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Abstract: Three new coumarin derivatives containing arocemidazole unit (i.e.,
benzof]imidazole, phenanthro[9,16limidazole and pyreno[4,8limidazole),
3-(1-phenyl-H-benzo[d]imidazol-2-yl)-7-(diethylamino)coumarin BI-C),
3-(1-(4-(tert-butyl)phenyl)-H-phenanthro[9, 1@]imidazol-2-yl)-7-(diethylamino)coumarirP(-C)
and 3-(9-(4-(tert-butyl)phenyl)¥®-pyreno[4,5€d]imidazol-10-yl)-7-(diethylamino)coumarin
(Pyl-C), were successfully prepared for organic lightténg devices. These compounds show
good thermal properties and strong emissions froeergsh-blue to green lights owing to the
extended n-conjugation of the rigid polyaromatic imidazole eion, and have high
photoluminescence quantum efficiency of 94%, 97% @8% in chloroform solutions. Among

these compounds, the doped organic light-emittiegicg fabricated from the compouii-C
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exhibited the maximum luminous efficiency of 6.@/A& and maximum EQE of 2.78%.
Key words.: Coumarin derivative; Rigid polyaromatic imidazalerivative; Photoluminescence;

Electroluminescence

1. Introduction

Coumarin derivatives have attracted attentions gwionthe relative ease of synthesis and
their outstanding optical properties, which exhiagh fluorescence quantum vyields, large Stokes
shifts, excellent photostability and thermal stiépilCoumarin derivatives have been often used as
fluorescent dyes™, fluorescent probed*®, and optical functional materials for organic
light-emitting devices (OLEDs}®® and dye-sensitized solar ceffd** for decades. Since
coumarin 540 (3-(2-benzothiazolyl)-7-diethylaminootarin) was firstly used as an efficient
organic emitting material in OLED$®, and many synthetic coumarin derivatives have
successfully been applied in OLEB$*?2 However, the photophysical properties of coumarin
derivatives strongly rely upon their molecular stewes?*?%. Coumarin itself shows a very weak
blue emission with peak at 430 nfd!, whereas its derivative attached an electron-dogat
substituent (most commonly an amine group or a dwyrgroup) on 7-position of coumarin
skeleton can exhibit strong blue-green emissiontdute enhancement of intramolecular charge
transfer. In particular, an electron-donating groaipd an electron-withdrawing group were
attached on 7- and 3-position of coumarin ringpeesively, forming a push-pull electron effect,

28] However, there are the

the fluorescent properties of coumarins are greatiyanced
concentration-quenching effect (CQE) or the agdiegaaused quenching (ACQ), coumarin

derivatives exhibit usually weak emission, evenrtfi@orescence is quenched in the concentrated



solution and solid state. Thus, as emitting matedaumarin derivatives are usually doped in host
materials at appropriate concentration to fabri€it&Ds >, For reducing the self-aggregation
guenching of coumarin derivatives at higher conegioin or in the solid state, the grafting of the
sterically hindered substituents to the coumargletkn is an effective method for highly efficient
OLEDs!"?4,

The aromatiet—conjugated imidazole moiety is an electron-deficigmoup, which has been
widely employed in the electron-transporting matisriand as the electron-withdrawing group of
bipolar moleculal®*Y. Recently, the aromatie-conjugated imidazole moieties have often been
used to construct some organic optoelectronic fonat materials for OLEDs due to their
ambipolar characteristics, high photoluminescenaantum vyield, high stability, high triplet
energy and pure blue emissiBfi®. In this work, three new coumarin derivatives widhr—A
structure were synthesized by grafting the aromaticonjugated imidazole moieties
(benzofllimidazole (BI), phenanthro[9,1@}imidazole (Pl) and pyreno[4,8fimidazole (Pyl)) as
an electron-withdrawing groups onto the 3-positbdrtoumarin ring and linking diethylamine as
an electron-donating group to the 7-position ofroatin ring (Scheme 1). By introducing the
different conjugated aromatic imidazole moietiewithe coumarin derivatives, we attempt to

explore the relationship between the structurepngerties of these compounds.

