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New high-precision measurements of the isotropic as well as of three directional Compton spectra 
of lithium hydride have been carried out using 2 4 ' A m as a y-ray source. In order to account for the 
extreme sensitivity of LiH powder to atmospheric moisture, the final data (i.e. the reciprocal form 
factor) were corrected for the LiOH content determined by titrimetric analysis. For the interpreta-
tion of the data, theoretical calculations were carried out using a Har t ree -Fock program for periodic 
systems (CRYSTAL). Basis sets published by Dovesi et al. were used, one of which allows for 
polarisation of both the hydride and lithium ions. Comparison of the theoretical data with the 
experiment shows much better agreement of the results of complete solid-state calculations that take 
into account higher-order effects (polarisation and covalency) than those obtained by Löwdin 
orthogonalisation of free-ion wave functions (which assumes pure ionicity, neglecting all but first-
order effects). The influence of further polarisation functions on the reciprocal form factor is inves-
tigated and discussed. The remaining discrepancies are attributed to electron-electron correlation. 

Key words: Compton spectroscopy; Reciprocal form factor; Ionic crystal; Electronic structure; 
Lithium hydride. 

1. Introduction 

T h e F o u r i e r t r a n s f o r m of (d i rec t iona l o r i so t rop ic ) 
C o m p t o n prof i les - the so-cal led rec ip roca l f o r m fac-
t o r B{s) - d i rect ly m i r r o r s the a u t o c o r r e l a t i o n p r o p e r -
ties of the one -e lec t ron wave f u n c t i o n s in p o s i t i o n 
space , t hus yielding va luab le i n f o r m a t i o n a b o u t t h e 
n a t u r e of chemica l b o n d i n g , e.g. in a sol id [ 1 - 3 ] . C o m -
p a r i s o n be tween highly a c c u r a t e e x p e r i m e n t a l d a t a 
a n d v a r i o u s ca lcu la ted B(s) is t he r e fo re a p o w e r f u l 
t oo l fo r tes t ing the val idi ty of d i f ferent q u a n t u m -
chemica l m o d e l s fo r chemica l b o n d i n g ; it h a s a l so 
t u r n e d o u t to yield a sensit ive i n d i c a t o r for the q u a l i t y 
of bas i s sets. I n p a r t i c u l a r it is poss ib le to inves t iga te 
t he i m p o r t a n c e of h ighe r -o rde r vs. f i r s t -o rde r b o n d i n g 
effects. Since t he F o u r i e r t r a n s f o r m of a d i r ec t i ona l 
C o m p t o n prof i le is a d a t a vec to r cons i s t ing of t h e 
f u n c t i o n a l va lues of the t h r e e - d i m e n s i o n a l B(s) a l o n g 
a l ine para l le l t o the expe r imen ta l sca t t e r ing vec tor , 
o n e c a n discuss b o n d i n g effects in d i f ferent d i r ec t ions 
separa te ly . 
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L i H as the s imples t b i n a r y c o m p o u n d t h a t is exper -
imen ta l ly access ible in b u l k h a s been the sub jec t of 
n u m e r o u s p o s i t i o n a n d m o m e n t u m dens i ty m e a s u r e -
m e n t s as well as of ca l cu l a t ions of the i so la ted mole -
cule, c lus te rs a n d t he b u l k c o m p o u n d (cf. [ 3 - 8 ] ) . As 
for t he C o m p t o n prof i les , n o q u a n t i t a t i v e a g r e e m e n t 
b e t w e e n e x p e r i m e n t a n d v a r i o u s theore t ica l m o d e l s 
h a s yet b e e n ach ieved [3, 7, 8]. 

T h e a i m of o u r inves t iga t ions w a s the re fo re to e l im-
ina t e as m a n y e x p e r i m e n t a l e r ro r s as poss ib le - t o 
co r r ec t f o r impur i t i e s p r o d u c e d by hydro lys i s of the 
L i H p o w d e r , t o h a v e g o o d c o u n t i n g stat ist ics, a n d , of 
course , t o a c c o u n t p r o p e r l y fo r t he v a r i o u s sys temat ic 
e r r o r s of t he s ca t t e r i ng expe r imen t . O n l y t h e n rel iable 
s t a t e m e n t s a b o u t t he val id i ty of v a r i o u s theore t ica l 
m o d e l s b e c o m e poss ib le . 

2. Experiment 

F o r t he p o w d e r m e a s u r e m e n t s , h igh -pu r i t y L i H 
(99 .5%, ESPI , g ra in size 8 - 3 5 mesh) was pulver i sed in 
a m o r t a r . T h e single c rys ta l s were p r o v i d e d by the 
Crys t a l G r o w t h L a b o r a t o r y , Un ive r s i ty of U t a h . 

T h e s a m p l e s were p r e p a r e d in a g love b o x wi th d ry 
air ( relat ive h u m i d i t y < 1 % ) . W h e n cu t t i ng the crys-
ta ls i n to slices, they w e r e c o n t i n u o u s l y h a n d l e d u n d e r 
t h o r o u g h l y d r i ed pa ra f f in . 
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The ti tr imetric analysis of the LiH powder was 
carried out using the method described by Kotova et 
al. [9] before and after each measurement . The powder 
samples contained a mole fraction of 1 .06 -1 .36% 
L i O H (weighted mean value), but no carbonate . A 
B(s) curve of L i O H (taken f rom [10]) was then used to 
correct the LiH raw data. 

