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Abstract. The density functional theory (DFT) is used to study the atomic interac-
tions in transition metal-based interstitial alloys. The strain field is calculated in the
discrete lattice model using Kanzaki method. The total energy and hence atomic forces
between interstitial hydrogen and transition metal hosts are calculated using DFT. The
norm-conserving pseudopotentials for H, Cu and Pd are generated self-consistently. The
dynamical matrices are evaluated considering interaction up to first nearest neighbors
whereas impurity-induced forces are calculated with M3oH shell (where M = Cu and Pd).
The atomic displacements produced by interstitial hydrogen at the octahedral site in Cu
and Pd show displacements of 7.36% and 4.3% of the first nearest neighbors respectively.
Both Cu and Pd lattices show lattice expansion due to the presence of hydrogen and the
obtained average lattice expansion AV/V = 0.177 for Cu and 0.145 for Pd.
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1. Introduction

The presence of point defect in a crystal, such as a vacancy or an impurity atom,
generally causes a displacement of the neighboring host atoms from their ideal lat-
tice positions. Such lattice distortions are measured using X-ray diffraction and
more recently by X-ray absorption fine structure (EXAFS) experiments. Theoreti-
cally, the calculation of atomic displacements due to interstitial defects are difficult
due to lack of appropriate interatomic potential in that distance range between
long range interaction and short range potential. For the detailed understanding
of metal-hydrogen system, information about the microscopic interaction between
the interstitial hydrogen and the surrounding host-metal atoms is essential. How-
ever, in spite of much information accumulated in the literature, there are still
open questions regarding the forces and the displacements of the nearest neighbors
(NNs) of the interstitial hydrogen atom as interatomic potentials fail at the distance
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where the interstitial atom occupies its position. The study of the interaction of
interstitial hydrogen with Pd using first principle calculation, due to Elsasser et
al [1] has helped in understanding the forces between the hydrogen and Pd atom
and further the external force due to impurity atom in transition metals (TMs),
could be calculated accurately from the total energy of the system using Hellmann—
Feynman theorem [2]. This encourages us to study the interstitial alloys such as
metal-hydrogen systems in detail using first principle calculations.

Total energy calculations and molecular dynamics simulations employing DFT
are reliable tools for theoretical studies in condense matter physics and material
science. A large number of their application in systems such as different molecules,
bulk material and surfaces have proven the power of these methods in analyzing
as well as predicting equilibrium and non-equilibrium properties. Self-consistent
all-electron calculation of the total energy and electronic structure of the solids, are
basis for carrying out the first principle computational calculations. The formalism
due to Bockstedte et al [3] based on DFT, offers an accurate and efficient framework
for treating the defects in TMs and the same has been used in the current work.
In this formalism the calculation of total energy and the Kohn—Sham operator in
a plane wave basis set is done by momentum space method [4]. The Kohn—-Sham
equations are solved using iterative schemes of Williams and Soler [5] and Payne et
al [6]. The frozen core electrons are considered by norm-conserving pseudopotential
in a fully separable form [7].

The aim of the present work is to study the TM-based interstitial alloys by cal-
culating the interatomic forces due to interstitial hydrogen in TM host (Cu and
Pd) using DFT, and subsequently use these forces to calculate the atomic displace-
ments using discrete lattice static method [8-10]. The data obtained from these
calculations are of vital importance to study the elastic and electronic properties of
dilute alloys [11-13]. The plan of the paper is as follows: The theoretical methods,
Kanzaki method and formalism to calculate external force using DFT, are described
briefly in §2. The computational details of the calculation are described briefly in
§3. The calculations and results are presented in §4 and are discussed in §5.

2. Theoretical methods
2.1 Kanzaki method

When an impurity is introduced in a perfect lattice, the lattice gets strained, and
the host atoms move to new equilibrium positions B, = R° + @(R?), where @(RP)
are the atomic displacements. The potential energy of the strained lattice under
applied external forces is expanded in power series of the displacements which in
the harmonic approximation is given as

@ = 0o — Y ual B Fa() + 5 303 wa(B)us(R)das(n,n'), (1)

n,o n,a n’ 3

where @ is the potential energy of the perfect lattice, R?L is the equilibrium position
of the nth host atom and F,,(R?) is the o component of the external force applied on
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the atom RO and ¢,5(n,n’) are the force constants which obey crystal symmetries.
The equilibrium values of u(R?) are obtained by minimizing ® with respect to
uo (R2), which gives

