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Synthesis of N-type host materials based on indocarbazole and
s-triazine and properties in green phosphorescent devices
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Abstract: In order to obtain organic electroluminescent diodes (OLEDs) with low driving voltage , long life-
time and high light efficiency, a series of novel n-type host materials DTRz, DBTRz and DCNTRz based on
1, 3, 5-triazine and 7, 7-dimethyl-5, 7-dihydroindolinazol [2, 1-b] carbazole are introduced in this paper.
First, their electrochemical properties, photophysical properties and thermal stability were studied, and DFT

calculations were performed. The experimental and computational analysis results show that DTRz, DBTRz
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and DCNTRz have higher triplet energy levels (2. 83,2.71,2.72 V) , higher decomposition temperatures
(411,499,419°C). Then, the photoluminescence spectrum was studied after mixing with P-type host NBP-
BC (1:1),and based on this, the device was fabricated with Pt(BBP) as the guest dopant. The analysis of
the device results shows that the DCNTRz: NBPBC-based device has a turn-on voltage of 2. 1 V, a maximum
external quantum efficiency of 14. 3% , a maximum brightness of 221 589 cd+m™, a current efficiency of 46. 5
cd* A" at 1 000 cd*m?, and a maximum power efficiency of 45.7 Im+W™. In particular, the device lifetime
(LT95) reaches 282 h at 4 000 cd-m™ 54% higher lifetime than DTRz: NBPBC-based devices. A green

OLED with excellent performance such as low turn-on voltage, high lifetime and high luminous efficiency is

realized.
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DTRz & B B a0~ : B 500 mL Belffi , %
A (3-TR 2K K ) -4, 6- = % K -1, 3, 5- = ¥ (la)
(4.10 g,10.6 mmol, 1.0 eq) .7,7- . H %-5,7-—
A [2,1-b]HEmE(1b) (3.0 g,10.6 mmol,1.0
eq) BSR40 (118. 2 mg,0. 53 mmol,0.05 eq) . =
AT H#E (214 mg, 1. 06 mmol, 0. 1 eq) AU T P
By (2.54 g,26.5mmol,2.5eq) 2K (100 mL);
TERSAYT T, 90 °C I 8 h, W HI &= I, A E
O Be ATt VAR S ok, OF R P vk O IR A,
VU S PR W V5 A S, DR SR A I 3 D B 2 4 e Ak 7

o TR DB TR 2, T A e T AR Dk e/ FH
E%ﬁ.@»iﬂiﬁsélﬁiz 01 g,/ %K 67%, FH4¢
Ji  HPLC 4 4 99.93% . 'H NMR (400 MHz,
CDCLy) 6: 9.05 (s, 1H) , 8.95~8.86 (m, 1H) ,
8.83~8.69 (m,4H),8.50 (s,1H),8.25 (d,] =
7.6 Hz, 1H) ,7.96~7.81 (m, 3H) ,7.67~7.47
(m,8H),7.47~7.26 (m,6H),1.54 (s,6H) .
“C NMR (101 MHz,CDCl,) 6: 171.86,171. 00,

153.36, 153.31, 141.27, 141.16, 139.67,
138.52, 138.38, 135.94, 132.70, 132.56,
130.95, 130.33, 129.00, 128.67, 127.85,
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127.57, 127.08, 126.34, 125.80, 123.74, 134.17, 133.39, 132.56, 131.97, 130.11,
123.09, 122.56, 120.22, 120.18, 119.39, 129.88, 129.80, 129.03, 128.50, 128.27,
111.40, 109.78, 103.99, 46.81, 27.95. MS 128.20, 126.06, 124.27, 123.68, 122.56,
(MALDI-TOF) [m/z] : caled for C,H,N,, 122.12, 120.80, 120.51, 118.54, 118.10,
590. 25; found: 613.30 [M+Na] ", 117.21, 115.01, 112.68, 112.56, 111.10,

2-(3-F-5-FHEH)-4,6- K K-1,3,6 =
(2b) B & B - 76 1 000 mL B 113 o A 2- (3-8 -
5-F R KL ) -4,6- 2R 3E-1,3,5 = H(2a) (10.0 g,
23.6 mmol, 1.0 eq) . K,Fe (CN);-3H,0 (8.0 g,
23.6 mmol, 0.8 eq) . PU ( = K J& g ) 42 (1.36 g,
1.18 mmol, 0.05 eq) . N, N- — H 3 i [ i
(340 mL) ; B )5 76 A AR T, 150 ‘CIal i 8 h, 1%
B s, A B VR L K R R A A
TR e /1 e (1 3) KR 2 M, A
PRI E T L k6.0 g, ™% 70%,
HPLC 4l £ 99.51% . 'H NMR (400 MHz, CD-
Cl,) 8: 8.90 (s,2H),8.74~8.69 (m,4H),7.83
(t,J=1.7Hz,1H),7. 62 (dt,/ = 24.0,7. 1 Hz,6H) .