The spectra were measured under vacuum using a 
2 4 1 Am y-ray source. Atmospher ic moisture was kept 
off by phosphorus pentoxide. The scattered pho tons 
were detected under a scattering angle of cp = 163.7° 
for the powder and 159° for the single-crystal mea-
surements, using a p lanar intrinsic Ge detector with 
pulsed optical feedback (Princeton G a m m a Tech). 
The full width at half max imum of the angular distri-
but ion of scattering angles was ^<PFWhm — 5-6° in the 
powder and zl(pFWHM = 3.0° in the single-crystal mea-
surements. The F W H M of the angular dis tr ibut ion of 
scattering vectors was A(pk y = 3.4° within and Acpk x 

= 3.9° perpendicular to the scattering plane. The 
overall experimental resolution (detector plus angular 
dis tr ibut ion of scattering angles) was zlgFWHM = 0.58 p0 

(powder) and 0.542 p0 (single crystals), resp. ( p 0 = h/a0 

= 1.99289 • 1 0 " 2 4 kg m/s) . 
The da ta processing was performed using a pro-

gram package based upon correction methods of 
Weyrich [11] and Bachmann [12]. The reciprocal form 
factor was obtained by Four ier t ransformat ion of the 
C o m p t o n profile in the m o m e n t u m range —11.083 p0 

<q<+11.083 p 0 , yielding a stepwidth of As = 0.15 Ä in 
the s-domain. The multiple scattering was corrected for 
by extrapolating the final results to zero sample thick-
ness [11] with the exception of the range s > 2.1 Ä of the 
single-crystal curves, where the raw da t a were used 
because of negligible influence of multiple scattering. 

3. Theory 

Calculat ions were performed using the Har t ree-
Fock program for periodic systems "CRYSTAL" of 
Pisani, Dovesi and Roetti (1988 version, see [13]). The 
influence of various basis sets on B(s) in the three 
directions of close interionic contact , <100), <110>, 
and <111), was tested. The B(s) curves were obta ined 
f rom the density matrix in position representat ion by 
making use of the cyclicity of the matr ix ( translat ional 
invariance) and expressing it in terms of basis func-

t i o n s ' + 00 ( 1 ) 

Bis) = I I I Pk
9i f j f <pk(r -Rk)cp*(r-Rl-g + s) dr, 

where are the first-order density matrix elements 
with respect to the (usually atomic) basis funct ions 
(pk(r — Rk) centred at the posit ion Rk and (p^r— Rt — g) 
located in a unit cell offset by the position-lattice vec-
tor g and centred there at the posit ion /?, relative to 
the origin of tha t cell. 

F o r the evaluat ion of first-order bonding effects 
[14], a p rogram was written that performs symmet-
rical Löwdin or thogonal isa t ion [15, 16] of atomic, 
ionic or molecular wave funct ions (also generated by 
CRYSTAL) according to 

where 

C = C T , (2) 

T = A ~ 1 / 2 = ( 1 + S ) _ 1 / 2 

= 1 _ I S + | S 2 - ^ S 3
 + 1 ^ S 4 - . . . . (3) 

Here, the non-orthogonal eigenvectors of the fragments 
to be orthogonalised in the geometrical arrangement of 
the crystal are written as C = {cM}, the orthogonalised 
ones by C ' = {c^}; T is the unitary t ransformat ion 
matrix, and A is the metric matr ix containing the over-
laps of totally N (spin) orbitals i/^ with eigenvectors cM 

in the representat ion of totally m basis funct ions: 

/ c , „ \ 

C — {c i , C 2 , . . . , Cjy} , c ß — (4) 

A = * MW = j f j > : ( r ) < M r ) d r . (5) 
- oo 

Convergence of the series expansion (3) was ensured 
by the scaling method given by Löwdin in 1956 [16]. 

4. Results and Discussion 

Although the mole fract ion of L iOH in the samples 
never exceeded 1.4%, the correction to the reciprocal 
form factor B(s) turned out to be non-negligible in the 
range of 0 < s < 1 Ä owing to the greater number of 
electrons per formula unit of L iOH in compar ison to 
LiH and the faster decaying oxygen core contr ibut ion 
to B(s) (Figure 1). Only when this correction is in-
cluded, the powder B (s) curve is very close to the mean 
value of the directional B(s) over the whole range of s. 
In the range of larger s-values, however, B(s) is not 
affected significantly. 

The compar ison between the various crystallo-
graphic directions shows that the anisotropy of the 
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Fig. 1. Influence of the correction for LiOH impurities on the 
spherically averaged reciprocal form factor of LiH; the differ-
ence curve AB*(s) = F*(s)corr - ßa(s)uncor r is shown. 

Table 1. Exponents and contraction coefficients for the 
hydride-ion basis set. 

