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The Compton proGle from a single crystal of LiH has been measured with the x-ray scat tering vector along
the L100j, L110j,and L210$ directions. The valence-electron contribution to the measured pro61e is in marked
disagreement with that calculated from the crystal-Geld wave functions of Hurst. The observations indicate
that the valence-electron momentum distribution is broader in momentum space than the distribution ob-
tained from a superposition of H and Li+ wave functions for either the free ious or the H ion in a Li+ point-
lattice crystalline Geld. It appears that a more extensive calculation is required to get agreement with both
the x-ray scattering factor and Compton-proGle measurements. For the three crystal orientations studied,
the Compton proGles show only a small anisotropy.

INTRODUCTION
" 'T is known that LiH crystallizes in the rock-salt
~- structure. It is one of the simplest crystalline
materials in the sense that there are only four electrons
per molecule, and two electrons are in the Is-like core
of the Li ion. Calder et ul. ' have measured the LiH x-ray
scattering factors, and Hurst' has evaluated the scat-
tering factors from wave functions determined by
minimizing the energy of the H ion in the point-lattice
crystalline held of the Li+ ions. The Hurst calculation
gives scattering factors in good agreement with the
measurements. Kith the recent development of high-
resolution Compton-profile measurements, ' we have
been able to compare the experimentally determined
electron momentum densities with those deduced from
both the Hurst and the free-ion wave functions. The
agreement is poor, pointing out the sensitivity of the
Compton profile to the valence-electron wave functions.

EXPERIMENT

A clear LiH single crystal approximately cubic in
shape (0.7 cm on a side) was used with the Compton-
scat tering apparatus previously described. 3 A Mo-target
spectrographic x-ray tube, LiF crystal analyzer L(400)
Bragg reflection), and Compton scattering angle 28, of
(117&1)' were employed. The total instrumental width
due to divergences of the analyzing-system slits, the
mosaic spread of the Lip crystal, and the finite range
of 28 was 0.28 a.ll. (fllll width at. Ilalf-lllsxlllllllll 111

atomic units of momentum). By rotating the LiH
crystal about a $1001 axis, the sample was oriented
with the x-ray scattering vector approximately along
the $100j, L110j, and $210j directions, respectively.
The orientations were established by observing Bragg

'R. S. Calder, %'. Cochran, D. Gri@ths, and R. D. Lowde,
J. Phy . Chem. Solids 23, 62& (I962).

I R. P. Hurst, Phys. Rev. 114, 7'46 (j.959).
'%. C. Phillips and R. J. %'eiss, Phys. Rev. 171, 790 (1968).
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scattering of continuum radiation from the sample.
Several runs were made for each orientation so that
approximately 50000 x rays were counted per datum
point in the center region of the Compton pro6le at
analyzing crystal 28 intervals of 0.02' (0.037 a.u. of
momentum). The ratio of MoEn intensity to the back-
ground continuum intensity at the center o) the
Compton peak was 9.9/1.

RESULTS

In order to obtain the experimental Compton profiles
J(s) (s is the electron-momentum component along the
scattering vector), the data (x-ray intensity versus
analyzing-crystal angle 28) were analyzed in the follow-
ing way. A correction linear in wavelength was applied
to the data to approximately account for the wavelength
dependence of sample absorption and analyzer reQec-
tivity, and electron recoil. The Rachinger4 method wa.s
then used to separate the Eo,j, component from the
corrected intensity, a,fter the background due to
Compton scattering from the bremsstrahlung con-
tinuum and cosmic rays had been subtracted. Instru-
mental broadening (a small effect in the LiH profiles)
was essentially removed by an iterative procedure in
which successive trial pro61es were convolved with the
known instrumental-resolution function until agree-
ment with the Eo,~ component was obtained. The
correct trial pro6le was then folded about its centroid
(for —1.5 a.u. (s&1.5 a.u.) and the resultant curve
averaged. (Because of 1s-core binding effects, only data
from the long-wavelength side of the profile were used.
for

~
s~ )1.5 a.u.). This curve (half of the total proftle),

averaged over the three crystal orientations studied and
normalized to have an area of two electrons (half of the
total number of electrons), is shown in Fig. 1 fJ(s)g.
Also shown are J(s) curves for a superposition of H

~ %. A. Rachinger, J. Sci. Instr. 25, 254 (1948).
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The valence-electron J(s) curves for the three crystal
orientations were obtained by subtracting from each
measured J(s) curve the calculated free atom 1s' J(s)
with an area equal to half the area of the measured
curve. The results are summarized in Table I.

