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The crystal and molecular structure of the unsaturated five-
membered cyclic disulphide, thiuret hydrochloride hemihydrate, has
been solved by systematic application of Sayre’s equation, and refined
by least squares methods using anisotropic temperature parameters.
The refinement comprises the h0l, hll, h2l, h3l, and hkO reflections,
and the final coordinates of the atoms in the thiuret ion have been
corrected for the rigid-body libration of the ion.

The lengths of the cyclie C—N bonds in the thiuret ion
are 1.342 + 0.010 A and 1.350 + 0.009 A, and the lengths of the
exocyclic C—N bonds are 1.315 + 0.009 A and 1.303 + 0.010 A.
The C—8 bond lengths are 1.767 and 1.762 + 0.007 A, and the S—8
bond length is 2.071 + 0.004 A.

The thiuret ion is essentially planar, and nearly symmetric about
an axis through the cyclic nitrogen atom and the midpoint of the
sulphur-sulphur bond. The bond lengths show that the ion is sta-
bilized through z-orbital delocalization, the conjugation being most
pronounced in the carbon-nitrogen part of the ion.

In the crystal, both sulphur atoms of the disulphide group form
close contacts (3.315 and 3.272 + 0.004 A) with the same chloride
ion, and the indicated bonding may be explained in terms of three-
center two-electron bonds.

The linear X..-S—S§8...X arrangement which was found in crystals
of thiuret hydroiodide and hydrobromide is also present in crystals of
thiuret hydrochloride hemihydrate. In the latter compound the
chlorine-sulphur distances in this arrangement, are 3.864 + 0.004 A
and 3.527 + 0.004 A, and the interaction between halogen and
sulphur is weaker than in thiuret hydroiodide and hydrobromide.

The following hydrogen bonds occur in the crystal,
N—H.O = 2.870 + 0.010 A N—H..N = 3.000 + 0.010 A, .
N—HXCI = 3.114 and 3.132 + 0.007 A, and O—H--Cl = 3.156 +
0.006 A.

he unsaturated five-membered disulphide ring of the thiuret ion (I) possesses
a sextet of m-electrons and is pseudo-aromatic. While the disulphide group
is normally non-planar, with a dihedral angle of about 90° between the planes
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of the valences of the two sulphur atoms,! it has been found to be planar in
unsaturated five-membered cyclic disulphides.2® Foss? has suggested that
the stability of the planar disulphide group in these compounds is due to z-
bonding in which n-electrons on the sulphur atoms participate. Support for
this idea derives from structure investigations of a series of compounds con-
taining an unsaturated five-membered disulphide ring.2® The lengths of the
cyclic carbon-sulphur bonds in these compounds are found within the range
1.67—1.78 A, and the reported values for the sulphur-sulphur bond lengths
varies from 2.00 to 2.09 A.

The conjugation in the carbon-sulphur part of an unsaturated five-mem-
bered disulphide ring is most pronounced when the substituents to the ring
do not, or only to a small degree, take part in n-bonding with ring atoms.
In mono-phenyl substituted 1,2-dithiolium ions, for example,®?® the sulphur-
sulphur bond length has been found to be 2.00—2.03 A and the carbon-sulphur
bond lengths 1.67—1.71 A. These values agree, if one assumes a linear rela-
tionship bond-order/bond-length, with the bond orders, calculated by Berg-
son,1® for the S—S and C—S bonds in the unsaturated 1,2-dithiolium ion.
Xanthan hydride and rhodan hydrate, on the other hand, have sulphur-
sulphur and carbon-sulphur bond lengths of about 2.06 A and 1.76 —1.78 A,
respectively.®® In the latter compounds the cyclic carbon atoms, bonded to
the disulphide group, strongly engage in m-bonding with external atoms, at
the expense of the conjugation in the carbon-sulphur part of the ring.

In the unsaturated five-membered cyclic disulphide, 4-methyl-trithione,
only one of the carbon atoms, bonded to the disulphide group is engaged in
m-bonding with an external atom.? Thus, according to the above, one might
expect the conjugation in the disulphide group of this compound, to be some-
what more pronounced than in xanthan hydride and rhodan hydrate. The
length of the C—S bond on the thione side of the disulphide ring in 4-methyl-
trithione is 1.747 4+ 0.017 A and the length of the C—S bond on the other
side of the ring is 1.713 4 0.017 A. Furthermore, the length of the sulphur-
sulphur bond is reported to be 2.047 4 0.007 A, and Jeffrey and Shiono 3
conclude that this sulphur-sulphur bond is a pure single bond. The present
authors believe that the mentioned sulphur-sulphur bond has some double
bond character and that 4-methyl-trithione, from what has been said above,
and as far as the conjugation in the disulphide group concerns, may be regarded
as intermediate between the 1,2-dithiolium ion on one side, and xanthan
hydride and rhodan hydrate on the other. Bergson !° has calculated the =-
bond order of the sulphur-sulphur bond in 4-methyl-trithione to be 0.242.

The question whether and to which degree the close contacts between
halogen and sulphur, found in crystals of thiuret hydroiodide? and hydro-
bromide,® affects the sulphur-sulphur bond, incited the present investigation
of thiuret hydrochloride hemihydrate. The close contacts occur in approxi-
mately linear X...S—8...X arrangements, and may influence the length of
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the sulphur-sulphur bond through transfer of charge from the halide ion to
those p-orbitals of sulphur already engaged in the sulphur-sulphur o-bond.
One may expect the strength of this partial bonding to decrease with increas-
ing electronegativity of the halide ion, and whether it affects the length of the
sulphur-sulphur bond in thiuret hydroiodide and hydrobromide might there-
fore be revealed through a structure investigation of thiuret hydrochloride
hemihydrate.

EXPERIMENTAL

The unit cell and space group of thiuret hydrochloride hemihydrate have been reported
by Foss.! The crystals are monoclinic, with the unit cell dimensions (redetermined):
a=19.53 A, b =547 A, c = 14.31 A, and f = 114.5°. The experimental error is esti-
mated to be within 0.2 9,.

There are eight formula units per unit cell and the space group is C2/c.

The intensities of the hOl, k1l, h2l, h3l, and hkO reflections were estimated by eye
from sets of Weissenberg photographs, taken with CuK« radiation. A crystal with cross-
section 0.16 X 0.27 mm was used for the recordings around the b axis; for the hkO-
recordings a crystal with cross-section 0.3 X 0.08 mm was used. 852 independent reflec-
tions were obtained and measured. The intensities were corrected for Lorentz and polariza-
tion effects but not for absorption. Common reflections in 20I, k1l, h2l, h3l, and hk0 were
used to put all the reflections on the same scale.