Function Exponent /a 0
 2 Coefficient 

type 

s 128.000 2.8 • 10" 6 

64.000 7.3 • 10" 5 

32.000 1.6 - 10~3 

16.000 4.3 • 10" 4 

8.000 8.1 • 10~3 

4.000 4.6 • 10~3 

2.000 2.8 • 10~2 

0.800 7.0 - 10"2 

s 0.400 0.055 
0.280 0.32 
0.070 0.73 

s 0.035 1.0 

s 0.010 1.0 

r ec ip roca l f o r m f ac to r is smaller t h a n was sugges ted 
by ear l ie r t heo re t i c a l inves t iga t ions (Berggren [4] a n d 
A i k a l a [6], a n a l y s e d in [3]), wh ich were l imited t o t he 
o r t h o g o n a l i s a t i o n of the wave f u n c t i o n s of i so la ted 
i ons in t he g e o m e t r i c a l a r r a n g e m e n t of the c rys ta l 
s t r u c t u r e ( f i r s t -o rder in te rac t ions , see above). N e v e r -
theless , still t he m o s t negat ive o r b i t a l a u t o c o r r e l a t i o n 
o c c u r s in t h e <110>-di rec t ion , w h e r e the o v e r l a p 
b e t w e e n t he d i f fuse c h a r g e d i s t r i b u t i o n s of a d j a c e n t 
h y d r i d e i ons r eaches a m a x i m u m w i t h respect to t h e 
o t h e r d i r e c t i o n s (for a detai led d i scuss ion , see [3]). 

T h e a s s e s s m e n t of h ighe r -o rde r effects by d i rec t 
c o m p a r i s o n b e t w e e n Aikala ' s d a t a a n d the p re sen t 
C R Y S T A L resul ts , however , is c o m p l i c a t e d by t w o 

ystalline Lithium Hydride 

f u r t h e r effects t h a t a re d u e t o t he e m p l o y e d bas i s sets 
a n d t h a t m u s t be m i n i m i s e d o r t a k e n i n t o a c c o u n t : 

1. T h e d i f ferent s h a p e of S la te r - a n d G a u s s i a n - t y p e 
o rb i t a l s m i g h t p r o d u c e d i f fe ren t a r t e f ac t s in B(s). 
There fo re , a s i nd ica t ed a b o v e , G a u s s i a n w a v e func -
t ions fo r t he free ions w e r e used t o p e r f o r m L ö w d i n 
o r t h o g o n a l i s a t i o n . F o r t h e L i + ion , a bas is set of 
S a s a g a n e et al. [17] w a s used . T h e resu l t ing t o t a l 
ene rgy differs on ly by 1 0 - 3 £ h f r o m the va lue of 
- 7 . 2 3 6 4 1 2 1 £ h g iven by C l e m e n t i [18]. F o r t he H " 
ion, a bas i s set was d e v e l o p e d t h a t yields a t o t a l ene rgy 
of - 0 . 4 8 7 0 8 9 9 Eh ( H a r t r e e - F o c k l imit: - 0 . 4 8 7 9 2 9 7 £ h 

[19]). Its exponen t s a n d coefficients a re listed in Table 1. 
2. In o r d e r t o e l imina t e t he basis-se t s u p e r p o s i t i o n 

e r r o r (BSSE, [20, 21]), t he f ree- ion w a v e f u n c t i o n s 
ough t t o be corrected, e.g. by the coun te rpo i se m e t h o d . 
A check of the B S S E in t he r ec ip roca l f o r m f a c t o r of 
the free i o n s wi th the bas i s sets m e n t i o n e d a b o v e w a s 
the re fo re p e r f o r m e d a n d f o u n d t o be ins igni f icant over 
the who le s - range , c o m p a r e d t o the exper imenta l e r ror . 

All B{s) cu rves in th is p a p e r - e x p e r i m e n t a l a n d 
theore t i ca l o n e s - a re a t t e n u a t e d wi th a G a u s s i a n 
f u n c t i o n G(s) = e x p [ - ( s / 3 . 2 5 1 4 Ä) 2] , 

B*(s) = B(s)G(s), (6) 

which c o r r e s p o n d s t o a s t a n d a r d i s e d e x p e r i m e n t a l 
r e so lu t i on in t he m o m e n t u m d o m a i n of ^<7FWHM = 
0.542 p0. T h e n u m e r i c a l va lues of t he Ba(s) a n d Ba(s) 
a n d t he s ta t i s t ica l p rec i s ion of the e x p e r i m e n t a l d a t a 
a re given in Tab les 2 - 5 . By invers ion of (6), u n a t t e n u -
a t ed va lues a r e easily o b t a i n e d . T h e e x p e r i m e n t a l er-
r o r m a r g i n s , however , i nc rease wi th 1/G(s) in t h a t 
case. 

F i g u r e s 2 - 4 s h o w t h e e x p e r i m e n t a l d i r ec t iona l 
curves t o g e t h e r wi th A ika l a ' s d a t a fo r S O S T I O s (sym-
met r ica l ly o r t h o g o n a l i s e d S la t e r - type ion orb i ta l s ) 
a n d the n e w d a t a for S O G T I O s (symmetr ica l o r t h o g o -
nal ised G a u s s - t y p e ion orb i ta l s ) as well a s w i th the 
C R Y S T A L resul ts us ing the bes t -poss ib le bas i s set 
(EBS, see [8]). 

In o r d e r t o d e m o n s t r a t e h o w the c rys ta l bas i s set 
inf luences t h e qua l i ty of ß ( s ) , t he resul ts of C R Y S T A L 
ca l cu l a t i ons of the t h r ee d i r ec t i ona l r ec ip roca l f o r m 
fac tors « 1 0 0 ) , <110 ) , a n d < 1 1 1 » are s h o w n in Figs. 
6 - 8 , aga in wi th the e x p e r i m e n t a l d a t a as a reference. 

