480

References

BRADLEY, A.-J. (1924). Phil. Mag. 47, 657.

BURNS, J. H. & WASER, J. (1957). J. Amer. Chem. Soc. 79,
859, :

CowLEY, A. H. & BURG, A. B. (1966). J. Amer. Chem. Soc.
88, 3178.

HeDBERG, K., HUGHES, E. W. & WASER, J. (1961). Acta
Cryst. 14, 369.

Acta Cryst. (1971). B27, 480

STRUCTURE OF TRIFLUOROMETHYLARSENIC TETRAMER

MAHLER, W. & BURG, A. B. (1958). J. Amer. Chem. Soc. 80,
6161.

MaxweLL, L. R., HENDRICKS, S. B. & MOSELEY, V. M.
(1935). J. Chem. Phys. 3, 699.

PaLENIK, G. & DoNoHUE, J. (1962). Acta Cryst. 15,
564.

Sutton, L. E. (1958). Ed. Tables of Interatomic Distances
and Configuration in Molecules and Ions. London: The
Chemical Society.

The Crystal Structures of Compounds Analogous to Magnus’ Green Salt
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Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada
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Tetra(methylamine)platinum(Il) chloroplatinate(Il) and tetra(ethylamine)platinum(II) bromoplatin-
ate(Il) are confirmed as being isostructural with Magnus’ green salt, Pt(NH;3)4PtCls. The dimensions
of the tetragonal cells are @=10-32, c=658, and a=1227, ¢=671 A respectively; the
space group is P4/mnc. Tetra(ethylamine)platinum(II) chloroplatinate(II) forms triclinic crystals, space

group PT, with a=7-56, b=9-78, c=7-24 A

, «=98-3°, =113-1°, y=103-4°; it has a similar structure

in that cation and anion alternate in chains, but the cation is non-planar and orbital overlap between
adjacent platinum atoms is inhibited. The differing optical properties of this compound are thus ex-
plained. The variation in structure is ascribed to packing effects.

The crystal structure of Magnus’ green salt,
Pt(NH,),PtCl, and hereafter MGS, comprises chains
of square-planar cations and anions stacked directly
over one another, with a Pt-Pt separation of 3.26A
(Atoji, Richardson & Rundle, 1957). Both the green
colour and the dichroism exhibited by these crystals are
distinct from those characteristic of the constituent ions
(Yamada, 1951), and have been attributed to weak met-
al-metal bonding. The compound Pt(NH,CHj3),PtCl,
is also green and similar in dichroism to MGS, but
the analogues with higher amines are pink, and show
only the dichroism of the chloroplatinate(Il) ion. The
methylamine compound is similar in powder diffraction
pattern to MGS, whereas the ethylamine com-
pound is not (Miller, 1961), and it has been
assumed that steric effects inhibit the chain
structure and thus prevent the metal-metal bond
interaction. Subsequently it has been shown (Yamada,
1962, 1965) that crystals of Pt(amine),PtBr, and
Pt(amine),Ptl, are -all abnormally coloured and dich-
roic, whether amine be ammonia, methylamine, ethyl-
amine or various higher amines. This clearly indicated
that the difference in structure of the higher amine
chloroplatinates(II) is not caused by intra-chain steric
interference, and Yamada (1965) suggested that it may
be due to a weakening influence of the chlorine ligand
on the metal-metal bond. This view is not supported

* Present address: Chemistry Department, University of
Auckland, Private Bag, Auckland, New Zealand.

by reflectance spectra studies (Miller, 1965), nor indeed
by Yamada’s own single-crystal spectra, from which it
is apparent that the band shifts are less and not grea-
ter in bromoplatinates(II) vis-d-vis chloroplatinates-
(II). Further, the compounds Pt(NH,),PtCl,
Pt(NH;),PdCl;, Pd(NH;),PtCl; and Pd(NH,),PdCl,
show varying spectral shifts, yet all have the MGS
structure, with the same metal-metal separation (Mil-
ler, 1961, 1965). It appears that chemical variations
affect the optical phenomena far more than the crystal
structure, and the difference in behaviour of tetra(ethyl-
amine)platinum(II) chloroplatinate(II) remains anom-
alous. We have examined crystals of several of these
compounds in an attempt to elucidate this problem.

In each case, compounds were prepared by mixing
solutions containing the constituent ions.

