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The crystal structure of Zrs(OH )2(S0,)s;(Hs0)s has been determined from Patterson and Fourier projections and comnpleted

by a three-dimensional least-squares refinement.

r ! The crystals are monoclinic with ¢ = 13.056 == 0.002 A., b = 6.5075 %=
0.0006 A., ¢ = 15.092 &= 0.002 A., 8 = 96.21 £ 0.01°, and Z = 4.

The data are compatible with space group C2/c. The

structure is built up of sheets of zirconium and sulfate ions, and the zirconium ions of adjacent sheets are connected by double

hydroxide bridges.

The structure may be viewed as being composed of dimers Zro{ OH )25+,
eightfold with the oxygen atoms forming a dodecahedron with triangular faces (Mo(CN)s*~ coordination).

The coordination of zirconium is
The mean Zr-O

distance is 2.19 A. The structures and interrelationships of several zirconium basic salts are discussed.

Although the hydrolysis of tetravalent metal ions
has received considerable attention in recent years,
little data on the configuration of the hydrolysis prod-
ucts in solutions or in basic salts has been presented.
In the Royal Institute of Technology in Stockholm,
the crystal structures of several hydroxide and oxide
complexes of tetravalent metal ions have been investi-
gated in an attempt to elucidate the configuration of
the hydrolysis products.? This study was extended
to the system ZrO;-SO;—H:0 and has been presented.?®
A more complete report is given below.

Experimental Section

The compounds investigated were all made by the technique of
hydrothermal hydrolysis. Zr(SO4)(H:O)s was made by dis-
solving ZrOCly(H:O) (Johnson, Matthey and Co., Ltd.) in
dilute sulfuric acid and evaporating to dryness. Solutions of 3-5
g. of the neutral salt in 5 ml. of water were sealed in thick-walled
Pyrex tubes or autoclaves and heated to temperatures ranging
from 100 to 300°. After heating for periods of from 1 day to
several weeks, the tubes were cooled rapidly and opened. The
crystals were filtered off, washed with water, and air dried.
Using this technique it was possible to make a series of basic
zirconium sulfates. The temperature range and formulas were:
(1) 100-150°, Zry(OH )o(SO.)s(HaO)y; (2) 175-225°, Zr(OH ).50;-
(I); and (3) 250-300°, Zr(OH )2S04(II). Salts 2 and 3 have the
same composition but different structures. The crystal struc-
ture of the first salt is presented below and those of the other salts
will be published separately. A salt with the composition Zrs-
(OH )2(8S0,)s(H,0): was first prepared by Hauser and Herzfeld.3

The chemical analysis was done was follows: the amount of
ZrO; was determined by ignition to a constant weight and the
amount of SO; by a sodiuni carbonate fusion followed by the
precipitation of BaSQ;. The water content was determined by
the Hartwig-Bendig modification of Brush and Penfield’s
method.* The density was determined from the loss of weight in

benzene. Anal. Caled.: H;0, 15.7; SOs, 41.6; Zr0O., 42.7;
density, 3.00. Found: H0, 15.6; SOs;, 41.5; ZrO,, 43.1; den-
sity, 2.98.

Zr{ OH )2(S04)3(H20)s is monoclinic. The accurate lattice
parameters, obtained from a Guinier powder pattern internally
calibrated with KCl (axc1 = 6.29284 A, at 22°) were ¢ = 13.056

(1) (a) Bell Telephone Laboratories, Murray Hill, N. J. (b) Royal In-
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(2) (a) G. Lundgren, Svensk Kem. Tidskr., T1, 200 (1959); (b) D. B.
McWhan and G. Lundgren, Acia Crysé., 16, A36 (1963).

(3) O. Hauser and H. Herzfeld, Z. anorg. allgem. Chem., 106, 1 (1919).

