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S1 Experimental methods

Supporting information

S1 Experimental methods

OQAO(mes), was synthesized as reported previously.! Solutions were prepared with toluene, chloroform,
chlorobenzene, and o-dichlorobenzene (all anhydrous >99%, Merck) in sealed cuvettes in a glovebox under
a nitrogen atmosphere. The oxygen content of the glovebox was kept below 10 ppm. For oxygen exper-
iments air was bubbled through cuvettes containing the solution prepared under Ny for approximately
5 min.

Steady-state absorption spectra were collected using a Cary-60 (Agilent) UV-visible spectrophotometer.
Steady-state emission spectra were recorded using a RF-6000 (Schimadzu) fluorimeter, exciting at 450
nm. Photoluminescence quantum yields were recorded using a Edinburgh Instruments FS5 fluorimeter
with an integrating sphere.

Time-resolved emission data were collected using a time-correlated single photon counting (TCSPC)
setup (Deltaflex, HORIBA). Prompt emission decays were collected in TCSPC mode, using 450 nm
excitation pulse generated from a white-light continuum pulsed laser at a repetition rate of 1.22 MHz
(NKT SuperK Extreme), and a monochromator. Delayed emission was measured using the same set up
in multichannel scaling (MCS) mode, with 450 nm excitation generated from a white-light continuum
pulsed at 1326 Hz (NKT Compact), passed through a 450 nm bandpass filter. Excitation fluences for all
emission experiments were below 5 nW.

Transient absorption spectra were collected on a commercial nanosecond-timescale transient absorp-
tion spectrophotometer (EOS, Ultrafast Systems). The excitation pulse was 355nm pulse at a 700 Hz
repetition rate, with a full-width at half maximum (FWHM) spot size of 0.5mm at the sample. The
probe pulse was generated from a photonic crystal fiber based supercontinuum laser (EOS, Ultrafast
systems), split into signal and referenced beams, with a 0.1 mm FWHM spot size at the sample. The
polarization of the excitation pulse was rotated to magic angle relative to the probe pulse. The excitation
fluence was 0.9 mW (650 11J) unless otherwise noted.
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S2 Time-resolved emission data

S2 Time-resolved emission data

Individual traces for each solvent under Ny and after exposure to air (labeled O2) are shown for prompt
emission in Figure S1 and delayed emission in Figure S2. The delayed emission is significantly accelerated
under air, indicating the quenching of the triplet state(s). This is likely via interactions with ground
state oxygen causing the sensitization of singlet oxygen:

T, + 302 — So + 102.

The prompt emission background becomes much lower after exposure to air, due to the decrease in delayed
emission, but the prompt decay is also slightly accelerated, indicating the interaction of OQAO(mes),
singlet excitons with oxygen. This could occur via the process

Sy +3209 = Ty, + 104,

but since the energy gap of S; and T,, should be much smaller than the energy needed to excite singlet
oxygen (0.97 eV), this is unlikely. It is more likely that singlets are reacting with existing singlet oxygen
(e.g. generated from the OQAO(mes), triplets) via

Sy + 10y = T, + 30,.

These types of interactions have previously been observed to occur in organic materials.??3
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S2 Time-resolved emission data
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Figure S1: Prompt emission (showing singlet exciton lifetimes) from time correlated single photon counting
(TCSPC) data for OQAO(mes)2 in different solvents. TCSPC was measured after solutions were prepared
and sealed in cuvettes a glovebox (N2) and then after bubbling air through the same cuvettes (O2).
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S2 Time-resolved emission data
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Figure S2: Delayed emission from multichannel scaling (MCS) data for OQAO(mes)2 in different solvents.
TCSPC was measured after solutions were prepared and sealed in cuvettes a glovebox (N2) and then after
bubbling air through the same cuvettes (O2).

S6



S3 Transient absorption data

S3 Transient absorption data
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S3  Transient absorption data
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Figure S3: TA spectra of OQAO(mes)2 in various solvents under N2 at 298 K, excited at 355nm. (a), (c),
(e) and (g) show the raw TA spectra, and (b), (d), (f) and (h) show the TA spectra normalized to the ground
state bleach (GSB). Data is omitted from 705-715nm due to scattering of the excitation pulse. All solutions
were excited at 355 nm at 0.9 mW.
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S4  TA Deconvolution

S4 TA Deconvolution

S4.1 2-component deconvolution

We initially attempt to deconvolute the TA spectrum of OQAQO(mes), in o-dichlorobenzene with just two
components, which we arbitrarily label A and B. The basis spectrum of component A, e5()), is taken
from the TA spectrum at early times (1 ns), and the basis spectrum of B, eg(A), is taken from late times
(500 1s). Then the TA spectrum can be fit as a linear combination of the component A and component
B basis spectrum at each time, ¢, using

AANE) = ea(Nea(t) + es(Nep (), (S1)

where ca(t) and cg(t) are the concentrations of component A and B at time ¢, respectively. The basis
spectra (ea(A) and eg())) are shown in Figure S4a, and the resulting concentrations of A and B in
Figure S4b. The fit of the 2-component deconvolution (i.e. the fit of Equation 1) to the data is shown
in Figures S5 and Figures S6, where it can be seem the fits are poor, particularly at intermediate times
(2ns<t<10000ns). It is clear the TA data cannot be reproduced with only 2 components, and a third
spectral component is needed.
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Figure S4: (a) Basis spectra for the 2-component deconvolution of OQAO(mes)2 in o-dichlorobenzene. Both
spectra are normalized to the GSB. The spectrum of component B (taken at 500 ps) has been smoothed with
a Savitzky-Golay filter. (b) Concentration of component A and B from the 2-component deconvolution of
OQAO(mes)2 in o-dichlorobenzene. The vertical dashed line indicates a change from linear to log scale.
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Figure S5: Fit of the 2-component deconvolution to the TA data of OQAO(mes)2 in o-dichlorobenzene at
selected wavelengths. The vertical dashed line indicates a change from linear to log scale on the time axis.
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Figure S6: Fit of the 2-component deconvolution to the TA data of OQAO(mes)2 in o-dichlorobenzene at
selected times.

S10



S4  TA Deconvolution S4.2  3-component deconvolution

S4.2 3-component deconvolution

To reproduce the TA data we extract three spectral components, initially labeled A, B, and C, such that
the spectra can be described by

AANE) = ea(Nea(t) + es(N)ep(t) + ec(Nec(t). (S2)

The basis spectrum of A is again taken from the TA spectra from very early times (1 ns) to avoid
contamination from component B and C as they form. Likewise, the basis spectrum of C is taken at
very late times (>500ps) to avoid contamination of A and B. The spectral shape of the TA spectrum is
relatively constant after ~100 ps, so we assume that only one component is present after that time (C).
However determining the basis spectrum of the intermediate component, B, is less straightforward. We
use b5 ns to extract component B, since this is the maximum of the peak at 630 nm (relative to the GSB)
that was unable to be captured by the 2-component fit. However it is very possible that the spectrum
at 55ns is not due to a single component. The features of component A (i.e. the ESA at 460 nm and SE
at ~540nm) have mostly gone by 50 ns, so we can assume that A has negligible contribution. But it is
possible that component C is also present at 50 ns. We thus consider two extreme scenarios:

1. There is no component C contribution at 55 ns, and the entirety of the spectrum is due to compo-

nent B:
AA(N, 55 ns) = eg(A)ep (55 ns) (S3)
' ~ AA(N, 55 ns)
-es(A) = cg (55 ns) (54

We refer to this as the upper bound for B.

