Experiment 9

Chromatography (HPLC)




INTRODUCTION
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Chromatography is an analytical technique for separation of a complex mixture of

chemical substances into its individual components, so that the individual components can

be thoroughly analyzed.

Column Chromatography

Thin Layer Chromategraphy (TLC)

> Its principle relies on the differential affinities of | solvent front

. o . . . ni Iven
the individual substances for a gas or liquid mobile eroame sover
— Orange (product C)
medium and for a solid or liquid stationary Pink (reactant A)
o——A
Yellow (reactant B)
medium through which they pass. So. the o——¢
components of the mixture will distribute | origin
Glass column packed
. . . spotted with silica in an organic
unequally between the two immiscible phases. sample of solvent, reaction_ mixture
reaction loaded on the silica bed
mixture with help of a glass pipztte
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Purpose of Chromatography

> Analytical: determine chemical composition of a sample (qualitatively and
then quantitively). (5 8 Gesd) dnaal) SliasSll S5l s Julons

» Preparative: purify and collect one or more components of a sample. s @asanl
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TERMS RELATED TO CHROMATOGRAPHY

<*Analyte: The mixture of substances that are to be separated and

. laLad slsall slgall bods :lglda sl yall Balall*
analyzed during chromatography. L1z s3leg Sl 2l Lallovs analyte

column

“*Mobile Phase: Liquid or gaseous solvent that flows over or through
stationary phase

the stationary phase in a definite direction through the column. \ mobile phase

<+Stationary Phase: Solid or liquid or a mixture of solid/liquid medium cotton plug

which is immobilized (fixed) on the support particles or on the inner

wall of the column tubing.

“*Eluent: Fluid entering the column consist of mobile phase & analyte. .
— eluate

“Effluent (Eluate): Fluid leaving the column. ool 5 catall solall see ol 505 8353 G3le o] Blos oo siyouzall y5hal
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Applications for Chromatography

Pharmaceutical Company - determine amount of = each chemical found in new
product s i B 839290 Al oo IS a8 s - dygol &Sy«
Hospital - detect blood or alcohol levels in a patient’s blood stream PR
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Law Enforcement - to compare a sample found at a crime scene to samples from

suspects o aczall o Oligsy dapyanll zyn 5 lade spaell @ e 3o - o gilal 3la3]
Environmental Agency - determine the level of pollutants in the water supply
Manufacturing Plant - to purify a chemical needed to make a product
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Classification of Chromatography

Separation Method Mobile Phase Stationary Phase
(Attractive Forces)
Adsorption | Liquid Solid
Chromatography Chromatography Chromatography
Partition | Gas Liquid
Chromatography Chromatography Chromatography
Exclusion |
Chromatography
lon Exchange |

Chromatography

Affinity
Chromatography



Types of Chromatography Methods

* Paper Chromatography i R ﬁ ﬁ ﬂ ﬂ A
Thin Layer Chromatography (TLC) _' s 9.0 0§

Gas Chromatography (GC)

« Column Chromatography
+ Liquid Chromatography (LC) {5000 Oy
* High Performance Liquid Chromatography (HPLC) *

A:ag (mAU)
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Classification based on Attractive Forces

1.

N

Adsorption chromatography
lon Exchange chromatography
Partition chromatography

Size Exclusion chromatography

Affinity chromatography
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Adsorption chromatography

Separation based on adsorption of
chemicals to the surface of a support
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lon-exchange chromatography
Separation of ions based on their binding to
fixed charges on a support

Affinity chromatography
Separation of chemicals based on their interactions
with a biologically related binding agent
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Partition chromatography
Separation based on partitioning of chemicals
into a layer of the stationary phase

Size-exclusion chromatography
Separation of chemicals based on their size
and ability to enter a porous support
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1. Adsorption Chromatography  =seeocmmmmpmos o0 0
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Separation based on their adsorption onto the surface of solid (stationary phase). LR
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obile Pg Normal phase-separation: Polar analytes > adsorbs strongly - Polar stationary phase , ,'** , °
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* Solute dissolved

in liquid phase

p coated on surface
of solid support

2. Partition Chromatography

difference in solubility of solute in two faces

Solute are separated based on their partition (K,) between a liquid mobile phase
and a liquid stationary phase coated on a solid support.

K4 ratio of concentration of solute in two phases (Solubility differences).