(4) I. M. Kolthoff and E. B. Sandell, “Textbook of Quantitative Inor-
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£ 0.002 A., b = 6.5075 = 0.0006 A., ¢ = 15.092 = 0.002 A.,
and 8 = 96.21 & 0.01°; the number of formula units per unit
cell is four. The systematically absent reflections were: hkl
with # + & # 2n and %0l with [ = 2xn (h = 2n). The space
groups compatible with these absences are Cc and C2/¢c. Sincea
plausible structure, giving good agreement between observed and
calculated F values, could be obtained assuming the centrosym-
metric C2/c, only this space group was considered.

The crystals were prisms approximately 0.1 mm. on a side;
u = 200 cm."t. The 20! to 23/ and 220 Weissenberg photograplis
were recorded using Cu K radiation and the multiple film tech-
nique. The intensities were estimated visually by means of a
standard scale and were corrected for polarization and Lorentz
effects. No correction was applied for the absorption. The
scattering curves used in the structure factor calculations were:
for Zr that given by Thomas and Umeda,® for S that given by
Tomiie and Stam,® and for O that given by Berghuis, et al.”

Structure Determination

From the data it follows that there are 8 Zr, 12 S,
and 72 O atoms in the unit cell. It is unlikely that any
of these atoms would occupy a center of symmetry;
therefore, only the point positions 4(e) and 8(f) need
be considered. At least four sulfur atoms should be
situated in the special position 4(e).

From the Patterson projections P(x0w) and P(uw0) a
unique set of parameters for Zr 8(I), S; 4(e), and S; 8(f)
was found. The signs of the structure factors calcu-
lated for these zirconium and sulfur positions were
used with the observed structure factors to calculate
the Fourier projections p(x0z) and p(xy0). From these
electron density projections it was possible to find the
positions of the nine sets of oxygen atoms in 8(f). The
parameters were partially refined using difference (F, —
F,) electron density projections.

The refinement of the structure was continued using a
block diagonal least-squares program written by As-
brink and Brdandén for the Swedish computer FACIT
EDB.:2 The weighting factor suggested by Hughes
was used.’ The final R value was 0.103 for the 658
observed reflections used in the refinement. The

(5) L. H. Thomas and K. J. Umeda, J. Chem. Phys., 26, 293 (1957).
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(8) S. Asbrink and I. Brandén, “IUCR World List of Crystallographic
Computer Programs,” 1st ed., Sept. 1962, Program No. 6023.

(9) B.W. Hughes, J. Am. Chem. Soc., 63, 1731 (1941).
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TABLE 1
AToMIC PARAMETERS FOR Zrs( OH )o(SO4)s( HoO)s
x y z B, A
Atom position ox ay oz oB
Zr in 8(f) 0.1053 0.0188 0.0842 0.26
0.0001 0.0004 0.0001 0.02
S: in 4(e) 0 0.7201 1/, 0.31
0.0016 0.10
Sz in 8(f) 0.2008 0.4796 0.0662 0.56
0.0004 0.0012 0.0003 0.07
0O; (OH) in 8(f) 0.0414 0.1209 0.9590 0.3
0.0009 0.0031 0.0008 0.2
O, in 8(f) 0.0713 0.8507 0.2070 0.3
0.0009 0.0030 0.0008 0.2
Oy in 8(f) 0.0610 0.6044 0.3189 1.0
0.0011 0.0035 0.0009 0.3
O, in 8(f) 0.1435 0.3478 0.0804 1,0
0.0011 0.0034 0.0009 0.3
Os in 8(f) 0.1426 0.7062 0.0485 1.0
0.0011 0.0033 0.0009 0.2
Os in 8(f) 0.2509 0.4619 0.0816 0.7
0.0010 0.0030 0.0009 0.2
O in 8(f) 0.2019 0.5581 0.1357 0.8
0.0010 0.0033 0.0009 0.2
0z (H:0) 0.9872 0.2031 0.1439 0.5
in 8(f) 0.0010 0.0030 0.0008 0.2
0y (H:0) 0.2354 0.0359 0.1885 0.5
in 8(f) 0.0010 0.0029 0.0008 0.2

atomic parameters and individual isotropic tempera-
ture factors are listed in Table I and the calculated and
observed structure factors in Table II.
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As no corrections for absorption and extinction were
made, no physical significance can be given to the in-
dividual temperature factors. The standard devia-
tions given in Table I are those calculated from the
residuals and the inverse matrix in the least-squares re-
finement.