2. There is significant C contribution at 55 ns, and the spectrum is due to the sum of both B and C.
In other words:

AA(N, 55 ns) = eg(N)eg(55 ns) + ec(N) e (55 ns) (S5)
‘ ~ AA(), 55 ns) — ec(N)cc(55 ns)
-es() = (55 ns) ’ (86)

where the minimum amount of ¢c(55 ns) is 0 (i.e. scenario 1, upper bound for B). The maximum
amount of c¢c(55 ns) can be determined from the shape of the spectrum. It is unfeasible for
component B to have negative AA signal outside of the GSB and SE (~450-550 nm), however
if too much component C is subtracted a negative signal around 750 nm appears. Hence the
maximum amount of ¢c(50 ns) is the highest concentration before eg(750 nm) becomes negative.
This gives us the lower bound for B.

We can therefore deconvolute the TA data using these possibilities as upper and lower limits for the
B component basis spectrum. The resulting basis spectra are shown in Figure S7 for o-dichlorobenzene,
where the upper and lower bounds of B are the lower and upper limits of the black shaded area. Note
that the actual concentrations or extinction coefficients are unknown, so the basis spectra are normalized
to the ground state bleach. As a result, the concentrations resulting from the fit have arbitrary units.
The fit of the 3-component deconvolution to the data is shown in Figures S9 and Figure S8, where it
can be seen that the spectra are reproduced well at all wavelengths and times. We conclude that three
spectral components are thus sufficient to reproduce the data.

The three component deconvolution was repeated for OQAO(mes)s in chlorobenzene, chloroform, and
toluene, as shown in Figure S10-S18. In all cases, three components are able to reproduce the data well.
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S4.2  3-component deconvolution
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Figure S7: (a) Basis spectra for 3-component deconvolution of OQAO(mes)2 in o-dichlorobenzene. Spectra
are normalized to the GSB. The spectrum of component C (taken at 400 ps) has been smoothed with a
Savitzky-Golay filter. Data are omitted at 710 nm due to scatter from the excitation pulse. (b) Concentrations
of components A, B, and C from the 3-component deconvolution of OQAO(mes)2 in o-dichlorobenzene. The
basis spectra and concentrations determined from the upper bound (assuming no component C at 55ns) are
shown in gray/light-red dashed lines, and the lower bound in gray/light-red solid lines. A mid-bound is also
shown in solid black/red as a guide to the eye.
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Figure S8: Fit of the 3-component deconvolution to the TA data of OQAO(mes)2 in o-dichlorobenzene at
selected wavelengths. The vertical dashed line indicates a change from linear to log scale on the time axis.
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S4.2  3-component deconvolution
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Figure S9: Fit of the 3-component deconvolution to the TA data of OQAO(mes)2 in o-dichlorobenzene at
selected times.
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Figure S10: (a) Basis spectra for 3-component deconvolution of OQAO(mes)2 in chlorobenzene. Spectra are
normalized to the GSB. The spectrum of component C (taken at 400 us) has been smoothed with a Savitzky-
Golay filter. Data are omitted at 710 nm due to scatter from the excitation pulse. (b) Concentrations of
components A, B, and C from the 3-component deconvolution of OQAO(mes)2 in chlorobenzene. The basis
spectra and concentrations determined from the upper bound (assuming no component C at 55 ns) are shown
in gray/light-red dashed lines, and the lower bound in gray/light-red solid lines. A mid-bound is also shown
in solid black/red as a guide to the eye.
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Figure S11: Fit of the 3-component deconvolution to the TA data of OQAO(mes)2 in chlorobenzene at
selected wavelengths. The vertical dashed line indicates a change from linear to log scale on the time axis.
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Figure S12: Fit of the 3-component deconvolution to the TA data of OQAO(mes)2 in chlorobenzene at
selected times.
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Figure S13: (a) Basis spectra for 3-component deconvolution of OQAO(mes)2 in chloroform. Spectra are
normalized to the GSB. The spectrum of component C (taken at 400 ps) has been smoothed with a Savitzky-
Golay filter. Data are omitted at 710 nm due to scatter from the excitation pulse. (b) Concentrations of
components A, B, and C from the 3-component deconvolution of OQAO(mes)2 in chloroform. The basis
spectra and concentrations determined from the upper bound (assuming no component C at 55ns) are shown
in gray/light-red dashed lines, and the lower bound in gray/light-red solid lines. A mid-bound is also shown
in solid black/red as a guide to the eye.
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Figure S14: Fit of the 3-component deconvolution to the TA data of OQAO(mes)2 in chloroform at selected
wavelengths. The vertical dashed line indicates a change from linear to log scale on the time axis.
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Figure S15: Fit of the 3-component deconvolution to the TA data of OQAO(mes)2 in chloroform at selected
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Figure S16: (a) Basis spectra for 3-component deconvolution of OQAO(mes)2 in toluene. Spectra are nor-
malized to the GSB. Data are omitted at 710 nm due to scatter from the excitation pulse. (b) Concentrations
of components A, B, and C from the 3-component deconvolution of OQAO(mes) in toluene. The basis spec-
tra and concentrations determined from the upper bound (assuming no component C at 55ns) are shown in
gray /light-red dashed lines, and the lower bound in gray/light-red solid lines. A mid-bound is also shown in
solid black/red as a guide to the eye.
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Figure S17: Fit of the 3-component deconvolution to the TA data of OQAO(mes)2 in toluene at selected
wavelengths. The vertical dashed line indicates a change from linear to log scale on the time axis.
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Figure S18: Fit of the 3-component deconvolution to the TA data of OQAO(mes)2 in toluene at selected
times.
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S4.3 Spectral assignment
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Figure S19: Deconvoluted concentration of component A (from TA data) and prompt emission decay from
time correlated single photon counting (TCSPC) measurements.

Figure S19 shows the decay of species A from TA deconvolution and the prompt emission measured
using TCSPC decay for OQAO(mes)s in each solvent, which match closely in all cases. This agreement
and the observation of stimulated emission features in the component A basis spectra leads us to con-
fidently assign component A as the singlet excited state, S;. Some TADF studies refer to the singlet
excited state as !CT, however since the CT character in OQAQO(mes)s is weak, we refrain from this.

