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Biodegradability data

Data for imidazolium ILs

Table S1: Biodegradability data for imidazolium ILs.

IL
((t:)?(t)i((j)gg_rr;lén;tti)grr]_ SMILES biodegradl%ion rate in
rate)
Imid_115 0 [Br-].C=1C=CC(C=C=1)nlcc[n+](cl)clcccccl
Imid_116 0 [Br-].Fclc(c(F)c(F)c(F)clF)nlcc[n+](C)cl
Imid_36_0 C[N+]1=CN(C=C1)CC#N.[CI-]
Imid_43_0 [Br-].Cnlcc[n+](Cc2cccec2)cl
Imid_45_0 [Br-].C=CC[n+]1ccn(C)cl
Imid_74 8 CCN1C=C[N+](=C1)C.[Br-]
Imid_76_7 CCNI1C(=C(IN+](=C1C(C)C)C)C)C.[I-]
Imid_77_2 [I-].C[n+]1c(C)c(C)n(CC)clC
Imid_78_6 [I-].Cclc(C)n(CC)c[n+]1C
Imid_1_0 C[N+]1=CN(CCCC)C=C1.[Br-]
Imid_5_5 C[N+]1=CN(CCCC)C=C1.N#C[N-]C#N
Imid_29_1 [N+]1(C)=CN(C=C1)CCCC.[CI-]
Imid_31_39 [N+]1(C)=CN(C=C1)CCCCCCCC.[CI] 39121415
Imid_46_0 CCCC[n+]1ccn(cl)C=C.[I-] _
Imid_72_31 [N+]1(C)=CN(C=C1)CCCCCC.[Br-] 3140
Imid_73_41 [N+]1(C)=CN(C=C1)CCCCCCCC.[Br-] 41°
Imid_75_26 CCCCCCCCCCN1C=C[N+](=C1)C.[Br-]
Imid_79_9 [I-].Cclc(C)n(CC)c[n+]1C
Imid_98_0 [Br-].[Br-].C[n+]1ccn(c1)CCCCCCnlcc[n+](C)cl
Imid_100_0 [Br-].[Br-].CCCCCC[n+]1cn(CCn2cc[n+](c2)CCCCCC)ccl
Imid_104_0 [Br-].Cclcce(ccl)nlcec[n+](cl)CCCC
Imid_117_0 [CI-].C[n+]1ccn(CCCCCCCCCCCCCCCC)cl
Imid_146_10 CCCCCCCCCCCCN1C=C[N+](=C1)C.[Br-]
Imid_185_9 [Br-].[Br-].CCCCCCCCCCCCnlcc[n+](c1)CCCC[n+]1lccn(CCCCCCCCCCCC)cl
Imid_186_13 [Br-].[Br-].CCCCCCCCCCCCCCnlcc[n+](c1)CCCC[n+]1ccn(CCCCCCCCCCCCCC)cl




Imid_187_18

[Br-].[Br-]. CCCCCCCCCCCCCCCCnlcen+](c1)CCCCn+]1cen(CCCCCCCCCCCCCCCC)cl

Imid_188_18 CCCCCCCCCCCCCCNIC=C[N+](=C1)C.[Br]

Imid_189_20 CCCCCCCCCCCCCCCCNIC=CIN+](=C1)C.[Br-]

Imid_13 0 [Br-].C[n+]1ccn(CC(=0)NCCCC)cl

Imid_246_0 CN1C=C[N+](C(C(NCCCC)=0)C2=CC=CC=C2)=CL1.[Br-]

Imid_190_32 CCCCnlcen+](C)cl.[0-]C(=0)C1CCCN1 322

Imid_191_47 CCCCnlce[n+](C)cl.CC(C)C(N)C([O-])=0 472

Imid_192_33 CCCcCnlcc[n+](C)el.[0-]C(=0)CN 332

Imid_193_19 CCCCnlce[n+](C)cl.[0-]C(=0)C(N)CS _

Imid_194 25 CCCCnlcc[n+](C)c1.[0-]C(=0)C(N)Cclc[NH]cnl 252t

Imid_195_30 CCCCnlcc[n+](C)cl.[0-]C(=0)C(N)Cclcceecl 30%

Imid_196_46 CCCCnlce[n+](C)cl.[0-]C(=0)C(N)CC(=0)0 462

Imid_197_16 SCC(N)C([0-])=0.C[n+]1ccn(CC)cl

Imid_198_17 [0-]C(=0)C(N)CS.C[n+]1ccn(CCCCCC)cl

Imid_234 47 [Br-].0=C(C[n+]1ccn(C)c1)N[C@@H](Cclcceececl)C(=0)OCC 472228

Imid_235_56 0=C([C@H](CC1=CC=CC=C1)NC(C[N+]2=CN(C=C2)C)=0)OCCCC.[Br-] 5623.24

Imid_236_51 0=C([C@H](CC1=CC=CC=C1)NC(C[N+]2=CN(C=C2)C)=0)OCCCCCC.[Br-] 5123

Imid_237_48 CN1C=C[N+](CC(N[C@ @H](CC2=CC=CC=C2)C(OCCCCCCCC)=0)=0)=C1.[Br-] 48%

Imid_238_44 CN1C=C[N+](CC(N[C@ @H](CC2=CC=CC=C2)C(OCCCCCCCCCC)=0)=0)=C1.[Br-] 442325

Imid_239_15 CN1C=C[N+](CC(N[C@@H](CC2=CC=CC=C2)C(OCCCCCCCCCCCC)=0)=0)=C1.[Br-] _

Imid_240_40 CCOC(IC@H](CC1=CC=CC=C1)NC(CN2C=CIN+](CC(N[C@ @H](CC3=CC=CC=C3)C(OCC)=0) 407226
=0)=C2)=0)=0.[Br-]

Imid_241_64 [Br-].C[n+]1ccn(CC(=0)NC(Ce2cceee2)C(=0)NC(CC(C)C)C(=0)0C)cl

Imid_242_40 CCOC([C@H](CC1=CC=C(0)C=C1)NC(C[N+]2=CN(C)C=C2)=0)=0.[Br-]

Imid_168 2 [Br-].0=C(c1cn(CC(=0)OCC)c[n+]1Cclcccccl)NICCCClL

Imid_169_2 [Br-].0=C(c1n(CC(=0)OCC)c[n+](Cc2cceee2)c1C(=0)N1CCCC1)NICCCCL

Imid_14_0 [Br-].C[n+]1ccn(CC(=0)N(C)CCCC)cl

Imid_15_0 [Br-].C[n+]1ccn(CC(=0)N(CC)CC)cl

Imid_158_3 [Br-].0=C(CnZcc[n+](C)c1)N1CCCC1L

Imid_159 0 [Br-].0=C(Cnlcc[n+](Cc2ccccc2)c1l)N1ICCCCl

Imid_160_3 [Br-].0=C(Cnlcc[n+](C)c1C)N1CCCCL




Imid_161_12

[Br-].0=C(CnZcc[n+](C)c1C(N)=0)N1CCCC1

Imid_162_14 0O=C(Cnlcc[n+](C)c1C(N)=0)N1CCCC1.F[B-](F)(F)F
Imid_3_4 C[N+]1=CN(CCCC)C=C1.F[B-](F)(F)F
Imid_4_3 C[N+]1=CN(CCCC)C=C1.F[P-](F)(F)(F)(F)F
Imid_70_0 C[n+]1ccn(CCC)cl.F[P-)(F)(F)(F)(F)F
Imid_249 21 [B-](F)(F)(F)F.CCCCCCCCCCN1C=C[N+](=C1)C
Imid_18_16 F[B-](F)(F)F.O=C(OCCC)Cnicc[n+](C)cl
Imid_19_16 F[P-](F)(F)(F)(F)F.O=C(OCCC)Cnlcc[n+](C)cl
Imid_54_4 Cnlcc[n+](CCCC)cl.[0-]P(=0)(OCCCC)OCCCC
Imid 153 3 CN1C=CN(CC=C)[CH+]1.FC(F)(F)C(C(F)(F)F)OIAI-
- 1(OC(C(F)(F)F)C(F)(F)F)(OC(C(F)(F)F)C(F)(F)F)OC(C(F)(F)F)C(F)(F)F
imid 154 0 CN1C=CN(CCCC)[C+]1C.FC(F)(F)C(C(F)(F)F)O[AI-
- - 1(OC(C(F)(F)F)C(F)(F)F)(OC(C(F)(F)F)C(F)(F)F)OC(C(F)(F)F)C(F)(F)F
Imid 155 2 CN1C=CN(CCCCCC)[CH+]1.FC(F)(F)C(C(F)(F)F)OIAI-
- 1(OC(C(R)(F)F)C(F)(F)F)(OC(C(F)(F)F)C(F)(F)F)OC(C(F)(F)F)C(F)(F)F
Imid_157_14 COC(=0)Cnlcc[n+](C)cl.F[B-](F)(F)F
Imid_165_35 Cnlcc[n+](C)c1C(=0)OCC(C)C.F[B-](F)(F)F
Imid_167_5 F[B-](F)(F)F.O=C(OCC)clcn(CC(=0)OCC)c[n+]1C
Imid_171_6 F[B-](F)(F)F.O=C(OC)c1c([n+](cn1CC(=0)OCC)Cclcccccl)C(=0)0C
Imid_172_31 F[B-](F)(F)F.0=C(OC)c1c([n+](C)cn1CC(=0)OCC)C(=0)0C
Imid_173 3 C[n+]1cn(C)c(c1C(=0)OC)C(=0)OC.F[B-](F)(F)F
Imid_179_100 [CH][Cl-
— = ].CCCCCCCCCCCC(=0)OCCC[n+]1ccn(CCCCn2cc[n+](c2)CCCOC(=0)CCCCCCCCCCC)cl
[CI-].[CI-
Imid_180_100 ].CCCCCCCCCCCCCC(=0)OCCC[n+]1ccn(CCCCn2cc[n+](c2)CCCOC(=0)CCCCcccceeeece
)cl
[CI-].[CI-
Imid_181_100 ].CCCCCCCCCCCCCCCC(=0)OCCC[n+]1ccn(CCCCn2cc[n+](c2)CCCOC(=0)CCCCCccceeee
CCCC)c1
Imid_182_50 [Br-].(Br- 501
= ].Cnlcc[n+](CC(COC(=0)CCCCCCCCCCC)(C[n+]2ccn(C)c2)COC(=0)CCCCCCCCCCC)cl
[Br-].[Br-
Imid_183 53 ].Cnlcc[n+](CC(COC(=0)CCCCCCCCCCCCC)(CIn+]2ccn(C)c2)COC(=0)CCCCCCCCCCCCl)e 5319
1
[Br-].[Br-
Imid_184 65 ].Cnlcc[n+](CC(COC(=0)CCCCCCCCCCCCCCC)(C[n+]2ccn(C)c2)COC(=0)Ccceeeeceececee
CCC)cl
Imid_10_26 [Br-].0=C(OCCCC)Cnlcc[n+](C)cl 267
Imid_11_24 [Br-].O=C(OCCCCCC)Cnlcc[n+](C)cl 247
Imid_12_27 [Br-].0=C(OCCCCCCCC)Cnlcc[n+](C)cl 277
Imid_16_21 [Br-].0=C(OCCC)Cnlcc[n+](C)cl 2158
Imid_22 23 [Br-].0O=C(OCCC)Cnlcc[n+](C)c1C 238




Imid_23_32 [Br-].0=C(OCCCCC)Cnicc[n+](C)cl 32378
Imid_24_33 [Br-].0=C(OCCCCC)Cnicc[n+](C)c1C 33¢
Imid_44_23 [I-].Cnlcc[n+](CCCCOC(C)=0)cl
Imid_109_7 [Br-].0=C(OCC)clcec(cel)nlcen+](c1)CCCC
Imid_110_8 [Br-].0=C(OCC)clcec(cel)nlce[n+](c1)CCCCCC
Imid_245_27 CN1C=C[N+](C(C(OCCCC)=0)C2=CC=CC=C2)=C1.[Br-] 272
Imid_20_34 N#C\N=C=[N-].0=C(OCCC)Cnlcc[n+](C)cl 346
Imid_229_29 N#CCn1cc[n+](CCOCC)c1.N#CIN-JCH#N 29%
Imid_230_23 N#CCn1cc[n+](CCOCC)c1.FC(F)(F)C([0-])=0 23%
Imid_247_62 CCCCnlcen+](C)cl.CCCCCCCCCCCC(=0)N(C)CC([0-])=0 _
Imid_248_57 0=C([0-])CN(C)C(=0)CCCCCCCCCCC.Cln+]1cen(CC)cl 5722
Imid_53_17 Cnlccn+](CCCC)cl.[0-]C(=0)C(C)O
Imid_80_25 cCccenlccn+](C)cl.CC(=0)CCC([O-])=0
Imid_112_0 0=C([0-])C(F)(F)C(F)(F)C(F)(F)C(F)(F)F.C[n+]1ccn(CC)cl
Imid_120_9 0=C([0-])C.C[n+]1cen(CC)cl
Imid_42_0 [Br-.OCC[n+]1cen(C)cl
Imid_114_0 C[n+]1cen(CCO)cL.FC(F)(F)C(F)(F)C(F)(F)C(F)(F)C([O-])=0
Imid_8_21 [Br-].0=C(OCC)Cn1cc[n+](C)cl
Imid_156_14 [Br-.COC(=0)Cnilcc[n+](C)cl
Imid_163_17 [Br-].COC(=0)Cn1cc[n+](C)c1C(N)=0
Imid_164_30 [I-].Cn1cc[n+](C)c1C(=0)OCC(C)C
Imid_166_10 [Br-].0=C(OCC)c1en(CC(=0)OCC)c[n+]1C
Imid_170_24 [Br-].0=C(OC)c1c([n+](cn1CC(=0)OCC)Celcceccl)C(=0)0C
Imid_174_12 [I-].C[n+]1cn(C)c(c1C(=0)OC)C(=0)OC
Imid_243_5 CN1C=C[N+](C(C(OC)=0)C2=CC=CC=C2)=C1.[Br-]
Imid_244_20 CN1C=C[N+](C(C2=CC=CC=C2)C(OCC)=0)=C1.[Br-] 20%
Imid_250_0 [Br-].0C(=0)C[n+]1cen(C)cl
[CH[CH.[CI.[CI-
Imid_122_35 ].CCCCn+]1cen(c1)CC(=0)0CC(COC(=0)Cnice[n+](c1)CCCC)(COC(=0)Cnlce[n+](CCCC)cl) 35%
COC(=0)Cnicc[n+](CCCC)cl
[CH[CH.[CI.[CK-
Imid_123_39 ].CCCCCCn+]1cen(c1)CC(=0)OCC(COC(=0)Cniceln+](c1)CCCCCC)(COC(=0)Cnlcc[n+])(CCC 39%

