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Gas Chromatography Reagents
Derivatization

Chemical literature contains an abundance 
of data on derivatization, most of which is 
relevant to particular compounds, classes of 
compounds and derivatization reagents. Two 
books are recognized as standards in the fi eld 
of analytical derivatization. The fi rst book, 
Handbook of Analytical Derivatization 
Reactions by Daniel R. Knapp1, provides a 
general collection of analytical derivatization 
methods for chromatography and mass 
spectrometry (MS) that involves formation 
of covalent derivatives prior to analysis. The 
second book, Silylation of Organic Compounds 
by Alan F. Pierce,2 “was a signifi cant factor 
in the transfer of silylation reactions from 
the relatively esoteric fi eld of organosilicon 
chemistry to the status of perhaps the most 
widely practiced of derivatization methods.”3

Compounds or compound mixtures 

are derivatized before analysis for 

the following reasons:

1.  To make a compound that otherwise could 
not be analyzed by a particular method 
suitable for analysis.4

2.  To improve the analytical effi ciency 
of the compound.5,6

3.  To improve the detectability of the compound.7

Suitability

Often compounds cannot be analyzed because 
they are not in a form that is suitable for the 
particular analytical technique. Examples 
include nonvolatile compounds for GC 
analysis,8,9,10 insoluble compounds for HPLC 
analysis and materials that are not stable 
using the conditions of the technique.11 The 
derivatization procedure modifi es the chemical 
structure of the compounds, allowing analysis 
by a desired technique.12

Effi ciency

Direct analysis can be diffi cult when 
compounds interact with each other or with 
the column. These interactions can lead to 
poor peak resolution and/or asymmetrical 
peaks that make proper peak integration 
diffi cult or impractical. This interference can 
be reduced with conversion to derivatized 
products.13,14 Compounds that exhibit co-elution 
can often be separated by using the 
appropriate derivatization methods.

Detectability

As demand increases for the analysis of 
increasingly smaller amounts of materials, it 
becomes important to extend the detectability 
range of the materials in question. This 
increased sensitivity can be accomplished 
by improved detector design that is directed 
toward specifi c atoms or functional groups.

Another popular approach to increase 
detectability is the use of derivatization. 
Enhanced detectability can be achieved by 
increasing the bulk of the compound, or by 
introducing atoms or functional groups that 
strongly interact with the detector.16,17 This 
technique is performed in gas chromatographic 
applications, with the addition of halogen 
atoms for electron capture detectors,18,19 
and with the formation of TMS derivatives 
to produce readily identifi able fragmentation 
patterns and mass ions.20

Types of Derivatization

Compounds containing functional groups with 
active hydrogens (-COOH, -OH, -NH and -SH) 
are usually derivatized prior to analysis by gas 
chromatography. These functional groups have 
a tendency to form intermolecular hydrogen 
bonds that affect the volatility, their tendency 
to interact deleteriously with column packing 
materials and their thermal stability. Silylation, 
acylation and alkylation are derivatization 
techniques used to alter these functional 
groups to improve their thermal and 
chromatographic character.

The ideal derivatization procedure will:

1.  Accomplish the desired modifi cation.

2.  Proceed quantitatively, or at least 
reproducibly.

3.  Produce products that are readily 
distinguishable and separable from the 
starting materials.

4.  Proceed rapidly with simple and straight-
forward laboratory techniques that will be 
both selective and applicable to a number 
of similar compounds.

5.  Involve reagents and reactions that present 
no unusual hazards.
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Thermo Scientifi c Silylation Reagents

Silyl derivatives are the most widely used derivatives for gas 
chromatographic applications. Usually they are formed by the 
replacement of the active hydrogens from acids, alcohols, thiols, amines, 
amides and enolizable ketones and aldehydes with the trimethylsilyl 
group. A variety of reagents is available for the introduction of the 
trimethylsilyl group. These reagents differ in their reactivity, selectivity 
and side reactions and the character of the reaction products from the 
silylation reagent itself. Considerable literature is available to assist you 
in the selection of the most suitable silylation reagent for your particular 
compounds or systems.1,2

Silylation reagents and trimethylsilyl derivatives are hydrolytically 
unstable and must be protected from moisture. However, the rate 
of hydrolysis for various reagents and derivatives is different, and 
sometimes it is possible to prepare derivatives in the presence of small 
amounts of moisture,21 or to isolate and purify derivatives by extraction 
in an organic solvent, followed by washing with aqueous solutions.22 
Reagents that introduce a t-butyldimethylsilyI group instead of the 
trimethylsilyl group were developed for greater hydrolytic stability.23 
These derivatives provide improved stability against hydrolysis 
and provide distinctive fragmentation patterns, making them useful 
in GC/MS applications.24

Most trimethylsilyl and t-butyldimethylsilyl derivatives offer excellent 
thermal stability and are suitable for a wide range of injector and 
column conditions. However, as the silylation reagents will derivatize 
nearly all active hydrogens, it is important that they are not injected onto 
any column in which the stationary phase contains these functional 
groups. Examples of packings that are not compatible with silylating 
reagents are polyethylene glycols (TG-WaxMS) and free fatty acid 
phases (TG-WaxMS A).
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Thermo Scientifi c Acylation Reagents

Acylation is the conversion of compounds (through the action of a carboxylic 
acid or a carboxylic acid derivative) that contain active hydrogens such 
as -OH, -SH and -NH to esters; thioesters; and amides.1 In chromatographic 
applications, the acylation reaction is used primarily for converting the 
above classes of compounds into derivatives that are better suited for 
chromatography2 or that give a greater response to the chromatographic 
detection system than the parent compound.3

An important example of this application is the insertion of perfl uoroacyl 
groups into a molecule to enhance the detectability of the substance by 
electron capture. The presence of a carbonyl group adjacent to the 
halogenated carbons enhances the electron capture detector (ECD) response.

Acyl derivatives are also useful in MS applications in which they 
infl uence the fragmentation patterns of the compounds to be studied.4
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Thermo Scientifi c Alkylation Reagents

When used in derivatization for gas chromatography, alkylation represents 
the substitution of an active hydrogen by an aliphatic or aliphatic-aromatic1 
(benzyl) group. This technique is used to modify those compounds containing 
acidic hydrogens, such as carboxylic acids and phenols. The principal 
chromatographic use of this reaction is the conversion of organic acids 
into esters, which produce better chromatograms than the free acids.

In addition, alkylation reactions can be used to prepare ethers, thioethers 
and thioesters; N-aIkylamines; and amides.2 As the acidity of the active 
hydrogen decreases, the strength of the alkylating reagent must be 
increased. As the reagents and conditions become harsher, the selectivity 
and applicability of the methods become more limited.
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