The calculated structure factors in Table 12 are based on the atomic scattering curves
for chloride ion, sulphur, oxygen, nitrogen, carbon and hydrogen which are given in the
International Tables, the first set of the listed scattering factors for carbon being used.

STRUCTURE DETERMINATION

Direct solution. The structure was solved in the b-axis projection by means
of Harker Kasper inequalities and systematic use of Sayre’s equation, and a
brief account of this has been reported earlier.!?> A more detailed description
of the procedure is given here.

Observed k0l structure factors were put on an absolute scale by means of
Wilson’s method,!® and unitary structure factors were calculated for the stron-
gest reflections. The wu-values, found in this way, later proved to be about
30 9, too high.

The signs for 406 and 14,0,14 were chosen positive, and combination of
these two reflections in a Harker Kasper inequality gave the sign for 18,0,8.
The signs for 12,0,4, 10,0,0, 12,0,2, and 12,0,12 were denoted a, b, ¢, and d,
respectively, and sixteen sets of probable signs were derived, by means of
Sayre’s equation Sy-Sy = Sy+w, for the 37 reflections in Table 1. This could
be reduced to four sets of probable signs by taking into account the derived
relationships between b, ¢, and d; see for instance derived signs for 10,0,0, 808
and 12,0,12 in Table 1. Furthermore, one of the remaining four sign sets could
be regarded as unlikely because it had all signs positive.

Fourier maps corresponding to the three sets of probable signs were com-
puted, and the molecule was recognized in one of them. This Fourier map,
shown in Fig. 1, hasa = +, b =¢ = —, and d = +, and all derived signs
later proved to be correct. ‘
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Table 1. Unitary structure factors and probable signs for the A0l reflections used in the
direct structure determination.

h l 100u sign h l 100w sign
0 16 42 ad 2 8 37 be
10 0 90 b, de 4 —8 63 a
16 0 42 abd 8 —8 78 b, ¢
2 2 36 ab 14 —8 51 abd
8 —2 65 a 18 —8 84 +
12 —2 68 ¢ 24 —8 73 ad
18 -2 37 ab 16 —-10 65 ab
22 -2 63 be 20 —10 50 be
2 4 56 ab 4 12 42 ab
6 4 38 be, d 2 —12 46 c
12 4 106 a 6 —12 40 a
16 4 49 c 12 —12 72 d, +
4 —4 49 bd 22 —12 41 bd
20 —4 71 ac 4 —14 78 b
4 6 84 + 10 —14 47 abd
14 6 60 b 14 —14 78 +
6 —6 43 b, c 20 —14 76 ad
10 —6 38 abe 10 —16 36 abd
16 —6 50 d

Fig. 1. Fourier map of thiuret hydrochloride hemihydrate in the b-axis projection, based
on the 37 reflections in Table 1. with a = + ,b =¢ = — and d = +. Contours at
arbitrary but equal intervals.

Structure refinement. The y-coordinates for the atoms in the thiuret ion were
estimated by taking into account that the thiuret ions, as indicated by the
b-projection, were arranged in pairs over centers of symmetry through
N—H..-N hydrogen bonds of length about 3.0 A. Such an arrangement of
thiuret ions was found in thiuret hydrobromide,® the N—H..-N distance there
being 3.07 A. Furthermore, an approximately linear Cl---S—8...Cl arrangement
was assumed, from the X...8—S8...X arrangements found in thiuret hydro-
iodide and hydrobromide.2,® The y-coordinate of the water oxygen on the
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twofold axes was estimated by assuming that there probably would be hy-
drogen bonds between the oxygen atom and two chloride ions.

The structure was refined by least squares methods on an IBM 1620
computer, using a program designed by Mair.}* Weighting scheme No. 3,
recommended by Mair, was used with @ = 12 and b = 7.5. The refinement
comprises the k0l, k1l, k21, h3l, and hkO reflections, and was carried out with
anisotropic temperature factors for all atoms except the hydrogens, which
were given isotropic temperature factors. Final value of the agreement factor
R =3||F,|—|F||[Z|F,l is 0.059. Eight low order reflections, supposed to

Table 2. Final atomic coordinates from the least squares refinement.

Atom x Y z

Cl 0.11067 0.25841 0.18718
S, 0.20221 0.81731 0.12798
S, 0.09096 0.81664 0.02381
N, 0.2923 0.4716 0.1136
N, 0.1697 0.4463 —0.0077
N, 0.0426 0.4605 —0.1121
C, 0.2232 0.5545 0.0736
C, 0.1016 0.5517 —0.0383
(0) 0.0000 —0.0513 0.2500
H, 0.299 0.336 0.093
H, 0.323 0.530 0.178
H, . 0.047 0.358 —0.147
H, —0.003 0.5621 —0.133
H; —0.030 0.047 0.250

Table 3. Components of atomic vibration tensors Ur in A2, referred to crystallographic
axes.

Atom Un Us, Us; Ui, Uss Ui,
Cl 0.0348 0.0632 0.0453 0.0133 0.0128 0.0178
S, 0.0348 0.0509 0.0376 0.0023 —0.0084 0.0148
S, 0.0333 0.0525 0.0433 0.0085 —0.0017 0.0161
N, 0.0330 0.0595 0.0397 0.0069 —0.0131 0.0071
N, 0.0296 0.0446 0.0350 0.0043 —0.0011 0.0128
N, 0.0271 0.0648 0.0439 0.0058 —0.0041 0.0069
C, 0.0292 0.0619 0.0297 0.0008 0.0014 0.0153
C, 0.0292 0.0532 0.0338 0.0029 0.0012 0.0134
(0} 0.0488 0.0606 0.0571 0.0000 0.0000 0.0251

Final B-values, in the expression exp [—B(sin%0/4?)] for the hydrogen atoms H,...H,
are —0.1, 0.7, 1.9, 1.7, and 1.8 A2, respectively.

be affected by secondary extinction, were excluded from the least squares
refinement. These reflections, marked with asterisks in Table 12, were included
in the final structure calculations with ¥, = F .

Atomic coordinates and components of atomic vibration tensors Ur are
given in Tables 2 and 3. The observed and calculated structure factors are

Acta Chem. Scand. 20 (1966) No. 7



1912 HORDVIK AND SLETTEN

Fig. 2. Electron density map of the thiuret = Fig. 3. Electron density map in the plane
ion, showing the electron density in the of the thiuret ion with all atoms but the
plane of the ion. Contour intervals for hydrogens subtracted. Contour intervals
carbon and nitrogen 1 e.A"? and for sulphur of 0.1 e.A-® starting at 0.3 e.A™3.