Since components B and C exist on nano—microsecond timescales and are not strongly emissive, we
assign these as triplet states. This is confirmed by triplet sensitization experiment with 4CzIPN as
discussed in Section S5. We refer to component B as the early-time triplet, Teany, and C as the late-
time triplet, Tiate. The two extremes for the basis spectrum of B lead to very different kinetics for
the rise of C. Using o-dichlorobenzene as an example (Figure S7b), for the upper limit basis spectrum,
component C is formed very slowly, and the rise is correlated with the decay of component B. Thus
would suggest a sequential model of the form A —— B —— C, where A —— B is very fast (10s of
ns), while B —— C is very slow (1000s of ns). The lower limit basis spectrum results in components
B and C rising concurrently, with B decaying on a faster timescale than C. This is more reminiscent
of a model of the foorm A —— B 4+ C —— C, i.e. both B and C are formed from A, with B decaying
on a faster timescale. However, we note from Figure S7b that component C continues to rise long after
minimal A is present, and the rise on this timescale correlates with the decay of B regardless of the basis
spectrum used, suggesting some B —— C must occur. In other words, some Teap1y — Thate must occur,
presumably via internal conversion, regardless of which basis spectrum used.

As discussed in the main text, TDDFT calculations allow the calculation of spin-orbit coupling (SOC)
constants between the singlet and triplet states of OQAO(mes),. Additionally, SOC calculations indicate
that ISC to the higher energy triplet state, T is possible, but the SOC constant between S; and T; is
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low, so ISC to this state is unlikely. Hence, we propose that component B/Teay in the main text is
Ty, and component C/Tate is T1. Thus B —— C is internal conversion from Ty —— T;. We therefore
consider A — C, i.e. S; —— T4, to be unlikely, ruling out the kinetics determined from the lower limit
basis spectrum. Finally, we also show in Section S8.3 below that the lower bound kinetics are unable to
be reproduced by a kinetic model as well as the upper bound kinetics, further suggesting the sequential
evolution is more likely. In the main text, we only show kinetics determined from the upper limit basis
spectrum.

Note that as the choice of basis spectrum only affects the rise time of Tiaie, it does not alter the
agreement (or lack of) of the triplet kinetics with the delayed emission, as demonstrated in Figure S20.
In other words, regardless of Teuy basis spectrum used, the Tealy decay closely matches the delayed
emission decay for toluene and chlorobenzene, and agreement of chloroform and o-dichlorobenzene remain
ambiguous (as discussed in the main text).
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Figure S20: Deconvoluted concentrations of Tearly and Tiate from the TA data of OQAO(mes)2 in various
solvents using both upper and lower bounds of the Teary basis spectra, plot with the delayed emission data.
Delayed emission is scaled to best match either Tearly or Tiate.

S5 Triplet sensitization

The donor-acceptor TADF molecule 4CzIPN has a triplet energy of 2.53eV (as measured from phos-
phorescence in toluene at 77K).* Based on the singlet-triplet energy gap of OQAO(mes)s determined
previously,! we expect a triplet energy around 2.2 eV in toluene. Hence 4CzIPN should be able to sensitize
triplets excitons in OQAO(mes)s,, allowing us to identify the OQAO(mes), triplet absorption spectrum
in TA. The steady-state absorption of a blend solution of approximately 18 uM 4CzIPn and 67 pM
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OQAO(mes)s in toluene is shown in Figure S21, alongside the spectra of neat 4CzIPN and OQAO(mes)
toluene solutions.
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Figure S21: Steady-state absorption spectra of the 4CzIPN/OQAO (mes)2 blend used for triplet sensitization.
Also shown are the spectra of neat 4CzIPN and neat OQAO(mes)2, scaled to their relative contribution to
the blend spectra. Toluene is the solvent used in all cases.

We first determined the TA basis spectra of the 4CzIPN singlet and triplet excitons. TA was collected
of a neat solution of 4CzIPN in toluene under Nj, exciting at 355 nm. The resulting spectrum is shown
in Figure S22a. We deconvoluted this spectrum into two components using the data at 1 and 50 ns
(Figure S22b), and fit the data to a linear combination of these components, as described above for
OQAO(mes)s. The resultant fits are shown in Figures S23 and S24. The spectra fit well at all times,
indicating that only two components are required to fit the 4CzIPN TA spectra, which is consistent with
previous TA studies on this material.>® The 4CzIPN has significant charge transfer character, so the
early time component can be described as a singlet CT state, 'CT. Two triplet states are involved in
4CzIPN TADF, a local exciton triplet (*LE) and a CT triplet (3CT). According to previous studies, these
triplets exist in equilibrium and so the triplet state observed in TA likely corresponds to both.%9

The TA spectrum of the 4CzIPN/OQAO(mes), blend in toluene under Ny is shown in Figure S25.
4CzIPN absorbs significantly more at the excitation wavelength of 355 nm, so the early time spectra
should be dominated by 4CzIPN excitons, however some OQAO(mes); will be excited as well. Cor-
respondingly, at early times the features are dominated by 4CzIPN, but at later times OQAO(mes),
features corresponding to components B and C determined above become evident. To determine the
relative proportions of each excited state present, the TA was fit using the neat 4CzIPN basis spectra
in Figure S22b and neat OQAO(mes), basis spectra in Figure S16b (only the upper bound basis spectra
were used for OQAO(mes)2). The basis spectra from the two neat solutions are able to reproduce the
blend TA well at all times, as shown in Figures S26 and S27.

The deconvoluted concentrations of each component in the blend TA are shown in Figure S28. A
comparison of the singlet and triplet kinetics of 4CzIPN in neat toluene TA and in the blend TA is
shown in Figure S28b. The 4CzIPn triplets decay faster in the blend than in the neat, suggesting an
additional triplet quenching pathway, such as triplet energy transfer. A comparison of the singlet and
triplet kinetics of OQAO(mes)s in neat toluene TA and in the blend TA is shown Figure S28c. At
early times, the kinetics are identical to the neat OQAO(mes)s case, however after about 100 ns the
Tearly component begins to grow significantly larger in the blend solution. Figure S28a shows that this
growth in Teumy occurs on the same timescale that 4CzIPN T; decays, indicating that there is triplet
energy transfer from 4CzIPN to OQAO(mes),. This confirms that component B (Teany) observed in the
OQAO(mes)s spectrum is indeed a triplet state, and that it has an energy below that of the 4CzIPN
triplet (2.53 eV). Component C (Tiate) is also much larger in the blend than neat case, consistent with
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S5 Triplet sensitization

the sensitized Teary states continuing to evolve to Tiage.

