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Sensitive and Stable High Resolution Mass Spectrometry
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General ideas for analyzing small molecules from mixtures.

HPLC – Block Diagram

Liquid 
Chromatography Detector (DAD / FLD / RI)



(U)HPLC System

• Pump : - Mix two or more solvents

       - Control the flow rate of mobile phase and analytes

• Degasser : Remove air bubble in solvents

• Autosampler : Inject the sample into a running system

• Column : Separate each components

• Column Compartment : Control a column temperature

• Detector : Detect signal from analytes after separation

DAD (UV, VIS) Fluorescence Reflective Index Mass Spectrometer
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Liquid Chromatography (LC)

Stationary Phase

Mobile Phase (continuous)
1.9

4.7

6.3

Retention time  Identification

Peak area  Quantification

• Liquid Chromatography (LC) : Separation technique which liquid is used as mobile phase.

• Separation : Between two phases (Stationary phase and Mobile phase)

• Compounds are separated from each other based on their difference in affinity for the stationary or mobile phase.
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The smaller the particles, the better the separation performance  

But!! Smaller particles generate higher back pressure

• UHPLC: Ultra High Performance Liquid Chromatography

Typical

Particle Size

Typical

Back Pressure

Typical 

Column Diameter

Preparative HPLC 100 – 10 µm 10 - 100 bar 21 mm

Conventional HPLC 5 – 3 µm 100 – 300 bar 4.6 mm

UHPLC ≤ 3 µm ≥ 600 bar 2.1 mm

• HPLC:    High Performance Liquid Chromatography

(U)HPLC System
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Advantage of Small Particle & High Flow
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(U)HPLC Portfolio
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https://www.thermofisher.com/th/en/home/products-and-services/promotions/industrial/explore-vanquish-hplc-uhplc-systems.html

Perfect (U)HPLC System
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General ideas for analyzing small molecules from mixtures.

Liquid 
Chromatography Detector (DAD / FLD / RI)

HPLC: Block Diagram
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Liquid 
Chromatography Mass Spectrometer

LCMS: Block Diagram



“The basis in mass spectrometry (MS) is the production of ions, that are subsequently separated or

filtered according to their mass-to-charge (m/z) ratio, and detected.”

Niessen et al., LC-MS: Principles and Applications, 1992, Marcel Dekker, Inc., New York, p. 29.

• Measure gas-phase ions

• Operate at very low pressure (10-5 to 10-7 torr)

• Mass spectrometer works with IONS

• Determine the mass are separated according to 

their mass-to-charge (m/z) ratio

Mass Spectrometry (MS)
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(1023.566 x 1) - 1 

= 1022.6

(512.287 x 2) - 2 

= 1022.6

Mass to charge (m/z) = ( molecular weight + charge ) / charge

Information Rich Data & Mass Spectrum
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• Molecular weight
• Elemental composition
• Empirical formula
• Molecular structure
• Unambiguous Identification
• Mass specific response
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LCMS: Block Diagram

Liquid

Chromatography
Ionization

• Columns
• Solvent systems

• ESI
• APCI
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Ionization

• Ion source : Converts sample molecules (neutral) into charged molecules or 

molecular ions.

• Type of ionization techniques

o Matrix Assisted Laser Desorption Ionization (MALDI)

o Atmospheric Pressure Ionization (API)

- Electrospray Ionization (ESI)

- Atmospheric Pressure Chemical Ionization (APCI)

No one ionization technique is applicable 

to all classes of chemical species !

Ion Source



Ion Source

API (Atmospheric Pressure Ionization)
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Electrospray Ionization (ESI)
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Atmospheric Pressure Chemical Ionization (APCI)
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LCMS: Block Diagram

Liquid

Chromatography
Ionization Mass Analysis

• Columns
• Solvent systems

• ESI
• APCI

Detector

• Ion Trap
• Triple Quadrapole
• ToF
• Orbitrap
• Etc.



