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GENERAL OVERVIEW OF THE THESIS

Introduction

Organic light emitting diode (OLED) is a device that can be used for display and lighting
applications. OLED technology provides an opportunity to develop displays that surpass the
widely used liquid crystal display (LCD) technology both in performance and aesthetic
aspects.['l The ability to produce thin, flexible, large-area OLED panels opens up a new
perspective for the design of decorative lighting elements.””) Although OLED displays are
widely applied in smartphones, such devices as larger area TVs, computer screens and lighting
appliances are not available to a wider consumer range due to the high production cost. Potential
directions for cost reduction mentioned in literature include an optimization of the OLED
manufacturing process and the usage of low-cost materials."

The deposition of the thin device structure-forming layers is the most important process in
OLED manufacturing. Currently, the most widely used approach to the production of thin films
is vacuum deposition technology. By this method the applicable material passes from solid state
to gas phase under the influence of a vacuum and a heat source. Molecules in the gas phase
move to the substrate and slowly condense to form a thin film.[*l The requirement for high
vacuum, high evaporation temperature of some materials, the loss of material in the vacuum
chamber and the technical difficulties associated with the production of large surface area thin
layers together increase the cost of the vacuum deposition process.!! Therefore, more cost
efficient methods are required. One of the alternative approaches is the preparation of thin films
from solutions, using methods such as spin coating and printing. However, most of the organic
emitters used for vacuum deposition are not suitable for solution processing. The main reasons
for that are the insufficient solubility of numerous materials as well as the ability of materials
to form a homogeneous amorphous phase with high morphological and thermal stability.!®

The opportunities for modification of the widely used phosphorescent iridium(III) complex
OLED emitters in order to obtain solution-processable materials were explored in the first part
of the Doctoral Thesis. Iridium(IIT) complexes were functionalized with trityl (-CPhs) groups,
which leads to an increase of the solubility of the compounds in organic solvents and to
improvement of the optical quality and morphological stability of thin amorphous films
produced by solution methods. The characterization of photophysical properties of the obtained
complexes and assessment of their performance parameters in solution-processed OLEDs were
carried in this part of the Thesis.

The costs of OLEDs are increased not only by the complicated manufacturing process. The
cost of the used materials (the emitters in particular) should also be considered. Currently, the
most important class of emitters with practical application in commercialized OLEDs are
phosphorescent iridium(IIT) complexes.[”! The high cost of rare transition metals and the
potential environmental risks encourage replacement of phosphorescent materials with
alternatives such as thermally activated delayed fluorescence (TADF) emitters.[®!

In the second part of the Thesis, carbene-metal-amide (CMA) type TADF emitters were
synthesized with copper as the complex-forming element. The characterization of the structure



and photophysical properties of the obtained compounds was carried out and the luminescence
mechanism was investigated. The practical application of 1,3-thiazol-2-ylidene carbene
fragment-based CMA derivatives in efficient white light emitting OLEDs has been
demonstrated.

Aims and Objectives

The aim of the Doctoral Thesis is the synthesis of low-molecular weight organic emitters
that would lead to reduced production costs of OLED devices. The following objectives are
defined for the implementation of the aim of the Doctoral Thesis:

1. Synthesis of phosphorescent iridium(III) organometallic complexes functionalized with
trityl groups. Characterization of the photophysical and morphological properties of the
obtained compounds in thin amorphous films.

2. Evaluation of the trityl-functionalized iridium(II) complexes for the preparation of
high-efficiency OLEDs.

3. Synthesis of luminescent carbene-metal-amide (CMA) type copper(I) organometallic
complexes. Structural characterization of the obtained compounds and study of emitter
TADF properties.

4. Evaluation of the newly obtained CMA derivatives for the preparation of high-
efficiency OLEDs.

Scientific Novelty and Main Results

In the first part of the Doctoral Thesis, two series of trityl-functionalized heteroleptic
2-arylbenzo[d]thiazole ligand-containing and homoleptic 2-phenylpyridine ligand-containing
phosphorescent  iridium(III) complexes were synthesized. The photophysical and
morphological properties of the obtained compounds in thin amorphous films enable the use of
the trityl-functionalized iridium complexes for the preparation of solution-processed OLEDs.
However, a systematic study of the effect of trityl groups on OLED performance shows that
trityl groups negatively affect the charge carrier transport within the emitting layer, which
reduces the emission efficiency of OLEDs. Although the obtained data show the limited
application of trityl groups as efficient OLED emitters, the results give an insight into the
prerequisites that should be taken into account regarding the molecular design of solution-
processable iridium(IIT) complexes.

Two series of novel CMA type TADF emitters were synthesized within the second part of
the Doctoral Thesis. In the first series of CMA emitters, imidazole type NHC derivatives with
phenylsulfonyl acceptor groups added to the peripheral steric groups are used as carbene
fragments. In the second series, 1,3-thiazol-2-ylidene type NHC derivatives serve as the carbene
fragment. A novel TADF mechanism of CMA type emitters was observed for phenylsulfonyl-
functionalized complexes. The influence of steric effects on the luminescence properties of the
compounds was investigated for 1,3-thiazol-2-ylidene derivatives. The potential application of



1,3-thiazol-2-ylidene CMA derivatives in the development of high-efficiency OLED devices
was demonstrated.

Structure and Volume of the Thesis

The Doctoral Thesis has been prepared as a collection of thematically related scientific
publications dedicated to the synthesis of luminescent trityl-functionalized Ir(Ill) and CMA
type Cu(I) metalorganic complexes, characterization of the photophysical properties and the
assessment of the obtained emitters for the development of low-cost OLEDs.

Publications and Approbation of the Thesis

Results of the Thesis have been reported in four scientific publications and two publications
in conference proceedings. The results have been presented in seven reports at five conferences.

Scientific publications:
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10.1021/acsami.2c00847. Impact factor of the journal (2021): 10.383.
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MAIN RESULTS OF THE THESIS

1. OLED Structure and Basic Principles of Operation

In organic light-emitting diode (OLED) light emission is realized from organic
electroluminescent material in the presence of electric current.[’) A simplified model of OLED
structure is given in Fig. 1.1.I'% A typical OLED device consists of several thin layers, which
are stacked upon one another using glass or other transparent material as a substrate. The thin
layers can be deposited using vacuum or solution methods. The utilized materials have to be
compatible with the technique used in the deposition of thin layers. Materials must exhibit
chemical, photochemical and morphological stability to prevent degradation during the
operation of the device.['!

