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Crystal Structure of Potassium Ethyl Sulphate
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The crystal structure of potassium ethyl sulphate has been determined in order to establish whether
a bond from sulphur to an oxygen atom which is also bonded to another atom is longer than that
to an oxygen atom not so bonded.

Crystals of K(C,H;)SO, are monoclinic, space-group P2/c. The dimensions of the unit cell, which
contains 4 molecules, are: @ = 11:62, b = 6-99, ¢ = 7-51 A, f = 100-3°.

Atomic coordinates were determined by three-dimensional Fourier methods, and corrections for
termination-of-series errors were applied for the oxygen and sulphur atoms. Bond lengths in the
ethyl sulphate radical are: S—-0, = 1-49, 8-0, = 1-44, S-0O3 = 1-45, S0, = 1-60, O,—C; = 1-44,
C;~C, = 1:51 A. The bond between S and O, is significantly longer than that to the other O’s,
which are bonded to S only. Each K ion is surrounded by eight O atoms at distances ranging from
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2-80 to 3-02 A.

Introduction

The length of the S-O bond in many molecules and
ions has been found to have a value close to 1-44 A,
which is rather shorter than the value to be expected
for a double bond. An exception is the S-O bond in
the ring of the cyclic S;0, molecule, the length of
which has been determined (MacGillavry & Westrick,
1941) as approximately 1-6 A compared with 1-4 A
for the S-O bonds outside the ring. The crystal struc-
ture of potassium ethyl sulphate has been determined
in order to confirm this difference between the lengths
of bonds from S to (a) an O atom attached only to
the S atom or () an O atom which is also bonded to
a second atom.
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The only previous X-ray work on ethyl sulphates
of which we are aware is an incomplete study of some
hydrated rare-earth ethyl sulphates (Ketelaar, 1937).
The object of this study was to determine the sym-
metry of the atomic arrangement about the rare-earth
ion, and S-O distances were assumed to be 1-50 A,
no attempt being made to refine this value.

Experimental

Large crystals, several millimetres across, tabular on
(100) with {011} as the principal boundaries, were
grown by slow evaporation of a solution in a water—
ethanol mixture. Crystals suitable for X-ray photo-
graphy about a, b, ¢ and [011] axes were obtained by

carefully dissolving away parts of large crystals to
form cylinders, about 0-05 mm. in diameter, about
these axes.

The dimensions of the unit cell are:

a=1162, b =699, c =751 4, § =1003°.

With the measured density of 1-843 g.cm.—3, and
molecular weight of 164, these dimensions show that
there are four molecules of K(C,H;)SO, per unit cell.
The only systematic absences are 0k0 for £ odd, and
kOl for I odd, from which the space group may be
uniquely determined as P2,/c.

The intensities of all reflexions observable with
Cu K« radiation were recorded on equi-inclination
Weissenberg photographs, which were taken by the
method described by Stadler (1950). Layers 0, 1, 2 and
3 about the a, b and ¢ axes, and 0, 1, 2, 3 and 4 about
[011] were photographed ; two exposures, of 20 hr. and
1 br., were made of each layer, with three films super-
posed in the camera for each exposure.

Intensities (I) were estimated visually; after cor-
rections for the rotation factor D had been applied,
the values of I x D for the various layers about a given
axis were put on the same scale by comparison of the
zero-layer reflexions (Stadler, 1950) and finally all four
sets of layers were correlated by comparison of com-
mon reflexions.

No correction was made for absorption, but the
assumption, that the approximately cylindrical shape
of the crystals used would render this unnecessary,
seemed justified by the agreement obtained when a
given reflexion was measured on photographs about
two or more axes.

The values of I xD were corrected for the Lorentz
polarisation factor (Goldstein & Pitt, 1948) to give
values of F2(hkl) on an arbitrary scale. The method of
Wilson (1942) was used to obtain the absolute scale
and temperature factor (B = 4x10-1% cm.2). A total
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Fig. 1. Potassium ethyl sulphate: b-axis projection. Heights and interatomic distances in
Angstrém units. Broken circles represent atoms in cell above.

of 908 independent structure-factor magnitudes was
obtained.

Structure determination

A b-axis Patterson projection was calculated, but was
insufficiently resolved to give even potassium and
sulphur coordinates. After one or two trial structures
had been tried without success it was decided to
calculate three-dimensional Patterson sections. A sec-
tion at y = 0-50 gave three prominent peaks which
were interpreted as K-K and S-S vectors between
atoms related by the screw axis, and a K-S vector
between atoms whose y coordinates differed acci-
dentally by about 0-5. This interpretation was con-
firmed on calculation of further sections at y = 0,
0-05, 0-10 and 0-15, which gave in addition approxi-
mate y coordinates for K and S, and z, y, z coordinates
for the four oxygen atoms.

Fig. 2. Potassium ethyl sulphate: c-axis projection.

Structure-factor calculations based on these six
atoms enabled enough signs to be determined among
kkO and ROl reflexions for the corresponding electron-
density projections to be calculated and partly refined.
At this stage approximate coordinates z, ¥, z could be
assigned to all eight atoms in the asymmetric unit,
although in each projection overlapping precluded
complete refinement. On the b-axis projection (Fig.1,
which gives the atoms in the positions obtained from
the full three-dimensional analysis) the K and S
atoms were too close to be resolved, and the large
double peak rendered the x and z coordinates of the O
atoms uncertain. In the c-axis projection (Fig.2),
one O overlapped the K, while two O’s and a C were
so close to the glide plane at y = } that it was difficult
to determine their true y coordinates from the pro-
jection.

