
Chapter 27 Gas Chromatography 

 

27A   Principles of Gas-Liquid Chromatography 

27A-1  Retention volumes 

 

To take into account the effects of pressure and temperature in 

GC, it is often useful to use retention volumes rather than the 

retention times that were discussed in Section 26B. 

 

                       VR = tRF    and    VM = tMF    

                    (F: average volumetric flow rate) 

              



(Corrected retention volume) 
 
   V0

R = jtRF and V0
M = jtMF 

  

(Specific retention volume) 



27A-2  Relationship Between Vg and K 
 
The specific retention volume V can be related to the 
distribution constant Kc 



27A-3  Effect of Mobile-Phase Flow Rate 
 
Equation 26-23 and the relationships shown in Table 
26-3 are fully applicable to GC. 



http://www.restek.com/pdfs/GNBR1724-UNV.pdf 



27B  Instruments for Gas-Liquid Chromatography 
 
 
27B-1  Carrier Gas System  
 
The mobile-phase gas in GC is called the carrier gas and must be 
chemically inert. 
 



Fig. 27-1  Block diagram of a typical gas chromatograph 



Regulations of carrier gas 
Carrier cylinder bottled at about 2500 psi(150-160 atm) 

Two stage pressure regulator : 

     - first stage : high inlet pressure 

     - second stage : low outlet pressure 

                             ( set at 40~100psi) 

Gas generators 

* Classically, flow rates in gas chromatographs were regulated by controlling the 
gas inlet pressure. A two-stage pressure regulator at the gas cylinder and some 
sort of pressure regulator or flow regulator mounted in the chromatograph were 
used. Inlet pressures usually range from 10 to 50 psi (lb/in2) above room pressure, 
yielding flow rates of 25 to 150 mL/min with packed columns and 1 to 25 
mL/min for open tubular capillary columns. 

http://www.ilpi.com/inorganic/glassware/regulators.html 



Carrier gas purifiers 
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Oxygen trap 
Indicating oxygen trap 

Hydrocarbon trap 



Fig. 27-2   
A soap-bubble 
flow meter. 



Fig. 27-4  
Cross-sectional 
view of a 
microflash 
vaporizer direct 
injector. 

27B-2  Sample Injection System 
 
To achieve high column efficiency, 
the sample must be of a suitable 
size and introduced as a “plug” 
for vapor.  



Fig. 27-5 A rotary sample valve: valve position (a) is for filling the 
sample loop ACB; position (b) is for introduction of sample into 
column. 



For the most reproducible sample injection, newer gas chromatographs use 
autoinjectors and autosamplers, such as the system shown in Figure 32-5. With 
such autoinjectors, syringes are filled, and the sample injected into the 
chromatograph automatically. In the autosampler, samples are contained in vials 
on a sample turntable. The autoinjector syringe picks up the sample through a 
septum on the vial and injects the sample through a septum on the chromatograph. 
With the unit shown, up to 150 sample vials can be placed on the turntable. 
Injection volumes can vary from 0.1 mL with a 10-mL syringe to 200 mL with a 
200-ml syringe. Standard deviations as low as 0.3% are common with 
autoinjection systems. 

Figure 32-5  An autoinjection system with 
autosampler for gas chromatography. 



Fused Silica Capillary Columns 
A fused silica capillary column is comprised of three major parts. 

Polyimide is used to coat the exterior of fused silica tubing. The polyimide protects 
the fused silica tubing from breakage and imparts the amber-brown color of columns. 
The stationary phase is a polymer that is evenly coated onto the inner wall of the 
tubing. The predominant stationary phases are silicon based polymers 
(polysiloxanes), polyethylene glycols (PEG, Carbowax) and solid adsorbents.  

Capillary columns have to be properly 
installed to maximize their performance and 
lifetime. You can obtain enhanced column 
performance and lifetime by following these 
recommended installation guidelines. More 
detailed installation, operational and 
troubleshooting information can be found in 
the guidebook.  



Fig. 27-6   
Fused-silica 
capillary 
columns.  

27B-3  Carrier Gas System 
 
  Two general types of 
columns are used in GC, 
packed and open tubular, 
also called capillary.   





27B-4   Detection Systems 
 
 
      ▪  Characteristics of the Ideal Detector 







▪  Flame Ionization Detectors 

The flame  ionization detector

(FID)is the most widely used a

nd generally applicable detect

or for GC. 

  

 

Fig. 27-8 

A typical flame ionization  

detector. 



▪ Thermal Conductivity Detector 

    The thermal conductivity 

detector (TCD), which was one of 

the earliest detectors for GC, is 

still widely used. 

 

 

Fig. 27-9 

Schematic of (a) a TCD cell, and 

(b)and arrangement of two 

sample detector cells and two 

reference detector cells. 



▪  Electron-Capture Detectors 

As shown in Fig 27-10, the sample eluate from a column is passed 

over a radioactive β emitter, usually nickel-63. 

Fig. 27-10  Schematic 

diagram of an ECD. 



A leak test of an ECD containing nickel-63 (63Ni) must be performed at 
intervals not to exceed six months.   
The test must be performed in accordance with the manufacturer's 
instructions, or by wiping the gas intake and outlet surfaces.  
 
NOTE: Never attempt to directly wipe the inner surface of the component containing the 
radioactive material. This might cause the ECD to fail and will contaminate the ECD, the gas 
chromatograph and the surrounding area.  
Never open the detector cell for any reason.  

Schematic of an ECD 

http://chemwiki.ucdavis.edu/Analytical_Chemistry/Analytical_Chemistry_2.
0/12_Chromatographic_and_Electrophoretic_Methods/12D%3A_Gas_Chro
matography#12D.5_Detectors_for_Gas_Chromatography 
 
http://www.perkinelmer.com/catalog/category/id/electron%20capture%20det
ector%20ecd%20for%20clarus%20500%20gc 



▪  Thermionic  Detectors 

  The thermionic detector is selective toward organic 

compounds containing phosphorus and nitrogen. 

 

▪  Electrolytic Conductivity  Detectors 

  A typical detector is illustrated in Fig 27-11. 

 

▪ Photoionization  Detector 

  The detector is most sensitive for aromatic hydrocarbons and 

organosulfur or organophophorus compounds that are easily 

photoionized. 





▪  Atomic Emission Detectors 

The MIP is used in conjunction with a diode array or charge-

coupled device atomic emission spectrometer as shown in  

Fig 27-12. 

Fig. 27-12   An AED for GC. 



Fig 27-13  
Chromatogram for 
a gasoline sample 
containing a small 
amount of MTBE 
and several 
aliphatic alcohols. 



▪  Flame Photometric Detector 

The FPD has been widely applied to the analysis of air and 

water pollutants, pesticides, and coal hydrogenation products. 
 

▪  Mass Spectrometry Detectors 

One of the most powerful detectors for GC is the mass 

spectrometer. 
 

▪  GC Coupled with Spectroscopic Detection 

Today’s computer-based GC instruments incorporate large 

databases for comparing spectra and identifying compounds. 
 

▪  Other Types Detectors 

Several other types of GC detectors are useful for specific 

applications. 



Fig.27-14  Schematic of a typical Capillary GC/MS system. 





27C  Gas Chromatographic Columns and Stationary Phase 



 Choice of the stationary Liquid phase. 
Retention time  Depending on properties of stationary phase. 
*Solutes with small partition coefficients  pass through the column so rapidly 
that no significant separation occurs. Large coefficient  the time to remove 
solutes from the columns becomes inordinate . 
 
Ex) 1. Squalane : a high molecular weight saturated hydrocarbon.  nonpolar   
     homologous series such as hydrocarbons or ether separation. 
 
    2. Polyethylene glycol(more polar)  alcohols, or amines. 
 
    3. similar polarity를 갖는 물질은 boiling point의 순서에 따른다. 
 
    4. Triisobutylene의 경우  non-polar이므로 table 26-1에서와 같이 b.p의 순서     
        에 의존 
    5. Hydrogen bond 利用 
  
Some common stationary phases. OV-1, DC710, QF-1, XE-30,  Carbons 20개 
DEG.  



27C  GAS CHROMATOGRAPHIC COLUMNS AND STATIONARY PHASES 

- Capillary columns : the stationary phase was a film of liquid a few tenths of a 

micrometer thick that uniformly coated the interior of a capillary tubing.  

- Open tubular columns : 3000,000 plates or more 

 

27C-1 Open Tubular Columns 

-Open tubular, or capillary, columns : wall-coated open tubular (WCOT) ,     

  support-coated open tubular (SCOT) columns. 

The efficiency of a SCOT column is less than that of a WCOT column,  

  Stainless steel, aluminum, copper, plastic, glass 

Fused-silica wall-coated (FSWC) open tubular columns. 

