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Simple compounds of copper are well suited to the study
of magnetic interactions. None of the complications associated
with' § > 1/, are present so factors involving cooperative
phenomena are readily isolated and characterized. Materials
of current interest are those with well-defined structural
characteristics where comparisons between the dimensionality
of the system and the details of the cooperative transition can
be made. Particular systems relevant to the present study
include K,CuF,, which possesses two-dimensional ferro-
magnetic intralayer interactions as well as ferromagnetic
interlayer coupling,? and layered [CuCl,]?" derivatives** where
the copper atoms form a two-dimensional lattice of ferro-
magnetically coupled ions with each layer coupled antifer-
romagnetically. Below the transition temperature T, these
often unusually weak antiferromagnetic interactions can result
in complex effects because the spin-flop field can be exceeded
by rather smaller magnetic fields than is otherwise possible
in normal three-dimensional antiferromagnets.’

Sodium bis(carbonato)cuprate(Il) is best described® (Figure
1) as a two-dimensional polymeric network of [Cu(CO4),% 1.
with each copper in an approximately square-planar envi-
ronment coordinated by the four symmetry-related binuclear
bridging carbonate groups. Successive layers of [Cu(CO;),* ).,
are bound ionically by the sodium ions. The two-dimensional
structure of Na,Cu(CQ;), contrasts with the chain-like
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Figure 2. Average susceptibility of a powdered sample of Nay-
Cu(COQ,), in various applied magnetic fields: A, 1.7 mT;m, 28.7 mT;
@, 346.7 mT. Solid lines are a guide to the eye; dashed lines are
extrapolations to 7 = 0 K.

structures and magnetic properties of Na,Cu(CO,),3H,0%7
and Cu(NH,),C0O,.%°

Experimental Section

Na,Cu(CO»), was prepared by previously published methods.® The
magnetization and susceptibility of a powdered sample were determined
using the SQUID susceptometer described recently.’® No corrections
for the diamagnetism of the substituent atoms have been made, the
corrections below 70 K being negligible.

Results and Discussion

The average powder susceptibility of Na,Cu(CO;), between
4 and 18 K is plotted in Figure 2. Above the transition
temperature of 5.6 & 0.2 K the susceptibility is characteristic
of a ferromagnetic system. It increases more rapidly than
expected for a simple paramagnetic ion although it is nearly
field independent over the range of applied fields (1.7-350 mT)
except near T, where the maximum becomes less distinct and
appears to move to lower temperatures in the highest field.
The data between 15 and 70 K can be fitted by the Curie—
Weiss expression x = C/(T - ©), where C = Ng?3?/4k, with
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Table I. Exchange Constants for Some Layered
Copper Compounds

, d.b
T, K K YUY KT /T To/® A
CuCl,,"” 8-15 18-22 1073-10"% ~0.6 0.2-0.3 ~5.1
Na,Cu(CO,), 5.75 5.9 3.5%X 10°* 1.25 0.625 4.89

@ Data for CuCl,*" are from ref 3. ? d, is the intralayer Cu-Cu
separation.

0 =+4+92%02Kandg =223 £0.0l. The positive value
of © confirms the presence of ferromagnetic interactions and
from molecular field theory this corresponds to J = k0 /2 =
3.2 cm™ for the § = 1/, layered lattice. When the data are
fitted to Baker’s'! series expansion for the § = !/, layered
lattice we find, in the temperature range 1.3J/k < T <70
K,that J=4.1 £ 0.7 cm ' and g = 2.24 + 0.02. This leads,
via H, = 2zJS/gB, to an intralayer cxchange field of 15.97
T '[usingz=4,J=4.1,and S =/, and assuming an intra-
layer g value of 2.20].

Below 5.6 K the susceptibility is characteristic of an an-
tiferromagnet, the susceptibility in the lowest field (1.7 mT)
extrapolating to approximately 2/;%Xmax(Te) at T = 0 K, as
expected from theory. However, in higher magnetic fields the
measured susceptibility is strongly field dependent and is
characteristic of the spin-flop phenomena observed in weakly
coupled antiferromagnets.!>!> The interlayer exchange field
can be calculated!® from % (7) = x,(0) = NgBS/2H,;.
With x(T.) = 0.55 cm?® mol™!, H,; = 0.54 T which leads to
an inter- to intralayer ratio [J’[/}J| of ~0.035. This is
somewhat larger than for other compounds which behave in
a similar manner (Table I) but still compatible with other types
of systems.®> With this value of H,; the saturating field of
~4z1|S/gB ~ 2H,;; ~ 1 T is well outside our experimental
range. It is almost impossible to obtain precise critical-field
data from powder susceptibility measurements but qualitatively
the critical field will be approached as soon as x(7 = 0)
increases from 2/4%(7,), and in Na,Cu(CO;), this begins at
~10 mT.*

The closest approach of the intralayer copper atoms is 4.89
A 50 no significant direct overlap of the metal ion d orbitals
is expected. Superexchange via the intervening binuclear
carbonate group must be responsible for the observed inter-
action and so appears to be the first well-documented case of
ferromagnetic coupling through a bridging carbonate group.
The exact mechanism for the observed interaction is difficult
to isolate because the structure of the Cu—CO;~Cu unit is far
from ideal. However, there are two features of the Na,-
Cu(COy), structure which may influence the nature of the
interaction. The first is the detailed geometry of adjacent
copper ions and the second is the nonplanarity of the
Cu-CO;—Cu system. The Cu-O distances in the essentially
square-planar chromophore are slightly different:*® Cu-O(1)

Notes

= 1.947 (1) A, Cu~0(2) = 1.934 (1) A. If it is assumed that
the ¢ framework of the Cu(1)-CO;—Cu(2) unit forms a su-
perexchange pathway, then antiferromagnetic coupling is
expected if the Cu-Q distances are all the same. However,
in the distorted structure the orientation of the d,2_,z orbitals
on adjacent copper ions (assumed to contain the unpaired
electron) is such that they are orthogonal because the short
and long Cu—O bonds are at right angles to each other on
alternate copper ions. This orthogonal overlap between the
copper ions via the carbonate group may lead, qualitatively
at least, to the observed ferromagnetic interaction. Alter-
natively, deviations of the copper atoms from the carbonate
plane allow increasing interaction of the d,_,» orbital with the
CO;% 1 system which also leads to ferromagnetic coupling,
provided both copper atoms deviate strongly from the plane.
The magnitude of the interaction in Na,Cu(CO,), is much
less than in the [CuX,4]* series (Table I) and might be ex-
pected because of the greater distance through which the
exchange effects have to be transmitted in the carbonate group.
This is notwithstanding a shorter direct Cu—Cu distance in
Na,Cu(COs), and provides further implicit evidence for a
superexchange mechanism. '’
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