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Anharmonic effective pair potentials of ionization chambers. We used a water-cooled electric furnace with
Kapton windows to heat samples and a cryostat with Kapton
group VIII and Ib fcc metals

windows to cool samples.
The EXAFS interference functiony (k), was extracted from the

Maki Okube “ and Akira Yoshiasa * measured absorption spectra following standard procedure (Maeda,
1987), where k denotes the wave number of photoelectrons :
“Department of Earth and Space Science, Graduate School of k=[2m(E-E&)/ 7 3% The x (k) was normalized using MacMaster

Science, Osaka University, Osaka, 560-0043, Japan coefficients according to the EXAFS work shop report (Lytle et al.
Email:makisan@ess.sci.osaka-u.ac.jp 1989). In quantitative analyses we carried out the Fourier-filtering
The temperature dependence of EXAFS Debye-Waller factors ari@ichnique and a nonlinear-least squares fitting method by comparing
anharmonic effective pair potentials of group VIl and Ib fcc metalghe observedy exfk) and calculatedy cadk). We used EXAFS
were investigated by a cumulant expansion method. The EXAFBrmula in the single scattering theory with the cumulant expansion
spectra near K- orgedges were measured at the temperatures fromp to the fourth order term (Ishii, 1992):
30 to 800 K using synchrotron radiation from the Photon Factory,
Tsukuba. The effective pair potentiatsi?/2!+ b-L#/3! denote that X(k)=Z(NB/kRZAB)\fB(k;n)\exp(—ZRAB/(k/n)exp(—202k2 +(213)04k%))
the group Ib has obviously larger anharmonisity than the group VIl
metals. The discrepancy between the Morse potential approximatior$in(kRu, = (2k/ Rye)(1+2R,s /(k/)a2 = (413)03K* + 45 (K)),
and determined effective pair potential is discussed.

where N is the coordination number of scattering atoms B at
KEYWORDS: Debye-Waller factors, anharmonicity, effective pair distance Rs from the absorbing atom A, f|(k;7)| the
potential, fcc metal, Morse potential backscattering amplitude of photoelectrons ands(k) the phase

shift function. Values of the functiory] (k; 77)| andy ag(k) were
_ calculated using the FEFF3 program (Rehr et al. 1991)denotes
1. Introduction the nth cumulant. The mean free path of the photoelectron is

The analysis of EXAFS Debye-Waller factor provides anassumed to depend on the wave numberk/n, wheren is a
anharmonic effective pair potentigdamishima et al. 1997) and can constant. Details of the analysis were given in reference (Yoshiasa et
give detailed information about the thermal vibration of atomsl. 1997)
(Sevillano et al. 1979). The analysis of temperature-depende8ingle-shell fitting was carried out for the first nearest bond
EXAFS Debye-Waller factor allows us to evaluate thedistances of each fcc metal, where the number of neighbouring
anharmonicity of effective pair potentials (Yoshiasa et al., 1998 andtoms was fixed at the crystallographic value gs18. We assumed
Yoshiasa & Maeda, 1999). that n and A E, have negligible temperature dependence. Here
Yokoyama et al. (1989) investigated the interatomic potentials fo E, is the difference between the theoretical and experimental

fcc metals (Cu, Pd, Ag and Au) by an EXAFS cumulant method a - :
the reliability of the Morse potential as a candidate to describe anreshold energies. The valuesrpfand A & are determined so as

interatomic potential for fcc metals. They indicated that the Mors&® 9ive the best fit to the spectrum at the lowest temperafures.
potential is not suitable for fcc metals because the dissociatigsecause the fourth-order term was negligible, the refinement was
energies obtained from it were not in good agreement with the dapgrformed to the structure parameterg,Ro 2 and 03 in each
in the literature. shell by use of the fixed) and A E; values. The reliability of fit

Au is used as a pressure calibrant for in-situ anvil cell experimentparameters,
In order to determine the precise equation of state of Au under high  R= 3 [k x(K,)op =k, X(K,) e[k X (K)o
pressure and high temperature, it is important to understand the s ) )
investigate anharmonicity in thermal vibrations and determine tharound 0.003.
anharmonic effective pair potential.

