
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 11:04
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

On the Independent Cation and
Anion Sub-Lattice Long Range
Antifferomagnetic Orderings of Layered
Ferricenium Tetra-Halo Ferrates: Effects
of Highly Different Magnetic Symmetries
W. M. Reiff a b , J. H. Zhang a & J. S. Miller b
a Department of Chemistry, Northeastern University, Boston, MA,
02115
b Department of Chemistry, University of Utah, Salt Lake City, Utah,
84120
Version of record first published: 24 Sep 2006.

To cite this article: W. M. Reiff , J. H. Zhang & J. S. Miller (1995): On the Independent Cation
and Anion Sub-Lattice Long Range Antifferomagnetic Orderings of Layered Ferricenium Tetra-Halo
Ferrates: Effects of Highly Different Magnetic Symmetries, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 274:1, 63-69

To link to this article:  http://dx.doi.org/10.1080/10587259508031866

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508031866
http://www.tandfonline.com/page/terms-and-conditions


Mol. Ctyst. Liq. Cryst., 1995, Vol. 274, pp. 63-69 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

ON THE INDEPENDENT CATION AND ANION SUB-LATIICE 
LONG RANGE ANTIFFEROMAGNETIC ORDERINGS OF LAYERED 

DIFFERENT MAGNETIC SYMMETRIES 
FERRICENIUM TETRA-HALO FERRATES: EFFECTS OF HIGHLY 

W. M. REIFF AND J.H. ZHANG? 
Department of Chemistry, Northeastern University, Boston, MA 02115 

J.S. MILLER, Department of Chemistry, University of Utah, Salt Lake 
City, Utah 84120 

A b s M  The anions and cations of the complex pe(cp)J[FeBrJ (cp=h5- 
cylopentadiene) behave as isolated non-interacting Heisenberg and Ising 
layers respectively. The S = 1/2 cations order at - 2.5K whiIe the S =5/2 
anions order at - 12.5K. A variety of experimental data confirm 
independent 3D antiferromagnetic ground states for the component ions as 
opposed to the usual expectation of ferrimagnetism resulting from the 
collinear antiferromagnetic interaction of cation and anion sublattices of 
highly different spin in e.g., a simple two magnetic sublattice system. 

INTRO DUCTION 

The layered magnet ferricenium tetrachloroferrate [FecpJFeCl.,], has recently (1) 

been shown to act as a composite material with separate cation and anion 
sublattice ordering temperatures through a combination of low field dc and ac 
susceptibility measurements as well as zero-field Mossbauer spectroscopy. While 

the anion sublattice orders near 4.2K, the cation sublattice remains paramagnetic 

to 3.8K, a relative shift of ordering temperature of nearly ten percent. Each 

sublattice orders in a three-dimensional antiferromagnetic ground state for which 

there is no absorbtion in the ac-susceptibility i.e., xm" =O. [Fe(cp)&FeCL,I is an 
orthorhombic (Pmna) salt having the layered structure (2) shown in Figure 1. 
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FIGURE 1 The layered orthorhombic structure of 
Fe(cp)JFeCl J after Paulus(2). 

We have now extended these investigations to pe(Cm)]peBr,] which is like-wise 
orthorhombic (Pmna)(3). The extension is clearly not trivial! A similar but 

much more dramatic separation of the sublattice ordering temperatures is 

observed, i.e., TN(S =5/2 anion) - 12.5K, TN(S = 112 cation) - 2.5K or AT - 
lOK! Again, there is no out of phase component k",J in high resolution ax.- 
susceptibility measurements thus ruling out simple ferro- or ferri- magnetic 

ground states. 

A combination of Mossbauer spectroscopy chemical isomer shifts, and iron-57 

isotopic enrichment of the S=5/2 anion lattice clearly confirms that the latter 
orders at the higher temperature for each compound. This novel and to our 

knowledge unprecedented behavior is likely somehow a function of the magnetic D
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symmetry extremes possible in these materials, namely Ising (S=1/2) vs 

Heisenberg (S=5/2). The behaviors of the per-methylated femcenium systems 

@C)s ranging -0.6K to -2.6K) are also of interest in the present context. In 

summary, the anions of [Fe(cp)J[FeBr,] and [Fe(cp*)JpeBr,l order at higher 

temperatures than the corresponding chlorides in part because of the higher 

polarizability of bromine thus leading to greater overall electron spin 

delocalization. 

