um) (mL min™) (mm) time (min)  (bar)
(mm)

4 5 1.0 100 1.1 11 45

4 5 0.5 100 1.3 22 225

4 5 1.0 150 1.4 16 68

4 5 1.0 250 1.9 27 113

2 5 0.28 100 1.1 11 ca. 45

4 3 1.0 100 1.6 Il 126
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Third attempt

The result of the second attempt may indicate that it would be worth trying out an
even longer column. The best resolution could be achieved using a 250 mm column —
but at a price! The pressure increased to 113 bar and the analysis time rose to
27 min.

Fourth attempt

Imagine you are reducing the inner diameter of the column from 4 mm to 2 mm,
adjusting the flow to keep the linear velocity and thus the retention times constant.
The increase in pressure (through reducing the inner diameter) and its reduction
(through decreasing the flow) by a factor of 4 cancel each other out. Not only the
pressure, but also the resolution will remain constant. What will change, however, is
the peak height, which will increase if the same amount of sample is injected while
the band-spreading in the column will be reduced.

Fifth attempt

Stick to the original column dimensions and the original flow but use 3 pm parti-
cles. While the analysis time remains constant at 11 min (owing to the column length
and flow remaining constant) adequate resolution of 1.6 is obtained at a pressure of
126 bar.

Conclusion

1. Reducing the flow is easy to do. Unless the flow is reduced drastically, e.g., to 0.2
or 0.3 mL min~', this does not achieve very much (if you use small particles), and
the drawback is an extremely long analysis time.

2. In isocratic separations where many peaks need to be separated and/or you are
dealing with a complex matrix, the classical approach using a long column is still
the best. Higher pressure and long analysis times are the downsides one has to put
up with.

3. Reducing the inner diameter may not improve resolution, but it is a way of cutting
down on eluent use and of lowering the detection limit (higher peaks!), which can
be of some advantage when it comes to trace analysis and small samples.

4. TIf demands on peak capacity are not too extravagant and the samples are reason-
ably “clean”, using small particles is often a sensible compromise — as long as the
pressure remains acceptable.

Let us summarize

For isocratic separations:

e Matrix-loaded sample, high demands on selectivity? — Long column.
¢ Relatively “clean” sample? — 3 um particles and a column length of 100 mm are
adequate in most cases.

15



Do you care about the environment? — Replacing your 4 mm columns with 3 mm
ones reduces your solvent consumption by about 50% (!). In this day and age, you
are unlikely to find an instrument that will not work with a 3 mm column anyway.

For gradient separations:
Column volume is not that critical (see Tips Nos. 63 and 64), so keep it small! For

example, you can easily use a 75 mm or even shorter column.
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TipNo.  Can selectivity always be put down
03 to chemical interactions
with the stationary phase?

Problem/Question

We have all been taught that chromatographic separation results from interactions
between the analytes and the stationary phase — with the exception perhaps of size ex-
clusion chromatography. Depending on the mechanism, we presume that ionic or hy-
drophobic, or some other interactions, take place. Discussion of partitioning mecha-
nisms has completely gone out of fashion. Are these interaction mechanisms the only
things that are happening or is there anything else that has an impact on the selectiv-
ity of the chromatographic separation?

Solution/Answer

These interactions are not the only factors. Even for small molecules steric aspects
can be important, see Figure 3-1. A separation of a mix of metabolites of tricyclic
antidepressants using two ‘“polar” RP-phases yields five peaks (centre, left). When
using a material with a pore diameter of 300 A six peaks appear. The desired selectiv-
ity is only achieved via an additional steric aspect introduced by the use of a packing
material with a larger pore size.

Separation from metabolites
(demethylates derivatives

of antidepressiva) on
different phases in
acetonitrile/phosphate buffer

4.160
5.055

5.916

5.027

6.055

5380

Left: Lichrosorb
Middle: Reprosil AQ

6,997
1.195

K

Right:  Jupiter

2138 3 383

toa2t

1.963

1467y pog  E3T 4511, 0
% s
23

Figure 3-1.
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Conclusion

Steric aspects cannot be excluded out of hand when separating an unknown sam-

ple. When developing a method and choosing a column, I therefore recommend con-
sidering phases with large and small pore diameters as well.

18

Examples of phases with a small pore diameter (60-80 A):
NovaPak, Nucleosil 50, Spherisorb ODS 1/2 Superspher Select B.

Examples of phases with a large pore diameter (180-300 A):
Symmetry 300, Jupiter, ProntoSIL 300, Zorbax SB 300, Discovery C;s.



Today it is popular to talk far too seriously about everyday matters.
It is about time somebody used everyday language for serious matters!

TipNo. A matter of perspective ...
0 4 ~ Or: Selectivity and peak symmetry
= of basic compounds using reversed-phase packing
materials

Problem/Question

Are you planning to separate strongly basic compounds? Well, well, well — be
careful! Take, if you will, your favourite clean, expensive, state-of-the-art, metal-ion-
free, super-endcapped phases with maximum surface coverage. Your peaks will be
immaculate, sharp and symmetrical — the separation looks very neat, I will grant you
that (see Figure 4-1).

But — are you sure you are getting the full picture? It pays to be circumspect when
using polar/ionic components and hydrophobic stationary phases.

Solution/Answer

Just to be on the safe side, double-check your results — at least for the most impor-
tant samples — using a polar RP phase and an unbuffered (!) methanol/water eluent. If
you get the same number of naturally tailing peaks as you had using the hydrophobic
phase, all is well. Don’t be fooled by the sharpness of those peaks in Figure 4-1! It
could be that this only gives the illusion of high selectivity. As Figure 4-2 shows,
there should be four not just three peaks.

A phase with good surface coverage cannot produce polar/ionic interactions, so
don’t expect good polar/ionic selectivity! Be on your guard!

Your best bet is of course to find a polar phase that can produce polar interactions
but that only has a small number of interfering silanol groups, such as SynergiPOLAR
RP, Fluofix IEW or Zorbax SB Cg. These materials yield good selectivity, due to their
polar character, as well as good peak symmetry, due to good coverage of the surface
(see Figure 4-3).

Conclusion

If you are now convinced that you have to be vigilant when it comes to the separa-
tion of hydrophobic bases that’s half the battle. Don’t trust those sharp peaks — they
may hide some crucial unresolved peak lurking in the background. However strict
your supervisor, if you have actually checked peak homogeneity by using polar
phases you will be able to prove that you have been taking extra care. This will earn
you some brownie points in your laboratory. After all, your boss can’t see everything,
and as you don’t (want to) know how he reacts if you overlook something, this might
be a precaution worth taking.
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TipNo.  Separation of isomers

05

Problem/Question

The separation of isomers can prove to be quite difficult, as such compounds often
have very similar properties. Which columns and eluents should be used in such
cases?

Solution/Answer

Preliminary remark:

Difficult cases often call for unorthodox solutions. This general principle applies par-
ticularly when specific important problems such as customer complaints or acute tox-
icity issues need to be dealt with. We are not talking about developing a routine
method where robustness and reproducibility of results are a major consideration.
Keep this in mind when looking at the following suggestions!

Choice of column

Modern hydrophobic phases are hardly suitable for this problem. I recommend the
following alternatives:

¢ “Old classics” with polar functionality:
e.g., LiChrospher, Spherisorb ODS1, Zorbax ODS or Nucleosil 100.

¢ State-of-the-art polar phases:
e.g., “embedded phases” such as XTerra RP, Nucleosil Nautilus or Prontosil ACE,
or even more strongly polar phases such as Fluofix, SynergiPOLAR RP or Plati-
num EPS.

¢ Phases with a short chain and/or a polar functional group:
e.g., C;, CN or diol.

¢ Phases with a particularly small (50-60 A)ora particularly large pore diame-
ter (300 A):
e.g., Nucleosil 50, NovaPak, Symmetry 300 or Jupiter.

¢ “Qutlandish” but promising experiments (to be tried initially on a clean column,
which can otherwise be discarded):
e.g., use an ordinary C;g/Cg column and as an eluent just water acidified using per-
chloric acid (pH value around 2 to 3) or a Cg column and 30% acetic acid, or simply
pump an Ag* or Cu®* (AgCl or CuSO,) solution over a C,4/Cg or a silica gel column
using a 40-60% water/acetonitrile eluent. You could also try using a polar column
(e.g., silica gel) and separate hydrophobic isomers in pure methanol or acetonitrile.
If you have to work with a buffer use a 0.5 M phosphate buffer and a middle-of-
the-road (with respect to hydrophobicity) column, e.g., Spherisorb ODS 2.

I would also like to mention the following phases that are renowned for their selec-
tivity in isomer separations, although I have no practical experience with them:
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Callixarene, polymer gels, Hypercarb, C;, with hydrophilic endcapping.

Choice of eluents

Considering the organic portion of the eluent, my first choice would be methanol.
The peaks may be broader, but its selectivity is higher compared with acetonitrile. 1
would also work with unbuffered mixtures rather than with buffered ones.

