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FINAL STATE = 4, INTERMEDIATE STATE = 1
KL ALPHA BETA 15xXDExXDK
00 4.7192 4.7192 0.1222
40 6.9817 6.9817 -0.1222
10 -2.2645 -0.3039 -0.0700
04 6.9817 6.9817 -0.1222
44 18.0020 18.0020 0.1222
14 77.5120 69.6318 0.0700
01 -0.3039 -2.2645 -0.0700
41 69.6318 77.5120 0.0700
11 1088.0888 1088.0888 0.0401
DELTA-2PA = 117463.74

FINAL STATE = 4, INTERMEDIATE STATE = 2
KL ALPHA BETA 15xXDExXDK
00 4.7192 4.7192 0.1222
40 6.9817 6.9817 -0.1222
20 -0.0670 -0.0283 -0.1080
04 6.9817 6.9817 -0.1222
44 18.0020 18.0020 0.1222
24 0.9048 0.8407 0.1080
02 -0.0283 -0.0670 -0.1080
42 0.8407 0.9048 0.1080
22 0.1958 0.1958 0.0955
DELTA-2PA = 363.03

FINAL STATE = 4, INTERMEDIATE STATE = 3
KL ALPHA BETA 15xXDExXDK
00 4.7192 4.7192 0.1222
40 6.9817 6.9817 -0.1222
30 -0.0213 -0.0112 -0.1104
04 6.9817 6.9817 -0.1222
44 18.0020 18.0020 0.1222
34 0.0231 0.0078 0.1104
03 -0.0112 -0.0213 -0.1104
43 0.0078 0.0231 0.1104
33 0.0053 0.0053 0.0997
DELTA-2PA = 289.19

FINAL STATE = 4, INTERMEDIATE STATE = 5
KL ALPHA BETA 15xXDExXDK
00 4.7192 4.7192 0.1222
40 6.9817 6.9817 -0.1222
50 0.0060 0.0068 -0.1274
04 6.9817 6.9817 -0.1222
44 18.0020 18.0020 0.1222
54 0.0114 0.0127 0.1274
05 0.0068 0.0060 -0.1274
45 0.0127 0.0114 0.1274
55 0.0000 0.0000 0.1328
DELTA-2PA = 287.04

Table S1. GFSM-based analysis for So—S4 transition for BPCSA molecule.

DELTA (KL)
154.4822
-228.5471
73.4099
-228.5471
589.2942
4205.6963
73.4099
4205.6963

108618.8408

DELTA (KL)
154.4822
-228.5471
1.7631
-228.5471
589.2942
32.3112
1.7631
32.3112
8.1991

DELTA (KL)
154.4822
-228.5471
0.5887
-228.5471
589.2942
0.5594
0.5887
0.5594
0.2112

DELTA (KL)
154.4822
-228.5471
-0.2008
-228.5471
589.2942
0.3785
-0.2008
0.3785
0.0014



Table S2. GFSM-based analysis for So—S3 transition for BMCSA molecule.

FINAL STATE = 3, INTERMEDIATE STATE = 1
KL ALPHA BETA 15xXDExXDK
00 0.0007 0.0007 0.0697
30 0.0003 0.0003 -0.0697
10 -0.3426 -0.3339 -0.0360
03 0.0003 0.0003 -0.0697
33 0.0001 0.0001 0.0697
13 -0.1189 -0.1159 0.0360
01 -0.3339 -0.3426 -0.0360
31 -0.1159 -0.1189 0.0360
11 1416.8754 1416.8754 0.0185
DELTA-2PA = 305687.43

FINAL STATE = 3, INTERMEDIATE STATE = 2
KL ALPHA BETA 15xXDExXDK
00 0.0007 0.0007 0.0697
30 0.0003 0.0003 -0.0697
20 -0.2104 -0.2180 -0.0616
03 0.0003 0.0003 -0.0697
33 0.0001 0.0001 0.0697
23 -0.0730 -0.0757 0.0616
02 -0.2180 -0.2104 -0.0616
32 -0.0757 -0.0730 0.0616
22 566.6363 566.6363 0.0544
DELTA-2PA = 41720.64