An external source of electrical current is required for the operation of the device. By
applying an electrical voltage, holes (positive charge carriers) and electrons (negative charge
carriers) move from the anode and cathode to the emitting layer, respectively. Charge carrier
injection layers (not depicted in Fig. 1.1), charge carrier transport layers, and charge carrier
blocking layers could be inserted between electrodes and emitting layer to ensure low injection
barrier and to provide balanced and effective charge carrier transport.'? When holes and
electrons recombine within an organic molecule in the emissive layer, it is excited. The return
of the excited molecules to the ground state with the emission of light is called
electroluminescence. The emitter is doped in a special charge carrying host matrix in low
concentration. The blend of this type is called guest-host system. The emitter molecules are
spatially separated from each other by mixing into the host matrix, therefore reducing

intermolecular interactions and quenching of excited states.!'*)
It
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Fig. 1.1. Principal structure of OLED.
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Closely bound electron and hole pairs called excitons are formed as a result of the charge
carrier recombination. Further exciton relaxation from excited state to ground state can lead to
the emission of photon. Therefore, efficient exciton energy transfer to the emitter molecules is
essential for ensuring electroluminescence. Two types of excitons (singlet (S) and triplet (T))
are formed during the charge carrier recombination process (Fig. 1.2). Spin statistics determine
that the ratio of the produced singlet and triplet excitons is 1:3.'4!

(a) —® 00—

Recombination

(b)
-+ o+

#+ o+

So S T,
Ground state Excited state Excited state
(singlet) (triplet)

Fig. 1.2. (a) Singlet and triplet exciton formation ratio. (b) Electron spin configuration in
ground state Sp and S, T excited states.

A quantitative measure — the luminescence quantum yield (@)— is used for the
characterization of the emission efficiency of luminescent materials.["®! The quantum yield is

defined as the proportion of excited states that emit a photon as a result of radiative relaxation:
D = K , (1.1)
Ky + kny
where: @ — quantum yield;
k: — radiative rate constant;
knr — non-radiative rate constant.
In practical measurements photoluminescence quantum yield (®p) of materials is

determined relatively easily.!'! Photoluminescence quantum yield is measured as the ratio of
the photons emitted by the material and the photons absorbed by the material:

N
d)PL = =0 . (12)
Nabs

where: @pL — photoluminescence quantum yield;
Nem— the number of photons emitted;

Nabs— the number of photons absorbed.

It is necessary to determine photoluminescence quantum yield and photoluminescence

lifetime for the calculation of the radiative rate constant!'®:

D
ke ===, (13)
TPL

where 7pL is photoluminescence lifetime.
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In the case of fluorescent emitters, only singlet excitons (S1) are able to relax to the ground
state through a photon emission (Fig. 1.3 (a)). The relaxation of the triplet excited state (T1) to
the ground state (So) is a spin-forbidden transition and therefore this process (phosphorescence)
is characterized with a very long lifetime. Consequently, the emission from the T state is almost
completely suppressed by various non-radiative relaxation processes. For this reason,
fluorescent OLEDs have a maximum theoretical internal quantum efficiency of 25 %.[17)

The replacement of fluorescent emitters with phosphorescent analogues is considered as
one of the methods for increasing the internal quantum efficiency from 25 % to 100 %
(Fig. 1.3 (b)). Phosphorescent materials are usually organometallic complexes of heavy
transition metals (Ir, Pt, Os, Ru, etc.). In this case heavy metal atoms provide an efficient spin-
orbit coupling (SOC). SOC is a process that promotes spin inversion, thereby facilitating
intersystem crossing (ISC) as well as phosphorescent relaxation of the T; state.['®]

Emitters with thermally activated delayed fluorescence (TADF) properties could be used as
an alternative to the phosphorescent materials containing heavy transition metals (Fig. 1.3 (c)).
In TADF materials the energy difference between the S; and Ti (AEst) states is lower than
0.1 eV. In this way, reverse intersystem crossing (RISC) is promoted. Thus, the non-radiative
triplet states are upconverted into radiative singlets, from which the so-called delayed
fluorescence is possible. Both the phosphorescence and TADF mechanisms fully utilize the
singlet and triplet excitons in radiative processes, thus achieving the maximum theoretically
possible internal quantum efficiency (100 %).['"]

(a) (b) (c)
* O\
E H S F—— ey S —e S, I I . i S AEg;
1 AEgr= AEgr= <0.1eV
' [0.5.1ev Q00O [05-1ev T,
i " W(H "
:
1
i So ———— SO —_ Y v -
[ Fluorescence Phosphorescence TADF

Fig. 1.3. Schematic representation of fluorescence, phosphorescence and TADF mechanisms.

2. Synthesis and Phosphorescence of the Trityl-Functionalized Ir(III)
Complexes

The energy-intensive vacuum deposition of the active layer is considered as one of the main
problems that leads to significant increases in the OLED manufacturing cost. The vacuum
deposition of the OLED emitting layer is especially complicated due to the need to deposit the
matrix material together with the emitter (guest-host system). Spin coating from concentrated
solutions is as an alternative approach to the deposition of thin films.?" In order for the material
to be suitable for spin coating, not only it must be soluble in volatile organic solvents but also
form a stable amorphous phase with a high glass transition temperature and good optical
quality. In our previous studies we discovered that the functionalization of various low
molecular weight compounds with trityl (-CPhs) groups promotes the ability of these materials
to form a stable amorphous phase.?' 2’
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Phosphorescent 2-arylbenzo[d]thiazole ligand containing iridium(IIT) complexes described
in literature** 2! were used as the core structures in order to obtain effective solution-
processable  amorphous phase forming OLED  emitters.  Trityl-functionalized
2-arylbenzo[d]thiazole ligands 2, 5 and 8 were first obtained as the complexing compounds
(Scheme 2.1). The ligands were used in further synthesis by first preparing di-p-chloro
iridium(IIT) complex dimers and then adding picolinic acid (complexes 3a, 6a and 9a) or
acetylacetone (complexes 3b, 6b and 9b) ancillary ligands, respectively.

The obtained compounds exhibit high solubility in various volatile organic solvents such as
DCM, chloroform and THF. Amorphous thin films could be prepared easily from the
corresponding solutions using the spin coating method. The glass transition temperatures of the
synthesized compounds determined by the differential scanning calorimetry (DSC) method
vary in the range from 124 °C to 188 °C. No signs of crystallization of the materials were
observed during several heating-cooling cycles.

a 26% / cand y, 40%
_—
~"~"CPh,
2 A
X S

a 94% d 47% - 55% AP 070
O Ir\ ) 3a; 6a; 9a

o0y

P L) . ©
4 \/\/\CPh3 \/\/\CPh3 X @O /
6a; 6b

Q Q’ 3b; 6b; 9b
O " 56% N c and s - N L

2 @ 31% - 51% 2R />
—_—
et us >

Scheme 2.1. Synthesis of the 2-arylbenzo[d]thiazole ligand containing iridium(IIT) complexes.
(a) 1,1,1-Triphenyl-5-iodopentane, K;CO3, DMSO; (b) 2-aminothiophenol, DMSO; (¢) IrCls-3H,0,
2-ethoxyethanol/H>O; (d) acetylacetone or 2-picolinic acid, 2-ethoxyethanol, K»COs; (e) POCl3, DMF;
(f) 1,1,1-triphenyl-5-iodopentane, NaH, THF.