19

Type of Mass Analyzers

• Scanning or Filtering ( Separation in Space)

–Quadrupole

–Magnetic Sector

• Pulsed or Batch ( Separation in Time)

–Ion Trap

–FT-ICR

–Time-of-Flight

–Orbitrap
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Scan or Filter (Separation in space)

Quadrupole or Triple Quadrupole

Source

Detector
Nonresonant Ion

Resonant Ion

dc and Rf voltages

rf and -dc

rf and +dc
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Scan or Filter (Separation in space)

Magnetic Sector
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Pulsed or Batch (Separation in time)

Ion Trap
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Pulsed or Batch (Separation in time)

FT-ICR (Fourier-Transform Ion Cyclotron Resonance)
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Pulsed or Batch (Separation in time)

ToF (Time of Flight)
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LCMS: Block Diagram

Liquid

Chromatography
Ionization Mass Analysis Detector

• Ion Trap
• Triple Quadrapole
• ToF
• Orbitrap
• Etc.
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LCMS: Block Diagram

Liquid

Chromatography
Ionization Mass Analysis and Detector

• Orbitrap



Orbitrap
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Alexander Makarov
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Orbitrap Analyzer – An Electrostatic Trap

• 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
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A. Makarov, Anal. Chem 2000, 1156-1162
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(r,φ)                (r,z)

• 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

Ion Injection and Formation of Ion Rings
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Detection of Ions

• Ion packets enter the analyzer slightly off axis

• The field inside the trap effects an oscillation of the ion packets/rings

• The moving ion rings induce an image current on outer electrodes

zm

k

/


• The frequency of harmonic 

oscillations is proportional 

to ions’ m/z
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Fourier Transform

• Mathematical operation transforms frequency signal into a time domain spectrum

• Orbitrap is a Fourier transform-based mass analyzer

Baron Joseph Fourier

Scigelova et al. Mol. Cellular Proteomics 2011, 10: M111.0009431
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Makarov A. Anal. Chem. 2000, 72, 1156-1162.

Characteristic frequencies:
• Frequency of rotation ωφ

• Frequency of radial oscillations ωr

• Frequency of axial  oscillations ωz

(r,z) (r,φ)

Image Current

Orbitrap
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Orbitrap
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Hybrid Mass Analyzers

• QTrap = Quadrupole + Ion Trap

• IT Tof = Ion Trap + Time of Flight

• QTof = Quadrupole + Time of Flight

• LTQ Orbitrap = (Linear) Ion Trap + Orbitrap

• Q Exactive = Quadrupole + Orbitrap
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Tribrid Mass Analyzers

• Quadrupole + Linear Ion Trap + Orbitrap
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• Hybrid quadrupole with orbitrap mass analyzer families
• Exactive and Q-Exactive

• Faster scan speed than Orbitrap Elite

• Fitted for small molecule and big molecule application (wide mass range and high dynamic range)

• QE HF is done same resolution with OT Elite

• Can be operated like Elite and much more*

• Hybrid iontrap with orbitrap mass analyzer families
• Orbitrap Elite

• Dedicated for proteomic and intact protein application (max resolution >240K)

• Multiple fragmentation support (CID,HCD and ETD)

• Tribrid quadrupole with orbitrap with iontrap families
• Orbitrap Fusion/Lumos

• Highest performance among all OT HRMS model

• Fastest scan speed 

• Highest mass resolution

• Multiple fragmentation support (CID, HCD, UVPD and ETD)

• Can be operated like Elite or QE and much more

Orbitrap Families
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Orbitrap MS Portfolio

 Ultra high resolution, fast scan speed and good sensitivity

 Excellent mass measurement accuracy and precision

 High quality MS/MS spectrum (MSn capability)

Q Exactive Focus 

Q Exactive Plus 

Q Exactive HF 

Q Exactive HF-X 

Exploris 480 

Orbitrap Eclipse 

70,000 @m/z 200
12 Hz @17,500

140,000 @m/z 200
12 Hz @17,500

240,000 @m/z 200
18 Hz @15,000

240,000 @m/z 200
40 Hz @7,500

480,000 @m/z 200
40 Hz @7,500

1,000,000 @m/z 200
40 Hz @7,500



QExactive
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• Common fragmentation method

• Increase ion energy to move faster and 

collide with neutral gas molecules

• High pressure

QExactive (HCD)
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www.planetorbitrap.com/q-exactive-plus#.WmoCMeRG31X

QExactive
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Orbitrap Technology HRAM

•HRAM = High Resolution Accurate Mass spectrometry

•Mass Resolution = ability of a mass spectrometer to distinguish between 

ions of nearly qeual m/z ratios (isobars).

