
 

1

12, p. 188195 and Chapter 13, p. 202205.
97103, Chapter 7, p. 104128, Chapter 8, p. 138144, Chapter 9, p. 145155, Chapter 
M. Miller Copyright © 2009 John Wiley & Sons, Inc., Chapter 4, p. 5961, Chapter 6, 
Literature:  Basic Gas Chromatography, Second Edition, by Harold M. McNair and James 

Some recent developments in GC.6.

Derivatization and applications.5.

Qualitative and quantitative analyses, incl. Kovats Index (retention index).4.

Temperature programming.3.

Detectors.2.
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Topics for today's lecture are:

Gas  Chromatography 



Injector

• The capillary column contains very little amount of stationary 
phase

– For example, a 25 m column has approx. 10 mg phase

• Inject very small volumes (typically 0,1-1µL)

• Split/Splitless injector (most common)

• Other injectors

 – For example, it is possible to inject large volumes (‘large 
volume injection or LVI’) by using a Programmed Temperature 
Vaporization (PTV) injector.
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Split/Splitless injector (SSL)

Capillary column
1:10 – 1:1000

Septum valve

Syringe

Tº = 200-250

Carrier gas
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Split versus Splitless injector mode

The gas flow passes through the septum purge 
and the split vent. This configuration is 
called the split mode because some of the 
gas in the injector exits though the split 
vent. Some of the sample injected into the 
injector by the sample syringe will get 
vaporized and escape through the split vent. In 
the above example, the split ratio is 1/49 
because 49 parts of the sample is injected, 
and 1 part goes on column. 

In the splitless mode all the analyte 
sample vaporized in the injector goes 
onto the column because the split 
valve is closed (not split). Splitless 
mode increases the sensitivity and is 
commonly used for trace analysis, i.e., 
trace amounts of analytes.
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Analysis in split and splitless mode

Chromatograms of the pharmaceutical 
excipient cetostearyl alcohol (4 mg/ml) 
injected in a GC splitless mode (A) and split 
mode (B). In the splitless mode, all the 
sample is introduced onto the column and 
the injector purge valve remains closed for 
0.5–1 min after injection. In splitless mode 
the peak shapes are poor due to 
overloading of the column with too much 
sample.

GC-conditions: Flow through column 
1 ml/mi, flow out of split vent 20 ml/min. 
Column Rtx1 15 m x 0.32 mm i.d. x 0.5 μm 
film, programmed 100 oC (1 min) then 10 
oC/min to 290 oC.

Splitless mode 

Split mode (1:20)

n = 12, 14, 16

Cetostearyl alcohol 
(mixture of fatty acid alcohols)



Liner

• The inlet liner prevents catalytic reactions 
between the sample and the surface of the 
injector.

• Different types.

• How to choose the right inlet liner?
 Many inlet liners are available for use in GC, (differ 

in geometric configuration/design, volume, base 
material (borosilicate, quartz, or metal) etc. 

 Different styles of liners are used for different types 
of samples (liquid or gaseous) and injections (split, 
splitless, on-column, or direct). The choice of GC 
inlet liner can be greatly simplified by basing the 
decision on the type of injection that will be used.6



Other injection methods including specific 
sampling methods

Other Injection methods

• PTV (Programmed Temperature Vaporisation) injection.

• On-column.

Sampling methods/techniques

• Sample solubilized in solvent incl. solvent extraction, 
extraction of essential oils, elution of headspace 
samples.

• Samples collected by a fibre (SPME: Solid  Phase Micro Extraction) - 
static headspace

• Samples collected by dynamic headspace and purge & trap.
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Programmed Temperature Vaporization (PTV) injection

 A PTV, is a complete injector, which can 
be rapidly heated and cooled allowing 
the sample to be introduced in liquid 
form at cool temperatures and then to 
be vaporized rapidly. 

 Numerous PVT injectors commercially 
available can operate in split and 
splitless modes, and in some cases, on-
column injection, depending on the type 
of liner chosen. 

 Injector designs for the PTV are usually 
similar to non-programmable versions 
except for the inclusion of rapid 
heating and cooling facilities. These 
facilities may include the ability to use 
different programming ramps and 
cryogenic cooling. PTV injectors are 
often operated with packed liners 
depending on the type of application. 

