Lecture 3 Chromatography Dr. Ruba Fahmi Abbas

Chromatography

Chromatographic Analysis: Separation techniques (such as chromatography) are
essential for obtaining pure substances free from impurities. Chromatographic analysis
is classified as a modern separation method because it uses a mobile and a stationary
phase to separate complex mixtures like High-Performance Liquid Chromatography
(HPLC), which offer high efficiency, speed, and sensitivity.

Fundamental principle: Chromatography is based on the principle of partitioning
axadi or distributing &) a mixture between a stationary phase (solid or liquid) and a
mobile phase (gas or liquid). Different components travel at different speeds, allowing
for their separation.

Qualitative analysis £ s Juaill : They are necessary to enable spectroscopic tests
(IR, NMR, mass spectrometry) to be performed on the pure substance to determine its
structure.

Quantitative analysis ! Jslall) : They facilitate quantitative analyses to determine

the concentration of materials.
Applications of Chromatography

1-Pharmaceuticals 4:52¥) : Ensures the purity and potency of drugs and helps in their
development.

2-Environmental science 4!l aglall: Detects trace contaminants, pollutants, and
toxins in samples.

3-Clinical diagnostics ¢!l oaddill: Analyzes body fluids to diagnose metabolic
disorders and measure levels of hormones and vitamins.

4-Food safety 423%) 4a3 : Checks for the presence of contaminants or adulterants and
verifies product quality.

5-Forensic science 4stiall 4): Aids in the identification of unknown substances at a
crime scene.

Q/What is the fundamental principle upon which all chromatographic separation
techniques are based?

Q/Why is chromatographic analysis classified as a "modern separation method"?

Q/ What are the applications of chromatography? List them and explain one.
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Theory and Basic Principle of Separation

1-Stationary Phase (SP): Characterized by properties such as polarity, adsorption
capacity, or ion exchange.

2-Mobile Phase (MP): Characterized by properties contrasting with those of the
stationary phase.

3-Separation Mechanism by Polarity (As an Example):

e The SP and MP must have contrasting polarities (Uilia linké (e.g., Non-
polar SP and Polar MP).

e Polar substances (If the SP is non-polar and the MP is polar): Spend a longer
time in the Mobile Phase (MP) (i.e., shorter retention time, faster elution).

g..'as:dth\ Z(MMPJ@HJ& SP)PM‘M QJIS‘S\L@.LAQJUAS\AUAS\
-&J“"ic‘)&“b c}éﬁﬁuhhﬁé\g ‘Lf‘ (MP)‘ﬂM‘JJH‘géth‘@J

e Non-polar substances (If the SP is non-polar and the MP is polar): Spend a
longer time in the Stationary Phase (SP) (i.e., longer retention time, slower
elution).

g BLall 3 (ke MP 5 (dd i SP ) pdiiead ¢ Aglall) & cuilS 13) Lgluad 3 jal) 3] gal)
Ul 1Al g (Jghal Bliia) cid g (o) (SP)culll) jghll A& J ghf U g uals

e Note: The more the substance's characteristics align with the Mobile Phase
(MP), the shorter its Retention time J2 ageadl & jlaia¥) &) will be.

o Jaial) G cdy (S ¢ (MP) &aiall  shll e 483) gia 3alal) (ailad CuilS LalS ;A3

JB1 3 gand)

Q/What are the two main phases essential for chromatographic separation, and what
is the key difference in their properties that drives the separation?

Q/ List three characteristics that can be used to define or describe the nature of the
Stationary Phase (SP).

Q/ How are the properties of the Mobile Phase (MP) typically characterized in
relation to the Stationary Phase?

Q/ Which type of substance (polar or non-polar) will have a shorter retention time?
Explain why.
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Q/Which type of substance (polar or non-polar) will elute slower (have a longer

retention time)? Explain why.
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Classification of Chromatography Techniques based on the state of Mobile Phase

The classification of chromatographic techniques depends on the state of the Mobile
Phase (MP) used:

e Liquid Chromatography (LC)

Mobile Phase (MP): A liquid solvent or mixture of solvents. In LC, the sample is
dissolved and carried through the Stationary Phase by a flowing liquid.

e Gas Chromatography (GC)

Mobile Phase (MP): An inert gas (e.g., Helium, Nitrogen, Hydrogen), often called
the carrier gas. The sample must be volatile or made volatile (often by heating) to be
carried through the Stationary Phase by the inert gas stream.

e Supercritical Fluid Chromatography (SFC)

Mobile Phase (MP): A substance (typically CO2) held at a supercritical state (i.e.,
above its critical temperature and pressure). In this state, the substance exhibits
properties intermediate between a liquid and a gas. The supercritical fluid has the
solvating power of a liquid (good for dissolution) and the diffusivity of a gas (fast
separation). This technique combines advantages of both GC and LC.