FINAL STATE = 3, INTERMEDIATE STATE = 4
KL ALPHA BETA 15xXDExXDK
00 0.0007 0.0007 0.0697
30 0.0003 0.0003 -0.0697
40 -0.0000 -0.0000 -0.0876
03 0.0003 0.0003 -0.0697
33 0.0001 0.0001 0.0697
43 -0.0000 -0.0000 0.0876
04 -0.0000 -0.0000 -0.0876
34 -0.0000 -0.0000 0.0876
44 0.0000 0.0000 0.1100
DELTA-2PA = 0.02

FINAL STATE = 3, INTERMEDIATE STATE = 5
KL ALPHA BETA 15xXDExXDK
00 0.0007 0.0007 0.0697
30 0.0003 0.0003 -0.0697
50 -0.0030 -0.0029 -0.0996
03 0.0003 0.0003 -0.0697
33 0.0001 0.0001 0.0697
53 -0.0010 -0.0010 0.0996
05 -0.0029 -0.0030 -0.0996
35 -0.0010 -0.0010 0.0996
55 0.1140 0.1140 0.1422
DELTA-2PA = 3.38

DELTA (KL)
0.0424
-0.0147
37.6290
-0.0147
0.0051
-13.0581
37.6290
-13.0581
305638.2675

DELTA (KL)
0.0424
-0.0147
13.9184
-0.0147
0.0051
-4.8300
13.9184
-4.8300
41702.4484

DELTA (KL)
0.0424
-0.0147
0.0017
-0.0147
0.0051
-0.0006
0.0017
-0.0006
0.0001

DELTA (KL)
0.0424
-0.0147
0.1175
-0.0147
0.0051
-0.0408
0.1175
-0.0408
3.2068



Table S3. GFSM-based analysis for So—S4 transition for BMCSA molecule.

FINAL STATE = 4, INTERMEDIATE STATE = 1
KL ALPHA BETA 15xXDExXDK
00 0.0006 0.0006 0.0887
40 0.0005 0.0005 -0.0887
10 0.2581 0.1979 -0.0305
04 0.0005 0.0005 -0.0887
44 0.0004 0.0004 0.0887
14 0.2142 0.1643 0.0305
01 0.1979 0.2581 -0.0305
41 0.1643 0.2142 0.0305
11 723.8610 723.8610 0.0105
DELTA-2PA = 276303.07

FINAL STATE = 4, INTERMEDIATE STATE = 2
KL ALPHA BETA 15xXDExXDK
00 0.0006 0.0006 0.0887
40 0.0005 0.0005 -0.0887
20 -0.0003 -0.0033 -0.0594
04 0.0005 0.0005 -0.0887
44 0.0004 0.0004 0.0887
24 -0.0003 -0.0028 0.0594
02 -0.0033 -0.0003 -0.0594
42 -0.0028 -0.0003 0.0594
22 0.0407 0.0407 0.0397
DELTA-2PA = 4.14

FINAL STATE = 4, INTERMEDIATE STATE = 3
KL ALPHA BETA 15xXDExXDK
00 0.0006 0.0006 0.0887
40 0.0005 0.0005 -0.0887
30 -0.0000 -0.0000 -0.0686
04 0.0005 0.0005 -0.0887
44 0.0004 0.0004 0.0887
34 -0.0000 -0.0000 0.0686
03 -0.0000 -0.0000 -0.0686
43 -0.0000 -0.0000 0.0686
33 0.0000 0.0000 0.0530
DELTA-2PA = 0.00