PTV injector
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General advantages of PTV are:

• Reduced needle – and injector discrimination (cold needle injection).

• Large volume injection (LVI) and on-column injection possible.

• Removal of the sample solvent prior to injection.

• Holding back of non-volatile sample components in the liner.

• Good accuracy and reproducibility.

• Cold trapping of samples in the injector and the top of the (pre) 
column.

A disadvantage with PTV injector is that it requires special hardware and 
a control unit, which makes the system relatively expensive.

Advantages and disadvantages of PTV injectors
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On-column injection
On-column injector 

(schematic view)
 In on-column injection, a liquid sample is 

introduced directly into the column with a thin 
injection needle. 

 During the temperature program, the vapour 
pressure of the solutes increases, and the 
chromatographic process begins. With this 
injection technique no evaporation in a 
heated space takes place. 

 By using an initial temperature below the 
boiling point of the solvent, selective 
evaporation and, hence, discrimination is 
precluded. This makes on-column injection 
the method of choice for all samples 
containing high-boiling components that 
would not be quantitatively transferred to the 
column in split- and splitless injection. 
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Analysis of an n-alkane standard 
with on-column and split injection. 

In on-column injection no intermediate evaporation step is used. 
Consequently, the composition of the sample that is introduced on to the column 
must be exactly equal to the original composition as also shown in the figure 
above. . 

On-column versus split injection
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Sample solubilized in solvent: extraction of volatiles 

Liquid-liquid extraction

Steam distillation

Elution of dynamic 
headspace samples
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SPME

SPME, is a sampling technique that 
involves the use of a fiber coated with 
an extracting phase (liquid polymer or a 
solid sorbent), which extracts different 
kinds of analytes (volatile and non-
volatile) from a liquid or gas phase. The 
quantity of analyte extracted by the fibre 
is proportional to its concentration in the 
sample at equilibriium or in case of 
short time pre-equilibrium with help of 
for example agitation.

Polydimethylsiloxane (PDMS)
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SPME is a static headspace technique 

Static headspace
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SPME: Advantages and disadvantages
Advantages

 Fast (short analysis time)

 Solvent elimination.

 Simple analysis conducting and maintenance

 Low analysis cost 

 Easiness of automation.

 On-site sampling and potential for field application.

 SPME samples can be stored without loss of volatiles.

 Excellent for target analytes.

Disadvantages

• Limit number of commercially available stationary phases (fiber materials) only 
roughly covering the scale of polarity of target compounds and therefore not 
always suitable for extracting volatiles from complex extracts.

• Analytes may have different affinity to the fiber and therefore are in competition 
regarding the absorption to the fiber even at equilibrium, thus the composition 
of analytes on the fiber does not reflect the composition of the sample.

• Low effectiveness due to small amounts of extracting phases (e.g., PDMS).
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Dynamic headspace and purge & trap 

 Dynamic headspace sampling involves purging the headspace with a large known 
volume of inert gas (typically N2), which ultimately removes most of the volatile 
compounds. Exceptions would be those compounds showing a strong affinity for the 
sample matrix, such as polar compounds in aqueous samples. The volatiles are retained 
in an adsorbent trap (collected) consisting of a polymer such as porapak Q or Tenax TA 
with high affinity to non-polar compounds.

• Purge and trap sampling is a type of dynamic headspace technique where the sample is 
purged with an inert gas (N2 or He) and the volatiles are then trapped on the adsorbent 
trap.

• The volatiles are released from the adsorbent materials by elution with an organic solvent 
(porapak Q, Tenax TA) or thermal desorption (only Tenax TA). 16



Dynamic headspace a versatile technique for trapping 
volatiles
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Porapak Q is a porous ethylvinylbenzene and divinylbenzene copolymer consisting of 
spherical beads with consistent particle size, porosity and surface area. The copolymer is 
not heat resistant but is resistant to all organic solvents and efficienty trap volatiles with 
different polarities.

Tenax TA is a poly(2,6-diphenyl-p-phenylene 
oxide) porous polymer, which is stable to 375 °C 
and gives insignificant bleed of organics. It is 
suitable for the efficient trapping of low to medium 
polarity compounds and these can then be 
recovered either by solvent extraction (not resistant 
to chlorinated organic solvents) or thermal 
desorption.

