This article was downloaded by: [University of California, San Diego]

On: 09 August 2012, At: 14:13

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

New Organic
Electroluminescent Materials
Based on Chelate Metal

Complexes
S. S. Krasnikova 2, I. K. Yakushchenko 2, S. N.
Shamaev ® & M. G. Kaplunov ®

% Institute of Problems of Chemical Physics, Russian
Academy of Sciences, Chernogolovka, Moscow
Region, Russia

Version of record first published: 22 Sep 2010

To cite this article: S. S. Krasnikova, |. K. Yakushchenko, S. N. Shamaev & M. G.
Kaplunov (2007): New Organic Electroluminescent Materials Based on Chelate Metal
Complexes, Molecular Crystals and Liquid Crystals, 468:1, 87/[439]-93/[445]

To link to this article: http://dx.doi.org/10.1080/15421400701229511

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400701229511
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 14:13 09 August 2012

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of California, San Diego] at 14:13 09 August 2012

Mol. Cryst. Lig. Cryst., Vol. 468, pp. 87/[439]-93/[445], 2007 .
Copyright © Taylor & Francis Group, LLC ljzl?;gciﬁnas

ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400701229511

New Organic Electroluminescent Materials Based on
Chelate Metal Complexes

S. S. Krasnikova

I. K. Yakushchenko

S. N. Shamaev

M. G. Kaplunov

Institute of Problems of Chemical Physics, Russian Academy of Sciences,
Chernogolovka, Moscow Region, Russia

We have synthesized some new chelate metal complexes based on 8-mercaptoquino-
line and 8-aminoquinoline derivatives with different metals (Zn, Cd, Ga) and
studied their spectral and electroluminescent properties. This is the first use of
the compounds containing other heteroatoms instead of oxygen atoms in chelate
cycles for OLED applications. The new compounds are characterized by blue
and green luminescence. OLEDs prepared on the base of the new materials exhibit
bright light emission with an efficiency of about 10cd/A.
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INTRODUCTION

The study of organic electroluminescent materials is now a rapidly devel-
oping field of science due to the promising practical applications in organic
light-emitting diodes (OLED) [1,2]. In spite of the impressing achieve-
ments of the last decade, the problem of searching for the new materials
as structures for organic electroluminescent devices is still topical.
Active electroluminescent materials should possess the efficient lumi-
nescence and good electron transport properties. Among these materials,
chelate metal complexes play an important role [2]. An example is the
well-known aluminum 8-hydroxyquinolate (Alqs) [3], its zinc analog
7Znqy [4-6], and other compounds based on 8-hydroxyquinoline deriva-

Address correspondence to M. G. Kaplunov, Institue of Chemical Physics, Russian
Academy of Sciences, Chernogolovka Moscow Region, 142342 Russia. E-mail: kaplunov@
icp.ac.ru

87/[439]



Downloaded by [University of California, San Diego] at 14:13 09 August 2012

88/[440] S. S. Krasnikova et al.

tives [7—10]. Other examples are zinc complexes with azomethine groups
[5,11,12], complexes of benzothiazoles, and other heterocyclic ligands
[5,6,13,14]. In all cases, chelate cycle contains a chain oxygen-metal-nitro-
gen. It is of interest to prepare the compounds containing other heteroa-
toms instead of oxygen atoms in chelate cycles for OLED applications.

In the present work, we report some new metal complexes based on
8-mercaptoquinoline and 8-aminoquinoline derivatives with different
metals (Zn, Cd, Ga) and studied their spectral and electroluminescent
properties. The new compounds are characterized by blue-green and
green luminescence. OLEDs prepared on the base of the new materials
exhibit bright light emission with an effectiveness of up to 10cd/A.

We have synthesized three new electroluminescent materials based
on Zn, Cd, and Ga chelate complexes with 8-mercaptoquinoline. The
chemical structures of the materials studied are as follows:

Sepee
@@ @@ s

Zn(MQ), Cd(MQ). Ga 1(\4()),

We have also synthesized two new electroluminescent materials based
on Zn chelate complexes with 8-aminoquinoline derivatives bis-[8-
(methylsulfanylamino)quinolinate] zinc, Zn(M-SAMQ),; and bis-[8-(3,5-
difluorophenylsulfanylamino)quinolinate] zinc, Zn(DFP-SAMQ)s. The
chemical structures of the materials studied are as follows:

I
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Zn(M-SAMQ), Zn(DFP-SAMQ):

EXPERIMENTAL
Synthesis

Ligands for aminoquinoline complexes were synthesized by the
interaction of 8-aminoquinoline with corresponding sulfochloride
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RSO,C1 where R is CH3 or C¢H3F5 and then transferred to Na salts by
the interaction with Na methylate. Zn complexes were synthesized by
the interaction of the Na salt of the corresponding ligand with ZnCls.
Mercaptoquinolates of Zn, Cd, and Ga were synthesized by the inter-
action of the Na salt of 8-mercaptoquinoline with, correspondingly,
ZnCly, CdBrs and Ga(NOs)s3. Details of the synthesis will be described
elsewhere [15].

