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Abstract A series of 8-hydroxyquinoline complexes
of tin, Q2SnCl2 (Q02-methyl-8-hydroxyquinoline,
8-hydroxyquinoline, 5,7-dibromo-8-hydroxyquinoline,
5-chloro-8-hydroxyquinoline, 5,7-dichloro-8-hydroxyqui-
noline and 5-nitro-8-hydroxyquinoline) were prepared by
reacting stannous dichloride with 8-hydroxyquinoline and its
derivatives. All complexes were characterized by elemental
analysis, mass spectrometry and infrared, UV–vis and 1H
NMR spectroscopes. Furthermore, the molecular structure of
a representative complex, dichlorido-bis(5-nitro-quinolin-8-
olato-2N,O)tin(IV), was determined by single-crystal X-ray
diffraction. The photoluminescence (PL) properties of all
prepared compounds and electroluminescence (EL) property
of a selected complex (Q05-chloro-8-hydroxyquinoline)
were investigated. The results showed that the emission

wavelength can be tuned by electron donating or withdrawing
group substituent on 8-hydroxyquinoline. Application of pre-
pared complexes in fabrication of an OLED has been
demonstrated.

Keywords Tin . 8-Hydroxyquinoline . Photoluminescence .
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Introduction

Organic light-emitting diodes (OLEDs) continues to
thrive since the first presentation of thin film devices
based on small molecule organic materials by Tang and
Van Slyke in 1987 [1]. Now design and synthesis of
small molecules for use in organic electronics materials
have become an active area of research [2–6]. Among
organic light emitting materials, aluminum tris(8-hydrox-
yquinoline) (AlQ3) and its derivatives are unique elec-
tron transport and emitting materials and have widely
been used in the commercial fabrication of OLEDs
[7–9]. It is well known that by substitution of a π-donar group
such as chlorine atom on the phenolate ring and an
electron-withdrawing one on the pyridine ring results
in red and blue shifted emissions, respectively [10–13].
For instance, by introduction of a methyl substituent on
the 2-, 3-, 4- and 5-position of the Q ligand, the
emission shifts to 495 [14], 520 [15], 505 [16] and
545 nm [15], respectively, in comparison to 525 nm
for the parent Q3Al [17]. In spite of the many advan-
tages of aluminum quinolinolate complexes as OLEDs,
there are some drawbacks, including low light emission,
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poor high-voltage stability in general, and low internal
quantum efficiency of blue phosphorescence in particu-
lar [18]. In this regards, several efforts have been de-
voted to improving the electricity to light conversion
efficiency of OLED devices, such as modifying the
indium tin oxide electrode and replacing fluorescence-
emitting materials with phosphorescence-emitting materials
[19, 20]. Furthermore, for tuning of emission wavelength
and improving and understanding correlation between the
electronic structure and photonic properties other metal
8-hydroxyquinoline derivatives of main and transition metal
ions have been synthesized, including, beryllium [21] and
magnesium [22] from the group IIA, boron [23], gallium [24,
25] and indium [26] from the group IIIA, zinc [27] from the
group IIB, platinum from group VIIIB [28] and gold from
group IB [29]. In spite of well known photoluminescence of
aforementionedmain group metal complexes very little known
about the luminescence of group IVA metal complexes and
known ones are limited to SnCl3

−, GeCl3
− and PbCl3

− [30]. To
the best of knowledge photoluminescence behaviour of
8-hydroxyquinoline derivatives of tin is not known. In contin-
uation of our interest in photoluminescence studies of the main
group elements we report here synthesis, characterization and
photoluminescence studies of several 8-hydroxyquinoline
complexes of SnCl2 and demonstrate utilization of them in
fabrication of an electro luminescence device.

Experimental

Materials

Tin dichloride hydrate (SnCl2·H2O) was purchased from
Merck, and 5,7-dichloro-8-hydroxyquinoline, 5-dichloro-8-
hydroxyquinoline, 5,7-dibromo-8-hydroxyquinoline, 8-
hydroxy-2-methyl-quinoline and 8-hydroxy-5-nitro-quino-
line8-hydroxy quinoline were obtained from Aldrich and
used without further purification. All solvents were dried
and distilled under a nitrogen atmosphere prior to use,
according to a standard procedure.

