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In the past, reverse-phase HPLC analysis of 
highly charged acidic and basic compounds 
was frustrating and resulted in poor resolution. 
Important biomolecules such as amino acids, 
peptides, organic acids, polyamines and 
catecholamines had to be separated by ion 
exchange or by suppression techniques.

Thermo Scientific Ion Pair Reagents enable 
you to quickly and efficiently analyze charged 
compounds using reverse-phase techniques. 
Our ion pair reagents are simply dissolved 
in the HPLC solvent system, resulting 
in the formation of stable chromatographic 
complexes that can be separated using 
reverse-phase columns. 

By using the correct ion pair reagents, 
you achieve:

•  Increased or decreased retention, 
permitting controlled selectivity

•  Resolution of complex ionic mixtures 
without using ion exchange columns

•  Improved peak symmetry

Reverse-phase ion pair 
chromatography theories

Two principal theories have been proposed 
to explain reverse-phase ion pair 
chromatography. In the first theory, small 
polar ion pair reagents react with the ionized 
solute, forming neutral ion pairs. The second 
theorizes that an active ion exchange surface 
is produced in which long chain, nonpolar 
anions and cations are absorbed by the 
hydrophobic stationary phase.

To optimize chromatographic separations in 
ion pair elution systems, high-purity reagents 
of exceptional optical transparency are needed. 
Ion Pair Reagents are specially purified for 
ion pair chromatography and provide the 
selectivity needed for good separations.

Introduction to HPLC Ion Pair Reagents

High-purity reagents with the selectivity needed for good separation.

Thermo Scientifi c Liquid Chromatography Reagents

L
C

 C
o

lu
m

n
s
 a

n
d

 A
c
c
e
s
s
o

rie
s

    >>
    LC Reagents

http://www.thermoscientific.com/chromatography


L
C

 C
o

lu
m

n
s
 a

n
d

 A
c
c
e
s
s
o

ri
e
s

Th
er

m
o 

S
ci

en
ti

fi c
 C

hr
om

at
og

ra
ph

y 
C

ol
um

ns
 a

nd
 C

on
su

m
ab

le
s 

 2
01

4-
20

15

4-194

The lack of a universal HPLC detector that 
provides high sensitivity (as well as some 
degree of selectivity) established the need 
for suitable derivatization procedures. 
Derivatization is the chemical modification 
of an existing compound, producing a new 
compound that has properties more suitable 
for a specific analytical procedure. It is an 
analytical tool that can be used to provide 
both selectivity and improved sensitivity.

There are several requirements for 
derivatization protocol:

1.  At least one acidic, polar functional group 
must be available for reaction on the 
parent compound.

2.  A single derivative should be formed per 
parent compound.

3.  The reaction should be reproducible under 
the given time and reaction conditions.

4.  The reaction should proceed quickly and 
easily under mild conditions.

5.  The reaction byproducts (if any) should not 
interfere with the chromatography, or with 
detection of the sample.

Pre- and post-chromatographic techniques 
are both used in HPLC derivatization. In 
addition, off-line and on-line reactions have 
been employed with both techniques. Pre-
chromatographic (or pre-column techniques) 
offer more than greater selectivity and 
sensitivity in detection. Pre-column 
techniques can be used to enhance stability, 
improve resolution, improve peak symmetry 
and increase or decrease retention of solutes. 
FDAA (Marfey’s Reagent) allows separation 
and quantification of optical isomers of amino 
acids (Figure 2). Post-chromatographic (or 
post-column) techniques are used primarily 
to provide selectivity and improve sensitivity.

We offer a variety of HPLC detection 
reagents for pre- and post-chromatographic 
techniques. All compounds and formulations 
are purified for chromatography, minimizing 
artifact formation.

Separation of D- and L-DOPA on 100mm x 4.6mm C18 
Conditions:  A – 0.05 M triethylamine
 phosphate, pH 3.0; 
 B – acetonitrile.
 Linear gradient: 10 to 40% B in 45 minutes, 
 2.0mL/minute, 25˚C, 340nm

Derivatization and Visualization Reagents for HPLC

Designed to provide selectivity and improve sensitivity.
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Derivatization Reagents for HPLC

Functional Group Description Detection* Page Comments

Carboxylic Acid 

C

O

OHR

p-Bromophenacylate

C

O

CH2 BrBr

UV 4-201 Formulation of 1.0mmol/ml p-bromophenacyl 
bromide and 0.005mmol/ml crown ether in 
acetonitrile; pre-column; nanomole detection 
levels: �

max
 = 260nm1-7

Primary Amine 

N

H

HR

Dabsyl Chloride Vis 4-204 4-N, N-dimethylaminoazobenzene-4’-sulfonyl 
chloride (dabsyl chloride); pre-column; nanomole 
detection levels: �

max
 = 436nm8-14

FDAA, Marfey’s Reagent

H
N

NH2

O

F

N+
–O

O

N+
O–O

UV 4-200 1-fl uoro-2,4-dinitrophenyl-5-L-alanine amide 
(FDAA); pre-column; nanomole detection levels: 
�

max
 = 340nm. 

