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= Kvadrupoly - jednoduché / tandemove (trojite)

= Pruletové analyzatory - méfeni doby letu iontl (TOF)

= Jontové pasti - 3D past / linarni iontova past

= Hybridni MS - Q-Tof / Q-Trap / Tof-Tof / atd.

= Orbitrap - orbitalni past

= ICR FTMS - iontova cyklotronova rezonance s FT

» EBE sektory — magnetické sektorové spekirometry
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= Hmotnostni spektrometr

Iontove optickeé zarizeni, které ze smeési plynnych molekul,
jejich nenabitych fragmentd a iontl separuje nabité ¢astice
podle jejich efektivhich hmot m/z

= Hmotostni spektrometrie

Fyzikalné-chemicka metoda urcovani hmot volnych molekul a
jejich casti, jez je treba k tomuto Ucelu preveést

na kladné nebo zaporné ionty

Karel Ubik: Fyzikalné chemické metody, hmotnostni spektrometrie, UOCHB AV CR,
Praha 2000
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= Klasicka hmotnostni spektrometrie MS

» Spektrometrie zaloZzend na pohyblivosti iontu

= Jon Mobility Spectrometry IMS
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= IMS

» Studuje pohyb iontu v elektrickém poli v prostiedi inertniho plynu
= Stejnosmerne, ale i stridavé elektrické pole (DC/AC)

= Pouzivané zkratky DC IMS / AC IMS

= Rozdil MS / IMS ?

= MS ~ vysokeé vakuum 10> — 10-¢ mbar

= IMS ~ nizsi vakuum - prostredi inertniho plynu 2,5.10-3 mbar
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» Pohyblivost iontl zavisi na jejich velikosti a tvaru

» Stav chovani iontU v inertnim prostfedi charakterizuje

» Pohyblivost iontu v elektrickém poli popisuje rovnice (1):
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—— () - efektivni srézkovy prufez iontl v plynné fazi
(collision cross-section area)
m———t - Cas pruniku (drift time)
E, - intenzita elektrického pole
L - délka letové trubice
P - tlak tlumiciho plynu [ torr ]
T - absolutni teplota
ze - naboj iontu
N - hustota neutralniho plynného prostredi
k, - Boltzmanova konstanta (vztah mezi teplotou a energii)
m; - hmota iontu
m, -hmota neutralniho plynu

760 T 1 t,E,
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= Definice k,

» The Boltzmann constant (k or kB) is the physical constant relating temperature
to energy

= |t is named after the Austrian physicist Ludwig Boltzmann, who made important
contributions to the theory of statistical mechanics, in which this constant plays a
crucial role. Its experimentally determined value (in Sl units, 2002 CODATA
value) is

1.380 6505(24)x10-23 joule/kelvin
8.617 343(15)x10-5 electron-volt/kelvin

» The digits in parentheses are the uncertainty (standard deviation) in the last two
digits of the measured value. The conversion factor between the values of the
constant in the two different units of measure is the magnitude of the electron's
charge

q=1.602 176 53(14)x10-19 coulomb per electron




Iontova mobilita v hmotnostni spektromettrii

= Zobecnujici rovnici (1) Ize tedy zjednudusit na vztah (2):

= Iontova pohyblivost zavisi za danych okolnosti na ¢asu pruletu
= Velikost a tvar leticich iontl je v relaci s ¢asem pruletu

= Cas Ize méfit a tedy podchytit tvar a velikost ¢astic
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= IMS
» Studuje pohyb iontu v elektrickém poli v prostiedi inertniho plynu

= Stejnosmerne, ale i stridavé elektrické pole (DC/AC)

= (1) DC IMS
= (2) FAIMS

= (3) TWIMS
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= (1) DC IMS

Home . About . N&ls . Products . Technelogies . Crosscutting Capabilities . Education

Microsensors Nati urL?al

=~ Micro Analytical Sytems = =~

Miniature Ion Mobility Spectrometer

Overview

Ion Mohility Spectrometry (IMS) is an atiractive technology for developing a miniaturized
chemical sensor. An IMS sensor system has the advantage of operating at atmospheric
pressure and is able to detect trace guantities of materials. Current IMS drift tube
designs require complex assemblies of electrodes and insulators coupled with
electronics to produce the uniform electric fields desired in the IMS drift tube. This
results in systems that are not suited for mass production because they are labor
intensive and expensive to produce. We have demonstrated a miniaturized, simple to
assemble, and inexpensive IMS drift tube constructed from "rolled", low-temperature co-
fired ceramics (LTCC) with integral potential resistors. The new LTCC design eliminates
as many as 150 individual parts from our current "stacked" design while producing a
more chemically inert internal surface.

Applications

e Explosive detection.
s Biological malerial detection.
o ( hemical weapon and drug detection.
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: Miniature lon Mobility Spectrometer - Microsoft Internet Explorer

Fie Edit WView Favorites Tools Help

QBacI( - J Iﬂ |§| : /'- ) Search U\’ Favorites {F‘h iz M - ﬁ j‘s

Address |€] http://www.sandia.gov/mstc/technologies/microsensors/IMS. html

Ion Mobility Spectrometry (IMS) is an emerging technique that holds promise for a
variety of analytical applications. IMS is essentially an ion filter that sorts the mobility
(k) of an ionized molecule; mobility is a measure of how fast a molecule will travel
under the influence of an electric field in a given atmosphere. Ion drift time (t;) is
measured across a known tube length (L) with a known electric field (E) and the
mobility is given by the following equation:

= DC IMS vyuzivajici stejnosmerné elektricke pole

» Jednd se spide o filtraci iontu
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= (2) FAIMS
= Jontovy filtr

= FAIMS ?

