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SIMULATED SPECTRA AND PRISTINE PRECURSORS NTOs

FIGURE 3.7 PRESENTS ALL calculated spectra of pristine precursors and a selected set of NTOs. Here,
we supplement this data with the addition of calculated fragment spectra for each of the precursors
3COT, 3BuD, and 3CBuD and for Ru(CO),, (n = 3,2,1). To support the transition character
assignments given in Table 3.6, NTOs for each relevant transition in the pristine precursors are also

presented.
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F1GURE A.1 - Calculated spectra for intact 3coT and its diene-containing fragments. The spectral envelopes
are Gaussians with 0 = 0.4 eV. Level of theory: TDDFT/wB97x-D3/def2-svpP, def2-TzvrP(Ru) + ECP.
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F1GURE A.2 — Calculated spectra for intact 3Bub and its diene-containing fragments. The spectral envelopes
are Gaussians with o = 0.4 eV. Level of theory: TDDFT/wB97X-D3/def2-svp, def2-TzvrP(Ru) + ECP.
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F1IGURE A.3 — Calculated spectra for intact 3cBup and its diene-containing fragments. The spectral
envelopes are Gaussians with ¢ = 0.4 eV. Level of theory: TDDFT/wBQ7X-D3/def2-svp, def2-TzvP(Ru) + ECP.
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F1GURE A.4 — Calculated spectra for Ru(CO), (n = 3, 2, 1) fragments. The spectral envelopes are Gaus-
sians with o = 0.4 eV. Level of theory: TDDFT/wB97Xx-D3/def2-svr, def2-TzvP(Ru) + ECP.
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3COT

F1GURE A.5 — Main NTO components for all electronic transitions in 3coT as presented in Table 3.6. Values
over the arrows are the electronic occupation transfer associated with each transition orbital pair. Level of
theory: TDDFT/wBQ7X-D3/def2-svp, def2-TzvrP(Ru) + ECP. Plots represent 80% of the density.
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3BuD 3MBuD 3CHD

FIGURE A.6 — Main NTo components for all electronic transitions in pristine precursors other than 3coTt
(see Figure A.5) as presented in Table 3.6. Values over the arrows are the electronic occupation transfer
associated with each transition orbital pair. Level of theory: TDDFT/wB97Xx-D3/def2-svp, def2-TzvrP(Ru) + ECP.
Plots represent 80% of the density.
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A.2 FuLL SET OF ScaNs AND NEB MEP wiTH SurPPORTING NTOSs

IN THIS SECTION, WE COLLECT all the rigid scans and NEB MEP generated in this investigation.
Figure A.g offers a schematic representation of the NEB MEP to help in visualising its positioning in
relationship to the dissociation of the Ru—diene bond and the distortion of the diene ligand from its
bonded geometry to its isolated relaxed geometry.
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Ficure A.7 - Rigid scans for Ru—CO dissociation in 3coT and its fragments. Purple vertical lines indicate
vertical excitation from the as equilibrium geometry. Black curves are the gs Pec. Orange curves denote bright
excited states, and grey curves denote dark excited states. Level of theory: TDDFT/wB97X-D3/def2-svp, defz-

TzvP(Ru) + ECP.
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FiGURE A .8 - Rigid scans and NEB MEPs for Ru—coT dissociation in 3coT and its fragments. Purple
vertical lines indicate vertical excitation from the as equilibrium geometry. Black curves are the gs PEc. Orange
curves denote bright excited states, and grey curves denote dark excited states. Level of theory: TDDFT/wB97X-
p3/defz-svp, def2-TzvrP(Ru) + ECP. See Figure A.g for a schematic visualisation of the NEB MEPS.
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Relative Energy / eV

F1GURE A.g - Schematic representation of the MmEP obtained by a NEB calculation (black curve, as in
Figure A.8 and Figure A.14) superimposed on a bidimensional Gs PEs slice (grey surface) in which the diene
is simultaneously dissociated from the metal and distorted from its bonded geometry to its isolated relaxed

geometry.
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excited states, and grey curves denote dark excited states. Level of theory: TDDFT/@wB97Xx-D3/def2-svP, def2-
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FI1GURE A .11 - Rigid scans for Ru—CO dissociation in 3BuD and its fragments. Purple vertical lines indicate
vertical excitation from the as equilibrium geometry. Black curves are the gs Pec. Orange curves denote bright
excited states, and grey curves denote dark excited states. Level of theory: ToDFT/wB97X-D3/def2-svp, def2-
TzvP(RuU) + ECP.
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A.2.4 3MBuD
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excited states, and grey curves denote dark excited states. Level of theory: TDDFT/wB97x-D3/def2-svP, def2-
TzvP(RuU) + ECP.
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FIGURE A .14 - Rigid scans and NEB MEPs for Ru—cBub dissociation in 3cBub and its fragments. Purple
vertical lines indicate vertical excitation from the as equilibrium geometry. Black curves are the gs PEc. Orange
curves denote bright excited states, and grey curves denote dark excited states. Level of theory: TDDFT/wB97X-
p3/defz2-svp, def2-TzvpP(Ru) + ECP. See Figure A.g for a schematic visualisation of the NEB MEPS.
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A.3.1

CARTESIAN COORDINATES FOR EQUILIBRIUM GEOMETRIES IN A

X
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1.99380
1.99381
1.36101
1.84672
2.28671
2.28652
1.84647
1.04895



CaoEmmmEm=T=T

—0.65664
1.61235
2.26807
1.77958

—0.13240

—2.32475

—3.25408

—0.47530

—0.80323

—1.78105
—1.00188
0.94194
3.01115
3.95392
3.20120
1.28271
1.38394
2.33815

2.27038
2.27038
1.04886
1.83021
2.61505
2.61461
1.82963
—1.16243
—1.71605

1COT | 1* center | C, | Singlet

7]
(=

[eNgRerfaziiarfiasgarfariia s NoNoNoNoNoNONONQ)

1COT

carEITnIETImIZoaccacaccaal?

0.00000
0.85158
—0.45216
—1.23271
—1.53880
—1.02368
0.29032
1.28128
1.49023
1.46986
—0.96065
—2.00132
—2.51006
—1.74532
0.65032
2.03678
2.39402
—1.09152
—1.75565

I ° edge | Cg | Triplet

0.00000
—1.29419
—0.03299

1.26564
1.62517
1.32122
0.09313
—1.17104
—1.56363
—2.12915
—0.06954
2.05022
2.63954
2.19606
0.12750
—1.99988
—2.57670
0.04323
0.07179

0.00000
1.31760
1.58071
0.98308
—0.43999
—1.41564
—1.65808
—0.96301
0.41992
1.73247
2.23382
1.65395
—0.71055
—1.96649
—2.40978
—1.58765
0.79344
0.71494
1.21474

0.00000
—0.37325
—0.96416
—0.46079

0.84457
2.15278
2.72287
2.23799
0.95363
—1.08218
—2.03252
—1.22511
0.82880
2.79643
3.72794
2.93984
1.00724
1.26595
2.10310

0.00000
2.58528
2.48264
1.36775
1.30085
2.29887
2.42616
1.56633
1.58675
3.38764
3.19951
0.96391
0.86702
2.91153
3.13599
1.06909
1.08279

—1.34418
—2.13963

0.00000
1.72057
2.00221
1.72065
1.23612
1.80582
2.11014
1.80587
1.23605
1.69612
2.23472
1.69626
0.81918
1.94540
2.54068
1.94558
0.81908
—1.38246
—2.17223

1COT | n® | Cg | Triplet

=
[=

asfiasfariargiasfasfariics o NoNoNoNoNoNoRo NN

0.00000
0.54201
0.96104

—1.21512
—0.04737
1.28622
1.86232
1.73385
0.63862
—0.45368
—1.43237
—2.13261
—0.25416
1.84520
2.82193
2.55244
0.49580
—0.83814
—2.46108

0.00000
0.79283
1.40542

—0.52583
—1.32316
—1.03510
0.24087
1.36355
2.11139
1.82216
0.82106
—1.10652
—2.38910
—1.92110
0.20323
1.53027
2.93458
2.70217
1.01906

0.00000
—1.67573
—2.55456

1.86029
1.86028
1.40289
1.19175
2.15792
2.15778
1.19152
1.40281
1.99708
1.99708
1.08127
0.66265
2.86680
2.86654
0.66236
1.08120

1COT | n* center | Cg | Triplet

7]
[=

CammIIZTNIIQQQQOQQQ

0.00000
—1.49550
—0.52216

0.59684
1.55951
1.58282

0.60165

—0.60661
—1.54974
—2.32697
—0.57321

0.89401
2.52494

2.47480

0.69479

—0.87626
—2.50906

0.71874

1.23050

&

oCOT | n* center | C,, | Singlet
This is the ground state

Ru

oNoNoNONe!

0.00000
—2.66585
—1.89940
—0.46352
—0.04072
—-1.01771

0.00000
—0.70671
—1.62387
—1.52346
—0.49181

0.62642
1.53442
1.51013
0.50515
—0.86233
—2.52483
—2.47032
—0.72286
0.73200
2.36930
2.45435
0.71451
—0.67520
—1.15201

0.00000
—1.15267
—1.94496
—1.57192
—0.41482
0.46645

0.00000
2.55123
2.45403
1.48684
1.48798
2.46146
2.55953
1.69939
1.69802
3.24624
3.07488
1.02293
1.02465
3.08835
3.26164
1.21060
1.20920
—1.61276
—2.52876

0.00000
0.31057
1.06829
1.21543
1.99753
2.69789

225



ITTNODIZIITITTQQQ

—1.78416
—1.59221
—2.01509
—3.73133
—2.29386

0.25560

0.95614
—1.09407
—2.53113
—1.60508
—2.30590

4

oCOT | n% | Cg | Triplet

I CNEDIEmETIoccccaaa?

