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The Boiing Poimt of an organic liqud is the
temperature at which the vapour & hquud phases
are In equilibrium at a given pressure. Or,

It 1s the temperature at which the hqud's vapour
pressure equals the atmospheric pressure over
thﬁ hqmd. Air pressure equals vapor pressure

The vapour pressure of R

Boiling

a compound is the pressure \,./'/7\ ,)',{‘ i
exerted by the compound’s i’ 1
vapour above compound’s S o
surface. iy

& =7




FACTORS AFFECTING THE B.P. OF A LIQUID :

1- Atmospheric pressure :
= Evaporation & N .Esiling f P
0
| pressure — | b.p. .‘ s ., }._‘. .; /:?' by \.{. \ /
1 pressure —1 b.p. |

Bubbles cannot form
since the vapor

pressire is less than
atmospheric pressure.

Bubbles can form and
rise sinca the vapor
Préssure can overcome
atmospheric pressure,

2- Molecular weight :

Boiling Points
For a homOIOgouS Number of (oC)
series of molecules, | Carbonsin | R—H R—CI | R—OH | R—COOH
R

™ mwt. = P b.p. 1 _160 24 65 101
2 89 12 78 118
J mwt. > Jd, b.p. 3 42 A7 97 141




3- Intermolecular forces :

A- Ionic compound :
In the liquid state the units of ionic compound Is ions.
Interionic forces :

Y . ) § ) f

Melting Boiling
801°C 4138 %

Solid state NaCl Liquid NaCl Gas
NaCl Crystals

A great deal of energy is required for a pair of oppositely
charged 1ons to break away from the hqud; So, boiling
occurs only at a very high temperature.



B- Non 1onic compound :

The units of a non -10nic compound 1s molecules, weak

intermolecular forces here :

a- intermolecular hydrogen bond :
Liquids whose molecules are held together by hydrogen

bonds are called

assoctated {.,rt/:ﬁ/ff S .

breaking these H-bonds
takes a considerable
energy.

Hydrogen bond H
H A . d
Ha!
\'C" ""Of" ;‘H CH3i—0—CHs
H
Ethanol Dimethyl ether
b.p. 78°C b.p.-23°C



D-cikiqobare dbpebBrbut8rasiiben. Toxcdse : attraction of
the

+ve end of one polar molecule for the - ve end of
another

H H
H

:
\/C - CV"H
H H

Ethane
molar mass 30.03 g/mol
m.p. -182.8°C
b.p. -88.5°C

e

.
H [ H
H

Flouromethane
molar mass 34.03 g/mol
m.p. -137.8°C
b.p. -78.4 °C

T
/C("'H
i

Methane

molar mass 16.04 g/mol
m.p. -182.5°C
b.p.-161.5°C

H



c- Vaw der waals forces:

Also called induced polarizations or induced dipoles have

a very short range act between portions of different non -
polar molecules that are in close contact, 1.e. , between the

surface of molecules.

CHs
CH;CH,CH,CH,CH; EH;EH;EiHEHg CH;CCH;
CH; CH;
Pentane 2-Methylbutane  2,2-Dimethylpropane
b.p. 36°C b.p. 28°C bp.9

| Branching of molecule — t S.A. = t Van der Waals — t b.

t Branching of molecule — | S.A. — | Van der Waals — | b.



4- mmtramolecular hydrogen bond:
It's much more important than an intermolecular H - bond in
determining the properties of the molecule.

N
w'&'}g C’H‘

@
N
@ |
f:?Na O QF
2-Nitrophenol 3-Nitrophenol 4-Nitrophenol
bp.215°C b.p. 263°C b.p. 279°C
5 1
7 ”\H .| mtramolecular H-bond | Thus, there are no strong
- | o/ Lo | prevents an intermole. | intermolecular forces to
|| . H-bond from forming. | be overcome in going
= from the liquid phase to
2-Nitrophenol

the gas phase.



5- Branching:
In homologous series, with 1n the same molecular weight, as

1 branchingof — | b.p. & vice

vers
the molecule :
OH
NN >< /\/\/OH \/K/

Name Pentane 2,2-Dimethylpropane 1-Pentanol 3-Pentanol
Ch. formula CsHi2 CsHi2 CsH120 CsH120
Molar mass 72.13 g/mol 72.15 g/mol 88.15 g/mol 88.15 g/mol
m.p. -180.5°¢C 291,76 -78°C -63.7 °C
b.p. 36 °C 9°C 137 °C 115°C

6- Presence of impurities :

Pure liquids have sharp b.p. while mixtures show a b.p. range.
Presence of impurities raises the boiling point of a particular
liquid.



