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The title compounds (natural low-dimensional 
semiconductors) show strong excitonic optical ab­
sorption bands in the UV-visible spectral region, 
because of the dielectric confinement of excitons. 
as in the cases of other similar systems based on 
PbX5~, SnX^-. P t ' - X - P t IV-X , Cd,Sv-clusters etc.

During the last twenty years a large number of 
artificial low-dimensional (LD) semiconductor 
systems have been fabricated and studied. They 
are characterized by enhanced excitonic binding 
energy, enhanced excitonic oscillator strength, and 
consequently enhanced optical nonlinearity, in 
comparison to the corresponding three-dimen- 
sional (3D) systems [1]. Similar effects have been 
observed in some natural two-dimensional (2D), 
one-dimensional (1 D) and zero-dimensional (OD) 
semiconductor systems. Compounds of the for­
mula A 2MX4 (where A = alkylammonium, phenyl- 
alkylammonium etc.; M = Pb, Sn; X = Cl, Br, I) 
are 2D  (natural quantum well) systems [2-6]. 
Compounds of the formula 
MU(L -L )2MIV(L -L )2X?(C104)4 (where M = Pt, 
Pd, Ni; L -L  = diamine or L = NH3; X = Cl, Br, I) 
are 1 D (natural quantum wire) systems [5, 7, 8]. 
Compounds of the formula MvY v(SPh)z (where 
M = Cd, Zn; Y = S, Se, Te) and the compound 
(MeNH3)4PbI6 are OD (natural quantum dot) 
systems [2, 5, 8, 9], The spectra of these systems
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exhibit strong excitonic bands in the UV-visible- 
near infrared spectral region [2-9], Also, the crys­
tal structures of some compounds of the formula 
A 3MX6 and A3M2X9 (where A = MeNH3, 
Me2NH2, Me3NH, Me4N; M = Bi, Sb; X = Cl, Br, 
I) indicate LD semiconductor behaviour [10-16]. 
Crystals of (MeNH3)3M2Br9 consist of 2D  layers 
of polyanions, while crystals of (Me3NH)3Sb2Cl9 
and (Me2NH2)3Sb2Cl9 consist of 2D  layers of 
SbCl3 connected by Cl- anions and sandwiched 
between alkylammonium cations (2D  systems) 
[10, 11]. Crystals of (MeNH3)3M2Cl9 are built up 
of 1 D double-chain polyanions and the alkyl­
ammonium cations surrounding them (ID  sys­
tems) [11, 12], Crystals of A3MX6 are built up of 
octahedral anions MX^“, while crystals of 
(MeNH3)3M2I9, (Me2NH2)3Bi2I9, (Me4N)3M2Br9, 
and (Me4N)3M2Cl9 are built up of bioctahedral 
M2X9_ anions and the alkylammonium cations sur­
rounding them (0D systems) [11-16].

In this paper we report results concerning the ex­
citonic bands in the optical absorption (OA) spectra 
of A3MX6 and A3M2X9 LD systems. When this 
work was in progress, preliminary results concerning 
optical absorption spectra in crystals of the 0D 
system (MeNH3)3Bi2I9 have been reported by 
others [17],

The compounds were prepared by methods de­
scribed in the literature [10-17], and identified by 
elemental analyses and/or Weissenberg diagrams. 
Thin deposits of compounds on quartz plates were 
prepared by methods reported previously [4-7]. 
The optical absorption spectra were recorded at 
room temperature on a Varian 2390 model UV-vis­
ible spectrophotometer.

