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The Structure of (NH4)3CISZO(,

By R.J. GUTTORMSON* AND E.STANLEY

Department of Physics, University of Saskatchewan, Regina Campus, Regina, Saskatchewan, Canada

(Received 14 May 1968)

The crystal structure of (NHg4);CIS;06 has been determined. The cell dimensions are a=12-64,
b=12:48, ¢c=6-08 A and the space group is Pbam. The structure is pseudo-tetragonal and is isostruc-
tural with the mixed salts NaK sCl2(S20¢)2 and NaK,CiS,0s.

Introduction

A mixed salt of ammonium dithionate and ammonium
chloride has been described by Foch & Klus (1888). It
turns out to be the compound (NH,);CIS,0s. There are
two other known compounds of the general formula
R;CIS,0, where R is one or more monovalent cations.
These were described by Buckley (1951) and analysed
in detail by Stanley (1953). Their formulae were
NaKClIy(S,06), and NaK,CIS,04. The two compounds
were very similar in structure.

Experimental

Ammonium dithionate was prepared from equimolar
solutions of ammonium sulphate and barium dithio-
nate. The barium sulphate was removed by filtering
and an equimolar solution of ammonium chloride
added to the filtrate. The crystals which formed on
evaporation were unlike those of either ammonium
chloride, barium dithionate or ammonium dithionate.
The crystals were badly formed needles.

Precession and Weissenberg photographs demon-
strate that the crystal is orthorhombic and the syste-
matic absences, 0k/ with k& odd and 40! with 4 odd
indicate that the space group is either Pba2 or Pbam.
The crystals did not exhibit a measurable piezo-elec-
tric effect. The unit-cell dimensions are a=12-64+
0-04, b=1248+0-04, ¢c=6-08+0-06 A. The cal-
culated volume of the unit cell is 959-1 A3 and the
density, measured by flotation is 1-71+0-1 g.cm~3.
There is only one possible formula for the unit-cell
contents to satisfy these measurements; this is:
4[(NH,);ClLS,0¢] -

The intensities of the reflexions in the [001] and
the [010] zones were recorded on multiple film
Weissenberg photographs with Cu Ka radiation,
and were estimated visually. The crystals were
small and ill formed and no correction was made
for absorption. The intensities were put on an ap-
proximate absolute scale using the method of Wilson
(1942).

* Present address: Department of Physics, University of
York, U.K.
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Determination of the structure

The Patterson projection on (001) gave a very good
idea of the orientation of the dithionate ions and of
the position of the chlorine ions. A trial structure was
postulated with the dithionate ion lying on twofold
axes in two non-equivalent sets of positions at 0,0 and
3,4 and at 4,0 and 0,%. The chlorine ion was put at
1,%. The phases of the structure factors were calcu-
lated using the positions of these ions only, and a
synthesis of the projection of the electron density cal-
culated using these phases showed the main features of
the structure. One of the ammonium ions appeared to
be coincident (in projection) with the chlorine ion
at ,1. Refinement of this projection was continued
using difference syntheses (Cochran, 1951) until the
residual, R=2X || F,| — |F¢||/Z | F,l, was reduced to 0-20.

The projection on (010) was assumed to be centro-
symmetric (i.e. space group Pbam) and using the x
coordinates for the projection on (001) and packing
considerations, a satisfactory set of initial coordinates
was determined. There is a great deal of overlap in this
projection and refinement by Fourier and difference-
Fourier syntheses would be slow and uncertain.

The final refinement of both projections was com-
pleted using the method of Bhuiya & Stanley (1963).
The residuals were reduced to 0-18 and 0-14 in the
projections on (001) and (010) respectively, and the
final general isotropic temperature coefficients were
4-1 A2 and 3-7A2 The analytical scattering factors of
Forsyth & Wells (1959) were used throughout the
calculations. The final coordinates are given in Table 1,
and the observed and final calculated structure factors
in Table 2.

Table 1. Final fractional atomic coordinates

x y z
Cl- 0-247 0-262 0-500
S 0-415 0-482 0-000
S(1) 0-476 0-081 0-000
o(1) 0:356 0-075 0-000
0(2) 0-518 0-126 0-218
o(1") 0-423 0-367 0-000
0(2) 0-380 0-532 0-211
NH4+ 0-313 0:006 0-500
NH4* 0-497 0-315 0-500
NH,+ 0-217 0-245 0-000
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Table 2. Observed and final calculated structure factors

