HMOTNOSTNI SPEKTROMETRIE
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Obr. 12.11 Relativne zastipenie niektorych stabilnych izotopov v prirode

Presné hmotnosti niektorych atémov

Atom Relativna hmotnost Atém Relativna hmotnost
'H 1,007825 Bsi 28,976491
2y 2,014102 933 29,973761

2c 12,000000 Mp 30,973763
BC 13,003354 ng 31,972074
N 14,003074 g 32,971460
N 15,000108 Mg 33,967864
180 15,994915 Bl 34,968854
"0 16,999133 ) 36,965896
5o 17,999160 ®Br 78,91835

F 18,998405 $ipr 80,91635

i 27.976927 127 126,90435




Historicky vyvoj hmotnostni spektrometrie

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

1913 (Thomsaon) - rozdéleni izotopu neonu ““Ne a ““Ne pomoci tzv.
paraboloveho spektrografu, povazovan za zakladatele MS

1924 (Thomson, Aston) - charakterizovano izotopické zastoupeni 50t prvk

40. l&ta 20. stol. - rozSifeni MS v oblasti petrolejafského prumyslu, 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 & kal.) - Moving Belt pfevodnik pro spojeni HPLC/MS

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

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

1984 (Fenn) — vynalez ionizace elekirosprejem (ESI)

1989 (Hillenkamp, Karas) - vynalez MALDI

2002 (Fenn, Tanaka) — Nobelova cena za chemii — vynalez mékkych
ionizacnich technik (elektrosprej a MALDI) pro analyzu biomakromolekul
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Obr.12.1 Schéma hmotnostného spektrometra



Hmotnostni spektrum

Hmotnostni spektrum = sloupcovy diagram, intenzita vs m/z
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Obr. 138; Normalizované hmotnostni spekirum toluenu
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.TABULKA 2.2,
Potencidly ionisace atoml a énorganickich slougenin

Atom IP (eV) Atom IP (eV) Slougenina IP(eV)|Sloudenina IP(eV)
H 13,595 As 9,81 NH3 10,34 ND3 11,47
He 24,581 Se 9,75 HCN 13,86 H20 12,60
Li 5,39 Br 11,84 H2 15,44 | CO 14,1
Cc- 11,256 I 10,454 F20 13,7 CDC].2 11,77
N 14,53 0 13,614, C102 11,1 0103 11,7
F 17,418 Na 5,138 NO 9,25 N20 12,9
Mg 7,644 Al 5,984 N02 - 9,91 BHa 10,09
Si 8,149 P 10,484 B2H6 12,1 BFs 13,5
s 10,357 C1 13,01 SiH, 12,2 |siC1, 11,6
K 4,339 Ca 6,111 Si0, 11,7 HyS 10,45
Fe 7,87 Zn 9,391 CS2 10,15 802 13,4
Cu 7,724 Ge 7,88 PCl3 12,3 TiCl4 11,7

TABULKA 2.3.

Potencidly ionisace organickych sloulenin
Slou&enina IP (eV) Sloudenina IP (eV) Sloudenina IP (eV)
methan 13,07 acetylen 11,40 ethylen 10,60
ethan 11,65 allen 10,16 cyklopropen 9,95
cyklopropan 10,23 propén 11,21 vinylacetylen 9,9
butan 10,80 isobutan 10,79 cyklopentadien 8,7
cyklobutan 10,58 banzen 9,31 toluen 9,20
cyklohexan 10,3 naftalen 8,26 fluorbenzen 9,67
chloroform 11,42 cCly 11,1 CH,C1, 11,4
methylchlorid 11,42 ethylchlorid 11,18 propylchlorid 10,86
ethylbromid 10,49 brombenzen 9,41 -acetonitril 12,46
athylenimin 9,904 methylamin 9,41 dimet hylamin 8,93
pyridin 9,76 formaldehyd 10,87 methanol 10,95
ethylenoxid 10,65 keten 9,4 athanol 10,65
aceton 9,89 propanol 10,20 furan 9,00
diethylether 9,72 faenol 9,01 anisol 8,36
HCO,H 11,51 glyoxal 9,48 CH3002H 10,66
cuacoacna 10,27 nitromethan 11,34 thiofen 9,1




