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基于 2,4,6-三苯基-1,3,5-三嗪和芴单元的激基缔合物主体材料的 

制备与应用 

何  煦    肖燏萍    袁鑫磊    叶尚辉    姜鸿基* 
(南京邮电大学信息材料与纳米技术研究院  有机电子与信息显示国家重点实验室培育基地  江苏省生物传感材

料与技术重点实验室  江苏省有机电子与信息显示协同创新中心  南京 210023) 

摘要  设计合成了三种基于 2,4,6-三苯基-1,3,5-三嗪和芴单元的双极性主体材料 FTRZ, pTFTRZ 和 mTFTRZ. 分别研

究了它们的热稳定性、光物理性能、电化学性质和电致发光器件性能与分子的拓扑结构之间的关系. FTRZ, pTFTRZ

和 mTFTRZ 的热分解温度均在 400 ℃以上, pTFTRZ 和 mTFTRZ 的玻璃化转变温度分别是 103 和 120 ℃. 化合物

FTRZ, pTFTRZ 和 mTFTRZ 在甲苯溶液中的光学带隙分别为 3.24, 3.29 和 3.24 eV, 它们的三重态能级分别为 3.04, 

3.11 和 3.05 eV. 由于 2,4,6-三苯基-1,3,5-三嗪平面间的 π-π作用, 化合物 FTRZ, pTFTRZ 和 mTFTRZ 在薄膜状态下形

成激基缔合物, 荧光发射光谱明显红移. 最后研究了FTRZ, pTFTRZ 和mTFTRZ作为客体发光分子2,4,5,6-四(9-咔唑

基)-间苯二腈的主体材料在绿色热活化延迟荧光电致发光器件中的应用. 以化合物 FTRZ 作为主体材料的绿色有机电

致发光器件(OLED)表现出更好的电致发光性能, 最大电流效率为 6.7 cd/A, 最大外量子效率为 2.07%, 最大亮度为

35718 cd/m2, 远优于以 pTFTRZ 和 mTFTRZ 作为主体材料的绿光器件.  

关键词  有机发光二极管; 2,4,6-三苯基-1,3,5-三嗪; 芴; 主体材料; 激基缔合物 

Synthesis and Applications of Excimer Host Materials Based on 
2,4,6-Triphenyl-1,3,5-triazine and Fluorene Moieties 

He, Xu    Xiao, Yuping    Yuan, Xinlei    Ye, Shanghui    Jiang, Hongji* 
(Nanjing University of Posts and Telecommunications, Institute of Advanced Materials, Key Laboratory for Organic 

Electronics and Information Displays and Jiangsu Key Laboratory for Biosensors, Jiangsu National Synergetic 
Innovation Center for Advanced Materials, Nanjing 210023) 

Abstract  Three new bipolar derivatives based on 2,4,6-triphenyl-1,3,5-triazine and fluorene moieties, namely FTRZ, 
pTFTRZ and mTFTRZ were designed and synthesized by using 9-(4-(hexyloxy)phenyl)-9H-fluorene, 2-bromo-4,6-diphenyl-
1,3,5-triazine, 2,4,6-tris(4-bromophenyl)-1,3,5-triazine, and 2,4,6-tris(3-bromophenyl)-1,3,5-triazine through palladium-cata-
lyzed cross-coupling reaction, which were reported as hosts for thermally activated delayed fluorescence organic light-emitting 
diodes (OLEDs). The 1H NMR, 13C NMR and MALDI-TOF-MS spectra were used to characterize the chemical structure of 
compounds FTRZ, pTFTRZ and mTFTRZ. Their thermal, photophysical and electrochemical properties as well as electro-
luminescent device performance were thoroughly investigated to correlate the optoelectronic properties with the topolo-
gy-varied molecular structure. The thermal decomposition temperatures of compounds FTRZ, pTFTRZ and mTFTRZ are 
427, 446 and 424 ℃ and their glass transition temperatures of compounds pFTRZ and mTFTRZ are 120 and 103 ℃, re-
spectively. The optical band gaps of compounds FTRZ, pTFTRZ and mTFTRZ in toluene solution are 3.24, 3.29 and 3.24 
eV, and their triplet energy levels are 3.04, 3.11 and 3.05 eV, respectively. Due to the π-π interaction between 
2,4,6-triphenyl-1,3,5-triazine planes, compounds FTRZ, pTFTRZ and mTFTRZ form excimer in the thin film state. The 
electroluminescent properties of OLEDs using compounds FTRZ, pTFTRZ and mTFTRZ as the hosts and 2,4,5,6-
tetrakis(carbazol-9-yl)-1,3-dicyanobenzene as the guest emitter were investigated. The green OLED of compound FTRZ as
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host material shows a peak emission at 510 nm with a maximum current efficiency of 6.7 cd/A, a maximum external quantum 
efficiency of 2.07% and a maximum brightness of 35718 cd/m2. The efficiency roll-offs of the OLEDs hosted by compounds
FTRZ and pTFTRZ at 20000 cd/m2 are 3% and 2%, which are much better than the same device hosted by compound 
mTFTRZ. 
Keywords  organic light-emitting diode; 2,4,6-triphenyl-1,3,5-triazine; fluorene; host material; excimer 

 

 

