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Section I: The History of Chromatography
High-performance liquid chromatography (HPLC) is a fast, versatile, and efficient
process to separate chemicals based on differing attractions and affinities. Since the
1980s, HPLC has been widely used to separate an extensive library of chemicals in a few
minutes. Chemicals can be separated for purification, preparation, or analysis. HPLC
belongs to a large family of separation techniques, known collectively as
chromatography. An understanding of chromatography is essential for learning the
processes of HPLC.
Chromatography was invented in 1901 by a Russian botanist, Mikhail Tsvett, as a
technique to separate the colorful chlorophylls and carotenoid pigments in plants. The
technique was named chromatography after the various pigments, which resembled the
spectrum of the rainbow. The name chromatography is derived from the Greek words
chroma, meaning color, and graphein, meaning writing, or together as “color writing.”
Tsvett separated the pigments from plants in a mixture of ethanol and pentanes traveling
through a calcium carbonate column (Figure 1 below).

Figure 1. Column Chromatography

The solid is referred to as the stationary phase. The ethanol and pentanes are referred to
as the mobile phase. As the mobile phase travels through the stationary phase, carrying
the mixture of chemicals to separate, the stationary phase acts on the mixture causing
separation of its constituents. This early technique, known as column chromatography,
has blossomed into a whole variety of separation techniques, each with different
advantages and applications.
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Section Review
1.
2.
3.
4.
5.

How long has HPLC been in use?
What does HPLC stand for?
What is HPLC used for?
What is the mobile phase?
What is the stationary phase?
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Section II: Types of HPLC
There are dozens of chromatography techniques. The HPLC technique, in particular, can
use almost any chromatography technique that uses a column that has a liquid mobile
phase. Column chromatography involves a stationary bed within a vertical tube (Figure
1). The stationary phase typically consists of solid particles that mostly fill the inside
volume of the tube.
As the liquid mobile phase travels through the column, the mixture separates. With some
standard packed columns, one can accurately determine how much time a certain
chemical will take to travel through the column. This measurement, called retention time,
is used in most forms of chromatography that involve a column. Most chromatography
techniques that behave in this manner fall under the category of elution chromatography.
An entirely different method called displacement chromatography will be discussed later.
HPLC
The HPLC technique is referred to as “high performance” due to its ability to separate
chemicals much more efficiently than traditional chromatography techniques. The
separation is accomplished by forcing a sample in a liquid (mobile phase) through a
column that is packed with very small irregularly or spherically shaped particles
(stationary phase) at very high pressure. This allows the sample to interact with more
surface area of the stationary phase in a shorter time frame, creating a better separation.
HPLC is traditionally separated into two different categories based on the polarity of the
mobile and stationary phases:



Normal-phase chromatography
Reversed-phase chromatography

Normal-Phase Chromatography

When the stationary phase is more polar than the mobile phase (such as hexane as the
mobile phase and silica as the stationary phase), the technique is called normal-phase
liquid chromatography (NPLC). Normal-phase chromatography is used less frequently
but is sometimes appropriate when the samples are very non-polar.
Reversed-Phase Chromatography

When the stationary phase is less polar than the mobile phase (such as when acetonitrile
is the mobile phase and octadecylsilyl or C18 is the stationary phase), the technique is
referred to as reversed-phase liquid chromatography (RPLC). Reversed phase is used
more often and is the standard because it has many applications and can be used with a
wide array of samples. Most applications use a reversed-phase column.
Although normal phase and reverse phase are the most common techniques used with
HPLC, many other separation techniques are possible. HPLC is one of the most
important and versatile techniques in modern chromatography.
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UHPLC
UHPLC is an acronym for Ultra High-Performance Liquid Chromatography. This
technique is a relatively new development in the world of chromatography. It is very
similar to HPLC and can be thought of as “high performance” HPLC. The increased
sensitivity of UHPLC enables the detection of small concentrations of ions, such as
dissolved sodium. Due to its ability to detect ions, UHPLC is rapidly becoming an
industry standard in environmental testing and water-quality monitoring.
Unlike HPLC, which has a running pressure of around 460 bar (up to 7000 psi), UHPLC
has an ultra-high running pressure that exceeds 600 bar (up to 9000 psi). (One bar equals
close to one Atmosphere or 14.5 psi). The high pressure of the UHPLC is more suitable
for certain techniques, but some columns are not designed to withstand its ultra-high
pressures. This limitation came be overcome by lowering the pressure on the column.
Key HPLC Techniques
The following three techniques of ion exchange, affinity and size exclusion can be used
on an HPLC instrument by simply changing the column. These techniques are commonly
used for the separation of bio-molecules in biochemistry and are especially useful in
separating proteins. Separation and analysis of proteins has blossomed into its own field
called proteomics. Separation of specific proteins from the cell contents of an organism
can be extremely difficult under some circumstances. Sometimes two or more of these
separation techniques can be used sequentially for extremely difficult separations.
Size-Exclusion Chromatography

Size-exclusion chromatography (SEC) or gel filtration chromatography is used to
separate particles based on their size (Figure 2).

Figure 2. Size-Exclusion Chromatography
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Size exclusion is sometimes referred to as a “low resolution” technique because it can
separate only a few types of compounds. This technique is most effective when the
mixture has been reduced to only a few compounds. For that reason, it is thought of as
the last step in a series of purifications.
The size-exclusion column is packed with small beads of silica gel. Each silica gel bead
has tiny pores in it. If a protein is small enough, it will fit in the pores. Because small
particles get trapped in the pores of the silica gel beads, they take longer to travel through
the column than a particle that is larger than the pore size. Larger particles do not spend
time in the pores and elute off the column more quickly.
Size-exclusion chromatography is useful for bio-molecules because the harsh chemical
conditions in other columns alter, or denature, the chemical structure of the proteins or
DNA. For more information about the applications of size-exclusion chromatography, see
Experiment 5.
Displacement Chromatography

Both affinity and ion-exchange chromatography are types of displacement
chromatography. Displacement chromatography is a distinct, separate category of
separation techniques, entirely different from the majority of techniques in the category
of elution chromatography. Elution separates chemicals as they travel through the
column. Displacement chromatography separates chemicals by having the desired
chemicals stay in the column while undesired chemicals flow through. The desired
chemicals are then retrieved by changing the conditions in the column after the undesired
chemicals have been removed. This way, the desired chemical can be purified.
Displacement chromatography is run at lower pressures. Therefore, to ensure that the
columns are not damaged, special methods should be developed before using the columns
in an HPLC system.
Displacement chromatography has three distinct phases:




Load phase
Displacement phase
Elution phase

In the load phase, the components of the mixture that are chemically attracted to the
stationary phase matrix will stick in the column, replacing another chemical due to the
type of chemical attraction. The load phase can be very useful in bulk separations
because chemicals in the mixture that are not attracted to the stationary phase will flow
through and be discarded.
In the displacement phase, components of the mixture that are stuck to the stationary
phase will be removed when the chemical conditions of the mobile solvent phase are
changed, causing the chemical attraction to weaken.
The last phase is elution phase. As the chemical attraction is weakened, one or more of
the mixture’s components, which was previously stuck to the column, will elute.
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Displacement chromatography techniques are usually used for the purification of large
amounts of target proteins or bio-molecules and are often used on an industrial scale at
biotechnology companies.
Ion-Exchange Chromatography

Typically, ion-exchange chromatography uses either positively or negatively charged
ions, which are permanently attached to the solid stationary phase as a resin to catch
oppositely charged compounds (usually bio-molecules). As charged compounds,
including amino acids, peptides, and proteins, travel through the column, they are
attracted to these charged particles and stick inside the column. By changing the salt
gradient in the mobile phase, the ions in the stationary phase resin begin to interact
preferentially with the salt ions, such as Na+ and Cl-, and release the bio-molecules or
proteins. Different bio-molecules are released with differing concentrations of salt.
Proteins with many charged groups require more salt to release them than other, more
hydrophobic proteins.
Ion-exchange chromatography does not require high pressure to operate.
Affinity chromatography

Affinity chromatography targets specific proteins. A target protein is typically engineered
through DNA cloning to have a specific purification tag, which is an amino acid
sequence placed at the end of the protein’s normal amino acid sequence. The tag has a
unique attraction to a specific class of compounds. Typical purification tags include:




Polyhistidine tags, which are attracted to metal ions
Polycysteine tags, which are attracted to a B vitamin
Antigen tags, which are attracted to antibodies

The stationary phase of the affinity chromatography column has a component that is
attracted to the purification tags. As the tagged protein flows through the column, the
protein sticks to the column. Of the millions of chemicals present in a cell, the column
attracts only the protein that you genetically engineered. The remaining chemicals flow
through the column.
When the chemical conditions change to elute the tagged protein, the protein should be
pure. However, no technique, including this one, is foolproof. Sometimes other proteins
or chemical factors that are attracted to the protein co-elute with the purified protein.
After purification, the tags are usually chemically cleaved off of the protein.
Affinity chromatography is normally done at low pressure.
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Other HPLC Techniques
There is a wide array of HPLC techniques available. All of the techniques listed here can
run on an HPLC system.
Table 1. Additional HPLC Techniques

Chiral chromatography

This technique uses a specific chiral stationary
phase to separate enantiomers. As the mixture
travels through the stationary phase, one of the
enantiomers will be attracted to the chiral
stationary phase if it is the correct isomer. This
technique is rapidly growing in popularity
among organic chemists.

Supercritical fluid chromatography

Under high pressure in an HPLC system, the
mobile phase can turn into a supercritical fluid,
which is between a liquid and gaseous state.
This type of chromatography requires an
unusual “hybrid” setup with an HPLC pump
and a gas chromatography detector.

Hydrophobic interaction chromatography

This technique is similar to reversed-phase
chromatography, but the mobile phase is a salt
buffer and the goal is separation of proteins.

Hydrophilic interaction chromatography

This technique is similar to normal-phase
chromatography, but the mobile phase is a salt
buffer and the goal is separation of proteins.

Electrochromatography

Instead of using a pump, the samples are run
through a capillary column using electromotive
force with an applied current. This technique
can be used to analyze charged particles, such
as DNA.

