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Preface

Enhancement of analysis by analytical derivatization

Understanding the fundamental principles of actions and
interactions between molecules and the application of such under-
standing to human needs is the role and intellectual pleasure of
the chemist. The premise of this Special Issue is that application of
chemistry to analytical derivatizations during sample preparation
can greatly improve both the quantitative and qualitative results of
analysis.

Based on reviews and original articles herein, this premise is
well justified. Increase in sensitivity subsequent to derivatization
is well established for gas chromatography (GC) and high-
performance liquid chromatography (HPLC). Silylation increases
the volatility and often stability of the analytes. The resulting
improvement in chromatography delivers more analyte into the
detector in a narrower chromatographic peak thus increasing sen-
sitivity. Adding a chromophore or fluorophore to an analyte devoid
of such properties greatly decreases the limits of detection or quan-
titation. These effects are not surprising. Increase in sensitivity
via derivatization, however, also occurs for mass spectrometric
(MS) detection which is the gold standard for analytical methods.
This observation holds even as the sophistication and capabil-
ity of mass spectrometric instrumentation evolved from GC-MS,
to LC-MS with various ionization techniques as well as MALDI
and FTICR.

Derivatization is applicable to any functional group, to
numerous classes of analytes and to a wide range of instru-
mentation. It serves at one time to enhance sensitivity and
as a functional group analysis which enhances specificity. The
2,3,4,5,6-pentafluorotoluene class of reagents are one example.
The five fluorines on the aromatic ring impart the electrophoric
properties for enhanced detection by GC with electron capture
detection, GC-MS with negative ion chemical ionization and are
also effective for improving sensitivity of LC-MS. Modification of
the methyl group with various functionalities determines the reac-
tivity. Thus pentafluorobenzyl bromide will react with nucleophiles
including ionized organic acids, amines and inorganic anions.
Pentafluorobenzoyl chloride reacts with alcohols and amines, and
pentafluorbenzylhydroxylamine derivatizes carbonyls. Similarly,
reagents with the DANSYL fluorophore, which imparts fluorescence
through the naphthalene moiety, are suited for high sensitivity
HPLC analysis and are also applicable to many functional groups.
DANSYL-CI forms derivatives with hydroxyl and amino groups
whereas DANSYL hydrazine reacts with the carbonyls. By virtue of
the tertiary amine in DANSYL reagents their derivatives are ionized
at acidic pH and enter the ion source of the mass spectrometer as a
cation and do not require ionization. Increase in sensitivity can be as
high as 3000 fold. The Girard reagents which possess a quaternary
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amine also introduce a pre-charged species into the ion source and
likewise substantially improve the sensitivity of mass spectromet-
ric detection. First reported in 1936 this class of carbonyl specific
reagents were used to separate keto and phenolic steroids isolated
from urine or tissue. In their most recent incarnation, the Girard
(and/or Girard-like) reagents introduce a permanently pre-charged
species for mass spectrometric detections and are thus applicable
to separations at all pH values.

Improvement in sensitivity, while important, is only one func-
tion of analytical derivatization. Products formed in these reactions
are usually more lipophilic than the analyte and are thus easier
to extract and concentrate in the final isolate. This is particularly
important for small molecules which are invariably hydrophilic. In
the determination of low-molecular weight compounds, derivati-
zation proves to be an important front end procedure for detection
even for high-end mass spectrometric detection.

The flexibility of analytical derivatizations makes this technique
transferable to between matrices and applications. Aldehydes and
ketones are present in both breath and atmospheric air and require
the same analytical derivatizations to isolate these low-molecular
weight compounds. Measurement of amino acids is integral for the
study of numerous biological systems ranging from wine - which is
a microbiological system - to disease states in humans. And again
the same chemistry applies.

A major challenge in analytical derivatizations is often posed
by excess of reagent. Standard separation techniques are useful
in some instances. Pentafluorobenzyl bromide has a lower boiling
point than many of the derivatives and in these cases selective evap-
oration is feasible. Clearly this would not be the case for DANSYL
or Girard/Girard-like reagents. Semi-preparative chromatography
is an option but it adds to the complexity of a method. In other
instances, injection of the isolate onto the analytical column and
superior GC or HPLC can separate reagent from derivatized analyte.
The latter option, however, often requires dilution of the sample in
the injection solution and less than optimum sensitivity.

A powerful technique for resolving the problem of excess
reagent is preparation of reagents that have different physico-
chemical properties than the derivatives of the analyte. For
instance, OPA/thiol reagents are non-fluorescent but they form
derivatives with primary amines that exhibit very high fluores-
cence while leaving the reagents invisible to the detector. Reagents
that have a highly fluorinated alkyl leaving groups at the reactive
functionality, react with amines which displace that leaving group.
Theresultis a derivative with a detection moiety (e.g.a fluorophore)
while the reagent retains the fluorinated moiety. The reagent is
then separated from the derivative using a SPE column packed with
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a highly fluorinated reverse phase material which strongly binds
fluorinated derivatives.

Given both the advantages and disadvantages of analytical
derivatization it behoves chemists to develop techniques, meth-
ods, and procedures that exploit the former and diminish the latter.
There is an abundance of evidence that this can be done. Pro-
grammable auto-injectors can mix reagents and analyte and so
automate many analytical derivatizations. Development of solid-
phase techniques for analytical derivatization is an important step
in this direction. It permits use of the well-established SPE or SPME
devices and instrumentation to simplify and automate sample
preparations that involve derivatizations. Although liquid-liquid
extraction is the first technique for isolating analytes from aqueous
solutions it remains a vibrant field. Liquid-phase micro-extraction
whether as single drop, hollow-fibre or dispersed phase reduces
volumes of solvent and amounts of reagent required as well as
increases throughput with benefit to both environment and cost
of analysis. As in the case of solid-phase extractions, investigators
in liquid-phase extractions incorporate analytical derivatizations
into the extraction techniques to take advantage of the instru-
mentation developed for isolation. In the modern world speed of
processes becomes a much desired quality. To this end ultrasonic
and microwave irradiation enhance reaction rates and throughput.
Fast reaction times can reduce exposure of labile samples to air and
light.

The applications of organic analytical chemistry are most widely
seen in the client sciences such as medicine or environmental mon-
itoring. In these client sciences there is a constant drive towards
faster, more sensitive and less expensive techniques. The reports
in this Special Issue show that analytical derivatizations have the
potential to meet these needs. They challenge analytical chemists to
devise techniques and instrumentation - particularly those that are
highly automated - that take advantage of the increases in sensitiv-

ity and specificity but also reduce or eliminate the disadvantages of
derivatizations. As always, the rising to challenge will address and
meet these needs but it will also produce new ideas and interesting
chemistry.

I would like to thank the authors for their contributions to the
Special Issue on Analytical Derivatization which will inform col-
leagues about the advantages, challenges, and application of these
techniques. And I extend my thanks to Elsevier, the Editors and staff
of the Journal and particularly to Dimitrios Tsikas for their guidance
and encouragement in the preparation of this issue.
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