1  Introduction 

Organic light-emitting diodes (OLEDs) have attracted 
considerable attention owning to their intriguing applica-
tions in the next generation flat-panel displays and lighting 
techniques. According to the spin statistics, singlet exci-
tons and triplet excitons are generated in a ratio of 1∶3 
under electric excitation.[1～3] As a result of the fact that 
75% of the electrically generated triplet excitons is dissi-
pated, the internal quantum efficiency (IQE) of fluores-
cence-based OLEDs is limited to 25%.[4] In order to 
achieve 100% IQE of OLED devices, many efforts have 
been devoted to employing the triplet excitons for light 
emission. Compared to conventional fluorescent devices, 
organic phosphorescent devices incorporating the heavy 
metal complexes are successful to utilize singlet and triplet 
excitons, then the theoretical IQE of the device can reach 
100%.[5～7] However, the high cost and unknown toxicity of 
rare metal phosphorescent materials have limited their 
practical applications.[8] Moreover, due to the short opera-
tional lifetime, poor stability and low color purity, phos-
phorescent OLEDs are difficult to make a significant pro-
gress.[9] In recent years, thermally activated delayed fluo-
rescence (TADF) based on pure organic materials without 
rare metal phosphorescent materials has been proposed to 
prepare the highly efficient OLEDs through successfully 
utilizing both singlet and triplet excitons.[10,11] 

Generally, the TADF emitters are doped in the host ma-
terial to avoid the concentration quenching resulted from 
strong intermolecular interactions. A suitable host material 
should satisfy the following characteristics: firstly, higher 
triplet energy (ET) level than guest to prohibit reverse en-
ergy transfer from the guest to the host;[12] secondly, bal-
anced charge carrier injecting and transporting ability in 
term of confining excitons in dopant emitters.[13] The typi-
cal strategies to increase the ET level of host materials can 
be to distort the conjugated structure of the molecular skel-
eton,[14] to control the interconnecting position of the donor 
and acceptor moieties,[15] and to use the sp3 silicon or car-
bon atom to constrain conjugation structure.[16～18] On the 
other hand, the bipolar host materials containing the elec-
tron-donating and electron-accepting moieties are able to 
simultaneously transport electrons and holes, which can 
facilitate balanced carrier recombination. Thus, tri-
plet-triplet annihilation and triplet polaron quenching can 
be suppressed when the device is operating at a higher 
voltage.[19] In general, bipolar molecules are obtained by 
chemically bonding electron-donating and electron-with- 
drawing moieties within a single molecule.[20] Electron 
donor moieties used usually in bipolar host materials are 
carbazole,[21,22] triphenylamine,[23,24] fluorene[25,26] and 

phenoxazine,[27] while electron acceptor moieties are py-
rimidine,[28,29] cyano,[30,31] 2,4,6-triphenyl-1,3,5-tria- 
zine[32～34] and pyridine.[25] Especially, fluorene and 2,4,6- 
triphenyl-1,3,5-triazine moieties have been used widely to 
synthesize suitable bipolar host materials due to their fa-
vorable hole and electron-transporting capabilities.[35,36] 

The acid-catalyzed Friedel-Crafts reactions are utilized 
widely in the synthesis of asymmetric diarylfluorenes for 
high performance electroluminescent materials, but this 
reaction possesses some disadvantages, for example the 
reaction condition is tough and the precise control of the 
substitution position can not be easily realized.[37,38] Fortu-
nately, a novel Pd-catalyzed C—H functionalization reac-
tion was developed by Song to construct a quaternary car-
bon center.[39] It has overcome the above weakness, and the 
substitution position is strictly determined by the position 
of bromine, which can afford some molecular frameworks 
unavailable from the traditional Friedel-Crafts reaction. As 
far as we know, this reaction has not been used in the con-
struction of bipolar host materials. Herein, three novel bi-
polar host materials, 2-(4-(9-(4-(hexyloxy)phenyl)-9H- 
fluoren-9-yl)phenyl)-4,6-diphenyl-1,3,5-triazine (FTRZ), 
2,4,6-tris(4-(9-(4-(hexyloxy)phenyl)-9H-fluoren-9-yl)phen- 
yl)-1,3,5-triazine (pTFTRZ) and 2,4,6-tris(3-(9-(4-(hexylo- 
xy)phenyl)-9H-fluoren-9-yl) phenyl)-1,3,5-triazine (mTFTRZ) 
have been designed and synthesized by using 2,4,6-tri- 
phenyl-1,3,5-triazine and fluorene as electron and donor 
moieties. The thermal decomposition temperatures at 5% 
weight loss of three compounds are over 400 ℃, which 
indicates that all the compounds possess good thermal sta-
bility. Due to the highly sterically hindered structure, the 
ET value of three host materials is almost 3.05 eV. The 
OLEDs with compounds FTRZ, pTFTRZ and mTFTRZ 
as the host materials for green TADF emitter of 
2,4,5,6-tetrakis(carbazol-9-yl)-1,3-dicyanobenzene (4CzIPN) 
were prepared by using spin coating method. The green 
OLED of compound FTRZ as host material shows a peak 
emission at 510 nm with a maximum current efficiency of 
6.7 cd/A, a maximum external quantum efficiency of 
2.07% and a maximum brightness of 35718 cd/m2, which 
is much better than those of the same device hosted by 
compounds mTFTRZ and pTFTRZ. In addition, the effi-
ciency roll-offs of the OLEDs hosted by compounds 
FTRZ and pTFTRZ at 20000 cd/m2 are 3% and 2%, re-
spectively. 

