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Abstract: Three novel thermally activated delayed fluoreseerfADF) emitters, named
MCZ-B-DTM, MCZ-P2-DTM and MCZ-P3-DTM are designeddasynthesized for fabricating
blue emission devices. The position of nitrogenraio pyridine ring is varied relative to the
donor unit and the presence of €N hydrogen bonding in MCZ-P3-DTM is confirmed by
theoretic simulation antH NMR analysis. Due to the introduction of €N hydrogen bonding
between donor and acceptor, the dihedral anglegpphysical propertiestogether with thermal
stabilities, of the targeted compounds are regdlatgeniously. As a consequence, MCZ-P3-DTM
displays an increase of the molar extinction cogffit obviously and offers a higher PLQY of
60.1%. The TADF device adopting MCZ-P3-DTM as eenithows a maximum external quantum
efficiency (EQE) of 12.1%, which is superior to $eoof MCZ-B-DTM and MCZ-P2-DTM,
demonstrating the introducing of intramolecular toggen bonding interactions between donor and
acceptor is an efficient strategy for future stowat design of TADF emitters.

Keywords: intramolecular hydrogen bonding; highapton coefficient; blue emission; TADF

1. Introduction

Organic light emitting diodes (OLEDs) are drawimgniendous attention due to
their various advantages such as light weight,ibbiey and quick response, have
become the most promising technology in the newegdion display field[1-7].
Under electrical excitation, conventional fluorestc®LEDs can only harvest singlet
excitons for light emitting, therefore limiting theternal quantum efficiency (IQE) to
25%. The phosphorescent materials can harvest $iotllet and triplet excitions

through intersystem crossing (ISC) process by hatam effect to realize 100% IQE
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[8-10]. However, the incorporation of noble metiags many disadvantages like cost,
environmental pollution and instability, limitingeir extensive application. Recently,
TADF emitters can harvest both triplet and singestcitons through reverse
intersystem crossing (RISC) process under therwtalagion, have been considered
as a cheaper alternative to phosphorescent OLEDRdmext generation display. The
principle of design TADF molecule is separating tinghest occupied molecular
orbital (HOMO) and the lowest unoccupied molecutabital (LUMO) of the
molecule, and therefore the energy gap betwgean@d Swas narrowed to facilitate
the triplet excitons up-convert to singlet ones]®l-

Generally, the TADF emitters are designed to empotvist structure between
donor and acceptor for separating the HOMO and LUtdQ@chieve the minimum
AEg{20, 21]. In the past few years, there are numehagis-efficiency TADF emitters
with skillfully selected donor and acceptor unittopting D-A structures have been
developed[22-24]. However, the twist structure lestwv donor and acceptor with
limited orbital overlap often leads to a weak apson along with a low
photoluminescence quantum yield (PLQY)[25, 26]. e&nthe method to develop
TADF emitters with requisite smalhAEg;, intensive absorption and high PLQY is
essential for high-performance OLEDs. To addressdhssues, increasing the rigidity
of the molecule is a valid way to obtain desirableantum efficiencies. Thereby,
several molecular design means for increasingitigithve already been exploited to
improve the device efficiency: (i) connecting duahitting cores to form steric
hindrance[27, 28]; (ii) introducing steric methygtlveen donor and acceptor moiety
to enhance steric hindrance[29-31]; (iii) incregsmolecular rigidity through ortho
position linkage between donor and acceptor urit§]. In addition to the above
means, incorporating hydrogen bonding interactio the molecule structure also
seems to a concise and effective way to genergieé molecule structure[35, 36].
Moreover, intramolecular hydrogen bonding intemttican restrict the rotation
between donor and acceptor to inhibit non-radiatramsition process and enlarge

conjugation[37], resulting in high absorption coaént and improved PLQY of the



TADF emitters.