« Fast Asymetric Waveforms Ion Mobility Spectrometry
= FAIMS je predrazena MS
= Funkce filtrace nezddoucich iontld a omezeni chemického $umu

= Spojeni FAIMS-MS / Thermo a kdysi i Waters (Micromass)



Iontova mobilita v hmotnostni spektromettrii

: FAIMS contact page - Microsoft Internet Explorer

n

File Edit View Favorites Tools Help Y
ﬂ ﬂ ; /' ) Search Favorites ) vz W - g 3
Address |&] http://www.faims.com/contact.htm v BlGo Links ™

LTams >

Contact

Roger Guevremont at Ionalytics Corporation, Ottawa
e-mail: roger.guevremont@ionalytics.com
FAX: 613-842-0981

Questions relating to FAIMS technology and
methodology.

= Fast Asymetric Waveforms Ion Mobility Spectrometry

= IMS - vysokofrekvencni asymetrické obdélnikové kmity
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: FAIMS contact page - Microsoft Internet Explorer
%

File Edit View Favorites Tools Help Y
ﬂ ﬂ ; /' ) Search Favorites ) vz W - g 3
Address |&] http://www.faims.com/contact.htm v BlGo Links ™

LTams >

Contact

Roger Guevremont at Ionalytics Corporation, Ottawa

= FAIMS je predrazeno hmotnostnimu spektrometru

= Odstranéni nezadoucich iontd a snizeni chemického umu

» Jednd se opét a pouze o filtraci iontd
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= (1) DC IMS
= (2) FAIMS

= (3) TWIMS
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= (3) TWIMS
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T-wave™ Ion Guide / TWIG
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Kolizni plyn

Koncova

Boc&ni deska deska

PCB
elektronicka
deska

Sére elektrod s
kruhovym otvorem

Otvor transmise iontt

,T-wave"
kolizni cela



Iontova mobilita v hmotnostni spektromettrii

T-wave™ Ion Guide / TWIG
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3 x TWIG = TWIMS

TWIMS = Travelling Wave Ion Mobility Separator
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= Kombinace dvou spektrometrickych technik

= hmotnostni spektrometrie - (MS)
= spektrometrie zaloZené na pohyblivosti iontd - (IMS)
» integrace IMS / Q-0a-TOF MS

= Systém dava souhrnnou informaci soucasné o:

» hmoté cCastic - efektivni hmoté iontu m/z
= velikosti Castic - velikosti iontu (vychozi molekuly)
= tvaru castic - prostorove usporadani vychozi molekuly
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= Komplexni informace o molekule

shmota
svelikost
sfvar

» High Definition Mass Spectrometry - HDMS™

SYNAPT

High Definition Mass Spectrometry ™
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Parametr / System

SYNAPT

High Definition Mass Spectrometry ™

SYNAPT 52

MS rozliSeni Reyym

IMS rozliseni R,

Presnost hmoty

Linearni dynamicky rozsah

Ionizace ESI-API / MALDI

Ionizace ETD
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= V cem je vyhoda TWIMS ve srovnani s klasiskou DC IMS ???

» Pro¢ vibec mluvime o High Definition Mass Spectrometry ???

= Co to je vysoka vypovidaci schopnost ?7??
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= Snizeni vysky pulzu a zvyseni tlaku plynu N, v cele brani
vVvwv7s . vV aVv7s . (o) ’
tezsim a objemnejsim iontum surfovat na vlinach

= Velké objemné ionty se prevaluji pres potencialovou barieru
zpét, tim se zpozduji, maji mensi mobilitu nez ostatni
pohyblivejsi ionty, ktere surfuji vpredu, a tak se dostavaji na
Celo pohybujici se skupiny, a tedy i rychleji dosahnou
detektoru
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odezva (R)

IMS (drift time)

MS (m/z)

200 scant x 100 ps = 20 ms



= Pfiklad izobarickych peptidu s reverzni sekvenci GRGDS / SDGRG
= 5% rozdil Q (Gly-Arg-Gly-Asp-Ser / Ser-Asp-Gly-Arg-Gly)

Relative Intensity (%c)
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» RUzné nabité ionty proteinu jako ukazatel molekuldrni struktuty
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» Priklad IMS eliminace nezadoucich PEG interferenci

- PEG-Class |
--------------------- 5—--5urfactant
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» Priklad IMS eliminace nezadoucich PEG interferenci
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= Priklad analyzy hemoglobinu

= 4 polypeptidové subjednotky = globin, tj. 96% Hb komplexu
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= TWIMS - High Definition Mass Spectrometry™ shrnuti:

» Klasickd MS - pohyb iontu ve vysokém vakuu ~ 10-5 - 10-6 mbar

= IMS / TWIMS - pohyb iontd v niz&§im vakuu ~ 2,5 mbar

= Jontova mobilita - nazorna ukazka

= Dvoudimenzionalni MS - integralni spojeni IMS-MS

= High Definition Mass Spectrometry™ - HDMS™

= HDMS™ - spektrometrie s vysokou vypovidaci schopnosti
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= TWIMS - High Definition Mass Spectrometry™ shrnuti:

= Zdznam iontd separovanych podle hmoty a mobility

= 3D zaznam: intenzita signalu odezvy = f (M/z, t.etenenir tariet)

= Vystup: hmotnostni spektrum / chromatogram / mobilogram
= 1) Interpretace graficka - barva odlisuje intenzitu odezvy

= 2) Interpretace Cislena - datova digitalizace bodu v prostoru

= Digitalni popis systéemu - hmota / velikost / tvar Castic
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Dékuji vam za pozornost !



