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Introduction 
Which Separation Technique for Which Compound? 
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Introduction 
What is Liquid Chromatography? 

Liquid chromatography is a separation technique that involves injecting a 
small volume of liquid sample into a tube packed with porous particles 
(stationary phase). The individual components of the sample are transported 
down the packed tube (column) by a liquid moved by gravity. 

The components of the sample are separated from one another through 
various chemical and physical interactions between their molecules and the 
packing particles. 

These separated components are collected at the exit of the column and 
identified by an external measurement technique, such as  
spectrophotometry, which measures the intensity of the color, or by another 
device that can measure their amount. 

 ToC 
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Introduction 
What is HPLC Used for? 

HPLC is used to separate the components of nonvolatile chemical and 
biological compounds. 

Typical nonvolatile compounds 

• Pharmaceuticals such as aspirin, ibuprofen, or acetaminophen (Tylenol) 

• Proteins such as egg white or blood protein 

• Organic chemicals such as polymers (e.g., polystyrene or polyethylene) 

• Pesticides, vitamins in food 

• Many natural products such as ginseng, herbal medicines, plant extracts 

• Thermally unstable compounds such as trinitrotoluene, enzymes 

NOTE: If a compound is volatile (a gas, fragrance, hydrocarbon in gasoline), gas 
chromatography is a better separation technique. 

 

 ToC 
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Introduction 
What Does a Chromatogram Look Like? 

Time after injection 

min 0 2 4 6 8 10 12 14 

Point of sample  
injection into  
the column 

These are called chromatographic 
peaks and each one represents a 
separated compound 

Compound A 

Compound B 

 

Compound C 

 

 ToC 



March 23, 2015 

For teaching purpose only 

8 

In the pharmaceutical industry, for example, controlling the quality of active 
ingredients (   ) in drugs is vital. 

HPLC is used to identify drug impurities (       ) that may occur during 
synthesis or by decomposition of the active ingredient. 

Quality control ensures patient safety. 

Application of HPLC 
Example 

 ToC 



March 23, 2015 

For teaching purpose only 

9 

Application of HPLC 
Step 1: Tablet Dissolution and Substance Release 

 ToC 
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Substance separation occurs in  
the separation column. 

The column consists of a metal  
tube filled with silica gel for what 
is known as the stationary phase. 

 

Column 

Stationary Phase 

Application of HPLC 
Step 2: Separation 

 

 ToC 
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The dissolved substances are 
injected onto the separation 
column. 

Column 

Stationary Phase 

Application of HPLC 
Step 2: Separation 
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Column 

Stationary Phase 

Application of HPLC 
Step 2: Separation 
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Application of HPLC 
Step 2: Separation 

Mobile Phase 

Pressure is applied to force 
liquid (for example, a mixture 
of water and methanol) 
through the column. 

This called the mobile phase. 

 ToC 
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The liquid (mobile phase) 
flows through the silica gel 
(stationary phase) and 
carries the substances with it. 

Different components travel 
at different rates through the 
column. 

Application of HPLC 
Step 2: Separation 

Mobile Phase 

 ToC 
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Application of HPLC 
Step 2: Separation 

Mobile Phase 

 ToC 
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Application of HPLC 
Step 3: Quantitative Determination of Substances 

After separation, an ultraviolet light is used to measure the amount  
of substance present in a sample.  

More or less light is absorbed depending on the quantity of the substance.  

The amount of light absorbed is proportional to the quantity of the substance, 
which means twice the amount of substance will absorb twice the amount of 
light.  

 ToC 
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Application of HPLC 
Step 3: Quantitative Determination of Substances 

Detector 

The detector records the intensity 
of the light.  

Reducing light intensity produces a 
detector response called a peak. 

Peak height corresponds to the 
reduction of light intensity due to 
absorption of the substance.  

 ToC 
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Application of HPLC 
Step 3: Quantitative Determination of Substances 

This chromatogram shows the detector signal measured over time.  
The quantative amount of the substance is determined by peak height.  

 ToC 
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Application of HPLC 
Step 4: Qualitative Analysis of Substances 

At first glance only one peak can 
be seen, this means only one 
substance was detected. 
 

Zooming in, small peaks can be 
seen. These indicate the presence 
of impurities. To ensure patient 
safety, impurities must be kept 
below certain thresholds. 
 

