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MP, BP and Solubility,
(Druggability)

-  Capacità di giudicare una sostanza in termini di polarità/lipofilia 
-  Capacità di correlare lo stato fisico con la presenza di elementi strutturali 
-  Capacità di correlare la solubilità con la presenza di elementi strutturali 
-  Applicazione in Chimica Farmaceutica: concetto di druggability 
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The chemio-physical constant 

“A numeric value associated to a measurable property 
that became constant if the experimental conditions  
are determined and maintained.” 

Associated to determine:

•  Identity
•  Purity M
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Some examples:

Melting point (mp),
Boiling point (bp)
Solubility
logP, 
pKa, 
Density
Viscosity
Chromatografic retention time (Rf)
IR Vibration frequency, 
NMR chemical shift, ………   
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Definizioni

Matter can exist in three aggregate states, i.e., solid, liquid and gas. The 
passages from one state to another (by adding or removing heat) are 
known as phase changes. 

S < --- > L 
The transformation from the solid state to the liquid state is said 
fusion or melting, the inverse is said solidification. 

 

L < --- > G
The transformation from the liquid state to the vapor state is said 
vaporizzation, the inverse is said condensation. 

 

S < --- > G
The passage from the solid state directly to the vapor �
state (i.e., without passing from the liquid state) �
is said sublimation

Aggregation states
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Definizioni

Fusion is the passage from the solid state to the liquid state and it requires 
heat (energy) to take place.

The melting point

Def 1) The melting point is the 
temperature where both phases (S and 
L) are present  

Def 2) The melting point is the 
temperature where both phases (S and 
L) own the same vapour pressure.

The melting point is a chemio-pysical 
constant that depend from the 
pressure 
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Definizioni

Vaporizzation is the passage from the liquid state to the vapour state and 
it requires heat (energy) to take place.

The boiling point

Def 1) The boiling point is the 
temperature where both phases (L and 
V) are present  

Def 2) The boiling point is the 
temperature where both phases (L and 
V) own the same vapour pressure.

The boiling point is a chemio-pysical 
constant that strictly depend from the 
pressure 

ORGANIC LABORATORY TECHNIQUES 5 5.1 

x BOILING POINT DETERMINATION 

 If a sample of a liquid is placed in an otherwise empty space, some of it will vapourise.  As this 

happens, the pressure in the space above the liquid will rise and will finally reach some constant value.  

The pressure under these conditions is due entirely to the vapour of the liquid, and is called the 

equilibrium vapour pressure.  

 The phenomenon of vapour pressure is interpreted in terms of molecules of liquid escaping into the 

empty space above the liquid.  In order for the molecules to escape from the liquid phase into the vapour 

phase, the intermolecular forces (in order of increasing strength: Van der Waals, dipole-dipole, hydrogen 

bonding) have to be overcome which requires energy. Since the nature of the intermolecular forces is 

determined by the molecular structure, then the amount of energy required to vapourise the sample also 

depends on the molecular structure.  As the number of molecules in the vapour above the liquid becomes 

larger, the rate of return of the molecules from the vapour to the liquid increases until the rate of return is 

equal the constant rate of escape.  This is the equilibrium condition and the corresponding concentration 

of molecules in the vapour space gives rise to the equilibrium vapour pressure.  At higher temperatures, 

the greater average kinetic energy of the molecules in the liquid results in a greater constant rate of 

escape.  Equilibrium is established at higher temperatures, and so larger numbers of molecules are 

present in the vapour phase and the pressure is higher.  The vapour pressure-temperature curve for 

water is shown on the following page. 
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 When the vapour pressure of a liquid is equal to the atmospheric (or applied) pressure then 

boiling occurs.  The temperature at which this occurs, for a given pressure, is the boiling point.  It 

should be noted, therefore, that the boiling point of a liquid decreases as the atmospheric (or applied) 

pressure decreases.  This is illustrated by the Vapour Pressure-Temperature Curve above.  For example, 
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Definizioni
Melting/Boiling point and structural features

•  Mp/bp values will be effected by which weak Intermolecular 
interaction forces (Ionic, HC, VdW) are involved. 

•  Columbian forces
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Definizioni
Melting/Boiling point and structural features

•  Mp/bp values will be effected by which weak Intermolecular 
interaction forces (Ionic, HC, VdW) are involved. 

•  Dipole-dipole
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Definizioni
Melting/Boiling point and structural features

•  Mp/bp values will be effected by which weak Intermolecular 
interaction forces (Ionic, HC, VdW) are involved. 

•  Hydrogen bonding
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Definizioni
Melting/Boiling point and structural features

•  Mp/bp values will be effected by which weak Intermolecular 
interaction forces (Ionic, HC, VdW) are involved. 

