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LECTURE 10 Gas Chromatography 

THIRD EXAM: 
Sept. 25, Wed.   
Gas Chromatography, HP Liquid Chromatograpy,  
Electroanalytical Techniques, Quality Assurance and Validation 
 
Reporting / Oral Exam    Sept 27, Sept 30, and Oct 2 
 
 
FINAL EXAM: 
Oct. 11 Friday, 1:30 – 3:30 PM, C114 
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Two major types 
• Gas-solid chromatography 

 (stationary phase: solid) 
• Gas-liquid chromatography 

 (stationary phase: immobilized liquid) 

GAS CHROMATOGRAPHY 

§  In gas chromatography (GC), the sample is vaporized and 
injected onto the head of a chromatographic column. Elution is 
brought about by the flow of an inert gaseous mobile phase.  

 
§  The mobile phase does not interact with molecule of the analyte; 

its only function is to transport the analyte through the column. 
 
§  Gas-liquid chromatography is based upon the partition of the 

analyte between a gaseous mobile phase and a liquid phase 
immobilized on the surface of an inert solid.  

GAS CHROMATOGRAPHY 
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INSTRUMENTS FOR GC 

   

Carrier Gas-Supply 
 Carrier gases, which must be chemically inert, include helium, 
nitrogen, and hydrogen.  

 

 Associated with the gas supply are pressure regulators, gauges, 
and flow meters.  

 
 In addition, the carrier gas system often contains a molecular 
sieve to remove water or other impurities. 
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§  Column efficiency requires that the sample be of suitable size and 
be introduced as a “plug” of vapor; slow injection of oversized 
samples causes band spreading and poor resolution.  

§  The most common method of sample injection involves the use of 
microsyringe to inject a liquid or gaseous sample through a self-
sealing, silicone-rubber diaphragm or septum into a flash 
vaporizer port located at the head of the column (the sample port 
is ordinarily about 50oC above the boiling point of the least 
volatile component of the sample). 

SAMPLE INJECTION SYSTEM 
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§  For quantitative work, more reproducible sample sizes for 
both liquids and gases are obtained by means of a rotary 
sample valve. 

  
§  Errors due to sample size can be reduced to 0.5% to 2% 

relative. 
§  The sampling loop is filled by injection of an excess of 

sample. 
§  Rotation of the valve by 45 deg then introduces the 

reproducible volume ACB into the mobile phase. 

SAMPLE INJECTION SYSTEM 
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§  Two general types of columns are encountered in 
gas chromatography, packed and open tubular, or 
capillary.  

§  Chromatographic columns vary in length from less 
than 2 m to 50 m or more. They are constructed of 
stainless steel, glass, fused silica, or Teflon. In order 
to fit into an oven for thermostating, they are 
usually formed as coils having diameters of 10 to 30 
cm. 

 

COLUMN CONFIGURATIONS 

Stainless steel 
capillary 
column (up to 
400° C) 

§  Column temperature is an important variable that must be 
controlled to a few tenths of a degree for precise work. Thus, 
the column is ordinarily housed in a thermostated oven. The 
optimum column temperature depends upon the boiling point of 
the sample and the degree of separation required.  

§  Roughly, a temperature equal to or slightly above the average 
boiling point of a sample results in a reasonable elution time (2 
to 30 min). For samples with a broad boiling range, it is often 
desirable to employ temperature programming, whereby the 
column temperature is increased either continuously or in steps 
as the separation proceeds. 

COLUMN OVENS 
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 Characteristics of the Ideal Detector: The ideal detector for 
gas chromatography has the following characteristics: 
 1. Adequate sensitivity 
 2. Good stability and reproducibility. 
 3. A linear response to solutes that extends over several orders 
     of magnitude. 
 4. A temperature range from room temperature to at least    

 400oC. 
  

DETECTION SYSTEMS 

  Characteristics of the Ideal Detector 
  

 5. A short response time that is independent of flow rate. 
 6. High reliability and ease of use.  
 7. Similarity in response toward all solutes or a highly selective    

 response toward one or more classes of solutes. 
 8. Nondestructive of sample.  

DETECTION SYSTEMS 
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DETECTION SYSTEMS 

  

 The flame ionization detector is the most widely used and 
generally applicable detector for gas chromatography.  

 
§  The effluent from the column is mixed with hydrogen and air and 

then ignited electrically.  
§  Most organic compounds, when pyrolyzed at the temperature of 

a hydrogen/air flame, produce ions and electrons that can 
conduct electricity through the flame. 

FLAME IONIZATION DETECTORS 
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§  A potential of a few hundred volts is applied.  
§  The resulting current (~10-12 A) is then measured.  
§  The flame ionization detector exhibits a high sensitivity (~10-13 

g/s), large linear response range (~107), and low noise. 
§  A disadvantage of the flame ionization detector is that it is 

destructive of sample. 
 

