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METHODS OF SEPARATION OF MIXTURES

The components of a misture can be separated by any of the following physical rmetbods
1. Filtration 2. Crystallization 3, Fractinnal dutillation
4. Simple distifation 5 Paper Chromatography
= Eiltration
= Filtration process is used to separate one of 1he companents of 4
twa-companent heterogensous midture from a solution

*  “The process in which suspended solid porticles or Insoluble i

porticles are separated from o Nguld through o fitter medium is e

called filtration.” /
= The first step 15 1o select a2 sutable sobvent in which ons of the i

components dissolves completely while the other remaing -] [™ I

practically insoluble |

Filtratenn -
I
I
Fitimer Cﬂnlil—
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L. Wht s iteation

= Example: Let us take a mixture of cormman salt and sand

*  Dissolve this miture in distilled water. The comman salt will distribute
isell throughout waler to gve a hamogeneous mecture, This
homaogenous mixture ic called a solution of commaon sall in water.

= Common salt in this solution I§ calied a solute while water i called —
a solvent.

* In a solution, the solvent is thatl component which is present in
excess as compared to the solute. H.-_:_I:I:ur__.hu,.qg

2. Wit s the rezidus bn Nimratess
#) Lispad eetloetad afved bmege g,
B Seivd bt gn Wter pagar
€ Sulimef
dj Wt

= In this process, common salt disappears in water, the ather
component, sand remains undissolved and afier some lime tetiies
down at the bottom of solution

* The process of filtration is used to ssparate sand from the abave
solution,

«  Use of Filter media: It can be performed with several types of fifter media

= Which filter medium will be used is decided on the basit of nature of the precipitate and olher faeses

*  The most convenient ways ol filtration are either through a filter paper or through a filter crucible

a)  Filtration by using Filter Paper
Folding of filter paper is important and s done in two ways,

1. Filtration by a Glass Funnel and Filter Paper: It is wiually a slow
process. As the mixture is poured onlo the lifter paper, the solvent
[water) passes through lraving behind the suspended particles on the
filter paper. Filter papers are available in a vanety of porosites [pare
sizes). Which pore size is to be used, depends upon the sige of
particies in the precipitate. The size of filter papar should be large
engugh 2o that it iz one-Tourth 1o one-hall full of precipitate at the
end of filtration. In this way, the filtrate runs down the side of beaker
without splashing. A complete filtration assembly & shown in Figure,

@ Rack Your Mind!

3. Wit s Poreame?

@) Rock Your Mind!
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a)

Ans.
1. Filter Paper (Qualitatvwe; Quanpiative )
2. Sintered Glass Crucibles
4. Charcoal [Adsorplive filtratian)
5. Cotton or Woaol Plugs

)

E‘-‘!‘-

|
]
I
i
|
L]
|
1
What are the components of the filtration process? |
L]
|
L]
|
i
I
L}
|
i
|
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\Fd| QUICK CHECK 151

Name ditferent filter media used In filtration?
Here are the comman filter media used in fltration

e

-_—.%

3. Gooch Crucibles [with asbestos/glass fiber mat)

Ans. The cemponents of the filtrahon process are-
1. Filter Medlum (e g, paper, sintered glass)
2. Shurry/Solution |mistune to be filtered)
3. Filtrate (liquid that passes through)]

4. Residue/Precipitate (solids retained)
5. Driving Force [gravity, vacuum, or pressure]
Differentiate gravity filtration and vacuum filiration.

(EHOLAT W OHEMISTRY (11%) e
-
? e sohvenid (s ehosen o hit and trial basis 1t nocessary ba iy @ Back Your Mind'
s number of solvents before arriving at a conelusan S -
propertles or Characteristics of an ldeal Solvent pesminggsar s ::" comsmbn ey o :
Argrepary ]

f an iddeal sobvent should have the Tollowing leatiures

it should distolve a large armount of the substanes &t it
polling point and only a small amount o (he o
emperature

it should nat react chemically with the sobute

it should either not dissobye the mpurnities or the imgurities
should nat crystallae froem it abong with the salute

On cooling, it thould deposit well-lormed eryilali of the
pure compound

o i should be inespensive, safe 1o use and easily remavabite
solvent Used: The solvents which are mostly wied lor ergitallitation are, water, abunigte sthgnel
¢horaform, carbon tetrachloride and acetic acid

it none ol the solvents is found suitable for crystallization, & combination of b or mors mistible sohents
may be employed. Il the solvent is inflammable, then precaution should be taen whibs heating the sabuton
4o that it does not catch fire. In such cases, water bath i uted far heatng purpose

s llization
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Feature Gravity Flltration Vacuurm Filtration Ty
Drriving Force | Gravity (natural fNlow). Pressure difference (vacuum PHmWw_ct'_m‘n_}-"“" i
Speed Slow (relies on gravity), Fast [forced by vacuum), i
Apparalus Filter paper + funnel Buchner funnel, sintered crucible « ugwm !
Use Case Coarse precipitates or  small | Fine precipitates of farge volumes ol
volumes,

Heat Suitable for hot solutions [po | Unsuitable for very hot solutions Ihnkm
Compatibility | vacuum risk) vacuum)
Precision Less efficient Tor fine particles. Better for fina/quantitative separations

— |

d) Differentiate between Gooch and sintered glass erucible.
Ani. Gooch Crucible:
= It is made up ol porcelain

* . Quick filtration can be done by placing the crucibles in o suction filte

Advantages:

= [t isuseful for the filtration of precipitates, which need to be ignited

= [ its perforations are covered with asbestos mat then it may be used
paper e.g. concentrated HCL KMnQ, {alkaling) solutions etc.

