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lying perpendicular to c. Each layer is 7·86 A thick in the 
c-direction and contains a single formula unit. If the 
structure of a single layer can be determined, the stacking 
of the layers, and thus all remaining features of the 
structure, follow from the space group. 

The main features of the structure were determined 
from a three-dimensional Patterson synthesis, followed by 
Fourier and difference syntheses. The parameters have so 
far been refined to give R = 0·16; isotropic temperature 
factors were used, and unobserved reflexions were taken 
as having one half the structure amplitudes of the weakest 
ones observed. With some reservations, the results con
firm the hypothesis of Buttler, Dent Glasser and Taylor• 
that these substances have structures based on mixed 
octahedral layers of composition Ca2Al(OH) 6 , between 
which lie the water molecules and remaining anions. 

Fig. 1 shows the essential features of the structure. The 
basic layers (Fig. 1A and 0), which are composed of 
Ca2Al(OH) 6, lie in the ab-plane and occur at intervals of 
7·86 A in the c-direction. Comparison of Figs. 1A and C 
shows the stacking relation between adjacent layers. The 
basic layers are of ordered structure, and may be 
described either as distorted octahedral layers in which 
Ca2+ and Al3+ are regularly arranged, or alternatively as 
agglomerates of Ca2+ and Al(OH) 6

3 - ions. The interlayer 
regions (Fig. 1B) appear to be only partly ordered, with 
atoms statistically distributed among a number of sites; 
our results for these regions are tentative. The oxygen 
atoms at the sites marked P probably belong to water 
molecules, and raise the calcium co-ordination to seven. 
The remaining water molecules, hydroxide and carbonate 
ions, occupy the cavities centred on sites of the type marked 
X. The carbon atoms probably occur at X, and the oxygen 
atoms chiefly at or near sites of the type marked Q. A 
high proportion of the P sites appears to be occupied, and 
over half of the Q sites. Some oxygen atoms may also 
occur on the X sites. 

The basic layers shown in Figs. 1A and 0 almost 
certainly occur in all members of the group, and the water 
molecules at the P sites probably occur in most of them. 
The essential differences between these substances lie there
fore in the interlayer regions, and especially in the contents 
of the cavities previously mentioned. Variations in the 
type of layer stacking also occur, extremes of two and 
twelve layer arrangements having so far been reported1 •2 • 
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Actinide Chelates: Uranium (IV) N,N-
Diethyldithiocarbamate 

THERE is at present intense interest in the co-ordination 
of sulphur to metal ions, especially those of the d-transi
tion series!, Many of these complexes have unusual 
physical, chemical and structural properties. Little is 
known, however, about the co-ordination of sulphur to 
the actinide metal ions, and we report here preliminary 
observations on the first uranium (IV) complex with a 
sulphur chelate. The ligand, N,N-diethyldithiocarbamate 
(dtc), has itself been widely used in the earlier transition 
metals (many of the known complexes are listed in ref. 2) 
in which, for example, the apparently simple complexes 
M(dtc). (lVJ(II)=chromium, manganese, iron, copper and 
;r.inc) actually involve 5-co-ordination3

• 
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A variety of uranium (VI) disubstituted dithiocarbam
ates are known4 •5 and are in fact the ultimate products 
when uranium (IV) chloride is reacted with the ligands in 
the presence of air. In such reactions, a green, light sensi
tive intermediate compound, postulated to be U(S 2CNR2 ) 4 , 

is observed5 • The pure uranium (IV) compound of the di
ethyl derivative is made by reacting stoichiometric 
quantities of uranium (IV) chloride with the sodium salt of 
dtc in dry ethanol in an inert atmosphere. The ethanol is 
quickly removed under vacuum at room temperature 
and the product recrystallized from dry benzene as yellow, 
air sensitive plates which are stable indefinitely when 
stored in argon. (Analysis: found, U, 28·4; required 
for U[S 2CN(C2H 5 ) 2] 4 , U, 28·64 per cent.) Addition of 
ether or isopentane to the benzene solution increases the 
yield to almost quantitative proportions. The complex 
decomposes if left in contact with alcohol and solutions 
in benzene or methylene chloride are particularly sensitive 
to traces of oxygen. 

Ebullioscopic measurements in benzene gave an average 
molecular weight of 812 compared with the monomeric 
U(dtc) 4 unit of 831. It appears likely therefore that the 
uranium atom is eight co-ordinated to sulphur, raising the 
question of the stereochemistry about the uranium. Single 
crystal X-ray diffraction photographs obtained using 
Precession and Weissenberg cameras established that the 
lattice belongs to the monoclinic system with a= 19·05 A, 
b = 11·67 A, c = 16·03 A and ~ = 63° 35'. Simple flotation 
experiments pointed to a density of between 2 and 3 
and therefore the cell probably contains six molecules, 
giving a calculated density of 2·58. Observed reflexions, 
for hkl, h + k = 2n, for hOl, h = 2n, and for OkO, k = 2n, 
showed the probable space group to be 02/m (032h). It 
is anticipated that intensity data will be collected and 
the complete structure solved. 

Magnetic and spectral properties of U(dtc) 4 , together 
with the synthesis and properties of analogous tetravalent 
actinide complexes (M(IV)=thorium, protactinium, nep
tunium and plutonium), are now being investigated. These 
studies will be extended to include other sulphur, nitrogen 
and oxygen chelates. 

Note added in proof. The preparation and infra-red 
spectra of the uranium (IV) and some allied actinide (IV) 
dithiocarbamates were reported at the 153rd ACS meeting, 
Miami, Florida, in April 1967 by J. P. Bibler and D. G. 
Karracker (Abstract L32). 
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New Structures from the Dehydrogenation 
of Model Compounds related to Lignin 

MANY natural products are now known to originate 
through coupling of free radicals formed by the oxidative 
dehydrogenation of phenols1 •2 • That this applies to plant 
lignins is now widely accepted. Much of our present know
ledge of the chemical structure of lignin was developed 
over the past 20 years by the outstanding work of Freuden
berg" and his associates, who showed that coniferyl alcohol 
and other p-hydroxycinnamyl alcohols are the principal 
precursors. They have identified more than forty com
pounds produced initially in the reaction, coupling having 
taken place through the phenolic oxygen, the position 
ortho to it in the aromatic ring or C-~ of the side chain. 
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