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Synthesis

4-picolinium mesylate: [4-picH][MeSOs]

2.1 mL of 4-picoline (0.02147 mol) and 1 equivalent of methanesulfonic acid (1.4 mL) were added
to a 50 mL round-bottom flask. A total of 30 mL of acetonitrile was added and the mixture was
stirred for 24h at room temperature. The solvent was evaporated and the final product was dried
in vacuum and obtained as a white solid (quantitative yield).

"H-NMR (8, D20, 400 MHz): 8.61 (d, 2H, J=4.0 Hz), 7.91 (d, 2H, J= 4.0 Hz), 2.81 (s, 3H), 2.68
(s, 3H) ppm.

BC-NMR (3, D20, 100 MHz): 161.70, 139.93, 127.84, 38.42, 21.69 ppm.

FTIR-ATR: v = 3411 (NH), 1641 (C=N), 1508 (CC aromatic), 1162 (C-SO2), 1040 (C-O), 775
(CH aromatic), 517 (CH aromatic) cm™.

Elemental analysis C7H11NO3S-1.4H20: expected C 39.20%, H 6.12%, N 6.53%; found C 39.26%,
H 6.16%, N 6.49%.



4-picolinium hydrogen sulfate: [4-picH][HSO4]

2.1 mL of 4-picolinium (0.02147 mol) and 1 equivalent of sulfuric acid (1.15 mL) were added to
a 50 mL round-bottom flask. 25 mL of acetonitrile were added and the mixture was stirred for 24h
at room temperature. The solvent was evaporated and the final product was dried in vacuum and
obtained as a white solid (quantitative yield).

'H-NMR (8, CDCl3, 400 MHz): 14.37 (s, 1H), 8.47 (m, 2H), 7.66 (m, 2H), 2.31 (s, 3H) ppm.
BC-NMR (8, D20, 100 MHz): 161.64, 139.93, 127.81, 21.67 ppm.

FTIR-ATR: v = 3416 (NH), 3081 (OH), 1640 (C=N), 1507 (CC aromatic), 1156 (C-O), 1029 (C-
0), 855 (CH aromatic), 794 (CH aromatic), 571 (CH aromatic), 476 (CC aliphatic) cm™'.
Elemental analysis CéHoNO4S-1.2H20: expected C 33.86%, H 5.22%, N 6.58%; found C 33.85%,
H .15%, N 6.53%.

Pyridinium mesylate: [PyrH][MeSOs]

2 mL of pyridine (0.02528 mol) and 1 equivalent of methanesulfonic acid (1.64 mL) were added
to a 100 mL round-bottom flask. A total of 50 mL of acetonitrile was added and the mixture was
stirred for 24h at room temperature. The solvent was evaporated and the final product was dried
in vacuum and obtained as a white solid (quantitative yield).

"H-NMR (8, D20, 400 MHz): 8.80 (d, 2H, J=4.0 Hz), 8.64 (t, 1H, J= 8.0 Hz), 8.09 (t, 2H, J= 8.0
Hz), 2.79 (s, 3H) ppm.

BC-NMR (8, D20, 100 MHz): 147.19, 141.14, 127.42, 38.43 ppm.

FTIR-ATR: v =3674 (OH), 2972 (CH), 2902 (CH), 1621 (C=N), 1548 (CC aromatic), 1491 (C=C-
C aromatic), 1145 (C-SO2), 1021 (C-O), 748 (CH aromatic), 678 (CH aromatic), 608 (CH
aromatic), 526 (CH aromatic) cm™.

Elemental analysis CeH9NO3S: expected C 41.13%, H 5.18%, N 7.99%; found C 41.13%, H
5.39%, N 8.03%.

Pyridinium hydrogen sulfate: [PyrH][HSO4]
2 mL of pyridine (0.02528 mol) and 1 equivalent of sulfuric acid (1.36 mL) were added to a 50

mL round-bottom flask. A total of 30 mL of acetonitrile was added and the mixture was stirred for



24h at room temperature. The solvent was evaporated and the final product was dried in vacuum
and obtained as an off-white solid (quantitative yield).

