I Chem I  -  12th Problem Assignment  - Answers
Problems from R.-C. due on Thursday, April 20, 2000:  

1. Chapt. 19: 

2. (a) TiCl4(g)  +  O2(g) ( TiO2(s)  +  Cl2(g)
(b) Na2Cr2O7(s)  +  S(g or l)(  Na2SO4(s)  +  Cr2O3(s)

(c) Cu(OH)2(g) –heat(  CuO(s)  +  H2O(g)
(d) 2[Ag(CN)2]-(aq)  +  Zn(s) ( 2 Ag(s)  +  [Zn(CN)4]2-(aq)
(e) 2 Au(s)  +  3 Cl2(g)( 2 AuCl3(s)
6. Cl2(g)  is being reduced (to Cl-) and C oxidized to CO

8. Fe ore is more readily available and widely distributed than the Al ores and can be processed more easily and cheaply than Al (which requires electrochemical reduction).

12. 
(a) Cu, Ag, and Au


(b) same as the Pt metals: Ru, Os, Rh, Ir, Pd and Pt.

20.  2 [FeO4]2-  +  2 NH3(aq) +  2 H2O(l) (  N2(g)  +  2 Fe3+(aq)   + 10 OH-(aq)







more likely, Fe(OH)3 + 7 OH-
or,  2 [FeO4]2-  +  2 NH4+(aq) + 8 H+(aq) (  N2(g)  +  2 Fe3+(aq) +  8 H2O(l)  

32.   (a) hemocyanin, Cu; (b) ferrodoxin, Fe; (c) nitrogenase,  Mo; (d) vitamin B12, Co

45.  Ni(+2) and S(-1); this is the only common oxidation number for Ni and S can form both sulfides (S2-) and disulfides (S22-).

49.  M = V; which exists in solution as V3+ or as VO2+(aq)
50.  Several of the transition metal monoxides (MO), such as this one, where M is a trans. metal that can have both +2 and +3 oxidation states, exist as “defect oxides”, i.e., they have M vacancies, with part of the remaining M2+ ions occuring as M3+ to make up for the missing M2+ ions (and to balance the –2 charge of the O2- ions). 

Additional problems (also to be turned on April 20):

1. List the most common oxidation numbers for the transition elements of the 4th, 5th and 6th periods from Groups 4 – 11. 

(a) (see Table 19.2) Ti, Zr, Hf = +4; V = +2, +3 and +4, Nb, Ta = +5; Cr = +3, Mo, W = +6; Mn = +2; Tc, Re = +4 and +7; Fe = +2 and +3, Ru = +2, +3, and  +4; Os = +2, +3, +4, and +8; Co = +2 and +3, Rh = +1, +3,  Ir = +1, +3; Ni = +2, Pd, Pt = +2, +4; Cu = +1 and +2, Ag, Au = +1 and +3.

2. Give the formulas, and list at least one important use, for the following compounds (or elements):

(b) titanium(IV) oxide: TiO2, white pigment for paints.  

(c) lead chromate: PbCrO4, yellow highway markings (paint).
(d) sodium dichromate: Na2Cr2O7, for oxidation of organic compounds (e.g., alcohols to acids).

(e) chromium(III) oxide: Cr2O3, green pigment, used in printing US currency (greenbacks).

(f) molybdenum sulfide: MoS2, a layered compound used as a high temperature lubricant (like graphite).
(g) tungsten metal: W, incandescent lamp filaments.
(h) potassium permanganate: KMnO4, a common laboratory reagent for redox titrations.
(h) the following iron oxides: hematite, (Fe2O3), magnetite, (Fe3O4), and limonite, (FeO); used as iron ores, magnetite for magnets.
(i) ferric chloride; FeCl3, a Lewis acid catalyst in certain organic reactions, eg., Friedel-Crafts catalyst.
(j) magnesium ferrite; MgFe2O4, magnetic material used in information storage devices.
(k) iron porphrin (the active site of hemoglobin), FeN4C20H12 (see p. 482)

(l) nickel carbonyl, Ni(CO)4; involved in the purification of Ni metal (used to vaporize and redeposit Ni(s))

(m) chalcopyrites, CuFeS2, the most common ore (source) of Cu.
3.
Write balanced equations for the major reactions occurring in the production of iron in a blast furnace.


