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(i) Define chromatography.

Chromatography is a separation technique that separates components of a mixture based on their
different interactions with a stationary phase and a mobile phase. ~ (_‘\"@\ \

Example: Separating pigments in ink using paper cflgqmatog@phy:\r \ ’“AQ{J )
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(ii) Define locating ag ri"\ \\

A locating agent i \Qtﬁ ab\tH reacts with colorless compounds on a chromatogram to produce
visible spotsf\}ﬁ‘;&i \t’he components identifiable.
Example: Ninhydrin is used as a locating agent for amino acids.

(iii) What is Rf value?

The retention factor (Rf) is the ratio of the distance traveled by a compound to the distance traveled
by the solvent front in chromatography.

Formula:

Rf = Distance traveled by the compound / Distance traveled by the solvent.

Example: If the compound moves 2 cm and the solvent moves 5 cm, Rf = 0.4.

(iv) Define paper chromatography. N\ @ {[\\\L

Paper chromatography is a technique where a mlxture is segaﬁfqd By aubwmga:m solvent (mobile
phase) to carry the components up a pleciesopp@ér—gskaﬁmary phas _9) through capillary action.

Example: Separating plant prgrné\rptr‘\\ \\ \\\ : o~
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(v) What do you mean by paper chromatogram? -~ O\

A paper chromatogram is the result of paper chromatography, where separated components appear
as distinct spots on the paper at different| dlstances from the origin./

Example: Pigments separated fmm a plant extract cafi be seen as colored spots.
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2. Explaln in detall paper chromatography.
Definition

Paper chromatography is a method used to separate and identify components in a mixture using a
piece of chromatography paper as the stationary phase and a liquid solvent as the mobile phase.

Steps
1. Sample Application: A small spot of the sample is placed near the base of the paper.

2. Mobile Phase Setup: The paper is suspended in a solvent so that the solvent travels up the
paper by capillary action.

3. Separation: Components of the mixture travel at different speeds dependlng on thelr affinity
to the paper and the solvent. ~ (0))
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4. Result: Different components apgear__#'-’dli-sﬁn"'(ét spotsonthe ;'Eﬁrdhiétogram.

Applications ._ s
e Food Inqustry Tesltmg for food color dyes.
. Botany ‘Analyzing plant pigments.

e Forensics: Identifying ink or dye compositions.

3. How can you identify an unknown substance by chromatography?
1. Perform Chromatography: Run the unknown sample alongside known reference substances
under identical conditions.

2. Compare Rf Values: Calculate the Rf value of the unknown and compare it with the Rf values
of known substances.

3. Identify the Substance: If the Rf value matches that of a reference compound the unknown
is identified. e\ O\

Example: Comparing an unknown pigment's Rf:yalué to'kh_oﬁmbl"ajnf bigh‘i‘e'nts_fo identify it.

Differentiate betweeh statlonary and mobile phase.

f I :

Property Stationary Phase Mobile Phase
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Definition The phase that remains fixed in
chromatog\a r(\\ \g\ X x t%I?te/sample.
Nature -’; \Sbhd 0r4|qurd A " Liquid or gas.

Function : NIAR

ﬁa’rﬁfes components based on
affinity.

Transports the sample through
the system.

Example in Paper Paper. Solvent (e.g., water, ethanol).
Chromatography
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19.1: Principle of Chrpmatography
1. What is the prlnti]:Jl' ‘of chromatography?

Chromatography separates components of a mixture based on their distribution between a
stationary phase and a mobile phase. Components move at different rates due to differences in
solubility and affinity.

Example: In paper chromatography, pigments in ink are separated as they travel with the solvent.

2. What are the phases involved in chromatography?
e Stationary Phase: A solid or liquid surface on which the separation occurs.

¢ Mobile Phase: A liquid or gas that carries the mixture through the stationary phase.
Example: In paper chromatography, the stationary phase is the paper, and the mobile phase
is the solvent.