Chromatography is unparalleled in its versatility and efficiency in separating chemicals.
A wide range of chemicals can be separated for analysis or purification.
Section Review
1. What is retention time?
2. What pressure does an HPLC operate at? What pressure does an UHPLC operate
at?
3. What types of separation columns are used to purify proteins?
4. What is the difference between elution and displacement chromatography?
5. Which technique is the standard? Why is it the standard?
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Section III: The Components of HPLC
The HPLC system is composed of a few simple parts. At a minimum, an HPLC system
has a solvent reservoir, pump, injection port, column, detector, and computer. See Figure
3 below.

Figure 3. Simple HPLC System

To achieve optimal performance, an HPLC system might also include components, such
as a vacuum degasser, mixing chamber, and autosampler. Each component of the HPLC
system is described next.
Reservoir
The reservoir is simply a holding tank for the solvents that run through the HPLC. In the
Agilent 1200 HPLC, the reservoir consists of four bottles for the option of running four
different solvents simultaneously. Running two or more solvents allows a gradient to be
created in the sample run. For more information, see “Use of a Gradient” in Section IV.
The solvents in each bottle are filtered, and they are contained in a tray to prevent
leakage. Solvents that enter the HPLC must be filtered to remove dust or contamination.
Reservoir bottles use functioning filters as a first line of defense against debris. The
Agilent 1200 HPLC uses sintered glass filters similar to aquarium filter stones, but other
systems may use sintered metal filter stones.
Another important treatment of solvents is to have them degassed (that is, removed of
dissolved gases) prior to running them through the system. Dissolved gases can corrode
13

metal fittings, can interfere with the UV detector, and can affect continuous, even flow
through the HPLC. Additionally, dissolved gases are compressible and affect pump
performance.
Degassing can be accomplished by sparging the gas. Sparging involves bubbling helium
through the solvents to remove the dissolved gases. An advantage to sparging is that the
solvent remains free of dissolved gases for extended periods of time, preventing algal
growth in systems that run many aqueous buffers. A drawback to sparging is that it
requires a constant supply of helium while the HPLC is running. A continuous flow of
helium can be expensive.
An alternative to sparging is to incorporate a vacuum degasser in the HPLC system.
Vacuum Degasser
Due to its usefulness in removing dissolved gases, the vacuum degasser is becoming
more popular in modern HPLC systems. With the Agilent 1200 HPLC, the degasser is
standard equipment. Instead of sparging, the gases are removed by applying a vacuum.
After the solvent leaves the reservoir, it travels through the vacuum degasser. There, the
solvent travels through capillary tubes in a vacuum chamber. The capillary tubes are
semi-permeable to dissolved gases. The gases leave the capillaries in order to fill the
vacuum. The solvent then leaves the chamber with its dissolved gases removed.
Pump
The pump is one of the key parts of the HPLC. The pump causes the solvent and sample
mixture to be forced through the column at high pressure. This is how the HPLC achieves
the high-performance separation that is not possible with simple liquid chromatography.
The high pressure exposes the mixture in the mobile phase to a much larger surface area
of the stationary phase in a shorter timeframe. It can also force the mixture through a
much narrower column. Both the narrow column and larger surface area exposure create
better separations.
The pump requires special care. The inner pistons, valves, and housing are made of
sapphire, ruby, and stainless steel, respectively, and can be scratched by the smallest
piece of dirt or dust. Therefore, it is critical to filter all solvents entering the pump. For
the same reason, the pump should never pump air, or “pump dry.” Pumping air increases
the chances of scratching the inside of the pump. Air also contains oxygen, which
accelerates the corrosion of any salts or acids.
Another important consideration is avoiding corrosion. The pump chamber is made of
high-grade stainless steel, which is resistant to corrosion. However, some chemicals are
particularly reactive to stainless steel and need to be avoided in the HPLC. Mixtures with
halogenated acids, such as HCl, HBr, HF, and so on, should not be used in an HPLC
system. If high salt concentrations are used, especially halogenated salts such as NaCl,
the pump parts should be cleaned more often, and the systems should have flush runs
after analysis to ensure that all salts are out of the system.
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Most instruments use a reciprocating pump as shown in Figure 4 below.

Figure 4. HPLC Pump

This diagram shows only one piston of a two-piston pump head assembly. A simple
reciprocating pump consists of a pump head and a purge valve. The pump head has two
pistons, which work in unison driven by a camshaft, to achieve a uniform flow. A
uniform flow is critical because different chemicals have predictable retention times,
which are entirely dependent on the flow rate, temperature, overall path length, and type
of column employed. The two-piston pump allows the system to deliver predictable and
repeatable retention times by maintaining a steady flow rate.
If a system uses more than one solvent at the same time, then the system needs to have
two pump heads. The two solvents are simultaneously pumped and mixed in a mixing
chamber. Systems with two pump heads are more expensive and have more moving parts
that can wear out. An alternative to having two pump heads is to have a portioning valve
in a system, and then only one pump head is needed.
Portioning Valve

An alternative to using multiple pump heads is to have a portioning valve. A portioning
valve is part of the pump system and uses several electronic switches called solenoids.
The solenoids meter in different amounts of each solvent as the pump draws in the
solvent. With a portioning valve, one can use up to four solvents simultaneously to create
a gradient. For more information, see “Use of a Gradient” in Section IV.
Purge Valve

The purge valve allows the flow path to be diverted from the column into waste. It
releases pressure on the HPLC system by preventing the solvent from travelling through
the column. This is handy for maintenance as well as for testing the pressure for any
blockage. The purge valve is typically considered part of the pump system.
Mixing Chamber

If more than one solvent is used in the HPLC, a mixing chamber is necessary. The mixing
chamber is a short, small widening of the capillary system where two or more solvents

15

mix. It is almost always downstream of the pump, but some older models may have the
mixing chamber upstream from the pump. The mixing chamber is also considered part of
the pump system.
Injection Port
In simple HPLC systems, the sample is manually injected with a special syringe into an
injection port. Almost all HPLC systems use a six-port injector valve. The valve has two
settings, load and inject (Figure 5).

Figure 5. Six-Port Injection Valve Showing Load and Inject Positions

The injector valve is carefully designed, so a sample can be introduced without
interrupting the flow of the solvent. In the load position, the solvent flows from the pump
to the column, bypassing the sample loop. The injector loads the sample into the sample
loop. If the sample loop gets overloaded, the excess sample drains into waste.
In the inject position, the solvent flows from the pump through the sample loop, carrying
the sample to the column. After the sample runs out of the loop, the injector port can be
switched back to the load position.
In the load position, a wash cycle can be performed, where a solvent is injected into the
sample loop to clean out any residue of sample that is still in the sample loop.
Sample sizes for HPLC system vary tremendously. For analytical work, typical injection
sizes are 20 to 100 micro-Liters (µL). If a different injection size is desired, a different
sample loop needs to be installed (Figure 5 above). Some custom setups can load samples
as small as one microliter. If the goal is to purify a chemical with much larger volumes,
such as 10 mL, special routines are created to perform multiple injections before loading
them into the column. If the amount that you want to purify is much larger, a
chromatography technique other than HPLC might be more suitable.
In many modern HPLC systems, such as the Agilent 1200, the injection process is
automated in a component called the autosampler.
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Autosampler
Sample runs can take 10 to 40 minutes or even longer when wash cycles are involved.
Automation allows the system to analyze over a hundred samples in succession. With an
autosampler, the modern HPLC can run samples and collect data overnight, freeing the
researcher to complete other tasks. The autosampler has a sample tray, a robotic arm, an
electronically controlled needle, and a controlled six-port injector valve.
Sample Tray

Sample trays can be loaded with different sizes, with larger trays holding over 100
samples. Some sample trays are temperature controlled, which is especially important
with biological samples such as proteins and DNA.
Robotic Arm

The robotic arm is programmed to grab vials of specific samples and bring them to the
needle. Some models do not have a robotic arm but instead have a needle that moves over
to the vial to collect the sample.
Needle

The needle can be programmed to draw volumes up to 100 µL of the sample, which it
injects into the six-port injector valve. For larger samples, the needle can be fitted with a
larger loop and programmed to do multiple draws of the sample and multiple injections.
The multiple injections get loaded into the column in one action by the six-port injector
valve.
Six-Port Injector Valve

The six-port injector valve is automated with a rotor that toggles the valve between the
load and inject positions. When the injector valve is used with an autosampler, the
autosampler can save the researcher hours of work loading samples.
Column
The column in an HPLC system is a vertical tube that contains a stationary bed of
particles with which a sample in the liquid mobile phase interacts. As described in
Section II, different columns support different types of HPLC techniques.
The columns in an HPLC system are interchangeable. The same HPLC instrument can
run normal-phase, reversed-phase (adsorption), ion-exchange, size-exclusion, affinity, or
any other column chromatography technique by using a column designed for that
technique. This versatility is unparalleled compared to other forms of chromatography.
Detector
The detector in an HPLC system detects the presence of different chemicals as they pass
through the flow cell after being separated by the column. Because the sample is fluid
and is passing rapidly through the flow cell, only a few types of detectors are suitable for
use in an HPLC system. Most HPLC systems use Ultra-Violet/Visible Spectroscopy
(UV/Vis).
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How the Detector Works

The UV/Vis detector is essentially the same as a UV/Visible spectrophotometer except
that it is integrated within the HPLC system and has the sample passing through its flow
cell. The UV/Vis detector measures the difference in the transmission of light as the
sample passes through its flow cell. The transmission of light, T, or transmittance, is
equal to the quotient of the intensity of light leaving the flow cell, I, divided by the initial
intensity, I0, as follows:
Equation 1

T = I/I0
The UV/Vis detector uses the transmittance to calculate the absorbance of the sample.
The transmittance is related logarithmically to absorbance, A, as follows:
Equation 2

A = -log10(T)
As the chemicals in the sample travel through the flow cell, the UV/Vis detector
measures differing amounts of absorbance. The UV/Vis detector displays the absorbance
value of each distinct chemical as a Gaussian peak. A Gaussian peak appears as a roughly
bell-shaped curve (Figure 6) in the output.