Physical Measurements

Melting points were obtained with an Electrothermal 9200
melting point apparatus and are not corrected. Infrared spec-
tra from 4,000–400 cm−1 were recorded on a Shimadzu 470
FT-IR instrument, using KBr pellets. 1H and 119Sn NMR
spectra were recorded at room temperature in CDCl3 on a
Bruker AVANCE 300-MHz operating at 300.3 and
111.9 MHz, respectively. The NMR spectra are referenced
to Me4Si (

1H) or Me4Sn (119Sn) as external standards. Mass
spectrometric measurements were performed on a Varian
Matt 44 instrument (electron impact, 20 eV). Elemental

analyses were performed with a Thermo Finnigan Flash-
1112EA microanalyzer. The electroluminescence and photo-
luminescence spectra of fabricated OLED was obtained on a
HR4000 Oceanoptic and USB2000 spectrometers, respec-
tively. A Keithley 2400 instrument was used for the electri-
cal characterization. The thickness of the samples was
measured using a DekTak 8000 profilometer.

X-ray Crystallography

Single crystal X-ray diffraction data were collected on a
Bruker SMART APEX at 100K with graphite monochro-
mated Mo-Kα radiation at room temperature using APEX2
software [31]. Data were collected to a maximum 2θ value
of 25.0°. Cell constants and an orientation matrix for the
data collection were obtained by least-squares refinement of
diffraction data from 28867 unique reflections [32]. A nu-
merical absorption correction was applied using SADABS
[33] software. The structure was solved by direct methods,
and refined on F2 using a full-matrix least-squares proce-
dure with anisotropic displacement parameters [34]. Refine-
ment was performed using the SAINT (Bruker, 2009)
crystallographic software package [31]. Crystal data and
refinement details are listed in Table 1.

Table 1 Crystal data and refinement details for complex 6

Molecular Formula C18H10N4Cl2O6 Sn

Formula weight 567.89

Crystal size (mm) 0.3×0.03×0.06

Crystal color yellow

Wavelength (A°) 0.71073

Crystal system orthorhombic

Space group (Pbca)

a (Å) 16.3675(15)

b (Å) 13.7121(1)

c (Å) 17.4519(15)

α0β0γ (°) 90.00

V (Å 3) 3916.8(6)

Z 8

F(000) 2224

Limiting indices −19≤h≤19

−16≤k≤15

−20≤ l≤20

Maximum and minimum transmission 0.9525 and 0.6415

Calculated density (mg/m3) 1.926

Absorption coefficient (mm−1) 1.624

θ range (°) 2.26 to 25.00

Goodness of fit on F2 0.991

Data/restraints/parameters 3457/0/280

Final R indices [I>2σ (I)] R100.0345, wR200.0747
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Synthesis of Complexes

Dichlorido bis(2-methylquinolin-8-olato-2N,O)tin(IV) (1)

2-Methyl-8-hydroxyquinoline (1 mmol, 0.16 g) was
added to a solution of stannous chloride (1 mmol,
0.23 g) in DMSO (10 ml). The mixture was stirred at
room temperature for two hours and then the clear
solution was set aside in which yellow crystals formed
after several days (m.p. > 300 °C). Anal. Calc. for
C20H16Cl2N2O2Sn: C, 47.48; H 3.19; N, 5.54 %. Found;
C, 47.62; H, 3.25; N, 5.22 %. UV–vis: λ(log ε) (CH2Cl2):
351 nm (3.18). IR (KBr, cm−1): 3049(w), 2925(w), 1792(m),
1673(m),1509(w), 1470(w), 1428(m), 1379(m), 1321(m),
1263(m), 1029(s), 870(s), 825(m), 793(m), 574(m). 1H
NMR (CDCl3 ppm): 2.35, 7.10, 7.28, 7.30, 8.02 and 8.80.
Mass spectrum data: m/e 506 [M]+. Mass number is based on
1H, 12C, 14N 16O, 35Cl and 120Sn.

Dichlorido-bis(quinolin-8-olato-2N,O)tin(IV) (2)

8-Hydroxyquinoline (1 mmol, 0.15 g) was added to a solu-
tion of stannous chloride (1 mmol, 0.23) in DMSO (10 ml).
The mixture was stirred at room temperature for two hours
and then the clear solution was set aside in which yellow
crystals formed after several days (m.p. > 300 °C). Anal.
Calc. for C18H12Cl2N2O2Sn: C, 45.24; H 2.53; N, 5.86 %.
Found; C, 45.29; H, 2.73 N, 5.35 %. UV–vis: λ(log ε)
(CH2Cl2): 386 nm (3.16). IR (KBr, cm−1): 3050(w), 1900
(s), 1880(s), 1680(s), 1474(m), 1281(m), 1117(m), 1060(m),
976(s), 898(s), 743(s), 576(m). 1H NMR (CDCl3, ppm):
7.43, 7.61, 7.68, 8.00 and 8.81. Mass spectrum: m/e 478
[M]+. Mass numbers are based on 1H, 12C, 14N, 16O, 35Cl
and 120Sn.

