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BY ALLAN ZALKIN, DAVL) H. TEMPlETON, AND TED E. HOPKINS 

Crystals of LaF3  exhibit a structure which is typical of numerous 

trff1uorjde of lanthanide and actinide elements 0  In 1931 Oftetht1 2  

suggested a structure, based on a study of crystals of the mineral 

tysonite, with the asauntion that the space group is E5/mcrn, but 

with atomic coordInates which correspond alnrjt to the symmetry 

P63/iiunc with a smaller unit cell0 The evidence for the larger Cell 

is the presence of weak reflections which may easily escape detectIon 

in powder dIagrams. SchJ.yt.er3  failed to see these, reflections with 

tysonite crystals, but Ten leton and Dauben1  found them with a synthetic 

crystal of CeF30  The atomic positions given by Oftedal give lanthanum 

a peculiar coordination geonietry with five nearest neighbors and six 

more neighbors at a greater distance. 

We were prouted to s tudy IA 3  again by the availability of 

excellent synthetic crystals and recent interest in the spectroscopic 

properties of ions in this structure. When we had nearly finished the 

determination of the structure, we learned that Mansrann5  had independently 

reached the same conclusions concerning the symmetry and assignemerrt of 

atoms to point sets,, without reportIng atomic coordinates, 
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We conclude that Oftedal's cell is correct and that his coordinates 

for La are quite accurat.e, but that the crystals are trigonal rather 

than hexagonal. Because of his failure to recognize this point syrrmetry, 

Oftedal did not consider the correct space group, and he misplaced 

most of the F atoms. In our structure, each La is on a two-fold axle 

and has nine neighbors (a normal number) at nearly equal distances. 

A large crystal of lanthanum trifluoride, purported to be 99.999 

per cent pure, was sent to us by Dr. Kenneth Lee of Varian Associates 

in Palo Alto. A fragment of this crystal about 0.1 to 0.2 rnii, in sizo 

was glued to the end of a Pyrex fiber with the hexagonal axis parallel 

to the fiber axise The crystal was dipped into liquid nitrogen rapidly 

several times in an attempt to diminish extinction effects by increasing 

the mosaic spread by thermal shock, but no effect was 'bbservdin the 

intensities before and after the treatment. Diffraction angles and 

intensities were measured with an Eulerian cradle gonlostat equipped 

with a scintillation counter using No Ka radiation ( X(Ka1) z 0.70926 A.). 

The cell dimensions measured at 220  are: 

7.185 ± 0.001, c 	7.31 1  0.001 A, 

in excellent agreement withthe values reported by Swanson, et al. 6  The 

density calculated with 6 melecules per cell is 5.938 g/ml. 

The diffraction intensities correspond to Laue symmetry m1, but 

there are clear violations of symmetry 6/mmm and 6/rn; i.e., I(hk.e) 

bt I(hke) cl I(-k,h+k,). Thus the crystals are trigonal 

rather than he*gona1 (in the strict sense ) The failure ofprevious 

workers to recognize the lower syrrnitry may be the result of twinning in 

their specimens or the result of low accuracy of intensities estimated 

from films, 
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We railed to detect any poelectric effect when a large crystal 

fragment, suspended on a thread, was dipped Into liquId nitrogen; 

when withdrawn the crystal showed no attraction for the side of the 

dewar. The systematic absences, ( hoe) absent if £ 2n + 1 9  correspond 

to space groups P3cl  and P3c1,. We conclude that the crystals are 

centric because a reasonable structure is found in space group Pcl 

(D3 ), No, 16 in the International Tables 70, 

The intensity measurennts included 951 independent reflections 

(all positive hkt with 20 <900)  of which 65 were recorded as zero, The 

data were corrected for the Irentz-polarization effects, The absorption 

factor/ was estimated to be "200 cm, and the ,R for the crystal was 

estimated 2. The data were not corrected for absorption. An empirical 

extinction correction was made based on an approximation suggested by 

Zacharjasen8  where Fcoct d Fb 	d(1 00  + CJ), where F is the 

scaled structure factor, J Is the raw observed Intensity, and C Is an 

adjustable constant, 

The structure given by Oftedal 2  can be fitted to space group 

Pcl by assigning the, atoms to point sets as listed in Table I. Prior 

to the extinction correction, we attempted to refine this structure 

with a full-matrix least squares program, with trial- and-erro r displacernts 

of various atoms to break the higher synmtry, The first net of refIrints 

went poorly; i.e0 The R factor, R 	j IF0 f1F r 	stayed 

high(-o.IS) and the temperature factor for the 2 fold fluorine "blew Up t7 . 

