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Analizzatore
Settori (EB; BE; EBE ...)
Quadrupolo (Q, QqQ)
Tempo di volo (TOF), FT-ICR,

Trappola ionica, Orbitrap
Ibridi (BEqQ; QTOF ....)

Sistema di

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

Sorgente

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

2 ..... nello spazio




Separazione degli ioni
..... nello spazio
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Separazione degli ioni nello spazio

Analizzatore Forza Separazione in base a Range m/z
Doppio fuoco (EB, BE) Campo magnetico + Momento degli ioni + energia 10.000
W O campo elettrico cinetica

pe

na}

Quadrupolo Campo elettrico Stabilitd/instabilita 2.000-4.000
e radiofrequenza

Time of flight Velocita >100.000

-




# Scparazione degli 1oni

..... nel tempo

Separazione degli 1oni
..... nel tempo

Trappola ionica 3]

o S Cella a
o “E R
" ciclotronica
ftd, 80
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Separazione degli ioni nel tempo
Analizzatore Forza Separazione in base a Range m/z
Trappola ionica Campo elettrico + RF Frequenza delle orbite 4.000
(quadrupolare e lineare)
Y
Cella a risonanza Campo elettrico + RF + campo Frequenza delle orbite >10.000
ciclotronica (FT-ICR) magnetico
Orbitrap d Campo elettrico Frequenza delle oscillazioni 4.000
z armoniche
° ° ° °
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Relative Abundance

2488 2490 2492 2494 2496

Mass spectra recorded at different resolutions: mass spectrum of a mixture of three isobaric species
[C\HNT, [C, H,]*, [C}3H ,N,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, resolving power:




RISOLUZIONE

Valley definition
Let two peaks of equal height in a mass
Am spectrum at masses m and m — Am be
sz;;'f:ﬁ:;fd separated by a valley which at its lowest
point is just x % of the height of either
peak.

Intensity

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.

10% =+

Peaks resolved
at 804 valley

80%

Double sectors, FT-ICR: 10% valley

m o mz ¥ Q, IT, TOF: 50% valley

IUPAC: http://goldbook.iupac.org/R05318.html

RISOLUZIONE

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
MAmL L~

e & expressed as m/Am, where Am is the
i width of the peak at a height which is a
500/0 ] K specified fraction of the maximum peak
height.
- =

m/z =T

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

2x % 3
x % )

Vv

m/z

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.

The torm Rosolving power (mass spectromlry) is ksted as & problem ferm due fo obsoiwscence, misuse. conflict with analfer fem, trademark. commercial Lse, o olhar rason




Separazione degli ioni nello spazio

Analizzatore Forza Separazione in base a Range m/z RiSOluZione
Doppio fuoco (EB, BE) Campo Momento degli ioni + 10.000 10.000
- T magnetico + energia cinetica :
,' e i campo elettrico
Valley
Campo elettrico Stabilita/instabilita 2.000-4.000 Unitaria
e radiofrequenza
FWHM
Velocita >100.000

>10.000

FWHM

Separazione degli ioni nel tempo

Analizzatore Forza Separazione in base a Range = =
o Risoluzione
Trappola ionica Campo elettrico + | Frequenza delle orbite 4.000 <500
(quadrupolare ¢ lineare) RF
FWHM
Cella a risonanza Campo elettrico + | Frequenza delle orbite >10.000 >
ciclotronica (FT-ICR) RF + campo 500.000
magnetico
=
; FWHM
Orbitrap d Campo elettrico Frequenza delle 4.000 >
z oscillazioni armoniche 1 00°000
FWHM




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

5 O T The ability of a quadrupole to
L resolve masses is proportional

to frequency of AC and length
| il |/ of quadrupole
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3D-lon Trap

alu

oy Resolution = 1,130,000
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S 0] Peak Width
=200 4 oot

o | 0.0035 Da (1)
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3508.5 3509 3509.5 . 3510 35105 3511 3511.5
Mass-to-Charge

The Csl cluster ion at s = 3310 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=t/2 At

Am =FWHM




Resolving powerS:

2) TOF and sector analysers

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

FWHM definition for TOF

Resgyuv=20,000 at m/z 40 - FWHM=40/20,000=0.002 u
but also

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

Resolving powerS:

