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Chapter 1 : Chromatography - Wikipedia
Our full-line of capillary gas chromatography (GC and GC/MS) columns includes ionic liquid, MS-grade, Fast GC,
GCxGC, chiral, and PLOT columns to serve multiple industries (including environmental, petroleum, chemical, food &
beverage, and pharmaceutical).

GC is also a frequently used technique in many environmental and forensic laboratories because it allows for
the detection of very small quantities. A broad variety of samples can be analyzed as long as the compounds
are sufficiently thermally stable and reasonably volatile. How does gas chromatography work? Like for all
other chromatographic techniques, a mobile and a stationary phase are required for this technique. Most
analytical gas chromatographs use capillary columns, where the stationary phase coats the walls of a
small-diameter tube directly i. In the example above, compound X interacts stronger with the stationary phase,
and therefore lacks behind compound O in its movement through the column. As a result, compound O has a
much shorter retention time than compound X. Which factors influence the separation of the components?
Vapor pressure The boiling point of a compound is often related to its polarity see also polarity chapter. The
lower the boiling point is, the higher the vapor pressure of the compound and the shorter retention time usually
is because the compound will spent more time in the gas phase. That is one of the main reasons why low
boiling solvents i. The temperature of the column does not have to be above the boiling point because every
compound has a non-zero vapor pressure at any given temperature, even solids. That is the reason why we can
smell compounds like camphor 0. However, their vapor pressures are low compared to liquids i. The polarity
of components versus the polarity of stationary phase on column If the polarity of the stationary phase and
compound are similar, the retention time increases because the compound interacts stronger with the stationary
phase. As a result, polar compounds have long retention times on polar stationary phases and shorter retention
times on non-polar columns using the same temperature. Chiral stationary phases that are based on amino acid
derivatives, cyclodextrins and chiral silanes are capable of separating enantiomers because one enantiomer
interacts slightly stronger than the other one with the stationary phase, often due to steric effects or other very
specific interactions. For instance, a modified -cyclodextrin column is used in the determination of the
enantiomeric excess in the chiral epoxidation experiment Chem 30CL. Column temperature A excessively
high column temperature results in very short retention time but also in a very poor separation because all
components mainly stay in the gas phase. However, in order for the separation to occur the components need
to be able to interact with the stationary phase. If the compound does not interact with the stationary phase, the
retention time will decrease. At the same time, the quality of the separation deteriorates, because the
differences in retention times are not as pronounced anymore. The best separations are usually observed for
temperature gradients, because the differences in polarity and in boiling points are used here. Carrier gas flow
rate A high flow rate reduces retention times, but a poor separation would be observed as well. Like above, the
components have very little time to interact with the stationary phase and are just being pushed through the
column. Column length A longer column generally improves the separation. The trade-off is that the retention
time increases proportionally to the column length and a significant peak broadening will be observed as well
because of increased longitudinal diffusion inside the column. One has to keep in mind that the gas molecules
are not only traveling in one direction but also sideways and backwards. This broadening is inversely
proportional to the flow rate. Broadening is also observed because of the finite rate of mass transfer between
the phases and because the molecules are taking different paths through the column. Amount of material
injected Ideally, the peaks in the chromatogram display a symmetric shape Gaussian curve. If too much of the
sample is injected, the peaks show a significant tailing, which causes a poorer separation. Most detectors are
relatively sensitive and do not need a lot of material in order to produce a detectable signal. The splitless mode
will only be used if the sample is extremely low in concentration in terms of the analyte. Conclusion High
temperatures and high flow rates decrease the retention time, but also deteriorate the quality of the separation.
Which detectors are used? The GC separates the compounds from each other, while the mass spectrometer
helps to identify them based on their fragmentation pattern see Mass Spectrometry chapter. If other carbon
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containing components, are introduced to this stream, cations will be produced in the effluent stream. The
more carbon atoms are in the molecule, the more fragments are formed and the more sensitive the detector is
for this compound. Unfortunately, there is no direct relationship between the number of carbon atoms and the
size of the signal. As a result, the individual response factors for each compound have to be experimentally
determined for each instrument. Due to the fact that the sample is burnt pyrolysis , this technique is not
suitable for preparative GC. In addition, several gases are usually required to operate a FID: The detection is
based on the comparison of two gas streams, one containing only the carrier gas, the other one containing the
carrier gas and the compound. Naturally, a carrier gas with a high thermal conductivity i. The large
surface-to-mass ratio permits a fast equilibration to a steady state. The temperature difference between the
reference and the sample cell filaments is monitored by a Wheatstone bridge circuit the student learnt about
this circuitry in physics! Electron Capture Detector ECD This detector consists of a cavity that contains two
electrodes and a radiation source that emits -radiation i. The collision between electrons and the carrier gas
methane plus an inert gas produces a plasma-containing electrons and positive ions. This detector is frequently
used in the analysis of chlorinated compounds i.
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Gas chromatography is in principle similar to column chromatography (as well as other forms of chromatography, such
as HPLC, TLC), but has several notable differences. First, the process of separating the compounds in a mixture is
carried out between a liquid stationary phase and a gas mobile phase, whereas in column chromatography the.

