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mol6cules d'eau, tousles atomes d'oxyg6ne du groupe- 
ment m&halaesulfonato sont capables de liaisons avec 
le m&al, et que dans ce cas le groupement joue le r61e 
de coordinat tridentate, alors qu'il se comporte comme 
monodentate dans le complexe cuivrique. Ainsi ces pre- 
miers r6sultats laissent entrevoir une grande vari6t6 de 
structures pour les m6thanesulfonates m6talliques. 

Tableau 4. Principales distances de liaisons (A) 

C a-O(1) 2,339 (4) C a-O(4) 2, 285 (4) 
S( 1)-O(1) 1,449 (4) S(2)-O(4) 1,446 (4) 
S(1)-O(2) 1,456 (4) S(2)-O(5) 1,441 (4) 
S(1)-O(3) 1,429 (5) S(2)-O(6) 1,442 (4) 
S(1)-C(I) 1,760 (8) S(2)-C(2) 1,748 (6) 
C(1)--H(I) 0,93 (14) C(2)-H(4) 1,25 (14) 
C(I)-H(2) 0,99 (15) C(2)-H(5) 1,13 (14) 
C(I)--H(3) 1,03 (14) C(2)-H(6) 0,99 (14) 

Les calculs ont &6 6ffectu6s sur ordinateur IBM 
370-168 fi Orsay (CIRCE) par I'interm6diare du ter- 
minal de l'Institut de Recherches sur la Catalyse de 
Lyon et fi l'aide d'une biblioth6que de programmes 
organis6e au Laboratoire de Chimie Analytique-ll. 

Tableau 5. Principaux angles de liaisons (°) 

O(1)-S(!)-O(2) 111,9 (2) O(4)-S(2)-O(5) 110,2 (3) 
O(1)-S(1)-O(3) 113,5 (3) O(4)-S(2)-O(6) 112,3 (3) 
O(i)-S(I)-C(I) 107,0 (3) O(4)-S(2)-C(2) 106,6 (3) 
O(2)-S(1)-O(3) 112,0 (3) O(5)-S(2)-O(6) 111, ! (3) 
O(2)-S(1)-C(1) 106,0(3) O(5)-S(2)-C(2) 109,2 (4) 
O(3)-S(1)-C(1) 105,9 (5) O(6)-S(2)-C(2) 107,2 (4) 
Ca-O(1)-S(I) 146,2 (3) Ca-O(2~)-S(I ~) 137,3 (2) 
Ca-O(4.).-S(2).. 159,3 (3) Ca-O(6iv)-s(2 iv) 158,6 (3) 
Ca-O(5")-S(2") 166,6 (4) Ca-O(3iii)-S(liii) 168,1 (4) 
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Mg(OH)2.2Mg2SiO 4, P21/b, a--4.752(l),b=: 10.350(2),c 7.914(2) A.t~ 108.71(5) ° . Z  2. Most 
of the interatomic distances are longer than those in F-rich natural chondrodite. However. there arc 1~o 
significant differences in bonding angles or in the steric details of the Si tetrahedron. The radius of the 
coplanar-bonded three-coordinated OH is 1.35~ A. A statistical distribution is suggested for the OH 
orientation. 

Introduction 

Chondrodite belongs to the humite group, x[TiO2]. (I - 
x)[M(OH,F) 2] . nM2Si Q ,  where 0 _< x < I, n -- 1, 2, 3, 4 
and M represents Mg, Fe, Mn, Ca or Zn in decreasing 
order of abundance (Jones, Ribbe & Gibbs, 1969). 
Gibbs, Ribbe & Anderson (1970) refined the structure 
of F-rich natural chondrodite (hereafter GRA- 
chondrodite). OH-chondrodite (equivalent to phase D 
in the system MgO-SiO2-H20)  was discovered by 
Yamamoto & Akimoto (1974, 1977). The present 
experiments were carried out to examine the effect of 
the replacement of F by OH on the structure of 
chondrodite. 

