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ON THE MIXED VALENCE BEHAVZOR AND COOPERATIVE 3D 

Fem(ox),}(M=Mnn(A),Fen(B), Con(C), Nin@) AND 4,P(F8F?(ox),}(E): 
NEW FERRIMAGNETS 

ORDERING OF A SERIES OF TRIS-OXALATO FERRATES: B@(M 

W. M. REIFF', J.KREISZ,L.MEDA,ANDR.U.KIRSS, 
Department of Chemistry, Northeastern University, 
Boston, Mass 02115. 

,4bstr& A combination of a.c. susceptometry and Ffl  Mossbauer 
spectroscopy measurements confm valence trapped 3D-femmagnetically 
ordered ground states for the title compounds save (A) that orders 
antiferromagnetically with a very broad maximum in x',,, center& at - 50K. 
Their ground state magnetic behavior is contrasted with the previously 
demonstrated ferromagnetism of Bu4N{Fe%p(oxJ} and +~P{MIIWP(OX,)}. 

INTRO DUCTION 

As part of our continuing interest in dynamic mixed valence behavior, we have 

studied the title compounds using FC Mossbauer spectroscopy and a.c. 

susceptometry over the range 4.2K to 300K. Unfortunately, we find that all of 

these materials are valence tram on the F? Mossbauer spectroscopy time scale 
(10011s) showing typical high-spin iron III spectra for (A), (C) and @) and valence 

trapped high-spin Fe 11 and Fe 111 for (B) and (E). The initial studies (1) in this 

area focused on the Bu4N(MCr(ox),}series, M=Mnn, Fen, Con, Nin, and Cum and 

4,P(MnCr(ox),}(F), (2), all of which were found to be genuine bulk 3D 

ferromametg, albeit, with low T,'s ( S  14K) with the butyl systems assumed to 

have 3D-network structures. 
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RESULTS 

F'IGURJZ 1 Real ( ~ ' 3  and imaginary x"= components of the 
a.c. susceptibility of Bu,N(FeII FeIII(Ox)3) 
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NEW FERIUMAGNETS [621]/183 

The 4.2K Mossbauer spectrum of Bu,,N(FflP(ox),) (G) corresponds to the 

perturbation scheme AE(quadrupo1e) > > H(intemal) i.e., a low velocity doublet 

and high velocity triplet indicating that V, (the principal component of the electric 

field gradient tensor) is negative at the ferrous sites (3). This was useful in the 

deconvolution of the spectra of (B) and @) whose high spin ferric component 

exhibits an additional classical six line pattern (i.e., H(internal) > > 
AE(quadrupole), with H(intemal) - 53T vs only - 4T for the Fen as seen in 

Figure 2. 
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FIGURE 2 Iron-57 Mossbauer spectrum of Bu,N {Fen FeIII 
 OX)^) at 4.20K, arrows indicate Fe(ox).2H20 contamination 

At low temperatures, Figure 3, 

compounds (A) and (C) with H(intemaL) = 52T. 
sDin F P  environment is apparent for 
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FTGURE 3 Mcssbbauer spectrum of Bu,N(MnIIFem(ox),) at 
6.13K 

The values for the Curie temperatures of (F) and(G) as determined via a.c. 
susceptometry are 5.6K and 12K in good agreement with those found (5.9K and 

12K) using d.c. magnetometry (1, 2). The near zero field a.c. measurements with 
xNm # 0 Figures 4 and 5 further confirm the 3D ferromagnetic ground states of 

these materials and diminate any possibility of some type of field induced (meta- 

magnetic) behavior in the original studies of these materials, (1) and (2) at 0. l and 
0.2T respectively. 
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186/[624] W. M. REIFF et al. 

The shapes of the susceptibility curves (particularly x,,,') for (F) and (G) are quite 
different. The ax.  response of (G) appears to suggest essentially single domain 

behavior below low T, while the behavior of (F) is more reminiscent of a multi- 

domain material (4). Perhaps this difference reflects a fundamental difference in 

molecular structures, although the similarity of T, for the Bu.,N+ and &P+ 
Mnv?" analogues has been used (2) to suggest a 2D structure for the former. 

Swmmarv 
Finally, we point out that chemical analyses and Mossbauer spectra indicate a 

small degree of contamination from (- 2% to 8%) (for compounds (B), (C) and 

(D)) with the well known chain polymer Fe(ox)2H20. That is, some reduction of 

the tris-oxalato ferrate 111 apparently occurs during the preparative stage. This in 

turn is likely related to photo-sensitivity of K,Wm(ox),] core systems in general as 

previously suggested (5) specifically for K3[Co(ox)J3H20. In any event, the 

presence of a few percent Fe(ox)?H,O should have no measurable effect on the 

magnetic properties of the systems reported on herein and in references (1) and 

(2). Its ground state is 3D antiferromagnetic (TN=11.7K) (6,7). Moreover, it is 

a highly 1D a.f. chain with strong intra-chain exchange (Tx(max)-40K). Thus in 
the temperature range of relevance (30K to 45K), the present (Co and Ni) 

femmagnets exhibit molar susceptibilities 25 to 50 times greater than that of any 

Fe(ox)-2H20 impurity. 
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