History of chromatography Chromatography was first employed in Russia by the Italian-born scientist Mikhail
Tsvet in Since these components have different colors green, orange, and yellow, respectively they gave the
technique its name. New types of chromatography developed during the s and s made the technique useful for
many separation processes. Since then, the technology has advanced rapidly. Advances are continually
improving the technical performance of chromatography, allowing the separation of increasingly similar
molecules. Chromatography terms[ edit ] The analyte is the substance to be separated during chromatography.
It is also normally what is needed from the mixture. Analytical chromatography is used to determine the
existence and possibly also the concentration of analyte s in a sample. A bonded phase is a stationary phase
that is covalently bonded to the support particles or to the inside wall of the column tubing. A chromatogram
is the visual output of the chromatograph. In the case of an optimal separation, different peaks or patterns on
the chromatogram correspond to different components of the separated mixture. Plotted on the x-axis is the
retention time and plotted on the y-axis a signal for example obtained by a spectrophotometer , mass
spectrometer or a variety of other detectors corresponding to the response created by the analytes exiting the
system. In the case of an optimal system the signal is proportional to the concentration of the specific analyte
separated. A chromatograph is equipment that enables a sophisticated separation, e. Chromatography is a
physical method of separation that distributes components to separate between two phases, one stationary
stationary phase , the other the mobile phase moving in a definite direction. The eluate is the mobile phase
leaving the column. This is also called effluent. The eluent is the solvent that carries the analyte. The eluite is
the analyte, the eluted solute. An eluotropic series is a list of solvents ranked according to their eluting power.
An immobilized phase is a stationary phase that is immobilized on the support particles, or on the inner wall of
the column tubing. The mobile phase is the phase that moves in a definite direction. In the case of HPLC the
mobile phase consists of a non-polar solvent s such as hexane in normal phase or a polar solvent such as
methanol in reverse phase chromatography and the sample being separated. The mobile phase moves through
the chromatography column the stationary phase where the sample interacts with the stationary phase and is
separated. Preparative chromatography is used to purify sufficient quantities of a substance for further use,
rather than analysis. The retention time is the characteristic time it takes for a particular analyte to pass
through the system from the column inlet to the detector under set conditions. It may consist of a single
component or it may be a mixture of components. The solute refers to the sample components in partition
chromatography. The solvent refers to any substance capable of solubilizing another substance, and especially
the liquid mobile phase in liquid chromatography. The stationary phase is the substance fixed in place for the
chromatography procedure. Examples include the silica layer in thin layer chromatography The detector refers
to the instrument used for qualitative and quantitative detection of analytes after separation. Chromatography
is based on the concept of partition coefficient. Any solute partitions between two immiscible solvents. When
we make one solvent immobile by adsorption on a solid support matrix and another mobile it results in most
common applications of chromatography. If the matrix support, or stationary phase, is polar e. Techniques by
chromatographic bed shape[ edit ] Further information: Column chromatography Column chromatography is a
separation technique in which the stationary bed is within a tube. The particles of the solid stationary phase or
the support coated with a liquid stationary phase may fill the whole inside volume of the tube packed column
or be concentrated on or along the inside tube wall leaving an open, unrestricted path for the mobile phase in
the middle part of the tube open tubular column. Differences in rates of movement through the medium are
calculated to different retention times of the sample. Clark Still introduced a modified version of column
chromatography called flash column chromatography flash. This allowed most separations to be performed in
less than 20 minutes, with improved separations compared to the old method. Modern flash chromatography
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systems are sold as pre-packed plastic cartridges, and the solvent is pumped through the cartridge. Systems
may also be linked with detectors and fraction collectors providing automation. The introduction of gradient
pumps resulted in quicker separations and less solvent usage. In expanded bed adsorption , a fluidized bed is
used, rather than a solid phase made by a packed bed. This allows omission of initial clearing steps such as
centrifugation and filtration, for culture broths or slurries of broken cells. Phosphocellulose chromatography
utilizes the binding affinity of many DNA-binding proteins for phosphocellulose. The plane can be a paper,
serving as such or impregnated by a substance as the stationary bed paper chromatography or a layer of solid
particles spread on a support such as a glass plate thin layer chromatography. Different compounds in the
sample mixture travel different distances according to how strongly they interact with the stationary phase as
compared to the mobile phase. The specific Retention factor Rf of each chemical can be used to aid in the
identification of an unknown substance. Paper chromatography Paper chromatography is a technique that
involves placing a small dot or line of sample solution onto a strip of chromatography paper. The paper is
placed in a container with a shallow layer of solvent and sealed. As the solvent rises through the paper, it
meets the sample mixture, which starts to travel up the paper with the solvent. This paper is made of cellulose
, a polar substance , and the compounds within the mixture travel farther if they are non-polar. More polar
substances bond with the cellulose paper more quickly, and therefore do not travel as far. Thin layer
chromatography TLC [ edit ] Further information: Thin layer chromatography Thin layer chromatography
TLC is a widely employed laboratory technique used to separate different biochemicals on the basis of their
size and is similar to paper chromatography. However, instead of using a stationary phase of paper, it involves
a stationary phase of a thin layer of adsorbent like silica gel , alumina , or cellulose on a flat, inert substrate.
