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Table S1 Overview of ionic liquids research

Chemical structures and
names of ILs
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1-hexyl-3-ethylimidazolium
hexafluorophosphate

Steel/Steel!20: 151

Steel/Al!52,
Steel/Cu—Sn
alloy'33,

Steel/ N1 SizNy
coating!>*

Ni coating!>?

\/ \CH
©pF,
1-phenyl-3-methylimidazolium
Hexfluorophosphate

Film!28

/" \e
N N
N A
GPF
6
1-octyl-3-ethylimidazolium
Hexafluorophosphate

Steel/Steel!20

A

PF,
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yD)
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1,1'-(3,6-dioxaoctane-1,8-
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bis(trifluoromethyl sulfonyl)-imide
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Crown-functionalized
Imidazolium bis(2-ethylhexyl)
phosphate

Steel/Stee]>* 189 190
Steel/Al3¢, Film!9!

R F Steel/Steel 87

O O

2N(CF3SOZ)2

R=C4Hg, C14Hog R
1,1'-(2,3,5,6-tetrafluoro-1,4-
phenylenebismethylene)bis(3-alkyl-
1H-imidazolium-1-yl)
Di[bis(trifluoro methanesulfonyl)-
amide] bis(trifluoromethylsulfonyl)

/T \e
S\/NM\
(CF;80,),N

3-octylthiazolium
bis(trifluromethylsulfonyl)-imide

Steel/Steel!7

Steel/Stee] 186

-imide
0Ny NS

shie

JT
FSC(HZCS) OIN(CF350,), (CH,)3CF5
1,1°-(3,6,9-trioxaundecane-1,11-
diyl)bis[3-(4,4,4- trifluorobutyl)-
1 H-imidazolium-1-yl] di[bis
(trifluoromethanesulfonyl)amide]
bis(trifluoromethyl sulfonyl)-imide

s _
| . N(CF;350,),
~—N CJL N ~
/ AN
S-ethyl-N,N,N",N"-tetramethyl-
thiouronium bis(trifluromethyl
sulfonyl)-imide

Steel/Steel!Y7

)

// SS___ ON(CF;80,),

Triethyl-sulfonium
bis(trifluromethylsulfonyl)-imide

Steel/Stee] 10!

® @ Steel/Stee]!88
R/NVNM,SNVN\R

R=CHg, C4Hq

(ot

o)
1,1’-(pentane-1,5-diyl)-bis(3-
alkylimidazolium) bis(salicylato)
borate

S s

Steel/Stee]83: 101, 112,
192, 193

N P I\T +N - N
oy o
CHs ~ CHy

[@@;J@]

1,1'-(pentane-1 ,5-diyl)-bis(2,3-
dimethylimidazolium)
bis(salicylato)borate

Steel/Stee] 188

Steel/Al°!,
N(CF3S02)2 MEMSI73
n
n—O, 2,3,5
1-alkyl-1- methyl pyrrolidinium
bis(trifluromethylsulfonyl)-imide
Steel/Steel®?

:®:e
N N(CF;80,)
\\ 3 2)2

1-(2-methoxyethyl)-1- methyl
pyrrolidinium bis(trifluromethyl
sulfonyl)-imide

X= CF}SO3,
® CH;80,,

N
\/\/ G)\ F3(C,F5)3P,
X (CN),B
1-butyl-3- methyl pyrrolidinium
triflate/methylsulfates/tris(pentafluo

roethyl)trifluorophosphate/metracya
noborate

Steel/Steel?®- 97 169,
176,192, 194-198
Steel/Al°!,
Steel/TiN!%9,
Steel/CrN1%9,
Steel/DLC199-200




Steel/Stee]20!

: ©fi}go
H2n+1Cn CH3

n=4,5,6,7,812

N-alkyl-N- methylpyrrolldlmum
bis(mandelato)borate

/ N\ Steel/Steel 83
CN e NC/

2(CF3S05),N
1,1’-(3,6,9-Trioxaundecane-1,11-
diyl)bis(3-dimethyl-1H-
pyrrolidinium -1-yl)
bis(trifluromethyl sulfonyl) imide

/ \ Steel/Steel!85
CN Ko 'NQ

2(CH3SO5)
1,1°-(3,6,9-Trioxaundecane-1,11-
diyl)bis(3-dimethyl-1H-
pyrrolidinium -1-yl)
methyl sulfonate

