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Outlook

How to obtain a mass spectrum as representative as possible of the studied
sample?

How to obtain a mass spectrum with a good mass measurement accuracy
(recalibration methods)?

Assignment of the obtained features: from manual to automatized assignment
How to efficiency visualize the data?

Some examples
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To obtain representative features may a an issue
with external ion source
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Discrimination coming from the ion transfer
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The accuracy m/z measurement

The fundamental equation in FT-ICR MS

— The m/z ratio is calculated from the cyclotronic frequency
* In the simplest case, only the value of the magnetic field is considered:

w, =z.e.By/m

« A more accurate equation takes into account the reduction of w, relative to
the application of the trapping electric field:

w, = wc - 2aVT/a’B,
o Parameter depend of the ICR cell gecometry

V; Trapping voltage
A Distance between the trapping plates
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The accuracy m/z measurement

Space charge effects (FT-ICR MS)

— Space charge effects come from the electric fields generated by the
lons themselves in the ICR cell:

« 10%ions the in the cell lead to the “decrease” of the trapping voltage by
0.05V.

» A more global equation has to consider the effect of the magnetic field, the
trapping potential and the space charges:

w, = w,-2aV./a’B, - qpG,/e B,

g Charge
p Charge density
G, Geometric parameter linked to the shape of the ion clouds

Masselon, Tolmachev, Anderson, Harkewicz, Smith JASMS 2002; 13: 99-106.
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The accuracy m/z measurement

Calibration of FT-ICR MS

— For an optimum m/z measurement accuracy, the trapping voltage, the
magnetic field, the number of ions have to be as constant as possible
(the charge density p has to be as low as possible: highly diluted case
or total ion current has to be taken into account).

o = W, —2aV /a’B, - qpGi/e,B,
/u Constant
}

2nf  gqBy/m = A/(m/z) B
— Finally
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Calibration and recalibration - FT-ICR MS

— Diluted medium

K A B
1 my -4
f-K;

— Correction of the charge density for the i ions

K
f =5~ +K> mny, =

K .
1 m, _A B+l

2= F T

K,
= + K, + K3I; my -
/= m/, " "2 3 27 f-K,— K3l

— For average mass spectrum additional correction to take into account
the variation of the total ion current

f f?

f = ut' + K, + K3I; + K41 m/
m/z 2 3 4%tot VA f_KZ_
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Calibration and recalibration - FT-ICR MS

Results
Average 0,72 ppm 0,69 ppm
Pas 0,34 ppm 0,33 ppm
Pso 0,65 ppm 0,62 ppm
Ps 1,02 ppm 0,98 ppm
L i, Zerror 0,015 ppm 0,008 ppm
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The accuracy m/z measurement — Calibration

Equation de Calibration en Orbitrap
— Highly diluted medium (simplest equation)
B

m/z = f_z
— Space charge effect created by an amount of Q charges

B

M/, = ;ZQ)
— To refine the consideration of the space charge effect an additional
parameter may be used

B C
LU

Kozhinov, Zhurov, Tsybin Anal Chem 2013; 85: 6037-6445.
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The accuracy mlz measurement Orbitrap

Inltlal mass |

Exem ple spectrum
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— The error is depending on the m/z ratio and the ion abundance
— How to proceed

* Define internal calibrant ions
* Determine the ¢ error function for these calibrants

my .
Sj—{:‘((m/z)], ]) ( /Z)o(bs;/z)( /Z)]

* Increase the m/z measurment accurancy by minimization of the ¢
Kozhinov, Zhurov, Tsybin Anal C):em 2013; 85: 6037-6445.
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The accuracy m/z measurement — Recalibration

* For n calibrant ions, the minimization of sjleads to the error function
which weights each error by o,

e(M/y) = Z w;Ej
j=1

* The estimation of the error function is done by a binomial approach

* The global mass spectrum is divided in n — 1 intervals (n calibrants)
to define the abundance error function.