Conclusion

When separating isomers you have to rely primarily on ionic/polar interactions, not
Just the normal interaction with polar groups on the RP surface, but also try to exploit
the ion exchange capacity of the SiOH groups. Alternatively, you could also look at
the steric aspect and use a stationary phase with a small/large pore diameter (see Tip
No. 3).
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TipNo.  When should | use a “polar” Cyg phase?

06

Problem/Question

In recent years, a number of hydrophobic C;3 and Cg phases have been introduced
that are low in metal ions and have good coverage. The strength of these phases lies
mainly in the excellent peak symmetry achieved when analysing basic compounds.
Moreover, if used to determine other organic molecules they have proved highly se-
lective, even when polar groups are involved. In the light of all these advantages,
should such phases be given preference when developing a new method?

Solution/Answer

Not necessarily, because the separation of some types of analytes rely heavily on
polar interaction. Phases with distinctly hydrophobic, well-covered surfaces cannot be
expected to perform well under these circumstances (see also Tip No. 4).

For a variety of reasons, columns that have a high polar functionality have a better
selectivity for the following types of analytes:

Large hydrophobic aromatic compounds
Positional and double bond isomers
Strong acids (in dissociated form)
Strongly polar metabolites
Planar/non-planar molecules

Some examples of phases with polar functionality:

¢ Non-endcapped phases, e.g., Spherisorb ODS 1, LiChrospher

e Phases with polar groups on the surface, e.g., Platinum EPS, Supelcosil ABZ
PLUS

e Phases with a polar group embedded in the alkyl chain, known as embedded
phases, EPG, e.g., Nucleosil Nautilus, Hypersil ADVANCE, SymmetryShield RPg

e Hydrophilic endcapped phases (only to a certain extent!), e.g., YMC AQ, Reprosil
AQ

e Combination of the above, e.g., short alkyl chain plus an embedded polar group,
such as SynergiPOLAR RP

e Specialized phases, e.g., with steric and chemical protection or a short, fluorinated
chain, e.g., Zorbax Bonus, Fluofix INW

Conclusion

What is true for nature and everyday life also applies to HPLC, the more special-
ized a species (column), the better adapted it is to perform a certain task (separation).
The results speak for themselves. There is always a trade-off between the high perfor-
mance of a specialist and the less brilliant result from a jack-of-all-trades.
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TipNo.  Are polar RP-C,g phases more suitable
07 for the separation of polar analytes
~ ~than non-polar phases?

Problem/Question

We have recently seen the introduction of a large number of polar RP phases, most
of which can be classified into two main groups: the polar endcapped phases (“AQ”,
“AQUA”) on the one hand and phases containing a polar group embedded in their al-
kyl chain on the other, also known as polar-embedded phases. Their polar character is
defined by a typically shorter alkyl chain (Cg, Ci,, Ci6) and, of course, a polar group,
usually carbamate, amide or urea. Can we conclude from this recent development that
such phases should be our first choice when separating ionic analytes?

Solution/Answer

Yes and no! It depends on the ionization state of the analyte or, from an even more
general consideration, on whether the polar character of the analyte is prevalent or
not. Let us first look at some of my recent results, from a selection of separations car-
ried out in an acidic or neutral medium.

1. 3-Hydroxy- and 4-hydroxybenzoic acid, acidic compounds not dissociated at the
acidic pH value (around 2.7) that we used, behave like neutral molecules in an RP
system and therefore separate better on a hydrophobic Discovery C;g phase than
on the more polar Discovery C;, Amide.

2. Phthalic and terephthalic acids are still in their ionic forms in this acidic medium.
Since they are ionic and thus polar analytes, they separate better with the Discov-
ery Cys Amide than with the more hydrophobic Discovery Cis.

3. Phenol/caffeine separate better in a neutral medium using SymmetryShield RP in-
stead of XTerra RP. Both columns feature a polar carbamate group at the surface.
SymmetryShield, however, is the more polar of the two because its matrix is silica
gel, whereas XTerra uses a hybrid material with CHj;-groups on the surface and in
the matrix, which gives it a more hydrophobic character.

4. Owing to their distinct organic character, tricyclic antidepressants can be separated
in an acidic medium. The organic character is apparently so dominant that XTerra
MS (hydrophobic surface, good coverage) achieves a better separation than XTerra
RP. XTerra RP with its carbamate group is less suitable for the separation of weak
organic bases.

Conclusion

The predominant character of the analyte (ionic/neutral, depending among other
things on the pH value of the eluent) determines the choice of column. At a given pH
value, if the analytes are found in an undissociated form or, due to an organic residue,
they are non-polar and hydrophobic in character, a non-polar C,3 phase is recom-
mended. For an ionic analyte, polar RP (C,g) phases are probably preferable, if there
is sufficient selectivity.
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TipNo.  What about non-endcapped phases -
O 8 are they a thing of the past?

Problem/Question

In the last years, a number of new C,3 phases have been introduced, such as che-
mically protected phases or polar-embedded phases, polar endcapped phases, hybrid
phases and monolithic phases. These materials have many advantages, but does this
mean that we should always use one of the state-of-the-art phases when developing a
new method?

Solution/Answer

No. In the separation of two similarly hydrophobic substances that differ in the ar-
rangement of substituents or feature double bonds in a side chain (a,f-isomerism, po-
sitional isomerism), residual silanol groups have a decisive impact on the selectivity
of the phase (see Tip No. 05), as demonstrated in Figure 8-1.

The top and centre chromatograms.show the injection of uracil and three steroids
(a,f-isomers) on two modern hydrophobic phases. Steroids Nos. 2 and 3 co-elute.
The chromatogram at the bottom of Figure 8-1 shows the successful separation on
Resolve C;g, which is an older packing material that is not endcapped. Such non-end-
capped phases are also an excellent choice when acidic compounds have to be sepa-
rated without a buffer. The resulting peaks generally have a better shape.

Conclusion

While for many separations state-of-the-art endcapped materials are definitely the
right choice, there are cases (e.g., positional isomers and strongly acidic substances)
where the selectivity of non-endcapped phases is higher due to the residual silanol
groups.
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‘TipNo.~  How can | separate acids using RP C;5?

Problem/Question

Suppose you want to separate acidic organic compounds. Let us also assume that
these are not amino acids — there are excellent standard applications available for
these, and to be honest, MS-MS coupling is so much more rapid and elegant as a
method that it will soon replace the HPLC analysis of amino acids altogether. Your
substances don’t fall into the category of strong organic or inorganic acids either, as
you would then use strong or weak ion exchangers to separate them. So which RP
systems should you consider?

Solution/Answer
Use the following set-up:

. The column
“Classical”, non-endcapped columns because of their greater stability in an acidic
medium, such as LiChrospher, or some of the newer columns developed especially
for use in an acidic medium such as Zorbax SB.

2. The eluent
The eluent has to be acidic, because only in an acidic medium can the acidic com-
ponents remain undissociated, and only then can they interact with the C,y surface,
which, in turn, is a precondition for a reasonable retention.
Weak acids should be separated at a pH of about 4-5 (eluent containing acetic,
formic acids), stronger acids at a pH of about 2-3 (eluent containing phosphoric,
acetic acid generally produces an improved peak form in comparison with phos-
phoric, trifluoroacetic acid). For a pH of about 1.5-2, perchloric acid has proved to
be an excellent choice, but also consider methane sulfonic acid. There are other in-
teresting, more exotic alternatives, which I will not mention here.

Should we just use the acid or do we need to prepare a butfer?

As a general rule, using buffers (in this case acetate, phosphate, formate, trifluor-
acetate and perchlorate in the form of potassium, ammonium or sodium salts) contrib-
utes to the robustness of the result. More on this in Tip No. 15, Bear in mind, though,
that the critical range is above pH 4.

3. Other factors
Further steps towards optimization:
¢ Adding ion pair reagents, such as tetrabutyl ammonium chloride or tetrabutyl
hydrogen sulfate
¢ Lowering the temperature

o
|

Figure 8-1. Separation of three steroids using two endcapped phases (top and centre) and a non-end-
capped C,g phase (see text for further explanations).
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e Including a short polar column, such as CN in a serial arrangement with Cg —
you will be amazed how neatly polar components can be separated (see Tip No.
34).

Conclusion

To put it simply, separating acids by HPLC resembles GC separation. It either
works or it does not, and apart from the measures just mentioned, there is not much
one can do to optimize the separation.
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TipNo.  The nitrile phase - some like it polar

10

Problem/Question

Many HPLC users seem to think that RP phases other than the usual Ci3 or Cg
phases are something exotic. Indeed they are. For example, the nitrile phase, also
known as the cyano phase is one such unusual polar phase. When should it be used?
What type of rules can we derive for its use?

Solution/Answer

A nitrile phase has a polar as well as a non-polar side to it. The CN group ac-
counts for its polar character, while the propyl group (the link between the CN group
and the silica gel surface) gives it non-polar properties. Thus, with respect to polarity,
CN sits in the middle between C,g and silica gel.

