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Due to the cell resistance in measurements or lack of a better description for electrolyte
solvent in calculations, the calculated redox potentials are not directly equal to experimental
values.!3 In order to predict the redox potentials of new molecules, it is necessary to find the
correlation between computational and experimental values. Figure S1 lists twelve carbonyl
based organic molecules, which are all candidates as cathode materials for rechargeable Li-
ion batteries. Since density functional theory (DFT) methods are supposed to be reliable in
electrochemical theoretical studies, seven different functionals including B3LYP, B9S,
PBE1PBE, BHandHLYP, mPWI1PW91, wB97XD and MO06 are used to calculate redox
potentials. Figure 2 and Figure S2 show the linear correlation between calculated and
measured values.

Figure S3a-d present the stable geometries of all the 96 mono-substitution quinone

derivatives with electron-withdrawing groups after Li binding. In addition to bind with carbonyl
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groups of the quinone derivatives,* Li atom has significant interaction with the N, O or F atom of
the substituent for some derivatives.

Table Sla-b give the nuclear independent chemical shift (NICS) values of each ring of the
mono-substituted derivatives for both delithiation and lithiation states. The positive values of

center rings change to negative during the reduction process for all the derivatives.

Figure S1 Structures of 12 molecules have been studied in this work, used to verify the

computational method. The capital letters are corresponding to Figure 2 and Figure S2.
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Figure S2 The fitting lines of calculated redox potentials (vs Li/Li") to experimental values by
using six different functionals (B98, PBE1PBE, BHandHLYP, mPW1PW91, ®B97XD and

MO6)
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Figure S3a Optimized geometries of lithiated BDTD and BFFD mono-substitution derivatives
with six different electron-withdrawing groups (F, CN, COOH, POsH,, SO;H and NO,)




Figure S3b Optimized geometries of lithiated PID mono-substitution derivatives with six
different electron-withdrawing groups (F, CN, COOH, POs;H,, SO;H and NO,)




Figure S3c¢ Optimized geometries of lithiated BDTQ and BDFD mono-substitution derivatives
with six different electron-withdrawing groups (F, CN, COOH, POsH,, SO;H and NO,)




Figure S3d Optimized geometries of lithiated TQ and PhenQQ mono-substitution derivatives
with six different electron-withdrawing groups (F, CN, COOH, POsH,, SO;H and NO,)




TABLE Sla NICS(1) values (in ppm) of mono-substitution derivatives of anthraquinone

analogues. L, C and R indicate the left, center and right ring of each molecule.

M MLi, M MLi,
L C R L C R L C R L C R
H 82 32 82 71 -106 -7.1
F 72 35 83 62 -103 -74 -82 30 82 7.0 -10.1 -77
CN 85 30 -83 -70 94 75 87 26 -83 -70 -108 -7.9
COOH -79 30 -83 -64 -89 74 -84 31 -84 -62 -104 -79
POsH, -83 31 83 -68 96 -74 -86 33 81 7.0 -102 -76
SO,H 80 28 -83 62 94 77 -86 30 -83 -63 -10.1 -7.9
NO, 77 29 -84 56 63 -15 -84 29 -84 53 -88 -8.0
H 78 33 78 67 -11.0 -67
F 70 32 78 55 -109 -69 79 26 -81 65 -10.7 -7.0
CN 80 26 -78 -67 -101 -69 -83 26 81 -68 -108 -7.9
COOH -77 27 -78 -68 98 67 -81 26 81 -58 -105 -8.1
PO:H, -80 28 -78 -71 -106 -68 -82 30 -80 -68 -105 -7.9
SO;H -80 27 -78 67 -104 -70 82 28 -81 -65 -10.7 -82
NO, 79 26 -7.8 -63 -77 68 -80 23 81 -44 -85 82
93 28 93 -88 -11.0 -8.8
F 92 23 93 92 -110 -87 95 21 94 79 -113 -93
CN 95 21 -94 -73 -109 95 96 15 94 -67 -113 -97
COOH -96 21 -94 -74 -107 92 93 22 92 -61 -104 -97
POH, -96 19 94 72 -112 95 -95 24 93 75 -112 -94
SO,H 99 18 94 -76 -113 94 97 21 92 -67 -11.1 98
NO, 99 20 93 69 96 94 96 18 -93 -60 -88 98
F 92 22 94 73 -I11.1 -96
CN 98 15 -94 -73 -11.7 -97
COOH -95 20 -94 -74 -11.0 -95
PO;H, -98 23 94 -68 -113 -9.8
SO,;H 97 18 95 61 -11.1 -102
NO, 96 18 94 -72 -105 -10.0




TABLE S1b NICS(1) values (in ppm) of derivatives of phenanthraquinone analogues.

M MLi, M MLi,
L C R L C R L C R L C R
4b
70 51 270 70 9.7 7.0
F 63 46 75 55 99 78 72 46 14 63 96 -8.0
CN 77 44 74 62 -88 83 77 45 75 68 -99 .81
COOH -7.1 46 -72 -57 -82 81 -75 48 -72 66 -97 -81
PO;H, -7.1 45 -73 -64 93 82 74 50 73 -66 -100 -83
SO;H -75 46 73 64 91 83 7.6 48 13 -66 98 -82
NO, 7.0 44 73 53 68 83 73 48 73 63 97 -81
5-b
H 70 47 70 -68 -103 -68
F 60 42 71 55 -107 -78 7.0 43 73 64 -105 -8.1
CN 74 43 71 -65 95 81 74 42 73 65 -107 -82
COOH 73 43 71 -65 91 81 -71 46 71 62 -106 -8.1
PO;H, -73 44 71 67 99 82 74 46 12 -65 -106 -8.1
SO;H -74 43 72 69 97 83 73 43 71 -62 -106 -8.0
NO, 72 41 72 54 75 81 7.1 43 72 59 -104 8.1
6-b
H 68 55 -68 -1 -98 -7.1
F 61 54 69 59 98 74 -66 47 11 -69 99 -74
CN 73 43 73 77 99 76 14 46 72 70 -l0.1 -74
COOH -68 44 73 -74 96 -5 -70 44 -72 67 -106 -73
PO;H, -7.1 45 -73 73 -100 -75 -7.0 51 69 -73 -101 -7.6
SO;H -72 43 73 70 99 74 72 48 72 68 -100 -7.5
NO, 64 40 74 -67 18 -69 70 41 74 58 94 74
7-b
H 77 43 77 99 80 -99
F 78 36 81 98 90 -103 -81 41 78 91 79 -103
CN 79 38 81 -82 80 -105 -79 37 -80 -87 -83 -105
COOH 80 38 80 -90 -81 -104 -79 38 -80 94 -86 -103
PO;H, -82 35 81 91 90 -105 -81 37 80 -96 -85 -105
SO;H -84 35 -82 93 90 -106 -81 36 -81 -91 -88 -10.5
NO, -85 38 81 -85 -73 -103 -81 36 -81 90 -83 -10.1
F 78 36 81 98 -89 -104
CN 83 35 81 -81 80 -10.6
COOH 82 34 81 -89 68 -10.6
PO;H, -81 39 80 91 -80 -10.6
SO;H -85 36 -81 86 -83 -105
NO, 82 35 81 -79 66 -10.1
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