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Containing Alkyldiammonium Salts
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KENJIRO TESHIMA*** MASAHIRO RIKUKAWA*** and
KOHEI SANUT****

*Department of Chemistry, Sophia University, 7-1 Kioi-cho, Chiyoda-ku,
Tokyo 102-8554, Japan,

“* Department of Photo-Optical Engineering, Tokyo Institute of Polytechnics,
1583, liyama, Atsugi-shi, Kanagawa 243-0297, Japan and

**CREST, Japan Science and Technology Corporation (JST), 4-1-8, Hon-cho,
Kawaguchi-shi, Saitama 332-0012, Japan

Novel organic-inorganic hybrid compounds, C,N,;PbBry
(n=4,6,8 and 10) and C;N,PbBrs + DMSO, were prepared by
the self-organization of lead bromide and a variety of
alkyldiammonium cations. The powder X-ray diffraction
patterns of C,N,PbBr, demonstrated that the compounds
form layered perovskite structures and the interlayer spacing
are dependent on the length of alkyl chain. The absorption
and fluorescence spectra of C,N,PbBrs and C,N,PbBr, *
DMSO crystalline powder showed an excitonic absorption
peak at around 390 nm, which suggests that the formation of
two-dimensional inorganic sheets and quantum confinement
structure.
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INTRODUCTION

Organic-inorganic hybrid compounds have recently
attracted much attention due to their interesting optical
properties. In particular, layered perovskite compounds,
(CuH2n+1NH3),PbXs  (X=halogen) naturally form a
quantum-well  structure in  which two-dimensional
semiconductor layers of corner-sharing PbXs octahedra are
sandwiched between organic insulator layers.[1-3] Due to
the low-dimensionality of the inorganic semiconductor
region, the exciton has large binding energies (>300 meV)
and oscillator strength resulting from the quantum
confinement effect, which enables strong excitonic
absorption and emission even at room temperature.[ 4-9] It
has been reported that the dimensions of inorganic
semiconductor region are controllable by changing organic
cation species, but alkylmonoammonium salts are mostly
used as organic cation species to prepare these compounds.
In this paper, we report the synthesis and characterization of
novel organic-inorganic hybrid compounds containing
alkyldiammonium salts, and the crystal structure and optical
properties were characterized by X-ray diffraction and
optical measurements.

EXPERIMENTAL

Alkyldiammonium dibromide was prepared by treating
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the alkyldiamine with a HBr aqueous solution. C,N;PbBr4
crystals were obtained by the recrystallization from a mixed
solution of dimethylformamide and methanol containing
lead bromide and alkyldiammonium dibromide.
C2N2PbBry *+ DMSO crystals were obtained by the
solvent-diffusion recrystallization from a dimethylsulfoxide
solution with methanol as a poor solvent. The chemical
formula of the compounds was determined by elemental
analysis and ICP emission spectroscopy. Absorption
spectra of the crystalline powder were measured by using a
SHIMAZU UV3100. Fluorescence spectra of the
crystalline powder were taken on a HITACHI F-4500
spectrometer. X-ray diffraction measurements of the
crystalline powder were performed on a Rigaku Rint 2000.

RESULTS AND DISCCUSSION

Figure 1 shows X-ray diffraction pattern of crystalline
powder of C1(N,PbBry and C,N,PbBry - DMSO. A series of
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FIGURE 1 X-ray diffraction patterns of crystalline

powder of C1yN,PbBr; and C,N,PbBrs-DMSO.
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(001) diffractions attributed to the interlayer spacing were
observed in the low angle region of C;oN,PbBrs. The
observation of these characteristic diffractions supports that
the layered perovskite structure was successfully formed by
the self-organization of lead bromide and alkyldiammonium
dications. In C,N,PbBr,, the layer spacings increased with
the increase in the length of alkyl chains. This result
indicates that the distance between the inorganic layers can
be controlled by changing the length of alkyl chain in the
layered perovskite. In contrast, C;N;PbBrs+ DMSO did not
show such (00l) bragg reflections.

Figure 2 shows the absorption and photoluminescence
spectra of C,oN,PbBr, crystalline powder. This compound
exhibited sharp excitonic absorption and fluorescence peaks,
which implies that quantum confinement structure was
constructed.  All of the C,N,PbBrs crystalline powder
showed an exciton peak at around 390 nm due to the exciton
states of two-dimensional inorganic structure. [ 10-12]
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FIGURE 2  Absorption and fluorescence spectra of
C10N2PbBI‘4‘ (EX : 350 nm)
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FIGURE 3 Absorption and fluorescence spectra of
C3N;PbBrys + DMSO. (Ex : 350 nm)

Although the distance between the inorganic layers changes
from 15.0 A for (n=10) to 10.2 A for (n=4), the similar
absorption spectra are observed in these compounds. This
result indicates that the distance between the inorganic
layers is long enough to cause the quantum confinement
effect.

Figure 3 shows the absorption and fluorescence spectra
of C,N,PbBrs - DMSO crystalline powder. The compound
showed an absorption peak at 388 nm as well as C,N,PbBr,4
crystals, whereas the fluorescence peaks were split into 395
nm and 413 nm. This results suggests that the electronic
band structure of C;N;PbBrs*DMSO is different from that of
CuN2PbBr4 due to the coordination of DMSO molecules.

References

1 D. B. Mitzi, C. A. Felld, W. T. A. Harrison, A. M.
Guloy, Nature, 369, 467 (1994).

2 D. B. Mitzi, Progress in Inorganic Chemistry (John
Wiley & Sons. Inc.), vol 48, (1999).




Downloaded by [University of Haifa Library] at 20:48 13 August 2012

94

3

10

11

12

T. MATSUI et al.

K. Chondroudis, D. B. Mitzi, Chem. Mater., 11, 3028
(1999).

T. Fujita, H. Nakashima, M. Hirasawa, T. Ishihara, J.
Luminescence, 87-89, 847 (2000).

K. Teshima, S. Kano, M. Rikukawa, K. Sanui,
Kobunshi Ronbunshu, 57, 208 (2000).

M. Era, K Maeda, T. Tsutsui, Thin Solid Films, 331,
285 (1998).

J. Ishi, H. Kunugita, K. Ema, K. Tanaka, T. Kondo, R.
Ito, Nonlinear Opt., 22, 365 (1999).

Y. Tabuchi, K. Asai, M. Rikukawa, K. Sanui, K.
Ishigure, Nonlinear Opt., 25, 449 (2000).

Y. Tabuchi, K. Asai, M. Rikukawa, K. Sanui, K.
Ishigure, Nonlinear Opt., 24, 57 (2000).

G. C. Papavassiliou, Mol. Crsyt. Liq. Cryst., 286, 231
(1996).

G. C. Papavassiliou, I. B. Koutselas, Synthetic Metals,
71, 1715 (1995).

D. B. Mitzi, K. Chondroudis, C. R. Kagan, Inorg.
Chem., 38, 6246 (1999).




