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Uvod do hmotnostni spektrometrie
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* Specializovany kurz: C7895 Hmotnostni spektrometrie biomolekul
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* Prezentace s vyuzitim:
« Daniel C. Harris: Quantitative Chemical Analysis, 7th Edition, 2007,
Chapter 22: ,Mass Spectrometry“, W. H. Freeman and Company
« Gary D. Christian, Purnendu K. Dasgupta, Kevin A. Schug: Analytical
Chemistry, 7th Edition, 2014, Chapter 22: ,Mass Spectrometry“, Wiley
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Struc¢na historie hmotnostni spektrometrie

1803 Daltonova atomova teorie
“hmota se skada z atomu; vSechny
atomy maji stejnou hmotu”

... ne tak docela: izotopy

Duikaz izotopu:

- spektroskopie: nepatrny posun ¢ar
... vyzaduije kvalitni pfistroj

- MS: snadné stanoveni
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Struc¢na historie hmotnostni spektrometrie

Prvni hmotnostni spektrometr
1911 J. J. Thomson: Parabola MS (Phil Mag. 1911, 21, 225)
“Paprsky pozitivni elektfiny” 1913 s os (chemisenesel101/ao

Magneticky sektor s energetickym analyzatorem
1919 F. W. Aston: Mass Spectrograph (Phil. Mag. 1919, 38, 209)

Elektronova ionizace
1940 C. Berry: Struktura organickych slou¢enin

Nové ionizaéni techniky (FAB, PD, ESI a MALDI)
1980+ Analyza tézkych a velmi tézkych molekul

2014 Kvalitativni, strukturni i kvantitativni analyzu anorganickych
organickych a biologickych molekul, ¢asto ve spojeni s chromatografii;
Siroka Skala komerénich hmotnostnich spektrometrd
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Zakladni koncepty

Mass spectrometry, MS
Struéna historie
Hmotnostni spektrum
Definice rozli$eni
Izotopové vzory
Interpretace spekter
Fragmentace
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Zprava o stavu MS v CR

398 MS LC-MS
86 MALDI MS

1 spektrometr/22 tis.
obyvatel

Pocet instalaci do zafi 2015:

1 spektrometr/163 km?

* Nezahrnuje GC-MS (=500), ICP-MS (nepocitané)
« Jde pouze o odhad instalovanych, nikoli funkénich
pristroju



mailto:preisler@chemi.muni.cz
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Piehled instalaci pfistroji LC-MS a MALDI MS
(do zafi 2015)

Celkovy pocet instalaci: 398 Celkovy pocet instalaci: 86
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« pocet za rok 2015 je o cca Y4 nizsi; loni v zafi instalovano 28 LC-MS, do
konce roku 39

« pocet LC-MS instalovanych od r. 2006: 304

« vliv nasazeni MALDI MS pro identifikaci mikroorganismu v klinické praxi

« pocet MALDI MS instalovanych od r. 2006: 75

Hmotnostni spektrum
Hmotnost, m
a.m.u., u, Da (Dalton), po¢et atomovych hmotnostnich jednotek
Ciselné rovny molarni hmotnosti
m/z - uéinna hmotnost, Th (Thomson)
Pocet naboju, z
pocet elementarnich nabojl iontu
obvykle +1
vyjimky, napf. elektrosprej: |z| >> 1

lonty: pozitivni a negativni, ne kationty a anionty

Hmotnostni spektrometrie, ne spektroskopie
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Tho Analytical ficientist Poworlist 2013

Vybrané veli¢iny v hmotnostni spektrometrii

Hmotnostni rozliSeni (Mass Resolution, Resolving Power)
...Mira separace dvou pfilehlych pika.

Definice:

1. FWHM (full width at half maximum), R = m/m,,

2. Nejmensi rozdil hmotnosti (4m), pfi kterém Ize jesté rozlisit sousedni
piky s definovanym udolim (10 - 90%) mezi piky.

3. Max. hmotnost, pfi které Ize jesté rozlisit piky s jednotkovym rozdilem
hmotnosti.

Energie iontu

+ Joule, J

+ elektronvolty, eV
atomy misto moll ... elektronVolty misto Joultd. 1eV =1.6x101°J
jednoduchost: urychlovaci napéti = 100 V, naboj = 1 ... E = 100 eV
vhodné pro srovnani s energii ioniza¢ni, vazebnou, s energii fotonu atd.