FINAL STATE = 4, INTERMEDIATE STATE = 5
KL ALPHA BETA 15xXDExXDK
00 0.0006 0.0006 0.0887
40 0.0005 0.0005 -0.0887
50 0.0047 0.0036 -0.1023
04 0.0005 0.0005 -0.0887
44 0.0004 0.0004 0.0887
54 0.0039 0.0030 0.1023
05 0.0036 0.0047 -0.1023
45 0.0030 0.0039 0.1023
55 0.3233 0.3233 0.1178
DELTA-2PA = 10.92

DELTA (KL)
0.0286
-0.0238
-29.9058
-0.0238
0.0197
24.8272
-29.9058
24.8272
276313.2240

DELTA (KL)
0.0286
-0.0238
0.1230
-0.0238
0.0197
-0.1021
0.1230
-0.1021
4.0971

DELTA (KL)
0.0286
-0.0238
0.0022
-0.0238
0.0197
-0.0018
0.0022
-0.0018
0.0002

DELTA (KL)
0.0286
-0.0238
-0.1625
-0.0238
0.0197
0.1349
-0.1625
0.1349
10.9750



Table S4. GFSM-based analysis for So—S> transition for BPyMCSA molecule.

FINAL STATE = 2, INTERMEDIATE STATE = 1

KL ALPHA BETA 15xXDExXDK DELTA(KL)
00 0.0000 0.0000 0.0452 0.0010
20 0.0000 0.0000 -0.0452 -0.0009
10 -0.0709 -0.0649 -0.0266 10.2047
02 0.0000 0.0000 -0.0452 -0.0009
22 0.0000 0.0000 0.0452 0.0008
12 -0.0643 -0.0588 0.0266 -9.2542
01 -0.0649 -0.0709 -0.0266 10.2047
21 -0.0588 -0.0643 0.0266 -9.2542
11 3862.1792 3862.1792 0.0157 985409.0398
DELTA-2PA = 985410.94

FINAL STATE = 2, INTERMEDIATE STATE = 3

KL ALPHA BETA 15xXDExXDK DELTA(KL)
00 0.0000 0.0000 0.0452 0.0010
20 0.0000 0.0000 -0.0452 -0.0009
30 -0.0013 -0.0018 -0.0485 0.1268
02 0.0000 0.0000 -0.0452 -0.0009
22 0.0000 0.0000 0.0452 0.0008
32 -0.0011 -0.0016 0.0485 -0.1150
03 -0.0018 -0.0013 -0.0485 0.1268
23 -0.0016 -0.0011 0.0485 -0.1150
33 1.9393 1.9393 0.0520 149.1723
DELTA-2PA = 149.20

FINAL STATE = 2, INTERMEDIATE STATE = 4

KL ALPHA BETA 15xXDExXDK DELTA(KL)
00 0.0000 0.0000 0.0452 0.0010
20 0.0000 0.0000 -0.0452 -0.0009
40 0.0000 0.0000 -0.0496 -0.0000
02 0.0000 0.0000 -0.0452 -0.0009
22 0.0000 0.0000 0.0452 0.0008
42 0.0000 0.0000 0.0496 0.0000
04 0.0000 0.0000 -0.0496 -0.0000
24 0.0000 0.0000 0.0496 0.0000
44 0.0000 0.0000 0.0544 0.0000
DELTA-2PA = 0.00

FINAL STATE = 2, INTERMEDIATE STATE = 5

KL ALPHA BETA 15xXDExXDK DELTA(KL)
00 0.0000 0.0000 0.0452 0.0010
20 0.0000 0.0000 -0.0452 -0.0009
50 0.0000 0.0000 -0.0570 -0.0001
02 0.0000 0.0000 -0.0452 -0.0009
22 0.0000 0.0000 0.0452 0.0008
52 0.0000 0.0000 0.0570 0.0001
05 0.0000 0.0000 -0.0570 -0.0001
25 0.0000 0.0000 0.0570 0.0001
55 0.0000 0.0000 0.0718 0.0000

DELTA-2PA = 0.00



Table S5. GFSM-based analysis for So—S4 transition for BPyMCSA molecule.

