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* . ~ Crystal Structu;ra of CsMnF ~ . 

UCRL-10166 

Allan ~aikin, Kenneth Lee, and David.. H. !tiempleton 

Department ot Chemistry, Department of Physics, and Lai-r.t'ence 

Radif;l.tio~ Laboratory i· University of California; Berkeley;, California 

A s.ingle-crysta.l x-ray diffraction -stUdy shows that 

CsMnF; has the hexagonal l3aTio
3 
t~e structure. The space 

. . . 
The unit cell With a = 6.213 A, c = l:).074!<k 

) 

Each cesium atom has 1~ fluorine 

neighbors at an average distance of :;.1:; A. One third of 

. the manganese a:tom'a occupy the centers of ·fluorine octahedra 

that share their corners t~th other octahedra as in the 

perovski te structure. The remaining two thirds of the . 

manganese atoms are in distorted fluorine octahedra that . 
each Share orie face and three corners With other octanedra; 

these ~~ese atoms' are in pairs 3•00 A ':Jart. The 
. -~ 

.. , 

avers.ge Mn-F distance in the octahedra is 2.13 A • 

. , 
'tlit<it· * .. . . . . 

This work was done under the auspices of the u.s. Atomic 
Ener{!.Y Commission~ · 
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INTRODUCTION 

Like many other double fluorides, the compounds XMnF; exist in the 
. . .· .: . 1 2 

perovsld. t~ type str,u.cture '\-Then X represents Na. 1 K1 mr4, or Rb. ' Sitnanov , . 

. Batsanova, W:d Kovba2 .recognized. that CsMnF
3

, on ·the other ·band, has the 

s~e structure as the hexagonal form of Ba.Tio
3
? but no atomic coordinates 

were repoz:ted. ~; The compound l<MnF 
3 

bas b~en studied extensi ve1y both 

. . . ~~ ~~ crystallographically' . and magnetically ; by torsion and magnetic 

resonance studies it 'tre.s found to have interesting antiferromagnetic 

properties at low temperatures. Subsequently interest arose in the pro-
. . 

~ert~es of C~~F3 and the_ possible effect of the hexagonal structure on 

its magnetism. Prelim:!.nary magnetic resonance a.nd static measu:r,oements show 

_that CSMnF
3 

bas low magnetic anisotropy and antiferromagnetic ordering 'tv.lth 
. . ~ 

the sublattice magnetization directed normal to the c axis. In the 

present paper . we report an analysis of the structure by means of x-ray 

' EXPERIMENTAL 

Single crystals of CsMnF _ were grmm ·from the melt. Powdered CsF.: . :; . . 

vras combined with. single crystals of M..~ 2 in a modified Stockbar;)er 
14 i5 . . . 

apparatus. ' . The material 'I'Tas placed 1n a graphite crucible tnside 
~ . . . . . ' 

. : 0 
a platinu...rn-10~ rhodi'Ulll tube and heated at 900 for about 21+ hour~s in an 

•\ . 
I· 

atc1osphere of· anhydrpus HF. The system was· lov;ered th:rQ~gh a thermal . . 
. . ! . . .. 0 0 . 
~radient (wlth.the'melting point of 750 ± 20 situated at the center of 

' . ' . . . ' . . 
the gradient) at e. rate of 2 .• 5 mm/hou:r. Aft~r traversing the thermal 

gradient, the boule rea:ched a tempex·ature of 680°. It w.s then annealed. 

.... --

• 

... --



UCRL-10166 

\. L. Martin., ~· s. Nyholm, and N. c. Stephenson; Chemistry and Industry 

1956, 83. ,.,_,,.,. 

:2 . . ', ; 
.yu; P. Simanov, L. R. Batsanova1 and L. M. Kovba., Zhur. Neorg. Khim. g, 
2410 (1957). 
. . . . 

3a. ~· Burbank and :a:. T:·Eva.ns, Acta Cryst. ~~ 330 (1948). 

4A. O~~aki andY.' Suemune, J .. Phy~. Soc •. (Japan) ·!§·,-~'7). (1961). 
. . . ' ~ ' 

~ • . ! 
·. 1' 

· 5K. Knox., Acta Cryst. 141 58} (1961). -
6o. Beckman and K. Knox; Phys. Rev. 121, 376 (1961} .. 

