
1394 [Co(C7H3N206)2 (H20)4].4H20 

O12 -0.1819 (3) 0.4418 (2) 0.9778 (2) 4.15 (6) 
O13 0.4319 (4) 0.6090 (2) 0.2541 (2) 5.15 (7) 
O14 0.5732 (4) 0.5891 (2) 0.1353 (2) 4.91 (7) 
O15 0.5474 (4) 0.1985 (3) -0.0683 (2) 5.94 (8) 
O16 0.3729 (4) 0.0638 (2) -0.0381 (2) 4.23 (6) 
O17 0.5145 (4) 0.1123 (2) 0.7099 (2) 5.31 (7) 
Ol 8 0.2777 (3) -0 .0700 (2) 0.5563 (2) 3.57 (6) 
O19 0.2501 (3) 0.5834 (2) 0.4472 (2) 3.61 (6) 
020 0.9209 (5) 0.3471 (2) 0.2716 (2) 6.30 (9) 
N1 0.0592 (4) -0 .0310 (3) 0.8284 (2) 3.79 (7) 
N2 -0.1012 (4) 0.3563 (3) 0.9893 (2) 3.53 (7) 
N3 0.4914 (4) 0.5491 (3) 0.1890 (2) 3.46 (7) 
N4 0.4591 (4) 0.1596 (3) -0.0171 (2) 3.33 (7) 
CI 0.0433 (4) 0.2531 (3) 0.7585 (2) 2.32 (7) 
C2 0.0637 (4) 0.1360 (3) 0.7563 (2) 2.45 (7) 
C3 0.0309 (5) 0.0939 (3) 0.8318 (2) 2.59 (7) 
C4 -0.0216 (5) 0.1630 (3) 0.9090 (2) 2.93 (7) 
C5 -0.0433 (4) 0.2780 (3) 0.9084 (2) 2.57 (7) 
C6 -0.0131 (4) 0.3262 (3) 0.8355 (2) 2.55 (7) 
C7 0.0881 (5) 0.3017 [3) 0.6790 (2) 2.56 (7) 
C8 0.3969 (4) 0.2527 (3) 0.2290 (2) 2.51 (7) 
C9 0.4214 (4) 0.3736 (3) 0.2438 (2) 2.56 (7) 
CI0 0.4634 (5) 0.4211 (3) 0.1726 (2) 2.52 (7) 
C11 0.4804 (5) 0.3546 (3) 0.0869 (2) 2.75 (7) 
C12 0.4505 (5) 0.2348 (3) 0.0746 (2) 2.59 (7) 
C13 0.4093 (5) 0.1820 (3) 0.1432 (2) 2.59 (7) 
C14 0.3490 (5) 0.1989 (3) 0.3062 (2) 2.83 (7) 

o 

Table 2. Selected geometric parameters (A, °) 
Co--Ol  2.059 (2) Co--O8 2.116 (2) 
Co---O3 2.052 (2) O1------C7 1.253 (4) 
Co---O5 2.087 (2) O2--C7 1.248 (4) 
Co---O6 2.110 (2) O3--C14 1.250 (4) 
Co---O7 2.096 (2) O4--C14 1.248 (4) 

O1---Co--O3 178.53 (8) O5--Co---O7 179.3 (1) 
OI--Co---O5 90.80 (9) O5---Co-4)8 88.82 (9) 
O1---Co--O6 91.4 (1) O6--Co---O7 86.09 (9) 
O1- -Co- -O7  88.71 (9) O6---Co---O8 177.74 (9) 
O 1---Co---O8 89.0 (1) O7--Co---O8 91.69 (9) 
O3- -Co- -O5  88.20 (9) Co---O 1---C7 131.6 (2) 
O3---Co--O6 89.7 (1) Co--O3---C14 130.8 (2) 
O3- -Co- -O7  92.30 (9) O 1- -C7--O2 126.2 (3) 
O3---Co---O8 89.9 (1) O3--C14---O4 126.2 (3) 
O5---Co---O6 93.40 (9) 

O9--N 1 - -C3- -~2  11.1 (5) OI 5--N4---C12---C 11 22.8(5) 
O10---N 1- -C3--C4 12.0 (5) O16--N4--C12--C13 23.7 (5) 
O11--N2---C5---C4 25.4 (5) C 2 - - C 1 - - C 7 - - O I  4.9 (4) 
O12--N2---C5---C6 25.5 (4) C6----C1--C7---O2 2.3 (5) 
O13--N3---C10--C11 161.8 (3) C9---C8--C14---O3 -2 .4  (5) 
O14--N3---C lff--C9 162.2 (3) C 13---C8--C 14----O4 - 2 . 0  (5) 

Table 3. Hydrogen-bonding geometry (,4, °) 
D---H.  • .A D - - H  H. • .A D. • .A D - - H .  • .A 