•  Van der Walls
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Melting/Boiling point and structural features

Examples

62 C H A P T E R  2 An Introduction to Organic Compounds

There are three alkanes with molecular formula Pentane is the straight-
chain alkane. Isopentane, as its name indicates, has an iso structural unit and five car-
bon atoms. The third isomer is called neopentane. The structural unit with a carbon
surrounded by four other carbons is called “neo.”

There are five constitutional isomers with molecular formula We are now
able to name three of them (hexane, isohexane, and neohexane), but we cannot name
the other two without defining names for new structural units. (For now, ignore the
names written in blue.)

C6H14.

CH3CH2CH2CH2CH3
pentane

CH3CHCH2CH3

isopentane
CH3

CH3CCH3

neopentane
CH3

CH3

CH3CCH2

CH3

CH3

a “neo”
structural unit

C5H12.

Table 2.1 Nomenclature and Physical Properties of Straight-Chain Alkanes

Number Boiling Melting
of Molecular Condensed point point Densitya

carbons formula Name structure (°C) (°C) (g mL)

1 methane

2 ethane

3 propane

4 butane

5 pentane 36.1 0.5572

6 hexane 68.7 0.6603

7 heptane 98.4 0.6837

8 octane 127.7 0.7026

9 nonane 150.8 0.7177

10 decane 174.0 0.7299

11 undecane 195.8 0.7402

12 dodecane 216.3 0.7487

13 tridecane 235.4 0.7546

20 eicosane 343.0 36.8 0.7886

21 heneicosane 356.5 40.5 0.7917

30 triacontane 449.7 65.8 0.8097

a Density is temperature dependent. The densities given are those determined at 20 °C 1d20°2.

CH3(CH2)28CH3C30H62

ooooooo
CH3(CH2)19CH3C21H44

CH3(CH2)18CH3C20H42

ooooooo
-5.5CH3(CH2)11CH3C13H28

-9.6CH3(CH2)10CH3C12H26

-25.6CH3(CH2)9CH3C11H24

-29.7CH3(CH2)8CH3C10H22

-53.5CH3(CH2)7CH3C9H20

-56.8CH3(CH2)6CH3C8H18

-90.6CH3(CH2)5CH3C7H16

-95.3CH3(CH2)4CH3C6H14

-129.8CH3(CH2)3CH3C5H12

-138.3-0.5CH3CH2CH2CH3C4H10

-187.7-42.1CH3CH2CH3C3H8

-183.3-88.6CH3CH3C2H6

-182.5-167.7CH4CH4

>

CH3CH2CH2CH2CH2CH3
hexane
hexane

CH3CHCH2CH2CH3

isohexane
2-methylpentane

CH3

CH3CH2CHCH2CH3

3-methylpentane
CH3

CH3CH CHCH3

2,3-dimethylbutane
CH3 CH3

CH3CCH2CH3

neohexane
2,2-dimethylbutane

CH3

CH3

common name:
systematic name:
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Melting/Boiling point and structural features

Examples

Section 2.9 Physical Properties of Alkanes, Alkyl Halides, Alcohols, Ethers, and Amines 83

The boiling points of these compounds, however, are also affected by the polar char-
acter of the bond (where Z denotes N, O, F, Cl, or Br) because nitrogen, oxy-
gen, and the halogens are more electronegative than the carbon to which they are
attached.

The magnitude of the charge differential between the two bonded atoms is indicated
by the bond dipole moment (Section 1.3).

Molecules with dipole moments are attracted to one another because they can align
themselves in such a way that the positive end of one dipole is adjacent to the negative
end of another dipole. These electrostatic attractive forces, called dipole–dipole interac-
tions, are stronger than van der Waals forces, but not as strong as ionic or covalent bonds.

Ethers generally have higher boiling points than alkanes of comparable molecular
weight because both van der Waals forces and dipole–dipole interactions must be
overcome for an ether to boil (Table 2.5).

As the table shows, alcohols have much higher boiling points than alkanes or ethers
of comparable molecular weight because, in addition to van der Waals forces and the
dipole–dipole interactions of the bond, alcohols can form hydrogen bonds. A
hydrogen bond is a special kind of dipole–dipole interaction that occurs between a hy-
drogen that is bonded to an oxygen, a nitrogen, or a fluorine and the lone-pair elec-
trons of an oxygen, nitrogen, or fluorine in another molecule.

The length of the covalent bond between oxygen and hydrogen is The hy-
drogen bond between an oxygen of one molecule and a hydrogen of another molecule
is almost twice as long (1.69–1.79 ), which means that a hydrogen bond is not as
strong as an covalent bond. A hydrogen bond, however, is stronger than otherO¬H

Å

0.96 Å.

