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The crystal structure of LiA1 (a=6"37+0.01 /~, d=1.76 g cm -3 and Z=8)  has been determined by the  
neutron diffraction method. It was confirmed that LiAI has a NaTl-type structure. 

Two different crystal structures for LiA1 have been reported 
on the basis of X-ray powder diffraction determinations. 
Pastorello (1931) proposed the CsC1 (B2) type, while 
Zintl & Woltersdorf (1935) and Komovsky & Maximov 
(1935) proposed the NaT1 (B32) type. The B32 structure 
is composed of two sub-lattices, each forming a diamond 
lattice and interpenetrating each other. If the Na atom 
gives up its single valency electron to the more electronega- 
tive T1 atom, the T1 has four electrons to form a diamond 
substructure using sp 3 orbitals (Hiickel, 1951). It will be 
either a narrow-gap semiconductor or a semimetal with 
low carrier concentration (Bennett, 1966). We have ob- 
tained data definitely confirming the NaTl-type structure 
for LiA1 by neutron diffraction. 

Polycrystalline samples of LiA1 were prepared by direct 
reaction between equimolar amounts of 7Li (99"99 % pure) 
and A1 (99"99% pure) in the same manner as for LiIn 
single crystals (Kuriyama, 1974). Since 6Li has a large ab- 
sorption coefficient for neutrons, 7Li was used in this study. 
The crystals synthesized above 700°C have a metallic 
lustre and are bluish-grey. Samples were powdered under 
helium atmosphere and packed in a cylindrical aluminum 
holder for neutron work. 

The experiment was carried out at room temperature 
with a diffractometer installed at the JRR-3 reactor. Neu- 
trons were obtained from the (111) planes of a copper trans- 
mission-type monochromator,  which reflects at about 1"53 
,~. A Soller slit of 15' angular divergence was placed be- 
tween the reactor and the monochromator,  30' in front of 
the BF3 detector. The conventional 0-20 observation was 
made on the specimen in the range 0.11 < (sin 0/2)<0.42 
* - L  To obtain the X-ray powder diffraction pattern of 
LiA1, an X-ray experiment was performed using Cu Ke 
radiation. 

The X-ray result indicated that LiA1 had the diamond 
lattice with a cell edge of a =  6.37 + 0.01 ,~. The density of 
LiAI is 1.76 g cm -a. Therefore the cell unit contains 
8(LiAI). A summary of the relative neutron intensities 
together with calculated values for the NaT1 and CsCI type 
structures is given in Table 1. The value of 2B in the Debye- 
Waller temperature factor was determined from the slope 
of the plot of the logarithm of lo/Ic versus (sin 2 0/22). In the 
neutron experiment, the scattering lengths of 7Li and 27A1 
have favorable values [b(27A1) = 0.35 × 10-12, b(7Li) = _ 0.21 
× 10 -22 cm; Bacon, 1962] for locating the lithium atoms 
in the lattice. As listed in Table 1, the comparison of ob- 
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served and calculated relative neutron intensities of reflex- 
ions shows unambiguously that the structure is of the 
NaTl type, i.e. Fd3m, A1 8(a) and Li 8(b). 

Table 1. Observed and calculated relative neutron diffraction 
intensities for LiA1 with 2=  1.53/~, 

La,c 
h k l lobs NaTI type CsC1 type]" 
1 1 1 100 100 0 
2 2 0  10 7 7 
3 1 1 80 85 0 
4 0 0  0 2 2 
3 3 1 50 51 0 
4 2 2  4 5 5 
3 3 3, 5 1 1 55 50 0 

* I~a~c oc IFI z . p .  [1/(sin 0 sin 20)] exp ( -  2B sin 2 0/22). 
t The lattice parameter of the CsCl-type is half that of the 

NaTl-type. 

The B value of 0.37/~2 as obtained above was also used 
to calculate fi, the root-mean-square displacement of an 
average lattice point in a direction perpendicular to the 
reflecting plane according to the relation: 

B = M/(sin 0/)].) 2 = 87g2/g 2. 

A fi of 0-07 A, was obtained for LiAl from this expression. 
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