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Abstract - The position of calculated low frequency (LF) 
modes of  i-member rings decreases with increasing cluster 
sizes. They are torsional and out of plane bending vibrations 
involving group of atoms and even extend to 3-5 bonds. The 
atomic motions for some of these vibrations have a “wave-
like” character. Torsional  LF vibration also have free elastic 
sphere oscillations transposed earlier to free or embedded 
nanoparticles acoustic modes. 
 

 
I. INTRODUCTION 

 
     Earlier in [1] recall how Lamb's theoretical description 
of free elastic sphere oscillations, the so-called spheroid 
and torsional modes, and later transposed to nanoparticles  
low frequency (LF) acoustic modes so that they could be 
used for grain size determination. In general the Boson 
peak (BP) in the LF Raman spectra of bulk glasses has 
been related to the existence of intermediate range ordering 
(clusters) [2]. Our studies showed that the chain-like 
cluster sizes for the As-S system exceeds one structural 
unit (s.u.) in order to obtain vibrational modes in the (LF) 
region, and values of 6-8 Å were determined from the size 
distribution functions [2]. In this work we combined LF 
Raman scattering measurements on different AsxS100-x 
glasses with ab initio DFT calculations on arsenic sulphide 
ring-, branchy-like and cage-like nanoclusters, the main 
building blocks of this glassy network. 
 
 

II. METHODS  
 
LF Raman spectra were measured using a triple grating 

Dilor-XY800 spectrometer equipped with a CCD detector. 
Finite size atomic AsnSm nanoclusters containing structural 
units expected to be important for glassy As-S system were 
used to study the Raman active LF modes (Fig. 1). The 
632.8 nm line of He and series of line of Ar/Kr-ion lasers 
was used as excitation source. The spectra were measured 
in macro-Raman configuration using back-scattering 
geometry. Ab initio DFT calculations were performed 
using the quantum-chemical package GAMESS (US) [4]. 
The DFT method with the pure corrected exchange 
functional by Becke [5] and the gradient-corrected 
correlation functional by Lee et al. [6] was applied for 
geometry optimizations and calculation of the Raman 
spectra. The Stuttgart RLC ECP [7] basis set modified by 
the addition of one polarization d-function (nd) identical to 
that in Pople’s 6-31G* [8] basis set was used for the As 
and S atoms.  

 

 
Fig.1 Branchy- (a), ring- (b), and cage-like (c) AsnSm and S8 

nanoclusters used for calculations. 
 

III. RESULTS AND DISCUSSION 
 

The observed BP positions (Fig. 2) and coordination 
numbers (z) for AsxS100-x glasses are summarized in Table 
1. Three types of atomic AsnSm nanoclusters were used to 
calculate the LF Raman active modes, namely branchy-, 
ring-, and cage-like ones (Fig.1). Only the glass-network 
forming branchy- and ring-like clusters have LF 
vibrational modes (Fig.3). No LF vibrations were 
calculated for the cage-like clusters. On the other hand, 
two clearly resolved bands can be seen at 33 and 41 cm-1 in 
the Raman spectra of glasses with excess sulphur (x=6), 
located in the high frequency part of the BP region.  

 
Table 1 

Compositional dependence of BP position in AsxS100-x 
glasses. 

X 
(at. %) 

�B 
(cm-1) 

Z x 
(at. %) 

�B 
(cm-1) 

z 

22.0 21.5 2.22  40.0 26.5 2.40
28.6 25.0 2.29  45.0 22.5 2.45 
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Fig. 2 Depolarized (HV) LF Raman spectra of AsxS100-x glasses. 

 

Fig.3 Calculated LF Raman spectra of chain-, ring-like 
AsnSm nanoclusters and the S8 ring. 

