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Abstract

Through-space charge transfer (CT) process is observed in Cu(l) carbene-metal-amide
complexes, where conventional imidazole or imidazoline N-heterocyclic (NHC) carbene
fragments act as inert linkers and CT proceeds between a metal-bound carbazole donor and a
distantly situated carbene-bound phenylsulfonyl acceptor. The resulting electron transfer gives
a rise to efficient thermally activated delayed fluorescence (TADF), characterized with high
photoluminescence quantum yields (®p. up to 90 %) and radiative rates (kr) up to 3.32x10° s°
! TADF process is aided by fast reverse intersystem crossing (rISC) rates of up to 2.56x107 s~
1. Such emitters can be considered as hybrids of two existing TADF emitter design strategies,
combining low singlet-triplet energy gaps (AEst) met in all-organic exciplex-like emitters
(0.0062—-0.0075 eV) and small, but non-negligible spin-orbital coupling (SOC) provided by Cu
atom, like in TADF-active organometallic complexes.



Introduction

High cost and rarity of transition metals (Ir, Pt, Os and Re) commonly used for synthesis
of triplet emitters have fueled large research interest in alternative structural approaches.
Among those, metal-free organic compounds exhibiting thermally activated delayed
fluorescence (TADF) have received the most attention.> Beside the main focus for
applications in organic light emitting diodes (OLEDs), these compounds have found an
extensive use in photocatalysis® and time-resolved imaging.* The emission from triplet state in
these materials is realized through a reverse intersystem crossing (rISC) process between T
and S levels, provided that singlet-triplet energy gap (AEst) is sufficiently small to be
overcome at room temperature. The chemical composition of TADF emitters involves a
presence of electron donating (D) and accepting (A) structural fragments, between which the
emissive charge-transfer (CT) process takes place. Small AEst in these compounds is achieved
by minimizing the overlap between HOMO and LUMO wavefunctions, usually confined on D
and A moieties.®> The majority of the studied structural examples feature D-A pairs that are
coupled through =m-conjugated bridging fragments, between which orbital overlap-reducing
conformational twists are introduced. The necessity for covalent bonding can be abandoned,
by applying physical mixtures of D and A components, which form TADF-active exciplexes
with ultralow AEst values (< 0.001 eV).5® Such systems, however, often suffer from poor
photoluminescence quantum yields (®p.) and wide emission bands due to highly randomized
packing patterns of the constituting compounds. The next evolutionary step of TADF emitters
introduced so called intramolecular exciplexes, where through-space CT proceeds between
covalently bound D and A fragments and through-bond electronic coupling is prevented by o-
bonding or multiple conformational twists.®>** While such conformationally rigid materials
solve some of the previously mentioned issues, the SOC between *CT and 3CT states is
practically nonexistent due to almost identical orbital configurations and the attainment of a
rapid spin flip is often reliant on the aid of closely located local excited triplet states (3LE).!2
Hence through-space TADF emitters often suffer from low radiative rates (k:).*

Organometallic complexes bearing the relatively abundant Cu metal atom is a
conceptually different class of low-cost TADF emitters.!**® While this element does not
provide large enough SOC for fast room-temperature phosphorescence, the values are
sufficient enough to promote a rapid TADF, despite the considerable AEst gaps met in such

compounds (> 0.05 eV). Recently a new type of highly emissive materials has arisen among



this compound class. Exhibiting strongly coupled CT transitions between metal-bound
electrophilic carbene and electron-rich amide ligands, these compounds are often referred to as
“carbene-metal-amides” (CMAs).1%Y" Due to a favorable electronic level configuration and
metal involvement TADF lifetimes below 1.0 ps can be achieved.'®1°

Here we present a novel approach towards TADF emitters that can be considered as a
hybrid case between the previously discussed all-organic through-space and metal-assisted
designs (Fig. 1). Similarly to the existing CMA emitters, Cu complexes bearing carbazolide
and carbene ligands were synthesized. Imidazole-based N-heterocyclic carbenes (NHCs) were
used, with electron-accepting sulfonyl groups introduced at 4-position of the N-bound 2,6-
diisopropylphenyl (Dipp) substituents (Scheme 1). The strong electron accepting nature of
sulfonyls relocates LUMO from the carbene to the perpendicularly aligned Dipp rings, giving
a rise to a through-space CT process with the HOMO-hosting carbazolide fragment. The
resulting compounds 1-4 exhibit unique photophysical behavior, combining low AEst (0.006
eV) with small, but non-negligible SOC due to the presence of Cu atom. These structural

examples demonstrate a new design strategy for the development of TADF emitters.
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Figure 1. Schematic representation of TADF emitter architectures featuring all-

organic through space CT (a), metal promoted (b) and our presented hybrid (c) approaches.
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Scheme 1. Chemical structures of CMA complexes 1-4.

Experimental section
Synthesis and characterization

All procedures involving synthesis and purification of NHC derivatives were carried
out using Schlenk technique. Solvents were dried using standard procedures. Unless specified
further, the used materials and solvents were purchased from commercial suppliers. Starting
compounds 5, 9%° and 1,8-dimethylcarbazole?! were prepared by following the procedures
described in literature. NMR spectra were obtained on a Bruker Avance 300 MHz spectrometer
using DMSO-d6 residual signals as an internal reference (*H, 6 2.50; $3C, ¢ 39.52). Elemental
analysis was performed using Costech Instruments ECS 4010 CHNS-O Elemental Combustion
System. Differential scanning calorimetry (DSC) thermograms were acquired using a Mettler
Toledo DSC-1/200 W apparatus at a scanning rate of 10 °C mint. Decomposition temperatures

were obtained using a PerkinElmer STA 6000 thermal analyzer.

