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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 ïThe year 1910

Sir Joseph John Thomsonós 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 JThomsonós vision published in 1913

é 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 ïThe 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

DempsterósMS with 180Ámagnetic 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 ïThe 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 ïThe year 1940

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

60Ámagnetic sector instrument with EI ion source built in series  

The 60Ádeflection 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.

Nierósconstruction published in 1940 used an 

ion path made from copper combined with 

parts made from glass
(Source: Intern J Mass Spectrom 349ï350 (2013) 9ï18)
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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 ï160 amu)

Scan speed: 20 min/spec

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

which is based on Dempsterôs180Ágeometry
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



L. Alder History of Mass Spectrometry of Organic Molecules, Almeria, October 2016 Page 11

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 Gaedeós rotary mercury pump driven by hand

Gaedeôs 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 60ôs 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


