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Abstract

Several different mechanisms of magnetoresistance (MR) have been observed in 1111 LnMnAsO1-
xFx oxypnictides (Ln = lanthanide) as a result of magnetic coupling between the Mn and Ln. Such
phases also exhibit interesting magnetic phase transitions upon cooling. SroMn2CrAs2O> has been
synthesised in order to investigate if it’s possible to observe MR and/or magnetic phase transitions as
a result of magnetic coupling between the Mn and Cr. SroMn2CrAs;O> crystallises with the 14/mmm
tetragonal space group containing alternating MO,% and M *As,? layers and neutron diffraction
results demonstrate that the actual stoichiometry is SroMn2.23Cro.77As202. Cation order is present
between Mn and Cr, with Cr predominantly occupying the square planar MO2?" site. Below 410 K the
magnetic moments of the Mn/Cr ions in the M*>As,? sublattice exhibit G-type antiferromagnetic
order. The Mn/Cr moments within the MO,> layer order below 167 K with a K;NiFs-type-
antiferromagnetic structure which simultaneously induces a spin-flip of the magnetic moments in the

M ,As,? layers from a G- to C-type antiferromagnetic arrangement. The results demonstrate that the



superexchange interactions are finely balanced in SraMn223Cro.77AS202. Sr2Mn2.23Cro.77AS202 is

semiconducting and there is no evidence of MR.



INTRODUCTION
Pnictide phases containing layers of MAs (M = Fe, Mn) have been the subject of recent interest due

to their potential as high temperature superconductors !

and colossal magnetoresistant (CMR)
materials 2. Several iron-based pnictide systems exhibit superconductivity 4, with the 1111-type,
LnFeAsO1xFx (Ln= La, Ce, Pr, Nd, Sm), displaying superconducting transition temperatures (T¢) of
over 50 K °. In addition to the iron-based compounds, several pnictide materials containing MnAs
layers have been shown to exhibit a wide array of interesting phenomena. NdMnAsO1xFx exhibits
CMR of up to -95% between x = 0.05 - 0.08 28 . Replacing Nd with Pr to produce PrMnAsO1xFx
showed remarkably different results. A large negative magnetoresistance was observed below 34 K ’
as a consequence of a structural tetragonal — orthorhombic transition driven by the Pr 4f electrons
degrees of freedom. In contrast, a sizeable positive magnetoresistance appears in strontium doped
Nd1xSrxMnAsO &; indicating that multiple mechanisms for MR are possible upon hole or electron
doping the LnMnAsO system (Ln = La, Pr, Nd).

Several layered pnictide phases A2M3As;0> (A = Ba, Sr, Mz = Mns, Crs, MnZng, Zns, Mn,Cu) % 1011
12,13, 14,15 have been synthesised. The unit cell contains alternating layers of square-planar MO and
M’As, similar to the CuO2 layers in the high T¢ cuprates and FeAs planes in the superconducting
pnictide materials. It has been postulated that this unique structural relationship may deliver novel
parent compounds for high temperature superconductivity, therefore further research into their
structural, electronic and magnetic properties is warranted. Neutron diffraction and magnetic
susceptibility measurements ° revealed that Sr,MnsAs,O; crystallises with a tetragonal unit cell with
the space group 14/mmm, and no structural phase transitions were detected down to 4 K. The structure
contains layers of MnO2* (Mn(1)) and Mn2As2? (Mn(2)) blocks, alternating along the ¢ axis of the
unit cell, separated by Sr layers. The Mn(2) sublattice demonstrates long range AFM order below Tn
= 340 K, with moments aligned parallel to the ¢ axis with a G-type antiferromagnetic structure and a
saturated moment of 3.4 pg, similar to BaMnzAs; *°. A second magnetic transition occurs below 75

K, associated with Mn(1) moments within the MnO: layer. The weak magnetic reflections which



have been tentatively indexed with k = [¥% % 0] exhibit a Warren lineshape, indicative of two-
dimensional magnetism. Resistivity data, p(T), revealed that SroMn3As;O- is a narrow band gap
semiconductor with an activation energy of 147(5) meV. Introducing Zn into the structure produces
the phase, Sr2Zn,MnAs;O, . Zn occupies the M’As;* blocks and the compound is also a
semiconductor, with spin-glass type behaviour. SroMn2CuAs0- has also been synthesised, where Cu
replaces some of the Mn in the M 2As,?" layers and is a ferrimagnetic metal °.

