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SUMMARY. Apjohnite, MnA12 (SO~)4. 22H20, is  monoclinic,  space group P21/ c, a 6" t 98 ( z ), b 24"34 7 ( 4), 
e zi-266 (4)/~,/3 Ioo'28 (3) ~ and Z = 4. The crystal structure was determined by means of direct 
methods applied to X-ray data collected with a single-crystal diffractometer. At the end of the refine- 
ment, performed with least-squares method, the R index was o'o39. 

The SO, tetrahedra, AI(H20), octahedra, and MnO(HzO)5 octahedra are connected by a hydrogen 
bonding system; the only direct connection between polyhedra is by sharing of an oxygen between 
8(4) and Mn. In the asymmetric unit there are twenty-two water molecules, five of which lie in channels 
of the structure and are not linked to the cations but only to ligand water oxygens by means of hydro- 
gen bonds. 

Powder data indicate a close structural relationship between apjohnite, halotrichite, and pickeringite. 

THE halotrichite group comprises a series of minerals that present a good example of 
isomorphic substitutions. The general formula can be written ABz(SO4)4.z2HzO, 
where A is mainly Mg z+, Fe z+, Mn "+ while B is A1 a+ (subordinately Fe ~+ and CRY+). 
Several analyses support the existence of a complete series between the Fe z+ end- 
member (halotrichite) and the Mg 2~ analogue (pickeringite). It is likely that the series 
extends also towards the Mn a+ end-member (apjohnite). 

A morphological and X-ray study on pickeringite and halotrichite was performed 
by Bandy (I938), who reported for pickeringite the space group P2/m; morphological 
study by Gordon (I94z) indicated sphenoidal symmetry, so that in Dana's System 
(Palache et al., I95I) the space group is given as P2. 

The crystal structure determination presented some difficulties because of the 
unusually high number of atoms (89) in the asymmetric unit and because of the thin 
hair-like shape of the crystals. The present investigation, dealing with the crystal 
structure of apjohnite, forms a part of a series of crystal-chemical studies on hydrated 
sulphate minerals. 

Experimental. Many acicular crystals of pickeringite from Vulcano, from Vesuvius, 
and from Elba were examined together with some halotrichite crystals, but they were 
invariably found to be too thin to give reliable intensity data. Crystals suitable for the 
X-ray study were found only on a sample of apjohnite from Terlano, Bolzano, Italy, 
kindly supplied by the Revd. Tullio Stolcis. 

A partial chemical analysis of this sample was performed by Dr. A. Bencini by 
atomic absorption. The results for Mn, Mg, Zn, and Fe yield the formula: ( M n ~ ,  
Mg0.zs,Zn0.0e,Fe0.oz) AI2(SO4)a.22H~O. Two different samples from the same locality 
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were previously studied by Meixner and Pillewizer (1937), who found one to be a 
manganoan pickeringite and the other a magnesian apjohnite. Unfortunately Pille- 
wizer's A analysis is not fully reliable because of the noticeable amount (c. 25 %) of  
admixed epsomite; however, after deducting this one can evaluate an atomic ratio 
Mn/Mg of 1.2, while the B sample gives a ratio of o.26. The value found in the present 
study (Mn/Mg = 2"29) together with the two previous ones, indicates a large diadochy 
between the two cations. 

TAB LE [. X-ray powder pattern of apjohnite. Philips diffractometer, Ni-filtered Cu-K~x 
radiation, internal NaF standard 

hkl  Cle~le dobs I hkl  doyle dobs I hkl  deale dobs I 

X A A X A A 
002 Io'462 2 063 3'507"~ I74 2"723), 
o2I IO'522 J I~ IO I24 3"506) 3'515 IOO 222 2"726J 2"726 5 
oi2 9"612 9'65 10 oi6 3"452 3"454 I I  T82 2"688 2"689 19 
022 7'935 7"96 IO 026 3"353 3"36I ) 232 2"644 2"650 I 
023 6"052 6"O7 2O 134 3 " 3 3 7  3"346) 8 213 2"612 2"617 IO 