2  Results and discussion 

As sketched in Scheme 1, compounds FTRZ, pTFTRZ 
and mTFTRZ were synthesized by using 9-(4-(hexyl- 
oxy)phenyl)-9H-fluorene, 2-(4-bromophenyl)-4,6-diphen- 
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yl-1,3,5-triazine, 2,4,6-tris(4-bromophenyl)-1,3,5-tri- az-
ine, 2,4,6-tris(3-bromophenyl)-1,3,5-triazine through pal-
ladium-catalyzed cross-coupling reaction. The 1H NMR, 
13C NMR and MALDI-TOF-MS spectra were used to 

characterize the chemical structure of compounds FTRZ, 
pTFTRZ and mTFTRZ. Compounds FTRZ, pTFTRZ 
and mTFTRZ exhibit good solubility and can completely 
dissolve in common organic solvents. 
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Scheme 1  Synthetic route of the target compounds FTRZ, pTFTRZ and mTFTRZ 
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The thermogravimetric analysis (TGA) and differential 
scanning calorimetry (DSC) measurements were conducted 
for compounds FTRZ, pTFTRZ and mTFTRZ solid to 
measure the thermal decomposition (Td) and glass transi-
tion temperatures (Tg), and the details are illustrated in 
Table 1 and Figure 1. As shown in Figure 1, the Td values 
are 427, 446 and 424 ℃ for compounds FTRZ, pTFTRZ 
and mTFTRZ, respectively, showing good thermal stabil-
ity. It can also be seen from Figure 1 that Tg values of 120 
and 103 ℃ are observed for compounds pTFTRZ and 
mTFTRZ. The Tg value is not obviously observed in the 
DCS curve for FTRZ, but the melting point (Tm) is found 
at 186 ℃. The high Td values can be attributed to the rela-
tively high molecular weight of these compounds and their 
rigid aromatic carbon structure.[40] When compared with 

that of pTFTRZ, the much lower Tg value of mTFTRZ is 
resulted from its more twisted structure. Based on these 
results, we expect that all of the three compounds can form 
morphologically stable films for OLED manufacturing and 
remain stable during operation.[41] Crystal of FTRZ was 
prepared by putting equal volume of n-hexane into the di-
chloromethane solution of FTRZ (3 mL, 10−3 mol/L) at 
room temperature. Molecule stacking mode for the dimer 
of FTRZ in crystal is illustrated in Figure 2. As shown in 
Figure 2, compound FTRZ form a monoclinic system with 
unit cell parameters a, b, c and α, β and γ of 15.355, 
12.357, 19.791 Å and 90°, 108° and 90°, respectively. The 
structure details of the single crystal are summarized in 
Table S1. As a result of the significant crystalline behavior 
of compound FTRZ, an obvious melting point temperature 
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Figure 1  The DSC (a) and TGA (b) curves for compounds FTRZ, pTFTRZ and mTFTRZ 

 

 
Figure 2  Crystal structure and molecular stacking mode for the dimer of FTRZ in single crystal state 
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of 186 ℃ appeared during the DSC test. Due to the very 
small distance between dimer planes (3.8908 Å), there is a 
very strong π…π stacking interaction between 2,4,6-tri- 
phenyl-1,3,5-triazine plane of the dimers within the crys-
tal.[42] 

Room-temperature UV-Vis absorption and photolumi-
nescent emission spectra of compounds FTRZ, pTFTRZ 
and mTFTRZ are shown in Figure 3. As shown in Figure 
3, the maximum UV-Vis absorptions of compounds 
FTRZ, pTFTRZ and mTFTRZ in toluene are 286, 289 
and 289 nm. The maximum UV-Vis absorption of the three 
compounds is the typical absorbance of π-π* transition of 
the fluorene-based back bone. Because their strong steric 
hindrance significantly reduces the interaction between 
donor and acceptor moieties, no charge transfer absorption 
band appears in the long wavelength region of their 
UV-Vis spectra.[20] The maximum emissions of com-
pounds FTRZ, pTFTRZ and mTFTRZ in toluene show 
maximum deep blue emission of 400, 350 and 350 nm, 
respectively. In addition, FTRZ exhibits a locally excited 
state emission at 350 nm.[43] When compared with those of 
compounds pTFTRZ and mTFTRZ, the photolumines-
cent emission spectrum of compound FTRZ is bathochro-
mically shifted for 50 nm. It might be due to the increase 
of the number of fluorene groups, which strengthens the 
steric hindrance between 2,4,6-triphenyl-1,3,5-triazine and 
fluorene moieties. The energy band gaps (Eg) of these 
compounds obtained from their absorption spectra in tolu-
ene solution are 3.24, 3.29 and 3.24 eV for compounds 
FTRZ, pTFTRZ and mTFTRZ. The singlet energy levels 
of compounds FTRZ, pTFTRZ and mTFTRZ calculated 
from the onset of fluorescence emission spectra measured 
in toluene solution are 3.29, 3.43 and 3.43 eV, respective-
ly. The low temperature phosphorescent spectra of com-
pounds FTRZ, pTFTRZ and mTFTRZ in tetrahydrofuran 
at 77 K are showed in Figure 3. The ET values of com-
pounds FTRZ, pTFTRZ and mTFTRZ determined by 
taking the highest energy peak of phosphorescent spectra 
are 3.04, 3.11 and 3.05 eV, respectively. In recent years, 
excimer host materials have been used widely in the 
OLED.[44,45] The fluorescence emission band of the three 
compounds in the solid film state shows a large red shift 
compared to those in the diluted toluene solution, which 
can be ascribed to the strong intermolecular π···π stacking 
interactions and intermolecular charge transfer that would 
induce the formation of excimer in the film state. There-
fore, the three compounds are expected to be used as ex-
cimer host materials. In order to further verify the above 
speculation, the thin film photoluminescent emission spec-
tra of the three compounds doped in 1,3-bis(9H-carbazol- 
9-yl)benzene (mCP) with a molar ratio of 10∶1 and pure 
mCP film were tested. It could be seen that the photolumi-
nescent spectra of the three compounds doped in mCP 
showed significant blue shift, and the mCP molecules di-
luted the guest molecules and weakened the intermolecular 
charge transfer interaction among them. Furthermore, to 
get a deep insight into the forming mechanism of the 
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Figure 3  Normalized UV-vis absorption and photoluminescent 
emission spectra of compounds FTRZ (a), pTFTRZ (b) and 
mTFTRZ (c) in toluene solution and thin solid film state and the 
phosphorescent spectra of compounds FTRZ, pTFTRZ and 
mTFTRZ in tetrahydrofuran at 77 K 

