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In the title compound, [Pt(C10H8N2)(C5H6N2)2][Pt(CN)4]�-
2H2O, cations and anions alternate along the a axis, giving a

one-dimensional chain of the Magnus green salt type. The

electrostatic interactions between the divalent cations and

anions, together with the �±� stacking associations between

the 2,20-bipyridine moieties, contribute to the stabilization of

the crystal packing. Two different Pt� � �Pt distances [5.2034 (6)

and 4.5599 (6) AÊ ] alternate along the one-dimensional stack.

Comment

Considerable attention has been paid in our laboratory to the

studies of one-dimensional substances (Sakai, Ishigami et al.,

2002; Sakai, Takeshita et al., 1998; Sakai, Tanaka et al., 1998).

In the hope of obtaining robust materials, we recently started

to explore the one-dimensional double salts related to the

Magnus green salt (MGS), [Pt(NH3)4][PtCl4] (Atoji et al.,

1957). Such complexes have attracted considerable attention

due to their electrical conduction properties (Miller, 1982),

photoluminescence properties (Houlding & Frank, 1985) and

vapochromic behaviours (Buss et al., 1998). Here we report the

crystal structure of the title compound, [Pt(bpy)(am-

py)2][Pt(CN)4]�2H2O, (I), which has a relevance to our recent

reports on [Pt(bpy)(ampy)2][Pt(ox)2]�2H2O [(II); bpy = 2,20-
bipyridine, ampy = 2-aminopyridine; Sakai et al., 2003b] and

[Pt(bpy)(ampy)2](NO3)2�2H2O [(III); Sakai et al., 2003a].

A cation, an anion and two water molecules are found in the

asymmetric unit of (I) (Fig. 1). Selected bond distances and

angles are listed in Table 1. Possible hydrogen-bonding

geometries are also summarized in Tables 2 and 3. As shown in

Fig. 2, cations and anions alternate along the a axis. Impor-

tantly, the one-dimensional stacking associations are not only

stabilized with electrostatic interactions but also with �±�
stacking interactions between the part of bpy units. As shown

in Fig. 2b, one pyridyl ring (N1/C1±C5) forms a stack with the

[Pt(CN)4]2ÿ anion, while the other ring (N2/C6±C10) gives a

one-dimensional �-stacking array along the (x, 1
2,

1
2) axis. Two

independent interplanar separations between the [Pt(CN)4]2ÿ

anion and the N1/C1±C5 plane alternate along the a axis; these

are 3.59 (2) and 3.54 (2) AÊ , which are respectively estimated as
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a separation between Pt2/C21/N7/C22/N8 and N1/C1±C5 and

that between Pt2/C21/N7/C22/N8 and N1i/C1i±C5i [symmetry

code: (i) x + 1, y, z]. On the other hand, two independent �±�
separations between the pyridyl rings also alternate along the

a axis; these are 3.567 (1) AÊ for the separation between C7±

C10 and C7i±C10i, and 3.425 (1) AÊ for that between C7±C10

and C7ii±C10ii [symmetry codes: (i) 1 ÿ x, 1 ÿ y, 1 ÿ z (ii) ÿx,

1 ÿ y, 1 ÿ z]. As previously reported, the one-dimensional

stack in (II) is primarily stabilized with alternating stacks of

cations and anions, in which the bpy unit shows a good ®t to

the molecular shape of the [Pt(ox)2]2ÿ anion and no bpy±bpy

stacking interaction is achieved in (II).

The Pt� � �Pt distances in (II) are reported as 3.9294 (6) and

5.0302 (7) AÊ (Sakai et al., 2003b), while those in (I) are

Pt1� � �Pt2 = 5.2034 (6) AÊ and Pt1� � �Pt2(x ÿ 1, y, z) =

4.5599 (6) AÊ . The short Pt� � �Pt distance [3.9294 (6) AÊ ]

observed in (II) re¯ects a good ®t between the bpy and the

[Pt(ox)2]2ÿ units, as discussed above. This is also relevant to

the fact that the ampy ligands sterically block the approach of

either [Pt(ox)2]2ÿ or [Pt(CN)4]2ÿ. The steric factor arising

from the ampy ligand well explains the relatively long Pt� � �Pt

distances observed in (I) and (II). A similarly long Pt� � �Pt

distance was previously observed for a unique double salt

[Pt(pzH)4][PtCl4][cis-PtCl2(pzH)2]2 (pzH = pyrazole; Pt� � �Pt =

3.9388 (1) AÊ ; Sakai et al., 2000), in which the pyrazole rings

block the approach of the neighbouring [PtCl4]2ÿ ions.