Foa(R)) =) ¢ap(n,n'yus(R),). (2)
n',3

Evidently the displacements can be evaluated if F,,(R?) and ¢os(n,n’) are known.
In the Kanzaki lattice static method the displacements are expanded in normal
co-ordinates as uq(R)) = 27 Qald) exp(1q- RY), where ¢ is a wave vector and the

expansion coefficients Q(zj’ ) are normal co-ordinates known in dynamical theory.
Since we are considering a periodic superlattice of defects, the wave vectors ¢ must
satisfy periodic boundary conditions, and all such physically distinct ¢ vectors will
be contained within the first Brillouin zone. Q(cj’ ) are in general, complex and, to
ensure the reality condition for displacements, we must have Q(—q) = Q*(q), where
the asterisk stands for the complex conjugate. Using Q((j’ ), one gets the Fourier
transform of the total energy ® of the strained lattice as

=0~ 3 Fu@)Qald) + 5 30D 00s(0)Qu(D)Q6(0), (3)

af

where N is the number of lattice points in the crystal and F,(q) and ¢.3(q) are

the Fourier transforms of F,,(R%) and ¢az(n — n'), respectively. Using equilibrium
condition in the Fourier space, eq. (3) gives

> [N6ap(—=7)Qs(7) — F3(7)6apd—g.4 = 0. (4)
g

Equation (4) gives three simultaneous equations for three components Qg(q) for
each value of ¢. If ¢np(q) and Fp(g) are known, eq. (4) can be solved for Q(q)

—

which, in turn, gives u, (R2).

In metallic crystals the ions are screened by the conduction electrons thereby de-
creasing the potential faster. It has been found that in d-band metals the screening
is very heavy [14,15]. Therefore, major contribution to ¢.s(¢) and F,(q') arises
from the few NNs. Including the interactions up to 1NNs, ¢og(q) for fcc structure
can be derived as described in [9,10]. Similarly, the external force due to inter-
stitial impurity at octahedral site is obtained at the 1NN shell using the Fourier
transforms of Fa(ﬁg), for the interstitial impurity which gives

Fu(q) = i2F sin(%) , (5)

where F7 is the force acting on the 1NN site of the interstitial impurity. Similarly
considering the 2NN’s shell of the impurity, we get

(5) (12, 0
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where F7p is the force acting on the 2NN site of the interstitial impurity. With the
knowledge of ¢np(q) and F,(q), eq. (4) is solved for Q(q) for radial forces on the
1NNs and 2NNs of impurity. These values of Q((j’ ) are used to calculate the atomic
displacements. The sum is replaced by integration and ﬂ'(ﬁg) are calculated for
different values of 1?2 using quadrature method for numerical integration.

2.2 FEvaluation of external force

The external force exerted due to interstitial hydrogen in Cu and Pd are evaluated
self-consistently from the total energy of the defect system (host lattice + impu-
rity) in the DFT formalism. For a more accurate evaluation of interatomic forces,
the quantum electronic structure of the system must be precisely known, which is
obtained by solving the many-body Schrédinger equation for host—impurity system,
which is given as

}52 ZA)Z 1 1
HMB:ZQJ\; *ﬁﬁiz:m—m
_Z|*—R| Z\R —R| “

where Z,, and M, are ionic charges and masses and 15# and p; are momentum
operator for ions and electrons, m is the electron mass, r; and R,, are the electronic
and atomic coordinates respectively. To solve eq. (7) rigorously, the electron and
ionic motions are decoupled using Born-Oppenheimer approximation.