Figure 6. Peak Area

The peak area can be used to determine the concentration of a chemical in the sample.
For more information, see “Other Useful HPLC Metrics” in Section IV.
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Components of the UV/Vis Detector

A typical UV/Vis detector includes these components:
Table 2. Components of a UV/Vis Detector

Part

Description/Use

Tungsten lamp

Produces visible light in the range of 400 to 700 nm

Deuterium lamp

Produces UV light from 190 to below 400 nm

Holmium oxide filter

Produces a characteristic signal that allows the instrument to have
precisely calibrated wavelengths

Flow cell

The separated sample passes through the flow cell after running
through the column. If the separated chemical absorbs at the
chosen wavelength, the instrument shows an absorbance peak

Lenses (several)

Focus the light coming from the lamps

Slit

Channels the light path into a very narrow band, allowing specific
wavelengths to be tested. The Agilent 1200 can toggle between a
1, 2, 4, 8,or 16-nanometer width. Changing the slit causes a
change in the instrument’s precision. A narrow slit has great
precision, and a wide slit has great sensitivity.

Diffraction grating

Is an angled mirror with very fine, vertical grooves. As light
reflects off this surface, it is separated into a spectrum.

Diode array

Electronics that determine the amount of intensity of light at each
individual wavelength.

See Figure 7 below.

Figure 7. UV/Visible Detector Assembly

Agilent sells variable wavelength detectors (VWD), multiple wavelength detectors
(MWD), and diode array detectors (DAD) for various uses, but a detailed discussion of
those detectors is beyond the scope of the manual.

The Agilent 1200 HPLC at Hartnell has been outfitted with a multiple wavelength
detector (MWD). A multiple wavelength detector can be programmed to detect eight
different wavelengths as chemicals are passing through the flow cell. This is useful
because different chemicals absorb light at different wavelengths. A carefully chosen
routine of eight different wavelengths enables the simultaneous detection of eight
different chemical compounds in one separation run. The multiple wavelength detector
has a diode array, but it lacks the ability to perform full-spectrum analysis that a genuine
diode array detector (DAD) would.
One of the challenges in detection is that the detector must be able to detect the target
chemical in the sample as it is rapidly passing through a flow cell. Other possible
detectors downstream from the UV/Vis detector are fluorescence detectors and refractive
index detectors. Those detectors can be used to detect components that are
spectroscopically similar and difficult to differentiate.
Another detector that can be run in tandem with an HPLC is a mass spectrophotometer
(mass spec). Mass spectrophotometers, which are much more sensitive than an HPLC,
give fingerprints of certain chemicals. In a tandem configuration, the HPLC separates
unknown chemicals, and the mass spec identifies them definitively. This combination is a
powerful tool for research or forensic investigations.
Thermostated Column Compartment
An extra option that is attractive to many researchers is to have a thermostated column
compartment in the HPLC system. A thermostated column compartment keeps the
column at a constant temperature.
Different chemicals are known to have different retention times in the column based on
their chemical structure. However, retention time is also affected by temperature. When
running mixtures of chemicals that have very similar retention times, it is critical to
maintain the temperature of the column at a constant value, so the retention times of
specific chemicals are reproducible.
Computer
The last and most important part of the HPLC system is the computer. The computer is
connected to the HPLC system and operates the components of the system through
commands in the software. The computer also records data, which is the most valuable
product of the HPLC instrument. Antiquated systems used to print data on a rolling piece
of paper, similar in look to a seismograph. In modern systems, such as the Agilent 1200,
the software allows for a report-style workup of the data.
Minicomputer
Many HPLC systems will have a minicomputer integrated with the components. The
minicomputers are affectionately called ‘Gameboy’s’ by the developers because of their
similar appearance to hand held electronic games. The advantage of a minicomputer is
the ability to operate the instrument without dependence on a reliable network.
Networking problems can interfere with a computers communication with the instrument.

20

Section Review
1. What does the portioning valve do?
2. What can damage the pump?
3. What can pumping air do?
4. Where is the first filter in the system found?
5. Why is the system filtered?
6. Why are there two pistons in a pump assembly?
7. What is the purge valve? What is it used for?
8. How does an injection port work?
9. What is sparging?
10. What can be done instead of sparging?
11. What are the wavelengths produced by each lamp in the detector?
12. What is a flow cell used for?
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Section IV: The Principles of Chromatography
Although there are many different chromatography techniques, each technique is the
same in some basic aspects. All chromatography techniques have a stationary phase and a
mobile phase. A mixture of the solvent and sample is placed into the mobile phase, which
then travels through the stationary phase. Some components of the mixture interact more
with the stationary phase, and some interact less with the stationary phase. The chemical
components of the mixture that interact more with the stationary phase take longer to
travel through and elute out of the column. This results in a separation of the components
of the mixture after a period of time.
The various chromatography techniques differ in a few key areas. An important
difference between the techniques is the physical process by which the separation is
achieved. Molecules or atoms can be separated by properties of chirality, size, specific
binding affinity, charge, solubility partitioning, and adsorptivity. Each property and its
associated chromatography method are listed below.
Table 3. Types of Separation Techniques

Property

Separation Technique

Chirality

Chiral Chromatography

Size of the chemical (for
example, large biomolecules)

Size-Exclusion Chromatography

Specific Binding Affinity

Affinity Chromatography

Charge

Ion-Exchange Chromatography

Partition (Liquid/Liquid)

Countercurrent Chromatography

Partition (Gas/Liquid)

Gas Chromatography*

Adsorption (Gas/Solid)

Gas Chromatography*

Adsorption (Liquid/Solid)

HPLC, UHPLC, Paper Chromatography* TLC*, Column
Chromatography, FPLC* and many more

*See Appendix A for descriptions of these chromatography types.
Most of these techniques were briefly discussed in Section II.
Adsorption chromatography is described in more detail here because it is the most
important HPLC technique. Adsorption chromatography is widely used and supports the
greatest number of applications. Partition chromatography is also described here because
it is useful in explaining the separation process.
Partition Chromatography
In chemistry, we learn that oil and water do not mix and that “like dissolves like.”
Molecules or ions that are polar or charged interact, or are soluble, with other molecules
that are polar or charged. Non-polar molecules do not interact, or are not soluble, with
polar or charged molecules. Non-polar molecules form a weak association called a
hydrophobic interaction.
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There is not an absolute difference between polar and non-polar molecules but rather a
spectrum or range of solubility. Many molecules are soluble in both polar and non-polar
chemicals. The amount at which a chemical can dissolve into another chemical is called
miscibility (‘miss-ibility’, silent ‘c’). Solubility is usually measured in terms of affinity of
a chemical for the universal solvent, water. It is usually measured in grams of solute per
100 grams of water (solvent).
Partition chromatography can be thought of in terms of the simple organic chemistry
technique of liquid-liquid separation or extraction. In a liquid-liquid extraction, a
chemical that is dissolved in one liquid is separated from other chemicals because that
chemical is more soluble in another liquid (Figure 8 below).

Figure 8. Liquid-Liquid Extraction

In an organic lab, a separation funnel is employed, with one of the liquid phases being
very polar, such as water, and the other liquid phase being mostly non-polar, such as
hexanes, diethyl ether, or dichloromethane. The mostly non-polar phase is typically
referred to as the organic layer, and the mostly polar phase is typically referred to as the
aqueous layer. The whole arrangement is referred to as a two-layer system.
Usually a chemical will be found in both layers. This ratio is called the partition function.
For example, a given chemical has a ratio of 30% in the liquid layer and 70% in the
organic layer. The partition ratio depends on the polarity of the chemical and the solvents.
In countercurrent chromatography, the liquid-liquid extraction is repeated (Figures 9A
through 9C). For example, suppose that a chemical that originated in the organic layer is
separated into the aqueous layer. After the separation, 80% of the chemical ends up in the
aqueous layer, and 20% remains in the organic layer (Figure 9A).
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Figure 9A. Countercurrent Extractions

In a second step, the organic layer with 20% of the remaining sample is added to a new
aqueous layer, and a second extraction takes place. Again, 80% of the sample finds its
way to the aqueous layer (Figure 9B).

Figure 9B. Countercurrent Extractions

At this point, 80% of the chemical is in the first aqueous layer, and 16% of the chemical
is in the second aqueous layer. This is because 80% of the 20% leftover chemical equals
16%. Also, the organic layer now has only 4% of the chemical remaining in it because
20% of 20% equals 4% of the original sample. If we introduce the organic layer to
another aqueous layer, less than 1% of the original sample will remain in the organic
layer (Figure 9C).
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Figure 9C. Countercurrent Extractions

The separation process in chromatography is very similar to liquid-liquid extractions,
except that separation is continuous and does not have distinct separation chambers.
Another important difference is that very few separations in chromatography are liquid to
liquid. Most separations involve a similar principle called adsorption, which involves two
different phases.
Adsorption Chromatography
Adsorption is a separation technique similar to partitioning but between two phases,
either gas to solid in gas chromatography or liquid to solid in all of the other liquid
chromatography techniques, including HPLC.
There are two styles of adsorption chromatography called reversed phase and normal
phase. Reversed phase is the most useful and most widely used (Figure 10 below).
Si
O
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O
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O
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O
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O
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O
Figure 10. Non-Polar Stationary Phase in Reversed-Phase Columns
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In reversed-phase HPLC, the mobile phase is partially polar, and the stationary phase is
non-polar. Chemicals that are more non-polar in composition interact more with the solid
stationary phase, moving slowly through the column and separating from the more polar
components of the mixture. In normal-phase HPLC, the situation is similar, except the
mobile phase is non-polar and the stationary phase is polar.
Adsorption has traditionally been compared with an older technique called distillation. In
a distillation, two chemicals are separated by differences in boiling points. Industrial
examples of distillation are purification of alcohol from water mixtures and the separation
of gasoline from crude oil. As the chemicals cycle between the gas and liquid state, they
separate at different temperatures.
An efficient distillation uses a fractioning column (Figure 11 below).

