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Q.1 Enclecle the cotrect option. (1.4
() Akey component that distingulshes photochemical smag from Industrial smog bs the p;:.:;:-;r‘*f.
A High concentrations of sulfur dioside
A signilicant amount of orone and ol phstee e al rithants like FAN (perosgae ey /I nilrate)
C educed visinility due to fog and smoke particles
D Formation primarily duing Hhe satly morniog hours
(1) Primary pollutants like nitrogen oxides (NO,) and volatlle organle compounds (Ve 8) roacy g,
presence of sunlight to form i key component of photochemical smog, which Is o e
A Primary pollinhant 1. Secondary pollutant,
€ Natuwrally occurting atmospheric gas, 1 Marmbess byproduct of combustion
(1) Ackd raln bs primarily causod by the release of which of the followlng gases Into the atrmosphers
A Cathon dioside (€ 0,) and methane (C H,)
I Sulfur dioside (50,) and nitrogen oxldes (NE),)
CChlarottuorocarbons (CFCs) and halons
D Orone (O,) and carbon monoxide (C0)
(v} An AQIvalue between 51 and 100 typlcally Indicatas which lovel of alr quality?
A Good I, Moderate €. Unhealthy D Fatal
(v)  Which gas couses yollow color In photochomlcal smog?
A €O 50, €. O, b %0,
(vl)  Which particulate matter size ls considered the most harmful to human health?
A PM 0.0 Mo c.rmah n.rmio
Q.2 Wilte short a s of the following questions, (2ena 11)
(1) Discuss the use of Catalytic convertor (CC) in Cars, e
(1) Wiite down the differences hetween Primary and Secondary Pollutants
(1) How do volatile argantc compounds (VOCs) affect alr quality ¢
{iv)  How Chlorolluorocarhons (CECs) elfect orane?
(v)  tdentity and brielly explaln theee major natural sources of alr pollutants
(vl)  How can deforestation lmpact alr quality ?
(vll) Wrilte two measures 1o control ale pollutions
(viil) What Is AQI? How does Il measure alr guality ?
Q.3 Extensive Questlons, (224x8)
(8)  Discuss the four layers of atmosphere
(b)  Write a detailed note on smog and acld rain.
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udent Learning Outcomes

faelieee drtigeat Lart Rerins assttiated grth creating ehnttne gl sl et Pt pldn, i fow Paudiom
aned Filteate (Knowledge)

Ceplain tnethods af separation and purnilication (Understanding)

bi) Crystallizatin

) Srnple Distillation a) Fras !:m.ql Lot illationn

tdeetily substances and assess Ve gurity using melng, atd baleg, grart inlorinat e (Aggheation)
suppest suitable separation and gunlication teehindgues gen oformation sted e wtatacers
irearshaedd aned their usage in daily lile (Application)

e eilie Wevar pragror e bt ageagitog 15 used W s partale it ures GF wlurie sl st aness swrg vt atin
wleent (Understanding)

fesenibie use ol lacating agents when weparaling frartutes Cortareng (rlores; wlntarsss
(Understanding)

Interpret sienple chramatagrams Voo identify unksernn sulstarees by foenparons sth aeepmn
sulistanens pire and irnpure substances, (Application)

State and use for By (Knowledgs)

) Filteaticin

5 Analytical Chemlistry

-’

o Analytical chormistry Is the sclence of chemical characierization,
o Arninplete chernacal e harar tegization of a comngemirel st inelude beAli gua'tat e ard] tpiaf Sal e stabres
Oualitative Analysis:
“In qualitative analysls, the chemist s concermed with the detection ar identification of the elemernt-
present In o compound.”
Quantitative Analysie:
“In quantitative analysls, the relative amounts of elements In compounds are determined.”
Differonces betwoen Qualitative and Guantitative Aralysis
Qualitative Analysis Quantitative Anabpsis
The detection or identification of different | The analgss in which the eract armeunt of each
elements present in the compaund 15 called as | eletment present in the eompaund v determned s
_fiildl}!d‘l‘ﬂ‘ -Il'l-_l|fii:._ called as uantitative anal s
It 1% the initial anal By this analysis, the % age of elernent present in the
Prr".l"hl Mu_ihr' rmnpmmfl rompuund tan be talrulated
Erample: Salt analysis, detection of elements | Example: Yolumettie analgs, combustion anabpas,
and funetional groups Praanetne anal i
Major Steps for Complete Chemical Characterization:
Acumplete quantitative determination generally consists of lour major steps
(1) Obtalning a sarmple for analysis
() Separation of the desired constituent
{11) P asurement, and caleulation of results
() Drawing conclusion from the analysls,
Here, ome basle separation technigues are discussed 1o practice in the lab

1% vt detect the elements




492

v
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METHODS OF SEPARATION OF MIXTURES

The components of a mixture can be separated by any of the following physical methods
3. Fractional dutillation

2

1. Filtration
4. Simple distillation

Filtration

= Filtration process is used to separate one of the components of a
two-component heterogeneous micture from a solution

¢ "The process In which suspended solid porticles or insoluble
particles are separated from o liquid through a filter medium Is
called filtration.”

= The first step is to select a suitable solvent in which one of the
components dissolves completely while the other remains
practically insoluble

2. Crystallization
5. Paper Chromatography

Filtration
|

I |
Fittar Corutitins
Paper 1

Tanemein Somencud
Semple Filter Flutad Fater Crucitie glees
Paper Pager

= Example: Let us take a mixture of common salt and sand.
Dissolve this mixture in distilled water. The common salt will distribute
itself throughout water to give a homogeneous mucure. This
homogenous mixture is called a solution of common salt in water,

« Common salt in this solution Is called a solute while water is called
a solvent,

* In a solution, the solvent is that component which is present in
excess as compared to the solute,

= In this process, common salt disappears in water, the other
component, sand remains undissolved and after some time settles
down at the bottom of solution.