The positions of the H atoms could not be deter-
mined directly. However, of the oxygen atoms in the
structure (¢f. Table III) (a) O~Oy belong to sulfate
groups, (b) Oy is in contact with two Zr atoms, and (c)
Og and Oy are bonded to only one Zr atom. The most
plausible arrangement of the 40 H atoms in the unit
cell should then be that eight of them form OH~ ions
with O; and the remaining hydrogen atoms form water
molecules with Os and O,.

Description and Discussion of the Structure

The structure is composed of sheets perpendicular to
b X (2 — ¢) as shown in Figure 1b. In the sheet, each
zirconjium atom is connected by four sulfate groups to
adjacent zirconium atoms (Figure la). FEight of the
sulfate groups are bonded to three zirconium atoms, and
the remaining four sulfate groups are bonded to two.
The sheets are connected by hydroxide double bridges
between the zirconium atoms as shown in Figure 1b.

The structure may be viewed as being composed of
dimers of zirconium atoms bonded by double hydroxide
bridges. The Zr-Zr distance in the dimer is 3.545 A.

TasLE II
CoMPARISON OF CALCULATED AND OBSERVED STRUCTURE FACTORS
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TasLE 111
INTERATOMIC DIsTances (A.)
(A) Within the ZrOs Polyhedras

M-A (¢ 0.02) M-B (¢ 0.02)
Zr—0y 2,090 Zr-0, 2,157
ZI’—Oz 2. 238 ZI‘—*Os 2. 173
Zt—0y 2.261 Zr-0s 2.220
Zr—0s 2.220 Z1r—0y 2.190
Av. 2.209 Av. 2.185

ZI‘(C204)44— 2,230 ZI’( C204>44H 2,168

a(c0.04) m (o 0.04)
01-0, 2.77 01~0O1 2.34 = 0.06
040 2.78 0:-0y 2.50 = 0.04
AV. 2 . 78 O4~Os 2 . 49

HSM 2.63 0:—0s¢ 2.63
MF 2.57
o Av. 2.49
Zr(Co04)s*~ 2.570 HSM 2.63
MF 2.57
Zr( C204)44_ 2.563
g2 (00.04) b(e0.04)
0—-0, 2.74 0,05 3.00
0~0s 2.64 005 3.24
0104 2.82 0;-0¢ 3.16
01-0s 2.62 05—0y 3.42
0,-0;5 2.82 T T

) Av. 3.21
oo
005  2.72 MF 3.27
_ Zr( Co04)¢t~ 3.19
Av. 2.72

HSM 2.63
MF 2.72

Zr(C0)¢~ 2.735
(B) Within the Sulfate Groups (cg_o 0.03, co—o 0.04)

S0, 1.469 S04 1.43¢6
S0,  1.450 S0 1.493
N S5 1.479
Av. 1.456 S-Os 1.43g
Av. 1.461
0-0; 2.38 04~0s 2.35
0-0; 2.34 005 2.37
02-0; 2.36 0~0+ 2.87
03-0; 2.48 050 2,42
Av. 2.39 05—0r 2.43
004 2.41
Av. 2.39

(C) O-0 Distances < 3.20, Which Do Not Belong to a ZrOs
Polyhedron or a Sulfate Group (o 0.04)

0,-03 2.80 0s~0s 2.81
0,-04 2.96 Or—0s 2.71
0201 3.12 Or-0g 2.72
03-0s 2.75 005 3.18
03~Os 2.75

o Notations according to Hoard and Silverton!! of Figure 2.