2"583 I o4I 5"845 5"85 5 072 3"30I 2 3"306 4 2.563 I2 
i2I 5'495 5"48 5 i62 3"312-' 
033 5"290"~ 161 3"283 3"294 4 2"524 4 
O42 5"26I) 5"29 8 TI6 3"26I 3 .268 3 2"465 8B 
i I3  4'954 4"97 18 T45 3"2II 3 "212 3 2-4o8 9 
13o 4'875 4"88 5 i26 3"177"1. 2.288 4 
024 4"806 4"82 90 i63 3"I66J 3"175 I0 2'258 I 
i23 4'673 4'69 5 073 3"113 3"119 2 2'239 6 

2"199 3 13I 4"605 4"6I 6 ~o2 3"079 2 3.O8 o 2 
I22 4"547 4"55 3 ]I1 3"o73) 2.t68 2 
052 4 " 4 1 5  4"413, 6 i36 3"050 3"o55 9 2-133 4 

2'087 5 ~o4 4'375 4'38) 2IO 3"o26~ 3.o32 5 
i41 4'329 4"34~ 27 O46 3"O26) 2'o64 3B 
I4O 4 " 3 o 8  4"32) i64 2'975 / 2"o5I 3B 
i42 4"173"~ 4"18 I2 213 2"975 ~ 2'974 15 2-o2o I3 
II3 4"I7O) o17 2'967] 1"977 4 
i24 4" I I7 )  ~46 2"895 2'901 II  1"960 6 
141 4"I18) 4"13 22 214 2"847] 1'896 5 
123 3"997 4"008 IO 172 2"837~ 2"840 12 1"879 I2B 
025 3"958 3"967 23 056 2"835) 1-866 8 
T43 3"891 3902 6 ~24 2.79o ~ i-840 2B 
o62 3"783 3'792 33 202 2.797~ 2'793 II  1.827 3 
151 3 " 6 7 3  3-676~ o83 2"789] I'784 4 B 
lO4 3-66I 3.667) 4 212 2.778 ] I'715 4 
114 3"620 3'625 6 231 2'767~ 2"769 6 

T65 2'766] 

The powder pattern of apjohnite is reported in Table I; it was partially indexed on 
the basis of the unit-cell dimensions obtained from a single crystal and taking into 
account the intensities as measured on a single-crystal diffractometer. By comparison 
of Table I with theJCPDS cards I 1--506 and 12-299 (JCPDS, 1970 the close structural 
relationship between apjohnite, halotrichite, and pickeringite is evident. The unit cell 
dimensions were determined from twenty-five high theta reflections measured on a 
single-crystal diffractometer: a 6,198 (2), b 24"347 (4), c 21.266 (4) A, and fl IOO.28 (3) ~ 
The observed density, determined by the flotation method, is 1.8I g cm -3 and the 



THE CRYSTAL STRUCTURE OF APJOHNITE 6oi 

calculated value is 1-836 g cm -3. The space group, uniquely determined from the 
systematic absences, is P21/c. The transformation matrix from Bandy's (1938) orienta- 
tion to the one of the present study is ooI/OlO/iOi. 

Intensities were collected with a Philips PW IlOO 4-circle computer-controlled 
diffractometer (Centro di Cristallografia Strutturale del CNR, Pavia, Italy), with 
Cu-Kc~ radiation and the oJ-20 scan technique. A total of 3349 independent reflections 
in the range 2 ~ < 0 < 5 oo were measured with scan speed o.o25~ and scan range 
I.o~ only 2423 reflections were judged to be actually measured according to the 
criterion I ~ 3(r (I). Intensities were corrected for Lorentz-polarization effects, while 
absorption correction was considered negligible because the crystal was so thin. 

Structure determination and refinement. The structure was solved by means of direct 
methods using the M U L T A N  computer program (Germain, Main, and Woolfson, 
I971). In spite of the high number of atoms in the asymmetric unit, M U L T A N  was 
able to supply automatically the correct solution, working on 4oo normalized structure 
amplitudes with E ~ 1.55. The Fourier synthesis computed from the phasing of these 
4oo structure factors gave clear indications on all atoms but five oxygens, an d  of 
course the hydrogen atoms. The R index (defined as R = Y'I IFol-IFol I/XlFol) was 0"32. 
In the next electron density map the missing oxygen atoms were located. 

