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Historicky vyvoj hmotnostni spektrometrie

1898 (Wien) - objev zakfiveni drahy letu urychlenych iontl v elektrickém a
magnetickém pali

1913 (Thomsan) - rozdéleni izotopd neonu ““Ne a ““Ne pomoci tzv.
parabolového spektrografu, povazovan za zakladatele MS

1924 (Thomson, Aston) - charakterizovano izotopické zastoupeni 50ti prvki

40. 1&ta 20. stol. - rozsifeni MS v oblasti petrolejarského primyslu, analyza
zpusobem “otisku palce” bez interpretace spekter

1957 (Holmes, Morrell) - prvni pokus o spojeni GC/MS

1973 (Baldwin, McLafferty) - prvni pokus o spojeni HPLC/MS

1976 (McFadden & kol.) - Moving Belt pfevodnik pro spojeni HPLC/IMS

1966 (Munson, Field) - popis chemicke ionizace (1. mékka ionizacni technika)
1982 (Barber) - vynalez ionizace urychlenymi atomy (FAB)

1984 (Willoughby, Browner) - Particle Beam HPLC/MS spojeni

1984 (Fenn) - vynalez ionizace elektrosprejem (ESI)

1989 (Hillenkamp, Karas) - vynalez MALDI

2002 (Fenn, Tanaka) — Nobelova cena za chemii — vynalez mékkych
ionizacnich technik {elektrospre] a MALDI) pro analyzu biomakromolekul
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RozliSovaci schopnost (rozliseni, R)

= schopnost rozliSit hmotnostnim spektru dva piky s velmi blizkymi (AM) hodnotami
m/z.

A/ definice zalozena na Sirfce jednoho piku (univerzalni) - pomér hmotnosti iontu m a
Sirky tohoto iontu Am v poloviné jeho vysky (Full Width at Half Maximum, FWHM).

B/ definice zalozena na prekryvu dvou pikt - pomér hmotnosti iontu m1 a rozdilu iontd
m1 a m2 s jednotkovym nabojem, pficemz oba piky musi byt stejné vysoké, udoli mezi
piky je 10% (tj. pfekryvaji se z 10%) a maji jednotkovy naboj. Pouzivané zejm. u
magnetickych analyzatoru.
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Hmotnostni spektrum (nizké rozliseni)

= sloupcovy diagram intenzita vs. m/z, nomalizovany na maximalni intenzitu (100 %)
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Pro jednotlive analyty jsou definovany:

Molekulovy pik: reprezentuje molekulovy ion-radikal M*"
M+e =2+ M*™

Fragmentové piky: reprezentuji ionty vznikajici fragmentaci molekulového ion-radikalu
(M-X)*
Zakladni (base) pik: nejintenzivnéjsi pik ve spektru (100 %)

Izotopové piky: dusledek pritomnosti stabilnich izotopd pFirodé, zejm. (M+1)*" a/nebo
(M+2)™
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Hmotnostni spektrum (metody s vysokym rozliSenim)

= graf intenzita vs. m/z, absolutni intenzity nebo intenzity nomalizované na maximalni

intenzitu (100 %)
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Pro jednotlivé analyty jsou definovany:

Exaktni hmotnost (exact mass ): |ze ji ziskat sou¢tem hmotnosti jednotlivych izotopu
molekuly. Napf. exaktni hmotnost vody obsahujici dva 'H a jeden 60O je 1.0078 + 1.0078
+ 15.9949 = 18.0105. Pokud nejsou specifikovany izotopy, vztahuje se k nejrozsifené&jSim
z nich. TéZ monoizotopicka hmotnost (monoisotopic mass).

Nominalni hmotnost (nominal mass): pro prvek hmotnost stabilniho isotopu
prevazujiciho v prirodé, pro molekulu je nominalni hmotnost sumou nominalnich
hmotnosti jednotlivych atomu. Napf. uhlik ma 2 stabilni isotopy 2C zastoupeny v pfirodé
98.9% a 3C zastoupeny 1.1%. Nominalni hmotnost uhliku je 12.

Primérna hmotnost (average Monoisotopic mass = 2538.01  Average mass = 2539 48
mass): ziskava se soucCtem
prumérnych atomovych hmotnosti
jednotlivych prvkd. Napf. primérna
hmotnost vody H,O je 1.00794 +
1.00794 + 15.9994 = 18.01528.

3
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Resolution = 250

Nejvice zastoupena hmotnost
(most abundant mass): hmotnost
molekuly s nejvic v pfirodé
zastoupenou distribuci izotopu.
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Relative Abundance
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Formula : CgH,(N,O,
Nominal Mass: 194
Monoisotopic Mass: 194.0804
Average Mass: 194.1932
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Glucagon

Formula : Cy53H,54N4505,5
l Nominal Mass: 3480

Monoisotopic Mass: 3481.5997
Most Abundant Mass: 3483.6048
Average Mass: 3483.7806
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Knihovny spekter

El. pro energii 70 eV

énu&gmumm
intensijita

Obrazek 2.2.

G&innost ionisace cctanu ethylnatého v
zavislostl na energii elektronového pa-

prsku.

Pouze po EI

GC-MS

Ne vSechny slouceniny jsou pfitomny

v databazi

Vliv pozadi u malych piku
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CgsClg
Tandemova hmotnostni spektrometrie .

MS" fragmentace
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|lzotopovy pattern



nukleonové &islo > D

|zotopy v prirode H

protonové &islo —p 1

TABULKA 3.1,
Prirodnf zastoupeni isotopd nékterych bédinych prvki.

Prvek Isotop Zastoupenfi (%) Prvek Isotop Zastoupeni (%)
Vodik 1 99,985 "Bor - 10 19,6
Yodik a 0,015 Bor 11 80,4
Uhl{k 12 98,89 Dusik 14 99,63
Uhlik 13 1,11 Dus{k 15 0,37
Kyslik 16 99,759 Fluor 19 100,000
Kyslik 17 0,037 Sod{k 23 100,000
Kyslik 18 | 0,204 Kfemik 28 92,21
Fosfor 31 100,000 Kfemik 29 4,70
.Chlor 35 75,53 Kfemik 30 3,09
Chlor 317 24,47 Sira 32 95,0
Brom 79 50,54 Sira 33 0,76
Brom 81 49,46 Sira 34 4,22
Jod 127 100,000 Sira 36 0,014




Izotopovy pattern

A prvky: pouze jeden izotop (H, F, P, I, As).
A+1 prvky: nasledujici tézsi izotop vzdalen o 1 m/z (C, N).

A+2 prvky: : nasledujici tézsi izotop vzdalen o 2 m/z (O, Si, CI, Br, S).

