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Résumé. - L'ordre magnétique moyen des premiers voisins M-M (M = MnZ*, Fe3t)
ainsi que 1'environnement local de ces ions ont &té abordés par diffraction de
neutron et EXAFS pour les verres fluorés "PbMnFeF." et "Pb MnFeF.". Les fonc-

tions de corrélation magnétique mettent en &vidence, pour les déux verres,

une forte interaction antiferromagnétique 3 3,6 & et des interactions ferroma-
gnétiques 3 5,4 et 6,7 A. Les résultats EXAFS confirment la coordination octad-
drique de Mn?* et Fe3*. La structure de ces verres est interprétée selon un
mod&le de chaines interconnectées d'octa&dres MF, liés par des sommets avec
Pb2T en position interstitielle.

Abstract. - Neutron diffraction and EXAFS experiments have heen made on fluo-
ride glasses "PbMnFeF." and "Pb_MnFeF," to provide informations about the ma-
gnetic short range oraer of pairs M-M (M = Mn?*, Fe3*) and the local environ-
ment of Mn?" and Fe3*. The magnetic correlation function shows in both glasses
prevailing strong antiferromagnetic first meighbour interaction at 3.6 & and
two ferromagnetic interactions at5.4 and 6.7 &. EXAFS results confirm the ex-—
pected sizfold coordination of Mn2* and Fe3*. The structure of these glasses

is described in term of randomly linked corner shared MF6 octahedra chains with
Pb2* in interstitial sites.

. s . . I LT,
1. Introduction. — New transition metal fluoride glasses in PbFz—MtIFZ—Mt IF3 systems

authorize large extent of vitreous area and various associations of miagnetic” ions
(1,2). Magnetic studies on "PbMnFeF," and "Pb,MnFeF_," have clearly shown the exis-—
tence of strong antiferromagnetic interactions betweéen magnetic ions (Mn2+, Fe3t)
(effective Curie-Weiss temperature are respectively —190K and -135K), and established
spin glass behaviour with relatively high freezing temperature : 11.77 and 5.35K res—
pectively (3-6). The sixfold coordination is well established for 3d transition ions
in crystallized fluorides and sbsorption spectra in the visible range confirm this
fact for Ni2+, Co2+, Cr3* or V3% based glasses but this demonstrationm is not possi-
ble for Mn?* and Fe *. We report here a study of Mn?* and Fe3® local environment and
magnetic ordering in "PbMnFeF." and ”PbZMnFeF " glasses by means of EXAFS and magne-
tic neutron scattering. Results are discussed in order to propound a structural model
for these glasses.

2. Neutron. - The neutron experiments were performed at an incident wavelength of
2.522 X using the DIB diffractometer on the high flux beam reactor at the Imstitut
Laue-Langevin, Grenoble. A well established method for isolating the magnetic scatte-—
ring Im(Q) when using unpolarized neutron beams is to substract intensity data recor-—
ded above and below the magnetic ordering temperature : so intensity data were recor-
ded in the paramagnetic range (250K) and below the spin freezing temperature for both
glasses. Assuming that there is no cgrrelation between the magnetic moments direc-—
tions and that of the radius vector r between two magnetic ions, the magnetic corre-
lation function dm(x) is of the form (7)

.Q max Q Im(Q)

Co 5 M(Q) sin rQ dQ,
0 <£(Q)>

dm(r) =
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where Q = 47 sin /) ; M(Q) is a modification function to reduce the effects of the
termination of the Fourier integral at a finite value Qmax (8), <f(Q)> is the mean
magnetic form factor for Mn®' and Fe3*. Such a simplification is possible only becau-
se the two magnetic species are in the same ©8 ground state and dm(r) will represent
the magnetic correlation function between M-M pairs (M = MnZt, Fe3%). Difference
spectra Im(Q) for "PbMnFeF." and "Pb,MnFeF," are shown figure | and the corresponding
dm(r) are represented figure 2 in ar%itrary units. It was found necessary to apply

a Placzek correction in order to remove a strong negative error ripple near r = 0 on
dm(r) ; the magnitude of the correction was determined using the zero ripple techni-
que (8,9) ; we present only the corrected dm(r) on figure 2. For a material contai-
ning short range antiferromagnetic ordering, positive and negative peaks in dm(r) in-
dicate respectively magnetics ions with their spin parallel and antiparallel to that
of the origin. The two glasses exhibit essentially the same dm(r) with a strong nega-
tive peak at 3.6 X, two ferromagnetics interactions at 5.4 and 6.7 & and an antifer-
romagnetic one at 8.4 A.
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Fig. 1 : Difference of the neutron Fig. 2 : Neutron magnetic correlation
diffraction spectra. functions.
3. EXAFS. - X-ray absorption spectra were recorded at the "Laboratoire pour 1'Utili-

sation du Rayonnement Electromagnétique", using radiation from the D.C.I. storage
ring, at Orsay and a Si(220) channel cut monochromator under vacuum. The EXAFS spec—
tra were analyzed following standard techniques of backgroung substraction and norma-
lization (10,11) in order to extract the absorption coefficient modulations X(k) on
the iron and manganese K-edge (respectively 7111 and 6537 e.V.). The Fourier trans-
form of X(k) exhibits only one peak for both glasses at the two K-edge. This peak,
after filtering and backtransforming, restitutes the modulation Xl(k) of the first
shell which was fitted by using the well-known formula (12)
2 2.2
K () = NF (o 220D 2ok gy [21@11 + ¢1(k):|
le

