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Abstract Double layer R-P (Ruddlesden-Popper) man-
ganate phases were stabilized in an air atmosphere by partial
substitution of Mn by Fe. The crystal structures and magnetic
structures of the R-P phase SrsMn;_,Fe,O7_s (x =0.1, 0.2,
and 0.5) have been refined from the room temperature and
low temperature neutron diffraction data.

All of these samples adopt space group [4/mmm at room
temperature. 10 K diffraction patterns showed antiferromag-
netic ordering and magnetic superlattice reflection pattern
that can be indexed on a 2ay x 2ay x cq supercell for x =
0.1 and x = 0.2 samples. The temperature dependence of the
ZFC (zero field cooled) and FC (field cooled) molar magnetic
susceptibility curve showed divergence for x = 0.5 samples
which implies that this double R-P phase shows spin-glass
transition.

Keywords Double layer R-P manganate - Crystal
structure - Neutron diffraction - Magnetic susceptibility -
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1 Introduction

The manganates with perovskite structure, Ln;_, A, MnO;
(Ln = rare earth ion, A = alkali or alkaline earth metal
ion) have been extensively studied due to their magne-
totransport properties such as colossal magnetoresistance
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(CMR) [1-3]. Recently layered perovskite manganates also
received considerable attention since the observation of the
CMR properties in R-P (Ruddlesden-Popper) phase La; .,
Sty Mn;, 07 [4-7]. CMR phase La; 4, Sr;_,Mn,07 is a typ-
ical R-P phase with n = 2 in general formula (AO)(AMO3),,,
where the perovskite structure is the n = co end member. The
n =2 R-P phase, Fig. 1, can be thought as of double layers of
MOg octahedra along the c-axis separated by an insulating
rock-salt layer (AO).

The parent compound of the n = 2 CMR manganate
Sr3Mn,07_;s was synthesized by quenching the sample from
1650°C into dry ice by Mitchell et al. [8, 9]. This phase con-
tains a large number of oxygen vacancies and is an antifer-
romagnetic insulator with Ty = 160 K. A series of Mn sub-
stituted R-P strontium ferrate were prepared and their struc-
ture and magnetic properties were reported by Veith et al.
[10].

The oxygen deficient double layer perovskite Sr3;Mn,Og¢
phases were synthesized in N, atmosphere and its structure
and properties are reported by Gillie et al. [11]. TEM exper-
iment showed that this phase crystallized in a superstructure
of the simple R-P subcell. Magnetic susceptibility studies
suggested a canted antiferromagnetic transition and showed
no divergence between ZFC and FC curves.

Recently double layer R-P phase Sr3Mn,_, Fe, O;_; stabi-
lized at room temperature in air atmosphere its room temper-
ature crystals structure and properties are reported [12]. The
X-ray diffraction experiment showed that this phase crystal-
lized in a space group I4/mmm.

In this study, crystal and magnetic structure analysis of
double layer R-P manganate phases, Sr3sMn,_, Fe, O;_s were
carried out by neutron diffraction data and magnetic proper-
ties are discussed in detail.
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Fig. 1 The n = 2 Ruddlesden-Popper structure

2 Experimental

Polycrystalline phases of Sr3sMn,_,Fe,O7_5 were prepared
by conventional solid state reaction of SrCO3;, MnO,, and
Fe;03 (99.9%, Aldrich). The powder mixture was pressed
into a pellet and heated at 1350 to 1500°C for 48 h in air
atmosphere, with intermediate grindings. Phase analysis of
the products was carried out by X-ray powder diffraction.
Neutron diffraction data were recorded over the temperature
range of 5-300 K on the high resolution powder diffractome-
ter (HRPD) at KAERI (Korea Atomic Energy Research Insti-

tute), Korea. Rietveld structural refinements were carried out
with the FullProf program package [13]. Magnetic suscepti-
bility curves of the samples were obtained using a Quantum
Design SQUID magnetometer over the temperature range of
5-300 K in an applied field of 1000 G.

3 Results and discussion

The structural parameters of double layer R-P phases
Sr3Mn;,_,Fe,0O;_s have been well refined by Rietveld
method with room temperature neutron diffraction data on
the basis of space group I4/mmm. As expected the unit cell
volumes increase with the increasing Fe content due to the
substitution of large Fe™ for smaller Mn**. In all sam-
ples, MnOg¢ octahedra show small Jahn-Teller distortions.
The octahedral distortion coordinate, defined as D = (Mn-
Oapica)/(Mn-Ocquatorial), 18 slightly increased from 1.008 for
x=0.1to 1.011 for x = 0.5 sample at 300 K. In all samples
small amount of impurity was observed in the diffraction pat-
tern, and the affected areas were excluded from the Rietveld
analysis of the data. The observed and calculated neutron
diffraction pattern for x = 0.2 at 300 K is given in Fig. 2. The
resultant structural parameters and selected bond lengths and
angles at 300 K are presented in Tables 1 and 2, respectively.
Neutron diffraction patterns for x = 0.1 and x = 0.2 samples
revealed antiferromagnetic ordering and magnetic super re-
flection peaks at 10 K. The observed and calculated neutron
diffraction pattern for x = 0.2 for magnetic structure at 10
K is given in Fig. 3. Magnetic superlattice reflections can be
indexed a 2ay x 2ag X co supercell, where ag and ¢, are the
unit cell dimensions of paramagnetic unit cell. The refined
magnetic structure consists of an array of Mn/Fe moments

