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Bimetallic tris-oxalato-salts (n-CnH2n�1)PPh3M
IIFeIII(C2O4)3 (n = 3–7, MII = Mn, Fe) were prepared and the structures

investigated by powder X-ray diffraction in order to study the evolution of the structure and magnetic properties as
a function of alkyl chain length. The compounds all have the same two-dimensional honeycomb structure of MII

and FeIII bridged by oxalate, with the organic cations lying between the metal–oxalate layers, whose separation ranges
from 9.48 Å (n = 3) to 11.10 Å (n = 7) for the FeII salts and 9.37 to 10.81 Å for MnII. The compounds all behave as
ferrimagnets, with magnetic parameters similar to the corresponding AMIIFeIII(C2O4)3 with A = NR4

�, PPh4
� and

T cs almost insensitive to interlayer separation. The MnII salts exhibit uncompensated magnetisation below T c and
the FeII ones show Néel type N ferrimagnetism, with negative magnetisation at low temperature, the magnitude of
which is influenced by the preparation conditions, due to vacancies in the FeII sublattice.

Introduction
Infinite lattices constructed by coordinating tris-oxalato-
metallate() anions with divalent metal ions have provided
numerous examples of unusual cooperative magnetic
behaviour,1 as well as novel lattice architectures.2 The ambi-
dentate C2O4

2� transmits a relatively strong exchange inter-
action, which may be ferro- or antiferro-magnetic, according to
the combination of M() and M().3 Depending on size, shape
and charge of organic cation A, compounds AMM�(C2O4)3

can have two- or three-dimensional polymeric structures, with
cations such as NR4

�, PR4
� (R = n-alkyl or phenyl) consisting

of honeycomb layers of alternating M and M�, with A occupy-
ing the space between the layers.4,5 In view of the wide interest
in low-dimensional spin systems, as exemplified for example
by the layer perovskite halide salts,6,7 it is pertinent to attempt
to vary the distance between the layers by changing the length
of the alkyl chains in the cations. Only a limited range of
(n-CnH2n�1)4NMM�(C2O4)3 can be prepared, with n = 3–5.4 We
have therefore synthesised AMFe(C2O4)3 (M = Mn, Fe) salts
containing a series of unsymmetrical cations (n-CnH2n�1)PPh3

�

with n = 3–7. The compounds behave as ferrimagnets, with
magnetic parameters similar to the corresponding salts with
symmetrical cations. In particular, the MnIIFeIII salts show spin
canting below T c, while the FeIIFeIII ones are Neél type N
ferrimagnets with compensation temperatures and negative
low temperature magnetisation.4,8 Surprisingly, there is no clear
correlation between the ordering temperatures and interlayer
spacing in either series.

Experimental

Synthesis

All chemicals were purchased from Aldrich and used as
supplied. Water was distilled in the laboratory.

AMFe(C2O4)3 were synthesised by a modified version of
the ‘ionic’ procedure.9 1.5 mmol of the cation in the form of the
Cl or Br salt was dissolved in 5 ml methanol or water. The
resulting solution was mixed with 5 ml of a 0.2 M solution

of Fe(NO3)3�9H2O in water. 1 mmol of solid FeSO4�7H2O
or MnCl2�4H2O, as appropriate, was added to the solution
and agitated until dissolved. Typically six drops of 1 M HCl
solution was added to suppress the formation of oxalate com-
plexes of the divalent metal. Finally, 5 ml of a 0.6 M solution
of oxalic acid was added, resulting in the formation of green
(FeIIFeIII) or yellow (MnIIFeIII) microcrystals over a timescale
from a few seconds to several hours. The product was collected
and washed twice with 20 ml of water and twice with 20 ml
of methanol, dried in vacuo over blue silica gel and stored in
the dark.

In the (n-CnH2n�1)PPh3MFe(C2O4)3 series, compounds con-
taining the smaller cations (n = 3–5) form readily, the n = 5
derivates being the most crystalline, while for n = 6, 7 the
products contained a substantial amorphous component. (n-
C7H15PPh3)MnFe(C2O4)3 was the most difficult compound to
synthesise since the cation tended to react with MnCl2�4H2O.
Hence, the divalent metal salt was added last to the reaction
vessel in this case. Although synthesis of the n = 3–5 salts was
relatively facile, varying the synthetic conditions had a marked
influence on the magnetic behaviour of the products. These
effects are described later.