2. Experimental
2.1 Materialsand methods
4-(Diethylamino)-2-hydroxybenzaldehyde, 2-aminodipylamine, phenanthrene-9,10-dione,

pyrene and 4-tert-butylaniline were obtained fromekgy Chemical (China). All the other



reactants and solvents were obtained from comniewiaces.

The preparation of the intermediate pyrene-4,5-eliwas described in our previous papér

NMR spectra were measured on Bruker 500, AVANCE NEfass spectra were recorded
using a Thermo Scientific Orbitrap Elite mass speueter. C, H, and N analyses were obtained
using an Elemental Vario-EL automatic elemental ly@s instrument. Thermogravimetric
analysis (TGA) was performed on a PerkinElmer Pgyistem. UV-vis absorption spectra were
recorded on a Shimadzu UV-2550 spectrometer. Thicoyoltammograms were performed on a
electrochemical analyzer (CHI Instruments 760 HB)e Pphotoluminescence quantum yield was
measured by an absolute method using the Edindosgiluments FLS920 integrating sphere with
the Xe lamp at room temperature. The photolumineszalecay lifetime was measured by a
time-correlated single photon counting spectromesémg Edinburgh Instruments FLS920 with a
microsecond flashlamp as the excitation sourceeiggn rate 90 Hz) at room temperature.
2.2 Synthesis of the coumarin derivatives

7-Diethylamino-coumarin:  Diethyl malonate (595 g, 0.037 mol) and
4-(diethylamino)-2-hydroxybenzaldehyde (6.00 g,30.0nol) were dissolved in absolute ethyl
alcohol (100 ml), and then piperidin (1 mL) was edicgtepwise under ice bath. Undes, bhe
reaction mixture was refluxed at 8G for 6 h. After evaporating solvent in vacuum, M@ of
concentrated HCl/glacial acetic acid (1:1, v/v) vealsled into the reaction mixture. The reaction
solution was continued to stir for 6 h at 120 After cooling to room temperature, the resulting
mixture was poured into 100 mL of water and neizeal with sodium hydroxide solution (40%)
until the pH to 7. The greynish-white precipitatasifiltered and recrystallized from toluene to

obtain 6.25 g (93%) of 7-diethylamino-coumarid. NMR (500 MHz, CDC}, §): 7.51 (d,J = 8.8



Hz, 1H), 7.22 (d)) = 8.4 Hz, 1H), 6.54 (d] = 8.4 Hz, 1H), 6.46 (s, 1H), 6.01 (= 8.8 Hz, 1H),
3.39 (qJ = 7.1 Hz, 4H), 1.19 () = 7.1 Hz, 6H).

7-(Diethylamino)coumarin-3-car baldehyde: Under N, anhydrous DMF (13.30 mL, 172.5
mmol) was dropped into POLB.16 ml, 34.5 mmol) with stirring for 6 h in aneidath. The
solution of 7-diethylamino-coumarin (3.00 g, 13.8no1) in anhydrous 1,2-dichloroethane was
added to the above solution, and the mixture wiagdtat 60°C for 12 h. After completing, the
mixture was poured into ice water and neutralizéti WaOH solution (20%) to pH 7. The formed
precipitate was filtered off and washed three tinvéh water. The residue was chromatographed
on silica, eluting with petroleum ether/@El, (2:1, v/v) to form orange solid (2.57 g, 76%).
HNMR (500 MHz, CDG}, §): 10.10 (s, 1H, -CHO), 8.25(s, 1H), 7.41 Jd 8.0 Hz, 1H), 6.64 (d,
J=8.0 Hz, 1H), 6.49 (s, 1H), 3.48 (¥= 8.2 Hz, 4H), 0.96 (1] = 8.2 Hz, 6H).