Sr2CrsAs;0> has recently been synthesised ' 12 and is isostructural with Sro.MnsAs,O2; containing
Cr2As? and CrO2% layers. Two magnetic transitions occur below 590 K and 291 K, associated with
the Cr2As;> and CrO2? layers respectively. Below 590 K the Cr ions in the Cr2As; sublattice order
in a C-type antiferromagnetic arrangement with spins aligned parallel to c. Below 291 K the Cr ions
within the CrO2 sublattice order with a KaNiF4-like magnetic structure with c as the easy axis. At the
same time a spin-flip transition occurs within the CrAs,> sublattice, the moment direction rotates
from the c axis to the ab plane. SroCrzAs;0; is metallic, similar to BaCr2As, '8 and LaCrAsO *°. In
this paper we describe the electronic properties, crystal and magnetic structure of the new phase
SraMn2CrAs2Oz.  The stoichiometry SroMn2CrAs;O2 was targeted to see if it was possible to obtain
a phase with ordered Mn,As;?" and CrO,% layers which could exhibit interesting MR and/or magnetic
phase transitions as a result of magnetic coupling between the Mn and Cr. This new phase displays
two magnetic transitions at ~ 167 K and 410 K, associated with magnetic order within the MO2?" and
M >As,? layers respectively (M = Mn/Cr). Below 167 K there is a magnetic rearrangement in the
M’2As,?" layers from G- to C-type antiferromagnetism with spins remaining aligned parallel to c. In
contrast when the Cr spins order in the CrO,* plane in SroCrsAs,O, the moments in the Cr.As,*
layers, which exhibit C-type antiferromagnetism, reorient from the c axis to the ab plane. The spins

in the Mn2As,;? layers remain G-type down to base temperature in SroMnzAs2O,.



EXPERIMENTAL

A polycrystalline sample of SroMn>CrAs,O. was prepared by the solid-state reaction of the starting
materials SrO (99.99% Aldrich), Mn (99.98% Aldrich), Cr (99.98% Aldrich) and As pieces (99.97%
Alfa Aesar). SrO was prepared by heating SrCO3 (99.99% Aldrich) at 1200°C for 12h and the de-
carbonated material was subsequently cooled under vacuum. Stoichiometric amounts of Mn, Cr and
As were mixed with non-stoichiometric amounts of SrO with a 2% wt. deficiency. This small oxygen
deficiency was necessary in order to increase phase purity, similar to the reported synthesis for
Sr,CrsAs;02 1. The starting materials were ground together in an inert atmosphere using an agate
pestle and mortar, pelleted and placed in an evacuated quartz tube which was heated at 800°C for 10h
followed by an additional heating at 980°C for 48 hours. The sample was then reground and heated
at 1000 °C for a further 48 hours.

