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EXAM III

1. (20 points)  (a) (a) Classify each of the following oxidation states into one of these three groups: (i) common; (ii) possible under certain circumstances; or, (iii) extremely unlikely or impossible:

La(+3), Hf(+4), Re(+8), Ni(0), Cr(+7), Cr(+3), Fe(+6), Zn(+3), Mn(+7), Ni(+2)  

(b) For the oxidation states that you have placed in group (ii), possible under certain circumstances, choose a ligand from the following list that would be most likely to be associated with such an oxidation state and explain briefly why you chose this ligand (each ligand may be used only once):

Cl-, F-, O2-, S2-, or CO

2. (30 points) Determine (a) the configuration (in the form of (t2g)m(eg)n or (e)n(t2)m, as appropriate), (b) the number of unpaired electrons, and 

(c) the ligand-field stabilization energy (LFSE) as a multiple ofO or T, for the following complexes:

 [MnCl6]4-,  [CoCl4]2-, [Co(CN)6]4-,  [Ni(H2O)6]2+,  [Cu(H2O)6]2+

(c) Which of the above complexes would you expect to be most easily oxidized (for example, by exposure of its aqueous solution to air)?  

Explain your answer briefly.

4. 3. 
(30 points) (a) Give the formula and (b) draw the structures for all of the possible isomers of the following complexes [charge-compensating cations or anions may be eliminated from the drawings but not the formulas; in the case of any linkage isomers only one example of a linkage isomer of another structure need be drawn; points will be deducted for drawings of “extra” isomers (two or more isomers that can be interconverted by rotation)]:

(i) potassium tetracyanonickelate(II) [a diamagnetic complex ion]

(ii) aquabis(ethylenediammine)thiocyanatoiron(III) nitrate [thiocyanato = SCN-]

(iii) tris(glycinato)cobalt(III) [glycinato = (gly)- = NH2CH2C(O)O-]

(iv) potassium permanganate
5. (25 points) (a) Which of the Fe(+3) complexes, the hexacyanoferrate(III) ion or the tetrachloroferrate(III) ion, is likely to be high spin and which low spin?  Give your reasons in each case, showing (drawing) the structures of the complex ions and the d-orbital energy level diagrams with the appropriate number of electrons added.

(b) Determine the LFSE for both of these complexes in terms of x and indicate how the respective x values will depend on the nature of the ligand (CN- vs. Cl-) and any other factors that are different for these two complexes.
6. (17 points) (a) Determine: (i) the oxidation state of the metal ion, (ii) the dn configuration, (iii) the likely geometry (octahedral, tetrahedral, square planar, or trigonal bipyramidal) and (iv) the number of unpaired electrons; for the complex, [IrCl(CO)(PPh3)2]. {PPh3 = triphenylphosphine, P(C6H5)3}

(b) Draw the structures of all of the possible isomers of this complex. 

7. 6.   (18 points) Predict whether the following complexes are likely to adopt a normal spinel (M2+)T[(M3+)O]2O4 or inverse (M3+)T[(M2+, M3+)O]O4 spinel structure.  Show your reasoning (no credit will be given for just a guess) 

[T and O in these formulas indicate tetrahedral and octahedral coordination sites, respectively; assume high spin d-electron configurations in all cases].

Fe3O4;
(Ni2+)(Fe3+)2O4; 
 (Mn2+)(Cr3+)2O4
7. (15 points) (a) Which three of the following metal complexes would exhibit the slowest rates of ligand substitution (i.e., which would be the most “inert”)?: 

[Fe(bipy)3]2+,  [Zn(H2O)6]2+, [Cr(H2O)6]2+,  [Mn(H2O)6]4+,  [Fe(H2O)6]2+,  [Os(H2O)6]2+
8. (b) Explain your answer, in part, by considering the likely d-electron configurations for the various complexes.
8.
(40 points) Complete and balance the following reactions [where given for the reactants, the physical form ((s), (l), (g), (aq), etc.) of the products (at STP) must be specified; additional reactants (from the solution) may be added when needed]:

(a) 
TiCl4(l)  +    (xs)   H2O(l) ( 

(b) 
TiCl4(g)   +     O2(g)   --heat(  

        (a react’n. used in the prep’n.

9.  







      
  of titania for use as a paint pigment

 






predict the color of this pigment _________

(c) 
Au(s)  +     (xs)    Cl2(g)  (  

(d) 
[FeO4]2-  +       NH4+(aq)   (     N2(g)  +      Fe3+(aq)
               
            (assume a 1M 

        H+(aq) solution)
(e)

[CrO4]2-(aq)  +  ______(?)  (    [Cr2O7]2- (aq) +  ______(?)

(f) 

[CrO4]2-(aq)  +    PbCl2(s) (   

10. (g) 
[MnO4]-  +    Fe2+(aq) (   Mn2+(aq)  +  _____(?)

       (assume a 1M 

        H+(aq) solution)
(h)      copper(I) sulfide_____ +    O2(g) ( copper(I) oxide______   +       _______(?)

(i)
  the formation of rust [FeO(OH)] in moist air from iron metal 

(        FeO(OH)

11. (j)   [Cr2O7]2-(aq)+   CH3CH2OH        (   Cr3+(aq) +   CH3COOH             (assume a 1M 

       









         H+(aq) solution)

(k) 
N i(s)    +       CO(g)   =

(l) 

FeO(s)   +     CO(g) (
