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1 ChromoPredict

Figure S1: Flowchart of ChromoPredict [1]. The predict function receives the SMILES of the target molecule
and the solvent as input (pink). The resulting molecular graph is analyzed to identify the base chromophore (light
blue), followed by determination of relevant factors (green), such as exocyclic or additional conjugated double
bonds. Substituents are then matched (dark blue), and all contributions are combined in the final estimation
step according to the calculation schemes of Woodward-Fieser [2, 3], Woodward extended [4], Fieser-Kuhn [5], or
Fieser [5].
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Table S1: Summary of solvent contributions to the estimation of λmax using ChromoPredict [1].

Solvent SMILES csolv / nm
Water O −8
Acetone CO −5
Ethanol CCO −1
Chloroform C(Cl)(Cl)Cl ±0
Dioxane O1CCOCC1 +5
Diethyl ether CCOCC +7
Hexane CCCCCC +11
Cyclohexane C1CCCCC1 +11

1.1 Example Predictions

1.1.1 Enones

Mesityl Oxide

SMILES O=C(\C=C(/C)C)C
Solvent CCO
Exp. λmax 227.5 nm [6]
Base 215
Factor 0
α 0
β 12
γ 0
Higher 0
Exo 0
Solvent −1
Pred. λmax 226

2-Cyclohexen-1-one

SMILES O=C1CCCC=C1
Solvent C(Cl)Cl
Exp. λmax 224 nm [7]
Base 215
Factor 0
α 0
β 12
γ 0
Higher 0
Exo 0
Solvent 0 (no DCM value)
Pred. λmax 227

β-Ionone

SMILES CC(=O)\C=C\C1=C
(C)CCCC1(C)C

Solvent CCCCCC
Exp. λmax 293 nm [8]
Base 215
Factor 30
α 0
β 0
γ 18
Higher 18
Exo 0
Solvent 11
Pred. λmax 292

Retinal

SMILES CC1=C(C(CCC1)(C)C)
/C=C/C(=C/C=C
/C(=C/C=O)/C)/C

Solvent non-polar
Exp. λmax ≈ 370 nm [9]
Base 210
Factor 120
α 0
β 12
γ 0
Higher 18
Exo 0
Solvent 11
Pred. λmax 371

Figure S2: Example breakdown of the calculation of λmax for four representative enones using the Woodward-
Fieser rules.
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1.1.2 Dienes

7-Dehydrocholesterol

SMILES C[C@H](CCCC(C)C)
[C@H]1CC[C@@H]
[C@@]3(CC[C@@H]
(C4)O)C)C

Solvent CCO
Exp. λmax 271, 282, 294 nm [10]

Fieser calc.
Base 253
Subs +20
Exo +10
Solvent −1

Pred. λmax 282

Trans-2,4-Hexadiene

SMILES C/C=C/C=C/C
Solvent CCO
Exp. λmax 226 nm [11]

Fieser calc.
Base 217
Subs +10
Exo +0
Solvent −1

Pred. λmax 226

Figure S3: Example breakdown of the calculation of λmax for two representative dienes using the Fieser rules.

1.1.3 Polyenes

β-Carotene

Solvent CCCCCC
Exp. λmax 453 nm [12]

Fieser-Kuhn calc.
M 10
N 11
Endo 2
Exo 0
Solvent 11

Pred. λmax 464

Lycopene

Solvent CCCCCC
Exp. λmax ≈ 470 nm [13]

Fieser-Kuhn calc.
M 8
N 11
Endo 0
Exo 0
Solvent 11

Pred. λmax 487

Figure S4: Example breakdown of the calculation of λmax for two representative polyenes using the Fieser-Kuhn
rules.
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2 Reference Datasets and Predictive Frameworks

