
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 13:06
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Optical and Related Properties of
Some Natural Three and Lower
Dimensional Semiconductor Systems
G. C. Papavassiliou a , I. B. Koutselas a , D. J. Lagouvardos a , J.
Kapoutsis a , A. Terzis b & G. J. Papaioannou c
a Theoretical and Physical Chemistry Institute, National Hellenic
Research Foundation, 48, Vassileos Constantinou Ave., Atliens,
116/35, Greece
b Inst. Mat. Sci. “Demokritos”, NRC, Ag.Paraskevi Attikis,
Athens, 153/10, Greece
c Department of Physics, University of Athens, Panepistimiopolis,
Zographos, Athens, 157/71, Greece
Version of record first published: 05 Dec 2006.

To cite this article: G. C. Papavassiliou , I. B. Koutselas , D. J. Lagouvardos , J. Kapoutsis , A.
Terzis & G. J. Papaioannou (1994): Optical and Related Properties of Some Natural Three and
Lower Dimensional Semiconductor Systems, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 253:1, 103-112

To link to this article:  http://dx.doi.org/10.1080/10587259408055249

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259408055249
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
06

 1
8 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst. 1994, Vol. 253, pp. 103-112 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1994 Gordon and Breach Science Publishers S.A.  
Printed in the United States of America 

OPTICAL AND RELATED PROPERTIES OF SOME NATURAL THREE 
AND LOWER DIMENSIONAL SEMICONDUCTOR SYSTEMS 

G. C. PAPAVASSILIOU. I. B. KOUTSELAS, D. J. LAGOUVARDOS, J. 
KAPOUTSIS, A. TERZIS” AND G. J. PAPAIOANNOU** 
Theoretical and Physical Chemistry Institute, National Hellenic Research 
Foundation, 48, Vassileos Constantinou Ave., Atliens 1 1  6/35, Greece; *Inst. Mat. 
Sci. “Demokritos”, NRC, Ag.Paraskevi Attikis, Athens 153/10, Greece; 
**Department of Physics , I1 n i ve rs i t y of At lien s, Pane pis t i in i o pol i s , Zograp h 0s , 
Athens 157/ 71, Greece. 

Abstract New results concerning the optical absorption. photoconductivity, pho- 
toluminescence and pliotoluminescence-excit~~tion spectr-a of (CH,NH,)SnBr, 
(3-D), (C6HSCH2CH2NH3),Snl, (2-D), Pt(en)2 Pt(en)2 CI,(CIO,), (1-D), 
C%Sy(SPh), (0-D) and siniilar compounds (with:Pb. Ge inste:id of Sn; Pd, Ni instead 
of Pt; Se, instead of Sy) are reported. The speclm exhibit strong excitonic bands 
and in some cases imptilily-bands i n  the LJ\r-visihle-iiear infrared spectral region. 

Keywords: semiconductor, low dimensional, three dimensional, perovskite, quantum well, quantum 
wires, quantum dots, clusters 

INTRODUCTION 

During the last few years, rapid advances i n  materials technology have lead to the fab- 
rication of novel electronic a n d  optoelectronic devices based on low-dirnensional(L-D) 
systems, i.e. quantum wells (2-D), quaiittiin wires ( I-D). and quuntum dots (0-D). 
Artificial systems al-e fabricated by using several rechniclues. such as nioleciilar beam 
epitaxy (for 2-D systems) or a combinatioii of e p i t u y .  etching ond lithography (for 
1-D and 0-D systems) [ 11. However. i n  addilion to manmade strticiures, natural L-D 
systems (compound semiconductors) have long been known. Among the several dif- 
ferent semiconductors studied in our institutes. the following natural 
found by us to  be more important for further investigations: 1) Compounds of the for- 
mula (CH,NH,)MX, (where M=Pb. Sn. Ge: X=CI, Br, I )  have a cubic perovskite 
structure and some of them are 3-D semiconductors [2-41; 2) Compounds of the for- 
m u l a  (CH3NH3)(C,H2,+,NH,)2M2X7 and (C,7f12n+ NH3)2hlX, have layered perovs- 
kite structures and al-e 2-D semiconductors (natural quantum wells) “2-51; 3)  
Compounds of the formula M(L-L),M(L-L),X,Y, (\\!here hl=Pt. Pd, Ni; L-L=diamine; 
X=Cl, Br, I; Y=CIO,, BF, etc) show I-D semiconductor beliaviour (natural owanturn 
wires) [6,7]; and 4) small par-ticles of CdS and similar compounds as well as clusters of 
the formula Z,M,AS,(SP1i), (where Z=Me,N, Me,NH etc; M=Cd. Zn etc; A=S, Se) 
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104/[396] G.C. PAPAVASSILIOU ET AL. 