O5--H51- • -02 0.80 2.06 2.767 (4) 146.6 
O5--H52. • .O 19 1.08 1.67 2.747 (4) 171.2 
O6---H61. • .O 19 i 0.91 1.92 2.808 (4) 165. I 
O6---H62- • - O 2 0  ii  1.03 1.72 2.704 (4) 157.6 
O7--H71. • .O18 0.85 1.97 2.803 (3) 167.9 
O7--H72. • .04 0.97 1.78 2.699 (4) 156.5 
O8--H81. -  .O17 0.79 2.04 2.815 (4) 166.6 
O8--H82. • .O18 iii 0.86 1.94 2.785 (4) 167.5 
O 17--H 171- • . O 4  iii  0.87 1.91 2.724 (4) 155.7 
O18--H181. • -O17 0.94 2.12 3.022 (3) 161.5 
O 18--H 182" • -06 iv 1.04 2.02 3.010 (3) 158.6 
O19--H192" • -02 ~ 0.99 1.93 2.887 (4) 162.0 
O20---H20 I" • "O2 v 0.88 1.98 2.792 (3) 152.4 

S y m m e t r y  codes: (i) - x ,  1 - y ,  1 - z; (ii) x -  1, y, z; (iii) 1 - x ,  - y ,  1 - z; 
( i v ) - x , - y , l - z ; ( v ) l - x , l - y , l - z .  

H atoms bound to C atoms were placed geometrically at a 
distance of 1.05 ,~, while water H atoms were taken from 
difference maps. For all H atoms, Uiso = 1.3Ueq for the parent 
atom and a riding model was adopted. 

© 1996 Internat ional  Union of  Crys ta l lography 
Printed in Great  Britain - all rights reserved 

Data collection: CAD-4 EXPRESS Software (Enraf-Nonius, 
1993). Data reduction: MolEN (Fair, 1990). Program(s) used 
to solve structure: MolEN SIMPEL. Program(s) used to 
refine structure: MolEN LSFM. Molecular graphics: ORTEP 
(Johnson, 1965) in MoIEN. Software used to prepare material 
for publication: MolEN. 

The authors wish to acknowledge the purchase of the 
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Scientific and Technical Research Council of  Turkey. 

Lists o f  structure factors,  anisotropic d isp lacement  parameters ,  H- 
a tom coordinates  and comple te  geomet ry  have been deposi ted with 
the IUCr  (Reference:  BM1053) .  Copies  may  be obtained through The  
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Abstract 

Crystals of  [ Ru (CIoH8N2)3 ]2 [ Co (CN)6 ] C1 .8H20  
(C10H8N2 = bpy = 2,2'-bipyridine) which belong to 
the space group C2 are characterized by two 'pseudo- 
racemic' crystallographically independent [Ru(bpy)3] 2+ 
cations. Three kinds of layers are found in the CryS- 
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tal structure: (i) a layer consisting of A-[Ru(bpy)3] 2+ 
cations and water molecules; (ii) a layer of [Co(CN)6] 3- 
and C1- anions and water molecules; (iii) a layer of A- 
[Ru(bpy)3] 2+ cations and water molecules. The layers 
are stacked in the order (i), (ii), (iii) and (ii) almost per- 
pendicularly to the c axis. Some O--.O, O...N(cyano) 
and O...C1 hydrogen bonds construct networks within 
and between the layers. 

C o m m e n t  

Photo-induced ion-ion reactions in ionic crystals such as 
double-complex salts have rarely been investigated. We 
have recently studied the quenching reactions of a metal- 
to-ligand charge-transfer (MLCT) excited state of Ru II 
with C o  II! in crystals of [RuL3]2[Co(CN)6]X.nH20 [L = 
bpy and dmbpy (= 4,4'-dimethyl-2,2'-bipyridine); X = 
CI-,  0.5SO42- and BF4-] (Iguro, Ikeda & Ohno, 1994). 
In the course of the study, it was found that the Ru H- 
Co m compounds with various simple anions (X) and 
bulky ligands (L) cause various quenching efficiency. 
The title double-complex salt, (I), for which the photo- 
induced quenching reaction occurs efficiently prompted 
the investigation of the crystal structure by means of 
X-ray analysis in order to gain a better understanding 
of the excited-state quenching. 

NC~!o /CN [ 

S '~N/ [  ~N"~. N C J N ~ C  2 

(I) 

Fig. 1 illustrates perspective views of the [Ru(bpy)3] 2+ 
cations and the [Co(CN)6] 3- anion together with the 
atom-numbering scheme (ORTEPII; Johnson, 1976). 
There are crystallographically independent A- and A- 
[Ru(bpy)3] 2+ cations which are approximately related to 
each other by a non-crystallographic centre of symme: 
try. The title complex is, therefore, pseudo-racemic in 
spite of the chiral space group. Similar complexes have 
been reported only for [(+)-Co(en)3l(C204)I.1.5H20 
(Fuertes, Miravitlles, Ib~ez,  Martfnez-Tamayo & 
Beltr~in-Porter, 1988) and [Co(C3Ht0N2)2(C2H8N2)]- 
(C104)C12.H20 (Searle & Tiekink, 1989). 

