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The Crystal Structure of Trimethyloxosulfonium Fluoborate [(CH3)3SO]+BF7 
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Department of Chemistry, University of California at Los Angeles, Los Angeles 24, California, U.S .A.  

(Received 8 August 1962) 

Crystals of [(CH3)3SO]+BF~" are orthorhombie with unit  cell dimensions 

a=11.49_+_0.01, b=ll .80+_0.01,  c = 1 1 . 5 8 + 0 . 0 1 / ~ .  

The space group is Pbcn with Z = 8. Although the [(CH3)3SO]+ ion is not  required crystallographically 
to have any symmetry, it approximates closely to symmetry 3m. The fluoborate ions are crystallo- 
graphically of two types and both are required to have the symmetry 2. However, these ions achieve 
this symmetry in a statistical (disordered) manner. 

Bond distances and angles in the trimethyloxosulfonium ion are: S-C(1) = 1.77 + 0.02 A, S-C(2) = 
1.78 ___0.02 •, S-C(3) = 1.78 ___0.02 A, S-O = 1.45 +_0-01 /~, C(1)-S-C(2) = 106.8 _0.8 °, C(1)-S-C(3) = 
107.2 _ 0.8 °, C(2)-S-C(3) -- 105-1 _ 0.8 °, C(1)-S-O = 112.6 _ 0.7 °, C(2)-S-O = 112-1 +_ 0.7 °, C(3)-S-O 
= 112.7 _+ 0.7 °. 

Because of the disorder, it was not possible to obtain accurate bond distances and angles in the 
fluoborate ions. 

Introduction 

The crysta l  s t ruc ture  of t r imethyloxosul fonium per- 
chlorate has been repor ted by  Coulter, Gantzel  & 
McCullough (1961, 1963). At  the  t ime i t  became 
apparen t  t h a t  the  perchlorate  is disordered, the  s tudy  
of the  f luoborate  salt  was unde r t aken  wi th  the  hope 
t h a t  i t  would be ordered and  thus  permi t  a more 
accurate  de te rmina t ion  of the distances and angles in 
the (CH3)3S0 + ion. Al though i t  was found t h a t  the  
f luoborate  salt  was even more disordered t ha n  the 
perchlorate,  the distances and  angles in the (CH8)3S0 + 
ion are in excellent agreement  wi th  the values found 
in the perchlorate  and the  s t ructure  reported for this  
interest ing ion in the  previous paper  is confirmed. 

Experimental  

The prepara t ion  of t r imethyloxosul fonium f luoborate  
has been described by Smith  (1959) who k ind ly  
supplied the analyzed sample used in this s tudy.  

Crystals  sui table for the  X- ray  work were grown by 
the  slow evapora t ion  of solutions of the salt  in acetone, 
in which i t  is only  s l ight ly  soluble. 

Weissenberg and  precession photographs  about  the  
c axis of the  uni t  appear  much like those of the  per- 
chlorate. However,  on closer inspect ion i t  was apparen t  
t h a t  the  f luoborate  has or thorhombic  ra ther  t han  
te t ragona l  symmetry .  The la t t ice  constants  are: 

a--11.49_+0-01, b = l l . 8 0 + 0 . 0 1 ,  c - -11 .58_0 .01  

based on C u K a = l . 5 4 1 8  /~. The only  sys temat ic  
absences are Okl with k odd, hO1 with 1 odd and h/cO 
with  h + k  odd. The space group was accordingly 
assumed to be Pbcn. The f lo ta t ion  dens i ty  of the  
crystals was found to be 1-52 g.cm -3 while t h a t  
calculated for Z = 8  is 1-523 g.cm-a. 

The in tens i ty  da t a  were ob ta ined  from sets of 
mult iple-f i lm Weissenberg photographs  about  the  b 
and  c axes prepared wi th  Cu K a  radiat ion.  The crys- 
tals  were about  0.18 mm by  0-20 mm in cross-section 
and  the corresponding value of /~R for copper radia- 
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tion was 0.36. No corrections for absorption were 
made. The intensities were estimated visually by 
use of a calibrated intensity strip prepared with the 
same crystal and were corrected and correlated in 
the usual manner to give klFo [ values. Some 520 
unique reflections were observed. Within this range 
there were some 280 lattice points other than space 
group absences for which intensities were below the 
observational limit. 

Structure  de terminat ion  and re f inement  

Unsharpened and sharpened three-dimensional Patter- 
son summations were computed. On the assumption 
that  the strongest maxima were due to sulfur-sulfur 
interaction, these atoms were placed at 0.21, 0.20, 0.05. 
Although further information might have been ob- 
tained from the Patterson summations at this stage 
through considerable expenditure of time and effort, 
a three-dimensional Fourier synthesis was computed 
in which the phases were based on sulfur. If the 
anticipated similarity of the fluoborate salt to the 
perchlorate were fulfilled, then BF~-ions should be 
found near to 0, 0 ~ and 0, ½, ¼, and to positions 
related to these by symmetry. This would require 
the BF~- ions to be of two types crystallographically, 
i.e. in two sets of the fourfold positions 4c (0, y, ~, etc.) 
with symmetry 2 and with y values for boron near 
to zero and to one-half respectively. Actually the 
Fourier synthesis did show maxima which accounted 
for half of the fluorine atoms, two in each BF~ ion 
in positions consistent with the above suggestion. 
These atoms (later designated F(3) and F(6)) were 
added to sulfur to determine the phases for the second 
Fourier synthesis. Maxima in reasonable positions for 
the three carbons and oxygen about sulfur developed, 
but further three-dimensional Fourier refinement made 
it evident that  the remaining fluorine atoms and the 
boron atoms are disordered. The nature of the disorder 
is such that  the individual BF~- ions are not required 
to have any symmetry, but the crystallographically 
required symmetry, 2, is satisfied in a statistical 

manner. The fluorine atoms F(3) and F(6) appear to 
occupy nearly the same positions in the two alterna- 
tives but the positions of the remaining fluorine atoms 
are quite different. 

The final three-dimensional least-squares refinement 
and the structure factor calculations were performed 
on the IBM 7090 by means of ACA Computer Program 
No. 317 (UCLALS1) written by P. K. Gantzel, R. A. 
Sparks and K. N. Trueblood. This program minimizes 
the weighted sum of the squares of the quantity 
(KFo-GIFcl) by a full-matrix routine, where K and G 
are scale factors. The program provides for several 
weighting options and for either isotropic or anisotropic 
temperature factors on the individual atoms. The 
options selected were the weighting scheme of Hughes 
(1941) and individual anisotropic temperature factors 
of the form 

exp [ - (Bnh 2 + B22k 2 + B83l 2 -4- B12hk + B18hl + B2zkl)]. 