Silica open tubular columns have inside diameters of 0.32 and 0.25 mm.  

 Higher resolution column:Diameters of 0.20 and 0.15 mm. 

530-μm capillaries, sometimes called megabore columns 



27C-2 Packed Columns 
 
Packed columns : diameters of 2 to 4 mm. 
Solid support, coated with a thin layer (0.05 to 1μm) of 
the stationary liquid phase 
 
 
▪  Solid Support Materials 
Ideal support consists of small, uniform, spherical particles 
with good mechanical strength and a specific surface area 
of at least 1 m2/g 
 
▪  Particle Size of Supports 
Presure of 50psi  The usual support particles are 60 to 
80 mesh (250 to 170 μm) or 80 to 100 mesh (170 to 149 
μm). 
 



http://chemwiki.ucdavis.edu/Analytical_Chemistry/Analytical_Chemistry_2.0/12_Chromatographic_and_Electrophoretic_Methods/12D%3A_Gas_Chromatography 

Other types of capillary columns 
    SCOT = Support Coated Open Tubular 
          Solid support : Celite 
          Liquid phase 
          Not available fused silica tubing 
       
   PLOT = Porous Layer Open Tubular 
          Porous adsorbent : alumina or molecular sieve 
          * Molecular sieve --- efficient for H2, Ne, Ar, O2, N2, CO, CH4.    





27C-3  Adsorption on column Packings or Capillary Walls 



 
A problem : physical adsorption of polar or 
polarizable analyte species, such as alcohols 
or aromatic hydrocarbons, on the silicate 
surfaces of column, capillary, distorted peaks, 
often exhibit a tail 
 
 
Fully hydrolyzed silicate surface 
Silanization with dimethylchlorosilane (DMCS) 
The second chloride is replaced by a methoxy 
group 



27C-4  The Stationary Phase 
 
(1)Low volatility : at least 100oC higher than the 

maximum operating 
 

(2)Thermal stability 
 

(3)Chemical inertness 
 

(4)Solvent characteristics such that k and α(Sections 
26B-5 and 26B-6, respectively) values for the 
solutes to be resolved fall within a suitable range. 
 

 



▪  Some Widely Used Stationary Phases 

Polydimethyl siloxanes 

▪  Classification of Stationary Phases 
Two of the most important classifications are 
based on the work of Rohrschneider and 
McReynolds. 



▪  Bonded and Cross-Linked Stationary Phases 
 
 
The purpose of bonding and cross-linking is to provide 
a longer-lasting stationary phase. 
Their stationary phase because of “bleeding”. 
Cross-linking is carried out in situ after a column is 
coated with one of the polymers listed in Table 27-3. 
 
To incorporate a peroxide into the original liquid. 
The methyl groups in the polymer chains is initiated by 
a free radical mechanism. 
 



▪  Chiral Stationary Phases 
 
In recent years, much effort has been devoted to 

developing methods for the separation of 
enantiomers by gas or liquid chromatography. 

▪  Film Thickness 
 
That wary in thickness from 0.1 to 5 μm. 
Most applications with 0.25-or 0.32-mm columns, 

a film thickness of 0.25 μm is recommended 





Fig. 27-17 
Typical 
chromatograms 
from open tubular 
columns coated 
with (a)polydimethyl 
siloxane;  
(b) 5%(phenyl 
methyldimethyl)silo
xane;  
(c) 50%(phenyl 
methyldimethyl)silo
xane;  
(d)50%poly(trifluoro
propyl-
dimethyl)siloxane; 
(e)Polythylene 
hlycol;  
(f) 50% 
poly(cyanopropyl-
dimethyl)siloxane. 



2D  Application of GC 

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. 



27D-1  Qualitative Analysis 
 
Gas chromatograms are widely used to establish 
the purity of organic compounds. 
 
 
▪ Selectivity Factors 
We have seen (section 26B-6) that the selectivity 
factor  α for compounds A and B is given by the 
relationship. 
 
 
 
 
 
 



27D-2  Quantitative Analysis 
 
The peak height or peak area of an elute from a 
GC column has been widely used for quantitative 
and semi-quantitative analyses. 

▪  The Retention Index 
The retention index I was first proposed by E.Kovats 
in 1958 for identifying solutes from chromatograms. 
The retention index for a normal alkane is equal to 
100 times the number of carbons in the compound 
regardless separation conditions. 



Fig. 27-18   
Graphical 
illustration of the 
method for 
determining 
retention indexes 
for three 
compounds.  



27E  Advances in GC 

27E-1  High-Speed GC 
 
Researcher in GC have often focused on 
achieving ever higher resolution to separate 
more and more complex mixtures. 
 
 
 
 
 
27E-2  Miniaturized GC Systems 
 
Microfabricated columns have been designed 
using substrates of silicon, several metals, and 
polymers. 
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Ion Trap Detector 



A light pipe for GC/IR 



27F  Gas-solid chromatography 

27F-1  Molecular Sieves 
 
Commercial preparations of these materials are 
available in particle sizes of 40 to 60 mesh to 
100 to 120 mesh.  
 
 
 
27F-2  Porous Polymers 
 
A typical application of an open tubular column 
lined with a porous polymer(PLOT column) is 
shown in Fig 27-21b. 



Fig 27-21   Typical gas-solid chromatographic separations. 



Detector types are:  
 
1) FID ( flame ionization detector )  

2) TCD ( thermal conductivity detector )   
3) ECD ( electron capture detector ) 
4) FPD ( flame photometric detector )  

5) HID ( helium ionization detector )  
6) NPD ( nitrogen-phosphorus detector )  
7) PID ( photo ionization detector )  
8) TID ( thermionic ionization detector )  
9) CCD ( catalytic combustion detector ) 

10) NPD/DELCD ( combination NPD and dry electrolytic conductivity detector ) 
11) FID/DELCD ( combination FID and dry electrolytic conductivity detector )  
12) FID/FPD ( combination FID and FPD )  
13) Dual FPD ( dual wavelength FPD for both sulfur and phosphorus )  
14) FID dual FPD ( dual FPD plus FID combination )  
 





Flame Ionization Detectors 
 
The flame ionization detector (FID) is the most widely used and generally 
applicable detector for gas chromatography. With a FID, such as that shown in 
Figure 32-9, effluent from the column is directed into a small air/hydrogen 
flame. Most organic compounds produce ions and electrons when pyrolyzed at 
the temperature of an air/hydrogen flame. These compounds are detected by 
monitoring the current produced by collecting the ions and electrons. A few 
hundred volts applied between the burner tip and a collector electrode located 
above the flame serves to collect the ions and electrons. The resulting current 
(~10–12 A) is then measured with a sensitive picoammeter. 
The ionization of carbon compounds in a flame is a poorly understood process, 
although it is observed that the number of ions produced is roughly proportional 
to the number of reduced carbon atoms in the flame. Because the flame 
ionization detector responds to the number of carbon atoms entering the 
detector per unit of time, it is a masssensitive rather than a concentration-
sensitive device. As such, this detector has the advantage that changes in flow 
rate of the mobile phase have little effect on detector response. 



FID TCD 

View of TCD and FID of HP5890 GC 

Figure 32-9   A typical flame ionization detector. 
(Courtesy of Agilent Technologies.) 



Functional groups, such as carbonyl, alcohol, halogen, and amine, yield fewer 
ions or none at all in a flame. In addition, the detector is insensitive toward 
noncombustible gases, such as H2O, CO2, SO2, and NOx. These properties make 
the flame ionization detector a most useful general detector for the analysis of 
most organic samples including those that are contaminated with water and the 
oxides of nitrogen and sulfur. 
 
  The FID exhibits a high sensitivity (~10–13 g/s), large linear response range 
(~107), and low noise. It is generally rugged and easy to use. Disadvantages of 
the flame ionization detector are that it destroys the sample during the 
combustion step and requires additional gases and controllers. 



FID  
 
Responds to all organic compounds except for formic acid.  
 
Response greatest with hydrocarbons and decreases with substitution.  
 
Except for vapor of elements in Groups I and II, does not respond to inorganic 
compounds.  
 
Sensitivity high due to low noise level.  
 
Insensitivity to water, the permanent gases, and inorganic compounds simplifies 
the resolution of components in analysis of aqueous extracts and in air pollution 
studies. 



Flame Ionization Detector 
 
Consists of a stainless steel burner assembly installed in the detector 
compartment and a electrometer system in a separate unit adjacent to the gas 
chromatograph  
 
Often it is installed in the tandem with the thermal conductivity cell  
 
Effluent form the column enters burner base through millipore filters which 
remove contaminates 
 
Hydrogen mixed with gas stream at bottom of jet and air or oxygen is 
supplied axially around the jet.  
 
