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BY E. STANLEY $ 

Division of Pure Physics, National Research Council, Ottawa, Canada 

(Received 25 April 1956) 

The structure of potassium dithionate, space group P321, a ---- 9.785±0.001, c = 6.295±0.001 /~, 
has been refined using Fo--Fc methods. The observed structure factors for the hIc.0 and hO.1 
reflexions were obtained from precession photographs taken with Me K s  radiation. The final R 
values for the hk. 0 and h0.1 reflexions are 0.08 and 0.07 respectively. The S-S bond length is 
2.15±0.02 /~ and the S-O bond lengths 1.43±0.05 A. Each potassium ion is bound to six oxygen 
atoms at a distance of 2.83=t=0.04 /~. The two non-equivalent dithionate ions have symmetry 32 
and 3. In  the former the projected angle between the terminal oxygen groups is 23-5± 1 °. In the 
latter the angle is 54.5± 1 °. This rotation about the S-S bond does not appear to distort the ion 
in any other way. The refined structure is compared with those given by Huggins and by Helvig, 
and is found to be closer to the former. 

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

Quant i ta t ive  determinat ions  of the structure of potas- 
s ium di thionate  have been made  by  Huggins & Frank  
(1931), later  modified by  Huggins (1933), and by  
t te lvig  (1932). These differ in detail ;  in par t icular  the 
orientations of the oxygen atoms about  the S-S bonds 
of the di thionate  ions are different. There was lit t le 
to choose between the two proposed structures from 
the agreement  between the F o and Fc values given 
by  the authors. The K - O  interionic bond lengths are 
more uniform and of the expected magni tude  in the 
modified Huggins & Frank  structure,  which is very  
similar, in general, to tha t  of rub id ium di thionate  
proposed by  Barnes & Wendl ing  (1938). 

There are two non-equivalent  di thionate  ions in the 
structure of potassium dithionate,  both of which lie 
with their  axes (S-S bond) along a threefold axis 
parallel  to c. This feature provides an oppor tuni ty  for 
accurate measurement  of the S-S bond in the di- 
th ionate  ion. 

P r e l i m i n a r y  m e a s u r e m e n t s  

The space group, P321 (No. 150 of International 
Tables, 1952), was determined by  Barnes & Helvig 
(1931) and by  other investigators.  The unit-cell  dimen- 
sions now have been more accurately determined by  
the  method  of Fa rquha r  & Lipson (1947) as 

a = 9.785±0.001, c = 6.295±0.001 A .  

New visual  in tens i ty  measurements  have been made  
on precession photographs of the hk.O and hO.1 re- 
flexions taken using the same spherical crystal  with 
Me K a  radiation.  These intensit ies have been cor- 
rected for absorption using the figures given by Evans  

* National Research Laboratories Postdoctorate Fellow. 
Present address: Department of Physics, College of Science 
and Technology, Manchester 1, England. 

& Ekste in  (1952), and  for geometrical factors using 
the values of Waser  (1951). 

R e f i n e m e n t  of the  s t r u c t u r e  

Comparison of the new observed structure factors of 
the hk.0 reflexions with the calculated structure factors 
for the previous determinat ion appeared to favour the 
modified Huggins & Frank  model. The Fourier  projec- 
t ion of electron densi ty  on (00.1), using the observed 
structure-factor magni tudes  and the phases calculated 
from the modified Huggins & F rank  model, gave a 
well resolved map  in good agreement  with the model. 
The projection was refined using the  F o - F  c method  
of Cochran (1951). Ind iv idua l  isotropic tempera ture  
factors were used for each atom during the later stages 
of refinement.  The f inal  value of R was 0.08. The 
observed and calculated structure factors for t he  
[00.1] zone are given in Table 1. 