BI-C: Under N, a mixture of 7-(diethylamino)coumarin-3-carbalged (0.80 g, 3.26 mmol),
2-aminodiphenylamine (0.60 g, 3.26 mmol) and 2-gyiethanol (60 mL) was refluxed at 106
for 12 h. After completing, the reaction mixture svpoured into water and extracted with
dichloromethane, and the organic phase was driedl amhydrous N&O,. After removal of
solvent, the residue was purified by silica gel uooh chromatography using ethyl
acetate/petroleum ether (1:1, v/v) as eluent. Thdyxt as faint yellow solid was obtained (0.81 g,
61%). m.p. > 260C. *H NMR (500 MHz, CDC}, 8): 8.16 (s, 1H), 7.86 (dl = 8.5 Hz, 1H), 7.47
(t, J= 8.8 Hz, 2H), 7.41-7.37 (m, 3H), 7.34Jt= 8.8 Hz, 3H), 7.28 (d] = 7.5 Hz, 1H), 6.59 (d]
= 8.8 Hz, 1H), 6.42 (s, 1H), 3.42 (= 7.2 Hz, 4H), 1.21 (] = 7.2 Hz, 6H)*C NMR (126 MHz,
CDClg, 6): 159.11, 157.39, 151.49, 149.14, 146.34, 142135K.95, 136.64, 129.85, 129.48,

128.21, 126.35, 123.49, 122.83, 119.76, 111.16R,4%] 109.18, 108.20, 97.12, 45.01, 29.50.



HRMS: Calcd. for GgH23N30,, 410.1863 [M+H]; Found: 410.1865. Anal. Calcd. fopdEl23N305:
C, 76.26; H, 5.66; N, 10.26. Found: C, 76.38; 835N, 10.30.

PI-C: A mixture of 9,10-Phenanthraquinone (0.90 g, 4880l), 4-tert-butylaniline (0.80 g,
5.36 mmol), 7-(diethylamino)coumarin-3-carbaldehyil®6 g, 4.32 mmol) and N®Ac (4.0 g,
51.89 mmol) with 120 mL of AcOH was stirred at 1%ZD for 12 h under nitrogen atmosphere.
After cooling down, the reaction mixture was pour@sto water and extracted with
dichloromethane (3 x 100 mL). The organic phasewashed with water (2 x 100 mL) and dried
over anhydrous N&O,. After removal of solvent, the residue was pudfiey silica gel column
chromatography using ethyl acetate/petroleum efhdr, v/v) as eluent to obtain yellow solid
(1.21 g, 50%). m.p. > 26%C. *H NMR (500 MHz, CDC}, 5): 8.80 (d,J = 8.0 Hz, 1H), 8.75 (d]
= 8.4 Hz, 1H), 8.71 (dd] = 8.8 Hz, 2H), 7.94 (s, 1H), 7.74-7.62 (m, 4HBO7(dd,J = 8.8 Hz,
3H), 7.15 (dJ = 8.5 Hz, 1H), 6.67 (d] = 8.8 Hz, 1H), 6.57 (d] = 8.8 Hz, 1H), 6.43 (s, 1H), 3.42
(9, J = 7.2 Hz, 4H), 1.39 (s, 9H), 1.21 {t= 7.2 Hz, 6H)*C NMR (126 MHz, CDG, 5): 160.186,
157.24, 152.69, 151.34, 147.61, 146.31, 144.32,263135.12, 130.39, 129.66, 129.27, 128.44,
128.21, 127.23, 127.20, 126.43, 126.23, 125.44,982423.96, 123.66, 123.38, 123.25, 123.10,
122.65, 121.26, 121.01, 111.98, 109.66, 108.96,18087.07, 44.87, 34.70, 31.21, 29.80. HRMS:
Calcd. for GgHzsN30,, 566.2802 [M+H]; Found: 566.2816. Anal. Calcd. forsgEl3sNzO,: C,
80.68; H, 6.24; N, 7.43. Found: C, 80.81; H, 61917.46.

