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Abstract: An ionic liquid (IL) is an organic compound that
contains at least one ionic bond. It consists of an organic cation
and an organic or inorganic anion. It is an organic salt having
a melting point below 100◦C. A very interesting group of IL are
those with a long chain quaternary ammonium cation. They are
formed by direct synthesis or by an anion-exchange reaction in
quaternary ammonium halides. Popular and cheap precursors for
the preparation of ionic liquids are didecyldimethylammonium
chloride and benzalkonium chloride. These compounds have bi-
ological activity and are widely used in industry. Ionic liquids
synthesized on the basis of these compounds often exhibit biolog-
ical activity. This paper describes the methodology and results
of the synthesis of new ammonium ionic liquids, their properties
and the possibility of their application in industry.

1. Introduction

Ionic liquids are a group of organic compounds, which in recent years have become
a subject of intense research in many scientific centres. Despite numerous publica-
tions which have discussed both the interesting properties and the applications of
these compounds, ionic liquids still have a high scientific and technological potential.
This is particularly true of quaternary ammonium ionic liquids, in which different
combinations of cations and anions allow researchers to obtain the desired properties
(Plechkova and Seddon, 2008). Use of cations with long alkyl chains suggests that
the resulting ionic liquids will have biocidal and wood preservative properties (Rogers
et al., 2010; Obłąk and Gamian, 2010). Therefore, the cations used as precursors
are didecyldimethylammonium chloride – used as a wood preservative (Ferrell et al.,
1998), and benzalkonium chloride – widely used as a disinfectant (McCay et al., 2010).
The possibility of obtaining ionic liquids with trimethyl-alkylammonium chloride –
Arquad’s of natural origin (animal tallow – Tallow, natural oil – Oil, coconut oil –
Coco and Soya from soybean oil) – was also examined. In addition, it was decided
to check whether the use of these cations in combination with various anions would
result in an ionic liquid that protects steel from corrosion. In this study, ionic liq-
uids, with bisulfate (Fish, 2003), propionate (Bertleff et al., 2003) and sorbate (Lueck,
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1980) anions, which are also anionic salts commonly used as food preservatives, were
obtained.

2. Synthesis and properties

Ionic liquids were obtained by using an anion exchange reaction between the quater-
nary ammonium chloride and an organic or inorganic salt. The purity of compound
was determined using a two-phase titration, according to the Polish Standard (Normy,
2010), and solubility in water was determined according to the book of organic synthe-
sis (Vogel, 2006). Ionic liquids obtained in the first step contained a didecyldimethy-
lammonium [DDA] cation or a benzalkonium [BA] cation. The reactions proceeded
according to the following schemes:

Ionic liquids containing a didecyldimethylammonium cation1:

Ionic liquids containing a benzalkonium cation:

Ionic liquids containing Arquad as a cation2:

Yield, purity, solubility in water and the physical state of the obtained compounds
are shown in Tab. 1 and Tab. 2.

Synthesis resulted in high yield and very high purity. The remains of the resulting
ionic liquid is water Separation of the product from the reaction mixture does not pose
a problem. Pure product can be obtained by using chloroform extraction and then
evaporating the solvent. The structure of the obtained compounds was confirmed
using the proton and carbon nuclear magnetic resonance:

1n = 11÷13; M+ – a cation of an organic or inorganic salt, A- – an anion of an organic or
inorganic salt
2R – is a mixture of substituents characteristic for Arquad (Tallow, Coco, Soya and Oil)

[DDA] - didecyldimethylammonium;
[HSO3] - bisulfate;
[BA] - benzalkonium;
[prop] - propionate;
[sorb] - sorbinate;
[und] - undecylate.
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[DDA][HSO3]1H NMR: 0,88 (t, 6H, J = 6,72 Hz); 1,24 (m, 28H); 1,66 (s, 4H); 3,45
(m, 4H); 3,40 (s, 6H); 4,66 (s, 1H).
13C NMR: 62,92; 51,2; 31,61; 29,23; 29,19; 29,03; 29,03; 26,07; 22,51; 22,42; 13,86