Adsorbents materials for dynamic headspace and 
purge & trap 

18



Thermal desorption (principles)
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Common types of GC detectors
but there are many more

Detector type Detector principle Selectivity Detectability (LOD)

FID Flame ionization Most organic compounds 100 pg

TCD Thermal conductivity Universial 1 ng

ECD Electron capture Halides, nitrates,  nitriles, 
organometallics

50 fg

NPD Nitrogen-phosphorous 
or thermionic

N- and P- containing 
compounds

10 pg

FPD Flame photometric S- and P- containing 
compounds and others 
(e.g, B, Se, Cr)

100 pg

PID Photoionization Organic compounds incl. 
organometallics

2 pg

IRD (FT-IR) Infrared Organic compounds In the ng range

MSD Mass spectrometric Organic compounds in the ng range

GC-O Olfactometry Operators nose Depends on nose 
and odor threshhold

20



Common commercially available detectors
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Flame ionization detector  (FID)
 The operation of the FID is based on the detection of ions formed during combustion of 

organic compounds in a hydrogen flame. The generation of these ions is proportional to 
the concentration of organic species in the sample gas stream and thus the FID detector is 
able to detect all organic compounds.

 The FID signals is proportional to the number of carbon atoms in a hydrocarbon molecule; 
the presence of heteroatoms usually reduces the signal.
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Thermal conductivity detector (TCD)

The filament’s electrical resistance  
varies with the composition of the  
surrounding gas.

He must be used as the carrier gas  
because of its low heat conductivity.

 The TCD consists of an electrically heated filament in a temperature-controlled cell 
(se figure below). When an analyte elutes and the thermal conductivity of the column 
effluent is reduced, the filament heats up and changes resistance often sensed by 
a Wheatstone bridge circuit, which produces a measurable voltage change. 

• Universal detector.
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The detector in TCD - Wheatstone bridge circuit

 TCD senses changes in the thermal conductivity of the column eluent and 
compares it to a reference flow of carrier gas. Most compounds have a 
thermal conductivity much less than that of the carrier gases He or H2, so 
when an analyte elutes from the column the effluent thermal conductivity is 
reduced, and a detectable signal (resistance) is produced. 

• The resistance is sensed by the Wheatstone bridge ciurcuit. The column 
effluent flows over one of the resistors while the reference flow is over a 
second resistor in the four-resistor circuit (se figure below).

Schematic view of thermal 
conductivity detector 
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Gas chromatography–mass spectrometry (GC-MS)

The most common MS mass filters (detectors) in connection with GC-
MS today are:

 Quadrupole mass spectrometer

 Ion trap mass spectrometer

Detection of ions in an ion 
trap mass spectrometer

Detection of ions in a 
quadrupole mass 

spectrometer

25



 In MS the mass-to-charge ratio of ions is measured generating a mass spectrum (a 
plot of intensity as a function of the mass-to-charge ratio). 

 The ions generated depends on the ion source, which is a central part of the mass 
spectrometer. The ions are transported by magnetic or electric fields to the mass 
analyzer.

 Many ionization techniques exists and the most common used are: 

 Electron ionization or electron impact ionization (EI)
 Chemical ionization (CI)
 Electrospray ionization (ESI)
 Atmospheric-pressure chemical ionization (APCI)

 In connection with GC, the ionization most used is the EI because it gives a high 
degree of fragmentation, yielding highly detailed mass spectra which can provide 
important information for structural elucidation/characterization and facilitate 
identification of unknown compounds by comparison to mass spectral libraries (e.g., 
The National Institute of Standards and Technology (NIST) database) obtained under 
identical operating conditions.

• EI is, however, not suitable for coupling to HPLC, i.e. LC-MS, since at atmospheric 
pressure, the filaments used to generate electrons burn out rapidly. Thus, EI is coupled 
predominantly with GC, i.e., GC-MS, where the entire system is under high vacuum.