Table 3.1, lonlzation energies of selected compounds and redicals (in i)

Hydrocnrhans 5 Componnds MNHalegen Compounids Radicals
HC=CH 114 OO 14.0 N; 156 F 17.4
CH,=CH; 105 O 135 HCH 136 CT° 13.0
m-Alkames  ~104  Ha0 125 NH, n: B 1.5
ECHCHE; ~102" HC=0 109 ROONH, ~4 " 1.5
Cwelohexane 9% ROGLRS  ~1i BRCH=NH ~%6 35H" o4
Benzyme 9.7  wROH ~1ik1  Pyridine 9.3  CH, 0.8
- lkemes ~Q.6  RCHO ~4% RCH=MR' -~91 CH.=CH" iR
Benzene R CHO0CH, 97 ROONES ~& 8  ROCO B
RCH=CHR" ~9.1  aArC0.H 4.7 n-EMH. ~87 CH,O" fi.h
I} -Butadiene 9.1 CHC=(0 46  Pymole 82 A 81*
ArCHs % RO ~45  RaNH ~&0 CH,=CHCH:" &1
Cryelohexene 28 ArCOR =44  ArfNHs 7.7 HOO® 21
Ar-CH=(H: 84 rm-RSH A, 1 w-RBu” &0
Maphihalene 81  Thiophene 20 HOCH:" .6
Furm 58 n-RF ~<125 HSCH." 1.5
AriiH 85  n-RCI ~10.7  s-Bu* 7.3
B.5 ~84 n-RBr ~10.0  ArCH,* 7.1
ArlR S T ] | =02 C‘I-I_TEIJ' 7.0
CHESCH, 74 ATl 01 ROCH,® 69
ArBr o0 &Bu* 6.7

Cvelic C;H,* 6.6
Cyelic CoHL* a.x
H,NCH," '
RoNCH," 8.7
H,NCR," 5

“Boand B stamd For alkyl prosps Approsimate values based om aversges for fwa or mone simalar

i Hanis.
PAr = CgH,y—.
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Spearar, Ik Edivior, pp M35 Coparight Universiny Seience Books, Seesalig, O, THI3,

(a}
111
e
= 6 A
¥
111 A
i T T
1L1E2 LA 1112 L1y .22
1o
1104
{hh .
KikkE ex-ROR
111
- G-
o~ X
=
.-
-_—
-— 75 -
s ENIH,
"
B.E —"
___*___4—
-
Bd
HEiT] NIE] o 146
i
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Stabilita aromatickych iontu

Hiickelovo pravidlo

(E. Hiickel, 1896)
Pravidlo, které konstatuje, Z¢ planarni monocyklicky syst¢ém majici (4n + 2)
elektrondi n, delokalizovanych na viech uhlikovych atomech kruhu, kde n je

jakékoliv celé &slo (0, 1, 2, 3...), m& neobvyklou termodynamickou stabilitu;
znamena to, Ze je aromaticky

1'r+ R R R Rla R TN R
5” “ig* “'irl:"_' & ‘_'

Figure 3.8, Stabilization of the ban®y ion by the aromalic ring.



E " n n Tor, Ve
1001
nergie lonizace 1
171y 820
S0 '
T ) , O le.J!, | - -
P S 07 p=z008 ’ 132M
' energie elektronu (eV) (:ﬁ/’ VINIK = 7 .
HETEROLYTICKA DISSOCIACNE ’/’,J ' IoNTOVEHO 6)
ENERGIE VAZBY P .
4 P 50 7
DVOJITA g L
25-35 oV TONISACE (5) 100“———-——uk~r_uh | P i
E=1638 ‘ 1328
17
504 77
DISSOCIACNE 7
TONISACE (4) _
a 1 1 L
- . .
A7 E=tza8 el
10NISAENT POTENCIAL MOLEKULY TONISACE (3)
cca 8,5 al 14 oV
0
17
£ISSOCIACNE
NEKOLIN PASEM V RozMgzf ELEKTRONOYY  (2) a : 2 i .
0,01 aZ 2 ev do 10 eV ZACHYT 100+
E=fl3B 1au
A0
EXCITACE (1)
v ; | i I
i 100 m/z
Obrézek 2.1. l;:ﬁiz'.n' JamacaMocTs BMAR MAcC-cHeRTPA I)-RMMeTHX-2-TDUMETHACHABATHADASHHA OT SHEDIHA HODE-

