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» Principles and definitions of exact mass

- Types of instrumentation used for exact mass
measurement

 Practical aspects of exact mass measurement
- Routine exact mass measurement on a Q-Tof Premier™
- |-FIT™ elemental composition determination

« Conclusion
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Introduction

- Every element found in nature has a unique mass
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« Elements are combined to produce compounds with distinct masses and

physical properties

- Compounds can be detected by mass spectrometry and thus their

masses measured

- If a compound mass can be measured with sufficient accuracy, a unique
elemental composition can be inferred — the benefit of exact mass
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Definitions

- There are three main types of mass measurement;

* Nominal
- Average

- Exact

Sum of the inter masses of the most abundant naturally
occurring isotopes of which the ion is comprised

Calculated using all the isotopes of each element from
which the ion is comprised

Calculated by summing the distinct mass of the

individual, most abundant, isotopes of which the ion is
comprised



Definitions
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CO = 27.9949
N, = 28.0061
C,H, = 28.0313

- These elemental combinations have the same nominal
mass but different exact mass

* A nominal mass measurement cannot distinguish these

- |[f any compounds differ in their elemental compositions by
substitution of any of these elements, then the exact mass
measurement will show this



Definitions
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« The accuracy of the measurement is quoted as the difference
(error) between the measured mass and the calculated mass

* The accuracy is measured in

— milliDaltons (1mDa = 0.001 mass units)
— ppm = parts per million = Am/m x 106

Example:

True’ mass =400.0000

Measured mass =400.0020

Difference = 0.0020 (2 mDa)
ppm error = 0.002 x 10 = 5ppm

400



Definitions
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Sulphamethazine C,,H4N,O,S

Nominal Exact Average

278 278.0837 278.3313




Definitions
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Ketaconazole C,sH,5CILN,O,
Nominal Exact Average
530 530.1482 531.4306

The contribution of the 37 Cl isotope accounts for much of the difference
between the average and exact masses



Definitions
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Nominal Exact Average
8556 8560.6254 8565.8730

Every 130 H atoms present increases the exact mass by one unit
over the nominal mass



Benefits of Exact Mass
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- Measurement of mass to 4 decimal places

- High confidence in confirming expected compounds
— Distinguishes them from compounds of similar mass

- Compound identification
— Prediction of elemental composition

- Patent submission and publication
— ACS require better than 5ppm mass accuracy for publication



Instrumentation
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- Magnetic sector
— Traditionally used for exact mass measurement
— Requires experience to produce best results

* ICR-FTMS

— Can produce excellent results, 1-2 ppm
— Requires experience to produce best results

» oa-Tof
— Can produce excellent results, >3ppm RMS
— Latest systems offer routine exact mass measurement



Premier oa-Tof instrumentation
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LCT Premier QTOF Premier
Benchtop oa-TOF MS oa-TOF MSMS
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Practical aspects of exact mass
measurement
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* lon abundance

- Resolving power

- Calibration
— External
— Internal

- Data manipulation



lon Abundance
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* lon Abundance

— The signal must be above a certain level in order to obtain good
lon statistics and peak shape

— The signal must not be too strong as to saturate the detector of
the instrument

— The latest oa-Tof instruments have considerably increased
dynamic range performance

— This delays the onset of detector saturation increasing the sample
concentration range over which exact mass measurement can be
acquired



Resolving power
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* Resolving power

— The resolving power of a mass spectrometer describes it’s ability
to separate two ions from one another with less than a defined
amount of overlap

— The resolving power required for an exact mass measurement is
determined by the m/z values to be resolved and the present of
back ground interferences

— It is good practical to operate an oa-Tof instrument at its specified
resolving power as this will offer the best compromise between
sensitivity, resolution and peak shape



Resolution & Exact Mass
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2150

« Unit mass resolution is
not sufficient to
differentiate these two
compounds

Sulfacetamide

Quadrupole Unit Mass Resoluion - ToF data with a
resolving power of
>10,000, clearly shows
two distinct peaks.