2 e.A-2, Lowest contour at 1 e.A"3.

listed in Table 12. An electron density map, showing the electron density in
the plane of the thiuret ion is given in Fig. 2, and a corresponding electron
density map with all atoms except the hydrogens subtracted is given in Fig. 3.

Thermal analysis. Cruickshank !5 has shown how the libration and transla-
tion of a rigid molecule can be deduced from the anisotropic thermal vibrations
of its different atoms. The method presupposes that the axes of libration
intersect in a known point, such as a center of symmetry. Hirshfeld 16 suggests
that the libration centre can not, in most cases, be located a prior:, and has
modified Cruickshank’s method accordingly.

The computer program used in the rigid-body calculations referred to
below is written in FORTRAN II by Hirshfeld, and the calculations were
carried out on the IBM 1620 .

An orthogonal molecular coordinate system L, M, N was chosen such that
L and M are in the plane of the thiuret ion and N perpendicular to this plane.
The origin is in an approximate center of gravity and the directions of L, M,
and N are the directions of the principal axes of inertia. The direction cosines
of L, M, and N with respect to the crystallographic axes are given in Table
4 together with the coordinates of the origin.

Coordinates and vibration tensors of the atoms in the thiuret ion (except
hydrogen), were transformed to the molecular coordinate system, and the
transformed values are given in Tables 5a and 6.

The rigid-body parameters of the thiuret ion were calculated according to
Hirshfeld’s procedure,'® with triple weight on the sulphur atoms, and the
final values of the translation and libration parameters are given in Table 7.
Components of atomic vibration tensors as calculated from the rigid-body
parameters are listed in Table 6. Principal components of the rigid-body vibra-
tions and their direction cosines with respect to molecular axes together with
the coordinates of the libration center are given in Table 8.

The coordinates of the atoms in the thiuret ion were corrected for rigid-
body libration according to Cruickshank’s method.}” The corrected coordinates
are listed in Table 5b.
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Table 4. Origin, and direction cosines of the axes L, M, N of the molecular coordinate
system, referred to crystal axes.

a b c
L —0.7631 —0.0085 —0.2716
M —0.3724 0.8230 0.5448
N —0.5282 —0.5680 0.7934

Origin at & = 0.1553, y = 0.6715, z = 0.0441

Table 5. Atomic coordinates in the coordinate system L, M, N (a) final coordinates from
the least squares refinement, (b) the latter values corrected for rigid-body libration.

(a) (b)
Atom L (A) M (A) N (4) L (A) M (A) N (A)

S, —1.031 0.970 0.016 —1.035 0.975 0.016
S, 1.031 0.964 —0.017 1.035 0.969 —0.017
N, —2.302 —1.345 —0.002 —2.311 1.356 —0.001
N, —0.002 —1.521 —0.035 —0.002 —1.524 —0.035
N, 2.298 —1.347 0.046 2.306 —1.349 0.046
C, —1.120 —0.789 0.000 —1.124 —0.790 0.000
C,; 1.127 —0.790 —0.008 1.131 —0.790 —0.008

Table 6. Components of atomic vibration tensors V7 in A as found by the least squares
refinement (exp) and as calculated from the rigid-body parameters (RB).

Atom Vie Vmm Vawn Vim Vun Vin
S, (exp) 0.0352 0.0367 0.0515 —0.0002 —0.0100 © —0.0011
(RB) 0.0342 0.0407 0.0511 —0.0011 —0.0099 —0.0008
S, (exp) 0.0354 0.0413 0.0520  —0.0082  —0.0080 0.0000
(RB) 0.0342 0.0407 0.0529 —0.0061 —0.0087 0.0003
N,(exp) 0.0303 0.0390 0.0708 —0.0003 —0.0108 0.0032
(RB) 0.0311 0.0471 0.0681 —0.0061 —0.0103 0.0003
N,(exp) 0.0304 0.0374 0.0419 —0.0039 —0.0060 0.0002
(RB) 0.0315 0.0390 0.0367 —0.0036 —0.0094 0.0000
Nj(exp) 0.0264 0.0528 0.0643 —0.0045 —0.0087 0.0003
(RB) 0.0311 0.0470 0.0655 —0.0010 —0.0111 —0.0006
C; (exp) 0.0308 0.0508 0.0360 —0.0024 —0.0169 —0.0011
(RB) 0.0304 0.0410 0.0403 —0.0039 —0.0095 0.0002
C, (exp) 0.0303 0.0457 0.0398 —0.0037 —0.0099 —0.0002
(RB) 0.0304 0.0410 0.0400 —0.0033 —0.0096 0.0004
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Table 7. Final rigid-body translation parameters Tj; and libration parameters w;;.

LL MM NN LM MN LN
T (A) 0.03036 0.03908 0.03250 —0.00364 —0.00922 0.00032
w (rad?) 0.005221 0.005967  0.001528 —0.000310 —0.000287 0.000270

Table 8. Principal components of rigid-body vibrations, with direction cosines, and coor-
dinates of libration centre, referred to molecular axes.

L M N
T2 = 0.0462 A? 0.1971 —0.9081 —0.3693
Tg = 0.0304 —0.8114 0.0603 —0.5813
T = 0.0252 0.5502 0.4143 —0.7249
,* = 0.0060 rad? —0.3258 0.9421 0.0779
g = 0.0051 0.9445 0.3209 0.0691
w = 0.0014 0.0400 0.0961 —0.9945

Libration centre at L = 0.005, M = 0.622, N = 0.021.

The amplitudes of translational motion in directions of the principal axes
are, according to the values in Table 8, 0.16, 0.18, and 0.22 A, and the ampli-
tudes of libration about principal axes are 2.1, 4.1, and 4.4°. The libration
center lies 0.62 A off the origin of the molecular coordinate system in direc-
tion towards N,. Minimum libration occurs about an axis through this center
and approximately perpendicular to the molecular plane. The libration ampli-
tudes around the two other principal axes are nearly equal, 4.1 and 4.4°, and
the axes lie nearly in the plane of the molecule, roughly parallel to M and L,
respectively.

Table 9. Bond lengths (I) and standard deviation in bond lengths ¢(l) in the thiuret ion;
values in parenthesis are without correction for rigid-body libration.