. -~~ 

' ., 

1 Kinshiro Hirakawa, Xe.zuyoshi Birakalia; ~d TB.ka.su Hashimoto, J. Phys • Soc. 

(Japan) 151 2063 (1960) • : 
~~ . ~ 

• - ,·t 

· 8v. Scattti:dn, L. Corliss, N. Elliott, and J. Hasting;, Acta Cryst. 14, ....... 

19 (1961) • 
.. 

9o. Beckman, A.· J. Heeger, A.M. Portis, and D. T .• !J:Iean~y,Bull. Am • .Phys. 

Soc •. 5, 188 (196o). · 
!"" 

10 . '. A. J. Heeger,· 0. Beckman, anli A. M. Portis, Phys. Rev. !g~, 1652 (1961). 

11s. Ogawa, J. Fnys. Soc. (Japan) !2' 1475 (1960 )'; 

t2A J H r . A M P rti D T . 'r a.ne and G Witt -m. Rev Let :':.·:·:- • . eege J~<: • •. o s,. • • e A y, • , ,-uys. • • 
... 

7' 307 (1961) ~ - .I 

l3K. Lee:~d A:~J. Heege~ 1 unpUblished. More extensive measura~ents of the 
. ·:1 .. 

' magnetic properties of CsMnF 
3 

are :,in progress •. 

14 .· ' '• . .. . . ' 
For a description of a simil~ apparatus, see E. Catalano and G. s: Stratton, 

Univ. of CaliforniS. Lawrence Radiation La.boratocy Publication UCRL-6370 (1961). 

15n. c. Stockbarger;. J .• Opt. Soc. Am. ~2; 731 (1949). · · 

··- --- ' --····-. 

.· 

• 

l 
.I 

! 
I 

! 
I 
I 

•I 

. 'l 
' 



i. 

UGRL-10166 

at the cooling rate of 24° /hour until '200° was reached, ~d then aa. .. gon was 

introduced to cool the system to-room temperature •. Pink single crystals 
~-

about ; mm in size 'Were obtained.. With the same apparatus, single 
... ' . •' . 

crystals could also be made by starting with a p~ecipi tate of CsMnF 3 
prepared from an aqueous solution. 

/~ 
~1 

,. 

'· 

A tria.ngulal." crystal fragment plate vras selected that measured 

roughly o:l5 X 0.15 X o.l2·X 0.05 mm. ·Weiasenberg photographS were 
. ' . . . ' ' ... · . ·.1?' 

taken to establish the symmetry and orientatio~ of the specimen •. ~ 

crystal '-re.s mounted on a General Electric XRD .. 5 diffractometer equipped 

with a. single crystal orienter 1 a scintillation counter. a.nd a Mo x..;ray 
·t ' . ' 

tube. lil;t_ensi ties were 'zi!.easured of 326 independent reflections of 
~-;~, '.;;. . 

which 31 vere recorded as zero. Unit cell dimensions vere measured 

vi th the diffractometer with _)!. = 0 •. 70929 A for Mo N:x1 x .. ra.ys. The d.a.ta 
.. ' 

were corrected for the Lorentz a.nd polarization factors as follovs: 
.· ' ' ' 

r 

v.rhere Fobs is. the observed s;;rncture factor, Iobs is the observe·i 
. . ' 

intensity {corrected for background),- e is th~ diffraction angle, and 

s is a scaling factor a.pplieQ. un.ifo~y to ·all the d.a.ta.. The cr:yatal 

is sufficiently bi$ to :requ~e an ·absorpt:f.on correction, but due· to 

the complexit;r .of this calculation it was omitted. 

: ' ' 

· ... ' 

,. 

~ 
'.i.1 
~ ':. 
)' 
···\. 
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~e dimension~ of the hexagonal unit cell a.re; 
t. 

a c. 6.21:; ± o.oo' A 

c • 15.074 ± o.oo4 A 

i.\fl/a . 11: 2 . 426 · 
-.~··. ~ ··:';:::~·· . 
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\-lith six formula units per .cell, the calculated. density is 4.84o g/cc~. 
. .. -

~e cell d:lmensiona were previously reported a.s . a == 6. 209 kX 1 c = 15 .16 kX, .'· 
' : . ·, . :· :. ' ' ' . . 2 
and c/a ~ 2.44 from x-ray diffraction patterns of the powder. 

