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Fig. S1: Contour plot describing the electronic energy surface of the glutarate ion as a function of the two dihedral
angles of its carbon backbone. The local energy wells for the low-energy proton-bonded configurations 5A and 5B
and for the higher-energy linear chain configuration, 5L, are indicated. Computations are performed by iteratively
scanning the dihedral angles 1=01234 and 22=0a345 (see carbon numbering in the 5A structure) and computing
electronic energies at the BSLYP-D3(BJ)/6-311++G(d,p) level.
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Fig. S2: Low-energy conformations of the aliphatic dicarboxylate anions included in the present study. Zero-point
energies at the MP2/aug-cc-pVTZ level are provided in kJ-mol~!. The point symmetry of the backbone is indicated
(C1, Cy or Cy), along with the anti-anti (AA) or anti—syn (AS) type of proton bonding arrangement.
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Fig. S3: Typical laser power curve reaching the ion trap in the region of absorbance of the diamond beam splitter in-
corporated to our mass spectrometer. The attenuation due to diamond absorbance induces a ” W”-shaped modulation
of the IRMPD signal in the 1800-2300 cm ™! spectral window.



Table S1: Structural parameters of the low-energy conformers of the aliphatic dicarboxylate anions represented in
Fig.S2. The backbone adopts a configuration within a point symmetry Cs or C as indicated. Qj, (k=1-5) stands for
the dihedral angles defined by the carbon atoms Cg-Cg1-Cr12-Ck3 in the alkyl chain. © denotes the relative angle
between the planes of the two carboxylate groups. The proton bond is characterized by the two O—H distances r and
R. Relative zero-point corrected electronic energies (E%/IPPQ) are given in kJ-mol~', angles in degrees and distances in
A . All data obtained at the MP2/aug-cc-VTZ level. Relative energies at the B3LYP-D3(BJ)/6-311++G(d,p) level
(EZ2DP3) are included for comparison.

Conformer Energy Backbone Carboxylates
‘E%%DS Elzwppz‘Ql Q2 Q3 95‘ ®© r R

Succinate
4A (Cy) | 0 0 |8 - - - |27 112 1.30
Glutarate
5A (Cb) 0 0 58 55 - -  — |55 1.10 1.34
5B (Ch) 93 141|125 —-64 - - — 131 1.04 1.46
Adipate
6A (Ch) 0 0 |-67 -72 72 - — |62 1.04 1.45
6B (C2) 74 59 (98 51 93 - — |65 1.12 1.31
6C (C-) 11.5 113 | 65 -155 64 — — |34 1.05 147
6D (C2) 12.1 11.4 |-152 60 47 — — 149 1.02 1.54
6E (C2) 145 124|152 -86 53 - — |87 1.02 1.55
Pimelate
TA (Ch) 0 0 |164 65 64 69 — |69 1.03 1.52
7B (Cy) 4.4 34 | 174 -60 50 84 — |84 1.02 1.54
7C (Ch) 5.3 6.2 74 73 —146 63 — |63 1.03 1.50
7D (Ch) 6.1 6.7 |54 70 -84 91 - |76 1.06 1.42
7E (C1) 73 88 |87 70 -142 56 — |87 1.05 1.43
TF (Ch) 83 95 |66 90 -65 -59 — |62 1.02 1.51
7G (Ch) 94 99 |-171 98 56 76 — |76 1.02 1.53
TH (Ch) 9.1 102|162 -92 76 -70 - |86 1.03 1.54
Suberate
8A (C-) 0 0 |-64 -73 153 -72 -60|76 1.09 1.36
8B (Ch) 5.3 6.7 |-178 65 65 -132 59 |73 1.03 1.51
8C (Ch) 79 9.5 |-164 153 62 52 79|69 1.02 1.55
8D (C2) 9.6 108 |-75 79 -154 81 -69|72 1.08 1.37
8E (Ch) 9.8 119 |-163 62 60 -85 —56|77 1.06 1.42
8F (C1) 11.3 13.7 |-174 73 74 120 70|76 1.04 1.50
8G (Ch) 120 138 |-81 -78 165 -91 56|61 1.05 1.46
8H (Ch) 15.5 19.5 |69 —-101 65 82 -62|66 1.04 1.48




Table S2: Atomic coordinates ((in A) of the conformers depicted in Fig. S2.
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Level of theory MP2/aug-cc-pVTZ.

