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A new tin(IV) complex, (C13H;oNO)[SnCl4(CoHgNO)]-2CH;0H, was prepared in a facile process
and characterized by 'H, '*C, and ''”Sn NMR, IR, and UV spectroscopy in addition to single-crys-
tal X-ray diffraction analysis. Current-voltage (I-V) characteristics, photoluminescence (PL), and
electroluminescence (EL) properties of the complex have been investigated and an application of
the prepared complex in fabrication of an organic light-emitting diode has been demonstrated. The
EL of the compound exhibits blue—green emission at 494 nm. Tin(IV) oxide core that resulted from
direct thermal decomposition of the complex at 450 °C in air was characterized by X-ray powder
diffraction and scanning electron microscopy; then, the PL property was investigated and compared
with the PL of the complex. The tin(IV) oxide core showed a band gap of ~3.81¢V determined
from the UV/visible absorption spectrum. The tin oxide core showed stable PL with one emission
peak centered at 581 nm.

Keywords: Tin(IV) complex; Tin oxide; Photoluminescence; Electroluminescence; OLED

1. Introduction

Luminescent metallocomplexes became an active area of research because of their important
commercial applications such as organic light-emitting diodes (OLED), lasers, and
fluorescent sensors for highly specific probes [1—4]. Generally, several factors are important
in the emission properties of metallocomplexes, including electronic properties of the ligand,
metal ion, and coordination geometry. These factors affect the energy mixing and splitting of
the electronic states involved in the emission [5—10]. Considerable effort has been devoted to
the combination of proper ligands and metal ions to prepare electronic materials in the
fabrication of convenient and low-cost OLEDs [11-15]. 8-Hydroxyquinoline (HQ) and its
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derivatives are versatile ligands towards a range of metal ions and possess useful photophysi-
cal properties with a triplet state located at 17,100cm ™' (585nm). Metal complexes of
8-hydroxyquinolinates have been considered as a promising material for the design of
electroluminescent devices. Many efforts have been devoted to understand the correlation
between electronic structure and photonic properties of the 8-HQ derivatives of main and
transition metal ions, and a number of complexes with excellent luminescent properties have
been prepared [16-20]. However, the photoluminescence (PL) behavior of the 8-HQ
derivatives of group IVA in general and tin(IV) in particular have not yet been thoroughly
investigated.

Tin has variable valance states (divalent and tetravalent) and coordination structures.
Furthermore, tin has a higher work function relative to groups IIB and IIIA [21]; hence,
tin complexes have higher ionization potential than other metal complexes. Therefore, syn-
thesis of the 8-HQ complexes of tin for luminescent studies and use in fabrication of
OLED devices should be interesting. In continuation of our interest in PL studies of 8-HQ
complexes of tin, here we report the synthesis, characterization, and PL studies of a new
tin complex of hydroxyquinoline, demonstrate the utilization of it in the fabrication of an
electroluminescent device, and study the PL properties of tin oxide core obtained from
direct thermal decomposition of the complex at 450 °C.

Semiconductor nanoparticles have attracted attention because of their unique electronic,
magnetic, and optical properties [22]. Among various semiconductor materials, tin oxide,
a prototypical transparent n-type semiconductor with a wide band gap (Eg,,=3.6¢V at
300 K), possesses interesting optical, dielectric, and catalytic properties. This has resulted
in many industrial applications, such as catalyst support, transparent conducting elec-
trodes, and gas sensor [23, 24]. This material has advantages, including high thermody-
namic stability in air (at least up to 500°C), low cost, and a possibility of introducing
catalysts or dopants to enhance the sensitivity or selectivity [25]. Several methods have
been employed for the preparation of nanoscale tin oxide particles, including vapor phase
growth, vapor—liquid—solid processes, electrodeposition, electron beam evaporation, sput-
tering of Sn targets, hydrothermal, reaction in liquid ammonia, pulsed laser deposition,
mechano chemical, and sol gel precipitation [26-28]. In this paper a tin complex,
(C13H1oNO)[SnCl4(CoH¢NO)]-2CH50H, has been prepared and used as a precursor for
the preparation of tin oxide nanoparticles. The tin oxide nanoparticles have been obtained
easily based on the rapid thermolysis of the tin complex in air. This is the first report on
the synthesis of nanosized tin oxide by this type of tin complex, showing that tin com-
pounds can be suitable precursors for the preparation of desired nanoscale tin oxide. The
synthetic method is convenient and the product has good monodispersity in comparison
with wet chemical routes such as sol-gel, and the present method does not require
stabilizers. Relative to the tin oxide prepared by thermal evaporation, this tin oxide has a
narrow and uniform shape, and when compared to the sonochemical method, the sizes
of the nanoparticles in this study are larger. There is no particle aggregation and the
nanoparticles are clearly distinct.