Dichlorido-bis (5-chloroquinolin-8-olato-2N,O)tin(IV) (3)

5-Chloro-8-hydroxyquinoline (1 mmol, 0.18 g) was
added to a solution of stannous chloride (1 mmol,
0.23) in DMSO (20 ml). The mixture was stirred at
room temperature for two hours and then the clear
solution was set aside in which yellow crystals formed
after several days (m.p. > 300 °C). Anal. Calc. for
C18H10Cl4N2O2Sn: C, 39.51; H 1.81; N, 5.12 %.
Found; C, 39.82; H, 1.94; N, 5.44 %. UV–vis: λ(log
ε) (CH2Cl2): 386 nm (3.19). IR (KBr, cm−1): 3070(w),
1982(w), 1623(s), 1616(s), 1580(s),1574(s), 1498(w),
1279(m), 1238(s), 1197(s), 1142(s), 1035(s), 1014(s),
942(m), 820(s), 721(m), 529(m). 1H NMR (CDCl3,
ppm): 7.02, 7.33, 8.52 and 8.92. Mass spectrum: m/e
546 [M]+. Mass numbers are based on 1H, 12C, 14N
16O, 35Cl and 120Sn.

Dichlorido-bis(5,7-dibromoquinolin-8-olato-2N,O)tin(IV) (4)

5,7-Dibromo-8-hydroxyquinoline (1 mmol, 0.30 g) was
added to a solution of stannous chloride (1 mmol, 0.23 g)
in DMSO (30 ml). The mixture was stirred at room temper-
ature for two hours and then the clear solution was set aside
in which yellow crystals formed after several days
(m.p. > 300 °C). Anal. Calc. for C18H8Cl2Br4N2O2Sn: C,
27.25; H 1.02; N, 3.53 %. Found; C, 27.29; H, 1.08; N,
3.85 %. UV–vis: λ(log ε) (CH2Cl2): 388 nm (2.88). IR
(KBr, cm−1): 3071(s), 1973(w), 1961(s), 1720(s), 1602
(s),1578(m), 1490(m),1218(s), 850(m), 680(m), 607(s),
501(m). 1H NMR (CDCl3, ppm): 7.41, 7.71, 8.30 and
9.01. Mass spectrum data: m/e 790 [M]+. Mass numbers
are based on 1H, 12C, 14N 16O, 35Cl, 79Br and 120Sn.

Dichlorido-bis(5,7-dichloroquinolin-8-olato-2N,O)tin(IV) (5)

5,7-Dichloro-8-hydroxyquinoline (1 mmol, 0.25 g) was
added to a solution of stannous chloride (1 mmol,
0.23 g) in DMSO (20 ml). The mixture was stirred at
room temperature for two hours and then the clear
solution was set aside in which yellow crystals formed
after several days (m.p. > 300 °C). Anal. Calc.
C18H8Cl6N2O2Sn: C, 35.12; H 1.31; N, 4.55 %. Found;
C, 34.88; H, 1.35; N, 4.84 %. UV–vis: λ(log ε)
(CH2Cl2): 391 nm (3.18). IR (KBr, cm−1): 3067(w),
2927(m), 2910(m), 1808(m), 1602(m), 1462(m), 1440
(s), 1401(w), 1393(m), 1260(m), 1050(m), 807(w), 800
(s), 620(m), 587(m). 1H NMR (CDCl3, ppm): 7.51,
7.58, 8.72, and 9.11. Mass spectrum data, tin-bearing
fragment: m/e 614 [M]+. Mass numbers are based on
1H, 12C, 14N 16O, 35Cl and 120Sn.

