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Inroduction

What we use in pesticide residue analysis today 

Our instruments are triple quadrupoles, TOFs or orbitraps made 

by Agilent, Bruker, Sciex,Thermo or Waters. 

But were are the roots of mass spectrometry?
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Outline

1. First mass spectrometers

2. Generation of vacuum

3. Ion detection and ion recording

4. Mass spectral library search

5. The beginning of hyphenated techniques (GC-MS)

6. GC- and LC-MS interfaces

7. Tandem mass spectrometry

Unfortunately nothing about high resolution MS or fragmentation of 

organic molecules
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1. FIRST MASS SPECTROMETERS

From the beginning until 

commercial production
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First Mass Spectrometers – The year 1910

Sir Joseph John Thomson‘s detection of neon isotopes

Thomson  worked at the University of Cambridge 

(UK). He used glow discharge for ionisation. Cations 

of neon are accelerated to the cathode and passed a 

hole. The deflection by parallel electric and magnetic 

fields showed that neon was actually composed of two 

isotopes.

Nobel Prize for physics in 1906

© Science Museum Pictorial

Source:

https://en.wikipedia.org

/wiki/History_of_mass_

spectrometry

First parabola 

mass spectra 

were obtained 

1910

Resolution: 10
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First Masss Spectrometers

J J Thomson‘s vision published in 1913

… one of the main reasons for writing this book was the hope that it might induce others, 

and especially chemists, to try this method of analysis. I feel sure that there are many 

problems in chemistry which can be solved with far greater ease by this than by any 

other method.
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First Mass Spectrometers – The year 1918

Arthur Jeffrey Dempster: The first MS with thermal ionization and 

electron impact as well as ion detection without photo plate

Dempster was born in Toronto and 

worked at the University of Chicago. 

He obtained better resolution by 

smaller differences in the energy 

(speed) of ions.

Instead of glow discharge he used 

thermal ionization to produce ions. 

He first time separated uranium 

isotopes (235U / 238U).

Source: Wikipedia

Dempster‘s MS with 180° magnetic sector built in 1918 
(Source: https://en.wikipedia.org/wiki/Arthur_Jeffrey_Dempster)

Sample heater 

Accelation

voltage

Magnetic 

sector

Detector

EI filament 

(but no 

electron 

trap)
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First Mass Spectrometers – The year 1919 

Francis William Aston separated electric and magnetic fields

In 1909, Aston became a research 

assistant of Thomson. He  also used 

glow discharge for ionisation. However, 

he separated electric fields (to obtain 

ions of equal kinetic energy) and 

magnetic fields and obtained a 

Resolution of 2000 in his 3rd MS.

Nobel Prize in chemistry in 1922

Source: Wikipedia

Replica of the 3rd mass spectroeter of J. J. Thomson 

and Aston build in 1937(Source: Wikipedia)
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First Mass Spectrometers – The year 1940

Alfred Otto Carl Nier: Introduction of an simple, rugged and cheap 

60° magnetic sector instrument with EI ion source built in series  

The 60° deflection required smaller 

electromagnets (<< 2 tons) with less 

powerful power supply (<< 5 kW).

In the Manhattan project about 

100 mass spectrometers of this type 

were build for Site K-25 in Tennessee.

Nier‘s construction published in 1940 used an 

ion path made from copper combined with 

parts made from glass
(Source: Intern J Mass Spectrom 349– 350 (2013) 9– 18)
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First Mass Spectrometers

The Spring of Organic Mass spectrometry started December 1942: 

The Consolidated Electrical Engineering (CEC) model 21-101

Technical specification

Mass range: 16 -71 amu

(later versions 10 – 160 amu)

Scan speed: 20 min/spec

Picture of first commercial instrument (CEC 21-101), 

which is based on Dempster’s 180° geometry
Source: https://commons.wikimedia.org/wiki/File:CEC_Model_21-

101_mass_spectrometer_PP2008.038.004.jpg

Ion path of CEC 21-102
Source: http://msr.dom.wustl.edu/pubs-

misc/cec-103c.pdf
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2. GENERATION OF VACUUM
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Generation of vacuum