[BA][HSO3]1H NMR: 0,88 (t, 3H, J = 6,85 Hz); 1,25 (m, 18/22H); 1,75 (s, 2H);
3,43 (m, 2H); 3,25 (s, 6H); 4,95 (s, 2H); 7,39 (m, 3H), 7,65 (m, 2H), 3,94 (s, 1H).
1C NMR: 133,2; 130,2; 128,9; 127,7; 67,2; 63,0; 49,5; 31,7; 29,5; 29,49; 29,4; 29,3;
29,26; 29,2; 29,18; 29,14; 26,13; 22,7; 22,5; 14,0;

[DDA][prop]1H NMR: 0,88 (t, 6H, J = 6,70Hz); 1,28 (m, 28H); 1,69 (s, 4H); 3,49
(m, 4H); 3,41 (s, 6H); 1,08 (t, 3H, J = 7,6 Hz); 2,21 (m, 2H)
13C NMR: 179,6; 63,2; 50,9; 31,6; 31,0; 29,15; 29,11; 29,0; 29,0; 26,0; 22,5; 22,4;
13,9; 10,9.

[BA][prop]1H NMR: 0,88 (t, 3H, J = 6,85 Hz); 1,23 (m, 18/22H); 1,79 (s, 2H); 3,48
(m, 2H); 3,28 (s, 6H); 5,00 (s, 2H); 7,44 (m, 3H); 7,66 (m, 2H); 1,09 (t, 3H, J=7,6);
2,22 (m, 2H)
13C NMR: 179,9; 133,0; 130,3; 128,8; 127,4; 67,1; 63,2; 49,3; 31,6; 31,2; 29,3; 29,29
(29,29); 29,2; 29,1; (29,1) 29,0; 28,97; 26,05; 22,6; 22,4; 13,8; 11,0.

[DDA][sorb]1H NMR: 0,88 (t, 6H, J = 6,74Hz); 1,26 (m, 28H); 1,77 (m, 4H); 3,43
(m, 4H); 3,35 (s, 6H); 1,64 (d, 3H, J = 5,91 Hz); 5,87 (m, 1H); 6,14 (m, 2H); 6,95
(m, 1H).
13C NMR: 172,2; 137,5; 132,2; 130,9; 129,5; 63,1; 50,7; 31,5; ; 29,11; 29,09;28,9;
28,9; 24,9; 22,4; 22,3; 18,0; 13,8.

[BA][sorb]1H NMR: 0,88 (t, 3H, J = 6,71 Hz); 1,22 (m, 18/22H); 1,76 (m, 2H);
3,33 (m, 2H); 3,22 (s, 6H); 4,86 (m, 2H); 7,40 (m, 3H); 7,59 (m, 2H); 1,76 (d, 3H,
J=5,42 Hz); 5,89 (m, 1H); 6,12 (m, 2H); 6,98 (m, 1H).
13C NMR: 172,8; 137,9; 133,1; 132,6; 130,9; 130,2; 129,6; 128,9; 127,6; 67,3; 63,0;
49,5; 31,7; 29,4; 29,4 (29,4); 29,3; 29,28; 29,1; 29,1; (29,1); 26,2; 22,7; 22,5; 18,2;
13,9.

Tab. 1. Ionic liquids with a didecyldimethylammonium or benzalkonium cation

Compound Y [%] P [%] State SH2O

[DDA][HSO3] 94 99.1 liquid -

[BA] [HSO3] 93 98.2 liquid +

[DDA][prop] 93 99.2 liquid +

[BA][prop] 92 98.7 liquid +

[DDA][sorb] 95 98.2 solid. higr -

[BA][sorb] 94 98.0 liquid +

[DDA][und] 92 98.0 solid. higr -

[BA][und] 93 98.1 liquid -
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Tab. 2. Ionic liquids with Arquad as a cation

Compound Y[%] Purity[%] State

[ARQ O][HSO3] 90 98.7 liquid

[ARQ T][HSO3] 91 97.9 liquid

[ARQ SV][HSO3] 92 97.8 liquid

[ARQ C][HSO3] 90 98.3 liquid

[ARQ O][prop] 91 98.1 liquid

[ARQ T][prop] 91 97.7 liquid

[ARQ SV][prop] 92 97.9 liquid

[ARQ C][prop] 93 98.9 liquid

[ARQ O][sorb] 95 98.2 liquid

[ARQ T][sorb] 93 98.1 liquid

[ARQ SV][sorb] 92 98.2 liquid

[ARQ C][sorb] 90 98.4 liquid

There were changes in the chemical shifts of protons in the vicinity of the cation of
a quaternary nitrogen atom. The differences in the chemical shifts of protons in the
spectra of ionic liquids obtained prove that the compounds were synthesized correctly.

