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What Is HPLC?

Basic Principles
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Invention of Chromatography by 

M. Tswett

Ether

CaCO3

Chlorophyll

Chromatography

Colors
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Comparing Chromatography to the 

Flow of a River... 

Base

Water flow

Light leaf

Heavy stone
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Mobile Phase / Stationary Phase

¸ A site in which a moving 

phase (mobile phase) and 

a non-moving phase 

(stationary phase) make 

contact via an interface 

that is set up.

¸ The affinity with the mobile 

phase and stationary 

phase varies with the 

solute. ­ Separation

occurs due to differences 

in the speed of motion.

Strong Weak

Mobile 

phase

Stationary 

phase
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Chromato-graphy / -graph / -gram / 

-grapher

¸Chromatography: Analytical technique

¸Chromatograph: Instrument

¸Chromatogram: Obtained ñpictureò

¸Chromatographer: Person
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Three States of Matter and 

Chromatography Types

Mobile phase

Gas Liquid Solid

Stationary 

phase

Gas

Liquid

Solid

Gas

chromatography

Liquid

chromatography
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Liquid Chromatography

¸Chromatography in which the mobile phase 
is a liquid.

×The liquid used as the mobile phase is 
called the ñeluentò.

¸The stationary phase is usually a solid or a 
liquid.

¸ In general, it is possible to analyze any 
substance that can be stably dissolved in 
the mobile phase.
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Interaction Between Solutes, Stationary 

Phase, and Mobile Phase

¸ Differences in the interactions between the solutes and 

stationary and mobile phases enable separation.

Solute

Stationary 

phase
Mobile phase

Degree of adsorption, 

solubility, ionicity, etc.
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Column Chromatography and 

Planar Chromatography

Separation column

Packing material

Column Chromatography

Paper or a 

substrate coated 

with particles

Paper Chromatography

Thin Layer Chromatography (TLC)
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Separation Process and Chromatogram
for Column Chromatography
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Chromatogram
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From Liquid Chromatography to High 

Performance Liquid Chromatography

¸Higher degree of separation!

­ Refinement of packing material (3 to 10 µm)

¸Reduction of analysis time!

­ Delivery of eluent by pump

­ Demand for special equipment that can 

withstand high pressures

The arrival of high performance liquid chromatography!
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Pump

Sample injection unit

(injector)

Column

Column oven

(thermostatic 

column chamber)

Detector

Eluent 

(mobile phase)

Drain

Data processor

Degasser

Flow Channel Diagram for High 

Performance Liquid Chromatograph
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Advantages of High Performance 

Liquid Chromatography

¸High separation capacity, enabling the batch 

analysis of multiple components

¸Superior quantitative capability and reproducibility

¸Moderate analytical conditions

×Unlike GC, the sample does not need to be vaporized.

¸Generally high sensitivity

¸Low sample consumption

¸Easy preparative separation and purification of 

samples
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Fields in Which High Performance 

Liquid Chromatography Is Used

¸ Biogenic substances
× Sugars, lipids, nucleic 

acids, amino acids, 

proteins, peptides, steroids, 

amines, etc.

¸Medical products
× Drugs, antibiotics, etc.

¸ Food products
× Vitamins, food additives, 

sugars, organic acids, 
amino acids, etc.

¸ Environmental 
samples
× Inorganic ions

× Hazardous organic 
substances, etc.

¸ Organic industrial 
products
× Synthetic polymers, 

additives, surfactants, etc.
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HPLC Hardware: Part 1

Solvent Delivery System, 

Degasser, Sample Injection Unit, 

Column Oven
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Pump

Sample injection unit

(injector)

Column

Column Oven

(thermostatic 

column chamber)

Detector

Eluent 

(mobile phase)

Drain

Data processor

Flow Channel Diagram for HPLC

Degasser
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Solvent Delivery Pump

¸Performance Requirements

×Capacity to withstand high load pressures.

×Pulsations that accompany pressure 

fluctuations are small.

×Flow rate does not fluctuate.

×Solvent replacement is easy.