¢ (COL) 058N daasf AL Bale 3ale pdiind Juad 435 & (SFC) 43 ad) (398 J) paalls LI 2 gila g S1)
OsSsalall G Aa el 558 D) s A (Gsd Alls 3 40 LliiaY) 24 (Mobile Phase) €ala )k <
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Q/What are Classification of Chromatography Techniques based on the state of Mobile
Phase?

Q/Define the term "supercritical state"?

Q/ SFC is mean to combine advantages of both GC and LC. Explain which specific
property of the supercritical fluid gives it:

1-The advantage similar to Liquid Chromatography (LC).

2-The advantage similar to Gas Chromatography (GC).




Lecture 3 Chromatography Dr. Ruba Fahmi Abbas

HPLC chromatogram
& I
I 2
5 —
I 1
g4 -
= T
= T
3 T
2 L
2 3 4 5 6 7
Relenlion Tirme (Min)
1 Chommical A
2 : Chemical B

HPLC chromatogram of food additives

300 4 = o 1 1 )|
mAU 270 nm
275 =
250 - Ci
|
- - N'\-\. _-TD
225 a Rk 2
200 - "-N —r M 2 iy
; vlf CH: 1 o=
175 - HaC o
Ha 1
150 P s £ - XN
125 - o . .i;. s
100 - AT . e 4 | § J
=
> - | = I
75 “ = Slgssransl &
HyC = il aH
50 - 4
25 -
0 4
- 25 =
man
- 50 r ¥ v ' - v v T . r '
0.0 4,0 2,0 2.0 4,0 5.0 6,0 7.0 8,0 9,0 i00 110 120
Calrratmse = 3
I ] | = |
; ; S =
1 Caffeine 3,560 26,5392 181,738 ZZ,4981 e |
2 | Aspartame 4,787 10,0363 68,108 51,107 e DM
3 | Benzoic acid 8,053 15,8525 70,4186 5,053 ma | ’
4 | Sorbic acid 10,511 99644 | 38,081 5 098 *1 o= G

= S S B 8 S5 o8 &

C. mg




Lecture 3 Chromatography Dr. Ruba Fahmi Abbas

Classification of Chromatographic Techniques based on the mechanism of
separation

Chromatographic processes are fundamentally classified according to the mechanism
of separation based on how the sample components interact with the mobile and
stationary phases. The primary mechanisms are adsorption, partition, ion exchange,
and size exclusion.

1. Adsorption Chromatography J) <Y

Mechanism: Separation is based on the differential adsorption of components onto
the surface of a solid stationary phase (SP) via repeated cycles of sorption (adsorption
onto the solid surface) and desorption (release into the mobile phase).

. The stationary phase is typically a finely divided solid adsorbent, such as
silica (SiO02) or alumina (ALQO;).

. The mobile phase can be a liquid (in Liquid-Solid Chromatography, LSC)
or a gas (in Gas-Solid Chromatography, GSC).

. Example: Thin-Layer Chromatography (TLC) is a specialized form of
LSC where the solid SP is spread as a thin layer on an inert plate, and the separation is
achieved by the capillary action of a liquid MP moving up the plate.

2. Partition Chromatography

Mechanism: Compounds are separated based on their relative distribution
(partitioning) between the mobile phase (MP) and a stationary phase (SP) that
functions like a liquid. The SP is either a liquid supported on a solid or a chemically
bonded liquid-like network.

. The MP can be a liquid (in Liquid-Liquid Partition Chromatography) or
a gas (in Gas-Liquid Chromatography, GLC).
. Modes of Liquid-Liquid:

. Normal-Phase Chromatography (NPC): Uses a polar SP (e.g., cyano-bonded
silica) and a nonpolar MP (e.g., hexane). Retention increases with increasing analyte
polarity.