Ak IR R A k¢RI R A kR ¢ IE] R
2 00 73 72 2 3 0 49 42 1 6 ¢ 1c-13
L 0 0 &3 54 330 9 9% 26 029 3
6 0 0 17 =17 4L 30 5 5 3 6 0 28-3%
& 0 0 54 54 5 3 0 51-39 L 6 0 57 -51
6 00 4 1 6 3 0 31 30 5 6 0 21 13
12 0 0 15 16 730 5 51 66 0 L- 3
1 0 0 4= 4 8 30 5«2 7 6 0 11 -1)
9 30 8 15 8 6 0 32 -25
0101 0]1030 6 4 9 6 0 9-1x
1120 2 1} 3 0<2 1}110 6 0 25 24
2101 15)12 30 2« 2f11L 6 0 17-13
310 52«51413 30 5 311260 9 7
L1 0 3 35} 301 8113 6 0 4L 3
5 1 0132 =117 LY 6 0 11 3
610 9-13 0 4 0 58 58
7 1 0 48 =42 1l 4 0 47-53 0 7 0 <2 b}
8 1 0 9 9} 2 4 0122 -2 1l 7 0 3, 3%
9101l 9% 3 4 0 19-25 270 1-7%
101 0 4=-210} 4 4 0 22226 370 3- 3
11 1 0 18 12 540 2 0| 470 0=~ 1
12 10 3 3 6 4 0 63-63 5 7 0 28-32
13 1 0 12 10 74 0 9- 4 6 7 0 20 =24
Y 1 0 4 1} 8 4 0KXK2 Il 770 6-9
151 0 6 4 9 4 0 49<39 8 7 0 10 -1
16 1 0 3 3110 40 6= 71 9 7 0<2- 1
1 4 0 16=-15{10 7 0 13- 9
02 0 60 7122 4 015 8f 11 70 0- 4
1206 8- 8113 4 0 5=13}1312 7 0 5« 2
2 2 0 9 93 13 7 0 3 3
32041 of 0502 olu 70 4 8
4 2 0149 =121 1 5 0 99 102
52 0 31 38 2 5 0<2-11 0 8 0 49 48
6 2 0 15 15 3 5 0 46 46 180 8~9
720 13- 7 L 5 0 23 22 2 8 0 20-19
8 2 0 22-18 550 2 2| 3 & 0 32 29
9 2 0 26-20 6 5 0 19 19 4L 8 0 16 17
10 2 0 20 20 7 50 15 25 58 0 15 15
11 2 0 15-11 8 5 0 25 27 6 8 0 32 -29
220 7-10 ¢ 5 0 13 18 78 0 19 20
132 0 2 811 5 0<2-1 8 80 3-2
Y% 20 6 4L 50 3 3| 980 6-9
15 2 0«1 o0f12 50 3 8|10 8 0«2 0
%6 2 0 6- 541350 3 3|11 8 0 4 4
% 50 7 7|12 8 0 16 13
03 0<K1L 0 138 0 3 3
1 3 0 42 55 0 6 0 2,-25|14, 8 0 1=~ 1

Discussion

The accuracy of the bond lengths given in Table 3 was
determined from the figures given by Stanley (1964,
1965) relating the standard deviation of a coordinate to
the residual. Although these figures relate to an all
carbon atom structure a good approximation in a
structure containing a variety of atoms should be ob-
tained by weighting the standard deviation of the
coordinates of the atoms according to the inverse of
their atomic number. The dimensions of the dithionate
ion given in Table 3 are compared with other deter-
minations in Table 4.

Table 3. Dimensions of the dithionate ion

Bond Ion 1 (A) Ion 2 (&)
S—-S 2:13+0-04 2:16+0-04
S—O01) 141 +0-06 1-44 +0-06
S—0(2) 1-53 +0-06 1:50+0-06
O(1)-0(2) 2:45+0:07 2:47+0-07
0(2)-0(2) 2:65+0-07 2:57+0:07

A &htIRI Ry KA CIRIE h kR EEE
09 0<2 © 512 0 <2 - 1| 6 0 2175 15
19 0 2« 2 6312 0 <2- 2] 2 0 2 27-34
2 9 0 2-1312 712 0 5 61 4L € 2 48 56
390 5-06 812 0 3~ L| 6 0 2 25=36
4L 90 3 7)1 912 0 &- 3| 802 3=~3
59 0 19-20f1022 0 3= 4L}20 02 7~ 28
6 9 0 9= 7 12 0 2 2, 33
790 9-1 013 0 <2 0l 0 2 <2 2
S 9 0 22-23 113 0 12 12
9 9 0 3-5 2130 6 3} 003 5 6
10 9 0 32=-31 313 0 3 2 2 0 3 54 46
11 ¢ 0 <2 0 413 & 8 e L 0 3 30~-30
2 ¢ 0 7~ 6 513 0 5- 1} 6 0 3 5«5
13 9 ¢ 2 2 613 0 4 5 8§ 0 3 R=-22

713 0 4~ 5}10 0 3 20 9
010 0 2~ 5} 813 0<2 3}212 0 342 2
120 0 21 19f 9213 0 1- 2} 1% 0 3 12 13
210 0 2, 22
310 0 1k L 0L, 0 2- 10 0 0 4140 137
L3I0 0 6- 5 114 0 6 5 20 4 9 2
510 0 36 31| 21 0 13 4 4L G 4 32 3L
610 0 12 13 31 0 4- 5 6 0 4 17-13
710 0<2 2 L1 0 2- 1 30 4 11 2
g1 0 6-11 51 0 4 4} 10 0 4 <2 1
910 0 8 9} 6L 0O 5 5112 0 4 13 15
1010 0 9  5f 71 0 13-12
1110 0 1= 4¢ 0 0 5 L0 46