T h e q u a l i t y of the f ree - ion a n d c rys ta l bas is sets 
var ies as fo l lows : 

- T h e f ree - ion basis sets fo r o u r S O G T I O s a re t he o n e 
of S a s a g a n e et al. [17] fo r L i + a n d t h e o n e given in 
Tab le 1 fo r H ~ , as a l r e a d y m e n t i o n e d ; 
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Table 2. ß a (s ) of LiH, spherical average, experiment vs. 
theory. Experimental error: 8.9 • 10 " 4 (s > 2 A) < a < 4.9 • 10 " 3 

(s - 0.75 Ä). 

s / Ä ß a (s) 

uncorr . corr . M C S EBS EBS + d 

Table 3. ß a ( s ) of LiH, <100>-direction, exper iment vs. 
theory. Experimental error: 1.3 • 1 0 ~ 3 ( s > 2 Ä ) < a < 9 . 5 • 1 0 " 3 

(s = 0.75 Ä). 

s/Ä ßa(s) 

(exp.) SOSTIO SOGTIO MCS EBS EBS + d 

0.00 3.9978 3.9972 4.0000 4.0000 4.0000 0.00 3.9976 3.9673 3.9999 4.0000 4.0000 4.0000 
0.15 3.6963 3.6970 3.7946 3.7973 3.7973 0.15 3.6970 3.7683 3.7932 3.7946 3.7973 3.7973 
0.30 3.1828 3.1798 3.3217 3.3375 3.3376 0.30 3.1905 3.3120 3.3251 3.3217 3.3375 3.3375 
0.45 2.6682 2.6559 2.7847 2.8175 2.8176 0.45 2.6689 2.7998 2.7970 2.7846 2.8173 2.8174 
0.60 2.2120 2.1930 2.2931 2.3379 2.3380 0.60 2.2055 2.3281 2.3113 2.2926 2.3373 2.3374 
0.75 1.8273 1.8088 1.8806 1.9284 1.9284 0.75 1.8119 1.9254 1.8991 1.8792 1.9270 1.9271 
0.90 1.5005 1.4869 1.5426 1.5875 1.5875 0.90 1.4832 1.5899 1.5585 1.5399 1.5847 1.5847 
1.05 1.2245 1.2199 1.2639 1.3035 1.3034 1.05 1.2170 1.3085 1.2766 1.2592 1.2981 1.2980 
1.20 0.9890 0.9937 1.0312 1.0637 1.0635 1.20 0.9874 1.0695 1.0403 1.0238 1.0546 1.0543 
1.35 0.7899 0.8009 0.8347 0.8589 0.8586 1.35 0.7934 0.8650 0.8398 0.8240 0.8446 0.8442 
1.50 0.6183 0.6340 0.6657 0.6832 0.6828 1.50 0.6230 0.6888 0.6684 0.6534 0.6624 0.6618 
1.65 0.4766 0.4925 0.5233 0.5329 0.5325 1.65 0.4733 0.5383 0.5222 0.5079 0.5049 0.5042 
1.80 0.3581 0.3722 0.4031 0.4057 0.4053 1.80 0.3530 0.4113 0.3988 0.3856 0.3708 0.3700 
1.95 0.2613 0.2731 0.3030 0.2998 0.2994 1.95 0.2528 0.3066 0.2973 0.2852 0.2601 0.2592 
2.10 0.1854 0.1932 0.2215 0.2135 0.2078 2.10 0.1673 0.2222 0.2170 0.2058 0.1725 0.1715 
2.25 0.1241 0.1296 0.1565 0.1452 0.1396 2.25 0.1067 0.1562 0.1558 0.1452 0.1064 0.1055 
2.40 0.0785 0.0816 0.1060 0.0924 0.0875 2.40 0.0618 0.1060 0.1096 0.1000 0.0587 0.0577 
2.55 0.0449 0.0461 0.0676 0.0531 0.0530 2.55 0.0301 0.0691 0.0751 0.0669 0.0256 0.0247 
2.70 0.0190 0.0198 0.0390 0.0248 0.0249 2.70 0.0079 0.0427 0.0495 0.0431 0.0042 0.0033 
