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The Crystal Structure of N,S.H,

E. WANG LUND and SVEN R. SVENDSEN*

Kjemisk Institutt, Universitetet i Oslo, Blindern, Norway

An X-ray crystallographic study of N,S.H, has been carried out.
The analysis shows that that the molecule has the form of a puckered
eight-membered ring with alternating sulphur and nitrogen atoms.
The positions of the hydrogen atoms have not been determined.

Several authors have regarded as a plausible structure of N,S,H, one which
is based on an 8-membered ring with alternating sulphur and nitrogen
atoms 1,2, For the attachment of the hydrogen atoms two different opinions
have been held. Some chemical evidence!,® is said to point in favour of a
structure with hydrogen atoms linked to sulphur atoms. A study of the
infrared spectrum ¢ indicates, however, the presence of NH rather than SH
bonds in the molecule.

The aim of the present investigation is to establish the arrangement of
sulphur and nitrogen atoms in the molecule by means of X-ray crystallo-
graphic methods. It has not been possible or even tried to locate hydrogen
atoms. A crystal structure determination of the same substance has been
performed previously by Jaeger and Zanstra 3, using rotation and powder
X-ray diagrams. We have, however, not been able to find correspondence
between some of their data and results and ours.

The substance was prepared by the method described by Meuwsen. NS,
in benzene was reduced by stannous chloride in alcoholic solution. From ace-
tone needle-shaped crystals of N,S,H, were obtained, but also small bipyra-
midal plates were observed.

Oscillation and rotation X-ray diagrams showed that N, S,H, crystallizes
in the orthorhombic system. The unit cell dimensions were found to be
a=6.75A,b="197A, c=12.19 A. These values are assumed to be accurate
to within one half per cent. With four molecules in the unit cell the dimensions
lead to a calculated density of 1.907 gem~3 which compares favourably with the
observed value 3 of 1.88 gcm=3.

* Present address: Statens rastofflaboratorium, Trondheim, Norway.
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Figs. 1 and 2. Projections of the asymmetric unit of N,S ., on (001) and (010), res-
pectively. Electron density maps with interval between contour lines corresponding to
10 electrons per A%, the lowest lying at 10 electrons per A2,

:.---
H
£

Y

i

Weissenberg diagrams, taken with Cu-K radiation show extinctions of
reflexions characteristic of the space groups Pbnm or Pbn. The Wilson ratio
{F|>2/<|F|? was computed for seven different sets of reflexions lying
within concentric areas in reciprocal #0! plane. The mean value of the ratio
was found to be 0.63, which indicates the most symmetric space group Pbnm.
With four molecules in the unit cell this space group requires two halves of
a molecule to be crystallographically equivalent.

Intensities of k0l and 2kO reflexions were estimated visually by means of
a standard scale, using the multiple film technique. Patterson projections
were computed and found to be compatible with a structure based on an 8-
membered ring with alternating S and N atoms and having the point sym-
metry 4 mm. If this is the main feature of the structure one of the symmetry
planes of the molecule has to coincide with the symmetry plane of the space
group.

A model was tentatively assumed with N—S distance equal to 1.77 A and
with the angles N—S—N and S—N—S equal to 105° and 109°, respectively.
Patterson projections served to locate such a model in the unit cell with a
satisfactory degree of correspondence between observed and calculated struc-
ture factors. Fourier projections on (001) and (010) planes were computed.
The contour maps are shown in Figs. 1 and 2. The interval between contour
lines corresponds to 10 electrons per A2

From these electron density maps rather reliable coordinates of sulphur
atoms can be derived. Only one nitrogen atom gives rise to a well separated
peak. The other two nitrogen atoms of the molecule cannot be located accu-
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Fig. 3. Difference electron density project-

ion on (001), amplitudes being F,—Fs.

Interval between contour lines correspond-

ing to 3 electrons per A3, the lowest lying at
3 electrons per Al

rately due to overlap from other atpoms in the projections. In order to determine
the coordinates of these nitrogen atoms a difference synthesis F—JF; was per-
formed in the projections on (001), F; being the calculated contribution of the
sulphur atoms to the structure factor. In Fig. 3 the resulting difference electron
density map is reproduced. From this map the x and y coordinates of the
nitrogen atoms were derived. Figs. 4 and 5 show the arrangement of the mole-
cules in the unit cell.

In Table 1 the final coordinates are listed. These coordinates lead to four
independent determinations of the N—S distance of the magnitude 1.65 4- 0.02
A and further to three independent values of the angle S—N—S lying in the
range 122° 4 3° and two values of the angle N—S—N within 109° 4 1°

In Table 2 observed and calculated structure factors are given. The calcu-
lated values include temperature factors B equal to 3.00 and 3.65 A2 for the
projections on (010) and (001), respectively. No correction for absorption has
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Fig. 4. Projection of the structure of Fig. 5. Projection of the structure of
N.SH, along the c-axis. N,S,H, along the b-axis.
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Table 1. Coordinates of sulphur and nitrogen atoms.

CRYSTAL STRUCTURE OF NSH,

x

0.259
0.680
0.221
0.774
0.494

y
0.137
0.043
0.225
0.108
0.171

943

been made. Nor has the contribution of hydrogen atoms to the structure
factors been considered. The ’reliability index’ R = X||Fy| — |[F{| /2 |Fy|
is found to be 0.13 for the projections on (010) and 0.17 for the projection on

(001).

Table 2. Observed and calculated structure factors. (One eighth of absolute values.)

hkl
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040
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080
0100
110
120
130
140
150
160
170
180
190
1100
200
210
220
230
240
250
260
270
280
290
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
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In order to establish the pasition of the hydrogen atoms in the molecule it
would be of interest to study derivatives in which hydrogen is replaced by a
heavier atom or group. The formaldehyde derivative N,S,(CH,0H), has been
prepared according to Meuwsen. X-Ray diagrams show that this compound
belongs to the space group Pbca with axial lengths 12.0 A, 13.1 A and 15.8 A.
The observed density is 1.55 gem™ whereas the calculated density assuming
eight molecules in the unit cell is 1.74 gem=3. A more detailed crystallographic
study of this compound has not been carried out. The preparation of a com-
pound N,S,F, has been reported ¢ and the compound is said to belong to the
space group P 4 2,¢ with two molecules in the unit cell. The point symmetry
of the molecule must then necessarily be 4. Assuming that the structure of
this molecules also is based on an 8-membered ring, this point symmetry leads
to a structure different from that found for N,S,H,. It will be of interest to
see a more detailed analysis of the structure of the fluorine derivative.

One of the authors (E. W. L.) wants to thank Norsk Hydros Fond for financial aid.
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