excimer, we characterized the highest occupied molecular 
orbital (HOMO) and lowest unoccupied molecular orbital 
(LUMO) energy levels of 9-(4-hexyloxy-phen- yl)-9-phen- 
yl-9H-fluorene and 2,4,6-triphenyl-1,3,5-tria- zine in solu-
tion, and the corresponding LUMO and HOMO energy 
levels are －2.19/－6.07 and －2.48/－6.52 eV, which 
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verified that the energy structure of electron-donor and 
accepter moieties met the general requirements of intra-
molecular excimer formation.[46,47] In order to investigate 
the solvate chromaticity of compounds FTRZ, pTFTRZ 
and mTFTRZ, their photoluminescent spectra were meas-
ured in a series of solvents with different polarities. It 
showed that all of the three compounds displayed a strong 
solvate chromaticity and the photoluminescence spectra 
exhibited apparent red shift from low polar hexane to 
higher polar acetone. We also recorded the photolumines-
cent spectra of compounds TFTRZ, pTFTRZ and 
mTFTRZ in tetrahydrofuran/H2O mixture solvents with 
different water volume fractions. It can be seen that the 
photoluminescent emission spectra of the three compounds 
become much stronger with a higher water volume frac-
tion, which is a typical aggregation-induced emission ac-
tive phenomenon.[48] 

The cyclic voltammetry (CV) measurements are used to 
investigate the electrochemical properties of the three 
compounds. The oxidation and reduction potentials were 
calculated from the onset of oxidation and reduction curves 
obtained from the dichloromethane and tetrahydrofuran 
solution, respectively. Figure 4 illustrates the CV curves in 
detail. The HOMO energy levels of compounds FTRZ, 
pTFTRZ and mTFTRZ are measured to be －5.34,     
－5.40 and －5.34 eV, and the LUMO energy levels of 
compounds FTRZ, pTFTRZ and mTFTRZ are measured 
to be －2.90, －2.85 and －2.93 eV. The nearly equal 
HOMO and LUMO energy levels of these structurally dis-
torted compounds indicate that the HOMO and LUMO 
levels of these bipolar hybrid compounds are only related           
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Figure 4  Oxidation curves of compounds FTRZ, pTFTRZ and 
mTFTRZ in dichloromethane solution and the reduction curves 
of compounds FTRZ, pTFTRZ and mTFTRZ in tetrahydrofu-
ran solution 

to the electronic characteristic of the electron-donating and 
electron-accepting moieties.[20] 

In view of their relatively high ET levels and unique 
green light emission of compounds FTRZ, pTFTRZ and 
mTFTRZ in the thin solid film state, the green TADF 
OLEDs with a simple architecture of indium tin oxide  
(ITO)/poly(3,4-ethylenedioxythiophene)-poly(styrenesulf- 
onate) (PEDOT:PSS)(40 nm)/host:4CZIPN (16mg/mL, 
15% in weight) (35 nm)/1,3,5-tris(1-phenyl-1H-benzim- 
idazol-2-yl)benzene (TPBI) (35 nm)/Ca(100 nm):Ag(15 
nm), in which PEDOT:PSS was used as the anode buffer 
layer and the mixture of hosts doped with 4CZIPN was 
spin coated onto the PEDOT:PSS layer without inserting 
any hole-transporting layer, were fabricated. Figure 5 
shows the current density-voltage curves, luminance- 
voltage curves, current efficiency-voltage curves, electro-
luminescent spectra at 14 V and external quantum effi-
ciency-luminance curves of the devices. It can be seen 
from the electroluminescent spectra of devices in Figure 
5(d) that all the devices show the green emission spectra 
peaking at 510 nm. It can also be seen from Figure 5 that 
the turn-on voltages, maximum brightness, maximum cur-
rent efficiencies and external quantum efficiencies of 
compounds FTRZ, pTFTRZ and mTFTRZ are 6.8, 6.8 
and 8.2 V, 35718, 28195 and 17147 cd/m2, 6.7, 6.4 and 4.5 
cd/A, 2.07%, 1.97% and 1.38%, respectively. Furthermore, 
the efficiency roll-offs of the OLEDs hosted by com-
pounds FTRZ and pTFTRZ at 20000 cd/m2 are 3% and 
2%, respectively. The electroluminescent properties of the 
green devices hosted by compounds FTRZ, pTFTRZ and 
mTFTRZ are illustrated in Table 2. The three compounds 
possess the analogous HOMO and LUMO energy levels as 
well as ET levels, the more excellent electroluminescent 
performance of green OLEDs hosted by compound FTRZ 
can be attributed to the relatively high oscillator strength 
that results from the moderate quantity of the donor moie-
ties and the suitable linkage mode between the donor and 
acceptor moieties.[49]  

