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Figure S1: The molecular structure of all the molecules used in this study
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Table S1: The experimental T, energies (eV) of all the molecules that are used in this study.

Id SMILES Experimental
T; Energy

Mol-1 clec2e(ccl)ecec2C(=0)C 2.45

Mol-2 clc(ceecl)C(=0)C 3.19

Mol-3 C(=O)(C(=0)CO)C 2.37

Mol-4 c1(=0)cc(oc2clceclc2ecec])cleceecd 2.70

Mol-5 clec2e(ccl)ecec2C=0 2.44

Mol-6 clec2e(ccl)ececc2C(=0)clceccecd 2.49

Mol-7 clec2e(ccl)C(=0)cle(ceecl)C2=0 2.71

Mol-8 clcc2e(ccl)eee(c2)C(=0)C 2.57

Mol-9 clc(ecec])C=0 3.12
Mol-10 clc(ceecl)C(=0)C(=0)clcececcl 2.33
Mol-11 clcee(eecl)C(=0O)clccecccl 2.68
Mol-12 clcec2e(-c3¢(C2C(=0)c2cecec2)cecee3)cl 2.90
Mol-13 C(=0)(C(=0)C)C 2.38
Mol-14 clce(cecIN(C)C)C(=0)cleee(ccl)N(C)C 2.65
Mol-15 clec2e(ccl)eece(ec2)C(=O)cleccccl 2.58
Mol-16 clec2e(ecl)ece(c2)C=0 2.58
Mol-17 clcec2e(cl)elc(ceecl)[nH]2 3.04
Mol-18 cl(cee(cel)C(=0)C)C(=0)C 2.94
Mol-19 clcec2e(cl)cle(ceecl)s2 3.02
Mol-20 cl(c(ccecl)C(=0O)cleccecl)C(=0O)cleeccecl 3.02
Mol-21 cl(cee(ccl)C(=0O)cleec(ccl)CNHCI 2.95
Mol-22 clcec2e(cl)elc(ceecl)o2 3.04
Mol-23 clc(eceec1)CC(=0)Cclcccecl 3.13
Mol-24 CCOC(=0)C(=0O)clcccecl 2.68
Mol-25 clc2c(cecl)oc(cc2=0)clcecccl 2.69
Mol-26 cleec2e(-c3¢(C2)cccc3)cl 2.93
Mol-27 clce2-c3c(ccee3)C(=0)c2cecl 2.31
Mol-28 clee(ceel)C(=0)CCC 3.17
Mol-29 c12cc3c(cc1C(=0)clecccc1C2=0)ccee3 2.42
Mol-30 clec2e(ccl)ccec2 2.64
Mol-31 clcee(ecl)C(=0)cleec(ccl)CHN 2.88
Mol-32 clec2e(ccl)elce(ec2)cccecl 2.70
Mol-33 clc(cceel)C(=0)C=0 2.71
Mol-34 clce(eecl)C(=0)CC 3.24
Mol-35 clcc2e3c(cl)cecle3ce(cc2)ccecl 2.11
Mol-36 C(=0)(C(clcccecl)(clecceel)cleceeel)cleccecl 3.18
Mol-37 cle(ce(ec1C(=0)C)C(=0)C)C(=0)C 3.04
Mol-38 N(clccceel)(cleceeel)clecceel 2.89
Mol-39 clec2c(ecl)ele(c3c2ccece3)cceccl 3.07
Mol-40 clec2e(ecl)e(=0)clc(ccccl)o2 3.22
Mol-41 c\1/2=C\C3=N/C(=C\c4ccc(/C=C\5/N=C(/C=c(/cc1)\[nH]2)C=C5)[nH]4)/C 157

