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MINERALOGICAL NOTES

Effect of octahedral Distortion on Mean Mn3+-O Distances
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Abstract

Mean octahedral Mn"+-O distances, -R, increase with octahedral distortion, A, according to

tftr r.i"ll""rftip: R : l.gg4 + 7.08A. This dependence of mean distance on distortion is used

to help interpret the Mn oxidation state in NaMnrO,, and pinakiolite' Mg'MnBOu'

Analysis of the shape of bond length-bond
strength curve$ shows that mean bond distances in
various polyhedra increase with the distortion of the
polyhedra (Brown and Shannon, 1973; Hawthorne,
1973; Shannon, 1974). Distances in Vu+-O, Cu2+-O,
Mg'*-O, Li+-O, Zn2+-O and Co2+-O octahedra
were studied (Brown and Shannon, 1973; Shannon
and Calvo, 1973a,1973b). In this note we show the
relationship between mean distance and octahedral
distortion in oxides containing the Jahn-Teller ion

Mn3+.
Because of its 3d4 electronic configuration, Mne+

generally occurs in distorted polyhedra (Dunitz and
Orgel, 1960). Although there is relatively little struc-
tural data on Mns+ compounds compared to Cu2+ or
V5+ compounds, there is sufficient data to determine
the general dependence of mean bond, distances on

distortion. Table I lists distances in some accurately
refined structures containing Mn3+ along with mean
bond lengths, effective ionic radii, and the octahedral
distortion, L : l/6 )(R, - RIR)', where Rr : an in-

dividual Mn3+ -O bond length and R : the mean
bond length in an individual octahedron.

Figures la and tb show the dependence of mean

distance and of effective ionic radius on octahedral

distortion. The ionic radius of Mn3+ varies between

0.62 and 0.67 depending upon the degree of distor-

tion. The value given by Shannon and Prewitt (1969)'

0.64 A, corresponds to a moderate degree of distor-

tion and thus ihould not be used in cases where dis-

tortion is exceedingly small or large'
The correlation coefficients of 0'82 for R us A and

of 0.54 for 7 us A show that most of the increase in

distance is caused by distortion. In contrast to the

results for Li+, Mgt*, Co'+, andZn2+ , the correlation

coefficient is higher for mean distances uncorrected

for oxygen coordination.
tt stroulA be noted that 0.007, the maximum distor-

tion (A) for Mn3+, is approximalely t/e of that for

Cu2+, 0.031.
The dependence of mean distance can sometimes

be useful in interpreting oxidation states of metal ions
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Conpound R , A

TneI-e l Comparison of Mean Octahedral Mno*_O
Distances with Distortion

(Estimated standord efiors in parentheses reler to the last digit t

Dlstort lon

a=1,/6(Ri-R) 
2 

Reference ***

R

Mn(c5[7oz) 
3 

1.981(8)
MtzoJ  2 .001(6)

Mn20 l  2 .007(5)

M^(cTHSod) L.995(r2)

Mn(c7H5o2) t  2 .0o4(10)

Na4Mn4TL5org 2.o21(tB)

Mcfnso5 2.048(5)

Lalt{nol 2.012(5)

Mdzo)  2 .019(6)

Ms lnBo5 2 .022(5)

Mnzol 2.044(6)

NdMnol 2.o)2(zo)

Mdzo l  2 .045(6)

MgaMnso5 2.012(5)
q-MnoOH 2.041( l )

y-MnOOH z.oj7(eo)
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r =  . 6 2 4 + 6 , 1 5 ^
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Correlat ion coeff lctent -  .82

C o r r e l a t l o n  c o e f f i c l e n t  -  . 5 4

oo2 004 .006 .oo8
FIc. la Mean Mn3+-O distance u.r distortion, Vertical bars repre-

sent average e.s.d. quoted by authors.

be ful ly occupied by Mns+. Figure I shows that two
of these sites are consistent with the distance-distortion
relationship but that the third deviates significantly
from this plot. This raises the possibility that some
Mn(3) may be in the f2 oxidation state. In fact the

* R - .ean octahedral  MnJ+-o dlstance wlth avelage e.s.d. quoted
by authols ln parentheses

'* r  -  ef fbct lve ionlc radLus of MnJ+
x * *  C o d e n s  f o r  P e r l o d l c a l  T i t l e s ,  V o 1 .  I I .  A S I 1 {  D a t a  S e r t e s .

D S  2 ) B ,  p h t l a . ,  I 9 7 O

fromionic radii, 1.98 A, and the observed distance,
1.94 A. When the effect of distortion is taken into ac-
count, the predicted distance is 1.994 A (based on
mean R), or 2.01 A: O.eZ + 1.39 (based on effect ive
ionic radii) for an undistorted Mns*-O octahedron,
and 1.920 A for an undistorted Mna+-O octahedron.2
This leads to a calculated distance of 1.95l A (based
on R) or 1.967 A (based on radii) for the Mn(2) ions
and is thus in closer agreement with the hypothesis of'/, MDt* and ,/, Mna+.

A second example is found in the structural
analysis of the mineral pinakiolite, MgrMnBOu. The

. actual composition found from electron microprobe
resu l ts  i s  Mg13. roM n2+ s .72Mna+ s .  ssA ls+  o . r0F;s+  o .16
Mna+o.o.Br.oO{o.o and from the structure refinement
Mg'*rr.nntro r.Mn3+r.ooMna+o.rrBr.ooOro.oo (Moore and
Araki, 1974). In the pinakiolite structure the Mns+
ions occupy three different crystallographic sites. For
refinement purposes the three sites were assumed to

'zIn accordance with the structure refinement of CaCurMn.O,,
(Chenavas,  in preparat ion),  of  Na,rMnNbr,Oss.50 HrO (Flynn
and Stucky, 1969), and with estimated distances in MnO, (W. H.
Baur, personal communication), the effective ionic radius of Mna+
has been revised to 0.530 A.

r , A
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Ftc. lb. Effective ionic radius of vlMns+ HS us distortion.
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microprobe analysis of pinakiolite showed the
presence of some Mn2+ which, for lack of a better
scheme, was distributed over the Mg2+ sites. Based
on a mean distance of 2.048 for the Mn(3) site, a
mean distance of 2.20 A for vtMn'+-O, and 2.20 L
for a vIMn'+-O site with distortion : 0.0035, we
calculate that 0.15 of the Mn(3) site should be oc-
cupied by Mn2+. This leads to a total Mn2+ content of
0.60 and corresponds reasonably well to the Mn'+
content from the microprobe analysis of 0'72.
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