The electron momentum component s along the
scattering vector is related to the parameter q commonly
used to convert from a wavelength to a momentum
scale by the following expression:

l, I i I, l I i I, I, I

0 0.2 OA 0.6 O.S l.O I.2 IA I.6 I.8
z (ELECTRON MOMENTUM IN a.u. )

Fxo. 1. Compton profiles for LiH (four electrons per molecule).
The experimental curve is the average of J(z) for the three crystal
orientations studied. For each orientation, the measured E0.1
component (with background subtracted, corrected for the wave-
length dependence of sample absorption, analyzer reQectivity,
and electron recoil, and with instrumental broadening removed)
was folded about z=0 {for —1.5 a.u. &z&1.5 a.u.) and the
resultant curves averaged. The calculated curves are for (a) a
superposition of H and I i+ free ions (Ref. 5); (b) a superposition
of H and I.i+ ions for Hurst's open con6guration (Ref, 2); (c) a
superposition of 8 and I i+ ions for Hurst's closed configuration
withe=0 and. a=1.16;and (d) the li+ free-atom 1s'core (Ref. 6).

X—Xo X—Xo
s=q 1+ +

2XO sin8,

where ) 0 is the wavelength of the incident x ray
P, s ——0.'/0930 A for MoEni), mc= 137.04 a.u. , and
2h/mc= 0.048524 A,

For polycrystalline samples the Compton measure-
ment averages over all directions in momentum space.
Thus J(s) and the momentum density 4irl&(p) I' are
related by the expression'
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FIG. 2. Valence-electron radial momentum distributions
4s' lx I

's' &or LiH (two electrons per molecule), obtained from tbe
corresponding J(z) curves shown in Fig. 1 with the free-atom I i+
1s' core subtracted. The shading indicates the uncertainty in
determining the slope of the experimental J(z) curve.

I H. Shull and P. I owdin, J. Chem. Phys. 25, 1035 (1956).
6 R. J. gneiss, A. Harvey, and W. C. Phillips, Phil. Mag. 17,

146 (1968).

and I i+ free ions, ' for a superposition of H and Li+
iona calculated from (a) Hurst's open-configuration
crystalline-field wave functions' and (b) Hurst's closed

configuration with the orbital exponent adjusted to give
a best fit to the measured J(s), and for the free-atom
is~ Li+ core.6 It is evident that none of these calculations
is in agreement with the experimental results. The
free-ion calculation shows the largest discrepancy with

experiment, a factor of 2 at J(0), and the energetically
unfavorable closed-configuration calculation with
a= 1.16 gives the best fit (see the discussion below).

and the radial momentum distribution 4rrp'lx(p) I'
(radial in momentum space, not configuration space)
can be obtained from the slope of J(s);

4s
I XI 'p'=I

I
sd J/dsl . (3)

Because the measured anisotropy in J'(s) is small for
the three crystal orientations studied, an approximate
valence-electron radial momentum distribution could
be obtained from Eq. (3) from the average of the three
valence-electron J(s) curves. The resulting distribution
is shown in Fig. 2, together with the radial momentum
distribution of the valence electrons calculated from the
Hurst wave functions and from the free-ion wave func-
tions. The experimental results show a momentum
distribution significantly broader than these calcula-
tions, whereas the x-ray scattering factors calculated
from the Hurst wave functions are in reasonable agree-
ment with the measured scattering factors (see Table I).
The angular correlation of photons from positron
annihilation in IiH has been measured by Stewart
and March. v The measured annihilation-curve half-
width I about 15% less than the measured J(s) half-
width] also suggests a valence-electron momentum
distribution considerably broader than the above
calculations, although the interpretation of the positron
experiment is complicated because the positron wave
function and the perturbation of the electron by the
positron are not known.

~ A. T. Stewart and R. H. March, Phys. Rev. 122, 75 (1961}.
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TAnLa 1. Values of J(s) and f(/2) for the two valence electrons in LiH. The values obtained by subtracting the calculated 12' core
:ontribution from J(s) measured along three crystallographic directions are given in the upper portion of columns 2—4. (The average
&f these is given in column 5.) The experimental uncertainty in J for each direction is &0.02 a.u. for 0&a&1.8. The measured scat-
I:ering factors (two electrons per H atom) from Ref. 1 for the Grst five Bragg peaks are given in the lower portion of column. 5. (The
:Sects of thermal motion have been removed using a Debye-&aller coeScient 8=1.8.) The error quoted is &0.01 for all entries. In
olumns 6 and 7 values of J(s) and f(k) calculated from the model described in the text are given for two sets of values of the parameters.