A room temperature powder X-ray diffraction pattern of SroMn>CrAs.O> was collected using a
PANalytical Empyrean Powder diffractometer with Cu K radiation. Data were recorded in the range
5° <26 < 100°, with a step size of 0.0131°. Variable temperature neutron diffraction patterns in the
temperature range of 1.5 to 300 K were recorded on the high-resolution powder diffractometer D2B
at the Institut Laue-Langevin (ILL) in Grenoble, France. Diffraction patterns were also recorded upon
cooling on the D2B diffractometer between 200 and 120 K. A sample of 2 grams of SroMn2CrAs20>
was inserted in an 8 mm vanadium can and heated/cooled to the desired temperatures. Data were
collected with A = 1.594 A with a total collection time of two hours for each temperature step. Neutron
diffraction data were also collected on the high intensity D1B diffractometer at the ILL on the same
sample. Data were recorded with A = 2.52 A from 3 - 446 K on heating. Neutron diffraction data were
also collected upon cooling from 300 to 1.5 K, on the high intensity D20 diffractometer at the ILL
with A = 2.42185 A. Both D20 and D1B data were recorded with a ramping rate of 19 seconds per
0.1°.

Synchrotron X-ray diffraction patterns were collected using a 0.4123 A wavelength on the powder
diffraction station on the BL04-MSPD beamline of the ALBA synchrotron in Barcelona, Spain 2.
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The highest angular resolution was obtained using the so called Multi Analyzer Detection (MAD)
setup. Powder diffraction patterns were collected in the angular range 0-45° 26 with a step size of
0.003°. Low temperatures were achieved using the IHe flow cryostat Dynaflow 2! and data were
recorded at 220 K, 180K, 155K, 120 K and 10K.

Magnetisation measurements of SroMn2CrAs2O. were recorded on a Quantum Design SQUID
magnetometer in an applied field of 1000 Oe after zero field cooling (ZFC) and field cooling (FC)
the sample at temperatures between 4 — 400 K.

The temperature dependence of the electrical resistance of SroMn2CrAs.O> was measured using a
Quantum Design physical property measurement system (PPMS) between 4 and 400 K in fields of
OTand 7 T.

RESULTS AND DISCUSSION

The laboratory powder X-ray diffraction pattern of Sro-Mn,CrAs>O> could be indexed on a tetragonal
unit cell of space group 14/mmm, with unit cell parameters of a = 4.1061(1) A and ¢ = 19.0490(3) A.
A small impurity which could be indexed as Cro.7Mno3As (~ 5%) was also detected (Figure S1). The

crystal structure of Sr.Mn2CrAs;O: is displayed in Figure 1.
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Figure 1 Crystal structure of Sro.Mn,CrAs,O> showing the alternating M(1) CuO.-type and M(2)

FeAs-type layers along c.



The unit cell of Sro.MsAs,02 contains two distinct M sites, the 2a site located within the M(1)0,*
planes and the 4d site which is contained within M(2).As,* layers. In order to determine the
distribution of the two metal cations over the two distinct M sites in SrMn2CrAs;O>, Rietveld
refinement 22 was performed on the high-resolution neutron diffraction data between 1.5 K and 300
K using the FullProf Suite package 23. Background points were selected from the baseline of the
datafile, between the peaks and then refined. The peak shapes were fitted using a Pseudo-Voigt
function. An excellent fit to the tetragonal 14/mmm symmetry space group was obtained at all
temperatures. Figure 2 shows the Rietveld fits at 1.5 K and 300 K (a = 4.0935(1) A, ¢ = 19.0646(6)
A; v?=2.25 Rwp =11.1% at 300 K; a = 4.08327(6) A, ¢ = 18.9936(3) A; x2 = 3.14, Rwp = 12.3% at
1.5 K). Refined cell parameters, agreement factors and atomic parameters for SroMn2CrAs,O; at the
different temperatures are displayed in Table S1. The strontium, oxygen and arsenic fractional
occupancies refined to within £1 % of the full occupancy and thus were fixed in further refinement
at 1.0. The results from Rietveld refinement demonstrated that the Mn predominantly occupies the
M(2) site (refined occupancy = 96%) and that the M(1) site is occupied by 68% Cr and 32% by Mn
so that the refined stoichiometry is SroMn;.23Cro.77As202 and will be referred to as such for the rest of
the paper. It is likely that the non-stoichiometry arises due reaction of Cr with the silica tube. The
mixed site occupancy at the M(1) site results in a small scattering length at this position as a result of
the neutron scattering lengths of Mn (-3.73 fm) and Cr (3.635 fm). The isotropic atomic displacement
parameters (Biso) for the two M positions were therefore constrained to the same value. The impurity
phase Cro.7Mng3Aswas included in the fit. The results demonstrate that there is cation order between
Mn and Cr, so that Cr is predominantly found at the square planar M(1) site. This is attributed to the
presence of the Jahn-Teller distortion and crystal field stabilisation energy (CFSE) of the d* electron
configuration. Cr is predominantly found in either distorted octahedral or square planar geometry 2.
In contrast Mn is a high-spin d° system with no CFSE and will therefore occupy either position with

