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Crystals of [(CHs)sS0]+C10 ~- display tetragonal  symmet ry  with uni t  cell dimensions a = 11.66 + 0.01 1~ 
and c = 5-99 __ 0.01 A. The space group is P421m with Z = 4. A sat isfactory tr ial  s t ructure was fotmd 
by  use of a three-dimensional Pa t te rson  summat ion  and the ref inement  was carried out by  means 
of three-dimensional difference syntheses and least-squares routine on the IBM 7090. 

The [(CH3)sSO]+ ion is required crystal lographical ly to have the symmet ry  m but  it approximates  
the symmet ry  3m. The perchlorate ions are crystal lographically of two types,  one with  required 
symmet ry  4 and the other wi th  required symmet ry  ram2. However,  the perchlorate ions of the 
second type  achieve the required symmet ry  in a stat is t ical  (disordered) manner .  

Bond distances and angles in the t r imethyloxosulfonium ion are: 

S - C ( 1 ) = l . 7 8 _ 0 . 0 1 A ,  S - C ( 2 ) = 1 . 7 6 ± 0 . 0 1 / ~ ,  S - 0 = 1 . 4 5 ± 0 . 0 1 / ~ ,  C(1) -S-C(1)=105 .8±0 .7  °, 
C(1)-S-C(2) = 105.7 ±0.5 °, C(1)-S-O = 112.1 ±0.5 °, C(2)-S-O = 114.8 ±0.6 ° . 

In  the ordered perchlorate ions: C1-O = 1.45 ±0.01 A, O-C1-O = 111-5 ±0.9 ° and 108.8 ±0.9% 

I n t r o d u c t i o n  

The syn theses  a n d  p roper t i es  of member s  of two 
series of sa l t s  fo rmed b y  the  r eac t ion  of d i m e t h y l  
sulfoxide w i t h  es ters  R X  have  been  repor t ed  b y  S m i t h  
& Winstein (1958) and by Smith (1959), One ~erie~ 
was r epor t ed  to  involve  the  ion [R(CHs)2SO] + in  
which  al l  t h ree  a l k y l  groups  are bonded  d i r ec t ly  to  
sulfur ,  a n d  the  o ther  series t he  ion [(RO)(CHs)2S] + 
in  which  the  R group is s epa ra t ed  f rom sul fur  b y  an  
oxygen  a tom.  S t ruc tu re  a s s ignmen t s  for the  two series 
of sa l t s  were m a d e  on the  basis  of p r o t o n  magne t i c  
resonance  s tudies  as well  as on chemica l  evidence.  
As a check on th i s  s t ruc tu re  a s s ignmen t  a n d  in  order  

* Contribution No. 1546 from the Department of Chemis- 
try, University of California at Los Angeles. 

to  de t e rmine  the  bond  d i s tances  a n d  angles  in  the  
i n t e r e s t i ng  [(CHs)sS0] + ion, the  p resen t  s t u d y  of the  
pe rch lora te  was u n d e r t a k e n .  

Experimental 
T r i m e t h y l o x o s u l f o n i u m  perch lora te  was p repa red  by  
Smi th  b y  the  r eac t ion  of s i lver  pe rch lora te  on the  
iodide sa l t  in  aqueous  solut ion.  The  subs tance  was 
pur i f ied  by  r ec rys t a l l i za t ion  f rom w a t e r  and  elemen- 
t a r y  ana lyses  for carbon,  hydrogen ,  su l fur  and  chlor ine 
gave  resu l t s  in  close ag reemen t  w i th  the  fo rmula  
CsH6SC1Os. 

Crys ta l s  su i t ab le  for the  X - r a y  s t u d y  were grown 
b y  spon taneous  e v a p o r a t i o n  of aqueous  solut ions.  
Precess ion a n d  Weissenberg  p h o t o g r a p h s  abou t  the  
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a and c axes of the te t ragonal  uni t  were prepared  by  
use of both Mo K a  and  Cu K a  radiat ion.  The lat t ice 
pa ramete r s  were found to have the  values a = 
11-66 _+ 0-01 and c = 5.99 Jr 0.01 ~ ,  based on Cu K a  = 
1-5418 A. The f lotat ion densi ty  of the crystals  was 
found to be 1.56 g.cm -8 and  t h a t  calculated for 
Z = 4  is 1.571 g.cm -3. The photographs  indicated a 
diffract ion s y m m e t r y  of 4/mmm and the only system- 
at ic  extinctions in over 400 independent  observed 
reflections are those for h00 with h odd. The space 
groups consistent with these observations are P421m 
and  P42~2. Since a sa t isfactory tr ial  s t ruc ture  based 
on P-421m was readi ly  found, this space group was 
t aken  as the more probable one. 