Bz

Sulfacetamide
TOF @ 10,000 FWHRM

* These can be
accurately mass
measured to < 3ppm

Contaminent

TOF @ 10,000 FWHIM L
1

215

miz




Calibration
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- Two types of calibration to be considered
— External
— Internal

-+ External
— Performed prior to analysis

— Calibrant should have several reference ions, particularly in m/z
range of interest, if possible be of same charge state

— Should cover the required calibrated range, extrapolation
generally leads to inferior results

— Choice of calibrant is generally dictated by the class of samples to
be analyzed



Typical calibrants
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>
Chemical m/z range Uses
name
g
Sodium iodide 20 - 4000 ESI pos and
and Caesium neg
iodide mixture
>
Peptide mixture 200 — 3000 ESI pos
g
Horse heart 600 — 16000 ESI pos
myoglobin




Calibration
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* Internal calibration

— Introduced during sample analysis
— For oa-Tof instruments a single point ‘Lockmass’ is sufficient

— Main purpose is to correction for thermal changes to the
environment of the instrument

— It is very important that the intensity of the Lockmass ion is of
a suitable intensity. This can be quite changeling, particularly
when the sample introduction is dynamic, for example HPLC
or UPLC-MS

— Waters has a unique solution;



LockSpray — validated exact mass
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 Introduces a lockmass, at user defined intervals,
throughout the course of an experiment

- Available in nanoflow versions

FFFFFF




Integrated LockSpray lon Source
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EgSZNI\I’EIgg\A’IéSIFORADRE_KD005_280204_48 2: TOF MS ES- e Easy to u Se a n d Setu p fo r

TIC

10(L\/\/WW1'0%5 dedicated exaCt mass

o * No Teeing in post-column
removing plumbing issues
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Range: 7.291e-1
6.0e51

« Every spectrum is validated with
Sha| a reference, removing issues
associated with lab conditions
T s e we mwweme we wewmwe  and power supply fluctuation

0



Data manipulation
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- Data manipulation

- Acquire data

- Baseline subtract to remove interferences near ion of
Interest

+ Centroid ion of interest
- Utilise lockmass for correction of m/z range
» Produce list of potential elemental formulae

- Latest systems automate this procedure



Case study
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Routine exact mass measurement

ACQUITY UPLC and Q-Tof Premier



Selection of Q ToF P pDRE Data
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100 3T

Q ToF Premier Data
Combined at Half

Peak Heig
£ K

QToF Data6 Scans
__— Combined At Peak Tail

0.50 1.00 1.50 200 2560 3.00 3.60 4.00 4.50



MS Experimental
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Mass Spectrometer: Waters Micromass Q ToF Premier™

lonization Mode: ESI+ at 3 kV; Sample cone voltage: 30V

Internal calibration: Sodium formate

External calibration: Leucine enkephalin, [M+H]" 556.2771.

Acquisition Parameters:
— 50-900 m/z
— 0.1 second/spectrum;0.05 second inter scan delay

— Resolution = >8000 FWHM (V mode) and 15000 FWHM (W
mode)



UPLC Experimental
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- System: Waters ACQUITY UPLC™

» Column: Waters ACQUITY UPLC™ BEH C,5 (100 mm
X 2.1 mm, 1.7 um particle size)

- Mobile phase: MeCN (B) : H,O (0.1% HCOOH) (A)
* |socratic: 50(A):50 (B)
« Column temperature: 45°C Flow: 0.4 mL/min

- Analyte: Temazepam



Longevity/Linearity Experiment
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* Q TOF calibrated once in V mode and W mode
- 8 Day Experiment

+ 500 samples analysed in V mode

» 630 samples analysed in W mode

- Longevity data processed using MetaboLynx

- Temazepam Linearity Series
— 0.05 pg/uL to 5000 pg/uL (triplicate injection)



Typical 1 min Q-Tof P Calibration
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=3 Calibration - [DEFAULT.CAL]
File Print Edit Display

Data file: POSWCALIBRATION200505_001 - Uncalibrated 12 matches of 12 tested references
oos 226.96
15897
% 90.98 362 94 430.94
294 95 EREE SE 634 91 702.90 770.89 838.88
L o e RS LA LS "'I""I""I""I""I""I""I'"'I""I""I""IL""I""I""ll""l""I"l"l""I""I

Reference file: NaFPos

100+ 90.98 158.96 226.95 294 94 362.93 430.91 49890 566.89 534.838 T02.86 770.85 838.84
o5 -]
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0.04-
amu 002
1 T T T T 1 1 1 1 T T T T 1 1 1 1 1 T 1 T 1 1 T 1 T 1 1 1 1 1 T T T
Residuals Mean residual = 4 591467e-5 + 0.000042
0.014
amu
0.00 LI A R o B L L L B I o B B L B L I L B L B S I o I Rl S b R e s i ]

S0 100 150 200 250 300 350 400 450 500 550 600 650 T00 750 800 a50 900




Typical plasma injection for Temazepam
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Temazepam 500.0 pglul

