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1.3.2. Density
Ionic liquids in general are denser than water with values ranging from 1 to 1.6 g -cmand their
densities decrease v h increase in the length of the alkyl chain in the cation [2 The densities

of ionic liquids are additionally influenced by the character of anions [26].

Table 1.1
Measured density (p) from the literature (p") at 7=298.15 K for [BMIN ¢ 1],

[BMIM]'[N(CN)J. 3MIM]*[OcSO4]", [BN  I]'[SCNT and [BMIM]*[CHs! ] .

Component p/g -cm™
| BMIM]*[C(CN)3] 1.047330
[BMIM]*IN(CN).] 1.06313°
[BRMIM]"TOcSO4] 1.0684°!
[BMIM][SCNT 1.0698>

[BMIM]" [CH3SO4] 1.2124%

1.3.3.  Viscosity

ILs are more viscous compared to common organic solvents [14]. Most RTILs e viscous
fluids, with viscosities more practically identic  to viscosities of oils, being twoto ree orders
of degree greater than those for organic solvents . The viscosity of ionic liquids is dete 1ined
by van der waals forces and hydrogen bonding. Electrostatic forces may also play an important
role. Alkyl chain lengthening in the cation leads to an increase in viscosity [29]. This is due to
stronger van der waals forces between cations leading to increase in the energy required for
molecular motion. Also, the ability of anions to forr  ydrogen bonding has a pronounced effect

on viscosity.


















M =M+ pV 6)

Substitution of equation (1.5) into equation (1.6) and solving for P

c
‘Where — A;io ar A2 are constants and V2 is the frequency. Equation (1.7) can erefore
be written as:
2
p?-‘»A-?-B(—\ (1.8)

\v)

The constants A and B are characteristics of the oscillator. Equation (1.8) can alsc : written

as:
p=A+Br (1.

Where 4 and B are termined by calibration, 1 is the period and density is known y the
symbol. This involves determining the period for two pure substances of known de ity.

Densities are me  1red in relation to a reference material:

p_pO:B(Tz_Tg) ) (110)

Commercially available vibrating tube densimeters with a- :cision of 0.001 % are available.
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The molecular structures of [BMIM]'[BF4]", [BMIM]
[EMIM]TEtSO4]" w h were optimized using the De

[see Figure 4.9 (a, b, c, d)].
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