Note that the amount of sensitized triplet in OQAO(mes)s looks disproportionally large in Figure S28¢c
compared to the relatively small change in triplet decay for 4CzIPN in Figure S28b. However, when we
consider than the concentration of initially excited OQAO(mes), excitons is much smaller than 4CzIPN
this is reasonable- a small amount of 4CzIPN triplets can sensitize a large proportion of OQAO (mes)
triplets. Singlet energy transfer from 4CzIPN to OQAO(mes); is also theoretically possible, but in this
case appears to be outcompeted by ISC and radiative decay.
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Figure S22: (a) TA spectrum of 4CzIPN in toluene under N2, excited at 355 nm. (b) Singlet and triplet basis
spectra of 4CzIPN in toluene, normalized to 400 nm, and (c) deconvoluted singlet and triplet concentrations
using the basis spectra in (b). Note the S; and T concentrations are not necessarily to scale.
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Figure S23: Fit of the 2-component deconvolution to the TA data of 4CzIPN in toluene at selected wave-
lengths. The vertical dashed line indicates a change from linear to log scale on the time axis.
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Figure S24: Fit of the 2-component deconvolution to the TA data of 4CzIPN in toluene at selected times.
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Figure S25: TA spectrum of 4CzIPN/OQAO(mes)2 blend in toluene under Ng, excited at 355 nm.
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Figure S26: Fit of the neat 4CzIPN and OQAO(mes)2 toluene basis spectra to the 4CzIPN/OQAO (mes)2
blend TA at selected wavelengths. The vertical dashed line indicates a change from linear to log scale on the
time axis.
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Figure S27: Fit of the neat 4CzIPN and OQAO(mes)2 toluene basis spectra to the 4CzIPN/OQAO (mes)2
blend TA at selected times.

524



S5 Triplet sensitization

12 .
n (a) Blend
1\
~ 10+ (A Py
> " , ~ —-—= 4CzIPN S;
IS R / AN ——— 4CzIPNT;
3 81 [ A \  —— OQAO(mes), S;
s AN \, — OQAO(mes); Teary
s 67 1\ \ — OQAO(Mes); Tire
5 oA \
b=t 1 ,I \ \\
g 41 : ' N \
E H 1 N \
S H \ \
o M
1 \ \
Il \ \
0 e
0 10! 102 103 104 10°
Time (ns)
1.0
& (b) 4CzIPN 7 1.50 | (c) OQAO(mes),
o o
= 0.8 = S
o —— S, blend T 1.25 1 ?1 blet;\ld q
<] === S; neat ] ] T late
£ 06 S Tineat E 1.00 ---5; neat
2 2 0.75 === Tearly Neat
s = V.75 === 1 Tiate Neat
-5 0.4 -5 late
© © 0.50 1
5021 5 -
g £ 0.251 ==
o o
) o o=
0.0 - 0.00 =M Nl a L
0 10! 102 103 104 10° 0 10! 102 103 104 10°
Time (ns) Time (ns)

Figure S28: (a) Deconvoluted concentrations of excited states of 4CzIPN and OQAO(mes)2 in the blend
TA. (b) Comparison of the singlet and triplet kinetics of 4CzIPN in neat and blend TA. (¢) Comparison of
the singlet and triplet kinetics of OQAO(mes)2 in neat toluene and blend TA. The 4CzIPN triplets decay
faster in the blend than in the neat, and the OQAQO(mes)2 triplets are enhanced in the blend compared to the
neat, indicating triplet energy transfer occurs from 4CzIPN to OQAO(mes)2. This confirms that component
B observed in the OQAO(mes)2 spectrum is a triplet state, with energy below 2.53 eV.
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S6 Excitation fluence dependence
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Figure S29: Fluence dependence of OQAO(mes)sz in (a) o-dichlorobenzene and (b) toluene solutions, both at
298 K under N2. No significant fluence dependence is observed, indicating that minimal bimolecular process,
such as triplet-triplet annihilation, are negligible. Given emission data was recorded at substantially lower
fluences than TA, we can also conclude that no bimolecular processes would be occurring in the emission data.
The vertical dashed line indicates change from linear to logarithmic scale. Concentrations are determined
using the upper limit of the component B (Teariy) basis spectrum (i.e. assuming no Tiate is present at 55 ns).

S7 Effect of oxygen
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Figure S30: Oxygen dependence of OQAO(mes)2 in various solvents at 298 K. The vertical dashed line
indicates change from linear to logarithmic scale. Concentrations are determined using the upper limit of the
component B (Tearly) basis spectrum (i.e. assuming no Tiate is present at 55 ns). The triplet lifetimes are
significantly shorter on exposure to oxygen, which agrees with the trends in delayed emission data in Figure
S2.

S8 Kinetic modeling

TADF rates and efficiencies are often determined by fitting time-resolved emission data using equations
derived from a two-state system (S; and T;) and the quantum efficiencies of prompt and delayed emis-
sion.” However, since we measure prompt and delayed efficiency in separate measurements (TCSPC and
MCS) we cannot determine relative quantum efficiencies of prompt and delayed emission. Additionally,
there are clearly three states (Si, Tearly, and Tiate) in our system. Therefore, rather than the typical
equations used for time-resolved emission, we instead fit a full system of differential equations to our TA
data, which allows us to take into account all three states, and in particular determine the dynamics
between Teary, and Tiage.

The deconvoluted concentrations from TA were fit to the TADF model in Figure S31. This model is
equivalent to the system of differential equations

d[S
Eltl} — —k‘S1 [Sl] - kISC {Sl] -+ kRISC {TearlyL (S?a)
d|Tear
{dtly} = kISC[Sl] - kRISC[Tearly] - k? [Tearly] + kRQ [Tlate] — kTearly [Tearly]7 (S?b)
d[Thate
[dltt} = ko[ Tearty] — kr2[Thate] — k1 [Thate), (S7¢)
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Figure S31: Model describing TADF. Note that energy levels are not necessarily to scale.

where [S1], [Tearly), and [Tiate] are the time dependent concentrations of the S;, Teary and Tiate excited
states, and kg, , k1., , kT, are their respective natural decay rates (radiative plus internal conversion).
kisc and kgrisc are the forward and reverse rates of ISC, and ko and kgro are the forward and reverse
rates of conversion of Tearty t0 Tiate (i-€. internal conversion between triplet states).

Attempting to fit this model to the TA data of OQAO(mes); under Ny alone would result in rate
constants with large uncertainties. In particular, the delayed fluorescence tail in the S; population is
so small that is is not resolvable in the TA data, so there is not enough information to sensitively fit
krisc. Additionally, since the absolute magnitudes of Sy, Tearly, and Tiae are unknown, the model was
fit to normalized concentrations (i.e. the residuals were calculated between the fit and experimental
concentrations normalized to their maximum value). This allows us to avoid the assumption that the
basis spectra of each component are equal at the GSB (which is unlikely due to overlapping ESA and SE
signals), but decreases the sensitivity of the fit. Thus, to counteract this and improve the sensitivity of
the fit we also consider the photoluminescence quantum yields (PLQY), and the TA data under oxygen.

Since the delayed emission tail is absent under oxygen (Figure 1d), we assume that there is negligible
contribution of triplet states to the PLQY under oxygen, i.e.