TLC is very versatile; multiple samples can be separated simultaneously on the same layer, making it very
useful for screening applications such as testing drug levels and water purity. Compared to paper, it has the
advantage of faster runs, better separations, better quantitative analysis, and the choice between different
adsorbents. For even better resolution and faster separation that utilizes less solvent, high-performance TLC
can be used. An older popular use had been to differentiate chromosomes by observing distance in gel
separation of was a separate step. Displacement chromatography[ edit ] The basic principle of displacement
chromatography is: A molecule with a high affinity for the chromatography matrix the displacer competes
effectively for binding sites, and thus displaces all molecules with lesser affinities. In elution mode, substances
typically emerge from a column in narrow, Gaussian peaks. Wide separation of peaks, preferably to baseline,
is desired for maximum purification. The speed at which any component of a mixture travels down the column
in elution mode depends on many factors. But for two substances to travel at different speeds, and thereby be
resolved, there must be substantial differences in some interaction between the biomolecules and the
chromatography matrix. Operating parameters are adjusted to maximize the effect of this difference. In many
cases, baseline separation of the peaks can be achieved only with gradient elution and low column loadings.
Thus, two drawbacks to elution mode chromatography, especially at the preparative scale, are operational
complexity, due to gradient solvent pumping, and low throughput, due to low column loadings. Because the
process takes advantage of the nonlinearity of the isotherms, a larger column feed can be separated on a given
column with the purified components recovered at significantly higher concentrations. Techniques by physical
state of mobile phase[ edit ] Further information: Gas chromatography Gas chromatography GC , also
sometimes known as gas-liquid chromatography, GLC , is a separation technique in which the mobile phase is
a gas. Gas chromatographic separation is always carried out in a column, which is typically "packed" or
"capillary". Packed columns are the routine work horses of gas chromatography, being cheaper and easier to
use and often giving adequate performance. Capillary columns generally give far superior resolution and
although more expensive are becoming widely used, especially for complex mixtures. Both types of column
are made from non-adsorbent and chemically inert materials. Stainless steel and glass are the usual materials
for packed columns and quartz or fused silica for capillary columns. Gas chromatography is based on a
partition equilibrium of analyte between a solid or viscous liquid stationary phase often a liquid silicone-based
material and a mobile gas most often helium. The stationary phase is adhered to the inside of a small-diameter
commonly 0. It is widely used in analytical chemistry ; though the high temperatures used in GC make it
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unsuitable for high molecular weight biopolymers or proteins heat denatures them , frequently encountered in
biochemistry , it is well suited for use in the petrochemical , environmental monitoring and remediation , and
industrial chemical fields. It is also used extensively in chemistry research. It can be carried out either in a
column or a plane. Present day liquid chromatography that generally utilizes very small packing particles and
a relatively high pressure is referred to as high-performance liquid chromatography HPLC. In HPLC the
sample is forced by a liquid at high pressure the mobile phase through a column that is packed with a
stationary phase composed of irregularly or spherically shaped particles, a porous monolithic layer , or a
porous membrane. HPLC is historically divided into two different sub-classes based on the polarity of the
mobile and stationary phases. Methods in which the stationary phase is more polar than the mobile phase e.
Specific techniques under this broad heading are listed below. Affinity chromatography Affinity
chromatography [14] is based on selective non-covalent interaction between an analyte and specific
molecules. It is very specific, but not very robust. It is often used in biochemistry in the purification of
proteins bound to tags. These fusion proteins are labeled with compounds such as His-tags , biotin or antigens
, which bind to the stationary phase specifically. After purification, some of these tags are usually removed
and the pure protein is obtained. Columns are often manually prepared. Traditional affinity columns are used
as a preparative step to flush out unwanted biomolecules. However, HPLC techniques exist that do utilize
affinity chromatography properties. Immobilized Metal Affinity Chromatography IMAC [15] [16] is useful to
separate aforementioned molecules based on the relative affinity for the metal i. Often these columns can be
loaded with different metals to create a column with a targeted affinity.
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Among the various types of gas chromatography, gas-liquid chromatography is the method most commonly used to
separate organic compounds. The combination of gas chromatography and mass spectrometry is an invaluable tool in
the identification of molecules.

In this experiment you will use gas chromatography for quantitative analysis of complex mixtures and
determine parameters used to optimize the separation. They are toxic, must be handled with respect, and must
be disposed of in appropriate containers. Theoretical Plates The separation process in gas chromatography can
be compared to a multiple distillation or a fractional distillation using a reflux column. Gas chromatography
uses relatively long packed or open tubular capillary columns and is subsequently far more efficient at
separation than fractional distillations with short reflux columns. In addition, gas chromatography uses
packing or stationary phases that can be liquid or solid and may exhibit an affinity toward the compounds
being separated. The column efficiency of a gas chromatography column is gauged by the number of
theoretical plates, n. The concept of a plate is a carry-over from the first fractionating columns which used
discrete plates for separation. The chromatography column does not have discrete plates. The number of
theoretical plates is the number of discrete distillations that would have to be performed to obtain an
equivalent separation. This number is commonly used as a measure of separation efficiency and is a useful
number to use when comparing the performance of various chromatographic columns. Gas chromatography
columns normally have 1, to 1,, theoretical plates as opposed to fractionating columns which normally operate
in the range of plates. The number of theoretical plates, n, is a dimensionless number, which is related to the
ratio between the retention time, tr, and the width of the peak containing the compound. If the peaks are
reasonably symmetric, it can be assumed that they are Gaussian in shape. In this case, n is found from: The
retention time, tr, is measured at the point where the vertical line drawn through the maximum intersects the
baseline. Since the measurement is usually made from a recorder chart, the units are usually in cm, mm, or in.