Sintered Glass Crucible:

* 115 a glass crucible with a porous glass disc sealed into the bottom.

Advantages:

= There is no need to place any kind of filter paper in its bottom

O —— S — — — - —

— e ——

wilh thie Gooch crucible

= It has a perforated bottom which is covered with paper pulp or a filter-paper cul 1o its size.

al higher temperature

i

|

]

|

]

|

L

|

]

[

TiNg apparalus. i
|

L]

to filter solutions that react wiy |I
|

L]

|

¥

|

& There s no contanunation af flter paper when we collect the residue. No preparation IS needed as |

CRYSTALLIZATION
0. Describe the criterion to choose the suitable solvent In the process of erystallization?
Definition:
The basic principle of crystaliization is the fact that the solute should
be soluble in a suitable solvent at high temperature and the eicess @ Rock Your Mind!
amount of the solute is thrown out as crystals when It is cooled. The B, Mhﬁm

process of crystallization involves the folipwing steps:

prepare a salurated solution of the substance in a suitable sabvent ot the temperature of tha sapernmens
The insoluble impurities in the saturated solution are then removed by finenng the Pt saturates
solution. This avoids the premature crystallization of the selute an the filter pager or in the lunnsl slem
If necessary, hot water funnel should be used for this purpose

The hot filtered solution s then cooled at a moderate rate so that medium sped crgptals ars lormed
Somelimel duting the prepardlion of @ crude subitaics, ibe oo mg maser o cememl
products alfect The sppearance of product Suth impuniet a0e cones smety e by sy
thee taleiancn in Lhe wrleent with the sufldient quantity of ety powdesed sroma rheetsal asd
then Itering the ot solutisn. The colaured mpudtied e atiaked by it ol i e
prere ddecalourited wwbitance eryatallires oat from the fitrste 6m cool=p

When the crystallization is complete, the mixture of crystals and the mather bguor i fiftered throush &

Gooch crucible using a vacuum pump

Drylng the Crystals:

The erystals may be dried In the following ways:

{i} Alp-dried: The crystals may be alr dried.
(il} Drying inan Oven: The crystals are dried i an oven proveded the subitance does not medt or decompots

on heating al 100°C

Fillpsr off macivas
woled
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Flgure: Ditferent steps rvabied In erpstallizstion
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. Important Steps of Crystallization:

Chapter 15 ) Basic Separation '“h""l'-lu
—Jley

Drying through Vacuum Desiccator:

A safe and reflable method of drying crystals s through a vacuum desiccator. In this process the cryspy), ane
spread over a watch glass and kept in a vacuum desiccator for several hours,

Drying Agents: The drying agents used in a desiccatar are CaClf,, silica gel or phosghorus pentaoxide

Bl what & sale ang Hidiatiy
method of drying the Cryital)

s — ——— —
— o — i — e ——
Py

[E] Quick cHECK 152 =
What s the basic principle of crystallization? |[
I

a0 AL,

Ans. Basic Principle of Crystallization:

The basic principle of crystallization is that "the solute should be soluble in 3 suitable solvent at high 1

temperature and excess amount of solute is thrown out as crystals when it is cooled.” |

How a suitable solvent is selected for the process of crystallization?

Cholee of a Solvent |

The solvent is chosen on hit and trial basis, It is necessary to Lry a number of solvents before arriving atg !

conclusion

Properties or Characteristics of an Ideal Solvent i

= 1t should dissclve a large amount of the substance Le. solute at its boiling peint and only a sma |
amount at the room temperature v

= |t should not react chemically with solute. I

= Itshould elther not dissolve the impurities or impurities should not be crystaliized from it along wig, !
the solute. ;

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

+ |t should be inexpensive.

= |t should be sale to use and should be easily removable,

Mention the important steps of crystallization.

l.  Prepare a saturated solutions of the substance in a suitable solvent at the temperature of the
expenment,

il. 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 filler paper or in the funnel |
stem. If necessary, hot water funnel should be used for this purpose. i

iil. The hot filtered solutlon |s then cocled at a moderate rate so that medium sized erystals are farmed, |

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 alr-dried are dried in an oven. The crystals are dried in an oven provided the !

SEPARATION THROUGH DISTILLATION

Il a rwo-componen! misture in a solution contaiming a solid compeund dissolved in water or in any olher suitable
solvent, then that mixture can be separated by simple distillation, Sea water is not drinkable because it is-a mivture 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 liguids which are soluble o
miscible with each other. For example, a mixture of water and ethyl alcohol can be separated by heating the
mixture in a distillation Nask.

= - Distillation Process

1.