no preference.



1200 T T
1200

1000 | i

! 1000 - | ]
800 ‘ sool | ; ]
600 600 - | | . .
400 i ]

200

Intensity (counts)
Intensity (counts)
.
(=)
(=)
T
€.
T

1 1 l. F,E ej H
AR At S

L J;MM\\L . ; 1
L L L

1 ] -
0 50 100 150 0 50 100 150
26 (degrees) 20 (degrees)

Figure 2 The Rietveld refinement fits to the 14/mmm structural model of SroMn223Cro.77As202 at 1.5
K (left) and 300 K (right) (recorded upon heating). The secondary phase Cro.7Mno3As is included in
the fit. Tick marks represent reflection positions for SroMn223Cro.77As202, Cro.7Mno.3As and the

magnetic phase(s) from top to bottom respectively.

The high intensity neutron diffraction data, recorded between 1.5 K and 450 K, were used to follow
the evolution of the neutron diffraction peaks with temperature (Fig. 3). Below 410 K the intensity of
the (101) and (103) diffraction peaks are enhanced significantly suggesting a ki = 0 propagation
vector, as no new reflections appear. The program Basilreps, which is part of the FullProf Suite of
programs, was used for symmetry analysis and the determination of the allowed magnetic structures.
23 The magnetic structure was refined with a G-type antiferromagnetic ordering of the Mn/Cr(2) spins
with spins aligned parallel to ¢ and an excellent fit of the high resolution data taken at 300 K was
obtained (Figure 2, right) to this model. In this model the spins are aligned antiferromagnetically in
all three crystallographic directions. The same magnetic structure has been reported for Sr-MnzAs20-

and will be referred to as AFM-HT from now on (Figure 4).
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Figure 3 Selected high intensity neutron diffraction patterns recorded upon varying the temperature

from 3 K — 430 K showing the evolution and appearance of the magnetic neutron diffraction peaks.
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Figure 4 The magnetic structures of SroMn2.23Cro.77As202 below 135 K (AFM-LT, left) and above

167 K (AFM-HT, right).
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Figure 5 Contour plot from D1B (data recorded upon heating, top) and D20 (data recorded upon
cooling, bottom) neutron diffraction data showing the peak intensities of a select 26 region with
varying temperature. Magnetic phase separation is clearly evidenced. Due to the different

wavelengths of D1B and D20 the 2@ positions of identical Bragg reflections are slightly shifted.

Below 167 K, new magnetic diffraction peaks appear (Figure 3) that are assigned to an AFM
arrangement of the Mn/Cr (1) spins along ¢ with a propagation vector k> = (%2, %2, 0). This is the same
magnetic structure as reported for SroCrsAs;0, 2, with the M(1) moments ordering with the KoNiF-
type antiferromagnetic structure 2°. Simultaneously with the appearance of the M(1) magnetic order,
further new magnetic diffraction peaks were detected. These extra peaks can be indexed by the
propagation vector kz = (1, 0, 0) describing a C-type antiferromagnetic arrangement of the M(2) sites
within the M 2As,? sublattice with the moment direction along the ¢ axis (Figures 3 and 4, left). In
this antiferromagnetic structure the spins are aligned antiferromagnetically in the ab plane and
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ferromagnetically along c. The same antiferromagnetic structure has been reported for Sr.CrzAs20-
between 291 and 590 K2, However in Sr.CrsAs;O, the ordering of the Cr(1) ions results in a
concomitant spin flip of the magnetically ordered Cr(2) ions from the c axis direction into the ab
plane. On the contrary, in SroMn223Cro.77As202 the spins of the M(2) site flip from a G-type (k1 = 0)
to a C-type ks = (1, 0, 0) antiferromagnetic structure with the spins remaining parallel to c. At base
temperature (1.5 K) the refined magnetic moments of M(1) and M(2) (Figure 6, left) are 3.94(6) us/M