The UV-Vis absorption patterns of the trityl-functionalized iridium(IIl) complexes are
similar to the non-functionalized structural analogues described in the literature.!**2% The
highest energy UV-Vis absorption bands are attributed to metal-ligand charge transfer (MLCT)
(Table 2.1). The largest bathochromic shift of absorption bands within the series is observed
for complexes 6a and 6b containing 2-(naphthalen-1-yl)benzo[d]thiazole ligands. All

14



compounds exhibit intense phosphorescence with pronounced vibrational substructure,
indicating that the emission is strongly associated with ligand-centred *m—m* transitions.
Similarly to the UV-Vis absorption, complexes 6a and 6b have the largest bathochromic shift
of the emission with orange-red phosphorescence, while complexes 3a, 3b, 9a, and 9b exhibit
phosphorescence in the yellow part of the spectrum.

Measurements of the @pL for both phosphorescent and TADF materials must be performed
under degassed, oxygen-free conditions, as oxygen quenches the excited triplet states, thereby
lowering the determined ®pr value.?” 28 The compounds exhibit high ®pL in dilute solutions
(0.64 to 0.90 in THF solution). In contrast, @p. for amorphous thin films of pure emitters
(without host matrix) drops to range 0.02-0.10. In this case, if the inert non-emissive
5,5,5-triphenylpentyl groups are not taken into account, the mass concentration of the active
emitter in the thin amorphous films is approximately 50 wt %, which leads to a significant
aggregation-induced quenching of the emission. During the preparation of the OLED active
layer, the emitter is practically always mixed in a host matrix with emitter mass concentration
lower than 10 wt %. Therefore, it was decided to determine the @pL for thin amorphous films
of guest-host systems with CBP and PVK. The inert 5,5,5-triphenylpentyl groups make up
about half of the molecular weight of the compounds. For this reason, the complexes were
mixed into the matrices at 20 wt % concentration, ensuring approximately 10 wt %
concentration of the active emitter. In the CBP matrix, @pr values reach 0.50. On the other
hand, in the PVK matrix the values of @pr are low and do not significantly differ from the @pr
of neat amorphous samples, what could be related to the increased aggregation of the emitter
in the polymer type PVK matrix. In addition, a tendency of complexes containing picolinic acid
ancillary ligands to exhibit a higher @pL than the complexes containing acetylacetone ancillary
ligands was observed.

Table 2.1
Photophysical Properties of Iridium(IIT) Complexes Containing 2-arylbenzo[d]thiazole
Ligands
/lmax abs a, ;Lmax em b, ¢ kr d: ke d7
Comp. nm (Ig ¢) nm Pri o b x10°s!  x10°s!

3a 433 (3.7) 537,576 (544, 576) 0.87/0.10/0.06/0.39 4.48 1.78 1.44
3b 464 (3.8) 552,588 (553,591) 0.78/0.02/0.15/0.31 3.32 1.56 0.45
6a 485 (4.3) 591, 641 (598, 644) 0.64/0.04/0.08/0.50 5.63 1.10 0.68
6b 496 (4.1) 595, 648 (604, 651) 0.64/0.03/0.06/0.27 3.75 1.15 2.49
9a 456 (4.0) 549, 588 (556, 587) 0.90/0.05/0.02/0.50 3.65 2.05 0.67
9b 464 (3.9) 568, 603 (568, 603) 0.69/0.02/0.02/0.12 2.61 1.34 1.52

“ Maxima of the lowest energy absorption band, THF solution. ® Phosphorescence, THF solution (CBP
film, 20wt% concentration). “THF solution/pure amorphous film/PVK film (20 wt%
concentration)/CBP film (20 wt % concentration). ¢ PMMA film (1 wt % concentration).

Complexes 9a and 9b containing the carbazole fragment were used in the fabrication of
OLEDs (Dr. phys. A. Vembris). OLEDs were prepared using the following structure:
ITO/PEDOT:PSS (40 nm)/emitting layer (60 nm)/BPhen or TPBi (20 nm)/LiF (1 nm)/Al. The
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hole-transporting PEDOT:PSS and the emitting layers were fabricated using the spin coating
method, while the electron-transporting BPhen/TPBi, the electron-injection LiF layers and the
aluminium electrode were fabricated by the vacuum deposition. The maximal performance
parameters were achieved for the 9a/CBP based device, with 7.9 % external quantum
efficiency, 12.4 cd-A™! current efficiency and 7.8 Im-W~! power efficiency at 6000 cd-m™
luminance, with a maximum luminance of 17451 cd-m ™ (Table 2.2). Like in the case of ®pL.
measurements, lower performance parameters are observed for devices using PVK matrix and
complex 9b containing acetylacetone ancillary ligand.

Table 2.2
Electroluminescence Characteristics of 9a-b Based OLEDs
Emitting Von h, Lmax, Next 5 He d’ p e’ Anaxs
Layer “ \Y% cd-m? % cd-A™! Im-W~! nm
9a:PVK 6.5 3229 4.8/4.87 721727 4.5/457 553
9a:CBP 5.5 17451 7.9/5.1 12.4/8.0 7.8/5.6 554
9b:PVK 7.0 1708 2.1/1.7 3.12.4 1.9/1.3 561
9b:CBP 6.5 7295 5.2/5.1 7.3/7.1 4.9/4.7 563

“ The mass concentration of iridium(IIT) complexes in the emitting layer is 20 wt %. * Voltage at which
the luminance of the device is 1 cd'm™. ¢ OLED external quantum efficiency. ¢ Current efficiency.
¢ Power efficiency.” Maximum achieved values and values determined at 1000 cd-m™.

The OLED performance parameters of the trityl-functionalized iridium(III) complexes are
higher if compared to other structurally similar yellow emitters described in the literature, where
the emitting layer is deposited by the spin coating method.?*:3") However, the obtained results
and literature analysis show that in terms of performance OLEDs produced by solution methods
fall behind those produced by vacuum methods.*" 3% Furthermore, the introduction of inert
insulating groups such as long alkyl chains, which should reduce aggregation-induced
quenching of the excited states, not necessarily leads to improved OLED performance.**! These
results prompted us to conduct a systematic study for the determination of the effect of trityl
groups on the OLED performance.