1,3-Bis(2,6-diisopropyl-4-(phenylsulfonyl)phenyl)-4,5-dihydro-1H-imidazol-3-ium
acetate (6). A solution of 1,3-bis(2,6-diisopropyl-4-(phenylthio)phenyl)-4,5-dihydro-1H-
imidazol-3-ium chloride (5) (5.70 g, 8.86 mmol) and 30% H>0- (14,0 ml) in acetic acid (120
ml) was stirred at 90 °C for 4 days. The mixture was cooled to room temperature and volatiles
were evaporated under reduced pressure. The obtained solid was dispersed in diethyl ether and
collected by filtration to afford the product as a white solid. Yield: 5,92 g (91%). *H NMR 6
(DMSO0-d6, 300 MHz): 9.60 (s, 1H, N=CH-N), 8.13 (d, J = 7.3 Hz, 4H, o-ArH(Ph)), 7.95 (s,
4H, m-ArH(dipp)), 7.77 — 7.61 (m, 6H, ArH(Ph)), 4.56 (s, 4H, CH2-CH2), 3.12 (hept, J = 6.6



Hz, 4H, CH(CHBa)2), 1.90 (s, 3H, CH3COO), 1.35 (d, J = 6.4 Hz, 12H, CH(CH3).), 1.28 (d, J =
6.6 Hz, 12H, CH(CHa).). *C NMR éc (DMSO-d6, 75.47 MHz): 172.01 (CH3COO0), 159.84
(N=CH-N), 148.74, 143.98, 140.42, 134.25, 134.04, 129.96, 127.83, 123.72, 53.86 (CH>-
CH?>), 28.60 (CH(CHs3)2), 24.59 (CH(CHs3)2), 22.96 (CH(CHs)2), 21.17 (CH3COO).

1,3-Bis(2,6-diisopropyl-4-(phenylsulfonyl)phenyl)-1H-imidazol-3-ium chloride (10). A
solution of 1,3-bis(2,6-diisopropyl-4-(phenylthio)phenyl)-1H-imidazol-3-ium chloride (9)
(4.01 g, 6.25 mmol), potassium peroxymonosulfate (oxone) (18.00g, 118.26 mmol) in a
mixture of methanol (70 ml) and water (30 ml) was stirred at 60 °C for 16 hours. Then the
mixture was cooled to room temperature and filtered. The inorganic solids were washed with
an excess of acetone. Volatiles were evaporated from the filtrate under reduced pressure and
the resulting mixture was extracted with DCM (3 x 100 ml). The extract was dried over Na2SOa,
filtered and evaporated under reduced pressure. The obtained solid was dispersed in diethyl
ether and collected by filtration to afford the product as a white solid. Yield: 3.81 g (86%). 1H
NMR o1 (DMSO-d6, 300 MHz): 10.12 (s, 1H, N=CH-N), 8.58 (s, 2H, CH=CH), 8.17 (d, J =
7.2 Hz, 4H, 0-ArH(Ph)), 8.05 (s, 4H m-ArH(dipp)), 7.77 — 7.61 (m, 6H, ArH(Ph)), 2.34 (hept,
J=6.2 Hz, 4H), 1.25 (d, J = 6.1 Hz, 12H, CH(CH3)2), 1.14 (d, J = 6.2 Hz, 12H, CH(CH3)2).
13C NMR dc (DMSO-d6, 75.47 MHz): 147.72, 144.89, 140.31, 138.93, 134.44, 133.93, 130.06,
127.98, 126.24, 123.56, 29.15 (CH(CHs3)2), 23.72 (CH(CHa)z2), 22.73 (CH(CHs)2).

Compound 7. A mixture of 6 (4.00 g, 5.47 mmol) and Ag20 (1.33 g, 5.73 mmol) in
acetonitrile (200 ml) was stirred for 1 hour in room temperature. The mixture was filtered
through a pad of Celite and filtrate was evaporated under reduced pressure. The product was
purified via column chromatography (silica gel, eluent: DCM to DCM/methanol, 100/5).
Volatiles were evaporated under reduced pressure to afford the product as white solid. An
analytical sample was purified via crystallization from dioxane. Yield: 2.39 g (52%). *H NMR
on (DMSO-d6, 300 MHz): 8.08 (d, J = 7.1 Hz, 4H, o-ArH(Ph)), 7.86 (s, 4H, m-ArH(dipp)),
7.75—-7.59 (m, 6H, ArH(Ph)), 4.12 (s, 4H, CH2-CH2), 3.10 (hept, J = 6.5 Hz, 4H, CH(CHa)z),
1.54 (s, 3H, CH3COO), 1.34 — 1.20 (m, 24H, CH(CHs)). *C NMR dc (DMSO-d6, 75.47
MHz): 205.48 (dd, Jc-100ag = 266 Hz; Jc-107ag = 230 Hz, C-Ag), 175.31 (CH3COO), 149.12,
142.33, 140.81, 139.29, 133.99, 129.88, 127.63, 123.51, 53.69 (d, Jc-ag = 8.5 Hz, CH2>-CH>),
28.49 (CH(CHs3)z2), 24.64 (CH(CHz)2), 23.27 (CH(CHs3)2), 22.39 (CH3COO).

Compound 11. A mixture of 10 (1.45 g, 2.06 mmol) and Ag-0 (1.43 g, 6.17 mmol) in
acetonitrile (60 ml) was stirred for 1 hour in room temperature. The mixture was filtered
through a pad of Celite and filtrate was evaporated under reduced pressure. The product was

purified via column chromatography (silica gel, eluent: DCM to DCM/methanol, 100/4).
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Volatiles were evaporated under reduced pressure to afford product as white solid. Yield: 0.77
g (46%). *H NMR 6n (DMSO-d6, 300 MHz): 8.15 (d, J = 7.0 Hz, 4H, 0-ArH(Ph)), 8.10 (s, 2H,
CH=CH), 7.95 (s, 4H, m-ArH(dipp)), 7.77 — 7.63 (m, 6H, ArH(Ph)), 2.52 — 2.41 (m, 4H,
CH(CHa)2), 1.25 — 1.12 (m, 24H, CH(CHs3)2). 1*C NMR dc (DMSO-d6, 75.47 MHz): 181.86
(dd, Jc-109ag = 265 Hz; Jc107ag = 230 Hz, C-Ag), 147.72, 143.37, 140.65, 138.53, 134.13,
129.92, 127.76, 124.96 (d, Jc.-ag = 6.5 Hz, CH=CH), 123.17, 28.70 (CH(CHs3).), 23.74
(CH(CHBa)2), 23.04 (CH(CH3)2).

Compound 8. A mixture of 7 (1.50 g, 1.84 mmol) and CuBr (0.80 g, 5.58 mmol) in dry
DCM (40 ml) was stirred for 16 hours in room temperature. The mixture was filtered through
a pad of Celite and filtrate was evaporated under reduced pressure. The product was purified
via column chromatography (silica gel, eluent: DCM/methanol, 100/1). Volatiles were
evaporated under reduced pressure to afford product as white solid. Yield: 1.09 g (73%). 'H
NMR 64 (DMSO-d6, 300 MHz): 8.07 (d, J = 7.1 Hz, 4H, o-ArH(Ph)), 7.86 (s, 4H, m-
ArH(dipp)), 7.75 - 7.59 (m, 6H, ArH(Ph)), 4.07 (s, 4H, CH2-CHy), 3.11 (hept, J = 6.7 Hz, 4H,
CH(CHs)2), 1.32 — 1.22 (m, 24H, CH(CHs3)). *C NMR dc (DMSO-d6, 75.47 MHz): 201.32
(C-Cu), 149.09, 142.28, 140.85, 138.96, 133.99, 129.89, 127.59, 123.41, 53.50 (CH.-CH>),
28.49 (CH(CHs)2), 24.75 (CH(CHs)2), 23.15 (CH(CHs)2).