72\ @ MEMs!73
. N—
CH3CH,S0;
1-ethyl-3- methyl pyridinium
ethyl sulfate
N/IL Hard coating?%
n=1,3,6,9

1- alkyl 4-[5-(alkylsulfanyl)-1,3,4-
oxadiazol-2-yl] pyridinium
tetrafluoroborate

/ N\@® Steel/Steel?*
N—R

(CF; 802)21\59

1-alkylpyridinium

bis(trifluromethyl sulfonyl) imide

Fe alloy/Steel?%2,
@ o SFeel/Steel“,
N N(CF350,), SiC/AP®,
/ N\ SiC/Cu?%, DLC?%,
1-methyl-1-propylpiperidinium SiC/Fe*®

bis(trifluromethyl sulfonyl) imide

Steel/Steel®?

® Q
N N(CF3580,),

/ NN

f0) —
1-(2-methoxyethyl)-1-
methylpiperidinium
bis(triﬂuromethyl sulfonyl) imide

[ j Steel/Steel8?

N(CF;SOZ)Q
-

N-(2-methoxyethyl)-N-
methylmorpholinium
bis(triﬂuromethyl sulfonyl) imide

Steel/Steel 88
\/\/\/N+

Pentan e -1,5- diyl- bis-(dimethyl
cyclohexylammonium)
bis(slicylato)borate

Steel/Steel®2,
Steel/AllS,
Steel/PTFE2,
W ke Si0,/SisN 2,
Poly-Si/SizN4??
=—/x% n=3, 5 YU N
" Si;N/ SisN.2,
N(CN),, BF4, N(CF350,), Film34
1-butyl-3-methylpyridinium
bis(trifluromethyl sulfonyl) imide
Steel/Steel?,
Steel/PTFE??
\
BFC
1-hexyl-2-methylpyridinium
Tetrafluoroborate
/ \\ ©) Steel/A1'33
N—\/\
N /H
A\
o PO

" o

1-butylpyridinium
O-butyl phosphonate

/ \e o Steel/Steel?%3
N— X

X=CH3S0y, (CF3S0,),N
I-methylpyridinium
methylsulfate,
bis(trifluromethyl sulfonyl) imide

(j\/\é/ w Steel/Steel205
N Ne

X:CH3SO4, (CF3SOz)2N
1,13-di(N-methylpyridinium-20-
yl)-4,7,10-trioxatridecane
Methylsulfate




09 Steel/Steel! 7%
\
(( O=S=O
@

/
F
F F
. F
F
HOF

Tributyl-(2-
methoxyethyl)phosphonium
2,2,3,3,4,4,5,5-octa fluoropentyl

?

, i@/\/ﬁ\

e
o
o
o OH

Trihexyl tetradecylphosphonium
Salicylate

Steel/Al'11

?

3 3

(o]
o]

Trihexyl tetradecylphosphonium
saccharinate

ia/\kﬁ\

Steel/Al'!!

sulfate
= Steel/Steel?Y7,
Steel/Al'32,
Film34
BF4®
n=3,5,7,9
Tributyltetraalkylphosphonium
tetrafluoroborate
= Steel/Stee]!1- 208 52,

79, 119, 209

Steel/A161,210-212)
Steel/Polymer?'3,
Steel/PTFE>2

/Hs\/\PM}

X=Br, (CF3S0,),N, F3(C,Fs);P,

BF,, CH3(CH,)sCOO
Trihexyl tetradecylphosphoniumate
Bromide/bis(trifluromethyl
sulfonyl)
imide/tris(pentafluoroethyl)trifluoro
phosph/tetrafluoroborate/decanoate

\S¢O

Q
° N
€]
A

?

3

Trihexyl tetradecylphosphonium
dodecylbenzenesulfonate

Steel/Stee]208

T Steel/Steel®?
\j ©
(CF5S0,),N
R=n-CsH;;, n-CgH,7n-C,Hys,
CH,CgHs, C,H,0CH;

Triethylalkylphosphonium,
bis(trifluromethyl sulfonyl) imide

PN 2N

HOOC CnH2,COOP

\’/

N
x7 Dy
Tetrabutyl phosphonium

amide acid-based anion

Steel/Steel®s: 89

5 Steel/Stee] 101

@

SR~

©
(CF380,),N
n=0, 7, 11
Tributylalkylphosphonium
bis(trifluromethyl sulfonyl) imide

0o
/
w wn\ P=0
F o\
O
]
n=0,1,3

Tributylmethylphosphonium
Dialkylphophate

Steel/Stee]%0: 94.95.97.
208,209, 214-216
,




Tributylmethylphosphonium
diphenyl phosphate

Steel/Steel?1¢,
Steel/Al°!