Tetra(methylamine)platinum(II) chloreplatinate(Il)

Green tetragonal needles gave ¢=10-32+002, c=
6-58+0:02 A, gobs=312, gcare =311 g.cm=3 for two
molecules of Pt(NH,CHj3),PtCl, per unit cell. Reflex-
ions were systematically absent for 0kl with k+/ odd,
and for Ahl with / odd, and were systematically weak
for hkl either with / odd or with / even, A+ k odd. These
observations give the space group as either P4/mnc or
Pdnc, and indicate that the platinum atoms occupy the
positions of twofold multiplicity 0,0,0;%,4,1 and
0,0,%;4,%,0. The structure was thus confirmed as es-
sentially similar to that of MGS, for which the pattern
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of absent and weak reflexions is the same, and for which
a=903, c=649 A

Intensities of the layers hk0—hk2 were measured vi-
sually from Weissenberg photographs taken, using
Cu Ko radiation and a square needle of side 0-015
mm. No absorption corrections were applied. The
chlorine atom was located from a platinum-phased den-
sity synthesis, and after refinement the carbon and
nitrogen atoms were clearly visible on a difference syn-
thesis. The centrosymmetric space group P4/mnc was
assumed throughout and nothing in the analysis, or the
final structure, gave cause to doubt it. Atom coordi-
nates, isotropic temperature factors and individual
layer scale factors were refined by least-squares to an
R index of 0-085. Scattering factors were as in Interna-
tional Tables for X-ray Crystallography (1962), with a
real dispersion correction of 5-0e~ for platinum. Atom
coordinates are listed in Table | and observed and cal-
culated structure factors in Table 2. Bond lengths and
angles are as follows:

Pt-Cl, 2:29; Pt-N, 1:92; N-C, 1.7 A; Pt-N-C, 123°.
The angles CI-Pt—Cl and N-Pt-N are 90° by symmetry.
The structure may be described as chains of planar,
parallel, Pt(NH,CH,);* and PtCl2~ ions, stacked di-
rectly over one another with Pt-Pt separation of 3-29 A.

Table 1. Atom coordinates for Pt(CH;NH,),PtCl,

Standard deviations are 0-014 A in Cl coordinates, 0-07 A
in N and C coordinates.

xla y/b z/e
Pt(l) 0 0 0
Pt(2) 3 3 0
Cl 0-1003 0-1981 0
N 0-398 0-344 0
C 0-461 0-195 0

Table 2. Observed and calculated structure amplitudes
(x10) for tetra(methylamine)platinum(11)

chloroplatinate(Il)
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Tetra(ethylamine)platinum(IT) bromoplatinate(II)

Green tetragonal needles gave a=12:274002, c¢=
671+0:02 A, gcare=293, two molecules of
Pt(NH,C,Hs)PtBr, per unit cell. The systematic ab-
sences and pattern of systematically weaker reflexions
were exactly as for MGS and Pt(NH,CH;),PtCl,, and
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the crystals obviously have the same structure, with a
Pt—Pt separation of 3-35 A

Tetra(ethylamine)platinum(II) chloroplatinate(II)

Fine pink needles elongated along ¢ were analysed
chemically (found: C, 13-8; H, 4-2; N, 8:17; calcu-
lated: C, 13-5; H, 39; N, 7-9). The crystals were not
only very small, but were multiple and deformed. After
examining many crystals from different preparations
and crystallizations, only one single-crystal was found,
a fragment of approximate dimensions 0-035 x 0-035 x
0-085 mm. This was mounted about the a axis of the
B-centred cell as in Table 3, and the layers Ok/-3k/
collected by Weissenberg photography, using Cu Ko
radiation. The crystal was lost before its uniqueness
was appreciated and as no other even approaching sui-
tability was found, the above represents the total data
which could be collected. Intensities were measured
visually, and no correction for absorption was at-
tempted.

Table 3. Unit-cell dimensions

B-centred cell Reduced cell

a= 1390 A 7-56 A
b= 978 978
c= 724 724

o 983° 98-3°

B = 901 1131

y =108-3 103-4
V=923-2 A3 461-6 A3

2 molecules per cell 1 molecule per cell

The coordinates in Tablc 4 may be transformed to those of

the reduced cell by 2 00
01 0)
1 01

This crystal was triclinic and was initially described in
terms of a primitive cell, identical with the B-centred
cell in Table 3, but with a and ¢ halved. Long-exposure
rotation photographs indicated, however, that a should
be doubled, and data for the true weak 1st layer were
collected. The resulting cell is B-centred, but as the
layers of data had to be scaled separately it was con-
venient to retain this cell, and all results are given with
respect to it. The reduced cell parameters are given in
Table 3.