The mean-plane calculation performed for the four coor-

dinated N atoms in [Pt(bpy)(ampy)2]2+ reveals that the coor-

dination of Pt1 is nearly planar (the four-atom r.m.s deviation

is 0.017 AÊ ). The coordination of [Pt(CN)4]2ÿ involving Pt2 is

slightly distorted toward a tetrahedral geometry, where the

four-atom r.m.s. deviation is 0.040 AÊ . The dihedral angle

between the two Pt coordination planes is 17.4 (2)�. The atoms

Pt1 and Pt2 are displaced from their individual coordination

planes by 0.026 (4) and 0.022 (6) AÊ , respectively. On the other

hand, the two pyridyl planes within bpy are twisted by

4.35 (3)� with respect to one another. The Pt coordination

plane involving Pt1 and the bpy plane are inclined at an angle

of 4.35 (2)�. The pyridyl planes of the 2-aminopyridines are

inclined with respect to the Pt1 coordination plane by

82.86 (3)� for the plane de®ned by N3/N4/C11±C15 and by

83.94 (3)� for that de®ned by N5/N6/C16±C20.

Experimental

Single crystals of (I) were prepared by our unique diffusion method

as follows: a solution of [Pt(bpy)(2-aminopyridine)2](NO3)2�2H2O

(0.01 mmol, 0.0068 g; Sakai et al., 2003a) in water (4 ml) and a solu-

tion of K2[Pt(CN)4]�3H2O (0.01 mmol, 0.0043 g) in water (4 ml) were

prepared separately. A Petri dish having a diameter of ca 60 mm and

a depth of ca 15 mm was separated into three zones using ®lter
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Figure 2
Projections of the crystal structure of (I) (a) along the c axis, and (b)
along the a axis. [Symmetry code: (i) 1 ÿ x, 1 ÿ y, 1 ÿ z.]

Figure 1
The molecular structure of (I), showing the atom-labelling scheme.
Displacement ellipsoids are shown at the 50% probability level.
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papers; the central zone (zone 2) must be sandwiched by the other

two zones (zones 1 and 3), while zones 1 and 3 have no direct contact.

Water (5 ml) was then added to the Petri dish to ®ll all three zones.

Finally, the two solutions mentioned above were added dropwise, at

the same time, to zones 1 and 3. The solution was left to stand at room

temperature overnight, affording (I) as colourless needles (yield

77%). Analysis calculated for C24H24N10O2Pt2: C 32.96, H 2.77, N

16.01%; found: C 33.32, H 2.48, N 15.85%.

Crystal data

[Pt(C10H8N2)(C5H6N2)2][Pt(CN)4]�-
2H2O

Mr = 874.71
Triclinic, P1
a = 7.2972 (5) AÊ

b = 12.7313 (8) AÊ

c = 15.7612 (10) AÊ

� = 98.266 (1)�

� = 98.963 (1)�


 = 105.187 (1)�

V = 1369.45 (15) AÊ 3

Z = 2
Dx = 2.121 Mg mÿ3

Mo K� radiation
Cell parameters from 4752

re¯ections
� = 2.4±25.4�

� = 10.25 mmÿ1

T = 296 (2) K
Needle, colourless
0.32 � 0.07 � 0.07 mm

Data collection

Bruker SMART APEX CCD-
detector diffractometer

! scans
Absorption correction: Gaussian

(XPREP in SAINT; Bruker,
2001)
Tmin = 0.215, Tmax = 0.604

7239 measured re¯ections

4918 independent re¯ections
4030 re¯ections with I > 2�(I)
Rint = 0.082
�max = 25.4�

h = ÿ8! 8
k = ÿ15! 15
l = ÿ17! 18

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.131
S = 1.10
4918 re¯ections
343 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.064P)2

+ 0.5602P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 4.09 e AÊ ÿ3

��min = ÿ3.13 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Pt1ÐN1 2.002 (7)
Pt1ÐN2 2.003 (8)
Pt1ÐN3 2.030 (7)
Pt1ÐN5 2.032 (9)
Pt2ÐC22 1.940 (13)

Pt2ÐC21 2.003 (12)
Pt2ÐC23 2.016 (13)
Pt2ÐC24 2.048 (16)
Pt1ÐPt2 5.2034 (6)
Pt1ÐPt2i 4.5599 (6)

N1ÐPt1ÐN2 80.0 (3)
N1ÐPt1ÐN3 176.1 (3)
N2ÐPt1ÐN3 96.2 (3)
N1ÐPt1ÐN5 96.6 (3)
N2ÐPt1ÐN5 175.9 (3)
N3ÐPt1ÐN5 87.2 (3)

C22ÐPt2ÐC21 87.1 (4)
C22ÐPt2ÐC23 90.1 (5)
C21ÐPt2ÐC23 177.0 (5)
C22ÐPt2ÐC24 176.4 (5)
C21ÐPt2ÐC24 92.7 (5)
C23ÐPt2ÐC24 90.2 (5)

Symmetry code: (i) xÿ 1; y; z.