. Reversed-Phase Chromatography (RPC): The most widely used mode
today. It uses a nonpolar SP (e.g., C18-bonded silica) and a polar MP (e.g.,
water/acetonitrile mixtures). Retention decreases with increasing analyte polarity (i.e.,
retention increases with hydrophobicity).
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3. Ion-Exchange Chromatography (IEX)

Mechanism: The stationary phase consists of ion-exchange resins that are chemically
bonded with charged functionalities. Separation is based on ion exchange equilibria:
analytes with a charge opposite to that of the SP will temporarily bind to it.

. Compounds are then selectively eluted by changing the ionic strength
(salt concentration) or pH of the mobile phase to disrupt the electrostatic interactions.
Hydrophobic interactions often play a significant supporting role in the separation
process, particularly in anion exchange.

4. Size Exclusion Chromatography (SEC)

Mechanism: Also known as Gel Filtration or Gel Permeation Chromatography.
Separation occurs according to the molecule's hydrodynamic size (volume in
solution). The column is packed with porous gel beads.

. Smaller molecules can penetrate deeply into the pores, travel a longer
path, and thus have a longer retention time (elute later).
. Larger molecules are largely or completely excluded from the pores,

travel around the beads, follow a shorter path, and elute faster.

5. Specialized Column Techniques

Affinity Chromatography

This technique utilizes a highly specific interaction where a specific ligand (e.g., an
antibody, enzyme substrate, or receptor) is chemically attached to the stationary phase
to selectively bind a single target molecule (e.g., a specific protein). After other
components are washed away, the target molecule is eluted by altering the mobile
phase conditions to break the specific ligand-target bond.

Flash Chromatography

This is a high-speed version of the classical column chromatography (often
Adsorption-based). Compressed gas (usually air or N2) is used to force the mobile
phase through the column, significantly reducing separation time and often
improving peak resolution.
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Comparison of Chromatographic Techniques

Classification Mechanism Focus | Stationary Phase | Mobile Phase Primary
(SP) (MP) Example/Mode
1. Adsorption Differential surface | Solid Adsorbent Liquid (LSC) or | Thin-Layer
interaction (Polarity) | (e.g., Silica (Si0;), | Gas (GSC) Chromatography
BB Alumina (A1,03)) (TLC)
2. Partition Differential Liquid-like Liquid (LLC) or | Reversed-Phase
s distribution Network (e.g., C18 | Gas (GLC) (RPC) / Gas-Liquid
(Solubility) -bonded silica, Chromatography
Polymer) (GLC)
Or
skl Ll e gilas S
Differential Sl
partitioning between
a liquid-like SP and
the MP. (&)
<l sl o Lalal)
Dl Jilully 4
& jaidll)
3. Ion- Electrostatic Ion-Exchange Aqueous Buffer | Separation of
Exchange attraction (Charge) | Resin with fixed (Ionic Proteins and Amino
charges (e.g., Strength/pH Acids
s Ja Cation/Anion controlled)
Exchangers)
4. Size Hydrodynamic size | Porous Gel Beads | Liquid Solvent Gel Filtration
Exclusion (Molecular volume) | (Polymers with (Aqueous or Chromatography
defined pore sizes) | Organic) (GFCO)
axad) daiud)
5. Affinity Highly specific, Immobilized Aqueous Buffer Isolation of
reversible Ligand (e.g., (Eluted by Antibodies using
aty) interaction with a Antibody, Enzyme | pH/Salt change or Protein A/G.
biological ligand. Substrate) competing ligand) Balaall aluall J 36
(e sl e Jelis
L)) ge guSe
>slsn)
6. Flash (Same as Solid Adsorbent Liquid Solvent Purification of
(Technique) Adsorption, but (Often Silica, (Fast flow rate) Organic Synthesis
faster) Adsorption-based) Products ( 75 s 4485
sl gy @laal)
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What are the different classifications of chromatographic techniques based on
their separation mechanism?

Adsorption chromatography
Separalion besed on adsorpion of
chetmicals 1 the surface of a support
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Affty chromatography is a separafion method that uses a
specific, biologically related binding agent (the ligand) to
isolate a target molecule from a complex mixture.
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Column Chromatography

Column Chromatography is a central component in chemical separation techniques,
acting as a tube packed with a stationary phase where a mixture is introduced. It is a
technique used to separate and purify chemical compounds from a mixture.

