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Introduction



Mass spectrometry < Astrophysics
?7?

meteorites

Titan, complex chemistry

H, C, N, O, S, Mg, Fe, ....

Primitive ice
\ Irradiation, comets
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Examples

*Titan analog material
emeteorites



Cassini (INMS)
lonic densities in Titan 1onosphere

Titan's lonospheric Density
altitude region 1100 - 1300 km
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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
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11 LotlMeOH_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 LotlMeOH_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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FT-MS required to probe FOM diversity

140-180 range spectrum

Full range spectrum
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Instruments

T ICR
T Orbitrap



2 methods to record periodic
movements of 1ons

e FTICR  FT Orbitrap

= 1/2
— intense magnetic fields (~10 tesla) | o=k (z/m)

— Trapping in 2 dimensions by B
— Trapping in 3rd dimension by E
— RF Excitation on 2 plates

— Non destructive Detection of o by
Induced curent on 2 plates

1 m=eB z/m
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Information used to retrieve
the chemical composition

*Mass defect
e|sotopic pattern




exact masses |

Element




Masse ju)

Mass Defect < Nuclear Physics

Chemical Information

Défaut de masse (u)
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Isotopical abundancies,
Isotopical fingerprint...
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Relative Abundance
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Example on cafeine
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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]

Cafeine, C4H,,0O,N,Na

NL:
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CgHp O2 N4 Na:

CgHp O2N4Na1
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Relative Abundance
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methods to retrieve the
chemical composition

eData reduction
 data representation
*Best candidate formula search
Molecular Data test and interpretation



Procedure of data treatment

Intensité (dchele logarithmique)
m o=
1

BOLX e A W
1

T T I
174.9510 174.9520 174.9630

Remove « noise » m2 .
Reduce to centroids

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



Intensity vs Mass
&

mass defect vs mass spectra

Intensité (Schelle logarithmigeue)
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Slope statistics
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Question : graph theory?
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Search for ?best?
molecular formula

Si(CH,)4
Input variables = Y 3%sX =73 = solutions 73.0469
X i
Diophantine exact mass
equation
ol (n=1-2) Si,0H 72.9566
0, (n = 0-4) Si0C(0OH) 72.9746
g (n = 0=-6) $i0,(CH) 72.9746
(OH),  (n = 0-4) Si(OH)(CH,), 73.0110
(CH;), (n=0-4) Si(OH)(CH)CH, 73.0110
(CH,), (n=0-5) SiO(CH,)(CH,)  73.0110 ”j‘s“
(CH), (a=0-5) Si(CH,), 73.0473 - g

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



Result : Mass Intensity atoms

mass
83.0364
92.0255
93.0207
95.0363
97.052
105.0458
106.0411
107.0363
108.0316
109.052
110.0472
110.0724
111.0676
112.0414
112.0629
116.0254
117.0207
118.0159
118.0411
119.0363
119.0614
120.0316

measured
83.0363
92.0254
93.0207
95.0363
97.052
105.0458
106.0411
107.0363
108.0316
109.052
110.0472
110.0724
111.0676
112.0404
112.0629
116.0254
117.0207
118.0159
118.0411
119.0363
119.0615
120.0316

formula
C2H3 N4
C4 H2 N3
C3HN4
C3H3 N4
C3 H5 N4
C6 H5 N2
C5 H4 N3
C4 H3 N4
C3 H2 N5
C4 H5 N4
C3 H4 N5
C5 H8 N3
C4H7 N4
C5H6 N 02
C3 H6 N5
C6 H2 N3
C5HN4
C4 N5
C6 H4 N3
C5H3 N4
C7 H7 N2
C4 H2 N5
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intensity
49192176
2483336
8880951
44190828
31413156
2722807
12958549
1.15E+08
2.47E+08
32081540
3877392
4217568
19245324
3951274
8516299
20673458
41064336
44674168
18135442
98598008
4025135
1.54E+08



Kendrick Mass petect

Data representation
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Problem, qualitative representation of dense data sets

. Kendrick and Van Krevelen diagram
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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