 ToC 
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At a minimum, an HPLC stack includes four 
modules: 

• Pump 

• Injector 

• Column 

• Detector 

These modules assume a variety of functions in 
the separation of substances. 

Configuration of a HPLC System 

Agilent 1200 Infinity 

LC System   ToC 
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The role of the pump is to force a liquid through the 
chromatograph at a specific flow rate, expressed in 
milliliters per min (mL/min). 

• Normal flow rates in HPLC are in the 1- to 2-
mL/min range. 

• Standard LC pumps can reach pressures of up to 
400 bar.  

• UHPLC pumps are capable of pressure ranges of 
600 to 1500 bar. 

During a chromatographic experiment, the pump can 
deliver a constant mobile-phase composition (isocratic) 
or a constantly changing mobile-phase composition 
(gradient).  

Isocratic pumps deliver constant mobile-phase 
composition. 

Gradient pumps deliver variable mobile-phase 
composition. 

 

Configuration of a HPLC System 
Pump 

 ToC 
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Configuration of a HPLC System 
1260 Infinity Isocratic Pump – Principle of Operation 

AIV: Active inlet valve 

OBV: Outlet ball valve 

 
See notes for details 

 ToC 
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Configuration of a HPLC System 
1260 Infinity Binary Pump – Principle of Operation 

 
See notes for details 

Pump head A Pump head B 

From solvent 

bottle 

From 

solvent 

bottle 

Inlet Valve Inlet Valve 

Outlet 

Valve 

Outlet 

Valve 

Mixing Chamber 
To waste 

Purge 

valve 

Pump 

outlet 

Mixer 

Damper 

Seal Seal 

Piston Piston 
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Configuration of a HPLC System 
Key Pump Parameters 

Flow rate: Volume delivered per time; range depends on pump type 

Maximum pressure: To avoid damage to the system (e.g., to a sensitive 
column), you can define a maximum pressure. Please note that the pressure 
itself cannot be set but is a consequence of the flow resistance of parts in the 
flow path such as the column or capillary connections. 

Composition/gradient: Percentage for each solvent (binary and quaternary 
pump) as a function of time. 

Stroke: The volume of compressed solvent (in the range of 20 µl to 100 µl) 
delivered by one movement of piston 1. A lower stroke volume reduces 
pressure fluctuations. For higher flows, higher stroke volumes are needed. 

Compressibility: By applying high pressures as in HPLC, even liquids can 
be compressed to some extent. The compressibility κ is defined as the 
volume change ΔV divided by the initial volume V and the applied pressure 
difference Δp. 
 
 

 

 

 

 ToC 



March 23, 2015 

For teaching purpose only 

25 

Configuration of a HPLC System 
Gradient vs. Isocratic Conditions 

Isocratic 

Mobile phase solvent composition 
remains constant with time 

• Best for simple separations 

• Often used in quality control 
applications  
that support and are in close proximity  
to a manufacturing process 

Gradient 

Mobile-phase solvent composition 
increases with time 

• Best for analyzing complex samples 

• Often used in method development for 
unknown mixtures 

• Linear gradients are most popular 

 ToC 
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Configuration of a HPLC System 
Why Does One Use Gradients in HPLC? 

Time (min)

2
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Separation of Herbicides on ZORBAX StableBond-C18 

Column: ZORBAX SB-C18 
 4.6 x 150 mm, 5 µm 

Mobile Phase:  A: H2O with 0.1% TFA, pH 2 

 B: Acetonitrile 

Flow Rate: 1.0 mL/min 

Temperature: 35°C 

Sample: 1. Tebuthiuron 

 2. Prometon 
 3. Prometryne 
 4. Atrazine 
 5. Bentazon 
 6. Propazine 
 7. Propanil 
 8. Metolachlor 

Isocratic Elution 
70% water/30% Acetonitrile 

Note: 
last peak eluted 
in ~ 28 minutes 
and it is sharper 
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Injector: 

• The injector serves to introduce the dissolved sample into 
the flow stream of the mobile phase. 

– Typical sample volumes are 0.1- to 20-
microliters (µL). 

– The injector must also be able to withstand 
the high pressures of the liquid system. 

When you have many samples to analyze, or when manual 
injection is not practical, an autosampler can fill vials or well 
plates automatically. 

