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Raoult’s Law

Pvap = (Xliq) Povap

Mole fraction

(A 9all sl

Dalton’s Law

Ptotal T Pvap(a) L Pvap(b)
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Ideal Gas Law
PV = nRT

Py ")

- X(a)

p(total) n(total)
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Boiling a Binary Mixture

. = Toluene
P°, ..=300torr

Pvap = (y.liq) Povap

P,.,=(0.5) *300torr 80 mol %

P,.,=150torr Benzene

. = Benzene

P°,.,= 1200 torr

Pvap — (Zliq) povap
P,., = (0.5) * 1200 torr
P =600 torr

vap

(Zvap) — Pvap /Ptotal
(/vap) = 600 torr/750torr
(/vap) = 0.80 = 80 mol%
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The Liquid-Vapor Composition
Plot

. = Toluene
P° ..=300torr

Pvap = (y.liq) Povap
P..,=(0.5) *300 torr
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Vapor
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Liquid
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P = 600 torr

vap

100% 80% 50%
(ivap) = Pyap/Protar mol % Benzene
(/vap) = 600 torr/750torr

(/vap) = 0.80 = 80 mol%
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The Liquid-Vapor Composition
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Thermometer

Fractionating
Caolumn

Round-bottom
flask

_I_ Bunsen burner

il

Water out

Water in
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One people can operate this machine easily.
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water and sand can be

separated by filtration What about
mixtures of only
% small molecules?
-
e wf)ir"tdfit

water can
go through
the filter
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we Wwill rely on
solubility and
reactivity

Physical properties & Chemical properties

A Technik to use this is called
extraction




sodium chloride cholesterol

mixture



sodium chloride cholesterol

4

ionic compound steroid (lipid)
water soluble water insoluble

ether soluble



water ether




separatory funnel

the solvents
are immiscible

increasing

density /
- aqueous layer
Y (water + NaCl)

organic layer
(ether + cholesterol)




evaporate the solvents

sodium
> cholesterol
chloride
Temperature Speed

Rpm \\\\\\\\ln//,/// o

O Wil |”I/ °
\\\\\ ///// c N 7/
On/Off

On/Off
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4-chloroaniline benzoic acid 1,4-dibromobenzene

NH, Q Br
)9 o T
ClI Br

these compounds have similar solubilities

72



4-chloroaniline

Cl

organic layer

ether
benzoic acid
1,4-dibromobenzene

il s
aqueous layer

water
4-chloroaniline salt

this compound is
now water soluble
(ion-dipole interactions)
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Mikhail Tswett

Russian Botanist
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Chroma means “color” and
graphein means to “write”
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Classification of Chromatography

Satal) jelall L_84da
1- Liquid chromatography: mobile phase is a

liquid, (LLC, LSC). Jilu &l e sk

2- Gas chromatography : mobile phase is a gas,

(GSC, GLC). & & jaia ok
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Classification of Chromatography

cﬂ,am‘ JJH\M\J,\.E

1- Thin layer chromatography (TLC) 4&d )l 4akall (sl ja il S @ the
stationary phase is a thin layer supported on glass, plastic or aluminium
plates. ¢hala ) dsy pd e aiie da WLl (e 488 ) dida e 3 ke GO ) shall
oot gall gl it

2- Paper chromatography (PC) 3,5l <) > sl S : the stationary phase

is a thin film of liquid supported on an inert support.

3- Column chromatography (CC) 2s«xll dl a 53l s S : stationary phase is

packed in a glass column.als ) 2see 8 dda Ja ha (e 3 ke QU Ghall
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Thin Layer Chromatography (TLC)
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Thin Layer Chromatography (TLC)

LS yal) B gl JLIR) g A8 jral 4Byl A
Is a method for identifying substances and
testing the purity of compounds.

s TLC is a useful technique because it is relatively

quick and requires small quantities of material.

u.n\daoJM&_\thGj;\ Ch;_\)'—\.zﬁjul.@;y oAASAM,)).L: o
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Thin Layer Chromatography (TLC)

u—*—*)—‘s‘ ji uuduwu\jsﬁjﬂj&@)yulgTLCLéj al) 4l .