and 3.38(2) us/M for M(1) and M(2) respectively. For simplicity, the low temperature (< 167 K)

magnetic structure is called AFM-LT (Figure 4, left). The v2a x v2a x ¢ antiferromagnetic cell is also

shown in Supplementary Figure S3.

e MQ)k=(0 4.0 o MQ)k=(0)
k=) MO E=O)

o M(2) k=(L, 0, 0) M(2) k=(1,0.0)

M(1) k= (112, 1/2. 0)

»
o
T

ba
Lh
I
I3
wn

Magnetic Moment (p;)
[ — (]
o W o
I I I
n
1

Magnetic Moment (p;)
—_ .
o o
>

|
=
Ln
1

0 100 200 300 400 0 100 200 300
Temperature (K) Temperature (K)

Figure 6 Variation of M(1) and M(2) magnetic moments with temperature from D1B (heating, left)
and D20 (cooling, right) neutron diffraction data refinements. The filled points are from D2B
neutron diffraction data refinements.

Surprisingly in the temperature region of 135 K - 167 K magnetic phase separation between the two
antiferromagnetic structures displayed in Figure 4 is evidenced. A contour plot evidencing the
magnetic phase separation between the two antiferromagnetic structures is shown in Figure 5. The
(101) nuclear and magnetic peak at 36.8° arises from the G-type antiferromagnetic arrangement of
the M(2) ions having ki = 0. The (000) and (202) magnetic peaks shown in Figure 5 at 35.5° and 39°
correspond to the ks = (1,0,0) C-type antiferromagnetic arrangement of the same M(2) cations within

the M’2As,?" layers. It is apparent that both antiferromagnetic structures are observed between ~ 135

11



Kand 167 K. The magnetic peaks arising from the antiferromagnetic order of the M(1) site following
k2 = [%2 ¥ 0] behave similar to those of the ks phase. There is a slight hysteresis in the magnetic phase
transition temperatures upon heating and cooling; the magnetic phase separation occurs between 138
K -167 K upon heating and 164 K — 135 K upon cooling (Figure 6).

The variation of the M(1) and M(2) magnetic moments refined from the high intensity D1B and D20
neutron diffraction data is displayed in Figure 6, the refined M(1) and M(2) moments from the high
resolution D2B neutron diffraction data are also included as the solid symbols. Upon cooling, the
magnetic moments of Mn/Cr ions on the M(2) site with k1 = 0 increase to ~ 3 ps/M ion at 164 K. In
the phase separation region, it was not possible to refine the scale factors of the magnetic structures
and the magnetic moments simultaneously. Hence during refinement, the scale factors for the
magnetic phases were constrained to be the same as the nuclear phase. It therefore appears in Figure
6 as if the magnetic moments on the M(1) and M(2) sites are reduced within the magnetic phase
separation region. However, this is an artefact of the Rietveld refinement procedure and represents
the reduced phase fraction of the two magnetic structures. If the phase fractions are refined, rather
than the magnetic moments (and the magnetic moment of the M(2) site having the AFM-HT magnetic
order is kept constant at its value adopted at the temperature just above the phase separation), the
phase fractions of the two magnetic structures are 59.8% (AFM-HT) and 40.2% (AFM-LT) at 160 K
upon cooling and 56.0% (AFM-HT) and 44.0% (AFM-LT) at 160 K upon heating. Between 167 K-
146 K there is very little change in the magnitude of the moments on the M(1) or M(2) site or the
phase fractions. The phase fraction of the AFM-HT magnetic structure decreases rapidly below 146
K and is no longer observed by 135 K. At the same time the phase fraction of the AFM-LT increases
and is the only magnetic structure observed below 135 K.