Pyl-C: The synthetic procedure of the compotyd-C was similar to that of the compound
PI-C. Yield: 50% (1.35 g). m.p.: > 260. 'H NMR (500 MHz, CDC}, §): 9.04 (d,J = 7.5 Hz,
1H), 8.17 (d,J = 7.5 Hz, 1H), 8.12 (d] = 9.0 Hz, 1H), 8.09 (d] = 8.5 Hz, 1H), 8.03 (m, 3H),

7.64 (t,J = 8.0 Hz, 1H), 7.56 (d] = 8.0 Hz, 4H), 7.38 (d] = 7.5 Hz, 1H), 7.29 (d] = 8.8 Hz, 1H),



6.57 (d,J = 8.5 Hz, 1H), 6.44 (s, 1H), 3.41 @7 7.0 Hz, 4H), 1.42 (s, 9H), 1.21 &~ 6.5 Hz,
6H). 1°C NMR (126 MHz, CDCJ, 5): 160.19, 157.24, 152.77, 151.33, 147.84, 1461407.78,
135.11, 132.07, 131.67, 129.68, 129.10, 128.53,8527127.53, 126.45, 126.39, 126.31, 125.29,
124.37, 124.31, 123.53, 122.80, 122.42, 119.65,1218111.90, 108.96, 108.14, 97.03, 44.86,
34.99, 31.23, 12.73. HRMS: Calcd. fooBasN30,, 590.2803 [M+H]; Found: 590.2778. Anal.

Calcd. for GgH35N305: C, 81.47; H, 5.98; N, 7.13. Found: C, 81.26; 26N, 7.11.

3. Results and discussion

3.1 Synthesis
~_-CHO
CHO Diethyl malonate/Piperidine A /@il DME/POCI; /@\/I
A Ethanol 80°C, 6 h o lZchhloroethane NK o0
R 60°C,12h
93% 76%
NH,
CH

H L m 2Ethoxyethan-1-ol )

©/ * NL o o 105 °C, Tleseczn

BI- C 61%

() )
O o L m CH;COONH,/CH3COOH O N N
+ ) )
‘ N o~ o 120°C, 12h N 3

0
SRl SR

PI-C  50%

~~CHO O 7 >
0 L /@ii CH;COONH,/CH3COOH N / N
i
|“ + N o~ o 120°C, 12h ‘O / )
0 L N d
NH, o

PyI-C 50%
Scheme 1. Synthetic routes to the coumarin devesti

The synthetic procedures of the coumarin derivat{@&-C, PI-C andPyl-C) are illustrated



in Scheme 1. The key intermediate, 7-(diethylandooiarin-3-carbaldehyde, were obtained
through two step reactions from 4-(diethylamindBgiroxybenzaldehyde. First, the intermediate
7-diethylamino-coumarin  was prepared from Knoevehagcondensation reaction of
4-(diethylamino)-2-hydroxybenzaldehyde with diethghalonate, and then the subsequent
Vilsmeier-Haack formylation of 7-diethylamino-courma in 1,2-dichloroethane produced
7-(diethylamino)coumarin-3-carbaldehyde in 76% dielhe compoundl-C was synthesized
from 2-aminodiphenylamine and 7-(diethylamino)coum&-carbaldehyde in 2-ethoxyethanol as
faint yellow solid with moderate yield (61%) aftpurification by column chromatography. The
compoundsPI-C and Pyl-C were synthesized by one-pot multicomponent reactb the
corresponding diketone (phenanthrene-9,10-dionpyoene-4,5-dione), ammonium acetate and
7-(diethylamino)coumarin-3-carbaldehyde with acet@d as the medium, and their yields are
about 50% after purification by column chromatodmaprhe structures of the compounds were
confirmed throughtH, **C NMR, high resolution mass spectra and elememtalyaes. All the
compounds have good solubility in common organilvesds, such as THF, dichloromethane,
chloroform and toluene. The detailed synthetic pdores and analyses were described in
experimental section.
3.2 Thermal stabilities, photophysical and electrochemical properties

