Analizzatore
Settori (EB; BE; EBE ...)
Quadrupolo (Q, QqQ)
Trappola ionica, FT-ICR
Orbitrap, Tempo di volo (TOF)
Ibridi (BEqQ; QTOF ....)

Sistema di

Introduzione
DI, MIMS, GC, HPLC,
CZE, CEC, ITP

Sorgente

El, CI, PD, FD, FAB,
LSIMS, ESI, APCI,
MALDI

Separazione degli ioni
secondo il loro rapporto
massa/carica (m/z)




Separazione degli ioni
..... nello spazio
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MoVy
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PRINCIPIO DI FUNZIONAMENTO
DI UN SETTORE MAGNETICO
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SETTORE ELETTROSTATICO
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Relative Abundance
w
[=]

2488 2490 2492 2494 2496

Mass spectra recorded at different resolutions: mass spectrum of a mixture of three isobaric species
[CoH,NT, [ChoHo]*, [C3H oN;0,]" obtained at low resolution (black line) and at resolving power 50,000
(grey line). It is noteworthy that at low resolution the three peaks are completely unresolved.

Resolution at 10% valley (left) and at full width at half maximum (FWHM, right).




Summary of some PCDDs mass spectral interferences of environmental origin

Am =0.08

AT

321.8491 321.8938

CHCLIC  C H =, € HL1,0
M&.3RCEIC M. 2ng) e

iphesryi) (biphemd) (dlosdn)
(MAM~T.200) (M/AM=12,500)

3219114
'—'u"u“;a:"'c‘:

(xanthena)
C,,H,0%C1,"Cl, 3219202
M*"- H=Cl C, HSCINCH,  (methoxybiphenyl)
(benayiphemylether) M M/AM=~8,800)
IM/AM ~18,000) DDE)

PCDDs=polychlorinated dibenzo-p-dioxins

Performances of analyzers:

Mass accuracy

/—I 386
386.3

100 =]
550 3 386.35
E ] 386.354 .
St 386.3549 [Co7Hy60]
:ufgm:u =
T
@20
.-

g

Sectors (BE, EB, EBE.....)

IO e S Stoichi ome'rruy




Exact mass

The calculated mass of an ion or molecule containing a single isotope of each

atom

Accurate mass
An experimentally determined mass of an ion that is used to determine an

elemental formula

Mass Spec Terms Project: http://mass-spec.Isu.edu/msterms/index.php/Category:Mass_spectrometry_terms

(o]
I_pn VG 70-250S
F N—S, =
/A m/z 900-200
P\ /N 10 sec/dec
| N=ﬁ\ Res=8.000 (10% valley)
0 Fe o Ph
Ph\g—N F |
\_/ C34H5NcO,FeS,P,F;
Ph/"
Ph= phenyl
FEPF1D#137 x1 Bgd=33 17-DEC-82 10:28+80:87:41 79-258S El«
Bpli=@ I=628mv Hm=© TIC=15767000 Acnt Sys:PFK
PT= 0° Cal :PFK
198 888 #1372
384
=1
78 4
=8
50
40 8689
28
87a
20
16 8721
866
a T | sz eps MASS
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EI+

FEPFACC2#118 x1 H*ggg-i 24-JUN-92 ©9:30+9:11:35 79-2505
BpM=431  I=53mv TIC=6459000 font * Sys ' ACCMASS
: PT= @° Cal : PFK
199 867.9841 #1189 ?ﬁg
98] X
29 830.59473
70l X = Reference (PFK)
68 X X
X
816.,9505 842.9473
58 X 80.9440
48| 854.9473
30 892.9441
28
10
8 MASS CACCY
820 840 860 860 900 s20
FEPFACCZ #1189  x1 Bgd=1 24-JUN-92 ©9:30+0:11:35 70-250S
BpM=431 I1=53mv Hm=833 TIC=B8459000 Acnl oTm @0
ME C C H NFE S F P O PPM DBE ACC .MASS
12 13
868 408 @ 28 B 1 2 2 2 4 7.8 34.8 B867.9780195
C 0+100 40 @ 23 6 1 3 1 2 3 4.4 33.0 £67.9802488
H 1+100 32 @ 24 B 1 3 2 2 4 3.1 29.8 B867.9813915
j 3B 1 23 6 1 3 2 2 4 g.2 29.5 B867.9769213
N 0+8 49 © 25 6 1 4 @ 1 4 -7.7 32.8 B867.9987185
Fe 0+1 33 1 24 6 1 4 @ 1 4 -2.5 32.5 ©867.9862483
S0:6 46 @ 26 6 1 4 @ 2 2 1.8 32.8 867.9824777
i 33 1 25 B8 1 4 @ 2 2 7.8 32.5 867.9780875
F 0+4 3 @ 272 6 1 4 1 2 3 8.5 28.8 B67.9836206
P 04 3 1 26 6 1 4 1 2 3 5.7 28.5 867.9791504
40 1 21 & 1 4 2 @ 3 -7.9 33.5 867.9909016
O 0+6 48 1 22 6 1 4 2 1 1 1.6 33.5 867.9826607
gg ? EB g 1 4 2 2 4 -8.8 24, 867 .9847635
Single mass