2.85 0.0040 0.0035 0.0185 0.0056 0.0057 2.85 -0.0048 0.0247 0.0309 0.0264 -0.0085 -0.0093 
3.00 - 0 . 0 0 7 1 - 0 . 0 0 7 4 0.0047 - 0 . 0 0 6 6 - 0 . 0 0 6 5 3.00 -0.0116 0.0128 0.0177 0.0151 -0.0149 -0.0155 
3.15 - 0 . 0 1 2 4 - 0 . 0 1 2 8 - 0 . 0 0 4 0 - 0 . 0 1 3 5 - 0 . 0 1 3 4 3.15 -0.0134 0.0054 0.0089 0.0078 -0.0169 -0.0173 
3.30 - 0 . 0 1 4 9 - 0 . 0 1 5 7 - 0 . 0 0 8 9 - 0 . 0 1 6 6 - 0 . 0 1 6 6 3.30 -0.0144 0.0013 0.0033 0.0032 -0.0160 -0.0164 
3.45 - 0 . 0 1 6 6 - 0 . 0 1 6 4 - 0 . 0 1 1 1 - 0 . 0 1 7 2 - 0 . 0 1 7 1 3.45 -0.0123 -0.0008 0.0002 0.0007 -0.0135 -0.0138 
3.60 - 0 . 0 1 4 8 - 0 . 0 1 5 2 - 0 . 0 1 1 4 - 0 . 0 1 6 0 - 0 . 0 1 6 0 3.60 -0.0089 -0.0015 -0.0012 -0.0005 -0.0102 -0.0105 
3.75 - 0 . 0 1 2 5 - 0 . 0 1 2 7 - 0 . 0 1 0 6 - 0 . 0 1 4 0 - 0 . 0 1 4 0 3.75 -0.0065 -0.0015 -0.0015 -0.0010 -0.0068 -0.0070 
3.90 - 0 . 0 1 0 5 - 0 . 0 1 0 4 - 0 . 0 0 9 2 - 0 . 0 1 1 5 - 0 . 0 1 1 5 3.90 -0.0045 -0.0011 -0.0012 -0.0009 -0.0037 -0.0038 
4.05 - 0 . 0 0 7 3 - 0 . 0 0 7 9 - 0 . 0 0 7 5 - 0 . 0 0 9 0 - 0 . 0 0 9 0 4.05 -0.0017 -0.0005 -0.0006 -0.0007 -0.0011 -0.0011 
4.20 - 0 . 0 0 6 1 - 0 . 0 0 5 8 - 0 . 0 0 5 9 - 0 . 0 0 6 7 - 0 . 0 0 6 7 4.20 0.0006 0.0000 -0.0002 -0.0004 0.0009 0.0010 
4.35 - 0 . 0 0 3 6 - 0 . 0 0 3 9 - 0 . 0 0 4 3 - 0 . 0 0 4 7 - 0 . 0 0 4 7 4.35 0.0027 0.0004 0.0001 -0.0001 0.0023 0.0024 
4.50 - 0 . 0 0 2 6 - 0 . 0 0 2 6 - 0 . 0 0 3 0 - 0 . 0 0 3 1 - 0 . 0 0 3 1 4.50 0.0028 0.0007 0.0004 0.0001 0.0031 0.0032 
4.65 - 0 . 0 0 2 6 - 0 . 0 0 2 1 - 0 . 0 0 2 0 - 0 . 0 0 1 8 - 0 . 0 0 1 8 4.65 0.0039 0.0008 0.0006 0.0002 0.0034 0.0036 
4.80 - 0 . 0 0 0 5 - 0 . 0 0 0 9 - 0 . 0 0 1 2 - 0 . 0 0 0 9 - 0 . 0 0 0 9 4.80 0.0038 0.0009 0.0008 0.0003 0.0034 0.0036 
4.95 - 0 . 0 0 0 7 - 0 . 0 0 0 2 - 0 . 0 0 0 6 - 0 . 0 0 0 3 - 0 . 0 0 0 3 4.95 0.0036 0.0008 0.0009 0.0003 0.0032 0.0033 
5.10 - 0 . 0 0 0 4 - 0 . 0 0 0 4 - 0 . 0 0 0 2 0.0001 0.0001 5.10 0.0030 0.0007 0.0009 0.0003 0.0028 0.0029 
5.25 0.0004 0.0002 0.0001 0.0004 0.0003 5.25 0.0025 0.0006 0.0009 0.0003 0.0023 0.0024 
5.40 0.0000 0.0006 0.0003 0.0005 0.0005 5.40 0.0020 0.0005 0.0008 0.0002 0.0018 0.0020 
5.55 0.0006 0.0003 0.0003 0.0005 0.0005 5.55 0.0013 0.0004 0.0008 0.0002 0.0014 0.0015 
5.70 0.0000 0.0004 0.0004 0.0004 0.0004 5.70 0.0008 0.0003 0.0007 0.0001 0.0011 0.0011 
5.85 0.0006 0.0009 0.0004 0.0000 0.0000 5.85 0.0012 0.0002 0.0006 0.0001 0.0008 0.0008 
6.00 0.0017 0.0014 0.0003 0.0000 0.0000 6.00 -0.0004 0.0001 0.0005 0.0001 0.0000 0.0006 

