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ABSTRACT

The nuclear and magnetic structures of the pertessikiuctured compound KMaF
have been investigated using high resolution naytowder diffraction techniques for the
first time. Data have been collected in 1 K intés\feom 105 K to 10 K to characterize
previously identified structural phase transitiéreen Phase Il (space grolg/mcm) — (88 K)
Phase Il (space groupmcn) — (82 K) Phase IV (space groBpm3g using the
diffractometer HRPD. In the temperature intervalk9x T = 75 K, KMnF; exhibits a
temperature-dependent phase coexistence betwesesphdh space group4/mcmand
Pnma contrary to the earlier interpretation, with nadence found for a discrete phase with
space groucmcm A recent revision of the space group of phasé&dwh Pnmato B2;/mis
critigued and shown to be inconsistent with thetrogudiffraction data. The magnetically
ordered phases of KMgFcollinear antiferromagnet for 81.5KT < 88.3 K, and canted
antiferromagnet with a ferromagnetic componenflfar81.5 K, have been investigated in
detail in the temperature interval 90 K — 83 KQi K steps using the cold neutron
diffractometer WISH, supplemented by lower tempaameasurements using HRPD. At a
temperature of ~86.8 K, magnetic scattering is oiesbconsistent with the development of a
G-type spin configuration in the majority tetragopakse with a moment direction parallel to
the c-axis, propagation vectér = 0, magnetic space groug/mcm Below 75 K, in the pure
orthorhombic phase, KMnks found to inherit th&-type ordering parallel toin magnetic
space groupPn’'md which in addition permité-type antiferromagnetic ordering, and
ferromagnetic ordering along tle andb-axes respectively.

Keywords Magnetically ordered materials, Crystal structitlease transitions, Neutron
diffraction



1. Introduction

By contrast to the voluminous literature concerrtimg structural and magnetic phase
transitions in oxygen-based perovskite-structu@dmounds, few halogen-based perovskites
have been the subject of such detailed investigafib]. The exceptions to this generalisation
have been the studies carried out on the antifexgm@tically ordered phases of KGund
KMnF; [1]. In the former, there is consensus regardmgglow temperature crystallography
and its influence on the magnetic behaviour. Howewethe latter, despite over 500
publications concerning the physical propertiethefcompound, its magnetic and structural
phase transitions, there remains no detailed dlygtaphic study of KMnE at temperatures
below the Néel temperature upon which to base @xpetal interpretations. Static
susceptibility measurements of powdered KMh&ve shown it to become
antiferromagnetically ordered at a temperature8d k [2-4]. Later, more detailed
investigations found an additional magnetic traositvith a weak ferromagnetic component
below ~81 K, transforming to the previously ideietif collinear antiferromagnetic phase [5].
The space group of the lowest temperature phak&lof; was identified a®bnm(non-
standard setting of space grdapmg from single crystal X-ray diffraction data colted at
15 K [6], with G-type antiferromagnetic ordering identified fronmloesolution neutron
powder diffraction data collected at 4.2 K [7].dddition to the magnetic phase transitions,
low temperature structural phase transitions waeatified from single crystal X-ray
diffraction data at ~184 K and ~84 K [6, 8]; botiages were believed to have space group
Pbnmalthough single crystal data collected below tiéelNemperature suggested a
monoclinic pseudocubic sub-cell inconsistent viltbtnm[9]. The presence of these structural
phase transitions was subsequently confirmed biydageacity measurements [10-14] which
indicated both were first order in character. Nentinelastic scattering experiments found
the 184 K phase transition to be the result ofstifeening of a single component of the triply

degenerate phonon mode with irreducible represent&; to a crystal structure in space

groupl4/mcm[15, 16] contradicting the earlier crystallographnalysis [8]. Further inelastic
neutron scattering measurements showed the lowgreta@ture phase transition to be

associated by the softening of the singlet phonodenwith irreducible representatiom;

[17], and importantly, that the phase transitiors iest order, and that the phase transition
temperature (J) and the Néel (J) temperature did not coincide withh ¥ Ty. The
crystallographic aspects of the two highest tentpeggphases have long been in agreement
[5, 8, 18], the space group assignments of thedoteenperature phases has been inferred
from the presence of superlattice reflections atRhand M points of the pseudocubic
Brillouin zone, rocking curves of the 004 reflectias a function of temperature, and by
appealing to group theoretical arguments [17, 09,12 the most recent investigation of the
magnetic, elastic, and anelastic behaviour of KMm#low room temperature, three phase

transitions were identified [19]: Phase | (spaawgrPrrf_Bm (190 K) — Phase Il (space group
14/mcn) — (88 K) Phase Il (space gro@mcm collinear antiferromagnet) — (82 K) Phase IV
(space groupnma canted antiferromagnet).



