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High-Performance Liquid 

Chromatography
• HPLC is probably the most important analytical 

technique available to the pharmaceutical product to 
day.

• A solute is distributed between two phases as a result of 
the molecular forces

• The stronger the forces between the solute molecules 
and those of the stationary phase, the greater will be the 
amount of solute held in that stationary phase under 
equilibrium conditions.

• Conversely , the stronger the interactions between the 
solute molecules and those of the mobile phase ,the 
greater the amount of solute that will  be held in the 
mobile phase.
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HPLCLC (Tswett)

Stainless steel

2- 5 mm 

5- 30 cm

Glass 

d=1-5 cm

L=50-500 cm

Columns

3-10 μm150-200 μmParticles size

High Too low ( a few 

tenth ml/min

Flow rate

Short

( a few min.)

Too long 

(several hours)

Separation time

very highNormalPressures

Present 

( several types)

AbsenceDetectors
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High-Performance liquid 

Chromatography
• Chromatography has been Classically defined as a 

separation process that is achieved by the distribution of 
substances between two  phases, a stationary phases 
and a mobile phase.

• The name high-performance liquid chromatography 
(HPLC) is employed to distinguish these newer 
procedures from the basic methods, which are still used 
for preparative purposes.

• HPLC is the liquid chromatography analogue of GC. The 
secret to its success is small uniform particles to give 
small eddy diffusion and rapid mass transfer.

Prof. J. Al-Zehouri



Prof.J.Al-Zehouri



High-Performance liquid 

chromatography 

• HPLC is the most widely used of all of the 

analytical separation techniques.

The reasons for the popularity of the method is :

1- Its sensitivity

2- its ready adaptability to accurate    

quantitative determination.

3- its suitability for separating nonvolatile

species or thermally fragile ones.
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Instruments for liquid 

Chromatography

• The basic HPLC consists of seven essential 
parts :

1. Mobile Phase Supply System.

2. Pump and Programmer.

3. Sample Valve.

4. Column and Thermostat.

5. Detector.

6. Data Acquisition and Processing.

7. Chart Recorder or Printer.
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A symmetry Factor (Tailing Factor) :

describing the shape of a chromatographic peak. 
Theory assumes a Gaussian shape and that 
peaks are symmetrical. 
The peak asymmetry factor is the ratio (at 5% of the 
peak height) of the distance between the peak apex 
and the back side of the chromatographic curve to 
the distance between the peak apex and the front 
side of the chromatographic curve. A value > 1 is 
a tailing peak, while a value <1 is a fronting peak 
(Leading)  .
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Resolution Rs

A measure of how completely two 
neighboring peaks are separated from each 
other. Also it is show the ability of a column 
to separate chromatographic peaks

Prof. J. Al-Zehouri



Prof. J. Al-Zehouri

../../My%20Documents/baselineresolution.swf
../../My%20Documents/baselineresolution.swf


Retention Time tR

The time between injection and appearance 
of the peak maximum
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How to calculate Relative Retention Time 

(RRT) 

Divide the retention time of the peak of 
interest by the retention time of the 
main peak .

RRT < 1 the peak elute before the main 
peak.

RRt >1 the peak elute after the main peak

Prof. J. Al-Zehouri



Potassium clavulanate  (USP)
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• For solutes having molecular                    

weight greater than 10 ,000, 

Exclusion chromatography is 

often used.

•For lower – molecular –weight 

ionic species, ion-exchange 

chromatography is widely used.

•Small polar but nonionic species 

are best are best handled by 

partition methods. 
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Partition Chromatography

• The concentration of the solute in the mobile 
phase is inversely proportional to the distribution 
coefficient of the solute with respect to the 
stationary phase:

Xs

K =

X m
K= Distribution Coefficient

Xs= Concentration of the solute in the stationary 
phase.

X m= Concentration of the solute in the mobile 
phase.
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Molecular Interactions

• Molecular interactions are the direct effect of 
intermolecular forces that occur between the 
solute and solvent molecules.

