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Hartree-Fock study of crystalline lithium nitride
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The electronic structure of crystalline lithium nitride has been theoretically investigated within the
Hartree-Fock approximation. The basis set comprises 28 atomic orbitals per unit cell and has been
defined following strictly variational criteria. Energy data, band structure, and Mulliken popula-
tions are provided and discussed; the calculated x-ray structure factors and Compton profiles are
compared with the experimental ones. All these data confirm in an unbiased way the hypothesis
that nitrogen is present in Li3N as the N ion, which does not exist as a free species, but is stabi-
lized in the crystal by the surrounding Li+ ions.

I. INTRODUCTION

Lithium nitride is an unusual ionic conductor whose
structural and electronic properties are now relatively well
known, especially due to intense investigations performed
at, or in collaboration with, the Max-Planck-Institut fur
Festkorperforschung in Stuttgart. A comprehensive dis-
cussion of work performed up to 1978 has been provided
by Rabenau. ' Subsequent relevant contributions include,
in particular, the study of the electron momentum distri-
bution ' (EMD), new x-ray structure-factor data, and the
associated study of the defect structure, the measurement
of the quadrupole constants, the calculation of electric
field gradients at all atomic positions, and the analysis of
anharmonic vibrations. Lithium nitride is a good candi-
date for accurate theoretical investigations. Its unit cell
contains only four lightweight atoms and its crystal struc-
ture, though rather uncommon, is highly symmetric. The
space group is p 6/mmm with a =3.655 A and c=3.874
A; LizN layers alternate with pure lithium layers along
the c direction; in the Li2N layers, the lithium atoms, la-
beled Li(2), are arranged in a graphitelike structure with
the nitrogen atoms at the center of the hexagons; in the
pure-lithium layers, the Li(1) atoms are atop the nitrogen
atoms. A detailed analysis of x-ray diffraction data has
shown that lithium nitride is not too far away from the
ideal ionic structure, (Li3+)N, although in the past there
have been suggestions of a partially covalent character of
N —Li bonds. ' To our knowledge, only one ab initio
theoretical treatment exists, that is, one recently per-
formed by Kerker. " He used a pseudopotential Hamil-
tonian containing a local exchange and correlation term'
for describing valence electrons; the basis set (BS) includ-
ed over 200 plane waves, supplemented by one s- and
three p-Gaussian-type orbitals (GTO's) centered on nitro-
gen atoms, in order to improve the description of the elec-
tronic structure in the neighborhood of the nitrogen cores.
The results are in generally good agreement with experi-
ment. The calculated charge-density maps exhibit small,
although not entirely negligible, departures from the ideal
ionic structure, in qualitative agreement with diffraction

data; however, no direct comparison is provided with ex-
perimental structure factors. The calculated Fourier
transform of the EMD, the so-called autocorrelation func-
tion 8 ( r ), reproduces the experimental data with surpris-
ing accuracy; residual discrepancies are tentatively attri-
buted to an improper accounting of core-valence orthogo-
nalization effects, which is an intrinsic defect of all
frozen-core pseudopotential calculations.

This represents an additional, and, in a sense, comple-
mentary, contribution to the theoretical description of
lithium nitride. We report the results of Hartree-Fock
(HF), exact-exchange, all-electron calculations, which
were performed by means of a previously described'
computer program (CRYSTAL). The basis functions em-
ployed are atomic orbitals (AO's) obtained as a linear
combination of s-, p-, and d GTO's, with suitable con-
traction coefficients. The extended basis set used here was
chosen within a rich functional space following a varia-
tional criterion. This procedure reduces the risks of
predetermining the character of the solution, as can hap-
pen, for instance, when rninirnal BS's are adopted for the
calculation of ionic systems in those cases, the pure ion-
ic character of the wave function is a mere consequence of
the level of its description. Kerker's solution is not
exempt from similar risks as recognized by the author
himself, especially due to the rather poor description of
the neighborhood of the nitrogen cores. The use of ex-
tended and highly polarizable basis sets for the description
of ionic systems requires, however, that far-reaching
Coulomb effects are very accurately taken into account
both in the calculation of the Fock matrix and in the
evaluation of total energy. These kind of problems have
been discussed in detail in a previous study concerning
lithium hydride, ' where a minimal and an extended BS
solution were critically compared. A similar investigation
had been performed some years ago by Hayns and Dissa-
do' in conjunction with a semiempirical Hamiltonian.
Here, we have used the procedure described in our previ-
ous paper for taking into account the "Madelung poten-
tial" due to all the charge distributions external to the
sphere where the one- and two-electron integrals are ex-
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actly or approximately evaluated.
After commenting about the basis set and the computa-

tional conditions (Sec. II), the results are presented in Sec.
III in a rather detailed way. Particular attention is devot-
ed to a comparison between calculated and experimental
data concerning charge and momentum densities. A11 re-
sults appear to confirm, in an unbiased way, the essential-
ly ionic nature of lithium nitride.

