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Overite, segelerite, and jahnsite: a study in combinatorial polymorphism
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Abstract

ove r i t e ,  [Me(H ,oL ] , [ ca ,A l , ( oH)dPo . ) . ] ,  Z :4 ,a :14 .723 (14 ) ,b :18 .746 (16 ) , c  =
7 .107 (4 )A ,  o r tho rhomb ic ,  space  g roup  Pbca ;  and  sege le r i t e ,  IMg(HrO) , ] z
[Ca,Fe!+(OH),(PO.) . ] ,  Z :  4 ,a = 14.826(5) ,  b:  18.751(4) ,  c :7.307( l )A,  or thorhombic,
space group Pbca, are related in a combinatorial way to jahnsite, [Mg(H,O).],
[CaMn'9+Fe!+(OH),(PO4)4j , Z : 2, a : 14.94(2), b : 7 .14(l), c : 9.93( I )A, B : I 10.16(8)',
monoclinic, space group P2/a. R : 0.090 for 19l5 reffections (overite) and 0.236 for 2387
reflections (segelerite).

Ove r i t e ,  sege le r i t e ,  and  j ahns i t e  a re  based  on  dense  s labs  o f  compos i t i on
ln+ My(OH)r(POn)nl whose maximal symmetry is Bmam. Linkages to the slabs by
[Mg(Op)r(HrO)r] octahedra determine the discrete kinds of isomerism. In overite and segele-
rite, the arrangement is trans-lMg(Op)r(HrO)4j and in jahnsite it is alternately crs-
[Me(Op)r(H,O).] and trans-lMg(Op)r(Hro).1, where Op is a phosphate oxygen.

Overite, which is well-refined, has average distances (6)Ca-O 2.40, (6),4l-0 1.91,(")Mg-O
2.08-, (")P(1)-O 1.54, and({)P(2)-O 1.54A. A herring-bone pattern of hydrogen bonds is
arranged normal to the [010] direction.

Introduction

Overite, segelerite, and jahnsite belong to a large
family of structures which are derived from octahe-
dral corner-sharing chains (Moore 1970, 1975). The
family consists of low-temperature minerals, diff icult
to distinguish by casual inspection. Even their pow-
der patterns closely resemble each other. Overite and
segelerite belong to the same structure type, and jahn-
site is closely related (Moore, 1974; Moore and
Araki, 1974). Evidence in these earlier studies sug-
gested that, although the compositions are based on
M2+(H2o)olyz+p1e+(OHXPOn)rl, where W+
Mg2+,\/lf+' yz+ Ca2+,Mn2+,Fe2+; and 74e+=
Fe3+,A13+, and thus segelerite and jahnsite are sensi-
bly dimorphic, subtle structural differences exist.
Moore and Araki (1974) suggested that the differ-
ences were based on discrete isomerisms of ligands
about the M2+(Op)2(HrO)n octahedra, where Op :
phosphate oxygen.

Combinatorial isomerism is one of the underlying
principles which govern the great species diversity
among low-temperature oxysalts. It was desirable,
therefore, in l ight of the jahnsite structure, to extend

our inquiry to the closely-related segelerite and to
explore the differing regions in the two structures. A
structural principle which governs diversity of species
is most desirable. Not only are the relationships be-
tween structure types made more evident, but the
opportunity also exists for generating further as yet
unknown structures, and to place their classification
on the firm ground of systematic graphical enumera-
tion where all the possible structureb, both real and
hypothetical, are countable.

Experimental procedure

The details of the experimental section are summa-
rized in Table l. Cell parameters for overite were
determined on calibrated precession photographs,
and those for segelerite are quoted from Moore
(1974). Specific gravity determinations are quoted
from Larsen (1940) and Moore (1974) for overite and
segelerite respectively. The overite crystal, U.S. Na-
tional Museum R7898 (type), was kindly donated by
Mr.  John S.  Whi te,  Jr . ,  o f  that  inst i tu t ion.  For  the
segelerite, we selected a crystal from the type speci-
men.

