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Search for Oxadiazole Derivatives in Organic Electroluminescent Diodes
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We synthesised fifty-seven kinds of oxadiazole derivatives as an electron transport material
in organic multi-layered electroluminescent (EL) diodes. We especially focused on the du-
rability characteristics of EL diodes using these materials. We observed that the molecular
structures of oxadiazoles largely influenced durability characteristics of EL diodes. We pro-
posed three empirical guidelines for obtaining high durabilities. The detailed mechanism of

degradation was also discussed.
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Fig. 2 Molecular structures of the hole transport material (HIM), the emitter material (EM) and the electron injection material

(EIM) used in this study.
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Fig. 3 Cell structures of three EL diodes; SH-B (single hetero-B), DH (double hetero) and TH (triple hetero) structures.
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Fig. 4-1 The relations between normalized luminance and duration time with three EL cells; SH-B, DH and TH structures.
Vertical axis means that the initial luminance of each cell was normalized such that Lo=1; Le(SH-B)=160cd/m?, Lo(DH)=520cd/

m? and Lo(TH)=630cd/m2,
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Fig, 4-2 The relation between drive voltage and duration time with three EL cells; SH-B, DH and TH structures.
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Tig. 5 Energy diagram of SH-B, DH and TH structures.
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Fig. 6 The relation between normalized luminance and duration time in five EL cells with ETM 1, 3,4, 5 and 6,
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Table 1 l257FE5MDOXD % V> 785 OELF
% 77T, ETM2, ETM22, ETM23, ETM24,
ETM43, ETM4412 B\ TSI IR 35\ ThlRS &
WIS R L OGBS T 12 BV T~ 10um DY
ik AR AR DB & N7z,), BLET DOIERATH
b OrS L, EFRERCELZBEICBY
Th, FOWMRIREEREB LR L. 72,
ETM20, ETM21, ETM33, ETM54, ETMS51Z 8\ T
i, R RO SR TEI S Tz,
WFENOET T BV T AR BT
g oThY, BERICTMY & LToHHY
ORAFEZLSONL, BT, K4 OMEREICD

AN - A OERRIGR IOV
TR,

3.2.1 4, 4-ethylene %l

> OFRFNE, PBDHEARLZ v | Tethyleneff T
HREL7-BW%EA L, PBDOBETIME % MR
LT d, BEgsmEsesZ2HMEL
AT —BHEEL WD, BHHEL LT
naphthyl# % A ¢ AETM2i, ZEEBICBWTH
—REERRET, BERILHIERTHo
A, AL SFEEICB W T T ENV T 7 ARDHE
RIEE T LELET 2T 5 2 LA CaE 7,
Figure 6 (213 STEIEOELE T OW AR © R
To MAKIEEREOHEEL KX (R, BR
#\Zbiphenylyl# % A AETMILAHE, WA
D TED Z EHHEHTH S,

3.2.2 hexafluoropropylenedll%(3-A, 3-B, 3-C,
3-D)

Table 1 (3-A, B, C, D) IZPBD.= v b &4
2217 hexafluoroprapylene 2% 3 AETMIC 2\
TOELWM M & R T, SERICHEND S
ETM 20, ETM21 I3 BAF RELIOEHEZ R L
720 Figure 7 I23-ARFIOTASFEAERE R T,
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Table 1 EL characteristics of ITO/HTL/EML/ETL/EIL/MgAg devices. a) Decomposition was observed while a deposition,
b) Deposited thin film was ununiformity; polycrystalline. ¢} Complex formation between an AMD layer and ETMS57 layer
was observed.

Group ETM Initial Initial Energy Durability = Comment

No. No. luminance voltage efficiency TeLi2
lem/mz2 N Am/W /hrs
2) 4.4'-ethylene
ETM1 292 7.90 0.39 5.0
ETM2 b)
ETM3 289 10.0 0.31 0.025
ETM4 419 11.4 0.39 0.013
ETM5 344 11.4 0.32 0.013
ETM6 229 11.2 0.22 0.012
3-A: hexafluoropropylene
ETM7 615 8.90 0.72 21.0
ETM8 678 11.9 0.60 11.0
ETMO 400 9.40 0.45 24.0
ETM10 834 10.0 0.87 2.0
ETM11 539 9.10 0.62 0.2
ETM12 640 8.30 0.81 2.7
ETM13 344 9.00 0.40 0.067
ETM14 184 8.50 0.23 0.014
3-B: hexafluoropropylene (o-substitution)
ETM15 569 10.5 0.57 0.3
ETM16 660 9.80 0.70 0.15
ETM17 420 12.3 0.36 0.025
3-C: hexafluoropropylene (alkyl-substitution)
ETM18 619 8.30 0.78 0.67