Based on the aforementioned strategy, three novADFT molecules,
4-(3,6-bis(4-methoxyphenyl)-9H-carbazol-9-yl)phelgibenzo[b,d]thiophen-2-yl)m
ethanone (MCZ-B-DTM),
5-(3,6-bis(4-methoxyphenyl)-9H-carbazol-9-yl)pyneR-yl)(dibenzo[b,d]thiophen-2-
yl)methanone (MCZ-P2-DTM),
6-(3,6-bis(4-methoxyphenyl)-9H-carbazol-9-yl)pyneB-yl)(dibenzo[b,d]thiophen-2-
yl)methanone (MCZ-P3-DTM) were designed and synteels In these three
compounds, the 3,6-bis(4-methoxyphenyl)-9H-carlm@zisl chosen as the donor
moiety due to its moderate donor ability whichugtable for constructing blue TADF
emitters. Comparative study of their thermal staed, photophysical properties and
device performances are carried out in detail. Beeaof the different position of
pyridine group connecting to the keto and carbaztdeivatives, intramolecular
CH--N hydrogen bonding between donor and acceptor formeViICZ-P3-DTM is
confirmed by theoretical simulation antH NMR analysis. Compared with
MCZ-B-DTM and MCZ-P2-DTM, MCZ-P3-DTM exhibits redad dihedral angle
with increased absorption coefficient, thermal ditgband PLQY. As a result,
MCZ-P3-DTM based sky-blue OLED achieves externamum efficiency (EQE) of
12.1%.

2. Experimental

2.1 General information

All solvents and materials were purchased from censral sources and used
without any further purificatioif not specifically mentionedH NMR and**C NMR
spectra were measured on a Bruker Advance 600MkHmE SI(CH;), as internal
standard. Molecular masses were recorded on a LCtMftlent 1260, Agilent
Technologies), UV-Vis absorption spectra and photwhescence emission spectra of
the target compounds were measured on a UV-260n&8lau Corporation) and a

Fluoromax-4 (Horiba Jobin Yvon Inc) spectrophotoenetespectively. The solid PL



guantum efficiency was obtained using Fluoromaiddripba Jobin Yvon Inc) with an
integrating sphere under nitrogen at room tempezaflhermo gravimetric analysis
(TGA) were performed with Netzsch simultaneous ritedranalyzer (STA) system
(STA409 PC) under a dry nitrogen gas flow at a ihgarate of 10C min™.
Differential scanning calorimetry (DSC) curves wareasured using a Netzsch
instrument (TA, Netzsch). Cyclic voltammogram wasasured on CH Instruments,
Inc (Shanghai, China) 660E electrochemical workiatain a solution of BiNCIO,4
(0.1 M) in anhydrous acetonitrile at a scan rates@fmV s with a Pt wire and
Ag/AgCI electrodes as the counter electrode anddfexence electrode, respectively.
The ferrocene was selected as internal standardh@naholecule thin films coated on

ITO-coated glass were measured.

2.2 Device measurements and characterization

The glasses coated by indium tin oxide (ITO) wstheet resistance of Ibper
square were cleaned with deionized water, acetmwleethanol for 15 minutes in
sequence before fabricating devices. Then the ibstwere treated with UV-Ozone
for 20 minutes. Organic layers were deposited th®o ITO-coated substances when
the pressure reached ~ 4 x“*1Pa in vacuum chamber. The deposition rates of
functional layers were 1~2 A% 0.1 A s* and 6 A s' for organic materials, LiF and
Al, respectively. The active area was 3 x 3 thoontrolled by a shadow mask. All the
tests were performed at room temperature in amigiemdition. Current density and
luminance versus driving voltage curves and el&otnmescent spectra were
measured by Keithley2400s Source Meter and Photsed®eh PR 655
spectrophotometer. External quantum efficienciestnaf devices were calculated

assuming a Lambertian emission distribution.