» Normal - analyte is nonpolar organic; stationary phase MORE polar than the

mobile phase. Lo < K o dales e calaa Pl culs yabg Bl disa yob g (K) aagsi Lle 2ly oliall Lad axy
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» Reverse - analyte is polar organic; stationary phase LESS polar than the mobile
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Solute dissolved in liquid
phase is coated on the surface
of stationary phase



Mobile anions
® @ heldnearcations

9;/ that are covalently
>0 attached to

® ® stationary phase

3. lon Exchange Chromatography

Use ionic stationary phase (lonic exchanger)
» ions separated based on their tendency to displace counter ions

e 6
adsorbed on stationary phase (Depends on charge, hydration, 00 5
“solubility”). \‘
» Used for analysis of proteins, nucleic acid, amino acids and its base @ Anion-exchange
pair. (s o) Fadl 2o plasal ‘0 o _© Teinonly
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o Anionic stationary phases: the resin carries positive charges (attracts anions) and allows the
Cliony) dzga Slis syl Jasey 1dd g8l dnlal lgbll
removal/separation of positive charges. %100 & sall Sliad] Jod/ Ul zauns (SUssYl

o Cationic stationary phases: the resin carries negative charges (attracts cations) and allows

the removal/separation of negative charges. o ] Jamg i3Sl 2zl 1ol
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» Example of Anionic Exchanger:

J! <Y anionic exchanger i  Time sequence

Mix of proteins w90 e resine —
© @@
@6 Resin Type Cationic Anionic
@ Exchanger Exchanger
@ ®
l Charge of
_ ® © the resin
T Flow of solution @?@ ¢' 4' (stationarg -
Binding of negatively Elution of positively Addition of elution buffer to Addition of elution
TR 2ed CI.'arges.'.T.'oIECUI?S charged molecules separate slightly negatively  buffer with increased phase)
calion surfaces to immobilized cation charged molecules soncentration 1o
surface JLae buffers aasc separate highly Net charge
v o negatively charged
: lohadiy b sy (ﬁ-é-l-ﬁ-g1 moleculas Of -
Elution molecule
curve .
/\ of interest
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4. Size (Molecular)Exclusion Chromatography angemolce

are excluded

Separation is a result of “trapping” of molecules in the pores of the packing material

_ . . . dunill Balo plus 8 Oliyind] "jlausl" das s Ladll
solid 3> Stationary phase is a porous matrix .. wu.s oo sl colil ,sb < ———
mall molecules

penetrate pores

» Very large molecules can’t get into the pores - unretained ol arices
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» Very small molecules get hung up into pores for a long time - most retained -

longest retention time Snanl B9 Jobi jruimo lgalin - s 8ad) plual B 3 13 §ysb0ll Gliialis

EX: G C , H p LC Larger molecules

unable to
enter the pores

very large J! ls> 552 75 L pores ]
JI &s lg=2lbys mobile phase
o

Small molecules
able to
enter the pores
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The mixture are separated when the element having an affinity
towards the stationary phase binds to the stationary phase. In
contrast, other components are eluted with the mobile phase.
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5. Affinity chromatography e e o

» The substrate/ ligand is bound to the stationary phase so that the
reactive sites for the binding of components are exposed.
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» Now, the mixture is passed through the mobile phase where the

components with binding sites for the substrate bind to the substrate on

the stationary phase while the rest of the components are eluted out

with the mobile phase.

» The components attached to the stationary phase are
then eluted by changing the pH, ionic strength, or other
conditions.
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. in complex mixture
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\/“9_/ covalently bound
to stationary phase
All other
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H ig h ]~ High resolution power
Performance

Li QUi d ]- Mobile Phase is liquid
Chromatography
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High-performance liquid chromatography (HPLC)

High-performance liquid chromatography (HPLC) is a modified form of column

chromatography where the components of a mixture are separated based on their affinity
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with the stationary phase. It is an extension of conventional LC.

