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Gas Chromatography

Introduction

The method of gas chromatography (GC) was developed in 1947
and found a very broad application in chemical analysis due to its
high separation power.

The area of compounds capable of analyzing by GC is limited to
volatile compounds vapor pressure of which is at least 60 torr at
achievable temperature usually 350-400 C

The range of compounds can be broadened by the use of
preliminary derivatization that can increase volatility and thermal
stability of analytes
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Gas Chromatography

Camergasin GC

The purpose —-to move analyte molecules through the column

Must be inert and pure to avoid any interactions in the column
The most common mobile phases in GC are He, N, and H,

Carrier rate depends on the column and is usually 1-25 mL/min
for capillary and 25-150 mL/min for packed columns.
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Sample introduction in GC

Coolon-column —-forthemally labile compounds
Solit/splitless — classic forcapillary columns

Programmable temperature vaporization — provides maximum
flexibility

Only gaseous and liquid samples can be directly injected into GC

All solid and dirty liquid samples require sample preparation
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Split injection

Only small part of injected sample (1:1000-1:10) reaches the column

Otherpart of ssmple issent to split vent

Very fast injection >nanow peaks

Required for analysis of high concentrations (to avoid detector
overload)
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I. Split injection animation

Open "Slit Injection” video

https://www.restek.com/Injector-Animations



http://www.restek.com/Injector-Animations

Gas Chromatography

Task 1

One microliter of vodka sample having concentration of methanol
125 mg/L was injected to gas chromatograph in 1:50 split mode.
How many nanograms of methanol reached the column?

vV xC
=T

Where:
m —mass of analyte reached the column, ng

V —-sample volume injected, uL;
C -analyte concentration, ng/puL;
S-oplitfactor (50 in ourcase)
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Task 2

One microliter of naphthalene solution (10 mg/L) in methanol was
injected into inlet of gas chromatograph. What volume of gas will be
formed in the inlet at temperature 240 °C and pressure 0.49 bar
(relative to ambient). Can this sample be injected into a liner having
length 68.5 mm and internal diameter 4 mm (vapor volume must be
lowerthan linervolume)?

Absolute Pressure = Ambient Pressure (bar) +0.49 bar

Main formula:
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Columnsin GC

Porous layer ogen Packed capillary column Wall coated open
tubular column (PLOT) (diam<tmm) tubt(:\lﬁé g_:_t;mn —

Layer thickness
(6~50 pym)

Insid diameter
¢ (0.329—0.53mm) > _———Film thickness
> (0.1~8 pm)

4— Qutside diameter —»
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Packed vscapillary columns

Packed Column  Packed Column
" — Lower resolution
AROCHLOR ® 1260
sotHERMAL @ 2100 ¢ — Fewer peaks (16)
1500 THEORETICAL
M — Fewer plates
minutes | do
@

o Capillary Column

— Small sample needed

Capillary Column

AROCLOR® 1260 1
e — Better resolution
ISOTHERMAL @ 210°C M k
— More peaks
PR , _ .
& - : = — Faster Analysis
minutes
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Capillary columnsin GC

Stationary Phase

Fused Silica

Polyimide Coating

Sationary phases:

Non-polarto polarpolymers

Polydimethylsiloxane and polyethyleneglycol are mostly used
non-polar and polar stationary phases, respectively

Aromatic and otherfunctional groupsare implemented into
polymeric composition to change polarity of the phase
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GC columns

Internal Diameter Efficiency: Efficiency: Capacity Each Analyte
(mm) Plates/Meter (N/m) Total Plates (N) (ng)

0.53 1,300 39,000 1000-2000

0.32 2,300 69,000 400-500

0.25 2,925 87,750 50-100

0.20 3,650 109,500 <50

0.18 4,050 121,500 <50

0.10 7,300 219,000 <10

Note: Theoretical values for 30 meter columns, calculated @ a k = 6.00 and 85% coating efficiency

Fast gas
chromatography
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Effect of the column length

Column Length Inlet Pressure Peak 1 Retention | Efficiency:
(m) (psi) (min) Peak 1/2 Resolution (R) Total Plates (N)
15 5.9 8.33 0.8 43,875

30 12.0 16.68 12 87,750

60 249 33.37 17 175,500

Note: Theoretical values for 0.25 mm |.D. columns with 85% coating efficiency, 145 A°C isothermal analyses, helium
at 21 cm/sec, k (peak 1) = 6.00
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Effect of camergasvelocity
(van Deemterplots)

HEPT (mm)

20 40 60 80
carrier gas velocity (cm/sec)
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Injection

Main GC parameters

Mode (split orsplitless)
Spolit ratio (for split mode)
Temperature
Column
Mode (constant flow orconstant pressure)

Flow orpressure
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Compound retention in GC

Physical properties of analyte (boiling point, molecular weight,
diffusion coefficient, polarity)

Column temperature (higher temperature =lower retention)

Carrier flow rate (higher flow rate =lower retention)

Polarity of stationary phase (polar stationary phase stronger retains
polarcompounds)




Gas Chromatography

I. If peaksare not separated

Lowertemperature

Decrease flow rate

Change stationary phase

Increase column length

©Bulat Kenessov, 2018
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I. compoundsare not retained

Use thickerstationary phase

Use PLOTorpacked column

Separate at cryogenic temperatures (use liquid N, orCO5)
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I. Main detectorsin GC

Themal conductivity (TCD)

Flame ionization (FID)
Nitrogen phosphorus (NPD)
Electron capture (ECD)

Photo ionization (PID)

Infrared (R)

Mass spectrometric (MD)
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Flame ionization detector

The Flaie
Tenization

Detector
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Electron capture detector

Electron
Capture

Detector
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G C detector comparison

FID Universal - 10 pg C 107
ECD Selective Halogen containing 0,2 pg Cl 104
compounds
NPD Selective Compounds of 1 pgN, 104
nitrogen and 5pgP
phosphorus
PID Selective Aromatic 107
hydrocarbons
IR Universal Any IR absorbing 1 ng 103
compounds

MSD Universal Characteristic ions 1 pg 10°
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GC detectors

Universal: Selective:
quantification by nomalization betterand faster selectivity
analyssof unknown samples VS higher sensitivity
lower sensitivity; lowernoise
longerand worse separation nomalization impossble
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Olfactory detector
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Characterizing odorcaused by separated
Sl chemicalsfrom one sample Odor
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Task 3

Twenty microliters of air were injected into GC inlet in splitless mode.
Expected benzene concentration is5 ppb (v/v). Willbenzene be

detected on chromatogram if detector (MS) sensitivity to benzene in
5pg atsignal to noise ratio 5:1?
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Task 4

Sample of solvent (V =0.2 yL) was injected into GC-MS
instrument at 700:1 split. On the obtained chromatogram, four
peaks were detected: ethyl acetate, toluene, iso-propanol
and o-xylene with corresponding areas 4260, 3120, 11600 un
700 a.u. Calculate massfraction of each compound if their
response factors relative to toluene are 0.77; 1.00; 0.45un 1.11.