2.3 Materials
2.3.1 Synthesis of (6-bromopyridin-3-yl)(dibenzafphiophen-2-yl)methanone
(5Br-DTM)



5-bromonicotinic acid (1.5 g, 5.36 mmol) was dissdl in thionyl chloride (15 mL)
and refluxed for 3 h. Then, the excess thionyl cdewas removed under vacuum to
give 5-bromopicolinoyl chloride as yellow crystali solid. Next, 5-bromonicotinoyl
chloride and dibenzothiophene (0.99 g, 5.36 mmoBrew dissolved in dry
dichloromethane (30 ml), and then aluminum tricider(0.85 g, 6.4 mmol) was
added slowly at 0°C followed by stirring at roormjeerature for 6 h and refluxed for
3 h. Then, the reaction mixture was quenched thrqaauring into 200 mL ice-HCI
solution and extracted with dichloromethane foeétimes. The combined organic
phase was washed three times with water and drred anhydrous MgSf The
solvent was removed under reduced pressure anesltkie was purified on a silica
gel column using petroleum ether/dichloromethangtune (4:1, v/v) as eluent to
afford the product as yellow powder in 57% yiétld.NMR (600 MHz, DMSOd6) &
[ppm]: 8.97-8.91 (m, 2H), 8.96-8.92 (m, 2H), 8.484 = 7.1 Hz, 1H), 8.48 (d, J = 7.1
Hz, 1H), 8.39 (dd, J = 8.3, 2.3 Hz, 1H), 8.39 (@l¢; 8.3, 2.3 Hz, 1H), 8.22 (d, J = 8.4
Hz, 1H), 8.22 (d, J = 8.4 Hz, 1H), 8.13-8.07 (m,)28112-8.08 (m, 2H), 8.03 (dd, J =
8.4, 0.5 Hz, 1H), 7.57 (dtd, J = 21.4, 7.2, 1.2 ##4).*°C NMR (151 MHz, DMSOY
[ppm]: 192.73, 153.70, 150.00, 144.29, 140.86, 389.135.17, 135.14, 132.89,
129.04, 128.21, 126.55, 125.68, 125.19, 124.41,782323.38, 123.00. MS (LC-MS)
[m/z]: calcd for GgH10BrNOs, 366.97; found, 367.96.

2.3.2 Synthesis of (5-bromopyridin-2-yl)(dibenzafphiophen-2-yl)methanone
(6Br-DTM)

6Br-DTM was prepared via the same procedure to thaBr-DTM by using
6-bromopicolinic acid (1.2 g, 2.8 mmol) instead ®bromonicotinic acid in 54%
yield.
'H NMR (600 MHz, CDC}) 5 [ppm]: 8.85 (dd, J = 2.4, 0.6 Hz, 1H), 8.59 (d¢; 1.4
Hz, 1H), 8.22-8.19 (m, 1H), 8.16 (dd, J = 8.2, B, 1H), 8.01-7.98 (m, 1H), 7.92
-7.88 (m, 2H), 7.54 (qd, J = 6.8, 1.4 Hz, 3HE NMR (150 MHz, CDG)) & [ppm]:
193.26, 154.97, 151.10, 145.16, 139.90, 139.78,7¥35134.88, 132.81, 132.40,



127.76, 127.69, 125.10, 124.44, 123.49, 123.05,082322.03. MS (LC-MS) [m/z]:
calcd for GgH10BrNOs, 366.97; found, 366.80.

2.3.3 Synthesis of (4-(3,6-bis(4-methoxyphenyl)-€itbazol-9-yl)phenyl)
(dibenzo[b,d]thiophen-2-yl)methanone (MCZ-B-DTM)

3,6-bis(4-methoxyphenyl)-9H-carbazole (758.9 m@,r@mol) and sodium hydride
(60%, 72 mg, 3 mmol) were dissolved in dry DMF (@5 under nitrogen condition.
After stirring 30 min at room temperature,
dibenzo[b,d]thiophen-2-yl(4-fluorophenyl)methano(®0 mg, 1.63 mmol) in dry
DMF (5 ml) was added, and then the reaction mixtuas stirred at 110°C for 12 h.
After cooling, adding cold water to the mixture wlp and extracted with
dichloromethane for three time¥he solvent was removed under reduced pressure
and the residue was purified on a silica gel columgeing petroleum
ether/dichloromethane mixture (3:1, v/v) as eluaat afford the product as
yellow-green powder in 78% yieltH NMR (600 MHz, CDCJ) & [ppm]: 8.73 (s, 1H),
8.35 (d, J = 1.6 Hz, 2H), 8.29-8.26 (m, 1H), 8.d6J = 8.4 Hz, 2H), 8.02 (d, J = 1.0
Hz, 2H), 7.94-7.91 (m, 1H), 7.82 (d, J = 8.4 Hz)2H69-7.66 (M, 6H), 7.62 (d, J =
8.5 Hz, 2H), 7.56-7.53 (m, 2H), 7.06-7.03 (m, 48189 (s, 6H)*C NMR (151 MHz,
CDCI3) & [ppm]: 195.35, 158.83, 144.33, 141.69, 139.78,.336135.64, 135.14,
134.31, 133.99, 133.80, 131.97, 128.30, 128.12,5B27126.13, 125.59, 124.98,
124.55, 123.57, 123.01, 122.72, 122.08, 118.52,301410.17, 55.41. MS (LC-MS)
[m/z]: calcd for GsH3:NOsS, 665.20; found, 666.80.