The apparent subcell corresponding to the strong
reflexions contained one platinum atom only, which
was assumed to be at 0,0,0. The isotropic temperature
factor and the scale factors for the various layers were re-
fined by least-squares, and a difference synthesis then cal-
culated. The platinum atom was surrounded by two sets
of peaks in square-planar arrays, rotated by 45° with re-
spect to each other, which were the chlorine and nitro-
gen atoms, apparently superimposed. The carbon at-
oms were located, and on reference to the B-centred
cell and assuming one complex ion at 0,0,0 and the
other at 1,0,0, refinement proceeded to an R index of
0-078. The R index for the 36 weak 1k/ reflexions was
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Table 4. Atom coordinates, with respect to the B-centred cell

x/a ylb zle B
Pt(1) 0 0 0 1:6 (1) A2
Pt(2) 05 0 0 09 (1)
CI(1) 0-555 (3) 0-253 (2) 0-072 (2) 34 (3)
Cl(2) 0:674 (3) 0-001 (1) 0-002 (2) 38 (3)
N(1) 0-136 (8) 0152 (5) —0-063 (7) 40 (1)
N(2) 0-072 (8) —0-146 (5) 0-056 (6) 40 (1)
c) 0-193 (11) 0-264 (7) 0:119 (10) 50 (2)
Cc2) 0-067 (11) —0-266 (7) —0-119 (9) 50 (2)
C(3) 0288 (17) 0:366 (9) 0-048 (12) 60 (2)
Cc@) 0125 (16) —0-362 (9) —0-054 (11) 60 (2)

0-116. Scattering factors were as in International Tables
for X-ray Crystallography (1962), with a real dispersion
correction for platinum. Isotropic temperature factors
were assumed for all atoms, and a final difference syn-
thesis indicated major residual error associated with the
platinum atoms, but in view of the uncertainties in the
data no corrective action was taken. The atom coor-
dinates are listed in Table 4, bond lengths and angles
in Table 5, and observed and calculated structure fac-
tors in Table 6. Projections of the structure are shown
in Figs. 1 and 2.

Table 5. Bond lengths and angles

Pt(2)-CI(1) 233 (DA Ci(1)-Pt(2)-CI(2) 90 (1)°
Pt(2)-Cl(2) 2441 (4) N(1)-Pt(1)-N(2) 93 (3)
Pt(1)-N(1) 2-11 (8) Pt(1)-N(1)-C(1) 112 (5)
Pt(1)-N(2) 2:06 (8) Pt(1)-N(2)-C(2) 112 (5)
N(1)-C(1) 1-61 (9) N(1)-C(1)-C(3) 105 (6)
N(2)-C(2) 1-58 (9) N(2)-C(2) -C(4) 105 (1)
C(1)-C(3) 1-53 (20)

C(2)-C4) 1-53 (20)

AATK

Fig.1. Projection of the structure of Pt(NH;-C>Hs)4PtCl4 on
: (001) of the B-centred celk

The crystal structure of tetra(methylamine)platin-
um(II) chloroplatinate(IT) may be described as chains
parallel to ¢, of alternate cations and anions, the mean
planes of which are very nearly perpendicular to c. It
differs from that of MGS in that the tetra(ethylamine)-
platinum cation is not a truly planar unit, and as a
consequence the Pt-Pt separation in the present struc-
ture is somewhat longer, at 3-62 A. More significantly
perhaps, although the folding of the amine ligands is
such that the overall mean plane of the cation is nearly
parallel to that of the PtCl3~ anion, the plane of the
platinum-nitrogen coordination square is inclined by
29° to that of the anion. The overlap of the axial orbi-

o
il

Fig.2. Projection of the structure of Pt(NH,-C,H5)4PtCl4 on
(010) of the B-centred cell.
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tals on the platinum atoms is then greatly reduced, and
the interaction which gives rise to abnormal light ab-
sorption is prevented.