- 0 
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0 
0 

- 

X' ' 
- 0 0 0 0 0 0 r o d -  

Results 
Some specific results for [Fe(cp)JFeBrJ are given in Figures 2 and 4 and 5. In 
Figure 2, x,,, vs T (ax. susceptibility data taken at H,=l Oe and 125 Hz), the 

separate antiferromagnetic transition for the anion lattice (with xm" =0) is apparent 

at - 12.5K. Similar behavior (i.e., x",=O) is observed for the cation lattice at 

T - 2.5K. [ Fe (C p) 21 + [ Fe B r4] - 

-0.1 
2 4 8 8 10 12 14 16 111 

T(K) 
F'IGURE 2 Real (x') and imagiuary (x") components of the 
8.c. susceptibility data for Fe(cp)JFeBrJ above 4.2K 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
04

 1
8 

Fe
br

ua
ry

 2
01

3 



66/[722] W. M. REIFF et al. 

The fact that x,"=O and x,' is small is inconsistent with any type of 3D ferro, 
collinear ferri or anti-ferromagnetic ground state that one can readiiy envision for 

this system as summarized in figure (3) save choice Iv. 

Possible Ordered 
State 

I ferromagnet 

II coilinear 
ferrlmagnet 

S&I Confiauration x' x" Number of T,'s 
cations anions 

large large 1 

large large 1 

t T 
1 t 

111 coillnear 
four sublattice 
antiferrornagnet 

IV decoupled collinear 
cation/anion 
AFM sublattices 

small zero 

FIGURE 3 Some possible magnetic ground-states for c o b e a r  
cation-anion spin arrangements 

On the other hand, in relatively small applied d.c. fields as in Figure 4(d.c. squid 

magnetometry results at €€,,=lo0 Gauss), the anion sublattice moments are 

apparently essentially totally decouuled leading to a high moment stak while the 
cationlattice is still AF-ordered at low T. 
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[ Fe( C p) 21 + [ FeBr41- 
3.5 3 t 
25 t 

Anion Orderlng 
0 0  

o o o  1 o o  
o o  

0 

0 

1 .o 
0 

0 - 
0 
0 
0 

0 
cation 

0.0 I I I I I I 

F'IGURE 4 Reciprocal susceptibility of Fe(cp)JFeBrJ at 100 
Gauss 

These states are reflected in the reciprocal susceptibility data of Figure 4 wherein 

a large drnp in xi' is observed between 12 and 13K and then xi' abruptly rises 
below - 2.5K. Finally we refer to sample (zero field) iron-57 Mossbauer 
spectroscopy results in Figure 5.  
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l l 1 l I l I l l ~ l f l l ~ ~ ' l r  
-9.-0.-7.-6.-5.-4.-3.-2.-1.0. 1. 2. 3. 4. 5. 6 .  7. 8 .  9. 10 

VELOCITY M(/sEE1 FELAT~~E ~ X A T L R A L  IRDH FOIL 

FIGURE 5 Zero field Mossbauer spectrum of Fe(cp)JFeBrJ 
at 2.9K 

At 2.9KYonly the S=5/2 FeBr -4 sublattic is ordered. This corresponds to the 

Zeeman split background pattern in the figure for which the internal hyperfme 

field is - 380 kOe. This result is some - 7 to 8T less than values typical (3) of 
S=5/2 FeBr -4 anions and suggests that the anion lattice is not magnetically 

saturated at this temperature. The intense singlet near the center of the spectral 
pattern reflects the femcenium cations still in their rapidly relaxing paramagnetic 

state at this temperature. The center shift of this component is 0.50 m d s e c  
relative to iron metal, a value typical (3) of Fe(cp)2+ cations. As expected, in 

view of the susceptibility data, the latter intense singlet component hyperfme 

splits below 2.5K corresponding to its long range ordering. 

Summary 

Complete details for this system, and the related pe(cp)J FeClJ, 
[Fe(cp*)J [FeCl.,] , [Fe(cp*)J [FeBr,] complexes including x-ray structure 

determinations, field and temperature dependence of Mossbauer spectra and 

magnetic susceptibility will be published subsequently elsewhere (4). 
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In conclusion, the unprecedented magnetic behavior observed herein, i.e., 

independent 3D-AF orderings of intimately associated paramagnetic layer 
sublattices appears to OCCUT for another rather different class of compounds, 
namely "rock salt like" structures such as [Cr(NH,)J[FeCIJ and 

[Ru(NHJJ[FeClJ. This work is considered in another contribution (5) to these 

proceedings. *Supported by the Div of Materials Research ?Current Address: 

Xavier University. 
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