C¬O

cyclopentane
bp = 49.3 °C

tetrahydrofuran
bp = 65 °C

O

+− +− +−

+−+ − +
−+

−

H3C NH2
0.2 D

H3C F
1.6 D

H3C Br
1.4 D

H3C Cl
1.5 D

H3C CH3O
0.7 D

H3C I
1.2 D

H3C OH
0.7 D

R C Z Z = N, O, F, Cl, or Br
δ+ δ −

C¬Z

Table 2.5 Comparative Boiling Points (°C)

Alkanes Ethers Alcohols Amines

78 16.6

10.8 97.4 47.8

36.1 34.5 117.3 77.8
CH3CH2CH2CH2NH2CH3CH2CH2CH2OHCH3CH2OCH2CH3CH3CH2CH2CH2CH3

!0.5
CH3CH2CH2NH2CH3CH2CH2OHCH3OCH2CH3CH3CH2CH2CH3

!23.7!42.1
CH3CH2NH2CH3CH2OHCH3OCH3CH3CH2CH3

The dipole moment of a bond is equal to
the magnitude of the charge on one of
the bonded atoms times the distance
between the bonded atoms.

More extensive tables of physical prop-
erties can be found in Appendix I.
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PROBLEM 20◆

a. Which of the following compounds will form hydrogen bonds between its molecules?
1. 4.
2. 5.
3. 6.

b. Which of the preceding compounds form hydrogen bonds with a solvent such as
ethanol?

PROBLEM 21

Explain why
a. has a higher boiling point than 
b. has a higher boiling point than 
c. has a higher boiling point than HF (20 °C).

PROBLEM 22◆

List the following compounds in order of decreasing boiling point:

Both van der Waals forces and dipole–dipole interactions must be overcome in
order for an alkyl halide to boil. As the halogen atom increases in size, the size of its
electron cloud increases. As a result, both the van der Waals contact area and the
polarizability of the electron cloud increase.

Polarizabilityindicates how readily an electron cloud can be distorted. The larger
the atom, the more loosely it holds the electrons in its outermost shell, and the more
they can be distorted. The more polarizable the atom, the stronger are the van der Waals
interactions. Therefore, an alkyl fluoride has a lower boiling point than an alkyl chlo-
ride with the same alkyl group. Similarly, alkyl chlorides have lower boiling points than
alkyl bromides, which have lower boiling points than alkyl iodides (Table 2.6).

PROBLEM 23

List the following compounds in order of decreasing boiling point:

a.

b.

c.
CH3CH2CH2CH2CH2OH
CH3CH2CH2CH2CH3 CH3CH2CH2CH2OH CH3CH2CH2CH2Cl

CH3CH2CH2CH2CH2CH2CH2CH3 CH3CH2CH2CH2CH2CH2CH2CH2CH3

CH3CHCH2CH2CH2CH2CH3

CH3 CH3

CH3C

CH3

CH3

CCH3

CH3

CH3CH2CH2CH2CH2CH2Br CH3CH2CH2CH2Br CH3CH2CH2CH2CH2Br

OH OH
HO OH

OH
OH

NH2

H2O
NH3 (-33 °C).H2O
CH3OH (65 °C).H2O

CH3CH2CH2CH2FCH3CH2CH2CH2Br
CH3CH2OCH2CH2OHCH3CH2N(CH3)2

CH3CH2CH2NHCH3CH3CH2CH2COOH

Section 2.9 Physical Properties of Alkanes, Alkyl Halides, Alcohols, Ethers, and Amines 85

Table 2.6 Comparative Boiling Points of Alkanes and Alkyl Halides (°C)

Y

H F Cl Br I

3.6 42.4

12.3 38.4 72.3

46.6 71.0 102.5

32.5 78.4 101.6 130.5

36.1 62.8 107.8 129.6 157.0CH3CH2CH2CH2CH2 ¬Y

-0.5CH3CH2CH2CH2 ¬Y

-2.5-42.1CH3CH2CH2 ¬Y

-37.7-88.6CH3CH2 ¬Y

-24.2-78.4-161.7CH3 ¬Y
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Definizioni
Melting/Boiling point and structural features

•  Mp/bp values will be effected by which weak Intermolecular 
interaction forces (Ionic, HC, VdW) are involved. 

•  Molecular shape
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Melting/Boiling point and structural features

82 C H A P T E R  2 An Introduction to Organic Compounds

Relatively weak forces hold alkane molecules together. Alkanes contain only car-
bon and hydrogen atoms. Because the electronegativities of carbon and hydrogen are
similar, the bonds in alkanes are nonpolar. Consequently, there are no significant par-
tial charges on any of the atoms in an alkane.

It is, however, only the average charge distribution over the alkane molecule that is
neutral. Electrons are moving continuously, so at any instant the electron density on
one side of the molecule can be slightly higher than that on the other side, giving the
molecule a temporary dipole.