3 Fe2O3(s)  +  CO(g)  ( 2 Fe3O4(s)  +  CO2(g)

Fe3O4(s)  +  CO(g) ( 3 FeO(s)  +  CO2(g)

CaCO3(s) ( CaO(s) + CO2(g)


FeO(s)  +  CO(g) ( 3 Fe(s)  +  CO2(g)

C(s) +  CO2(g) ( 2 CO(g)

CaO(s) + SiO2(s) ( CaSiO3(l)
7. Explain, by means of d-orbital energy level diagrams, why almost all Pt(II) complexes are square planar yet when octahedral coordination does occur, as in the case of the solid PtF2 compound, there is no distortion from pure octahedral symmetry. 

Square planar coordination occurs for d8 metal complexes only when the ligand field splitting is large enough to cause spin pairing in the bottom 4 d orbitals; therefore, we will either observe an undistorted octahedral coordination or a square planar geometry for a d8 metal complex depending on the magnitude of the ligand field splitting.  Since most Pt(II) complexes are strong field, most are square planar (i.e., fully distorted from octahedral), except when we are dealing with a really weak field ligand, like the F- ions in PtF2 (a 3-D ionic solid with Pt2+ ions surrounded octahedrally by 6 F- ions).  In this case, the ligand field is not strong enough to cause a distortion to sq. planar to occur, so the octahedral coordination remains undistorted.
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8. (a) Choose three of the following metal ions(atoms) that would be the most likely to form square planar complexes with simple monodentate ligands (explain your choice briefly):

Cr3+, Au3+, Ni0, Ni2+, Co3+, Pd2+, Rh+, Zn2+
Au3+, Pd2+, Rh+; these are all d8 metal ions from the 2nd or 3rd transition series.

(b) Would these complexes be paramagnetic or diamagnetic? Draw an appropriately labled energy level diagram that shows the arrangement of electrons and energy levels for these three square planar metal complexes.

They would be diamagnetic (see above for d-orbital and electron arrangement for sq. planar d8 complexes.
(c) If CN- were available as a ligand, which of the remaining metal ions would also form a square planar complex? Explain briefly.

Ni2+, because CN- is a suitably strong field ligand to make the corresponding d8 complex distort to sq. planar.

6. Which three of the following metal complexes would exhibit the slowest rates of ligand substitution (i.e., which would be the most “inert”)?: 

[Cr(H2O)6]3+,   [Co(H2O)6]2+,  [Mn(H2O)6]2+,  [Co(NH3)6]3+,  [Ru(NH3)6]2+
Explain your answer briefly.

[Cr(H2O)6]3+, [Co(NH3)6]3+,  [Ru(NH3)6]2+
These are either d3 complexes of a rel. small (1st row) metal ions (Cr3+) or low spin (strong field) d6 complexes (by virtue of the ligand position in the spectrochemical series, the charge on the metal, and/or the metal coming from the 2nd transition series).

7.   Draw all possible isomers of the following metal complexes [assume either tetrahedral or square planar coordination]: 



[Pt(NH3)2Cl2];   [ZnF2Cl2]2-;   [Ni(Br)(Cl)(F)(I)]2-;  [IrCl(CO)(PPh3)2]
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8.   Draw structures for the following organometallic compounds:

(a) [Fe(CO)n] (choose n to be consistent with the 18 electron rule) 

[Fe(CO)5], n = 5

(b) [Co(CO)4]n- (choose n to be consistent with the 18 electron rule)

[Co(CO)4]2-, n = 2

(c) [Cr(-C5H5)(CO)n] (choose n to be consistent with the 18 electron rule)

There is no n that is consistent with the 18 electron rule unless we allow doubling of the formula (and a M-M bond) or addition of an electron to form an anion – assuming the former, we could have [Cr(-C5H5)(CO)3]2, where n = 3.
(d) [PtCl3(CH2=CH2)]-

structures follow:
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