System A
In syvstem A, the liquid particles easv
shift into the gas phase at the normal
boiling pressure. There are no
obstacles for the liquid particles as
there is in System B.

System B

In svstem B. the solute particles prevent
the liquid particles from escaping the
svstem to turn into gas. This requires
the liquids to possess more energy to
become a gas.



Adding salt to water
will increase the temp.
at which it boils.




Nuwwmber of Experiment: 11
Nawme of Experiment: Determination of the Boiling

point of an unknown sample.
Al of Experiment:
1 - Identification of an unknown cpd. using it's b.p.
2- Determination of purity of a cpd. using b.p. as a physical
property.
Procedure:

I-A b cm capillary tube closed from one end i1s inverted
upside down & 1s attached to a thermometer by a rubber
ring.

2- Place them 1n a clean & dry test tube containing a small
quantity of a iquid whose boiling point 1s to be measured,
the rubber ring should be above the surface of the hiquid.



3-The whole assembly is to be placed in an oil bath.
4- Start heating with

continuous Sstirring clamp ,  Thermometer
until a rapid stream \ / yd
of bubbles comes

out of the capillary

_Closed end

R L TR

Test tube

tube. e 2 AN | e
5- Remove the flame " /1/
& allow the oil bath '

to cool so that the
bubble stream will become slower and slower as
the temperature drops until a point is reached at
which bubbling ceases & the liquid starts to raise
inside the capillary tube.

6- Record this temperature as the b.p. of the liquid.



Distillation
It 1s a process of separation & purification of hquid organic
cpd.s by selective evaporation & condensation.
It may result in complete separation ( nearly pure ) , or ,a
partial separation that increase the concentration of selected
cpd. of the mixture.

The temp . at which a °© % | varo
liquid distills is a definite ° by e

value at a given pressure ,
for every.p.ure o::gamc cpd — ——
called bOlllng pOInt. Fewer molecules More molecules

in vapor in vapor

LIQUID




Alm of the Distillation:

1- Purification of liquid organic cpd.

2- Determination of the boiling point.

3- Separation of liquid organic substances from
each other or from a non-volatile solid cpd.s

Types of distillation:
1- Simple distillation.

2- Vacuum distillation.

3- Steam distillation.

4- Fractional distillation.

5- Reflex.




Simple Distillation:

In simple distillation the vapor is immediately channeled
mto a condenser, so the distillate 1s 1dentical to the
composition of the vapors at the given temp. & pressure.
That concentration follows Raoult's law.

It 1s effective as purification process when,

1- The hqud bp.s differ
greatly ( 25 °C).

2- Separating liquids from
non-volatile sohds or oils

For these cases,

the vapor pressure of the

components is different

enough that the distillate

may be su

ficiently pure for it's intended purpose.



Vacuum Distillation:

Some cpd.s have very high b.p.s or unstable to heat. To boil
such cpds it 1s better to lower the pressure at which such cpds
are boiled instead of increasing the temp. Once the pressure
1s lowered to the vapor pressure of the cpd , at a given temp.,
boiling & the rest of the distillation process can commence.
This technique is referred to as vacuum distillation.

Thermometer

Hot

water out

" Distilling flask

containing the sample



To vacuum

59 Condenser
release &« / ‘
' \ Motor

pressure meter

cooling water
connections
Receiving Sample
flask flask

adjustment

Water bth heater



Steam Distillation:
This method 1s used for the separation of water immiscible

compound of low volatility from non- volatile tarry products
which are formed as by-products in many reactions.

Vacuum

Compound and boiling
water

Wire gauze



Fractional Distillation:

It 1s used to separate mixtures in which the components have
boiling points that differ by only a few degrees, by employing

a fractionating column in the distillation apparatus.

So, fractional distillation 1s a process of collecting separate
fractions according to controlled boiling ranges during the

distillation of a mixture of substances.

e

Thermometer

Waler out

-\_"-—\_._\_\__ r
= |
'=--?f:f;1?h:;;I'__ .
Fractionating st
column

.

Alcohol and Cold water

water

Fractional Distiflation

_“"f_ff:::z:'-%\
|
Alcohol -

e






Reflex Distillation:

Reflex 1s a distillation technique mvolves
the condensation of vapors & the return
of this condensate to the system from
which 1t onginated.

This method 1s used to keep or prevent
the reactants from loss by evaporation
during a reaction.