Mazs: (47425725«

Max. results 10 El: Calculate

Wix|  Formula | RDB | Detta ppm |~
1 [CatHzzO4Mg 1035 0.154

2 |CzoHas Og g 55 2974

3 |C25Has Og g 95 -5.508

4 |CioHap Opzhl 05 5794

5 (CamHuzOzNe | 1435 5328 |
B (CisHmOWNe | 15 11.456

7 [CtaHasOghg 15| 12230

3 [Ca0Hag Oa 135 | 13890 (¥

File.. | List | | =
Limits
Charge: [1 =]

Hitrogen-Hule: ’W
Mass tolerance: [140.00 ppm =
RDB equiv: |-1.0-100.0

Elements in use
Isotope | Min | Max | DB eq. Mass
14 M a 10 05 14003
160 a 15 oo 15.995
12¢C a 30 10 12.000
TH a &0 -08 1.005
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Analizzatori: il quadrupolo

Four rods arranged an equal distance from each other in a parallel manner

rf 180° out of phase / +dc

Quadrupole Mass Analyser

Eg— |
] o

The @ ion is transmitted along the quadrupole in a
stable trajectory Rf field. The . ion does not have a
stable trajectory and is ejected from the quadrupole.

11



Il movimento degli ioni all’interno del quadrupolo dipende da:

1. Il loro rapporto m/z

Le dimensioni del quadrupolo

=

H——

coaghech e® @ %
(t 3. Intensita potenziale dc (U)
: 4. Intensita potenziale rf (V)

5. Lafrequenza del potenziale rf

=

X-Z Plane
ac + de potential
_— —{ ac potential
% de potential
£
I
=
~—_~
Cycles
Y-Z Plane
&
£
s de potential
- ] ac potential
ac +de potential
Cycles

http://people.whitman.edu/~dunnivfm/C_MS Ebook/CHS/5 5 2.html
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a) The high pass mass filter in the X-Z plane allows heavy ions to
be transmited through the quadmpole and reach the detector
Mass
o= b) The low pass mass filter in the Y-Z plane allows light ions to
.E be transmited through the quadmpole and reach the detector
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Hyperbolic rods

Round rods can only approximate the field generated by

hyperbolic rods - most ideal when R,,4/R, = 1.16.

Rrod
R,.4 = Radius of rod

to axis of instrument

Manufacturing such a kind of rods is non-trivial

R, = Position of rod relative

—
@03

Hyperbolic rods
1474 MMz, 4V lons
sensitivity x 107

]

S u'lol‘.\-d

e

Hyperbolic rods
0.707 MHL. 1'-"30!‘15
sensitivity x 10°

L
i

Rounds rods
1414 MHL. 4V ions
senstivity x 10" ——m

Reound roda
0.707 MHz ans
sensitivity x 10

Detector signal Amperes/Torr

0 100 200 300 400 500 60
Resolving power at 10 % of peak height

700

lon transmisston of round and hyperbolic quadrupole systems (resolving power ag. ian transmis-
sion), first documented investigation by Brubaker 1968 (two curves left: round rods;

two curves right: hyperbolic reds).