The Fourier  projection of electron densi ty  on (01.0) 
was calculated, using the signs determined for the x 
coordinates obtained at  an early stage of the refine- 
ment  of the [00.1] zone and the z coordinates of t h e  
modified Huggins & F rank  model  with the new ob- 
served structure-factor magnitudes.  This gave a rea- 
sonably well resolved m a p  from which improved 
atomic coordinates were obtained. Ref inement  was  
continued, independent ly  of the [00.1] zone, using the  
Fo-Fc  method.  Structure factors were calculated 
using the s y m m e t r y  (1) of the projection only, and  
individual  isotropic tempera ture  coefficients were used 
for the various atoms during the later stages of refine- 
ment.  The f inal  value of R was 0.07. The observed and  
calculated structure factors for the [01.0] zone are 
given in Table 2. 

The atomic scattering curves used throughout  were 
the oxygen curve of McWeeny (1951) modified at  low 
values of sin 0/2 to extrapolate  to Z o = 8.33 (since 
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Table 1. Observed and calculated structure factors for hk. 0 reflexions 
hk.Z IF=I ~ (o) 
10.0 0.0 0 
20.0 8.9 0 
30.0 94.2 0 
40.0 7-3 0 
50.0 20-8 0 
60.0 67.4 0 
70.0 22.2 0 
80.0 15.2 0 
90.0 17.9 0 

10,0.0 19-3 0 
11,0.0 10.3 0 

11.0 78.5 357 
21.0 20.0 120 
31.0 46.4 273 
41.0 15.6 354 
51.0 35.9 110 
61.0 30.4 255 

< 2.4 
11-1 
88.8 
10.2 
18.8 
66-8 
19.9 
14.5 
20-6 
19.9 

5.9 

72.5 
21.9 
44.7 
19.9 
32.8 
28.6 

hk.1 IF~I ~ (°) IFol 
71.0 44-5 11 42.1 
81.0 17.4 126 15.1 
91.0 10.1 235 11.1 

10,1.0 18.8 16 20.8 

22.0 18.6 218 13.8 
32.0 33.0 274 34.9 
42.0 19.0 137 22.8 
52.0 45.0 3 45.1 
62.0 3"3 124 < 6.3 
72.0 13.5 150 17-3 
82.0 27.9 15 26.7 
92.0 9.2 218 7.2 

10,2.0 4-5 153 5.2 

33.0 59.0 343 60.9 
43.0 12.4 324 14.0 
53.0 15.5 305 15.6 

hk.1 
63.0 
73.0 
83.0 
93.0 

10,3.0 

44.0 
54.0 
64.0 
74.0 
84.0 

55.0 
65.O 
75.0 
85.0 

66.0 

30-6 
15.1 
11-0 
15.0 
11-8 

35.9 
29.4 

6.6 
24-2 

7.9 

28.6 
5-0 
8.2 

23.7 

21-7 

(°) 
342 

7 
338 
318 
339 

20 
117 
264 

22 
194 

341 
274 
126 

13 

286 

33-0 
10.9 
11.6 
15.1 

9.2 

37-6 
28.4 

6.5 
22.5 

9-6 

31.0 
3-3 
7.4 

24-7 

20.2 

Table 2. Calculated and observed structure factors for hO. l reflexions 

h~.z ~= IFol 
I0.0 - -  2.0 < 2-2 
20.0 + 9.7 10.4 
30.0 + 9 0 . 8  91.6 
40.0 + 7.8 8.7 
50.0 + 2 0 - 5  17-3 
60.0 + 64.8 65"3 
70.0 + 1 8 - 9  18-5 
80.0 + 1 3 . 2  13.9 
90.0 + 15.2 16.4 

10,0.0 + 1 6 . 0  17.8 
11,0.0 + 7.0 6-0 

1__1,0.1 + 0"3 < 6.2 
10,0.1 + 6"0 5-7 

9 0 . 1  - -  7.4 7.0 
g0.1 +19"0  19"9 
70.1 --  0"3 < 6-6 
~0.1 --10"3 11"3 
50.1 + 2 8 . 8  31.9 
~0.1 --  1.9 < 5.2 
30.1 - -44.1  38.4 
20.I + 3 6 . 0  37.4 
10.1 + 3 1 . 2  32-4 
00.1 - -16 .2  16.8 
10.1 + 6"1 5.7 
20.1 + 5 5 . 0  60-2 
30.1 + 2 7 . 9  23"8 
40.1 - -15 .2  14.8 
50.1 +49"2  50"6 
60..1 - -  3.7 < 6"4 
70.1 - -14 .0  17.6 
80.1 +30"6  28.8 
90.1 + 0.5 < 6.8 

