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FIG. S1. The difference (Fur = Ers — Eus) between the lowest spin-unrestricted singlet energy Fus and lowest spin-restricted
singlet energy Egrs of n-acene (with n = 2-30), calculated using (a) TAO-LDA, (b) TAO-LDAK25, (¢) TAO-LDAh50, and
(d) TAO-LDAhO100 with the corresponding 61, 02, and 63 values (see Table I). The # = 0 results are those obtained with (a)
KS-LDA, (b) KS-LDAI25, (c¢) KS-LDAQ50, and (d) KS-LDAh100, respectively.
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FIG. S2. Triplet-quintet gap of n-acene (with n = 8-30), calculated using spin-unrestricted TAO-LDAh100 with the corre-
sponding 61 and 62 values (see Table I).
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FIG. S3. Triplet-quintet gap of odd-numbered ¢-CC|n], calculated using spin-unrestricted (a)
parametrization for n > 67, and (b) TAO-LDAh100 with the #; and 03 parametrizations for n
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TABLE S1. Singlet-triplet gap (in kcal/mol) of n-acene, calculated using spin-unrestricted TAO-LDA, TAO-LDAK25, TAO-
LDAK50, and TAO-LDAA100 with the corresponding 61, 62, and 63 values (see Table I). The 6 = 0 results are obtained with
spin-unrestricted KS-LDA, KS-LDAh25, KS-LDAL50, and KS-LDAK100, respectively. The experimental results [1-4] and the
results of ACI-DSRG-MRPT?2 (denoted as ADMRPT?2 for brevity) [5] are taken from the literature for comparison.

TAO-LDA TAO-LDAA25 TAO-LDAQ50 TAO-LDAK100 ADMRPT2 Expt.
03 02 01 6=0 03 02 01 6=0 03 02 01 6=0 03 02 01 6=0
2 62.18 63.55 64.77 65.19 60.45 63.17 63.54 66.34 57.95 61.52 61.24 65.76 51.06 54.81  54.75 59.05 61.4 61.0
3 41.83 42.58 43.22 43.40 40.59 42.33 42.56 44.39 38.50 40.82 40.64 43.54 32.94 35.25 35.22 37.63 42.0 43.1
4 28.64 28.85 29.01 29.06 28.04 28.84 28.95 29.64 26.30 27.38 27.30 28.26 21.31 21.63 21.63 20.38 279 293
5 20.38 20.09 19.60 19.20 20.19 20.18 20.16 19.34 18.69 18.69 18.71 17.33 14.12 12,74 12.78 7.84 18.0 19.8
