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of the structure as built up of coordination polyhedra, 
the formula of phase II may be written as: 
[Sn(1)2/3Er(1)l/s]Xll x Vl Er(2)4 Rh6 Sn(2)VISn(3)V2Sn(4)~ 1. 
The bonds between anion-like atoms have not been 
taken into account. 

The structures of both phases I and II are built up 
of RhSn6 trigonal prisms. There is only a small differ- 
ence between the Sn-Rh distances in the two struc- 
tures: 6x2-649; and 4×2.645 and 2×2.742,~,  
respectively. These distances are far too short to cor- 
respond to a metallic character of the bonds. The 
trigonal prisms are almost undistorted and have com- 
parable Sn-Sn distances and Sn-Rh-Sn angles (see 
Table 4). The only difference between the two struc- 
tures is in the prism arrangement and consequently 
in the rare-earth coordination. It is possible that the 
trigonal-prism configurations must play an important 
role in the physical properties of this class of com- 
pounds. 
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Abstract 

The results of a series of Compton-profile measure- 
ments performed on the superionic conductor Li3N 
are reported. The work extends to an earlier study 
[Pattison & Schneider (1980). Acta Cryst. A36, 390- 
398] which supported an ionic model of the electronic 
distribution in this crystal with an (Li*)3 N3- configur- 
ation. The present results delineate more precisely 
the evidence for anisotropy in the Compton profile 
and hence in its Fourier transform. A detailed investi- 
gation of the directional dependence of the Fourier- 
transformed Compton profile within the basal Li2N 
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plane has been made, and it is hoped that these 
measurements will provide a useful test for future 
calculations of the electron density in lithium nitride. 
In order to identify the most significant interactions 
some simple molecular-orbital models have been 
employed. These models suggest that the observed 
anisotropy arises from the orthogonality conditions 
imposed on the ionic orbitals centred on the various 
atomic sites, which produce distortions in the non- 
bonding, filled shells of electrons. 

I. Introduction 

The electronic structure of the ionic conductor Li3N 
has been for some time a subject of dispute. Theoreti- 
cal descriptions have ranged from a covalent model 
as suggested by Krebs (1956, 1968) and Suchet ( 1961 ) 
to an ideal ionic crystal (Schulz 8,: Schwarz, 1978) 
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built up from independent closed-shell, Li ÷ and N 3-, 
ions. A possible covalent model can be constructed 
from sp  2 hybrid orbitals on the Li sites in the Li2N 
layers (the N atoms are each coordinated by eight Li 
atoms, six of which are in a plane and one is above 
and one below the N site). The two N p orbitals in 
this plane can overlap with the sp  2 orbitals on the Li 
atoms, while the third p orbital overlaps with s or sp  

orbitals on the Li atoms situated between the Li2N 
layers. As a starting point for the solid-state study, it 
is instructive to examine the results of a recent SCF-  
MO calculation of molecular Li3N (Hinchliffe & 
Dobson, 1975). A planar geometry with a bond length 
of 1 .746~ yielded the minimum energy for the 
molecule, while a population analysis indicated that 
the nitrogen has a charge of -2 .850 e. The difference 
density map between Li3N and its ions (Li ÷ and N 3-) 
shows that all outer regions of the molecule are in a 
negative-contour region, i.e. the N 3- ion experiences 
a severe contraction in forming the molecule. In addi- 
tion there is a build-up of charge along the bond close 
to the nitrogen nucleus and an almost equal build-up 
on the far side of the nitrogen. Hinchliffe & Dobson 
(1975) conclude that, despite the large, negative 
charge on the nitrogen ion, the electron density re- 
arrangements indicate that Li3N is a long way from 
the ionic ideal. Although it is not easy to carry over 
these molecular results to the situation in the solid, it 
is already apparent that one must be careful with the 
use of the terms 'ionic' or 'covalent'  when discussing 
the electronic structure of this system. 

