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traction in lattice parameterd(x) @Eq. ~7!#. We see that the
bond lengths obtained using method S reproduce very accu-
rately the bonds with method R~the differences occur in the
fourth decimal!. In other words, the ratio between the bond
lengths in calculations V and R is the same as the ratio be-
tween the lattice parameters in the two calculations. This
indicates that allowing the lattice constant to relax does not
lead to significant structural changes in the system but the
change is directly propagated into bond lengths and the rela-
tive lengths of different bonds remain the same. Therefore, in
the following we will use Vegard’s rule to extract bond
length values. To account for deviation from Vegard’s rule,
all bond lengths in Table IV can be multiplied byd(x) of Eq.
~7!.

B. First-neighbor cation–anion bonds:
RA 2C1a

w vs RA 2C1b

w

Figure 2 compares the first-neighbor cation–anion bonds
in the W In0.5Ga0.5N alloy as calculated using the two VFF
models described in Sec. II. Figure 2~a! corresponds to the

VFF calculation assuming idealc/a ratio @method~A!#, while
Fig. 2~b! shows the result for nonidealc/a @method~B!#. In
Fig. 2~b! we decompose the nearest-neighbor bond length
distribution (RA2C1

w ) into bonds parallel to the Wc axis

(RA2C1a

w ) and perpendicular to it (RA2C1b

w ). The decom-

posed bond lengths indicate that for both cation species the
RA2C1a

w bond is slightly longer thanRA2C1b

w . However, this

distinction is not visible in the combinedRA2C1

w bond distri-

bution~the uppermost of the three histograms for each cation
species in Fig. 2!. Thus, we conclude that the difference
betweenRA2C1a

w andRA2C1b

w bonds is preserved in the alloy

environment, but simultaneously becomes obscured due to
the statistical bond length broadening.

We further note that theRA2C1
peak positions do not

coincide between Figs. 2~a! and 2~b!. The calculated average
peak positions for the ideal~nonideal! c/a ratio areRGa-N1

51.973 (1.974) Å andRIn-N1
52.141 (2.132)Å, respec-

tively. These differences can be understood as a consequence
of the ideal~VFF! bond lengths assumed in methods~A! and

TABLE III. Comparison of the relaxed bond lengths~in angstroms! in zinc-blende InxGa12xN alloy as calculated using three methods:~V! Relaxing atomic
positions while keeping the lattice parameter fixed to the value given by Vegard’s rule,~R! relaxing the lattice parameter in addition to atomic positions, and
~S! like V but scaling the bond lengths by the changed(x) in lattice parameter.d(x) equals20.39% forx50.50, and20.30% forx50.25 or 0.75.

x Method RGa-N1
RIn-N1

RGa-N2
RIn-N2

RGa-Ga RGa-In RIn-In RN-Na
RN-Nb

0.25 V 1.9633 2.1255 3.8311 3.8385 3.2428 3.2964 3.3208 3.2039 3.4707
0.25 R 1.9574 2.1195 3.8198 3.8271 3.2331 3.2869 3.3108 3.1943 3.4609
0.25 S 1.9574 2.1191 3.8196 3.8270 3.2330 3.2865 3.3109 3.1943 3.4603

0.50 V 1.9730 2.1408 3.9259 3.9398 3.2965 3.3549 3.4050 3.2176 3.4955
0.50 R 1.9651 2.1327 3.9106 3.9244 3.2832 3.3419 3.3918 3.2046 3.4823
0.50 S 1.9653 2.1324 3.9106 3.9245 3.2836 3.3418 3.3918 3.2050 3.4818

0.75 V 1.9783 2.1511 4.0198 4.0354 3.3371 3.4124 3.4650 3.2275 3.5108
0.75 R 1.9721 2.1449 4.0080 4.0235 3.3266 3.4023 3.4549 3.2175 3.5006
0.75 S 1.9723 2.1446 4.0077 4.0233 3.3271 3.4022 3.4546 3.2178 3.5003

TABLE IV. Calculated values of the histogram~Fig. 3! average relaxed bond lengths~in angstroms! in InxGa12xN alloy for various compositions. The
experimental values are from Ref. 10. For W structure an idealc/a ratio is assumed in the calculations.

x Structure RGa-N1
RIn-N1

RGa-N2a
RGa-N2b

RIn-N2a
RIn-N2b

RGa-Ga RGa-In RIn-In RN-Na
RN-Nb

0.0 W 1.949 3.248 3.732 3.183 3.183
0.0 ZB 1.949 3.732 3.732 3.183 2.183
0.0 Exp. 1.94 3.19

0.25 W 1.963 2.126 3.339 3.831 3.322 3.839 3.243 3.297 3.317 3.204 3.471
0.25 ZB 1.963 2.126 3.831 3.831 3.838 3.838 3.243 3.296 3.321 3.204 3.471
0.25 Exp. 1.94 2.09 3.25 3.275 3.35

0.50 W 1.973 2.141 3.427 3.928 3.413 3.938 3.300 3.355 3.401 3.218 3.496
0.50 ZB 1.973 2.141 3.926 3.926 3.940 3.940 3.296 3.354 3.405 3.218 3.495
0.50 Exp. 1.96 2.12 3.30 3.355 3.40

0.75 W 1.978 2.151 3.514 4.022 3.503 4.035 3.343 3.413 3.464 3.227 3.511
0.75 ZB 1.978 2.151 4.020 4.020 4.035 4.035 3.337 3.412 3.465 3.228 3.511
0.75 Exp. 1.96 2.12 3.35 3.395 3.46

1.0 W 2.156 3.593 4.128 3.521 3.521
1.0 ZB 2.156 4.128 4.128 3.521 3.521
1.0 Exp. 2.15 3.53
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