Properties of semiconductor nanoparticles, especially the photoluminescent properties,
have been a subject of extensive investigations [29]. Optical measurements such as optical
band gap and PL are very important parameters for the determination of the structure,
defects, and impurities of nanostructure materials [30]. In this work, the tin oxide nanopar-
ticles prepared from the thermolysis of tin complex were characterized by X-ray powder
diffraction (XRD) and scanning electron microscopy, and its PL was compared to the
original complex.
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2. Experimental

2.1. Materials and instrumentation

8-HQ and stannic tetrachloride pentahydrate were purchased from Merck, and 10-hydroxy-
benzo[h]quinoline (HBQ), poly(3,4-ethylenedi-oxythiophene) (PEDOT), poly(styrenesulfo-
nate) (PSS), (2-(4-biphenyl)-5-(4-t-butyl-phenyl)-1,3,4-oxadiazole) (PBD), and PVK
(polyvinyl carbazole) were obtained from Aldrich and used without purification. All
solvents were dried and distilled under nitrogen prior to use, according to the standard
procedure.

Melting point was obtained with an Electrothermal 9200 melting point apparatus and is
not corrected. Infrared spectra from 4000250 cm ™" were recorded on a Shimadzu 470 FT-
IR instrument using KBr pellets. 'H, '*C, and '"”Sn NMR spectra were recorded at room
temperature in DMSO on Bruker AVANCE 300-MHz operating at 300.3, 75.4, and
111.9 MHz, respectively. Elemental analysis was performed with a Thermo Finnigan Flash-
1112EA microanalyzer. Electroluminescence (EL) and PL spectra of a fabricated OLED
were obtained on HR4000 Oceanoptic and USB2000 spectrometers, respectively. The cur-
rent—voltage and luminance were checked by Keithley 2400 and Minolta Luminance meter
LS110. The thickness of the sample was measured using a DekTak 8000 profilometer.
UV-vis spectra were recorded on a HR4000 Oceanoptic spectrometer using a 1.0 cm path
length cell at room temperature. X-ray diffraction pattern was obtained on a STOE diffrac-
tometer with Cu Ko radiation. The morphology was observed on a VEGA 11 TESCAN
scanning electron microscope with gold coating. Cyclic voltammetry measurements were
carried out on a u-Autolab III electrochemical workstation with CH,Cl, solution containing
0.1 M supporting electrolyte of tetrabutyl ammonium perchlorate in a three-electrode cell,
where glassy carbon, Pt wire, and Ag/Ag” were used as the working electrode, counter
electrode, and reference electrode, respectively. Ferrocene was added as an internal stan-
dard after each set of measurements and all the potentials reported were quoted with refer-
ence to the ferrocene—ferrocenium (Fc/Fc') couple at a scan rate of 100 mV/s.

2.2. X-ray crystallography

Single-crystal X-ray diffraction data were collected on a Bruker SMART APEX at 100K
with a graphite monochromated Mo-Ka radiation using APEX2 software [31]. Data were
collected to a maximum 20 value of 27.62°. Cell constants and an orientation matrix for
the data collection were obtained by least-squares refinement of diffraction data from 4560
unique reflections. A numerical absorption correction was applied using X-SHAPE
software [32]. The structure was solved by direct methods and refined on F* using a
full-matrix least-squares procedure with anisotropic displacement parameters [33]. All
refinements were performed using the SHELXL.97 crystallographic software package [34].
Crystal data and refinement details for the complex are listed in table 1.

2.3. Preparation of 10-hydroxybenzo[h]quinolinium tetrachloro(quinolin-8-olato)
stannate(IV) methanol disolvate

Stannic chloride pentahydrate (0.35g, 1.0mM), 10-hydroxybenzo[h]quinoline (0.20¢g,
1.0mM), and 8-HQ (0.15g, 1.0 mM) were loaded into a tube with a side arm and then
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Table 1. Crystal data and refinement details for the complex.