In this study, we investigate the anharmonic interatomic
potentials of Ni, Pd, Pt (group VIII metals) and Cu, Ag, Au (group 28

Il

Ib metals) by the cumulant expansion method to compare each other ' T '
in fcc metal group. We also found systematically the difference in — [ ]
anharmonicity between the group VIII metals and group Ib metals - 0 F ]
and the usefulness of the Morse potential for fcc metals was < r .
discussed. A 208 ¢ } .
o L ]
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2. Experimental and analysis ‘ . *
Experiments were carried out at the XAFS station of BL10B of 270 o L L L
Photon Factory in the National Laboratory for High energy Physics 000 200 400 600 800
(KEK-PF), Tsukuba, Japan. The samples were Ni (99.5%), Cu TemperaturelK]

(99.9%), Pt (99.95%) and Au (99.95%) foils. The thickness for Ni,

Cu, Ptand Au was 4, 5, 4 and 5 pm, respectively. X-ray absorptiafigure 1. Temperature dependence of the first nearest-neighbour distances
spectra near K or tedges of each metal were measured atn Pt

temperatures from 30 to 800 K. The Incident X-ray beams was

monochromatized by a Si (311) channel-cut monochromator. The

intensities of the incident and transmitted x-rays were measured by
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3. Results and discussion

Figure 1 shows the temperature dependence of the first neare
neighbour distances of Pt, for an example. The thermal expansi
tendency in Fig. 1 is in good agreement with that derived from th

recommended thermal expansion coefficient

(Touloukian et al.

point. The absolute values of potential parambtéor group VIl
n}t_etals and group Ib metals are about —6.0 and -8.0 ’eV/A
lsespectively. The values bfindicate that the group Ib has obviously

P&rger anharmonicity than the group VIII metals. The calculated

otentials are shown in Fig. 4.

1975). Figures 2 and 3 show the temperature dependernce ahd

o 3, respectively. The values for Ag and Pd are obtained from ' ' '
Yokoyama et al. (1989). The values®@f2 and o 3 for the group Ib ooora I | ‘:“;33 |
metals are larger than those for the group VIII metals (Cu > Ni, R Afﬂ
Ag>Pd, Au>Pt, respectively). Cu in the group Ib metals and Pt in the s Nio3
group VIII metals has the smallest value, respectively. (Ag>Au>Cu ooolos F | © Pda3 _
for group Ib and Ni>Pd>Pt for group VIlI). By the valuesm® and ' © Pto3
o 3, one may distinguish group VIII from group Ib. — ;
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o 1 We tried to compare obtained effective pair potentials with popular
- ] ) ) . .
0.005 F 3 ¢ i anharmc_)nlc potentlal mo_dels. The simple Morse potential _(Morse,
’ P, F 1929) is described with several theoretical assumption by
» ? V(u)=D[exp{-2a u}-2exp{-a u}], where D is dissociation energy
and 1lio corresponds to the width of the potential. The values of D
04 500 400 600 800 are from American Institute of Physics Handbook (Gray et al. 1972),

o is determined by means of a least square fitting (see Table 2).
Some doubts arose about reliability of these D values, because D
values from different literatures were not consistent with one

another. Then we also try to adopt the D values fixed at 2.0 eV for

The Debye-Waller type factar 2 includes the effects of static and @ll samples. The values af 2o from fixed Do show the same
dynamic disorders. The static disorder is the configuration disordet€ndency with a . The calculateda o values show the same
while the dynamic disorder arises from the thermal vibration ofendency with potential parameter The fitted potentials with £
atoms. In addition, there is a correlation in calculation betwee@n and with D did not have significant discrepancies (Fig. 4).

and the mean free path of the photoelectron. The contribution of The Morse_ pote_n_tlal shows good approximation on the left s_|de fr_o m
the thermal vibration, o mema, Can be estimated under the the pote_ntlal minimum (the repuIS|ve_S|de) but not on the rlght_ side
assumption of classical statistical dynamics by the temperatu the antibonding side). Morse potential model would over estimate

