Separazione degli ioni nel tempo

oscillazioni armoniche

Analizzatore Forza Separazione in base a | Range m/z Risoluzione Massa
accurata
Trappola ionica (3D e 2D) | Campo elettrico + | Frequenza delle orbite <6.000 <500 no
RF
Cella a risonanza Campo elettrico + | Frequenza delle orbite >10.000 >100.000 <1 ppm
ciclotronica (FT-ICR) RF + campo
magnetico
[
Orbitrap | Campo elettrico Frequenza delle <6000 100.000 2-5 ppm

Sistema di

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

Banca dati

Sorgente

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

MALDI

Analizzatore
Settori (EB; BE; EBE ...)

Quadrupolo (Q, QqQ)

Trappola ionica, FT-ICR
Tempo di volo (TOF), Orbitrap
Ibridi (BEqQ; QTOF ....)

Rivelatore
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Separazione tra i picchi isotopici: Am=1/z

Ionez=+8 Am=1/8= 0.125
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Resolution, resolving power:

m
R = —-—
Am
A Am Peaks resolved
F : at 10% valley
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IUPAC: http://goldbook.iupac.org/R05318.html

RESOLUTION

Valley definition

Let two peaks of equal height in a mass
spectrum at masses m and m — Am be
separated by a valley which at its lowest
point is just x % of the height of either
peak.

For similar peaks at a mass exceeding m,
let the height of the valley at its lowest
point be more (by any amount) than x % of
either peak height.

Then the resolution (x % valley definition)
is m/Am. It is usually a function of m. The
ratio m/Am should be given for a number of
values of m.

Double sectors, FT-ICR: 10% valley

Q, IT, TOF: 50% valley




RESOLUTION

Peak width definition
For a single peak made up of singly
charged ions at mass m in a mass

FWH M spectrum, the resolution may be
<

MHfAm expressed as m/Am, where Am is the

50% | N
_ width of the peak at a height which is a
500/ specified fraction of the maximum peak
0 height.
- ~
/

m/z

Resolution at full width at half maximum (FWHM).

The resolution full width at x% of the peak height

ﬂ {\ resolution at 2x% for the valley

In fact the bottom of the valley is the

sum of the intensities at the peak cross

\




Resolving power

The ability to distinguish between ions differing in the quotient mass/charge

by a small increment.

It may be characterized by giving the peak width, measured in mass units,
expressed as a function of mass, for at least two points on the peak,

specifically at fifty percent and at five percent of the maximum peak height.

RP

Am

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

, : i campo elettrico

Quadrupolo Campo elettrico Stabilita/instabilita 2.000- Unitaria No
" e radiofrequenza 4.000 (0.2 u FWHM)

Time of flight Velocita >100.000 >10.000 2-5 ppm




Separazione degli ioni nel tempo

Analizzatore Forza Separazione in base a Range Risoluzione Massa
m/z accurata
Trappola ionica Campo elettrico + | Frequenza delle orbite 4.000 <500 no
(quadrupolare e lineare) RF
Cella a risonanza Campo elettrico + | Frequenza delle orbite >10.000 >100.000 <1 ppm
ciclotronica (FT-ICR) RF + campo
magnetico

- - - .i s
B

e

4,000 100.000 <1-3 ppm

Orbitrap | Campo elettrico Frequenza delle
i; oscillazioni armoniche

Resolving powerS:

1) Quadrupole and lon Traps

Constant peak width

Variable resolution
FWHM Definition

FWHM 0.5u at m/z40 — Res. 40/0.5=80, but also

FWHM 0.5u at m/z 1000 — Res. 1000/0.5=2000




Resolving Power of a quadrupole
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Detector signal Amperes/Torr
-9

Hyperbolic rods
1.414 MHL 4V ions
sensitivity x 107

Hyperbolic rods
0.707 MH2. 1V lons
sensitivity x 10°

Rourds rods
1,414 MHz. 4V ions Round reda
senstivity x 10" — 0.707 MHz. 1V ions

sensitivity x 107

len tran

100 200 300 400 500 60 700
Resolving power at 10 % of peak height

smission of round and hyperbolic quadrupole systems (resolving power ag. ton transmis-

sion), first documented investigation by Brubaker 1968 (two curves left: round rods;

WO Cur

ves right: hyperbolic reds).
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The Csl cluster ion at m = 3510 showing mass resolution in excess of 10°
R. E. March, Int. J. Mass Spectrom. lon Processes 118/119, 71 (1992)




Resolving powerS:

2)TOF

m/Am=1t/2 At

At =FWHM of the peak measured

Resolving powerS:

2) TOF and sector analysers

Constant Resolution with m/z
10% Valley Definition for BE

FWHM definition for TOF

Resum=20,000 at m/z 40 — FWHM=40/20,000=0.002 u
but also

Resryum=20,000 at m/z 4000 — FWHM=4,000/20,000=0.2 u




Resolving powerS:

3) FTICR:

‘UC'T q-B

and v =

RFWH.M = P CT2eqem

T = transient duration (detection time)

v, = cyclotron frequency

Resolving powerS:

3) ETICR:
at constant detection time:
resolving power inversely
proportional to m/z.
Thus if

R=1x107 at m/z 100, itwillbe 1x106 at m/z 1000

http://www.warwick.ac.uk/staff/M.P.Barrow/
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A new ultra-high resolution FT-ICR cell with dynamic harmonization

extreme mass resolution greater than 10 million ) (' ;
\ /i

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

4) Orbitrap:

at constant detection time:

resolving power inversely
proportional to \/ 1174

Thus if
R=100,000 at m/z 100,
at m/z 1000 it will be

R=100,000(100/1000)"2=31,646

F:FTMS + p ESI Full ms [125.00-1200.00]
237.6326

100 R=43501

90 Orbitrap

80

(o)) [o2] ~
o o o
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20

158.7572
10 R=53001

150 200 250

EST (+)

Orbitrap: at constant detection time, the
resolving power is inversely
proportional to the square root of m/z.
Thus:

if R=100,000 at m/z 100, at m/z 1000, it will
be 100,000(100/1000)"2=31,646

43501(237.6/474.2)"2=30,792

474.2574
R=30701

300 350 400 450 500 550
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Resolving powerS:

1) Quadrupole and lon Trap: constant peak width:

FWHM 0.5u at m/z 40 — Res. 40/0.5=80, but also
FWHM 0.5u at m/z 1000 — Res. 1000/0.5=2000

2) TOF and sector analysers have a resolution that remains constant when the
mass increases