Tlak, p
1 atm =760 Torr = 101 325 Pa = 1,01325 bar = 14,70 PSI
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Hmotnostni spektrum
lontovy signal vs. m/z
lontovy signdl, intenzita

libovolné jednotky (counts, arbitrary units, a.u.)
normalizace signalu: intenzita nejvyssiho piku = 100%

normalizace iontového signalu l

AN

miz
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RozliSeni, RozliSovaci schopnost, R(FWHM)
%%pp

Width=m, ,=0.146

Z“P:\
207N\ ||
\ Vhodné pro piky s

| r“ gausovskym, lorentzovskym
| | L p . 8
’ nebo trojuhelnikovym profilem,

I \ \ )

‘ | ‘ | pro hmotnostni spektrometry
204pp, [\ ’ | B, TORFTICR, O

J L
203 204 205 206 207 208 209

m/z Loy .
(pfimés Pb v mosazi)
Figure22-1
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_m_ 28 00
Am  0.146

Signal intensity —




RozliSovaci schopnost

Figure 225
Quantitative Chemical Analysi, Seventh Edition
2007 W H Freeman and Company
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Table 22-1 Isotopes of selected elements

Mass Mess Abundance Mass Mass Abundance
Eloment number (Da)* (atom%)* Element number (Da)* (atom%)*
Proton 1 1.007 276 467 - a 35 3496885 7578
Neutron 1 1.008 664 916 - 37 36.965 90 2622
Electron - 0.000 548 580 - Ar 36 35.967 55 0.336
H 1 1.007 825 99.988 38 37.96273 0.063
2 201410 0.012 40 39.96238 99.600
B 10 1001294 19.9 Fe 54 53.939 61 5.845
n 11.009 31 80.1 56 55.93494 91.754
c 12 12(exact) 98.93 57 56.935 40 2119
13 13.00335 1.07 58 57.93328 0.282
N 14 14.003 07 99.632 8 79 7891834 50.69
15 15.000 11 0368 81 8091629 49.31
o 16 1599491 99.757 1 127 12690447 100
17 1699913 0.038 Hg 196 195.965 81 015
18 1799916 0205 198 197.966 75 9.97
F 19 18.998 40 100 199 198.968 26 16.87
si 28 2797693 92230 200 199.968 31 2310
29 2897649 4683 201 200.97029 1338
30 2997377 3.087 202 201.97063 29.86
3 31 3097376 100 204 203.97348 687
s 32 3197207 94.93 Pb 204 203.97303 14
33 3297146 076 206 205.97445 241
34 33.96787 429 207 206.975 88 221
36 35.967 08 0.02 208 207.976 64 524
a. 1 dalton (Da) 3 - 1.0 X 107 June 2004).
Audi, A. . Wapsta, and C. Thibault, Nucl Phys. 2003, A729, 337,
figures for atomic mass than are cited in this table.
For example,

b
the range 0.188 to 0.222 atom®%. is e
Compositions of the Elements, 2001," J. Phys. Chem. Ref. Data 2005, 34, 57.
Table22-1
‘Quantitative Chemical Analysis, Seventh Edition

2007 W.H.Freeman and Company

is found in J. K. Bahike et al, “Tsotopic

Jednotkové rozliSeni

Uvadi do jaké hmotnosti Ize
rozlisit pik od piku o
jednotku vyssi

Vhodné pro kvadrupélové
hmotnostni spektrometry

I T I ' |
502.0 505.0 508.0

Flat-topped peaks, roughly unit resolution at m/z 500

©2006 JEOL USA, Inc. JEOL

miD: C \d=Core_D:
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Izotopy vybranych prvka

Table 22-2 Isotope abundance factors (%) for interpreting mass spectra

Element X+1 X+2 X+3 X+4 X+5 X+6
H 0.012n
c 1.08n 0.005 8nfn - 1)
N 0.369n
o 0.038n 0.205n
F )
si 5.08n 3350 0.170n(n - 1) 0.056n(n - 1)
P 0
s 0.801n 4520 0.036n(n - 1) 0.102n(n - 1)
a - 3200 - 5.11n(n-1) - 0.544n(n - 1)(n - 2)
Br - 97.3n - 47.3n(n - 1) - 15.3n(n - 1)in - 2)
1 0
+1 i X 1.4

X+2isnin-1) X 0.0058%

Table 222
Quanttative Chemmical Analysis. Seventh Edition
2007 W.H Freeman and Company.

