7. Hmotnostni analyzatory II.
(dynamicke)

Ptehled:
Kvadrupolovy analyzator
Monopolovy analyzator
Iontova past
Iontova cyklotronova rezonance (s Fourierovou transformaci)
Analyzator z doby letu iontu (Time-of-flight)

Radiofrekvencni (mfizkove) separatotry
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Figure 3.4c Deflection of positive ions between two rods set at a
fixed potential difference
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Voltage (RF)

Figure 3.4d Deflection of positive ions between two rods at an RF
potential difference

Voltage (DC + RF)

Figure 3.4e Deflection of ions between two rods at a variable
(DC+RF) potential difference



Circular aperture

lon beam ——

O
T e
Q e

K_\_ Quadrupole rods
\

lon source Detector

Figure 3.4a Arrangement of rods in a quadrupole mass analyser
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Figure 3.4b Electrical connections between the rods of a quadrupole
mass analyser



Kvadrupdlovy analyzator (Paul,1953)

QUADRUPOLE RODS

ION SOURCE

DETECTOR

QUADRUPOLE MASS FILTER

FIG. 4.7. Schematic diagram of quadrupole mass spectrometer illustrating irregular flight path
of ions from the ion source through the central space between the quadrupole rods to the detector.

(Courtesy of Finnigan Corporation.)



Kombinovany radiofrekven¢ni filtr (DC/RF)
Mathieuovy rovnice:

d>x/dt> + (e/mr?)(U + V _cos ot) x =0
d?y/dt?> + (e/mr?)(U + V _cos ot) y =0
d’z/dt>=0

Reseni:

a, = - a,= 4zeU/m o°r?* (U - ss pole)

qy = - qy = 2zeV /m w* 1> (V-rf pole)

o- rf frekvence, r, vzdalenost tyci

Znazornéni feSeni: diagram stability



Diagram stability (feSeni Mathieuovych rovnic),

citlivost a rozlisSeni; U=0 : Gplna propustnost filtru,

jednotkove rozliSeni, linearni stupnice hmot,

ovladani pocitaCem, tolerance k vyssim tlakiim(10-°Pa),

diskriminace vy$Sich hmot (nizsi citlivost pro vyssi m) - (rozptylove pole)

0.2k

a (related to DC potential)

q (related to RF amplitude)

FIG. 4.8. Stabiiity diagfam of. (a,q)_space showing regions (patchwork area) that correspond
to mathemanc_a_ﬂy gtqble ion trajectories in the quadrupole mass spectrometer. Area A indicates
region of stability limited by the operating line (established by ratio of DC/RF potentials) of the

instrument.



Kvadrupolovy analyzator

* Diskriminace vysSich m/z - nutné nastaveni

. citlivosti kanalu pred mérenim
= Rychly scan, mozny SIM (selected 10on monitoring)

= Rozliseni fadu 103



Monopolovy analyzator

Zjednoduseny kvadrupol:
— tyCe ve tvaru V,0 —proti sobé

=jeden kvadrant kvadrupolu



lontova past

= monopolova smycka, S
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Figure 3.6a Schematic diagram of an ion-trap mass analyser

Animace iontova past



Iontova past — pouziti jako tandemovy pristroj

Precursor Fragment
selection Fragmentation detection
MS1 CE —1 MS2 =
- | e
\

Fragment — ion scan

Precursor Fragment
scan Fragmentation selection
MSH CcC MS2

Precursor — ion scan

Precursor Fragment
M scan Fragmentation M-X scan
MS1 CC MS2

Neutral — loss scan

Figure 3.9a Examples of possible scan modes for a tandem mass
spectrometer



Tandemova MS - princip

* Prvni analyzator (MS) 1zoluje 1ont prekurzoru

" Jon prekurzoru nechame fragmentovat:

"m > my tm,

* Druhy analyzator (MS) analyzuje produkty
(dcefin€ 1onty a neutralni fragmenty)

= Ruzné typy scanu — viz minuly obrazek



Iontova cyklotronova rezonance
[onty v magnetickém poli na kruhove draze, charakteristické pro

dané m/z, 1on absorbuje energii odpovidajici precesni frekvenci
(resonance) kolmo k roviné€ precese, sledovani reakci v plynné fazi

Pulzni mod prace: FT-MS, cyklotronova frekvence m=zeB/(2mm)

FT mass spectrometers are expensive, but there are a number of
advantages of this technique, namely:

(a) ion generation and mass analysis occur in the same region;
(d) extremely high resolution

