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2. The stability of these five-coordinate platinum(II)-olefin 
complexes may be due to extensive a back-bonding by the 
anionic tridentate hydrotris( 1-pyrazoly1)borate ligand. 
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Intermolecular Back-Bonding. 1. Stabilization of the Highly Conducting 
One-Dimensional Bis(oxa1ato)platinates 
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In order to rationalize the structure of the highly conducting one-dimensional bis(oxa1ato)platinates an intermolecular 
back-bonding model was formulated. The model involves overlap of a higher occupied molecular orbital (HOMO) on a 
molecular plane with a lower unoccupied molecular orbital (LUMO) on an adjacent molecular plane. Evaluation of the 
b3, HOMO-b2, LUMO interactions derived from the symmetric and antisymmetric molecular orbital combinations for 
the oxalato ligand for the bis(oxa1ato)platinate molecular planes results in eight ligand-centered intermolecular back-bonding 
overlaps when adjacent molecules are rotated by 60’. Rotation of a molecular plane will increase four back-bonding overlaps 
while breaking the remaining four overlaps. Thus a 60’ relative rotation maximizes overlap. Similarly bl, HOMO-a,, 
LUMO overlap gives rise to an additional net four back-bonding situations when adjacent molecular planes are rotated 
by 60’. These observations are in accord with the previously published structure of Mgo 86Pt(ox)?5.3H20. Thus, the 
intermolecular back-bonding contributes to the stabilization of the short intermolecular spacings (-2.85 A) and provides 
an additional back-bonding mechanism to reduce the Coulomb repulsion of electrons in an a, band. 

In recent years there has been considerable interest in the 
~hemica l l -~  and physical p r ~ p e r t i e s ’ ~ ~ - ~ ~ ~ J ~  of highly and 
poorly conducting one-dimensional (1 -D) inorganic complexes 
comprised of equivalent molecules within a chain. All of 
these chains are formed from d8 square-planar complexes with 
small planar ligands which permit close approach of adjacent 
molecular planes. For the highly conducting partially oxidized 
materials close approach is an acute problem as strong overlap 
of the ag (d,2 like) orbitals is important in the stabilization of 
the system via band formation and subsequent partial oxi- 
dation.’ In order to achieve the necessary strong overlap of 
the ag metal orbitals several design criteria surface: (1) use 
of third-row d8 complexes as the 5d22 orbital has the largest 
spatial extension; (2) use of transition metals with smaller 
nuclear charge as the larger nuclear charge will contract the 
spatial extension of the 5d,2 orbital; (3) formation of a 
one-dimensional chain of negatively charged square-planar ions 
since net positive charges will contract the 5d22 orbital; (4) 
utilization of small nonbulky ligands in order to permit close 
approach of these ions; ( 5 )  use of strong-field ligands which 
are able to reduce the Coulomb repulsion of electrons on the 
metal through intramolecular d-r* back-bonding (in order to 
achieve high conductivity); (6) optionally, hydrogen bonding 
between chains knitting together and stabilizing the one-di- 
mensional strands. These general criteria for designing new 
highly conducting systems have been empirically extracted 

from evaluation of the known highly conducting one-di- 
mensional complexes based on Ir’, Pt”, CO, CN-, 0 2 C ~ 0 2 ~ - ,  
and H20 

In the midst of the typical 1-D c ~ m p l e x e s ~ , ~ , ~  containing 
small monodentate ligands which presumably minimize steric 
interaction, e.g., K2Pt(CN)4Xo 3’3H20 (X = C1, Br), 
K1,75Pt(CN)pl.SH20, “Ir(CO)3C1”, and (cation)-o 5Ir- 
(C0)2C12, lies a series of partially oxidized complexes based 
upon the bi~(oxalato)platinates,~~~~-1~ e.g., (alka- 
li+)~1,64Pt(o~)2’xH20 [ox = oxalato = 02C2022-]. Although 
these complexes have not been characterized in detail, powder 
x-ray data indicate that all of these materials have short 
intermolecular spacings of -2.85 A.7,14,16 The room-tem- 
perature single-crystal conductivity of K164Pt(ox)pxH20 has 
been reported to be high,13 Le., 42 !X1 cm-I, suggesting the 
possibility of a metallic state.’ The single-crystal x-ray de- 
termination of Mgo 86Pt(OX)y5.3H20 reveals12 that adjacent 
molecules are rotated by -60’ and alternating molecules are 
eclipsed, Figure 1. The metal atoms form equivalently spaced 
1-D chains with an interplanar separation of -2.85 A. Thus, 
the bis(oxa1ato)platinates form a highly conducting 1 -D chain 
with weak-field bidentate ligands,I8 which by virtue of the 
weak-field character does not remove electron density (re- 
ducing Coulomb repulsion between electrons on the metall) 
from the metal to the same extent as of strong-field a-acceptor 
ligands. 
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Figure 1. Crystal structure12 of Mg,~ , ,P t (ox) ,~5 .3H20:  (a) top 
view; (b) side view. 