II. CHOICE OF BASIS SET AND OTHER
COMPUTATIONAL ASPECTS

Scores of computations were performed in order to de-
fine the BS reported in Table I, which was finally used for
calculating the crystal properties. The essential guideline
in the choice of the BS parameters was the variational cri-
terion of minimizing the total energy. As usual, the op-
timization was performed by steps, by exploring in turn
the usefulness of additional GTO's of different types on
lithium and nitrogen, and by trying different contraction
schemes. The exploration of the parameter space oc-
curred, however, under two constraints: The total number
of AO's, which directly determines the computational
cost, had to be kept within reasonable limits, and their
spatial extent could not exceed certain bounds in order to
avoid linear-dependence catastrophes. The main indica-
tions resulting from our investigation can be summarized
as follows.

The optimization process resulted on the whole in a
considerable energy gain, of the order of several electron
volts, starting from an atomiclike BS; on the other hand,
the energy changes associated with individual tests were

often as small as 0.1 eV, which shows the importance of
very accurate numerical methods for this kind of investi-
gation. As was to be expected, the choice of the nitrogen
AO's was the most critical problem. In fact, in agreement
with previous findings, " we found the crystal to be
markedly ionic, and a satisfactory description of the
unusual N ion required much attention. In order to in-
sure ample variational freedom, three sp shells were as-
signed to nitrogen for describing its valence electrons.
When trying to optimize the exponent of the outermost
shell we met with a linear-dependence catastrophe at
a =0.10 a.u. We therefore adopted the safety value
a =0.13 a.u. ; by extrapolating available data we estimated
the optimum exponent to be located around 0.08 a.u. , with
a further energy gain of about 0.4 eV. The usefulness of d
functions of different sizes was also explored; practically
no gains in crystal energy were observed (less than 0.001
a.u.). The contraction scheme of the core orbital was fi-
nally optimized, which resulted in a slight expansion with
respect to the core of the isolated atom and in an energy
gain of about 0.3 eV. For lithium, both atomiclike and
ioniclike BS's were tried; it was finally found that the set
previously employed for lithium hydride' performed
quite satisfactorily. It supplements a corelike AO with an
outer sp shell apt to increasing the variational freedom in
the immediate vicinity of the lithium core. The value of
the optimum exponent for the outer shell (a=0.5 a.u. )

corresponds, in fact, to a much more localized function
than is needed for valence electrons of lithium. The con-
tribution to energy of the p functions on lithium is small
but not negligible since it amounts to 0.01 a.u. The

TABLE I. Exponents (in a.u. ) and coefficients of the Gaussian functions used in the present calcula-
tion. The contraction coefficients multiply normalized individual Gaussians.

Coefficient
Atom

Nitrogen

Shell Type Exponent

8100.
1027.83
188.45
52.722
18.111
7.0332
2.8967

0.000 823
0.008 872
0.053 12
0.170 3
0.360 2
0.402 3
0.155 1

sp 19.15
3.920
1.250

—0.027 58
—0.1090

0.1957

0.01755
0.09620
0.2312

sp 0.48 1.0 1.0

sp 0.13 1.0 1.0

Lithium 700.0
220.0
70.0
20.0

5.0
1.5

0.001 421
0.003 973
0.016390
0.089 954
0.315 65
0.494 59

sp 0.5 1.0 1.0
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present BS can describe the effects of the anisotropic
coordination of lithium atoms in the crystal and account
for the different electronic structure around the cores of
Li(1) and Li(2). The transferability of the lithium BS
from one to another kind of ionic crystal is gratifying: BS
studies such as those reported here are difficult and ex-
tremely ponderous, and apparently of little reward. How-
ever, it is hoped that they will provide valuable indica-
tions when similar subsystems are considered in different
crystalline environments, analogous to what happens in
molecular quantum chemistry.