show 0-D semiconductor behaviour (natural qu:intiim dots) [8,9]. All these natural 
systems are prepared by crystalliztttion from solurioris. I n  this puper new reSllltS con- 
cerning the optical absorption (OA), photocoiiductivit!~ (PC). plioroltiminescence (PL) 
and photoluminescerice excitation (PLE) spectra of these compounds itre reported. 

(CH,NH3)SnBr3 AND SIMILAR COMPOIINDS (3-D SYSTEMS) 

The crystalline compound (CH,NH,)SnRr, and similar- compounds (with Pb or Ge in- 
stead of Sn and CI, I instead of Br) have been known for a long rime (see refs [l-41 
cited in ref [3] herein). (CH,NH,)SnRr, is crystnllized i n  the cubic system, space group 
Pm3m with a=5.9053 A. it has a cubic perovskite strticture with a 3-D semiconductor 
behaviour [2,5]. I t  is I-ed i n  colotir. Fig. 1 dlows tlie OA spectrum of a thin film of 
(CH,NH,)SnBr, on quartz plate and the PC spectrtim of a single st;tl at room tem- 
perature. One can see that the OA spectrum shows it weak shouldcr :It ca 560 nm, 
which is attributed to excitons. There is 110 excitonic feature i n  tlie PC spectrum at 
room temperature. The excitonic peak is more pronounced i n  PL specti-a as it is 
shown in Fig.2. Similar resiilrs were obtained from other similar compounds. Fig2 
shows also the PL spectra of (CH,NH,)PbHi-, and (CH3NH,)Pb,,,,Sn,,.(,Br3. The OA 
and PL bands are broader than the cot-responding 2-D systeins (see neut section). The 
weak shoulders, which occur at longer wavelengths. are due to itnpurities. They be- 
come more intense after. exposure of the coinpounds to air and light. The behaviour 
of these systems is similar to that of conventional semiconductors. such as CdS and 
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Fig.1. OA(a) and PC(b) spectra ot (CH,NH,)StiDr, t h i n  film (a) and single crystal (b) 
at room temperature. 
Fig.2. PL spectra of single crystals of (CH,NH,)SnHr3 (it). (CH,NH,)PbBr, (b) and 
(CH3NH3)Pb0,,Sno,6Br3 (c) (excitation 454.5 nm). 
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OPTICAL AND RELATED PROPERTIES OF NTLDSS [397]/ 105 

GaAs [lo]. Experiments concerning the variation of OA kind PL teatiires versus the 
temperature are in progress. I t  is expected that the values of excitoiiic binding energy 
will be smaller than that of the corresponding 2-D syatenis. 

(Cr;HSCH2CH,NH2)2SnI, AND SIMILAR COMPOUNDS (2-D SYSTEMS) 