Precession photographs of both overite and segele-
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Table L Overite and seeelerite. Exoerimental details

693

a ( h
b ifri
. iti
Space group
z

Formula

^ a ^ ^ 1 ^  -  ^ * - 3 r
v  \ u d f  e  r  t s r I  r r r r  )

Speci f ic  gravi ty
u  ( cn -  ' )

(A) Crystal  Cel l  Data

OVERITE

1 4 , 7 2 3 ( 1 4 )
1 8 . 7 4 6 ( 1 6 )
7  . 707  (4 )

Pbca
8

CaMg(H2O) qAl  (oH) (P0+) z

1 i  . 8

SEGELERITE

1 4 . 8 2 6 ( s )
1 8 . 7 s r  ( 4 )
7  . 3 0 7  ( 1 )

Pbca
8

C a M g ( H z O )  4 F e 3 + ( o H )  ( P o k )  2

2  . 6 1
z . o l

3 0 . 7

Di  f f rac toneter

Crys ta l  s ize  (mn)

lvlaxinun sinO/I

CTys ta I  o r ien ta t ion

Scan speed

Base scan w id th

Background counts

Rad ia t ion

Independent F6

R- indices

CO

Goodness -of-  f i t

(B)  In tens i ty  Measurenents

Pa i  l red

o . s o ( l  l a ) ,  o . 2 s ( l  l u l ,  o . z s f  l  l c l
0 . 7 5

Picker Four-c i rc le

o . t o ( l  l a ) ,  o . 1 0 ( l  l u l ,  o . s o f l  l c l
0 .  7 1

Q-ax is  I  l c
2o rnin- r

2 . 3 "

and end of scan

nonochronator

3628

c-axis rotat ion

l o  m i n - l

2 . 4 "  t o  5 . 2 "

Stat ionary,  20 sec at  beginning

Ir4o(a,  ( ) ,  = 0.70926[)  ,  graphi te

3392

Fo

Above 0.0
' r  1 0 . 0
r '  3 0 . 0

(C) Ref inement

Number R

3 3 9 2  0 , L 4 2
r 9 l 5  0 . 0 9 0
7 5 4  0 . 0 4 6

3 . 7  ( 3 )  x  I 0 -  7

3 , 5 4

of  the Structures

Rw

0.081 Above
0 . 0 6 0
0 . 0 s 1

F6 Number R Rw

0 .  0  3628  0 .  281  0  . 17  2
72 .5  2387  0 .236  0 ,L67
3 7 . 5  8 5 0  0 . 1 1 0  0 . 1 1 9

not appl ied
4  . 0 0

rite suggested that the structure analysis would not be
a simple procedure, owing to the prevalence of weak

to unobservable reflections: over 80 percent estimated
to fall within this range. The substructure reflections
suggest space group Bmam, as proposed by Larsen
( 1940). Moore (1974) proposed space group Pcca, the
weak superstructure reflections violating the space
group proposed by Larsen.

At f irst, structure analy5is was inaugurated on se-
gelerite and the general features of the substructure
were revealed upon subsequent Patterson synthesis.
It was apparent that deviations leading to the primi-

tive space group were determined by Mg'* and lts

oxygen environment. Using the structure of jahnsite

as a guide (Moore and Araki, 1974), some progress

was made. Unfortunately, the water molecules
coordinated to Mg2+ were split, suggesting disorder.

Long-exposure precession photographs about the

three principal zones revealed that the space group

Pcca was violated by extremely weak reflections (F"
( 12, see Table 4), but that Pbca was consistent with

systematic absences on these photographs. The space
group Pbca required a new choice of asymmetric
unit, and the ensuing analysis afforded a uniform
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environment of spherical contours for oxygens about
Mg. A 7'-synthesis (Ramachandran and Srinivasan,
1970) revealed all non-hydrogen atoms, and least-
squares refinement was init iated. Despite the plausi-
bil i ty of the structure, including satisfactory bond
distances, the reliabil i ty index would not converge
below R : 0.28 for all 3628 reflections. We concluded
that the structure was formally correct but that the
data were of inferior quality owing to the prevalence
of very weak reflections.

We then decided to perform the same investigation
on the overite isotype, since large (up to I mm)
crystals could be obtained and since the water mole-
cules and Mg atoms would play a more significant
role in the structure factors, owing to the presence of
l ighter Al in place of Fe. Indeed, the trial parameters
obtained from segelerite converged smoothly to R :
0.14 for all 3392 reflections gathered from overite.

