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A B S T R A C T

Liquid chromatography-mass spectrometry (LC-MS) is one of the most prominent analytical tech-
niques, due to its inherent selectivity and sensitivity. In LC-MS, chemical derivatizations are frequently
used to enhance the MS ionization efficiency and selectivity, to facilitate structure elucidation, and to
improve the chromatographic separation. In this review, we present an overview of derivatization-
based LC-MS analysis. We summarize the reaction mechanisms of representative derivatization re-
agents and the selection strategy to guide and to stimulate future studies. Furthermore, we emphasize
applications of derivatization in peptide and protein analysis, metabolite analysis, environmental anal-
ysis, pharmaceutical analysis, food-safety evaluation and MS imaging.
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1. Introduction

Sensitive and selective methods for the determination of trace-
level compounds in complex matrices are essential in many re-
search fields. Due to its inherent sensitivity and selectivity, liquid
chromatography-mass spectrometry (LC-MS) has become one of the
most prominent analytical techniques. However, many com-
pounds cannot be analyzed well by LC-MS, especially if they are dif-
ficult to ionize or to fragment, as that makes detection sensitivity
extremely low [1].

Improvements in instrument design can increase the perfor-
mance of LC-MS analysis. Performance can also be improved through
a better sampling protocol or through better chromatographic per-
formance. Chemical derivatization has proved to be a powerful strat-
egy to improve the detection characteristics of compounds in LC-
MS and a considerable number of derivatization reagents have been
synthesized and derivatization methods have been established [2,3].

Chemical derivatization-based LC-MS has been developed from
1980s [4]. Since then, there has been a steady growth of
derivatization-based LC-MS techniques, which provide a promis-
ing strategy that has solved many analytical problems [5].
Derivatization aims to modify the structure of the target com-
pounds and, as a consequence, the chemical and physical proper-
ties. The advantages of integrating derivatization with LC-MS analysis
include:

(1) improvement of selectivity and separation [6–9];
(2) enhancement of ionization efficiency [10–14];
(3) improvement of structural elucidation [15–18];
(4) removal of endogenous interference [19]; and,
(5) facilitation of isomer separation [20–22] (Fig. 1).

Derivatization reagents can react with target compounds that
contain various functional groups, including carbonyl [23,24], hy-
droxyl [25,26], carboxyl [27,28], amine [29,30] and thiol [31,32].
Derivatization reagents can therefore be categorized into different
groups based on the reactions with various functional groups of
target compounds. Design and use of proper derivatization re-
agents to achieve fast, specific reactions are important for
derivatization-based LC-MS analysis.

Due to rapid expansion of derivatization-based LC-MS studies,
a summary of newly synthesized derivatization reagents and
established reaction methods is valuable. Here, we provide a
comprehensive review of derivatization-based LC-MS studies
with the main focus being on the general principles of repre-
sentative derivatization reagents. We discuss the relationships
between the chemical structure of target compounds and
derivatization reagents. We also describe different derivatization
strategies combined with LC-MS (mainly for electrospray ionization-
LC-MS) and their advancement, giving their advantages and pros-
pects. In addition, we briefly summarize the applications of
derivatization-based LC-MS, especially in peptide and protein anal-
ysis [33–36], metabolite analysis [37–39], environmental analysis
[24,40,41], pharmaceutical analysis [42–47], food-safety evalua-
tion [48–51] and MS imaging [52–54]. We hope that this review
can guide and stimulate future studies on derivatization-based
LC-MS analysis.

2. Selection strategy for derivatization reagents

Derivatization is a specific chemical reaction, and a reactive
functional group in the target compound and the corres-
ponding reaction group(s) of derivatization reagent are the
prerequisites for derivatization. Many challenges of derivatization-
based LC-MS still exist, including formation of by-products,
non-quantitative reaction, requirement for harsh reaction condi-
tions, long reaction time, and product degradation. For effective
derivatization-based LC-MS analysis, the derivatization reaction
should therefore be fast, efficient, and specific, and form relatively
stable products.

The selection of derivatization reagent mainly depends on
the reactive functional group of the target compound and the
purpose of the research. Upon derivatization, the chemical and
physical properties of the compound will change, so affecting
compound stability, polarity, solubility, retention on LC, and ion-
ization efficiency in MS [1,3]. In this respect, study of the chemi-
cal structure of target compounds will suggest the strategy to
prepare appropriate derivatization reagents for any given
research purpose.

Fig. 1. General reaction mechanism between target compound and derivatization
reagent and the advantages of derivatization-based LC-MS methods.
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