DCNTRz 4 A - BU500 mL B A4S, 43
A5 B A 2-(3-U L -5-F R AL ) -4,6- IR K-,
3,5 =M (2b) (3.9 ¢,10.6 mmol,1.0eq).7,7-—
H3E -5, 7- & B JF [2, 1-b] PRk (2¢) (3.0 g,
10.6 mmol, 1.0 eq) . = ( 3 L Bfi 75 il ) — 48
(0) (0.49 g,0.53 mmol, 0.05 eq) .2- ¥ & %
JBE-2', 4", 6 - = RN A B R (1.0 g, 2. 12 mmol,
0.2 eq) kAR 4 (8.6 g,26.5 mmol, 2.5 eq) , -
28 (110 mL) s 7E A AR T, 120 °C [al 37t 9~
10 h, B & B =M, & IF L& O, A i
TE O e At T A S5l a8, 4 [ 44 P WY ek %, B
(] A4, T O &0 Kl s i F DR R A G 0 B
FAN A AR v R AR D T R s B S R TR
TR /W BT 45 L A3 B R R A 5. 90 g, 7
R 71%. Fr4J5 , HPLC 4f ¥ & 99.93% 'H
NMR (400 MHz, CDCly) 6: 9.29 (s, 1H),9.15
(s,1H),8.75(d,J = 7.1Hz,4H),8.48 (s,1H),
8.25(d,J = 7.7 Hz,1H),8.16 (s, 1H),7.89
(d,/ = 7.4 Hz,1H),7.62 (t,J = 7.3 Hz,2H) ,
7.58~7.52 (m,5H) ,7.43 (ddd,J = 22.7,13.7,
7.1Hz,5H),7.32 (t,J = 7.4 Hz,1H) , 1. 55 (s,
6H). “C NMR (101 MHz, CDCL,) ¢&: 172.42,
170.68, 169.39, 168.59, 153.84, 149.40,
140.20, 139.80, 138.79, 135.63, 134.79,

109.79, 104. 60, 103.02, 48.95, 47.11, 43.66,
28.78,26.89., MS (MALDI-TOF) [m/z]: caled
for C,;H,N,,615.24; found: 616.30 [M+H] .

