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Abstract. In this work the Xoray Absorption Fone Structure (XAEFS) spectra wnth
mfluence of anharmaonacity have been coaluated to get correct structural imformation.
The temperature above whieh the anharmonie effects must be mcluded s odentified
with Emsten temperature and as the thoed cumadant calculated by anharmonac-
correclated Finstem model. Debye- Waller factor and XAFS spectra of Cu calvulated
by present procedure are different from those calewlated by harmonic model and agree
very well with experimental values. Using this agreement seoeral important physical
parameters are extracted from experiment, They agree very well with theoretical or
by other methods extracted results,

I. Introduction

The most important and meaningful task of XAFS technique is to describe and
mterpret the XAFS spectra and then is to extract physical parameters by comparison
between theoretical and experimental results. It was discovered and that the XAFS spec-
tra are different at different high temperatures, so that they provide different structural
information [1, 2. Some recent works |2, 3] are successful in describing the changes of
amplitude and phase of XAEFS spectra in terms of anharmonic contributions as the tem-
perature [ increases where the anharmonic effect is taken into account by an anharmonic
factor. But in these considerations the temperature 1; above which the anharmonicity
must be included 1s only a fitting parameter and the third cunmlant was taken from
axperiment.

This work is devoted to caleulation of the third cumulant [4] and the temperature
Iy basing on the anharmonic - correlated Einstein model [5] where T} is identified with
Finstein temperature. They are applied to calenlation of Debye-Waller factors and XAEFS
spectra including anharmonic contribuntions of atomic vibration. The numerical results of
“uoare compared with experimental values, Thanks to their very good agreement several
shysical parameters are extracted from the experiment.

[I. Formalism

In the single-shell model the XAEFS function, providing structural information through
ts Fourier transform magnitude, is given by |2, 3
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vhere k is wave vector, F(k) is scattering amplitude. £/ is shell radius, A is electron mean-
rec-path, %, is harmamic contribution to Debye-Waller factor (DWF) and 8(k) is total
bhase shift.
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'he anharmonie contribution to SWE is given by
o (R.T) = 3 R.T)aj(R.T). (2)
i which the anharmonicity is taken into consideration by the anbarmonic factor
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and the phase change due to anharmonicity s given by
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where [ and o are the Morse potential parameters and 5¢; is Gruneisen Parameter.

Now we ase the anharmonic-corretated Einstein model to caleulate the tem pera-
ture 7}, and the camulants. The first o'V, second a2 third ™ cumulant and thermal
exapusion coeflicient ag are given by [4] '
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whoere 5 = oxpl =0, /1), wp and ¢, are Einstein frequeney and temperatnre,
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Here gois reduced mass of absorbing and backscattering atoms.
It s easy from eqgs. (7-9) to get the following relation
ayprle? - Jen{l/2)l1+3) (i3}
ald) (1 =231+ 10z + 22) B

which approaches from the fhetay to the constant valne 1720 NMoreover, the relation
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aprlafof /2 e classical Timit [T e at high temperatures, where the anhi-

monicity nst he inehaded, Thevelore, the temperature Ty i egs. (32 6) 05 identified with
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the Finstein temperature calenlated by eq. (1), and the second and third cnmnlants used

i egs, £2-06) are caleulated by egs. (8 - 9),
1. Comparison between Experiment and Extraction of physical parameters

Now wer se the formmlas proeseuted e previous section Lo calenlare SWE ol other
pavimaeters as well as NXAFS spectra with influenee of anhiarnmonicity of atomic vibration.
I han s, ot any temperatares Figo Ta shows the vidues of DWE of g ealeulated by
prresert procedure i harmonte and anloormonie model i comparison with an experimental
value |60 at 205K Fig. Th preseuts the Fourter transtormy magnitnde of NAFS spectrm
fronn the fiest shell ol Cooat 295K calenlated by present anhiarmone procedure in compar-
i~on with those calenlared by harmonie model and with the resalt measured recently in
the HASYEAB i DESY (210 In both figures the values calenlated by present anharmaonie
procednre agroe voery woell with i'xlnt':'mu'm.‘l] restlt and ave different from those calenlated
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Fig. ta. DWE of ("u caleulated by present anharmonic procedure (solid) in comparison
with those caleulated by harmonie model (dashed) and those of experiment [6] ().

Frg.  1h Fourier transform magnitude of SAFS spectrum of C'u calculated by present
anharmonic procedure (dashed) in comparison with those calculated by harmomic model
solid) and those of experiment (dots) [2].

Thanks to this agreement several physical parameters of Cle are extracted. They
are presented in Table 10 The values of o, D and 5¢; agree very well with those obtained
nsing experimental values for the energy of sublimation. the compressibility and the lattice
constant 7). The values of &, rr. o' and 0 agree very well with theoretical results of ref.
| and 0, agrees very well with the one of ref. 8.
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ah ) DeV) v ket (Nm) o107 AT 0(K) On(K)
50,748 0131

- 3% s

1359 0343 2108

Table 1. The values of o, D o™V 8 effective spring constant k, ;p and Debve

temperature @ of Cu extracted from experiment by present procedure

In conclusion, present anharmonic procedure can serve as an effective procedure not
only for caleulation of DWE and XAFS spectra with anhanmonic contributions of atomic
vibration providing structural information at any tenmperatures but also for extraction of
several phyvsical paraneters from the experiment .

This work is in part supported by the fundamental seience research project provided
by the MOSTE.
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TAP CHI KHOA HOC DHQGHN. KHTN, t XVII, n"3 - 2001

DANH GIA CAC PHO XAFS VOT ANH HUONG CUA DAO DONG PHI DIEU HOA
Nguven Van Hing
Khoa Vat v, Dai hoe Khoa hoe T nhicn - DHQG Hi Noi

Trong bai iy cac pho can trie tinh t6 ena hap tha tia X (XAFS) vai anh g,
ena dao dong phi dieu hoa da diroe dianh gia dé nhan cac thong tin chinh xac ve cau trae
e vat thé. Nhiet do ma tren no cic hien img dao dong phi dien hoi phai bo suug diroe
doug nhat vai nhict do Einstein va ening ninr ennnlant bae ba diroe tinh theo mo binh
Finstein tiremg quan phi dien hoa. He s6 Debye-Waller va cie pho XAFS e i tinh
bang phiremg phap nay khide vai cae pho tinhi theo mo Binh dien hoic v trimg vt 1ot v
cac ket gua the nghicm. Nha sie trimg hop nay ma mot so tham so vat Iv da diroc i
ra tir thare nghicim. Ching trimg 16t vai cie két gua Iy thavet hay thire nghiem deoe nit
bang phiwong phap khic.