Hydrogen flame burns at the tip, which also functions as the cathode and is 
insulated form the body by a ceramic seal  
 
Collector electrode is above the burner tip and is made of platinum 



Detector Construction  
 
FID is constructed of a small volume chamber into 
which the gas chromatograph's capillary column in 
directly plumbed.  
 
Usually the small diameter capillary is fitted 
directly into the bottom of the detector's flame jet. 
The gaseous eluents from the column are mixed 
with separately plumbed in hydrogen and air and all 
are burned on the jet's tip. After the fuel (H2) and 
oxidant (O2 in air) are begun, the flame is lit using a 
electronic ignite, actually an electrically heated 
filament that is turned on only to light the flame.  
 
The charged particles created in that combustion 
process create a current between the detector's 
electrodes. One electrode is actually the metallic jet 
itself, another is close by and above the jet. The 
gaseous products leave the detector chamber via the 
exhaust. The detector housing is heated so that 
gases produced by the combustion (mainly water) 
do not condense in the detector before leaving the 
detector chimney.  

http://chemwiki.ucdavis.edu/Analytical_Chemistry/Analy
tical_Chemistry_2.0/12_Chromatographic_and_Electroph
oretic_Methods/12D%3A_Gas_Chromatography#12D.5_
Detectors_for_Gas_Chromatography 



FIDs are normally heated independently of the chromatographic oven. Heating is 
necessary in order to prevent condensation of water generated by the flame and 
also to prevent any hold-up of solutes as they pass from the column to the flame. 
With the flame extinguished, the column end should be passed up through the jet 
and then lightly held in position by slightly tightening the coupling. Gradually 
draw the column end back into detector jet until it is approximately 1 - 2 mm 
below the jet tip. Then tighten the coupling to retain it in position. Do not over 
tighten couplings on capillary columns. 



 Mechanism 
 
The effluent from the column is mixed with hydrogen and air and then ignited electrically 
at a small metal jet. Most organic compounds produce ions and electrons that can conduct 
electricity through the flame. There is an electrode above the flame to collect the ions 
formed at a hydrogen/air flame. The number of ions hitting the collector is measured and 
a signal is generated. 
In series with flame gases is a selection of resistors 107 to 1010 ohms.  
Vibrating reed electrometer used to provide sensitivities up to 5 × 1013 Amps.  
Carbon counting device that produces a current proportional to number of ions or 
electrons formed in the flamed gases. 
The organic molecules undergo a series of reactions including thermal fragmentation, 
chemi-ionization, ion molecule and free radical reactions to produce charged-species. The 
amount of ions produced is roughly proportional to the number of reduced carbon atoms 
present in the flame and hence the number of molecules. Because the flame ionization 
detector responds to the number of carbon atoms entering the detector per unit of time, it 
is a mass-sensitive, rather than a concentration-sensitive device. As a consequence, this 
detector has the advantage that changes in flow rate of the mobile phase has little effects 
on detector response. 



Normal Combustion: i.e. burn methane in air and get carbon dioxide and water 
vapor... 

CH4 + O2 → CO2 + H2O 

or: 

CH4 + 3O2 →  CO2 + 2H2O 

 

Flame Ionization: during combustion, a uniform proportion (about 0.0002%) of the 
molecules in this reaction do this instead:  
(simplified for clarity) 

CH4 + O2 → C++ H2O + e- →  CO2 + H2O 

or: 

CH4 + 3O2 → C++ O2 + 2H2O + e- →  CO2 + 2H2O 

  

These oppositely-charged, intermediate products can then be detected by the FID: 
 



Limitations  
  
Molecules that contained only carbon and hydrogen respond best in this 
detector but the presence of "heteroatoms" in a molecule, such as oxygen, 
decreases the detector's response. For instance, the FID's methane 
response (CH4) is fabulous but formaldehyde's (CH2O) is quite poor. 
Therefore, highly oxygenated molecules or sulfides might best be detected 
using another detector instead of the FID. Sulfides determination by the 
flame photometric detector and aldehydes and ketones analyzed with the 
photoionization detector are alternatives to the use of the FID for those 
molecules.  

The first flame ionization detectors were developed simultaneously and 
independently in 1957 by McWilliam and Dewar at Imperial Chemical Industries 
of Australia and New Zealand (ICIANZ) Central Research Laboratory, Ascot 
Vale, Melbourne, Australia. and by Harley and Pretorius at the University of 
Pretoria in Pretoria, South Africa. 
In 1959, Perkin Elmer Corp. included a flame ionization detector in its Vapor 
Fractometer 



Functional group, such as carbonyl, alcohol, halogen, and amine, yield fewer 
ions or none at all in a flame. In addition, the detector is insensitive toward 
noncombustible gases such as H2O, CO2, SO2 and NOx. 
 
Selectivity: Compounds with C-H bonds. A poor response for some non-
hydrogen containing organics (e.g., hexachlorobenzene). 
 
Sensitivity:  0.1 ~ 10 ng 
 
Linear range: 105 ~ 107 
 
Gases:   Combustion - hydrogen and air; 
              Makeup - helium or nitrogen 
 
Temperature: 250-300 °C; 400-450 °C for high temperature analyses 



Makeup Gases  
 
The total volume of gas in the FID that yields the most sensitive and widest 
linear response is not the same volume of gas when the column effluent flow 
(~ 1 mL/min) and hydrogen and air flows are flowing; these gases' total flow 
into the detector is too small. Another way to say this is that the optimum 
column flow to maintain the best chromatography and the best fuel and 
oxidant flows for the best flame conditions--all added together--don't create 
the best gas flow for the FID detector's design. This means that to maintain 
the best analytical conditions, additional gas must be constantly flowed into 
the detector. This gas makes up the additional needed gas flow and so is 
termed makeup gas. Since the gas needs to be inert so that its addition doesn't 
upset the fuel and oxidant balance and since it needs to be added in relatively 
large amounts (~30+ ml/min in some detector designs) nitrogen is usually the 
gas of choice. Helium would work also but is a nonrenewable resource and 
more expensive. All gas flows are controlled by adjustable gas regulators.  



Thermal Conductivity Detectors 
 
The thermal conductivity detector (TCD, also known as a Katharometer), 
which was one of the earliest detectors for gas chromatography, still finds wide 
application. This device consists of an electrically heated source whose 
temperature at constant electric power depends on the thermal conductivity of 
the surrounding gas. The heated element may be a fine platinum, gold, or 
tungsten wire or, alternatively, a small thermistor. The electrical resistance of 
this element depends on the thermal conductivity of the gas. Figure 32-10a 
shows a cross-sectional view of one of the temperature-sensitive elements in a 
TCD. 
   Four thermally sensitive resistive elements are often used. A reference pair is 
located ahead of the sample injection chamber and a sample pair immediately 
beyond the column. Alternatively, the gas stream can be split. The detectors are 
incorporated in two arms of a simple bridge circuit, as shown in Figure 32-10b, 
such that the thermal conductivity of the carrier gas is canceled. In addition, the 
effects of variations in temperature, pressure, and electric power are minimized. 
Modulated single-filament TCDs are also available. 



Figure 32-10  Schematic of (a) a thermal 
conductivity detector cell and (b) an 
arrangement of two sample detector cells 
(R2 and R3) and two reference detector 
cells (R1 and R4). 
(Reprinted from F. Rastrelloa, P. Placidi, A. Scorzonia, E. Cozzanib, 
M. Messinab, I. Elmib, S. Zampollib, and G. C. Cardinali, Sensors and 
Actuators A, 2012, 178, 49, DOI:10.1016/j.sna.2012.02.008. 
Copyright (2012), with permission from Elsevier.) 



The thermal conductivities of helium and hydrogen are roughly six to ten times 
greater than those of most organic compounds. Thus, even small amounts of 
organic species cause relatively large decreases in the thermal conductivity of 
the column effluent, resulting in a marked rise in the temperature of the detector. 
Detection by thermal conductivity is less satisfactory with carrier gases whose 
conductivities closely resemble those of most sample components. 
The advantages of the TCD are its simplicity, its large linear dynamic range 
(about five orders of magnitude), its general response to both organic and 
inorganic species, and its nondestructive character, which permits collection of 
solutes after detection. 
The chief limitation of this detector is its relatively low sensitivity (~108 g/s 
solute/mL carrier gas). Other detectors exceed this sensitivity by factors of 104 to 
107. The low sensitivities of TCDs often precludes their use with capillary 
columns where sample amounts are very small. 