Hyg =) 2]\2 +E({R,}), (8)

p2 .
(HMB — Z 2Mu ) \I’{é“}(f}) = E({Ru})@{ﬁu}(f’i)’ 9)

o 2

where E ({ﬁu}) is the ground state energy of an electron system with frozen ionic
coordinates {R#} and V(g 1({7i}) is the many-body electron wave function. The
atomic forces can then be obtained from ground state energy using Hellmann—
Feynman theorem (i.e. taking partial derivatives of E({Eﬂ})) 2]

OR,

The calculation of the ground energy E({ﬁu}), as well as its derivative become more
accurate and tractable with mean field theory approach using density functional
theory (DFT). DFT methods are based on Hohenberg—Kohn theorem [16]. The
total energy of the system is defined as
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BURY) = Blow) + 53 70 (1)

where the energy FE[pe(7)] represents the electronic part of the total energy
E({ﬁu}) and second part represents the ionic part. Here instead of solving the
true many-body eq. (9) in order to find E({E#}), we only need to find a mini-
mum of the functional E[p]. The ionic part of the total energy is evaluated using
Coulombic interactions approximated by Ewald convergence method [17]. The cost
of this great simplification is that we actually do not know the exact form of the
functional E[p]. Nevertheless, this problem is solved by applying the method of
Kohn and Sham [16]. In this method the electronic energy functional E[p(7)] is
split into four parts, i.e.

Elp] = Te[p] + Eionlp] + Exlp] + Exclp], (12)

where Tg[p] is the kinetic energy of electrons and Eiop[p] is the energy of electron—ion
interaction, i.e.

2 (13)
7~ Rl

Eion[p] = /‘/ion(r/)p(r/)dr/7 Vvion = - Z

“w

where Vi,, is the electron—ion interaction potential, which is replaced by effective
soft pseudopotential to enable efficient use of a plane-wave basis. The pseudopo-
tential method [7] exploits the fact that for most of the atomic species the core
electrons only weakly participate in the chemical bonding in the solid and thus
their contributions can be approximated by smooth and slow varying potential,
which increases the computational efficiency. Ep[p] is the energy of classical Hartree
electron—electron interaction given as

1

Bulpl = 5 [ Va()o(r)ar

where Hartree potential

N VGO
‘@v>—/1 o (14)

|7 — 7

and finally E,. is the term that accounts for electronic exchange and correlation
effects. We can write a formal expression for an exchange-correlation potential
using the functional derivative, i.e.

Vae(F) = ———. (15)

Te.[p] is the kinetic energy of a system of non-interacting electrons with electron-
charge density equal to p(7), i.e.

Ixm—2§j<@

iocc

1
N v
2m

¢>i> ; (16)
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where p(r)=23%", . |¢i(r)|*> and ¢;(r) are the single electron orbitals. Now the
variational principle can be used in eq. (12), since only the minimum value of
Kohn—Sham energy functional has physical meaning. At the minimum, the Kohn—
Sham energy functional is equal to the ground state energy of the system of electrons
with ion positions {R,}.

3. Computational details

For the calculation of total energy of a defect system, central quantities of interest
are the ionic interaction Vj,, and atomic arrangement of atoms in the system.
The ionic interactions as described using eq. (13) are considered through norm-
conserving pseudopotential in a fully separable form [7]. The exchange-correlation
interactions are considered through GGA [18] while calculating the pseudopotential.
The transferability of the pseudopotential is examined by examining scattering
properties by taking logarithmic derivative at the core cut-off radius, and calculating
the excitation energies of the free pseudoatom.

The ionic pseudopotentials for H, Cu, and Pd are generated using the ab initio
method [7]. The hydrogen pseudopotential is calculated in scalar-relativistic mode,
with number of valence states=1 and [,,x = 1. The core cut-off radius for hy-
drogen 7cyy = 0.78 a.u. The variation of the ionic pseudopotential involving only s
wave function shows minima at r = 0.3 a.u. and becomes nearly constant beyond
r = 5 a.u. For Cu pseudopotential, we use Z = 29.0, valence electrons =11, core
states =5, valence states =2, l;,ax = 3 and core cut-off radius is fixed at rey = 2.1
a.u. The s-, p-components are small and nearly constant while d-component is
strongly attractive and shows minima at about r = 0.2 a.u. Cu ionic pseudopoten-
tial becomes nearly constant for r > 2 a.u. For Pd pseudopotential calculation, we
use Z = 46.00, valence electrons =10, core states =8, valence states=2, ljjox = 3
and reyy = 3.15 a.u. It is interesting to note that the ionic pseudopotential for
Pd is not the same as for Cu. The s-component has a minimum at » = 1.5 a.u.,
while p-component is increasing steadily. The d-component has the broad min-
ima at r = 0.7 a.u. and the potential becomes constant at large distance. The
pseudopotential for Pd ions is weaker than the Cu ion. The pseudopotential for
Cu is short-ranged as components to the pseudopotential for hydrogen and Pd ion.
Interestingly the hydrogen pseudopotential is feeble but long-ranged and extending
its effect for the distant host atom.