The a and c cell parameters are displayed in Figure 7, where a subtle deviation from usual thermal
expansion is observed at ~ 150 K so it appears that the magnetic behaviour is coupled to the lattice.
Selected bond lengths and angles from Rietveld refinement are shown in Figure 8 and Table 1. The
Sr-0, Sr-As, M(1)-As, M(2)-As and M(1)-O bond lengths all increase upon heating. The M(2)-As-
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M(2) bond angle initially decreases from 69.05(3) ° to 68.97(3) ° upon raising the temperature before

increasing above 150 K. Similar trends are observed for the As-M(2)-As bond angles (Table 1)

indicating that the magnetic transitions influences the distortion of the tetrahedra within the M 2As;*

layer at 150 K, resulting in a subtle change in the a and c cell parameters.
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Figure 7 Temperature variation of a and c (inset) cell parameters upon heating. The magnetic

transition is manifest in the a cell parameter as shown by the arrow.
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Figure 8 Temperature variation of M(2)-As bond length and M(2)-As-M(2) bond angle (inset).
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Table 1 Temperature variation of selected bond lengths and angles from Rietveld fits against D2B neutron diffraction data recorded upon heating from

1.5 K-300 K.
Temperature (K)
1.5 25 75 100 120 160 200 300

Sr-As(A) 3.2999(12) | 3.3005(11) |3.2996(12) |3.3005(12) |3.2991(12) |[3.3010(12) |3.3042(12) | 3.3117(12)
Sr-0 (A) 2.6109(11) |2.6106(11) |2.6121(11) |2.6118(11) |2.6134(11) |2.6160(11) |[2.6155(11) | 2.6170(11)
Sr-M1 (A) 3.3143(8) 3.3142(3) 3.3155(8) 3.3155(8) 3.3169(8) 3.3195(9) 3.3198(8) 3.3223(8)
Sr-M2 (A) 3.7295(14) | 3.7301(14) |3.7294(14) |3.7315(14) |3.7305(14) |[3.7315(14) |3.7363(14) | 3.7443(14)
M1-As (A) 3.2251(17) |3.2256(15) |3.2252(17) |3.2254(17) |3.2241(17) |3.2283(17) |3.2304(17) | 3.2298(17)
M1-0 (A) 2.04163(3) | 2.04171(3) |2.04197(3) |2.04228(3) |2.04251(3) |2.04352(3) | 2.04453(6) | 2.04677(5)
M2-As (A) 2.5473(10) | 2.5472(9) 2.5482(10) | 2.5492(10) | 2.5507(10) | 2.5510(10) | 2.5524(10) | 2.5532(10)
M2-M2 (A) 2.88731(3) | 2.88741(3) |2.88779(3) |2.88821(3) |2.88854(3) |2.88997(3) |2.89140(6) | 2.89457(5)
M2-As-M2 (°) 69.05(3) 69.05(3) 69.03(3) 69.01(3) 68.97(3) 69.00(3) 69.00(3) 69.06(3)
As-M2-As1(°) | 106.55(3) 106.56(3) 106.51(3) 106.48(3) 106.41(3) 106.46(3) 106.45(3) 106.57(3)
As-M2-As 2 (°) | 110.95(7) 110.95(6) 110.97(7) 110.99(7) 111.03(7) 111.00(7) 111.00(7) 110.94(7)
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Magnetic phase separation has been well studied in transition metal oxides such as the perovskite
La;xCaxMnQOj3 ?® and more recently in the ruthenate Cas(Ru1xTix)207 2" and the ferrite CaFe3Os 8.
Electronic phase separation into antiferromagnetic and superconducting/normal state regions has
been observed in Fe pnictides such as BaixKxFe2As, 2°. To investigate the observed magnetic phase
separation in SraMn2.23Cro.77As20> further, synchrotron X-ray diffraction data were recorded on the
MSPD beamline of the ALBA synchrotron facility at selected temperatures between 10 K and 220
K. At all temperatures, a subtle splitting of the peaks is observed, evidencing that two phases are
present within the sample. An excellent Rietveld fit to the two-phase model was obtained at all
