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There has been considerable discussion of the
structure and properties of the compound diethylene-
triammonium chlorocuprate(Il), [(NH3CH,CH,),-
NH,] [CuCl,]Cl, first [1] believed to contain the
trigonal bipyramidal anion [CuCls]3®~ but now
known from its crystal structure [2] to contain
square planar [CuCl,y]?~ units and discrete chloride
ions. Additional chlorides from neighbouring
[CuCly) 2~ units complete an elongated octahedral
about each copper ion, and give a two-dimensional
network of [CuCls]?~ units linked along their four-
fold axes with approximately linear Cu—Cl:+--Cu
bridges, the Cu—Cu distance being 5.1 A. The
networks are well separated by intervening amine
cations and chloride ions. This compound has
interesting magnetic properties [3] in that it behaved
as a Heisenberg two-dimensional ferromagnet when
the temperature was reduced considerably below that
of liquid nitrogen, but antiferromagnetic interactions
became important at still lower temperatures.

Compounds of high-spin chromium(Il), S = 2,
are often structurally analogous to those of copper
(1), S = 1/2. The greenish—grey chromium(Il) com-
pound, [(NH3;CH,CH,),NH,] [CrCl4] Cl, crystallized
when hydrogen chloride was passed briefly through
a solution of the amine and chromium(1l) chloride
[4] in concentrated hydrochloric acid. All manipula-
tions were carried out under nitrogen or in vacuum
because the dry compound* absorbs moisture and
turns green in air. The chromium(II) and copper(Il)
compounds were found to be isomorphous, d-
spacings and relative intensities being given in the
Table. Thus, the chromium compound can be as-
sumed to have a two-dimensional network of
[CrCl,} > units giving an elongated octahedral con-
figuration about the chromium(Il) ion with a
Cr—Cl---Cr separation of approximately 5.1 A,

The effective magnetic moment, y., at 295 °K,
determined by the Gouy method, was 536 B.M.,
much greater than the spin-only value of 490 B.M.
which the moments of magnetically-dilute, high-
spin chromium(Il) compounds are always [4, 5]

*Anal. Caled for C4H,6ClsCr: C,14.31;H,4.77; N, 12.52;
Cl, 52.90; Cr, 15.49. Found: C, 1445, H, 498; N, 12.76;
Cl1,52.91;Cr, 15.14%.
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TABLE. X-Ray Powder Diffraction Data for [(NH3CH,-
CH,);NH,] [MC1,4] C1 (Cu K, radiation). Relative intensities
I e1 Were estimated visually.

M=Cu M=Cr

dpi1 Lrel dhk1 Trey

(A) (A)

11.60 vs 11.51 vs
5.94 S 592 s
5.18 m 5.18 m
4.64 vs 4.69 vs
3.87 m 3.87 m
361 s 3.66 s
3.55 s 3.56 s
340 vw 341 vw
3.26 m 3.25 m
3.15 vw 3.14 VW
3.04 vw 3.03 vvw
2.96 s 2.98 s
2.85 w 2.86 w
2.55 vs 2.55 vs

close to. The magnetic moment increased markedly
to over 8 B.M. at 90 °K. Least squares extrapolation
of the Curie—Weiss plot between 135° and 300 °K
gave a 8 value of —68 °C [Curie—Weiss law taken as
xa' « (T + 8)]. Therefore, the two-dimensional net-
work leads to ferromagnetic interactions as found
recently for the related chromium(II) compounds:
M,CrCl, (M = NH,, K, Rb, Cs) [5-7] and Cs,CrBr,
[8]. The Curie point lies below the lower limit of
our measurements. Neutron diffraction has confirmed
[9] ferromagnetic ordering below about 58 °K in
Cs,CrCl,. The magnetic behaviour of the diethylene-
triammonium compound can be fitted approximately
with J = 6 cm™! and g = 1.98 to the series expansion
expression [10] for a two-dimensional Heisenberg
ferromagnet well above the Curie point, as has been
found [6] for Cs,CrCl,.

The isomorphism of the copper(II) and chromium
(II) compounds indicates that the ferromagnetic
interactions in the latter must be transmitted via the
Cr—Cl--+-Cr elongated four-fold axis. Ferromagnetic
Cs,CrCl, has a K;NiF, structure [9] in which two-
dimensional networks of planar [CrCls]? units,
bridged by four linear Cr—Cl—Cr bonds, are separated
by double layers of caesium and chloride ions. The
six-fold coordination of the chromium(Il) ion is com-
pleted by axial chloride ions within the CsCl layers
2.399 A away, but the planar Cr—Cl bond lengths
are all 2.609 A, ie. the octahedron is compressed,
and the magnetic interaction is not transmitted along
the four-fold axis. Thus, bridging along this axis is
not necessary for ferromagnetism, but since the
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Cr—Cl—Cr distance is similar in each case (5.1 A as
above and 5.2 A in Cs,CrCl,) it may be that the
separation of the Cr ions is critical. The bridging
angle is also important since compounds MCrCl;
in which this is close to 90° are antiferromagnetic
[5,6].

The reflectance spectrum exhibits the unusually
intense and sharp bands at 18,550 and 15,700 cm™!
found [5, 7, 8] in the spectra of other ferromagnetic
chromium(Il) compounds. These have been assigned
[7] to spin-forbidden transitions intensified by mag-
netic exchange. The absorptions at 11,200 cm™!
and 8000 cm™! constitute the usual pattern [5]
for tetragonally-distorted chromium(II), and are
assigned respectively to superimposed *B; = *B,g,
SEg transitions, and the °B,, = SA;, transition.

The related compounds [C,HsNH;],[CrCl,],
[HaNCH2CH2NH3] [CrC]4] , and [CHaNH3] 2 [CTC]4]
have similar unusual properties, but [(CH3),NH,] ,-
[CrCly] is antiferromagnetic, and its reflectance
spectrum does not contain any intense “spin-forbid-
den” bands.
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