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Short Description

2nd year Chem Engineering lab report on the electronic absorption spectra of some Cu complexes...



Description


Electronic Absorption Spectra of some Cu(II) complexes Aims and objectives 1) To record electronic absorption spectra for complexes of Cu(II) 2) To determine the crystal field splitting energy, Δ0 3) To study the effect of ligands on crystal field splitting energy (DE)



Introduction Transitional metals are metals with partially filled 3d orbitals. Due to the incompletion of these orbitals they possess many characteristics unique to them alone. One of which is the capability of forming coloured complexes with ligands.. During the reaction with the ligands, the electrons of the transition metals become very excited and unstable. Absorption and subsequent emission of energy in the form of light then occurs along with the excitation and de-excitation of the electrons. This absorption happens in the visible region of the electromagnetic spectrum hence the reason we are able to view them as coloured compounds. Light in this region of the spectrum causes the promotion of d–electrons from a lower to a higher energy level. The spectra which result are generally referred to as Electronic Spectra. Because of the size of the quanta involved, electronic transitions in molecules are always accompanied by vibrational and rotational changes, and hence a band spectrum is observed. Theory Although there is a promotion of the 3d orbitals in the transitional element form a higher energy level to a higher one, the degeneracy of the orbitals is lost due to some of the d-orbitals possessing a slightly larger quantity of energy after the reaction. The theory behind this is known as the crystal field theory (CFT) developed by scientists Hans Bethe and J.H van Vleck (Actual theory proposed by Bethe later modified by van Vleck) in the 1930s. The CFT suggests that during the reaction of a ligand (point charge) and a transitional metal, there is a splitting of energy between the d-orbitals, some possessing more energy than others thereby causing an inequality of energy between the orbitals (breaking of the degeneracy of the orbitals). The difference of energy between both levels is known as the crystal splitting energy symbolized by Δ0.There are some characteristics of the reacting species which must be met for the theory to be applicable. They are as follows: • The interactions between the metal ion and the ligands are purely electrostatic (ionic) • The ligands are regarded as point charges • The ligand is negatively charged: ion-ion interaction. • The ligand is neutral: ion-dipole interaction



• The electrons on the metal are under repulsive forces from those on the ligands • The electrons on metal occupy those d-orbitals farthest away from the direction of approach of ligands. Copper (II) ion forms an octahedral complex (the most common type of complex) upon its reaction with water and ammonia solution. This complex formed is obtained from the formula Cu (NH3)n(H2O)6-n2+. The water and ammonia molecules are the ligands in this case. In the case of the octahedral complex, six ligands (H2O and NH3 in this case) form an octahedron around the metal ion. As the ligands approach the metal ion they cause a repulsive force upon the electrons within the orbitals of the five 3d-orbitals of the copper ion namely: dz2, dx2- y2, dxy, dxz and dyz. This repulsion comes about due to the fact that the ligands themselves being negatively charged are brought close to the d-orbitals which possess negatively charged electrons. Like poles repel by nature and so that is exactly what occurs within causing as well an increase in energy of the orbitals For the 's' and 'p' electrons this is of little consequence but for 'd' electrons there is an energy difference involved depending on the orbital distribution and occupation. The energy of the five 3d orbitals increases when the six ligands are brought close to the Cu2+ ion as a result of the repulsion they brought along. However, the energy of two of these orbitals (3dx2-y2 and 3dz2) increases much more than the energy of the other three (3dxy, 3dxz, and 3dyz), as shown in the figure below. The crystal field of the six ligand ions therefore splits the degeneracy of the five 3d-orbitals. Three of these orbitals are now lower in energy than the other two.



By convention, the dxy, dxz, and dyz orbitals in an octahedral complex are called the ‘t2g’ orbitals. The dx2-y2 and dz2orbitals, on the other hand, are called the ‘eg’ orbitals.



The difference between the energies of the t2g and eg orbitals in an octahedral complex is the crystal splitting energy. The magnitude of the splitting of the t2g and eg orbitals changes from one octahedral complex to another. It depends also on: 1) 2) 3) 4)



The identity of the metal ion The charge on this ion and its oxidation state The nature of the ligands coordinated to the metal ion. Whether the metal is a 3d, 4d or 5d element



Chemicals and Equipment Glass stirrer



1M Ammonia solution



Pippete



2M Ammonia solution



Beakers



3M Ammonia solution



Electric burner



2M NH4NO3 solution



Graduated cylinders



Solid Glycine



50ml Volumetric flasks



1M Cu (NO3)2



Fume Chambers



Distilled water



Ultraviolet Visible spectrophotometer (UV Mini 1240) Ethylenediamminetetraacetic acid (EDTA) solution



Procedure Preparation of the complexes [Cu (NH3) n (H2O) 6-n] 2+ 1) Using a pipette, 1.0 cm3 of the 1 M Cu (NO3)2 stock solutions was diluted to 50 cm3 in a volumetric flask. 2) At n=1, 5.0 cm3 of the new Cu (NO3)2 solution was pipetted into a small beaker containing 14 g of solid NH4NO3. 3) This solution was then stirred and warmed to about 30°C with the aid of a glass rod as stirrer. 4) 5 cm3 of 1 M NH3 was added next to the solution being warmed whilst stirring the mixture until the temperature reached 30°C again 5) . Next, 1 cm3 of the new solution was diluted to 25cm3 with 2 M NH4NO3 solution.