Differentiate between distillate and

Simple Distillation resldue

It is used to separate solvent fram solution

-

fl"ﬁ;hﬁt 100 em’ sea water, Set up the apparatus as shown in the Figure. Add few pieces of boling cheps

—— e — o  — e w— — i —

5_] QUICK CHECK 153 :l

1) What is the difference between simple distillation and fractional distillation? i
Ans. | Feature Simple Distillation Fractional Distillation |
Definition | A process used to separate liquid | A separation technigue to lsolate compaonents |
mixtures by heating to boiling point | from a liquid mixture based on differsnce in | |

and immediately condensing the | boiling points !

resulting vapours. |

Principle | Separates liquids withsignificant | Separates  liguids  withclose  boiling | !
boiling point differences (225°C). points (<25°C) using repeated vaponzation- E

condensalion cycles. I

Apparatus | Distillation flask + condenser + | includes a fractionating column [packed with | |
recewing flask beads/plates) for enhanced separatian |

Purlty Lower purity (single evaporation step). | Higher punty {multiple condensation steps) i
Efficiency | Less efficlent for similar-boiling | Highly efficient for comples mixtures (28 | |
mixtures. crude pil, ethanol-water). i

— . L Bamples | Purifying seawater (water and salt). | Separating miﬂm-mﬁﬂ"*ﬁ_‘_ﬂm“‘ i

o LRI . e e “?

pmun't bumping of the liguid in the Nask. Make wholz apparatus air tight 1o prevent vapars Lo escape
Heat the fask gently with the help of a Bunsen burner. Turn on the tap to aliow cold water to circulate slowhy
ground the condenser. Water or alcohol will evaporate as its boiling point 15 reached, and its vapours will

55 through the condenser. The water circulating around the condenser will candense these vapours back
into the liquid form. This is called distillate and it will be collected in the recenning flask. The components lefy
gehind in the distillation fask are collectively called the residue.
fractional Distiliation
gaparating the two miscible liquids In this way is called fractional distilation The process of fractonal
distillation will be successful only If the difference in the boiling points of the two liquids being separated, is
ground 25°C. The distillation column is a glass equipment used in the distllation of mixture of kquids to
ceparale it into its components depending upon their boiling polnts. The distillaton column is filled with
glass beads to Increase the surface area available for condensing the vapor as shawn in Figure

ThermOm4tss rmadrg T's “"'""'I ] mE
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figure: Fractional distillation of
ethanal / water mixture
separation of a Mixture of Ethyl Alcohol and Water:

Bample:

» Whena mizture of ethyl alcohol and water is heated, first ethyl alcohol will be distilled over because its
boifing pointis 787 C

« ‘Which is less than that of water whose boiling paint is 100°¢C.

» Aslong as the alcohol is being distilled over, the temperature
of the thermometer will remain at 78°C.

» Assoon asthe temperature starts rising above 78° ¢, replace
the receiving flask with @ new ane as shown in Figure 15.7,

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

*_ Inthis way both the companents will be obtained in pure form,

3 &=
-

Figure: Fractional distillation setup

@ interesting information!

Petrodewm in natural form o & meture of
many EMEaundl whah gre ommeniy cied
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Components one stparated ay frectoes by
fracvarsl distilatem uing a frctonitng or
dintilfiaton column
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I'B) " Give some daily lite applications of fractional filteation/distillation? =
b,

- e — e — ———

e - = = —
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Aprplle ationgg
L Petiolewm Redinlng
= hwparates conde odl ko gasoline, diesel, kerosenes, and lubricants
o Dok Freaction s differemt Bolling points (e g, gasoline evaporates first)
2. AMeohal Separation
*  Bthanol (Z0°C) and water (100°C) are close bolling; ractional distillation achleves high pyy,
Vo Ewnential 0y B Peifumes
= Uwtracts fragrant o o s froem planis
A4, Alr Separatlon
= Produces liguld osygen, nitrogen, and argon fram ale, Gases have slightly different bolling pointy
[=183'C 1o = 19G°C)
S Water Murllieatlon
ot Memiaves Eu_l_.lll_lrﬂu_w'.m_mwﬂt:: Iot babnfiridlustrbos

bigg- S Ly L 0 - —— ————
—

CHROMATOGRAPHY

Chromatography B amethod wsed primarily for the separation of a sample of mixture,

I iwrhees the distribistion of a solute (mivture) between two phases:
() a stathspary phase 2

(1) a mslsibe plvase

Thee stativnary phase inay be a wolld or a lguid supported as a thin flm on the surface af an inert solid, The
mibibe phase Howing over the surface af the statlonary phase may be a gas or a lquid

Twwar types of Chromatography will be discussed here

) v Chromalograghy

(M) Adsiaption Chromatography

Differences between Adsorption and Partition Chromatography

Partitlon Chromatography Adsorption Chromatography

The chismatography In which the stationary | = The chromatography in which the stationary phase
b b R 1s callesd partition tI'lluln.uuHm'ﬂr,l is 3ol |5 called adsorption :hmm;luﬁrnph’f :

Iy s ype the substances Delng seporated are | = Inthis lype, a substance leaves the mobile phase 1o
disteibuted throughout both the stationary and become adsorbed on the surface of solid stallonary
il pluases phase.