• There are four basic types of molecular force 
that can control magnitude of the distribution 
Coefficient of a solute between two phases. 
Theses forces are :

1- Chemical Forces

2- Ionic Forces

3- Polar Forces

4- Dispersive Forces 
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Chemical Forces
• Chemical forces are normally irreversible in 

nature (at least in Chromatography) and 
thus, The distribution coefficient of the 
solute with respect to the stationary phase 
is infinite .Affinity chromatography is an 
example of the use of chemical forces in a 
separation process. The stationary phase is 
formed in such a manner that it will 
chemically interact with one unique solute
present in the sample and thus, exclusively
extract it form the other materials present. 
The technique of affinity chromatography is, 
therefore ,an extraction process more than a 
chromatographic separation.
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Ionic Forces
• Ionic forces are electrical in nature and result 

from the net charge on an atom or molecule 

caused by ionization.

• Ionic interactions are exploited in ion 

chromatography

• In the analysis of organic acids ,it is the 

negatively charged acid anions that are 

separated.
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Polar Forces

• Polar forces also arise from electrical 

charges on the molecule but in this case 

from permanent or induced dipoles. 

Example of substances with permanent 

dipoles are alcohols, esters , aldehyeds 

and so on. 

• In practice, silica gel is a highly polar 

stationary phase.
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Dispersive Forces

• Dispersive forces ,although electric in nature, 
result from random charge fluctuations rather 
than permanent electrical charges on the 
molecule. Example of purely dispersive 
interactions are the molecular forces that exist 
between saturated aliphatic hydrocarbon 
molecules.

• Saturated aliphatic hydrocarbons are not ionic, 
have no permanent dipoles, and are not 
polarizable.

• n-heptan is not a gas , but a liquid .This is a 
result of the collective effect of all the dispersive 
interactions that hold the molecules together as 
a liquid.
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Dispersive Forces

• To retain solutes solely by 

dispersive interactions , the 

stationary phase must contain no 

polar or ionic substances 
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Effect of Particle Size of Packing

• Result :

The efficiency of an HPLC column should 

improve dramatically as the particle size is 

decreased.
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Mobile-Phase Reservoirs and 

Solvent Treatment System

• Solvent reservoirs were originally made of either 
glass or stainless steel ,but glass is now the 
preferred material as stainless steel tends to 
corrode in the presence of certain buffers and 
dilute chloride solutions.

• All solvent mixtures that are to be used as a 
mobile phase should be filtered before placing in 
the reservoir but, as an extra precaution, it is 
wise to have a filter placed at the inlet to the 
tube that leads to the pump .A 10 -20 μm filter is 
usually adequate.
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Mobile-Phase Reservoirs and 

Solvent Treatment System

• One of the problems met in (HPLC) is 
caused by air(N2,O2) dissolved in the 
mobile phase which can evolve inside the 
column forming bubbles .These bubbles 
produce serious and completely  
unacceptable noise as they pass through 
the detector.

• The dissolved air can be removed by 
bubbling helium through the solvent in the 
reservoir( sparging) or by vacuum 
pumping or by a distillation system

• The Procedure called (Degasses).
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It is seen from the table that Oxygen is the 

gas with the highest solubility in water but the 

solubility of helium is much smaller than 

either that of nitrogen or that of oxygen. The 

continuous stream of helium leaches out all 

the dissolved air and the residual dissolved 

helium appears to cause no problem in the 

column or detector.
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Mobile-Phase Reservoirs and 

Solvent Treatment System

• It should be remembered ,however ,that if 

the sparging is stopped and the solvent 

comes again in contact with air, the 

solvent will rapidly become saturated with 

oxygen and nitrogen again.

• Other degassing procedure ( vacuum or 

heating ) are not recommended.
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Solvent Programmers

• Isocratic elution:

A separation that employs a single solvent 
of constant composition is termed an 
isocratic elution.

• Gradient elution :

Here two or three solvent systems that 
differ significantly in polarity are employed 
which done with low pressure or high 
pressure solvent program.
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Solvent Programmers

1. The Low Pressure Solvent Program :

Consists of three solvent reservoirs( or 

more if required), each connected to a 

valve which is controlled by a computer.
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Solvent Programmers

1. The High Pressure Solvent Programmers

High pressure solvent programmers 
utilize a pump for each solvent which is 
independently controlled by the 
computer.
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Pumping Systems
• The requirements for an HPLC pumping 

system are severe and include:

1- The generation of pressures .(6000-

10000 psi

2- Pulse –free output

3- flow rates raining from 0.1 to 10 ml/min.

