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Phonon spectrum and vibrational characteristics
of | inear nanostructures in solid m atrices

Nowadays, the structures with one-dimensional or quasi-one-dimensional nanoinclusions in various
crystalline or amorphous matrices attract attention of researchers. Under real relations between the
inferactions of the atoms of embedded quasi-periodic systems with each other and with the atoms of the
matrix, the features, inherent to one-dimensional systems, can appear in the quasi-particle spectra of these
structures.
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®DOHOHHbIN CNEeKTP U KonebaTe/ibHble XapaKTepUCTUKMN
JIMHEMHbIX HAHOCTPYKTYP B TBEpPAbIX MaTpULax

B HacToALLee BpeMA CTPYKTYPbI C OLHOMEPHbIM UM KBa3n-0AHOMEPHbIM BK/OUEHMEM B Pa3/IiHbIX
KpUCTaNINYecknx nnm amopgHbIX MaTpuLax NpuBJIeKalT BHUMaHWe uccnegoBatenein. B peanbHbix oT-
HOLLUEHUAX Mexay B3auMoAeiCTBUAMM aTOMOB BCTPOEHHbIX KBa3nNepuoANYeCcKnX CUCTEM ApYr C APYroMm
W C aToMaMu MaTpuLbl 0COBGEHHOCTH, MpUCyLLMe OAHOMEPHBIM CMCTEMAaM, MOTy NMOSBUTBLCA B CMeEKTpax
KBa3M4acTuL, 3TUX CTPYKTYP.

KnioueBble cnoBa: MaTpuLa, HAHOCTPYKTYPbI, KpMCTan, aMopdHas CTpyKTypa.
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KatTbl MaTpuuanapaafbl Cbi3bIiKTbl HAHOKYPbINbIMAAPAbIH,
Tepbenic cunatraManapbl xkaHe (POHOHAbI CNEKTP

Kasipri yakbITTa apTypni Kpuctann Hemece amopdTbl MaTpuuanapfa bipenwemai HeMece KBasu-
Gipeniwemai KocblnFaH KypblibiMAap 3epTTeyluinepaid HasapbiH ayaapbin oTbip. KipikTipinreH KBasunepu-
OATbIXyenepAiHd aToMaapbiHbIH 6ip-6ipiMeH )xaHe MaTpuULLa aTOMAAPbIMEH 83apa dpeKeTTecyiHiH WbIHalbI
KaTblHacTapblHAa Gipeniwemai xKyenepre ToH epeKLeNiKTep ocbl KypblibIMAAPAbIH KBa3nbenlueKkTepiHiH

crneKTp/epiHAe nanga 6onybl MyMKiH.

TyitiH ce3aep: MaTpuLia, HAHOKYpbINbIMAAP, KpUCTan, aMopdTbl KypbUlbIM.

Nowadays, the structures with one-dimensional
or quasi-one-dimensional nanoinclusions in various
crystalline or amorphous matrices attract attention
of researchers. Under real relations between the
interactions of the atoms of embedded quasi-periodic
systems with each other and with the atoms of the
matrix, the features, inherent to one-dimensional
systems, can appear in the quasi-particle spectra of
these structures. The one-dimensional chains are
known to be unstable (e.g. [1]) and such a behavior

of the phonon spectrum can significantly reduce the
dynamic stability of the system, namely, enlarge
the root-mean-square (rms) amplitudes of atomic
displacements. Therefore, the existing of quasi-
one-dimensional features in the systems with high
stability seems to be important and interesting
problem.

In the present paper, the atomic dynamics of
linear chains embedded in a crystalline matrix or
adsorbed on its surface is studied. A linear chain
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formed by substitutional impurities in a surface
layer and at the same time offsetting from this layer
was analyzed particularly. This system models
the actively studied experimentally structures in
which gas molecules (monatomic or diatomic) are
adsorbed on the walls of the bundles of carbon
nanotubes located in certain medium [2].

It is shown that the quasi-1D features are typical
for the chains in which the interatomic interaction
is 2+3 times higher than the interaction between the
atoms of the chain and the atoms of the crystal matrix.
On the local phonon density of atoms of the chain,
the transition to quasi-one-dimensional behavior has
the form of the kink. In other words, it is the first
(lowest-frequency) van Hove singularity, which
in 3D structures (the system under consideration
is generally three-dimensional) corresponds to the

transition from closed to open constant-frequency
(quasi-plane) surfaces. The local phonon densities of
atoms in the chain have one-dimensional character
at frequencies higher than the frequency of the van
Hove singularity. The rms-amplitude of embedded
chains atoms vibrations is calculated and the behavior
of the atomic vibrations contribution in the low-
temperature heat capacity of the system is analyzed.
The influence of substitutional impurities in quasi-
one-dimensional nano-inclusions on their phonon
spectra was studied, in particular, the conditions
of forming and the characteristics of the localized
states in both the high-frequency and low-frequency
regions of the phonon spectrum of the system.

Analytical expressions for the phonon spectral
densities of the atoms of linear chains with defects
in periodic external field are obtained.
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