So a column does not have a single n value. It is good practice to specify the column conditions and the
compound used to determine n. Height Equivalent to a Theoretical Plate Since n depends on the length of the
column, another parameter is used to express column efficiency. The effect of flow on column efficiency is
usually shown by plotting H versus flow rate or linear velocity. Such a plot is shown in the figure. Note that
the H line goes through a minimum. The minimum occurs at the optimum flow velocity. The simplest
equation for the curve in the H versus v figure is the van Deemter equation: A, B and C are constants and v is
the linear velocity, the carrier gas flow rate. The A term is independent of velocity and represents "eddy"
mixing. It is smallest when the packed column particles are small and uniform. The B term represents axial
diffusion or the natural diffusion tendency of molecules. This effect is diminished at high flow rates and so
this term is divided by v. The C term is due to kinetic resistance to equilibrium in the separation process. The
kinetic resistance is the time lag involved in moving from the gas phase to the packing stationary phase and
back again. The greater the flow of gas, the more a molecule on the packing tends to lag behind molecules in
the mobile phase. Thus this term is proportional to v. Quantitative Analysis Chromatographic detectors have
different responses to each compound. In order to determine quantitative amounts of various compounds in a
separation mixture, the detector response must be calibrated using standards. Standard solutions of the analyte
are injected and the detector response recorded. Comparison of the standard and sample retention times allows
qualitative analysis of the sample. Comparison of the peak area of the standards with that of the sample allows
quantitation of the analyte. The peak area can be determined by measuring it directly on the chart recorder
output with a planimeter, or by carefully cutting out the peak and weighing it on an analytical balance.
Chromatographic integrators which calculate the area automatically are also commonly used. If the
relationship between standard solution amount and detector response is nonlinear, the peak area versus amount
data can be plotted to give a calibration curve. The amount of unknowns is then found determining their peak
areas and reading the corresponding amounts from the calibration curve. If the relationship is linear, the data
can be fitted by linear least squares to determine a response equation, or a conversion factor can be calculated
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for future use. Apparatus Gas chromatograph with thermal conductivity detector TCD. Digital flow meter and
temperature monitors Computer data aquisition with peak-integration software Digital balance Column:
Measure retention times of each. Measure the peak areas of each via the "cut-and-weigh" method or directly
with a chromatographic integrator if available. Prepare about 5 mL of a 1: Inject a 1 mL sample of the
mixture. Prepare four different mixtures by weight of toluene and cyclohexane, using equal amounts of
cyclohexane but varying the amount of toluene about. Inject 1 mL of each mixture. Obtain a toluene unknown
mixture from the Teaching Assistant. Make 1 mL injections to determine the amount of toluene relative to
cyclohexane. Determine the detector response for toluene and methylene chloride relative to cyclohexane as a
ratio of peak areas. Plot the relative detector response curve. Determine the concentration of toluene in the
unknown based on the calibration step. Harris Quantitative Chemical Analysis 4th Ed. Freeman and Company,
New York Chapters 22 and Friday, October 03,
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Gas chromatography (GC) is an analytical method for the separation and identification of components that are gaseous
or vaporized without decomposition. Hereby the sample is added into a stream of carrier gas (mobile phase) via an
injector and separated on the column into the individual components at a stationary phase.

Gas chromatographic columns are classified into two major categories, namely, packed columns and capillary
columns. The types of columns have been discussed in the free course on gas chromatography. Packed
Column Capillary Column A question that often comes up is which Column to be used for a particular
analysis. Your choice should be based on the general considerations discussed below: Sample size Today
detectors come with high sensitivities so there is no need for large sample injections. In such situations
capillary columns should be the preferred choice. However, if detector sensitivity is low then packed columns
can be considered as these have higher sample load capacities. Cost Packed columns are less expensive than
capillary columns. However, in comparison to capillary columns these have lower resolution efficiencies and
larger column bleed. Resolution Power Capillary columns provide much better resolution leading to the
desired separation between closely spaced peaks Time saving The ability to resolve components easily using
capillary columns helps to increase laboratory throughput thereby increasing the number of samples that can
be analysed in the same time. Sample Polarity Packed columns are generally made of stainless steel or glass.
Stainless steel columns are generally useful for separation of non polar compounds whereas glass columns are
suitable for polar compound separations Ruggedness Metallic columns are rugged in nature and can tolerate
all types of handling but care should be taken not to drop them as this can disturb the packing inside the
column and affect separation power. On the other hand glass packed columns have zero flexibility and also
require careful handling. Capillary columns are fragile in nature and require very careful handling particularly
at time of installation and removal inside the column oven. It can be summarized that capillary columns offer
almost all the desirable features required by the gas chromatographer and for this reason have replaced packed
columns in almost all present day applications. The wide bore 0. Such columns are useful for trace component
analysis or purity screening using direct injections. Please share this article with your colleagues and leave
your valuable comments. Gas Chromatography Tagged With: Deepak Bhanot Dr Deepak Bhanot is a seasoned
professional having nearly 30 years expertise beginning from sales and product support of analytical
instruments. His mission is to develop training programs on analytical techniques and share his experiences
with broad spectrum of users ranging from professionals engaged in analytical development and research as
well as young enthusiasts fresh from academics who wish to embark upon a career in analytical industry.
