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Workflow & Basic principle of LC-MS/MS

Ref: A brief history of mass spectrometry • healthcare-in-europe.com
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❖ Liquid-Liquid Extraction; LLE
❖ Protein Precipitation; PP
❖ Solid Phase Extraction; SPE

❖ Stationary Phase; SP = Column
❖ Mobile Phase; MP = Solvent

https://healthcare-in-europe.com/en/news/a-brief-history-of-mass-spectrometry.html
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System Main Workflows

Low-Resolution Mass 
Spectrometry

❖ Ion-Traps
❖ Single Quadrupole
❖ Triple Quadrupoles

m/z = 1 decimal point

High-Resolution Mass 
Spectrometry (HRMS)
❖ Time-of-flight (TOF)
❖ Orbitrap

m/z = 4 decimal point

Prepared sample LC-MS/MS Processing

m/z Gabapentin1

 = 172.2

m/z Gabapentin2 
= 172.1332

Ref: 1. https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bmc.826
        2.  https://academic.oup.com/jat/article/44/1/36/5520601?login=false

https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/bmc.826
https://academic.oup.com/jat/article/44/1/36/5520601?login=false
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Mass Analyzer : Orbitrap™ Technology
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• An ion packet of a selected m/z enters the field.

• Increasing voltage squeezes ions.

• Voltage stabilises and ion trajectories are also stabilized.

• Angular spreading forms a rotating ring.

• Ions trapped in an electrostatic field.

• Central electrode kept on high voltage.

• Outer electrode is split and able to pick up an image current induced by ion packets moving inside 
the trap.

Mass Analyzer : Orbitrap™ Technology
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Characteristic frequencies:

• Frequency of rotation ωφ
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Orbitrap Exploris Portfolio

Hybrid Orbitrap MSOrbitrap MS Tribrid Orbitrap MS

Orbitrap

+

Quadrupole

+

Linear Ion Trap

Orbitrap Exploris Series
Quadrupole-orbitrap Mass Spectrometer

• Targeted/non-targeted screening (MS)
• Unknown Identification (MS)
• Confirmation (MS/MS)
• Absolute and Relative Quantitation (MS and/or MS2)
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Orbitrap™ Technology HRAMS

HRAMS = High Resolution Accurate Mass Spectrometry

Mass Resolution = Ability of a mass spectrometer to distinguish

Mass Accuracy = The precision of which the mass is measured by the
                         mass spectrometer.
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High Resolution & High Accuracy

Why use Orbitrap MS ?

Orbitrap Exploris

Maximum resolution 
(FWHM): 480,000 at m/z 200

R = 360.1795 = 18,000
0.02000

R = 360.1770 = 100,000
0.0036

Increase Resolution

360.1795

FWHM = Full Width Half Maximum = m 

Increase Resolution
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makes confident
identification of known and unknown components 

Why use Orbitrap MS ?

Increase Resolution

Orbitrap Exploris

Mass Accuracy: 
<3 ppm for external calibration

<1 ppm for internal calibration

makes confident
identification of known and unknown components 

High Resolution & High Accuracy

=  Measured – Target monoisotopic mass  x 106

=  360.1880 – 360.1882    x 106       =   0.56  ppm

Target monoisotopic mass

360.1882

Mass accuracy or Mass error (ppm)

Increase Resolution



10

Precursor formular Mass Delta (ppm)

Mass Resolution & Accuracy
Measured m/z = 195.08775

Main advantage: the possibility to determine the 
elemental composition of individual molecular or 
fragment ions, a powerful tool for the structural 
elucidation or confirmation.

Specificity = Resolution + Mass Accuracy

Caffeine

Molecular formula: C8H10O2N4

Precursor adduct: [M+H]+
Precursor formula: C8H11O2N4

Precursor m/z: 195.08765

Mass                       Mass Accuracy (ppm) Precursor Formular
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100

892.60 892.65 892.70 892.75 892.80 892.85 892.90 892.95 893.00
m/z

892.7862

892.8323

892.7952

892.7377

892.8226

892.7903
100

892.7378

892.8246

100
892.7973

Mass Resolution & Accuracy

• Removing interferences

High resolution is very important for samples with 
complex matrix (e.g. biological, food), since they will 
contain a significant number of background ions.
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Mass Resolution & Accuracy
• Isobaric compounds separation
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Mass Resolution & Accuracy

• Fine Isotopic Pattern
L-Methionine (C5H11NO2S) [M+H]+
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Stability: Robust and Reproducible HRMS