It operates on the principle of differential partitioning, where components of a sample
are separated based on their varying affinities for a mobile phase and the stationary
phase. The mobile phase then moves through the stationary phase, causing different
components of the mixture to separate based on their relative interactions and affinities.
The separated compounds, or eluites, exit the column at different times and are
collected as fractions for purification and analysis.

Setup I+ : A glass tube (the column) is filled with a solid stationary phase, such
as silica gel or alumina.

Loading the Sample 4ial) J1aa3: The mixture to be separated is dissolved in a solvent
and carefully added to the top of the column.

Elution 4213¥) : A solvent (the mobile phase) is added continuously to the top of the
column. Gravity or pressure pushes the mobile phase and the dissolved mixture
through the stationary phase.

Separation J<ill : Components of the mixture separate as they move down the
column. Compounds with a strong intraction for the stationary phase move more
slowly (weaker intraction with the mobile phase). Compounds with a weaker
intraction for the stationary phaseor move faster (stronger interaction with the
mobile phase).
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Preparing a Column for Organic Compound Separation (Normal-Phase
Chromatography)

Preparing a chromatography column correctly is crucial for achieving good separation
(high resolution) in organic chemistry. This procedure typically utilizes silica gel as the
stationary phase and is known as Flash Column Chromatography (using pressurized

air or nitrogen).

Item Description

Column A straight glass column with a Teflon stopcock at
the bottom.

Stationary Phase (SP) Silica Gel (typically 40—63 um particle size for

flash chromatography).

Mobile Phase (MP) / Eluent

A non-polar solvent or solvent mixture (e.g.,
Hexane/Ethyl Acetate).

Accessories 4l 3 ga

Cotton or glass wool, sand, reservoir/funnel, air
pump or N2 line.

The preparing a chromatography column involves four main stages: Setup, Packing,

Loading, and Elution.

1. Column Setup and Packing

Prepare the Column: Secure the glass column, insert a cotton/glass wool plug, and
add a layer of sand above the stopcock.

Make the Slurry: Mix the Silica Gel (Stationary Phase) with the least polar Mobile
Phase (Eluent) to form a smooth slurry.
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2. Column Packing

Pack the Column: Pour the slurry into the column. Tap the sides gently to settle the
silica and apply slight pressure to compact the bed.

Cap the Bed: Add a final layer of sand to prevent disturbance of the packed silica
surface.

3. Sample Loading

Prepare Sample: Dissolve the crude mixture in the minimum possible volume of
the initial mobile phase (or less polar solvent).

Load: Carefully add the dissolved sample to the top of the sand cap.

Adsorb: Let the solvent run down until the sample is just adsorbed onto the silica
bed, forming a tight, narrow band.

4. Elution and Collection

Start Flow: Add the initial mobile phase to the reservoir and apply gentle,
continuous pressure (Flash Chromatography).

Separate: As the mobile phase moves down, components separate based on their
affinity for the stationary phase. Less polar compounds move faster.

Collect: Collect the outflow (Eluate) into labeled fractions (test tubes).

Monitor and Pool: Use TLC (Thin-Layer Chromatography) to analyze the
fractions. Combine (pool) the tubes containing the pure target compound.
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Mobile Phase (MP) / Eluent:
non-polar solvent or solvent mixture
(e.g.., Hexane/Ethyl Acetate).
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Thin-Layer Chromatography (TLC)

Thin-Layer Chromatography (TLC) is a fundamental type of chromatography used for
rapid separation and analysis. The separation process occurs through a thin layer of
stationary phase (SP) coated onto an inert plate, typically made of aluminum, glass, or
plastic.

The separation mechanism primarily relies on Adsorption, although Ion Exchange is
also possible. The most common stationary phase used is Silica Gel (SiO5,).

Stationary Phase (SP): The thin layer coated onto the rigid plate (Silica Gel,
Alumina, etc.).

Mobile Phase (MP): A solvent or a mixture of solvents in specific proportions
contained in the developing chamber (TLC tank).