FLAME IONIZATION DETECTORS 
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 A very early detector for gas chromatography, and one that still 
finds wide application, is based upon changes in the thermal 
conductivity of the gas stream brought about by the presence of 
analyte molecules. 

§  The sensing element of TCD is an electrically heated element 
whose temperature at constant electrical power depends upon the 
thermal conductivity of the surrounding gas. 

§  The heated element may be a fine platinum, gold, or tungsten wire 
or a semiconducting thermistor. 

THERMAL CONDUCTIVITY DETECTORS 

§  The advantage of the thermal conductivity detector is its 
simplicity, its large linear dynamic range(~105), its general 
response to both organic and inorganic species, and its 
nondestructive character, which permits collection of solutes after 
detection. 

§  A limitation of the thermal conductivity detectors is its relatively 
low sensitivity (~10-8 g solute/mL carrier gas).  

§  Other detectors exceed this sensitivity by factors as large as 104 
to 107. 

THERMAL CONDUCTIVITY DETECTORS 
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§  The electron-capture detector has become one of the most widely 

used detectors for environmental samples because this detector 
selectivity detects halogen containing compounds, such as 
pesticides and polychlorinated biphenyls. 

§  The effluent from the column is passed over a β emitter, usually 
nickel-63. An electron from the emitter causes ionization of the 
carrier gas and the production of a burst of electrons. In the 
absence of organic species, a constant standing current between a 
pair of electrodes results from this ionization process. The current 
decreases markedly, however, in the presence of those organic 
molecules that tend to capture electrons.  

ELECTRON CAPTURE DETECTORS 

§  The electron-capture detector is selective in its response being 
highly sensitive to molecules containing electronegative 
functional groups such as halogens, peroxides, quinones, and 
nitro groups. 

§  It is insensitive to functional groups such as amines, alcohols, 
and hydrocarbons. 

§  An important application of the electron-capture detector has 
been for the detection and determination of chlorinated 
insecticides. 

ELECTRON CAPTURE DETECTORS 
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 The atomic emission detector is available commercially. In this 
device the eluent is introduced into a microwave-energized 
helium plasma that is coupled to a diode array optical emission 
spectrometer. The plasma is sufficiently energetic to atomize all 
of the elements in a sample and to excite their characteristic 
atomic emission spectra. 

ATOMIC EMISSION DETECTORS (AED) 
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 The thermionic detector is selective toward organic compounds 
containing phosphorus and nitrogen. Its response to a phosphorus 
atom is approximately ten times greater than to a nitrogen atom 
and 104 to 106 larger than a carbon atom. Compared with the 
flame ionization detector, the thermionic detector is approximately 
500 times more sensitive to phosphorus-containing compounds 
and 50 times more sensitive to nitrogen bearing species. These 
properties make thermionic detection particularly useful for 
detecting and determining the many phosphorus-containing 
pesticides. 

THERMIONIC DETECTORS (TID) 
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 Open Tubular Columns 
 Open tubular, or capillary, columns are of two basic 
types,namely, wall-coated open tubular (WCOT) and support-
coated open tubular (SCOT). Wall-coated columns are simply 
capillary tubes coated with a thin layer of the stationary phase. 
In support-coated open tubular columns, the inner surface of 
the capillary is lined with a thin film (~30 µm) of a support 
material, such as diatomaceous earth. This type of column 
holds several times as much stationary phase as does a wall-
coated column and thus has a greater sample capacity. 

GAS CHROMATOGRAPHIC COLUMNS 

 Packed Columns 
 

 Packed columns are fabricated from glass, metal (stainless steel, 
copper, aluminum), or Teflon tubes that typically have lengths of 2 
to 3 m and inside diameters of 2 to 4 mm. These tubes are 
densely packed with a uniform, finely divided packing material, or 
solid support, that is coated with a thin layer (0.05 to µm) of the 
stationary liquid phase. In order to fit in a thermostating oven, the 
tubes are formed as coils having diameters of roughly 15 cm.  

GAS CHROMATOGRAPHIC COLUMNS 
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 Solid Support Materials  
 The most widely used support material is prepared from naturally 
occurring diatomaceous earth, which is made up of the skeletons 
of thousands of species of single-celled plants (diatoms) that 
inhabited ancient lakes and seas. Such plants received their 
nutrients and disposed of their wastes via molecular diffusion 
through their pores. As a consequence, their remains are well-
suited as support materials because gas chromatography is also 
based upon the same kind of molecular diffusion. 

SOLID SUPPORT MATERIALS 
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 The efficiency of a gas-chromatographic column increases rapidly 
with decreasing particle diameter of the packing. The pressure 
difference required to maintain a given flow rate of carrier gas, 
however, varies inversely as the square of the particle diameter. 

PARTICLE SIZE OF SUPPORTS 

  
 Desirable properties for the immobilized liquid phase in a gas-
liquid chromatographic column include:  

1)    low volatility (ideally, the boiling point of the liquid should be at    
100oC higher than the maximum operating temperature for the 
column);  

2)    thermal stability;  
3)    chemical inertness;  
4)    solvent characteristics such that k` and α values for the solutes 

to be resolved fall within a suitable range. 
 The retention time for a solute on a column depends upon its 
distribution constant which in turn is related to the chemical 
nature of the stationary phase. 