Complete sets of multiple-film Weissenberg inten- 
s i ty  photographs  about  the a and c axes were prepared.  
The a axis photographs  were prepared  with  Cu K~  
radia t ion  on a crystal  wi th  a cross section 0.16 mm 
square.  The m a x i m u m  value of #R  for these photo- 
graphs  is 0.5. A crysta l  with a cross section 0.15 m m  
by 0.24 mm was used with Mo K~ radia t ion  for the 
c axis data .  The corresponding m a x i m u m  value of 
fiR is about  0-08. Since the  m a x i m u m  difference in 
absorpt ion correction was about  12%, no corrections 
were applied. The intensities were es t imated  visually 
by use of a cal ibrated in tens i ty  str ip prepared  with 
the  same crystal  and  radia t ion  used in the  exposure 
of t h a t  film. The observed intensities were corrected 
and correlated in the usual  manner  to give a set of 
klFol values. Of some 600 possible reflections in the 
copper sphere, 414 were observed. Wi th in  the range 
covered by  these observed reflections, some 85 possible 
reflections were below the min imum observable inten- 
sity. 

S t r u c t u r e  d e t e r m i n a t i o n  a n d  r e f i n e m e n t  

The shape of the uni t  cell, the  a r rangement  of sym- 
m e t r y  elements in P-421m and the  value Z = 4  sug- 
gested a t r ia l  s t ruc ture  similar to t h a t  of CsC1 with 
a uni t  cell about  6 / ~  on an edge. A three-dimensional  
Pa t t e r son  summat ion  not  only confirmed this sug- 
gestion bu t  furnished approx imate  positional param-  
eters for sulfur, chlorine and some of the  l ighter  atoms. 
This t r ia l  s t ruc ture  places the  [(CH8)8SO] + ions on 
the mirror  planes and requires t h a t  the  C10~- ions 
be of two types.  The ions of the f irs t  t_ype are in the 
twofold positions having s y m m e t r y  4 with  C1 at  
0, 0, 0; ½, ½, 0. The ions of the  second type  are in 
the  twofold positions having s y m m e t r y  mm2 with 
C1 a t  0, ½, z; ½, 0, 5 and  with  z approx imate ly  0.9. 
Wi th  the  posit ional  pa ramete rs  from the three- 
dimensional  Pa t t e r son  summat ion  as a basis, two- and 
three-dimensional  Four ier  and least-squares refine- 
ment  procedures were employed. Dur ing this refine- 
ment ,  all a toms except  the  oxygen atoms of the 
perchlorate  group of the  second type  behaved nor- 
mally.  The indicated a toms behaved anomalously with 
respect  to both positional and vibrat ional  parameters  
and the value of R leveled off a t  20%. This behavior 

of the oxygen atoms suggested the possibil i ty t h a t  this 
perchlorate ion is disordered. Accordingly a three- 
dimensional difference Fourier ,  phased on sulfur and 
chlorine only, was computed.  This summat ion  con- 
ta ined m a x i m a  a t  reasonable positions for all carbon 
and oxygen a toms except those about  Cl(2). The point  
group s y m m e t r y  of mm2 a t  this posit ion would lead 
one to look for oxygen a toms in only two possible 
sets of positions; however,  there were no max ima  at  
ei ther of these. Ins tead ,  m a x i m a  of one-half the 
expected height were d is t r ibuted  in a way  which 
implied t h a t  this C10~- ion utilizes only the point  
group s y m m e t r y  m. The crystal  appa ren t ly  contains 
equal  numbers  of ClO~- of the second type  in each 
of two positions re la ted by the otherwise incompletely 
utilized mirror.  

The final three-dimensional  least-squares refine- 
ment  and  the  s t ruc ture  factor  calculations were 
performed on the  IBM 7090 by  means  of ACA Com- 
pu te r  P rogram No. 317 (UCLALS1) wri t ten  by  P. K. 
Gantzel ,  1%. A. Sparks  and K. N. Trueblood. This 
p rogram minimizes the  weighted sum of the squares 
of the quan t i t y  (KFo-GlFcl)  by a ful l -matr ix  routine,  
where K and  G are scale factors.  The p rogram provides 
for several weighting options and for either isotropic 
or anisotropic t empera tu re  factors on the  individual  
atoms.  The options selected were the weighting scheme 
of Hughes (1941) and  individual  anisotropic temper-  
a ture  factors of the form 

exp [ - (Bnh 2 + B22k 2 + B88l 2 + B12hk + B13hl + Bg_skl) ]. 

Unobserved reflections were omit ted  from the refine- 
ment  procedures and in computing the  agreement  
index, R=Z,]iFo]-IFcl]/Z[Fol, but  were included in 
the final s t ruc ture  factor  calculations. The s t andard  
deviations of the positional and vibrat ional  paramete rs  
were es t imated  from the inverse ma t r ix  of the normal  
equations.  

Table 1. Atomic positional parameters and 
their standard deviations 

All values have been multiplied by 104 

Atom x a(x) y a(y) z a(z) 
S 2792 03 2208 03 6133 07 
O(1) 2143 11 2857 11 4566 21 
C(1) 2576 09 0735 08 5821 18 
C(2) 2495 12 2505 12 8897 24 
CI(1) 0000 00 0000 00 0000 00 
0(2) 0997 08 0116 10 1313 23 
Cl(2) 0000 00 5000 00 9141 09 
0(3) 0178 13 6198 16 9261 35 
0(4) 0471 32 4529 32 7023 49 
0(5) 0543 39 4457 39 0965 61 

