Gas Chromatography

Vaporization of sample
L1  Gas-solid
[1 Physical absorption
] Gas-liquid
[1 Liquid immobilized on inert solid

Principles

Instrumentation

Applications
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Retention Volumes

* Volumes rather than times

[1 Accounts for temperature and pressure effects
(non linear)

L] High pressure at inlet
L Ve=tiF
U Vi =ty F
* F=average flow rate
[1 Can be measured
* t=time
* R=retained species
* M=mobile species
[1 Correction term j for pressure drop
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Retention Volumes

e Correct volumes
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e Specific retention volume
LI M= mass of stationary phase, T in K
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L]V, useful for species identification
[ term scales with vapor pressure
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Instrumentation

Carrier gas
[J He (common), N,, H,
[0 F=25-150 mL/min packed — m,,cr:ﬂ .
column T .
[] 1::1111-1125l mL/min open tubular . 5::; D:““\I_ iy EI:::E
Column : o et I -
0 2-50 m coiled stainless o
steel/glass/Teflon ==
Oven: 0-400 °C ~ average boiling Colume —
point of sample —

Detectors
1 FID, TCD, ECD, (MS)
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Flame Ionization Detector

Rugged

Sensitive (10-13 g/s)

Wide dynamic range (107)
Signal depends on C atoms in
organic analyte

[1 mass sensitive, not
concentration sensitive

*Weakly sensitive
[1 carbonyl, amine, alcohol,
amine groups
* Not sensitive
I H,0, CO,, SO,, NOx
Destructive technique

Flamse
lonEEaLion
e (= (A1}

Hs-air flame
Grounded |
je -

Inside oven wall
1

Removable
collector

. _ Calleciar
helder

= —— Insulalor

Collector
- assembly
nut
Air

Exit end _

of column
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Thermal Conductivity Detector

 Change in gas thermal
conductivity

[1  Difference between
carrier gas and analyte

[1  Thermal conductivity of
He, H, much larger
than organics

[1 Organics cause T
rise in filament

[0 Rugged Ay
[0 Wide dynamic range |
(105) Flow in

[]  Nondestructive (a)

18-6



Electron Capture Detector

Electrons from radioactive
source

Organic molecules capture
electrons and decrease current

Simple and reliable

To
Wane

Sensitive to electronegative
groups

[1  halogens, peroxides
Insensitive to amines, alcohols
Largely non-destructive
Limited dynamic range (102)

/fj

H“‘_:r Imsulator

... Radioactive
B emitier

-
777,

7774

Elecirode Electrode
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Columns

 Packed
[]  liquid coated silica
particles (<100-300 mm
diameter) in glass tube
[1  best for large scale but
slow and inefficient
e Capillary/Open Tubular
[1  wall-coated (WCOT) <1
mm thick liquid coating
on inside of silica tube
[1  support-coated (SCOT)
30 mm thick coating of
liquid coated support on
inside of silica tube
[1  best for speed and

efficiency but only small
samples

diameter
150-400 1wm
WCOT

immobilized Liquid 1 um

SCOT

support
particles
(diatomaceous
earth) 30 um
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TABLE 27-2 Some Common Stationary Phases for (zas-Liquid Chromatography

Maximum
Common Trade Tempseratiine,
Statlonary Phase MNarhe “C Common Applications
Palydimethyl siloxane O-1, SE-30 350 Gieneral-purpose nonpolar plese;
hydrocarbons; polyioclhear Sromalics:;
drugs; steroids; PCHs
Paly(phenylmethyldimethyl) O%-3, SE-52 350 Fanry aced methy] esters: alkaloids:
siloxane {10% pheayl) drugs; balogensted compounids
Poly(phenylmethyl) siloxane O%-17 250 Dirugs; sleroids: pesticides; plycols
{507% phenyl)
Poly(riffucropropy ldinsethvl) OY-210 M) Chlorinated aromatics; nitroaraomalics;
alloxane alkyl-substituted benzenes
Polvethylene glycol Carbowax 200 250 Free acids: alcohols; ethers; eszential
ails; glycols
Paly(dicyancallyldimethy]) OY-275 2l Palyunsaturated fatty acids; mosin
alloxane acuds; free acids; alcohals
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High Performance Liquid
Chromatography

 Mobile phase is liquid
[1  Four types
L] partition
L] adsorption
(liquid-solid)
[] ion exchange

L] size exclusion or
gel

([l =

Maleculas weapht
- -
=] =]
L

=
=
.

108 |-

Increasing polarity

Warer-insnluble . Warer-soluble

Monpolir banic

Momiceds: polar

@@ >\

(Ol permscalion) (el Tlmaron)

/\/
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Instrumentation

For reasonable analysis times,
moderate flow rate required but
small particles (1-10 mm)

[J  Solvent forced through
column 1000-5000 psi -
more elaborate instrument
than GC

[1  Solvents degassed -
"sparging‘
[ High purity solvents
Single mobile phase composition
[1 isocratic elution

Programmed mobile phase
composition

[  gradient elution

Sample introduced without
depressurization

Hagulsed

Bl iy $0AT0E — !

