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Section S1: Photophysical measurements
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Figure S1. Steady-State PL spectra of investigated compounds: 6% (A, E) and 10% (C) CBP with
onsets and phosphorescence spectra measured in 10K, 6% (B, F) and 10% (D) CBP.

Table S1. Experimental determination of 1CT, 3CT and 3LE - onset values.

Fluorescence Phosphorescence Phosphorescence
Wxicep  Adonset  *CT energy  Aonset °CT energy AEictact Jonset  °LE energy  AEicT-aLe
[om]  [eV]  [om]  [eV] [eV] [nm]  [eV] [eV]
H 6% 597 2.07 608 2.04 0.04 552 2.25 -0.18

10% 600 2.07 609 2.04 0.03

1Br 6% 569 2.18 589 2.10 0.08 ZNX 552 2.25 -0.07
10% 579 214 595 208 006 1%
2Br 6% 552 2.25 585 2.12 0.13 552 2.25 0.00
10% 560 2.21 585 211 0.10
3Br 6% 521 2.37 571 2.17 0.20 552 2.25 0.13
10% 527 2.35 575 2.16 0.19
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Figure S2. Phosphorescence spectra of investigated compounds dispersed in ZNX, measured in 10K
under excitation wavelength dexc = 370 nm with a 20ms delay after excitation pulse.
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Figure S3. PL spectra of H (A), 1Br (B), 2Br (C), and 3Br (D) in 6% CBP, taken at different time

delays.
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Figure S4. PL intensity decays of investigated compounds (10% CBP) measured in vacuum under
excitation wavelength Aexc = 330 nm.
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Section S2: Quantum chemical calculations

Theoretical rate constants of rISC were calculated using Marcus-Hush equation:

k _ V2 T (AEST +j.)2
OS¢ [gTA S P ™™ akgTa

where V is SOC constant, 7 is reduced Planck constant, A is sum of internal Zint and external (4soiv)
reorganization energies for respective transition (in our calculations we assumed Asolv, = 0.3 eV) AEst IS
the energy gap between singlet and respective triplet state, kg stands for Boltzmann constant, T is
temperature.

) (S1)

Relative contribution of i-th rotamers in H, 1Br, 2Br and 3Br-rotamers was calculated using Boltzmann
distribution law:

ZiLiexp (— %)’ (S2)

where N is the number of existing isomers (for H, 1Br 2Br and 3Br-rotamers N = 2, 16, 16 and 32,
respectively), AE; denotes the energy difference between i-th rotamer and most stable rotamer (with
lowest energy). Procedure for theoretical prediction rate constants described in details in [1].
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Figure S5. Calculated electronic parameters of all H, 1Br and 2Br — rotamers. In main text, key rotamers
(depicted in Figure 5, Table 3) from each group: H-rotamers: 1 (as H-1) and 2 (as H-2); 1Br-rotamers: 3 (as
1Br-endo) and 12 (as 1Br-exo); 2Br-rotamers: 5 (as 2Br-syn) and 9 (as 2Br-anti).
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Figure S6. Calculated electronic parameters of all 3Br rotamers. In main text, key rotamers (depicted in Figure
5, Table 3) from 3Br-rotamers group: 32 (as 3Br-Csy), 17 (as 3Br-A), 21 (as 3Br-A), 12 (as 3Br-B), 1 (as 3Br-

C).
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Table S2. Calculated values of different geometry (dihedrals 6., 84, and 8g) and electronic parameters (plotted in Figures S5 and S6) of all rotamers.