For electronic structure calculations, the geometry of the atomic arrangement in
the system (interstitial hydrogen in fcc lattice) is defined through structure factor.
We consider the cluster of MsoH shell (where M = Cu and Pd) for total energy
calculation using eq. (7). For solving eq. (7), we use the computational procedure
developed by Bockstedte et al [3]. The exchange-correlation energy are evaluated
using GGA with the same set of parameters as used to generate pseudopotential
[18].

The initial wave functions |¢? i) are calculated by explicit diagonalization of the
the Kohn—Sham operator in the mixed basis set. After each iteration step the wave
function |¢;x) is ortho-normalized by Grahm—Schmidt scheme. We use energy cut-
off limit for plane waves as E.,; = 12 Ry and for the initial wave function the energy
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Table 1. Some physical parameters (in a.u.) for Cu and Pd. a is the lattice
constant, Z is the number of electrons in the outer orbit, and A; and B; are
force constants for Cu and Pd. Ft and Fiy (a.u.) are hydrogen-induced forces
at the first and second nearest neighbors.

Host a Z Ay B Fy Fi
Cu 6.82 11 0.01567 —0.0035 0.0269 0.0013
Pd 7.35 10 0.0400 —0.0094 0.0372 0.0025

cut-off is E.yy = 8 Ry. The damped Joannoupolos algorithm [19,20] is used for wave
function iteration to minimize the energy of the system, and obtain convergence.
The interatomic forces are calculated using eq. (10) at the atomic site. Since atomic
displacements due to interstitial hydrogen are calculated using Kanzaki method,
the atomic forces are required at the fixed lattice points. Therefore, lattice is not
allowed to relax, i.e. the positions of the atoms are kept fixed while calculating the
forces at the required positions.

4. Calculations and results

We have used theoretical methods described in §2 to calculate the lattice distortion
produced by interstitial hydrogen in Cu and Pd. The quantity of central interest
in evaluating the strain field due to interstitial hydrogen is the interatomic forces
between a hydrogen atom and the surrounding host metal. In the present work, the
forces calculated from total energy calculation using DFT are presented in table
1. The force constants A; and Bp defined in [8,9] are also used in the present
calculations and are given in table 1. The norm-conserving pseudopotential in
fully separable form is used for calculating the total energy of the metal-hydrogen
system, the computational details for which are explained in brief in §3.

These calculated values of Fi, Fii, A1 and B are used to calculate ¢og(g) and
hence @((j’ ), with the help of eq. (4). The inverse Fourier transform of Cj(cf ) gives
@(R?). The numerical calculations are simplified if we integrate over the cube of
edge 47 /a which inscribes the first Brillouin zone (BZ) and using the fact that, for
any function F(q)

/BZ Flg)dg =5 /CubeF(Q)dq (17)

for fcc structures. The integration is carried out by the Gaussian quadrature
method.

The atomic displacements of 22NNs due to interstitial hydrogen at octahedral site
in Cu and Pd are given in tables 2 and 3. The nature of the atomic displacements
of NNs for Cu and Pd is the same. The first 4NNs of hydrogen move away from the
hydrogen, and fifth NNs show contraction towards the hydrogen atom. Then again
next 4NNs move away from hydrogen and fifth towards hydrogen. Over all only few
NNs move towards the impurity and most of them move away from the impurity
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Table 2. Atomic displacements (a.u.) of the NNs of hydrogen at octahedral

site in the Cu metal. (n1,n2,n3) (in § units) are coordinates of the NNs and

(ua, uy, u,) are the Cartesian components of the atomic displacement.