Thermometer

Water Out

Fractioning
Sites

Water
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(cold)

Mixture

Pure
Distallate

Heat Source

Figure 11. Fractioning Column for Distillation
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In a fractioning column, there is an elongated chamber with many places for liquid to
condense from the gas or vapor phase, called fractioning sites. Each one of these sites
possesses a unique temperature, which has a unique vaporization/condensation cycle
taking place. The vaporization/condensation cycles lead to a certain amount of
separation.
Each temperature/separation site is also referred to as a theoretical plate. The more
theoretical plates a column has, the more complete the separation will be. The idea is that
some separation happens at the high temperature site. The separation then increases at the
next temperature site and so on. Again, this stepwise process is similar conceptually to
the partitioning concept discussed earlier.
Theoretical Plates
High-performance liquid chromatography is a separation process between a liquid and a
solid, but the concept of theoretical plates can still be applied. Although chromatography
does not possess distinct chambers, the idea of theoretical plates is helpful in discussing
the separation efficiency of a chromatography column.
The number of theoretical plates, N, is equal to the length, L, of the column divided by
the height, H, of a theoretical plate.
Equation 3: Number of Theoretical Plates

N = L/H
The theoretical plate height, H, is based on the diameter of the column times the size of
the material of the separating particles. HPLC uses very tiny particles with a very narrow
internal column diameter, and this is why HPLC is truly “high performance.” (The
number of theoretical plates can also be calculated from the retention time of a sample.)
Consider this example. If a column has 2-micron sized particles packed in a column with
a 9-micron diameter, then the theoretical plate height, H, will be 18 microns or 18 µm. If
the column has a length of 22 centimeter or 220,000 µm, then the number of theoretical
plates will be equal to 220,000/18 or around 12,000 theoretical plates. This number is
typical for an HPLC system.
A large number of theoretical plates in HPLC yields an extremely efficient separation
when compared to a simple fractional distillation, which may only have six theoretical
plates. However, the number of theoretical plates in a column decreases over time due to
contaminants that build up in the column. When the number of theoretical plates in a
column decreases to 2000, the separations are not as clean, and one may need to replace
the column.
Use of a Gradient
For difficult separations, a gradient can be applied to change the separation dynamics. A
gradient involves changing the proportions of two or more solvents in the mobile phase
while the sample is travelling through the column. If the mobile phase becomes more
polar, the non-polar parts of the mixture interact even more strongly with the non-polar
stationary phase, creating a better separation.
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Other Useful HPLC Metrics
These terms and formulas are helpful to know when using the HPLC and interpreting the
results of a sample run:
Flow rate, F, is the speed at which the mobile liquid phase travels through the column. It
is usually measured in milliliters per minute and is set by the pump.
Retention time, Tr, is the amount of time a chemical spends traveling through the column.
Chemicals that spend more time in the column have greater opportunity for
separation.
Retention volume, Vr, is calculated by multiplying the retention time by the flow rate. If
we know the volume of a sample, we can use it to calculate the peak volume.
Peak volume gives us the volume of solvent that contains the sample. This value
can be used for concentration calculations.
Peak area is directly proportional to the quantity or amount of the chemical in a mixture.
A large peak area means more absorbance and a more concentrated sample.
The peak area is calculated by multiplying the maximum height of the peak times
the width of the peak at half height (Figure 12 and Equation 4).

Figure 12. Peak Area
Equation 4

Peak Area = HxW1/2 = maximum height x width at half maximum height

The half peak height is more accurate because the signal near the baseline is less
accurate. This calculation is similar to calculating the area of a triangle, which is
the product of one half the base and height (bxh/2).
Determining the Concentration of a Chemical

The concentration of a chemical in a sample can be determined by using its peak area.
We can express the concentration of a chemical in the sample as a percent composition,
where we take the area of the peak and divide it by the total area of all peaks in the run,
multiplied by 100.
If we know the concentration of one of the components in the mixture, called an internal
standard, and we know the volume of the total sample, we can determine the
concentration of other components in the mixture.
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The concentration of a chemical can also be determined by comparing its peak area to the
peak area of a sample of the same chemical with a known concentration. This is called an
external standard. For instance, if a 0.1M sample of chemical has a peak area of 1 in
arbitrary area units, and a sample of the same chemical with an unknown concentration
has a peak area of 0.5, then the unknown chemical has a concentration that is exactly half
of the known concentration, or 0.05 M.
Another way of determining the concentration of a chemical is by comparing the molar
extinction coefficient to the peak area (or absorbance). This calculation can be done only
if the sample’s extinction coefficient is known. Equation 5 shows that if the path length
of the flow cell (l), the molar extinction coefficient (ε), and the absorbance (A) are
known, then the concentration of a chemical can be determined.
Equation 5

c = A /(

l)
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Section V: The Experiments
Experiment 1: HPLC Components: A Closer Look
This lab is perhaps the most important lab because it introduces you to the HPLC
instrument. This lab is designed to help you become familiar with the physical
components of the HPLC instrument. After completing this lab, you should be able to
recognize the different components of the HPLC instrument and understand how they
work together as an analytical tool to separate and identify chemicals.
Complete this lab in a group before you begin any of the more technical experiments. Just
like the experimental labs, this lab takes a while to perform and involves some work
before and after the experiment.
Read Section III of this manual for background before starting this lab. Log this
assignment into your lab notebook and record all your notes and sketches there.
Pre Lab

1. What chemicals can corrode the pumps?
2. What else can damage the pump?
3. What can pumping air do?
4. Where is the first filter in the system found?
5. What does the portioning valve do?
6. Why are there two pistons in a pump assembly?
7. What is the purge valve? What is it used for?
8. Draw an injection port in your notebook. How does it work?
9. What is the most valuable product of the instrument?
10. Draw the detector components and label them.
11. What are the wavelengths produced by each lamp in the detector?
12. Describe how the vacuum degasser works.
13. What is sparging? Why is it important?
Experiment
Running Conditions:
Flow Rate:

1 mL/min.

Solvent(s):

100% Methanol

Wavelenght(s): 273 nm

1. Look at the reservoir component, sketch and label it. Sketch and describe the filter
stones.
2. Determine if the HPLC has a degasser or sparges the dissolved gas. How can you
tell?
3. The instructor will remove the panel from the pump component. Sketch the
components that you see and label them. Note the kind of pump setup that is in the
system. How do you know what kind of pump it is?
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4. Determine if the system has a standard injector valve or an autosampler. Sketch the
key components and label them.
5. The instructor will remove the detector panel. Notice some of the viewable
components or at least where they are situated. Sketch and label these components.
What kind of detector is it?
6. Optional. A qualified instructor may show you how maintenance is done on one or
more of the modules. Take notes, sketch and label what is done and what you see.
What are parts are replaceable? What parts wear out and why?
7. The instructor will run an unknown sample. Take notes on the use of software, the
running conditions, and the results. Were any chemicals detected? How can you tell?
_____________________________________________________________________
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Experiment 2: Caffeine
History/Background

Caffeine has been with humankind for over two million years. As early as the Stone Age,
geologists have found the remains of caffeine-containing plant products in human
dwellings. In China, the discovery that hot water enhances the effect of caffeine
contained in tea is a part of recorded history dating back to 3000 B.C.E. (Before the
Common Era) or about 5000 years ago. Today, caffeine is one of the most widely used
chemicals in modern society. Coffee beans represent the most traded commodity in the
world, next to crude oil. Caffeine is present in several different plants and is part of
consumable products from coffee, cocoa beans, and tea leaves to yerba mate.
Chemical Defenses

Plants have evolved mechanisms to manufacture caffeine as natural defense. Caffeine is a
natural pesticide, primarily an insecticide. Insects that consume plant material containing
large amounts of caffeine mature improperly and lose the ability to produce offspring.
Insects consuming caffeine also become paralyzed, slowing down their consumption of
plant material and making the insects easy targets for predation. Additionally, caffeine
has several deleterious effects on larger herbivorous animals as well.
Caffeine is part of a large chemical family referred to as chemical defenses. Some plants
have co-evolved to produce chemical defenses in response herbivory from insects and
larger animals. These plants have adapted the ability use certain metabolic byproducts to
manufacture these chemicals, which protect them. Many of the medicines in use today
have been derived or modified from these compounds found in nature.
Examples of Chemical Defenses

In addition to caffeine, other examples of chemical defenses include urushiol oil in
poison ivy or poison oak, atropine in deadly nightshade, oxalic acid in rhubarb, myristin
in nutmeg, and tetra-hydro-cannabinol (THC) in marijuana.
The effects produced by these chemicals vary greatly, from rash, death, disorientation,
kidney damage, and so on. The effects of these chemical defenses also vary tremendously
from one species to another. Theobromine in cocoa beans can be deadly to cats and dogs,
but humans enjoy it in the form of chocolate. Large amounts of oxalic acid are unhealthy
for human kidney function, but in low quantities is part of what makes rhubarb pie so tart
and enjoyable.
Many of these chemicals are sought after due to their unique effects on the central
nervous system. Some of these chemicals depress the central nervous system while others
stimulate it. For example, coffee and tea are cultivated for the caffeine that they contain
and its stimulating effect.
Effects of Caffeine

Caffeine affects many different systems in the human body, and its effects vary greatly
from individual to individual. A large volume of scientific literature describes caffeine’s
biochemistry and its effects on the human body. Caffeine can be used as a medicine for
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premature infants with heart or lung conditions. It can improve alertness, mental acuity,
and physical stamina. Minor side effects may include restlessness, nervousness,
excitement, euphoria, insomnia, flushing of the face, increased urination, gastrointestinal
disturbance, muscle twitching, a rambling flow of thought and speech, irritability,
irregular or rapid heart beat, and psychomotor agitation. Although rare, in some cases, the
consumer may experience more extreme side effects, such as mania, depression, lapses in
judgment, disorientation, delusions, hallucinations, and psychosis if large doses are
consumed. Caffeine is highly addictive.
Amounts of Caffeine in Beverages

Because caffeine is highly addictive, it is added to many food and consumable products.
The tables below show the tabulations for the amounts of caffeine in various types of
beverages by the website “Energy Fiend”. The amount of caffeine varies for different
serving sizes of drinks.
Table 4. Amount of Caffeine in Coffee

Type of Coffee

Caffeine (milligrams)

Starbucks, brewed, 16 oz (480 mL)

330

Generic brewed, 8 oz (240 mL)

108

Generic brewed, decaffeinated, 8 oz (240 mL)

6

Generic instant, 8 oz (240 mL)

57

Generic instant, decaffeinated, 8 oz (240 mL)

3

Coffee drip, 8 oz (240 mL)

145

Table 5. Amount of Caffeine in Tea

Type of Tea

Caffeine (milligrams)

Brewed Tea, 8 oz (240 mL)

47

Brewed Tea, imported, 8 oz (240 mL)

60

Tazo Chai Tea, 8 oz (240 mL)

47

Brewed Tea Green, 8 oz (240 mL)

25

Arizona Green Tea, 16 oz (480 mL)

15

Tea, instant mix, unsweetened, 8 oz (240 mL)

28

Tea, iced, 8 oz (240 mL)