Kalkulatory izotopovych profilG; napt.:
http://www.sisweb.com/mstools/isotope.htm
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Izotopy

... atomy stejného prvku liSici se hmotnosti
Vede k ,jemné" izotopové strukture pikl

Napf. izotopy uhliku: 99% 12C, 1% 13C

Vysledna kombinace je funkci poétu uhlikovych atomt v molekule:

C:  99% 12C 1% 13C

C,. 98% 12C12C 2% 12C13C 0.01% 13C13C

Cy 97% 12C12C12C 3% 12C12C13C  0.04% *2C13CL3C 10 % 3C13CC

Relativni vyskyt molekul v %:

Coot 12Cqp 100 Cio: 2Crpp 100
12C13C 66 12C,3C 110
1205813C2 21 1209813(:2 60
12C,13C, 4.6 12¢,13C, 22

AChll - MS 15

Praktické dlsledky vyskytu izotopt

+ Objasiiovani struktury
+ Pouziti izotopovych vnitfnich standardu

- Snizeni citlivosti u téz8ich molekul
- Nutnost vysokého R pfi vysoké m/z pro spravné stanoveni m/z

Se stoupajicim n prestava byt monoizotopicka forma dominantni a intenzity
ruznych forem jsou porovnatelné (Siroka obalka) ... viz pfiklad dale.

ACh Il - MS 18
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Molecular formula: C30H45N606S Resolution: 20000 at 50%
%Int.

Molecular formula: C180H270N36036S6 Resolution: 20000 at 50%
%Int.
3705.9
100

80 Peptid, M,,0~ 3 704

60

40

20

3704 3706 3708 3710 3712 3714
Mass/Charge

617.3

100

80 Peptid, M,,n,~ 617

60

40 618.3

20

619.3
0 6203 6213 6223 623.3
616 617 618 619 620 621 622 623 624 625
Mass/Charge
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Molecular formula: C60H90N12012S2 Resolution: 20000 at 50%
%Int.

Molecular formula: C270H405N54054S9 Resolution: 20000 at 50%
%Int.

1234.6
100
80 1235.6 Peptid, Mpqno~ 1234
60
40 1236.6
2 1237.6
0 A 12396
1234 1236 1238 1240
Mass/Charge
AChll - MS 2

5559.8
100
80 Peptid, Myon0~ 5 556
60
40
20 5555.8,
0 5566.8 5569.8
5555 5560 5565 5570
Mass/Charge
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Molecular formula: C90H135N18018S3 Resolution: 20000 at 50%
%Int.

1852.9
100 1851.9
80 Peptid, Moo~ 1 852
1853.9
60
0 1854.9
20 1855.9
o 1857.9
1852 1854 1856 1858

Mass/Charge

Molecular formula: C360H540N2720272S12 Resolution: 20000 at 50%
%Int.
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13414.4
100
13412,
80 416.4 Protein, M.~ 13 407

60
40
20
0

13405 13410 13415 13420 13425

Mass/Charge
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Molecular formula: C900H1350N1800180S30 Resolution: 20000 at 50%

%Int.

100

80

60

40

20

18533.4

Protein, M, ~ 18520

mono

18520

18530
Mass/Charge

18540

ACh Il -MS
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Izotopy: objasnovani struktury

Molecular formula: C1800H2700N3600360S60 Resolution: 20000 at 50%

%Int.
37066.0
100
80 Protein, My,ono~ 37 050
60
40 Am/z ~ 12
20
0
37050 37060 37070 37080
Mass/Charge
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Izotopy: objasnovani struktury
Benzene Biphenyl
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Izotopy: objasnovani struktury
Bromine!
100
o 80
g
§  Imeos
B - M-79
£607 a1 |57
E-3 B
o<
£ 40 CH,CH,CH,CH,Br
& m*
e M-29 136
-3
204 107
0 -
40 60 80 100 120 140
m/z
Figure 228
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MS s vysokym rozli§enim (R = 10% - 10°)
2000 —
pt neont |
8
é 1000 | 15N160*
8
30.97 30.98 30.99 31.00 31.01
miz
—
oot AR
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Stanoveni izotopovych poméra