The thermal stability of the functional materiasscrucial to achieving highly stable device
performance. Thus, the thermal propertiesBofC, PI-C and Pyl-C were characterized by
thermogravimetric analysis (TGA) under a &tmosphere. As shown in Fig. 1, these compounds
exhibited excellent thermal stability (> 330), and the thermal decomposition temperatufgs (

of the compounds increase gradually with increasimggconjugation degree of the aromatic



conjugated imidazole moiety. The thermal decompmsitemperatures d@l-C, PI-C andPyl-C
are about 343, 384 and 43 at 2% loss of initial weight, respectively, angharp weight loss
appeared in their TGA curves, indicating that tbenpoundsBI-C, PI-C andPyl-C underwent

one large-stage decomposition process.

100
80+
)
9\-/ 4
= 601
£
.c) 1
2 40-
—BI-C
201 ——pic
1 —Pyl-C
O T T T T

100 200 300 400 500 600
Temperature (°C)

Fig. 1.Thermogravimetric analyses (TGA) Bt-C, PI-C andPyl-C in

nitroger atmosphere (heating r: 1C °C/min).
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Fig. 2. UV—vis absorption and photoluminescence spectrth@fcompounds
BI-C, PI-C andPyl-C in dichloromethane solutions (C1.0 x 1> mol/L).

Figure 2 shows the UV-vis absorption and photolwsaence spectra of the compounds
BI-C, PI-C andPyl-C at room temperature in GBI, solutions, and the related photophysical

data are summarized in Table 1. The compo®ids andPI-C have similarly shaped absorption



spectra in the range of 3660 nm, and the most obvious absorption bandsta4&Canm. This
absorption band is assigned to ther transition of the characteristic vibrational sture of
7-diethylamino-coumarin moiety/“%. Besides, there is a very small absorption pe@8atnm in

the absorption spectrum of the compowRieC, which should be assigned #en transition of
phenanthro[9,1@]imidazole (PI) unit. However, the compouri®yl-C not only exhibits the
stronger absorption band at 410 nm, but also twakereabsorption bands at 289 and 351 nm, and
the absorption peaks at 289 and 351 nm could beibedc to n—n transition of
pyreno[4,5d]imidazole (Pyl) unit. From their absorption spectthe absorption bands of the
aromatict—conjugated imidazole moieties increase graduatlyeiasing the conjugation degree of
the aromatict—conjugated imidazole moiety. Upon excitation at 4b®, the maximum emission
peaks ofBI-C, PI-C and Pyl-C in CH,CI, solutions were observed at 479, 492 and 519 nm,
respectively. Compared witBl-C, the compoundBI-C andPyl-C exhibit bathochromic shifts of
13 and 40 nm because of increasing conjugatiohdytomatic imidazole moieties.

Additionally, the fluorescence quantum yields)(of BI-C, PI-C andPyl-C were measured
to be 94, 97 and 98% in GEl, solutions at room temperature, respectively, anelirt
fluorescence decay lifetimes) (vere measured to be 13.2, 12.6 and 12.8 ns.&dudts show that
these compounds have highé and belong to the fluorescent emission. Furtheemaeve
approximately estimated the radiative rate constértof BI-C, PI-C andPyl-C to be 7.12 x 10
7.73 x 16 and 7.62 x 10s?, and the nonradiative rate constatts) fo be 4.52 x 19 2.10 x 16
and 1.94 x 19s?, respectively, according to the equatioks: ®s/r andknr = (1-®5)/t, assuming
that®,sc = 1 (ISC = intersystem crossirg).

The absorption and photoluminescence (PL) spettiiacocompounds in the solid films are

10



similar to those in the solutions, but their absiorpand PL spectra in the solid films shift redg(F
3). The maximum absorption bands of the compoundwiid films were at 418 nm, which were
red-shifted by about 8 nm. The emission peakBleC, PI-C andPyl-C located at 520, 535 and
553 nm, which were red-shifted by 41, 43 and 34 respectively. However, the fluorescence
guenching of the compounds is very serious in thlal states, and the fluorescence quantum
yields of BI-C, PI-C andPyl-C in the thin flms were measured to be 6.5, 14 32% at room

temperature, respectively.