•Mass Accuracy = the precision of witch the mass is measured by the 

mass spectrometer.
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• Ability of a mass spectrometer to distinguish between ions of nearly equal m/z ratios (isobars).

•  m    - measured mass

• Δm - peak width measured at
50% peak intensity (Full 

Width Half Maximum) 

Mass Resolution
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• Typical values of resolution for
Low resolution mass analyzers
(e.g. quadrupoles and ion traps)
are below 5000.

• High resolution instruments have
a resolution exceeding 15000.

Mass Resolution: What is it?



• It is possible to have combinations of atoms which have the same nominal mass but different accurate mass

• Nominal mass measurements cannot distinguish these compounds

• These elemental combinations have the same nominal mass but different accurate mass

• If such compounds can be mass measured with sufficient accuracy it is possible to determine elemental composition

Why High Mass Resolution
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• Enables accurate mass

• Increases confidence of identification

• Improves quantitative accuracy

• Gives access to qualitatively different information

More on the topic: N. Cortes-Francisco et al., Accurate mass measurements and ultrahigh-resolution: 
evaluation of different mass spectrometers for daily routine analysis of small molecules in negative 
electrospray ionization mode. Anal. Bioanal.Chem. 2011, 400: 3595-3606.

Why High Mass Resolution



(            )
• Mass Accuracy is the precision of which the mass is

measured by the mass spectrometer.

• Exact Mass is the mass of an ion with a given empirical
formula calculated using the exact mass of the most
abundant isotope of each element

• Mass error reporting in ppm (relative mass error)

Mass error = Measured – Theoretical x 106 = ppm(                 )Theoretical

C = 12.0000
H =   1.0078

N = 14.0031

O = 15.9949

S =  31.9721

786.6003 (-1.19 ppm)

794792790788786

100

90

80

70

60

50

40

30

20

10

786.60124

787.60463

788.60773

789.61068

786.70 (+124 ppm)

error =   786.6003 – 786.60124    x 106

786.60124

(            )error =   786.7000 – 786.60124    x 106

786.60124

Mass Accuracy

Good

Not so good
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• Increases confidence in identification

CxNxOxHx

C12H22O11

Mass Accuracy
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• Main advantage: the possibility to determine the elemental composition of individual molecular 

or fragment ions, a powerful tool for the structural elucidation or confirmation.

CH3OH

Mass Resolution & Accuracy
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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
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• Isobaric compounds separation

Mass Resolution & Accuracy
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• 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

Mass Resolution & Accuracy
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Stability: Robust and Reproducible HRAM

Instrument: UHPLC 
UltiMate3000 coupled 
with Q Exactive

Mode: Full scan MS
Resolution 70,000

D5-Hippuric acid, 
theoretical m/z 185.0969 
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Stability: Robust and Reproducible HRAM

• Peak intensity (area) 

variation during 900 

injections (blue) with 

according mass 

accuracy (peak apex 

scan, red)
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Data From Bristol-Myers Squibb Company

Accuracy and stability of mass measurement are crucial for metabolite identification
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Q ToF
Error Range = 17.65 ppm !

Q Exactive
Error Range = 1.55 ppm 

12 scans  12 scans 

QToF QExactive

Stability: Robust and Reproducible HRAM
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Amino Acid Full Scan LOQ

Data courtesy Stanford University

Good sensitivity is fundamental need for metabolite analysis

Stability: Robust and Reproducible HRAM
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Mode of Acquisition

• Full Scan
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Mode of Acquisition

• SIM: Selected Ion Monitoring
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Mode of Acquisition

• PRM: Parallel Reaction Monitoring
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Mode of Acquisition

• PRM: Parallel Reaction Monitoring
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Mode of Acquisition

• AIF: All Ion Fragmentation
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Mode of Acquisition

• DDA: Data Dependent 

Acquisition (or ddMS2)
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Mode of Acquisition

• DDA: Data Dependent 

Acquisition (or ddMS2)
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Mode of Acquisition

• vDIA: (variable) Data 

Independent Acquisition
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Mode of Acquisition

• vDIA: 

(variable) 

Data 

Independent 

Acquisition
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Orbitrap Application Universe



66

http://planetorbitrap.com/

Additional Information
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http://analyteguru.com/

Additional Information
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Thank you for you attention