In  the final three-dimensional  least-squares refine- 
ment  the disordered oxygen atoms were pu t  in both 
positions with s tat is t ical  weights of one-half. The 
ref inement  proceeded smoothly  and R converged a t  
6.7%. The final positional and vibrat ional  parameters ,  
with their  s t anda rd  deviations,  are given in Tables 1 
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Table 2. Vibrational parameters and their standard deviations 
All values have been multiplied by 104 

The temperature factor has the form: exp[ -- (Bllh2 + B22k~-b Baa/2 + B12hk + Blahl-[- B2ak/)] 

A t o m  Bll a(11) B22 a(22) 
S 052 002 052 002 
O(1) 123 010 123 010 
C(1) 081 008 068 007 
C(2) 075 009 075 009 
CI(1) 060 003 060 003 
0(2)  165 010 150 010 
C1(2) 060 003 060 003 
0(3)  090 020 154 013 
0(4)  235 046 235 046 
0(5)  180 030 180 030 

~33 a(33) B12 a(12) B13 a(13) B23 a(23) 
183 009 014 003 - -015 011 015 011 
388 053 049 020 - -156 041 156 041 
250 032 - -027 012 --015 032 - -088 028 
214 036 - -002 016 -- 020 046 020 046 
228 013 000 000 000 000 000 000 
668 046 079 019 061 056 375 037 
240 017 - -022 006 000 000 000 000 
636 094 - -044  026 021 086 101 059 
386 087 -- 083 071 340 116 -- 340 116 
687 135 - -008 054 -- 349 126 349 126 

T a b l e  3. Comparison of observed and calculated structure factors for [ ( O H 3 ) s S 0 ] C I 0 4  

Within  each group, the numbers are (left to right) h, IFol and F c. Those labeled U were observed to be less than ]/2 t imes the 
value given or ]/3 t imes for those with  h,/c or l =  0. Those labeled E are bel ieved to have been subject to extinction.  Ref lect ions  

labeled U or E were not  used to obtain the parameters given in Tables 1 and 2 

K= 2 O, L= 026,5 12 7,3 7,3 
22,5 13 6.1 5,6 

4 l17,0E 120,9 <14 l , l U  2,2 
6 8.3 6.6 : 6, L :  0 

36.1 3 8 . 0  6 3 0 , 7  32,4 
I0 21.8 21.3 7 1 1 , 6  12.4 
12 8,6 8,3 8 16,8 16,6 

K14 115Z8 015.3 9 1,6U 2.1 
= , : 10 15,8 15.3 
1 6.I 5.4 Ii 1.6U 1,6 
2 2 4 , 3  2 3 , 0  12 8 , 9  8 . 3  
3 9 , 2  8 , 2  13 4 . 9  0 5 . 3  
4 8.6 3 , 0  C: 7, L = 
5 14.3 11.5 7 24.7 25,9 
6 23.5 21,5 8 2.8 3.6 
7 12.7 lO,1 9 14.6 15;7 
8 18.9 18.4 I0 I*6U i,9 

19 - 5,6 2,3 ii 10.8 10.9 
u 13.6 13,2 12 1.4U 1,4 

Ii 7,6 7.5 13 5.6 6,5 
12 10.8 Ii,0 K-- 8, L = 01~,2 
13 1,4U 1,6 8 15.0 
16, 6,3 5,4 9 1,6U 1.8 
~= 2, L: 0 IO 13,6 13.3 

i 121.0E 149.5 ii 1,4U 2,1 
21.6 2 2 . 5  <12 9,7C9 0 7 . 7  

4 II,0 i0,4 
5 4.6 5.6 9 10.5 10.5 
6 45.1 48,; 10 1,4U 3,3 
7 1 3 . 2  Ii.7 11 8.3 8,: 
8 28.2 27,~ K: i0 ,  L: 0 
9 6,3 1.5 I0 9 . 3  9,5 

i0 16,0 14,5 K= O, L= i 
11 1,6U 0.~ 0 3 4 , 4  35.7 
12 15.7 16.1 I 14.9 17.1 
13 1 . 4 U  1.3 2 I07.7E 139,] 

¢14 I*4U 0 1,0 3 48,1 52,3 
= 3, L: 4 8,9 6,7 

3 20,1 22 .3  5 9,6 7,8 
4. 9 . 9  5.8 6 ~8,5 49,6 
5 14,0 12.3 7 39,1 38,6 
6 16.5 16,41 8 33,6 32,4 
7 20.3 20.5 9 6.5 7,6 
8 17.2 18.4 i0 13.4 13,1 
9 12,6 12.6 ii 12.8 12.7 

10 5.4 4,9 12 16.1 16,1 
II 6.3 6,0 13 2,8 4,2 
12 10.8 9.3 14 1,4U 1.0 
13 3 , 2  4,7 15 3.5U 3 , 6  

K14 3,6 3,5 <16 8,7 I 9.4 
= 4, L:  0 = I, L = 

4 31,6 3 3 . 0  i 41,7 48.4 
5 12.7 13.1 2 32,7 32.0 
6 5.4 6.3 3 30.5 29.2 
7 9,3 7,8 4 19.5 17,8 
8 18.9 19.1 5 26.5 23,6 
9 1 . 6 U  0 , i  6 12,8 12,0 