3) FTICR:

v -1 .
R i — < - and v =£
FWHM ) C 2 mem

T = transient duration (detection time)

v, = cyclotron frequency




Resolving powerS:

3) FTICR:
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/

- INFORMATION ICR

T

Ultrahigh Resolution Mass Spectrome
using the CMS-47 T

M Alisenann. P Grossmann, H F Kelloshaln

on Resonance) mass spoctometry, g
: rocaancy

mfam= 17000000




Resolving powerS:
4) Orbitrap:

at constant detection time:

resolving power inversely
proportional to \/ m/z

Thus if
R=100,000 at m/z 100,

at m/z 1000 itwillbe  R=100,000(100/1000)"2=31,646

F:ITMS + p ESI Full ms [125.00-1200.00]
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1 Orbitrap Orbitrap: at constant detection time, the
4 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
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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)

Relative Abundance

ISOBARIC IONS

lons having the same nominal
mass, but different chemical

compositions

i,e. COand N,

2488 2490 2492 2494 2496

Mass spectra recorded at different resolutions: mass spectrum of a mixture of three isobaric species
[CoH,NT', [C,H, 1", [C3H ,N;O,]* 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.




Quale risoluzione si deve usare?

Melius abundare quam deficere ?

NO

Quanta risoluzione serve?

Effect of inadequate mass resolution on mass measurement accuracy

Mass A

Centroid of Measured Centroid of
Mass A Centroid Mass B




Risoluzione e ....

1. Sensibilita

2. Specificita

3. Velocita di scansione

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 Laborstory Scieces, National and Injury

The quantitation ions for

target VOCs and their labeled internal standards listed
in order of incressing GC retention time (see Table 2)

Can
Contrel, Centers for Diseuss Comerol, Public Health Service, LS. Departmant of Health and Human Services,

Atlants, Ceorgia, USA.
] Am Soc Mass Spectrom 1992, 3, 831-841

Quantitation ion Internal standard Cuantitation lon
Target VOCs (nstives) mir Formula® R = native mir Formula®
1,1-Dichioroethens 959534 C,H,Cl, FH, R 549841 C,CIH,
Acetone 59.0452 “'cC,H,0 ¢, 810619 “CH,0
Carbon disulfide 779398 CsMs Mecm 78.8433 “CMss
Bromosthahe 107.9576 C,H]"Br Pcr 1109588 “couy'er
Metirphors chiorsie 839534 CH,Cl, Pcw B4.9567 'ICH,CI,
trans-1,2-Dichlorosthens  96.9534 C,H,C1, PH R 849941 CYTCIH,
Hexana 0861098 CyH,, PH R 1001974 CiH,,
1,1-Dichlorosthane B3.0001 CyH,CH HyR 68.0189  C;HCI'H,
cis-1,2-Dichiorosthens 959634 C,H,Cl, FH R 649941 CI'CIH,
2-Butanons T2O0575 CHy0 471, R 75.0784 CHiH,0

B2.9455 CHCI, "ch 83.0489 CHCI,
1.1.1-Trichlorosthane 269612 € H,C1, PH,R 29.8800 C,CIIH,
Carbon tetrachioride 116.9068 CCl, ch 179098 “coi,
Benzane THO4T0 CyH, Pc,m 840871 MC,H,
1.2-Dichlorosthans 619923 C,H,0 PHR 67.0169 *
Trichloroathena 1289144 C,HCI, Pch 1309177 cone,
1.2-Dichloropropana £3.0002 CH,CI PH R 67.0253 C,CI°H,
Ditromomethane. 1718523 CH}*Bry MR 177.6608 C*HY'Br,
Bromodichloromethane  B2.8456  CHCI, "cr 83,9488 "CHOI,
Tohuses 910648 C,H, EBHgR 88.0887 CIH,
1,1.2-Trichiorosthans 969612 € H,Cly PHy R 99.8800 C,C1H,
Tetrachiorosthens 1858725 ci'cicl, I"cr 1888758 “cc* oy
Dibromochioromethans 1288923 . ek 1298958 1

2. Risoluzione vs specificita

L’alta risoluzione aumenta la specificita eliminando
specie isobariche interferenti
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= m/z 83.953 w=0.03
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Single-mass chromatograms for methylene chloride
from a blood sample (9.59 g) (a) nominal mass curve for m/z 84;
(b) sccurate mass curve for CH,Cl3 (m/z 83.953 with a window