TCD is  
1. Universal detector (No specific) 
2. Used primarily for gas analysis 
3. Not Sensitive (few ppm) 
4. Non-destructive 



Electron Capture Detectors 
 
The electron capture detector (ECD) has become one of the most widely 
used detectors for environmental samples because this detector selectively 
responds to halogen-containing organic compounds, such as pesticides and 
polychlorinated biphenyls. In this detector, the sample eluate from a column is 
passed over a radioactive β emitter, usually nickel-63. An electron from the 
emitter causes ionization of the carrier gas (often nitrogen) 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 organic molecules 
containing electronegative functional groups that tend to capture electrons. 
Compounds, such as halogens, peroxides, quinones, and nitro groups, are 
detected with high sensitivity. The detector is insensitive to functional groups 
such as amines, alcohols, and hydrocarbons. 
  Electron capture detectors are highly sensitive and have the advantage of not 
altering the sample significantly (in contrast to the flame ionization detector, 
which consumes the sample). The linear response of the detector, however, is 
limited to about two orders of magnitude. 



Meet the extraordinary world-renowned scientist, 
inventor, & author, James Ephraim Lovelock 
(1919~). His 1956 invention, the electron capture 
detector, made it possible for other scientists to 
measure just how much carbon dioxide is present 
in our atmosphere. He is the man behind Gaia 
hypothesis—the concept that the Earth is a self-
sustaining organism. "We should be the heart and 
mind of the Earth, not its malady". James Lovelock 

Electron capture detector developed by 
Lovelock, and in the Science Museum, London 



A leak test of an ECD containing nickel-63 (63Ni) must be performed at 
intervals not to exceed six months.   
The test must be performed in accordance with the manufacturer's 
instructions, or by wiping the gas intake and outlet surfaces.  
 
NOTE: Never attempt to directly wipe the inner surface of the component containing the 
radioactive material. This might cause the ECD to fail and will contaminate the ECD, the gas 
chromatograph and the surrounding area.  
Never open the detector cell for any reason.  

Schematic of an ECD 

http://chemwiki.ucdavis.edu/Analytical_Chemistry/Analytical_Chemistry_2.
0/12_Chromatographic_and_Electrophoretic_Methods/12D%3A_Gas_Chro
matography#12D.5_Detectors_for_Gas_Chromatography 
 
http://www.perkinelmer.com/catalog/category/id/electron%20capture%20det
ector%20ecd%20for%20clarus%20500%20gc 



Mass Spectrometry Detectors 
 
One of the most powerful detectors for GC is the mass spectrometer. The 
combination of gas chromatography and mass spectrometry is known as GC/MS. 
As discussed in Chapter 29, a mass spectrometer measures the mass-to-charge ratio 
(m/z) of ions that have been produced from the sample. Most of the ions produced 
are singly charged (z = 1) so that mass spectrometrists often speak of measuring the 
mass of ions when mass-to-charge ratio is actually measured. Currently, some 50 
instrument companies offer GC/MS equipment. The flow rate from capillary 
columns is usually low enough that the column output can be fed directly into the 
ionization chamber of the mass spectrometer. The schematic of a typical GC/MS 
system was shown previously in Figure 29-8. Prior to the advent of capillary 
columns, when packed columns were used, it was necessary to minimize the large 
volume of carrier gas eluting from the GC. Various jet, membrane, and effusion 
separators were used for this purpose. Presently, capillary columns are invariably 
used in GC/MS instruments, and such separators are no longer needed. 
  The most common ion sources for GC/MS are electron impact and chemical 
ionization. The most common mass analyzers are quadrupole and ion-trap analyzers. 
Sources and analyzers for mass spectrometry are also described in Chapter 29. 



In GC/MS, the mass spectrometer scans the masses repetitively during a 
chromatographic experiment. If a chromatographic run is 10 minutes, for example, 
and a scan is taken each second, 600 mass spectra are recorded. A computer data 
system is needed to process the large amount of data obtained. The data can be 
analyzed in several ways. First, the ion abundance in each spectrum can be 
summed and plotted as a function of time to give a total-ion chromatogram. This 
plot is similar to a conventional chromatogram. Second, one can also display the 
mass spectrum at a particular time during the chromatogram to identify the 
species eluting at that time. Finally, a single mass-to-charge (m/z) value can be 
selected and monitored throughout the chromatographic experiment, a technique 
known as selected-ion monitoring. Mass spectra of selected ions during a 
chromatographic experiment are known as mass chromatograms. 
  GC/MS instruments have been used for the identification of thousands of 
components that are present in natural and biological systems. An example of one 
application of GC/MS is shown in Figure 32-11. The total-ion chromatogram of a 
methanol extract from a termite sample is shown in part (a). The selected-ion 
chromatogram in part (b) is that of the ion at a mass-to-charge ratio of 168. To 
complete the identification, the complete mass spectrum of the species eluting at 
10.46 min was taken and shown in (c) allowing the compound to be identified as 
β-carboline norharmane, an alkaloid. 



Figure 32-11  Typical outputs for a GC/MS 
system. In (a) the total ion chromatogram of 
an extract from a termite sample is shown. 
In (b) the ion at m/z = 168 was monitored 
during the chromatogram. In (c), the 
complete mass spectrum of the compound 
eluting at t = 10.46 minutes is presented, 
allowing it to be identified as β-carboline 
norharmane, an important alkaloid.  
From S. Ikatura, S. Kawabata, H. Tanaka, and A. Enoki, J. Insect 
Sci., 2008, 8: 13. 



 Mass spectrometry can also be used to acquire information about incompletely 
separated components. For example, the mass spectrum of the front edge of a 
GC peak may be different from that of the trailing edge if multiple components 
are eluting at the same time. With mass spectrometry, we can not only 
determine that a peak is due to more than one component, but we can also 
identify the various unresolved species. GC has also been coupled with tandem 
mass spectrometers and with Fourier transform mass spectrometers to give 
GC/MS/MS or GC/MSn systems, which are very powerful tools for identifying 
components in mixtures. 



Other GC Detectors 
 
Other important GC detectors include the thermionic detector, the electrolytic 
conductivity or Hall detector, and the photoionization detector. The thermionic 
detector is similar in construction to the FID. With the thermionic detector, 
nitrogen- and phosphorous-containing compounds produce increased currents in a 
flame in which an alkali metal salt is vaporized. The thermionic detector is widely 
used for organophosphorous pesticides and pharmaceutical compounds. 
  With the electrolytic conductivity detector, compounds containing halogens, 
sulfur, or nitrogen are mixed with a reaction gas in a small reactor tube. The 
products are then dissolved in a liquid that produces a conductive solution. The 
change in conductivity as a result of the presence of the active compound is then 
measured. In the photoionization detector, molecules are photoionized by UV 
radiation. The ions and electrons produced are then collected with a pair of biased 
electrodes, and the resulting current is measured. The detector is often used for 
aromatic and other molecules that are easily photoionized. 



Gas chromatography is often coupled with the selective techniques of spectroscopy 
and electrochemistry. We have discussed GC/MS, but gas chromatography can be 
combined with several other techniques like infrared spectroscopy and NMR 
spectroscopy to provide the chemist with powerful tools for identifying the 
components of complex mixtures. These combined techniques are sometimes called 
Hyphenated methods. 
  In early hyphenated methods, the eluates from the chromatographic column were 
collected as separate fractions in a cold trap, with a nondestructive, nonselective 
detector used to indicate their appearance. The composition of each fraction was 
then investigated by nuclear magnetic resonance, infrared, or mass spectrometry or 
by electroanalytical measurements. A serious limitation to this approach was the 
very small (usually micromolar) quantities of solute contained in a fraction. 
  Most modern hyphenated methods monitor the effluent from the chromatographic 
column continuously by spectroscopic methods. The combination of two techniques 
based on different principles can achieve tremendous selectivity. 

*  Hyphenated methods couple the separation capabilities of chromatography 
with the qualitative and quantitative detection capabilities of spectral methods. 



32B  Gas Chromatographic Columns and stationary phases 
The pioneering gas-liquid chromatographic studies in the early 1950s were carried 
out on packed columns in which the stationary phase was a thin film of liquid retained 
by adsorption on the surface of a finely divided, inert solid support. From theoretical 
studies made during this early period, it became apparent that unpacked columns having 
inside diameters of a few tenths of a millimeter could provide separations that were 
superior to packed columns in both speed and column efficiency. In such capillary 
columns, the stationary phase was a film of liquid a few tenths of a micrometer thick 
that uniformly coated the interior of a capillary tubing. In the late 1950s, such open 
tubular columns were constructed, and the predicted performance characteristics were 
experimentally confirmed in several laboratories, with open tubular columns having 
300,000 plates or more being described. 
  Despite such spectacular performance characteristics, capillary columns did not gain 
widespread use until more than two decades after their invention. The reasons for the 
delay were several, including small sample capacities, fragility of columns, mechanical 
problems associated with sample introduction and connection of the column to the 
detector, difficulties in coating the column reproducibly, short lifetimes of poorly 
prepared columns, tendencies of columns to clog, and patents, which limited commercial 
development to a single manufacturer (the original patent expired in 1977). The most 
significant development in capillary GC occurred in 1979 when fused-silica capillaries 
were introduced. Since then an impressive list of commercially available capillary 
columns for various applications has appeared. As a result, the majority of applications 
that have appeared in the past few years use capillary columns. 