Each zirconium has an eightfold coordination (two
hydroxide oxygens, four sulfate oxygens, and two
water oxygens) with the bonds directed from the zir-
conium toward the vertices of a dodecahedron with
triangular faces (the same coordination as in Mo-
(CN)g*—.1® The interatomic distances in this co-

(10) J. L. Hoard and H. H. Nordsieck, J. Am. Chem. Soc., 51, 2853 (1939).
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ordination polyhedron and in the sulfate groups are
listed in Table III. The distances in the ZrOs poly-
hedron (¢f. Figure 2) are divided into six groups (M-A,
M-B, @, b, g, and m) in accordance with the nomen-
clature of Hoard and Silverton for the 42m symmetry
of the ideal Mo{(CN)s*~ coordination.!! Hoard and
Silverton have recently discussed the stereochemistry
of discrete eight coordination. Using their parameters
and the average value of the M—-A and M-B bonds
(2.194 A)) the oxygen—oxygen distances in the ZrOj
polyhedron have been calculated for two models: (1)
hard sphere-model (HSM) and (2) most favorable
(MF) coordination which gives the greatest average
orbital strength (2.981) using sp3d* hybrid orbitals.!:12
These calculated bond lengths are compared with the
observed values in Table III; also included in the
table are the observed values in the Zr(C,04)4*~ poly-
hedron.!?

The interatomic distances connecting the two trape-
zoids that make up the dodecahedron agree reasonably
well with the MF distances and those observed in Zr-
(Cy04)4*~. The ¢ distances are significantly longer
than the values calculated for both models whereas
three of the four m distances are significantly shorter
than the HSM value but roughly comparable to the MF
value. The main distortion of the polyhedron is
within the trapezoids and is presumably caused by the
formation of the double hydroxide bridge across one of
the m edges and the linking of the polyhedron through
sulfate groups into a three-dimensional network.
The dimerization of the Zr-O polyhedrons usually oc-
curs over one of the m edges when a dodecahedral co-
ordination is a link in a polymeric complex (¢f. the
(ZrFg) 2"~ ion in K, ZrFe, 14

The two shortest of the Zr-O bonds, 2.09 A. (of the
M-A type) and 2.16 A. (of the M-B type), are formed
by the Zr and O, (=0OH™) atoms. Asis to be expected,
the Zr bonds to the double hydroxide bridge are the
strongest Zr-O bonds in the structure.

The O-O distance in the hydroxide bridge is very
short, only 2.34 = 0.06 A. This seems to be significant
for other M-(OH)s~M arrangements. Distances of
2,36, 2.39, and 2.44 A. have been found in Zr(OH)»S0s-
(I) and Zr(OH)»(NO3):(H.0)s (to be published).
Johansson® found 2.40 A. for the OH-~OH bridges in
Al (OH)o(H0)10(SO04)2H, O and the corresponding
selenate. He also found 2.34 A. for similar bridges in
NaA11304(OH)24(H20)12(8e04)4(H20)2.16

Comparison of the Structures of Several Basic
Zirconium Salts

(A) ZrO,S0;-H,0 System.—A series of three basic
sulfates can be separated as hydrolysis products from
2-3 M neutral zirconium sulfate solutions at varying
temperatures. The crystal structure determinations of

(11) J. L. Hoard and J. V. Silverton, Inorg, Chem., 2, 235 (1963).
(12) G. H. Duffey, J. Chem. Phys., 18, 1444 (1950).

(13) J. V. Silverton and J. L. Hoard, Inorg. Chem., 2, 243 (1963).
(14) H. Bode and G. Teufer, Acta Cryst., 8, 920 (1956).

(15) G. Johannsson, Acta Chem. Scand., 16, 403 (1962),

(16) G. Johansson, Arkiv Kemi, 20, 305 (1963).
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Figure 1.—(a) The structure of Zrs(OH )s(S0s)s(H:0)4, viewed along the o + Zdirection of the structure. (b) The structure of Zrs-

(OH )x(804)5(H,0)s, viewed along the b direction of the structure,

groups and light lines connect oxygen atoms in ZrOs polyhedra.)

these salts show increasing polymerization of the zir-
conium ion in the condensed phase with increasing tem-
perature.