Mass spectrometry and ionization methods
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GC-MS spectra

The electrons are accelerated to 70 eV 
in the region between the filament and 
the entrance to the ion source block
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GC-MS spectra

MW: 165 Da

MW: 165 Da
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Collection of plant particles 
from feverfew (‘matem’ in 
Danish) by the use of an 
high-volume air sampler

MW: 248 Da

Melting point: 115-116 ºC (lit.)

Boiling point: 394.1 ± 42.0 ºC at 760 
mm Hg (predicted) 29

Contact allergen causing airborne 
contact dermatitis

O

O

O

Parthenolide
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High-volume air sampler filter after collection of plant 
particles from feverfew and extracted with ethanol 

(HIVAS extract)
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Parthenolide-3 #6193 RT: 23,99 AV: 1 SB: 135 23,77-23,82 , 24,06-24,53 NL: 5,57E5
T: + c Full ms [ 15,00-650,00]
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RT: 0,00 - 43,81
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GC-MS extracted ion chromatogram of parthenolide (PHL) standard 
and a high-volume air sampler (HIVAS) filter extract
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GC-MS selected ion monitoring 
(SIM) chromatogram of parthe-
nolide (PHL) standard and 
HVIVAS extract, respectively. 
The selected ions in the GC-
MS SIM acquisition method 
were m/z 145, 190 and 248 
(molecular ion).
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 GC-MS analysis was performed on a Trace DSQ single quadrupole mass spec-
trometer operated at 70 eV and directly coupled to a Trace GC equipped with a 
split/splitless PTV injector (split flow 10 mL/min, 200 oC) and a Zebron capillary 
column (30 m x 0.25 mm internal diameter, film thickness df = 0.25 µm, ZB-1, 
Phenomenex.). Helium was the carrier gas at a constant column head pressure of 10 psi. 

 The temperature of the column and transfer line was 200 oC. GC-MS was performed on 2 
µL HIVAS extract. Compounds in the HIVAS extract were separated by the following 
oven temperature gradient: 32 oC for 1 min, programmed to 260 oC at 10 oC/min 
followed by constant temperature for 20 min. The mass spectrometer was operated in 
full scan mode over a mass range from 39 to 650 amu and analysed for PHL. PHL was 
detected in the HIVAS extracts by selected ion monitoring (SIM) by setting the mass 
selective detector to repeatedly scan for the following ions m/z 145, 190 and 248 
(molecular ion) = extracted ion chromatogram. 

 Quantification of PHL in the HIVAS extracts was performed in SIM mode using PHL as 
external standard. The calibration curve was determined to be linear in the concen-tration 
range 50–1000 ng/mL (r2 = 0.988). The detection limit of PHL was determined from the 
calibration curve to be 20 ng/mL (Signal to noise (S/N) = 10) in SIM scan mode and the 
quantification limit to be 50 ng/mL (S/N = 3).

Experimental conditions for the analysis of parthenolide 
(PHL) in HIVAS extract by GC-MS



Types of GC-columns 
from Zebron

Non-polar

Polar

35

Why use a non-polar capillary 
column for the GC analysis of 
parthenolide when parthenolide 
is polar?



GC-Fourier-Transform Infrared spectroscopy (FTIR)

GC-FTIR allows to quick identifying functional groups in unknown substances, based on the 
retention behavior of the analytes and the IR absorption bands. IR complement the 
information afforded by MS, in achieving structural identification of volatile and semi-volatile 
molecules. Moreover, by measuring small energy differences based on rotational and 
vibrational amplitudes between individual molecular bonds, FTIR spectroscopy enables to 
overcome one limitation of MS detection, in discriminating isomeric compounds 36



GC-FTIR
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GC-O
GC-Olfactometry, GC-Sniff
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GC-O
GC-Olfactometry, GC-Sniff
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GC-O
GC-Olfactometry, GC-Sniff

FID

Sniff

Together

40

Peaks under the detection 
limit of GC-FID



Aroma compounds and their contribution to flavour of foods

Nasal cavity

Receptor proteins
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Methods for the determination of important aroma 
compounds in foods by ved GC-olfactometry (GC-O)

Common GC-O (‘GC-sniff’) methods

 Osme (time-intensity). Assessment of aroma and intensity over time of min. 4 
judges at a specific concentration.

