


Volatile organic compounds (VOCs): 

• Organic chemicals with a high vapour pressure at room temperature. 

• High vapour pressure results from a low boiling point.

• The World Health Organization (WHO) defined a VOC as any organic 
compound whose boiling point is in the range from 50-260 °C, 
corresponding to saturation vapour pressures greater than 100 kPa at 
25°C.



https://www.health.ny.gov/environmental/indoors/voc.htm



GC : most widely used analytical technique in the world

– Over 50 years in development

– 2000 instruments sold/yr

– 25000+ in use in industry, universities, government labs, hospitals

Most popular technique for the separation and analysis of volatile 

compounds

– Gases, liquids, dissolved solids

– Mostly organic, but also inorganic materials

Gas Chromatography





Two types of GC

GSC: based on a solid stationary phase. Analytes are retained by physical
adsorption (not used anymore).

GLC: the analyte partitions between the gaseous mobile phase and a liquid
immobilized on the walls of capillary tubing.

• Column Length (15-60 m) 
• Diameter (0.05-0.5 mm)
• Film composition (e.g. DB1, DB5) 
• Film thickness (0.1-5 um) 





http://www.restek.com/Chromatography-Columns/GC-Columns/GC-Column-Cross-Reference-Columns-by-Phase



https://www.agilent.com/cs/library/catalogs/public/5990-9867EN_GC_CSG.pdf



http://www.sge.com/support/training/columns/capillary-column-selection-guide



Effect of temperature: Figure 27-7



Example of oven temperature programming

http://www.chromacademy.com/chromatography-Optimising-GC-Temperature-Programming.html



Chromatographic parameters





Selectivity

 = 𝑘′2/𝑘
′
1



Number (N) and height (H) of theoretical plates

L = column length



Expression of the resolution as 
a function of global parameters:



The van Deemter plot and equation

•HETP = height equivalent to a theoretical plate, a measure of the resolving power of the 
column [m]
•A = Eddy-diffusion parameter, related to channeling through a non-ideal packing [m]
•B = diffusion coefficient of the eluting particles in the longitudinal direction, resulting in 
dispersion [m2 s−1]
•C = Resistance to mass transfer coefficient of the analyte between mobile and stationary 
phase [s]
•u = Linear velocity [m s−1]



Hage & Carr, Analytical Chemistry and Quantitative Analysis, Prenctice Hall, 2009.



In open tubular capillaries, A = 0. A is related to the multiple routes an 

analyte could take in a packed column.

HETP reaches a minimum value at a particular flow velocity. At this flow rate, 

the resolving power of the column is maximized. 





Identification of compounds: retention indices

• Retention index system first proposed by Kovats in 1958

• Requires standards with predetermined retention indices

• Standards bracket the unknown compounds

• Scale based on normal alkanes



Isothermal mode



Temperature programming mode







http://www.atsdr.cdc.gov/csem/csem.asp?csem=13&po=11



Each PAH (anthracene, fluorene, pyrene, and fluoranthene, 0.01 g) was dissolved in

a 10 mL mixture of acetonitrile and dichloromethane (4:1) to obtain a standard stock 

solution of 1000 mg/L.



Soil samples were collected from Tehran (Iran). 

All large stones and extraneous material were removed by hand. 

Then the soil samples were pulverized and passed through a 500-um sieve. 

After washing with water and acetone, they were dried at 105oC (24 h).

Then, the soil samples were air dried on trays at a temperature not exceeding 

30oC. 

Of each soil sample, 50.0 g was accurately weighed and an appropriate amount of 

the standard stock solution was added until methanol solution completely covered 

the soil sample.

Methanol was evaporated from soil samples and samples were dried at room 

temperature. 





A gas chromatograph (Buck Scientific model 910, USA) with a split/splitless

injector system and a flame ionization detector was used. 

Pure helium (99.999%) was used as the carrier gas. 

The injection port was held at 250oC and used in the splitless mode. 

A DB-5 (5% phenyl + 95% polydimethylsiloxane) fused-silica capillary column 

(30 m × 0.25 mm i.d. and 0.25 m film thickness) was used. 

The column oven was initially held at 100oC for 5 min, ramped to 265oC at a rate 

of 20oC/min, and remained at this temperature for 15 min.







• Analytes can be injected directly without derivatization

• Nowadays only GLC 

• Different detectors possible (FID, NPD, ECD, MS: next classes)

• Quantitative and qualitative analysis possible

• Not overly expensive, most chem labs have a GC



1. A mixture of the four compounds analyzed by 
gas chromatography (GC) produced the following result:

acetophenone benzophenone naphthalene pyridine

•Assign each compound to its appropriate peak. Justify.
•Give three parameters that could be changed to make all compounds 
elute faster.



2. Given the four following compounds: Acetone, acetaldehyde, 

ethane, ethanol.

a) What would be their elution order in gas chromatography (GC)? 

Justify.



3. Give the two gas chromatograms below, obtained without 
temperature programming, determine the retention indices for 
isooctane, 2,4-dimethylhexane and 3-methylheptane.