= The process of filtration is used to separate sand from the above
solution.

s
i,

Figure: The procsss A Mg,
__--""--l

) B el
9 Rack Your Mind!
1. What s filtration?

——

—

@ Rack Your Mind!

2. What is the residus in finratesr
a) Uguid esllacted aftor frare.
b) Solid left on fiver gager
€) Suiveet
dj Lulute

s Use of Filter media: It can be performed with several types of filter media.
¢ Which filter medium will be used 15 decided on the basis of nature of the precipitate and other factor
= The most convenient ways of filtration are either through a filter paper or through a filter crucible.

Filtration by using Filter Paper
Folding of filter paper is important and is done in two ways.
Filtration by a Glass Funnel and Filter Paper: It is usually a slow

@ Rack Your Mind!
3. Whatis Poroshe?

process. As the mixture is poured onto the filter paper, the solvent

(water) passes through leaving behind the suspended particles on the
filter paper, Filter papers are available in a variety of porosites (pore
sizes). Which pore size is to be used, depends upon the size of
particles in the precipitate. The size of filter paper should be large
enough so that it Is one-fourth to one-half full of precipitate at the
end of filtration. In this way, the filtrate runs down the side of beaker

@ lioclt Your Mind!

4. The word porosity mesns:
1A) Sue of pores
{8) Nurriber of pares
(€} Quality of pores
(0] Nature of pares

without splashing. A complete filtration assembly is shown in Figure.
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Filtration by using Crucible

Lroabet coter e waf 15 er 3 preconate i by vueton thegr 4
erucitie. Too types of crucitins are gereraliy used

Goorh crucible s rrade of purcelsn baing a gertoraind v wrier
o covered with gager pulp or a fiter pager € 25 s sar (3 e @
Fgure). Quick filtration can b8 done by glacng wrh cructie o 3
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Flgure: Gooon crucitie

7T

_A{_..
Y T .
e s &

| B pacs Yoo stiatt
" ———
S Vata S NRr i o st
g
b mmerwer 2 wwn e
L)t tegee S i N

b - — ———

@ Vasck Your simd!
7. m‘ i G i S

B 3 e
. Ty ol ST 2T =

e 5

Figure: Srdsred Lass croctis

2 Sintered glass crucile 15 a glass cruciLle with a porous glass S04 23 im0 1he Uit A ey Lomesinst
10 use because no preparalion is needed as with the Goooh crusle ot sramn n Pgure
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I M| QUICK CHECK 15.1
1 pvm—

| a) Name different filter media used in filtration?

' Ans. Here are the commeon filter media used in filtration:

1. Filter Paper (Qualitative/Quantitative)

2. Sintered Glass Crucibles

3. Gooch Crucibles (with asbestos/glass fiber mat)
4. Charcoal (Adsorptive filtration)

S. Cotton or Wool Plugs

What are the components of the filtration process?
The components of the filtration process are:

1. Filter Medium (e g, paper, sintered glass)

2. Slurry/Solution (mixture to be filtered).

3. Filtrate (liquid that passes through)

4. Residue/Precipitate (solids retained).

S. Driving Force (gravity, vacuum, or pressure).
Differentiate gravity filtration and vacuum filtration.

EE’.
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(GHOLAR & CHEMISTRY (11™)
s

veo
! ’ The solvent is chosen on hit and trial basis. Itis necessary o try
| 2 number of solvents belore arriving at a conclusion
' . properties or Characteristics of an Ideal Solvent
I - An ideal solvent should have the following features
i o It should dissolve a large amount of the substance at ity
’ polling point and only a small amount st the room
| temperature
o It should not react chemically with the solute
I It should either not dissolve the impurities or the impurities
; should not crystallize from it along with the solute
\ On cooling, it should deposit well-formed crystals of the
| pure compound.
i It should be inexpensive, sale to use and easily removable
1
|

chloroform, carbon tetrachloride and acetic acid.
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sd\l!ﬂt Used: The solvents which are mostly used for crystallization are, water, atenlute sthanc!