0.00000
—1.20645
—0.02280

1.29797
1.85178
1.73781
0.63236
—0.47014
—1.45035
—2.11403
—0.21638
1.88425
2.81823
2.56869
0.49729
—0.89284
—2.49801

H

1.25875 1.94015
1.18900  0.46369
0.03198 —0.31849
—1.34744 0.15093
—2.83339 1.57204
—2.40768 1.16994
—0.49149 2.46451
0.44896 3.78992
1.93449 2.36921
2.15610 —0.06755
0.24020 -—1.36241

0.00000 0.00000
—0.52574 1.84974
—1.31583 1.84974
—1.03140 1.35582

0.25999 1.07463

1.40646 2.02038

2.14436  2.02038

1.80988 1.07463

0.80310 1.35582
—1.11228 2.03126
—2.37897 2.03125
—1.92232  1.09790

0.20367 0.55462

1.60528 2.70680

2.98794 2.70680

2.68081 0.55462

1.00284 1.09791

oCOT | n* center | Cg | Triplet

el Rl N N N oW o N oW o Ne R N-4

0.00000
—1.38686
—0.26322

0.74148
1.53314
1.38675
0.26309
—0.74142
—1.53320
—2.17657
—0.06918
1.22211
2.53290
2.17627

0.06947
—-1.22196
—2.53316

4

oCOT | n* edge | C; | Singlet

Ru

226

0.00000

0.00000 0.00000
—0.91446 2.40254
—1.64022 2.40255
—1.34749 1.34072
—0.12169 1.34109

0.91428 2.40269

1.64006 2.40269

1.34746 1.34109
0.12173  1.34072
—1.05787 3.14716
—2.41905 3.14716
—2.22766  0.88031
—0.19781 0.88027
1.05806 3.14745
2.41886 3.14744
2.22745 0.88027
0.19787 0.88031

0.00000 0.00000

—1.58571
—0.50887
0.85077
1.24382
0.95959
—0.16625
—1.54929
—2.13167
—2.42106
—0.68220
1.61041
2.29518
1.84226
—0.03788
—2.24647
—3.22794

N

asfasfariasiiasarfariicloNoNoNoNoNOoNONe)

oCOT | n* edge | Cq | Triplet

0.00000
—1.59167
—0.46689
0.83365
1.22492
0.83774
—0.33968
—1.67646
—2.19726
—2.36696
—0.61009
1.62928
2.28484
1.65167
—0.27605
—2.42762
—3.28228

I ENEDIEmETIoccccaaa?

0.08539
—0.75295
—0.31968

0.98724

2.33134

2.91161

2.47105

1.34639
—0.55420
—1.82151
—1.09091

0.94907

2.98182

3.93535

3.23199

1.36652

0.00000
—0.04033
—0.73258
—0.24430
1.01721
2.38031
2.93586
2.43399
1.24083
—0.76390
—-1.77767
—0.93691
0.98269
3.09787
4.00438
3.19664
1.24546

3BuD I n* | C; | Singlet
This is the ground state

0.00000
—1.38792
—0.04966
0.92956
0.50803
—0.40997
1.29275
1.98103
0.25161
—2.09748
—1.84096
—1.21805
—0.32955
1.58419
—1.95610
—0.52548
2.52259

0co0AaAAZIENITIcaan?

—0.00000
0.57062
0.93221

—0.09083

—1.41200
—1.82232
—2.15833
0.16505
1.97162
1.38889
—0.32690
-1.17671
1.59805
—0.39545
—1.89881
2.54832
—0.63732

1.33595
1.82766
1.82759
1.33599
1.87328
2.34081
2.34020
1.87245
1.00256
2.00586
2.00579
1.00249
1.87621
2.70743
2.70604
1.87437

0.00000
1.38615
2.02041
2.02033
1.38621
1.69218
2.11680
2.11659
1.69188
1.08996
2.31825
2.31815
1.09002
1.54118
2.34667
2.34625
1.54060

0.00000
1.61071
1.98274
1.98203
1.61046
2.04035
1.46234
2.13479
2.13564
1.46265
2.04094
—0.90181
—1.01524
—1.01217
—1.38868
—1.61906
—1.61783



A

3BuD | n? | C, | Triplet

0.00000
0.16741
—0.78928
—1.61079
0.18538
—1.28334
—2.57613
3.32750
2.63151
1.84195
1.36074
1.83187
0.90581
1.57959
2.73439
3.90243

3.31725

I CmEIImacaa000aan?

0.00000
0.30825
1.71225
—1.03552
0.45187
2.72542
—1.64488
0.57311
0.28579
—0.89475
—1.78843
—1.83963
—2.72249
—1.08360
0.97232
1.49642
—0.09383

2BuD | n* | C; | Singlet
This is the ground state

0.00000
—1.40893
—0.07710

0.92722
0.55880
—0.39434
1.35563
1.97385
0.23647
—2.12805
—1.84462
—0.38907
1.51905
—0.57752

2.48676

o0aAZTZIITITZaacaa?

—0.00000
0.58748
0.92899

—0.09591
—1.42055
—1.83693
—2.15600
0.19652
1.96947
1.39906
—0.35695
1.52698
—0.41982
2.49920
—0.62779

2BuD | n* | Cg | Triplet

0.00000
—1.29213
1.09789
—2.10280
1.75710
—1.36765
—0.13951
1.08864
1.06875
0.29602
2.02205
2.03148
—0.10887
—2.27501
—1.52482

el NN oW o N o R Re No Ne I-1

0.00000
—1.31047
—1.24238
—2.07567
—1.96548

1.70544
1.81704
1.85202
1.77490
2.28954
1.65245
1.78995
1.72897
1.52996
2.23762

0.00000
1.87984
—0.40565
—0.00859
3.01557
—0.60456
0.08028
0.50525
—0.63949
—0.89586
0.08050
1.06530
—0.25510
—1.94337
—1.48561
0.58972
1.37083

0.00000
1.62756
1.94134
1.94139
1.62769
1.96909
1.49626
2.05702
2.05699
1.49607
1.96908

—1.05900
—1.05871
—1.63751
—1.63810

0.00000
—0.48025
0.93205
—0.75021
1.53052
—0.55107
—1.25430
—0.52837
0.88901
1.46846
1.40722
—1.07866
—2.34376
—1.13265
0.39221

Y

1BuD | n* | Cg | Singlet
This is the ground state

=
=

asfiesfasfasBagiariioNoNoNoNONe!

0.00000
1.78440
2.79740

—0.78562
—1.92640
—1.92694
—0.78662
—0.50828
—0.69357
—2.66670
—2.66570
—0.69189
—0.50726

Y

1BuD | n* | Cg | Triplet

el NN oW o N o R R N-3

0.00000
—0.10689
—0.18095
—1.82079
—0.79009

0.49933
0.88150
0.19275
1.93415
1.27851
—0.89932
—2.72006
—2.00740

2\

oBuD | n* | C; | Singlet
This is the ground state

=
=

asfiesfasiasariiaroNoNoNe!

0.00000
—1.38744
—0.04770

0.93181
0.50333
—0.36723
1.30757
1.98585
0.28093
—2.05034
—1.92529

4

0.00000
0.00016
—0.00110
—1.38074
—0.70090
0.69871
1.37871
1.15868
2.44779
1.23335
—1.23549
—2.44953
—1.16154

0.00000
—1.44260
—2.29589

1.14863
1.70356
2.04055
1.85520
2.10482
1.99574
2.23754
1.66838
0.77845
1.52945

—0.00000
0.59496
0.93692

—0.10863
—1.42325
—1.90540
—2.14006
0.15188
1.97175
1.44416
—0.24231

oBuD | n* | Cg | Triplet

OOOO?

0.00000
1.34452
1.97873
1.98394
1.35687

0.00000
1.49876
0.72839

—0.71880
—1.51025

0.00000
0.54905
1.09888
1.32378
0.73396
0.73461
1.32522
2.36427
1.09287
0.12879
0.12752
1.09035
2.36298

0.00000
1.24574
2.01157

—0.32658
—1.13605
—0.63508
0.72327
1.54016
0.98232
—1.37897
—2.22512
—0.82579
0.68543

0.00000
1.40744
1.82014
1.82017
1.40746
1.87480
1.18876
1.96941
1.96942
1.18869
1.87484

0.00000
0.88662
—0.11663
—0.12785
0.86248

227



H 1.37841 —1.21367
H 1.32028 —2.59212
H 2.34746 —1.19890
H 2.34017 1.22589
H 1.30110 2.58292
H 1.36980 1.18615

3CBuD | n* | C | Singlet
This is the ground state

0.00000 —0.00000
—1.02652 —0.03732
—0.04513 1.01913

1.02753 0.05287

0.04413 —1.03468
—0.09324 2.10277
—2.10594 —0.07725

2.10520 0.10703

0.09014 —2.10588
—1.42120 —0.84372
—0.01635 1.63061

1.44027 —0.81806
—2.28452 —1.37559
—0.02437 2.62215

2.31722 —1.33286

3CBuD | n* | Cg | Triplet

Oco00aaaIZITZIZaacaa?

Ru 0.00000 0.00000
C —1.05867 —0.35810
C —1.62205 —1.00551
C 0.92536 —1.68009
O —1.67235 —0.53795
O —2.20697 —1.99549
O 1.50951 —2.65847
C —0.69397 1.86897
C 0.28263 1.21793
C 1.32111 1.48447
C 0.33390 2.14269
H 0.26458 0.79846
H —1.74346 2.13611
H 2.40621 1.40471
H 0.38304 2.75389

2CBuD | n* | C | Singlet
This is the ground state

Ru 0.00000 —0.00000

C —0.88781 0.53442
C 0.54452 0.87534
C 0.87165 —0.56014
C —0.52836 —0.84962
H 1.11432 1.79127
H —1.80306 1.10191
H 1.78543 —1.13045

228

1.91938
0.70587
—1.04389
—1.02411
0.74787
1.93890

0.00000
1.91411
1.94421
1.90650
1.87229
2.03608
2.04271
2.04269
2.05130
—0.96880
—1.01630
—0.96067
—1.49643
—1.58640
—1.48268

0.00000
1.56785
—1.08886
—0.16757
2.51625
—1.00922
—0.26728
—0.98077
—1.83685
—0.86806
—0.00288
—2.84002
—1.08009
—0.87692
0.89594

0.00000
1.89259
1.77099
1.89323
1.99464
1.91923
2.03970
2.03871

H -1.10272 —1.77329
C —0.81826 1.40780
C 1.62417 —0.12005
O —1.26175 2.35239
O 2.66762 —0.10567

X

2CBuD | n* | C,, | Triplet

Ru 0.00000  0.00000
C —1.14955 —1.38239
C —1.34403 1.31931
O —1.81408 —2.21768
O —2.12629 2.11767
C 1.87599 —0.90553
C 1.77903  0.44710
C 1.91700 1.00059
C 2.01401 -0.35202
H 1.77877 0.87123
H 1.97779 —1.90376
H 2.06179  2.00504
H 2.26013 —0.77001

1CBuD | n* | C; | Singlet
This is the ground state

Ru 0.00000 —0.00000
C —0.88257 0.53145
C 0.53090 0.88030
C 0.88141 —0.53075
C —0.52974 —0.88101
H 1.07863 1.81445
H —1.81125 1.09062
H 1.80224 —1.08529
H —1.09910 -—1.80209
C —1.37911 0.82988
o —2.31084 1.39053