The oxalato ligands require ligand-ligand molecular orbital 
interactions regardless of whether or not the donor atoms are 
eclipsed. In spite of the bidentate character of these oxalato 
ligands the molecular planes are -2.85 A apart, thus sig- 
nificantly closer than the sum of the van der Waals radiiIga 
for an aromatic group (3.7 A),19b,20 a a-type oxygen (3.0 
A),19a or a a oxygen plus a a carbon (3.3 A),19a Furthermore, 
the short interplanar spacings of 3.18 A reported for CaPt- 
( O X ) ~ - ~ H ~ O ~ ~  are 12.5% larger than that reported for the 
partially oxidized Cao.~Pt(ox)2-4H20.~ These atypical 
properties may in part be explained in terms of the stabilization 
of a highly conducting 1-D system by intermolecular back- 
bonding between the higher occupied molecular orbitals 
(HOMO) on one molecule and the lower lying unoccupied 
molecular orbitals (LUMO) on an adjacent molecule which 
have the correct symmetry to ~ v e r l a p . ~ ~ , ~ ~  Furthermore, the 
intermolecular back-bonding overlap provides an additional 
mechanism (besides intramolecular d-r* back-bonding) of 
reducing the Coulomb repulsion of electrons on the metal. 
Thus, the relative arrangement of adjacent molecules will be 
described by the orientation that minimizes the free energy 
of the system via maximizing the van der Waals forces, the 
directional intermolecular back-bonding, as well as the 
electrostatic attraction and dipole interactions between atoms 
on the adjacent m o l e ~ u l e . ~ ~ - ~ ~  Detailed calculations are 
necessary to understand the relative importance of each of 
these contributions. 

In order to evaluate intermolecular HOMO-LUMO 
back-bonding available for the bis(oxa1ato)platinate system 
it is necessary to understand the electronic structure of the 

Figure 2. Eight intermolecular back-bonding overlaps between 
the HOMO (1) and LUMO (3) of b,, and b,,.symrnetries, respec- 
tively, for the bis(oxa1ato)platinates. The pruned atoms represent 
the HOMO. 
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Figure 3. Six intermolecular back-bonding and two intermolecu- 
lar anti-back-bonding overlaps between the HOMO (2) and LUMO 
(4) of b,, and a, symmetries, respectively. The  primed atoms 
represent the HOMO. 

Pt(O~C202)2~- ion which has not been reported in the lit- 
erature. However, the electronic absorption spectra of Pt- 
( S ~ C Z O ~ ) ~ ~ -  30 and Pt(02C202)22- appear to be shifted with 
respect to each other. This suggests a similar electronic 
structure for both of these D2h ions.31 Thus, the electronic 
structure of the Pt(S$C102)2~- ion can, to a first approxi- 
mation, be used as a model for evaluating intermolecular 
back-bonding in Mgo 86Pt(Ox)2*5.3?&0. 

