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The primary source of Taxol is the bark of yew trees; however, the accumulated
concentration of Taxol is very low. The evergrowing demand for Taxol greatly exceeds the
supply through isolation from its natural source.
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Cocaine (narcotic)

Cocaineis a tropane alkaloid and stimulant drug obtained primarily from the leaves

of two cocaspecies native to South America, Erythroxylum coca and Erythroxylum
novogranatense.

Morphine (narcotic analgesic)
From Opium

Morphine is a pam medication of the opiate famuly that is found naturally in a dark brown,
resmous form, from the poppy plant (Papaver somniferum).



Chromatography

The most widely used means of performing analytical separations is
chromatography, a method that finds application to all branches of
science.

Chromatographic techniques are commonly applied for the separation,
identification, and determination of the chemical components in
complex mixtures including gases, and volatile substances; nonvolatile
and polymeric material as well as biological substances.



{Deﬁnition of chromatography: J

Tswett (1906) stated that " chromatography isa method in which
the components of a mixture are separated on adsorbent column
in a flowing system”.

IUPAC definition:

(International Union of pure and applied Chemistry) (1993):
Chromatography is a physical method of separation in which the
components to be separated are distributed between two phases, one
of which is stationary while the other moves in a definite direction.

The stationary phase may be a solid, or a liquid supported on a solid or
gel, the mobile phase may be either a gas or a liquid.



[lllustration of Chromatography J
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history

* Mikhail Semyonovich Tsvet (14 May 1872 — 26 June
1919) was a Russian-Italian botanist who invented
chromatography. His last name is Russian for "color" and
is also the root word of "flower.”

* Mikhail Tsvet invented chromatography in 1900 during
his research on plant pigments.

* He used liquid-adsorption column chromatography with
calcium carbonate as adsorbent and petrol
ether/ethanol mixtures as eluent to separate
chlorophylls and carotenoids




Historical Background:

Russian scientist Tswett in 1906 used a glass columns packed with
finely divided CaCOj; to separate plant pigments extracted by hexane.
The pigments after separation appeared as colour bands that can
come out of the column one by one.

12 Nobel prizes were awarded between 1937 and 1972 alone for
work in which chromatography played a vital role

Important contributors include: A.J.P. Martin and R.L.M Synge
(Nobel Prize 1952 for partition chromatography); A. T. James and
Martin (gas-liquid chromatography, 1952); Porath (Size exclusion
chromatography, 1958 and affinity chromatography, 1967).

M.S. Tswett




Original Chromatography Experiment

Start: A glass — End: A series of
column 1s filled colored bands is

with powdered seen to form,
limestone - corresponding to
(CaCO;). the different pigments

l Later |

An EtOH extract of leaf 3 - in the original plant

pigments is applied to ~ extract. These bands
the top of the column. ~ were later determined

o to be chlorophylls,

EtOH 1s used to ookl d

flush the pigments MELROP ,y g
carotenoids.

down the column.
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B’rinciples of Chromatography: ]

- Chromatography is a physical process.
- Any Chromatography system is composed of three
Components :

-Stationary phase

-Mobile phase

-Mixture to be separated

We can only control stationary and mobile phase as mixtures
are the problem we have to deal with.

- Chromatography is a dynamic process in which the mobile
phase moves in definite direction.



How Does Chromatography Work?

In all chromatographic separations, the sample is transported in a
mobile phase. The mobile phase can be a gas, a liquid, or a
supercritical fluid.

The mobile phase is then forced through a stationary phase held in a
column or on a solid surface. The stationary phase needs to be
something that does not react with the mobile phase or the sample.

The sample then has the opportunity to interact with the stationary
phase as it moves past it. Samples that interact greatly, then appear to
move more slowly.

Samples that interact weakly, then appear to move more quickly.
Because of this difference in rates, the samples can then be separated

into their components.




Theoretical basis of Chromatography:

The following theoretical concepts are applicable to all types of chromatographic
techniques.

i.c.

1- It is a technique used to separate and identify the components of a
mixture.

2- It works by allowing the molecules present in the mixture to
distribute themselves between a stationary and a mobile phases.

3- Molecules that spend most of their time in the mobile phase are
carried along faster.



Distribution equilibria and rate of travel:

- Durmg chromatography a given solute finds itself either in the stationary phase.
which acts as a “retarder” or in the mobile phase. which acts as a “carrier”.

- Tlus distribution 1s based on distribution equilibria and 1s expressed by the rate of travel.

