Experiment 1

The Ligand Field Spectra of Copper(II) Complexes


In this experiment you will prepare pseudo-octahedral copper(II) complexes with O6 and N2O4 donor sets in solution. (NmOn, where n and m are integers, refers to the nature and number of donor atoms in the coordination sphere) In addition, a complex with an N4O2 donor set will be synthesized. The solution spectra will be recorded for all three complexes. From the spectra, max and  values can be determined and compared. Based on this data, a limited spectrochemical series can be derived. 

Procedure: 
Preparation of Diaquobis(ethylenediamine)copper(II) iodide: [Cu(en)2(H2O)2]I2

Combine copper(II) acetate (1.9 g, 0.0095 mol) with 5 mL of water. To the resulting solution, add ethylenediamine (2.0 mL, 1.8 g, 0.030 mol) dropwise with stirring. Work in the hood. Dissolve potassium iodide (4.2 g, 0.025 mol) in a minimum amount of water and add it to the reaction mixture and heat the reaction mixture to 60 (C. Remove any undissolved material by vacuum filtration of the hot solution and cool the filtrate in an ice bath. If the complex does not crystallize in the ice bath, add ethanol. Collect the crude product by vacuum filtration. Purify the compound by recrystallizing the crude product from water. Collect the purified product by filtering through a medium porosity frit and wash with cold ethanol. Dry the complex by continuing to draw air through the frit. The complex is quite water soluble. Therefore, water volumes must be kept to a minimum in order to obtain a reasonable yield. 

Preparation of solutions


All masses should be recorded to the nearest mg and all solutions prepared in 100 mL volumetric flasks. The first solution is prepared by dissolving approximately 1 g of copper(II) sulfate pentahydrate in water. This solution should contain the hexaaquacopper(II) ion, a six-coordinate copper(II) complex with an O6 donor set.


The second solution is prepared by dissolving approximately 0.15 g of copper(II) acetate monohydrate and approximately 0.4 g sodium dihydrogenethylenediaminetetraacetate (Na2H2EDTA) in water. This solution should contain the species [Cu(EDTA)]2-, a six-coordinate copper(II) complex with an N2O4 donor set. It should be noted that the EDTA4- ion does not always function as a hexadentate ligand as is commonly supposed. In this case, water will occupy any vacant coordination sites so that the donor set remains N2O4.


The final solution is prepared by dissolving approximately 0.5 g of diaquabis(ethylenediamine)copper(II) iodide in water. This six coordinate cooper(II) complex has an N4O2 donor set.

Spectra


Record the electronic absorption spectra of these three solutions on the Ocean Optics S2000 fiber optic spectrometer. You need save your processed spectra to a floppy disk. 

Report: Your report should include your three spectra, the % yield for the synthesis of diaquabis(ethylenediamine)copper(II) iodide and table containing the max (nm), the max (cm-1) and the  (cm-1Lmol-1) values for each solution. In your discussion you should compare the  values obtained in this experiment to those obtained in the UV region for organic compounds. Your conclusion should contain the spectrochemical series derived from these results. 

� Adapted from Baker, A.T.; J. Chem. Ed. 1998, 75, 98.
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