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1 Supplementary data for small HOMO-LUMO gap

1.1 Generated molecules at each iteration

We provide the number of molecules in Table 2 in the main text which are generated
from the iterative process. The following figures demonstrate the molecular structures
and their DFTB HL gaps for each dataset (GEN-1~GEN-6) with HL gap less than
0.98 eV. The molecules at each iteration are unique and have different structures with-
out common factor of substructures. We observe that various molecules are uniquely
generated by MLM which are listed in Figure S1~S6 with their DFTB HL gap sat-
isfying the chemical validity. The screened data is collected with unique cases with
molecules containing 5-membered rings, 6-memebered rings or alkane chains.
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Fig. S1 Molecular structure and DFTB HL gap at GEN-1
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Fig. S2 Molecular structure and DFTB HL gap at GEN-2
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Fig. S3 Molecular structure and DFTB HL gap at GEN-3
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Fig. S4 Molecular structure and DFTB HL gap at GEN-4
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Fig. S5 Molecular structure and DFTB HL gap at GEN-5
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Fig. S6 Molecular structure and DFTB HL gap at GEN-6
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2 Supplementary data for Large HOMO-LUMO gap

In the main text and result, we conducted the iteration to generate and test small
HL gap molecules. The same process can be utilized to generate large HL gap. The
following data is consistently the number of data for each iteration, the parity plots
for each dataset, the distribution of HL gap from GEN-1 to GEN-6 as well as GDB-
9 data collecting the large HL gap molecules. The molecular structures in Figure S9
were collected with molecules for HL gap > 14.58 eV.



2.1 The number of molecules

Table S1 The number of molecules at each iteration for low HLG deep learning.

Iteration DB name Train data  Generated data New Train / Test data

0 GDB-9 95,735 N/A N/A

1 GEN-1 158,060 99,844 62,324 / 37,520
2 GEN-2 167,020 99,999 8,960 / 91,039
3 GEN-3 175,689 99,999 8,669 / 91,330
4 GEN-4 183,920 99,999 8,231 / 91,768
5 GEN-5 191,121 99,999 7,201 / 92,798
6 GEN-6 199,284 99,999 8,163 / 91,836
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Fig. S7 Parity plots for GDB-9 (A) and iterations 1 to 6 (C,E,G,ILK,M) of High HL gap design.
Error plots between surrogate models and DFTB predictions for each dataset (B,D,F,H,J,L,N) (col-
ored points for the Surrogate5 prediction and gray points for the SurrogateO prediction). Surrogate5
is trained with GDB-9 and GEN-1~GEN-5 dataset. MAE1 and MAE2 values in each plot are
corresponding to the prediction errors of the Surrogate0 and Surrogate5, respectively.
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Fig. S8 Distribution and density of molecules generated in iterations for DFTB HOMO-LUMO Gap
prediction.



GEN1

H HO HO, H
o 5 5 NH, o M
)\ A N NN NN /i\
oH oH OH
14582V 14586 eV U eV 1475 ev 14789 &v 1479 e 14892 ev 14898 &V 14908 ev
; oH
. " o o O oH H H, N f \sz HO.
~ 2 —NH, HN—7T—NH, ~~ ‘
: OH & OH ;
15055 v 1507 ev 517 e 15181V 15252 v 15278 ev 15397 ev 15451 ev 15491 ev
HOYDH 'd H HO. oH oH
HO. oH
I Ho—.—mz Ho—.—m] X ~H Ho——, Y ~ Y
& oH
15598 eV 15667 ev 15784 v 15829 v 16006 eV 1605 eV 1631 ev 16499 eV 1258 ev

GEN2

N )(O:H O M /%m f % ,  HO L oH % OH

1458 eV 14717 &V 14863 eV 14985 eV 16304 eV 16774 eV 18479 eV

GEN3~GEN6

o 7K Ho+m Ho—or—m A

14799 eV 14955 eV 7111 eV 1616 eV 14591 eV

Fig. S9 Molecules generated for large HOMO-LUMO gap.
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