
Fourier Transform Ion Cyclotron Resonance Mass Spectrometry (FT-ICR MS) 

FT-ICR MS is high-resolution technique that 
can be used to highly-complex mixtures.

JPEC is the only research institute applying 
FT-ICR MS to oil analysis in Japan.

Petroleum science field based on molecular 
level information provided by FT-ICR MS is 
called “Petroleomics”.
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Detector of ions
Ultra-high vacuum (~10-10 mBar)

Refrigerant: 
Liquid He (-268.9℃)

Ultimate way to increase resolving power of FT-ICR MS is to increase the strength of 
magnetic field.
High filed (12 Tesla) is appropriate for analysis of heavy oil sample.
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4 peaks are detected
(Resolution power: 5,000) 

Resolved into ～40 peaks
(Resolution power: 1,000,000) 

State of the art 
analytical technique  

Conventional MS  

Mass accuracy up to 4th decimal places makes it possible to 
assignment of molecular formula for almost all peaks.  

Target of FT-ICR MS

Detailed information of high boiling fraction 
over 360℃ is essential to understand 
underlying chemistry of the upgrading process.

Conventional analysis 
techniques (GC, GC×GC) are 
available.
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組成・構造解析技術が
概ね確立している。
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Petroleomics technology gives molecular level structural information, especially aromatic and 
naphthenic ring structure.
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Conventional analysis Petroleomics(FT-ICR MS)

Analysis of heavy oil components with Fourier transform 
ion cyclotron resonance mass spectrometry (FT-ICR MS)

Atmospheric Pressure PhotoIonization

Laser
Desorption
Ionization

Laser
Desorption
Ionization

Laser
Desorption
Ionization

Silver
cationization

Energy Fuels
2013,27,7348
-7353

Vacuum residue

Japan Petroleum Energy Center

1) Peak detection

Composer

2) Recalibration

3) Molecular formula assignment

C25H28
C26H30
C27H32
C28H34

C27H43N
C28H45N
C29H47N
C30H49N

C23H29NS
C24H31NS
C25H33NS
C26H35NS

C22H28O
C23H30O
C24H32O
C25H34O

In-house software
(JPEC)

4) Data visualization

CrudeA（Arabian Heavy）
(API 27.6)

S
HC

N

1,2A

Fraction Yileds (wt%)
Sa      1A 2A 3A+    Po    PA      As

25.2   14.4 8.5 26.1   7.2  11.4    7.2 

Crude B
(API 12.4)

S
HC

N
Fraction Yields (wt%)

Sa      1A     2A    3A+    Po      PA       As
21.8   11.1   6.8  24.4   10.1   15.2   10.6 

Crude C
(API 21.8)

S
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N

Polyaromatics

1 and 2 rings 
aromatics

Fraction Yields (wt%)
Sa      1A     2A    3A+    Po      PA       As

17.6   10.1   4.9  21.7   14.1   15.2   16.4
【Double Bond Equivalent (DBE) Plot】
Crude B : Distribution over a wide DBE range

Crude C : Bimodal distribution
Low DBE ~ 1 and 2 rings aromatics 
High DBE ~ Polyaromatics
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①Pretreatment

①Molecular formula assignment

②Data visualization

③Processing

②FT-ICR MS

What’s FT-ICR MS? Features of Analysis

What’s FT-ICR MS?

Output

Ultra-high resolving power reveals fine structure of isotopic peaks.  

Heavy oil components are analysed with this method.
Light oil like as Kerosene, Gasoil, Plastic recycle oil and Biomass oil are not covered.
Carbon number/molecular weight range

: Carbon number 14～100/ molecular weight 250～1200
Analysis target  : Hydrocarbon as oil（Sa, 1A, 2A, 3A+, Po, Pa, As）, N, S, O, V

The sample is separated into 7 fractions as pretreatment.

C H N O S molecular formula
1 14 12 0 0 1 C14H12S
2 15 12 0 0 1 C15H12S
3 15 13 1 0 0 C15H13N
4 15 14 0 0 1 C15H14S

↓ ↓ ↓ ↓ ↓ ↓
43 17 17 1 0 0 C17H17N
44 17 17 1 1 0 C17H17NO
45 17 18 0 0 0 C17H18
46 17 18 0 0 1 C17H18S

↓ ↓ ↓ ↓ ↓ ↓
13424 93 120 0 0 0 C93H120
13425 93 129 1 0 0 C93H129N
13426 94 108 0 0 0 C94H108
13427 94 118 0 0 0 C94H118

【List of all components】
Tens of thousands of 
molecules can be 
detected.