Trihexyl(tetradecyl)phosphonium
bis(2,4,4-trimethyl pentyl)
phosphinate

Steel/DLC2
Si;Ny/ Silicon??

\ -0
P/
d

e

Tributyl (2-ethylhexyl)
phosphonium
bis(2-ethylhexyl) phosphate

Steel/Steel?!5

) 15

Trihexyl(tetradecyl)phosphonium
diphenyl phosphate

Steel/Steel?!¢,
Steel/AlS!-210212

‘ o (\? Steel/Steel???
® O0—P.
ETRTTNME T
N
Trioctylmethylphosphonium
dibutyl phosphate
o?P e Steel/Steel?}

D SN

>

Trioctylmethylphosphonium
bis (2,4,4-trimethyl
pentyl) phosphinate

Trihexyl(tetradecyl)phosphonium
dibutyl phosphate

Steel/Steel?!7,
Steel/A1210

©
O\ O

)

NP

(3
Trioctyl (2-ethylhexyl)
phosphonium
bis(2-ethylhexyl) phosphate

Steel/Steel?!?

0°®
\/

;ﬁ%

=6, 10
Trloctyl(alkyl)phosphonlum
bis(2-ethylhexyl) phosphate

Steel/Gray cast
Fe215.220

<
0@
\%
\

RS

Trihexyltetradecylphosphonium
bis(2-ethylhexyl) phosphate

Steel/Stee]208. 217-219,

Steel/Gray cast
Fe220
Steel/Al212,
Si3N4/St66121 9

Coating/ Gray cast
Fe221,222

Trihexyl(tetradecyl)phosphonium
bis-(2-Ethylhexyl) dithiophosphate

Steel/A1210

<
o~ o

EaF’//
=g v

Steel/Steel?% 208,217,
23,

Steel/Gray cast
Fe220,

Coating/ Gray cast
Fe222
Polymer/Polymer?
Steel/Coating?**

=
=

RS e

(S)
O QP

P.

=
Trihexyl(tetradecyl)phosphonium
bis(2,4,4-trimethyl pentyl)
dithiophosphinate

Steel/Steel?!”




2
é

Tetrabutylphosphonium
0,0- dlethyllphosphorodlthloate

Steel/Steel*®

—Si—
é /

Trihexyl(tetradecyl)phosphonium
3-(trimethylsilyl)propane-1-
sulfonate

Steel/Al1212

11

o}
Trihexyl(tetradecyl)phosphonium

Steel/A1226

f Steel/A1226
®
/P%\/\i/\%
0.0 0 ~°
8
o709 o
Trihexyl(tetradecyl)phosphonium
bis(mandelato)borate
Steel/Al226

11

Trlhexyl(tetradecyl)phosphonium
bis(oxalato)borate

bis(slicylato)borate
= Steel/Al12%6
®
WPW
;\ \9/ :/E
Trlhexyl(tetradecyl)phosphonium
bis(malonato)borate
\ Fe alloy/Steel?%2,
—~— N@—- DLC204
/ . SiC/Fe?, SiC/ARY,
(CF;3S0,),N SiC/Tim,
Trimethylpropylammonium SiC/Cu®,
bis(trifluromethyl sulfonyl) imide
T@ Steel/Al?
SO
(CF3S0,),N ©
Trihexylammonium
bis(trifluromethyl sulfonyl) imide
Fe Alloy'%,
° Fe alloy/Steel?28,

oM

N
SN
o
(CF3S0,),N
Trioctylammonium
bis(trifluromethyl sulfonyl) imide

Steel/Al% 110,228

H
|/H

N
HY A6

(CF3SOZ)2N@

Film??»