1CBuD I n* | C4 | Triplet

Ru 0.00000 0.00000
C —0.58464 —1.26738
(0] —0.90063 -—2.01033
C 0.63262 2.07433
C 1.68362  1.16238
C 1.88390 0.73897
C 0.80897 1.67221
H 2.18455 0.95779
H 0.02785 2.82534
H 2.65893 0.18902
H 0.49220  2.06618

oCBuD | n* | C,, | Singlet
This is the ground state

Ru 0.00000 -—0.00000

2.08510
—0.98318
—0.98281
—1.45925
—1.45886

0.00000
—0.69472
0.41018
—1.11100
0.66182
0.60474
1.15781
—0.17162
—0.72466
2.15970
1.02523
—0.56375
—1.69851

0.00000
1.78515
1.82207
1.87950
1.82192
1.93911
1.88261
2.05031
1.93925
—0.99659
—-1.37914

0.00000
1.28899
2.11056

—0.40536
—0.82388
0.54508
0.97277
—1.76865
—0.91103
1.07514
1.93634

0.00000



—0.86824 0.56130 1.77429
0.56127 0.86806 1.77444
0.86816 —0.56143 1.77424

—0.56120 —0.86793 1.77486
1.14761 1.77486  1.92318

—-1.77477 1.14755 1.92456
1.77476  —1.14755 1.92456

—1.14760 —1.77485 1.92300

4 =slielicr i NoNoNoRe)

oCBuD | n* | C,, | Triplet

0.00000  0.00000  0.00000
1.84715 -—0.74289 —0.72024
1.84772 —0.74990 0.71343
1.84714 0.74290 0.72024
1.84772 0.74991 -—0.71343
2.00228 —1.51439 1.47316
2.00312 -—1.49995 -—1.48710
2.00312 1.49996 1.48710
2.00226 1.51440 -—1.47316

Rl oo R o R N1

3MBuD | n* | C, | Singlet
This is the ground state

0.00000 -—0.00000 0.00000
—1.40312 0.52698 1.59955
—0.07608 0.92513 1.98069

0.94465 —0.06225 1.99410

0.53455 —1.38986 1.61474
—0.37659 —1.81648 2.04261
1.33393  —2.12381 1.47475
0.19188 1.97312 2.14310
—2.13097 1.32808 1.44604
—1.83745 —0.37711 2.03561
2.37313 0.28483 2.31288
2.59216 1.34142 2.10370
3.07089 —0.33905 1.73734
2.56693 0.09654 3.38086
—1.17389 —1.21526 —0.91088
—0.38639 1.58890 —1.00591
1.61293 —0.34172 —0.98496
—1.89011 —1.95809 -—1.40005
—0.63261 2.54269 —1.58592
2.58552 —0.56335 —1.54395

0co00AAATZEIIATZIITIIAacaa?

3MBuD | n? | C, | Triplet

Ru 0.00000  0.00000 0.00000
C —0.45378 —1.51422 —1.07813
C —0.88551 —0.62422 1.59364
C —1.35152 1.21860 —0.59245
O —0.79342 -2.37571 -—1.75150
O —1.44044 -1.01326 2.51669

zsfiesferi@Ruriiariiasfie - NoNoNoNoNO)

—2.18989
2.80109
2.51587
2.13463
1.56135
1.74803
1.40045
2.71285
3.10003
2.70940
2.36388
2.23103
1.68844
3.39873

1.88528
—1.79540
—0.60875

0.64508
0.69926
—0.09975

1.68263
—0.55746
—2.67321
—1.90896

1.91622

1.76265

2.72025

2.26441

3CHD | n* | Cg | Singlet
This is the ground state

O00AAAZTIITNEIIaccacaal?

0.00000
—1.32297
—0.69093
0.72527
1.28862
0.71703
—0.81941
—2.40612
—1.23641
1.32063
2.37227
1.10787
1.08450
—1.21473
—1.23393
—0.04683
—1.37383
1.42124
—0.07574
—2.21562
2.29070

—0.00000
—0.59953
0.65400
0.61577
—0.67024
—1.91339
—1.87222
—0.56123
1.59162
1.52248
—0.69048
—1.98589
—2.80421
—1.92487
—2.74128
—1.68955
0.89430
0.81657
—2.72909
1.41177
1.28617

3CHD | n? | C, | Triplet

=
c

==jasBaloNoNoNoNoNoNONoNoN Q)

0.00000
—0.27256
1.21313
1.30428
—0.35686
1.94386
2.10627
—1.78911
—2.54061
—3.34817
—3.44107
—1.29688
—2.46026
—3.89440

0.00000
—0.37952
—1.42376

1.39888
—0.68388
—2.29583

2.18648

0.03867

1.18672

1.11295
—-0.12276

0.09619

2.12017

2.00165

—0.99856
—0.17468
0.46227
—0.15195
—1.44442
—2.16567
—1.89276
1.53871
0.39981
—1.25726
0.63110
1.71219
0.30609
0.46950

0.00000
1.65448
1.97064
1.97057
1.65440
2.31947
2.31870
1.50061
2.09767
2.09787
1.50056
3.34906
1.78923
3.34781
1.78697

—0.90048
—1.00579
—1.00587
—1.37449
—1.58083
—1.58080

0.00000
1.84170
—0.38638
0.27889
2.94493
—0.52387
0.49756
—1.36575
—0.89818
0.19275
1.03811
—2.34287
—1.45983
0.52005
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—4.47314
—2.84397
—2.96251
—1.83466
—3.80343
—2.68762
—1.50252

-

31 C; | Singlet

TTTZTQQITT

—0.25852

0.05412
—1.39852
—1.17852
—1.82557
—2.16081
—2.07765

This is the ground state

Ru 0.00000
—1.50997
—1.05090

1.49890
—2.36522
—1.71764

2.32034

-

3 1 Cyy | Triplet

oNoloNoNoNe!

0.00000
—1.41612
—1.06430

1.75334
—2.29700
—1.70687

2.72751

31 Csy | Triplet

ocoo0aaan?

0.00000
—0.56209
—1.32888
1.46219
—0.89888
—2.08440
2.23157

0co0o0aaan?

3 | D3, | Singlet

Ru 0.00000
—1.06950
—0.82101

1.89214
—1.69013

caaan

230

0.00000
0.36272
—1.04904
—1.14973
0.41402
—1.69230
—1.94080

0.00000
0.90840
—0.70535
—0.68465
1.40570
—1.13187
—1.11976

0.00000
—0.30001
—1.02112
—1.23018
—0.64070
—1.75587
—2.07870

0.00000
1.03122
—0.63977
—0.39052
1.63146

1.39794
1.95157
0.32869
—0.66343
—0.24832
1.07216
—1.18952

0.00000
1.13998
—1.03420
—0.38084
1.89801
—1.71390
—0.47074

0.00000
1.02373
—1.40288
—0.57910
1.55411
—2.24958
—0.98686

0.00000
1.80366
—0.92193
—0.08659
2.84414
—1.37073
—0.07869

0.00000
1.29215
—1.67125
0.37861
2.04320

O —1.29800
O 2.99247

AN

2 | Cyy | Singlet

—1.01118
—0.61620

This is the ground state

Ru 0.00000
C —0.99230
C 1.38883
O —1.58236
O 2.21255

P

2 | C,y | Triplet

Ru 0.00000

C —1.08101
C 1.43194
O —1.61210
O 2.21753
*-0—9—o-0

2 | Dy | Triplet

Ru 0.00000

C —1.44921
C 1.44902
O —2.29355
O 2.29333
*-0—9—0-

2 | Dy | Singlet

Ru 0.00000
C —1.44958
C 1.44909
O —2.29352
O 2.29294

o—o-o
1| Cy | Triplet

0.00000
—1.32560
—1.25726
—2.11396
—2.00505

0.00000
—1.18334
—1.11135
—2.03381
—1.92387

0.00000
—0.75897
0.75907
—1.20107
1.20154

0.00000
—0.75908
0.75923
—1.20068
1.20168

This is the ground state

Ru 0.00000
C 1.30849
O 2.14017

—e-o

1| Cy | Singlet

Ru 0.00000
C 1.30849
O 2.14017

0.00000
—1.18566
—1.93927

0.00000
—1.18566
—1.93927

—2.64286
0.59740

0.00000
—0.97530
0.42541
—1.55523
0.68662

0.00000
—0.98298
0.49962
—1.54644
0.71298

0.00000
—1.06991
1.07011
—1.69333
1.69331

0.00000
—1.06984
1.07040
—1.69316
1.69324

0.00000
0.40558
0.66337

0.00000
0.40558
0.66337



A.3.2 IRON ANALOGUE COMPLEXES

3COT | n* edge | C; | Singlet
This is the ground state

0.00000
—1.59818
—0.49922
0.84104
1.25636
0.94238
—0.18125
—1.55356
—2.12032
—2.44766
—0.67921
1.60789
2.31414
1.82677
—0.04365
—2.26202
—3.21560
—0.99089
—1.62603
—0.48455
1.49742
2.45069
—0.80140

N oNoRoReRoR=:R:Neslas i leslla N NoNoNoRo No R Ro RO X-3

3COT | * center

0.00000
—1.38710
—0.27158

0.78666
1.54605
1.36155
0.24924
—0.77348
—1.55923
—2.17260
—0.09013
1.24337
2.55045
2.12989
0.03415
—1.21545
—2.54324
—0.60050
1.43261
—0.92787
—1.00421
—1.51856
2.34970

OCo00aQAaIINIINITIIITZIIOQNQOQCQOQQQ S

0.00000  0.00000
0.07919 1.42985
—0.74912 1.84151
—0.32103 1.84150
0.99097 1.42986
2.33305 1.93275
2.93477 2.38201
2.49646 2.38195
1.35480 1.93266
—0.55151 1.14448
1.81899 1.98378
1.08847 1.98377
0.96949 1.14447
2.97933 1.92693
3.96348 2.72858
3.25495 2.72845
1.36878 1.92675
—1.19033 -0.91571
—1.94193 —1.49407
1.51706 —0.82360
—0.39559 —0.91571
—0.63961 —1.49410
2.50951 —1.28527

I C | Singlet

0.00000  0.00000
—0.90571 2.47133
—1.63483 2.47008
—1.35759 1.45748
—0.16710 1.48684

0.86676 2.54180

1.59342 2.54337

1.34864 1.48983

0.17605 1.46025
—1.05278 3.21905
—2.41404 3.21684
—2.23181 0.98197
—0.21014 1.05266

0.96762 3.31507

2.33653 3.31793

2.25157 1.05563

0.24376 0.98478

1.30468 —1.06108
—0.03879 —1.06501
—1.40992 -0.61260

2.13092 -—1.74346
—2.30911 -0.99824
—0.08448 —1.74913

X

3COT | n® | Cg | Triplet

Fe

oNoNoNoNONoR:-:JuRurfuagafoioNoNoNoNoNoNoNe!