14



Hyperbolic Rods Quadrupoles

Resolving Power of a quadrupole

N NN N N The ability of a quadrupole to
A L] ] resolve masses is propartional
\ / I!"\jl 'g\_ )\ ".\J,.f! to frequency of AC and length

of quadrupole

NN AN o, fl ff

IIII I |'Ii Il i', I ' 'll'll fl i\
LI 11 ' ' [

i '|"| ||Il| " |||||

| I|i|| | ||||I |

TAVRTRTATRY ;

RV URTIRVR TRV I
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Separazione degli ioni nello spazio

Analizzatore Forza Separazione in base a Range Risoluzione Massa
m/z accurata
Doppio fuoco (EB, BE) Campo Momento degli ioni + 10.000 10.000 < 1ppm
. magnetico + energia cinetica
campo elettrico
Quadrupolo Campo elettrico Stabilita/instabilita 2.000- Unitaria No
v e radiofrequenza 4.000 (0.2u FWHM) | (>20ppm)

1946

William Stephens at the Univ. of Pennsylvania proposed the concept of

—

lon source

time of flight

VPR
aM o

/

Analyzer

[ _:‘ l— "‘ Il"

Detgc’cor

. o

«——

drift region
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In an ideal case, all ions leave the source with the same kinetic
energy:
I ,
eV =—mv”
2

where V = accelerating voltage, v = ion velocity.

As

D
V =—
t

where D = drift length and t = the flight time

- 1/2
f:[ ] D
2el

MW = 1000 Dalton; z=+1; D=1.5m; V=15 kV

. 1/2
f:( } D
2elV

\x 1000Da x 1.672621 x 1027 kg Da!
t=

x1.5m =

2 x 15000V x 1.602 x 10-1° C
=2.792 x 10°s =28 us

MW = 10000 Dalton V=15kV t ~88 us
MW = 10000 Dalton V=30 kV t =63 us
MW = 100000 Dalton V=30 kV t =20 us

17
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Schematic drawing of a laser desorption/ionization TOF instrument.




Reflectron

kv
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OPTICAL
SENSOR

| —

gooooeoo
gooooeo

reflectron

DETECTOR

X-Y SAMPLE

Cytochrome C

a.di. =2 o
= Reflectron MALDI-TOF
o for better resolution
1000
500
o T T T _JJI Ay T T T
6000 a00a 10000 12000 14000 16000 18000 e
= Linear MALDI-TOF
= for greater signal
40000 | '

7000

s000

! SO,

T T
11000 13000

B

T T
15000 17000 LR
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Spiral TOF

One figure-eight traigctﬁr-y

lon trajectry

From ion source

The spiral path is composed of 4
layered toroidal electrodes each
incorporating 9 Matsuda plates inside
its cylindrical electrode.

Ions are accelerated to 20 kV in the
ion source, and then pass through
each layer of the 4 layered toroidal
electrodes, reaching the detector.

Ion path =17m
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oa-TOF with an ion guide and reflectron

Electrospray
source

‘ RF-only quadrupoles ‘

ENNNANNANNY

Separazione degli ioni nello spazio

Analizzatore Forza Separazione in base a Range Risoluzione Massa
m/z accurata
Donnio fuoco (EB. BE) Campo Momento degli ioni + 10.000 10.000 < 1ppm
; " magnetico + energia cinetica
campo elettrico

Quadrupolo Campo elettrico Stabilita/instabilita 2.000- Unitaria No

¥ e radiofrequenza 4.000 (0.2uFWHM) | (>20ppm)
Time of flight Velocita >100.000 >10.000 2-5 ppm
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# Scparazione degli ioni

..... nel tempo

Trappolaionica 3D

nnnnnnn

plste

Separazione degli ioni
..... nel tempo

Cellaa
tl_ risonanza
] | ciclotronica

— Orbitrap
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The Nobel Prize in Physics 1989

The Royal Swedish Academy of Sciences has awarded this year's Nobel
Prize in Physics for contributions of importance for the development of
atomic precision spectroscopy

Hans Dehmelt Wolfgang Paul Norman F. Ramsey

University of Universitat Bonn Harvard University
Washington Federal Republic of Cambridge, USA
Seattle, USA Germany
for the development of the for the invention of the
ion trap technique separated oscillatory

fields method and its
use in the hydrogen
maser and other atomic
clocks

La trappola ionica

24



Il movimento degli ioni all’interno
della trappola dipende da:

1. 1l loro rapporto m/z

2. Le dimensioni della trappola (r)

%, o (3 7] potenziale dc (U)  (elettr. ancllo)
4. 11 potenziale rf (V) (elettr. anello)
5. La frequenza Q del potenziale

(elettr. anello)

eV
mry Q°

Equazione di1 Mathieu

a, = q, =

Analizzatori:

La trappola ionica

rf Amplitude

Electron gate _l

AC Amplitude JL
Time [ I |
Al B T C 1

Separazione degli ioni nel tempo

25



0.4

0.2

-0.2

-0.4

-0.6

Mathieu Stability Diagram

Operating line for
mass sel ective instability

Z stability

1 stability /

Operating line for
mass selective stability

ION TRAPPING

lons can either be injected into or created
within the interior of the ion trap. They are
confined by application of appropriate RF
voltage and their position is maintained
near the center of the ion trap.