Fig. 2 Observed, calculated and T T T T T T

difference neutron diffraction
profile for x = 0.2 sample at 300
K. Tick marks show diffraction
peak positions for nuclear
structure
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Table 1 Structural parameters of Sr;Mn,_,Fe,O;_; at

300K

x=0.1 x=02 x=0.5
a(A) 3.8109(1) 3.8184(1) 3.8297(1)
cA) 20.1232(9) 20.1344(9) 20.1312(8)
V(A3 292.2484 293.5631 295.2562
zSr (2) 0.1834(1) 0.1836(1) 0.1829(1)
zMn/Fe 0.0963(3) 0.0956(4) 0.0973(1)
z0 (2) 0.1910(1) 0.1913(1) 0.1925(1)
z0 (3) 0.0951(1) 0.0947(1) 0.0944(1)
Rp 6.49 6.23 6.09
Ryp 9.84 8.78 8.26
Rexp 3.98 3.94 3.83
Chi? 6.10 4.96 4.86

Table 2 Selected bond lengths and angles of
Sr3Mn,_,Fe,O;7_s at 300 K

x=01 x=02 x=05
Mn/Fe-O1 x 1 (A)  1.9379 19248 19588
Mn/Fe-02 x 1 (A)  1.9057 19269 19165
Mn/Fe-03 x 4 (A)  1.9056  1.9093 19157
O1-Mn/Fe-02 (°) 180 180 180
O1-Mn/Fe-03 (°) 89.27 89.46 89.25
02-Mn/Fe-03 (°) 90.73 90.54 91.75
03-Mn/Fe-03 (°) 89.99 89.99 89.95

aligned parallel to the c axis and reveals typical G-type anti-
ferromagnetism [9, 14].

Figure 4 shows the neutron diffraction pattern for x = 0.2
sample recorded from 5 K to room temperature. Magnetic
reflections at low angle, which are characteristics of anfi-

Table 3 Structural parameters of SrsMn,_,Fe,O;_s at 10

K

x=0.1 x=02 x=0.5
a(A) 3.8013(1) 3.8089(1) 3.8207(1)
c(A) 20.0900(1) 20.0988(1) 20.0956(1)
V(A3 290.2981 291.5877 293.3505
zSr (2) 0.1833(1) 0.1835(1) 0.1831(1)
zMn/Fe 0.0959(2) 0.0955(3) 0.0956(10)
z0 (2) 0.1916(1) 0.1917(1) 0.1923(1)
z0 (3) 0.0952(1) 0.0947(1) 0.0943(1)
Rp 6.74 6.72 5.41
Ryp 10.7 9.82 7.64
Rexp 2.99 391 3.83
Chi? 7.10 6.31 3.98

ferromagnetism in neutron powder diffraction patterns are
almost disappeared above Ty = 110 K. But there was no evi-
dence of an additional contribution from long range magnetic
order for x = 0.5 sample. The resultant structural parameters
and selected bond lengths and angles at 10 K are presented
in Tables 3 and 4, respectively. The unit cell volume of the
samples contract unisotropically on cooling and D parameter
increases for all samples

Magnetic susceptibilities of the n = 2 R-P phases quali-
tatively showed very similar behaviors with the n = 3 R-P
phase SrsMnj;_,Fe, Oj9_s [15, 16] and the n = 2 R-P phase
Sr3Fe; M, 07_s (M = Co, Mn) [17]. The temperature de-
pendence of the molar magnetic susceptibility and inverse
magnetic susceptibility of x = 0.2 and x = 0.5 phases are
shown in Fig. 5.

As the Fe content increased the Weiss constant increased
from —95.2 K for the x = 0.2 compound to —24.3 K for the

Fig. 3 Observed, calculated and B

difference neutron diffraction
profile for x = 0.2 sample at 10
K. Upper tick marks represent
diffraction peak positions for
nuclear structure and lower tick
marks are those of magnetic
structure
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Fig.5 The temperature dependence of the molar magnetic susceptibil-
ity and inverse magnetic susceptibility (inset) for (a) Sr3sMn; gFey,07_s
and (b) Sr;Mn; sFeq507s
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The structural parameters of double layer R-P phases
Sr3Mn;,_,Fe,O7_s have been refined by Rietveld method
with room temperature and low temperature neutron diffrac-
tion data on the basis of space group I4/mmm.
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Low temperature neutron diffraction patterns showed an-
tiferromagnetic ordering and magnetic superlattice reflection
pattern that can be indexed on a 2ay x 2ag X ¢y supercell for
x = 0.1 and x = 0.2 samples but not for x = 0.5 sample. The
temperature dependence of the ZFC and FC molar magnetic
susceptibility curve showed divergence for x = 0.5 samples
which implies that this double R-P phase show spin-glass
transition.
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