A temporary dipole in one molecule can induce a temporary dipole in a nearby
molecule. As a result, the negative side of one molecule ends up adjacent to the posi-
tive side of another molecule, as shown in Figure 2.1. Because the dipoles in the mol-
ecules are induced, the interactions between the molecules are called induced-dipole–
induced-dipole interactions. The molecules of an alkane are held together by these
induced-dipole– induced-dipole interactions, which are known as van der Waals
forces. Van der Waals forces are the weakest of all the intermolecular attractions.

In order for an alkane to boil, the van der Waals forces must be overcome. The
magnitude of the van der Waals forces that hold alkane molecules together depends
on the area of contact between the molecules. The greater the area of contact, the
stronger are the van der Waals forces and the greater is the amount of energy needed
to overcome those forces. If you look at the homologous series of alkanes in
Table 2.1, you will see that the boiling points of alkanes increase as their size in-
creases. This relationship holds because each additional methylene group increases
the area of contact between the molecules. The four smallest alkanes have boiling
points below room temperature (room temperature is about 25 °C), so they exist as
gases at room temperature. Pentane is the smallest alkane that is a
liquid at room temperature.

Because the strength of the van der Waals forces depends on the area of contact be-
tween the molecules, branching in a compound lowers its boiling point because it re-
duces the area of contact. A branched compound has a more compact, nearly spherical
shape. If you think of the unbranched alkane pentane as a cigar and branched neopen-
tane as a tennis ball, you can see that branching decreases the area of contact between
molecules: Two cigars make contact over a greater area than do two tennis balls. Thus,
if two alkanes have the same molecular weight, the more highly branched alkane will
have a lower boiling point.

The boiling points of the compounds in any homologous series increase as their
molecular weights increase because of the increase in van der Waals forces. So the
boiling points of the compounds in a homologous series of ethers, alkyl halides,
alcohols, and amines increase with increasing molecular weight. (See Appendix I.)

CH3CH2CH2CH2CH3
pentane

bp = 36.1 °C

CH3CHCH2CH3

isopentane
bp = 27.9 °C

CH3

CH3CCH3

neopentane
bp = 9.5 °C

CH3

CH3

(bp = 36.1 °C)

Johannes Diderik van der Waals
(1837 –1923) was a Dutch physicist.
He was born in Leiden, the son of a
carpenter, and was largely self-taught
when he entered the University of
Leiden, where he earned a Ph.D. He
was a professor of physics at the
University of Amsterdam from 1877
to 1903. He won the 1910 Nobel
Prize for his research on the gaseous
and liquid states of matter.

δ− δ+

δ− δ+

δ− δ+

δ− δ+

δ− δ+

δ− δ+

δ− δ+

δ− δ+

Figure 2.1 N
Van der Waals forces are induced-
dipole–induced-dipole interactions.
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dipole–dipole interactions. The strongest hydrogen bonds are linear—the two elec-
tronegative atoms and the hydrogen between them lie on a straight line.

Although each individual hydrogen bond is weak—requiring about (or
) to break—there are many such bonds holding alcohol molecules together.

The extra energy required to break these hydrogen bonds is the reason alcohols have
much higher boiling points than either alkanes or ethers with similar molecular weights.

The boiling point of water illustrates the dramatic effect hydrogen bonding has on boil-
ing points. Water has a molecular weight of 18 and a boiling point of 100 °C. The alkane
nearest in size is methane, with a molecular weight of 16. Methane boils at 

Primary and secondary amines also form hydrogen bonds, so these amines have
higher boiling points than alkanes with similar molecular weights. Nitrogen is not as
electronegative as oxygen, however, which means that the hydrogen bonds between
amine molecules are weaker than the hydrogen bonds between alcohol molecules. An
amine, therefore, has a lower boiling point than an alcohol with a similar molecular
weight (Table 2.5).

Because primary amines have two bonds, hydrogen bonding is more signif-
icant in primary amines than in secondary amines. Tertiary amines cannot form hydro-
gen bonds between their own molecules because they do not have a hydrogen attached
to the nitrogen. Consequently, if you compare amines with the same molecular weight
and similar structures, you will find that primary amines have higher boiling points
than secondary amines and secondary amines have higher boiling points than tertiary
amines.

PROBLEM-SOLVING STRATEGY

a. Which of the following compounds will form hydrogen bonds between its molecules?

1. 2. 3.
b. Which of these compounds form hydrogen bonds with a solvent such as ethanol?