Bond 1(4) a (1) (A)
$,—8, 2.071 (2.063) 0.004
8,—C, 1.767 (1.761) 0.007
8,—C, 1.762  (1.756) 0.007
C,—N, 1.342 (1.337) 0.010
C,—N, 1.350 (1.345) 0.009
C,—N, 1.315 (1.310) 0.009
C,—N, 1.303 (1.298) 0.010
N,—H, 0.83 0.1
N,—H, 0.93 0.1
N,—H, 0.77 0.1
N,—H, 0.89 0.1

Acta Chem. Scand. 20 (1966) No. 7



THIURET HYDROCHLORIDE HEMIHYDRATE 1915

Fig. 4. Bond lengths (A) and bond angles
(°) in the thiuret ion.

Table 10. Bond angles and standard deviation in bond angles in the thiuret ion; values in
parenthesis are without correction for rigid-body libration.

Angle (°) a(°)
C,—8,—8, 92.7 ( 92.7) 0.3
8,—C,—N, 120.3 (120.3) 0.5
8,—C,—N, 118.4 (118.4) 0.6
N,—C,—N, 121.3 (121.3) 0.6
C,—N,—C, 113.8 (113.8) 0.6
S,—C;—N, 119.9 (119.8) 0.5
S;—C3—N, 118.5 (118.5) 0.5
N,—C,—N, 121.6 (121.7) 0.6
$,—8,—C, 93.2 ( 93.3) 0.3

DISCUSSION

The thiuret ion. Bond lengths as calculated from the coordinates in Table
5b, are listed in Table 9 and shown in Fig. 4. An assumed 0.1 9%, standard
deviation in cell dimensions has been included in the listed standard deviation
in bond lengths. Bond angles calculated from the coordinates in Table 5b are
listed in Table 10 and shown in Fig. 4.

The thiuret ion is essentially planar; the equation for the least squares
plane of the molecule, excluding the hydrogen atoms and with double weight
on the sulphur atoms is

—10.3164x—3.1068y + 11.35352 = —3.1888

where x, y, and z are the fractional coordinates with respect to the crystallo-
graphic axes. The N-coordinates in Table 5 give the distances of different atoms
from the molecular plane, and show that S,, S,, N,, and N; probably are slightly
out of the plane.

A least squares plane for the atoms of the five-membered ring was then
calculated with triple weight on the sulphur atoms. The distances in A of the
different atoms in the thiuret ion from this plane are S; (0.003), S, (—0.005),
C, (0.001), C, (0.020), N, (—0.009), N, (—0.015), and N, (0.094). The five-
membered ring is thus planar within the error; one of the exocyclic nitrogen
atoms (N,) lies in the plane, while the other (N;) lies significantly out of the
plane by 0.094 A.

In thiuret hydrobromide the thiuret ion is found to be planar.® For thiuret
hydroiodide a non-planar disulphide ring is indicated # but this is probably
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related to the uncertainty of the atomic coordinates of carbon and nitrogen
in the structure.

Bond lengths and angles, c¢f. Fig. 4, show that in thiuret hydrochloride
hemihydrate an approximate mirror plane occurs perpendicular to the molec-
ular plane and through N, and the midpoint of the sulphur-sulphur bond.
Such a mirror plane is crystallographically required in thiuret hydroiodide.
Bond lengths and bond angles in the thiuret ion, as found in the present
investigation, deviate by less than one standard deviation from corresponding
bond lengths and angles in the symmetric model arrived at by averaging the
dimensions of the two halves of the ion.

The slight difference in bond lengths between cyclic and exocyclic carbon-
nitrogen bonds found for thiuret hydrochloride hemihydrate is probably
significant. Thus the average length of cyclic C—N bonds is 1.346 A and of
exocyclic C—N bonds 1.309 A. By assuming the thiuret ion to be symmetric,
the corresponding standard deviation in C—N bond lengths becomes 0.007 A,
and the difference between cyclic and exocyclic C—N bond lengths is then
more than five times this figure. The value 1.346 + 0.007 A for the cyclic
C—N bond lengths agrees with the aromatic C—N bond length, 1.340 A,
found in pyridine.?? In the unsaturated five-membered cyclic disulphide xanthan
hydride,* the average value of cyclic C—N bond lengths is 1.343 4+ 0.011 A,
and also in this compound the exocyclic C—N bond is found to be shorter,
1.307 4+ 0.011 A, than the cyclic C—N bond. The latter C—N bond lengths
are not corrected for rigid-body libration, and are as should be expected,
somewhat smaller than the corrected values for thiuret hydrochloride hemi-
hydrate.

The carbon-sulphur bonds in thiuret hydrochloride hemihydrate, 1.762
and 1.767 -4 0.007 A, are shorter than single bonds. This is clearly seen through
a comparison with the saturated five-membered cyclic disulphide, 1,2-dithiol-
ane-4-carboxylic acid,'® where the C—S bonds are found to be 1.83 and
1.85 4 0.02 A. Even if the carbon atoms bonded to sulphur in the latter com-
pound are mainly sp3-hybridized, and one thus might expect the C—S single
bond length to be somewhat smaller in the thiuret ion than in 1,2-dithiolane-
4-carboxylic acid, the observed difference in C—S bond lengths in the two
compounds, 0.07 A, is hardly due to the greater s-character of the bonding
orbital on the carbon atoms in the thiuret ion only. According to the bond-
length/bond-order relationship for a C—S bond, proposed by Abrahams,® a
C—S bond of 1.76 A corresponds to a m-bond order of about 0.4.

The length of the sulphur-sulphur bond in thiuret hydrochloride hemi-
hydrate is found to be 2.071 4 0.004 A. This value includes correction for
rigid-body libration; the uncorrected value is 2.063 A. In thiuret hydrobro-
mide 8 and hydroiodide,?2 where corrections for rigid-body libration were not
undertaken, the sulphur-sulphur bond lengths are 2.081 + 0.009 and
2.088 + 0.012 A, respectively. A least squares refinement of the thiuret
hydroiodide structure 7 gave for the sulphur-sulphur bond a length of
2.083 4 0.015 A. There is thus no significant difference between the
sulphur-sulphur bond lengths as found in the three thiuret hydrohalides,
but the observed differences may be real, as discussed below.
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Although the sulphur-sulphur bond length in thiuret hydrochloride hemi-
hydrate, 2.071 4+ 0.004 A, has been found smaller than the accepted value
2.08 A for a sulphur-sulphur single bond, it does not differ significantly from
this value. This implies that the sulphur-sulphur bond in thiuret hydrochloride
hemihydrate might be accepted as a pure single bond, or close to. It seems
likely, however, that a query should be put at the well known value 2.08 A.
As regards cyclic disulphides, it seems justified to suggest a somewhat longer
single bond length. The value 2.10 A, is from a consideration of available
experimental data, by one of the authors proposed as a more relevant bond
length for a single bond between the two divalent sulphur atoms of a cis
planar disulphide group.?® Since this value, 2.10 A, emerges from data
uncorrected for rigid-body libration, it seems justified to compare the
uncorrected sulphur-sulphur bond length, 2.063 A, in thiuret hydrochloride
hemihydrate with it when judging about the double bond character of this
bond. It therefore seems likely that the conjugation in the thiuret ion also
extends over the sulphur-sulphur bond.

