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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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'“' An Alternative Form of the Nonlocal p-Potential‘

~ in the Empirical Pseudopotential Method

C..Y. Fong* 
JDepartment of Physicg, University of California
‘Davis, Califofnia‘95616,x o
| and
D. J. Chadi
| Xerox Palo Alto ReseabchJCeﬁter,
Palo Alto, California 9430# B,
“and :
Marvin L. Coheﬁ+ |
Department of Physics, University of Califorﬁia' RS
S o ' and o , i
Inorganic Materiéls Research Di&isioh,

Lawrence Berkeley Laboratory, Berkeley, California 94720

Abstract
An alternative nonlocal p-potentiai is
suggeéted;” The energy gaps at a few importaht'
k-points ére calculated for NbC and NbN and |

" compared with previous results.

Recently, we have calculatéd the band structures of

NbN1 and NbC.2 Since the anions in these two compounds
are in the first row of the periodic table, they do not

have core p-states. From the point of view of the Phillip's



cancellation theorem, the valence p-states of c and N are

not cancelled by the core states of same character. Because

of this, in our previous calculatlons, we have augmented

i

the potential with an 2 1 nonlocal pseudopotential having

the following form:

NL(E)

J : , . , o
- whefe ?l'is a projection operator which operates on the -

spherical harmonics with & = 1, and §i+ is the correspond-

ing Hermitian adjoint'operatoro' The form of ul|r]) is

1

o - >R, -

U(lgl) = A,re % _ r“S’RS - ,A'vjd(2);‘

where R is the core radius of the atom. Aq and o are
_treated as disposable parameters. When'qu (1) is evaluated
between two plane waves, we get the follow1ng radlal 1ntegral

'1n the matrlx elements

e.jﬁs jl(klr>jl(k2r)r3efafd£'-lv_ja dﬂ ()
.where kl and k2 are thenmaénitudes of k:fon-fhe fwobplane‘
.wavesol ‘Because the 1ntegrand is 81ngular asr > 0, thel;
integral does not have a closed form. A gauss1an quadratnfe
numerical integration routine with 8-point nas been used inr
refs. 1 and 2. Unfortunately, we have foUndcthat the 8-point
integration scheme is not highly accurate andvfhe.effecti

. of the p potential is over estimated. To avoid,thelsingular
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. vbehav10r 1n the matrlx elements, we suggest here an alternate

- form for the nonlocal p- potentlal

VyL(x) = ;z, |Ul<‘|g-§j|)'P1>§Ul(lg-13j|)1>l[ lz-lijl 5:&»5 '_(u)ﬁ
0 o S | |r-R.| > r :
o - o ~ ~J S

o where'Ul(r).is‘a constant.: The differences between the‘e

. present forn and Eq. (1) are: (a) Thetradial paft of the
potential in Eq. (4) is nonlocal;'(b)‘The matrix element of
Eq. (4) between any two plane waves canibe expressed‘in'
closed form, and.therefore, there is no need fonva:costly'
numerical integration routine. | S |
| ~ The value of Ul(r) is determined by fitting tne important  
p.to.s and d energy gaps reported in ref. 1 and 2 by;keeping
Rs’ the local and the d nonlocal pseudopotentlal fixed. 'In;_
,btable I we compare the values of the prev1ously obtalned
energy gaps with the ones calculated by using Eq. (4). In
NbC, the overall difference is of the order of 0.2 eV. : The
vlangest discrepancies in NbN are at XS’ and L3.”.The‘betteb
’6§é£;ii”é§£éémen£ fef theﬂﬁbC'caee is probebly due‘t;mtheln
fdct the Al used invref. 2 was about 0.5 ryd. smaller than
_that used in‘ref.'lt 4
| Part of this work was done under the auspices of the

U.S. Atomic Energy Commission.
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Table Caption
Table 1. Comparison of the principal energy gaps in NbC

.and NbN for two forms of the nonlocal p-pseudopotential.' 
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Table 1
NbC

Eqs. (1) Eq. (4)

and (2) |
4,06 eV 3.75 eV
3.08  3.15
0.98  0.99
0.92 0.79
3.08 2.96
5.23 5.45
4,96 5.39
2.15 | 2.35
2.58 2.4
-0.19 ryd

NbN

Egs. (1)  Eq. (¥)

and (2)
6.52 eV

2.25

0.9

1.14

S 3.14

.84

4,21
1.74

2.68

6.52 eV
2.21
0.41

3.1y

4.6 .

- 5.23

1.74

2.69

-0.67 ryd
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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