Once the BS was fixed, the other computational param-
eters were chosen so as to ensure a numerical precision of
the order of 0.1 eV/cell in total energy. With respect to
previous calculations, ' a relatively large "quantum zone"
was needed for an accurate evaluation of the Coulomb
terms, probably due to the large size of the nitrogen ion.
Under those conditions, the most important multipole
correction from the surrounding "one-electron" zone was
associated with the high hexadecapole moment of the ni-
trogen ion and amounted to about 0.02 eV/cell.

The problem of k-space integrations is, of course, far
from critical with insulating systems; only six k points in
the irreducible part of the Brillouin zone were sufficient
for reconstructing, with sufficient precision, the Fock ma-
trix during the self-consistent iterative procedure.

III. RESULTS AND DISCUSSION

A. Energy data

The relevant energy data corresponding to the experi-
mental equilibrium structure are reported in Table II.
The HF cohesive energy has been calculated by subtract-
ing the HF energy of the four constituent atoms from the
total crystal energy per cell. ' The experimental cohesive
energy has been obtained starting from the thermodynam-
ic data for lithium nitride reported by Rabenau
AGf 298 ~ ———129 kJ mol ', H298 K Ho = 1 1.6 kJ
mol ', and S298K ——65.7 Jmol ' K '. We see that the
present calculation accounts for less than half of the
cohesive energy. This is slightly surprising at first, since
for lithium hydride the HF cohesive energy practically
coincided with the experimental one. ' It was already
pointed out that the present BS for nitrogen is not fully
optimized; however, the main reason for the observed
discrepancy is certainly to be attributed to correlation ef-
fects, which are much less important in lithium hydride;
the difference in the correlation energy of the N ion
with respect to the atom can, in fact, be estimated to be
around 0.22 a.u. by extrapolating to Z=7 the series of the

differences in correlation energy between the atomic sys-
tems with ten and seven electrons which have been calcu-
lated' down to Z=8.

In Table II we also report results of an energy-
minimization study with respect to the lattice parameter.
When performing such a study, care must be taken that
the level of description is about the same for all of the
geometrical configurations considered; the problem is
more serious when the basis set is not fully optimized
with respect to all the variational parameters, as is the
case here for the exponent ao of the outermost AO's on
nitrogen. We have proceeded in two steps. First, we have
changed all of the crystal parameters by a factor q and
correspondingly altered ao so that ca~ =const; the
minimum corresponded to a slight contraction of the
crystal, namely by less than l%%uo. We then let the c pa-
rameter vary independently with constant ao', practically
no change was observed here. This kind of calculations is
too questionable for reliable elastic constants to be ob-
tained; however, we can mention that from an analysis of
second derivatives the compressibility in a direction paral-
lel to the c axis could be estimated to be nearly twice as
large as in a perpendicular direction.

B. Band structure

Figure 1 shows the portion of the band structure of
lithium nitride which includes the lowest conduction
bands and the uppermost valence bands, the latter essen-
tially associated with p electrons of nitrogen. The other
occupied bands are located between —24. 19 and —23.96
eV (N 2s band), between —64.69 and 64.04 eV (lithium-
core bands) and at —420.08 eV (nitrogen-core band). The
separation between the 2s and the 2p bands of nitrogen is
similar to that reported by Kerker;" for the rest, the two
calculated band structures are very different from each
other. In particular, the lowest p band exhibits a max-
imum at A in our calculation, presenting there, according
to Kerker the absolute minimum. Since the qualitative
description of valence bands is usually correct at a HF
level, there might be some numerical inconsistencies in the
pseudopotential calculation. The variational basis set used

E(a.u.)
0.5-

TABLE II. Energy data and equilibrium parameters.
0-

Total energy {a.u. )

Kinetic energy (a.u. )

Virial coefficient
HF cohesive energy {a.u. )

Experimental cohesive energy (a.u. )

Calculated crystal parameter (A)

—76.8945
76.8970

1.000 02
0.196
0.42

a; 3.61
c; 3.84

-0.5-

K M I A

FIG. 1. Portion of the band structure of lithium nitride.
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TABLE III. Contributions to the Mulliken populations of the different species of AO s, corresponding to the different bands and

shells. Shells are numbered as in Table I.

