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Table S1 Overview of ionic liquids research
Chemical structures and 
names of ILs

Tribo-materials

N N
X

X= Cl, Br; n=2, 3, 5, 7, 11

n

1-alkyl-3-methylimidazolium 
bromide/chloride

Steel/Steel/1, 
Steel/Al2, 
Steel/Polymer3, 
Film4-6

N N

Cl
1-benzyl-3-methylimidazolium 
chloride

Steel/ Ti7

NN
Cl

OH

3-(2-hydroxyethyl)-1-
methylimidazolium chloride

Film4, 5

NN
Cl

CN

1-propionitrilel-3-
methylimidazolium chloride

Film4, 5

NN

Cl
OHn

O

n=1, 2 1-
carboxyalkyl-3-methylimidazolium 
chloride

Film4, 5, 8-10

NN
Cl

OH

O

n
n=3, 7

1-carboxymethyl-3-
alkylimidazolium chloride

Film10

N N

I
1-butyl-3-methylimidazolium 
iodide

Steel/Steel11，
Steel/Al12,
WC/Al13

NN
X

X=CO3, SO3

2

1-propyl-3-
methylimidazolium 
carbonate/sulfite

Film6

N N BF4

1-methyl-3-ethylimidazolium/ 
tetrafluoroborate

Steel/Steel14, 
Steel/Al15, 16 17-19, 
Steel/Ti7, 
Polymer/Steel20, 21, 
SiO2/Si3N4

22, Poly-

Si/Si3N4
22

Si3N4/ Si3N4
22, 

Al2O3/Film23

N N

BF4
2

1-butyl-3-methylimidazolium 
tetrafluoroborate

Steel/Steel11, 24-32, 
Steel/Cu28, Film33-36, 
Steel/Film37,
Steel/Coated,  
(chromium/silica 
layer) glass26, 
Steel/DLC38, 39

Polymer/Polymer29

N N
BF4

4

1-hexyl-3-methylimidazolium 
tetrafluoroborate

Steel/Steel25, 26, 40-54, 
Steel/Al15-19, 40, 41, 55, 

56, Steel/Cu40, 41, 
Steel/SiO2

40 
Steel/Si(100)40, 
Steel/Sialon40

Si3N4/SiO2
40, 

Si3N4/Sialon40

Polymer/Steel20, 
Steel/PTFE52

Steel/Coated 
(chromium/silica 
layer) glass)26, 
Film57

N N
BF4

6

1-octyl-3-
methylimidazolium 
tetrafluoroborate

Steel/Steel58-60, 
Steel/Al15, 16, 18, 19, 55, 

56, 61, Steel/Ti7, 62, 63, 
Steel/Mg64, 
Polymer/Steel20, 65, 
ZrO2/Steel66

N N

BF4

12

1-
tetradecyl-3-methylimidazolium 
tetrafluoroborate

Steel/Steel67

N N

BF4

14

1-hexadecyl-3-methylimidazolium 
tetrafluoroborate

Steel/Steel68

N N

BF4

4

1-hexyl-3-ethylimidazolium 
tetrafluoroborate

Steel/Steel40, 41, 47, 69,
Steel/Al70

N N

BF4

6

1-octyl-3-ethylimidazolium 
tetrafluoroborate

Steel/Steel41



N N

BF4

6

1-
octyl-3-butylimidazolium 
tetrafluoroborate

Steel/Mg64,
Steel/Coating71

N N

BF4
1-ethyl-2,3-dimethylimidazolium 
tetrafluoroborate

Si3N4/ Si3N4
72

N N
BF4

1-butyl-2,3-dimethylimidazolium 
tetrafluoroborate

SiO2/Si3N4
22, 73,

Poly-Si/Si3N4
22, 73

Si3N4/ Si3N4
22, 73

N N

BF4n=2, 4, 8

n

1-alkyl-3-vinyl-imidazolium 
tetrafluoroborate

Steel/Steel47

N N

BF4n=0, 5, 7, 9

HO n

1-(2-hydroxyethyl)-3-
alkylimidazolium tetrafluoroborate

Steel/Steel74, 75

N N

BF4

B
OH2N

O HN
O OC

O

16

Borate ester-functionalized 
imidazolium tetrafluoroborate

Steel/DLC76

N N

BF4

O B N
O

O
OC

O

16

Borate ester-functionalized 
imidazolium tetrafluoroborate

Steel/DLC76

N N

BF4

B
N
H

O

O HN
O OC

O

OC

O

16

16 
Borate ester-functionalized 
imidazolium tetrafluoroborate

Steel/DLC76

P

N
P

N

P
N

n(F3CH2CO) N N R* OCH2CH2
6-n

BF4
(I) n=4 R=C4H9 (II) n=4 R=C8H17
(III) n=5 R=C4H9 (IV) n=5 R=C8H17  

Phosphazene functionalized
imidazolium tetrafluoroborate

Steel/Steel77

P
N
P
N
P

N
OCH2CH2 NNO

F3C
5 BF4n=0, 3, 7

n

Phosphazene functionalized 

Steel/Steel78

imidazolium tetrafluoroborate

N N

(CF3SO2)2N
1-ethyl-3-methylimidazolium 
bis(trifluoromethylsulfonyl)imide

Steel/Steel1, 29, 50, 79-

83, Steel/Ti84, 85, 
Steel/Al85, Steel/Al-
Ti alloy85, 
Glass/brush86, 
WC/Al13, 
Si3N4/Steel87, 
Polymer/Polymer29, 
Al2O3/Film23