Preparation of electroluminescence devices. Glass supports cov-
ered with transparent conducting indium—tin oxide Iny,O3—SnO,
(ITO) were used as anodes with a resistance of ~200hm-cm 2. A
hole-transporting layer (a mixture of triphenylamine oligomers
(PTA)) [16] was deposited on the anode by pouring from a solution
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FIGURE 1 Absorption spectra of evaporated films (1) and fluorescence
spectra of powders (2) for 8-aminiquinolinates: (a) bis-[8-(methylsulfanyl-
amino)quinolinate] zinc, Zn(M-SAMQ); and (b) bis-[8-(3,5-difluorophenyl-
sulfanylamino)quinolinate] zinc, Zn(DFP-SAMQ),.
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in toluene. An emitting layer consisting of one of the complexes
under study was deposited on the transporting layer by evaporation
in vacuo. The preparation of the device was completed by the vac-
uum sputtering of a metallic cathode of Al or a Mg:Ag alloy (10:1
wt/wt). Procedures in vacuo were carried out at a basic pressure of
5.10 %Torr. The surface area of the emitting part of the device
was ~5mm? To measure the voltammetric characteristics, an
enhanced voltage from a PI50 computer-controlled potentiostat was
applied to a sample, and the current value from the potentiostat
entered a computer through an analog-to-digital converter. The
brightness of EL of the device was measured with a photomultiplier,
taking into account the geometry of the setup and the passport
sensitivity of a multiplier.
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FIGURE 2 Absorption spectra of evaporated films (1) and fluorescence spec-
tra of powders (2) of 8-mercaptoquinolinates: (a) Zn(MQ)s, (b) Cd(MQ), and
(c) Ga(MQ)s.
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FIGURE 3 Current-voltage (1) and brightness-voltage (2) curves of
ITO/PTA/Zn(M-SAMQ)z/Al.

Spectral properties. Samples for measuring the absorption
spectra were prepared by vacuum evaporation onto a quartz substrate.
Photoluminescence spectra were measured for evaporated films and
for powder samples. The absorption spectra were measured in the
region of 200-900 nm with a Specord M40 spectrophotometer. The
photoluminescence spectra were measured with an Ocean Optics
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FIGURE 4 Current-voltage (1) and brightness-voltage (2) curves of
ITO/PTA/Zn(DFP-SAMQ),/Al.
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PC1000 plug-in spectrometer with the excitation from a light-emitting
diode at 380 nm.

RESULTS AND DISCUSSION

Figures 1 and 2 show the absorption spectra of evaporated films and
photoluminescence (PL) spectra of powders for the materials studied.
Zn(M-SAMQ); exhibits the absorption maxima at 245, 260, and
322nm and a shoulder at 380nm. Zn(DFP-SAMQ), exhibits the
absorption maxima at 260 and 368 nm. PL spectra of two complexes
show bands with a half-width of about 100nm and the maxima at
501 nm for Zn(M-SAMQ),; and 464 nm for Zn(DFP-SAMQ),.

The Zn(MQ); spectra exhibit the maxima of absorption at 251, 285,
and 421nm and PL at 547nm. Cd(MQ)s exhibits the absorption at
262 and 391nm and PL at 550 nm. Ga(MQ)3 exhibit the absorption
at 265 and 416 nm and PL at 580nm. Cd and Ga complexes show a
much less effective PL comparing to that of the Zn complex.

We have prepared the electrolumimescent devices based on Zn(M-
SAMQ)s, Zn(DFP-SAMQ)», and Zn(MQ)s. The typical current-voltage
and brightness—voltage curves are shown in Figures 3-5. The device
with Zn(DFP-SAMQ), shows the brightness by about 6 times higher
than that of Zn(M-SAMQ); and gives the efficiency of about 10cd/A
even with an Al cathode. This is a rather good result comparing
with 1-4cd/A which is typical of oxygen-containing metal chelate
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FIGURE 5 Current-voltage (1) and brightness-voltage (2) curves of
ITO/PTA/Zn(MQ)2/Mg:Ag.
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complexes [5-8]. The device based on Zn(MQ), showed rather bad
results comparing with that for aminoquinoline complexes.

CONCLUSION

We have synthesized some new metal complexes based on 8-mercapto-
quinoline and 8-aminoquinoline and prepared OLEDs on the base of
the new materials. To our knowledge, this is the first use of chelate
metal complexes containing other heteroatoms instead of oxygen
atoms in chelate cycles for OLED applications. OLEDs based on 8-ami-
noquinoline exhibit the bright light emission with a good efficiency of
about 10cd/A, which shows that the new type of chelate metal com-
plexes may be of interest for the use in OLEDs.
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