temperatures (Figures S4 and S5, Table S2 and S3). Both phases crystallise in the 14/mmm symmetry
space group but have slightly different cell parameters (at 220 K a = 4.09082(2) A, ¢ = 19.0785(1) A
(phase 1); a = 4.09884(2) A, ¢ = 19.0288(1) A (phase 2)). From the refinement results 60.8(4)% of
the sample consists of phase 1 and 39.2(4)% is phase 2). The 300 K cell parameters of SroMnzAs;03,
SroMn2.23Cro.77As20, and SraCrsAs;02 are a = 4.22679(5) A and ¢ = 20.159(3) A 1°, a = 4.09354(10)
A and ¢ = 19.0646(6) A (from the neutron data) and a = 4.00671(6) A and ¢ = 18.8310(3) A 112
respectively. This would suggest that the two phases observed in the synchrotron diffraction data have
slightly different Mn:Cr stoichiometry. Upon reinspection of the neutron diffraction data, it was
possible to see very subtle broadening effects in the neutron data for some of the (h00) or (00I)
reflections. However, it was not possible to fit the data to determine the exact stoichiometries of the
phases. The segregation of the sample into two distinct phases explains the magnetic phase
segregation shown in Figures 5 and 6. The phase fractions of the two magnetic phases refined to
59.8% (AFM-HT) and 40.2% (AFM-LT) at 160 K which agrees with the phase fractions obtained
from the synchrotron X-ray diffraction data. This would suggest that phase 2 orders
antiferromagnetically within the M(1)O,* planes at 167 K and phase 1 orders antiferromagnetically

within the M(1)O2% plane at 135 K. The magnetic ordering temperature within the M(1)O.? plane
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would appear to be very sensitive to small changes in stoichiometry with the phase containing the
higher concentration of Cr in the M(1)O2> plane most likely ordering at 167 K.

The superexchange interactions would therefore appear to be very delicately balanced in the
SrzM3As;0; phases ° 1 121415 1n Sr,Mns«CryAs202 the magnetic coupling between the M(1)02%
planes and the M(2).As,? slabs gets stronger as the Cr concentration increases from x = 0 - 3 so that
the antiferromagnetic ordering temperatures increase from 0 K — 340 K (M(1)O2% plane (2D ordering
is observed below 65 K for x = 0)) and 340 K - 530 K (M(2)2As2% slabs). SroMnsAs;0, and
SraMn2.23Cro 77As202 have practically the same chemical stoichiometry within the MnzAs2? block but
changes in the stoichiometry of the M(1)O,* plane from MnO2? to CroesMno3202% result in a
substantial increase in the antiferromagnetic ordering temperatures from 0 K — 167 K (M(1)O2% plane
and 340 K - 410 K (M(2)2As2% slabs). It’s been previously reported in the SroM3As,0, phases that
there is an increasing level of ferromagnetic correlations as the ¢ axis and interlayer separation
decrease °. In Sr2CrsAs,0; the spins are aligned ferromagnetically along c. In contrast Sr2Mn3zAs;Oz,
which has a larger unit cell, exhibits G-type antiferromagnetic order within the Mn2Asz? block and
doesn’t exhibit 3-dimensional antiferromagnetic order within the MnO2% as a result of magnetic
frustration. The substitution of 68 % Cr onto the MnO2% plane and subsequent decrease in cell
parameters enhances the ferromagnetic correlations along c. This relieves the magnetic frustration so
that the K:NiFs-type antiferromagnetic order is observed at elevated temperatures in the
CrossMno3202% plane and induces the simultaneous spin-flip of the Mn/Cr moments within the
arsenide layers from a G-type to a C-type antiferromagnetic arrangement.

