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Abstract

In this work the thermal stability of four ionicqgliids (ILs) derived fromN-ethyl-N-(2-
hidroxyethyl)N,N-dimethylammonium and  N,N-di-(2-hidroxyethyl)N-ethyl-N-methyl
ammonium incorporating [NT$§] and [OTF] anions were studied and compared with
imidazolium and pyridinium ILs containing the saargons.

For this proposal, a thermogravimetric analyzerATG Perkin Elmer, was used in dynamic
mode from 100 °C to 800 °C at 10 °C/min under dryamosphere. Air atmosphere was
chosen because it is more realistic to predict dtabilities in real applications such as
lubrication systems or thermal fluids, which areavadays between the main applications of
ILs. From the ILs TG curves, the onset temperat(ifgg.) were determined, as well as the
loss of mass at thesenle: In all cases significant decomposition was detbcit lower
temperatures thanyJse; meaning that the true IL stability is lower thidwat provided by the
dynamic TG. Isothermal studies at lower temperatih@an Tnset Were then carried out to
estimate the long-term thermal stabilities at défe temperatures.
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Introduction

Increasing interest is well known in the use oficohquids (ILs) in the energy sector,
specifically in the area of renewable energy, astedlytes for solar cells, fuel cells, heat
transfer fluids, lubricants or lubricant additivafswind turbines [Fernandez et al. 2007].

The development of ILs for several of these appbos requires the previous knowledge of
their thermophysical properties. Taking into acddbat in these and other potential uses, ILs
can be subjected to high temperatures and long-¢xpesures, their thermal stability is an
essential property when selecting the most suitabéefor each application. Thermal stability
of ILs is affected by many parameters, e.g., th®gand anion type, structural modifications
of the cation (alkyl chain length, different furartalities in the alkyl chain) and impurities
(water, chlorides, etc.) [Fox et al. 2003; Salgati@al. 2013; Verdia et al. 2013]. As is well
known, the anion is the most relevant moiety in thethermal stability. To date, onset
decomposition temperature I of ILs has been determined using the scanning
thermogravimetric analysis (TGA) method. Neverthg)an recent years, the definitions of
stability and of the maximum operation temperatéwe ILs remain an open question
[Siedlecka et al. 2011]. Most of the thermal sigbilstudies were performed using
thermogravimetric (TG) analysis at a single linkaating rate in inert atmosphere, but due to
the scanning nature of the experiment, the decoitnogemperatures obtained from these
experiments, often overestimated the long termnthérstabilities of the ILs. This fact
indicates that the degradation of the ionic liqeidrts at lower temperatures than that




determined from these dynamic methods, as numeroti®rs have pointed out during the
last decade (Kosmulski et al 2004; Salgado et aBP0ONevertheless, this parameter can be
used as a relative parameter of thermal stabbity,never as the top limit of temperature in a
particular application. Isothermal studies have wshathat the ILs exhibit appreciable
decomposition at temperatures significantly loweant those determined from scanning TG
experiments [Kolsmulki et al. 2004; Kamavaram arm@d®/ 2008; Salgado et al. 2013]. With
the aim of characterizing the cation and anioncgffia this work the thermal stability of four
ILs was analysed. The cations of these ILs arevdériromN-ethyl-N-(2-hidroxyethyl)N,N-
dimethylammonium (cation 1)and N,N-di-(2-hidroxyethyl)N-ethyl-N-methylammonium
(cation 2) and the anioniscorporated are [NEf and [OTF] which are among the anions that
confer highest stability to ILs.

Materials and Methods

The cations and anions structures of the four imya®d ILs are shown in Figure 1. Their
synthesis (Scheme 1) was carried out by a treatofahte appropriate tertiary aming @r 2)
with ethyl bromide followed by a neutralization cgan to afford triflatess and 6, or a
metathesis reaction to afford the ILs derived frtme bis(trifluoromethanesulfonyl)imide
anion ( and8). All ILs were synthesized with an overall yieltband 90 %; their structures
were determined b{H NMR, **C NMR and ESI-HRMS.
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Figure 1. Structures of the cations and anionb@ilits studied in this work.
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Scheme 1. General synthetic procedure employed to prepare triflates and
bis(trifluoromethanesulfonyl)imide ionic liquids.




TG analysis was carried out in air atmosphere usitgermogravimetric analyzer, TGA7-
Perkin Elmer. The experiments were made using twevaiion modes. Firstly dynamic scans
were performed in the interval of temperature frb®@ °C to 800 °C, using a scanning rate of
10 °C/min, with a gas flow of 20 éfmin. From these experiments, onset temperaturgs)T
were determined directly from the dynamic curvead&do et al. 2013).

On the other hand, isothermal TG analysis undeatanosphere was used to determine the
long-term thermal stability of the ILs. The temperas selected for isothermal scans were
lower than onset temperature.

