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A de te rmina t ion  of the  S i -F  bond  distance a t  1.56± 0.01 A 
has  been made  f rom an  X - r a y  diffract ion s tudy  of single 
crys ta ls  of SiF 4 a t  --145 ° C. The s t ruc ture  of the  solid 
der ived  by  N a t t a  (1930) on t h e  basis of powder  diffrac- 
t ion  pa t t e rns  is confirmed.  These are 2 Si a t  0, 0, 0 and  
½, ½, ½, and  8 F a t  x, x, x, etc. ,  in the  eightfold positions 
of Tag--I-43m. The pa r ame te r  x -- 0.165 was de te rmined  
by  three-dimensional  Four ier  methods ,  wi th  correct ion 
for t e rmina t ion  of the  series. The X - r a y  diffract ion da t a  
are  summar ized  in Table 1. 

Table 1. Observed and calculated structure factors* 
for  SiF~ 

hk~ IFo] IF~I hk~ IFol IF~l 
110 35-6 34-0 211 26.2 26-0 
200 4"8 4-6 222 18.2 17.4 
220 19.2 20.2 321 13.4 14-4 
310 1-8 1.6 411 10.4 11.0 
400 < 1.8 0-4 332 < 2.6 0.6 
330 23.0 23.0 422 8.2 8.2 
420 10.8 10-6 431 7.0 7.8 
510 7.8 7-4 521 6.0 6.2 
440 6-0 6.0 433 < 2.6 0.2 
530 < 2.6 0.8 442 4.4 4.4 
600 9.2 8.8 611 6"0 4.2 
620 < 2-6 0.4 622 4.4 3-0 
710 3.4 2.4 631 < 2-6 0.2 
550 2.6 2.2 444 5.2 2-4 

* The temperature factor is exp (--4.1 
of R = T,[IFol-IFcIl-ZIFol is 0.064 for 
only, and 0-075 for all reflections. 

sin 2 0/~t2). The value 
observed reflections 

Previous  de te rmina t ions  of the  S i -F  bond  dis tance 
have  led to values of 1 .59/~ (Nat ta ,  1930), and  1.54/~ 
(Brockway  & Wall ,  1934; cf. Braune  & Pinnow,  1937), 
wh ich  are p robab ly  less precise t han  our value.  Wi th  the  
use of 0.71 A as a radius  for F (Andrychuk,  1951), and  
the  corrected add i t iv i ty  re la t ion  (Schomaker  & Steven- 
son, 1941), the  'normal '  single-bond S i -F  dis tance is 
1.68 /~. Of the  various explanat ions  for the  shor tening 
of 0.12 /~ in SiF4, the  one given b y  Pi tzer  (1948) seems 
mos t  reasonable to us in view of the un ique ly  high electro- 
nega t iv i ty  of F (cf. also Paul ing,  1952). E v e n  so, the  effect 
here  is r emarkab ly  large, comparable  wi th  t h a t  shown 
by  the  ions of the  general  type  XO~ n (Donohue & Shand,  
1947). 

I n  addi t ion  we have  a t t e m p t e d  to eva lua te  the  crystal  
ene rgy  by  me thods  similar to those of Hel ler  (1941) bu t  
w i th  the  use of a R -12 repulsive potent ia l ,  where  R is 
the  in te ra tomic  dis tance be tween  non-bonded  atoms.  For  
this  purpose the  values of 2~R -n have  been eva lua ted  for 

Table 2. Values of X R - n  for interactions in the SiF 4 crystal 

(Values in A-n) 

27R -6 × 10 s 2:R-S × 10 ~ 27R-~O × 10 s 2:R-~ 9- × 109 

F • ' • F 45788 39655 39365 40870 
Si • • • F 10051 4301 2004 962 
Si .  • • Si 1077 408 168 71 

the  SiF 4 crystal ,  and  since t hey  m a y  prove  useful a n d  
represent  fair ly extensive calculations we have  listed 
t h e m  in Table 2. 

Wi th  the  use of the  crude model  of a harmonic  oscillator 
wi th  a single f requency,  we have  calcula ted the  crystal  
energy  from the  expression (cf. HeUer, 1941) 

N [ _ _ _ _  E = -g 2 15 
4 e 2 f  

735 a4e 3 2835 ~5e4 ] 
32 e4f ----~ R - l ° - -  - -  - -  R-12--  J 1 6  e 6 f  3 " ' "  ' 

where  • is Avagadro ' s  number ,  ~ ( R )  is the  repulsive 
energy,  ~ is the  bond  polar izabi l i ty  here t aken  as one- 
quar te r  of the  to ta l  polar izabi l i ty  (3.32 •3) of SiF 4 and  
centered  a t  the  F atoms,  e = hv is the  energy correspond- 
ing to the  principal  specific f requency  v and  is approxi-  
ma te ly  equal  to the  ionization potent ia l  (17.4 e.V.) and  
f = 4r~me2a/e2h2= 2-26 is the  oscillator s t rength  (Mar- 
genau,  1939). The repulsive energy was es t imated  as 
Cr/R 12, with  Cr----58.1 ×10 -1° ergs A 12, from the  pair  
in teract ions  be tween  F a toms de te rmined  f rom inter- 
actions be tween  gaseous F2 molecules.  The calcula ted  
a t t rac t ive  energy of --5.9 kcal . /mole and  the  repulsive 
energy of ±1 .7  kcal . /mole thus  lead to an  es t ima ted  
crystal  energy of --4.2 kcal./mole. The observed value  is 
--6.2 kcal . /mole (Patnode & Papish,  1930). 

This ag reement  is no t  regarded  as par t icu lar ly  good, 
especially in view of the  ex t reme assumpt ion  of p lacement  
of the  polarizabil i ty of the  molecule a t  the  four F atoms.  
This assumpt ion  leads to a m a x i m u m  a t t r ac t ive  energy 
for this model .  These results  suggest t h a t  the  constants  
in the  F . .  • F in tera tomic  in teract ion potent ia l  are no t  
known  wi th  sufficient accuracy  in the  range of distances 
which  occur in solid SiF 4. Certainly the  use of the  F • • • F 
in teract ion obta ined f rom gaseous F~ in the  form of a 
Lennard-Jones  6:12 potent ia l  has proved  to be unsatis-  
factory.  However ,  if a sat isfactory potent ia l -energy  
constant  becomes available,  the  results in Table 2 wil l  
become useful. 
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