 AEDA (»Aroma Extraction Dilution Analysis«) [dilution]. Assessment of aroma 
by dilution of the sample. Few judges (min. 2).

 CharmAnalysis (dilution). Assessment of aroma over time by diluting the 
sample. Few judges (min. 2). 

 NIF and SNIF (frequency). Assessment of aroma at one concentration (NIF) 
and over time (SNIF) of min. 8 judges.
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Collecting aroma compounds by dynamic-headspace 
technique 

Elution of trap with a volatile organic 
solvent and adding an int. std.

Pretreatment

Evaporation under 
nitrogen 

Analysis

Analysis 

Identification and quantification
GC-FID, GC-MS,GC-MS/MS, LVI-
GC

Dynamic headspace (trapping 
aroma compounds/volatiles on 
a polymer) 

Thermal desorption
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Analysis af headspace ekstrakt from carrots by GC-MS

Injection af 1 μl koncentratet headspace extract sample (2 ml → 150 μl) 

TIC = Total Ion Count
44



Major volatiles and central aroma compounds in carrots 

Monoterpenes

Sesquiterpenes
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(E)-g-Bisabolene

Limonene b-Myrcenep-Cymene g-Terpinene

H

H

b-Caryophyllene

Terpinolene b-Pinene

(Z)-g-Bisabolene

a -Pinene

a-Humulene



Determination of central aroma compounds in carrots by 
GC-olfactometry  (AEDA)
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Important aroma compounds in carrots determined by GC-O (AEDA)

Identified compounds olfactory description flavour dilution 
factor

concentration ng/50g/h

Duke’ ‘Cortez’

-Myrcene terpene-like, sweet 128 2330b 8750a

Terpinolene sweet, fruity, citrus 32 13500b 17700a

-Caryophyllene woody, spicy, terpene-like 32 11500b 40700a

(E)--Bisabolene soapy, spicy 32 7160b 10400a

-Pinene carrot top 16 7780a 4680b

Valencene soapy, sharp, 16 756a 477b

-Terpinene herbaceous 8 140b 268a

(Z)--Bisabolene soapy 8 205b 949a

Camphene spicy 4 194b 270a

-Phellandrene fresh green, carrot top 4 21b 173a

-Terpinene herbaceous, citrus, fruity 4 4220b 9070a

-Humulene spicy, carrot top 4 740b 2540a

Caryophyllen oxide citrus 4 230a 350a

Limonene sweet, citrus, fruity 2 1360b 2120a

p-Cymene carrot top 2 5340a 5280a

-Pinene carrot top, sweet, fruity 1 1730a 1630a
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Temperature programming

 Isothermal GC involves maintaining a 
constant oven temperature throughout 
the GC run. Isothermal temperature 
conditions are used for solutes with 
similar retention. Retention differences 
for dissimilar solutes (e.g., complex 
samples with analytes of different polarity 
and structure) can be quite severe in 
isothermal GC. Peak widths increase 
with retention for isothermal conditions 
(a). For these reasons, isothermal 
conditions are only suitable for a limited 
number of analyses. 

 Most analyses require the use of a 
temperature program (temp. gradient). A 
temperature program involves heating 
the oven at a controlled rate during the 
run. This allows faster analysis of 
solutes with dissimilar retention, and 
there is very little peak broadening with 
an increase in retention (b). 

4 8



Isothermal GC analysis of related compounds 

Acetic acid
Propionic acid 
 Isobutyric 
acid

C2
C3 

 
C4

118 -119oC
141oC
155oC

Butyric acid C4 163.5oC
Isovaleric acid C5 175 -177oC
Valeric acid C5 186 -187oC
Isocaproic acid C6 199 -201oC
Caproic acid C6 205.8oC
Heptanoic acid C7 223oC 49

The stationary phase nitroterephthalic acid modified 
polyethylene glycol in a FFAP column. Highly polar 
column used to separate violatile fatty acids
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GC trace analysis for menthone, menthol and menthyl acetate in splitless mode under 
isothermal conditions (110°C for 12 min. ) (A) and temperature programming (60°C (1 min) 
30°C/min to 120°C for 9 min. (B).

