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Gas chromatography

Chromatographic methods

Separation techniques II. 



What is gas chromatography (GC)?

Gas chromatography is a chromatographic technique which
uses a stationary phase and a mobile phase.

• Mobile phase: gas

• Stationary phase: solid or liquid



Technique of gas chromatography

Column chromatography



Mechanism of gas chromatography

Absorption Distribution



Separation of compounds in gas chromatography

The separation is based on partition or distribution of the components or solutes

between two phases (mobile and stationary phase) in a dynamic system.



Separation of compounds in gas chromatography

1. Injecting the sample through a septum into a heated vaporizer port (liner) -

sample mixed with gas mobile phase

2. Mobile phase: through a capillary column separating the components based on

their ability to partition between the mobile phase and the stationary phase



Separation of compounds in gas chromatography

3. Interacting with the stationary phase + reaching the detector in the reverse

order of interaction strength

4. Detector - measuring physical or chemical properties → qualitative and

quantitative analysis of the separated components



Gas chromatography

Video about the main steps of GC analysis.



Video about the basics of GC.

Gas chromatography



Molecular interactions:

• responsible for absorption and distribution

• reversible

• weak bonds (dispersion (68-80%), induction, H-bond)

• polarity is important



Time the components spend in the stationary phase

• Retention time: tr

• Adjusted retention time:  tr’=ts=tr-tm

• Dead time/void time:  tm or t0

Chromatogram



Efficiency and selectivity

selective
efficient

not selective
efficient

selective
not efficient

Good separation!

not selective
not efficient



Factors affecting separation

• length and internal diameter of column

• type and thickness of stationary phase

• type and flow rate of mobile phase

• type of sample injection

• volume of sample

• temperature



1.

2.
3.

4.

5.

6.

1: Mobile phase, 2: Pressure controller, 3: Injector, 4: Column, 5: Detector, 6: Data system

The main parts of Gas Chromatograph



1. Gas system



1. Gas system: mobile phase or carrier gas and detector gases

• Inert gaseous mobile phase
- H2, He, N2, ( Ar)
- no interaction with molecules
- transportation of the components through the
column

• Detector gases

• In pressurized cylinders or generators

• High purity

• Pressure regulators to control the flow rate
Flow rate:
- 25-150 mL/min → packed column
- 1-5 mL/min → capillary column

The type and flow rate of carrier gas affects the separation (retention time
of components) → van Deemter equation.



2. Pressure Controller (Regulator)

1. meter: Pressure of gas
cylinder (200 bar).

2. meter: Controlled pressure
of carrier gas (5-7 bar).

1.
2.



3. Injector



• it is heated (volatilization)
• sample injection

- liquid (1 to 2 µL )
- gas sample (0.2 to 5 mL) 

• fast injection (plug of vapor-narrow sample band) 
• small sample volume and appropriate concentration
• manual and automatic injection
• many types

The volume of sample and concentration 
of the compounds affect the separation.

3. Injector



3. Injector
Split-splitless injector

Carrier
gas

Septum

Split vent

Septum purge

Capillary column

O-ring

Liner

Heated injector

Syringe

Microsyringe to inject sample

through a rubber septum into a

flash vaporizer port at the head

of the column.

Two injection modes:
• split mode: the split vent is open → for high concentration sample
• splitless mode: the split vent is closed → for trace analysis



Injection of liquid sample

Microsyringe



Gas tight microsyringe

Loop

Injection of gas sample



Headspace (solvent free injection)

Video about the headspace technique.

Injection of gas sample



A portion of gas phase is 
sampled and transferred to

the GC inlet. 
2
4

Gas phase

Septum

Thermostated vial

Sample phase
(Liquid or solid sample matrix)

Injection of gas sample

Headspace sampling

Equilibrium develops between
the sample and the gas phase in
the closed vial in a finite time.



Injection of gas sample

Headspace – GC system



4. Column



Watch this video about GC columns.

4. Column

Video about the GC columns.



Place of separation (stationary phase)

Packed column Capillary column

length 1,5-10 m 10-100 m

internal diameter 2-4 mm 0,1-0,5 mm

material stainless steel or glass fused silica

sample amount ml ml

flow rate 25–150 mL/min 1–25 mL/min

N (number of theoretical plate) up to 12 000 up to 60 000

Packed column Capillary column

4. Column



Wall-coated
open tubular

Porous-layer
open tubular

Support-coated
open tubular

Capillary column



Capillary column

Wall-coated open tubular column (WCOT)

Polyimide coating

Fused silica

Stationary phase



Classification of  capillary columns

Based on internal diameter (dc) of column:

• Micro capillary (dc < 150 mm „micro-bore”)

• Standard capillary (150 mm < dc < 500 mm)

• Macro capillary (dc > 500 mm „wide-bore”)

Based on film thickness (df):

• Thin film columns (df < 1 mm) 
(Small capacity, but high efficiency)

• Thick film columns (df > 1 mm) 
(High capacity, but small efficiency)

Polyimid
coating

Capillary
column Stationary

phase

d
f

d
c



Thermostate or oven

The GC columns are in the oven. 