However, the approximate coordinates from the

Table 1. Coordinates uncorrected for termination-of-series

errors
X Yy z
K 0-110 0-917 0-873
S 0-159 0-069 0-419
0, 0-068 0-196 0-460
0, 0-122 0-966 0-259
0, 0-211 0-939 0-563
0, 0-261 0-215 0-396
C, 0-360 0129 0-339
C, 0-446 0-284 0-335
Table 2. Coordinates corrected for series termination
X Yy z
S 0-160 0-069 0-419
0, 0-065 0-198 0-460
0, 0-121 0-965 0-253
O, 0-212 0-939 0-564

0, 0-261 0-215 0-395
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Table 3. Observed and calculated structure factors
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Table 3 (cont.)

hkl F, Fe hkl
047 6 -7 057
048 < 2 - 2 061
051 14 —11 062
052 11 —10 063
053 12 8 064
054 23 —20 065
055 7 6 066
056 8 — 6 071

projections enabled the signs of about 500 F(kkl) struc-
ture factors to be determined, and these were included
in syntheses of electron density along lines parallel to
the b axis and sections parallel to (010) through the
positions indicated by the projections. Recalculation
of structure factors from the new coordinates made
possible the determination of 664 signs, and a second
set of syntheses was calculated.

The third and final set of lines and sections, in-
cluding 875 out of the 908 observable reflexions, gave
the coordinates listed in Table 1. Structure factors
calculated from these gave a disagreement factor
(R=2|F,—F,]|+Z2|F,|) of 0-177; on multiplying the
F, by exp (Bk?[b?), corresponding to the introduction
of an asymmetric temperature factor, the value of B
was reduced to 0-138.

The coordinates of Table 1 give the following bond
lengths within the ethyl sulphate radical:

$-0, =148 4, S-0, =139 4, S-0, =144 &,
$-0,=1604, 0,-C, =144 A, C,;-C, = 1:51 A,

Although the S-0O, bond is longer than the other
S—0 bonds the comparison is made less convincing by
the divergence these show among themselves, since
one would expect them to be equivalent. However,
in a structure containing two comparatively heavy
atoms, K and S, there may well be diffraction effects
which would displace the O and C electron-density
peaks. A correction for termination of series was
applied, as suggested by Booth (1945), to the co-
ordinates of the oxygen and sulphur atoms. The
corrections were mostly of the order of 0-01 A, except
for the z coordinate of O, (0:03 A) and the z co-
ordinate of O, (0-04 A).

The corrected coordinates are given in Table 2.
The bond lengths calculated from these are:

S-0, =149 A, S-0, = 144 A, S-0; = 145 A,
8-0, =160 A,

Since' the: corrected coordinates differ by so little
from the previous ones it was not considered profitable
to recalculate the structure factors. The values for the
three principal zones listed in Table 3 were calculated
from the coordinates of Table 1.

Description of structure

The structure consists of layers parallel to (100). In
each layer the ethyl sulphate ions have their polar

F, F, hkl F, F,
12 —- 9 072 14 —11
< 3 2 073 16 15
8 —11 074 7 — 6
25 22 075 9 — 5
24 23 081 14 —11
8 7 082 10 —10
10 7 083 12 —11
12 8 084 7 8

(sulphate) ends directed inwards, being held by
electrostatic interaction with the potassium ions,
while adjacent layers make contact only through the
van der Waals approaches of the methyl groups
terminating the outwardly directed non-polar ends of
the ions. A similar double-layer structure is found in
the salts of long-chain fatty acids. Each potassium
ion has eight oxygen atoms, as nearest neighbours at
distances between 2-80 and 3-02 A, belonging to the
six surrounding ethyl sulphate ions. At the other ends
of these ions the methyl group has two neighbours at
3-80 A in the same layer, and four in the next layer,
at 3:90, 3-97 (2) and 4-40 A.

The bond lengths within the ethyl sulphate ion are:

S-0, = 149 A, S-0, = 1:60 A,
S-0, = 1-44 A, 0,C, =144 A,
S-0, = 145 A, C,-C, =151 A,

The mean of the bond lengths 8-0,, 8-0, and S-O,
is 146 A with a maximum divergence of 0-03 A
from the mean, which agrees well with the results of
other investigations (Wells, 1950). The bond lengths
C,-0, and C,—C, are also within 0-03 A of accepted
values, so that the value of 1-60 A for S-O, appears
to be significantly longer than the other S—O bonds.

Other interatomic distances are:

0,-0, = 2:43 A, 0,-0, = 241 A,
0,-0, = 2:36 A, 0,-0, = 2-46 A,
0,-0, = 2:50 A, 0,-0, = 2-44 A.

Bond angles at the sulphur atom are:

0,-S-0, = 112°, 0,-8-0, = 101°,

0,-8-0, = 110°, 0,-5-0, = 109°,

0,-S-0, = 116°, 0,-5-0, = 106°.
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