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OverviewOverview

• Mass Spec overview

• Ionisation processes

• Types of instrument

• Areas of application

• Summary
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Brief History of Mass Spectrom etry Brief History of Mass Spectrom etry 

Brief History of MS
•The ability to separate molecules based on mass / 
charge ratio , m/z was described by J.J. Thomson, 
1912 (Nobel Prize 1906)

•1920’s Electron Ionisation (EI)

•1940’s First commercial Mass Spectrometers used 
in the petrochemical industry
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Brief History of Mass Spectrom etryBrief History of Mass Spectrom etry

1950’s first “Time of Flight” (Tof) mass
spectrometers

1960’s Chem ical I onisat ion int roduced

1981 Fast Atom Bom bardm ent (FAB) Barber et al
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Brief History of Mass Spectrom etryBrief History of Mass Spectrom etry

1988 “Soft Ionisation” techniques emerged

Koichi Tanaka –soft laser desorption (leading to 
MALDI)

John Fenn – Electrospray Ionisation (ESI)

This work revolut ionised Biological Mass 
Spectrometry

Both received the Nobel pr ize for Chem ist ry in 
2002
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““Typical LayoutTypical Layout ”” Mass spectrom eterMass spectrom eter

Source

ESI
MALDI
APCI
EI

Mass analyser

Tof
Quadrupole (Q, QqQ)
Ion Trap
Magnetic sector

Detector

e.g. MCP

Photomultiplier
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Areas of Applicat ionAreas of Applicat ion

Biological 

Proteomics

Clinical 

Microbes
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Areas of Applicat ionAreas of Applicat ion

Pharm aceut ical

Drug discovery

QC in production

Validation 
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Areas of Applicat ionAreas of Applicat ion

I ndustr ia l

Petrochemicals

Organic synthesis

Dyes, perfumes
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Areas of Applicat ionAreas of Applicat ion

Environm ental

Food contaminants

Water analysis

Pesticides

Dioxins (PCBs)
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The significance of Soft The significance of Soft DesorptionDesorption Ionisation developmentIonisation development

A fundam ental problem in biological m ass A fundam ental problem in biological m ass 
spect rom etry was how to t ransfer highly polar, spect rom etry was how to t ransfer highly polar, 
non volatile molecules with a mass of tens of non volatile molecules with a mass of tens of 

kDakDa into the gas phase without destroying theminto the gas phase without destroying them
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John B. John B. FennFenn
Virginia University, USAVirginia University, USA

Fenn and co workers built upon Malcolm 
Dole’s early description of the electrospray
principle 
Fenn combined Electrospray Ionisation with 
quadrupole MS
This work was presented at the ASMS in 
1988 and later published in a landmark 
paper in 1989 Science vol 246
Multiply charged ions gave rise to spectra 
identifying proteins >100kDa
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ElectrosprayElectrospray I onisat ion I onisat ion ““ESIESI ””
TheoryTheory

Mechanism (in simple terms)
•A solution containing sample molecules is 
electrostatically spayed through a fine capillary by 
applying a high electrical potential difference

•Highly charged droplets are produced, the surrounding 
solvent evaporates and the charge density in the droplet 
increases

•This leads to the formation of “naked”, highly charged 
molecules (charge state form +1 up to +40 and beyond 
for large proteins)
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Capillary 
~3kV

Capillary 
~3kV

As droplet evaporates, the 
electric field increases and 

ions move towards the 
surface.

As droplet evaporates, the 
electric field increases and 

ions move towards the 
surface.

Ions evaporate 
from the 
surface

Ions evaporate 
from the 
surface

Electrospray Ionisation TheoryElectrospray Ionisation Theory
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m / zm / z

Molecular ions +ve or -ve

Mass to charge ratio

“m/z value”

Example Peptide Glufib

Molecular Mass 1569 Da

[M+H]+ = 1570.6 m/z

[M+2H]2+ = 785.8 m/z
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Quat t ro prem ier XEQuat t ro prem ier XE
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Tandem Tandem QuadrupoleQuadrupole



© 2007 Waters Corporation    20

AutoSpecAutoSpec Prem ierPrem ier



© 2007 Waters Corporation

MALDIMALDI -- TofTof MSMS
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Maldi Micro MXMaldi Micro MX
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Tim e of FlightTim e of Flight

Time- of- Flight Mass Spectrometry – TOF MS
The mass of ions is determined by accelerating then and 
measuring their time-of- flight over a known distance

Put simply heavy ions fly slowly, light ions fly quickly

2

2

1
mvneV =
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Definit ionsDefinit ions

Nominal mass: The mass of an ion calculated using the 
integer mass of the most abundant isotope of each 
element
— Neglects the mass defect, where H=1, C=12, O=16 

Monoisotopic mass: The mass of an ion calculated using 
the exact mass of the most abundant isotope of each 
element
— Includes the mass defect, where 1H=1.0078, 12C=12.0000, 

16O=15.9949
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W hy Accurate Mass?W hy Accurate Mass?