H - rotamers T- X2

SOCr1s [em™] 0.06 0.08 -
AEscracr [eV] 0.03 0.03 0.03
fsiso 0.10 0.11 0.107
E.[eV] 0.18 0.17 -
wl%] 67.2 328 -
knsc [10°s7] 0.16 0.30 0.20
o 279 -28.8
On -64.6 -65.1
s -64.8 -65.2
1Br- rotamers 9 10 11 12 13 14 S
SOCrys1 [cm?] 0.44 0.43 0.44 0.44 0.44 0.44 0.45 0.41 0.32 0.32 0.32 0.32 0.31 0.34 0.34 0.34 -
AEscracr [eV] 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.11 0.11 0.10 0.10 0.11 0.11 0.10 0.10 0.11
fsis0 0.15 0.15 0.13 0.14 0.14 0.14 0.14 0.14 0.13 0.13 0.12 0.12 0.13 0.13 0.12 0.12 0.131
E.[eV] 0.24 0.24 0.23 0.23 0.23 0.23 0.24 0.24 0.23 0.23 0.22 0.23 0.23 0.23 0.23 0.23
%] 7.0 43 15 2.0 73 10.6 39 218 7.6 21 9.0 33 6.6 5.0 3.0 51 -
Kusc [10* 5] 0.7 0.7 0.8 0.8 0.9 0.9 0.8 0.7 0.6 0.6 0.6 0.6 0.5 0.6 0.7 0.7 0.71
o 213 -21.1 -22.6 225 223 -22.3 -22.6 22.7 232 -231 -23.0 224 236 -23.6 -21.9 219
On -74.6 747 -74.9 749 56.0 -56.0 55.9 -55.9 69.2 -69.1 68.4 -68.8 -55.3 55.2 -55.3 55.2
3 -56.1 56.5 -56.1 56.2 75.1 -75.1 749 -74.9 -55.4 55.3 -55.3 55.1 69.5 -69.2 69.0 -68.8
2Br- rotamers 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 X?
SOCry.s; [em™] 0.57 0.53 0.54 0.57 0.58 0.56 0.56 0.58 0.04 0.05 0.05 0.05 0.04 0.05 0.02 0.03 -
AEscracr [eV] 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.15 0.15 0.14 0.14 0.08 0.08 0.08 0.08 0.13
fsis0 0.20 0.20 0.21 0.21 0.22 0.22 0.21 0.21 0.24 0.24 0.24 0.24 0.19 0.19 0.19 0.19 0.216
E.[eV] 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.25 0.25 0.25 0.25 0.22 0.22 0.22 0.22 -
w[%] 0.8 33 11 11 72 15 16 5.0 12.1 8.3 275 27.8 1.0 0.8 0.4 0.4 -
Kusc [10* 5] 17 18 16 18 18 17 17 19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.40
o 16.2 -16.1 -18.0 17.8 17.8 -17.9 -16.3 16.8 17.6 -17.7 -15.1 15.1 17.2 -17.1 -18.2 18.2
On -77.5 715 <773 772 -63.5 63.5 -63.3 63.4 -68.5 68.5 -68.3 68.3 -78.4 782 -78.9 -68.7
Og 63.3 -63.2 63.1 -63.2 77.3 -77.4 77.1 -77.1 -68.4 68.3 -68.3 68.3 -78.1 78.2 -78.4 78.4
3Br- rotamers [¢] 10 11 12 13 14 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 X2
SOCris [cm™] 3.45 3.50 3.47 3.48 3.19 3.18 311 3.11 2.35 2.35 2.36 231 215 2.14 2.15 2.14 0.88 0.88 0.87 0.87 0.85 0.85 0.84 0.84 1.56 1.48 1.46 1.46 0.68 0.69 0.61 0.58 -
AEscracr [V] 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.24 0.24 0.24 0.24 0.23 0.23 0.23 0.23 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
fsis0 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.19 0.19 0.18 0.19 0.18 0.18 0.18 0.18 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.118
E:[eV] 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.32 0.32 0.32 0.32 0.31 0.32 0.31 0.31 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 -
w[%] 6.90 0.92 212 1.97 112 0.95 2.49 2.67 2.18 218 3.86 4.14 4.63 4.61 14.68 294 0.41 0.46 0.74 0.67 0.56 1.96 0.70 0.65 413 3.48 3.53 357 5.66 10.15 273 2.24 -
kasc [10*s7] 8.0 8.2 8.0 8.0 71 71 7.2 71 0.9 0.9 10 0.9 0.8 0.8 0.8 0.8 15 16 14 15 15 15 15 15 1.0 0.9 0.9 0.2 0.2 0.2 0.2 0.1 2.09
O 18.1 -18.2 175 -17.5 -16.9 16.9 -17.3 173 -16.6 16.6 -17.7 17.8 155 -15.5 15.7 -15.6 19.5 -19.7 175 -17.4 -18.0 18.0 -18.8 18.8 16.1 -15.8 145 -14.3 -17.7 17.6 -19.0 18.9
On -71.0 71.0 61.2 -61.2 60.9 -60.9 -71.5 715 778 <778 778 -715 779 -77.9 78.0 -77.9 76.5 -76.4 -835 -61.8 75.9 -75.9 61.0 -61.0 75.4 -75.3 -75.8 75.9 75.1 -75.1 74.8 76.6
s 61.4 -61.3 -70.9 70.9 -71.4 71.4 60.9 -60.9 73.6 -73.6 73.6 -73.6 74.0 -74.0 74.0 -74.0 61.7 -61.7 76.8 -76.7 60.8 -60.8 75.5 -75.5 -75.7 75.7 75.2 -75.1 -76.2 76.3 -76.6 -74.8

