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Influence of addition of ionic liquids precursors 
with bisulphate and sulphate anions 
on hydrogen and oxygen evolution potential
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Introduction
Ionic liquids are often mentioned as chemical compounds fulfilling 

the principles of green chemistry. An indisputable advantage of this type 
of compounds is the possibility of changing their physical or chemical 
properties by modifying a cation or an anion [1÷5].

Thanks to a number of unique properties, including high conduc-
tivity, thermal and chemical stability, low volatility or low toxicity, they 
are used in various fields of chemical industry, including electrochemistry. 
They are used among others in galvanotechnical processes, electrochemi-
cal synthesis of conductive polymers, supercapacitors, lithium-ion batteries 
and other electrochemical cells. [6÷9].

The effect of ionic liquids on the overpotential of hydrogen and 
oxygen generation during the hydrolysis of aqueous systems is one 
of the extremely important properties of ionic liquids. The increase 
in the electrochemical stability of water outside the range limited by 
H2O thermodynamic stability shows, for instance, a positive effect 
on the operation of lead-acid cells [10]. It can also prove useful in 
electrodeposition processes [9]. The decrease in the hydrogen evolution 
potential on cathodes results in the inhibition of the generation of 
gas bubbles on the electrode surface and prevents roughness of the 
deposited layer.

The paper presents the studies on the effect of quaternary 
ammonium ionic liquids on the oxygen and hydrogen evolution potential 
on glassy carbon and platinum electrodes. Ionic liquids consisting of 
the cation of the alkyl substituent of different lengths and bisulfate 
anion were compared. Moreover, their properties were compared 
with analogues containing a sulfate anion. Differences between 
electrochemical properties were found depending on the anion used 
and the length of the alkyl substituent.

Experimental part

Compounds
The tested ionic liquid precursors are listed in Table 1. They were 

synthesised in a thermostated reactor equipped with a magnetic 
stirrer. 0.01 mole of appropriate alkyltrimethylamine and 20 ml of 
methanol were added and stirred until complete dissolution. Then, 
a stoichiometric amount of concentrated sulfuric acid was added 
portionwise to the reaction mixture. The entire mixture was stirred 
for 30 minutes (in case of sulfate liquids until pH = 7 is obtained), after 
which the mixture was evaporated. The product obtained was dried 
in a vacuum drier at 40°C for 36 h.

Table 1
Examined ionic liquids precursors

Formula Name Designation

Dodecyltrimethylammonium 
bisulfate

C12HSO4

Hexadecyltrimethylammonium 
bisulfate

C16HSO4

Octadecyltrimethylammonium 
bisulfate 

C18HSO4

Docosyltrimethylammonium 
bisulfate 

C22HSO4

Di(dodecyltrimethylammonium) 
sulfate 

C12SO4

Di(hexadecyltrimethylammonium) 
sulfate 

C16SO4

Di(octadecyltrimethylammonium) 
sulfate 

C18SO4

Di(docosyltrimethylammonium) 
sulfate 

C22SO4

Electrochemical tests
Solutions of ionic liquid precursors were analysed. In 1 cm3 of 37% 

sulfuric acid aqueous solution (Merck), IL content was 5 mg. Sulfuric acid  
was used to increase the conductivity of the tested solutions.

The working electrode was a glassy carbon electrode of 3 mm in 
diameter and a platinum electrode of 1.6 mm in diameter. In order to 
avoid measurement errors, an auxiliary electrode was used with approx. 
10-fold larger surface area than the working electrode. Mercurous 
sulfate electrode served as a reference electrode and the results were 
presented in relation to a standard hydrogen electrode (SHE).

The tests were performed by means of linear voltammetry with  
a potential scan rate of 10 mV s-1, initially towards anodic potentials in 
relation to open circuit potential and then towards cathodic potentials.

Results and discussion
The effect of ionic liquid precursors on the potential of hydrogen 

and oxygen evolution on the glassy carbon electrode is presented in 
Figure 1. The evolution potentials determined for pure 37% sulfuric 
acid were marked with horizontal lines.
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In case of a carbon electrode, an insignificant effect of ionic liquid 
precursors on the oxygen evolution potential was observed; however, 
a significant effect on the hydrogen evolution potential was observed. 
Moreover, a relation between the hydrogen evolution overpotential  
and the alkyl substituent length was observed. A decrease in the 
hydrogen evolution potential was observed for series C12HSO4 
– C18HSO4. The further increase in the length of alkyl substituent 
resulted in the increase in the hydrogen evolution potential.