Band 1

2
3
4
5
6
7
8

Shell 1

2
3
4

Total

2.000
0.004
0.004
0.000
1.992
0.000

—0.002
0.000
2.001
0.204
0.888
0.905
3.998

Nitrogen

px +py

0.000
0.000
0.002
0.002
0.000
1.184
1.572
1.196

0.848
1.048
2.058
3.954

ps

0.000
0.006
0.000
0.000

—0.002
0.838
0.404
0.772

0.427
0.468
1.123
2.018

0.000
1.990
0.004
0.000
0.000

—0.008
—0.004
—0.012

1.629
0.337

1.966

Li{1)
px +py

0.000
0.000
0.000
0.000
0.000
0.006
0.006
0.006

0.017

0.017

pz

0.000
0.000
0.000
0.000
0.004

—0.006
0.002
0.004

0.004

0.004

0.000
0.000
1.990
1.998

—0.004
—0.034
—0.020
—0.002

1.626
0.340

1.966

Li{2)
px +py

0.000
0.000
0.000
0.000
0.010
0.016
0.040
0.034

0.049

0.049

pz

0.000
0.000
0.000
0.000
0.000
0.006
0.002
0.006

0.007

in the present calculation is obviously not designed to
properly describe virtual states. In fact, the gap obtained
here is far too large; the experimental gap is about 2.2 eV
(Ref. 19) and Kerker obtains 1 eV. Increasing the size of
the outermost s-type Gaussian orbitals on lithium atoms
causes a dramatic reduction of the gap, but impairs the
ground-state solution. In addition, the HF calculations
exaggerate, as a rule, the separation between levels in the
proximity of the Fermi energy. The latter effect could
partly explain the larger width of the nitrogen p bands
with respect to Kerker's local-exchange results: 4.6 eV
versus 3 eV.

C. Population data

The population data to be presented in the following
have been obtained according to a Mulliken population
analysis, that is, by attributing half of the overlap popula-
tions P&„S„„to each of the involved orbitals X& and X„
independently of their size. It is known that such an
analysis of the charge density is not free from ambiguities;
in the present case, however, the smallness of the overlap
populations makes this problem less serious. In fact, we
have also tried an alternative "weighted" partition, ' but
the results were practically the same. Table III shows the
Mulliken populations subdivided per band and per atomic
shell, in units of the electron charge. When the band pop-
ulations are considered, it is seen that the assignment of
the different bands to the different AO s is quite unambi-
guous. Note that band 2, the lowest core band of lithium,
is almost entirely associated with Li(1). Analogously, the
nitrogen p, AO has the highest weight in band 6, the most
stable among the p bands of nitrogen. The analysis of the
populations in the different AO's can help us to ascertain
the relative importance of the different functions in the
BS; except for the p AO's on the lithium atoms, the parti-
cipation of the other orbitals is relatively well balanced.
All of the overlap populations between nitrogen and its
neighboring atoms are negative [N-Li(1):—0.054; N-
Li(2):—0.026; N-N interlayer: —0.027; N-N interlayer:
—0.069]. Lithium-lithium —overlap populations are obvi-

TABLE IV. Lowest nonzero multipole moments, expressed
in a.u. , of the electron charge distributions attributed to the
atoms according to the Mulliken partition of charge.

L=2, m=O
L=4, m=0

9.970
—0.007

—32.66

Li{1)

1.987
—0.057
—0.02

Li{2)

2.022
0.039

—0.08

ously negligible. On the whole, the description of lithium
nitride as an ionic compound (Li+)3N, is strongly con-
firmed a posteriori by the present results; the covalent
character of the crystal, if any, is very slight. Finally, it is
interesting to comment on the lowest nonzero multipole
moments of the charge distribution attributed to the dif-
ferent atoms (see Table IV). According to the sign of the
quadrupole moment (L =2,m =0), the Li(1) distribution
is slightly flattened in the c-axis direction due to the anti-

bonding interaction with the two nitrogen atoms above
and below the Li(1); for the same reason, namely, anti-
bonding interaction with neighboring nitrogen atoms, the
Li(2) distribution is slightly oblong in the c-axis direction.
The hexadecapole (I.=4) moments are very low for both
lithium atoms. On the contrary, nitrogen has very small

quadrupole moments and a large hexadecapole one. The
latter is probably an artifact of the Mulliken partition of
charge; owing to the large size of the nitrogen ion, its
Mulliken distribution contains pointlike charges in
correspondence with the surrounding lithium atoms,
which give relatively important contributions to high mo-
ments. This is probably the main reason why we had to
choose a relatively large radius of the quantum zone for a
precise evaluation of the total energy (see Sec. II): The
contributions to energy by high-order multipoles are in
fact, critically dependent from that radius, and rapidly be-
come negligible with its increase.