1.6721
0.6451
-0.6371
-1.6681
2.8726
1.1863
-1.2039
-2.8543
1.1441
0.3888
-0.3756
-1.1365
-0.0988

-1.9588
-1.0577
1.7738
1.9307
0.3774
-0.5653
-1.3609
-3.1729
2.8867
1.1046
-0.2139
-1.6584
2.1978
2.4315
0.4692
-0.3270
-1.4455
-0.0525
-0.0615

-2.1656
-1.1850
1.8642
1.8348
1.1533
-0.1939
-1.6406
-3.3520
2.7233
0.8611
-0.6325
-1.7469
1.3821
2.9007
1.0203
-0.6437
-0.0130
-0.6435
1.7957

0.0633
-1.0199
-0.9977

0.0432
-0.2401

1.2343

1.2478
-0.2610
-1.9821
-0.8990
-0.7994
-1.9644

1.2633

-0.4428
0.3604
0.9311

-0.5067
1.3900
1.6275

-1.2904

-0.2753

-0.7135

-1.3855

-0.2419
0.6468
1.6080
0.9810
2.3348

-1.2810
2.1815
2.2603
0.6717

-0.2015
0.8731
0.6889

-0.7062
1.7020
1.1946

-1.4123
0.0151

-0.9631

-1.4612
0.4958
1.7585
0.6474
0.9991
2.6506

-1.4100
0.2946
1.9291
1.9009

-0.0311
-0.3903
0.4526
0.0282
-0.0058
0.2151
-0.1865
-0.0900
-0.2865
-1.4470
1.4959
0.4143
0.0035

0.1111
1.0310
-0.4598
0.0745
-0.8645
0.3167
-0.7057
0.1030
0.8428
-0.3588
1.3640
1.8934
0.2851
-1.3335
-1.4101
-0.5686
-0.0222
1.0479
-1.5592

0.0415
0.4545
0.7445
0.0941
-0.1647
-0.6754
-0.1052
-0.1597
-0.7401
0.4460
1.3143
0.7474
1.7216
0.8827
0.3675
0.1113
-1.2649
-1.3484
-1.0259
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-1.7846
90.0203
-0.9140
0.9584
1.7812
2.9440
1.1611
-1.2031
-2.9512
-1.5787
-0.3154
-0.5876
0.6260
0.3704
1.6459
-0.1348

1.8483
1.2554
-1.1707
-1.8810
-0.6890
0.7836
1.1119
2.9889
-1.1981
-3.0509
2.0653
Q.4401
-0.3393
-1.9184
-0.8574
-0.1320
0.9498
1.4203
-1.3222

2.0671
90.9169
-2.1961
-1.6460
-1.3047
0.1733
1.7228
3.2374
-1.9776
-0.8261
1.3201
9.2270
-2.2096
-3.2104
-1.6573
0.7104
0.6862
0.2301
-1.4119

-9.2316
1.5447
0.7230
0.7088

-9.2746
0.0260

-1.3509

-1.3406
0.0486
1.3944
9.1550
2.1924
2.1940
0.1582
13731

-1.3543

-0.5576
0.4749
0.4963

-9.4862
1.7406
1.7342

-1.5677

-0.3391

-1.5084

-0.2706
0.7484
©0.0510
0.0225
©0.8000
2.6294

-1.5108
2.6140
1.8606
1.8587

-9.1390
0.6520
0.5087

-0.8184
1.6763
1.4494

-1.2194
9.1921
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.0055
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0341
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1.9163
-0.0164
1.4511
-0.9660
-1.9669
1.0674
3.0942
-3.1780
-1.4283
1.6883
2.0901
-0.2253
-0.2178
-0.3729
-1.5246
-0.3883

2.1759
1.8978
-1.8085
-2.2021
-0.3266
0.4243
1.1766
3.3575
-1.2907
-3+3793
2.4396
2.3684
-2.2743
-2.3333
-0.1982
-0.2792
0.2930
-0.0116
0.1178

-0.3093
1.2977
1.1418
0.8630

-0.1847

-1.2449

-9.4514

-0.0180

-1.2912
1.7273
1.5386
2.3378
0.7024
0.4234
1.7041

-1.2301

-0.4656
0.9599
0.9769

-0.4010
1.2616
1.2784

-1.2612

-0.7296

-1.3411

-0.6128
1.0555
1.6598
1.6981
1.0756
2.2261

-1.1224
2.2553
0.5397
0.5081

-0.0477
©.5685
0.2027

-0.5689

-0.1230
0.1628

-0.4198

-0.1932
0.3590

-0.6958
©0.9956
0.8300
1.4598

-1.3746

-0.9738
9.2998

0.0371
-0.4900
0.4993
-0.0307
0.6625
-0.6701
9.1283
0.3202
-0.1589
-0.2980
-1.4340
©.2056
-0.1762
1.4530
1.1627
-0.0132
-1.1471
-1.3455
1.3133
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1.4706
2.4736
-1.2826
-2,2937
1.8465
-0.3178
0.9300
0.5964
1.5757
-3.4550
-1.8393
3.2180
2.9903
-0.7136
-1.8287
-0.8468
2.6413
1.2980
-0.8457
-0.0257
0.6181
1.5128