Attempts to improve the crystallinity of compounds derived
from symmetrical cations such as PPh4

� or (n-C4H9)4N
� by

slow diffusion of the reactants in an H-cell or gel had been
unsuccessful. Diffusion of the reactants through a glass frit
yielded an improved sample of (n-C4H9)4NFeIIFeIII(C2O4)3 but
this technique was unsuccessful with the unsymmetrical alkyl-
triphenylphosphonium cations.

X-Ray diffraction

All compounds were initially characterised at room temper-
ature using a Siemens D500 powder diffractometer in flat-plate
geometry and monochromatic Cu-Kα1 radiation. Additionally
the diffraction profiles of the two most crystalline compounds,
(n-C5H11)PPh3M

IIFeIII(C2O4)3, were measured on the high-
resolution diffractometer BM16 at the European Synchrotron
Radiation Facility, Grenoble. The samples were mounted in
sealed borosilicate glass capillaries of 0.7 mm diameter and
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Table 1 Elemental analysis of (n-CnH2n�1)PPh3FeFe(C2O4)3 (calculated values in parentheses)

Compound Percentage by weight

 C H P Fe

n = 3 48.37 (47.61) 3.13 (3.26) 4.67 (4.55) 15.57 (16.40)
n = 4 49.51 (48.38) 3.10 (3.48) 4.64 (4.46) 14.92 (16.07)
n = 5 50.25 (49.12) 3.68 (3.70) 4.53 (4.37) 14.52 (15.75)
n = 6 50.73 (49.82) 4.06 (3.90) 4.35 (4.28) 14.72 (15.44)
n = 7 51.77 (50.50) 4.28 (4.10) 4.40 (4.20) 14.28 (15.15)

Table 2 Elemental analysis of (n-CnH2n�1)PPh3MnFe(C2O4)3 (calculated values in parentheses)

 Percentage by weight

 C H P Mn Fe

n = 3 48.34 (47.68) 3.17 (3.26) 4.69 (4.55) 6.44 (8.08) 8.49 (8.21)
n = 4 49.53 (48.44) 3.57 (3.48) 4.70 (4.46) 6.51 (7.91) 7.82 (8.04)
n = 5 49.93 (49.18) 3.95 (3.70) 4.53 (4.37) 6.18 (7.76) 8.22 (7.88)
n = 6 50.30 (49.89) 4.00 (3.91) 4.52 (4.29) 6.67 (7.61) 7.99 (7.73)
n = 7 49.37 (50.57) 4.09 (4.11) 4.09 (4.21) 7.81 (7.46) 7.30 (7.58)

were rotated throughout the measurement. A wavelength of
0.800615 Å was chosen and calibrated with NBS (National
Bureau of Standards) silicon.

Magnetometry

Temperature and magnetic field dependence of magnetisation
was measured with a Quantum Design MPMS7 SQUID mag-
netometer. 10–20 mg of the sample was mounted in a gel cap
which was held inside a plastic drinking straw. Three empty gel
caps were inserted into the straw above and below the sample to
provide a constant background in the range of the measure-
ment coils. The straw was attached to the sample stick by
adhesive Kapton tape. The measurement protocol was the
same for all samples; the remnant field at the instrument setting
of 0 Oe was determined at 100 K by applying small fields and
measuring the SQUID response until a figure of <10�6 emu was
achieved. This field was then taken as zero. The sample was
cooled in zero field and the magnetisation measured while
warming in 100 Oe (allowing for the zero field correction) to
60 K. The sample was then cooled in the 100 Oe field and the
magnetisation measured while warming to 300 K. The data
were corrected for sample diamagnetism by use of Pascal’s
constants.10

Results

Elemental analysis

Found and calculated results of elemental analysis are pre-
sented in Tables 1 and 2. It is noticeable that all the FeIIFeIII

compounds are deficient in Fe, in common with other AMIIMIII-
(C2O4)3 compounds which are deficient in the divalent metal.4

Four of the MnIIFeIII compounds also exhibit the same effect,
except for the n = 7 one, for which the MnII content is higher
than expected, probably due to a small contamination of the
product of the reaction with MnCl2�4H2O. Nevertheless, the
structural and magnetic properties of (n-C7H15)PPh3MnFe-
(C2O4)3 are similar to the other compounds

Crystal structures

Crystal structures have been determined for seven AMIIMIII-
(C2O4)3 compounds from single crystal X-ray data, three of
which are MnIIFeIII compounds.5,11,12 In contrast, no structures
based on single crystal X-ray data have been published for
any AFeIIFeIII(C2O4)3 compounds. However, powder X-ray dif-
fraction indicates that all the AMIIMIII(C2O4)3 compounds have

similar layered structures. In general, compounds containing
the unsymmetrical cations (n-CnH2n�1)PPh3 are less crystalline
than those formed from symmetrical cations such as (n-C4H9)4-
N and PPh4. As a result, determination of lattice parameters by
the usual method of finding the peak positions and refining the
unit cell was not possible. Consequently, the c axes were deter-
mined from the 0 0 l reflections, and the a and b axes by carrying
out LeBail extractions using the program GSAS,13 by fixing
c and allowing a and b to vary.