Neelastické kolize elektronu
8 biatomickou molekulou



Energie ionizace

Dissocia&ni snergie vazeb v eV,

Molekula Energie Molekula Energie
CHg - H 4,38 CH, - CHq 3,60
CH3 - OH 3,94 Csz - SH 3,00
CH, - CN 4,64 CGH’SCH2 - H 3,48
- NH -

CH, 2 3,47 C6H5 CaH5 3,70
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Obrazek 2.2,

G&innost ionisace octanu ethylnatého v
zdvislosti na energii elektronového pa-

prsku.
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Energie ionizace
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Hauptfragmentierungsreaktionen (EI-MS)

Typ

Beschreibung

Ausgangs-lon

Wieder-
holung des
gleichen
Reaktions-
typs

Beispiel

or-5paltung

M Laffierty-
Umlagemung

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

Viorausseltzung:

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

Reaktionsverlauf:

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 bealiebig

Molekilion

Molekil- und
Fragmention

nein

ja

retro-Diels-
Alder-Beaktion

Viorausselzung:

B-gliedriger alicyclischer oder
heterocyclischer Ring mit mindestens
einer Doppelbindung

Reaktionsverfauf:

Es tritt eine Entoyclisierungsreaktion
zu En- und Dien-Komponenten ein.
Beide Teile kinnen Ladungstrager sein

Molekdl- und
Fragmention

ja



Typ Beschrelbung Ausgangs-lon  Wieder- Beispiel
holung des
gleichen
Reaktions-
typs
COVerlust Voraussetzung: Molekil-und  ja o
Cyclische Carbonylverbindungen Fragmention He ~ o
a ¥ ¥
{Ketone, Chinone), Ketoformen von
cyclischen Enolen, Phenolen; Metall- o
carbonyle; carborylhaltigen Frag-
menticnen {aus e-Spaltung) O‘Q " O'O
0 / o
T
Benzyl- oder  Reaktionsverfauf; wie g-Spaltung  nein T l: 2
Allylspaltung  Spaltung einer Benzyl- oder Allylbin- @"3‘5" ! i *
dung {bzw. auch Dreifachbindung) i =5
H ;Mf Hz — Hi "%‘“CHE
Onium- Reaktionsverfauf: Fragmention ja HaL H;C
Reaktion Ein Alkylsubstituent (auer Methyl), :1: =3 — = B
der an einem die Ladung tragenden Hyo 4 HyC H
Heteroatom wie M (lmmonium), tH
0 (Oxomium) etc., haftet, wird unter HsC ot "
Transfer eines H-Atoms des Alkylsub- S T
stituenten an das Hetercatom abge- /J — F,JJ
HyC CHz Hyi

spalten




Chemicka ionizace (Cl)

Protonové afinity (v aV) b8iné pouzivanych
reakéinfich plyni.