Why we need vacuum?
approx. 1 m

In the mass spectrometer ions want to 

fly straight forward without collisions!
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Generation of vacuum

Aston used Gaede‘s rotary mercury pump driven by hand

Gaede’s mercury pump
© The Yale Peabody Museum

Wolfgang 

Gaede 

developed 

1909 the 

rotary mercury 

pump

Aston with his 2nd MS
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Generation of vacuum

In 1913 Gaede also developed the quicksilver diffusion pump 

which was improved by Irving Langmuir 

water
Irving Langmuir,

USA 

Later quicksilver was replaced by oil. Metrovick (UK) 

developed pumps with oil base on hydrocarbons 

(Apiezon A + B) in 1928. 

Wolfgang 

Gaede
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Generation of vacuum

Quicksilver diffusion pumps required baffles cooled with liquid 

nitrogen

Varian MAT CH 6 

installed in late 60’s at 

Humboldt University in 

Berlin (used until 1990)
(private photograph)

The Varian MAT CH5 introduced in 1967 was the first MS 

without radio bulbs (using semiconductor technology). 

The vacuum was produced with two Hg diffusion pumps.

(picture taken from: http://apps.thermoscientific.com/media/SID/IOMS/ 

PDF/niagara2011/1_Huebschmann_History_of_MS_in_Bremen.pdf)

Baffles filled with 

liquid nitrogen

Hg pumps
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Generation of vacuum

Shortest way to vacuum: The MS installed in a oil diffusion pump

HP 5993B GC-MS 

installed in 1984 at 

Humboldt University 

in Berlin 
(private photograph)

Vertical installation of quadrupole

Picture taken from: http://www.asms.org/docs/history-posters/hp5992.pdf?sfvrsn=2
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Generation of vacuum

Oil diffusion pumps were installed at least until 2010

The oil diffusion of Agilent’s 

5975 MSD allows a column 

flow of not more than 1.5 mL 

He/min and no CI mode.
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Generation of vacuum

Sciex API III TripleQuad: Best pumping speed obtained using a 

cryopump filed with liquid helium
Typical setup of a helium-

cooled cryopump

The large open cryoarray and cryopump

allowed an effective pumping speed of 

greater than 100,000 L/s!

Disadvantage: 

Need of liquid helium. Venting of the 

system for baking out 2 – 4 times in a 

month. 

One turbomolecular

pump of the 6500 Qtrap

offers < 1000 l/s
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3. ION DETECTION AND ION 

RECORDING
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Ion detection and recording 

Photo plates of a Mattauch-Herzog double focusing mass 

spectrograph

magnetic 

sector

electrostatic 

analyser

slit  

Ion source
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Ion detection and recording 

The Faraday cup used by J. J. Thomson in the first scanning 

instrument

Mass spectrum of carbon monoxide (CO)

Thomson’s plots of ion intensity against 

relative mass, first published in 1912, were 

the world's first mass spectra.

Thomson was dissatisfied with his 

photographic method of recording “spectra”.

The Faraday cup: Not more than a simple 

tin can placed at the focal point of ion beam
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Ion detection and recording 

1955: Introduction of the electron multiplier

Principle of 12 discrete dynote

secondary electron multiplier, first 

time supplied with MS 5 of Metrovick

in 1955 (earlier than in the US 

instruments).

In MAT CH-6 we had a multiplier with 

18 dynodes

Modern continuous dynode multiplier with 

semiconducting surface 

Picture from: www.shimadzu.com/an/structure_electron.html

Picture from: en.wikipedia.org/wiki/Electron_multiplier

HP5970 multiplier
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Ion detection and recording 

Registration of spectra with an oscillographic chart recorder on 

light sensitive paper used with MAT CH-6 in Berlin until 1990

Two traces of a mass spectrum 

recorded with an oscillographic chart 

recorder. The mass axis on each 

spectrum had been manually marked!