R

(el Jalaill 5 Jaadll day jos 5 dpuild 285 o8 (TLC) 488,00 dBalal) L) & gila g S

Shzla) casiasll) Jald o e slars Culil) ) ghall (e 488 Ak e Jaadll dlee 23 o
(il
 (Adsorption). I e ulul (S5 aaiat; Juadl) 481
(Si02).1Shed) oM (Lo sl SISV 5 iz sl o Dllaal) 428,01 A3Lall; (SP) ol jehl)
TLC _ashill Gasa (8 g baank oy Ciladall (e bdd ol Cudls (MP) & adal) jekall
s &=
tank).

Procedure of TLC

Preparation saall : A TLC strip (aluminum or glass plate) is prepared. The
sample is applied as small spots (points) using a capillary tube, slightly above the level
where the mobile phase will start.

Development_:skill : The strip is placed into the developing chamber (TLC tank)
which contains the mobile phase at the bottom. The chamber is covered and left for a
period ranging from minutes to an hour or two, depending on the speed of the mobile
phase's movement.

Elution~) )Y : The mobile phase moves up the stationary phase via capillary action,
carrying the sample components at different rates.
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Stopping <Y : The mobile phase is monitored until it reaches near the top of the
plate (the solvent front). The strip is then removed and allowed to dry briefly.

Visualization ¢ : The spots representing the mixture components are visualized
using chemical reagents or light-based methods, such as Ultraviolet (UV) light at
appropriate wavelengths.

438 1) A8l L) & g% ga oS jucanl Jaall f ghad
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Quantitative Analysis: The Retardation Factor (Ry)

The characteristic analytical parameter in TLC is the Retardation Factor (Ry).

The Rt value is calculated as the ratio of the distance traveled by the compound
(analyte) to the distance traveled by the mobile phase (solvent front).

Distance traveled by the sample component

" Distance traveled by the mobile phase (solvent front)

Ry

e Value Range: The value of Rf is always less than one (Rf<1).

¢ Dependence: The Rf value depends on the compound's Distribution Coefficient
(DK) between the two phases and the specific characteristics of the mobile phase.

Optimal R;Criteria
Ry Value aganll Ao 5 (Effect on Column) 42l (Result)
0.0-0.1 The compound will bind strongly to the Solvent System is Too Non-Polar.
stationary phase and will not move (may never | (Unsuitable)
elute). )
T Y ) aly oy ) ) shally 5 gy ol o S AL (e ) Tan (b & Gudall ol
(I
0.3-0.5 The compound moves at an ideal rate. It Ideal for Purification Process.

separates from impurities and descends slowly | 4% 4xlaad s,
enough to avoid band overlap.

g 9 il 9l (8 Jualh Ml Janay ol oy G Al
clduail) JA) quiail CiLS pasy

0.8-1.0 The compound will move too quickly with the | Solvent System is Too Polar.
mobile phase and will not separate from non- (Unsuitable)
polar impurities. Jaa e qudal) aldis,
(bl 1)

Jually o)l & jatial) ) ghall aa 5 S Ae o Jioan K A
Al 8 sl oo
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Figure . (a) Application of sample in TLC plate; (b) Development of TLC plate in chamber with suitable mobile phase; (c) Course of
development of TLC plate.
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acetophenone
benzophenone 4
0 H K@ HEO
p-anisaldehyde
0
0
Z
acetophenone ‘ G OMe
colored spot

Example, a TLC plate containing acetophenone and benzophenone(as seen
with UV, Figure a), are stained with p-anisaldehyde and vanillin stains.
Acetophenone produced a colored spot with these stains (Figures b+c) while
benzophenone did not. The main difference is that benzophenone cannot form
an enol, or be a nucleophile to p-anisaldehyde, so the stain is unreactive.

i) (358 AxdY) sy TLC dasia Slo 43S (Say LaadlS ¢ gidg il g () 9 giaady)
e (8N 98 Laghysli e X1 LagaS 5 8 (Conjugation) (3N i 3sa sl (UV)
Loty A gla dally gidy g Jatd () 9l gludl) JeUhy <Vanillin 9 Anisaldehyde-p Jis dxasla
Dl o Sligig diie Gebd gl o ) o) 1 aapy Jelile e iyl iy
palee Jd lS 9 Jamy 53l (Form Enol) Js¥) JS& (sS4l mann Lo ¢(Jii 5 SI) A sene
Lt Gun) g lisisn M Oy ) E (Jladl (& saaa disle S je (5SS Al
fo ol e alany Lae cJ oY) (sS5 aadaion ¥ L (Ol slae Glla Ji g0 KU Ao gana

ol ol o3

(Acetophenone): s sisu)

