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Table S1. Abbreviations and full names of studied multi-carbonyl compounds in this
work.

Abbreviations Full names

PT pentacene-5,7,12,14-tetraone

PTO pyrene-4,5,9,10-tetraone

PMDA 1,3,4,6-pyromellitic dianhydride

NTCDA 1,4,5,8-naphthalenetetracarboxylic dianhydride
PMDI 1,3,4,6-pyromellitic diimide

NTCDI 1,4,5,8-naphthalenetetracarboxylic diimide

a-HAHA heptacene-5,7,9,14,16,18-hexaone

B-HAHA heptacene-6,7,8,15,16,17-hexaone

a-HAOA heptacen-1,4,6,8,10,13,15,17-octaone

B-HAOA heptacen-5,6,8,9,14,15,17,18-octaone

a-HADA heptacene-1,4,6,7,8,10,13,15,16,17-decaone
B-HADA heptacene-5,6,7,8,9,14,15,16,17,18-decaone

TPHA triphenylene-2,3,6,7,10,11-hexaone

TTOA tribenzo[f,k,m]tetraphen-2,3,6,7,11,12,15,16-octaone
CCDA circumcoronene-2,3,5,6,8,9,11,12,14,15,17,18-dodecaone

TQA triquinoxalinylene




Table S2. Summary of Electrochemical Performance Including Average Discharge
Potential (V vs. Li*/Li), Specific Capacity (mAh-g™"), and Energy Density (Wh-kg™")
of Studied Multi-carbonyl Compounds.

Average

Molecule Mole‘cule Discharge Spec1ﬁc Energy Density
Weight . Capacity
Potential

PT 338 2.09 317 655
PTO 262 2.50 409 1012
PMDA 218 1.51 492 732
PMDI 216 1.32 496 644
NTCDA 268 1.79 400 702
NTCDI 266 1.48 403 587
oa-HAHA 468 2.05 342 702
B-HAHA 468 2.40 342 819
o-HAOA 498 2.19 430 942
B-HAOA 498 2.33 430 1003
oa-HADA 528 2.38 507 1205
B-HADA 528 2.51 507 1274
TPHA 318 2.97 505 1502
TTOA 498 2.93 478 1401
CCDA 847 2.52 380 956

TQA 384 1.57 418 657




Table S3. The optimized geometries and calculated thermal free energies (in a.u.) of
PT, PTO, PMDA, NTCDA, PMDI, and NTCDI in each lithiation state.
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Table S4. Calculated lithiation potentials of PT (V vs. Li*/Li) by using different
theoretical methods.

E, E) E; Eq4 Eave
GGA-PBE? 1.26 2.04 0.96 0.84 1.27
DFT-D2 @ 1.97 1.86 1.62 1.74 1.80
DFT-D3 @ 1.31 1.49 1.46 0.99 1.31
B3LYP?® 2.77 2.29 1.78 1.51 2.09
Exp. © 2.6 2.3 1.8 2.1

a2 Periodic DFT calculations with projected-augmented wave (PAW) ! approach by
using the VASP (Vienna Ab initio Simulation Package) code 3.

b Single molecule model at PCM/B3LYP/6-311+G(d,p) #7 level by using the Gaussian
09 program 8.

¢ Data from Ref % 19,
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Figure S1. Comparison of discharge potentials of PT and PTO calculated by implicit
solvation model and hybrid implicit-explicit solvation model.



Figure S2. Crystal structure of PT in fully-charged state viewed from (a) the ¢ direction
and (c) the a direction. Crystal structure of PT in fully-discharged state from (b) the ¢
direction and (d) the a direction.

Figure S3. Crystal structure of PT in different discharged stages (a) PT-Li;, (b) PT-Li,,
(c) PT-Lis, (d) PT-Li,.
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Figure S4. Top views and side views of a series conjugated multi-carbonyl groups based
on heptacene prototype with para-dicarbonyl fragments.
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Figure S11. (a) Linear relationship of first lithiation potentials and LUMO levels of
organic molecules in charged state and (b) linear relationship of average discharge
potential and HOMO levels of organic molecules in discharged state.
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Figure S12. Structure evolution of TPHA during elementary lithiation processes.






Figure S14. Structure evolution of CCDA during elementary lithiation processes.
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Figure S15. Simulated discharge profiles of TQA.
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