Mirror galvanometer developed by 

Lord Kelvin
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Ion detection and recording

The computer of the first quadrupole of Hewlett-Packard (1971)

(Source of all: www.asms.org/docs/history-posters/hp5932a_data-system_reduced.pdf?sfvrsn=2)

HP 2100A minicomputer

• 8 kB magnetic-core RAM 

(options up to 32 kB)

• 1 MHz processor

• Software on magnetic cassette

• Assembler language

• With CRT screen

HP 5930 MS

(More precisely the 5930 had an 

dodecapole mass filter) 

Available programs

• Scan

• Plot

• Tabulate

• Search (in library)

• Print
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4. MASS SPECTRAL LIBRARY SEARCH
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Mass spectral library search 

The first library of spectra: The ‚Cornu-Massot‘ published 1966
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Mass spectral library search 

The very popular Eight-Peak-Index

3rd edition 1983: 66,000 entries

Volume 1: Sorted by molecular 

weight and molecular 

formula – Search for 

spectra of known 

compounds

Volume 2: Sorted by base peak –

Search for compounds 

based on spectra
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Mass spectral library search 

First NBS (NIH) data base published in 1978 allowed retrieval via 

modem

My first modem installed in 1990 had a bit rate of 56 kbit/s!
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5. THE BEGINNING OF HYPHENATED 

TECHNIQUES (GC-MS)
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The beginning of hyphenated techniques (GC-MS)

MAT CH4 (launched 1958) – The GC was regarded as curiosity

Picture from:

http://apps.thermoscientific.com/media/SID/IOMS/PDF/niagara2011/1_Huebschmann_History_of_MS_in_Bremen.pdf
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The beginning of hyphenated techniques (GC-MS)

MAT 111 Gnome: first routine GC-MS with magnetic sector (1971)

Picture from:

http://apps.thermoscientific.com/media/SID/IOMS/PDF/niagara2011/1_Huebschmann_History_of_MS_in_Bremen.pdf
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The beginning of hyphenated techniques (GC-MS)

MAT 112 – GC/HRMS used for doping control

Anal Chem 46 (1976) 310A:
At the 1976 

Innsbruck Winter 

Olympics, 356 drug 

samples are 

analyzed by GC 

and TLC . Positive 

samples are 

confirmed by GC-

MS using a Varian 

MAT 112! 
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The beginning of hyphenated techniques (GC-MS)

VARIAN MAT 112 (1975): Selected ion monitoring using a 

double focusing sector field instrument

Up to 8 ions were monitored by changing the 

acceleration and ESA voltages  

It is 

impossible

to jump to 

selected 

ions with a 

magnet.
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The beginning of hyphenated techniques (GC-MS)

The first commercial Time-of-Flight mass spectrometers (ca. 1956)

Bendix model 12-101A, ca. 1961

The picture shows the xenon isotopes.

(all pictures taken from: 

http://www.asms.org/docs/history-

posters/bendix-tof.pdf?sfvrsn=2

Special features of the Bendix TOF 12-101A:

• Pulsed ion source and constant acceleration 

voltage of 2.8 kV

• 1.7 m flight tube

• Mass range 1 to 1800

• 0.1 GHz multiplier

• Resolution approx. 700 (= 134 amu/0.2 amu)

• Recording of spectra on an oscilloscope

In the early ‘70s sales of TOF instruments declined 

and production was stopped. 
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The beginning of hyphenated techniques (GC-MS)

The Quadrupole Mass Analyser developed by Wolfgang Paul

Top: 

Schematic view of a quadrupole mass spectrometer 

Bottom: 

First mass spectrum of rubidium published by Paul in 

1954 (Source: Nobel Price Lecture 1989)

Wolfgang Paul,

University of Bonn

Nobel Price in 1989
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The beginning of hyphenated techniques (GC-MS)

Finnigan model 1015 – the first commercial quadrupole GC-MS 

system launched  14 years after Paul’s publication (1968)

(Source: https://littlemsandsailing.files.wordpress.com/2015/03/finnigan-1015-bob-finnigan.pdf)