The lower unoccupied out-of-plane ligand a* orbitals are 
of b2g (1) and bl, (2) symmetries whereas the higher occupied 
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orbitals are of b3g (3), a, (4), and b1, s ~ m m e t r i e s . ~ ~  
Thus, for intermolecular back-bonding the HOMO donates 

electron density to the LUMO stabilizing the system. This 
is accomplished through maximum overlap of 1 and 3 (eight 
back-bonding overlaps) (Figure 2) and additionally via overlap 
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of 2 and 4 (six back-bonding and two anti-back-bonding 
overlaps) (Figure 3). The overlap of the gerade and ungerade 
HOMO-LUMO’s does not give rise to a net back-bonding 
situation. Figure 2 depicts the HOMO-LUMO overlap 
arising from 1 and 3. The 03-01’, 04-021, 06-05’, 07-0(, 
05-03’, 01-06), cb-c,’, and Cc-Ci orbitals are of the correct 
symmetry to overlap. The molecular geometry can be de- 
scribed by these overlaps. Rotation of the bottom molecule 
(primed atoms) counterclockwise increases the overlap of the 
03-01’, 05-03’, 06-05’, and 01-06‘ orbitals but decreases 
the overlap of the orbitals of 07-0(, 04-0;, Cb-C,’, Cc-Cd’. 
Clockwise rotation reverses this situation. Thus, an energy 
minimum is reached by the structure with a relative 60° 
rotation between adjacent molecules. This is in accord with 
the observed structure,12 Figure 1. 

Besides overlap between 1 and 3, overlap of 2 and 4 is also 
of the correct symmetry to contribute ,to intermolecular 
overlap, Figure 3. The bonding of 03-01,  0 4 - 0 2 ,  0 6 - 0 5 ,  
O7-O(, Cb-C,’, and CC-Ci is the same as outlined in Figure 
2, but in contrast to the 1-3 overlap, anti-back-bonding overlap 
occurs for 01-0; and 05-0;. Due to the larger 01-06) (and 
05-03’) interatomic spacings [3.15 A]12,32 for the anti- 
back-bonding overlap with respect to the bonding 03-01’ (and 
06-05’) [2.97 A],’2 0 4 - 0 ;  (and 07-08’) [3.03 A],12 and 
cb-c,’ (and Cc-Cd’) [3.07 All2 overlaps, net back-bonding 
occurs. Detailed molecular orbital calculations are necessary 
to establish the importance of these overlaps as the bonding 
stabilization is inversely proportional to the energy separation 
and orbital coefficients. The HOMO-LUMO ligand back- 
bonding does not significantly alter the observed intramolecular 
distances of bis(oxa1ato)platinate in K z P t ( o x ) ~ 2 H z O ~ ~  and 
in M ~ o . ~ ~ P ~ ( o x ) Y ~ . ~ H ~ O . ~ ~  However, the small differences 
in the intramolecular distances that are observed34 are con- 
sistent with the back-donation of electron density into the 
LUMO, but these changes are of the order of those reported 
for coordinated and noncoordinated C019b and are of the 
magnitude of typical standard deviations. 

This description of intermolecular ligand-bonding stabili- 
zation of the 1-D bis(oxa1ato)platinate system suggests that 
highly conducting 1-D materials may be prepared from 
platinum(I1) complexes with isoelectronic and isostructural 
ligand systems. For example, the bis( 1,2-dithiooxalato) 
complex of p l a t i n ~ m ( 1 1 ) ~ ~  is an appropriate candidate for 
observing high conductivity.] To date attempts to partially 
oxidize Pt(S2C202)22- have not succeeded.36 It may be that 
the larger van der Waals radius of sulfur as compared with 
that of oxygen prevents the necessary close approach,19 but 
short intermolecular sulfur interactions have previously been 
reported, e.g., 3.059 A for [Pt(S2C2H2)2]2r37 suggesting that 
highly conducting chains with sulfur donor atoms are con- 
ceptually feasible.38 Furthermore, upon oxidation Pt- 
(S2C~02)2~- may break the C-C bonds and liberate carbonyl 
sulfide.39 