10 17.8 18,1 7 12,1 11,2 
11 1,6U 4,2 8 16,~ 17,0 

12 6,1 6,1 9 9,2 8,1 
13 3,2 4,9 i 0 8.4 9,4 
I=4 512 3 12.8 Ii 2 .3U  0.7 

K . - L- 0 12 I0,0 9.7 
5 30.7 31.6 13 4.0 5.0 
6 8.7 7.6 I_4 2 . 4 [ 3  4 . 3  
7 16,1 16.7 K- = 1 
8 15,0 14.7 2 41,9 37.2 
9 16,1 15,8 3 16,0 12.0 

I0 6.3 6.9 4 31,0 34.9 
Ii 10.5 10.8 5 33,9 36,9 

16,4 16.7 
8.6 8,8 

8 15,4 16,J 
9 16.2 16.3 

I0 24.1 2 5 . 8  
I I  4,6 5.9 
12 2 .3U  3 . 4  
13 7,4 7,3 

14 ~4:~ i~5.3 
' =  3 

3 17,8 17.8 
4 11,8 10.8 
5 2 5 , 2  2 2 . 4  
6 13,0 ii,3 
7 15,9 14.5 

12,6 12.1 
7,9 7.1 

I0 10,3 9,7 
11 8.6 7.9 
12 6.1 5 , 7  
13 4.6 4,4 

K 14= 4.5C~- ! 4.8 

4 12.1 12.3 
5 6.3 5.5 
6 21.2 20,0 
7 19,9 20,4 
8 26.9 27.7 
9 6,3 6,9 

i0 9,0 8,8 
11 7,6 8.0 
12 14.5 14,( 
13 4,6 4,( 

<: 5, L= 1 
5 2 1 . 5  2 0 .  
6 17.1 17,5 
7 19,7 18,9 
8 1 3 , 0  12.2 
9 12.1 12.1 

I0 5.6 5.6 
11 6,9 6.4 
12 7,8 8.0 

~ 3 4,0 4,8 
K 6, L= I 

6 17,1 17,4 
7 4.0 4 , I  
8 17,1 16,9 
9 7,3 7.4 

I0 17,1 16,9 
ii 2.0U 2,0 
12 7.1 7,7 

KI3 4,9 5 . 2  

= 7[7 7 1 
7 7 18.0 

10.i 10.2 
11,2 11.6 

i 0  4,9 4 , 3  
ii 8.9 9.6 
IZ 3.2 3.0 

K= 8, L:  1 
8 23,3 23,4 
9 2 .3U  3.1 

10 I0,3 9,6 
Ii 1 . 6 U  1,9 

~2 9 85 9 6  
< • - 1 

9 9.7 9.1 
I0 1.6U 1.6 
11 4,6 4,7 

K- I0, L = i 

KIO 9,0 . i 0 ,0  

=0 0;8~=4E 2 7 9 . 9  
1 4 2 . 7  4 3 . 9  
2 3 , 2  ~ . 3  
3 7,4 6.6 
4 3 7 , 1  3 6 , 4  
5 49.6 56.9 
6 11,2 13.6 
7 13,0 11,8 
8 17.6 19,1 
9 27.4 30,I 

i0 13,4 13.5 
ii 7,8 8,6 
12 6,7 6.8 
13 13.1 13,5 
14 6,5 6.9 

<=I i ,  L= 2 
28,1 32.0 

2 I~.9 12.1 
3 12,7 12.8 
4 13,0 11.8 
5 22,0 2 0 . 6  
6 7 . 3  5.6 
7 10.5 9.9 
8 15.4 15.9 
9 4,3 5.3 

i0 7.4 7.9 
Ii 6.5 6,6 
12 4,9 4,7 
13 7~I 8,2 
14 3.2 3.3 

K= 2, L: 2 
35.3 35.4 
34,8 34,6 

4 13.0 12,2 
5 4,6 3,8 
6 2 4 . 2  2 5 . 8  
7 39,4 42.3 
8 2 2 . 7  22,3  
9 9 . 2  8,6 