Compound 12. A mixture of 11 (0.40 g, 0.49 mmol) and CuBr (0.14 g, 0.98 mmol) in
dry DCM (20 ml) was stirred for 72 hours. The mixture was filtered through a pad of Celite.
The filtrate was collected and DCM was evaporated under reduced pressure to afford product
as white solid of sufficient purity for further reactions. Yield: 0.38 g (96%). *H NMR dn
(DMSO-d6, 300 MHz): 8.15 (d, J = 7.0 Hz, 4H, o-ArH(Ph)), 7.97 (s, 2H, CH=CH), 7.95 (s,
4H, m-ArH(dipp)), 7.77 — 7.62 (m, 6H, ArH(Ph)), 2.54 — 2.42 (m, 4H, CH(CHs),), 1.23 - 1.15
(m, 24H, CH(CHs3)2). 1°C NMR dc (DMSO-d6, 75.47 MHz): 178.16 (C-Cu), 147.71, 143.25,
140.68, 138.38, 134.13,129.93, 127.74, 124.45, 123.07, 28.73 (CH(CHz3)>), 23.85 (CH(CHs)=),
22.92 (CH(CHa)y).

General method for synthesis of complexes 1 - 4. All the operations involving the
synthesis and purification of NHC-Cu-Chz complexes were carried out using dry,
deoxygenated solvents (THF, hexane and diethyl ether). Carbazole (or 1,8-dimethylcarbazole)
and KOtBu or NaH was dissolved in THF and stirred for 30 minutes under argon atmosphere.
Thena THF solution of NHC-CuBr was added dropwise via syringe to the solution of carbazole
amide. The resulting mixture was stirred for 3 hours under argon atmosphere and then filtered
through a pad of Celite into hexane (approx. 100 ml) to precipitate the product. The mixture

was filtered and the solid was washed with diethyl ether to afford product.
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Complex 1. General procedure: A solution of carbazole (0.130 g, 0.78 mmol) and NaH
(0.032 g, 0.80 mmol, 60% dispersion in mineral oil) in THF (5 ml) and a solution of 8 (0.30 g,
0.37 mmol) in THF (10 ml). Yield: 0.22 g (63%), white solid. *H NMR 6 (DMSO-d6, 300
MHz): 8.20 (d, J = 7.4 Hz, 4H, o-ArH(Ph)), 8,04 (s, 4H, m-ArH(dipp)), 7.82 — 7.65 (m, 8H,
ArH(Ph), CH*(Cbz)), 6.66 (t, J = 7.3 Hz, 2H, CH?(Cbz)), 6.44 (t, J = 7.6 Hz, 2H, CH?(Cbz)),
5.65 (d, J = 8.1 Hz, 2H, CHY(Cbz)), 4.26 (s, 4H, CH2-CH?2), 3.32 - 3.20 (m, 4H, CH(CHz3)),
1.36 (d, J = 6.7 Hz, 12H, CH(CHs3),), 1.21 (d, J = 6.7 Hz, 12H, CH(CH3)2). 13C NMR dc
(DMSO-d6, 75.47 MHz): 201.89 (NCN), 149.63, 148.84, 143.01, 141.00, 139.12, 134.06,
130.00, 127.80, 123.68, 123.27, 119.03, 115.18, 112.97, 53.65 (CH2-CH>), 28.67 (CH(CHa)=2),
24.72 (CH(CHBa)z2), 23.17 (CH(CHs3).). Elemental analysis calculated for Cs1Hs4aCuNz04Sz: C,
68.01; H, 6.04; N, 4.67. Found: C, 68.06; H, 5.97; N, 4.60.

Complex 2. General procedure: A solution of carbazole (0.123 g, 0.74 mmol) and
KOtBu (0.088 g, 0.78 mmol) in THF (5 ml) and a solution of 12 (0.30 g, 0.37 mmol) in THF
(15 ml). Yield: 0.31 g (93%), white solid. *H NMR 4 (DMSO-d6, 300 MHz): 8.27 — 8.18 (m,
6H, o-ArH(Ph), CH=CH), 8.12 (s, 4H, m-ArH(dipp)), 7.83 — 7.66 (m, 8H, ArH(Ph),
CH*(Cbz)), 6.72 (t, J = 7.3 Hz, 2H, CH%(Chz)), 6.56 (t, J = 7.4 Hz, 2H, CH3(Chz)), 5.88 (d, J
= 8.1 Hz, 2H, CH(Cbz)), 2.61 (hept, J = 6.5 Hz, 4H, CH(CHs3)2), 1.26 (d, J = 6.7 Hz, 12H,
CH(CHs3)2), 1.19 (d, J = 6.7 Hz, 12H, CH(CHs3)). **C NMR 6c (DMSO-d6, 75.47 MHz):
178.87 (NCN), 148.93, 148.14, 143.82, 140.85, 138.54, 134.16, 130.01, 127.86, 124.61,
123.32, 119.13, 115.21, 113.00, 28.95 (CH(CHa)2), 23.90 (CH(CHz3)2), 22.98 (CH(CHz3)2).
Elemental analysis calculated for CsiHs2CuN3O4S2: C, 68.16; H, 5.83; N, 4.68. Found: C,
67.97; H, 6.11; N, 4.62.