×The flow rate setting range is wide and the 

flow rate is accurate.
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Solvent Delivery Pump:

Representative Pumping Methods

¸Syringe pump

¸Plunger pump

¸Diaphragm pump
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Solvent Delivery Pump:

Schematic Diagram of Plunger Pump

Motor and cam

Plunger

Plunger seal

Check 

valves

Pump head

10 -100µL
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Solvent Delivery Pump:

Single Plunger Type 

Check valves

Plunger head



LAAQ-B-LC001B 22

Solvent Delivery Pump:

Dual Plunger Type

Check valves

Plunger heads

Type Type
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Gradient System

¸Isocratic system

×Constant eluent composition 

¸Gradient system

×Varying eluent composition

ÐHPGE (High Pressure Gradient)

ÐLPGE (Low Pressure Gradient)
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Aim of Gradient System (1)

¸ In isocratic mode

Long analysis time!!

Poor 

separation!! 

CH3OH / H2O = 6 / 4

CH3OH / H2O = 8 / 2

(Column: ODS type)
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Aim of Gradient System (2)

¸ If the eluent composition is changed gradually during 

analysis...
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High- / Low-Pressure Gradient System

High-pressure gradient

Mixer

Low-pressure 

gradient unit

Low-pressure gradient

Mixer



LAAQ-B-LC001B 27

Advantages and Disadvantages of 

High- / Low-Pressure Gradient Systems 

¸High-pressure gradient system

×High gradient accuracy

×Complex system configuration (multiple 

pumps required)

¸Low-pressure gradient system

×Simple system configuration

×Degasser required
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Degasser

¸Problems caused by dissolved air in the eluent

×Unstable delivery by pump

×More noise and large baseline drift in detector cell

In order to avoid these problems, the eluent 

must be degassed.
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Online Degasser

Gas-liquid separation membrane methodHelium purge method

Helium 

cylinder

To draft

To pump

Eluent container

Regulator

Drain valve

To pump

Eluent container

Polymeric film tube
Vacuum chamber
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Sample Injection Unit (Injector)

¸Performance Requirements

×No sample remaining in unit

×Minimal broadening of sample band

×Free adjustment of injection volume

×Minimal loss

×Superior durability and pressure resistance
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Manual Injector

INJECT position

LOAD position

From pump

To column

From pump

To column
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Manual Injector:

Operating Principle of Sample Injection

LOAD INJECT

To column

From pump

To column

From pump
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Manual Injector:

Injection Method

¸Syringe measurement method

×It is desirable that no more than half the loop 

volume is injected.

¸Loop measurement method

×It is desirable that at least 3 times the loop 

volume is injected.
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Autosampler

(Pressure Injection Method)

To columnFrom pump From pump To column

Sample Loop

LOAD INJECT
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Autosampler

(Total-Volume Injection Method)

From pump From pump To column

Sample vial

Needle

Measuring pump

To column

LOAD INJECT
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Column Oven

¸Air circulation heating type

¸Block heating type

×Aluminum block heater

¸Insulated column jacket type

×Water bath
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Tubing and Preparation for 

Solvent Delivery

Prior to Analysis
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Tubing

¸Material

×Stainless steel (SUS)

×PEEK (polyether 

ether ketone)

× Fluororesin

¸O.D. (outer diameter)

× 1.6 mm

¸ I.D. (inner diameter)

× 0.1 mm

× 0.3 mm

× 0.5 mm

× 0.8 mm etc.
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Connectors

¸Male nut (SUS) 

Ferrule (SUS)
× Sealing possible up to 40 

MPa

¸Male nut (PEEK)
× Can be connected without 

any tools

× Resists pressures of up to 

approx. 25 MPa

Male nut

Ferrule

Male nut (PEEK)
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Dead Volume 

(Extra-column volume)

¸Dead volume can cause peaks broadening.

Tube

Male nut Dead volume

Excellent connection Poor connection
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Mobile Phase

¸Water
× ñUltrapure waterò can be 

used with confidence.

× Commercial ñdistilled 

water for HPLCò is also 

acceptable.

¸Organic Solvent
× HPLC-grade solvent can 

be used with confidence.

× Special-grade solvent is 

acceptable depending on 

the detection conditions.

× Care is required regarding 

solvents containing 

stabilizers (e.g., 

tetrahydrofuran and 

chloroform)
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Replacement of Eluent

¸ Mutually insoluble solvents 

must not be exchanged 

directly.

¸ Aqueous solutions containing 

salt and organic solvents 

must not be exchanged 

directly.