0.00000
2.16481
1.28485
1.34970
1.70468
2.76698
3.69313
3.93045
3.26557
1.90057
0.70013
0.75209
1.37505
2.85821
4.39721
4.80541
3.72033
—1.36099
—2.18774
0.66978
—0.90948
—1.44179
1.02545

0.00000
—2.15431
—1.24544

0.14700

1.21556
1.37578
0.52125
—0.87052
—1.98532
—3.20160
—1.77349
0.46302
2.18405
2.41207
1.03370
—1.16542
—2.93432
—1.19191
—1.97906
—0.52839
1.45291
2.39053
—0.84489

2COT | n° | C; | Singlet
This is the ground state

Fe

asfiarariiesfasarariisloNoNoNoNoNoNoNo e NoNON)

0.00000
—0.78490
—1.26331
0.67360
1.12662
—1.22206
—0.06751
1.26208
1.82924
1.72774
0.65081
—0.38476
—1.41698
—2.14504
—0.32570
1.80510
2.76716
2.53196
0.48447
—0.68039
—2.43258

0.00000
—1.09319
—1.75956

0.93870
1.57010
—0.48542
—1.31345
—1.06863
0.21373
1.27279
2.04545
1.80136
0.85240
—1.07054
—2.37533
—1.95675
0.22007
1.36968
2.83872
2.69155
1.08148

0.00000
—0.56324
—1.27334
—1.52241
—0.66380

0.31107
0.87020
0.80828
0.24934
—0.73945
—2.03299
—2.38678
—1.05265
0.65087
1.53342
1.39636
0.55062
—0.07288
—0.12259
1.67218
0.58313
0.96144
2.70598

0.00000
—1.20628
—2.00785
—1.33945
—2.18320

1.66352
1.66315
1.20510
1.05286
2.09292
2.09233
1.05234
1.20534
1.71860
1.71822
0.86924
0.48426
2.83009
2.82900
0.48385
0.86991
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2COT | n* edge | C; | Triplet

0.00000  0.00000 0.00000
—1.05474 —0.98729 —1.08272
—1.69042 -—1.64660 —1.76934

1.43548 —0.16357 —1.08266

2.33897 —0.31374 -—1.76923
—1.71194 —-0.00600 1.55737
—0.49361 —0.72363 1.90878

0.82776  —0.28651 1.90879

1.37779 1.01614 1.55748

0.94644 2.32279 1.65284
—0.26136 2.95099 2.12085
—1.55009 2.52466 2.12076
—2.14493 1.30013 1.65268
—2.50750 —0.69754 1.26318
—0.64413 —1.78625 2.11578

1.58229 —1.04972 2.11580

2.42881 0.93547 1.26332

1.71628 3.04707 1.36505
—0.11113 3.98733 2.43982

—2.28875 3.26696 2.43967

—3.19480 1.42242 1.36479

aslisliesliaslicslicsliar il NoNoNo Ro Ro Ro Ro Ro R Ro R Ro X A

2COT | 1* center | C, | Singlet

0.00000 0.00000 0.00000
—1.30901 -1.12176 2.21114
—0.11323 —1.72385 2.33712

1.02313 —1.28683 1.49565

1.44636 0.03628 1.51607

1.09303 0.99425 2.60458
—0.05931 1.64612 2.47641
—0.91914 1.27954 1.32386
—1.55034 —0.02899 1.23354
—2.15755 —1.47608 2.80652

0.01991 -—2.57218  3.01449

1.62852 —2.05124 0.99951
2.31568 0.28420 0.88171
1.75784 1.09135 3.46844
—0.40994 2.37497 3.21488
—1.52022 2.10595 0.92539

—2.55576 —0.04977 0.79613
—0.76828 1.02577 —1.24436
—0.25247 -—1.54894 —0.87411
—1.25092 1.71903 —2.01613
—0.56025 —2.53544 -—1.37006

O0QAaENITENITENIOQAQOQOQQOQQ R

2COT | n* center | C,, | Triplet

Fe 0.00000 0.00000 0.00000

232

—1.36549
—0.23573
0.81772
1.56687
1.36547
0.23572
—0.81772
—1.56688
—2.15536
—0.05390
1.25903
2.54429
2.15533
0.05388
—1.25904
—2.54430
—1.08241
1.08244
—1.78558
1.78560

ol eoNoNeN:JuruugngufogcisNoNoNoNoNoNoKe!

1COT | n* edge | C, | Triplet

—0.92275
—1.63109
—1.34498
—0.15012
0.92276
1.63111
1.34499
0.15012
—1.10301
—2.42059
—2.21726
—0.16735
1.10303
2.42062
2.21726
0.16736
0.67844
—0.67845
1.11918
—1.11920

This is the ground state

0.00000
—1.71831
—0.45146
0.84127
1.32850
0.81877
—0.43300
—1.71095
—2.23939
—2.47368
—0.51954
1.63184
2.39031
1.55987
—-0.37731
—2.48826
—3.30911
—0.29200
—0.50287

OaXIENITIENITaoCQQQQQ#

0.00000
—0.12655
—0.74488
—0.22571

1.09714
2.38263
2.92563
2.41237
1.15439
—0.87299
—1.81676
—0.95272
1.08053
3.15532
3.99131
3.14349
1.19978
0.72611
1.25046

1COT I n® | C, | Triplet

0.00000
0.47811
0.83443
—1.04143
0.29544
1.51505
1.76887
1.30883

0.05944

caoacacaaoad

0.00000
0.89016
1.60515
—0.83865
—1.31119
—0.66564
0.71156
1.75173
2.20540

2.44434
2.44436
1.43387
1.43388
2.44436
2.44433
1.43384
1.43385
3.18143
3.18146
0.93900
0.93902
3.18147
3.18142
0.93897
0.93900
—1.28671
—1.28669
—2.07888
—2.07886

0.00000
1.58854
1.94731
1.94730
1.58862
1.72396
2.12743
2.12748
1.72407
1.32001
2.16019
2.16024
1.32000
1.49092
2.37095
2.37104
1.49117

—1.66558
—2.66005

0.00000
—1.59526
—2.41635

1.65336
1.64851
1.25164
1.12453
2.07544
2.06516



—0.95102
—1.58690
—1.78270
0.36602
2.27753
2.71577
2.04083
—0.26898
—1.55863
—2.60485

ITTZTHDEDITZITTQO

1COT | 1° | Cy | Singlet

0.00000
0.39203
0.64231

—1.17445
0.05288
1.35244
1.82364
1.69464
0.55833

—0.55522

—1.49928

—2.04132

—0.13197
1.96274
2.75288
2.55192
0.42672

—0.99285

—2.55502

aslieslicsliaslielicslia- e NoNoNoRoRo R Ro N RO RO K 5

1COT | n* center

0.00000
—1.44311
—0.34063

0.79746
1.54577
1.39000
0.29723
—0.73546
—1.60777
—2.27780
—0.28796
1.25012
2.52428
2.15746
0.11768
—1.11798
—2.59952
—0.81648
—1.33949

OCaIZNmITNITnITZaocoaacaacaand

1.67393 1.11590
0.42999 1.24462
—1.63956 1.72711
—2.40128 1.71899
—1.36119 0.87649
0.94045 0.61882
2.13690 2.79822
2.97405 2.77253
2.43488 0.61216
0.34919 0.84684
0.00000 0.00000
0.64171 —1.57373
1.05116 —2.61902
—0.54328 1.65086
—1.29282 1.65085
—0.99112 1.16109
0.31174 0.81911
1.49669 1.70735
2.19055 1.70784
1.76474 0.81991
0.75074 1.16163
—1.19650 1.78209
—2.36241 1.78204
—1.86488 0.91024
0.29631 0.23507
1.78869 2.32393
3.08606 2.32517
2.58419 0.23531
0.89448 0.90931

I C | Triplet
0.00000 0.00000
—0.89151 2.27819
—1.66154 2.27860
—1.42014 1.35852
—0.21663 1.35840
0.82685 2.41597
1.59042 2.41524
1.37697 1.35723
0.25980 1.35758
—1.14114  2.94220
—2.53096 2.94287
—2.31041 0.90749
—0.26469 0.85745
0.91730 3.19289
2.34272 3.19152
2.27906 0.85657
0.37838  0.90667

—-1.17120 -1.19161
—1.92067 —1.88182

v

1COT | n* edge |

Fe 0.00000
—1.57624
—0.48577
0.83586
1.22615
0.90067
—0.25138
—1.62757
—2.17227
—2.37477
—0.63119
1.61315
2.27861
1.77157
—0.15823
—2.35027
—3.26786
—0.45556
—0.78228

%

1COT | n* center

CaXmIIZZTIIIOQOOQOQQOOQQN

Fe 0.00000
—0.61674
—1.59130
—1.51308
—0.43542
0.49245
1.45341
1.41469
0.53381
—0.68573
—2.47035
—2.45740
—0.60809
0.33166
2.18722
2.34977
0.89982
—1.05590
—1.80465

“

CaXrmIZIIITZTIIOQOQOQQOOQ

C; | Singlet
0.00000 0.00000
0.01691  1.24163
—0.73339  1.82780
—0.27416 1.82782
0.99064  1.24165
2.36371 1.68494
2.94291 2.07695
2.46475  2.07690
1.29599 1.68487
—0.67007 0.92295
—1.80295  2.02486
—1.02312 2.02487
0.94681 0.92296
3.02869  1.68155
3.99054  2.38019
3.22893 2.38006
1.27773  1.68137

1.31087 -—1.10788
2.25338 —1.66997

I C, | Singlet
0.00000  0.00000
1.62287 2.20921
0.69597  2.20508
—0.45627 1.27341
—1.39889  1.33773
—1.48947  2.50439
—0.57136  2.50921
0.36471 1.34586
1.49045 1.28243
2.50398  2.85480
0.80652  2.84780
—0.77398 0.81557
—2.32738  0.76376
—2.22143 3.30245
—0.44620 3.31242
0.48274  0.76821
2.41673  0.82502

