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‘I.‘he Gryétal gtructure of CstFE
Allan Zalkin s Kenneth Lee ) ana David H. Temp‘letcn _
Depa.r‘ment of’ Chemis’cry, Department of Physics , and Lawrence

Radiation Laboratory, Universi ty of California, Berkeley, California

¢ .

A single-cryste;l x-ray diffraction »stxidy shows that

has the hexa.gone.l BaTio. type structure. The space

| Cetialy 5 .,
~ group is P65/rmnc._ The unit cell wi‘oh a = 6.213 A ¢ = iS.O']%.fA-

contains six "fo:mula units. Each cesiux;x atom has 12 fluorine
neighbors at an average dista.nce‘of 3.13 A, One third of .

the nia.nga.nese atoms occup;lr the centers of i’luorine octahedra I
'bhat share their corners with other octahedra. as in the
perovsk:i‘ce structura. The remaining ‘two thirds of the .

menganese atons a:ce _in di.s’corted fluorine octahedra that
each'shé.re on'e face a;.nd'three coz'ners '.w‘ith other oct'ahedra;
these mangm‘gese atoms are in pa.irs 3.00 A : 323:& The |

- average Mn-F distance in the oc‘bahedra is 2. 13 A.

Wt@
This work was done uxzder the ausp:x.ces of 'bhe U. S A’comic
Energy Commission. v L
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| INTRODUCTION
Like many otb.er double fluorideq s “the compounds XIx&nF‘?> exist in the
perovekite type structu.re when X represents Na, K, NHW or Rb.l' ,2 Simanov,.

~ Batsanova, and Kovbza.Q recognized thet CsMnFB, on ‘the other hand, has the

same structure as ‘ahe hexagonal form of Bat(‘ioz) ,3 but no a‘i.omic coordinates
were reportea‘ : The compound R:M:nF5 has been studied extensively both

(f-12,

crystallographical]y ’6 and magnetically 3 by torsion and magnetic

re.;onance studies 1t was found to have interesting a.ntiferromagnetic '

’ propertles at :Low tempera.tures. Subsequently intereat arose in the pro-

perties of Cslfh'x’ﬁ'3 and the pbssible effect of the hexagonel structure on

- _i*t's megnetism. Preliminary magnetic resonance and static measurements show

_that CsMoF, has low magnebic enisotropy and entiferromagnetic ordering with

3
the sublattice magnetization directed normal to the ¢ ax-is.13 In the

present paper we re;port an analysls of the structure by meens of x-ray

. diffraction. + . T . : .

EXPERIIVLENTAL

Single crystals of CsMnF were grown from the melt. Powdered CsF-’
was combined w:.th_,single crystals of Man in a mo;iifie@ Stockba.rg}er |
1k, 15 The ma’t’.efial wé.a placed in 2 gréphite erucible ingide

| \

a plau:mwm-l() rhodium tube and heated a*t 900 for abou‘o U hour=5 in en

‘atmosphere of anhyd.rgus HF. The system was lowered th:rough a thg,z'mal
‘gradient (vith. the melting point of T50° % 20° situsted at the center of

the gradiént) 'at a rate ’oi‘ 2. 5 nm/héu'r. Af’cer ‘cra.versing the uhermal

graaient the "boule reached a tempera,ture of 680 °. 1t wasvtnen annealed
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at the cooling rate of 2k° /hour until 200° was reached a.n,d then argon wes
mtroauced to cool the system to-room temperature‘ Pink single crystals
about 3 ‘mm in size were obtained.  With the seme apparatus, single
crys‘cs.ls could also ‘ce maae by s‘barting with & preci;pi‘cate of CsMnF3

| prepa.red from an aqueous solution. B '

A ‘criangular crystal fragment pla‘te ves selected that measured

roughly 0. 15 X 0 15 x 0 -12 X 0 05 mm. Weissenberg photographs were r«* .