In solving this type of question, start by defining the kind of compound that will do what is
being asked.
a. A hydrogen bond forms when a hydrogen that is attached to an O, N, or F of one mole-

cule interacts with a lone pair on an O, N, or F of another molecule. Therefore, a com-
pound that will form hydrogen bonds with itself must have a hydrogen bonded to an O,
N, or F. Only compound 1 will be able to form hydrogen bonds with itself.

b. Ethanol has an H bonded to an O, so it will be able to form hydrogen bonds with a com-
pound that has a lone pair on an O, N, or F. Compounds 1 and 3 will be able to form hy-
drogen bonds with ethanol.

Now continue on to Problem 20.

CH3OCH2CH3CH3CH2CH2SHCH3CH2CH2OH

CH3CH2CHCH2NH2

CH3

CH3CH2CHNHCH3

CH3

CH3CH2NCH2CH3

CH3

a primary amine
bp = 97 °C

a secondary amine
bp = 84 °C

a tertiary amine
bp = 65 °C

N¬H

-167.7 °C.

21 kJ>mol
5 kcal>mol

hydrogen bond

hydrogen bond

hydrogen bonds

1.69 – 1.79 Å

H

H H H H

O

H H

H H

H

N N

H O H O H O

H

H H H H

O

H

H

H

N H

H

H

N FH H

H O H O H O

FH FH

0.96 Åhydrogen bonding in water

hydrogen bond
+

−

84 C H A P T E R  2 An Introduction to Organic Compounds
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DefinizioniMelting/Boiling point and structural features Molecular shape

O

OH

2

3

4

5

6

7

8

9

O

OH

2

3

4

5

6

7

8

9

O

OH

2

3
4

5
6

7
8

9

Stearic acid
mp 69

Oleic acid
mp 13

The solubility of lipids in nonpolar organic solvents results from their significant
hydrocarbon component. The hydrocarbon portion of the compound is responsible
for its “oiliness” or “fattiness.” The word lipid comes from the Greek lipos, which
means “fat.”

26 Lipids

001

stearic acid

linoleic acid

L ipids are organic compounds, found in living organisms, that are
soluble in nonpolar organic solvents. Because compounds 
are classified as lipids on the basis of a physical property—

their solubility in an organic solvent—rather than as a result of their
structures, lipids have a variety of structures and functions, as the
following examples illustrate:

COOH

CH2OH

OH

H

CH3

CH3

CH2

CH2

CH

CH3

CH3

CH2OH

PGE1
a vasodilator

cortisone
a hormone

vitamin A
a vitamin

tristearin
a fat

limonene
in orange and

lemon oils

HO H

HO

H

OH

HH3C H3C

O

C O
O

O

O

OO

O

O

CH3
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Elaidinic acid (trans oleic acid)
mp 46

mp 16
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002 C H A P T E R  2 6 Lipids

Melting
Number point

of carbons Common name Systematic name Structure °C

Saturated
lauric acid dodecanoic acid 44

myristic acid tetradecanoic acid 58

palmitic acid hexadecanoic acid 63

stearic acid octadecanoic acid 69

arachidic acid eicosanoic acid 77

Unsaturated

palmitoleic acid (9Z )-hexadecenoic acid 0

oleic acid (9Z )-octadecenoic acid 13

linoleic acid (9Z,12Z )-octadecadienoic acid −5

linolenic acid (9Z,12Z,15Z )-octadecatrienoic acid −11

arachidonic acid (5Z,8Z,11Z,14Z )-eicosatetraenoic acid −50

EPA (5Z,8Z,11Z,14Z,17Z )-eicosapentaenoic acid −50

COOH

COOH

COOH

COOH

COOH

COOH

COOH

COOH

COOH

COOH

COOH

12

14

16

18

20

16

18

18

18

20

20

Table 26.1 Common Naturally Occurring Fatty Acids

26.1 Fatty Acids

Fatty acids are carboxylic acids with long hydrocarbon chains. The fatty acids most
frequently found in nature are shown in Table 26.1. Because they are synthesized from
acetate, a compound with two carbon atoms, most naturally occurring fatty acids con-
tain an even number of carbon atoms and are unbranched. The mechanism for the
biosynthesis of fatty acids is discussed in Section 19.21. Fatty acids can be saturated
with hydrogen (and therefore have no carbon–carbon double bonds) or unsaturated
(have carbon–carbon double bonds). Fatty acids with more than one double bond are
called polyunsaturated fatty acids. Double bonds in naturally occurring unsaturated
fatty acids are never conjugated—they are always separated by one methylene group.

The physical properties of a fatty acid depend on the length of the hydrocarbon
chain and the degree of unsaturation. As expected, the melting points of saturated fatty
acids increase with increasing molecular weight because of increased van der Waals
interactions between the molecules (Section 2.9).