B wamples

Examples

Pagrenn « eesmantoogtraplyy = Column chromatography
Gans iguidh ¢ hromatogiraphy = Thin layer chromatography
* Gas solid ehromatography

What lx the basle principle of paper chromatography? Glve lts three practical life applications.

Papor Chromatography

e Paper chromatography is o type of partition chromatography.

Statlonary and moblle phases In paper chromatography:

= The entrapped water incellulose lbers ol paper is statlonary phase and mobile phase which passes over
the paper are ivmiseible, the mobile phose s asoally an organic liguid.

Types of Paper Chromatography:

&= There are three common ways of carrying out paper chromategraphy namely;
(1) ascending (1] desconding {Hii) radial/circular,

*  Onlythe ascending type will be discussed here, I this technbque, the solvent travels upwards by capillary
aution

I
i
I
I
I
I
I
I
I
'
I
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procedure of Ascending Paper Chromatography:
A salvent  mixture, speclally  composed  in
sccordance With the sample 1o be separated, s
ped into the chromatographic tank Figure,
gaver  the tank 1o homogeniee ils  inner
simosphere.  Take about 20 om swip of
whatmann's chromatographic paper Mo. 1 and
drawon it a thin pencil line about 2.5 cm from one
end. Spot @ point, on the pencil line, with the
sample  mixture  solution.  To  facilitate
igentification of the components of the mixture,
spatsalthe 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
sphvent mixture 1o a depth of 56 mm. Cover the
rank. As the solvent front passes the spots, the
solutes  begin 1o move upward. Dilferent
companents 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
allgw the strip to dry,

8

Figure: Ascending and Dewcending Paper Chromatography
s Locating Agents for Colorless Substances
Once the paper is dried, the pattern on the paper is called a chromatogram. The differant components of
the mixture, if coloured, can visually be identified. I colaurless, the chromatogram has o 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 1o see of
under the light of a UY lamp. The spots lock coloured under UV light. Alternatively, a locating agent like
pintydrin can be used to locale the spots,
Locating Agent: Alocating agent is generally a chemical that reacts with the colourless substances e aming
atids Lo give coloured products that are visible Tor inspection.

= Use of Retardation Factor

tach component has a specific retardation factor called R, value. The R value
s gieen by:
_ Distance travelled by a component from the original spot e
"7 Distance travelled by salvent from the orlginal spat :
With reference to Figure the chromatogram shows that the sample A contains o _8__
both components B and C. The Ry values for Band Caregivenby. | £l _______ I
¥ A B C
R (B) == Figare 15.10;
: Chromatogram
L2 i

Use/SigniNicance of Paper Chromatography:
* Paper chromatography is a convenient way of checking il a substance formed in a chemical reaction &5
pufe or impure using a sultable solvent in which the substance dissolves.
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]
* A pure substance produces one spot on the chramalogram @ interosting Inform
while an impure subslance produces more than ene spol o 9 atlon)
Whalsaann Idler pager which are uted iy,
= A paper chromatogram can also be wsed to identily papes  (hiamalography e made (i,
subistances by comparing them with kingwn samples of pure | ipeciatly  selected  cotton L1
substances, wWhiatrmanas's Nifled peaped Moo 1 K ke fig,
P prnlualmm wivid @0 Bas P"‘fdhm-,
o Two substances are likely to be identical have the same 1y vetentian and mediim Taw tate. 1t pors g,
wiluey i 01 e
Lxplanation of Chromatogram:
In this chromatogram shown in Figure, the impure substance has @
two components present In it corresponding to two coloured : HEME"
wpols it has shown The spots In the impure substance have | 10. Which ﬂ.:n:** mm'ﬂl W oused g | |
I
travelled the same distance as the reference’s pure compounds. m':w_:‘:: substances In pupyr
The B value i always the same for a particular substance Il we ap bobeent Ttam b} Revalue
use the same stationary phase and the same mobile phase. €] Residue d) Filrate |
> Applications of Paper C nto —

; ] Quick cHECK 15.4 g
! a}  Onwhich basis the components of a mixture are separated from one another In paper chromatography? !
| Ans. In paper chromatography, components of a mixtore are separated based on thelr dilferential affinities for |
' the two phases involved: i
! 1. Statlonary Phase: |
I *  Waler molecules bound 1o cellulose fibers in the paper [palar/lwdraphilic). i
' *  Polar compounds interact strongly (slow movemint), "
| 2. Moabile Phase: |
i = Solvent (e, ethanol, acetone) moving via capiilary actlon fl
' *  MNon-polar compounds dissolve better in the solvent (fast movement). ‘
| b)  What are the statlonary and moblle phases In paper chromatography? |
i' 3. In paper chromatography, the two phases are: i
i 1. Stationary Phase :
| *  Material: Cellulose fibers in the filler paper + adsorbed water (solvent). |
i = Role: Acts as a polarfhydrophilic layer, Polar compounds bind to it {slow movement). 1
' 2. Moblle Phase !
| *  Material: Organic solvent or solvent migture (e.g., ethanel, acetane, water-methanol). |
' *  Aole: Moves via capiltary action, carrying dissohved compounds. Non-palar compounds travel 1
! faster with it. !
l How the purity of a substance Is determined by using paper chromatography? |
i Ans. Procedure to determine the purlty of a substance using paper chromatography: 11
| 1. Spotthe Sample: |
i = ppply a small drop of the substance on the chromatography paper, i
i 2. Develop the Chromatogram: ]
I |

