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THE INFLUENCE OF Sm IMPURITIES ON ATOMIC SPACINGS IN AMORPHOUS
NANOTHICKNESS FILMS OF Yb3AssSeo COMPOUNDS

E.Sh. HAJIYEV, A.l. MADADZADE, D.I. ISMAYILOV
Indtitute of Physics of NAS of Azerbaijan, Baku, AZ-1143, H. Javid av., 33

The curve of electron scattering intensity in the dependence on scattering angle up to S,,=210nm™ for thin amorphous films
Ybs(1Sm,As,Seq (x=0,2 at.%) is obtained. The curve of atom radial distribution is constructed. The radiuses of coordination spheres and
partial coordination numbers in Ybs . Sm,As,Sey are defined. It is shown, that Sm atom impurities influence on atomic spacings in

Yb3AS4S€9.

The structure of short range order in thin amorphous
films Yb;AssSey has been earlier studied by us and atomic
spacings and atom coordination number in the amorphous
film of above mentioned compounds have been defined [1].
The given work is dedicated to study of Sm impurity
influence on atomic spacings in amorphous films Yb;As,Ses.

The amorphous films of thickness ~35 nm are obtained
at evaporation of monocrystalline Ybs;.SmAssSeg
(x=0.2a1.%) and further precipitation with velocity ~10 nm/s
on NaCl, KCI substrates and amorphous celluloid, being at
room temperature. The dosing content of Sm impurity in
YbsAs4Seq is 0.2 at%. The pressure of residual gases in
coating chamber is ~10* Pa. Further crystallization of
obtained amorphous films shows the composition identity of
amorphous and crystalline films. The thin films are
investigated with the help of diffraction method of high-
speed electrons on vertical electron diffractometer by EMR—
102 brand at accelerating voltage 75 kV.

Fig.1. The electron diffraction pattern from amorphous films
Yb3(1_X)SmXAS4S69.

The electron diffraction patterns from amorphous films
are obtained by the method of alternating exposure that
allows taking into consideration the far-angular electron
scattering, consisting the valuable information about atomic
spacings and coordination numbers. This allows increasing
the reliability of obtained atomic spacings and coordination
numbers in studied amorphous films. The electron diffraction
patterns from amorphous films Ybs.SmyAssSey are
obtained with the help of rotating sector for Ge with further
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Here pj;(r) is partial function of radial distribution of
atomic density of atoms of j-th sort round atoms of i-th sort, o
is normalizing factor, a(s) is structural factor, S = 4zsin6/ A,
where 6 is scattering angle. The coefficients “c” in formula
(1) take into consideration the relative content of element
atoms, including in chemical formula of investigated
compound. The relative atom scattering powers of each
chemical element “4” are defined by formula:
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correction on given substance [2] (fig.1). The intensity curve,
the maximum “s” value for which is equal S,,,, =210 nm! has
been constructed after microphotometry. The 8§ maximums at
S: 8§, =22,5; S, =37,0; S;=57,0; S,=85,0; S5=109,5; Ss
=136,0; S;=163,0; Sg=192,0 nm are observed on the curve
of high-speed electron scattering intensity (fig.2).
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Fig.2. The curve of electron scattering intensity and curve of
average intensity for amorphous films

Yb3(1 _X)SmXAs4Seg.

The statistic method basing on the use of atomic density
distribution function is the most effective method of structure
description of amorphous and liquid states. The formula,
given in [3] is in the base of above mentioned method,
defining the curve of atom radial distribution (CARD) of
amorphous substances, consisting of atoms of different sorts.
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where fi(s) is atomic scattering factor of i-th element. The
average atomic density p, of investigated amorphous films is
calculated by us by the formula:
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where p is density of crystalline substance in g/cm’, 4; are
atomic weights of elements, including in chemical formula,
N, is Avogadro’s number, which is equal to 6:10” mol™. The
normalization coefficient (&) is defined by extrapolation of
near-angular region of structural factor, which is equal to
0,097. The average atomic density and effective scattering
powers of ytterbium (Yb), arsenic and selenium are

calculated on technique [4] and are equal to: p,=0,0429 cm ~;

Ky, =1,530; K¢ =0,829; K, =0,824 correspondingly. The

curve of atom radial distribution for amorphous Ybs.
oomAs,Seg is calculated after o definition and construction
of interference function on special program. The two strong
and several few maximums are observed on CARD (fig.3).
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Fig. 3. The curve of atom radial distribution for
Yb3(1_x)SmxAs4Seg.