2.1 Enones

For training/testing of machine learning models and refinement of the Woodward-Fieser rules, we computed the
absorption properties for in total of 720 enones: 216 per acyclic compound class (ketone, aldehyde, and carboxylic
acid), and 36 per cyclic enone (cyclopentenone and cyclohexenone). For the acyclic compounds, all possible
permutations of mono- (α or β), di- (α, β), and tri-substitution (α, β, β′) were systematically constructed (see
Figure S5). For the cyclic enones, due to the presence of only one accessible β-position, mono- and di-substitution
patterns were generated, covering α-, β-, and α, β-substitution.
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Figure S5: Distribution of data points per class for acyclic (a) and cyclic (b) molecules. For the acyclic aldehydes,
ketones, and acids, three substitution sites (α, β, β′) were considered, whereas for cyclic molecules (cyclopentenon
and cyclohexenon) only the α and β positions were analyzed, as the β′ position belongs to the ring. The
substituents included Cl, Br, O, OC, and H. Bars are colored according to the number of substituents (1: purple, 2:
green, 3: blue) and patterned to indicate substitution type (mono-type substitution: lined bars; mixed substitution:
solid bars).
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Figure S6: Comparison of predicted λmax values for 720 α, β-unsaturated carbonyl compounds using the original
Woodward–Fieser rules (WF, filled symbols) and the refined Woodward–Fieser rules (WFR, unfilled symbols).
Panel (a) shows predictions without explicit consideration of stereochemistry, while panel (b) includes stereochem-
istry, all compared against TD-B3LYP/def2-TZVP/D4 reference calculations.

5



200 225 250 275 300
B3LYP
max  / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

trans (MAE: 13)
cis (MAE: 13)
no stereo (MAE: 14)

(a)

200 225 250 275 300
B3LYP
max  / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

trans (MAE: 7)
cis (MAE: 9)
no stereo (MAE: 8)

(b)

200 225 250 275 300
B3LYP
max  / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

trans (MAE: 7)
cis (MAE: 9)
no stereo (MAE: 8)

(c)

Figure S7: Comparison of predicted λmax values for 720 α, β-unsaturated carbonyl compounds using the original
Woodward-Fieser rules (a) and the refined Woodward–Fieser rules without explicit consideration of stereochemistry
(b) and including stereochemistry (c). All values are compared against TD-B3LYP/def2-TZVP/D4 reference
values. The symbols are color coded by the stereochemistry of the reference molecules.

200 225 250 275 300
B3LYP
max  / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

aldehyde (MAE: 15)
acid (MAE: 12)
keton (MAE: 13)
cyclohexenone (MAE: 11)
cyclopentenone (MAE: 10)

(a)

200 225 250 275 300
B3LYP
max  / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

aldehyde (MAE: 9)
acid (MAE: 7)
keton (MAE: 8)
cyclohexenone (MAE: 5)
cyclopentenone (MAE: 8)

(b)

200 225 250 275 300
B3LYP
max  / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

aldehyde (MAE: 9)
acid (MAE: 7)
keton (MAE: 8)
cyclohexenone (MAE: 5)
cyclopentenone (MAE: 8)

(c)

Figure S8: Comparison of predicted λmax values for 720 α, β-unsaturated carbonyl compounds using the original
Woodward-Fieser rules (a) and the refined Woodward–Fieser rules without explicit consideration of stereochem-
istry (b) and including stereochemistry (c). All values are compared against TD-B3LYP/def2-TZVP/D4 reference
values. The symbols are color coded by molecular class (aldehydes, ketones, acids, cyclopentenones, and cyclo-
hexenones).
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Figure S9: Optimized stereochemistry-dependent base chromophore values and substituent increments at the α-
and β-positions, obtained by dual annealing within the Woodward–Fieser framework, based on 720 TD-DFT ab-
sorption maxima of α, β-unsaturated carbonyls (aldehydes, acids, ketones, cyclopentenones, and cyclohexenones).
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Table S2: Experimental, Woodward-Fieser estimated and simulated ππ∗ absorption maxima (λmax) at B3LYP/TD-
B3LYP/def2-TZVP/D4 [14–18] and xTB/TD-B3LYP/def2-TZVP/D4 [14–19] level of theory of enone derivatives
given in SMILES. The rule-based predictions employed the original (WF) and refined (WFR) Woodward-Fieser
schemes. In the TD-DFT simulations the 10 lowest singlet states were computed in vacuum upon geometry
optimization at B3LYP/def2-TZVP/D4 (DFT) [14–18] or xTB [19] level, respectively. All quantum chemical
calculations were performed using VeloxChem [20]. Experimental values are taken from references [4, 21–23].