(n1,m2,n3) Ug Uy Uz |u|

100 0.3552 0.0000 0.0000 0.3552
111 0.0159 0.0159 0.0159 0.0275
210 0.0554 0.0699 0.0000 0.0891
221 0.0270 0.0270 0.0294 0.0482
300 —0.0391 0.0000 0.0000 0.0391
311 0.0106 0.0214 0.0214 0.0321
320 0.0219 0.0328 0.0000 0.0394
331 0.0206 0.0206 0.0144 0.0325
333 0.0214 0.0214 0.0214 0.0371
410 —0.0232 —0.0004 0.0000 0.0233
421 0.0051 0.0130 0.0069 0.0155
430 0.0122 0.0182 0.0000 0.0219
432 0.0164 0.0171 0.0129 0.0270
441 —0.0017 —0.0017 —0.0011 0.0031
443 0.0146 0.0146 0.0060 0.0215
520 0.0160 0.0160 0.0000 0.0264
522 —0.0114 —0.0005 —0.0005 0.0114
533 0.0030 0.0043 0.0043 0.0061
540 0.0102 0.0099 0.0000 0.0173
544 0.0086 0.0117 0.0117 0.0145
630 0.0122 0.0109 0.0000 0.0196
641 —0.0058 0.0004 0.0001 0.0059

atom, and therefore lattice shows expansion. The displacements are oscillatory
in nature but decreasing in magnitude with increase in the NNs distance. The
maximum displacement is at 1INNs of hydrogen and Cu atoms are displaced more
than Pd atoms. The maximum displacement of 7.36% and 4.3% of 1NN distance is
found at the 1NNs of hydrogen in Cu and Pd respectively in our calculation as these
atomic displacements are significant up to the first few NNs only. Thus hydrogen
causes significant lattice expansion due to its interstitial location. The volume
change is calculated considering the displacements up to 2NNs of the hydrogen
atom. The calculated fractional relative change in the volume (AV/V) is 0.177
and 0.145 for CuH and PdH systems. The experimental value of fractional change
in volume for PdH system are found in the range of 0.20 to 0.13 for different
concentrations of hydrogen in Pd, with average value 0.19+0.01 [19,20]. However,
the volume change may be estimated from Elsasser et al [1] results for the trace
of the dipole tensor and the bulk modulus of Pd. For Pds,H, Tr P = 7.0 eV and
AV/V for H at the octahedral site is 0.134, which is close to the one calculated in
this paper. These numbers are in reasonable qualitative agreement.

The calculated atomic displacements up to 2NNs are used to calculate the
impurity-induced relaxation energy FE, which is given as
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Table 3. Atomic displacements (a.u.) of the NNs of hydrogen at octahedral

site in the Pd metal. (n1,n2,n3) (in § units) are coordinates of the NNs and

(ua, uy, us) are the Cartesian components of the atomic displacement.

(n1,m2,n3) Uy Uy Uy |
100 0.2254 0.0000 0.0000 0.2254
111 0.0104 0.0104 0.0104 0.0180
210 0.0355 0.0340 0.0000 0.0491
221 0.0125 0.0125 0.0111 0.0208
300 —0.0021 0.0000 0.0000 0.0021
311 0.0113 0.0086 0.0086 0.0166
320 0.0131 0.0145 0.0000 0.0195
331 0.0085 0.0085 0.0049 0.0129
333 0.0066 0.0066 0.0066 0.0114
410 —0.0004 0.0019 0.0000 0.0020
421 0.0058 0.0057 0.0031 0.0087
430 0.0066 0.0072 0.0000 0.0098
432 0.0061 0.0057 0.0044 0.0094
441 —0.0005 —0.0005 —0.0002 0.0007
443 0.0053 0.0053 0.0021 0.0078
520 0.0047 0.0047 0.0000 0.0077
522 0.0007 0.0019 0.0019 0.0021
533 0.0032 0.0026 0.0026 0.0048
540 0.0042 0.0032 0.0000 0.0062
544 0.0039 0.0040 0.0040 0.0056
630 0.0035 0.0029 0.0000 0.0054
641 0.0012 0.0014 0.0002 0.0018
E L F, 18
rT 7y ;a: nalna- ( )

In the present calculation Fis isotropic and tabulated values of F1, Fir in table 1
and the components of INN and 2NNs displacements from table 2 are used. The
relaxation energy due to interstitial hydrogen in Cu is —0.076 eV and that in Pd is
—0.067 eV. Therefore, hydrogen may be relatively easily mixed in Pd than in Cu
which is in accordance with the experimental fact that hydrogen is less soluble in
Cu than in Pd at similar conditions.

