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in units of Z%?%/a*. As was the case for the dia-
mond and zinc-blende structures, the results for
the WC-type structure are negative those of hcp.
For the wurtzite structure, all three internal
strains must be considered. Instead of using the
internal-strain labels a, B,... on U#f®’"" when
writing specific derivatives, it is convenient to

use commas to separate differentiations with re-
spect to the three different internal strains. Then
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The indices before the first comma represent de-
rivatives with respect to Cartesian components of
w'; those between commas represent derivatives
with respectto components of #?; and those after
the second comma represent derivatives with re-
spect to components of w®. For example,
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Then, the electrostatic internal-strain derivatives
for ideal wurtzite with Cauchy relations are
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in units of Z%%/a*.

The space group of wurtzite contains a screw
axis (a twofold rotation about the three axis and a
translation by 3c). For this symmetry element,
the internal-strain tensors U"’” ** transform as

Ui =0"l,q---ﬂ,,(ﬁ,,"' Ukl--- A
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where ® is the twofold rotation matrix. As a re-
sult of the translation, the unit-cell labels (u—v)
change according to 0-1,1-0,2-~3, and 3~ 2.
For example, this symmetry requires that

U{Ol)= - U{u) and U§21)= -

Thus, U’ =LU!" and U3"= LUPY are not required
to vanish. However, U"1 L[U‘m U3 is required
to be zero. It should be noted that if the components
of a tensor are unaffected by the translation, then
any component with an odd number of 1’s or 2’s,
but not both, is required to vanish (e.g., the 111
component of the piezoelectric tensor).
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APPENDIX A: INTERNAL-STRAIN CONTRIBUTION TO
BRUGGER-TYPE ELASTIC CONSTANTS

For nonprimitive lattices with ions not at cen-
ters of symmetry, macroscopic strains in general
give rise to internal strains, i.e., interlattice dis-
placements. With s ions per unit cell, only s -1
internal strains are independent. 17 For convenience,
they will be labeled here as W*, where a=1,2,...,
s —1. These internal strains, which are functions
of the external strain n;;, are determined by re-
quiring that the total energy den51ty of the homo-
geneously deformed state, U(7,%%), be a minimum
with respect to W* iz
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Denoting derivatives of U(7 ,W®) by

anvu
2 0750y, *

Uu&p (77 )_ (w’

AND E. R. NAIMON 6

the strain dependence of % can be determined by
differentiating Eq. (Al) with respect to n;;. Thus,
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where repeated indices (including superscripts) are
to be summed.

In general, wj can be expanded in a Taylor series
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where the coefficients
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are determined from Eqs. (A3) and (A4), respec-
tively. Higher-order coefficients are similarly ob-
tained by successive differentiation. However,
knowing U as a function of W* and 7, only the in-
ternal-strain parameters Aj;; are needed to obtain
Bji;r: and all higher-order coefficients, e.g., Eq.
(A4) relates By, to the coefficients Ag;; and de-
rivatives of U.

Using the definition of the Brugger elastic con-
stants, !®
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and Eqs. (Al), (A3), and (A4), it follows that
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