A A+1 A+2

Elemenmt

Elemont \asa Y Mass % Mass “ type

3| 1 100 2 0.015 A"
c 12 100 3 1.1 Ad”
N 14 100 15 037 A 41
0 16 00 17 0.04 19 020 “Aw 2

F 19 100 AT
Si 28 100 20 5.1 k) 34 Ay 2"

P N 100 A
S 2 100 33 079 M 44 “A+ 2"
a 3 100 » 20 o T 1
B ™ 100 81 er.3 A+ 2"

I 127 100 A"




Hydrogen Isotopes

Deuterované molekuly

= pouzivaji se ke studiu metabolismu.
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1Br

2Br

3 Br

4 Br

5Br

:

Ag, = 79.9 g/mol

| ] 1
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Benzene, 1,2, 3-trichloro-
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Benzene, 1.4-dichloro-
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Benzene, 1,2,4,5-tetrachloro-
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Relative Intensity
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Pheriylethyl Alcahol
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A+2 piky

Pokud je 100 . (M+2)/M < 3% pik M nemUze obsahovat nej¢astéjsi izotopy Si, S, Cl a Br.
K vizualizaci Ize vyuzit pomé&y resp. grafy M vs. M+2, M+1 vs. M+2, M+2 vs. M+3, apod.

A+1 piky

Maximalni po¢et atomu uhliku

Crmax =100 - (1)1 ) methyljodid, CH,|
) 3
M = 141.94 g/mol

Crnax = 100 . (1.1)/(1.1 . 100) = 1

Toluen, C,Hg
M = 92.14 g/mol p-nitro acetofenon, CgH,NO,
Crax = 100 . (6.1)/(1.1 . 76.3) = 7.27 M =165.15 g/mol
Cax = 100 . (1.6)/(1.1.18) =8.08
Salicylaldehyd, C,H;0O, Kyselina tereftalova, CgHgO,
M=122.12 g/mol M = 166.13 g/mol

C...=100.(7.9)/(1.1.100) = 7.18 C...=100.(7.9)/(1.1.86) = 8.35



Molekulovy pik



Stabilita molekulového piku

Molecular ion
lifetime

N\

styren
4-methyl undekan M = 170 g/mol

Aromatic compounds
Conjugated alkenes
Alicyche compounds
Organic sulfides
Unbranched hydrocarbons
Mercaplans

Ketones

Amines

Esters

Ethers

Carboxylic acids
Branched hydrocarbons

Alcohols

M = 104 g/mol
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Stabilita molekulového
piku

lonty jsou stabilizovany zejm.
konjugaci nasobnych vazeb a
aromatickym systémem vazeb.

—_ e
H.C? SCH, “CH, H,C

No Pi Electron Delocalization
Because -CH,- Group
Between Pi Bonds. Less
Stable Pi Bonds.

§ »&°
pa

22N

CH,

Pi Electron Delocalization.
More Stable Pi Bonds.

Rel. Intensity

1,4-Heptadiene
MASS SPECTRUM

100
80
60
40

20 -

0.0 — 1 T 1
15 30 45 60 75
m/z

90 105

NIST Chemistry WebBook (http://webbook.nist.gov/chemistry)

1,3-Butadiene
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Toluene C,;Hg
MASS SPECTRUM (Electron lonization)
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40 molecular mass: 92
2 ] —
©
] 20
o
1 Tropyliovy ion
0.0 LN S B [ R R R R I B B BN R
15 30 45 60 75 90 105

m/z
NIST Chemistry WebBook (http://webbook.nist.gov/chemistry)

Benzolalpyrene
MASS SPECTRLUIM

100

Rel. Abundance

0,@....,....'.".1”......'..'“'. J“AIIII

I [ [ T
0.0 a0 100 150 200 250 300
mfz
MIST Chemistry WebBook (hittp: ffwebbook nist.govichemistry)




Metoda nizké voltaze \

’ ‘ENH#
= postupné snizovani energie ionizujicich elektront az |
na hodnotu ionizaCnich energii pritomnych latek.
Intenzity fragmentovych iontli se budou postupné 1’1'd'methy'ﬁ'(t;'énze”}y's':y')hydraz'”
‘v - ° ’ ’ = mo
snizovat az ve spektru zustanou pouze molekulové piky. Lrm e J
" e =
.- Hy WM
T P 0 bt
enargie elektronu (aV) @11,’ VINIK
HETEROLYTICKA DISSOCIACSHE = © IoNTOVEMO |
) ' ENERGIE VAZBY e v PARD IR W L .L o
Disscciadni energie vazet v eV, T 100 J ' 1326
_ ) E=2038 7 7
Mc lokula Energis Molekula Energie C"\__“‘ @ J’P —
CHy - K 4,38 Chy - CHy 3,60 25-35 oV \‘;;, R"\ IONISACE 07 »
Clly « OK 3,04 G = S 3,00 e ®,~?
CH,y - ON 4,64 CHCH, - H 3,48 " i L -
E: -M, 3,47 CZZ: '292“5 3,70 & ® - E:f';’é N - “EE*
© e
5 . P T
HsC O/\CH3 xunrim::ﬂatf:ﬁl. MOLEKULY ™ 5'@{\‘ TONISACE 0 —* J‘ — J‘
cca 8,5 a L) - it =425 132
Ethylacetat & ] e
M =88 g/mOI ' c1ssocTaln m_'
NEKOLIh PASEM ¥ ROZMEZL b ELEKTRONOVE .
g 0,0] a 2 ev do 10 o Uf,'* ;@ ZACHYT
? E ’ Tﬁ:‘ ' : ' — TJEH_-
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m:rL
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Derivatizace

Zvyseni tekavosti (GC)

LIV 4

Snadnejsi identifikace latek
(kyseliny vs. estery)

Silylace
Alkylace

UrCeni polohy dvojné vazby

Adice dimethyldisulfidu

o) O-+-H—0
V4 V4 AN
2 R—C = R—C C—R
N V4
OH O—H--0
i
O-+H—OH—0
. V4 AN
2RCOOH+ 2H,0 = R—C C—R
Va
O—-—H...Ol_._H...O
| H

R—COOH + H,0 = R—COO~ + H,0"

a4
L___’M‘_____‘__/—\'h—
1 1 ] | ] 1
0 5 30 45 60 75
—= t/min
! | L 1 1 o
0 15 30 45 60 75

Obz. 5.1 Porovnani chromatogramu volného cholesterolu a jeho
trimethylsilylderivatu na neupraveném nosiéi se stacionarni fazi F—60



Pseudomolekularni piky

Molekulovy ion-radikal M™"'ma ve spektru nejvy$si hmotnost, pokud nepog&itame izotopové

ionty. Neplati to pro nékteré ioniza¢ni techniky, kdy vznikaji ionty aduktd —

pseudomolekulani ionty.