- Substances that are distributed preferentially in the moving phase pass through the
chromatographic system faster than those that are distributed preferentially m the stationary
phase.

1. Distribution equilibria:

The distribution of solutes between the two phases 1s governed by an equilibrium constant
known as the distribution coefficient, K (or partition coefficient in certam types of
chromatography). This allows quantifying the distribution of a compound between the

stationary and mobile phases.
K = C stationary/ C mobile

Where,
C stationary = Concentration of solute in the stationary phase
C mobile = Concentrationofsolute in the mobile phase

The K value determiunes the relative population in the two phases i.e. large K value means
that more time is spent in the stationary phase, and vice versa if the K value is small the
solute will be eluted very fast with the mobile phase.

K 15 a thermodynamic constant that 1s charactenstic for a given compound under specified
chromatographic conditions.



1. Rate of travel:

Factors limiting the rate of travel:

The rate of travel of a solute in a chromatographic system is limited by:
1. The velocity of the mobile phase (or carrier).

2.The ratio of volume of the stationary phase to the volume of the mobile
phase.

3.The value of the distribution coefficient that is characteristic for each
component,

Determination of the rate of travel:

In a clromatographic experunent, all sample constituents started to be distributed between the twe
phases from the same pomt at the same time, but each component moves at a different rate.

Determination of the rate of travel could be performed by:

|. Measuning the distance traveled by each solute after a fixed time as in planar
chromatography.

2. Measuning the time interval at which each component appears after a fixed distance as

detected in columnar chromatography.

- The rate of travel or retention behavior of a solute (1) varies with flow rate (temp.,

ete. ...




Classification of Chromatographic Technigues:

A) According to separation theory.

B) According to the method of holding the stationary phase.

C) According to purpose of uses.

D) According to mobile phase:

A) According to separation theory:

The relative affinity of the individual components of the mixture for
the stationary phase is determined by the differences in their physical
and chemical properties and this leads to differences in their rate of
migration through the system with the mobile phase. The most
common techniques are:

1) Adsorption chromatography:

Adsorption is defined as intermolecular forces between moving
molecules in the mobile phase and the atoms of a solid phase. The
intermolecular forces thought to be involved are:



3. lon Exchange Chromatography (1EC):

It is used for separation of charged molecules. The stationary phase is an ion exchange
resin to which a cationic or anionic groups are covalently bonded. lons of opposite
charges (counter ions) in the mobile phase will be attracted to the resin and compete
with the components of the mixture for the charged group on the resin. Both the
mixture components and the mobile phase must be changed. Mixture of Alkaloids
(compounds with positive charges) can be separated on anionic exchanger, while
mixture of organic acids (negative charges) can be separated using cationic exchanger.
Both types are used for desalination of water.

4. Molecular Exclusion Chromatography (Gel permeation
or Gel filtration):

In this case a hughly porous gel is used to separate substances according to their
molecular size and shape. The mobile phase (liquid or gas) passes through a porous gel,
which separates the molecules according to their size. The pores are small and exclude
the larger solute molecules, but allow smaller molecules to enter the gel. causing them
to flow through a larger volume. This causes the larger molecules to pass through the
column at a faster rate than the smaller ones.




S. Affinity Chromatography:

This is the most selective type of chromatography. It is based on the
specific interaction between one kind of solute molecule and a second
molecule that is immobilized on a stationary phase.

6- Chiral Chromatography:

In this type we can separate enantiomers — we used chiral
stationary phase that react with one enantiomer more than the
other so separation takes place

A




B) According to method of holding the stationary
phase:

In this respect chromatographic techniques are classified into two
groups: of paper or a layer of adsorbent spread on glass, plastic or
aluminum sheets.

1- Planar or Plane Chromatography:in this type of chromatography the
stationary phase is used in the form of layer. Plane chromatography is
further classified into:

a- Thin Layer Chromatography (TLC):

The stationary phase in the form of fine powder is spread on
glass or plastic or aluminum sheets.

b- Paper Chromatography (PC):

A specific type of papers is used as stationary phase in the form
of sheets.

2- Columnar or Column Chromatography (CC):

The stationary phase is held in to a tube made of glass or metal.




C)-ACCORDING TO PURPOSE OF USE:

Chromatography can be used for analytical work and also to obtain pure materals from

mixtures.

1- Analvtical Chromatography:

a- Qualitative Chromatography

In this case Chromatography can be used to:

1- Confirm the absence or probable presence of certain constituent in the sample under
mvestigation

2- Give anidea aboutthe complexity of the mixture and the least number of compounds

present.

