
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

ChemComm

www.rsc.org/chemcomm

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


ChemComm RSCPublishing 

COMMUNICATION 

 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 1  

 

Cite this: DOI: 10.1039/x0xx00000x 

Received 00th January 2012, 

Accepted 00th January 2012 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

Alkylsulfuric acid ionic liquids: a promising class of 

strongly acidic room-temperature ionic liquids 

David Dupont,a Evelien Renders,a Koen Binnemansa*  

 

Strongly acidic (pKa ≈ -3.5) room-temperature ionic liquids 

(ILs) with -OSO3H functionalized cations are introduced. 

The strong acidity, easy synthesis, and better physical 

properties of these R–OSO3H ILs make them excellent 

alternatives to the well-known sulfonic acid (R-SO3H) ILs, 

especially in the domain of metal processing. 

Brønsted-acid ionic liquids (ILs) are a very interesting class of 

solvents.1 They are highly tunable, soluble in a wide range of 

organic solvents, and often also reusable. The fact that they are non-

volatile (no toxic fumes) also makes them safer and more convenient 

to handle than traditional mineral acids.1 Acidic ILs have been used 

as catalysts in organic synthesis, but also for the dissolution of metal 

oxides, and as acidic extractants in solvent extraction of metal ions.1-

12 Currently, the two main classes of Brønsted-acid ILs are the 

carboxylic acid (-COOH) ILs and sulfonic acid (R-SO3H) ILs.1,4,13 

The acid group is located on the IL cation so that upon deprotonation 

zwitterions are formed, which can effectively coordinate to metal 

ions.1,5,10 Recently, we have synthesized the first examples of water-

immiscible sulfonic acid ILs, which were liquid at room 

temperature.10 Sulfonic acid extractants are typically avoided in 

traditional solvent extraction due to their detergent properties, 

micelle formation and low solubility in the organic phase.14 These 

issues were solved by incorporating the sulfonic acid extractants in 

the structure of an IL.10 However, the high charge density of the 

sulfonic acid group still caused a high viscosity, a tendency to form 

gels, and the need to use long alkyl chains (hexyl, octyl) to make the 

sulfonic acid ILs water immiscible.10 The synthesis of these 

compounds was therefore relatively expensive since cyclic sultones 

and amines with long alkyl chains were required.1,10 As an answer to 

these problem, we present in this Communication a different class of 

strongly acidic room-temperature ILs which are simple to make and 

contain alkylsulfuric acid (R–OSO3H) functionalized cations (Figure 

1). The synthesis, stability and physical properties are discussed, as 

well as their ability to dissolve and extract metal ions. The focus in 

this work is on metal processing in these ILs, but the increased 

acidity of R–OSO3H groups (pKa ≈ -3.5),15 compared to sulfonic 

acids (R-SO3H) ILs (pKa ≈ -2),16 should also improve their 

efficiency as Brønsted-acid catalyst and could be the object of future 

research.15,17 The stronger acidity makes a difference for the 

protonation of organic species (e.g. carboxylic acids, aldehydes, 

ketones) in water-free solvents and therefore for the catalysis of 

certain reactions such as the Fischer esterification.1,3,6,13,15-22 The 

additional oxygen atom of the R-OSO3H group, compared to 

sulfonic acids (R-SO3H), not only increases the acidity, but also 

decreases the charge density of the end group, thus lowering the 

viscosity and increasing the hydrophobicity. The direct consequence 

is that we were able to synthesize low-viscous, room-temperature 

ILs that are water-immiscible even with short alkyl chains (methyl, 

ethyl), instead of the hexyl or octyl chains required for similar 

sulfonic acid ILs.10 Furthermore, alkylsulfuric acids and 

alkylsulfates are known for their low toxicity and biodegradability, 

which is why they are used as detergents in many household 

cleaning products (e.g. sodium dodecyl sulfate, SDS).23,24 It is also 

possible to synthesize certain alkylsulfuric acid ILs starting from the 

widely available biomolecule and animal food additive choline 

chloride.15,17,25,26 These ILs thus fit in the trend towards more bio-

based and biodegradable ILs.25-30  

 

 
Figure 1. Comparison between the well-known sulfonic acid ILs (left) and the 

alkylsulfuric acid ILs (right), described in this work. 
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Scheme 1. General synthesis method for alkylsulfuric acid functionalized 

ammonium-based ILs. The same method applies for phosphonium-based ILs. 