10,0.1 + 3-8 < 6"6 

11,0.1 + 7.0 7.7 

11,0.2 + 6.2 7.2 
10,0.2 + 14.3 14-2 

90.2 --13"6 13.7 
80.2 + 4-1 < 6.8 
70.2 + 2 5 . 2  26.1 
60.2 --  13.8 15.0 
50.2 + 2.1 < 6.0 

hk.1 Fc ]Fol 
~0.2  0"0 < 5"4 
30.2 +48"2  49"2 
30.2 --  24"0 22"2 
$0.2 +35"8  36"5 
00.2 --  26"3 25"4 
10.2 --60"2 60"4 
20.2 +22"6  25"4 
30.2 +42"4  43"6 
40.2 +12"9  14"0 
50.2 +22"2  25"4 
60.2 --16"1 17"1 
70.2 --  0"9 < 6"6 
80.2 + 18"3 18'0 
90.2 --10"6 13"3 

10,0.2 +11"1 9"6 
11,0.2 +11"8  12"5 

11,0.3 + 7"6 6"9 
10,0.3 --  15"9 18"3 

90.3 --  1"9 < 6"6 
80.3 + 14"9 17"1 
70.3 --41"6 38"6 
gO.3 --  9.0 8.2 
50.3 + 4 2 . 8  41.4 
40.3 --  60.3 55.4 
30.3 + 2-7 < 5.4 
20.3 + 3 4 . 8  30.6 
$0.3 - -80 .9  80.6 
00.3 - -11 .0  10.6 

10.3 --  2.2 < 4.8 
20.3 - -27 .9  29.6 
30.3 - -16 .9  17.1 
40.3 --  36-0 33.0 

50.3 - 5,1 < 6.2 
60.3 --  11.7 12.2 
70.3 --  3"3 < 6.6 
80.3 - -11 .8  12.2 
90.3 --  6.7 6.9 

10,0.3 --  4.0 3.8 
11,0.3 --  9.2 10.6 

10,0.4 + 14.8 14.0 

hk.~ Fo [Fol 
90.4 --  1.1 < 6.4 
80.4 + 6.8 < 6.8 
70.4 + 12.0 10.1 
60.4 + 8-1 8.0 
50.4 --  5.9 5.5 
40.4 + 21 -8  19"2 
30.4 + 2 8 . 8  30"7 
30.4 --  4.5 6.0 
$0.4 --  1.5 < 5.4 
00.4 + 5 6 . 3  53.5 
10.4 + 13.5 12.5 
20.4 --  0.9 < 5.6 
30.4 + 2 4 . 7  26-2 
40.4 - -15.3  20-2 
50.4 + 6.8 9.4 
60.4 + 8.4 8.4 
70.4 + 8.4 10.6 
80.4 + 14-2 14.5 
90.4 --  7.8 8.6 

10,0.4 + 3.7 < 6.6 

90.5 + 3"4 5.8 
~0.5 + 8.2 7.6 
70.5 + 0"7 < 6"0 
60.5 +11"8  12"3 
~0.5 + 6"1 5"8 
40.5 --  8"3 6"9 
30.5 + 1 0 . 0  8.7 
30.5 + 0"4 < 6.2 
]'0.5 + 16.2 18.1 
00.5 +30"3  31.6 
10.5 - -15 .9  14.7 
20.5 + 2 7 . 8  27.4 
30.5 + 7.8 9.6 

40.5 - 8.8 10.3 
50.5 + 2 6 . 5  27.6 
60.5 + 1 2 . 5  13.2 
70.5 --16.1 16.9 
80.5 + 1 6 . 1  16.4 
90.5 + 5.6 6.0 