13C atom %
1.067 5 1.0788 1.0900 1.1012 1.1125 11237 11350
1 s 1 " 1 " 1 L 1 s Il L 1

] Carbon’dioxide '

(atmospheric)
(at':s::hn:,id Carbon dioxide in human breath — PDB
Mainland Europe USA

C3 plants C,4plants
(such as sugar beet) (such as sugar cane)

CAM plants Carbonates
(marine)

Petroleum Carbonates
(marine source rock) (terrestrial)

Fossil fuels

T v T v T v T v T v T T
=50 -40 -30 -20 =10 +10
8'3C versus PDBin parts per thousand

Unaumbored figure pg 482
Quontitative Chemical Analysis, Seventh Edition
2007 W Freeman and Company
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MS izobaru, izomert

100 — a3 = a3
o
B l Z°
2 SR 3
g 50~ 28 2"":::";“ - 4-Methyl-2-pentanone
c
K] 8 CH,0
H
3 58
: M+1=
3 - M+1= - 6% of M**
= 6% of M** m*
€ g m* 29 85 | 100
s 1 8s [100 15 JJ
0 Ly | n .
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
m/z m/z

Figure 2210
Quanttative Chemical Anlysi Sevent Eion
2007 W Freaman and Compory
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Interpretace hmotnostnich spekter
Reakce v plynné fazi — fragmentace, pfesmyky ...
« Identifikace piku molekulového iontu

« Stanoveni poctu dvojnych vazeb a aromatickych jader
« Objasnéni pikt fragmentu a fragmentacnich reakci

Znaceni fragmentace
57 57
(o]

43 43 |85
15

X3 Y3 Z3 X2 Y2 % 1 Y1 A "
e e

C-|NH{ CH-| C-|NH{ CH-|C- [NH-| CH - cooH
by e 3y by o by 3
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+
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Fragmentace
4O:
( [ A
> . <0
CH,CH,CH,CH, CH, homolytic CH,CH,CH,CH; :0=C—CH,
M cleavage m/z =43
Ho Y
[ B

cre T +

CH,CH,CH,CH, © "“CH, homolytic CH,CH,CH,CH,—C=0: -CH,
cleavage m/z=85

103 :0:

R i
CH,CH,CH,CH, v g \CH3 heterolytic CH,CH;CH,CHZ/ . +CH,

cleavage
m/z=15
H 4+5. H
CH, 'Y)J-'ﬁ- b CHBW ~&.
a0 — I I
B N McLafferty CH c
« CH; rearrangement 2 o ARG
Propene Hzc CH,
(neutral molecule) m/z =58

Figure 2211
Quentitative Chemmical Analysi, Seventh Edition
2007 W.H Freeman and Company
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Hmotnostni spektrometry

Hmotnostni spektrometr ... pFistroj, ktery z analyzované latky produkuje
ionty a stanovuje jejich hmotnost, pfesné&ji pomér hmotnosti a néboje

Soucasti spektrometru

1. lontovy zdroj (zafizeni na zavadéni vzorku, iontova optika)
2. Hmotnostni analyzator (iontova optika, magnet, detektor)
3. Vakuové pumpy (nizké, vysoké a ultra vysoké vakuum)

4. Ridici a vyhodnocovaci elektronika, software

Magneticky sektor

Kvadrupélovy analyzéator

lontovy cyklotron (FT-ICR-MS)

Time-of-flight hmotnostni spektrometr (TOFMS)
lontové past (IT)

Orbitrap

ACh Il - MS 36
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Kvadrupélové iontova past (lon Trap, IT)

Gate electrode l9 99, Filament

=D

®®
%8S (o

Chromatography \ End
outlet | cap
Electron

multiplier Signal

Figme 22150
Qrenieaive e sy Seveeh Edian
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Magneticky sektor, B

Entrance Low-energy Metal
slit cation conductor i o
Exit slit

To magnetic

From ion

High-energy Metal
cation conductor

-B.gnes into the page

Tra]e«ory“ R

S e
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Prualetovy analyzator (Time-of-flight MS, TOFMS)

s iontovym zrcadlem (reflektor, reflektron)

Reflectron
Source (electrostatic mirror)
region

v

oV: Spacefoan OV = Ring electrodes (+) +V:(>V)