Owing to the low absorption coefficient, p, for
overite and the small size of the segelerite crystal, no
correction for absorption anisotropy was applied in
both crystals. Symmetry-equivalent reflections were
averaged and Io 1 2o(1") was set 1" : o(1"). Full-
matrix least-squares refinement proceeded from
Flnaxls, a program with options for bond distances
and angles developed by T. Araki, whose roots are
found in the familiar Onnls programs of Busing et a/.
(1962). For refinement, we employed Ca2+, Mg2+,
Al3+, Fsa+, P0, and Or- scattering factors obtained
from the tables of Cromer and Mann (1968). Anoma-
lous dispersion correction for Ca, Mg, Al, Fe, and p

employed the tables of Cromer and Liberman (1970).
The weighted reliabil i ty index, R., equals {P,(lf. l  -

lF.l)"1/>,F"2;trz, with w = o-"(Fo) and the refine-
ments minimized 2.(F" - F")'. The secondary ex-
tinction coefficient co, was refined for overite (Zach-
ariasen, 1968). Thegoodness-of-fit, >.(F, - F.)"/Z(n
- m), where n : number of independent data and m
= number of parameters, is l isted in Table I along
with the other convergences.

The results in Table I suggest that the presence of
strongly scattering Fe3+ in segelerite, indeed, "masked"
the weak contributions by HrO and Mg in the
structure. Since a large crystal of overite was used, it
was possible to recover most of the contributions by
the weak scatterers which contributed primarily to
the superstructure reflections.

Atomic coordinate parameters and isotropic ther-
mal vibration parameters are presented in Table 2.
Bond distances and angles for overite are l isted in
Table 3;owing to the in fer ior  qual i ty  of  the data,  only
bond distances are l isted for segelerite. Table 4 l ists
the structure factors for overite and segelerite.t

Segelerite and jahnsite:
examples of combinatorial polymorphism

To most clearly grasp the interesting implications

'To obtain a copy of  th is table,  order Document AM-77-048
from the Business Off ice,  Mineralogical  Society of  America,  1909
K Street ,  N.W, Washingron,  D.C. 20006 please remit  $1.00 in
advance for the microfiche.

Table 2. Overite and segelerite Atomic coordinates and isotropic thermal vibration parameters

OVERITE SEGELERITE

Aton x

ca  0 .00s88 (8 )
Mg  0 .  12809 ( r3 )
A l  0 .2s686 ( r1 )

P ( 1 )  0 . 3 8 8 e e ( e )
0 ( l )  0 . 3 4 3 1 ( 3 )
0 (2 )  0 .3s66 (2 )
0 ( 3 )  0 . 4 e 2 0 ( 3 )
0 ( 4 )  0 . 3 7 3 8 ( 3 )

P  (2 )  0 .  12s r2  ( 8 )
0 ( s )  0 . 1 s s l  ( 3 )
o (6 )  0 .  r 713 (3 )
0 ( 7 )  0 . 0 2 2 2 ( 3 )
o ( 8 )  0 . 1 3 e 0 ( 3 )

0H  0 .2s49 (3 )

0h , ( r )  0 . 2683 (3 )
ol , \ l (2)  - .0r29(3)
0 l 4 (3 )  0 .133s (3 )
0w(4 )  0 . r 182 (3 )

0.  24948 (8)
0 . s 0 0 3 3 ( t r )
0 .2s054  ( r 0 )

0 .  34886  (7 )
o.3192(2' )
0 .3074  (2 )
0 . 3 3 1 8 ( 2 )
0 ,4285 (2)

o.34936(7)
0 .3060 (2 )
0  . 3224  (2 )
0 .3372(2)
0.4289(2)

0 . 2 9 1 2 ( 2 )

0 .  s080  (2 )
0  . 49s2  (3 )
0.4210(2)
0 . s792 (2 ' )

Aton x

Ca  0 .0086  (2 )
Ms  0 .7264 (3 )
F e  0 . 2 s 9 3 ( 1 )

P  ( r )  o . 3 e 6 7  ( 2 )
0 (1 )  0 .  3497  (6 )
0 (2 )  0 .3668  (6 )
0 ( 3 )  0 . 4 e e 2 ( s )
0  ( 4 )  0  .  382 r  ( 6 )

P ( 2 )  0 . 1 2 2 s ( 2 )
0 ( s )  0 .1s36 (6 )
o (6 )  0 .7703 (7 )
0 ( 7 )  0 . 0 2 0 3 ( 6 )
o (8 )  0 .  1400  ( s )

0H  0 .2s77  (6 )

0 l | l ( 1 )  0 .2681 (s )
0 w ( 2 )  - . 0 1 1 4 ( 7 )
0l4I(3)  0.  r32s (6)
0 t | / ( 4 )  0 .1 l e l ( 6 )

z n (l,'z1

0  . 2 4 4 2 ( s )  I  . 3 3  ( 4 )
0  . 7s22 (e )  1  .  14  (6 )
0 .2421 (4 )  0 .64 (3 )