Octadecylammonium
bis(trifluromethyl sulfonyl) imide

\ Steel/Al?
_H
®
N\/
(Cstsoz)zN
Triethyl ammonium
bis(pentafluoroethylsulfonyl)imide)

E2
©
CH,SO5

Trimethylbutylammonium
methyl sulfonates

Steel/Steel!7®

‘ P Steel/Stee] 107
pd ON 5

S)
(CF5S0,),N
Heptyltrimethylammonium
bis(trifluromethyl sulfonyl) imide

© ~
CH3;S0; ©N
30V3 - \/\OH
Trimethyl(2-hydroxyethyl
)ammonium methyl sulfonates

Steel/Steel!76: 195

| Steel/Stee] 101 176
s

N\/\/
(CF 3802)2N

Butyl-trimethylammonium
bis(trifluromethyl sulfonyl) imide

@IL/
V\ 0
CHSO,
Trimethylmethoxyethylammonium
methyl sulfonates

Steel/Steel!76- 195

steel/stee] 176, 193, 195

N
\/\ OH
(CF3302)2N
Trimethyl(2-hydroxyethyl
Jammonium bis(trifluromethyl
sulfonyl) imide

(s

Triethylmethylammonium methyl
sulfonates

Steel/Steel 93

| steel/stee] 176 195
SN

N
\/e\ o
(CF3SOy,N
Trimethylmethoxyethylammonium
bis(trifluromethyl sulfonyl) imide

Trimethyl(2-hydroxyethyl
)ammonium methyl sulfate

Steel/Steel'76: 195

®| ~ [l
N o /
<0 Fo— o
o)

Trimethylmethoxyethylammonium
Methyl sulfate

Steel/Steel!76: 195

Steel/Stee]24 88. 90, 195

& @ /_/
X:BF4, (CF3SOz)2N
N,N-diethyl-N-methyl-(2-

methoxyethyl) ammonium
bis(trifluromethyl sulfonyl) imide

@ o
/\N/\@ Il /

O/ﬁ\o
0

Triethylmethylammonium methyl
sulfate

Steel/Stee] 76 195,196

| ® Steel/DLC200
AN N\/\ O/
F3(C,Fs)sP
Ethyl-dimethyl-2-
methoxyethylammonium

tris(pentafluoroethyl)
trifluorophosphate

He [_o

Butylammonium dibutylphosphate

Steel/Al134 137

H
©
/\/\®IL/H o P
P\H

N,N-dibutylammonium o-
butylphosphate

Steel/A1135: 137




Steel/Al!34 137

Tetrabutylammonium
dibutylphosphate

Trioctylammonium di(2-
ethylhexyl)phosphate

R4 Q
R2 /o
P_OR4
HaC Ry R0~
Ry, Ry, R3=C8-C10, Ry=C8, C12
Trialkylmethyl ammonium dialkyl
phosphite

Steel/Stee]?3!

© /O Steel/Steel??

n=6, 10
Trialkylmethylammonium
dibutylphosphate

S)
S

~

Sw

\@®
N

=)

jas
o
/\/\o/

—Q

a

Trimethyl(2-
hydroxyethyl Jammonium dibutyl
dithiophosphate

Steel/Stee]230

o Steel/Steel?
\ 7

e

Trioctylmethylammonium
bis(2,4,4-trimethyl pentyl)

Q
HOOC.__CrHanCOO é}
AR AR
X Y S
n=0,1,2,3
m=0,1,2

Tetraalkylammonium amide acid-
based anion

Steel/Steel?s: 89232

phosphinate
S Steel/Steel???
P

\M@WX/ lﬁ<

Tridodecylmethylammonium
bis(2,4,4-trimethyl pentyl)
phosphinate

@
coo®

H2NI
X

Tetrabutylammonium amide acid-
based anion

Y

Steel/Steel!2,
Steel/A1102,
Steel/Culf2,

90 o Steel/Steel?3

Trimethyl(2-hydroxyethyl
Jammonium di(2-
ethylhexyl)phosphate

0

40
/P\
o O
5 N.
)(M@\H
Ne) < <

o Steel/ cast iron??0

Steel/Steel?33
©]
NS TN
©
BF,
Tetrabutylammonium
tetrafluoroborate
Cocos @ o Steel/Steel?8,
[ /N/\/{, \/\J‘}OH P Steel/Ti’

L m+n=14-25

0o

S

0]
AM-101chloride




H,PO,
AM-112 dihydrogen phosphate

Steel/Ti’