 In the splitless mode, the sample must be 
efficiently trapped at the head of the 
column. For this to occur, it must be 
sufficiently involatile.

 If the sample is relatively volatile, it must be 
injected into the GC in a low-volatility 
solvent, which will condense at the head of 
the column, trapping the sample in the 
process. 

 In figure A the effect of too high a starting 
temperature on the trapping of a volatile 
analyte resulting in misshapen peaks, which 
can be corrected by lowering the starting 
temperature and then programming the GC 
temperature to rise.

Effect of isotermal GC analysis in splitless mode



ºC 
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 = kB/kA = (tRB  tM / tRA  tM) (selectivity) usually  

N = (tR/)2 = 5.54(tR  / W1/2)2 (number of theoretical plates) = Efficiency

VR =  tR  Fc (retention volume) tR = tM + t’R (total retention time)

Effect of temperature increase and separation problems 
with isotermal GC analyses

Temperature increase:

 



k = t’R / tM  (retention factor)  

Efficiency

Selectivity



Temperature programs
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Temperature gradient GC analysis

• Temperature gradient (GC) ≈ eluent strength (HPLC)

1.5 ºC/min 4 ºC/min

8º C/min 16 ºC/min

50  275ºC
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Effect of gas velocity in GC analysis

11 cm/s 30 cm/s

53 cm/s 105 cm/s

54
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Using He gas, the separation is virtually unchanged across the range from 20 to 47 cm/s linear 
velocity. With N2 gas, however, the separation deteriorates at 47 cm/s linear velocity. This 
occurs because the optimal linear velocity range for N2 is narrower than for He (see below).

Xylene
(ortho, meta and para)

Effect of gas velocity for different carrier gasses in GC 
analysis

Van Deemter curve (plot)



Qualitative analyses

Chromatographic peaks come 
 without name !!!

Chromatographic peaks can be
compared with a standard
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Dual detection
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Dual detection
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Kovats Retention Index
 The Kovats retention index (Kovats index (KI), retention index (I)) constitute a reliable 

method for measuring the retention behavior of solutes in GC. The index is named after 
the Hungarian-born Swiss chemist Ervin Kováts. The Kovats index simply 
convert retention times into system-independent constants. 

 Kovats index uses a homologous series of n-alkanes as standards. For n-alkanes 
the intermolecular forces are relatively constant, and the separation is controlled 
primarily by differences in vapor pressure (boiling points). The chromatogram, 
which is produced shows a linear logarithmic relationship between carbon numbers 
and adjusted retention time (see next slide). 

 To find the Kovats index for a given solute X on a given stationary phase, members of 
the n-alkane series are chromatographed and plotted. Then the solute X is run under 
the same conditions and its Index value is determined from the graph. If the flow rate 
is kept constant, then adjusted retention times or volumes can be plotted. The Kovats 
index for compound X in isothermal GC can also be calculated from the equation:

IX = 100n + 100[log(t’RX) − log(t’Rn)] / [log(t’R(n+1)) − log(t’Rn)]

where t’Rn and t’R(n+1) are adjusted retention times of the reference n-alkane 
hydrocarbons eluting immediately before and after chemical compound X with the 
adjusted retention time  t’X.

 Kovats, E., Helv. Chim. Acta, 1958, 41, 19151932.



Plot of retention time (or volume) vs. carbon number 
(isothermal GC analysis)
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Adjusted retention volume and retention time: 

V'R  =  t'R   Fc , where t’R = tR  tM and Fc = column flow (kept constant)
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Calculation of Kovats Retention Index

IX = 100n + 100[log(t’RX) − log(t’Rn)] / [log(t’R(n+1)) − log(t’Rn)] 

Because t’R = tR  tM and tM is the same during the isothermal GC analysis,  the Kovats 
Retention Index equation is also often formulated by total retention time as follows:

IX = 100n + 100[log(tRX) − log(tRn)] / [log(tR(n+1)) − log(tRn)] = 100  6 + 100  (log 

8.25  6.50 / log 11.25  log 6.50) = 600 + 100  (0.1035/0.2382) = 644 



”Kovats index” for temperature programmed gradient 
GC analysis (non-isothermal)
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 The limitation in isothermal GC 
is that it is difficult to elute n-
alkanes with a high number of 
carbon atoms and other 
compounds with high boiling 
points resulting in peak 
broadening.