N N

(CF3SO2)2N 1-butyl-
3-methylimidazolium 
bis(trifluoromethylsulfonyl)imide

Steel/Steel28, 29, 49, 50, 

83, 88-97, Steel/Ti84,
Steel/Cu28, 93, 
Steel/CaF2

98

Si3N4/Steel87, 
Steel/Coating99

Polymer/Polymer29

N N

(CF3SO2)2N
4

1-
hexyl-3-methylimidazolium 
bis(trifluoromethylsulfonyl)imide

Steel/Steel30, 48, 50, 79, 

80, 83, 88, 100-103, 
Steel/Al102, 
Cu/Cu104, 
Steel/Cu102, 103, 
Si3N4/Steel105, 
Si3N4/Ti3SiC2

106

N N

(CF3SO2)2N
6

1-octyl-3-methylimidazolium 
bis(trifluoromethylsulfonyl)imide

Steel/Steel1, 107, 
Steel/Al2 Ti/Steel84, 
Film108

N N

(CF3SO2)2N

8

1-decyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide

Fe Alloy109,
Steel/Al2, 110, 111

N N

(CF3SO2)2N
10

1-dodecyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide

Steel/Steel80, 81, 88

N N

(CF3SO2)2N
12

1-tetradecyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide

Steel/Steel67

N N

(CF3SO2)2N n=2, 4, 6

n

1-alkyl-2,3-dimethylimidazolium
bis(trifluoromethylsulfonyl)imide

Steel/Steel14, 112,
Steel/Steel100,
Si3N4/Steel105,
Film113, 114



N N

(CF3SO2)2N
4

1-hexyl-3-ethylimidazolium bis 
(trifluoromethylsulfonyl)-imide

Steel/Steel69

N N

(CF3SO2)2N
R=0, 5, 7, 9

HO n

1-hydroxyethyl-3-alkylimidazolium 
bis(trifluoromethylsulfonyl) -imide

Steel/Steel115

N N

(CF3SO2)2N
3

O

O
Poly(1-(2-methacryloyloxy)ethyl-3-
butylimidazolium bis(trifluoro 
methylsulfonyl)-imide

Brushes86

NNR O

O

n
X

R=CH3, C4H9, C8H17; n=1, 2
X=BF4, (CF3SO2)2N

1-ethoxycarbonylmethyl-
3-alkylimidazolium compounds
bis(trifluoromethylsulfonyl)-imide, 
tetrafluoroborate

Steel/Steel116, 117

N N

CF3SO3 n=1, 3
n

1-alkyl-3-methyllimidazolium
Triflate

Steel/Steel29,
Steel/Al15-19,
Polymer/Steel20

Polymer/Polymer29,
Steel/CaF2

98

N N

F3(C2F5)3P
n=1, 5, 17

n

1-alkyl-3-methylimidazolium
tris(pentafluoroethyl)trifluorophosp
hate

Steel/Steel79,
Steel/Al61,
silica/silicon118,
Steel/Steel79,
silica/silicon118

N N

F3(C2F5)3P
1-tetradecyl-3-methylimidazolium 

tris(pentafluoroethyl)trifluoro 
phosphate

Steel/Steel119

N N

PF6
1-ethyl3-methylimidazolium
hexafluorophosphate

Steel/Steel1, 25, 49, 67,
Al2O3/Film23

N N

PF6

1-butyl-1-methylimidazolium
hexafluorophosphate

Steel/Steel1, 11, 25, 26, 

29-31, 45, 59, 120-123, 
Steel/Al2, Film33, 35, 

36, 124-128, 
Steel/Coated 
(chromium/silica 
layer) glass26, 
Steel/Sapphire129

Steel/DLC123, 
Polymer/Polymer29

PEEK/steel130

N N

PF6

4

1-hexyl-3-methylimidazolium
hexafluorophosphate

Steel/Steel26, 42, 43, 45, 

54, 58, 59, 120, 131-133, 
Steel/Al2, 15-19, 134-137, 
Steel/Ti7, 62, 63, 
Cu/DLC138, 
Cu/Cu139, 
Polymer/Steel20, 140, 
Polymer/AISI 
316L141 140, 
Si3N4/Steel105, 
Steel/coated 
(chromium/silica 
layer) glass26, 
Steel/coating142, 143

Steel/film144, 
Steel/Sapphire129, 
Steel/DLC138, 145-147, 
ZrO2/DLC138, 
Al2O3/DLC138, 
SiC/DLC138, 
WC/DLC138, 
Si3N4/DLC138, 
Film57

N N

PF6

6

1-octyl-3-methylimidazolium
hexafluorophosphate

Steel/Steel1, 45, 60, 120, 

148, Steel/Al2, 
Steel/Mg64,
Steel/Sapphire129, 
Steel/DLC149, 
ZrO2/Steel66, 
Steel/Coating150,