Dichlorido-bis(5-nitro-quinolin-8-olato-2N,O)tin(IV) (6)

5-Nitro-8-hydroxyquinoline (1 mmol, 0.19 g) was added to a
solution of stannous chloride (1 mmol, 0.23) in DMSO
(10 ml). The mixture was stirred at room temperature for
two hours and then the clear solution was set aside in which
brown crystals formed after several days (m.p. > 300 °C).
Anal. Calc. Calc. for C18H10Cl2N4O6Sn: C, 38.07; H 1.77; N,
9.87 %. Found; C, 38.00; H, 1.95; N, 10.02 %. UV–vis: λ(log
ε) (CH2Cl2): 392 nm (3.39). IR (KBr, cm-1): 3049(w), 2092
(w), 1925 (w), 1622(m), 1502(m), 1570(m), 1281(w), 1001
(s), 802(m), 790(m), 421(m), 722(m), 643(m), 600(m), 491
(m). 1H NMR (CDCl3, ppm): 7.12, 7.65, 8.13, 8.74 and 9.13.
Mass spectrum data: m/e 568 [M]+. Mass numbers are based
on 1H, 12C, 14N 16O, 35Cl and 120Sn. Suitable crystals of 6 for
crystal structure determination were obtained by slow evapo-
ration of the DMSO at room temperature.
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Fabrication of OLED by Utilization
of dichlorido-bis(5-chloroquinolin-8-olato-2N,O)-tin(IV)

For fabricating OLED from prepared complexes, initial-
ly the ITO coated glass substrate was washed thorough-
ly in ultrasonic bath by mild soap, distilled water,
acetone, dichloromethane, dichloroethane and methanol.
PEDOT:PSS (poly(3,4-ethylenedi-oxythiophene):poly
(styrenesulfonate)) as hole injecting layer was then spin coated
on a clean substrate. The required thickness of the layer was
90 nm. The coated layer was then cured at 120 °C to reduce the
surface roughness. The emitting layer was spin coated from a
solution of PVK (polyvinyl carbazole):PBD(2-(4-biphenyl)-5-
(4-t-butyl-phenyl)-1,3,4-oxadiazole):Dichlorido-bis(5-chloro-
quinolin-8-olato-2N,O)tin(IV) (3) at 100:40:6 weight percent
in dichloromethane to make a sample with the following
structure: ITO/PEDOT:PSS(90 nm)/PVK:PBD:Sn/HQ-Cl
(70 nm)/Al(200 nm).PVK as hole-transporting materials and
PBD as an electron-transporting material were doped with tin
compound all as an emissive layer. Before thermal vacuum

coating of the Al layer, samples were left in an oven at 120 °C.
After coating the Al layer, samples were left in the vacuum
chamber in argon atmosphere to reduce the risk of oxidation
during cooling down to room temperature. The active area of
the prepared samples was 0.25 cm2. The final sample structure
and the related energy levels are shown in Fig. 1. In fabricated
device, electrons from Al and holes from ITO injects into PBD
as electron transport layer and PEDOT:PSS as the hole trans-
port layer, respectively. Use of PEDOT:PSS interlayer helps to
have a better hole injection layer and this result in an increase
of current and transfer of holes to PVK as hole transport.
Corollary, holes and electrons are transferred to DYE by
PVK and PBD, then electron–hole recombine in DYE and
emit light from DYE. HOMO-LUMO energy levels of
PEDOT:PSS, PVK and PBD are 5.15–2.2,5.54–2.04, and
6.6–2.7 eV, respectively.

Results and Discussion

Synthesis

All compounds were obtained by reacting stannous
chloride to 8-hydroxyquinoline derivatives in 1:1 mole
ratio in DMSO at room temperature. These reactions are
fast, facile and their progress was monitored by appear-
ance of fluorescence colours. All prepared compounds
are thermally stable and their synthesis was accom-
plished by IR, 1HNMR spectroscopes in addition to
mass spectrometry and elemental analysis. In the IR
spectra of all prepared complexes, the absence of a

Fig. 1 Schematic drawing of the OLED. ITO (indium tin oxide), PVK
(polyvinyl carbazole), PEDOT:PSS [poly(3,4-ethylenedioxythiophene):
poly(styrene-sulfonate)], and PBD (2-(4-biphenyl)-5-(4-t-butyl-phenyl)-
1,3,4-oxadiazole). Electrons from Al and holes from ITO injects into
PBD as electron transport layer and PEDOT:PSS as the hole transport layer

Fig. 2 Molecular structure of a selected complex (6). Thermal ellipsoids
scaled up to the 30 % probability level

Scheme 1 Line drawing structures of the complexes. X0H, Y0H,
Z0CH3 (1); X0H, Y0H, Z0H (2), X0Br, Y0Br, Z0H (3); X0Cl,
Y0H, Z0H (4); X0Cl Y0Cl, Z0H (5); X0NO2, Y0H, Z0H (6)