 The m/z and A (abundance) variables are splitted
gi((™/2); A) = &;(™/2)+£;(A)

Kozhinov, Zhurov, Tsybin Anal Chem 2013; 85: 6037-6445.
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The accuracy m/z measurement — Recalibration
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Kozhinov, Zhurov, Tsybin Anal Chem 2013; 85: 6037-6445.
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The accuracy m/z measurement — Recalibration
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The accuracy m/z measurement — Recalibration

W
4
3
8
S
)
(@)] Q W
S oL o =
amﬁxm %

—~ — N
Mf%.ws n N 3
monm.m o gL

c S5 = O o | :
S50 0 O - N
== =) -
5900 = < | ek
29 5T = ) =l
=5 0 » X o - |E
@ R o 2 IE
= =
T = © N
> o 5
=)
g
5
.
3duepunqy 3|
© ~ @ < o © ~ @ <
s} ['a} < < < m m o~ o~ mw
——— — — o T o Kk
e st s 00 s onaen e . 40 e o

S o

o o

o] oo}

o o

o o

~ ~

a

©

Om o

3 3 o

o o

el —~

] | bl

% (e | g

(=3 o~

Qe i N a

= # 1

2 £

nm— -

o

= i iogm

N > ¥

n
n
©

o o

o o

m m

s o

o~ (Y VAN (LN S WY i o~

rmv n <« m N
N\,
wdd ‘sadi|s |eJ3dadS

w
b=
7
(13
wo
=a
Zw
=1-1

W




The accuracy m/z measurement — Recalibration

5E+05 : : == Assignment #2
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The accuracy m/z measurement — Recalibration
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Assignment

Assignment by the only use of the accurate m/z measurement

Elemental Composition Search Report:

Target Mass:
Target m/z = 285.04015 + 2.00ppm

C15H906_

285,04015
C16H1305_
285,07652

Charge =-1

Possible Elements:
Element: Exact Mass: Min: Max:
C 12.000000 0 100
H 1.007825 O 100
N 14.003074 0 1
(e} 15.994915 0 100
S 31.972071 O 1

Additional Search Restrictions:
DBE Limit Mode = Both Integer and Half-Integer

-Minimum DBE =0

-Maximum DBE = 100

Search Results:
Number of Hits = 1

m/z

Delta m/z (ppm)

DBE

Formula

285.04046

-1.10
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CisHeOg?

)

C23H9_
285,07089

C20H1302_

285,09212

Search Results:
Number of Hits = 1

il

h T T T T T T Y
i = £ 20 0 =0 400 =0 0 50 o0

m/z Delta m/z (ppm) _ DBE Formula

285.05572 0.57 15.5 CigHgO5
Search Results:

Number of Hits =1

m/z Delta m/z (ppm) DBE Formula

285.07097 -0.29 19.5 Cy3Hg™!
Search Results:

Number of Hits = 1

m/z Delta m/z (ppm) DBE Formula

285.07685 -1.15 10.5 CiH13057
Search Results:

Number of Hits = 1

miz Delta m/z DBE Formula

285.09210 0.06 14.5 CyoH430,7"

. i
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The double bond equivalent (DBE)

Determination of the number of unsaturation (double bond and ring)

>NV, -2)
DBE =1+ -

* N;: Number of atom i
* V,: Valence of the atom i

For the “classical”’ atoms
DBE=1+%(ZC+28i—H -F-ClI-Br-1+N+P)

Bivalent atoms (oxygen, ...) have no effect on the DBE value
Integer DBE value: radical ion

Kind, Fiehn BMC Bioinformatics 2007; 8: 105.
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The six golden rules for the ion assignment

The Seven Golden Rules use heuristic rules for limiting the number of
formulas only to the most probable ones

1. Inrespect with the measured m/z, limitation of the number of atoms

W

for a given chemical element (databases)