Layered bimetallic tris-oxalato-salts suffer from stacking
faults, resulting in contributions to the diffraction pattern from
two phases, R3c and P63. LeBail extractions using both space
groups together failed. Thus the space group P65, which
includes all the reflections from R3c and P63, was used for the
extraction in all except C7 compounds for which the best fit was
achieved in the orthorhombic space group C2221. Other AMII-
MIII(C2O4)3 compounds have been found to crystallise in this
space group, notably (n-C5H11)4NFeFe(C2O4)3

4 and (n-C5H11)4-
NMnFe(C2O4)3.

5 The effect of crystallisation in C2221 is that
the tris-oxalato-metallate site symmetry is lowered from C3

(for P63) to C2. The vastly greater resolution of the BM16 dif-
fractometer as compared to the laboratory instrument allows us
to further resolve the profiles of the two C5 compounds. Whilst
structures have not yet been determined for these materials,
it is readily apparent that the symmetry is much lower than
hexagonal. Good matches to the observed profiles have been
achieved using the LeBail method, with a monoclinic cell in
space group P21; the fit for (n-C5H11)PPh3MnFe(C2O4)3 is
shown in Fig. 1. The unit cell parameters derived from the
higher resolution data are a = 9.4353(2) Å, b = 19.7599(3) Å,
c = 9.5432(3) Å, β = 121.035(2)� for (n-C5H11)PPh3MnFe(C2O4)3

and a = 9.4251(8) Å, b = 19.822(1) Å, c = 9.551(1) Å, β =
121.154(4)� for (n-C5H11)PPh3FeFe(C2O4)3. The weighted pro-
file R-factors of the two fits are 6.5% and 10.2% respectively. In
these cases the stacking axis is now b and the layer is somewhat
distorted from hexagonal geometry.

These unit cell parameters can be compared with those
determined from laboratory data for all the compounds, which
are presented in Table 3. The parameters for (n-C4H9)4NMn-
Fe(C2O4)3, PPh4MnFe(C2O4)3 and PPh4FeFe(C2O4)3,

8 and for
(n-C4H9)4NFeFe(C2O4)3, grown by slow diffusion, are also
included. It has been reported 14 that cation disorder in the
AMIIMIII(C2O4)3 series results in a doubling of the a and b axes,
particularly for compounds containing PPh4

�, and a similar
effect is found in the compounds containing alkyltriphenyl-
phosphonium cations.

The 0 0 l peaks shift to lower 2θ with increasing n of the
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Table 3 Lattice parameters for AMFe(C2O4)3 compounds

  Space group a/Å b/Å c/Å

FeII, FeIII n = 3 P6(5) 18.64(5)  56.92(3)
 n = 4 P6(5) 18.62(3)  57.76(2)
 n = 5 P6(5) 18.49(9)  60.9(5)
 n = 6 P6(5) 18.81(5)  62.9(5)
 n = 7 C2221 16.82(3) 31.32(2) 22.1(1)
 (n-C4H9)4N

� R3c 9.39(1)  53.75(5)
 PPh4

� 8 P6(5) 18.76(2)  57.1(1)
MnII, FeIII n = 3 P6(5) 18.96(2)  56.22(5)
 n = 4 P6(5) 18.81(1)  57.24(5)
 n = 5 P6(5) 18.76(1)  59.3(3)
 n = 6 P6(5) 18.90(3)  60.8(2)
 n = 7 C2221 16.1(5) 30.4(8) 21.63(2)
 (n-C4H9)4N

� 8 R3c 9.47(1)  53.5(1)
 PPh4

� 8 P6(5) 18.87(2)  56.84(5)

Fig. 1 LeBail extraction of the X-ray powder diffraction profile of (n-C5H11)PPh3MnFe(C2O4)3.

cation, corresponding to an increase in the c axis and interlayer
separation. Comparison of the increase in interlayer separation
for the two series highlights a similar dependence on the alkyl
chain length of the cation (Fig. 2). In both series, increasing

alkyl chain length gives rise to the well-known alternation effect
whereby increasing the number of carbons from even to odd
increases the interlayer separation more than from odd to even.
Fig. 2 also reveals that the interlayer separation in the MnFe
series is consistently smaller than in the FeFe series, due to the
difference in the ionic radii of MnII and FeII. As that of MnII is
larger than FeII, the honeycomb ‘pore’ size in the MnFe series
is slightly larger than the FeFe series. Consequently the cation is
able to penetrate further into the tris-oxalato-metallate layer,
decreasing the interlayer separation.