(CH3). O e sana s (v Al A jo i S A sana Lo (5 sini dBiua o
(Alpha Protons). dsaaag cligisym e s sinioda Jiwllic sean o
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<Y 1Y) o ssil S (Enol Form) Jsi¥) J8& (5 55 ¢ 5 st manst i g5l s 0
(sl e wll adlall Lanll 358 5 & (Enolate anion)

Ketone=Enol

.68 (Nucleophile) J: 5218 63 Jaxy (052 5l) Jsu¥) JSall 1 o

Cile ganall aa (i i) e R8N SV Y el o Sl Jelite daglll o
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EXAMPLE: In a Thin-Layer Chromatography (TLC) experiment, a component spot
migrated a distance of 1.5 cm from the origin. The solvent front, or the maximum
distance the mobile phase traveled, reached 6.0 cm. Calculate the Retention Factor (Rf)
for this compound.

Solution:

The Ry value is calculated as the ratio of the distance traveled by the component (spot) to the
distance traveled by the solvent front:

Distance traveled by the sample component

R =
T~ Distance traveled by the mobile phase (solvent front)
1.5 cm
Rf = =0.25
6.0 cm

Example: Using a Highly Polar Solvent (MP)

separating a moderately polar drug compound on a standard Silica Gel (SP, highly
polar) TLC plate, but using a very polar mobile phase, such as pure methanol.

Measurement Value
Distance traveled by the spot (Dspot) 7.2 cm
Distance traveled by the solvent front (Dsolvent) 9.0 cm
Solution:

7.2
Ri=2--"=0.8

9.0cm
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Interpretation: An R;of 0.80 is very high. This result indicates that the mobile phase
(methanol) was too polar, successfully overcoming the drug's interaction with the
polar silica. The compound spent minimal time on the stationary phase, suggesting this
solvent system would lead to poor separation in a column.
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Example: Using a Non-Polar Solvent (MP)

Consider separating the same moderately polar drug compound on the same Silica Gel (SP) plate, but
now using a very non-polar mobile phase, such as pure hexane

Measurement Value
Distance traveled by the spot (Dspot) 0.4 cm
Distance traveled by the solvent front (Dsolvent) 8.0 cm
Solution:

0.4
Ry=——=0.05

8.0cm

Interpretation: An Rf of 0.05 is very low, meaning the compound barely moved from
the baseline. The non-polar mobile phase (hexane) was not strong enough to displace
the compound from the highly polar SP. For effective separation, a more polar solvent
mixture (e.g., adding ethyl acetate to the hexane) would be required to increase the Rf
to the optimal range (~0.25-0.40).
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Nature and Classification of Chromatographic Adsorbents in TLC

The strength of a Stationary Phase (SP) Adsorbent depends on its chemical polarity,
particle size, and moisture content.

1. Particle Size: TLC wuses significantly finer particles than column
chromatography. Finer particles mean a larger surface area and more active sites,
leading to stronger adsorption and better TLC separation.

2. Adsorption Strength: Adsorbents rank in decreasing order of power (retention

ability): Alumina > Silica Gel > Magnesia > Calcium Carbonate>Sucrose >Starch
3. Classification by Polarity:

o Polar Adsorbents (Strong, e.g., Silica Gel): Retain solutes primarily through
hydrogen bonding and dipole-dipole interactions.
« Non-Polar Adsorbents (Weak): Retention relies mainly on van der Waals forces.

4. Role of Moisture and Activation: Moisture content drastically changes the
SP's behavior, especially for polar materials like silica gel:

o High Moisture (~10—-20%): The system acts as Partition Chromatography,
where the adsorbed water layer is the effective stationary phase.

o Low Moisture (~4—6%): The system acts as Adsorption Chromatography, with
separation based on the surface energy of the solid.

« Activation: TLC plates are often activated by heating to remove excess water,
ensuring the adsorbent is in its strong, active adsorption state.