- A i k a l a u s e s a f r e e - i o n w a v e f u n c t i o n f o r L i + p u b -
l i s h e d b y C l e m e n t i [18] p l u s a v a r i a t i o n a l 1 s - S T O 
f o r H ~ ( P a a k k a r i e t al . [22] r e p o r t a v a l u e of 
a = 0 . 6 8 7 5 f o r t h i s f u n c t i o n ) f o r h i s S O S T I O s ; 

- M C S ( m i n i m a l c l o s e d shel l ) is a 4 G T O b e s t - f i t a p -
p r o x i m a t i o n t o 1 s - S T O s w i t h a ( L i + ) = 2 . 6 8 7 5 a n d 
a ( H ~ ) = 0 . 7 7 2 4 2 , r e s p e c t i v e l y ( p u b l i s h e d in [8]) - t h e 
l a t t e r w a v e - f u n c t i o n e x p o n e n t w a s o b t a i n e d b y 
H u r s t [23] f o r a h y d r i d e i o n in a l a t t i c e of p o i n t 
c h a r g e s ; 

- E B S ( e x t e n d e d b a s i s se t ) p o s s e s s e s p - t y p e p o l a r i s a -
t i o n f u n c t i o n s o n b o t h i o n s [8]. 

I n t h e < 1 0 0 > - d i r e c t i o n , t h e f i r s t - o r d e r c a l c u l a t i o n is 
p a r t i c u l a r l y i n su f f i c i en t t o t a k e i n t o a c c o u n t t h e s o l i d -
s t a t e e f fec t ( i n c l u d i n g c o v a l e n c y a t t h e n e a r e s t c a t i o n -
a n i o n d i s t a n c e ) , w h e r e a s t h e i n f i n i t e - o r d e r H a r t r e e -
F o c k c a l c u l a t i o n y ie lds a B(s) c lose t o t h e e x p e r i m e n t 
(F igs . 2 a n d 6) p r o v i d e d p o l a r i s a t i o n f u n c t i o n s a r e 
i n c l u d e d (EBS) . I n t h e < 1 1 0 > - d i r e c t i o n , t h e H a r t r e e -
F o c k r e s u l t s o f fe r o n l y a s m a l l i m p r o v e m e n t w i t h r e -
s p e c t t o f i r s t - o r d e r c a l c u l a t i o n s , still l e a v i n g a s ign i f i -
c a n t d i s c r e p a n c y w i t h t h e e x p e r i m e n t (F ig s . 3 a n d 7). 
I n t h e <11 I n d i r e c t i o n w i t h t h e l a rges t i n t e r i o n i c d i s -
t a n c e t h e a g r e e m e n t is m u c h b e t t e r f o r b o t h t y p e s of 
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Table 4. ß a ( s ) of LiH, <110>-direction, experiment vs. 
theory. Experimental error: 1.3 • 1 0 " 3 ( s > 2 Ä)<<T<9.5 • 1 0 " 3 

(s = 0.75 Ä). 

s/Ä ßa(s) 

(exp.) SOSTIO SOGTIO MCS EBS EBS + d 

Table 5. Ba(s) of LiH, <111 )-direct ion, experiment vs. theory. 
Exper imental e r ro r : 9.6 • 1 0 " 4 (s > 2 Ä) < a < 1.00 • 10~ 2 

(s = 0.75 Ä). 

s/Ä ßa(s) 

(exp.) SOSTIO SOGTIO MCS EBS EBS + d 

0.00 3.9974 3.9685 3.9999 4.0002 4.0000 4.0000 
0.15 3.6930 3.7692 3.7932 3.7947 3.7973 3.7973 
0.30 3.1869 3.3120 3.3251 3.3218 3.3375 3.3376 
0.45 2.6662 2.7989 2.7973 2.7849 2.8175 2.8176 
0.60 2.2013 2.3270 2.3122 2.2934 2.3381 2.3382 
0.75 1.8078 1.9251 1.9013 1.8811 1.9288 1.9289 
0.90 1.4808 1.5919 1.5628 1.5434 1.5884 1.5884 
1.05 1.2176 1.3143 1.2840 1.2652 1.3051 1.3051 
1.20 0.9911 1.0800 1.0517 1.0331 1.0664 1.0662 
1.35 0.8021 0.8803 0.8560 0.8371 0.8629 0.8626 
1.50 0.6373 0.7082 0.6897 0.6703 0.6886 0.6882 
1.65 0.4937 0.5600 0.5478 0.5280 0.5396 0.5392 
1.80 0.3807 0.4332 0.4268 0.4071 0.4133 0.4129 
1.95 0.2834 0.3262 0.3241 0.3053 0.3077 0.3063 
2.10 0.1978 0.2371 0.2378 0.2210 0.2209 0.2206 
2.25 0.1359 0.1644 0.1665 0.1526 0.1511 0.1509 
2.40 0.0867 0.1065 0.1089 0.0985 0.0966 0.0965 
2.55 0.0494 0.0617 0.0638 0.0570 0.0553 0.0552 
2.70 0.0226 0.0280 0.0297 0.0264 0.0252 0.0252 
2.85 0.0047 0.0039 0.0051 0.0046 0.0041 0.0041 
3.00 -0.0081 -0.0124 -0.0120 -0.0101 -0.0100 -0.0100 
3.15 -0.0140 -0.0225 -0.0229 -0.0193 -0.0186 -0.0187 
3.30 -0.0175 -0.0276 -0.0285 -0.0239 -0.0230 -0.0232 
3.45 -0.0197 -0.0292 -0.0302 -0.0252 -0.0244 -0.0246 
3.60 -0.0193 -0.0284 -0.0293 -0.0242 -0.0237 -0.0239 
3.75 -0.0177 -0.0259 -0.0267 -0.0218 -0.0217 -0.0219 
3.90 -0.0151 -0.0226 -0.0233 -0.0188 -0.0189 -0.0192 
4.05 -0.0142 -0.0189 -0.0196 -0.0156 -0.0159 -0.0162 
4.20 -0.0110 -0.0153 -0.0160 -0.0125 -0.0130 -0.0132 
4.35 -0 .0083 -0.0120 -0.0128 -0.0097 -0.0102 -0.0104 
4.50 -0.0055 -0.0091 -0.0099 -0.0072 -0.0078 -0.0079 
4.65 -0.0029 -0.0067 -0.0074 -0.0052 -0.0058 -0.0059 
4.80 -0.0023 -0.0047 -0.0055 -0.0036 -0.0041 -0.0042 
4.95 -0.0006 -0.0032 -0.0039 -0.0024 -0.0028 -0.0029 
5.10 -0.0005 -0.0021 -0.0027 -0.0014 -0.0019 -0.0019 
5.25 -0.0013 -0.0013 -0.0017 -0.0008 -0.0012 -0.0011 
5.40 -0.0012 -0.0007 -0.0011 -0.0003 -0.0007 -0.0006 
5.55 -0.0002 -0.0003 -0.0006 0.0000 -0.0003 -0.0003 
5.70 -0.0005 -0.0001 -0.0003 0.0002 -0.0001 -0.0001 
5.85 0.0008 0.0001 -0.0001 0.0003 0.0000 0.0001 
6.00 0.0001 0.0002 0.0001 0.0003 0.0001 0.0001 