This means:

If non-polar components interact too strongly with C;g or Cg (resulting in tediously
long retention times), you could think of using a CN phase. If, for example you want
to separate polar substances from neutral components it is an ideal choice. There is
hardly any retention as far as the non-polar, hydrophobic compounds are concerned.
They elute at the dead time or shortly after, while the polar components follow later.

Another example:

If your analytes take a long time to elute, you could of course add more acetoni-
trile to the eluent or perform a gradient separation. However, a cheaper and certainly
more environmentally friendly alternative would be to use a CN column, but keep in
mind that the life span of a CN phase is normally shorter than that of an alkyl phase
(Cs, Cis).

As a phase of medium polarity, CN can also be used in normal phase mode in con-
nection with hexane, heptane etc. as the mobile phase. It is not as polar as silica.
Here is a list of its characteristics and possible advantages over silica gel:

e Traces of water left in the eluent (which results in a layer of water on the surface
of the stationary phase) are less noticeable. Results are therefore more reproduci-
ble.

¢ Adding polar substances to the CN eluent is a quick way of moditying selectivity,
and it works faster than with silica gel.

e Using silica in a gradient separation is often touch-and-go: using a CN phase
makes it so much easier!

¢ In general, CN is more robust than silica gel.

There is, however, a major drawback to using the CN-phase — there is a risk of the
CN group being irreversibly hydrolysed into hydroxylamine or it can form carboxylic
acid.
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One more thing:

It is of course possible to use a CN column with hexane one day, then give it a
rinse and use it for a separation that involves an RP eluent, and vice versa. In other
words, you could use the column sometimes in normal and sometimes in RP mode.
At least, that is the theory. In practice, it is safer to work with one CN column in nor-
mal phase mode (the manufacturer will send it with the correct solvent) and reserve
another one for use in RP mode. Some manufacturers supply CN phases specifically
for normal-phase and for reversed-phase applications.

Conclusion

e CN is more polar than the usual alkyl phases C,g, Cy and C,. It is suitable for the
separation of highly polar substances though with a considerably lower stability in
comparison with the alkyl phases.

e CN is less polar than silica gel, and separations using CN are more robust than
those using silica gel.

Should you want even higher polarity, think diol. Here you could use, for example,
heptane plus one drop of water, this system is more stable than the other example of
hexane and silica gel. :
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The selectivity of RP columns

Problem/Question

As we all know, the separation mechanism that determines selectivity in RP chro-

matography can be a complicated issue at times. Are there any rules that govern this
process? Yes, there are, and some of them are given below.

Solution/Answer

From a wide range of experiments with various substances and eluents, the follow-

ing rules about the suitability of polar and non-polar RP phases can be deduced.

Suitability of polar RP phases:

. Unbuffered eluents

— Hydrophobic. unsubstituted “large” aromatic compounds
— Planar/non-planar aromatic compounds
— Isomers (positional and cis/trans isomers)

. Buffered eluents

— Basic substances, however good selectivity is often overshadowed by a messy
appearance of the peaks (peak tailing)

— Moderately strong acids (in dissociated form)

— Strongly polar metabolites

Suitability of hydrophobic RP phases:

. Unbuffered eluents

— Polar and non-polar small neutral organic molecules (aldehydes, hydroxy benzo-
ates, mononuclear aromatics)

— Analytes that differ in polarity; the difference in polar character may be due
either to a group (C=0, CH,, etc.) or the result of isomerism

. Buffered eluents

— Weak acids (in undissociated form)

— Organic bases

Which RP phases can be considered as “polar”?

The polar character of C,g-alkyl phases decreases in the following order:

Polar groups on the surface, e.g., Supelcosil ABZ PLUS, Platinum EPS
High overall concentration of silanol groups, e.g., Resolve, Spherisorb ODS1
Embedded phases (C;g to Cj)

Endcapped but silanophilic, metal ion-containing phases, e.g., Bondapak
AQ-phases

I would also like to mention combination phases (e.g., SynergiPOLAR RP),

specialized phases (e.g., Fluofix) or classical polar RP phases such as CN or diol.
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Conclusion

Non-polar substances can be separated selectively in an unbuffered eluent on polar
phases. With increasing polarity of the analyte, there is a greater need for non-po-
lar phases.

Polar substances can be separated in unbuffered eluents on non-polar phases, yield-
ing good results. This is also true for substances that differ in polarity due to the
presence of an isomeric form or a diverging substituent, e.g., OH or H vs. CH; or
perhaps CH; vs. C=0.

Polar substances can be separated in buffered eluents on polar phases, while non-
polar analytes require non-polar phases for good separation.

In order to achieve good selectivity, unbuffered eluents call for opposites in analyte

and phase polarity, while buffered eluents call for similarity.

Hints

L.
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These rules apply to a substantial number of the analytes examined. However, to
be valid in general, they would have to be verified for additional classes of sub-
stances.

. Suitability here only refers to selectivity, not to peak symmetry.



1.2 Buffers, pH Value

TpNo.  Does it always have to be potassium phosphate?

12

Problem/Question

Potassium phosphate seems to be by far the most popular buffer in RP chromatog-
raphy. Potassium dihydrogen is used for the acidic pH range, while dipotassium hy-
drogen phosphate covers the neutral and weakly alkaline range of the spectrum. First
of all, I would like to emphasize that if you are happy with your potassium phos-
phate, by all means stick to your guns, continue as before and go on to the next page.
If, however, you are not particularly happy with it, think about ammonium phosphate,
which has several advantages over potassium phosphate, as listed below.

Solution/Answer

¢ Ammonium phosphate is available in greater purity, thus reducing the likelihood of
interfering peaks in sensitive gradient separations,

e Ammonium phosphate has a better solubility, which reduces the risk of unwanted
precipitates when using 80/90% acetonitrile.

¢ Filtration is not always necessary.

¢ Ammonium phosphate has a lower UV absorption, which reduces drift in the lower
ranges of the UV wavelength spectrum.

Conclusion

Ammonium phosphate may offer a viable alternative for the determination of trace
substances, possibly in combination with high acetonitrile concentrations and low
wavelengths.



Tip No. UV cut-off of buffer solutions

Problem/Question

In trace analysis, the interference of an eluent with strong UV absorption is unde-
sirable, particularly in the lower wavelength range. Acetonitrile rather than methanol
would be the obvious choice of solvent, and, of course, it must be of “gradient” quali-
ty. Unfortunately, however, any additives to the eluent (modifiers, buffers, ion-pair re-
agents, etc.) only increase its intrinsic UV absorption. Thus, for example, after adding
1% acetate to acetonitrile, the level at which sensitive measurements can be taken
rises to above 250 nm. What about the cut-off point (the wavelength below which no
measurement can be taken, as the intrinsic absorption by the eluent becomes too
strong) of commonly used buffers?

Solution/Answer

In the list given in Table 13-1, you will find the UV cut-off values for a number of
buffers and their working pH range. These values were found in literature, and thus
have not been measured by us. (Source: John W. Dolan, BASi Northwest Laboratory).

If the ionic strength is below 20 mM, the UV absorption is of course lower.

Conclusion

Adding various additives to the eluent usually improves the shape of the peaks and
sometimes even the selectivity. However, these advantages could be outweighed by a
decrease in the signal-to-noise ratios. If this is the case, choose a low ionic strength,
or, treating selectivity as is given, you may decide to focus on the detection limit,
which could mean leaving additives out altogether. The art is to find a viable compro-
mise between robustness of the result and a sensible limit of detection.

Table 13-1.

pH value Buffer/modifier UV cut-off (nm)®
2.0-3.0 phosphate 210

2.5-75 citrate 250

3.5-6.0 acetate 230-240

6.0-8.5 phosphate 210

7.0-9.5 “TRIS” (tris-hydroxymethylaminomethane) 220-225

8.0-10.5 borate 210

9.0-12.0 diethylamine (fresh!) 210

a) These values apply to about 50 mM of buffer.
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TipNo.  Sources of errors when using buffers

14

Problem/Question

When separating ionic analytes, buffered eluents are indispensable, as they render

the results more reproducible. However, a variety of problems may crop up, such as a
lack of stability in retention times, changes in peak shapes or a short lifetime of the
column. What could be the causes?

Solution/Answer

N —

Please keep the following possible causes in mind:

. Wrong buffer in relation to the desired pH range, e.g., phosphate buffer for pH=>5.
. Buffer too weak, e.g., separation of strong bases using a 5 mM buffer: 10 mM or

20 mM would be a safer bet.

. Chromatography within =1 pH unit around the pK, value of the analyte, e.g., sepa-

ration of aniline at pH 5.5.

. The standard operating procedure (SOP) does not tell you whether the buffer salt

is in the hydrated form or not. This would have an impact on the ionic strength,
e.g., sodium hydrogen phosphate with 1, 2, ... water molecules.