4- flow control

5- corrosion-resistant components
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Types of pumps

1. Reciprocating Pumps المضخة التبادلية

• 90% of the commercially available HPLC used 

this system.

• Usually consist of a small chamber in which the 

solvent is pumped by the back and forth motion 

of a motor-driven piston.

• Two ball check ,which open and close 

alternately, control the flow of solvent in to and 

out of a cylinder.

• The solvent is in direct contact with the piston.
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Types of pumps

• Reciprocating pumps have the disadvantage of 

producing a pulsed flow ,which must be damped 

because its presence is manifested as base line 

noise on the chromatogram.

• The advantages of reciprocating pumps include 

their small internal volume (35-400μl) ,their high 

output pressures ( up to 10,000 psi) ,their ready 

adaptability to gradient elution, and their 

constant flow rates ,which are largely 

independent of column backpressure and 

solvent viscosity.
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2. Displacement Pumps (Syringe pump)

Displacement pumps usually consist of large, 

syringe like chambers equipped with a plunger 

that is activated by a screw-driven mechanism 

powered by a stepping motor. Displacement 

pumps also produce a flow that tends to be 

independent of viscosity and back pressure. In 

addition the output is pulse free. 

Disadvantages include limited solvent 

capacity( ≈250 ml) and considerable 

inconvenience when solvent must be changed.

Types of pumps
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Types of pumps

The Syringe Pump

It can provide only a limited pressure and 

the volume of mobile phase available is 

restricted to the pump volume.

The pump consist of a large metal 

syringe, the piston being rappelled by an 

electric motor and driven by a worm 

gear.
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3- Pneumatic Pumps المضخة الهوائية

In the simplest pneumatic pumps , the mobile 

phase is contained in a collapsible container 

housed in a vessel that can be pressurized by a 

compressed gas. Pumps of this type are 

inexpensive and pulse free, they suffer from 

limited capacity and pressure output as well as a 

dependence of flow rate on solvent viscosity and 

column back-pressure. In addition, they are not 

amenable to gradient elution and are limited to 

pressures less than about 2000 psi.

Types of pumps
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Constant flow

• Motor driven syringes

• Piston

• Reciprocating

• Multie reciprocating
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Effect of Solvent
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pH

• Affects ionizable compounds

– organic acids

– organic bases

• In reversed phase we need to suppress 

ionization as much as possible

• May need very precise pH control (buffer)
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pH Effect on Retention

1. Salicylic acid

2. Phenobarbitone

3. Phenacetin

4. Nicotine

5. Methylampohetamine

30x0.4 cm C-18, 10 mm, 2 

mL/min, UV 220 nm

Snyder and Kirkland, Introduction to Modern

Liquid Chromatography, Wiley, 1979, p. 288.
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Sample injection 

Systems

1- Manually injection:

• micro syringes are used

• In stop-flow injection (the flow of solvent is 
stopped momentarily.

• A fitting at the column head is removed and the 
sample is injected directly on to the head of the 
column packing.

• After replacing the filling ,the system is a gain 
pressurized.

• Advantage is simplicity.

• Disadvantage the reproducibility is worse .
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Temperature effect

زيادة درجة الحرارة تنقص من زمن الأحتباس

X
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Sample injection 

Systems

2- Sampling loops :
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HPLC-Columns

• Ordinarily constructed from smooth-bore stainless 
steel tubing.

• Length 10 -30 cm .

• Straight.

• The inside diameter 4-10 mm.

• The most common particle size of packings is 5 or 
10 μm.

• The most common column currently in use is one 
that is 25 cm in length and 4.6 mm in inside diameter 
and packed with 5 μm.

• Columns of this type contain 40000-60000 
plate/meter.

• Recently manufactures have been producing high-
speed HPLC- column  ( 100000 plat/meter).
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Silica Surface
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Synthesis of RP Packings
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Common RP Packings
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RP Mechanism (Simple)
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Detectors

• Unlike gas chromatography ,liquid 

chromatography has no detectors 

that are as universally applicable 

and as reliable as the flame 

ionization and thermal 

conductivity detectors.
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UV detectors 

are 

predominantly

Or diode array

Fixed wavelength
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Absorbance Detectors

• Z-shaped, flow through cell for absorbance 
measurements on eluents from a 
chromatographic column.