% Very powerful technique (High resolution & High Pressure).
(Jle basg dlle 481) wlal) @lles G *

¢ The stationary phase is a granular material with very small porous are tightly particles
packed in a separation column. Jedll sgac B plely Slias Olirg dior iz Bualus OIS Gareem Bala e Bylee culall yobal

Particles size is very small - larger surface area > higher interaction - Better
separation of the molecules flowing through it. o pasi pos < el jos < 18T 2l il < 135 00 S50 0os
Lo yec 486 1zall
% The Eluent (liquid mobile phase) is forced through the column with extremely high

pressure (up to 400 atm or 6,000 psi) by a pump 1oy @l Jle o ssasll e (Bl dozall sobll) piall g8 o
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% separation time is highly reduced to few minutes rather than hours and days.
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HPLC Instrumentation Components

1. Solvent reservoir 2. Pump 3. Injector 4.Column 5.Detector 6.Recorder or Data system.
OUL AL ol Jonuall 6 aalSI 5 sgasll 4 Bldl 3 dsuaall 2 coiall ol3s 1

Injector
(sample)

- Detector Data acquisition
- k HPLC column
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Solvent [ I 1]

Separate
mixture N~
component Waste
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1. Solvent reservoir: Solvent reservoir is also known as mobile phéllqsu;j reservoir.
The high)ﬁgébﬁj solvent is discouraged to use as it takes much more time to travel
through column, and high pressure is required for the viscous solvent. These
leads to peak broadening, and hence better not to use such solvent.

» The choice of solvent depends on the nature of sample and the sensitivity of

the detector. S sl Gigall aads e coiall L] aaiss
pressure JI 3¢ flow rate JI 315 e s

2. Pump: The pump’s function is to propel the liquid mobile phase through the

column at a set flow rate, which is measured in (mL/min). Which forces the

mobile phase at a much a higher velocity than the gravity-flow columns.

» A pump can deliver a constant mobile phase composition (isocratic) or a rising
mobile phase composition (gradient) during the chromatographic experiment.
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3. Injector: The injector is used to insert the liquid sample into the mobile

Sampie

phase’s flow stream. ’\Qlﬂm

» Sample quantities range from 0.1 to 100 microliters (L) at high pressure.

» It is either done using a syringe or The use of the autosampler (auto- 'Bl:. ﬁ
injector) system is also widely used that allows repeated injections in a set
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e2=24 - HPLC Column: It is known as the heart of the

chromatograph. Mostly, stainless steel is used as materials
for the construction of the tubing (High pressure).

» The column length generally varies from 5 cm to 30 cm,

and its diameter ranges from 2-50 mm.

» Silica and alumina particle is used as packing materials.

Particle size ranges from 3-5 um. Pore size (pore size 80 l 1 l l
Type of Pore Particle Length Inner
to 120A) are best for small molecules MW< 2000. For surface siz Size diameter
larger molecules with MW>2000, a popular pore size for Chotion LotiorSone ity Physical propertes
Retention Factor Speed

proteins is 300A.

» The mobile phase is aspirated from the solvent reservoir v

Small organic
compounds

and forced through the system’s column and detector by o

coall 535 e coall Cons a0t Syl yghall < P
a pump. Wuia Al gy 4alSg alladl sgac yo amdsg

Particle
Size




Normal Phase HPLC (3956 bl i 355 gl i) ymiall sl o 50 ] ol s S

The stationary phase is more polar than the mobile phase (e.g. toluene as the mobile phase, silica as
the stationary phase).

Non-polar will be eluted Polar analyte moves the
first slowest (eluted last)
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Reverse Phase HPLC

The stationary phase is less polar than the mobile phase (e.g., water-methanol mixture as the mobile

phase, C18= octadecylsilyl (ODS) as the stationary phase). call s Jlaall Lo le) ol sobll a b 51 ool y5bal
(cal 5oS (0DS) Jebeas JearpaliSol =Ci8 dymza yolaS Joilzcallg

Polar analyte will be Non-polar analyte moues
eluted first = the slowest (eluted last)

»u nonpolar J! ;92
Stationary phase has >
Hydrophobic alkyls  ~~~A~
groups s
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Flow Direction




Elution Modes in HPLC:

The mobile phase is either a pure solvent or a mixture remains the same throughout the

run.

HPLC Column

Packing Material Chromatogram

= Foaks = Yellow, Ked, Biuo

AutoSampler )
Sample Manager : |

—@ =

Computer Data Station

(Mobile Phase)
Researvoir

Solvent ey ) )._ -

Al
Pump Detector

Solvent Manager
Solvent Delrvery System

Waste



A. Gradient
The mobile phase composition
changes during the separation.
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Solvent A

Solvemt B

Solvent A

HPLC Column
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Injector
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5.
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Detector: It is used to observe the obtained separated elute as it leaves the column. The

composition of the eluent is consistent when no analyte is present. While the presence of analyte
changes the composition of the eluent. What detector does is to measure these differences.