Table |: Restrictions for number of elements during formula generation for small molecules based on examination of the DNP and
Wiley mass spectral databases. For each element, the higher count was taken for denominating the element restriction rule #l

Mass Range [Da] Library Cmax Hmax Nmax Omax Pmax Smax Fmax Clmax Brmax Simax
< 500 DNP 29 72 10 18 4 7 15 8 5

Wiley 39 72 20 20 9 10 6 10 4 8
< 1000 DNP 66 126 25 27 6 8 16 11 8

Wiley 78 126 20 27 9 14 34 12 8 14
<2000 DNP 115 236 32 63 6 8 6 11 8

Wiley 156 180 20 40 9 14 48 12 10 15
< 3000 DNP 162 208 48 78 6 9 6 11 8

Kind, Fiehn BMC Bioinformatics 2007; 8: 105.
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The six golden rules for the ion assignment

2. Respect of the Lewis rules

Application of the Lewis rules: valence of the atoms, bonding and non-bonding electrons
pairs, octet rule, ... (the main part of the program doesn’t part of these rules)

3. The isotopic distribution

The relative abundance of M+1 and M+2 contribution are useful to define the number of
carbon atoms and the species including sulfur, chlorine or bromine atom

Kind, Fiehn BMC Bioinformatics 2007; 8: 105.
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The six golden rules for the ion assignment

120
Bromine compounds
100 L a ® oo 4
' Chiorine compounds;
80 B o0 ] -
60 | g 1
3 . From the Wiley database
58,0

407 & ' (45 000 compounds)
20+ .

0r Peptides with sulfur pattern S;-Sq ]
-20 : : : : : :

-20 0 20 40 60 80 100 120

M+1 Kind, Fiehn BMC Bioinformatics 2007; 8: 105.

UNIVERSITE
DE LORRAINE




The six golden rules for the ion assignment

4. Hydrogen/Carbon ratio — Value of the DBE
The H/C is ranging between 0 (graphite) and 3 (cf carbone valence)

In some specific cases, it may be higher
4 : methane CH, 6 : methylhydrazine CHgN,

DDDDD

£ 8000
3
13
ooooo

E
00000

\
14 16 18 20 22 24 26 28 3.0 32 34

In all cases DBE of the ions 2 0 (exception: saturated compounds with adduit (NH,*, H*)

Kind, Fiehn BMC Bioinformatics 2007; 8: 105.
Lobodin, Marshall, Hsu Anal. Chem. 2012; 84: 3410-3416.
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The six golden rules for the ion assignment

DBE:1+%(2C+ZSi—H —F-CI-Br-1+N+P)
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The six golden rules for the ion assignment

All Possible Elemental Compositions up to 1000 Da All Possible Elemental Compositions up to MW,,,,= 1000 Da
N, Class
Hydrocarbon Class Number of El | Compositions = 3,032
100 . — . — 100 ' S
® 90 Number of Elemental Compositions 3,118 20 900
k= T 80 800
o a 4
3 E 70 700 f:
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g 3 g 0 =2
T 2 a so 500
= 3
3 g 40 400 §
o 8 30 300 O
= ° =
3 = 2 200
2 10 100
I 10 20 3 40 5 6 70 8 % 100
0 200 3 40 5 60 Carbon Number
Carbon Number
90% Rule for Mwm“ =1000 Da 90% Rule Applied for Mw,,,,,= 1000 Da
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Hydrocarbon Class Number of El | Compositions = 2,656
100 100 " * '
% Number of El | Compositions = 2,650 900 90
'% 80 800 T 80 .
s 00 & 7 5
S E= w 60 ]
3 60 600 o @ =
uw g Q s &
-g 50 500 = 5
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s v . 400 35 §
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Carbon Number
Carbon Number Lobodin, Marshall, Hsu Anal. Chem. 2012; 84: 3410-3416.
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The six golden rules for the ion assignment

5. Relative distribution of the elements

Define the more probable ratio between two elements (in respect with chemical
compound databases)