—
et Gravity Filtration Nacwum Fitration ' 1 none of the solvents is found suitable for crystallization, a combination of two or more muacble whents
Driving Force | Gravity (natural flow). Pressure difference (vacuum nump/suctbn]._ | may be employed. If the solvent is inflammable, then precaution should be taken while heating the wlution
Speed Slow (relies on gravity). Fast (forced by vacuum). et 1 so that it does not catch fire. In such cases, water bath is used for heating purpose
Apparatus Filter paper + funnel. Buchner funnel, sintered crucible + vam E » Steps of Crystallization
Use Case Coarse precipitates or small | Fine precipitates or large volumes | « Prepare a saturated solution of the substance in a suitable solvent at the ternperature of the sapsrment
volumes, I‘ « The insoluble impurities in the saturated solution are then removed by fitering the hot saturated
Heat Suitable for hot solutions (no | Unsuitable for very hot solutions (bolling unger]s solution. This avoids the premature crystallization of the solute on the filter pager or in the furnel stem
Compatibility | vacuum risk). vacuum). " | If necessary, hot water funnel should be used for this purpose
Precision Less efficient for fine particles. Better for fine/quantitative separations, | » The hot filtered solution 15 then cooled at a moderate rate <o that mediurn sized crystals are formed
I Sometimes during the preparation of a crude substance, the colourng mamter of resnogs
d) Differentiate between Gooch and sintered glass crucible. ' products affect the appearance of product. Such IMpurities are coneene et remeed by Lolng
Ans. Gooch Crucible: | the substance in the salvent with the sufficient quantity of finely powdered anemal chareogl snd
< = Itis made up of porcelain. 1 then litering the hot The coloured Imp are adiorten by aremal tharccal and e
| * It has a perforated bottom which is covered with paper pulp or a filter paper cul to its size. | ____pure decolourized substance crystaliizes out from the filtrate on eonleg
i * . Quick filtration can be done by placing the crucibles in a suction filtering apparatus. ' « When the crystallization is complete, the mixture of crystals and the mather liquor is filtered through a
- Advantages: _ . " ) I Gooch crucible using a vacuum pump.
* Itis useful for the filtration of precipitates, which need to be ignited at higher temperature . 5
| : . . y ; | Drying the Crystals:
. * Ifits perforations are covered with asbestos mat then it may be used to filter solutions that react with | The tals may be dried in the following ways:
| paper e.g. concentrated HCL, KMnO, (alkaline) solutions etc. | . Sy : A NG mys:
i Sintered Glass Crucible: | (i) Air-dried: The crystals may be air dried. .
I * Itisaglass crucible with a porous glass disc sealed into the bottom. | (i) Dryinginan Oven: The crystals are dried in an oven provided the substance does not meit or decompose
i Advantages: i on heating at 100°C.
| * There is no need to place any kind of filter paper in its bottom. |
- * There is no contamination of filter paper when we collect the residue. No preparation Is needed as , F'“"&'};“”’
b Mththe Goochemigle. o e s s e R e s
CRYSTALLIZATION v Filter
—e paper
(Exorcise L0 y7
Q. Describe the criterion to choose the suitable solvent in the process of crystallization? | -
Definition: . b o
The basic principle of crystallization is the fact that the solute shoul Transfer hot Crystais formed
e basic principle of cry ute should : o of Evaporsting dish Eveporste 1o qur 1o atar lsavig 10 cock
be soluble in a suitable solvent at high temperature and the excess Rack Your Mind! o :g;ndél. reduce volume Gah g e o
e — n!
amount of the sclute is thrown out as crystals when it Is cooled. The | g How Is crystallization used for purification? m:
Flgure: Different steps Involved In crystallization

process of crystallization involves the following steps:
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(ili) Drying through Vacuum Desiccator:
A safe and rellable method of drying crystals is through a vacuum desiccator. In this process the crystal, e
spread over a watch glass and kept in a vacuum desiccator for several hours.
Drying Agents: The drying agents used in a desiccator are CaCf,, silica gel or phosphorus pentaoxige

BY what s safe and reliabj
method of drying the Crystals)

pa=—

;; QUICK CHECK 15.2 I'
1
|

Chapter 15 )» Basic Separation Techniqu“
—Jues

a) Whatis the basic principle of crystallization?
Ans. Basic Principle of Crystallization:
The basic principle of crystallization is that “the solute should be soluble in a suitable solvent at high 1
temperature and excess amount of solute is thrown out as crystals when it is cooled.”

b)  How a suitable solvent is selected for the process of crystallization? '
Ans. Choice of a Solvent |
The solvent is chosen on hit and trial basis. It is necessary to try a number of solvents before arriving a5 1
conclusion.
Properties or Characteristics of an Ideal Solvent !

= It should dissolve a large amount of the substance i.e. solute at its boiling point and only a smaj |

amount at the room temperature. !

* It should not react chemically with solute. |

It should either not dissolve the impurities or impurities should not be crystallized from it along with !

the solute. vl

* On cooling, it should deposit well-formed crystals of the pure compound. i

* It should be inexpensive. p

= Itshould be safe to use and should be easily removable. I

c)  Mention the important steps of crystallization. d
Ans. Important Steps of Crystallization: |
i. Prepare a saturated solutions of the substance in a suitable solvent at the temperature of the ,

experiment.
ii. The insoluble impurities in the saturated solution are then removed by filtering the hot saturated ,
solution. This avoids the premature crystallization of the solute on the filter paper or in the funnel |
stem. If necessary, hot water funnel should be used for this purpose. '
lii. The hot filtered solution is then cooled at a moderate rate so that medium sized crystals are formed. |
iv. When the crystallization is complete, the mixture of crystals and the mother liquor is filtered through 1
a Gooch crucible using a vacuum pump.

v. The crystals may be air-dried are dried in an oven. The crystals are dried in an oven provided the !

SEPARATION THROUGH DISTILLATION

If a two-component mixture in a solution containing a solid compound dissolved in water or in any other suitable
solvent, then that mixture can be separated by simple distillation. Sea water Is not drinkable because it is a mixture of
many soluble inorganic compounds in water. To get rid off these compounds, sea water is distilled to make it drinkable.
The process of fractional distillation is a type of distillation used to separate two liquids which are soluble or
miscible with each other. For example, a mixture of water and ethyl alcohol can be separated by heating the
mixture in a distillation flask.

= - Distillation Process

1. Simple Distillation
Itis used to separate solvent from solution.

Differentiate between distillate and
residue

LAK. W SRSy e 497

mple: Take 100 cm’ sea water, Set up the apparatus as shown in the Figure. Add a few pieces of boiing chups
vent bumping of the liquid in the flask. Make whole apparatus air tight 1o prevent vapors to escape.
weat the flask gently with the help of a Bunsen burner. Turn on the tap to allow cold water to circulate slowly
around the condenser. Water or alcohol will evaporate as its boiling point is reached, and its vapours will
ss through the condenser. The water circulating around the condenser will condense these vapours back
y into the liquid form. This is called distillate and it will be collected in the recewing flask. The components lefy
pind in the distillation flask are collectively called the residue.
fractional Distillation
L separating the two miscible liquids in this way is called fractional distillation The process of fractional
distillation will be successful only if the difference in the boiling points of the two liquids being separated, is
around 25°C. The distillation column is a glass equipment used in the distillation of mixture of Iquids to
separate it into its components depending upon their boiling points. The distillation column Is filled with
glass beads to increase the surface area available for condensing the vapor as shown in Figure
Thermomeler reacding N-m«ul Cosg waer v

| gGHO

' Concerse

1OQUC prmrmenennnnne sensenannsy

Water gstiy

we
Ethanat oistis

ume
Figure: Fractional distillation of

ethanol / water mixture

separation of a Mixture of Ethyl Alcohol and Water:

Example:

« When a mixture of ethyl alcohol and water is heated, first ethyl alcohol will be distilled over because its
boiling point is 78°C.