T plane 3
|
NRENN

Mean Grid
- reflection—|
distance

=

Higher Mean
energy energy

41

Kvadrupdlovy filtr, Q

Quadrupole
mass

Nonresonant ion

Hot filament

lon
detector

lonization
chamber

Gas = Conductive rods
chromatography
column outlet Constant voltage and
radio-frequency
alternating voltage

collector (trap)

Figure 2213
‘Quandiorive Chemicol Analysis Seventh Edtion
2007 W M feewmonand Compory.
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lonizaéni techniky a aplikace

Doutnavy vyboj (GD)
Elektronova ionizace (El)
Chemicka ionizace (Cl)
Indukéné vazané plazma (ICP)
lonizace rychlymi atomy (FAB)
MS sekundérnich iontt (SIMS)
Termosprej (TSI)

lontovy sprej (IS)

Elektrosprej (ESI)

Plazmovéa Desorpce (PD)
Laserova Desorpce (LD)
Laserova desorpce za U¢asti matrice (MALDI)
atd. atd.

ACh Il - MS 42




lonizace

Tvorba iontt:  ztrata elektronu, H*
zachyceni elektronu, H*, Na*, Ag* ...

lonizace: mékka/tvrda
anorganické&/organicka
on-linefof-line Pi bonding electron
LE.=14.1eV

kontinualni/pulzni

H\@,

05

00

: 7 Nonbonding
Sigma bonding electron

electron LE.=11.0eV
LE.=15.9eV
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Elektrosprej
Inlet to mass
spectrometer

Metal capillary

Taylor Fine spra;
cone ey

Fine filament
of liquid Relatively Smaller
large droplet
droplet Unstable
droplet ion

+ High-voltage - &&—

ov power supply -4500V
Figure 22175
Qoonthativ Chamicl Analyis, Seventh Edion
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Mékké a tvrdé ionizacni techniky

Tvrda&: vysoky stuperi fragmentace, tvorba molekularnich iontt
Mékka: tvorba protonovanych molekul (pseudomolekularnich iontu)

Chemicka ionizace
M+ RH* > MH* + R

Elektronova ionizace
M+e > M* + 2e

141 157

H
0, N, 0
Electron T
ionization Ny

MH*
Chemical ®

ionization

o
Pentobarbital

Nominal mass = 226 185

Relative abundance
©
3

Relative abundance
"
3

213
P Bin2 197 e
A% ) 9 sgrim 139 Jam fwpy| | 25

"60 80 100 120 140 160 180 200 220 240 260 60 80 100 120 140 160 180 200 220 240 260
m/z

s5

Figure 224
a

Chemicat Analysis, Seveth Edition
2007 W.H Freeman and Company
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Elektrosprej

Liquid sheath

Electrospray

v:‘rf\‘

Stainless steel Fused silica
capillary capillary

(+3-6 kV with

respect to mass

spectrometer inlet)

Fowen
e
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Elektrosprej (Electrospray lonization, ESI)

Figure 22:17¢
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Hmotnostni spektrum ESI cytochromu ¢

Tvorba vicenasobné nabitych iontl [M+zH]**s ,obalkou* ve tvaru zvonu.

Odstupy mezi piky nejsou stejné (narozdil od izotopového vzoru).

MH:Z* MW (cyt.c) ~ 12 220

765.3
t 7204, [ P63
v
£
3 874.4
2 680.4
941.8
o2 19+
= r::‘; 10204  MH" MHG*
; 11128
o L LLA | 1112812237 1350.1
m/z —~
achil-ms i




Table 22-3 Analysis of electrospray mass spectrum
of cytochrome c in Figure 22-23

Observed Charge = n = Molecular mass
m/z=m, m,, —1.008 m —m, Te=1008 . 1008
My = My,

1359.1 12227 135.4 9.03~ 9 1.222, X 10*

12237 1111.8 1109 10.03 = 10 1.222, X 10°

11128 10194 92.4 11.03= 11 1.223 X 104

10204 940.8 78.6 11.97 = 12 1.223, X 10*
941.8 873.4 67.4 1296~ 13 1.223) X 104
874.4 815.3 58.1 14.03 =~ 14 1.222, X 104
816.3 764.3 51.0 1499 = 15 1.222 X 10*
765.3 7194 44.9 16.02~ 16 1.222, X 10*
720.4 679.4 40.0 16.98 = 17 1.223; X 10*
680.4 643.8 35.6 18.08 =~ 18 1.222, X 104
644.8 19 1.223, X 104

mean = 1.222, (+0.000 3) X 10,

SOURCE: Data from T. Wachs and J. Henion, “Electrospray Device for Coupling Microscale Separations
and Other Miniaturized Devices with Electrospray Mass Spectrometry,” Anal. Chem. 2001, 73, 632. See
also M. Mann, C. K. Meng, and J. B. Fenn, “Interpreting Mass Spectra of Multiply Charged lons,” Anal.
Chem. 1989, 61, 1702.