Table 2: Common element ratios obtained from 45.000 formulas comprising the Wiley mass spectral database for the mass range 30
Da - 1500 Da

Element ratios =~ Common range (covering 99.7%) Extended range (covering 99.99%) Extreme range (beyond 99.99%)

H/IC 0.2-3.1 0.1-6 < 0.l and 6-9
FIC 0-1.5 0-6 > 1.5
ClIC 0-08 0-2 >08
BriC 0-0.8 0-2 >08
N/C 0-1.3 04 > 1.3
o/C 0-1.2 0-3 >1.2
P/IC 0-0.3 0-2 >03
SIC 0-0.8 0-3 >08
Si/C 0-0.5 01 >05
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The six golden rules for the ion assignment

6. Maximum number of heteroatoms

Define the more probable amounts of heteroatoms (N, O, P, S) in respect with the
Beilstein chemical compound database

Table 3: Multiple element count restriction for compounds < 2000 Da, based on the examination of the Beilstein database and the
Dictionary of Natural Products

Element counts Heuristic Rule DB examples for maximum values

NOPS all > | N< [0,0<20,P<4,5<3 CsH34NgOgPS, CyHyN4O|4P5S,, CouHygN7O gP5S
NOP all > 3 N<Il,0<22,P<6 CogHagN 1005 Pss CoH 1gN5O4Ps

OPS all > | O<I4P<3,5<3 CoaH4N4O 14P2S5, T H3 N4O4P5S,

PSN all > | P<3,S<3 N<4 CypHNLO 4P1S,, € H3 N,O4P,S,

NOSall > 6 N<I90<145<8 CioHyN 15045

Laboratoire de Chimie et Physique

O 4% |Eon



What about the data treatment for non-targeted analysis?

More than 1000 features

..thI\.I.mJ. .
BARRLALM AR AR RN AR SRR AR

TT7TT I TTTTTiTT
350 400 450 500 550

[EARRIRREEERRRS: T T IREREAR
100 150 200 250

T ]
300

» Assign a chemical formulae to each signal (up 100,000 peaks).
* Represent the obtained features to allow comparison.
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Assignment of the features

Using the six golden rules and the accurate m/z measurement the assignment
of very high resolution data is possible. Nevertheless,
» The number of features is huge (thousands of peaks in petroleomic);

» For high m/z ratio, the accuracy of measurement is not enough for an unambiguous
assignment;

The resolution is not always high enough to dlstlngwsh each contribution

C,5H,7(CH,),05S," 319.14071 403.23461 487.32851 571.42241 65551631 739.61021
C,5H,9(CH,),N,O,* 319.14120 403.23508 487.32898 571.42288 655.51678 739.61068
A (ppm) -1.47 -1.17 -0.96 -0.82 -0.72 -0.64

Alternatives have to be found for automatic and iterative assignment
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The use of the mass defect

mass defect
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atomic mass (u)

1.00783
2.01410
12.00000
13.00335
14.00307
15.00011
15.99491
16.99913
17.99916
18.99840
30.97377
31.97207
32.97146
33.96787
34.96885
36.96590
74.92160
78.91834
80.91629
88.90585
126.90447
158.92534
164.93032

mass defect

0.00783
0.01410
0.00000
0.00335
0.00307
0.00011
-0.00509
-0.00087
-0.00084
-0.00160
-0.02623
-0.02793
-0.02854
-0.03213
-0.03115
-0.03410
-0.07840
-0.08166
-0.08371
-0.09415
-0.09553
-0.07466
-0.06968

% isotopic
composition
99.9885

0.0115
98.93
1.07
99.632
0.368
99.757
0.038
0.205
100
100
94.93
0.76
4.29
75.78
24.22
100
50.69
49.31
100
100
100
100

Sleno JMS 2012; 47: 226-236.

