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Section S1: Delayed emission in BOX/BTZ-CBZ compounds
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Figure S1 Prompt and delayed emission measurements for (a) BOX-CBZ and (b) BTZ-CBZ in toluene at

room temperature. Emission dynamics for both compounds at room temperature (c) in air and (d)
under argon.
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Section S2: Linear fitting for scaling calculated AE ¢t

For the Van Voorhis method, “Protocol C” was used.! The SI for Ref. 1 gave values of calculated and
measured AEgr. Linear least squares yielded:
AESPY = 1.2468 AESHC. (1)

For the Aspuru-Guzik method, the data for calculated and measured AE¢r were not provided explicity.
The fit line in Ref. 2 was calculated to be approximately

AESP" = 0.5224 AESHC, (2)
Section 3: TD-DFT results for BOX-CBZ and BTZ-CBZ

The HOMO and LUMO correspond to MO 102 and 103 in BOX-CBZ, and MO 106 and 107 in BTZ-CBZ,
respectively.

Table S1: Gas-phase TD-DFT properties of the lowest 5 excited singlet states of BOX-CBZ

State “Energy 2 ‘f MO Transition | °Cl Coeff.
100->103 -0.13636
1 4.0803 303.86 0.1925 102->103 0.64362
102105 -0.17567
1012108 0.20619

2 4.3785 283.17 0.0688
102->104 0.66080
100->103 0.66235
3 4.7677 260.05 0.7781 101->103 0.10716
102->103 0.12431
100->103 -0.10229
4 4.8545 255.40 0.0125 101->103 0.67609
1012105 -0.13148
99->104 -0.10704
101->104 0.62398

5 4.8904 253.53 0.1656
102->108 -0.25407
102->110 0.10392

“Vertical excitation energy in eV. PExcitation wavelength in nm. “Oscillator strength. dMajor molecular orbital contributions to
the transition (where CI coeff. magnitude > 0.1). °Cl coefficients for the MO contributions.
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Table S2: Gas-phase TD-DFT properties of the lowest 5 excited singlet states of BTZ-CBZ

d
MO
State °Ener ) ¢ °Cl Coeff.
&Y f Transition

103->107 -0.16241
104->107 -0.12062

1 3.9472 314.11 0.1077
106=>107 0.64449
106->109 -0.10056
105>112 0.20452

2 4.3790 283.14 0.0899
106->108 0.65673
104->107 0.65797

3 4.6287 267.86 0.5657
106=>109 -0.15619
104->107 0.13354
106=>107 0.10868

4 4.6862 264.57 0.4590
106->109 0.64850
106~>111 0.14931
5 4.7597 260.49 0.0054 105->107 0.69122

®Vertical excitation energy in eV. PExcitation wavelength in nm. “Oscillator strength. dMajor molecular orbital contributions to
the transition (where CI coeff. magnitude > 0.1). °Cl coefficients for the MO contributions.

Section 4: Stark spectrosco

Aa is calculated by

Aa = ZathX

(3)

itting coefficients and calculated Ac

where ais 102 m/cm, h is Planck's constant, c is the speed of light, and B, is the linear fitting coefficient

for the first derivative contribution. Values of Aa are given in cubic Angstroms.

Table S3: Linear fit parameters and values of Aa for BOX-CBZ and BTZ-CBZ for EA and EF

Sample “Expt. ®Group ‘Aa dAX ‘B, fCX
G1 -15 6.08x 10" | -3.81x10" | 1.29x10°®
BOX.CBZ EA G2/G3 24 -5.90x 10" | -6.76 x 10 | 2.77x10™°
G4/G5 212 1.14x10™ | 5.82x10" | 1.82x10°
EF - 37 3.38x10™% | -1.06x10%* | 7.24x10°
A G1/G2 219 -2.29x10" | 6.13x10" | 2.38x10°
BT7.CB2 G3/G4 -61 1.92x10* | -1.70x 10" | 3.26x10°
- G1/G2 -1042 1.87x10* | -2.92x10™ | 2.63x10°®
G3/G4 -598 -9.01x10° | -1.68x10* | 5.70x10°