In order to achieve this goal, compounds 15a, 15b, and 15¢ based on the widely used OLED
emitter Ir(ppy)sl®*! were synthesized with one, two, and three attached trityl groups,
respectively (Scheme 2.2). For this purpose, di-pu-chloro dimers 13a and 13b were complexed
with a third cyclometalating ligand using method developed by Colombo et al.*>! This method
gives octahedral iridium(Ill) complexes in fac configuration. The target compounds were
obtained through the reduction with NaBH4 of one, two, and three aldehyde groups-containing
complexes 14a, 14b, and 14c¢ and subsequent esterification of the obtained alcohols with
3,3,3-triphenylpropanoic acid.

The obtained trityl-functionalized compounds are soluble in volatile organic solvents, and
spin coating method can be used for the preparation of high-quality thin amorphous films. The
glass transition temperatures of compounds 15a, 15b, and 15¢ are 158 °C, 142 °C, and 131 °C,
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respectively. The decrease in the glass transition temperature in the series could be related to
the increase in conformational freedom with the increase in the number of the trityl groups.
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Scheme 2.2. Synthesis of trityl-functionalized Ir(ppy)s derivatives:
(a) AgOTf, diglyme; (b) NaBHs, CH,Cl/MeOH; (¢) CPhsCH,COOH, DCC, DMAP, CH,CL.

No significant influence of the trityl groups on absorption and emission properties of
compounds in solution was observed within the series (Table 2.3). @pL in THF solutions is high,
reaching values between 0.90 and 0.94. @pL for amorphous thin films of pure emitters drops to
0.01-0.08, indicating an intensive aggregation of compounds in the solid state. Although
compound 15c¢ has three attached trityl groups, due to the fac configuration the ligands align
the trityl groups spatially in the same direction, covering only one side of the molecule. This
allows us to hypothesize that weakly emitting dimers of complex molecules are formed as a
result of aggregation.

Table 2.3

Photophysical Properties of Trityl-functionalized Ir(ppy); Derivatives

Comp. Imaxabs”,  Amaxen's St 1l ps ke, [
nm nm ’ x103s!  x10°s!

Ir(ppy)s 379 522 0.94/- 17 55 0.35

15a 380 525 0.91/0.01 1.8 5.1 0.50

15b 379 525 0.90/0.03 1.7 5.3 0.58

15¢ 379 525 0.93/0.08 1.8 5.2 0.38

“ Absorption, THF solution. ® Phosphorescence, THF solution. ¢ THF solution/pure amorphous film.
4 THF solution.

The electroluminescence properties of the obtained complexes were studied (Dr. phys.
A. Vembris) using the following OLED structure: ITO/PEDOT:PSS (40 nm)/emitting layer
(50 nm)/TPBi (20 nm)/LiF (1 nm)/ Al. Three types of host matrices were used for the
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fabrication of the emitting layer — first, a pure hole-transporting PVK matrix, second, a mixture
of PVK and electron-transporting OXD-7 in a 7:3 mass ratio, and third, a mixture of PVK and
OXD-7 in a 3:7 mass ratio. Iridium(IIl) complexes were mixed into the matrix at a constant
concentration of 7 wt %, attributing the mass of the inert trityl groups to the mass of the matrix.
The emissive layer was prepared by the spin coating method. The obtained results (Table 2.4)
show that unmodified Ir(ppy)s outperforms trityl-functionalized compounds in terms of OLED
performance parameters. Moreover, as the number of trityl groups in the molecule increases,
the performance parameters of the OLEDs have tendency to decrease. It was hypothesized that
the inert trityl groups interfere with the charge carrier transfer to the emitter molecules, thereby
reducing the effectiveness of electroluminescence. For this reason, the compound Ir(ppy)s with
the least sterical hindrance by the bulky inert groups for the interaction with the charge carrier
matrix exhibits the most efficient electroluminescence. Based on these results, it can be
concluded that passive insulating groups should not be used for the purpose of aggregation
limitation in solution-processable OLED. Peripheral groups with good charge transport
properties, and appropriate energy level tuning could be proposed as a better alternative.

Table 2.4

Electroluminescence Characteristics of Trityl-functionalized Ir(ppy); Derivatives

Emitting Von®, Linax, 7, 1 Roll-Off®,
Layer “ \Y cd'm? cd- A Im-W! %
PVK

Ir(ppy)s 45 2446 6.8 3.9 44
15a 4.5 844 4.8 2.4 71
15b 6 127 1.6 0.6 -
15¢ 7 136 1.0 0.3 -

PVK:0XD-7 (7:3)

Ir(ppy)s 3.5 2983 7.8 4.4 6
15a 4 3308 6.9 3.7 10
15b 4 2692 7.3 3.9 27
15¢ 3.5 1794 6.6 3.8 10

PVK:0XD-7 (3:7)

Ir(ppy)s 3.5 1048 22 1.1 27
15a 3.5 638 2.0 1.0 23
15b 3.5 680 2.4 1.3 28
15¢ 4 560 2.2 1.3 25

“ The mass concentration of iridium(III) complexes in the emitting layer is 7 % (mass of the inert trityl
groups is attributed to the mass of the matrix). ® Voltage at which the luminance of the device is
1 cd-m2. ¢ Current efficiency. ¢ Power efficiency. ¢ Decrease in current efficiency from peak current
efficiency to peak luminance.

The publications that cover the studies described in this chapter are given in Appendices 1
and 2.
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3. Synthesis and TADF Properties of Carbene-metal-amide Complexes

Due to the high cost of rare transition metals (Ir, Pt, etc.) and environmental concerns, a
possible replacement of phosphorescent emitters with TADF materials have been proposed in
the recent years. In order to achieve lower AEst and promote rapid RISC, the most commonly
applied TADF molecular design strategy involves the spatial separation of the donor (D) and
acceptor (A) fragments, minimizing HOMO and LUMO overlap.*®! However, weak spin-orbit
coupling leads to a slow RISC and low radiative rates.®”] Carbene-metal-amide (CMA)
complexes are considered as a new class of TADF materials. In CMAs the d'* metal (Cu, Ag
or Au) atom forms a linear complex with an electron-accepting N-heterocyclic carbene (NHC)
ligand and an electron-donating amide ligand. This ligand configuration provides effective
spatial separation of the frontal molecular orbitals, reducing AEst. The metal atom facilitates
the spin-orbit coupling necessary for fast RISC. Therefore it is possible to realize TADF with
high @pr and photoluminescence lifetime below 1 ps. As a result, CMA emitters in OLED
devices show performance parameters comparable to phosphorescent emitters.>8#1]
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Scheme 3.1. Synthesis of Cu(I) CMA derivatives functionalized with phenylsulfonyl groups:
(a) Agx0, MeCN; (b) CuBr, CH,Cly; (¢) derivative of carbazole, KOrBu, THF.

