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Refinement of the structure of NaBF4*. By GEORGE BRUNTON, Reactor Chemistry Division, Oak Ridge National Labo- 
ratory, Oak Ridge, Tennessee, U.S.A. 

(Received 19 August 1968) 

The structure determined by Weiss & Zohner (Phys. Stat. Sol. (1967), 21, 257) is confirmed. 

The lattice parameters and atomic parameters of NaBF4 
have been remeasured as part of basic research on NaBF4 
and KBF4 in connection with molten salt breeder reactors 
(ORNL,  1967). A mixture of the two salts is being inves- 
tigated as a molten coolant for the reactors. The structure 
of NaBF4 was recently determined by Weiss & 7ohner  
(1967) from two-dimensional Weissenberg data, coinciden- 
tal with a nuclear magnetic resonance study. The refined 
parameters are only slightly different from those of Weiss 
and Zohner and the structural results are the same. 

Experimental 

A single crystal of purified NaBF4 was washed with water 
and acetone to smooth it to an ellipsoidal shape of the 
dimensions 0.0234 x 0.0572 x 0.0676 cm. The reflection in- 
tensities and lattice parameters were measured with a com- 
puter controlled Picker four-circle goniostat and a scintilla- 
tion-counter detector using unfiltered Mo K~ radiation 
(Ka1=0.70926, K~2=0-713543 /~) (Busing, Ellison, Levy, 
King & Roseberry, 1968). Independent reflections out to 
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80 ° 20 were measured by the 20 scan technique. The struc- 
ture was refined by iterative least squares with the Busing, 
Martin & Levy (1962) computer program as modified by 
C. K. Johnson of the Chemistry Division of ORNL.  The 
starting parameters were taken from Weiss & Zohner (1967) 
and the results are listed in Table 1. Scattering factors for 
Na, B and F were taken from Cromer & Waber (1965). 
The quantity minimized in the least-squares program was 
.X w[lsFol-IFcl[ z with weights, w, equal to the reciprocals 
of the variances which were estimated from the empirical 
equation" crZ(Fo 2) = [T+ B +  {0"05(T- B)}z]/[A(Lp) 2] where 
T= to t a l  counts, B =  background counts, A=absorp t ion  
correction, Lp = Lorentz-polarization. The quantity 
{0.05(T-B)}2 is added to account for the presence of sys- 
tematic errors (Brown & Levy, 1964); a(Fo)=a(F~)]2Fo. 
Anisotropic temperature factors were calculated for all 
atoms and a stereoscopic pair of drawings of one unit cell 
of NaBF4 are shown in Fig. 1. 

The discrepancy index R=2~ ]lFol-lFcll/Z IFol is 0-036 
for 508 independent reflections. The standard deviation of 
an observation of unit weight, IS w(Fo-Fc)Z/(no-nv)]m, 
where no is the number of reflections and nv, the number of 
variables, is 2.048. The interatomic distances and F - B - F  
angles are listed in Table 2 and the observed and calculated 

N a  
B 
F(1) 
F(2) 

x y z Bl1"[" 
0"0000 0"6552 (2) 0"2500 0"0136 (2) 
0.0000 0-1608 (3) 0.2500 0.0085 (3) 
0.0000 0.2920 (2) 0.08458 (0.9) 0.0185 (3) 
0.1644 (1) 0.0312 (2) 0.2500 0.0121 (2) 

* The number in parentheses is a x 104. 

Table 1. Lattice and atomic parameters* for NaBF4 
Space group Crncm. 

a0 =6"8368 (9) A, bo=6"2619 (7) A, c0=6"7916 (4) A. Calculated density 2.5075 g.cm-3. 

f l22  f l33 i l l 2  i l l 3  
0.0121 (2) 0.0089 (2) 0.0000 0.0 
0.0078 (3) 0.0076 (3) 0.0000 0.0 
0.0137 (2) 0-0087 (2) 0.0000 0.0 
0.0156 (3) 0.0201 (3) 0.0054 (2) 0.0 

t Coefficients in the temperature factor; exp [ -  (ill i h2 + f122k 2 + fl33/2 q- 2ill 2hk + 2fll 3hi+ 2f123kl)]. 
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Fig. 1. A stereoscopic pair of drawings of the unit cell of NaBF+. The unit cell is outlined and has been tilted - 1 5  ° around the 
x axis and - 3 0  ° around the y axis of the drawing. 
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Table 2. Interatomie distances and F - B - F  angles for NaBF4 
The number in parentheses on the interatomic distances is tr × 104 and on the angles tr x 10. 

2[Na-F(1)] 2.2963 (0.7) ~ 2[Na-F(2)] 2.609 (2) A 
2[Na-F(2)] 2.4224 (O.8) 2[B-F(2)] 1.386 (2) 
2[Na-F(1)] 2.537 (2) 2[B-F(1)] 1.392 (2) 
F(1)-F(1) 2.247 (2) F(1)-F(1) 2-848 (2) 
2[F(1)-F(2)] 2.279 (2) 2[F(1)-F(2)] 2.9619 (0.9) 
F(2)-F(2) 2-248 (2) 

F(2)-B-F(2) 108.3 (2) ° 4[F(2)-B-F(1)] 110.21 (0.3) ° . 
F(1)-B-F(1) 107.7 (2) 

Table 3. Observed 
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12 83 L83 ~ 20 18 

0 2 59 - 6 0  0 26 -Z8  
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and calculated structure factors x 10 for NaBF4 
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, 1 ` ,  i • o ~! 3 4:*2 $ 15` - L 4  2 
47T - 4 7 4  0 1o L22 1 37 39 3 22 

4 2 4 3 - Z 4 S  4 0 L ~ ~ -L8" ; b L 4 
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6 L76 181 ~ 23 25 4 45 - 4 2  6 6 0  
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11` L b ~ ZUL - 2 0 7  8 09 68 
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structure factors are listed in Table 3. An extinction correc- 
tion was made on Fo by the method suggested by Zacharia- 
sen (1967). The extinction correction has been incorporated 
into the general least-squares program by C. K. Johnson 
of the O R N L  Chemistry Division. 

The BF4 tetrahedra are slightly irregular with two F-(1) 
ions 0.006 A more distant from the B 3+ ion than the two 
F-(2) ions (Fig. 1 and Table 2). The Na ÷ ions are coordi- 
nated by 8 F -  ions which are at the comers of an irregular 
polyhedron which is neither a cube nor antiprism. The 
Na  + polyhedron shares opposite edges with BF4 tetrahedra, 
four comers with BF4 tetrahedra and edges with two other 
Na  + polyhedra. The Na+-F  - distances vary from 2.2963 
to 2.609/~.  
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