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材料物理和化学

基于Re(Ⅰ)配合物有机电致发光器件的研究进展
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摘要： Re(Ⅰ)配合物能够产生较好的自旋轨道耦合,其内量子效率在理论上可以达到100%,比荧光材料高3倍。因其具有相对短的激发态寿

命、室温下高的磷光量子效率、较好的热稳定性和化学稳定性等优点使其被广泛关注。文章对Re(Ⅰ)配合物在有机电致发光器件中的研究进展

进行了综述,并对Re(Ⅰ)配合物分子设计与电致发光器件的发展前景进行了展望。
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Research Progress of Re (I) Complexes in OLEDs
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Abstract: The theoretical internal quantum efficiency of Re(Ⅰ) complexes is 100%, which is three times higher than 
that of fluorescence materials. The high quantum efficiency is attri-buted to the strong spin-orbit coupling of the heavy 
metal rhenium. Re(Ⅰ) complexes have the desirable properties including relatively short excited state lifetime, high 
phosphorescence quantum yield at room temperature, outstanding thermal stability and chemical stability. This review 
sketches the development of Re(Ⅰ) complexes in OLEDs which have been published. It also prospects the molecular 
designing and potential application future in OLEDs of Re(Ⅰ) complexes.

Keywords: Re(Ⅰ) complexes   electroluminescent   device   

收稿日期 2012-06-26 修回日期 2012-07-24 网络版发布日期  

基金项目: 

国家自然科学基金(No. 60978059,No.60205040);教育部新世纪优秀人才支持计划(NCET-10-0176);吉林省科技厅项目(No. 
20101543,No. 20100549,No. 201215219);江苏省自然科学基金(No.BK2011528) 

通讯作者: 

作者简介: 

作者Email: 

参考文献：

[1] Pope M, Kallmann H P, Magnante P. Electroluminescence in organic crystals [J]. J. Chem. Phys., 1963, 38(8):2042-
2043. [2] Tang C W, Vanslyke S A. Organic electroluminescent diodes [J]. Appl. Phys. Lett., 1987, 51(12):913-915. [3] 
Chen W B, Lu L L, Cheng J B. Characterization of two-emitter WOLED with no additional blocking layer [J]. Optik, 2010, 
121(1):107-112. [4] Chen Z B, Feng L H, Zhang C H, et al. The light-emitting device consisting of organic white-light 
components [J]. Curr. Opin. Solid. State. Mater. Sci., 2007, 11(1-2):28-32. [5] Cheng G, Xie Z Q, Zhao Y, et al. Efficient 
white organic light-emitting devices using 2,5-diphenyl-1,4-distyrylbenzene with two trans-double bonds as blue 
emitter [J]. Thin Solid Films, 2005, 484(1-2):54-57. [6] Li G, Shinar J. Combinatorial fabrication and studies of bright 
white organic light-emitting devices based on emission from rubrene-doped 4,4'-bis(2,2'-diphenylvinyl)-1,1'-biphenyl 
[J]. Appl. Phys. Lett., 2003, 83(26):5359-5361. [7] Lin C F, Huang W S, Chou H H, et al. Synthesis and characterization 
of cyclometalated iridium(Ⅲ) complexes containing pyrimidine-based ligands [J]. J. Organomet. Chem., 2009, 694
(17):2757-2769. [8] Rai V K, Srivastava R, Chauhan G, et al. Synthesis and electroluminescence properties of zinc
(2,2'bipyridine)8-hydroxyquinoline [J]. Mater. Lett., 2008, 62(17-18):2561-2563. [9] Freitag P, Reineke S, Olthof S, et al. 
White top-emitting organic light-emitting diodes with forward directed emission and high color quality [J]. Org. Electron., 
2010, 11(10):1676-1682. [10] Lindla F, Boesing M, Gemmern P V, et al. Employing exciton transfer molecules to 
increase the lifetime of phosphorescent red organic light emitting diodes [J]. Appl. Phys. Lett., 2011, 98(17):173304(1-
3). [11] Liu F, Nunzi J M. Phosphorescent organic light emitting diode efficiency enhancement using functionalized silver 
nanoparticles [J]. Appl. Phys. Lett., 2011, 99(12):123302(1-3). [12] Moraes I R D, Scholz S, Lüssem B, et al. Role of 
oxygen-bonds in the degradation process of phosphorescent organic light emitting diodes [J]. Appl. Phys. Lett., 2011, 
99(5):053302(1-3). [13] Qiu J, Wang Z B, Helander M G, et al. MoO3 doped 4,4'-N,N'-dicarbazole-biphenyl for low 
voltage organic light emitting diodes [J]. Appl. Phys. Lett., 2011, 99(15):153305(1-3). [14] Zhao Y B, Chen J S, Ma D G. 
Realization of high efficiency orange and white organic light emitting diodes by introducing an ultra-thin undoped 
orange emitting layer [J]. Appl. Phys. Lett., 2011, 99(16):163303(1-3). [15] Adachi C, Baldo M A, Thompson M E, et al. 
Nearly 100% internal phosphorescence efficiency in an organic light-emitting device [J]. J. Appl. Phys., 2001, 90
(10):5048-5051. [16] 李艳菲, 张方辉, 牟曦媛, 等. 利用有机覆盖层提高OLED出光效率[J]. 液晶与显示, 2012,27(3):308-312. [17] 
Baldo M A, O'Brien D F, You Y, et al. Highly efficient phosphorescent emission from organic electroluminescent devices 
[J]. Nature, 1998, 395(6698):151-154. [18] Carlson B, Phelan G D, Kaminsky W, et al. Divalent osmium 
complexes:synthesis, characterization, strong red phosphorescence, and electrophosphorescence [J]. J. Am. Chem. 
Soc., 2002, 124(47):14162-14172. [19] Jiang X Z, Jen A K Y, Carlson B, et al. Red-emitting electroluminescent devices 