2.3.4 synthesis of (6-(3,6-bis(4-methoxyphenyl)-&ktbazol-9-yl)pyridin-3-yl)
(dibenzo[b,d]thiophen-2-yl)methanone (MCZ-P2-DTM)

3,6-bis(4-methoxyphenyl)-9H-carbazole (618.6 md&31mmol), 5Br-DTM (500
mg, 1.36 mmol), sodium carbonate (18.8 mg, 0.136@HnCopper iodide(25.9 mg,
0.136 mmol), and 1,10-phenanthroline (24.5 mg, ® A8nol) were dissolved in dry

DMF (20 ml), the mixture stirred at 160°C for 12After cooling, the mixture was



poured into water and extracted with dichloromeéhéor three timesThe solvent
was removed under reduced pressure and the resgidsiepurified on a silica gel
column using petroleum ether/dichloromethane m&ti®:1, v/v) as eluent to afford
the product as yellow powder in 76% yietth NMR (600 MHz, CDC)) & [ppm]:
9.13 (d, J = 2.2 Hz, 1H), 9.07 (d, J = 1.2 Hz, 1846 (d, J = 8.3 Hz, 1H), 8.37-8.32
(m, 3H), 8.27 (ddd, J = 10.7, 7.1, 2.7 Hz, 2H),180, J = 8.4 Hz, 1H), 7.90 (dd, J =
6.0, 3.0 Hz, 1H), 7.71-7.65 (m, 6H), 7.60 (d, J.5 @z, 2H), 7.53 (dd, J = 5.9, 3.1 Hz,
2H), 7.05 (d, J = 8.7 Hz, 4H), 3.89 (s, 6}C NMR (150 MHz, CDGJ) & [ppm]:
192.12, 158.94, 153.08, 146.07, 144.85, 139.66,4839137.17, 135.52, 135.37,
134.62, 134.19, 134.05, 132.61, 129.08, 128.32,3P27126.16, 125.86, 124.90,
124.89, 124.75, 122.94, 122.47, 122.09, 118.69,381409.78, 55.4MS (LC-MS)
[m/z]: calcd for G4H30N203S, 666.20; found, 667.40.

2.3.5 synthesis of (5-(3,6-bis(4-methoxyphenyl)-&tbazol-9-yl)pyridin-2-yl)
(dibenzo[b,d]thiophen-2-yl)methanone (MCZ-P3-DTM)

MCZ-P3-DTM was prepared via the same procedurdad of MCZ-P2-DTM by
using 6Br-DTM (500 mg, 1.36 mmol) instead of 5BridTh 73% vyield.
'H NMR (600 MHz, CDCY) & [ppm]: 9.20 (d, J = 2.0 Hz, 1H), 8.72 (d, J = 618,
1H), 8.47 (d, J = 2.4 Hz, 1H), 8.32 (d, J = 1.7 B#d), 8.28-8.25 (m, 1H), 8.12 (d, J =
8.6 Hz, 2H), 8.05-8.00 (m, 2H), 7.93-7.89 (m, 2A¥1-7.67 (m, 6H), 7.54 (ddd, J =
7.0, 5.0, 1.6 Hz, 2H), 7.05-7.03 (m, 4H), 3.896(4). *°*C NMR (150 MHz, CDG)) &
[ppm]: 157.95, 150.49, 138.97, 137.59, 134.13, AB4133.06, 127.28, 126.83,
126.65, 124.78, 124.73, 124.03, 122.46, 122.01,9621121.06, 117.24, 116.12,
113.31, 111.36, 54.40. MS (LC-MS) [m/z]: calcd 1B5sH30N.0O3S, 666.20; found,
667.40.
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Scheme 1. Synthetic routes of MCZ-B-DTM, MCZ-P2-DTM and MCZ-P3FM.