For chiral separations of amino acids.15, 28-29

Ninhydrin Vis 4-203 Post-column; nanomole detection levels: 
�

max
 = 570nm22

PITC N
C

S

UV 4-204 Phenylisothiocyanate (PITC); pre-column; 
picomole detection levels: �

max
 = 254nm23-24

TNBSA EC, UV 4-201 2,4,6-Trinitrobenzene-sulfonic acid (TNBSA); 
pre- or post-column; nanomole detection levels 
with EC and UV, GC - 0.85V; �

max
 = 250nm25-26

Secondary Amine

NH R'R

Ninhydrin
(see structure above)

Vis 4-203 Post-column; nanomole detection levels:
�

max
 = 440nm22

PITC
(see structure above)

UV 4-204 Phenylisothiocyanate (PITC); pre-column; 
picomole detection levels: �

max
 = 254nm23-24

*EC = electrochemical; F = fluorescence; UV = ultraviolet; Vis = visible.

http://www.thermoscientific.com/chromatography
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Improvements in amino acid analysis by ion 
exchange chromatography have involved the 
analytical system, as well as the instrumentation. 
Systems have been developed (by varying 
buffer pH or ionic strength) that work to 
displace the amino acids into discrete bands. 
The buffer systems are compatible with 
single- or two-column analysis of amino 
acids found in protein hydrolyzates or 
physiological fluids. Buffer systems are 
determined by the counter ion used (sodium 
or lithium) and by the method of buffer changes 
introduced to the resin (step changes or 
gradient elution).9-15 The most commonly 
used buffering component, citrate, is suitable 
for solutions below pH7.16 Buffers are 
prepared either with citric acid or an 
alkali salt.

Unfortunately, for high-sensitivity work, citric 
acid is a significant contributor to amino 
acid contamination. Therefore, to achieve 
consistent analyses, it is essential to use 
high-purity reagents for buffer preparation.

Alternatives to ion exchange are available 
for the separation of amino acids. Because 
amino acid analysis is one of the basic 
protein chemistry tools available, more rapid 
and sensitive methods for separation and 
quantitation are desirable.17 Several pre-
column derivatization methods using 
reverse-phase HPLC have been developed.

Two of the most widely used of these methods 
involve the formation of dansyl18-19 or 
o-phthalaldehyde (OPA)20-24 derivatives of 
amino acids prior to HPLC analysis. Both 
methods offer greater sensitivity and shorter 
analysis time than post-column derivatization 
techniques. Other methods include the 
quantitative derivatization of amino acids 
with phenylisothiocyanate (PITC) and the 
separation and quantitation of the resulting 
phenylthiocarbonyl derivatives via HPLC. 
These derivatives are stable enough to 
eliminate in-line derivatization.

Developments in Amino Acid Analysis

Note: Please refer to page 3-122 for details of references
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Sample Preparation and Hydrolysis

The extraction and purification of proteins play 
an important role in determining amino acid 
content. These methods are based on one or 
more of their physical characteristics (e.g., 
solubility, molecular size, charge, polarity and 
specific covalent or noncovalent interactions). 

The techniques commonly used to 
separate proteins and peptides include:
• Reverse-phase HPLC

• Polyacrylamide gel electrophoresis

• Gel fi ltration

• Ion exchange chromatography

• Affi nity chromatography

• The table below provides a more detailed list 
of methods for fractionating peptide mixtures.25

Hydrolysis

Most protein samples require some form of 
chemical treatment before their component 
amino acids are suitable for analysis. Protein 
and peptide samples must be hydrolyzed to 
free amino acids from peptide linkages. Acids 
(usually HCI) are the most widely used agents 
for hydrolyzing proteins.

A simplified hydrolysis procedure involves 
refluxing the protein with excess HCI, then 
removing the excess acid in vacuum.26 The 
lyophilized protein then is suspended in 
constant boiling 6 N HCI and introduced into 
the hydrolysis tube. The sample is frozen by 
immersing the tube in dry ice and acetone. 
Before sealing, the tube is evacuated to avoid 
formation of cysteic acid, methionine sulfoxide 

and chlorotyrosine.27 This procedure minimizes 
decomposition of reduced S-carboxymethylcysteine 
and analyzes S-carboxymethylated proteins. 
Hydrolysis is conducted at 110°C (with the 
temperature accurately controlled) for 20-70 
hours by Moore and Stein’s method.28 After 
hydrolysis, residual HCI is removed in a rotary 
evaporator. The residue is dissolved in water 
and brought to the appropriate pH for addition 
to the analyzer column.28
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Methods for the fractionation of peptide mixtures.

Technique Properties of Peptide Molecules Exploited

Centrifugation Solubility

Size exclusion chromatography Size

Ion exchange chromatography Charge, with some infl uence of polarity

Paper electrophoresis Charge and size

Paper chromatography Polarity

Thin layer electrophoresis Charge and size

Thin layer chromatography Polarity

Polyacrylamide gel electrophoresis Charge and size

High-performance liquid chromatography (HPLC) Polarity

Gas chromatography Volatility of derivatives

Counter-current extraction Polarity; sometimes specifi c interactions

Affi nity chromatography Specifi c interactions

Covalent chromatography or irreversible binding Disulfi de bond formation; reactivity of homoserine lactone

http://www.thermoscientific.com/chromatography