"H-NMR (8, D20, 400 MHz): 8.77 (m, 2H), 8.62 (m, 1H), 8.07 (m, 2H) ppm.

BC-NMR (3, D20, 100 MHz): 147.20, 141.07, 127.41 ppm.

FTIR-ATR: v =3661 (OH), 2972 (CH), 2900 (CH), 1618 (CC aromatic), 1545 (NH), 1488 (C=C-
C aromatic), 1151 (C-0), 1032 (C-0), 842 (CH aromatic), 748 (CH aromatic), 678 (CH aromatic),
526 (CH aromatic) cm™.

Elemental analysis CsH7NO4S-0.7H20: expected C 31.64%, H 4.79%, N 7.38%; found C 31.74%,
H 4.24%, N 7.47%.

Methylimidazolium mesylate: [MIMH][MeSO3]

The synthesis of this PIL was performed according to a previously reported method.

Methylimidazolium hydrogen sulfate: [MIMH][HSO4]

2 mL of methylimidazole (0.02436 mol) and 1 equivalent of sulfuric acid (1.33 mL) were added
to a 50 mL round-bottom flask. A total of 35 mL of acetonitrile was added and the mixture was
stirred for 24h at room temperature. The solvent was evaporated and the final product was dried
in vacuum and obtained as a pale yellow viscous liquid (quantitative yield).

'H-NMR (8, DMSO, 400 MHz): 9.05 (s, 1H), 7.69 (m, 2H), 6.89 (s, 1H), 3.87 (s, 3H) ppm.
BC-NMR (8, D20, 100 MHz): 134.96, 122.93, 119.43, 35.41 ppm.

FTIR-ATR: v = 3661 (OH), 3149 (OH), 2972 (CH), 2882 (CH), 1587 (CC aromatic), 1553 (NH),
1160 (C-0O), 1038 (C-0O), 843 (CH aromatic), 756 (CH aromatic), 591 (CH aromatic), 572 (CH
aromatic), 436 (CC aliphatic) cm™.

Elemental analysis C4HsN204S-1H20: expected C 24.24%, H 5.09%, N 14.13%; found C 24.18%,
H 4.92%, N 13.39%.

Tetramethylguanidinium mesylate: [TMGH][MeSO3]

The synthesis of this PIL was performed according to a previously reported method.



Tetramethylguanidinium hydrogen sulfate: [TMGH][HSO4]

2.1 mL of tetramethylguanidine (0.01736 mol) and 1 equivalent of sulfuric acid (0.9 mL) were
added to a 50 mL round-bottom flask. A total of 25 mL of acetonitrile was added and the mixture
was stirred for 24h at room temperature. The solvent was evaporated and the final product was
dried in vacuum and obtained as a white solid (quantitative yield).

"H-NMR (3, CDCl3, 400 MHz): 2.81 (s, 1H), 1.61 (s, 12H), 0.91 (s, 2H) ppm.

BC-NMR (8, D20, 100 MHz): 161.38, 38.83 ppm.

FTIR-ATR: v = 3661 (OH), 2972 (CH), 2902 (CH), 1618 (C=C-C aromatic), 1549 (NH), 1491
(C=C-C aromatic), 1147 (C-0), 1020 (C-0O), 748 (CH aromatic), 678 (CH aromatic), 626 (CH
aromatic) cm'.

Elemental analysis CsHisN304S-0.7H20: expected C 26.59%, H 7.60%, N 18.61%; found C
26.56%, H 7.16%, N 19.09%.

1,8-diazabicyclo(5.4.0)undec-7-enium mesylate: [DBUH][MeSOs]

1.96 mL of 1,8-diazabicyclo(5.4.0)undec-7-ene (0.01314 mol) and 1 equivalent of
methanesulfonic acid (0.85 mL) were added to a 50 mL round-bottom flask. 20 mL of acetonitrile
were added and the mixture was stirred for 24h at room temperature. The solvent was evaporated
and the final product was dried in vacuum and obtained as a pale yellow viscous liquid
(quantitative yield).