— e — e ——— i —

L The techniques of chromatography are very uselel in organic synthesis for separation, lolation any
purification of the products

I They are cqually important in qualitative and quantitative analyses and lor determination of the Purity
of a substance

lil. Chromatography is 15 very wseful for identifying complicated chemicals such as dyes, drugs .'md paﬂmd“

®  jmmerse the paper in a solvent {moblle phase), Allow the salvent to rise via uplﬂlﬂr acunn

— . — S S S — S —
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T gy = i = = -
—— o — o — —

= =73.” Analyze the Results:

!. +  Pure Substance: Forms a single spot (all molecules have identical Pu values) !
| «  Impure Substance; Shows multiple spots (each spot = & dillerent campanent) I
i 4. Compare Ry Values: i
i Caleulate :
| « Ry=Distance traveled by spot (Distance (ravelled by sobvent) - |
k e Pure compounds have a eansistent Ry, impurities show adddbanal spots with different B, :
! + Single spotl = High purity. !
| «  Multiple spots = Contaminants present. 1
' l
I I

«  Confirmation: Hepeat with dillerent sobaents Tos reliabilitg,

- — e e —— i ————— i — -

HOW TO CHECK THE PURITY OF THE PRODUCT?

To Purily Compounds:

separate methods are applied to purify compounds if they enst in liquid or solid states under normal conditions
Liquids are generally purifled by distilling them at normal pressure or under vacuum. Purity of liguds can be
checked by comparing their boiling points with those mentioned in the lMerature

preparation of Aspirin: Aspirin |3 prepared by reacting salicylic acid with an escess of acetic anhydride in the
presence of 4 few drops of concentraled H;S04. Aspirin ls @ very impartant analgesic and antipyretic

After the reactlon is over, water is added in the reaction misture Lo precipilate gut asginn. The midure & then
filtered 1o get npinn H a crude pmdul:t Il is lhcrl crystallized in water as polar solvent

teicom @ Rack Your Mind!
. e
11, Whal trpa ol ivaction i invehed s
Sakeyle Acid Haol mms:l:,rn:.md the pynihens of Aspirin?

I Aspirin abtalned in the above process may bn mined with the unreacted starting material, salcylic aod
Ta Check Whether the Product s Pure or Impure:
One way of assessing the purity is its melting point is determined. If the product melts sharply, &g Salicylic
Acld mels at 136°C then the product is considered as pure. Il the product shows a melting point which i
not sharp Le. it melts within a range of temperature, it means it 13 an impure product.

it.  Other way of checking the purity of the product is to get the mixed melting point. In such a case the product
is mised with a pure sample of aspirin and the melting point is then determined. If it sull shows a sharp
melting point then it is a pure product.

. Another way of checking the purity of aspirin is 1o run papet chmmlusfiﬂh'r of this sample akang with the

[ﬂ] QUICK CHECK 15.5

a) How due: melting point of a substance Indicate its purity?
Ans. The meliing point indicates purity as follows:
1. Pure Substance:
Melts at a sharp, specific temperature IE .. pure aspirin meits ar 135'C)
2. Impure Substance:

B et ek —

* Melts over a broader, lower range (e.g., 120-130"C) due to disrupted crystal structure

! b) Which technigue [Nitration, crystalllzation and distlilation) Is suftable for the separation of the
I following mixktures?

i I} Petroleum and water 1] MaCland NaNO,

| _lil)_ activated charcoal and sodium chloride _ _ Iv) __ Methanal, ethanal and pro B

e L
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' |
i i} Petreleum and water \
! = Technigue: Separating funmel [immiscible liguids) or decantalon |
| = Petroleum {non-polar) and water [polar) Torm datinet layers '
- i) NaCLand NaNO, |
| * Technlgque: Fractional crystallization i
! = Differing solubilines in water allow selective erystallization (e.g, NaNO, crystallizes first on cosling), |
| i) Activated charcoal and sedium chioride |
i =  Technlgue: Filtration [charcoal s insoluble) !
A = Charcoal particles are trapped on filter paper; HaCl solution passes through |
| iw) Methanol, ethanol, and propanal .
' = Technigue: Fractional distiltation !
| = Their boiling points (methanal 65°C, ethanol 78°C, propanol: 97°C) are close but separable vj 5 |
- fractianating column i
_______________________ e S | S ||
((( Solution File @ Rack Your Brain! }
Sr.® | Option Explanation
Filtration is a method used to separate an insoluble sehd from 2 iquid by passing the mikture
L s.q through filter paper.
# The solid trapped on filter paper is called residue.
& The lquid passing through is called Altrate.
2. B Residue 15 the insoluble solid particles trapped on the filter paper during filtration. =
a, sa Parosiies means pore sizes. it bs related to porosity which is a measure of empty spaces within
a gold materal
4. A Porosity is commanly used, Porosity i5 the measure of void spaces (pores) in a material,
The rate of filtration through conlcal 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 fan 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.
& B Rate of filtration can be increased by using Suction fask an instrument used for vacuum |
filtration.
7 o Gooch crucible is made of porcelain having a perforated bottom which is covered with paper
= pulp or a filler paper cut 1o its size.
8. sqa Crystallization separates pure solid crystals Irem impurities. The impure solid is dissolved in
hot solvent; upon coaling, pure erystals form and can be eollected by filtration.
9. 5.0 See Topic Choice of a Solvent (Properties or Charactenistics of an Ideal Solvent).
10. 8 Re walue helps compare the movement of an unknawn substance with known substances for
identification,
11. 5.0 Esterification {See Reaction in synthesls of Aspirin)