N N

PF6

8

1-decyl-3-methylimidazolium
Hexafluorophosphate

Steel/Steel45, 
ZrO2/Steel66,

N N

PF6

10

1-dodecyl-3-methylimidazolium
hexafluorophosphate

Steel/Steel1, Film127

N N

PF6

12

1-tetradecyl-3-methylimidazolium 
hexafluorophosphate

Steel/Steel67



N N

PF6

4

1-hexyl-3-ethylimidazolium
hexafluorophosphate

Steel/Steel120, 151, 
Steel/Al152,
Steel/Cu–Sn 
alloy153,
Steel/ Ni-Si3N4 
coating154

Ni coating155

N N

PF6

6

1-octyl-3-ethylimidazolium
Hexafluorophosphate

Steel/Steel120

N N

PF6

6

1-octyl-3-propylimidazolium
Hexafluorophosphate

Steel/Steel120, 156,
Steel/Al70

N N

PF6

6

1-octyl-3-butyl-imidazolium
Hexafluorophosphate

Steel/Steel148, 
Steel/Mg64,
Steel/Cu157, Ni 
coating155, 157, 
Steel/DLC149

N N

PF6

1-butyl-2,3-dimethyl imidazolium
Hexafluorophosphate

Steel/Steel14,
Si3N4/ Si3N4

72

MEMS158,

N N

PF6

4

1-allyl-3-hexyl imidazolium
Hexafluorophosphate

Film159

N N

PF6n=0, 5, 7, 9

HO n

1-hydroxyethyl-3-alkylimidazolium 
hexfluorophosphate

Steel/Steel159, 160,
Film128, 159,

N N

PF6

HO OH

1,3-di(2-hydroxyethyl)imidazolium 
hexfluorophosphate

Film161

NN

PF6

OH

O

1-carboxymethyl-3-
butylimidazolium 
hexfluorophosphate

Film128, 162

N N
CH3

PF6
1-phenyl-3-methylimidazolium
Hexfluorophosphate

Film128

NN

PF6

P

O
OEt

OEt
2

n=2, 4, 6
n

1-(3’-O,O-diethylphosphonyln-
ethyl)-3-alkylimidazolium
Hexfluorophosphate

Steel/Al163

NN P

O
OEt

OEt
3

n=2, 4, 6 PF6

n

1-(3’-O,O-diethylphosphonyln-
propyl)-3-alkylimidazolium
Hexfluorophosphate

Steel/Al70, 163

NN

X

HO

X=PF6, BF4, N(CF3SO2)2

1-(3,5-ditert-butyl-4-
hydroxybenzyl)-3-methyl-
imidazolium
hexafluorophosphate/tetrafluorobor
ate/bis(trifluoromethylsulfonyl)-
imide

Steel/Steel164

N N
X

N
N

N

X= PF6, BF4, N(CF3SO2)2

1-(1H-benzo[d][1,2,3]triazol-1-
yl)methyl)-3-methylimidazolium
hexafluorophosphate/tetrafluorobor
ate/bis(trifluoromethylsulfonyl)-
imide

Steel/Steel165, 166,
Steel/Cu167

NN
X

HO

X=PF6, BF4, N(CF3SO2)2

N
N
N

1-((1H-benzo[d][1,2,3]triazol-1-
yl)methyl)-3-(3,5- di-tert-butyl -4-
hydroxybenzyl)-3-methyl-
imidazolium with 
hexafluorophosphate/ 
tetrafluoroborate/bis(trifluoromethy
lsulfonyl)-imide

