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A Novel Quasi-One-Dimensional Zig-Zag Platinum 
Atom Chain in Ki75Pt(CN)4^LSH2O. A Neutron 
Diffraction Study1 

Sir: 
Of the mixed-valence linear-chain Pt compounds formed 

by partial oxidation of the metal atom, only the prototype 
Krogmann salt, K2Pt(CN)4Br03OH2O, KCP(Br) hereaf
ter, has been extensively studied to date.2 While KCP(Br) 
and KCP(Cl) have been well characterized using neutron 
diffraction,3 little is known about the closely related cation 
deficient cyanoplatinate compounds. 

We wish to report the results of the first single-crystal 
neutron diffraction study of a potassium deficient cyanopla
tinate complex, Ki.75Pt(CN)4-1.5H2O, hereafter 
K(def)TCP. An entirely new type of zig-zag Pt atom chain 
is observed and the structure reported here should provide a 
model for the interpretation of the electronic properties and 
one-dimensional conductivity of these unusual salts. 

The literature regarding K(def)TCP is confusing, as 
summarized in Table I, but it appears (vide infra) that al
though the compounds are given different formulations they 
are structurally identical. First, although the cell dimen
sions reported by Krogmann and Hausen4 for K(def)TCP 
are different from the others listed, the powder x-ray dif
fraction patterns of our crystals and of material prepared by 
Miller5 match Krogmann and Hausen's published pattern 
perfectly. Second, the triclinic cell parameters of 
K(def)TCP which we have observed from single crystals are 
identical with those given by Minot, Perlstein, and Kisten-
macher6 who also reported the presence of a slight amount 
of Br - in their material.7 

K(def)TCP was prepared using the method outlined by 
Levy,8 and crystals were grown by evaporation from aque
ous solution. Triclinic cell parameters are given in Table I. 
No additional peaks were observed in a careful search for 
possible "superlattice" reflections. Four octants of intensity 
data were measured employing a 8-26 step scan yielding 
3969 independent reflections (3276 with (F0

2) > la (F0
2)), 

at 22 ± 20C to a maximum sin d/X = 0.72 at the Argonne 
National Laboratory CP-5 neutron source (X 1.142 (1) A). 
The data were corrected for absorption (^ = 1-00 cm -1) 
and scaled against a standard NaCl crystal using a method 

described previously.9'10 The structure was solved from the 
neutron Patterson map. Full-matrix least-squares refine
ment (with anisotropic thermal parameters and an isotropic 
extinction correction) has led, at this stage, to a value of the 
reliability index of R(F0

2) = 0.059 using all data and 
R(F0

2) = 0.055 for all data with (F0
2) > Ia(F0

2). The 
standard deviation of an observation of unit weight, Si, is 
1.19 and the ratio of observations to parameters is ca. 14:1. 

The most significant and surprising structural finding re
garding K(def)TCP, compared to KCP(Br), is the pro
nounced nonlinearity of the Pt-atom chain as illustrated in 
Figure 1. Three crystallographically independent Pt atoms 
comprise the basic repeat unit of the zig-zag metal atom 
chain which extends along c. The Pt(2), at the general posi
tion (z as: Y4),

10 is displaced from the c axis (on which the 
other two Pt atoms reside) by 0.175 (1) A, the Pt(I)-
Pt(2)-Pt(3) bond angle being significantly nonlinear at 
173.2 (I)0 . The two independent but equal Pt-Pt bond 
lengths (2.961 (1) and 2.965 (1) A) are 0.069-0.077 A 
longer than in KCP(Br) (2.888 (6) and 2.892 (6) A) at 
room temperature.3 In this case the Pt-Pt separation ex
ceeds that in the metal itself by ~0.2 A, and the difference 
is almost twice that observed in KCP(Br).1' The equality of 
the Pt-Pt separations suggests that this is an important, in
trinsic property of metal atom chain formation in these 
salts. Adjacent Pt(CN)4

2- groups extending along the 
Pt-Pt chain are not precisely parallel and a staggered con
formation very similar to that in KCP(Br) is observed. The 
short Pt-Pt separations and staggered conformations indi
cate considerable dz2 metal overlap.12 However, the Pt 
chain nonlinearity and increased Pt-Pt separation indicates 
less dz2 overlap than in KCP(Br). These are probably key 
factors contributing to the reportedly lower electrical con
ductivity of K(def)TCP vs. KCP(Br).13 

As in KCP(Br), water molecule hydrogen bonding to cy
anide ligands binds the cyanoplatinate chains in 
K(def)TCP. However, in marked contrast to KCP(Br), all 
cyanides do not form the same number of hydrogen bonds. 
Multiple hydrogen bond formation by -CN ligands of Pt(2) 
may contribute to the Pt-chain deformation (see Figure 1). 
The H2O molecules are tightly bound and all lone-pair or-
bitals appear to be directed toward K+ ions. 

These results demonstrate that Krogmann type cyanopla-

Figure 1. Stereographic view of the structure of Ki.75Pt(CN)4-1.5H2O showing all atoms in the unit cell (thermal ellipsoids are scaled to enclose 
50% probability). Note the zig-zag nature of the Pt atom chain along the c axis.10 The basic repeat unit of the metal chain comprises Pt(I), Pt(2), 
and Pt(3) at z = 0.0, ~0.25, and 0.50, respectively. The Pt(l)-Pt(2)-Pt(3) bond angle is 173.2 (1)° and inversion centers occur at Pt(I) and Pt(3). 
Water molecule to cyanide nitrogen atom hydrogen bonds ( H - N < 2.6 A) are indicated with faint lines and K+ ions are drawn without bonding in
teractions. 
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tinate compounds form nonlinear Pt-Pt chains in which 
equal metal-repeat separations are maintained even though 
they are not required crystallographically. At this time 
there is no evidence to indicate that the Pt chain deforma
tion is caused by a charge density wave or Peierls distor
tion14 as in K2Pt(CN)4Br03-SH2O. The full structural 
study will be reported at a later date. 
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