Thin film
8 1.0-'\ — — BI-C (UV-vis) r10
g — —PlC(UVNiY [ 2D
8 0! Pyl-C (UV-vis) | 0 8'DD
— _‘ \ 8
3 N ——BI-C(PL) =
% 064" ——PI-C(PL) -0.6-—
| . Pyl-C(PL) |

8 D g
N 041 ! 043
= | &
€ 0.2 1025
CZD | Z

0.01 ———100

300 400 500 600 700 800
Wavelength (nm)

Fig. 3.UV-vis absorption and photoluminescence spectrth@fcompounds
BI-C, PI-C andPyl-C in the solid film:.

The electrochemical properties of these compoundse wnvestigated through cyclic
voltammetry (CV) at 10 mV/s scan rate in an eldgteosolution of 0.1 M ByNPF; dissolved in
CH.CI,. Fig. 4 gives the cyclic voltammograms of the commdsBI-C, PI-C andPyl-C. Onset
oxidation potentialsHonse) Of the compounds are ed. 1.47 V, thus, the HOMO energy levels of
the compound8|-C, PI-C andPyl-C were calculated to be -5.74 eV by the equafiBnHOMO
= -e(Eonset -0.53 + 4.8) eV, in which 0.53 eV was theFEcpotential measured at the same
condition. The optical band edges from the absompspectra of these compounds in,CH

11



solutions were about 490, 460 and 492 nm Bo+C, PI-C and Pyl-C, respectively, which
correspond to be 2.53, 2.70 and 2.52 eV from thetson: Eop: = 1241konses The LUMO energy

levels of these compounds are -3.21, -3.04 an@ -&V2from the equation of LUMO = (HOMO +

Eopy) €V.
BI-C
24— PI-C
— PyI-C
1—— Ferrocene
—
3 17
©
N
)
© 07
LS
S
=]
O,
'2 T T T T T T T T T
-2 1 0 1 2

Potential (V, vs. Ag/Ag")

Fig. 4. Cyclic voltammograms of ferrocene and the compswidC, PI-C
andPyl-C (scan rate: 10 mV/s; solvent: dichloromethe

Table 1. Photophysical, thermal and electrochenpicgberties of the compounds

Compound UV-vis (nm) PL Tyq Dy T Ke/ Ko Eox  Eopt HOMO/LUMO
(e (x 10 mor* dn? cm?)) (nm) (°C) (%) (ns) (x1FsH (V) (eV) (eV)
BI-C 410 (3.6) 479 343 94 13.2 71.24/4.52 1.47 2.53 4483721
PI-C 289 (1.6), 410 (5.9) 492 384 97 12.6 77.26/2.10 71.42.70 -5.74/-3.04
Pyl-C 289 (3.2), 351 (1.8),410 (2.9) 519 412 98 11.4 198.94 1.47 2.52 -5.74/-3.22

The structures of the compounds were optimizeddnsitly functional theory (DFT) using a
B3LYP/6-311G(d) basis set to calculate the frontiaslecular orbitals of the compounds. The
electronic distributions of the HOMO and LUMO odig for the compounds obtained from
time-dependent DFT (TD-DFT) calculation are demldte Fig. 5. In the HOMO orbital dBl-C,
the electron density completely distributes on llkazoimidazole and 7-(diethylamino)coumarin

skeletons, and there is no electron density on pghenyl ring linked to the 2-position of

12



benzoimidazole unit, whereas in its LUMO orbitalpsh of the electron density resides on the
coumarin unit and small part of electron densityates on the benzoimidazole skeleton. For the
compoundsPI-C andPyl-C, the electron densities in the HOMO orbitals resseynificantly on

the phenanthro[9,16}imidazole or pyreno[4,%fimidazole skeleton, and small part of electron
densities locate on the phenyl ring oér{-butyl)phenyl groups, whereas there are no electron
densities on the 7-(diethylamino)coumarin skeletdme electron density in the LUMO orbital of
PI-C completely locates on the phenanthro[9d]liliidazole skeleton, and most of the electron
density in the LUMO orbital oPyl-C locates on the pyreno[4djimidazole skeleton and very

small part of electron densities locate on the gheng of (tert-butyl)phenyl group.