Unobserved reflections were omitted from the refine- 

Table 1. Atomic positional parameters and their 
standard deviations 

All values have  been mult ipl ied by  104 

Atom x a(x) y a(y) z a(z) 
S 2175 03 2028 04 0439 04 
O 2929 10 2812 11 --0146 11 
C(1) 0702 16 2302 15 0180 16 
C(2) 2431 14 0619 13 0014 15 
C(3) 2375 14 2034 17 1947 13 
B(1)* 0108 50:~ 4935 33 2466 505 

0049t 4883 2495 
B(2)* 4857 50~ 4556 31 2435 505 

4942t 4530 2493 
F(1)* 0701 50 4081 41 2692 47 
F(2)* 1110 40 4595 36 2245 46 
F(3) 0090 18 5560 18 3377 18 
F(4)* 4380 40 3670 28 2570 38 
F(5)* 3856 44 4371 38 2299 51 
F(6) 4895 18 5157 20 3396 18 

* In the  indicated general positions, these a toms  m u s t  
be given a stat is t ical  weight  of ½. 

t Coordinates which place the  B a tom equid is tan t  from 
the  four F a toms in its group. 

~: E s t i m a t e d  values. 

A t o m  Bl l  

S 067 
O 119 
C(1) 119 
C(2) 106 
C(3) 110 
B(1) 132 
B(2) a45 
F(1) 330 
F(2) 211 
F(3) 274 
F(4) 386 
F(5) 203 
F(6) 303 

Table 2. Vibrational parameters and their standard deviations 
All values have  been mul t ip l ied  b y  104 . The t empera tu re  fac tor  has the  fo rm:  

exp [ -- (Bxxh 9" + B ~ k  2 + Baals + B ~ h k  + Blahl + B2akl) ] 

a ( l l )  B22 a(22) Baa a(33) B12 a(12) B13 

033 067 033 081 004 -013 007 013 
012 114 013 143 014 --082 023 044 
018 104 019 121 022 024 029 -- 023 
016 065 013 117 016 034 023 015 
016 124 018 065 013 -- 027 035 --064 
040 067 025 040 033 * --038 
053 060 030 057 049 * -- 026 
084 203 058 239 073 243 100 -- 219 
042 171 053 257 068 244 075 251 
024 413 035 292 031 088 055 -- 077 
106 197 039 120 034 -- 436 101 041 
045 257 061 356 088 --236 095 -- 251 
027 377 031 292 031 -- 235 054 180 

z(13) 
007 
O23 
034 
032 
O27 
065 
083 
119 
079 
048 
151 
O9O 
047 

* Held  a t  zero dur ing final stages of ref inement .  

B23 
006 
047 
028 

- -  080 
- -  029 

* 

* 

062 
106 

--474 
021 
179 

-- 472 

(r(23) 
01o 
026 
035 
031 
036 

097 
O8O 
O57 
112 
107 
056 
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T a b l e  3. Comparison of observed and calculated structure factors for [(CHa)aSO]+BF~" 
W i t h i n  each group,  the  n u m b e r s  are  (left to  r ight)  h, Fo, and  J~c Those  labeled wi th  an  as ter isk  cor respond  to  the  m a x i m u m  
p e r m i t t e d  va lue  for  an  unobs e r ve d  ref lect ion,  while those  labeled E are  bel ieved to  have  been  sub jec t  to  ex t inc t ion .  Ref lect ions  

labeled * or E were no t  used to  ob ta in  the  p a r a m e t e r s  g iven in Tables  1 and  2 

~--2 ~13  0 v-8.5 
171.9 169.9 

6 ~ 0 . 9  - ~ I . 6  
8 18.4. 16.6 

lo L . . 8  17 .2  

~ 2 10 .8  -13.0 
18 .~  13 .6  

~-  1 .  L = u 
1 14 . .  13 .6  
3 2 3 . 6  - 2 7 . 1  

30 .6  30.2 
2 5 . I  - 23 .6  

9 1 , . 6  l ~ . l  
I I  11 .3  -9*9 

13 2 ll*O*L G 4 * 0  
~- t = " 

0 7 . I  - 1 . 8  
2 15Z . ,E  212 .2  
" 32 .5  - 28 .6  
6 , 7 . 3  . 7 . 9  
8 38 *9  3".8 

I0 12.5" -10.6 
12 17.7 1 5 . 8  
14. 317C~ ;127 
I 4.I*I -39.8 
3 53 .2  58 .8  
5 " 0 *6  - , 2 . 2  
7 50 *3  52 .6  
9 32 .1  - 30 *5  

I I  16.3 1 6 . "  
13 I 0 . 6 "  - 7 . 3  

K= ° .. L= o 
1 0 5 . 3  122 .2  

2 26 .1  - 27 .9  
" "0.9 44.0 
6 9*7* 1 2 . I  

11.2" 3.I 
1 12.4 I0.7 
12 11 .5 "  - 6 . ?  

K= 5. L = o 
1 4*7.3 4 6 , 6  
3 25 .0  - 29 .6  
5 68 .1  72 .1  
7 51 .5  - 56 .3  
9 28 .3  3 1 . 3  

I i  21."  -19.9 
13 11 .9  8 . ,  

K= 6. L= o 
0 16 .6  - 21 .5  

8 * 8 *  2 . 7  
18.0 20.8 

6 18 .3  1 9 . ,  
1~ 9 .7  9 . 7  

12 .3 .  -O*7  
K~2 ~ . lO* l ' •  - 3 . 1  

i 10~8. ~13.6 
3 4*3.9 , 4 . 3  

,G.3 - , , . 0  
34 .7  3 5 . 9  

9 22 .5  - 27 .8  
II 17 .2  I " . 4  

~= 8 ,  L= o 
o , 7 . 1  - " 5 *6  

"2 50.4* 51.0 
4 28 .7  - 30 .8  
6 1 7 . 6  22 .2  
8 l l . 3  - 1 2 . 9  

lO II.2" - 1 . 7  
K= 9 .  L = 0 

7 .4  7 .2  
22 .3  - 20 .9  

5 6*" 6 . 9  
7 2~.~ -23.5 
9 * 6 *9  

K= 10. L = u 
0 31 .7  27 *2  
2 29 .6  - 30 .5  
4 22*0  20 *3  
6 7 .9  - 6 . 9  

~_81111~. -1.o - , ° 
l 12.5. 11 .3  
3 12 .3 "  - 3 . 0  
5 12.O* - 5 . 9  
7 11 .2 ,  3 *2  