2715

Molecular formula Co4H54CI4N,04Sn

Formula weight 664.94

Crystal size (mm) 0.25 x0.20 x 0.15

Crystal color Yellow

Wavelength (A) 0.71073

Crystal system Triclinic

Space group Pr

a (A) 7.5298(4)

b (A) 9.9059(3)

c (A) 17.8457(7)

o (°) 98.202(3)

£ 98.667(4)

7 (°) 98.417(4)

V(A% 1283.13(9)

V4 2

F(000) 664

Limiting indices —-9<h<9
—12<k<12
—23<1<23

Calculated density (mg/m’) 1.721

Absorption coefficient (mm™") 1.447

0 range (°) 2.58-27.62

Goodness of fit on > 1.071

Data/restraints/parameters 0.985/0/321

Final R indices [I> 2a(])] R;=0.0498, wR,=0.1164

filled with dry methanol and sealed. The tube was kept at 60 °C and yellow crystals were
collected from the cold side arm tube after two weeks. Yield: 80%. m.p., 245-247 °C).
C1,H14C1N,0,8n (600.89): Caled (%) C 43.98, H 2.68, N 4.66; found: C 43.85, H 2.72,
N 4.92. M.p.=245-247°C. IR (KBr, cm™'): 3547 (v O-H), 3094 (v C-H), 1593 (v C=C),
423 (v Sn—N), 391 (v Sn-O). 'H NMR (DMSO): ¢ 7.18 (H-19), 7.28 (H-7,
I"9Sn-'H=32), 7.37 (H-18), 7.52 (H-2, *J'"°Sn-'"H=23), 7.42 (H-6), 7.68 (H-5), 7.71
(H-17), 7.74 (H-14), 8 (H-15), 8.18 (H-12), 8.31 (H-3), 8.62 (H-1, *J'"?Sn—"H=34), 9.01
(H-12), 9.18 (H-10), 12.05 (NH). '*C NMR (DMSO): ¢ 111.2 (C-7, *J""?Sn-"3C=46),
112.8 (C-19), 117.3 (C-5), 121 (C-17), 121.4 (C-22), 122.1 (C-2, *3'"Sn-"3C=42), 124.2
(C-21), 125.2 (C-11), 126.1 (C-13, C-18), 126.5 (C-14), 126.7 (C-6), 127.6 (C-15), 129.5
(C-4), 134.3 (C-16), 136.0 (C-3), 137.4 (C-9, *1'"”Sn-"°C=31), 144.5 (C-10), 146.7
(C-12), 150.1 (C-1, 27'"?Sn-"3C=53), 152.4 (C-8), 158.2 (C-20). '"?Sn NMR (DMSO):
5 —545.6.

2.4. Preparation of tin oxide nanoparticles

Title compound (0.66 g, 0.5 mM) was placed in an electric furnace and heated to 450 °C
for 4h. After cooling, a white precipitate was obtained. The IR spectrum and XRD pattern
showed that calcination was complete and the organic moiety was decomposed. The solid
was then washed with ethanol and dried under nitrogen.

2.5. Fabrication of OLED by utilization of prepared complex

For fabricating an OLED from the complex, initially the ITO coated glass substrate
was washed thoroughly in an ultrasonic bath by mild soap, distilled water, acetone,
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Figure 1. Schematic structure of the OLEDs.

dichloromethane, dichloroethane and methanol. PEDOT: PSS (poly(3,4-ethylenedi-oxythi-
ophene) : poly(styrene- sulfonate)) as a hole-injecting layer was then spin coated on the
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 then spin coated
from a solution of PVK (polyvinyl-carbazole): PBD (2-(4-biphenyl)-5-(4-t-butyl-phenyl)-
1,3,4-oxadiazole):complex at 100:40:10 weight percent in dichloromethane to make a
sample with the following structure: ITO/PEDOT:PSS(90 nm)/PVK : PBD:complex
(80nm)/AI(200 nm). PVK as a hole-transporting material and PBD as an electron-trans-
porting material were doped with the tin compound as an emissive layer. Before thermal
vacuum coating of the Al layer, the sample was left in the oven at 120 °C. After coating
the Al layer, the sample was left in the vacuum chamber in argon to reduce the risk of oxi-
dation during cooling to room temperature. The active area of the prepared sample was
7 x 7mm?. The structure of final sample is shown in figure 1.