ID SMILES base α β γ higher λmax / nm

Exp. DFT xTB WF WFR

E01 C=CC(=O)C keton H H H H 214 200 199 215 212

E02 C=CC(=O)CCCCCCCCCC keton H H H H 212 211 210 215 212

E03 C=CC(=O)CC1CCCCC1 keton H H H H 213 221 223 215 212

E04 C=CC(=O)CC1=CC=CC=C1 keton H H H H 210 272 269 215 212

E05 C=CC(=O)C1CCCCC1 keton H H H H 212 218 213 215 212

E06 C=CC(=O)C1CCC2(CC1)OCCO2 keton H H H H 214 263 258 215 212

E07 C=CC(=O)C1CCCCCC1 keton H H H H 213 218 216 215 212

E08 C=C1CCCC1=O cyclopenton alkyl H H H 231 226 227 230 228

E09 C=C1CCCCC1=O cyclohexon alkyl H H H 230 224 224 230 228

E10 C=C1CCCCCC1=O cyclohepton alkyl H H H 230 300 301 230 228

E11 C=C1C[C@H]2[C@@H]3CC[C@@H]4C[C@@H](CC[C@]
4(C)[C@H]3C(=O)C[C@]2(C)C1=O)OC(=O)C

cyclopenton alkyl H H H 228 241 245 230 228

E12 C=C1C[C@H]2[C@@H]3CC[C@@H]4C[C@@H](CC
[C@]4(C)[C@H]3[C@H](C[C@]2(C)C1=O)O)O

cyclopenton alkyl H H H 227 245 245 230 228

E13 C1CCC(=C2CCCC2=O)C1 cyclopenton alkyl alkyl H H 259 256 256 242 247

E14 C1CCC(=C2CCCCC2=O)CC1 cyclohexon alkyl alkyl H H 257 249 252 242 243

E15 CCCCCCCC[C@H]1CC(=O)C2=C3CC[C@H]4C[C@H]
(CC[C@]4(C)[C@H]3CC[C@]12C)OC(=O)C

cyclopenton alkyl alkyl H H 257 249 252 242 247

E16 CCCCCCCC[C@H]1C[C@H](C2=C3[C@H](CC[C@]
12C)[C@@]4(C)CC[C@@H](C[C@@H]4CC3=O)OC
(=O)C)OC(=O)C

cyclohexon alkyl acyl H H 256 260 261 260 250

E17 CCCCCCCC[C@H]1C[C@@H](C2=C3[C@H](CC[C@]
12C)[C@@]4(C)CC[C@@H]C[C@@H]4CC3=O)OC
(=O)C)OC(=O)C

cyclohexon alkyl acyl H H 257 266 266 260 250

E18 CC(=O)C1=C(C)CCCC1 cyclohexenon alkyl alkyl H H 247 238 243 237 238

E19 CC(C)=C1CCC(C)CC1=O cyclohexon alkyl alkyl H H 252 247 242 242 247

E20 CC1=CC(=O)CC(C)(C)C1 cyclohexenon H alkyl H H 235 219 219 227 227

E21 CC1=C2CCCCC2CCC1=O cyclohexenon alkyl alkyl H H 239 241 242 242 243

E22 CC(=C1CCCCC1)C(=O)C keton alkyl alkyl H H 242 244 243 242 247

E23 C[C@@H]1CCC(=C(C)C)C(=O)C1 cyclohexon alkyl alkyl H H 252 247 246 242 247

E24 C[C@H](CCCC(C)C)[C@H]1CC[C@@H]2[C@@]1(CC
[C@H]3[C@H]2CCC4=C(C(=O)CC[C@]34C)Br)C

cyclohexenon alkyl alkyl H H 256 273 274 257 270

E25 CC12CCC(=O)C(Br)=C1CC[C@@H]1[C@@H]2CC
[C@]2(C)C(=O)CC[C@@H]12

cyclohexenon alkyl alkyl H H 254 294 292 257 270

E26 CC1=C(C(=O)C(CC1)C(C)C)O cyclohexenon hydroxy alkyl H H 270 263 264 262 265

E27 C[C@@]12CCC[C@H]1[C@H]3[C@H](CC2)[C@]4(CC
C=CC4=CC3=O)C

cyclohexenon H alkyl H alkyl 278 – – 280 280

E28 CC1=CCCC2(C)CCC(=O)C=C12 cyclohexenon H alkyl alkyl alkyl 287 – – 298 298

E29 CC(=O)C=CC1=C(C)CCCC1(C)C keton H H alkyl alkyl 283 – – 281 278

E30 CC(=O)OC1(C)C=CC=CC1=O cyclohexenon H H H acyloxy 300 – – 276 238
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E01 E02 E03 E04 E05