· From the· hexagonal latti~e .'Vte gUessed tb.Ei.t the structure 'WaS like· · · 

·tha.t.of'.hexe.gonal BaTiO~, for which c/a = 2.45. 3 A com:parispn of' 
. ' ' :;; . . '·::·:·, .,_ 

,. intensities on. our_l?~~toB:raphs with those publi~hed to-r_ Ba.Ti0;5 confirmed 
~- . . 

that the two structures are the same with very simila.r values of the 

atomic coordi~a~~s .• ·.~e space group is P6;5/mmc ~ w1 th' all atoms in 

special pos:l. t.ions as ii~ted ·in Table I .16 · · · · · ·. 

Starting. with the· coordinates reported for BaT103,3 the structure 

· -vras refined by least squares using the full matrix on an IB!:~-709 computer. 

The· program 'W'!Ml'£:inodified so ·that it vTould properly. take account of the 

symmetry relarion bet,roen certain x -~~d. y coordi~ates. Each atom was 

assigned an i~otrop:tc temperatu:re factor .of the form exp(-Bn~-2sin2e}, 

1-rhere B is a ,;parameter characteristic of the ~th independent atom. 
n . . . . . . . . 

Scattering factors for Cs + and Mn ++ of Thomas and Umeda17 and for F- of 
l . ' 

18 . 
Boys · · were used. D1spe.rsion corrections, which are small for these 

I ,•:·. 
'. ~ ;.~ 

16 
The designation of' ~6;/mmc (Ref • .:.;) refers to the same space group in 

an earlier system of space group symbols. 

l7L. H. Thomas and K. J. Urneda, J. ·Chem. Phys. 261293 (1957) .. 
. --

18s. F. Boys, unpublished. work {1958) re;ported by J. A. Ibers, Tables 

of Atomic Scattering factors, to be published. 

. .............. . 

. > 



,·1 .· 

. :.'·, 

.. ~· ·. ' : 
'.. ·: 

UCRL-10166 

.. 
elements ·:vritb. molybdenum :radiation, were ·neglected~ · Ther,'e were 5 

,1 ' 

' 
positional parameters, 6 tem~ra.tW...e parameters, and one scale 

' . 

In preliminary r~finements with the low ... angle data; unreasonably 

. low :temperatu:re parameters \Tef;'e obtained because of the hee,'\1tf absorption 
' , ..... ,. . . 

·effects' at low angles. 'To m:t.n1mi~e th1s error, the final refi.ue:ment 

of the 12 parameter$ ws: done with 274 independent re:f'lEl:ctions, omitting ;:{ 

the 52 for 'W'h:j.ch (~in e)/A. is less thall 0.;55. For these data., the . 

reliability index .R =~!!Fobs j ... IF ca.li!/IIF
0
bs \'was red~ced to, 0.092·. · 

The .resulting coordinates are listed in Table I. 'I'he resulting 
. ' . . . . 2 

tempera:ture parameters B are 0.81 0.8, 0.8, 0.6 .. 1.:;, ·and 1.3 A , . -n 
~ in order .mf' the atoms as. lis tad in Table I. These temperature para:.. 

meters may be systematically smaller than the 't:rUe values because of 

remaining effects of absorption. ,\,; .. 

Convergence in the least squares refinement was rapid because the 

coordinate changes were small9 Four cycles were run in each of several 
. . 

, 
·series of calculations, but two would have been sufficient for convergence . 

.. 
\'lith the final parameters a list of aJ.l '26 observed _and calculated 

struct~e factors 1~s computed, and this is shown ~n Table II. For these 
" 

data, R = o.~l. 

A list o.f the intera.tolllic distanct~s and their estimated standard . 

deviations is sho'Wn in Table III •. 
! 

. ""··"'. 
I•'# • ,• 

cDISCUS$ION · 

The · coordinates found for ·cesium and fluorine are the same as those · 
~ 

of bariUm ~tw. ;:oxy.gen in BaTiO:; within 0.002. Thus these atoms are in the 

-same clost~-packed arrangement with distances about.eight percent larger 

" 

' J 

·r· ··' 

i 
i 

. ' 
! 