3  Conclusions 

In summary, by employing fluorene as electron donors 
and 2,4,6-triphenyl-1,3,5-triazine as electron acceptors, 
three host materials FTRZ, pTFTRZ and mTFTRZ were 
synthesized and characterized. All the compounds exhibit 
good thermal stability with thermal decomposition temper-
atures at 5% weight loss in a range of 424～446 ℃. Due 
to the large sterically hindered structures, all the hosts have 
a similar ET value as high as 3.05 eV, which is sufficiently 

Table 1  Thermal, optical and electrochemical properties of compounds FTRZ, pTFTRZ and mTFTRZ 

Compd. λabs
a/nm λem

b/nm S1
c/eV T1

d/eV Eg
e/eV HOMO/eV LUMO/eV Tg/℃ Td /℃ 

FTRZ 286 506 3.29 3.04 3.24 －5.34 －2.90 * 434 
pTFTRZ 289,312 514 3.43 3.11 3.29 －5.40 －2.85 120 446 
mTFTRZ 289 511 3.43 3.05 3.24 －5.34 －2.93 103 424 

a In toluene solution. b In thin solid film states. c Measured in toluene solution at room temperature. d Measured in tetrahydrofuran at 77 K. e Calculated from the onset 
of UV-Vis absorption spectra in toluene solution. 



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2019, 39, 761～770 © 2019 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/     767 

Table 2  The electroluminescent properties of the green devices hosted by compounds FTRZ, pTFTRZ and mTFTRZ 

Host Von
a/V Lmax

b/[cd•m－2] CEc/[cd•A－1] EQEd 

FTRZ 6.8 35718 6.7 2.07% 
pTFTRZ 6.8 28195 6.4 1.97% 
mTFTRZ 8.2 17147 4.5 3.05% 

a The turn-on voltage. b The maximum brightness. c The maximum current efficiency. d The maximum external quantum efficiency. 

0 2 4 6 8 10 12 14 16 18 20
0

200

400

600

800

1000

 

C
ur

re
nt

 d
en

si
ty

/(
m

A
 c

m
-2
)

Voltage/V

 FTRZ
 pTFTRZ
 mTFTRZ

.

(a)

 

-2 0 2 4 6 8 10 12 14 16 18 20

100

1000

10000

 

Lu
m

in
an

ce
/(

cd
 m

-2
)

Voltage/V

 FTRZ
 pTFTRZ
mTFTRZ

.

(b)

 

2 4 6 8 10 12 14 16
0

1

2

3

4

5

6

7

C
ur

re
nt

 e
ff

ic
ie

nc
y/

(c
d 

A
-1
)

Voltage/V

 FTRZ
 pTFTRZ
 mTFTRZ.

(c)

 

300 400 500 600 700

0.0

0.2

0.4

0.6

0.8

1.0

N
or

m
al

iz
ed

 in
te

ns
ity

/a
.u

.

Wavelength/nm

 FTRZ
 pTFTRZ
 mTFTRZ

(d)

 

0 5000 10000 15000 20000 25000 30000
0.0

0.5

1.0

1.5

2.0

2.5

 

E
xt

er
na

l q
ua

nt
um

 e
ff

ic
ie

nc
y

Luminance/(cd m-2)

 FTRZ
 pTFTRZ
 mTFTRZ

.

(e)

 

Figure 5  Current density-voltage curves (a), luminance-voltage curves (b), current efficiency-voltage curves (c), electroluminescent 
spectra (d) at 14 V and external quantum efficiency-luminance curves (e) for green devices hosted by compounds FTRZ, pTFTRZ and 
mTFTRZ

high for green TADF emitters. Due to the intermolecular 
π-π interactions, the three compounds formed excimer in 
the thin film state. The OLEDs with compounds FTRZ, 
pTFTRZ and mTFTRZ as host materials for green TADF 
emitter 4CzIPN were prepared by using spin coating 
method. The maximum brightness, maximum current effi-
ciency and external quantum efficiency of green OLED 

with FTRZ as host material are determined to be 35718 
cd/m2, 6.7 cd/A and 2.07%, which are much better than 
those of the same devices hosted by compounds pTFTRZ 
and mTFTRZ. In addition, the efficiency roll-offs of the 
OLEDs hosted by compounds FTRZ and pTFTRZ at 
20000 cd/m2 are 3% and 2%, respectively.
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4  Experimental section 