Changing anion to sulfate caused a large decrease in the hydrogen 
evolution overpotential, which in the extreme case of the ionic liquid 
precursor C22SO4 resulted in the increase in the hydrogen evolution 
potential above the value obtained for the solution containing no ionic 
liquid precursors.

In case of the use of the working electrode made of platinum, 
a different behaviour of solutions was observed (Fig. 2). Due to the 
properties of platinum electrode (particularly due to almost zero 
overpotential of hydrogen evolution), the difference in hydrogen 
evolution potential is unnoticeable. However, the difference in the 
oxygen evolution overpotential is emphasised. The best properties 
were observed for ionic liquid precursor C18HSO4 just like in the case 
of the glassy carbon electrode. It was also found that there is a significant 
increase in the gas evolution rate after replacing bisulfate anion with 
sulfate anion just like in the case of the glassy carbon electrode.

Conclusions
The studies conducted on changes in the oxygen and hydrogen 

evolution potential as a result of the addition of the ionic liquid 
precursor to the electrolyte showed a significant effect of the type of 
the organic cation and anion used.

Ionic liquid precursors containing bisulfate anion in their 
structure showed much better properties reducing the gas 
evolution on the test electrodes than their analogues containing 
sulfate anion.

The bisulfate liquid with octadecyltrimethylammonium cation 
proved to be the best inhibitor of gas evolution among the tested ionic 
liquid precursors.
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Fig. 2. Influence of ionic liquid precursors on overpotential of oxygen 
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Rozmowy o chemii: Łukasz ZALICKI, EY
Zaprezentowano kolejne nagranie z cyklu „Rozmowy o Che-

mii”. Tym razem Łukasz Zalicki, Partner EY mówi o znaczeniu chemii 
w gospodarce i codziennym życiu, a także o pozycji i wyzwaniach euro-
pejskiego przemysłu. Rozmowa jest dostępna: http://www.pipc.org.
pl/aktualnosci/581-rozmowy-o-chemii-lukasz-zalicki-ey

Zwracamy uwagę na wcześniejsze nagrania: Ron Gale, Prezes 
International Process Plants; Paul Booth, prezes SABIC UK Pe-
trochemicals ltd.; René van Sloten, Executive Director w CEFIC; 
Rune Mejer Rasmussen, IBM Global Business Services; Andrzej 
Krueger, Dyrektor Instytutu Ciężkiej Syntezy Organicznej „Bla-
chownia”; Grzegorz Dobranowski, IBM Polska; Dorothee Arns, 
Excecutive Director w CEFIC, Petrochemicals Europe. (abc)

Magazyn „Polska Chemia”
Magazyn „Polska Chemia” (2/2016) ukaże się na przełomie listopa-

da i grudnia br. i w pierwszej połowie 2017 r. będzie dostępny na więk-
szości konferencji branżowych. 

Kontakt: Pawel.Kwiecien@pipc.org.pl. (abc)

SYNTHOS CHEMICAL AWARD – przedłużenie terminu 
składania zgłoszeń
Do 31 października br. został przedłużony termin składania 

zgłoszeń w konkursie SYNTHOS CHEMICAL AWARD. Szczegó-
łowe informacje dotyczące Konkursu, w tym regulamin, zasady 
zgłoszeń i formularz FAQ dostępne są na oficjalnej stronie: www.
synthosaward.com. (abc)

Patronat PIPC
PIPC informuje o wydarzeniach, które objęła swoim patrona-

tem: XIV Międzynarodowa Konferencja I Wystawa Nafta-Gaz-Chemia 
2016, 15.09.16, Warszawa; Targi Tworzyw Sztucznych i Gumy EPLA, 
26‒29.09.16, Poznań; Międzynarodowe Targi Materiałów, Technologii 
i Wyrobów Kompozytowych KOMPOZYT-EXPO® 2016, 5–6.10.16, 
Kraków; IV Międzynarodowa Konferencja INDEX – Bezpieczeństwo 
Procesowe I Wybuchowe w Przemyśle Chemicznym, 06–07.10.16, Kra-
ków; XV Konferencja Naukowo-Techniczna Bezpieczeństwo Instalacji 
Przemysłowych, 27–28.10.16, Police; Global Petrochemical Summit 2016, 
14–16.11.16, Lizbona; ERTC 21ST Annual Meeting, 14–16.11.16, Lizbona; 
Ogólnopolski Szczyt Gospodarczy OSG’2016, 05.12.16, Warszawa. (abc)

(Newsleter PIPC, 31 sierpnia 2016 r.)
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