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Estract: This work presents a new quantum-thermodynamic procedure for caleulation of
ermal-vibration parameters in X-ray Absorption Fine Structure (XAFS) theory such as
g'mg constant, Finstein frequency and Einstein temperature using anharmeonic-correlated
ii,sfe-.{ﬂ model. These parameters have been used for calculation of 1st cumulant, 2nd cu-
blant or Debye- Waller factors, 3rd cumulant and thermal expansion coefficient. Numer-
gl results for cumulants of Cu agree very well with experimental values, and the agreement
?)etter than the other methods at present time. A computer program have been coded for
culation of these parameters and linked with the computer program FEFF of the Uni-
rsity of Washimgton as a subroutine for evaluation of XAFS spectra at any temperature

fich provide correct structural information of substances.
Introduction

It is known that the XAFS spectra, proding structural information, is desribed by

oscillation function [1]

X(k) = A(R)[e?0 (257)], (1)

gl‘t‘ A(k) is real amplitude, r is instantaneous bond length between absorbing and
ckscattering toms, ¢(k) is the total phase shift, and the thermal evarage is often realized

cumulant expansion approach [1]
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Here 1 is the distance at the equilibrium or potential minimum and o' are the cu-
lants. The most important quality in the thermal effect is atomic vibration determined
the potential.

. 1 .
lu"jg(.?') = 5;\?(;}-{;?'2 4 j\?3.1'3 g i e o i (3)

In this work based on the anharmonic-correlated Einstein model [2] we present

gew quantum thermodynamic procedure to calculate effective spring constant k.ss
bik factor ¢, describing anharmonic effect, as well as Einstein frequency and Einstein
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temperature. Numerical calculation is realized for several fee erystals. Comparison
experiment is done for Cu and the agreement is very good. These thermal vibr:
parameters are applied to calculation of cumulants in the XAFS theory.

II. Theory

The correlated model is used in this work because it was discovered that the c
lation part of atomic-position displacement occupied about 40% of mean-square disp
ment at high temperatures by Einstein model [3] as by Debve model [4].

In the anharmonic-correlated Einstein model the interaction between absorbing
backscattering atoms is characterized by an effective potential

Ve = V() + Z % (%TR]Q.R'J) i
1] ;

where u = M;My/(M, + M,) with mass of absorber M; and mass of backscattere
., R is bond unit vector; the sum i is over absorber (i = 1) and backscatterer (i -
and the sum j is over all their near neighbors, excluding the absorber and backscat
themselves. The latter contributions are described by the first term in the left side o
equation. The interactions between the two atoms alone are described in this work
Morse potential, expanded in the form

V(z) = D(e %" -2 %) 2 D(-1+a’z? - a2 + .. ),

where D is dissociation energy and 1/a corresponds to the width of potential.
sufficient to consider weak anharmonicity (i. e, first order perturbation theory) so
only the cubik term in this equation must be kept. Using eqs.(3-5) the effective s
constant and cubik term are derived

5

ke:ff - 5Dﬂ’2 (1 Lo gan) ;3\13 - _gpn.s: q = (,}*).

The other parameters obtained from spring constant are Einstein frequency

; ka f ; .
Wh = 2L EDuz (l - érm) :
it i 2

and Einstein temperature

H1 5 : ‘ 1/2
O = _.r_'_ f"'_fi SR S [EDQ'" (1 e %(m)] P

kp \ u kg lp

where kg is Boltzman's constant. Present calculations were based on the quasi-han
approximation in which the Hdmiltonian of the system is written as a harmonic
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h respect to the equilibrium position at a given temperature, plus an anharmonic

:turbat ion

P'.i i P2 l 9 2 »

H = oM + Ve(z) = oM + gkersy” + Vela) +6Ve(y), (9)
5 it Loq

| 0Ve(y) = 5Da* | ay — Eny M T ) (10)
5

. We now use first-order thermodynamic perturbation [5] to derive the formulas for
%cumulants using the expression

o™ = (") = %Tr'py"; ne=1,234 . Z=Trp, p=erl (11)
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From all the above considerations we obtain the first ¢!, second ¢2, and third o
ulant as well as thermal expansion coefficient ar in the following forms
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~P5/T with Einstein temperature f is included