Table 2 Selected bond distances and angles for complex 6

Bond lengths (Å) Bond angles (°)

Sn(1)-O(1) 2.044(3) Cl(1)-Sn(1)-O(1) 90.18(10)

Sn(1)-N(1) 2.218(4) Cl(1)-Sn(1)-O(4) 100.83(14)

Sn(1)-Cl(1) 2.3560(14) Cl(1)-Sn(1)-N(1) 166.57(12)

Sn(1)-Cl(2) 2.3582(14) Cl (2)-Sn(1)-N(3) 168.69(11)

Sn(1)-N(3) 2.236(4) Cl(1)-Sn(1)-O(1) 90.18(10)

Sn(1)-O(4) 2.050(4) O(1)-Sn(1)-O(4) 161.59(14)
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broad band in the 2500–3400 cm−1 range, and the
presence of Sn-O vibration for complexes at about
460 cm−1 clearly indicates that deprotonation of the 8-
hydroxyquinoline has taken place in the course of co-
ordination to tin.

General Characterization

For the determination of structural features of the prepared
complexes in solution, we obtained detailed 1H and 119Sn
spectra. The 1H NMR spectra of complexes showed the
expected aliphatic and/or aromatic peaks with the correct
integration and multiplicities. The single resonance at
−213.2 ppm in the 119Sn NMR spectrum of a selected
complex, 2, suggests that the tin(II) during reaction oxidized
to tin(IV) and tin atom in all prepared complexes are six-
coordinate [35]. The molecular ions of all six complexes
were observed in mass spectra and unambiguously showed
molecular formulas and presence two 8-hydroxyquinoline
moieties in complexes. Since quality of the dichlorido-bis
(5-nitro-quinolin-8-olato-2N,O)tin(IV) (6) crystal was
suitable than other compounds, it has chosen as a rep-
resentative sample for further elucidation of molecular
structure of complexes by single-crystal structure study.

Furthermore, because compound 3 has the most favor-
able properties in terms of light emission in comparison
to others it was selected for fabrication of OLED.

Description of Crystal Structure
of dichlorido-bis(5-nitro-quinolin-8-olato-2N,O)- tin(IV) (6)

The molecular structure of 6 is shown in Fig. 2, select-
ed bond lengths and angles are given in Table 2 and
line drawing in Scheme 1 (6, X0NO2, Y0H, Z0H).
The geometry around the tin atom is a distorted octa-
hedral and two oxygen atoms of 8-hydroxy-2-methyl-
quinoline ligands that bound to the tin atom with angle
of 161.59(14)° are trans to each other in contrast to
their nitrogen atoms with angle of 85.94(14)°. The bite
angles in title complex is also similar to that of found
in other tin complexes of 8-hydroxyquinoline, regardless
of geometry of the complex [36, 37]. Since other com-
plexes contain other derivatives of 8-hydroxyquinoline,
it is reasonable to assume a similar octahedral geometry
for them, but it should mention that due to the electron
donating or withdrawing character of substituents on
ligands, the bond distance and angles in other com-
plexes can differ slightly. Therefore, the variation in

Fig. 3 Colorimetric response
of prepared complexes with
substituent of 8-
hydroxyquinoline ligand

Fig. 4 Photoluminance spectra
of complexes 1-6 in 10−2M
CH2Cl2 solution
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photoluminance properties of complexes only should be
affect of subsistent rather than slight changes in bond
distances or angles. Since spectroscopic data of all
prepared compounds are similar, therefore, it is reason-
able to extent the molecular structure results of complex
6 to other ones.

Photophysical Properties

The photoluminescence properties of all materials and
effect of the substituent of the 8-hydroxyquinoline li-
gand on their photophysical properties have been inves-
tigated. The solid state emission spectra of all materials
are collected from 450 to 650 nm with excitation by

100 mW laser at 405 nm. Successful emission color
tuning in the complexes can be mediated by the sub-
stituent on the complexes. As Fig. 3 shows, replacing
electron donating groups with electron withdrawing
groups resulted in red-shift in the UV–vis spectra.
These shifts increased in order of HQ-Me, HQ, HQ-
Cl, HQ-Br-Br, HQ-Cl-Cl and Q-NO2 with wavelengths
of 528.4, 543.3, 556.1, 566.0, 573.3 and 589.4 nm,
respectively. The photoluminescence spectra of com-
pounds 1–6 are shown in Fig. 4. The maximum emis-
sion peaks shows that a good correlation exists between
the electron withdrawing and donating nature of the
substituent group on the 8-hydroxyquinoline and emis-
sion wavelength. Interestingly, substitution of a methyl