Zobrazovaci hmotnostni spektrometrie
Mass Spectrometry Imaging, MSI

Napf. MALDI MSI

vizualizace prostorového rozloZeni latek v tkanich
bez derivatizace
distribuce 1é€iv a metabolitt

Ovaiatv Chamca Anayi Seventh dion 49

o

Laserova desorpce/ionizace za Ucasti matrice

Matrix-Assisted Laser Desorption/lonization
Repeller backplate of
mass spectrometer lonized matrix with Supersonic expansion

some charge transferred of matrix with
to protein entrained protein

S Laser pulse
4 < (337 nm)

0
© | Matrix (absorbs
G

MALDI e ultraviolet radiation)
sample atrix  \
probe +sample o Protein

(a) b7 (b2) (63)

Unnumbared figure pg 494
Quantietive Chemical Analys
2007 W.H Froeman
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Chemicka ionizace za atmosferického tlaku, APCI

Atmospheric pressure chemical ionization

Nl
Atmospheric |

pressure High vacuum
(0.01Pa)
Makeup gas Heater (~500°C)

Liquid

chroma’ -

“"-’""V Fine mist heats Quadriipola
Nebulizing  Upto~125°C C"‘:‘;'I“ mass separator
gas(N;) i Skimmer

cone

electric 6000y  -100V -140V

discharge
Figure 22193
Quontitotive Chemical Analysis Seventh Edition
2007 WH Frooman ad Company.
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Hmotnostni spektrum MALDI

MALDI MS smési proteinti kravského mléka
B-Caseinkz\ B-C}ein A1

L Lo e

& 3 [\ N

g B-Lactoglobulin A Aan

H B-Lactoglobulin B/ 1V \

g \

< a-Lactalbumin ‘ \

3 ‘ | asy-Casein

E s 24000 24080
3

K
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miz

Unnumbared figure pg 494b.

Quontitetive Chamical nalysis Seventh Edtion

2007 Wb Freeman and Company
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Priklady aplikaci

1. Tandemova hmotnostni spektrometrie (MS/MS, MS")
Kolizné indukovana disociace (CID)

2. Separace — MS

3. Hmotnostni spektrometrie iontové mobility, IMMS

ACh Il - MS 54




Tandemova hmotnostni spektrometrie

MS/MS, MS?
Kolizné indukovana disociace (CID), kolizné aktivovana disociace (CAD)
Trojity kvadrupolovy filtr:

Collision gas

(N, or Ar)in

Quadrupole Cutaway view of Quadrupole Detector
mass separator collision cell mass separator
a Q2 Q3
Mixture of Precursor ion Product ions Selected ion
ions from (parention) (daughter ions) for monitoring
chromatography
column prekurzor produkt
Figure 22-21
wontieive Chemical Analysis Soventh Eiion
2007 W Froamon and Compary
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HPLC - UV herbicidi

Ultraviolet detection

£
c
s Smeés 6 herbicidd,
8 c=1ppb
o
g
c
3
-1
£
=3
2
£
<
f T T y Y y
0 5 10 15 20 25
Time (min)
—
b
ACh Il -MS o =

Kolizné indukovana disociace

kladné nabité ionty A (Né;n, )LNM zaporné nabité ionty
OH o

M+HI* [M—H]™
mjz =152 m/z = 150

collisionally
activated
dissociation

+ o

NH, “NH

OH 0"

miz =110 miz =107

Positive ions Negative ions
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HPLC — MS herbicidii

Celkovy iontovy proud (Total lon Current, TIC)