5. Discussion

The interstitial alloys are unique and the strain field due to these defects has
been constrained due to non-availability of reliable interatomic potential at host—
interstitial distance. The DFT provided a reliable method for calculating total
energy and hence the atomic forces. Here the exchange and correlation effects of
electrons are included explicitly and calculated self-consistently using GGA. The
norm-conserving ionic pseudopotentials are generated in separable form, in total
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energy calculation of the system. The transferability of the pseudopotential has
been examined by examining scattering properties, excitation energies and chemi-
cal hardness properties of the free pseudoatom.

In the numerical calculations the cubic symmetry of the lattice is retained al-
though the exact anisotropy of the Brillouin zone is not accounted for. This may
not introduce serious error considering other simplifications in the calculations.
Here we considered M3oH shell (M = Cu and Pd) due to our computational limi-
tations. However, increasing the size of the shell may not influence the results to a
large extent as major contribution in evaluating the interatomic forces is expected
from only a few nearest neighbors. As the effective pseudopotential is extended up
to 7 = 5.0 a.u., the considerations of forces up to 2NNs do not introduce any serious
error. The cluster considered is not allowed to relax, i.e. fixed coordinates, and this
is in accordance with our formalism to calculate strain field, as we require forces
at fixed atomic sites. The reasonable agreement of the fractional volume change
calculated from tabulated displacements and the experimental value shows that the
interaction of the interstitial defects in alloys are effectively described using DFT.
And the discrepancies in the results may be due to approximations considered in
the discrete lattice static method (Kanzaki method).

The large displacements caused by the interstitial hydrogen in Cu and Pd need
careful investigation, before considering technological use of such interstitial alloys
in hydrogen environment. The hydrogen storage devices can be another technolog-
ical applications of such hydrogenated systems. Further, the calculated displace-
ments are of vital importance for the calculation of electric field gradient, heat
of solution, Knight shift and other important physical properties where displaced
positions of Cu and Pd atoms due to hydrogen are needed.

Acknowledgment

The authors are greatly thankful to FHI98SMD group, Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Berlin, Germany for providing their DFT code to accomplish
this work.

References

[1] C Elsasser, M Fahnle, L Schimmele, C T Chan and K M Ho, Phys. Rev. B50, 5155
(1994)

[2] N Papanikolaou, R Zeller and P H Dederichs, Phys. Rev. B55(7), 4157 (1997)

[3] Michel Bockstedte, Alexander Kley, Jorg Neugebauer and Matthias Scheffer, Comput.
Phys. Commun. 107, 187 (1997)

4] J Thm, A Zunger and M L Cohen, J. Phys. C12, 44-9 (1979)

5] A Williams and J Soler, Bull. Am. Phys. Soc. 32, 562 (1987)

6] M C Payne et al, Rev. Mod. Phys. 64, 1015 (1992)

7] Martin Fuchs and Matthias Scheffer, Comput. Phys. Commun. 119, 67 (1999)

8] Hitesh Sharma and S Prakash, Pramana — J. Phys. 59(1), 1 (2002)

9] Hitesh Sharma and S Prakash, Chin. J. Phys. 41, 2 (2003)

[10] Hitesh Sharma and S Prakash, Int. J. Modern Phys. B17(12), 2417 (2003)

[
[
[
[
[
[

264 Pramana — J. Phys., Vol. 69, No. 2, August 2007



Atomic displacements

[11] A Gordon and S Dorfman, Phys. Rev. B51, 930 (1995)

[12] D Fucks and S Dorfman, Phys. Rev. B55, 3461 (1997)

[13] J Singh, N Singh and S Prakash, Phys. Rev. B12, 3159 (1975); 12, 3166 (1975); 18,
2054 (1978)

14] J Singh and S Prakash, Nuovo Cimento 37, 131 (1977)

5] H B Huntington, Phys. Rev. 91, 1092 (1953)

6] W Kohn and L J Sham, Phys. Rev. A140, 1133 (1965)

7] P P Ewald, Ann. Phys. 64, 253 (1921)

18] J P Perdew and A Zunger, Phys. Rev. B23, 567 (1980)

19] M C Payne, J D Joannopoulos, D C Allen, M P Eeter and D H Vanderbilt, Phys.
Rev. Lett. 56, 2656 (1986)

[20] Hydrogen in metals I edited by G Alefeld and J Volkl (Springer-Verlag, Berlin,

Heidelberg, New York, 1978)

[
[
[
[
[
[

Pramana — J. Phys., Vol. 69, No. 2, August 2007 265




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