0 . 4 9 1 4 ( 6 )  0 . 7 9 ( 4 )
0 . 6 6 s 8 ( r 6 )  r . 2 s ( t 6 )
0 .3277  (L4 )  0 .76  (13 )
0.  s037 (19) L .28(14)
0 .4869 ( r7 )  L ,22 ( r s )

0 .  s07s  (6 )  0 .  70  (4 )
0 . 6 8 2 4 ( 1 s )  1 . 1 1 ( 1 s )
0  . 3366 ( r7 )  1  . 63  ( r 8 )
0 . 4 9 0 s ( 1 9 )  r . 5 2 ( l s )
0 . s 4 3 1 ( 1 3 )  0 . 6 1 ( 1 3 )

0 . 0 0 s 1  ( 1 e )  1 . 2 8  ( r 3 )

0 . 7 s s 1 ( 1 7 )  r . 1 s ( 1 4 )
0 .740s (2L )  1  83 (17 )
0 . 9 s 6 7 ( 1 s )  0 . 9 1 ( 1 4 )
0  .  s s04  ( r 8 )  I  .  60  ( 18 )

z

0 . 2 4 2 4 ( 2 )
0 . 7 s r 8  ( 3 )
0.2490(2)

0.4936(2)
0 .6707  (6 )
0 . 3 1 7 7  ( s )
0 . s r04 (6 )
0.4766(6)

0 .  s0s6  (2 )
0  . 6808  (6 )
0 .  32s4  (6 )
0 . 4 8 6 2  ( s )
0 .  s304  (6 )

- . 0004  ( s )

0 . 7 4 9 s ( 7 )
0  . 7  s 2 7  ( 8 )
0  . 9s91  (6 )
0 .  s436  (6 )

B (l'z)

7 , 3 o ( 2 )
r . 0 7  ( 2 )
0 . 6 s ( 2 )

0 . 7 2 ( 2 )
I  . 30  (6 )
0 . 8 4  ( s )
1 . 1 6 ( 6 )
1 . 2 s ( 6 )

0 . 7 3 ( 2 )
1 . 0 8 ( 6 )
r  . 20  (6 )
0 .  e 1  ( s )
r . 0 4 ( s )

0 . 8 4  ( s )

1 . 4 r  ( 6 )
r . 8 5  ( 7 )
1  . 4e  (6 )
r  . 4 6  ( 6 )

v

0 .246e (2)
0 .  s009  (3 )
0 . 2 4 8 6 ( r )

0 ,3497  (2 )
0 . 3 2 r 2 ( s )
0 , 3 0 7 6 ( s )
0 .3326  ( s )
0 . 4 2 8 r ( s )

0 . 5 s 1 s ( 2 )
0 . 3 0 8 9 ( s )
0 .  32ss  (6 )
0 .3300  ( s )
0  . 4314  ( s )

0.2967 (4)

0 .  s086 (s)
0  . 4e1  3  ( 6 )
0 . 4 2 1 8 ( s )
0 .  s810  (6 )
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Table 3. Overite and segelerite Polyhedral bond distances and anglest

A1

o

A r  - o ( 2 ) . _ .  r . 8 7 9 ( 4 )
- o ( s ) l : l  r . 8 s 8 ( 4 )
- 0 ( t ) t ) '  1  ' 9 0 7 ( 5 )
- o ( 6 )  1  s 2 3 ( s )
- 0 H , _ ,  1 . 9 3 0 ( 4 )
- o H t J ,  I . 9 4 5 ( 4 )

average 1 .914

S

2 . 0 3
1 . 9 5
1  . 9 6
2 . 0 7
1 . 9 5
2 . 7 0

2 . 0 1

2 . 6 8
2 . 7 7
2 . 8 2
2 . 8 0
2 . 8 7
2 . 8 3
2 . 8 7
) R a

2 . 8 5
2 . 9 4
2 . 9 r
2 . 9 2

2  . 8 4

o (4 )  
(2)-o l {  (3)

0 (8 )  - 0 l { ( 4 )
0(s ) , ^ , -ow( r )
0 ( 4 ) t z ' - 0 N ( I )

0h  (2 )  -0w(4)