D. Structure factors

Schulz and co-workers ' have produced a very rich set
of experimental structure factors, including 125



976 DOVESI, PISANI, RICCA, ROETTI, AND SAUNDERS 30

symmetry-independent reflections at 153, 233, and 293 K
and about 80 at 393, 488, 588, and 678 K. They have
analyzed their data following a theoretical model that
used standard scattering curves for the Li+ ions, and cal-
culated scattering data for an N ion immersed in a sta-
bilizing Watson-sphere potential. ' ' In order to account
for thermal motion, they used ten parameters for each
temperature: six anisotropic temperature factors (two per
atomic species), the isotropic extinction factor, the scal-
ing factor, and the occupation probability of the two lithi-
um positions, or, as otherwise stated, the density of vacan-
cies of Li(1) and Li(2). The radius of the Watson sphere
was also optimized for best agreement with experimental
data. Here, we have followed a similar procedure for the
thermal corrections, but we first had to subdivide the elec-
tronic charge density into ionic contributions, which was
accomplished according to a Mulliken analysis (see
preceding subsection). It is rather questionable to assume
(especially at high temperatures) that such ionic charge
distributions rigidly follow the thermal motion of the cor-
responding nuclei. We have therefore confined the
present analysis to the three lower temperatures, where
thermal corrections are less important and a simple har-
monic model of vibration appears to be adequate. The
thermal parameters were refined, as usual, by minimizing
the agreement factor R; since the weighting factors de-
rived from counting statistics were not available to us, the
unweighted expression was used,

g ~

Fobs Fcal
~

gFobs

The results are reported in Table V. In the same table the
best agreement factors, R ( and R ), are shown, obtained
by consideriiig reflections only at low and high angles,
respectively; following Schulz and Schwarz, we fixed the
limit between the two sets at sin8/A, =0.65 A

In all cases the agreement is noticeably much better for
the low-angle reflections; this result can partly be ascribed

to the poorer quality of the experimental data at the
highest angles, where the present results are much nearer
to the calculated than to the observed intensities of Ref. 8.
On the whole, both the theoretical model used by Schulz
and co-workers and ours provide a very good description
of the charge density of lithium nitride, although the
former seems to be slightly better in this respect. The
present calculation can, in principle, very accurately ac-
count for anisotropies of the electron density due to
crystal-field effects, but the description of the tail of the
nitrogen-ion distribution is rather unsatisfactory (see sub-
section A); furthermore, the partition into ionic contribu-
tions suffers from some arbitrariness. Schulz's model is
certainly rougher that ours, since it ignores ionic-charge
anisotropies and neglects orthogonality effects. On the
other hand, it can apparently describe correctly the essen-
tial features of the charge distribution of a nearly ideal
ionic compound such as lithium nitride; the use of the
Watson-sphere radius as an adjustable parameter makes
an important contribution to the correctness of the calcu-
lated results. Schulz's simple model also permits an in-
teresting analysis to be performed, via a difference syn-
thesis, on the deviations from an ideal ionic-bonded crys-
tal. Such deviations appear to be markedly dependent on
temperature, and at 233 K there seems to be a nearly per-
fect compensation of thermal and electronic anisotropies,
corresponding to the best agreement of Schulz's model
with experiment. The fact that our data give the best
agreement at the higher temperatures could be interpreted
as an implication that the present calculation overesti-
mates the anisotropies of the electron distribution in the
field of the static nuclei. However, to make more definite
statements about this point, structure-factor data collected
at much lower temperatures would be valuable, since
thermal corrections and related problems would be much
less important.

We can now take a closer look at the refined thermal
parameters as reported in Table V. The mean-square dis-

TABLE V. Refined thermal parameters. U and U~I are the thermal mean-square displacements,
perpendicular and parallel to the c direction, in units of 10 A . E is the absolute scale factor, g is the
extinction coefficient, oc1 and oc2 are the occupation probabilities of the two lithium sites, and R, R
and R ) are the agreement factors referring to all reflections and to those with sinO/A. less than or
greater than 0.65 A ', respectively. The numbers in parentheses are the corresponding results
from Ref. 8; the authors did not provide the unweighted agreement factors in 153 and 293 K, so their
corresponding weighted R's are reported, marked with an asterisk.