K= 12 t  L = 0 
0 25*3  - 25 .?  
2 22 *6  21.2 
4 1 3 . 4  - 1 3 . 8  

~.613,5~ o 7 .  
1 11.2" -2*6 
3 10.5" 2 .6  

K= 1 , .  L= o 
0 13 .0  12 .4  

K= 1.8L ~ I l l . 5  

.7:5 -.2.8 
3 33 .7  36 .0  
4 9 * 9  3 * 3  
5 19.7 - 17 .2  
6 4 1 . 1  - 38 .3  
7 26*2  25 .1  

33 .0  3 " . 2  
9 * 3  - 11 .7  

lO 17.1 -19.6 
Ii 8 * 8  8*4* 
12 17 .3  15 . .  
13 7 . 7 .  - ~ * 0  

K= 2. L = 1 
u 17 .5  1 8 . 3  

1 75 .5  - 70 .9  
2 " 6 . 4  , 3 . 8  
3 23 .5  53 .5  
4. 5 , . ,  - 56 .5  
5 29 .8  - 30 .8  
6 16 .2  - 12 .3  
7 1 4 . . 4  1 3 . 9  
8 a 7 .7 *  - 5 *0  
9 8 .6 "  - 1 . 9  

10 8 * 8 *  2*0 
I I  8*8 *  - 2 *3  
12 8 * 8 *  I * ,  

KI3  8 * 9  5 * 6  
• 3, L= 1 

28.1 28*8 
27 . ,  23 .8  

3 4*8 "  - 2 *0  
4 17 .8  12 .8  
5 23 .5  2 " . 8  
6 ~0 .2  19.1 
7 7 .4 ,  - 5 *3  
8 17 .1  - 1 7 . 8  
9 14 .8  11.,  

1(3 8 . 8  9 . I  
I I  1 0 . 6  - 4 . 8  
12 8 . , "  - 8 . 5  
13 7.4**  2 . 4  

K•  . " 1 
0 466L* 1 66 .5  

i 2 8 . 1  3 6 * 0  
55 .3  - 5 , . 0  

3 5 . 6 "  -3*3 
4 19 .8  - 17 . ,  : 
5 2 " . 1  20*3  
6 29 .2  - 31 .5  
7 7 .~ *  1 . 2  
9 10 .1  8 .3  

8 .7  - 9 . 2  
i0 8 .8 *  3 . 6  
11 1 3 . 6  l l . l  
12 7 .9 "  - 2 *3  
I 3  12 .5  - 11 . ,  

K 5. L = I 
I 8 . 7  -- l 0 * 5 l 
2 6 . 1  - 6 . 1  
3 6 .1  6 . 3  
4 16 .7  - 13 .5  
5 7 . 4  9 .2  
6 7 .4 *  - 1 . 4  
7 1 0 . 2  12 .2  
8 8 * 5  5 * 7  
9 8 . 8 *  0*5  

10 8 .8 *  - 0 . 5  
11 8*6 *  0 * 5  

2 7 .9 "  3 *5  
K 6 .  L "  1 

o 35 .0  - 34 . ,  
1 5 6 . 3  - 5 " . I  
2 1 6 . 2  15 . ,  
3 4.1 .0  3 8 . 9  
" 3 3 * 7  - 35 .0  
5 28 .4  - 30 *6  
6 12 .5  1 3 . 2  
7 13 .2  12 .9  
8 8 . 8 *  5 * 5  
9 9. I *  1 .6  

10 8 . 6 *  2 .1  
1 8 . 4 "  i - , . 3  

K- 7 •  L" 
i 6*8 *  - ' 0 * 3  

7 .9  - 7 . 5  
3 8*9  12 .2  
, 25 .8  25 *0  
5 7 . 9 *  6 . "  
6 I , . 5  - 1 6 . 3  
7 8 * 8 *  6 * 8  
8 1 3 . 2  1 3 . 7  
9 8 *8 *  - 5 . 6  

lO 10 .2  - 1 0 . 5  
l l  7*7 *  1 . 8  

K- 0 8.22.6L= 120 .1  

1 20 .1  20 *8  
7 . 7  - I 0 . 0  

3 7*9 - 7 . 2  
" 1 4 . 1  I0 .5  
5 1 " . 6  1 5 . 3  
6 8 . 8 "  1 .5  
7 12 .5  - 3 * "  
8 8 * 8 *  4 .5  
9 10.3 -2.6 

K I0= 9 .7L9"= 1 l *O  

8 * " *  3 *5  
8 *3  9.1 

3 8 . , *  - I . 0  
, 19 .2  - 21 .3  
5 10 .7  7 .6  
6 1 9 . 7  1 9 . 9  
7 8 . 7  - 10 .3  
8 15 .8  - 14 .9  
9 7 . 9 *  1 . 9  

K= 1o .  L = 1 
0 8 *8 *  - 0 * "  
i 8 . 8 *  , * 6  

8 . 8 "  . . 7  
3 8 * 8  - 9 . 3  
, 8 .8 *  - 1 . 7  
5 8 *8 *  0.7 
6 8 .8 *  1.7 
7 8 .8 *  - 3 . 0  
8 7 .9 *  1.O 
9 6 .8 "  3*8 

IK= 11 •  L = 1 
1 8 *8 "  - 3 *b  

8 . 8  - 8 . 0  
8 . 8 *  2 .6  

. 1~ .7  1 , . b  
5 8*5  - 8 . 7  
6 I I . 5  - 1 4 . . 5  
7 7 .7 .  2 * ,  
8 9 * 8  1 1 . 9  

K= 12. L = l 
o 8 .6 "  - I . 9  
l 8 . 6 "  - 3 . 4  

8 .6 "  2 *3  
8 . 4 .  5.1 

, 8 . 2 "  - 2 . 6  
5 7.9* 1 .8  
6 7 .4 ,  2 . 2  

K- 1 3 .  L "  1 
I 7 . 4 *  -I.7 

7 .4 *  5 . 0  
6 .8 *  - 4 . 0  

4 6 . 8 "  - 7 . 8  
5 6 *3 *  1 . 9  

K 6  5 * 9  9.2 
0. L• 

89*7  7 7 , 8  
221 .9  - 218 .3  

3 4 7 . 7  4 8 . I  
, 60 .9  58 .3  
5 2 0 . 6  - 2 2 . 1  
6 3 7 . 0  - 3 4 . 1  

15.1 2 1 . 3  
1 5 . 2  - 25 .0  

9 1 0 . 8 "  4*6  
IO 32 .4  9 . ,  
I I  12 .5 .  -4 * .3  
12 12 .5 ,  -14.0 
13 1 3 . 8 "  5 * 9  

KI4 9 . 9  2 1 1 . 9  
= I .  L=: 