PLQYo, = — ($8)

kprompt,Oz
ke

_ | 59
kr + knr + kISC + k02781 ( )

where Eprompt,0, i the total prompt singlet decay under oxygen, k, and k;,, are radiative and nonradiative
decay rates of Sy (i.e. ks, = ky + kny), and ko, g, is the additional singlet quenching due to oxygen.
Singlet quenching by oxygen is often neglected in TADF studies, but has been previously observed in
other organic semiconductors.? Additionally, the difference in the S; lifetimes in TA (Figure S30) and
the prompt emission decay (Figure 1c) under Ny and Os suggests a small amount of oxygen quenching
of singlet states is occurring here. ko, s, can be determined by comparing the prompt lifetimes of the
deconvoluted S; concentrations in TA under Ny and Os:

kOQ,Sl = kprompt,Oz - kprompt,Ng-

k, can be determined from Equation S8:

ke = PLQY0, X Eprompt,0,-
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Finally, kisc can be calculated from:

kISC = kprompt,Og - kr - knr - kOg,Sl-

If we take the nonradiative decay from the singlet state to be negligible, then an upper bound of kigc
can be calculated. The actual kigc may be lower than this, but since the same approximation is made
across all samples this has little effect on the conclusions drawn from this modeling. Additionally, the
upper bounds of kg calculated here give triplet yields of approximately 40%, which is roughly consistent
with TA data. PLQYs under oxygen were determined in an integrating sphere, as reported in Table S1.
These are averaged over 4 samples. The fraction of PLQYs under Oy and Ny (PLQY0,/PLQYN,) we also
determined, using the fraction of integrated fluorescence intensities of samples prepared under Oy and No,
averaging over 8 samples for each solvent. The PLQY under Ny was then determined from this fraction
and the Os PLQY, as reported in Table S1. There are large uncertainties in the PLQYs, likely arising
from varying oxygen contents between samples in different solvents, and in repeat experiments of the
same solvent. There is also no apparent trend with solvent, so we conclude that the PLQYs both under
N and Og are the same within error. The prompt S; decay rates were determined by fitting a single
exponential convoluted with the instrument response function to the deconvoluted S; concentrations
from TA. ko,s,, kr, and kigsc were thus calculated from these prompt decays and PLQYs, with their
corresponding time constants reported in Table S1.

Table S1: Photoluminescence quantum yields (PLQY), the prompt S; decay lifetimes (Tprompt,N,
and Tprompt,0, ), and calculated radiative (1), intersystem crossing (7isc), and oxygen quenching
lifetimes (70,,s,). Note that the lifetimes are determined from fitting the S; component in the
TA data, not from TCSPC.

PLQYo," iigiﬁj b PLQYN®  TpromptNo?  Tprompt,0,? Tisc® T 70,8,
(ns) (ns) (ns) (ns) (ns)
Toluene 0.56+0.08 0.8940.01 0.63 7.74+0.3 7.44+0.3 18.5 13.3 191
Chloroform 0.64+0.04 0.8840.01 0.73 9.34+0.2 88+03 289 13.8 163
Chlorobenzene 0.57£0.02 0.79+0.03 0.72 8.4+0.2 6.6+02 303 11.6 31
o-Dichlorobenzene | 0.614+0.07 0.90+0.02 0.68 7.6+0.3 76+03 195 125 0
Total average 0.59+0.04 0.86+0.02 0.69

¢ Errors are from an average over 4 experiments.
b Errors are from an average over 8 experiments.
¢ PLQY N2 was calculated from PLQY o, and the O2/N2 PLQY fraction.
¢ Errors are 1.64x the standard deviation of the fit (i.e. a 90% confidence interval).

¢ Lower bound on 7isc, assuming mny = 00

With k, and kjgc determined, the Model in Figure S31 and Equations S7a—c were fit to the data to
find krisc, k2, kr2, kT, and kr,,.. The sensitivity of krisc is still low, so we simultaneously fit both
the data under Ny and under Os. The data under Oy can be described by the same model, but with
added oxygen quenching terms for each excited state:

d[S
[dtﬂ = —ks, [S1] — kisc[S1] + krisc[Teary] — k0s.s: 5 (S10a)
d[Tear
[dtly] = kISC[Sl] - kRISC[Tearly] — ko [Tearly] + kRro [Tlate] — kTearly [Tearly] _ ko27Tearly7 (SlOb)
d|Tate
[dltt ] = ko {Tearly] - kRQ [Tla‘ce] - leate [Tlate] — kO?:’Tlate' (SlOC)

ko,.s, is calculated as explained above, and ko, 1., and ko, 1., are additionally fit to the data. In-

early
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cluding the O; data allows us to additionally fit the ratios of PLQY under O, and Ny, which indicate
the degree of RISC (after S; quenching is taken into account)x. Hence, in addition to fitting the excited
state kinetics, the ratio of PLQY under O5 and Ny was also fit to the ratio of the integral of the modeled
S1 concentrations over the 9ps time window:

PLQYo,  Jous S1.0,(t)di
PLQYN,  fohe S1x, (£)dt

(S11)

Including this relation in the residuals of the fit significantly improves the sensitivity of krisc. The
resulting fits for each solvent are shown in Figure S32, and the fitted time constants are given in Table S2.
The proportions of excitons that undergo each process are also given in Table S3, where each proportion
was calculated using the corresponding rate constants:

pisc = Im, (512)
= /qsckm (S13)
LSRR T kRISkC2 + BTy (514)

PRISC = — k;?;si — (S15)
k

Plony = 17 kRIZeCMj_ P (S16)

PR2 = km]fiTm7 (S17)

PTiae = kaJTrl‘};TH (S18)

Table S2: Time constants resulting from the fit of Equations S7 and S10 to the deconvoluted
TA data under N2 and O (using upper bound basis spectra). Errors are reported as 1.64x the
standard deviation of the fit (i.e. a 90% confidence interval). All time constants are reported
in microseconds.

TRISC T TR2 Tlowty  TTiare  TO2Teny T02,Tme  Kisc/krisc  ka/kro
Toluene 156+16 5543 240430 524+3  210+30 0.66+0.03 1£3 4.440.7 84004800
Chloroform 537 5.240.1 5143 58+3 1405 0.68+£0.03 0.018+0.01 10.0+0.7 1800+200
Chlorobenzene 78440 1.70+£0.1  10.6£0.8 22415 76+20 1.02+0.07 0.07+0.03 6.24+0.7 2600+£1000
o-Dichlorobenzene 2043 0.594+0.01 5.2+0.8 12+2  180+£70 1.3£0.2 2.1+0.5 9+1 10004200
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Figure S32: Fits of the model in Figure S31 for each solvent. Left shows the fits to the TA data under Ng,
S31

and right the TA data under Os.




S8  Kinetic modeling S8.1  Electrical excitation

Table S3: Proportions of excitons that undergo each process according to the time constants in
Table S2. The destination state of each process is indicated in brackets.