_ o _ REAKCNI PROTONOVA HLAVNI REAKCNI  { PSEUDOMOLEKULARNI
A. El s chemickou ionizaci PLYN AFINITA IONTY IONTY
(KJ/MOL)
methan 533 [CHs]", [CoHs]', [C:Hs]" | [M+1]°, [M+291", [M+41]"
iscbutan 826 [C4Ho]" [M+571, [2M+H]"
. [NHaf", [NHy*NH,[", .
amoniak 860 [2NH;-NH.]' [M+NH,]
B. mékeé ionizacni techniky ESI, MALDI, APCI, aj.: o oH ( oo |

adukty s H*, Na*, K*, H,0, CH;0H, ...

“elnt

100 -

C. El pokud je v iontovém zdroji vysoka koncentrace -

molekul, dochazi k rekombinacim.

N NF

u-naphthoic acid
C, H,CO0H, 172.18 Da

Lo
S
[ ) 171
W

M-H-Co:

| Analyle-solvent adduct

127

[M + CHaOH - H
N Y

4 ) 120

160 miz



Relativni dulezitost piku

Molekuly obsahujici bézné prvky kromé dusiku (C, H, N, O, F, Si, P, S, Cl, Br, I) maji sudou

hodnotu m/z molekulového piku. Pro molekuly obsahujici dusik plati tzv. ,dusikové pravidlo®.

10000 ——

OH
)\ 8000
H3C CHs
g 6000
I 4000
2000
B 41
2-propanol, " 59
M =60 g/mol 0 Ll L
15 30 45 60
miz
100 .
45
80+ )\D)\
@
2
© 60+
=
[ =
I
s
< a0 43
Ll
[nel
87
20
S8
.DG 1 T l A I_I|I.l |l 1 T ||MII ,
0.0 20 40 60 80 100
m/z

Relative abundance

Rel. Abundance

100

50

CH3(|3HCH3
ClI

43

1]

100

.|I||I
I I

mlz

80+

60~

20+

M1

0.0

00

160




Nedostatek vyznamnych sudych iontl, pfedevSim pro nizka m/z, indikuje sudou molekulovou
hmotnost.

- te * H H
H-C-H H-C~H ¢
. o o - N .* —, V‘L-‘
Dichlorvos ] — | ) - () .
C4H7C|204P a2 " 81 H-C=C-H
M = 220.98 g/mol H
X LM Y
T H é
Molekulovy pik je sudy !!! - AT
| 7] —= cx 8
030121_08 2845 RT- 942 AV 1 ML:B83ES - ot
T. + ¢ Full ms [ 50.00-800.00] H-CsC~M
100 185.0 !
0s: Toluen, M = 92.14 g/mol CH,
8o 39
B85 /CH3 C|
o 9] 100
s \P/O\%CI : HcH "
70 O~ \O—CH 0] “*Note that the molecular ion peak is o "
65 8 1 NOT the dominant peak in the spectrum
B0 4 = L
55 £ T
. 127.0 g ﬁﬂ: \/
45 E o
40 109.0 i 40+
35 o E
. 79.0 187.0 ] -
25 g . \ i
20+ . CH, - S,
30 1450 4 C:HJ 9 151 l .
15 2109 Z \"‘?“| ] 1| W
14 830 - 1468 2218 G1E v =i i r..l. o i.. !n. . I.] Aot - [.. - v .I.# I.'
1 ]
: see 780 U0 lero 130 N0 |l srez (| "' 2000 (| 2230 545, 15 30 45 60 75 90
"&b 80 160 120 140 160 180 200 220 240 i

miz
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Molekulovy pik

394
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fragmentového iontu nesmi byt |
5 az 13 m/z. Pokud neni tato
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Fragmentove piky



Hauptfragmentierungsreaktionen (EI-MS)

Typ

Beschreibung

Wieder-
holung des
gleichen
Reaktions-

Ausgangs-lon

Beispiel

a-Spattung

McLafferty-
Umlagering

Spaltung der a-Bindung zu einem
Heteroatom (N, O, 5, seltener Halo-
gen) in offenkettigen Systemean
{unter Radikalverlust) oder in Ringen.
In letzteren entstehen zunachst iso-
mere M, die durch H-Verschiebun-
gen {bevorzugt via 6-gliedrige Ringe)
und Radikalabbruchreaktionen zur
Bildung von Fragmentionen fithren

Voraussetzung:

Ein zu einer Doppelbindung +stindi-
ges H-Atom (Das an der Doppelbin-
dung haftende ist das c-Atom)

Reakticnsverlauf:

Das H-Atom wird diber einen 6-glied-
rigen Ring an das andere Atom der
Doppelbindung verschoben, Die
Atomarten im 6-gliedrigen Uber-
gangszustand sind beliabig

Malekilion mein

Molekiil-und  ja
Fragmention

Al
Hilc.-"-hh"'\-\.n.-"}}h-"-

l:lll-l
¢ _CH
||.|:"'JL=’-“"f :

H‘il:'\-\.\_\_hl. [

HC

retro-Diels-
Alder-Reaktion

Voraussetzung:

B-gliedriger alicyclischer oder
heterocyclischer Ring mit mindestens
einer Doppelbindung

Reaktionsverfauf:

Es tritt eine Entcyclisierungsreaktion
zu En- und Dien-Komponenten ein.
Beide Teile kiinnen Ladungstriger sein

Molekil- und |a
Fragmention



Typ Beschreibung Ausgangs-lon Wieder- Beispiel
holung des
gleichen
Reaktions-
typs
COVerlust Voraussetzung: Maolekil- und ja o°
Cyclische Carbonylverbindungen Fragmention chf“-..-u -
(Ketone, Chinone), Ketoformen von ‘ J
cyclischen Enalen, Phenalen; Metall- 0
carbonyle; carbomylhaltigen Frag-
menticnen {aus a-Spaltung) Q.Q = @'a
o ,:’/ 0
Benzyl- oder  Reaktionsverfauf: wie g-Spaltung  nein o I.*.
Allylspaltung  Spaltung einer Benzyl- oder Allylbin- @r"}‘}" 1 =
dung {bzw. auch Dreifachbindung) =
-EH*I £
Onium- Reaktionsverlauf: Fragmention ja s HiC
Reaktion Ein Alkylsubstituent (auRer Methyl), ::1: -0 & = Ek
der an einem die Ladung tragenden Hy & Hye H
Heteroatom wie N (Immanium), CHs
O (Oxonium) etc. haftet, wird unter HaC aC H
Transfer eines H-Atoms des Alkylsub- ~N ’ B
stituenten an das Hetercatom abge- F,.l Nl P
CHs Hyi

spalten




" i
1 H 1
Y i Yoy X o B
McLaffertyho presmyk LIS etars
; CHQ /":/C\ rearrangemen
. CH, R
6
5 3 ! H CH
— - 4 5 3
6 4 2 Ne= 4 +
W /\/Y H/C C\H
HOL (@)
2-hexanone molecular ion propene
MW =100 m/z = 100 (not observed)
e
Icl;l
|
100 CHg\ /\/\{(

> 80 McLafferty fragment O

E 60

c

S 4 .

