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Spojeni hmotove spektrometrie se separacnimi metodami

Separacni metody
— vysoka separacni ucinnost

— mala informacni obsaznost dat o kvalitativhim
slozeni (i pri pouziti selektivnich detektoru)

Spektralni metody

— velké mnozstvi informaci vyuzitelnych k
identifikaci slozek

— nutnost prace s Cistou latkou
— zadna moznost separace

ZS 2009 CHPV & KATA



Hmotovy spektrometr

lontovy zdroj

Analyzator

Detektor
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* produkuje ionty vzorku k

analyze

rozdeluje ionty podle jejich
hmotnosti, resp. pomeru
hmotnosti a naboje

stepi ionty na mensi

deteguje ionty a meri jejich
hmotnost, resp. pomer
hmotnosti a naboje, a jejich
Intenzitu
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lontové zdroje pro MS

Klasifikace druhu ionizace

— Z plynne faze: El, ClI
— Z kondenzované faze: ESI|, APCI, APPI, FAB,
MALDI, ICP

— Za nizkého tlaku: El, CI

— Za atmosférického tlaku: SI, APCI, APPI, FAB,
MALDI, ICP, (PB)
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lontové zdroje pro MS

Metody pouzivané pro ionizaci latek ve spojeni separacnich metod a MS:

lonizace

Za nizkého tlaku
« narazem elektronu (Electron Impact, El)
« chemicka (Chemical lonization, CI)
* bombardovanim rychlymi atomy/ionty (Fast Atom/lon Bombardment, FAB)
» desorpci polem (Field Desorption, FD)
 MALDI (Matrix Assisted Laser Desorption)
« termosprayem (Thermospray, TS)

Za atmosférického tlaku
» elektrosprayem (Electrospray i., ESI)

« chemicka za atmosférického tlaku (Atmospheric Pressure Chemical lonization,
APCI)

« fotoionizace za atmosférického tlaku (Atmospheric Pressure Photoionization,
(APPI)

* indukcné vazanou plazmou (Inductively Coupled Plasma i., ICP)
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lonizace narazem elektronu (El)

A = h M+e - M"+2e
myv
- De Broglie (1892-1987) oy, 0
: v r . Qsc
* dualizmus vina-Castice SE®
3ol
il
Letici elektron o kinetické energiiE, 2&x
k 0 < 3
E.=20eV...A=27 nm 5w & 1
70eV ...  14nm %EEN}
= O
" 2G4
N =kpiV ot
N; ... poCet iontd produkovanych za jednotku ¢asu 10 3 a
Pt 10 5010°  10° 10

... proud elektron
74 ... objem

ELECTRON ENERGY (eV)

ZS 2009 CHPV & KATA



lonizace narazem elektronu (El)

Ionization chamber 7

First accelerating
slit

Second accelerating
slit

s

Electron slit
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\
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Molecular leak

Electron beam

lon accelerating
region
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lonizace narazem elektronu (El)

ZS 2009
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Chemicka ionizace

Stredni volna draha molekul
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polomeéru castic po \/7 p ... tlak, Pa
kT = T..teplota, K
o ) Tlak Hustota
Stfedni volna draha
Atm | Torr | Pa | molek./cm3
106 m 1 760 | 105 | 2,7*107°
0,05 mm 103 | 1 102 | 3,5*1016
0,5 mm 1041 101 | 10 3,5%1015
0,5 cm 10| 102 | 1 3,5*1014
3} cm 106 | 103 | 101 | 3,5*1073
50 cm 10-7 | 104 | 102 | 3,5"1012
50 m 108 | 105 [ 104 | 3,5*1010
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Chemicka ionizace
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Primarni proces:

C

|, +e" > CH, +2e

Sekundarni procesy :
CH,” >CH, +H’
CH, > CH, +H,

C
C

H,"+CH, > CH_; +CH,

H,+CH, > C,H, +H,
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Analyzatory v MS