26



L'elio, presente all'interno della trappola
ionica, aiuta a confinare gli ioni al
centro

SEQUENTIAL MASS SCANNING

Scanning is accomplished by changing the
RF voltage applied in the ring electrode of
the ion trap. This change moves the ions in
the stability diagram 1o a position where
they become unstable in the z-direction and
leave the trapping field for detection.

27



DETECTION

lons are acceleraled into a high voltage
dynode where they are converted into
electrons that are amplified by an eleciron
multiplier.

Mass Spectrum

28



Sheath Liquid ESI Needle Assembly

Heated Capillary

Sheath Gas Tobo Lania Electron

Octapole Endcap Multiplier

Liquid
Analyte in™

Mechanical | Turbo Pump Turbo Pump
Pump
Ring £15 kV
Auxiliary Gas Skimmer Electrode Conversion
Dynode

Trappola ionica lineare (2D)

Drive RF &

ili More than 30 mercury ions held in a linear trap. The
aUXIIIary AC assemblage of ions is about 0.01 inch long.

M”'
° o o2
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Basic Linear Trap Structure

o

R, =4 mm

IHyperbolic Rods

X, =476 mm
Y, =4 mm

Y

Back
Section
Center
Section
Front Slot
Section 30x0.25mm

30



Linear lon Trap

760 torr 1.0 torr 1.6 x 1073 torr
ESIsource M
Heated
capillary
(350°C,20V)

(400 Vpp RF,
-6.5 V offset)

%:{#f%#ﬂz

Square quadrupoj

2.0 x 107 torr

%

Octopole H |
(400 Vpp RF, .
-8.5 V offset)
Front lens Back lens
(-21V) (22V)

Analizzatori ibridi ..... QqIT

Hybrid Instrument with Q3 Linear lon Trap

N, CAD Gas

Skimmer

Orifice 1Q1 1Q2 / 1Q3 Exit
linear ion trap

LINAC 3x105 Torr
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Patented Linear Accelerator™ Trap
improved extraction efficiency to yield up
to a 100 x gain in sensitivity in ion trap
scan modes.

20,000 Da/s scan speeds

Improved excitation efficiencies and
reduced ion cooling

high-pressure collision cell
accelerates ions through the collision
cell, increases speed of analysis and
eliminates cross-talk with shorter
transit times across the collision cell

L’espulsione ASSIALE degli ioni permette di accoppiare

la trappola ionica lineare ad altri analizzatori

32



Electrostatic Traps

“..Static charges can not be stable in electrostatic fields...”

T T
L L

Linear traps

Segmented-ring traps

| WWAVAVA |
|\\//\)V|

Orbital traps
Kingdon, 1923

The Orbitrap: a new mass spectrometer

Qizhi Hu,2 Robert J. Noll,2 Hongyan Li,2 Alexander Makarov,” Mark
Hardman¢ and R. Graham Cooksa*

a Purdue University, Chemistry Department, West Lafayette, IN 47907, USA
b Thermo Electron (Bremen), Hanna-Kunath-Str. 11, Bremen 28199, Germany
¢ Thermo Electron (San Jose) 355 River Oaks Parkway, San Jose, CA 95134 USA

JOURNAL OF MASS SPECTROMETRY
J. Mass Spectrom. 2005; 40: 430-443
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Figure 1. Cutaway view of the Orbitrap mass analyzer. lons are
injected into the Orbitrap at the point indicated by the red
arrow. The ions are injected with a velocity perpendicular to the
long axis of the Orbitrap (the z-axis). Injection at a point
displaced from z = 0 gives the ions potential energy in the
z-direction. lon injection at this point on the z-potential is
analogous to pulling back a pendulum bob and then releasing
it to oscillate.