The environment of the disulphide group. The environment of the disulphide
group in the crystals of thiuret hydrochloride hemihydrate is shown in Fig. 5,
and the corresponding interatomic distances and angles are listed in Table 11.
The values are based on the coordinates in Table 1.

The sum of van der Waals radii for chlorine and sulphur is 3.65 A, accord-
ing to the values given by Pauling,” and thus Fig. 5 shows that the sulphur
atoms of the disulphide group form three close contacts with two neighbouring
chloride ions. In thiuret hydroiodide and hydrobromide there are, as men-
tioned in the introduction, close contacts between halogen and sulphur in a
linear X --S—S8..-X arrangement. A similar arrangement, with chlorine-sulphur
distances 3.864 and 3.527 4 0.004 A, occurs in crystals of thiuret hydro-
chloride hemihydrate. One of the latter distances is slightly shorter than the
corresponding van der Waals contact and may indicate a weak bond. How-
ever, this partial bonding of o-bond order about 0.10, is probably too weak
to affect the sulphur-sulphur bond length. In thiuret hydrobromide and hydro-

Fig. 5. Atomic distances and angles with reference to the environment of the disulphide
group.
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Table 11. Atomic distances and angles with reference to the environment of the disul-
phide group, together with the respective standard deviations in atomic distances and

angles.
Distance (A) g (A)
S,--Cly 3.527 0.004
S,e-Clyp 3.315 0.004
S,-+Clyy 3.272 0.004
Sg+-Clypr 3.864 0.004
N,-Cly 3.114 0.007
Ny+-Clyyr 3.132 0.007
Angle (°) a (°)
Clp-N,—C, 110.6 0.5
Cly--8,—C, 84.2 0.3
Cly-S, -8, 174.2 0.2
Clye--8,--Clyy 112.1 0.2
S,+Cly--N, 56.1 0.3
Clp-8,—8, 70.6 0.3
Clyp...8;—8, 72.9 0.3
Clyye++S4---Clyyg 114.6 0.2
S,+Clyy--S, 36.5 0.2
Clip S, —8, 172.5 0.2
Clypp-83—C, 79.2 0.3
Clypy-N3;—C, 119.4 0.5
S!'"CIIII'"NS 42.7 0.3

‘odide the partial sulphur-halogen bonding in the linear X...S—S...X arrange-
ment, equally strong on either side of the disulphide group, corresponds to a
o-bond order of about 0.23. The sulphur-sulphur bonds in the latter com-
pounds are found to be 0.02 A longer than in thiuret hydrochloride hemi-
hydrate. The difference in bond length, although not significant, seems to
indicate that the partial bonding between halogen and sulphur in crystals of
thiuret hydroiodide and hydrobromide have caused a small lengthening of the
sulphur-sulphur bond in those compounds.

Beside the sulphur-chlorine close contact discussed above, the sulphur
atoms of the disulphide group in erystals of thiuret hydrochloride hemihydrate
form two close contacts with a second chloride ion. This chloride ion lies close
to the normal to the sulphur-sulphur bond through its midpoint, 0.22 A from
the plane of the thiuret ion; the sulphur-chlorine distances are 3.315 and
3.272 4 0.004 A. A similar arrangement occurs in crystals of thiuret hydro-
bromide and also in crystals of 3-phenyl-1,2-dithiolium iodide. These halogen-
sulphur-sulphur configurations are probably established through overlap of
one filled orbital on the halogen ion with two orbitals of the sulphur atoms,
one from each. Because both sulphur atoms form weak bonds with halogen,
one may assume that charge is partially transferred from the halogen ion to
the sulphur atoms, e.g. to those p-orbitals on the sulphur atoms already
engaged in the sulphur-carbon g-bonds, with weak three-center two-electron
bonds as result.

The b-axis projection of the crystal structure of thiuret hydrochloride is
shown in Fig. 6. The thiuret ions are arranged in pairs over centers of sym-
metry through N—H---N hydrogen bonds of length 3.000 4+ 0.010 A. The
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Table 12. Observed and calculated hOl, h1l, h2l, k31, and hkO structure factors for thiuret
hydrochloride hemihydrate. The values given are 25 times the absolute values.