Sq Tearly Tlate
pisc (Teary)®  Pr (S0)? | p2 (Thate)®  prIsc (S1)  Prowny, (S0) | Pr2 (Tearty)® P (So0)?
Toluene 0.42 0.58 0.41 0.15 0.43 0.46 0.54
Chloroform 0.32 0.68 0.84 0.08 0.08 0.73 0.27
Chlorobenzene 0.28 0.72 0.91 0.02 0.07 0.88 0.12
o-Dichlorobenzene 0.39 0.61 0.93 0.03 0.05 0.97 0.03

¢ Upper bound assuming no nonradiative decay.
b Radiative decay to the ground state.
¢ Tearly _>T1ate
4 Radiative plus nonradiative decay to the ground state.

¢ Tlate _>Tear1y

S8.1 Electrical excitation

With the fitted rate constants known, we can use the model described by Equations S7 to predict the
different performances of OQAO(mes)s in a system with electrical injection (as in an OLED), rather
than optical excitation. In other words, evaluating the model beginning from triplet states, rather than
singlet. Since the recombination of charges yields 75% triplet excitons, and 25% singlet, we evaluated
the model with initial singlet concentrations of 0.25, and triplet concentrations of 0.75. We consider two
scenarios: either the Te.ny, state (i.e Tq) is directly generated from the recombination of charges (i.e
[S1(0),Tearty (0),T1ate (0)]=[0.25,0.75,0]), or the Tia. state is directly generated from the recombination
of charges (i.e [S1(0),Tearty(0),Tiate(0)]=[0.25,0,0.75]). The model is evaluated using both the toluene
parameters and o-dichlorobenzene parameters (Table S2). To determine the efficiency of light generation
in an OLED scenario, we add an additional population to the model to describe the photons emitted
from the S; state:

d[dstl] = ks, [S1] — kisc[S1] + krisc[Teary): (S19a)
GHT;?HY] = kisc[S1] — krisc[Tearty] — k2[Tearty] + kr2[Tiate] — ATy [Tearly], (S19b)
d[rl:il:te] = ka[Tearty] — kra2[Tate] — k7. [Trate], (519¢)
dh)hgttons] = ks, [S1], (S19d)

where kg, is the rate of radiative decay from S;. The total number of photons generated is the maximum
of the [photons] population. The efficiency can be described as

photons out

efficiency = (S20)

excitons in
max|photons]

- 81(0) + Tearly/late(o)

To determine to contribution of the triplet states, we also evaluated the model with the initial singlet
concentration equal to zero (i.e [S1(0),Tearly(0),Tiate(0)]=[0,0,0.75]). The resulting evaluated models are
shown in Figures S33-S35, and the efficiencies are reported for different initial populations in Table S4.

The efficiencies predicted by this model (when injecting 25% singlet and 75% triplet) are comparable to
the external quantum efficiencies reported for OQAO devices by Zou et al. (20.3%), though real devices
will have several additional loss pathways not considered by this model, particularly from the outcoupling

(S21)
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S8  Kinetic modeling S8.1  Electrical excitation

of light. The photophysics in the solid state is also likely to differ from solution.® Only a small proportion
of the emitted photons are from TADF: for toluene less than 35% of emitted light comes from TADF, and
for o-dichlorobenzene approximately 45% is from TADF. When injecting Tiaee states rather than Teary,
the efficiency drops. For o-dichlorobenzene, this is only by 2%, since the reverse reaction of Tiate t0 Teary
is relatively efficient. For toluene, however, the efficiency drops by 54% when exciting T).te rather than
Tearly-

The efficiency is higher for o-dichlorobenzene, but this is predominantly because of the differences in
ISC and radiative singlet decay rates, which in term comes from PLQYs, for which there is a large degree
of error. If we fix these rate constants (kisc, kusc, and kg, ) to be the same as in toluene, we see the
efficiency is much lower than toluene.

Finally, we also compared the performance when injecting Teay with the conversion to Tiage turned
off, iie. ky = 0 (Figure S35). For both toluene and o-dichlorobenzene, the efficiency increases by
approximately 43%. This further demonstrates that, although some conversion of Tiate back to Teany
occurs, it ultimately acts as a loss pathway.

Table S4: Efficiency of S; emission (photons out/ excitons in) simulated using the model de-
scribed by Equations S19 at different initial conditions, using the parameters fit to the TA data
for toluene and o-dichlorobenzene (Table S2).

[S1(0),Tearty(0), Tiate] ‘ [0.25,0.75,0] [0.25,0,0.75] [0,0.75,0] [0,0,0.75] [0,0.75,0]*

Max photons toluene 0.243 0.197 0.086 0.039 0.123
Max photons o-dichlorobenzene 0.314 0.310 0.143 0.139 0.204
Max photons o-dichlorobenzene! 0.169 0.169 0.021 0.020 0.032

*evaluated with k2 = 0

t evaluated with toluene parameters for krsc, krsc, and ks, .
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S8.1 Electrical excitation
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Figure S33: Model evaluated using initial concentrations of [S1(0),Tearly(0),Tiate]=[0.25,0.75,0]) (a and c),
and [S1(0), Tearly(0),Tiate]=[0.25,0,0.75]) (b and d), for toluene (a and b) and o-dichlorobenzene (c and d).
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S8.1 Electrical excitation
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Figure S34: Model evaluated using initial concentrations of [S1(0),Tearly (0),Tiate]=[0,0.75,0] (a and ¢), and
[S1(0),Tearty(0),Tiate]=[0,0,0.75] (b and d), for toluene (a and b) and o-dichlorobenzene (c and d).
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Figure S35:

S35

Model evaluated using initial concentrations of [S1(0),Tearty(0),T1ate]=[0,0.75,0] with no Tiate
formation, i.e. k2 = 0, for toluene (a) and o-dichlorobenzene (b).
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S8.2 Sensitization modeling

We also briefly fit a kinetic model to the deconvoluted triplet sensitization data, to determine whether
Tiate is also sensitized by 4CzIPN. The system of differential equations used was:

d[S
Eltl] - _ksl[sl] - kISC[Sl] + kRISC[Tearly]7 (SQQa)
d Tear
[o'ltly] = kisc[S1] = krisc[Tearty] — F2[Tearty] + kra[Tiate] = Ko [Tearty]
+krer, [4CZIPN T4], (S22b)
d[Thate
[dltt ] — ]{'2 [Tearly] - kRZ [Tlate] - leate [Tlate} + k’TET2 [4CZIPN Tl], (822(3)
4CzIPN
d[CZdtSl] = —kisc,acapn[4CzIPN S1] + krisc acapn[4CzIPN Th], (S22d)
4CzIPN T
d[Czdtl] = kiscacaapN[4CzIPN S1] — krisc 4capn[4CzIPN T4 — ke, [4CzIPN T

_kTETQ [4CZIPN Tl], (8226)

where all parameters are as described above, with the addition of kiscacapn and kriscaczapn as the
forward and reverse rates of ISC in 4CzIPN, and krgr, and krgr, as the rate constants of triplet
energy transfer from 4CzIPN to the OQAO(mes)s Tearly and Tiage states, respectively. For simplicity, we
neglected the radiative and internal conversion decays of 4CzIPN, and only focus on the rates of triplet
energy transfer. The rate of triplet energy transfer to the Teany state was fit as much larger than that
to the Tlate state, (7rrr, = 2390 £ 160, 7rrT, = 13000 £ 3000), with the fit shown in Figure S36a. This
corresponds to just 15% of 4CzIPN triplets transferring to the T state. Additionally, the data can
feasibly be fit with krgpr, constrained to zero (Figure S36b), indicating that triplet energy transfer may
exclusively occur to the Teay (T2) state.