Steel/Steel133

NNN

NN

BF4 n=0, 3, 7

n
HO

6

1-(6-(4-hydroxymethyl-1, 2, 3-
triazolyl)hexyl)-3-alkylimidazolium 

Steel/Steel51



tetrafluoroborate,

NN

Cl

H
N

O

HO

HO

1-N-[2-(3,4-
Dihydroxyphenyl)ethyl]propionami
de-3-methylimid-azolium chloride

Film168

N N

(CN)2N n=1, 5
n

1-alkyl-3-methylimidazolium
dicyanamide

Steel/Steel11, 169, 
Steel/Steel52, 
Steel/PTFE52, 
Steel/CrN170

Steel/TiN170, 
Steel/TiCN170

Steel/ TiAlN170, 
Steel/DLC170

N N

(CN)4B
1-ethyl-3-methylimidazolium
Tetracyanoborate

Steel/Steel97, 169

N N

(CN)3C
1-butyl-3-methylimidazolium
Tyicyanomethanide

Steel/Steel11, 97, 
Steel/CrN170

Steel/TiN170, 
Steel/TiCN170

Steel/ TiAlN170, 
Steel/DLC170

N N P

O

O O
O

1,3-dimethyl-imidazolium
Dimethylphosphate

Steel/Steel25

N N

n=1, 3, 7

P
O

O
O

O

n

n

n

1-alkyl-3-ethylimidazolium
Diethylphosphate

Steel/Steel44,
Si3N4/Ti3SiC2

171

N N
P

O

O
O

O

n=1, 3, 7

n n

n

1-alkyl-3-methyl-imidazolium
Dialkylphosphate

Steel/Steel132

N N

P
O

O
O

O

1,3- dibutyl -imidazolium
dibutyllphosphate

Steel/Al137

P
O

O
O

H

N N
Steel/Al135

1-butyl-3-methylimidazolium
o-butyl phosphonate

N N
X

X= NO3,ClO4

1-butyl-3-methylimidazolium 
nitrate, perchlorate

SAM172

Film35

CH3CH2SO3

NN

1-ethyl-3 methyl imidazolium
ethyl sulfate

MEMS173

N N

CH3C6H4SO3

1-ethyl-3-methylimidazolium
tosylate

Steel/Al15, 16,
Polymer/Steel20, 174

O
O

SO3

O

O

n = 0, 2, 4

NN
n

1-alkyl-3-methylimidazolium
bis(2-ethylhexyl)sulfosuccinate

Steel/Steel28,
Steel/Cu28

COO

N N
n

n=2, 4, 6

1-alkyl-3-methylimidazolium
ibuprofen

Steel/Steel103,
Steel/Cu103

N N

HSO4

1-ethyl-3-methylimidazolium
bisulfate

Steel/Steel175,
Steel/Al175,
Steel/Cu175

N N

S

O

O

O O
n

n=0, 1, 3

1-ethyl-3-methylimidazolium
alkyl sulfate

Steel/Steel175, 176

Steel/Al175,
Steel/Cu175,
Silica/Silicon177,



N NH3C

S

O

O

O O
n

n=0, 1, 4, 7

1-butyl-3-methylimidazolium
alkylsulfate

Steel/Steel25, 178, 179

Film124, 125

N N

SCN
n

n=1, 3
1-alkyl-3-methylimidazolium
thiocyanate

Steel/Steel29, 175,
Steel/Al175,
Steel/Cu175,
Polymer/Polymer29

N N

CH3COO n=1, 3
n

1-alkyl-3-methylimidazolium
acetate

Steel/Steel29, 175, 
Steel/Al175,
Steel/Cu175, 
PDMS/PDMS180

Polymer/Polymer29

N N

S

O

O

O O H

F
FF

F

F F F F
1-butyl-3-methylimidazolium 
2,2,3,3,4,4,5,5-
octafluoropentyl sulfate

Steel/Steel179

NN

S
O

O

O O

H
N

O
7 72

6

8
1-methyl-2-noroleyl-3-oleicacid-
aminoethyl-imidazolinium
methosulfate

SiO2/ SiO2
181

N N

2
n

n=3, 5

OO

O O

4
1-alkyl-3-methylimidazolium
adipate 

Film33, 57

N N

S
O

O

O
OOO

1-ethyl-3-methylimidazolium
2(2-methoxyethoxy)ethylsulfate

Steel/Steel25

N N
S
N

O

O
On=1, 5, 7

n

1-alkyl-3-methylimidazolium
Saccharin

Steel/Steel96

N N

n=1, 5, 7
O

S

N

O

O

O
n

1-alkyl-3-methylimidazolium
Acesulfame

Steel/Steel96

N N n
n=2, 4, 6 O

O

O
O

O

O
B

1-alkyl-3methylimidazolium
bis(salicylato)borate

Steel/Steel182

NN P( )n

2X
n=3, 4, 6X= BF4, PF6

C4H9

C4H9

C4H9

1-(1-tributylphosphine-yl-alkyl)-3-
methylimidazolium
hexafluorophosphate/tetrafluorobor
ate 

Film183

N NNN ( )n

2PF6 n=3, 4, 6
1,1’-(alkyl-1,6-diyl)bis(3-methyl-
1H-imidazolium-1-yl)
hexafluorophosphate

Film183

NN NN

2PF6

65 5

1,1’-(hexyl-1,6-diyl)bis(3-hexyl-
1H-imidazolium-1-yl)
hexafluorophosphate

Steel/Steel151

NN NN
10

2X
X=PF6, BF4, N(CF3SO2)2

1,1’-[1,10-decyl]bis[2,3-dimethyl-
1H-imidazolium-1-yl] hexafluoro 
phosphate/tetrafluoroborate/bis(trifl
uoromethylsulfonyl)-imide 

Steel/Steel184,
Si3N4/Steel105

NN NN
5

2N(CF3SO2)2

HO OH

1,1’-(pentane-1,5-diyl)bis(3-

Film126

javascript:void(0);


hydroxyethyl-1H-imidazolium-1-
yl)
bis(trifluoromethylsulfonyl)-imide

N

N

2N(CF3SO2)2

O N

N

3

1,1’-(3,6,9-trioxaundecane-1,11-
diyl)bis(3-dimethyl-1H-
imidazolium-1-yl) 
bis(trifluoromethyl sulfonyl)-imide

Steel/Steel185

N

N

2N(CF3SO2)2

O N

N

3

1,1’-(3,6,9-trioxaundecane-1,11-
diyl)bis(2,3-dimethyl-1H-
imidazolium-1-yl) 
bis(trifluoromethyl sulfonyl)-imide

Steel/Steel186

N
N

N

C4H9 2N(CF3SO2)2

O

N

N

N

C4H9
4,4’-(3-oxapentane-1,5-diyl)bis(1-
butyl-1H-triazolium-4-yl) Bis 
(trifluoromethylsulfonyl)-imide

Steel/Steel186

N
N

N

C4H9 2(CF3SO2)2N

O

N

N

N
C4H9

4

4,4’-(3,6,9,12-tetraoxatetradecane-
1,14-diyl)bis(1-butyl-1H-
triazolium-4-yl) bis(trifluoro methyl 
sulfonyl)-imide