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Agilent's GC columns help lab analysts maintain the highest standards of performance. Agilent J&W capillary columns
deliver industry-leading technology with the highest inertness, lowest bleed levels and tightest column-to-column
reproducibility.

Contributors Gas chromatography is a term used to describe the group of analytical separation techniques used
to analyze volatile substances in the gas phase. In gas chromatography, the components of a sample are
dissolved in a solvent and vaporized in order to separate the analytes by distributing the sample between two
phases: The mobile phase is a chemically inert gas that serves to carry the molecules of the analyte through the
heated column. Gas chromatography is one of the sole forms of chromatography that does not utilize the
mobile phase for interacting with the analyte. The stationary phase is either a solid adsorbant, termed gas-solid
chromatography GSC , or a liquid on an inert support, termed gas-liquid chromatography GLC. Introduction
In early s, Gas chromatography GC was discovered by Mikhail Semenovich Tsvett as a separation technique
to separate compounds. In organic chemistry, liquid-solid column chromatography is often used to separate
organic compounds in solution. Among the various types of gas chromatography, gas-liquid chromatography
is the method most commonly used to separate organic compounds. The combination of gas chromatography
and mass spectrometry is an invaluable tool in the identification of molecules. A typical gas chromatograph
consists of an injection port, a column, carrier gas flow control equipment, ovens and heaters for maintaining
temperatures of the injection port and the column, an integrator chart recorder and a detector. To separate the
compounds in gas-liquid chromatography, a solution sample that contains organic compounds of interest is
injected into the sample port where it will be vaporized. The vaporized samples that are injected are then
carried by an inert gas, which is often used by helium or nitrogen. This inert gas goes through a glass column
packed with silica that is coated with a liquid. Materials that are less soluble in the liquid will increase the
result faster than the material with greater solubility. In GLC, the liquid stationary phase is adsorbed onto a
solid inert packing or immobilized on the capillary tubing walls. The liquid phase adsorbs onto the surface of
these beads in a thin layer. Instrumentation Sample Injection A sample port is necessary for introducing the
sample at the head of the column. Modern injection techniques often employ the use of heated sample ports
through which the sample can be injected and vaporized in a near simultaneous fashion. A calibrated
microsyringe is used to deliver a sample volume in the range of a few microliters through a rubber septum and
into the vaporization chamber. Most separations require only a small fraction of the initial sample volume and
a sample splitter is used to direct excess sample to waste. Commercial gas chromatographs often allow for
both split and splitless injections when alternating between packed columns and capillary columns. A
cross-sectional view of a microflash vaporizer direct injector. Carrier gas must be dry, free of oxygen and
chemically inert mobile-phase employed in gas chromatography. Nitrogen, argon, and hydrogen are also used
depending upon the desired performance and the detector being used. Other detectors such as mass
spectroscopy, uses nitrogen or argon which has a much better advantage than hydrogen or helium due to their
higher molecular weights, in which improve vacuum pump efficiency. All carrier gasses are available in
pressurized tanks and pressure regulators, gages and flow meters are used to meticulously control the flow rate
of the gas. Most gas supplies used should fall between The carrier gas system contains a molecular sieve to
remove water and other impurities. Traps are another option to keep the system pure and optimum sensitive
and removal traces of water and other contaminants. A two stage pressure regulation is required to use to
minimize the pressure surges and to monitor the flow rate of the gas. To monitor the flow rate of the gas a
flow or pressure regulator was also require onto both tank and chromatograph gas inlet. This applies different
gas type will use different type of regulator. The carrier gas is preheated and filtered with a molecular sieve to
remove impurities and water prior to being introduced to the vaporization chamber. A carrier gas is typically
required in GC system to flow through the injector and push the gaseous components of the sample onto the
GC column, which leads to the detector see more detail in detector section. In isothermal programming, the
temperature of the column is held constant throughout the entire separation. The optimum column temperature

Page 9

DOWNLOAD PDF COLUMNS FOR GAS CHROMATOGRAPHY
for isothermal operation is about the middle point of the boiling range of the sample. However, isothermal
programming works best only if the boiling point range of the sample is narrow. If the temperature is
increased closer to the boiling points of the higher boiling components, the higher boiling components elute as
sharp peaks but the lower boiling components elute so quickly there is no separation. This method is well
suited to separating a mixture with a broad boiling point range. Open Tubular Columns and Packed Columns
Open tubular columns, which are also known as capillary columns, come in two basic forms. WCOT columns
are capillary tubes that have a thin later of the stationary phase coated along the column walls. The adsorbant
solid is then treated with the liquid stationary phase. Most modern WCOT columns are made of glass, but T
stainless steel, aluminum, copper and plastics have also been used. Each material has its own relative merits
depending upon the application. Glass WCOT columns have the distinct advantage of chemical etching, which
is usually achieved by gaseous or concentrated hydrochloric acid treatment. The etching process gives the
glass a rough surface and allows the bonded stationary phase to adhere more tightly to the column surface.