Different trial structures and the use of a non-centric space group (?3c1) 

gave even worse results, - We observed what appeared to be severe extInction 

effects, and by deleting some low angle data which included some of the 

larger intensities, definite Improvement In-the refincmnt resulted, 
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A plot of FJF  (observed and calculated structure factors) versus the 

intensities showed a very definite extinction-type correlation. From 

this plot a value-j for C in the extinction correction was obtained, and 

then it was adjusted in the least squares 'refinement, The extinction 

was so severe that the two most intense reflections were observed one- 

eighth of their calculated values. In the final refinements the anomalous 

dispersion factors for La+3  were included (..i.ft'-O,I, 	f"'2.9 electrons). 9  

An anisotropic terrperature factor of the form 	(h2 11+k2 p22 + 2 333+ 

2hkp12+2htp13 +2kep23 ) was applied to lanthanum, with suitable constraints 

because of the 2-fold as, and an isotropic teierature factor of the 

form e,-(Bsin2O/X2 ) was applIed to each fluorine. The five most intense 

reflections, and seven of the reflections with the worst agreement were 

deleted from the fna1 refinements. The final R factor was 0.052. A 

table of the observed and calculated structure factors is available from 

the American Documentation Servic? 0 0  

Re suits 

Tablos I and II show the final positional and thermal parameters 

respectively. The standard devIations shown in Tables I and II are 

estimates by the authors rather than the results of the least squares, 

and in all cases are considerably larger than the calculated values. 

These estimates resulted from a study of the parameters as conditions 

of the refinement were modified. The parameters changed considerably 

more than the calculated standard deviations when just high angle data 

was used or whh the extinction correction was introduced. Our estimates 

of the standard deviations bracket these fluctuations mere realistically 

and because othe highly non-random nature of the errors, here, the 

authors believe that an educated guess is preferable to a mathematical 

• 	
t 	 '' 	 I • • ........ 
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TABlE I 

0 POSITIONAL PARAMETERS IN LANTHANUM TRIFLUORIDE 

No. 
Atom Point., 

Symmetry Positions and Positional Paraiieters 

6 La 2 (x0,1,4i, 0,x,1/2; 	,,i/b) 

= 0.3401 ± 0.000 

12 F(].) 1 ±(x,y,z, 	,x-y,z, y-x, ) z, 

5 .,R .,1/2+zj x,x-y,1/2+z, y-x,y,l/2+z) 

x 	0,312 ± 0,002 

y =-0.05 	0.002 

z 	0.581 ± 0.002 

4, F(2) 3 ±(1/3,2/3,z, 1/3,2/3 31/2+7,) 

z 	0.313 ± 0.002 

2 F(3) 32 ±(o,o,i,) 
4 4 

TABLE II 

TEMPERATURE FACTORS 	IN LANTHANUM TRIFLUORIDE 

Atom Temperature Factors 

La B].]. 0.6 ± 0.2 B22 	0.6 ± 0.2 	333 =.0.8 ± 0.2 

312 0.3k  313 	-0,025k 	323 =-0.0S ± 0,0]. 

r(l) B=l.3±0.L 

 B=1.0±0.!& 

 
3=1,7±0.7 

Ani..sotropic Bij where a 	is the ith reciprocal axis length. 

Sy1Tunetry considertioris force 322 	2312 and 323 	2313. 

00 000 00 .• •0. 
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fiction, The thermal paraimsters (other than B13 and B23)  are istematicafl3 

lower than the true values, because of rlect of absorption, by an 

unknown amount which is estimated to be about 0,6 A 2 . This effect is not 

included in the estimated standard deviations, Table III shows a list 

of interatomic distances. 

The structure we find has lanthanum in almost exactly the positions 

reported by Oftedal. The fluorine atoms have been shifted so that of 

the 6 secondnearest neighbors of each lanthanum, t have moved closer 

and 2 have moved away; thus lanthanum has a normal coordination-number 

of 9. We have failed to find any sirle description for the geomatry 

of these neighbors, Each fluorine has 3 lanthanum neighbors, 

TABlE III 

INTERAT01C DISTANCES OF lESS THAN 3 A IN LANTHANUM TRIFLUORIDE 

Atom Atom Distance (A) Atom Atom Distance (A) 

LA - 	2 F(2) 2.416 ± 0,003 F(1)-1 F(2) 2.69 ± 0.02 

- 1 F(3) 2.443 ± O,004 - 2 F(l) 2,74 0002 

-2 F(l) 2,46 ± 0.02 -1 F(3) 2q76 2 0.01 

- 2 F(i) 2.9 2 0.01 5 	 -1 F(2) 2.79 ± 0001 

2 F(I) 2,64 2 0,01 - 1 F(2) 2.87 2 0.02 

-. 2 F(1) 3.01 2 0,01 F(2) .- 3 La 2.416 ± 0,003 

F(1) -1 La 246 ± 0.02 -3 F(l) 2.69 	20,02 

- 1 La 2.149 ± 0001 - 3 F(1) 2,79 	2 0.01 

- 1 La 2,614 ± 0,01 
5 	 - 3 F(l) 2.87 	2 0,02 

- 1 La 3.01 ± 001 
S 	 S 	

- 	3 In 2,14143 000 

- 1 F(l) 200 2 0.03 '- 6?6) 
S  

2,76 	2 0,01 

1 F(l) 2.6. 2 0.03 

1 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission: 

Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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