CCC)c1)COC(=0)Cnlcc[n+](CCCCCC)cl




[CHI.[CH.[CI.[CI-

Imid_124_49 ].CCCCCCCCln+]1cen(c1)CC(=0)OCC(COC(=0)Cniccn+](c1)CCCCCCCC)(COC(=0)Cnice[n+ 49%
J(CCCCCCCC)c1)COC(=0)Cnlcc[n+](CCCCCCCC)cl
[CI-]).[CI-].[CI-].[CI-

Imid_125_52 ].CCCCCCCCCCln+]1cen(c1)CC(=0)OCC(COC(=0)Cnlcc[n+](c1)CCCCCCCCCC)(COC(=0)Cn 523%
lcc[n+](CCCCCCCCCC)c1)COC(=0)Cnlcc[n+](CCCCCCCCCC)cl
[CI-]).[CI-].[CI-].[CI-

Imid_126_53 ].CCCCCCCCCCCCn+]1cen(c1)CC(=0)OCC(COC(=0)Cnlccn+](c1)CCCCCCCCCCCC)(COC( 533%
=0)Cnlcc[n+](CCCCCCCCCCCC)c1)COC(=0)Cnlcc[n+](CCCCCCCCCCCC)cl
[CI-).[CI-].[CI-

Imid_134_27 ].CCCCln+]1cen(c1)CC(=0)OCC(C)(COC(=0)Cnlcc[n+](c1)CCCC)COC(=0)Cnlcc[n+](CCCC)c 27%
1
[CI-).[CI-].[CI-

Imid_135_36 ].CCCCCC[n+]1ccn(c1l)CC(=0)OCC(C)(COC(=0)Cnlcc[n+])(c1)CCCCCC)COC(=0)Cnlcc[n+](C 36%7
CCCCC)cl
[CI-).[CI-].[CI-

Imid_136_47 ].CCCCCCCC[n+]1cen(c1)CC(=0)OCC(C)(COC(=0)Cnlcc[n+](c1)CCCCCCCC)COC(=0)Cnlcc| 47%7
n+](CCCCCCCC)cl
[CI-).[CI-].[CI-

Imid_137_45 ].CCCCCCCCCC[n+]1ccn(cl)CC(=0)OCC(C)(COC(=0)Cnlcc[n+](c1)CCCCCCCCCC)COC(=0) 4537
Cnlcc[n+](CCCCCCCCCC)cl
[CI-).[CI-].[CI-

Imid_138_51 ].CCCCCCCCCCCC[n+]1lcen(c1)CC(=0)OCC(C)(COC(=0)Cnlcc[n+](c1)CCCCCCCCCCCC)COo 51%7
C(=0)Cnicc[n+](CCCCCCCCCCCC)cl
[CI-].[CI-).ICI-].[CI-

Imid_128 28 ].CCCC[n+]1cn(CC(=0)OCC(COC(=0)Cn2c[n+](CCCC)c3cceec32)(COC(=0)Cn2c[n+](CCCC)c3 2836
ccccc32)COC(=0)Cn2c¢[n+](CCCC)c3ccecc32)c2ccccc2l
[CI-].[CI-].[CI-].[CI-

Imid_129 34 ].CCCCCC[n+]1cn(CC(=0)OCC(COC(=0)Cn2c[n+](CCCCCC)c3cccecec32)(COC(=0)Cn2c[n+](CC 343
CCCC)c3ccecc32)COC(=0)Cn2c[n+](CCCCCC)c3cceceec32)c2cceec2l
[CI-].[CI-).ICI-].[CI-

Imid_130_42 ].CCCCCCCC[n+]1cn(CC(=0)OCC(COC(=0)Cn2c[n+](CCCCCCCC)c3cccee32)(COC(=0)Cn2c| 4236
n+](CCCCCCCC)c3cccecc32)COC(=0)Cn2¢[n+](CCCCCCCC)c3ccecec32)c2ceccc2l
[CI-].[CI-].[CI-

Imid_140_22 ].CCCC[n+]1cn(CC(=0)OCC(C)(COC(=0)Cn2c[n+](CCCC)c3ccececc32)COC(=0)Cn2c[n+](CCCC) 22%7
c3ccccc32)c2ccecc2l
[CI-).[CI-].[CI-

Imid_141_27 ].CCCCCC[n+]1cn(CC(=0)OCC(C)(COC(=0)Cn2c[n+](CCCCCC)c3ccccc32)COC(=0)Cn2c[n+]( 27
CCCCCC)c3cceec32)c2ccccc2l
[CI-).[CI-].[CI-

Imid_142_36 ].CCCCCCCC[n+]1cn(CC(=0)OCC(C)(COC(=0)Cn2c[n+](CCCCCCCC)c3ccccc32)COC(=0)Cn2 36%7
¢[n+](CCCCCCCC)c3ccecec32)c2ccccc2l
[CI-).[CI-].[CI-

Imid_143 40 ].CCCCCCCCCC[n+]1cn(CC(=0)OCC(C)(COC(=0)Cn2c[n+](CCCCCCCCCC)c3ccececc32)COC(= 40%
0)Cn2¢[n+](CCCCCCCCCC)c3ccecec32)c2ceccc2l
[CI-.[CI-].[CI-

Imid_144 45 ].CCCCCCCCCCCC[n+]1cn(CC(=0)OCC(C)(COC(=0)Cn2c[n+](CCCCCCCCCCCC)c3ccecec32) 45%7
COC(=0)Cn2c[n+](CCCCCCCCCCCC)c3cceecl32)c2ccccc2l
[CI-).[CI-].[CI-].[CI-

Imid_127_22 ].0=C(Cn1cc[n+](Cc2cccec2)cl)OCC(COC(=0)Cnlcc[n+](cl)Ccleccecl)(COC(=0)Cnlcc[n+](Ce 223%
2cccec2)c1)COC(=0)Cnlcc[n+](Cc2cccec2)cl
[CI-].[CI-].[CI-].[CI-

Imid_133 22 ].0=C(Cn1c[n+](Cc2ccccc2)c2ceecec21)OCC(COC(=0)Cnlc[n+](Cc2ccecc2)c2ccccc21)(COC(=0 223%
)Cnlc[n+](Cc2cccec2)c2ccececc21)COC(=0)Cnlcn+](Cc2ccececc2)c2cccec2l
[CI-).[CI-].[CI-

Imid_139 20 ].CC(COC(=0)Cnlcc[n+](c1l)Cclccceecl)(COC(=0)Cnlcc[n+](Cc2ccecc2)cl)COC(=0)Cnlcc[n+]( 20%
Cc2ccccc2)cl
[CI-].[CI-].[CI-

Imid_145_ 16 ].CC(COC(=0)Cnlc[n+](Cc2ccecc2)c2ccecc21)(COC(=0)Cnlc[n+](Cc2ccecc2)c2ccecc21)COC(=
0O)Cnlc[n+](Cc2cccec2)c2ccccc2l

Imid_55_42 CCCC[n+]1ccn(C)c1.0=C1[N-]S(=0)(=O)c2ccceccl2

Imid_56_61 O=C(OCCCCC)C[n+]1ccn(C)cl.0=C1[N-]S(=0)(=0O)c2cccccl2

Imid_6_5 CCCCN1C=C[N+](=C1)C.C(F)(F)(F)S(=0)(=O)[N-]S(=0)(=O)C(F)(F)F

Imid_21_25 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0O)C(F)(F)F.0=C(OCCC)Cnlcc[n+](C)cl

Imid_231_65 N#CCnlcc[n+](CCOCC)cl.FC(F)(F)S(=0)(=O)[N-]S(=0)(=O)C(F)(F)F
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Imid_232_62

N#CCnlcc[n+](CCOCCOC)cL.FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F

Imid_233_62 N#CCn1cc[n+](CCOCCOCCOC)c1.FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F

Imid_51_8 Cnlce[n+](CCCC)cl.[0-]S(C)(=0)=0

Imid_111_0 C[n+]1cen(CC)eL.FC(F)(F)C(F)(F)C(F)(F)C(F)(F)S([0-])(=0)=0

Imid_113_0 C[n+]1cen(CCO)cL.FC(F)(F)C(F)(F)C(F)(F)C(F)(F)S(I0-])(=0)=0

Imid_2_33 CCCCCCCCOS(=0)(=0)[0-].CCCCNIC=C[N+](=C1)C 3336
Imid_47_38 Cnilccln+](Ce2cceee2)cl.[0-]S(=0)(=0)0OCCCCCCCC 383
Imid_48_44 C=CC[n+]1ccn(C)cL.[0-]S(=0)(=0)OCCCCCCCC 44°
Imid_49_43 C=Cn1cc[n+](CCCC)c1.[0-]S(=0)(=0)OCCCCCCCC 43
Imid_57_34 Cnlcc[n+](CCCC)cl.[0-]S(=0)(=0)OCCCCCC 34°
Imid_58_36 Cnlcc[n+](CCCC)cl.[0-]S(=0)(=0)OCCCCCCC 36°
Imid_60_47 Cnlcc[n+](CCCC)cl.[0-]S(=0)(=0)OCCCCCCCCC 473
Imid_61_54 Cnlcc[n+](CCCC)cl.[0-]S(=0)(=0)OCCCCCCCCCC 54°
Imid_62_58 Cnlcc[n+](CCCC)cl.[0-]S(=0)(=0)OCCCCCCCCCCCC 58°
Imid_63_30 Cnlcc[n+](CCCCCC)cl.[0-]S(=0)(=0)OCCCCCC 30°
Imid_64_33 Cnlcc[n+](CCCCCC)cl.[0-]S(=0)(=0)OCCCCCCC 33°
Imid_65_38 Cnlce[n+](CCCCCC)c1.[0-]S(=0)(=0)OCCCCCCCC 38°
Imid_66_36 Cnlcc[n+](CCCCCC)cl.[0-]S(=0)(=0)OCCCCCCCCC 36°
Imid_67_44 Cnlcc[n+](CCCCCC)cl.[0-]S(=0)(=0)OCCCCCCCCCC 443
Imid_68_49 Cnlcc[n+](CCCCCC)cl.[0-]S(=0)(=0)OCCCCCCCCCCCC 49°
Imid_17_49 [0-]S(=0)(=0)OCCCCCCCC.0=C(OCCC)Cnlcen+](C)cl 4958
Imid_25_55 [0-]S(=0)(=0)OCCCCCCCC.0=C(OCCC)Cnlcen+](C)clC

Imid_26_60 [0-]S(=0)(=0)OCCCCCCCC.0=C(OCCCCC)Cnice[n+](C)cl

Imid_27_56 [0-]S(=0)(=0)OCCCCCCCC.0=C(OCCCCC)Cnlcc[n+](C)clC

Imid_50_54 Cnlcc[n+](CCCCOC(C)=0)c1.[0-]S(=0)(=0)OCCCCCCCC

Imid_52_34 Cnilcen+](CC(=0)OCCCCC)c1.[0-]S(C)(=0)=0

Imid_69_72 Cnlccn+](CC(=0)OCCCCC)c1.[0-]S(=0)(=0)OCCCCCCCCCCCC

Imid_81_62 Cnlccn+](CC(=0)OCCOCCC)c1.[0-]S(=0)(=0)OCCCCCCCC

Imid_82_59 Cnlcc[n+](CC(=0)OCCCC)c1.[0-]S(=0)(=0)OCCCCCCCC

Imid_83_65 Cnlcc[n+](CC(=0)OCCOCCOCCC)cl.[0-]S(=0)(=0)OCCCCCCCC




Imid_84_63 Cnlcc[n+](CC(=0)OCCOCCOCCCC)cl.[0-]S(=0)(=0)OCCCCCCCC _
Imid_85_59 Cnlcc[n+](CC(=0)OCCOCCOC)cl.[0-]S(=0)(=0)0Ccccceeee 593
Imid_86_58 Cnicc[n+](CC(=0)0CCOCCOCC)c1.[0-]S(=0)(=0)OCCCCCCCC 5838
Imid_87_60 Cnlcc[n+](CC(=0)OCCOCCCC)cl.[0-]S(=0)(=0)OCCCCCCCC _
Imid_88_58 Cnlcc[n+](CC(=0)OCCOCC)cl.[0-]S(=0)(=0)0Cccccceee 58%8
Imid_89_58 Cnlcc[n+](CC(=0)OCCOC)c1.[0-]S(=0)(=0)OCCCCCCCC 5838
Imid_90_62 Cc1[n+](CC(=0)OCCOCCCC)cecnlC.[0-]S(=0)(=0)OCCCCCCCC _
Imid_91_58 Cc1[n+](CC(=0)OCCOCCOC)ccnlC.[O-]S(=0)(=0)0Cccceeee 58%
Imid_92_38 0=C(C[n+]1ccn(C)c1)N1CCCC1.[0-]S(=0)(=0)OCCCCCCCC 3838
Imid_93_35 0O=C(C[n+]1ccn(C)c1C)N1CCCC1.[O-]S(=0)(=0)0CCcccceee 35%
Imid_94_25 0O=C(C[n+]1ccn(C)c1)N(CCOC)CCOC.[0-]S(=0)(=0)0CCCcccccc 25
[CI-].[CI-).ICI-].[CI-
Imid_131_44 ].CCCCCCCCCC[n+]1cn(CC(=0)OCC(COC(=0)Cn2c[n+](CCCCCCCCCC)c3ccccc32)(COC(=0) 4436
Cn2c[n+](CCCCCCCCCC)c3ccecec32)COC(=0)Cn2c[n+](CCCCCCCCCC)c3cccce32)c2ccecc2l
[CI-].[CI-).ICI-].[CI-
Imid 132 47 ].CCCCCCCCCCCC[n+]1cn(CC(=0)OCC(COC(=0)Cn2c[n+](CCCCCCCCCCCC)c3cceec32)(Co 47%
— = C(=0)Cn2c[n+](CCCCCCCCCCCC)c3cceecc32)COC(=0)Cn2c[n+](CCCCCCCCCCCC)c3cceec32
)c2cccec2l

Data for pyridinium ILs

Table S2: Biodegradability data for pyridinium ILs.

