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During the last ten years, a number of three- and low-dimensional organic-inorganic
hybrid semiconductors based on metal halide units have been prepared and (for some
reviews see [1-3]). It has been found that these compounds could be used as elements in
nornlinear optical devices [4], light emitting diodes [5], optical microcavities [6] and as
channels in thin-film field effect transistors [7]. Mainly, the structural, optical and related
properties of compounds, crystallized or deposited on substrates from their solutions in
several solvents, have been reported [1-3, 8-14]. There is only little information on
properties of hybrid compounds obtained from melts [12]. Very recently, a number of
cornpounds have been prepared from melts and characterized crystallographically [15].
The compounds [CH3C6H4CH2NH3]2SHI4, [CH3C6H4CH2NH3]2PbI4,
[CH3C¢HsCH,;NH;3],PbBry4, [CH3C¢H4sCH,NH3],PbCly, [CsHs(CH3),NH;3],Pbly,
[CcHs(CH3)aNH;3]2Pbls, [C4HoNH3],PbBrs, have been prepared from melts into glass
tubes and found to be two-dimensional (2D) compounds, i.e., isostructural to those
obtained from solutions.

In this paper, the sample preparation of these compounds from melts as well as
their optical absorption (OA), photoluminescence (PL), photoluminescence excitation
(PLE) and photoconductivity (PC) spectra are described. The results are compared to
those obtained from solutions.

The samples were prepared in an inert (e.g., in Ar) atmosphere and/or in the
ambient atmosphere (i.e., in air). Finely grinded powders consisting of the appropriate
amounts of the starting materials, i.e., alkylammonium or benzylammonium halides and
MX, (M=Sn, Pb; X=I, Br, CI), were prepared firstly. The powders were transferred to
glass tubes or on quartz plates and heated at the melting point temperatures of the
organic components. The inorganic component is dissolved first in the organic melt and
immediately, the hybrid is crystallized. If the organic component is in excess of the
inorganic one, small crystals of the hybrid are obtained after melting, slow cooling and
washing with e.g., CH,Cl,. For the preparation of the films, a rolling pin-like tube from
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glass was used to attach the melts on the quartz plates. Thus, homogeneous deposits
were obtained after cooling. The deposits on quartz plates were used for the observation
of the OA, PL and PLE spectra. Thin deposits in between the gaps of two gold-
electrodes fixed on bakelite substrates were prepared by a similar way using a hot tip to
melt the powders. These deposits were used for the observation of PC (and PL) spectra.
The obtained samples were characterized by powder X-ray diffraction. Only, the ambient
conditions OA, PL, PLE and PC spectra were recorded by instrumentation described
elsewhere [13].

Fig. 1. shows the OA and PL spectra of [CH3;CsHsCH,NH3],Snl,
[CH3C¢H4CH,NH3],Pbls, [CH3CsH4CH;NH3],PbBr4, [CH3CsH4CH,NH3],PbCl4
deposited on quartz plates from melts, in an inert atmosphere. Also, Fig. 2 shows the
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Figure 1. OA(a, b,c,d) and PL (a',b',c") spectra of [CH:CsH4CH,;NH,],Snl, (a,a"), [CH;C¢H,CH,NH;],Pbl,
(b,b"), [CH3;C¢H,CH,NH;],PbBr,4 (c,c"), [CH3CsH,CH,NH;],PbCl, (d) thin deposits obtained from melts.

OA, PL and PC spectra of [C¢Hs(CH,),NH;],Pbls samples obtained from melts. In all
cases, the spectra show (sharp) excitonic bands of which the position, shape and intensity
depend on the nature of M and X.
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Figure 2. OA (a), PL (b) and PC (c) spectra of [C¢HsCH,CH,NH;],Pbl, samples obtained from melts.
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The spectra were found to be identical to the corresponding spectra of thin films
obtained from solutions (see [10,12,13]). However, the excitonic PC bands of samples
obtained from melts were found to be more intense and sharper than those obtained from
solutions. Similar results were obtained from some other 2D compounds. The OA, PL
and PC excitonic peak positions of some compounds obtained from melts and solutions
are listed in Table 1. Fig. 3 shows the PL and PC spectra of [CH3C¢H4sCH,NH3],Pbls and
[C¢H5CH,CH,NH;],Pbl,y samples prepared from melts in an inert atmosphere and 1n air.

Table 1. Excitonic PL, OA, PC peak positions (nm) of some organic-inorganic hybrids

Compound PL(M) OAM) PC(M) PL(@I) OA@X) PCL)
[CH3CsH4CH,NH;],Snl, 617 590 600 610 588 604
[CH;C¢H,CH,NH;],Pbl, 521 508 520 527 515 535
[CH;CsH4CH,NH;},PbBr, 408 393 410 411 - 409 409
[CH;CsH,CH,NH;],PbCl, 335 328 335 328
[CeHs(CH,),NH;],Snl, 620 590 620 624 586 620
[CsHs(CH;),NH;],Pbl, 523 510 516 518 511 525
[CeHs (CH;)4NH;],Pbl, 506 484 510 485
[C4HyNH;],PbBr,4 417 403 413 415 403 409

PL(M), OA(M) and PC(M) are the PL,, OA and PC peaks of compounds prepared from melts, while PL(L),
OA(L} and PC(L) the peaks of compounds prepared from solutions, respectively.
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Figure 3. PL (a, a") and PC (b, b") spectra of [CH;C¢H,CH,NH;1,Pbl, (a, a") and [CsHsCH,CH,NH;],Pbl,
(b, b') samples prepared from melts in an inert atmosphere (a, b) and in air (a', b')

One can see that, instead of the (free) exciton PL and PC peaks (522 and 516nm),
some new peaks are observed at longer wavelengths (538, 531 and 555nm), arising from
the bound exciton states and/or from impurity states.

The spectra of PbBrs and PbCly containing samples prepared in air are almost the
same as the corresponding spectra of the samples prepared in an inert atmosphere. The
reason is that the PbBr4 and PbCl, based compounds are stable in air, independently of
the method of preparation. Weak bound-exciton peaks were observed in the air prepared
samples at low temperatures, only.

The quasi-2D compounds (CH3NHj3),. x[CH3C6H4CH2NH3]2Pb Brige1, (CH3NH3),.
! [C6H5(CH2)2NH3]2anBI‘3n+1, and (CH3NH3)n_1[C4H9NH3]2anBI’3n+| (n23) obtained
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from melts exhibit weak OA bands at ca 473-512 nm and strong PL bands at ca 504 -
518 nm, as in the cases of compounds obtained from solutions [10,13].

It is clear that the optoelectronic behavior of organic-inorganic hybrid
semiconductors obtained from melts is the same as that of the semiconductors obtained
from solutions. Consequently, an alternative method, i.e., that from melts, could be
applied for the construction of optoelectronic devices [15]. By this method, instead of
that from solutions, the problems arising from pinholes and exclusive solvents could be
avoided [15].
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