The Ru atoms have distorted octahedral configu- 
rations. The inter-ligand transoid N--Ru- -N  angles 
of 169.4(2)-170.3(2) ° are far from the ideal value 
of 180 ° for perfect octahedral geometry compared 
with those of related tris(bpy) complexes, such as 
[Co(bpy)3]C12.2H20.C2HsOH, (II) (average N- -Ru- -N  
angle 167.4°; Szalda, Creutz, Mahajan & Sutin, 1983), 
[Ni(bpy)3]SOa.7.5H20, (III) (169.7°; Wada, Sakabe 
& Tanaka, 1976), [Ni(bpy)3]2C12.CnI-hO6.nH20, (IV) 

c 

C(3), 
C(2) 

C(1) 

C(29 ~ ,  
C(28), ~ , 

G / C(23) 

N(I 

5) 
"©O 

(a) 

C( ~ C(8) 

( 

C ( 3 8 ) ~ 4 ( 3 7 )  

c( 

C(42)~-~C141  )~-~ 

c(44~ " ; t ~ " - K ~  N ;%..0 o. 

¢v2~ -;~1c(50) 
G - " ~ ~  C( 49 ) 

01 c(48) 
(b) 

) 

NC 

2 

C(52 

)C(33) 
C(32) 

"~ tC(31) 

' ~ ;C(59) 
" "  %, _C(58) 

5~ ,..fiN(54) rO 

~N(16) N(17) 
N(15) /~-,C(64) 
[ ' " -jC(65) 

3N " c,66, 

\~N(13) 

(c) 
Fig. 1. ORTEPII (Johnson, 1976) drawings of (a) the A-Ru(1) 

cation, (b) the A-Ru(2) cation, and (c) the Co(l) anion, with the 
displacement ellipsoids at the 50% probability level. The atom- 
numbering scheme is shown. 

(170.0°; Wada, Katayama & Tanaka, 1976), [Cr(bpy)3]- 
(PF6)3 (171.0°; Goodwin, Pennington & Petersen, 
1989), [Cr(bpy)3](C1On)3.HbpyC104 (172.0°; Lee & 
Hoggard, 1989), [Ru(bpy)3](PF6)3, (V) (172.3°; Biner, 
Btirgi, Ludi & R6hr, 1992), [Ru(bpy)3](PF6)2 (172.6°; 
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Biner et al., 1992), [Ir(bpy)3](C104)3.1.5H20 (173.6°; 
Hazell & Hazell, 1984), [Ni(bpy)3](C1Oa)3.2CH3CN.- 
0.5CH2C12, (VI) (174.8°; Szalda, Macartney & Sutin, 
1984), [Fe(bpy)3][Fe(CN)5(NO)].4H20 (175.2°; Posse 
et al., 1984) and [Co(bpy)3][Fe(CN)6].8H20, (VII) 
(176.3°; Yanagi, Ohashi, Sasada, Kaizu & Kobayashi, 
1981). The corresponding values of the bond lengths and 
angles in both the cations agree fairly well with one an- 
other. The average Ru--N, pyridyl C---C, N--C and the 
connecting oC--C bond lengths are 2.072, 1.382, 1.355 
and 1.456A for the A-Ru(1) cation, and 2.063, 1.379, 
1.352 and 1.473,4, for the A-Ru(2) cation, respectively. 
The average N- -RumN,  R u - - N - - C  and N---C---C 
bond angles in the five-membered rings are 78.6, 115.1 
and 115.3 ° for the Ru(1) cation, and 79.0, 115.4 and 
115.0 ° for the Ru(2) cation, respectively. These bond 
lengths and angles which characterize [Ru(bpy)3] 2+ 
cations are very similar to the corresponding values in 
other Ru(bpy)3 complexes, such as [Ru(bpy)3](CIO4)2 
(Harrowfield & Sobolev, 1994), [Ru(bpy)3](C1On)2.H20 
(Krausz, Riesen & Rae, 1995) and (V). The bpy ligand 
is not in a planar conformation. The two rings of each 
bpy ligand are twisted along the connecting C---C bond 
by 7.2-10.5 ° , which is similar to the twisting observed 
for (III) (6.8-10.9 °) and (VI) (4.4-12.7°), and differ- 
ent from that of (II) (average 3.6°), (VII) (2.3-4.7°), 
[Co(bpy)3]C1.H20 (average 3.0°; Szalda et al., 1983) 
and [Mn(bpy)3](C1Oa)2.0.5H20 (13, 25°; Chen, Wang 
& Xu, 1995). 

The average Co---C and C m N  distances (1.898 
and 1.143 A, respectively) are in good agreement with 
those (average 1.896 and 1.146 A) of other hexacyano- 
cobalt(HI) complexes (Orpen et al., 1989). The average 
C o - - C - - N  angle (177.2 °) is in the range 175.6(8)- 
178.2 (6) ° . 

As shown in Fig. 2 (ORTEPII; Johnson, 1976), the 
crystal structure is constructed by the following three 
kinds of layers: (i) the layer consisting of the A- 
[Ru(bpy)3] 2+ cation and a water molecule [O(1)]; (ii) 
the layer of the [Co(CN)6] 3- and C1- anions and 
water molecules [0(3-9)]; (iii) the layer of the A- 
[Ru(bpy)3] 2+ cation and a water molecule [0(2)]. The 
layers are stacked in the order (i), (ii), (iii) and (ii) 
almost perpendicularly to the c axis. Thus the positively 
and negatively charged layers are stacked alternately. 