I'he energy E0 (in atomic units) represents the energy of the central ion plus the Coulombic interaction energy that would result if the
central ion were a point charge. The J(s) curves corresponding to columns 6 and 8 are shown in Fig. 1; the parameters obtained by
Hurst (Ref. 1) for his open conhguration are used for column 8. No allowance for thermal motion has been made in the calculated f(k).
I'he J(s) values in column 7 are averages over the three crystallographic directions.

Experimental valence electron J(s) Calculated valence electron J(z)

s(a.u.)

0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8

[100]

1.49
1.35
1.09
0.79
0.44
0.24
0.12
0.07
0.04
0.03

[110)

1.44
1.41
1.14
0.77
0.45
0.22
0.11
0.07
0.05
0.03

[210$

1.48
1.41
1.10
0.75
0.46
0.26
0.12
0.07
0.05
0.04

Av.

1.47
1.39
1.11
0.77
0.45
0.24
0.12
0.07
0.05
0.03

1.46
1.34
1.04
0.72
0.46
0.28
0.16
0.10
0.06
0.04

a =0.60
a=0.94
d=1.5

E0= —0.37
IEq (4)3

1.45
1.28
0.91
0.57
0.34
0.20
0.12
0.07
0.04
0.02

a=0
@=0.57
b = 1.01

E0= —0.93
(Hurst)

2.32
1.83
1.02
0.50
0.24
0.12
0.07
0.03
0.01
0.01

(sin8) jX
0,212
0.245
0.347
0.406
0.424

Experimental
hM
iii
200
220
113
222

valence electron f(k)

0.62
0.52
0.27
0.14
0.12

1.07
0.90
0.51
0.36
0.33

0.61
0.57
0.19
0.16
0.07

0.62
0.47
0.22
0.14
0.13

Calculated valence electron j(k)

The Hurst wave function for the H ion was chosen
to be spherically syInmetric about the H nucleus. An

attempt was made to introduce the effects of an
anisotropic charge density by mixing in some doubly
degenerate d-like function, which points toward the
six nearest neighbors. The function chosen for the two
electrons on the H ion was a singlet determinant
composed of

P (r ) L~
—1/2/(1+n2)1/2)[as/2e —ar2

+ (sn/+6)dr/srtse "'& sin282 cos2s22] „
(4)

A(rs)=L '"/(1+ ')'"jEa'"e "'

+( /3~2) "" ' ""( o' —)1,
where o. determines the relative amount of d character.
For n= 0 and a= 0.77, Eq. (4) reduces to Hurst's closed
configuration with minimuIn crystal-field energy. ' The
parameters a, d, and n were adjusted to give a best fit
to both the Compton-pro6le and x-ray scattering-factor
measurements. The best values of the parameters found
(n=0.6, a=0.94, and d=1.50) do not give satisfactory
agreement with both measurements. Furthermore, for
that choice of parameters which minimizes the dis-

crepancy between the measured and calculated
Compton profile (a=1.16, n=0), the discrepancy be-
tween the measured and calculated scattering factors is
very large. The results are summarized in Table I. A

further attempt to improve the wave function was made

by orthogonalizing the H ion function to the Li is

function, but this produced no improvement in the
calculation.

The anisotropy found in the Compton profile (see
Table I) is small and was not measured with sufficient
stRtlstlcRl RcculRcy oI' foI' enougli crystRl oI'lentRtlons
to allow the determination of a unique model of the
momentum-density asymmetry. A transfer of some
momentum density at s 0.5 a.u. in the (111)directions
to a, torus around the (100) directions a,t s 0.7 a.u.
qualitatively yields the anisotropic features of the three
measured J(s) curves. The calculation which includes
some d character presented in the table qualitatively
yields the measured anisotropy at s=0.

CONCLUSI05 8

The large differences in the Compton profile between
the experiment and the various calculations reAect the
sensitivity of the Compton measurements to the
valence-electron wave functions. It appears that a
fairly detailed band calculation will be necessary to
obtain agreement with the Compton-pro6le measure-

'

ments, the x-ray scattering-factor measurements, and
the crystal cohesive energy.
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