I 1 4 . 9  1 6 . 5  
2 5 .8  - 5 . 7  
3 16 .2  - 18 .7  
4 7 * "  7 . 0  
5 17 .8  18 .3  
6 9*7 - 9 * 6  
7 1 8 . 3  - 1 8 . 5  

1 0 . 5 "  6 . 0  
1 2 . 9  1 1 . 8  

lO 1 2 . 5 "  - 4 . 2  
l l  1 2 . 5 "  - 5 * 6  
12 1 2 . 0 "  2 .4  
13 10 .8 "  3*2 
14 8 * 8 *  - 0 *8  

K= 2 .  L = 2 
0 165 .5  - 206 .8  
1 5 6 . 6  5 3 * 8  
2 3 6 . 5  - 1 3 . 0  
3 33*4  - 31 .6  
4 10 .9  - 13 .9  
5 31 .1  2 9 . 9  
6 10 .7  - 2 *6  
7 9*7* - 0 *6  
8 1 0 . 8 "  11 .7  
9 1 1 . 9 "  1.0 

lO 22 .3  - 22 .2  
11 12 .5 "  3 *3  
12 l l . O  14 .5  
13 10 .5 "  - 5 *5  

KI4 12 .6  - 1 1 . 7  
= 3. L = 2 

1 13 .2  - 13 .4  
i 17 .0  19 .0  

27 .7  29 .8  
4 15.4 - 15 .6  
5 4 , . 1  - " 4 . 6  
6 21,9 21 .0  
7 35 .3  33 .9  
8 15 .4  - 15 .7  

1 8 . 1  - 1 8 . 3  
1 8 * 4  10 .9  
11 8 *2  11 . ,  
12 11 .7 "  - 5 . 7  

K13 l O . l .  - 3 * 8  

- , •  L = 269 .4  74 .1  
20 .6  - 1 9 . 9  

2 1 6 . 2  - 1 4 . 6  
12.0 9 .1  
14 * l  9 . 6  

5 9*9 - 1 0 . 2  
6 17 .4  - 22 .5  
7 10 .8 -  3 * 9  
8 23 *5  - 23 .3  
9 12.5" O * l  

10 12 .5 .  7 . 0  
11 12 .5 "  -1.9 
12 1 1 . 5 .  - 5 . 7  

~ 3 9 .5 *  2 *3  
K 5 t  L= 2 

l 20 .1  2 0 . 9  
2 7 .9  - 9 . 9  
3 51 .3  - 50 .6  
4 25 .5  23 .6  
5 3 . . 9  33 .3  
6 20 .2  - 20 *6  
7 38 .4  - 39 *8  
8 1 9 , 3  18 .6  
9 2 , . 4 *  25 .5  

l o  12 .0  - 11 .2  
II 1 3 . ~  - 12 .3  
12 6*9 7 . 1  
13 8 .8 *  , * 5  

K• 0 6*  L" 2 
I I . 9  - 13 .1  

i 12 .0  - 9 , 2  
7.8;: 2 5.8 

13 .2  - 23 .1  
2 11 .8  11 .6  
3 15 .5  23 . .  
4 10 . "  - lO .4 .  
5 24 ,4  -26.9 
6 16.1 16.0 
7 4.i;~ 39.7 
8 11 - 1 1 . 6  
9 I I . 7  - 1 " . 0  

10 ' I  1 . 9 *  8 .6  
I I  1 0 . 8 "  9 .2  

112 8 8 L :  . . . .  I 

0 Z 4 . 2  - 27 .5  
i 20 .8  19.4.  

30 .8  32 .7  
3 17.1 - 1 5 . 6  
4 27 .3  - 28 .8  
5 11.7, 8 . 7  
6 12 .5 "  10 .5  
7 12 .5 *  - 4 . 2  

12 .5 "  - 3 . 5  
12.0" - 0 . 8  

lO 1 1 . 2 "  0 .6  
K= 9. L • 2 

1 17 .7  16 .7  
2 1 1 . 3  - , * "  
3 12 .5 "  - 2 . 6  
4 12.5" 4 .3  
5 22 .2  20 .2  

K = 1.  L = 3 
I 35 .0  - 33 .9  

21 .6  - 21 .6  
23 .9  27.6 

4 2 0 . 5  - 1 4 . . 0  
5 3 " . 5  - 3 7 . I  
6 18 .0  - 16 .8  
7 32 .0  33 .5  
8 1 6 . 7  17 .2  
9 21 .3  - 21 .3  

10 6 .5  - 8 . 4  ] 
11 12 .3  12.3l 
~2 1.o;: 382  

K 2 
0 77 .6  - 88 .4  
I 36 .4  - 34 .6  
2 4 .0 "  4 . 6  
3 4 .8 *  1 . 4  
4 4 .8 "  2 . 0  
5 2 1 . 3  - 20 .1  
? 1 7 . 7  1 8 . 8  

7 . , *  5 . 4  
8 7 . 9 *  I *0 
9 8 . , "  1 .6  

10 8 .8 *  - 6 . 7  

K 11 3 9L 3 "  3 -3 "2  

1 19.8 20 .1  
1 3 . 6  7.7 

3 16 .9  - 1 5 . 4  
4 17 .4  14 .8  
5 22 .2  22 .1  

6 * 8 *  4 . 1  
25 .3  -26.3 

8 8 . 6  - 8 , 2  
9 17 .0  12 .0  

10 9 . 1 "  1 . 9  
K= 0 4 .  L = 3 

16 .5  1 8 . 0  
1 26 .?  - 1 8 . 5  

39*2  - 36 *8  
3 6 .O  5 .2  
4 " 8 . 5  " 6 . 5  
5 1 0 . 4  -11.5 
6 7 . 1 "  - 1 . 8  
7 7 *7 *  9 *6  
8 1 1 . 9  - 8 * 6  
9 12 .5  - 1 1 . 9  

K10 9.1" 3 " . 5  
= 5 ;6L=  

1 I 12 . .  
i 5*9 *  - 5 . I  

12 ,9  IZ *O  
" 17 .8  - 16 .2  
5 8 * 2  - 7 . 7  
6 7 .7 *  - 2 . 8  
7 B .2 *  2 . 6  
8 8 * 6 *  I . I  
9 9 c y  3 1  

K=O 5 1 . 8  - 4 9 . 1  
i 27 .4  - 25 *6  

3 , . 7  34 .2  
3 6*8 *  0 * 7  
, 1 7 . I  - 1 7 . 0  
5 18.1 - 1 9 . 7  
6 8 .2 *  , . o  
7 8 .4 *  2 *7  
8 8 .8 *  - 6 *0  
9 9 . 1 "  2 .7  