Fig. 2 Interlayer spacing vs. n for (n-CnH2n�1)PPh3MFe(C2O4)3 (M =
Mn, dotted line; M = Fe, solid line).

Magnetic properties

MnIIFeIII compounds. Fig. 3 shows the temperature-dependent
magnetisations of the (n-CnH2n�1)PPh3MnFe(C2O4)3 (n = 3–7)
compounds recorded on warming after cooling in a 100 Oe
field. They all feature a broad maximum at ≈50 K and a rapid
increase in magnetisation at lower temperature. Similar
behaviour has been found in other AMnFe(C2O4)3 com-
pounds,4 the broad maxima (Fig. 3(a)) being characteristic
of Heisenberg two-dimensional antiferromagnetism.6 The
quantity χmaxT (χmax)/C, where χmax = the susceptibility of the
maximum, T (χmax) = the temperature of the maximum and C =
Curie constant, has been calculated for ideal two-dimensional
antiferromagnets for various lattice topologies and spin values
from high-temperature series expansions.6,15 For a honeycomb
lattice of S = 5/2 spins it is 0.330, assuming an isotropic
Landé g factor of 2. The values found range from 0.23–0.28,
suggesting some deviation from ideal two-dimensional
behaviour.

The sharp increase in magnetisation at lower temperature
indicates a remaining uncompensated moment in the anti-
ferromagnetic state. This has recently been reported to be due
to spin-canting by Mössbauer studies on (n-C5H11)4NMn-
Fe(C2O4)3.

16 An alternative explanation, however, is that the
deficiency of manganese found in most of these compounds is
responsible for the uncompensated magnetisation. The fact
that the spontaneous magnetisation is parallel to the crystallo-
graphic c-axis,5 which has also been found to be the orientation
of the antiferromagnetic spins in the ordered phase,17 tends to
support the latter hypothesis. It should be noted that the form
of the increase in magnetisation for (n-C7H15)PPh3Mn-
Fe(C2O4)3 is different from the other members of the series,
presumably as a consequence of the excess Mn found in the
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elemental analysis. However, the major contribution arises
from the honeycomb metal-trisoxalate layers, as borne out by
the similarity of the maxima in Fig. 3(a) which suggests that the
deviation in behaviour at low temperature is due to a small
paramagnetic impurity.

The transition to full long-range magnetic order was deter-
mined as the temperature at which the field-cooled magnetis-
ation diverged from the zero-field-cooled curve as shown in
Fig. 4. Curie and Weiss constants were obtained from fits of

Fig. 3 Temperature-dependent field-cooled magnetisation of (n-
CnH2n�1)PPh3MnFe(C2O4)3, (a) from 300–352 K; (b) from 2–300 K.

Fig. 4 Temperature-dependent field-cooled and zero-field-cooled
magnetisation of (n-C4H9PPh3)MnFe(C2O4)3.

inverse susceptibility against temperature in the paramagnetic
region. Magnetic parameters are summarised in Table 4, values
for the (n-C4H9)4N

� and PPh4
� salts are also included for

comparison.4 The large negative Weiss constants confirm the
strongly antiferromagnetic nature of the magnetic exchange.

FeIIFeIII compounds. Fig. 5 shows the temperature-dependent

magnetisation of the FeIIFeIII compounds, recorded on warm-
ing after cooling in a 100 Oe magnetic field. Again, the
behaviour of all the compounds is similar in that the magnetis-
ation below the ordering temperature is initially positive but,
after reaching a maximum, decreases with decreasing tem-
perature through a compensation point where there is zero net
magnetisation, to negative magnetisation at low temperature.
This type of behaviour, corresponding to Néel type N ferri-
magnetism was first observed in AFeIIFeIII(C2O4)3 compounds
by Mathonière et al.4 Magnetic parameters are summarised in
Table 5 with values for the (n-C4H9)4N

� and PPh4
� salts

included for comparison.8 The large negative Weiss constants
indicate again that the magnetic exchange is strongly anti-
ferromagnetic. Table 5 reveals that the magnetic parameters
vary between compounds somewhat more than for the MnFe
compounds. As in the MnFe series, this variation is most likely
due to small differences in the divalent/trivalent metal ratio,
although varying crystallinity among the compounds and
the contributions from the R3c and P63 phases could also
contribute.