Steel/Steel186

N

N

C3H7 2N(CF3SO2)2

O N

N
C3H7

3

1,1’-(3,6,9-trioxaundecane-1,11-
diyl)bis(3-propyl-1H-imidazolium-
1-yl) bis(trifluoromethyl sulfonyl)-
imide

Steel/Steel186

N

N

C4H9 2N(CF3SO2)2

O N

N
C4H9

3

1,1’-(3,6,9-trioxaundecane-1,11-
diyl)bis(3-butyl-1H-imidazolium-1-
yl) bis(trifluoromethylsulfonyl) -
imide

Steel/Steel186

N

N

C14H29 2N(CF3SO2)2

O N

N
C14H29

2

1,1′-(3,6-dioxaoctane-1,8-
diyl)bis(3-tetradecyl-1H-
imidazolium-1-yl) 
bis(trifluoromethyl sulfonyl)-imide

Steel/Steel187

N

N

C14H29 2PF6

O N

N
C14H29

2

1,1′-(3,6-dioxaoctane-1,8-
diyl)bis(3-tetradecyl-1H-
imidazolium-
hexafluorophosphate

Steel/Steel187

N

N

R
2N(CF3SO2)2

O N

N
R

2

R=(CH2)2(CF2)7CF3
1,1′-(3,6-dioxaoctane-1,8-
diyl)bis(3-perfluorodecyl-1H-
imidazolium-1-yl) 
bis(trifluoromethyl sulfonyl)-imide

Steel/Steel187

N

N

HOC2H4 2N(CF3SO2)2

O N

N
C2H4OH

5

1,1’-(3,6,9,12,15-
pentaoxapentadecane-1,15-
diyl)bis(3-hydroxyethyl-1H-
imidazolium-1-yl) Bis 
(trifluoromethylsulfonyl)-imide

Film126

N

N

H3C

O N

N
CH3

3

2CH3SO3

1,1’-(3,6,9-trioxaundecane-1,11-
diyl)bis(3-dimethyl-1H-
imidazolium-1-yl) methyl 
sulfonates

Steel/Steel185

N

N

H3C
2[9N(CF3SO2):1CH3SO3]

O N

N
CH2

3

1,1’-(3,6,9-Trioxaundecane-1,11-
diyl)bis(3-dimethyl-1H-
imidazolium-1-yl)9 
bis(trifluoromethyl sulfonyl) -
imide:1methyl sulfonates

Steel/Steel185



N

N

R
2N(CF3SO2)2

N

N
RR=C14H29

1,1′-(1,4-
phenylenebismethylene)bis(3-
tetradecyl-1H-imidazolium-1-yl) 
Di[bis (trifluoromethane 
sulfonyl)amide] bis(trifluoro 
methylsulfonyl)-imide

Steel/Steel187

N

N

R
2N(CF3SO2)2

N

N

RR=C4H9, C14H29

F F

FF

1,1′-(2,3,5,6-tetrafluoro-1,4-
phenylenebismethylene)bis(3-alkyl-
1H-imidazolium-1-yl) 
Di[bis(trifluoro methanesulfonyl)-
amide] bis(trifluoromethylsulfonyl) 
-imide

Steel/Steel187

N

N

F3C(H2C)
3

2N(CF3SO2)2

O N

N
(CH2)3CF3

3

1,1’-(3,6,9-trioxaundecane-1,11-
diyl)bis[3-(4,4,4- trifluorobutyl)- 
1H-imidazolium-1-yl] di[bis 
(trifluoromethanesulfonyl)amide] 
bis(trifluoromethyl sulfonyl)-imide

Steel/Steel186

NN NNR R
5

O

O

O
O

O

O
B2

R=CH3, C4H9

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

Steel/Steel188

NN NNH3C CH35

CH3 CH3

O

O

O
O

O

O
B2

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

Steel/Steel188

P
O

O
O

O
2

N

NN

N
O

O

n

n
n=1, [(1, 1)OEt-Im][Peh]
n=2, [(2, 2)OEt-Im][Peh]
n=3, [(3, 3)OEt-Im][Peh]

Crown-functionalized
Imidazolium bis(2-ethylhexyl) 
phosphate

Steel/Steel54, 189, 190

Steel/Al136, Film191

S N

(CF3SO2)2N

6

3-octylthiazolium
bis(trifluromethylsulfonyl)-imide

Steel/Steel107

N(CF3SO2)2
C

S

N N

S-ethyl-N,N,N´,N´-tetramethyl-
thiouronium bis(trifluromethyl 
sulfonyl)-imide

Steel/Steel107

S N(CF3SO2)2

Triethyl-sulfonium
bis(trifluromethylsulfonyl)-imide

Steel/Steel101

N(CF3SO2)2N

n=0, 2, 3, 5
n

1-alkyl-1- methyl pyrrolidinium 
bis(trifluromethylsulfonyl)-imide

Steel/Steel83, 101, 112, 

192, 193

Steel/Al61,
MEMs173

N

O

N(CF3SO2)2

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

Steel/Steel83

N

X= CF3SO3,
CH3SO4,

F3(C2F5)3P,
(CN)4BX

1-butyl-3- methyl pyrrolidinium 
triflate/methylsulfates/tris(pentafluo
roethyl)trifluorophosphate/metracya
noborate