taken to establish the syxmnetry and crien’cation of the sPecimen. . The L

crystal was moun-be& on & Genera.l Elec*bric XRD~5 diffra.ctometer equipped Y :
with a single crystal Qrienter , 8 scintillafcion counter and a Mo x-ray
tube, i%}’&gnsi’bieé ﬁeré measured of 326 independent refleétions of
which 31 \‘werve recorded as zero, Unit cell dﬁnensidns'were weasured =
" yith the diffractameter with A = o.}7o'929. A for Mo Ko, x-rays. ' The data
weré vco:;'rec‘ced for the‘ Lorentz and p§larization ‘:E‘ac’cor.sv as folEWS:. o

i : 1/¢ 2 .. C e
Fipg © s(Iobs-sin 29) /2(1 f cos 29) /2 - _ ~

;
where F is thé observed structu;re factor, 1‘obs is the observei
intensity (correc‘ced for background), 6 is the é.iffraction angle, and
s is a scalmg factor applied uniformly to.all the da‘aa. The criystal
isg 'su nuly big ‘bo require an absorption correction s but due to |

the complexity of this ca.lculation ‘.i.t was omitted.

”
2%
3
LA

Rt e
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"+ STRUCTURE ﬁmmfzmmw‘xom"

v Y * N S ,

. The diﬁenfiéns ofvtﬁe géxaéoﬁal unit.celi are;
| | an623.3:h0003A | |
'?‘j_"ca15071+tooohA I
"m‘/a_'uzhes S o

. WithLSix formﬁla'ﬁniié’pér cell,‘tha calculaied:dénsit§ is h'Bho g/cc.v'
The cell dimensione were nreviously reported &g a = - 6.209 XX, ¢ = 15. 16 kX,;
wnd c/a 2 2, hk from xuray diffraction paﬁterns of the powder. 2
- From the hexagonal 1attice WE guesse& that the structure was like
‘that of hexabonal B&Tiom, for Wthh cfa = 2,h5. 3 A comparison of
"1ntensxt¢es on. our photographs with those published for Ba'I.‘J.O5 confirned
that the two structures ‘are the seme with very gimiler velues of the
atomic coordlnates, The sPace group 18 26 /mmc, with all stoms in
special positions as listed in Table I. 6. ,
. utaruing with the- coordinates repo;ted for BaT105 3 the stvuctufe
L was reflned by le&Su squares usxng the full matrix on an IBA-TOO Cmmputer‘ ﬂ
Tne program wamymodified so that it would properlj take acc ount of the |
'symmotry relation between certamn x eand y coordingt=$. Each atom was
assigned an isotropic tempera»ure factor of the form exp(~B A Zsin 9),
where B ig a parameter characteristic of the nth independent atom.

17 and for F of

N

Sc&tterlng ;actors for Cs and Mn of Thomas and Umed“
C ]

1 .
Boys 8-were uged. Dispﬁrsion corrections, which are small for uhese

16 . L L, ” - '
The designetion of C6 /mmc (Ref 3). efera to the some space group in
an earlier system of space group symbols.

L. B. Thomas and X. J Umeda J. Chem. Poys. 26 295 (1957)

lBS.AF. Boys, unpublished work (1958) reported by J. A. Ibers, Tables
of Atomic Scattering Factors, to be published. ' '
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elements with molybaenum radiation, were neglecte&. 'Theﬁé vere 5
positional parameters, 6 tamperamure parameters, and Qne scale
factor *o be refinad. A‘ T e e

In preliminary refinements with the 1ow~ang1e data, anreasonabxy .
low texperature parameters Were obtained because of th@ heavy absorption
exfects at low angles.‘ To minimiza %his error, the final refinement
of the 12 parameters vag done with 274 independent reflectlons, Omittlng

the 52 for which (s:’m. e)/;x. is less than O. 35. For these data, the ..

reliability lndex R §n!ohsi chalH/Ei cbs‘ was rediiced to O. 092,
The resulting coordinates are listed in Table I. The resulting
temperature parameters Bn'are 0.8, 0.8, 0.8, 0;6, 1.3;‘and 1.3 Ae,
in order of the atoms as listed in Table I. Thesé'temperature para-

meters may be systematically smeller then thewtrue‘vglues because of

remaining effects'qf absorption.

Ccnvergénce in the least squares refinemenf wasvraéi& bécauée th¢ 
‘coordinate changes were small. Four cycles were run in each of several
series of calculatlons, but two would have been sufficlent for’ convergence.