Crystals of (C6H5CH2CH,NH3),PbX, (X=CI. Br. 1) and similar compounds with 
other alkylammoniiim or bisfalk!~lammonitim) cations form ncitural multiquantum 
wells. In these compounds, the perovskite-like 2-D networks of Pbl, correspond to 
the quantum wells, while the alkylammonium chains play the role of barriers (with 
small dielectric constant and much larger band-gap energy) and sandwich the wells. 
During the last years, striicturiil. optical (linear :tiid nonliirear) as well as other physical 
properties of this kind of materials have been repoi-red (see [? , I  1-13] and refs therein). 
Recently, similar compounds of Sn have been prepared :tnd characterized analytically 
and spectroscopically [2,3]. Some of them weix prepared i n  single crystal form. 
Cry st a1 s of (C, H, C H, CH N H S n 1, \v e re o t) t :ii lied LLS rect ungii I ti r p I ate le t s with a 
typical size of 5 x I .5 x 0.5 mm’. They tire bi‘owii-golden i n  reflected light, or red- 
brown in transmitted liglir. The Ri.-analc>g i s  yellow in colour. 
(C6H5CH2CH2NH3)2Sn14 is ci t a1 Ii zed i 11 t Ire m onoc Ii nic s y s  t e in. space group CZ/m, 
with a=32.64, b=6.117, c=6.163 A. (-1=93.2 I r, ;\I room temperarm [3,5] .  I t  is isostruc- 

tural with (C6H5CH,CH,NH3),Pbl, [12]. Fig. 3 a  shows the OA spectrum of a thin 
film of (C6H,CH,CH,NH,)2SnI, on quartz plate. observed at room temperature [3]. 
The main absorption peak at ca 590 nni i s  artributed to excitons. Fig. 3b shows tlie PC 
spectrum of a freshly prepared single crystal of (C,flSCl~12CH,NH3)2Snl, at room 
temperature, with the electric field applied along the layer planes. s o  that the photocur- 
rent flows perpendicular to tlie a-axis. The spectimi shows a n1auiiiium at  600 nm, 
namely, near the main absorption band. Tlre blue shift of tlie absot-ption band may be 
due to the particulate structure of tlie f i l m .  as in  the case of Pb1,-analogs (films 
and suspensions) [Z]. Fig.4 shows tlie PL spectra of a single crystal of 
(C6HSCH2CH,NH3),SnI, at  room temperature (300 K )  and  at low temperature (ca 80 

K). The room temperature spectrum shows a main peak a t  625 nm.  which is attribut- 
ed to excitons. This peak is shifted to longer wavelengrhs a s  tlie teiiiper’arure decreas- 
es. Also, the intensity of tlie peak depends on rhe reinperattire. Fig5 shows the varia- 
tion of the PL peak intensity versus inverse temperature. One can see that at low 
temperatures the intensity is almost constant. while at  temperature values higher than 
that of ca 180 K the intensity decreases approximately a s  exp (E,/kT), with E,=160- 
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106/[398] G.C.  PAPAVASSILIOU ET AL. 

190 meV. This means that the binding energy (Ea) of (C,H,CH,C'H2NH3)2Sn14 is 

lower than that of (C,H,CH,CH,N€I,),Pbl, p 2 3 0  me\'), bur close to that of 
(CH3NH,)(C,H,CH2CH2NH,)2Pb21, ( 175 me\') [ I  I ] .  The PL spectra show also a 
weak shoulder at ca 650 nm, which becomes more intense at low temperatures. This is 
attributed to impurities (shallow-trapped states [ 1,141) resulting from photooxidation 
of the compound. Similar results have been obtained for (C,H,CH,CH,NH3)2Pb14. 

2 1 0  
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Fig.3. OA spectrum of a th in  f i l m  of (C,,H,CH,C - -  H,NH3)2Sn14 on quartz plate (a) and 
PC spectrum of a single crystal of (C,H,CH,C - H,NH3)25nI, at room temperature. 
Fig.4. PL spectra of a single crystal of (ChHSCH2CH2NH3)2Sti14 at room tempera- 
ture(a) and at ca 80 K (b). 
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Fig. 5. PL intensity (on nattiral logarithmic scale). 11s ;I function of inverse tempera- 
ture, of (CGHSCH2CH2NH3)2Sn14 (data from two crpstals). 
Fig.6. PL spectra of (C6H5CH2CH,NH3),Sn1, (a) and (C,H,CH2CH2NH,)2PbI, (b) 
single crystals at ca 80 K after exposure to air and light for several days. 
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OITICAL AND RELATED PROPERTIES OF NTLDSS [399]/ 107 