Water

Hexane

2-Propanol

Buffer solution

Water-soluble 

organic solvent

Water
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Mixing, Filtration, and Offline 

Degassing of the Eluent

Decompression 

by aspirator

Ultrasonic 

cleaning unit

Decompression 

by aspirator

Membrane filter with pore 

size of approx. 0.45 µm
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Reversed Phase Chromatography 

Part 1

Basic Principles
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Polarity of Substances

¸Polarity
× Property of a substance 

whereby the positions of the 

electrons give rise to 

positive and negative poles

× Water: Polar

Methane: Nonpolar

¸Miscibility of solvents
× Solvents of similar 

polarities can be easily 

dissolved together.

× Polar and nonpolar 

molecules have a similar 

relationship to that of water 

and oil. 

O

H H

ï

+

C

H H

H

H

WaterMethane Acetic acid

CCH

H

O

O
ï

H
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Nonpolar (Hydrophobic) Functional Groups 

and Polar (Hydrophilic) Functional Groups

¸Nonpolar Functional 

Groups

× -(CH2)nCH3

ÐAlkyl groups

× -C6H5

ÐPhenyl groups

¸Polar Functional 

Groups

× -COOH

ÐCarboxyl groups

× -NH2

ÐAmino groups

× -OH

ÐHydroxyl groups
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Partition Chromatography

¸A liquid (or a substance regarded as a 

liquid) is used as the stationary phase, 

and the solute is separated according to 

whether it dissolves more readily in the 

stationary or mobile phase.

¸Liquid-liquid chromatography
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Normal Phase / Reversed Phase

Stationary 

phase
Mobile phase

Normal 

phase

High polarity

(hydrophilic)

Low polarity

(hydrophobic)

Reversed 

phase

Low polarity

(hydrophobic)

High polarity

(hydrophilic)
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Reversed Phase Chromatography

¸Stationary phase: Low polarity

×Octadecyl group-bonded silical gel (ODS)

¸Mobile phase: High polarity

×Water, methanol, acetonitrile

×Salt is sometimes added.
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Separation Column for Reversed 

Phase Chromatography

¸C18 (ODS) type

¸C8 (octyl) type

¸C4 (butyl) type

¸Phenyl type 

¸TMS type

¸Cyano type

Si -O-Si

C18 (ODS)

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH2

CH3
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Effect of Chain Length of 

Stationary Phase

C18 (ODS)  

Strong

C8

C4

Medium

Weak
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Hydrophobic Interaction

H2O

H2O
H2O

H2O

H2O
H2O

H2O

Network of hydrogen bonds

H2O

H2O
H2O

H2O

H2O H2O

H2O

Nonpolar solute

If a nonpolar

substance is added...

éthe network is broken and...

H2O
H2O H2O

H2O
H2O H2O

H2O

Nonpolar solute

Nonpolar stationary phase

éthe nonpolar substance

is pushed to a nonpolar

location.
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Relationship Between Retention 

Time and Polarity

C18 (ODS)  

CH3

Strong
Weak

OH
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Basic Settings for Eluent Used in 

Reversed Phase Mode

¸Water (buffer solution) + water-soluble organic 

solvent

×Water-soluble organic solvent: Methanol

Acetonitrile

Tetrahydrofuran etc.

× The mixing ratio of the water (buffer solution) and 

organic solvent has the greatest influence on 

separation. 

× If a buffer solution is used, its pH value is an 

important separation parameter.
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Difference in Solute Retention Strengths 

for Water and Water-Soluble Organic 

Solvents

H2O

H2O
H2O

H2O

H2O H2O

H2O

Tightly packed network

CH3OH

Nonpolar solute

Nonpolar solute

Nonpolar stationary phase

Loose network

CH3OH
CH3OH

CH3OH
CH3OH

CH3OH

CH3OH
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Relationship between Polarity of Eluent and 

Retention Time in Reversed Phase Mode

60/40

Eluent: Methanol / Water

80/20

70/30
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Chromatogram Parameters

Methods for Expressing Separation 

and Column Performance
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Retention Factor, k
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Theoretical Plate Number, N
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Evaluation of Column Efficiency Based on 

Theoretical Plate Number

¸ If the retention times are 

the same, the peak width 

is smaller for the one with 

the larger theoretical plate 

number.

¸ If the peak width is the 

same, the retention time is 

longer for the one with the 

larger theoretical plate 

number.