3%“ }7 ‘:o -
3, 2%,

2
9 ou

.n X
* * 4 ‘fd

-

LUMO (-1.85¢e\) LUMO (-3.34 e\)

HOMO (-5.45 e\) HOMO (—5.34 e\)

HOMO (-4.54 e\)
BI-C PI-C Pyl-C

Fig. 5 Frontier orbitals of theompoundA andB calculated at the DFT
CAM-B3LYP/6-31+G* level of theory.

3.3 Electroluminescence properties of the compounds

In the light of the excellent thermal stability asttong emission of these compounds in
dilute solution, we used these compounds as thesérei materials to fabricate doped OLEDs by
vacuum-processed method. The device structures weerestructed as: ITO/TAPC (30

13



nm)/CBP:Dopant (x wt%, 35 nm)/TPBi (30 nm)/Liq (dn}iAl (100 nm), in which the
codeposited mixture of CBP and the compourBis, PI-C and Pyl-C) was served as the
emitting layer, TAPC as the hole-transporting layd?Bi as the electron transporting and the hole
blocking layer, and Liq was used as the electrgection layer. The doped device structure and

the energy level diagrams are depicted in Fig. 6.

-1.8eV

| -2.51eV
-2.8eV R
] -2.94eV
Al (100 nm) -3.21 eV -3.22 e\
— =
Liq (2 i -4.2eV
iq (2 nm) TAPC _ -
g — o . g Al
TPBi (30 nm) 47eV ’.\ : TPBi | Liq
CBP: Dopant (x wt%, 35 nm) ITO
TAPC (30 nm) 53V [574eV -5.74 €V
— -
ITO Glass | 5.01 eV 1-5.95eV
CBP -6.3 eV
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The current density-voltage-luminanckY-L) characteristics and the EL efficiency curves
for these compounds are shown in Fig. 7, Fig. 8 kigd 9, and their EL performances are
summarized in Table 2. As shown in Fig. 7, at 6 va®ping concentration d@l-C, the device
exhibited a maximum current efficiency (CE) of 2&8A, a power efficiency (PE) of 0.91 Im/W
and a maximum external quantum efficiency (EQE}.68%, but a maximum brightness of 1149
cd/nf at 12.5 V was observed for the device at 10 wt$irdpconcentration. As shown in Fig. 8,
when the doping concentration Bf-C was 12 wt%, the maximum luminance of the fabridate
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device was 2421 cdfmand the device showed the best EL performancesxdmum CE of 6.07
cd/A, maximum PE of 4.77 Im/W and maximum EQE of8%. From Fig. 9 and Table 2, it is
found that the device with 12 wt% doping concemratof Pyl-C exhibited a maximum
luminance of 2598 cd/Mmmaximum CE of 4.80 cd/A, maximum PE of 1.35 Imahtd maximum

EQE of 2.29%.
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Fig. 7. (A) Luminance-voltage-current density-Y-J) characteristics and (B)
current/power efficiency versus luminance curvestted devices based on
BI-C with different dopant concentrations.
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Table 2. EL performances of the compouBd<sC, PI-C andPyl-C
Compound  Concentration L max LE nax PEnax EQEmax

(nm)  (cdimd)  (cdiA)  (Im/W) (%)
BI-C 6 Wi% 479 984 2.86 0.91 1.59
8 Wi% 479 1112 2.39 0.78 1.29
10 Wid% 480 1149 2.15 0.64 1.15
12 Wi 481 738 0.32 0.07 0.16
PI-C 8 Wi% 492 1710 2.42 1.52 2.20
10 Wid% 492 2160 3.23 2.54 2.17
12 Wi 494 2421 6.07 4.77 2.78
14 W% 494 2304 3.17 2.21 2.52
Pyl-C 8 Wi% 519 2320 2.02 0.48 0.75
12 Wi 519 2598 4.80 1.35 2.29
16 Wi% 521 2109 3.81 1.32 1.67