It is unclear why there would be a selectivity for energy transfer to the Teay state. Since Ty is
presumably lower in energy, there would be more of an energetic driving force for transfer to the Tiage
state. It is possible that the electronic coupling between 4CzIPN and OQAO(mes), triplets may therefore
be the dominant factor in the energy transfer rate, and since the molecular orbital arrangements between
the Tearly and Thaee states are different, it is not unreasonable that the coupling of the 4CzIPN triplet to
these states would be different.
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Figure S36: Fit of a kinetic model to the deconvoluted concentrations of the blend 4CzIPN and OQAO (mes)2
system. (a) Includes triplet energy transfer from 4CzIPN to both OQAO(mes)z2 triplet states. (b) Only includes
triplet energy transfer to the OQAO(mes)2 Tearly state (krer, = 0).
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S8.3 Lower bound basis spectrum modeling

We additionally attempted to fit a kinetic model to the concentrations determined from deconvolution
with the lower bound of the Teay (component B) basis spectrum. These kinetics better resemble a
concurrent rise of Teary and Tiate (A — B+ C —— C), hence we modified the kinetic model used to
describe the upper bound data (Equations S7) to include a direct Sy to Tiate pathway with rate constant

krsco:

d[S
[dtﬂ = —ks, [S1] — kisc[S1] + krisc[Teary] — kisc2[S1], (S23a)
d Tear
{dtly} - kISC[Sl] B kRISC[Tearly] — ko [Tearly] + FRr2 [Tlate] - kTearly [Tearly]v (823b)
d|Thate
[ dltt } = ]{51802[51] + ko [Tearly] — kgro [Tlate] - leate [Tlate]y (823(:)

where all other parameters are as described previously. Figure S37 shows the fits of this model to the
o-dichlorobenzene data. The model overestimates the Tea1, component at late times, and is unable to
capture the dynamics between the two triplet populations as well as the Fits in Figure S32.
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Figure S37: Fits of the model in Equations S23 to the o-dichlorobenzene data deconvoluted with the lower
bound basis spectrum for Tearly (component B).

S9 Computational details

Using the Gaussian 16 Rev. B.01 package,® structures were optimized using density functional theory
(DFT) at the OT-S-LC-whPBE/6-31G(d)/IEFPCM(toluene) level of theory to determine the ground
state geometries. The «a, 5, and w parameters for the OT-S-LC-whPBE functional were non-empirically
tuned for each molecule as previously described.'? Frequency analysis was performed at the same level
of theory to verify the absence of imaginary frequencies.

Since many common DFT functionals are known to inaccurately predict the photophysical properties of
MR-TADF emitters, ! multiple functionals including OT-S-LC-whPBE, SOS-PBE-QIDH, MPW1KCIS,
and TPSSh were benchmarked to the experimental absorbance spectrum of OQAO (mes)s using the time-
dependent DFT (TDDFT) under the Tamm-Dancoff approximation with the 6-31G(d) basis set and the
IEFPCM(toluene) solvation model. This revealed that TDDFT calculations at the TDA-TPSSh/6-
31G(d)/IEFPCM(toluene) level of theory most accurately predict the properties of OQAO(mes)s (Fig-
ure S38).

The first 25 singlet and triplet vertical excitations at the ground state geometry were analyzed using the
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Figure S38: Normalized experimental and computed absorption spectra for OQAO(mes)2. Experimental
spectra were measured in toluene and computed spectra were calculated using TDA-TDDFT with the func-
tional indicated, the 6-31G(d) basis set, and the IEFPCM(toluene) solvation model.

TDA-TDDFT at the TPSSh/6-31G(d)/IEFPCM(toluene) level of theory. Hole-electron analysis!'? and
calculation of the lambda index'? were performed using formatted checkpoint files from these TDDFT
calculations along with the Multiwfn 3.8 program.'* VESTA 3.5.7 was used to simultaneously visualize
both the electron and hole isosurfaces, with an isovalue of 0.001.'> TDA-TDDFT was performed using
ORCA 5.0.3 at the TPSSh/6-31G(d)/CPCM(toluene) level of theory to compute the spin orbit coupling
constants between the singlet and triplet states at the ground state geometry.'%!” Spin-orbit coupling
constants computed at other levels of theory are shown in Table S6.

Table S5: Parameters determined from TDA-TDDFT calculations at the TPSSh/6-
31G(d)/IEFPCM/(toluene) level of theory for OQAO(mes)2. A indicates the extent of overlap
between electron and hole. Energies reported are a qualitative indicator of the ordering of the

states.
Energy (eV) A oscillator strength for So — S,
S1 2.57 0.61 0.2646
So 3.14 0.24 0.0000
T 2.09 0.61 -
Ty 2.88 0.41 -

Table S6: Spin-orbit coupling (SOC) constants for OQAO(mes)> calculated using multiple func-
tionals and basis sets in combination with the CPCM(toluene) solvation model.

Functional TPSSh/  TPSSh/ OT-S-LC-whPBE/ B3LYP/
6-31G(d) def2-SVP 6-31G(d) 6-31G(d)
T1-S; SOC (em™1) 0.00 0.00 0.00 0.00
To—S; SOC (em™t) 0.02 0.02 0.02 0.02
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Table S7: Coordinates for the optimized ground state geometry of OQAO/(mes)a.

Atom X (A) Y (A) 7 (A) Atom X (A) Y (A) 7 (A)