47

Lipton Brisk Lemon Iced Tea, 12 oz (355 mL)

10

Nestea Iced Tea, 16 oz (480 mL)

34

Snapple Plain Unsweetened, 16 oz (480 mL)

42

Kombucha tea, 8 oz (240 mL)

24

Table 6. Amount of Caffeine in Soft Drinks

Soft Drink (12 ounces or 355 milliliters)

Caffeine (milligrams)

7Up, regular or diet

0

Barq's Root Beer

23

Coca-Cola Classic

35

Coca-Cola Zero

35
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Soft Drink (12 ounces or 355 milliliters)

Caffeine (milligrams)

Diet Coke and Diet Coke With Lime

47

Dr Pepper

41

Fanta, all flavors

0

Mello Yello

53

Mountain Dew

54

Mountain Dew Code Red

54

Pepsi

38

Sprite

0

TaB

47

Vault

71

Wild Cherry Pepsi

38

Table 7. Amount of Caffeine in Sports or Energy Drinks

Sports or Energy Drink

Caffeine (milligrams)

AMP, 8.4 oz (250 mL)

74

Enviga, 12 oz (355 mL)

100

Full Throttle, 16 oz (480 mL)

144

Monster Energy, 16 oz (480 mL)

160

No Fear, Bloodshot, 16 oz (480 mL)

174

No Name (formerly known as Cocaine), 8.4 oz (250
mL)

280

Red Bull, 8.46 oz (254 mL)

80

Rockstar, Zero Carb, 16 oz (480 mL)

240

Note that some energy drinks have more caffeine per serving than a regular serving of
coffee.
Chemical Structure of Caffeine

Caffeine is in a class of compounds called purines (Figure 13). Purines are one of the
fundamental structures in DNA.
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Figure 13. Skeletal Structures of Purines. Xanthine is the derivative of caffeine. Adenine and guanine
are structures in DNA and RNA.
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The ring structure of caffeine is a chemical structure called a methyl xanthine, which
contains a five membered ring fused to a six membered ring (Figure 14). The atoms in
the ring are carbon and nitrogen. The quality of having different elements in the ring
structure is called heterocyclic. Functional groups attached to the methyl xanthine ring in
caffeine are ketones and methyl groups. This particular structure has the shape and
chemical reactivity to bind caffeine to target receptors in the brain. Once the caffeine is
bound to the receptor, signals are sent to the rest of the body causing some of the effects
mentioned earlier.
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Figure 14. Chemical Structure of Caffeine

Caffeine is a model chemical for HPLC. In fact, the reversed-phase method uses caffeine
as a model analyte. When the reversed-phase method was first developed, caffeine was
used to test the running conditions, detector wavelengths, solvent conditions, and so on.
From Section III, we learned that the mobile phase is more polar than the stationary phase
in reversed-phase chromatography. Caffeine is less polar than the mobile phase and will
interact substantially with the stationary phase.
Note: If your instructor has time in the schedule, this lab can be combined with a caffeine
extraction/sublimation experiment from organic chemistry as an optional unit. This
discussion focuses only on the HPLC aspects of caffeine investigation, however.
Pre Lab

Include answers to these questions along with your in-lab observations, report, and postlab responses.
1. Look up caffeine in the Merck index. List the chemical number and answer the
following questions.
2. What is its molecular weight?
3. What is its melting point?
4. How soluble is it in water? How soluble in methanol?
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5. Sodium benzoate, also found in many sodas, has the structure below (Figure 15).
When compared with caffeine, which chemical will elute off the column first?

O

O-Na+

Figure15. Sodium Benzoate (Soda Additive)

6. Look up methanol in the Merck index and describe any necessary precautions.
7. Select a beverage with an unknown concentration of caffeine for analysis in class.
Bring this beverage with you to class.
Experiment
Running Conditions:
Flow Rate:

1 mL/min.

Solvent(s):

100% Methanol

Wavelenght(s): 273 nm (caffeine)
280 nm (sodium benzoate)
Part I: Preparation

For this experiment, prepare two samples. The first sample will be an external standard.
If instructed, prepare a sample of pure caffeine in methanol using a scale and a
volumetric flask. Using the molecular weight and the volume of the flask, prepare a 0.1
Molar solution of caffeine.
CAUTION:

Methanol should be handled in a hood with gloves.

Draw the final solution through a 0.2-micron syringe filter. (This step does not require a
needle.) After drawing the solution through the syringe, remove the filter and deliver the
contents to a 500 µL loading vial and cap. Label the vial as #1.
For the second sample, use a beverage with an unknown concentration of caffeine. If you
did not bring a beverage, you can boil one of the teas provided in class for analysis. Pour
a small amount of the liquid into a beaker and draw up the liquid into a syringe through a
syringe filter as before. Remove the filter and deliver the contents to a 500 µL loading
vial and cap. Label the vial as #2.
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Part II: The Run

Place the samples in the loading tray. Watch the instructor set the methods for the
machine. Carefully record the running conditions in your notebook. Notify the instructor
if the waste container becomes full.
Part III: Data Analysis and Report

Once the run is complete (perhaps in another lab session), the computer automatically
stores the run as a data file. The data file has the running conditions, the data from the
detector, and various other parameters. This data file can be worked up into a formal
report. The formal report is what the instructor will grade along with your answers to the
following questions (on a separate sheet, typed).
In-Lab Observations
Part I: The Setup

1. Mass of caffeine ________________
2. Volume of methanol _____________
3. Molarity of external standard ____________
4. Name and description of beverage ________________________________________
Part II: The Run

Determine and record the following data:
1. The flow rate ___________
2. The solvent profile. Isocratic ____ or gradient___________
3. List the running solvents

______________
______________
______________

4. The detector wavelengths and corrections in nanometers
Wavelength

Band

Reference Wavelength

Band

______

_____

_______________

_____

______

_____

_______________

_____

______

_____

_______________

_____

______

_____

_______________

_____
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Part III: The Data

After the run is complete, you can retrieve the data file. With the help of your instructor,
tag and integrate the peaks, and then generate the report. With integration, you can
determine the amount of caffeine in the beverage.
Post Lab

1. What was the area of the caffeine peak in the external standard? ___________
2. What was the area of the caffeine peak in the sample? __________
3. What was the concentration of caffeine in the beverage? ____________
4. Describe the other chemicals peaks found in the sample. If the sample had sodium
benzoate, was a peak observed? Why or why not?
5. Compare your results to other students’ results. How much caffeine is in a caffeinated
soda? How much caffeine is in an energy drink? How much caffeine is in coffee?
How much caffeine is in green tea?
_____________________________________________________________________
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Experiment 3: Investigation of Analgesics
The sensation of pain has colorful history in human experience. Many cultures, ancient
and not so ancient, have myths regarding pain as a divine punishment of humans for not
acting according to their design. The story of the Garden of Eden evokes some of these
ancestral views. The word “pain” comes from the name of the Greek goddess of revenge,
Poine. She was sent to punish mortals when they angered the gods.
Pain abatement has an even longer history. Many early cultures came up with different
solutions to reduce pain. One early technique involved drilling a hole in the patient’s
skull to let the pain out. Another involved putting electric eels on wounds. One ancient
technique, called acupuncture, is still in use today. Western science has just started to
understand the mechanisms in acupuncture that trigger pain-relieving factors.
Various drugs were developed to block the pain response. Some drugs, such as opiates,
do not actually block the pain directly. Rather the psychological effects of the drug cause
the patient’s mind to be occupied with things other than pain. Sometimes these strong
narcotics are used for severe or chronic pain, such as for treating terminal cancer.
Because of the side effects of narcotic drugs, they are not always the best choice in
dealing with pain.
Some types of pain are still a mystery today. Conditions, such as fibromyalgia, are really
a catchall diagnosis that doctors use for non-localized pain, typically of an unknown
cause. What can usually be said of physical pain is that the pain receptors are being
triggered, which sends an electric signal to the brain. At that point, you experience pain.
First, there is an unpleasant stimulus, such as an injury (cut or bruise), an allergy, or burn.
This stimulus triggers the release of a chemical called arachidonic acid. An enzyme
called cyclooxygenase brakes down arachidonic acid into chemicals called thromboxins
and prostaglandins. The thromboxins and prostaglandins signal the body to produce a
pain response in the brain, as well as redness, swelling, inflammation, and dilation in the
region of injury. An allergic response is a little different but travels along some of the
same pathways. An allergic response causes the release of leukotrienes, which cause
inflammation and bronchial constriction.
A set of chemical reactions occur at the site where the pain signal starts (Figure 16 on the
next page).
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Noxious Stimuli (Cut, Burn, Allergen)

Membrane Phopholipids released

Phospholipase
(enzyme--makes arachidonic acid)
Arachidonic Acid
COOH

Lipoxygenase
(Enzyme)

Cyclooxygenase (Enzyme)

Luekotrienes
PGH2 (Precursor)
Alergy response
Prostaglandins

Thromboxanes

Pain response
Figure 16. Biochemical Pain Response Pathway

Aspirin was the first drug developed to treat pain directly without the side effects found
in narcotic drugs. Aspirin was originally made from salicylic acid (Figure 17). Salicylic
acid was first prepared from the bark of the willow tree around 3000 B.C.E. for pain and
fever treatment. Salicylic acid blocks the activity of the enzyme cyclooxygenase,
stopping the pain response. Despite its effectiveness at alleviating pain, salicylic acid can
be destructive to the stomach lining. This is because salicylic acid is a type of chemical
defense. (See Experiment 2 for a discussion of chemical defenses.)
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Figure 17. The Early Pain Relievers

In 1853, acetylsalicylic acid (aspirin) was synthesized from a salt derivative of salicylic
acid and acetyl chloride. Acetylsalicylic acid was found to block pain and was far less
damaging to the stomach lining. In 1899, Bayer Corporation found a better way to
synthesize it using acetic anhydride and renamed the compound “aspirin.”
The term analgesic refers to aspirin’s ability to block pain. Like salicylic acid, aspirin
inhibits cyclooxygenase, preventing the pain response by stopping pain at its source. This
action avoids many unwanted side effects. Aspirin is also anti-inflammatory (reducing
swelling and irritation) as well as anti-pyretic (decreasing fever).
Aspirin is part of a larger family of drugs called Non-Steroidal Anti-Inflammatory Drugs
or NSAIDs. Other NSAIDs include:


Acetaminophen (Tylenol) (Figure 18)
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Figure 18. Acetaminophen (Tylenol)



Ibuprofen (Advil, Motrin) (Figure 19)

H
O
CH3
OH
CH3
Figure 19. Ibuprofen
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Naproxen (Aleve)
Ketoprofen (Orudis)*
Fenoprofen (Nalfon)*

*Stronger prescription NSAIDs
Some pain relievers have more than one NSAID in them. For example, some pain
relievers contain acetaminophen and aspirin.
Another common ingredient in pain relievers is caffeine. (For details about caffeine, see
Experiment 2.) Headaches are a common caffeine withdrawal symptom. Because many
people are addicted to caffeine, headaches often occur when people forget to feed their
caffeine addiction and go through caffeine withdrawal. The caffeine headache is caused
by the constriction of blood vessels in the brain.
Note: If your instructor has time in the schedule, this lab can be combined with an aspirin
synthesis/esterification experiment from organic chemistry as an optional unit. Another
optional unit, which is shorter in duration, is to test various analgesics on TLC plates.
This discussion focuses only on the HPLC aspects of analgesics investigation.
Pre Lab

Include answers to these questions along with your in-lab observations, report, and postlab responses.
1. One at a time, find caffeine, aspirin, salicylic acid, acetaminophen, and ibuprofen in
the Merck index. List each chemical number, draw the structure, and answer the
following questions. Construct a table listing each chemical and its properties.
2. For each chemical, find its molecular weight.
3. For each chemical, find its melting point.
4. How soluble is each chemical in water? How soluble is each chemical in methanol?
5. List caffeine, aspirin, salicylic acid, acetaminophen, and ibuprofen in order of
increasing polarity. Which chemical will elute from a reversed-phase column first,
second, third, fourth, and fifth?
6. Look up methanol in the Merck index and describe any necessary precautions.
Experiment
Running Conditions:
Flow Rate:

1 mL/min.

Solvent(s):

100% Methanol

Wavelenght(s): 273 nm (caffeine and ibuprofen)
227 nm (aspirin)
280 nm (acetominophen)
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Part I: Preparation

On day one, take a mortar and pestle and thoroughly grind your chosen brand of
analgesic into a fine powder. Deliver the contents to a 10 mL volumetric flask and fill the
flask with methanol.
CAUTION:

Methanol should be handled in a hood with gloves.

Swirl, cap, parafilm, and place the flask somewhere to sit overnight. If instructed to do
so, make standards of caffeine, aspirin, acetaminophen, and ibuprofen in a similar
fashion.
On day two, draw the final solution through a 0.2-micron syringe filter. (This step does
not require a needle.) After drawing the solution through the syringe, remove the filter
and deliver the contents to a 500 µL loading vial and cap. Label each vial as C, A, T, I,
and S for Caffeine, Aspirin, Tylenol (acetaminophen), Ibuprofen, and Sample (your
chosen analgesic), respectively.
Part II: The Run

Place the samples in the loading tray. Watch the instructor set the methods for the
machine. Carefully record the running conditions in your notebook. Notify the instructor
if the waste container becomes full.
Part III: Data Analysis and Report

Once the run is complete (perhaps in another lab session), the computer automatically
stores the run as a data file. The data file has the running conditions, the data from the
detector, and various other parameters. This data file can be worked up into a formal
report. The formal report is what the instructor will grade along with your answers to the
following questions (on a separate sheet, typed).
In-Lab Observations
Part I: The Setup

1. Molarity of caffeine standard ________________
2. Molarity of aspirin standard _____________
3. Molarity of acetaminophen standard ____________
4. Molarity of ibuprofen standard _______________
Part II: The Run

Determine and record the following data:
1. The flow rate ___________
2. The solvent profile. Isocratic ____ or gradient___________
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3. List the running solvents

______________
______________
______________

4. The detector wavelengths and corrections in nanometers
Wavelength

Band

Reference Wavelength

Band

______

_____

_______________

_____

______

_____

_______________

_____

______

_____

_______________

_____

______

_____

_______________

_____

Part III: The Data

After the run is complete, you can retrieve the data file. With the help of your instructor,
tag and integrate the peaks, and then generate the report. With integration, you can
determine the amounts of caffeine, aspirin, acetaminophen, and ibuprofen.
Post Lab

1. What was the area of the caffeine peak in the external standard? ___________
2. At what retention time was the caffeine standard detected? __________
3. What was the area of the aspirin peak in the external standard? ___________
4. At what retention time was the aspirin standard detected? __________
5. What was the area of the acetaminophen peak in the external standard? ___________
6. At what retention time was the acetaminophen standard detected? __________
7. What was the area of the ibuprofen peak in the external standard? ___________
8. At what retention time was the ibuprofen standard detected? __________
9. Which analgesics were present in your sample? _____________________________
10. Discuss the wavelengths used in this experiment. Which wavelengths were used?
Why?
11. Using peak area, calculate the concentration of analgesics in your sample.
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Experiment 4: Alizarin Red
The chemistry of dyes is an interesting part of organic chemistry. A dye is any colored
substance capable of be applied to a product, such as food, clothing, or anything else. If a
dye is just the chemical that produces color, it can also be called a pigment. A dye is not
the same thing as paint. Paint is a coating. The dye stains the thing to which it is applied.
Dyes or pigments can be added to paint, however.
The first pigments and dyes came from nature. Colors abound in nature. Flowers use
color to attract insects and birds for pollination. Insects and animals use it to attract mates
or warn predators to defenses they have. (Monarch butterflies are toxic to consume, and
young birds learn to avoid their colors). Plants use a full spectrum of colored pigments,
not just green chlorophyll, to harvest energy from the sun. Males in many animal species
are brightly colored to lure predators away from the young.
The earliest known culture using dyes goes back to 34,000 B.C.E. In the Republic of
Georgia, (formerly part of the Soviet Union), early cultures were found to have dyed
fibers of flax. The first recorded history of dyeing was in China in 2600 B.C.E. Dyeing is
thoroughly recorded from the Roman to Medieval time periods. One of the most sought
after dyes, Tyrean purple or royal purple, was made from a sea snail or marine mollusk
(Murex brandaris). Silk garments made with Tyrean purple dye were as valuable as gold.
Another expensive dye was indigo, which was derived from a plant (Figure 20).
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Figure 20. Indigo Dye

The high prices of dyes, which lasted for several hundred years dating back to the
Romans, led to the development of dye chemistry. In modern times, millions of tons of
indigo dye are made synthetically every year, primarily to give denim blue jeans their
characteristic color.
During the Colonial Era, the British used many dyes. Alizarin Red was used to dye the
soldiers’ uniforms (Figure 21).
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Figure 21. Alizarin Red
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It is the Alizarin Red pigment that earned the British the name “The Red Coats.” Alizarin
Red is produced from the root of a bush in Europe called the madder (Rubia tinctorum).
Subsequently, the dye is also called madder. Alizarin Red is still used today. The most
popular modern application of Alizarin Red is its ability to stain calcium in cells and in
bone. Biologists use Alizarin Red to stain bones in animal specimens, followed by
another dye, Alcian Green, to stain the cartilage. The dye is also used clinically to test
synovial fluid in joints for the presence of calcium phosphate. Geologists use Alizarin
Red as well to test for minerals with calcium.
In 1856, an English chemist named William Henry Perkin discovered the first synthetic
dye, aniline, while seeking a cure for malaria. Perkin named this dye “mauve.” The triplemember ring of this dye is called an anthraquinone, which is chemically similar to
quinine. Quinine is still used today to prevent malaria and is a popular additive to tonic
drinks. The discovery of aniline was regarded as trivial by British chemists and was
largely ignored.
German chemists, however, were more interested in developing synthetic dyes. From
1858 on, a host of German chemists developed many synthetic dyes and were able to
capitalize on Perkin’s discovery. One of the most famous German dye chemists was
Hoffman. He created an artificial azo dye called “Hoffman’s Violet” to replace the very
expensive indigo and purple dyes manufactured from natural products (Figure 22).
Ironically, in 1868, German chemists succeeded in making Alizarin Red entirely
synthetically. The red dye, which once stood for British military strength, was now being
used to generate tremendous wealth for the rival Germans.
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Figure 22. Popular Azo Dyes. Note the N=N group.
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Cl-

This line of chemical dye research led to the birth of modern organic chemistry. The
understanding of organic chemicals and the manipulation of functional groups, which
were learned through chemical dye research, have allowed chemists to make not only
new dyes but to synthesize better medicines, such as aspirin, or to make new materials
with entirely new properties. It also gave Germany a reputation for having the best
chemists for many years. In fact, the dye business created a valuable new profession, the
chemist. A chemist was no longer restricted to working in academia.
Dyes are broken down into several categories. One category involves how the dye is
attached to the fabric or consumable. Another category divides dyes into different types
of chemical structures. These properties will be explored in the corresponding organic
chemistry lab if time permits.
There is virtually an unlimited number of possible chemical dye structures. In the
chemical industry, two types of chemical structures are very common in dyes:


One family of dye structures is the anthraquinone family. The triple membered ring is
common to all dyes in this family. Alizarin Red (Figure 21) is a member of this
family.



Another dye structure family is azo dyes (Figure 22). Azo dyes were discovered by
German chemists, such as Hoffman, and all have the R-N=N-R functional group as
part of their structure.

Anthraquinone and azo dyes are just two common examples of many dye structural
families.
Although the structures of dyes can be very different, most dyes have a few things in
common. While other organic chemicals typically absorb light in the Ultra-Violet range,
dyes absorb visible light and transmit visible light. The color that we see in a dye is the
light that the dye does not absorb but transmits. The color that the dye or pigment absorbs
is the opposite of the color that the dye transmits (Figure 23).

Red
640-700 nm

Orange
600-640 nm

Yellow

Violet

560-600 nm
400-450 nm

Blue

Green

450-480 nm
450-560 nm

Figure 23. The Color Wheel. The light that a dye absorbs is opposite on the color wheel from the
color that it appears.
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Consider beta-carotene (Figure 24), which is the orange pigment in carrots. Beta-carotene
appears orange, but it absorbs light in the blue range of the spectrum.