=
ométriede masse 3 transformée de Fourier (FI-ICR et Orbilsap
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The use of the Kendrick mass

The Kendrick Mass (KM)

14,01565 = mass of a CH,

14.00000
KM = measured mass X Other bases are possible

14.01565
Kendrick mass defect (KMD)

KMD = nominal mass — KM

Advantages
» All the alkylated derivate of a given compound have the same KMD.
* KMD is connected to the number of unsaturation.
+ The KM et KMD may be calculated with other repeat units (H,, O, CH,0,...)
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Use of the Kendrick mass

Carte de Kendricks CH,
L 4
I
125 175 225 275 325 375 425 475 525 575 625
NM
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Use of the Kendrick mass

Carte de Kendricks CH, CyH,O¢"
0.410 - < L 4 <+
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Use of the Kendrick mass

Carte de Kendricks CH, CiH,O¢"
0.410 - * * + CHO o
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100 —

Use of the Kendrick mass
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Use of the Kendrick mass
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Use of the Kendrick mass

° ] CJ °
14;% PAHs and methyl or dimethyl PAHs : M*®
N HiYeee

o
X 9 (I 1T  Akyl PAHs detected as [M — HI*, [M — CHy]*

: 0; “ or [M - CxH2x+1]+

DBE
S
S
)
vl
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Use Of the KendriCk mass Negative ions

KMD  Series
0.01285 -1
. -2
The KMD(CH,) values are tabulated oozsiz AN
. -3
o T
0.03295 -4
« for positive and negative ions; o
. . . -5
* in respect with the nature and the amounts of heteroatoms; oosss o
0.04552 -4AN
* the — z value defines the unsaturation level: 0.04635 6

0.04836  -1NO
0.04920 -30

Cn H2n+zX 005222  -5N

0.05305 -7

i i 0.05506 -2NO

* the—1serieis C Hy " i
= the — 20 serie is C H,, ,0°" o W
. . 0.06176  -3NO

= the-10, serieis C H,,,0,~ 0.06260  -50

0.06544  -202

T sp -ICR, 7'; ap
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Use of KMD and Mass defect

Petroleomic Chlorinated contaminants
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0.26 coirs w03 0,8 o 16 0.40 e
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Marschall et al. Acc. Chem. Res. 2004; 37: 53-59. Taguchi et al. JASMS 2011; 21: 1918-1921.
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Use of Kendrick mass for data assignment

Carte de Kendricks CH, CH,O¢~
0.410 - * * * C H O B
_ * * * * x'ly~M4
0.390 | Cu9H1906
(H O) \ ¢ ¢+ 4 e o
1 A= Y ¢ o & & s o o
0370 2 2 \\ . . R
o N\ ¢ o OA ., 0A * o
0.350 |
S CuoH150,” AN ¢+ ¢ 4 e e o
[a) \ AN A A A A A
. Y ® NE 6 ¢ 6 o o+ o
S 03 A NA A A A A
\ * o ¢ ¢ o o
0310 - £ A A A A A
NO* e e * o
\ A" A A A
] ¢ @ St J . * .
0-2%0 é@igA A A A A A
¢ ¢ & e e o+ o
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* * 4 o+ o
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0.250 : : : . : ‘
250 300 350 400 450 500 550
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From the Kendrick mass to the David mass

In complex a mixture, lot of its components are “correlated”: their
chemical formulae only differ by one or a group of few atoms (on the
mass spectrum: a given mass increment)

Principle

— increments which have to be searched
*14.01465=CH,
« 1.00335 = 12C — 13C difference
» 1.00335/n = 12C — 13C difference (multicharged ion)
« 30.01056 = OCH,

— define the error, which has to be taken into account

Grinhut et al. RCM 2010; 24: 2831-2837.
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From the Kendrick mass to the David mass