3. Why do different substances travel at different speeds in chromatqgraphy,_.
/\\ ,'.r’/‘\-‘-‘._‘_.ﬂx'

Substances differ in their solubility in the nqobﬂél phase\aﬂd thelr Intefabtrﬁn with the stationary
phase. Those with higher afﬁnlty to the statmnary ph,as&?neve slower.
Example: Polar compounds m’terat:t“more wit%o1ar stationary phases, moving slower.

4. How is retenﬁanjfdtt@i‘JﬂRﬂ calculated in chromatography?

The Rf value is the ratio of the distance traveled by the substance to the distance traveled by the
solvent.

Formula: Rf = Distance traveled by the compound / Distance traveled by the solvent.

Example: If a compound moves 2 cm and the solvent moves 5 cm, Rf = 2/5 = 0.4.

19.2: Paper Chromatography
1. What is paper chromatography?

Paper chromatography is a simple technique where the stationary phase is a piece of paper, and the
mobile phase is a solvent that travels up the paper by capillary action.
Example: It is used to separate pigments in ink.

2. What types of mixtures can be separated usmg paper chromatography'-’ i l"';.';-':’."

Mixtures of dyes, pigments, or amino amds can be separated USmg thls technlque
Example: Separating food color dye's\m a sam p{e

3. How does the solv?m; chmce aﬂ‘ett paper chromatography'-‘
J AN\

The solvent must dissolve the mixture components effectively. Polar solvents are used for polar
compounds, and nonpolar solvents are used for nonpolar compounds.
Example: Ethanol is used to separate polar compounds.

4. What are the advantages of paper chromatography?




e Simple and inexpensive.

e Requires minimal equipment. . O \V TN QLN

e Can separate small quantmes of 5ubstances
Example: Analyzunﬁ the plgments inleaf extracts.
N ININ
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19.3: Thin-Layer Chromatography (TLC)
1. What is thin-layer chromatography (TLC)?

TLC is a chromatography technique where a thin layer of silica gel or alumina is used as the stationary
phase on a glass or plastic plate.
Example: TLC is used in drug analysis to check the purity of pharmaceuticals.

2. How does TLC differ from paper chromatography?

e TLC uses silica or alumina as the stationary phase, whereas paper chromatography uses
paper.

e TLCIis faster and more efficient for separating small quantities. A0
Example: TLC can separate more closelv related compounds than paperﬂchmmatography.

3. What is the role of a UV Iamp in TLC'-‘ \

A UV lamp helps visualize cornpounds that'arenot V|5|ble under normal light. Many compounds
fluoresce under UV |j htﬂrbveahng their positions on the TLC plate.
Example: Deteq:hng’ﬁrug metabolites in forensic science.

4. What are the advantages of TLC?
¢ Faster and more sensitive than paper chromatography.

e Provides better separation and allows for quantitative analysis.
Example: Used in the cosmetic industry to test product purity.

19.4: Applications of Chromatography

1. How is chromatography used in pharmaceuticals?

Chromatography is used to test the purity of drugs, identify compounds, and separate actlve
ingredients. )
Example: Gas chromatography is used to analyze anesthetlc gases

2. What is the role of chromatography m envlronntental scnem:e?‘ L
Chromatography helps detect pollutants and monltor water and air quality.
Example: Detectlng ppst;pltles in groundwater using liquid chromatography.

! !I\\_

3. How is chrorlnatography applied in forensic science?

Chromatography is used to identify drugs, toxins, and other chemical evidence in criminal
investigations.
Example: Gas chromatography identifies alcohol levels in blood samples.




4. What industries rely on chromatography? 15N

Chromatography is widely used in food tesﬂng,&iogrﬂeti\cs \blochemistry, and petrochemlcals.
Example: High-performance, hquud c;hromategraphy (HPLC) ‘tests for preservatives in food.
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1. Principle of Chfombtography
Definition ofﬂhllbma‘tography

Chromatography is a separation technigue used to isolate components of a mixture based on their
different affinities toward the stationary phase and the mobile phase. It is widely employed in
analytical chemistry for identifying, quantifying, and purifying compounds.