Complex 3. General procedure: A solution of 1,8-dimethylcarbazole (0.082 g, 0.42
mmol) and KOtBu (0.048 g, 0.43 mmol) in THF (5 ml) and a solution of 8 (0.25 g, 0.31 mmol)
in THF (10 ml). Compound was recrystallized from chlorobenzene. Yield: 0.21 g (73%), white
solid. *H NMR 61 (DMSO-d6, 300 MHz): 8.18 (d, J = 7.4 Hz, 4H, 0-ArH(Ph)), 7.94 (s, 4H,
m-ArH(dipp)), 7.85 — 7.67 (m, 6H, ArH(Ph)), 7.57 (d, J = 7.5 Hz, 2H, CH?(Cbz)), 6.61 (t, J =
7.3 Hz, 2H, CH3(Cbz)), 6.13 (d, J = 7.0 Hz, 2H, CH}(Cbz)), 4.11 (s, 4H, CH2-CH2), 3.19 (hept,
J = 6.6 Hz, 4H, CH(CHa)2), 1.32 (d, J = 6.7 Hz, 12H, CH(CHs3),), 1.16 — 1.07 (m, 18H,
CH(CHs3)2, CH3(Chz)). *C NMR dc (DMSO-d6, 75.47 MHz): 201.36 (NCN), 148.75, 148.17,
142.71, 140.89, 139.73, 134.06, 129.96, 127.83, 124.17, 124.04, 123.68, 121.03, 116.50,
115.26, 54.03 (CH2-CH>), 28.59 (CH(CHz3)2), 24.00 (CH(CHs)2), 23.78 (CH(CHs)2), 18.10
(CH3(Cbz)). Elemental analysis calculated for CssHssCuN3O4S2: C, 68.54; H, 6.29; N, 4.52.
Found: C, 68.50; H, 6.08; N, 3.96.



Complex 4. General procedure: A solution of 1,8-dimethylcarbazole (0.078 g, 0.40
mmol) and KOtBu (0.045 g, 0.40 mmol) in THF (5 ml) and a solution of 12 (0.25 g, 0.31 mmol)
in THF (10 ml). Yield: 0.26 g (91%), white solid. *H NMR ¢4 (DMSO-d6, 300 MHz): 8.24 (d,
J=7.4Hz, 4H, o-ArH(Ph)), 8.12 (s, 2H, CH=CH), 8.04 (s, 4H, m-ArH(dipp)), 7.87 — 7.71 (m,
6H, ArH(Ph)), 7.61 (d, J = 7.5 Hz, 2H, CH?(Cbz)), 6.65 (t, J = 7.3 Hz, 2H, CH3(Cbz)), 6.20
(d, J = 6.9 Hz, 2H, CH(Cbz)), 2.64 (hept, J = 6.7 Hz, 4H, CH(CHz)2), 1.29 — 1.19 (m, 18H,
CH(CHs)2, CH3(Cbz)), 1.11 (d, J = 6.7 Hz, 12H, CH(CH3)2). 13C NMR dc (DMSO-d6, 75.47
MHz): 177.63 (NCN), 148.12, 147.56, 143.64, 140.75, 139.06, 134.23, 130.04, 127.95, 125.21,
123.99, 123.82, 120.83, 116.64, 115.26, 28.84 (CH(CHa)2), 23.36 (CH(CHs).), 23.34
(CH(CHs)2), 18.34 (CH3(Cbz)). Elemental analysis calculated for Cs3sHss CuN304S;: C, 68.69;
H, 6.09; N, 4.53. Found: C, 68.42; H, 6.18; N, 4.60.

X-ray Crystallography

Suitable monocrystals of 1 were prepared by slow liquid-liquid diffusion between THF
solution and diethyl ether. For 4 a slow evaporation of chlorobenzene solution was employed.
Crystallographic diffraction data for 1, 4 (orthorhombic form) and 4 (monoclinic form) were
collected with a Rigaku, XtaLAB Synergy, Dualflex, HyPix diffractometer (Cu-K,, A =
1.54184 A) equipped with a low temperature Oxford Cryosystems Cryostream Plus device.
The crystal structures were solved by direct methods with the ShelXT?? structure solution
program using intrinsic phasing and refined with the SHELXL refinement package.? All
calculations were performed with Olex2 software.?* Table S1 lists the main crystal data for
these compounds. Crystallographic data for 1, 4 (orthorhombic form) and 4 (monoclinic form)
are deposited at the Cambridge Crystallographic Data Centre as supplementary publications
CCDC 2047368, 2047337 and 2047338. Copies of the data can be obtained, free of charge, on
application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK.

Cyclic Voltammetry Measurements

Cyclic voltammetry measurements were performed with PARSTAT 2273 potentiostat.
Electrochemical redox reactions were examined in 0.1 M tetra butylammonium
hexafluorophosphate (TBAPFs) solutions in anhydrous acetonitrile under Ar atmosphere. The

measurements were carried out using a three-electrode cell configuration. Stationary glassy



carbon disk (& 0.5 cm) was used as a working electrode, Pt wire - as an auxiliary electrode.

Potentials were measured vs Ag wire electrode.

Photo physical measurements

Optical measurements were carried in solutions with typical material concentrations of
1-2-10* mol L. Solutions for ®p. and emission decay measurements were prepared in
glovebox under Ar atmosphere using previously degassed solvents. PMMA films for optical
measurements were prepared from chlorobenzene solutions (30 mg/mL material concentration)
using drop-casting method. After the deposition of the solution on glass slides the samples were
immediately placed in preheated oven and dried for 2 hours at 80 °C. The UV-Vis spectra were
recorded with a Perkin Elmer Lambda 35 spectrometer. Depending on the nature of the
experiment, photoluminescence properties were measured on two different spectroscopic
systems. Emission spectra, ®p. and PL lifetimes for solution and thin films at room
temperature, as well as PL spectra, time-resolved measurements and PL lifetimes at 77 K (in
liquid nitrogen filled quartz Dewar) were measured with QuantaMaster 40 spectrofluorometer
(Photon Technology International, Inc.). The 375 nm laser with 60 ps pulse width and tunable
repetition rate (between 1Mh and 50 kHz) was used for the fast (nanosecond - microsecond
range) kinetics measurements. Steady state and pulsed (3us pulse width) xenon lamp was used
for steady state and millisecond kinetics measurements. The excitation source for temperature-
dependent (10-300 K) photoluminescence measurements in helium cryostat was a tunable
Ekspla laser NT 342/3UV with the repetition rate 10 Hz and 5 ns pulse width.
Photoluminescence spectra and PL decays were obtained with PMT attached to Andor
monochromator.

Low temperature ®p_. data were acquired by integrating the corresponding PL
intensities and calibrating the values using ®p. data acquired at room temperature.® In order to
correctly analyze CT emission and avoid the possible contribution of carbazolide °LE
phosphorescence, only the CT emission was accounted for, when estimating low-temperature
®p values. To do so, the PL intensities were collected in time-resolved mode, till the point,
where the collected CT emission intensity did not show any further increase and no apparent
contribution from 3LE was detectable in a form of an overlapping structured emission band.
The examples of such measurements conducted for 2 and 4 at 60 K temperature are shown in
Fig. S1.