Molecular Theoretical Mass Group DMS
No. formula mass KMD difference difference .00335 0.501675
CxHlx4) 0y
1 CsHsO5 101.06025 52.6
2 CoHy305 129.09155 52.6 28.0313 C,H,y
3 CoHy705 157.12285 52.6 28.0313 CoHly
4 C1Hz 03 185.15416 526 28.0313 CaHy
5 CiaHas05 213.18546 52.6 28.0313 CoHy
6 CisHas05 2 241 52.6 14.01565 CH, 25523241
7 CyzHa05 269.24806 52.6 14.01565 CH, 269.24806
8 CisHagOy 283.26371 52.6 14.01565 CHs 283.26371
9 Ciall4oO3 297.27936 52.6 14.01565 CH: 297.27936
10 CagHyoOy 311.29501 52.6 14.01565 CH» 311.29501
Cxl‘l(;.x 2) N,O3
CsHgNLO; 128.05858 84.4

12 CrHya No2O3 156.08988 84.4 28.0313 CoHy
13 CoHyp N2O; 184.12118 84.4 28.0313 CyHy
14 CyaHapN2 Oy 212.15248 84.4 28.0313 CoHy
15 Ci3Ha4N20; 240.18378 84.4 28.0313 CoHy
16 CsHagN,Op 268.21508 844 14.01565 CH, 268.21508
17 CraHN,0; 282.23073 84.4 14.01565 CH, 28223073 M h H
18 Ci7HzN-05 296.24638 844 14.01565 CHz 296.24638 0)0 - C arg e I 0 n S
19 CiHayN> Oy 310.26203 84.4 14.01565 CH; 310.26203
20 CiolagN20O5 324.27768 84.4 14.01565 CHa 324.2776! N .
di-charged ions
21 12, 5H29N, Oy 287.20966 111.0 1.00335 (22-21) H 287.20966 287.20966 g
22 2CIC, HN, 0, 288.21301 108.8 14.01565 (23-21) CHa 288.21301 288.21301
23 12C16H31N, Oy 301.22531 111.0 1.00335 H 301.22531 301.22531
24 2CHC, Hy N, O, 302.22866 108.8 14.01565 CH, 30222866 302.22866
25 20 Ha3N; Oy 315.2409 111.0 1.00335 H 3152409 315.2409
26 ”C{:C1[|33N|O4 316.24431 108.8 14.01565 CH, 316.24431 316.24431
27 20 HasN; Oy 329.25661 111.0 1.00335 H 32925661 329.25661
28 ]2['13(' 1H3sN10y 330.25996 108.8 14.01565 CHa 330.25996 330.25996
12C and "*C CyHlxx )N Cl2 - All theoretical masses calculated as if they were detected as singly charged moled
29 12C15HasN, ()2 143.10092 58.9 H 14310092 143.10092
30 2C13C, HagN, 0% 143.60259 557.8 0.501675 (30-29) CHa 143.60259 143.60259
3 120 I,,N]OZ' 150.10874 58.9 7.007825 (31-29) H 150.10874 150.10874
32 2c n(_ 1H3oNy (} 150.61042 557.8 0.501675 CH, 150.61042 150.61042
33 ’ZC.,wl 12N, 03~ 157.11658 58.9 7.007825 H 157.11658 157.11658
34 PCIC H,N0F 157.61824 557.8 0.501675 CH» 157.61824 157.61824 Grinhut et al. RCM2010; 24- 2831-2837.
35 120 st 134N, OF 164.12439 58.9 7.007825 H 16412439 164.12439

2CBC HyN,OF 164.62607 557.8 0501675 CH, 164.62607
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From the Kendrick mass to the David mass

0. Kendrick map

% 500 - srsssessses .
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"
©
g 300 -
i 200 1.20
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. E — 5 moEmere—s
s, | CH, difference 2 00 2 X charged
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N inal
ominal mass Grinhut et al. RCM 2010; 24: 2831-2837.