Standard

High-field

Orbitrap mass
analyzers
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Trajectories in the orbitrap

» Characteristic frequencies:
—Frequency of rotation w,
—Frequency of radial oscillations w,
—Frequency of axial oscillations w,

U(r,z):g{z2 —#/24R2In(r/R,)}

Ion Motion Along z Axis in the Orbitrap

k = field curvature

® js to first order independent of ion energy
and spatial spread

A Makarov. Anal. Chem. 2000, 72, 1156.
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1. Frequencies are determined using a Fourier Transformatlon
2. For higher sensitivity AND resolution, transients should not decay too fast

m/z

| h |
’\'l‘h“‘lw I ‘l‘| "H V' ‘

m 1L,
| lI

Ultra-high vacuum Ultra-high precision

Intensity

Orbitrap, FT-ICR

g

Fourier Transform ‘ |

Intensity

time m/z
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LTQ Orbitrap™Hybrid Mass Spectrometer

2005 - 2006

API lon source Linear lon Trap

C-Trap

i

Differential pumping Orbitrap

A %{H&Hﬂ%{%ﬂ% L —
[ [

Differential pumping

Inventor: Dr. Alexander Makarov, Thermo Electron (Bremen)

LTQ Orbitrap Operation Principle

1. lons are stored in the Linear Trap
2. .... are axially ejected
3. .... and trapped in the C-trap

4. .... they are squeezed into a small cloud and injected into the Orbitrap
5. .... where they are electrostatically trapped, while rotating around the central electrode

and performing axial oscillation

A e

The oscillating ions induce an image current into the two
outer halves of the orbitrap, which can be detected using
a differential amplifier

: L@#%{%% =

LE%\q
el

lons of only one mass generate a sine LN N I ‘

wave signal

37



Frequencies and Masses

The axial oscillation frequency follows the formula o =

Where @ = oscillation frequency m/z
k = instrumental constant
m/z = .... well, we have seen this before
% DH é%%ﬂ%ﬁ' p— 'H'E
=
%] DD % [ o ] |
o i
Many ions in the Orbitrap generate a complex —
signal whose frequencies are determined using a
Fourier Transformation
| |I l I | |I| ﬂ
.'Il i .|.| iy ] ‘
L
WL
HCD Collision Cell C-Trap Octapole Split Lens
II |I Lens
| |H .
| m— | — c d Leﬂs
urvel
[ ] Lens RFlens|—7— ——x Skimmer
j\_l === System 4.:10 QF o
ﬁg @
N \ ! lon Transfer Tube

Orbitrap Mass Analyzer

\% _

APl lon Source

Orbitrap Exactive




—"I——
= | ==

e,

q

= ‘
=

Orbitrap Q Exactive

High Pressure Cell

High Trapping Efficiency
High Dissociation Efficiency
Faster trapping and activation

5.0 X107 Terr He

Low Pressure Cell

Higher resolution at higher

scan rate
3.5%104 Torr He

Stacked Ring Combo C-trap/
A lon Guide \ B. / C. HCD collision cell
f_l_\ A
[ | |
Electrospray lon Souce~ Sens  Square Quadrupole  Octopole igh Pressure Cell - Low Pressure Cef Multipole C-Trep HED Collision Cell

N ot b b

Orbitrap Velos

Orbitrap
Mass Analyzer
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Square
Elactrospray Ouadrupole with High-Pressure  Low- Duadrupole
fon Source  S-lens Neutral Blocker Octopole Call Pressure Cell  MassFilter  C-Trap  HCD Collsion Cell  Transfer Multipole Reagent lon Source

(X ¢ttt —t=b |

New Detection ‘
Electronics
New High-Field Orbitrap | \
Mass Analyzer G
i
Reagent1 | Reagent 2
Haatod Infet | Hsatad inial
ETD Option
Orbitrap Elite
Ultra-High-Field Dual-Pressure
Orbitrap Mass Analyzer Linear lon Trap

Large-Surface-
Area Detector

Quadrupole
Mass Filter

. “%III

Beam Guide i \
— — fon-Routing
Muitipole

Optional E% C-Trap
— —
=

IC & EASY-ETD
(not shown) S E S-Lens

lon Sources
———— EASY-Max NG
lon Source

== 50,000 Resclution
= 450,000 Aesohution

100 1670 ;s
_ ) £ H ' | I& 1870071 :mm}o{
Orbitrap Fusion — Minneapolis 2013 1 nn Bt LUl
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) 2400 M2 M

Cytochrome C Zoom on the 8*

Relative Abundance

1545.79939
| 1545.92433
1545.67426
|
1546.04924
1545.54955
1546.17434
1545.42465 1546.20941
1545.29905 1546.42454
1546.54971
1545.17502 1546.67458