. There is a noticeable difference between the pH levels of the eluent and the silica

gel base of the packing (see also point 6), e.g., a weakly alkaline buffer (pH value
around 7.5) and LiChrospher (pH value of the base silica about 3.5).

. It could be forgotten that following the addition of acetonitrile or methanol the pH

value of acidic buffers drifts towards the alkaline. If you use a phosphate buffer
with a pH of 7.6 and add 70% methanol you will end up with a pH of about §.4.
In this context you should also remember unintentional pH gradients that result
from separations where solvent A and solvent B differ in pH value.

The most common cause for the shift in retention time in buffered systems is a

change in pH. Clearly other causes such as a malfunctioning pump must be excluded.
Checking whether your system is stable with respect to the pH value is pretty
straightforward.

Simply measure the following three pH values:

. pH level of the ready-to-use eluent, i.e., after adding acetonitrile or methanol. Ob-

viously, owing to the proportion of organic solvent this is not the same pH value
as measured in water, but here we are talking of comparative measurements only.

. pH level of eluent after 2, 8, 24 h, depending on for how long you run your separa-

tions.

. pH level of the eluate leaving the column.

Ideally, you should end up with three identical pH values.
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If you find major inconsistencies, your system is flawed, and you should check
whether one of the causes given above applies to your system.

Conclusion

Getting a system to work with ionic analytes and buffers may be troublesome, but
think how much more trouble it would be to use ionic analytes with an unbuffered
eluent in routine separations! There is nothing for it but to find a reasonably robust
buffer. When running isocratic separations, use the recycling mode and an Elusaver to
discard the peak to waste. With these tools, you can establish a well-balanced and re-
producible method.
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TipNo.  The drawbacks of using buffers

15

Problem/Question

When separating polar/ionic components as a matter routine, buffers are indispens-
able. What are the drawbacks when using them?

Solution/Answer
Here is a list of possibilities:

e The intrinsic UV absorption of the eluent increases, pushing up the detection limit
and perhaps disturbing the baseline.

o The lifetime of the column is reduced because an increase in ionic strength also in-
creases the polarity of the eluent. Following the principle of like “dissolves like”,
the highly polar eluent now has the ability to dissolve the, also polar, silica gel.

e While the polarity of the eluent increases, the retention time of polar components
decreases (they prefer a polar environment). This may lead to premature elution
and perhaps insufficient resolution.

e Very important — buffers tend to even out the selectivity between stationary phases.
The individual characters of the various phases are usually reflected in their polar-
ity. This is partly lost through the use of buffers, particularly if acetonitrile is used
as an organic solvent. Figure 15-1 shows the injection of uracil as a marker and 4-,
3-, 2-nitroanilines in an alkaline acetonitrile/buffer on four very different columns,
see Table 15-1.

The chromatograms look very similar.

By contrast, if only methanol/water is used as an eluent, the different phases come
into their own. Let us go back to the two embedded phase separations, now with a
methanol/water eluent, see Figure 15-2. The elution order is actually reversed.

Conclusion

As mentioned previously, the advantage of using buffers lies in the stability of the
separations obtained. The presence of buffers, however, may even out variations in

Table 15-1.

Symmetry shield: Cy and Cyg “embedded phase” with carbamate as polar group

Zorbax bonus: Cy4 “embedded phase™ with amide as polar group and two diisopropyl
groups as steric protection groups

XTerra MS: Hybrid matrix, classical, hydrophobic C g phase

Nucleosil HD: Classical silica gel, classical hydrophobic C;g phase. extensive coverage
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ACN/Phosphate buffer (32/68), pH = 7.6

Symmetry Shield zorbax Bonus  XTerra Mms Nucleosil HD
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Figure 15-1. Separation of positional isomers in an acetonitrile/phosphate buffer on four ditferent
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the polar properties of the phases. The phases appear to become similar to each other,
the stationary phase can hardly be used as an optimization tool. The more polar the
analytes to be separated, the more pronounced the lack in selectivity will be, as for
example in highly polar metabolites. The disadvantage of using more selective non-
buffered systems obviously lies in the difficulty of reproducing retention time and
peak shapes. While for intricate one-off separations this may be a price worth paying,
for routine separations the use of buffers is a must.
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MeOH/H,0 (40/60)
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TipNo.  Why is the pH value so important,
1 6 and what does it do?

Problem/Question

Anyone who works with polar/ionic or ionisable analytes knows that the pH value
of the eluent is crucial: but what exactly does it do?

Comment 1:

This is such a complex matter that one could easily spend a whole day in a semi-
nar or write a 10-page article on the subject. Here, we will only outline a few basic
points.

Comment 2:

We will concentrate on RP-HPLC, as things are pretty clear-cut in ion exchange
and ion chromatography: there is usually only one mechanism involved, the ion ex-
change mechanism.

Solution/Answer

The pH level affects the degree of dissociation of acidic/basic compounds and of
free (residual) silanol groups on the surface of the stationary phase. This means that
the pH value could be used as a means of controlling the degree of interaction be-
tween an polar/ionic analyte and the stationary phase. Thus, pH can be used to influ-
ence retention time and peak shape. Let us first concentrate on what happens with the
residual silanol groups. We have the following equilibrium:

SiOH <« SiO” +H"

Only if a silanol group carries a negative charge, can it interact strongly with basic
compounds. This slows down the kinetic desorption process of the basic analytes
from the stationary phase, resulting in pronounced tailing or even irreversible sorp-
tion. By using an acidic eluent, we can shift the equilibrium to the left (law of mass
action!), which leaves us with undissociated silanol groups. They have been tamed
now and will not attack our analytes, and we will be rewarded by a show of neat
symmetrical peaks. This is why many SOPs say “add phosphoric acid” or “add phos-
phate buffer” or perhaps acetic acid or trifluoroacetic acid, etc. The acidic eluent en-
sures that peaks elute symmetrically, as the silanol groups are deactivated and there-
fore unable to interfere. However, if we want to separate stronger bases we have to
work in a neutral or even alkaline medium, as this is where the bases, in their neutral
form, can interact best with a non-polar RP surface. In an acidic medium, stronger
bases carry a positive charge, and being ionic, polar species they would simply whiz
through the column. They would produce symmetrical peaks all right, but within such
a short time that we would stand no chance of separating them. There is nothing for
it but to work with these bases in a neutral or alkaline medium.

So far, so good, but there is a small problem. From a pH value of around 4-5 the
now negatively charged silanol groups are waiting for their chance to pounce on the
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bases, they just won’t let go, and often ugly tails (the dreaded ‘“‘chemical tailing” in
bases) are the result. If we want our bases to interact with the C,g alkyl chains in
peace we must distract the silanol groups by offering them a decoy: another base.
This is why many SOPs say “add triethylamine”, “add diethylamine” or some other
base to the eluent or simply use an alkaline buffer. By using such additives with an
eluent it is even possible to obtain reasonable peaks from older, non-endcapped mate-
rials such as LiChrospher. Whether a robust method is possible on these phases and

systems is a completely different question.

Conclusion
Remember:

¢ An acidic eluent 1s the right choice for the separation of acids (good selectivity
and good peak symmetry) and weak organic bases (good peak symmetry, but selec-
tivity?). The organic character of the latter may be sufficient to trigger interaction
with the non-polar stationary phase and thus result in sufficient resolution. It is
therefore a good idea to begin your methods development and separation experi-
ments using an acidic eluent.

e Stronger bases must be separated in a neutral/alkaline medium, there is no doubt
about it, and endcapped phases are the first choice. The suitability of an additive
for the eluent or the suitable pH range of the buffer is determined by the ionization
of the analyte, i.e., by the basicity of the compound to be analysed. See also Tip
No. 4.
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TipNo.  Why does the pH value shift even though
1 7 | am using the correct buffer and the buffer capacity
is sufficient?

Problem/Question

You are working with an RP system and using the following eluent: methanol (or
acetonitrile)/potassium dihydrogen phosphate buffer, pH 7.5, 45/55 (v/v) to separate
basic substances. Your separation looks too good to be true. In order to save addi-
tional time, you increase the methanol concentration to 80% or run a 40 — 80%
MeOH gradient, and all other conditions are unchanged. Now let us see what is hap-
pening!

The bases do not elute as early as they should. Instead, some or even all of them
have made a giant jump towards longer retention times, and/or their selectivity
changes. It could also be the case that the column does not last as long as it should.
What is causing all this trouble?

Solution/Answer

Increasing the concentration of methanol or acetonitrile wil! shift the pH value of
the commonly used acidic buffers towards the alkaline. Depending on the ionic
strength of the buffer, a pH value of between 8.3 and 8.5 would be measured. Up to
an ACN or MeOH proportion of about 20-30%, the shift is not very pronounced.
What effect does this shift in pH value have?

1. Stronger interaction of basic analytes with the stationary phase leads to an in-
creased retention time.

2. Increased activity of residual silanol groups, increased peak asymmetry with pro-
nounced and sometimes unacceptable tails.