4.1  Materials and measurements 

The chemicals and reagents used were purchased from 
Aladdin Chemical and Energy Chemical without further 
purification. Tetrahydrofuran and toluene are used after 
distillation to remove water under nitrogen atmosphere. 
The 1H NMR and 13C NMR spectra were recorded on a 
Varian Mercury Plus 400 spectrometer with tetrame-
thylsilane as an internal standard. Chemical shifts of 
CHCl3 and DMSO-d6 were set as δ 7.26 and 2.5, 3.4. The 
molecular weights were measured on a Bruker Daltonics 
flex Analysis. The UV-Vis absorption spectra were ob-
tained with a UV-3600 SHIMADZU UV-Vis-NIR spec-
trophotometer. Photoluminescence spectra were obtained 
with an RF-5301PC spectro fluorophotometer. The con-
centration of the toluene solution used was adjusted to be 
10－5 mol/L. The thin solid film was obtained after a drop 
of dichloromethane solution (10－3 mol/L) on a quartz sub-
strate evaporated naturally. The DSC analysis was per-
formed on a PerkineElmer Diamond DSC with a heating 
rate of 10 ℃/min from room temperature to 220 ℃ under 
nitrogen. The TGA were carried out on a SEIKO EXSTAR 
6000 TG/DTA 6200 unit by measuring weight loss of 
samples with a heating rate of 10 ℃/min under nitrogen 
atmosphere.[48] The X-ray diffraction data of the single 
crystal was obtained on a Bruker Smart Apex CCD area 
detector diffractometer (Germany) by using graph-
ite-monochromatic Mo-Kα radiation (λ＝0.71073 Å). The 
CV experiments were performed using a Chi660e system 
in a conventional three-electrode configuration with a 
glassy carbon working electrode, a Pt wire counter elec-
trode and an Ag/Ag ＋  reference electrode referenced 
against ferrocene/ferrocenium. The oxidation and reduction 
potentials were measured in dichloromethane and tetrahy-
drofuran solution containing of tetrabutyl hexafluorophos-
phate (0.10 mol/L) as the supporting electrolyte at a scan 
rate of 50 mV/s. The HOMO energy levels of these com-
pounds were obtained by using the formula: EHOMO＝   
－Eoxi＋0.0041－4.8). The LUMO energy levels of these 
compounds were obtained by using the formula: ELUMO＝
－Ered－0.059－4.8. The values of 0.0041 and 0.059 are 
the oxidation and reduction potential of ferrocene. Eoxi and 
Ered are the oxidation and reduction potentials of com-
pounds.[48] 

4.2  Device fabrication 

The hole injection material of PEDOT and PSS, the 
electron-transporting material of TPBI and the fluores-
cence dopant of 4CzIPN are commercially purchased. 
Firstly, the ITO substrates were cleaned by some routine 
solvent. Then, the pretreated ITO glass substrates were 
treated with UV-ozone for 5 min. PEDOT:PSS was then 
spin-coated onto the prepared ITO substrate. The emitting 
layers (16 mg/mL, in chlorobenzene) were spin-coated 
onto the PEDOT:PSS film to form a 35 nm thick emissive 
layer and then annealed at 80 ℃ . The 35 nm elec-

tron-transporting layer of TPBI was then deposited on the 
emitting layer under vacuum, and a cathode is obtained by 
sequentially depositing 100 nm of calcium and 15 nm of 
silver onto the substrate with a pressure of 10－6 Torr. The 
current-voltage-brightness characteristics were obtained 
with a computer-controlled Keithley source measurement 
unit (Keithley 2400 and Keithley 2000) and a calibrated 
silicon photodiode. The electroluminescent spectra were 
obtained by using a spectra-scan PR655 spectrophotome-
ter. All the measurements were carried out at room tem-
perature under ambient conditions.[50] 

4.3  Synthesis of the target compounds 

2-(4-Aminophenyl)-4,6-diphenyl-1,3,5-triazine:[51] A 
solution of 2-chloro-4,6-diphenyl-1,3,5-triazine (0.27 g, 1 
mmol), 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 
aniline (0.20 g, 0.9 mmol), tetrakis(triphenylphosphine) 
palladium(0) (0.03 g, 0.26 mmol), potassium carbonate 
aqueous solution (5 mL, 2 mol/L) and 5 mL of tetrahydro-
furan was stirred at 65 ℃ for 48 h under nitrogen. The 
resulting mixture was extracted by 50 mL of dichloro-
methane and 50 mL of water for 3 times, then the di-
chloromethane layer was dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The re-
sulting organic solid was then added to chloroform (5 mL) 
and brown precipitate was gathered by filtering. After dry-
ing in vacuum, 0.13 g of 2-amino-4,6-diphenyl-1,3,5-tria- 
zine was obtained in a yield over 43%. Yellow solid. 1H 
NMR (CDCl3, 400 MHz) δ: 4.11 (s, 2H), 6.80 (d, J＝8 Hz, 
2H), 7.54～7.60 (m, 6H), 8.61 (d, J＝8 Hz, 2H), 8.74 (m, 
4H). 

2-(4-Bromophenyl)-4,6-diphenyl-1,3,5-triazine:[51] A 
solution of 2-amino-4,6-diphenyl-1,3,5-triazine (0.094 g, 
0.24 mmol) and hydrobromic acid (2 mL, 48%) was stirred 
at 0 ℃ for 5 min. Then a solution of 0.096 g of NaNO2 in 
2 mL of water was put into the above solution at 0 ℃. The 
mixture was stirred at 0 ℃ for 1 h, a solution of copper 
bromide(I) (0.16 g, 0.9 mmol) and hydrobromic acid (0.9 
mL, 48%) was added slowly and stirred at 30 ℃ for 5 
min. The resulting mixture was stirred at 120 ℃ for 12 h. 
Subsequently, the resulting mixture was extracted by 50 
mL of dichloromethane and 50 mL of water for 3 times, 
then the dichloromethane layer was dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure. 
The residue solid was purified by silica gel column chro-
matograph [eluent: V(dichloromethane)/V(petroleum  
ether)＝1/10 in volume] and afforded 0.06 g of 2-bromo- 
4,6-diphenyl-1,3,5-triazine in a yield over 60%. White 
solid. 1H NMR (CDCl3, 400 MHz) δ: 7.55～7.65 (m, 6H), 
7.70 (d, J＝8 Hz, 2H), 8.64 (d, J＝8 Hz, 2H), 8.76 (dd, J＝
4, 4 Hz, 4H). 

