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An Introduction to

Chromatography

« What IS chromatography?
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Milestones in Chromatography

» 1903 Tswett - plant pigments separated on
chalk columns

e 1931 Lederer & Kuhn - LC of carotenoids




Purpose of Chromatography

» Analytical - determine chemical
composition of a sample




Classification of Methods

e There are two classification schemes:
—mobile phase




Mobile Phase

 gas (GC)
 water (LC)
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Gas Chromatography
Pyrolysis GC -
heat solid materials
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assification based on Mobile

Phase

Liquid chromatography (LC)




Classificait on Attractive
Forces

 Adsorption - for polar non-ionic compounds

 lon Exchange - for ionic compounds
— Anion - analyte is anion; bonded phase has positive charge
— Cation — analyte is cation; bonded phase has negative charge
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Detectors

* UV-vis
- Refractive Index (RI)
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» What would be a good method for
determining the following:

— Identity of accelerant at a suspected arson scene
— amount of caffeine in Coca Cola




The GC-MS Process

cmteeee:. THE GC/MS PROCESS
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Separation Identification




/G‘G\Mnalysis of Money

Can An Innocent Person be Contaminated by
Cocaine?

COOCH
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COOCH; Vi
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COOC;H;5

miz 122 m/z 94

Courtesy of Agilent.



Food Chemistry

» Size Exclusion Chromatography to assess
olive oil quality (authenticity, storage)




/M

e Resolution

— selectivity (At))
— efficiency (w)
* Recovery




Instrumentation




Basis of Chromatography

e Definition:




Definitions

« Mobile phase - phase that moves through
chromatograph

— In GC - carrier gas is the mobile phase




Types of Chromatography

» Classification by mobile phase:

— Gas - Gas chromatography (GC)
« 1951 Martin and James (fatty acids)




Instrumentation for GC

- Carrier gas




Modes of GC Separation

 Capillary (open tubular)
— Inner wall modified with thin (1 pum) film of




GC Liquid Phase

* Low volatility
» High bp




GC - Modes of Separation

« Isothermal (GC)
« Programmed temperature (GC)




Properties of a Good Detector

« High sensitivity - AResponse/ AConc’n

 Universal or selective response
— selectivity - ability to distinguish between




Detectors for GC
 Electron capture (ECD)

— radioactive
— good for X-, NO,  and conjugated

» Thermal conductivity (TCD)




MS Components

e lonization source




lonization Methods

 Electron capture (EC)
— 70 eV e - neutral molecule - energetic




lonization Methods

 Electrospray (ESI)

— generation of ions by desolvation or desorption
of charged liquid droplets




Types of MS Analyzers

 Quadrupole - most common




Two Operational Modes

* Scan
— Collect mass data over known range




Total lon Chromatogram

time of injection t
F




Mass Spectrum - GC-MS

e X-aXIS
— GC-MS - m/z




Analysis of Organic Mass
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Mass Spectrum

e X -axiIs: m/z
e mass - based on 12C = 12.0000




ajor Steps In Analysis of Mass
Spectral Data

 Identification of molecular ion
— Base peak
« Examination of isotopic distribution pattern

— Negative information




Molecular lon

 lon whose mass equals that calculated from
the molecular formula using the masses for
each element which have the highest natural




xample: Mass Spectrum of

Methanol (CH;OH)_




/Wplez Mass spectra for

cyclophosphamlde

» Method of sample
lonization may also
change molecular ion

o | —El: M *®

P Tl s e — Cl: MH*
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100

Figure taken from Rubinson, K.A. Chemical
Analysis Boston: Little, Brown, 1987.
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|_essons:

» Single charge most common so m/z usually
equates to mass (EI/CI)
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|sotopes

« Most abundant isotope of an element Is set
to 100%




3 Classes of Isotopes

« A-only asingle isotope
~-EX: F,P, I




N ndance of Common
Elements in Organic Compounds

Element Mass Relative
Abundance




N ndance of Common
Elements in Organic Compounds

Element | Mass | Rel. Mass+1 | Rel. Mass+2 |Rel.
Abundance Abundance Abundance




Isotopic Distribution Patterns

» If Cl- present then two peaks with ratio
100:32.5
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Question:

» What Will the Mass Spectrum of Cl, Look
Like? (Relative Abundance and m/z for all
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Cl, Revisited

« Two isotopes: **Cl and *'Cl

« Three possible species formed: 3°CI3°Cl, 3’CI3>Cl,
and 3'CI3’Cl




N ndance of Common
Elements in Organic Compounds

Element | Mass | Rel. Mass+1 |Rel. Mass+2 |Rel.
Abundance Abundance Abundance




Problem 1:

Rel. Abundance Rel. Abundance
St w15




Step 1: ldentify Molecular lon

43 |




ep 2: Normalize Intensity with

Respect to the Molecular lon
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Step 3: ldentify Possible Species

. 84 - 2*(35) = 14




MSible Species

(cont’d)




Step 3: ldentify Possible Species

. 49 - (35) = 14
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