3. Resultsand discussion

3.1. Synthesis and characterization

The synthetic routes and chemical structures of NB22ZTM, MCZ-P2-DTM and
MCZ-P3-DTM were illustrated irscheme 1. The MCZ[38] and CP-BP-F[39] were
obtained according to the previous literature méshoThe key intermediates
5Br-DTM and 6Br-DTM werdacilely prepared through Friedel-Crafts reactiofise
target compounds were synthesized using MCZ reactétth corresponding
intermediates by means of Ullmann coupling reastiofihe final products were
purified through column chromatograpbgfore measurements and device fabrication
processes. The chemical structures of these thh&d-Emitters were confirmed by
'H NMR, *C NMR and mass spectrometry.

'H NMR chemical shifts of the carbazole unit werBtienced by the surrounding
environment toward the molecule structures. As shomw Figure S1, when the
carbazole unit was linked with phenyl in MCZ-B-DTNhe proximal proton of
carbazole unit appeared &7.63 ppm. However, when the phenyl was replaced by
pyridine in MCZ-P3-DTM, the proton was shift&8.47 by 0.84 ppm, which was due
to the introduction of intramolecular GHN bonding between the carbazole unit and

pyridine moiety. Besides, there was no obvious-GHbonding between donor and



acceptor was found in MCZ-P2-DTM due to the nitroge pyridine ring was para to
the carbazole unit, and therefore the proximal@rdatignal occurred & 7.61 ppm,

which was similar to MCZ-B-DTMI[35].

3.2. Thermal analysis

In order to analyze the thermal properties of desig emitters, the
thermogravimetric analysis (TGA) and differentiabsning calorimetry (DSC) were
performedat a heating rate of 10min” under nitrogen atmosphere. As shown in
Figure 1(c), all the compounds exhibited high decompositiomperatures (d,
corresponding to 5% weight loss of initial valuedund 400 to 43€. Particularly,
MCZ-P3-DTM presented aqTat 434C, which was higher than MCZ-B-DTM and
MCZ-P2-DTM due to the increased rigidity by incorgiing intramolecular hydrogen
bonding. The higher decomposition temperatures iedpiheir outstanding thermal
stabilities, which mean that they were suitabledeaporation process during device
fabrication. Meanwhile, the glass transition tenapere () of the three emitters
were not detected from 25 to 200 which was beneficial to reduce the phase
separation rate of the host-gust system to forivlestaniform films[40].

Table 1. Thermal and photophysical properties.

TITg® Aabs”  Aem®  OF° Ty SJ/T./AE®  HOMO/LUMO!
[C] [nm] [hm]  [%]  [ns)/[us] [eV] [eV]

Compound

MCZ-B-DTM -/400.0 292,366 462 35.6 7.8/5.1 3.14/2.71/0.43 5.38/2.42
MCZ-P2-DTM  -/428.6 292,390 493 51.4 8.4/3.5 2.91/2.55/0.23 5.44/2.59

MCZ-P3-DTM  -/434.2 292,382 484 60.1 5.9/4.2 2.98/2.69/0.29 5.42/2.50

3Measured by DSC/TGA at a heating rate ofz1min™.

®Measured in toluene.

“‘Measured in thin films doped in mCP .

“The prompt and delayed fluorescence lifetimes efetmitters doped in mCP (10%) under room temperature
“Obtained in toluene at 77 K.

'HOMO was obtained from the CV: HOMO = E4X,, + 4.8 E1}3, ferrocene ) €V, ferrocene was used as an
external reference for calibratioB;(,, ferroence = *+ 0.45 €Ws. Ag/AgCI) in ByNCIO/CH;CN; LUMO =

opt

HOMO +E, .