Quantum chemical calculations

Density functional theory (DFT) calculations for geometry optimization and time-
dependent DFT (TD-DFT) calculations for excited state energies were performed using
Schrodinger Jaguar?® software package (release 2020—2). Geometry optimization and TD-DFT
calculations employed MN15%® functional and LACVP** basis. Tamm-Dancoff
approximation (TDA) was used for TD-DFT. Based on symmetrical X-ray structures of 1 and
4, Cs symmetry was set for the structures during the optimization. Conductor-like polarizable
continuum model (CPCM) was used to account for solvation effects. Specifically, benzene (e
= 2.27) was chosen for TD-DFT calculations to closer simulate the media polarity in PMMA
films (¢ = 3.9).2” Molecular orbital overlap integrals and Cu atom contribution to orbitals
(Becke method) were calculated with Multiwfn? program. T1 geometries of 1 and 4 were
obtained via spin-unrestricted SCF calculations. The attempts to obtain S; geometry were not
successful, due to the tendency of TD-DFT method to limit the distance between through-space
CT constituting carbazolide and Dipp ring systems, resulting in the breakage of the complex
structure. SOC values and phosphorescence rates for 1 were calculated with ADF program.?®
Perturbative SOC (pSOC) TD-DFT method was used with TZP basis and MN15 functional.

OLED preparation and characterization

The necessary materials, poly(3,4-ethylenedioxythiophene) polystyrene sulfonate
(PEDOT:PSS) as hole injection  material,  poly(N,N'-bis-4-butylphenyl-N,N'-
bisphenyl)benzidine (polyTPD) as a hole transport material, 9-(4-tert-butylphenyl)-3,6-
bis(triphenylsilyl)-9H-carbazole (CzSi) as a host and 2,2°,2°’-(1,3,5-benzinetriyl)-tris(1-
phenyl-1-H-benzimi-dazole) (TPBIi) as an electron transport material were purchased from
Ossila and used as received.

Electroluminescent devices with the structure ITO/PEDOT:PSS/PolyTPD/
4:.CzSi/TPBI/LiF/Al were fabricated in an inert atmosphere. ITO-coated glass with a sheet
resistance of 15 Q/sq was used. Hole injection, hole transport and emitting layers were
deposited by spin-coating on pre-patterned ITO-coated glass substrates. For the emitting layer
chlorobenzene was used as the solvent. Electron transport, injection and metal layers were
subsequently deposited by thermal evaporation in vacuum. Deposition was performed at the
pressure lover than 2x10°® mBar. Each sample contained 6 pixels with the size of 16 mm?. The

current—voltage characteristics of the OLEDs were measured with Keithley 2450 SourceMeter.
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The electroluminescence brightness was measured with Konica Minolta Luminance and Color
Meter CS-150. Electroluminescence (EL) spectra were taken by the OceanOptics STS-VIS
spectrometer.

Results and Discussion

Synthesis and structure

Sulfone-functionalized N,N'-bis(2,6-diisopropylphenyl)imidazol)-2-ylidene and N,N'-
bis(2,6-diisopropylphenyl)-4,5-dihydroimidazol)-2-ylidene carbene precursors 6 and 10 were
acquired following a previously reported synthetic route for 2,6-dimethylphenyl-substituted
structural analogues (Scheme 2).2° NHC-Ag(l) complexes 7 and 11 were obtained by reaction
between imidazolium or imidazolinium salts and Ag.O. Transmetallation in the presence of
CuBr and subsequent reaction with deprotonated carbazole (Cbz) or 1,8-dimethylcarbazole
(MeCbz) afforded CMA complexes 1-4 as off-white crystalline solids. The detailed synthetic
procedures are provided in the Supporting Information. In the crystalline form the compounds
are stable and can be stored indefinitely under air exposure. The decomposition temperatures
of the complexes vary in the range of 300—315 °C (Fig. S2).
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Scheme 2. Synthetic route of CMA complexes 1-4.

X-ray diffraction analysis was successfully performed for compounds 1 and 4 (Fig. 2).
As it is evident from the acquired X-ray structures, the geometry of the complexes is largely
affected by the structure of the attached carbazolide ligand. Complex 1 exhibits a nearly linear
geometry with a slight bending at Cu (£ C1-Cu-N2 = 182.3°) and N2 (£ Cu-N2-"Chbz centroid”
= 177.7°). The lengths of metal-ligand bonds, C1-Cu (1.857 A) and Cu-N2 (1.841 A), are
slightly shorter than in the previously reported structural analogue IPr-Cu-Cz featuring
unfunctionalized Dipp rings (1.874 and 1.877 A),* thus indicating a slightly stronger bonding.
The alignment between Cbz and imidazole planes is coplanar, in contrast to IPr-Cu-Cz, where
these planes assume a perpendicular configuration. With the introduction of bulkier MeCbz
ligand in 4, a steric repulsion between Dipp ring and MeCbz methyls takes place and the
linearity of the axis C1-Cu-"Chbz centroid" cannot be retained. The structural strain in 4 is
mainly relieved by the bending at MeCbz nitrogen (£ Cu-N2-"Cbz centroid" = 147.3°). This
process can be related to a formal hybridization change of the carbazolide nitrogen from the
typical sp? to the sp*-like state, as indicated by the apparent structural pyramidalization at N2
atom and by the carbazolide N2-C2 bond lengthening, from 1.374 to 1.406 A. The release of
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the sterical strain by the 90° rotation of the carbazolide plane, like in several other reported
CMAs,1 73031 in this case is not possible due to the repulsion between the carbazolide methyls
and the isopropyl groups of two Dipp fragments. In comparison to complex 1, the interligand
bridge in 4 (C1-Cu-N2) is slightly extended (by 0.081 A).

(b)

Figure 2. Top and side views of crystal X-ray structures for 1 (a) and monoclinic form of 4
(b). Thermal ellipsoids are drawn at the 50 % probability level. Hydrogen atoms and solvent
molecules are omitted for clarity. Only one of the two independent molecules in unit cell are
shown for 4. Bond lengths are given in A. Distance A is measured between centroids of
carbazolide 5-membered ring and Dipp, while vy illustrates the dihedral angle between the

planes of the corresponding rings.

Temperature-induced polymorphism is observed for the studied monocrystal of 4. At
room temperature conditions the crystal assumes a stable orthorhombic form, while cooling
causes a phase transition to a monoclinic polymorph. The temperature dependence of crystal
lattice parameters is outlined in Table S2, indicating that the phase transition proceeds at 219
K (Fig. S3). This process is also evident by low-temperature differential scanning calorimetry
(DSC) measurements (Fig. S4). It should be noted that the change from the orthorhombic form
to the monoclinic occurs without the destruction of the single crystals and X-ray structures of

both forms were obtained. Thus, a typical second-order phase transition is observed.