Steel/Steel79, 97, 169, 

176, 192, 194-198,
Steel/Al61,
Steel/TiN199,
Steel/CrN199,
Steel/DLC199, 200



O

O

O
O

O

O
BN

CH3H2n+1Cn
n=4, 5, 6,7, 8,12

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

Steel/Steel201

N N
O 3

2(CF3SO2)2N
1,1’-(3,6,9-Trioxaundecane-1,11-
diyl)bis(3-dimethyl-1H- 
pyrrolidinium -1-yl)
bis(trifluromethyl sulfonyl) imide

Steel/Steel185

N N
O 3

2(CH3SO3)
1,1’-(3,6,9-Trioxaundecane-1,11-
diyl)bis(3-dimethyl-1H- 
pyrrolidinium -1-yl)
methyl sulfonate

Steel/Steel185

N N(CF3SO2)2

1-methyl-1-propylpiperidinium
bis(trifluromethyl sulfonyl) imide

Fe alloy/Steel202,
Steel/Steel11, 
SiC/Al203, 
SiC/Cu203, DLC204, 
SiC/Fe203

N

O

N(CF3SO2)2

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

Steel/Steel83

N

O

O

N(CF3SO2)2

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

Steel/Steel83

N N

O

O

O
O

O

O
B2

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

Steel/Steel188

N

X=CH3SO4, (CF3SO2)2N

X

1-methylpyridinium
methylsulfate,
bis(trifluromethyl sulfonyl) imide

Steel/Steel205

N

CH3CH2SO3
1-ethyl-3- methyl pyridinium
ethyl sulfate

MEMs173

N N

ON S

BF4

nn

n=1, 3, 6, 9
1-alkyl-4-[5-(alkylsulfanyl)-1,3,4-
oxadiazol-2-yl] pyridinium
tetrafluoroborate

Hard coating206

(CF3SO2)2N

N R

1-alkylpyridinium
bis(trifluromethyl sulfonyl) imide

Steel/Steel24

N(CN)2, BF4, N(CF3SO2)2

N
n

X n=3, 5

1-butyl-3-methylpyridinium
bis(trifluromethyl sulfonyl) imide

Steel/Steel52,
Steel/Al15,
Steel/PTFE52,
SiO2/Si3N4

22,
Poly-Si/Si3N4

22,
Si3N4/ Si3N4

22,
Film34

N

BF4

5

1-hexyl-2-methylpyridinium
Tetrafluoroborate

Steel/Steel52,
Steel/PTFE52

P
O

O
O

H

N

3
1-butylpyridinium
O-butyl phosphonate

Steel/Al135

N N
O

3
2X

X=CH3SO4, (CF3SO2)2N
1,13-di(N-methylpyridinium-20-
yl)-4,7,10-trioxatridecane
Methylsulfate

Steel/Steel205 



SO O

O

O

H
F

F

F
F

F

F
F

F

P O

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

Steel/Steel179

BF4

n=3, 5, 7, 9

P

n

Tributyltetraalkylphosphonium
tetrafluoroborate

Steel/Steel207,
Steel/Al152,
Film34

X=Br, (CF3SO2)2N, F3(C2F5)3P,
BF4, CH3(CH2)8COO

P

11

33

3

Trihexyl tetradecylphosphoniumate
Bromide/bis(trifluromethyl 
sulfonyl) 
imide/tris(pentafluoroethyl)trifluoro
phosph/tetrafluoroborate/decanoate

