
Physicochemical properties of fatty acid based ionic liquids

Marisa A.A. Rocha a,b,⇑, Adriaan van den Bruinhorst a, Wolffram Schröer c, Bernd Rathke b,
Maaike C. Kroon a,d,⇑
a Separation Technology Group, Department of Chemical Engineering and Chemistry, Eindhoven University of Technology, Groene Loper 5, 5612 AE Eindhoven, The Netherlands
b Technische Thermodynamik, Universität Bremen, Badgasteiner Str. 1, D-28359 Bremen, Germany
c Institut für Anorganische und Physikalische Chemie, Universität Bremen, Leobener Str. NW II, D-28359 Bremen, Germany
d The Petroleum Institute, Dept. Chemical Engineering, P.O. Box 2533, Abu Dhabi, United Arab Emirates

a r t i c l e i n f o

Article history:
Received 19 October 2015
Received in revised form 20 April 2016
Accepted 29 April 2016
Available online 30 April 2016

Keywords:
Ionic liquids
Fatty acid
Density
Viscosity
Thermogravimetric analysis
Thermal phase behavior

a b s t r a c t

In this work a series of fatty acid based ionic liquids has been synthesized and characterized. Densities
and viscosities at different temperatures have been measured in the temperature range from (293.15
to 363.15) K. The thermal operating window and thermal phase behavior have been evaluated. The
effects of a branched anion and a mono-unsaturated anion on the physicochemical properties have been
explored. It has been observed that the density (T = 298.15 K) decreases with the following sequence:
methyltrioctylammonium 4-ethyloctanoate > methyltrioctylammonium oleate � tetrahexylammonium
oleate > tetraoctylammonium oleate, with no detectable dependency of the thermal expansion coeffi-
cients on the total number of carbons in the ionic liquid. An almost linear correlation between the molar
volumes and the total number of carbons of the alkanes together with the studied ionic liquids was
found. The experimental viscosity data were correlated using the Vogel–Fulcher–Tammann (VFT) equa-
tion, where a maximum relative deviation of 1.4% was achieved. The ionic liquid with branched alkyl
chains on the anion presents the highest viscosity, and methyltrioctylammonium oleate has the highest
viscosity compared to the rest of the oleate based ionic liquids. The short and long-term stability were
evaluated for all ionic liquids, their long-term decomposition temperatures were found to be significantly
lower than their short-term decomposition temperatures. From the long-term thermal analysis was con-
cluded that the highest temperature at which these ionic liquids can be kept is 363 K. In addition, the
thermal behavior, glass transition temperature, crystallization behavior and melting temperatures of
the studied ionic liquids are presented.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Ionic liquids are salts composed of ions, liquid at room temper-
ature, with remarkable properties, such as low vapour pressure,
stable liquid phase over a wide temperature range, low flammabil-
ity and thermal stability at high temperatures [1–6]. The possibil-
ity of tuning these properties over a wide range by adjusting the
structure and chemical composition of the constituting ions is
one of the main advantages of these systems, which have con-
tributed to intense research in chemical [7–16], biological
[17,18], and material science fields [4,5,19,20]. The tuning of the
physicochemical properties of ionic liquids goes beyond the

different combinations of cations and anions, and nowadays, the
research is also focusing on binary and ternary mixtures of ionic
liquids [20–24].

The development of industrial processes and design of new
ionic liquids needs accurate thermophysical data such as heat
capacities, viscosities, densities and vapour pressures. Obviously,
these properties cannot be measured for all possible ionic liquids.
To overcome experimental limitations, the development of differ-
ent simulation techniques (Quantum and Molecular Mechanics,
Molecular Dynamics, Monte Carlo) [25–36] and group contribution
methods [37–40] has increased.

Since the unique properties of ionic liquids are governed by the
structure and interaction between the ions, a better understanding
of property–structure relationships is required. Additionally,
the study of this relationship provides qualitative information
concerning the interactions at a molecular level of the ionic liquids.
Despite of the high number of ionic liquids, 1,3-dialkylimidazolium
based ionic liquids are the most studied in the literature, and
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several trends for their thermophysical properties [41–46] and sol-
ubility [47,48] have been observed.