Analyza hmotnosti

— kontrola a fizeni pohybu iontu

— parametry ovliviujici pohyb iontu
« tlakovy gradient
* teplotni gradient
* elektrické pole
* magneticke pole

— presné a citlivé fizeni pohybu iontu

« eliminace vlivu teplotnich a tlakovych gradientu
(mezimolekulovych srazek)

e vakuum

ZS 2009 CHPV & KATA



Analyzatory v MS

Analyzator Tlak Tlak Stfedn’ |’
(mPa) (Torr) | volna draha
FTMS 0,001 <108 5 km
Sektor 0,1 <10 50 m
TOF 0,1 <10 50 m
Kvadrupol 10 <10+ 50 cm
lontova past 10 <104 50 cm
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Propojeni s MS

Propojeni separacnich metod a MS

GC LC
* lOnizace * zplyneni mobilni
» snizeni tlaku faze
mobilni faze * lonizace

e snizeni tlaku mobilni
faze
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Propojeni GC-MS

Obvyklé pracovni tlaky

(GC:>101325Pa) x  (MS:103-105Pa)

GC-MS interface:

* musi dostatecne snizit pracovni tlak
* musi prevest beze ztraty analyty do MS

* nesmi prispivat k disperzi analytu
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Propojeni GC-MS

Naplnove kolony - b&zné pratoky 15 - 30 ml/min
— Deéli€ toku FID/MS

* ~1:50 - dle vykonu vakuového systému
 asi 2 % vstupuji do MS
— silné zfedéni nosnym plynem

— Molekulove separatory

Kapilarni kolony - priitoky 1 - 2 ml/min
— Dali¢ toku
e ~1:1
— Primy vstup
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Propojeni GC-MS

Molekulove separatory
— ukol

» oddelit co nejvetsi cast nosného plynu od eluované
slozky

— vysledek

* podstatné zmenseni objemu nosného plynu
» podstatne vyssi koncentrace analytu

— typy
* tryskovy
» solvatacné difuzni
» efuzni
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Propojeni GC-MS

Efuzni molekulovy separator
Porous barrier separator / Effluent splitter

(Sintcrcd glass

*-1-- - - - Enriched organic
*u¢-n o w wo e seclBhoen vapor

High pressure

Higher percentage
helium
Princip: He je mnohonasobne lehCi nez separované molekuly
organickych latek a difunduje skrz porézni steny
MS: 10-20 % vzorku
Obohaceni: 50-100 krat
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Propojeni GC-MS
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ion source

Princip: He je mnohonasobne lehCi nez separované molekuly

organickych latek a je silnéji rozptylovano od proudu efluentu, ktery

ma tendenci se zakoncentrovat ve stredu nadzvukoveho paprsku

MS: ~ 20 % vzorku pfi 20 ml/min
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Propojeni GC-MS

Solvatacnée difuzni Gas from

chromatograph

molekularni separatory Ven
- - : : 1 I cm diameter
Princip: veliky rozdil mezi silicone membrane
permeabilitou molekul organickych ' l on metal support
latek a I’-Ie skrz silikonovou / p—
membranu '

MS: 50-90 % vzorku

1.5 in—}
Obohaceni: 500 -1000 krat e artle
l Separator outlet
Nevyhody:
e &asova prodleva asi0.1s To mass spectrometer
- ) _ ’ ion source. Gas load
« veliky mrtvy objem approximately 3 X 10%
« diskriminace vzorku podle velikosti torr liters/sec ()

Permeabilita = rozpustnost x rychlost difuze
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Obecne procesy pro LC-MS

Liquid Gas

.........................

Evaporation Ac[:?/)

-F
esorption AT?]