0l4Ir2) -Ol,l i(3)

o i+ j  tz l -ot  1 r1
0l\'( 1) -0l\ (4 )
or{ j (1)  -0 l4(3)
0h'(2)  -0(8)
0 l { ( 51  -0 t8 )
o ia i  tz  t -or ,o,

aveTage

P  ( 1 )

C S

2 . 8 2 6 ( 7 )  2 . 8 3
2  . 8 3 6 ( 7 )  2 . 8 2
? . 8 7 2 ( 7 )  2 . 8 s
2 . 8 9 8  ( 7 )  3 . 0 4
2 . 9 0 1  ( 8 )  2 . 9 2
2  . 9 5 5  ( 8 )  2 . 9 6
2 . 9 6 2 ( 7 )  3 . 0 5
2  . 9 6 8  ( 8 )  2  . s 9
2  . 969  (8 )  2  .  98
3 . 0 0 7 ( 7 )  2 . 8 9
5 . 0 s 1 ( 7 )  3 . 0 3
3 . 0 8 3  ( 7 )  3 . 1 9

2  . 9 4 4  2 . 9 6

0 -+4g - -o ' ( deg . )

8 s . 2 ( 2 )
8 s . 7  ( 2 )
8 7 . 8 ( 2 )
8 8 .  s  ( 2 )
8 8 . 0 ( 2 )
9 0 . 2 ( 2 )
s o . 8 ( 2 )
e 0 . e ( 2 )
e r . 0 ( 2 )
9 2  . 8  ( 2 )
s 4  . 1  ( 2 )
s s . r ( 2 )
9 0 . 0

o ( r )  ( 5 ) - o t 2 )
o io i  -o is i  (5 )-oH 

-o is j ts l
0H -o t6 )
ori(5)-o I zi
oH(s) -0 is i  (s )
eHts) -s i1 j {s )
OFI  -O(2 \

oH -o i r j { s l
0 (2 )  - o (6 )

0H(5,-0 (6.)
o i s l  ( s ) - 6 i 1 j  t s )

average

0-d1-{' (deg. )

8 6 . 8 ( 2 )
8 6 . s ( 2 )
8 8 . s ( 2 )
8 8 .  s  ( 2 )
e 0 . 1 ( 2 )
8 e . 9  ( 2 )
9 0 . 1  ( 2 )
e 1 . s ( 2 )
ea .7  ( 2 )
9 2 . 4 ( 2 )
s o . 8  ( 2 )
o ?  o r ? \

9 0 .  0

P ( 1 )  - c ( 4 )
- C r ( t )
- 0  ( 2 )
- c  ( 3 )

average

o ( 2 )  - o ( 3 )
o ( r )  - o ( 3 )
0 ( 1 )  - 0 ( 4 )
0 ( 3 )  - o ( 4 )
0 (1 )  - o (2 )
0 ( 2 )  - 0 ( 4 )

average

P  ( 2 )

2  . 60 r  ( 6
2 .629 (6
2 . 6 7 2 ( 5
2 . 6 8 7  ( 6
2 . 7  0 7  ( s
2 . 7 r s ( 6
2 . 7 2 6 ( 6
2 . 7 2 9 ( 5
2 . 7 3 0 ( 6
2 . 7 4 3 ( 6
2 . 7 5 3 ( 6
2 .780 (6

2 . 7 0 6

O S
i . s r s ( 4 )  1 . 4 9
1 . s 3 2 ( 4 )  1 . 5 5
r  .  s 4 8  ( 4 )  1  . 5 3
I  .  s s 4  ( 4 )  1 .  s 6

I - J J /  I . J J

ct-+ (1)-{ '  (deg.  )

2 . 4 6 r ( . 6 )  2 . 4 2  I 0 5 . 0 ( 2 )
2 . 4 8 r .  ( 6 )  2 . s 2  L 0 7  . 0 ( 2 )
2 . s 1 0 ( 6 )  2 . 4 4  1 1 0 . 9 ( 2 )
2 . 5 ? s ( 6 )  2 . s o  r 1 0 . 7 ( 2 )
2 . s 2 7  ( 6 )  2 . s 4  r 1 0 . 2 ( 2 )
2  .  s 4 9  ( 6 )  2  . s 7  r r 2  . 7  ( 2 )