6) The procedure was repeated for values of n= 2 and 3. The difference in their procedures being the molarity of NH3. Instead of using 1 M of NH3 2M and 3M are used respectively for ‘n’ values of 2 and 3. 7) For n=4 however, 1 cm3 of concentrated NH3 was added to 1 cm3 of 1 M Cu(NO3)2 and diluted to 50cm3 with water.



b) Preparation of the complex [Cu (en) 2(H2O) 2]2+ where ‘en’ represents ethylenediammine 1) 1 cm3 of the 1 M Cu (NO3)2 solution was pipetted into a 50 cm3 volumetric flask. 2) EDTA solution at a concentration of 4.0M was placed into the volumetric flask as well. 3) Distilled water was then poured in up to the mark of the volumetric flask. c) Preparation of the complex [Cu (gly) 2(H2O) 2]2+ 1) 2) 3) 4)



1 cm3 of the 1 M Cu (NO3)2 solution was pipetted into a 50 cm3 volumetric flask. Solid glycine was added to give a concentration of 0.04 M. 20 cm3 of 0.1 M NaOH was added next. Distilled was then used to dilute the solution up to the mark of the flask.



Results Sample [Cu(NH3)n(H2O)62+ n]



Maximum Absorbance



Wavelength maximum absorbance nm



at 1/λ -1 (λ), (nm )



∆◦=(1/wavelength) x 1O7 (cm-1)



Cu(H2O)62+



0.002



447.0



2.237136 x 1O-3



22371.36



Cu(NH3)(H2O)52+



0.017



679.0



1.472754 x 1O-3



14727.54



Cu(NH3)2(H2O)42+



0.028



625.0



1.600000 x 1O-3



16000.00



Cu(NH3)3(H2O)32+



0.040



609.0



1.642036 x 1O-3



16420.36



Cu(NH3)4(H2O)22+



0.129



600.0



1.666667 x 1O-3



16666.67



Cu(en)2(H2O)2



0.094



739.0



1.353180 x 1O-3



13531.80



Cu(gly)2(H2O)2



0.037



638.0



1.567398 x 1O-3



15673.98



A graph of Δ0 versus the number of moles 25000
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Exercise 3) According the spectrochemical series, the ligands can be arranged iin terms of decreasing splitting power as: Glycine>>en>>NH3>>H2O. This can be deduced from the table above. The splitting energy accompanied by ‘en’ is larger by magnitude than the other substances in question with that of NH3 following suit and that of H2O trailing behind. Discussion As can be observed from the graph, the highest energies were recorded at values of n=0 for each of the procedures involving 2M and 3MNH3. The 1M NH3 was the only one to record low values for Δ0 since there were no other ligands added to the complex. The values of the crystal splitting energy of glycine and ‘en’ were the smallest relatively. This can be attributed to their nature. As organic compounds they are hardly capable of forming co-ordinate bonds with other negatively



charged ligands. In this case their crystal splitting energy depends mostly on their nature which is an indication of their stability. The energy associated with the ‘en’ was less than that of glycine so it can be said that ‘en’ is less stable than glycine. Sources of Error 1) The instrument may not have been properly cleaned and calibrated causing a discrepancies in some of the values obtained 2) The burettes used in measuring the quantities of solutions had loose valves causing some difficulties in obtaining the values needed Precautions 1. Lab coats, goggles, and disposable gloves were put on throughout the course of the experiments. 2. We ensured that the glassware were washed with samples of the solution before they were used 3. Reading of values was taken from the bottom of the meniscus. 4. The burette was erected upright to ensure accurate readings of the meniscus 5. Our hands were thoroughly washed before leaving the laboratory 6. The cuvettes were wiped thoroughly in order to prevent any fingerprints or dirt left on from causing any obstruction in the spectrophotometer during the data acquisition. 7. The instrument was first calibrated properly using a blank solution. Conclusion It can be concluded that the crystal splitting energy of some copper complexes does increase with increasing concentration and number NH3 ligands present in the complex. Due to the fact that different ligands generate crystal fields of different strengths, different colors can be seen. For a given metal ion, weaker field ligands create a complex with a smaller Δ, which will absorb light of longer wavelengths and thus lower frequencies. Conversely, stronger field ligands create a larger Δ, absorb light of shorter wavelengths, and thus higher frequencies
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