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	1. 1
Gas Chromatography
Gas chromatography  is a separation technique that can be used to separate any compound that is
either naturally volatile (i.e., readily goes into the gas phase) or can be converted to a volatile
derivative. . This makes GC useful in the separation of a number of small organic and inorganic
compounds. Gas chromatography can be used for both qualitative and quantitative analysis.
In Gas Chromatography (GC) - the mobile phase is a gas.
Types of Gas chromatography
There are two types of G.C.
1. Gas - Solid Chromatography (GSC)
In case of Gas - Solid Chromatography (GSC) the stationary phase is a solid like silica or alumina.
It is the affinity of solutes towards adsorption onto the stationary phase which determines, in part,
the retention time. The mobile phase is, of course, a suitable carrier gas. This gas chromatographic
technique is most useful for the separation and analysis of gases like CH4, CO2, CO etc.
2. Gas - Liquid Chromatography (GLC)
The stationary phase is a liquid with very low volatility while the mobile phase is a suitable carrier
gas. GLC is the most widely used technique for separation of volatile species.
Major components of gas chromatography
The major components of a gas chromatograph are:
1. Injector: Samples are introduced into the flowing gas stream by means of an injector.
2. Oven : Temperature in GC is controlled via a heated oven. The oven heats rapidly to give
excellent thermal control.
3. Column: Separation of the constituents is achieved in the column.
4. Carrier gas: the mobile phase (or "moving phase") is a carrier gas, usually an inert gas such
as helium or an unreactive gas such as nitrogen.
5. Detector: Finally, the detector measures the amount of each compound as it leaves the column
Special separation technique
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	2. 2
Diagram of G.C
Write  down the operating principle of G.C?
FIG :-This fig + Diagram of G.C
Separation in GC is based on different distributions of the molecules of the components being
separated between the mobile gas phase and the stationary phase. The elution process in GC can
be obtained most readily by the kinetic treatment of the elementary processes of the motion of the
molecules of the test compounds in a column. It is assumed that several conditions are fulfilled in
a chromatographic separation including
Makeup gas
Fuel gas
Syringe
Liquid or gas
Septum
Carrier
gas
Homogeneous mixture of sample in
gas state
Stationary phase (liquid or solid)
 


	3. 3
(1) The molecules  of the test compounds are in dynamic equilibrium between the gas and
stationary phases, and this equilibrium is independent of the presence of other components in the
sample
(2) The molecules of the test compounds move along the column only in the gas phase
( 3 ) The carrier gas velocity, the temperature, and the properties of the sorbent are constant along
the length of the column and across its section, and the pressure drop can be neglected.
The gas is set to flow at a constant rate from the cylinder on to the liquid layer impregnated on
solid support in a column. The sample is injected into the injection point and is carried by the
mobile gas into the column. Inside the column, the components get separated by differential
partition in between the mobile phase gas and stationary phase liquid. The component that
partitioned into gas comes out of the column first and is detected by detector. The
one partitioned into liquid phase comes out later and is also detected. The recordings are displayed
onto a computer software. From these peaks one can identify the components
and also their concentration.
Carrier Gas
A carrier gas is the gas used in the mobile phase of gas-liquid chromatography. These types of
gases are injected manually by a known volume injector (micro-injector) and are responsible for
carrying vapors. Carrier gases are chosen depending upon the application and which help to
achieve the best separation in the whole process.
Properties of carrier gas
 


	4. 4
Gas sampling loop/  valve
The vent valve is then opened and the pressure in the vial displaces the headspace through the
needle into the sample loop, filling the loop at the proper loop fill time. Pressure in the vial will
equal atmospheric pressure.
Loop volumes can range from 0.1 to 5 mL. Typical loop volumes used are 1 or 2 mL. After the
loop fill, the vent valve and pressure valve are closed, allowing the sample vapor to equilibrate
and pressure and flows to stabilize.
Injection valve
The Injection valve links the Ciject injection machine to the inlet port of a typical closed mould.
Injection valve have 6 parts.
Role Of injector
1. Work as inlet for sample.
2. It measure the quality of the sample and introduced onto the column.
3. It vaporizes & mix the sample with carrier gas before the sample enter the head of the
column.
