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270 CHAPTER 9 e Non-agqueous media

9.2 Relative permittivity

Before beginning a discussion of non-aqueous solvents, we
must define the relative permittivity, also referred to as the
dielectric constant, of a substance. In a vacuum, the Coulom-
bic potential energy of a system of two unit electronic charges
is given by eq. 9.1 where ¢ is the (absolute) permittivity of a
vacuum (8.854 x 10712 mel), e is the charge on the
electron (1.602 x 107" C) and r is the separation (in
metres) between the point charges.

2
Coulombic potential energy =

9.1
4reyr (1)
If a material is placed between the charges, the force is
reduced by an amount that depends upon the relative
permittivity of the material. The new Coulombic potential
energy is given by eq. 9.2 where ¢, is the relative
permittivity of the material. Since it is a relative quantity,
¢, is dimensionless.
2

Coulombic potential energy =

dmeye,r (®2)
For example, at 298 K, ¢, of water (the dielectric constant)
is 78.7 but, as Fig. 9.1 shows, ¢, varies with temperature.
A value of 78.7 can be considered to be a ‘high’ value
and from eq. 9.2, we see that in aqueous solution, the
force between two point charges (or two ions) is consider-
ably reduced compared with that in a vacuum. Thus we
can consider a dilute aqueous solution of a salt to contain
well-separated, non-interacting ions.

Table 9.1 lists dielectric constants for water and a range
of common organic solvents. The absolute permittivity of
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Fig. 9.1 Variation in the relative permittivity (dielectric constant) of
water as a function of temperature.

a solvent is found using eq. 9.3, but it is usual to discuss sol-
vent properties in terms of the relative values.

Absolute permittivity of a material = gye, (9.3)

Table 9.1 also gives the dipole moment (1) of each solvent.
In general, the trend in values of dipole moments follows that
in values of the relative permittivities for solvents having
related structures. Jon—solvent interactions are favoured (e.g.
to facilitate the dissolution of an ionic salt) by using a solvent
with a large dipole moment, but for maximum effect, the sol-
vent molecule should also be small, and both ends of it should
be able to interact with the ions in the same way that water
interacts with cations through the oxygen atoms (see
Fig. 7.5) and with anions through the hydrogen atoms.
Thus, ammonia (¢, = 25.0, u = 1.47D) is a better solvent
(see Section 9.6) for ionic salts than dimethylsulfoxide or
nitromethane, even though these have ¢, values of 46.7 and
35.9, and dipole moments of 3.96 and 3.46 D, respectively.

Table 9.1 Relative permittivity (dielectric constant) values at 298 K (unless otherwise stated) for water and selected organic solvents.

Relative permittivity, ¢, Dipole moment, g/ debye

Solvent Formula '
Formamide HC(O)NH,
Water H,O
Acetonitrile MeCN
N,N-Dimethylformamide (DMF) HC(O)NMe,
Nitromethane MeNO,
Methanol MeOH
Ethanol EtOH
Dichloromethane CH,Cl,
Tetrahydrofuran C4HgO (structure 9.2)
Diethyl ether Et,O
Benzene CgHg

109 (293 K) 3.73
78.7 1.85
37.5 (293 K) 3.92
367 3.86
35.9 (303K) 346
327 1.70
243 1.69
9.1 (293K) 1.60
76 1.75
43 (293K) 1.15
23 0

TMe= methyl; Et = ethyl.
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