Resgyum=20,000 at m/z 40 - FWHM=40/20,000=0.002 u
but also
Resgywum=20,000 at m/z 4000 — FWHM=4,000/20,000=0.2 u

3) ETICR: at constant detection time, the resolving power is inversely proportional
to m/z. Thus:
if R=1x107 at m/z 100, it will be 1x10°® at m/z 1000

4) Orbitrap: at constant detection time, the resolving power is inversely
proportional to the square root of m/z. Thus:

if R=100,000 at m/z 100, at m/z 1000, it will be 100,000(100/1000)"2=31,646

B4 B

@ 805.6

BOG.6

807.6 808.6

800 801 a0z 803 804 BOS 606 a0t 808 809 810 B11

miz

Mass spectra recorded at different resolutions: mass spectrum obtained by a 2D-ion trap low resolution
(top) and by Orbitrap at resolving power 50,000 (bottom)
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ISOBARIC IONS

lons having the same nominal mass, but different chemical

compositions

i.e. COand N,

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.
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Effect of sampling rate on peak definition

Analogue signal

JANA!
il

5 samplings

3.1

dwell time

cycle time

min
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Quale risoluzione si deve usare?

Melius abundare quam deficere ?

NO Il

Risoluzione e ....

1. Sensibilita

2. Specificita

3. Velocita di scansione

18



1. Risoluzione vs sensibilita
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2. Risoluzione vs specificita

L’alta risoluzione aumenta la specificita eliminando
specie isobariche interferenti

Importance of Enhanced Mass Resolution
in Removing Interferences When Measuring
Volatile Organic Compounds in Human
Blood By Using Purge-and-Trap Gas
Chromatography/Mass Spectrometry

Michael A. Bonin, David L. Ashley, Fred L. Cardinali, Joan M. McCraw,
and Donald G. Patterson, Jr.

Division of Environmental Health Laboratory Sciences, National Center for Environmental Health and Injury
Control, Canters for Disease Control, Public Health Service, US. Department of Health and Human Services,

Atlanta, Georgia, USA
J Am Soc Mass Spectrom 1992, 3, 831-841

ion fons for target VOCs and their labeled internal standards listed
2

The quantitation
in order of incressing GC retention tirme (see Table

Quantitation ion Internal standsrd Cuantitation ion
Target VOCs(natives) ~ m sz Formula® R = native m/r  Formula®
1,1-Dichlorosthans 95,9534 C,H,Cl, FHy R 64,9941 c,ﬁuiu,
Acetone 50.0452 CC,H,0 [N ] 810619 ‘g H,0
Carbon disulfide 779399 CSMs cr 78.8433 “cMss
Bromosthahe 107.9575 C,HI%Br ok 1109688 “coHy'er
Metirylone chioride 839534 CH,CI, "cR 849667 "CH,Cly
trans-1,2-Dichiorosthens ~ 95.9534  C;H,Cl, PHy R 649941 ci'CiH,
Hexane 8610968 CgH,, BH R 100.1974 CiH,,
1.1-Dichlorosthans 63.0001 CH,Cl Hy IR 66.0189  C;HCIH,
cis-1.2-Dichlorosthene  95.9634 C,H,Cl, 'H, R 649941 CICIH,
2-Butanons TLO676 C,H,0 [4-*H, R 750764 C HiH,0
Chlorotorm 829455 CHCI, "ch 830488 “cHOL,
1.1.1-Trichlorosthane EHE1T € H,Cly PHy R 99.9800 C,CliiH,
Carbon tetrachioride 116.90668 CCl, "cm 179088 “col,
Berrane TBO4T0  CoH, Pc,m 840871 "IC,H,
1.2-Dichiorosthans. 61.9923 C,H,C CHR 67.0169 .
Trchloronthana 129.9144 C HCI, Mk 1309177 “ceHel,
1.2-Dichloropropane 630002 C,H,Cl PHeR 67.0253 C,C1I%H,
Dibromormethane 1718523 CH}%Br, PH, R 177.8608 C2HY'8r,
Bromodichioromathane 828455 CHCI, MeR 83.9489 "CHOI,
Toluene 91.0648 C,H, FHyR 98.0987 CiH,
1,1.2-Trichlorosthane 969612 CyH,Cl, PHyR 99.9800 C,CIjH,
Tetrachiorcathens 1858725 ci'Cicl, Pcr 168.8758 oo’y
Dibvomochioromethane _ 128.8923 : ek 129.8958 *
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2. Risoluzione vs specificita

L’alta risoluzione aumenta la specificita eliminando
specie isobariche interferenti

il — iz 84

= m/z 83.953 w=0.03

50

Relative Intensity

5:43 5:54 6:05 6:16

Time (min:sec)
Single-mass chromatograms for methylene chloride
from a blood sample (9.59 g): (a) nominal mass curve for m/z 84;
(b) accurate mass curve for CH,Cl3 (m/z 83.953 with a window
of 0.03),

Summary of some PCDDs mass spectral interferences of environmental origin

Am =0.08

Az
221,8491 3218878 321,893
C P CL7Cl  CyH e, €,H,e1,0 Cly
M&.3RCEIC M. 2ng) o) .
(ipheery!) {bipheed) (dlosdn) 3219200
(M/BM=7.200) (M/AM~12,500) wHO*CLMe
3219114 3 "‘F b3 i
G.-"-ﬂ’.‘:ﬁ:"c‘.
3210200
i} C,,H,0%C1, et
C HO%CI el 3219292 '
M- HECI €, M mCInCl,  (methoxybiphenyl)
M M/ M~ 8,800}

(benxylphomylether
IM/A M ~18,000) |DDE)

PCDDs=polychlorinated dibenzo-p-dioxins
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Multiresidue screening of veterinary drugs in urine by HPLC-MS TOF

05_03A7_01 1. TOF MS ES+
TIC
1009 . ———=\  §gle5
Resolution = TIC o S
1 P | N S \
LR s— e S——— . rr——
1.00 2.00 3,00 4.00 5.00 6.00 7.00
1: TC
¥ /z =262
| ! Resolution=1 Da foi
| y I'-‘ e . = A " [ .
0 N e e e .
1.00 200 300 a0n 500 £.00 7.00
06_03[17_01 1: TOF MS ES+
100 4 262.0720.01Da
Resolution = 0.01 Da |' 831
*#4 I oxolinic acid (m/z = 262.0715)
o 15
e e ——— —_—
1 2.00 3.00 4.00 5.00 6.00 7.00
06_03[17_01 1: TOF MS ES
g 262.088 0.01Da
100 5 Resolution = 0.01 Da I 1.14e3
2 | Numequine (m/z = 262.0879)
|
0 Tt T T T - r T T rJ T - - \ Time
1.00 2,00 300 400 500 6.00 7.00