What injector is used in case of bore & packed column? Operation principle of direct
vaporization injector
In case of packed & bore column direct vaporization injector is used. For packed and mega bore
columns, which typically use a flow rate of about 10 mL/min, direct vaporization is a simple way
to introduce the sample. In direct vaporization injection, a liquid sample is injected via a syringe
into a heated Injection port. The sample is rapidly vaporized in the injection port, then transferred
to the column. Any model of this type comprises a metal tube with a glass sleeve. It is heated to
the average boiling temperature of the compounds being chromatographed. The needle of the
micro-syringe containing the sample pierces the septum, made of silicone rubber, which closes the
end of the injector. The other end, also heated, is connected directly to the column. Once all of the
liquid plug has been introduced with a syringe it is immediately volatilized and enters the column
entirely within a few seconds, swept along by the carrier gas.
 


	5. 5
Operation principle Hot  direct packed injector
A small amount of liquid (microliters) is injected through a silicon rubber septum (using a special
microliter syringe) into the hot (usually 200+ degrees C) GC injector that is lined with an inert
glass tube. The injector is kept hot by a relatively large, metal heater block that is thermostatically
controlled. The sample is immediately vaporized and a pressurized, inert, carrier gas-which is
continually flowing from a gas regulator through the injector and into the GC column-sweeps the
gaseous sample, solvent, analyte and all, onto the column.
If the sample is thermolabile, this injector cannot be used. Only used for thermostable sample.
 


	6. 6
Direct vaporization injector  vs Hot direct packed injector
Topics Direct vaporization injector Hot direct packed injector
Temperature Relatively low temperature
needed than hot direct packed
injector.
Relatively high temperature require.
Sample Thermolabile & thermostable
sample is used.
Only for thermostable sample.
Column
damage
Less damage More damage
Column
efficiency
Low column efficiency Reduced column effiency
Widebore
column
0.53 mm 0.1 mm to 0.53 mm
Sensitivity Good sensitive More sensitive
Split/splitless injections
Split/splitless injections are techniques that introduce the sample into a heated injection port as a
liquid, and then rapidly and completely vaporize the sample solvent as well as all of the analytes
in the sample. The vaporized sample is transferred to the head of the column.
The sample vapors are entrained into the carrier gas flow inside a 'liner' or 'sleeve' within the inlet
and from there pass into the column or out of the inlet via the 'split' line/valve.
 


	7. 7
Split injection
In the  split injection mode, only a fraction of the vaporized sample is transferred onto the head of
the column. The remainder of the vaporized sample is removed from the injection port via the split
vent line. Split injections should be used only when sample concentrations are high enough to
allow a portion of the sample to be discarded during the injection process, while still maintaining
a sufficient concentration of analytes at the detector to produce a signal.
Split injection is used to perform an 'on-instrument' dilution and the relative amounts of sample
which enter the column or are discarded to waste via the split line are adjusted using the relative
carrier and split flow rate ratio.
Splitless injection
Splitless injection is used when analyte concentrations are low i.e. for trace analysis. In splitless
injection the split valve is initially closed, ensuring that all sample passes onto the column, then at
an optimized time the split line is turned on to clear the inlet of any residual vapors (Figure 3). The
transfer of the sample vapor (diluted with carrier gas) from the inlet is much slower compared with
split injection. This can result in band broadening, therefore, the sample vapors must be trapped
(condensed) at the head of the column by using a low initial oven temperature.
 


	8. 8
Split vs splitless
Topics  Split Splitless
Sample used Concentrated sample (>0.1%) Dilute sample (<0.1%)
Injection Speed Fast Slow
Sample goes
through the
column
Small amount ( 1/1000 to 1/20) Most of the sample (80% to 100%)
Performed Isothermally Should not performed isothermally
Chromatographic
peaks
Not extremely sharp extremely sharp
Split Valve Split mode – Split Valve Partially
open
Splitless mode – Split Valve Closed
Cold On column injector
The sample is transferred directly onto the column, by inserting the syringe needle into the
analytical capillary column. This is usually a cold-injection technique, with the inlet temperature
below the solvent boiling point. The inlet and column oven are then heated together to perform the
separation.
Operation principle of Cold On column injector
On-column injection is the direct, cold injection of a liquid sample into the column at a point within the
column oven and under oven temperature control. The oven temperature determines the actual injection
temperature. The injector itself is unheated and serves only for inserting the syringe needle into the
column without de-pressurizing the column.
