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Chemical Derivatization for the Analysis of Drugs by
GC-MS and LC-MS
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ABSTRACT: Utilizing chemical derivatization (CD) to improve gas chromatographic (GC) and GC-mass 
spectrometric (MS) analysis of drugs has been abundantly studied and widely practiced, while in liquid chromatography 
(LC) and LC-MS, application of CD approaches is still at an early stage. Silylation, acylation, and alkylation are 
common CD reactions, long adopted by GC and GC-MS (including GC-MS/MS) methodologies, to improve 
analytes’	 stability	 and/or	 to	 optimize	 their	 extraction/separation	 and	 detection	 efficiencies.	 Highly	 polar	 and	
nonvolatile analytes are not amenable to GC-MS analysis without the CD step; however, CD can improve LC-MS 
analysis of highly polar analytes, especially those with low molecular weights. Many CD reagents developed for 
GC and GC-MS applications are also effective in LC-MS. Other CD reagents are developed for LC-MS to enhance 
analytes’ performance under electrospray and atmospheric pressure ionization sources. Certain CD reagents are 
designed to facilitate analytes’ fragmentation (upon collision-induced dissociation) in generating intense product 
ions for sensitive MS/MS detection. In this review, various CD reagents, reaction types, and application examples 
are presented and discussed, with emphases on GC-MS and LC-MS analysis of drugs of abuse.

KEYWORDS: Acylation, alkylation, chemical derivatization, drug analysis, enantiomeric separation, GC-MS, 
GC-MS/MS, LC-MS, LC-MS/MS.

INTRODUCTION

Application of Chemical Derivatization (CD) in Gas 
Chromatography (GC) and GC-Mass Spectrometry (MS)
 A series of sample preparation steps are often applied to 
a test specimen (typically with complex matrix) to prepare 
the analyte for analysis by the instrumental method of 
choice. One potential step is the conversion of the analyte 
to a more suitable form (for analysis) through a well-
designed CD route. This CD option, thereby incorporated, 
may inadvertently increase the analytical cost; it may 
also complicate data interpretation caused by uncertainty 
on the completeness of an analyte’s conversion process 
and other interfering factors, such as the introduction of 
impurities. However, drugs are often derivatized prior to 
their GC methods of analysis to improve their analytes’ 
(a) volatility and stability (e.g., in the GC injection 
port); (b) chromatographic property and/or separation 
efficiency;	(c)	functional	group	characterization;	and	(d)	
analysis by non-mass spectrometric selective detection 
methodologies (e.g., electron capture and nitrogen-
phosphorus detection) [10]. With MS detection in GC-MS 
(including GC-MS/MS) methodologies, the CD step can 
also (a) generate favorable mass shift in mass spectra; 
(b) modify fragmentation pattern; and (c) facilitate the 
chemical ionization methodology [10].

Application of CD in Liquid Chromatography (LC) and 
LC-MS
 One commonly cited advantage of the LC and LC-
MS (including LC-MS/MS) methodologies is that highly 

polar and/or low volatile analytes can be directly analyzed 
without the CD step. It was soon recognized, however, 
that	CD	can	significantly	benefit	the	LC-MS	methods	for	
the analysis of certain categories of analytes, e.g., highly 
polar short-chain acids [60] and steroid hormones [7]. 
Still at an early stage of development, to what extent CD 
approaches	can	benefit	the	LC-MS	methodology	is	yet	to	be	
fully realized; nevertheless, numerous studies have already 
demonstrated that CD can improve stability, optimize 
recovery and separation, and enhance the detection of 
many analytes [12].

Scope and Relevance of This Review
 Figure 1 [16] illustrates the approximate ranges 
(in terms of polarity and relative molecular mass) over 
which GC-MS and electrospray ionization (ESI) and 
atmospheric pressure chemical ionization (APCI) LC-MS 
can be successfully applied to the analysis of selected 
compound classes. CD has the potential to favorably 
alter the ionization properties of analytes. For example, 
organic acids can be derivatized to reduce their polarity 
for electron impact (EI) GC-MS analysis or derivatized 
to increase their polarity, making them more amenable to 
analysis by positive ESI LC-MS.
 Having noted this expanded role played by CD, 
we wish to widen the scope of an earlier review [27] to 
include CD’s applications in LC-MS. Since scientists 
from the bioanalytical, pharmaceutical, environmental, 
and food-safety evaluation communities have been mainly 
responsible for these advances, most analytes included 
in their studies are not of particular interest to forensic 
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