MikemILongevibawmodes230505_ 024 1. TOF M5 ES+
1.43 301.074
100+ 853
3 Extracted ion
W

chromatogram

L1

N L B L B L L B L L L B
0.50 1.00 1.50 2.00 2.50

MikeMILongevitbywrnodetS230505 024 1. TOF M3 ES+
0.60 TIC

100+ 6.14e3

« Full scan MS

%

167 1.86 204207 222 5 41 259

-+~ Time



V Mode Longevity 4 Days
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Q TOF Premier Longevity Performance V Mode
Temazepam in Plasma

RMS Error= 2.45 ppm
95% < S5ppm

+ Series

ppm Error

Sample Number




W Mode Longevity 4 Days
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Q TOF Premier Longevity Performance W Mode
Temazepam in Plasma

20 RMS Error=1.47 ppm
15 95% < 3ppm
10 100% < 5ppm

+ Series1

ppm Error

Sample Number




Temazepam MS Linearity
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Compound name: temazepam

Correlation coefficient: r = 0.999851, r"2 = 0.999702

Calibration curve: 0.17925 * x+ 2.18854

Response type: External Std, Area

Curve type: Linear, Origin: Include, Weighting: Null, Axis trans: None

9003 vV MODE MS r=0.999851
800

700

600

Response
[]]
o
o

i
=
o

300

200

100

pg/ul
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000



Temazepam MSMS Linearity
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Compound name: temazepam

Correlation coefficient: r =0.999752, r*2 = 0.999505

Calibration curve: 0.249357 * x+ 2.91198

Response type: External Std, Area

Curve type: Linear, QOrigin: Include, Weighting: Null, Axis trans: None

1200_2 V MODE MS/MS r=0.999752

Response
()]
o
NS

UL B L L LR UL L L e pglul
0 1000 2000 3000 4000 5000



Case Study
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« MS linearity over 4 orders of magnitude has been shown
where r= 0.9998

- MS/MS linearity over 4 orders of magnitude has been
shown where r= 0.9997

» Routine, automated exact mass measurement is
achievable

— No recalibration required

— >1000 spiked plasma samples analysed
— RMS error V mode = 2.45 ppm

— RMS error W mode = 1.47 ppm



Using exact mass
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Monoisotopic Mass, Even Electron lons

: 104900 formula(e) evaluated with 148 results within limits (all results (up to 1000) f h )
PY Wlth an exact maSS ElementSTlTSUeZ:e evaluated wi results within limits (all results (up to jor each mass

C:0-500 H:0-500 N:0-20 0:0-20 S:0-10 CI:0-10 Br:0-10

measurement, an elemental Mam  Cale Mam mBa PP |Forms

el 556.2771 556.2771 0 0 C24 H43 N9 S2 CI
composition can be calculated e —— . A
556.277 0.1 0.2 C16 H39 N15 O3 S CI
556.2772 -0.1 -0.2/C13 H42 N13 O7 S2
- The better the accuracy on the Ssoarrs 02 04Cal taa N 0a 55
y 556:2768 0:3 0:5 C21 H48 N3 09 CI2
§ -0. -0.5 C! S Cl
measurement (<3ppm) the Seares 03 05013 e Nis O Br
) 556.2768 0.3 0.5C26 H52 N O4 ClI Br
. -0. -0.
fewer possible elemental s 01 07cm g N oo 52
556.2776 -0.5 -0.9 C13 H34 N17 08
B : 6.2776 -0. -0.9/C24 H35 N13 O CI
compositions for a given set of a0 Tlost o s 075 T
556.2765 0.6 1.1.C20 H42 N7 O9 S
.2 5 1.1.C1 11 02
elements e L M L KL LUK R
556.2763 0.8 1.4 C12 H38 N13 012
556.2763 0.8 1.4/C23 H39 N9 O5 ClI
H th h . h . 556.2763 0.8 1.4 C28 H43 N7 Br
° However, the higher you go in e ks
th b f 556.2761 1 1.8/.C11 H40 N19 O S CI2
mass, the numpber o S |y
. b . I -t- -th 556.2783 -1.2 -2.2/C30 H48 N 02 S CI2
possibilities go up (even Wi S6a78| A3 53/019 M7 N5 06 § G
good accuracy) Sezrss T3 23Ces W7 N6 04 S2 G
556.2784 -1.3 -2.3/C24 H51 N3 O4 S Br
556.2758 1.3 2.3 C27 H42 N O11
. . 556.2785 -1.4 -2.5C14 H38 N17 O3 S2
- Results in a long list for users to i R e A
556.2756 1.5 2.7 C26 H44 N7 S CI2