Fig. 5 The overlap between
absorption spectrum of Sn/HQ-Cl
and electroluminance of PVK:
PBD (polyvinyl carbazole:
polybutadiene)

Fig. 6 The EL spectra of tin complex Fig. 7 J-V characteristic of Sn/HQ-Cl
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group at the 2-position of the 8-hydroxyquinolinate, 1,
shows a blue shift in comparison with unsubsisted one
(2). It seems emission wavelength of aforementioned com-
plexes can be tuned simply by type of substituted group on 8-
hydroxyquinolinate. Furthermore, emission spectra in
Fig. 4 beyond spectral shifts shows a difference in
intensities which is due to the difference in concentra-
tion and solubility of complexes. Notably, compound 5
with highest molar absorptivity shows a weak emission
and this is consistent with very low solubility and
concentration of complex in solution.

OLED

To demonstrate the application of the prepared com-
plexes in OLED, a selected complex, 3, was used to
fabricate an OLED device and its electroluminescence
property was investigated. An important condition to
have a good energy transfer from a host to guest, the
overlap between the absorption spectrum of guest with
the EL of the host is required. In this work, as shown
in Fig. 5, there is a small ratio of overlap between the
absorption spectrum of tin compound as guest with the
EL spectrum of PVK:PBD as host. Therefore, we expect
the energy transfer from host to guest occurs to some
extent. As shown in Fig. 6, the EL of the complex
containing one chlorine atom on ligands exhibits a
yellow emission around 564 nm with FWHM (full
width at half maximum) of 149 nm. This value is close
to its PL at 556.1 nm with absorption at 386 nm.

As shown in Fig. 6, the EL of the complex contain-
ing one chlorine atom on ligands has exhibited the
yellow emission around 564 nm, near to their PL
556.1 nm. There is about 8 nm red shift in EL spectra
relative to PL spectra. Similarity of PL and EL supports

that the yellow EL is originated from the tin complex
dopant in the emitting layer of the device; as a result
this tin compound could be used for fabrication of
yellow OLEDs. Figure 7 shows the electrical character-
istic of OLEDs at 100:40:6 weight concentration. The
probability of exciton formation in the system has direct
relation with the numbers of holes and electrons in the
bulk. Therefore, with reduction in the current density,
the probability of exciton formation during the operation
of the device reduces. Since the lifetime is vital to the
usefulness of OLEDs, the device lifetime tested for 0, 1
and 1.8 min at 17 V and results are illustrated in Fig. 8.
The EL of compound 3 decays to about 23 and 13 % of
the original signal after 2 and 3 min, respectively,
exposure to atmosphere. Finally, all prepared com-
pounds showed good thermal stability according to their
melting point measurements and thermal analysis (TGA-
DSC) and they also are stable upon exposure to mois-
ture and air. Therefore, a good level of luminance can
be sustained with these complexes. It is also interesting
to compare the present OLED with the AlQ3 a well
known OLED. One of the advantages of present OLED
is that when the device exposed to ambient environment
condition for few days, a decidedly grater shelf life
stability as compared with AlQ3 was observed. Further-
more, the emission of compound 3 is narrow and cen-
tered at 560 nm with a relatively longer lifetime in
comparison with 526 nm emission and 15 ns lifetime
of AlQ3 [8].

Conclusion

This study shows that the 8-hydroxyquinoline com-
plexes of tin(IV) have a good potential in emission
color tuning. Photoluminescence and electrolumines-
cence properties of the tin(IV) complexes correspond
to the electron-withdrawing/-donating character of the
substituent on 8-hydroxyquinoline. The emission wave-
length of the prepared materials can be tuned in the
solid-state over a wide range of the wavelength using
proper substituent on the 8-hydroxyquinoline ligand.
The prepared materials are stable both under air and
high temperature which make them suitable for fabrica-
tion of OLED.

Acknowledgment The authors thank the Vice-President’s Office for
Research Affairs of the Shahid Beheshti University for supporting this
work.

Supporting information CCDC 86936 contains the supplementary
crystallographic data for 6. These data can be obtained free of charge via
http://www.ccdc.cam.ac. uk/conts/retrieving.html, or from the Cambridge

Fig. 8 Changes in the EL spectrum of compound 3 as a function of
time

J Fluoresc (2012) 22:1263–1270 1269

http://www.ccdc.cam.ac


Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ,
UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.