 

The detailed synthesis and characterization are described in the ESI, 

but a schematic overview is given here (Scheme 1). The general 

synthesis route started by alkylating a trialkylamine or 

trialkylphosphine with a linear -bromoalcohol (A), followed by the 

addition of chlorosulfonic acid to convert the alcohol to a sulfate 

group (B).31 The zwitterion was then reacted with bistriflimic acid 

(HTf2N) to produce the desired IL (C). The strong acidity of the IL 

cation makes it mandatory to use IL anions derived from even 

stronger acids, in order to avoid cross-protonation. 

Bis(trifluoromethylsulfonyl)imide (bistriflimide, Tf2N-) anions were 

chosen due to their tendency to form stable and low-viscous ILs.32 

The synthesis route depicted in Scheme 1 is flexible and allows 

control over the length of the alkyl chains on the amine and the 

length of the carbon linker attached to the –OSO3H group. 

Alternatively, the bio-compound choline chloride25,26 can be used as 

building block to make the trimethyl IL in a convenient two-step 

method (B*).15,17 An overview of the synthesized ILs and their 

physical properties is given in Table 1. The ILs are all liquid at room 

temperature and have relatively low viscosities even at 25 °C. Note 

that the glass transition temperatures and viscosities are lower than 

for the equivalent sulfonic acid ILs reported in our previous work.10  

We attributed this to the fact that the extra oxygen atom has an 

electron-withdrawing effect, thus lowering the intermolecular forces. 

The lower charge density of the alkylsulfuric acid group also 

translates in a more hydrophobic character, compared to sulfonic 

acid ILs.10 The alkylsulfuric acid ILs cover a broad range of 

miscibility from water-miscible to miscible in hydrocarbons (Table 

2), which is useful for a potential use as Brønsted-acid catalysts and 

even for non-aqueous (IL/hydrocarbon) solvent extraction systems.  

 

Table 1. Physical properties of the ionic liquids described in this work.   

Nr Ionic liquid Tg (°C)(a) 
Viscosity 

(cP) 25 °C 

Density 25 °C 

(g cm-3) 

1 [N111C2OSO3H][Tf2N] -28 324 1.58 

2 [N222C2OSO3H][Tf2N] < -80 378 1.46 

3 [N666C2OSO3H][Tf2N] < -80 1950 1.30 

4 [N888C2OSO3H][Tf2N] < -80 1538 1.28 

5 [P444C2OSO3H][Tf2N] < -80 739 1.40 

6 [P888C2OSO3H][Tf2N] < -80 1332 1.23 

7 [N111C3OSO3H][Tf2N] <-80 1337 1.59 

8 N111C4OSO3H][Tf2N] <-80 1258 1.54 

(a) Glass transition temperature (Tg): measured by DSC (lower limit: -80 °C) 

Table 2. Miscibility of the alkylsulfuric acid ILs in different solvents. 

ILs 1 2 3 4 5 6 7 8 

Water ± − − − gel gel + − 

DMF + + ± ± + ± + + 

Acetonitrile + + + + + ± + + 

EG + + − − − − + + 

Methanol + + − − + − + + 

Ethanol − + + ± + − + + 

Acetone + + + + + + + + 

Toluene − − ± + − + − + 

n-Heptane − − − − − − − + 

a Miscible (+), partially miscible (±) or immiscible (−) 

The increased hydrophobicity of these ILs compared to sulfonic acid 

ILs, is also evident from the fact that the ILs with ethyl chains or 

longer (IL 2−6) are water-immiscible (Table 2), while the analogue 

sulfonic acid ILs [NRRRC3SO3H][Tf2N] required more expensive 

precursors with hexyl or octyl chains to be immiscible in water.10 IL 

1 is particularly interesting since it can form thermomorphic aqueous 

biphasic systems (ABS) when salts (e.g. NaCl, Na2SO4) are added to 

induce phase separation.33-35 Such thermomorphic biphasic systems 

can mix reversibly with water above a certain temperature, called the 

cloud point temperature.8,34,36-39 Similar behavior has been observed 

for the analogue carboxyl-functionalized IL: betainium bistriflimide 

[Hbet][Tf2N] and this phenomenon is of great interest for solvent 

extraction as it effectively removes the phase boundary.8,37,38,40 An 

overview of the influence of the salt concentration on the cloud point 

temperature of this ABS system is given in ESI (Table S2). The best 

results were found for 1.0 M NaCl or 0.5 M Na2SO4, with excellent 

phase separation at room temperature and relatively low cloud point 

temperatures around 48 °C. Figure 2 shows the mixing and demixing 

of IL 1 with water (1:1 wt/wt), containing 1.5 M of NaCl. The fact 

that IL 1 shows this interesting behavior is a lucky coincidence since 

this is the IL that can be prepared from choline chloride (Scheme 1).  

