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Mossbauer Study of Molecule-Based Magnets: 
NBu4[ Mn(II)Fe( III)xCr(III)l~x( oxh] and Related 

Compounds 

SEIICHIRO IIJIMA and FUMIO MIZUTANI 

National Institute of Bioscience and Human-Technology, I-I Higashi, Tsukuba, 
Ibaraki 305-8566, Japan 

The internal magnetic field (H,)  at 57Fe nucleus was investigated for the mixed crystals 
NBu~[Mn(II)Fe(III),Cr(lII)~.,(ox)~] (x  = 0.04 - I .O) by using Mossbauer spectroscopy, 
where NBu4+ = tetra(n-buty1)ammonium ion and ox2- = oxalate ion. The angle (0) between 
H ,  and the principal axis of Vzz was observed to change from -50" to -10" with the decrease 
of then value (Vzz = the principal component of the electric field gradient tensor); the plot of 
0 against x indicates that the Cr(II1) spins in NBU~[M~(II)C~(III)(OX)~] are aligned along an 
axis almost perpendicular to the honeycomb layers consisting of an alternate array of Mn(I1) 
and Cr(II1) ions through ox2- ligands. The 0 values estimated for the 57Fe nuclei in the biva- 
lent and tervalent sites of NBu,[Fe(II)o,03Mn(II)o,~7Fe(IIl)o,o~ Cr(III)o,98(ox)3] were similar 
to each other. 

Keywords: Mossbauer spectroscopy; oxalates; spin direction 

INTRODUCTION 

In the field of molecule-based magnetism, oxalate-bridged mixed-metal 

assemblies A[M(II)M'(III)(ox),] have attracted particular interest [ 1-31, 

where A' = organic cations such as quartemary ammonium ions and oxz- 

= oxalate ion. The A[M(II)M'(III)(ox),] compounds have the same 

basic structure that is constructed by the honeycomb layers consisting of 

the alternate array of M(I1) and M'(II1) ions through ox2' ligands, being 

[5 17]/199 
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separated by the templating counter ions A' [4]. For the investigation of 

the electronic and magnetic structures of the A[M(II)M'(III)(ox),] 

compounds containing iron atoms, "Fe Mossbauer spectroscopy has 

been employed as a powerful tool [5-91. The angle (0) between the 

internal magnetic field (H,,) and the principal axis of V, at the 

Mossbauer nucleus can be obtained from the spectra of a magnet 

[10,11], where V, is the principal component of the electric field 

gradient tensor and 0" I 0 I 90". The principal axis of V,, of iron in 

both the M(I1) and M'(II1) sites of A[M (11)M'(111)(ox),] is rationally 

thought to coincide with the D, axis which goes through the iron atoms 

and is perpendicular to the basal layers [6,8]. The previous paper [9] 

reported a variation of the B a t  the Fe(II1) in the mixed crystal  

system NBu,[Fe(II),r Mn(II),.,Cr(III)(ox),1 mu,' = tetra(n- 

buty1)ammonium ion). In the present study, we have measured 57Fe 

Mossbauer spectra for ~u,[Mn(II)Fe(III),Cr(III),.~(ox),l mu: = 

tetra(n-buty1)ammonium ion) from the interest in the spin direction at 

the tervalent metal site. The 0 values at the divalent and tervalent sites 

were compared each other in an identical compound NBu,[Fe(II),o, 

Mn(II)o 97Fe(W 0 0 2 ~ ~ ( W O  9*(OX)I1. 

EXPERIMENTAL 

Compounds ~u,[Mn(II)Fe(III),Cr(III),..t(ox),l (x  = 0.04, 0.26, 0.46, 

0.71, 0.86 and 0.96) were prepared by adding an aqueous solution (3 

ml) of MnC12.4H,0 (2 mmol) to an aqueous solution (10 ml) containing 

NBu,Br (3 mmol), K,Fe(ox),.3H20 and K,Cr(ox),.3H20 (total amount 

of KlFe(ox),.3H,0 and K,Cr(ox);3H20 = 2 mmol). The microcrystals 

formed were collected by filter suction, washed with water, and dried 
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MOSSBAUER STUDY OF MOLECULE-BASED MAGNETS [5 19]/201 

over P,O,,. Enrichments of "Fe were made for the cases x = 0.04 and 

0.26; the isotopic abundances of "Fe were calculated to be 48.8 and 

9.96 %, respectively. Compound NBu,[Fe(II)o,,,Mn(II)o,,7Fe(III)o,,, 
Cr(III)~~98(ox)3] was prepared by adding an aqueous solution (3 ml) 

containing 57FeS0,.7H,0 (0.06 mmol, isotopic abundance of 57Fe = 95.3 

%) and MnC1,.4H20 (1.94 mmol) to an aqueous solution (10 ml) 

containing K3Fe(ox),.3H,0 (0.06 mmol), K1Cr(ox),~3H,O (1.94 mmol) 

and NBu,Br (3 mmol). The chemical compositions were determined 

from the ICP data for Cr, the atomic absorption data for Fe and Mn, and 

the microanalysis data for C, H and N. Mossbauer spectra were 

measured with an instrument described previously [S]. The isomer 

shifts are reported relative to metallic iron foil. 