Table 2
Contact distances (AÊ ).

O1� � �O2i 2.774 (14)
O1� � �N8ii 2.807 (15)

O1� � �N9iii 3.071 (16)
O2� � �N9iii 2.899 (14)

Symmetry codes: (i) xÿ 1; y; z; (ii) 1ÿ x; 1ÿ y; 1ÿ z; (iii) x; 1� y; z.

Table 3
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N6ÐH6B� � �N10iv 0.86 2.53 3.316 (17) 153
N4ÐH4A� � �N7 0.86 2.36 3.121 (13) 147
N4ÐH4B� � �O2 0.86 2.01 2.835 (13) 161

Symmetry code: (iv) ÿx;ÿy;ÿz.

All H atoms, except for those of the water molecules, were located

at idealized positions [CÐH(aromatic) = 0.93 AÊ and NÐH(amino) =

0.86 AÊ ], and included in the re®nement in a riding-model approx-

imation, with Uiso = 1.2Ueq of the carrier atom. Water H atoms were

not located. In the ®nal difference Fourier synthesis, a relatively large

residual electron density with a height of 4.09 e AÊ ÿ3 was observed

0.86 AÊ from Pt2. In addition, 7 more peaks in the range 1.00±

1.44 e AÊ ÿ3 were observed within 0.96 AÊ of Pt atoms. The deepest hole

(ÿ3.13 e AÊ ÿ3) was located 0.77 AÊ from Pt2.

Data collection: SMART (Bruker, 2001); cell re®nement: SAINT

(Bruker, 2001); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics: KENX

(Sakai, 2002) and ORTEPII (Johnson, 1976); software used to

prepare material for publication: SHELXL97, TEXSAN (Molecular

Structure Corporation, 2001) and KENX.

This work was partly supported by a Grant-in-Aid for

Scienti®c Research (No. 14340223) from the Ministry of

Education, Science, Sports and Culture of Japan.

References

Atoji, M., Richardson, J. W. & Rundle, R. E. (1957). J. Am. Chem. Soc. 79,
3017±3020.

Bruker (2001). SAINT (Version 6.22) and SMART (Version 5.625). Bruker
AXS Inc., Madison, Wisconsin, USA.

Buss, C. E., Anderson, C. E., Pomije, M. K., Lutz, C. M., Britton, D. & Mann,
K. R. (1998). J. Am. Chem. Soc. 120, 7783±7790.

Houlding, V. H. & Frank, A. J. (1985). Inorg. Chem. 24, 3664±3668.
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge National

Laboratory, Tennessee, USA.
Miller, J. S. (1982). Editor. Extended Linear Chain Compounds. New York:

Plenum Press.
Molecular Structure Corporation (2001). TEXSAN. Version 1.11r1. MSC,

9009 New Trails Drive Drive, The Woodlands, TX 77381, USA.
Sakai, K. (2002). KENX. GUI for SHELXL97. Tokyo University of Science,

Japan.
Sakai, K., Akiyama, N. & Mizota, M. (2003a). Acta Cryst. E59, m459±m461.
Sakai, K., Akiyama, N. & Mizota, M. (2003b). Acta Cryst. E59, m636±m638.
Sakai, K., Ishigami, E., Konno, Y., Kajiwara, T. & Ito, T. (2002). J. Am. Chem.

Soc. 124, 12088±12089.
Sakai, K., Takeshita, M., Tanaka, Y., Ue, T., Yanagisawa, M., Kosaka, M.,

Tsubomura, T., Ato, M. & Nakano, T. (1998). J. Am. Chem. Soc. 120, 11353±
11363.

Sakai, K., Tanaka, Y., Tsuchiya, Y., Hirata, K., Tsubomura, T., Iijima, S. &
Bhattacharjee, A. (1998). J. Am. Chem. Soc. 120, 8366±8379.

Sakai, K., Tomita, Y., Ue, T., Goshima, K., Ohminato, M., Tsubomura, T.,
Matsumoto, K., Ohmura, K. & Kawakami, K. (2000). Inorg. Chim. Acta,
297, 64±71.

Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of
GoÈ ttingen, Germany.


	mk1