Recently Kerker (1981) published results of a self- 
consistent pseudo potential band structure calcula- 
tion of lithium nitride. The pseudo charge density 
distribution is in good agreement with a model con- 
sisting of spherical N 3- ions. A further improvement 
in the description of the calculated charge distribution 
can be obtained by using an ionic charge of -2 .8  e 
on each nitrogen ion, whereby the remaining charge 
is uniformly distributed throughout the large inter- 
stitial regions. The Fourier-transformed Compton 
profiles were also calculated from the pseudo 
wavefunctions, and their long-range behaviour 
(beyond 2/~) displayed a pronounced directional 
dependence in disagreement with a simple ionic pic- 
ture. The origin of these anisotropies and the com- 
parison with new experimental data will be discussed 
in the present work. 

The major experimental evidence to date concern- 
ing the static electron density in Li3N has come from 
a number of NMR studies, of which the most recent 
is by Differt & Messer (1980), and an X-ray diffraction 
study performed by Schulz & Schwarz (1978). The 
recent NMR results indicate that the nitrogen ion is 
close to N 3-, although Differt & Messer (1980) also 
conclude that there must be a remarkable deformation 
of the charge distribution of the N 3- ion. Schulz & 
Schwarz (1978) concluded from their X-ray data that 

Li3 N is indeed an ionic crystal containing the N 3- 
ion ,  and pointed out that this was the first time that 
the existence of this particular ion had been proved 
by diffraction methods. Since the free N 3- ion is 
unstable, the ionic form factors were calculated by 
Schwarz & Schulz (1978) using the Watson-sphere 
model (Watson, 1958) in which the surroundings of 
an ion in the crystal are approximated by a hollow, 
charged sphere. Using the radius, rw,  of this sphere 
as a variable parameter, a standard structure refine- 
ment led to an optimal Watson radius of 1.39 A. The 
deviations in the observed electron charge density 
distribution from a superposition of independent ions 
were also synthesized and were observed to be small, 
indicating that there is little interaction between 
neighbouring ions. 

A combined analysis of the X-ray and NMR data 
performed by Lewis & Schwarzenbach (1981) con- 
firmed the basic ionic picture, and also indicated that 
there is a contraction of the N 3- charge density 
distribution along the c direction. Inspection of the 
difference charge density (crystal calculation minus 
superposition of Li + and N 3- ionic charge densities 
determined from a Watson-sphere model) as predic- 
ted by Kerker (1981) reveals no such directional con- 
traction of the N 3- ion. 

The fact that Li3N has a simple, although somewhat 
unusual, crystal structure together with the uncer- 
tainty related to its electronic configuration makes it 
an attractive compound for a Compton-scattering 
study. Pattison & Schneider (1980, hereafter referred 
to as I) have measured Compton profiles along the 
main axes, [001], [120], [110], of the hexagonal crystal. 
Compton profiles were calculated for (Li÷)3 N3-  using 
wavefunctions obtained from the Watson-sphere 
model (Schwarz, 1979). A choice of r w  close to 1.2/~ 
provides a very satisfactory description of the 
isotropic Compton profile in Li3N. The Compton- 
scattering study confirmed the ionic model of Li3N. 
It was argued in I that the lower value of r w  (com- 
pared to the results of the X-ray diffraction experi- 
ment) indicated that the Watson-sphere model is too 
crude to provide a satisfactory description of both 
observables. It was suggested that overlap (two- 
centre) terms in the crystal, arising from the orthogon- 
ality conditions imposed on ionic orbitals, may play 
a greater role in the Compton profile than for the 
structure factors. 

It was already seen in I that the three directional 
Compton profiles displayed a marked anisotropy 
which cannot be explained within the isotropic 
Watson-sphere model. The experimental data were 
also Fourier transformed to obtain the position space 
function, B(t) (Pattison & Weyrich, 1979), from which 
it could be concluded that the major contribution to 
the anisotropy was associated with a correlation dis- 
tance of about 2.5 ~ .  The long-range part of B(t) 
(t > 2/~) revealed a deep minimum around 3 A in the 
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N - N - N  direction which was completely absent in 
the N - L i - L i - N  direction (see Fig. 6 in I). It was 
suggested in I that this feature could be ascribed to 
the effects of overlap between the diffuse anions, in 
analogy to a similar result already observed in LiH 
(Pattison & Weyrich, 1979). 