3. The pK; or even the pK, value (pH level at which equal numbers of dissociated
and undissociated molecules are found) shifts, and, depending on the actual pH
level of the eluent, the selectivity of the separation may also change.

4. In a UV detector, a change in the peak area may be the result, as UV absorption
could depend on the ionization of the analyte and thus on the pH value.

5. The increased alkalinity of the eluent shortens the lifetime of most silica gels,
which explains why columns that are run at a nominal pH level of 7.0-7.5 do not
last very long.

Conclusion

When preparing a buffer (measuring the pH value of the aqueous component of the
mobile phase before adding ACN/MeOH) and during gradient separations one should
keep in mind that the resulting pH shift needs to be taken into account, or the effects
mentioned above could be the consequence. Thus, at least checking the pH value of
the eluate that leaves the column is good practice: see also Tip No. 14.
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TipNo.  Changes to the pH value in the eluent:
1 8 the extent of the shift and the reasons behind it

Problem/Question

The longer 1 study the role of the pH value in the RP-HPLC separation of acidic
and basic compounds, the more it strikes me how complex a subject this is and what
an impact it can have. Here I just want to concentrate on one single aspect: the rea-
sons for an unintentional shift. Under what circumstances can we expect a pH shift?

Solution/Answer

Table 18-1 gives the results from some of my recent experiments.

Table 18-1.

Reason for the shift Extent of the pH value shift

After adding MeOH or ACN the pH value shifts ~ Examples:
towards the alkaline (see Tip No. 17) a) pH of H,0=5.2, after adding 40% MeOH or
32% ACN pH value 74 ... 7.6
b) potassium phosphate buffer set at pH 2.68,
after adding 32% ACN new pH-value 3.15
c) potassium phosphate buffer set at pH 7.59,
after adding 40% MeOH new pH value 8.51
d) MeOH/phosphate butfer [40/60 (v/v)]. 20 mM,
original pH value 7.40. After about 400 injec-
tions of basic samples, the pH value of the clu-
ent increased to 7.98

During the chromatography of basic compounds  Shift in the region of 0.3-0.8 pH units
and isocratic separations in recycling mode with-

out Elusaver, a more or less noticeable shift of the

pH value can be observed

With increased ionic strength, the pH value also 5 mmol KH,PO,/MeOH (60/40) pH 2.96
slightly shifts towards the alkaline, whereas the 20 mMol KH,PO4/MeOH (60/40) pH 3.15
choice of the cation hardly seems to affect 40 mMol KH,PO,/MeOH (60/40) pH 3.24
the pH at all

20 mM LiH,PO4: pH 3.16

20 mM NH4H,PO,: pH 3.20

If the buffer does not match the pH level, there
may be a shift. Read morc about this in Vol. 1
Tip No. 27

Moreover the salt concentration and therefore the buffer capacity after the addition
of methanol/acetonitrile is reduced due to the dilution.
What are the consequences?
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An uncontrolled shift in the pH value can compromise the robustness of a method,
as retention times as well as selectivity or peak shapes can be affected. See Figure
18-1.

For example, adding MeOH raises the pH level of a phosphate buffer from an initial
pH 3 to about pH 4. If you anticipate a shift on a similar scale, it makes more sense to use
an acetate buffer instead. In the bottom panel of Figure 18-1 (acetate buffer) Ibuprofen
yields a symmetrical peak. Its retention time is shorter and remains constant. Another
factor that may have an impact on the results is the pH value of the original material [1].

An extra hint: special glass electrodes are recommended when using organic sol-
vents to measure pH levels!
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Figure 18-1. Injection of Ibuprofen at a pH 4 with 60% ACN and 40%: a, 5 mM phosphate buffer
and b, 5 mM acetate bufter.
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Conclusion

e When working with buffers in the “neutral” pH range, remember that the column
might not last very long because the actual pH value of the eluent drifts towards
the alkaline, where many columns are unstable: see Tip No. 17.

¢ Reproducibility can become a problem in the weakly acidic range.

e In order to achieve robust separation, the best choice is either a highly acidic or a
highly alkaline medium. This means that we only have to deal with one type of
molecule, either 100% protonated or 100% non-protonated, and we are well away
from the critical range around the pK, value of the acid/base. It is in this range
where both types of molecules occur that tailing has been observed. One should,
however, use columns that are made specifically for extreme pH levels.

Recommendation:

Obtain the pK,; values for the known components in your samples. It is worth-
while, when needed, to use software tools (e.g., ACD) to calculate these! This is be-
cause this is an interesting area both for selectivity, and also for robust experiments.
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TipNo.  An unintentional pH shift and its consequences

Problem/Question

An unintentional pH shift in the eluent is one of the main reasons for a lack of ro-
bustness in RP chromatography. In Tip No. 18 we were discussing the causes and the
extent of such a pH shift. Now we are looking in more detail at the changes in peak
size.

Solution/Answer

A pH shift can lead to a variation in signal intensity (peak area), as the UV absorp-
tion of ionisable compounds can be affected by the pH value. Figure 19-1 shows the
spectrum of L-ascorbic acid at different pH values. When we look at the pH range
relevant to HPLC, namely pH 2 to 9, we can see, for example, a smaller peak at
240 nm in the alkaline. At pH 5 it would be considerably higher, somewhat smaller at
pH 4, and in an acidic medium (pH 2) it would reach its highest level. Now let us
look at Figure 19-2, the pH dependency of the UV spectrum of three barbiturates.
Considering the absorption spectra at 240 nm for pH 6.0 and 7.7: the difference in
signal intensity is enormous for barbital, small for thiogenal and minimal for phenpro-
coumon.

Conclusion

The peak area can change as a result of an intentional (method optimization) or an
unintentional pH shift. This may affect the individual peaks within the same chroma-
togram in different ways. In this context, I just want to remind you that the pH value
also depends on the temperature. However, now let us look on the bright side — the
pH value can also be used as a tool to improve the detection limit in trace analysis.

Here are some of the effects a pH shift can have:

¢ A change in interaction results in a change in retention time. Keep the possibility
of a reversal in the elution order in mind!

® A change in the kinetics, resulting in tailing.

e Prototropic equilibrium of interconvertable isomers: one substance may appear as
two peaks. This may change with pH. Example: proline-containing molecules such
as captopril.

e Chemical change in the original component, yielding new substances and several
peaks. In these cases, one should also remember that the stationary phase could
also have a catalytic effect. For example, silica gel is popular as a solid catalyst in
organic synthesis.

e Suppose a basic eluent contains methanol. This makes the eluent even more basic.
As a result, the silica gel also dissolves more quickly and thus reduces the lifetime
of the column.
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Figure 19-1. pH dependence of the UV absorp-
tion from L-ascorbic acid.
12
AMAX 270 8.7
AMAX 266 4.9
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One last hint:

If you make coffee at 8:30 a.m. and put it in a thermos flask it will still be quite
drinkable at 11:00 a.m., whereas coffee prepared at the same time but kept on the
warming plate of a coffee machine is an acquired taste, because of a whole host of
carbonic acids that develop — quite a challenge for the tastebuds and the stomach.
From coffee back to sample preparation: if the sample solution is left to stand for
some time, even at a normal temperature, the pH value and with it the chromatogram
may change, so please check the consistency of your pH!
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Figure 19-2. pH dependence of the UV absorption spectra for three barbiturates. Comments see text.

48



RP separations in the alkaline medium

Problem/Question

An RP separation at a pH value of, say, between 7.5 and 9.5 is no fun. Suppose
that for selectivity reasons an alkaline pH value and a column based on silica gel in-
stead of polymer gels is required. Depending on the column type, this may have a
greater or lesser impact on the longevity of the column, and the robustness of the re-
sults may also be affected. What is to be done?

Solution/Answer

If you are tied to an SOP, then just do what you are told, there is no room for dis-
cussion. If, however, you are allowed some freedom, then you could consider the fol-
lowing measures (the simplest ones are marked with an x).

— Column
e Strongly hydrophobic phases with a high surface coverage above 2.5 pmol m™>
are fairly stable in an alkaline medium.
e Hybrid phases, e.g., the XTerra-series.
e Phases with bridged bonding, e.g., Zorbax Extend.
e A phase with a polymer layer, e.g., Gromsil CP or SMT OD Cs.

— Eluent

e Use organic buffers instead of phosphate buffers. TRIS or borate buffers fit the
bill.

e If you have to use phosphate buffers, make sure it is Li, Na or K. Avoid NH,4-
salts!

¢ Eluents containing ACN are usually gentler to the column than those containing
MeOH.

e The salt concentrations (ionic strength) in the eluent should be kept to a mini-
mum.