based on osmium-complexes-doped blend of poly(vinylnaphthalene) and 1,3,4-oxadiazole derivative [J]. Appl. Phys. 
Lett., 2002, 81(17):3125-3127. [20] Tung Y L, Lee S W, Chi Y, et al. Organic light-emitting diodes based on charge-
neutral Os(II) emitters: generation of saturated red emission with very high external quantum efficiency [J]. J. Mater. 
Chem., 2005, 15(4):460-464. [21] Wu C H, Shih P I, Shu C F, et al. Highly efficient red organic light-emitting devices 
based on a fluorene-triphenyla- mine host doped with an Os(II) phosphor [J]. Appl. Phys. Lett., 2008, 92(23):233303(1-
3). [22] Kang D M, Kang J W, Park J W, et al. Iridium complexes with cyclometalated 2-cycloalkenyl-pyridine ligands as 
highly efficient emitters for organic light-emitting diodes [J]. Adv. Mater., 2008, 20(10):2003-2007. [23] Lee T C, Chang 
C F, Chiu Y C, et al. Syntheses, photophysics, and application of iridium(III) phosphorescent emitters for highly efficient, 
long-life organic light-emitting diodes [J]. Chem. Asian J., 2009, 4(5):742-753. [24] Kalinowski J, Cocchi M, Murphy L, et 
al. Bi-molecular emissive excited states in platinum(II) complexes for high-performance organic light-emitting diodes [J]. 
Chem. Phys., 2010, 378(1-3):47-57. [25] Wong W Y, He Z, So S K, et al. A multifunctional platinum-based triplet emitter 
for OLED applications [J]. Organometallics, 2005, 24(16):4079-4082. [26] Xiang H F, Xu Z X, Roy V A L, et al. Deep-red to 
near-infrared electrophosphorescence based on bis(8-hydroxyquinolato) platinum(II) complexes [J]. Appl. Phys. Lett., 
2008, 92(16):163305(1-3). [27] Li F, Zhang M, Cheng G, et al. Highly efficient electrophosphorescence devices based 
on rhenium complexes [J]. Appl. Phys. Lett., 2004, 84(1):148-150. [28] David G, Walsh P J, Gordon K C. Red 
electroluminescence from transparent PVK-dye films based on dipyrido phenazine and Re(CO)3Cl-dipyrido.[3,2-a: 2',3'-
c]phenazine dyes [J]. Chem. Phys. Lett., 2004, 383(3-4):292-296. [29] Fu C Y, Li M T, Su Z M, et al. Improved 
performance of electrophosphorescent devices based on Re(CO)3Cl-dipyrido [3,2-a: 2',3'-c] phenazine [J]. Appl. Phys. 
Lett., 2006, 88(9):093507(1-3). [30] Liu C B, Li J, Li B, et al. Triphenylamine-functionalized rhenium(I) complex as a 
highly efficient yellow-green emitter in electrophosphorescent devices [J]. Appl. Phys. Lett., 2006, 89(24):243511(1-3). 
[31] Liu C B, Li J, Li B, et al. A multicomponent rhenium-based triplet emitter for organic electroluminescence [J]. Chem. 
Phys. Lett., 2007, 435(1-3):54-58. [32] Li J, Si Z J, Liu C B, et al. Highly efficient phosphorescent organic light-emitting 
devices based on Re(CO)3Cl-bathophenanthroline [J]. Semicond. Sci. Technol., 2007, 22(5):553-556. [33] Si Z J, Li J, Li 
B, et al. High performance yellow light-emitting organic electrophosphorescent devices based on Re(Ⅰ) complex [J]. 
Appl. Phys. A, 2007, 88(4):643-646. [34] Si Z J, Li J, Li B, et al. Electroluminescence from singlet excited-state of the 
exciplex between(2,3-dicarbonitrilopyrazino phenanthroline)Re(CO)3Cl and CBP [J]. J. Phys. Chem. C, 2008, 112
(10):3920-3925. [35] Si Z J, Li X N, Li X Y, et al. Synthesis, photophysical properties, and theoretical studies on pyrrole-