80.6 + 1 7 . 7  16.4 

h~.~ F~ ]Fo[ 
70.6 + 12.4 12.8 
6 0 . 6  - -  0 . 1  < 6.8 
50.6 + 2 8 . 0  27-3 
40.6 + 10.4 9.6 
30.6 + 9-4 10.6 
30.6 + 2 3 . 8  23.4 
$0.6 + 3.3 < 6-8 
00.6 + 2 5 . 0  25.8 
10.6 + 16 -4  13-4 
20.6 + 1 0 . 5  11-6 
30.6 + 1 6 . 9  17-3 
40.6 + 26 -8  26.4 
50.6 + 16 . 1  15.6 
60.6 + 0"6 < 6"8 
70.6 + 2 0 . 1  19-4 
80.6 + l l ' O  8"4 

70.7 --  6-1 5.7 
60.7 + 1.1 < 5-6 
50.7 + 1 1 . 9  10.1 
40.7 --  5.8 5-0 
30.7 + 9.8 11.3 
30.7 + 6-5 5-8 
10.7 --  2"9 < 7.0 
00.7 --  4.7 < 7.0 
10.7 --  3.9 < 7-0 
20.7 + 5.3 7-2 
30.7 + 1 1 . 4  12-8 
40.7 - -11 .3  11.3 
50.7 - -10 .5  10.5 
60.7 + 2.3 < 5-6 
70.7 --  6.0 6.5 

40.8 --  7.2 7.4 

30.8 +17.9 16.6 
20.8 --  2.2 < 6.2 
]0 .8  --  5.0 5.4 
00.8 + 2 1 . 0  20.1 
10.8 --  3.1 < 6.4 
20.8 --  6.7 < 6.2 
30.8 + 1 3 . 2  12.2 
40.8 --  3.0 < 5.4 

~11 the oxygen atoms in the divalent dithionate ion 
appear to play similar roles in the structure it was 
~onsidered appropriate to share the charge equally 

amongst them), the sulphur curve of Viervoll & 0gr im 
(1949) and the potassium ion curve given in Interna- 
tionale Tabellen (1935). 
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A t o m i c  c o o r d i n a t e s  a n d  a c c u r a c y  

A pract ical  measure of the  accuracy of the atomic 
coordinates can be obtained from the  [01.0] projec- 
tion, which exhibi ts  the s y m m e t r y  T and which was 
ref ined using this  restr ict ion only. Atoms not  in special 
positions should be arranged in  groups of three with 
the  same z coordinate and wi th  the  sum of the  x 
coordinates of the three atoms in the group equal  to 
zero. Deviat ions of the  z coordinates from the  mean  
value  for the three independent  groups of three oxygen 
a toms  have the  r.m.s, value of 0.016 A. Assuming tha t  
t he  error in the x coordinate of each oxygen atom is the 
.same wi th in  a group, the  r.m.s, error in  the x coor- 
d inate  of an  oxygen a tom is 0.027 A. 

Two independent  es t imates  of the intensit ies in the  
[01.0] zone gave a value of <(AFo)2> ½ = 1.41 elec- 
trons, and the value of <([Fo]-[Fcl)2> ½ for the same 
zone was 1.74 electrons. Using the  mean  of these two 
figures (1.58 electrons) in the formula  given by  Booth 
(1947) gives 0.017 A for the s tandard  deviat ion of an 
~)xygen coordinate in the  [01.0] zone. The corre- 
sponding figures for the [00.1] zone were <(AFo)2> ½ = 
2.07 and <(IFol-lFcl)'> ½ = 2.51 electrons. Using the 
mean  value (2.29 electrons) in Booth 's  formula  gives 
the  s tandard  deviat ion in an oxygen coordinate in the 
[00.1] zone as 0.020 A. 

The r.m.s, deviat ion between the x coordinates of 
the  oxygen atoms from the  two independent ly  refined 
zones is 0.013 A. 