The refinement of the structure was performed by the least-squares method; all 
observed reflections were assigned a weight I/4tr with g deriving from counting sta- 
tistics. Thermal parameters, at first individual isotropic and later anisotropic, were 
allowed to vary. Towards the end of the refinement a difference Fourier synthesis was 
computed in order to locate the hydrogen atoms. Sufficiently reliable indications were 
obtained for thirty-two hydrogens, which were subsequently refined with a thermal 
parameter fixed at 7"5 A 2. The twelve missing hydrogen atoms were located taking into 
account the consistency of  the general hydrogen-bonding system; their positional 
parameters were computed assuming that H atoms lie approximately on the donor-  
acceptor alignment about one-third of the donor-acceptor distance from the donor. 
These latter twelve atoms were not refined. With the atom parameters given in Tables 
II and III and taking into account the anomalous dispersion correction for the diva- 
lent cation (Cromer and Liberman, I97O) the final R index was o'o39 for all observed 
reflections and o'o59 including the unobserved ones. The atomic scattering factors for 
neutral atoms were obtained by interpolation of the values given by Cromer and 
Waber (1965); for hydrogen atoms the values given by Stewart, Davidson, and Simp- 
son (1965) were used. A table of observed and calculated structure factors is deposited 
in the library of the Department of Mineralogy, British Museum (Natural History). 

Discussion. As one can evaluate from the high number of water molecules in the 
chemical formula, the hydrogen-bonding system is of particular relevance in this 
structure. In fact the three-dimensional connection in apjohnite is really due to bonds 
of this kind, in the same way as in the structure of alunogen (Menchetti and Sabelli, 
I974). Since the ratio between the number of water molecules (22) and cations (3) 
exceeds the oxygen coordination of the cations (C.N. = 6) one can conclude that at 
least four water molecules cannot behave as ligands. Actually in apjohnite there are 
seventeen ligand water molecules and five 'free' water molecules. This is due to the 
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absence of water oxygens shared between polyhedra and to the presence of one oxygen, 
namely O06),  that is linked to both S(4) and Mn, so making the only direct connection 
between polyhedra. 

Each of the ligand water oxygens acts as proton donor towards sulphate oxygens or 
towards sulphate and free water oxygens. Donor-acceptor distances involved in these 
latter bonds (that is ligand water ~ free water) range from 2.60 to 2.66 A so that the 
free water molecules are to be considered connected strongly enough to the whole 

TABLE III .  Positional parameters of  H atoms 

x/a y/b z/c x/a y/b z/c 

H(I) o"78I(9) 0"620(2) O'I42(3) H(23) 0"45 0'3I O'IO 
H(2) 0"793(9) O'56I(2) O'I I2(3) H(24) 0"43 0"37 0'09 
H(3) 0"210(9) o'647(2) o'I73(3) H(25) o'913(9) O'3IO(2) 0'I2o(3) 
H(4) o'442(9) 0'643(2) O'I96(3) H(26) I'o48(9) o'293(2) o'I97(3) 
H(5) 0'58 0'69 0'04 H(27) 0'474(9) 0"266(2) 0"226(3) 
H(6) 0'32 0"69 o'oi H(28) o'7I I(9) 0"248(2 ) o'2I I(3) 
H(7) --o'oi5(9) o'65I(2) o'04o(3) H(29) o'888(9) o'38I(2) 0'3o3(3) 
H(8) ---0"029(9) 0"593(2) o'0o8(3) H(3o) 0"83 o'3I O'3I 
H(9) o'52 o'56 --o'03 tt(3 I) 0'442(9) o'379(2) o'26o(3) 
H(IO) 0"29 0'54 "--o'o3 H(32) 0"332(9) 0'398(2) o'I95(3) 
H(II) 0"632(9) o'543(2) o'38o(3) H(33) o'718(9) 0"455(2) O"2O9(3) 
H(I2) o'42I(9) 0'548(2) 0"329(3) H(34) 0"92 o'43 0"19 
H(I3) 0"068(9) 0"585(2) o'377(3) H(35) 0"732(9) 0"262(2) o'326(3) 
H(I4) 0q37(9) 0'644(2) o'346(3) H(36) o'953(9) 0'232(2) 0"366(3) 
H(I5) o'6o8(9) o'703(2) o'399(3) tt(37) o'214(9) o'57o(2) o'235(3) 
H(I6) o'6o7(9) o'658(2) o'348(3) H(38) 0"I9 o'5! o'23 
H(t7) o'225(9) O'679(2) 0'476(3) H(39) 0"69 o'54 o'2o 
H(18) o"49I(9) 0"690(2) o"52I(3 ) H(4o) 0"75 o'5I 0-28 
H(I9) 0"828(9) o'64I(2) 0"483(3) H(4I) 0"547(9) o'412(2) o'36I(3) 
H(2o) o'764(9) 0"585(2) o'5Io(3) H(42) 0"292(9) o'417(2) 0'338(3) 
H(2I) 0"3o7(9) o'519(2) o'460(2) H(43) 0"506(9) o"28o(2) 0"385(3) 
H(22) o'302(9) o'563(2) o'5Io(3) H(44) o'4I 0"33 o'39 