 The limitations in the elution of 
high boiling compounds in 
isothermal GC can be solved 
by applying linear temperature 
programming gradient where 
the n-alkanes elute in a linear 
mode.
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 In 1963 Van den Dool and Kratz developed a relative retention index based on the work of 
Kovats that can be applied under linear temperature-programming conditions solving the 
limitations of the isothermnal Kovats Index. 

 The index of Van den Dool and Kratz is often referred to as the retention index (RI or I), 
linear retention index (LRI) or programmed-temperature retention index (PTRI or IT) 
and can be calculated from the following equation:

”Kovats index” for temperature programmed gradient GC 
analysis (non-isothermal)

IX = 100n + 100 (tRX − tRn / tR(n+1) − tRn) 

where tRn and tn+1 are retention times of the reference n-alkanes eluting immediately before 
and after chemical compound “X”; and tx is the retention time of compound “X”.

Van Den Dool, H., Kratz, P.D., J. Chromatography, 1963, 11, 463-471.
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Calculation of retention index depends on the GC analysis 
conditions

 Capillary column stationary phase, the operational variables, such as carrier gas flow-
rate, stationary phase film thickness, polarity of the column and temperature 
programming (e.g., linear versus isothermal), can alter an analyte’s retention time, thus 
retention index reproducibility represent an uncertainty in calculating retention indices (I) 
even though the index is relative.

 Retention index (I) values are, however, reliable if they are compared with I values 
obtained from capillary columns with comparable stationary phases (film thickness and 
polarity) and same type of temperature programming (isothernmal versus gradient), 
although small differences in the retention index for the same compounds are common.   

Retention times obtained by 
isothermal GC

IX = 100n + 100 (tRX − tRn / tR(n+1) − tRn) =  

    = 600 + 100 (8.25  6.50 / 11.50  6.50)) = 635 

Why are these 
retention index 
values different?
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(A) Peppermint oil analysed on a BPX-5 
column (12 m × 0.25 mm i.d. × 0.25 μm 
film). Programmed 50°C (1 min), then 
5°C/min to 70°C, then 10°C/min to 200°C. 

(B) n-alkanes C8-C16 chromatographed 
under the same conditions as in (A).

Retention index depends on 
the GC analysis conditions
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(A) Peppermint oil analysed on a carbowax 
column (15 m × 0.25 mm i.d. × 0.5 μm film). 
Programmed 50°C (1 min), then 5°C/min to 
70°C, then 10°C/min to 200°C. (B) n-alkanes 
C10-C18 chromatographed under the same 
conditions.

Retention index depends on 
the GC analysis conditions

(B) n-alkanes C10-C18 chromatographed 
under the same conditions as in (A).
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Data from Kjeldsen, Christensen & Edelenbos. J. 
Agric. Food Chem. 2003, 51, 5400−5407
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Important in the calculation 
retention index:

1. The series of standards 
(typically n-alkanes) that 
have been used to calculate 
the retention index. 

2. Indicate the type of column 
used.

3. Temperature programming.



Quantitative analyses

Area = b1/2  h
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Noise (‘Støj’)

 Noise is signal from the detector without sample.

 The minimum signal, that can be assumed  to be generated by a compound 
in the  sample must be 2 times the noise N:

S/N > 2
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Dynamic range and minimum detectable level 
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Minimum detectable level (MDL) or LOD of a sample component in the mobile phase that 
gives a detector signal is equal to twice the noise level and can be calculated from the 
measured sensitivity (S) and noise (N):

D = 2  N/S
where D is the minimum detectability, expressed either as concentration or mass-flow 
of the substance of interest in the mobile phase at the detector. Both sensitivity and 
minimum detectability must be determined for the same substance.

The Limit of Quantification (LOQ) is the lowest analyte concentration that can be 
quantitatively detected with a stated accuracy and precision (will be discussed in the 
lecture ‘Method validation’).