containing bromo Re(Ⅰ) complex [J]. J. Organomet. Chem., 2009, 694(23):3742-3748. [36] Li X, Zhang D Y, Li W L, et al. 
Very high-efficiency organic light-emitting diodes based on cyclometallated rhenium(I) complex [J]. Appl. Phys. Lett., 
2008, 92(8):083302(1-3). [37] Yasuda T, Yamaguchi Y, Zou D C, et al. Carrier mobilities in organic electron transport 
materials determined from space charge limited current [J]. Jpn. J. Appl. Phys., 2002, 41(9):5626-5629. [38] Li X, Wu S 
H, Zhang D Y, et al. Synthesis, photophysical and electrophosphorescent properties of a novel fluorinated rhenium(I) 
complex [J]. Synth. Met., 2010, 160(5-6):390-393. [39] Li Y Q, Liu Y, Guo J H, et al. Photoluminescent and 
electroluminescent properties of phenol-pyridine beryllium and carbonyl polypyridyl Re(Ⅰ) complexes codeposited films 
[J]. Synth. Met., 2001, 118(1-3):175-179. [40] Li F, Zhang M, Feng J, et al. Red electrophosphorescence devices based 
on rhenium complexes [J]. Appl. Phys. Lett., 2003, 83(2):365-367. [41] Li F, Cheng G, Zhao Y, et al. White-
electrophosphorescence devices based on rhenium complexes [J]. Appl. Phys. Lett., 2003, 83(23):4716-4718. [42] 
Gong X, Ng P K, Chan W K. Trifunctional light-emitting molecules based on rhenium and ruthenium bipyridine complexes 
[J]. Adv. Mater., 1998, 10(16):1337-1340. [43] Li X, Zhang D Y, Li W L, et al. New rhenium complexes containing 4,5-
diazafluorene ligand for high-efficiency green electrophosphorescence [J]. Synth. Met., 2009, 159(13):1340-1344. [44] 
Mizoguchi S K, Patrocínio A O T, Murakami Iha N Y. On the energy transfer from a polymer host to the rhenium(I) 
complex in OLEDs [J]. Synth. Met., 2009, 159(21-22):2315-2317. [45] Mizoguchi S K, Santos G, Andrade A M, et al. 
Luminous efficiency enhancement of PVK based OLEDs with fac- [J]. Synth. Met., 2011, 161(17-18):1972-1975. [46] 
Wang K Z, Huang L, Gao L H, et al. Synthesis, crystal structure, and photoelectric properties of Re(CO)3ClL(L= 2-(1-
Ethylbenzimidazol-2-yl)pyridine) [J]. Inorg. Chem., 2002, 41(13):3353-3358. [47] Si Z J, Li J, Li B, et al. Synthesis, 
structural characterization, and electrophosphorescent properties of rhenium(I) complexes containing carrier-
transporting groups [J]. Inorg. Chem., 2007, 46(15):6155-6163. [48] Li Y K. A novel Re(Ⅰ) complex with oxdiazole 
moiety: synthesis, characterization, photo- and electro-luminescence properties [J]. Synth. Met., 2011, 161(13-
14):1424-1429. [49] Hu G, Guo L, Wei S, et al. An oxadiazole-functionalized ligand and its yellow-emitting Re(Ⅰ) 
complex for organoelectronic application [J]. Opt. Mater., 2012, 34(8):1303-1309. [50] Ranjan S, Lin S Y, Hwang K C, et 
al. Realizing green phosphorescent light-emitting materials from rhenium(I) pyrazolato diimine complexes [J]. Inorg. 
Chem., 2003, 42(4):1248-1255. [51] Wang Y P, Xie W F, Li B, et al. Synthesis, characterization, photoluminescence and 
electroluminescence properties of new 1,3,4-oxadiazole-containing rhenium(I) complex Re(CO)3(Bphen)(PTOP) [J]. 
Chin. Chem. Lett., 2007, 18(12):1501-1504. [52] Lü Y Y, Jü C C, Guo D, et al. Synthesis and optical and 
electroluminscent properties of two new solution-processable N∩O-Re(Ⅰ) complexes [J]. J. Phys. Chem. C, 2007, 111
(13):5211-5217.
本刊中的类似文章