1.15028 —0.93885
1.94637 —1.28343

oCOT | n% | Cg | Triplet
This is the ground state

0.00000
—1.50790
—0.30036

1.04416
1.59650
0.91500
—0.08857

naoacaaad

0.00000 0.00000

—0.67433 1.16617
—1.29045 1.63883
—0.81545 1.63967
0.42263 1.16676
1.64930 0.90711
2.24897 1.82689
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—1.34410 1.80568 1.82655
—1.74740  0.70830 0.90622
—2.27695 —1.39153 0.85239
—0.37250 -—2.37510 1.77177
1.78137 —1.61417 1.77322
2.64536  0.34710 0.85265
1.53896 2.38016 0.37677
0.23223 3.05569  2.49712
—2.10083 2.23213  2.49604
—2.69191 0.88531 0.37570

$

oCOT | n* center | C,, | Triplet

ITTTZTTHDEDZ T T TQO

0.00000  0.00000 0.00000
—1.39496 —0.92172 2.24042
—0.26647 —1.65060 2.24042

0.81614 —1.38220 1.25708

1.59554 —0.17548 1.25710

1.39494 0.92168 2.24048

0.26645 1.65056  2.24048
—0.81613 1.38220 1.25710
—1.59555 0.17548 1.25708
—2.20050 —1.15313 2.94697
—0.14612 —2.48003 2.94697

1.30563 —2.26682 0.82489

2.60319 —0.25782 0.82491

2.20045 1.15305 2.94707

0.14607 2.47996 2.94707
—1.30559 2.26682 0.82491
—2.60320 0.25785 0.82489

“

oCOT | n° | Cy | Singlet

DI TN ITIEN IO Q R

0.00000 0.00000 0.00000
—1.17293 —0.49837 1.58807
—0.00509 -—1.34410 1.57814

1.31085 —1.08289 1.12530
1.77240  0.24929 0.85928
1.70546 1.39092 1.81495

0.63693 2.18332  1.75578
—0.47301 1.83901 0.82295
—1.43223 0.83706  1.13188
—2.08375 —1.10498 1.62793
—0.26234 —2.40287 1.68851

1.92777 —1.95657 0.88412
2.67312  0.27003  0.22353
2.53784 1.58110 2.50227
0.53416  3.07240 2.38888
—0.89636 2.69638 0.28205
—2.47873 1.00593 0.85032

&

oCOT | n* center | C,;, | Singlet

NI TIENITIEN IO QF

Fe 0.00000 0.00000 0.00000
C —1.39657 —0.92772 2.25305

234

—0.27127 -1.65454 2.25305
0.74238 —1.33925 1.21414
1.52605 —0.12590 1.21415
1.39656 0.92771  2.25308
0.27126 1.65452  2.25308

—0.74237 1.33924  1.21415

—1.52606 0.12591 1.21414

—2.20391 -1.10526 2.97164

—0.10107 -2.46345 2.97164
1.20692 -—2.20138 0.70707
2.50293 —0.19475 0.70705
2.20389 1.10521 2.97169
0.10103 2.46342 2.97169

—1.20689 2.20137 0.70705

—2.50295 0.19478 0.70707

It

oCOT | n* edge | C; | Singlet

asii=sfiesfariarariierii=rNoNoNoNoNONONO)

0.00000 0.00000 0.00000
—1.58620 0.02836 1.19884
—0.48870 —0.74284 1.75470

0.84249 —0.28451 1.75466

1.23241 0.99899 1.19887

0.90762 2.36613  1.65327
—0.24412 2.94608 2.05112
—1.62150 2.47192 2.05063
—2.17196 1.30586 1.65261
—2.39062 —0.65543 0.88304
—0.63728 —1.81288 1.94851

1.61835 —1.03623 1.94845
2.28726 0.95547 0.88295
1.77671 3.03467 1.64937
—0.14829 3.99180 2.36147
—2.34092 3.23714 2.36034
—3.26840 1.29785 1.64791

aslieslicsfiaslicrlicslialic:NoNoNoRoNo R Ro RO XX

__.{
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B.1.a

ADDITIONAL ANGLE ANALYSIS RESULTS

BELow WE PROVIDE THE full set of energy decomposition analysis and tilt angle analysis plots.
Figure B.1-Figure B.3 present the energy decomposition analysis for SAMs on Au(100) with the higher
density for HDT?°", HDT", and HDT®", in this order. Similarly, Figure B.4—Figure B.6 present the
results for Au(100) with the lower density; Figure B.7-Figure B.g corresponds to Au(111) with higher
density, and Figure B.10-Figure B.12, to Au(111) with lower density. Figure B.13-Figure B.24 present
the tilt angle scan analyses in that same order.

ENERGY DECOMPOSITION ANALYSIS FOR ALL LIGANDS, SURFACES, AND DENSITIES
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FiGuURE B.1 - Energy decomposition analysis as a function of ligand tilt angle for HDT°°°" on Au(100) with a
density of 4.73 nm™2. For each component, the relative energy is referenced to the respective value at 0°.
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Fi1GURE B.2 — Energy decomposition analysis as a function of ligand tilt angle for HpT" on Au(100) with a
density of 4.73 nm™2. For each component, the relative energy is referenced to the respective value at 0°.
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Fi1Gure B.3 - Energy decomposition analysis as a function of ligand tilt angle for HDT°" on Au(100) with a
density of 4.73 nm™2. For each component, the relative energy is referenced to the respective value at 0°.
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F1GURrE B.4 — Energy decomposition analysis as a function of ligand tilt angle for HDT°°°" on Au(100) with a
density of 4.17 nm~2. For each component, the relative energy is referenced to the respective value at 0°.

239



~ 300

Relative Energy

Relative Energy / eV

200

100

o

600

400 4

200 4

0

Set 1

— Total — Dihedral
—Bond — Coulomb

— Angle — Pairwise

0 10 20 30 40
Tilt Angle o / degrees

Set 5

— Total — Dihedral
—Bond — Coulomb

— Angle — Pairwise

0 10 20 30 40
Tilt Angle o / degrees

Relative Energy / eV

Relative Energy / eV

1250

1000

~
a
=]

@
=1
=3

N
G
=3

o

1500

1000

500

0

Set 2
— Total — Dihedral
~—Bond — Coulomb
— Angle — Pairwise

0 10 20 30 40

Tilt Angle o« / degrees

Set 6

— Total — Dihedral
—Bond — Coulomb
— Angle — Pairwise
0 10 20 30 40

Tilt Angle o / degrees

Relative Energy / eV

Relative Energy / eV

401

20

—20

—40

—60

—50

Set 3

— Total — Dihedral

| —Bond — Coulomb
— Angle — Pairwise

o 10 20 30

40
Tilt Angle o / degrees

Set 7

| —Bond — Coulomb

— Total — Dihedral

— Angle — Pairwise

0

0 20 30 40
Tilt Angle o / degrees

Relative Energy / eV

Relative Energy / eV

50

25

—25

—50

150

100

50

—50

40

Set 4
— Total — Dihedral
~—Bond — Coulomb
—Angle — Pairwise
o 10 2 30
Tilt Angle o / degrees
Set 8
— Total — Dihedral
~—Bond — Coulomb
—Angle — Pairwise
o 1 20 30

40
Tilt Angle o / degrees

FiGURrE B.5 — Energy decomposition analysis as a function of ligand tilt angle for HpT" on Au(100) with a
density of 4.17 nm~2. For each component, the relative energy is referenced to the respective value at 0°.
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F1GURE B.6 — Energy decomposition analysis as a function of ligand tilt angle for HDT®" on Au(100) with a
density of 4.17 nm™2. For each component, the relative energy is referenced to the respective value at 0°.
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Ficure B.7 — Energy decomposition analysis as a function of ligand tilt angle for HDT*°°" on Au(111) with a
density of 4.67 nm~2. For each component, the relative energy is referenced to the respective value at 0°.
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FiGuRre B.8 — Energy decomposition analysis as a function of ligand tilt angle for HDT" on Au(111) with a
density of 4.67 nm~2. For each component, the relative energy is referenced to the respective value at 0°.
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F1GuURrE B.g — Energy decomposition analysis as a function of ligand tilt angle for HDT" on Au(111) with a
density of 4.67 nm~2. For each component, the relative energy is referenced to the respective value at 0°.
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FiGure B.10 - Energy decomposition analysis as a function of ligand tilt angle for HDT°°°" on Au(111) with
a density of 4.21nm™2. For each component, the relative energy is referenced to the respective value at o°.
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FiGurE B.11 - Energy decomposition analysis as a function of ligand tilt angle for HDT" on Au(111) with a
density of 4.21nm™2. For each component, the relative energy is referenced to the respective value at 0°.
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FiGure B.12 — Energy decomposition analysis as a function of ligand tilt angle for HDT" on Au(111) with a
density of 4.21nm™2. For each component, the relative energy is referenced to the respective value at 0°.
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B.1.2 TILT ANGLE ANALYSIS FOR ALL LIGANDS, SURFACES, AND DENSITIES
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F1GURE B.14 - Ligand tilt angle analysis for HDT" on Au(100) at a density of 4.73 nm~2. Pairwise interaction
energies (top) and total energies (bottom) against ligand tilt angle a for different charge damping factors.
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FiGURE B.16 - Ligand tilt angle analysis for HDT®°°" on Au(100) at a density of 4.17nm™2. Pairwise
interaction energies (top) and total energies (bottom) against ligand tilt angle o for different charge damping
factors.
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Fi1Gure B.17 - Ligand tilt angle analysis for HDT" on Au(100) at a density of 4.17 nm~2. Pairwise interaction
energies (top) and total energies (bottom) against ligand tilt angle a for different charge damping factors.
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FiGure B.18 - Ligand tilt angle analysis for HDT°" on Au(100) at a density of 4.17 nm~2. Pairwise interaction
energies (top) and total energies (bottom) against ligand tilt angle a for different charge damping factors.
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FiGure B.1g - Ligand tilt angle analysis for HDT®°°" on Au(111) at a density of 4.67 nm™2. Pairwise

interaction energies (top) and total energies (bottom) against ligand tilt angle a for different charge damping
factors.
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F1GURE B.20 — Ligand tilt angle analysis for HDT" on Au(111) at a density of 4.67 nm~2. Pairwise interaction
energies (top) and total energies (bottom) against ligand tilt angle a for different charge damping factors.
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FiGURE B.21 - Ligand tilt angle analysis for HDT®" on Au(111) at a density of 4.67 nm~2. Pairwise interaction
energies (top) and total energies (bottom) against ligand tilt angle a for different charge damping factors.
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F1GURE B.22 — Ligand tilt angle analysis for HDT®°°" on Au(111) at a density of 4.21nm™2. Pairwise interaction
energies (top) and total energies (bottom) against ligand tilt angle a for different charge damping factors.