I 
I 
I 
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:n CsMnF
3 
acco~ding to,the larger cell dimensions. Each cesium atom 

·t?.!~ ;;~~h· - . ' . has twelve fluorine neighbors arranged as in hexagonal close packing 

.for cs1 and as in cubic close packing for Cs2 • The point symmetries ~ 

at these cesium atoms are respe_~tively 'bm2 (D.?h). and. om (c
3
v) • 

Manganese atoms occur 1n . two quite different kinds of environment 

(Figure 1).. Each has six fluorine _neighbors at the corners of ar 

octahedron. For Mz1i 1 wi~h point s~etry }11 (D
3
d) 1 this octahedron 

"' . ' . . 
corners with six other octahedra and the nearest Mn neighbors are 

'· 
arranged as they wou.ld be in the perovakite structure. For Mn2 , with 

point symmetry~· (C~ ), the octahedron shares a face with another· 
~ . 

't . ' - • • 

octahedron and three corners '-lith three others. Th~s the Mn; ato.ms 

occur in pairs a..t a distance of ;."oo4 A. 
., 

If the close packing of the 

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

' '· 

their octahedra,· this distance would be 6/6 = 2.51 A. This distance is 

increased by:a distortion of the close packing together with a displace-

ment of each Mn atom from the center of gravity of its octahedron-by 

0.21 A. The '.curresponding d),splacement of T1 in :aS.Ti0
3 

is only 0.11 A, 

and the difference of 0.005 in the z parameters of!~ and Ti is.the 

largest. discrepancy bet;.reen the two structures.., 

The distortion Of the structure results ~n hardly a.~y difference in 

·' ·'· the various Mn ... F dis.tances 1 '\>7hich average 2.13 A. As is to be e:lq)ected, .. 
·\ 

the F-F distances of 2.69 A for the edges of the shared races are signi-

ficant~·~.~~·lOtter than. the_ others (2.9~ to 3.52 A). 

,r • 
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Table ! . Ato~io posi. tiona and. pa.r~ete~s for CsMnF 
3
· 

~ • • • • , f • . - 1 • . • ' '( • • '. f f • .. • • • ; 

·'··~.. 6 F~,: in·.-6h: . :t (x, 2X:.,' l/4j 2x; x, · 3/4s x, x~ l/4) .with x -~ .522 ± .• 002 . 

. 12 F 2 · ·tn l2kt ± (x, 2x, z'j .2~, x, ij1.x, 3t, z; x,' 2x, l/2 ... zJ.>zx, jC,·;;l/2+z; 
, . \ . • . . . . ~ ·J~_.:._· ·, .• 

.. · .. · .... ' .. ·.· : x;. 'x1 - l./2+z') with X = .835 ± .002· ana. z = .078 ± ·:001 
. ·. 
···. 

·.·: .. ·.,. .. •;.-

~ . ;· . . . - ·: 
.~ .. ·.· :. -. ' . . ~ .. · ... . 
~: ;'. . .. .. 

-~. 

. ; 

.·· 

., 

... 

• 

., ... 

·' !"'-' ' . 