Experimental procedure and results 

The OH-chondrodite crystal used was synthesized 
from a 13Mg(OH)2 + 4SIO2 mixture at 77 kbar and 
1125°C. The synthesis and stability field of OH- 
chondrodite were described previously (Yamamoto & 
Akimoto, 1974, 1977). 

The diffraction intensities of 714 non-equivalent 
reflexions were collected with an automatic four-circle 
diffractometer and Cu Ka radiation, and were correc- 
ted for Lorentz, polarization and absorption effects. 
The structure refinement was carried out with the full- 
matrix least-squares program RSFLS-4 (Sakurai, 
Nakatsu & lwasaki, 1967), and the three-dimensional 
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difference-synthesis program RSSFR-5 (Sakurai, 
1967), o f the UNICS system (Fujitsu, 1972). The scat- 
tering factors ( f )  for 02- were taken from Tokonami 
(1965) and for Si 4+ and Mg 2÷ from International 
Tables for X-ray Crystallography (1962). The disper- 
sions ( A f '  and A f " )  were also from International 
Tables (1962). The positional parameters of Taylor & 
West (1928) were used as starting parameters. 

A difference map calculated after refinement with an 
overall scale factor and positional and isotropic 
temperature parameters showed two peaks, H(1) and 

H(2), approximately 1 /~, from 0(5); this was the OH 
group. The peaks were considered to be a result of 
statistically distributed H. Further refinements with the 
positional parameters of all atoms except M(1), the 
anisotropic temperature parameters of all atoms except 
H(1) and H(2), and the occupancies of H(1) and H(2) 
reduced R to 0-042. The f for O- taken from Inter- 
national Tables (1962) was used for O(5), and the f 
for H from Stewart, Davidson & Simpson (1965) was 
used for H(1) and H(2). The temperature parameters of 
H(1) and H(2) were kept fixed at the isotropic value of 

Table 1. A tomic parameters for OH-ehondrodite 

Space group P2 Jb (ct obtuse) is used, because it is consistent with that determined by Taylor & West (1928) and Gibbs et al. (1970) and is 
preferred to the other setting in the humite group. Thermal parameters are multiplied by 104. 

x y z Bit B22 B33 BI2 BI3 B23 
M(1) 0.5 0 0.5 16 (7) 12 (2) 17 (3) 0 0 -1  (2) 
M(2) 0.0073 (3) 0.1755 (1) 0.3089 (2) 47 (5) 10 (1) 20 (2) - 1  (2) - 2  (3) 3 (1) 
M(3) 0.4875(3) 0-8838(1) 0.0771 (2) 38(5) 15(1) 22(2) 0(2) -1 (3) 6(I)  
Si 0.0777 (2) 0.1408 (1) 0.7020 (1) 8 (4) 8 (1) 13 (1) 3 (1) 3 (2) 0 (1) 
O(1) 0.7761 (6) 0.0027 (2) 0.2966 (3) 44 (12) 8 (2) 12 (4) 7 (4) 5 (5) 1 (2) 
0(2) 0.7266 (6) 0.2446 (2) 0-1292 (3) 27 (12) 10 (2) 14 (4) - 3  (4) 3 (5) 3 (3) 
0(3) 0.2249 (6) 0.1676 (2) 0.5291 (3) 22 (12) 10 (2) 14 (4) - 2  (4) 0 (5) 3 (2) 
0(4) 0.2631 (6) 0.8566 (2) 0.2973 (3) 32 (11) 13 (2) 16 (4) - 4  (4) 2 (6) 0 (3) 
0(5) 0-2650 (9) 0.0600 (3) 0.1064 (4) 135 (14) 18 (3) 59 (5) 20 (5) 55 (7) 16 (3) 
H(1)* 0.15 (2) 0.03 (1) 0.06 (1) 
H(2)* 0.42 (2) 0.10 (1) 0.20 (1) 

* The occupancies of H(1) and H(2) are 0.59 (9) and 0.56 (9). 
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Fig. 1. Exploded diagram showing the steric details of cation coordination polyhedra in OH-chondrodite. The heavier lines are edges shared 
between two octahedra. Double lines are edges shared between a tetrahedron and an octahedron. 
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0(5). The validity of each structure modification 
was checked by Hamilton's (1965) R-factor ratio test 
at the 0.005 significance level. The final parameters are 
listed in Table 1.* The exploded diagram showing the 
steric details of the cation coordination polyhedra is 
shown in Fig. 1. A comparison of the volumes of all 
polyhedra in both chondrodites is in Fig. 2. 