THE STATIONARY PHASE 
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 To have a reasonable residence time in the column, a species 
must show some degree of compatibility (solubility) with the 
stationary phase. Here, the principle of “like dissolves like” 
applies, where “like” refers to the polarities of the solute and the 
immobilized liquid.  
 Polar stationary phases contain functional groups such as –CN,--
CO  and –OH. Hydrocarbon-type stationary phase and dialkyl 
siloxanes are nonpolar, whereas polyester phases are highly 
polar. Polar solutes include alcohols, acids, and amines; solutes of 
medium polarity include ethers, ketones, and aldehydes. 

THE STATIONARY PHASE 
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 Commercial columns are available having stationary phases that 
vary in thickness from 0.1 to 5µm. Film thickness primarily affects 
the retentive character and the capacity of a column. Thick films 
are used with highly volatile analytes because such films retain 
solutes for a longer time, thus providing a greater time for 
separation to take place. Thin films are useful for separating 
species of low volatility in a reasonable length of time. For most 
applications with 0.26- or 0.32-mm columns, a film thickness of 
0.26 µm is recommended. With megabore columns, 1- to 1.5 µm 
films are often used. 

FILM THICKNESS 
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 Gas chromatograms are widely used as criteria of purity for organic 
compounds. Contaminants, if present, are revealed by the 
appearance of additional peaks; the areas under these peaks 
provide rough estimates of the extent of contamination. The 
technique is also useful for evaluating the effectiveness of 
purification procedures. Retention times should be useful for the 
identification of components in mixtures. Gas chromatography 
provides an excellent means of confirming the presence or absence 
of a suspected compound in a mixture. 

QUALITATIVE ANALYSIS 

 The Retention Index  
 The retention index I was first proposed by Kovats for identifying 
solutes from chromatograms. The retention index for any given 
solute can be derived from a chromatogram of a mixture of that 
solute with at least two normal alkanes having retention times that 
bracket that of the solute. That is, normal alkanes are the 
standards upon which the retention index scale is based. The 
retention index for a normal alkane is equal to 100 times the 
number of carbons in the compound regardless of the column 
packing, the temperature, or other chromatographic conditions. 
Within a homologous series, a plot of the logarithm of adjusted 
retention time t`R (t`R = tR - t`M) versus the number of carbon 
atoms is linear. 

QUALITATIVE ANALYSIS 
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SAMPLE PROBLEM 
 
Use the Retention data given in the following table to calculate 
the retention index of 1-hexene 

Samples Retention time, min 
Air 0.571 
n-pentane 2.16 
n-hexane 4.23 
1-Hexene 3.15 
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y = 0.0036x - 1.6101 
R² = 1 
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 The detector signal from a gas-liquid chromatographic column has 
had wide use for quantitative and semiquantitative analyses. An 
accuracy of 1% relative is attainable under carefully controlled 
conditions.  Reliability is directly related to the control of 
variables; the nature of the sample also plays a part in 
determining the potential accuracy. 

QUANTITATIVE ANALYSIS 
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NORMALIZATION METHOD 

The areas of all the eluted peaks are computed. 
The areas are corrected for detector responses to different compount types. 
 
The concentration of the analyte is found from the ratio of the areas to the total 
ares of all the peaks. 

SAMPLE PROBLEM 
To determine the relative response factors of butyl alcohols, standard 
samples of was prepared and the gas chromatogram was observed 

Alcohol Weight % alcohol Peak Area Wt %/Area Rela Response 
Factor 

n-butyl 0.1731 24.61 3.023 8.141 1.000 
i-butyl 0.1964 27.92 3.074 9.083 1.116 
s-butyl 0.1514 21.52 3.112 6.915 0.849 
t-butyl 0.1826 25.96 3.004 8.642 1.062 
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A sample containing only four alcohols yielded the area data below. Calculate the 
weight percent of each alcohol present below: 
 
 
 

Alcohol Peak Area Area x RF Weight % 
Alcohol 

n-butyl 1.731 1.731 18.18 
i-butyl 3.753 4.188 43.99 
s-butyl 2.845 2.415 25.36 
t-butyl 1.117 1.186 12.46 

 Interfacing Gas Chromatography  
 with Spectroscopic Methods 

 
 Gas chromatography is often coupled with the selective techniques 
of spectroscopy, thus giving so-called hyphenated methods that 
provide the chemist with powerful tools for identifying the 
components of complex mixtures. 
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Gas Chromatography/Mass  
 Spectrometry (GC/MS)  

 
 The flow rate from capillary columns is generally low enough that the 
column output can be fed directly into the ionization chamber of the 
mass spectrometer. For packed columns and megabore capillary 
columns however, a jet separator must be employed to remove most 
of the carrier gas from the analyte.  