E06 E07 E08 E09 E10

E11 E12 E13 E14 E15

E16 E17 E18 E19 E20

E21 E22 E23 E24 E25
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Figure S10: Structural formulas of the enones E01–E30 (see Table S2), with the base chromophore (light
blue), substituents (dark blue), and additional conjugated double bonds (green) highlighted as identified by
ChromoPredict.
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Figure S11: Estimations of λmax with the refined Woodward-Fieser (unfilled, purple symbols) and random forest
models (green symbols) employing topological torsion fingerprints (a, e), rooted topological torsions fingerprints (b,
f), MACCS keys (c, g), and feature Morgan fingerprints (d, h) as structural descriptors. Predictions are plotted
against TD-B3LYP simulated absorption maxima for 20 % (#57) of enones from the computational dataset
(#288 acyclic ketones, cyclohexenone and cyclopentenon derivatives, see Figure S5) in panels a–d and against
experimental spectra of E01–E27 (see Table 2) in panels e–h. Enones E28–E30 are omitted because they contain
an additional conjugated double bond relative to the core chromophore, representing out-of-distribution systems
not included in model training.

200 220 240 260 280 300
ref
max / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

WFR (MAE: 8 nm)
RF-WF (MAE: 10 nm)

(a)

200 220 240 260 280 300
ref
max / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

WFR (MAE: 8 nm)
RF-FMFP+WF (MAE: 8 nm)

(b)

220 240 260
ref
max / nm

210

220

230

240

250

260

270

pr
ed

m
ax

 / 
nm

WFR (MAE: 5 nm)
RF-WF (MAE: 9 nm)

(c)

220 240 260
ref
max / nm

210

220

230

240

250

260

270

pr
ed

m
ax

 / 
nm

WFR (MAE: 5 nm)
RF-FMFP+WF (MAE: 11 nm)

(d)

Figure S12: Predicted λmax values from Woodward–Fieser (unfilled purple symbols, panels a–d) and random forest
models (green symbols) informed by Woodward–Fieser increment values. Models use (i) increments for exocyclic
double bonds, α- and β-positions, and the total number of substituents (a, c), or (ii) the same features combined
with Morgan fingerprints (b, d). Predictions are plotted against TD-B3LYP simulated absorption maxima for 20 %
(#57) of enones from the computational dataset (a, b) and against experimental spectra of E01–E27 (c, d).

10



200 220 240 260 280 300
ref
max / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

WFR (MAE: 5 nm)
B3LYP/TD-B3LYP (MAE: 15 nm)

(a) B3LYP/TD-B3LYP

200 220 240 260 280 300
ref
max / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

WFR (MAE: 5 nm)
xTB/TD-B3LYP (MAE: 14 nm)

(b) xTB/TD-B3LYP

180 200 220 240 260
ref
max / nm

180

200

220

240

260

pr
ed

m
ax

 / 
nm

WFR (MAE: 5 nm)
xTB/HF-TDA (MAE: 43 nm)

(c) xTB/HF-TDA

200 225 250 275 300
ref
max / nm

200

220

240

260

280

300

pr
ed

m
ax

 / 
nm

WFR (MAE: 5 nm)
xTB/B3LYP-TDA (MAE: 19 nm)

(d) xTB/B3LYP-TDA

Figure S13: Predicted absorption maxima (λmax) obtained from empirical Woodward-Fieser rules (open purple
symbols, panels a–d) and ab initio electronic structure calculations (green symbols). Panels show results com-
puted at the (a) B3LYP/TD-B3LYP [14, 15], (b) xTB/TD-B3LYP [14, 15, 19], (c) xTB/HF-TDA [19], and (d)
xTB/B3LYP-TDA [14, 15, 19] levels of theory. Linear-response TDDFT (RPA) was used for panels (a) and (b),
while panels (c) and (d) employed the Tamm-Dancoff Approximation (TDA) based on Hartree–Fock and B3LYP
reference wave functions, respectively. All simulations included the ten lowest singlet excited states and utilized the
def2-TZVP basis set [18] and D4 dispersion correction [16, 17]. Calculations were performed with VeloxChem [20].
Predicted λmax values are compared with experimental data for compounds E01–E26.
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Figure S14: Violin plots showing the prediction errors between the calculated absorption maxima (λmax) from
empirical Woodward-Fieser rules (purple) and ab initio methods (green) relative to the experimental λmax values
of enones E01–E26. Simulations were performed at the (a) B3LYP/TD-B3LYP [14, 15] and (b) xTB/TD-
B3LYP [14, 15, 19] levels of theory using linear-response TDDFT (RPA), and at the (c) xTB/HF-TDA [19];
and (d) xTB/B3LYP-TDA [14, 15, 19] levels employing the Tamm-Dancoff Approximation (TDA) based on
Hartree–Fock and B3LYP reference wave functions, respectively. All simulations included the ten lowest singlet
excited states and utilized the def2-TZVP basis set [18] and D4 dispersion correction [16, 17]. Calculations were
performed with VeloxChem [20]. The respective dataset comprising the experimental and calculated λmax values
is available as csv file on GitHub.
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2.2 Coumarines