I molecular ion

(o]

« 20 /

0 T I || ||‘] r |I|I|I I i’ll ; || T | ! | : ! . |

[ H e
CH ~0
%y ;
TR | e ey

oz

N

10

50 60 70 80 90 100 110
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Stabl I |ta aromat|CkYCh iontﬁ Benzene Since benzene has 6 pi electrons:

dn+2=6
Find n: An aromatic compound
follows Huckel’s rule if
4n+2=6 n is equal to zero or a
4n = 6-2 positive whole number.
dn=4
Hiickelovo pravidlo n=1 Benzene is aromatic

(E. Hiickel, 1896)

Pravidlo, které konstatuje, Ze planarni monocyklxcky systém majici (4n + 2)
elektronii n, delokalizovanych na viech uhlikovych atomech kruhu, kde n je
jakékoliv celé &islo (0, 1, 2, 3...), ma necobvyklou termodynamickou stabilitu;
znamena to, Ze je aromaticky

-----

—_ !
Y
. ’ 'L_-'I ' '

FeeswTaS
S

-
‘_t,' "
| S—

Cyclopropenyl cation Tropylium cation Cyclobutadiene dication



Abundance

%

topylium ion mfz 91

00 - T

_ | L

propylbenzene

8 0+
6 0—
4 0+

] 120
2 0-

| L 92
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Stevensonovo pravidlo

Dochazi-li k fragmentaci, zustava
kladny naboj na fragmentu s
nejnizsi ionizacni energii.

2,6-Dimethyl-2-hepten

M = 126.24 g/mol

Harison A. G. et al., Org. Mass
Spectrom. 5, 1971, 1313-1320.

2-Heptene, 2 6-dimethyl-
MASS SPECTRUM

1007 ";
80
v 5
§ 60 |
< 40
o
20 ‘ .
0.0 v - | p— ——— v S
0.0 40 80 120 160
mJ/z
O-l,
HC =< oy CHy
we, oy ; —< e — ci
electron F o
R Cation (m/z 69) Radical (57)
e EY au)  -195.718672 -157.848329
ZPE (kJimol): 3242 304.7
CHy
"zcl Oy electr s c{ T =<
:CH, Hon \Cl"l, + HC CH,
o= o\' Cation (m/z 57) Radical (69)
~e E¥ (aw):  -157.612484 -195.975068
ZPE (kJ/'mol): 304.5 320.5



Pravidlo sudého elektronu (even-electron rule)

lonty se sudym poétem elektronu (kationty, ale ne ion-radikaly, closed-shell ions) se
rozpadaji na ionty se sudym poctem elektrona ztratou neutralni molekuly (ne radikalu).

lonty s lichym pocétem elektront (ion-radikaly, open-shell ions) ions se rozpadaji ztratou
radikalu za vzniku iontu se sudym poctem elektront (kationtu) nebo neutralniho fragmentu za
vzniku iontu s lichym poc¢tem elektront (ion-radikalu).

OH+

04 .
A~ — N 4

[odd]t* —— [even]t + R’

radical 1on

i+
——  CH;
[odd]"™* — [odd]™ + n 37 ”LA

[even]* —— [even]® + n
o +

[even]* —p—» [odd]* + R L — CO + -

closed-shell ion o+
Vyjimky v dusledku aromatické stabilizace. ?5'[ - ll'\, o

Karni M., Mandelbaum A. Org. Mass Spectrom. 15, 1980, 53-64



Relative Intensity

Prehlad najdoletitejfich fragmentovych ionov

miz Ién Struktamny typ | mjz Tén Struktimny typ
30 | NOt R—NO,, 58 | [CH,=C(OH)}—CH,]* R—CO—R
R—ONO,
r = R—ONO
Fragmentoveé ionty wlweim,  |An || cncn-caomr | rcon
31 H2C=5H R—OH,R—O R| 58 | [CHN]* R—NH,
33 | HS* R-SH,R-S R |59 | [CHO R—OH,R—O0—R
3 | HS* R—SH,R—S—R | 59 | [CH,=COH—NH,]* | R—CONH,
35 | HS' R—SH,R—S—R | 59 E)EC—OCH3 R—COOCH,
35 | Byt R-CLArCl | 60 | [CH,=C(OH)]* R—COOH
H H . H H 36 | H"CI* R—Cl, Ar—Cl 60 CHZI&_NO R—CH,—ONO
- -~ (' ;
. L - ¢ A R—CLA-Cl | 61 | - coH)=OH CH,—COOR
- - . 38 | 1o R—CLA—Cl |6 | [CHS]' R—SH, R—5—R
39 | CHY a 62 | ICHSI* R—S—CH,
42 91 H-C=C-H 43 | cr,cO* R—COCH, 63 | [CH,* c
M 4 | co; b 65 | (CH) d
o M |
v : # | cHCH=NH, | R—NH, 72 | [CH,NI* R—NH,
P - a4 | [CHNO} R—CONH, 2 | He=Son R—CH,—SCN
- = ! : +
- CK 6 45 | CHCH=0H | R—CH(OH)CH; | 72 | yc-Nes R—CH,—NCS
45 + R—CH—OCH, | 72 | (cH.O* R—CHO,
H-CaC-H CH,0-=CH, : ’ (CH0l R—CO—R
’ 45 | cus* R—S—H, 73 4 R—OH
i R—S_R C,H,—CH=O0H
bl 4 | CHS® R—SH, R—5—R | 73 C:H7—6=CH1 © | R—O—R
+ | R~CH
4 | No; i_ggof » CH,=CH—C(OH)=0H —(CH,),—COOH
2
CHACHY 47 | CHS? R—S—CH, 74 | [CH,=C(OH)—OCH,]* | R—COOCH,
@
ﬂ 7ogr N 81Br N a7 H2C=§H R—SH,R—S—R | 14 | [CH, -CH=C(OH),]* R—CH(CH_}—COOH
100 - = # | cH $H R—S—CH, 5 | IcHs) R—SH, R—S—R
80 | CH3CHZBI’ 49 CH3_§H2 R—5—CH, 76 | [CH J+ CGHSX
60 St HTY a 77 | ICHJ* CH,—X
] 86| CHN? R—NH, 9L | [cH)* CHR,
w0 L CH,~CHX
e CH,=CH—
PBr 81 Br® + +
20 N / 87 | —C(OCH,)=OH| R—COOCH, 105 | CH,—CO CH,—CO—X
| | L L] § C:‘an‘+ R—OH, R—O—R
0 — . e . : . . . e _— - : — :
0 1:) 2c|) 3;) 4(|, scl) 62, 72, 8:3 g[l) 100 110 120 a— aromatické a heterocyklické zhideniny, b —— pozadie, pripadne produkt rozkladu, c— aromatic-

ké zluCeniny, d — zlo¢eniny s benzylovou skupinou, R — alkyl, X — substituent, Ar — aromaticky
zvysok