Summary of some PCDDs mass spectral interferences of environmental origin

Am = 0.08

S E&'é

321.8491 321.8878 321,893
CHCLTC  C H =, €, 01,0,
M7 3RCPCI M- 2%C) Y

(iphesryl) (blpheed)
(M/AM~T.200) (M/AM~12,500)

(diaxdn)

3219114
c.r"uo’."“:"ﬁ.
21010
fraoivent) C,,H,0%¢C1, et
i

C HO%CIL T, 3219202
M**. H=Cl C H=CICt,y  fme
M

l
[M/AM ~18,000) (DDE)

PCDDs=polychlorinated dibenzo-p-dioxins

Multiresidue screening of veterinary drugs in urine by HPLC-MS TOF
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2 \ A, Ll O L
Sasa G | P P (e N
0 T T T ; . r T T . ; - T - - )
1.00 200 3.00 4.00 500 6.00 7.00
06_03]17_01 1: TOF MS ES+
. ¥ /z =262
100 I 1 Resolution=1 Da e
| ®J \ |
|.'I '-; _"- - i\ '['.
a _— e ————
1.00 200 300 ) 500 £.00 7.00
06_03]17_01 1: TOF MS ES+
100 2620720.01Da
Resolution = 0.01 Da |'
*#4 I oxolinic acid (m/z = 262.0715)
o 15
e e ——— —_—
1.00 200 3.00 4.00 500 6.00
06_03)17_01 1: TOF MS ES+
; 262.088 0.01Da
100 5 Resolution = 0.01 Da I 1.14e3
2 | Numequine (m/z = 262.0879)
|
o T T T T T T T T rJ T T T y Time
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A. Kaufmann et al., Anal. Chim. Acta 586, 13-21 (2007)




3. Risoluzione x105 | +ESI EIC(761.3742) Scan Frag=150.0V trans-1Hz.d
vs

ex g . 1 1 Hz -3 points across peak
velocita di scansione —/;‘
04

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

[ 1\‘ 3 Hz -9 points across peak

25

[ e — —

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
n

i

1 r \ 10 Hz — 24 points across peak
\

I\
ol- !

0t | +ESIEIC(761.3742) Scan Frag=150.0V trans-19Hz.d

1
05 \ 19 Hz — 45 points across peak
[ J -
12 125 13 135 14 145 15 1.55 1.6
Counts vs. Acquisition Time (min) Source: Agilent

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

- ResSO 7863435

80

“ ro6,04s7 RP 7500
0 = 7873463 02s

» [55 R=6000 3457

. R
0 1
L ro50use RP 30000
P = 787.3457 0.5s

2 785.5992 o 7878471 .
& R=34300 R=24100  R=15600

. 785.8419

0 786.3435

= RBI0T Red7700 RP 60000
: g
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. 785,594 I RIS SR 09s

. 7858413
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o R=95200

” 93442 RP 100000
40 T 787.3458

" R e 16s
U7E‘5.U 785.2 78‘5.4 7856 785.8 786.0 75‘6.2 75‘6.4 7555, 786.8 75‘7.0 75‘7.2 787.4 75‘75 78‘7.5 788.0 75‘52

e
(courtesy by Thermo)




MS Scan Speed at Different Resolutions

=+=Qrbitrap Elite

-&~QOrbitrap Velos Pro

MS scan speed (Hz)
O = NWAEGBM~N @O

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

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

100

50 — 578.26

;%ED . gg 52990 [C,5 Hy; N5 O; Na]”
ACCURATEZZA DI
— MASSA

580
Settori, TOF, FTICR,

Orbitrap Stechiome'rr'i a

Orbitrap Exactive

100
38625546
90 ‘\ R=B300
9 804 (5 Ha 05N
1004 g [738: | 106377 ppm
907 =5 |‘ 38725009
] P R-8200
a0 5 ‘| o CuCH,ON,
o] 2 0] ] ‘ ,1 177576 ppm
1 0 S R — - : —
P W60 s W0 ®5 e0 3es
= 604
2 1 mz
2 504
=50 1004 386.75528
= apd 90+ R=8300
= o B0 (g Ha0,N;
= 304 = ég* 0.58972 ppm
2] 2 ol 38725806
@ 40 R=8700
104 ‘ B gg- Cyy “CH,0,N,
] el
[ I ' ||Hllum =1 163695 ppm
aCe " I ‘ T ! .. T T 6 P I ! T U
oz ‘ Tmeb W60 365 | 340 35 60 385
3 s6e m/z
| 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

magnetico + energia cinetica
campo elettrico

Analizzatore Forza Separazione in base a Range m/z | Risoluzio
" Massa
accurata
Doppio fuoco (EB, BE) Campo Momento degli ioni + 10.000 10.000

