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1.  Consider the following four-coordinate complexes: [NiCl4]2-, [PtCl4]2–, [Ni(CO)4], and [Ni(CN)4]2-.
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Name each complex.









[NiCl4]2-: 

[PtCl4]2–: 

[Ni(CO)4]: 

[Ni(CN)4]2-:

b. Explain why [NiCl4]2- is a tetrahedral complex while [PtCl4]2– is square planar.


c. Explain why [Ni(CO)4] is a tetrahedral complex while [Ni(CN)4]2- is square planar.

d. Identify each complex as either diamagnetic or paramagnetic.

[NiCl4]2-: 

[PtCl4]2–: 

[Ni(CO)4]: 

[Ni(CN)4]2-:

e.  Predict the correct hybridization for the metal ion in each complex, based on the concepts of the valence bond theory.

[NiCl4]2-: 

[PtCl4]2–: 

[Ni(CO)4]: 

[Ni(CN)4]2-:

f. Predict the number of absorption bands due to d-d transitions in the two tetrahedral complexes

[NiCl4]2-: 
........bands

[Ni(CO)4]: 
........bands

2.   a. Use the concepts of crystal field theory to predict the splitting of d-orbitals in both tetrahedral and octahedral environments.

     b. Compare the largest crystal field splitting in octahedral (o), tetrahedral (t), and square planar (1) complexes.

3. Consider the following octahedral complexes: [Fe(CN)6]4-, [Co(H2O)6]3+, [RhF6]3-, and [CoF6]3–.

a. Name each complex.

[Fe(CN)6]4-
[Co(H2O)6]3+
[RhF6]3-

[CoF6]3–
b. For each complex, determine whether it has a high-spin (HS) or low-spin (LS) configuration in an octahedral crystal field. Explain your answer for each complex.
[Fe(CN)6]4-
[Co(H2O)6]3+
[RhF6]3-

[CoF6]3–

c. What is the ground state term symbol for the free ion in each complex.

d. What are the ground and excited state term symbols for allowed d-d transitions in each complex.  If there is more than one allowed transition, list them in order of increasing energy.

complex

ground state term

excited state term(s)
[Fe(CN)6]4-
[Co(H2O)6]3+
[RhF6]3-

[CoF6]3–
4.  The low energy of d-d transitions gives most coordination compounds their intense visible colors.  However, the following complexes are either colorless or have pale colors.  Explain for each complex.

a.  Octahedral complexes of Mn(II) with weak-field ligands:

b.  Most Cu(I), Ag(I), and Au(I) complexes:

c. Most Zn(II) and Cd(II) complexes:

5. Explain: a.  In atomic absorption and emission spectroscopy, lines due to s-p and p-d transitions are observed while no lines are seen for s-s, s-d, p-p, and p-f transitions. 

b.  The electronic absorption spectra of organic compounds such as benzene have bands that can be assigned to * and * transitions but not to * transitions.

c.  (BONUS) d-d transitions are usually absent in atomic spectra but existent in the spectra of most coordination compounds. 

6. Answer the following questions about the complex Cr(CO)2(CN)2(NH3)2:

a. Name the complex 


b. Draw all possible geometric isomers and indicate which isomers are chiral.

c. If the infrared spectrum of a compound with the above formula shows two vC-O bands and one vC-N band, identify the actual structure amongst the isomers you have drawn above.  Explain.


7. a. Name the compounds [Pt(NH3)3Cl3]Cl, [Co(en)3]Cl2.

[Pt(NH3)3Cl3]Cl:

[Co(en)3]Cl2:

b. Draw ALL possible stereoisomers (geometric and enantiomers) for each complex 

[Pt(NH3)3Cl3]+:


[Co(en)3]2+ (you may use N
N to represent "en"):

8.  (BONUS) Draw the structure of tri--carbonylbis(tricarbonyliron)(0).
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