5. Use of Binders: Adsorbents are typically mixed with a binder (like gypsum)
to help the material settle quickly and adhere firmly to the plate. Due to the rapid
setting caused by the binder, the slurry must be applied immediately.
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Mobile Phase (Solvent) in TLC Chromatography

The Mobile Phase (MP), or solvent, determines separation efficiency via its Eluting
Power—its ability to move the solute by displacing it from the Stationary Phase (SP).

Polarity Effect (Normal Phase): For polar adsorbents (like Silica Gel), increasing
MP polarity increases eluting power.

Retention: A weak (non-polar) MP leads to weak solute-solvent interaction and
strong solute-adsorbent interaction; the solute stays near the baseline (Rf is low).
Elution: Adding a stronger (polar) MP increases the solute-solvent interaction,
competing with the SP and causing the solute to move faster, thus increasing the Rf
value.
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The Eluotropic Series

The eluotropic series is a list of solvents ranked by their ability to elute compounds
from a stationary phase in chromatography. It helps determine the appropriate mobile
phase for a separation, with the order generally progressing from non-polar to polar
solvents. The specific order depends on the stationary phase and the compounds being
separated, as there is no single universal series.

ePurpose: To select a solvent or solvent mixture (mobile phase) for separating
compounds in a chromatography technique like Thin Layer Chromatography (TLC).
eSolvents with higher eluting power are better at "pulling" compounds off the
stationary phase. They do this by competing with the analyte for the active sites on the
stationary phase. (Solvents are graded in an Eluotropic Series based on their increasing
ability to elute (displace) compounds from an adsorbent.)

e The series generally goes from least polar to most polar solvents.

Least polar: Non-polar solvents like hexane.

Most polar: Polar solvents like ethanol, methanol, or water.

Increasing Eluting Power —
Weak (Non-Polar): Light petroleum, Cyclohexane, Toluene

Intermediate: Ether, Ethyl acetate, Acetone

Strong (Highly Polar): Ethanol, Water, Acetic acid

e NOTE: The specific order of solvents in an eluotropic series is not fixed and
depends on:

The stationary phase being used (e.g., silica gel or alumina).
The chemical properties of the compounds being separated.

e Solvent Selection: A mixture of solvents is typically used. A major solvent in which
the solute is slightly soluble is modified by adding a small amount of a more polar
solvent to tune the eluting power and achieve an optimal Rf (e.g., 0.25 to 0.40).
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Nature of solute

The functional groups play a big role in the migration of a solute. The presence of
polar groups will lead to low migration. Also the configuration & conformation ex.
cis & trans have effect on the migration because they will determine the way of
attachment of the functional groups to the adsorbent.

Nonpolar groups: CH;—, CH,O—, Ph—, CH,CH,—
Polar groups: —CO,H, —OH, —NH,, —SO;H, PO;H,—

The relationship between the molecular weight & adsorption has a rule which states
that within a similar series the adsorption increase with an increase in the molecular
weight & this what is called Traubes rule. As the adsorption increase the Rf
value will decrease.

Natural products may be "tracked" by running analytical TLC of fractions from other
separation processes, such as column chromatography, HPLC. More than one solvent
system should always be used for TLC separation, as even apparently "pure" spots may
consist of several compounds with identical Rf values. The similarity of different
extracts from the same species can also be assessed in this way & the decision to
combine nonpolar & polar extracts can be made on the basis of identical or similar
TLC chromatogram.
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Traube's Rule

Traube's Rule states that within a homologous series of compounds, adsorption onto
the stationary phase (SP) increases as the molecular weight increases. This is
because the addition of non-polar groups (CH2 units) strengthens the overall van der
Waals forces between the solute and the SP. Consequently, compounds with higher
molecular weight will exhibit stronger retention and a lower Rf value. For instance,
in separating a series of carboxylic acids on polar silica gel, the largest acid
(Hexanoic Acid, C6) will be retained the most and have the lowest Rf.

Example (Homologous Series):

If you separate a series of straight-chain carboxylic acids (R-COOH) on a polar
stationary phase (Silica Gel):

Acetic Acid (C2) — Butyric Acid (C4) — Hexanoic Acid (C6)

The Hexanoic Acid (C6) will have the strongest adsorption (lowest Rf) because its
larger non-polar tail contributes more van der Waals forces to the overall adsorption
process compared to the smaller acids.
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