The water molecules containing O(1) and 0(2) 
are surrounded by six A- and six A-[Ru(bpy)3] 2+ 
cations, respectively. On the other hand, in the other 
complexes (III), (IV) and Nao.5{~-[Co(bpy)3]C10.5(D- 
tart).6.5H20 (Tada, 1982) having layered structures, 
the simple anions (CI-, SO42-) are surrounded by the 
cations. In the double-complex salt (VII), having a 
bulky anion, the alternate arrangement of the columns 
of cations and anions is found. The O(1) and 0(2) 
atoms ~eo linked to N(13) [2.793(7)A] and N(16) 
[2.805 (7)A] of [Co(CN)6] 3-, respectively, by hydro- 
gen bonds, by which layer (i) or (iii) is joined to layer 

0 ~" r ~ ( ~ . ~ ) ~  + a  

Fig. 2. Crystal structure projected along the b axis. All H atoms are 
omitted for clarity. 
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Fig. 3. Th'e hydrogen-bonded network within layer (ii) projected along 
the c axis. Dashed lines indicate the hydrogen bonds. 

(ii). Some O.. .O, O...N(cyano) and O-..C1 hydrogen 
bonds form a two-dimensional network within layer (ii) 
[Fig. 3 (CHARON; Lauher, 1989)]. Some intermolecu- 
lar O...C(pyridyl) non-bonded contacts within 3.60,4, 
are shown in Table 3. They may be related to the elec- 
tronic interaction between the [Ru(bpy)3] 2÷ cations and 
the [Co(CN)6] 3- anions through the hydrogen bonds. 

Further structural investigations of [ R u L 3 ] 2 [ C o ( C N ) 6 ] -  

X.nH20 (L = bpy and dmbpy, X = 0.5SO42- and BF4-) 
are in progress in order to reveal how the crystal 
structures contribute to the excited-state quenching. 

Experimental 

The title crystals were grown by a diffusion method from 
aqueous solutions of [Ru(bpy)3]C12 and K3[Co(CN)6]  at room 
temperature (Iguro, Ikeda & Ohno, 1994). 
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Crystal data 

[Ru(C l o H8 N2 )3 ] 2 [Co (CN)6 ]- 
CI .8H20 

Mr = 1533.87 
Monocl inic  
C2 
a = 22.201 (5) ,~ 
b = 13.667 (3) 
c = 22.087 (4) ,4, 
/3 = 90.43 (2) ° 
V = 6701 (2) ,~3 
Z = 4  
Dx = 1.520 Mg m -3 
Om = 1.52 Mg m -3 
Dm measured by flotation 

Data collection 
Rigaku AFC-7R diffractom- 

eter 
0/20 scans 
Absorption correction: 

scan (North, Phillips 
& Mathews,  1968) 
Tmi, = 0.909, Tmax = 
1.000 

10 396 measured reflections 
10151 independent 

reflections 

Refinement 

Refinement on F 
R -- 0.035 
wR = 0.060 
S - 1.56 
8740 reflections 
866 parameters 
H-atom parameters not 

refined 
w = l/[crZ(Fo) + 0.0009Fo 2] 

Mo Ka radiation 
A = 0.7107 ~, 
Cell parameters from 25 

reflections 
0 = 19 .61 -20 .00  ° 
# = 0.80 mm - l  
T = 296 K 
Prismatic 
0.50 x 0.50 x 0.30 mm 
Orange 

8740 observed reflections 
[I > 3.0or(/)] 

Rint = 0 . 0 5 8  
0max = 30.11 ° 
h = 0---* 31 
k = 0 ---~ 19 
l = -31  ~ 31 
3 standard reflections 

monitored every 150 
reflections 

intensity decay: 2.40% 

(A/O')max = 0.14 
Apmax = 0 . 5 9  e ~ - 3  
Apmin = -0 .74  e ,~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV, Table 
2.2A) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2 ) 

Ueq = ( 1 / 3 ) E i ~ j U i j a ~  aj*a;.a/. 

x y z Ueq 
Ru(l) 0.16489 (2) 0.1860 0.00198 (2) 0.0299 (1) 
Ru(2) 0.16525 (2) 0.13811 (3) 0.50735 (2) 0.0297 (1) 
Co(l) 0.50009(3) 0.16039(8) 0.25011 (3) 0.0266(1) 
CI(I) 0.82898 (9) 0.1565 (2) 0.2400 (I) 0.0668 (6) 
O(I) 1/2 0.2400 (7) 0 0.061 (2) 
0(2) 0 0.5847 (7) 1/2 0.058 (2) 
0(3) 0.2582 (2) 0.2960 (5) 0.2320 (3) 0.074 (2) 
0(4) 0.0648 (3) 0.2888 (8) 0.2480 (4) 0.096 (3) 
0(5) 0.7331 (2) -0.0067 (4) 0.2635 (2) 0.057 (1) 
0(6) 0.6819 (2) 0.4754 (4) 0.2558 (3) 0.082 (2) 
0(7) 0.8027 (2) 0.3817 (4) 0.2465 (2) 0.054 (1) 
0(8) 0.9400 (3) 0.0178 (7) 0.2562 (4) 0.097 (3) 
0(9) 0.1694 (3) 0.1729 (8) 0.2689 (5) 0.121 (3) 
N(I) 0.1026 (2) 0.2601 (4) -0.0520 (2) 0.036 (I) 
N(2) 0.1574(2) 0.3189(4) 0.0469(2) 0.036(1) 
N(3) 0.2377 (2) 0.2344 (4) -0.0470 (2) 0.032 (1) 
N(4) 0.2361 (2) 0.1336 (5) 0.0544 (2) 0.034 (1) 
N(5) 0.1558 (2) 0.0551 (4) -0.0437 (2) 0.038 (I) 
N(6) 0.1018(2) 0.1152(4) 0.0547(2) 0.031 (1) 