2  . 5 0 9  2  .  5 0  1 0 9  . 4

0

C a  - O ( 7 1  2 , 3 2 5 ( 4 \
-o i3 i (6 )  z .sss is i
-o i r i  J l l  2 .377 (s )
- 0 r 7 ) t 5 ,  2 . 3 7 9 ( 4 )
-o is j ts l  2  '47r is)
- 0 ( 2 ) ( r '  2 ' 4 8 7 ( 4 )

average 2.396

- p 1 1 5 $ l  z . z s o ( s )
- ) r c )  2 , 8 5 5 ( 5 )

Mg

S

2 . 3 9
2 . 3 7
2 . 4 3
2 . 3 6
2 . 4 3
2 . 4 4

2 . 4 0

2 . 7 6
2 .  89

O S

1 . 5 1 s ( 4 )  t . s 4
1 . s 3 s ( 4 )  1 . s 2
1 . s s r ( 4 )  1 . s 8
1 . s 6 0 ( 4 )  7 . s 7

a v e r a g e  1 . 5 4 0  1 . 5 5

0

Ms -ol1](1)  2.06s (s)
-  0 ( 8 )  2 . 0 7 3 ( 4 )
-0 I { l ' 2 )  2 .078 (s \
-  o i a j t z t  2 .082 i s i
- 0 l l / ( 3 )  2 .oes (s )
-oh l ( 4 )  2 .0s6 (s )

average 2.082

S

2 . 1 r
2 . 0 2
2 . 0 5
2 . t 7
2 . t L
2 . 7 1

2 . 0 9

P ( 2 )  - o ( 8 )
-o  ( 6 )
-0 ( s )
-o (7 )

o(s)  -0 (7)
o(6)  -0 (7)
o(6)  -o (8)
0(7)  -0 (8)
o(s )  -0 (8)
0(s )  -o (6)

average

0 - e ( 2 ) - { ' ( d e g . )

2 , 4 4 3 ( 6 )  2 . 4 6  1 0 3 . 5  ( 2 )
2 . 4 8 1  ( 6 )  2 . 4 9  1 0 6 . 6 ( 2 )
2 . s l 6 ( 6 )  2 . s 3  r 1 1 . 2 ( 2 )
2 . 5 3 2 ( 6 )  2 . 6 3  1 1 . 0 . 9 ( 2 )
2 . s s o ( 6 )  2 . s 2  ) . r 2 . 6 ( 2 )
2 . s s s  ( 6 )  2 . s 6  I  r  1 . 8  ( 2 )

2 . 5 1 3  2 . 5 3  1 0 9 . 4

tEs t ina ted  
s tandard  er roTs  fo r  over i te  (O)  a re  s ta ted  in  Darentheses .  Thg bond d is tances  are  a lso  l i s ted  fo r  sege ler i te

(S) .  The es t ina ted  er ro rs  a re  w i t t r in  rd .b f f r  fo r  Me-O and 10 .02 i .  fo r  G-O' .  The equ iva len t  a tons  are  (7 ) ' ,  +x ,  Y ,  Lz  -z |

( 2 )  2  - x ,  - y ,  %  + z ;  ( 3 )  - x ,  - y ,  - z ;  ( 4 )  x ,  - y ,  ,  + z i  ( 5 )  x ,  %  - y ,  ,  + z i  a n d  ( 6 )  r z  + x ,  v 2  - ' / ,  - 2 .

of the crystal structures of the segelerite and jahnsite
structure types, it is convenient to express the gen-
eral  formula as [Mg(HrOL]rIM3*M9*(OH),(PO.). ] ,
where M1+ :  Ca"+, Mn'*,  Fe'*,  . . . ;  and Ms+ :
Fe3+. Al3+. The structural unit in the first brackets

corresponds to the Mg(OpL(HzO)+ octahedron,
which receives two bonds from phosphate tetrahedra
(the Op oxygens) and four from water molecules. The
second brackets include the dense slab whose dimen-
sions are approximately (a,c) of segelerite : (a,b) of
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jahnsite : (15.0, 7.0A). In jahnsite the composition
of the slab is the same as that of segelerite, except that
MZ* : Ca2+Mn2+ in jahnsite, whereas M,r* : CaZ+ tn
segelerite. The difference in cation ordering, however,
does not change the symmetry of the slab, which in
both structures and in some hypothetical structures

. has minimal symmetry of an axial a-glide plane nor-
mal to the c axis. The structure-cell parameters are Z
: 2, a : 14.94(2), b : 7.14(l), c : 9.93(l)A, 0 :
110.16(8)",  space group P2/a for jahnsite,  with the
slab oriented parallel to the {001} plane.