Discussion 

The crystal structure of OH-chondrodite is almost 
identical with that of GRA-chondrodite. 

Anion coordination and anion array 
All intercation distances, except M(3)--M(3)' 

around 0(2) and M(2)-M(2)' around 0(3), in OH- 
chondrodite are 0.002 ~ 0.093 ~ longer than those in 
GRA-chondrodite. The shorter M(3)-M(3) '  and 
M(2)-M(2) '  distances of OH-chondrodite are because 
of the large increments in (OH,F)-M(2) and 
(OH,F)-M(3) resulting from the replacement of F by 
OH. Although inter-cation distances for both chon- 
drodites differ over rather a wide range (from -0.011 
to 0.093 ~), the bond-angle differences are small com- 
pared with the bond-angle strains described by G~bbs et 
al. (1970). The mean anion-anion distances for each 
OH-chondrodite anion are 0.01 ,~ 0.063 ~ larger than 
those of GRA-chondrodite. The replacement of F by 
OH causes an expansion of the whole anion array. 

* A list of structure factors and tables of interatomic distances, 
bond angles and principal axes of thermal ellipsoids have been 
~leposited with the British Library Lending Division as Supple- 
mentary Publication No. SUP 32251 (11 pp.). Copies may be ob- 
tained through The Executive Secretary, International Union of 
Crystallography, i 3 White Friars, Chester CH I I NZ, England. 
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Fig. 2. Plots of the volumes of polyhedra in both chondrodites. 
Open and solid circles represent vacant and cation-occupied oc- 
tahedra respectively. Open and solid triangles represent vacant 
and Si-occupied tetrahedra respectively. Si, M--0-), M(2) and 
M(3) express the tetrahedron and the octahedra which share the 
planes l approximately parallel to (I 10)] with a Si tetrahedron and 
M(I), M(2) and M(3) octahedra. 

Cation coordination 
The volume and the mean Si-O and O - O  distances 

of Si tetrahedra in both chondrodites are equal, and the 
steric details are similar. The Si tetrahedron is hardly 
affected by the replacement of F by OH. The volume 
and the mean M(1) -O and O - O  distances of the M(1) 
octahedron of OH-chondrodite are slightly larger than 
those of GRA-chondrodite. These differences are not 
explained by the fact that the M(1) site of GRA- 
chondrodite contains 0.05Fe (Gibbs et al., 1970; Ribbe 
& Gibbs, 1971), because the ionic radius of Fe (0.77 
A) is larger than that of Mg (0.72 /~) IShannon & 
Prewitt's (1969) ionic radii are used throughout this 
paperl. The M(1) octahedron is slightly affected by the 
replacement of F by OH, although the octahedron has 
no (OH, F) ligand. The volume and the mean M(2)-  
(O,OH) and O--(O,OH) distances of the M(2) octa- 
hedron of OH-chondrodite are 0.28/~3, 0.017 /k and 
0.024 ~ larger than those of GRA-chondrodite. The 
volume and the mean M(3)-(O,OH) and (O,OH)-  
(O,OH) distances of the M(3) octahedron of OH- 
chondrodite are 0.49 ~3  0.033/~ and 0.042 ~ larger 
than those of GRA-chondrodite. The largest dif- 
ferences in the interatomic distances between both 
chondrodites are M(3)-O(1) (0.063 A) and 0(2) ' -  
OH (0-108 A). 

The differences in the structures of both chon- 
drodites indicate that the Si tetrahedron rotates 
approximately 1 o about an axis approximately parallel 
to a, relative to the triangle M(I)M(2)M(3). by the re- 
placement of F by OH, where the tetrahedron shares 
three edges with the M(1), M(2) and M(3) octahedra. 
This rotation makes the M(1)-O(1), M(2)-O(3) and 
M(3)-O(2) lengths of OH-chondrodite slightly short, 
compared with those of GRA-chondrodite, although 
the other Mg-(O,OH) bond length of OH-chondrodite 
is longer. 