Working Principle
Chromatography operates on the principle of differential partitioning between two phases:
1. Stationary Phase: A solid or liquid phase that remains fixed in place.

2. Mobile Phase: A liquid or gas that flows over the stationary phase, carrying the components
of the mixture.

Key Concept: Retention Factor (Rf)
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The distance a compound travels relative, to th@solver\f ?réor\l‘t in ‘tl\e\mobﬂe phase is expressed as the
VAL D ALY
retention factor (Rf): O\ ~~= '- 7/ \' O\ \ -
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Formula: Rf = Distance traveletl Liy the\corﬁdouﬁd / Dlstance traveled by the solvent.

Example: If the comp?gn@ moves 2tm and the solvent moves 4 cm, Rf = 2/4 = 0.5.
NN

Mechanism \“\ =

« Components of the mixture interact differently with the stationary and mobile phases.

e Those with higher solubility in the mobile phase move faster, while those with greater
affinity to the stationary phase move slower.

Example

In paper chromatography, pigments in ink separate based on their solubility in the solvent and their
interaction with the cellulose fibers in the paper.

2. Paper Chromatography
Definition of Paper Chromatography

“\ N N\ | 7 5 \ AN

Paper chromatography is a simple and mexperisnfe method used to 5eparate and |dent|fy
components in a mixture. It m\a{olvesa stahonary phase (paper) and a mobile phase (solvent) that
moves through the paper by taplllary actlon '

Stepsin Papar Chronﬁt&graphy

1. A small spot of the sample mixture is placed near the bottom of a piece of chromatography
paper.

2. The paper is suspended in a container with the mobile phase (e.g., water, ethanol).




3. The solvent travels up the paper, carrying the components of the mlxtur_ ONIBY

4. Different components travel at dlfferent speeds, q_:reatmg dlstinct spots

Advantages

1. Inexpen?Lv?la|MJ$|leesemp
2. Suita.glgfof'srﬁall quantities.
3. Effective for separating non-volatile substances.

Applications
1. Food Testing: Detecting artificial colorings in food samples.
2. Plant Pigment Analysis: Separating chlorophyll and carotenoids from leaves.
3. Forensic Science: Analyzing dyes in inks or fibers.

Example

Separating the pigments in a leaf extract reveals different colors such as green (chloraphyll) and
orange (carotenoids). : \

3. Thin Layer Chromatogmph‘( (TLC) R

Definition of Thln L:—.w]er Chromdtography
NN

YN\
TLCisa chrorhétegraphlc technique where the stationary phase is a thin layer of silica gel or alumina
coated on a plate, and the mobile phase is a solvent. It is widely used for rapid and efficient
separations.

Procedure for TLC
1. A small spot of the sample is applied to the base of a TLC plate.
2. The plate is placed in a container with the mobile phase.
3. The solvent rises through capillary action, carrying the sample compaonents.
4. The separated spots are visualized under UV light or by spraying with a detecting agent.

Advantages of TLC

1. Faster and more efficient than paper chromgtography.,_ 1

2. High sensitivity for small quantltles Q — \\ INR\RRE!

3. Canbe used for both qualltat]\#e and quantltatwe analy5|s

N

Applications. of TLC| ] N N
UNREA
1. Pharmaceuhcals: Testing the purity of drugs and detecting impurities.
2. Forensic Science: Identifying drug residues in criminal investigations.

3. Food Chemistry: Analyzing preservatives and contaminants.




Example

In drug analysis, TLC can separate dlfferent anaLgesu: compounds Ilke asplrin and paracetamol
showing distinct spots on the TLC plate ' WU\
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4. Applicati onsjof .(".J_I:f*'\i'ilxl:bzr‘hlafog;'a phy
1. Pharmaceutical Industry
Chromatography is used to:
e Test drug purity.
e Separate and identify active ingredients.

¢ Detect impurities and degradation products.
Example: High-performance liquid chromatography (HPLC) is used to test the purity of
antibiotics.