N: Large

N: Small

N: Small
N: Large



LAAQ-B-LC001B 61

Separation Factor, a

¸Separation factor: Ratio of kôs of two peaks
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Resolution, RS
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Resolution Required for Complete 

Separation

If the peaks are isosceles triangles,

they are completely separated.

tR2 - tR1 = W1 = W2

RS = 1

(tR2 - tR1)

W1 W2 W1 W2

If the peaks are Gaussian distributions,

RS > 1.5 is necessary for complete separation.

tR2 - tR1 = W1 = W2

RS = 1

(tR2 - tR1)
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Relationship Between Resolution 

and Other Parameters

¸ The resolution is a 

function of the 

separation factor, the 

theoretical plate 

number, and the 

retention factor.

¸ The separation can be 

improved by improving 

these 3 parameters!
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Contribution of Capacity Factor to 

Resolution

¸ Increasing the capacity 

factor improves 

separation!

¸A capacity factor of 

around 3 to 10 is 

appropriate. Exceeding 

this just increases the 

analysis time.
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Contribution of Theoretical Plate 

Number to Resolution

¸The resolution 

increases in 

proportion to the 

square root of the 

theoretical plate 

number.
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To Improve Separation...

kôincreased

N increased

aincreased

Before

adjustment

Eluent replaced with one

of lower elution strength.

Column replaced with one of

superior performance.

Column lengthened.

Column (packing material) replaced.

Eluent composition changed.

Column temperature changed.
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pH Buffer Solution Used for Eluent

Selection and Preparation of 

Buffer Solution
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Acid Dissociation Equilibrium

HA A- H++

H+

OH-

If an acid is added...

...the equilibrium shifts to 

the left to offset the 

increase in H+.

éthe equilibrium shifts 

to the right to offset the 

decrease in H+.

If an alkali is 

added...

The equilibrium always shifts

in a way that offsets changes.



LAAQ-B-LC001B 70

Acid Dissociation Constant and 

pH-Based Abundance Ratio

]HA[

]A[
logppH

]HA[

]H][A[

a

a

-

+-

+=

=

K

K

The acid dissociation constant, Ka,

is defined as follows:

ö
ö

÷

õ

æ
æ

ç

å

-=

-= +

aa logp

]Hlog[pH

KK

HA       A- + H+

0.0

0.2

0.4

0.6

0.8

1.0

1 2 3 4 5 6 7 8 9

pH

A
b

u
n

d
a

n
c
e

 r
a

ti
o

pKa

CH3COOH CH3COO-

Relationship Between Abundance Ratio

and pH Value of Acetic Acid and Acetic Acid Ions



LAAQ-B-LC001B 71

Preparing pH Buffer Solution

¸Use a weak acid with a pKa value close to the 

desired pH value.

×Example: Preparing a buffer solution for a pH value of 

around 4.8.

­ Use acetic acid, which has a pKa value of 4.8.

¸Make the concentrations of HA and A- roughly 

equal.

­ Mix an acid with its salt.

×Example: Mix acetic acid and sodium acetate so that they 

have the same molar concentration.
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Buffer Solutions Used for HPLC Eluent

¸Requirements

×High buffering power at 

prescribed pH.

×Does not adversely 

affect detection.

×Does not damage 

column or equipment.

× Inexpensive.

¸Commonly Used Acids
×Phosphoric acid

ÐpKa 2.1, 7.2, 12.3

×Acetic acid
ÐpKa 4.8

×Citric acid
ÐpKa 3.1, 4.8, 6.4

¸Concentration
× If only to adjust pH, 10 

mmol/L is sufficient.
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Characteristics of Phosphate 

Buffer Solution

¸Advantages

× Three dissociation 

states

(pKa 2.1, 7.2, 12.3)

ÐPossible to prepare 

buffer solutions of 

various pH values.

×No UV absorption

× Inexpensive

¸Disadvantages

×No volatility

ÐDifficult to use for 

LCMS or evaporative 

light scattering 

detection.
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Reversed Phase Chromatography 

Part 2

Consideration of Analytical 

Conditions
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Guidelines for Setting Mobile Phase 

Conditions (1)

Neutral (Nonionic) Substances

¸Eluent Composition

×Water / acetonitrile

×Water / methanol

¸Separation Adjustment

×Changing the mixing ratio of the water and 

organic solvent

×Changing the type of organic solvent
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pH of Eluent and Retention of Ionic 

Solutes

COOH

COO

H

pH of eluent

Acidic

Alkaline

+

Increased

hydrophobicity

Increased

hydrophilicity
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Guidelines for Setting Mobile Phase 

Conditions (2)

Acidic (Anionic) Substances

¸Eluent Composition

×Acidic buffer solution / acetonitrile

×Acidic buffer solution / methanol

Increase retention strength by making 

the eluent acidic and suppressing 

ionization!
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Analysis of Basic Substances (1)

Problems Encountered with Alkaline Eluents

O
Si

Si

With alkaline eluents, although the 

ionization of basic substances is 

suppressed, and the retention 

strength increases...