Figs 1-3 show the OA spectra of thin (solid) de­
posits of 0D systems, and Fig. 4 shows the spectra 
of some 1 D and 2 D systems. One can see that the 
position of excitonic band (which is the low fre­
quency band close to the absorption edge) in the 
OA spectra is shifted to longer wavelengths in the 
order chlorides (310-332 nm) < bromides (360- 
409 nm) < iodides (457-500 nm). It occurs at inter­
mediate positions for mixed halide compounds (e.g. 
Fig. 2d). The excitonic bands in the spectra of Sb- 
containing compounds occur at shorter wavelengths 
than those of the corresponding Bi-containing com­
pounds as it is expected from the observed spectra 
of Sbl3 [18] and BiI3 [19] crystals as well as from 
the spectra of SbX^" and B iX ^ in solution [20], re­
spectively. Also, one can see that the excitonic
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Fig. 1. OA spectra of (M e2N H 2)3BiI6 (a) and 
(M e2NH 2)3Bi2Iy (b). The small vertical lines show the 
peak positions of the corresponding solutions in CH3CN.
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Fig. 2. Same as Fig. 1, but for (M eNH3)3Bi2I9 (a), 
(Me4N )3Bi?Br9 (b), (M e4N )3Bi2Cl9 (c) and 
(Me4N )3Bi2Br6Cl3 (d).
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Fig. 3. Same as Fig. 1 but for (M eNH3)3Sb2Is 
(M e4N )3Sb2Br9 (b) and (M e4N )3Sb2Cly (c).

X[nm]
(a). Fig. 4. Same as Fig. 1, but for (M eNH3)3Bi?Cl9 (a; 1 D), 

(M eNH3)3Bi2Br9 (b; 2 D ) and (Me3N H )3Sb2Cl9 (c; 2D ).

bands of MX^~, which are the smallest in size, occur 
at shorter wavelengths and are sharper than those 
of M2X9~, and the bands of the 0D systems occur 
at shorter wavelengths than those of the corre­
sponding 1 D and 2D systems. In the last two cases, 
the shifts of the excitonic bands are attributed to 
the different degree of confinement of the dots, 
wires and wells in the crystals. The bands in the OA 
spectra of (diluted) solutions in CH3CN (see also
[20]), of which the positions are shown by vertical 
lines in Figs 1-4, occur at shorter wavelengths and 
are broader than those of the corresponding solid 
deposits. Assuming that the continuum absorption

begins from the dip, which occurs close to the 
excitonic band, one can estimate the values of the 
excitonic binding energy (Eb) at room temperature. 
In (MeNH3)3Bi7I9, (Me4N)3Bi2Br9, (Me4N)3Bi2Cl9, 
(Me4N)3Sb2Cl9, (MeNH3)3Bi2Cl9 and
(MeNH3)3Bi2Br9, for example, one finds that Eb is 
>  183, 306, 434, 203, 306 and 274 meV, respectively. 
It has been observed that the low frequency band 
of (MeNH3)3Bi?I9 [17] becomes sharper at lower 
temperatures. This is an evidence of the excitonic 
nature of this band. Eb-Value has been accurately 
determined for low temperature (Eb > 300 meV at
4 K). Same results are expected for other com­
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pounds. It should be noticed that the excitonic 
bands in the OA spectra of (Bil3)}-clusters in zeolite
[21], of (Bil3)2-clusters in zeolite [21] and of the 
bulk Bil3 [19] occur at ca. 468, 486 and 600 nm, 
respectively, and the Eb-value decreases as the size 
of the particles (clusters) increases [21]. This is a 
consequence of the quantum size effect (see for ex­
ample [8]). The results reported above are similar 
to those obtained from other LD systems, such as 
A,MX4 (2D) [2-6], Mn - X - M ,v-X  (1 D) [5, 7, 8], 
A4MX6 (OD) [2], and M ,Xv.(SPh)z (OD) [5, 8, 9J. 
A2PbI4 (2D solid), for example, shows an OA exci­
tonic band at ca. 512 nm [2-4], while Pble" (OD

solid) shows a band at ca. 362 nm (at 4 K) [2], the 
corresponding Pbl^-solution in CH3CN shows a 
band at ca. 376 nm and the Pbl5“-solution at ca. 
361 nm (at room temperature) [22]. The OA spec­
trum of Pbl^- (solid) [2] is almost identical to that 
of very small Pbl2-clusters in zeolite [21]. In all 
cases, it was found that the nature of the organic 
component (barrier) plays an important role in the 
intensity and the shape of the excitonic bands. How­
ever, details of this effect on the linear and nonlin­
ear optical and related properties (photoluminesc­
ence, photoconductivity etc.) at room and lower 
temperatures will be reported elsewhere.
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