A. Kaufmann et al., Anal. Chim. Acta 586, 13-21 (2007)

3. Risoluzione
Vs

x105 | +ESI EIC{761.3742) Scan Frag=150.0V trans-1Hz.d

iix e . 1 1 Hz - 3 points across peak
velocita di scansione —/;
ol

x10* | +ESI EIC{761.3742) Scan Frag=150.0V trans-3Hz.d

5 )
f I\I 3 Hz— 9 points across peak
25 |'I \
o dl— J I\._ % i

x10* | +ESI EIC(761.3742) Scan Frag=150.0V trans-5Hz.d

2 5 Hz — 14 points across peak

04—

x10¢ | +ESI EIC(761.3742) Scan Frag=150.0V trans-10Hz.d

2 n
I
1 || i 10 Hz — 24 points across peak
L
o]~ e

A0t |+ESIEIC(761.3742) Scan Frag=150.0V trans-19Hz.d

05 19 Hz - 45 points across peak

0 . s

12 125 13 135 14 145 15 1586 16
Counts vs. Acquisition TIme (min) Source: Agilent
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L’aumento di risoluzione richiede in genere una diminuzione della
velocita di scansione

Strumenti a settori: da 1 sec/dec a 10 sec/dec

Orbitrap: Resolving Power vs Cycle Time

785.8419
o Re5001 7863435
= ron a7 RP 7500
40 A 787.3463
: 5y R 0.2s
" T '
5o | RP 30000
it o
2o = 787.3457 5s
L e RS e
0

785.8419
100 ) 786.3435
» REASION  Ri7700 RP 60000
: R
40 = 787.3458  787.8477
. 65,5994 s s 09s
;

785.8413
100 853403 780.3428
80 R=95200
- o gusz RP 100000
@ g 787.3458 16 s

785.5989 - 787.8477 .
» R=95800 R=98000  R=§9200
7850 7852 7854 7856 7858 786.0 786.2 786.4 756.6/ 786.8 787.0 787.2 787.4 787.6 787.8 788.0 788.2
%

(courtesy by Thermo)

MS Scan Speed at Different Resolutions

=+=Qrbitrap Elite

=#~Orbitrap Velos Pro

MS scan speed (Hz)
O =2 N W RO 00O

7.5 15 30 60 120 240k
Resolution @ m/z 400

» 240,000 at 1 Hz: Exploring new possibilities
» 60,000 at4 Hz: Exploiting the faster acquisition rate
» 15,000 at 8 Hz: Increasing HCD scan speed

22



24.1Hz @ 8.5k

13.6Hz @ 17.5k

Scan Rate (Hz)
=1

7.3 Hz@ 35k

GC/Quadrupole-Orbitrap

1.8Hz@ 130k

e e e L | T L B e e |

4e3 1e4 Resolution 1e5

Scan rate (Hz) as a function of mass analysis resolution.

Orbitrap Exactive: Resolving Power vs Cycle Time

Scan rate =10Hz RP 10,000 at m/z 200

Scan rate =1Hz RP 100,000 at m/z 200

(Source Thermo)
291.07571 7 231 0757
R=84800 - 104600
1007 P CHOPS, 20
] 276.06339 - 118536 ppm
] R=97300 - 100 CH, OMNS
o 0] | - a0 0.62379 ppm
g 19805580 | 313 ps7ea e g 80
£ 60 A=114600 | | pogason " 1511548 603.12616 570
O ‘ - R=75400 R=64200 60
= 245.04321 ~ = 5
@ 1169.00880 / - 1 \ 50
= 4095 1qagp  FE101600 <7 N708408 \ =
= = - | \ 240
= 1 \ > H=77900 | 551 119327_ \ =10
20 \ /{ R=68300 ‘. £
AT i
LI L I N R O A | 0
150 200 250 300 350 400 450 500 550 500 23102 231,03/231,[]4 231.05
msiz
mfiz

Full scan spectrum of a pesticide mixture demenstrating a resolving power of up to 100,000
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L’alta risoluzione é requisito indispensabile
per la

misura della massa accurata

Analisi qualitativa — massa accurata — formula bruta

Analisi quantitativa — eliminazione interferenti
(MS: SIM; MS")

Accuratezza nella misura del valore m/z

/—I 578
578.3
578.26

578.259
578.2500 [Cog H3; N5 O; NaJ*

X
T 1] T || T T T T I b T
Settori, TOF, FTICR, [ =

Orbitrap Stechiometria

-
[
(=)

= o o0
) =) =)

Relative Abundance

=)
(=)

T T L T |

=
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Relative Abundance

Orbitrap Exactive
100~ anp -
3B6.25546
904 \ R=8300
8 BU_ C?lHE?OZNZ
100 5 [7;8: (| 106377 ppm
%0 20 || 387.25909
2 a0 I R=8200
& = 204 | . G JC”:zDzMs
. & ‘ "‘I‘. 1.77576 ppm
80 386.0 386.5 387.0 387.5 388.0 388.5
nz
50
1005 386.25528
4D 80+ R=8300
8 80 CoyHy;0,N;
30 % ég: 0.58972 ppm
20 Z 507 387.25906
@ 407 R=6200
10 | ‘ ‘ ‘ 23 Gy “CH 0N
2 27 1.63695 ppm
s 11 8111 SR ool 10 "
232 2 B memn A 262 3860 3665 3420 3975 3880 3485
‘ 3 sec ‘ mz
| 32 scans |
LC peak and mass spectra of Buspirone acquired at a scan rate of 10 scans per second.
(courtesy by Thermo)
Separazione degli ioni nello spazio
Analizzatore Forza Separazione in base a Range m/z Rls?]leuzw Massa
accurata
Doppio fuoco (EB, BE) Campo Momentg dggli 4ioni + 10.000 10.000 < lppm
magnetico + energia cinetica
e campo elettrico
Quadrupolo Campo Stabilitd/instabilita 2.000-4.000 Unitaria No
» ; elettrico 02u
: e FWHM)
radiofrequenza
Time of flight Velocita >100.000 >10.000 2-5 ppm
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Separazione degli ioni nel tempo

Analizzatore

Forza

Separazione in base Range m/z | Risoluzione
a Massa
accurata
Trappola ionica Campo elettrico + | Frequenza delle orbite 4.000 <500 no
(quadrupolare e lineare) RF
Cella a risonanza Campo elettrico + | Frequenza delle orbite >10.000 >100.000 < 1 m
ciclotronica (FT-ICR) RF + campo pp
magnetico

Orbitrap oy Campo clettrico Frequenza delle 4.000 100.000 <1-

oscillazioni armoniche 1 3 ppm

Spettrometria di [N1ASSA ........