i0 9,5 9.9 
II 15,2 15.5 
12 8.9 9.0 
13 3 , 2  3 . 7  

K14 1.60 3.1 

- 3 3'9L~ 210,i 

4 17~8 14,1 
5 17,7 17.5 
6 15.4 14,7 
7 1,6U 1,8 
8 ii,0 11,5 
9 Ii,9 12.6 

i0 6,9 7.8 
11 4 , 3  5,6 
12 7,4 7,7 
13 9.0 9.1 

K= ~ L:  2 
4 20,5 18.9 
5 24,6 23,9 
6 17.8 17,4 
7 14,3 13,5 
8 15,6 15.9 
9 15,8 16,4 

10 14.3 13.q 
II 4,9 4 . 8  
12 6,9 7.0 
13 9,0 9,0 

K- 5, L= 2 

5 II.0 12.2 
6 2,0U l,C 
7 13,3 12.8 
8 13.0 11.6 
9 5.& 5.2 

i0 10.5 1 0 . 6  
11 4 . 6  4 . 6  
12 1,6U 2 . 0  

K !3- 6,5Z !- 2 5.4 

6 24.0 24.7 
7 19,1 19.9 

17,8 18.9 
2.0U 2,2 

i0 14,0 1 3 , 3  
11 7,4 7,6 
12 8,9 9,3 

K= 7 7"5L ~ 2 

8 5 : 1  5,2 4.1 
9 6,9 6,9 

i0 4,6 4,6 
ii 1 , 6 U  2,8 

K !2 8,52 ~ 2 6.7 

-8 16,7 15,5 
9 5 . 1  4 . 2  

I0 1 0 . 5  1 1 . 4  
11 4,0 4,1 

K= 9, L :  2 
9 4,9 6,4 

I0 5,4 6.3 
ii 3.2 2,5 
= i0, L=  2 

KIO 7.1 7,9 

K= O, t = 3 
0 i0.8 9,8 
i 5 . 6  4,3 
2 3 , 6  3 , 9  
3 3 5 . ~  3 9 , 3  
4 17.6 18,3 
5 I,�U 1,8 
6 10.3 8,8 
7 39.7 41.4 
8 9,5 8,9 
9 6,5 6.0 

I 0  4,9 5,0 
ii 15.6 15,3 
i~ 1.6U 0,2 

13 1 I[6U 3 3.3 
K- = 

1 ~2.0 29.9 
2 24,5 24,5 
3 2 4 . 2  2 3 . 0  
4 18.4 17,0 
5 20,1 22.7 
6 21,1 2 2 . 7  
7 15.0 15,9 
B 15,5 16,0 
9 5.6 5 , 1  

13 13,0 12,6 
Ii 5.9 5,0 
12 7,3 6,0 

K}3 4,9 4,9 -2;y3 
2 3 0 1 5 , 2  
3 10.4 8.4 
4 10.8 12,0 
5 28.6 3G.2 
6 16,1 16,~ 

7 10.6 10.3 
8 9,0 9,7 
9 19,31 19,2 

Iu 6, 5.7 
11 2,0U 3.1 
12 7.4 7,3 
13 I0,i 9,6 

K= 3 ,  L= 3 
3 15.6 14,9 

19.4 19,~ 
5 23.6 24.2 
6 16.4 14,7 
7 10,3 9,9 
8 16.1 15,1 

19 I0,4 i0,i 
ii,9 11,7 

ii 2 ,0U 2 , 2  
12 4 . 3  4 , 0  

3 6,9 7.0 
K 4 ,  L = 3 

4 19.6 20.5 
5 7,9 7.I 

13.9 14.1 
7 2 3 , 1  2 3 . 5  
8 1 2 . 1  11, i  

19 2,0U 4 . 3  
7.1 6.9 

11 10,4 9.7 
12 5.1 4,5 

K: 5 5, L = 3 
17.8 18,5 

6 16,5 16,0 
7 15,7 16.4 
8 13,0 12,0 
9 2,0U 2.7 

I0 4,9 4,4 
11 9.5 8.6 
12 7.8 3 8.0 

K= 6 6, L = 
15,0 16.4 

7 2 ,0U  4,4 
8 13.0 12,8 
9 9,3 9,3 

I0 8.6 8.5 
11 1,6U 2.7 
12 6,9 7.1 

K= 7 7,8L 1 3 7,1 

8 I0:3 9,2 
9 10.5 iO.l 

i0 6.1 5.2 
11 1.6U 2,5 

!2 8 Iz6U 3 0.8 
K- , = 

8 10,5 i0.0 
9 6.3 5,7 

1::' 7.6 7.4 
K= 9, L= 3 

9 1,6U l,~, 
iO 1,6U 0,9 

K: O, L = 4 
D 4 1 . 5  3 7 , 7  
i 2 3 . 4  2 4 . 3  
i 25.2 23.1 

5.9 5.5 
4 17.0 18.1 
5 16,2 15,6 
6 19,1 19.I 
7 4.C 6.C 
8 2, ~O 4,c 

g i 0 , 3  I i , 3  
i 2,1U 2,7 
i i  I , gu  0 . 9  

1 1 6U 4 3 . 9  <_12_ • L= 

I 14.8 13.7 
2 14,5 14,5 
3 16.9 16,2 
4 19.7 19,8 
5 26.5 2G.l 
6 22.1 21,0 
7 11,9 IC,O 
8 18,6 18.7 
9 ii.0 I0,I 