 
These bands are very similar to the vibrational modes 

calculated for S8 ring (at 72 and 73 cm-1) (see Fig. 3). (The 
relatively large deviation of the peak positions in the 
experimental and calculated spectra can be due to the 
limitations of the calculations and by the influence of the 
surrounding environment on the S8 vibrations in the real 
glass). As we showed earlier [2] the branchy- or chain-like 

clusters build of AsS3 s.u. (but not one pyramid alone) 
have LF vibrational modes in their calculated spectra that 
are mostly of torsional type in nature. Also, increasing the 
length of these clusters (i.e. by increasing the cluster size) 
led to a red shift of the lowest frequency modes. For 
example, the lowest in frequency vibrational mode at 31 
cm-1, calculated for As2S1+4/2 cluster, is shifted to 13 cm-1 
for As2+4/3S5. Apart from the branchy structures also rings 
can play an important role in the structure of the glass (it is 
known that a 12-member ring is the main building block of 
the As2S3 crystal [3]) we extended our cluster approach to 
ring-like structures of different sizes. The geometries, total 
energies and stabilities as well as vibrational properties 
were calculated for these rings. The analysis shows that an 
8-membered ring has the highest stability, and thus 
favorable for amorphous structures. The lowest frequency 
modes were calculated to 33, 18, 11, and 9 cm-1 for 6-, 8-, 
10-, and 12-membered rings, respectively. The other 
modes of the clusters are located in the spectral region of 
the BP, covering the whole LF spectral range (<100 cm-1). 
The analysis of normal coordinates of these low frequency 
vibrations indicate that they are torsional and out of plane 
bending vibrations involving group of atoms and even 
extend to 3-5 bonds. The atomic motions for some of these 
vibrations have a “wave-like” character. The low 
wavenumber vibrations exist in nanoparticles either free or 
embedded semiconductor (CdSxSe1-x) and oxide (SnO2, 
TiO2, HfO2). So-called spheroid and torsional modes of LF 
vibration have free elastic sphere oscillations transposed 
earlier to free or embedded nanoparticles acoustic modes 
[1]. 
 

IV. CONCLUSION 
 
   Our experimental and theoretical results together indicate 
that small atomic clusters contribute to, at least, the high 
frequency part of the BP in the Raman spectra of bulk 
glassy materials. Torsional type of LF clusters vibration 
exist not only in nanoclusters incorporated in dielectric 
matrixes but in  branchy- or chain-like and 6-, 8-, 10-, and 
12-membered rings in bulk glasses in cluster description of 
their structure.  
 

REFERENCES 
 
 [1]  Ivanda M, Furic K, Music S, Ristic M, Gotic M, Tonejc   

AM,   Djerdj ID, Fontana M, Ferrari M, Chisaera A, Jestin 
Y, Righini GC, Kiefer W. J. Raman Spectr, vol. 38, p. 
2006, 2007. 

 [2] R. Holomb, V. Mitsa, Solid State Commun, vol. 129, p.655 
2004. 

[3] V.Mitsa, R.Holomb, M.Veres, M.Koos. Raman spectra of 
nanostructured materials. Ed.Intermix Kiado. 
Budapest,2009. (in Hungarian). 

[4] M. W. Schmidt, K. K. Baldridge, J. A. Boatz, S. T. Elbert, 
M. S. Gordon, J. J. Jensen, S. Koseki, N. Matsunaga, K. A. 
Nguyen, S. Su, T. L. Windus, M. Dupuis, J. A. 
Montgomery. J. Comput. Chem, vol.14, p.1347, 1993. 

[5] A. D. Becke, Phys. Rev. A 38, 3098 (1988). 
[6] C. Lee, W. Yang , and R. G. Parr, Phys. Rev. B 37, 785 

(1988). 
[7] EMSL Basis Set Library (http://www.emsl.pnl.gov/ 

forms/basisform.html). 
[8] V.A.Rassolov, J.A.Pople, M.A.Ratner, T.L.Windus, 

J.Chem.Phys, vol.109, p.1223, 1998. 

10 100
60

45

40

28.6

22

6

O
bs

er
ve

d 
R

am
an

 in
te

ns
ity

, a
rb

. u
ni

ts

Raman shift, cm-1

 

 

x:

 

 

As 2+4/3S 5

 

 

As 2S 1+4/2

 

 

As1+3/3S 3

 

 

R
am

an
 in

te
ns

ity
 (0

-1
2)

, A
4 /a

.m
.u

.

As 2S 2+2/2

 

 

As 3S 3+3/2

 

 

As4S 4+4/2

 

 

As 5S 5+5/2

 

 

As 6S 6+6 /2

2 0 4 0 6 0 8 0 1 0 0
F re q u e n c y , c m -1

 

 

S 8

7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