6 15.36 14.71 13.55 12.16 15.27 14.69 14.56 11.95 13.93 13.13 13.23 9.32 9.62 6.64 6.73 -6.20 11.4
7 1228 11.49 991 6.98 12.12 11.21 11.02 6.52 10.87 9.59 9.74 3.34 6.78 1.58 1.73 36.69 7.7
8 10.26 949 7.84 3.07 9.99 896 874 246 881 7.32 7.48 1230 491 -3.37  -3.16 37.49
9 883 814 6.66 099 846 743 7.21 507 735 579 597 1347 3.65 -9.25 -8.98 37.20
10 774 714 590 053 733 6.33 6.12 514 6.27 6.89 6.67 1543 2.75 -13.75 -13.43 38.29
11 688 6.34 532 0.86 644 549 530 5.68 544 6.51 6.26 18.00 2.08 -20.55 -20.16 37.19
12 6.19 5.69 4.82 159 5.74 4.83 4.65 6.56 480 6.36 6.05 21.05 1.61 -24.75 -24.31 38.48
13 562 5.16 4.40 252 518 431 414 7.72 430 6.35 597 2448 1.23 -30.34 -29.86 38.48
14 515 471 398 350 4.71 388 3.72 9.12 3.90 6.43 599 28.20 0.97 -35.94 -35.39 38.48
15 475 434 3.65 4.34 433 3.53 3.37 10.72 3.57 6.60 6.08 32.14 0.75 -41.54 -40.93 38.47
16 442 4.03 3.37 443 4.00 324 3.09 1247 330 6.82 6.24 36.25 0.59 -47.13 -46.47 38.47
17 412 376 3.14 390 3.72 299 285 1435 3.07 7.08 6.44 40.50 0.47 -52.72 -52.01 38.47
18 3.87 353 294 3.01 348 2.78 2.65 19.82 288 7.38 6.67 43.67 0.38 -58.29 -57.52 38.46
19 364 332 277 196 3.26 2.60 247 19.27 272 7.71 6.93 44.67 0.29 -63.89 -63.06 38.46
20 3.44 3.14 262 130 3.07 245 232 19.03 2.58 8.06 7.20 46.08 0.25 -69.43 -68.55 38.46
21 326 297 249 291 230 2.19 2.46 842 7.50 0.19 -74.99 -74.06
22 310 283 237 2.76 218 2.07 2.36 879 7.81 0.17 -80.57 -79.57
23 296 269 225 2.62 2.07 1.96 226 9.17 8.13 0.14 -86.13 -85.06
24 282 257 215 2.50 196 1.86 2.19 9.57 8.45 0.12 -91.66 -90.57
25 2.70 246 2.06 2.38 1.88 1.78 2.12 9.96 8.79 0.07 -97.23 -96.04
26 259 236 1.98 228 1.79 1.70 2.06 10.38 9.13 0.07 -102.72 -101.51
27 249 226 1.90 2.19 1.72 1.62 2.00 10.76 9.47 0.07 -108.30 -107.03
28 239 218 1.83 2.11 1.64 1.56 1.96 11.19 9.82 0.06 -113.85 -112.52
29 231 210 1.76 2.03 1.58 1.50 1.90 11.61 10.18 0.06 -119.36 -117.95
30 222 202 1.70 1.95 1.52 1.44 1.86 12.03 10.54 0.04 -124.91 -123.46