The natural availability and biodegradability of fatty acids,
makes them interesting alternatives to be explored for the design
of new ionic liquids [49,50]. Fatty acids have been investigated
for the design of new low toxicity ionic liquids [51,52] and for
selective metal extractions recently [12,53]. However, there is a
lack of physicochemical properties concerning these kind of sys-
tems. Therefore, in this work, four fatty acid based ionic liquids
were synthesized and characterized. The physicochemical proper-
ties, namely density and viscosity were measured in the tempera-
ture range (293.15–363.15) K, and the thermal stability and
thermal phase behavior have been investigated.

2. Experimental details

2.1. Synthesis, purification and characterization

The ionic liquids used in this work were synthesized by a two-
step procedure using the same experimental conditions recently
described in the literature [12]. Information on the used reagents
and synthesized ionic liquids is summarized in Table 1. The

reagents were used without any further purification. Bromide con-
tent of the ionic liquids was determined by AgNO3 test. All the syn-
thesized ionic liquids have a bromide content below 1.4 ppm
(solubility of AgBr in water) [54,55]. The ionic liquids were dried
and purified under vacuum (<1 Pa) for a minimum of 48 h, under
constant stirring, in order to reduce the presence of water or other
volatile contents. This process was performed systematically
before and during the thermophysical properties measurements.
The water content of the ionic liquids was determined using a
Metrohm 795 Karl Fischer device (accuracy 50 ppm), being below
200 ppm. The structures of the synthesized ionic liquids were con-
firmed by NMR on a Bruker 400 MHz spectrometer. All ionic liquids
were dissolved in chloroform-d, for 1H–NMR 16 scans and 5 s
relaxation delay were applied and for 13C–NMR 256 scans and 1 s
relaxation delay. A schematic representation of the synthesized
ionic liquids is shown in Fig. 1.

2.2. Densities and viscosities

Density (q) and dynamic viscosity (g) measurements were
performed using an automated SVM 3000 Anton Paar rotational
Stabinger viscometer – densimeter (Anton Paar, Graz, Austria).

Table 1
Sample description table.

Name M/g�mol�1 CAS RN Source Mole fraction purity/% Purification method Water contentc/ppm

Tetraoctylammonium bromide 546.7962 14866-33-2 Sigma–Aldrich 98a � �
Tetrahexylammonium bromide 434.5828 4328-13-6 Sigma–Aldrich 99a � �
Methyltrioctylammonium bromide 448.6095 35675-80-0 Sigma–Aldrich 97a � �
Oleic acid 282.4631 112-80-1 Sigma–Aldrich 99a � �
4-Ethyloctanoic acid 172.2656 16493-80-4 Sigma–Aldrich 99a � �
Sodium hydroxide 39.9972 1310-73-2 Sigma–Aldrich 97a � �
Tetraoctylammonium oleate 748.3472 1416991-41-7 Synthesized 96b Drying under vacuum 110
Tetrahexylammonium oleate 636.1338 � Synthesized 97b Drying under vacuum 170
Methyltrioctylammonium oleate 650.1605 71125-11-6 Synthesized 96b Drying under vacuum 130
Methyltrioctylammonium 4-ethyloctanoate 539.9630 � Synthesized 92b Drying under vacuum 170

a The purities of all compounds were provided by manufacturer in the certificate of analysis.
b The purities of the synthesized ionic liquids were estimated using 1H-NMR, taking into account all deviations from a 1:1 ratio between the cation and the anion.
c The water content was determined using Karl Fischer titration. The relative atomic masses used were those recommended by the IUPAC Commission in 2011 [56].
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Fig. 1. Schematic representation, abbreviation and total number of carbons for the ionic liquids under study. Ctotal corresponds to the total number of carbons in the ionic
liquid.
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