Confirmation of elemental composition
— Identification of unknown compounds

— Patent support and scientific journals

Additional dimension of specificity 
— Quantitation in accurate mass MS mode rather than 

MS/MS mode to reduce chemical interferences

— Differentiation of nominal isobars in combinatorial libraries

— Improved protein database search results

— Improved de novo protein sequencing results
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Accurate Mass Accurate Mass 
Measurem ent TheoryMeasurem ent Theory

Accurate mass measurements take advantage of the fact 
that the combination of elements contained in a molecule 
have a very specific, non-nominal molecular weight
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The Fundam entals of The Fundam entals of 
Accurate MassAccurate Mass

Carbon has a mass of 12.0000

Hydrogen has a mass of 1.0078

Oxygen has a mass of 15.9949

Nitrogen has a mass of 14.0031
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LCT Prem ier XELCT Prem ier XE
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LCT Prem ier schem at icsLCT Prem ier schem at ics
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I ntegrated I ntegrated LockSprayLockSpray I on SourceI on Source
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Example 1Example 1
Nominal Mass MeasurementNominal Mass Measurement

Nominal mass 
measurement doesn’t 
provide data specificity

At m/z609, with 0.1Da 
error around mass, 2214 
possible combinations

Using wide range of 
elements:

— C500H1000N20O20S10Cl10Br

10
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Example 1Example 1
ii -- FIT Filters Off (3ppm)FIT Filters Off (3ppm)

At m/z609, with 3ppm 
error around mass, 81
possible combinations

Using wide range of 
elements:

— C500H1000N20O20S10Cl10Br

10
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Example 1Example 1
ii -- FIT Filters On (3ppm)FIT Filters On (3ppm)

At m/z609, with 3ppm 
error around mass, only 
1 possible combination

Using wide range of 
elements:

— C500H1000N20O20S10Cl10Br
10

Isotope Filters turned on
— 3% instrument error

— Carbon range = +/-3



© 2007 Waters Corporation    34

ConclusionsConclusions

LCT Premier XE - simplified exact mass with high sensitivity 
over a wide dynamic range
— Ideal for screening applications

Wizard driven set up procedures for easy operation
Complete exact mass ionisation coverage with dedicated 
LockSpray for ESI , ESCi and APcI  
i-FIT – realisation of exact mass measurement
— Simplification of elemental composition results through isotope 

interrogation and data interpretation
System solut ions with OpenLynx, Chrom aLynx, MarkerLynx 
and MetaboLynx
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GCT Prem ierGCT Prem ier
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ACQUITY UPLCACQUITY UPLCTMTM QTOF QTOF PremierPremierTMTM SystemSystem
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MALDI ESI
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ESIESI -- QTof Prem ier schem at icQTof Prem ier schem at ic
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MALDIMALDI -- QTof Prem ier schem at icQTof Prem ier schem at ic

200Hz
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W aters phosphopept ide m ixture MALDI MSW aters phosphopept ide m ixture MALDI MS

waters std Phosphopeptide alpha

m/z
800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550

%

0

100

WATERS_PO4_PEPTIDE_MS01 41 (0.701) AM2 (Ar,10000.0,0.00,0.70); ABS; Cm (36:69) TOF MS LD+ 
1.09e51368.6504

813.3936

863.4069

814.4032

1350.6675

1270.7069
864.4164

886.3992 1252.6991

1037.0693994.4119908.3839

949.4198
1206.55581081.0592 1107.5269

1271.7135

1272.7225

1294.6870

1448.62301369.6572

1370.6812

1390.6505

1392.6578

1449.6277

1450.6488

1470.6227

1471.6255

1472.6409

1493.6215

1505.7153
1585.6803

1515.6127
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I solat ion of phosphopet ide ion 1 3 6 8 m / zI solat ion of phosphopet ide ion 1 3 6 8 m / z

waters std Phosphopeptide alpha MSMS of 1368.6776 HBB170 02-May-2007   12:12:42

m/z
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

%

0

100

WATERS_PO4_PEPTIDE_MSMS02 28 (0.479) Cm (28:32) TOF MSMS 1368.68LD+ 
9841369.6742

1368.6483

1370.6598

1371.6727

1372.6725
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De novo sequencing of phosphopept ideDe novo sequencing of phosphopept ide
VNQI GpTLSESI K, 1 3 6 8 m / z VNQI GpTLSESI K, 1 3 6 8 m / z (using MaxEnt3 and (using MaxEnt3 and 
BioLynx)BioLynx)
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MSe data analysis (> 70% sequence coverage of BSA)
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N N GlycanGlycan MALDI MSMALDI MS