FINAL STATE = 4, INTERMEDIATE STATE = 1

KL ALPHA BETA 15xXDExXDK DELTA(KL)
00 0.0000 0.0000 0.0497 0.0003
40 0.0000 0.0000 -0.0497 -0.0004
10 0.0275 0.0138 -0.0256 -3.2226
04 0.0000 0.0000 -0.0497 -0.0004
44 0.0000 0.0000 0.0497 0.0004
14 0.0297 0.0149 0.0256 3.4828
01 0.0138 0.0275 -0.0256 -3.2226
41 0.0149 0.0297 0.0256 3.4828
11 839.4590 839.4590 0.0132 254167.4534
DELTA-2PA = 254167.97

FINAL STATE = 4, INTERMEDIATE STATE = 2

KL ALPHA BETA 15xXDExXDK DELTA(KL)
00 0.0000 0.0000 0.0497 0.0003
40 0.0000 0.0000 -0.0497 -0.0004
20 0.0000 0.0000 -0.0451 -0.0000
04 0.0000 0.0000 -0.0497 -0.0004
44 0.0000 0.0000 0.0497 0.0004
24 0.0000 0.0000 0.0451 0.0000
02 0.0000 0.0000 -0.0451 -0.0000
42 0.0000 0.0000 0.0451 0.0000
22 0.0000 0.0000 0.0409 0.0000
DELTA-2PA = 0.00

FINAL STATE = 4, INTERMEDIATE STATE = 3

KL ALPHA BETA 15xXDExXDK DELTA(KL)
00 0.0000 0.0000 0.0497 0.0003
40 0.0000 0.0000 -0.0497 -0.0004
30 -0.0019 -0.0016 -0.0485 0.1444
04 0.0000 0.0000 -0.0497 -0.0004
44 0.0000 0.0000 0.0497 0.0004
34 -0.0021 -0.0017 0.0485 -0.1561
03 -0.0016 -0.0019 -0.0485 0.1444
43 -0.0017 -0.0021 0.0485 -0.1561
33 6.7693 6.7693 0.0474 570.9623
DELTA-2PA = 570.94

FINAL STATE = 4, INTERMEDIATE STATE = 5

KL ALPHA BETA 15xXDExXDK DELTA(KL)
00 0.0000 0.0000 0.0497 0.0003
40 0.0000 0.0000 -0.0497 -0.0004
50 -0.0000 -0.0000 -0.0574 0.0001
04 0.0000 0.0000 -0.0497 -0.0004
44 0.0000 0.0000 0.0497 0.0004
54 -0.0000 -0.0000 0.0574 -0.0001
05 -0.0000 -0.0000 -0.0574 0.0001
45 -0.0000 -0.0000 0.0574 -0.0001
55 0.0000 0.0000 0.0664 0.0000

DELTA-2PA = 0.00



The 1PA results are listed in Table S6. In addition to the excitation energies and oscillator
strengths, the calculated charge-transfer (CT) diagnostic, Dcr, of LeBahers, Adamo, and Ciofini,!
is included for each excited state. For each of the four molecules, the first excited-state has a large
oscillator strength, although only for NCSA does it appear to be a CT state. For NCSA, Dcr for
the transition to S is 5.86 when PBEQO is used and 3.53 with the CAM-B3LYP functional, while
Dcr is less than 1.0 for the BPSCA molecule and less than 0.1 for BMCSA and BPyMCSA. When
the CAM-B3LYP functional is used, the energy of the first excited-state is in good agreement with
the CC2 results, significantly better than for PBEQ. For the first excited state of each of the four
molecules, the average error of the CAM-B3LYP results relative to the CC2 values is only 0.07
eV, while for PBEO the average error is 0.32 eV. For the higher-energy excited states, the CAM-
B3LYP results are also in better agreement with CC2 than with PBEO. When the average errors
are calculated, by and large, the CC2 excitation energies listed in Table S6, the CAM-B3LYP error
is 0.16 eV, while the PBEO error is 0.39 eV. Our CAM-B3LYP results for BPyMCSA, are

consistent with those in Table 3 in the manuscript.