Ztraty neutralnich molekul a radikalu

HsC  H
N/ "\
TR
— —3 CH; C
P
ch\cﬁlﬂ‘“" / Hoe”
0]
| II mie =44
CH CH
W :2-? \ HsC H H
B 2] 3 Nt/ N
C + 0
| ¢
*CH3»
&N
m/e = 42 HzC
Table 4.1, Common neuiral losses
M—1 H" M-32 CH.H: 57
M= 15 “CH, M = 33 H5™
M- 16 O (rare; N o= O cmpads, J; M o= 15 e
"NH: {amides) M = M HCT
M- 17 "0H: NH (ranc) M =42 HaCm Cmd);
M- I8 Hal HAC=CH-CH,
M= 19 F* M =43 CHC; *CaHy
M = M} HF M=—d44 Clk:
M— 26 HOCH, "CM M —4d5 CHyCHOY, *C0:H
M — 27 HOM: HC={"H M —db My (nitro cmguds. )
M — I8 Cix; HyC=CH; M - 57 CHyCHCY, *CyHs
M-—19 CHyC "Hy: HOODY M-T7 "CuHs (phenyl)
M — 30 MO (nitro conpds. 1, M—-T9 Br*
HLCD M -9l CeHCH; (benxyd)
M — 31 CH40* M — 127 "
“Check for kess of or change ™ sosope peak iessily pattern.

1 ) N H I ™
2 H,
3 Hs
350 CH,
16 H,N o
17 HsN HO
18 H,0
19 F H10
20 HF
B C.H. CN
27 CHN C,H;

co
2 9, N,
20 C,H; | CHO
30 NO CH,O
31 CH,0
32 CH, 0 |S
R s CHsO HS
35 ci
- e
B C.H. C,HsN
a2 C4H CoH,0
5 C2H3O 3" g 2112
- CaHy
44 co, C,H,0

CHO,
B8N c.H.0 | MOz
46 C,HO | NO,
a8 0s
55 CaHy
56 CaHg €20,
59  C,H;0,
60 CyH,0,
72 C,05
73 CaHsO5
B C H-
78 Br
91 C,H,
126 |
gl > o o

<

frequency of occurence




Relative Intensity / %0

Relative Intensity / %

42
100
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH, 100 — CH.OH » 108
T 57 - 2
20— hase peak 20 ]
e
60— B60
@
i - 77
R
= contle a1
40 @ 40— ¢Hs
71 2
- z -
[
85 20— 91
20— -14
| S P molecular CHy o7
b 14 ion 4
R 14 99 142
‘l ‘ ‘l H |‘ _14 173 | 0 Illlllil TTTT i!:! !Iil I!! I:l:l IIII !!IIJIH] =!!= ;[ll lli!ll illlllll !1| TITT |IIII=
O IIII|IIII|IIII|IIII|IIII|IIIII T I|IIII|IIIi|I TTITTTTITITY IIIIIIII|IIiI|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| 10 ! 2'0 ! 3[0 T 4'0 I 50 I 6'() 7'0 ! 80 J 90 ! 1(;0 I 1]|-0
z5 50 75 100 125 m/z
m/iz
100 — 100 — 43=M-79
| 43=M.35 | CH,CH,CH,Br
+
s Cl CH3CH,CH,
CH,CHCH
80 — H{!C 3 | 20 —
CH,CHCH; -
] ol 4
£
60 — 35¢1 2 650 —
, M =178 g/mol g
CH;CHCH; =
T 3'.'(:1 B IE 1
cHyCHCH, M~ 80 gimel ¢
40— £ 40
=
z
1 35 M -
20— 63 -15 : 20 —
1 78 122124
65 . K
L] i li i
! | vl 1]
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Urceni sumarniho vzorce
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Urceni sumarniho vzorce

mass spectrum
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Input variables = » »nX =73 = solutions i i
X I

Eiﬂpﬂﬂﬂt_iﬂe exasrt mass
equation )

8i, (n = 1-2) 8i,0H 72.9566
0, (n = 0-4) Si0C(0H) 72.9746
e, (n = 0=-6) Si0,(CH) 72.9746
(OH) , (n = 0-4) Si(OH)(CH,), 73.0110
(CH;), (n = 0-4) Si(OH)(CH)CH, 73.0110
(CH;), (m = 0-5) Si0(CH,) (CH,) 73.0110 "-T‘W
(CH), (n = 0-3) 81 (CH,), 73.0473 - e

# of gloms of P el By CanlrsgEan of

]
MZmine 2 A T e
. RevLan T W MUaland 1 high mass isotopes

r=2 low mase ad 2 high mass lsctopes
1 A3 e ARE & 3 high Moss atenas

http://mzmine.github.io/

E ] i tn S b BN
=k

“Apsurning e slement has only wo isotopes contdbuting 1o Rotope pesk relioe

{ ¥ Figure 2.0. Encmial expansion (Pascal's) Hangle.
@

http://www.mmass.org/

Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

Molecular Weight Calculator, by Matthew Monroe https://cran.r-project.org/
https://omics.pnl.gov/software/molecular-weight-calculator https://www.bioconductor.org/



Heuristické metody

Heuristika = zkusmé feSeni problému, pro néz nezname algoritmus nebo
presnejsi metodu. Heuristické reseni je cCasto jen priblizné, zalozené na
pouceneém odhadu, intuici, zkuSenosti nebo proste na zdravem rozumu.

NOPS all>1 N<10,0<20,P<4,5<3
NOP all > 3 N<11,0<22,P<6

OPS all > 1 O0<14,P<3,S<3

PSN all > 1 P<3,S<3,N<4

NOS all > 6 N<190<14S<8

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

1<nc<N Ny <2nc+ 2ny + 2 Ny <N
0< nys 2ng+ 2 NoS2nc+2ny +2 Ny < 2nc+2ny +2-n,
0= ngs 2nc N, + ny + n = sudé &islo No < 2n¢ + Ny

Kind T., Fiehn O. : BMC Bioinformatics 8, 2007, 105.