10 10.8 iC.6 
11 2,3U 3,5 
12 8.1 7.8 

K: 2 2, L :  4 
18,1 17.9 

3 19.1 17.4 
4 22.6 22.9 
5 5.9 6 , I  
6 7,9 7,6 
7 15,8 14,9 
8 5.I 4.9 
9 2.6U I,I 

I0 2,6U 1.0 

<Ii= 3 , 71"3= 4 5.6 

3 24.0 23,9 
4 13,0 12.2 
5 13,6 12.8 
6 17,8 18.0 
7 19.9 19.1 
8 15,9 14.S 
9 2,6U 5.0 

I0 8,4 7,9 
ii ii,8 10.2 

<12= 4 .6Z-9- 4 6.3 

4 4,6 5.'. 
5 12.3 IC,6 
6 17,2 17.2 
7 2,6U 3,9 
8 2.6U 0,4 
9 8.1 6,5 

I0 2.3U 2,~ 
Ii 2.3U 4.4 

K= 5 5,25,4L= 423.8 

6 11,4 9,8 
=.I 4.2 

8 lO.O 9,0 
9 17,7 15,3 

lG 7.6 4 6.7 
K = 6, t = 

6 2 .6U  2,9 
7 I0 .9  I ' . . 6  
8 6,3 5,8 
9 2,0U 2.7 

i0 2.JU 0,5 
<= 7, t = 4 

K -7- O,21"OL = 518. = 

O 13.5 13,3 
i 2.8U 3.6 
2 16,5 15,q 
3 2,8U 1,0 
'* 11.1 ]1.6 
5 2.8U 3.6 

7.6 7.8 
3,2U I.I 

<=9 4.9 5.2 

1 ,  L = 5 2 1 . 2  1 20.7 
2 II.9 11.2 
3 22.1 22.5 
4 10.4 9.4 
5 13,0 12.9 
6 1 4 . 1  15.7 
7 11,8 12.4 
8 11.2 12.2 

K -9 2 4 9U 5 5,0 
- , Z=  

2 7 . 3  6.4 
8.1 7,7 
4 .6U  3 . 3  

5 4,6U 7,8 
6 4,7U 6,2 
7 4.7U 3.2 
8 4.9U 3,9 
9 4,9U 1,4 

K = 3 • L = 5 
3 17,3 17.5 
4 6.1 7.6 
5 19.4 19,2 
6 i0,3 i0.4 
7 4,9 5,1 
8 9*3 9.7 

K_9 11.I 611,6 
- O, L= 

14.7 13.7 
1 3.2U 3,0 
2 8,9 9.1 
3 9.2J 2,7 
4 5.6 6.1 
5 9,0 8,9 
6 8,4 7,9 
7 7,6 7,2 
8 3.2U 1.5 

K_9 3.2U 5.2 

- I, L = 618.1 1 17.0 
2 &.7U 4 . 6  
3 16.1 14,6 
4 4,7U 2.2 
5 9.6 11.6 
6 4,9U 5,4 

K= 2 2, L = 6 
4.7U 2." 

<_3 ~.9 6 6.8 
- 3, L = 

<3 o~3g 713.6 
2.9U 2 , 9  

I 2.9U G,3 
2 ~.2U z.8 
3 5.6 b . J  

3,2U 0,5 
5 ~.2U 3.9 
6 ?,2U 1,5 

<_7 9.~ 8.2 
- 1, L =  

~ 14.~U 715-5 
5, 3.9 

k -3 2.10"9~'= 712.3 

2 5,1U 2.= 
3 5.Iu i.~ 

K= ~, t = 7 
3 I0.~ 15,4 

and 2 respectively.  A three-dimensional  difference are compared wi th  the observed values. In  these 
Fourier  summat ion  based on these values showed no calculations, the following atomic scattering factors 
signif icant  m a x i m a  or minima.  In  Table 3, the cal- were used without  correction for anomalous dispersion: 
culated structure factors based on the f inal  parameters  C1 and S, Dawson (1960) ; oxygen, Hoerni  & Ibers  
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(1954) a n d  carbon,  McWeeny ' s  va lues  for  d i a m o n d  
(1954). 

D i s c u s s i o n  of t h e  s t r u c t u r e  

A pro jec t ion  of the  s t ruc tu re  of t r i m e t h y l o x o s u l f o n i u m  
perch lo ra te  on (001) is shown in  Fig. 1 while  a projec- 
t i on  on (110) is shown in  Fig. 2. I n  these  f igures 
each  ion of the  d isordered  t y p e  is shown in  on ly  one 

of the  two  possible  pos i t ions  open  to  i t .  The  b o n d  
d is tances  a n d  angles a n d  the  s t r u c t u r a l l y  s igni f icant  
n o n b o n d e d  separa t ions  are  g iven  in  Tables  4 and  5 
respect ively .  The  bonded  d is tances  and  angles inc lude  
cor rec t ion  for l i b r a t i ona l  m o t i o n  (Cruickshank,  1956, 
1961). These correct ions  were appl ied  successively in  
d i rec t ions  n o r m a l  to  each of the  th ree  p r inc ipa l  axes 
of l ib ra t ion ,  a p rocedure  in  keep ing  w i t h  the  more  

Cl(1) Y- 

Fig. 1. Projection of the structure of [(CHs)aSO]+C104- on (001). Alternate positions of the oxygen atoms in one of the 
disordered perchlorate ions are shown by means of dots. The (CHs)aSO+ ions are shaded. 