253



Set 1 Set 2 Set 3 Set 4
804 = 80
> 0.0 0.6 > > — 00 — 06 > — 00 — 06
~ | — 02 08 — g — 02 — 08 g — 02 — 08
gﬁo — 04 1.0 360 > 1001 — 04 1.0 > 1001 — 04 10
€ 40 € 40 2 2
w w i ]
2, 2, g @ S g
= = & =
[} ] < I/ =
o 04— 7/ o 0 o /J o
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Tilt Angle o / degrees Tilt Angle o / degrees Tilt Angle o / degrees Tilt Angle o / degrees
Set 5 Set 6 Set 7 Set 8
> — 00 — 06 > — 00 — 06 _ — _ —
S w{ _ o o T s0{ _ o5 o > 0.0 06 > 00 06
~ i : ~ i - 20097 — 02 — 08 2001 — 02 — 08
Zeol — 04 10 Zeol — 04 10 > — 04 10 > — 04 10
20 20 86 150 80 150
[ [ o) o)
f =4 c c c
L 40 L 40 W 100 Wi 100
2 2 g / 2
&2 &2 = 50 / =50
[} ] < =
o 0 _"Ad/ o 0 S x
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Tilt Angle o / degrees Tilt Angle o / degrees Tilt Angle o / degrees Tilt Angle o / degrees
Set 1 Set 2 Set 3 Set 4
> 500l — 00 — 06 _ —t > 3001 — 00 — 06 > 3001 — 00 — 06
g — 02 — 08 S 1500 . bt g — 02 — 08 g — 02 — 08
~ 0, 0. — — 02 08 ~ k - ~ : -
> 4007 — 04 10 = — 04 10 > — 04 10 > 0004 — 04 10
& B : : 3 200 { &
5 3004 2 1000 5 .
c 2 c / c
w ] w / Y 100
© 2001 o © 100 3
= > 500 = =
- prar - -
5 100 5 5 5,
K ; 2 o s
07 m 0 07 T T T T T
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Tilt Angle @ / degrees Tilt Angle o / degrees Tilt Angle o / degrees Tilt Angle o / degrees
Set 5 Set 6 Set 7 Set 8
S Sy —y 2500 > — 00 > — 00 — 06
g 02 08 C —% ot ¢ 02 g 02 08
~ — Y s — 02 — 08 ~ - Y ~ - % - >
6001 — o4 o ST 1o > 4001 — 04 > 4001 — 04 1.0
& ) - : & &
o o 1500 o e
L 4007 i i} i
o » 1000 o 200 o 200
2 200 2 2 2
& " 500 & =
= ° < &
o SN ol [ip —
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

Tilt Angle o / degrees

Tilt Angle o / degrees

Tilt Angle o / degrees

Tilt Angle o / degrees

Ficure B.23 - Ligand tilt angle analysis for HDT" on Au(111) at a density of 4.21nm™2. Pairwise interaction
energies (top) and total energies (bottom) against ligand tilt angle a for different charge damping factors.
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F1GURE B.24 — Ligand tilt angle analysis for HDT®" on Au(111) at a density of 4.21nm™2. Pairwise interaction
energies (top) and total energies (bottom) against ligand tilt angle a for different charge damping factors.
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B.1.3 FINAL GEOMETRIES FOR SAMS ON AuU(111)

HERE WE PRESENT THE analysis of the final geometries, as presented in Figure 4.7, for all three
ligands on Au(111).
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F1GURE B.25 — Final HDT®°°" sam model on Au(111) surface after 3 000 000 optimisation steps. The initial
geometry replicates the (\/5 X \/E) R30° adsorption pattern and c(4 X 2) superlattice packing, consistent
with Structure Il from Zhang, Goddard & Jiang [342]. Blue spheres: carbon; yellow spheres: sulphur; red
spheres: oxygen; white spheres (on chains): hydrogen; black, grey, and white spheres: top, middle, and bottom
gold layers, respectively. (A) Evolution of the ligand tilt angle o during the optimisation; (B) evolution of the
precession (azimuthal) angle 3 during the optimisation. In both cases, solid lines show mean values, while
shaded areas represent one (orange) and two (yellow) standard deviations. (C) Histogram of the twist angles w
after optimisation. (D) Top and side orthographic projections, along with a perspective view, illustrating the final
system’s geometry. The inset in (D) provides a closer view of the sulphur atom arrangement, showing only
the carbon atoms directly attached to the sulphurs for clarity. Hydrogen atoms from the hydrocarbon portion
and the two bottommost gold layers are omitted for clarity. The edges of the system were trimmed for clearer
visualisation.
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F1GURE B.26 — Final HDT" saM model on Au(111) surface after 3000 000 optimisation steps. The initial
geometry replicates the (\/E X \/E) R30° adsorption pattern and c(4 X 2) superlattice packing, consistent with
Structure Ill from Zhang, Goddard & Jiang [342]. Blue spheres: carbon; yellow spheres: sulphur; black, grey,
and white spheres: top, middle, and bottom gold layers, respectively. (A) Evolution of the ligand tilt angle a
during the optimisation; (B) evolution of the precession (azimuthal) angle 8 during the optimisation. In both
cases, solid lines show mean values, while shaded areas represent one (orange) and two (yellow) standard
deviations. (C) Histogram of the twist angles w after optimisation. (D) Top and side orthographic projections,
along with a perspective view, illustrating the final system’s geometry. The inset in (D) provides a closer view
of the sulphur atom arrangement, showing only the carbon atoms directly attached to the sulphurs for clarity.
Hydrogen atoms and the two bottommost gold layers are omitted for clarity. The edges of the system were
trimmed for clearer visualisation.
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F1GuURE B.27 — Final HDT®" saM model on Au(111) surface after 3 000 000 optimisation steps. The initial
geometry replicates the (\/E X \/E) R30° adsorption pattern and c¢(4 X 2) superlattice packing, consistent
with Structure 1l from Zhang, Goddard & Jiang [342]. Blue spheres: carbon; yellow spheres: sulphur; red
spheres: oxygen; white spheres (on chains): hydrogen; black, grey, and white spheres: top, middle, and bottom
gold layers, respectively. (A) Evolution of the ligand tilt angle o during the optimisation; (B) evolution of the
precession (azimuthal) angle 3 during the optimisation. In both cases, solid lines show mean values, while
shaded areas represent one (orange) and two (yellow) standard deviations. (C) Histogram of the twist angles w
after optimisation. (D) Top and side orthographic projections, along with a perspective view, illustrating the final
system’s geometry. The inset in (D) provides a closer view of the sulphur atom arrangement, showing only
the carbon atoms directly attached to the sulphurs for clarity. Hydrogen atoms from the hydrocarbon portion
and the two bottommost gold layers are omitted for clarity. The edges of the system were trimmed for clearer
visualisation.
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GEOMETRIES, TOPOLOGIES, AND FORCE FIELD PARAMETERS

THIS SECTION PROVIDES A comparison between key parameters discussed in the main text as well as
links for all relevant files utilised in the simulations in readily usable format. The functional forms of
the Morse and LJ potentials defined for the files are discussed in § 2.2.1

CR1 (carbon)
HCMN (hydrogens)
HDT . W
| |
CR
. CR2 CR
HDTOH @T\/\/\/\/\/\/\/?\O
oR OR
0=C
Q c-0
HDTCOOH

OR

FiGUure B.28 — Atom types for the different ligands as defined in the ccenFF. Hydrogens not designated in

the figure are labelled HCMM.

TABLE B.1 — caenFF and nBo partial charges (in Coulomb) for all ligand atoms.

Atom Type CGenFF NBO* Description
CR -0.18 —0.37 Non-terminal carbon atoms
CR1' (HDTY) —-0.27 —0.58  Terminal group carbon atom
CR1' (aDT®") 0.05 —0.05 Terminal group carbon atom (connected to —OH)
CR2"  —-0.38 —0.56  Carbon atom connected to head-group (S)
C=0 0.80 0.77  Carbonyl carbon atom
HCMM 0.09 0.19 Hydrogen atoms connected to carbon
HCMN
HOR 0.42 0.45 —OH hydrogen atom in HDT?"
HOCO 0.42 0.49 —OH hydrogen atom in HDT“?°!
OR  —0.65 —0.70 —OH oxygen atom in HDT®" and HDT“°°"
O=C -0.55 —0.58  Carboxyl oxygen atom in HDT®?"
SP 0.20 0.10  Sulphur head-group

* The values shown here are representative values for each atom type to facilitate comparison. They differ slightly
between ligands and specific atom instances in the chains. See files below for detailed figures.

1 These atom types are defined in the CGenFF sets of parameters, but are assigned as CR in the SwissParam sets.
We used them here to facilitate differentiation. For HDT®°°", CRe in this table reads as CR1 in the files. For
HDT?", CR1 in this table reads as CR.
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TABLE B.2 — Relevant files utilised in the various Mb simulations described in this work. Partial charges are
contained in the psF files. The Finnis—Sinclair potential for Au and the Morse potential for the Au—S interaction
is stored in the .pot files, native to MBN ExPLORER. All PsF files are for single molecules. They can be replicated
for as many molecules as the system will have.