015 042 0O} 2 0 5 47 47
011 0 <2 ¢ 115 0 4= 7 L G 5 19 =20
111 0 5~ &6f 215 0 11 9 50 5 4 4
211 0 4= 1 315 0 <2 1 $C5 7-3
311 0 2 104} 415 0 7 5} 16 ¢ 5 12 10
411 .0 <2 0 515 0 3= 2|12 0 5 9 = 5
511 0 <2 4
611 0 <2 5 016 0 4 L C 0 6 54 50
71. 0 <2 1 11 0 3- 3 2 0 6 <2 1
£€11 0 19 - 17 L 0 6 15 1z
911 0 0 3 0 0 1107 107 6 0 6 §-1
1011 0 12-14 2 0 1108 122 5 0 6 4 6
11 o0 2 3 4L 0 1 59 - 83

6 01 2~ 2 0 0 7 <2 5}
Gl2 ¢ 22 14 8 0 1 22 -=22 2.0 7 19 12
112 0 6-6f10 01 16 17| 4 0 7 6é=-7
212 0 4=~ 9f12 01 12~ 5
312 019 15714 01 13 13
412 0 15 12| 16 0 1 20 -17

The chlorine ions are octahedrally coordinated to
six ammonium ions with an average distance of 3-2 A
(variation 3-08 to 3-34 A) and to eight oxygen atoms
from the dithionate ions, in the form of a distorted cube,
at an average distance of 3-87 A (variation 4-11 to
369 A).

The crystal is isostructural with the salts in the series
previously investigated. Table 5 gives the unit-cell
dimensions and the space groups of the three materials,
in the same orientation, for comparison, and projec-
tions of the three structures in the same orientation
are given in Fig. 1.

Note added in proof: — The results given in this paper
appear to verify those of Alvarez, Sotoca & Verdier
(1966), which were not known to the present authors
until the paper was about to appearin print.

The authors are grateful to the University of Saskat-
chewan and the National Research Council for finan-
cial assistance in the purchase of equipment and for

~ the use of the computing facilities. One of us (R.J.G.)
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Table 4. Comparison with other determinations

Mean length

Bond (1) 2) 3) “ (&) (6)
S-S 2:15+0-03 2:08 +0-04 2:154+00 216 2-17 2-08
S-O 1-:50 £ 0-04 1-48 £0-06 143 +0-05 1-45 1-47 1-50

(1) Present work.

(2) Stanley (1953).

(3) Stanley (1956).

(4) Martinez, Garcia-Blanco & Rivoir (1950).
(5) Garcia-Blanco, Gomis & Abbad (1953).
(6) Barnes & Wendling (1938).

(a)

9 ° o

Fig. 1. The structures of (a) NaKsClx(S,0¢),, (b) NaK,ClIS;06 and (c¢) (NHy)3CIS;06 projected on to the (001) face. The edges
of the true unit-cells are indicated in each structure.

A C25B - I1*
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Table 5. Unit-cell dimensions and space groups of the isostructural salts

Salt a
NaK5C12(8206)2 8-562
Reoriented 12-107
NaK,ClIS,04 12-118
(NHy)3CIS,04 12:64

wishes to thank the University of Saskatchewan for the
award of a teaching assistantship during the tenure of
which much of the work was done.
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The Crystal Structure of POBr; and Intermolecular Bonding
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Crystals of POBr; are orthorhombic, space group Pr2;a. The unit cell with dimensions a=9-467, b=
9938, ¢=6-192 A contains four molecules. The structure was determined by vector analysis and refined
by the least-squares method from photometered Cu K« data. The average P-Br distance is 2:14 A,
the P-O distance is 1-44 A. The molecules form infinite chains by means of intermolecular Br-O bonds

with a length of 3-08 A.

Introduction

Raman spectra of solid POBr; and POCIl; show an
extra vibration line in the vicinity of the P-O stretching
frequency (Smitskamp, Olie & Gerding, 1968). Since
this vibration is non-degenerate in the free molecule
the apparent splitting cannot be explained by the as-
sumption of lower site symmetry in the crystal. In order
to check our suspicion that strong intermolecular inter-
actions might exist we started the present crystal struc-
ture determination.

Experimental

The crystals of POBr; are colourless and rapidly at-
tacked by atmospheric moisture. Nearly spherical crys-
tals with a diameter of 0-02 cm were selected and inser-
ted into thin walled glass capillaries with the directions

defined as [100], [0T1] and [001] parallel to the capillary
axis. Zero-level Weissenberg photographs (Cu radia-
tion) about [100] and [0T1] were superposed with Al
powder lines for calibration purposes. Carefully meas-
ured glancing angles corresponding to Ok/ and hkk re-
flexions were used to determine the unit-cell dimensions
by a least-squares procedure (Table 1). The listed errors
correspond to three times the standard deviations.

Table 1. Crystal data of POBr,

Cell dimensions: a=9-467 + 0-006
b=9-938 + 0-006
¢=6-192 + 0-003

Space group: Pn2;a

Number of molecules per cell: Z=4

Calculated density: 327 g.cm™3

Absorption coefficient: g=307 cm-1