TABLE S2. Singlet-triplet gap (in kcal/mol) of ¢-CC[n], calculated using spin-unrestricted TAO-LDA, TAO-LDAL25, TAO-
LDAh50, and TAO-LDAA100 with the corresponding 6; and 65 values (see Table I).

n TAO-LDA TAO-LDAK25 TAO-LDAK50 TAO-LDAK100

03 0 05 0 03 01 03 01
10 51.55 62.97 49.14 43.89 49.19 43.27 54.15 33.24
11 15.52 16.31 18.98 11.54 12.66 10.88 -0.04 -6.62
12 12.13 14.84 13.91 15.86 11.67 11.92 16.92 22.94
13 10.19 6.63 13.06 11.07 14.77 13.72 -4.76 -15.51
14 33.09 44.08 28.25 35.58 26.41 33.16 17.17 23.46
15 10.79 8.82 12.70 12.38 13.88 7.07 -7.34 -17.81
16 7.57 6.67 8.86 8.15 10.73 11.77 8.49 15.81
17 10.40 6.89 12.18 10.96 12.80 12.44 -10.09 -22.91
18 22.28 31.84 18.22 22.82 16.65 20.22 10.51 18.45
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19 10.11 7.55 11.05 10.55 11.34 11.80 -13.10 -26.67
20 7.49 5.27 8.71 7.20 9.76 13.07 18.96 30.31
21 10.15 7.36 10.95 10.45 11.05 5.79 -15.17 -30.33
22 16.04 23.75 13.27 16.01 12.25 13.80 6.14 13.31
23 7.71 5.63 8.35 7.96 8.07 4.37 -17.60 -33.75
24 5.60 3.13 6.92 5.64 7.72 11.27 16.45 28.08
25 7.67 5.69 8.16 7.99 7.97 4.36 -19.54 -36.88
26 10.62 16.45 9.11 10.68 8.63 11.63 1.92 7.62
27 6.91 5.52 7.28 7.12 7.11 3.40 -21.49 -39.95
28 5.95 3.81 6.89 6.09 7.36 11.48 14.99 25.70
29 6.84 5.56 7.05 7.04 6.89 3.26 -23.46 -42.90
30 8.28 12.58 7.42 8.33 7.20 10.34 14.14 24.64
31 6.18 5.30 6.41 6.35 6.31 2.64 -25.47 -45.72
32 5.28 3.39 5.98 5.45 6.30 9.65 13.31 23.51
33 6.08 5.33 6.19 6.22 6.07 2.45 -27.12 -48.51
34 6.79 9.88 6.31 6.85 6.24 9.44 12.74 22.59
35 5.56 5.02 5.72 5.69 5.66 2.03 -29.08 -51.25
36 5.12 3.59 5.57 5.26 5.75 8.99 12.13 21.57
37 5.44 5.03 5.51 5.55 5.42 1.84 -31.01 -53.95
38 5.79 7.98 5.53 5.85 5.54 8.75 11.58 20.71
39 5.03 4.71 5.16 5.15 5.28 1.54 -32.96 -56.64
40 4.68 3.46 4.99 4.81 5.17 8.42 11.02 19.92
41 4.92 4.71 4.96 5.01 5.04 1.37 -34.94 -59.30
42 5.08 6.61 4.95 5.14 5.00 8.18 10.57 19.16
43 4.59 4.40 4.70 4.70 4.79 1.15 -36.83 -61.95
44 4.44 3.52 4.64 4.55 4.76 7.91 10.16 18.46
45 4.47 4.38 4.52 4.55 4.47 1.00 -38.81 -64.60
46 4.55 5.62 4.49 4.61 4.57 7.69 9.75 17.78
47 4.22 4.10 4.31 4.31 4.28 0.84 -40.71 -67.25
48 4.13 3.44 4.26 4.22 4.37 7.48 9.39 17.16
49 4.10 4.07 4.15 4.18 4.21 0.71 -42.64 -69.88
50 4.13 4.87 4.12 4.19 4.21 7.29 9.03 16.56
51 3.90 3.82 3.97 3.98 3.95 0.58 -44.57 -72.50