(b) all ions are detected simultaneously; high precision
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Figure 3.8b Schematic representation of a trapped-ion analyser cell




Iontova cyklotronova rezonance — princip (FT)
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Figure 3.8a The path of an ion in a strong magnetic field: the inner | | | Frequency (kHz) | | | e
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Iontova cyklotronova rezonance
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. Scnematic diagram of the ICR mass spectrometer. Fourier transformation of the
time-uependent transients from coherently excited ions (panel C) provides the technique now

called Fourler-transform mass spectrometry. (Adapted from ref. 8, with permission.)
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Segment of mass spectrum in region of nominal mass 35 showing a resolving power
greater than 1,000,000 (FWHM definition) when using FT-MS. The peaks represent the positive
and negative ions of chlorine-35 that have a difference in mass equivalent to the mass of two
electrons. The spectrum was obtained using a Fourier-transform ICR mass spectrometer with a
superconducting magnet (4.7 tesla); the instrument was switched from the positive-ion-detection
mode to the negative-ion-detection mode during the scan between the two peaks. (Courtesy of
Spectrospin AG.)
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Radiofrekvencni (mrizkovy) filtr
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Fic. 6. Tube of the Redhead-type r.f, spectrometer (manufactured by Leybold

5. Radio-frequency mass spectrometer. (a) Bennett-type; (b) Redhead-type. Company, Koln-Bayental, Germany).



Analyzatory z doby letu 1ontu TOF

Smythe,Mattauch 1932, Wolf,Stephens 1953
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FIG, 4.12. Schematic diagram of TOF mass spejclro

meter. (From Waller, ref. 47a, with permis-
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Figure 3.7a Schematic diagram of a time-of-flight mass analyser

Animace TOF



Detektory iontiu
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Conceptual diagram of Faraday-cup detector. (From Waller, ref. 38, with permission
from Wiley Interscience.)



Detektory iontu
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Conceplual diagram of a discrete-dynode electron multiplier. (From McFadden, ref.
12, with permission from Wiley Interscience.) |
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Figure 4.1a Schematic diagram of the discrete dynode ele
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Detektory 1ontu
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Conceptual diagram of EQID. The first stage of fiber optics serves as the transparent
vacuum interface on the detector housing; the second set of fiber optics (image rotator) com-
pensates for deflection of electron beams by the magnetic field in a Mattauch-Herzog design of

a double-focusing mass spectrometer.



Analogovy a digitalni typ signalu

Voltage ——=
Voltage —=

Timg—> Time—>
(i) Analogue signal (i) Digital signal

Figure 42b Analogue and digital forms of a mass-spectrometer output



Intensity ——

Sum - pozadi Frequency ——>

Intensity ———>»

Frequency ——>

(i)

Intensity ———»

Ao

Frequency ——>~

Figure 4.2d Intensity of environmental noise as a function of
frequency: (i) white noise; (ii) 1/f noise; (iii) interference noise



Zpracovani signalu
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Figure 4.2f Representations of a symmetrical peak (a) and an
obscured doublet (b) that have been derivatised and doubly
derivatised



Otazky

Jestlize spektrometr skenuje 10 s jednu dekadu hmot, jak dlouho bude trvat sken
od hmoty 1 do 1000?

Jste vedoucim divize NASA a mate navrhnout hmotnostni spektrometr pro
automatickou sondu k Marsu (iontovy zdroj, analyzator). Podminky jsou:

- rozsah hmot M<150, (jednoduch¢ organické molekuly), pozaduje se jejich
absolutni identifikace

- ptistroj musi byt maly a nepfrilis t€zky, ale robustni, aby vydrzel ptetizeni pfi
startu a pristani sondy, a spolehlivy

- musi byt fizen pocitaCem (automaticka stanice)
Jak se zméni Casove rozliSeni spektrometru TOF, prodlouzime-li délku trubice
resp. zvySime-li urychlujici potencial



Odpovedi

30s

- Organické molekuly jsou vétSinou tékave, pro identifikaci molekul je tfeba mit k
dispozici fragmentacni data. Proto EI iontovy zdroj, CI je pfili§ komplikovana.

- Vysoke rozliSeni (sektorove pfistroje) jsou piiliS té€zké, proto je nejlepsi volba
kvadrupolovy analyzator

Casové rozliSeni roste s rostouci délkou trubice a klesa s rostoucim urychlujicim
potencidlem: m/Am = t/(2At)