Azeotropic mixture:

Azeotropic, a constant boiling, mixture 1s a mixture of two
or more hquids whose proportions cannot be altered by
simple distillation.

This happens because when an azeotrope is boiled, the
vapor pressure has the same proportions of constituents as
the unboiled mixture.
For exa mpLgL

95% Ethyl alcohol &
5% water produce an
Azeotropic mixture,
which boils at 78.15 °C. e

Ethanol, Benzene and o 0%

ethanol % by mass ethanol
100% 0%

Water azeotrope boils e 0%
at 64.9 oc. 059% Ethanol

boiling point boiling point

100°C

YAPOUr Compositon

liquic! corm position




Nawme of experiment: SIMPLE DISTILLATION
Alm Of e)q:erl mewt: Punification of Ethanol
Procedure:

Put 100 ml of ethanol in a boiling flask.

Add 2-3 pieces of boiling chips.

Start the water running slowly through the condenser.

Heat until boiling.

Adjust the temperature so that distillabon proceeds at 2-3
drops per second. Discard the first 2-3 ml of the distillate.

Continue distillation untl you collect 30-60 ml.

Record the boiling point of your hquud, Ethanol.



Discussion & Notes:

% Pue cpd.s distill over a very narrow range of temp.

% The b.p. 1s affected by impurities; some may increase the
b.p.s, others may decrease it & some may not affect it.

% Usually the 1st few milliliters of the distillate contain water
or volatile impurities, 2"d portion contains the substance.

* 2-3 pileces of broken porcelamn chips are placed n the
boiling flask with the substance to be distilled to prevent
bumping by producing a constant stream of bubbles that
keep the hquud in motion.

* If the hqud is volatile ( low b.p. ), the flask is heated by a
water bath rather than by a flame.






E@m xntal analysis
A Process where a sample is analyzed
elemental comp031t10n.

ief elements making up organic cpd.s are
l'l d for which the organic chemist do not
ploy chemical tests.

St often valuable to determine the existence
her elements next in importance such as

( & )&




Sodium fusion method:
" ed for the q;uaﬂﬁtaﬂve determination of the presence of
‘ and - in a sample.

Na-

0
-
-

g
0
c
5
e.

spunoduroo

Sodum fusion extract  Simple chemical

aqueous solution of $ Detection of the

specific element
the ionic compound




Brlght sﬂverv alkah metal

Cubic —ﬁ m.p. 97.8 °C
jcrystal b.p. 882.9°C

Sodium can be readily
cut with a knife




2 Na (s) + 2 H20 (1) > 2 NaOH (ag) + Hz2(g)

Free Na does not occur 1n nature

It must be prepared from it’s cpd.s



A small quantity of the unkn. 1s placed ‘
In a clean, dry
test tube together with a ’

small piece of | 1 metal.

< The test tube 1s held vextically

by a clamp.

The lower part of the tube 1s heated
gradually until the | - melts &
it's vapours fill the lower part of the tube.
Heating 1s then continued for additional

S minutes until the bottom of test tube

becomes red.
_— 0




The resulting

) ' >dLlCA .

should be

colourless ,
1s used for

ss unreacted NNa add a small quantity of alcohol
betore breaking it with heating so that the alcohol will



addition of enough soln. (10 % ).
Jeat f (30 sec.).

dd drops of dilute
to make the soln.

precipitate
licates a test of




Na + C + N

From orgawniec
compound

Basic

NaOH >Fe(CN)2 + NasS504

2NaCN + FeSOs4

Fe(CN)2 + 4 NaCN ———> Na4Fe(CN)s

Sodium ferrocyanide

3NasFe(CN)s + 2 FE504

Fﬁrﬂ,{: T‘ﬂﬂ"&ﬂ&d awitde

( Blug colour )

<4
Na ,

3+

Fei,

Fe4[Fe{CN]5]5 + 6 Na2S04




Detection of Sulfur :

2 ml of the filtrate with dilute
- : 1y
dd S5 drops of
soln.
precipitate of
indicates
the presence of sulfur.

NasS + (CHsCOO JoPb —a0OH 5 by o 5 CH3COONa
- dilute

Sodium Lead acetate Lead sulfide  Sodium acetate
sulfide Black ppt.



Acetic acid 1s used 1n
the acidificaion & not other
lacid ( H2SO4, HCI1, HNOs)

stnce,

Ithey give msoluble white ppt.
by reaction with lead acetate.