IOOk th rou h 556.2756 15 2.7/ C15 H43 N11 O7 S Cl
556.2786 1.5 2.7/C37 H38 N3 S

556.2755 1.6 2.9 C12 H43 N15 O5 Br



I-FIT elemental composition calculator
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- For every elemental composition determined an i-FIT™
value is calculated

— Calculation uses both isotope pattern and mass
— Generally, lower the i-FIT™, better the match

+ Valency state is set automatically for ESI & APcl

— ESI & APcl generates even electron state for molecular ion (N-
Rule)

 Applies filtering to aid simplification of results list

— Carbon, Cl| & Br

— Simplifies the results list by aiding the removal of incorrect
answers



Correct Isotope Patterns
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8 Compound Test Mix, ES+

gradtesto10 (4.753) Is (1.00,0.00) C12H15N404S 1: TOF MS ES+
100 311.0814 8.10e12

Theoretical
isotope pattern

\‘\o
0

312.0840
313.0800

gradtest010 101 (4.716) Cm (100:105) 1: TOF MS ES+
100-, 311.0809 1.03e5

Experimental
isotope pattern

me - /

312.0849
313.0806

m/z

314.0822
S e — = \ —
311 312 313 314



Elecomp Parameters
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Parameters [z|
General Paremeters ol Parameters
Set a mass e | mbol Paremetrs |
Tolerance Fesults
measure " MiliDatons: [ Digplay onty valid results
tOIerance \ « PP |1|}7 Mo. results to display
-a o Rank results on
inimum % RA: a0 L” :
Hirimom % . 1~ Mass Difference
Double Bond Equivalent & rrr / or i-FIT™
Minirmum: -1.5 " Mass Difference
Maxdmum: IE-I}i
1 Mass Mode Blectron State Filters
AUtomatlca”y f Monoisotopic " Both odd and even [ Carbon l_ A I fllterln
assign the valency — 1 —coumeup | omseomney || T Oigg — ApPply 9
State based on " Nominal ' Even electron only [ Sulphur teChnOIOgy tO a|d
data type simplification of the
Reset To Defauits | ok | cancal | results list




Example

@ 2004 Waters Corporation

8 Compound Test Mix, ES+
gradtest010 101 (4.716) 1: TOF MS ES+

100- 311.0810 2.81e4
=2
312.0854
313.0810
0 \ 1 P ey \ i 1 gty bty — \ \ \ \ i — m/z
302 304 306 308 310 312 314 316 318 320

- An exact mass spectrum for a particular ion is generated

» The monoisotopic peak is selected for elemental composition
calculation (note, the correct mass is m/z 311.0814)



No Filters
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% Elemental Composition

File Edit View Process Help

o &l m 8 ¥

Single Mass Analysis

Tolerance =10.0 PPM / DBE:min=-1.5 max=50.0

Selected filters: Mone

Monoisotopic Mass, Even Electron lons

7665 formulafe] evaluated with 40 results within limits [up to 1(/best iso%ppic matches for each mass]

Elements Used:

Mass | cale. Mass [ mDa |pem | DEE | Formula FIT c | H] N]o]|s]als] ~
310810 311.0814 94 -13 75 CIL2HI5SN40O4s5[ 6.0 12 15 4 4 1
311.0801 0.8 29 25 Ci11HI2 085 42.9 i1 19 801
311.0827 .7 55 125 C13 HI1 MBS 687 |13 11 8 1 l
311.0787 23 74 85 C3HIINWOO2s| 770 8 11w 2 1
311.0821 11 35 35 C5HISNWo2s5) 32 |5 15 w0 2 2
311.0780 3.0 86 125 C15 H11 N4 04 4838 J15 11 4 4 14
311.0794 1.6 51 45 CH1l N5 52 s67.4 |1 11 16 2
311.0839 2% 93 35 CB HI5 N4 09 6251 [& 15 4 g
3110794 L6 81 175 CIAHTNAR &75.9 [ 16 7 R h.|
100 :
%
312.0854
0 e i S0 T N 2180627 9001, PITR, azmavte
295.0 300.0 305.0 310.0 315.0 320.0 325.0
For Help, press Fi

« Using No Filters, 40 results were returned within a 10ppm tolerance
- Based on elements C,,,H5,0N00,50S10Cl4oBryg
 No. 1 is the correct elemental composition (C,,H,;:N,0,S, m/z 311.0814)



Application of Filters
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BIX)