These columns are much thinner than glass columns, with diameters as small as 0. To protect the column, a
polyimide coating is applied to the outside of the tubing and bent into coils to fit inside the thermostatted oven
of the gas chromatography unit. The FSWC columns are commercially available and currently replacing older
columns due to increased chemical inertness, greater column efficiency and smaller sampling size
requirements. Packed columns are made of a glass or a metal tubing which is densely packed with a solid
support like diatomaceous earth. Furthermore, the diatomaceous earth packing is deactivated over time due to
the semi-permanent adsorption of impurities within the column. Properties of gas chromatography columns.
Computer Generated Image of a FSWC column specialized to withstand extreme heat Different types of
columns can be applied for different fields. Depending on the type of sample, some GC columns are better
than the others. It produces fast run times with baseline resolution of key components in under 3 minutes.
Moreover, it displays enhanced resolutions of ethanol and acetone peaks, which helps with determining the
BAC levels. This particular column is known as Zebron-BAC and it made with polyimide coating on the
outside and the inner layer is made of fused silica and the inner diameter ranges from. There are also many
other Zebron brand columns designed for other purposes. Another example of a Zebron GC column is known
as the Zebron-inferno. Its outer layer is coated with a special type of polyimide that is designed to withstand
high temperatures. As shown in figure 6, it contains an extra layer inside. Moreover, it is also used for acidic
and basic samples. Detection Systems The detector is the device located at the end of the column which
provides a quantitative measurement of the components of the mixture as they elute in combination with the
carrier gas. In theory, any property of the gaseous mixture that is different from the carrier gas can be used as a
detection method. These detection properties fall into two categories: Bulk properties, which are also known
as general properties, are properties that both the carrier gas and analyte possess but to different degrees. The
first part of the detector is the sensor which is placed as close the the column exit as possible in order to
optimize detection. The second is the electronic equipment used to digitize the analog signal so that a
computer may analyze the acquired chromatogram. The sooner the analog signal is converted into a digital
signal, the greater the signal-to-noise ratio becomes, as analog signal are easily susceptible to many types of
interferences. An ideal GC detector is distinguished by several characteristics. The first requirement is
adequate sensitivity to provide a high resolution signal for all components in the mixture. This is clearly an
idealized statement as such a sample would approach zero volume and the detector would need infinite
sensitivity to detect it. In modern instruments, the sensitivities of the detectors are in the range of to g of solute
per second. Furthermore, the quantity of sample must be reproducible and many columns will distort peaks if
enough sample is not injected. An ideal column will also be chemically inert and and should not alter the
sample in any way. In addition, such a column would have a short linear response time that is independent of
flow rate and extends for several orders of magnitude. Moreover, the detector should be reliable, predictable
and easy to operate. Understandably, it is not possible for a detector meet all of these requirements.
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Peptide and Protein Bioanalysis Application Notebook Peptides and proteins are not small molecules. Why treat them
the same? Learn wh.

Gas chromatography Introduction to gas chromatography Gas chromatography is a chromatography technique
that can separate and analyze volatile compounds in gas phase. Depending on stationary phase used in this
analytical technique, there are two types of gas chromatography: A gas chromatography looks like: Principle
of gas chromatography All chromatography have one stationary and one mobile phase. In this chromatography
the mobile phase is always gas. But the stationary phase is either liquid or solid. If the stationary phase is
solid, then that is called gas-solid chromatography or GSC. And if the stationary phase is liquid, then that is
called gas-liquid chromatography or GLC. In GLC, the mobile gas phase is like helium and the stationary
phase is high boiling point liquid adsorbed onto a solid. Like other chromatography, the mobile phase, for this
case, is a chemically inert gas which carry the analyte through the heated column to separate to its individual
compounds. How does gas chromatography works? Among various types of gas chromatography, GLC or
gas-liquid chromatography is most popular method. This chromatography consists of an injection port, a
column, a oven, a heater to control the temperature, a carrier gas flow control equipment and a detector.
Injection port An analyle in a very small quantity is injected into the machine through a rubber septum at
injection port using a small syringe. The sample vapor is then carried by mobile gas phase helium into the
column. Column There are two types of columns in gas chromatography: Here only the packed column is
explained. The column is normally made of stainless steel and coiled up that can easily fit inside an oven. The
column is meter long with a diameter of up to 4 mm. The column is packed with diatomaceous earth, a very
porous rock. This finely grounded solid is coated with a high boiling liquid like waxy polymer. How
separation works The separation in the column depends on three things: The components in the mixture can be
carried along by the mobile phase, helium gas. It depends on the boiling point of certain components in the
mixture and the temperature of the oven. If the boiling point is lower than the temperature of the oven the
components will move along with the helium gas. The components can dissolved in the liquid stationary
phase. The more soluble components will spend more time in liquid phase and less soluble components will
spend less time in liquid phase. The less soluble compounds will have tendency to leave the liquid phase and
move along with the gas phase. Some components can condense on the stationary phase. If the boiling point of
some components are higher than the temperature of the oven, they may condense on the stationary phase. But
it will eventually move on due to the long time exposure of heat like the water on the surface of the sea
evaporates slowly in a hot day. This way the molecules spend some time in the stationary phase and some time
moves along with the mobile phase to reach to the detector. The temperature of the injection oven is higher
than column oven. The high boiling components can be condensed in the beginning of the column. But as the
analysis proceeds the temperature of the column oven rises which can be controlled if necessary. Detector The
flame ionisation detector is most commonly used in Gas chromatography. In this type of detector organic
molecules are burned by flame to get ions and electrons. The positive ions are attracted to cathode to gain
electrons and they become neutralized. While the negative ions are attracted to anode to loss electrons
electrons. So, The electron flows from electron rich anode to electron deficient cathode through the external
circuit. This electric current is more if we have more organic compounds coming out of the column and it is
less if there are less compounds. Depending on the amount of current passing through circuit the computer
plots a graph and we can see that on display.