=C3
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Mol-42 clec2e(ccl)ecle(e2)c2e(c3clecee3)ecec2 2.20
Mol-43 cl2cc3cde(clcccc2)ceclede(c2e3ccec2)cccl 2.03
Mol-44 cl2c¢(cc3c(cl)cle(ce3)ececl)cle(ceecl)ec2 2.26
Mol-45 clcc2e3c(cl)cecle3ce(c3c2ecec3)ceccl 2.29
Mol-46 cl2cc3c(cclecee2)ce(cle(c3c2eccec2)ceecl)cleceecd 1.20
Mol-47 c12cc3c4c(cleecc2)ccclcde(ce3)cccl 1.82
Mol-48 clec2e(ccl)e(cle(c2c2eccec2)ccecel)eleccecl 1.77
Mol-49 clc2c3cde(cl)cleccScoclc(cdccc3C(=0O)NC2=0)ccc6C(=0)NC5=0 1.20
Mol-50 clec2e(ccl)ncle(ccecl)n2 1.93
Mol-51 clcc2e(ccl)eclce(c2)cec2elecec2 2.05
Mol-52 cl2c¢(cec3cleceel3)cle(ceecl)ec2 2.49
Mol-53 clec2e(c3clecee3)eclce(c2)cec2elccec2 2.29
Mol-54 clcee(ecl)/C=C/clcceecl 2.14
Mol-55 cl2cc3c(ccleccc2)eclce(e3)cc2e(cl)ecec2 0.86
Mol-56 clcc2e3c(cl)clececdclc(c3ccc2)cecd 1.53
Mol-57 cleee(cel)/C=C/C=C/C=C/clcccccl 1.54
Mol-58 clcee(eel)/C=C/C=C/clccccecl 1.83
Mol-59 clec2e(ccl)cccc2CHN 2.49
Mol-60 clec2e(ecl)eccc20C 2.59
Mol-61 cl2c(cec3clceclc3eccecl)cle(ccecl)ec2 2.49
Mol-62 cl2c¢(c3c(c(clecec2)cleceecl)c(clc(c3c2eccec2)ccccl)elcceecl)eleceecd 1.14
Mol-63 clec2e(ccl)neen2 2.64
Mol-64 cl2cc3c(cclecee2)ccle(c3)cccecl 1.27
Mol-65 clc2c3cde(cl)ecclcdedceSc3e(cc2)eecScecdecd 2.40
Mol-66 clec2e(ccl)e(=0)clc(ccccl)s2 2.84
Mol-67 b12c3ccccc3n(c3c2e(cec3)n(c2clecec2)cleceec])clecccecl 2.49
b12c3ccc(ce3n(c3c2e(cce3)n(c2clcec(c2)N(clecceel)cleccec])cleceecl)e
Mol-68 Ice(eecl)clecceel)clecccecl 247
Mol-69 b12c3c4ccec3n(c3c2e(cee3)n(c2elc(ccc2)ndcleccecl)cleccecl)cleccecd 2.97
Mol-70 b12c¢3cc(cee3n(c3c2e(cee3)n(c2clec(cc2)C(C)(C)C)eleee(ccl)C(C)(C)C)e 263
Leee(ecc)C(CO)O)C(CYO)C
Mol-71 b12c3cc(cedc3n(c3c2e(cee3)n2¢3clec(ce3clc2ece(cl)C(CHC)C)C(C)(C)C 753
)elcdee(ccl)C(CYHC)O)C(C)(O)C
b12c3cc(ccde3n(c3c2e(cee3)n2e3clec(cc3clc2ece(cl)clece(ccl)C(C)(C)C
Mol-72 )cleee(eel)C(C)(C)C)elcdec(ccl)elcec(cel)C(CYC)C)elecc(cc1)C(CY(C) 2.50
C
Mol-73 b12c3cc(cedc3n(c3c2e(ce(c3)c2e(ccec2)F)n2ce3clec(ce3clc2ecce(cl)C(C)(C 235
)O)C(CYC)C)elcdec(ce)C(C)HO)O)C(CYO)C
Mol-74 b12c3cc(cedc3n(c3c2e(ce(c3)c2eccc(c2)F)n2¢3clec(ce3clc2ece(cl)C(C)(C 240
)O)C(CYC)C)eledec(ceHC(C)C)O)C(CXO)C
Mol-75 b12c3cc(cedc3n(c3c2e(ce(c3)c2ecc(cc2)F)n2e3clec(ce3clc2ece(cl)C(C)(C 239
)O)C(CYC)C)elcdec(ce)C(C)HO)O)C(CYO)C
cl2c3c(ccclnlcde(cScleec(c5)C(C)(C)C)ec(ccd)C(C)C)Cnlcdecc(ccdcde
Mol-76 Ic(b3cle3n2c2e(c3cec(c]1)C(C)(C)C)ec(cc2)C(C)(C)C)ee(c4)C(C)(C)C)C(C 2.42
C)C
cl2c3c(c(cclnlcde(cScl ccc(c5)C(()j()(()D)C)cc(cc4)C(C)(C)C)n1c4ccc(cc4c4
Mol-77 cleee(c4)C(C)(C)C)C(CYC)C)nlcdeec(ccdcdelc(b3elc3n2ce2¢e(c3ec(cl)C( 2.27
C)(C)C)ee(cc2)C(CHC)C)ee(c4)C(CHO)O)C(C)(O)C
Mol-78 c12c3c(cde(cl)cle(c(nd)CCCC)ccecl)nlcdecc(ccdcdcle(b3cle3n2e2e(c3c 2.19
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¢(c1)C(C)(C)C)ce(ce2)C(C)(C)C)ee(c4)C(C)(C)C)C(C)(C)C