N(7) 
N(8) 
N(9) 
N(10) 
N(II) 
N(12) 
N(13) 
N(14) 
N(15) 
N(16) 
N(17) 
N(18) 
C(I) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(I1) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
C(28) 
C(29) 
C(30) 
C(31 ) 
C(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 
C(38) 
C(39) 
C(40) 
C(41 ) 
C(42) 
C(43) 
C(44) 
C(45) 
C(46) 
C(47) 
C(48) 
C(49) 
C(50) 
C(51) 
C(52) 
C(53) 
C(54) 
C(55) 
C(56) 
C(57) 
C(58) 
C(59) 
C(60) 
C(61) 
C(62) 
C(63) 
C(64) 
C(65) 
C(66) 

0.1035 (2) 
0.1557 (2) 
0.2374 (2) 
0.2364 (2) 
0.1589 (2) 
0.1013 (2) 
0.5002 (3) 
0.4097 (3) 
0.3907 (3) 
0.5003 (2) 
0.5859 (3) 
0.6037 (4) 
0.0820 (3) 
0.O466 (3) 
0.0325 (3) 
0.0544 (2) 
0.0894 (3) 
0.1155 (2) 
0.1025 (3) 
0.1299 (4) 
0.1691 (3) 
0.1845 (3) 
0.2365 (3) 
0.2895 (3) 
0.3442 (3) 
0.3458 (3) 
0.2919(2) 
0.2901 (2) 
0.3430 (3) 
0.3371 (3) 
0.2829 (3) 
0.2310 (3) 
0.1834 (3) 
0.1686 (3) 
0.1281 (3) 
0.1003 (3) 
0.1145 (3) 
0.O884 (3) 
O.O553 (3) 
0.0320 (3) 
0.0452 (3) 
0.0787 (3) 
0.0824 (3) 
0.0502 (3) 
0.0361 (3) 
O.O55O (3) 
O.O895 (3) 
0.1165 (3) 
0.1009(3) 
0.1265 (3) 
0.1686 (3) 
0.1803 (3) 
0.2353 (3) 
0.2830 (4) 
0.3393 (3) 
0.3439 (3) 
0.2932 (2) 
0.2934 (2) 
0.3443 (2) 
0.3409 (3) 
0.2835 (3) 
0.2341 (2) 
0.1856 (3) 
0.1728 (4) 
0.1294 (4) 
0.1 040 (4) 
0.1183 (2) 
O.O883 (2) 
0.0498 (3) 
0.0307 (3) 
0.0447 (3) 
0.0797 (2) 
0.5004 (2) 
0.4442 (3) 
0.4333 (3) 
0.5000 (2) 
0.5531 (3) 
0.5667 (3) 

0.0695 (4) 
0.0084 (4) 
0.0858 (4) 
0.1870 (4) 
0.2693 (4) 
0.2127 (5) 
0.1480 (6) 

-0.004O (7) 
O.2963 (7) 
0.1811 (6) 
0.3353 (5) 
0.0183 (7) 
0.2286 (6) 
0.2883 (7) 
0.3799 (6) 
0.4134 (6) 
0.3517 (5) 
0.3843 (5) 
0.4691 (6) 
0.4882 (7) 
0.4280 (8) 
0.3421 (6) 
0.2837 (6) 
0.3019 (7) 
0.2769 (7) 
0.2326 (6) 
0.2089 (5) 
0.1597 (5) 
0.1384 (7) 
0.0886 (8) 
0.0620 (7) 
0.0864 (7) 
0.0320 (6) 

-0.0529 (6) 
-0.1162 (5) 
-0.0963 (5) 
-0.0093 (5) 

0.0225 (6) 
-0.O4O6 (6) 
-0.0043 (8) 

0.0877 (7) 
0.1455 (7) 
0.1029 (6) 
0.0440 (7) 

--O.0499 (8) 
-O.O845 (6) 
-0.0236 (6) 
-O.O55O (5) 
-0.1438 (6) 
-0 .1680 (6) 
--0.1016 (7) 
--0.0165 (6) 

0.0413 (7) 
0.0152 (8) 
0.0476 (8) 
0.0966 (6) 
0.1139 (5) 
0.1676 (4) 
0.1916(7) 
0.2349 (7) 
0.2552 (7) 
0.2329 (5) 
0.2919 (6) 
0.3737 (8) 
0.4396 (7) 
0.4169 (7) 
0.3326 (5) 
0.3034 (5) 
0.3652 (7) 
0.3363 (6) 
0.2420 (7) 
0.1817 (7) 
0.1506 (5) 
0.0559 (6) 
0.2461 (6) 
0.1709 (5) 
0.2698 (5) 
0.0742 (5) 

0.4521 (2) 
0.5513 (2) 
0.4580 (2) 
0.5598 (2) 
0.4619 (2) 
0.5592 (2) 
0.1129 (2) 
0.2547 (3) 
0.2420 (3) 
0.3879 (2) 
0.2429 (3) 
0.2579 (3) 