IL

((t:)?;igggrnalijrgtti)grq_ SMILES biodegrad;:ion rate in

rate)
Pyri_1_69 [Br-].0C(=0)C[n+]1cccccl
Pyri_ 2.5 COC1=CC=C[N+](CC(0)=0)=C1.[Br-]
Pyri_3_7 CN(C1=CC=[N+](CC(0)=0)C=C1)C.[Br-]
Pyri_85 54 0=C(N[C@H](C(OCC)=0)CC1=CC=CC=C1)C[N+]2=CC=CC=C2.[Br-] 5420.22.23.26
Pyri_91 47 COC1=C[N+](CC(N[C@@H](CC2=CC=CC=C2)C(OCC)=0)=0)=CC=CL1.[Br-] 472228
Pyri_92_32 CCOC(C1=C[N+](CC(N[C@H](C(OCC)=0)CC2=CC=CC=C2)=0)=CC=C1)=0.[Br-] 32%
Pyri_93 37 OC(C1=CC=C[N+](CC(N[C@@H](CC2=CC=CC=C2)C(OCC)=0)=0)=C1)=0.[Br-] 372
Pyri_94 56 CCOC(C1=CC=C[N+](CC(N[C@@H](CC2=CC=CC=C2)C(0)=0)=0)=C1)=0.[Br-] 562
Pyri_95 33 CN(C)C1=CC=[N+](CC(N[C@ @H](CC2=CC=CC=C2)C(OCC)=0)=0)C=C1.[Br-] 33%
Pyri_96_49 CCOC([C@H](CC1=CC=C(0)C=C1)NC(C[N+]2=CC=CC=C2)=0)=0.[Br-] 4922
Pyri_97_46 CCOC([C@H](CC1=CC=C(0)C=C1)NC(C[N+]2=CC(OC)=CC=C2)=0)=0.[Br-] 462




Pyri_98_31 CCOC([C@H](CC1=CC=C(0)C=C1)NC(C[N+]2=CC=CC(C(OCC)=0)=C2)=0)=0.[Br-] il
Pyri_86_49 CCCCOC([C@@H](NC(C[N+]1=CC=CC=C1)=0)CC2=CC=CC=C2)=0.[Br-] 49%
Pyri_87_46 0=C([C@H](CC1=CC=CC=C1)NC(C[N+]2=CC=CC=C2)=0)OCCCCCC.[Br-] 462
Pyri_88_52 0=C(N[C@@H](CC1=CC=CC=C1)C(OCCCCCCCC)=0)C[N+]2=CC=CC=C2.[Br-] 522
Pyri_89_27 O=C(N[C@@H](CC1=CC=CC=C1)C(OCCCCCCCCCC)=0)C[N+]2=CC=CC=C2.[Br-] 2
Pyri_90 4 0=C(N[C@@H](CC1=CC=CC=C1)C(OCCCCCCCCCCCC)=0)C[N+]2=CC=CC=C2.[Br-]

Pyri_102_1 0=C(NCCCC)C(C1=CC=CC=C1)[N+]2=CC=CC=C2.[Br-]

Pyri_109_4 [Br-].0\N=C\clcc[n+](CC(=O)NCCCCCCCC)ccl

Pyri_110_9 [Br-].0\N=C\c1lcc[n+](CC(=0)NC(C)C(=0)NCCCCCCCC)ccl

Pyri_111 24 [Br-].0\N=C\clcccc[n+]1CC(=0O)NC(Cclccceccl)C(=O)NCCCCCCCC 243
Pyri_112_20 [Br-].0\N=C\clccc[n+](CC(=0O)NC(Cc2ccecc2)C(=0)NCCCCCCCC)cl 20%°
Pyri_113 25 [Br-].0\N=C\clcc[n+](CC(=0O)NC(Cc2ccccc2)C(=O)NCCCCCCCC)ccl 25%
Pyri 5 1 [n+]1(cccecl)CCCC.[Cl-]

Pyri_33_0 C1=CC=[N+](C=C1)CC#N.[CI-]

Pyri_35_1 CCCI[N+]1=CC=CC=C1.[Br-]

Pyri_36_0 [n+]2(cccecl)CCCC.[Br-]

Pyri_39 3 F[P-](F)(F)(F)(F)F.CCCC[n+]1cccccl

Pyri_40_3 CCCC[N+]1=CC=CC(=C1)C.[Br-]

Pyri_42 9 [n+]2(cccecl)CCCCCCCCCC.[Br-]

Pyri_43_0 [n+]1(cccecl)CCCCCCCCCCCCCCCC.[Br-]

Pyri_51_90 CCCCCCCC[N+]1=CC=CC(=C1)C.[Br-]

Pyri_52_10 CCCCCCI[N+]1=CC=CC(=C1)C.[Br-]

Pyri_78_2 C1=CC=C(C=C1)C[N+]2=CC=CC=C2.[Br-]

Pyri_80_0 CCCC[N+]1=CC=CC(=C1)C.C(=[N-])=NC#N

Pyri_108_0 CCCC[N+]1=CC=C(C=C1)C.[CI-]

Pyri_24_88 [n+]1(cccecl)CC(=0)OCC.[Br-]

Pyri_28 76 [n+]1(cc(C(=0)OCCCC)cccl)C.[I-]

Pyri_45_88 [n+]1(ccceel)CC(=0)OCC.[P-I(F)(F)(F)(F)(F)F

Pyri_46_75 [n+]1(cc(C(=0)OCCCC)cccl)C.[P-1(F)(F)(F)(F)(F)F

Pyri_60_37 CCIn+]1lccec(C)cl.FC(F)(F)C(F)(F)C(F)(F)C(F)(F)C([O-])=0 37%




Pyri_79 25 CCOC(=0)C1=C[N+](=CC=C1)CC2=CC=CC=C2.[Br-]

Pyri_99_8 0O=C(OC)C(C1=CC=CC=C1)[N+]2=CC=CC=C2.[Br-]

Pyri_100_16 0=C(OCC)C(C1=CC=CC=C1)[N+]2=CC=CC=C2.[Br-]

Pyri_101_21 0=C(OCCCC)C(C1=CC=CC=C1)[N+]2=CC=CC=C2.[Br-] 212
Pyri_103_22 COC1=CC=C[N+](C(C(OCCCC)=0)C2=CC=CC=C2)=C1.[Br-] 22%
Pyri_104 31 CCOC(C1=CC=C[N+](C(C(OCCCC)=0)C2=CC=CC=C2)=C1)=0.[Br-] 312
Pyri_105_63 CCCCCCCCCCCC(=0)N(C)CC([O-])=0.CCCCn+]1cceecl

Pyri_106_78 CCCCCCCCCCCC(=0)N(C)CC([O-])=0.CcccCCC[n+]1cccecl

Pyri_107_80 Cclce[n+](CCCCCCCC)eclC.CCCCCCCCCCCC(=0)N(C)CC([0-])=0

Pyri_73_40 [n+]1(cc(O)ccec1)COCCC.[Cl-] 40
Pyri_74_44 [n+]1(cc(O)ccec1)COCCCCCCC.[Cl] 4443
Pyri_75_48 [n+]1(cc(O)ccc1)COCCCCCCCCCCC.[ClH] 48%
Pyri_76_25 [CI-].O0clcec[n+](COCCCCCCCCCCCCCCCCCC)cl 25%
Pyri_20 5 [CI-].[CI-].O(CC[n+]1cceecl)COCC[n+]lcceecl

Pyri_22_3 FIP-]1(F)(F)(F)(F)F.F[P-](F)(F)(F)(F)F.O(CC[n+]1cccccl)COCC[n+]1cceecl

Pyri_32_51 C1=CC=[N+](C=C1)CCO.[CI-] 512
Pyri_34_65 clcc[n+](ccl)CCO.[I-]

Pyri_15_32 CCCCCCCCOS(=0)(=0)[O-].CCCC[n+]1ccee(cl)COC 324
Pyri_16_31 CCCCCCCCJ[n+]1lccce(cl)COC.CCCCCCCCOS(=0)(=0)[O-] 314
Pyri_17_36 CCCCCCCCOS(=0)(=0)[O-].CCCC[n+]1ccee(cl)COCC 364
Pyri_18_47 CCCCCCCCOS(=0)(=0)[0-].CCOC(=0O)C[n+]1ccec(cl)COC 474
Pyri_19_51 COCclccc[n+](CC(=0)OCCCCC)cl.[0-]S(=0)(=0)OCCCccCcCcC 514
Pyri_25_89 [n+]1(ccceec1)CC(=0)OCC.[0-]S(=0)(=0)0CCCCcCcccC

Pyri_26_75 [n+]1(cc(C(=0)OCCCC)cccl)C.[0-]S(=0)(=0)OCCCCcCCCC

Pyri_30_30 CCCCCCCCOS(=0)(=0)[0-].CCCCNC(=O)cilccc[n+](c1)CCCC 304042
Pyri_37_40 CCCCCCCCS(=0)(=0)[0-].CCCC[N+]1=CC=CC=C1 40%
Pyri_41_37 CCCCCCCCOS(=0)(=0)[O-].CCCC[n+]1ccce(cl)C 374
Pyri_47_82 [0-]S(=0)(=0)OCCCCCCCC.0=C(OCCCC)clccc[n+](CCCC)cl _
Pyri_61_24 [n+]1(cc(O)ceccl)COCCC.[N-]1C(=0)C=C(C)0S1(=0)=0 24%
Pyri_62_22 [n+]1(cc(0)ceccl)COCCCC.[N-]1C(=0)C=C(C)0S1(=0)=0 22%




Pyri_63_39 [n+]1(cc(0)cce1)COCCCCCC.[N-]1C(=0)C=C(C)0S1(=0)=0 39%
Pyri_64_41 [n+]1(cc(0)cce1)COCCCCCCC.[N-]1C(=0)C=C(C)0S1(=0)=0 41%
Pyri_65_49 [n+]1(cc(0)cce1)COCCCCCCCCCCC.[N-]1C(=0)C=C(C)0S1(=0)=0 49%
Pyri_66_32 [n+]1(cc(0)cce1)COCCCCCCCCCCCCCCCCCC.IN-]1C(=0)C=C(C)0S1(=0)=0 324
Pyri_67_43 [n+]1(cc(0)cce1)COCCC.[N-]1C(=0)c2cceec2S 1(=0)=0 43%
Pyri_68_13 [n+]1(cc(0)cce1)COCCCC.[N-]11C(=0)c2cccce2S1(=0)=0 _
Pyri_69_31 [n+]1(cc(0)cce1)COCCCCCC.[N-]1C(=0)c2cceec2S1(=0)=0 314
Pyri_70_32 [n+]1(cc(0)ccc1)COCCCCCCC.[N-]1C(=0)c2cccec2S1(=0)=0 324
Pyri_71_72 [n+]1(cc(0)cce1)COCCCCCCCCCCC.[N-]1C(=0)c2ccecc2S1(=0)=0 _
Pyri_72_20 [n+]1(cc(0)ccc1)COCCCCCCCCCCCCCCCCCC.IN-11C(=0)c2cceec2S1(=0)=0

Pyri_11_71 CCCCOC(=0)c1ccc[n+](c1)CCO.C(F)(F)(F)S(=0)(=0)IN-]S(=0)(=0)C(F)(F)F

Pyri_12_62 c1ce[n+](cc1)CCO.C(F)(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F

Pyri_13_1 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F.CCOC[n+]1cccc(CCCC)cl

Pyri_14_6 COCclccc[n+](c1)CCO.C(F)(F)(F)S(=0)(=0)IN-]S(=0)(=0)C(F)(F)F

R [ e e e

Pyri_23_3 CCCNC(=0)0CCn+]1cceeel.C(F)(F)(F)S(=0)(=0)[N-1S(=0)(=0)C(F)(F)F

Pyri_29_68 [n+]1(cc(C(=0)OCCCC)cecl)C.[N-(S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F

Pyri_38_0 CCCCIN+]1=CC=CC=C1.C(F)(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F

Pyri_44_64 [n+]1(cceec1)CC(=0)OCC.[N-](S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F

Pyri_53_0 C=CC[n+]1cceccl. FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F

Pyri_54_1 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F.clcceee1Cln+]lcceeel

Pyri_55_0 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F.CC(C)N(CC[n+]1cccee1)C(C)C

Pyri_56_3 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F.CCN(CC)Cclcce[n+](CCCC)cl

Pyri_57_3 CCCCIN+]1=CC=CC(=C1)C.C(F)(F)(F)S(=0)(=0)N-]S(=0)(=0)C(F)(F)F

Pyri_58_60 OC(=0)Cclccc[n+](CCCC)cl.FC(F)(F)S(=0)(=0)N-]S(=0)(=0)C(F)(F)F




Data for QACs

Table S3: Biodegradability data for QACs.