Al though the space group requires the sulphur  atoms 
to lie on the threefold axes, i.e. in the positions 
(0, 0, z) etc. and  (½, 3, z) etc. and  the  potass ium ions 
on the  twofold axes at  (x, 0, 0) etc., the  s y m m e t r y  
of the  [01.0] project ion does not  impose such restric- 
tions on the atomic peak positions. The difference maps  
showed some gradient  perpendicular  to the  c axis at  
the  positions of the sulphur  atoms and perpendicular  
to the  a axis at  the  positions of the  potass ium ions. 
This  gradient,  even in the early stages of refinement,  
was too small  to jus t i fy  any  movemen t  of the  atoms 
concerned. 

The indications are, therefore, t ha t  the r.m.s, error 
in the coordinate of an oxygen atom does not  exceed 
0.020 J~. Assuming tha t  the error is inversely propor- 

t ional  to the  atomic number ,  the corresponding r.m.s. 
errors for a coordinate of a sulphur  a tom and a potas- 
s ium ion are 0.010 /~ and 0-009 /~ respectively. 

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

The f inal  coordinates are given in Table  3 and a dia- 
gram of the structure projected on (00.1) is shown in 
Fig. 1. The z coordinates of the oxygen atoms are the  

Fig. 1. The structure of K2S~O 6 projected on (00.I). 

mean  values for each group of three. The x coordinates 
are the  mean  values for the [00.1] and [01.0] projec- 
tions. The z coordinates of the sulphur  a toms were ob- 
ta ined for the [01.0] projection and  there was no 
difference between the  refined x coordinates of the  
potass ium ions in the  two projections. The values of 
the  isotropic tempera ture  coefficients used in  each 
projection are also given in Table 3. The figures for 
the oxygen atoms in the  [01.0] project ion are given in 
order of increasing magni tude.  In  all cases this is the  
same as the  order of decreasing projected distance from 
the  oxygen a tom to the axis of the ion. This p robably  
indicates t ha t  the  oscillation of the  oxygen atoms are 
about  the  axis of the  ion ra ther  t han  in any  other 
direction. The only other a tom showing large the rmal  
v ibra t ion is the potass ium ion at  0.292, 0, ½, etc. The 
values of A B suggest t ha t  this  a tom is v ibra t ing  in a 
p lane perpendicular  to the a axis. 

The differences between the present  s t ructure and 

No. of atoms Atom 

2 S 1 
2 S~ 
2 S a 

3 K + 
3 K + 

Table 3. Atomic coordinates of the refined structure 
Position* Coordinates AB[ooa] (/~) ABtoLo] (A s) 

(c) (0, 0, 0.171) etc. 0.0 0.2 
(b) (½, }, 0.261) etc. 0.0 0.1 
(b) (½, }, 0.602) etc. 0.0 0.1 

(e) (0.617, 0, 0) etc. 0.0 0.0 0"2 
(f) (0.292, 0, ½) etc. 0.4 0.8 0.5 

01 (g) (0.155, 0.123, 0.231) etc. 1.0 0.2 0-2 0.7 
02 (g) (0.207, 0.514, 0.202) etc. 1.0 0.7 0-7 1.4 
O a (g)  (0.174, 0.624, 0-659) etc. 1.0 0.7 1.2 1.2 

* The positions are identified by  the letters given in International Tables (1952). 
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Table  4. Summary  of differences between present and 
previous determinations 

A B 
Para- - " - " 

Atom meter Mean Max. Mean Max. 
S z 0.07 A 0.12 A 0.07 A 0.12 A 
K x 0.10 0.12 0.10 0.12 

[ z 0.01 0"01 0.05 0.07 
O x 0"08 0.13 0"30 0"43 

A : Difference between present structure and that of Huggins 
& Frank (modified). 

B: Difference between present structure and that of Helvig. 