Negative magnetisation has also been reported for other
AFeIIFeIII(C2O4)3 compounds,4 and the only compounds of this
type that do not display this property are those containing
PPh4

� and AsPh4
�.8,18 Especially noteworthy in the present case

is the occurrence of either negative or positive low temperature
magnetisation, depending on the precise details of the pre-
paration procedure. An example is shown in Fig. 6. The two
samples displaying positive magnetisation at low temperature
were synthesised by mixing ethanolic solutions of the cation
with aqueous solutions of Fe(NO3)3�9H2O, FeSO4�7H2O and
oxalic acid, with addition of 6 drops of 1 M HCl. The sample
displaying negative magnetisation was synthesised in the same
way, except that the cation was dissolved in methanol. Positive
low temperature magnetisation was also found for samples
which had been synthesised from methanolic solutions of all
the components, synthesised under cooler or more acidic con-
ditions or precipitated from excess solvent. More detailed study
of the synthesis conditions was therefore made, using the C3 salt
as an example. X-Ray powder diffraction profiles showed that

Fig. 5 Temperature-dependent field-cooled magnetisation of (n-
CnH2n�1)PPh3FeFe(C2O4)3.
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Table 4 Magnetic parameters for AMnFe(C2O4)3

A T c/K C/erg Oe�2 mol�1 K θ/K µeff/µB (2 K)

(n-C3H7)PPh3
� 32.5(2) 9.03(7) �101(2) 0.0447

(n-C4H9)PPh3
� 30.0(2) 8.8(2) �97.4(6) 0.0132

(n-C5H11)PPh3
� 33.2(2) 10.1(2) �83(7) 0.0185

(n-C6H13)PPh3
� 33.0(2) 11.7(4) �113(12) 0.0175

(n-C7H15)PPh3
� 32.9(2) 10.7(1) �99(4) 0.0022

(n-C4H9)4N
� 4 26.0(2) 10.5(5) �101(4) 0.0065

PPh4
� 4 23.5(2) 7.3(3) �111(12) 0.0033

the magnetic variations were not due to major structural
changes but elemental analysis revealed a correlation between
the magnetic behaviour and the Fe deficiency. The sample with
the greatest negative magnetisation has the smallest Fe
deficiency while the sample with positive magnetisation has the
greatest deficiency.

Discussion
Powder X-ray diffraction profiles show that compounds con-
taining alkyltriphenylphosphonium cations are much less
crystalline than those of symmetrical cations such as PPh4

� or
(n-C4H9)4N

�. In addition, they are more prone to stacking
faults between the layers. Nevertheless, lattice parameters have
been determined by means of LeBail extractions and the space
groups used for the extractions are similar to other compounds
of this type. Structures determined from single crystal diffrac-
tion data have been assigned to the orthorhombic C2221 or
hexagonal R3c space groups. Lattice parameters are com-
parable to other compounds of the AMM�(C2O4)3 type. The a
axis varies between 18.49 Å and 18.96 Å while the c axis ranges
from 56.22 Å for (n-C3H7PPh3)MnFe(C2O4)3 to 66.20 Å for
(n-C7H15)PPh3FeFe(C2O4)3 (converting from the C2221 space
group for the latter compound for ease of comparison). By
comparison, the smallest and largest c axes reported are 49.207
Å and 87.1 Å for (n-C3H9)4NMnCr(C2O4)3

16 and [N(PPh3)2]-
MnFe(C2O4)3

4 respectively. As the alkyltriphenylphosphonium

Fig. 6 Temperature-dependent field-cooled magnetisation of three
samples of (n-C4H9)PPh3FeFe(C2O4)3.