IL
(cation_number_ biodegradation rate in
biodegradation SMILES o

rate)

QAC_171_92 [CI-].0=C(OCC)[C@@H](INH3+])Cclcceeel

QAC 172 99 [CI-].0=C(OCCCC)[C@@H](INH3+])Cclcceecl

QAC 173 85 [CI-].0=C(OCCCCCC)[C@@H](INH3+])Cclcceecl

QAC_174_79 [CI-].0=C(OCCCCCCCC)[C@@H](INH3+])Cclccceed

QAC_175_50 [Cl-].O=C(OCCCCCCCCCC)[C@@H]([NH3+])Cclcceecl

QAC_176_65 [Cl-].O=C(OCCCCCCCCCCCC)[C@@H]([NH3+])Cclcccecl

QAC_177_67 [CI-].0=C(OCCCCCCCCCCCCCC)[C@@H](NH3+])Celcceccl

QAC_178_52 [Cl-].O=C(OCCCCCCCCCCCCCCCl)C@@H](INH3+])Cclcceccl

QAC_20_86 [0-]C=0.[NH3+]CCO

QAC_21 95 CCCC(=0)[0-].[NH3+]CCO

QAC_22 13 0=C[0-].0CC[NH2+]CCO

QAC_23 69 0=C([0-])C.OCC[NH2+]CCO

QAC_24 68 0=C([0-])CC.OCC[NH2+]CCO

QAC_25_78 0=C([0-])CCC.OCC[NH2+]CCO

QAC _26_71 0=C([0-])C(C)C.OCC[NH2+]CCO

QAC_27 57 0=C([0-])CCCC.OCC[NH2+]CCO 5712
QAC_28 37 OCCINH+](CCO)CCO.[0-]C(=0)CCC 3712
QAC_29_38 OCC[NH+](CCO)CCO.[0-]C(=0)CCCC 3812

QAC_112_70 COCCOCCOCCOCC([0-])=0.[NH3+]CCCCCCCCCCCC

QAC_13 4 FC(F)(F)S(=0)(=0)N-]S(=0)(=0)C(F)(F)F.CCCCCCIN+](C)(C)CCN(C)C

QAC_14. 6 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F.CC[N+](CC)(CCCCCC)CCO

QAC_15_3 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F.CCCC[N+](CCCCC)(CCO)CCO

QAC_19.0 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F.CCCCCCCC[N+](C)(CCCCCCCC)CCCCCCCC

QAC_16_51 C[N+](C)(C)CCCC.[0-]S(C)(=0)=0
QAC_17_4 C[N+](CC)(CC)CC.[0-]S(=0)(=0)0C

| 12



QAC_18_7

C[N+](CCCC)(CCCC)CCCC.[0-]S(C)(=0)=0

QAC_110 67 | CC[NH2+]CC.[0]C(C)=0

QAC_111 61 CC[NH+](CC)CC.[O]C(C)=0

QAC_89_18 CCI[N+](CC)(CC)CC.[O-]C(=O)C(N)CS

QAC_90_19 [0-]C(=0)C(N)CS.CCCC[N+](CCCC)(CCCC)CCCC

QAC_146_18 [0-]C(=0)[C@@H]1CCCN1.CCCC[N+](CCCC)(CCCC)CCCC

QAC_148 24 [0-]C(=0)[C@@H]1C[C@@H](O)CN1.CCCCIN+](CCCC)(CCCC)CCCC 244
acsa | elSicopnicoeroIceHocaeHocOo! o
QAC_ 7 16 [0-]C(=0)[C@H](C)O.CCCC[N+](CCCC)(CCCC)CCCC

QAC_8_16 [O-]C(=0)[C@@H](O)[C@H](O)C(0)=0.CCCCI[N+](CCCC)(CCccerycecee

QAC_9 14 [0-]C(=0)[C@@H](0)CC(=0)0.CCCCN+](CCCC)(CCCC)CCCC

QAC 10 1 [0-]C(=0)CCC(=0)0.CCCCIN+](CCCC)(CCCC)CCCC

QAC_11 10 CCCCIN+](CCCC)(CCCC)CCCC.[0]C(=0)CC(0)=0

QAC_12 12 CC(=0)C([0-])=0.CCCC[N+](CCCC)(CCCC)CCCC

QAC_80 83 CCCCIN+](CCCC)(CCCC)CCCC.[0-]C(=0)CCCCCCCC

QAC_142 72 C[N+](C)(CCCC)CCCC.[0-]C(=0)C(C)O

QAC_143 69 | O=C([0-])CC(O)(CC(=0)[0-])C([O-])=0.CCCCIN+](C)(C)CCCC

QAC 63 5 CCCCCCCCCCIN+](C)(C)CCCCCCCCCC.[0-]C(=0)CCCCCCCCCCCCCCCCC

QAC_64_87 CCCCCCCCCCIN+](C)(C)cccceeCCCe.[o-]c(=0)cceeeeceie=cieccececececce

QAC_71.100 | CCCCCCCCCCCCCCCCINH(C)(C)C.[0-]C(=0)CCCCCCCCCCCCCCCCe

QAC_72_100 CCCCCCCCCCCCCCCCIN+](C)(C)C.[O-]C(=0)CCcrreeeie=c\ceececececece

QAC_79 11 C=CCIN+](C)(C)CC=C.[0-]C(=0)CCCCCCCC

QAC_82_41 CCCCCCCCCCCCCCCCIN(C)(C)C.[0-]C(=0)CCCCCCCC

QAC_139 77 C[N+](C)(CCCC)CCCC.[0-]C(C)=0

QAC_140 66 | C[N+](C)(CCCC)CCCC.CC(=0)CCC([0-])=0

QAC_141 45 | [O]C(=0)C(=C)CC([0-])=0.CCCC[N+](C)(C)CCCC 455
QAC_144 54 | C[N+](C)(CCCC)CCCC.[0-]C(=0)\C=C\C=C\C 545
QAC_145 69 | C[N+](C)(CCCC)CCCC.[0-]C(=0)CCC([0-])=0

QAC_2.0 [Br].CCIN+](CC)(CC)CC

QAC_3_4 [OH-].CCCC[N+](CCCC)(CCCC)CCCC




QAC_ 4 4

[Br-].CCCCIN+](CCCC)(CCCC)CCCC

QAC_43_70 C[N+](C)(CCCCCCCCCC)CCCCCCCCCC.[0-]N=0
QAC_138 5 [CI-.CCCCIN+](C)(C)CCCC

QAC_170_16 CCCCCCCCCCCCCCIN+|(C)(C)CC1=CC=CC=CL1.[C}]
QAC_1_3 [Br-.CIN+](C)(C)C

Data for cholinium ILs

Table S4: Biodegradability data for cholinium ILs.

IL
(cation_number_
biodegradation
rate)

SMILES

biodegradation rate in
%

Chol_31_82 OCCIN+](C)(C)C.[0-]S(C)(=0)=0 !
Chol_32_22 COCCIN+](C)(C)C.[0-]S(C)(=0)=0 2
Chol_35_52 FC(F)(C(F)(F)S([0-])(=0)=0)C(F)(F)C(F)(F)F.C[N+](C)(C)CCO 523
Chol_34_25 C[N+](C)(C)CCOCC.CC(=0)CCC([0-])=0

Chol_55_70 C[N+](C)(C)CC(=0)OCC.CC(=0)CCC([O-])=0

Chol_60_73 [C.C[N+](C)(C)CCOC(=0)C=C

Chol_61_70 [C.C[N+](C)(C)CCOC(=0)C(=C)C

Chol_37_100 0=C([0-])CCCCCCCCCCC.CIN+|(C)(C)CCO

Chol_38_80 0=C([O-])CCCCCCCCCCCCC.CIN+|(C)(C)CCO

Chol_39_85 0=C([0-])CCCCCCCCCCCCCCC.CIN+](C)(C)CCO

Chol_40_80 0=C([0-])CCCCCCCCCCCCCCCCC.CIN+](C)(C)CCO

Chol_53_74 0=C([0-])CN(C)C(=0)CCCCCCCCCCC.C[N+](C)(C)CCO

Chol_77_85 C[N+](C)(CCCCCCCCCCCC)CC(=0)0.[0-]C(=0)CCCCCCCC

Chol_2_73 0=C([O-])C(C)N.C[N+](C)(C)CCO

Chol_3_69 0=C([0-])C(N)C(C)C.C[N+](C)(C)CCO

Chol_4_72 0=C([0-])C(N)CC(C)C.C[N+](C)(C)CCO

Chol_5_72 0=C([0-])C(N)C(C)CC.C[N+](C)(C)CCO

Chol_6_76 OCC(N)C([0-])=0.C[N+](C)(C)CCO

Chol_7_73 OCCIN+](C)(C)C.[0-]C(=0)C(N)C(C)O

Chol_8_65 [0-]C(=0)C(N)CCSC.C[N+](C)(C)CCO

Chol_9_82 OC(=0)CC(N)C([0-])=0.C[N+](C)(C)CCO




Chol_10_84

OC(=0)CCC(N)C([0-])=0.C[N+](C)(C)CCO

Chol_11_86 0=C([O-])C(N)CC(N)=0.C[N+](C)(C)CCO

Chol_12_84 0=C([0-])C(N)CCC(N)=0.C[N+](C)(C)CCO

Chol_13_67 0=C([0-])C(N)CCCCN.C[N+](C)(C)CCO

Chol_30_67 OCCIN+](C)(C)C.[0-]C(=0)C(N)CS

Chol_1_74 0=C([0-])CN.C[N+](C)(C)CCO

Chol_18_68 0=C([0-])C.C[N+](C)(C)CCO

Chol_19_68 NC(Cclccceel)C([0-])=0.C[N+|(C)(C)CCO

Chol_20_69 OCCIN+](C)(C)C.[0-]C(=0)C1CCCCL

Chol_21_69 [0-]C(=0)CC1CCCC1.CIN+|(C)(C)CCO

Chol_22_69 [0-]C(=0)C1CCCCCL.C[N+](C)(C)CCO

Chol_23_73 C[N+](C)(C)CCO.[0-]C(=0)CCC1CCCCClL

Chol_24_71 [0-]C(=0)clcceeel. CIN+|(C)(C)CCO

Chol_25_60 0=C([0-])c1cecee10.CIN+|(C)(C)CCO

Chol_26_42 C[N+](C)(C)CCO.[0-]C(=0)COc1ccc2eceec2cl 42%
Chol_27_49 CI[N+](C)(C)CCO.[0-]C(=0)c1c2cccec2cc2ccecc2l 492
Chol_33_70 CC(=0)CCC([0-])=0.C[N+](C)(C)CCO

Chol_36_56 0=C([O-])C(F)(F)C(F)(F)C(F)(F)C(F)(F)F.C[N+](C)(C)CCO

Chol_44_5 OCCIN+](C)(C)CC(N[C@@H](CC1=CC=CC=C1)C(0)=0)=0.[Br-]

Chol_45_19 OCC[N+](C)(C)CC(N[C@@H](CC1=CC=CC=C1)C(OCC)=0)=0.[Br-]

Chol_46_21 O=C([C@H](CC1=CC=CC=C1)NC(C[N+](C)(CCO)C)=0)OCCCC.[Br-] 212
Chol_47_30 0=C([C@H](CC1=CC=CC=C1)NC(C[N+](C)(CCO)C)=0)OCCCCCC.[Br-] 302
Chol_48_36 OCC[N+](C)(C)CC(N[C@@H](CC1=CC=CC=C1)C(OCCCCCCCC)=0)=0.[Br-] 36%
Chol_49_37 OCCIN+](C)(CC(N[C@@H](CC1=CC=CC=C1)C(OCCCCCCCCCC)=0)=0)C.[Br-] 3752
Chol_50_20 OCCIN+](C)(CC(N[C@@H](CC1=CC=CC=C1)C(OCCCCCCCCCCCC)=0)=0)C.[Br-] 20%
Chol_51_20 CCOC(IC@H](CC1=CC=C(0)C=C1)NC(C[N+](C)(C)CCO)=0)=0.[Br-] 202
Chol_71_70 CCI[N+](C)(C)CCO.[0-]C(=0)CCCclc[NH]c2cccec21 _
Chol_72_46 CCCCIN+](C)(C)CCO.[0-]C(=0)CCCclc[NH]c2cceee2l 46%
Chol_73_43 CCCCCCIN+](C)(C)CCO.[0-]C(=0)CCCclc[NH]c2ccece2l 43%
Chol_74_44 CCCCCCCC[N+](C)(C)CCO.[0-]C(=0)CCCelc[NH]c2cccec21 44%
Chol_75_51 CCCCCCCCCCN+](C)(C)CCO.[0-]C(=0)CCCelc[NH]c2cceee21 515
Chol_76_60 CCCCCCCCCCCCIN+(C)(C)CCO.[0-]C(=0)CCCelc[NH]c2cceee2l !