structural arrangement. These free water molecules lie in channels, with an hexagonal 
outline (see fig. I), running parallel to [Ioo]; these channels are built up by the mutual 
arrangement of three octahedra and three tetrahedra. This feature is similar to that 
already observed in the structure of alunogen (Menchetti and Sabelli, I974). The weak 
H bonds donated by the free molecules are directed towards oxygen atoms facing the 
channel, except for the two bonds in which 0(38) is the donor;  this atom indeed is 
bound to two free water molecules. All distances and angles involving hydrogen atoms 
are shown in Table IV. 

The general hydrogen bonding system, however, is not without uncertainties: for 
instance the configuration of hydrogen atoms around 0(34) is questionable. Within 
the limit of 3"30 •, 0(34) has five surrounding oxygen atoms. Two of these, namely 
O(3I) and O(38), are likely to act as proton donors towards 0(34). The other three, 
O(I), 0(9), and O(3o), are respectively 2.97 , 3"00, and 3"26 A from 0(34). On the basis 
of  the above values one could postulate the bonds O ( I ) . . .  H-O(34)-H �9 �9 �9 0(9); but 
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the O(i)-O(34)-O(9 ) angle (64 ~ is very distant from the theoretical water angle. The 
O(9)-O(34)-O(3o) angle instead is 85~ it fits better the acceptor-donor-acceptor 
configuration. Two more considerations, unfortunately contradictory, are to be taken 
into account: in the difference Fourier map there is no positive area in the position 
expected for a hydrogen bridging 0(34) to O(I); an opposite indication is supplied by 
the charge balance (see Table V) which shows O(I) to be underbonded and 0(30) to be 
overbonded. 

~ b  

C Si I ]~  

FIG. I. Projection of the structure viewed along the a-axis. 

As mentioned above, the two independent A1 atoms are both coordinated by six 
water oxygens, while Mn is co-ordinated by five water oxygens and one sulphate 
oxygen. Examination of bond angles and bond lengths, reported in Tables V1 and VII, 
shows that the three octahedra are almost regular. Within the standard deviation limits, 
the mean A1-O distance, 1.884 A, is identical to the value of 1.882 A found in the 
structure of alunogen (Menchetti and Sabelli, 1974). In the International Tables for 
X-ray Crystallography (I962), the mean value of 1.91 A for the A1-O distance is 
reported. In the Mn octahedron the Mn-O distance, 2"093/~, is noticeably shorter 
than the mean Mn-Ow distance of 2"164/~. in the International Tables the mean 
value for the Mn-O distance is given as 2"2I /~; a similar value, 2.206/~k, was  found 
in the structure of hureaulite (Menchetti and Sabelli, 1973) where no sharp distinction 
between Mn-O and Mn-O w distances is present. The shorter values found in ap- 
johnite are to be related to the presence of Mg 2+ substituting for Mn 2+, while in hureau- 
lite a substitution of Fe 2+ for Mn z+ was found. 