The temperature dependence of the magnetic susceptibility, for SroMn223Crg77As202 is shown in
Figure 9. Two magnetic transitions are apparent. The broad transition at ~ 150 K corresponds to the
AFM order of the M(1) moments and simultaneous spin flip of the magnetically ordered M(2) ions
from the c axis direction into the ab plane. The 50 K transition is not observable in the neutron data

which suggests it is due to the minor impurity in the sample. The magnetic susceptibility data show
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a bifurcation of the FC and ZFC data at around 200 K which most likely arises from tiny quantities

of ferromagnetic or spin-glassy impurities.
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Figure 9 The temperature variation of the field cooled (FC) and zero field cooled (ZFC)

susceptibility of Sr2Mn2.23Cro.77A520.
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Figure 10 Temperature dependence of the electrical resistivity for the SroMn223Crg.77A5202
polycrystalline pellet. The inset shows the fit to the Mott three-dimensional variable range hopping

equation.
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The thermal variation of the electrical resistivity is displayed in Figure 10 which indicates that
SraMn2.23Cro.77As20; is a semiconductor. Sr2Mnz2.23Cro.77As202 is too resistive to be measured below
210 K. There was no evidence of magnetoresistance in the temperature range measured. Above 210
K the electron transport could be modelled by Mott three-dimensional variable range hopping (3D
VRH) of the charge carriers (inset Figure 10). In this region, the transport can be described by phonon
assisted tunnelling of electrons between localised states, so that p, is defined as p = poexp(To/T)*%.
The localisation temperature, To = 2.1 X 10° K (To = Aa*/ksN(Eg)), where To reflects the degree of
electronic disorder, A is a dimensionless constant, o’* is equal to the localisation length and N(EF) is
the density of localised states at Er. A localisation temperature of this magnitude indicates a heavily
electronically disordered system so that the hopping length is long, and the resistivity increases
rapidly upon cooling and becomes immeasurable below 210 K. Similar electronic behaviour is
exhibited in cobalt doped NdMnAsOo.ssFoos phases *°. Sr.MnsAs,O, contains semiconducting
Mn2As,? layers 4 15 16 17 In contrast Sr.CrsAs202 is metallic *, with the metallic conduction
predominantly arising from the CrAsz? layers . SraMnz.23Cro.77As202 contains Mni.92Cro0sAS2>
layers and hence is semiconducting. Mn pnictides tend to be semiconducting due to the stronger
hybridisation between Mn 3d and pnictogen p states.

CONCLUSIONS

In summary, analogously to the 1111 Mn oxypnictides, SroMn223Cro.77As202 exhibits multiple
magnetic transitions and it would appear that there is magnetic coupling between the MO2%planes
and the M’2As;? slabs which gets stronger as the Cr concentration increases from x = 0 - 3. Variable
pressure neutron diffraction studies of Sro.M3As20. phases would be interesting to further investigate
the superexchange interactions as a function of unit cell size.

Similar to the 1111 Mn oxypnictides, SraMn223Cro77As202 is semiconducting. However, the
resistivity is too high to measure below 210 K and so it is not possible to ascertain whether there is

any magnetoresistance as the Mn/Cr moments within the arsenide layers flip from a G-type to a C-
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type antiferromagnetic arrangement. Electron doping of the M’2As,?" slabs is warranted to investigate

this further.
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