C[N+](C)(C)CCO.[O-

Chol_28_78 ]C(=0)CC[C@H](C)[C@H]1CC[C@H]2[C@@H]3CC[C@@H]4C[C@H](O)CC[C@]4(C)[C@H]3C
[C@H(OIC@@]21C

Chol_29_83 ]Cc[z\lzggg)écc)(%?gi[coc-[c@H]2[C@@H]3CC[C@@H]4C[C@H](O)CC[C@]4(C)[C@H]3CCC12C

Chol_14 66 NC(Cclenc[NH]1)C([0-])=0.C[N+](C)(C)CCO

Chol_15_70 O=C([O-])C(N)CCCNC(=N)N.C[N+](C)(C)CCO

Chol_16_68 OCC[N+](C)(C)C.[0-]C(=0)C1CCCN1

Chol_17_71 C[N+](C)(C)CCO.[0-]C(=0)C(N)Cclc[NH]c2cceec21

Chol_52_94 C[N+](C)(C)CCO.[0-]C(=0)CCCclc[NH]c2ccecc2l

Chol_88_81 [Br-].CC(=0)OCC10OC(OCC[N+](C)(C)C)C(OC(C)=0)C(OC(C)=0)C10OC(C)=0

Chol_89 57 [Br-].CC(=0)OCC1OC(OCC[N+](C)(C)CCCCCCCCCCCC)C(OC(C)=0)C(OC(C)=0)C10C(C)=0 575

Chol_90_31 ][.j.Cr-C(=O)OCClOC(OCC[N+](C)(C)CCCCCCCCCCCCCCCC)C(OC(C)=O)C(OC(C)=O)C100(C)= 31%°

Chol_67_72 Clclce(Clecec10CC([0-])=0.CCCCCCCCCCCCIN+](C)(C)CC(=0)0

Chol_68_59 Clc1cc(C)c(OCC([0-1)=0)cc1.CCCCCCCCCCCCN+](C)(C)CC(=0)0 59%

Chol_69 51 Clelece(C)e(OC(C)C([0-])=0)ccl.CCCCCCCCCCCCIN+](C)(C)CC(=0)0 5190

Chol_70_42 COclc(c(Cl)eeclCl)C(0-])=0.CCCCCCCCCCCCIN+](C)(C)CC(=0)0 42%

Chol_62_37 Clc1cc(C)e(OCC([O-])=0)ccl.C=CC(=0)OCC[N+](C)(C)C R

Chol_63_29 Clclee(C)e(OCC([O-])=0)ccl.C=C(C)C(=0)OCC[N+](C)(C)C 29>

Chol_64_90 COc1c(c(Cl)ccclCl)C([0-])=0.CC(=0)OCC[N+](C)(C)C

Chol_65_70 Clclcc(Cl)ccc10CC([0-])=0.CC(=0)OCC[N+](C)(C)C

Chol_66_80 Clclee(C)e(OCC([O-])=0)ccl.CC(=0)OCC[N+](C)(C)C

Chol_56_87 Clclce(Cl)cec10CC([0-])=0.C[N+](C)(C)CC(=0)0

Chol_57_69 Clclee(C)e(OCC([O-])=0)cel.C[N+](C)(C)CC(=0)0

Chol_58 57 Clc1cc(C)ec(OC(C)C([O-])=0)ccl.C[N+](C)(C)CC(=0)0O 5752

Chol_59_48 COc1c(c(Cl)ccclCl)C([0-])=0.C[N+](C)(C)CC(=0)O 48%

Chol_78_76 Clclee(Cl)ecec10CC([0-])=0.0=C(0)CC(O)C[N+](C)(C)C

Chol_79_59 Clc1cc(C)c(OCC([O-1)=0)ccl.0=C(0)CC(O)C[N+](C)(C)C 5952

Chol_80_49 Clc1ce(C)c(OC(C)C([0-])=0)ccl.0=C(O)CC(O)CIN+](C)(C)C 492

Chol_81 44 COc1c(c(Cl)ccelCl)C([0-])=0.0=C(0)CC(O)C[N+](C)(C)C 44%
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Data for phosphonium ILs

Table S5: Biodegradability data for phosphonium ILs.

IL
(cation_number_
biodegradation
rate)

biodegradation rate in
%

SMILES

Phos_28 0 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC=C.[N-](S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F
Phos_30_0 [P+](CCCCCC)(CCCCCC)(CCCCCC)COC.[N-](S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F
Phos_32_0 [P+](CCCCCC)(CCCCCC)(CCCCCC)CCO.[N-](S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F
Phos_20_0 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC(=0)OCCC.[N-](S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F
Phos 22 2 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC(=0)OCCCCC.[N-
- 1(S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F
Phos 24 0 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC(=0)OCCCCCCC.[N-
- = 1(S(=0)(=0)C(F)(F)F)S(=0)(=O)C(F)(F)F
Phos 26 0 [P+](CCCCCC)(CCCCCC)(CCCCCC)CCCCOC(=0)C.N-
- - 1(S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F
Phos 5 7 [P+](C1CCCCC1)(C1CCCCCL)(C1CCCCCL)CC(=0)OCCC.N-
- 1(S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F
Phos 7 2 [P+](C1CCCCC1)(C1CCCCC1)(C1CCCCCL)CC(=0)OCCCCC.N-
- 1(S(=0)(=0)C(F)(F)F)S(=0)(=O)C(F)(F)F
Phos 9 3 [P+](C1CCCCC1)(C1CCCCC1)(C1CCCCC1)CC(=0)OCCCCCCC.N-
— = 1(S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F
Phos 11 9 [P+](C1CCCCC1)(C1CCCCCL)(C1CCCCCL)CCCCOC(=0)C.[N-
- 1(S(=0)(=0)C(F)(F)F)S(=0)(=0)C(F)(F)F
Phos_6_18 [P+](C1CCCCC1)(C1CCCCCL)(C1CCCCCL)CC(=0)OCCC.[0-]S(=0)(=0)OCCCCCCCC
Phos_8_22 [P+](C1CCCCC1)(C1CCCCC1)(C1CCCCCL)CC(=0)0CCCCC.[0-]S(=0)(=0)OCCCCCCCC 226
Phos_10_21 [P+](C1CCCCC1)(C1CCCCCL)(C1CCCCCL)CC(=0)OCCCCCCC.[0-]S(=0)(=0)0OCCCCCCCC 216
Phos_12_22 [P+](C1CCCCC1)(C1CCCCCL)(C1CCCCCL)CCCCOC(=0)C.[0-]S(=0)(=0)OCCCCCCCC 226
Phos_21_15 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC(=0)OCCC.[0-]S(=0)(=0)OCCCCCCCC
Phos_23_20 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC(=0)OCCCCC.[0-]S(=0)(=0)OCCCCCCCC 20%
Phos_25_30 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC(=0)0OCCCCCCC.[0-]S(=0)(=0)OCCCCCCCC 30%
Phos_27 5 [P+](CCCCCC)(CCCCCC)(CCCCCC)CCCCOC(=0)C.[0-]S(=0)(=0)0OCCCCCCCC
Phos_29 18 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC=C.[0-]S(=0)(=0)OCCCCCCCC
Phos_31_11 [P+](CCCCCC)(CCCCCC)(CCCCCC)COC.[0-]S(=0)(=0)OCCCCCCCC
Phos_33 9 [P+](CCCCCC)(CCCCCC)(CCCCCC)CCO.[0-]S(=0)(=0)OCCCCCCCC
Phos_36_50 CCCC[P+](C)(CCCC)CCCC.COS(=0)(=0)[0-]
Phos_1_4 [P+](C1CCCCC1)(C1CCCCCL)(C1CCCCCL)CC(=0)OCCC.[Br-]
Phos_2_3 [P+](C1CCCCC1)(C1CCCCC1)(C1CCCCC1)CC(=0)OCCCCC.[Br-]




Phos_3 2 [P+](C1CCCCC1)(C1CCCCC1L)(C1CCCCCL)CC(=0)OCCCCCCC.[Br-]
Phos_4_9 [P+](C1CCCCC1)(C1CCCCCL)(C1CCCCC1)CCCCOC(=0)C.[I-]
Phos_13_12 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC(=0)OCCC.[Br-]

Phos_14_4 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC(=0)OCCCCC.[Br-]

Phos_15_10 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC(=0)OCCCCCCC.[Br-]
Phos_16_0 [P+](CCCCCC)(CCCCCC)(CCCCCC)CCCCOC(=0)C.[I-]

Phos_34_9 [P+](CC)(CCCC)(CCCC)CCCC.[0-]P(=0)(0CC)OCC

Phos_18 2 [P+](CCCCCC)(CCCCCC)(CCCCCC)COC.[CH]

Phos_19_0 [P+](CCCCCC)(CCCCCC)(CCCCCC)CCO.[Br-]

Phos_17_8 [P+](CCCCCC)(CCCCCC)(CCCCCC)CC=C.[Br-]

Phos_38 11 CCCCCCCCCCCCCC[P+(CCCCCC)(CCCCCC)CCCCCC.C(=[N-])=NC#N

Data for pyrrolidinium ILs

Table S6: Biodegradability data for pyrrolidinium ILs.

IL
(cation_number_
biodegradation
rate)

biodegradation rate in

SMILES %

[0-]S(C)(=0)=0.[O-

Pyrr_21_14 JS(C)(=0)=0.C[N+]1(CCCC1)Celen(nn1)CCOCCOCCOCCOCCOCCNce(nL)CIN+]A(C)CCCCL
Pyrr_16_4 CCCCIN#I1(C)CCCCL[0S(=0)(=0)0C

Pyrr_8_7 CCCCIN#IL(CCCCL)C IN(S(=0)(=0)F)S(=0)(=O)F

Pyrr_7.0 CCCIN+IL(CCCCL)C.C(F)(F)(F)S(=0)(=0)N-IS(=0)(=0)C(F)(F)F
Pyrr_9_40 CCCCIN+IL(CCCCLIC.C(F)(F)(F)S(=0)(=0)IN-IS(=0)(=0)C(F)(F)F
Pyrr_10_0 CCCCCCIN+IL(CCCCL)C.CF)(F)(F)S(=0)(=0)N-IS(=0)(=0)C(F)(F)F
Pyrr_11_75 FC(F)(F)S(=0)(=0)[N-IS(=0)(=0)C(F)(F)F.CIN+]1(CCCCCCC)CCCCL
Pyrr_12_60 FC(F)(F)S(=0)(=0)[N-1S(=0)(=0)C(F)(F)F.CIN+]1(CCCCCCCC)CCCCl
Pyrr_13 20 FC(F)(F)S(=0)(=0)[N-1S(=0)(=0)C(F)(F)F.CIN+]1(CCCCCCCCT)CCCCL
Pyrr_14_78 FC(F)(F)S(=0)(=0)[N-IS(=0)(=0)C(F)(F)F.C[N+]1(CCCCCCCCOC)CCCCL
Py 15 1 CIN+]1(CCCCL)CCOC. C(F)(F)(F)S(=0)(=0)N-S(=0)(=0)C(F)(F)F
Pyrr_18 0 CIN+]1(COCCOC)CCCCL FC(F)(F)S(=0)(=0)N-IS(=0)(=0)C(F)(F)F
Pyrr_1 69 CCCCCCCCIN4L(CCCCT)C[CH

Py 3 2 CIN+]1(CCCCL)CCHN.[CH]
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Pyrr_4 14 CCCCI[N+]1(CCCC1)C.[Br-]

Pyrr_2_67 C[N+]1(CCCC1)CCCO.[Cl]

Pyrr_6_6 CIN+]1(CCCC1)CCO.[I1]

Pyrr_19 0 COCC[N+]1(C)CCCCL.F[B-](F)(F)F

Pyrr 5 34 [Br-].0=C(OCC)C[N+]1(C)CCCC1

Pyrr_20_72 CCCC[N+]1(C)CCCC1.CCCCCCCCCCCC(=0)N(C)CC([0-])=0

Pyrr_17 37 SCC(N)C([0-])=0.C[N+]1(CC)CCCCl 372

Data for morpholinium ILs

Table S7: Biodegradability data for morpholinium ILs.

IL
(cation_number_ biodegradation rate in
biodegradation SMILES %
rate)
Morph_1_12 CCCC[N+]1(CCOCC1)C.[Br-]
Morph_5 0 C[N+]1(CCOCC1)CCO.[I-]
Morph_6_31 C[N+]1(CCOCC1)CCCO.[Cl-]
Morph_7_0 C[N+]1(CCOCC1)CC#N.[CI-]
Morph_8 0 [CI-].C[N+]1(Cc2cccec2)CCOCCL
Morph_9_30 CC[N+]1(CCOCC1)C.[Br-]
Morph_10_3 CCCCCC[N+]1(CCOCC1)C.[Br-]
Morph_11_4 [Br-].C[N+]1(CCCCCCCC)ccocC1
Morph_12_5 CCCCCCCCCC[N+]1(Ccocci)C.[Br]
Morph_13_0 C[N+]1(CCCC)CCOCC1.FC(F)(F)C(C(F)(F)F)OI[AI-
- - 1(OC(C(F)(F)F)C(F)(F)F)(OC(C(F)(F)F)C(F)(F)F)OC(C(F)(F)F)C(F)(F)F
Morph_14_17 C[N+]1(CC(N[C@ @H](CC2=CC=CC=C2)C(0OCC)=0)=0)CCOCCL1.[Br-]
Morph_15_100 O=C([O-])CN(C)C(=0)CCCCCCCCCCC.C1C[NH2+]CCO1
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Data for DABCO ILs

Table S8: Biodegradability data for DABCO ILs.