>

YV VY

The most widely used detection methods

This difference is monitored as a form of an electronic signal. This signal is proportional to the
concentration of each separated component Jsa uifg\é%‘.“; e
Crucial in trace elements (high sensitivity). \ Deeaceoroﬂ Is }5');;5)@;, |
Simplifies quantification - . j:»f‘ﬂ ii sl < -fwzl
Insensitive to changes in type of solvent, flow rate and temp. el jf;l e thi )
There are different types of detectors available | N8¢ £35 B Oletal) pulus yet <
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OV-Vis detector Can analyze the nature and concentration of anylate aasl! Bjé?i
Spectrophotometers
Fluorometers Ll asezal @as) gy S|
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Electrochemical detectors ~ =°7 7= o+ 7% r
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Refractive index detector | <y i os.
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6. Recorder: The change in eluent detected by a detector is in the form of an electronic signal, and
thus it is still not visible to our eyes. ULl oo dilzsis g3l Allas) (JolSo) gl DUl glns pasiru <
» A computer-based data processor (integrator) is used to process various types of data.

» It takes the signal from the detector and makes use of it to decide the time of elution (retention

time) of the sample components (qualitative analysis) and the quantity of pattern (quantitative

analysis). ) poMszadl ey 1ot lgarszs Al o Bylnyl Lty <
: (S Sl sl e (Leodl Jaloodl) dzgall 3ligSal (Blazsyl
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The eluent used for LC analysis may contain gases such as oxygen that are non-visible to our eyes.

When gas is present in the eluent, this is detected as noise and causes an unstable baseline. Degasser

uses special polymer membrane tubing to remove gases. s =

( (("(/ Mate_3000

13002 _570-

§

’ ‘;
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Timna loninurast

The LC separation is often largely influenced by the column temperature. In order
to obtain repeatable results, it is important to keep consistent temperature
conditions. Also, for some analysis, such as sugar and organic acid, better
resolutions can be obtained at elevated temperatures (50 to 80°C). Thus,

columns are generally kept inside the column oven (column heater).
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Separation in HPLC

Solvents

Injector

Column

Chromatogram

mAU

T Start Injection L

Detector
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The Retention Time (t,) - EEEE
R
* The time taken for a particular compound %S)jwz%ﬁ'w"
to travel through the column to the 2SS ) s
! £
detector <retention time A >\R
0 _ -
* From the time at which the sample is
injected to the point at which the display

shows a maximum peak height for that

compound.
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The Chromatogram

t - 3ol yi& 3oyl uo)«bu..-.ul )
t, — elution time of unretained peak
ty— retention time - determines sample identity
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Area or height is proportional
to the quantity of analyte.
concentration
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Objective

% Determination of Caffeine sample assay (purity) using HPLC.

% Get familiar with the HPLC instrument and its usage.
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Glassware

Each group will be supplied by the following glassware:
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Procedure

Preparation of the Caffeine sample solution by dissolving the 25mg of the
unknown powder in 50ml diluent. Then carrying a dilution of 5ml to
100ml diluent.

B

UkiMetc 3000

Weigh 25 mg of the caffeine unknown = Dilute 5 ml to
sample then dissolve in 50 ml diluent : ] 100 ml diluent | = 13005 B70-




Instrumentation Method

Mobile Phase Water: Methanol (60:40) both are HPLC grade
Zorbax Eclipse Plus 18C Column
Column Pore size: 5n
Internal diameter: 4.6nm
Length: 150 mm.
Reverse phase: ODS
Flow rate I ml/min
UV detection (A) 275 nm
Sample injection volume 10 pl
Column Temperature 40°C
Run time 5 min

UkiMate 3000

13035 70-




Data Interpretation

v' From the HPLC analysis the data will be obtained as an area under the curve (AUC), measured
with (mV) unit.

v’ Students will be provided with a calibration curve data to make the needed calculations.

v {x10)
110 ppmlcd Ch1 (275nm)
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Chromatogram of caffeine , Detector 275nm



v’ After finishing measurements, students will obtain their unknown sample area from the

device 2 then using the calibration curve you can calculate the concentration for your

caffeine in the sample(D.f).

- find

concentration of your unknown caffeine sample

v' From the -calibration the

curve

- Multiplied by the volume used and D.f 2
—({d

v' Then determine the Caffeine sample purity as follows:

Amount in (mg)

Actual Amount

% Purity = X 100%

Theoretical Amount
T e———

300000

250000

200000

150000

100000

Peak Areas

50000

0

Caffeine Calibration curve
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