Q Ual € massa?
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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

Nominal Mass — The mass of an ion or molecule calculated
using the mass of the most abundant isotope of each element

rounded to the nearest integer value.i.e. H=1, C=12, N=14, ....

Monoisotopic Mass — The mass of an ion or molecule
calculated using the mass of the most abundant isotope of
each element.

i.e. H=1,007825, C=12,000000, N=14,00307

. Perindic Table
of the Elemenls

Average Mass — The mass of an ion or
molecule calculated using the average
mass of each element weighted for its
natural isotopic abundance. ie.
centroid of the distribution
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a0

Methane CH4

;§\ =i}
SIRL )
z & Nominal mass 16
= 1u
3 gs Monoisotopic mass 16.0313
3
S
10 Average mass 16.0429
’ 15 17 18
m/z
Composition Monoisotopic Abundance
Mass
2C1"Hq 16.0313 100.00
"2C0"C1"Ha 17.0348 1.17
120
60 Buckminsterfullerene C60
< 12C591SC1
g ] Nominal mass 720
£ 12C,413C, : :
< Monoisotopic mass 720.0000
K]
12 13
?57 Cs Average mass 720.6622
20 ' ' 72‘5
m/z
Composition Monoisotopic Abundance
El Simulated Mass
o Isopro v2.0
s 2Ceo 720.00000 100.00
T w "2Ce"C 721.00336 66.73
S 2Css"°Ca 722.00671 21.90
PR 2Cs7"°Cs 723.01007 4.71
S 0 12 13
s 5 Cs6'°Cs 724.01343 0.75
0 2Ce5"°Cs 725.01672 0.09

718

il

LA 7 S U " S .

28



Hexacontane Cg,H,,,

l Nominal mass 842
. Monoisotopic mass 842.95465
100 Simulated
50 Isopro v2.0
& Average mass 843.5363
70
80 Composition Monoisotopic Abundance
50 Mass
a0
an 2Ce0'Hiz2 842.95465 100.00
n 2C5™C1Hizz 843.95801 69.34
10
0 2Cg0"Hy21?H4 843.96093 0.62
BAI B2 B43 BA4 B45  BAE B4 BB B9 | 12C.1C,'Hyp 844.96136 23.40
2C563C1 Hiz®Hy  844.96429 0.41
Cs7°Cs'Hizz 845.96472 159
2C5"3Cy " H1zi2H4 845.96764 0.14
2C56"°C1"Hiz0?Ha 845.97056 0.004
2Cs6"°Cs'Hizz 846.96807 0.25
[Ubiquitin+H]*
100 +1
an R=2000 C378H63OI\IIO.'50118S
80 .
7 Nominal mass 8,556
GO
e Monoisotopic mass  8,560.6230
40
30
0 Average mass 8,565.8799
10
: —— :
8,560 8 565 1 8570 84575
+1
1 R=20,000
=ln)
a0
70
B0
a0
A0
30
20
10
0 —— r : A -
8,560 8565 8570 8575
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Risoluzione
massa
e.....
ioni multicarica
l [Ubiquitin+8H]* 1
- \ C378H637N105W0118s R=100.000
- \ R=1000 &
70
EE \ B0
E / L 2
: / \ =
. ; : I - \\-\ b L l] | A A !
1.070 1.071 1072 1.073 0 P = =
’$ R=10.000 - v
- w0 R=1000.000
70 / N 80
U \f\k :
30 40
20 30
10 20
! 1.071 1.072 12 ] ‘ {
1.071 1.072

Monoisotopic mass 1070,9597  Average mass 1071,6169
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citocromoc #1-11 RT: 0.01-0.23 AV:11 SM:9G NL: 7.40E5
F: + p Full ms [ 600.00-2000.00]

100 942.2 1020.4
| | 11120

80
875.1

@
3

816.9

Relative Abundance
S
S

n
3

65.9 ‘ ‘
683.;721-17\ LT L.
700 800 900 1000

citocromoc #12-18 RT: 10.48-10.78 AV:7 SM:9G NL: 1.61E4
F: +Z ms [ 1480.00-1580.00]

1530.3
10 15300 |
R=100.000 |1 1830.7
80
1529.8 1530.9
g% 1531.0
H 115312
:40 1529.6
[ 1529.5 [1931.7
1529.4
0
1526 1528 1530 1532

Determinazione del PM
ESI: ionj.multicarica, risoluzione
& +8
4 15295
12240 13598 w ‘
i i
'/"' 1747.8
\‘ _
1500 1600 1700 1800 1900 2000
1534'715351
1534.3 153'5'4 1539.5 1539.8
1534 1536 1538 1540 1542
m/z

ESI (+) of Ubiquitin

1,040,000 Resolution at m/z 779

1+
- Tras0ar Resolution = 1,040,000
* 1795187 T7ET08
0
m
w 0.09u
5 eI
M TR
= — 0.09u
0080
0
" masm T
™N e s e M TrRE0 Trage THL00
MasuCharge
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Conclusion:

* At low mass (< 1000 u) the local maximum in an isotopic
display will be close to the monoisotopic mass.

* At masses above 2000 u the local maximum will shift to be closer
to the average mass of the compound.

Determinazione del PM 100 > =10.000
MALDI-TOF: spettro, psditiziories, 901 ‘/R

A =30.000
\ [Cytochrome i

1 | /
1 v ]

b X /
= 3 /

s
7

iy, ’// l
1 e 10

0 T
12,220 12230 12240 12,250

&Y. MyugiuunT

[Ubiquitin]+

Relative Abundance

J[Cytochrome]2+

Ll

6000 | 8000 10000 12000 ' 14000 16000 18000 na

MALDI TOF mass spectrum of a mixture of ubiquitin, cytochrome C and equine
myoglobin using 2,5-dihydroxybenzoic acid (DHB) as the matrix.
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VG 70-250S