Zt(S0y),(H;0).~—The neutral salt is a layer structure
with zirconium having an eightfold coordination of four
sulfate oxygens with four water molecules in the form
of an antiprism.” Each zirconium atom is connected
by sulfate groups to four other zirconium atoms in the
layer, and the layers are held together by hydrogen
bonds.

Z1:(OH)2(804);(H:0),~—In this basic sulfate which
crystallizes at 100°, two of the water molecules in the
coordination sphere around zirconium are replaced by
hydroxide bridges. Geometrically, the structure is
still composed of layers with each zirconium connected
to four others by sulfate groups but with entirely
different symmetry. The Zr-O coordination has
changed from an antiprism to the dodecahedral Mo-

(17) T. Singer and D. T, Cromer, Acta Cryst., 13, 719 (1959).

(® = Zr, O = oxygen; heavy lines connect oxygen atoms in SO4*~

(CN)gt— type, and the zirconium and hydroxide ions
are in the form of dimers with the formula Zr,(OH)* .
Zr(OH);SO.(I).—At approximately 200° a second
basic salt, isomorphous with Th{(OH);S0, and U(OH).-
80,819 crystallizes.?? In this salt all of the water
molecules coordinated to zirconium are replaced by
hydroxide groups, and the zirconium and hydroxide
ions form infinite zigzag chains with the composition
(Zr(OH)y),2**+. The chains are held together by sul-
fate groups with each sulfate group connecting three
chains. The zirconium-oxygen coordination, however,
has changed back to an antiprismatic one.
Zr(OH):SO,(II),—This basic zirconium sulfate which
separates at 300° (¢f. Table I) has the same composition
and almost the same lattice parameters as the one
obtained at 200° except that it has a slight distortion to
monoclinic symmetry so that the space group is P2:/n

(18) G. Lundgren, Arkiv Kemi, 2, 535 (1950).
(19) G. Lundgren, ¢bid., 4, 421 (1952).
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Figure 2.—The coordination of oxygen atoms around zirconium
in Zro(OH)o(S04)s(H;0)s. The distances that should be equal
according to the ideal 42m symmetry of the Mo(CN)s™ co-
ordination are marked according to Hoard and Silverton.!!

instead of Pnma. Patterson projections show that the
zirconium and sulfur positions are very similar, and the
difference between the two compounds might be that
the oxygen coordination of zirconium has changed.
However, the crystals are mostly twinned, and a com-

Inorganic Chemistry

CrO3—H,0O has been studied and the structure of Zr,-
(OH)s(Cr04)5(H0), investigated.?2 The structure is
built up of infinite chains of zirconium atoms bonded by
hydroxide ions and chromate oxygens in the ratio 3:1
so that there is a double oxygen bridge between every
pair of zirconium atoms. The resulting chains have the
over-all composition (Zrs(OH)¢CrO,),*”+. The zir-
conium atoms are coordinated to seven oxygen atoms
in the shape of an almost regular pentagonal bipyra-
mid.

Zr(OH);(NO;),(H:0)s—The crystals of this basic
nitrate contain infinite zigzag chains bonded by double
hydroxide bridges.?® The chains are more isolated
in this crystal than in any of the basic salts discussed
above as they are connected only by hydrogen bonds.
The chains have the composition (Zr(OH).NO;-
(H,0)3),"*, and each zirconium atom is coordinated to
eight oxygen atoms in the form of a dodecahedron with
triangular faces.

