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Recommended reading: 22.6-22.13, 26 
Ch 102 Problem Set 6 
Due: Tuesday, May 17, before class 
 
Problem 1 (20 points) 
	
  
Zeise’s salt (potassium trichloro(ethylene)platinate, 1) undergoes ligand exchange in 
acetonitrile in the presence of aromatic N-donors such as phenazine (2) to yield platinum 
salt 3 exclusively as the isomer shown in the reaction scheme below. The isolation of a 
single isomer from the reaction below is due to the ‘trans effect’. Note that in both 
compounds 1 and 3 ethylene is coordinated to platinum perpendicular to the Pt 
coordination square plane.  
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a) Consider compound 1. Derive a full molecular orbital (MO) diagram for the σ-only 
framework of this complex. For simplicity, approximate complex 1 with the analogous 
four-coordinate platinum complex [PtH4]2-. For full credit make sure to include all of the 
following: 

• Assign the point group of [PtH4]2-, and generate the reducible and 
irreducible representations for the ligand σ-bonding interactions 

• Label metal orbitals with the appropriate Mulliken symbols and designate 
them as d, s, or p 

• Label the SALCs with the appropriate Mulliken symbols 
• Place the metal and ligand orbitals at the appropriate relative energies 
• Label the generated molecular orbitals with Mulliken symbols and 

indicate whether they are σ, σ*, or nb 
• Fill in the correct number of electrons 
• Circle the orbitals that have d-parentage 
• Draw the molecular orbitals that correspond to the four bonding 

interactions in [PtH4]2- 
 

b) The five molecular orbitals of d-orbital parentage make up the d-d splitting diagram 
for a σ-only general square planar molecule (such as model [PtH4]2-). Focus only on these 
d-orbitals for this part. Ethylene is a good π-acceptor due to its low-lying LUMO of π-
axial symmetry (the C-C π* orbital) and affects the d-d splitting. How does the d-d 
splitting diagram for the square planar geometry change by introduction of just one π-
accepting ligand, as with ethylene in 1? Derive the corresponding d-d splitting diagram 
by interacting the d-set derived in part a) with the LUMO of ethylene. Clearly label each 
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orbital as σ, σ*, π-backbonding, or nb. Fill with the correct number of d electrons. 
 
c) As discussed in class, ligand exchange reactions involving square planar complexes 
usually proceed with an associative mechanism. Association of a fifth ligand to a square 
planar complex (such as attack on compound 1 above by phenazine) generates a five-
coordinate, trigonal bipyramidal intermediate, as shown below.  
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Draw a σ-only d-orbital splitting diagram for a general trigonal bipyramidal complex 
([PtH5]3-). Do not derive an entire MO diagram; only show the five d orbitals. Fill in the 
correct number of d electrons. 
 
d) Include now a π-accepting ligand (ethylene) in the equatorial plane of this trigonal 
bipyramid (i.e. the plane perpendicular to the C3 axis) in complex 1i. How does the π-
accepting ability of the single ethylene ligand affect the d orbital splitting diagram? Draw 
the corresponding d-d splitting diagram, clearly labeling each orbital as σ, σ*, π-
backbonding, or nb (again, you don’t have to derive a full MO diagram, just focus on the 
d-parentage orbitals). Fill with the correct number of d electrons. 
 
e) For candy (no points): Compare the π-interactions you described in part (b) and part 
(d). Which interaction do you expect to have a larger effect on the d-parentage orbitals? 
(Hint: remember that the LUMO of ethylene is higher in energy than the Pt d-orbitals).  
 
 
Problem 2 (25 points) 
 
a) For the following set of complexes, predict the order of increasing Δo values and 
explain your prediction (please be brief!). 
  
 Rh(CN)6

3-, Rh(NH3)6
3+, Co(NH3)6

3+, CoCl4
2-, Co(NH3)6

2+ 
 

b) For CoCl4
2- and [Co(CNPh)5(OH2)]2+, draw d-orbital splitting diagrams, label the d-

orbital parentage, and populate with electrons (CNPh is a strong π-accepting ligand). 
Predict the spin only magnetic moment for these complexes.  
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c) Which complex do you expect to have faster degenerate water exchange (exchange of 
a water ligand with a water molecule from solution) kinetics, Cr(OH2)6

3+ or 
[Co(CNPh)5(OH2)]2+? Explain in terms of d-electron configuration. 
 
d) Based on ε value of the peaks a, b, c, and d in the figures below, indicate whether the 
transitions are spin-forbidden, spin-allowed and Laporte forbidden, or fully allowed 
transitions 

 
e) Match each of the following complexes to the respective spectrum (A – D). Provide an 
explanation for your spectrum assignments. 
 

Mn(H2O)6
2+ 

Co(H2O)6
2+ 

MnO4
- 

CoCl4
2- 

Two things to note: A and B have different scales for ε. Also note that the x-axis for A 
and B is in λ (wavelength) and for C and D is in wavenumber (energy). 
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Problem 3 (20 pts) 
 
Consider complex Cr(CO)4(C4H6) (A) described above. Reaction with a ligand L results 
in complete displacement of the diene ligand to generate Cr(CO)4L2; the plausible 
intermediate (B) where a single L has been added and only one of the diene double bonds 
remains coordinated reacts much too rapidly with additional L to be isolated or observed 
and this subsequent step does not affect the overall rate of the reaction. Formation of that 
intermediate (B) could proceed via either a dissociative mechanism or an interchange 
mechanism (shown below). Assuming that BOTH mechanisms operate, use the steady 
state approximation to derive the general rate law for the reaction and the expression for 
kobs as a function of L. Sketch what a plot of kobs vs. [L] would look like. Indicate on this 
plot how some of the elementary rate constants could be determined. Then show how the 
rate law would simplify if only one of the two alternative mechanisms were significant, 
and sketch the corresponding kobs vs. [L] plots for each of those cases. 

 
 
 
Problem 4 (15 Points) 
 
The following data were obtained for the reaction :  

Cr(CO)4(PPh3)2 + CO → Cr(CO)5(PPh3) + PPh3 
 

           k               T (°C) 
1.96 x 10-­‐4                50 
4.29 x 10-­‐4                55 
8.73 x 10-­‐4                60 

 
a) Derive the enthalpy (ΔH‡) and entropy (ΔS‡) of activation for the reaction. Are your 
values consistent with an associative or dissociative mechanism? Calculate the rate 
constant at 40°C and 130°C. Which value do you predict will be more accurate? 
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b) Draw the structure of the intermediate consistent with the mechanism proposed in part 
a) (dissociative vs associative). Assume that this is the only intermediate possible in the 
reaction. If isotopically labeled (13C) carbon monoxide (13CO) is used for a reaction with 
unlabeled metal complex (Cr(CO)4(PPh3)2), do you expect to observe label incorporation 
in the starting material (forming Cr(13CO)(CO)3(PPh3)2)? 
 
Problem 5 (20 points) 
 
Pick a topic of interest from the recommended reading (descriptive chemistry) in bold at 
the beginning of this problem set. Prepare two power point slides including relevant 
descriptive chemistry (background on synthesis, applications, reactivity, properties, trend, 
etc, as applicable), some concepts presented in class (oxidation states, electron count, 
symmetry, MO theory, vibrational spectroscopy, etc.) and some application of the 
provided software (since MO theory and vibrational spectroscopy were covered in class, 
you are now expected to include some molecular orbital pictures / MO diagram analysis / 
IR/Raman analysis). 
 


