
Chemical derivatization



Derivatization in liquid chromatography and mass spectrometry

• Aims:

• increase analyte stability

• increase solubility

• improve chromatographic properties

• increase detection sensitivity

• increase selectivity

• reduce matrix effect

• allow chiral separation in achiral systems



What we expect from the derivatization reaction:

• completion in a reasonable time frame (preferably: fast)

• should not require highly special technologies

• should yield a single product of each analyte

• should be reproducible if not quantitative

• robustness with respect to the matrix composition

• should be non-toxic

• feasible in aqueous medium



• pre-column derivatization: part of the preanalytical workup

• post-column derivatization: part of the analytical assay

Derivatization in liquid chromatography and mass spectrometry
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Method in plasma:

N
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• sample preparation:

• 500 µL plasma + 10 µL internal standard solution + 500 µL water

• add 2 mL EtOAc, vortex 2 min, centrifuge, repeat process, combine organic phases

• evaporate to dryness

• add 100 µL 1 mg/mL dansyl chloride in AcN + 25 µL 0.1 M NH4CO3, keep at 45 °C / 15 min

• add 20 µL 0.5 M HCl, vortex

• add 50 µL AcN + 105 µL water

• analysis: LC-ESI(+)-MS/MS, run time: 17 min

• SP: C18 50x2.1 mm, 1.7 µm + biphenyl 50x2.1 mm, 1.7 µm

• MP: water (A), acetonitrile (B), both containing 0.1% formic acid

• sample volume: 10 µL, 15 °C 

• FR: 0.2 mL/min

• CTO: 35 °C

• MS mode: MRM
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(DATAN)

DCM:AcOH 4:1
75 °C, 30 min*

*

lactic acid

Scheijen JLJM et al. Exp Diabet Res 2012, ID234812.



Method in plasma:

• sample preparation:

• 25 µL plasma + 25 µL internal standard solution

• add 600 µL methanol:acetonitrile 1:1, vortex, centrifuge

• evaporate to dryness

• add 50 µL 50 mg/mL DATAN in DCM: AcOH 4:1, keep at 75 °C / 30 min

• evaporate to dryness

• reconstitute in 150 µL water:AcN 2:1.

• analysis: LC-ESI(-)-MS/MS, run time: 6 min

• SP: C18 100x2.1 mm, 1.7 µm

• MP: water/0.0015 M NH4OOC, pH=3.6 (A), acetonitrile (B)

• gradient: 0.5% B, 3 min – 3% B, 3.01 min – 40% B, 5 min – 0.5% B

• sample volume: 2 µL, 6 °C 

• FR: 0.5 mL/min

• CTO: 31 °C

• MS mode: MRM



25-hydroxyvitamin D3 3-epi-25-hydroxyvitamin D3



PTAD: 4-phenyl-1,2,4-triazoline-3,5-dione

Higashi T et al. Anal Bioanal Chem 2008;391:229.



PTAD: 4-phenyl-1,2,4-triazoline-3,5-dione

AcN
vortex 1 h at RT



Higashi T et al. Anal Bioanal Chem 2008;391:229.



Method in saliva:
• sample preparation:

• 1.0 mL saliva + 20 pg internal standard solution

• add 2.0 mL acetonitrile vortex, centrifuge

• add 3.0 mL water to supernatant, apply to Strata-X wash: 2 mL water, 2 mL water:MeOH
3:7. Elute: 1 mL EtOAc.

• add 25 µL 0.1 mg/mL PTAD in EtOAc, keep at RT / 30 min, add 25 µL PTAD/EtOAc, keep at RT / 
30 min.

• add 40 µL EtOH, evaporate to dryness

• reconstitute in 30 µL MP.

• analysis: LC-ESI(+)-MS/MS, run time: 6.5 min

• SP: C18 150x2 mm, 5 µm

• MP: methanol/0.01 M NH4OOC (A)

• sample volume: 10 µL

• FR: 0.2 mL/min

• CTO: 40 °C

• MS mode: MRM





Qualitative and quantitative analysis using
HPLC-QQQ-MS/MS



Remember:
when you use MS, you increase the number of analytical

dimensions. That will NOT make you life easier.



Identification of target substances in MRM mode

1. retention time: set appropriate retention time window!

2. acquire an amount of data points that are enough for obtaining smooth
gaussians

3. use qualifier ion transitions and always check ion ratios. Limits of toleration are
typically ±20% or ±30%.



Basic rules of quantitation using a mass spectrometer

• check selectivity, sensitivity and the matrix effect when selecting your ion 
transitions for quantitation

• use a calibration curve containing enough data points and covering the range of 
expected analyte concentrations

• perform calibration at the beginning of each sample batch

• find the proper fitting algorithm (linear or quadratic)

• use matrix calibrators if possible



Using weighted regression for generating calibration curves

ordinary least squares weighted least squares



Weighted fits for calibration



Quality control of assays – why is it important?

• The MS is not a stable detector various ion transitions are affected in various
manners!

• Autosampler tray stability of analytes and internal standards may not be 100% over the
run.

• QC is a fundamental requirement for interlaboratory comparisons.

• misquantitation may be a result of:

• chemical degradation

• contamination of the ion optics

• appearance of interferences in the ionchromatograms



What sort of quality control do you need?

… That depends on the type and quality of 
information you would like to attain.

… And the regulations you are required to stick to.



Quality control of assays – approaches

Approach Identifited assay errors

multilevel matrix controls run at least at the
beginning and at the end of the batch

loss of the validity of calibration due to
contamination of the ion optics

spiked matrix samples matrix-specific contamination of the ion optics

repeat analysis if prepared sample is reassayed: lack of system
stability
if collected sample is reassayed: lack of 
reproducibility

incurred sample reanalysis lack of system stability

external quality assessment scheme suboptimal method performance



Interpretation of internal QC results: Levey-Jennings curves





Interpretation of Levey-Jennings charts: the Westgard multirule
quality control approach

Warning
rule



Within-run!



Interpretation of internal QC results: the Westgard Sigma Rules



Interpretation of the reports of external quality assessment
schemes









Yundt chart