A series of CMA type complexes was synthesized within the scope of this Doctoral Thesis
with phenylsulfonyl acceptor groups added to the 4- position of 2,6-diisopropylphenyl (Dipp)
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groups of the imidazole type NHC derivatives. The 4,5-dihydro-1H-imidazolium and
1H-imidazolium salts 16 and 20 required for the synthesis of NHC derivatives were obtained
using a modified method described in the literature.*?! Silver(I) complexes 17 and 21 were
obtained in the reaction of compounds 16 and 20 with Ag>O. The silver atom was replaced by
copper in a transmetalation reaction with CuBr, yielding copper(I) complexes 18 and 22. CMA
complexes 19a, 19b, 23a, and 23b were afforded in the reaction of Cu(I) complexes and
deprotonated carbazole (Cbz) or 1,8-dimethylcarbazole (MeCbz).

In order to determine the effect of the metal atom on the luminescence properties of the
phenylsulfonyl-functionalized CMA emitters, the analogue of complex 19a, complex 25 was
obtained with copper atom replaced by a gold atom (Scheme 3.2). The precursor 24 required
for the synthesis of complex 25 was synthesized by transmetalation of silver(I) complex 17 with

AuCl-Me:S.
. a2 88% \ 0 bsg% \é’ \\ 0
\Ph
Au Au
n':
o

Scheme 3.2. Synthesis of phenylsulfonyl-functionalized Au(I) CMA derivative 25:
(a) AuCl-Me;S, DCM; (b) derivative of carbazole, KOfBu, THF.

The series was further extended by the synthesis of unsymmetrical complexes 28a and 28b.
In these compounds only one of the Dipp groups has the phenylsulfonyl substitution
(Scheme 3.3). Copper(I) complex 27 was obtained from 4,5-dihydro-1H-imidazolium chloride
26 in one step using the procedure developed by Santoro et al.*3! This method eliminates the
requirement to obtain the silver(I) complex first and then use it in the following transmetalation

O // q\l/_\ a /8% O //
66% 82%
Cu

reaction.

s vy
/
" (\3{’ 282 0 R= CH
R | R  28b:

Scheme 3.3. Synthesis of unsymmetrical Cu(I) CMA derivatives functionalized with
phenylsulfonyl group:
(a) CuCl, K»COs, acetone; (b) derivative of carbazole, KOfBu, THF.



The final complexes were afforded as white or slightly yellowish crystalline powders. In
the solid state the compounds are stable in air and show no signs of decomposition after several
months of storage. Complexes tend to decompose in solvents in the presence of proton donors
(e.g., H2O, HCI, etc.). The unsymmetrical complexes 28a and 28b containing one
phenylsulfonyl group exhibit better solubility in non-polar solvents than the symmetric ones.
The structures of compounds 19a, 23b, and 28a in the crystalline state were characterized by
X-ray crystallography (Fig. 3.1). The most significant structural variations were induced by
different amide ligands. For compounds 19a and 28a (with a Cbz ligand), the Cu(I) metal
coordination has a linear geometry with a slight bend at the metal centre (£.0a) and a slight shift
from the planar sp? geometry () at the carbazolide N atom. In these compounds the planes of
Cbz and imidazolidine fragments are practically coplanar. Due to the steric effect of the methyl
groups of MeCbz ligand, a significant shift from the linear geometry can be observed in
compound 23b, which is manifested as a pyramidalization of the carbazolide N atom
(4P = 147.3°). As aresult, the alignment of the MeCbz ligand and Dipp cycle planes approaches
coplanar (&y = 43.4°).
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Fig. 3.1. X-ray structures of compounds 19a (a), 23b (b), 28a (c) and the main structural
parameters.

Time-dependent DFT (TD-DFT) calculations show that for all compounds in the series, the
HOMO is located on the carbazolide ligand and has a small contribution from the metal atom
(Fig. 3.2 (a)). The LUMO is located on the diphenylsulfone group. No contribution from either
the central carbene ring or the metal atom to the LUMO was observed, marking a significant
difference from the CMA emitters reported in the literature.[**®! The orthogonal arrangement
of the frontier molecular orbitals leads to a negligible overlap between the HOMO and LUMO.

The lowest energy singlet transition (So—S1) takes place via through-space ligand-ligand
charge transfer (LLCT) mechanism (Fig. 3.2 (c)). The calculated oscillator strength of the
So—S transition is low (in the range of 0.0021-0.0069). For the complexes with the MeCbz
ligand, the So—S: transition is expected to have a higher oscillator strength than for the
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complexes with the Cbz ligand, attributed to the decrease of angle y between the donor
carbazole and the acceptor Dipp planes (Fig. 3.1). Since the frontal molecular orbitals are
spatially separated, the expected energy difference between the Si1 and Ti states is low
(AEst=0.007-0.021 eV). The SOC between the Si and T; states is lower than that of other
CMA complexes due to the negligible contribution of the metal atom to the LUMO orbital
(Fig. 3.2 (b)).[*”! However, even a small SOC can provide fast RISC considering the low AEst

values.[*®]

(a) AN S ) ,3\ V4
= .’ :, S (b) Ground state
geometry
- ' ] 3.5-
.ﬂ‘ _ SLE
HOMO 2 33
-5.21 eV = ——
S21e P S, T AE;:L 0.012 eV
. 15 3.1 1SO0C=0.39cm™’
\\. %A ,L a//. c
I" i
§ 2.9
,_*
LUMO
(c) -0.99 eV
S —'DS so_’T1 SO_>3LE

(3
©

;‘f‘” i ‘\\lﬁﬁﬁ%& 5 N Y/
e
283 a8 el

Fig. 3.2. (a) HOMO and LUMO orbitals for compound 19a. (b) Energy diagram of the lowest
energy excited states. (c) Natural transition orbitals.