Table S3: Experimental and Woodward-Fieser estimated ππ∗ absorption maxima (λmax) of coumarin derivatives
given in SMILES representation in the respective solvent envrionemnt given as SMILES. The rule-based predic-
tions employed the Woodward-Fieser scheme refined for the indicated coumarin dyes by means of dual annealing
optimization of the base value and summands contributing to λmax. The respective values are listed in Table 5.
The database is available as csv file on GitHub.

ID SMILES Solvent α β higher λmax / nm

Exp. WF B3LYP

C01 C1=CC=C2C(=C1)C=CC(=O)O2 CCO H H H 310 [24] 311 299

C02 C1=CC=C2C(=C1)C(C)=CC(=O)O2 CCO H alkyl H 310 [24] 310 296

C03 C1=CC=C2C(=C1)C=C(C)C(=O)O2 CCO alkyl H H 310 [24] 310 296

C04 C1(C)=CC=C2C(=C1)C=CC(=O)O2 CCO H H alkyl 322 [24] 326 313

C05 C1=CC=C2C(=C1)C(C)=C(C)C(=O)O2 CCO alkyl alkyl H 309 [24] 309 298

C06 C1=CC=C2C(=C1)C(Cl)=CC(=O)O2 CCO H chloro H 316 [24] 308 305

C07 C1=CC=C2C(=C1)C=C(Cl)C(=O)O2 CCO chloro H H 315 [24] 315 308

C08 C1(Cl)=CC=C2C(=C1)C=CC(=O)O2 CCO H H chloro 321 [24] 321 314

C09 C1=CC=C2C(=C1)C(Cl)=C(Cl)C(=O)O2 CCO chloro chloro H 310 [24] 312 311

C10 C1=CC=C2C(=C1)C(Br)=CC(=O)O2 CCO H bromo H 316 [25] 316 306

C11 C1=CC=C2C(=C1)C=C(Br)C(=O)O2 CCO bromo H H 315 [25] 315 311

C12 C1=CC=C2C(=C1)C(O)=CC(=O)O2 CCO H hydroxy H 317 [26] 314 287

C13 C1=CC=C2C(=C1)C=C(O)C(=O)O2 CCO hydroxy H H 310 [24] 310 303

C14 C1(O)=CC=C2C(=C1)C=CC(=O)O2 CCO H H hydroxy 349 [24] 338 341

C15 C1=CC=C2C(=C1)C(O)=C(O)C(=O)O2 CCO hydroxy hydroxy H 313 [26] 313 303

C16 C1(O)=CC=C2C(=C1)C(O)=CC(=O)O2 CCO H hydroxy hydroxy 320 [24] 341 323

C17 C1=CC=C2C(=C1)C(OC)=CC(=O)O2 CCO H alkoxy H 303 [27] 303 284

C18 C1=CC=C2C(=C1)C=C(OC)C(=O)O2 CCO alkoxy H H 304 [28] 304 303

C19 C1(OC)=CC=C2C(=C1)C=CC(=O)O2 CCO H H alkoxy 344 [24] 341 345

C20 C1(O)=CC=C2C(=C1)C(C)=CC(=O)O2 CCO H alkyl hydroxy 342 [24] 337 335

C21 C1(C)=CC=C2C(=C1)C(O)=CC(=O)O2 CCO H hydroxy alkyl 334 [24] 329 297

C22 C1(OC)=CC=C2C(=C1)C(OC)=CC(=O)O2 CCO H alkoxy alkoxy 342 [24] 333 321

C23 C1(OC)=CC=C2C(=C1)C(C)=CC(=O)O2 CCO H alkyl alkoxy 340 [24] 340 338

C24 C1(O)=CC=C2C(=C1)C(OC)=CC(=O)O2 CCO H alkoxy hydroxy 320 [24] 330 318

C25 C1(OCC)=CC=C2C(=C1)C(C)=CC(=O)O2 CCO H alkyl alkoxy 330 [29] 340 342

C26 C1(OC)=CC=C2C(=C1)C(O)=C(CC)C(=O)O2 CCO alkyl hydroxy alkoxy 322 [30] 343 324
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C01 C02 C03 C04 C05

