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In the mixed spinel compounds FeU1Mg2̂ tTi1O4, iron
occupies both A and B sites. The near neighbour
interactions JAA, JBB and JAB, which are all
antiferromagnetic (AF), cannot be satisfied
simultaneously. The random dilution of Fe by Ti,
which weakens the JA8 coupling, offers an interesting
problem of magnetic frustration together with site
dilution1. This system is also worthwhile to compare
with the metallic re-entrant spin glasses (RSG) where
frustration occurs through a competition of long

ranged interactions with a dominant ferromagnetic
one. Mossbauer and susceptibility measurements2

show a ferrimagnetic like transition at Tv, and a spin
glass like transition at If, A true ferrimagnetic
transition, obeying the usual scaling laws, is restored in
high field.

We measured the neutron diffraction spectra of the

t=0.55 powdered sample (TS=163K and Tp=25K) in

zero field, for 8K<T<300K, using a multidetector and

a large wavelength of 4.75Â, in order to focus on the

111 Bragg peak with a good resolution

Above T N (Fig 1), the diffraction peak is purely

nuclear. Its intensity strongly increases below Ty A

diffuse signal, which strongly evolves with is also

clearly visible. This suggests small fluctuating magnetic

clusters, which coexist below TN with a long ranged

ordered " static " one.

We thus decribe the intensity as the sum of three

terms: a diffraction peak l\(o), forthe long ranged

order, a diffuse peak tyq), which describes the short

ranged magnetic correlations, and a "sample

background" tyq), which involves incoherent

scattering and very local ordering.

To account for experimental resolution, \\(q) is

expressed as a gaussian of intensity I0 and width w,

centered at the reciprocal vector x (Ii(q) = Ioexp(-(q-

T)2Av)). For the diffuse term, we have considered



short ranged correlations of the form f(r)=exp(-Kr),
where Ç=icl is the correlation length. The Fourrier
transform of fl[r) near the Bragg peak x, must be
averaged over all directions of x with respect to the
scattering vector q3. This yields :

h(q) = IJq x[l/((q-x)2+K2) - l/((q+r)2+K2)] [1]

where q and x are now the moduli of the vectors. The

convolution of equation [1] with resolution does not

change the results significantly. Correlations of the

form f(r) = exp(-wr)/r also studied, will be discussed

later. Finally, the " sample background " tyq) is

assumed to be linear with q, (tyq) = ai+a2 (q-1.04))

in the q range concerned. The total intensity, I(q) =

(Il(q) + l2(q))F2(q) + I3(q). where F(q) the Fe3'

form factor, is fitted to the data with the parameters

IG, W, IL> X, K, af, and a2-

Above TN , the gaussian intensity Ic (Fig 2) slightly

increases with decreasing T, due to Debye-Waller

effects. Around TN, it changes its slope, then increases

linearly for TF<T<TN. Around TH, I0 shows a

maximum and finally decreases. The width w (Insert

of Fig 2) is T-independent and equal to the resolution

limit at low and high temperature. It shows a slight

maximum around TN , attributed to the critical

scattering. Fixing w to its resolution-limited value at

all temperatures does not change the other parameters

significantly. The q-constant term a](Fig 2) varies with

T almost like IG- The slope a2 is small and does not

depend much on T. By contrast, the diffuse intensity IL

and the correlation length Ç (Fig 3), vary oppositely to

I0- They start to increase with decreasing T, show a

broad maximum or a saturation around TN, and finally

increase again below TF.

From the above results, we propose the following

description, based on an inhomogeneous approach of

the system, which is close to the percolation threshold

for the dominant interaction(t=0 65) Small fluctuating

- 3 -



magnetic "clusters" of size, start to form well above

TN . The number of spins involved in such clusters is

proportional to the diffuse intensity IL At Tx, a long

ranged ordered (LRO) "static" cluster forms, yielding

an extra contribution to the diffraction peak. Since its

width remains resolution-limited, we cannot ascertain

that the "static" cluster is really percolating within the

lattice, but we can put a lower limit of about 150Â.

The growing of this static LRO inhibits the growing of

the small fluctuating clusters, yielding a decrease of the

diffuse intensity just below TN , and a saturation of the

correlation length. When T decreases further, the small

clusters progressively freeze in random directions, and

become increasingly coupled with the LRO cluster.

Below TF, they start to distort it: the increase of IL and

Ç coincides with a decrease of the Bragg intensity I0

The q-constant'term aj which varies with T like I0 is

attributed to occupation disorder of the iron spins

within the ordered cluster.

We can compare the above description to the

predictions of several theoretical models for frustrated

systems. They vary according to the length scale of

interactions concerned. Clearly the mean field model

for infinite ranged interactions4, which predict below

TN- a transverse spin freezing towards an homogeneous

mixted phase, is not suitable to our data. The

anomalies probed here below TN , are anticipated well

above it. Moreover, they can be more adequately

described by a spin rotation, with a partial decrease of

the spontaneous magnetisation3, than by a transverse

spin freezing. On the other side, when only first and

second near neighbour interactions are concerned6, the

phase diagram derived from a percolation-like

approach, predicts with decreasing T a transition from

a LRO phase to a completely disordered frozen phase,

which is not our case either. The intermediate

approach of the local mean field model78, which

describes the low temperature phase as an



homogeneous medium with local distortions due to

frustrated spins, could be more suitable to our results.
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Figure captions

Fig 1: Neutron diffraction spectrum of the t=0.55 sample at 25 7K,

focusing on the U l Bragg peak. The solid line is a fit to the data.

Fig 2: Gaussian intensity IG and q-constant term at versus T. In insert,

the gaussian width w.

Fig 3: Difiuse intensity IL and correlation length Ç of the small clusters.
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