A similar UV-Vis absorption pattern is observable for all compounds in the series. Several
structured absorption bands can be observed in the 300—380 nm region. The position and shape
of the structured absorption bands are not affected by changes of solvent polarity (Fig. 3.3 (a)).
These absorption bands are attributed to local 7—m* transitions of the carbazolide ligand. The
CT transition in these compounds is shown as a broad absorption band of weak intensity, which
extends up to 450 nm in less polar solvents. The LLCT nature of this absorption band is
confirmed by the hypsochromic shift observed with increasing solvent polarity.*"! Accurate
determination of the intensity of the CT band is difficult due to the overlap with the m—n*
absorption bands of the carbazolide ligand. The extinction coefficient of the CT absorption band
can be roughly estimated in the range of 1000 M'cm™ to 3000 M~'cm™! in toluene solutions.
Within the series the compounds with MeCbz ligand exhibit more intensive CT absorption than
the compounds with Cbz ligand, confirming the predictions of TD-DFT calculations.
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Fig. 3.3. (a) UV-Vis absorption of compound 19b in different solvents (107> M).
(b) Photoluminescence of compound 19b in toluene, chlorobenzene (10~ M) and PMMA
(5 wt %).

The compounds have similar emissive properties in toluene solutions (Table 3.1). The
complexes in toluene exhibit emission from the CT excited state with a maxima at 519-547 nm.
A Dbathochromic shift is observed for the CT emission band as the polarity of the solvent
increases (Fig. 3.3 (b)). The @pL of the complexes in toluene solution does not exceed 0.39 due
to the various possible vibrational relaxation processes. Similar to the phosphorescent iridium
complexes, the @pL of CMA complexes decreases in the presence of oxygen, indicating the
involvement of triplet excited states in the emission mechanism.

Table 3.1

Emissive Properties of CMA Derivatives Functionalized with Phenylsulfonyl Groups

j-max em a, a lmax em b, b Tprompt b, b b kr b, km' b,
Comp. nm Pr nm Pru ns TOHS RS 05e 1055
6 25 10.6
19 523 031 472 086 125 0.20
2 02%) (454%) (54.4%)
19b 521 025 482 osa 2 1.3 52 2.89 0.55
‘ Y 04%) (61.6%) (380%) ‘
10 2.0 8.3
23 547 021 488 0.90 1.68 0.19
a 04%) (46.6%) (53.0%)
19 1.4 43
23b 541 028 492 0.84 3.32 0.63
08%) (59.8%) (39.4%)
1 1.4 47
25 521 027 502 0.69 1.89 0.85
02%) (31.8%) (68.0%)
28a 519 038 464 080 19.4 23 9.9 ; ;
372 1.4 5.4
28b 521 039 476 0.79 591 0.59

(0.7%) (443 %) (55.0%)
 Luminescence, toluene solution. ® Luminescence, PMMA film (5 wt %).
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In the solid state the molecular motion subsides and the @pL of the complexes in thin
amorphous films (PMMA, 5 % emitter mass concentration) increases significantly, reaching a
maximum value of 0.90 for compound 23a. In comparison to solutions, PMMA films show a
hypsochromic shift of emission (rigidochromism*?!). The emission of compounds in PMMA
films is characterized with a complex TADF mechanism with numerous variations within the
series. All of the compounds exhibit three-exponential photoluminescence decay kinetics
(Fig. 3.4 (a)). Prompt fluorescence (zprompt = 6 — 37 ns) is observed for the compounds due to
the low rates of ISC. The contribution of the prompt fluorescence to the total
photoluminescence intensity does not exceed 1 %. The intersystem crossing rate is reduced by
the low SOC between the S; and T states. Two delayed fluorescence components are observed
for the compounds: the first with a lifetime (z1) in the range of 1.36 ps to 2.50 ps and the second
with a lifetime (z2) in the range of 4.25 us to 10.59 us. The contribution of the two delayed
fluorescence components to the total photoluminescence intensity is similar. The TADF nature
of the delayed fluorescence was demonstrated by cooling the samples and observing a gradual
decrease of the radiative rate (k). The experimentally determined TADF activation energy
(AEst) of the compounds varies from 0.0068 eV to 0.0110 eV, which is in agreement with the
values predicted by TD-DFT calculations. The dual nature of the TADF can be explained by
emission from two different conformations of the molecule. Au(I) complex 25 should be
mentioned as an exception. In the case of this compound the fastest component (1) is TADF
emission, while the slowest component (z2) is related to phosphorescence from the T state,
which is energetically close to the S; state. The combined radiative rate in the series varies from
1.25-10° s7! to 3.32:10° s™\. Due to the higher oscillator strength for the lowest energy CT
transition, the complexes with the MeCbz ligand have larger k: values than those with the Cbz

ligand
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Fig. 3.4. (a) Photoluminescence kinetics of compounds 19a—b and 23a-b in PMMA.
(b) Time-dependent photoluminescence of compound 19b, PMMA film (5 wt %.) at 77 K.

In addition to TADF and possible phosphorescence from the T state (compound 25), the
emission from the carbazolide local triplet excited state (°LE) should be considered as well.
Compared to TADF, this emission has a very long lifetime (from several hundreds to a few
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thousand microseconds), and time-resolved emission spectroscopy can be used to resolve this
luminescence component (Fig. 3.4 (b)). The emission from 3LE state exhibits a fine structure
characteristic to the phosphorescence of carbazole derivatives.[*!! In the case of compound 23a
(PMMA film), ’LE phosphorescence of carbazolide ligand is observable at room temperature,
while for the other compounds in the series it only appears when the samples are cooled.
According to TD-DFT calculations, the 3LE state is relatively close in energy to the S; state.
Upon cooling the samples, the rigidification of PMMA matrix takes place, which destabilizes
the S state associated with the LLCT process. As a result, the energy of S state can approach
or even exceed the 3LE state, making phosphorescence from the 3LE excited state possible.

Although the new compounds belong to the class of CMA emitters structurally, the
luminescence mechanisms differ significantly. In this case, TADF proceeds via through-space
CT mechanism. Emitters therefore have very low AEst values, and a small SOC provided by
the metal atom promotes RISC. As a result, the achieved @pr and radiative rates are comparable
to the currently best emitters of the CMA class.®® From the point of photophysical
functionality, the carbene cycle in the new compounds is an inert linking fragment between the
donor and acceptor fragments.

In order to evaluate the electroluminescence properties of the compounds, complex 23b was
used to prepare an OLED (Dr. phys. A. Vembris) with the following structure:
ITO/PEDOT:PSS (40 nm)/PolyTPD (30 nm)/23b (20 wt %): CzSi (40 nm)/TPBi (40 nm)/LiF
(1 nm)/Al (100 nm). The emissive layer was prepared from compounds in a solution using the
spin coating method. The device showed 6 V turn-on voltage, 1.7 cd/A current efficiency,
0.6 Im/W power efficiency, and 0.8 % external quantum efficiency. The electroluminescence
spectrum of the device indicates emission from the CT state of the complex. The obtained
results demonstrate the suitability of the compounds for the preparation of electroluminescent
devices; however, further optimization is required to improve the performance of the devices.