Reagent Protonova Reagent Protonova
afinita afinita

NHa ‘ 8,9 N,0 5,9

Hy0 7,4 CoHg 5,7

0, 4,4 Hy 4,4

Ny 4,9 CH40H 7,9

CH4 5,5 iso-C H,, 8,4




TABLE 8.1

SUMMARY OF CHEMICAL IONIZATION {CI) REAGENT GASES

Proton
Affinity Reagent
Reagent Gas (kcal/mole) lon(s) Analyte lon(s) Comments
H: 1111 H;* (M + HY Produces significant fragmentation
CHy 132 CHy*. CH:" (M +H)' (M + C,Heyt Less fragmentation than Hy, can form
adducts
NH; 204 NH," M+ H)", (M + NH,* Selective ionization, little fragmenta-
tion, some addect formation
(CH: CH 196 (CH, 3. M+ H)'. Mild, selective protonation, liitle
[M + C{CH: )1 fragmentation
CHLOH 152 CHy0H,* M+ Hy Degree of fragmentation ohserved
hetween that of methane and isobutane
CHLON 188 CH,CMNH! (M + HY Degree of fragmentation observed
between that of methane and isobutane
REAKCN{ PROTONOVA HLAVNI REAKCNI | PSEUDOMOLEKULARNI
PLYN AFINITA IONTY IONTY
(KJ/MOL)
methan 533 [CHs], [CoHs]", [CaHs] | [M+1]7, [M+297", [M+417"
isobutan 826 [C4Ho]" [M+57]", [2M+H]*
+ +
. [NH.]", [NH3+NH.], .
amoniak 860 [M+NH,]

[2NH3+NH,]"
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CH
G Hyg Cl "
.S: CM’
CH,
-
Z 504
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i
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T L
Protonové afinity n&kterych reak@nich plyni 0 ' 50 m/2 100
Reakén{ plyn Protonov4 -afinita 1001 Hp* cH CI
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Vnhaseni vzorku do MS
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Chromatogram v GC-MS

Chromatogram je tvoren celkovym
iontovym proudem (TIC)
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Chromatogram v GC-MS
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Chromatogram v GC-MS
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Figure 1.26. Reconstructed total ion current chromatagram (RTICC) generated from mass
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Figure 1.27. Mass spectra of four componants found in the illicit drug sample whose RTICC is
shown in Figure 1.26. (a) 3.4-Methylenedicxyamphetamine (MD&; £t 1.40 min), (&) A-hydroxy-
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(dh 1-(3 4-methylenadiogyphenylipropens [t 2,81 min).
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RozliSeni

pi'o ion hmotnost pro ion hmotnost
H20+ 18,0106 czne" 30,0469
op* 18,0090 CH,0™ 30,0105
NH,* 18,0344 cH,N* 30,0344
Pfesné hmotnosti nékterych nuklidi, ¢, 4
C 00 130,0783 Cy3H59N 40 718,3730
, CgHgNy ™ 130,0531 C4oH gN404 718,3366
Prvek Isotop Hmotnost
Yodik 1 1,0078252
Vodfk 2 2,0140100
Uhlik 12 12,0000000
Uhlik 13 13,003354
Dusik 14 14,003074
Dusik 15 15,000110
Kyslik 16 15 99491415 Tabulka 1: Relativni{ hmotnosti ruznych atomu a molekul m&fené p¥i
F{ 19 18'998465 nizkém a vysokém rozli%eni hmotnostniho spektrometru.
uor » ’
Kfemik 28 27,976927 Vzorec nizké rozliZent vysoké rozliZeni
Fosfor 31 30,973763 ‘H 1 1.0078
Sira 32 31,972074 < 12 12,0000
%o 16 15,9949
Chlor 35 34,968855 T 355 252,00936
Brom 79 78,918348 C,,H,, 252 252,1872
Jod 127 126,904352 - Crolys 252 252.2808
C,,H 252 252 ,2445
C,H

252 252,2082




Obrazek 3.1.1.

Rozlisovaci schopnost hmotnostnihe
spektrometru. (a) nerozliSeny "sou-
Stovy  pik; (b) dva prav® rozlidi-
telné piky; (c) definice rozlident
prekryvem; (d) definice rozliSeni
&1 fkou piku.

129 132

(a)
131

134
136

(b)

__JLJLLL_,L -

128 129 130 131 132 134 136

mjle

Hmotnostni spektrum isotopi
xenonu pfi rizném rozlidenf.
{a) R = 130; (b) R = 500
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licher Genehmigung von Bruker-HP-Esquire-LC-Operation Manual) *®
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Pruletovy analyzator (TOF)
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Figura 1.B. Realleciron fime-ol-light (TOF) mass speciromeabes (Adapied wilh parmigaion.
Cogyright LECO Corporatian, 54, Josaph, MI)
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Obrézek 8,2,

Relativnf §ifky pikd pFi rdzngch

zpidsobech snimani spektra,

a) - exponencidln{ rozvoj spektra-
magnetick¥ analysator;

b) - elektronicky linearisované
spektrum-magneticky anal.,;

¢) - linearni rozvej spektra-
kvadrupolovy analysator,



Obrazek 4.4.6.4. '
Hmotnostni{ spektra (normali-
105 zovana) benzodtu propylnaté=
ho méfend pfi ionisaci .elek-
o . tronovym paprskem rdznymi
164 hmotnostnimi spektrometry.