3-D: hexafluoropropylene (tetramer)

ETM19 280 9.60 0.31 3.75
ETM20 9.1 8.00 0.01 - a)
ETM21 60 111 006 @ e a)
4-A: p-phenylene
ETM22 40 10.7 0.04 0.017 b)
ETM23 - e e e b)
ETM24 169 6.28 0.28 8.0 b)
ETM25 494 9.30 0.56 5.0
4-B: m-phenylene
ETM26 785 7.30 1.13 75
ETM27 330 8.33 0.42 61.0
ETM28 248 6.60 0.40 345
ETM29 400 7.00 0.60 0.1
4-C: o-phenylene ‘
ETM30 277 6.40 0.45 6.0
4-D: 1,2-naphthylene
ETM31 421 7.35 0.61 24.0
ETM32 352 6.55 0.57 20.0
4-E: 4.4'-biphenylene .
ETM33 0.2 16.0 <001 e a)
ETM34 795 8.90 0.94 3.0
ETM35 890 10.5 0.89 05
ETM36 123 7.75 0.17 12,5
ETM37 136 5.00 0.28 125

(continued on next page)
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4-F: 2,2'-biphenylene

ETM38 680 9.80
ETM39 494 8.20
ETM40 283 7.10
4-G: 4, 4'-terphenylene
ETM41 500 7.80
ETM42 800 8.50
4-H: 2,6-naphtylene
ETM43 10 425
ETM44 5.6 14.0
5: 1.3,5-tri-substituted benzene
ETM45 93 6.90
ETM46 115 111
ETM47 97 11.5
ETM48 350 9.80
ETM49 300 7.16
ETM50 42 6.84
ETM51 707 10.0
ETM52 230 11.6
ETM53 83.0 9.49
ETM54 -
ETM55 - -
6: 1,2.4,5-tetra-substituted benzene
ETM56 3.9 11.9
7. ete
ETM57 374 6.50

ZOBAbRERBERBRTFEERL, BifE
& L Tphenanthryl, biphenylyl, 1-naphthyl Dk
BADILN o - FHEHREIRIE L F T HETMA
AR LSRR TH D 2 e bbb, —F, t
bu, methyl, Cl3% A3 AETMIZHED THAM
WZHEBRERERLTWAS, F72, Figure 8 121
3 S Do-BIRAEOM AR OWTRLTWY
%o ZORHNL, o- B EATLIILT, #
BB ATENT 7 AR R ERURE(LS
BHZEREME LTERET o205, R
FARIC T L Co- Btz & Bt Adm LR R
Bsnd, BRHAREERT SE5HHICE
AT a2 elbholz, 8bHIZ, Table 1 3-C)
124, K iCpropylEk & B A L 7-EMISDFEHIC
DWTIRT . DA, propylZEDE AL 7 K%
RRKRSEHAROHM EEZ M o2bDTH A
7, RERTERREETMDERBELTT VIV
HOBALYVHABDETEAONZZ, &6
2, SFEE LA E LV AKER LS
ThHILEEL, BRICOVTOREZITo 1
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0.73 5.75

0.63 2.25

0.42 1.58

0.68 0.82

1.00 0.09

0.0074 - | b)

0.0012 - b)

0.14 25

0.11 35

0.088 8

0.37 1.2

0.44 1.3

0.065 1.4

0.075 0.18

0.21 0.014

0.093 1.2

— —— a)
a)

0.0042 - C o)

1.06 0.5

(3-D:ETM19~ETM21); LA L%&AH, Thb0
HERICBWTE, FTEIKSWZOEIM2I,
ETM2242 2\ TR R B R bR O 5
Bl S N7z, ETMIOICDWTIE, HMEZEDLT
HADTRC D o 127, BEALEIS AR L
KRR T4 R LA T TH o 720