2 statistical mean values (weighted using Boltzmann distribution law - equation S2);
SOCr1.s1 [cm™] — SOC constant value for 3CT —1CT transition;
AEsctacr [V] — Energy gap between 3CT and 'CT excited states;

fs1.s0 — Oscillator strength;

Ea. [eV] — Activation energy;

u [%] — relative contribution estimated using Boltzmann distribution law - equation S2);

Knsc [10* %] — calculated rate constant for 3CT —!CT transition.
6. 6 05— dihedral angles (Figure 3)
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Calculations of the 3LE—ICT rate constants. To verify whether 3LE—!CT channel has an
impact on rISC, we performed theoretical calculations of its rate constants (ksLe-ict) using
Marcus-Hush equation (S1) and experimental AEs_e-1ct Values. Since we consider two triplet
states from which rISC is potentially possible, at first, we estimated relative population of these
levels using Boltzmann distribution law:

xp (~ 1)

xi[%] = —
S exp (k) (3)

where AE; denotes the energy difference between lowest triplet state (T1) and respective triplet
state (Ti):

AE; = (T, — Ty), (S4)
_ (Ti— Ty)
a; = exp (—kB—T) (85)

Table S3. Theoretical constant rates ksie-1ct with determined population of lowest triplet
excited states of emitters.

CBP 10%
Alignment of triplet excited states: T, = 3|_E(A)
T:=3CT
SLE(A) SCT
Ta T2  AEmm X3LE(A) X3CT ksLe-1cT  X3LE(A)KSLE-1CT
ai az
[ev]l [ev] [eV] [%] [%] [10s7] [10*s7]
H 203 2.25 0.22 1 0.0003 0.03 99.97 186.2 0.04
1Br 208 2.25 0.17 1 0.0018 0.18 99.82 24.4 0.03
2Br 211 225 0.14 1 0.0070 0.70 99.30 1.1 0.01
3Br 216 2.25 0.09 1 0.0281 2.92 97.08 3.8 0.10

From the results included in Table S3, it can be seen, that population of triplet states is strongly
dominated by 3CT state due to large difference in energies between *CT and 3LE levels.

Next, values of ksie-1ct for each emitter were calculated just as kscr-1cT, taking into account
population of 3LE state X3LE(a)- Results are presented in Table S3 and Figure 4.

Since theoretical predictions of rISC constant rates based on exclusively 3LE-'CT channel did
not showed a good correlation with experimental values, we conclude that 3LE-'CT channel
has not considerable impact on rISC in most of the cases except for the rotamers with very low
rates of 3CT-1CT transition as 2Br-anti ones.
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3CT-ICT orbital moment change
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Figure S7. Differences in the orbital transition moment of H rotamers. *note that contour value

is 0.01 (high)
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Section S3: NMR spectra of target emitters

'H NMR spectrum of 3-(4-((2-bromo-4-methylphenyl)(p-tolyl)amino)phenyl)-dibenzo[a,c]
phenazine-11,12-dicarbonitrile (1Br) in CDCls
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'H NMR spectrum of 3-(4-(bis(2-bromo-4-methylphenyl)amino)phenyl)dibenzo[a,c]
phenazine-11,12-dicarbonitrile (2Br) in CDCla.
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'H NMR spectrum of 3-(4-(bis(2-bromo-4-methylphenyl)amino)phenyl)dibenzo
[a,c]phenazine-11,12-dicarbonitrile (3Br) in CDCls.