Table S7 lists the corresponding results with inclusion of the DMSO solvent using PCM, in
comparison to the measured absorption for BPCSA that was characterized experimentally. In the
gas-phase calculations, the energy of the first excited-state using CAM-B3LYP was in excellent
agreement with the CC2 value, while the PBEO value is fairly close to the value measured in
DMSO. When the effects of the DMSO solvent were included, the calculated values were red-
shifted such that PBEO underestimates the excitation energy by 0.25 eV, while CAM-B3LYP
overestimates it by 0.14 eV. A modified CAM-B3LYP, denoted mCAM-B3LYP,>* which has

been previously tested in cases where less range separation is needed to model charge transfer,



results in slightly better agreement, underestimating the excitation energy by 0.13 eV. The good

agreement with the measurement for this functional can be seen in Figure S1.

Table S8 lists measured and calculated emission energies. The first triplet-spin state of BPCSA
was optimized to obtain the adiabatic phosphorescence energy, but the calculated values are
significantly lower than the measured emission energies of 2.65 eV and 2.76 eV. However, the
CAM-B3LYP vertical fluorescence energy is in good agreement with experiment. The CAM-
B3LYP adiabatic fluorescence and phosphorescence are in good agreement with the XMC-QDPT2
values. However, the agreement is not as good for the other three molecules. While for BPCSA
the CAM-B3LYP functional is in good agreement with QDPT2 for the emission energy from S;
state, it yields a significantly lower value than QDPT?2 for the emission energy from T, state. For
BPyMCSA and NCSA, the T; emission energies calculated with PBEO and CAM-B3LYP are
lower than those reported for QDPT2. For BPyMCSA, the S; emission energies calculated with
TDDFT are significantly larger than the QDPT2 value. For NCSA, PBEO is in good agreement
with QDPT?2 for Si, but underestimates the T; energy. Optimization of the S; state with CAM-

B3LYP proved to be problematic.

The calculated 2PA spectra are listed in Table S9. The 2PA transition strengths and cross sections
are reported for each final state. We note that the 2PA spectra are not consistent across the three
levels of theory. The CAM-B3LYP values do show some correlation with the CC2 values; for
example, a large 2PA cross-sections for n = 4 in BPCSA and for n =3 and 4 in BMSCA. In Figure
S2, the 2PA spectra are plotted based on the calculations with the PBEO and CAM-B3LYP
functionals. Not only is the CAMB3LYP spectrum blue-shifted compared to the PBEO spectrum,

but the first peak is the most intense with PBEO, while with CAMB3LYP, the second peak is



dominant. The calculated 2PA cross-section is sensitive to state-energies (Table S9), which can

result in quite different 2PA spectra.
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Table S6. Calculated 1PA for the four compounds. Both functionals were corrected with the D3
dispersion correction during optimization. The CC2 results are from this work, using the cc-pVDZ
basis set. The transition energies are listed under “eV” (in eV), and the O.S. denotes oscillator
strengths. Der! is in A.