L > Exercise L

MULTIPLE CHOICE QUESTIONS (MCQs)

.1 Four cholces are given for each question. Select the correct cholce.

After the crystals are formed, they are typlcally separated from the mother liquor by:

a) Evaporation
¢} Sublimation

b} Decantation or filtration
d) Distillation

.cﬂum B CHEMISTRY 111~
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The comparative rates at which the solutes move in paper chromatography depend on:

a) The size of filter paper B} P values of salutes

¢} Temperature d} Size of the chramatagraphic jar

The method that can be used to separate two solid compounds with different solubllities in a selvent iy
a) Distillation b) isolation ) Crystallitation d) Filtration

it s suspected that a hand-written legal document has been changed by over writing mm:mm figures.
which technique you will use to check the Inks used at suspected places?

a) Distiliation b} Chromatography €] Selvent Extraction

In chromatography, the components of the misture are separated based on:
a) Their malecular masses

b) The interaction of the components with stationary as well as mobie phone - w

¢) The type of salvent 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 ¢} Filter medium d} Scheent

The key difference between simple distillation and fractional distiltation is the presence of &

a) Condenser with a larger surface area. b) More powerful heat source

¢) Fractionating calumn. d) Vacuum pump

The essential reguirement for separating two liguids by simple distillation ls that thelr bailing paints
should differ by at least:

2) 5% b} 10°C

d} Crystaflization

€] I5°C d} 50°C

Answer Kgy with Explinations

sr.No. | Option Answer | Explanation
= After crystallization, crystals are separated from the
I b Decantation or filtration maother liguor (solution) by filtration (using fiter paper)
or decantation [pouring off the liguid)
* In paper chromatography, solute movement depends on R
1. b Ri values of solutes (retardation factor], which is specific 1o each compound's
alfinity forthe stationary,/mobile phases
s Crystallization exploits differences in solubiiity 1o teparate
. [ Crystallization solids. The less soluble compaund crystallizes first, while
the other remains in solution
= Chromatography leg, TWC or HPLL) can  distinguish
. b Chromatography between inks by separating thewr components based gn
differing chemical properties
The interaction of the s Separation occurs due to  differential affinity of
b components with gomponents for the stationary phase {e.g., filter paper) vi
w stationary as well as mabile the maobile phase [solent)
phone
. # The filier medium [eg. filter paper, sintered glass) trags
o ¥ e solids while allowing lguids [filtrate] to pass through
# Fractional distillation uses a fractionating column 1o
Wil. c Fractionating column provide multiple vaponzation condensabion  cycles,
Improving separation of lsqueds with tlose boiling paints
s Simple distillation requires a minimum 25°C difference in
Wil c 25°C boiling points for effective separation. Smaller ditferences
need fractional dstillation
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chnique,
- SHORT ANSWER QUESTIONS -

Q.2 Attempt the following short-answer questions:

2,  Why is there a need to crystallize a crude product?

Ans. The preparation of chemical compounds usually alfords a crude product. The crude product may conpgn
soluble and insaluble impunities. Insoluble impurities are removed by filtration while soluble Impunities are
removed by crystallization process Crystallization also gives a definite geometnical shape 1o the crystalg of
the crude product. 50 in order to gel pure product in the form af crystals there is 3 need 10 crystallize (h,
crude product

b.  ‘What Is the function of NMuted Nilter papor?
Ani. The function of fluted filter paper is to Increase the filtration efficlency by providing a larger surface argy
and faster flow rate compared 1o flat filter paper
Functlons [Features):
1. Faster Filtration
= The futed |folded) design creates channels for the liguid te flaw through, reducing clogging ang
tpeethng up the progess
2. Increased Surface Area
= Maore folds = more contact paints for sollds to collect, preventing premature blockage.
3. Better Alrflow
*  Gaps between folds allow air to escape, preventing pressure buildup that can slow fiitration.

—

——

€ Whiat is the difference between a Gooch eruclble and sintered glass crucible? r=r
Ans. Feature Gooch Crucible Sintered Glass Crucible
Material Porcelain or silica, lined | Made entirely of fused glass with poroys
with asbestos/plass fiber mat frit.
Parosity Adjustable (depands on mat used). Fized porosity. =
Use Case Filtering fine/gelatnous Filtering fine to coarse precipitates [e.g. |

precipitates (e.p., BaS0.), Agcl)
High {can be ignited/dried at high temps) | Moderate [may crack with rapid temp changes] |

Heat Resistance

Chemical Resists acids/bases ([depends on mat). | Resists most acids (except HF) but ngg
Resistance strong alkalls.