IL
(cation_number_
biodegradation

SMILES

biodegradation rate in

%

rate)
DABCO_1 0 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F.CCCCCC[N+]12CCN(CC1)CC2
DABCO_2 0 FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F.CCCCCCC[N+]12CCN(CC1)CC2
DABCO_3 0 N#C[N-]C#N.OCC[N+]12CCN(CC1)CC2
DABCO_4 40 CC[N+]12CCN(CC1)CC2.[Br-] 4087
DABCO_5_37 CCCC[N+]12CCN(CC1)CC2.[Br-] 37%7
DABCO_6_22 [Br-].CCCCCC[N+]12CCN(CC1)CC2 2267
DABCO_7_35 CCCCCCCC[N+]12CCN(CC1)CC2.[Br-] 3567
DABCO_8_35 [Br-].CCCCCCCCCCIN+]12CCN(CC1)CC2 3557

Data for piperidinium ILs

Table S9: Biodegradability data for piperidinium ILs.

IL
(cation_number_
biodegradation

SMILES

rate)
Piperi_1_0 CCCC[N+]1(CCCCC1)C.[Br-]
Piperi_2_3 CCC[N+]1(CCCCC1)C.C(F)(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F
Piperi_3_79 C[N+]1(CCCCC1)CCCO.[CH]
Piperi_4_29 C[N+]1(CCCCC1)CCO.[CH]
Piperi_5_5 C[N+]1(CCCCC1)CC#N.[CI]
Piperi_8_28 C[N+]1(CC)CCCCCL.[0-]C(=0)C(N)CS
Piperi_9_100 0=C([0-])CN(C)C(=0)CCCCCCCCCCC.[NH2+]1CCCCCl

biodegradation rate in

%
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Data for piperazinium ILs

Table S10: Biodegradability data for piperazinium ILs.

IL
(cation_number_
biodegradation

SMILES

biodegradation rate in
%

rate)
Pipera_1_1 C[N+]1(CCCCCC)CCN(C)CC1.FC(F)(F)S(=0)(=0)[N-]S(=0O)(=O)C(F)(F)F
Pipera_2_1 C[N+]1(CCCCCCC)CCN(C)CC1.FC(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F

Data for prolinium ILs

Table S11: Biodegradability data for prolinium ILs.

IL
(cation_number_
biodegradation

SMILES

biodegradation rate
in %

rate)
Prol_1_23 0=C(C[N@+]1(C)CCC[C@@]1([H])C(OCC)=0)N[C@@H](CC2=CC=CC=C2)C(OCC)=0.[Br-] 2322
Prol_2_19 OC([C@]1([H)IN+](CC(N[C@@H](CC2=CC=CC=C2)C(OCC)=0)=0)(C)CCC1)=0.[Br-]
Prol_3_15 CCOC([C@]1(IH])IN+(CCN[C@@H](CC2=CC=CC=C2)C(0)=0)=0)(C)CCC1)=0.[Br-]

Data for thiazolium ILs

Table S12: Biodegradability data for thiazolium ILs.

IL
(cation_number_

biodegradation rate in
%

biodegradation SMILES
rate)
Thia_1_3 CC[n+]1ccscl.C(F)(F)(F)S(=0)(=0)[N-]S(=0)(=0)C(F)(F)F
Thia_2_7 c1esc[n+]1CCO.C(F)(F)(F)S(=0)(=0)IN-]S(=0)(=0)C(F)(F)F
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Clustering of ILs per cation core structure: Structural features of ILs
Structural features of imidazolium ILs for every cluster

The imidazolium ILs were divided into 27 cluster thereby indicating a structurally diverse set of compounds. For every cluster a
cluster centroid was generated, which represents the structural features of the ILs (Table S13). However, not every cluster centroid
incorporates all structural features of the ILs within a cluster. Both ILs in cluster 1 contain at least one phenyl group, which is in
one IL fully fluorinated. In cluster 2 all ILs incorporate a halogenide anion (bromide or chloride). The cation is twofold substituted
with methyl and either cyano, benzyl, ethyl or ethenyl. This indicates variations in the cation. However, there was no distinct
shared structural feature. The same applies for the cluster 11 and 15. The anions as well as the cations show no distinct shared
structural feature. In cluster 11 the anion are tetrafluoroborate or hexafluorophosphate or tetrahexafluoroisopropoxyaluminate
or dibutylphosphate. The cations contain alkyl chains and/or ester groups or ethenyl. Three out of six ILs have the
tetrahexafluoroisopropoxyaluminate anion in common, two of six the fluorinated inorganic anion and a cation with ester groups.
In cluster 15 the anions are dicyanamide or lauroyl sarcosinate or trifluoroacetate, while the cations incorporate only alkyl chains
or cyano and ether or ester and an n-alkyl chain as functional groups. Three of five ILs have a cyano in common either in the cation
orin the anion, while two ILs share the lauroyl sarcosinate anion. The cations in cluster 3 and 4 have n-alkyl side chains in common.
In contrast to cluster 4, the cations in cluster 3 are fourfold or fivefold substituted by n-alkyl chains shorter than propyl. In cluster
4 the alkyl chains are longer than butyl. While in cluster 3 all anions are iodide, in cluster 4 the anions are bromide, chloride, iodide
or dicyanamide. In cluster 4 some ILs are also dicationic only substituted with n-alkyl chains. This is difference to the dicationic ILs
in cluster 13, which contain ester groups in side chains. The ILs in cluster 6 are characterized by amino acid anions and n-alkyl side
chains attached to the cation. In cluster 7 the cation possesses amino acids in side chains and the anion is bromide. Both ILs in
cluster 8 have a bromide anion and the same side chains of the cation (pyrrolidine amide, ethylacetate, benzyl side chains). The
difference between them is that one IL contains two pyrrolidine amide side chains. Cluster 9 shows the amide group as structural
feature of all ILs and the anions are either bromide or tetrafluoroborate. The pyrrolidine amide, as in cluster 8, is also present in
most of the ILs, but in contrast to cluster 8 the ethylacetate side chain is absent. Both ILs in cluster 5 contain also the amide group
in the cation, but in contrast to cluster 8 and 9, the nitrogen atom is linked only twice to carbon and additionally once to hydrogen.
The ILs in cluster 10 are characterized by a fluorinated inorganic anion (tetrafluoroborate or hexafluorophosphate) and a cation
substituted with two n-alkyl chains. This makes the difference to cluster 12, where the anion is also tetrafluoroborate. Cluster 12,
14 and 18 have in common a cation containing one or more ester groups. Some cations are the same in cluster 12 and 18, but they
differ in the anion. In cluster 12 all ILs incorporate a tetrafluoroborate anion, while in cluster 14 and 18 the bromide oriodide anion
is prevalent. The structures in cluster 14 are different to cluster 12 and 18 as they incorporate longer n-alkyl side chains (< C3).
Cluster 16 is characterized by cations with alkyl side chains, while all anions contain a carboxyl group. In cluster 17 the cation is for
both ILs the same (1-(2-hydroxyethyl)-3-methylimidazolium), but the anion is either perfluoropentanoate or bromide. The ILs in
cluster 16 and 17 with a perfluoropentanoate anion were not allocated to the same cluster because the cations are different (only
alkyl chains or hydroxyethyl, respectively). Tris and tetrakis cations are allocated to cluster 19 and 20, which only differ in the
imidazolium cation (cluster 19) and benzimidazolium cation (cluster 20). For both cluster the structural features are n-alkyl chains
and ester groups in the cation as well as a chloride anion. Two ILs were excluded from the cluster analysis since their molecular
size was too high. Due to their structure (tetrakis benzimidazolium cation with decyl or dodecyl alkyl chains) they would have been
allocated to cluster 20. Furthermore, tris and tetrakis ILs are in cluster 21, which partially also have a benzimidazolium cation, but
differ from the ILs in cluster 19 and 20 as the side chains end with a benzyl group and not with a n-alkyl chain. In cluster 22 and 23
the unique structural feature of the ILs are the anions, which only appear in these clusters. In cluster 22 it is the saccharinate anion
and in cluster 23 the bis(trifluoromethylsulphonyl)amide anion. The cations are more diverse and contain n-alkyl chains or ester
(cluster 22 and 23) or ether or cyano (cluster 23). The ILs in cluster 24 have a sulphonate group in the anion in common, while the
cations contain either only n-alkyl chains or a hydroxyl group. In cluster 25, 26 and 27 all ILs contain an alkylsulphate anion. While
for cluster 27 this is the octylsulphate anion, in cluster 25 and 26 the alkyl chain in the anion varies (hexyl, heptyl, octyl, nonyl,
decyl or dodecyl) and in cluster 26 there is also one IL with a methanesulphonate anion. The cationic structure of these ILs explains
the distribution in these clusters. In cluster 25 all cations have n-alkyl, benzyl or ethenyl side chains, whereas in cluster 26 an ester
group is the prevailing structural feature in the side chains and in cluster 27 an amide group (Table S13).
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Table S13: Cluster centroids for imidazolium ILs and structural features per cluster.

No.

Structural features

Number of ILs

Cluster centroid

Twofold substituted cation, substituents of
the first IL: fluorinated phenyl and methyl,
second IL: benzyl, bromide anion

E
F
F
Br-
N N
g \—/

Twofold substituted cation, first side chain is
methyl and second side chain is benzyl or
cyano or allyl or ethyl, bromide or chloride
anion

N“’/\N/

Bro

Four- or fivefold substituted cation,
substituents: ethyl or methyl or isopropyl,
iodide anion

Twofold and fourfold substituted cation or
dicationic cations; dicationic ILs: cations
connected via alkyl chains (ethyl, butyl,
hexyl), alkyl chain as second substituent at
each cation (methyl, hexyl, dodecyl,
tetradecyl, hexadecyl), bromide anion;
twofold substituted cation: first side chain is
methyl or ethenyl or phenyl, second side
chain is butyl or hexyl or octyl or decyl or
dodecyl or hexadecyl,

halogenide anion (bromide, chloride, iodide),
dicyanamide anion; fourfold substituted
cation: first side chain is hexyl, three methyl
side chains, iodide anion

19

Twofold substituted cation, first side chain is
methyl, second side chain contains
butylcarbamoylmethyl, one IL contains an
additional benzyl rest at the methyl of the
butylcarbamoylmethyl group, bromide anion

Twofold substituted cation, first side chain is
methyl, ethyl or butyl or hexyl as second side
chain, L-prolinate anion or L-valinate anion or
L-cysteinate or L-histidinate or L-
phenylalaninate or L-aspartate or glycinate
anion

Twofold substituted cation, one cation with
two phenylalanine side chains, for the others
first side chain is methyl, second side chain is
phenylalanine group with attached alkyl
chains (C2, C4, C6, C8, C10, C12) or tyrosine
group with attached ethyl chain or a dipeptidyl
phenylalanine-leucine chain, bromide anion

Threefold and fourfold substituted cation;
threefold substituted cation: pyrrolidine amide
and ethylethanoate and benzyl side chains;
fourfold substituted cation: two pyrrolidine
amide side chains and ethylethanoate and
benzyl side chains, bromide anion

Twofold and threefold substituted cation;
twofold substituted cation: methyl or benzyl
as first side chain, pyrrolidine amide or n-
butyl-N-methylcarbamoylmethyl or N,N-
diethylcarbamoylmethyl as second side chain;
threefold substituted cation: methyl as first




side chain, pyrrolidine amide side chain as
second side chain, methyl or amide as third
side, bromide anion or tetrafluoroborate anion

Twofold substituted cation, first side chain is T
methyl, second side chain is propyl or butyl N e
or decyl, tetrafluoroborate anion or 4 /\/\ \_/ |

:

hexafluorophosphate anion

N/\‘N*/
Twofold and threefold substituted cation;
twofold substituted cation: methyl and F F F
propylethanoate or butyl or hexyl or propenyl; : - F F
threefold substituted cation: two methyl side 6 F F
chains and butyl as third side chain, o o
tetrahexafluoroisopropoxyaluminate or FL :N: e F

tetrafluoroborate anion, hexfluorophosphate F o” o
anion or dibutylphosphate £
F F F
F F

Twofold, threefold and fourfold substituted
cation; twofold substituted cation: methyl and
methylethanoate side chains; threefold
substituted cation: methyl and °, d
ethylethanoate and ethylmethanoate or two j/
methyl side chains and 2- —~ N

methylpropylmethanoate; fourfold 6 b —F
substituted cation: two methyl side chains — |
and two methylmethanoate or methyl and /0 e F

two methylmethanoate and ethylethanoate o o
or benzyl and two methylmethanoate and AN
ethylethanoate,
tetrafluoroborate anion

Dicationic, ester group in side chain, bromide 6 @ o
anion or chloride anion ° AN

Twofold and threefold substituted cation;
twofold substituted cation: methyl or butyl or
hexyl as first side chain, propylethanoate or
butylethanoate or pentylethanoate or

0 n Ny B
hexylethanoate or octylethanoate or 11 \(\
ethylbenzoate or ester of mandelic acid (C4) \/\/\/\/ \ \—/
as second side chain; threefold substituted
cation: two methyl side chains and

propylethanoate or pentylethanoate, bromide
anion or iodide anion

Twofold substituted cation: methyl or

acetocyano as first side chain, ethyl or butyl Pl W N
or propylethanoate or ethoxyethane as 5 /\/ D\(.\ \ /
second side chain, dicyanamide anion or Y

lauroyl sarcosinate or trifluoroacetate

Twofold substituted cation: methyl as first

side chain, ethyl or butyl as second side -
chain, lactate anion or levulinate 4 /\N/\N*/ —<
(oxopentanoate) or acetate anion or \—/ 0

perfluoropentanoate anion
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17

Twofold substituted cation: methyl as first
side chain, hydroxyethyl as second side
chain, perfluoropentanoate anion or bromide
anion

18

Twofold, threefold and fourfold substituted
cation; twofold substituted cation: methyl as
first side chain and ester of mandelic acid
(C1, C2) or acetic acid or methylethanoate or
ethylethanoate as second side chain;
threefold substituted cation: methyl and
ethylethanoate and ethylmethanoate side
chains or two methyl side chains and 2-
methylpropylmethanoate or methyl and amide
and methylethanoate; fourfold substituted
cation: two methyl side chains and two
methylmethanoate or two methylethanoate
and benzyl and ethylethanoate, bromide or
iodide anion