In the last section of the Doctoral Thesis, the photophysical and electroluminescence
properties of CMA derivatives based on 1,3-thiazol-2-ylidene carbene fragment were studied.
The 1,3-thiazolium perchlorate salts 29-31 known in literature®!l were used as starting
materials for the synthesis of the target compounds (Scheme 3.4). Carbene-Cu-Cl complexes
were synthesized by in situ generation of free carbenes from perchlorate salts in the presence
of CuCl. The carbene-Cu-Cl complexes were further used in the synthesis of CMA derivatives.
A series of eight compounds were obtained by utilizing different carbazole derivatives as
ligands: 32a, 33a, and 34a with carbazole (Cbz) ligand, 32b, 33b, and 34b with
1,8-dimethylcarbazole (MeCbz) ligand, 34¢ with 3,6-di-fert-butylcarbazole (fBuCbz), and 34d
with a 3,6-di-tert-butyl-1,8-dimethylcarbazole (MefBuCbz) ligand. The compounds are stable
in the solid state and can be stored in air. Complexes exhibit moderate solubility in organic
solvents such as toluene, chlorobenzene, dichloromethane and THF. The solubility of
compounds is significantly improved by tert-butyl groups. An interesting exception is
compound 34b, which has very low solubility in organic solvents at room temperature.
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Scheme 3.4. Synthesis of Cu(I) CMA derivatives based on 1,3-thiazol-2-ylidene carbene
fragment.
(a) CuCl, NaOrBu, THF; (b) derivative of carbazole, KOrBu, THF.

The compounds exhibit a practically linear geometry at the complex-forming metal atom
and a coplanar arrangement of the carbazolide and carbene rings (Fig. 3.5). Various structural
deformations are introduced by the substitution at the carbazolide ligand (1,8-dimethyl groups)
and the 1,3-thiazol-2-ylidene ring (4-phenyl group). The steric effects of the 1,8-dimethyl
groups of the carbazolide ligand cause repulsion from the Dipp group, turning Ao towards the
unhindered sulphur atom. The Cu-N and Cu-Cearbene bonds are lengthened as well. The 4-phenyl
group at the carbene ring causes the twist of the Dipp (4y) and carbazolide (%) planes relative
to the plane of the carbene ring. The respective sterical groups introduce not only structural
deformations, but also reduce the conformational freedom of the molecule by limiting the
rotational freedom of Dipp group, 4-phenyl group and the carbazolide ligand. The low solubility
of compound 34b could be directly related to the rigid molecular structure, which increases the
tendency of the molecule to form poorly soluble crystals.
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Fig. 3.5. X-ray structures of compounds 33a (a), 32b (b), and 34d (c) and the main structural
parameters.

Similarly to the phenylsulfonyl-functionalized CMAs, UV-Vis absorption bands attributed
to the local mT—mt* transitions of the carbazolide ligand can be observed from 300 nm to 380 nm
for 1,3-thiazol-2-ylidene derivatives in toluene solution (Fig. 3.6 (a)). The lowest energy
absorption bands of the complexes correspond to the CT transition. The intensity of CT
transition is significantly higher than that of the phenylsulfonyl-functionalized CMA
derivatives, reaching a molar extinction coefficient of 8.0-10° M~'-cm™ in the case of compound
34c. The position of the CT absorption maxima depends on the substituents of the carbazolide
ligand. A slight bathochromic shift of the absorption peak is observed when weakly electron-
donating methyl or fert-butyl groups are added to the carbazolide ligand. As in the case of other

CMA type compounds, the CT absorption bands of the complexes shift hypsochromically with
increasing solvent polarity./]
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Fig. 3.6. (a) UV-Vis absorption of compounds 34a—d in toluene (107> M).
(b) Photoluminescence of compounds 34a—d in PMMA film (5 wt % concentration).
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The luminescence properties of compounds in toluene solutions and thin amorphous films
(PMMA, 5 % emitter mass concentration) are given in Table 3.2. The emission proceeds from
the CT excited state. Just as the UV-Vis absorption, the position of the luminescence maxima
depends on the substituents on the carbazolide ligand (Fig. 3.6 (b)). An increase of ®@pr and a
hypsochromic shift of the Iuminescence maxima can be observed in the solid state in
comparison to the solutions. A correlation between the complex structure and 4 for thin
amorphous film samples can be observed. Complexes with 1,8-dimethyl substituted carbazolide
ligand exhibit &: 1.1-1.6 times higher than structural analogues with 1,8-unsubstituted
carbazolide. The highest &: values were observed for complexes 34b and 34d with a 4-phenyl-
substituted 1,3-thiazol-2-ylidene cycle in addition to the 1,8-dimethyl substituted carbazolide.
Therefore, it can be concluded that limitations in the rotational freedom of the carbazolide
ligand increase the 4: values.

Table 3.2

Emissive Properties of 1,3-thiazol-2-ylidene Carbene Cu(I) CMA Derivatives

a b h b b
COmP. ;Lm;x;m T D! m]:XI;m ’ QPLb ZS’ X]lg;s,l X]k(;rs ’S—l

32a 511 0.37 471 0.74 2.6 2.8 1.0
32b 517 042 478  0.82 1.9 4.3 0.9
33a 507 041 467 068 1.9 3.6 1.6
33b 513 079 474 084 2.1 4.0 0.8
34a 521 0.39 479 0.71 2.1 3.4 1.4
34b 527 0.23 484 0.78 1.6 49 1.4
34c 549 0.73 499 073 1.6 4.6 1.7
34d 554 0.76 509 086 1.2 72 1.2

“ Luminescence, toluene solution. ® Luminescence, PMMA film (5 wt % concentration).

Compounds in PMMA films exhibit monoexponential photoluminescence decay kinetics
with zpL ranging from 1.2 ps to 2.6 pus (Fig. 3.7 (a)). Upon cooling, all compounds in the series
except for 34d exhibit an emission from the local triplet excited state ("LE) of the carbazolide
ligand. Similarly to the phenylsulfonyl-functionalized CMAs, the luminescence from LE state
can be explained by the rigidification of the PMMA matrix and the resulting destabilization of
the CT state. Compound 34d is an exception because the energy level of the CT state is shifted
too far from the energy level of the °LE state. Therefore, for compound 34d only CT excited
state emission is observable in the entire temperature range from RT to 10 K, with a
hypsochromic shift with gradual cooling. An increase in zpL up to 140 ps at 10 K is also
observed upon cooling (Fig. 3.7 (b)), which indicates the TADF nature of the CT emission. At
room temperature TADF from the S state is observed. The phosphorescence intensity from the
T state increases upon gradual cooling of the sample, until at 50 K the emission occurs only
from the T; state. By fitting the temperature dependence of zpL to a modified Boltzmann
equation®? (Fig. 3.7 (b)), AEst was estimated at 0.044 eV for compound 34d.
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Fig. 3.7. (a) Photoluminescence decay kinetics of compounds 34a—d, PMMA films
(5 wt % concentration). (b) The temperature dependence of the photoluminescence lifetime of
compound 34d and fit against a modified Boltzmann equation, PMMA film

(5 wt % concentration).