Finally, the times corresponding to the 2%, 5% 4886 weight loss £t tse, and foo,
respectively) were determined from these isothesuahs.

Results and Discussion
Dynamic Scans

Figure 2 presents a comparison between the TG dgneunves of the four studied ILs
obtained in air atmosphere at 10 °C/min.
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Figure 2: TG curves of the four ILs studied

Figure 3 presents the dynamic TG and DTG curvabefour ILs studied. The degradation
of the IL [Cation 1][NT$] appears at 400 °C approximately in an only sistg@, whereas the
rest of the ILs showed an overlapping of severat@ss during its degradations. The first loss
of mass, until 300 °C, can be attributed to the fwfgtied water, which is difficult to eliminate
in a vacuum drying.

The trend obtained for the thermal stability of selLs is: [Cation 1][NTf > [Cation
1][OTF] > [Cation 2][OTF] > [Cation 2][NT4], although the differences between them are
small.

The values of the onset temperature for severalwith the anions [NT{ and [OTF]
determined under identical conditions in our labamgare presented in Figure 4. Up to know
these anions are those that confer the highesh#ietability to the ILs.
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Figure 3: TG and DTG curves of the four ILs studiethis work.

Isothermal scans
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Figure 4: Onset temperatures for several
ionic liquids studied in our laboratories
(ILs with the [ommim] cation (Salgado
et al 2013) and ILs with [pmim] and

[emim] (Villanueva et al. 2013))

Several isothermal experiments were carried outifégrent temperatures, lower than
onset ones. Figure 5 shows the TG curves of the llos at 300 °C. The thermal
stability sequence is the same that the correspgridithe dynamic studies.

[Cation 1][NTf,] > [Cation 1][OTF] > [Cation 2][OTF] > [Cation 2§Tf;]

We should emphasize the importance of the isothesoans for the high-temperature
applications, due to the fact that significant misses are produced at temperatures
lower than the Jrset (Fig. 5). Although the thermal behavior of théss seems to be
different, it is important to note that these disfarities are present only during the first
part of the experiments (first 15 min) and afteatttine slope of the degradation curve is
similar. This behavior reflects that in spite oé ttact that the capacity of water capture




of these ILs is very different, its thermal statilis very similar, though, in any case,
lower than that determined from dynamic TG.

Additionally, the IL [Cation 1][NT$] was selected to perform a deeper isothermal
study; scans at seven temperatures lower thanoiinesponding JnsetWere carried out
(see Figure 6) It can be observed a fast degradati@65 °C, being necessary less than
two hours to total degrade the IL, while at lowemperatures, thermal degradation of
ILs is hardly appreciable.
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Figure 5. Isothermal scans at 300 °C for the foar |
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Figure 6. Isothermal scans, at several temperatimethe IL [cation 1][NT§]

Up to now, a clear criterion to evaluate the degtiat level allowed for the different
ILs applications does not exist (Salgado et al.320h order to know the time that the
IL [Cation 1][NTf,] takes to degrade and to obtain the maximum ojp@réémperature
suitable for every degradation level, three différdegradation levels (2%, 5% and 10%
loss of mass) for each temperature were obtairmedttyi from the isothermal curves of
[Cation 1][NTf,] (Figure 6) and presented in Table 1.




Table 1. Times for three different degradation Igevat different working
temperatures for the IL [Cation 1][NJf

T foC t /min

206 t50 t10%
200 50* > 200* >1200*
250 35* >120* >500*
300 17 50 180
325 12 30 60
335 10 20 35
350 3 10 12
365 1 3 6

* Estimated from the best fitted equation (secoedrde polynomial)

Conclusions

The thermal stability of four ionic liquids (ILs) edved from N-ethyl-N-(2-
hidroxyethyl)N,N-dimethylammonium and  N,N-di-(2-hidroxyethyl)N-ethyl-N-
methylammoniumincorporating [NT$] and [OTF] anions were analysed using the
thermogravimetric technique in dynamic and isotte@mrmodes. The onset temperatures,
obtained from the dynamic TG curves, presentedegahigher than 350 °C in all the
cases, similar to those obtained for other ILs wilie same anions. Although the
dynamic TG overrates the thermal stability, thesans and the isothermal ones
presented the same trend: [Cation 1][NTf [Cation 1][OTF] > [Cation 2][OTF] >
[Cation 2][NTf,], with small differences between them.

Finally, it is interesting to emphasize the highatglity of the information provided by
isothermal studies; the IL [Cation 1][NJf whose Tnsetis higher than 400 © C, shows
total degradation after being 100 min at 365 °€ing the criterion of 10% loss in 10 h
for the present isothermal studies, the maximumperature of operation for this IL
should not exceed 250 °C.
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