< lppm

Campo Stabilita/instabilita 2.000-4.000 Unitaria No
elettrico 02u
e FWHM)
radiofrequenza
Velocita >100.000 >10.000

2-5 ppm

Separazione degli ioni nel tempo

Analizzatore Forza Separazione in base Range m/z | Risoluzione
. Massa
accurata
Trappola ionica Campo elettrico + | Frequenza delle orbite 4.000 <500 no
(quadrupolare ¢ lineare) RF

Cella a risonanza Campo elettrico + | Frequenza delle orbite >10.000 >100.000
ciclotronica (FT-ICR) RF + campo
magnetico

<1 ppm

Orbitrap o Campo elettrico Frequenza delle 4.000 100.000
3 oscillazioni armoniche

<1-3 ppm




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

Spettrometria di INASSA ...

Quale massa?




The unit of measurement used in MS is the

unified atomic mass unit (u)
defined as 1/12 the mass of a 12C atom (1 u equals 1.66054029 x 10-27 kg).

In other words, the mass of a 12C atom is exactly 12 u.
This selection is simply a convention and, interestingly, before 1961, 1°0O was
used for the same purpose.

Two important terms are nominal mass and monoisotopic mass. The nominal
mass of a molecule is defined as the sum of the integer masses of the most
abundant isotopes in a molecule. For example, let us consider molecular
nitrogen, N2, and ethene, C2H4. These molecules have different empirical
formulae; however, their associated nominal masses are the same: N2, 2 x 14
=28 uis equal to C2H4, 2 X 12 + 4 x 1 = 28 u. Mass spectrometers with
insufficient mass resolving power such as quadrupole or ion-trap MS will not
be able to distinguish these two molecules after ionization. The two resulting
ions also are said to be isobaric ions.

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.

ie. 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
[Tl of the Elernenls

Average Mass — The mass of an ion or
molecule calculated using the average
mass of each element weighted for its
natural isotopic abundance,

i.e. centroid of the distribution
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Misura della massa accurata

ERRORE:
mmu: m/z misurato — m/z calcolato
m/z misurato — m/z calcolato
ppm: x 106
m/z
A NA
&
P - (=
NP ‘ h '




For a discrete mass spectrum (as in most current instruments),

mass precision is given by

Mass precision = c'(S,’N)\;ﬁ]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




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

150 -
120
g
2_
S w-
3 4 3000a
E - -=- 600 Da
= - 10000a
2
E
2 %1
0+ ‘.' . . )

0 1 2 3 4 5
Mass Accuracy (ppm)

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.

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 (Cy.4q, Hz.74, Op.4 and Ng_,):
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 1.3 255 Cs; Heo Og Nyy
516.76537 2.6 1.3 16.5 Cus Hyy Og5 Ny
516.76807 2.6 1.4 7.0 Cyg Hyg Oy Nig' S,
516.76513 3.0 1.6 105 Cys Hgy Oy Ng S,
516.76513 3.4 1.6 16.0 Cus Hys Og Nys S,
5 ppm 516.76839 3.3 A7 16.0 Cus Hys Oy Nyy S,
PP 516.76479 37 19 200 Ce, Hay Opf Ny S,
(23) 516.76872 3.9 2.0 25.0 Csy Hyy Oy Ny
516.76470 3.9 2.0 17.0 Cy Hyy Oy Nyg
516.76874 3.9 2.0 6.5 Cy Hgy Oy5 Nyy S,
516.76446 43 2.2 11.0 Cy Hy O3 Nyy S,
516.76897 4.4 2.3 125 Cyo Hy 046 Nyg
516.76907 -4.6 2.4 155 Cy Hyy O3 Nyg S,
Average: Cy 9384 Hy 7583 N1 3577 O1.4773 So 0417
Limits set to: C;5- C;; Hys - Hygos Ng= Nygi Og- O45 Sp- S,
Samples of honey and animal feed spiked with 151 pesticides
160 1
149 R
. : B 200k
140 9
Sl sox
u
120 4 T . 25k
I
‘ :
100 ° 10k
L —4
S g0+
<]
(=]
60 4
38 40
40 4 33 20
25 24 21 26
20 1 5
0 o 2 oo 3 2 3
04 7 = 7 T