Fig.6 shows the PL specrra of (C,HSCH,CH,NH3),SnI, - and 
(C,H,CH,CH,NH,),PbI, after exposure t o  the air and  light for several days. The de- 
crease of the intensity of the impurity-band versus the teinperature is more rapid than 
that of Fig.5. This indicates that the corresponding binding energy [14] is larger than 
that of the excitonic band. Similar effects have been observed in the PC spectra. The 
PC bands due to impurities are well sho\vn, even at room temperature. The results are 
more pronounced in  the spectra of (C,H,CH,CH,NH,)2Pbl,. Fig.7 shows the room 
temperature PC spectrum of ;I freshly prepared single crystal of 
(C,H,CH,CH,NH,),Pbl, 21s well as spectra obtained after exposui-e to air and light. 
One can see that the excitoiiic peak at cii 525 nm (see ;dso [ l  I]) disappenrs and a new 
peak at ca 54.5 nm due to impurities appeai-s after extensive exposure to air and light. 
Also, similar results were obtained after doping (C,,H,CH,C:H,NH3j,PbI, with 
(C6H5CH2CH2NH3),SilI,, as i t  i s  shown in  Fig.8. The new peak, due to inipurities oc- 
curs at ca 588 nm. while the corresponding OA band occurs at  5 12 nm. The OA spec- 
trum of (C6H5CH2CH,NH,),SnRr~ and (C',,H,CI-12C€-I,NH,),GeI~ [I] show excironic 
bands at 444 and 450 nm respectively. 

400 450 500 550 600 
0- 
400 450 500 550 600 650 700 

h/nm A/nm 

Fig.7. PC spectra of (C~,H5CHZCH2NH3)2Pbl? befoie (a), after exposure to air and 
light for several days (b) and after extenwe exposure (for meral weeks) (c). 
Fig.8. PC spectrum of (( ,,H,CH,C'H2NH3),Pbl, - doped with 

(C,H,CH,CH,NH,),SnI, 

The PL spectra of this k ind  of marerials do not show low frequency bands due to 
self-trapped excitons. The absence of resonance R a m a n  bands at room temperature is 
due to the weak exciton-phonon interactions. Studies of PL spectra at low tempera- 
tures and of electroluminescence spectra are i n  progress. 
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108/[400] G.C. PAPAVASSILIOU ET AL. 

Pt(en)2Pt(en22CI,(C10~~" AND SIMILAR COAMPOUNDS (I-D SYSTEMS1 

P t (en)2P t ( en),C12( CI OJ4 (where e n=e t h y le tied i am i ne) re fe rred t o hereafter as 
PtllPtlVCI, is crystallized a s  red or greenish needle-like platelets. The crystals consist 
of Pt"(ent2 and Pt1v(en)2 tinits. which are stacked ~tlternatively along the b-axis con- 

structing a linear chain of CI---Pt"---CI-Pt"'- segments [ IS]. I r  behaves as I-D 
semiconductor along the b-axis. Since the observation of 1 -D semiconductor character 
of Ptr1PtTVC12 [6], several research groups have studied linear and nonlinear optical 

properties of Pt1IPt1"Cl2 and similar complexes of tlie type M"M'\'X, (where M=Pt, 

Pd, Ni; X=CI, Br, I) (see for example [6,7, IS-201). Moreover, properties of mixed-ha- 
lide complexes, such as Ptl'Ptl\'CI,Br,., [ 101 und some mixed-mer:tl complexes, such 
as M'TPt1VX2 [6.7,20], have been reported. Recently. w e  have prepared rhe mixed- 
metal of the type MI: Pr':-x Pt'\'X2 (X=C:l. 13r). by cocr!/stallizalion of M'1Pt'VX2 and 
Pt1TPt1VX2. Fig. 9a shows tlie OA spectrum of :i t h i n  deposit of Pt"Pt1\'CI2 on quartz 
plate. There is B main peak at  ca 338 nm. which is attributed to (charge rransfer) exci- 