Liquid-Gas
Interface

L
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Electrospray (ESI)

.- ing Energy: High Electrical Potential
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-~

Atmospheric Pressure . A%
. SA
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"ﬁf cesses: Aerosol Evaporation Evacuation
Generation lon Desorption
(Cone-Jet)

 Nobelova cena 2002: John B. Fenn, Koischi Tanaka
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Electrospray (ESI)

. Cone :

Needle Region  :Region Jet Region lonizition Region
. At At AT

Needle Electrode
Oxidation
Ox > Ox* +e”

VOItage Drop Collection Electrode

Reduction
Red* + e~ 2 Red

Isolated
Liquid ] i High Voltage . o
Supply 2 c2 Power Supply 2 2
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Electrospray (ESI)

| +/-3-6 kY
stainless steel capillary
\ . TN conventional ESI
I
- — |
R - o 5 = 1000 ptmin
[ ]
7
microeSsl
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ZS 2009 CHPV & KATA



APCI

Strong Heating High Voltage
High Velocity Gas Discharge
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* Primarni reakcni iont: H;O*(H,0),
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APCI

Spray temperature
sBnsor

Nebulizer gas

ZS 2009

APCIl source
N2
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APPI

Driving Energy:

Strong Heating hV
High Velocity Gas ~ Photons

_A: .
. W —~MS
Ag
....... D, —
Processes: Aerosol Solute  lonization  Evacuation

Generation Evaporation
(Desolvation)
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APPI

- o Acetone Water
uene

MeOH ACNT
Most Organic \.
Compounds !
}‘\.

7+ s 0 omowow

Photo-lonization (ev)
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lonizace termosprayem (TS)

":riving Energy: Strong Heating

Solute  lonization and
Evaporation Desorption

{GAeE B

HCHR.
Aerosql Evacuation

Generation

(Desolvation)
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lonizace termosprayem (TS)

H O 0.7 mL/min
2 40 WATTS NET
0.12 mm DIA.

T(°C)

T —
LIQUID VAPOR
IN ouT

VAPORIZATION VAPORIZATION
ONSET COMPLETE
BUBBLES DROPLETS
IN IN
LIQUID VAPOR
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Particle Beam (PB)

Driving Energy:

Medium Heating Pressure
High Velocity Gas Drop
. i N

' B%am ex(',
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...... we _
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Desolvation e
e ) lonization §
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Particle Beam (PB)

PB interface spray chamber at
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Continuous Flow FAB (CF-FAB)

High Energy
Primary lon Beam

:E:Ving Enel'gy3

""A(” Atg«) ;

~10" Torr
B —— B
Pocesses: Evacuation
Evaporation
i lon Desorption or

Gas Phase lonization
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Continuous Flow FAB (CF-FAB)

pHvod z kapalinové Xe
chromatografie nebo i . . %
kapildrni elektroforézy V///ﬁff/éﬁi{;}fm /
L,: S ‘l - ._-_"‘._ — - : -.-..-_.-.-.,.._._:'_-\- — —-\.--..,-
| A / 7 7%’ 7
o TZZZATTATZRN N
matrice septum
vngjgi kapilira —— —  vnitfni kapiléra
vnitfni o 200 pum viutind @ 10 pun
vindis @ 300 pm vijsi @ 180 um

CF-FAB sonda pro LC- a CE-MS
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MALDI

_;riving Energy: High Energy
_ Pulsed Laser Beam hV,
-
.......... L i
-
-
-~
K, Ag): :
%S
; 9 | :
(9) () |
il oM onme Dol
’ Evacuation

Evaporation
lon Desorption or
Gas Phase lonization
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MALDI-Target

Bézné pouzivané matrice:

- kyselina sinapinova
(SA, 3,5-dimethoxy-4-hydroxybenzoova
kyselina)

- kyselina dihydroxybenzoova (DHP)

- 2-kyano-4-hydroxyskoficova kyselina (CHCA)

- kselina nikotinova

- kyselina aminobenzoova

MALDI aplikace

« molekulova hmotnost proteinu a bilkovin
» sekvence proteinu a bilkovin

» farmakokinetika |éCiv

* navykove latky

« syntetické polymery
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