« Whichis less than that of water whose boiling pointis 100°C.

« Aslongasthe alcohol is being distilled over, the temperature
of the thermometer will remain at 78°C.

« Assoon asthe temperature starts rising above 78°c, replace
the receiving flask with a new one as shown in Figure 15.7,

o Start heating again. When the temperature of the
thermometer rises to 100° ¢, water will start boiling and is
collected in the receiving flask after condensation as the
second distillate.

+_ Inthis way both the compo

‘W\J Dmdige 21
: Y

Figure: Fractional distillation setup

& Interesting Information!
Petroleum in natural form 5 2 mature of
many compounds which are commonky used
as foels. Example of such fuels are petrol
diesel, kerosene oil and furmace of These
components have boiling points not very
different  from one  another These
components are separated ag fractions by
fractional distillation using a fractonating or
disuliation column

' i} QUICK CHECK 153
!a] What is the difference between simple distillation and fractional distillation?

1]

|

]

| Ans. | Feature Simple Distillation Fractional Distillation |
' Definition | A process used to separate liquid | A separation technigue to isolate compaonents | 1
| mixtures by heating to boiling point | from a liquid mixture based on differance in | |
' and immediately condensing the | boiling points. '
| resulting vapours. |
! Principle | Separates liquids with significant | Separates  liquids  withclose  boiling | !
! boiling point differences (225°C). points (<25°C) using repeated vaponzation- f
| condensation cycles. |
- Apparatus | Distillation flask + condenser + | Includes a fractionating column (packed with | |
| recewing flask beads/plates) for enhanced separation. I
i Purity Lower purity (single evaporation step). | Higher punty (muitiple condensation steps) "
| Efficiency | Less efficlent for similar-boiling | Highly efficient for complex mixtures (eg. ||
! mixtures. crude oil, ethanol-water). '
, I..._ Examples | Purifying seawater (water and salt). | Separating gasolme, keroseng €ic, fromcugeol | |
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15) " Give some dally-life applications of fractional filtration/distillation? *""-*‘=>I
FAns. Applications:
| 1. Potroleum Relinlng i
' * heparates coude ol into pasoline, diesel, kerosene, and lubricants, :
| *  Lach Traction has different bolling points (e g, gasoline evaporates first). |
' 2. Alcohol Separation 1
| = Lthanol (7€) and water (100°C) are close-boiling, fractional distillation achieves high Purity, |
! Vo Essential Olls & Perfumes '
! *  Ixtracts fragrant compounds from plants |
4. Alr Separation |
! * Produces liquid oxygen, nitrogen, and argon from alr, Gases have slightly different bolling poins |
I (- 182°C 1o <196°C) !
2 S Water Purification I
Ve = e e JVEINOVES vOlatlle contaminants In labs/industries. | _ | o e e e e -l
CHROMATOGRAPHY
S ——
. Chromatography s a method used primarily for the separation of a sample of mixture.
. It involves the distribution of a solute (mixture) between two phases:
(1) o stationary phase we o
() & mobile phase
. The stationary phase may be a solid or a liquid supported as a thin film on the surface of an inert solid, Tha
mobile phase lowing over the surface of the stationary phase may be a gas or a liquid.
. Two types of Chromatography will be discussed here:
(1) Partition Chromatography
() Adsorption Chromatography
Differences between Adsorption and Partition Chromatography
Partition Chromatography Adsorption Chromatography e
= The chromatography In which the stationary | «  The chromatography in which the stationary phase
phase s aliquid is called partition chromatography. Is a solid Is called adsorption chromatography.”
= In this type, the substances being separated are | = In this type, a substance leaves the mobile phase 1o
distiibuted throughout both the stationary and become adsorbed on the surface of solid stationary
mobile phases phase.
I xamples Examples
e Paper chromatography »  Column chromatography
= Gas higuid chromatography * Thin layer chromatography
* Gas solid chromatography
Q.  What is the basic principle of paper chromatography? Glve its three practical life applications.
2 Paper Chromatography

= Paper chromatography is a type of partition chromatography.

Stationary and mobile phases In paper chromatography:

e The entrapped water in cellulose fibers of paper Is stationary phase and mobile phase which passes over
the paper are immiscible, the mobile phase is usually an organic liquid.

Types of Paper Chromatography:

* There are three common ways of carrying out paper chromatography namely:
(1) ascending () descending (1) radial/circular,

= Onlythe ascending type will be discussed here. In this technique, the solvent travels upwards by capillary

action

i

scHOLAT

2 CHEMISTRY (11" ,

493

procedure of Ascending Paper Chromatography:
A solvent mixture, speclally composed in _ —
accordance with the sample to be separated, is )

ured into the chromatographic tank Figure, T
Cover the tank to homogenize its inner '.-—-3--7-
atmosphere. Take about 20 cm strip of m:,-o_-::___ ‘a

Prava)

whatmann's chromatographic paper No. 1 and
draw on ita thin pencil line about 2.5 ¢cm from one
end. Spot @ point, on the pencil line, with the
sample mixture  solution. To facllitate
jdentification of the components of the mixture,
spotsofthe known compounds may also be placed
along side.

when the spots have dried, suspend the paper
with clips so that the impregnated end dips into
solvent mixture to a depth of 5-6 mm. Cover the
tank. As the solvent front passes the spots, the
solutes begin to move upward. Different
components of solute will move at different rates.
This separates the mixture. When the solvent front
has risen to about length of the paper, remove the
strip, mark the solvent front with a pencll and
allow the strip to dry.