tons and some weak shoulders a t  longer \vavelengths. The shoulders are more pro- 

nounced in the OA specrrum of Fig.% obtained from the reflectance specrrum of a 
single crystal with polarization para1 lel to the cli ai n asi s by K r m e  rs-K ron ig t ransfor- 

mation [7]. The weak peaks 01' shoulders. which are moit intense at low temperarures 
are attributed to polarons, bipolarons etc.[ 161. The PL spectrum of a single crystal 
(Fig.9~) shows an excitonic band at 520-530 iim. :L shoulder 111 c;i 730 n m ,  which corre- 
sponds to the polaronic (or impunities) ahsoi'prion b:ind. There is also a strong PL 
band at 1100 n m  (it is not sho\vn i n  Fig.9). which is atttibuted to self-trapped excitons 

[16]. The corresponding OA and PL bands of Pd"Pd'"C1, a n d  Ni1'Ni1\'CI2 occur at 
longer wavelengths than those of PtlIPr'\'C:l,. Fig.10 show the OA and PL spectra of 
Pd;,, Pt& PtTVC12 and Fig.] I rliose of Pd1'Pt'\'C12. The OA and PL bands occur at 
386, 36.5 and 720, 666 nm, for Pt~~,2Pt~~,sPt1vC12 and Pd"Pt1\'CI,, re.spectively. Fig. 12 
shows the resonance Raman specrra of single crystals of Pr"Pt'\'CI ' I  PrI1 PtiVCI, 
and PdllPt'VC1,. The corresponding lines occur at 31 I .  622. 03s ..., 3 18, 635, 955 ... and 
323, 6.50, 970 ... cm-l. Similar results hwe been obtained from Ni-analogs. From a 
small number of MT'PtIVX2 examined ~ i n r i l  now, i t  i s  shown that  the bands in the OA, 

PL and the lines i n  resonance Kaman spectra occur i n  between those of the corre- 

sponding M1'Pt1\'X2 and Ptl'Ptl\'X, complexes. By controlling the concentration of 
Pd or Ni in the crystals of M~Pr,!~Pr ' \ 'X, complexes, one can obtain the required OA 
bands in the spectral region 365-690 n m  and tlie corresponding PL-bands in the region 

666-1600 nm. The results are similar to those obtained from mixed-halide 

2.  0.8 
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Fig.9. OA (a,b) and PL(c) spectra of a t h i r i  deposit (a) and  of ;i single crystal (b,c) of 
Pt I 'Pt IVCl2 (red) (exci tat i on 454 .5 11 in : R ;I in :in I i lies have been e I i n i  i 11 ;it ed). 
Fig.10. OA (a) and PL(b) spectra of II thin f i l m  (a )  and ti single crystal (b) of 
Pd',',Pt'ovxPt'vCl2 (orange). 

0 0 
400 600 800 1000 1200 200 400 600 800 1000 
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Fig.11. Same as Fig.10 but for PdilPtl\'CI, I (yellow). 

Fig.12. Resonance Raman spectra of Prlll?l\'CI, I (a). Pd'~f,,Pr~~.xPt'\'C12 (b) and 
Pd"Pt'vC12(c) (excitation 454.5 nni ) .  

complexes [ 191. Studies of the OA. PL. a n d  i'esonaiice K a m w  bpecrra (with several dif- 
ferent laser lines) of M"Pt1'PrivX2 at I o m  and Io\ver remperiirures are in progress. 
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C 4 S  (SPh), AND SIMILAR COMPOUNDS 
- Y 