UNIVERSITE b _ i '
DE LORRAINE 13 T
Cabourg 3-6 avril 2018



Application to the NOM analysis

15 420 signaux | Kendrick map CH, increment

1000

800

i 2 3% G e B R E e B e o 6 1 065 signaux

Nominal mass Nominal mass

2 446 signaux
| Mono-charged | € ™ e D
- a e 2 x charged
= 60 : 28 = 600
< 1001 J 400+ < '
200{ . . ” 200 f
AN = i N
100 200 300 400 S00 600 700 100 200 300 400 500 000 700
Nominal mass Nominal mass

Grinhut et al. RCM 2010; 24: 2831-2837.
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Application to the NOM analysis

|dentification of only 10 repetitive units

— CH,, OCH,, CO, H,, COO, H,0, O,, NH,
— CH,/O
- 0,-CH,

Use of a network based on the difference of mass for the assignment

CygM2904
‘.“2
‘T CrH704 FeqaMy509
CgHgOy * Hyg " v,
1‘“4 w O e )
N 7450581

c”"z"—o,.- [ : . i - %'" i
[~ o : L
Caliy0 "q:rl"’ g / . Uf)o
"2 - )
CygMy3042° C13Ms040
CyHy0y 88}

Logiciel Composer Sierra Analytics Grintt ot l. RCM 2010 245 2851.2857
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The without a priori approach

Same approach than David mass approach but without the prelimary definition of units

m— « Determination of the ion charge (m/z difference of
Charge state detector 1.00335/ n)
- * Mono-isotopic peak list
e | * Generation of a matrice corresponding to the mass
msasmmum ,,F:;“;ﬁ;::, difference between each feature of the peak list
mos Unammus + Determination of the probability for each observed
[ wowmn [ [ i/ difference of mass
) Femuzcdouser | |« TMDS spectrum (total mass difference statistics)

swmwn 7] « Use of a cutoff for the low statistic

Legend

Formula list
FIRAN modules

Kunenkov et al. Anal Chem 2009; 81: 10106-10115.
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The without a priori approach
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Mass difference, Da

b) D-matrix
M,Da | 4051191 405.1555 407.0984 407.1348 407.1711
405.0827 0073 206l 2052 2.088
405.1191 1979 2052
405.1555 1.943
407.0084
407.1348
d) 1
JED om
06
& 0.4
0.2
04
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Mass difference, Da

Stepwise assignment on the basis of the observed mass differences
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Increment of 2.016: addition of two hydrogen atoms

Increment de 0.036: oxygen atom — CH, switching
Kunenkov et al. Anal Chem 2009; 81: 10106-10115.




The without a priori approach

a) 20
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514—
s
- 12 -
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0,
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10 repeat units !!!

Kunenkov et al. Anal Chem 2009; 81: 10106-10115.
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Relative e

Abundance
w © ¥ 5§ 3 8 8
@ - T T T T 7
[=]

500

SO5

The without a priori approach

Sodium polystyren sulfonate
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| —
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Kunenkov et al. Anal Chem 2009; 81: 10106-10115.
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Use of second and third KMD orders

CH, first order mass defect

14.00000

KM = measured mass X T2 O1SeE KMD(CH,) = nominal mass — KM

0.06
— We will consider C,,,Hyg101.0, (N1=0-10etz=1-5) s ~ T Tt Tt
- It iS preferable tO take 0.04 4 = = = = ® ® ®E ® = ® ®
arrondi(M2,, (CH -
M, Gon) = 20 M e EHD g oy B
2 Mecy, (CH,) =8
S 0.02
» For compouds with a positive KMD Y] e
MDg,,, = Mg, —Plafond(Mg,, 1) .
) For CompOUdS Wlth a negatlve KMD 140ﬁ 1é0ﬁ180 200r250f2:10 ﬁ26rOﬁ2§0j3(')O*3éO'
MDg,,, = Plafond(Mg,, ,1)— Mg

0
M
Roach et a1. Anar cnem 2011; 83: 4924-4929.
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Use of second and third KMD orders

Second order H, / O mass defect calculation

MD,, (ion) MD{,, . (ion) = Plafond(MZ, ,, (ion),1)-MZ, . (ion)