No unusual feature is shown by the four independent SO4 tetrahedra for which a 
mean S-O bond length of 1"476/k was found. No lengthening of the S(4)-O(I6) 

R r  
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TABLE V. Electrostatic balance 

6o7 

M n  S H -  . . . H  T o t a l  M n  S H -  . . . H  T o t a l  
A1 A1 

O ( I )  - -  1"49 - -  0"37 1 .86  0 ( 2 o )  0 ' 3 5  - -  1 .6o - -  1"95 

0 ( 2 )  - -  1"49 - -  0 -46  1 '95  O ( 2 1 )  0"34 - -  1"56 - -  1-9o 

0 ( 3 )  - -  1"53 - -  o"41 1 ' 94  0 ( 2 2 )  o-52 - -  1"53 - -  2"05 

0 ( 4 )  - -  1"49 - -  o ' 4 9  1"98 0 ( 2 3 )  0"48 - -  1"55 - -  2-03 

0 ( 5 )  - -  1"53 - -  o ' 4 4  1 ' 97  0 ( 2 4 )  o-50 - -  1"54 - -  2 ' o 4  
0 ( 6 )  - -  1"5o - -  o ' 5 8  2-o8 0 ( 2 5 )  o-50 - -  1"54 - -  2 ' o 4  

0 ( 7 )  - -  1"46 - -  o -5o  1"96 0 ( 2 6 )  o ' 5 o  - -  1"53 - -  2-03 

0 ( 8 )  - -  1"51 - -  o ' 4 5  1"96 0 ( 2 7 )  o-5o - -  1"51 - -  2 'Ol  

0 ( 9 )  - -  1"55 - -  o ' 4 9  2 ' o 4  0 ( 2 8 )  o-48 - -  1-61 - -  2 ' 0 9  

O ( I o )  - -  1"52 - -  0"44 1 ' 9 6  0 ( 2 9 )  0"50 - -  1"56 - -  2"06 

O ( I I )  - -  1"44 - -  O '44  1"88 0 ( 3 O )  O'49 - -  1"58 O-12 2"19 

O ( 1 2 )  - -  1"49 - -  O'4O 1 ' 89  O ( 3 1 )  O'5O - -  1"54 - -  2"O4 

0 ( 1 3 )  - -  1"45 - -  o-61 2 .06  0 ( 3 2 )  0"51 - -  1 " 5 2  - -  2"03 

O ( 1 4 )  - -  1"55 - -  0"56 2 ' 1 I  0 ( 3 3 )  0"52 - -  1"51 - -  2"03 

O ( 1 5 )  - -  1"5o - -  o ' 3 8  1"88 0 ( 3 4 )  - -  - -  I ' 7 3  o ' 3 9  2"12 

O ( 1 6 )  o ' 3 9  I ' 5O - -  - -  I ' 8 9  0 ( 3 5 )  - -  - -  I ' 7 3  o ' 2 3  1"96 

O ( 1 7 )  o ' 3 I  - -  1"63 o ' 1 5  2 ' o 9  0 ( 3 6 )  - -  - -  I ' 7 I  O'25 1"96 

O ( 1 8 )  O'29 - -  1"69 O ' I 3  2 '11  0 ( 3 7 )  - -  - -  I ' 5 7  0"45 2 'O2 

O ( 1 9 )  0"32 - -  1 ' 65  - -  I ' 9 7  0 ( 3 8 )  - -  - -  I ' 6 4  0 ' 2 3  1"87 

TABLE VI. Bond distances 

S ( I ) - - O ( I )  I '480(4) A S ( 3 ) - O ( 9 )  1'468(4) A Mn-  O(16)2"o93(4 )~  A1(2)-O(28)I '899(4)  
O (2) I'479 (4) O (IO) I'476 (4) O (17) 2'177 (4) O (29) 1"887 (4) 
O (3) 1'469 (4) O (II) I'497 (4) O (18)2"2o9 (4) O (3 o) 1.894 (4) 
O (4) 1"479 (4) O (12) 1'482 (4) O (I9) 2"I65 (4) O (31) 1-885 (4) 

O (20) 2~I27 (4) O (32) I'875 (4) 
S (2)- O (5) 1-468 (4) S (4)- O (13) I'484 (4) O (2I) 2"I43 (4) O (33) 1"869 (4) 