3. Results and discussion

3.1. Synthesis

Reaction of an appropriate amount of stannic chloride pentahydrate, 10-hydroxybenzo[h]
quinoline, and 8-HQ in dry methanol provided the title compound in good yield. This
reaction is fast and facile with progress monitored by the appearance of fluorescence color.
The compound was characterized by IR, 'H, '°C, and ''”Sn NMR spectroscopic analysis
in addition to single-crystal X-ray diffraction. The complex readily dissolves in polar sol-
vents such as DMSO and methanol, reflecting its ionic nature.

3.2. General characterization

The infrared spectrum of the complex showed stretching vibration of Sn—N at 423 cm™".

In the IR spectrum of the complex the presence of Sn—O vibration at 391 cm™"' clearly
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Scheme 1. Line drawing structure of the complex.

indicates deprotonation of the 8-HQ has taken place in coordination to the tin complex.
The Sn—Cl symmetric stretching frequency of the complex is at 256 cm ™.

For the determination of structural features of the complex in solution, we obtained H,
3C, and '"”Sn NMR spectra. The 'H and '>C NMR spectra of the complex (scheme 1)
showed the expected aromatic signals with correct integration. The values of J''”Sn—'H
and J''”Sn—"3C are obtained according to the literature [35]. The ''”Sn NMR spectrum of
the complex in DMSO showed only one sharp resonance at —545.6 ppm, within the range
of six-coordinate tin [36]. 10-Hydroxybenzo[h]quinoline is more crowded than 8-HQ, the
less sterically crowded ligand engages in chelation, and the more crowded ligand is
protonated for charge balance; and there is not enough space for the coordination of both
ligands simultaneously.

3.3. Description of crystal structure of 10-hydroxybenzo[h]quinolinium tetrachloro
(quinolin-8-olato)stannate(IV)

The molecular structure and unit cell are shown in figures 2 and 3, respectively, and the
selected bond lengths and angles are listed in table 2. The complex is a salt, consisting of
four components: a complex anion, [SnCly(CoHgNO)] ™, a cation, (10-hydroxybenzo[h]
quinolinium)”, and two lattice methanols which are linked by the electrostatic forces and
hydrogen bonds. Although, the quinolin-8-olate anion is involved in a number of
complexes with both inorganic tin(IV) and organotin(IV) systems, preparations of mixed
chelate complexes are difficult as the compounds disproportionate into symmetrical deriva-
tives. Attempting to prepare a mixed-chelate tin(IV) complex by reacting stannic chloride
with 8-HQ and 2-methyl-8-HQ [37] yielded 8-hydroxy-2-methyl quinolinium tetrachloro
(quinolin-8-olato)stannate(IV) salt as a methanol solvate. The ligand coordinated is the less
sterically crowded one. Similarly, in this study, the reaction of 10-hydroxybenzo[h]quino-
line and 8-HQ in methanol yielded the di-solvated salt (scheme 1, figure 2) and, as
expected, the less sterically crowded ligand engages in chelation and the more sterically
crowded ligand is protonated.

In [(C13H1oNO)][(SnCl4(CoHgNO)], the tin(IV) is N,O-chelated by the quinolin-8-olate
anion and is further coordinated by four chlorides in a distorted cis-SnNOC]I, octahedral
coordination. The tin-chloride bonds frans to the chelating atoms are significantly shorter
than the other tin-chloride bonds. Apparently, the main factor that controls the packing is
the presence of weak intra- and inter-molecular interactions. The cations and anions are
linked to methanol by O-H---O and N-H---O hydrogen bonds. One molecule functions
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Figure 2. Molecular structure of the complex. Thermal ellipsoids scaled up to 40% probability level.
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Table 2. Selected bond distances and angles for the complex.