CE = 5.00N Glycan sample sanofi Aventis

m/z
1460 1480 1500 1520 1540 1560 1580 1600 1620 1640 1660 1680 1700 1720 1740 1760 1780 1800 1820 1840 1860

%

0

100

NGLYCANMS 20 (1.702) AM2 (Ar,10000.0,0.00,0.00); ABS; Cm (2:25) TOF MS LD+ 
5.69e31647.5845

1485.5343

1467.5344

1486.5381

1487.5432

1501.5182

1546.5408
1503.5187

1504.5187

1520.4647

1547.5396

1629.5795
1548.5454

1593.4230

1648.5905

1809.6393

1649.5914

1663.5751

1664.5679

1665.5736
1708.5974

1666.5521

1689.5339

1783.59831709.6030

1710.6056 1741.5082

1810.6401

1811.6475

1812.6503

1825.6147

1827.6208
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I solat ion of I solat ion of glycanglycan m / zm / z 1 6 4 71 6 4 7

CE = 5.00N Glycan sample sanofi Aventis msms m/z 1647.58

m/z
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400

%

0

100

NGLYCAN_MSMS1647 4 (0.341) Cm (2:4) TOF MSMS 1647.58LD+ 
4581647.5867

1645.5764

1648.6074

1649.5983

1650.6345

isolation of precursor
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MALDI MSMS of m / z 1 6 4 7MALDI MSMS of m / z 1 6 4 7

CE = 95.00N Glycan sample sanofi Aventis msms m/z 1647.58

m/z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

%

0

100

NGLYCAN_MSMS1647 24 (2.045) AM2 (Ar,10000.0,0.00,0.00); ABS; Cm (12:35) TOF MSMS 1647.58LD+ 
1.22e3712.2315

550.1770388.1257

347.1036
226.0770

346.1149

509.1521

447.1619

551.1826

568.1894
593.2182

915.3148

713.2349

874.2823

753.2548

771.2828

786.2690

1280.4460

1077.3669

933.3235

934.3275

1035.3490

1078.3678

1136.3950

1137.4011

1138.4042

1647.5917

1282.4552

1298.4612
1501.5387

1444.5107
1299.4679

1343.4564

1502.5471

1546.5493

1548.5726

1648.5967
Hexose

HexNAc

Hexosamine
HexNAc
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Biological MS Biological MS -- Proteom icsProteom ics

Example of “Proteomic analysis”

Protein identification may involve: 

MALDI Tof -Micro mx (peptide mass finger print)

LC MSMS – QTof Premier with nano ACQUITY UPLC

(protein sequencing)
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Typical 2Typical 2-- D Gel showing normal and D Gel showing normal and 
disease statedisease state
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I dent ificat ion of proteins from gels  I dent ificat ion of proteins from gels  
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LC MS of Pept idesLC MS of Pept ides
QQ-- TofTof m icrom icro™™

Enolase digest, 1.0x150

10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
Time0

100

%

042103_0031 TOF MS ES+ 
TIC

1.35e5
29.38

24.93

21.35

14.71

14.24

16.61

15.14

17.84
18.84

20.81

20.03

24.02

23.11

27.24

26.66

29.03

35.25

30.41

33.91

33.24

32.09

38.59

T18

T23

Enolase digest, 1.0x150

352 354 356 358 360 362 364 366 368 370 372 374 376 378 380 382 384 386 388 390 392 394 396 398
m/z0

100

%

042103_0031 517 (16.608) Cm (504:543) TOF MS ES+ 
2.21e4387.1517

367.1681

358.6672

367.6712

368.1850

387.4891

387.8372

388.1749

T18

T23
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Peptide Sequencing Peptide Sequencing 
ESI MSMS dataESI MSMS data
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W hat does it do?W hat does it do?

This enables the analysis of sam ples 
different iated by size and shape and 
charge, as well as m ass, to deliver 
increased specificity and sam ple definit ion
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Enabling technologyEnabling technology
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Synapt HDMS systemSynapt HDMS system
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Haem oglobin drift t im e analysisHaem oglobin drift t im e analysis

Alpha and beta chains

Tetramer precursor ion

Various multiply charged 
trimer ions

Alpha and beta chains
both with and without heam

Tetramer

Trimer
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Single
ion

Tim e Aligned Parallel Fragm entat ion ( TAP)Tim e Aligned Parallel Fragm entat ion ( TAP)

Drift time

Product ions 
separated by IMS

m/z

Precursor ion
fragmented

Drift time

m/z

Precursor and products 
share same drift time
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ACQUI TY TQD featuring the ACQUI TY TQD featuring the 
Waters TQ Detector Waters TQ Detector 
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SUMMARYSUMMARY

In Chemistry at Queens

LCT P , GCT P , MALDI micro MX

Variety of ionisation methods 

Flexible sample preparation and sample type

TOF accurate mass measurement, elemental compostion
and structural analysis

Mass Spect rom etry cont inues to evolve and will become 
more important in routine analysis