... integrovany iontovy signal (proud) pfes cely méfeny rozsah m/z

... vhodny pro celkovy obrazek o chromatografii a nalezeni novych pik(
... nevhodny pfi analyze komplexnich smési

d total ion ch

Total ion current —

Time (min)
Figure 22.200
Quontitotive Chemicl Analysi, Seventh Edition
3007 W Frooman and Company
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Spojeni separace - MS

Nebullzing s . Zpravidla on-line
gas (N,)in o focus and collimateions  Sprejovaci techniky: ESI, API...
Fid Skimmer LC —_ MS
=] o CE - MS

| Nebulizer
Glass.
‘capillary,

3 mbar,
spray "5 "\
chamber
1bar
|- -3500v -4500V O petector
H -20v
L i
e
Drain Pump
Collisionally U} | Quadrupole
activated Pump Pump  Pump mass separator
dissociation
occurs between
capillary and skimmer
Figure 22173 57
Quantaative Chmict Ansiyss Seventh Edton

HPLC — MS herbicidi

Monitorovani vybraného iontu (Selected lon Monitoring, SIM)

... detekce pfi vybrané m/z

... pro experiment navrZzeny pro monitorovani pouze vybraného iontu
... pro vice iontl peak switching

o Selected ion monitoring
o miz 312
N COH
P ood
© N
£
£ HN—ér_
3 o
H ImazaquinH+ 6
T miz=312
g
9
Kl
w
y T TrreTT T e
15 20 25
Time (min)
ACH Il - M S8 et et 60
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Analyza estrogenu v odpadnich vodéach

... 17a-ethinylestradiol, antikoncepce, negativni vliv na ryby jiz
v koncentracich ~ppt

... velmi nizké koncentrace, slozita matrice vzorku

MS/MS estrogenu

145.0
100 -
¢ [M-H]
80
,cgu 295.2
3 60 159.0
£ A
S 40 1830 1991 269.2 ‘
] 170.9 2131 \
% 20 /J Aﬁ ﬂ{ 2251 "jl [
L}
= 247.0
> / ol e M 4 ||
160 180 200 220 240 260 280 300
miz
——
e s Ansyi e Eton
AChlIl -MS 61

IMMS

(H,0),0;
(H,0),C1"

Detector response —

0 2 4 6 8 10 12 14 16 18 20

Fgure 216
ACh Il - MS oo 64

Analyza estrogenu v odpadnich vodéach

Monitorovani vybrané reakce (Selected reaction monitoring, SRM)

... analogie SIM s vyuzitim tandemové MS
... pro vice rekci multiple reaction monitoring, MRM

Vzorek: estrogen v odpadnich vodach po prekoncentraci; 3,6 ng/l

Seminar

. Pik iontu 0 m/z = 100 ma polosirku 0,25. Jaké dva ionty liSici se o 1
a.m.u. bude jesté schopen rozlisit? (Pfedpoklad: R nezavisi na m/z.)

[iN

2. Jaka rozliSovaci schopnost je tfeba k separaci CH;CH,* od HCO*?

3. Poméry m/z 2503, 2002, 1668, 1430, 1251, 1112 a 1001 patfi pikdm
téze latky v jediném spektru ESI MS. Jaké je MW této latky?

4. Co mlzZete fici o hmotnostnim spektru organické slouceniny:
I1S.| 10003 1000,7
1000,0 1001,0

|

m/z
Hodnoty m/z byly uréeny s toleranci ~ 0,1.
ACh Il - MS 65

w EE)
HPLC — MS/MS (MRM) <
295,2 > 145,0 +
295,2 > 159,0 8
no
i5
£&
L
z
2
@
1 1
15 20
Time (min)
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Hmotnostni spektrometrie iontové mobility
(lon Mobility Mass Spectrometry, IMMS)

... na pomezi mezi hmotnostni spektrometrii a elektroforézou
Drift gas out i"l‘;':‘:’s'::‘m Drift gasin
charge ratio I |
Repeller / Detector
grid IIII/IIIIIII«(F:Hd:y
E o) = E plate)
Desorber j O © = ) E To output
| M device
heater I T O O O O A I
Aperture
Sample Drift rings grid
disk ~ —y— J
Sample carrier Drift region
gas (air)in
Electric field = 200-300 V/cm
Figure 22162
sonirate Chemico Analys Seventh dion
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Seminar

