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Abstract 

Seven triethanolammonium (tris(2-hydroethyl)ammonium)-based protic ionic liquids (PILs) and three 

molten salts were synthesized by proton transfer reaction from carboxylic and inorganic acids to 

triethanolamine (TEOA). The PILs were characterized by 1H NMR, 13C NMR, 1H/15N NMR and FT-IR 

spectroscopic methods. The thermal behavior of the synthesized PILs was studied, as well as the 

temperature dependence of their electric conductivity, viscosity, and their electrochemical stability 

window (ECW). The melting temperature (Tm) of the salts obtained in this work and of most of the 

TEOA salts with organic acids reported in literature is within the range of 313 – 373 oC. Tm of most PILs 

with inorganic acids is higher than 100 oC, besides, they have a narrow temperature range in liquid state. 

At the temperatures > 90 oC, triethanolammonium trifluoroacetate and nitrate have the highest electric 

conductivity values (~ 10-2 Ohm-1∙cm-1). For the PILs synthesized in this work, just like for TEOA with 

sulfonic acids, a temperature increase leads to the ECW reduction. The triethanolammonium sulphate 

salt is the least sensitive to the temperature increase, while in the other PILs the temperature increase 

from 50 oС to 120 oС makes the ECW 1.4-1.6 times narrower. 
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1. Introduction 

 

The last few years have seen a growing interest, both practical and theoretical, in ionic liquids (IL) 

– salts with the melting temperature below 100 оС. Protic ionic liquids (PILs) formed by the reaction of 

proton transfer from the Bro ̈nsted acid to the Bro ̈nsted base are one of the IL subclasses. Their low vapor, 

significant ionic conductivity, electrochemical stability make these salts applicable to organic synthesis, 

pharmaceutics, chromatography and different electrochemical devices. The properties and possible 

application areas of the PILs obtained so far are analysed in works [1–8]. The number of works devoted 

to protic ionic liquids is much lower than those on LIs, according to the Ionic Liquids Database – 

ILThermo. PILs usually have ammonium, imidazolium, pyridinium, phosphonium cations. This work 

represents the results of studying PILs based on triethanolammonium (tris(2-hydroethyl)ammonium) 

(TEOA), also called protatrane. The crystal structure of triethanolammonium salts with different anions 

is analysed in a number of works: [9–18]. In all protatranes, the atom of hydrogen H(N) in the 

triethanolammonium cation forms trifurcated hydrogen bonds with the oxygen atoms of the hydroxyl 

groups. At the same time, all three hydrogen atoms of the hydroxyl groups participate in the formation 

of an intermolecular hydrogen bond with the anion. Quantum-chemical calculations [19] of the 

geometrical and electronic structures of the complexes formed through interaction of ethanolamines 

(CH3)3-nN(CH2 CH2OH)n (n=1-3) with acids have shown that triethanolamine can form both ionic 

complexes (BH+A–) and H-boding molecular complexes (BHA). However, diethanolamine and 

ethanolamine derivatives form only hydrogen-bonded complexes. A 15N NMR study of 48 equimolar 

mixtures of Brönsted acids with amines (including triethanolamine) conducted in work [20] has shown 

that PILs are fully ionized, and their low specific conductivity indicates the formation of neutral ionic 

pairs. The physicochemical properties (thermal behavior, viscosity, density, specific conductivity, acid-

base properties) of PILs with cations (C2H5)3-n(CH2 CH2OH)nNH+ (n=1-3) and different anions were 
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