K= 7 .  L= 3 
7 . 1 "  4 * 9  
7 . , *  - 3 .~  

3 7 . , .  2 . 8  
. 17 .4  17. 
5 1 , . 9  - 14 .4  
6 15 .~  - 13 .2  
7 8* * 6 . 6  
8 9 . I *  6*7  

K= 8 .  L • 3 
0 15 .2  13 .2  
21 7 .9 *  3 . 8  

25 .0  - 20 .8  
3 7.9" - 0 . 3  
, 8 . , *  6 . I  
5 8 . , *  , . ,  

13 .0  - 9 . 7  
9 . 1 "  - 0 . I  

K= 9. L "  3 
1 8 .4 "  1 . ,  

8 . 4 -  6 . 7  
14.2 - 1 1 . 8  

4 14. ,  - 12 .6  
5 14 .6  13 .6  

9 .2  10 .7  
K= 0 0 .  L = 4 

1 8 9 . 8  176 .8  
I 29 .7  - 3 6 . "  
2 77 .5  - 70 .2  
3 7 .2  12 .7  

28 .4  - 2 7 . 7  
6 38 .2  - 37 . ,  
7 1 0 . 5  - 15 .5  
8 7 .9 *  - 2 . 6  

5 .7  6 . "  
1 9.8 7 .8  
11 10 .2  - I 0 . 9  
12 7 .9 "  - 6 . 8  

K~3 I I .  3L~ , 12 .5  

I 5 .2  6 .0  
3 9 . 9  - 10 .1  

I 0 . 2  - 11 .1  
, 7 . 1  7 . 2  
5 12.5 1 3 . 6  
6 10 .3  - 9 . 3  
7 10 .7  - 12 .8  

9.4 7 .5  
8 .6 "  6 . 0  

I 0  9 . 1 "  - 5 0 3  
11 8 . 8 *  - " . 8  
12 7 .9 , ,  2., i 

K 2 .  L= 
0 6 4 . 8  - 63 .0  I 
I 23 .5  27 .9  I 
2 4 .0  3.2 I 

I 
3 8 .2  -8.6 
, 47 .0  - , 2 . 0  
5 8 . "  4 .5  
6 6 .5  - 2 . 5  
7 7 .4 ,  - 5 . ,  
8 20 .5  20 . "  
9 9 . 9  - I I . 7  

10 8 .3  - 10 .0  

K I1= 3 t 9~8= 410 .4  

i 32.6 -33.8 
3 11.2 10 .6  

15 .7  1 4 . 9  
. 26 .0  - 24 .8  
5 20 .6  - 22 .7  
? 22 .7  23 *0  

1 9 . 7  2 0 . 3  
9 1 8 . 9  - 1 9 . 6  

1 3 . 3  - 1 3 . 0  
10  1 0 . 6  1 1 . 6  
i i  8 . 6 "  4 5 . 7  

6 1 0 . 0  
1 9 . 8  - I 0 . I  
2 47 .4  - , 2 . 8  
3 5 .6 "  5.1 
4 9 . "  - 5 . ,  
5 4 . 6  - 5 . 6  

5 . 0  0 . 8  
7 8 .2 "  0 . 0  
8 8 . " "  - 4 . 3  

9 . 1 "  4 . 8  
io. 5.9t~" 5.3 

1 " . 0  4 5 .0  
24 . ,  - 22 .2  

3 25 .9  - 25 .0  
4 1 9 . 7  18 .2  

21 .2  2 , . 0  
27 .2  - 28 .6  

7 28 .9  - 30 .5  
8 19 .6  20 .9  
9 9 .2  1 0 . 9  

10 12 .0  - 1 4 . 9  
II 11 .1  - 7 . (  

2 9 . 6  6 .8  
K 6 t  L = '~. 

0 29.8 - 26 .6  
1 1 3 . 3  - 9 . 9  
2 ".6 - 3 . 2  
3 12.6 13 .9  
4 7 . , .  2 . 9  
5 7 . 7 "  0 .1  
6 I I . 0  9 .9  
7 8 . 8 .  3 . 1  
8 9 . I "  2 .3  

K=9 8 .8 "  2.0 
7* L = 

1 2 0 . 8  -~20 .6  
2 11 .2  9 .7  
3 8 . 9  I 0 . 7  
4 17 .8  - 15 .9  
5 2 6 . I  -27.2 
6 1 6 , 2  1 8 . 0  
7 11 .7  13 .0  
8 14 . .3  - I ~ . 0  
9 13 .8  - 12 .6  

K = 8 .  L = 4. 
0 Z 2 . b  - 21 .5  

19 .2  1 8 . 3  
22 .3  2 " .~  

3 17 .5  - 17 .3  
. 15 .O  -17 .~  
5 8 .2  6 .5  
6 8 .3  9 .0  
7 8 .8 "  0.4* 
8 8 , 6 *  - 8 . q  

K= 9*  L = 4 
1 7.9" - 3 . 0  

8 .4 "  - , . 7  
17 .4  - 15 .9  

, 8 . , "  5 . 8  
5 8 . 4 "  - 3 . 0  

5 .8  - 6 . 8  
1 3 . 8  - 12 .7  

K= 10 .  L = , 
o 8 . 2  6 .7  
i 1 7 . 6  - 1 7 . 5  

11 .7  - I 0 . ,  
3 1 4 . 4  1 3 . 0  
. 8 . 8 *  4 .6  

~511.8;y .5"2 
1 1 o . o  - 1 0 . 4 .  
2 8 .6 "  1 . 0  
3 8 . 8 "  - 3 . 9  

K= 12 .  L = , 
0 10 .9  - 1 0 . 8  
1 13 .3  1 4 . 9  
i 1 0 . 7  7 . 8  

110~4  - 1 1 . 5  
Ko • = 5 

1 20 .1  - 21 .2  
2 5 . 6  - 7 . 5  
3 35 .7  37 .8  
, 12 .6  - 1 2 . 2  
5 41 .0  - 4 3 . 6  
6 6 .6 *  - 4 . 8  
7 44 .6  43 .q  
8 4 . 9  7 . 1  
9 22 .0  - 26 .6  

K = 2 t  L = 5 
i 2 0 . 7  1 8 . 3  

5 7 . 7  59 .7  
20 .2  22 .3  
22 .8  - 19 .8  

5 1 3 . 8  - 14 . . 2  
6 6 .6  7 .8  
7 8 .2 "  6.3 
8 8 . 4 "  4 . 5  
9 8 . 8 "  - 5 . 3  

K= 3 .  L = 5 
1 10 .2  11 .0  

4 . 8 "  4 .6  
32 .1  - 2 9 . 6  

, 15 . ,  15 .9  
5 22 .5  25 .~  
6 6 . 8 0  1 . 5  
7 2b.5 - 2 9 . 1  
8 . 7 . 9 "  - Z . O  
9 1 6 . 6  1 6 . 0  