When a sample is injected, a plug of liquid forms in the capillary column. This plug of liquid, if
uncontrolled, can cause peak distortion. Oven temperatures of about 20 °C above the solvent boiling point
hasten the vaporization of the liquid sample in the column.
 


	9. 9
Advantage & disadvantage  Cold On column injector
Used of Cold On column injector
1. Excellent for quantitative analysis
2. Suitable for (ultra) trace analysis
3. Suitable for thermolabile compounds
4. Isolation of drug or metabolites in urine
Problem & remedies of Cold On column injector
Problem Remedies
Inlet discrimination: injector temperature is
too low. Later eluting and less volatile
compounds have low response.
Increase the injection temperature or use on-
column injection with direct connect liner
Incorrect injector temperature:
• Injector too cold: sample is not vaporized.
• Injector too hot: thermally labile sample is
decomposing
Cold injector: check injector and oven
temperature with an accurate thermometer. If
accurate, increase temperature as necessary,
but do not exceed the maximum temperature
limit of the column. Inject the sample directly
onto the column.
Hot injector: check injector and oven
temperature with an accurate thermometer. If
accurate, reduce temperature as necessary,
ensuring compatibility with sample and
column minimum limit.
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Write down the  feature for injection port temperature with diagram?
 The solvent evaporation volume in the hot GC injector depends on the injection port temperature.
 Temperature should be 20-30o
C hotter than the boiling point of the least volatile components.
 The injector temperature should exceed the boiling point of the investigated substances. Inappropriate
temperatures may lead to condensation effects in the injector and incomplete vaporization.
 Too hot injection port temperature may lead to a partial destruction of the investigated substances or to
the release of substances from the septum.
Effect of Injection port temperature on resolution
Increase injection port temperature improves resolution & decrease the retention time.
 


	11. 11
Column
Columns are the  stationary phases which are considered the “heart” or “brain” of the
chromatograph and are responsible for the separation process.
Types of G.C column
There are three types of column.
1. Packed columns
2. Capillary columns
3. Bore /widebore column
Column Materials
Stainless steel: Columns are mostly made of stainless steel. Stainless steel columns are strong and
rigid, can withstand the high pressures used in liquid chromatography and are chemically very
inert and not prone to corrosion. However, stainless steel columns have limited application when
used for the separation of proteins as the material can cause protein denaturation.
Copper tubing react with: Amines, acetylenes, terpens and steroids are widely used. It’s good for
trace water analysis.
-Copper oxide coating is reactive and can interfere in gas analysis.
-O2 must be excluded from carrier gas.
Al: is used troublemaker due to reactive Al-oxide formation.
Plastics: are limited due to permeability & temperature limit.
Teflon: Polypropylene & nylon tubing are available.
Glass: Difficult to form into column & relatively fragile it would be very best choice for tubing.
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Problem of column
Absorption  on column packing ( or capillary wall)
Reasons for absorption activity
Silicates + water = silanol group on silicates surface.
Minimize the problem
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Capillary column
A capillary  column for GC is basically a very narrow tube with the stationary phase coating the
interior surface. Capillary columns are gas chromatography (GC) columns that have the stationary
phase coating their inner surfaces rather than being packed into the cavity. Capillary GC columns
are used to analyze samples for the individual chemical compounds that they contain
1. Fused silica capillary column ( short note)
Fused silica surface made by the reaction of SiCl4 and water vapor in a flame - SiO2 contains 0.1
% –OH groups. Properties of fused silica 1.High tensile strength 2. Flexible 3.Sheath of polyimide
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.
2. WCOT = Wall Coated Open Tubular
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, mm
Length : 10 to 60 m
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3. SCOT =  Support Coated Open Tubular
 Solid support: Celite
 Liquid phase
 Not available fused silica tubing
4. PLOT = Porous Layer Open Tubular
 Porous adsorbent: alumina or molecular sieve
 Molecular sieve --- efficient for H2, Ne, Ar, O2, N2, CO, CH4.
 Porous carbon stationary phase ( 2 m thick) on inside wall of fused silica open tubular column.
Different among – WOCT, SOCT & PLOT
Topics WOCT SOCT PLOT
Full meaning Wall Coated Open
Tubular
Support Coated Open
Tubular
Porous Layer Open
Tubular
Length, m 10-100 10-100 10-100
Efficacy,
Plates/m
1000-4000 600-1200 2000-400
Sample size,
ng
10-1000 10-1000 10-75
Phase ratio 15-500 20-300 10-200
permeability 300-20000 200-1000 200-1000
Chemical
inertness
Medium low best
Layer of
stationary
phase
coated directly on the
wall of the tube
Liquid phase + glass
powder or particle
support
Particle support
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Bore /widebore column
The  wide-bore (also called mega-bore) column is a capillary column with an internal diameter of
0.53 mm and a film thickness normally of 1.0 - 5.0 μm.