.. :.-: ,:: . . -~· 



H K L OBS CAL H K L OBS CAL H K L OBS CAL H K L OBS CAL H j( L OBS CAL H K l 08S CAL 

0 0 2 18 -13 2 0 12 53 46 3 0 16 48 ~46 4 0 6 4 0 4 3 9 55 53 5 3 2 28 -29 
0 0 4 77 -69 2 0 13 102 101 3 0 17 5 4 4 0 7 121 110 4 3 10 41 -39 5 3 3 49 47 
0 0 6 157-254 2 0 14 39 -31 3 0 18 7. ~12 4 0 8 90 75 4 3 11 51 -49 5 3 4 90 88 
0 0 8 124 151 2 0 15 0 -4 3 0 19 8 -3 4 0 9 119 109 4 3 12 27 27 5 3 5 25 24 
0 0 10 26 25 2 0 16 120 120 3 1 0 8 5 4 0 10 74 -69 4 4 0 161 169 5 3 6 4 -8 
0 0 12 155 201 2 0 11 34 -39 3 1 1 18 18 4 0 11 60 -51 4 4 2 0 -o 5 3 7 59 -59 
0 0 14 64 -63 2 0 18 27 -24 3 1 2 48 -45 4 0 12 38 34 4 4 4 36 -35 5 3 8 38 33 
0 0 16 38 -38 2 0 19 23 -22 3 1 3 96 85 4 0 13 85 -83 4 4 6 69 -70 ·6 0 0 186 207 
0 0 18 50 -44 2 0 20 20 11 3 1 4 151 156 4 0 14 27 -21 4 4 8 61 60 6 0 1 0 -2 
0 0 io 114 131 2 1 0 0 -o 3 1 5 52 39 4 0 15 0 6 5 0 0 6 -4 6 0 2 9 -1 
1 0 0 0 0 2 1 1 38 -34 3 1 6 12 •10 4 0 16 100 98 5 0 1 34 29 6 0 3 0 2 
1 0 1 lb -16 2 1 2 49 -45 3 1 7 110-102 4 0 11 28 33 5 0 2 35 -33 6 0 4 46 -40 
1 0 2 56 -48 2 1 3 89 -81 3 1 8 64 52 4 0 18 10 -19 5 0 3 62 55 6 0 5 8 -1 
1 0 3 116-119 . 2 1 4 156 176 3 1 9 94 -86 4 1 0 198 224 5 0 4 126 119 6 0 6 91 -86 
1 0 4 159 214 2 1 5 74 -57 3 1 10 60 -56 4 1 1 13 -1 5 0 5 54 43 6 0 7 0 1 
1 0 5 66 -49 2 1 6 7 -6 3 1 11 87 79 4 1 2 15 -14 5 0 6 0 -2 6 0 8 75 11 
1 0 6 12 -7 2 1 7 124 127 3 1 12 48 42 4 1 3 10 6 5 0 1 102 -92 6 0 9 0 -1 
1 0 7 123 134 2 1 8 67 55 3 1 13 82 82 4 1 4 53 -45 5 0 8 46 39 6 0 10 23 21 
1 0 8 76 61 2 1 9 93 86 3 1 14 0 -4 4 1 5 10 -7 5 0 9 66 -61 6 0 11 13 1 
1 0 9 111 111 2 1 10 64 -62 3 1 15 24 -22 4 1 6 78 -11 5 0 10 47 -45 6 0 12 104 96 
1 0 10 69 -66 2 1 11 66 -62 . 3 1 16 97 96 4 1 7 8 6 5 0 11 61 57 6 0 13 0 -1 
1 0 11 106-103 2 . 1 12 49 44 3 1 11 45 -51 4 1 6 111 106 5 0 12 34 30 6 1 0 0 2 
1 0 12 60 50 2 1 13 94 -97 3 1 16 22 -22 4 1 9 6 -4 5 0 13 74 75 6 1 1 10 11 
1 0 13 96-101 2 1 14 4 -3 3 2 0 5 -0 4 1 10 29 27 5 0 14 7 -2 6 1 2 29 -28 