K= 0 4t90.4L= 5 9 1 . 5  

1 3 .2  2 .8  
2 32 .9  - 26 .3  
3 15 .5  15 .6  
4 30 .2  2 9 . 1  
5 7 .4 *  4 . 6  
6 8.6 - 9 . 6  
7 7 ,9 -  - 0 . 9  
8 8 .8  3 .6  

~= 5 .  L = 5 
I 1 8 . 6  - 19 .6  
2 6 .3 "  - 2 . 1  
3 6 .3 "  - 0 . 2  
, 10 .2  - 6 . 3  
5 6 . 8 "  - 4 . . o  

7 . 7 *  1 . 5  
9 .6  8 . 0  

K=8 9 . 1 "  " . 1  
6 .  L= ~ 

~0 .4  3 , . 4  
11 .5  - 1 3 . ~  
53 .7  50 .0  
12 .3  14 .2  

, 20 .8  - 21 *6  
5 1 2 . 6  - 12 .1  
6 19.9 21 .7  
7 8 .4 "  7 . 5  

~ = 8  1 0 . 3  i 0 * I  
7 t  L = 5 

1 7 . 4 * -  0 . .  
2 7 .4 *  - - 2 . 6  
3 13 .2  12 .1  
4 8 .4 * "  8 . 8  

8 .8 "  - 7 . 7  
9 .1 "  - 3 . 8  

K= 0 8 .  L = 5 
37 .5  35.5 

1 7 . 9 "  3 . 6  
i 12 .9  - 9 . 3  

7 .9 "  3 . 7  
4 18 .2  18 . "  

K =5 9 •9~1"=  5 5 . 8  

1 7 .2  6.I 
2 8 . , *  - 0 . 6  
3 7.2 - 9 . 2  
4. 8 . 4 . *  - 6 . 1  
5 l a . 5  16 .6  

K-  u .  L •  6 
U 36 .7  35 .0  
i 7~., - 66 .6  

12 .6  - 21 .5  
3 43 .8  3~ .8  
, 37 .5  3,.9 
5 30.1 - 26 *b  
6 13 .~  - 8 . 7  
7 1 , . o  17.. ' -  
8 8 . 8 *  - 3 . 6  

K= I .  L "  6 
I 6.3" I * ~  
2 6 . 3 "  - 3 . 8  
3 6 . 8 *  - , . 7  
4. 1 1 . 3  1 0 . 7  
5 7 . , .  3 . 1  
67 1 1 . 3  - 1 1 . 3  

8 . 4 .  - 1 . 8  
8 8 . 8 "  8 .9  

~ •0  2 .  L "  
12 .3  - 6 1 5 . 8  

1 4*..3.9 4 5 . . ' .  
2 16 . ,  12*b  
3 29 .3  - 3 1 . 1  
4 17 .0  17 .0  
5 28 .2  26 .8  

8 .2 "  0 . 6  
7 8 . . "  - 2 .~  
8 8 .8 "  3 . 8  

~ -  3* L "  6 
I 9 .7  12 .0  
2 18 .1  20 .?  
3 8.4* 11 .1  
" 1 8 . 8  - 20 .6  
5 7 . , "  2 . 3  
6 2 , . 7  27 .3  
7 7 . 9 0  5 . 8  

K 8 1 9 . 0  21 .6  
4 .  L "  

U 28 .3  27 .9  
1 Z0 *6  - 21 .3  
2 6 .8 "  5 . 7  
3 6 .8 *  3.4. 
4 7 .4 . *  2 . 2  
5 1 2 . 3  - 15 .5  
6 11 .9  - 8 . 7  
7 8 . 8 *  1 . 5  

8 5 9 L I e  6 -8 .3  
K= . . 

i 2 2 . 1  2 2 . 3  
1 8 . 5  - 1 5 . 9  

3 6 .8 "  , . 9  
4 30 .0  27 .2  
5 7 .90  8 .7  
6 33 .7  -Z~)*9 
7 7 .4 * -  O .2  
8 2 8 . 8  Z5.4.  
9 6 . 8 "  1 . 2  

I0 l I 9 L  3 715 .2  
K -  * - 

i 21.6 - 2 2 . 9  
9 .7  8 . 0  

3 24 .5  24 .2  
4 24 .4  - 26 .0  
5 31 .5  - 32 .8  
6 16 .8  17 .1  
7 32 . ,  34 . .  
8 7 . , *  - 13 .1  
9 20 .8  - 20 .3  

IO 8 .4 "  10 .2  
K I I  12 .4  12 . ,  

• 2 *  L = 7 
0 5 9 . 4  - 6 " . 0  
1 9 .9  8 .7  
2 1 3 . 1  7 . 3  
3 8 .5  - 10 .9  
4 2 3 . 1  - 2 4 . . 8  
5 8 . , *  3 . 8  
6 8 .4 .  8 . 0  
7 8 . 8 *  2 .6  

K 8 9 .1 "  - 3 . 5  
3 t  L = 7 9 .6  

1 11 .6  
2 7 .4 "  - 6 . 3  
3 1 8 . 5  - 19 .3  
4 17 .3  17 .7  
5 17 .7  20 .3  
6 13 .2  - I " . 5  
7 23 . ,  ~23.6 

K= 4 .  L = 
0 26 .8  25 .6  
1 32 .5  - 35 .6  
2 4 8 . 5  - 5 3 . 8  
3 27 .2  28 .2  
4 27 .1  23 .1  
5 12 .6  - 15 .5  
6 19 .3  819 .7  

K= o .  L= 
12 .2  6 .5  
2 , . 6  -21.3 

i 33 .8  30 .7  
1 5 . 6  1 3 . 0  

4 8 . " "  - 1 3 . 1  
5 15 .2  - 1 3 . 8  
7 15 .6  11 .3  

9 . 1 "  - 1 . 0  

K= 8 1 *9~1"= 8 -0 .9  

7 . 7 "  2 .3  
7 .7 "  - . . 6  

3 7 .9 "  3 . 1  
" 8 . 2 "  3 *T  
5 8 . " *  - 3 . 3  

6 8 . 8 .  -".I 
7 9 . 1 *  0 . 8  

K t 8  2 o - 9 ; 1 "  8 4 . 0  

O 3 6 . 1  3 3 . 1  
1 1 7 . 9  1 8 . 6  
2 14 .3  - 20 .7  
3 7 .9 "  - 2 . 8  
" 28 .6  25 .5  
5 1 2 . 5  1 0 . b  
6 6 ,8 "  - 6 , 3  
7 7 . . *  - 0 . 3  
8 I , . 7  1 3 . 8  

~= 3 .  L = 8 
7.9. - 8 . 2  
8 .2 "  7 . 1  

3 8 .2 *  - 12 .1  
, 8 . , .  - 1 0 . I  
5 8 . 8 "  7 .5  

9 . 1 "  1 3 . ,  
9 . 3 *  - 1 1 . 5  

8 9 .5 .  - 10 .0  
K-  , .  L -  8 

0 7 .9 "  3 . 2  
1 7 . 9 *  -6.3 
i 1 8 . 0  16 .9  

7 .9e  6 .3  
, 8 . , *  0 . 5  
5 8 . " *  - 2 . 9  
6 12 .6  11 .5  

K = 5. L = 88 .3  
i 7 . 9 .  