- 1545.07 1545.5 1546.0/ 1546.5 o 15747.67 o 1;17.;

m/z
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FT-ICR

Fourier Transform lon Cyclotron Resonance Mass Spectrometry

L tt X A CYTURl

http://www.youtube.com/watch?v=7EHngA4S3Ws

Movimento Ciclotronico

Magnetic field directed upward
F, = Magnetic Force
F1 = Centrifuge Force

r = radius of gyration

v = velocity

Per mantenere lo 1one in un’orbita circolare stabile occorre che:
F]_ = Fg
qvB=mvr

mvir=qvB
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Ne consegue che la frequenza angolare » di uno ione con massa m e
carica q ¢ data da:

v/r =q B/m

Frequenza ciclotronica o

®=0qB/Mm | (radiantisec) o =(q B/m)2rx| *2

Da notare che la frequenza ciclotronica NON dipende dalla velocita dello ione.

Perci0 ioni di una stessa massa avranno tutti la stessa frequenza ciclotronica

indipendentemente dal tempo in cui entrano nella cella o dalla velocita con
Cui vi entrano.

Detector |
plate \ |
ks aind 4 FT
Trapping Er— D
plate R\ detection on — FT on —

= Excitation |frequency spectrum  mass spectrum
4 plate

Magnetic
field, Bg

RF

. excitation on, one frequency
{RF) excites ane M/
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d voltages applied

g
g
g
2
£

Packets of ions are injected into the ICR cell from the linear ion trap.

They are trapped in the ICR cell by the coaxial magnetic field and voltages applied
to the trapping electrodes.

3
g
K
£
g

44



Ad esempio, la frequenza ciclotronica di uno ione monocaricato, con m/z
1000 e un campo magnetico di 7.0 Tesla, ¢ di 107.45 kHz, ovvero compie
circa 100.000 orbite al secondo.

Se il suo stato di carica ¢ +4 il numero di orbite al secondo diventa circa

400.000.

La cella ¢ situata all’interno di una regione di campo omogeneo di un grande magnete
superconduttore. Gli ioni si muovono in orbite circolari alle loro frequenze ciclotroniche.
Se all’interno della cella vi sono ioni con diverso valore di m/z, essi gireranno su orbite con
un raggio molto simile ma avranno frequenze diverse.

Normalmente il raggio di un’orbita di uno ione ¢ di circa 0.1 mm.

Se un impulso RF, sufficientemente largo (§SMHz+100kHz) da coprire I’intervallo delle
diverse frequenze ciclotroniche degli ioni che si vogliono osservare, viene inviato
all’interno della cella, gli ioni acquisteranno energia dal campo RF e si muoveranno su
orbite piu larghe.

/N
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1] lons before excitation.
They are in their natural
cyclotron radius within
the magnetic field.

2] lons during excitation
with a radio frequency.
This excites the ions to
a larger cyclotron radius.

3] lons after excitation.
The cyclotron radius

remains in its larger
state.

wii

As the ions pass by the detector plate
they cause electrons to flow to the plate.

This flow of electrons is called the image
current.

It can be amplified and detected.
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When many ions of different mass
and intensity are present, a complex
transient is generated which can be
converted from the time domain to
the frequency domain by a Fourier
Transformation.

Cosi il segnale complessivo che esce dalla cella ¢ un segnale composito costituito dalla
sovrapposizione delle frequenze ciclotroniche di tutti gli ioni presenti all’interno.
Inoltre questo segnale diminuisce lentamente mentre gli ioni rilassano e ritornano alle loro

orbite circolari stabili al centro della cella.

Usando la trasformata di Fourier € possibile deconvolvere il segnale complessivo e

identificare le singole frequenze.

o Accelerate

8 MHz., 100 kHz
RF Sweep \I

the lofs

Transient lon
Image Curent
Sgnal

-
Time

Mass
Spechum I
[

. Accelerate all ions with an RF burst.

. Amplify the image current signal: The

transient signal is a composite of the
cyclotron frequencies of all the jons in
the cell.

. Digitize the signal and store it in a

computer.

. Use a Fast Fourier (FFT) algorithm to

extract the frequency and amplitude for
each frequency component.
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A new ultra-high resolution FT-ICR cell with dynamic harmonization

extreme mass resolution greater than 10 million

Nikolaev EN, Boldin IA, Jertz R, Baykut G., J Am Soc Mass Spectrom. 2011, 22:1125-33

Qg-FTICR
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