Robert E. Finnigan, 

an ex–cold war 

engineer 

established 

Finnigan

Instrument 

Corporation, in 

January 1967

DEC minicomputer

keyboard 

w/o display

MS and 

vacuum 

system

Varian

GC

MS electronics

plotter

Price: 100,000 $



L. Alder History of Mass Spectrometry of Organic Molecules, Almeria, October 2016 Page 37

6. GC- AND LC-MS INTERFACES
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GC- and LC-MS interfaces 

Interfacing a Varian Aerograph with packed columns to the 

finnigan model 1015

Varian Aerograph:

Typical column flow from packed column: 

> 20 ml/min

Finnigan 1015 MS:

Typical pumping speed was 10% of 

modern instruments

To fore vacuum pump

Analytes (high mass)

carrier gas (low mass)

To MSanalytes and carrier gas

Most often used:

The Ryhage jet separator
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GC- and LC-MS interfaces 

Challenges of combining LC to MS (compared to capillary GC-MS)

Purity of mobile phase: 99.999%

EI Ionization: impossible in the presence of solvent

GC

HPLC

MS

Molecular mass of mobile phase: 2 amu (H2) or 4 amu (He)

Additives to mobile phase: no

Gas flow per minute: 1-5 mL

EI ionization: possible

Molecular mass of mobile phase: ≥ 32 amu (CH3OH)

Purity of mobile phase: < 99%

Additives to mobile phase: yes (salts)

Flow rate of liquid: > 100 µL/min

Resulting gas flow per minute: > 70 mL (up to 1200 mL/min)
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GC- and LC-MS interfaces 

Direct liquid injection: Never used in trace analysis

Developed by Tal‘Rose et al. in the USSR and

by McLafferty in the USA. 

Was commercially available from Hewlett-Packard

3 – 10 µm  hole
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GC- and LC-MS interfaces 

Moving belt interface – The 1st commercial LC-MS interface (1977)

20 torr10-6 torr 0.2 torr

to mass filter

EI ion source

heater 3

heater 1

Consequently, 

• analytes must be volatile

• analytes should not be thermo 

labile

Just like in GC-MS!

HPLCMS Interface
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GC- and LC-MS interfaces 

Particle beam interface: The jet separator for liquids (1984)

Sprayer

Helium
from

HPLC

Desolvation

chamber

Quadrupol

Pump 2
EI ion source

and lenses

Skimmer 1+2

Pump 1

Consequently, analytes

• must not be volatile

• but must have significant higher mass than solvent

Main problem: many analyte molecules are lost; low sensitivity

solvent (low mass)

analyte (high mass)

HP 5989 MS (‘Engine‘)
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GC- and LC-MS interfaces 

Thermospray: Halfway to atmospheric pressure ionization

Sprayer

Helium

from HPLC

(eluent must contain  buffer)

Desolvation

chamber

Quadrupol

Pump

3 Torr

Lenses

Skimmer

Main problem: analyte molecules must form adducts with 

buffer ions as NH3 (and solvent should not)

Turbopump

10-5 Torr

solvent

heater

Repeller

solvent

HP 5989 MS (‘Engine‘)
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GC- and LC-MS interfaces 

The first electrospray ionization experiment published by 

Malcom Dole in 1968

The number of ions produced was very low because of high concentration of solvent 

vapor at the end of the chamber.

(Picture from https://masspec.scripps.edu/mshistory/timeline/time_pdf/Fenn_ESI.pdf)
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GC- and LC-MS interfaces 

Fenn‘s electrospray ionization source with counter-current flow of 

nitrogen as drying gas

Schematic diagram of the second ESI-MS apparatus build by Fenn in Yale. It features 

the important counter current flow of drying gas

(Picture from http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2002/fenn-lecture.pdf)

John B. Fenn

Nobel Prize in 2002
3 – 6 kV
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GC- and LC-MS interfaces 