CcC2 PBE( CAM-B3LYP
eV O.S. eV O.S. Dct eV O.S. Dct
BPCSA
3.86 1.63 3.48 1.34 0.92 3.85 1.39 0.58
4.62 0.02 4.28 0.04 2.68 4.85 0.01 0.80
4.67 0.01 4.47 0.01 2.36 4.89 0.01 1.40
491 0.07 4.49 0.00 10.22 5.01 0.09 1.54
5.02 0.00 4.52 0.01 2.34 5.25 0.00 1.11
BMCSA
2.81 1.43 2.49 1.50 0.06 2.96 1.48 0.09
3.49 0.62 3.08 0.00 0.10 3.76 0.24 0.20
3.71 0.00 3.15 0.12 0.12 3.88 0.00 0.10
4.19 0.00 3.71 0.00 0.02 4.44 0.00 0.07
4.50 0.05 4.09 0.13 0.03 4.67 0.06 0.07
NCSA
3.76 1.33 3.35 1.02 5.86 3.78 1.18 3.53
4.01 0.00 3.94 0.00 1.62 4.06 0.00 0.97
4.58 0.00 3.97 0.00 11.82 4.53 0.00 0.86
4.61 0.01 4.19 0.15 5.31 4.80 0.02 2.15
4.69 0.00 4.39 0.00 4.63 4.82 0.00 2.32
BPyMCSA
2.37 3.17 2.20 2.47 0.02 2.47 2.73 0.02
2.99 0.00 2.51 0.00 1.30 3.24 0.00 1.12
3.10 0.01 2.55 0.00 0.96 3.27 0.01 0.92
3.13 0.00 2.67 0.00 0.19 343 0.00 0.05
3.38 0.00 3.13 0.00 0.01 3.61 0.00 0.01
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Table S7. The effect of solvent on 1PA of BPCSA molecule in comparison to experiment.
Measured values include absorption spectra in DMSO and excitation spectra dispersed in water
and pure powder. Both functionals were corrected with the D3 dispersion correction during
optimization. The standard CAM-B3LYP, with aa=0.19 and 3 = 0.46, is denoted “CAM-B3LYP”,
while “mCAM-B3LYP” refers to the modified CAM-B3LYP with oo =0.19 and = 0.19.

CC2 (gas) PBEO (gas) CAM-B3LYP (gas)
eV O.S. eV O.S. Dct eV O.S. Dct
3.86 1.63 3.48 1.34 0.92 3.85 1.39 0.58
4.62 0.02 4.28 0.04 2.68 4.85 0.01 0.80
4.67 0.01 4.47 0.01 2.36 4.89 0.01 1.40
491 0.07 4.49 0.00 10.22 5.01 0.09 1.54
5.02 0.00 4.52 0.01 2.34 5.25 0.00 1.11
PBE(O (DMSO) CAM-B3LYP (DMSO)
eV (measured) eV O.S. Dcr eV O.S. Decr
3.56  absorp. (DMSO) 3.32 1.45 0.69 3.70 1.48 0.67
3.28  excit. (water) 4.19 0.02 2.88 4.82 0.04 0.51
2.85  excit. (powder) 4.25 0.01 7.89 4.89 0.00 1.57
4.45 0.02 2.58 491 0.11 0.88
4.49 0.01 2.53 5.24 0.00 1.59

mCAM-B3LYP (DMSO)
eV O.S. Dcr

3.43 1.45 0.50
4.42 0.03 3.21
4.56 0.01 0.89
4.57 0.01 1.36
4.78 0.20 491
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Table S8. Emission for molecules in gas-phase. Adiabatic transition energies corrected for zero-
point vibrational energy (AH) as well as vertical transition energies evaluated at the optimized
excited-state geometry. In some cases, the So energy at the Ti optimized geometry was higher
than the T energy, and thus the formal calculation of a vertical emission energy resulted in a
negative value (in red, see parentheses). Measured emission energy for BPCSA is 2.76 and 2.65
eV in water and powder, respectively. ® DMSO

| QDPT2 | PBE0 CAM-B3LYP

BPCSA
AH(So—T1) 1.60 1.51 1.55 (1.54%)
AH(So—S1) 3.40 3.11 3.35
vert.(Ti—>So) (0.42) (0.70)
vert.(S1—So) 2.89 2.74