Figure 24. Beta Carotene

Dyes absorb visible light because of their chemical structure. Pigments almost always
have a large conjugated pi-bond network. If you look at the structure of beta-carotene,
what is striking is the pattern of double bonds (Figure 24). This pattern, where every
other carbon pair has a double bond, is the conjugated pi-bond network. The long chain
of carbon double bonds acts together and absorbs longer wavelengths of light.
If we go back and look at caffeine, you will see that it also has a conjugated pi-bond
network but that it is much smaller and cyclic. (The nitrogen lone pairs are also part of
the network.) Molecules like DNA and caffeine absorb light around 250 nanometers in
the Ultra-Violet range because of their smaller conjugations. Larger conjugations, such as
the triple-ring structure of Alizarin Red or the large ring and nitrogen structure of
Hoffman’s Violet, absorb and transmit light in the visible region of the spectrum.
Note: If your instructor has time in the schedule, this lab can be combined with a dye
investigation experiment from organic chemistry as an optional unit. A shorter lab that
can be run in conjunction with this lab is a Beer’s law investigation of the dye, which is a
complimentary technique to the method used with HPLC. This discussion focuses only
on the HPLC investigation of Alizarin Red, however.
Pre-Lab

Include answers to these questions along with your in-lab observations, report, and postlab responses.
1. Find Alizarin Red in the Merck index, list its chemical number, draw its structure,
and answer the following questions.
2. What is its molecular weight?
3. What is its melting point?
4. How soluble is it in water? How soluble in methanol?
5. Look up Methyl Violet. Discuss the structural differences of an azo dye, such as
Methyl Violet, with the structure of an anthraquinone dye, such as Alizarin Red. How
is Methyl Violet’s structure similar to Alizarin Red? How is it different?
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Experiment
Running Conditions:
Flow Rate:

1 mL/min.

Solvent(s):

100% nanopure water at pH 4.2

Wavelenght(s): 546 nm (alizarin red)
Part I: Preparation

In this lab, the goal is to determine the concentration of an unknown concentration of
Alizarin Red. Usually the HPLC is used to separate mixtures. In this application, our
primary goal is to determine the concentration of an unknown.
The detector in an HPLC is essentially a UV/Visible spectrophotometer through which
the sample flows and is capable of similar analysis. The HPLC’s UV/Visible analysis can
be used to determine the concentration of a sample. Like other spectrophotometers, the
HPLC detector measures the transmittance of specific wavelengths as the sample travels
through the flow cell. The signal is then converted into absorbance. (See the “Detector”
description in Section III.) A key difference with the HPLC detector is that it records
absorbance per time and usually produces Gaussian peaks at specific intervals.
If the flow rate and column conditions are kept constant, the concentrations of chemicals
can be determined by three methods:


Using an internal standard



Using an external standard



Using the signal peak area of a chemical divided by the total peak area of all peaks to
determine the relative percentages of chemicals

In this lab, we will use the area of the absorbance peaks to determine the concentration. A
stock solution of Alizarin Red will be provided. Alizarin Red is soluble in water provided
that the pH is close to 4.2. Water with a pH of 4.2 will be provided. Using the proper
volumetric equipment, you will make several dilutions of the dye from a solution of
known concentration. Calculate the concentration of each dilution using the formula:
Equation 6

M1V1 = M2V2
Part II: The Run

Some dilutions will be too concentrated for the detector. A good target should be an
absorbance = 1 (or close to) on the log scale. The area of the peak can be measured using
the software shown by the instructor. After running several dilutions and noting the area,
run the unknown sample.
Place the samples in the loading tray. Watch the instructor set the methods for the
machine. Carefully record the running conditions in your notebook. Notify the instructor
if the waste container becomes full.
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Part III: Data Analysis and Report

Once the run is complete (perhaps in another lab session), the computer automatically
stores the run as a data file. The data file has the running conditions, the data from the
detector, and various other parameters. This data file can be worked up into a formal
report.
For this report, you will need to find the area of the absorbance peaks and relate that area
to the concentration. Absorbance peaks of your unknown can be measured against the
area of the known external standard. A large peak area means more absorbance and a
more concentrated sample. The area of the peak is calculated by multiplying the
maximum height of the peak times the width of the peak at half height (Figure 25).

Figure 25. Peak Area

This calculation is similar to calculating the area of a triangle, which is the product of one
half the base and height (bxh/2). The half peak height is more accurate because the signal
near the baseline is less accurate. The concentration of the unknown can be calculated by
finding the ratio of the areas (Equation 7).
Equation 7

Conc. Unknown = (Conc. Known)x(Area unknown/Area known)
The formal report is what the instructor will grade along with your answers to the
following questions (on a separate sheet, typed).
In-Lab Observations
Part I: The Setup

1. Molarity of Alizarin Red standard ________________
2. Molarity of Alizarin dilution #1 _____________
3. Molarity of Alizarin dilution #2 ____________
4. Molarity of Alizarin dilution #3 _______________
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Part II: The Run

Determine and record the following data:
1. The flow rate ___________
2. The solvent profile. Isocratic ____ or gradient ___________
3. List the running solvents

______________
______________
______________

4. The detector wavelengths and corrections in nanometers
Wavelength

Band

Reference Wavelength

Band

______

_____

_______________

_____

______

_____

_______________

_____

______

_____

_______________

_____

______

_____

_______________

_____

Part III: The Data

After the run is complete, you can retrieve the data file. With the help of your instructor,
tag and integrate the peaks, and then generate the report. With integration, you can
determine the amount of Alizarin Red in the unknown sample.
Post Lab

1. What was the area of the _____ peak in the external standard (known)? ___________
2. What was the area of the _____ peak in the unknown concentration? __________
3. What is the concentration of the dilution used? ___________
4. What is the concentration of the unknown? __________

5. Discuss wavelengths used in this experiment. Which wavelengths were used? Why?
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Experiment 5: Biochemistry of Hemoglobin and Myoglobin
Hemoglobin and myoglobin have been some of the most widely studied proteins in
history. Myoglobin was one of the first complex protein structures solved by researchers
shortly after the structure of DNA had been elucidated by using a technique called X-ray
Crystallography.
Hemoglobin and myoglobin come from the same superfamily of proteins called globins.
The family of globins is found throughout nature. Most globins have metal centers that
bind chemicals, usually gases. Simple microorganisms use globins to bind oxygen, to
protect them from oxygen radical damage. Plants use other globins to protect nitrogenfixing bacteria from oxygen or to protect their own delicate photosynthesis reactions from
damaging oxygen. Animals use globins to transport oxygen to cells for energy-creating
chemical reactions during respiration. There are other globins that bind gases, such as
nitrogen or oxygen, but their function remains a mystery.
Hemoglobin and myoglobin both bind oxygen. Both proteins serve the function of
oxygen transport. Myoglobin transports oxygen in the muscle tissue. Hemoglobin
transports oxygen in the blood to all areas of the body. Hemoglobin also plays a role in
carrying carbon dioxide out of the lungs during exhalation. Hemoglobin’s and
myoglobin’s structures are almost identical, except that hemoglobin is comprised of four
similar units and myoglobin has only one.
Myoglobin is organized into eight regions, called alpha-helices. Each alpha-helix is a
spiraling structure of amino acids. The eight alpha-helices fold in on each other to hide
hydrophobic (water avoiding) portions of the alpha-helix. The porphyrin ring, shown in
the middle, contains an iron atom, which can bind an oxygen molecule. The alpha-helices
fold around the porphyrin ring. Again, this myoglobin structure is equivalent to one of the
four subunits in hemoglobin. Myoglobin and hemoglobin subunits both have around 150
amino acids per subunit.
When a biochemist is trying to analyze a sample, myoglobin and hemoglobin are
everywhere in animal tissue and need to be separated from the protein that the researcher
wants to purify. This experiment uses a simple purification technique that shows one way
of separating biologically active proteins. This technique is simple and would normally
be part of a whole series of purifications.
Hemoglobin and myoglobin are very similar proteins structurally. Because they come
from the same super family of proteins, hemoglobin and myoglobin have roughly the
same ratio of polar and non-polar functional groups. They can also occur in overlapping
tissue, ending up in the same sample. To make matters worse, hemoglobin and
myoglobin are spectroscopically similar, with very similar absorptions at similar
wavelengths. Hemoglobin and myoglobin also have very similar subunits. One key
difference, however, is that hemoglobin has four subunits, and myoglobin has only one
subunit. For that reason, they have very different sizes.
Hemoglobin is much larger than myoglobin. Hemoglobin is a medium-sized protein with
a molecular weight of 68 kD (68 kilo Daltons or 68,000 Daltons, which has an equivalent
molecular weight of about 64,000 grams per mole). Myoglobin is much smaller than
hemoglobin. Myoglobin is the size of one of the four subunits with a weight of 16,700
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Daltons. This difference in size can be exploited in order to separate hemoglobin from
myoglobin.
Hemoglobin and myoglobin are exceedingly large and complex proteins. A Web site
called the Protein Data Bank (http://www.pdb.org) stores these and other proteins and
displays their chemical structures. Hemoglobin and myoglobin can be viewed by showing
all their atoms, which makes it complex and difficult to see specific features, or they can
be viewed as a simplified backbone diagram. The backbone diagram ignores much of the
structure to highlight the organization at the backbone. The backbone can fold into many
different structures. In hemoglobin and myoglobin, the structures are primarily alphahelices, which are spiral in shape. Go to the Protein Data Bank to see those proteins.
Description of the Experiment

All of the previous experiments have relied exclusively on the use of a reversed-phase
column, which demonstrates the utility and wide range of that technique. Several other
separation techniques are available for use on an HPLC, as mentioned in Section II, each
with advantages and disadvantages. Some very important techniques involve separations
of biological molecules such as proteins and DNA. These separations are particularly
difficult because the researcher is usually trying to purify one specific biological
molecule from a cell, which has thousands of different chemicals.
As mentioned in Section II, some useful biological separation techniques include ionexchange, affinity, and size-exclusion chromatography. In many cases, several of these
techniques will be used together in addition to other purification steps. One type of
purification done before any chromatography technique is called “salting out,” which
involves adding higher and higher concentrations of salt to a biological sample. As the
salt concentration increases, less polar biochemicals precipitate sequentially. Another
important pre-chromatography step is called centrifugation. Centrifugation separates
large, heavy cell components such as cell membranes, from the “soup” inside of a cell.
Biochemical purification is an art form. Even if it is done methodically, the successful
purification of some biochemicals is almost impossible.
For separating myoglobin and hemoglobin, one particular chromatography technique,
size exclusion (also called gel filtration), can be quite useful (Figure 26 on the next page).
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Figure 26. Size-Exclusion Chromatography

Size exclusion is sometimes referred to as a “low resolution” technique because it can
separate only a few types of compounds. This technique is most effective when the
mixture has been reduced to only a few compounds. For that reason, it is thought of as
the last step in a series of purifications.
The size-exclusion column is packed with small beads of silica gel. Each silica gel bead
has tiny pores in it. If a protein is small enough, it will fit in the pores. Because small
particles get trapped in the pores of the silica gel beads, they take longer to travel through
the column than a particle that is larger than the pore size. Larger particles do not spend
time in the pores and elute off the column more quickly.
Pre Lab

Include answers to these questions along with your in-lab observations, report, and postlab responses.
1. Find hemoglobin in the Protein Data Bank, list its protein number, draw its structure,
and answer the following questions.
2. What is its molecular weight?
3. How many amino acids does it have?
4. What is its symmetry?
5. How many subunits does it have?
6. Find myoglobin in the Protein Data Bank, list its protein number, draw its structure,
and answer the following questions.
7. What is its molecular weight?
8. How many amino acids does it have?
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9. What is its symmetry?
10. How many subunits does it have?
11. How are myoglobin and hemoglobin similar? How are they different?
12. If the size-exclusion cut-off is 30 kD, which protein will take longer to travel through
the column, hemoglobin or myoglobin? Why?
Experiment
Running Conditions:
Flow Rate:

1 mL/min.