0.00 3.9977 3.9693 3.9999 4.0002 4.0000 4.0000 
0.15 3.6917 3.7699 3.7932 3.7947 3.7973 3.7973 
0.30 3.1808 3.3125 3.3252 3.3219 3.3375 3.3376 
0.45 2.6588 2.7992 2.7974 2.7850 2.8176 2.8177 
0.60 2.1939 2.3271 2.3125 2.2937 2.3383 2.3384 
0.75 1.8012 1.9253 1.9019 1.8816 1.9293 1.9294 
0.90 1.4751 1.5926 1.5640 1.5444 1.5894 1.5895 
1.05 1.2130 1.3158 1.2861 1.2670 1.3069 1.3069 
1.20 0.9890 1.0827 1.0549 1.0358 1.0691 1.0691 
1.35 0.8022 0.8845 0.8606 0.8410 0.8668 0.8668 
1.50 0.6401 0.7139 0.6960 0.6757 0.6938 0.6940 
1.65 0.4989 0.5674 0.5562 0.5352 0.5464 0.5466 
1.80 0.3875 0.4424 0.4377 0.4163 0.4217 0.4221 
1.95 0.2925 0.3372 0.3378 0.3169 0.3176 0.3183 
2.10 0.2090 0.2500 0.2547 0.2352 0.2324 0.2333 
2.25 0.1479 0.1794 0.1867 0.1693 0.1640 0.1651 
2.40 0.0996 0.1237 0.1321 0.1174 0.1105 0.1118 
2.55 0.0628 0.0810 0.0896 0.0779 0.0700 0.0714 
2.70 0.0359 0.0494 0.0574 0.0486 0.0404 0.0418 
2.85 0.0182 0.0268 0.0339 0.0279 0.0197 0.0211 
3.00 0.0059 0.0116 0.0177 0.0138 0.0060 0.0074 
3.15 -0.0021 0.0019 0.0070 0.0049 -0.0023 -0.0011 
3.30 -0.0072 -0.0036 0.0005 -0.0003 -0.0067 -0.0056 
3.45 -0.0086 -0.0064 -0.0033 -0.0030 -0.0085 -0.0075 
3.60 -0.0087 -0.0073 -0.0054 -0.0042 -0.0086 -0.0077 
3.75 -0.0071 -0.0070 -0.0064 -0.0045 -0.0077 -0.0069 
3.90 -0.0056 -0.0062 -0.0067 -0.0042 -0.0063 -0.0057 
4.05 -0.0046 -0.0052 -0.0063 -0.0036 -0.0048 -0.0042 
4.20 -0.0039 -0.0040 -0.0054 -0.0028 -0.0034 -0.0029 
4.35 -0.0025 -0.0029 -0.0044 -0.0019 -0.0022 -0.0017 
4.50 -0.0015 -0.0020 -0.0033 -0.0012 -0.0012 -0.0008 
4.65 -0.0005 -0.0012 -0.0022 -0.0005 -0.0004 -0.0001 
4.80 0.0000 -0.0005 -0.0013 0.0000 0.0001 0.0004 
4.95 0.0019 0.0000 -0.0006 0.0004 0.0004 0.0007 
5.10 0.0016 0.0003 -0.0001 0.0006 0.0006 0.0009 
5.25 0.0009 0.0005 0.0003 0.0007 0.0007 0.0009 
5.40 0.0013 0.0006 0.0005 0.0008 0.0007 0.0009 
5.55 0.0007 0.0006 0.0006 0.0008 0.0006 0.0008 
5.70 0.0014 0.0005 0.0006 0.0007 0.0005 0.0007 
5.85 0.0017 0.0004 0.0006 0.0006 0.0004 0.0006 
6.00 0.0014 0.0003 0.0006 0.0005 0.0003 0.0005 

c a l c u l a t i o n (F ig s . 4 a n d 8). T h e s p h e r i c a l l y a v e r a g e d 
c u r v e s a r e s h o w n in F i g u r e 5. 

F u r t h e r m o r e , t h e S l a t e r vs. G a u s s i a n ef fec t is vis i-
ble , b u t d o e s n o t af fect t h e o v e r a l l d i s c u s s i o n of t h e 
r e s u l t s f o r t h e < 1 0 0 ) a n d t h e < 1 1 0 > - d i r e c t i o n . 