References

1. Tang CW, VanSyke SA (1987) Organic electroluminescent diodes.
Appl Phys Lett 51:913–915

2. Shinar J (2003) Organic light-emitting devices: A survey. Shinar J
(ed), Springer-Verlag pp 1–34

3. Li Z, Meng H (eds) (2007) Organic Light-emitting materials and
devices. CRC Taylor and Francis, New York

4. Miller RD, Chandross EA (2010) Materials for electronics. Chem
Rev 110:1–574

5. Koch N (2007) Organic electronic devices and their functional
interfaces. ChemPhysChem 8:1438–1455

6. Amini MM, Sharbatdaran M, Mirzaee M, Mirzaei P (2206) Synthe-
sis, structure and luminescence study of a binuclear aluminum com-
plex: A novel structure containing six coordinated aluminum atoms
in two distinct coordination geometries. Polyhedron 25:3231–3237

7. Kelly SM (2000) Flat panel display: Advanced organic materials.
Connor JA (ed) The Royal Society of Chemistry, Cambridge, U.K

8. Richlter MM (2004) Electrochemiluminescence (ECL). Chem Rev
104:3003–3036

9. Wang S (2001) Luminescence and electroluminescence of Al(III),
B(III), Be(II) and Zn(II) complexes with nitrogen donors. Coord
Chem Rev 215:79–98

10. Perez-Bolivar C, Montes VA, Anzenbacher P Jr (2006) True blue:
blue-emitting aluminum(III) quinolinolate complexes. Inorg Chem
45:9610–9612

11. Pohl R, Montes VA, Shinar J, Anzenbacher P Jr (2004) Red-green-
blue emission from tris(5-aryl-8-quinolinolate)Al(III) complexes. J
Org Chem 69:1723–1725

12. Pohl R, Anzenbacher P Jr (2003) Emission color tuning in AlQ3

complexes with extended conjugated chromophores. Org Lett
5:2769–2772

13. Fazaeli Y, Amini MM, Mohajerani E, Sharbatdaran M, Torabi N
(2010) Grafting aluminum(III) 8-hydroxyquinoline derivatives on
MCM-41 mesoporous silica for tuning of the light emitting color. J
Colloid Interface Sci 346:384–390

14. Matsumura M, Akai T (1996) Organic electroluminescent devices
having derivatives of aluminum hydroxyquinoline complex as
light emitting materials. Jpn J Appl Phys 35:5357–5360

15. Sapochak LS, Padmaperuma A, Washton N, Endrino F, Schmett
GT, Marshall J, Fogarty D, Burrows PE, Forrest SR (2001) Effects
of systematic methyl substitution of metal(III) tris(n-methyl-8-qui-
nolinolato) chelates on material properties for optimum electrolu-
minescence device performance. J Am Chem Soc 123:6300–6307

16. Kido J, Iizumi Y (1977) Efficient electroluminescence from tris(4-
methyl-8 quinolinolato)aluminum(III). Chem Lett 963–964

17. Chen C, Shi J (1998) Metal chelates as emitting materials for
organic electroluminescence. Coord Chem Rev 171:161–174

18. Adachi C, Baldo MA, Thompson ME, Forrest SR (2001) Nearly
100 % internal phosphorescence efficiency in an organic light-
emitting device. J Appl Phys 90:5048–5051

19. Chan IM, Hsu TY, Hong FC (2002) Enhanced hole injections in
organic light-emitting devices by depositing nickel oxide on indi-
um tin oxide anode. Appl Phys Lett 81:1899–1901

20. Baldo MA, O’Brien DF, You Y, Shoustikov A, Sibley S, Thompson
ME, Forrest SR (1998) Highly efficient phosphorescent emission
from organic electroluminescent device. Nature 395:151–154

21. Yamada Y, Sano T, Shibata K, Kuroki K (1995) Influence of the
emission site on the running durability of organic electrolumines-
cent devices. Jpn J Appl Phys 34:L824

22. Zeng WF, Chen YS, Chiang MY, Chern SS, Cheng CP (2002)
Preparation and structures of complexes of titanium(IV) and 8-
hydroxyquinoline: TiQ2(OPri)2 and [TiQ2(μ-O)]4·6H2O. Polyhe-
dron 21:1081