O (6) 1"476 (4) O (14) 1.459 (4) 
O (7) I'485 (4) O (15) 1'47o (4) A1 (I)- O (22) 1"869 (4) Average Mn-O 2"152 A 
O (8) 1"474 (4) O (16) 1.472 (4) O (23) 1"899 (4) A1-O 1.884 

O (24) 1.882 (4) 
Average S-O 1.476 fik O (25) I'884 (4) 

O (26) 1'885 (4) 
O (27) 1"879 (4) 

distance was observed (this oxygen is the only one linked also to Mn) unlike what was 
observed in some iron sulphates, e.g. in roemerite (Fanfani, Nunzi, and Zanazzi, 
I97o ) and in coquimbite (Giacovazzo, Menchetti, and Scordari, I97o). 

The electrostatic valence balance, computed according to Brown and Shannon 
(I973), is on the whole satisfactory, with some exceptions, e.g. O(I) and O(3o), as 
already discussed in the hydrogen bonding description. 
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TABLE VII. Bond angles and edges of polyhedra 

O(I)-S(I)-O(2) lO9"5(2) ~ O(I)-O(2) 2'417(5) fik O(9)-S(3)-0(IO) 11o"4(2) ~ O(9)-O(Io) 
0(3) lO9"2(2) 0(3) 2"4o3(6) O(II) lO8"9(2 ) O(11) 
0(4) lO9"5(2) 0(4) 2"416(5) 0(12) IIO'I(2) 0(I2) 

O(2)-S(I)-O(3) I 1o.o(2) 0(2)-0(3) 2"415(5) O(I o)-S(3)-O(I 1) IO8" I(2) O(1o)-O(11) 
0(4) lO8.3(2) 0(4) 2"398(5) O(12) lO9"7(2) O(12) 

0(3)-S(I)-0(4) I IO'3(2 ) 0(3)-0(4) 2"419(5) 0(I I)-S(3)-0(I2) IO9"7(2) 0(11)-0(12) 

2"417(6) !~ 
2"412(5) 
2"417(5) 
2'4o7(5) 
2"419(5) 
2"435(5) 

2'387(6) 
2"409(5) 
2-380(6) 
2"407(6) 
2"412(6) 
2"417(5) 

O(5)-S(2)-O(6) IO9 '6 (2 )  0(5)-0(6) 2"406(5) O(I3)-S(4)-O(14) lO8-4(2) O(13)-O(14) 
0(7) 108"5(2) 0(7) 2"395(5) O(I5) 109'3(2) O(15) 
0(8) 109"5(2) 0(8) 2"402(6) O(I6) 107"3(2) O(16) 

O(6)-S(2)-O(7) lO8"4(2) 0(6)-0(7) 2'4o1(5) O(I4)-S(4)-O(I 5) 1Io"5(2)  O(14)-O(15) 
0(8) III'1(2) 0(8) 2"432(5) O(I6) I I0"8(2) O(16) 

O(7)-S(2)-O(8) I09"7(2)  0(7)-0(8) 2'420(5) O(15)-S(4)-0(I6) 11o"5(2) O(15) O(16) 

Average 0 ( 3  2"41o A 
O(I6)-Mn-O(I7) 85"7(1) ~ O(I6)-O(I7) 2"9o5(6) A O(22)-AI(I)-O(23) 89,8(2) ~ 0(22)-0(23) 2"658(5) A 

O(18) 88"5(2) O(18) 3'004(5) 0(24) 90'8(2) 0(24) 2'672(5) 
O(19) 177"4(2) 0(20) 3"115(5) 0(25) 178'5(3) 0(26) 2'687(5) 
0(20) 95"2(I) O(21) 3"033(6) 0(26) 9I'5(2) 0(27) 2"617(5) 
O(21) 91"5(2) O(17)-O(18) 2"945(6) 0(27) 88"6(2) 0(23)-0(24) 2'683(5) 

O(17)-Mn-O(I8) 84"40) O(19) 3"II6(5) O(23)-AI(1)-0(24) 90"4(2) 0(25) 2'644(5) 
O(I9) 9I"7(1) O(21) 3"246(5) 0(25) 88"7(2) 0(27) 2-686(5) 
0(20) I72"9(2) O(18)-O(19) 3"135(6) 0(26) 178"7(3) 0(24)-0(25) 2"644(5) 
O(21) 97'4(2) 0(20) 3"028(5) 0(27) 9o'6(2) O126) 2"645(6) 