Heuristické metody

Element ratios

H/C
F/C

Cl/IC
Br/C
N/C
O/C
P/C

S/C

Si/C

Number of molecular farmulas

0-1.5
0-0.8

12000

Common range (covering 99.7%)
0.2-3.1

Extended range (covering 99.99%)

0.1-6

= WONWAEADNDNO

Extreme range (beyond 99.99%)
<0.1and 6-9
>1.5
>0.8
>0.8
>1.3
>1.2
>0.3
>0.8
>0.5

10000

8000

6000

4000

2004

o
g

Y
b

]

-

=t

HIC rafio

0 s
-08 -06 -04 -02 00 02 04 0B 08 10 12 14 16 18 20 22 24 26 28 30 32 34

Hydrogen/Carbon ratio (H/C) for 42,000 diverse molecules (containing C, H, N, S, O, P, F, Cl, Br, I, Si) taken from the Wiley

mass spectral library.



Heuristické metody

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 #1

Mass Range [Da] Library C max

< 500 DNP 29
Wiley 39
<1000 DNP 66
Wiley 78
< 2000 DNP 115
Wiley 156
< 3000 DNP 162

Mass Range [Da] Library S max

< 500 DNP 7
Wiley 10
< 1000 DNP 8
Wiley 14
< 2000 DNP 8
Wiley 14

< 3000 DNP 9

H max

72
72
126
126
236
180
208

F max
15
16
16
34
16
48
16

N max
10
20
25
20
32
20

48

Cl max

10
11
12
11
12
11

O max P max
18 4
20 9
27 6
27 9
63 6
40 9
78 6
Br max Si max
5
4 8
8
8 14
8
10 15
8



A+1 piky: srovnani s modelem

Nizké rozliseni
experiment

CsHsN,

Vysokeé rozliseni
experiment
C10H1609
C141H12N4O5
C16H12N203

94
94
94

M

280.082 + 0.003
280.07944
280.08077
280.08480

C11 H12N4()5

100 (M+1)/M

13
43.8
13.1

100 (M+1)/M

13.15
11.77
14.14
18.94



100.00

I
M+2
000
fl+1 M+3
ey
&~ 6000
Lt |
+
=
&
T
4000 N
F F N=" %
'FH ng f:IE:H ||:|h .-f,.FI
2000 HO—P F o
& R b - e
'+ B |
HO (] |
.00y
Q.00 10.00 2000 30.00 40.00 &0, 00 &80.00 F0.00 a0.00 S0.00 100.00

M+1 [%]
Cangrelor, M = 774.94831 Da, chyba méreni = 5% (red box). Molar mass: 776,36 g/mol



Pravidlo 13-ti C.H.,. u=(n-r+2)2

u = stupen nenasycenosti

(cykly + dvojné vazby)
M/13=n+r/13
cyklohexen pyren
CeHyg Ci6H10
M = 82.143 g/mol M = 202.25 g/mol

202/13 = 15.5385 = 15 + 0.5385

82/13 =6.3077 =6 + 0.3077 n=15

n==6 r=0.5385x13=7

r=0.3077 x13=4 u=(15-7+2)/2=5

u=(6-4+2)2=2 202/13 = 15.5385 =16 - 0.4615
n=16

r=-0.4615x13=-6
U=(16+6+2)2=12

Bright J.W., Chen E.C.M. : J. Chem. Educ. 60, 1983, 557-558.



Pravidlo 13-ti

M/13=n+1r/13

u=(n-r+2)/2
-‘O'-
H—c/ \c R furan
\ / c,H,0O
C—=cC M = 68.07 g/mol
Vo

68/13 =5.231 =5+ 0.231
n=>5
r=0.231.13=3

CsHg =y C,H,O

ue=(5-3+2)/2=2
u=ue+du=ue+1=3

U derivatt uhlovodikl se heteroatomy
nahrazuji uhlovodikovymi ekvivalenty:
O CH, du =1
N CH, du =7

N, C,H, du =1
Cl C,H,, du=3 Can+r
O
H
N Kyselina moCova
CsH4N,O4

M = 168.11 g/mol
H

HN

AP~

O~ ~>N" "N
H

168/13 =12.923 =12 + 0.923
n=12
r=0.923.13=12

C,,H, === C,H,N,O,

ue=(12-12+2)/2=1
u=ue+du=ue+(3.1+4.0.5)=6

Bright J.W., Chen E.C.M. : J. Chem. Educ. 60, 1983, 557-558.




Cykly a nasobné vazby

1. Vypocet z Eulerova vzorce
p=05V-N+1

2. Vypocet z valenci

2p = mnozstvi atomu H potfebnych k nasyceni molekuly, N = pocdet atomu, V = suma valenci
atomu

DBE=C-H/2+N/2+1
DBE=C+Si-12H+F+Cl+Br+1)+12(N+P)+ 1

(pouze pro N, S, P v minimalnim oxidacnim stavu N (-ll), S(-1), P(-1ll))

DBE =0.5Qn.(v,-2))+ 1
DBE=-a/2+c¢/2+d+3e/2+2f+1

(kde a, ¢, d, e, f = pocet 1, 3, 4, 5 a 6 valentnich atom)

Badertscher M. et al. J. Chem. Inf. Comput. Sci. 41, 2001, 889-893
Lobodin V. et al. Anal. Chem. 84, 2012, 3410-3416
Pellegrin V. : J. Chem. Educ. 60, 1983, 626-633



Euleriiv vzorec

face

edge

vertex

V-E+F=2

V = pocet vrcholl (vertices)
E = poCet hran (edges)
F = pocet ploch (faces)

Interior—-——
face
|
Edge  Vertex
-e+f=1

v = pocCet vrcholu (vertices)
e = pocCet hran (edges)
f = poCet ploch (faces)

__Exterior

face

Transformace do planarniho grafu
(Schlegeltv diagram)

I\ A

Tetrahedrane (a = 4, b = 6, ¢ = 3) is

tricyc10[1.1.0,0 ’

‘!l!lr.

Cubane (a = 8, b = 12,

]butane.

c =5) is

pentacyclo[4.2.0. 025 3.8 4.7

Q-

Adamantane (a = b=12, ¢ = 3) is

Joctane.

tricyc10[3.3.1.1 7 ]decane.

Lederberg J.: PNAS 53, 1965, 134-139

Eckroth D.R.: J. Org. Chem. 32, 1967, 3362-3365



Cyklické a nenasycené uhlovodiky

Q00

v = pocet vrcholu (vertices) Equilateral  Sguare Regular Peqular Reqular
e = podet hran (edges) Triangle Fentagon  Hexagon  Heptagon
f = pocet ploch (faces) Q - Q
f=e-v+1 Regular Regular Reqular
Qctagon Monagon Decagon

f = tzv. cyklomatické Cislo (pocet cykll a nasobnych vazeb v molekule; jedna trojna vazba
je ekvivalentni dvéma dvojnym vazbam)

H H
Cc—C . v=10
VAN H—C=C—H o7
T o

naftalen

Anantha Reddy P. : J. Chem. Educ. 64, 1987, 400.
oy o s s oy o s a e Rouvray D.H.: J. Chem. Educ. 52, 1975, 768-773.