52 3.89 3.39 3.98 3.97 4.11 7.10 8.74 16.03
53 3.78 3.79 3.83 3.86 3.89 0.55 -46.52 -75.13
54 3.79 4.31 3.80 3.85 3.91 6.94 8.41 15.52
55 3.62 3.57 3.69 3.70 3.67 0.43 -48.45 =777
56 3.58 3.22 3.66 3.66 3.80 6.78 8.14 15.03
57 3.52 3.53 3.56 3.59 3.61 0.34 -50.40 -80.40
58 3.52 3.88 3.54 3.57 3.65 6.64 7.88 14.57
59 3.38 3.35 3.44 3.45 3.42 0.17 -52.33 -83.01
60 3.39 3.14 3.48 3.48 3.59 6.49 7.64 14.14
61 3.28 3.31 3.33 3.35 3.37 0.09 -54.27 -85.65
62 3.27 3.53 3.30 3.33 3.42 6.38 7.39 13.74
63 3.17 3.15 3.22 3.24 3.26 0.08 -56.21 -82.49
64 3.11 2.93 3.17 3.18 3.34 6.26 7.7 13.35
65 3.08 3.10 3.13 3.14 3.16 0.00 -58.14 -85.11
66 3.10 3.28 3.13 3.16 3.25 6.14 6.98 12.98
67 2.98 2.97 3.03 3.05 3.01 -0.12 -60.07 -87.73
68 2.99 2.87 3.03 3.05 3.17 6.06 6.78 12.63
69 2.90 2.92 2.95 2.96 2.97 -0.19 -62.01 -90.38
70 2.95 3.08 2.97 2.99 3.10 5.93 6.60 12.30
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71 2.82 2.81 2.87 2.88 2.85 -0.24 -63.94 -93.03
72 2.77 2.69 2.82 2.83 2.98 5.84 6.41 11.99
73 2.74 2.76 2.78 2.80 2.81 -0.29 -65.88 -95.67
74 2.70 2.80 2.77 2.78 2.90 5.77 6.24 11.69
75 2.67 2.66 2.73 2.74 2.73 -0.32 -67.81 -98.29
76 2.63 2.57 2.71 2.72 2.89 5.66 6.08 11.40
7 2.60 2.61 2.64 2.65 2.65 -0.37 -69.75 -100.94
78 2.57 2.63 2.62 2.62 2.76 5.58 5.93 11.13
79 2.53 2.53 2.58 2.59 2.56 -0.43 -71.68 -103.58
80 2.50 2.46 2.56 2.55 2.71 5.50 5.79 10.87
81 2.47 2.48 2.51 2.52 2.54 -0.47 -73.63 -106.23
82 2.44 2.49 2.48 2.49 2.64 5.44 5.65 10.62
83 2.41 241 2.44 2.46 2.44 -0.49 -75.56 -108.87
84 2.38 2.35 2.42 2.43 2.65 5.38 5.53 10.38
85 2.35 2.37 2.39 2.40 241 -0.54 -77.51 -111.51
86 2.33 2.36 2.36 2.38 2.56 5.32 5.40 10.15
87 2.30 2.30 2.33 2.35 2.33 -0.56 -79.42 -114.14
88 2.27 2.26 2.31 2.32 2.54 5.24 5.28 9.94
89 2.25 2.26 2.28 2.30 2.29 -0.58 -81.38 -116.81
90 2.22 2.25 2.26 2.27 2.45 5.18 5.16 9.73
91 2.20 2.20 2.23 2.24 2.23 -0.61 -83.30 -119.44
92 2.17 2.16 2.21 2.22 2.41 5.12 5.06 9.53
93 2.15 2.16 2.19 2.20 2.19 -0.65 -85.25 -122.09
94 2.13 2.15 2.16 2.17 2.32 5.08 4.95 9.34
95 2.11 2.11 2.14 2.15 2.15 -0.68 -87.20 -124.74
96 2.08 2.08 2.12 2.13 2.30 5.04 4.85 9.15
97 2.06 2.07 2.10 2.11 2.10 -0.71 -89.13 -127.39
98 2.04 2.06 2.08 2.09 2.24 5.00 4.73 8.97
99 2.02 2.02 2.05 2.06 2.06 -0.73 -91.06 -130.02
100 2.00 2.00 2.03 2.04 2.28 4.95 4.65 8.80