Steel/Steel11, 208, 52, 

79, 119, 209

Steel/Al61, 210-212,
Steel/Polymer213,
Steel/PTFE52

P

R

(CF3SO2)2N

R= n-C5H11, n-C8H17,n-C12H25,
CH2C6H5, C2H4OCH3

Triethylalkylphosphonium,
bis(trifluromethyl sulfonyl) imide

Steel/Steel90

P

(CF3SO2)2N
n=0, 7, 11

n

Tributylalkylphosphonium
bis(trifluromethyl sulfonyl) imide

Steel/Steel101

O
O

OH

P

11

33

3

Trihexyl tetradecylphosphonium
Salicylate

Steel/Al111

S
N

O

O
O

P

11

33

3

Trihexyl tetradecylphosphonium
saccharinate

Steel/Al111

S
O

O

O

10

P
11

33
3

Trihexyl tetradecylphosphonium
dodecylbenzenesulfonate

Steel/Steel208

HOOC CnH2nCOO

N
YX

H
P

Tetrabutyl phosphonium
amide acid-based anion

Steel/Steel88, 89

P O

O

O O
P

n=0, 1, 3

n

n

n

Tributylmethylphosphonium
Dialkylphophate

Steel/Steel90, 94, 95, 97, 

208, 209, 214-216,



P
P O

O

O
O

Tributylmethylphosphonium
diphenyl phosphate

Steel/Steel216,
Steel/Al61

P
O

O

O O

P

33

3

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

Steel/Steel215

P
P O

O

O
O4 4

4

12

Trihexyl(tetradecyl)phosphonium 
diphenyl phosphate

Steel/Steel216,
Steel/Al61, 210-212

P
P O

O

O
O4 4

4

12

Trihexyl(tetradecyl)phosphonium 
dibutyl phosphate

Steel/Steel217,
Steel/Al210

P4 4

4

12

P
OO

O
O

3

3

Trihexyltetradecylphosphonium
bis(2-ethylhexyl) phosphate

Steel/Steel208, 217-219,
Steel/Gray cast 
Fe220

Steel/Al212,
Si3N4/Steel219

Coating/ Gray cast 
Fe221, 222

P
OO

3
3

P4 4

4

12 Steel/Steel29, 208, 217, 

223,
Steel/Gray cast 
Fe220,
Coating/ Gray cast 
Fe222

Polymer/Polymer29

Steel/Coating224

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

Steel/DLC224

Si3N4/ Silicon225

P
O

O
P6 6

6

OO

Trioctylmethylphosphonium
dibutyl phosphate

Steel/Steel223

P
OO

3
3

P6 6
6

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

Steel/Steel223

P6 6

6
P
OO

O
O

33

3

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

Steel/Steel215

P6 6

6

n

P
OO

O
O

33

n=6, 10
Trioctyl(alkyl)phosphonium
bis(2-ethylhexyl) phosphate

Steel/Gray cast 
Fe215, 220

P4 4

4

12

P
SS

O
O

33

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

Steel/Al210

P
OO

3
3

P4 4

4
14

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

Steel/Steel217



P P
SS

O
O

Tetrabutylphosphonium 
O,O-diethyllphosphorodithioate

Steel/Steel90

SO3

Si

P

11

33

3

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

Steel/Al212

B
O

O

O

OO

O

P

11

33

3

Trihexyl(tetradecyl)phosphonium
bis(mandelato)borate

Steel/Al226

B
O O

O O

O

O

O

O

P

11

33

3

Trihexyl(tetradecyl)phosphonium
bis(oxalato)borate

Steel/Al226

O

O

O
O

O

O
B

P

11

33

3

Trihexyl(tetradecyl)phosphonium
bis(slicylato)borate

Steel/Al226

B
O O

OO

O

OO

O

P

11

33

3

Trihexyl(tetradecyl)phosphonium
bis(malonato)borate

Steel/Al226

N

(CF3SO2)2N
Trimethylpropylammonium
bis(trifluromethyl sulfonyl) imide

Fe alloy/Steel202, 
DLC204

SiC/Fe227, SiC/Al227,
SiC/Ti227, 
SiC/Cu227,

(CF3SO2)2N

N

H

4 4

4

Trihexylammonium
bis(trifluromethyl sulfonyl) imide

Steel/Al2

N
H

(CF3SO2)2N

66

6

Trioctylammonium
bis(trifluromethyl sulfonyl) imide

Fe Alloy109,
Fe alloy/Steel228,
Steel/Al2, 110, 228

(CF3SO2)2N

N
H

H
H

16

Film229



Octadecylammonium 
bis(trifluromethyl sulfonyl) imide

(C2F5SO2)2N

N
H

Triethyl ammonium
bis(pentafluoroethylsulfonyl)imide)

Steel/Al2

N

(CF3SO2)2N

5

Heptyltrimethylammonium
bis(trifluromethyl sulfonyl) imide

Steel/Steel107

N

(CF3SO2)2N
Butyl-trimethylammonium
bis(trifluromethyl sulfonyl) imide

Steel/Steel101, 176

N
OH

(CF3SO2)2N
Trimethyl(2-hydroxyethyl 
)ammonium bis(trifluromethyl 
sulfonyl) imide

steel/steel176, 193, 195

N
O

(CF3SO2)2N
Trimethylmethoxyethylammonium 
bis(trifluromethyl sulfonyl) imide

steel/steel176, 195

N

O

X=BF4, (CF3SO2)2N

X

N,N-diethyl-N-methyl-(2-
methoxyethyl) ammonium
bis(trifluromethyl sulfonyl) imide

Steel/Steel24, 88, 90, 195

N
O

F3(C2F5)3P
Ethyl-dimethyl-2-
methoxyethylammonium 
tris(pentafluoroethyl) 
trifluorophosphate

Steel/DLC200

N

CH3SO3
Trimethylbutylammonium
methyl sulfonates

Steel/Steel176

N
OH

CH3SO3

Trimethyl(2-hydroxyethyl 
)ammonium methyl sulfonates

Steel/Steel176, 195

N
O

CH3SO3
Trimethylmethoxyethylammonium 
methyl sulfonates

Steel/Steel176, 195

 

N

CH3SO3
Triethylmethylammonium  methyl 
sulfonates

Steel/Steel195

 

S

O

O

O O
N

OH

Trimethyl(2-hydroxyethyl 
)ammonium methyl sulfate

Steel/Steel176, 195

 

S

O

O

O O
N

O

Trimethylmethoxyethylammonium 
Methyl sulfate

Steel/Steel176, 195

 

S

O

O

O O
N

Triethylmethylammonium methyl 
sulfate

Steel/Steel176, 195, 196

 

N
H

H

H

P
O O

O
O

Butylammonium dibutylphosphate

Steel/Al134, 137

 

N

H
H

P
OO

H

N,N-dibutylammonium o-
butylphosphate

Steel/Al135, 137



 

P
OO

O
O

N

Tetrabutylammonium 
dibutylphosphate

Steel/Al134, 137

 

P

O
O

O

O

Nn

n
n

n=6, 10
Trialkylmethylammonium 
dibutylphosphate

Steel/Steel223

P
OO

N

3
3

6

66

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

Steel/Steel223

 

P
OO

N

3
31010

10
10

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

Steel/Steel223

 