Solvent(s):

100% Methanol

Wavelenght(s): 406 nm (hemoglobin)
409 nm (myoglobin)
Part I: Preparation

In this lab, the instructor will give you the sample. You should take a UV/Visible
spectrum of the sample prior to running it through the HPLC.
If the instructor wants you to make your own samples, you should follow a set of
guidelines, which the instructor will provide. These guidelines are especially critical if
you are purifying proteins from real tissue:
1. Remove only the amount of protein needed from the deep freezer. The protein sample
should be divided into aliquots before use. Thawing and re-freezing will denature the
proteins.
2. Proteins will only be soluble in buffers of a specific pH. A tris buffer at pH 8 may be
suitable.
3. Biological samples are notorious for clogging columns and other components. Make
sure to filter all samples through the 0.2 micron syringe filters before loading on the
column.
4. Run a wash cycle after all the runs. See Part II of the experiment.
Part II: The Run

Place the samples in the loading tray. Watch the instructor set the methods for the
machine. Carefully record the running conditions in your notebook. Notify the instructor
if the waste container becomes full.
It is important to do a cleaning run of HPLC-grade water followed by HPLC-grade
isopropanol any time biological chemicals and salt buffers have been run through the
system. With size exclusion, the retention time is the most important factor to watch for.
Part III: Data Analysis and Report

Once the run is complete (perhaps in another lab session), the computer automatically
stores the run as a data file. The data file has the running conditions, the data from the
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detector, and various other parameters. This data file can be worked up into a formal
report. The formal report is what the instructor will grade along with your answers to the
following questions (on a separate sheet, typed).
In Lab Observations
Part I: The Setup

1. What were the absorption peaks of your sample? ________________
2. What is the color of the sample? _________ Why? ___________
3. ____________
4. _______________
Part II: The Run

Determine and record the following data:
1. The flow rate ___________
2. The solvent profile. Isocratic ____ or gradient___________
3. List the running solvents

______________
______________
______________

4. The detector wavelengths and corrections in nanometers
Wavelength

Band

Reference Wavelength

Band

______

_____

_______________

_____

______

_____

_______________

_____

______

_____

_______________

_____

______

_____

_______________

_____

Part III: The Data

After the run is complete, you can retrieve the data file. With the help of your instructor,
tag and integrate the peaks, and then generate the report. With integration, you can
determine the amount of hemoglobin and myoglobin in the sample.
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Post Lab

1. How many peaks eluted from the sample? ___________
2. If there were more than two peaks, why? __________
5. What was the retention time and area of the first peak? ___________ ___________
6. What was the retention time and area of the second peak? __________ __________
5. What is the identity of the first peak? ______________________________________
6. What is the identity of the second peak? ___________________________________
7. What are the identities of any other peaks? _________________________________
8. What were the retention times of the other peaks? ____________________________
9. Discuss wavelengths used in this experiment. Which wavelengths were used? Why?
_____________________________________________________________________
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Appendix A: Common Chromatography Techniques
There are many different chromatography techniques. The purpose of this section is to
review a few chromatography techniques that are important and common in the fields of
organic and biochemistry.
Flash Column Chromatography
A modified version of column chromatography, which was introduced in1978, is called
flash column chromatography. This method is similar to the original column
chromatography except that positive pressure is applied to the column to drive the solvent
through the column. This shortens the separation time to around twenty minutes whereas
the separation before could take several hours. Modern versions of flash chromatography
systems are similar in complexity to HPLC, incorporating pre-packed columns, UV
detectors, and the ability to collect purified fractions. Much of the process is automated
and requires much less solvent (mobile phase) than simple column chromatography.
Flash column chromatography is used primarily for purification. When working with
proteins or other products from cell tissue, many purification steps are required.
Biotechnology companies can also separate large quantities of materials using flash
column chromatography on an industrial scale. These separated and purified materials
can then be sold commercially. Some techniques can be used for both purification and
analysis of the chemical components. Other techniques, such as thin-layer
chromatography, are used only for analysis.
Paper Chromatography
This technique is probably the most simple of all chromatography techniques. Paper
chromatography can be performed with a coffee filter and rubbing alcohol, water or some
other suitable solvent, and a jar. In paper chromatography, a small dot or line of the
sample solution is placed onto a strip of suitable paper at one end. The spotted paper is
placed inside of a jar that has a small amount of solvent in it, and the lid is closed. As the
solvent rises up the paper, the sample travels with it. The components in the sample that
interact less with the paper travel farther that those that do not, and separation is
achieved.
Thin-Layer Chromatography
Thin-layer chromatography (TLC) is a tremendously useful and quick way to analyze
mixture components and is used in many biology and chemistry labs before performing
more rigorous tests. The stationary phase is alumina or silica gel deposited onto a flat,
plastic surface. TLC is faster than paper chromatography and yields better separations.
For difficult separations, or to obtain robust results, a “high performance” version of a
TLC plate exists.
Gas Chromatography
In gas chromatography (GC), the mobile phase is a gas, and the stationary phase is a
liquid. For this reason, it is also referred to as “gas-liquid chromatography.” The
separation takes place in a very long and narrow column (Figure 27 on the next page).
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Figure 27. Gas Chromatography

Gas chromatography does not offer the variety of techniques that HPLC does. However,
gas chromatography is far more sensitive in its ability to detect analytes and should be
considered a complimentary technique to HPLC.
All gas chromatography (GC) is partition chromatography of either normal phase or
reversed phase. For more information, see Section III. The sample mixture travels
through the column in the gas phase (usually helium) at high temperature. Different
components of the mixture spend more or less time in the liquid phase depending the
chemicals’ particular equilibrium between the two phases. Chemicals that have higher
equilibrium concentrations in the liquid phase take longer to elute off the column than
chemicals that spend more time in the gas phase. Chemicals that have a higher preference
for the gas phase travel through the column very quickly.
The preference of a chemical for the liquid or gas phase is not just a function of the
chemical’s boiling point. The preference to be in the liquid phase is also influenced by
the chemical’s attraction to the stationary phase (often a liquid silicone-based material)
versus its attraction to the mobile gas (usually helium). The liquid stationary phase can
either form on the inside of a small-diameter glass tube (in a capillary column) or a solid
matrix inside a larger metal tube (a packed column).
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Gas chromatography has very sensitive detectors, such as flame ionization detectors
(FID), and therefore is widely used in analytical chemistry. The high temperatures used
in GC make it unsuitable for biochemistry because high molecular weight proteins, such
as DNA and other molecules, will get denatured and altered in ways that are not useful
for analysis. Gas chromatography is very useful for analytical analysis in the
environmental monitoring, forensics, petrochemical, and industrial chemical fields. It is
also used extensively as a research tool.
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Appendix B: Chemical Skeletal Structures or Chemistry
Shorthand
Many chemical compounds are presented in this manual as minimalist, skeletal
structures. Chemists use this shorthand method to represent chemical structures with
fewer symbols.
Chemistry shorthand saves time and allows chemists to relay large amounts of
information when discussing organic compounds that have numerous carbon groups in
the structure. For example, chemistry shorthand is useful to represent fatty acids that have
chains of around 20 carbons.
Biochemists also use chemistry shorthand to draw even larger structures, such as large
proteins and DNA. Chemistry shorthand enables them to view the connections in these
structures without getting confused by hundreds or thousands of atoms.
The skeletal structures of chemistry shorthand follow these rules:
1. Hydrogen connected to carbon is not drawn. Its location is implied by looking for
missing connections to carbon.
2. Carbon is not drawn. Its location is known by noting the intersection of two or more
lines from different angles. Carbon is also implied at the end of a line.
3. All other atoms are explicitly drawn with the number of bonds.
4. One line (in the same direction) is equivalent to a single bond, two lines are
equivalent to a double bond, and three lines are equivalent to a triple bond.
An example is 2-pentanone. The molecular formula of 2-pentanone is C5H10O. The full
structure of this chemical is as follows:
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H

O

H
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C
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H
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Figure 28. Full Chemical Structure of 2-pentanone

The skeletal structure, or chemistry shorthand, is represented as follows:

O

Figure 29. Chemistry Shorthand for 2-pentanone

In this example of chemistry shorthand, note how the hydrogens are missing and how the
carbons are corners or ends of lines. The vertex connected to oxygen is a carbon and has
all of its four bonds in view. That carbon has no bonds to hydrogen. Each of the other two
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vertices has two connections and therefore has two connected hydrogens. The two
endpoints are carbon as well. Each of those endpoints has three connected hydrogens
because only one connection is accounted for in the diagram.
Also, the skeletal structure is drawn backwards, which is perfectly normal. In organic
nomenclature, the molecule can be written both ways. In this example, it is proper to have
the functional group written as 2-pentanone instead of 4-pentanone. This is because
groups of higher priority will always be given a lower position number. For an in-depth
discussion of naming rules, see an organic text like McMurry.
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