Bond lengths (A)

Bond angles (°)

Sn(1)-0(1)
Sn(1)-N(1)
Sn(1)-CI(1)
Sn(1)-CI(2)
Sn(1)-CI(3)
Sn(1)-Cl(4)

2.0733)
2.204(4)

2.4167(11)
2.3767(12)
2.4243(11)
2.4144(11)

O(1)-Sn(1)-CI(2)

O(1)-Sn(1)-N(1)
N(1)-Sn(1)-CI(2)
O(1)-Sn(1)-CI(4)
N(1)-Sn(1)-ClI(4)
CI(2)-Sn(1)-Cl(4)

89.57(9)
78.62(13)
168.15(10)
90.13(9)
88.08(9)
92.99(4)

Figure 3. Crystal packing in the complex.

only as an acceptor, whereas the other functions both as a donor and as an acceptor.
Hydrogen bonding and face-to-face nz—= stacking interactions (figure 3) between phenoxy
rings of two adjacent molecules with centroid—centroid distance of 3.58 A led to a self-
templating 2-D supramolecular network.
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Figure 4. X-ray diffraction pattern of tin oxide prepared by direct calcination of complex.

3.4. Thermal investigation of prepared complex

Thermal analysis (TGA-DTA) was employed to study the behavior of the complex during
heat treatment (Supplementary material). The complex is stable to ca. 105°C. The first
mass loss between 91 and 117°C in TGA accompanied with an endothermic peak in the
DTA curve is due to the loss of lattice methanol. The second endothermic peak in the
DTA curve at 245°C without the mass loss in TGA curve is associated with complex
melting, and the distinct mass loss from 300 to 450 °C with a broad endothermic peak in
the DTA curve is attributed to elimination of ligands. Finally, the intense exothermic peak
centered at 560 °C in the DTA curve with a slight mass loss above 450 °C is associated
with the formation and crystallization of tin oxide. The overall weight loss (75.2%) is in
agreement with the calculated value for the formation of tin oxide (74.4%).

3.5. Preparation of tin(IV) oxide from title compound

Tin oxide nanoparticles were prepared by direct calcination of the complex at 450 °C in air
and have been characterized by XRD. The XRD pattern (figure 4) corresponds to pure tin
oxide with a space group of P4/mm and lattice parameters of a=4.738 A, ¢=3.188 A and
Z=2 (JCPDS No. 21-1250). No other phase can be detected from the XRD pattern of the
sample, which indicates the high purity of tin oxide nanocrystals.

The morphology of tin oxide powder prepared from calcination of complex is shown
in Supplementary material. Particle size distribution is broad in the range of about
100-200 nm.

3.6. Optical properties of prepared complex

Figure 5 shows the absorption and fluorescence spectra of the prepared complex and bare
ligands in methanol. The UV-vis spectra of 8-HQ, 10-hydroxybenzo[h]quinoline, and
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Figure 5. Absorption and fluorescence spectra of the complex in methanol.

complex exhibit bands at 317 nm; 310, 368 nm; and 301, 377 nm, respectively, which can
be assigned to w—x" transitions, and their PL spectra demonstrate broad emissions cen-
tered at 463, 540, and 487 nm. There is a 24 nm red-shift and 53 nm blue-shift for the
emission spectra of 8-HQ and 10-hydroxybenzo[h]quinoline ligands after coordination. PL
emission spectra of ligands and complex have similar shapes. Therefore, one can conclude
that the emissions of all compounds originate from 7*—z transitions.

3.7. Electroluminescence characteristics

To demonstrate the application of the complex in OLED, this complex was used to fabri-
cate an OLED device and its EL was investigated. To have good energy transfer from host
to guest, an overlap between absorption spectrum of the guest and PL spectrum of the host
is required. As shown in figure 6, there is a little overlap between the absorption spectrum
of the complex as the guest and the PL spectrum of PVK :PBD as the host. Therefore, we
expect energy transfer from host to guest to occur to some extent. As shown in figure 7,
the EL spectrum of the complex exhibits a blue—green emission around 494 nm with
FWHM (full width at half maximum) of 71 nm. This value is close to its PL at 487 nm
with about 7nm red shift in EL spectrum relative to PL spectrum. Similarity of PL and
EL supports that blue—green EL originates from the tin complex dopant in the emitting
layer of the device, which is formed by the recombination of injected electrons and holes.
This can be explained from the energy level diagram of the device (figure 8). The lowest
unoccupied molecular orbital (LUMO, electron affinity) and the highest occupied molecu-
lar orbital (HOMO, ionization potential) energy levels of the complex were evaluated by
cyclic voltammetry on an electrochemical workstation. The oxidation (£,y) and reduction
(Eeq) potentials were used to determine the HOMO and LUMO energy levels using the
equations EHOMO =—(E,,+4.8)eV and ELUMO=—(Eq+4.8)eV. The E., and E.q
potentials were calculated using the internal standard value of ferrocene, —4.8 ¢V, with
respect to vacuum [38]. The results indicate that the ionization potential and the electron
affinity of the complex are ~5.8 and ~3.1 ¢V, respectively. The tin complex has a higher
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Figure 6. The overlap between absorption spectrum of the complex and PL of PVK : PBD.
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Figure 7. The EL spectrum of the device.