Small particles of CdS and similar compounds wi th  diameter smaller than the Bohr ex- 
citon diameter are 0-D systems. After the observation of quantum size effects in the 
OA, PL and resonance Raman spectra of CdS particles [8,2 I ] ,  severill research groups 
studied linear and nonlinear optical properties i n  several semiconductors dispersed in 
liquids, polymers, glasses etc (see for example [9,22-241). Also, small clusters with a 
C$S, core have been prepared and studied i n  the last few years. Starling from the 
smaller cluster with formula [Cd,,,S,(SPh),(,]3- (diameter of 7 A) [2S] some clusters 
with larger core-size have been prepared by several methods. 'The preparation of 
Cd,,S,,Ph,, (with a core diameter <I0 A) by heat treatment of 
(Me,N),CdloS,(SPh),, at ca 250 OC is reported i n  [2G]. The OA spectrum of the clus- 
ter shows an excitonic shoulder at 335 nm. the corresponding PLE spectrum a band at 
356 nm and the PL spectrum a broad band a t  ca 500 l im (deep-trap emission). From 
this cluster the preparation of another w i t h  formula C'd,,S,,(SPli),,(nhlF), and core 
diameter of ca 15 A is reported i n  [27]. The OA spectrum of this cliister shows an ex- 
citonic band at ca 358 n m .  Also, 11 monodisperse cluster- of the formula 
[Cd,oS,3(SPh),,]x- with diameter of I0 A is reported in [28]. The OA spectrum of this 
cluster exhibits a sharp excitonic band tit 35 I nm. Jtecently, we have prepared similar 
clusters of the type C4Ar(SPh),, by electrolysis of (Et3NH), Cd,oA,(SPh),6 in aceto- 
nitrile (A is S or Se). The method is similar to that applied for preparation of cation- 
deficient complexes from the co r-res pond i ng ca t ion- r i ch  coin pleses [2 91, or similar to 
that applied for preparation of Cd4(SPli)s (single crystals. oi.tIiorlic)mbic, space group 
p2,2,2,) from (Et,NH), Cd,(SPh),,, [30] .  Tlie clusters C.'d,A!.(SPh), were obtained as 
yellowish or yellow powders at the anode elccrrode or i n  the cuiodic br-tinch of the elec- 
trolytic cell. From the peak positions of their OA spectra and  the d a t a  of refs[26-28] 
concerning the size of clusters we found thai tlie size of the clusters obtained by elec- 
trolytic method depends on the conditions of electrolysis, especially 011 the concentra- 
tion. Diluted solutions of (Et,NI-I), Cd ,~jS,(SPh)loo i n  acetonitrile give a cluster 
Cd$,(SPh), with a core dianieter (2K) Iurger' t h a n  7 A arid smaller t l r an  10 A. Fig.13 

shows the OA, PLE and PI. spcctra of this cluster in  tetrahydroftiI-aiie. The OA and 
PLE spectra are similar to those obtciined by tlie heat-treatment method [26], but the 
PL spectrum, except the broad band at c;i 470 niii (deep-trap emission), exhibits also 
an excitonic band at 360 nm (PLE at  352. OA at 320 nm). Concentrated solutions 
give clusters with 10<2R<IS A. Fig.14 shows the OA (355 nm).  PLE (390 nm) and 
PL(410, 520 nm) bands. After heat-treatment the excitonic peak i n  PL spectra dissa- 
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OPTICAL AND RELATED PROPERTIES OF NTLDSS [403]/ 1 1 1 
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Fig. 13. OA(a), PLE(b. 580nm) and PI. ( c .  300 n m )  spectra of CdSS,,(SPh), with 
7<2R< 1 0A. 
Fig. 14. Same as in Fig.13. btit forCd,S+SPh), wi th  1 0 < 2 R ~ l S A .  

pears. The results are similar to those obtained from CdS Ixirticles [8,9]. The PL spec- 
trum of 100 A CdS particles, for emiiple,  shows an encitoiiic band a t  ca 470 nm and 
another band at  ca 700 i i m  (self-trappctl eicitoi1.s). Al‘ler heat-trea1inent the inrensity 
of the excitonic band decreases and  ii ne\v b m d  iippeitrs at cii S O 0  nm. A red shift is ob- 

served in the spectral bands by increasing the cluster si7e. Similar results have been ob- 

tained from Cd,Se,(SPh),,. Studies for clusrei-s of other elernents (Zn. Te etc) and other 
ligands (CH3C6H,S etc) are i n  progress and the restilts will be publislied elsewhere. 
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