1-Bromo-4-(hexyloxy)benzene:[52] A mixture of 4-bro- 
mophenol (7.8 g, 45 mmol), 1-bromohexane (4.95 g, 30.0 
mmol), potassium carbonate (10.35 g, 75 mmol) and 
N,N-dimethylformamide (40 mL) were stirred at 60 ℃ for 
12 h. The resulting mixture was extracted by 50 mL of 
dichloromethane and 50 mL of water for 3 times, then the 
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dichloromethane layer was dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The 
residue solid was purified by silica gel column chromato-
graph [eluent: V(dichloromethane)/V(petroleum ether)＝
1/10] and afforded 5.13 g of 1-bromo-4-(hexyloxy)benzene 
in a yield of 66%. Colorless liquid. 1H NMR (CDCl3, 400 
MHz) δ: 0.9～0.94 (m, 3H), 1.27～1.49 (m, 6H), 1.74～
1.81 (m, 2H), 3.9 (t, J＝12 Hz, 2H), 6.76～6.8 (m, 2H), 
7.34～7.38 (m, 2H). 

9-(4-(Hexyloxy)phenyl)-9H-fluoren-9-ol:[53] A solution 
of 1-bromo-4-(hexyloxy)benzene (2.57 g, 10.0 mmol) in 
dry tetrahydrofuran (10 mL) was dropwise added to a stir-
ring and heating mixture of magnesium ribbon (0.34 g, 
14.0 mmol) in dry tetrahydrofuran (2 mL) including a 
small amount of iodine under nitrogen to prepare the active 
reaction solution. A solution of 9-fluorenone (2.7 g, 15 
mmol) in dry tetrahydrofuran (20 mL) was added slowly to 
the above reaction solution and refluxed overnight at 
65 ℃. The resulting mixture was extracted by 50 mL of 
dichloromethane and 50 mL of water for 3 times, then the 
dichloromethane layer was dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The 
residue solid was purified by silica gel column chromato-
graph [eluent: V(ethyl acetate)/V(petroleum ether)＝1/10] 
and afforded 2.15 g of 9-(4-(hexyloxy)phenyl)-9H-flu- 
oren-9-ol in a yield of 60%. Yellow solid. 1H NMR 
(DMSO-d6, 400 MHz) δ: 0.8 (t, 3H), 1.18～1.31 (m, 6H), 
1.60～1.67 (m, 2H), 3.9 (t, J＝12 Hz, 2H), 6.2 (s, 1H), 
6.74～6.77 (m, 2H), 7.09～7.13 (m, 2H), 7.21～7.26 (m,  
2H), 7.30～7.36 (m, 2H), 7.76 (d, J＝8 Hz, 2H). 

9-(4-(Hexyloxy)phenyl)-9H-fluorene:[39] A solution of 
9-(4-(hexyloxy)phenyl)-9H-fluoren-9-ol (0.53 g, 1.48 
mmol) in 15 mL of dichloromethane, 0.6 mL of tri-
ethylsilane and 0.45 mL of boron trifluoride etherate were 
added successively with stirring. Subsequently, the mixture 
was stirred at 0 ℃ for 4 h. The resulting mixture was ex-
tracted by 50 mL of dichloromethane and 50 mL of water 
for 3 times, then the dichloromethane layer was dried over 
magnesium sulfate, filtered, and concentrated under re-
duced pressure. The residue solid was purified by silica gel 
column chromatograph [eluent: V(dichloromethane)/ 
V(petroleum ether)＝1/10] and afforded 0.35 g of 9-(4- 
(hexyloxy)phenyl)-9H-fluorene in a yield of 70%. W hite 
solid. 1H NMR (CDCl3, 400 MHz) δ: 0.88～0.91 (m, 3H), 
1.29～1.36 (m, 4H), 1.38～1.47 (m, 2H), 1.71～1.79 (m, 
2H), 3.9 (t, J＝16 Hz, 2H), 5.00 (s, 1H), 6.78～6.81 (m, 
2H), 6.97～7.01 (m, 2H), 7.23～7.27 (m, 2H), 7.30 (d, J＝
8 Hz, 2H), 7.35～7.39 (m, 2H), 7.78 (d, J＝8 Hz, 2H). 

Compound FTRZ:[39] A solution of 2-(4-bromophen- 
yl)-4,6-diphenyl-1,3,5-triazine (0.344 g, 0.89 mmol), 
tris(dibenzylideneacetone)dipalladium(0) (21.1 mg, 0.036 
mmol), tert-butyldiphenylphosphine (17.9 mg, 0.074 
mmol), 9-(4-(hexyloxy)phenyl)-9H-fluorene (0.253 g, 0.74 
mmol) and potassium tert-butoxide (0.103 g, 0.88 mmol) 
in 3 mL of toluene was stirred at 110 ℃ for 12 h under 
nitrogen atmosphere. The resulting mixture was extracted 
by 50 mL of dichloromethane and 50 mL of water for 3 