-0.1066 (3) 
-0.1441 (3) 
-0.1272 (3) 
-0.0714 (3) 
--0.0353 (3) 

0.0233 (2) 
0.0521 (3) 
0.1071 (4) 
0.1314(4) 
0.0998 (3) 

-0.0997 (3) 
-0 .1330 (3) 
-0.1098 (3) 
-0 .0550 (3) 
-0.0242 (2) 

0.0343 (2) 
0.0675 (3) 
0.1224 (3) 
0.1410(3) 
0.1077 (3) 

-0.0967 (3) 
- 0.1290 (3) 
-0.1046 (3) 
-0.0496 (3) 
-0.0193 (3) 

0.0362 (3) 
0.0716 (3) 
0.1286 (4) 
0.1459 (3) 
0.1077 (3) 
0.3982 (3) 
0.3582 (3) 
0.3760 (3) 
0.4310 (3) 
0.4688 (3) 
0.5259 (3) 
O.5545 (3) 
0.6097 (3) 
0.6343 (3) 
0.6055 (3) 
0.4041 (3) 
0.3720 (3) 
0.3927 (3) 
0.4471 (3) 
0.4798 (2) 
0.5373 (2) 
0.5698 (3) 
0.6249 (3) 
0.6490 (3) 
0.6136 (3) 
0.4088 (3) 
0.3776 (3) 
0.3968 (4) 
0.4518 (3) 
0.4824 (3) 
0.5400 (3) 
0.5730 (3) 
0.6277 (3) 
0.6475 (3) 
0.6119(3) 
0.1640(2) 
0.2544 (3) 
0.2445 (3) 
0.3357 (2) 
0.2465 (2) 
0.2546 (3) 

0.036 (1) 
0.035 (1) 
0.039 ( I ) 
0.033 (1) 
0.033 (1) 
0.042 (1) 
0.054 (2) 
0.066 (2) 
0.063 (2) 
0.049(1) 
0.054 (2) 
0.073 (2) 
0.045 (2) 
0.050 (2) 
0.046 (2) 
O.O5O (2) 
0.036 (i) 
0.037 (2) 
0.046 (2) 
O.O59 (2) 
0.064 (3) 
0.046 (2) 
O.O5O (2) 
0.055 (2) 
0.053 (2) 
0.046 (2) 
0.035 (1) 
0.033 ( I ) 
0.047 (2) 
O.O56 (2) 
O.O56 (2) 
O.O56 (2) 
0.046 (2) 
0.052 (2) 
O.O52 (2) 
0.045 (2) 
O.O38 (2) 
0.O40 (2) 
0.046 (2) 
0.062 (3) 
O.O53 (2) 
0.048 (2) 
0.051 (2) 
0.055 (2) 
0.1362 (2) 
0.051 (2) 
0.O4O (2) 
0.O37 (1) 
0.051 (2) 
O.O52 (2) 
0.056 (2) 
0.047 (2) 
0.056 (2) 
0.066 (2) 
O.O58 (2) 
0.047 (2) 
0.033 (i) 
0.033 ( 1 ) 
0.042 (1) 
0.050 (2) 
0.051 (2) 
0.041 (I) 
0.049 (2) 
0.060 (2) 
0.065 (2) 
0.054 (2) 
0.035 (1) 
0.035 (i) 
O.O54 (2) 
0.047 (2) 
0.055 (2) 
0.O44 (2) 
0.031 (1) 
0.041 (2) 
0.040 (2) 
0.037 (1) 
0.036 (1) 
0.042 (2) 
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Table 2. Selected bond lengths (ft) and angles (o) 
Ru(I)----N(I) 2.082 (5) Ru(2)---N(10) 2.063 (4) 
Ru(I)---N(2) 2.078 (5) Ru(2)---N(I I) 2.059 (5) 
Ru(1)---N(3) 2.060 (4) Ru(2)--N(12) 2.095 (5) 
Ru(I)---N(4) 2.080(4) Co(1)---C(61) 1.906(4) 
Ru(I)---N(5) 2.063 (6) Co(1)---C(62) 1.895 (7) 
Ru(t)--N(6) 2.067 (4) Co(1)--C(63) 1.893 (6) 
Ru(2)---N(7) 2.055 (5) Co( 1 )---C(64) 1.896 (5) 
Ru(2)--N(8) 2.033 (6) Co( 1 )---C(65) 1.905 (7) 
Ru(2)---N(9) 2.072 (5) Co(1 )---C(66) 1.892 (7) 