The existence of a discrete phase lll in the teatpee interval 82 K - 88 K has only
been inferred by non-structural specific techniquesgnetization [19] and static
susceptibility [2-4], and a rocking curve arounsirgle reciprocal lattice vector [20] which is
insufficient to characterize a ferroelastic digtortto a new crystallographic phase. As stated
earlier, the space group of this phase was dedueedthe application of group theoretical
techniques to deduce the likely ascent in symnfedm phase IV, believed to be in space
groupPnma[19].

The space group assignment of the lowest temperphase, however, remains
controversial and has recently been revised as atioimB2;/m (non-standard setting of
space group2;/m) from analysis of the line shape of a limited n@mbf low index
reflections using laboratory source X-ray powddiraction data [21]. A crystal structure in
this revised space group was derived by profilmesfient of laboratory source X-ray powder
diffraction data collected at 12 K [21]. The symmdbwering associated with the
monoclinic space group from the orthorhombic sgaoeipPnmaresults in two independent
potassium and manganese sites, and four indepefhg@me sites [21]. However, detailed
re-assessment of the crystal structure of KMuhgrived from the 12 K X-ray diffraction data
show it to be crystal-chemically implausible wittettwo chemically equivalent Mh
octahedra exhibiting sheared morphologies and fegnily different polyhedral volumes,
bond valence sums, quadratic elongations, and edtahangle variance. Mn - F bond
lengths range from too short, 1.893(1) A, to tauglo2.379(1) A. Furthermore, in reassigning
the space group %2:/m, only the line shape of two reflections were assdsand observed
violations of the systematic absence conditionspaice grouPnmafrom the two glide
planes, which would be proof of the symmetry desaogare not considered.

In the nuclear and magnetic structural study of Kireported here, we reinvestigate
the nature of phases Il and 1V using high resolutieutron powder diffraction techniques
for the first time. Nuclear and magnetic structumshe collinear antiferromagnetic phase
and the canted antiferromagnetic phase are repdrtedcurrent investigation corrects many
of the conclusions of the earlier, non-structupadfic techniques.

2. Experimental

Phase pure KMnfwas synthesised using standard solution techni@2¢$rom
reactant aqueous solutions of KF and Myégcording to the reaction shown below.

3KF(aq) + MnC}(aq) - KMnF3(s) + 2KCl(aq).

The filtered KMnE precipitate was washed using de-ionised water itteded a further three
more times to remove any remaining soluble KClpbebeing finally dried at 100C in a
muffle furnace. The dried powder was then annealé®C C under an argon atmosphere



for 24 hours, before being lightly ground to proeacsample suitable for powder diffraction
investigations.

We have reassessed the nuclear and magnetic sésicfiKMnFk; between 10 K and
300 K using high resolution neutron powder diffratutilising two time-of-flight
diffractometers, HRPD [23] and WISH [24] at theS3SHource of the Rutherford Appleton
Laboratory. The advantage of neutron powder diffoacover X-ray powder diffraction for
structural characterization lies particularly ie fight atom sensitivity of the former over the
latter, and this is particularly important in peskite crystallography where the
presence/absence of the superlattice reflectiotied®, M and X points of the pseudocubic
Brillouin zone are diagnostic and arise principéttyn anion displacements. In addition, the
approximately Q-independent resolution functiotooigy flightpath time-of-flight
diffractometers in backscattering permits simpkeasment of the line splitting associated
with the fundamental Bragg reflections at strudtptese transitions.

Time-of-flight data were collected using the full ths time frame of WISH running
at 10Hz, and in two 100 ms windows (30 - 130 m§, 100 ms) for HRPD also running at
10 Hz. Data were normalised and corrected forsakiding using in-house software to
produce reduced datasets suitable for profile eefient.