A chain structure where intermolecular planes are separated 
by less than the van der Waals radii requires a stabilization 
force to overcome the van der Waals forces. The primary 
bonding force which contributes to the stabilization of the 
chain structure is band formation; however, intermolecular 
HOMO-LUMO back-bonding, dipole-dipole type interac- 
tions, and electrostatic attractions are important in stabilizing 
the close approach of intermolecular planes and in defining 
the relative orientation of the planes. Where unsaturated 
chelated complexes form a 1-D chain with close interplanar 
separations molecular orbital overlaps must be maximized to 
account (along with dipole interactions which may in some 
cases alter) for the relative orientation of molecules in a 
chain.40 Thus, deviations from geometries predicted for such 
HOMO-LUMO overlap would not be surprising; however, 
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evaluation of the HOMO-LUMO interactions as well as the 
other cohesive forces should reveal insight into the binding of 
one-dimensional complexes and futhermore give insight into 
the design of new 1-D materials. 
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Linear, potentially pentadentate Schiff base ligands derived from various salicylaldehydcs (R-SAL) and bis(3-aminopropyl) 
ether (DAPE), bis(3-aminopropyl) sulfide (DAPS), or bis(3-aminopropy1)phenylamine (PhDPT) represent a series of chelate 
compounds in which the central donor atom is varied. Cobalt(I1) complexes of these ligands have been isolated and characterized 
via elemental analysis, infrared-visible spectra, and magnetic susceptibility. The structure of these complexes depends 
upon the aromatic substituents in the molecule. This is the first report of structural changes in complexes of this type 
resulting from nonsteric substituent effects. The results are discussed in terms of the electronic effect of the substituents. 

Introduction 
The stereochemical and structural features imposed on a 

metal complex by Schiff base ligands have been the subject 
of numerous studies.2a Most of the systematic studies that 
have been carried out have investigated the steric effects of 
ligand substituents. Many of these studies have dealt with the 
coordination of nickel(I1) and cobalt(I1) ions. A good example 
of these investigations is illustrated by the nickel(I1) sali- 
cylaldimine complexes shown in structure I. Upon increasing 

7’3 

the bulkiness of the R group, the complex stereochemistry in 
the solid state changes from a diamagnetic square-planar 
structure to a paramagnetic tetrahedral arrangement. In 
general the effect of a benzene ring substituent, R’, on the 
stereochemistry of these complexes is minimal2b (R’ = H, 
3-CH3, 5-CH3, 3-C1, 3-Br, 3-NO2, 3,5-benzo, 5 - N o 2 ,  3,4- 
benzo). 

A ligand-promoted configurational change has also been 
observed with linear tetradentate ligands derived from sali- 
cylaldehyde and long-chain diamines bound to ~obal t ( I1)~  
(structure 11). With increasing chain length joining azo- 

methine linkages, tetrahedral geometries become favored over 
square-planar ones. The effect of ring substitution on the 
resulting complex stereochemistry was not investigated, though 
it might be concluded that the stereochemical effect of 
electron-withdrawing and electron-donating groups on these 
salicyladehyde-related ligands is negligible. This conclusion 
is supported by the fact that Zn(II), Cu(II), Ni(II), Co(II), 
and Mn(I1) complexes incorporating linear pentadentate 
ligands derived from variously substituted salicylaldehydes and 
either bis(3-aminopropyl)amine, H2RSALDPT (IIIa), or 

7 3  

IIIa, H,RSALDPT, X = NH, n = 3 
b, H,RSALMeDPT, X = NCH,, n = 3 
c ,  H,RSALDAPP, X = PCH,, n = 3 
d,  H,RSALDAES, X = S, n = 2 

bis(3-aminopropyl)methylamine, H2RSALMeDPT (IIIb), 
have been shown to be isomorphous4 (R = H, 5-CH3, 5-CzH5, 
3,4-benzo, 5,6-benzo, S-Cl, 3-C1, 3,5-C12, 5-Br). Also, 
H2RSALDAES (IIId), a potentially pentadentate ligand, was 
shown to produce four-coordinate complexes with cobalt(I1) 
regardless of the substituent5 (R = H, 5-NO2, 5-Br, 5-CH3, 
3-(CH3)2CH). Studying a related group of potentially 
pentadentate ligands we have noticed differences in the sol- 
id-state structure of cobalt(I1) complexes which appear to 
depend on the coordinating properties of the central donore6 
If the central donor is P-CH3 (IIIc, R = H) or N-C& (IVc, 
R and R’ = H), five-coordinate cobalt complexes are observed, 
while ether (IVb, R = H) and thioether (IVa, R = H) donors 
result in cobalt(I1) complexes which are four-coordinate 