3.3. Photophysical properties

The photophysical properties of these three comg®wrere collected based on
UV-vis absorption, photoluminescence (PL) specdtichtime-resolved transient PL, as
presented irFigure 1 (@), (b) and(d). Their photophysical data were summarized in
Table 1. MCZ-P3-DTM displayed an absorption coefficient ®75x1d M™* cmi?,
which was higher than those of MCZ-B-DTM (4.95%1M* cm?') and
MCZ-P2-DTM (4.44x10 M cmi?), respectively. As anticipated for the molecular
design, the absorption coefficient was intensifieeg to the more planar molecular
structure with enhanced conjugation between domal @cceptor by introducing
intramolecular CH-N hydrogen bonding. Moreover, all the compoundsa&tbtwo
types absorption band. The absorption located &n2&d can be ascribed to the local
excited transition of their conjugated backboneilevhroad absorption at the region
of 366-390 nm were ascribed to intramolecular o&drgnsfer transition (ICT) from
donor to acceptor units. In addition, the fluoresee emission maximum of
MCZ-B-DTM, MCZ-P2-DTM and MCZ-P3-DTM were 463, 498nd 484 nm in
toluene, respectively. Compared with the parent MERTM, the observed
bathochromic shifts of MCZ-P2-DTM and MCZ-P3-DTMnche attributed to the
enhanced ICT effect, which was resulted from therdased electron-withdrawing
capacity of the acceptothrough introducing additional pyridine. The PL thiese
compounds were also measured in different solveitts different polarities which
displayed gradual red-shift from toluene (Tol) tgNNimethylformamide (DMF)
(Figure S3 (a), (b) and(c)), indicating the electronic communication betweka t
donor and acceptor moiety toward solvatochromieatffi1]. As shown irFigure S3
(d), the phosphorescence spectra at 77 K in toluene @ldained, the triplet energies
can be calculated from the highest peak of the ®aris The T, were 3.14/2.71,
2.91/2.55 and 2.98/2.69 eV of MCZ-B-DTM, MCZ-P2-DTkhd MCZ-P3-DTM
respectively. Therefore, th&Eg; were 0.43, 0.23 and 0.29 eV for MCZ-B-DTM,
MCZ-P2-DTM and MCZ-P3-DTM, respectively. Notabléetenergy gaps between
singlet and triplet of MCZ-P2-DTM and MCZ-P3-DTM vee smaller than



MCZ-B-DTM due to the enhanced coupling between Isingaind triplet after
introducing heteroatoms into the acceptor part.[4A2preover, the loweAEst was

beneficial for the effective RISC process fromletfdo singlet states.
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Figure 1. Absorption (a) and fluorescence (b) spectra ob¢heompounds in 2.0 x £OM toluene at room
temperature (inset: photograph of PL spectra ofthéters in toluene under UV irradiation at 365)n(n) TGA
and DSC (inset) curves of MCZ-B-DTM, MCZ-P2-DTM and M®2-DTM. (d) Transient PL decay curves of 10
wt% emitter doped mCP thin films.

In order to testify the TADF characteristics of MBDTM, MCZ-P2-DTM and
MCZ-P3-DTM, the transient PL decay of 10 wt% emitteped mCP thin films were
measured under nitrogeirigure 1 (d) displayed the transient PL decay of the
compounds and all of them exhibited bi-exponendietays. The fast decays were
originated from the prompt fluorescence with shibetimes of 7.8 ns, 8.4 ns and 5.9
ns, respectively. The slow decays can be attribtdetklayed fluorescence with long
lifetimes of 5.1us, 3.5us and 4.2us, respectively. Besides, as showed-igure S2,
the transient PL decays of neat films were meastdogdcertifying the TADF
characteristics. Similar to the doped films, ale tbompounds in neat films also

displayed bi-exponential decay including fast afmvsdecays. The fast and slow

decays of MCZ-B-DTM, MCZ-P2-DTM and MCZ-P3-DTM werg5 ns/2.1us,



8.2ns/2.9us and 6.8 ns/2.fs, respectively. The transient PL decay of 10 wiffiter
doped mCP thin films were also measured under rdifitetemperatures to further
certify their TADF characters. As can be seen frtiva Figure $4, the delayed
components increased gradually from 200 K to 300 skggesting that these
compounds displayed obvious TADF characteristicd ean be applied as TADF
emitters. The time-resolved photoluminescence speat the TADF emitters in
toluene under nitrogen at room temperature weresared. As shown ifrigure 2,
the prompt and delayed photoluminescence spectra eleained with similar shapes

which identified the delayed emission stemmed ftbensinglet via reversed process.
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Figure 2. Prompt and delayed photoluminescence spectra of BCYM (a), MCZ-P2-DTM (b) and

MCZ-P3-DTM (c) in toluene under nitrogen at room parature.