“Experiment type. bGrouping of Gaussians for shown parameters for fits done to more than one parameter set. “Average change

in polarizability in A3, “Zeroth derivative fitting component. First derivative fitting component. fSecond derivative fitting

component.
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Section 5: Lippert-Mataga solvatochromism analysis

The Lippert-Mataga solvent polarity model®® was used to calculate |Au| (eq. 4) which assumes that the
value is the same in absorption and emission:

2|Au|?
Av = Ay, — ( }lwglg )Af (4)

where Av is the observed Stokes shift in wavenumbers, Ay, is the Stokes shift in the absence of solvent,
and a is the Onsager radius. Af is the orientation polarizability of the solvent:

e-1 n?-1

Af = ceri ~ awirt (3)

where € and n are the solvent dielectric constant and refractive index, respectively. The Onsager radius
was calculated on the ground-state electron density of the molecules by the same density functional
theory methods employed in the main manuscript using the Gaussian09 software package.’

Because the absorption spectra for BOX-CBZ and BTZ-CBZ do not possess mirror symmetry and contain
many overlapping bands, it is difficult to locate the exact maximum of the CT absorption band. Instead,
the maximum of the excitation spectrum in the CT absorption region was used.

Using an Onsager radius of 5.63 A (BOX-CBZ) and 5.71 A (BTZ-CBZ) the model predicts |Au| to be 16.5 D
and 17.1 D, respectively.
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Figure S2: Lippert-Mataga Analysis of BOX-CBZ and BTZ-CBZ in 11 solvents (listed in Table S4).
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Table S4. Solvent properties for Lippert-Mataga analysis.

Solvent ‘e ’n ‘Af
cyclohexane 2.0243 1.4235 -0.0002
methylcyclohexane 2.024 1.4231 -0.0001
isopentane 1.845 1.3537 0.0017
toluene 2.379 1.4941 0.0140
1,4-dioxane 2.2189 1.4224 0.0214
chloroform 4.8069 1.4890 0.1347
2-methyltetrahydrofuran 6.97 1.4059 0.2024
tetrahydrofuran 7.52 1.4050 0.2096
N-methyl-2-pyrrolidone 32.55 1.4684 0.2597
acetonitrile 36.64 1.3422 0.3049
methanol 33.0 1.3288 0.3086

“Dielectric constant. "Refractive index. “Orientational polarizability.

Section 6: Absorption of BOX-CBZ and BTZ-CBZ in various solvents
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Figure S3. Absorbance of (a) BOX-CBZ and (b) BTZ-CBZ in multiple solvents. Solvent abbreviations:
methylcyclohexane (MCH), toluene (TOL), 1,4-dioxane (DXN), chloroform (CFM), tetrahydrofuran (THF),

acetonitrile (ACN)
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Section 7: Derivation of oscillator strength equation from experimental parameters

Derivation of eq. 11 (here as eq. 6):

f= (m60c3h2) @ (6)

2me? ) T7ES,

Beginning with eqn. 7, derived by Hilborn®:

f= 2mmegcd g, 1
- e2 g1 w2

Azq (7)

where f is oscillator strength, €, is vacuum permittivity, m is the electron mass, c is the speed of light, w
is the transition frequency in rad/s, e is the electron charge, :Z—z is the ratio of upper states to lower
1

states (taken as 1 here), and A,; is the Einstein coefficient for the rate of spontaneous emission. All
guantities are in Sl units, unless otherwise noted. Converting w to E, in Sl units gives

f= megc3h? 1
2me?  EZ,

Azq (8)

A,, is =the change in the population of molecules in the excited state per time,

dn
—d_tz = Az1ny = kyny (9)
where n, is the number of molecules in the excited state and k, is the radiative rate. Logically, A;; = k,

follows from this. The quantum yield (®) is

¢ =_La

T kptkny

(10)

where k,, is the rate of non-radiative decay. The fluorescence lifetime (Tf) is

1
Tf = Ktk (11)

Combining egs. 8, 10, 11 and the relation A,; = k,, eq. 6 naturally follows.
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