32B-1   Capillary Columns 
 
Capillary columns are also called open tubular columns because of the open 
flow path through them. They are of two basic types: wall-coated open 
tubular (WCOT) and support-coated open tubular (SCOT). Wall-coated 
columns are capillary tubes coated with a thin layer of the liquid stationary 
phase. In support-coated open tubular columns, the inner surface of the 
capillary is lined with a thin film (~30 μm) of a solid support material, such as 
diatomaceous earth, on which the liquid stationary phase is adsorbed. This 
type of column holds several times as much stationary phase as does a wall-
coated column and thus has a greater sample capacity. Generally, the 
efficiency of a SCOT column is less than that of a WCOT column but 
significantly greater than that of a packed column. 
  Early WCOT columns were constructed of stainless steel, aluminum, copper, 
or plastic. Subsequently, glass was used. Often, an alkali or borosilicate glass 
was leached with gaseous hydrochloric acid, strong aqueous hydrochloric acid, 
or potassium hydrogen fluoride to give an inert surface. Subsequent etching 
roughened the surface, which bonded the stationary phase more tightly. 



Fused-silica capillaries are drawn from specially purified silica that contain minimal 
amounts of metal oxides. These capillaries have much thinner walls than their 
glass counterparts. They are given added strength by an outside protective polyimide 
coating, which is applied as the capillary tubing is being drawn. The resulting columns 
are quite flexible and can be bent into coils with diameters of a few inches. 
Figure 32-7 shows a picture of fused-silica capillary columns. Commercial fusedsilica 
columns offer several important advantages over glass columns, such as physical 
strength, much lower reactivity toward sample components, and flexibility. For most 
applications, they have replaced the older type WCOT glass columns. 
  Fused-silica columns with inside diameters of 0.32 and 0.25 mm are very popular. 
Higher-resolution columns are also sold with diameters of 0.20 and 0.15 mm. Such 
columns are more troublesome to use and are more demanding on the injection and 
detection systems. Thus, a sample splitter must be used to reduce the size of the 
sample injected onto the column, and a more sensitive detector system with a rapid 
response time is required. 
  Capillary columns with 530 mm inside diameters, sometimes called megabore 
columns, are also available commercially. These columns will tolerate sample sizes 
that are similar to those for packed columns. The performance characteristics of 
megabore capillary columns are not as good as those of smaller diameter columns but 
significantly better than those of packed columns. 
  Table 32-2 compares the performance characteristics of fused-silica capillary columns 
with other types of wall-coated columns as well as with support-coated and packed 
columns. 





WCOT = Wall Coated Open Tubular Column 
 
      invented and patented by Dr Marcel Golay 
 
      Tubing    -  Fused silica 
                      -  Glass 
                      -  Stainless steel 
      Liquid phase coating 
 
      WCOT  - - - High resolution 
 
      Film thickness :  0.5 to 5.0 micrometer 
      i.d. :  0.10,  0.25,  0.32,  0.53 mm  
      Length :  10 m  to  60 m 



http://chemwiki.ucdavis.edu/Analytical_Chemistry/Analytical_Chemistry_2.0/12_Chromatographic_and_Electrophoretic_Methods/12D%3A_Gas_Chromatography 

Other types of capillary columns 
    SCOT = Support Coated Open Tubular 
          Solid support : Celite 
          Liquid phase 
          Not available fused silica tubing 
       
   PLOT = Porous Layer Open Tubular 
          Porous adsorbent : alumina or molecular sieve 
          * Molecular sieve --- efficient for H2, Ne, Ar, O2, N2, CO, CH4.    



Operational guideline for open tubular GC columns 

                                                                                  WCOT  

                                                       narrow               intermediate          wide bore         

Column inner diameter, mm              0.25                   0.32                      0.53 

Maximum sample volume, µl            0.5                     1                            1 

Maximum amount for 

one component,  ng                            2~50                  3~75                    5~100 

Effective plates(Neff) per meter      3000~5000        2500~4000        1500~2500 

Trennzahl(separation) number 

per 25 m                                             40                       35                         25 

Optimum flow for N2, ml/min *        0.5~1                 0.8~1.5                 2~4 

Optimum flow for He, ml/min **      1~2                     1~2.5                   5~10 

Optimum flow for H2, ml/min ***     2~4                    3~7                      8~15  
* Optimum velocity is 10 to 15 cm/s for each column  

** Optimum velocity is 25 cm/s for each column 

*** Optimum velocity is 35 cm/s for each column  



32B-2   Packed columns 
 
Modern packed columns are fabricated from glass or metal tubing. They are typically 
2 to 3 m long and have 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 1 μm) of the stationary liquid phase. The tubes are usually formed as 
coils with diameters of roughly 15 cm so that they can be conveniently placed in a 
temperature-controlled oven. 
 
Solid Support Materials 
The packing, or solid support, in a packed column serves to hold the liquid stationary 
phase in place so that as large a surface area as possible is exposed to the mobile phase. 
The ideal support consists of small, uniform, spherical particles with good mechanical 
strength and a specific surface area of at least 1 m2/g. In addition, the material should be 
inert at elevated temperatures and be uniformly wetted by the liquid phase. No substance 
that meets all of these criteria perfectly is yet available. The earliest, and still the most 
widely used, packings for gas chromatography were prepared from naturally occurring 
diatomaceous earth, which consists of the skeletons of thousands of species of single-
celled plants that inhabited ancient lakes and seas (see Figure 32-12, an enlarged photo 
of a diatom obtained with a scanning electron microscope). These support materials are 
often treated chemically with dimethylchlorosilane, which gives a surface layer of 
methyl groups. This treatment reduces the tendency of the packing to adsorb polar 
molecules. 



Particle Size of Supports 
 
As shown in Figure 31-16 (page 877), the efficiency of a gas chromatographic 
column increases rapidly with decreasing particle diameter of the packing. The 
pressure difference required to maintain an acceptable flow rate of carrier gas, 
however, varies inversely as the square of the particle diameter. The latter 
relationship has placed lower limits on the size of particles used in gas 
chromatography because it is not convenient to use pressure differences that are 
greater than about 50 psi. As a result, the usual support particles are 60 to 80 
mesh (250 to 170 μm) or 80 to 100 mesh (170 to 149 μm). 

Figure 32-12   A photomicrograph of a diatom. 
Magnification 5000 x 



32B-3   Liquid Stationary Phases 
 
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 
least 1008C higher than the maximum operating temperature for the column), (2) 
thermal stability, (3) chemical inertness, and (4) solvent characteristics such that k 
and α (see Section 31E-4) values for the solutes to be resolved fall within a suitable 
range. 
  Many liquids have been proposed as stationary phases in the development of gas-
liquid chromatography. Currently, fewer than a dozen are commonly used. The proper 
choice of stationary phase is often crucial to the success of a separation. Qualitative 
guidelines for stationary phase selection can be based on a literature review, an 
Internet search, or recommendations from vendors of chromatographic equipment and 
supplies.  
  The retention time for an analyte on a column depends on its distribution constant, 
which in turn is related to the chemical nature of the liquid stationary phase. To 
separate various sample components, their distribution constants must be sufficiently 
different to accomplish a clean separation. At the same time, these constants must not 
be extremely large or extremely small because large distribution constants lead to 
prohibitively long retention times and small constants produce such short retention 
times that separations are incomplete. 



To have a reasonable residence time on the column, an analyte must show some 
degree of compatibility (solubility) with the stationary phase. The principle of 
“like dissolves like” applies, where “like” refers to the polarities of the analyte 
and the immobilized liquid. The polarity of a molecule, as indicated by its 
dipole moment, is a measure of the electric field produced by separation of 
charge within the molecule. Polar stationary phases contain functional groups 
such as ─CN, ─CO, and ─OH. Hydrocarbon-type stationary phases and dialkyl 
siloxanes are nonpolar, whereas polyester phases are highly polar. Polar 
analytes include alcohols, acids, and amines; solutes of medium polarity 
include ethers, ketones, and aldehydes. Saturated hydrocarbons are nonpolar. 
Generally, the polarity of the stationary phase should match that of the sample 
components. When the match is good, the order of elution is determined by the 
boiling point of the eluents. 