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Chapter 7 : Products in Gas Chromatography Columns, Columns on Thomas Scientific
Gas chromatography (GC), also sometimes known as gas-liquid chromatography, (GLC), is a separation technique in
which the mobile phase is a gas. Gas chromatographic separation is always carried out in a column, which is typically
"packed" or "capillary".

This technique can be used to improve the response of the FID and allow for the detection of many more
carbon-containing compounds. This allows for the rapid analysis of complex mixtures that contain molecules
where standards are not available. Where absorption cross sections are known for analytes, the VUV detector
is capable of absolute determination without calibration of the number of molecules present in the flow cell in
the absence of chemical interferences. The combination is known as GC-MS. It must, however, be stressed
this is very rare as most analyses needed can be concluded via purely GC-MS. Two valves are used to switch
the test gas into the sample loop. After filling the sample loop with test gas, the valves are switched again
applying carrier gas pressure to the sample loop and forcing the sample through the column for separation.
The method is the collection of conditions in which the GC operates for a given analysis. Depending on the
detector s see below installed on the GC, there may be a number of detector conditions that can also be varied.
Some GCs also include valves which can change the route of sample and carrier flow. The timing of the
opening and closing of these valves can be important to method development. Carrier gas selection and flow
rates[ edit ] Typical carrier gases include helium , nitrogen , argon , hydrogen and air. Which gas to use is
usually determined by the detector being used, for example, a DID requires helium as the carrier gas. Safety
and availability can also influence carrier selection, for example, hydrogen is flammable, and high-purity
helium can be difficult to obtain in some areas of the world. As a result of helium becoming more scarce,
hydrogen is often being substituted for helium as a carrier gas in several applications. The purity of the carrier
gas is also frequently determined by the detector, though the level of sensitivity needed can also play a
significant role. Typically, purities of The most common purity grades required by modern instruments for the
majority of sensitivities are 5. The highest purity grades in common use are 6. The higher the linear velocity
the faster the analysis, but the lower the separation between analytes. Selecting the linear velocity is therefore
the same compromise between the level of separation and length of analysis as selecting the column
temperature. The linear velocity will be implemented by means of the carrier gas flow rate, with regards to the
inner diameter of the column. With GCs made before the s, carrier flow rate was controlled indirectly by
controlling the carrier inlet pressure, or "column head pressure. It was not possible to vary the pressure setting
during the run, and thus the flow was essentially constant during the analysis. Many modern GCs, however,
electronically measure the flow rate, and electronically control the carrier gas pressure to set the flow rate.
Stationary compound selection[ edit ] The polarity of the solute is crucial for the choice of stationary
compound, which in an optimal case would have a similar polarity as the solute. Common stationary phases in
open tubular columns are cyanopropylphenyl dimethyl polysiloxane, carbowax polyethyleneglycol,
biscyanopropyl cyanopropylphenyl polysiloxane and diphenyl dimethyl polysiloxane. For packed columns
more options are available. Sample size and injection technique[ edit ] Sample injection[ edit ] The rule of ten
in gas chromatography The real chromatographic analysis starts with the introduction of the sample onto the
column. The development of capillary gas chromatography resulted in many practical problems with the
injection technique. The technique of on-column injection, often used with packed columns, is usually not
possible with capillary columns. The injection system in the capillary gas chromatograph should fulfil the
following two requirements: The amount injected should not overload the column. The width of the injected
plug should be small compared to the spreading due to the chromatographic process. Failure to comply with
this requirement will reduce the separation capability of the column. Some general requirements which a good
injection technique should fulfill are: It should allow accurate and reproducible injections of small amounts of
representative samples. It should induce no change in sample composition. It should be applicable for trace
analysis as well as for undiluted samples. However, there are a number of problems inherent in the use of
syringes for injection: These can block the needle and prevent the syringe filling the next time it is used. It

Page 12

DOWNLOAD PDF COLUMNS FOR GAS CHROMATOGRAPHY
may not be obvious that this has happened. A fraction of the sample may get trapped in the rubber, to be
released during subsequent injections. This can give rise to ghost peaks in the chromatogram. There may be
selective loss of the more volatile components of the sample by evaporation from the tip of the needle. The
main chemical attribute regarded when choosing a column is the polarity of the mixture, but functional groups
can play a large part in column selection. The polarity of the sample must closely match the polarity of the
column stationary phase to increase resolution and separation while reducing run time. The separation and run
time also depends on the film thickness of the stationary phase , the column diameter and the column length.