"H-NMR (8, D20, 400 MHz): 3.56-3.49 (m, 4H), 3.31-3.28 (m, 2H), 2.78 (s, 3H), 2.61-2.59 (m,
2H), 2.02-1.96 (m, 2H), 1.71-1.66 (m, 6H) ppm.

BC-NMR (8, D20, 100 MHz): 165.95, 54.13, 48.20, 38.46, 37.96, 32.79, 28.42, 25.85, 23.30,
18.90 ppm.

FTIR-ATR: v = 3248 (OH), 3131 (OH), 2931 (CH), 1647 (CC aromatic), 1325 (C-N aromatic),
1156 (C-S02), 1038 (C-0), 771 (CH aromatic), 551 (CH aromatic), 522 (CH aromatic) cm™.
Elemental analysis Ci10H20N203S: expected C 48.36%, H 8.12%, N 11.28%; found C 47.98%, H
8.88%, N 11.19%.

1,8-diazabicyclo(5.4.0)undec-7-enium hydrogen sulfate: [DBUH][HSO4]

The synthesis of this PIL was performed according to a previously reported method.
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Figure S1. CoF vs. sliding velocity obtained with three concentrations of [4-PicH][HSO4] in
PEG200: 0% (m), 1% (m), 2% (A) and 5% (®).The errors are * standard deviation (n=3).
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Figure S2. CoF vs. Sommerfeld parameter, Z, for neat PEG200 and the mixtures PEG200+2%
PIL: (A) PILs based on the anion [HSO4]" and (B) PILs based on the anion [MeSOs]". The errors

are t standard deviation (n=3).
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Figure S3. AFM image of the film remaining on the Si substrate after the tribological test with
PEG200+2% [4-picH][HSO4] (2375 cycles, IN) . The insert represents the magnification of

marked area on the track an adsorbed layer.
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Figure S4. CoF as a function of time obtained in long tests with the pair Si/Si, under 1N, 2N and
4N, and v=8mm-s"' using PEG200 and the mixtures of PEG200 with [4-picH][MeSO3], [4-
picH][HSO4], [DBUH][MeSOs3] and [DBUH][HSO4] as lubricants.
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3C NMR
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[DBUH][MeSOs3]
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Figure S5. 'TH-NMR, *C-NMR and FTIR spectra of the synthesized PILs.
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Calculation of the theoretical minimum film thickness using elastohydrodynamic theory of

lubrication (EHL)

According to the elastohydrodynamic theory of lubrication (EHL) applied to non-conformal
geometry of ball-on-disk contact, the theoretical minimum film thickness, 4, depends on the
viscosity at atmospheric pressure (7Ja:m), and pressure-viscosity coefficient () of the lubricant and
reduced modulus of the contact between the surfaces (£r). The value of E» was calculated using

Equation (S1):

1 1[(1=Y%isk 1-95au

Er T2 [( Egisk ) + ( Epall )] (Sl)
where the values of Poisson’s ratio and Young’s modulus for Si, taken from reference (!, are 0.27-
0.22 and 130-165 GPa, respectively.

The theoretical minimum film thickness, /4, can be calculated using the Hamrock model 1), through

the following equation:

h=3.63R (Unatm)0'68 (aE,)04 (L)—oms (1 — e~0-68k) )

ErR EyR?

where R is half of the radius of the ball, U is half of the sliding speed (as an approximation, in
reciprocating movement, can be taken as the average sliding speed of the test), W is the load and

k is ellipticity parameter (taken as 1 for point contact). The pressure-viscosity coefficient, o =

%(Z—Z) , was calculated as 17 GPa™! for tetracthylene glycol, from data reported in the literature at
T

25 °C.1*) The same value was used, as an approximation, for the PEG200+[4-picH][HSO4] mixture,
since PEG200 and tetraethylene glycol have very similar molecular weights and the solution of IL

in PEG200 is very diluted.
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