: 1
1 | | a ~ letovy (TOF) analysator;

140 180 .
b - kvadrupolovy analysitor;
c- 90 ° magneticky analy-
. sator;
“ ) N d - analysator s dvojitym
1 1 I ) o i
L o 180 zaostienim v Nier-John-
sonové uspoifadani.
| R
140 180
1“ | ™ Tab 2. Pfehled obvyklych detekZnich 1limitd p¥i GC-MS
140 180

analfze na roznych typech hmotnostnich spektrometrd (jako

nast¥iknuté mnoZtvi).

TYyp Rozli%en{ |ReZim Det. limit
pfistroje

kvadrupolovy 600 scan 50 pg
kvadrupolovy 600 SIM 0.5 pg
ion. past. 600 scan 2 pg
pagneticky 10 000 SIM 0,05 pg




Tabulka VII. Srovnéni viastnosti analyzatorl pouzivanych pfi hmotnostni spektrometrii

stroje (v USD)

analyzator sektorovy kvadrupdlowy iontové past préletovy cyklotronova
rezonance

rozli§ovacf > 100 000 Amfz < 1 <10 000 1000 - 15 000 | 10°- 10°

schopnost do m/z = 4000

horni mez m/z 2000 - 15 000 1000 - 4000 2000 - 10 000 | > 500 000 ~ 60 000

citlivost stfedni stfedni vysoka vysoké vysoké

celkové vyuitl nizké (5 - 10%) nizké vysoke vysoké vysoké

iont{l (90 - 100%)

rychlost skenovani | niZsi stfedni vysoké veimi wsokd | wysoka

pfesnost m/z vysoké niZ&i niZ&i stfednl vysoké

pfesnost kvantit. vysoké vysoka stfedn( niZsi niZs|

analyzy

pulznf méd ne ne ne ano ano

moZnost MS/MS v | ne ne ano ne ano

jednom analyzétoru

kaompatibilita s GC | Ize pouZit velmi dobré velmi dobré off line lze pouZit

a HPLC

vakuum 10° - 10® Pa 10%-10® Pa 0,1-10Pa ~10° Pa 107 - 10" Pa

pfiblina cena pfi- =250 000 =120 000 =120 000 =80 000 =500 C00




Hmotnostni defekt

E = Amc¢’

Element Nuclide Nominal Mass ExactMass Mass Defect
Hydrogen H 1 1.0078 0.0078
Carbon " 12 12.0000 0.0000
Nitrogen 14N 14 14.0031 0.0031
Oxygen %0 18 15.9949 -0.0051
Fluorine F 19 18.9984 -0.0016
Sulfur g 32 31.9721 -0.0279
Chiorine el 35 34.9689 -0.0311

K
+0,05 -
[ g ] K
/ Carbon

Kass Defack

0.0 - ,.&ﬁ Fadion ——s
L]
'DU'EI = I'_'lr:'.rgun . N
L4 S TI- "
-0.1 1 - :: e .I 1 1
20 410 i ag 100
Adorric Murnber

Figuene 2.3, Mass defacis tor (ha alements.

are.on +
Ir1.8

mix

Figura 2.0, Mass speciral peak Tor (CaaHa02S0 al AM - 1, showing the sifes of the mass
(CaaH a0 Si) debact on maximum intanaily



Interpretace hmotnostnich
spekter



TABULKA 3.1.

Pfirodni{ zastoupeni isotopi nékterych bdinych prvki.