The double bonds in unsaturated fatty acids generally have the cis configuration. This
configuration produces a bend in the molecules, which prevents them from packing
together as tightly as fully saturated fatty acids. As a result, unsaturated fatty acids have

3-D Molecules:
Stearic acid; Oleic acid;
Linoleic acid; Linolenic acid
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Melting/Boiling point and structural features

Examples
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Some examples:

Melting point (mp),
Boiling point (bp)
Solubility
logP, 
pKa, 
Density
Viscosity
Chromatografic retention time (Rf)
IR Vibration frequency, 
NMR chemical shift, ………   

M
ar

co
 L

. L
ol

li 
– 

Fa
cu

lt
y 

of
 P

ha
rm

ac
y 

– 
U

ni
ve

rs
it

y 
of

 T
ur

in
 

The chemio-physical constant 
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•  Solubility is chemio-physical constants.

•  Solubility reflect the ways the molecule attract one another, both in the 
solute and in the solvent.

•  it will be effected by which weak Intermolecular interaction forces 
(Ionic, HC, VdW) are involved. 

•  Solubility can be used used to determine:

•  Identity of substance
•  Purity of substance

Definizioni
What information can be obtained from 

Solubility??
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In absence of science rules, the solubility 
phenomena was absolutely amazing!!!

…..A mineral white powder, formed by evaporating 
seawater, resist to hot flames but disappear (transform) if 
water is added…... 

- Alkahest

- Similia similibus solvuntur

The story of the Chemistry: the alchemic times
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Definizioni
Solubility and European Pharmacopea

Solubility 

11 

Ibuprofen

O

OH
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Definizioni
Solubility and European Pharmacopea

Solubility 

11 

In EP, the solubility is not expressed as usual (amount of solute in the solvent) 
but use SIX intervals. This approach reduce the possibility of making mistake 
and allows a more confortable judgement

Very soluble, 
      Freely soluble, 

Soluble, 
     Sparingly soluble, 

Slightly soluble, 
Very slightly soluble, 

Practically insoluble
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Solvation
is an interaction of a solute with the solvent, which leads to stabilization of the 
solute species in the solution. 
The solvated state is the stable state were an ion/molecule in a solution is 
surrounded or complexed by solvent molecules (solvation shell).
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Solvation
is an interaction of a solute with the solvent, which leads to stabilization of the 
solute species in the solution. 
The solvated state is the stable state were an ion/molecule in a solution is 
surrounded or complexed by solvent molecules (solvation shell).

Solubility - definition#1: 

Solubility is a phenomena strictly correlate to the intramolecular forces 
inside this equilibrium:

Pure substance + Solvent-Solvent↔ Substance-Solvent



Marco L. Lolli                 University of Torino (UniTO)

Dielectric constant
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Dielectric constant or permittivity (ε) is an index of the ability of a 
substance to attenuate the transmission of an electrostatic force from one 
charged body to another.  The lower the value, the greater the attenuation. 
The standard measurement apparatus utilises a vacuum whose dielectric 
constant is 1. 
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Solubilità
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Solventi ordinati per Costante dielettrica 
 

Solvente b.p. °C m.p. °C Densità Costante 
dielettrica 

Solubilità in 
acqua (g / 100 g) TLV (ppm) 

       

Acqua 100 0 1,00 80,2 --- ---- 
Dimetilsolfossido 

(DMSO) 
189      18 1,10 46,7 25,3 -----

Acido trifluoroacetico 72 -15 1,49 39,5 �  ----
Acetonitrile       82 -44 0,78 37,5 � 40

Dimetilformammide 
(DMF) 

153      -60 0,95 36,7 � 10

Metanolo       65 -98 0,79 32,7 � 200
Glicoldietilenico       245 -7 1,11 31,7 � -----

Etanolo       78 -114 0,79 24,6 � 1000
Acetone       56 -95 0,79 20,7 � 1000

1-propanolo       97 -126 0,80 20,3 � 200
2-propanolo       82 -88 0,79 19,9 � ---
Terz-Butanolo       82 26 0,78 12,5 � 100

Piridina       115 -42 0,98 12,4 � 5
Diclorometano       40 -95 1,33 8,9 1,30 250

Tetraidrofurano (THF) 66 -109 0,89 7,6 �  200
Acetato d’etile 77 -84 0,9 6,0 8,1 400 
Clorobenzene       132 -46 1.11 5.6 0.05 75
Cloroformio       61 -64 1,49 4,8 0,82 25

Etere       35 -116 0,71 4,3 6,0 400
Etere dibutilico 142 -95 0,77 3,1 0,03 --- 

Solfuro di carbonio 46 -111 1,26 2,6 0,29 20 
Benzene       80 5,5 0,88 2,3 0,18 25

CCL4       77 -23 1,59 2,2 0,08 10
Cicloesano       81 6,5 0,78 2,0 0,01 300

Esano       69 -95 0,66 1,9 Insolubile 500
Pentano       36 -130 0,63 1,8 Insolubile 500
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Solubilità
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 Solventi ordinati per Solubilità Acquosa 