Mol-79 b12c3ccecde3n(c3c2e(cee3)n2¢3clecec3clc2eccecl)cledececel 2.47
Mol-80 b12c3ccecde3n(c3c2e(ccc3)n2c3cleccc3clc2eencl)clcdencel 2.58
b12c3cc(ccdc3n(c3c2e(cee3)n2¢3clec(ce3clc2ece(cl)nlc2eccec2e2c]cece
Mol-81 2)nlc2c(ccec2)c2elecec2)clcdec(cel)nlc2eceec2e2elecec2)nlc2e(ccec2)ce 2.33
2clceec2
b12c3cc(ccde3n(c3c2e(cee3)n2e3clec(ce3cle2ece(cl)N(cleece(ecl)C)elee
Mol-82 c(ccl)C)N(cleee(cel)C)eleee(ecl)C)eledec(ecl)N(cleec(ecl)C)elece(ccl 2.03
)C)N(clcee(ecl)C)cleee(ccl)C
b12c3c(ccee3n3-cdcceecdC(cde3c2eccd)(C)C)n2-

Mol-83 c3cceec3C(c3c2celcec3)(C)C 2:40
b12c3cc(cee3n(c3c2e(cc(c3)N(c2ece(cc2)C(C)(C)C)e2eece(cc2)C(CY(C)C)n
Mol-84 (c2clce(cc2)C(CYC)C)eleee(ccl)C(C)(C)C)eleee(ccl)C(C)(C)C)C(CYC) 2.57
C
Mol-85 b12c3cc(cee3n(c3c2e(ec(c3)N(c2ece(cc2)C)c2ece(ce2)CIn2¢3clec(ce3clc2 247