BMCSA
AH(So—T1) 1.60 1.23 1.38
AH(So—S1) 2.70 2.30 2.63
vert.(T1—So) 0.96 0.87
vert.(S1—>So) 2.24 2.46

NCSA
AH(So—T1) 2.60 1.55 1.59
AH(So—S1) 3.00 3.11
vert.(Ti—>So) (0.29) (0.59)
vert.(S1—So) 3.05

BPyMCSA

AH(So—T1) 0.86 0.50 0.36
AH(So—S1) 1.47 2.00 2.20
vert.(Ti—>So) 0.31 (0.09)
vert.(S1—So) 2.03 2.11
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Table S9. Calculated two-photon absorption spectra. Both functionals were corrected with the D3
dispersion correction during optimization. The 2PA transition strengths (TPS-TS), and 2PA cross-
sections, calculated using a Gaussian line-width function with a width of 0.2 eV, listed under the
heading “GM”.

CC2 PBEO (gas) CAM-B3LYP (gas)
eV 2PA-TS | GM eV | 2PA-TS | GM eV | 2PA-TS | GM
BPCSA
3.86 4600 | 37.06 348 | 125 0.82 3.85 | 530 4.25
4.62 1000 | 11.54 428 | 103367 | 1025.10 | 4.85 | 1561 19.85
4.67 2700 | 31.84 447 | 144 1.56 489 | 741 9.60
4.91 97900 | 1276.07 | 449 | 615 6.71 501 | 28630 | 388.93
5.02 100 1.36 4.52 | 2681 29.57 5.25 76 1.14
BMCSA
2.81 50 0.21 2.49 11 0.04 2.96 13 0.06
3.49 50 0.33 3.08 | 370000 | 1895.00 | 3.76 18 0.14
3.71 491700 |3659.12 | 3.15 28 0.15 3.88 | 170100 | 1383.05
4.19 264000 |2505.88 | 3.71 | 16923 | 125.70 444 | 353667 | 3770.54
4.50 50 0.55 4.09 86 0.78 4.67 | 116 1.37
NCSA
3.76 25600 | 195.68 335 | 25563 | 154.90 3.78 | 10517 81.06
4.01 50 0.43 3.94 2 0.02 4.06 7 0.07
4.58 50 0.57 397 | 842 7.18 4.53 1 0.01
4.61 300 3.45 419 | 30513 | 289.90 480 | 1898 23.65
4.69 1100 | 13.08 439 | 586 6.10 4.82 | 145 1.82
BPyMCSA
2.37 0 0.00 2.20 3 0.01 2.47 0 0.00
2.99 858600 |4150.13 | 2.51 | 37933 | 129.70 3.24 | 110567 | 627.00
3.10 0 0.00 2.55 | 468 1.64 327 | 1726 9.96
3.13 214200 | 1134.58 | 2.67 | 86533 | 334.80 3.43 | 368000 | 2343.00
3.38 2700 | 16.68 313 | 4873 25.75 3.61 | 131267 | 927.10




14
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Figure S1. 1PA of BPCSA with several functionals with and without solvent effects, in comparison
to experiment.
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Figure S2. Calculated 2PA cross-section for BPCSA using quadratic response TDDFT and the two
functionals indicated. The label “res” indicates the two-photon resonances, while “fit” indicates a
fit to a Gaussian form with linewidth 0.2 eV.



BPCSA (geometry optimized at B3LYP/cc-pVDZ level of theory)
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NCSA (geometry optimized
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BMCSA (geometry optimized at B3LYP/cc-pVDZ level of theory)
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BPyMCSA (geometry optimized
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BPCSA+ (geometry optimized at B3LYP/cc-pVDZ level of theory)
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NCSA+ (geometry optimized at B3LYP/cc-pVDZ level of theory)
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BMCSA+ (geometry optimized at B3LYP/cc-pVDZ level of theory)
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BPyMCSA+ (geometry optimized at B3LYP/cc-pVDZ level of theory)
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