Fenn‘s home made MS instrument used for electrospray

Single quadrupole mass 

spectrometer used for John 

Fenn's work on electrospray 

ionization (1982 – 1988)

(Picture from: 

https://en.wikipedia.org/wiki/History

_of_mass_spectrometry)

Pretty large oil 

diffusion pumps
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7. TANDEM MASS SPECTROMETRY
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Tandem mass spectrometry

The birth of tandem mass spectrometry in 1973

Anal. Chem., 1973, 45 (12), pp 1023A–1031A

The double focusing mass 

spectrometer with BE 

configuration used for MIKES

Product ion spectrum obtained 

from methyl benzoate



L. Alder History of Mass Spectrometry of Organic Molecules, Almeria, October 2016 Page 49

Tandem mass spectrometry

The first commercial tandem MS/MS was introduced in 1978

Micromass ZAB-2F with large collision cell between magnet and electrostatic analyser

The 

instrument 

was designed 

in co-operation 

with J. H. 

Beynon from 

Purdue 

University 

(USA)
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Tandem mass spectrometry

The first tandem quadrupole instrument was used to study photo 

dissociation

The potential of triplequats as highly selective mass anaylser was recognized by Christi 

Enke, who added the RF only quadrupole as collision cell (published 1978).

J. Morrison at La 

Trobe University in 

Australia with his 

home made tandem 

quadrupole.

(about 1975)
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8. WHERE THE EXPERTS ARE 

COMING FROM
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Where the MS branches of companies are coming from?

year Agilent Bruker Thermo Sciex Waters

2000-

1995

Hewlett Packard  

became Agilent 

1999

Bruker Daltonik

GmbH

API 2000 

1997

VG was 

aquired by

Waters

1995-

1990

Mobile GC-MS

EM 640

Thermo

Electron 1990

VG became

micromass

1990-

1985

HP 5989 Engine 

with CI/NCI

First MS/MS 

API III 1989

VG lauched the

AutoSpec

1985-

1980

Launch of MM1 

(mobile MS)

Finnigan MAT 

1981

1980-

1975

HP 5990 bench-

top GC/MS 1976

Bruker-Franzen 

Analytik 1980

Quadrupole 

MAT 44

First MS

1978

VG introduced

ZAB 2F

1975-

1970

First MS with

data system

HP 5930/5932

First GC-MS 

MAT 111 

Gnome

VG startedwith

small MS

1970-

1960

First GC

1965

Varian MAT 

CH 5/6 1967

Key personnel

from AEI went

to VG

1960-

1950

MAT CH4 

(400 units)

Metrovic

became AEI

1950-

1940

Atlas MAT 

founded 1947  

in Bremen

Metrovick sold

first MS in 1946
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For further reading

A History of European Mass Spectrometry (ed. By K.R. Jennings), published by IM 

Publications LLP (UK),  ISBN 978-1-906715-04-5

K.S. Sharma “Mass spectrometry—The early years”, 

Intern J Mass Spectrom 349– 350 (2013) 3 – 8

J. Griffiths “A Brief History of Mass Spectrometry”, Anal Chem 80 (2008) 5678–5683

B A Thompson “Atmospheric Pressure Ionization and Liquid Chromatography/Mass 

Spectrometry - Together at Last”, J Am Soc Mass Spectrom 9 (1998) 187-193 

The historical posters prepared by the American Society forMass Spectrometry (for their 

50th anniversary) found online at http://www.asms.org/publications/historical

Mass spectrometry - the early days 

http://www.rsc.org/Education/EiC/issues/2010May/MassSpectrometryTheEarlyDays.asp

Origins of tandem mass spectrometry

http://www.asms.org/docs/history-posters/tandem-ms-poster-2012.pdf?sfvrsn=2
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Thank you for listening

Lutz Alder

Senior Fellow

Federal Institute for Risk Assessment

Thielallee 88-92  D-14195 Berlin

Tel. +49 30 - 184 12 – 3377

lutz.alder@t-online.de  www.bfr.bund.de
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Timeline (modified from Wikipedia)

1913

Thomson is able to separate particles of different mass-to-charge ratios. He separates the 20Ne and the 
22Ne isotopes, and he correctly identifies the m/z = 11 signal as a doubly charged 22Ne particle.[27]

1919

Francis Aston constructs the first velocity focusing mass spectrograph with mass resolving power of 130.