Alifaticke alkany

g

methane ethane Propane butane isobutane

v = pocet vrcholli (verices) Stuperi vrcholu grafu (valence vrcholu) = poget hran

€ = pocet hran (edges) zasahujicich do daného vrcholu
f = pocCet ploch (faces) = 0

deg(v4) + deg(v,) + ...+ deg(v,) = 2(v—1)

Hydrogen Hydrogen

. > 1+1+1+1+4=204+1-1)

h+4c=2(c+h-1)

Hydrogen
JEroe Hydrogen

h=2c +2
Gutman I. : Teach. Math. 11, 2008, 53-61.



,Lewisovo* oktetoveé pravidlo (pravidio 6N + 2)

pocet ne-vodikovych atomu = N
pocet elektronl v sigma vazbach = 2(N - 1)
pocCet valencnich elektrond =V = % Cislo skupiny atomu — naboj

pocet valencnich elektronu v jednoduchych vazbach necyklické
Lewisovy oktetoveé struktury =A=8N —-2(N - 1) =6N + 2

..O..
H—C/ \C —H strychnin
\ / f CaiHzoN;0,
€ ——C uran M = 334.41 g/mol
C,H,0
| | M =68.07 g/mol
H H O
A6 x5 +2= 3D A=6x25+2=152

V=4x21+6x2+5x2+1x22-0=
128

EB=(A-V)/2=(152-128)/2 =12
(pocet cykll a dvojnych vazeb)

V=4x4+6x1+1x4-0=26
EB=(A-V)2=(32-26)2=3
(pocet cyklu a dvojnych vazeb)

Zandler M. E., Talaty E. R. : J. Chem. Educ. 61, 1984, 124-127.



Cyklické a nenasycené uhlovodiky

r=t2+q+1

t = pocCet terciarnich atomd kruhu (CH, N, O%)

() C

cyclohexene cyclohexane

e = pocCet kvartérnich atomu (C, N*)

r = pocet cyklu

N
/ N
md—"  cH,

N/CHE\N

T —
HECEN;,CHE

| CH
CH:  cH :
T |/

I

Hexamethylentetrarmin

e
Se

e
Hzcxm/tN
?
A
O’/ [T] N

: CH
v=10 fluoranthen kofein 3
e=12
f=3 v=16 t=10 v =11 =9
e=27 q=6 e = 6 q=4
t=4 f=12 =12 f=6 r=6
q=0
r=3

Shirikrishna A. : J. Chem. Educ. 73, 1996, 428.



(A 1551

Fragmentoveé piky 190 7 Patulin 4
i C7H604 ".EIH
Odstépenim H radikalu se DBE gy Mo 1e412gimol TN
fragmentového iontu zvysi o0 0.5, - i
adici protonu se DBE 0 0.5 snizi. Z a0
£
N1 n g .
+ H
Q(]H% L) H 1o
‘ H 2 '|1 111.3
H - :
H |}uz.n y 1l ||L1..|3:-" 1!1;_1 127.3 135_1::__1}.” 150.7_181.9] :h:;n
0 . - oot e s e e
Toluene radical Tropylium cation 10 120 130 140 150 180
cation (m/z91) o
DBE =4 DBE =4.5 DBE (M) =5 DBE (M+H*) = 4.5

Identifikace nepravdépodobnych vzorcli

Vzorec molekuly obsahuje lichy po¢et atomu s valenci 1 (H a
C11H21C|2ozs Cl), ale neobsahuje zadny atom s valenci 3 (napf. N).

DBE =11-6.5+1=55 => “dusikové pravidlo”

Pellegrin V. : J. Chem. Educ. 60, 1983, 626-633



Seniorova pravidla

Vychazi ze Seniorova teorému z teorie grafl. Podminky existence molekuly jsou:
1. Suma valenci nebo celkovy po€et atomu s lichou valenci jsou sudé.
2. Suma valenci je vétsi nebo rovna dvojnasobku maximalni valence.

3. Suma valenci je vetsi nebo rovna dvojnasobku (N, - 1)

Cl Tris(2-chlorethyl)amin

CeH1,ClN strychnin
M = 204.53 g/mol C21H22N;0,
;00 g M = 334.41 g/mol
N

CI/\/ \/\CI CH,
V=4x6+5x1+1x15-0 V=4x1+1x2-0=6  \_4x01+6x2+5x2+1x22
= 44 6 >2x4 —0=128
44 >2x5 6 22(3-1) 128 >2x6
44 22(22-1) 128 2 2(47-1)

Senior J. K.: J. Chem. Phys. 19, 1951, 865-873.
Morikawa T., Newbold B.T. : Chimija 12, 2003, 445-450.



Odhad poctu vodiku ze vzorce

= pocet atomu vodiku
= pocet atomu uhliku
_ nN p = poCet atomu dusiku/fosforu
Ny =2+ 2nc+ nyp— Ny, — 2(R + Db) N, = po&et atomi halogend
R = pocet cyklu
Db = pocet dvojnych vazeb

\ NNp = 3 HO O H
N / HN R=3 O
Db =7 N \\/J
2-(3-pyridyl)-benzimidazol /O/
O N

H
HO n, =19
ng=17 : :
no .= succinylsulfathiazol
N,P
R=5 n, =13
Db=4 n.=16
H \ S=0 se nepocitava ¢~ _
“Chg do Db Myp=3
HO™" R=2
Db=7

morphin
P Feldman A. : Science 133, 1961, 576.



Dusikové pravidlo

lichy pocCet dusikli v molekule => licha molekulova hmotnost

Dusik je jediny prvek se sudym M a lichou valenci (P a As maiji lichou valenci a lichou M).
Lichy pocet atomu s lichou valenci také implikuje lichou hodnotu souétu atomu vodiku a
halogent.

> (v;.n;) = 2.konst
Dusikové pravidlo plati pouze pro neutralni molekuly a ion-radikaly, neplati pro ionty a radikaly
= nelze je pouzit pro fragmentové ionty (po ionty a radikaly plati opacna parita.