 

Solvente b.p. °C m.p. °C Densità Costante 
dielettrica 

Solubilità in 
acqua (g / 100 g) TLV (ppm) 

       

Acqua 100 0 1,00 80,2 --- ---- 
Acido trifluoroacetico 72 -15 1,49 39,5 �  ----

Acetonitrile       82 -44 0,78 37,5 � 40
Dimetilformammide 

(DMF) 
153      -60 0,95 36,7 � 10

Metanolo       65 -98 0,79 32,7 � 200
Glicoldietilenico       245 -7 1,11 31,7 � -----

Etanolo       78 -114 0,79 24,6 � 1000
Acetone       56 -95 0,79 20,7 � 1000

1-propanolo       97 -126 0,80 20,3 � 200
2-propanolo       82 -88 0,79 19,9 � ---
Terz-Butanolo       82 26 0,78 12,5 � 100

Piridina       115 -42 0,98 12,4 � 5
Tetraidrofurano (THF) 66 -109 0,89 7,6 �  200

Dimetilsolfossido 
(DMSO) 

189      18 1,10 46,7 25,3 -----

Acetato d’etile 77 -84 0,9 6,0 8,1 400 
Etere       35 -116 0,71 4,3 6,0 400

Diclorometano       40 -95 1,33 8,9 1,30 250
Cloroformio       61 -64 1,49 4,8 0,82 25

Solfuro di carbonio 46 -111 1,26 2,6 0,29 20 
Benzene       80 5,5 0,88 2,3 0,18 25

CCL4       77 -23 1,59 2,2 0,08 10
Clorobenzene       132 -46 1.11 5.6 0.05 75

Etere dibutilico 142 -95 0,77 3,1 0,03 --- 
Cicloesano       81 6,5 0,78 2,0 0,01 300

Esano       69 -95 0,66 1,9 Insolubile 500
Pentano       36 -130 0,63 1,8 Insolubile 500
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DefinizioniSolubility and structural features

•  Solubility values will be effected by the Molecular weight. 

Glucose Paper 
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DefinizioniSolubility and structural features

•  Solubility values will be effected by the mp/bp

•  Melting point

Ac. Fumarico
sublima 200 C
Insolubile in acqua

OH

OH

O
O

OH

O
O

OH
H

H H

H

Ac. Maleico
fonde a 130 C
Solubile in acqua
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DefinizioniMelting/Boiling point and structural features Molecular shape
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Stearic acid
mp 69 
0.00029 g/100 g (20 °C

Oleic acid
mp 13

The solubility of lipids in nonpolar organic solvents results from their significant
hydrocarbon component. The hydrocarbon portion of the compound is responsible
for its “oiliness” or “fattiness.” The word lipid comes from the Greek lipos, which
means “fat.”

26 Lipids

001

stearic acid

linoleic acid

L ipids are organic compounds, found in living organisms, that are
soluble in nonpolar organic solvents. Because compounds 
are classified as lipids on the basis of a physical property—

their solubility in an organic solvent—rather than as a result of their
structures, lipids have a variety of structures and functions, as the
following examples illustrate:

COOH

CH2OH

OH

H

CH3

CH3

CH2

CH2

CH

CH3

CH3

CH2OH

PGE1
a vasodilator

cortisone
a hormone

vitamin A
a vitamin

tristearin
a fat

limonene
in orange and

lemon oils

HO H

HO

H

OH

HH3C H3C

O

C O
O

O

O

OO

O

O

CH3
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The solubility of lipids in nonpolar organic solvents results from their significant
hydrocarbon component. The hydrocarbon portion of the compound is responsible
for its “oiliness” or “fattiness.” The word lipid comes from the Greek lipos, which
means “fat.”
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Elaidinic acid (trans oleic acid)
mp 46

mp 16
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DefinizioniSolubility and structural features

•  Solubility values will be effected by the % hydrocarbon present in the 
structure

•  Hydrocarbon % 

▲ Oil from a 70,000-ton oil spill in
1996 off the coast of Wales.

Section 2.9 Physical Properties of Alkanes, Alkyl Halides, Alcohols, Ethers, and Amines 87

Because nonpolar compounds have no net charge, polar solvents are not attracted to
them. In order for a nonpolar molecule to dissolve in a polar solvent such as water, the
nonpolar molecule would have to push the water molecules apart, disrupting their hy-
drogen bonding, which is strong enough to exclude the nonpolar compound. In con-
trast, nonpolar solutes dissolve in nonpolar solvents because the van der Waals
interactions between solvent and solute molecules are about the same as between
solvent–solvent and solute–solute molecules.