— Other measures

x o Use a conditioning column (saturation column) between the pump and injec-
tor: see Tip No. 07/1.

x e Keep the temperature below 40°C wherever possible.

x o Even if only a minimal decrease of the pH level can be achieved this will
have a positive effect not only on the lifetime of the column but also on the
reproducibility of retention times. Find out whether the separation could per-
haps also be done at pH 7.8 instead of pH 8.3!

x e Finally, flush the column with MeOH/H,0O or ACN/H,0, weakly acidic (pH
~ 3-4) for storage.
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Conclusion

Just one or two of the measures mentioned above could noticeably lengthen the
lifetime of your column. However, it is usually not worth going to extreme lengths
just to prolong the life of a column. After all, the price of a column makes up a small
percentage of the entire cost of an analysis, in the region of 1-2%; but then again, if
it helps to achieve a robust method, it is certainly worth the trouble.
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TipNo.  Separation of basic and acidic compounds
21 contained in the same sample

Problem/Question

A variety of state-of-the art columns are now available that are perfectly suited to
the separation of strongly basic analytes. By contrast, when it comes to the separation
of strong acids, returning to non-endcapped classics is usually advisable. As a rule of
thumb we can say:

1. For strongly basic analytes (i.e., in protonated form) RP phases with good coverage
and low in silanol activity should be used combined with an alkaline eluent. See
also Tip No. 4.

2. For weaker organic bases that have a pronounced organic character (in the undisso-
ciated form) use phases as in 1 combined with an acidic eluent.

3. For weaker acids (undissociated) use phase and eluent as in 2.

4. For stronger acids (dissociated) use silanophilic polar RP phases combined with a
(strongly) acidic eluent. :

What if a sample contains basic as well as acidic compounds?

Solution/Answer

In this case, the answer is less clear-cut. As I mentioned before, non-endcapped si-
lanophilic materials can be useless for strong bases, resulting in pronounced peak tail-
ing or even irreversible adsorption onto the stationary phase. Conversely, materials
with good coverage tend to yield strongly tailing peaks if very acidic components are
injected; see Figure 21-1, injection of the highly acidic phthalic acid on two state-of-
the-art well-covered Cg-materials. The few still remaining silanol groups form hydro-
gen bridges with acids. This in itself would not be worrying, the only snag is that due
to the scarcity of silanol groups in these well-covered state-of-the-art materials, the
kinetics are slowed down (cause: overloading). Thus, tailing becomes inevitable.

In this case one should either resort to endcapped classics, which still contain a
considerable number of silanol groups, or use modern phases of medium polarity. The
dissociation status of the silanol groups and the analytes is crucial and can be
manipulated by choosing the appropriate pH value of the eluent.

Take a buffer of low acidity, around pH 4, and change its pH value by 0.5 pH units
up or down. Columns that have sufficient polarity as well as hydrophobic properties
should be used, e.g., LiChrospher, Spherisorb ODS 2, Zorbax ODS, Prontosil ACE,
Purospher, MP-Gel or AQUA.

Conclusion

Suum cuique — each to his own, and don’t ignore each other’s idiosyncrasies — is a
good motto in real life as well as in HPL.C ...
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Figure 21-1, Peak shapes of strong acids on hydrophobic RP phases.
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1.3 Optimization, Peak Homogeneity

TipNo.  The peaks appear too soon - what can be done?

Problem/Question

Suppose that in an RP system (C,g, ACN/phosphate buffer 30/70) a peak appears
too soon and you are not even sure if it is just one single peak — there could be more
lurking behind it. It would appear that you are dealing with one or more highly polar
compounds. What can you do to increase their retention time?

Solution/Answer

1. Modify the chromatographic parameters — use a longer column, slow down the
flow and/or decrease the temperature. This can all be done fairly quickly, whatever
the specific separation problem may be.

2. Modify the stationary phase:

e Use a material with a smaller pore diameter, e.g., Si 60 A instead of Si 120 A,
which increases the specific surface area and hence also interaction.

e Use non-endcapped material.

The (supposedly) ionic components can now interact with free silanol groups
and thus elute later. The likely drawback would be some tailing.

o Either use polar phases that have the ability to interact but are free of active si-
lanol groups, which could cause annoying tails, or use phases with a large num-
ber of active silanol groups that speed up the kinetics. Suitable phases for polar
analytes are, e.g., Zorbax SB Cg, Fluofix, SynergiPOLAR RP, perhaps also phe-
nyl, nitrile or diol (see also Tip No. 6).

3. Modify the eluent — increase the water content, lower the buffer capacity, change
the pH value (by far the most effective parameter!), add ion-pair reagents.

4. Combination of options 2 and 3.

Be bold when choosing a stationary phase and an eluent for strongly ionic compo-

nents. For example,

e 30% acetic acid with a Cyg phase.

e 100% H,0 with a diol phase.

e Phosphate buffer + 100 mMol heptane sulfonic acid, pH around 2 with a non-
endcapped C,g-phase.

e Borate buffer, pH around 9 with an endcapped C,s phase with high coverage
(more than 2.5 pMol m™?) or a polymer-based stationary phase; see also Tip
No. 5.
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Conclusion

The most effective way of dealing with the problem at hand is through modifying
the pH value, while changes in buffer strength, ion pair concentration and stationary
phase only come second. If chromatography is to be carried out in a strongly alkaline
medium on a silica gel-based column, state-of-the-art phases with high coverage,
polymeric phases or hybrid materials are recommended because of their stability in
this range, see Tip No. 20.
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What can | do if the peaks elute late?

Problem/Question

Your separation yielded a good resolution — now your next question could or
should be “What is the most trouble-free way of reducing the analysis time?”

Solution/Answer

Easy — simply increase the flow! I know, many of my readers think this a trivial
answer. So it 1s, but I think it is still worth pointing it out in a world where far too
many protocols just stipulate, “flow 1 mL min~'”. Increasing the flow always saves
time and sometimes even improves the resolution. Apart from the smaller peak areas,
the disadvantages are negligible.

Here is why —

Isocratic separation: Increasing the. flow means saving time without noticeably re-
ducing efficiency (theoretical plates), as today’s spherical 5 or 3 pm particles have a
very flat van Deemter C-term. The number of theoretical plates remains high, espe-
cially for real substances, i.e., if the peaks elute significantly later than an inert com-
ponent. This has often been described in the literature as well as being confirmed by
my own measurements.

Here are two simple examples.

Figure 23-1 shows the separation of four components on a 5 pum column at a flow
rate of between 2 and 0.5 mL min'. Is the separation at 1 mL min~' really signifi-
cantly better than at 2 mL min '?

Figure 23-2 shows another separation at 2 mL min~', and the same separation in
Figure 23-3 at a flow rate of 1 mL min . Again, the improvement due to the reduced
flow rate is only marginal.

If a major improvement is to be achieved, a really low flow rate must be chosen.
Figure 23-4 shows the separation from the previous example at a flow rate of
0.2 mL min~'. Peaks one and two are barely separated at 2 mL min~', and quite
clearly at 1 mL min™", and at 0.2 mL min™!, they are base-line separated. It depends
very much on the individual case whether it is worth putting up with the excessive
analysis time.

Gradient separation: Increasing the flow means saving time and/or an improved
resolution.

At a constant gradient time fg,, an increased flow rate F results in an increased
gradient volume, Vg, (Vg =FX!tg,), and thus in an increase in peak capacity. As more
peaks can be separated per unit time, resolution increases; or an increase in flow by a
factor of 2 and a simultaneous reduction in gradient time, also by a factor of 2, yields
the same separation at an analysis time which is reduced by a factor of 2.

Figure 23-5 shows a separation using a linear gradient at a flow rate of 1, 1.5 and
2 mL min~' (flow increasing from top to bottom). While the separation takes 2.5 min

55



(3T0AW) TeUDTS

= sV}
!

(3ToAw) Teubts

[=]

w
(=3
'

(3Toaw) TeUBTS

N

(=

(=3
I

oy
¢ ]
(=]

(3T0AW) TeubTs
P
w (=]
Is) o
v lbrrrclbrvr e e

Sy oy s

B T e R R e T T A e 2 S R

ol
3 4 5 6

Time (min)
Figure 23-1. Separation of four compounds on a 5 pm column at flow rates of between 2 and
0.5 mL min"'. Comments see text.
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i

Figure 23-2. Separation of five compounds at

2 mL min™".

=S

at 2 mL min", it requires 4.6 min at 1 mL min~'. At all flow rates. the resolution be-
tween peaks remains practically the same.

What about the drawbacks? If you are not dealing with trace analysis, [ do not

think they really matter.

1.

Will the increased pressure shorten the lifetime of the column?

The usual RP column withstands pressures of 300-350 bar without any ill effects.
Just set the high-pressure limit on your pump to 4000 psi (1 bar=[45.038 psi).
Besides, does it really matter if you use up four columns instead of three per year
if you can save a significant amount of time?

. Will the injector and pump seals wear out more quickly?

Well, yes, you may have to spend a few cents more on them. ..

. What if the column connection begins to leak when the pressure rises above 200

bar?
In my opinion the time saving effect is such an overriding benefit that I would not
hesitate to replace PEEK capillaries with steel ones.
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Figure 23-3. Separation of five compounds at 1 mL min~'. Comments see text.