<2ppm 2-5ppm 5-10 ppm 10-25ppm nd.

mass deviation

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




2C 0+30
3C 01
N 0+10
Elemental compozition search on mass 474.26 60 0+15
'H 0+60
miz= 469.26-470.26
miz Theo. Delta RDE Composition
Maszs (ppm) equiv.
474 2573 474 2572 0.1s 5.0 Czz Hzg Do Nz
474, 2572 0.20 10.5 Cz1 H3zz 0allg
474, 2585 -2.64 10.0 Cz3HzaOsgHNg
474,2558 3.02 5.5 Cz2p0Hzg0OgMs
474,2599 -5.46 15.0 CzaHap 21 N1n
474,2599 -5.4%7 3.5 Cz25H3g O3
474, 2545 5.83 .5 CigHag O12M1
474, 2545 5.85 .0 Ci1gHz407MH5
474, 2612 -8.29 14.5 CzgHzz2 027
474, 2612 -8.30 .0 Cz7H=z5 07

Restrizioni sui valori di massa accurata:

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

Double bond/ring equivalents (RDB)

D=1+

oo

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 8_?0
N 0+10
80 0+15
Elemsntal composition search on mass 474.26 'H 0-60
m/z= 4A69.26-479.24
m'z Theo. Delta RDE Composition
Mass (ppm) equiv.
474,.2573 474.2587Z2 0.18 5.0 CzzHag Doz
474, 2572 0.20 10.5 Cz1 Hzz0als
474, 2585 -2.64 10.0 Cz3Hza0s5Ng
474, 2558 3.02 5.5 CzgHzgD0gls
474, 2599 -5.46 15.0 CzaHzp 01 M1n
474 ,2599 -5.4%7 9.5 CegHag D3
474.2545 5.83 .5 Ci1gHgg D12 M)
474,2545 5.85 L0 215 H3a 07 Mg
474, 2612 -8.29 14.5 CzgHzz 0Oz2M7
474, 2612 -8.30 9.0 Cz3Hz07

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

mfz= 469.26-479.26

n/z Theo. Delta RDE compozition RDB=double bond/ring equivalents
Mass (ppm) equiv. .
474. 2573 —ie —+ - # t =
474.2572 0.20 10.& Cz) Haz Oallg ZNE(VE_z)
> -
R T-Tar= T o TTTSTNT D=1+ 2
474,2558 3.02 5.5 C20H3s0gNs 2
oy St St
474 . 250989 -5.47 0.5 CzsHzs 0N 3
474.2545 5.83 0.5 C19Han 0121 Odd-electron ions = RDB integer
474 2612| -8 29 \ 14,5 |Cou Hag Oy Ny Even-electron ions= RDB x.5

Elemental composition search o

mfz= 470.26-480.26 12 .
m/ =z Theo. Delta C 0+30
Mass (ppm) equiv. 3C 0+1
475.2605 475.2A05 -0.03 Capl3C] Haz OqMa 14N 0_10
T oc o o4 =~ — 160 0215
4L REBE T WU Y S
4752610 - A . 'H 0+60
4 - - TrHerSrriiy
PECTRT 12k ERC AP el
475.2592 2.79 5.5 C1913C1 H3g OsNs
R Eearay e =g e T i
ST ETSE B - s i
475 25 - Q S S o Hor Ooll

r

To gL L2 10T

Number of possible molecular formulas at different levels of mass accuracy and the impact of isotopic abundance aceuracy. 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 L% isotopic 5% isotopic
abundance abundance
accuracy accuracy
malecular mass 10 ppm 5 ppm 3 ppm I 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 px] 7 1 2 13

500 266 115 64 21 2 k) n

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 n 18 196

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,oH,oN,]* non pud avere come ione frammento [CgH,O]*

Spettrometria di massa in alta risoluzione (HRMS):

Introduzione diretta, infusione
GC-HRMS

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

HPLC-HRMS/MS, HPLC-HRMS"
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