9 . 5  - I 0 .  I 
3 7 .9 "  2 . 9  
. 11 .8  10.9 
b 11 .5  - 14 . . ,  

13 .5  - 15 .0  
7 .9  7 .1  

8 12 .6  1 1 . 1  
9 9 .9  - 11 .0  

1~ 6 .1  - 7 . ,  

K= 1 .  L -  9_5 .0  
8 . , *  
8 . 4 . *  8 . 2  

3 12 *b  13 .0  
16 .5  - 1 9 . 1  
10 .5  - 11 .7  

6 15 .8  17.0 
7 14. .6 14 . .8  
8 11 .1  - IZ .5  
9 8 . " *  - 6 . 6  

10 9 .9  9 .2  
K=  2 • L = 9 

o 8 . , -  2 . 6  
1 1 0 . 7  1 0 . 4 .  
2 1 1 . 8  1 2 . 9  
3 8 .6 "  - 9 . 9  
4. 8 . 8 -  - i . 4 .  
5 9 . 1 "  1 .3  

6 3,9CY 9 1.1 
I 8 . 6 "  1 2 . 7  
2 8 .6 *  - 5 . 8  
3 8 . 8 "  - 3 . 6  
4 8 .8 "  1 , . 6  

K=5 9 . 1 "  9 . 6  
4 .  L = 9 

0 20 .7  1 9 . 4  
I 2 6 . 0  - 2 7 . 7  
2 8 . 4 -  - 5 . 3  
3 2 6 . 3  2 4 . 1  
4 8 . , *  6 .3  
5 15 .4  - 14 .5  

K = O .  L I IO 
O 28 .9  - 2 1 . 9  
1 8 . 8 "  - 5 . 8  
2 8 .8 "  - 1 . 1  
3 8 . 8 "  - 2 . 2  
4 1 6 . 1  - I I . 8  

K= I .  L = 10 
0 8 .8 "  0 . 0  
21 8 .8 *  - I . 6  

9 . 1 "  - 0 . 7  
3 9 .1 *  1 . 9  
" 2 9"1"L 19 

• 10 K 
0 8 .8 *  3 . 2  
1 8 . 8 "  1 .6  
i 24 .0  - 22 .5  

9 . 1 "  1*1 
K= . - 

4 1 8 ~ 0  1 ! 1 8 . 2  
i 7 . 9 "  - 5 . 5  

K=3 13 . "  1 5 . 5  

0 010~7  12 -7 .8  

21 8 . 4 *  - o . 8  
1 9 . 7  21 .1  

0 216~1  1221 .5  

i 7 . 9 "  0 . I  
11 .7  - 10 .2  

3 7 .9 "  3 . 0  

4 411"0L 14 .7  
• • = 13 

1 13 .1  - 14 .8  
i 6 . 3 "  5 . 5  

9 .9  12 .1  

~ ' 00 ' 9L~  1 ,  
• - 11 . "  

1 12 .1  10 .1  
i 5 . 6 "  1 . 9  

I 0 . 8  - 1 0 . I  
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ment  procedures and  in computing the  agreement  
index, R=X]IFol-]Fc]I/X]Fo], but  were included in 
the  final  s t ruc ture  factor  calculations. The s t anda rd  
deviations of the  positional and  vibra t ional  paramete rs  
were es t imated  f rom the  inverse m a t r i x  of the  normal  
equations.  

The disordered t r ia l  s t ruc ture  was refined by  the  
above least-squares procedures. Ind iv idua l  anisotropic 
t empera tu re  pa ramete r s  were applied init ial ly to all 
a toms except fluorine, which, because of the  disorder,  
were assigned isotropic parameters .  However,  as the  
ref inement  progressed, anlsotropic t empera tu re  para-  
meters  were assigned to these atoms,  bu t  the  x and z 
pa ramete r s  of the boron a toms were held constant .  
During the  least-squares ref inement  the  R value was 
reduced from the Four ier  value of 209/0 down to the 
f inal  value of 10-1%. A three-dimensional  difference 
Fourier  synthesis based on the final positional and 
vibrat ional  pa ramete r s  in Tables 1 and 2 showed no 
significant m a x i m a  or minima. In  Table 3 the ob- 
served s t ruc ture  factors are compared with those 
calculated on the basis of the  final parameters .  In  
these calculations, the  following atomic scat ter ing 
factors were used wi thout  correction for anomalous 
dispersion: sulfur, those of Dawson (1960); fluorine 
and boron, those of F reeman  (1959); oxygen, Hoerni  
& Ibers  (1954), and carbon, McWeeny's  values for 
d iamond (1954). 

Discuss ion  of the structure 

Projections of the  s t ruc ture  of t r imethyloxosulfonlum 
fluoborate  on (001) and (010) are shown in Figs. 1 
and 2 respectively. In  order to minimize the com- 
plexi ty  of these figures, each BF~- ion is shown in 
only one of the two possible positions open to it 

. 

Fig. 1. Projection of the structure of [(CHz)sSO]+BF 4- on 
(001) showing only half of the unit cell in the z direction. 
Alternate positions of the atoms in the fluoborate ions are 
shown by dots. The (CH3)3SO+ ions are shaded and are 
above the mean plane of the BF 4- ions. 