5. Odhadnéte dobu letu iontu koriského cytochromu ¢ (MW = 12 384) v
TOF MS na obrazku.

laserovy puls

(+20 kV) /

odpuzovaci
elektroda s

E driftova zéna (2 m) ED detektor
I |
A\ |
nanesenym
vzorkem vstupni a vystupni mfizky

6. Jaky bude pomér intenzit piki benzenu C¢Hg* pfi m/z =79 a 78?

7. Jaky bude pomér intenzit piki hexanu CgH,,* pfi m/z = 87 a 86?

ACh Il - MS 66
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Seminar
8. Jaky mod (pozitivni, negativni) a jaké pH vzorku byste zvolili k detekci
a) ibuprofenu o
b) peptidu L

c) fosfopeptidu
d) nukleové kyseliny

9. Pokuste se odvodit vztah pro m/z jako funkci B, U ar
Vv magnetickém sektoru.

vstupni
Stérbina

iontovy \\

m,/z, <>m,lz,

detektor

ACh Il - MS 67

©ONOUAE WN -

. What are the six main components of a mass spectrometer instrument?
. What is the difference between monoisotopic mass and average mass?
. How are resolution and mass accuracy connected to one another?

. What is the molecular ion?

. What is the nitrogen rule?

. What ion sources are commonly used for GC-MS?

. What ion sources are commonly used for LC-MS?

. Describe how ions are generated by electrospray ionization.

. The discovery of what aspect of electrospray ionization won John Fenn a portion of the 2002
Nobel Prize in Chemistry?

10. What is the dif} between pheric pressure chemical ionization (APCI) and conven-
tional chemical ionization (CI)?

11. What is mean free path, and why is it an important consideration for different mass analyzers?

12. What is the Lorentz force?

13. Compare and contrast the capabilities offered by single quadrupole vs. ion trap i

14. Why is the upper limit of an FT-ICR instrument dependent on the strength of its magnet?

15. How canatriple quadrupole be used to perform i ¢ andqualitative analysis experi ?
ACh Il - MS 70

Seminar

10. Co muzete fici o 2 riznych spektrech téhoz peptidu? (Pocatek
osy m/z nezacina v nule, méfitka os jsou riizna.)

S S

m/z m/z

11. Pro 2 sousedni piky téZe latky v hmotnostnim spektru ESI byly
zméfeny tyto hodnoty: (m/z),= 1000,3 a (m/z), = 1500,1. Urcete
nominalni m analytu.

12. Pro¢ je v hmotnostnim spektrometru vakuum?

ACh Il - MS 68

MASSES AND ISOTOPES

16. Calculate the pic mass for the p d and sodiated ion forms of caffeine.

17. What ion signals (m/z), and at what relative intensities, would you expect to observe the
i | ion form of 2-chl b c acid?

RESOLUTION AND MASS ACCURACY

18. What resolution is needed to resolve an ion of m/z 432.1124 from an ion of m/z 432.1186?

19. Calculate the resolution (FWHM) exhibited by the jon signal below. What mass analyzers are
capable of achieving this resolution?

75

50

Relative abundance (%)

25

533.00 533.10 533.20 533.30 53340 533.50

miz n

DalSi otazky (Christian a kol.: Analytical Chemistry)
|

Seventh 1 it

ANALYTICAL
CHEMISTRY

* Pumendy KOmguota + Kevin A Schug
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20.

21.

. A 34,525 Da protein is ionized by electrospray ionization. What is the resolution needed for the
signals of the +34 and 435 charge states (assuming all charges are obtained by protonation) to
be completely resolved. Consider only the signal for the most abundant isotopes of each ion.

A standard when protonated should have a monoisotopic mass of 1234.1223 Da. When the
compound is measured on a time-of-flight mass analyzer, the recorded mass of the ion is
12341198 Da. What is the error in mass accuracy for this measurement?

IONS IN ELECTRIC AND MAGNETIC FIELDS

22. What is the velocity (m/s) of a singly protonated ion with a m/z ratio of 3249, which has been
accelerated to a kinetic energy of 0.75 MeV? What is the radius of curvature for this ion, when
it experiences a homogeneous magnetic field of 7T?

23. What would be the difference in arrival time at the detector for two singly charged ions in a
time-of-flight mass analyzer: one with m/z = 1252.054 and one with m/z = 1253.138, accelerated
by a potential of 20kV in a 1.750 m flight tube?

ACh Il - MS 72
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