* The polarities of common organic functional groups in increasing order are as 
follows: 
aliphatic hydrocarbons < olefins < aromatic hydrocarbons < halides < sulfides < 
ethers < nitro compounds < esters < aldehydes < ketones < alcohols < amines  
< sulfones < sulfoxides < amides < carboxylic acids < water. 



Component Separation with the Column 
      < The process of separation > 
 
   A series of partitions : Dynamic In-and Out (or Stop-and-Go) 
                                        All differential migration process. 
   The most volatile components usually pass through the column  
    first,  the least volatile  or highest boiling emerges last. 

Mobile phase( Driving force) 

Stationary phase ( Resistive force) 

∇
♦ 
• ♦ 

∇ 

• 

• 

∇ 
Analytes 



Some Widely Used Stationary Phases 
Table 32-3 lists the most widely used stationary phases for both packed and 
open tubular column gas chromatography in order of increasing polarity. These 
six liquids can probably provide satisfactory separations for 90% or more of 
samples. Five of the liquids listed in Table 32-3 are polydimethyl siloxanes that 
have the general structure 

In the first of these, polydimethyl siloxane, the ─R groups are all ─CH3 giving a liquid 
that is relatively nonpolar. In the other polysiloxanes shown in the table, a fraction of 
the methyl groups are replaced by functional groups such as phenyl (─C6H5), 
cyanopropyl (─C3H6CN), and trifluoropropyl (─C3H6CF3). The percentages listed 
before some of the stationary phases in Table 32-3 give the amount of substitution of 
the named group for methyl groups on the polysiloxane backbone. Thus, for example, 
5% phenyl polydimethyl siloxane has a phenyl ring bonded to 5% (by number) of the 
silicon atoms in the polymer. These substitutions increase the polarity of the liquids to 
various degrees. 
  The fifth entry in Table 32-3 is a polyethylene glycol with the structure      
          ─HO─CH2─CH2(O─CH2─CH2)n ─OH 
It finds widespread use for separating polar species. 
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Liquid Phase(=Stationary phase) Classes 
1. Non-polar phase  gives boiling point order separation 
2. Selective phase separates components that have close b.p. and  
    small structural differences 
3. Polar phase depends on internal functional groups to separate 
    compounds that have reactive –OH, –NH2 or other polar radicals 
4. Each stationary phase retains solutes in its own class best 
 
Raising percentage of stationary phase leads to 
1) Greater capacity for solute 
2) Longer retention time 
3) Increased HETP 
 
Stationary phase selectivity is defined by IUPAC as the extent to which other 
substances interfere with the determination of a given substance. Selectivity is directly 
related to stationary phase composition and how it interacts with target compounds 
through intermolecular forces (e.g., hydrogen bonding, dispersion, dipole-dipole 
interactions, and shape selectivity). As methyl groups in the stationary phase are replaced 
by different functionalities, such as phenyl or cyanopropyl pendant groups, compounds 
that are more soluble with those functional groups (e.g., aromatics or polar compounds, 
respectively) will interact more and be retained longer,  



Bonded and Cross-Linked Stationary Phases 
 
Commercial columns are advertised as having bonded and/or cross-linked stationary 
phases. The purpose of bonding and cross-linking is to provide a longer lasting stationary 
phase that can be rinsed with a solvent when the film becomes contaminated. With use, 
untreated columns slowly lose their stationary phase due to “bleeding” in which a small 
amount of immobilized liquid is carried out of the column during the elution process. 
Bleeding is exacerbated when a column must be rinsed with a solvent to remove 
contaminants. Chemical bonding and cross-linking inhibit bleeding. Bonding consists of 
attaching a monomolecular layer of the stationary phase to the silica surface of the column 
by a chemical reaction. For commercial columns, the nature of the reaction is usually 
proprietary. 
  Cross-linking is accomplished in situ after a column is coated with one of the polymers 
listed in Table 32-3. One way of cross-linking is to incorporate a peroxide into the original 
liquid. When the film is heated, reaction between the methyl groups in the polymer chains is 
initiated by a free radical mechanism. The polymer molecules are then cross-linked through 
carbon-to-carbon bonds. The resulting films are less extractable and have considerably 
greater thermal stability than do untreated films. Cross-linking has also been initiated by 
exposing the coated columns to gamma radiation. 



Film Thickness 
 
Commercial columns are available having stationary phases that vary in thickness from 
0.1 to 5 μm. Film thickness primarily affects the retentive character and the capacity of a 
column as discussed in Section 31E-6. 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 0.25 or 0.32 mm columns, a film 
thickness of 0.25 μm is recommended. With megabore columns, 1 to 1.5 μm films are 
often used. Today, columns with 8-μm films are marketed. 

http://www.restek.com/pdfs/GNBR1724-UNV.pdf 



Phase ratio 
The relationship between 
column inner diameter 
and stationary phase film 
thickness is expressed as 
phase ratio (β).  

http://www.labhut.com/media/wysiwyg/phase-ratio.jpg 
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Kovat Retention Index 
    Isothermal 

      I = 100n + 100[(log t’R(x) – log t’R(n)) / (log t’R(n+1)-log t’R(n))]  

 
I = retention index 

x = substance of interest 

n = n-alkane with n carbon atoms emerging before the substance of interest 

      n+1 = n-alkane with n+1 carbon atoms emerging after the substance of interest. 

 

   Temperature programming 

       

         I = 100n + 100[(TR(x) – TR(n))/(TR(n+1)-TR(n))]  

           TR = elution temperature (K) 
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Kovat retention index 
All that is really being done is to normalize each component compared to n-alkanes. 

It assumes that you are dealing with either identical or at least very similar columns or 
paackings. 

Packing that have large differences can result in peaks eluting in different orders--- the 
method would then be useless. 



In many cases, different GC oven temperature programs can change the elution order 
of sample analytes on the same column. Reconfirm elution orders if changing GC 
oven temperature programs.  
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GC TROUBLESHOOTING TIPS 
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32C   APPLICATIONS OF GAS-LIQUID CHROMATOGRAPHY 
Gas-liquid chromatography is applicable to species that are appreciably volatile and 
thermally stable at temperatures up to a few hundred degrees Celsius. A large number of 
important compounds have these qualities. As a result, gas chromatography has been 
widely applied to the separation and determination of the components in a variety of 
sample types. Figure 32-13 shows chromatograms for a few such applications. 

Figure 32-13 Typical chromatograms 
from open tubular columns coated with 
(a) polydimethyl siloxane, 
(b) 5% (phenylmethyldimethyl) siloxane, 
(c) 50% (phenylmethyldimethyl) 
siloxane,  
(d) 50% poly(trifluoropropyldimethyl) 
siloxane,  
(e) Polyethylene glycol,  
(f ) 50% poly(cyanopropyldimethyl) 
siloxane.  
(Courtesy of J & W Scientific.) 



(Left) Gas chromatogram of alcohol mixture at 40 oC using packed column ( 2mm 
I.D., 76 cm long containing 20 % Carbowax 20 M on a Gas-Chrom R support and 
FID. 

(Right) Chromatogram of vapors from headspace of beer can, obtained with 0.25 mm 
diameter, 30 m long porous carbon column oerated at 30 oC  for 2 min and then 
ramped up to 160 oC at 20 oC/min. 



Specific applications of GC   
 
   
1. Analysis of ketones, aldehydes, aromatics,....  
2. Analysis of steroids.  
3. Analysis of pesticides.  
4. Analysis of blood components.  
5. Analysis of old, petroleum and petroleum products. 
6. Environmental(air and water)  pollution : VOC, PAH etc.  
7. Foods.  
8. Pharmaceuticals.  
9. Anything that can be volatilized and pushed through a column. 
 



32C-1  Qualitative Analysis 
Gas chromatography is widely used to establish the purity of organic compounds. 
Contaminants, if present, are revealed by the appearance of additional peaks in the 
chromatogram. The areas under these extraneous peaks provide rough estimates of the 
extent of contamination. The technique is also useful for evaluating the effectiveness of 
purification procedures. 
In theory, GC retention times should be useful for identifying components in mixtures. In 
fact, however, the applicability of such data is limited by the number of variables that must 
be controlled in order to obtain reproducible results. Nevertheless, gas chromatography 
provides an excellent means of confirming the presence or absence of a suspected 
compound in a mixture, provided that an authentic sample of the substance is available. If 
we add a small amount of the suspected compound to the mixture, no new peaks in the 
chromatogram of the mixture should appear, and enhancement of an existing peak should be 
observed. The evidence is particularly convincing if the effect can be duplicated on different 
columns and at different temperatures. On the other hand, because a chromatogram provides 
but a single piece of information about each species in a mixture (the retention time), the 
application of the technique to the qualitative analysis of complex samples of unknown 
composition is limited. This limitation has been largely overcome by linking 
chromatographic columns directly with ultraviolet, infrared, and mass spectrometers to 
produce hyphenated instruments (see Section 32A-4). An example of the use of mass 
spectroscopy combined with gas chromatography for the identification of constituents in 
blood is given in Feature 32-1. 