Cleaning Mal must be replaced; crucible reused, | Reusable; cleaned with acids or sobvents,
Typlcal Setup Used with vacuum filtration Used with vacuum or gravity filtration,

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

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

e What ks function of fractionating column during fractional distillation?

Ans. The fractionating column in fractional . distillation provides multiple vaporization-condensation i-‘ﬂT.'i.'
enhancing separation of liquids withclose boding points by increasing surface  area for selecthve
condensation of higher-boiling components.

#+ Improves purity by allowing repeated condensation and re-vaporization.
= Enables separation of mixtures (e.g., crude oil into gasoline, kerosene, etc.).

1. What is the stationary phase in the paper chromatography?

Ans. In paper chromatography, the stationary phase 15 the water molecules adsorbed (bound) onto the cellulose
fibers of the filter paper,
1. Compositlon:
= Cellulose [paper) + bound water [from humidity or solvent).
#=  Acts as a polar hydrophilic layer.
Z.  Function:
= Interacts with analytes via hydrogen bonding and dipole forces.
=  Polar compounds bind mare strongly, moving slower; non-polar compounds move faster,

"Hul-ll & CHEMISTRY (11 , -

e
.-“"m-d;-w_ll happen d“"“ paper ":h"ﬂmml-"lﬂh"r If the tomponents of the misture have a comparakle
¥ araction for the stationary phase?
.-""&-E;?DT“W“'"“ of a muxture have comparable attraction for the stationary phase in pApET Chromatograghy
[ 4. Poor Separation:
s Components wiill travel at simllar rates, staying close together on the paper.
2. Overlapping Spots:
« Bands/spots may merge, making it difficult 1o distinguish indreidual compounds
Low Resolution:
« Ryvalues {retention Tactors) will be nearly Identical
galution:
ge a diffefent mobile phase or madify the stationary phase (e, polar/non-poler solents) 1o alter affindes.

:ﬂ""ﬁﬁ,u meant by the term "developing the chramatogram® in paper chromatograghy?
~—peveloping the chromatogram” in paper chromatography refers to the process of allowing the maobile
o phase (solvent) to migrate up the paper, separating the mirlure’s companents based on theie differential
aifinitias lor the stationary [paper] and mobile phases.
jmportant Points:
s Solvent Mevement; The mobile phase travels along the paper via capillary action
« Separation: Companents partition between the stationary (cellulose fwater] and mobite phases, forming
distinct spots/bands.
« Completion: The process stops when the salvent front nears the top of the paper.
r-'w_h;t_h the baslc principle of paper chromatography?
ﬁ;ﬂ: principle of paper chromatography is differential partitioning of components between two phases
« Stationary phase: Water-bound cellulose fibers in the paper (polarfhydrophilic)

« Mobile phase: Solvent (e.g., ethanol, water) moving via capillary action.
—

Wiy water is not generally used as a solvent In paper chromatography?
L—JM- Water 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 1o high palarity.

L Differentiate between adsorption and partition chromatography.
‘ans. See (Differences between Adsorption and Panition Chromatography) (Already Answered above)

S

L How can you check the purity of 3 compound with the help of paper chromatography?
Ang. To check the purity of a compound using paper chromatography:
1. FRun the Sample:
+ Spot the compound on chromatography paper and develop it with a suitable sobent.
1. Analyre 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 Ry (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
putity of the sampla?
Ana, Purity of Glucosarone:
1. Melting Point Test:
Compare observed melting point with literature value {sharp range = pure},
1. T.C[Thin-Layer Chromatography):
Spot on silica plate, develop solvent — single spot confirms purnty.
3. HPLC or NMR (if available):
Sharp peaks in HPLC/NMR spectra indicate purity.
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DESCRIPTIVE QUESTIONS

p1.3
0.3 Dillerenilate simple distilation snd Teaetiansl distillation in comnioaetban anid Heatlom,
Ane., See et i Cloick Cheek 1% 3 (s

Q.4 Deseilbe the eriterlon 1o chooie e sullable solvent in the procsss ol erpatsllization? e
Ani, See Fagn Mo, [a94)

1.5  What s the haske principle of gaper chromatagraphyF Glve s thees practical s
Ans, Ses Page No, (498)

1. Branch of chemlitry that deals with the complete qualitative and quantstive analysls of 8 subilancs §y,
LA T e T I Phgsical ehegmistey € Analytacal e hernistng L1 Chuantunn ehemigyy

- Identification of the camponents of @ tample i
A Quantitative analyuis 0 Qualitslive analysis €. Sinlchismeing {3, Phgsdial ¢ hernigipy
3. Which of the following technigus |s uted for the wparmlon of insalubls particles from logulde?
A Filtration B Ergutallizaticn €. Snlvent oatraclion I3, Chrematgraphyg
A, The technigue used (o wwparsts components of mieturs In solid phaws.
A Crystalliration 15 Filtration €. Subilimation

5. The solid which s loft over the fliter paper as a resuli of Titration:

ADDITIONAL SLOs BASED MCQs

10, Sesbamnid welfad Vi

&, Fillrate 5. Mesbdue L. Frecipiate I3 MAathed Lieguicsr
6. Salection of lilter paper depends on slie of particles to be:
A Filteied B Diriedd £ Deculaiiied [}, Dneanied