What is the maximal symmetry for an'idealized
slab? In asking this question, the space-group geneal-
ogy of its derivative structures arising from geometri-
cal distortion is sought. Figure I presents a projec-
tion of segelerite down y within the boundary of a
slab, that is, 0 ( y ( Vz.Inspection readily shows that
the a and c axes possess pseudo-mirror planes. Trans-
lating (0, Vo, 0), we obtain as the maximal group
Bmc'm (: Bma'm : Bcc'a : Bca'a), the primes
denoting the axial direction of finite thickness. Keep-
ing within "same cell" relationships, all derivative

0

,l i
t l

li

i i +0 ' i\
-'4\ 

tl+0.33
_?f i t+0 .35  i /

1l
-- lL----t

) r  l r

-)f:::-'3jil ::-+--
1 l  

-  -
l l

\ r l
r l
Ir

I

Fig' l .  Structure of segeleri te down the [010] axis within 0 I y < h. Atoms designated in the asymmetric unit  correspond to Table 2.
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slabs must be subgroups of Bmc'm.In Figure 2, the
idealized slab is shown down the z direction, with the
symmetry elements appropriately located. Thirteen
symmetry elements can be recognized within the unit
slab. The identity, a second inversion center, and the
B-centering complete the elements of the space
group.

The actual segelerite structure down the c axis is
featured in Figure 3, but it is more convenient to
discuss the structure on the basis of the ideal arrange-
ment in Figure 4a. Regarding the slabs alone, the
structure is ideally Bmam with b' : b/2.This is the
subgroup observed by Larsen (1940) for overite. Or-
dering of the Mg-O octahedra, however, leads to the
condition b' : b and the maximal space group 1bca.
Since the actual structure is based on a nearest sub-
group of lbca, that is Pbca, local distortions away
from the ideal configuration degrade the symmetry.
The actual distortion is a combination of twisting of
t he  oc tahed ra l  cha ins  and  d i s to r t i on  o f  t he
Mg(OpL(HzO)a octahedra, the latter presumably as a
result of accommodating unsymmetrical hydrogen
bonds. It is noted that all Mg(OeL(H,O). octahedra
possess a trans-configuration with respect to their
l igand environments.

The relationship with jahnsite is immediately ob-
vious, as seen in the ideal arrangement of Figure 4b
for the latter compound. Alternate slabs are shifted
so that the Mg(Op)r(HrO)n octahedra possess alter-
nate cri- and trans-configurations with respect to
bonding l igands. Thus, segelerite and jahnsite are
combinatorial polymorphs and differ only in the way
in which successive slabs are bridged by the insular
octahedra. The plane of perfect cleavage in the two
structure types is {010} in segelerite (and overite), and

{001} in jahnsite, the planes parallel to the dense
slabs.

These observations suggest that arrangements in
this subfamily of structures are capable of consid-
erable versati l i ty, and challenges for the investigator.
Presumably, the twisting of the Me3+-O octahedral
chains is related to the sizes of the Me2+ cations
bonded within the slabs. Thus, a great variety of
distortions is possible, all derived from parent space
groups of high order. For example, nearest sub-
groups for segelerite-shaped cells can be those found
in Bmam and lbca, such as Pbca, Pcca, Pcaa, Pmam,
etc.

Can an arrangement be found where only cis-
Mg(Op)r(HrO)n bridging octahedra occur? One such
arrangement is idealized in Figure 4c. It possesses
approximate cell dimensions 15 X 20 x 7A and the

Fig 2. Idealized slab ofoctahedra and tetrahedia down the [001]
axis showing the loci of the symmetry elements compatible with a

slab of Bmcm. Note the high symmetry for the idealized slab.

space group Pbma. The slabs alone lead to Cmma,
but steric restrictions limit the ordering scheme for
the bridging octahedra. Such a structure will be diffi-
cult to test, since it will closely resemble in its crystal-
chemical characters the segelerite structure. This em-
phasizes the fact that members of the jahn-
site-segelerite group cannot be easily distinguished
through more simple techniques, since their distin-
guishing character will only be found in the course of
detailed single-crystal study. Thus, single-crystal pho-
tography is essential in the study of these compounds.