Alkanes are nonpolar, which causes them to be soluble in nonpolar solvents and
insoluble in polar solvents such as water. The densities of alkanes (Table 2.1) in-
crease with increasing molecular weight, but even a 30-carbon alkane such as tria-
contane (density at ) is less dense than water (density at

). This means that a mixture of an alkane and water will sepa-
rate into two distinct layers, with the less dense alkane floating on top. The Alaskan
oil spill of 1989, the Persian Gulf spill of 1991, and the even larger spill off the
northwest coast of Spain in 2002 are large-scale examples of this phenomenon.
(Crude oil is primarily a mixture of alkanes.)

An alcohol has both a nonpolar alkyl group and a polar OH group. So is an alcohol
molecule nonpolar or polar? Is it soluble in a nonpolar solvent, or is it soluble in
water? The answer depends on the size of the alkyl group. As the alkyl group increas-
es in size, it becomes a more significant fraction of the alcohol molecule and the com-
pound becomes less and less soluble in water. In other words, the molecule becomes
more and more like an alkane. Four carbons tend to be the dividing line at room tem-
perature. Alcohols with fewer than four carbons are soluble in water, but alcohols with
more than four carbons are insoluble in water. In other words, an OH group can drag
about three or four carbons into solution in water.

The four-carbon dividing line is only an approximate guide because the solubility
of an alcohol also depends on the structure of the alkyl group. Alcohols with branched
alkyl groups are more soluble in water than alcohols with nonbranched alkyl groups
with the same number of carbons, because branching minimizes the contact surface of
the nonpolar portion of the molecule. So tert-butyl alcohol is more soluble than
n-butyl alcohol in water.

Similarly, the oxygen atom of an ether can drag only about three carbons into solu-
tion in water (Table 2.7). We have already seen (photo on page 52) that diethyl ether—
an ether with four carbons—is not soluble in water.

Low-molecular-weight amines are soluble in water because amines can form hy-
drogen bonds with water. Comparing amines with the same number of carbons, we
find that primary amines are more soluble than secondary amines because primary
amines have two hydrogens that can engage in hydrogen bonding. Tertiary amines,
like primary and secondary amines, have lone-pair electrons that can accept hydrogen
bonds, but unlike primary and secondary amines, tertiary amines do not have hydro-
gens to donate for hydrogen bonds. Tertiary amines, therefore, are less soluble in water
than are secondary amines with the same number of carbons.

Alkyl halides have some polar character, but only the alkyl fluorides have an atom
that can form a hydrogen bond with water. This means that alkyl fluorides are the most
water soluble of the alkyl halides. The other alkyl halides are less soluble in water than
ethers or alcohols with the same number of carbons (Table 2.8).

20 °C = 0.9982 g>mL
20 °C = 0.8097 g>mL

Table 2.7 Solubilities of Ethers in Water

2 C’s soluble

3 C’s soluble

4 C’s slightly soluble (10 g 100 g )

5 C’s minimally soluble (1.0 g 100 g )

6 C’s insoluble (0.25 g 100 g )H2O>CH3CH2CH2OCH2CH2CH3

H2O>CH3CH2OCH2CH2CH3

H2O>CH3CH2OCH2CH3

CH3OCH2CH3

CH3OCH3
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DefinizioniSolubility and structural features

•  Solubility values will be effected by the HBA/HBD

CIPROFOXACINA 
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S = 0.2 % p/v S = 125 % p/v 
A white, crystalline powder or small, 
colourless crystals or shiny flakes, 
freely soluble in water, sparingly 
soluble in alcohol.

A white, crystalline powder or 
white or colourless, acicular 
crystals, slightly soluble in water, 
freely soluble in alcohol and in 
ether, spar ingly soluble in 
methylene chloride

Solubilità acquosa del sale incrementa di 
almeno di 2 ordini di grandezza

Solubility and salts
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NON tutti i sali sono dotati di elevata 
solubilità acquosa

Na+   (K+) 

iniettata per via i.m. o e.v. trattamento di 
infezioni acute (intervallo posologico: 6 h) 

Benzilpenicillina: Penicillina G sale sodico o potassico

MOLTO SOLUBILE (> 10 % p/v) 

Soluzione estemporanea preparata con H2O per 
preparazioni iniettabili 

Benzilpenicillina Procaina:

Forma ritardo ⇒ assorbimento lento 
e prolungato 
trattamento di infezioni croniche 
(intervalli di somministrazione: da 1 volta 
alla settimana ad 1 volta al mese) 
 

forma ritardo della benzilpenicillina somministrata per via intramuscolare come sospensione 
(solubilità = 0.4% p/v) 

Solubility and salts
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Il farmaco NON deve precipitare dopo essere 
stato iniettato in vena o instillato come collirio

HA HA  A - Na+ A - 

pH 7.4 

Sangue o liquido lacrimale 

Solubility and salts