We control the temperature of GC column via heated oven.
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For isothermal operation (red line), 
the GC is held at a steady temperature 
during the analysis. 

In temperature programmed 
GC (blue) the oven 
temperature is increased 
according to a temperature 
program during the analysis. 



Effect of oven temperature on the separation

A. Isothermal analysis

B. Programmed temperature

One difficulty with an isothermal separation is 
that the separation of a low-boiling solute may 
lead to an unacceptably long retention time
and broad peaks for a higher-boiling solute.

Temperature programming provides a solution 
to this problem.  At the beginning of the 
analysis we set the  initial temperature of the 
column below the boiling point of the solute 
with the lowest boiling point. As the separation 
progresses, we slowly increase the temperature 
at either a steady rate or in a series of steps.



Solid stationary phases

Types of absorbents:

• Organic (activated carbon, pearl polymers, Teflon)
• Inorganic (silica gel)
• Modified absorbents (graphitized activated carbon, graphitized

silica gel)

Absorbents are porous and high surface area materials.



Liquid stationary phases

The liquid stationary phases are bonded with covalents bonds to the inner
wall of the column.

Features:
• Low volatility
• Thermal stable
• Chemically inert
• Liquid at application temperature

Compounds:
• Polydimethyl-silicone
• Phenyl-methyl-silicone
• Polyethylen-glycol
• Cyanopropyl-silicone
• Nitrile
• Phthalates



Table 12.2: Selected Examples of Stationary Phases for Gas–Liquid Chromatography

stationary phase polarity trade name temperature 
limit (oC)

representative 
applications

polydimethyl siloxane slightly 
polar SE-30 300–350

alkaloids, amino acid 
derivatives, drugs, 

pesticides, phenols, 
steroids

phenylmethyl polysiloxane (50% 
phenyl, 50% methyl)

moderately 
polar OV-17 375

alkaloids, drugs, 
pesticides, polyaromatic 

hydrocarbons, 
polychlorinated 

biphenyls

trifluoropropylmethyl polysiloxane
(50% trifluoropropyl, 50% methyl)

moderately 
polar OV-210 275

alkaloids, amino acid 
derivatives, drugs, 

halogenated 
compounds, ketones

cyanopropylphenylmethyl
polysiloxane (50% cyanopropyl, 50% 

phenylmethyl)
polar OV-225 275 nitriles, pesticides, 

steroids

polyethylene glycol polar Carbowax 
20M 225 aldehydes, esters, ethers

Liquid stationary phases



Selection of GC column

Type of stationary phase (polarity)

The polarity of stationary phase is increasing.

1 2 3

The order of the components can change depending on the stationary phase type!



Factors affecting separation



5. Detector



The detector indicates the separated components and measures their physical or
chemical properties. We can use the detector signal for both qualitative
identification and quantitative determination of the separated components.

Dynamic range

Response
(signal)

Noise

Quantity of component
(concentration or mass) 

LOD: limit of detection
LOQ: limit of quantitation

GC detectors



– Ideal detector
• low detection limit
• linear response over a wide range of component concentrations
• sensitivity to all component or selectivity for a specific class of 

compounds

FID
flame ionization detector

GC-MS
mass spectrometer

ECD
electron capture detector 

TCD
thermal conductivity detector

GC detectors



GC detectors



Flame ionization detector (FID)

The flame ionization detector is an universal, highly sensitive 
detector for all organic compounds with a C-H bond. 

• The flame is mixed with hydrogen and air.

• The organic compounds enter the detector, they burn in 
the flame and, therefore, generate ions:
1. Pyrolysis: CnHm → n CH. + (m-n) H.
2. Oxidation: n CH. + n O. →n CHO.
3. Ionisation: n CHO. →n CHO+ + n e-

• The ions move towards the collector electrode, due to the 
potential difference between the jet and the electrode. 
The resulting ionization current is amplified and fed to the 
data system

• Large linear response range
(over 106–107)

• Detection limit
(pg)



Thermal conductivity detector (TCD)

• The TCD measures the difference in heat
conductivity between pure carrier gas and
carrier gas containing sample components.

• The core of the TCD is a filament, a thin wire
often made of tungsten, platinum or nickel.

• Since the resistance of this filament is
dependent on its temperature, a change in
temperature will result in a change in
resistance. This change can be detected
electronically.

• He or H2 is used as carrier gas

• Linear response range
(104–105)

• Poor detection limit
(ng)

The thermal conductivity detector is a universal, highly sensitive detector based
on the measurement of the thermal conductivity of a gas.