3- Check punty and identity of any compound.

4- Establish a (finger print ) pattern for extracts , volatile oils or pharmaceutical
preparations. These finger prints can be then used to check the identity and purity in the future.
5- Momitor both column chromatography and organic chemical reactions.

b- Quantitative Chromatography:

The development of modern mstruments enable the use of chromatography to determine
the amount of any component in a mixture as absolute amount or relative to another component
HPLC/ GC/ HPTLC can be used for there applications.




2- Preparative application:

This was the first and is the main application of chromatography.
The technique was developed primarily for this purpose.

Chromatography is used to obtain reasonable quantities of pure
compounds from mixtures.



D) Classification of chromatography according to

mobile phase:
1- Gas Chromatography (GC)

Where the mobile phase is inert gas nitrogen or helium. Again

if the stationary phase is solid it is called: Gas-Solid Chromatography
(GSC). When stationary phase is liquid it is called: Gas-Liquid
Chromatography (GLC).

2 Liquid Chromatography (LC):

adsorption The mobile phase is liquid. In case of separation by
the stationary phase is solid so it is called: Liquid-Solid
Chromatography (LSC). If separation occurs through partition the
stationary phase is liquid so it is called: Liquid -Liquid
Chromatography (LLC).

3- Supercritical fluid chromatography (SFC):
Supercritical fluid_ex. CO2




Intoduction

High-performance liquid chromatography (or High pressure liquid
chromatography, HPLC )is a form of column chromatography used
to separate, identify, and quantify compounds. HPLC utilizes a column
that holds chromatographic packing material (stationary phase), a
pump that moves the mobile phase(s) through the column, and a
detector that shows the retention times of the molecules. Retention
time varies depending on the interactions between the stationary
phase, the molecules being analyzed, and the solvent(s) used.
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Figure M-1: Column Hardware Examples
A glass column wall offers a visual advantage. In the photo in Figure M-2. flow has been
stopped while the sample bands are still in the column. You can see that the three dyes in
the injected sample mixture have already separatedin the bed; the yellow analyte,
traveling fastest, is just about to exit the columnn.

Figure M-2: A Look Inside a Column



Analytical —-‘ Preparative ‘

Length
20mm - 500mm

Internal Diameter (i.d.)
Tmm - 50mm




1974 helped enable technology for modern HPLC
Irregular shape, large diameter, wide particle size
distribution
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80’s and 90's spherical shape, smaller diameter
5um and 3um, narrow particle size distribution
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Separation Performance — Resolution:

The degree to which two compounds are separated is called chromatographic resolution [RS].
Two principal factors that determine the overall separation power or resolution that can be
achieved by an HPLC column are: mechanical separation power, created by the column
length, particlesize, and packed-bed uniformity, and chemicalseparation power, created
by the physicochemical competition for compounds between the packing materialand
the mobile phase. Efficiency is a measure of mechanical separation power, while
selectivity is a measure of chemical separation power.

Mechanical Separation Power — Efficiency:

If a column bed is stable and uniforly packed, its mechanicalseparation power is
determined by the column length and the particle size. Mechanical separation power, also
called efficiency, 1s often measured and compared by a plate number [symbol = N|. Smaller-
particle chromatographicbeds have higher efficiency and higher backpressure For a
given particle size, more mechanical separation power is gaimed by increasing column
length. However, the trade-offs are longer chromatographic run times, greater solvent
consumption, and higher backpressure. Shorter column lengths minimize all these vanables
but also reduce mechanical separation power, as shown in Figure N.



Figure N: Column | Yower [Same Particle

Figure O: Particle Size and Mechanical Separating Power [Same Column
Length]
062
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HPLC Detectors

- UV/Vis

- Refractive index

- Fluorescence

- Evaporative light scattering (ELSD)
- MS “

- Diode Array Detector (DAD)




Electrochemical Detectors

Gold for carbohydrates,

Platinum for chlonte, sulfate, hydrazine, etc.
Carbon for phenols, amines.

Silver for chloride, bromide, cyanide.
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 Thin Layer Chromatography (TLC)

Solvent Solvent
Time Zero After Ten Minutes



* Column Chromatography

41

Load Sample Step Step Step
Elute 2 Elute 3

(“Bla/ck')/ Elut:) | ’/‘ /‘

[

\
Note: Blue can
be eluted with
IPA/water
4

One cartridge can separate all three dyes



Detector
HPLC Column Flow Cell

(— — i |

Note

Eluting from the column, the
Blue Band now becomes,
relatively, very large. Since
it was traveling so slowly, it
requires a large amount of
mobile phase to fully elute it
from the end of the column.