2. Environmental Analysis

Chromatography helps detect pollutants in air, water, and soil. . [ A~ -
Example: Gas chromatography-mass spectrometry (GC—M‘S) idehuﬁés'peshude re5|dues in drinking
water. \ .

3. Forensic Science

\].

Chromatograpp\q I‘surtc}al for énalyzmg samples in criminal investigations, such as:
e Detecting drugs in blood or urine.

e Analyzing dyes in fibers and inks.
Example: GC-MS identifies alcohol levels in blood samples.

4. Food and Beverage Industry

Chromatography ensures food safety by detecting contaminants, preservatives, and artificial
colorings.

Example: HPLC analyzes the caffeine content in coffee and tea.

5. Biotechnology and Research

Chromatography is used to purify proteins, enzymes, and DNA in research and productlon
Example: Affinity chromatography isolates specific protelns for researr;h =1t \)
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Conclusion

Chromatography is al mﬁl#pensable tool in science and industry due to its versatility, sensitivity, and
accuracy. From@nalvzmg pharmaceuticals to monitoring environmental pollutants, chromatography
provides reliable methods for separating, identifying, and quantifying compounds in complex
mixtures. Its wide range of applications and techniques like paper chromatography, TLC, and gas
chromatography make it one of the most important analytical techniques in modern science.




19.1: Principle of chrq,n}aq?gtéﬁﬁi_f_, AU

1. Whéfj-fﬁ-’.!tli"éllﬁriﬁi:i;;le of chromatography?
a) Boil'ing point differences
b) Separation based on distribution between stationary and mobile phases
c) Separation by density
d) Absorption of light

2. What are the two phases in chromatography?
a) Active and inactive phases
b) Stationary and mobile phases </
¢) Solid and liquid phases
d) Static and dynamic phases

3. What is the stationary phase in chromatography? _
a) The phase that moves with the solvent s “(J U

— [ Ili.__.’J \.
2 N i "\ \ o=
b) The phase that remains fixed during the process (&, W TCALS
1 it ".’"—‘ VA I". I'u \ "-. '\I \ | :
c) The phase that evaporates | |\ ~(\ ([ \\ L \\J = [
ﬂﬂ'\ .--\/':‘\‘ "\ \V ".\ \_.'-,\ \‘JI,« I'L \ A

d) The gaseous phasfe;}‘w\"\,\ "\.\ﬁfq"'\ \ \\ NN
A\ .\'. I"\I \". ) o
4. Whatis thrir!\pbr { [ Bha"sé in chro matography?
a) Tﬁéj’ﬁﬂé.ﬁbﬁhét carries the components through the stationary phase <
b) The phase that remains fixed
c) The phase that separates ions

d) The solid phase

5. What is the formula for calculating the retention factor (Rf)?
a) Rf = Distance traveled by solvent / Distance traveled by compound
b) Rf = Distance traveled by compound / Distance traveled by solvent <
¢) Rf = Time taken by compound / Total time
d) Rf = Distance by stationary phase

6. What does a higher Rf value indicate?
a) Stronger interaction with stationary phase
b) Stronger interaction with mobile phase & S
c) Heavier molecular weight A~ _;"_-:"“._;3:;;'2 \ (CN
d) Poor solubility 5 AN T O

19.2: Paper Chromatogr, ﬁhy SIS
i\\J I‘I?gﬁ o
[ What“-lg“paper chromatography used for?
a) Separating metals

b) Separating pigments or small molecules &




c) Separating gases e\
d) Purifying water ‘ \aa VO |

8. What acts as the statlonary phase m paper chromatography?
a) Silica gel VAL LV
b) Alumina - NIN J_' o
c) Papér %f )
d) Plastic sheet

9. What s the role of the solvent in paper chromatography?
a) To dry the sample
b) To make the sample heavier
c) To carry the components of the mixture up the paper <
d) To react with the paper

10. What is an advantage of paper chromatography?
a) It requires expensive equipment
b) It is only useful for large-scale separations
c) It is simple and inexpensive &
d) It requires a long time to separate components