For further exploring the emissive characteristitshe designed TADF emitters,
the absolute PL quantum yield (PLQY) of the 10 wabbitter doped mCP thin films
were obtained through integrating sphere undepgsn at room temperature. The
PLQY of the doped thin films were 35.6%, 51.4% &@1% of MCZ-B-DTM,
MCZ-P2-DTM and MCZ-P3-DTM, respectively. The MCZ-BAM exhibited the
higher PLQY among these three compounds due toirttreduction of CH-N



hydrogen bonding which restricted the rotation et donor and acceptor and
increased the structural rigidity[42]. Whereas, MICZ-P2-DTM, the position of
nitrogen was para to the donor group, and hencentiiecule was more flexible than

MCZ-P3-DTM; thus, it showed a lower PLQY than MC23-BTM.[42]

3.4. Electrochemical analysis

The electrochemical properties of these compoundee vperformed by cyclic
voltammetry (CV). As depicted iRigure 3, all compounds displayed clear oxidation
behaviors, which can be assigned to the oxidatidheoMCZ moiety. Compared with
MCZ-B-DTM, MCZ-P2-DTM and MCZ-P3-DTM displayed loweeduction onset
potentials, which can be assigned to the augmeealkeafron-withdrawing capacity of
the acceptor moieties induced by introduction ofigpge ring. The HOMO energy
levels were calculated to be 5.38, 5.44 and 5.4»feMCZ-B-DTM, MCZ-P2-DTM
and MCZ-P3-DTM, respectively, using the energy lefderrocene (Fc) (4.8 eV) as
a reference. The LUMO energy levels were estimtatdak 2.42, 2.59 ar2l50 eV for
MCZ-B-DTM, MCZ-P2-DTM and MCZ-P3-DTM, respectivelywhich were

calculated from the HOMOs ang.E
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Figure 3. Cyclic voltammograms of MCZ-B-DTM, MCZ-P2-DTM and MGZ2-DTM.

3.5. Theoretical calculations

The ground-state geometries and the frontier médearbital cloud distributions
of these compounds were calculated using densitgtitnal theory (DFT) at the
B3LYP/6-31G(d) level to better understand the iefloe of hydrogen bonding for the
structures and electronic properties. The geonatrgtructures and calculated
electron cloud distributions were displayedHigure 4. The torsions between the
donor and acceptor units were different among thiesse compounds. The dihedral
angles between donor and acceptor were both 50°M@Z-B-DTM and
MCZ-P2-DTM, respectively, while the angle of MCZ-P3'M changed to 32°. This
observed difference can be explained when consglahe nitrogen atom in the
pyridine ring and therefore the proximal C-H of M@i¢ked the rotation between the
MCZ and pyridine hybrid acceptor. In addition, t@&---N non-bonding distance was

calculated to be 2.4 A in MCZ-P3-DTM, revealing 8teong CH-N bonding existed



between the pyridine and MCZ[6, 9]. Besides, thadbtength of C-N (between the
MCZ and pyridine or benzene rings) was 1.402 A i@24P3-DTM, which was short
than 1.414 and 1.410 A of MCZ-B-DTM and MCZ-P2-DTMespectively,
demonstrated that MCZ was more strongly bond wytiidme ring in MCZ-P3-DTM.
These results further confirmed the strong intraaowlar CH--N bonding interaction
between the donor and acceptor in MCZ-P3-DTM.

On the other hand, The HOMOs were located onMI&Z moieties due to its
strong electron donating property. It was worthimgpthat the HOMOSs electron cloud
distributed on the carbazole units simultaneoustgraded to the substitutive methoxy
benzene part on its 3,6-position, which was berafior improve quantum yield and
structural stability[43, 44]. However, subtle diface of the LUMO distributions in
three molecules can be observed due to the diffe@mponents in acceptor units.
The LUMOSs of the three emitters were mainly disitdd on the central carbonyl.
Meanwhile, the electron cloud extended to the M@& slightly in MCZ-P3-DTM.
Therefore, compared with MCZ-B-DTM and MCZ-P2-DThhe orbital overlap of
HOMO and LUMO were increased in MCZ-P3-DTM, whichasvbeneficial for

increasing quantum yield through enhancing theataai processes[45].
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Figure 4. Optimized molecule structures and HOMO/LUMO dtstitions calculated by using B3LYP/6-31g(d)
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3.6. Electroluminescent properties