Electrochemistry
The cyclic voltammetry measurements in acetonitrile solutions were conducted to

examine electrochemical properties of the complexes (Fig. S5, Table S3). All compounds show
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similar voltammetry traces. Oxidation potentials (Eox) vary in a narrow range from -0.06 to -
0.01 V and are assigned to an electron transfer at carbazolide ligands.®? In contrast to Cbz-
functionalized structural analogues, identical anodic shift of about 0.04 V can be observed for
MeCbz-bearing compounds 3 and 4, thus indicating a similar electronic configuration that
arises due to the sterical overcrowding-induced structural changes. A larger dispersity is
observed among the reduction potentials (Ereq). Cathodic shift of about 0.15 V is measured for
compounds 1 and 2 in comparison to 3 and 4. The fact that this Ereq difference cannot be related
to the structure of imidazoline or imidazole-based carbene fragments, but again, can be
correlated to the attached carbazolide structures, allows us to assume that the observed
reduction process is related to electrochemical processes at the metal. This is also indicated by
the low electrochemical bandgap. Such electrochemical behavior is common for Cu(l)
complexes, for which voltammetry cannot be used to reliably determine LUMO energy
levels.3*3* Accordingly, ferrocene/ferrocenium redox couple was used as the reference to
convert Eox into HOMO, while the LUMO value was subsequently estimated with the use of

experimental optical bandgap values (Table S3).

Computational analysis

An understanding about the molecular orbital configuration for 1—4 is provided by the
Density Functional Theory (DFT) calculations. The theoretical investigations were performed
at the MN15/LACVP** level.?® In a similar fashion to the known CMAs, HOMO is
predominantly situated on the carbazolide, with a small (5.8—6.1 %) contribution of the metal
atom (Fig. 3a, S6; Table S4).18353¢ |_UMO, on the other hand, shows a contrasting behavior.
This frontier orbital is relocated from the NHC-ring to the electron deficient diphenylsulfone
groups. Because of the orthogonal configuration, LUMO is completely separated from the
carbene-forming ring. This creates several distinctions from the previously reported CMAs.
First, the calculated LUMOs have negligible metal contribution, in the range of 0.5-0.8 %. For
the compounds that host LUMO directly on the carbene moiety these values usually reach a
considerable level of 7-22 %.183°37 Second, relatively to the HOMO-hosting carbazolide,
LUMO has now been shifted to a more distant molecular region. Consequently, very small
HOMO-LUMO overlap integrals of (0.05-0.08) are calculated for the synthesized structures
(Table S3). For CMAs with LUMO-hosting carbene rings this parameter usually exceeds 0.26,

as the frontier orbitals are placed closer and share a common metal atom.3>3¢
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Figure 3. HOMO and LUMO orbitals (a), energy level diagram for the lowest energy excited
states (b) and the corresponding natural transition orbitals (NTOs) (c) for complex 1. Blue

NTOs correspond to a hole, but red to a particle.

Time-dependent DFT (TD-DFT) calculations were performed to predict the nature and
energy level configuration of the excited states of the complexes (Fig. 3b; Table S5). At the
ground state (GS) geometry the lowest energy singlet transition (So—S1) in 1-4 has a through-
space interligand CT character and proceeds with an electron transfer between the frontier
orbital pair located on carbazolide and the Dipp rings (Fig. 3c, S7). Through-bond electron
transfer between the involved molecular fragments in this case is prevented by both, the
presence of the bridging metal atom and the orthogonal twist between NHC and
diphenylsulfone planes. Consequently, the predicted So—S1 transitions show relatively small
oscillator strength values in the range of 0.0027—0.0058. Among the investigated structures the
oscillator strength of the So—S: transition is around 1.5-2 times higher for of MeCbz-
containing compounds 3 and 4. The extent of the electronic coupling in through-space charge
transfer chromophores is affected by the spatial alignment of donor and acceptor aromatic ring
systems, and face-to-face configuration leads to a much stronger coupling than edge-to-face

arrangement.®® As evident by the obtained X-ray (Fig. 2) and DFT-optimized structures, the
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dihedral angle between Cbz and Dipp planes (y) becomes substantially smaller, if MeCbz
ligand is present (in 3 and 4) due to the sterical strain induced bending of the carbazolide plane.

Because of a complete spatial separation of the frontier molecular orbitals the predicted
energy gaps between S; and T states are low (0.007-0.021 eV; Table S5). To evaluate the
heavy metal effect on the potential enhancement of ISC and rISC rates, SOC values between
S: and T states were calculated for complex 1. Despite the practically identical orbital
configuration, a non-zero SOC value of 0.39 cm™ is predicted at GS geometry. Because Cu
atom has practically no contribution to LUMO, the corresponding SOC is by approximately
two orders of magnitude lower than the values typical for CMAs with carbazolide-to-NHC CT
states.>® Nevertheless, the calculated SOC value can be considered as sufficient to promote a
rapid TADF, taking into account the low AEsrt values.”* T, excited state geometries were
obtained for 1 and 4. No major structural changes are observed in comparison to GS, except
for a slight planarization at C1-Cu-N2 axis, indicating a decreased sterical strain. The excited
state configuration at T1 geometry is almost identical to that of GS, with lower excitations being

carbazolide-to-Dipp CT states and with no major changes in AEstand SOC values.

Photophysical properties

UV-Vis absorption spectra of complexes 1-4 in toluene are shown in Fig. 4a. In
analogy to other CMAs, the structured bands at 300-380 nm interval can be attributed to the
lun* transitions of carbazolide ligands.? The lowest energy edge of the carbazolide absorption
partly overlaps with weaker intensity bands that extend up to 450 nm mark. These spectral
features show extinction coefficients in the range of 1000-3000 MZ*cm™ and exhibit a
hypsochromic shift with increasing solvent polarity (Fig. 4b). Negative solvatochromism
designates the interligand CT nature of the corresponding transitions. Theoretical and
experimental investigations of CMAs have related such CT-band property to the inversion in

molecular dipole direction upon the photoexcitation.!’41:42
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A correlation between the intensity of CT absorption bands and the structure of the
complexed carbazolide can be made. For the MeChbz-containing complexes 3 and 4 extinction
coefficients are by a factor of 2 larger (Fig. 4a, inset), giving the corresponding solutions a
yellowish tint, whereas the solutions of Chz-containing compounds 1 and 2 are practically
colorless. This is in agreement with TD-DFT predictions, which designate larger oscillator
strength values for 3 and 4 due to the increased coplanarity between the aromatic rings involved
in the through-space CT process.