cce(c1)CO)(O)O)C(CY)C)C)elecee(ec1)O)C )
Mol-86 b12c3cc(ccde3n(c3c2e(ce(c3)N(c2ecc(cc2)C)c2ecce(cc2)C)n2c3clec(ec3celc 245
2ccc(c)C(CHO)O)C(CYC)C)elcdece(cc)TC(C)O)O)C(C)(O)C )
Mol-87 b1203ccccc3n(c3c2c(cc(c3)N(chnggigci2ccccc2)n2c3c Iccee3elc2eccecl)e 751
Mol-88 b12c3cc(cee3n(c3c2e(cc(c3)N(c2ecc(cc2)C(C)(C)C)e2ecce(cc2)C(CY(C)Cn 249
2c3clccec3clc2ecec])clece(ccl)C(C)(C)C)C(CYO)C )
Mol-89 b12c3cc(cee3n(c3c2e(cc(c3)N(c2eee(cc2)C)c2ecc(cc2)Cn(c2clec(cc2)C)e 253
1cee(ecl)C)elecee(ecl)C)C )
Mol-90 bl 203Ccccc3n(c3ch(cc(c3)N(cZcccccccchC)ICZCCCCCZ)n(c2c Iceee2)cleceeel)cl 271
Mol-91 b12c3cc(cee3n(c3c2e(ce(c3)N(c2eeccc2)c2eccec2)n(c2elcc(cc2)C(C)(C)C) 768
clcee(ee])C(CYC)C)elece(cc1)C(CHC)O)C(C)(O)C )
Mol-92 b12c3c(ceec3)n(c3cle(cce3N(cleee(ccl)C(CHC)C)eleee(cel)C(C)(C)C)nl 753
-c3c(ccee3)C(c3clc2ecce3)(C)C)clece(ccl)C(C)(CO)C )
b12c3cc(cec3n(c3c2e(cc(c3)N2c3cccce3C(c3c2ccece3)(c2ceccc2)c2eccec?)
Mol-93 n(c2clcc(cc2)C(C)(C)C)elece(ccl)C(CYC)C)eleee(ccl ) C(CHT)O)C(C)(C 2.56
)C
Mol-94 b12c3cc(ccde3n(c3c2e(cee3)n2¢e3clec(cc3clc2ecc(cl)nlc2eceec2e2elecce 739
2)nlc2cccec2e2elcccc2)clcdec(ccl)C(C)(C)C)C(CYO)C )
Mol-95 b12c3cc(ccde3n(c3c2e(cee3)n2e3clec(ec3clc2ecc(cl)N(cleceecl)clecece 219
1)N(clcceeel)cleeceel)cledec(ccl)C(CHC)O)C(C)(O)C )
b12c3cc(ccde3n(c3c2e(cee3)n2e3clec(ce3clec2ece(cl)N(cleceeel)clceece
Mol-96 I)N(clccceel)clecceel)clcdec(ccl)N(cleceeel)eleceecl)N(cleceeel)clce 2.14
cceel
Mol-97 clcee(ecl)N(clee2n(c3cecec3)c3 clzf;ccil?dc(c I)nlc2ceccc2c2elc3ccc2)c 259
M cleec(cel)N(clee2n(c3eccec3)c3ceccee3b3c2e(cl)nlc2ecccc2e2e1c3ccc2N(
0l-98 2.54
clcceecl)cleceecl)clecccecl
Mol-99 CC(cleec2e(cl)clec(ec3cIn2elec(cc2elb3clec(ec3cIn2elece(cc31)C(C)( 230
C)O)C(C)(C)C)elenc(nel)cleceec ) C(CHC)C)HO)C '
Mol-100 Cclee(C)e(c(cl)C)elec2e3e(cl)nlcdecc(ccdcdcle(b3cle3n2c2ccc(cc2e3cc 250
(cHEO)O)O)C(CO)C)C)ee(e)C(CHC)C)C(CNE)C '
Mol-101 CC(cleec2e(cl)clec(ec3cIn2elec(cc2elb3clec(ec3cIn2elecce(cc31)C(C)( 750
C)O)C(O)(C)O)clee(ee(cl)elcccecl)cleceec])C(CYHC)CYO)C )
Mol-102 CC(clcee2ce(el)elec(ec3eln2clec(ce2elb3celec(cc3cin2elcec(cc31)C(C)( 247
C)O)C(C)(C)C)elcee(ecl)nlc2eccec2e2elccec2)C(C)C)CY(O)C )
Mol-103 CC(clcec2e(cl)clec(ec3eln2elec(ec2elb3celec(ce3cin2elcec(ce31)C(C)( 2.42
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C)O)C(C)(C)C)elccee(el)nlc2eccec2e2elccec2)C(C)(C)C)(O)C

b12c3cc(cee3n(c3c2e(cc(c3)c2ec(cc(c2)C(C)(C)C)C(CYC)Chn(c2clcc(ec?)

Mol-104 C(C)(C)C)el cee(ce YC(CHC)C)e lecc(ce1)C(C)C)C)C(C)C)C 2.58

Mol-105 CclcecccIN(clec2e3e(cl)n(cle(C)ececlC)cle(b3e3c(n2¢2e(C)eccc2C)ec( 756
cc3)c2cccec2)cce(cl)cleccecl)clecee(el)elcececl )

Mol-106 CC(clcee2ce(cl)elec(ec3cin2clec2e(cdelb3clec(ce3clndclcec(cc31)C(C) 739
(O)O)C(O)Y(O)CO)cle(n2c2ccccc2)ecec)C(CHO)CY)(O)C )

Mol-107 Cclee(C)e(e(e1)Cnlc2ec3n(cdeccecd)cde(c3ee2b2e3clec(ce3n(clc2ec2c3 759
cccee3n(c2cel)clceceel)elc(C)ec(cc1C)C)N(cleceeel)clccceel )ececd )