DFT Optimised Geometries

260

HDT M xyz file
HDT" xyz file
HDT®" xyz file

HDT-COOH_DFT_Opt.xyz
HDT_DFT_Opt.xyz
HDT-OH_DFT_Opt.xyz

Sets 1-8 parameter, geometry, and topology files

HDTCOOH

PDB geometry file Sets 1—4
PDB geometry file Sets 5-8
PSF topology file Sets 1,3
PSF topology file Sets 2,4
PSF topology file Sets 5,7
PSF topology file Sets 6,8
PRM parameter file Sets 1,2
PRM parameter file Sets 3,4
PRM parameter file Sets 7,8
PRM parameter file Sets 5,6

HDT"

PDB geometry file Sets 1—4
PDB geometry file Sets 5—8
PSF topology file Sets 1,3
PSF topology file Sets 2,4
PSF topology file Sets 5,7
PSF topology file Sets 6,8
PRM parameter file Sets 1,2
PRM parameter file Sets 3,4
PRM parameter file Sets 5,6
PRM parameter file Sets 7,8

HDT"

PDB geometry file Sets 1—4
PDB geometry file Sets 5-8
PSF topology file Sets 1,3
PSF topology file Sets 2,4
PSF topology file Sets 5,7
PSF topology file Sets 6,8
PRM parameter file Sets 1,2
PRM parameter file Sets 3,4
PRM parameter file Sets 5,6
PRM parameter file Sets 7,8

HDT-COOH_CGenFF.pdb
HDT-COOH_MMTFF.pdb

HDT-COOH_CGenFF_CGenFF.psf

HDT-COOH_CGenFF_NBO.psf
HDT-COOH_MMFF_CGenFF.psf
HDT-COOH_MMFF_NBO.psf
HDT-COOH_CGenFF.prm
HDT-COOH_CGenFF_UFF.prm
HDT-COOH_MMFF_UFF.prm
HDT-COOH_MMFF.prm

HDT_CGenFF.pdb
HDT_MMTFF.pdb
HDT_CGenFF_CGenFF.psf
HDT_CGenFF_NBO.psf
HDT _MMFF_CGenFF.psf
HDT MMFF_NBO.psf
HDT_CGenFF.prm
HDT_CGenFF_UFF.prm
HDT_MMFF.prm
HDT_MMFF_UFF.prm

HDT-OH_CGenFF.pdb
HDT-OH_MMTFF.pdb
HDT-OH_CGenFF_CGenFF.psf
HDT-OH_CGenFF_NBO.psf
HDT-OH_MMFF_CGenFF.psf
HDT-OH_MMFF_NBO.psf
HDT-OH_CGenFF.prm
HDT-OH_CGenFF_UFF.prm
HDT-OH_MMFF.prm
HDT-OH_MMFF_UFF.prm

General POT file containing Au Finnis-Sinclair and  Potential.pot

Au-S Morse parameters

Final Unit Cell Geometries, Topologies, and FF Parameters

HDTCOOH

PDB geometry file
PSF topology file
PRM parameter file

HDT"
PDB geometry file

HDT-COOH_Final_Unit_Cell.pdb
HDT-COOH_Final.psf
HDT-COOH_Final.prm

HDT _Final Unit_Cell.pdb


https://github.com/cpsocara/SAM_Files/blob/main/DFT_Geometries/HDT-COOH_DFT_Opt.xyz
https://github.com/cpsocara/SAM_Files/blob/main/DFT_Geometries/HDT_DFT_Opt.xyz
https://github.com/cpsocara/SAM_Files/blob/main/DFT_Geometries/HDT-OH_DFT_Opt.xyz
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PDB/HDT-COOH_CGenFF.pdb
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PDB/HDT-COOH_MMFF.pdb
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT-COOH_CGenFF_CGenFF.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT-COOH_CGenFF_NBO.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT-COOH_MMFF_CGenFF.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT-COOH_MMFF_NBO.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT-COOH_CGenFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT-COOH_CGenFF_UFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT-COOH_MMFF_UFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT-COOH_MMFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PDB/HDT_CGenFF.pdb
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PDB/HDT_MMFF.pdb
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT_CGenFF_CGenFF.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT_CGenFF_NBO.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT_MMFF_CGenFF.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT_MMFF_NBO.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT_CGenFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT_CGenFF_UFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT_MMFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT_MMFF_UFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PDB/HDT-OH_CGenFF.pdb
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PDB/HDT-OH_MMFF.pdb
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT-OH_CGenFF_CGenFF.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT-OH_CGenFF_NBO.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT-OH_MMFF_CGenFF.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PSF/HDT-OH_MMFF_NBO.psf
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT-OH_CGenFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT-OH_CGenFF_UFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT-OH_MMFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/PRM/HDT-OH_MMFF_UFF.prm
https://github.com/cpsocara/SAM_Files/blob/main/Sets_1-8/Potential.pot
https://github.com/cpsocara/SAM_Files/blob/main/Final_Geometry/HDT-COOH_Final_Unit_Cell.pdb
https://github.com/cpsocara/SAM_Files/blob/main/Final_Geometry/HDT-COOH_Final.psf
https://github.com/cpsocara/SAM_Files/blob/main/Final_Geometry/HDT-COOH_Final.prm
https://github.com/cpsocara/SAM_Files/blob/main/Final_Geometry/HDT_Final_Unit_Cell.pdb

PSF topology file HDT _Final.psf

PRM parameter file HDT_Final.prm

HDT"

PDB geometry file HDT-OH_Final_Unit_Cell.pdb
PSF topology file HDT-OH_Final.psf

PRM parameter file HDT-OH_Final.prm

General POT file containing Au Finnis—Sinclair and Potential_Final.pot
Au-S Morse parameters
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https://github.com/cpsocara/SAM_Files/blob/main/Final_Geometry/HDT-OH_Final.psf
https://github.com/cpsocara/SAM_Files/blob/main/Final_Geometry/HDT-OH_Final.prm
https://github.com/cpsocara/SAM_Files/blob/main/Final_Geometry/Potential_Final.pot




APPENDIX

PuBLICATIONS AND CONFERENCE
PRESENTATIONS



C.1 FIRST-AUTHOR PUBLICATIONS

1 C P Souza and F Fantuzzi, “Computational strategies for modelling excited states in
organometallic chemistry”, in Organometallic Chemistry, ed C Bakewell, G R Owen, N Costa
and R Musgrave, Royal Society of Chemistry, London, 2024, vol 45, chap 9, pp 271316,
DOI: 10.1039/9781837676200-00271

Computational strategies for modelling
excited states in organometallic chemistry’

Caué P. Souza and Felipe Fantuzzi*
DOI: 10.1039/9781837676200-00271

This chapter explores advanced computational methods and strategies to model excited
states in organometallic systems, essential for advancing discovery, design, and com-
prehension in fields such as photocatalysis, artificial photosynthesis, and light-responsive
materials. We initiate with a fundamental discussion on available quantum mechanical ap-
proaches for organometallic compounds, stressing the importance of carefully choosing
theoretical methods that are specifically suited to their unique characteristics. We delineate
the theoretical underpinnings and practical applications of various electronic structure
methods, including density functional theory (DFT) and post-Hartree—Fock approaches, and
detail their adaptability to the unique properties of transition metal complexes. Particular
attention is given to multireference and perturbative methods, which are critical for accurately

2 C P Souza, A V Verkhovtsev, N J] Mason, A V Solov’yov and F Fantuzzi, “A refined
atomistic model of functionalized self-assembled monolayers on gold: Assessment of force
field parameters”, / Chem Phys, 2025, 163, 094704, DOIL: 10.1063/5.0274290

The Journal

of Chemical Physics ARTICLE pubs.aip.orglaip/jcp

A refined atomistic model of functionalized
self-assembled monolayers on gold: Assessment
of force field parameters @

Cite as: 3. Chem. Phys. 163, 094704 (2025); doi: 10.1063/5.0274290 ain th @
Submitted: 4 April 2025 + Accepted: 29 June 2025 - 7
Published Online: 3 September 2025

Caué P. Souza,” '/ Alexey V. Verkhovtsev,” Nigel 3. Mason,” {/ Andrey V. Solov'yov,”
and Felipe Fantuzzi'”

AFFILIATIONS

Chemistry and Forensic Science, School of Natural Sciences, University of Kent, Park Wood Rd
anterbury CT2 7NH, United Kingdon

This work featured in SciLight:
B Ikenson, “Advancing the understanding of self-assembled monolayers”, Scilight, 2025, 2025, 361105,

DOI: 10.1063/10.0039292

264


https://dx.doi.org/10.1039/9781837676200-00271
http://doi.org/10.1039/9781837676200-00271
https://dx.doi.org/10.1039/9781837676200-00271
https://doi.org/10.1039/9781837676200-00271
https://dx.doi.org/10.1063/5.0274290
http://doi.org/10.1063/5.0274290
https://dx.doi.org/10.1063/5.0274290
https://dx.doi.org/10.1063/5.0274290
https://doi.org/10.1063/5.0274290
https://dx.doi.org/10.1063/10.0039292
http://doi.org/10.1063/10.0039292
https://doi.org/10.1063/10.0039292

3 C P Souza, A V Verkhovtsev, A V Walker, N ] Mason, A V Solov’yov, L. McElwee-White,
M Zlatar and F Fantuzzi, “Excited-state dissociation of (*-diene)Ru(CO) 4 precursors for
photo-assisted chemical vapour deposition”, Phys Chem Chem Phys, 2026, 28, 17804-17817,
DOI: 10.1039/d6cp00843g

ROYAL SOCIETY
PN OF CHEMISTRY

PCCP

Published on 20 May 2026

Licensed under CC-BY 4.0

() Cheok for updates Excited-state dissociation of (n*-diene)Ru(CO)s
precursors for photo-assisted chemical

Cite this: Phys. Chem. Chem. Phys., g

2026, 28, 17804 vapour dep05|t|on
Caué P. Souza, 122 Alexey V. Verkhovtsev, i ° Amy V. Walker, (2 ©

Nigel J. Mason, (2 ¢ Andrey V. Solov'yov, (2° Lisa McElwee-White,
Matija Zlatar © *" and Felipe Fantuzzi® *

e

Ruthenium n-diene carbonyl complexes have emerged as promising precursors for photo-assisted
chemical vapour deposition (PACVD), yet their photodissociation mechanisms remain unclear. Here we
use static quantum-chemical calculations to map the excited-state dissociation landscape of (n?-
diene)Ru(CO)s precursors (diene = BuD, MBuD, CHD, COT, CBuD). Ground-state DFT optimisations and
Ru-ligand scans are combined with TD-DFT excitations and adiabatic singlet potential energy surface
profiles to identify CO- and diene-loss pathways, while EDA-NOCV and natural transition orbital ana-
lyses rationalise the Ru—diene bonding and the character of the bright states that drive reactivity. Calcu-
lated UV-vis spectra reproduce experimental trends, including the markedly higher absorptivity and
extended wavelength coverage of the COT-containing complex. CO loss is generally enabled by a range
of ligand-field or charge-transfer excitations and internal conversion-assisted channels. In contrast,
Received 7th March 2026, diene loss is strongly ligand dependent: BuD, MBuD, and CHD show accessible pathways, CBuD remains

Accepted 18th May 2026 resistant, and COT exhibits additional complexity due to ligand flexibility and coordination changes, all
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Condensed-phase effects in the vacuum-ultraviolet spectra
of H,O and O, interstellar ice analogues
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Abstract. Vacuum-ultraviolet spectroscopy provides access to electronic tran-
sitions in astrophysical ices that are difficult to investigate using infrared
measurements alone. Interpretation of these spectra is challenging be-
cause condensed-phase excitations may extend over several molecules and
can differ substantially from the corresponding gas-phase transitions. Here,
time-dependent density functional theory calculations are used to examine
condensed-phase effects in molecular models of H,O and O, ices. For H,O,
increasing the cluster size produces a progressive hypsochromic shift of the
first intense absorption and reveals substantial mixing among diffuse virtual or-
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phosphorescence in PMMA films at RT and in a frozen glass
matrix at 77 K. Importantly, the selenium-containing BODIPYs