Advantage or why wide bore column is better than packed column?
All capillary columns it is the least efficient and the 'slowest' column in performance. On the
other hand, wide bore’s capacity is by far the largest. That is why the wide-bore column is so
unique compared to other capillary columns and to packed columns. and advantages of wide
bore columns for particular applications.
 Efficiency: a small internal diameter and relatively short column length
 Fast analysis time: high gas velocity: short narrow-bore columns
 Inertness: Capillary fused-silica columns give good peak shape, suitable for trace
analysis
 Large sample capacity: large column diameter, high amount of stationary phase (film
thickness)
Criteria of liquid phase for stationary phases
1. Tow volatility (ideally, the boiling point of the liquid should be at least 100  C higher than
the maximum operating temperature for the column)
2. Thermal stability
3. Chemical inertness
4. Solvent characteristics such that k and  values for the solutes to be resolved fall within a
suitable range.
5. Strong attachment to solid support.
6. Reproducibility
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Column oven &  temperature control (Oven temperature=?, how temp. control?, why temp.
control?
The column oven temperature should be high enough for the analysis to be completed in reasonable
time and low enough to obtain the desired separation of sample mixture.
The thermostated oven serves to control the temperature of the column within a few tenths of a
degree to conduct precise work. The oven can be operated in two manners:
1. isothermal
The oven temperature is kept constant during the entire analysis
Practical temperature < 250oC
Maximum temperature < 400oC
2. temperature programming
The oven temperature is varied during the analysis
Linear
Non linear
Isothermal Temperature Control
In Isothermal mode the column oven temperature is maintained at a constant value throughout the
analysis run. The mode is satisfactory for resolving the peaks of low boiling point components of
the sample. The temperature is set to around midpoint of the boiling range of the sample
components. If the temperature is set at too high value the lighter components will co-elute
resulting in poor resolution. The higher boiling range components elute eventually due to the
higher retention times but undesirable band broadening appears.
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Temperature programming (When  & Why)
With homologues, the retention time increases exponentially with the number of carbon. As retention time
increases, width increase and the height decreases, making detection impossible after a few peaks have
eluted. Since solubility of gas in a liquid decreases as temperatures goes up, we can reduce the retention of
a compound by increasing column temperature.
Temperature programmed mode refers to a continual rise of temperature at a predetermined rate
during the sample analysis. This mode of operation offers several advantages such as
 Improvement of peak shapes
 Improvement of resolution
 Completion of analysis in a fraction of time it would take for the isothermal operation
The above mentioned advantages are clearly seen in the representative chromatograms of
hydrocarbons C6 to C21 having boiling ranges from 70°C to 360°C in the two modes.
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Detector
A chromatography detector  is a device used in gas chromatography (GC) or liquid chromatography
(LC) to detect components of the mixture being eluted off the chromatography column. There are
two general types of detectors: destructive and non-destructive.
Most common G.C detectors
 Flame ionization detector (FID)
 Electron capture detector (ECD)
 Thermal conductivity detector (TCD)
 Flame photometric detector (FPD)
 Photoionization detector (PID
 Nitrogen–phosphorus detector (NPD)
 Mass spectrometer (MS), also called GC-MS
 Helium ionization detector (HID)
Flame ionization detector
A flame ionization detector (FID) is a scientific instrument that measures analyte in a gas stream.
It is frequently used as a detector in gas chromatography. The measurement of ion per unit time
make this a mass sensitive instrument. Standalone FIDs can also be used in applications such as
landfill gas monitoring, fugitive emissions monitoring and internal combustion engine emissions
measurement in stationary or portable instruments.
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Basic Principle of  FID
Most organic compounds, when pyrolyzed (or decomposed) at a high temperature H2/air flame,
produce positively charged ions in the flame. This leads to a measurable current when a voltage is
applied across the burner tip (positive) and a collector electrode (negative) located above the flame.
Since the FID responds to the number of C atoms entering the detector per unit time, it is a mass-
sensitive detector.
 The effuent from the column is mixed with H & air, and ignited.