The results of photoluminescence (PL) measurements in toluene solutions are outlined
in Table S6. All compounds show wide and featureless emission bands with maxima at
521-547 nm (Fig. 4c), indicating CT character of the emissive excited states. This is a
contrasting behavior to IPr-Cu-Cz and some other related structural analogues, which show
structured emission bands due to the phosphorescence from 3LE states.>*3! In agreement with
the theoretical predictions, which reveal more stabilized lowest energy CT states for
imidazoline-based complexes 2 and 4, these compounds show bathochromic PL shifts of 20—24
nm. The PL bands exhibit a characteristic positive solvatochromism, which arises due to the

I1CT state stabilization by the solvation shell, as evident by the emission spectra in toluene and
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chlorobenzene (Fig. 4d, S8).32 With further solvent polarity increase (e.g. acetonitrile) the
complexes become non-emissive. The emission efficiency of compounds in the dissolved state
is relatively low. Among the screened solvents the highest ®p. values are measured in toluene
(0.21-0.31). As indicated by the rapid non-radiative decay rates (knr), PL efficiency of 1-4 in
fluid media is strongly affected by a vibrational relaxation. This can be related to the structural
specifics of the complexes. Namely, two possible torsional motions can disrupt the emissive
donor-acceptor system: the rotation around the carbazolide-metal (Ncn.-Cu) and carbene-Dipp
(Ncarb-Cpipp) bonds.

Similarly to several other through-space CT emitters,'®4® PL efficiency of 1-4
substantially increases, when compounds are dispersed in solid matrix, as the torsional degree
of freedom in the molecules is reduced. In doped PMMA films (5 wt% emitter content) all
compounds possess large ®pL values in the range of 0.84—0.90 (Table 1). Complexes are
susceptible to a strong concentration quenching and in the neat films ®p._ drops to 0.03-0.08.
We note that this is a contrasting behavior to the previously reported CMASs possessing
carbazolide-to-NHC CT states, which are able to retain relatively high quantum yields even in
pure form.3 This difference can be related to the fact that for the CT states involving NHC ring
the bulky side groups act as buffer, preventing close contacts between the emissive regions of
the molecule, whether for 1-4 CT proceeds with the involvement of the peripheral fragments,
allowing more pronounced emission quenching. The investigated samples experience notable
PL intensity drop, when exposed to oxygen, affirming that the mechanism of the emissive
processes involves excited triplet states (Fig. S9). Characteristically for through-space CT

emitters, the measured PL bands are wide, with maxima in 472—492 nm interval (Fig. 5a).

Table 1. Emissive properties of complexes 1-4. Measurements taken in doped PMMA films

with emitter concentration 5 wt%.

Complex Amax, DpL. Tprompt, TTADFY, US TTADF?, 1S krprampt' LS L — kisc, Krisc,? ke, Knr, T, Us
nm ns X105 s x10° 51 x105 g1 x108 51 x107 s x10°s x10° st (77 K)
1

1 472 0.86 6 2.50 10.59 2.88 1.56 0.44 1.67 2.56 1.25 0.20 6.3 (CT);®
(0.2%) (45.4%) (54.4%) 3500 (°LE)
2 488 0.90 10 2.04 8.30 3.95 2.06 0.57 0.99 1.47 1.68 0.19 5.6 (CT);
(0.4%) (46.6%) (53.0%) 3400 (°LE)
3 482 0.84 12 1.50 5.20 2.70 3.45 0.61 0.83 191 2.89 0.55 45 (CT);°
(0.4%) (61.6%) (38.0%) 3100 (°LE)
4 492 0.84 19 1.43 4.25 3.44 352 0.78 0.52 121 3.32 0.63 4.2 (CT)®
(0.8%) (59.8%) (39.4%) 2900 (’LE)

2 Value calculated for the emissive process TADF,. ® Weighted average of three PL decay components.

For all compounds PL decays of PMMA film samples (Fig. 5b) can be fitted with
triexponential functions (Table 1). The fastest decay component in the 6—18 ns range is

attributed to the prompt fluorescence. While the contribution of this low-lifetime emission
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towards the total PL intensity is quite small (0.2—0.8 %), it still can be well resolved, in
comparison to other emissive TADF-active Cu complexes, where the rapid ISC process leads
to a complete excitation transfer to the triplet states.'® For 1—-4 the I1SC is limited by the small
SOC between S; and T1 levels. By applying conventional PL kinetics equations used for all-
organic TADF emitters,** we estimate the ISC rate of the complexes (kisc) to vary in the range
5.22—16.66x107 5%, about two orders of magnitude higher than the radiative rate from the S;
state (Table 1). Delayed emission decays over several ps and consists of two components with
a comparable contribution to total PL intensity: one with 1.43-2.50 ps and other with
4.25-10.59 us lifetime. The overall radiative rate of the complexes varies in the interval ki
=1.25-3.32x10° s. An increase by a factor of 2 in k; is evident for MeCbz-functionalized
compounds 3 and 4. As discussed previously, this observation can be related to the higher
oscillator strength values for the lower energy CT states of these compounds.
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Figure 5. PL characteristics of PMMA-doped complexes 1—4 (5 wt% emitter content). (a) PL
bands. (b) PL decays. (c) PL bands of 4 measured at 77 K temperature. Time-resolved emission
measurements show CT emission (red) and LE phosphorescence (blue). (d) Temperature-
induced CT emission band shifts for 4 obtained with time-resolved measurements in 0-50 ps

time window after the excitation.
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Time resolved PL measurements at 77 K reveal that at low temperature conditions CT
emission is being accompanied by long-lived 3LE phosphorescence of the carbazolide ligands
(Fig. 5c, S10). A similar effect has been observed for other CMAs and is related to the
destabilizing effects of the solvation shell in the frozen host matrix, which raises 'CT close to
or above 3LE level.t”* In conformity with this assumption, the temperature scans show a
gradual cooling-induced blueshift of the CT bands (Fig. 5d). Interestingly, while Cbz and
MeCbz donor fragments show identical phosphorescence spectra in the pure form, in the
complexed state the shapes and spectral placement of the *LE phosphorescence bands exhibit
pronounced differences (Fig. S11). This disparity is attributed to the overcrowding-induced
change in hybridization of the N atom in MeCbz ligand. In addition, 3LE level in 3 and 4 is
slightly destabilized and lays 0.04 eV higher, in theory providing a tool for energy level tuning.