times, then the dichloromethane layer was dried over 
magnesium sulfate, filtered and concentrated under re-
duced pressure. The residue solid was purified by silica gel 
column chromatograph [eluent: V(dichloromethane)/ 
V(petroleum ether)＝1/5] and afforded 0.32 g of FTRZ in 
a yield over 67%. White solid, m.p. 180～188 ℃. 1H 
NMR (CDCl3, 400 MHz) δ: 0.88～0.91 (m, 3H), 1.29～
1.34 (m, 4H), 1.40～1.46 (m, 2H), 1.72～1.79(m, 2H), 3.9 
(t, J＝8 Hz, 2H), 6.76～6.79 (m, 2H), 7.13～7.17 (m, 2H), 
7.29～7.31 (m, 2H), 7.36～7.46 (m, 6H), 7.53～7.62 (m, 
6H), 7.79～7.81 (d, J＝8 Hz, 2H), 8.59～8.61 (m,2H), 
8.72～8.75 (m, 4H); 13C NMR (CDCl3, 100 MHz) δ: 1.1, 
14.1, 22.7, 25.8, 29.3, 31.6, 65.0, 68.0, 76.7, 77.1, 77.4, 
114.3, 120.3, 126.2, 127.6, 127.9, 128.5, 128.6, 128.9, 
129.2, 132.5, 134.7, 136.3, 137.2, 140.2, 151.2, 151.2, 
158.1, 171.5, 171.6; MALDI-TOF m/z: 649.62. Anal. calcd 
for C36H39N3O: C 85.02, H 6.05, N 6.47; found C 85.13, H 
6.02, N 6.39. 

Compound pTFTRZ:[39] Following the above process 
for FTRZ, 0.12 g of pTFTRZ (white solid) in a yield of 
45% was obtained from a solution of 2,4,6-tris(4-bromo- 
phenyl)-1,3,5-triazine (0.11 g, 0.2 mmol), tris(dibenzyl- 
ideneacetone)dipalladium(0) (17.1 mg, 0.03 mmol), tert- 
butyldiphenylphosphine (14.5 mg, 0.06 mmol), potassium 
tert-butoxide (84 mg, 0.6 mmol) and 9-(4-(hexyloxy)phen- 
yl)-9H-fluorene (0.274 g, 0.8 mmol) in 2 mL of toluene at 
110 ℃  for 24 h under nitrogen atmosphere [eluent: 
V(dichloromethane)/V(petroleum ether)＝1/3]. m.p. 155～
160 ℃; 1H NMR (CDCl3, 400 MHz) δ: 0.87～0.90 (m, 
9H), 1.30～1.32 (m, 12H), 1.38～1.44 (m, 6H), 1.70～
1.77 (m, 6H), 3.90 (t, J＝12 Hz, 6H), 6.72～6.78 (m, 6H), 
7.09～7.14 (m, 6H), 7.25～7.29 (m, 6H), 7.34～7.42 (m, 
18H), 7.76 (d, J＝8 Hz, 6H), 8.47 (d, J＝8 Hz, 6H); 13C 
NMR (CDCl3, 100 MHz) δ: 1.1, 14.1, 22.7, 25.8, 29.3, 
31.6, 65.0, 68.0, 76.8, 77.1, 77.4, 114.2, 120.3, 126.1, 
127.6, 127.9, 128.4, 128.9, 129.2, 134.7, 137.2, 140.2, 
151.1, 158.1, 171.3; MALDI-TOF m/z: 1329.65. Anal. 
calcd for C396H87N3O3: C 86.65; H 6.59; N 3.16; found C 
86.71, H 6.52, N 3.25. 

Compound mTFTRZ:[39] Following the above process 
for FTRZ, 0.32 g of mTFTRZ (yellow solid) in a yield of 
39% was obtained from a solution of 2,4,6-tris(3-bromo- 
phenyl)-1,3,5-triazine (0.33 g, 0.6 mmol), tris(dibenzyli- 
deneacetone)dipalladium(0) (51.5 mg, 0.09 mmol), tert- 
butyldiphenylphosphine (43.6 mg, 0.18 mmol), 9-(4-(hex- 
yloxy)phenyl)-9H-fluorene (1.026 g, 3 mmol) and potas-
sium tert-butoxide (0.21 g, 0.8 mmol) in 2 mL of toluene 
at 110 ℃ for 24 h under nitrogen atmosphere [eluent: 
V(dichloromethane)/V(petroleum ether)＝1/2]. m.p. 150～
158 ℃; 1H NMR (CDCl3, 400 MHz) δ: 0.86～0.89 (m, 
9H), 1.29～1.32 (m, 12H), 1.37～44 (m, 6H), 1.69～1.76 
(m, 6H), 3.86～3.90 (m, 6H), 6.76～6.79 (m, 6H), 7.03～
7.14 (m, 6H), 7.24～7.50 (m, 24H), 7.77 (d,  J＝4 Hz, 
6H), 8.18～8.20 (m, 3H), 8.50 (t, J＝4 Hz, 3H); 13C NMR 
(CDCl3, 100 MHz) δ: 1.1, 14.1, 22.6, 25.8, 29.3, 31.6, 
64.8, 67.9, 76.7, 77.1, 77.4, 114.2, 120.3, 126.2, 127.3, 
127.5, 127.8, 128.4, 128.5, 129.2, 132.2, 136.1, 137.3, 
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140.2, 146.7, 151.4, 158.0, 171.4; MALDI-TOF m/z: 
1329.96. Anal. calcd for C96H87N3O3: C 86.65, H 6.59, N 
3.16; found C 86.61, H 6.63, N 3.07. 

 
Supporting Information  1H NMR, 13C NMR, MALDI- 
TOF spectra for target compounds, structure data of com-
pounds FTRZ, pTFTRZ and mTFTRZ, emission spectra 
of target compounds doped in mCP, emission spectra of 
target compounds in solution with different polarity or 
tetrahydrofuran/H2O solution with different water volume 
fractions. The Supporting Information is available free of 
charge via the Internet at http://sioc-journal.cn/. 
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