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Research Interest Topic
• HPLC

High-performance liquid chromatography (HPLC; formerly referred to as
high-pressure liquid chromatography), is a technique in analytic chemistry
used to separate the components in a mixture, to identify each component, and
to quantify each component. It relies on pumps to pass a pressurized liquid
solvent containing the sample mixture through a column filled with a solid
adsorbent material. Each component in the sample interacts slightly differently
with the adsorbent material, causing different flow rates for the different
components and leading to the separation of the components as they flow out
the column.
HPLC has been used for medical (e.g. detecting vitamin D levels in blood
serum), legal (e.g. detecting performance enhancement drugs in urine),
research (e.g. separating the components of a complex biological sample, or of
similar synthetic chemicals from each other), and manufacturing (e.g. during
the production process of pharmaceutical and biological products) purposes.

Principle of Chromatography
Chromatography is a technique by which a mixture sample is separated
into components. Although originally intended to separate and recover
(isolate and purify) the components of a sample, today, complete
chromatography systems are often used to both separate and quantify
sample components.
• What does HPLC stand for?

HPLC is short for the High Performance LC. HPLC is an analysis
method that yields high performance and high speed compared with
traditional column chromatography because of the forcibly pumped
mobile phase. Recently, ultrafast analysis using a high-pressureresistant apparatus has been attracting attention. UHPLC (Ultra High
Performance LC) is becoming established as an abbreviation for this
ultrafast LC method.

Schematic representation of an HPLC unit:
(1) Solvent reservoirs, (2) Solvent degasser, (3) Gradient valve, (4) Mixing vessel for
delivery of the mobile phase, (5) High-pressure pump, (6) Switching valve in "inject
position", (6') Switching valve in "load position", (7) Sample injection loop, (8) Pre-column
(guard column), (9) Analytical column, (10) Detector (i.e. IR, UV), (11) Data acquisition,
(12) Waste or fraction collector.

Types of HPLC
Normal phase HPLC:
• This is essentially just the same as you will already have read about in thin

layer chromatography or column chromatography. Although it is described as
"normal", it isn't the most commonly used form of HPLC.
• The column is filled with tiny silica particles, and the solvent is non-polar -

hexane, for example. A typical column has an internal diameter of 4.6 mm
(and may be less than that), and a length of 150 to 250 mm.
• Polar compounds in the mixture being passed through the column will stick

longer to the polar silica than non-polar compounds will. The non-polar ones
will therefore pass more quickly through the column.

• Reversed phase HPLC
• In this case, the column size is the same, but the silica is modified to make it non-

polar by attaching long hydrocarbon chains to its surface - typically with either 8
or 18 carbon atoms in them. A polar solvent is used - for example, a mixture of
water and an alcohol such as methanol.
• In this case, there will be a strong attraction between the polar solvent and polar

molecules in the mixture being passed through the column. There won't be as
much attraction between the hydrocarbon chains attached to the silica (the
stationary phase) and the polar molecules in the solution. Polar molecules in the
mixture will therefore spend most of their time moving with the solvent.
• Non-polar compounds in the mixture will tend to form attractions with the

hydrocarbon groups because of van der Waals dispersion forces. They will also
be less soluble in the solvent because of the need to break hydrogen bonds as they
squeeze in between the water or methanol molecules, for example. They therefore
spend less time in solution in the solvent and this will slow them down on their
way through the column.

• That means that now it is the polar molecules that will travel through the

column more quickly.
• Reversed phase HPLC is the most commonly used form of HPLC.

A flow scheme for HPLC

Injection of the sample
Injection of the sample is entirely automated, and you wouldn't be expected to know how
this is done at this introductory level. Because of the pressures involved, it is not the same as
in gas chromatography (if you have already studied that).

Retention time
The time taken for a particular compound to travel through the column to the detector is
known as its retention time. This time is measured from the time at which the sample is
injected to the point at which the display shows a maximum peak height for that compound.
Different compounds have different retention times. For a particular compound, the
retention time will vary depending on:
• the pressure used (because that affects the flow rate of the solvent)
• the nature of the stationary phase (not only what material it is made of, but also particle
size)
• the exact composition of the solvent
• the temperature of the column
That means that conditions have to be carefully controlled if you are using retention times as
a way of identifying compounds.

The detector
There are several ways of detecting when a substance has passed through the column. A
common method which is easy to explain uses ultra-violet absorption.
Many organic compounds absorb UV light of various wavelengths. If you have a beam of
UV light shining through the stream of liquid coming out of the column, and a UV detector
on the opposite side of the stream, you can get a direct reading of how much of the light is
absorbed.
The amount of light absorbed will depend on the amount of a particular compound that is
passing through the beam at the time.

Interpreting the output from the detector
The output will be recorded as a series of peaks - each one representing a compound in the
mixture passing through the detector and absorbing UV light. As long as you were careful to
control the conditions on the column, you could use the retention times to help to identify the
compounds present - provided, of course, that you (or somebody else) had already measured
them for pure samples of the various compounds under those identical conditions.
But you can also use the peaks as a way of measuring the quantities of the compounds present.
Let's suppose that you are interested in a particular compound, X.
If you injected a solution containing a known amount of pure X into the machine, not only
could you record its retention time, but you could also relate the amount of X to the peak that
was formed.

The area under the peak is proportional to the amount of X which has passed the detector, and
this area can be calculated automatically by the computer linked to the display. The area it
would measure is shown in green in the (very simplified) diagram.

If the solution of X was less concentrated, the area under the peak would be less - although the
retention time will still be the same. For example:

This means that it is possible to calibrate the machine so that it can be used to find how much of
a substance is present - even in very small quantities.
Be careful, though! If you had two different substances in the mixture (X and Y) could you say
anything about their relative amounts? Not if you were using UV absorption as your detection
method.

In the diagram, the area under the peak for Y is less than that for X. That may be because there
is less Y than X, but it could equally well be because Y absorbs UV light at the wavelength you
are using less than X does. There might be large quantities of Y present, but if it only absorbed
weakly, it would only give a small peak.
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The Chromatogram
to - elution time of unretained peak
tR- retention time - determines sample identity
tR

tR
mAU

Area or height is proportional
to the quantity of analyte.
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Injection
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Modes of High Performance Liquid Chromatography
Types of Compounds

Mode

Stationary
Phase

Mobile Phase

Neutrals
Weak Acids
Weak Bases

Reversed
Phase

C18, C8, C4
cyano, amino

Water/Organic
Modifiers

Ionics, Bases, Acids

Ion
Pair

C-18, C-8

Water/Organic
Ion-Pair Reagent

Compounds not
soluble in water

Normal
Phase

Silica, Amino,
Cyano, Diol

Organics

Ionics Inorganic Ions

Ion
Exchange

Anion or Cation
Exchange
Resin

Aqueous/Buffer
Counter Ion

High Molecular Weight
Compounds
Polymers

Size
Exclusion

Polystyrene
Silica

Gel FiltrationAqueous
Gel PermeationOrganic

HPLC Applications
Bioscience
Chemical
polystyrenes
dyes
phthalates

tetracyclines
Pharmaceuticals corticosteroids
antidepressants
barbiturates

proteins
peptides
nucleotides

Consumer Products
lipids
antioxidants
sugars

Environmental
polyaromatic hydrocarbons
Inorganic ions
herbicides

Clinical
amino acids
vitamins
homocysteine
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