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INTRODUCTION 

Direct gap semiconductors exhibit excitonic 
emission with large oscillator strength of excitonic 
emission and are worthwhile to be studied therefore. 
Hence, compounds that exhibit excitonic emission at 
room temperature are important for optoelectronic 
applications such as electroluminescent materials and 
very fast scintillators. The optical properties of 
semiconductor quantum wells (QWs) have been studied 
intensively because QWs increase exciton binding 
energies and optical nonlinearities. Such 
low-dimensional structures are usually fabricated using 
thin-film technology such as molecular beam epitaxy, or 
metal organic chemical vapor deposition. However, it is 
difficult to fabricate structures of micrometer size or 
smaller using these techniques. 

Another class of wide band-gap semiconductor 
covers structures that are composed of different kinds of 
stacked layers. In some compounds such as LaCuSO, 
excitonic luminescence is observed because the natural 
superlattice in these compounds acts as a QW and 
increases the exciton binding energy through the 
quantum confinement effect. LaCuSO is composed of 
stacks of alternating layers of semiconducting CuS and 
insulating LaO. This compound exhibits sharp excitonic 
absorption and emission peaks near the band edge at 
room temperature.1 The stability of excitons at room 
temperature is positively influenced by its layered crystal 
structure. Therefore, controlling the stacking pattern in 
such layered compounds might be another way to 
enhance the stability of excitons in these compounds. 
Mixed-anion compounds with perovskite-type oxide 
layers, such as Cu2S2, have been intensively studied and 
several types of stacking pattern in both antifluorite and 
perovskite-type layers have been reported.2,3 Previously 
we have explored layered sulfide oxide systems and 
discovered a wide bandgap semiconductor with such a 
layered structure, Sr2ScCuSO3. These compounds 
contain alternating stacks of semiconducting Cu2S2 and 
perovskite-type Sr-Sc-O layers. In addition, the crystal 
structures of the perovskite-type layers in these 
compounds differ. This means that the thickness of the 
insulating layers, which is strongly related to the stability 
of excitons, is controllable. In both samples, sharp 
emission lines are observed near the band edge. This year, 
we have investigated the electronic structures and 

luminescence properties of Sr2ScCuSO3 together with 
those of Sr3Sc2Cu2S2O5.  

EXPERIMENTAL PROCEDURE 

Sintered bulk samples with compositions of 
Sr2ScCuSO3 and Sr3Sc2Cu2S2O5 were synthesized by 
solid state reaction using stoichiometric amounts of 
Cu(3N), SrS(2N), Sc2O3(3N), SrCuO2, and Sr2CuO3. The 
precursors SrCuO2 and Sr2CuO3 were obtained by 
chemical reaction of SrCO3(3N) and CuO(3N) in molar 
ratios of 1:1 or 2:1, respectively, at 900 °C for 24 h. 
Because the starting reagents were moisture sensitive, 
samples were prepared in a glove box filled with argon 
gas. Powder mixtures were pelletized, sealed in 
evacuated quartz ampoules, heated at 700–1000 °C for 
48–100 h and then cooled slowly to room temperature. 

The electronic structure was calculated by a DFT 
program WIEN2k, using the linearized augmented plane 
wave method with a generalized gradient approximation 
exchange correlation potential16 over a 30×30×8 k-point 
mesh. Muffin-tin radii for Sr, Sc, Cu, S and O were set to 
2.21, 1.92, 2.46, 2.18 and 1.70 a.u., respectively. 
Fluorescence spectra and the lifetime of each sample 
were determined using a spectrograph with a focal length 
of 25 cm (groove density 600 gr/mm) coupled to a streak 
camera unit (Hamamatsu C1587) and a charge-coupled 
device camera. The samples were excited by the 3rd 
harmonic of a Ti:sapphire laser operating at 290 nm. 

RESULTS AND DISCUSSIONS 

The calculated band structure and electronic 
density of states of Sr2ScCuSO3 are shown in Fig. 1(a) 
and (b). Valence band maximum and conduction band 
minimum are both situated at the  point, indicating that 
the compound is a direct gap semiconductor like 
Sr3Sc2Cu2S2O5.

4 The top of the valence band has strong 
Cu dxz+dyz and S px+py character, reflecting the 
two-dimensional nature of the Cu2S2 layer. The bottom 
of the conduction band has Cu dz2 and S pz character 
with small contributions from Sr and Sc s orbitals, 
reflecting the three-dimensional nature of the Cu2S2 layer. 
Such a band structure, where the Cu2S2 layer determines 
the band gap, resembles that of Sr3Sc2Cu2S2O5.  

As written in the report of last year, both 
Sr2ScCuSO3 and Sr3Sc2Cu2S2O5 polycrystalline samples 
exhibited sharp luminescence at around 370 nm at 4.2 K. 



The wavelength is almost coincident with t he band gap 
of these compounds, which is 3.15 eV at room 
temperature according to diffuse reflectance 
measurements. This year we have performed quantitative 
measurement of emission intensity and decay time. 
Luminescence decay times are about 20 ps at 4.2 K for 
both compounds and decreased constantly with 
increasing temperature as shown in Fig. 2, although 
quantitative analysis was not possible because of 
instrumental limitations. With increasing temperature, 
the emission peaks shift to longer wavelength. Such 
luminescence characteristics are consistent with those 
originating from excitonic emission. The emission 
intensities of both compounds decrease with increasing 
temperature, as indicated in Fig. 3. Although the 
emission intensity of Sr3Sc2Cu2S2O5 at room temperature 
is less than 5% of that at 4.2 K, the RT emission intensity 
of Sr2ScCuSO3 was as high as 50% of that at 4.2 K. The 
varying temperature stability of emission intensity may 
originate from the different crystal structures of the 
samples. The large exciton binding energy of LaCuSO 
originates from its layered structure, which can be 
regarded as multiple QWs in a semiconductor. As 
mentioned above, the insulating layer of Sr2ScCuSO3 is 2 
Å thicker than that of Sr3Sc2Cu2S2O5. Further study on 
samples such as single crystals and epitaxial thin films is 
needed to fully understand the properties of these 
compounds, but it is considered that the quantum 
confinement effect in Sr2ScCuSO3 is larger than that in 
Sr3Sc2Cu2S2O5 because of effects induced by its crystal 
structure. Interestingly, in iron arsenides such layered 
compounds with interlayer distances of up to 30 Å have 
been reported. 17 This suggests that confinement effects 
may be able to be enhanced by controlling the crystal 
structures of compounds. 

In summary, the calculated band structure 
showed that Sr2ScCuSO3 is a direct band gap material, 
similar to Sr3Sc2Cu2S2O5. Sharp emission peaks at the 
band edge were observed from the sintered bulk samples 
even at room temperature. The temperature stability of 
luminescence from Sr2ScCuSO3 is higher than that of 
Sr3Sc2Cu2S2O5. The difference may come from the 
difference of Cu-Cu interlayer distances in these 
compounds. 
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Fig. 1 (a) Calculated band structure and (b) electronic density of states of 

Sr2ScCuSO3.  

0 100 200 300

N
o

rm
al

iz
ed

 e
m

is
si

o
n 

in
te

ns
ity

 / 
ar

b.
 u

ni
ts

Temperature / K

Sr2ScCuSO3

Sr3Sc2Cu2S2O5

Fig. 2 Temperature dependence of decay time of 
Sr2ScCuSO3 

Fig. 3 Temperature dependent emission intensities 
for Sr2ScCuSO3 and Sr3Sc2Cu2S2O5 normalized to 
the emission intensity at 4.2 K. 
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