
Computational Details 

Full geometry optimizations were performed on [Cu2(hpp)2Cl2], 1. All 

calculations were performed with the Gaussian 03 (G03) suite of programs1
 using a triple-

ζ quality Pople basis set with a diffuse and polarization function on the heavy atoms (6-

311+G(d)))2 for Cl, C, N, and H and a triple-ζ quality basis set (SDD) with a small core 

effective core potential (ECP)3
 for the Cu atoms (BSI).  Geometry optimizations were 

performed using Density-Functional Theory (DFT)4 with the B3LYP (Becke three-

parameter hybrid exchange functional5 and the Lee-Yang-Parr correlation functional)6 

and MPW1PW91 (Barone's Modified Perdew-Wang 1991 exchange functional and 

Perdew and Wang's 1991 correlation functional)7 and second-order Møller-Plesset 

perturbation theory (MP2).8   The Raman calculation was performed at the MPW1PW91 

level of theory using BSI with the addition of a diffuse and polarization function for the 

hydrogen atoms (6-311++G(d,p)).2  The MPW1PW91/BSI optimized structure of 1, was 

used for the Raman calculation. 

 

Computational Discussion 

The MPW1PW91/BSI optimized structure of 1 (Figure SI1), calculates a Cu-Cu 

bond distance (2.87Å) that is 0.2 Å longer than the crystal structure (2.67Å), which is 

consistent with the underestimation of dispersion forces by DFT.9  To validate the 

MPW1PW91/BSI model, 1 was also optimized at the MP2/BSI level (Figure SI1).  

Interestingly, the MP2/BSI Cu-Cu bond distance (3.01Å) was calculated to be 0.34Å 

longer than the crystal structure (2.67Å).   Both the MPW1PW91/BSI and MP2/BSI 

optimized structures have shorter Cl-N bond distances than the crystal structure of 1 
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(3.21Å, 3.22Å, and 3.36Å, respectively).  B3LYP/BSI was also used to optimize the 

structure of 1 (Figure SI2) and at this level of theory, the Cu-Cu bond is completely lost 

(Cu-Cu bond distance of 4.74Å).  An overlay of the crystal, MPW1PW91/BSI, and 

MP2/BSI structures of 1, illustrates that the hpp ligands in the theoretical models move 

significantly from the crystal structure indicating that there may be some packing effects. 

 

 
Figure SI1.  Overlay of the crystal structure of 1 (yellow), MPW1PW91/BSI optimized 
structure (blue), and the MP2/BSI optimized structure (green).  All distances are reported 
in Ånströms. 
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Figure SI2.  B3LYP/BSI optimized structure illustrating the loss of the Cu-Cu bond.  All 
distances are reported in Ånströms. 
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