10

19

Tris- and tetrakis side chains: (N-butyl-
imidazoliumyl-acetayloxy)methyl or (N-hexyl-
imidazoliumyl-acetayloxy)methyl or (N-octyl-
imidazoliumyl-acetayloxy)methyl or (N-decyl-
imidazoliumyl-acetayloxy)methyl or (N-
dodeyl-imidazoliumyl-acetayloxy)methyl,
chloride anion

10

cr

20

Benzimidazolium cation, tris- and tetrakis side
chains: (N-butyl-benzimidazoliumyl-
acetayloxy)methyl or (N-hexyl-
benzimidazoliumyl-acetayloxy)methyl or (N-
octyl-benzimidazoliumyl-acetayloxy)methyl or
(N-decyl-benzimidazoliumyl-
acetayloxy)methyl or (N-dodecyl-
benzimidazoliumyl-acetayloxy)methyl,
chloride anion

21

Tris- and tetrakis side chains: (N-benzyl-
benzimidazoliumyl-acetayloxy)methyl or (N-
benzyl-imidazoliumyl-acetayloxy)methyl,
chloride anion
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22

Twofold substituted cation: methyl as first
side chain, butyl or pentylethanoate as
second side chain, saccharinate anion

23

Twofold substituted cation: methyl or
acetocyano as first side chain, butyl or ester
or ether as second side chain,
bis(trifluoromethylsulphonyl)amide anion

24

Twofold substituted cation: methyl as first
side chain, ethyl or butyl or hydroxyethyl as
second side chain, methanesulphonate anion
or perfluorobutanesulphonate

25

Twofold substituted cation: methyl or ethenyl
as first side chain, benzyl or propenyl or butyl
or hexyl as second side chain, hexylsulphate
anion or heptylsulafte anion or octylsulphate

anion or nonylsulphate anion or decylsulafte

anion or dodecylsulphate anion

15

26

Twofold and threefold substituted cation;
twofold substituted cation: methyl as first side
chain, second chain contains ester or a
combinations of ester and ethers; threefold
substituted cation: two methyl side chains,
third side chain incorporates ester or a
combinations of ester and ethers,
octylsulphate anion or dodecylsulphate anion
or methanesulphonate anion

18

27

Twofold and threefold substituted cation;
twofold substituted cation: methyl and acetyl
pyrrolidine or N,N-bis(2-
methoxyethyl)acetamide; threefold
substituted cation: two methyl chains and
acetyl pyrrolidine, octylsulphate anion
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Structural features of pyridinium ILs for every cluster

12 cluster were generated for 96 pyridinium ILs and the cluster centroids show the representative structural features of each
cluster (Table S14). The ILs in cluster 1 have a bromide anion in common and an ester or carboxyl group in side chains of the cation.
These could be incorporated in a phenylalanine or tyrosine moiety. Further substituents could be a methoxy group or a
dimethylamino group. For the ILs in cluster 2 the structural feature of the cation is a phenylalanine moiety with different n-alkyl
chains attached and a bromide anion. In cluster 3 all cations contain an amide group in the substituents, which are either
acetamide, n-butyl-2-phenylacetamide or n-acetyl-L-alanine amide or 2-acetamido-3-phenylpropanamide. A further substituent
could be hydroxyimino methyl in m- and p- and o-position. All anions are bromide. The ILs in cluster 4 have in common that all
cations incorporate either different n-alkyl chains or benzyl or cyanomethyl, while the anions encompass bromide, chloride,
hexafluorophosphate and dicyanamide. The ILs in cluster 5 possess different structural features, which cannot be combined under
a general category. All have in common an ester in the cation or a carboxyl group in the anion. The ILs with an ester in the cation
incorporate inorganic anions, like bromide, iodide and hexafluorophosphate. The cations contain either ethyl methanoate or ethyl
ethanoate or butyl methanoate or ester derived from mandelic acid. Further substituents could be benzyl, alkyl chains, methoxy.
The IL without an ester in the cation shows a carboxyl group in the perfluoropentanoate anion, while the cation is substituted by
n-alkyl chains. In cluster 6 all ILs contain a lauroyl sarcosinate anion and the cations are substituted with n-alkyl chains. Cluster 7,
10 and 11 have the cations in common, but vary in the anion. While in cluster 7 pyridinium cations incorporate a hydroxyl group
in m-position and ether groups in different alkyl chains as well as a chloride anion, in cluster 10 and 11 the cations have the same
structural features and the anions are acesulfamate and saccharinate, respectively. Cluster 8 encompass single cationic and
dicationic ILs incorporating an inorganic anion, like chloride, iodide, hexafluorophosphate. The single cationic ILs contain a
hydroxyethyl group, while in the dicationic ILs both cations are connected via ether bonds. All pyridinium ILs with a octlysulphate
anion or bis(trifluoromethylsulphonyl)amide anion are allocated to cluster 9 and 12, respectively. The cations in cluster 9 and 12
possess different structural features, which cannot be combined under a general category. The cations in cluster 9 are substituted
by different n-alkyl chains or ester or ether or butylcarbamoyl. The cations in cluster 12 encompass a dicationic IL with ether bonds
connecting both cations and for single cationic ILs substituents are acetic acid, allyl, benzyl, carbamate, ether, ester, hydroxyethyl
and tertiary amine (Table S14).

Table S14: Cluster centroids for pyridinium ILs and structural features per cluster.

Number of

Cluster centroid
ILs

No. Structural features

Single or twofold substituted cation,
substituents at N: acetic acid or
phenylalanine group with or without attached
ethyl chain or tyrosine group with attached 12 o =
ethyl chain, substituents in m- and p-position . )]\/N, | er
to substituents at N: methoxy group or ~ N ~ o
dimethylamino group or acetic acid or ethyl
methanoate, bromide anion

Single substituted cation at N: acetic acid or
2 phenylalanine group with attached alkyl 5 o < i
chains via ester bonds (C4, C6, C8, C10, NP h)&/».\ -
H

(o}

C12), bromide anion

[

Single and twofold substituted cations, single
substituted cation: substituents at N: n-butyl-
2-phenylacetamide, twofold substituted:
substituents at N: octyl chain connected to
3 cation via acetamide or n-acetyl-L-alanine 6 ‘
amide or 2-acetamido-3-phenylpropanamide P U Wa NG
substituents in m- and p- and o-position to N
substituents at N: hydroxyimino methyl
bromide anion
Single substituted cation: substituents at N:
alkyl chain (C3, C4, C10, C16), benzyl,
cyanomethyl, twofold substituted cation:
substituents at N: alkyl chain (C4, C6, C8), |
substituents in m- and p-position to 13 NP a
substituents at N: methyl, inorganic anions
(bromide, chloride, hexafluorophosphate),
one organic anion (dicyanamide)
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Single substituted cation: substituents at N:
esters of mandelic acid (C1, C2, C4) or ethyl
ethanoate,

twofold substituted cation: substituents at N:
ethyl or methyl or benzyl or esters of
mandelic acid (C2, C4) or ethyl methanoate,
substituents in m-position to substituents at
N: methyl or methoxy or ethylmethanoate or
butyl methanoate or inorganic anion
(bromide, iodide, hexafluorophosphate) and
one organic anion perfluoropentanoate

11

Single and threefold substituted cations,
single substituted cation: n-butyl or n-hexyl
at N, threefold substituted cation:
substituents at N: n-octyl, methyl group in m-
and p-position to substituents at N, lauroyl
sarcosinate anion

twofold substituted cation, substituents at N:
ether bonds in alkyl chains (propoxymethyl,
heptyloxymethyl, undecyloxymethyl,
octadecyloxymethyl) substituents in m-
position to substituents at N: hydroxyl group,
chloride anion

Single and dicationic, single substituted
cation at N: hydroxyethyl group (single
cationic) or cations connected via ether
bonds, (dicationic), inorganic anions
(chloride, iodide, hexafluorophosphate)

Single and twofold substituted cations, single
substituted at N: butyl or ethyl ethanoate,
twofold substituted: substituents at N: methyl
or butyl or octyl or ethyl ethanoate or pentyl
ethanoate, substituents in m-position to
substituents at N: butyl methanoate or
methyl or methoxymethyl or ethoxymethyl,
butylcarbamoyl, octylsulphate anion

11

0

10

Twofold substituted cation, substituents at N:
ether bonds in alkyl chains (propoxymethyl,
butoxymethyl, hexyloxymethyl,
heptyloxymethyl, undecyloxymethyl,
octadecyloxymethyl) substituents in m-
position to substituents at N: hydroxyl group,
acesulfamate anion

OH

11

Twofold substituted cation, substituents at N:
ether bonds in alkyl chains (propoxymethyl,
butoxymethyl, hexyloxymethyl,
heptyloxymethyl, undecyloxymethyl,
octadecyloxymethyl) substituents in m-
position to substituents at N: hydroxyl group,
saccharinate anion

12

Single and dicationic, single and twofold
substituted, dicationic: single substituted
cations connected via ether bonds, single
cationic and single substituted at N:
hydroxyethyl or carbamate or butyl or ethyl
ethanoate or allyl or benzyl or tertiary amine
single cationic and twofold substituted:
substituents at N: hydroxyethyl or
ethoxymethyl or methyl or butyl, substituents
in m-position to substituents at N: butyl
methanoate or butyl or methoxymethyl or
tertiary amine or methyl or acetic acid,
bis(trifluoromethylsulphonyl)amide anion

15

M—f—
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Structural features of QACs for every cluster

The 60 QACs are divided in 10 cluster (Table S15). Cluster 1 differ to the other cluster as the ILs have all a cation with a phenylalanine
moiety bonded to different n-alkyl chains via an ester. The anion is chloride. Cluster 2, 5, 7 and 8 contain all ILs with anions based
on carboxylic acids. In contrast to cluster 5, 7 and 8, in cluster 2, except one IL, the cations contain at least one hydroxyethyl group.
In cluster 5 the ILs also incorporate acetate as anion as in cluster 2, whereas the cation is twofold or threefold substituted with
linear ethyl chains. The main difference between cluster 5, 7 and 8 is that in cluster 5 the cations are twofold and threefold
substituted with alkyl chains, whereas in cluster 7 and 8 the cations incorporate four alkyl side chains of different n-alkyl length.
All QACs with a bis(trifluoromethylsulphonyl)amide anion are allocated to cluster 3 and all with a methylsulphonate or
methylsulphate anion to cluster 4. The cations in both clusters are characterized by linear alkyl chains, while in cluster 3 some
cations also contain hydroxyethyl groups or a N-(2-(dimethylamino)ethyl group. The anions in cluster 6 are all based on amino
acids, while the cation is substituted by only ethyl or butyl chains. In cluster 9 the ILs contain an inorganic anion (halogenide or
hydroxyl or nitrite anion), while the cation is substituted by mainly n-alkyl chains of different length. One cation also contains a
benzyl group. The IL in cluster 10 also contains a halogenide anion compared to cluster 9, but only methyl chains in the cation.

Table S15: Cluster centroids for QACs and structural features per cluster.

No. Structural features Number of ILs Cluster centroid

Phenylalanine cation bonded to alkyl chains
1 (C2, C4, Cs, C8, C10, C12, C14, C16) via an 8
ester, chloride anion

Nitrogen in cation substituted with one or two
or three hydroxyethyl chains or with one P L PN
dodecyl chain, formate or acetate or " Ho ! o
propionate or butaneoate or isobutanoate or 5

pentanoate or 2,5,8,11-tetraoxatridecan- 13- /\)]\
oate o

Threefold substituted cation by octyl chains
and one methyl chain or

twofold substituted by methyl chains and one
hexyl chain and one N-(2-
(dimethylamino)ethyl chain or twofold 4
substituted by ethyl chains and one hexyl \
chain and one hydroxyethyl chains or twofold e N e N e P g
substituted by hydroxyl ethyl chains and one
butyl chain and one pentyl chain,
bis(trifluoromethylsulphonyl)amide anion

Threefold substituted cation by methyl chains
and one butyl chain or threefold substituted
cation by ethyl chains and one methyl chain o

or threefold substituted cation by butyl chains — o

and one methyl chain, methylsulphonate or L [
methylsulphate SN 3

5 | Twofold and threefold substituted cation by 5 /\Jﬂ/\ <
ethyl side chains, acetate anion |

Fourfold substituted cation by ethyl chains or
6 butyl chains, L-cysteinate anion or prolinate 4 HoN 0
or 4-hydroxyprolinate anion )—{

Fourfold substituted cation by two methyl and
two butyl chains or four butyl chains, L-

7 tartrate or L-lactate or L-malate or citrate or 10 0
glucoronate or succinate or malonate or > <

pyruvate or pelargonate anion NP NG
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Fourfold substituted cation by two methyl
chains and two decyl chains or three methyl \ /
chains and one hexadecyl chain or two N N N N N N N N N
methyl chains and two ethenyl groups or two 11
methyl chains and two butyl chains, acetate N
or sorbate or succinate or levulinate or W
itaconate or pelargonate or stearate or oleate # o
anion
Fourfold substituted cation by ethyl chains or
butyl chains or twofold substituted cation by
9 methyl chains and two butyl chains or two 6
decyl chains or tetradecyl chain and benzyl, /_/_
bromide anion or chloride anion, hydroxyl !