Where N, is the number of atoms in the first scattering shell at the distance R, from
the absorbing atom. We have used the atom phase shifts ¢(k) and the backscattering
amplitudes F(k) calculated by Teo and Lee (13). o, is the relative mean-square dis-
placement between the scattering atom and the central atom, So“ is the many electron
overlap factor. The crystallized compounds g-LiMnFeF, and Pb.FesF, g were used in or-
der to calculate the So2 factor (comsidered to be a constant in approximation) using
the known values of N, (6 in all cases) ; the others parameters o,, R, and the ener-
gy threshcld E were considered as adjustables. To compensate for the rapidly atte-
nuating backscattering amplitude of fluorine, the fit was made using the weighting
scheme of k3X(k) in the range of k = 2 = 4.5 (atomic units) and the parameters o,,
R, N, and E_ for the glasses were calculated using the value of So2 previously
determined. The magnitude F(R) of the k3X(k) Fourier transforms are shown figure 3

for the two glasses "PanFeFY" and "PbZMnFng". Figure 4 shows typical fits for



Fourier filtered first shell signals kBXI(k) in the ”PanFeF7
bor parameters for glasses and crystallized compounds are shown in table 1.
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K edges for "PanFeF7" and
“PbEMnFng”. ”PanFeF7”. A : Te edge, B : Mn edge.
"PbMnFeF." | " -Li
nke 7 PbZMnFng o L1MnFeF6 PbSFEBFlg
R(ﬁ) Fe-F 1.93 1.94 1.937 (1.935) 1.94 (1.96)
Mn-F 251 1 2.12 2,123 (2:126) -
§ Fe-F 5.7 5.3 (6.00) (6.00)
Mn-F 5.3 5.2 (6.00)
802 Fe 0.45 0.45 0.46 0.44
Mn 0.42 0.42 0.42
(3) Fe-F 0.033 0.029 0.036 0.031
“ Mn-F 0.075 0.073 0.063
Fe 7130 7130 7130 7128
B0 6551 6552 6552

le 1 :

Tab

Neighbor parameters for glasses and standards (under parenthesis

‘the known X-ray values).
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4. Results gnd Discussion. - EXAFS results for crystallized compounds show distances
M-F (M = Mn2+, Fe’*) in good agreement with X-ray data and we can estimate their ac-
curacy to be AR = 0.02 & also for the glasses. On the other hand, if we compare the
SoZ values with known ones (for example 0.68 for Mn in MnCl, and 0.69 for Fe in
FeCl,(12)), they appear very weaks. We cannot actually excliide the possibility of
amplitude reduction caused by contamination of x-ray beam with harmonics or by inho-
moheneity of the sample before carefully verifying the effect of sample thickness ;
so we do not expect the N values to be more accurate than AN = 1.5. However the ob-—
served values of N are in agreement with the expected value of 6 and the M-F distan-—
ces are closely related to Mn-F, Fe-F distances for such sixfold coordinated transi-
tion metal in crystallized fluoride compounds. With the distances Mn-F and Fe-F of
EXAFS, one can calculate a mean distance M-F of 2.025 A so that we can conclude with
the M-M Neutron distances that MF, octahedra are only corner-shared : indeed,if oc-—
tahedra are linked by edge, this ?eads to a maximum M-M distance of 2.9 A which is
inconsistent with our result of 3.6 A. The mean zngle M-F-M calculated for the glas-
ses is 126°, in good agreement with superexchange angles observed in antiferromagne-
tic fluoride ecrystals with corner shared octahedra.

The magnetic functions correlation for the two glasses are very close (figure 2),
indicating that PbZt do not modify the octahedral framework over a distance of about
9 & for large concentration variations. These results are consistent with a glassy
network model of distorted connected chains build up from corner sharing octahedra
with PbZ% in interstitial sites. In this hypothesis the observed distance of 6.7 &
could correspond te second neighbors M-M in the same chain and that of 5.4 & to se-
cond neighbors of two connected chains. The frequency of connections between chains
is probably greater for "PbMnFeF." compared to "Pb MnFeF," as suggested by the in-
tensity of the peak at 5.4 &, with regard to the 6.7 & one, clearly more important

in the case of "PanFeF7“ (figure 2).
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