Mol-108 CC(clce2b3cdcSc(ccoedn(cdc3c(n3c2e(cl)clec(cec31)C(C)(C)C)eecd)clc 216
6¢ccecl)n(clcSceeccel)cleceec])(C)C )

CC(clee2b3c4cesc(ccoedn(cdc3c(n3c2e(cl)clec(cec31)C(C)(C)C)cecd)elce
Mol-109 6¢ccecl)n(clcSceecl)clecec(cl)nlc2eec(cc2e2elcec(c2)C(C)(C)C)C(C)(C) 2.20
O)(O)C

Mol-110 CC(clec2c3cec(cee3n3c2e(cl)blc2e3cc3e(c2n2cdclec(ccdelc2ece(cl)C(C) 233
(O)O)C(C)(C)C)cleeeeclele3cecc] )C(CHC)CYO)C )

Mol-111 Cclee(C)e(c(el)C)ble2ecce(ce2n2c3clce(ec3clc2ece(c1)C(C)(C)C)C(C)(C 260
)C)nlc2cec(cc2e2clece(c2)C(C)(C)C)C(CY)O)C )

Mol-112 Cclee(C)e(e(c1)C)ble2ec(cee2n2e3clec(cc3clc2ecce(c1)C(C)C)C)C(C)(C 250
)C)nlc2cec(cc2c2clecc(c2)C(C)(C)C)C(CY(O)C )

Mol-113 CC(clce2b3cde(ceecdndc2e(cl)clec(cecd1)C(C)(C)C)nl- 545
c2cccec2[C@]2(c4clc3eccd-cle2ececl)CYC)C )

Mol-114 b12c¢3c(cee(e3)C)n(c3c2c2cde(c3)n(c3ccc(ce3)C)ec3cec(ce3bdc3c(n2c2clee )54
(cc2)C)ece(c3)C)C)cleee(ccl)C )

Mol-115 b12c3cccec3oc3c2e(ce(c3)C(C)(C)C)n(c2elccec2)clcccecd 2.77

Mol-116 b12c3ccecde3n(-c3ccecc3S4)c3c2e(cee3)n2-c3c(ccee3)Sc3c2clecce3 2.44

Mol-117 b12c3ccecde3n(c3clce(cce3)sclc2ecceel)clcdecceced 2.52

Mol-118 nl2c3c(ccee3)e(=0)c3c2c(ceec3)c(=0)c2clcec(c2)clececcl 2.42

Mol-119 nl2c3c4cccc3Sc3cle(cee3)c(=0)clc2e(cecl)cd=0 2.07

Mol-120 nl2c3c(ce(ce3)c3cceee3)e(=0)c3c2e(ce(c3)c2ecc(cc2)n2c3ccccc3c3c2ecce 738
3)c(=0)c2clcee(c2)clcecccl )

Mol-121 nl2c3cdccec3c(=0)c3clc(cee3)c(=0)clc2e(cecl)cd=0 2.68

Mol-122 c12cc3c(cclelec(ccdcin2elcdec(cel)C(C)(C)C)C(CY)C)Cnlc2e3ce(cc2e2 755
cleee(c2)C(CO)(O)O)C(C)(O)C )

Mol-123 cl2cc3c(cclelec(ccdcIn2elcdec(cel)C(C)(C)C)C(CYC)Cnle2e3cc(cc2c2 249
clccle(c2)n2c3clcec(cc3clc2ece(cl)C(C)(C)O)C(CYC)O)C(O)(O)C )

Mol-124 clcc2e(ccl)ecle(c2)ec(ccl)N 1.86

Mol-125 clcc2e(ccl)ecen2 2.68

Mol-126 clec2e(ccl)ccle(ceec])n2 1.95

Mol-127 cl2c(ccecl)occ2 3.05

Mol-128 clec2e(ccl)enec?2 2.63

Mol-129 clec2e(ecl)ecle(c2)c(ceccl)N 1.86

Mol-130 b12c3cc(ccde3n(c3cle(cec3)sclc2ec(ce]l)C(C)(C)C)elcdec(ccl)C(C)(C)C) )58

C(O)(O)C

Mol-131 nl12c3c(cc(ce3b(c3clece(c3)C)cle(ce(cc1 C(C)C)C(C)C)C(C)C)C)b(clc2ec 541
c(c1)C)elc(cc(cc1 C(C)O)C(O)O)C(O)C )