Fig. 2. Projection of the structure of [(CHa)~SO]+CIO 4- on (110). Alternate positions of the oxygen atoms in one of the disordered 
perchlorate ions are shown by means of dots. The [(CH3)2SO]+ ions and disordered CIO 4- in the same mirror plane are shaded. 
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Table 4. Bond distances and angles with their standard 
deviations and corrections for implied librational motion 

Uncorrected Corrected 
(a) Trimethyloxosulfonium ion 

S-O(1) 1.424_+0.013/~ 
S-C(1) 1-746 _+ 0.011 
S-C(2) 1.727±0.014 

C(1)-S-C(1) 105.8_+0.7 ° 
C(1)-S-C(2) 105.7 _+ 0.5 
c(1)-s-o(1) 112.1_+0.5 
C(2)-S-0(I) 114.8___0.6 

(b) Perchlorate ion (I), (symmetry 4) 

01(1)-O(2) 1-410_+0-012 h 

(O-el-O)(1) 112.1_+0.9 ° 
(0-01-0)(2) i08.I _+0.9 

1"45/f~* 
1.80f 
1.78~- 

1.45 A 

(c) Perehlorate ion (II), (disordered) 

C1(2)-O(3) 1.414_+0.020/l~ 
C1(2)-O(4) 1.413 _+ 0-035 
C1(2)-O(5) 1.488 4- 0.035 

O(3)-C1(2)-0(3) 106.7 _+ 1.6 ° 
O(3)-C1(2)-O(4) 110.7 _+ 1.2 
O(3)-CI(2)-O(5) 109-7 _ 1.2 
O(4)-01(2)-O(5) 109.2 _+ 1.7 

1-45 A 
1.45 
1.53 

* Based on vibrational parameters of S and 0(1) only. 
t Based on assumption that librational motion of the 

trimethyloxosulfonium is same as that of perchlorate ions. 

Table 5. Interionic packing distances in 
trimethyloxosulfonium perchlorate 

0(1)-O(1) 3.38 h 0(1)-O(5) 3.28 h 
C(1)-O(l') 3-45 C(2)-O(2) 3.58 
0(1)-O(2) 3.35 0(2)-0(3) 3"30 
C(1)-O(3) 3.34 C(2)-O(3') 3.47 
C(1)-O(3") 3-43 C(2)-O(4) 3.49 
0(1)-O(4) 3.17 C(2)-O(5) 3.45 

O-O (min.) 3.13 A 
C-C (rain.) 4.52 

Sum of van der Waals radii: 
CH3-CI:[s, 4-00 A; CYI3-O, 3.40 A; O-O, 2.80 A 

Table 6. Principal r.m.s, values of rigid body 
translational and librational amplitudes 

Standard deviations 0.01 A and 1 ° 
(h) (h) (h) (o) (o) (o) 

(0tt3)380+ 0"20 0-19 0.18 10 10 10" 
0104- (I) 0-22 0.21 0"19 16 11 8 
C10 a- (II) 0-21 0.21 0.19 15 15 9 

* Based on vibrational parameters of S and O(1) only. 

recent  publication.  For  the  perchlorate ions, r.m.s. 
l ibrat ional  ampli tudes of 8 ° to 16 ° (Table 6) lead to 
an  average increase of 0.04 A in the C1-0 bond lengths. 
Wi th in  exper imental  error, a regular  t e t rahedron  of 
oxygen a toms surrounds each chlorine atom, and the 
average CI-O bond distance of 1.46 A is in excellent 
agreement  with the average value, 1.464_+0-007 A, 
repor ted by  Truter ,  Cruickshank & Jeffrey (1960) in 

n i t ronium perchlorate  and by  N o r d m a n  (1962) in 
hydronium perchlorate.  

The t r imethyloxosulfonium ion approx imates  closely 
to the point  group s y m m e t r y  3m. A rigid body 
analysis of thermal  motion of this ion is unsa t i s fac tory  
because of the great  difference in the  the rmal  param-  
eters of the oxygen and  carbon atoms.  Librat ional  
corrections based on thermal  mot ion exclusive of t h a t  
of oxygen are insignificant;  this  would seem in- 
consistent with the large torsional oscillations of the  
perchlorate groups. Af ter  subt rac t ion  of the  sulfur 
thermal  parameters ,  the  ne t  the rmal  mot ion  for the  
oxygen is exclusively normal  to i ts bond to sulfur,  
implying l ibrat ional  r.m.s, ampli tudes  of 10 ° and  11 °. 
I f  correction for this mot ion is applied to the  sul fur-  
oxygen bond length, the l a t t e r  becomes 1.454 _~, but  
leaving the  su l fur -carbon  distances a t  their  un- 
corrected values would imply t ha t  the  motion of the  
oxygen a tom is chiefly v ibra t ional  r a the r  t h a n  
l ibrational,  i.e. t h a t  the  (CH3)3SO + sys tem could not  
be regarded as a rigid body. However ,  if the carbon 
the rmal  pa ramete rs  are too low and the  (CH3)aSO + 
ion does undergo as large l ibrat ions as the  perchlorate 
ions, then  the su l fur -carbon  bond lengths should be 
increased by  0.05 A to about  1.79 A and  there would 
no longer be a significant shortening of these bonds 
from the usual  bond length of 1.80 _~. This possibili ty 
is accordingly quite a t t r ac t ive  and is suggested 
t en ta t ive ly  as the  cause of the  observed anomaly.  

The S-O bond distance in the  (CH3)8SO + ion is of 
considerable interest .  The observed value of 1.45 _+ 0.02 
J~ (corrected, as indicated,  for l ibrat ional  motion) is 
in te rmedia te  between the value of 1.411 _+ 0.009 /~ in 
sulfamide which resulted from fur ther  ref inement  of 
the da t a  of Trueblood & Mayer  (1956) by  one of the  
present  authors  (P. K.  G.), and the  values of 1.471 + 
0.008/~ and  of 1.48 +_ 0.01 /~ in sulfate ion repor ted  by 
Larson (1961) in Li2SOa.H~O and by  Atoji  & Rundle  
(1958) in CaSO4.2 t t  respectively. 