Among the three compoundB]-C showed better EL performances than the compounds
BI-C and Pyl-C, which is consistent with their radiative rate stamts of photoluminescence.
Furthermore, the aromatic-conjugated imidazole groups have bipolar chareasties, which can

be used as either electron-acceptor group or etectonor group 34354243

Especially,
phenanthroimidazole (PI) shows electron-donatingoperties when a nature or an

electron-withdrawing group is attached to the 2ipms of the imidazole ring, but it exhibits
16



electron-withdrawing properties when linked with alectron donor. The order of conjugated
degree of the aromatic-conjugated imidazole groups involved in this papeas follows: Pyl >

PI >Bl. Compared with PI, Bl moiety is more liketly be used as the electron-acceptt, and
Pyl unit may prefer to be as electron-donor. Thiis,devices based on the compo&heC may
have better carrier balance, which makes the deyegformance better. In addition,
4-tert-butylphenyl group substituted phenyl grougsvattached to the 1-position of the imidazole
ring in the compoundBI-C andPyl-C, so the steric hindrance of the compouRb< andPyl-C

is greater than that of the compouBdC, suggesting that the intermolecular interactioPiofC

or Pyl-C is smaller than that dBl-C. Therefore, the fluorescence quantum yielg) @nd the

device performance of the compouBd-C are lower than those of the compourkRlsC and

Pyl-C.

——BI-C (6 Wt%)
——PI-C (12 wt%)
—— Pyl-C (12 wt%)

e
?

o
e

o
?

Normalized EL intensity
o o
SN B

o
2

300 400 500 600 700
Wavelength (nm)

Fig. 10. EL spectra of the devices based on thepoomds with maximum
luminous efficiencies.

Under the applied voltages, the devices fabricétech these compounds exhibited bright
blue-green to green emission with emission peaksratind 479521 nm (Fig. 10). The
electroluminescence (EL) peaks of these compounds basically consistent with their

17



photoluminescence (PL) peaks in solutions, indiagatthat the EL originated from their
corresponding emitting layer and the charge recoatlin occurs in the emitting layer. However,
in the EL spectra dPI-C andPyl-C, there is a shoulder peak at longer wavelengthtrieg from

the excimer and exciplex species formed at thefaxtes, which also contributed to the emission.

4. Conclusions

Three aromatic-imidazole-based coumarin derivatiyB$-C, PI-C and Pyl-C) were
designed and prepared for OLEDs, in which the atmma-conjugated imidazole moieties
(benzofllimidazole (BI), phenanthro[9,1@}imidazole (Pl) and pyreno[4,8fimidazole (Pyl)) as
electron-withdrawing groups were grafted onto th@o8ition of 7-(diethylamino)coumarin. These
compounds exhibited strong blue-green or greensoms with high®; in CH,Cl, solutions as
well as good thermal stabilityT{ > 340 °C). Among these compounds, the compotrieC
showed better PL and EL properties. The fabricd®dces based dAl-C exhibited the best EL
performance with the maximum luminance of 2421 édl/maximum CE of 6.07 cd/A and

maximum EQE of 2.78%.
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Research Highlights

1. Three aromatic-imidazole-based coumarin derivatives were synthesized for OLEDSs.

2. They exhibited strong blue-green or green emissions with high photoluminescence quantum
yields in dichloromethane solutions.

3. The devices based on PI-C exhibited the brightness of 2421 cd/m? and luminous efficiencies

of 6.07 cd/A, and EQE of 2.78%.
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Fig. S8. Mass spectrum of PI-C
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Fig. S9. Mass spectrum ofPyl-C
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