Prvek Isotop Zastoupeni (%) Prvek Isotop Zastoupeni (%)
Vodik 1 99,985 'Bor 10 19,6
YVodik 2 0,015 Bor 11 80,4
Uhl{ik 12 98,89 Dus{ik 14 99,63
Uhlik 13 1,11 Dusik 15 0,37
Kyslik 16 99,759 Fluor 19 100,000
Kyslik 17 0,037 Sod{ik 23 100,000
Kyslik 18 0,204 KFfem{k 28 92,21
Fosfor 31 100,000 Kfemik 29 4,70
.Chlor 35 75,53 Kfemik 30 3,09
Chlor 37 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
Tabls 2 9. AiEfircsl jld-ﬁ:lp.l'ﬂ SRERRcEE OF ST slarments,
I
A A+ 1 A3
E lgrmrar
Elomomnd Fllans e Mans e Mlaan e TP
H 1 100 2 R AT
c 12 100 13 1.1* A 1
M i4 [ ] i5 037 A 4 1T
(=] 1% 100 17 0.04 18 020 “'f."'-."?
F 19 100 oA
Sl e L4, 20 5.1 30 2.4 Az
P a1 00 AT
5 a L 1] a3 0.79 3a 2.4 A
| e L 10M) ar 320 e 2
Er o i) a1 ar.a ot ey
I =7 100 o

NG TR Ed Aaads [ TEERE
a1 4+ 003, deporadisg N BouUnce.,




Tabls 1.2. Iscofopic confribuiions oy carbon amd hpdrogen. if e abundance of e
peak A iz 100 fafker corrackion for isofopic contributiong o it), than il isafopic

cantriluniiaes Wil e
—— —
(A + 1] A+ 2 A+ 1] A+ [A 4+ 3

Gy 1.1 {1, 04 Cog 18 1.5 a1
Gy 232 g.on L - Ly 1.7 11
Sy a3 .04 Cru 20 1.9 Q.
oy 4.4 .o iy 21 a1 .1
Gy 58 12 Comy 23 23 0.2
Ty 6.6 s iy a4 28 Ej
<, r.J 025 - 2 a3
Ty AA 04 =, P4 a8 .3
Cy 8.8 4 - 3 45 0.4
e 1.0 D54 Cing 33 52 0.8
c, 13.1 oEYT Eas ko T3 0.8

1
- 13.2 (= F ] G 4 2.4 1.3
C\a 14.3 Y Cay Ee 1% 2.8
Cy 18.5 1.3 €100 110 B0 22

For aach addtignal stsmml prassnt, add par dfom.
(& = T1: M, 037 0, 0.0k 52, 5.0; &, QT
A & 2 G 02 S 34 S 44 G, 2.0 Br, .3
Typieal vl for {& = &): Ty, Ok Cg, 093, G g, 57
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|zotopovy A
pattern

Ci CIZ Cl3 C[z. C[s
A j | l 1
IBRL RRERE] i Tl 1T
Br Br2 Bra Br[' Br5

!

|| |

T TTTTTTT TTTT T TITITITET) 1

Pomerné zastipenie izotopov siry, chloru a bromu




|zotopovy pattern

1ClI 2Cl 3Ci 4ClI S CI 6 Cl
| | L |, l |..

1Br 2Br 3Br 4Br 5Br 8 Br
I I | I ' | 1 lI |l

Obr.12.12 Vypoéitany izotopovy vzor pre molekuly s rbznym podtom atémov chléru a brému
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Stabilita molekulového piku

Molekulovy ion je stabilizovan rezonanci (viz. PAHSs)

Molecular ion
lifetime

AN

Aromatic compounds
Conjugated alkenes
Alicyclic compounds

Organic sulfides

Unbranched hydrocarbons

Mercaptans

Ketones

Amines

Esters

Ethers

Carboxylhc acids
Branched hydrocarbons

Alcohols

klesi v radé:

-

aromatické sloudeniny,

konjugované nenasycené slou-
€¢eniny,

alicyklické sloudeniny,

sulfidy,

uhlovodiky s pfimym Ffetézcem,

merkaptany,

ketony,

aminy,

estery,

karboxylové kyseliny,

rozvétvené uhlovodiky,

alkoholy.