23. Qin Y, Pagba C, Piotrowiak P, Jakle F (2004) Luminescent organo-
boron quinolate polymers. J Am Chem Soc 126:7015–7018

24. Brinkmann M, Fite B, Pratontep S, Chaumont C (2004) Structure
and spectroscopic properties of the crystalline structures containing
meridional and facial isomers of tris(8-hydroxyquinoline) Gallium
(III). Chem Mater 16:4627–4632

25. Burrows PE, Sapochak LS, McCarty DM, Forrest SR, Thompson
ME (1994) Metal ion dependent luminescence effects in metal tris-
quinolate organic heterojunction light emitting devices. Appl Phys
Lett 64:2718–2720

26. Burrows PE, Shen Z, Bulovic V, McCarty DM, Forrest SR, Cronin
JA, Thompson ME (1996) Relationship between electrolumines-
cence and current transport in organic heterojunction light-emitting
devices. J Appl Phys 79:7991–8006

27. Sapochak LS, Benincasa FE, Schofield RS, Baker JL, Riccio KK,
Fogarty D, Kohlmann H, Ferris KF, Burrows PE (2002) Electrolumi-
nescent zinc(II) bis(8-hydroxyquinoline): structural effects on electron-
ic states and device performance. J Am Chem Soc 124:6119–6125

28. Shavaleev NM, Adams H, Best J, Edge R, Navaratnam S, Weinstein
JA (2006) Deep-red luminescence and efficient singlet oxygen gen-
eration by cyclometalated. Inorg Chem 45:9410–9415

29. Kolb A, Bissinger P, Schmidbaur H (1993) Synthesis of arylbis
[(triorganophosphine) gold (I)]oxonium tetrafluoroborates [RO
(AuPR’3)2]

+BF4-. Crystal structure of (8-qui-uinolinyl) bis[(triphe-
nylphosphine) gold(I)] oxonium tetrafluoroborate. Inorg Chem
5132–5135

30. Nikol H, Becht A, Voglor A (1992) Photoluminescence of germa-
nium(II), tin(II), and lead(II) chloride complexes in solution. Inorg
Chem 31:3277–3279

31. APEX2, Bruker AXS Inc (2009) Madison, Wisconsin, USA
32. SAINT, Bruker AXS Inc (2009) Madison, Wisconsin, USA
33. Sheldrick GM (1996) SADABS. University of Gottingen,

Germany
34. Sheldrick GM (1997) SHELX97. University of Gottingen,

Germany
35. Nadvornik M, Holecek J, Handlir K, Lycka A (1984) The 13C and

119Sn NMR spectra of some four- and five-coordinate tri-n-butyltin
(IV) compounds. J Organomet Chem 275:43–51

36. Fazaeli Y, Najafi E, Amini MM, Ng SW (2009) Dichloridobis(5,7-
dichloro-quin-olin-8-olato-2N, O)tin(IV). Acta Cryst E65:m270–
m270

37. Vafaee M, Amini MM, Ng SW (2010) Bis(μ-quinolin-8-olato)-3N,
O:O;3O:N, O-bis[chloridomethylphenyltin(IV)]. Acta Cryst E66:
m964–m964

1270 J Fluoresc (2012) 22:1263–1270


	Synthesis and Characterization of 8-hydroxyquinoline Complexes of Tin(IV) and Their Application in Organic Light Emitting Diode
	Abstract
	Introduction
	Experimental
	Materials
	Physical Measurements
	X-ray Crystallography
	Synthesis of Complexes
	Dichlorido bis(2-methylquinolin-8-olato-2N,O)tin(IV) (1)
	Dichlorido-bis(quinolin-8-olato-2N,O)tin(IV) (2)
	Dichlorido-bis (5-chloroquinolin-8-olato-2N,O)tin(IV) (3)
	Dichlorido-bis(5,7-dibromoquinolin-8-olato-2N,O)tin(IV) (4)
	Dichlorido-bis(5,7-dichloroquinolin-8-olato-2N,O)tin(IV) (5)
	Dichlorido-bis(5-nitro-quinolin-8-olato-2N,O)tin(IV) (6)

	Fabrication of OLED by Utilization of dichlorido-bis(5-chloroquinolin-8-olato-2N,O)-tin(IV)

	Results and Discussion
	Synthesis
	General Characterization
	Description of Crystal Structure of dichlorido-bis(5-nitro-quinolin-8-olato-2N,O)- tin(IV) (6)
	Photophysical Properties
	OLED

	Conclusion
	References