Configuration of a HPLC System 
Injector Systems 

 ToC 

Manual injector using a syringe 

Tray for autosampler 
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Configuration of a HPLC System 
Key Injector Parameters 

Injection volume range: For variable loop samplers, you can generally  
inject between 0.1 µl and 100 µl of your sample, though you may extend  
the range with multi-draw kits or larger analytical heads. In fixed loop 
autosamplers, you can install different loop sizes. 

Injection vessel: Vial, well plate, or both. 

Carryover: Compounds from a previous run. To reduce carryover, try washing 
the needle. 

Sample capacity: Amount of samples the autosampler can store. 

Cycle time: Interval needed to complete the injection process. 

Precision: Repeatability of injection volumes. 

Accuracy: Exactness of absolute injection volume. 

Linearity: Precision over a defined range of injection volumes. 

 ToC 
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The thermostatted column compartment contains the column. 
Temperatures can be set between 10 – 100 °C.  
   

 

The column is considered the heart of the chromatograph.  
The column’s stationary phase separates the sample 
components of interest using various physical and  
chemical parameters. 

• The small particles inside the column are what cause  
the high backpressure at normal flow rates. 

• The pump must push hard to move the mobile phase 
through the column, and this resistance causes a high 
pressure within the chromatograph. 

Configuration of a HPLC System 
Column Compartment 

Column placed in heater block 

 ToC 
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Choosing the right column is critical  

 
Types of columns in HPLC 

• Analytical: internal diameter (i.d.) 1.0 - 4.6 mm;  
lengths 15 – 250 mm 

• Preparative: i.d. > 4.6 mm; lengths 50 – 250 mm 

• Capillary: i.d. 0.1 - 1.0 mm; various lengths 

• Nano: i.d. < 0.1 mm, or sometimes stated as < 100 µm 

 

Materials of construction for the tubing 

• Stainless steel (the most popular; gives high-pressure capabilities) 

• Glass (mostly for biomolecules) 

• PEEK polymer (biocompatible and chemically inert to most solvents) 

 

Configuration of a HPLC System 
Column 
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Columns are packed with small diameter porous particles. 

The most popular sizes are 5 μm, 3.5 μm, and 1.8 μm  

Columns are packed using high-pressure to ensure that  
they are stable during use. 

Most users purchase prepacked columns to use in their  
liquid chromatographs 

The porous particles in the column usually have a chemically bonded phase 
on their surface which interacts with the sample components to separate 
them from one another.  

For example, C18 is a popular bonded phase 

The process of retention of the sample components (often called analytes) 
is regulated by the choice of column packing and the selection of the mobile 
phase to push the analytes through the packed column. 

LC column packing 

material 

Configuration of a HPLC System 
Column: Packing Materials 

 ToC 
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Configuration of a HPLC System 
Column Selection by Solvent and Mode 

Solvent Mode 

Molecular weight < 2,000 

Organic 

Hexane 
Normal phase with bare silica (adsorption) 

Normal phase with bonded phase silica 

MeOH / MeOH:H2O  

or 

ACN / ACN:H2O 

Reversed-phase (RP) 

HILIC (for weak retention in RP) 

THF Gel permeation (small molecules) 

Aqueous 

Non-ionic 
Reversed-phase 

HILIC (for weak retention in RP) 

Ionic 

Reversed-phase with ionization control 

Reversed-phase with ion-pair agent 

Reversed-phase with bare silica 

Ion-exchange 

Molecular weight > 2,000 

Organic Gel permeation  

Aqueous 

Gel permeation  

Ion-exchange with wide-pore material 

Reversed-phase with wide-pore material 

 ToC 
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Configuration of a HPLC System 
RP HPLC Column Selection Flow Chart 

 ToC 

Small Molecules 

MW < 3000 

Large Molecules 

MW > 3000 

80 – 120Å     Packing Pore Size  300Å 
First choice of a packing pore size is based on the size of molecules to be analyzed. Typical small molecules can diffuse easily in and out of 

standard 80-120Å pore packing, but larger peptides and proteins may not. For this reason, it is recommended to use 300Å pore packings (300SB) 

for isocratic or gradient serrations of peptides and proteins. 