Separations in TLC involve distributing a mixture of two or more substances
between a stationary phase and a mobile phase.

ol olane 48 ol daala ) Axg b ge 5oke oS Wle il 5kl
Ll 5 (GorF) da

» The stationary phase: is a thin layer of adsorbent (usually silica gel (G or
F) or alumina) coated on a plate.

dza SDla Cull J#\&Lé);lad.\uusa)hc UJS.\@J);.\AJ\ )}H\>
Ao i all 45 <l 2 gall

» The mobile phase: is a developing liquid which travels up the stationary
phase, carrying the samples with it.
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Thin Layer Chromatography (TLC)

Components of the samples will separate on the

stationary phase according to

how much they adsorb on the stationary
phase versus how much they dissolve in

the mobile phase.



Thin Layer Chromatography (TLC)
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Thin Layer Chromatography (TLC)

Cover
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Applying the TLC

Jaaall 8 QIS 5 5 yulaall b Jocadilly Loa i s ulee & ghadl) o3

Step 1: Preparing the Chamber

» To a jar add enough of the appropriate developing liquid

so that itis 0.5to 1 cm deep in the bottom of the jar.

» Close the jar tightly, and let it stand for about 10 minutes
so that the atmosphere in the jar becomes saturated

with solvent.
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Applying the TLC
Step 2: Preparing the stationary phase

A) Prepare the TLC plate:
Mix:
Adsorbent

Small amount of an inert binder (CaSO,. 0.5H,0)
Water (solvent)

Spread a thin layer (no more than a few mm) of the mixture on
plate

After the plate is dried, it is activated by heating in an oven for
approximately 30 minutes at 110°C
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Applying the TLC
Step 2: Preparing the stationary phase

A) Prepare the TLC plate:

TLC plates are also commercially prepared

and can be purchased ready for use.

B) Draw a line of origin approximately 0.5 cm

from the bottom of the filter paper.

C) Indicate where each sample will be added.
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Applying the TLC
Step 3: Spotting the samples

» If the sample isn’t in solution, dissolve it

inan appropriate solvent.

» Spot a small amount of sample onto the
plate. Make sure the sample spot is dry

before continuing.
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Applying the TLC

Step 4: Developing the chromatograms

» When the sample spot has

dried, the TLC plate is placed "athgass

%

into the chamber containing the

solvent.

thin layer chrormatography -
plate

» It is important that the sample

pendl line -

spot is above the level of the \P

solvent.
spot of mixture

-+ heaker

solvent
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Applying the TLC

Step 4: Developing the chromatograms

» Allow the solvent to rise until it almost reaches the top of
the plate.

» Remove the plate from the chamber and mark the position
of the solvent and front before it can evaporate.

» If the sample spots are visible, mark their positions.
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Applying the TLC
Step 5: Identify the spots and interpret the data

If the spots can be seen, outline them with a pencil.

If no spots are obvious, the most
common visualization technique is to
hold the plate under a UV lamp.

Many organic compounds can be seen
using this technique, and many
commercially made plates often contain
a substance which aids in the
visualization of compounds.
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Interpreting the Data

The R, (retention factor- 48ley) Jsle) value for each spot should be
calculated.

It is characteristic for any given compound on the same

stationary phase using the same mobile phase for development

of the plates.

- Sl Lgaday ) Aol . Fr
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solvent
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of
spot

97



Leanl ol o Bny S0 o8 G A R nd

dadAiiall Ol Yiaal) o

axaiiedl) cilydall AU o

Boloada )

daiaall dAall ASLau o

laaa ) o8 Al diall 33l 4aS o

oA A e (e Al @l i) 38 IS e Lalall caniall (e ()5S 38

OB Y g o el i )l oSG 28 (RF Al e Lagd lole llia ChilS 13 o
Sl i Ll ST Logd dalisa Rf 2 Lagd (jliale cilS 13) o



TLC Applications
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Advantages of TLC

Low cost

Short analysis time

Ease of sample preparation
All spots can be visualized

Uses small guantities of solvents
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