Temperature (K)

ULi(1)
UI.i(1)l
ULi(2)

UI ii2i

oc1
oc2
E
g (10 ')
R
R(
R~

153

85.7(62.2)
61.2(58.5)

176.1(125)
73.0(71)

131.9(88)
189.9(181}

0.996(0.997)
0.994(0.990)
1.021

175
0.0167(0.0095*)

0.0102
0.0199

233

105.4(77.5)
75.0(77.5 )

219.1(160}
94.0(86)

154.0(108)
253.5(248)

1.002(0.998}
0.994(0.989)
1.015

180(480)
0.0121(0.0080)
0.0093(0.0050)
0.0125(0.0140)

293

125.9(92.9)
97.1(95.0)

259.8(189)
109.0(107)
181.6(126)
308.7(307)

0.996{1.003 )

0.992(0.982)
1.023

627
0.0125(0.0130 )

0.0077
0.0168



30

m o
+" O

Q
M

~

E

E"

Q

Q

Q

Q

~ B

Q
5 cci

CP

CP

C$
0

~ ~
cn g

E

O {g
Q Q
cn g
g
Q Cp

Q

ce

~sQ
CP

U
V o

ce
Q

ce

P~h.
O

% 5 v
{Q

Q ID M

a$ CP

g
Q

~ ~ Q
O

0

Q
c/}

o
~~vj~~

4A

Qco o o o o o~ ~o

o QQ
OO

QQ
t ooo

oo ~
~ s, QD

a
eqo o o o

~, ~ QQ

~ Oc oo
o Q0

e

OO Qo

~vj Q0

~ o oc ~
oo ~ o

oo o

~ . o ~ Qc
t o

Q0
~

QQ
s ~

eq ~ ? o . &8

~~~a
QO

QDo o o o o - . oo

oo



978 DOVESI, PISANI, RICCA, ROETTI, AND SAUNDERS 30

placements are somewhat larger with respect to those of
Ref. 8; the anisotropy of the vibrational ellipsoid of Li(1),
and especially of N, is larger, while the reverse is true for
Li(2); on the whole, however, the main results of Schulz
are confirmed. One of the important conclusions of
Schulz's work ' was that the lithium content of their
crystals was slightly below stoichiometry, corresponding
to a percentage of vacancies at the Li(2) positions between
lgo and 2%, while no vacancies were found at the Li(1)
sites, within experimental error. This result is relevant to
explaining the mechanism of ionic conductivity, and the
high concentration of the defects might also justify the
red color of the crystals. The present study leads to simi-
lar conclusions, although the distinction between the two
occupancies is less clear cut (the uncertainty in the es-
timated occupancies is about 0.4%).

b,J
(a.u.)

0.2- „
il ~
n

0.1-

-0.1-

&001) - (110)

(100) —(110)

E. Compton profiles

We defer to a subsequent paper a thorough discussion
of the EMD of lithium nitride, essentially based on the
autocorrelation function B(r), for which abundant experi-
mental information is available. ' In this section we sim-

ply present the Compton profiles along the main three
crystallographic directions and compare them with the ex-
perimental ones of Ref. 2. Table VI reports the valence
and core contributions to the three profiles, and the total
CP's convoluted with the experimental resolution function
for comparison with the observed data. The agreement is
quite reasonable; the observed anisotropy is also satisfac-
torily reproduced as documented in Fig. 2.

Pattison and Schneider have compared their experi-
mental profiles with the theoretical isotropic ones ob-
tained using the same model as employed by Schulz (see
preceding section). The Watson-sphere radius ritr 1.38——
A, resulting from x-ray-diffraction —data analysis, gave
poor agreement with the experimental CP's, the peak
height being in error by as much as S%%u&, vice versa,
r~ ——1.20 A, which gives the best agreement for CP's per-
forms badly for x-ray structure factors [see Fig. 4(a) in
Ref. 20].

According to Pattison, the main reason of the relative
failure of the Schulz model lies in its neglect of overlap
effects, which are much more important in the description
of the EMD than of charge densities. The fact that the
present results are so far better than those obtainable with
that model, even with the optimum r~, could have essen-
tially the same explanation. Since the anisotropy of the
EMD is also correctly described, we could infer that the