Eclipse Plus C18 or         Starting Column Bonded Phase     StableBond 300SB-C18 

 Poroshell 120 EC-C18 
A C18 is recommended as the starting column bonded phase for most samples since it maximizes retention for moderately polar to non-polar 

compounds. Shorter chain phase should be considered if resolution cannot be optimized with a C18 phase or if you are analyzing larger proteins, 

or very hydrophobic compounds that are difficult to elute from C18 with conventional reversed-phase solvents. Start with Poroshell 120 EC-C18 or 

Eclipse Plus RRHT/RRHD for fast LC performance. 

Small Molecules 

MW < 3000 

Large Molecules 

MW > 3000 

Standard Analysis 

Eclipse Plus C18 

4.6 x 150 mm, 3.5 µm 

Poroshell 120 EC-C18 

4.6 x 75 mm, 2.7 µm 

Fast Analysis 

Poroshell 120 EC-C18 

4.6 x 100 mm, 2.7 µm 

ZORBAX RRHD  

Eclipse Plus C18 

2.1 x 50 mm, 1.8 µm 

Standard Analysis 

ZORBAX RRHD  

300SB- C18 

4.6 x 150 mm, 5 µm 

Fast Analysis 

ZORBAX 300SB-C18 

4.6 x 50 mm, 3.5 µm 

Poroshell 300SB-C18 

2.1 x 75 mm, 5 µm 

Source: HPLC Column Selection Guide 

http://www.chem.agilent.com/Library/selectionguide/Public/5991-0165EN.pdf
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Configuration of a HPLC System 
Separation Modes  

 

Four major modes are used to separate most compounds: 

 

• Reversed-phase chromatography 

• Normal-phase and adsorption chromatography 

• Ion-exchange chromatography 

• Size-exclusion chromatography 

 

NOTE: The correct selection of the column packing and the mobile phase are 

the most important factors in successful HPLC. 

 

 ToC 
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Reversed phase is by far the most popular 
mode, used by more than 90% of all 
chromatographers. 

A very versatile technique, it can be used for 
non-polar, polar, ionizable, and ionic molecules. 

For samples containing a wide range of 
compounds, gradient elution is often used: 

• One begins with a predominantly water-
based mobile phase and then adds 
organic solvent as a function of time. 

• The organic solvent increases the solvent 
strength and elutes compounds that are 
very strongly retained on the RP packing. 

The column packing is non-polar (e.g., C18, 
C8, C3, phenyl) and the mobile phase is water 
(buffer) + water-miscible organic solvent (e.g. 
methanol, acetonitrile) 10 sulfa drugs analyzed by reversed phase  

Source: LC handbook 

Configuration of a HPLC System 
Separation Modes: Reversed-Phase Chromatography 

 ToC 

http://www.chem.agilent.com/Library/primers/Public/LC-Handbook-Complete-2.pdf
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Configuration of a HPLC System 
Separation Modes: Normal Phase / Adsorption Chromatography 

Normal phase separations are performed less 
than 10% of the time. 

The technique is useful for: 

• water-sensitive compounds 

• geometric isomers 

• cis-trans isomers 

• class separations 

• chiral compounds 

In this mode, the column packing is polar  
(e.g., silica gel, cyanopropyl-bonded,  
amino-bonded) and the mobile phase is  
non-polar (e.g., hexane, iso-octane, 
methylene chloride, ethyl acetate). 

Analysis of tolazamide 

Source: Application # 5991-0395EN 

 ToC 
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http://www.chem.agilent.com/Library/applications/5991-0395EN.pdf
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Configuration of a HPLC System 
Separation Modes: Ion Exchange Chromatography 

Ion exchange is used by about 20% of the 
liquid chromatographers 

The technique is well suited for: 

• Separating inorganic and organic anions  
and cations in aqueous solution. 

• Ionic dyes, amino acids, and proteins can  
be separated by ion exchange because such 
compounds are salt in brine water. 

In this mode, the column packing contains  
ionic groups (e.g., sulfonic, tetraalkyl-
ammonium) and the mobile phase is an 
aqueous buffer (e.g., phosphate, formate). 

Basic proteins on strong cation-exchange (-SO3) 

Source: LC handbook 

 ToC 
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This technique is used by 10% to 15% of 
chromatographers, mainly for polymer 
characterization and for proteins. 