 

 
Figure 2. Thermomorphic mixing/demixing of the [N111C2OSO3H][Tf2N]:H2O 

system (1:1 wt/wt) with NaCl (1.5 M). The cloud point of this system is 48 °C.  

 

 Alkylsulfates can decompose in water to form the corresponding 

alcohol and sulfuric acid, but it is generally accepted that they have a 

relatively good kinetic resistance against hydrolysis.27,33,41,42 To test 

the stability of the ILs, thermogravimetric analysis (TGA) was first 

carried out using a nitrogen atmosphere, which showed a 

degradation temperature of approximately 330 °C (ESI, Figure S1). 

Then, the stability of the ILs was tested with an air atmosphere 

(20−150 °C) and mixed with water (1:1 wt/wt) (20−80 °C) over a 24 

h interval, using NMR to monitor the degradation, but no signs of 

degradation were observed (ESI, Table S3).  
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 From previous work, it is known that acidic ILs such as 

carboxylic acid ILs are able to efficiently dissolve metal oxides since 

only water and metal cations are formed, which can be solvated by 

the IL zwitterions created during the deprotonation.2,5,9,43 Metal salts 

(e.g. NaCl) are poorly soluble in these ILs due to the inefficient 

anion solvation.9 These ILs thus offer the possibility to selectively 

dissolve metal oxides.9 For alkylsulfuric acid ILs, the dissolution 

reaction of metal oxides (e.g. CuO) could be as follows (eq 1): 

 

CuO + 2 [ROSO3H][Tf2N] → [(ROSO3)2Cu][Tf2N]2 + H2O                   (1) 

 

The dissolution of a range of metal oxides was tested in IL−H2O 

systems (20 wt% H2O) at 80 °C (24 h) using 

[N111C2OSO3H][Tf2N]. This ionic liquid could efficiently dissolve 

metal oxides including CaO, CuO, NiO, La2O3, Nd2O3, Co3O4 and 

Fe2O3, which is not surprising considering its strong acidity and high 

affinity for metal ions. The alkylsulfuric acid IL allows the 

dissolution of the same metal oxides as the analogue sulfonic acid IL 

[N111C3SO3H][Tf2N] (pKa ≈ -2),10 prepared in previous work. This is 

expected due to the leveling effect of water. However, differences 

are observed when comparing the dissolution of metal oxides with 

the carboxylic acid IL [N111C1COOH][Tf2N] (=[Hbet][Tf2N]) (pKa ≈ 

2).5,9,43 This ionic liquid cannot efficiently dissolve inert oxides such 

as Fe2O3 or Co3O4, but it has nevertheless shown a lot of promise 

for the treatment and recycling of metal-rich products and 

waste residues, due to its acidity, metal affinity and 

thermomorphic behavior.2,9 The more strongly acidic 

alkylsulfuric acid ILs could be useful to speed up these leaching 

processes or allow the treatment of more inert residues such as 

bauxite residue or iron oxide slags.44 The alkylsulfuric acid ILs 

are very strong acids and do not produce noxious fumes like 

most mineral acids (e.g. HCl, HNO3).1,16 This makes them 

particularly attractive as potentially green leaching agents. 

[N111C2OSO3H][Tf2N] is preferred compared to the analogues 

with longer alkyl chains due to its easy synthesis and lower 

viscosity. An overview and comparison of metal oxide dissolution 

by these ILs is given in the ESI (Table S4).  

 The water-immiscible alkylsulfuric acid ILs can also be used as 

organic phase to extract metal ions from aqueous solutions. These 

are interesting extractants, as their very strong acidity makes it 

possible to efficiently extract metal ions even from highly acidic 

solutions (pH < 0). This is not possible with weaker acids such as 

carboxylic acid or phosphoric acid extractants.45 Unfortunately, 

alkylsulfuric acid or alkylsulfate extractants are difficult to use in 

traditional solvent extraction due to their detergent properties.14,46,47 

These polar extractants do not dissolve in the organic phase unless 

long alkyl chains are used, which in their turn cause micelle 

formation. Therefore, very little is known about solvent extraction 

with alkylsulfuric acid or alkylsulfate extractants. ILs thus offer a 

unique opportunity to study these “inaccessible” extractants, since 

no detergent behavior is observed and stable biphasic systems were 

obtained. Furthermore, the use of a pure ionic liquid phase with 

extractants incorporated in their structure, drastically increases the 

extractant concentration compared to organic solvents that typically 

have a low solubility for such acidic extractants.48,49 The advantage 

of incorporating alkylsulfuric acid groups on the cation instead of 

using ILs with alkylsulfate anions is that acidic cations form 

zwitterions upon deprotonation, which can coordinate the metal 

ions.11,38 This means that acidic protons are exchanged by metal ions 

(eq 2), instead of transferring organic cations to the aqueous phase as 

is commonly the case for ionic liquids with extracting anions (e.g. 