To evaluate the electroluminescence (EL) perforreant these materials as
emitters, TADF OLEDs were fabricated with the faliag commonly used device
structure: indium tin oxide (ITO)/TAPC (30 nm)/mCRO wt% emitters (50
nm)/TmPyPB (40 nm)/LiF (1 nm)/Al (100 nm). TAPC amcthPyPB were applied as
the hole transporting layer (HTL) and the electramsporting layer (ETL). mCP with
a triplet of 2.9 eV which was higher than the TABRitters served as a host to
construct the emitting layer (EML). The energy deg of the devices and
electroluminescent (EL) characteristics were showad Figure 5, and the
electroluminescent data were summarizedTable 2. The HOMO levels of the
emitters were shallow than TAPC (-5.5 eV), so it sarved as effective hole trapping
sites for holes[36]. The EL spectra of the devieamployed the three emitters were
similar to the PL spectra from the correspondingol&mitter doped mCP thin films
(Figure 4 (d)), which implied that the devices with proper matghof energy levels
leading to complete energy transfer from the hostidpants. The device employed
MCZ-B-DTM as emitter displayed blue emission wiktle tmaximum peak at 467 nm
and Commission International de I'Eclairage cooat®s at (0.15, 0.20). The
MCZ-P2-DTM and MCZ-P3-DTM based devices display&g-slue emission with
maximum peaks at 496 and 486 nm and Commissiomnbtienal de I'Eclairage
coordinates were (0.22, 0.44) and (0.19, 0.33pe@svely. The turn-on voltages of
the devices showed similar value from 3.2 to 3.5Tke maximum EQEs of the
devices were 7.5 and 9.7% of MCZ-B-DTM, MCZ-P2-DTMspectively, whereas
the device employed MCZ-P3-DTM as dopant displayedaximum EQE of 12.1%.
The relative high EQE of MCZ-P3-DTM based deviceimyadue to the higher

PLQY stemmed from the introduction of intramoleculdt--N interactions.
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Figure 5. (a) Energy diagram of the materials used in theicds; (b) Normalized EL spectra; (c) Current

density-voltage-luminance (J-V-L) curves; (d) EQ&sus luminance curves.

Table 2. Electroluminescence characteristics of the devices

Comound Aem® Von® Lmax Next Ne o CIE®
[nm] V] [cd i) [%] [cd A [Imw? (x.y)
MCZ-B-DTM 467 3.4 4101 7.5 14.4 11.3 (0.15,0.20)
MCZ-P2-DTM 496 35 10380 9.7 23.3 16.3 (0.22,0.44)
MCZ-P3-DTM 484 3.2 13350 12.1 26.6 18.6 (0.19,0.33)

®The maximum emission recorded at 5 V.
®Turn-on voltage measured at 1 cé.m

“Commission International de I'Eclairage coordina&es V.

4. Conclusion

In summary, three novel TADF emitters (MCZ-B-DTMJCZ-P2-DTM and
MCZ-P3-DTM) were designed and synthesized base@yowline hybrid acceptors
and a donor of MCZ. The nitrogen atoms in pyridimgs were varied relative to the

donor units to establish a comparative study whth garent molecule MCZ-B-DTM.



The formation of intramolecular CHN interactions between donor and acceptor
improved the PLQY of MCZ-P3-DTM resulted from thecieased molecular
structural rigidity. The device adopted MCZ-P3-DThk emitter exhibiting a
maximum EQE and CE of 12.1% and 26.6 cd/A, respelgtiwhich was higher than
those of MCZ-B-DTM and MCZ-P2-DTM. These results mfested that the
formation of intramolecular hydrogen interactionassa promised way for the design

of efficient blue TADF emitters.
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Higher absorption coefficient achieved by introducing hydrogen bonding into the
molecule.

Formation of intramolecular CH--N hydrogen bonding between donor and
acceptor enhances the molecule rigidity with increased PLQY and EQE.
Comparative study is carried out by varied the position of nitrogen atom in
pyridine.

This strategy is promising to achieve high efficient blue TADF emitters.