We report a rapid, efficient, and scope-extensive approach for
the late-stage electrochemical diselenation of BODIPYs. Photo-

physical analyses reveal red-shifted absorption - corroborated
by TD-DFT and DLPNO-STEOM-CCSD computations — and color-
tunable emission with large Stokes shifts in the selenium-
containing derivatives compared to their precursors. In addition,
due to the presence of the heavy Se atoms, competitive ISC

demonstrate the ability to selectively stain lipid droplets,
exhibiting distinct fluorescence in both green and red channels.
This work highlights the potential of electrochemistry as an
efficient method for synthesizing unique emission-tunable

fluorophores with broad-ranging applications in bioimaging
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SuFEx-Functionalized Quinones via Ruthenium-Catalyzed

C—H Alkenylation: A Potential
Valorization

Building Block for Bioactivity
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Herein, we describe the Ru-catalyzed C—H alkenylation of 1,4-
naphthoquinones (1,4-NQs), resulting in 1,4-naphthoquinoidal/
SuFEx hybrids with moderate to good yields. This method
provides a novel route for direct access to ethenesulfonyl-
fluorinated quinone structures. We conducted mechanistic

Introduction

Quinones are omnipresent motifs found in a wide range of
living organisms," existing in nature as fundamental structures
that play key roles as organic redox molecules involved in
energy transduction and storage in biological systems.?
Quinones are also fundamental in proton-coupled electron
transfer processes, such as photosynthesis® and animal
respiration. In the human ital for

body, quinones are
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studies to gain an in-depth understanding of the elementary
steps of the reaction. Additionally, we evaluated the prototypes
against trypomastigote forms of T. cruzi, leading to the
identification of compounds with potent trypanocidal activity.

and orthogonal methodologies."? Since its creation in 2001 by
Sharpless and Meldal,"? this concept permeated various
scientific fields, revolutionizing research, and societal applica-
tions. It culminated in the 2022 Nobel Prize, awarded to
Sharpless, Meldal, and Bertozzi for their contributions to click
and biorthogonal chemistry methodologies."¥ Within this
philosophy, sulfur(Vl) fluoride exchange (SuFEx) is coined as a
new generation of powerful click reactions, enabling the

metal-free

sis of hypervalent sulfur compound und
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In this work we explore the reactivity of a dichloro-
bis(germylene) compound that features a naphthyridine diimine
(NDI) ligand, denoted NDI-Ge,Cl,. Upon reaction with the
oxidant [Cp,FellBAIr",] (Cp=CsHs, BAI", = [{3,5-(CF,),CsHsLB]), we
observed the formation of the radical species [NDI-Ge,Cl,]*"

[BAr",]". Furthermore, the introduction of Na[BAr",] induced a
single chloride anion abstraction process, resulting in the
formation of [NDI-Ge,CI][BAr,]. The addition of Li[HB(‘Bu);] to
NDI-Ge,Cl, led to the generation of NDI-Ge, presumably via a
CI/H exchange pathway followed by a decomposition process.
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Germylenes, heavier analogs of carbenes, exhibit diverse Phg(K* ]\/&Ph e NQ\ AJMF,

reactivities, including oxidation, reduction, coordination to N / Ar
Lewis acids or bases, and activation of small molecules.” In the

Zhu, Roesky, Stalke
case of germylenes featuring a Ge—X (X=halogen) bond 2014
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ARTICLE INFO ABSTRACT
Keywords: Traditionally toxic sulfide species (Sz’, HS", and H,S) play indispensable roles in various biological, environ-
Sulfide sensing mental, and industrial processes. However, excessive exposure to these species can result in numerous chronic

Colorimetric sensors
Real-time detection
DFT calculations
Molecular docking

diseases. Considering the importance of sulfide recognition, we have synthesized and characterized a simple 1:1
Cu(Il) complex of L (CuCl,L receptor) based on a substituted 2,6-dipyrazinylpyridine (dppy) moiety (L = 4-(2,6-
di(pyrazin-2-yl)pyridin-4-yl)-N,N-dimethylaniline). The complex was analyzed both experimentally and
computationally using DFT and TD-DFT calculations. The in-situ prepared CuClL receptor is employed to
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Quinones are privileged scaffolds in biological redox chemistry and
drug discovery, but methods to install versatile click handles onto
their cores remain scarce. This work presents a comprehensive
computational study of the Ru(ll)-catalyzed C—H alkenylation of
menadione with ethenesulfonyl fluoride, a transformation that
introduces sulfonyl-fluoride groups for subsequent SuFEx chemis-
try. Nine density functionals—from GGAs to double hybrids—are
first benchmarked against DLPNO-CCSD(T) reference energies for
all key on-cycle intermediates and transition states along the cat-
ionic [Ru(OAc)(p-cymene)]” pathway. Among them, @B2PLYP best
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the computed on-cycle barriers are modest, the results indirectly
support that the overall rate is dictated by off-cycle formation of
the active cationic species via ligand exchange/speciation. Within
the catalytic cycle, C—H activation presents the highest global bar-
rier, although migratory insertion can display a higher local barrier
(relative to its immediate precursor) for specific ring substitutions.
Finally, it is shown that the ’SCAN-3c composite method offers a
computationally efficient route for probing analogous catalytic
cycles. These results deliver a robust protocol for designing naph-
thoquinone derivatives as next-generation therapeutic agents
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Abstract. Interstellar ice mantles on dust grains play a central role in astro-
chemical processes and in the formation of complex organic molecules. Hy-
drogen sulphide (H,S) is considered a potential sulphur reservoir in these ices,
yet it has not been conclusively detected in the solid phase, an absence that
has been associated with the sulphur depletion problem. In this work, time-
dependent density functional theory (TD-DFT) calculations were employed to
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Abstract. Finite graphene nanoflakes occupy a unique position in the carbon allotrope landscape. Near
equilibrium, these systems exhibit pronounced structural robustness, indicating that large-scale allotropic
transformations require strongly non-equilibrium energy deposition. In this work, we investigate how unpas-
sivated graphene edges act as chemically active gateways for collision-driven topological transformations
in finite graphene systems. Using reactive molecular dynamics simulations, we model energetic collisions
involving a Ceo fullerene projectile and a finite Ca96 graphene nanoflake across a broad parameter space
of collision energies, incidence angles, and edge orientations. The structural response is analysed through
statistical transformation maps that quantify the probability of nanoflake bending, edge stitching, and
the formation of nanotube-like structures. We identify a regime of collision energies and oblique inci-
dence angles under which localised energy deposition at unpassivated edges promotes bond rearrangement,
cooperative bending, and covalent stitching between opposing edges. Furthermore, we find that armchair-

3


https://dx.doi.org/10.1051/epjconf/202638205002
http://doi.org/10.1051/epjconf/202638205002
https://dx.doi.org/10.1051/epjconf/202638205002
https://doi.org/10.1051/epjconf/202638205002
http://doi.org/10.1140/epjd/s10053-026-01242-8
https://dx.doi.org/10.1140/epjd/s10053-026-01242-8
https://dx.doi.org/10.1140/epjd/s10053-026-01242-8
https://doi.org/10.1140/epjd/s10053-026-01242-8
https://doi.org/10.1140/epjd/s10053-026-01242-8

10 A T Muifia, L E Borchert, Z Kaniuchova, D V Mifsud, C P Souza, A M Wilson, A T
Hopkinson, M Mikkelsen, J Zhang, J] C Santos, ] G M Schrauwen, D Ramsamoedj, M
Minissale, E Salomon, M Accolla, H Linnartz, B Redlich, M Zlatar, A Dawes, N ] Mason, G
Strazzulla, N C Jones, S V Hoffmann, L. Hornekaer, A M Cassidy, M S Gudipati, T Hempel,
F Fantuzzi and S Ioppolo, “Survey of the Vacuum-Ultraviolet Spectroscopy and Absorption
Cross-Sections of Astrophysical Ice Analogs: A Combined Experimental and Theoretical
Study”, Unpublished draft manuscript, 2026

C.3 ORAL PRESENTATIONS IN CONFERENCES

1 “Updates on Alkanethiol SAMs Simulation”, MultIChem Summer School on theoretical and
computational methods for studying irradiation-driven physics and chemistry processes, Bad Bertrich,
Germany. 7 August 2023.

2  “Multiscale Simulation of Photoassisted Chemical Vapour Deposition”, The Eight International
Conference Dynamics of Systems on the Nanoscale and The Third Annual Conference of the COST
Action Multiscale Irradiation and Chemistry Driven Processes and Related Technologies (DySoN-
MultIChem), Thilisi, Georgia. 11 April 2024.

3 “A Tale of Two Molecules” or “Metal Deposition at Room Temperature: Theoretical inves-
tigation of precursors for photoassisted chemical vapour deposition”, The 2024 Collisions
Physics and Chemistry and their Applications Conference and A Workshop of the COST Action Mul-
tiscale Irradiation and Chemistry Driven Processes and Related Technologies (COPCA-MultIChem),
Valletta, Malta. 15 October 2024.

4 “Alkanethiol SAMs on Gold: Assessment of force field parameters”, The 72th International
Symposium Atomic Cluster Collisions and The Final Conference of the COST Action Multiscale Irra-
diation and Chemistry Driven Processes and Related Technologies (ISACC-MultIChem), Heidelberg,
Germany. 17 July 2025.

5 “Computational Simulation of VUV Absorption Spectra of Astrochemical Ices”, Centennial
of Quantum Theory: Progress in Atomic and Molecular Structure (CEQPAS), Belgrade, Serbia. 4
November 2025.

6 “Computational Simulation of VUV Absorption Spectra of Astrochemical Ices”, 7st
Roundtable on Astroscience and Planetary Analogues (RAP), Dhariyawad, India. ¢ January
2026.

7 “Excited-state Dissociation of (XI‘*-diene)Ru(CO)3 Precursors for Photoassisted Chemical
Vapour Deposition”, Workshop of the COST Innovators Grant Innovative Digital Control for 3D
Nanoprinting (INDICO), Frankfurt, Germany. 19 February 2026.

8 “Multiscale Simulation of Photoassisted Chemical Vapour Deposition”, 49tk International
Congress of Theoretical Chemists of Latin Expression (QUITEL), Coimbra, Portugal. 7 July 2026.

“Multiscale Simulation of Photoassisted Chemical Vapour Deposition”, MBN Science Forum
2026, Oldenburg, Germany. 31 August 2026.

273