The comparison made by Kerker (1981) between 
this experimental B(t) and his calculation shows, in 
general, good agreement. Kerker concludes that the 
N 2s states remain atomic-like, while the Li 2s states 
are unoccupied. Hence the dominant crystalline 
effects must arise from modifications of the atomic 
N 2p states when forming the valence bands. The fact 
that the [120] direction between neighbouring 
nitrogen and lithium ions shows the worst agreement 
with experiment suggests that the inclusion of 
orthogonalization terms between the valence-band 
wavefunctions and the core states of the atoms may 
play a greater role in obtaining accurate Compton 
profiles than hitherto assumed. In order to clarify this 
point, we have now collected data along a total of 
six independent directions within the basal plane of 
lithium nitride. The objectives of the present work 
are twofold. We wish to present these experimental 
data as a criterion against which to compare solid- 
state calculations of the electron distribution in this 
crystal, and to use some simple interpretative models 
in order to be able to identify the principal interac- 
tions whose effects we can observe in Compton-scat- 
tering experiments. 

2. Experimental methods and results 

The measured Compton profile, JK(Pz), is the projec- 
tion of the target electron momentum distribution, 
p(p), onto the experimental scattering vector K. A 
detailed description of the Compton-scattering 
experimental technique is given in the collection of 
review papers edited by Williams (1977). As an aid 
to the interpretation of the Compton profile, we define 
B(t) to be the Fourier transform of the momentum 
density 

B(t) = ~ ~ Ix,(p)l  2 exp ( - i p .  t) d3p 
I 

= ~  qs* (r +t)  qSt(r) d3r, (1) 

where we have first expressed p(p) in terms of the 
electron momentum space wavefunctions, X(P), and 
then carried out the Fourier transform. B(t) is thus 
seen to be the sum of autocorrelation functions of 
the position space wavefunction, ~t(r), where the 
summation l runs over each electron in the atom, 
molecule or unit cell. It is straightforward to show 
that the Fourier transform of a directional Compton 
profile yields Bg(z), where z is parallel to the experi- 
mental scattering vector, K. Hence, by performing 
measurements of the Compton profile along a 

sufficient number of directions in a single crystal, it 
is possible to determine the three-dimensional 
behaviour of B(t). 

The experimental conditions under which the pres- 
ent data have been collected are identical to those 
described in I. Incident photons with an energy of 
412 keV (1 eV= 1.602 × 10 -19 J) are scattered through 
an angle of 165 °, and the Compton peak lies at about 
160 keV. A cylindrical sample (radius 3-8 mm, length 
4.3 mm) with [001] parallel to the cylinder axis was 
used. The crystal therefore was mounted so that the 
scattering vector lies in the basal plane, and the crystal 
could then be rotated around [001] in order to have 
an identical sample geometry for all measurements. 
In addition to the data already collected along [120] 
and [110], profiles were measured at angles of 5 and 
10 ° away from each of these two directions, providing 
a total of six Compton profiles in the plane (u, v, 0). 
In each case a total of 5 x 106 counts was accumulated 
under the total profile over a period of about 4 days 
per measurement. Each profile was then Fourier 
transformed to obtain the corresponding BK(Z). The 
profiles were normalized to the number of electrons 
in the unit cell [i.e. B(0)= 16.0] and the standard 
deviation on each BK(Z) was 0"007 e for all z values. 
Since no significant difference could be observed in 
the BK(Z) obtained from high- and low-energy sides 
of each Compton profile for z > 2 A, all experimental 
BK(Z) were derived from the average of both sides of 
their respective Compton profiles. The effect of the 
experimental resolution on B(t) can be represented 
by a Gaussian attenuation of the long-range informa- 
tion by a factor of 2 at 3.56 A and by a factor of 10 
at 6.49 A. No attempt was made to remove the effect 
of resolution from the experimental BK(Z). Multiple- 
scattering effects were evaluated using a Monte Carlo 
procedure which indicated that 3% of the total scat- 
tering arose from multiple events. The long-range part 
of each BK(z) presented here is affected only indirectly 
by the multiple scattering, and a simple rescaling by 
a factor of 1.03 corrects for this systematic error. 

In order to obtain a continuous description of B(t), 
the measured BK(z) were interpolated using functions 
of the type cos(ma)B,,,(t). In this way cos (ma)  
describes the angular dependence of B(t) [where a 
is the angular coordinate in the (u, v, 0) plane] while 
the radial dependence of each B,,(t) was determined 
by a least-squares fit to the experimental data. The 
values of m are constrained by the hexagonal Laue 
symmetry, leading to the choice of m = 0, 6, 12, 18 
for the first four terms. It was found that four func- 
tions, B,,(t), were sufficient to recover adequately all 
experimentally observed features, and the inclusion 
of two higher-order functions did not materially 
change the result. 