T H E  S T R U C T U R E  OF P O T A S S I U M  D I T H I O ~ A T E  

the previous determinat ion are summarized in Table 4. 
The differences between the  z coordinates of the sul- 
phur  a~Com and the x coordinates of the potassium ions 
are of the order 0-1 A. The S-S bond is larger t han  tha t  
previously obtained. The z coordinates of the oxygen 
atoms are very  close to those in the Huggins & Frank  
structure and differ by  only 0.05 ~_ from those of the 
Helvig structure. The most marked  difference is be- 
tween the x coordinates of the oxygen atoms in the 
Helvig structure and those in the present determina- 
t ion: these differ by  as much  as 0-4 A. The Huggins 
& F rank  oxygen x coordinates differ by  the order of 
0.1 /~ from those obtained here. 

The dimensions of the two non-equivalent  di thionate 
ions, which have symmet ry  32 and 3, are given in 
Table 5. The difference between them is restricted to 

Table 5. Dimensions of the two non-equivalent dithionate 
ions 

Length (A) Angle (°) 

S1-S 1 2.15±0.02 S1-S1-O 105 ± 1 
S~-S a 2.14±0.02 O1-S-O1" 23.5± 1 
$1-O 1 1-43±0.05 S~-Sa-O a 104 ± 1 
S~-O~ 1.42±0.05 Sa-S~-O~ 105 ± 1 
Sa-O a 1.43±0.05 O~-S-Oa* 54.5± 1 

* Projected. 

the relative orientat ion of the te rminal  oxygen groups 
about  the S-S bond as axis. The S-S and S-O bond 
lengths and the S-S-O bond angle are sensibly the 
same. The rotat ion of the te rminal  oxygen atoms in 
the di thionate ion centred at  the origin through 36.5 ° 
from the presumed equi l ibr ium positions in which the 
ion would be expected to have the s y m m e t r y  3, 
a l though there is no known example  of the ion ex- 
hibi t ing this symmetry ,  seems to have no effect on 

the remainder of the bond lengths and bond angles 
within the ion. 

Each potassium ion is bound ionically to six oxygen 
atoms and each oxygen a tom is associated with two 
potassium ions. The mean  K - O  interionic distance is 
2.83 A and the extreme values are 2.91 and 2.72 A. 
The s tandard deviat ion of a K - O  bond length is 
a (K-O)  = 0.04 _~. The distr ibut ion of the deviat ion 
of the observed bond lengths from the mean  is: 
three less t han  a(K-O),  two between a (K-O)  and 

2 a ( K - 0 )  and one between 2a(K-O)  and 3a(K-O) .  
There seems no ground for considering the bond lengths 
other t han  equal. 

The S-S bond length of 2.15 /k is between the  ex- 
t reme values tha t  have been published for this  bond 
length in this  ion. The value of 2.08 A has been ob- 
ta ined by  S tan ley  (1953) in NaKsCI~(S~O~) 2 and in  
NaK2CI(S~06), and by  Barnes & Wendl ing (1938) in 
Rb2S2Oe. (this last  determinat ion was based on qual- 
i ta t ive data  only). In  BaS206.2H20 (Garcia Blanco, 
Gomis & Abbad,  1953) the length of the S-S bond is 
2.17 J~. Martinez, Garcia-Blanco & Rivoir  (1956) 
report 2.16 J~ for the S-S bond length in sodium 
dithionate dihydrate.  In  bar ium penta th ionate  (Foss, 
Furburg  & Zachariasen, 1954) and in bar ium sele- 
nopenta thionate  (Foss & Tjomsland,  1954) the length 
of the te rminal  S-S bond is 2-12 and 2.13 /k respec- 
t ively. The value 2.15 A compares reasonably well 
with the values obtained in other types of compound, 
e.g. 2.11 /k in caesium hexasulphide  (standard error 
0.03 /~) (Abrahams & Grison, 1953) and 2.15 in  
pp ' -d ibromodiphenyldisulphide  (Toussaint, 1945). 

I am indebted to Dr W. H. Barnes for suggesting 
the problem and for his continued support  of the work, 
and to Mrs M. E. P ippy  for assistance with the cal- 
culations. 
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