Wiuh the finel parametera a list of ajl %26 observed and calculaued
st“uéture fag?ors was compungd, end this is shown in Table II.- For thesg
cubu,R 0.121. | |

A llst of the interatomic distances and their egtimated standard

deviatlons is shawn in Table III..
g i

DISCUSSION.
The - coordinates found for cesium and fluorine are the same as those
‘ 8 : - _ .
of barium gmg!bxygen in BaT103 within 0.002. Thus these atoms are in the

‘same close-packed arrangement with distances aboutieight percent larger
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in CsM’nF3 accordlng to the larger cell dbmensions. Bach cesium atom
2)( . .

& twelve fluorine neighbors srranged as in hexagonal close packing

‘for‘Csl and ag in cubic close packing for CSQ. The point Symmetries

at these cesium atams'are respec%ively B2 ( ) and 5m (C )

FERT -

Manganese atoms occur in two quite different klnd of environment

i’%‘?‘?ﬁx,"ﬁz{,—,m .

(Figure l) Each has six fluorine neighbors at the corners of an

octahedron. For Mnl, with point symmetry jm (D5d)' this octahedron shares

g

corners with six other octahedra and the nearest Mn neighbors are
erranged a8 they would be in the perovskite structure. For Mna, with
point symmetry 5m (C ), the octehedron shares a face with another
ogtahedron and three corners with three others. Thus the Mn atoms | \
occur in pairs at & distance of 5;06# A. If thelclose packlng of the |

Cs and F atoms were perfect and the Mn atéms were at the centers of

“+ their octahedra, this distance would be ¢/6 = 2.51 A. This distance 1s

ingreased by;a distortioh of the élose.packing‘tégether'wiﬁh a digplace~
ment of each Mn atom from the center of gravity of its octahedron'by
0.21 A. The?porrespond;ng displacément of‘Ti in Bé.TiO3 is only 0.11 4,
end the difference of 0.005 in the z parameters of Ma and Ti is.the
largest discrépancy bétveen the two structures., \ |

The diséortion Of the structure results in hardly any differencé in
the varlous Mn~F distances, which average 2.13 A. As is to be expected

the F-F distances of 2.69 A for the edges of the shared faces are 51gni-

;icem*tly 1shoz‘ter than the o‘chers (2 9& to 5 52 A)

v

ot
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i .
Teble T. Atowlc positions and parameters for CaMiFy

2z Cs; in 2b: £ (0, O, 1/h) . )
b ¢sy in uet t (1/3,.2/3, z: 2/3, 1/3, 1/2+z) with z = .0986 & .0002

2 My 1n'ég§ﬁ o, o, o} o, 03 1/2

y an 1n‘hf g (1/3, 2/3, 2; 2/3, 1/3, 1/2+z) with z s .8L98 % ooch

- .

6 F in6h; ¢ (x, 2x, l/h; 2x, %, 3/k x, %, 1/&) with x = .522 t'.002
iz Fz in lak: + (x, 2%, %} 2x, x, z,fx, X, 2} x, Zx, 3./2~»; Zx, %y 1/2+z,

%, %y l/2+z) with x = .835 t .ooz and-z = .078 + .001

. e . . . [ 7
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Table II. Observed and calculated structure factors for CsMnF3.
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Table III.

in CeMaF

T 3.7695.001 o © -2F,

. 3.06%01L - ' - . - 2F

g 3 22 t.Ol

[
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- -10-

.3.
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3.753£.006

3.671£.002 o _'F . 2F

13122:002, L M
-2F

F

3.889%.,002 . - T 2 F

2.2 £.02 ~ 2F,
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3.889x.002 © . -1Csy
c3azxo0z . 3cs,
© 3.k £.02 S

UCRL~10166

-Intgratomic distanges ‘end estimated'standafd'deviatibns

3. 889:: 002 A
3.753¢%. 006
3.671:«,.002 :
3.0042.002

12,16 ¢ £ 02 N

‘2.12 %,

 " 2,69 + .ouff
13’52~d0k‘”

3.10 £.02.

l2.9M .02

1 3.07 £.03
3. 15 & o?_"j




UCRL-10166

rof—

\o//"/

MU-25934

1.3 o

A sketch of half of the unit cell of CsMnF‘3
shows the two types of Mn atoms and their
environs. The cell is outlined from 0 to 1 on
the a and b axes, and from 0 to 1/2 on the

Fig. 1.

c axis.
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