1.8309
1.1225
-1.5740
-1.8344
1.0018
-1.1666
0.3413
1.1433
2.9924
-2.6622
-1.1792
1.7500
9.1559
-0.8364
-2.5260
0.1422
0.4521
2.0114
=-1.5319
-1.6882
0.8707
0.5164

-1.2936
-2.1482
1.1264
2.2705
-2.2859
0.2451
-1.0501
-0.3540
-1.5800
3.3694
2.0073
-3.1414
-1.7369
1.5549
0.5262
1.0528
-3.1329
-2.5201
-0.0037
0.8338
-1.2721
-0.8870

-1.1754
-0.0195
0.9666
-0.1231
1.2850
1.1605
1.9575
-1.2661
-1.9034
©.1233
-1.3658
-0.349%0
0.1251
0.6766
1.8889
-1.3951
1.9939
1.0797
1.6852
9.1920
2.9342
2.1544

-0.6938
-0.0238
9.2606
-0.7298
1.4841
1.6666
1.9100
-1.5668
-0.4037
-0.3954
-1.8365
-0.1850
-0.4786
-0.1409
9.3321
-1.6803
1.9271
1.9017
2.3852
1.8884
1.4396
2.9860

-1.2577
-0.2019
0.8343
-0.0076
1.0926
1.3333
1.9981
-1.7906
-1.4881
0.4717
-1.2897
-0.6409
-0.0122
1.6899
0.2423
-1.5339
1.6733
0.8108
0.5034
2.0444
2.8701
2.3809

0.0213
-0.1448
-0.3923
-0.1011
-0.6293

0.7836

0.3978
-0.9134

1.0250

0.1989
-0.1712
-0.8763

0.8063
-1.2739
-0.5899
-0.4435
-0.8853
-1.5499

1.5851

1.1889

0.0095

1.3042

-0.0392
1.1287
-1.0308
09.1152
0.8916
-0.5729
-0.4211
-0.7484
-0.3077
0.9797
0.0807
2.0077
1.3214
-1.7270
-1.5631
-0.4068
1.7275
0.9065
-1.3125
0.3624
-1.2565
-0.5233

0.0002
-0.7319
-0.5980
-0.0733

0.0691

0.5565

0.0615
-0.6874

1.1905

0.1739

0.1414
-0.8617
-1.7253
-1.1205
-1.2867
-0.1378
-0.3113

1.0984

1.2208

1.1406

0.6840
-0.9525
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-1.2990
-2.3382
1.0027
2,2297
-2.0939
0.2799
-1.0468
-0.4717
-1.3197
3.3648
2.0110
-3.3205
=2.3193
0.3372
1.3344
1.0159
-3.0279
-1.8055
0.9394
0.0970
-0.8622
-1.4696

-2.1383
-1.9658
1.6344
2.0323
-0.5820
1.2699
-0.1979
-1.1135
-3.2591
3.1459
1.1442
-2.1803
-2.7409
2.5146
0.8031
0.1907
-0.5457
0.1454
1.9303
1.4763
-0.4428
-0.8078

-2.2229
-1.0529
2.3787
1.2704
-0.3668
2.1817
1.0556
-1.9143
-3.3854
1.0864
0.6216
-1.4388
-9.3537
3.3082
2.4937
-90.8997
-90.9966
-0.3217
1.9994
3.1174
1.2275
1.1348

-1.2709
-0.1982
0.7377
-0.0261
1.1004
1.3643
2,0281
-1.6147
-1.6666
©.3990
-1.1791
-0.5913
-0.0125
0.0540
1.5146
-1.3979
1.6647
0.8234
2.1094
©0.5894
2.8650
2.4611

-0.5635
0.4113
9.2159

-0.7198
1.0441
1.6341
1.7795

-1.2574

-0.6142

-0.6392

-1.6110

-0.1480
1.1733
0.2767

-0.2012

-1.4281
1.7413
0.2678
1.9176
2.3278
2.8417
1.3952

-0.09764
0.6285
-0.2369
-1.2780
1.5771
1.1119
1.9956
-1.0330
0.2346
=2.1251
-1.1616
1.1934
-0.1184
-0.6883
-0.1138
-1.1671
2.4656
1.0999
0.9396
1.6763
3.0118
2.0501