.1 0 14 0 -1 2 1 15 34 30 3 2 1 9 -10 4 1 11 5 5 5 0 15 29 -25 6 1 3 60 54 
1 0 15 32 21 2 1 16 103 104 3 2 2 39 -36 4 1 12 104 94 5 1 0 0 3 6 1 4 99 93 
1 0 16 109 114 2 1 17 44 52 3 2 3 95 -84 4 1 13 7 -4 5 1 1 23 -20 6 1 5 26 24 
1 0 17 59 62 2 1 16 21 -22 3 2 4 135 133 4 1 14 54 -55 5 1 2 38 -36 6 1 6 5 -6 
1 0 18 24 -24 2 1 19 23 25 3 2 5 34 -28 4 1 15 0 3 5 1 3 63 -57 6 1 1 64 -61 
1 0 19 22 24 2 2 0 240 363 3 2 6 4 -5 4 1 16 38 -37 5 1 4 120 113 6 ·1 8 39 32 
1 0 20 0 -6 2 2 2 6 -4 3 2 7 93 85 4 2 0 10 -8 5 1 5 40 -33 6 1 9 60 -56 
1 0 21 0 -6 2 2 4 64 -55 3 2 8 52 43 4 2 1 38 31 5 1 6 8 -8 6 1 10 35 -37 
1 1 0 213 352 2 2 6 144-154 3 2 9 91 83 4 2 2 58 -53 5 1 1 84 79 6 2 0 9 -7 
1 1 2 26 -21 2 2 8 114 110 3 2 10 49 -50 4 2 3 105 93 5 1 8 46 41 6 2 1 25 -22 
1 1 4 61 -72 2 2 10 26 25 3 2 11 62 -76 4 2 4 134 130 5 1 9 63 61 6 2 2 32 -32 
1 1 6 88 -92 2 2 12 140 149 3 2 12 40 36 4 2 5 60 49 5 l 10 45 -45 6 2 3 66 -59 
1 1 8 134 156 2 2 14 49 -50 3 2 13 69 -71 4 2 6 0 2 5 1 11 61 -56 6 2 4 90 86 
1 1 10 40 39 2 2 16 34 -35 3 2 14 0 -2 4 2 7 97 -87 5 1 12 34 32 6 2 5 39 -35 
1 1 12 116 124 2 2 18 36 -34 3 2 15 16 17 4 2 8 66 56 5 1 13 66 -66 6 2 6 0 2 
1 1 14 70 -73 3 0 0 212 287 3 2 16 84 87 4 2 9 95 -88 5 1 14 0 -5 7 0 0 0 -2 
1 1 16 47 -49 3 0 1 22 16 3 2 11 45 49 4 2 10 56 -54 5 2 0 158 163 7 0 1 7 -7 
1 1 18 11 -13 3 0 2 16 -14 3 3 0 185 205 4 2 11 49 45 5 2 1 11 7 7 0 2 19 -23 
1 1 20 108 141 -3 0 3 11-13 3 3 2 19 -16 4 2 12 29 27 5 2 2 5 -8 7 0 3 59 -53 
2 0 0 11 -4 3 0 4 74 -63 3 3 4 40 -37 4 2 13 68 68 5 2 3 7 -6 7 0 4 86 82 
2 0 1 80 69 3 0 5 19 14 3 3 6 70 -69 4 2 14 15 -16 5 2 4 40 -36 7 0 5 21 -19 
2 0 2 121-126 3 0 6 82 -82 3 3 8 103 99 4 2 15 0 -5 5 2 5 10 7 7 0 6 0 -3 
2 0 3 158 189 3 0 7 19 -11 3 3 10 22 21 4 3 0 0 -2 5 2 6 52 -53 7 0 7 57 54 
2 0 4 189 257 3 0 8 131 132 3 3 12 91 88 4 3 1 25 -21 5 2 7 11 -6 7 0 8 29 27 
2 0 5 113 102 3 0 9 11 8 3 3 14 50 -52 4 3 2 29 -29 5 2 8 79 77 7 1 0 129 131 
2 0 6 6 -4 3 0 10 39 36 4 0 0 7 -7 4 3 3 54 -49 5 2 9 7 5 7 1 1 0 -1 
2 0 7 l't0-147 3 0 11 11 -8 4 0 1 53 -45 4 3 4 106 100. 5 2 10 14 22 7 1 2 11 -10 
2 0 8 120 112 3 0 12 118 111 4 0 2 83 -74 4 3 5 42 -34 5 2 11 7 -5 
2 0 9 141-149 3 0 13 13 6 4 0 3 131-122 4 3 6 0 -3 5 2 12 77 71 
2 0 10 99 -95 3 0 14 65 -65 4 0 4 163 171 4 3 7 80 75 5 3 0 0 4 c:: 2 0 11 71 61 3 0 15 0 -4 4 0 5 83 -67 4 3 8 39 34 5 3 1 13 13 

1••• END OF FILE. RECORD 000058. ••• () 

:::0 
t"' 
I -Table II. Observed and calculated structure factors for CsMnF3. 0 -0' 
0' 
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Table III. Interatomic distanoes'and estimated standard deviations 

in CsMnF3• 

3·769±.001. A, 

3 .889± .002, 

I . j I' ' '. • • ·:~ ·~ '• 

:. • ·, ' '.j~ ' • : ~. 
; ... ·.: . .';:>::·: .. :; _:_:,_,,··,. 

3.12 :1:.02' 

. 3.14 :1:.02 

•' 

. : 

i/;·::<.,P,~~- _;;; -~ ~ . ·. 3.883± .002 
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Fig. 1. 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 
c axis. 
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