OH

N
H

+
N

OH

OH

OH

OH

OH

ésilica gel dissolves in alkalis, 

so the packing material 

deteriorates rapidly.
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Analysis of Basic Substances (2)

Influence of Residual Silanol Groups

O

-O-Si-O

Si

Si

O
Si

H
+

Residual silanol group

Basic substances interact with the 

residual silanol groups, causing 

delayed elution and tailing.

N
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Analysis of Basic Substances (3)

Addition of Sodium Perchlorate

O
Si

Si Basic substances form ion pairs with perchlorate 

ions, thereby balancing the charge and 

increasing the retention strength.

H
+

N
ClO4 Ion pair
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Guidelines for Setting Mobile Phase 

Conditions (3) 

Basic Substances (Cationic Substances)

¸Eluent Composition

×Acidic buffer solution containing anions with a low 

charge density (e.g., perchlorate ions) / acetonitrile

×As above / methanol

Making eluent acidic

­ Suppresses dissociation of residual silanol groups

­ Prevents tailing!

Adding perchlorate ions

­ Forms ion pairs ­ Increases retention strength!

­ Suppresses tailing!
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Reversed Phase Ion Pair 

Chromatography

¸ Increase the retention strength by adding an ion pair 

reagent with the opposite charge to the target 

substance into the eluent.

Ion pair formation Ion pair formation

Ion exchange-like effect Ion exchange-like effect

Basic Substance Acidic Substance
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Representative Ion Pair Reagents 

¸Anionic Compounds

×Tetra-n-butylammonium hydroxide (TBA)

¸Cationic Compounds

×Pentanesulfonic acid sodium salt (C5)

×Hexanesulfonic acid sodium salt (C6)

×Heptanesulfonic acid sodium salt (C7)

×Octanesulfonic acid sodium salt (C8)
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Points to Note Concerning the Use 

of Ion Pairs

¸ Selection of Ion Pair Reagent
× In general, the retention strength increases with the length of 

the alkyl chain.

¸ pH of Eluent
× The retention strength changes according to whether or not 

ionization takes place.

¸ Concentration of Ion Pair Reagent
× In general, the retention strength increases with the ion pair 

concentration, but there is an upper limit.

¸ Proportion of Organic Solvent in Eluent
× Optimize the separation conditions by considering the type and 

concentration of the ion pair reagent.
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HPLC Separation Modes

Separation Modes Other Than 

Reversed Phase Chromatography
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HPLC Separation Modes

¸Adsorption (liquid-solid) chromatography

¸Partition (liquid-liquid) chromatography

×Normal phase partition chromatography

×Reversed phase partition chromatography

¸Ion exchange chromatography

¸Size exclusion chromatography
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Adsorption Chromatography

¸A solid such as silica gel is used as the 

stationary phase, and differences, mainly 

in the degree of adsorption to its surface, 

are used to separate the solutes.  

¸Liquid-solid chromatography

¸The retention strength increases with the 

hydrophilicity of the solute.
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Partition Chromatography

¸A liquid (or a substance regarded as a 

liquid) is used as the stationary phase, and 

the solute is separated according to 

whether it dissolves more readily in the 

stationary or mobile phase.

¸Liquid-liquid chromatography
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Normal Phase and Reversed Phase

Solid phase Mobile phase

Normal 

phase

High polarity

(hydrophilic)

Low polarity

(hydrophobic)

Reversed 

phase

Low polarity

(hydrophobic)

High polarity

(hydrophilic)
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Normal Phase (Partition) 

Chromatography

¸Partition chromatography in which the 

stationary phase has a high polarity 

(hydrophilic) and the mobile phase has a 

low polarity (hydrophobic)

¸Essentially based on the same separation 

mechanism as adsorption chromatography 

in which the stationary phase has a 

hydrophilic base, such as silica gel