h k 1 B R n k 1 F, F h x 1 F, F hok 1 R, Fy
[} 2 2389 2639 6 0 8 635 718 "o 0 1045 1051 5 1 -2z 1258 <1192
o 0 4 772 = 745 8 0 8 945 <« 938 [ER] 0 <184 92 5 I =3 <116 83
0o o [ 1727 1809 10 0 8 616 559 15 1 ] 1189 1126 5 V=4 2006 =(9l7
o o 8 1570 1541 12 0 8 401 = 374 17 1 [ 974 = 916 5 { =5 41914 4090
0 o 10 898 859 1« 0 8 490 439 19 1 0 <180 e 5 1 =6 1622 =-1522
o 0 iz 846 = 872 2t 0 <190 172 5 1 -7 854 159
e o 14 590 = 64l 2 0 ~8 <=I(92 200 5 I -8 64l 599
v 0 16 652 63t 4 0 -8 3208 2884 [ | 1200 174 5 1 -9 1057 936
6 0 =8 2319 2zled [ 2 999 -~ 983 5 1 =10 <211 - 65
2 0 0 947 =1082 8 0 -8 3779 <3677 [ 3 2896 2977 5 1 =l 405 307
3 [ [ 1818 =20t9 10 0 -8 <207 158 ] [} “ 772 809 5 I =12 625 =~ 536
6 0 0 2143 -2123 12 0 -8 $32 $13 [ s 530 - 494 5 1 =i3 722 688
8 0 [4 877 = 719 14 0 «8 1758 1640 [ 6 352 - 315 5 1 =f6 530 = 545
[ 0 4387 4631 6 0 =8 525 SI17 [ 7 718 698 5 | ~15 1173 1100
1z 0 0 1041 = 977 18 0 -8 2246 -2135 [ 8 751 - 680 5 1 ~i6 <184 46
té O [ 794 =~ 803 20 0 ~8 <240 136 [ 9 2315 2371 5 1«17 465 = 494
16 0 0 1187 =l165 22 0 -8 <209 97 L1 10 1148 ~11564
18 0 0 393 362 26 0 -8 1119 1234 Y] 658 = 659 L | 2010 =2076
20 0 0 103 033 11 1z <23 - 97 701 Z 1206 -1173
2 o 0«2t = 191 z 0 10 300 - 236 1 13 <223 84 71 3 4035 -4382
4 0 10 352 = 322 11 14 <201 = 43 T 3 73 849
z 0 2 3611 =3599 6 O 10 631 -~ 634 1 ! [H] 490 568 7T 1 5 542 540
4 0 2 40t 471 8 0 10 507 525 o1 16 <116 -~ 50 Tt 6 <215 135
6 0 z 656 = 688 100 10 616 596 7 1 7 46T = 455
8 0 z 904 902 tz o0 10 379 - 340 bt =1 2807 2920" 7 B8 <23 - 142
10 0 2 294 = 236 ' I -2 1278 -1305 7 ] 9 989 =~ 985
t2 0 2 310 319 2 0 =10 <228 17 1t =3 1036 =993 7T 1 10 319 - 232
i 0 2 395 37 4 0 =10 1206 =1120 ] I -6 879 951 7 I, 11 412 =~ 312
t6 0 2 1479 =485 6 0 =10 726 650 I 1 ~9% 2856 =-2782 7.1 12 436 380
18 [ Z 327 - 350 8 o =10 929 - 943 ] {1 =6 153 50 7 1 13 145 - 224
26 0 2 341 = 333 10 0 =0 1336 =~I1334 1 | =T 2037 2081
12 0 =10 <240 47 [} [ -8 1287 1362 7 1 =1 980 1054
2 0 -2 2058 1795 14 0 -0 759 =~ 745 Lo =9 1171 =1199 7 1 =2 <13 = 81
4 0 =2 3018 =-2804 16 O =i0 1857 1789 t 1 =10 683 6 7 1 =3 zies =-2128
6 0 -2z 2679 =2682 18 0 -0 285 = 241 b1 =1t 1669 =1802 7T 1 -4 571 573
8 0 =2 5297 +5357% 20 0 =10 11l =1139 [N B T4 374 362 7 1 =5 388 - 33
10 0 =2 956 869 22 0 «iI0 <197 = 164 1 I =13 €232 - 165 7 I =6 2515 =2372
12 0 =2 3030 2833 24 o =10 215 23t t I =l <217 = 56 7 1 -7 507 =~ 467
1 0 -2 262 = 3| [ 372 - 352 7 { =8 2015 -1905
6. 0 =2 1117 <il10i z2 0 a2z 455 - 435 1 ~16 <151 37 7 1 =9 751 656
18 0 ~2 947 = 94T o 1z 941 =~ 925 7 1t =10 707 - 636
20 0 -2 453 468 6 0 12 125 (205 31 1 391 390 7 1 «ll 1539 1500
22 0 =2 109 1153 8 0 (2 38 919 3 | 2 1406 -1477 7 1 =12 s27 486
a0 12 443 = 450 3 ] 3 26499 2725 7 1 =13 846 = T69
2 0 4 46k 4132° 3 1 4 1187 1150 7 1 =16 €230 - 112
6 0 4 2405 -2380 z 0 =12 1316 1320 3 | s 956 907 7T 1 -5 581 616
6 0 4 2042 =2060 4 0 -2 1224 1327 3 ] 6 296 = 320 T 1 =t6 <192 2
a8 0 4 113 1213 6 0 =12 1280 =234 3 1 7 1408 1349 7T 1 =7 858 904
1w o 4 697 689 8 0 -12 430 =~ 382 3 1 8 T4l ~ 707
12 ¢ 4 3303 3455 100 -12 1353 =1272 3 [} 9 838 ~ 848 9 t 1 2828 -2860
14 0 4 1438 ~1486 12 0 =~I2 205 2089 3 t 10 395 = 408 9 2 246 237
16 0 4 1102 =tto8 te 0 =12 459 436 3 1 565 = 584 9 1 3 763 728
[ 4 <190 175 16 0 =1z 285 = 255 3 & 12 <227 216 9 1 4 <256 67
18 0 -12 550 581 3t 13 685 673 9 1 L] 292 36
2 0 -4 (026 984 20 0 -12 941 = 998 3§ 14 <178 10 9 1 6 641 670
4 0 =& 4360 =399 22 0 =12 680 T48 3 1 15 546 = 639 9 [} 7 1586 =1673
6 0 =4 958 919 9 | 8 1384 (483
8 0 -4 23712 2277 2 0 14 408 = 329 3 o= 333 288 9 | 9 449 473
10 0 =4 133 =1349 4 0 14 223 =~ 185 3 | =2 2739 2548 9 1 10 558 567
120 -4 2364 2369 6 0 14 540 545 3 | =3 6836 1353 9 t 1 407 404
13 0 -4 217 270 3 | =4 5383 5594 9 1 12 <14l - 6
16 0 =4 546 519 2 0 -6 993 = 923 3 t -85 <132 ~ 10
18 0 -4 438 416 4 0 =14 1764 1615 3 | ~6 972 918 9 1 =1 1675 =1391
20 0 -4 1688 =i579 6 0 =14 40l 353 3 1 -7 527 ~ 559 9 1 -2 250 100
22 0 -4 608 581 8 0 -4 511 = 476 3 I -8 203 -~ 213 9 t -3 1557 =152