H2504 PbSOa
T HCI + ( CH3COO )2Pb ——=PhbCl2 |
HNOs Pb(NOs3)2




q

De 333&3
wense of presence ofNawdSLwthecpd
1= llcidl!y 3 xml of the filtrate with dilute HNO3
@add drop b / sop until the soln becomes )
. .

8 - 1 for S mminutes & add drops of AgNO3

White or yellow ppt. indicates the presence
pithalogens. j
S
=
White pi’
NaxX + AgNO,=> .I.L s

Off whlteeppt
X-Cl,Br,1 Ye“ow*PPt"



|Boiling for - - -
/is done to remove
N & = present in
|filtrate as HCN and

|H2 gases.

+. NaCN HCN

Na2S Hog | *+NaNOs




should not

Nitro alkanes Organic azides

Diazo esters Diazonium salts
Polyhalides CHCI:3 CCl4




‘An unknown sample containing  halide
was given to astudent, then after doing his
qualitative elemental analysis, the studen

report read a /- halide test ( white ppt. )/’

Give one possible explanation for the false
result? SWEn

There wmay be some drops of tap water tn
glass ware used to perform hallde spect. test.
Tap water contain chloride tons that will
react with the added silver witrate whew the

_’ student do specific halide test.

Cl + AgNOs AgCl + NO3

From Silver chloride

tap water White ppt.




An unknown sample containing
S was given to a student, then
after performing qualitative EA.

the student's report read a -ve

test for sulfur '

Give one possible explanation
for the student’s false result?
Answer:

Sulfur element may be lost as
H2S gas during fusion of the
sample with sodium. ( heating
of the sample during fusion was
not gradual )




- RXTEFACTION:
It’s a method of separation &
purification

of organic cpd.s depends on the ability of the
cpd. to dissolve in two immiscible solvents,

e.0., H20 & CH3CI.

| \
Solvent: Oil /4.._. Less dense..j» \ Solvent: Water
Solute: Nonpolar / \ Solute: Polar cpd.
Solvent: Water / Solvent: Chloroform
Solute: Polar, Ionic / “— More dense —p | Solute: Nonpolar cpd.

\ /
<K |
, Immiscible solvents

are mixtures of liquids
Insoluble in each other



Extraction with immiscible solvents

is generally employed for:

Isolation of dissolved cpd.s from soln.
Isolation of solid cpd.s from mixtures.
Removal of undesirable impurities From
mixtures ( washing ).

Sometimes it's used in organic chemistry
laboratories to remove an organic cpd.
from a soln. when the use of distillation
is not convenient.



Choosingialsoelventiforiextraction:

1- Readily dissolve the cpd. to be extracted.

2- Have a low b.p. so it can be readily

removed.

3- Not react with solute or other solvent.

4- Not be flammable or toxic.

5- Show little or no water solubility
(immiscible with water).

6- Be inexpensive.

No solvent meets all these criteria,
for ex., ether,

is probably the most common solvent
used for extraction but it is flammable



Diethyl ethey, Ether,
CaH100, Colorless liquid,
Boiling point 34.6 °C, H—Cc—C—0—C—C—H
Density 0.7134 g / ml,
Solubility in water 69g/L

Ether:

1= Has a high solvating power for
hydrocarbons & O containing cpds.
2= Is highly volatile, b.p. 34.6 °C.
So that it can be easily removed |

from the extract at low temp.
Thus even highly sensitive cpd.s

are not likely to decompose.
3= Is very shightly soluble in water.

H H H H

H H H H
( C2Hs )20




= ...-. is used extensively as an extracting

solvent. It's very slightly soluble in water & it's
efficiency in use can be 1" by the addition of a
small amount of an ionizable salt, Nacl , to the

water layer. This lead to an 4 in the polarity of
this soln. that result in a | in the solubility of
a non polar cpd. This is known as "salting out "

ProcCess. (,) (& -
SALTING OUT , >

In aqueous soln.s of organic
molecules, salt 1s added to
separate the organic matenal
from the salty aqueous phase.




Partition coefficient is the
ratio of concentrations
of a compound in the
two phases of a mixture
of 2 immiscible liquids
at equilibrium Normally
one of the solvents is
aqueous while the 2nd
is organic.




Conc. of compound in organic solvent

Conc. of compound in water

_ Solubility of compound in organic solvent ( g/ 100ml )
) Solubility of compound in water ( g/100ml |

C org Wi. org /V org

Cw Wt.w/Vuw

where,
C org - Concentration of the solute in the organic layer.

C ;2 Concentration of the solute in the aqueous layer.
Wt . Weight of the solute in the organic layer.