Benzolalpyrene
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Dusikove pravidio:

lichy poCet dusiku v molekule = licha molekulova hmotnost

Plati pro molekuly b&znych prvki ],jlz_lﬂ e :g
. - /2 16:
(C,H,N,O,F, Si, P, S, Cl, Br, . C,H.. /= 26,
CH,OH, m/z 32;
S , CCIF ;. m/z 104;
Dusik je jediny z techto prvku ktery C HOH, m/z 94;
, , L . _ C,,H,,COOH, m/z 284;
ma sude atomove cislo a lichou cholesterol, C;,H O,  m/z 386
H,NNH;, m/z 32; and

vaznost. aminopyridine, CsH N, m/z 94

MNH,, m/z 17,
C:HANHE. m/z 45; and
gquinoline, C;H, N, m/z 129,



= EE" +« EE°
/ odd aver

) iz Mmass
EE" + COE
A : add aidd
EE" — = OE* Mz mass
ras iz oe* + EE°
EndEd ovan
mizr ([gl: o1
(&)
EEY + Qp°
) EVER AE el rrAss
EE® — D™ add miz ByYEn Mass
add odd . \
s mir CIE + EE
odd 'z EVER IMEEs
- avan fuz odd mass

Figura 3.6. Applcaton o the niinragen rubs i the lonizalon ard fragmentstien of aven- and odd-
mass molecutes. (&) Fragrenaton of an evan-mass M™™ conkaning nd M atoms lBads ¥ EE™
fragmants hawing odd miz valuas and OE™ fragments having aven mvz valuas, () Tha miz
values for odd- and evan-eleciron fragments fhal resull from an cod-mass M ere less
predictabla, {From Sparkman and Watson, 2002 )



Cykly a nasobne vazby

Index nenasycenosti (nedostatek vodiku), i

Cislo, jehoz hodnota oznaduje pocet kruhi a (nebo) dvojnych vazeb (trojni vazba
se poCita jako dvé dvojné vazby) pfitomnych v molekule znamého molekulového
vzorce. Vypocita se podle vztahu

(2nc + 2) — ny
2

kde n. a ny je podet atomi uhliku, resp. vodiku v molekule.

Bax 2.1. Aings plus Dovbig Bong's [F+ 4

Far the general lonmula ©H MO,
fmore genaral case | FALA,, wivere d=H, F, CI, Ba, |, #=0, 5; =M, P; and /W=, 54, et |

Total rirgs plus doulde bongs = 2 — 1y + J2+ 1
For an envan-slacizan som (38e Seciicn 3.2, the true value will be Tollowed by @5

Ezamplas:

CigH M ringgpledoubia bl o 5§ - F5 4+ 05 4+ 1= 4
Fior exampha, gyriding” (odd-glatireni

CAHOE Firgin plud dgdhleabon® =7 —-25+ 1 =55
Far gxamgla, G, HCO" , banzoyl (Even-gleciron)




Fragmentove ionty
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Prehlad najddleZitejSich fragmentovych iénov