Dwrmctown of sdvert Fusa

| -

Figure: Paper Chromatography

Figure: Ascending and Descending Paper Chromatography

Locating Agents for Colorless Substances

Once the paper is dried, the pattern on the paper is called a chromatogram. The different companents of
the mixture, if coloured, can visually be identified. If colourless, the chromatogram has to be developed by
chemical methods or physical techniques used to identify the spots.

Use of a UV Lamp or Light: A very convenient way of visualizing the colourless chromatogram is to see it
under the light of a UV lamp. The spots look coloured under UV light. Alternatively, a locating agent like
ninhydrin can be used to locale the spots.

Locating Agent: A locating agent is generally a chemical that reacts with the colourless substances like amino
acids to give toloured products that are visible for inspection.

Use of Retardation Factor

tach component has a specific retardation factor called R. value. The Ry value
is given by:
_ Distance travelled by a component from the original spot o8
""" Distance travelled by solvent from the original spot I,
With reference to Figure the chromatogram shows that the sample A contains o _0__
both components B and C. The Ry values for B and C are given by: . I
X A B C
Ry (B)== Figure 15.10:
: Chromatogram
R (C)=—
(9=2

Use/Significance of Paper Chromatography:
» Paper chromatography is a convenient way of checking if a substance formed in a chemical reaction is
pure or impure using a sultable solvent in which the substance dissolves.
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——]
* A pure substance produces one spot on the chromatogram ® . U Inf
stin +]
while an impure substance produces more than one spot kgl 9 fation!
whatmann Tilter paper which are uyeg n
* A paper chiomatogram can also be used to identify paper chromatography  are  made frgp,
substances by comparing them with known samples of pure | specially  selected  cotton  celiylgy,
substances. Whatmann's filter paper No 1 s used fq,
routine  applications and It has medium
*  Two substances are likely 1o be identical have the same R | erention and medium Now rate. ity PO size
values Is 11 jum
Explanation of Chromatogram:
e —
In this chromatogram shown in Figure, the impure substance has @
two components present in it corresponding to two coloured : Rack Your Mind!
spots it has shown. The spots in the impure substance have | 10. Which of the "'"°‘::"‘ 5 used o
travelled the same distance as the reference's pure compounds. ::;::ﬂ":‘::;:::;' substances In paper
The Ry value is always the same for a particular substance If we a) Solvent frant  b) Ryvalue
use the same stationary phase and the same mobile phase. <) Residue d) Filtrate |
S Applications of Paper Chromatography |
I The techniques of chromatography are very useful in organic synthesis for separation, isolation ang
purification of the products.
Il.  They are equally important in qualitative and quantitative analyses and for determination of the purity
of a substance
lil. Chromatography is Isvery | uscl’ul lor identifying complicated chemicals sucll as dyes dfugs and pesticide;
L-[ QUICK CHECK 15.4
a)  Onwhich basis the components of a mixture are separated from one another in paper chromatography?

Ans. In paper chromatography, components of a mixture are separated based on their differential affinities for

. In paper chromatography, the two phases are:

,cﬂoum - cmmsﬂg {31_"')_ SIS 01
l""- 3, anniylclheﬂ-ﬂu“i _-—-_-----—-_-_---_'_--I
l « Pure Substance: Forms a single spot (all molecules have identical R values) '
| = Impure Substance: Shows multiple spots (each spot = a diferent component) |
i 4, Compare Ry Values: i
' Calculate '
| « R = Distance traveled by spot (Distance travelled by solvent) e |
i e Pure compounds have a consistent Ry, impurities show additional spots with different B, E
' = Single spot = High purity. .
| « Multiple spots = Contaminants present. |
i +_ Confirmation: Repeat with different solvents for reliability. i

HOW TO CHECK THE PURITY OF THE PRODUCT?

the two phases involved:
1. Stationary Phase:
= Water molecules bound to cellulose fibers in the paper (polar/hydrophilic).
= Polar compounds interact strongly (slow movement).
2. Mobile Phase:
= Solvent (e.g., ethanol, acetone) moving via capillary action.
= Non-polar compounds dissolve better in the solvent (fast movement).
What are the stationary and mobile phases In paper chromatography?

1. Stationary Phase
= Material: Cellulose fibers in the filter paper + adsorbed water (solvent).
* Role: Acts as a polar/hydrophilic layer. Polar compounds bind to it (slow movement),
2. Mobile Phase
= Materlal: Organic solvent or solvent mixture (e.g., ethanol, acetone, water-methanol).
* Role: Moves via capillary action, carrying dissolved compounds. Non-polar compounds travel
faster with it.
How the purity of a substance Is determined by using paper chromatography?
Procedure to determine the purlty of a substance using paper chromatography:
1. Spotthe Sample:
= Apply a small drop of the substance on the chromatography paper.
2. Develop the Chromatogram:
= |mmerse the paper in a solvent (mobile phase). Allow the solvent to rise vla capillary action.