The variation of B(t) within the basal plane of Li3N 
is shown in Fig. l(a), while the crystal structure in 
this plane is sketched in Fig. l(b) (on the same scale). 
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Two of the six B~(z) from which this distribution has 
been derived can be seen in Fig. 6(b) and Fig. 6(c) 
in I. For correlation distances below 2 A all BK(z) 
rise sharply to a maximum value of 16.0 at the origin 
as defined by the normalization. Only those regions 
where B(t) lies between +0-05 e are shown in Fig. 
l(a). The strongest feature in the map is a pronounced 
minimum of -0.05 at about 3 A, which can be com- 
pared with the statistical error of 0.007. We are there- 
fore able to observe an anisotropy in B(t) which is 
less than 1% of the peak height, but which is still 
more than five times the standard deviation. 

The Compton data presented here show that the 
minimum in B(t) along the N - N  direction extends 
over a broad angular range covering most of the basal 
plane. Only in a narrow channel close to the N-Li  
direction do we find a positive feature extending well 
beyond 3 A. Although the experimental resolution 
suppresses the long-range information in B(t), the 
map shown in Fig. l(a) also indicates that the 
minimum around 3/~ is followed by a secondary peak 
at 4 A which likewise has a very wide angular range. 
The details of this long-range structure are almost 
lost in the experimental uncertainty. 

3. Discussion 

The ionic picture provides a reasonable starting point 
for a description of Li3N (see I). We shall therefore 
use the linear combination of atomic orbitals (LCAO) 
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(b) 
Fig. 1. (a) the experimental B(t) in the basal plane of Li3N; 

negative contours (broken lines) and positive contours (con- 
tinuous lines) are given at intervals of 0.01 e; the experimental 
error is less than one contour. (b) A sketch of part of the Li3N 
lattice in the same plane as (a) on the same position scale; large 
circles represent the N and small circles the Li atoms. 

approach in which the basis functions (usually the 
free-ion wavefunctions) are orthogonalized to each 
other symmetrically [see, for example, L6wdin (1956) 
or Calais (1975)]. This localized approach to the 
description of the electronic states in a solid has been 
emphasized in recent calculations of the mutually 
orthogonal Wannier functions [see, for example, 
Kane & Kane (1978)]. The calculation of the Compton 
profiles by an LCAO method in ionic crystals has 
been described by Aikala, Jokela & Mansikka (1973) 
and further discussed in ch. 6 of the review edited by 
Williams (1977). The orthogonalization of the basis 
functions will introduce correlations between the 
functions centred on different sites and, as pointed 
out by Weyrich, Pattison & Williams (1979), one can 
expect that the autocorrelation function, B(t), will be 
particularly sensitive to these effects. 

In order to calculate B(t) for a two-centre molecular 
orbital (MO), one can use the prescription given by 
Weyrich et al. (1979) in their study of the Fourier 
analysis of the Compton profile of atoms and 
molecules. From equation (30) of Weyrich et al. (I 979) 
we see that 

B(t) = [2(1 + Su)]-'{B,(t) + B~(t) 

+~ ~0* (s +t  +R)~0/(s) d3s 

+~ ~* (s + t -  R)~0,(s) d3s}, (2) 

where ~o~ and ~oj are atomic orbitals centred on sites 
i and j which are R apart, and S 0 is the overlap 
integral between ~ and ~oj. B~(t) and Bj(t) are the B(t) 
resulting from the atomic orbitals on atoms i and j, 
respectively. The choice of sign in (2) determines 
whether the MO configuration is bonding or anti- 
bonding. It is clear from (2) that it is possible to 
separate the total MO B(t) into atomic (one-centre) 
and molecular (two-centre) terms. Where there are 
filled atomic shells on the various crystal sites, the 
sum of the one-centre terms will make no contribution 
to the anisotropy. Therefore one can look for possible 
sources of anisotropy in a crystal B(t) by examining 
various two-centre bonding or antibonding interac- 
tions between different pairs of neighbours in the 
lattice. 