ZrOCl,(H,0);, ZrOBry(H;0)s,—The zirconium atoms
in these structures investigated by Clearfield and
Vaughan?! form finite complexes with four zirconiums
at the corners of a slightly distorted square joined by
hydroxide double bridges. The formula of the com-
plex is Zry(OH)s(H;0)18+, and the Zr—-O coordination
is eightfold in the shape of an antiprism. The results
of X-ray diffraction studies on aqueous solutions of
ZrOCly(H20)s and HIOCL:(H;0)5 have been shown to be

TABLE IV
COMPLEXES AND INTERATOMIC DISTANCES IN ZIRCONIUM BASIC SALTS
Coord. Zr-Zr, Zr-0, Av. Zr-0, 0-0,
Salt Ref. Complex no. Symmetry A A A A.
Zry OH)o(S04)5(H0)s Zry(OH )8+ 8 Dodecahedron 3.55 2.00-2.26 2,104 2.34-3.42
Zr(OH ):804(1) s (Zr(OH )2+ 8 Antiprism 3.58 2.14-2.28 2.19 2.38-2.89
Zrs{ OH)o(CrOy)s(H:0); 20 (Zry( OH)eCrOy), 87+ 7 Pentagonal 3.60 1.97-2.21 2.14 2.55-3.04
pyramid
Zr(OH )o( NO3)2( H,0)4 (Zr(OH)3NO3(Hz0)s)," 8 Dodecahedron 3.57 2.12-2.37 2.21 2.39-3.32
ZrOCL(H,0)s 21 Zry(OH )s(HzO )18 ™ 8 Antiprism 3.57 2.09-2.37 2.24
ZrOBI‘z(HzO)g
ZrO, 23 7 2.04-2.26 2.16 2.52-3.03
Zr(S04)s(H,0);4 17 Ce. 8 Antiprism 2.176-2.183 2.180 2.531-2.859
NayZr(Cr0O,4) - 3H,0 24 Zr{CrOs)a*~ 8 Dodecahedron 2.144-2 244 2.199 2.363-3.19
Zirconium(IV) tetrakis- 13 8 Antiprism 2.181-2.217 2.198 2.590-2.812
acetylacetonate

plete structure determination will not be reported until a
three-dimensional refinement has been made.

From the description above it may be noted that (1)
as the mole ratio of ZrOs:SO; changes from 1:2 to 1:1
in this series, the number of sulfate groups bonded to
each zirconium remains constant at four, (2) there is a
tendency to form linear zirconium complexes containing
double hydroxide bridges, and (3) the changing sym-
metry of the zirconium coordination in this series of
salts supports the theory presented by Hoard and
Silverton that the energetics of direct bonding inter-
actions differ very little for dodecahedral Mo(CN)gt~
and the antiprismatic configurations and that the
choice between them is usually determined by other
factors. 1!

(B) Other Basic Zirconium Salts. Zrs(OH)e-
(Cr04);(Hy0)2.—1In this laboratory, the system ZrO,-

compatible with the existence of the above tetrameric
complex in the solutions.??

The different complexes and coordinates of zircon-
ium in the basic salts studied to date are summarized in
Table IV. Also, the range and average Zr-Zr, Zr-O,
and O-O interatomic distances in these salts are listed.
For comparison the distancesin ZrOs, 2% Zr (SO4)2(H0) 4,7
NayZr(C,04)-3H,0,24 and zirconium (IV) tetrakis(acetyl-
acetonate)!® have been given.

In summary it may be noted that the structure of all
the basic zirconium salts reported to date have double
hydroxide bridges as the bonding unit. No zirconyl

(20) G. Lundgren, Avkiv Kemi, 18, 59 (1958),

(21) A. Clearfield and P. A. Vaughan, Acie Cryst., 9, 555 (18586).

(22) G. M. Muha and P. A. Vaughan, J. Chem. Phys., 833, 194 (1960).

(23) J. D. McCullogh and K. N. Trueblood, Acta Crysi., 12, 507 (1959).