Column temperature and temperature program[ edit ] A gas chromatography oven, open to show a capillary
column The column s in a GC are contained in an oven, the temperature of which is precisely controlled
electronically. When discussing the "temperature of the column," an analyst is technically referring to the
temperature of the column oven. The distinction, however, is not important and will not subsequently be made
in this article. The rate at which a sample passes through the column is directly proportional to the temperature
of the column. The higher the column temperature, the faster the sample moves through the column. However,
the faster a sample moves through the column, the less it interacts with the stationary phase, and the less the
analytes are separated. In general, the column temperature is selected to compromise between the length of the
analysis and the level of separation. A method which holds the column at the same temperature for the entire
analysis is called "isothermal. Data reduction and analysis[ edit ] Qualitative analysis[ edit ] Generally
chromatographic data is presented as a graph of detector response y-axis against retention time x-axis , which
is called a chromatogram. This provides a spectrum of peaks for a sample representing the analytes present in
a sample eluting from the column at different times. Retention time can be used to identify analytes if the
method conditions are constant. Also, the pattern of peaks will be constant for a sample under constant
conditions and can identify complex mixtures of analytes. However, in most modern applications, the GC is
connected to a mass spectrometer or similar detector that is capable of identifying the analytes represented by
the peaks. Quantitative analysis[ edit ] The area under a peak is proportional to the amount of analyte present
in the chromatogram. By calculating the area of the peak using the mathematical function of integration , the
concentration of an analyte in the original sample can be determined. Concentration can be calculated using a
calibration curve created by finding the response for a series of concentrations of analyte, or by determining
the relative response factor of an analyte. The relative response factor is the expected ratio of an analyte to an
internal standard or external standard and is calculated by finding the response of a known amount of analyte
and a constant amount of internal standard a chemical added to the sample at a constant concentration, with a
distinct retention time to the analyte. In most modern GC-MS systems, computer software is used to draw and
integrate peaks, and match MS spectra to library spectra. The samples are also required to be salt -free; they
should not contain ions. Very minute amounts of a substance can be measured, but it is often required that the
sample must be measured in comparison to a sample containing the pure, suspected substance known as a
reference standard. Various temperature programs can be used to make the readings more meaningful; for
example to differentiate between substances that behave similarly during the GC process. Professionals
working with GC analyze the content of a chemical product, for example in assuring the quality of products in
the chemical industry; or measuring toxic substances in soil, air or water. GC is very accurate if used properly
and can measure picomoles of a substance in a 1 ml liquid sample, or parts-per-billion concentrations in
gaseous samples. In practical courses at colleges, students sometimes get acquainted to the GC by studying the
contents of Lavender oil or measuring the ethylene that is secreted by Nicotiana benthamiana plants after
artificially injuring their leaves. In a typical experiment, a packed column is used to separate the light gases,
which are then detected with a TCD. The hydrocarbons are separated using a capillary column and detected
with a FID. A complication with light gas analyses that include H2 is that He, which is the most common and
most sensitive inert carrier sensitivity is proportional to molecular mass has an almost identical thermal
conductivity to hydrogen it is the difference in thermal conductivity between two separate filaments in a
Wheatstone Bridge type arrangement that shows when a component has been eluted. For this reason, dual
TCD instruments used with a separate channel for hydrogen that uses nitrogen as a carrier are common. Argon
is often used when analysing gas phase chemistry reactions such as F-T synthesis so that a single carrier gas
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can be used rather than two separate ones. The sensitivity is reduced, but this is a trade off for simplicity in the
gas supply. Gas Chromatography is used extensively in forensic science. Disciplines as diverse as solid drug
dose pre-consumption form identification and quantification, arson investigation, paint chip analysis, and
toxicology cases, employ GC to identify and quantify various biological specimens and crime-scene evidence.
In popular culture[ edit ] Movies, books and TV shows tend to misrepresent the capabilities of gas
chromatography and the work done with these instruments. For example, an analyst may say fifteen minutes
after receiving the sample: Equally, several runs are needed to confirm the results of a study â€” a GC analysis
of a single sample may simply yield a result per chance see statistical significance. Also, GC does not
positively identify most samples; and not all substances in a sample will necessarily be detected. All a GC
truly tells you is at which relative time a component eluted from the column and that the detector was sensitive
to it. To make results meaningful, analysts need to know which components at which concentrations are to be
expected; and even then a small amount of a substance can hide itself behind a substance having both a higher
concentration and the same relative elution time. Last but not least the results of the sample must often be
checked against a GC analysis of a reference sample containing only the suspected substance. But this still
takes time and skill to do properly. Similarly, most GC analyses are not push-button operations. The operating
program must be carefully chosen according to the expected sample composition. A push-button operation can
exist for running similar samples repeatedly, such as in a chemical production environment or for comparing
20 samples from the same experiment to calculate the mean content of the same substance. However, for the
kind of investigative work portrayed in books, movies and TV shows, this is clearly not the case.
Chapter 8 : Gas Chromatography | Agilent
Column. There are two types of columns in gas chromatography: one is a long thin tube packed with stationary phase
and the other is even thinner where the stationary phase bonded to the inner surface of the column.

Chapter 9 : GC Columns | Agilent
Gas Chromatography Rosa Yu, David Reckhow The efficiency of a gas chromatographic column increases rapidly with
decreasing particle diameter of the packing. The.
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