Close inspection of (2) reveals that the problem of 
orthogonalization can be approached directly within 
this MO scheme. If we take an equal mixture of 
bonding and antibonding terms in (2) in order to 
represent the formation of MO's between two filled- 
shell ions, the total B(t) can be written 

B ( t )  = [ I  - S 2 ] - ' {  B , ( t )  + B j ( t )  

-S,i[ j ~0*(s +t  + R)q~j(s) d3s 

+~ q~* (s +t  -F R)~i(S)  d3s]} 

=[1-S~]-~{Bi(t)+Bj(t)-SoBo(t)}.  (3) 

Hence B(t) for a completely filled MO is seen to 
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contain not only the atomic terms, Bi(t) and Bj(t), but 
also an antibonding, two-centre term, Bu(t), which is 
proportional to the overlap integral, S u. This anti- 
bonding term, weighted by the overlap integral, pro- 
vides the necessary orthogonalization between the 
filled atomic orbitals ¢pi and ~pj. A similar statement 
has been made by Coulson (1968) who pointed out 
that the total bond order for He2, for example, is 
- 2 S / ( 1 - $ 2 ) ,  where the overlap integral S will be 
small and positive. Hence the bond order for com- 
pletely filled MO shells will generally be negative, 
implying that there will be a net antibonding, repul- 
sive interaction between the two atoms. This repulsion 
is seen in the crystal as a contraction of the electron 
density distribution via the orthogonalization effect. 
Therefore, in order to represent the major effects of 
wavefunction orthogonalization in the crystal, it is 
simply necessary for us to evaluate the directional 
dependence of antibonding interactions between the 
various orbitals ~p; and ~0j, taking into account the fact 
that the contribution of any particular orbital pair 
will be weighted according to their overlap integral, 
S u, as shown in (3). In this way we can identify the 
anisotropy in B(t) which would arise from placing 
spherical ions within the crystal environment. 

We will now evaluate the two-centre correlation 
function Bu(t ) as defined in (3) using a minimum basis 
set of Slater-type orbitals (STO's) with orbital 
exponents chosen as follows: L i ( l s )=2 .69 ,  N(2s)=  
N(2p) = 1.60. For Li(l s) the exponent corresponds to 
the Slater-rule value, while for N the orbitals have 
been allowed to relax somewhat from the Slater-rule 
values for N in order to simulate the situation in the 
N 3- ion. When evaluating the overlap integrals 
between the s and p STO's appearing in (3), the 
overlap formulae as given by Roothaan ( 1951) proved 
to be particularly helpful. 

Considering first the N - N  interaction, we construct 
an sp 2 hybrid orbital on the two nitrogen sites, each 
oriented with its lobe pointing towards its neighbour. 
Although many other relative orientations could be 
taken into account, the chosen configuration should 
have the largest overlap integral, Su, and hence con- 
tribute the most significant orthogonalization term to 
the total MO B(t). We show in Fig. 2 the antibonding 
Bu(t) for t lying along the N - N  axis and also 30 ° 
away from this direction (corresponding to the crystal 
vectors [110] and [120], respectively) for an inter- 
atomic distance of R equal to 3.649 A. If we consider 
the behaviour of Bu(t ) for t > 2  A, i.e. beyond the 
range where the one-centre terms dominate B(t), it 
appears that this N - N  antibonding term can account 
very well for the pronounced minimum between 2 
and 3 A seen in the experiment. The fact that this is 
a broad angular feature in the experiment, rather than 
a local depression along [110], is consistent with the 
diffuse nature of the 2s and 2p orbitals on the nitrogen 
sites. The long-range peak in the experimental B(t) 

Table 1. Overlap between orbitals on nearest-neighbour 
ions in the (0, 0, 1) plane 

p,, denotes  the p orbital point ing in the direct ion of  the ne ighbour  
considered,  p,~ an orbital perpendicu la r  to this direction. The 
nitrogen orbitals are f rom a Watson-sphere  calculat ion with a 
Watson radius o f  1.4 ,~, and the Li ls  from a free-ion calculat ion 
(Aikala, 1980). 