Electron capture detector (ECD)

• A (beta-ray) radio active source which ionizes
the carrier gas is located in the detector. A 
current is produced between two electrodes in 
the detector supplied with a potential 
difference and this is monitored as a 
continuous background current. 

• When there are electro-negative components 
present in the carrier gas, the background 
current is reduced, because these components 
capture electrons.

• N2 is used as carrier gas
• Linear response range

(105)
• Detection limit (depending on the chemical structure)

excellent (fg)

The electron capture detector is a selective detector for electro-negative 
compounds, especially halogens (F, Cl, Br).



Mass Spectrometer (MS) Gas Chromatograph (GC)

- Molecule Structure definition
- Qualitative identification
- Quantitative analysis

Transfer Line

Ion 
Source

Vacuum System

Mass AnalyzerDetector

Mass spectrometer detector (MSD)

Mass spectrometer (MS) can be used as a GC detector.



Chromatogram

Chromatogram

The chromatogram shows the detector response as a function of elution time:

• Retention time → qualitative analysis

• Peak area → quantitative analysis



Qualitative analysis

Main methods:

• Qualitative analysis with retention data
- Compare the retention time of the peak to the retention time
of a known compound
- Standard addition (Spike)
- Retention indexes 

• Qualitative analysis with specific detectors

• Qualitative analysis with GC-MS 



Qualitative analysis / retention indexes

Retention indexes:

• relative retention times are normalised to closely eluting n-
alkanes

• system independent and long-term reproducible

• it can be used for the qualitative identification of components



Kováts-index

The Kováts index (I) can be applied to organic 
compounds. The method interpolates peaks between 
bracketing n-alkanes and the adjusted retention times 
of normal alkanes, which increases logarithmically. 

Ervin Kováts



I is the Kováts index of the unknown
tR’(x) is the adjusted retention time of the unknown
tR’(n) is the adjusted retention time of the smaller alkane
tR’(n+2) is the adjusted retention time of the larger alkane

• Kováts index of n-alkanes is 100 times their carbon number.

e.g. Kováts index of n-Butane is 400. 

• The Kováts index is dimensionless. For isothermal gas 
chromatography, the Kovats index is given by this equation: 

Kováts-index



Example (Kovats index)



Retention indexes



Quantitative analysis

Main methods:

• Calibration method

• Standard addition method

• Internal standard (IS) calibration method



Calibration method

External calibration curve

Concentration or mass of component
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1) Measure the calibration
samples of known 
concentration, record the
chromatogram and get the
peak areas (detector
responses).

2) Represent the calibration
curve.

3) Measure the unknown
sample, record the
chromatogram and get the
peak areas.

We can calculate the 
concentration of unknown 
component(s) with the
equation of calibration curve.



Internal standard calibration method

Internal standard (IS):

• chemically similar to
analyte

• added same amount to the 
samples and calibration 
samles too

• compensation the 
variations of the injection 
volume and  the system
variables

We can calculate the 
concentration of unknown 
component(s) with the 
equation of calibration 
curve.

A/AIS

C/CISConcentration Ratio
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Calibration curve of internal standard method



Sample preparation before GC analysis

• Cleaning

• Extraction

• Concentration

• Derivatization



Derivatization

It is a chemical reaction that modifies a component so that it is easier to 
evaporate, separate or detect.

Derivatization increases volatility.



Applications of  GC

s



Environmental applications 



Forensic science



Food Industry



Petroleum Industry 



GC in space

Curiosity Rover Sample Analysis at Mars (SAM)

Titan Mission
Saturn’s largest moon

The Huygens gas 
chromatography–
mass spectrometry 
team concluded 
that methane rain 
occurs on the 
moon, and GC–MS 
can distinguish 
between two 
isotopic forms of 
carbon — carbon-
12 and carbon-13. 

https://mars.nasa.gov/msl/spacecraft/
instruments/sam/



Pharmaceutical applications
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Identification and determination of trace impurities (for example residue of 
solvent) in medicine or drug content.

min11 11.2 11.4 11.6 11.8 12 12.2 12.4 12.6

Norm.

5000

6000
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8000

9000

10000
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Drug content of medicine

butyl-hidroxi-anisol content2-propanol content

Residue of solvent



• Analysis of bioacitve compounds of medicinal plants
• Analysis of essential oils

Esstential oil of Choisya ternata Aurea

Pharmaceutical applications



Literature

Modern analytical chemistry David Harvey

http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Instrumental_Analysis/



Agilent Technologies 6890NGC-5975 MS

• See you on GC lab.

• INSTITUTE OF BIOANALYSIS

• Instructors:  Anita Bufa, Viktória 
Poór

Thank you for your attention!