R R=C,Hs, n-C4Hy, n-CgHy7

Trimethyldodecylammonium S-
(carboxylpropyl)-N-dialkyl
dithiocarbamic acid

Steel/Steel?3*

7 (6]

Tri(2-hydroxyethyl Jammonium
oleate

Steel/Steel?*®

Trimethylalkylammonium 4-alkyl
benzene sulfonate

Steel/Steel?3S

Tetrabutylammonium oleate

Steel/Stee]237- 238

o3s

Rz\‘ /R4 O

i

R1, Ry, R3, R4=CH3,CoHs,
C4Hg, CgH17, C12Ha2s, C1gHa7
Tetraalkylammonium bis(2-
ethylhexyl) sulfosuccinate

Steel/Steel??,
Steel/Cu??

)
INTINTTN

o

€]

Tetrabutylammonium linoleate

Steel/Stee]?37- 238

H
0% ol
H™ Y6 N
(0]

Octylammonium pelargonate

Steel/Stee]23¢

n=4, 6, 17
Tetrabutylammonium
caproate/Caprylate/Stearate

Steel/Stee]237- 238

N
\/\OH

W@
7 7 o

Trimethyl(2-hydroxyethyl )
ammonium oleate

Steel/Stee]??

H 0 0 Cu/Cu'¥,
H.o . H | _ & 6 Sapphire/Steel?40
Ny o” ™o
H 2
OH
Di-(2-hydroxyethylammonium)
succinate
H ” 9 Cu/Cul04 139
H\ | /\/OH
— CyyCo -
Ng , 07 Mo
OH
Di-[bis(2-
hydroxyethyl)ammonium]Adipate
Cu/Cu!*
| /\/OH 0 (¢}
H OH
B1s(2-hydroxyethyl)ammonium
salicylate
Cu/Cu'%

H
e
N AR

OH




Bis(2-hydroxyethyl)Jammonium
oleate

Steel/Steel!92 197,

I Steel/ CrN
\®N /\/O\ coatingzl‘”'z“3
e Steel/ TiIN
kF3(C2F5)3P coating?42 244

. Steel/DLC?%2
Ethyl-dimethyl-2-

methoxyethylammonium
tris(pentafluoroethyl)
trifluorophosphate

Steel/Steel”
~.
N
e
N
\N 'Tl/\
I

F3(CyFs);P ©
N,N,N’,N’-Tetramethyl-N"-
Ethylguanidinium
tris(pentafluoroethy)
Trifluorophosphate

Steel/Stee]?33

o] (o]
0© 0
N_/

B
7/ N\
o o
0 o)

Tetrabutylammonium
bis(malonato)borate

Steel/Steel”

\N/

\ﬁﬁ)\x/\

/

C]
X=0,8  F3(CoFs)sP X ethyl-
N,N,N’,N’-tetramethylisouronium
tris(pentafluoroethyl)
trifluorophosphate

o}
Tetraalkylammonium
bis(salicylato)borate

B
O

Steel/Steel?33

e NN

0.60-°
/B\
070 ©

Tetrabutylammonium
bis(mandelato)borate

Steel/Steel!82

Dioctylmethylpentylammonium
bis(salicylato)borate

Steel/Steel?33

®
NN

o 0
06,0
o/B\o

o o

Tetrabutylammonium
bis(oxalato)borate

Steel/Steel!88
R R
I _R

o Penta
ne-1,5-diylbis(trialkylammonium)
bis(slicylato)borate
AISI
316L/sapphire?*
AISI

52100/sapphire?*®

Steel/Stee]!82, 233



S
A ")

N

@\

(CN),N ©
5-(2-methoxyethyl)-3,4-
dimethylthiazol-3-ium

dicyanamide
AISI
316L/sapphire?*
o S AISI
52100/sapphire?*3
/ W
N
® \
(CF3S805),N @
5-(2-methoxyethyl)-3,4-
dimethylthiazol-3-ium
bis(trifluoromethane sulfonyl)-
amide
Steel/Al246
OY
N
\
//N
N®
\ Q (0]
CeHy3 O
1-acetyl-3-hexylbenzotriazolium
benzoate
Steel/Al2#6

)
@EN’? /

\ 0
CeHi3
(S]
1-acetyl-3-hexylbenzotriazolium

sorbate

(denoted as [CmCnim]X, where Cm and Cn are n-
alkyl chains; im, imidazolium; X, counteranion)
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