alkylsulfate anions).45,50,51  

 

Mn+
(aq) + n [ROSO3H][Tf2N](IL) → [(ROSO3)nM][Tf2N]n(IL) + n H+

(aq)    (2) 

 

The extraction efficiency was tested by contacting the ILs 

[N111C2OSO3H][Tf2N] and [N888C2OSO3H][Tf2N] with aqueous 

solutions (1:1 ratio wt/wt), containing metal chlorides (1 mmol L-1, 

pH 2.7). NaCl (1.5 M) was added to the [N111C2OSO3H][Tf2N] 

system to obtain a biphasic system. After extraction, the metal 

concentrations were measured by total reflection X-ray fluorescence 

(TXRF) to determine the percentage extraction %E (eq 3):  

       %E = 
n𝐼𝐿

n𝐼𝐿+n𝑎𝑞
 × 100                                                                 (3) 

Here, nIL and naq are the number of moles of the metal ion in the IL 

phase and aqueous phase, respectively. The results are shown in 

Figure 3. The extraction efficiencies are intermediate between 

carboxyl-functionalized ILs such as [Hbet][Tf2N] (poor extraction 

for most metal ions),38 and sulfonic acid ILs which fully extract most 

studied metal ions from chloride solutions (> 80%).10 This trend is 

logical based on the charge density of the functional group: R-COO- 

< R-OSO3
- < R-SO3

-. The intermediate extraction efficiency of the 

alkylsulfuric acid ILs is useful as it allows separation of metal ions. 

It is also very interesting to observe that the inversed extraction trend 

for rare-earth ions (La > Nd > Dy > Y), previously observed for 

sulfonic acid ILs, also occurs for these alkylsulfuric acid ILs. This 

confirms the hypothesis that bulky functional groups lead to a 

reversal of the normal (charge density based) extraction series for the 

rare-earth ions (La < Nd < Dy < Y), which is observed for 

carboxylic acid extractants.10,38,52,53  

 

 
Figure 3. Percentage extraction (%E) from a metal chloride solution (1 mmol L-1, 

pH 2.7) using the IL [N111C2OSO3H][Tf2N] and [N888C2OSO3H][Tf2N] as org. phase. 

Zn(II), Cu(II), Ni(II), Co(II), In(III), Y(III), Dy(III), Nd(III) and La(III) were tested. 

 

 In conclusion, this Communication discusses a promising class of 

very acidic ILs with alkylsulfuric acid functionalized cations. These 
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ILs can be synthesized cheaply and offer improved physical 

properties compared to sulfonic acid ILs, which are used as 

Brønsted-acid catalysts in organic synthesis. The stronger acidity of 

alkylsulfuric acid ILs and their miscibility in various organic 

solvents makes them excellent alternatives for sulfonic acid ILs. This 

Communication also focusses on the possibility of metal processing 

in these ILs, including the dissolution of metal oxides and the 

extraction of metal ions from aqueous solutions. These strongly 

acidic extractants can efficiently extract metal ions even from very 

acidic solutions (pH < 0), which is not possible with commonly used 

carboxylic acid or phosphoric acid extractants. Furthermore, 

incorporating alkylsulfuric acid groups into the structure of the IL 

finally allowed the study of this type of extractants, since in 

traditional solvent extraction alkylsulfuric acid extractants are 

difficult to use due to their strong detergent properties. These 

versatile alkylsulfuric acid ILs thus open up a range of interesting 

applications and it is our hope that this Communication will 

stimulate further research interest for these ILs. 
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and IOF-KP RARE3) and the FWO Flanders (PhD fellowship to 

DD) for financial support.  
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Graphical abstract 

 
Alkylsulfuric acid ILs are simple to make and offer a more strongly acidic 

alternative to sulfonic acid ILs for applications in catalysis, metal extraction and 

dissolution of metal oxides. 
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