3. Results and discussion
3.1 Crystal structure of the lowest temperaturegeha

In Figure 1, two diagnostic regions of the HRPDadate illustrated, showing the
observed data collected at 10 K (upper) comparédetcalculated pattern (lower) based on
the refined and revised crystal structure in sggoapP2;/m (B2,/m) [21]. Figure 1a shows
that the strongest calculated systematic absentation reflections of space groiimma
021 (n-glide) and 120 (a-glide) at ~ 3.4 A are pratsent in the measured data, and also that

the strong calculated fundamental reflections &bt 111 at ~ 3.73 A from the monoclinic
model are also unobserved. Figure 1b shows thenszsand calculated intensity around the
pseudocubic 200 reflection, with the approximatétiag of the resolution functions of the
two instruments shown as horizontal lines. It &aclfrom this Figure that the calculated
triplet is inconsistent with the observed neutrdfrattion data, and taking this, and the
results illustrated in Figure 1a into account, rigsion of the low temperature space group
of KMnF3; from Pnmato P 1 2/m 1 is clearly incorrect. The crystal structure @t<l, derived
from profile refinement of the neutron diffractidata, shows the single Mgbctahedron to
be essentially regular with bond lengths of 2.0892 2.099(1) A, and 2.097(1) A and not
the irregular, sheared octahedra derived from tmayXdiffraction data. Crystallographic
results for KMnk at 10 K are listed in Table 1 along with resutts the tetragonal phase at
140 K, and the cubic phase at 235 K.



The revision of the space group of KMniE identical to the correction of the space
group of KCak at 300 K fromB2;/m (laboratory X-ray diffractometer) back to the amigjly
designated space groBmma(HRPD neutron time-of-flight diffractometer) [25].

3.2 Magnetic structure determination of the coléinantiferromagnetic phase

To fully characterize the phase transitions fromititermediate temperature (190 K >
T > 88 K) tetragonal phase into tRemaphase, data were collected using HRPD in the
range 105 k= T>10 K in 1 K steps. On the basis of the analysitheftemperature
dependence of the 400 X-ray rocking curve [20]rst brder phase transition from the
[4/mcmtetragonal phase to an orthorhombic phase in gpacpCmcmwas expected with
the concomitant development of superlattice reftest at the M and X points of the
pseudocubic Brillouin zone, and the intensity & gseudocubic 200 reflection to change
from a doublet to a triplet of approximately equrénsities [26]. Figure 2 illustrates the
pseudocubic 200 reflection at three temperatui@s Klin thel4/mcmphase, 80 K in the
nominalCmcmphase, and 65 K in tftnmaphase. It is evident from this Figure that at 80 K
instead of the triplet with essentially identicall fvidths at half maximum intensity
indicative of a discrete phase in space gréupm we have coexistence of the high and low
temperature phases of KMsilf space groupkl/mcmandPnma Furthermore, as the unit
cell volumes of thé4/mcmandPnmaphases are to a good approximation equal, thenelu
phase fractions of both phases can be determinedifitegrating the relevant intensity
contributions of each to the pseudocubic 200 rafiacthe results are shown in Figure 3a.
The integrated intensities of the pseudocubic 28@ction are essentially identical for both
phases in their respective single phase regioms,a@the sum of the individual intensity
contributions is the same for the coexistence regiee have confidence in our determination
of the volume fraction, which is illustrated in big 3b. As a guide to the eye, these data
have been fitted empirically to a three paramatgnsidal function: volume fractiord/mcm
phase =a/(1 + exp(-T - Tp)/b)) where a = 0.942(7),0 = 80.09(6) K, andb = 1.89(5) K.
Furthermore, as the unit cell volumes for the twages within the coexistence region are to
first order identical, the volume fraction of a phas to a good approximation equivalent to
its weight fraction.

Note, for reasons outlined below, HRPD is not theal instrument for magnetic
structure fitting or refinement, and hence we haoecarried out a full magnetic and
structural multiphase profile refinement to deterenihe phase fractions of the two phases as
we would have carried out for non-magnetic matsiidr example see the results of
multiphase fitting to the low temperature dataecid on HRPD from RbCakn the
[4/mcmandPnmaphase coexistence region [27]).

The origin of the collinear antiferromagnetism vdasermined from the normalization
of the purely magnetic 101 reflection (indexed loa tetragonal unit cell) to the weight
fraction of thePnmaphase as illustrated in Figure 4. The magnetensity reduces with
increasing temperature as shown by the fit totecatiexponent for the data below 72 K
which is shown as the full line on the figure. Aleahis temperature, in the phase coexistence
region, the magnetic intensity increases rapidipteeabruptly falling to zero at the Néel



temperature. We therefore conclude that the mgjtitagonal phase becomes
antiferromagnetically ordered in the coexisteneddfiand a preliminary magnetic profile
refinement using the HRPD data suggested a cotlam@angement of Mn moments oriented
parallel toc.

