1428

ordered atoms were refined with 50% occupancy
factors and isotropic thermal parameters while the
other non-H atoms were refined anisotropically for a
total of 437 parameters, R=0-059, wR=0-073,
GOF =13, where non-Poisson w™!'=[c*(])+
(0-081)%)/4F. Final (4/0)max < 0-38, Appmax = 1:19 (11)
(all six peaks above 0-64 were within 0:99 A of the
Rh position) and Apy;, = —0-48 (11)e A~ on final
difference map. Atomic scattering factors and
anomalous-dispersion corrections from International
Tables for X-ray Crystallography (1974) and pro-
grams used were those of Enraf-Nonius (1982)
SDP.* Table 1 gives the atomic coordinates and
Table 2 selected bond distances and angles. Figs. 1
and 2 show the molecule with the numbering scheme.

Related literature. The structure of this diene com-
plex can be compared most directly with that of
[RhI(PPh,),(C;H,)] (Kashiwagi, Yasuoka, Kasai &
Kukudo, 1969). Other Rh-diene complexes have

* Lists of distances and angles in the phenyl groups and in the
saturated portion of the cyclononadiene ring, anisotropic tempera-
ture factors, structure factors, and H-atom positions have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 51893 (50 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England.

Acta Cryst. (1989). C45, 1428-1429

[RhCI(CoH,14)(CsH,5P),]

been reported by Hewitt & DeBoer (1971) and by
Racanelli, Pantini, Immirzi, Allegra & Porri (1969).
Transition-metal-allene complexes are reviewed by
Shaw & Stringer (1973).

We thank the National Science Foundation and
the State of Arkansas for financial support.
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Structure of Hexakis(acetonitrile)ruthenium(II) p-Toluenesulfonate Dihydrate
at 100 K
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Abstract. [Ru(c_gH3N)6][C7H703S]2.2H20, M, r=
7258, triclinic, P1, a = 8274 (3), b = 8957 (3), ¢ =

11-538 () A, a=10792(4), B=89-47(3), y=
92-44 (3)°, V=8129A% ~Z=1, D,(298K)=
1-430 (1), D100K)=1482gcm=> A(Mo Ka) =

0-71069 A, p =647 cm™!, F(000) =374, R=0-019
for 3316 reflections with 7> 30(l) measured at
100 K. The Ru environment is close to octahedral
with average Ru—N =2-029 (2), C—N=1:139(1)
and C—C = 1-456 (2) A. The N—Ru—N angles are
between 89-19 (3) and 90-87 (3)°.

0108-2701/89/091428-02$03.00

Experimental. The Ru(acetonitrile)?™ complex was
prepared as previously described (Rapaport, Helm,
Merbach, Bernhard & Ludi, 1988). Density at 298 K
by flotation. Crystals grown by cooling an acetone—
water solution from 313 to 277 K. A section (0-29 X
0-26 x 0-22 mm) cut from a prismatic crystal was
sealed in a Lindemann capillary and measured on an
Enraf-Nonius CAD-4 diffractometer equipped with
a liquid-nitrogen attachment. Unit-cell data from 22
reflections with 13 < 8 < 19°. Data collection [w scan,
(1-6 + 0-35tané)° (20-27°), (1-7 + 0-35tan6)°

© 1989 International Union of Crystallography
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Table 1. Final atomic positional parameters and B,,
values, with e.s.d.’s in parentheses

B., = (87*/3)2.5,U atata, ;.