Effect o f  the composition o f  the (OH,F) site on mean 
interatomie distances 

A comparison of some mean bond lengths for 
norbergite (Gibbs & Ribbe, 1969). OH-chondrodite 
(present work), GRA-chondrodite (Gibbs et al., 1970), 
humite (Ribbe & Gibbs, 1971) and clinohumite (Robin- 
son, Gibbs & Ribbe, 1973) is shown in Fig. 3 as a func- 
tion of F content. The mean O H - M g  [one M(2)and 
two M(3)] bond length in OH-chondrodite is 2.071 ~,  
whereas the m e a n  (OHo 367F0 633)-Mg bond length in 
GRA-chondrodite is 2.034 ~ laccording to Gibbs et al. 
(1970) and Ribbe & Gibbs (1971), M(2) and M(3) sites 
in GRA-chondrodite are substantially Fe-free], There- 
fore, the effective radius of OH in chondrodite is deter- 
mined to be 0.058/~ larger than that of F (1.300 /~). 
With these radii and the radius of Mg 2' (0. 720/~), the 
Mg-OH and M g - F  bond lengths are calculated to be 
2.078/~ and 2-020/~. These lengths are 0.007 ~ shor- 
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ter than the mean O H - M g  bond length in OH- 
chondrodite and the F--Mg length expected from Fig. 3 
respectively. 

Ribbe & Gibbs (1971) determined the effective 
radius of  the three-coordinated OH to be 1.34/k using 
essentially the same lines as the dashed lines in Fig. 3. 
But it appears that the dashed lines give a radius 
approximately 0.08 A larger than that of F. 

Comparing the mean F - M g  bond length in F- 
tremolite with the O H - M g  bond length in OH- 
tremolite, Cameron & Gibbs (1973) also determined 
the effective radius of the three-coordinated OH to be 
1.336 /k. The three-coordinated OH radius difference 
between chondrodite and tremolite is a result of the dif- 
ference in the Mg arrays around OH. In chondrodite, 
(OH,F) is nearly coplanar with the three Mg ions to 
which it is bonded, whereas the array in tremolite is far 
from coplanar. 

The M(3) octahedron has four O and two (OH,F) lig- 
ands and M(2) 5 has five O and one (OH,F). The 
dependences of the mean M(3)--(O,OH,F) and 
M(2)5-(O,OH,F) distances upon F content (Fig. 3) are 
approximately three times larger than those expected 
from simple ionic-radius considerations. 

Proton position 
Since the O(5)-H(1) and O(5)-H(2) distances (0.7 

and 1.0 /~,) differ from the ordinary O - H  bond 
length (~0.9 /~,) observed in crystals such as brucite 
(Elleman & Williams, 1956), tremofite (Papike, Ross & 
Clark, 1969) and ice (Shimaoka, 1960), it is reasonable 
to assume that the large electron density of 0(5) makes 
it difficult to obtain exact proton positions. However, 
the H(1) and H(2) positions and the shape of the 
temperature ellipsoid of 0(5) suggest a statistical distri- 
bution (presumably hindered rotation) of the orien- 
tation of OH among the equilibrium positions shown in 
Fig. 4. The configuration in Fig. 4(a) is observed in 
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Fig. 3. Plots of the mean bond length in OH-chondrodite (solid 
circles), ORA-chondrodite (open circles), norbergite (crosses), 
humite (squares) and clinohumite (triangles) as a Function of F 
content in the monovalent anion site. The subscript 5 of M(2) 5 
indicates the M(2) octahedron which has one (OH,F) and five O 
ligands. Dashed lines (RO) are essentially the same lines as the 
dash-dot lines in Fig. 7 ofRibbe & Gibbs (197 I). 
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Fig. 4. Postulated configurations of OH orientation between un- 
shared OH-OH. 