HRPD is, however, specifically designed for crysigdaphic analysis, and the
instrument lacks a large solid angle detectoratdoattering angle and the high flux at long
neutron wavelengths that are necessary for pretagmetic structure determination and
refinement in time-of-flight instrumentation. Tordom the onset of a long-range magnetic
ordering in the tetragonal phase around 88K, detaikeutron diffraction data were collected
in the temperature range of 90 K > T > 83 K with B.steps using the high-resolution cold
neutron diffractometer WISH [24]. The measuremevdse carried out on cooling to
stabilize as much the tetragonal phase as posshiev the critical temperature. The
integrated intensity of the 101 reflection (indexedthe tetragonal unit cell) as a function of
temperature is shown in the inset of Figure S5bsTéflection is forbidden in th&d/mcm1’
space group, and only magnetic scattering is egpebiere for the case ofGatype spin
configuration. Below T; ~ 86.8K, a detectable intensity for this reflectwas observed,
demonstrating a critical behaviour typical of cantbus magnetic phase transitions. A
guantitative refinement of the patterns, as illgd in Figure 5, revealed that the data can
only be satisfactorily fitted assumigtype antiferromagnetic ordering for the major
tetragonal phase (phase fraction ~ 86(1)% at 8&ik) Mn moments parallel to. Attempts
to refine the data in a model where only the morntinorhombic phase is magnetically
ordered gave poor quality fits with a resultantaasonably large magnetic moment. The
onset of the magnetic state in the minority ortlbonbic phase in the 833 K< T <90 K
temperature range could not be reliably determfr@d these diffraction data because the
phase fraction is so low. The quality of the datayever, was sufficient to unambiguously
determine the spin direction in the tetragonal phitashe along the-axis (Figure 5 a, b).
With reference to the tetragonal cell, the magnatitering hak = 0 propagation vector and
the G-antiferromagnetic configuration, thus yielding tAémcmmagnetic space group
(Figure 6 a). The magnetic symmetry does not alaw spin canting in agreement with the
magnetization data reported by Carpeeteal [19] for the relevant temperature range.

3.3 Magnetic structure determination of the Pnmaggh

The G-type spin configuration is inherited by the lowngerature orthorhombic phase
stable below 75 K. The ordered moment ~4.8@at T = 10 K has been found to be along
thec-axis G-mode), resulting in thBn'ma’'magnetic space group (Figure 6 b). This
symmetry allows a spin canting wifatype antiferromagnetic and ferromagnetic compasent
along thea- andb-axes, respectively. Although the values of thetigogonal spin
components are beyond the detection limit of tifieadition experiment, the presence of the
latter is fully consistent with the reported magpetion measurements [19]. A precise
determination of the critical temperaturg,Tor the magnetic phase transition of the
orthorhombic phase is impossible from the availalfieaction data from WISH, but
apparently, it is very close to the onset of tlaasition to the tetragonal phase. The power



law fit to the magnetic intensity derived from tHRPD data illustrated in Figure 4 suggests
Tne to be "‘77(1) K.

3.4 Comparison of the magnetic structures

The G-type antiferromagnetic ordering found in bothdgtynal and orthorhombic
phases of KMnfis naturally expected for the isotropic 180-degraegerexchange
interactions between the high-spin Miations [28]. The corresponding electronic
conﬁguration,egztzg3 (S=5/2,L = 0), also implies that, to a good approximatitwe, orbital
moment is quenched and the mechanism dominatingnégmetic anisotropy is not obvious.
It has been shown that in many’based complex perovskites, where the iron ionpiado
the identical electronic configuration to Kfnantisymmetric exchangB;j[5xS], is the
dominant anisotropic interaction, controlling thensdirection in the structure [29, 30]. The
primary structural distortions, which activate #i@isymmetric exchange between
neighbouring spins§ andS, and couple orthogonal spin modes, are octahéttirad) [30-
32]. The relevant part of the Dzyaloshinskii veddgris along the tilting axis and is
proportional to the antiferroaxial vectdy; ~ Ai-A;, whereA; andA; are the axial vectors
representing rotation of the octahedra onighendj, sites. In the tetragonsd/mcmphase of
KMnF;, the Mnk octahedra are tilted about tb@xis, implying that the antisymmetric term
vanishes, since the spins in the prim@pmode are aligned along this directi &ndS ||
D;i*"). This result directly points to the dominant rofethe single ion anisotropy.