UltimateTM 3000 UHPLC coupled to Q ExactiveTM : Full Scan MS: 
R=70K, d5-Hippuric acid, theoretical m/z 185.0969

Peak intensity (area) variation during 900 injections (blue) 
with according mass accuracy (peak apex scan, red)
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Orbitrap™ Technology 
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Orbitrap™ Technology 
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Resolution vs Sensitivity
No trade-off between resolution and sensitivity

• No compromise...both resolution and sensitivity are retained

• Analysis of trace compounds with maximum resolution and mass accuracy

(r,z)
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Mass Accuracy
Positive Mass Calibration
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Mass Accuracy
Positive Mass Calibration
(7 Days later)

Ext. calibration 0.8 ppm -> 1.3 ppm
Int. calibration 0.07 ppm -> 0.2 ppm
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Resolution vs Scan Speed
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Orbitrap™ : 
Modes of Acquisition
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Full Scan
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SIM: Selected Ion Monitoring 
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PRM: Parallel Reaction Monitoring (Product ion scan)

 

Retrospective analysis 
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PRM: Parallel Reaction Monitoring

QQQ

Q-Orbitrap
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AIF: All Ion Fragmentation
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(v)DIA: (variable) Data Independent Acquisition
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DDA: Data Dependent Acquisition (ddMS2)
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Orbitrap Applications Universe

Environmental
Testing
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System Main Workflows

High-Resolution Mass 
Spectrometry (HRMS)
❖ Orbitrap

m/z = 4 decimal point

Prepared sample LC-MS/MS Processing
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Targeted Quantitation
Fast LC-HRAM-MS quantification of 36 antidepressants in human plasma using 

  the Orbitrap Exploris 120 mass spectrometer for clinical research

Mariana Barcenas and Magnus Olin. Thermo AN66062. 2021

Samples of 50 µL plasma 


protein precipitated using 100 µL acetonitrile 
containing the internal standards



vortex-mixed and kept at room temperature 
for 5 min. 



vortex-mixed again


centrifuged 


The supernatant was transferred to a clean vial


2 µL were injected onto the LC-MS system.

Samples preparation

Liquid chromatograph
Model:  Vanquish Flex Binary UHPLC 
Mobile phase A: 5 mM ammonium formate + 0.1% formic acid in water
Mobile phase B: 5 mM ammonium formate + 0.1% formic acid in methanol
Column:  Thermo Scientific™ Hypersil GOLD™ Phenyl
  2.1 × 100 mm (1.9 µm) 
Column temperature: 40 °C 
Flow rate:  0.5 mL/min. 
Run time:  6.5 min

Mass Spectrometer
Model:  Orbitrap Exploris 120
Acquisition mode: Full Scan 
Resolution: 60,000
Scan range: 100–500 m/z
Ionization mode: HESI, positive

LC-HRMS Condition
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Targeted Quantitation

Mariana Barcenas and Magnus Olin. Thermo AN66062. 2021

Examples of targeted 
compounds, internal 
standards, chemical formulas, 
and exact masses of the 
protonated ion [M+H]+
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Targeted Quantitation

Mariana Barcenas and Magnus Olin. Thermo AN66062. 2021

The linearity was good for all compounds in the calibrated
range, with a coefficient of determination (R2) above 0.9932
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Targeted Quantitation

The lowest concentration of the diluted calibrators that had a mean back-calculated 
accuracy within 80 to 120% and a precision (CV) better than 20% are presented in the table. 

For all compounds, there is a possibility to extend the LLOQ below the lowest calibrator

Accuracy and precision 

(QC samples (mean, n=5))

• intra-assay accuracy: 85.2-113.9%,

• intraassay precision: <6.5%

• inter-assay accuracy 89.2-114.8%

• inter-assay precision: <6.4%



41

Metabolomics Case Study:
Metabolic alterations observed in 
plasma of mice fed high-fat diet
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Comparative Study | Diet Induced Changes in Mouse Plasma Metabolome
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Untargeted Metabolomics Workflow

Metabolic 
Pathway

Statistical AnalysisTrendsPathways

Collect High Resolution LC/MS Profiles

Lists of 
Compounds

Data Processing

Metabolites

t-MS/MS

Sample PreparationCollect Plasma, Urine, 
Feces, Tissues, etc.
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Compound Discoverer

Elemental composition

Isotopic pattern match

Annotation Source

Chromatogram 
overlay

Comparative study
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Compound Discoverer Software: Statistics
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Differential Analysis
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