Figure 23-4. Separation of five compounds at 0.2 mL min~'. Comments see text.
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Figure 23-5. Reduction in analysis time, maintaining constant resolution, by increasing the flow rate
with gradient separation. Comments see text.

Conclusion

In classical RP separations — i.e., those that do not involve ion exchangers, micro-
columns or enantiomeric separations, exclusion chromatography, etc., flows of
1 mL min~" are often far too tame. Unless, that is, you are struggling with peaks that
are so small already that an increase in flow would diminish their area so consider-
ably that you would have trouble detecting them.

One last word:
If you find the jump from 1 mL min™" to 2 mL min™" too drastic you could opt for
1.5 mL min~!, which would still give you a time saving of about 30% — not bad, eh?
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TipNo.  Quick optimization of an existing gradient method

Problem/Question

When 1 visited a firm that routinely ran many gradient processes, it turned out that
not all of these methods worked satisfactorily from a user’s point of view. We then
tried to figure out how to improve one of their frequently used methods with mini-
mum effort. This was successful, and I will describe for your benefit what we did:

Solution/Answer

Figure 24-1 shows the initial set-up, i.e., the usual methanol/water gradient at a
flow rate of 1 mL min™'. Thus, a chromatogram — not including regeneration time —
took about 16 min, which we thought was far too long. We therefore increased the
flow rate to 2.6 mL min~" (pressure ca. 345 bar), reducing the retention time to about
10 min, a saving of approximately 30%, see Figure 24-2. However, we thought that
this was still too long, so we set the gradient starting composition at 40% instead of
10%, Figure 24-3. Now the time was OK, but we did not like the shape of the peaks.
We noticed from the front edge a hint that the solvent used to dissolve the sample
was not optimal. It turned out that the guidelines recommended the use of tetrahydro-
furan/acetonitrile — a fairly strong solvent mix in comparison with the eluent. We then

- 50
Sl g Dacector 1-254nm
Name | |
!
; X
1
40 i 40
304 30
2 2
€ E
20 ' 20
I
¢ )
b ft
{1
IR}
10 | il i 10
| g
| 1 / i
i .‘ // {
i
L i
J \ / | \
0 1 \L-_\_. R e !l/ L o
T T T Lma T T T T
0 2 4 a L] 10 12 14 18 18
Minutes

Figure 24-1.

60



50

50
--—-1 | Detector 1-254nm
Name
40 [ 40
30 4 30
2
g 3
20 { F20
|
i
l &
10 4 | R I L 10
i H [
I g
IR i /o
.' ! // A
[ 7 \J_/ Vo)
0F—— e t -— Lo
0 2 4 [} 8 10 12 14
Minutes
Figure 24-2.
s ——7 | Detactor 1-254nm 5o
Name
40 4 40
301 30
20 4 L 20
10 4 F 10
o T 3
T T T T v T . T T =
° 2 4 8 8 10 12 14
Minutss

Figure 24-3.

61



——| Detector 1-254am
Name

40 F40

30 4 30

20 20

1

1

.
o__,___J-_.J‘.H_\.L____.___, o
[+] 2 4 ] 8 10 12 14

Minutes

Figure 24-4.

diluted the sample solution with eluent A (40/60 methanol/water) twice and injected
it again, Figure 24-4. Then we were happy with the result.

Conclusion

Here is a simplified description of a proven optimization strategy.

First of all, make sure that peaks are eluted within a reasonable time span, then —
if selectivity is sufficient — think of rapidly improving the shape of the peaks. Only
then is it worth running an other eluent or column (alternative method).

Applied to a gradient, this means:

1. Flow rates should be kept as high as possible — keep the gradient volume in mind!

2. You should start off with a high percentage of methanol/acetonitrile and use steep
gradients.

3. The higher the polarity of the sample solvent compared with the eluent, the more
likely it is that the analytes are concentrated at the top of the column, resulting in
an immaculate peak shape. This aspect will become increasingly important with
large injection volumes.
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TpNo.  Increasing efficiency -
2 5 often the fast track to success

Problem/Question

It should be stated at the onset that the most important and safest way of improv-
ing chromatographic resolution is increasing selectivity. The following examples
should clarify this statement.

For a separation factor of 1.01, 160000 theoretical plates are needed to elute two
baseline-separated peaks. If, with the help of pH value, modifier, etc., you can im-
prove the separation factor to 1.05, only 6000 plates are needed, at 1.10, 1940 plates
and at a separation factor of 1.20 no more than 575 plates.

‘When the separation factor is raised, e.g., from 1.05 to 1.10, then the improvement
in the resolution is by a factor of 2. See also Chapter 3.2.

Suppose you have been experimenting with a given separation and reached some
resolution that you still find is insufficient. Should you try to continue to increase se-
lectivity, or are there other ways of achieving the desired resolution?

Solution/Answer

Suppose you achieved a separation factor a of 1.1, but you are still not happy with
the resolution. This can only mean that your peaks are too broad (poor efficiency)
and resolution needs to be improved. You have now two options to achieve this:

1. You try to improve selectivity further by modifying the chromatographic condi-
tions, such as column, eluent, etc. As I said before, this can be rather tedious (im-
proving resolution via selectivity).

2. You leave the chromatographic conditions and thus the selectivity unchanged but
try to increase efficiency, i.e., the plate number. This often proves to be the quicker
way (improving resolution via efficiency).

Let me give you two examples.

The left panel of Figure 25-1 shows the separation of tricyclic antidepressants on
Luna C,g, 5Spum, in an acidic acetonitrile buffer. The a-value (separation factor) be-
tween peaks 3 and 2 is 1.05. In this case, improving selectivity is not a trivial task it
takes time and some genius. On the right of Figure 25-1 you see a separation of the
same material on a 3 um column.

While selectivity remains nearly the same at a=1.04, baseline separation is almost
achieved. The increase in pressure to 230 bar does not pose a significant problem.

The left panel of Figure 25-2 shows the separation of chrysene and perylene on Sym-
metry C;g in methanol. The a-value is 2.13, but the peak shape is nothing to write home
about. If you replace the capillary that connects the injector with the column by a thinner
one, you can reduce the dead volume within the instrument and achieve a somewhat bet-
ter separation at an almost identical separation factor of 2.10. By the way, once 1 had
made up my mind, the second improvement was done in 70 s!
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Figure 25-1. Influence of the particle size on resolution using the same conditions. Comments see

text.

Conclusion

If the retention time and the selectivity are acceptable but the resolution is not, aim
for maximum efficiency — in other words, make the peaks narrower — before you try

out more laborious ways of optimizing your separation.
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the resolution by isocratic separation. Com-

Figure 25-2. Influence of the dead volume on
ments see text.
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TipNo.  Additives to the eluent
Problem/Question

The preparation of eluents often involves small percentages of additives or modi-
fiers that are mainly added to a binary eluent. Why is this necessary, and what is the
effect of these additives?

Solution/Answer

In HPLC, the bag of tricks is practically inexhaustible. The main objectives are:

1. Improving peak shapes.
2. Modifying selectivity.

Table 26-1 lists the most common additives.

Conclusion

Small amounts of additives can have an enormous effect, but if you care for the ro-
bustness of your results, please bear in mind that the addition of additives could ren-
der some equilibria fairly labile. Keep the experimental conditions constant — constant
temperature, constant pH value, constant concentration, consistent degree of purity of

your reagentSA

Table 26-1. Common additives to eluents.

When ... and/or
cbhange

What

How much, comment

Comment

I. Peak shape/selectivity
Separation of acids Acetic acid/acetate

Oxalic acid
Phosphoric acid
2-Hydroxyisobutyric
acid

perchloric acid

Separation of
stronger acids

PIC-A-reagents. e.g..
tetrabuty lammonium
chloride or tetrabutyl-
ammonium phosphate
or -hydroxide

0.1-1%. pH around 4

0.1-1%, pH around 4
(.1-1%, pH around 3
(.1-1%, pH around 3

pH around 2

50-100 mM.
pH=around 7.5

For strong acids a
lower pH value is
needed to neutralize
them

e disadvantageous cut-off at
250 nm, aggressive to-
wards steel

e.g.. for tetracyclines

e.g., for antioxidants

s advantageous cut-off at
210 nm

e interesting effects in a
strongly acidic medium

Sometimes negative peaks or
ghost peaks
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Table 26-1 (continued)

When ... and/or What How much, comment Comment

change

Separation of bases ~ Amines, e.g., 20-100 mM Diethyl- and dimethyloctyl-
triethylamine (=0.05-0.5%) amine seem to be most ef-
— Octylamine 10-50 mM fective
— Diethylamine 10-50 mM
— Dimethyloctylamine  10-50 mM