5-(3-5-5-(4,6- K Fk-1,3,5- = -2-3 ) K
F)-7,7-Z 5, 7- A E IR (2, 1-b IR (3c)
M)A A B 500 mL B M A4S A 7, 7-2
B -5, 7- A B JF [2, 1-b] #RE M (3b) (6.67 g,
23.65 mmol, 1. 0 eq) ,2-(3-JR-5-F A K ) -4,6- K
F-1,3,5 =W (3a) (10.0 g,23. 65 mmol, 1.0 eq) .
AR ARUT - (A- T IR IR L) B 14 (TD)
(0.592 g,1. 18 mmol,0. 02 eq) AL T EE4H (6.82 g,
71.0 mmol, 3. 0 eq) Al — H 2 (200 mL) , 7E &< A%
1,100 °C M 16 h, S0y v 4 28 = 0l 8 S
V2% 1% 0 N 2 500 mLL R v, A B 4 AR ik
U BT A, T SR ot e i, PR KL e G A D B 2
A AR R AR DR AR L R A
ot/ 1F O Jot 55 45 5 J5 A5 2R 35 (R K 20. 0 g, 7= 3%
67% ,HPLC 4 J¥ 99.6%. 'H NMR (400 MHz,
CDCly) d: 8.96 (s, 1H),8.86 (s, 1H),8.76 (d,
J=7.3Hz,4H),8.49 (s,1H),8.24 (d,J = 7.8
Hz,1H),7.89 (d,J = 7.3 Hz,2H) ,7.61 (t,] =
7.2 Hz,2H) ,7.54 (dd,J = 14.0,7.2 Hz, 6H) ,
7.49~7.43 (m,2H) ,7.43~7.34 (m,2H),7.31
(t,J =7.3Hz,1H),1.55 (s,6H).
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WH) T, 7- WP IR 5, T- A IR [2, 1-b ] R
(3c) (5.0 g,8.0 mmol, 1.0 eq) . 15§ & 45 S 5 i
(4.0 g,16.0 mmol, 2.0 eq) . Pd,(dba), (160 mg,
0.16 mmol, 0.02 eq) . = ¥ & % J§ 10 &0 iz
(117 mg, 0. 32 mmol, 0. 04 eq) il DMF (100 mL) ,
AP, 80 °C ML 16 h, Ji A} 5-(3-5-5-(4,6-—
ARHE-1,3,5- = -2 ) R ) -7 T- T L5, 7- T
A2, 1-b MR (3c) SO 58 22 )5 , & A 2-5 -
4,6-" 2K F-1,3,5-= 8 (3d) (4.25 g, 16 mmol,
2.0eq), M ZRUT He-(4-Z B B S SR 3L
J§ 142 (11) (117 mg,0. 16 mmol, 0. 02 eq) , B ik &7
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(3.3 g, 24 mmol, 3.0 eq) A 7K 30 mL, 7£ & < A4
PR, 90 °C B 24 h 5 N 25 o B O R
T —F5 PR B H 60 S5 min 2245, ok HCE
BE L HE FHAR 528 (o-DCB) I 1, FHHLAE J1e 1t
UE R AR AL R, TR WO o A — R GE &
BE, H I PE A A h A kBT AR B
L IEAR . JE 22 &k 80 mL , 50 °C T3
Ah g M. BEIE AR K60, FE50%,
HPLC 4l & 99.08% . 'H NMR (400 MHz, CD-
Cly) 8: 10.32 (s, 1H) , 9.27 (d,J = 1.4 Hz,
2H),8.86 (d,J = 6.9 Hz, 8H),8.55 (s, 1H) ,
8.30(d,J=7.6Hz,1H),7.92 (d,J = 7.0 Hz,
1H),7.68 (s,1H) ,7.65~7.57 (m, 13H) , 7. 48
(t,J =7.2Hz,1H),7.43 (t,J = 6.9 Hz,2H) ,
7.40~7.38 (m,1H),7.32 (d,J = 6.9 Hz,1H),
1.56 (s, 6H). “C NMR (101 MHz, CDCL,) ¢:

163.31, 152.85, 152.25, 151.72, 150.48,
149.48, 148.12, 145.75, 141.61, 139.85,
138.71, 133.23, 130.42, 128.89, 127.66,
126.80, 123.95, 122.82, 122.57, 121.69,
121.19, 121.09, 120.99, 120.92, 120.61,
119.59, 117.92, 114.39, 32.41, 31.20. MS
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Fig.2 HOMO and LUMO distribution of compounds
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Fig.3 TGA&DSC curves of DTRz, DBTRz and DCNTRz.
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Fig.4 Cyclic voltammetry curves of DTRz, DBTRz, and
DCNTRz in DMF solution.
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Fig.5 UV-Vis absorption, fluorescence (in toluene solution) and phosphorescence (at 77 K in thin film) spectra of

(a) DTRz,(b) DBTRz,(¢c) DCNTRz; (d) PL spectra of DTRz,DBTRz,DCNTRz in toluene solution.
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Tab. 1 Photophysical, thermal stability and electrochemical properties of DTRz,DBTRz and DCNTRz
A /nm Ao’/nm Aphos /DM T, /°C Evowo/eV  Eowo/eV E/eV E'/eV
DTRz 288 462 495 411/139 —5.50 —2.95 2.55 2.83
DBTRz 286 483 513 499/177 —5.46 —3.11 2.35 2.71
DCNTRz 288 498 526 419/161 —5.59 —3.16 2.43 2.72
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Fig. 6

PL emission spectra of each host and mixed hosts. (a) NBPBC: DTRz; (b) NBPBC: DBTRz; (¢) NBPBC:

DCNTRz; (d) Mixed hosts’ PL of DTRz,DBTRz,DCNTRz and UV-Vis of Pt(BPP).
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Fig. 8 Chemical structure of materials used in the device
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Tab. 2 Performance of the devices
Device V,*/V  L,»'/(cd'm ?) Do/ (cd*AT) Dy /(MW 1) n /% CIE"(x,y) Ty'/h
1 2.3 285129 45.8 51.4 14.5 (0.30,0.64) 183
Il 2.2 244851 27.8 29.9 8.7 (0.31,0.63) 255
111 2.1 221589 46.5 45.7 14.3 (0.32,0.64) 282
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Fig. 11 Current efficiency-luminance-power efficiency curves

of the devices I,1I,1II.
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Fig. 12 Electroluminescence curves of devices I, II and

IIT at 4 V and photoluminescence spectra of Pt
(BPP) in dichloromethane.
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