The situation, however, is different for the ortm@mbicPn'ma’phase, where the out-
of-phase and in-phase octahedral tilting takesepddiout the- andb-axes, respectively. In
this case, the-axis is the spin direction, which optimises thésgmmetric terms imposed
by these largest structural distortioSsgndS O D; ™" andDi,-i”), through the coupling to the
orthogonalF, andAx magnetic modes [30]. These symmetry arguments ic@dbwith the
experimentally found spin configuration in the amlombic structure of KMn4; strongly
suggest that the antisymmetric exchange dominagsiagnetic anisotropy in this phase.

Thus, the experimentally found magnetic structimabe tetragonal and orthorhombic
phases of KMng(Figure 6) reveals a competition between the sifgh anisotropy and
antisymmetric exchange. This competition impligsasibility of unusual spin-flop
transition in the tetragonal phase by applyingraplane magnetic field. In spite of the fact
that the field is perpendicular to the spins indh&ferromagneti&G-mode, flipping the spin
direction to the in-plane configuration, (keepihgm perpendicular to the field) will allow
the system to generate an additional ferromageetigponent parallel to the field, through
the antisymmetric exchange.

4. Conclusions

High resolution neutron powder diffraction in tieenperature interval 10 K - 105 K
has shown KMngto undergo two magnetic phase transitions\at-186.8K, and T, ~77(1)
K, and a single first order structural phase ttamsifrom space groupnmato 14/mcm A



collinear antiferromagnetically ordered intermeéeiphase with space gro@mcmthat was
believed to exist between tRmmaandl4/mcmphases has been shown not to exist. Instead,
the strongly first order phase transition resuita significant region of phase coexistence
between thé&nmaandl4/mcmphases (~90 K < T < ~75 K), and within this reg{®r< Tny)

the majority tetragonal phase antiferromagneticattjers with a collinea, magnetic
structure in Shubnikov groug/mcm Below Ty, KMnF3; develops a canted
antiferromagnetic structure in Shubnikov grdupma: To our knowledge, the presence of a
continuous magnetic transition in a material underg a first order structural phase
transition is unique and would merit further invegation.
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Table 1.

Crystallographic data for the three phases of KMnF

B/mem

Structural parametersPbnm Pm3m
10 K 140 K 235 K
Lattice Parameters/A
a 5.90193(6) 5.89907(2) 4.18538(1)
b 5.88848(6) a a
C 8.34826(9) 8.38022(5) a
Unit cell volume/R  290.137(7) 291.624(2) 73.3170(3)
K
X 0.0052(8)
y 0.5124(4)
100us/A? 0.929(25) 1.52(3) 2.04(3)
Mn
100uiso/K 0.899(21) 1.04(3) 1.11(3)
momentyig 4.8(2)
F1
X -0.0381(4)
y -0.0026(4)
100w /A2 0.66(8) 2.86(6)
100u/A? 1.50(8) 1
100u/A? 0.83(8) 0.96(7)
100u/A? 0.26(8)
100w /A? 1.00 2.22
F2
X 0.2278(2) 0.2257(1)
y 0.2726(1) 0.2743(1)
z 0.0180(2)
100u/A? 1.13(5) 1.47(3) 0.91(4)
100u/A? 1.03(4) th 3.77(3)
100uz/A? 1.91(7) 2.93(5) A
100u/A? -0.33(4) -0.70(4)
100u/A? -0.06(5)
100wy/A? -0.05(5)
100w /A? 1.36 1.95 2.82
K - F1/A 2.867(3), 2.758(6) 2.94954(1) 2.95951(1)
K - F2/A 2.733(3), 2.929(3) 2.8168(5)
2.916(3)
Mn - F1/A 2.0992(3) 2.09506(1) 2.09269(1)
Mn - F2/A 2.099(1), 2.097(1) 2.09547(8)

PbnmK, F1: £ x,y, 1/4; Mn: 4.0, 0, 0; F2 8x, y, z(Rp = 0.044, Rwp = 0.06%> = 23.60

for 61 variables)