Although a chromatogram may not lead to positive identification of the species in a 
sample, it often provides sure evidence of the absence of species. Thus, failure of a 
sample to produce a peak at the same retention time as a standard obtained under 
identical conditions is strong evidence that the compound in question is absent (or present 
at a concentration below the detection limit of the procedure). 

GC Analysis 
 
Qualitative --- determine what is present 
                     
     1) Chromatographic   
                  a) tR  or Retention Index 
                  b) Spiking 
     2) Spectroscopic  
                  a) Sample collection --- MS, IR 
                  b) Dynamic GC/MS 
                  c) IR, GC/FTIR spectrometer 
                  d) NMR  
  
Quantitative -- determine how much is present 
                         use peak height h or area A 



Qualitative analysis  :  tR 
 
     Standard ---- methanol, MEK(tR ), toluene 
     Unknown ----- same tR (X) 
     Conclude (X) = MEK 

X 

methanol MEK 

toluene 

tR 

Retention time 
limitations 
 
tR changes with flow 
rate, column 
temperature, liquid 
phase, column history,                          
sample size 
 
 *** WARNING  
identical retention times do not 
confirm peak identity 



 Spiking 
 
    Step 1    Peak X --- toluene ? 
    Step 2    Toluene added to sample 
    Step 3    Peak X identified as toluene 

X 

methanol MEK 

toluene 

tR 

Toluene added to sample 



Mass spectrum for toluene 

http://chemwiki.ucdavis.edu/Analytical_Chemistry/Analytical_Chemistry_2.0/12_Chromatographic_and_Electrophoretic_Methods/12D%3A_Gas_Chro
matography#12D.5_Detectors_for_Gas_Chromatography 



 Identification --- trapping 
 
1) GC detector --- melting point capillary --- sample condensate 
2) GC detector --- cold solvent trap --- glass wool plug 
                              sample condensate 

ON-LINE and OFF-LINE system 
 
1) OFF-LINE   
       - Fraction trapped and later analyzed 
       - Cumbersome, prome to contamination 
2) ON-LINE    
       - Fraction analyzed in real time as they elute 
       - Requires high speed spectrometer for small samples,  
         low concentrations 



Feature 32-1 
Use of GC/MS to Identify a Drug Metabolite in Blood9 
9 From J. T. Watson and O. D. Sparkman, Introduction to Mass Spectrometry, 4th ed., New York: Wiley, 2007, pp. 29–32. 

A comatose patient was suspected of taking an overdose of a prescription drug glutethimide 
(Doriden™) because an empty prescription bottle had been found near where the patient 
was discovered. A gas chromatogram was obtained of a blood plasma extract, and two 
peaks were found as shown in Figure 32F-1. The retention time for peak 1 corresponded 
to the retention time of glutethimide, but the compound responsible for peak 2 was not 
known. The possibility that the patient had taken another drug was considered. However, 
the retention time for peak 2 under the conditions used did not correspond to any other drug 
available to the patient or to a known drug of abuse. Hence, gas chromatography/mass 
spectrometry was called on to establish the identity of peak 2 and to confirm the identity of 
peak 1 before treating the patient. 

Structure and molecular model of glutethimide. Structure and molecular model of 4-hydroxy metabolite. 



The plasma extract was subjected to GC/MS analysis, and  the mass spectrum depicted in 
Figure 32F-2a confirmed that peak 1 was due to glutethimide. A peak in the mass spectrum 
at a mass-to-charge ratio of 217 is the correct ratio for the glutethimide molecular ion, and 
the mass spectrum was identical to that from a known sample of glutethimide. The mass 
spectrum of peak 2, however, showed a molecular-ion peak at a mass-to-charge ratio of 233, 
as shown in Figure 32F-2b. This number differs from the molecular ion of glutethimide by 
16 mass units. Several other peaks in the mass spectrum from GC peak 2 differed from 
those of glutethimide by 16 mass units indicating incorporation of oxygen into the 
glutethimide molecule. This finding led the investigators to believe that peak 2 was due to a 
4-hydroxy metabolite of the parent drug. 

Figure 32F-1   Gas chromatogram of a blood plasma extract from a drug overdose 
victim. Peak 1 was at the appropriate retention time to be glutethimide, but the 
compound responsible for peak 2 was unknown until GC/MS was done. 



Figure 32F-2 (a) Mass spectrum obtained during 
elution of peak 1 of the gas chromatogram in Figure 
32F-1. This mass spectrum is identical with that of 
glutethimide. (b) Mass spectrum obtained during 
elution of peak 2 of the gas chromatogram in Figure 
32F-1. In both cases, electron-impact ionization was 
used in the mass spectrometer. Different ions, 
produced by fragmentation of the two compounds, 
aids in their identification. Peak A at m/z 5 217 in 
spectrum (a) corresponds to the molar mass of 
glutethimide and is thus due to the molecular ion. 
The mass spectrum conclusively identifies peak 1 in 
the chromatogram as glutethimide. Peak B in mass 
spectrum (b) appears at m/z 5 233, exactly 16 mass 
units more than glutethimide. Other peaks in spectrum 
(b) also appear 16 mass units higher than in the 
glutethimide spectrum. This evidence suggests the 
presence of an extra oxygen atom in the molecule, 
Corresponding to the 4-hydr 

An acetic anhydride derivative of the peak 2 material was then prepared and found to be 
identical to the acetate derivative of 4-hydroxy-2-ethyl-2-phenylglutarimide, the metabolite 
shown in the molecular model on the previous page. This metabolite was known to exhibit 
toxicity in animals. The patient was then subjected to hemodialysis which removed the 
polar metabolite more rapidly than the less polar parent drug. Soon thereafter, the patient 
regained consciousness. 



32C-2   Quantitative Analysis 
 
Gas chromatography owes its enormous growth in part to its speed, simplicity, relatively 
low cost, and wide applicability to separations. It is doubtful, however, that GC would 
have become so widely used were it not able to provide quantitative information about 
separated species as well. 
Quantitative GC is based on comparison of either the height or the area of an analyte 
peak with that of one or more standards. If conditions are properly controlled, both of 
these parameters vary linearly with concentration. Peak area is independent of the 
broadening effects discussed earlier. From this standpoint, therefore, area is a more 
satisfactory analytical variable than peak height. Peak heights are more easily measured 
than areas, however, and for narrow peaks, they may be determined more accurately. 
Most modern chromatographic instruments are equipped with computers that provide 
measurements of relative peak areas. If such equipment is not available, a manual 
estimate must be made. A simple method that works well for symmetric peaks of 
reasonable widths is to multiply peak height by the width at one-half peak height. 



Quantitative GC procedure 
 
      1) Sampling 
      2) Sample preparation 
      3) Chromatography 
      4) Integration 
      5) Calculation ---- a) Simple normalization 
                                    b) Corrected area normalization 
                                    c) External standard 
                                    d) Internal standard 
                                    e) Standard addition 
 



Accuracy  --- Goal of analysis 
   1) Absolute error :  difference  between measured and true   
    2) Relative (%) error :    [ error / true value ] x 100 
 
            ex.  True value            50 g 
                   Measured             48 g 
                   Absolute error       2 g 
                   % error        ( 2 g / 50 g ) x 100 = 4 % 
 
 Precision  
    1) Measures reproducibility 
    2) Measures techniques 
                      Average 
                      SD 
                      RSD   
          Importance of RSD :  
                      Precision + Calibration = Accuracy 
 



Sampling 
     Objective ------ take small sample representative of larger population 
     Possible errors -- 1) Non-representative 
                                 2) Contamination 
 
Sample preparation 
     1) Crush 
     2) Dissolve 
     3) Filter 
     4) Extract 
     5) Dilute 
     6) Concentrate 
     7) Derivatize 
 
     *  Possible error --- sample loss, change, contamination 
 
Chromatography 
 
     Possible error --- loss sample,  
                                 leaks, 
                                 non eluting, 
                                 overlapping or undetected peaks 
                                 detector, recorder problems 



Digital conversion  --- peak height 
 
      1) Advantage -------- easy, rapid, inexpensive 
      2) Possible errors --- peaks unresolved, 
                                        too small,  
                                        off scale, 
                                        drifting baseline 
 
Integration --- peak area 
      1) manual methods 
         Possible errors --- peaks unresolved, too small, off scale, drifting baseline 
 