1．杨春和, 唐爱伟, 滕枫.气溶胶喷墨打印在有机器件制备中的应用[J]. 液晶与显示, 2012,(6): 765-769

2．张静, 张方辉, 张琳, 沈亚峰, 龚政.玻璃后盖对有机电致发光器件封装性能的影响[J]. 液晶与显示, 2012,(5): 628-632

3．环翾, 惠贵兴, 徐美华.高灰度视频OLED显示控制系统设计与应用[J]. 液晶与显示, 2012,(5): 622-627

4．高淑雅, 孔祥朝, 张方辉, 吕磊.有机电致发光器件薄膜封装研究进展[J]. 液晶与显示, 2012,(2): 198-203

5．史高飞, 牛红林, 鲁文武, 胡俊涛.MoO3
作空穴注入层的绿光有机电致发光器件制备及其性能研究[J]. 液晶与显示, 2012,(2): 177-181

6．张锋, 薛建设, 喻志农, 周伟峰, 惠官宝.量子点发光在显示器件中的应用[J]. 液晶与显示, 2012,(2): 163-167,172

7．梁田静, 张方辉, 丁磊.多层氧化物复合阴极透明OLED器件[J]. 液晶与显示, 2012,27(1): 43-46

8．姜文龙, 赵雷, 张刚, 刘铁功, 王艳玲, 段羽.基于DSA-ph的高效蓝色有机电致发光器件[J]. 液晶与显示, 2011,26(5): 616-619

9．余树福, 胡典钢, 王坚, 彭俊彪.多通道OLED器件寿命分析测试系统研制[J]. 液晶与显示, 2011,26(4): 532-537

10．丁磊, 张方辉, 马颖.一种新型双空穴注入层微腔OLED[J]. 液晶与显示, 2011,26(4): 496-500

11．张静, 张方辉, 阎洪刚.HAT-CN作为空穴注入层的高效白色荧光有机电致发光二极管[J]. 液晶与显示, 2011,26(4): 490-495

12．侯林涛, 王平, 王标, 梁振锴, 刘彭义, 吴冰, 张秀菊.高效叠层有机电致发光器件[J]. 液晶与显示, 2011,26(2): 142-146

13．马颖, 韩薇, 张方辉, 袁桃利, 刘丁涵, 蒋谦.发光层混合掺杂的白光OLED器件[J]. 液晶与显示, 2011,26(1): 40-43

14．高永慧, 姜文龙, 丁桂英, 丛林, 孟昭晖, 欧阳新华, 曾和平.基于NPBX掺杂CzHQZn的黄色有机电致发光器件[J]. 液晶与显示, 2011,26
(1): 44-48

15．杨勇, 王丽娟, 陈金星, 贾昧超, 石中玉.基于LabVIEW的光电器件I-V测试系统[J]. 液晶与显示, 2011,26(1): 59-63

Copyright by 液晶与显示