C06 C07 C08 C09 C10

C11 C12 C13 C14 C15

C16 C17 C18 C19 C20

C21 C22 C23 C24 C25

C26

Figure S15: Structural formulas of the coumarines C01–C26 (see Table S3), with the base chromophore and
substituents identified by ChromoPredict are highlighted in light blue and dark blue, respectively.
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Table S4: Experimental and Woodward-Fieser estimated ππ∗ absorption maxima (λmax) of coumarin derivatives
given in SMILES representation in the respective solvent environment given as SMILES. The rule-based predictions
employed the Woodward-Fieser scheme refined on the basis of the coumarin dyes as listed in Table S3. The
respective values are listed in Table 5. The database is available as csv file on GitHub.

ID SMILES Solvent 3- (α) 4- (β) 6- (higher) λmax / nm

position Exp. WF B3LYP

C27 C1(C)=CC=C2C(=C1)C(C)=C(C)C(=O)O2 CO alkyl alkyl alkyl 318 [24] 320 308

C28 C1(O)=CC=C2C(=C1)C(O)=C(C(c1ccccc1)CC(=O)C)C(=O)O2 CCO alkyl hydroxy hydroxy 330 [31] 340 339

C29 C1(OC)=CC=C2C(=C1)C=C(C)C(=O)O2 CCO alkyl H alkoxy 337 [24] 340 364

C30 C1(OC)=CC=C2C(=C1)C(CCl)=CC(=O)O2 CCO H alkyl alkoxy 345 [32] 340 364

C31 C1(OCC(=O)O)=CC=C2C(=C1)C(C)=CC(=O)O2 CO H alkyl hydroxy 352 [33] 333 360

C32 C(C)C=1C(OC2=CC=C(C=C2C1O)OC)=O CCO H alkyl alkoxy 335 [34] 340 331

C33 C1(OC)=CC=C2C(=C1)C(CCO)=CC(=O)O2 CO H alkyl alkoxy 337 [35] 336 342

C34 C1(OC(C)C#C)=CC=C2C(=C1)C=CC(=O)O2 CCO H H alkoxy 337 [36] 341 341

C35 C1(OC(C)(C)C#C)=CC=C2C(=C1)C=CC(=O)O2 CCO H H alkoxy 333 [36] 341 341

C36 C1=CC=C2C(=C1)C=C(CCCC1=CCCCC1)C(=O)O2 CN alkyl H H 311 [37] 311 324

C27 C28 C29 C30 C31

C32 C33 C34 C35 C36

Figure S16: Structural formulas of the coumarines C27–C36 (see Table S4), with the base chromophore and
substituents identified by ChromoPredict are highlighted in light blue and dark blue, respectively.
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Table S 5: Summary of Woodward-Fieser-type rules for predicting λmax of mono-, di-, and tri-substituted
coumarins, focusing on substitution at the 3-, 4-, and 6-positions. The table includes the base value, incre-
ment values for extended conjugation (not fitted in this work), and position-specific substituent corrections.

Coumarin ([#6]1=[#6]-[#6]=[#6]2-[#6](=[#6]-1)-[#6]=[#6]-[#6](-[#8]-2)=[#8]

compound category base value conjugated features increment substituent 3- (α) 4- (β) 6- (> γ)

coumarin 312 – –alkyl −1 −1 +15
–Cl +4 −3 +10
–Br +4 +5 +10
–OH −1 +3 +27
–O-alkyl −7 −8 +30

300 320 340 360
exp
max / nm

280

300

320

340

360

380

pr
ed

m
ax

 / 
nm

TD-B3LYP (shifted, MAE: 11 nm)
TD-B3LYP (MAE: 9 nm)
WF (MAE: 5 nm)

(a)

coumarin

40

20

0

20

40
pr

ed
m
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ex

p
m
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 / 

nm

coumarin

TD-B3LYP WF TD-B3LYP (shifted)

(b)

Figure S 17: Pair plots (a) show the predicted λmax values for coumarins obtained using our refined
Woodward–Fieser rule increments (purple symbols; parameters listed in Table S5) alongside TD-B3LYP/def2-
TZVP/D4/CPCM(Ethanol) calculations. Violin plots (b) illustrate the prediction errors relative to the experimen-
tal absorption maxima, presented both without spectral alignment (green) and after applying a uniform shift of
−0.143 eV to match the experimental maximum of C01.
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