As the slabs are the dominating feature of the
structures, it is desirable to express the chemical for-
mulae in such a way that their relationships are ob-

1l-h

0
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0',y(2)+ 0.75 ;----=v=:::

:--*-{--------

Fig. 3' The real segelerite structure projected down [001]. Note the bridging Mg-O octahedra and the compact [CarFe!+(OH)r(por){f
slabs. Heights are given as fractional coordinates in z.

l:==ft===-t

vious. We recommend
overite IMe(H,O)a],[Ca,AL(OH),(PO,).]

segelerite [Mg(H,O).],[Ca,Fe!+(OH)dpO,]l
jahnsite IMe(HrO).h[CaMnr+Fe!+(OH),(pO4)4]

bearing in mind that trans-[Mg(Op)r(Hro)o] is the
configuration for overite and segelerite, and crs-
lMg(OpL(H,OIl and ;rqns-[Mg(O")r(H,O)o] for
jahnsite.

Bond distances
Since overite is a well-refined structure, bond dis-

tances for that compound will be discussed. The first
step is to ascertain hydrogen bonds and then to deter-

- - - - * - - -

mine correlations between deviations in bond
strength sums with bond lengths.

Steric restrictions place limits on the loci of hydro-
gen bonds, the proposed scheme of which is shown in
Figure 5. Possible hydrogen atom donors are OH,
OW(l) ,  OW(2),  OW(3),  and OW(4).  The proposed
scheme is similar to that proposed for jahnsite
(Moore and Araki, 1974). The bonds define a her-
ringbone pattern which bridges across the [010]direc-
tion. According to this scheme, O(2), O(3), O(5), and
O(7) each accepts one hydrogen bond and O(4) and
O(8) each receives two bonds. The OH- anion
evidently does not form a hydrogen bond, owing to
its restricted position: the only possible bond would
have to be along an octahedral edge which, owing to
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electrostatic repulsion, is not acceptable. In Figure 5,
the bond distances and angles are provided and the
labelling scheme conforms with the list of polyhedral
bond distances in Table 3.

The bonds to anions are tabulated in Table 5,
following assignments proposed by Baur (1970). The
deviations from local electrostatic neutrality, Ap,, are
then compared with deviations, Ad, in individual
bonds from polyhedral averages. Contradictions in
bond-length deviations in excess of0.0lA are under-
lined. Of the eight contradictions, six of them are
balanced by positive correlations in the same row.
The two remaining contradictions involve OH-.
Moore and Araki (1974) noted that the Fc3+-OH-

MOORE AND ARAKI: OVERITE, SEGELERITE, AND JAHNSITE

c
t

*llz

+lq

distances are also longer than average in thejahnsite
structu re.

In overite, Ca'z+ exhibits 6 * 2 coordination with
respect to oxygen. The six inner bonds range from
Ca-O : 2.33 to 2.49A, and the remaining two outer
bonds from 2.79 to 2.864. The O-Ca-O bond ansles

[i" ttigttty distorted for an octahedron, and ra-nge
ffpm O(5)t5)-Q3-917;tst 60.5(l)' to O(5;tur-
qb-O(7) :  108.5( l)" .  In this study, Ca2+ is assumed
to be six-coordinated by oxygens. The polyhedral
averages  are(6)4 , l -0  1 .91 ,  ( { )P( l ) -O 1 .54 ,
(t)P(2)-O : 1.54, (8)Ca-O = 2.40, and (6)Mg-O :
2.08A, in agreement with averages found in related
structures.

+l t4

Fig. 4c. ldealized structure of a hypothetical arrangement fully assembled. The space group is Pbma.Note the cri-configuration for
bridging octahedra.
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b='tc
o=ol-

o(3) ( r l

.0(7)
Jb=34
0 = l

Fig.  5.  Hydrogen bonding scheme found in the crystal  s t ructures

of  over i te and segeler i te.  The bond distances refer  to those

computed for  over i te.  Note the herr ingbone pat tern of  bonds

which cut  the [010]  d i rect ion The label l ing scheme conforms to

Tab le  3

For segelerite, the estimated standard deviations in

bond distances are up to +0.01,{ in Me-O and

+0.024 in O-O' ,  but  compar ison of  d is tances about

the Mg2+ cations with those of overite show greatest

differences of 0.09A in Mg-O(4)(2) and 0.144 in

O(+;tzr-O*,1). These distances should not vary sub-

stantially in the two structures' since the environ-

ments and the kinds of ions are about the same in

both. Therefore, it is l ikely that the inferior quality of

the segelerite structure factors affords errors in dis-

tances greater than those estimated from the refined

coordinate parameters, since correlations in those pa-

rameters are high owing to a pronounced sub-

structure.
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