N

HO

P
OO

O
O

33

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

Steel/Steel230

 

N
H

5
5

P O
O

O O

33

5

Steel/ cast iron220

Trioctylammonium di(2-
ethylhexyl)phosphate

 

N
R3H3C

R1
R2

P
R4O

OR4

O

R1, R2, R3=C8-C10, R4= C8, C12

Trialkylmethyl ammonium dialkyl 
phosphite

Steel/Steel231

 Trimethyl(2-

N

HO

P
S

S

O
O

hydroxyethyl )ammonium dibutyl 
dithiophosphate

Steel/Steel230

 

HOOC CmH2mCOO

N
YX

N

n

n

n

n

n=0, 1, 2, 3
m=0,1, 2

Tetraalkylammonium amide acid-
based anion

Steel/Steel88, 89, 232

 

COOH2N

X

N

Y

Tetrabutylammonium amide acid-
based anion

Steel/Steel102,
Steel/Al102,
Steel/Cu102,

 

BF4

N

Tetrabutylammonium 
tetrafluoroborate

Steel/Steel233

 

N
Cocos O

OH

O

HO

n

m

Cl

m+n=14-25

AM-101chloride

Steel/Steel58,
Steel/Ti7



 

N
O

OHn

H2PO4

HO

AM-112 dihydrogen phosphate

Steel/Ti7

N 10N

R

R C S C O

S O

R=C2H5, n-C4H9, n-C8H17

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

Steel/Steel234

N nS
OO

O

15-20
n=10, 16

Trimethylalkylammonium 4-alkyl 
benzene sulfonate

Steel/Steel235

 

O O

O3S

O O
N

R3

R2 R4
R1

R1, R2, R3, R4=CH3,C2H5,
C4H9, C8H17, C12H25, C18H37

Tetraalkylammonium bis(2-
ethylhexyl) sulfosuccinate

Steel/Steel93,
Steel/Cu93

 

N
H

H
H

6
O

O
7

Octylammonium pelargonate

Steel/Steel236

 
O

O
n

N

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

Steel/Steel237, 238

 

N
OH

7 O7

O

Trimethyl(2-hydroxyethyl )
ammonium oleate

Steel/Steel239

 7 O7

ON
H

OHHO

HO

Tri(2-hydroxyethyl )ammonium 
oleate

Steel/Steel239

 7 O7

O

N

Tetrabutylammonium oleate

Steel/Steel237, 238

 O7

O

4

N

Tetrabutylammonium linoleate

Steel/Steel237, 238

 

N
H H

H

OH

CC
O O

OO

2
2

Di-(2-hydroxyethylammonium) 
succinate

Cu/Cu139,
Sapphire/Steel240

 

N
H

H
OH

OH

CC
O O

OO

42

Di-[bis(2-
hydroxyethyl)ammonium]Adipate

Cu/Cu104, 139

N
H

H
OH

OH

OH

O O

Bis(2-hydroxyethyl)ammonium 
salicylate

Cu/Cu104

N
H

H
OH

OH

7 O7

O

Cu/Cu104



Bis(2-hydroxyethyl)ammonium 
oleate
 

N
O

F3(C2F5)3P

Ethyl-dimethyl-2-
methoxyethylammonium 
tris(pentafluoroethyl) 
trifluorophosphate

Steel/Steel192, 197,
Steel/ CrN 
coating241-243

Steel/ TiN 
coating242, 244

Steel/DLC242

N

N N

H
F3(C2F5)3P

N,N,N’,N’-Tetramethyl-N”-
Ethylguanidinium 
tris(pentafluoroethy)
Trifluorophosphate

Steel/Steel79

X-ethyl-

N

N X

F3(C2F5)3PX=O, S
N,N,N’,N’-tetramethylisouronium 
tris(pentafluoroethyl) 
trifluorophosphate

Steel/Steel79

 

N

B
O

O

O

OO

O

Tetrabutylammonium 
bis(mandelato)borate

Steel/Steel233

 
B

O O

O O

O

O

O

O

N

Tetrabutylammonium 
bis(oxalato)borate

Steel/Steel233

 

B
O O

OO

O

OO

O

N

Tetrabutylammonium 
bis(malonato)borate

Steel/Steel233

 

O

O

O
O

O

O
B

N n

n=1, 5

n
n

n

Tetraalkylammonium 
bis(salicylato)borate

Steel/Steel182, 233

 

O

O

O
O

O

O
B

N5 5

Dioctylmethylpentylammonium 
bis(salicylato)borate

Steel/Steel182

Penta

N N
R

R
R

R

R
R

R=C3H7, C8H17

O

O

O
O

O

O
B2

ne-1,5-diylbis(trialkylammonium)  
bis(slicylato)borate

Steel/Steel188

AISI 
316L/sapphire245

AISI 
52100/sapphire245



N

S
O

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

N

S
O

(CF3SO3)2N
5-(2-methoxyethyl)-3,4-
dimethylthiazol-3-ium 
bis(trifluoromethane sulfonyl)-
amide

AISI 
316L/sapphire245

AISI 
52100/sapphire245

N
N

N

C6H13

O

O O

1-acetyl-3-hexylbenzotriazolium 
benzoate

Steel/Al246

N
N

N

C6H13

O

O

O

1-acetyl-3-hexylbenzotriazolium 
sorbate

Steel/Al246

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