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 GC instrumentation
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 Injectors
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 Linear retention index (LRI) in GC



Gas Chromatography - Instrumentation



Gas Chromatography

A.) Introduction:

Gas Chromatography (GC) - chromatographic technique where the mobile phase is a gas.

GC is currently one of the most popular methods for separating and analyzing

compounds. This is due to its high resolution, low limits of detection, speed, accuracy and

reproducibility.

GC can be applied to the separation of any compound that is either naturally volatile (i.e.,

readily goes into the gas phase) or can be converted to a volatile derivative. This makes

GC useful in the separation of a number of small organic and inorganic compounds.

B.) Equipment:

A simple GC system consists of:

1. Gas source (with pressure and flow regulators)

2. Injector or sample application system

3. Chromatographic column (with oven for temperature control)

4. Detector & computer or recorder 4



Basic Gas Chromatography



Choice of Carrier Gas 



Mobile Phase/Carrier gas:

Carrier Gas or Mobile phase does not affect solute retention, but does affect:

1.) Desired efficiency for the GC System

- low molecular weight gases (He, H2) larger diffusion coefficients

- low molecular weight gases faster, more efficient separations

2.) Stability of column and solutes

- H2 or O2 can react with functional groups on solutes and stationary phase or

with surfaces of the injector, connections and detector

3.) Response of the detector

- thermal conductor requires H2 or He

- other detectors require specific carrier gas
7

Choice of Carrier Gas 



There are two main types of supports used in GC:

Packed columns

 large sample capacity

 preparative work

Capillary (open-tubular) columns

 higher efficiency

smaller sample size

 analytical applications
(PLOT)

GSC

GLC
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Columns



Inox - glas « Fused silica »

GC Columns
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One of the main effort of analysts has been focused on increase of separation power

Packed column capillary column

Golay M.J.E., 1958, Gas chromatography. New 

York:Accademic press

peak capacities in the 

400-600 range

peak capacities in the 

20-50 range

Bergamot 

essential oil

Bergamot 

essential oil

1D GC

Packed column versus Capillary in GC 



GC Columns
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GC-COLUMNs
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Bonded-Phase Gas chromatography

- covalently attach stationary phase to the solid support material

- bonded phases are prepared by reacting the desired phase with the surface of a silica-

based support

- many bonded phases exist, but most separations can be formed with the following

commonly recommended bonded-phases:

 Dimethylpolysiloxane

 Methyl(phenyl)polysiloxane

 Polyethylene glycol (Carbowax 20M)

 Trifluoropropylpolysiloxane

 Cyanopropylpolysiloxane Polydimethyl siloxane

Polyethylene glycol
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CHIM9270-1 – Techniques de séparation en chimie analytique

Stationary phase selection

GC Columns
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CHIM9270-1 – Techniques de séparation en chimie analytique

Stationary phase selection

GC Columns
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Practical information

GC Columns



Pressure and Flow Control Modes 

Pc = column inlet pressure

L= column length

Poiseuille' law

Pressure Regulator Flow Controller

https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Chromedia/01Gas_Chromotography_(GC)/Gas_Chromotogr
aphy%3A_In_Practice/01Introduction/3Flow_control_and_pressure_regulation

More information are available



Sample Injection Methods in GC 



- Ideal injection:

1. Injection should be representative of the sample :

 No discrimination of the compounds (discrimination = different efficiency of injection on 

the studied molecules)

 good repeatability (analyse quantitative)

 Narrow injection band : rapid injection of small quantities of products

(a few tens of ng / peak) and concentration at the head of the column (for very volatile 

molecules, sometimes need to re-concentrate them "Cryofocusing")

Inlet/Sample injector chambre

19

Sample Injection Methods 



Objective criteria for an ideal injection

- Chemical inertia and sealing of the injector: 

 no oxidative degradation during vaporization (heated injectors)  

 no interfering signals due to sealing systems (septa and other mechanical 

parts)

NB: If pressure drops in the gas circuit are observed, this often indicates that the 

septum, worn by the multiple injections, must be changed.

- Automation possibilities 

- Easy regulation of injection conditions (flow, temperature) 

Inlet/Sample injector chambre
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Sample Injection Methods 



 There are many different injection methods:

• split injection, 

• splitless injection

• direct injection

• on-column injection 

Sample Injection Methods 



 There are many different injection methods:

• split injection

• splitless injection

• direct injection

• on-column injection 

Sample Injection Methods 
Split Injection



 There are many different injection methods:

• split injection 

• splitless injection

• direct injection

• on-column injection 

Sample Injection Methods
Splitless Injection



 There are many different injection methods:

• split injection 

• splitless injection

• direct injection

• on-column injection 

Sample Injection Methods
Direct Injection



 There are many different injection methods:

• split injection 

• splitless injection

• direct injection

• on-column injection 

a. Cold on-column caps Injection (Cold OCI) 

b. PTV Injection System (Programmable Temperature Vaporizer) 

Sample Injection Methods  
On-column Injection Methods



Sample Injection Methods - Cold Injection Methods
Cold on-column caps Injection (Cold OCI)  

• Samples with low concentrations (less than about 200 ppm per component) are also suitable. 

• Risk of contamination. 



Sample Injection Methods - Cold Injection Methods
PTV (Programmable Temperature Vaporizer) Injection System 



GC Detectors



GC Detectors

Features of GC Detectors. 
This table serve as a rough indication, it may be different depending 

on the compound chemical structure and analytical condition 

MS is explained in an another lesson



GC Detectors
Thermal Conductivity Detector (TCD)

- katherometer or hot-wire detector

- first universal detector developed for GC

Process

- measures a bulk property of the mobile phase leaving the column.

- measures ability to conduct heat away from a hot-wire (i.e., thermal conductivity)

- thermal conductivity changes with presence of other components in the mobile phase



GC Detectors
Flame Ionization Detector (FID) 

- most common type of GC detector

- “universal” detector capable of measuring the presence of almost any organic and many

inorganic compound

Process

- measures the production of ions when a solute is burned in a flame in presence of H2 and
Air.

- ions are collected at an electrode to create a current



GC Detectors
Barrier Discharge Ionization Detector (BID)

• The barrier discharge ionization detector (BID‒ is a universal detector that offers
high‒sensitivity analysis by using a low‒frequency dielectric barrier discharge plasma
for ionization.



GC Detectors
Electron Capture Detector (ECD) 

• radiation-based detector

• selective for compounds containing electronegative atoms,
such as halogens

• detects also polynuclear aromatic compounds, anhydrides and
conjugated carbonyl compounds

• useful for environmental testing



GC Detectors
Flame Photometric Detector (FPD) 

• The detection principle is the formation of excited sulphur (S2*) and excited hydrogen 
phosphorous oxide species (HPO*) in a reducing flame. 



GC Detectors
Sulfur Chemiluminescence Detector (SCD) 
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Linear retention index



Relative retention time (RRT)

RRT 

(relative retention time) 

= t’rB / t’rA

• t’rA= retention time of a

reference analyte intentionally

added or naturally present

RRT depends on the stationary phase  support identification of the 

analytes by comparison with reference using the same stationary phase
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Linear retention index (Kovats retention index)



More than one candidate

with the same similarity
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 Spectral similarity

 Low reliability of commercial libraries

GC-MS and FAMEs: some disadvantages
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