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Technique for

* Determining masses of particles, atoms
or molecules

* Determining the elemental composition

of a sample or molecule, and for
elucidating the chemical structures of

molecules.



Used in
Analytical Chemistry
Life Sciences
Earth Sciences
Space exploration



A mass spectrometrist is someone
who figures out what something is by
smashing it with a hammer and
looking at the pieces.



A (very) Brief History of Mass Spectrometry
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The 5 stages of MS

Volatilisation - turns the samples to a vapour
lonisation - creates ions from the sample molecules
Acceleration - injects the ions into the MS
Deflection - separates ions according to their mass

Detection - produces the mass spectrum
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The workings of a mass
spectrometer
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Aspirin

CoHgO,

CHs;
Molecular mass = 180 )\
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The end result —a mass spectrum

Mass spectrum of aspirin - El

Mass of molecul

Mass-to-charge ratio



Intensity

Mass spectrum of aspirin - ESI

Mass-to-charge ratio



Relative isotopic masses of selected elements

1H1 1.007 825032 07(10)
12C 12.000 000 0(0)
14N 14.003 074 004 8(6)

160 15.994914 619 56(16)

Mass of electron 0.00054857990943(23)
Mass of proton  1.00727646677(10)



Measuring masses very accurately
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Back to the Lab!



Isotopes of the Elements
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Carbon stable isotope MS

Carbon has 3 isotopes
12C — naturally occurring - 98.9% of all C atoms
13C - naturally occurring — 1.1% of all C atoms

14C — radioactive — produced by nuclear
explosions and by cosmic rays. About 1 part
per trillion of all C atoms
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‘You are what you eat’

‘(Plus or minus a few per mil)’



But, what about 14C?

* ‘Radiocarbon’ dating

6000 12000 18000

Time (years)

e Carried out by Accelerator Mass Spectrometry (AMS)



Accelerator mass spectrometer at ANSTO, Australia
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Any other things that Isotope
Mass Spectrometry can do?

eFood adulteration analysis

Fruit juice

Wine

eFood origin studies

eSource apportionment of pollution

eDrug doping analyses



Cocaine

from cocaine

photosynthesis from
or humidity water source
and humidity

Putumayo-Caqueta

15N

Apurimac

Guaviare

Huallaga-Ucayali

Chapare

_ 13C
IsoForensics Inc.



Mass Specs In
Spaaaaaace!!

(With apologies to the Muppets)
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http://upload.wikimedia.org/wikipedia/commons/b/b2/Cassini_Saturn_Orbit_Insertion.jpg

Another demonstration - if time allows




The future of MS




Ambient MS

MS detection of cocaine on a latent
fingerprint on a glass window

Alberici et al., Anal Bioanal Chem (2010) 398:265-294
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STOP PRESS!

* LaserSpray lonisation (Inutan et al., Wayne
State Uni)

Proein 1

Section of mouse brain



STOP PRESS!

 MS imaging (Watrous et al., UCSD)
B




The ultlmate NERS spectrometer?
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Papers in the scientific literature about
VNERENWAER

Food (o]] Air pharma* drug  genom*
pollution
8206 5706 1318 12446 34345 2089

Source: ISI Web of Knowledge
Science Citation Index 1899-present Key:

THOMSON REUTERS

Nuclear Magnetic Resonance spectroscopy




Haiku-MS

Mass Spectrometry—
| can’t even pronounce it
But | can do it!!!

To deduce structure
Use Mass Spectrum and IR
And H-NMR

Dreaming of pi bonds Look at mass spectrum

hallucinating mass spec Find mass to charge ratio
ochem rules my thoughts And number of C

IR, NMR
oh in mass spectroscopy
it fits together

maldi-tof spectra
so many peptide masses
what is all this crap

valleys with no peaks
the tranquil landscape
of dirty samples

Steven A. Hardinger, Department of Chemistry & Biochemistry, UCLA



No, | haven’t forgotten about
Avogadro (or zeptomole)

xxxxxx

xxxxx
xxxxxxxxxx

Chemistryland.com



Q: What do you call a tooth in a
glass of water?
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DCTOBER 23RL

Celebrated annually on October 23 from
6:0 a.m. to 6:02 p.m. (6.02 x 10%3)

http://www.moleday.org/index.htm


http://www.moleday.org/index.htm
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