Wt ,,: Weight of the solute in the aqueous layer.
Voot Volume of the organic solvent.

V -t Volume of the aqueous solvent.



| | i A

Separation of 4-hydroxybenzaldehyde from an
unknown mixture containing NaCl and 4-
hydroxybenzaldehyde.

4-Hydroxybenzaldehyae:

Molecular formula. C7H602, molar mass:122.12 g/mol
Yellow-tan powder, Soluble in ether,
Slightly soluble in water, Sublimes.
Sodium chloride:

Molecular formula . NaCl ’ '
molar mass :58.44 g/mol T
Ionic cpd, Colorless crystals,
Soluble in water.

O H

-

OH



I&-H Cl +
NE [:-] Na
Cl Na cl

W

Density of water=1g/ml
Density of ether = 0.71 g/ ml

Separatory

|
I -y
)

1

funnel

/

|

I g Tron

|1

] x\ | " ring

Stopcock




. sample 9
eparatory .

el ;. add
ether &

20 ml of D.VV‘.

No further'

prEsure

eased
F the

funnel stem.

_complete s

e p

the 2 layers:
| The stopperI
must be renioved.

Then separ:ﬁ
t-he,2 lazer e

e & o

4= Dry the

ethereal  layer










DETERMINATION ™
OF
MELTING POINT



Physical Properties of Organic Compounds

The physical properties of a compound include such
things as its,

The exact values of the physical properties of a cpd.
depend on its molecular structure.

,{LUCCGSSJ in laboratory often depends on making
a good prediction of physical properties from the cpd.
structure.
The physical properties of a cpd. depend largely upon
which kind of bonds hold it’s atoms together in a
molecule.

1- Ionic Bonds, formed by the transfer of electrons.
2- Covalent Bonds, formed by the sharing of electrons.




Phases of Matter

Matter ordmanly exists in four phases:

F— =&
/\/‘“/‘/‘\/-\/-\

1 O Q
Qa8 Al ;‘/r-‘ff /; (& alld JZIA\RVI00\ &
[RSAN FARARCL =ea\S | Rada '\ 9 SEANC WL ) L LACLHYDLLLES o

?
Plasma is a high - temperature phase not encountered

in the typical organic chemistry laboratory.

As the environme.nt . _ /: Plasma A
around the materials is e nbikiainy

changed,
for example by varying the Gas VPK

temp. or pressure, the =
systems undergo a phase Liquid
transition, that is the o

change from one state of ) M/,.,.,,g
matter into another. Solid o

Eoepositlon
Subllmatu:mE
Enthalpy of System



http://lasp.colorado.edu/education/outerplanets/spacejunk_dustplasma.php
http://lasp.colorado.edu/education/outerplanets/spacejunk_dustplasma.php

There are four Basic types of Intermolecular
Forces :

o " 87 5*
1. Ion : dipole: - 3"‘ o
Ion is attracted to polar } - & Vs o e

molecule via this force

as ex. ( NaCl in water). “ @ '?

2. Dipole - dipole:
Polar molecules attracted
to each other as forces
between HCI molecules.

S &

Dipole - dipole

interaction




3. Dipole - induce dipole: Dipol-inducd il
Polar molecules attr- _— - | s
acted to nonpolar o ‘ i >}
molecules as for ex. "

o Isolated oxygen molecule Induced dipole Permanent dipole
( OXygen ln Water ) (nonpolar) (oxygen molecule) (water molecule)

by dipole - induce dipole interaction .

4. Induce dipole -induce dipole: =" " cowees
London dispersion forces also —

called van der Waal’s forces

Nonpolar molecules attraction
for each other due to electron
distortion.

When two atoms come within 5 nanometers of each other, there will be a slight interaction
between them, thus causing polarity and a slight attraction.



Hydrogen bonding :

Hydrogen bonding is an especially strong kind of
dipole - dipole attraction in which a hydrogen atom
serves as a bridge between 2 electronegative atoms,
holding one by a covalent bond & the other by purely
electrostatic forces.
For H-bonding to be important, both electronegative

atoms must come from the group: F, O, N.

H

.'O..
G

Hydrogen
bonds

H_ ‘// \\\ H

O
%

S

> 4

H\

//' Covalent

bonds

..O..
f AN

H

‘!‘
+ €@
ﬁ L
0 ¢ ©
O
HydrogenA " ”
> 90




Melting Point:

The mettin;tg point of a solid crystél_line Compound is
the temperature at which the solid and the liquid

phase of the cpd. are in equilibrium at a certain |

pressure usually 1 atmosphere.
Or,

It’s the temp. at which the solid begins to change
into liquid under a pressure of 1 atmosphere.