?;Puril’y Compounds:

separate methods are applied to purify compounds if they exist in liquid or solid states under normal conditions
Liquids are generally purified by distilling them at normal pressure or under vacuum. Punity of liquids can be
checked by comparing their boiling points with those mentioned in the literature

preparation of Aspirin: Aspirin Is prepared by reacting salicylic acid with an excess of acetic anhydride in the
presence of a few drops of concentrated H;S04. Aspirin Is a very important analgesic and antipyretic

After the reaction Is over, water is added in the reaction mixture 1o precipitate cut aspirin. The midure i then
filtered to get aspirin as a crude product. Il Is then crystallized in water as polar solvent

Oy OH 0y -OH
o
H 0-C .
1EH,CO,0 b @ Rack Your Mind!
e ——
g 11. What type of reaction is involved in
SalicylicAcld  Heat  Acetyl Salicylic Acid the synthesis of Aspirin?
' Aspirin

I.  Aspirin obtained in the above process may be mixed with the unreacted starting material, salicylic acid
To Check Whether the Product is Pure or Impure:

One way of assessing the purity s its melting point is determined. If the product melts sharply, e g. Salicylic
Acid melts at 136°C then the product is considered as pure. If the product shows a melting point which is
not sharp l.e. it melts within a range of temperature, it means it is an impure product.

iIl.  Otherway of checking the purity of the product is to get the mixed melting point. In such a case the product
is mixed with a pure sample of aspirin and the melting point is then determined. If it stil shows a sharp
melting point then it is a pure product.

lil. Another way of checking the purity of aspirin is to run paper chromalography of this sample along with the

e i o ]
I [I] QUICK CHECK 155 |
'a) How does melting point of a substance indicate Its purity? ¢
! Ans. The melting point indicates purity as follows: !
| 1. Pure Substance: |
' Melts at a sharp, specific temperature {e g., pure aspirin melts at 135°C). '
| 2. Impure Substance: |
g Melts over a broader, lower range (e.g., 120-130°C) due to disrupted crystal structure )
! b) Which technique (filtration, crystallization and distillation) is suitable for the separation of the !
I following mixtures? |
' i) Petroleum and water i) NaCland NaNO, '
I_ _ llj)_activated charcoal and sodium chloride _ ) _ _ Methanol, mﬂ‘f‘_"?“"f‘_ e I
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i) Petroleum and water

Technique: Separating funnel (immiscible liquids) or decantation.

Petroleum (non-polar) and water (polar) form distinct layers

il) NaCLand NaNO,

Technlque: Fractional crystallization.

Differing solubilities in water allow selective crystallization (e g, NaNO, crystallizes first on cooling),
ili) Activated charcoal and sodium chloride

Technique: Filtration (charcoal is insoluble)

Charcoal particles are trapped on filter paper; NaCL solution passes through.

iv) Methanol, ethanol, and propanol

Technigue: Fractional distillation

Their boiling points (methanol: 65°C, ethanol 78°C, propanol: 97°C) are close but separable via 5 |
fractionating column. '

e e e e e — — - —
—
—

- — o — o —

Explanation

Filtration is a method used to separate an insoluble solid from a liquid by passing the mixture

1 s.Q through filter paper.
* The solid trapped on filter paper is called residue.
* The liquid passing through is called filtrate.

2. B Residue is the insoluble solid particles trapped on the filter paper during filtration. ~__

& s.q | Porosites means pore sizes. It is related to porosity which is a measure of empty spaces within |
a solid material

4. A Porosity is commonly used. Porosity is the measure of void spaces (pores) in a material.
The rate of filtration through conical funnel can be considerably increased by using fluted filter

5. s.q |PaPer For this an ordinary filter paper is folded in such a way that a far_r like arrangement with
alternate elevations and depressions at various folds is obtained. In this way, we increase the
surface area of filter paper. As a result, the rate of filtration increases.

6. D Rate of filtration can be increased by using Suction flask an instrument used for vacuum
filtration.

7. D Gooch crucible is made of porcelain having a perforated bottom which is covered with paper
pulp or a filter paper cut to its size.

a. s.q Crystallization separates pure solid crystals from impurities. The impure solid is dissolved in
hot solvent; upon cooling, pure crystals form and can be collected by filtration.

9. 5.Q See Topic Choice of a Solvent (Properties or Characteristics of an Ideal Solvent).

10. 8 _R- val_ue hglps compare the movement of an unknown substance with known substances for
identification.

11. 5.Q Esterification (See Reaction in synthesis of Aspirin)

L D> Exercise KL

MULTIPLE CHOICE QUESTIONS (MCaQs)

Q.1 Four choices are given for each question. Select the correct choice.

After the crystals are formed, they are typically separated from the mother liguor by:

a) Evaporation
¢) Sublimation

b) Decantation or filtration
d) Distillation
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The comparative rates at which the solutes move in paper chromatography depend on:

a) The size of filter paper b) R values of solutes

¢) Temperature d) Size of the chramatographic jar

The method that can be used to separate two solld compounds with different solubilities in a solvent is:
a) Disullation b) Isolation ¢) Crystallization d) Filtration

It is suspected that a hand-written legal document has been changed by over writing some tmchl figures.
which technique you will use to check the Inks used at suspected places?

a) Distillation b) Chromatography ¢) Solvent Extraction

in chromatography, the components of the mixture are separated based on:
a) Their molecular masses

b) The interaction of the components with stationary as well as mobile phone - . ”
¢) The type of solvent used .

d) The filter paper used -

The porous material used to separate the solid from the liquid during filtration is called the:

a) Filtrate b) Residue c) Filter medium d) Solvent

d) Crystallization

. The key difference between simple distillation and fractional distlllation is the presence ofar

b) More powerful heat source
d) Vacuum pump.

a) Condenser with a larger surface area.
¢) Fractionating column.