partially unsatisfactory results described in the preceding
subsection are mainly ascribable to the arbitrary partition
of the charge density into independently vibrating ionic

FIG. 2. Different Compton profiles. The dots represent the
experimental data and the double arrows indicate the estimated
errors. The calculated data (solid curve) have been convoluted
for limited experimental resolution.

contributions, and to neglect of electron correlation in the
N3 ions.

F. Concluding remarks

This work strongly supports the hypothesis that nitro-
gen is present in Li3N as the N ion, which does not ex-
ist as a free species, but is stabilized in the crystal by the
surrounding Li+ ions. Such ionic character resulted au-
tomatically following a pure variational criterion of total-
energy minimization within the HF approximation; the
addition of correlation terms would further favor a purely
ionic, with respect to a partially covalent, structure. The
use of the variationally optimized basis set has provided a
ground-state wave function which accurately reproduces
the experimental cohesion energy (after inclusion of corre-
lation energy according to a reasonable estimate), struc-
ture factors, and Compton profiles. We can thus confirm
what we already stated with reference to the lithium hy-
dride calculation, ' namely that an accurate HF calcula-
tion performed with an extended basis set selected accord-
ing to variational criteria can satisfactorily describe the
most important ground-state properties of ionic crystals.
Within the present computational scheme, the main resi-
dual problem concerns a more adequate description of the
tail of the distribution of the large negative ions.

ACKNOWLEDGMENTS

Financial support by the Italian Ministero della Pubbli-
ca Istruzione is gratefully acknowledged. The work has
benefited from a North Atlantic Treaty Organization
(NATO) grant.

A. Rabenau, in Festkorperproblerne (Advances in Solid State
Physics), edited by J. Treusch (Vieweg, Braunschweig, 1978),
Vol. XVIII, p. 77.

P. Pattison and J. R. Schneider, Acta Crystallogr. Sect. A 36,
390 (1980).

P. Pattison, N. K. Hansen, and J. R. Schneider, Acta Crystal-

logr. Sect. A (to be published).
4H. Schulz and K. H. Thiemann, Acta Crystallogr. Sect. A 35,

309 (1979).
5K. Differt and R. Messer, J. Phys. C 13, 717 (1978).
J. Lewis and D. Schwarzenbach, Acta Crystallogr. Sect. A 37,

507 (1981).



7U. H. Zucker and H. Schulz, Acta Crystallogr. Sect. A 38, 568
(1982i.

8H. Schulz and K. H. Schwarz, Acta Crystallogr. Sec. A 34, 999
(1978).

~J. P. Suchet, Acta Crystallogr. 14, 651 (1961).
~OH. Krebs, Grundzuge der anorganischen Kristallchemie

(Enke, Stuttgart, 1968), p. 247.
~ ~G. Kerker, Phys. Rev. B 23, 6312 (1"981).

L. Hedin and B. I. Lundqvist, J. Phys. C 4, 2O64 (1971).
~3C. Pisani and R. Dovesi, Int. J. Quantum. Chem. 17, 501

(1980); R. Dovesi, C. Pisani, C. Roetti, and V. R. Saunders,
Phys. Rev. B 28, 5781 (1983).
A. B. Kunz, Phys. Status Solidi 36, 301 (1969)» G. Grosso and

G. Pastori Parravicini, J. Phys. C 10, L451 (1977).
~5R. Dovesi, C. Ermondi, E. Ferrero, C. Pisani, and C. Roetti,

Phys. Rev. B 29, 3591 (1984).
~6M. R. Hayns and L. Dissado, Theor. Chim. Acta 37, 147

(1975).
~7E. Clementi and C. Roetti, At. Data Nucl. Data Tables 14,

177 (1974).
~8E. Clementi, J. Chem. Phys. 38, 2248 (1963).
~~H. Brendecke and W. Bludau, J. Appl. Phys. 50, 4743 (1979).
~OK. H. Schwarz and H. Schulz, Acta Crystallogr. Sect. A 34,

994 (1978).
~~R. E. %'atson, Phys. Rev. 111, 1108 (1958).
~~A. C. Larson, Acta Crystallogr. Sect. A 38, 568 (1982).