File Edit View Process Help
H mez g M A X
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min=-1.5, max = 50.0
Selected filters: Carbon;
Monoisotopic Mass, Even Electron lons
7665 formulale] evaluated with 12 results within limits [up to 10 best isotopic matches for each mass]
Elements Used:
C: 0-500 H: 0-1000 N: 0-20 0: 0-20 S:0-10 Cl: 0-10
Br: 0-10
Mass | calc.Mass | mDa [pPM | DBE [ Formula | i-FIT | clHn|lols]|ale]| =~
311.0810 3110814 0.4 -L3 7.5 C12 H15 N4 04 5 8.0 12 15 4 4 1
311.0801 0.9 2.9 25 Cl1HI9 OB S 42.9 11 19 3 1
311.0827 -1.7  -55 125 C13Hi1 N8 5 £3.7 13 11 8 1
311.0730 3.0 9.6 125 C15 Hil N4 04 433.3 15 11 4 4
311.0794 16 51 17.5 16 H7 N8 £75.9 15 7
311.0809 0.1 0.3 1.5 C12 H23 03 53 1041.0 12 23 303 L3
3110812 0.2 06 125 C15 H12 N§ Cl 5803.5 15 12 8 1
311.0795 1.1 3.3 7.5 Cl4 H16 N2 D4 Cl 6039.8 14 16 2 4 1
311.0837 2.7 274 5 CHIHIIN? 0480 7131 11w 2 4 1 1 s
8 Compound Test Mix, ES+
gradtest010 101 (4.716) 1: TOF M3 ES+
2.81e4
100 311.0810
%
312.0854
. 295.0686 3030432 459504 2108394 [ 3120827 3194881 2200098 4505048
o e e e e e b e e e e
295.0 300.0 305.0 310.0 315.0 3200 325.0
JFor Help, press F1

- Application of the Carbon Filter reduces list to 12 hits
* Only considers 12C +/- 4



Application of Filters
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% Elemental Composition |Z| |§| E|

File Edit View Process Help
=] &l M g ¥
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min=-15 max=500
Selected filters: Carbon; Cl & Br;
Monoisotopic Mass, Even Electron lons
7665 formulale] evaluated with 6 results within limits [up to 10 best isotopic matches for each mass]
Elements Used:
C: 0-500 H: 0-1000 N: 0-20 0: 0-20 5:0-10 Cl: 010
Br: 0-10
Mass |calc.Mass [ mpa [ Ppv | DBE | Formula [igr | c [0 In|o]s[alsr]
311.0810 311.0814 0.4 -1.3 7.5 Cl12H1S5MN40C45 6.0 12 15 4 1
311,0801 0.8 2.9 25 C11HI3 085 42.9 11 19 8 1
311.0827 -1.7 55 125 CI3HILNS S 8.7 13 11 8 1
311,0780 3.0 9.8 125 C15 H11 N4 04 433.3 15 11 4 4
311.0794 16 51 175 CI16 H7 N8 675.9 16 7 B
311,0809 0.1 0.3 1.5 €12 H23 03 53 1041.0 12 23 33
& Compound Test Mix, ES+
gradtest010 101 (4.716) 1. TOF M3 ES+
2.81e4
100~ 311.0810
%_
312.0854
295.0686 303432 555 4504 2108398 | 3140827 3191681 22089 3575048
o o o o 0 LA s T o e o T i e S D e i
2950 300.0 308.0 3100 315.0 320.0 3250
For Help, press F1

- Application of the Carbon and CI & Br Filter reduces list to 6 hits

* In this example removes any entrants that contain Cl and Br



Application of Filters
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"% Elemental Compasition |:| |E| r>__<|

File Edit View Process Help

o z & M 8l ¥

Single Mass Analysis

Tolerance =10.0 PPM / DBE: min=-1.5 max=50.0

Selected filters: Carbon; Cl & Br; Sulphur;

Monoisotopic Mass, Even Electron lons

7665 formulafe] evaluated with 3 results within limits [all results [up to 1000] for each mass]

Elements Used:

C: 0-500 H: 0-1000 N: 0-20 0:0-20 S:0-10 Cl: 0-10

Br: 0-10

Mass [ calc.Mass  [mpa [Pem [DBE | Formula [igFm [ c [ H [nJol s aler]
311.0810 311.0814 04 -1.3 75 Cl2HISN4045 6.0 2 15 4 4 1

311.0801 0.8 23 25 C11HI9 085 425 11 19 8 1
311.0827 -7 -55 125 CI3HILNB 5 687 13 11 8 1
8 Compound Test Mix, ES+
gradtest010 101 (4.716) 1. TOF MSES+
2.81e4
100 311.0810
%
312.0854
N 2031432 3059504 210839 | 3140827 3194681 200890 3975048
e e e e s o s e e o e e e e e
295.0 3000 205.0 3100 3150 3200 3250

For Help, press F1

 Application of the Carbon, Cl & Br filters reduces the list to
only 3 possibilities !

