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On the Structure of
ﬂ-Dy (NH4) 3 ( SOg ) 3.H20

LAURI NIINISTO* and
LARS OLOF LARSSON

Department of Structural Chemistry,
Arrhenius Laboratory, University of Stock-
holm, Fack, S-104 05 Stockholm, Sweden

Several ammonium lanthanoid sulphites
can be prepared in the system NH,* —
Ln*t —SO,—H,0 where Ln=Sm, Gd,
or Dy.! Because of the low solubility of
these phases the crystals are usually very
small and cannot be studied by single
crystal X-ray methods. After many un-
successful attempts, however, crystals
with suitable dimensions (approximately
0.02 x 0.02 x 0.15 mm?) were obtained of
the high temperature polymorph of
Dy(NH,)3(S0,4);.H,O by precipitating the
compound at 75°C and then gradually
warming to 90— 95°C. The crystals were
kept in a tightly sealed vessel for a week
in this temperature range.

Weissenberg and rotation photographs
indicated that the needle-shaped crystals
have monoclinic symmetry, with the
following unit cell dimensions: a=8.88 A,
b=3.98 A, ¢=9.48 and f=117.4°.
The powder pattern was satisfactorily
indexed with these unit cell parameters.
The measured density, 2.60 g cm™3,
corresponds to one formula unit in the
cell (calculated density 2.65 g cm™3).
Single crystal intensity data were collected
on a Philips PW 1100 computer-controlled
four-circle diffractometer, using graphite
monochromatized CuK radiation. 439
independent reflections were obtained,
representing  all  observed  (o(Lnet)/
I, <0.25) reflections with 6<55°. There
were no systematically absent reflections.
The net intensities were corrected for
Lorentz and polarization effects as well as
for absorption (=338 cm™).

The structure determination was started
by assuming the centrosymmetric space
group P2/m (No. 10). A three-dimensional
Patterson synthesis revealed presence of
the dysprosium atom at the special posi-
tion 1(g) (3,0,3), and the subsequent
Fourier synthesis gave the positions of the

* Present address: Department of Chemistry,
Helsinki University of Technology, SF-02150
Otaniemi, Finland.
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Table 1. Fractional atomic coordinates and temperature factors. Estimated standard deviations
are given within parentheses.

Atom Position x y z
Dy 1(g) 0.5 0.0 0.5 2.2(
S(1) 2(n)® 0.1702(25) 0.5 0.2657(24) 4.0(
S(2) 2(n)® 0.4037(25) 0.5 0.7334(24) 4.1(
N(1) 2(m) 0.7623(61) 0.0 0.0245(58) 4.7(1.0)
N(2) 1(c) 0.0 0.0 0.5 4.2(1.3)

% Occupation number is 0.75.

sulphur and nitrogen atoms. The sulphur
atoms were placed at a 2(n) position:
+ (x,%,2) with an occupancy of 0.75, and
the nitrogen atoms N(1) and N(2) at posi-
tion 2(m): +(«,0,2) and 1l(c): (0,0,}), re-
spectively. A least-squares refinement with
isotropic temperature factors resulted in
an R-value of 12.7 9%,. The atomic param-
eters are presented in Table 1.

It was not possible, however, to locate
the oxygen atoms from the difference
Fourier maps, which did not show distinect
maxima at expected distances from the
sulphur atoms. A careful examination of
long exposure Weissenberg and rotation
films of several crystals revealed weak
superstructure reflections indicating a
fourfold b-axis. A least-squares refinement
of powder data obtained at 25°C with
CuK«, radiation (1=1.54050 A) in a
Guinier-Hégg camera, using KCl as an
internal standard, gave the following
unit cell dimensions for the superstructure
(¢f. Table 2): a=8.863(6), b=15.919(5),
c=9.467(5) and p=117.38(5)°. The
powder pattern was measured and inter-
preted up to sin?0=0.44.

The complete structure determination
of B-Dy(NH,);(80;);. H,O will have to
be postponed until intensity data on the
superstructure reflections have been meas-
ured. However, on the basis of the
substructure it can be stated that the
atoms are situated in layers b/4 apart
and that the sulphite groups are
coordinated to dysprosium through oxygen.
The Dy — 8 distances of 3.40 A and 3.41 A
exclude other possibilities. The IR absorp-
tion spectrum gives further support for
the bonding through oxygen. In the
region 2000 —400 cm™! there are, besides
maxima due to water (1665w) and am-
monium (1395s), four bands (1020m, 960s,
890vs, 820s) in the S — O stretching region

Acta Chem. Scand. 27 (1973) No. 6

Table 2. X-Ray powder data of

F-Dy(NH,);3(50;);. H,O. CuKa, radiation
(A=1.54050 A).
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(v, and vy vibrations). The maximum at
630 cm™ can be attributed to the »,
vibration, and the last two modes (525m,
460m) are probably due to the v, vibration.
The nondegeneracy of the v, and v, vibra-
tions as well as the existence of a high
intensity maximum at 960 em™! are in
agreement with oxygen coordination,??
although the occurrence of a band at
1020 em™1 (if not an overtone or a combina-
tion band) complicates the interpretation.

The ammonium ions are situated at the
edges of the unit cell and are possibly
connecting the structure in the directions
of the a and ¢ axes via hydrogen bonding.

As the superstructure reflections are
very weak they may be due to the oxygen
atoms only. On the other hand, the tem-
perature factors for the sulphur and
nitrogen atoms are high, although not
unreasonable (¢f. Table 1).
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The Acid-catalyzed Reactions of
Triphenylallene. A Reexamination
TYGE GREIBROKK*

Department of Chemistry, University of
Oslo, Oslo 3, Norway

Acid-catalyzed rearrangement of tri-
phenylallene (I) has been reported to
give a dimeric product, C,,H;,.! To this
product, which also was formed by acid-
catalyzed dehydration of 1,3,3-triphenyl-
prop-2-en-1-ol and 1,1,3-triphenylprop-2-
en-1-0,%® Jones! and Rewicki® inde-
pendently assigned structure II. In analogy
with the formation of 1,3,3-triphenylindene
from tetraphenylallene,® 1,3-diphenyl-
indene (III) was the expected product; this
was isolated in 40 9, yield from the reac-
tion of the above mentioned allylic alcohols
with phosphorus pentoxide.? We want to
report that compound III is also formed
by treatment of triphenylallene with acid.

The reaction of I with HCl/acetic acid
gave besides the dimer a small amount of
another component which was isolated.
The NMR spectrum showed a vinyl proton
at J 6.6 coupled to a methine proton at ¢
4.6 (J=2 Hz) and aromatic protons at &
7.0—17.7. The mass spectrum (m/e 268)
corresponded to the indene III. The iso-
meric 3,3-diphenylindene was not present.

.
Ph Ph Ph Ph
e
H Ph H Ph

1

l
| R

Ph Ph Ph
Q< + QL)
Ph
Ph Ph
11 44

The formation of the dimer has been
suggested to proceed through the addition
of an allylic carbonium ion to another
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