N 2s N 2p,, N 2p,, 

Li I s 0.035 0. I 13 - -  
N 2s 0.012 0.059 - -  
N 2p,, 0.059 0-117 - -  

N 2p,, - -  - -  0-034 

around 4 A can also be explained from this N - N  
interaction, as seen in Fig. 2. However, this term alone 
can definitely not account for the positive feature at 
3 A in the [120] direction observed experimentally, 
indicating that we must examine other possible over- 
lap terms for this crystal. In Table 1 we show the 
overlap integrals between various orbitals on neigh- 
bouring ions. The Watson-sphere model wavefunc- 
tions from Schwarz & Schulz (1978) for N 2s and 
N 2p were used. It is clear that the overlaps between 
Li ls and the nitrogen L-shell orbitals are of the same 
order as the nitrogen-nitrogen overlaps. We must 
therefore also consider the influence of the N-Li 
orthogonalization term. In this case the maximum 
overlap integral will occur for an sp 2 orbital on the 
N with its lobe directed towards the ls orbital of 
the neighbouring Li. In Fig. 3 we present the anti- 
bonding Bu(t ) for this configuration for an interatomic 
distance of 2.107 A. The correlation function has 
been calculated along the N-Li axis and 30 ° away 
from this axis (corresponding to the crystal vectors 
[ 120] and [ 110], respectively). In the [ 110] direction 
there is again a minimum which will reinforce the 
strong negative feature arising from the N - N  anti- 
bonding. However, we see from Fig. 3 that there is 
indeed a peak along [120] between 2 and 4 A arising 
from the N-Li term. The fact that this peak is a 

O; __ ~ \\"~\ Li3N 

f'~ I i ~i~lzJ i , - - - -  

-02 

- 0 L  

I I I I I 

2 3 L 5 

Fig. 2. The two-centre  correlat ion funct ion between two ant ibond-  
ing sp  2 orbitals on neighbour ing nitrogen sites in the Li3N lattice. 
The results are given for  relative displacements  ei ther along the 
N - N  axis, [110], or 30 ° away, [120]. 
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localized feature in the experimental B(t) is consistent 
with the compact nature of  the Li ls  electron distri- 
bution. 

The qualitative features observed in the experi- 
mental B(t) presented in Fig. l (a)  can be accounted 
for in terms of the adaptation of the ions to the 
neighbouring Li and N in the basal plane. Unfortu- 
nately, since the isotropic, one-centre terms dominate 
B(t) at distances below about 2 A, we cannot judge 
the accuracy of our simple model at short range on 
the basis of the experimental results as present so far. 
However, we can examine the difference between the 
B(t) measured in two different crystallographic direc- 
tions in which the isotropic terms should cancel. This 
has already been done in I for the directions [120] 
and [1 10] (Fig. 5 of I), and we can now compare this 
difference curve with the predictions of the MO 
model. The contributions to the anisotropy arising 
from both N - N  and N-Li  orthogonalization shown 
in Figs. 2 and 3 have been added together (the overlap 
integrals for the two configurations being almost iden- 
tical) and the experimental resolution taken into 
account by multiplying by a Gaussian (as described 
in § 2). The theoretical anisotropy in B(t) was then 
scaled to give the same maximum amplitude as the 
experimental difference curve, and the resulting com- 
parison between theory and experiment is shown in 
Fig. 4. The good agreement between the shape of the 
experimental and theoretical difference curves con- 
firms the interpretation of the anisotropy as arising 
from antibonding in which N - N  and N-Li  interac- 
tions are of roughly equal importance. 

We have been able to account qualitatively for most 
of the observed directional dependence of B(t) in the 
basal plane of Li3N on the basis of a simple MO 
model which simulates the effects of orthogonaliz- 
ation within the ionic, filled-shell system. A similar 
approach has already proved to be successful in typi- 
cal ionic crystals such as LiF and LiH (Aikala, 1979; 
Pattison & Weyrich, 1979). Can Li3N thus be placed 
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Fig. 4. The anisotropy in B(t) between the directions [120] and 
[ I I0 ]  due to antibonding interactions between N-N and N-L i  
neighbours within the Li2N layer of lithium nitride is shown by 
the continuous line. The experimental results (circles) have been 
taken from Fig. 5 of I. The amplitude of the theoretical curve 
has been scaled to give the same maximum anisotropy as the 
experiment. 