To gain an understanding about the delayed emission mechanism of the complexes, PL
kinetics were investigated in 10-300 K temperature range (Table S7). Compounds 2 and 4
were characterized to assess the impact of carbazolide ligand structure. The intensity of CT
emission gradually decreases with the cooling, revealing a behavior that is more in line with
all-organic than heavy metal-promoted TADF emitters. In the absence of strong SOC, the
emission from 3CT states proceeds at timescale that cannot compete with the nonradiative
vibrational relaxation. This means that for such emitters PL intensity drops at low temperatures,
as the lack of thermal activation traps the excitation in the dark triplet state.! For TADF-active
Cu complexes the situation is different. The moderate SOC values promote efficient CT
phosphorescence with typical lifetimes of few hundred ps, and PL intensity remains practically
constant, as with the temperature decrease the dominating emission mechanism gradually shifts
from TADF to phosphorescence.®® The behavior of 1-4 belongs to the former case. This
assumption is additionally supported by TD-DFT calculations, which estimate
phosphorescence lifetime from T state of 1 to be 0.22 s, too long for this to be a viable emissive
pathway. A slight deviation from the beforementioned trend is observed for complex 4, for
which the maximal PL efficiency is measured at 220 K (®pL = 0.93). This is attributed to the
cooling induced solidification of the host matrix and consequent suppression of emission-
guenching torsional motions.

Throughout the explored temperature interval, the compounds retain triexponential
decay curves, featuring a prompt and two delayed emission components (Fig. 6a,b; Table S7).
The temperature-induced changes in emission rate constants for the two long-lived PL

constituents provide another direct evidence for TADF process (Fig. 6¢,d). For both, the fastest
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(TADF1) and slowest (TADF,) delayed emission components a gradual radiative emission rate

(k ) decrease is observed throughout the cooling range, designating a thermally activated

TTADF

nature of the emissive process. In contrast, the prompt PL component does not exhibit a rate
decrease. The corresponding AEst values were estimated from the fits of Arrhenius plots

relating temperature and the experimental k values (Fig. 6e,f).!8 For the all examined

TTADF

emissive processes highly similar activation energies were obtained, in the range of
0.0062—-0.0075 eV. These values correspond well with the TD-DFT predictions for the energy
gaps between Ty and Sy levels of the carbazolide-to-Dipp related CT states.
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To explain the origin of two distinct TADF processes for 1-4, time-resolved PL spectra were
obtained by collecting PL intensities in TADF1 dominated (1-2 ps) and TADF2 (7-30 ps)
dominated time intervals (Fig. 6g, S12). Except for complex 4, where PL bands of TADF; and
TADF; almost overlap, TADF; is blueshifted in relation to TADF:. This is an opposite
behavior to many triplet emitters, where longer lived emissive states usually attain lower
energies due to the progressive exciton migration to lower energy states.*® Additionally, the
ratio of the PL intensities between TADF: and TADF: is temperature dependent (Table S7),
and below 50 K the overall CT emission becomes almost completely dominated by TADF-.
The beforementioned observations lets us propose a mechanism for the dual TADF (Fig. 6h),
attributing each emissive process to an individual structural conformation of the complex
molecule. Upon the photoexcitation primarily the CT state associated with TADF, becomes
populated and relaxes to the molecular configuration denoted as Conformation 1. In conformity
with low-temperature measurements, the following excitation transfer to the Conformation 2,
exhibiting TADF1 emission, is associated with an energetical barrier (AE), even though in the

relaxed state it assumes a lower energy than TADF». The rate k is by a factor 2 larger

TTADF1

than k . As indicated by AEst values obtained for 2, this cannot be explained by a lower

TTADF2

activation energy for TADFy, as, in fact, it is lower for TADF.. Accordingly, the rate difference
arises due to a substantial oscillator strength increase for CT states associated to the
Conformation 2. For through-space CT process this can be induced by arranging the D and A
fragments closer to the face-to-face configuration. The consequence for such structural change
is a characteristic PL redshift, 34 which, indeed, is observed in the case of TADF1 emission.
In terms of structures 14, this dual emission is thought to be caused by energetic minima that
arises due to a possible Renner-Teller distortions, resulting in a decrease in C1-Cu-N2
angle,*”*" or by the pyramidization at carbazolide N atom, like it is observed in the X-ray
structure of complex 4. Both these structural changes would shift the plane of carbazolide
ligand in a more coplanar arrangement with Dipp fragments.

In accordance with the proposed emissive mechanism, the prompt fluorescence arises
from Conformation 1. By assuming that the same emissive !CT state is involved in TADF;
process, the corresponding rISC rates for 1—4 are estimated at 1.21-2.56x10" s (Table 1). In
conformity with the hybrid nature of the proposed TADF emitter architecture, these values fall
in between the conventional metal-promoted designs (knsc ~ 108 s1)!8 and state-of-art all-

organic through space emitters (knsc ~ 10 s1),4849
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To assess the prospects of the compounds for electroluminescence related applications
solution-processed test  device  were prepared with the architecture
ITO/PEDOT:PSS/PolyTPD/4(20wt%):CzSi/TPBI/LiF/Al. Electroluminescence from CT state
of the complex was successfully realized (Fig. S13) showing that the presented molecular

design is suitable for a potential OLED use.

Conclusions

On the basis of structural examples 1-4 we have demonstrated a novel concept to the
development of efficient TADF emitters. By combining through-space CT architecture, giving
compounds the characteristic low AEst values, with the presence of a heavy metal atom, which
provides small, but still present SOC, rISC values exceeding 107 s can be attained. While the
examined compounds can still be classified as carbene-metal-amide complexes, from the point
of photophysical functionality, the carbene fragment acts as an inert linking fragment between
a carbene-bound acceptor and a metal-bound donor. In such way conventional and easy to
obtain imidazole-based carbenes can serve as building blocks towards such emitters, in contrast
to carbene-to-carbazolide CT state emitters, where a careful tuning of carbene electronic levels
is necessary.*? Additionally, we demonstrate that a direct metal bonding to only one of the CT-
constituting aromatic systems is sufficient to provide a rapid TADF process. Emissive rates in
the presented emitters can be substantially increased by ensuring face-to-face alignment
between D and A fragments, what can be achieved through sterical overcrowding-induced twist
of the carbazolide plane. The presented findings provide valuable guidelines towards further

development of TADF-active molecules.
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