Viil. The essential requirement for separating two liquids by simple distillation is that their boiling points
should differ by at least:
a) 5% b) 10°C c) 25°C d) 50°C
Answer Key with Explanations
sr.NoO. 1 Option | Answer | Explanation
e After crystallization, crystals are separated from the
b Decantation or filtration mother liquor (solution) by filtration (using filter paper)
or decantation (pouring off the liquid)
* In paper chromatography, solute movement depends on R.
m b Ry values of solutes (retardation factor), which is specific to each compound's
affinity forthe stationary/mobile phases
o Crystallization exploits differences in solubility o separate
4 Crystallization solids. The less soluble compound crystallizes first, while
the other remains in solution.
* Chromatography (eg., TLC or HPLC) can distinguish
. b Chromatography between Inks by separating their components based on
differing chemical properties
The interaction of the « Separation occurs due to differential affinity of
v b components with components for the stationary phase (e.g., filter paper) vs
d stationary as well as mobile the mobile phase (solvent).
phone
i . * The filter medium (e.g., filter paper, sintered glass) traps
. . FRESY. T solids while allowing liquids (filtrate) to pass through
o Fractional distillation uses a fractionating column to
Vil. c Fractionating column provide multiple vaporzation condensation cycles,
improving separation of liquids with close boiling points
« Simple distillation requires a minimum 25°C difference in
viil. c 25°C boiling points for effective separation. Smaller d-ﬂetencﬂ
need fractional distillation

e
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] SHORT ANSWER QUESTIONS -
Q.2 Attempt the following short-answer questions:

__H

3.  Why is there a need to crystallize a crude product?

Ans. The preparation of chemical compounds usually affords a crude product. The crude product may contaiy
soluble and insoluble impurities. Insoluble impurities are removed by filtration while soluble impurities e
removed by crystallization process Crystallization also gives a definite geometrical shape to the crystals of
the crude product. So in order to get pure product in the form of crystals there is a need to crystallize the
crude product

b.  What s the function of fluted filter paper?
Ans. The function of fluted filter paper is to Increase the filtration efficiency by providing a larger surface are;
and faster flow rate compared to flat filter paper. 5
Functions (Features):
1. Faster Filtration
*  The fluted (folded) design creates channels for the liquid to flow through, reducing clogging ang
speeding up the process
2. Increased Surface Area
= More folds = more contact points for solids to collect, preventing premature blockage.
3. Better Alrflow
= Gaps between folds allow air to escape, preventing pressure buildup that can slow filtration.

——

c. _ What is the difference between a Gooch crucible and sintered glass crucible? ~ =1
Ans. Feature Gooch Crucible Sintered Glass Crucible
Material Porcelain or silica, lined | Made entirely of fused glass with poroyg |
with asbestos/glass fiber mat. frit.
Porosity Adjustable (depends on mat used). Fixed porosity.
Use Case Filtering fine/gelatinous Filtering fine to coarse precipitates (e.g. |
precipitates (e.g., BaSO.). AgCl)
Heat Resistance | High (can be ignited/dried at high temps) | Moderate (may crack with rapid temp changes).
Chemical Resists acids/bases (depends on mat). | Resists most acids (except HF) but not
Resistance strong alkalis.
Cleaning Mat must be replaced; crucible reused. | Reusable; cleaned with acids or solvents. |
Typical Setup Used with vacuum filtration. Used with vacuum or gravity filtration,

d. What type of mixtures are filtered through a Gooch crucible?

Ans. Gooch crucibles are used to filter precipitate-solid and liquid mixtures, especially gravimetric analysis
samples where the solid is dried and weighed.

e.  What s function of fractionating column during fractional distillation?

Ans. The fractionating columnin fractional .distillation provides multiple vaporization-condensation cycles,
enhancing separation of liquids withclose boiling points by increasing surface area for selective
condensation of higher-boiling components. J
* Improves purity by allowing repeated condensation and re-vaporization.

* Enables separation of mixtures (e.g., crude oil into gasoline, kerosene, etc.).

f. What is the stationary phase in the paper chromatography?
Ans. In paper chromatography, the stationary phase is the water molecules adsorbed (bound) onto the cellulose
fibers of the filter paper.
1. Composition:
= Cellulose (paper) + bound water (from humidity or solvent).
= Acts as a polar hydrophilic layer.
2. Function:
* Interacts with analytes via hydrogen bonding and dipole forces.
= Polar compounds bind more strongly, moving slower; non-polar compounds move faster.

’ﬂwu“ 9 CHEMISTRY (11 , s05

m happen during paper chromatography if the components of the mixture have a comgparable
¥ juraction for the stationary phase?

@::::I:;' mixture have comparable attraction for the stationary phase in pager chromatography
poor o

" . Components will travel at simllar rates, slaying close together on the paper.
2. Overlapping Spots:
« Bands/spots may merge, making it difficuit to distinguish individual compounds
3. low Resolution:
« Rivalues (retention factors) will be nearly Identical
solution: ~
use a different mobile phase or modify the stationary phase (e g, polar/non-polar solvents) to alter affinties.
.»--;;,’;,‘.; the meant by the term "developing the chromatogram” in paper chromatography?
.;:':.'E;a;pin; the chromatogram” in paper chromatography refers to the process of allowing the mobile
phase (solvent) to migrate up the paper, separating the mixture's components based on their differential
affinities for the stationary (paper) and mobile phases.
jmportant Points:
» Solvent Movement: The mobile phase travels along the paper via capillary action.
« Separation: Components partition between the stationary (cellulose/water) and mobile phases, forming
distinct spots/bands.
« Completion: The process stops when the solvent front nears the top of the paper.

"'-_\;fh_;l_s the basic principle of paper chromatography?

—The baslc principle of paper chromatography is differential partitioning of components between two phases

« Statlonary phase: Water-bound cellulose fibers in the paper (polar/hydrophilic)
« Moblile phase: Solvent (e.g., ethanol, water) moving via capillary action.

'_""___m water is not generally used as a solvent in paper chromatography?
mer is rarely used alone in paper chromatography because:
« Slow Evaporation: Prolongs drying time.
« Poor Solubllity: Many organic compounds dissolve poorly in water,
« Weak Separation: Limited ability to differentiate components due to high polarity.