7. Fluted filtsr paper iy uied to:
A Filter hot solution 18, Avenaiel precrature coystallization
C. Increase the rate of lillration . Deermase the area
.  NaCl and sand can be separatod by one of the following technlgues;
A Farmation ol solulbon and fillration
B Farmation of solution and evaparastbon without lileation
- Subilimation 1, Chrormatgragleg
9, Slee ol Niter paper | selected according to the amount of:
A Solution 0. Insatubile solute C. Saluble solure
10, Without suctlon pump, filtration bs;
A Fast process B Shevws proseess €, Rapidd process
11, Rate of lltration can be Increased by applylng gemile suctlon:
A Goach crucibile . Filter paper C. Slntered erucible
12, The solution remalnlng alter the formation of crystals ls called:
A Mother liguor B Dt selutian C. fosidie
13, Separatlon of a solld from Its hot saturated solutlon by cooling ls called:
A Vapourization 1, Stalve=nt eebracbion C. Fillration
14, Safe and the most rellable method of drylng erystals ls through:
A Tiler paper B Vacuum deslecatiors © Gven [ Mone of these
15. Inorder to have good cryitals of a substance the temperature of the system at the time of preparation of
solutlon should be:
A Around 0°C i, Around oo emperatine
. Sufficiently more than raom temperature 0, Just abeve the foam temperalure

[, ftalermil

L Al are possibile

0, A1 ol e abareges
[r. et A aned "1

1 Crystallication

1.C 2.0 3. A 4. C S. 0 . A 7. C B A 9.8 10, i 11. D 12, A

13.D i4.0 15. €
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! e are wepataterd o Dhe Latis ol Ve pielgt s

(hagematigtagded

_...--""m":,_d; ot reherstane beg Vi boern, “cbienrmatngranm ¢
Tre firiihe #) driad paper with the eidered Lands e pacieeas erer [Ty
|§\.lﬁ”"'""z"‘#lll wrfarirreEnl, i Calied] £ lireen gt A

WM intating agent f
lgurﬂw”“'m" al reage it wbi b vs sgitagped san b ey L T P T e e ——"

Cd sghaslaneEs s callee] botatirgt emagnnt, s M5 Fdsanis e s

ﬁ": analytical ehemistiy,

,..--—m. e rnisteg:
“re Bwarithy il rhm!.l';.lrf wehise by limaly wwithy thie Fhasine al E A A e trasaStateme ared tiosnrr it atise
analyait] ol a caengeaired i Called analical e b, *

datarame Ve isppus] pgreme s go's orivg e
allinitany boir ghapningey pea) veasia pranms 5 4 gl

ol & e e &

a3 How ehernieal charactaripation ol § compgound is dons?
wirite duwn major sieps Ireetalamdd iny cosrriplete spartibatloe analysis
Wm}ur Slapa:
Frilleaning rrajor siEps are pesessary Tor complets fuard ity atvabpie ol @ ceengee e
" Lkt airierig, & sarnisle ler arihgees (i) Segiaratioon o thar detiper] frnors et
[is) Mmatdentien and) caleulatioon of results (i) Livarpistig eruredigsiney Trean thae aradpii
"'ﬂ‘ ity fluted filter paper 1o used Tor greator rate of lilratlan than sardirary come liter pagee?
E_Fm‘ Filter Faper:
The rate of Titvation thieugh tanical funnel can be cnnsdinably ionrmased by usng Ttedd fiter pages Fre
pregaraten el sk i g doretinuary iter geageer 15 fridec in sieb a W bt @ 14 Ler arcar geermes st h atet e
rhepatinre aned depeessiceng ab warigas Iededy i altared in thig aeing, v i reae Vhe srlare area o ines pases
aaresull, the rate of Tteavian bef Nuted T0ler fagae insreass as coonpatad o ooy Tier geages
07 listuss Telding of filter paper beletly,
Fra. Folding of Filter Paper:
T Pralelirsge of filter gragerr b5 drngrartant andd folbs wirigl peaants ahialed e et an prond
s The pager sheeuld b Telded tasice, Tho first frld sheald be along the dupmeter of e cper The s
Tedtd shiabed bete Sadehn thiat Vhee eddpe s tdes pordt eguiter pratel
»  The papet shtuld be Gperreed on the dighitly Lirger seetion, This prerndes & core st themelnie] otrres
bl vy aresared el fatie Thickeress the Gther hall sy arvaned antd an ages arge sory sSlgpthy greates tree B
& The paper rnay Lhen be inserted inte B8 Tunnel, mosstened with water an firrmdy presssd dewn

Bt o bt Foud ol el i P

ey w [ T
sna g ahap B ]

08 How saturated solutlon for erystallication can be pregared?

Ay, Preparation of the Saturated Selullon:
Alver weinching a suitabide wbaal, the sutstance i3 then desolerd in & minimarn amaunt of saheem and o
heated dareetly or an a svater Bath with constant stirnng
B rrgre sedaent 16 thee baling solution i1 necessary until all the solute has desthed