, v . . H,O, m/z |8;
Plati pro molekuly b&znych prvki (C, H, N, O, F, CH,. m/z 16.
Si, P, S, Cl, Br, I). Dusik je jediny z téchto prvk C,H,, mfz 26;
ktery ma sudé atomové Cislo a lichou vaznost. CH,OH, m/z 32,
CCIF,. m/z 104;
C.H;OH, m/z 94;
) o o C,-H,.COOH, m/z 2R4:
Vhodné pouze pro spektrometry s nizkym rozliSenim. cholesterol, C,-H,. 0,  mj/z 386;
H,NNH,, m/z 32; and
Nevhodné pro M > 500 Da v dusledku akumulace ne- aminopyridine, CsHgN;, m/z 94.
nominalnich pfispévku
. MNH,, mz 17,
Pellegrin V. : J. Chem. Educ. 60, 1983, 626-633 C,HNH.,, m/z 45: and

Morikawa T., Newbold B.T. : Chimija 12, 2003, 445-450 quinoline, CoH-N, m/z |1:9-



Dusikoveé pravidlo

N-methyldiethylamin

M = 87 g/mol

N-isopropyl-N-methylbutan-
1-amin

M = 129.24 g/mol

1004

N @ 0
T T T

Felative Intensity

R
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Hgl:—l:u
HN—CHg
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H
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10

100+

s 90
R
o
% 70=
< 60+
)

w 50—
40-
304
20=
104
0J

% O

L .HH N
20 30 40

CH;—CH——N

CH; CH;
44

58
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114

+e
129(M )
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DBE = C+Si — 0.5(H+F+CI+Br+1) + 0.5(N+P)+1

Compositional
boundaries 120
£100
c
[+]
©
2 80
-
5
W
S 60
o
(o]
m
@ 40
D
= |
<)
Q 20
% 10 20 30 40 50 60 70 8 90 100 110 120
151 Carbon Number
8 *
5 X = NH, 0’ S DBE L 0.9 C#
g Lo X X
= N 7/ N\
3 L
b9 C#=8 \ -
-g ﬂ DBE=7 \ y X
o C#>.-E4
% 6 DBE=3 X//
E \X m c#=12
o 3] /A 8;;1"8 DBE =10
° crce, X Lobodin V. et al. Anal. Chem. 84, 2012,
s z z = = i 3410-3416

Carbon Number
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Fig. 1. First filter; lower limit to the number of C atoms. (+) Without halogen atoms; ( o) with halogen atoms: (- - + ) arbitrary
lower limit for molecules without halogen atoms; (-- - -) arbitrary lower limit for molecules with halogen atoms.
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Fig. 2. Second filter; upper limit to the number of N, O, P and S. (+) Without halogen atoms; (o) with balogen atoms; (—)
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o DBE, = 1+ ng—ng—ng—0.5n
Index aromaticity A ¢~ Mo s H

] S Ca=Ng—Ng— Ny —Ng —Np
Kondenzované aromatické latky: Al > 0.67

o Al = DBE,, / C,,
Aromaticke latky: Al > 0.5
)O\H OH HC=CH
N- N naftalen
acetylen _ ~
/j\\ )I\ Al =2/2 = 1 Al =7/10 = 0.70

HO N OH HO OH “
kyselina kyanurova floroglucinol
Al =-05/-3=016 Al =1/3 =0.333

pyren
Al =12/16 =0.75

beta karoten, Al = 13/40 = 0.325 koronen CO‘
Al =19/24 =0.79

Koch B. P, Dittmar T: Rapid Commun. Mass Spectrom. 20, 2006, 926-932 ! !




Mira oxidace (methylenovy ekvivalent) H—C—H

NORM = ,pocet dvojelektronovych oxidaci potfebnych syntéze slouceniny z methylenu”

NORM = pocet heteroatomu + pocet wr-vazeb + pocet cykla - 1

COOH COOH
NaOH(CaO) NaOH(CaO)
> >
~-(CO> CO»
COOH
Phthalic acid Benzoie acid Benzene
NORM =9 NORM = 6 NORM =3
pocet heteroatomt = 4 pocet heteroatom( = 2 pocet heteroatomt =0
pocCet 11-vazeb =5 pocet TT-vazeb = 4 pocCet 11-vazeb = 3
pocet cykll = 1 pocet cykld = 1 pocet cykll = 1
 /
NORM =3

pocet heteroatomu = 2
pocet 11-vazeb = 2

pocet cyklu =0 Kjonaas R.A. : J. Chem. Educ. 63, 1986, 311-314.

Shibley I. A. et al.: J. Chem. Educ. 87, 2010, 1351-1354.



["u"an Krevelen diagram for various solid fualsj
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Kendrickiv hmotnostni deficit

= pouze pro MS s vysokym rozliSenim

Kendrick mass = [UPAC mass x (14.00000/14.01565)

~ CH,

Kendrick mass defect = (Kendrick nominal mass - Kendrick exact mass)

Mass Defect (Da)

0.02-
2H
1 13C
0.01 1 \14N 15y
il i/
12¢
0.01F 160

Mass Defect =
.0.02- Atom Mass — Nearest Integer Mass

.0.03 EveryC.HN OS mass 31P/ /
is unique! 32
S 343
-0.04 012345678 9101112131415 161718 19202122232425 26272829 303132 3334
Mass (Dalton)
Element Nuclide Nominal Mass Exact Mass Mass Defect
Hydrogen H 1 1.0078 0.0078
Carbon B 12 12.0000 0.0000
Nitrogen N 14 14.0031 0.0031
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Heatmapa
vizualizace vysledku
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Metoda hlavnich komponent (PCA) a metoda nezavislych komponent (ICA)

A Data Matrix X Source Matrix S Mixing Matrix A
=
o
£ = E a
0 ' E
w I =]
_ O
Chemical Signals | Components Chemical Signals
:  Melaboiites or Noise | :
v f
B Intensity D ) W
TR ] Another IC
One IC/Sounce
C | C8H1206 E

Hoisd



ANN predicted (x10%)

Umélé neuronové sité (ANN)

o
o
i)

N
w

o
o

00 28 50
Experimental number of hESCs (x10")

Verification of the
model

-
o

Absolute intensity (x10%)

0.04
£
Input layer  Hidden layer ~ Output layer éo.os
; go.oz
foo '
0.00
5500 6000 6500 7000
3 Processing of mass

spectra and selection
of informative peaks

[




Literatura

INTRODUCTORY
Edmond de Hoffmann and Vincent Strogle

Second Edition M a SS \
Spectrometry

Principles and Applications

——

Third dit.t'on
4

Stephen Shrader

Wiley Series on Mass Spectrometry

John L. Holmes
Christiane Aubry
Paul M. Mayer

A Basic Approach

Assigning Structures
to lons in

Mass Spectrometry

SECOND EDITION

Interpretation of MS-MS Mass
Spectra of Drugs and Pesticides

Wilfried M. A. Niessen « Ricardo A. Correa C.

R. Martin Smith
WILEY




Mass Spectfometry

I

TN
i'ﬂ

Lil

0 \ {
\ ~ g .
. 2 '/
N L
\
/

I i 2
\,\\ ~
.
"

“Okay—uwho put my lunch through the mass spectrometer..?”
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