F N—s”
v/ A\ m/z 900-200
@"P\ ) 10 sec/dec
| N= Res=8.000 (10% valley)
Ph
Ph @ Fe o
\" |
S—| F
o \PL@
\_/ Ca4H2gNgO4FeS,PoF,
_5—N
Ph 1
Ph= phenyl
FEPF 1D#137 x1 Bgd=93 17-DEC-92 18:28+8:87:41 70-250S El+
Bpii=@ I=628mv Hm=© TIC=15767000 Acnt Sys: PFK
. PT= @° Cal :PFK
188 age #137
36
384
78 4
50
50
48 869
22 870
28]
184 871
866
a T | sz eps MASS
862 864 B66 368 870 B7e B74 876
FUPFACC2#119  x1  Bgd=1 24-JUN-92 09:30+0:11:35 79-250S  EI+
BpM=431  I=53mv Hm-egg TIC=6453000 Aont + Sys*ACCMASS
: PT= @° Cal : PFK
190 867.9841 #1189 ?@ﬁ
90 X
20 £30.9473
70l X = Reference (PFK)
68_] X X
X
916.9505 842.9473
504 X 880.3448
48] 854.9473
30, 892.9441
28]
18]
8 MASS CACCY
820 840 860 860 900 s20
FEPFACCZ #119  x1 Bod=1 24-JUN-92 89:30+0:11:35 70-250S
BpM=431 I=53mv Hm=83S3 TIC=6459000 ncnr_=PT o
ME € C H NFE S F P O PPN DBE ACC .MASS
12 13
868 48 © 28 6 1 2 2 2 4 7.0 34.8 S67.9780195
C 0+100 49 @ 23 6 1 3 1 & 3 4.4 33.90 ©£67.9802485
H 1+100 32 @ 24 6 1 3 2 & 4 3.1 £9.8 B867.9813915
i 3 1 23 6 1 3 2 2 4 8.2 29.5 867.9769213
N 0+8 49 9@ 25 5 1 4 @ 1 4 ~-7.7 32.8 B867.9997185
Fe 0+1 3 1 24 8 1 4 @ 1 4 -2.5 32.5 S67.9862483
S 046 48 © 26 6 1 4 @8 2 2 1.8 32.8 867.9824777
i 33 1 25 6 1 4 @ 2 2 7.0 32.5 867.9780875
F 0+4 3 @ 22 6 1 4 1 2 3 8.5 @28.8 867.9836206
P 0+4 3B 1 26 6 1 4 1 2 3 5.7 28.5 967.9791504
" 49 1 21 6 1 4 2 @ 3 -7.9 33.5 867.9999016
0 0+6 48 1 22 6 1 4 2 1 1 1.6 33.5 867.9826607
4 2 o 4 0.8 24. 867 .98476365
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Misura della massa accurata

ERRORE:
mmu: m/z misurato — m/z calcolato
m/z misurato — m/z calcolato
ppm: x 108
m/z
A NA
&
P . Ty
NP ‘ h :
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For a discrete mass spectrum (as in most current instruments),

mass precision is given by

Mass precision = c'(S,’N)\;{]uunhcr of data points per peak width

in which c is a constant (of order unity), determined by the peak shape and
spectral baseline noise, independent of signal. It follows that:

1. high mass-measurement precision requires the highest possible S/N and
smallest digital point spacing;

2. mass-measurement precision for low-magnitude peaks is necessarily lower
than for high magnitude peaks;

3. itis possible to predict the precision that would be obtained from many
measurements on the basis of the S/N and discrete sampling for a single
measurement;

A. G. Marshall, C. L. Hendrickson, Ann. Rev. Anal. Chem. 579-599 (2008).

mass accuracy:

Mass calibration :

consists of fitting the observed mass measurements to the accurate masses of
two or more different ions.

- internal : the reference masses are for ions of known elemental composition in
the same mass spectrum as the analyte

- external : reference masses from a mass spectrum of another analyte acquired
under similar conditions.

Internal calibration is typically at least twice as accurate as external calibration.

Lock mass

Systematic errors
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Repeatability—this is the short-term precision of multiple
replicate experimental measurements made under similar
conditions, i.e., the same instrument, operator and over a limited
time, normally the same day.

Reproducibility—refers to differences among experimental
measurements made under different circumstances i.e., a
measurement of the same quantity made by different operators,
even different instruments and often with a significant time
difference between groups of measurements.

All’aumentare del valore di m/z e richiesta un’accuratezza
maggiore per un’identificazione non ambigua

150 1

120
g
=
X
o 90 o
3 4- 30002
B il - 600 Da
= —&- 1000 0a
3
E
3 304

T T

0 < 1 -
1 2 3 4
Mass Accuracy (ppm)

wle

T.L. Quenzer, J.M. Robinson, B. Bolanios, E. Milgram, M.J. Greig, Automated accurate mass analysis using
FTICR mass spectrometry, Proceedings of the 50th ASMS Conference, Orlando, FL, 2002.
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All’aumentare del valore di m/z é richiesta un’accuratezza
maggiore per un’identificazione non ambigua

Requirements for unambiguous characterization
(J. Am. Soc. Mass Spectrom. author’s guidelines (March 2004))

For C, H, O, N compositions (Cg. 109, H3:74, Og-4 @and Ny.,):
at m/z 118 needs only an error not exceeding 34 ppm to be unambiguous;

at m/z 750 requires precision better than 0.018 ppm to eliminate “all extraneous
possibilities”

Theoretical Delta Delta RDB Composition
Mass [ppm] [mmu]

516.76805 2. . Cso Heo Og Nyg
516.76537 26 1.3 16.5 Cu Hyz Og5 Nyy
516.76807 2.6 1.4 7.0 Cis Hyg Oy Nys S,
516.76513 3.0 1.6 10.5 Cus Hgy Oy Ng S,
516.76513 3.4 1.6 16.0 Cus His Og Nyg S,
5 ppm 516.76839 3.3 A7 16.0 Cys Hs Oy Ny S,
516.76479 3.7 1.9 20.0 Csp His Oy No S,
(23) 516.76872 39 2.0 25.0 Csy Hyy Oy Ny
516.76470 3.9 2.0 17.0 Cus Hyy Oy Nis
516.76874 -39 2.0 6.5 Cu Hgy Oi5 Nyp S,
516.76446 4.3 2.2 11.0 Cu Hyg Oy Ny S,
516.76897 4.4 23 125 Cy Hyz O Nig
v 516.76907 -4.6 2.4 155 Cus Hiy O3 Ny S,

Average: C, g3g4 H7 7583 N1 3577 O1.4773 So.0417

Limits set to: Cy5- C;o; Has- Higoi Ng- Nygi Og- Oy6: Sp- Sy




Samples of honey and animal feed spiked with 151 pesticides

160 9 149
140
120 4

100 9

80 9

count

60 4

40 1

20 %

0 %

<2 ppm

B o0k
B 5ok
I 2sk
B 1ok

ZO=HCrounmax

2-5ppm

5-10 ppm

mass deviation

38 40
33 30 .
2
25 24 21
nd.

