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introduction



Mass spectrometry Astrophysics
??

Titan, complex chemistry

meteorites

UV

Primitive ice
Irradiation, comets

H, C, N

H, C, N, O

H, C, N, O, S, Mg, Fe, ….



Examples

•Titan analog material
•meteorites



Quad masse filter

60 uma luckily upgraded in 100 
amu

Resolution limited to 1 amu

m/z 28  

N2
+, C2H4

+, HCNH+

Cassini (INMS) 
ionic densities in Titan  ionosphere

C7NH+ 99.0109 resolution

C8H3
+ 99.0235 7857

C4N3H9
+ 99.0797 1761

C5N2H11
+ 99.0923 7857

C6NH13
+ 99.1049 7853

C7H15
+ 99.1174 7920



070511_Lot2MeOH_b #3-76 RT: 0,08-2,12 AV: 74 NL: 1,69E7
T: FTMS + p ESI Full ms [50,00-800,00]
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Titan Analog Material
In High resolution mass spectrometer



11_Lot1MeOH_b #661-717 RT: 19,27-20,83 AV: 57 NL: 3,02E5
MS + p ESI Full ms [50,00-500,00]
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11_Lot1MeOH_b #664-702 RT: 19,35-20,42 AV: 39 NL: 3,04E5
MS + p ESI Full ms [50,00-500,00]
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C=12.0000
H=  1.0078
N=14.0031

Resolution : M/ΔM > 100 000
Precision : 2.10-6



One formula, One exact mass.
1H : 1.007825032 u

C5H10N4O2 : 158.080376 u

12C : 12.00000000 u
14N : 14.00307401 u
16O : 15.99491462 u C10H10N2 : 158.084398 u

Δm/m = 25.44 ppm, required resolution : 2m/Δm ~ 80000

Full range spectrum 140‐180 range spectrum

ORBITRAP
High resolution can
detect 4 peaks in 

0.006 u
FTICR-MS in Schmitt-Kopplin et al.2010 
(Supplementary material)



Instruments

•FT ICR
•FT Orbitrap



2 methods to record periodic
movements of ions

• FTICR
– intense magnetic fields (~10 tesla)
– Trapping in 2 dimensions by B
– Trapping in 3rd dimension by E
– RF Excitation on 2 plates
– Non destructive Detection of ω by 

induced curent on 2 plates
� ω=eB z/m

• FT Orbitrap
� ω=k (z/m)1/2

FFT



zm
k
/

=ω



Information used to retrieve
the chemical composition

•Mass defect
•Isotopic pattern



Element masse abundance(%) m+1 abundance(%) m+2 abundance(%)

H 1.00782 99.99 2.0141 0.015
C 12 98.9 13.0034 1.1
N 14.0031 99.63 15.0001 0.37
O 15.9949 99.76 16.9991 0.038 17.9992 0.2

exact masses !



Mass Defect Nuclear Physics
= 

Chemical Information



Isotopical abundancies,
isotopical fingerprint…
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R=130992
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219.33610
R=158473

217.06960
R=181837
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219.07384
R=181331

220.07720
R=181020

NL:
2.92E7
blanc de la solution etalon 
tube2#2259-2314  RT: 
16.52-18.11  AV: 56 F: FTMS + 
p ESI Full ms [50.00-300.00] 

NL:
2.11E4

C8 H10 O2 N4 Na: 
C8 H10 O2 N4 Na1
p (gss, s /p:40) Chrg 1
R: 182000 Res .Pwr . @FWHM

M

Simulation

Caféine, C8H10O2N4Na

M+1 M+2

Example on cafeine

M+3
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NL:
2.92E7
blanc de la solution etalon 
tube2#2259-2314  RT: 
16.52-18.11  AV: 56 F: FTMS + 
p ESI Full ms [50.00-300.00] 

NL:
2.11E4

C8 H10 O2 N4 Na: 
C8 H10 O2 N4 Na1
p (gss, s /p:40) Chrg 1
R: 182000 Res .Pwr . @FWHMC713CH10O2N4Na

C8H10O2N3
15NNa

Measured (9% of main peak)

Simulation (9% of main peak)

M+1

C8H9DO2N4Na
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2.92E7
blanc de la solution etalon 
tube2#2259-2314  RT: 
16.52-18.11  AV: 56 F: FTMS + 
p ESI Full ms [50.00-300.00] 

NL:
2.11E4

C8 H10 O2 N4 Na: 
C8 H10 O2 N4 Na1
p (gss, s /p:40) Chrg 1
R: 182000 Res .Pwr . @FWHM

C8H10O18ON4Na

C713CH10O2N3
15NNa

C613C2H10O2N4Na

Measured (0.15% of main peak)

Simulation (0.4% of main peak)

M+2
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NL:
2.19E7
test stabilite isotopique 
calmix#12-1000  RT: 
0.32-28.70  AV: 989 T: FTMS + 
p ESI SIM ms [182.50-207.50] 

NL:
2.11E4

C8 H11O2 N4: 
C8 H11O2 N4
p (gss, s /p:40) Chrg 1
R: 200000 Res .Pwr . @FWHM

M+3

0.02% of main peak!
Still good aspect



methods to retrieve the 
chemical composition

•Data reduction
• data representation

•Best candidate formula search
•Molecular Data test and interpretation



Procedure of data treatment

Remove « noise » Reduce to centroids

Question, where to cut between noise and signal?
Question, what about peak overlaps?

+



Intensity vs Mass 

mass defect vs mass spectra



Slope statistics

Question : graph theory?





Search for ?best?
molecular formula

73.0469
Si(CH3)3

Problem, the method explodes with molecular size and number of species
Question, autres méthodes plus efficaces pour trouver la meilleure solution



Result : Mass Intensity atoms

1.54E+080524C4 H2 N5       120.0316120.0316

40251350277C7 H7 N2       119.0615119.0614

985980080435C5 H3 N4       119.0363119.0363

181354420346C6 H4 N3       118.0411118.0411

446741680504C4 N5          118.0159118.0159

410643360415C5 H N4        117.0207117.0207

206734580326C6 H2 N3       116.0254116.0254

85162990563C3 H6 N5       112.0629112.0629

39512742165C5 H6 N O2     112.0404112.0414

192453240474C4 H7 N4       111.0676111.0676

42175680385C5 H8 N3       110.0724110.0724

38773920543C3 H4 N5       110.0472110.0472

320815400454C4 H5 N4       109.052109.052

2.47E+080523C3 H2 N5       108.0316108.0316

1.15E+080434C4 H3 N4       107.0363107.0363

129585490345C5 H4 N3       106.0411106.0411

27228070256C6 H5 N2       105.0458105.0458

314131560453C3 H5 N4       97.05297.052

441908280433C3 H3 N4       95.036395.0363

88809510413C3 H N4        93.020793.0207

24833360324C4 H2 N3       92.025492.0255

491921760432C2 H3 N4       83.036383.0364

intensityONHCformulameasuredmass



Data representation : Kendrick and Van Krevelen diagram

Problem, qualitative representation of dense data sets



Conclusions
• Astromaterial or astro analogs are very complex, polymer like, 

mixtures

• High Resolution Mass Spectrometry is a precious tool to explore 
those materials

• Recorded spectra (I,M) are very informative and contain strongly
correlated information

• Need for improved tools (concept and algo) to perform
– Data reduction
– Qualitative analysis
– Data analysis
– Data representation

THANK YOU