I t is p o s s i b l e t o a s s u m e t h a t a d d i t i o n of a d - s h e l l 
c e n t r e d o n t h e H ~ si tes t o t h e E B S (a = 0.3) w o u l d t a k e 
i n t o a c c o u n t p o l a r i s a t i o n o w i n g t o t h e s e c o n d c o o r d i -
n a t i o n s p h e r e ( w h i c h c o n s i s t s of t w e l v e i o n s w i t h a n 
e l e c t r i c a l c h a r g e of t h e s a m e s i g n a s t h e c e n t r a l r e f e r -
e n c e i on ) , t h u s i m p r o v i n g t h e a g r e e m e n t w i t h e x p e r i -
m e n t in t h e < 1 1 0 ) - d i r e c t i o n w i t h o u t h a v i n g m u c h in-

f l u e n c e o n B(s) in t h e o t h e r d i r e c t i o n s . I n o r d e r t o t e s t 
t h i s h y p o t h e s i s t h e d i r e c t i o n a l B(s) c o r r e s p o n d i n g t o 
t h i s b a s i s se t w e r e c a l c u l a t e d a n d a l s o c o m p a r e d t o t h e 
E B S r e s u l t s ( F i g u r e s 6 - 8 ) . O b v i o u s l y , t h e s u g g e s t e d 
ef fec t u p o n t h e o v e r a l l s y m m e t r y of t h e c r y s t a l w a v e 
f u n c t i o n is n e g l i g i b l e . A v a r i a t i o n of t h e d - s h e l l e x p o -
n e n t in t h e r a n g e 0 . 1 5 < a < 0 .4 r e s u l t e d in n o f u r t h e r 
c h a n g e in B(s). W i t h t h e E B S w e a r e a p p a r e n t l y a l r e a d y 
v e r y c l o s e t o t h e H a r t r e e - F o c k l i m i t ; t h e r e m a i n i n g 
d i s c r e p a n c i e s h a v e t h u s t o b e a s s o c i a t e d w i t h f u n d a -
m e n t a l s h o r t c o m i n g s of t h e o n e - e l e c t r o n p i c t u r e , i.e. 
w i t h c o r r e l a t i o n e f fec t s . O w i n g t o t h e l o w e l e c t r o n 



308 T. Asthalter and W. Weyrich • The Electronic Structure of Crystalline Lithium Hydride 

0 03 111 

0 02 

\\\ • a) 
\ \ ö) 

l \ - " d ) 

0 01 

0 00 \ ̂  j 0 00 
6 

0 01 

0 02 

Fig. 2. Ba(s) of LiH, <100)-direction, theory vs. experiment: 
a) experiment; b) SOGTIOs; c) SOSTIOs of Aikala [6]; 
d) CRYSTAL with EBS. 

Fig. 5. Ba(s) of LiH, spherical average, theory vs. experiment: 
a) experiment, b) CRYSTAL with MCS; c) CRYSTAL with 
EBS, d) CRYSTAL with EBS + d-shell polarisation func-
tions at H~ sites. 
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Fig. 3. Ba(s) of LiH, <110>-direction, theory vs. experiment. Fig. 6. Ba(s) of LiH, <100>-direction, theory vs. experiment. 
Line styles a ) -d ) as in Figure 2. Line styles a) -d) as in Fig. 5. 

dens i ty in crys ta l l ine L iH, they c a n be expected t o be 
r a t h e r s ignif icant . 

5. Conclusion 

In the present w o r k we have tr ied to show tha t in the 
case of L i H it is n o w possible t o d i f ferent ia te q u a n t i t a -
tively be tween va r ious theore t ica l sol id-s ta te m o d e l s 
wi th respect to C o m p t o n prof i le m e a s u r e m e n t s , e spe-
cially w h e n the C o m p t o n prof i les a re t r a n s f o r m e d i n t o 
the pos i t i on - space r ep resen ta t ion . O u r inves t iga t ion 
c o n f i r m s by a n d large the ionic p i c tu re of the b o n d i n g 
in L i H (in a g r e e m e n t wi th the X - r a y d i f f rac t ion m e a -

a) 
b) 
c) 
d) 

Fig. 4. Ba(s) of LiH, <11 Indirect ion, theory vs. experiment. 
Line styles a ) -d ) as in Figure 2. 
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Fig. 7. Ba(s) of LiH, <110)-direction, theory vs. experiment. 
Line styles as in Figure 6. 

Fig. 8. Ba(s) of LiH, <11 Indirect ion, theory vs. experiment. 
Line styles as in Figure 6. 

s u r e m e n t s of C a l d e r et al. [24], c o r r o b o r a t e d by Vida l 
a n d Vida l -Vala t [25, 26]). Never the less , cova lency (in-
c o m p l e t e c h a r g e t r ans fe r f r o m l i th ium to h y d r o g e n in 
t he a t o m i c o r b a c k b o n d i n g f r o m H - t o L i + in the 
ion ic p ic tu re ) a n d p o l a r i s a t i o n of the crysta l w a v e 
f u n c t i o n h a v e t o be cons ide red as well. Howeve r , o w -
ing to the p r e sence of n u m e r o u s n e i g h b o u r i n g a t o m s , 
w h i c h a l r e a d y p r o v i d e basis f u n c t i o n s for s y m m e t r y -
a d a p t e d p o l a r i s a t i o n , it is n o t necessary t o inc lude a 
large n u m b e r of a n g u l a r polar i sa t ion funct ions . Finally, 
t he r e m a i n i n g d i sc repanc ies be tween the expe r imen t 

a n d t h e H a r t r e e - F o c k ca l cu l a t i on w i t h a sufficiently 
s a t u r a t e d bas i s set p o i n t o u t t he i m p o r t a n c e of elec-
t r o n - e l e c t r o n c o r r e l a t i o n a l so in a n ion ic crysta l such 
as L i H . 
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