The bond lengths and angles listed in Table 5 are all
normal, within error. The six closest inter-ion ap-
proaches are between nitrogen and chlorine, and range
from 3-27 to 3-48 A. The shorter approaches are less
than those in MGS (minimum 3-43 A), but are still
long for nitrogen—chlorine hydrogen bonds (Nakamo-
to, Margoshes & Rundlz, 1955). The infrared spectrum
shows four bands between 3135 and 3240 cm™! in the
N-H stretching region, these frequencies being normal
for coordinated amines (Svatos, Curran & Quagliano,
1955; Penland, Mizushima, Curran & Quagliano,
1957), and similar to those observed for MGS, viz 3182
and 3277 cm! (Atoji, Richardson & Rundle, 1957).
There is then no reason to suppose that such hydrogen
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bonding has any major influence on the structure, al-
though it may in part be responsible for the specific
conformation adopted by the ethylamine ligands.

It is apparent from Figs. 1 and 2 that a consequence
of the folding of ethylamine ligands is that the cation—
anion chain maintains a more or less constant diam-
eter, and thus the chains stack efficiently without mu-
tual interference. If the cation were planar its greater
diameter might prevent this, and as intra-chain repul-
sions must make it unlikely that cation and anion
could adopt any other conformation than respective ro-
tation of45°, any such inter-chain repulsion may be suffi-
cient to destabilize the structure. If the anion were larger,
however, as in the bromo- and iodo-platinates(II}), a
somewhat larger cation could be tolerated, as is ob-
served. It is then possible to rationalize the different
structure observed for tetra(ethylamine)platinum(II)

Table 6. Observed and calculated structure factors (x10) for tetra(ethylamine)platinum(I1) chloroplatinate(1l)
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chloroplatinate(II) in terms of packing arguments
alone, and the optical phenomena follow as a conse-
quence.
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Structure Cristalline a -140, 20, 120 °C et Dilatation Thermique de I’Azélamide
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The crystal structure of azelamide has been determined at three temperatures: — 140, 20 and 120°C. The

intensities were measured with a two-circle semi-automated diffractometer with Cu K« radiation. The

space group is C2/c with 4 molecules in the unit cell. The respective R values are: R=0-106 at — 140;

R=0-077 at 20; R=0-141 at 120°C. The study of the molecular conformation, crystal cohesion and

atomic thermal motion leads to an explanation of the mechanism of thermal expansion and P01sson
. contraction which is a characteristic temperature effect in only two dimensions.

Dans le cadre d’une étude qui a pour but d’expliquer les
caractéres de la dilatation thermique, a partir dés don-
nées de structure cristallographique des cristaux orga-
niques, nous nous sommes intéressés au cristal d’azé-
lamide: La structure moléculaire a été déterminée pour
les températures: — 140, 20 et. 120°C et la dilatation
thermique a été mesurée de —140 & 100°C.

Les cristaux utilisables pour la technique de diffrac-
tion des rayons X sont obtenus par trés lente évapora-
tion d’une solution dans un mélange d’acide formique
et d’acide acétique en quantité égale. Une plaquette est
clivée pour obtenir une baguette allongée suivant ’axe
¢ (section du cristal: 0,15 x 0,14 mm?).

Les parametres de la maille sont mesurés sur des
clichés obtenus & la chambre de Weissenberg et calculés

par une méthode de moindres carrés apres indexation
des taches:
a= 5,782+0,006 A .
b= 8,641 +0,009
¢=27,687+0,015
B=131°45" 120

Le groupe spatial est C2/c.
La densité mesurée est 1,20; la densité calculée est
1,196 g.cm—3 avec 4 molécules par maille.
Des mesures de paramétres de maille faites tous les
-40°C a partir de — 140°C ont permis d’établir les varia-
tions de ces paramétres en fonction de la température.
Nous fournissons ici les résultats sous forme de cour-
bes (Fig. 1) pour a, b, ¢, B en fonction de la température

Tableau 1. Coordonnées atomiques et leurs déviations standard

) x o(x) o(y) z o(z)
C(1) 0,0000 — 0,1098 0,0006 0,2500 —
0,0000 — 0,1181 0,0004 0,2500 —
0,0000 — 0,1347 0,0014 0,2500
C(2) 0,0236 0,0008 0,2069 0,0004 0,2071 0,0002
0,0216 0,0006 0,2120 0,0002 0,2067 0,0001
0,0027 0,0022 0,2269 0,0008 - 0,2069 0,0006



