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Review and References on GC

• Historical Basis (Review)
– 1952; Martin and James:  Packed columns
– 1954; Commercialization
– 1957; Golay:  Open tubular (capillary) columns
– 1980; Wide spread use of capillary GC

• GC replaced distillation as the preferred method 
for separating volatile materials.
– GC separations depend upon many variables making it 

a powerful separation technique.
 

Author Publisher Title $ on 
Amazon Comments 

McNair & 
Miller Wiley Basic Gas Chromatography, 1998 

(QD79.C45M425) $37 Good short reference book, 
read it if you use GC a lot 

Grant Wiley Capillary Gas Chromatography, 1995 
(QD79.C45G73) $185 Detailed reference 

Example of Separating Power of GC
From McNair



Introduction

• GC is most widely used analytical technique in 
the world
– Over 50 years in development
– 2,000 instruments / yr
– 25,000 in use
– Worldwide market > $1billion

• GC is premier technique for separation and 
analysis of volatile compounds
– Gases, liquids, dissolved solids
– Organic and inorganic materials
– MW from 2 to > 1,000 Daltons

Advantages of GC

• Fast analysis
– Typically minutes (even sec.)
– Can be automated

• Small samples (μl or μg needed) 
• High resolution

– Record: N ~ 1.3 x 106

• Reliable, relatively simple and cheap (~ $20,000)
• Non-destructive

– Allows on-line coupling, e.g. to MS
• Sensitive detectors (easy ppm, often ppb)
• Highly accurate quantification (1-5% RSD)



Disadvantages of GC

• Limited to volatile samples
– T of column limited to ~ 380 °C
– Need Pvap of analyte ~ 60 torr at that T
– Analytes should have b.p. below 500 °C

• Not suitable for thermally labile samples
• Some samples may require intensive preparation

– Samples must be soluble and not react with the 
column

• Requires spectroscopy (usually MS) to confirm 
the peak identity

Instrument Overview

GC-MS Configuration

Other Analyzers:  Flame ionization, Thermal conductivity, 
Electron-capture, Atomic Emission, Flame photometric, and more

From Skoog



Carrier Gas Properties

• Carrier gas Mobile phase
– Flows continuously throughout instrument
– Carries the sample vapor through the column to detector

• Necessary properties:
– INERT

• Does not chemically interact with sample
– COMPATIBLE with detector

• No noise or explosions
– HIGHLY PURIFIED

• Impurities will degrade column and cause noise in detector
• “Research grade” is very expensive, so purify a cheaper grade

• Flow rates must be precisely controlled
– Reproducible retention times, minimize detector drift

• Flow rates of carrier gas:
– Linear flow rate (cm/s): u = L/tr
– Volumetric flow rate (mL/min): u (π r2)

L is length of column, tr is retention time, r is the internal radius of column

• Flow rate depends on type of column
– Packed column:  25-100 mL/min
– Capillary column:  µL/min to 1 mL/min

• Flow rate will decrease as column T increases
– Viscosity of carrier gas increases with T

Flow Rate of Carrier Gas



Mobile Phase Velocity and Composition

GC

LC

Plate height vs. Flow Rates

Small H, large N
From Skoog

From Braithwaite
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Carrier gas composition
From Grant

Injection Process and Properties

From McNair

• Properties:
– Versatile, rapid, quantitative
– Introduce sample to column                 

as a sharp, symmetric band

• Heated injection port
– Vaporize sample (50 °C > analyte b.p.) 
– Low enough to avoid degradation

• Packed columns:
– Flash vaporizer or on-column

• Capillary columns:
– Split:  1-2%, Higher resolution
– Splitless:  ~100%, Trace analysis



Sampling Details

• For best peak shape and max resolution, the 
smallest possible sample size should be used

• When there are many components in a sample, 
generally the sample size will need to be larger

• Sample volumes:

From McNair

Classification of Column Chrom.

From McNair

All forms of GC can be 
included in two main 
subdivisions:  

GSC and GLC
GLC is the most popular



Types of GC Columns

80 % of all 
columns used!From Grant

Packed GC Columns

• Easy to make and use 
• Limited resolution (N < 8,000)
• Outside:  Solid tubing usually made of stainless steel

– Because of strength
– Glass when more inert substrate is needed

• Inside:  Tightly packed with inert support
– Solid supports should be inert and have high surface area
– Typically diatomaceous earth or fluorocarbon polymer

• Stationary liquid phase is coated on the solid support
– 3-10% by weight of the solid support



Open (Capillary) Columns

• Most common and efficient
• High resolution (N > 100,000)
• Outside: Solid tubing made from fused silica

– Inert, flexible, strong, and easy to use
• Inside:  Column is an open tube 

– Very low resistance to flow
– Long lengths possible ( L > 100 m)

• Stationary phase is a thin, uniform liquid film 
coated on the wall of the tubing