1922

Aston is awarded the Nobel Prize in chemistry "for his discovery, by means of his mass spectrograph, of 

isotopes, in a large number of non-radioactive elements, and for his enunciation of the whole-number 

rule."

1931

Ernest O. Lawrence invents the cyclotron. 

1934

Josef Mattauch and Richard Herzog develop the double-focusing mass spectrograph.

1936

Arthur J. Dempster develops the spark ionization source.
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1937

Aston constructs a mass spectrograph with resolving power of 2000.

1943

Westinghouse markets its mass spectrometer and proclaims it to be "A New Electronic Method for fast, 

accurate gas analysis".

1946

William Stephens presents the concept of a time-of-flight mass spectrometer.

1954

A. J. C. Nicholson (Australia) proposes a hydrogen transfer reaction that will come to be known as the 

McLafferty rearrangement.[28]

1959

Researchers at Dow Chemical interface a gas chromatograph to a mass spectrometer.

1964

British Mass Spectrometry Society established as first dedicated mass spectrometry society. It holds its 

first meeting in 1965 in London.
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1966

F. H. Field and M. S. B. Munson develop chemical ionization.

1968

Malcolm Dole develops electrospray ionization.

1969

H. D. Beckey develops field desorption.

1974

Comisarow and Marshall develop Fourier Transform Ion Cyclotron Resonance mass spectrometry.

1976

Ronald MacFarlane and co-workers develop plasma desorption mass spectrometry.

1984

John Bennett Fenn and co-workers use electrospray to ionize biomolecules.

1985

Franz Hillenkamp, Michael Karas and co-workers describe and coin the term matrix-assisted laser 

desorption ionization (MALDI).
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1987

Koichi Tanaka uses the “ultra fine metal plus liquid matrix method” to ionize intact proteins.

1989

Wolfgang Paul receives the Nobel Prize in Physics "for the development of the ion trap technique".

1999

Alexander Makarov presents the Orbitrap mass spectrometer.[29]
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At the 1976 Innsbruck Winter Olympics, 356 

drug samples are analyzed …

(http://www.kawasaki-

m.ac.jp/soc/mw/journal/en/2007-e12-

2/01_kremenik.pdf)

http://pubs.acs.org/doi/abs/10.1021/ac60367a

750?journalCode=ancham

http://www.kawasaki-m.ac.jp/soc/mw/journal/en/2007-e12-2/01_kremenik.pdf
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Mass spectrometry at 1965 at IAEA in Seibersdorf

A mass spectrometer being used to find the nitrogen content of plants fed with fertilizer, 

photographed at the International Atomic Energy Agency (IAEA) in 1963. Photo by courtesy of 

International Atomic Energy Agency (IAEA), published on Flickr under a Creative Commons 

(CC BY-SA 2.0) licence
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The beginning of mass spectrometry in Bremen in 1948

First prototype of a mass spectrometer build by Jenckel in a cellar of a hospital.
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CH3 – The first commercial product from Atlas-MAT (1952)
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MAT CH5/CH6 (1967): first time controlled with transistors and 

without radio bulbs
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MAT 44 (1977) First Quadrupole MS from MAT

MAT
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Mass spectrometer at late 1940s

© National physical laboratory
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GC- and LC-MS interfaces 

Fenn‘s first electrospray ionization source (with weak counter-

current flow of gas)

The first electrospray ion source built at Yale University. Sample solution was sprayed 

from the hypodermic needle into a counter-current flow of dry nitrogen, which provided 

the needed thermal energy.

(Source: http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2002/fenn-lecture.pdf)

John B. Fenn

Nobel Prize in 2002
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Past, present and future of LC-MS

Step 1:

Development of selective interfaces or ionization techniques

VG 7070