• In order to minimize extra –column band 
broadening, the volume of such a cell is kept as 
small as possible. Thus, typically ,volumes are 
limited to 1 to 10 μl and cell lengths to 2 to 10 
mm.

• Most cells of this kind are restricted to pressures 
no greater than about 600 psi.
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Mercury

lamp

Most commonly 

the intense line 

at 254 nm is 

isolated by filter

(250,313,334

,365)



UV/VIS detector with filters

• It is restricted to solutes that absorb at on 

of these wavelengths.(254 

,250,313,334and 365).

• Some modern instrument s are equipped 

with filter wheels containing several filters 

that can rapidly switched to detect various 

species as they  are eluted. (Often the 

filter changes are computer controlled.

X
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Photodiode array detector

• It is permit collection of data for an entire 

spectrum in approximately 1 second.

• Can gives three –dimensional plot.

PDA
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جزىء مثار           جزىء مستقر               1λأشعة + جزىء مستقر 

2λأشعة تألقية  + 

(2λ  >1λ)
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طريقة الاشتقاق
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Ortophtalaldehyde
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HPLC

Pharmaceutical

Application
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Application

Pharmaceutical Quantitative application

A1 X C% X W1

A2 X W2

Where: A1= Peak area or peak ht or peak ratio for   

sample

A2 = Same as above but for std.

W1 = Average weight of Dosage form.

W2 = weight taken

C% = concentration in g% of the stock  

standard solution.
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Phenytoin Oral Suspensions
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USP-Packings

Particles  μmChemical .coSymbol

3-10Octadecyl silane 

ODS(C18)L1

5-10Porous silica non-

bonded
L3

30-50Strong cation-exchange-

sulfonated
L6 

3-10Octylsilane ( C8)L7

10Aminopropyl –(CH2)3NH2 

bonded to silica
L8

5-10Phenyl C6H5- bonded 

to silica
L11

From L1 to L60
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Paracetamol tablet 250 mg

C8H9NO2151.2Action and use Analgesic and antipyretic.

Suppose the average wt. Of tablet 0.31 g is assayed by HPLC 

and following data are available:

A1(sample) = 0.503

A2(std)        = 0.510

C %             =0.05

W1               = 0.062
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A1 X C% X W1

A2 X W2

0.503 X 0.05 X 0.310

0.510 X 0.062

=  0.246

0.246

X 100    = 98 %

0.250
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HPLC

Pharmaceutical

Application
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HPLC

Pharmaceutical

Application
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HPLC

Pharmaceutical

Application
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HPLC

Pharmaceutical

Application
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Ephedrine Hydrochloride Tablets

Assay Weigh and powder 20 tablets. Carry out the method for liquid 
chromatography, Appendix III D, using the following solutions. For solution 

(1) shake a quantity of the powdered tablets containing 50 mg of 

Ephedrine Hydrochloride with 30 ml of methanol for 10 minutes, add 

sufficient water to produce 50 ml, filter through glass-fibre paper 

(Whatman GF/C is suitable) and use the filtrate. Solution (2) contains 

0.1% w/v of ephedrine hydrochloride BPCRS in methanol (60%). 

The chromatographic procedure may be carried out using (a) a stainless 

steel column (20 cm × 4.6 mm) packed with stationary phase C (10 µm( 

(Nucleosil C18 is suitable), (b) 0.005M dioctyl sodium sulphosuccinate in a 

mixture of 65 volumes of methanol, 35 volumes of water and 1 volume of 

glacial acetic acid as the mobile phase with a flow rate of 2 ml per minute 

and (c) a detection wavelength of 263 nm. 

Calculate the content of C10H15NO,HCl using the declared content of 

C10H15NO,HCl in ephedrine hydrochloride BPCRS. 



Separation of enantiomers by chiral 

HPLC

ايلفصل المماكبات باستخدام الأستشراب المتخ

 Chiral Stationaryيتم باستخدام أطوار ثابتة متخايلة  •

Phaseبحيث يتمكن أحد المتخايلات أن يرتبط معه

.بثلاث نقط 



Thank you

Thank you
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