      2) Integration --- mechanical 
 
      3) Integration --- Digital electronic 
 
      4) Computing integrators 

Hewlett Packard - Model 3396A Integrator  



Simple normalization 
 
          Peak         A       B      C 
         Area =   150     300    600 
 
   Weight % A  =  ( area A / total area ) x 100  
                         =  [ 150 / ( 150 + 300 + 600)] x 100 
                         =  14.3 % 
   Assumes :  1)  A + B + C = 100 % 
                      2)  Detector shows equal response for A,B, and C 
 
Response factor (RF) 
 
        Peaks             A       B      C 
        Weight   =    10      10     10   microgram 
        Area       =  150    300   600 
 
        Response factors not equal 
            1) Simple area normalization not valid 
            2) Must calculate RF 



Calculation of response factors 

 Area  

Weight(microgram) 

ex. 
Slope  = ∆A / ∆W = 90 / 3 = 30 

Corrected area normalization 
 
        Peak        Area       RF       Corrected area  
         A             150        15         10 
         B             300        30         10 
         C             600        60         10 
      ----------------------------------------------------- 
                                          Total 30 
   Weight % A  = ( Corrected area A / Total corrected areas) x 100  = (10 / 30) × 100 
                         = 33.3 % 
   Method still assumes A + B + C = 100 % 



External standard method     

Area 

Weight(microgram) 

1) Make calibration curve: Area vs Weight(microgram) 
 
2) Inject known weight of sample 
 
3) Measure area : 
    read weight of component 
    from calibration curve 
 
4) Weight 
   =  weight unknown component  x 100 
                 weight sample 
 
* Must know exact volume of injection 
* Best to use sample value 

weight unknown 
 component 



Internal standard method    
 
1st step  --- choose  IS 
      1) Never found in sample peak 
      2) Well resolved 
      3) Add to sample at concentration of analyte 
           having similar response 
      4) Available pure   
 
 2nd step --- calibration 
 
      1) Prepare standard mixtures 
      2) Chromatograph standards 
      3) Plot area ratio vs weight ratio              

AX  / AIS 

WX  / WIS 



3rd step --- analyze sample 
 
      1) Mix IS with sample X ; weights known accurately 
       2) Chromatograph mixture 
       3) Measure areas : calculate ratio 
       4) Interpolate curve to give weight ratio for X 
       5) (WX / WIS) x WIS = WX for X              

WX / WIS  

AX / AIS 



Standard addition method 
 
                        Area 
                           
                           
                           
                           
                           
                4     2            2     4     6     8 
                                    Weight of analyte added( microgram ) 
                 
  Weight of X  =  3.2 microgram   
 
 * Especially useful for dirty samples 
 * Interferences same for standards and unknown 



Example 32-1 
Gas chromatographic peaks can be influenced by a variety of instrumental factors. We can 
often compensate for variations in these factors by using the internal standard method. 
With this method, we add the same amount of internal standard to mixtures containing 
known amounts of the analyte and to the samples of unknown analyte concentration. We 
then calculate the ratio of peak height (or area) for the analyte to that of the internal 
standard. 
The data shown in the table were obtained for the determination of a C7 hydrocarbon with 
a closely related compound added to each standard and to the unknown as an internal 
standard. 
Construct a spreadsheet to determine the 
peak height ratio of the analyte to internal 
standard and plot this ratio versus the analyte 
concentration. Determine the concentration 
of the unknown and its standard deviation. 
Solution 

The spreadsheet is shown in Figure 32-14. The data are entered into columns A through C, 
as shown. In cells D4 through D9, the peak height ratio is calculated by the formula shown 
in documentation cell A22. A plot of the calibration curve is also shown in the figure. The 
linear regression statistics are calculated in cells B11 through B20 using the same approach 
as described in Section 8D-2. The statistics are calculated by the formulas in 
documentation cells A23 through A31. The percentage of the analyte in the unknown is 
found to be 0.163 6 0.008. 



Figure 32-14 Spreadsheet to illustrate the internal standard method for the GC 
determination of a C7 hydrocarbon. 



32C-3   Advances in GC 
 
High-Speed Gas Chromatography 
 
Researchers in GC have often focused on achieving ever-higher resolution in order to separate 
more and more complex mixtures. In most separations, conditions are varied in order to 
separate the most difficult-to-separate pair of components, the so-called critical pair. Many of 
the components of interest under these conditions are highly overseparated. The basic idea of 
high-speed GC is that, for many separations of interest, higher speed can be achieved, albeit at 
the expense of some selectivity and resolution. 
The principles of high-speed separations can be demonstrated by substituting Equation 31-11 
into Equation 31-17 

where kn is the retention factor for the last component of interest in the chromatogram. If we 
rearrange Equation 32-1 and solve for the retention time of the last component of interest, we 
obtain 

Equation 32-2 tells us that we can achieve faster separations by using short columns, higher-
than-usual carrier gas velocities, and small retention factors. The price to be paid is reduced 
resolving power caused by increased band broadening and reduced peak capacity (the 
number of peaks that will fit in the chromatogram). 



Research workers in the field have been designing instrumentation and 
chromatographic conditions to optimize separation speed at the lowest cost in 
terms of resolution and peak capacity. They have designed systems to achieve 
tunable columns and high-speed temperature programming. A tunable column is a 
series combination of a polar and a nonpolar column. Figure 32-15 shows the 
separation of 12 compounds prior to initiating a programmed temperature ramp 
and 19 compounds after the temperature program was begun. The total time 
required was 140 s. These workers have also been using high-speed GC with mass 
spectrometry detection including time-of-flight detection. 

Figure 32-15 High-speed chromatogram 
obtained with isothermal operation (30oC) 
for 37 s followed by a 35oC/min 
temperature ramp to 90oC.  
(Reprinted (adapted) with permission from H. Smith and R. D. 
Sacks, Anal. Chem., 1998, 70, 4960. Copyright 1998 by the 
American Chemical Society.) 



Miniaturized GC Systems 
 
For many years, there has been a desire to miniaturize GC systems to the 
microchip level. Miniature GC systems are useful in space exploration, in portable 
instruments for field use, and in environmental monitoring. 
Most of the research in this area has concentrated on miniaturizing individual 
components of the chromatographic systems such as columns and detectors. 
Microfabricated columns were designed using substrates of silicon, metals, and 
polymers. Relatively deep, narrow channels are etched into the substrate. These 
channels have low dead volume to reduce band broadening and high surface area 
to increase stationary phase volume. Recent reports have described complete 
microfabricated ensembles with interconnected injectors, columns, and detectors. 
One instrument was specifically designed for measurement of trichloroethylene 
vapors due to the migration of volatile organic compounds from contaminated soil 
or groundwater. The miniature GC could be deployed in the field and was capable 
of sub ppb detection of the vapors. 



Multidimensional Gas Chromatography 
 
In multidimensional GC, two or more capillary columns of differing selectivities are 
connected in series. Therefore, with two columns, one might contain a nonpolar stationary 
phase, while the second might have a polar stationary phase. Subjecting a sample to 
separation in one dimension followed by separations in one or more additional dimensions 
can give rise to extremely high selectivity and resolution. 
  Multidimensional GC can take several forms. In one implementation, called heart 
cutting, a portion of the eluent from the first column containing the species of interest is 
switched to a second column for further separation. This approach has been successfully 
implemented in commercial instrumentation.  
  In another methodology, known as comprehensive two-dimensional GC or GC x GC, the 
effluent from the first column is continuously switched to a second short column. Although 
the resolving power of the second column is necessarily limited, the fact that a column 
precedes it produces high-resolution separations. This approach has also been developed 
into commercial instrumentation. 
The multidimensional GC techniques have also been combined with mass spectrometry, 
resulting in separations that are not only of high resolution but that are also able to identify 
minor components, distinguish closely related compounds, and unravel coeluting species. 



32D   GAS-SOLID CHROMATOGRAPHY 
 
Gas-solid chromatography is based on adsorption of gaseous substances on solid surfaces. 
Distribution coefficients are generally much larger than those for gas-liquid 
chromatography. This property renders gas-solid chromatography useful for separating 
species that are not retained by gas-liquid columns, such as the components of air, 
hydrogen sulfide, carbon disulfide, nitrogen oxides, carbon monoxide, carbon dioxide, and 
the rare gases. 
Gas-solid chromatography is performed with both packed and open tubular columns. For 
the latter, a thin layer of the adsorbent is affixed to the inner walls of the capillary. Such 
columns are sometimes called porous layer open tubular columns, or PLOT columns. 
Figure 32-16 shows a typical application of a PLOT column. 

Figure 32-16 Typical gas-solid chromatogram on a PLOT 
column. 
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