* No.1 is the correct result
« i-FIT for No.1 is significantly different from other results



Application of Filters

@ 2004 Waters Corporation

*% Elemental Composition |:||§|rz|
Eile Edit View Process Help
15} &l M 8l ¥
Single Mass Analysis
Tolerance =5.0PPM / DBE:min=-1.5 max=2350.0
Selected filters: Carbon; Cl & Br; Sulphur;
Monoisotopic Mass, Even Electron lons
7665 formula(e] evaluated with 2 results within limits [all results [up to 1000] for each mass]
Elements Used:
C: 0-500 H: 0-1000 N: 0-20 0:0-20 S:0-10 Cl: 0-10
Br: 0-10
Mass | calc.Mass | mpa [Pem | DBEE | Formula ligmr [ c [ 0 [n] o] s [ale]
311.0810 311.0814 0.4 -3 75 CIZHISN4045 &0 12 15 4 4 1
311.0801 08 23 25 C11H13 085 425 11 18 5 1
& Compound Test Mix, ES+
aradtest010 101 (4.716) 1:TOF M3 ES+
2.87e4

100 311.0810

%

312.0854
o ZPoeee 3031432 3054504 310839¢ | 3140827 3194881 2220899 3579945 i
L U L L L L L L L B L B L [N L B B B i U1
29850 2000 205.0 2310.0 3150 3200 2250
JJFor Help, press F1

- Set the exact mass tolerance to 5ppm reduces the results list
to only 2 possibilities !



Higher m/z example

@ 2004 Waters Corporation

™ Spectrum - [KRH_030505_04] (M[=1/E3
Q File Edit Display Process Tools ‘Wwindow Help - ax
EEH AR @B B LD @A BRD AAQ & € » LElcpa Rl
IMethotrexate C20H22N80O5
KRH_ 030505 04 1352 (2.523) 1. TOF M5 ES+
100 4551612 1.59e4
b
4561845
457 1860
D I 1 I I I 1 I 1 I I I II I 1 1 I I I I I I I 1 m"az
446 448 450 452 454 456 458 460 452 464 466

- The monoisotopic peak is selected for elemental composition
calculation (note, the correct mass is m/z 455.1791, C,,H,3N3O;)

» The error on the mass measurement is 4.6ppm



No Filters

@Z[IIH Waters Corporation "9 Elemental Composition |Z||E|fz|
File Edit Wiew Process Help

o mew & M 8l X

Tolerance = 10.0 FFM / DBE: min=-15 max=500
Selected filters: None
Monoisotopic Mass, Even Electron lons

41958 formula[e] evaluated with 112 results within limits [all results [up to 1000] for each mass

Flameante llaad:

Mass RA | calc,mass | moa | Prm | DBE | Formula [lirm \ | ¢ | 0 | n |
455.1812 100,00 455.1791 2.1 4.6 13.5 30 HZ3 NS O5 ! 4.7 ‘ 20 23 g
4551775 3.4 7.5 8.5 CI9 HZF Ng Q9 13.4 19 27 4
455.1815 -0.6 -1.3 12.5  C24 HZF N2 OF 23.0 24 27 Z2
455, 1805 0.7 1.5 8.5 21 HI9 NIZ O 2E.5 21 19 12
455,1832 -2.0 -4.4 17.5 C&5 HZ3 Ne O3 537 25 23 &
455, 1850 -3,8 -8.3 4.5 C13 H27 NE O10 187.1 13 27 B
455,1839 -2.7 -5.9 13,5  C18 HZ3 Niz2 O 5 161.3 14 23 1z
455,1798 1.4 3.1 9.5 C13 HZ3 N14 O35 S 175.0 13 23 14
455.1771 4.1 Q.0 10,5 T2 HI9 N20O O 5 198.6 9 19 20
455,1825 -1.3 =20 8.5 C17 HEF NG Q5 5 2091 17 27 ]
4551837 2.5 =5.5 10,5 10 HI9 NIg O4 218.5 10 19 18
< i | 2
%
456.1845
. 4546227 454 5227 ?55'2943 4657867 | SSB.29T8 4 op aq0457.1860457 3007 4578703
AT T T AT BT DT T A TS 1 T T A
Far Help, press F1