There are two modes: 

• Non-aqueous (sometimes termed gel 
permeation chromatography) 

• Aqueous (sometimes referred to as 
gel filtration chromatography) 

In either mode, there should be no 
interaction between the sample 
compounds and the column packing 
material. Instead, molecules diffuse into 
pores of a porous medium.  

Molecules are separated depending on 
their size relative to the pore size.  Gel Permeation chromatogram of polybutadiene polymer 

on non-aqueous SEC (GPC) column; The monomers 
elute after the polymer; Source: LC handbook 

Configuration of an HPLC System 
Separation Modes: Size Exclusion Chromatography (SEC) 

 ToC 
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Configuration of a HPLC System 
Detector 

The detector can see (detect) the individual molecules 
that come out (elute) from the column. 

• It measures the amount of those molecules so 
that the chemist can quantitatively analyze the 
sample components. 

• It also provides an output to a recorder or 
computer that results in the liquid chromatogram  
(that is, a graph of the detector’s response). 

The most common kinds of detectors use: 

• spectroscopic detection 

• refractive index detection 

• fluorescence detection 

 ToC 
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Configuration of a HPLC System 
Spectroscopic Detection: Ultraviolet (UV) Absorption 

• An ultraviolet light beam is directed 
through a flow cell and a sensor 
measures the light passing through the 
cell. 

• If a compound elutes from the column 
that absorbs this light energy, it will 
change the amount of light energy 
falling on the sensor. 

• The resulting change in this electrical 
signal is amplified and directed to a 
recorder or data system. 

• An ultraviolet spectrum is sometimes 
also obtained, which may aid in the 
identification of a compound or series of 
compounds. 

Schematic of variable wavelength detector (VWD) 

Schematic of diode array detector (DAD) 
 ToC 
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Configuration of a HPLC System 
Spectroscopic Detection: Mass Spectroscopy (MS) 

• In mass spectrometry, the 
detector senses a compound 
eluting from the HPLC 
column, first ionizing it, then 
measuring its mass or else 
fragmenting the molecule into 
smaller pieces that are unique 
to the compound—or by doing 
both. 

• The MS detector can 
sometimes identify the 
compound directly because its 
mass spectrum is like  
a fingerprint unique to that 
compound. 

Mass spectrum of oxidative degraded atorvastatin including 
some impurities. Source: App #: 5991-4404EN 

 ToC 
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Configuration of a HPLC System 
Refractive Index (RI) Detection 

The ability of a compound or solvent to 
deflect light provides a way to detect it. 

• The refractive index is a measure of 
molecule’s ability to deflect light in a 
flowing mobile phase in a flow cell 
relative to a static mobile phase 
contained in a reference flow cell. 

• The amount of deflection is proportional 
to concentration. 

• The RI detector is considered to be a 
universal detector but it is not very 
sensitive. 

• RI detectors can only be used for 
isocratic analysis 

Schematic of a Deflection Type of RI Detector 

 ToC 
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Configuration of a HPLC System 
Fluorescence Detection 

Compared to UV-Vis detectors, 
fluorescence detectors offer a higher 
sensitivity and selectivity, which allows 
you to quantify and identify compounds 
and impurities in complex matrices at 
extremely low concentrations (trace level 
analysis). 

Fluorescence detectors sense only those 
substances that fluoresce. 

 

Schematic of a Fluorescence Detector 

 ToC 
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Further Information 

For more information on products from Agilent visit: www.agilent.com or 
www.agilent.com/chem/academia 

You have questions or suggestions to this presentation? 
Contact andrea_zenker@agilent.com  
 

 

 

 

 

 

 

 

 

 

Publication Title Pub. No. 

Primer The LC Handbook 5990-7595EN 

Guide Agilent HPLC Column Selection Guide 5991-0165EN 

Video Introduction to ion-exchange chromatography (5 min) 

Video How it Works Video: HPLC-Chip Technology (6 min) 

Application note  
Transfer of a USP method for tolazamide from normal phase HPLC to SFC using 

Agilent 1260 Infinity Hybrid SFC/UHPLC system 
5991-0395EN 

Application note  
Screening and identification of potential genotoxic degradation impurities using Q-TOF 

LC/MS with advanced software solutions 
5991-4404EN 

Web CHROMacademy – free access for students and university staff to online courses 
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