#;‘re the temperature parameter z = e
very of the eqs.(12-15), and the source of #g is spring constant. So we can see the

rﬁti{m behaviors of the cumulant formulation.
 Numerical Results and discussion

. The formulas for thermal-vibration parameters presented in previous section have
p applied to coding a computer program which is linked with the code FEFF of the
rersity of Washington and used for numerical calculation of several fce crystals. The

ts are presented in Table 1. The Morse potential parameters a and D were obtained

experimental values for the energy of sublimation, the compressibility and the lattice
tant [6]. They can be used for calculation of the first, second, third cumulant and
mal expansion coefficient in the XAFS technique [7]. In Table II we present the results
Eebyp-“’allpr factors o2 and third cumulant o3 of Cu. They agree very well with

erimental values and the agreement is better than the other methods.
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Metal a (A D(eV) kq}, (N/m) @ (. 10"Hz) &, (1
Pb 1.1836 0.2348 26.3507 1.2341 9:
Ag 1.3690 0.3323 49.8910 2.3533 18
Ni 1.4199 0.4205 67.9150 37217 28
Cu 1.3588 0.3429 50.7478 3.0922 23
Al 1.1646 0.2703 29.3686 3.6101 g
Ca 0.8054 0.1623 8.4328 1.5872
Sr 0.7377 0.1513 6.5971 0.9495 7

Table I: The values of keﬂr , Wgand O calculated by present procedure
o’ (107 A?) a? (107 &)

T(K) present Expt.[8] Expt.[9] Other[10] Present Expt.[9] Other|
77 0333 | 0.325 0.010

295 0.803 0.774 0.876 0.520 0.131 0.130

300 0.817 0.136 0.12(

683 1.858 1.823

Table Il: Comparison of the values o’ and o of Cu calculated by present proced

with experimental and by other methods calculated respective resullts.

bv the MOSTE

REFERENCES

This work is in part supported by the fundamental science research projecs prov

[1] E. D. Crozier, J. J. Rehr and R. Ingalls. In X-ray Absorption, Wiley, New Y

2
3
4
[5

e

]
]
[6]
[7]

o6 =1

1983.

N. V. Hung and J. J. Rehr. Phys. Rev. B 56(1997) 43.

N. V. Hung. VNU. Jour. Science Vol 14 2(1998) p 18.

G. Beni and P. M. Platzman. Phys. Rev. B 14 (1976) 1514.

R. P. Feyvnman. Statistical Mechanics, Benjamin, Reading, 1972.
L. G. Girifalco and V. G. Weizer. Phys. Rev. 114 (1959) 686.
N. V. Hung. VNU Jour. Science Submitted.

R. B. Greegor and F. W. Lyvtle. Phys. Rev. B 20 (1979) 4902.



;llculutian of Thermal-Vibration Parameters in ... 31

19] T. Yokovama. T. Susukawa and T. Ohta. Jpn. J. Appl. Phys., 28 (1989) 1905.
10] T. Myvanaga and T. Fujikawa. J. Phys. Soc. Jpn., 63(1994) 1036. 3683.

P CHi KHOA HOC DHQGHN, KHTN, £ XVI, n”4 - 2000

TINH CAC THAM SO DAO PONG NHIET TRONG LI THUYET XAFS

,

i Nguyén Van Hing

! Khoa Ly, Dai hoe Khoa hoc Thr nhién - DHQG Ha Noi

|

1 Bai nav trinh biy mot plurng phap nhiét dong lirong tir mai dé tinh ciac tham sé

Ld{}ng nhiet trong 1¥ thuvét vé cau tric tinh té cia hap thu tia X (XAFS) nhur he s6
hoi, tan s6 dao dong Einstein, nhiet do Einstein va hé s6 dan né nhiét trén co s& mo

th Einstein twong quan phi dieu hoa. Céac dai hrong nay da dwoc tinh s6 cho mot s6
thé dang fee. Cdc tham s6 dao déng nhiét dvoc sir dung dé tinh cdc cumulant bac

t, bac hai hay hé s6 Debye-Waller, cumulant bac ba va hé s6 dan né nhiét. Cac két
tinh s6 cho cac cumulant cia Cu tring tot voi thue nghiém va triung tot hon cic

rong phap hién hanh. Mot chirong trinh may tinh da duwoc xay dung dé tinh cac tham

grén va lien két vai bo chuong trinh FEFF cia Dai hoc Washington dé danh gia cdc
XAFS & moi nhiét 46 va tir 46 nhan cdc thong tin chinh xdc vé cau tric cia vat the.
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