+ 112 results within 10ppm tolerance (using Czy,H4000N20020910Cl10Br10)

« Correct answer top with i-FIT of 4.7



Application of Filters

@ 2004 Waters Corporation

Elemental Composition

Fil= Edit Wiew Process Help
=] 2| g M 8| ¥
Tolerance = 100PPM f DBE: min=-1.5, max =500
Selected filters: Carbon;
Monoisotopic Mass, Even Electron lons
41958 formula[e] evaluated with 40 results within limits [all results [up to 1000] for each mass]
Elements Used:
C: 0-500 H: 0-1000 N: 0-20 0: 0-20 5:0-10 Cl: 0-10
Br: 0-10
Mass [ ray | Calc.Mass | mpa | pev | DBE | Formula [irr | c [ H [ n [
4E5.1512 100,00 455.1791 21 46 135 20 H23 MBS OS 4.7 ] ]
4551775 3.4 7.5 8.5 C19 HZ7 M4 o9 12,4 19 27 4
4551518 -0.6 -L3 0 125 C24 HEF MZ OF z3.0 4 z y
455.1305 0F 1.5 185 21 HI9 NIz O 26.5 21 19 1z
4551532 -20 44 175 C25 HZ3 MG O3 53.7 iR 3
4551539 27 59 135 CIEHZSMNIZ O3 181.3 15 z3 1z
45,1852 -40 -85 75 21 H31 Mz OF 5 206.2 2 3l z
4E5.1800 1.2 26 125 21 H2F Mg s2 5589 21 7 E]
4E5.1787 25 55 75 C20 H31 M4 04 52 920.9 2 3l 4
4551773 3.9 4.6 2.5 C19 H3S O0F 32 10201 19 35
45515827 -1.5 -3.3 11,5 25 H31 Mz 02 52 1044.5 25 31 2 )
< | >
Methotrexate C20H22MEB05
KRH_030505_04 1352 (2.523) AM (Cen,4, 80.00, Ar,15000.0,556.28 0.70, LS 10y, Cm (92715200 1:TOF M5 ES+
1.59e4
100 4551812
%
455,243 456.1845
0 4285227 454.8227 - 4557887 | A903978 455 9300 4571860457 3007 457.8703 .
L L o e o
454.50 455.00 455.50 456.00 456.50 457.00 457.50 453.00
For Help, press F1

 Application of Carbon filter reduces results list to 40



Application of Filters

@ 2004 Waters Corporation

Elemental Composition

File Edit Yiew Process Help
=] B2 & M A
Tolerance = 10.0 FFM / DEE min=-1.5 max=500
Selacted filters: Carbon; Cl & Er;
Monoisotopic Mass, Even Electron lons
41958 formula(e] evaluated with 13 results within limits [all results [up to 1000] for each mass]
Elements Used:
C: 0-500 H: 0-1000 MN: 0-20 0: 0-20 s:0-10 CL: 010
Br: 0-10
Mass [ Ray | calc. Mass [ mpa [ pem | DBE | Formula e [ el v [ w[o]:im
455.1512 100,00 455.1791 21 48 135 C20 H23 M3 05 4.7 20 23 & 5
455,1778 34 75 85 C19 HZT M4 09 13.4 19 2 4 9
455.1518 0.6 <13 125 24 H2F M2 OF 23.0 24 2 oz 7
455, 1505 07 15 185 C21 HI9 MIZ O 26,5 21 19 1z 1
455.1532 20 44 175 25 H23 M& O3 £3.7 25 23 & 3
455,1539 27 59 135 CIGHEIMIZO S 161.3 s 23 12 1
455,1852 40 -85 75 2 HIIMZOTS 296.2 21 A% -
455, 1500 1.2 26 125 (21 H27 NG 52 558.9 21 B 3
455,1767 25 55 75 20 H31 M4 04 52 920.9 -] 4 4
455.1773 39 86 25 (19 H3S 0§ 52 1020.1 19 3 5
455, 1527 -1.5 <33 11,5 25 H31 ME 02 52 10443 25 31 z oz ™
< ) >
Methotrexate C20H22ME0S
KRH_030505_04 1352 (2.523) AM (Cen,4, 80.00, Ar15000.0,556.28,0.70,LS 10, Cm (927:1520) 1: TOF M5 ES+
1.59e4
100 4551812
%
455.2943 456.1845
ol P2 asasaar [ 4557857 | 45B20TB 4o, oo 457 1860457 3007 457 8703 "
L L B L B B L LN B LA N LN B AN BN N BN DAL I BRI B R e L]
454 .80 45500 45540 456.00 456.580 457.00 457.40 458.00
JIFar Help, press F1