N(I)--Ru(1)---N(2) 78.0 (2) N(8)-----Ru(2)--N(I 2) 95.2 (2) 
N(I)---Ru(I)---N(3) 93.6 (2) N(9)---Ru(2)--N(10) 79.3 (2) 
N(I)--Ru(I)---N(4) 170.1 (2) N(9)---Ru(2)---N(I I ) 95.4(2) 
N(I)--Ru(I)--N(5) 94.5 (2) N(9)---Ru(2)--N(12) 170.1 (2) 
N(I)--Ru(I)--N(6) 95.7 (2) N(10)--Ru(2)---N(I I) 92.4 (2) 
N(2)---Ru(1)---N(3) 92.1 (2) N(10)---Ru(2)---N(12) 93.2 (2) 
N(2)--Ru( 1 )---N(4) 95.6 (2) N( 11 )---Ru(2)---N(12) 78.4 (2) 
N(2)---Ru(t)---N(5) 169.7 (2) C(61)--Co(1)---C(62) 90.3 (3) 
N(2)--Ru(I)--N(6) 94.8 (2) C(61 )----Co(1 )---C(63) 89.2 (2) 
N(3)---Ru(1)---N(4) 78.9(2) C(61 )---Co(l )--C(64) 179.6(4) 
N(3)--Ru( 1 )---N(5) 95.5 (2) C(61 )---Co(I )----C(65) 90.4 (2) 
N(3)--Ru(1)---N(6) 169.4 (2) C(61)---Co(1)--C(66) 90.0 (3) 
N(4)--Ru(I)---N(5) 92.6 (2) C(62)---Co(1 )---C(63) 87.5 (3) 
N(4)--Ru(I)---N(6) 92.4 (2) C(62)---Co(1)---C(64) 90.1 (3) 
N(5)--Ru(I)---N(6) 78.8 (2) C(62)---Co(1)----C(65) 177.2 (4) 
N(7)---Ru(2)---N(8) 79.3 (2) C(62)---Co( 1 )---C(66) 92.3 (3) 
N(7)---Ru(2)--N(9) 92.6 (2) C(63)---Co( 1 )--C(64) 90.7 (2) 
N(7)---Ru(2)--N(10) 170.3 (2) C(63)---Co(I)---C(65) 89.8 (3) 
N(7)--Ru(2)---N(I 1) 93.7 (2) C(63)--Co(1)--C(66) 179.2 (3) 
N(7)--Ru(2)---N(12) 95.4 (2) C(64)--Co(1 )---C(65) 89.3 (3) 
N(8)---Ru(2)---N(9) 92.0 (2) C(64)---Co(I )----C(66) 90. I (3) 
N(8)---Ru(2)---N(10) 95.5 (2) C(65)---Co(I)---C(66) 90.5 (3) 
N(8)---Ru(2)---N(I 1) 170.1 (2) 

O(1)..C(24 ~) 
O(1)..C(24 ii) 
0(2)- -C(54) 
0(2)..C(54 iii) 
0(2)..C(57) 
0(2)..C(57 iii) 
0(3)- .C(10) 
O(3)..C(9) 
0(3). .C(2T i) 
0(4). .C(2 iv) 
O(4)..C(59 tii) 
0(4)- "C(58 iii ) 
0(4)..C(29) 
0(5)..C(52 ~) 
0(5). .C(9 ~) 

Table 3. Contact 
3.346 (9) 
3.346 (9) 
3.428 (10) 
3.428 (10) 
3.577 (12) 
3.577 (12) 
3.395 (8) 
3.469 (10) 
3.484 (9) 
3.360 (9) 
3.425 (10) 
3.541 (I0) 
3.579 (12) 
3.296 (9) 
3.358 (8) 

distances (A) 
0(5)..C(39 vi) 
O(5)- .C(40 v~) 
0(6)..C(42') 
0(6). -C(19 t) 
0(6)..C(41 ~) 
0(7). .C(42') 
0(7)- .C(12 TM) 
0(7)..C(19') 
0(7)..C(49 v~) 
0(8)- .C(32 viii) 
0(8)..C(33 TM) 
0(8). .C(28 TM) 
0(8)" "C(29 TM) 
0(9)..C(51) 
0(9)- .C(31) 

3.387 (9) 
3.464 (8) 
3.441 (10) 
3.597 (10) 
3.59O (9) 
3.351 (8) 
3.402 (8) 
3.417 (9) 
3.471 (8) 
3.332 (10) 
3.509 ( I I ) 
3.506 ( I 1 ) 
3.520(11) 
3.508 (12) 
3.589 (12) 

Symmetry codes: (i) ½ +x, ½ +y, z; (ii) ½ - x ,  ½ +y, - z ;  (iii) - x ,  y, 1 - z; 
(iv) - x , y , - z ;  (v) ½ + x , y -  ½,z; (vi) 1 - x , y ,  1 - z; (vii) ! - x , y , - z ;  
(viii) 1 + x, y, z. 

The systematic absences indicated possible space groups 
C2/m, Cm and C2. The bulky cations, having no mirror 
symmetry, make it difficult to adopt the space group C2/m or 
Cm because of  the mirror  planes perpendicular  to the shortest 
b axis. The solution of  the structure, therefore, was successful 
only for C2. Since the intensities o f  the reflections 00l, l = 2n + 
1; hOl, 1 = 2n + 1, were  weak and the structure obtained for 
C2 was found to be pseudo-centrosymmetr ic ,  the structure for 
the cent rosymmetr ic  space group C2/c was also determined;  it 
afforded the R value of  0.073 (wR = 0.110). This structure was 
almost the same as that for C2 except that the CI(1) and 0 (9 )  
atoms were found to be disordered. That  is to say, CI(1) of  
occupancy  factor 0.5 is located at the same position as the 0 (9 )  
atom of  occupancy factor 0.5. The hydrogen bonds around 
CI(1) or O(9), therefore,  range f rom 2.912 (7) to 2.990 (7),4,, 
which are the average o f  C I ( 1 ) . . . O  and 0 ( 9 ) . . - O  as a matter  
o f  course,  whereas  in the structure for C2 the C I ( 1 ) . . . O  and 