L _a

The melting point range :  is the difference between

the temp. at which the sample begins to melt (T1)

& the temp. at which the sample is completely
melted ( T2) .

Melting point rang = T2 - Ta




Organic chemist used melting point to:
1- Get an indication of the purity of cpd.

Sawmple Pure Impure Decomposed
Melting polnt Sharpe Not sharpen Not sharpen
Melting point range | 0.5-1°C Wider range Wider range

2- Help in identification of organic cpd.

Compound Compouna Compound
name formula Melting point
Sodium chloride NaCl 801 °C
Sodium acetate CH3COO Na 324 °C
Glacial acetic acid CH3COOH 16.6 °C




Mixed Melting Point:

How can you
know whether
the 2 samples
are the same
or different?

m.p.=120-122°C m.p.=120-122°C

ANSWEr:

We mix them and measure the m.p. for the resultant mixture,
If,

m.p. of mixture < m.p. of original & wider m.p. range —
different cpd.

m.p. of mixture = m.p. of original & same m.p. range —
same cpd.



General Technique for m.p. Determination:
Capillary Tube method.

' Ilary tube
| Thin glass wall
. Diameter 1lmm

Al
Tube tilted to prevent Stages for correct Wrong !
water condensation sealing Tube has been

inside overheated



Filling a capillary tube:

Thﬂn end of the tube is | The sag can be moved to
pressed gently & repeatedly | the sealed end by turning
inta.the powdered sample | the tube over & tapping it
several times. on the Séﬁch

e iy




Any compound being loaded into a capillary tube

must be:

1- Fully dned. 2- Homogeneous.
3- In powdered form.




Meltng Point Apparatus:

m A (e) (d) (o)
a- Hot - o1l m.p. bath. b- Thiele apparatus.
c- Long necked flask. d- Mel-temp apparatus.

e- Digital m.p. measuring apparatus.




Number of Experiment: I
Nawme of Experiment: Determination of the

of an unknown sample.
Al of Experiment:
1- Identification of an unknown cpd. using it's m.p.
2- Determination of purity of a cpd. using the m.p.
as a physical property.

Procedure:

Preparation of the unknown sample as
mentioned
before.



- The capillary tube 1s Stand\! B
attached to a thermo -
meter by a rubber ring  Beexer |

oil bath

in such a way that the  wi

gauze

Thermometer

Rubber ring
-~ above the surface
of the oil bath

closed end 1s attached e
to the bottom of the *»= 7 - Caplry

thermometer's bulb.

Then both of them Apparatus for melting j _ sanpi
are placed ln aIl 011 5 poin elermination

bath , ( the rubber ring should be above the surface of
the oil - bath ).



- Heating 1s started gradually.

5- The range between the temperature at which the
powdered solid inside the capillary tube begms to
liquefy (T'1) & the temperature at which a clear hquid
1s observed inside the capillary tube (T?2) i1s recorded
as the observed
m.p. range.

N1 N N NV

D LA

m.p. rang = T2 - T1 @ -] >

Solid only Sample begins Meniscus Entirely

m.p. = ( Tl - T2 ) to melt formed liquid

¢<— Melting point rage -—»*

T M.P.=(T1-T2) T2



Notes:

* For o1l bath, glycerin or paraffin can be used, but
glycerin 1s preferred since it's safer than paraffin.

* The temperature of the oil bath should rise very
slowly.

* Gentle heating with continuous stirring 1s necessary

* After completing the expermment, the oill hqud
must be allowed to cool before using it again.



vt -
) S, .
( -
~ > "
. \
———
-

led on snow covered

P

- R
loe melts at -——-2 ~T RS

-

what happens to the =
freezing point if salt -
is adoled? R




Among these 3 samples of the same
cpd. , which of them 1s the purest one?

m.p. m.p. m.p.
115 -119°C 118 -120°C 121-122°C



Two of these bottles contain benzoic
acld and one m-nitrophenylacetic acid.