TABLE S3. Bond length alternation (in A) of singlet ground-state even-numbered ¢-CC|n], calculated using spin-restricted
TAO-LDA, TAO-LDAK25, TAO-LDAL50, and TAO-LDAK100 with the corresponding 61 and 63 values (see Table I). The
results of CCSD (with the cc-pVDZ basis set, for n = 10, 14, 18, and 22) [6] and CAS-SCF (for n = 18) [7] are taken from the
literature for comparison.

TAO-LDA TAO-LDAK25 TAO-LDAK50 TAO-LDAKh100 CCSD CAS-SCF
05 04 03 0, 03 01 03 01

10 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

12 0.0001 0.0001 0.0002 0.0005 0.0468 0.0818 0.0785 0.1078

14 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0564 0.1030 0.1325

16 0.0000 0.0000 0.0001 0.0003 0.0537 0.0954 0.1170 0.1482

18 0.0000 0.0000 0.0000 0.0000 0.0001 0.0002 0.1142 0.1448 0.1448 0.157

20 0.0000 0.0000 0.0001 0.0006 0.0486 0.0923 0.1193 0.1486

22 0.0001 0.0001 0.0001 0.0000 0.0059 0.0745 0.1176 0.1471 0.1470

24 0.0000 0.0000 0.0005 0.0006 0.0391 0.0877 0.1187 0.1479

26 0.0000 0.0000 0.0001 0.0001 0.0133 0.0802 0.1182 0.1475

28 0.0001 0.0000 0.0001 0.0001 0.0333 0.0853 0.1183 0.1479

30 0.0001 0.0000 0.0001 0.0001 0.0244 0.0819 0.1182 0.1476

32 0.0005 0.0005 0.0002 0.0002 0.0307 0.0842 0.1183 0.1476

34 0.0000 0.0000 0.0001 0.0001 0.0269 0.0829 0.1183 0.1476
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36 0.0000 0.0000 0.0000 0.0000 0.0292 0.0839 0.1182 0.1475
38 0.0000 0.0000 0.0001 0.0001 0.0279 0.0832 0.1182 0.1475
40 0.0002 0.0002 0.0001 0.0001 0.0293 0.0837 0.1182 0.1475
42 0.0000 0.0000 0.0001 0.0001 0.0278 0.0832 0.1182 0.1475
44 0.0000 0.0000 0.0001 0.0001 0.0284 0.0834 0.1182 0.1476
46 0.0001 0.0001 0.0002 0.0002 0.0286 0.0831 0.1182 0.1475
48 0.0001 0.0001 0.0003 0.0003 0.0281 0.0832 0.1182 0.1476
50 0.0000 0.0000 0.0001 0.0001 0.0279 0.0832 0.1182 0.1476
52 0.0000 0.0000 0.0001 0.0000 0.0280 0.0833 0.1182 0.1476
54 0.0000 0.0000 0.0001 0.0001 0.0283 0.0833 0.1182 0.1476
56 0.0000 0.0000 0.0002 0.0002 0.0283 0.0833 0.1183 0.1476
58 0.0000 0.0000 0.0001 0.0001 0.0274 0.0833 0.1182 0.1476
60 0.0000 0.0000 0.0001 0.0001 0.0280 0.0833 0.1182 0.1477
62 0.0000 0.0000 0.0000 0.0000 0.0280 0.0833 0.1182 0.1477
64 0.0001 0.0001 0.0001 0.0001 0.0277 0.0833 0.1182 0.1476
66 0.0000 0.0000 0.0000 0.0000 0.0276 0.0833 0.1184 0.1477
68 0.0000 0.0000 0.0000 0.0001 0.0281 0.0834 0.1183 0.1476
70 0.0001 0.0001 0.0000 0.0000 0.0281 0.0833 0.1182 0.1476
72 0.0000 0.0000 0.0000 0.0001 0.0274 0.0833 0.1182 0.1477
74 0.0000 0.0000 0.0000 0.0002 0.0276 0.0832 0.1183 0.1476
76 0.0000 0.0000 0.0000 0.0000 0.0278 0.0833 0.1183 0.1477
78 0.0000 0.0000 0.0000 0.0000 0.0266 0.0833 0.1183 0.1477
80 0.0000 0.0000 0.0000 0.0000 0.0279 0.0833 0.1183 0.1477
82 0.0000 0.0000 0.0000 0.0000 0.0280 0.0834 0.1183 0.1477
84 0.0000 0.0000 0.0002 0.0002 0.0282 0.0833 0.1183 0.1477
86 0.0000 0.0000 0.0000 0.0000 0.0277 0.0834 0.1184 0.1477
88 0.0000 0.0000 0.0000 0.0000 0.0281 0.0833 0.1183 0.1477
90 0.0000 0.0000 0.0000 0.0000 0.0287 0.0834 0.1183 0.1477
92 0.0001 0.0001 0.0001 0.0001 0.0287 0.0833 0.1184 0.1477
94 0.0000 0.0000 0.0000 0.0000 0.0288 0.0834 0.1183 0.1477
96 0.0000 0.0000 0.0000 0.0000 0.0280 0.0833 0.1183 0.1477
98 0.0000 0.0000 0.0000 0.0000 0.0281 0.0833 0.1184 0.1477
100 0.0000 0.0000 0.0000 0.0000 0.0280 0.0833 0.1184 0.1477




