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ILs →→→→ Tm < 100 °C

(RTILs: liquid phase at ambient conditions)

Ionic liquids



Properties of ILs

thermal and chemical stability

low melting point

high ionic conductivity

negligible volatility

flame retardancy

moderate viscosity

Why ionic liquids?

variation of ion structure

high ionic conductivity

solubility with many compounds

moderate viscosity

high polarity

ion conductive materials
for electrochemical

devices solvents for
chemical reaction

solvents for
bioscience



Dynamic Mechanical Analysis

Forced oscillations

100 K – 800 K
0.001 Hz – 200 Hz
PerkinElmer DMA 8000 

Mechanical spectroscopy on 
ionic liquids: how can we

measure them?
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Mechanical spectroscopy of ionic liquids vs. DSC 
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Both techniques can provide information 
about phase trasitions, but DMA provides

also access to relaxations
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Mechanical spectroscopy of ionic liquids with the same anion
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Both ionic liquids display beside the marks of phase
transitions, also a thermally actived peak
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(Vogel-Fulcher-Tamman)

asymmetric potential wells

VFT relaxation time

relaxation time
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τ0 = 1.7 ·  10-13 s

W = 0.36 eV

α = 0.7

∆E = 25 meV

fit parameters

Τ 0 = 80 K



∆∆∆∆E = 2.3 kJ/mol

The involvement of anion conformers in the relaxations

allyl-imidazolium conformers 

∆∆∆∆E = 1.8 kJ/mol

∆∆∆∆E = 3.0 kJ/mol
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PYR14-TFSI[10] PYR14-IMT4 PYR14-IM3 Allyl-TFSI[10]

τ0 [s] (1.7 ± 0.4) 10−13 (8±1) 10-14 (2.7±0.7) 10-14 (9.3 ± 4.5) 10−14

E [eV] 0.36 ± 0.01 0.51±0.02 0.43±0.01 0.37 ± 0.01

T0 [K] 80± 3 61±6 76±2 67± 2

ΔE [meV] 26± 2 15± 3 2±2 30± 4

α 0.7 ± 0. 4 0.88±0.32 0.95±0.45 0.7 ± 0.5

J. Mol. Liq. 243, 9 (2017)

Mechanical spectroscopy of ionic 

liquids with different anions
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PYR14-TFSI[DMA1] PYR14-IM14 PYR14-IMT4

τ0 [s] (1.7 ± 0.4) 10−13 (7.5±0.4) 10−13 (8±X) 10-14

E [eV] 0.36 ± 0.01 0.45±0.04 0.51±0.02

T0 [K] 80±3 48±2 61±6

ΔE [meV] 26±2 29±1 15± 3

α 0.7±0.4 0.75±0.35 0.88±0.32

Mechanical spectroscopy of ionic liquids with different anions
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Viscosity and fluidity of ionic liquids: the role of the flexibility of ions

Ionic liquids with more 
flexible ions tend to have

lower viscosity



Viscosity and fluidity of ionic liquids: the role of the flexibility of ions



How much energy do we need to change conformations?
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DMA measurements  on ionic liquids with a more flexible anion

The ionic liquids
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The ionic liquids
with a more 
flexible anion

display 
relaxation
dynamics
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DMA measurements  on ionic liquids with a less flexible anion

The ionic liquids
with a less

flexible anion
tend to

crystallize and 
display no 
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[P5551][NTf2]
(4.1±0.1)10-

13

35 ±5 0.9 ±0.1 0.49±0.02 27±3 

[N5551][NTf2] (1.5±0.2)10-

13

56±5 0.6±0.2 0.49±0.02 27±7

[P(2O2)31][CHTf2] (1.0±0.1)10-

13

88±8 0.95±0.02 0.32±0.01 52±8

crystallize and 
display no 
relaxation, 
except that
with a very

flexible cation.



Conclusions

- A method to investigate ionic liquids by mechanical
spectroscpy was developed.

-Dynamical mechanical analysis can provide information
about both phase transitions and relaxation processes in
ionic liquids.

- Ionic liquids with more flexible ions give rise to relaxation
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- Ionic liquids with more flexible ions give rise to relaxation
processes with loer activation energy and asymmetry

- Ionic liquids with more rigid ions tend to crystallize more
easily