11. Which mixtures are commonly separatéduSmg paper chromatography"-'
a) Solid metal mlxtures ~~ \

b) Pigments, dyes, or amma Ids%’? sl
c) Gases . ] JI .

d) Heévyl oils

12. What is a practical application of paper chromatography?
a) Separating proteins
b) Analyzing plant pigments <
¢) Refining crude oil
d) Separating metals

19.3: Thin-Layer Chromatography (TLC)

13. What is used as the stationary phase in TLC?
a) Paper
b) A thin layer of silica gel or alumina < o~ iR
¢) Liquid solvent A [ VA
d) Air

14. What is the mobile phas '|'n T[C"
a) Solids o1 \\\
b) A solvent cLi' |Iql;lld %»"’
c) Gases
d) Plastic sheets

15. How is TLC better than paper chromatography?
a) Itis slower but more accurate




b) It is faster and provides better separation Q//” R

c) It requires less equipment O 4\ UV OV

d) It uses less solvent e

16. What is the role of UV hght m TI.C‘-‘
a)To mcreasd rea ion-speed
} To'dry- the plate
c) To visualize the separated compounds </
d) To identify metals

17. What is an application of TLC?
a) Detecting gases in the atmosphere
b) Testing drug purity &
c) Refining petroleum
d) Analyzing water hardness

18. What is the main limitation of TLC?
a) It cannot separate small molecules
b) It requires expensive equipment
c) It cannot separate very similar compounds V N
d) It is too slow W\

19.4: Appllcatlons of Jc;hmn..at d Sr&phy
NI\

19. Whatfs gas chromatography primarily used for?
a) Separating solids
b) Analyzing volatile substances <
c) Testing solubility
d) Separating dyes

20. Which industry relies heavily on chromatography for quality control?
a) Automobile
b) Pharmaceutical &
c) Construction
d) Textile

21. What is the main use of chromatography in environmental science?
a) Analyzing gases o~ SAray

b) Detecting pollutants in water and air cf - | \oC (O
c) Testing pH levels A QA ‘ \ TNV [
d) Calculating density, | \ VZ\ LU

22. What does HPLC s}:and for?
a) ngh Preelslibh Liquid Chromatography
b) ngh -Performance Liquid Chromatography <
c) Heat-Powered Liquid Chromatography
d) High-Pressure Liquid Chromatography




23.

24,

25.

26.

27.

28.

29

30.

What is the stationary phase in gas chromatography" [
a) A liquid or solid & - O A\ ANy

b) A gas \ \/71)

c) A paper sheet \RECRRRS

d) A solvent_ N \ LW

Whaf.i§‘3|i:hé'lﬁiaih application of chromatography in food science?
a) Calculating calories

b) Measuring mass

c) Detecting food additives and contaminants &

d) Measuring solubility

Which chromatography technique is best for analyzing large biomolecules?
a) Paper chromatography

b) Affinity chromatography <

¢) Gas chromatography

d) TLC

What is the use of chromatography in forensics?

a) Testing bullet residues (
b) Identifying drugs and toxins |n blological sampies W

c) Measuring DNA concentratlon . V2 J
d) Separating proteins,\ \

What prr:lper\w is &ked to separate components in gas chromatography?
a) Solubilltv -

b) Boiling points <

c) Density

d) Magnetic properties

Why is chromatography useful in biochemistry?

a) For purifying and isolating proteins, enzymes, and DNA «
b) For heating chemicals

c) For testing solvents

d) For measuring pH

Which chromatography is used for essential oil extraction?
a) TLC

b) Paper chromatography T~ R
c) Steam distillation chromatography Qf?‘ A e~ 7\ O/
d) HPLC A 9 A\ VIV

What is the primary advantage of chromatography?

a)ltis mexpenslvel IR\BIBR

b) Itis tlmert:J:insbmlng

o)t separates and identifies complex mixtures efficiently &/
d) It requires minimal training