24 0 =4 391 463 10 0 =ta 1198 =84 3 I =9 1566 1565 9 [ S 252 =~ 238
12 0 ~(4 443 = 427 3 1 =10 213 138 9 | =5 840 = 783
2 0 6 1063 ~11i8 14 0 =(6 1862 ITi4 3 | il <376 - &8 9 1 -6 474 = 427
4 0 6 4788 =-4838% 16 0 =14 <227 175 3 1 =12 (187 li88 9 I =7 <182 - 54
6 © 6 217 280 18 0 =~i4" _ 25 = 205 3 1 -13 <236 = 122 9 I =8 1020 943
8 0 6 550 600 20 0 ~14 1305 ~1345 3 1 -4 542 563 9 F =9 2532 -2410
o 6 575 56! 3 I =IS 534 = 572 9 I =10 <215 - 59
12 0 6 364 363 2 0 =16 <182 = 61 3 I =16 <172 = 74 9 o= 869 816
14 0 6 1328 ~-1336 4 0 =6 262 259 3 1 =17 263 = 270 9 | =12 <23 - 63
16 © 6 420 448 6 C =6 794 720 g 9 1 =13 852 898
8 0 =~l6 782 = 747 5 1 ] 4174 4560 9 1 =4 242 -~ 223
2 0 -6 1938 1909 10 0 -6 740 691 s 2 +766 ~-1858 9 t =I5 621 - 64é
4 0 -6 629 - 599 12 0 =16 780 - 724 5 3 331 236 9 I =16 <194 - 4t
6 0 -6 2828 -2722 16 0 =16 <197 137 5 1 4 794 = 851 9 I =17 <163 167
8 0 -6 846 =~ 797 16 0 =16 565 592 5 1 5 1098 ~-123a
1o 0 -6 2000 1858 18 0 =16 <182 = 25 5 ) 6 240 = 258 bt ] [} 321 360
12 0 -6 1266 1146 5 1 7 476 = 472 "o 2 <21l - 163
4 0 -6 470 = 445 [T 747 - 984 5 1 8 476 509 "o 3 776 749
16 0 «6 1649 =1595 10 0 -8 240 - 321 5 ] 9 720 = 721 " 1 4 <228 = 205
18 0 -6 <252 12 0 -t8 256 313 s 1 10 451 = 416 [N 5 691 =~ 617
20 0 -6 <262 =~ 43 s 11l 240 216 [N 6 <23 - 150
22 0 -6 490 - 528 [ [4 412 - 459 5 1 12 649 = 678 o 71071 10
2w 0 -6 378 377 3 1 0 263 - 321 s 1 I3 616 = 625 oot 8 <221 = I54
s 0 999 1089 S 1 14 <143 - I5i o 9 1082 1084
2 0 8 1524 ~1557 Tt 0 879 =~ 987 o110 <712 =~ 117
4 o 8 T 740 9 0 1293 1334 5 | =1 2697 -2754 oot <2e - 29
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a X 1 Fy Fy n ok 1 F, Fo ho ok 1 Fo Fy h ok 1 Fy Fo
%4 2 -5 186 - 210 103 8 290 = 271 7 3 -3 " 1386 13209 15 3 3 256 222
14 2 -6 159 2zg 13y 9 13t ~1394 T3 -4 635 607 15 3 4 939 838
e 2 =17 165 = 241 137 10 769 834 703 -5 927 - 873 15 3 5 219 - 152
[ 385 420 703 -6 1152 -104] 15 3 6 310 263
16 2 | 476 470 13 1z 370 306 703 -7 312 - 343
6 2 2z 232 164 o3 13 <201 8 7 3 -8 1105 ~1146 15 3 -1 <215 (4]
16 2 3 347 = 369 13 14 <14l - 26 7 3 -0 523 - 511 5 3 -2 @zy7 -~ 34
6 2 4 954 917 7 3 ~10 €213 - 23 15 3 -3 517 461
6 2 5 499 - 462 103 =1 1295 ~-i524 703 -l 709 -~ 717 15 3 - 821 817
6 2 6 397 - 354 I -3 -2 3293 -3402% 7 3 -2 <215 - 52 15 3 -5 (218 -1282
1 3 =3 <10 ~ 66 7 3 =-i3 312 310 15 3. -6 <217 - 20
6 2 -1 120 159 I3 -4 730 - 672 703 -1 674 655 15 3 -7 <217 124
16 2 -2 209 222 1 3 -5 1030 991 7 3 -l5 283 -~ 264 15 3 -8 536 -~ 564
16 2 -3 <120 38 1 3 -6 329 303 7 3 -6 323 299 15 3 -,9 <213 - 202
16 2 =4 159 = 150 13 -7 993 -106% 15 3 -10 385 =~ 370
16 2 -5 <120 - 22 1 3 -8 925 = 956 9 3 11318 1279 15 3 ~fI <203 =~ 147
16 2 -6 1268 1385 L3 -9 <209 41 9 3 z 15 -1851 15 3 -1z <194 = 66
6 2 -7 879 528 i3 -10 811~ 893 9 3 3 432 - 403 15 3 -13 459 425
16 2z =8 209 215 [ 407 447 9 3 4 228 - 166 15 3 -14 345 - 360
6 2 -9 656 730 b3 -z <205 172 9 3 5 €217 - 15% 15 3 -5 <134 24
6 2z =10 953 =-1020 | 3 ~13 292 - 339 9 3 6 <215 151
i6 2 =11 <ilI6 8 t3 -4 358 354 9 3 7 567 587 173 ' 254 212
16 2 =tz 654 735 : 9 3 8 376 =~ 372 173 2z 370 327
16 2 =13 <108 72 3 3 o110 59 9 3 9 596 - 515 173 3 257 190
16 2 =14 172 = 21 3 3 2 658 - 683 9 3 10 381 - 402 173 4 <iz8 16
16 2 =15 316 350 3 3 3 4069 ~-1105
6 2 -le 393 - 430 3 3 4 337 354 93 - 691 - 601 1703 - 819 - 761
3 3 5 722 753 9 3 -2 947 949 17 3 -2 <205 59
18 2 1 610 = 599 3 3 6 1328 1407 9 3 -3 714 693 17 3 -3 455 400
8 2 2 99 1ce 3 3 7 56t = 567 9 3 -4 470 410 7 3 -4 < 209 79
18 2 3 457 - 425 3 3 8 131e 1416 9 3 -5 439 350 17 3 -5 474 - 382
182 o 76 - 89 3 3 9 265 260 9 3 -6 738 - 71l 17 3 -6 856 837
3 3 10 310 ~ 215 9 3 -7 <92 33 1703 -7 304 - 265
18 2 -1 370 ~ 360 3 3 11 <201 T 9 3 -8 536 477 17 3 ~8 563 548
18 2 -2 1764 1793 3 3 1z <180 159 9 3 -9 1227 1188 17 3 -9 412 372
18 2 =3 408 4la 3 3 13 563 - 531 9 3 ~-10 1617 1728 173 -0 350 - 334
18 2 -4 534 5C4 9 3 -1l <217 - 2§ 17 3 -1 306 - 277
18 2 =5 e 137 3 3 -1 302 340 9 3 -2 780 776 173 -12 527 - 476
18 2z -6 445 = 494 3 3 -2 1493 1600 9 3 =13 <203 - 152 17 3 =13 <159 47