The Blue Band is broad, meaning
it is more diluted, resulting in
a broader peak, a lower peak
height and less sensitivity.

Isocratic Conditions



Will only work for compounds that absorb UV Light

.
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Photo Diode

Differential Light Output
Creates Electrical Signal
that Draws the Peak

Lamp Grating/Lens
Wave Length

Flow from Column



Compound Identification Based on Retention Time
tr

Acrylamide
Sample A

(M8 Retention Time Relates to “What It Is”

Injection

WW%

For a given mobile phase, at a given flow rate with a given column,
a known pure standard of acrylamide elutes at 2.85 minutes.
Whenever a real sample is injected that contains acrylamide,
you will see a peak at 2.85 minutes.



Acrylamide
Sample B

Injection

&/~

Acrylamide WY
|:| i E‘E DIJP'I'
Sample A phrduindl

™8 Retention Time Relates to “What It Is”

Quantitation Area Count Relates to
“How Much There Is”

0:50 1:00 1:50 2:00 2:50 P 3:50

How much is present is measured by the AREA under the peak,
which is related to how much was there. Both samples contain
acrylamide, however, Sample B has only 1/10 the concentration



Acrylamide
Sample B

Injection

0.50 1.00

.50 min

Acrylamide
Sample A

Area Count
Linder Paeak

“ Retention Time Relates to “What It Is”

m Quantitation Area Count Relates to
“How Much There Is”

Injection

0.50 1.00 1.50 g=1.80 3.50 min

o EN iy = E.B.5|

Both samples have ~ SAME amount of this unknown compound



Retention Time:

The retention time of a solute 1s taken as the elapsed tme between

the time of injection of a solute and the time of elution of the peak
maximum of that solute.

1,2.9.4 5487

dhgotancs ol 23 nm —

ThTEr (I —— TEma [ming — Turs [min] — Thrmas {ITi ) ———

HPLC CHROMATOGRAM
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The factors which influence the HPLC

performance:

1. Internal diameter of column
- the smallerin diameter, the higher in
sensifivity

2. Pump pressure
- the higher in pressure, the higher in separation

3. Sample size
4. The polarity sample, solvent and column

5. Temperature



HPLC Applications

{ onsumer Products

| &
"'. Climieal

-

Fovironmental



| Application of HPLC: |

1. Pharmaceuticals industry To control the drug stability

Quantity of drug determination from pharmaceutical dosage
forms, ex. Paracetamol determination in panadol tablet

Quantity of drug determination from biological fluids, ex: blood
glucose level

2. Analysis of natural contamination
- Phenol & Mercury from sea water

3. Forensic test:Determination of steroid in blood, urine & sweat.
4. Clinical test: Monitoring of hepatic chirosis patient .

5. Food and essence manufacture

- sweetener analysis in the fruit juice

- preservative analysis in sausage.- Detection of
psychotropic drug in plasma



Advantages of HPLC:

1- Very rapid technique (few minutes) (Speedy separation).

2- Continuous monitoring of the column effluent.

3- No need for derivatization (C.F. Gas Chromatography).

4- Polar & lonic compounds are easily analyzed by HPLC then by GLC.
5- It carried out at room temperature or temp. a limit of 80 °C.

6- High resolution (High resolving power).

7- Sensitivity.

8- Reproducibility of +/- 1% (Repetitive and reproducible analysis using the
same column.

9- Accuracy (Accurate quantitative measurement).

10- Automation of the analytical procedure and data handling.

Disadvantages of HPLC:

1- Cost

2- Complexity

3-Low sensitivity for some compounds
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HPLC Separation of Protein Mixture

|

MALDI M5/MS Analysis

Mix samples

116
z | 1
g 15 17 iTRAQ Reporter lons
¥ 4]
' mfl .
z 4
- ‘ x
E|l ¢ .~ | MS/MS Fragmentation
amninl

m/z

iTRAQ workflow (4-plex) is shown above. Samples to be quantified are prepared under various treatmer
conditions followed by cell lysis to extract proteins. After using a standard protein assay to estimate the

protein concentration of each sample, proteins are digested using an enzyme, such as trypsin, to genere
proteolytic peptides. Each peptide digest is labeled with a different iTRAQ reagent and then the labeled



Thank you for attending!