 Organic compounds burning in the flame produce ions and electrons, which can conduct
electricity through the flame.
 A large electrical potential is applied at the burner tip.
 The ions collected on collector or electrode and were recorded on recorder due to electric
current.
Electron capture detector (ECD)
An electron capture detector (ECD) is a device for detecting atoms and molecules in a gas through
the attachment of electrons via electron capture ionization. The device was invented in 1957 by
James Lovelock and is used in gas chromatography to detect trace amounts of chemical
compounds in a sample.
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Basic principle of  ECD
The detector is selective toward compounds containing electronegative groups (e.g. halogens,
peroxides, nitro groups). In the absence of organic species, a high background current is created
between a pair of electrodes with voltage applied because of the ionization of the carrier gas (often
N2) by a β (or e-) emitter (e.g. Ni-63). In the presence of halogen-containing organic analytes,
which capture the electrons, the current decreases markedly.
 The detector consists of a cavity that contains two electrodes and a radiation source that
emits  - radiation (e.g. 63 Ni, 3 H)
 The collision between electrons and the carrier gas (methane plus an inert gas) produces a
plasma containing electrons and positive ions.
 If a compound is present that contains electronegative atoms, those electrons are captured
and negative ions are formed, and rate of electron collection decreases.
 The detector selective for compounds with atoms of high electron affinity.
 This detector is frequently used in the analysis of chlorinated compounds.
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Qualitative analysis by  chromatographic method
Qualitative analysis is based on the retention time or volume of the sample to the standard.
Retention time tR is the characteristics of the substance compare to standard.
Reproducibility of retention depends upon several experimental conditions:-
 Column length & diameter
 Stationary phase & mobile phase
 Column packing
 Column temperature
 Mobile phase flow rate etc.
Retention time (tR): The retention time is the time between injection of a sample and the
appearance of a solute peak at the detector of a chromatographic column.
Adjusted time (tR'): The time which the solute spend in stationary phase.
Hold up time or dead time (tM): tM represent the time that the Un retarded substance (mobile
phase) spend in the column.
Identification of retention time
The retention time of the unknown component is compared to the retention time of a so-called
standard. This is a compound of which the identity is known and which is likely to possess the
same identity as the unknown component. When the retention times of both compounds are
similar, the unknown is considered identified. If the analyte itself is not available as a pure
substance, identification based on chromatographic results only is not possible.
tR”
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The analyst should  always realize that the retention time is not only dependent on the component
but also on the system (column, stationary phase, conditions and the instrumental settings and
performance). It means that a correct comparison is only possible when two chromatographic runs
are performed under identical conditions on the same GC system.
Q. How retention time can helps to qualitative analysis? (Ans- Retention time definition to Last
or identification)
Quantitative analysis by chromatographic method
On the basis of peak.
GC is an excellent quantitative technique where peak height or area is proportional to analyte
concentration. Thus the GC can be calibrated with several standards and a calibration curve is
obtained, then the concentration of the unknown analyte can be determined using the peak area or
height. The detector response factor for each analyte should be considered for accurate quantitative
analysis.
Peak of interest should full fill the following requirement:
 Must be undistorted
 Must be well separated
 Must have a large S/N ratio.
 Must have flat baseline
Peak shape: The ideal chromatographic peak is symmetric and narrow.
Peak Integration: Peak height & the area must be determined by the computer.
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Methods of quantitative  analysis
1. External standard Method
2. Internal standard Method
3. Internal Normalization
External standard method (short note)
A Pure reference standard material corresponding to the substance to be determined is dissolved
in a solvent at a known concentration. Various quantities of this solution are injected successively.
The areas of each the peaks produced are plotted versus the mass of the solute injected and a
calibration curve is produced. Now the unknown is injected and area of peak determined and the
concentration is found by interpolation.
The peak area or height of standard sample (2known concentration) is compared to that of the
sample of unknown concentration.
Employing the absolute response factor “K” is used following ways:
CRef. = k . ARef. and Cunk. = k . Aunk.
Cunk. = CRef
.
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Internal standard Method
An  internal standard is a known amount of a compound, different from the analyte, that is added
to the unknown sample. A Standard mixture of analyte and standard is prepared before hand.
Internal standards are desirable whenever losses of sample are likely to occur during handling or
analysis. They are also used to calibrate the instrument when same analysis is done on different
days. Use the following relation:
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