Separation of PIC-B-reagents, e.g., 50-100 mM, Hepta- and octasulfonic acid

stronger bases tetra-, penta- etc. up o
dodeca (lauryl) sulfo-

nic acid

Separation of
neutrals

TFA, isopropanol,
n-butanol

II. Retention time, selectivity

Compounds with an  Acetonitrile
O-CHj; group
Compounds with an  Tetrahydrofurane

O-CHj; group

Substances with a C— Acetonitrile
O-R group

Substances with a Cl Dichloromethane
group

Substances with a Tetrahydrofurane
phenyl group

N-Heterocycles, N,N-dimethylforma-
aromatic amines mide

Separation on silica ~ Water

gel, aluminium oxide

Exclusion chromato-  Salts
graphic separation
on a diol phase

pH=around 3.5

ca. 5-10% of methanol
or acetonitrile replace
against one of these
modifiers

Around 5-10% added
to an MeOH/H,0
eluent

Around 5-10% added
to an MeOH/H,0
eluent

Around 5-10% added
to an MeOH/H,O
eluent

Around 5% added to
an MeOH/H,O-eluent
Around 5% added to
an MeOH/H,QO-eluent
Around 0.1%

10-50 ppm

Small percentage

are the most popular, for
strong bases use longer sul-
fonic acids (C;, to C¢)

Interesting selectivity effect

Increase in retention time

Decrease in retention time

Decrease in retention time

Decrease in retention time
Decrease in retention time

Decrease in retention time
(Source: V. Meyer, EMPA,
St. Gallen, Switzerland)

A few ppm of water cause a
major change in retention
time and selectivity

Avoiding sorption to
stationary phase
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Table 26-1 (continued)

When ... and/or What
change

How much, comment

Comment

III. Other

Separation of com-  Ethyldiaminetetra-
pounds that form acetate (EDTA)
complexes

Preventing growth Sodium acid
of fungi

In situ endcapping:  Trimethylchlorosilane
blocks activity of (TMS)

silanol groups in

RP columns and

on glass surfaces

1020 mM

0.05-0.1%

Lower per mL range

EDTA forms complexes with
metal ions (steel, stationary
phase)

NaNj5 elutes with the front in
an RP system

Prevention of uncontrolled
sorption of bases or large po-
lar molecules (e.g., proteins)
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TipNo.  Separating the unknown - where shall | begin?

Problem/Question

Let us suppose you have to get a separation done, and, of course, you are short of
time. Needless to say that you know very little about the sample. The only colleague
experienced in HPLC is on holiday, the lab supervisor is at an HPL.C conference and
will then travel on to his favourite spa. So, you are left to your own devices with a
vial filled with an unknown substance and a note on your desk saying URGENT in
huge letters. As a trustworthy member of staff you resist the urge to go home straight-
away but decide to do your best — how should you go about it?

Solution/Answer

This example is, of course, purely fictional because in real life, some information
is usually available. But just for argument’s sake, let us take the fiction for real.
Although we cannot develop a whole method in just a few lines, I can give you a few
hints on how to proceed in order to obtain some initial peaks and what to do next to
optimize the procedure.

Preliminary decisions: Is it a liquid sample? — Measure its pH value!
Neutral - ACN/H,0 or MeOH/H-O as eluent, usual C,g-col-
ummn, see below
Acidic — Eluent as above, pH=2...3, non-endcapped C g
column
Alkaline — Eluent as above, pH=7...8, endcapped state-of-
the-art C;g column
Solid sample? — Dissolve
Soluble in H,0, MeOH, ACN, isopropanol and mixtures of
these? — C;g column
Soluble in hexane, ether, etc. = SiO, or another polar column

The chromatographic system (a description of the most frequent system, an RP
system)

Sample solvent: Dissolve sample in eluent or in a solvent as similar as possible
to the eluent. Tip: A sample solvent containing a little more
water than the eluent yields sharp peaks

Injection volume: At first no more than 20 pL if possible

Column: New-generation C,g is best, i.e., metal-ion free, base-deacti-
vated, endcapped (for acids. see above!) 1254 mm or
100x4 mm, 5um or 3.5 um. Real experts tend to take a
50 mm column for some quick experiments

Flow: 1.5-2 mL min™

Temperature: 30-40°C
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Detector:

Separation mode:

DAD (Diode Array Detector), if not available run the separa-
tion twice, at about 220 nm and 280 nm (LC-MS would of
course be a great help. RI (Retractive Index) lets you see
everything, but sometimes with a very small signal, and it
takes half a century to get a stable baseline. Also, you can’t
run gradients with RL.)
1. Gradient — the first step in the right direction
Run a 10 - 90% ACN, linear gradient at a rate of 2 mL min~',
duration: 10-15 min
Variation: 1st run at pH &~ 3 (phosphoric acid)
2nd run at pH = 7.5 (phosphate buffer with triethyl-
amine)
Quick optimization options:

Change gradient volume (flow or time, see Tip No. 23)
Slope of the gradient
Initial and final conditions
Perhaps a variation in pH value
. Isocratic (if you have no choice but to run an isocratic sepa-
ration)
Start at about 60-80% ACN/H,O and adapt the eluent strength
in such a way that the first peaks elute at a retention factor be-
tween 2 and 5
Quick optimization options in order to recognize trends and
check on robustness!

+5% ACN

+5°C

+0.5 pH

Tailing peaks? — Play around with the pH value

Are they still tailing? Use ion-pair reagents and a well-cov-
ered phase

o Is there simply no end to the tails? Just put up with them,
and when your boss returns from his spa, ask him exten-
sively about his health. After all, the stay in the spa should
have benefitted his health as well as his mood. Just use all
your charm to convince him that all you need is a capillary
electrophoresis instrument!

roe e e e

The strategy described should give you a first idea of the sample before you take
further steps towards systematic optimization, such as changing the packing and the
dimensions of the column, the strength of the buffer, adding a modifier, switching be-
tween ACN and MeOH, etc. This can be done with the help of commercial optimiza-
tion programmes. Even if they do not make specific suggestions, if you know your
way around them, they can still save you time.
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Conclusion

It is very rare indeed to have as little information about a sample as in the situation
described above. In any case, you should try and retrieve as much information as pos-
sible from the following sources: internal/external customers, internal/external litera-

ture databases, internet, manufacturer brochures, etc. They might just give you a first
hint.
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TipNo.  Separation of an unknown sample
28 using a reversed-phase C;g column -
=%7" how do | go about it?

Problem/Question

Suppose you want to separate a sample you know very little about, and you are
using an RP C,g system. How do you choose the chromatographic conditions? This
time, I want to give you a different point of view from that in Tip No. 27.

Solution/Answer

In the following, I will give you rough guidelines which may be adapted to indi-
vidual circumstances.

1. Basic requirements

e The sample should be at least partly soluble in the eluent (H,O/MeOH or H,0O/
ACN).

¢ For isocratic separations the molecular weight should not exceed 600.

e For gradient separations the molecular weight can be much higher. If you do not
know the molecular weight, you could use the following trick: elution before ty
(dead time) means that the sample is being excluded because the molecules in the
sample are too large or their charge density is too high — see Tip No.73. Elution
after #,; means that the molecules can diffuse into the pores.

e Where can the compounds be detected? Find the appropriate wavelength.

e Stability of the sample solution? Store a sample solution at room temperature for
24 h and in the refrigerator for 24 h. Then inject both samples and compare the
chromatograms.

e Measure the pH in order to be able to choose a vaguely appropriate column for
acidic/basic/neutral components.

2. The chromatographic set-up

e The sample solution is neutral: simply take a good C;g column (3—4 mm, 100-
125 mm). Gradient: 10 to 90%, HO/ACN at 2 mL min™" and 30-40°C.

e The sample solution is acidic: take a good Cg-column (see above). Eluent: H,O/
ACN about 40/60 w/w, pH = 3-3.5 (e.g., phosphoric, acetic or perchloric acid).
For a very acidic solution, choose a polar, non-endcapped column. Eluent: H,O/
ACN plus tetrabutyl ammonium chloride or tetrabutyl hydrogen sulfate, ca. 2 g L™
eluent.

o The sample solution is basic: state-of-the-art C g-phase with excellent or even dou-
ble endcapping, free of metal ions, protected phase, etc. Eluent: H,O/ACN, see
above, plus diethylamine or triethylamine, about 2 mL L™ of eluent.

¢ For a strongly alkaline solution, eluent: HyO/ACN plus about 50-70 mM hexane or
heptane sulfonic acid.

In a second step, put the usual optimization procedures in place, such as varying
the eluent, buffer and ionic strength, temperature, etc.
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3. Validity of the result

If you have to be absolutely certain about the purity of the peaks (e.g., forensic
toxicological evidence or high-risk agents) you should take a further step to validate
your results.

(1) Use a diode array detector. This is a generally acceptable but often insufficient
tool.

(2) Two subsequent columns plus diode array detection — a good method.

(3) Off-line/on-line chromatographic coupling: “Cut” the peaks and then proceed to
separate the fractions over DC, GC and CE - a very good method.

(4) Proceed as in (3) and add off-line/on-line spectroscopy: MS, MALDI, NMR —
a very, very good method.

(5) As in (3), but combined with an analysis based on a different principle, such as