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1. Characterization of ILs

1.1. NMR characterization

NMR samples were prepared by adding 0.5 mL of CDClIs to ~30 mg of ionic liquid into 5 mm NMR

tubes. 'H and '3C NMR spectra were recorded at room temperature (295 K) on a Bruker Avance 500

spectrometer operating at 500.13 MHz for the proton-1H and 125.76 MHz for the carbon-13C.

Experiments were run using a BBO {1H, X} probehead equipped with a z-gradient coil. 'H and *C

chemical shifts were referenced to the residual undeuterated CDCl; signal (7.26 ppm for 'H and 77.16

ppm for *C NMR spectra). Standard zg programs were employed for 1D NMR experiments. A

Waltz-16 decoupling scheme with a pulse of 80 usec was used for *C{'H} NMR analysis.
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Fig. S1. "H NMR spectrum of [Omim][Br] in CDCls. Full spectrum.
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50 Fig. $3. "H NMR spectrum of [Omim][NTf2] in CDCls. Full spectrum.
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57 1.2 FTIR characterization
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59 Fig. S7. FTIR spectrum of ILs.
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Fig. $8. (a) TGA curves and (b) DTGA curves of ILs (1: [TBA][Br], 2: [Omim][Br], 3:
[ODABCO][Br], and 4: [Omim][NTf2]).

As observed in Fig. S8, [TBA][Br], [Omim][Br] and [Omim][NTf2] show only one sharp weight loss
step with a maximum at 211, 304 and 294°C, respectively. It can be attributed that all the interactions
of these three ILs collapse over critical temperatures, and ILs start decomposing [1]. As a
consequence of the decomposition, over 90% weight losses are observed in the temperature range
between 150-400°C. However, the thermal degradation of [ODABCO][Br] shows two steps of weight
losses, the first small one with a maximum at 254 °C and then the second large one with a maximum
at 302 °C. The small weight loss is due to the loss of alkyl chains, whereas the large loss with a
maximum at 302°C results from the collapse of the all the stacking interactions of [ODABCO][Br] [2].
Importantly, the collapse of the stacking interaction occurs 83-93°C earlier for the aliphatic cation
(tetrabutylammonium), when compared with the aromatic imidazolium cation (3-Methyl-1-
octylimidazolium), and 91°C earlier when compared to the cyclic quaternary ammonium cation (1-
octyl-1,4-diazabicyclo[2.2.2]octanium). It can be explained that there are m—m intermolecular
interactions within [Omim][Br] and [Omim][NTf2] as well as anion—r interaction within [Omim][Br]
[3, 4]. These interactions can stabilize the ILs. As for [ODABCO][Br], the presence of strained rings
around the nitrogen atoms allows for a closer approach of bromide anion, resulting in the stronger
interaction between them [5]. Therefore, it was concluded that a stronger interaction can lead to the
higher collapse temperature of [ODABCO][Br]. Based on the TGA results, these 4 kinds of ILs can

be feasible to be used for low-temperature pervaporation.
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Fig. S16. o-potentials of the ILs.

The potential u(o) can be viewed as the free energy needed for removing or creating screening
charges, by breakage or formation of H-bonds. More specifically, if u(g) < 0, a strong H-bond is
formed, and the opposite holds for u(g) > 0. Like with the o-profile plot, the ¢ potential is divided
into three main regions, namely the nonpolar region when —0.0084 ¢/A? < 6 < 0.0084 e/A? (related to
its ability to interact with nonpolar groups), the H-bond region when ¢ < — 0.0084 ¢/A? (related to its
ability to interact with hydrogen bond donors), and the H-bond acceptor region when o > 0.0084 e/A2
(related to its ability to interact with hydrogen bond acceptors). Based on Fig. S15, MeOH and DMC
can be likely to interact with nonpolar groups of the ILs due to the negative values in the nonpolar
zone. Moreover, MeOH is more likely to interact with both H-bond donor and acceptor molecules

because of highly negative value in the region of 6 < — 0.0084 e¢/A2and o > 0.0084 ¢/A2. In addition
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of exhibiting more negative in the nonpolar region, DMC also shows almost parabolic behaviour with
positive value in the region of 6 > 0.0084 ¢/A2, on the contrary, and will be slightly repelled by H-
bond acceptor molecules and will be slightly attracted to H-bond donor molecules, although this effect
is less pronounced for DMC than for MeOH. Therefore, it can be stated that the IL-affinity for DMC
opposed to MeOH can be enhanced by giving the ILs a more non-polar character [6, 7]. Based on Fig.
S16, the o-potentials of the considered ILs are all quite similar in the region of —0.0084 ¢/A? < ¢ <
0.0084 e/A? and 6 < — 0.0084 e/A?, except for the one from [Omim][NTf2]. The [Br]-anions cause the
presence of screening charge densities outside of the non-polar region, which makes (o) of the [Br]-
ILs be closer to that of MeOH, suggesting the affinity among them. However, [TBA][Br] has a
bulkier cation corresponding to the most negative peak in the non-polar region, implying those
stronger intermolecular interactions between DMC and [TBA][Br] among [Br]-ILs. For
[Omim][NTf2], it shows the lowest negative value in the region of o < — 0.0084 e/A2, which also
explains its higher affinity towards DMC [6, 7]. Furthermore, all u(o) of [DMC] and ILs are positive
in the region of ¢ > 0.0084 ¢/A? while MeOH shows negative value in this region. As a result, there
exists strong affinity between ILs and DMC, on the contrary, strong repulsive interaction between ILs

and MeOH.
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