The packing of the ions is closely related to t h a t  
in CsC1 with distortions caused by  deviations of the  
ions f rom t rue  spheres. All of the  packing distances 
are reasonable and appear  to be exclusivley between 
methyl  groups and oxygen. The interionic C(1)-0(4) 
and C(1)-0(5) separations of 3.17 and 3.28 J~ do 
appear  somewhat  shorter than  the sum of the van  der 
Waals  radii  for a methyl  group and an oxygen atom, 
2.0 + 1.4 = 3.4 A. However,  if the  oxygen is considered 
to approach the methyl  group in a plane bisecting one 
of the H - C - H  bond angles, a dis tance of 3.2 A is 
not  unreasonable.  

In  an a t t e m p t  to find the reasons for the disorder, 
consideration was given to possible ordered positions 
for the  C10~- ions of the  second type  which would 
conform to the required ram2 symmet ry .  I n  these 
considerations, the positions of the  (CH3)3S0 + ions 
and the C10~- ions of the first  type  were regarded as 
fixed in their  observed locations. The C10~ groups 
of the second type  were given the same dimensions 
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as those of the first  type  but  the  z parameter  of the 
Ct a tom was permi t ted  to va ry  from 0 to 1.00 with 
the ion as a whole in each of the two permi t t ed  
or ientat ions  90 ° apart .  I n  one of the  two orientat ions,  
the entire range of z parameters  involves a t  least two 
O-C contacts  less t h a n  3.10 ~.  In  the other  or ien ta t ion  
there is one narrow region at  about  z=0 .95  which 
comes close to being satisfactory. However, even this 
posi t ion involves four O-C contacts  of 3.1 A and two 
of 3.2 A. Fur thermore ,  this places the  C10~-ion in 
a posit ion a t  a po ten t ia l  max imum with respect to 
ro ta t ion  about  an axis normal  to one of the two mirror  
planes. Thus, even the best ordered posi t ion is un- 
stable. Ro t a t i on  of the  CIO~ ion out  of one of the 
mirrors and t r ans la t ion  so t h a t  the z parameter  of 
chlorine is at  the  observed value of 0.914 gives a 
posit ion at  a po ten t ia l  min imum with  more satis- 
fac tory  packing distances. Since the  ro ta t ion  ma y  be 
made in ei ther  of two equivalent  directions, the 
observed disorder results. 
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Die Kr i s ta l l s t ruktur  yon :~thyl -Li th ium 

VON HANS DIETRICH 

Fritz-Haber-Institut der Max-Planclc-Gesellschaft, Berlin-Dahlem, Deutschland 

(Eingegangen am 10. September 1962) 

The cl~ystal structure of ethyl-lithium has been determined from X-ray diffraction data. The space 
group is Pcan tD 14" , 2hi, with a = 7.24, b = 8.27, c = 18.11 A. The unit  cell contains 16 C2HsLi units which 
form double layers (perpendicular to c) running through the whole crystal. The C2HsLi molecules 
are combined in fours with their Li atoms in a nearly regular tetrahedral arrangement surrounded 
by the ethyl groups. The tetramer is built up of two dimers (C2HsLi)2 which are strongly associated 
to each other. 

A complex system of electron-deficient bonds for the structure is discussed. 

Gang der Strukturbestimmung 

Die Substanz kris tal l is ier t  in  farblosen Bl~ttchen,  
deren mechanische Eigenschaf ten glimmer~ihnlich 
sind. Abmessungen der Elementarzel le ,  sowie eine 
Projekt ion  der Elek t ronendich te  wurden bereits friiher 
verSffentl icht (Dietrich, 1959) und dienten  als Grund- 
lage fiir die dreidimensionale Bearbei tung der Struk- 
tu r :  a0=7,24,  b0=8,27, c0=18,11 A, V=1084  /~3, 
~ - -16  (Einhei ten C2HsLi). Die tatsiichliche Raum- 
gruppe konn te  erst gegen Ende  der St rukturbes t im-  
mung e rmi t te l t  werden, da die Ausl6schungsbedin- 

gungen* auf keine Raumgruppe  ganz passten,  also 
teilweise yon  einer E igensymmetr ie  der Molekiil- 
assoziate herr i ihren mussten.  Der gr6sste Teil der 

* In der vorl~ufigen lVIitteilung (Dietrich, 1959) wurde die 
AuslSschungsbedingung, hkO nur mit h + k = 2n, nicht erw~hnt, 
weft dieser Bedingung zun~chst der Reflex 120 zu wider- 
sprechen schien. Eine genauere Untersuchung der betreffenden 
Schwhrzungsflecken auf den Filmen (lk/) und (hkO) zeigte 
aber, dass es sich dabei nicht um den Reflex 120 handeln 
konnte, da die Flecken unter einem etwas grSsseren Beugungs- 
winkel entstanden waren, als dem Reflex 120 zukommt. 
Die Herkunft der fraglichen Beugungsfleeken wurde nicht 
gekl~rt. 