The strong isolation of first maximum evidences about bond
covalence between atoms, the distances between which it
reflects. As it is seen on CARD, the distance 0,24nm
corresponds to first maximum. The radius of first
coordination sphere reflects the distance between atoms of
arsenic and selenium, connected between each other by
covalent bond:

+ ™ =0,121+0,117= 0,238 nm
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The second maximum on CARD, which corresponds to
distance r,=0,365 nwm is radius of second coordination sphere
and is caused by distance As-Yb*', caused by the fact that

sum of first coordination sphere radius and ion bond radius is
equal to:

T = 0,24+0,107=0,347 nm

The radii of coordination spheres in YbsSm,AssSey are
less in comparison with ones in YbsAs,;Sey. The differences
in atomic spacings in Ybs;As;Sey compounds and ones, doped
by Sm atoms are probably explained by influence of Sm
impurity atoms. The decrease of atomic spacings is observed
for others compounds of Yb — As — Se system, doped by Sm
atoms [5]. As the atomic spacings are the one of the main
parameters of structure of amorphous substances, then it is
possible to suggest that coordination numbers of amorphous
compounds  Ybs..Sm,As,;Seq also change. The partial
coordination numbers for Ybs.xSmyAs,Se, are defined in terms
of formula (4), applied as for amorphous films of Yb;As4Seg
compounds [1].
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where
0O, — square under first maximum, calculated on Simpson
method
n; — atom number of j sort round one atom i
¢; —relative content of element, including in chemical
formula of investigated compound
k; — relative average scattering power of i sort atom.
The averaging “k;” is carried out on the formula:

<k>=— Imk,- (s)ds , (5)
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S, 18 maximum from considered values s=4zsin@A (0 is
scattering angle).

On the assumption of relative element concentrations
and averaged scattering powers of elements, including in
chemical formula, the coordination numbers in amorphous
Ybs(1SmyAssSeg are defined.

It is established that 3 selenium atoms are in amorphous
Ybs(1.SmyAssSeq near ytterbium ions, also as in amorphous
Yb3AS4SCg.

Thus, the difference in atomic spacings, i.e. the decrease
of radiuses of coordination spheres in the comparison with
atomic spacings in Yb;AssSey [1] is observed at investigation
of structure of short-range order in amorphous films Yb;.
0om,AssSeo, that is explained by influence of Sm impurities
on atomic spacings.

[11 E.G. Efendiyev, E Sh. Gadjiev, R.Ya Yurechko, M.S.
Frujinskiy. Preprint IFAN Azerb. SSR, Baku, Ne428,
1991. 19 s. (in Russian)

LD. Nabitovich, Ya.l. Steytsiv, A.M. Andreyko. PTE,

1976, Ne3, ¢.211 — 213. (in Russian)

(2]

52

A.F. Skrishevskiy. Strukturniy analiz jidkostey i
amorfnikh tel. M.: Visshaya shkola, 1980. s. 328. (in
Russian)

R.Ya. Yurechko. Elektronograficheskoe issledovanie
blijnego poryadka amorfnikh veshestv s ispolzovaniem
novoy metodiki normirovaniya. Dissertatsiya na



THE INFLUENCE OF Sm IMPURITIES ON INTERATOMIC SPACING IN AMORPHOUS NANO-WIDTH FILMS OF YbsAs,Ses ...

soiskanie uchonoy stepeni kandidata fiz.-mat. Nauk. [S1 E Sh. Gadjiev, A.I. Madadzade. Fizika, 2007, t. XIII,
Lvov, 1982,177s. (in Russian) Ned, s.33-34.

E.S. Haciyev, A.I. Madadzado, D.I. ismayilov

Sm ASQARLARININ Yb;As,Se; BIRLOSMOLORININ AMORF NANOQALINLIQLI TOBOQOLORDO
ATOMLARARASI MOSAFOYO TOSIRI

Elektronografiya iisulu ilo Ybs.Sm, As,;Sey (x=0,2 at.%) amorf toboqgolorindon elektronlarn sopilmolorinin intensivlik oyrilori
alnmusdir (S,,,=210 nm™). Nanogalinliqli amorf tebagolerinds atomlarin radial paylanma oyrisi qurulmus vo onlarin yaxin nizam qurulusu
parametrlori toyin edilmisdir. Gostorilmisdir ki, Sm atomunun agqarlar1 Ybs;As,Sey birlogsmoasinin amorf nazik tobagslorindoki atomlararast
masafonin doyismasina sabab olur.

J. UI. I'agxues, A.U. Mananzane, I.U. Ucmanios

BJUSHUE MPUMECEX Sm HA MEXKATOMHBIE PACCTOsIHUS1 B AMOP®HBIX HAHOTOJIINHHBIX
INIEHKAX COEJJUHEHHNMU Yb;As,Sey

IonyueHa KpUBask HHTEHCHBHOCTH PACCESHHS SIEKTPOHOB B 3aBHCHMOCTH OT YIIIA PACCESHIS 10 Syae=210HM"' U151 TOHKHX aMOPGHBIX
mIeHoK  YbsoSm,As,Sey (x=0,2 ar.%). Iloctpoena xpuBas paauanbHOro pacnpeneneHus aTomoB. OnpeneneHsl  paguychl

KOOPAMHALMOHHBIX cep M MapUuanbHble KOOPAMHALMOHHLIE YHCIIA aTOMOB B Ybs(Sm,As,Sey. IlokazaHo, uTo mpumecu aToMoB Sm
BJIMSIOT HA MEKATOMHBIC PacCTOSHHS B Yb3AsySeg.
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