10-25ppm

M. Kellmann, H. Muenster, P. Zomer, H. Molb, J. Am. Soc. Mass Spectrom. 20, 1464-1476 (2009)

2C 0+30
3C 0+1
“N 0+10
Elemental composition search on mass 474.26 |'°0 0+15
H 0260
n/z= 469.26-479.26
m/z Theo. Delta RDE Composition
Mass {(ppm) equiv.
474.2573 474.2572 0.18 5.0 C3z2H3g OgN2
474.2572 0.20 10.5 C21H3204Ng
474.2585 -2.64 10.0 C23H3405Ng
474.2558 3.02 5.5 C20H30gNs
474.2599 -5.46 15.0 Cz24H3001N10
474.2599 -5.47 9.5 C25H3gOgN3
474.2545 5.83 0.5 CigHgo 012N
474.2545 5.85 6.0 C1gH3407Ng
474.2612 -8.29 14.5 CzH3202N7
474.2612 -8.30 9.0 Cz7H3307
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Restrizioni sui valori di massa accurata:

Non solo il valore di massa accurata, ma & necessario considerare anche:

Double bond/ring equivalents (RDB)

oo

2

D=1+

Ni is the number of atoms of element i, and Vi is the valence of atom i.

Odd-electron ions = RDB integer

Even-electron ions = RDB + 0.5

12 -
lonization technique: ESI (+) —> for [M+H]* RDB=x.5 13g 830
“N 0+10
80 0+15
Elemental composition search on mass 474.26 'H 0-60
m/z= 469.26-479.26
n/z Theo. Delta RDB Composition
Mass {(ppm) equiv.
474.2573 474.2572 0.18 5.0 Cz2H3g Og N2
474, 2572 0.20 10.5 C321H3204Na
474 ,2585 -2.64 10.0 Cz23H3405Ng
474 ,2558 3.02 5.5 Cz2p0H3608N5s
474 ,2599 -5.46 15.0 C24H3001N1p
474.2599 -5.47 9.5 C25H3506N3
474, 2545 5.83 0.5 C19Hg0012N)
474 ,2545 5.85 6.0 C18H3307Ng
474, 2612 -8.29 14.5 CzsH3202N7
474, 2612 -8.30 9.0 Cz27H3307

39



Restrizioni sui valori di massa accurata:

RDB

Cluster isotopico:

non si considera solo il valore di massa accurata dello ione molecolare/

protonato/deprotonato, ma anche quelli degli ioni M+1, M+2 insieme alla loro

intensita relativa

Elemental composition search on mass 474.26

m/z= 469.26-479.26
n/z Theo. Delta RDB Composition
Mass (ppm) equiv.
474.2573 =—iTFdgsT Bt St

Elemental compesition search o 475. 26
m/z= 470.26-480.26 12C 0_30
M= Theo. Delta Composition 13
Mass (ppm) equiv. C 0—1
475.2605 475.2605  -0.03  10. “N 0+10
FET o ooa PR = 160 0:15
PETSp s B1p b Gt H 060
PETPP S .
FET T sk ERAIT -
475. 2592 2.79 5.5 C19l3C) Hys OgN5
s - Ea-m THITTes s
SE5 o B AR T
AL =] L= hi LI

474.2572

474.2558

0.20

3.0z

5.5 CzpH3608N5

TETES =2 T o I oI Ig
474.2599 -5.47 9.5 CzsH3506N3
474.2545 5.83 0.5 CigHgp012N)
434—ncac Lot . MEETRED- T
474.2612 -§.29 14.5 Cz26H320zN7
PEPREPL Y G i

RDB=double bond/ring equivalents

jf]\ﬁ(ﬁ -2)

D=1+
2

Odd-electron ions = RDB integer
Even-electron ions= RDB x.5

e
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Number of possible molecular formulas at different levels of mass accuracy and the impact of isotopic abundance accuracy. A
mass spectrometer capable of 3 ppm but with 2% correct isotopic pattern outperforms even a (non-existing) mass spectrometer with
0.1 ppm mass accuracy! The results are computed for randomly selected targets, so single results vary but the trend remains. LEWIS
and SENIOR check was applied. Candidates with unrelated high element counts were already excluded

without isotope abundance information 2% isotopic 5% isotopic
abundance abundance
accuracy accuracy
molecular mass 10 ppm 5 ppm 3 ppm | ppm 0.1 ppm 3 ppm 5 ppm

[Da]

150 2 ! I | 1 1 !

200 3 2 2 | 1 1 !

300 24 1 7 2 1 1 3

400 78 37 3 7 1 2 13

500 266 115 &4 21 2 3 EE)

600 505 257 155 50 5 4 3

700 1046 538 321 108 10 10 97

800 1964 973 599 200 20 13 i

900 3447 1712 1045 345 32 E:3 196

T. Kind, O. Fiehn, BMC Bioinformatics, 7, 234 (2006)

Restrizioni sui valori di massa accurata ottenuti:

loni frammento:
non si considera solo il valore di massa accurata dello ione molecolare/

protonato/deprotonato, ma anche quelli degli ioni frammento.

p.es. [C;oHyN,]* non pud avere come ione frammento [CgH,50]*
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MALDI-FTICR Imaging Mass Spectrometry of Drugs and

Metabolites in Tissue

High mass-resolution makes it possible to measure many isobaric peptide ions from tissue

For many analytes of interest in a small-molecule imaging experiment, the specificity of
having an elemental composition will be sufficient to confirm identity.

D. S. Cornett, S. L. Frappier,

R. M. Caprioli, Anal. Chem.

2008, 80, 5648-5653

A = B L

ul 4 *

2 o

E P

! o

. “: I

\:. aail | Lubl “! !|"'| low L “u‘“l Y, S .

Ll EL ) e e EE mi nia LY -i

C+ D o *

" *| o |

! L ER

» 158 8

d | 11320 ] 329.1434

Jo i

Flgura 1. FTICR images rom & ver of & rat dosed with B mg/ke ClAnzaging (2 h posiacas]. (A] Average of Al Spactra COIEAT rom matr
‘spols on the tissus (INsel image). The miz region of the veraga spectrum in the regions of peolonated molecule of (B) clanzapine, (C) desmethyl
OtaBOINe, and (1) Pydrcaymathyl matabolts. Ion IMages of SACh markid pAak I inset 10 6Ch Spactnm

Esercizio N. 1

Determinare il peso molecolare

TTA6087
1185187 A T008
Tra M
m4m
a2
TTH8840
378 J AT
TN e 50 TThED T THHE ey THI20
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Spettrometria di massa in alta risoluzione (HRMS):

Introduzione diretta, infusione
GC-HRMS

GC-HRMS/MS, GC-HRMS"
HPLC-HRMS

HPLC-HRMS/MS, HPLC-HRMS"

Metodi di desorbimento (est, MALDI)

Ionizzazione

SOFT

v Frammenti assenti =P informazione strutturale?
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Spettro di massa ——  Peso molecolare

HR + massa accurata —— Stechiometria

2

Informazioni strutturali

Quale ¢ il tuo PM?