3. Applications

The anti-corrosion properties of the three selected ionic liquids were examined. The
solutions used in the research were solutions of didecylodimetylamonnium sorbate
[DDA][sorb], didecyldimethylammonium bisulfate [DDA][HSO3] and didecyldimethy-
lammonium propionate [DDA][prop], and they were compared with didecyldimethy-
lammonium chloride [DDA][Cl] from which they were synthesized. Steel components
were weighed on an analytical balance and immersed in a 2% solution of ionic liq-
uids and 2% didecyldimethylammonium chloride. After six weeks the components
were removed from the solutions, purified of rust, and weighed. Losses in mass for
the components immersed in the test solutions of ionic liquids were measured. The
results are summarized in Tab. 3.

The use of any of the three ionic liquids resulted in a very clear reduction in
the weight loss affecting the samples. The smallest decrease in weight was observed

[ARQ O] - Arquad Oil;
[ARQ T] - Arquad Tallow;
[ARQ C] - Arquad Coco;
[ARQ SV] – Arquad Soya
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Tab. 3. Anti-corrosion properties of synthesized ammonium ionic liquids

m1 [g] m2 [g] ∆m [g] %m [%]

[DDA][sorb] 44.3429 44.3216 0.0213 0.048

[DDA][HSO3] 42.4970 42.4841 0.0129 0.030

[DDA][prop] 45.5996 45.5582 0.0414 0.091

[DDA][Cl] 43.9339 43.6211 0.3128 0.712

for didecyldimethylammonium bisulfate and the largest – for didecyldimethylammo-
nium propionate. All ionic liquids tested protected steel from rusting in the aquatic
environment.

Next, the effect of didecyldimethylammonium bisulfate, benzalkonium bisulfate,
didecyldimethylammonium propionate, benzalkonium propionate, didecyldimethyl-
ammonium sorbate and benzalkonium sorbate on the surface of historic wood was
examined. The ionic liquid was applied onto the surface of pinewood in an amount of
100 g/m2. Observation was carried out to confirm whether the liquid soaked into the
wood. The observation stopped after 72 hours. Next the excess of ionic liquid was
removed from the surface of the wood, using pure water.

Fig. 1 shows a block of wood, with a layer of benzalkonium propionate applied to
half of it. It was observed that the ionic liquid soaked into the wood and also spread
toward the part of timber onto which it had not been applied.

After 72 hours benzalkonium propionate almost completely sank deep into timber.
When a few drops of water were then applied to the protected area, it was found
that the surface of the wood was not damp. Benzalkonium propionate had a very
positive influence on the surface of protected timber. The surface was refreshed, it
had a deeper colour and was protected against moisture. Similar results were also
obtained for other test liquids. During the examination of results with regard to wood
preservation and renewal, researchers also checked whether the ionic liquids used in

Fig. 1. Timber immediately after application of benzalkonium propionate (left) and
after 72 hours (right)
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the test were successful in removing iron oxides remaining after nails and screws.
However, the results achieved in this respect were not satisfactory. The ionic liquids
obtained in the study do not dissolve rust stains.

4. Summary

• New ammonium ionic liquids were synthesized with bisulfate(IV), propionate,
sorbate and undecyl anions. The counter-ions were didecyldimethylammonium,
benzalkonium and Arquads derivative cations

• Ionic liquids were obtained in high yields in excess of 85% with a purity of over
95%.

• Didecyldimethylammonium bisulfate(IV), didecyldimethylammonium sorbate,
didecyldimethylammonium undecyl and benzalkonium undecyl are hydropho-
bic compounds while benzalkonium bisulfate(IV), benzalkonium sorbate, dide-
cyldimethylammonium propionate and benzalkonium propionate are hydrophilic
compounds.

• Didecyldimethylammonium and benzalkonium bisulfates (IV), propionates, sor-
bates and undecyles have the ability to preserve wood and refresh its surface.

• Aqueous solutions of synthesized DDA bisulphate (IV), propionates and sor-
bates have anti-corrosion properties.
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