0.45 - 2
z N, g 4
e g B/ N
3 S i | e WY
N= ‘- =
035 3 os® Sl Ni=d ~
E FN el Sl S ® &
N==r— S — =4 A &
0.30 = i N=/ \ £ N e
> F4 B N=d
£ 2 \
Enzs- X
3
N
EnzoA
0.15 3
o
: P
0.10 - Te & 2
g = ] 7 ) g8
ji78s  alzseE  ctzassfisl TiRRNSS..p
m-f ) I;w Wh “*HW"“ 3959 !
3 A
LB = o = (S
199 1.761.021.23 094113122134104 178 1.95 104101083 573
[ - W o H W W = o W W W =
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 4s ) 3s 30 25
Chemical Shift (ppm)
0.30 20— /!
i\, /
E Xowd Bd Y
VAR i T
9253 NN TN
E Y 2 U A W A N S
. s B v £ N
> 020 / B \ood
#
[ & 2
E “
3
2015-
5
0.10
E §§ co88 §§
o~ TENN
ossy L7 EE Ty ! 885
ot © o
_J‘ [
0 3 N ) L_ J_,ul_u___j, w&__ —
200 1.76 102123 084 113122 134 104 1.78 195 104 1.010.93
[ bd b hd el e bd heed =1 heeed el fd Lo
: prerree Y T prevrrerITTT T T

T TreTTTTTTTO YT TrerrTT—T TrenT T T TrTrT T
94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 15 74 713 72 71 10 69 68 67
Chemical Shift (ppm)

S15



'H NMR spectrum of 3-(4-(bis(2-bromo-4-methylphenyl)amino)phenyl)phenanthrene-9,10-
dione (2) in CDCla.
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'H NMR spectrum of 3-(4-(bis(2-bromo-4-methylphenyl)amino)-3-bromophenyl)-phenanth-

rene-9,10-dione (3) in CDCl3
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Section S4: Determination of photophysical parameters

PL decay curves (presented in Figures 2F and S4) were fitted with the multiexponential
equation:

I(t) = Ay + z Azexp(— t/ri) (S6)
i=1

where A; is the pre-exponential factor, t; is the decay time and I(t) is emission intensity.
Average lifetimes of prompt (tpr) and delayed fluorescence (tpr) were determined using the
following formula:

n
Tpry Tpr = Z fiti, (S7)
i=1

where f;is fractional contribution of i-th component expressed as:

ATy

=t S8

The ratio of DF and PF quantum yields ¢pr/@pr Was determined as follows:

n
Tpri) ApFoi
Opr _ Zi:l DF(i) 41DF (i) (Sg)

n
ver z _,TerG) Apr()

where Appg;y and Apg(jy is the pre-exponential factor of delayed and prompt fluorescence
component, respectively; Tpp;yand tpg(j) is the lifetime of delayed and prompt fluorescence
component, respectively. The rate constants of radiative (k,.) and nonradiative (k,,.) decay and
intersystem crossing (k;s¢) are given by equations[S2]:

k, = 2PE (S10)
Tpr

PpF
kicc = , S11
1s¢ © Tpp ( )

1
knr = T - (kr + kISC)- (812)
PF

where @ 1S PLQY (¢pr + @pr). Further, the quantum yields for ISC and rISC were calculated
as

®Y1sc = kiscTpr, (S13)
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1— @pr/@
Prisc = — . (S14)
Pisc

Finally, the rate constant of rISC (k,.;sc) was calculated as

Prisc ( ¢ )
k = —. S15
rise Tpr \@pF ( )

Thus obtained photophysical parameters are presented in Table 2 (main text).

References

[S1] M. Monka, 1. E. Serdiuk, K. Kozakiewicz, E. Hoffman, J. Szumilas, A. Kubicki, S. Y.
Park and P. Bojarski, Mater. Chem. C. 2022, 10, 7925-7934.

[S2] Tao, Y.; Yuan, K.; Chen, T.; Xu, P.; Li, H.; Chen, R.; Zheng, C.; Zhang, L.; Huang, W.
Thermally Activated Delayed Fluorescence Materials Towards the Breakthrough of
Organoelectronics. Adv. Mater. 2015, 26, 7931 — 7958.

S19