ionization potential than PVK, therefore, it can act as a hole-blocking layer. On the other
hand, electrons tunnel into the LUMO energy level of the tin complex and form excitons
in the tin complex, then the emissions are realeased. As a result, this tin compound could
be used for the fabrication of blue-green OLEDs.

Figure 9 shows the electrical characteristic of OLEDs. The probability of exciton forma-
tion in the system has direct relation with the number of holes and electrons in the bulk.
Therefore, with reduction in the current density, the probability of exciton formation during
operation of the device is reduced. The luminescence—voltage characteristic of the device
is shown in figure 10. The maximum brightness of the blue-green emission is at 423 cd/m”
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Figure 8. Schematical energy diagram showing the various barriers for charge injection in device. PEDOT: PSS
(poly(3,4-ethylenedi-oxythiophene) : poly(styrenesulfonate)) as the hole-injecting layer, PVK (polyvinyl-carbazole)
as the hole-transporting layer, and PBD(2-(4-biphenyl)-5-(4-t-butyl-phenyl)-1,3,4-oxadiazole) as the electron-
transporting layer.
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Figure 9. Current-voltage characteristics of the device.

for the device. Finally, the complex showed good thermal stability according to its melting
point measurement and TGA-DSC, and is also stable upon exposure to moisture and air.
Therefore, a good level of luminance can be sustained with this complex.

3.8. Optical properties of tin oxide nanoparticles

Semiconductor nanoparticles with dimensions on the order of bulk exciton will show
unique optical properties, which depend strongly on size [39—42]. In semiconductors, band
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Figure 10. Luminescence—voltage characteristics of the device.
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Figure 11. UV/visible absorption spectrum of the tin oxide nanoparticles.

gaps are particle size dependent. Tin oxide is a degenerate semiconductor with band gap
energy (Eg) of 3.4-4.6eV [43]. This scatter in band gap energy of tin oxide may be due
to a different extent of non-stoichiometry of the deposited layers. The band gap increases
with decreasing particle size and high-energy shift of an absorption edge is generally
expected for nanocrystalline materials. The absorption spectrum of the tin oxide nanoparti-
cles calcined at 450 °C is shown in figure 11; the value of the absorption onset of the sam-
ple is 325 nm. The absorption onset was blue shifted upon particle growth, indicating that
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Figure 12. PL spectrum of the tin oxide nanoparticles.

the particles are really in the quantum regime. In this work, the band gap value found for
tin oxide nanoparticles (3.81¢eV) is larger than that of bulk tin oxide (3.62eV). Figure 12
shows the PL spectrum of the tin oxide nanoparticles measured at room temperature. The
PL spectrum shows an asymmetric, smooth, and broad luminescence band centered at
581 nm.

4. Conclusion

A new tin complex has been synthesized and characterized by spectroscopic techniques
and single-crystal structure. The prepared complex showed fluorescence emission at room
temperature in solution and has good stability in air and thermally making it suitable for
the fabrication of an OLED. EL of the complex showed a yellow emission at 494 nm. Tin
oxide nanoparticles were synthesized by the calcination of the tin complex. The room tem-
perature PL spectrum of the tin oxide nanoparticles showed a single emission centered at
581 nm. The band gap of the product is ~(3.81eV), determined from the UV/visible
absorption spectrum. Finally, the results demonstrate that the prepared tin oxide nanoparti-
cles can be used in optoelectronic devices.

Supplementary material

Crystallographic data of (C;3H;o(NO)[SnCIl4(CoH¢NO)]-2CH30H have been deposited with
the Cambridge Crystallographic Data Centre, CCDC No. 895238. These data can be
obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.
cam.ac.uk/data_request/cif.
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