RESULTS AND DISCUSSION 

Compound NBu,[Mn(II)Fe(111)(0x)~] is reported to act as an 

antiferromagnet with spin canting below the critical temperature, T, = 

28 K [2,3], and on the other hand, N13u,[Mn(II)Cr(III)(ox)3] is known to 

be a ferromagnet with T, = 6 K [l]. The Mossbauer spectra of 

Nl3u,[Mn(II)Fe(III)~Cr(111),.,(0x)~] with x = 0.04, 0.26, 0.46, 0.71 and 

0.96 measured at 4.2 K are shown in Fig. 1; a well-resolved sextet was 

seen in each spectrum. A significant variation of the S, - S, value with 

x was observed in the spectra of NBu,[Mn(II)Fe(III),Cr(III),~x(ox)3], 
where S, and S, represent the interval between the lowest-energy and the 

second lowest-energy peaks, and that between the highest-energy and 

the second highest-energy peaks in a Zeeman split Mossbauer sextet. 

The S, was comparable to the S, at 4.2 K in the compound with x = 0.96 

(Fig. la, S, - S, = -0.28 m d s ) ,  like that in N13u,[Mn(II)Fe(III)(ox)l] 

[8]. The difference between S, and S, became appreciably on lowering 
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the x (Figs. lb), and the S, - S, 
exhibited a large negative value 

(around -1.2 d s )  at x values 

below ca. 0.5 (Figs. Ic-e). 

For axial symmetry, the 

following equation can be 

applied on the assumption that 

the magnetic hy-perfine 

interaction is much larger than 

the quadrupole interaction [ 1 11; 

S, - S, = (-1/2)eVZzP(3cos2@ - 
1). The 0 value at the Fe(II1) in 

each NBu,'[Mn( II)Fe( III),Cr( 111) 

I.I(ox)3] compound of x =0.04 - 
0.86 was obtained with the 

positive sign of V,, by 

employing the quadrupole 

splitting (LIE,) just above T, as 

the value of I (1/2)eV,Q I for the 

calculation. On the other hand, 

no change of the sign of the V, 

with changing x (from 0.04 to 1) 

was confirmed from the fact that 

4 - w . ' ' i ' ' ' . i '  I u * 111 i 

Velocity / m m d  

FIGURE 1 Mossbauer spectra at 
4.2 K of NBu,[Mn(II)Fe(III), 
Cr(JJI),-x(ox)3] with x = (a) 0.96, (b) 
0.71, (c) 0.46, (d) 0.26 and (e) 
0.04. 

the dE, of NBu,[Mn(II)Fe(III),Cr(III),,(ox),] is almost constant 

independently of the x value; the 0 values at x = 0.96 and 1 .O were also 

calculated on the basis of the positive sign of V,. 

It was clearly shown in the 0 vs. x plots (Fig. 2a) that the B 
decreased rapidly first on lowering the x from 1.0, and then it 
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- 

- 

- 

approached a constant 

value close to zero (0 

- 10” at x = 0.04). 
ea 

Fig. 2a evidences that 5 
the Cr(II1) spins in 2 3a 
NBu,[Mn(II)Cr(III)(ox) 

J (x = 0) are aligned 9 
along an axis almost 

go 
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z= 

FIGURE 2 The variations of 0 with x 
for (a) NBu4[Mn(II)Fe(III),Cr(III),,(ox),] 

[9], and (c) the variation of H, with x for 

perpendicular to the 

basal planes consisting 

of the alternate array of 

the M(I1) and M(II1)’ NBu4[Mn(II)Fe(III)xCr(III),.x(ox),]. 

and 0) NBu,[Fe(II)~gI),-zcr(III)(ox),l 

ions through ox” ligands; 

the direction of Fe(II1) spin 

shows the direction of spin 

alignment in the pure Cr(II1) 

sublattice at extremely small 

x values. Our previous work 

on NBu4[Fe(II)$h(II),. 

$r(111)(0x)~] [9] concluded 

that the direction of Mn(I1) 

spins in NBu,[Mn(II) 

Cr(III)(ox),] is also 

approximately perpendicular 

to the basal planes. 

However, the 0 - x profile 

for the Fe(I1) of NBu,[Fe(U[)~n(II),,Cr(III)(ox),l (Fig. 2b) is fairly 

different from that for the Fe(II1) of NBu4[Mn(II)Fe(III)xCr(III),,(ox),] 
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2044 5221 SEIICHIRO IIJIMA and FUMIO MIZUTANI 

(Fig. 2a). In the former case, the single ion anisotropy of high-spin 

Fe(I1) is ascribable to the 0 - x profile [9]. The values of internal 

magnetic field (H,) at Fe(II1) estimated for NBu,[Mn(II)Fe(III),Cr(III) ,.* 

(ox),] (4.2 K) were plotted against x in Fig. 2c. 

The Mossbauer spectra of NBu,[Fe(II), 03Mn(II)o~7Fe(III)o,,~Cr(III) 

098(ox)3] are shown in Fig. 3. At 4.2 K, this compound exhibited a 

superimposed spectrum of magnetically split Fe(I1) and Fe(II1) 

absorptions (Fig. 3b). The 0 values at 57Fe nuclei in the bivalent and 

tervalent sites were estimated to be 28 f 12" [5,10] and 21 & 8", 

respectively. This result suggests that Mn(I1) and Cr(II1) spins are 

almost parallel each other in this compound. 
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