3.2.3 o, m, p-phenylene & (4-A, 4-B, 4-C)
%)IZ, o, m, p-phenylenes DFH IOV TIR
4, p-phenylene;R 2B\ Tld, ETM22, ETM23,
ETM240 X ) 2 BRI AR (255 HETMAE %2
770 BUEMIZIZD TREEOMHEO B S S L
TWhEEZLNG, 72721, EIM24IZBWTIE
s HE A AR T H B I B RD 5T, 169 cd/m?
DENFEEIER S N7z, F72, EIM25D L) 12
BRI B AT 5 2 LI X D EIE
5552 ST EETH o 720 m-phenylenesf
FlA-BIC BV T, WTROMEIIB W TR
CBWTHERER T 2EmSR o, W
B D BIFTH Do m-ALCORAITEBENEE A
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Fig, 7 The relations between normalized luminance and duration time with ETMs (No.3-A series).
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Fig. 8 The relations between normalized luminance and duration time with ETMs (No.3-B series).
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Fig. 9 The relations between normalized luminance and duration time with ETMs (No.4-B series).
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Fig. 10 The relations between normalized luminance and duration time with ETMs (No.4-E series).
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Fig. 11 The relations between normalized luminance and duration time with ETMs (No.5 series).
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Fig. 12 The relation between melting point (Tm) of ETMs and Tevin.
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Table 2 Thermal properties of oxadiazole ETMs. Tm: melting point, Tg: glass transition temperature, Tc:crystallization
temperature a, b) endothermic, ¢) exothermic,

ETM Tm Tg Te
No. Ic Ic I'c
ETM1 286.7 143.5 227.5
ETM2 287.4 e e
ETM3 296.0 133.2 e
ETM4 2600 e e
ETM5 2625 e e
ETM6 303.0 e e
ETM7 318.8 -4.0 120.0
ETM8 236.8 923 e
ETM9 302.2 e e
ETM10 344.6 109.5 140.4
ETM11 261.8 90.8 1471
ETM12 2076 e 127.0
ETM13 272.6 98.1 135.0
ETM14 200.1 1026 e
ETM15 191.9 69.2 183.2
ETM16 226.1 57.9 123.4
ETM17 185.9 160.9 93.0
ETMI8 - 2437 e 141.6
ETMI9 e e e 47.0 a)
ETM20 e e e 42,5 a)
ETM21 e e 32.0 a)
ETM22 3557 e e :
ETM23 2741 73.2 198.0
ETM24 343.8 146.4 e
ETM25 2953 e e
ETM26 2973 221.5
ETM27 255.9 74.0 120.2
ETM28 302.3 109.4 158.4
ETM29 243.1 77.3 129.6
ETM30 198.1 68.4 134.7
ETM31 219.6 89.4 134.2
ETM32 2443 71.9 160.5
ETM33 347.3 e e
ETM34 223.6 75.9 137.0
ETM35 285.0 92.0 125.5
137.7
ETM36 312.6 1611 e
ETM37 3716 e e
ETM38 170.0 60.7 e
ETM39 200.7 73.7 e
ETM40 188.3 75.4 147.7
ETM41 3881 e e
ETM42 3109 e e
ETM43 3599 e e
ETM44 3587 e e
ETM45 344.4 1568.2 168.3
ETM46 342.1 137.8 187.5
ETM47 384.8 136.0 150.1
ETM48 275.9 138.9 225.1
ETM49 213.5 86.6 180.4
ETM50 331.5 145.5 227.4
ETM51 287.4 130.3 173.8
ETMB2 352.7 132.6 179.3
ETM53 341.9 156.8 e

(continued on next page)
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ETM54 393.4 160.9

ETM55 343,56 -

ETM56 372.7 148.2
193.8 119.5
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AT 55 ORDEHICBW T RIFRMALE R
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4-EVRFINC BT AETM35E EM36MD
naphthylBHAIC BT 5 X b F VEBRMEDOE
RELTWAD, ST BREICHE L E#R
BOTHAEZELLBRTEE TSI &0 DR
b,
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Fig. 13 The relation between glass transition temperature (Tg) of ETMs and TeLin.
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