- Application of Carbon and CI & Br filter reduces results list to 13



Application of Filters

@ 2004 Waters Corporation

Elemental Composition

File Edit Wiew Process Help
151 Z| & M B8l X
Tolerance =100 FPM J DBE: min=-1.5max =500
Selected filters: Carbon;, Cl & Br, Sulphur,
Monoisotopic Mass, Even Electron lons
41958 formula(e] evaluated with b results within limits [all results [up to 1000] for each mass]
Elements Used:
C: 0-500 H: 0-1000 N: 0-20 0: 0-20 5:0-10 Cl: 0-10
Br: 0-10
Mass | Ry | calc.Mass | mpa [ Pem | DBE | Formula e [ c [ Wl w Jolslale]
455.1812 100,00 455.1791 21 46 135 C20HZ3I MB OS5 4.7 20 23 5 5
4551778 34 75 8.5 19 H27 M4 09 134 19 27 4 a
455.1818 06 -1.3 125 C24 HZF M2 OF 230 24 2F 2 7
455.1805 0.7 15 185 2L HI9MNIZO 265 21 9 12 1
455.1832 20 -44 175 25 HZI NG O3 637 25 23 6 3
Methotrexste C20H22ME05
KRH_030505_04 1352 (2.523) AM (Cen 4, 80.00, Ar,15000.0,556.28,0.70,LS 10); Crn (82715200 1: TOF MG ES+
1.59e4
100 4551812
%
455 2947 4561845
oL A5R asapaa7 [ 4957857 | A50.29T8 op p3gq 4571860457 3007 457 8703 iz
L B o o e B L e e B e e s B B S a1
454 .50 45500 45550 456.00 456.50 457.00 457 .40 458.00
For Help, press F1

 Application of Carbon, Cl & Br and sulphur filter reduces results list to
only 6 results from 112



Can be used in an automated way

@ 2004 Waters Corporation

% ash1.olp - OpenLynx EEX
File Edit View Help

- The i-FIT calculation and o|=(@[&E] +|%=(e 2

f||ter|ng teChnOIOgy haS Walk-up | MS Data | D&D Data | Instument | MS Process | Spectum Test  Elsmental
been applied to OpenLynx
Application Manager

Elemental Composition

Iv Perfarmn Elemental Composition

« Works in Open Access or e o |
batCh proceSS|ng mode ¥ Perform Resticted Search

Spectrum Scan

[ Perform Full Spectrum Scan

- The functionality is applied
to aid simplification of the
elemental composition
results list

~

JHE

=

For Help, press F1 MLUIM




@ 2004 Waters Corporation

OpenlLynx Browser

Openlynx Browser - [gradient_test1.rpt]

£ Fle Edit View Window Help =
| B & u[ ||| Bl m] @2 ¢

50
# 25

0
20250

100+
80~
60-

& =
40

20

Plate: 1 Wial 2

1 e@eesease
R R X X KX R X J
i R R X R X X B 2
LR X X E X R X J
L R X X E X R X J
PSSRSO S

C12HT14M4045 (Mt = 310.0736) - [Found)

Submitter:
Sample: gradtest10
Wial: 1:2 ICx:
Description: 8 Compound Test Mix, ES+
D ate: 18-t ar-2004 Time:  17:01:04
y A
Mass Calodated Mass | mDa | PPM | DBE | Formula [/ HFIT

311.0810
311.0310

[ combine (102100 311, 1@ 10

311.0310

3

1. TOF M3 ES+ 3111

311.0814
311.0801
311.0787
311.0827

0.4
0.9
2.3

-1.7

For Help, press F1

T T T T T T T T T
7.00 7.50 8.00 8.50 9.00

-1.3
2.9
7.4

5.3

7.5 Cl2 HIG N4 Q4 5 7.2
2.5 ClIHI9 QB 5 78.5
8.5 C8 H11 N10 Q2 133.0
12.5 C13 H11 N8 & 138.4

Time

L\I(

)




Conclusions

@ 2004 Waters Corporation

- Benefits of mass measurement to 4 decimal places
— High confidence in confirming expected compounds
— Compound identification
— Patent submission and publication

- oa-Tof instruments are ideally suited to routine exact
mass measurement and semi-quantitative applications

- i-FIT software can provide confident element
compositions determinations



Further reading

@ 2004 Waters Corporation

“Methodology for accurate mass measurement
of small molecules”

Available from the British mass spectrometry society

www.bmss.org.uk/
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