M 2 ion) =
CHZ’HZ( ) MD(].:,HZ(HZ)

MDy,, (ion)

—MDclez ©) MD¢,,. o (ion) = Plafond(M¢, ,(ion),1)—M¢, . (ion)

M éHZ,O (ion) =

UNIVERSITE
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Use of second and third KMD orders

Third order mass defect O / H,
0 MDéHZ,HZ,O (ion) = mOd[MDéHZ,HZ (ion), MDéHZ,HZ (O)]
@ MDY, o, (ion) =mod[MD, ,(ion), MDZ, o(H,)]

Be careful about the aliased points especially for @, mass defects are ranging from0to 1
according the used formulae, they have to be corrected by 1, 2, ... to avoid aliasation

0.204

a
I

25 dots

Relative Intensity
MO CHz, Hz, 0
o
>
z

0.054Ns_ o
2

0.0 02 04 06 08 1.0 1.2 14 16 1.8

MO

CH2, H2

0 0.0+— v . ,
300 400 500 600 700 800 900 1000 1100 200 400 600 800 1000 120 0.0
m/z m/z

12 997 signals

Roach et al. Anal Chem 2011; 83: 4924-4929.
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Representation of the data
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Representation of the data — Kendrick ma

050 0885 | + [T TTR I T TS
sesestesststsses ToEgeses
0.40 0.795 |
[TTTTTTLTYNE TXXE
~ 030 0.595 |
G g se0ss0ssssssstitttsstorees
] 8
= @ oz | PYYYYYYYYYY YYPY VY hd
*
* * (222222222222
010 0.195
¢ oo . *e CEPEE 0000000004 *
0.01 -0.005
100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0 550.0 600.0 0.00 0.10 0.20 030 0.40 0.50 0.60
0 1
M MD',,
0.3000
* *
. * *
0.2500 +* *
0.2000
o
o~
50.1500 Y *
3 * * +
mo * * * *
0.1000 -
=
0.0500 -
0.0000 L J
-0.005 0.195 0.395 0.595 0.795 0.995 1.195
2
MD CH2,H2

ométriede masse 3 transformée de Fourler (FT-ICR et Of
Eeale thematiue du CURS 3

UNIVERSITE D™

DE LORRAINE

Laboratoire de Chimie et Physique
‘Approche Mult-échelles des Millus Compleses




Representation of the data DBE versus # C
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Representation of the data DBE versus m/z
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Representation of the data Van Krevelen diagram
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Representation of the data Aromaticity index
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Study of cigarette smoke by ESI or LDI

LDI@355nm-FTICRMS N

. £ 161.1073
. 1007 ESI-FTICRMS
] ] 183.0916
© MSS
] 3 197.1073 =l
] 60 - Gas + PM
] 40
] 3 211.1231
40_5 130.0652 20 E 301.1412 413-2658
— 163.1230 0 oo LA L UL L ‘II‘.‘II‘I\l"l““l“‘l\“l““"I‘\:‘I“““J-‘\
150 200 250 300 350 400 450
‘ m/z
E I |||‘||l|||.1||1|||1 !_.Lllll||Ll|l||_||ﬂlllh‘.ln\|lhmh||
L P B R R Ry BN R I | ' |

T T T T T T T T T T
300
R
UNIVERSITE iy CP-A2MC
Laboratoire de Chimie et Physique

DE LORRAINE

uuuuuuuuuuu -échelles des Mieux Complexes



Complementarlty of ESl and LDI
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2D Van Krevelen Diagrams
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3D Van Krevelen Diagram
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Proposition these MESR

Nouvelles approches pour I’étude de particules
atmospheériques et de leur vieillissement par
spectrometrie de masse ultra-haute résolution

Aubriet Frédéric — Sébastien Schramm

frederic.aubriet@univ-lorraine.fr — sebastien.schramm@univ-lorraine.fr
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