brucite, where the O - O  distance is 3.19 A, longer than 
the unshared 0 (5 ) -0 (5 )  distance of  OH-chondrodite 
(3.06 A). The configurations in Fig. 4(b) and (c) [in or- 
der to satisfy the symmetry condition of the space 
group P2Jb,  (b) and (c) must be realized in equal prob- 
ability] are observed in ice, where the O - O  distance is 
2.76 A, shorter than the unshared 0 (5 ) -0 (5 )  distance 
of OH-chondrodite. The statistical distribution of the 
OH orientation among the configurations in which the 
O - O  distances are different also explains why the 
temperature ellipsoid of  O(5)is large and extends along 
the unshared 0 (5 ) -0 (5 )  direction. 
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The Crystal Structure of Bis[(R)-2-methyl-l,4,7-triazaeyelononane]eobalt(lll) Iodide 
Pentahydrate 
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Crystals of{Co[(R)-MeTACN]2}I 3 .5H20 are trigonal, R32, with a = 8.799 (1), c = 32- 180 (4) .~, and Z = 3. 
The structure was refined by full-matrix least-squares methods to an R value of 0.039 for the 902 observed 
reflexions collected by diffractometry. The complex ion exhibits orientational disorder on a site of symmetry 
D 3 around the triad axis. Three of the nine I- ions and the O atoms of water molecules show positional disor- 
der. Two cyclic ligand molecules are spanned on opposite faces of an octahedron, being coordinated to the 
central Co atom with six N atoms. The C o - N  distance is 1.974 ~t,. The conformation of each five-membered 
chelate ring is/1. The substituted methyl group is attached in an equatorial position with respect to the average 
plane of the chelate ring. The [CoN 6] chromophore is elongated along the threefold axis, the Co-N bond be- 
ing inclined at an angle of 51.3 o with respect to the threefold axis. The chromophore is twisted around the 
threefold axis in the same way as in zt-[Co(en)3] 3+. 

Introduction 

Mason & Peacock (1976) synthesized the cyclic triden- 
tate (R)-(-)-2-methyl-l ,4,7-tr iazacyclononane and its 
Co nI complex, {Co[(R)-MeTACN]2} 3+. They found 
that the complex exhibits the largest ring-conformation 
d-electron optical activity for the (CON6) chromophore 
yet recorded (Mason & Peacock, 1976). Crystals o f  
{Co[(R)-MeTACN]2}I 3. 5H20 were subjected to X-ray 
crystal-structure analysis in order to provide structural 
data for the analysis o f  the observed optical activity for 
this complex ion (Mason & Seal, 1976). 

Experimental 

Crystals of  {Co[(R)-MeTACN]2}I 3. 5H20 were kindly 
supplied by Professor S. F. Mason. They were re- 

* Present address: Department of Chemistry, King's College, 
Strand, London WC2R 2LS, England. 

crystallized from water. The crystals are yellow trans- 
parent hexagonal prisms. The diffraction symmetry on 
Weissenberg photographs is 3m. The observed sys- 
tematic absences, hkl for - h  + k + l = 3n, indicated 
that the possible space group is R3m, R32 or R3e. Since 
the crystal is optically active, the space group was 
uniquely determined to be R32. 

Crystal data 

(--)589-{Co[(R)-MeTACN]2}I 3.5H20,  CIaH44N60:  
CoI3, Mr = 816.19, trigonal, a = 8.799 (I), c = 
32.180 (4)/~, U =  2157.6/~3, Z = 3, D x =  1.88 g cm -3, 
~t for Mo Ka (/1 = 0 .7107/~)  = 35.3 cm -1, space group 
R32 (No. 155). 

A crystal with dimensions 0.26 x 0.23 x 0.33 mm 
was used for intensity measurement. Intensity data 
were collected on a Rigaku four-circle diffractometer 
by co scans at 4 ° rain -~, with graphite-monochromated 
Mo Ka radiation. The scan range was calculated accor- 
ding to 1.1 ° + 0.5 ° t an0 .  Of  the 2404 reflexions 