Mol-132 b12c3ccecde3n(c3cle(cec3)oclc2eccel)clcdecccl 2.63

b12c3ccecde3n(-c3c(cecc3)S4)c3cle(cee3)nl-

Mol-133 c3c(ccc(c3)CEc3cl0)20c2:3)(C)é : 2.31

Mol-134 b12c3cc(cec3oc3c2e(cec3)n2¢3clecec3clc2ececl)C(C)(C)C 2.76

Mol-135 b12c3cce(cee3oc3c2e(cec3)n2-c3c(ceee3)C(c3c2clece3)(C)C)C(CY(C)C 2.66
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Mol-136 b12c3ccecde3n(-c3cceec3S4)c3c2e(cec3)n(c2elecec2)cleccecl 2.51
Mol-137 nl2c3cdccecc3C(c3cle(cee3d)e(=0)clc2e(cecl)c4=0)(C)C 2.47
Mol-138 nl2c3c(ccee3)c(=0)c3c2c(cce3)c(=0)c2clcec(c2)nlc2eccec2c2clccec? 2.58
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OPTIMIZED HYPERPARAMETERS

Table S2: Optimized hyperparameters of the Chemprop model for TDDFT method.

Hyperparameter Value
depth 6
message-hidden-dim 700
ffn-hidden-dim 1200
ffn-num-layers 2
dropout 0.1
epochs 100

Table S3: Optimized hyperparameters of the Chemprop model for ASCF method.

Hyperparameter Value
depth 4
message-hidden-dim 1200
ffn-hidden-dim 1500
ffn-num-layers 2
dropout 0.0
epochs 100

Table S4: Optimized hyperparameters of the Chemprop model for xXTB/sTDA method.

Hyperparameter Value
depth 5
message-hidden-dim 1900
ffn-hidden-dim 1600
ffn-num-layers 1
dropout 0.0
epochs 100
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CROSS-VALIDATION
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Figure S2: Computed five-fold cross-validation for the training dataset.
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LIST OF MOLECULES

Table S5: List of molecules in the test dataset that satisfied the stringent criteria of a pre-
correction error |AE| > 0.38 eV, a post-correction error |AE| <0.10 eV, and a minimum
improvement of 50% across all three QM methods. The T: excitation energies of all

molecules are reported in eV.
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DATA AND CODE AVAILABILITY

All the training and test datasets, pre-trained models, and automated python scripts used in this

study have been deposited in a GitHub repository to ensure reproducibility of the reported

TDDFT
Molecule Experiment | TDDFT 4F UncoZi'zected Corzclegcted Impr(o;e;ment
A-MPNN AE] |IAE| °
o
)’\n/ 238 1.96 234 0.42 0.04 90.48
O
ASCF
Molecule | Experiment |  ASCF ¢ | Uneprescted | Corrested | mprosement
A-MPNN °
(o]
@’Q 2.31 2.73 2.27 0.42 0.04 90.48
O‘O 2.70 3.22 2.73 0.52 0.03 94.23
O I O 1.54 1.91 1.49 0.37 0.05 86.49
xTB/sTD
Molecule Experiment | xXTB/sTDA A+ UncoZi'zected Corzclegcted Impr(o;e;ment
A-MPNN AE]| IAE| °
1.20 1.71 1.18 0.51 0.02 96.08
2.70 3.69 2.64 0.99 0.06 93.94
@ i @ 3.02 3.63 3.08 0.61 0.06 90.16
1.54 2.21 1.56 0.67 0.02 97.01
H O
2.44 3.14 2.48 0.70 0.04 94.28
N
3.04 3.78 3.10 0.74 0.06 91.89

results.
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GitHub link: https://github.com/PyGhosh/Delta-MPNN

Table S6: R>, RMSE and MAE values of the 5 representative test molecules between

experimental T, values and TDDFT T, values using different exchange-correlation functionals.

B3LYP
TDDFT
R? RMSE (eV) MAE (eV)
0.86 0.20 0.13
CAM-B3LYP
TDDFT
R? RMSE (eV) MAE (eV)
0.77 0.25 0.22
©-B97X-D
TDDFT
R? RMSE (eV) MAE (eV)
0.78 0.25 0.21
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