0.0001
-0.3795
0.6069
0.1539
0.4018
-0.5908
-0.2250
-0.9120
1.1838
0.3241
-0.4655
-0.1095
-1.4554
1.1360
1.2959
-0.5588
0.4870
1.4181
-1.0459
-1.3354
0.4582
-1.1381

-0.1693
1.0128
-1.0674
0.0644
1.1004
-0.5915
-0.1912
-0.5136
-0.7042
0.5708
0.4616
1.9286
0.9136
-1.7079
-1.6361
0.0565
1.9431
1.3229
0.2334
-1.4113
-0.0950
-1.0131

-0.0885
-0.7442
-0.2768
-0.0431
0.2500
0.4066
-0.1478
0.7767
-0.3128
-0.9385
1.0543
-1.5922
-1.1171
0.0851
-1.3562
0.8542
0.3469
1.2290
1.4698
0.3253
0.2209
-1.2399

7AG

TIETTIEITIXTITTITIITIITIT QOO0 ONOOBOD OO

~
B

ZTETIEITITITETITITITIOOODONDONOONNDM

-2.0273
-2.3950
1.7009
2.0964
-1.2174
1.3035
-0.0677
-1.0356
-2.7151
3.2066
1.1978
-3.2148
-2.7911
0.8800
2.5814
0.2907
-1.5323
-0.8631
1.2874
2.0787
-0.1940
-0.1111

-1.8339
-1.9705
1.4179
2.1113
-1.5857
0.9462
-0.1608
-2.6276
-0.8911
3.2380
1.4357
-1.3598
-3.0155
0.5882
2.1626
0.4944
-2.2862
-1.7113
0.5985
1.8231
-0.0458
-0.0340

-0.7580
0.7358
0.5262

-0.7004
1.6540
1.6771
1.4618

-1.0047

-1.5792

-0.7811

-1.6604
0.9317
0.8925
0.2899
0.8130

-1.4265
2.7031
1.4307
2.6108
1.7806
2.1476
0.4518

-0.8852
0.5258
0.4382

-0.5137
1.5774
1.6910
1.4523

-1.1836

-1.6129

-0.2828

-1.5882
0.6210
0.6771

-0.0653
0.7303

-1.6078
1.4835
2.5815
2.4314
2.1184
2.1853
9.4705

0.0862
-0.0496
0.8171
0.0125
0.2387
-0.1186
-0.7579
0.8653
-9.5415
-0.4982
-0.1279
0.6484
-1.08551
1.4924
1.3922
0.2956
0.2320
1.2455
9.4530
-0.8820
-1.6008
-1.1726

9.1432
0.7442
0.9457
-0.0124
-0.2978
0.1950
-0.8411
-0.7668
0.6208
-9.4310
-0.3897
1.6423
1.0240
1.4353
1.6875
0.0146
-1.1305
0.1244
9.9233
-0.2973
-1.6447
-1.3062
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2.0163 -0.9496
1.8548 -0.0820
-1.7894 -0.0048
-2.1066 -0.8530
-1.7483 1.4733
1.8849 1.3968
-0.6222 1.7654
0.7660 1.7489
3.1245 -0.9517
0.9677 -1.5743
-1.1336 -1.5812
-3.2252 -0.8058
©.9298 -0.3279
2.6937 -0.2900

-2.5948 -0.1601
-0.8480 -0.3170
-0.1993 -1.5292

2.8537 1.5942
1.8073 2.0306
-1.6211 2.0951
-0.6688 1.0254
-0.7847 2.7388
0.9573 2.7268
0.7888 1.0218
-2.7142 1.7260

-2.0243 -0.7339
-1.8629 -0.1445
1.9549 -0.2961
1.9254 -0.8259
1.6605 1.2064
-1.5104 1.3501
0.2112 1.5552
-0.0572 1.6286
-3.0167 -0.4616
-1.0738 -1.5315
0.9137 -1.5497
2.8643 -0.5065

-0.1980 -1.5452
-1.1056  -0.689%4
-2.8326  -0.2709

1.2414 -0.8378
2.9622 -0.4790
1.8718 1.5387
2.3486 1.7411
-1.6890 1.7388
-2.1968 1.8752
-0.0577 2.5185
-0.4405 0.8161
0.2295 2.6248
0.5831 0.9244

-1.5566 -1.2553
-2.7393 -0.3690
1.7775 0.7228
2.4078 -0.4505
1.2548 1.7691
-2.5779 1.0245
-0.1080 1.4016
-1.2472 1.6903
-1.5767 -1.7918
-0.5977 -1.2897
1.7012 -1.5538
3.5380 -0.3442
-3.6630 -0.8248
-2.7787 -0.2758
2.5730 1.1617
0.9726 0.3833
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