X “the anharmonicity. The Morse potentials for the group VIII metals
dependence of 2 (Yoshiasa et al., 1999a, 1999D). A steep slope "Mave large discrepancy, because the group VIII metals have more

the figure represents a weak bonding. The gradient for thgarmonic potentials than the group Ib metals. The simple Morse
experimentalo 2 is equal to Ka, if we evaluate the anharmonic potential model is applicable to these fcc metals as a first
potential V(u)=-Lf/2!+b-i/3!, where k is the Boltzman constard,  approximation, which it would be remarked that it shows larger
andb are the potential coefficients and u is the deviation of the bo”ﬂnharmonicity in thermal vibration than it really is.

distance from the location of the potential minimumis calculated

from the values ofc 2 and o3 (Ishii, 1994). The potential

parameters calculated in this study are summarized in Table 1. The

order of the parameteris Ni<Pd<Pt for group VIIl and Cu<Au<Ag

for group Ib. This order is essentially the same as that of melting

Temperature[K]

Figure 2. Temperature dependence @f2 in the group VIII and Ib metals
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Figure 4. The anharmonic effective pair potentials (solid line) and the calculated Morse potentials (dashed line) for the groupb\ftietats

Table 1. Potential parameters and melting point for the group VIIl and Ib metals

Group Ib a(eV/IR?) b (eV/AY) Melting Point [K] Group VIII a(eV/IR?) b (eV/AY) Melting Point [K]
Ni 46 5.9 1692 Cu 43 -8.1 1320
Pd 4.7 5.6 1792 Ag 35 -8.3 1197.5
Pt 5.7 6.4 2011 Au 38 7.6 1300
Table 2. Detailed parameters of Morse potenrial of the fcc metals.
Group VIII D* (eV) a (A Dy, (eV) o 20 (A Group Ib D* (eV) a (A Dy, (V) o 20 (A
Ni 23 0.915 2 0.97 Cu 1.97 0.966 2 0.96
Pd 1.43 1.11 2 0.97 Ag 1.63 0.972 2 0.89
Pt - 2 1.05 Au 2.2 0.877 2 0.91

*From American Institute of Physics Handbodl®72).

Touloukian, Y.S., Kirby, R.K., Taylor R.E. and Desai, P. D. :
The Coefficient Of Thermal Expansion (Purdue Research Foundation,
1975).
Gray, D. E.: American Institute of Physics Handbook (Mc-Graw-Hill Book Troger et al Phys Ref349 (1994) 888.
Company, 1972). Yokoyama, T., Satsukawa, T. & Ohta, T. (1989) Japanese Journal of
Ishii, T. (1992) J. Phys. Condens. Ma#e8029-8034. Applied Physics28 1905-1908.
Ishii, T. (1994) Principle of the theory of EXAFS, Shokabo, Tokyo. Yoshiasa, A. & Maeda, H. (1999) Solid State loriied 175-182.
Kamishima, O., Ishii, T., Maeda, H. & Kashino, S. (1997) Jpn. J. Appl. Yoshiasa, A., Nagai, T., Murai, K., Yamanaka, T., Kamishima, O. &
Phys.36 247-253. Shimomura, O. (1998) Jpn. J. Appl. Phg8.728-729.
Lytle, F.W., Sayers, D.E. & Stern, E.A. (1989) Phy$d&8701-722. Yoshiasa, A., Nagai, T., Ohtaka, O., Kamishima, O. & Shimomura, O.
Maeda, H. (1987) J. Phys. Soc. Jp82777-2787. (1999a) J. Synchrotron Ragi43-49.
Morse, P. M. (1929) Phys.Re34 57. Yoshiasa, A., Tamura, T., Kamishima, O., Murai, K., Ogata, K. &
Rehr, J.J., Musture de Lson, J. Zabinski, S.I. & Albers, R.C. (1991) Mori, H. (1999b) J. Synchrotron Ra8l1051-1058.
Am. Chem. Soc. 113 5135-5140. Yoshoasa, A., Koto, K., Maeda, H. & Ishii T. (1997) Jpn. J. Appl. Phys.
Sevillano, E., Meuth B.N. & Rehr: (1979) J.J. Phys. A0 4908. 36781-784.
Stern, E.A. (1997) J. Phys. IV France 7 Colloque C2-137 (XAFS IV)

References

J. Synchrotron Rad. (2001). 8, 937-939 Received 31 July 2000 - Accepted 21 December 2000 939