- 

@ 

Fig. 2. Projection of the structure of [(CH3)3SO]+BF 4- on 
(010) showing only half of the unit cell in the y direction. 
Alternate positions of the atoms in the fluoborate ion are 
shown by dots. The (CH3).~SO+ ions are shaded and are 
above the mean plane of the BF 4- ions. 

because of the  disorder. Also the projections show 
only half  of the mater ia l  in the  uni t  cell, one layer  
of (CH3)8S0 + ions and one layer  of BF~ ions. The 
remaining half  of the  uni t  cell is, in each case, identical  
with t h a t  shown, bu t  mus t  be operated upon by  the  
space group s y m m e t r y  in order to be brought  into 
coincidence with the Figure. The bond distances and 
angles and the s t ruc tura l ly  significant packing dis- 
tances are given in Tables 4 and 5 respectively. The 
distances and angles in the (CH3)3SO + ion were 
corrected for l ibrat ional  motion (Cruickshank, 1956, 
1961) and  are in excellent agreement  wi th  the  values 
found in t r imethyloxosulfonium perchlorate  (Coulter, 
Gantzel  & McCullough, 1963). In  view of the  con- 
sistent  results from the two independent  studies, i t  
appears  quite certain t h a t  the free ion would have  
the s y m m e t r y  3m with the following distances and 
angles- S-O, 1.45 ± 0.01 A;  S-C,  1.78 ± 0.01 A;  C-S-O,  
112.5_+0-5°; C-S-C,  106-0_+0-5 ° . 

Because of the disorder in the  BF~ ions, the  com- 
puted  distances and angles wi thin  these groups have  
little significance. When the refined positions of the 
boron a toms are used, the computed B - F  distances 
v a r y  from 1.18 J~ to 1.40 J~ with a 0.08 A. However ,  
if each boron a tom is assumed to be equidis tant  
from the four  F a toms in its own ion, the B - F  distances 
are 1-30 A around B(1) and 1-28 /~_ around B(2). 
These values are considerably shorter  than  the  re- 
por ted values (1.40 _~ and 1.43/~) for the  B - F  distance 
in the BF~- ion (Tables of Interatomic Distances, 1958). 
Although some of this discrepancy m a y  be due to 
l ibrat ional  motion of the BF~-ions,  the da t a  do not  
permit  the analysis  required for such corrections. 
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Tab le  4. Bond distances and angles with standard 
deviations and corrections for implied librational motion 

(a) Trimethyloxosulfonium ion 

Uncorrected 
S-O 1.437 -+ 0.013/i~ 
S-C(1) 1.750 _ 0.019 
S-C(2) 1.758+0.017 
S-C(3) 1.762_+0.016 

O-S-C(1) 112.6 ± 0.7 ° 
O-S-C(2) 112.1 +0-7 
O-S-C(3) 112.7_+0.7 
c(1)-s-c(2) 106.8_+0.8 
c(1)-s-c(3) 107-2_+0.8 
c(2)-s-c(3) 105.1_+0-8 

(b) Fluoborate ion (I) 

Corrected 
1.45 A 
1.77 
1.78 
1.78 

B-F Range: 1.22 to 1.40 A Average 1.30 A 
F - B - F  Range: 90 to 125 ° 

(c) Fluoborate ion (II) 

B-F Range: 1.18 to 1.37/~ Average 1.28 A 
F -B-F  Range: 103 to 118 ° 

The  p a c k i n g  of t he  ions in  [ (CHs)sSO]+BFg is qu i t e  
s imi la r  to  t h a t  in  t r i m e t h y l o x o s u l f o n i u m  perch lora te .  
The  s imi la r i t i e s  are  espec ia l ly  a p p a r e n t  if  one com- 
pares  t he  p ro jec t ions  of t he  two s t r u c t u r e s  on (001). 
The  in t e r ion ic  con tac t s  in  the  f luobora te  are m a i n l y  
be tween  m e t h y l  g roups  a n d  f luorine,  as would  be 
expected .  However ,  t he re  are some C - O  s e p a r a t i o n s  
be tween  d i f fe ren t  ca t ions  which  are  sho r t  enough  to 
be cons idered  as contac ts .  All  i n t e r ion ic  C H s - C H s  a n d  
F - F  sepa ra t ions  are  g r e a t e r  t h a n  the  sums  of t he  
cor respond ing  v a n  der  W a a l s  radi i ,  4.00 _~ a n d  2 . 7 0 / ~  
respec t ive ly .  A l t h o u g h  some of t he  s epa ra t i ons  in  
Tab le  5 are less t h a n  the  sums of the  co r respond ing  
v a n  der  W a a l s  radi i ,  t h e  O or F a t o m  m a y  be ap- 
p roach ing  the  m e t h y l  g roup  b e t w e e n  h y d r o g e n  a t o m s  
so t h a t  t he  shor t  d i s t ance  is no t  unreasonab le .  Also 
the  s t a n d a r d  dev i a t i ons  of t he  C - F  sepa ra t ions  are 
so large  t h a t  t he  d i f ferences  be tween  the  v a n  der  
W a a l s  sum a n d  the  observed  s epa ra t i ons  m a y  no t  be 
v e r y  s ign i f i can t .  

Tab le  5. Interionic packing distances in 
trimethyloxosulfonium fluoborate 

C(1)-O 3.19/~ C(2)-F(5') 3.47/~ 
C(2)-O 3.34 C(2)-F(6) 3.39 
C(3)-O 3.39 C(2)-F(6') 3.49 
C(1)-F(3) 3.35 C(3)-F(1) 3.21 
C(1)-F(4) 3.23 C(3)-F(2) 3.37 
C(1)-F(6) 3.16 C(3)-F(2') 3.38 
C(2)-F(1) 3.46 C(3)-F(4) 3-09 
C(2)-F(2) 3-31 C(3)-F(5) 3.27 
C(2)-F(5) 3.37 C(3)-F(5') 3.47 

Standard deviations: 

c -o ,  0.02/~; C-F (for F(3) and F(6), 0.04 /~; 
C-F (for other F atoms), 0-09 A. 

Sum of van der Waals radii: 

CHs-O, 3.40 A; CHa-F , 3.35 A. 

The  observed  F - B - F  angles  v a r y  f rom 97 ° to  125 ° 
w i t h  s t a n d a r d  dev ia t ions  f rom 3 ° to  6 ° . I t  m a y  be 
s ign i f ican t  t h a t  the  angles  invo lv ing  the  leas t  d i s t u r b e d  
of t he  f luor ine  a toms  (F(3) -B(1) -F(3 ' )  = 108_+ 3 ° a n d  
F (6 ) -B(2 ) -F (6 ' )  = 110 + 3 °) are close to  t he  expec ted  
t e t r a h e d r a l  angle.  

The  au tho r s  acknowledge ,  w i t h  t h a n k s ,  the  f i nanc i a l  
a ss i s t ance  of t he  N a t i o n a l  Science F o u n d a t i o n  u n d e r  
g r a n t  NSF-G12884.  W e  wish  also to  t h a n k  the  
N u m e r i c a l  Ana lys i s  Resea rch  P ro j ec t  of t he  U.C.L .A.  
D e p a r t m e n t  of M a t h e m a t i c s  a n d  t h e  W e s t e r n  D a t a  
Process ing  Cen te r  for t h e  use of t he  I B M  7090 a n d  
a u x i l i a r y  e q u i p m e n t .  
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