N Er-
anion or nitrite anion SN

Fourfold substituted cation by methyl side \ /

10 chains, bromide anion

Structural features of cholinium ILs for every cluster

For analysing the biodegradation of cholinium ILs 80 compounds were grouped in 13 clusters (Table S16). The characterization of
each cluster is summarized with regard to structural features of the ILs, the number of ILs per cluster and the cluster centroid
(Table S16). Cluster 1 is characterized by a sulphonate anion, which is either perfluorobutanesulphonate or methylsulphonate,
while the cation is cholinium. One of the three ILs contains a choline methyl ether cation and a methylsulphonate anion. The ILs in
cluster 2 contain a cholinium derivative as cation. Instead of the of hydroxyethyl side chain, they incorporate diethyl ether or
ethylethanoate or ethylprop-2-enoate or ethyl-2-methylprop-2-enoate. The anions are either 4-oxopentanoate or chloride. The
ILs in cluster 3 contain the cholinium cation, except for one IL it is the dodecylbetainium cation. The anions are either lauroyl
sarcosinate or nonanoate or dodecanoate or tetradecanoate or hexadecanoate or octadeconate anion showing all a carboxyl group
and alkyl chains equal or longer than nonyl. The ILs in cluster 4 contain all the cholinium cation. The anions are all based on amino
acids. Like in cluster 4, the ILs in cluster 5 contain all the cholinium cation, but vary in the anion. All anions incorporate a carboxyl
group and are based on amino acids or aromatics or cycloalkyl compounds or linear alkyl carboxylic acids or keto acids. The reason
why the two ILs with an amino acid anion in cluster 5 were not assigned to cluster 4 could be that the phenylalanine anion is based
on an aromatic amino acid and therefore is structurally more related to the other aromatic anions in cluster 5. The glycinate anion
in cluster 5 was not assigned to cluster 4 possibly because it is based on the simplest amino acid and more structurally related to
the acetate anion due to the number of carbon atoms. In cluster 6 all cations incorporate a phenylalanine or a structurally related
tyrosine moiety, which are bonded via an ester to an alkyl chain of varying length. The anion is bromide. The unique structural
feature in cluster 7 is the indole-3-butyrate anion, while the cation is characterized by an elongated linear alkyl side chain (C2-C12),
which replaces one methyl chain in the cholinium cation. In cluster 9 there is also one IL with an indole-3-butyrate anion, but the
cation is the pure cholinium cation, why this IL has more structural features with the ILs in cluster 9 in common. These ILs have all
the cholinium cation, while the anion is based on an amino acid. Especially the tryptophanate anion is structurally related to the
indole-3-butyrate anion. The amino acid anions in cluster 9 differentiate from the ones in cluster 4 and 5 as the histidinate,
prolinate and tryptophanate anion contain all a ring of five atoms, of which one is at least nitrogen, and the arginate anion is
structurally not well related to the ones in cluster 4 due to its guanidine moiety. In cluster 8 the structural features of both ILs are
a cholinium cation and either a desoxycholate or litocholate anion differentiating them from all other cholinium ILs. Cluster 10
contains cholinium derivatives. The cation is characterized by a D-glucose moiety in a side chain and a second side chain of different
linear alkyl chains. The anion is bromide. The cluster 11, 12 and 13 have in common that the anions are based on herbicides. The
cations differ as in cluster 11 the prevalent cation is dodecylbetainium, in cluster 12 the cation is an ester derivative of cholinium
and in cluster 13 the cations are either betaine or carnitine (Table S16).

Table S16: Cluster centroids for cholinium ILs and structural features per cluster.

No. Structural features Number of ILs Cluster centroid
Cholinium cation or choline methyl ether, \ / ﬁ
i [ —S—0"
1 perfluorobutanesulphonate anion or 3 HO/\/N\

methylsulphonate anion

Cholinium derivatives: instead of
hydroxyethyl side chain: diethyl ether or o \/
2 ethylethanoate or ethylprop-2-enoate or 4 g
ethyl-2-methylprop-2-enoate, 4-

oxopentanoate anion or chloride anion
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Cholinium cation or dodecylbetainium,
lauroyl sarcosinate or nonanoate or
dodecanoate or tetradecanoate or
hexadecanoate or octadeconate anion

Cholinium cation, L-alaninate or L-valinate or
L-leucinate or L-isoleucinate or L-serinate or
L-threoninate or L-methioniate or L-aspartate
or L-glutamate or L-asparaginate or L-
glutaminate or L-lysinate or L-cysteinate
anion

13

Cholinium cation,

acetate or glycinate or phenylalaninate or 4-
oxopentanoate or perfluoropentanoate or
cycloalkyl anions with carboxylate group
(cyclopentane carboxylate or cyclopentane
acetate or cyclohexane carboxylate or
cyclohexane propionate) or aromatic anions
with carboxylate group (benzoate or salicylate
or 2-naphthoxyacetate or anthracene-9-
carboxylate)

13

Cholinium derivatives: instead of one methyl
side chain: phenylalanine group with attached
alkyl chains via ester bonds (C4, C6, C8,
C10, C12) or tyrosine group with attached
alkyl chains via ester bonds (C2), bromide
anion

Cholinium derivatives: one methyl chain is
changed to: ethyl or butyl or hexyl or octyl or
decyl or dodecyl side chain, indole-3-butyrate
anion

Cholinium cation, salts of bile acids as anion
(desoxycholate or litocholate)

Cholinium cation, L-histidinate or L-argininate
or L-prolinate or L-tryptophanate or indole-3-
butyrate anion

10

Cholinium derivatives: methyl or dodecyl or
hexadecyl chain at positively charged N, N-[2-
(2,3,4,6-tetra-O-acetyl-R-D-
glucopyranosyloxy)-ethyl]-moiety, bromide
anion

11

Cholinium derivatives: dodecylbetainium
cation, (2,4-dichlorophenoxy)acetate or (4-
chloro-2-methylphenoxy)acetate or 3,6-
dichloro-2-methoxybenzoate anion or 2-(4-
chloro-2-methylphenoxy)propionate

HO

Cl

12

Cholinium derivatives: acetylcholine or
instead of hydroxyethyl side chain: ethylprop-
2-enoate or ethyl-2-methylprop-2-enoate,
(2,4-dichlorophenoxy)acetate or (4-chloro-2-
methylphenoxy)acetate or 3,6-dichloro-2-
methoxybenzoate

o]
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o] OH

\/
Cholinium derivatives: betaine or carnitine, AO)I\/I\/N'\
o
[s]

(2,4-dichlorophenoxy)acetate or (4-chloro-2-
13 | methylphenoxy)acetate or 3,6-dichloro-2- 8
methoxybenzoate or 2-(4-chloro-2-
methylphenoxy)propionate

Cl ]

Structural features of phosphonium ILs for every cluster

The 36 phosphonium ILs have been divided into 12 clusters (Table S17). The ILs in cluster 2, 5 and 8 consist of a tri-n-
hexylphosphonium cation incorporating an ester group in the fourth side chain, which underlies variations in chain length, while
the anion varies too per cluster. The anions per cluster are bis(trifluoromethylsulphonyl)amide, octylsulphate and halogenide,
respectively. The same applies for cluster 3, 4 and 7. In cluster 3, 4 and 7 the cation is a tri-cyclohexylphosphonium with an ester
group in the fourth side chain varying in chain length, while the anions are bis(trifluoromethylsulphonyl)amide, octylsulphate and
bromide or iodide, respectively. Cluster 1 and 6 have both the tri-n-hexylphosphonium cation with variations in functional groups
in the fourth side chain (allyl or hydroxyl or ether) in common, but differentiate in the anion as in cluster 1 the ILs contain a
bis(trifluoromethylsulphonyl)amide anion and in cluster 6 octylsulphate. In addition, the fourth IL in cluster 6 incorporates a tri-n-
hexylphosphonium cation as well and a methyl group as fourth side chain. The anion is methylsulphate, which is structurally related
to the octylsulphate anion of the three other ILs. The IL in cluster 9 incorporates a diethylphosphate anion and an
ethyltributylphosphonium cation. The cations in cluster 10, 11 and 12 are similar to the ones in cluster 1 and 6, but the anion is a
halogenide. The ILs in cluster 10, 11 and 12 are not together in one cluster because of the manual adjustments in dividing the siLs
into more cluster and automatically generated cluster 10, 11 and 12, which was necessary to generate cluster 2 and 3 and to
differentiate between these ILs. Cluster 13 contains the only IL with a dicyanamide anion (Table S17).

Table S17: Cluster centroids for phosphonium ILs and structural features per cluster.

No. Structural features Number of ILs Cluster centroid
Tri-n-hexyl, fourth chain consists of either allyl \O
1 or hydroxyethyl or methoxymethyl groups, 3 .
bis(trifluoromethylsulphonyl)amide anion SN

Tri-n-hexyl, ester group in fourth chain

2 (propylethanoate or pentylethanoate or 4 o
heptylethanoate or acetoxybutyl), TN TN
bis(trifluoromethylsulphonyl)amide anion ST
F 0 o F
I II+
F S—N"—§ F
Il I
F 0 o F
QO
Tri-cyclohexyl, ester group in fourth chain )\/m
3 (propylethanoateor pentylethanoate or 4 N N
acetoxybutyl or heptylethanoate),
bis(trifluoromethylsulphonyl)amide anion F oo o F
S O A
I I
] o F
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Tri cyclohexyl, ester group in fourth chain
(propylethanoate or pentylethanoate or

4 heptylethanoate or acetoxybutyl), N~ e
octylsulphate anion
N\ O
SN
Tri-n-hexyl, ester group in fourth chain
5 (propylethanoate or pentylethanoate or o
heptylethanoate or acetoxybutyl), )J\/p'/\/\/\
octylsulphate anion NN
Q
N
0/0\\
o]
Three ILs: tri-n-hexyl, fourth chain consists of \
6 either allyl or methoxymethyl or hydroxyethyl, o\
octylsulphate anion, fourth IL: tri-butyl, fourth ~ S
chain is methyl, methylsulphate anion
o]
AW
SN \
Tri-cyclohexyl, ester group in fourth chain Q Q
7 (propylethanoate or pentylethanoate or _ § - .
heptylethanoate or acetoxybutyl)), halogenide
anion \/\/\/\O
Tri-n-hexyl, ester group in fourth chain .
8 (propylethanoate or pentylethanoate or "
heptylethanoate or acetoxybutyl, halogenide o
Tri-n-butyl and ethyl chains, diethylphosphate /\2 o
9 anion g'\/\/ ﬂo—lf:o\;
o]
10 Tri-n-hexyl, methoxymethyl, chloride anion
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HO

11 | Tri-n-hexyl, hydroxyethyl, bromide anion \—\ J))
\/\/\/P\{’_L

12 | Tri-n-hexyl, allyl group, bromide anion \ﬂ J))
\/\/\/P\{F_L

13 | Tri-n-hexyl, tetradecyl, dicyanamide anion NN

Structural features of pyrrolidinium ILs for every cluster

21 pyrrolidinium ILs have been divided in 11 cluster according to their similarity and are structurally characterized by a cluster
centroid (Table S18). The number of clusters was adjusted manually in order to differentiate between the ILs into more detail.
Cluster 1 contains the only dicationic pyrrolidinium IL. In cluster 2, 3 and 11 the cations incorporate alkyl chains, while the anions
are methylsulphate, bis(fluorosulphonyl)amide and cysteinate, respectively. Cluster 4 is characterized by cations incorporating
different alkyl side chains and a bis(trifluoromethylsulphonyl)amide anion. In cluster 5 and 9 ether groups are attached to the
cations, while the anions are bis(trifluoromethylsulphonyl)amide and tetrafluoroborate, respectively. Cluster 6 consists of three
ILs, of which two incorporate a pyrrolidinium cation with different alkyl side chains and the third IL contains an additional cyano
group in the side chain, which do not show similarity at first sight. However, it was not possible to divide cluster 6 without splitting
the other cluster into more cluster, which would result in a loss of generalization. Both ILs in cluster 7 and 8 contain a cation with
a hydroxyl group, but differentiate in the halogenide anion. In cluster 10 both ILs are characterized by the structural feature
NCCOO(H or R) either in the cation as ester or in the lauroyl sarcosinate anion as carboxyl group (Table S18).
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Table S18: Cluster centroids for pyrrolidinium ILs and structural features per cluster.

No. Structural features NurTIE):r of Cluster centroid
Dicationic, connected via triazole and ether AT AN
1 . 1 \‘<\v\/\ o /\/’lf
bonds, methanesulphonate anion o o
/'\n N
o]
2 Butyl and methyl side chains of the cation, 1 G O_Q_O
methylsulphate anion \/\/“\ /o
8] o)
5 | Butyl and methyl side chains of the cation, 1 R S
bis(fluorosulphonyl)amide anion \/\/N*\ I I
Different alkyl side chains of the cation (C3, F i ﬁ T
4 C4, C6, C7, C8, C9, C10), 7 N F I —nN— |
bis(trifluoromethylsulphonyl)amide anion \ g I H F
Ether bonds in propyl, butyl side chains of the b ﬁ ﬁ
5 cation, bis(trifluoromethylsulphonyl)amide 2 - F S—N—5 F
anion NN \ ! ! !
Different side chains of the cation (C4, C8), G
6 one IL with ethyl side chain and an additional 3 - o
cyano group, halogenide anion \
7 Propyl side chain with a hydroxyl group, 1 (j
chloride anion “O\/\/Ni .
8 Ethyl side chain with a hydroxyl group, iodide 1 G
anion HO/\/N*\ i
R
9 Ether bond in propyl side chain of the cation, 1 G F_é .
tetrafluoroborate anion \O/\/W\ |
First IL: ester bond in side chain of the cation,
10 bromide anion; second IL: butyl, methyl side 2 it (j o
chains, carboxyl group in the anion (lauroyl P “*\
sarcosinate)
HS (o]
1 Ethyl and methyl side chains of the cation, 1 M
cysteinate anion \/“'\ i -
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