Column Type vs. Separation
Packed Column

Capillary Column

• Packed Column
– Lower resolution
– Fewer peaks (16)
– Fewer plates

• Capillary Column
– Small sample needed
– Better resolution
– More peaks
– Faster Analysis

From McNair



Comparison of Columns

From McNair

Dimensions

Efficiency

Operating Conditions and T Controls

• Oven Temperatures:
– Set by user depending on analytes and type of column
– Should NOT be higher than b.p.of analyte

• Column operates at a T where the sample is in the vapor 
state—it need not be in gas state

• Column temp should be just above “dew point” of analyte

• Isothermal
– Simplest mixtures and cheapest GCs
– Temperature of oven remains constant

• Temperature programming
– Analytes with wide range of volatilities
– Best separation in quickest amount of time



Effect of Temperature on Retention Time

From McNair

Other Dimensional Considerations
From McNair



Column Selection Parameters
• The critical parameters for GC columns:

– Dimensions:  Internal diameter, Column length, Film thickness
– Conditions:   Temperature, Flow rate
– Composition:  Stationary phase composition*, Carrier gas

• Given a sample, you will need to first choose the what 
stationary phase will work best  
– First pick the type of column, then think about dimensions
– Conditions can be optimized for given column dimensions

• Choice of stationary phase is very important
– It determines what kind of sample you can run
– Critical for packed columns, but less so for OT columns 

because of high efficiency

Typical 
Stationary 

Phases

From Braithwaite



Stationary Phases for GLC

• Hundreds of SP have been used
– Only requirements are:

• Low vapor pressure
• Thermal stability
• Low viscosity (for fast mass transfer)
• High selectivity for compounds of interest

• How do you decide?
– Literature searches 
– Ask around, talk to manufacturers
– Trial and error

Most Important: SP Polarity

• Selectivity:  “Like dissolves like”
– Polar liquid better for polar analytes
– Nonpolar liquid for NP analytes

From McNair

Same N

Different Polarity

Bad Separation Better



Polarity and tr

• Changing SP 
polarity can change 
the elution order

• Verify:
– Retention times
– Peak identity

From McNair

Comparing Columns/Results

• How do you know if two columns are the same?
• How do you compare tr on different columns?

– Need a reliable method for specifying and measuring 
retention behavior of different solutes

– Establish a catalogue of GC retention parameters that will 
allow identification of most components

• How do you express relative polarity?
– You know lots of equations/relations…
– However, they depend on too many variables!

Establish a relative scale of polarity

M

s

V
VKk =



Kovats Retention Index System

• Purpose: To quantify the retention of a test compound 
by comparing it with a pair of n-alkane adjacent peaks

• Retention Index (def.):    I = 100 x Paraffin CN
– Independent of column packing, temperature, or any other 

chromatographic conditions!

• Homologous series of n-alkanes as standards
– Chosen because of low polarity and freedom from H-bonding
– In all stationary phases, they follow order of vapor pressure

• Log(t’) is directly proportional to the number of carbons

– Other homologous series used for specific applications

Kovats Retention Index System

• Compare retention time of unknowns to 
knowns in an effort to identify them

I = 100 x Paraffinic Carbons

From Skoog

From Rubinson



McReynolds Constants

• Purpose: To quantify the polarities and selectivities of 
stationary phases for specific chemical groups

• McReynolds Constant (def.): ΔI = I - Istandard
– Compare the change in the Kovats retention index, I, as a 

function of the type of column
– Provides a measure of the relative polarity of one column to 

a standard (Squalane)
• “Probe” molecules

– Traditionally:  Benzene, n-butanol, 2-pentanone, 
nitropropanone, and pyridine

– Each serves to measure the extent of intermolecular 
interaction between the probe molecules and SP

McReynolds Constants: Example

• Example:
– Kovats index of toluene:

• 773 on SP squalene (non-polar)
• 860 on SP dioctylphatalate 

– Define McReynolds constant as:
• ΔI = 860 – 773 = 87

– Results: 
• Dioctylphatalate is a more polar stationary phase
• The larger the McReynolds constant, the greater the 

retention time than compared to the non-polar 
column.



McReynolds Constants

From Grant

McReynolds Constants
From McNair

Sum of ΔI

0

884

4219

Each sum is a measure of the “polarity” of the liquid 
phase.  The higher the sum, the higher the polarity, the 
higher the retention time.



Derivatization

• If changing the column won’t help, you 
may change the separation by changing the 
analyte
– Cause a non-volatile sample to become volatile
– Improves delectability of derivative

• E.g. silylation
– Introduce trimethylsilyl group to make sample 

volatile 

From Ziemann, 
P. Tutorial on 
Secondary 
Organic 
Aerosol 
Formation.
American 
Association for 
Aerosol 
Research 
Annual 
Conference, 
Anaheim, CA 
2003
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