8 2z -1 480 - 492 3 3 -3 1502 ~1473 9 3 -i4 <iBB - 199 173 -4 <37 135
18 2 -8 1285 1407 3 3 -4 447 - 380 9 3 -5 521 508
18 2 -9 <I6 1 3 3 =5 848 769 9 3 ~16 271 266 19 3 i 668 621
18 2 -0 302 294 3 3 -6 1160 ~1130
18z -1l 585 591 3 3 -7 707 623 o3 1 436 386 19 3 -1 <168 - 84
18 2 =I2 170 184 3 3 -8 <192 - |4z o3 2 <212 15 9 3 -2 573 486
18 2 =13 147 190 3 3 -9 91z - 92z o3 3 703 - 695 19 3 -3 30C - 261
18 2 <14 170 193 3 3 =10 348 - 374 3 4 463 - 473 19 3 - 308 275
18 2 -15 74 122 33 -t 275 205 o3 5 703 707 19 3 -5 <190 93
3 3 =12 540 ~ 571 I 6 1233 <1349 19 3 -6 <192 16
20 2 3 103 108 3 3 -3 251 - 267 o3 7 261 =~ 243 19 3 -7 38 - 389
303 -4 538 - 572 1"oo3 a8 <168 =~ 106 19 3 -8 443 282
20 2 - 604 = 558 3 3 =15 <143 1¢6 [N 3 9 283 - 354 19 3 -9 248 178
20 2 -2 438 = 399 19 3 -(0 960 906
20 2z -3 923 - 88l 5 3 ! 84z - p3) o3 - 610 535 19 3 ~I1 <163 = 138
29 2 -4 889 93t 5 3 2 1076 1152 1" 3 -2 1849 ~1935 9 3 -2 724 688
20z -5 199 = 219 5 3 3 1286 1323 I3 -3 805 789 19 3 -13 567 - 525
20 2 -6 325 - 372 5 3 4 1537 1660 113 -4 071 -ICOB
20 2 -1 <108 = |1 5 3 5 1055 1ios 1 3 -5 1493 1530 21 3 -2 575 = 598
20z -8 106 147 5 3 6 590 626 13 -6 244 153 2l 3 -3 <137 52
20z -9 621 =~ 652 5 3 7 385 - 359 o3 -7 436 - 385 21 3 -4 <143 32
20 2 -10 383 431 5 3 8 <217 -~ 64 " 3 -8 434 = 409 2t 3 -5 674 629
20 2 -1 288 -~ 297 5 2 9 596 613 13 =9 <213 - 134 28 3 -6 4764 461
20 2 =12 136 - 160 5 3 10 <201 27 3 -0 331 - 858 2t 3 -7 294 265
20z -t3 132 148 5 3 )11 <84 26 13 -ir el 1019 2 3 -8 <49 139
20 2 -14 128 155 5 3 12 364 249 o3 -1z 362 332, 2 3 -9 <143 = |15
13 =13 376 =~ 366 21 3 =10 422 = 423
22 2 -2 776 -~ 756 5 3 =1 683 631 o3 -4 567 523 21 3 -1 467 550
22 2 -3 79 109 5 3 =2 923 879 It 3 =15 <159 82
22 2 ~4 401 - 395 5 3 -3 <30 =~ 55 1o 3 -6 190 185 0o 2z 0 894  -1053
22 2 -5 730 - 759 5 3 =4 1932 1803 [ o 1224 1226
22 2 -6 1z - 117 5 3 =5 1731 -laa7 133 1 485 - 407 9 6 0 372 275
22 2z -1 571 = 519 5 3 -4 248 = 140 13 3 z 571 ~ 566
22 z -8 337 - 343 5 3 =7 689 589 13 3 3 470 - 426 P 0 205 180
22z -9 196 = 220 5 3 -8 668 ~ 589 13 3 4 546 = 503 4 4 0 552 - 536
2z 2 -0 211 282 5 3 -9 802 - 8l6 13 3 5 <194 134 6 4 0 321 - 277
2z z -1t 166 - 188 5 3 ~10 269 - 229 133 6 563 491 8 4 0 347 345
22z =12 < 66 - 46 5 3 =il <238 - 20 13 3 7 426 - 393 10 4 0 354 438
5 3 =12 285 269 12 4 9 240 ~ 268
o3 0 1586 ~-1707 5 3 -3 304 247 13 3 =1 496 465 1 4 0 453 = 419
a3 0 1030 112 5 3 -l 695 = 632 13 3 -2 290 246 16 4 0 <1c8 55
5 3 0 143 12z 5 3 -15 155 - 180 13 3 -3 (057 ~1034 18 4 0 412 365
7 3 0 1696 1792 13 3 -4 914 = 935
9 3 0 381 - 281 7 03 ' 856 - 824 13 3 -5 515 - 466 s 0 540 518
noo3 0 936 - 988 73 z 623 633 13 3 -6 1398 =-1357 3 5 [ 546 = 534
13 3 0 <188 121 7 3 3 635 590 13 3 -7 678 663 5 5 [ 230 229
15 3 (4 474 356 7 3 4 606 =~ 652 13 3 -8 <215 149 7 5 o 951 =~ 905
173 o 1107 973 7 3 5 542 - 516 13 3 -9 800 - 767 9 5 0 302 268
9 3 0 269 - 223 7 3 6 263 - 259 13 3 =10 240 - 181 [T} [ 554 568
703 7 325 318 133 =11 331 326 13 5 0 <106 73
[ | 627 896 702 8 <213 69 13 3 ~12 862 - 798 15 5 2 < 79 83
13 2 <103 16 703 9 486 402 13 3 =13 <192 ~- 61
I3 3 1028 ~=1137 7 3 10 <182 - 189 13 3 =14 633 -~ 627 z 6 0 294 =~ 209
ro3 4 275 240 73 219 =176 133 =15 308 - 283 46 ] 271 206
1 3 5 <161 - 43 6 6 0 <110 - 66
I 3 6 1382 ~-1513 7 3 - 1512 =151 15 3 ] 785 = 674 8 3 0 438 = 431
1 3 7 925 ~ %957 7 3 -2 207 149 15 3 2 1036 1049 e [ 0 335 775
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Fig. 6. The arrangement of ions in the unit cell as seen along the b-axis. Broken lines

indicate hydrogen bonds.

exocyclic nitrogen atoms of a thiuret ion form hydrogen bonds N—H...Cl,
3.114 and 3.132 4 0.007 A long, to the chloride ions of the linear Cl...S—S...Cl
arrangement. There are two O —H-..Cl hydrogen bonds, of length 3.156 -4 0.006
A, and two N—H.-..O hydrogen bonds, of length 2.870 - 0.010 A. This gives
the water oxygen approximately tetrahedral surroundings.

WA WO~
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