in the same category? On the basis of the present 
experimental Compton-scattering data, the answer to 
this question must be affirmative. However, one must 
emphasize that the data set is limited both in the 
number of crystallographic directions which have 
been measured, and in the level of statistical accuracy 
and resolution which is achievable at present. From 
the point of view of the theoretical results of Kerker 
(1981 ), we have indicated possible problems met when 
applying the pseudopotential  method to calculate 
Compton profiles. 
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Fig. 3. The two-centre correlation function between an antibond- 
ing sp 2 orbital on the nitrogen and a I s orbital on the neighbour- 
ing lithium site in the basal plane of Li3N. The results are given 
for relative displacements either along the N-Li axis, [120], or 
30 ° away, [110]. 
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Abstract 

The X-ray structure of TEA-(TCNQ)2 has been 
measured at 110, 173, 234 and 345 K, which, in addi- 
tion to data in the literature, enables a detailed 
description of the structural evolution of the com- 
pound with temperature. The charge transfer esti- 
mated from bond lengths indicates a partial localiz- 
ation (0.6 and 0.4e) of the charges, on the two 
independent TCNQ molecules, in the temperature 
range considered. The unit-cell thermal expansion 
has been measured in the range 156 to 367 K. An 
anomaly at 200-220 K was found and the related 
structural changes are described. Since electrical- 
conductivity anomalies at 200-220 K have already 
been reported and sometimes attributed to a metal- 
insulator phase transition, an attempt is thus made 
to interpret the temperature dependence of the stack- 
ing distances in the TCNQ columns in terms of 
Peierls-like lattice distortions - namely dimerization 
and tetramerization. 

Introduction 

Some years ago it was usually assumed that, in the 
crystalline state, TCNQ salts with a regular stacking 
of the TCNQ molecules were the only ones with 
one-dimensional (1D) metal-like properties. TCNQ 
salts with irregular stacking (tetrads, diads, etc.) were 
classified as semiconductors or insulators, depending" 
on the quality of the molecular overlap in the 
columns. Another idea was that irregular stacking at 
high temperature could be the result of a 'virtual' 
Peierls transition, i.e. a Peierls transition that would 
have occurred above the melting point of the com- 
pound (e.g. Kommandeur, 1975). 

In fact, this approach was too simple, and the study 
of 1D conductors with cationic conducting chains 
(cations of the TTF* family) has shown that strict 
regular stacking is not in itself necessary for metal-like 
behaviour. Similar observations have also been made 
for TCNQ salts [e.g. for MEM-(TCNQ)2 by van 
Bodegom (1979) and for TMA-TCNQ-I  by Filhol, 
Gallois, Laugier, Dupuis & Coulon (1982) and Gal- 
lois, Coulon, Pouget, Filhol & Dupuis (1983)]. It was 
thus of interest to reconsider the case of TEA-  
(TCNQ)2, which is one of the best known TCNQ salts 
because large single crystals have been available for 
a long time. 

TEA-(TCNQ)2 is generally considered as a good 
I D semiconductor (O'11300 K ~ 5.7 lq -I cm-1) and in fact 
its structure (Kobayashi, Ohashi, Marumo & Saito, 
1970; Jaud, Chasseau, Gaultier & Hauw, 1974; Pot- 
worowski, 1974; Filhol, Zeyen, Chenavas, Gaultier & 
Delhaes, 1980) shows typical irregular tetradic stack- 
ing of the TCNQ molecules (Fig. 1). However, the 
temperature dependence of the longitudinal conduc- 
tivity of this compound shows an anomaly at 200- 
220 K (see e.g. Brau & Farges, 1974) which is in fact 
a jump of one order of magnitude if the samples are 
small, needle-shaped single crystals (Grassi, Brau & 
Farges 1979; Farges, 1979). Furthermore, some 
authors (e.g. Vlasova et al., 1975) have postulated that 
this transition is of the metal- insulator  type while 
others incline towards a semiconductor-semiconductor 
mechanism. 

* TI'F-TCNQ: tetrathiafulvalene-TC NQ; TMA-TCNQ-I 
[TMA+.TCNQ2/3-.(I ~)l/3]: trimethylammonium-TCNQ-iodine; 
MEM-(TCNQ)2: ethyl(methyl)morpholinium-(TCNQ) 2. 
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