1 2 3
m.p.=120 -122°C m.p-=120-122°C m.p.=120-122°C



Run mixed melting pomts to confirm
identification :

Mixed 1and 2 m.p.= 120 - 122°C
Mixed 1and3 m.p.=114-117°C
Mixed 2and 3 m.p.=115-118°C



Separation & purification of
organic compound is important:
Products of organic reactions are
seldom
pure products as a result of side reactions.
Pure compounds are also subject to
partial
decomposition on standing for some
time
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COOH COOH
me l\ _OCOCH; \ _OH
] +H0 —> [ || + CH,COOH
B "-'-'.‘;_-:_,.-/ . I
acetylsalicylic acid salicylic acid acetic acid



3= Sublimation

Methods

of Separation
& Purification

.
I




Solvent Solute Solution
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b I:’ H .I .,:.II" H 1

g .
| IH
N e |:> ‘
IH Na! & H .
,.|

NaCl Solvent

Solute ’ .
> "¢ NaCl in Water

—'I

Solution

When a sona or a nquia aissoives,

the structural units ( ions or molecules
)

become separated from each other
and the solvent molecules occupy the

ey | L SRl |






The solubility of organic cpd. can be divided
into two major types :

1- Solubility in which the chemical reaction
is the driving force, ex. Acid- base reactlon

fonic U ‘ dre !’ ifie
2
o o
. e
e “OH e 0 Na™ H0
S — Ry 0 Na© +Hy
[! 1 ¢+ Na QN ‘

-

henzoie acid socdium benzoate

2- Solubility in which only simple miscibility
is involved, ex. ethyl ether in CCI4

Ethyl etherx g I

(CzHs ) O, >
non-polar has“{ S
limited solubility —

in water , Carbontet-

lower density I rachloride
than water. N CCla ,

non=-polar



Theory of Solubility:
1- Polarity effect:

" like dissolves like "w "

F>0>Cl,N>Br>C,H

Decreasing electronegativity >
FIGURE 14-1. Both HF and H,0

mammm‘atu

zero dipole moment, 1.e. non polar. s

2- Dielectric constant:
D.C., 1s the ability of the solvent to separate 1onic charges.

The D.C. of the solvent 1s related to it's polarity.
Water D.C. of 80 dissolves NaCl readily,

Diethyl ether (D.C. of 4.4)

H,0

Poor solvents
for 10nic salts.




The effect of cpd’s structure on it's
water solubility :

1- Number of carbon atoms :  solubiity ﬁ as the no. of C atoms < §

2- The presence of = , =, Ar. ring A L solubility
3- As a halogen 1s substituted for a H, the water solubility ‘
H Cl Cl Cl Cl

I I | I

H—(!J—H H—C—H H—C—H Cl—¢c—H Cl—C—Cl
I I I | I
H H Cl Cl Cl

1 2 3 4 5

Decreasing in water solubility >

4- Acids & amines are more soluble than non polar cpds.

5- In a homologous series as tht. =) Solubility l



-O-H_ H2° HzO

6- Sacchandes, o i
ex. Glucose, © L., e > ’\q H
have many polar H

-OH groups , SO .
they are water soluble.

Hydrophilic head
Hydrophobic /-Jr
(lipophilic) tale
7- Compounds having both
Aqueous
DO |fE e & 201 ‘, o) |,3 b solution
parts are soluble in water. /Jo

- »P:) \/\O%\V'U' 1
oL n

Hydrophilic




7- Intramolecular H= bonding

OH
eyg e IHIT"{IMDEE EEI
‘ water solubility. O=H - H-bonding
O

@c 4

|

OH COOH

Salicylic acid p- Hydroxybenzoic acid

Less water solubality More water solubality

8- Intermolecular Hl = bonding between cpd & water

f water solubility.
:0 - H2 -0 -H2
i 1 i 1
) )
CH3-(CHz2 )2-CH2-C -[\_I-H--é--ig-Hz CH3-(CH2)2-CH2- CHz2 - r_\_I-H--é"iQ-Hz
(1) :CI) “‘:-5-H (II) 3
B 8 H-O-H

14



10- Molecular structure:
a- Branching

EIJHE.
A.u .. CH3- CH - CH: CH: - CHz- CHz - CHs
water SO]ublhtY‘ isobutane n- butane

b- Position of the functional group.

CI)I-
CH3- CH

CH

3

I -CH3 >

OH
I
CH3 - CH2- CH2-CH - CHs > CH3 - CH2- CH2-CH2 - CH2 - OH






Filtration:

It is an important procedure after completing the
reaction either to:

1- Separate the solid product ( precipitate), or,

2- To get rid of insoluble impurities or reactant

materials.
The desired soluble cpd. is recovered from the filtrate by

evaporating the solvent.

So the liquid i1s poured into a filter paper fitted 1n a funnel
and either the precipitate or the filtrate that contains the
desired soluble compound is collected.



Bricpanaticnicifilter ED@ED@E?