(24) G. L. Glen, J. V. Silverton, and J. L. Hoard, Inorg. Chem., %, 250
(1963).
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groups were found, in agreement with the recent re-
view by Clearfield.?® In the sulfate, chromate, and
nitrate systems there appears to be a tendency to form
linear complexes. The predominant coordination num-
ber of zirconium in these salts is eight, and the ZrOg
polyhedra have either the symmetry of a dodecahedron
(Mo(CN)s*™) or an antiprist,
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A three-dimensional single crystal X-ray examination of C;OsMn(Hy0); has established its detailed stereochemical relation-
ship to that of the isostructural copper(II) and zinc(II) croconates which possess significant structural differences. Crystals
of C;0:Mn(H20); are orthorhombic with eight formula species in a unit cell of symmetry Pbea and of dimensions ¢ = 12.07
A,b =8204.¢=1563A. A mixed anisotropic-isotropic least-squares refinement has produced final discrepancy factors
of Ry = 829 and R; = 10.09, for the data collected photographically with Mo K« radiation. The polymeric structure is
composed of infinite chains formed by the linkage of each manganese(II) to two adjacent oxygens of one croconate ring and to
a single oxygen of another croconate ring such that only two nonadjacent oxygens per croconate are not manganese-coordi-
nated. Each manganese(II) of similar localized environment is coordinated to six oxygens by the attachment of three waters.
A comparison of the structural features of manganese(Il) croconate with those of the homologous copper(II) and zine(II)

compotunds is made.

Introduction

Recent X-ray studies? of the isostructural copper(IT)
and zinc(II) croconates not only have shown the over-
all structure of the first~-row divalent transition metal
croconates (which possess mnearly identical powder
patterns®) to consist of polymeric chains but also have
revealed important differences in their detailed stereo-
chemistry. In addition to a marked distortion of the
oxygen environment for the six-coordinated d° cop-
per(1I) as contrasted to the more regular environment of
the d'® zinc(I1I), the geometries of the croconate rings
in the two metal complexes are different. The Dsy
symmetry of the ‘‘free’’ electron-delocalized croconate
dianion,* Cs0s2~, is essentially retained in copper(II)
croconate, whereas in zinc(II) croconate the croconate
ring of idealized C,v symmetry is related to that of the
localized a-enediol, croconic acid. In order to obtain
further experimental evidence concerning the extent
of the Jahn—Teller effect in determining the stereo-

(1) Alfred P. Sloan Research Fellow, 1963—1965.

(2) M. D. Glick, G. L. Downs, and L. F. Dahl, Inorg. Chem., 8, 1712
(1964).

(3) R. West and H. Y. Niu, J. Am. Chem. Soc., 88, 2586 (1963).

(4) M. Ito and R. West, ibid., 86, 2580 (1963); R. West, H. Y. Niu,
D, L. Powell, and M. V. Evans, ibid., 82, 6204 (1960).

chemistry of this homologous series of oxygen-coordi-
nated divalent metal ions, a three-dimensional X-ray
investigation of the high-spin d® manganese(II) cro-
conate (which like the zinc(II) electronic configuration
does not exhibit Jahn-Teller instability) was carried
out. The preparation and characterization of these
transition metal complexes of general formula CsOsM-
(H20); (where M = Mn, Fe, Co, Ni, Cu, and Zn) are
given by West and Niu.?

Experimental Section

Crystals of C;0,Mn(H;0); were generously made available by
Professor R, C. West and Dr. H. Y. Niu of the University of
Wisconsin., Lattice parameters were obtained from £%0 and 0&/
photographs with a NaCl-calibrated precession camera. Mul-
tiple-film equi-inclination Weissenberg photographs were ob-
tained with Zr-filtered Mo Ka radiation for nine reciprocal levels,
A0l through 48!. A total of 807 observed, independent maxima
were measured by visual estimation with a calibrated set of in-
tensities and then corrected for Lorentz-polarization effects.
The crystal utilized for collecting the Weissenberg intensity data
was sufficiently small (uRmax < 0.5) that absorption corrections
were not made.

Results

Unit Cell and Space Group.—Crystals of C;OsMn-
(H,O); are orthorhombic with lattice parameters ¢ =





