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What is Derivatization Extraction?

A derivatization extraction is where the analyte is converted into
a product which has a similar chemical structure to the original
analyte.

Why is Derivatization Extraction Important?

Derivatization extractions are often used to increase the
detectability of an analyte. Polar compounds are often less
volatile than non-polar compounds and therefore, can be
difficult to separate by gas chromatography (GC) with increasing
polarity there is also a higher likelihood of the compound
interacting with active sites on the column. Derivatization
extraction can also be used to improve the thermal stability of
the analyte which also has benefits for GC analysis.

Using a derivatization extraction procedure can also help to
improve selectivity.

Derivatization and Gas Chromatography

Derivatization is often critical for GC applications as compounds
containing polar N-H groups and O-H groups that are liable to
hydrogen bonding can be converted to non-polar groups. If the
compound is less polar it is more volatile and therefore more
amenable to being analyzed by GC.

Types of Derivatization Reaction

There are many different types of derivatization that may be
used depending upon the compound that is being analyzed.

One such reaction is silylation — trimethylsilyl ethers are capable
of improving the volatility of polar compounds. Functional
groups that are often seen as problematic for GC applications
such as, carboxylic acids, amines, thiols and phosphate groups
can be derivatized. Silylation is the replacement of an acidic
hydrogen with an alkylsilyl group. This can be done with BSTFA
(N,O-Bis(trimethylsilyl)trifluoroacetamide) which reacts with
active hydrogens to produce a trimethylsilyl (TMS) functional
group onto the compound. Trimethylsilylation can be done in
minutes and at room temperature if performing the
derivatization on a primary alcohol compared to hours at
elevated temperature and possibly with a catalyst such as
trimethylchlorosilane (TCMS) for an amide. In addition to time
and temperature it is important to add the silylating reagent in
excess.

A general rule is to add at least 2:1 molar ratio of BSTFA to active
hydrogens. This replacement with an alkylsilyl group yields
compounds that are less polar, more volatile and have greater
thermal stability.
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An example of this type of reaction would be lysergic acid amide
(LSD) which shows little to no response in GC analysis without
derivatization. The addition of a TMS group allows great
response and peak shape to be observed.

Another example of derivatization is esterification. Fatty acid
methyl ester (FAME) analysis is a necessity for compliance with
the US nutritional labelling and education act. Fatty acids can be
difficult to analyze by GC because they are highly polar and will
form hydrogen bonds leading to adsorption issues. To be able
to differentiate between the differences exhibited by
unsaturated fatty acids, neutralization of the polar carboxyl
functional groups is necessary.

The esterification of fatty acids to fatty acid methyl esters can be
performed with an alkylation derivatization agent. A catalyst
such as boron trichloride is also used in the esterification process.

Acylation is another commonly used method of derivatization
and is often used to add fluorinated groups to the compound of
interest. Acylation is used to reduce the polarity of amino,
hydroxyl and thiol groups as well as adding halogenated groups
for analysis by an electron capture detector (ECD). In contrast
with silylation, acetylation reagents tend to react with highly
polar, multi-functional analytes such as amino acids. Acetylation
converts these multi-functional analytes into esters, thioesters
and amides. The acylation are formed with acyl anhydrides, acyl
halides and activated acyl amide reagents — the anhydride and
acyl halides may form by-products which must be removed
before GC analysis.

A more complicated and hazardous sample preparation using a
derivatization procedure is to react an amino acid with ethyl
chloroformate and pyridine in the presence of ethanol. Ethyl
chloroformate is a toxic chemical which is fatal if inhaled so it is
critical that risk assessments must be followed with care and
attention. The following procedure was followed to conduct a
derivatization:

1. 15 uL amino acid standard was added to 2 mL secure-
lock tube.

2. 45 ul reagent grade water and 40 pL ethanol/pyridine
(4:1) was added to the reaction tube.

3. 5 pL ethyl chloroformate was added to the reaction
tube. The tube was then shaken for approximately 5
seconds.

4. 150 pL DCM was added with 0.01 g NaCl.
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5. The tube was then vortexed for 5 seconds.

6. The organic phase (bottom layer) was then extracted
and substituted for analysis.

The results from this analysis can be seen in Figure 1 and Figure
2. Figure 1 shows an expanded chromatogram of the amino acid
standard before derivatization and Figure 2 shows the expanded
chromatogram of the amino acid standard after it has been
subject to the derivatization procedure described in this
technical note.

The amino acids were not detectable by GC before they were
derivatized and so no peaks from the target analytes can be seen
in Figure 1. After derivatization, the peaks can be clearly seen by
GC and can be quantified. These figures highlight the
importance of ensuring that your target analytes are suitable for
your chosen analysis.

Advantages and Disadvantages of
Derivatization Extraction

Derivatization extraction can increase the detectability of the
target analyte. It is also able to allow for the analysis of
compounds which are not directly amenable because they may
have inadequate volatility or stability.

Some compounds may also produce poor chromatographs,
derivatizing the compound may improve the chromatographic
capability of the target analyte.

However, derivatization extraction is often more time
consuming than other extraction methods. The reagents thatare
required are often difficult to handle as they may be moisture
sensitive, like silylation reagents.
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Figure 1 Expanded chromatogram of the underivatized amino acid standard

11 12 13 14 15 16 1.7 18 18 2 21 22 23 24 25 26 27 28 29

31 32 33 34 35 36 3T 38 39 4 41 42 43 44 45 48 47 43 459 5 8

es.000} #Y
€0,000
55,000
£0,000°
45,000
40,000
35,000
30.000.

25,000

T

DerivitzationAug2518_08_2025 18_09_14_Deriviized_T1_1.0ATA

u,L_

RT |min)

1 11 12 13 14 15 16 17 18 19 2 21 22 23 24 25 286 27 28 29

Figure 2 Expanded chromatogram of the derivatized amino acid standard
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