CHI SEI ?
PM=206

total of 96906.
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—

MS

E possibile aumentare la specificita?

Spettrometria di massa In alta risoluzione

goopoog
Tempo di volo (TOF)

goooono

Orbitrap
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Spettrometria di massa in alta risoluzione

specificita

Relative Shundance

205.1221 massa accurata
Theoretical mass 205.1223

C,;H.-0, A=-0.78 ppm

(0]

0]

Ibuprofene

T T vl T T T T T T T T T T T 1
205.0 20855 2060 20
iz

Quale ¢ 1l tuo PM? 206 !
Qual ¢ la tua formula bruta?
C13H170,

CHISEI?

Qual ¢ la tua struttura?
Quali sono i tuoi frammenti?
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, Spettrometria di
Xy Mmassa tandem

specificita

Spettrometria di massa tandem
specificita

e |I% (é"f E
I feMST L]
1~
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Spettrometria di massa
tandem

MS2 MS/MS

Abcgftrdtmax

Metodi di desorbimento (est, MALDI)

v Informazioni sullo ione molecolare

v Frammenti assenti == informazione strutturale?

speuromelria i massd landeﬁm_\
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v Spettrometria di massa tandem

La spettrometria di massa tandem impiega

due o piu stadi di analisi di massa
con lo scopo di esaminare

selettivamente le frammentazioni di una
famiglia di ioni1

MS/MS MS2 ... MSh

ESI MS determinazione PM

/ isolamento

CID collisione con un gas

z/‘7/ l \\\\“ analisi degli ioni frammento
MS2. ...
. determinazione

| | della Struttura
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Collision
El 7/ Photon

ESI Surface
MALDI Electron
b,
L ieoment JFE
MS2
Precursor Product
ion ion

v Spettrometria di massa tandem

o ===

MS-1 Collision Cell MS-3
MS-2

Precursor lon Selection  Collision Induced Dissociation Product lon Analysis

Trappola jonica .

MS F ms*
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2274 Journal of the American Chemical Society [ 100:7 (Marck 29, 978 D
N _

Selected Ton Fragmentation with a Tandem

Quadrupole Mass Spectrometer

R. A. Yost, C, G. Enke*

Department of Chemistry, Michigan State University
East Lansing, Michigan 48824

Received November 16, 1977

m/e 40 50 60 70 80 80 100

Figure 1. CID spectrum of the parent ion (m/e 98) of cyclohexanone
present as 5% of a mixture.

Il triplo quadrupolo: trent'anni di successi !
“\{U‘ Attualita, strumentazione, applicazioni, prospettive

Milano, 18 dicembre 2008
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Reazioni di decomposizione

F* + R separazione della carica dal radicale
A+. /

r
\‘ F* + N eliminaz. specie neutra (es. H,0, CO,
HCN, ecc..)

F* + N eliminaz. specie neutra (es. H,0O, CO,
A+ HCN, ecc..)

X Even electron rule

F* + R° eliminaz. radicale

Decomposizioni spontanee:

decomposizioni metastabili

Decomposizioni indotte da:

collisioni con un gas (Collision induced dissociation (CID)
collision activated dissociation (CAD))

interazioni con elettroni (ECD, ETD)

interazioni con superfici (SID)

interazioni con fotoni (IRMPD, ion spectroscopy)
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MS/MS

Product lon
Scan

t\ Y
:l I

Scelta dello lone Frammentazione Spettro dei prodotti di

CID Frammentazione

Precursore

Si identificano tutti i prodotti dello ione precursore selezionato

ESI (+) MS/MS

1208

85004 (&) 1 21

5000
4500
4000
3500
3000
2500
2000
1500
1000

n
2

s 2

T

Absolute Intensity
8113

B

1.0e4
2000.0
BO00 O

& 121

At f<
1950 1451

=000 0 . WNam

(il

©
. 3632 363
Cortisol
Mw 362.46
A TN Y R AL b, = ;FI'TZEEA&E"“A!J\G ﬁl_
160 180 JDD 220 240 260 280 a00 320 340 360
8]
1834
163
Cortisone
Mw 360.44 o 361

L1072 mmuzzmo T Mze0n
dach) L ! A
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C:\CIADS\...\peptide-ms7\peptide99

peptide9821-22RT:0.31-4.05AV:2 NL:2.41E6 [M+H]+
F:+ p Full ms [ 80.00-800.00]
100 556.3

m MS?2

[M+Na]*

578.4

N WA o N

1582.2

Relative Abundance
- ® ©
O OO0 OO0 O oo O o

100 150 200 250 300 350 400 4/150 500 550 600 650 700 7 800!
MS/MS
Precursor o ) e~ - |
Ae Ag-o—————97miz
lon Scan e, T ~|

Scansione dello Frammentazione Segnale generato da un
lone Precursore CID frammento preselezionato

Si identificano tutti i precursori dello ione prodotto di interesse

g 5.0 11,2 Precursor of (HSO,4)” m/z 97
< 10000 1 A
-‘é E 17, SC
£ 6000 B
1 A, B e C = sono dei Solfati
2000 T

A

25 Time, min

5 10 15 20
Ricerca dei metab1c1>[g| solfati del Clostebol in urina TIC full scan

6e6 ]

Intensity, cps

7

20 25

Timgsmin
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MS/MS

o [
Neutral Loss ¢ 4 el /
Scan ° 7/ A 7
/

Segnale generato da frammenti con
predefinita differenza di massa dal
precursore

Scansione di Q1 e Q3 Frammentazione
con AM costante CID

Si identifica la perdita di un frammento neutro
da parte di un certo numero di precursori

MS/MS

-— -—

SRM ®, | ... |
.4> o= —_—

-— (]

MRM e | "= -
. ] . ]
Scelta dello lone Frammentazione Analisi dello ione
Precursore CID prodotto (SRM) o degli

ioni prodotti (MRM)

Si monitora una transizione specifica (SRM)
o piu transizioni (MRM)
sia con scansioni di ioni prodotto, di ioni precursori
o neutral loss
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Identificazione rapida di
metaboliti di farmaci