x y z Boq (A2)
Ru 0-00000 0-00000 0-00000 0-930 (2)
N1 02135 (2) -0-0924 (1) —0-0667 (1) 130 (2)
N2 0-0762 (1) 0-0330 (1) 0-1733 (1) 122 (2)
N3 0-0945 (1) 02164 (1) 0-0105 (1) 123 (2)
C1 0-3365 (2) —-0-1385 (2) =0-1012 (1) 1-:38 (2)
C2 0-4954 (2) —0-1952 (2) -0-1433 (1) 1-80 (2)
C3 0-1098 (2) 0-0591 (2) 02733 (1) 1-25(2)
Cc4 0-1435 (2) 0-0959 (2) 0-4026 (1) 1-66 (2)
Cs 0-1552 (2) 03339 (2) 0-0135 (1) 131 2)
C6 0-2359 (2) 0-4830 (2) 0-0165 (1) 1-82 (2)
C7 0-3557 (2) 02779 (2) 0-7092 (1) 1-19 (2)
C8 0-1994 (2) 0-2250 (2) 0-7268 (1) 123 (2)
a9 0-0681 (2) 0-3071 (2) 0-7101 (1) 1-34 (2)
cio 0-0897 (2) 0-4420 (2) 0-6740 (1) 1-41 (2)
Cl11 0-2465 (2) 0-4905 (2) 0-6525 (1) 175 (2)
c12 0-3791 (2) 0-4090 (2) 0-6699 (1) 1-62 (2)
Cl13 —0-0534 (2) 0-5326 (2) 0-6582 (2) 2:04 (2)
S 0-52171 (4) 0-18332 (4) 0-74810 (3) 1-284 (5)
0] 0-6664 (1) 0-2548 (1) 0-7100 (1) 1-81 (2)
02 0-5127 (1) 0-2168 (1) 0-87929 (9) 195 (2)
03 0-4988 (1) 0-0170 (1) 0-6819 (1) 2-06 (2)
04 0-7470 (2) 0-1885 (1) 0-4569 (1) 2:18 (2)

Table 2. Bond lengths (A) and angles (°)
Corrected for
Uncorrected thermal motion

Ru—NI 2-026 (1) 2-027 (1)

Ru—N2 2:031 (1) 2-032 (1)

Ru—N3 2:027 (1) 2028 (1)

NI—C1 1-137 (1) 1-138 (1)

N2—C3 1-140 (1) 1-140 (1)

N3—C5 1-138 (1) 1-139 (1)

c1—2 1-454 (1) 1-455 (1)

C3—C4 1-453 (1) 1-453 (1)

C5—Cé6 1-458 (1) 1-459 (1)
N1—Ru—N2 9087 (3) Ru—N3—C5 17620 (8)
NI—Ru—N3 8929 (3) N1—C1—C2 178-87 (10)
N2—Ru—N3 89-19 (3) N2—C3—C4 176:70 (10)
Ru—N1—Cl1 177:07 (8) N3—C5—C6 178-84 (11)
Ru—N2—C3 174-89 (8)
Fig. 1. The molecular structure and labelling scheme for

[Ru(NCCH,)J**.
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(15-20°), (1-8 + 0-35tané)° (0-15°)] to = 27° with 0
=h=<10, —11=k=<1l, —14=</<14. Three check
reflections (600, 121, 035) showed total intensity loss
of 0:9% in 98 h. No absorption correction, T, =
97% from i scans. 3795 reflections measured, 3540
unique reflections, 3316 with 7> 3o(J) classified as
observed. Structure solved by Patterson and Fourier
methods. Full-matrix refinement minimized >w(|F,|
—|E|)?, w=4F/[*(l)+ (0-01). H atoms from
difference maps included in refinement with indivi-
dual isotropic temperature factors, all other atoms
refined anisotropically. H atoms in two methyl
groups (C2 and C13) showed disorder, which was
accounted for by a split-atom model; torsional angles
between the two orientations of the methyl groups
are close to 60°. Final R=0-019, wR=0-024, S =
2-31, 292 parameters. Final (4/0)y,, = 0-04 (H22),
Apmax =031e¢ A73 on the C—S bond of the anion.
Atomic scattering factors and anomalous-dispersion
corrections included in the Enraf-Nonius (1982) pro-
grams used for all calculations. Final atomic param-
eters are given in Table 1.* Important interatomic
distances, corrected for thermal motion (Maverick &
Trueblood, 1987) and angles are collected in Table 2;
the molecular structure with numbering scheme is
shown in Fig. 1 (ORTEP, 1988).

Related literature. The room-temperature structure
of [RU(NCCH3)6][7'( 7]6'C6Me6)'nid0"7' RuB 1 OH |3]2
without thermal-motion correction shows a shorter
Ru—N distance of 2:013 A (Bown, Fontaine, Green-
wood, Kennedy & Thornton-Pett, 1987). Ligand
exchange for the complex ion in solution is extremely
slow (Rapaport, Helm, Merbach, Bernhard & Ludi,
1988).

This work was supported by the Swiss National
Science Foundation (Grant No. 2.622-087).

* Lists of structure factors, anisotropic thermal parameters,
H-atom positions, and a complete table of bond lengths and
angles have been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 51875 (20
pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.
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