External standard method

• Compound X is to be quantified in a sample

• Ax (area) is known

• Cx  (concentration) is unknown

• Compound X is quantified by an external standard

– Both Area (Astd) and concentration are known (Cstd)

std

x
x   CstdA

A
C 
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Calibration curve

• Make a range of standards in the desired concentration area (check 
linearity)
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Internal standard method
• The response factor accounts for differences in detector response between the 

analyte(s) and the internal standard (IS). Calculation of relative response 
factor (F) between an analyte X and the internal standard (IS) is calculated as 
follows:

AX = kX  nX = kX  CX VX  (analyte X)  and AIS = kIS  nIS = kIS  CIS VIS

where kX and kIS are the the sensitivities for analyte X and internal standard (IS) 
towards the detector, respectively, and n = number of moles, C = concentration and V = 
volume.Taking the ratio of the two signals where VX = VIS (same sample) gives:

(AX / AIS) = (kX / kIS)  (CX / CIS)

The above equation is defined in terms of a ratio of the analyte(s) sensitivity and the 
internal standard sensitivity, and this ratio is called the relative response factor Frel. 
Thus, Frel between an analyte X and IS is given by the equation:

Frel  = (AX CIS  / AIS CX)

Frel can be calculated when AX , AIS, CX, and CIS are known.
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• The sample is analyzed with the IS added

– IS area (Ais) and concentration (Cis) are known and the analyte area in the 
sample (Ax) and the response factor between the analyte and IS is known, 
then the concentration of the analyte (Cx) can be calculated.
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Internal standard method

 CX = (AX / Frel AIS)  CIS 

• Often for complex samples the relative response factor (Frel) is assumed 
to be 1 for all analytes. This is especially the case for complex volatile 
samples. This equation is similar to the external standard equation.

 CX = (AX / AIS)  CIS 



Derivatisation

• Compounds that have poor volatility, poor thermal stability, or that 
can be adsorbed in the injector will exhibit non reproducible peak 
areas, heights and shapes.

• Usually derivatisation is used to improve the volatility and polarity 
and thereby to reduce the analysis time and temperature 
programming at high temperatures.   

• A good derivatizing reagent and procedure should produce the 
desired chemical  modification of the compound(s) of interest, and 
to be reproducible, efficient, and nonhazardous.
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1. androsterone
2. dehydroepiandrosterone (DHEA)
3. 17-α-estradiol
4. estrone
5. 17-β-estradiol
6. testosterone
7. derivatization by-product
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Derivatisation and GC analysis of steroids



Fatty acids (FA)

78



Fatty Acid Methyl Esters (FAME)
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Analysis of FAMEs
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The derivatization technique that can be used for the analysis of unstable cannabinoids 
involves N,O-Bis(trimethylsilyl)trifluoracetamide + 1% trimethylchlorosilane (BSTFA + 1% 
TMCS). This derivatization reagent targets –OH groups and replaces the hydrogens i with a 
trimethylsilyl group maling the compounds more volatile and thermostable.

Analysis of cannabinoids by GC

Cannabis (C. sativa)
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GC-FID analysis of derivatized cannabinoids
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Derivatisation of various functional 
groups for GC analysis

In general, the ease of reaction follows the order:

alcohols > phenols > carboxylic acids > amines > 
amides

The reagent is bis(trimethylsilyl)-trifluoroacetamide 
(BSTFA) + silylation reagent (e.g., trimethylchlorosilane 
(TMCS)) 



Examples of applications

• Oil/petrol industry / geology

• Pharmaceutical companies

• Narcotics

• Environment

• Biology (taxonomy)

• Food and aroma analysis

84



Geology for oil prospecting
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Oil industry

86



Oil industry
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Oil industry
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Oil industry
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Pharmaceuticals
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Narcotics
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Environmental analyses
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Taxonomy
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2D-GC
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2D-GC



2D-GC

Organochlorine pesticides in tomatoes 96
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0,20 mm I.D.
Capillary column

0,12 mm  
Optical fiber

Latest developments



Latest developments
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The inserted stationary phase-
coated fiber can decrease void 
volume, facilitate faster mass 
transfer, and thus improve 
column efficiency. Selectivity 
can be adjusted by using var-
ious stationary phase-coated 
fiber-in-stationary phase-
(un)coated capillary annular 
columns. 
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Latest developments
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