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HPLC Application

• HPLC is used mainly to analyze for organic chemicals in a solution.  Water is 
usually the solution.  This means you can analyze water directly.  It also 
means the chemicals have to be dissolved in water.

• In other instrument such as GC or GCMS, the chemicals have to be 
extracted into a solvent before injecting into the instrument.



Terminology

The term Liquid Chromatography (LC) has been used to describe HPLC 
and IC.

Basically, LC instrument that is made for organic analysis is HPLC.  LC 
instrument that is made for inorganic analysis is Ion Chromatograph 
(IC).  However, when an HPLC is attached to a mass spectrometer, 
people call it LC/MS.



An HPLC instrument is made up of several components.

1. Solvent (mobile phase)

2. Solvent Delivery System – the pump.

3. An injector

4. A column

5. A detector

6. A Data Collection System.

In the old days, these are the components that you can buy 

separately and put them together to form an HPLC system.



Commercial  HPLC Instrument

Now a day, the instrument company just put all the components together into one package 

and sell it to you. The HPLC we are going to use today is one of the prepackaged HPLC.  It is 

from Shimadzu.

Shimadzu

LC-2030 Plus



The first component is the solvent.  We call it a mobile phase. 

This is the liquid that flows through the system.  It pushes the sample through the 

instrument.  We can choose a solvent that is specific for our analysis.  Most people 

start out using Methanol and Water in a reverse phase system.  



The second component is the solvent delivery system, the Pump.

The pump’s job is to push the Water and Solvent through the 

system.  A simple HPLC system has one pump.  Almost all 

commercial HPLC now have two or more pumps.  This way the 

system can merge and mix solvents.  For example one pump for 

water and one pump for methanol.  You can mix them and get 

50/50 ration, or 75/25 ratio.  It depends on how you want to 

separate your target analytes.



The third component is the injector.

The injector injects your sample into the stream of 

mobile solvent.  You can inject your sample into the 

system manually or you can have an injection system 

hooks up with an auto-sampler.



The forth component is the Chromatography column.

The column’s job is to take the mixture of chemicals in your 

sample and separates them out into individual chemicals.  This 

way, you can identify them one by one.  For example, when you 

inject a sample containing a mixture of caffeine and phenol into 

the HPLC.  The chromatography column will separate them 

based on how fast they move through the column.  The 

chemical that goes through the column fastest will come out of 

the column first.  The slower one will come after the fast one.





The Detector

The detector’s job is to detect the chemicals that pass through 

it.  It will transmit the signals to the data station to be recorded.  

In the above example, caffeine and phenol pass through the 

column.  As they exit the column, they do it sequentially.  Then 

they enter the detector.  The result is the detector detects each 

chemical separately.

There are many type of detectors, each type has advantages and 

disadvantages.  We are using the UV/Vis detector.



The Data Station

After the detector, the data station records all the data.  

In the above case, it will record the two peaks that were 

detected by the detector.  The data station will analyze 

and get the integrated area under the peaks. 



Here is the instrument we are going to use.  The picture 

on the right is what we see in the lab.  On the left is 

when we open up everything.



Three Ways To Use The HPLC

1. Qualitative

2. Quantitative

3.    Preparative



1.  Qualitative:
Use the retention time.  Each peak will have a retention time.  If the retention time of your analyte peak 
is the same as the retention time of the standard, you can assume it is the same chemical as the 
standard.  This is the best we can do, without a mass spectrometer detector. 



2. Quantitative:
Using external standards.  Usually 3 or 4  concentrations is enough, but you can use as many as 
you like.  After we ran the standards, we can graph the results onto an X-Y graph.  The X axis can 
be concentration and the Y axis can be area under the peak or the peak height.  Then we use this 
graph and the linear equation to estimate the concentration of analyte in our sample.

Using internal standard.  If you are using internal standard, choose internal standard that is 
similar to your analyte.  Add the same concentration of internal standard to each external 
standard and sample.  When you graph the results, use the ratio of standard concentration to 
internal standard concentration on the X axis.  The Y axis will have the ratio of the area or peak 
height of the external standards and internal standards.  The analyte concentration can be 
estimated using the linear equation or graph.

y = 5792.8x + 16629
R² = 0.9996

0

500000

1000000

1500000

2000000

2500000

0 100 200 300 400 500

P
ea

k 
 H

ei
gh

t

Concentartion (mg/L)

Caffeine Standard Curve

y = 0.7857x - 0.0203
R² = 0.9993

-0.5

0

0.5

1

1.5

2

2.5

0 0.5 1 1.5 2 2.5 3

St
an

d
ar

d
  p

ea
k 

h
ei

gh
t 

/ 
In

te
rn

al
 

st
an

d
ar

d
 p

ea
k 

h
ei

gh
t

Standard  Concentration (mg/L) / Internal Concentration (mg/L)

Internal Ratio 



3. Preparative:
HPLC can be used to isolate chemicals.  Usually, a fraction 
collector is used to collect the fractions that come out of the 
column.



Preparing The System Before Using

1. Degas the mobile phase.  There is a degas unit in the system, but 
this usually is there to stop more gas from coming in.  You need to 
degas your solvent manually before using it.

You can degas the solvent by stirring the solution, while applying a 
vacuum.  You can also use an ultrasonic with or without vacuum.  

2.  Stabilizing the system.  Let it runs for a few minutes, maybe 20 
minutes.

3.  Filter all samples, using 0.22um or 0.45 um filters.



Controlling The Instrument

Two ways to control the HPLC; Direct and through programming.

Direct: In this mode, you can control all the units of the instrument immediately.  
For example, you can set the flow to 0.5 ml/min and the pump will adjust itself 
to 0.5ml/min right away.

Programming:  Here you can control all the units using your Method.  When the 
instrument runs it will execute all controls.  This is the prefer way to control the 
system, when you do the analysis



Using The Instrument

After starting the instrument, we will use the direct method to 
get all the components going.  Then let it stabilize for 20 
minutes.
While waiting, we can set up the method (programing).



Set Up The Method

We have three type of methods; Isocratic, gradient, and 
gradient with time program.
Isocratic
For isocratic, we manually mix the mobile phases together into 
one bottle.  Then just use only that bottle as our mobile phase.

Gradient
For this, we tell the instrument to mix the solvents for us.  For 
example: we set the mobile phase at 40% methanol and 60% 
water.  The instrument will mix these two to match the ratio we 
set and uses that as the mobile phase.



Gradient with Program

For this, many mixture and flow patterns are possible.  For example; 
we can have the system mixes 40 % water and 60% methanol.  Then 
as time goes, we increase the water to 70% and reduce the 
methanol to 30%.  While this is happening, we can keep the mobile 
phase pumping at 1 ml/min.  We can even have the mobile phase 
changes from 1 ml/min to 0.5 ml/min at a certain rate.
All these are done in our method and development period.  We do 
this to maximize the separation of the peaks, and hopefully the 
detection limit is better too.