§ __ ki

Sec foid

First fold Open 10 @ cone

Filter paper cone

/"
Filter \
paper

Fold in half Fold in half Jaxil)
W again
‘\ "’ A ’I
- f\% N/ ﬂi\\
filter cone = s I

This is the Fold to crease Fold to crease
"accordion" shape the eigth section the quarter section
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Solid organic cpd.s when isolated from organic reaction
are impure; they are contaminated with small amounts of
other cpd.s produced along with the desired product.

The purification of impure crystalline compound is usually
done by Recrystallization from a suitable solvent
or a mixture of solvents.

Purification of solids by recrystallization iIs based upon
differences in their solubility in a given solvent or a mix.
of solvents.



CoIralic SOIV. ClialdCilciintiCo 101 REUlyolatliicaliorl.

1= Chemically inert toward the solute.

2= It should dissolve the solute to be purified readily
at or near it's boiling point, but sparingly at the
lab. temp. or below ( 0 — 25 °C).

3= It should dissolve the impurities readily or not at
all.

4= It should be capable of easy removal from the
crystals of the purified cpd., (i. e. ) possess a
relatively low b.p.

5= It should yield well-formed crystals of the cpd.

6= If 2 or more solvents appear to be equally

suitable
for recrystallization the final selection will depend
up on such factors as ease of manipulation,

lower

ll-t\\l:t-:ll-\' I y_w._w._l ‘Iﬂ\mm»\lﬁ:l:‘-" Ql I AAAAAAAAA o



-Dissolving the impure substance in some

suitable

solvent at or near the b.p.
= Filtering the hot solution from the particles
of

insoluble material & dust.
“= Allowing the hot solution to cool thus causing
the

dissolved substance to crystallize out.

Tvpes
of impurities

SO

Insoluble 1in Soluble 1n Coloured
the solvent used the solvent used compounds



How could we choose a good solvent :
Pmetical.l,g,

Take 0.1g of a pure sample of cpd. to be purified
& try to dissolve it in 1wl of solvent,

Dissolves in

|I The solvent is
the Cold solvent

Not suitable

£ ¢
Dissolves in |I The solvent is
the Hot solvent Suitable

Doesn't dissolve in ||
Hot & Cold solvent

The solvent is
Not suitable




€%, Results of solubility
Q,}' % tests for cpd.(A) are

“y shown in table (g/ml)a

®
Solvent| Water Ethanol / Diethyl ether
Cold 20 3 5
Hot 30 25 5

Which solvent will you choose to
recrystalliz cpd. A?



Using Charcoal:

Samples to be purified may contain soluble
colored impurities that may cause the soln.

&

the crystals to be colored.

Up on Recrystallization these impurities
dissolves in the boiling solvent & adsorbs on
the crystals produced up on cooling yielding a

colored product
Activated charcoal
composed of fine carbon
particles with a Iarge :
active surface . ,f'-. :
I A vt
area on which < >3S0t
the colored |mpurme&. S

.8 - ..(A el

will be adsorbed.™ -~ =77 = s ¥ S




Charcoal is added to the hot soln. before boiling & the
soln. 1s kept hot at or near the b.p. for about 3 - 5 min.

with shaking to wet the charcoal, the solution 1s then
filtered through a fluted filter paper. N

|

Notes about using activated charcoal:

@ An excessive quantity of decolorizing charcoal
should be avoided since it may adsorb some of
the cpd. which is being purified.

@ Charcoal should not be added to a superheated
solution or at the b.p. of the solvent because it'
particles function as thousands of boiling chips
causing the solution to boil over and foam.



@Charcoal is Not used for recrystallization of
phenolic cpd.s

Because, COOH HOOC
They contain ferric ions @
( Fe¢') that upon heating the

solution for some time it can |

O—_ ®)
Fe/

react with the phenolic -OH T oon
forming red - violet colored

complexes thus impairing the ij
purification process. Violet



Recrystallization using mixed solvents:
It is applied when our cpd. is readily soluble in a
solvent at room temp. & insoluble in other solvent,
The 2 solvents must be miscible with each other as
Alcohol & water, ether & pentane
glacial acetic acid & water

Procedure :

1= The cpd. 1s dissolved in the solvent that 1s soluble in it.
2= Charcoal 1s used if required.
3= The solution 1s filtered to get rid of the insol. impurities.
4= The other solvent ( 1In which the cpd. is insoluble),

1s added to the filtrate gradually until turbidity appears.
8= The mixture 1s then left a side to facilitate crystallization.