O(IS)-Mn-O(I9) 91 '6(1)  0(19)-O(2o) 2"965(6) O(24)-A1(1)-O(25) 89"2(2)  0(25)-0(26) 2-666(5) 
0(20) 88.6(1) O(21) 3"0o7(6) 0(26) 89"2(2) 0(27) 2"692(5) 
O(21) I78-2(3) O(2o)-O(2I) 3"oio(6) 0(27) 178"8(3) 0(26)-0(27) 2-656(5) 

O(19)-Mn-O(2o) 87"4(1) O(25)-A1(r)-O(26) 9o'I(2) 
O(21) 88"5(2) Average O-O 3"042 ~ 0(27) 91"4(2) 

O(2o)-Mn-O(2 i) 89'7(2) O(26)-AltD-O(27) 89"8(2) 

O(28)-A1(2) 0(29) 89"5(2) ~ 0(28)-0(29) 2'664(5)/~ O(3o)-fiJ(2)-0(3t) 89"1(2) ~ O(31)-O(32) 2"685(5) A 
0(30) 90"8(2) 0(30) 2'699(5) 0(32) 89"4(2) 0(33) 2"692(5) 
O(31) 179"6(3) 0(32) 2'648(5) 0(33) I79"3(3) 0(32)-0(33) 2"660(5) 
0(32) 89"I(2) 0(33) 2"628(5) O(3I)-A1(2)-0(32) 91"2(2) 
0(33) 88 '5(2)  0(29)-0(30) 2"652(5) 0(33) 9I'7(2) Average O O 2'664 A 

O(29)-A1(2)-O(3o) 89'I(2) O(3I) 2"67I(5) O(32)-A1(2)-O(33) 90"6(2) 
O(31) 90'2(2) 0(33) 2"676(5) 
0(32) I78"o(2) O(3o)-O(3I) 2"649(5) 
0(33) 90'9(2) 0(32) 2"652(5) 

R E F E R E N C E S  

BANDY (M. C.), 1938. Amer. Min. 23, 724- 9. 
BROWN (I. D.) and SHANNON (R. D.), 1973. Acta Cryst. A 29, 266-82. 
CROMER (I). T.) and LIBERMAN (D.), i970. Journ. Chem. Phys. 53, 189I-8. 
- -  and WABER (J. T.), 1965. Acta Cryst. 18, lO4-9. 
FANEANI (L.), NUNZI (A.), and ZANAZZI (P. F.), 197o. Amer. Min. 55, 78-89. 
GERMAIN (G.), MAIN (P.), and WOOLESON (M. M.), 197I. Acta Cryst. A 27, 368-76. 
GIACOVAZZO (C.), MENCHETTI (S.), and SCORDARI (F.), I97O- Accad. Naz. Lincei Rend. Sc. fis. mat. 

nat. 49, 129-4o. 
GORDON (S. G.), I942. Notulae Naturae, Acad. ScL Philadelphia, 101, I-9. 
HAMILTON (W. C.), 1959. ,4cta Cryst. 12, 6o9-1o. 
International Tables for X-Ray Crystallography, 1962, 3, 258-74. 
JCPDS (Joint Committee on Powder Diffraction Standards), 1971. Inorganic Index to the Powder 

Diffraction File. Pennsylvania. 
MEIXNER (H.) and PILLEWlZER (Vq.), 1937. Zentr. Min., Abt. A, 263-7o. 
MENCHETTI (S.) and SABELLI (C.), 1973. Acta Cryst. B 29, 2541-8. 

1974. Tschermaks Min. Petr. Mitt. 21, 164-78. 
PALACHE (C.), BERMAN (H.), and FRONDEL (C.), I95I.  Dana's System of  Mineralogy, 2, 522-9, New 

York (Wiley). 
STEWART (R. F.), DAVIDSON (E. R.), and SIMPSON (W. T.), I965. Journ. Chem. Phys. 42, 3175-87. 

[Manuscript received I3 May 1975] 