To investigate the luminescence mechanism and to characterize the influence of steric
effects on the luminescence properties, TD-DFT calculations were performed for complexes
34a and 34b (Dr. chem. G. Baryshnikov). It was found that the HOMO is localized on the
carbazolide ligand, while the LUMO is on the 1,3-thiazol-2-ylidene fragment (Fig. 3.8 (a)).
Therefore, the transition to the Si excited state exhibit LLCT properties. Both the HOMO and
LUMO have a small metal atom contribution, leading to an increase of the So—S; transition
oscillator strength and increase of AEsr.

According to TD-DFT calculations, the planes of the 1,3-thiazol-2-ylidene and carbazolide
ligands are practically coplanar in the ground state Sp and in the T excited state. On the other
hand, at the S excited state these planes tend to rotate to an orthogonal position (Fig. 3.8 (b)),
for 34a assuming dihedral angle A3 = 77°. Meanwhile, the rotation of the carbazolide ligand in
compound 34b is hindered due to the steric interaction of 1,8-dimethyl and Dipp groups, so the
dihedral angle is smaller (£ = 55°). For this reason, the calculated oscillator strength of the
S1—So transition for compound 34b is two times larger that of 34a, leading to an equal increase
in the predicted delayed fluorescence rate. Thus, the interaction of sterically bulky groups
increases the radiative rate in the series of 1,3-thiazol-2-ylidene CMA derivatives.

(@) . (b)

° ®
o
Uit ) S
’(L [ y % A
\d [B @ AWp=s55

HOMO LUMO

Fig. 3.8. (a) Geometry of HOMO and LUMO for compound 34a, S geometry. (b) Dihedral
angles between the planes of the 1,3-thiazol-2-ylidene and carbazolide in compounds 34a and
34b, Si geometry.
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Compound 34d shows both the highest @pL and the largest %: in the solid state, therefore it
was chosen together with the structural analogue 34¢ for OLED preparation (Dr. C.H. Chang).
mCBP was selected as the most effective emissive layer host matrix among the four tested
materials (CBP, mCBP, mCP, and DPEPO). The following structure was used for the OLED
preparation: ITO/TAPC (35 nm)/TCTA (5 nm)/emitting layer (25 nm)/TmPyPB (50 nm)/LiF
(1.5 nm)/Al (150 nm) with 1 %, 5 %, 10 %, and 20 % emitter mass concentration in emitting
layer. The emissive layer was prepared by the vacuum deposition method. The highest
performance parameters were achieved for the device using compound 34c as emitter, reaching
16.5 % external quantum efficiency and 44215 cd-m™2 luminance at 10 wt % emitter doping
concentration (Table 3.3). Two distinct emission bands with maxima at 495 nm and 600 nm
can be observed in the electroluminescence spectrum of compound 34c¢ (Fig. 3.9). As the
emitter doping concentration increases, the relative intensity ratio between the emission bands
at 495 nm and 600 nm increases in favour of the latter. The electroluminescence at 495 nm is
recognized as the TADF emission of 34¢, while the electroluminescence at 600 nm could be
related to the emission of dimers of compound 34¢, in other words, excimer
electroluminescence. As a result, a very broad electroluminescence spectral profile is obtained,
which is applicable for the production of white light OLEDs. For compound 34d, excimer
electroluminescence is observed to a much lesser extent than for 34¢. The steric effects induced
by 1,8-dimethyl groups reduce the possibilities of compound 34d to form dimers in the emitting

layer.
Table 3.3
OLED Performance Parameters for Compounds 34c—d
» Von, Lunax, e, 7, ',
Emitting Layer v cdrm2 % cd- Al e W
34c:mCBP
1% 3.8 13542 10.3/7.0¢  22.7/154°  19.8/9.3°¢
5% 3.6 17839 13.7/9.8 25.9/18.6 22.3/11.6
10 % 3.5 44215 16.5/16.1 34.1/33.1 27.1/23.6
20 % 3.7 41695 15.7/14.6 26.0/25.5 20.2/17.0
34d:mCBP
1% 3.7 35947 12.9/10.6 31.5/25.8 25.4/17.0
5% 3.6 42773 12.2/11.6 31.9/30.4 26.0/20.4
10 % 3.8 36478 9.2/9.1 21.7/21.6 15.5/13.2
20 % 3.8 37183 5.9/5.8 14.8/13.4 9.4/8.6

“Voltage at which the luminance of the device is 1 cd-m2. ? OLED external quantum efficiency.

¢ Current efficiency. ¢ Power efficiency. ¢ Maximum achieved values and values determined at
100 cd'm™.
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Fig. 3.9. Electroluminescence spectra of compound 34c at 1000 cd-m™ brightness.

The publications that cover the studies described in this chapter are given in
Appendices 3-6.
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CONCLUSIONS

The functionalization of organic emitters with trityl groups can be employed to obtain
luminescent materials that form morphologically stable amorphous thin films from volatile
organic solvents. Obtained compounds can be used for the production of OLED devices
via the spin coating method.

Trityl groups obstruct the charge transfer to the emitter molecules, thus reducing the
efficiency of electroluminescence.

The obtained phenylsulfonyl-functionalized and 1,3-thiazol-2-ylidene carbene based CMA
type Cu(I) complexes exhibit solid state photoluminescence with high @pL and a few
microsecond lifetime.

For the phenylsulfonyl-functionalized CMA derivatives, TADF emission is related to a
through-space charge transfer mechanism. Low AEst values in combination with the spin-
orbit coupling provided by the metal atom contribute to efficient and fast emissive process.
Steric effects influence the photophysical properties of the studied CMA derivatives. In the
series of phenylsulfonyl-functionalized CMA compounds, the steric effects of the
1,8-dimethyl groups of the carbazolide ligand lead to a more favourable spatial
arrangement of the D and A fragments, thereby increasing the radiative rates. In the series
of 1,3-thiazol-2-ylidene carbene based CMA derivatives, the radiative processes are
promoted by the interaction of the sterically bulky groups that reduce the rotation of the
carbazolide ligand in the S; excited state.

For the series of 1,3-thiazol-2-ylidene CMA derivatives, efficient excimer
electroluminescence can be observed, which could be utilized for the preparation of white
light OLEDs.
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