[4/mcmK: 4b 0, 1/2, 1/4; Mn: 40, 0, 0; F1: 40, 0, 1/4; F2: Bx, 1/2%, 0 (Rp = 0.054, Rwp
= 0.066,x? = 3.60 for 28 variables)

Pm3mK: 1b 1/2, 1/2, 1/2; Mn: &40, 0, O; F1: &, 1/2, 0, 0 (Rp = 0.061, Rwp = 0.0%@,=
2.78 for 23 variables)



Figure Captions

Fig. 1 Calculated neutron diffraction data for the stouat model of KMnk in space group
B2:;/m at 12 K [9] and observed data collected using HRREasured at 10 Keig. 1a The
monoclinic model predicts the strong violationgteé systematic absence condition$ama

at 3.403 A (120: a-glide violation) and 3.408 A 102-glide violation) which are unobserved
in the collected data, and a pair of fundamenti#ations at 3.725 A, and 3.740 A which are
also absent in the measured ddtig. 1b Observed and calculated data for the monoclinic
model around the pseudocubic 200 reflection withresolution function of HRPD shown as
the horizontal line, and the estimated resolutibthe laboratory diffractometer shown as a
double-headed arrow [9]. The observed data arensistent with the calculated data, and
hence the revision of the space group of KMaF12 K fromPnmato B2;/mis found to be
incorrect.

Fig. 2 Diffraction data collected using HRPD in the vityrof the pseudocubic 200
reflection, red data, 105 K in thé/mcmphase field, blue data, 65 K in tRemaphase field,
and magenta data in the nomi@ahcmphase field collected at 80 K. The predicted étijoif
reflections expected for@mcmspace group are not observed, and instead a wdightm of
profiles of two patterns similar to thoseldfmcmat 105 K and®nmaat 65 K is observed.
The nominal phase Ill of KMnfin space grougmcmis not supported by the observed data
which indicates phase coexistence between phasespace groupkl/mcmandPnmain

the temperature interval 75 K< T <90 K.

Fig. 3 3a, the temperature variations of the integratéehsities of the pseudocubic 200
reflections for thé4/mcmphase (upward triangles) and tPlenmphase (downward triangles)
of KMnF3. Open symbols indicate the single-phase regiatissymbols the phase
coexistence region. The full black circles illustréhe integrated intensity sum from the two
phases within the coexistence region (coex. regiim)the temperature dependence of the
volume fraction of the tetragonBt/mcmphase of KMnEin the coexistence region. The
dashed line guide to the eye is a fit to a thre@upater sigmoid function.

Fig. 4 The temperature dependence of the integratedsityesf the purely magnetic 101
reflection (indexed on the tetragonal unit cellymalized to the phase fraction of the
orthorhombid®nmaphase. For temperatures below 72 K the normalizedsity follows a
power law dependence with an estimated Néel terhperaf 77(1) K for thé®nmaphase,
however, above this temperature, the integratexhgity increases to a maximum before
dropping rapidly to zero at 90 K. Assuming the netgnphase to be orthorhombic yields
non-physical values for the Mn magnetic momentlagnce we deduce the tetragonal
[4/mcmphase becomes antiferromagnetically ordered icdle&istence region.

Fig. 5 Refinement quality of th€211) reflection, containing both nuclear (phasetions of
the tetragonal and orthorhombic phases are 86(hy#d.4(1)%, respectively) and magnetic
intensities at T = 85 Kin the models with the magnetic moments in thegginal phase
being perpendicular to theaxis (a) and parallel to theeaxis (b). Insets show the (211)
refection in paramagnetic region (T = 90 K) andlethe magnetic transition (T = 85 K) (a)



and integrated intensity of the purely magneticljlt@flection as a function of temperature

(b).

Fig. 6 Crystal and magnetic structures of the tetragbfiaicm(a) and orthorhombiEn'ma’
(b) phases of KMn§ The primaryG-type antiferromagnetic mode is shown by red arrows
while the symmetry allowed, in the casdPofma’magnetic space group, secondagyand
Fy-modes by blue and black arrows, respectively.
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Phase 111 of KMnF;3 shown to be phase coexistence of phases| and 1V
Collinear antiferromagnetic structure reported in Shubnikov group 14/mcm
Canted antiferromagnetisc structure reported in Shubnikov group Pn'ma’
Recent revision of space group of phase IV from Pnma to B2;/mis shown to be
incorrect
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