C | 0.00000000 | 1.19902500 | -0.90640100 | C | 0.00000000 | 7.20587100 | 2.90735900
C | 0.00000000 | 1.17072800 | 0.49351400 | H | -2.13789800 | 7.06255100 | 2.80495100
C | 0.00000000 | 2.34209300 | 1.22162600 | H | 2.13789800 | 7.06255100 | 2.80495100
C | 0.00000000 | 3.59122800 | 0.58412500 | C | 0.00000000 | -4.84425300 | 1.38998600
C | 0.00000000 | 3.62130100 | -0.79981600 | C | -1.21655700 | -5.43270200 | 1.76621600
C | 0.00000000 | 2.43993600 | -1.54896400 | C | 1.21655700 | -5.43270200 | 1.76621600
H | 0.00000000 | 2.27245100 | 2.30390300 | C | -1.19428300 | -6.60517400 | 2.51804200
H | 0.00000000 | 4.55964900 | -1.34254200 | C | 1.19428300 | -6.60517400 | 2.51804200
N | 0.00000000 | 0.00000000 | -1.62283800 | C | 0.00000000 | -7.20587100 | 2.90735900
C | 0.00000000 | 1.21706600 | -3.70998600 | H | -2.13789800 | -7.06255100 | 2.80495100
C | 0.00000000 | 1.19462300 | -5.10307600 | H | 2.13789800 | -7.06255100 | 2.80495100
C | 0.00000000 | 0.00000000 | -2.99754600 | C | -2.52927300 | 4.82068500 | 1.36309200
C | 0.00000000 | 0.00000000 | -5.80689300 | H | -2.62914600 | 4.76656900 | 0.27445700
H | 0.00000000 | 2.15297900 | -5.61046800 | H | -2.62932400 | 3.79753600 | 1.73931900
C | 0.00000000 | -1.21706600 | -3.70998600 | H | -3.36695200 | 5.40503300 | 1.75000500
C | 0.00000000 | -1.19462300 | -5.10307600 | C | 2.52927300 | 4.82068500 | 1.36309200
H | 0.00000000 | 0.00000000 | -6.89055200 | H | 2.62932400 | 3.79753600 | 1.73931900
H | 0.00000000 | -2.15297900 | -5.61046800 | H | 2.62914600 | 4.76656900 | 0.27445700
C | 0.00000000 |-1.17072800 | 0.49351400 | H | 3.36695200 | 5.40503300 | 1.75000500
C | 0.00000000 | -2.34209300 | 1.22162600 | C | 0.00000000 | 8.45330200 | 3.74443100
C | 0.00000000 | -1.19902500 | -0.90640100 | H | 0.00000000 | 8.20994400 | 4.81289800
C | 0.00000000 | -3.59122800 | 0.58412500 | H | 0.88513600 | 9.06459300 | 3.55049800
H | 0.00000000 | -2.27245100 | 2.30390300 | H | -0.88513600 | 9.06459300 | 3.55049800
C | 0.00000000 | -2.43993600 | -1.54896400 | C | 2.52927300 | -4.82068500 | 1.36309200
C | 0.00000000 | -3.62130100 | -0.79981600 | H | 2.62914600 | -4.76656900 | 0.27445700
H | 0.00000000 | -4.55964900 | -1.34254200 | H | 2.62932400 | -3.79753600 | 1.73931900
C | 0.00000000 | 2.51185400 | -3.01761700 | H | 3.36695200 | -5.40503300 | 1.75000500
C | 0.00000000 |-2.51185400 | -3.01761700 | C | -2.52927300 | -4.82068500 | 1.36309200
O | 0.00000000 | -3.57803100 | -3.61775000 | H | -2.62932400 | -3.79753600 | 1.73931900
O | 0.00000000 | 3.57803100 | -3.61775000 | H | -2.62914600 | -4.76656900 | 0.27445700
O | 0.00000000 | 0.00000000 | 1.19475100 | H | -3.36695200 | -5.40503300 | 1.75000500
C | 0.00000000 | 4.84425300 | 1.38998600 | C | 0.00000000 | -8.45330200 | 3.74443100
C | -1.21655700 | 5.43270200 | 1.76621600 | H | 0.88513600 | -9.06459300 | 3.55049800
C | 1.21655700 | 5.43270200 | 1.76621600 | H | 0.00000000 | -8.20994400 | 4.81289800
C | -1.19428300 | 6.60517400 | 2.51804200 | H | -0.88513600 | -9.06459300 | 3.55049800
C | 1.19428300 | 6.60517400 | 2.51804200
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S10 Solid state photophysics

We finally turn to the photophysics of OQAO(mes), in the solid state, suspended in thin film matrices
of either poly(methyl methacrylate) (PMMA, dielectric constant of ~2), or poly(vinylidene fluoride-co-
hexafluoropropylene) (PVDF-HFP, dielectric constant of 8.4). The steady-state emission and absorption
are shown in Figure S39. Our intention was to study the solid-state photophysics in two different dielectric
environments, however, even with the bulky mesityl groups, OQAO(mes), is very susceptible to aggre-
gation.! As a result the steady-state absorbance is significantly red-shifted from solution, and changes
little between PMMA and PVDF-HFP, indicating the environment is likely dominated by surrounding
aggregated chromophores. This also results in a substantial amount of excimer formation, evident from
the broad-red shifted emission shoulder with a longer prompt emission lifetime, characteristic of excimer
formation. PVDF-HFP shows more excimer formation than PMMA, potentially owing to its lower glass
transition temperature, which allows molecules to rearrange and aggregate. The delayed fluorescence of
PVDF-HFP also a more biexponential decay, suggesting the presence of bimolecular processes in this
system, which could also result from more extensive aggregation. The excimer formation and bimolec-
ular annihilation complicate the photophysics in the solid state, so we do not attempt to analyze the
photophysics in detail. We primarily comment on the shape of the TA spectra in Figure S39¢ and d.
The TA in both polymer matrices show significantly less spectral evolution than in solution. There is
some change over very early times, corresponding from S; conversion to triplet excitons, but after the
first few nanoseconds the shape is relatively constant. The resolution is much lower than for solution,
so there could be some very small evolution at late times that is unresolvable at this level of noise, but
it would regardless be significantly less than in solution. The prompt emission spectra and early time
component of the TA spectra decay much faster than in solution, potentially due to increased amounts
of nonradiative decay. Intriguingly, the late time spectra differ between PMMA and PVDF-HFP, with
the former baring a closer resemblance to the Teuyy state (T2), and the latter the Tiage state (Tq). Ad-
ditionally, we see that the delayed emission lifetime corresponds well to the decay of the TA. We could
speculate that in PMMA, the low polarity prevents any formation of the late time Tiae state, thus the
spectrum resembles the Tea1y states in solution, whereas in PVDF-HEP, the high polarity bring the
Tearty and Tiaee states into equilibrium. However it is just as likely that differing aggregation in the two
matrices can lead to different spectral shapes. To further resolve the excited-state dynamics additional
experiments are needed, such as higher resolution TA, or time-resolved electron paramagnetic resonance,
which could be interesting avenues of future study. It should be noted that other factors may alter the
photophysical properties in solution as well, such as exciplex formation with host-matrices in OLEDs,
which has previously been shown to increase TADF efficiency. '
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Figure S39: (a) Steady-state absorption (full lines) and emission (dashed lines) of OQAO(mes)2 in solid
matrices of PMMA and PVDF-HFP. (b) Prompt (inset) and delayed emission of OQAO (mes)2 in solid matrices
in PMMA and PVDF-HFP at 298 K under vacuum. (c) TA spectra of OQAO(mes)2 in a PMMA matrix and
(d) in a PVDF-HFP matrix, both at 298 K under vacuum, normalized to the GSB.
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S11 Additional code and data

Raw transient absorption data, time-resolved emission data, and code for the deconvolution and modelling
of transient absorption data can be found at https://hdl.handle.net/2123/32599
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