Table 5 Magnetic parameters for AFeFe(C2O4)3

A T c/K C/erg Oe�2 mol�1 K θ/K

(n-C3H7)PPh3
� 42(1) 8.79(4) �87(2)

(n-C4H9)PPh3
� 44(1) 7.3(1) �85(4)

(n-C5H11)PPh3
� 44(1) 8.9(1) �88(4)

(n-C6H13)PPh3
� 44(1) 9.6(1) �101(4)

(n-C7H15)PPh3
� 48(1) 8.83(2) �88.0(7)

(n-C4H9)4N
� 8 45 7.88(1) �90.2(3)

PPh4
� 8 34 6.7(1) �88.4(2)

series fall in the middle of this range, it would be interesting
to determine the upper limit for the length of the alkyl
chain. Preparations derived from (n-CnH2n�1)PPh3

� where n ≥ 8
could not be carried out due to non-availability of the cations,
while syntheses of (n-C12H25)PPh3

� salts were unsuccessful.
Bimetallic tris-oxalato-salts containing tetra-n-alkylammonium
cations are restricted to (CnH2n�1)4N

� (n = 3–5), suggesting that
the limiting factor is not the interlayer separation, but the size
of the cation that can be accommodated before it interferes
with its neighbour. In view of the difficulty in synthesising the
(n-C6H13)PPh3

� and (n-C7H15)PPh3
� derivatives, the upper limit

in alkyl chain length may already have been reached in this
series.

The increase in interlayer separation with increasing n
demonstrates the alternation effect in a similar fashion for both
MnFe and FeFe series, and the magnitude of the increase
supplies evidence for the orientation of the unsymmetrical
cations. Turning to related compounds, single crystal dif-
fraction data on PPh4MnCr(C2O4)3

12 and (n-C5H11)4NMnFe-
(C2O4)3

5 reveals two different modes of cation orientation. In
the PPh4

� case, one of the phenyl rings penetrates the honey-
comb layer, while the others occupy the space between the
layers. In contrast, two of the alkyl chains of (n-C5H11)4N

� lie in
the ab plane while the other two are in a plane perpendicular to
it, so that only the terminal methyl groups of two of the chains
penetrate the layers, one above and one below the cation. The
a axis in PPh4MnCr(C2O4)3 is doubled because the honeycomb
layer is distorted away from ideal hexagonal symmetry. Thus
three of the hexagons in the unit cell are elongated by the
orientations of the penetrating phenyl rings while the fourth is
occupied by a disordered ligand and is not distorted.

Doubling of the a axis is also necessary in fitting the powder
diffraction profiles of the unsymmetrical alkyltriphenyl-
phosphonium salts, which suggests that one of the phenyl rings
also penetrates the layer in these compounds. The simplest
hypothesis is that the cation adopts the same orientation in each
compound, keeping the alkyl chain at the same angle, when the
increase in interlayer separation would equate to extending the
chain by one carbon. Fixing the mean angle of the alkyl chain
gives a prediction for the increase in interlayer separation on
adding one carbon.

However, under these circumstances, the predicted increase
in interlayer separation on extending the alkyl chain from C4

to C5 is 1.49 Å, whereas the observed increase is only 0.52 Å.
This suggests that the conformation adopted is such that the
terminal C–C bond is twisted away from the c axis, to instead
make a small angle with the a axis and thus limit the increase in
interlayer separation. Another possibility is that the alkyl
chains are not all trans-configuration but contain one, or more,
gauche bonds, as with the terminal bond of the pentyl chains of
(n-C5H11)4NMnFe(C2O4)3.

5 Changes in the a axis suggest that
the cation’s penetration of the layer decreases from C3 to C5,
increases to C6 and reduces again for C7. This variation does not
correlate with that of the interlayer separation, but it is note-
worthy that it is similar in both MnFe and FeFe compounds.

For certain alkyltriphenylphosphonium cations, modifying
the synthetic conditions had a marked influence on the
magnetic behaviour of the resultant compounds. Variation of
solvent, pH, temperature, amount of solvent and concentration
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of the cation solution all affect the magnitude of the low-
temperature magnetisation. The widest variation, both positive
and negative at low temperature, was found to arise from
different molarities of the cation solution in preparations of
(n-C3H7PPh3)FeFe(C2O4)3. Chemical analysis indicates that it
results from deficiency of FeII. Increasing deficiency results in a
decrease in the magnitude of the negative low temperature
magnetisation, the most deficient samples actually showing
positive magnetisation, and no compensation temperature.

The general conclusion is that a substantial variation of the
alkyl chain length in (n-CnH2n�1)PPh3MFe(C2O4)3, M = Mn
and Fe, from 3 to 7 causes only a modest expansion of the
interlayer spacing, and has no significant effect on the magnetic
parameters. Most probably, this is because the alkyl chains lie
nearly parallel to rather than perpendicular to the magnetic
layers.
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