Baipiesndns Filier
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Instrumentation

HPLC Columns:
[1 Stainless steel 3 Aspuatin st

iidpi
[ 10-30 cm long i I
[0 4-10 mm internal ¢ e q
ameter
(1 1-10 mm particle size - i: :'ﬁ;ﬂ'{“* I,
40,000-60,000 plates/m !¢ i

IR, Assense
High Speed Isocratic A e e
21. Tyrasing

Sep aration 22. @-Aminobutyric acid Eq
13, Megthionine o
24, Valime

0 100,000 plates/m 5. Tpoptan -

16, Frerylalanine

17, lsoleucime 4T muim =

Variation in solvent changes = =
Yy I r'-".!:f :|'IIII'C
elution

U, Lysine

L] polarity
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TABLE 281 PFerformances of LC Detecions

Commercially Felass LOHD hLass LMD
L Dhslsctar Suallabde {rommerrcial detecine® istate of the artf*

Ahsochance L 100 pp- | mg I
Flugeesiesas Ve =1l pg ik g
Elseirochemdeal Yo' Mpg-1 ng 1} g
Feefractive index Yaa M0ng-1 pg 1 ng
Corductivity Ve S0 pg—1 ng S0l e
Mass spectromaeiry Ve 10 pg-L ng | pg
FT-IE Weerd kg 190k g
Light scumering® s 1ITES 500 g
Ciptical acnivicy P — 1 ag
Elzment szlevtive Pl — 10 ng
Phoimonization P = 1 pg=1ng

MR

LG

LLRLE

Ll

00 1WA 1% 00 T B0 0 M 310 138
Wgwelengrh, nm
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Partition Chromatography

Most popular method
Low molecular weight (mw<3000) analytes
Polar or non-polar
Bonded stationary phase column
(1 liquid chemically bonded to support particles

3,5 or 10 mm hydrolyzed silica particles coated with
siloxanes

Normal phase HPLC R

LI nonpolar solvent/polar columi ‘|=;i— 0 ‘ .
Reversed phase HPLC _E]Lk i !

[1 polar solvent/nonpolar columi
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TABLE 28-2 Properties of Common Chremategraphic Mobile Pluses

Belracnive Viscoeity, Balllmg Folarity Eluensg
Salvenl Iriclex® t_l" _ Fremt, T Index, & Stremgth,’ &%
Flucroal kans* 137120 4-156 50-174 =-1 —0.2%
Cyclchenane 1423 iR Rl 0.0 -02
A:Hexane P R L 18] ol
LChlopodvatine 1.4 a4l TE (N1 iR,
Crorkand 12 o] o de 1.457 050 I L4 LNES
Pyl ether 1.385 038 GE 24 i
Taleene 1,454 L5 [} [} 24 L1
Dijp=ily| e 1. 580 i, 24 kK 11 15 03k
Tezzahyideoderan 1. 1 L 410 ST
iChlenslioni 1443 53 i 4.1 LLE
Rikemal 1359 1.0E 7E 4.k 81
Eitryl aceiain 13T 43 7 44 (14K
Lhiom i (I B 1.2 11 4.E 1 ]
Methanal | A2 054 L 5l 095
Acetnsilrde 1341 034 a2 5K &5
Mitmmethane L3BD &l 1l &0 (154
Ethiylene glyeol | 431 165 152 £9 R
Waier .35 35 1] Loz Large

-

Her conispaie s 0 correon uni off vheesiey n e, | eF = | ol oS
iy Alplly. Mukiplicstion b T gives 5° o 3514

TPwparnics dapacsd upea mekoulu wegie Faaps of dms proe.
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Gel Permeation Size Exclusion

Used for large mw compounds
[1  proteins and polymers

Separation mechanism 1s sieving not partitioning

Stationary phase porous silica or polymer particles
[1  polystyrene, polyacrylamide) (5-10 mm)

well-defined pore sizes (40-2500 A)

Large molecules excluded from pores

[]

not retained, first eluted (exclusion limit - terms of mw)

Intermediate molecules

[]

retained, intermediate elution times

Small molecules permeate into pores

[]

strongly retained, last eluted (permeation limit - terms of mw)
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TABLE 8.4 Properties of Typical Comomencial Packings for Size-Exclusbon
Chromatagraphy

Type Parthcle Siee, mm Average Pore Sier, A Maolecular Weight Exclusion Limie®

Pelyaryrene-divinythenrere Ik ElL]

SOL1 oo M > M
T
{1 e 240 % P

[
[
iy
1{¢
g {5 m = 1 = 10
e
i
S0
o0

Silica [5] {02 5 * ¢

(003w 1) = 109
(05 Lo 53 & 108

| (5 5o Wl o RF

Hhicderiler waig e sbave whES B mErdan .
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Retention related to size (and shape) of molecule
T . r
.Et. = Vg t .1" it .x‘:'.
total  gefor imside  outside
wlid  poes  pores
free —space
Vi retention volume for non-retamed (large ) molecules
(Vo +V;) retention volume for retained (small) molecules

i Vot KWV retention volume for intermediate molecules (K=cs'cm)
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