Scegliere il sistema di ionizzazione in cui M**, [M+H]* o
[M-H] & il picco base e da poca frammentazione

(M+H)*
100 213
e ZONISAMIDE in CI*
@\—W L Antiepilettico

O/N
120 230

% Il \1|36 1L | Il

160 260‘ 300

TIPI DI SCANSIONI IN MS/MS

-Collidere lo ione molecolare protonato (213) per ottenere
lo spettro degli ioni prodotto

132 5
CHy" H—S—NH,
A 3 CID sum/z 213
o 8 | ZONISAMIDE
213 in CI*
@ 130
. L Ll . SUL CAMPIONE BIOLOGICO ESTRATTO DA
200 300 PLASMA O DA URINE IDROLIZZATE
-Spettro PERDITA NEUTRA selezionando la perdita
del frammento neutro (- 81) gruppo sulfonamidico onfo 81
Gli ioni presenti sono possibili METABOLITI C S %*NHZ
o]
100 229 259 N
0" miz 229
SPETTRO oo
NEUTRAL LOSS o To 81
(-81) 213 Er-cHy %ﬂ\lH2
[e]
| OH m/z 259

T
200 250 300




TIPI DI SCANSIONI IN MS/MS

-Collidere lo ione molecolare protonato (213) per ottenere
lo spettro degli ioni prodotto

132
1
—S—NH.
I cIDsum/z213
T ZONISAMIDE
213 in CI*
SUL CAMPIONE BIOLOGICO ESTRATTO DA
PLASMA O DA URINE IDROLIZZATE
Ll
" 200 " 300 -Spettro DEGLI IONI PRECURSORI selezionando

lo ione (132) di cui si ottengono tutti i precursori
Gli ioni presenti sono altri possibili METABOLITI

132%— o
M+H)* p O
" (213) CHQ‘»E N,
SPETTRO N
o miz229

PRECURSORI
DELLO IONE (132) 1?zZIJFS‘LN/COC,.‘3
229 @\—WN et
‘ 255 o miz 255
L 1] 1
200 250 300

LC-ESI-MS/MS

Electrospray
Interface

e i =

o q RS Q3
‘ Triple Quadrupole
MS/MS

MRM

9 14.4
CH,=$—NH,
@:WN ° m/z 213 > 132
[}
©  cock,
14.8 N
m/z255> 132 | O/N
A ) OH
13.80 @\_’,w:‘é(;’“ 15.1 @mi—%
miz 229 > 132 o ° miz 229 > 148 "

100 £ochs

14.20 Mop
CH- CHy = NH,
miz 259 > 178 @ °

OH

100

100
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il

QqQ con cella di collisione a 180°

TOF-TOF

PCIS

«—Drrift region——

| LIFT \

. \n\uum\

T

Target Reflector
plate detector

Reflector

Linear detector
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DET1and DEF1 [

| TOF1(STOF)

MS/MS

Analizzatori ibridi .....

S
== A U
’ - Y HH
L r-p B > i
- A Extract
o»-------—4» d- S A | ey

TOF

product ions
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MS/MS nello spazio

R — e
J v - C ety
M5 Colision Cell sy

e L

Tof-Tof

MS/MS nel tempo
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Animazione IT 3D e 2D

Relative Abundance (%)

ESI (+)

100

80

[M + 2H]2*
238.1

60
40 ‘

20

100 150 200 250 300

6. Giorgi et al., SCI2006, Firenze, 10-15 settembre 2006

Q, N|:| I"iN—\\
J
; “NH HN—{
[M + H] ; / "o
474.0 4

c(Lys-D-His-f-Ala-His)

450 500 550 600 650
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MS2 dello ione a m/z 474

miz 474 346.1 -Lys
100
[
80
@)
-H,0
3 <
g 328.3
2 60
5 |
o)
< 456.2
2 —His
2 |
$ 10 N 337.2 \
Lys “H,0
« |
-Ala | ~NH | <
— [M+H]*
20 - 474.2
209.1 439.3
sa7o 2063 . ‘
180.1 ‘ 3183 4273
0

180 200 220 240 260 280 300 320 340

m/z

360 380 400 420 440 460 480 500

Hybrid Instrument with Q3

Linear lon Tr

ap MS

N, CAD Gas

Skimmer

|

|
PRI

I I

Orifice 1Q1

linear ion trap
LINAC 3x10° Torr
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Linear Ton Trap - Orbitrap Hybrid

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

API lon source Linear lon Trap C-Trap

P R
N oo

1 ==

(]
e Differential pumping Orbitrap <A_1H

/ Differential pumping

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

All Ton Fragmentation ~ Higher energy collisional dissociation (HCD)

HCD Collision Cell C-Trap Octapole Split Lens
II |I Lens
|| || ‘ j ‘ j | %ﬁl Muktipole
Curved Lens
[ L:'::e RFlens|—7— ——x Skimmer
T|_ [ E—— System 4.:10 QF o
ﬁ — @
ih\ \ lon Transfer Tube

Orbitrap Mass Analyzer

AT

Orbitrap Exactive

APl lon Source

HCD energy 20-60 V.

63



C-Trap for
lon Accumulation
in Parallel with
Orbitrap Detection

HCD Cell for
Precursor lon

Quadrupole Mass Filter for
Fragmentation

Precursor lon Selection
l l Bent Flatapole

=l

1y

4

S-Lens fOr e——
Improved Sensitivity

i
]

TR
p)

Orbitrap with
Enhanced Resolution

-

lon Transfer Tube

Orbitrap Q Exactive

Orbitrap VeIOS High Pressure Cell

Low Pressure Cell

Higher resolution at higher
scan rab

5.0 X107 Torr He

3.5%104 Torr He
Stacked Ring

A B Dual linear c CDmboICjtrap/
* lon Guide \ * iontrap / . HCD collision cell
— A )
[ [ \
Electrospray lon Source ~ S-lens Square Quadrupole  Octopole oh Pressure Cell  Low Pressure Cal Matioole ’

HCD Callision Cel

ﬂﬁﬂg&fﬂ—@:gg}@@@: %E%EE\

e | qqij

Mass Analyzer
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lon trapping to the
cenier of the trap

)

' ' \.\.\w.m

MS/MS IT-TOF ibrido

len ejection from the
tfapmwth TOF

lon trap

@@h’ﬁreééed lon Introduction (’G‘I_I“")

l— Flight tuba with tempamtura control

—— —

QU

WAL

L Datector Dual-Stage HOMIMJ

Lens1(-80V)
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