iz I6n Struktamy typ | mjz 1é6n Struktarny typ
30 | NOt R—NO,, 58 [CH,= C(OH)—CH3]+ R—CO—R
R—ONO,
R—ONO
30 | H.C=NH R—NH, 58 | [CH,CH=CH—OH]* R—COH
2 2
31 | HC=OH R-OH, R—O—R| 58 | [CHN]* R—NH,
2
33 | HS* R—SH,R—S—R | 59 | [C;H,0) R—OH,R—O-R
1 | HS' R—SH,R—$—R | 59 | [CH,=COH—NH,* | R—CONH,
35 | HS* R—SH.R—S—R | 59 | =C—OCH, R—COOCH,
35 | B R—CLA—Cl | 60 | [CH,=C(OH),]* R—COOH
36 | H¥Cl* R—CLA—Cl | 60 Cﬂzza__m R—CH,—ONO
+
37 | QT R—Cl, Ar—-Cl 61 CH3—C(0H) =0H CH3—C00R
8 [ Ha R—CLA—Cl |6l | [CHS]* R—SH,R—5—R
39 | CHf a 62 | [CHSI* R—S—CH,
43 | cH,co* R—COCH, 63 | [cH)* ¢
4 | co; b 65 | [CHJ" d
# | cHCH=NH, | R—NH, 72 | [CH,NI* R—NH,
44 | [CH,NO] R—CONH, 72 | ge=ScN R—CH,—SCN
45 | cHCH=O0H | R—CH(OHXCH, | 72 | g c_Ncs R—CH,—NCS
a5 R—CH—OCH, | 2 | cH.O* R—CHO,
CH,0=CH, T [CHO] R_CO_R
45 | CcHs* R—S—H, 73 - R—OH
R—S R C,H,—CH=OH
4 | cHS* R—SH, R—$~R | 73 | CH,—O=CH, R—O—R
+ | R—~CH
4 | oy R—ONO,, B | cH,-cH—comy=0n | RCH)—COOH
R—NO, 2
47 | CHS* R—S—CH, 74 | [CH,=C(OH)—OCH]]* | R—COOCH,
47 | HC=$H R—SH,R—S—R | 14 | [CH, CH=C(OH),)* | R—CH(CH,}—-COOH
48 CH]wg.{ R—S—CH, 75 | [CH.ST* R—SH, R—S—R
+
49 | CH,—SH, R—S—CH, 76 | [CHJ* CHX
SLICH) a 77 | ICH)* CH,—X
86 CsHuN+ R—NH, 91 [CH, + CH,R,
CH,~CHX
CH,=CH—
+ +
87 | —C(OCH,)=OH| R—COOCH, 105 | CH—CO CH—CO—X
87 | c,H, O* ROH,R—O R

a — aromatické a heterocyklické zlideniny, b —— pozadie, pripadne produkt rozkladu, c— aromatic-
ké zludeniny, 4 — zlaceniny s benzylovou skupinou, R — alkyl, X — substituent, Ar — aromaticky
zvy$ok
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Relative Intensity / %o
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Ztraty neutralnich molekul

M-—1 H*

M= 15 "CH,

M= I O Crure; M o= (0 el s, J;
"NH: {amides)

M= 17 "(H: MH; {rare)

M- I8 Hah

M- 19 F*

M = 2} HF

M — 26 HOCH, "C™

M - 27 HCM: HyC=({"H

M — 28 Ok, HaC=CFH

M—-29  CHyC'H,: HOD®

bd — A M (nitro conppds.
HL 0

M—31  CHO

e
e

A4 A 4 ) 4 4

medd9EEE

i

CH=0H; 5°

Hs-d

cr

HCT

HoCmCm),
HoC=CH-CH.
CHAY, "CoHy
0k

CHyCHO% *00-H
My (nilmo cmguds )
CHCH,C0r "M,
"C,H (phenyl)
B

CoHsCMH, (benzyly
II-

“Check for bass of ar changs = sotope peak imessily pattern.

EHmCHgm CHym CHpr CHp CHpmCHpm G Hpm CHp CHyp CH = CH

57 Dodecane

en 43

&0 41 71

404
BS

1]

204




Relativni dulezitost piku

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

&7
10 M=72.15 g/mol
4 CHy+-C{CHs )
g E
8 -
E
g %7
= — i1
g — ?9 Mf

miz 20 40 80 80 Figure 3.1. Mass spectrum of neopentane.



Zastoupeni izotopickych iontu

Pristroje s nizkym rozliSenim

Larr c A n O,
7, M Teo-c " 100-& ®To0o-zn M 100 -o - o
C % 13C
h % 2H
n % 15N
CH,O.N, o1 a o2 % 170 a

180

I=1,107a + 0,015b + 0,037¢ + 0,366d

Pristroje s vysokym rozliSenim
1) M = 280,07944 - C,,;H,.O,, ly,, =1177%1 ;
2) M = 280,08077 - C,H;N,O5, Iy, =1415% 1 ;
3) M = 280,08480 - C,;H,;N,O,, Iy, , =1894%1 .



Dekuji za pozornost !