0(9 ) . . .O  hydrogen bonds can be clearly distinguished by 
the lengths. The large R value obtained for C21c indicates 
that the space group of the title complex is not C2/c but 
C2. 1878 diffraction data (a Bijvoet set) with I > 3~r(/) 
were collected for the same crystal used for the structure 
determination. On the basis of the data, absolute-configuration 
analysis failed to determine the handedness of the structure. 
The positions of the H atoms of the water molecules were not 
determined. All H atoms of the bipyridine rings were fixed at 
geometrically calculated positions. Calculations were carried 
out on an IRIS INDIGO workstation at the Faculty of Science, 
Osaka University. 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1988). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
TEXSAN PROCESS (Molecular Structure Corporation, 1992). 
Program(s) used to solve structure: S1R88 (Burla et al., 1989). 
Program(s) used to refine structure: TEXSAN LS. Software 
used to prepare material for publication: TEXSAN FINISH. 

The authors wish to express their thanks to Dr A. 
Fuyuhiro of Osaka University for helpful discussions. 
The present work was partially supported by Grants-in- 
Aid from the Japanese Ministry of Education, Science 
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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: TAI068). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract 
The title structure {bis[2,3-butanedione dioximato(1-)- 
N,N~](tert-butyl)(triphenylphosphine-P)rhodium, [Rh- 
(C4H7N202)2(CaH9)(CI8H15P)]} consists of discrete 
complexes in which the Rh atom displays distorted oc- 
tahedral coordination, with the two dimethylglyoxime 
ligands in the equatorial plane and the ten-butyl and 
triphenylphosphine groups in the axial positions. The 
Rh atom is displaced by 0.048 (1)A, from the mean 
plane through the four oxime N donor atoms towards the 
P atom. The Rh--N distances range from 1.930 (3) to 
1.982 (2) ,~,, while the axial Rh--P and Rh---C distances 
are 2.492 (1) and 2.216 (3)A, respectively. Comparison 
of the results with those obtained previously for other 
compounds of this type indicates that the trans influence 
of R in the axial fragment Ph3P--Rh--R is determined 
by its o-donor power, while the Rh--C bond distance 
depends on the steric interaction of R with the equatorial 
moiety. 

© 1996 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Comment 
This work is a continuation of a project aimed at un- 
derstanding the mutual electronic influence of ligands in 
organometallic compounds (Steinborn, 1992). The trans 
influence of cr-organo ligands is of particular interest. 
In previous papers of this series we have demonstrated 
(Steinborn & Ludwig, 1993; Dunaj-Jur~o, Kettmann, 
Steinborn & Ludwig, 1994; Kettmann, Dunaj-Jur~o, 
Steinborn & Ludwig, 1994) that in complexes of the 
type [Rh(dmgH)2(PPh3)R] (where dmgH is the monoan- 
ion of dimethylglyoxime and R is an organo group) the 
trans influence of R, as measured by lJ(l°3Rh-31p) cou- 
pling constants and the Rh--P  bond distance, is deter- 
mined by the cr-donating power of R, irrespective of 
the hybridization state of the C atom. To examine the. 
possibility that introduction of an electron-donating sub- 
stituent in R would enhance the trans influence, we pre- 
pared and determined the crystal structure of a ten-butyl 
analogue, (I). The results are described here and com- 
pared with those for other compounds of the series. 

Ph 
Ph. p/Ph 

O- HO 
Me ..dN." ~ N<-~/Me 

Rh 
Me./~.N -'" \ - N ~  Me 

OH, O- 

Me / " Me 
Me 

The complex crystallizes as discrete molecules in 
which the Rh atom exhibits distorted octahedral stereo- 
chemistry, with four oxime N donors in the equatorial 
positions. The two dimethylglyoximato ligands are sta- 
bilized by two intramolecular hydrogen bonds acting 
between atoms O(1) and 0(4) [O.. .O 2.652 (3)A], and 
0(2) and 0(3) [O-.-O 2.694 (3),&]. The polar H atoms 
were clearly located from the Ap map and are bonded 
to atoms O(1) and 0(3) (Fig. 1). 

The Rh--N(1) and Rh--N(3) bond distances involv- 
ing the N atoms bearing the unprotonated OH groups are 
equal within experimental error (Table 2) and are much 
shorter than the other two Rh--N distances. As found 
in other derivatives of the series, the two dmgH- lig- 
ands are tilted away from the triphenylphosphine ligand 
so that their normal vectors make an angle of 9.5 (4) ° 
with each other. As a result, though the four oxime N 
donors are coplanar to within +0.005 ,&, the Rh atom is 
displaced by 0.048 (1),4, from their mean plane towards 
the P atom. The dmgH- ligands themselves are also 
not strictly planar. This lack of planarity originates from 
twisting of the two halves of the ligand about the central 
C---C bond, the twist angles being 3.5 (4) and 4.1 (4) ° 
for the ligands comprising N(1), N(2), O(1), 0(2) and 
C(1)-C(4) and N(3), N(4), 0(3), 0(4) and C(5)--C(8), 
respectively. 
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