L Dilferentlate between adsorption and partition chromatography.
ns. See (Differences between Adsorption and Partition Chromatography) {Already Answered above)

. How can you check the purity of a compound with the help of paper chromatography?
Ans, To check the purity of a compound using paper chromatography:
1. Runthe Sample:
* Spot the compound on chromatography paper and develop it with a suitable solvent.
2. Analyze the Result: .
* Pure Compound: Forms a single spot on the chromatogram.
* Impure Compound: Shows multiple spots (each spot = a different component).
3. Compare R; Values:
* Asingle R (Retention Factor) value confirms purity; multiple values indicate impurities.

m. You have prepared a solid sample of glucosazone in the laboratory. How will you proceed to check the
purity of the sample?
Ans. Purity of Glucosazone:
1. Melting Point Test:
Compare observed melting point with literature value (sharp range = pure).
2. TLC(Thin-Layer Chromatography):
Spot on silica plate, develop solvent —» single spot confirms purity.
3. HPLC or NMR (if available):
Sharp peaks in HPLC/NMR spectra indicate purity.




506

Chapter 1% 22 Dasle Separation "M
)

DESCRIPTIVE QUESTIONS

Q.3 Differentiate simple distillation and fractional distillatlon In construction and application, s
Ans. See Answer in Quick Cheek 1% 3 (a) Do
Q.4 Describe the criterion to choose the suitable solvent in the process of erystallization? S -
Ans. See Page No, (494) g
Q.5 What Is the baslc principln of paper chromatography? Glve Iis thres practical life applications, .

—

Ans. See Page No, (498)

10.

11.

12.

13.

14,

15.

ADDITIONAL SLOs BASED MCQs

Branch of chemistry that deals with the complets qualitative and quantitative analysls of & substance b1
A Stoichiometry 15 Physical chemistry . Analytical cheristng (7] (man'lumrhammw

Identification of the components of a sample Is;
A Quantitative analysis B Qualitative analysis CStolchiometry (4] Phﬁlul(lwmhlw

Which of the following technique Is used for the separation of Insoluble particles from ligulds?
A Filtration B Crystalllzation C. Solvent extraction D. Chromatography

The technique used to separate components of mixture In solld phase.
A Crystallization B Filtration C. Sublimation

The solid which is left over the filter paper as a result of filtratlon:

0. Solvernt setraction

A Filtrate B. Hesidue C. Precipitate D. Mother Liguar
Selection of filter papar depends on slze of particles to be:
A Filtered B. Dried €. Decolorired 0. Decanted

Fluted filter paper is used to:

A Filter hot solution 5. Avoid premature crystallization
C. Inceease the rate of filteation D. Decrease the area

NaCl and sand can be separated by one of the following technlgues:

A Formation of solution and filtration

B. Formation of solution and evaporation without filtration

C. Sublimation D. Chromatography

Slze of lilter paper Is selected according to the amount of;

A Solution 3. Insaluble solute C. Soluble solute D. Solvem
Without suction pump, filtration is:

A Fast process B. Slow process C. Rapid process 0. Al are possibile
Rate of liltration can be Increased by applying gentle suction:

A Gooch crucible B. Filter paper €. Sintered crucible 0. AL of the abiove
The solution remaining after the formation of crystals is called:

A Mother liquor B. Dilute solution C. ltesidue 0. both *A" and ‘18

Separation of a solld from Its hot saturated solution by cooling Is called:

A Vapourization B. Solvent extraction C. Filtration 0.
Sale and the most rellable method of drylng erystals s through:

A Filter paper B. Vacuum desleeatars €. Oven 0. None of these

In order to have good crystals of a substance the temperature of the system at the time of preparation of
solution should be:

A, Around 0°C B, Around room temperature

C. Sufficiently more than room temperature D. Just above the room temperature

=

Crystallization

~

1.C 2.8 3.A a.c 5.8 6. A 7.C 8. A 9.8 10. B 11. D 12. A
C

13.D 14. B 15.
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™ mlﬂk" Chernistry:
“the branch of chemistey wineh deals with the chermical charasioriistee tpsnitatosw ard) cosnrcnatie
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mmlul characteriration of s campound bs dons?

wirte down major steps involved in complete quartitative snabssis,
o !
—our Major Saps

Fedleaing ajr stefe are necessary Tor complete quart tate arabpuin ol a coeegs, e
(1) Obtaining sarnple (or analysis () Separation of the desired consttimet
(i) Measurernent and caleulation of results (i) raaning comelusien froem the arab g

W fluted filter paper Is used for greater rate of filteation than ardinary cone filler gager?

W Filter Paper:
The ate of filteation theaugh conical funnel can e consderatiy increawed by wwrg Taaed Wer pager for
greparalon of such a pageer Grediniarg liter gager s 1olded in such » waf 1ttt alani liee atrargperraes unh stecrater
sleesatinnns and depressions at various Toleds i oltained, 16 Whis wiay, s itsteam W wrleor atea of lites LAt
paaresult, the rate of filtrarion by fluted filter pager increases as compared 14 ordiary (iter pager

ol 0 tolding of filter paper briefly,
hra. Folding of Filtar Paper:
The fotding of filter paper s irnponant and following points should be kept in mind
s The paper should be folded vaice The first fold should be alang the duarreter of the pager Tre s
fold should bee such that the edpes dea not quite rmateh
o The paper should be apened on the slightly Larger section, This progides a cone with thees ol 1crress
halteray aresund and Gne thickness the ather balfaa g around and an ages argle sty shgrtly greates (ran 1
o The paper may then be inserted into G0F funnel, mestened with water and lieedy pressed dosn
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0.8 How saturated solution for erystallization can be prepared?

hns. Preparation of the Saturated Solution:
Aler selecting a suitable solvent, the substance s then dissolved in a minmum amount of solient and o
heated directly or on a water bath with constant stirnng,
Add more salvent 1o the boiling solution if necessary until all the solute has diswoived.



