NAME_______________________________________________________________  

INORGANIC CHEMISTRY I

FINAL EXAM

May 6, 1997

All questions should be answered on separate (except for short questions) pieces of blank paper and attached to the exam copy with a staple.  Do not use the exam copy for anwers to questions.  Arrange your answers in the order given on the exam copy - i.e., do not make it difficult to find your answers to each of the questions.  The maximum score on this exam is 350 points.

1.   (20 points max) _______

2.   (30 points max.)_______

3.   (15 points max.)_______

4.   (15  points max.)_______

5.   (20  points max.)_______

6.   (50  points max.)_______

7.   (50  points max.)_______

8.   (35  points max.)_______

9.   (20  points max.)_______

10. (15  points max.)_______

11. (20  points max.)_______

12. (40  points max.)_______

13. (20  points max.)_______


         Total ________

1. (20 points) From the list of elements given below, select: 

(a) the one with the highest ionization energy:

(b) the one with the highest electronegativity:

(c) the best oxidizing agent
(d) the best reducing agent

(e) the three which have the highest terrestial abundance (as the element or in compounds).

(f) the three which are likely to be found in the highest concentrations as the free (uncombined) elements on earth (including its atmosphere).

Sr, B, P, Si, Ne, O, F, Be, N, Li, Na, Rb

2. (30 points) Given that the heat of solution of an ionic salt can be expressed in terms of the lattice enthalpy for that salt as well as other enthalpy terms, 

(a) Write an equation which relates the Hosoln for a series of MClO4 salts (where M is a Group 1 element) to their lattice enthalpy [Be sure to clearly identify each of the enthalpy terms in your equation].

(b) Use this expression to explain why LiClO4 has a larger (more negative) heat of solution in water than does CsClO4.

(c) These MClO4 compounds decompose on heating to high temperatures to give MCl and oxygen.  Write the chemical equation for this reaction. Which MClO4 compound, M = Li or Cs, would decompose at the lower temperature?  Explain your answer by considering that the difference in the decomposition enthalpy of these two MClO4 compounds is essentially determined by the difference in the lattice enthalpies of the respective MClO4 and MCl compounds. [You will need to show the equation which relates Hdec and these lattice enthalpies]. 

3. (15 points) (a) Give formulas for the oxyacids [HaXbOc; X = Cl or Br] of Br(+1), Cl(+1), Cl(+3), Cl(+5), and Cl(+7) [oxidation state of element in parentheses].  

(b) Rank these oxyacids in order of increasing protonic acidity and briefly describe how you determined this order of relative acidity.

4. (15 points) Predict the direction (right or left) for each of the following equilibria and briefly explain your choice:

(a) F3N:B(CH3)3 + H3N   =   H3N:B(CH3)3  + F3N 

(b) H3N:BF3 + BBr3   =   H3N:BBr3 + BF3 

(c) (CH3CH2)3B:N[CH2CH2]3CH + N(CH2CH3)3 = 







(CH3CH2)3B:N(CH2CH3)3 + :N[CH2CH2]3CH  

5. (20 points) (a) Give the expected solid products of the following reactions (only one for each reaction):  

(i) TlNO3  +  Al I3  + LiF  --H2O-->

(ii) HgF2  +  Na2Se  +  Zn(ClO4)2 --H2O-->   

(iii) SnCl2  +  LiSnF5  +  Cs2S   --H2O-->

(iv) an aqueous solution of rubidium sulfide is mixed with solid lead sulfate.

(b) Briefly explain your answer in each case, indicating why this particular solid should precipitate from an aqueous solution of these ionic salts.  

6. (50 points) (a) Give the chemical formulas for the following (16) elements and compounds [for the elements and compounds that occur in molecular form, you must give the formula for that molecule].

iodine, chlorine, bromine, boron nitride, ammonia, ammonium perchlorate, lithium oxide, 

silica (the oxide of silicon), carbon dioxide, thallium iodide, hydrogen sulfide, nitrogen dioxide, phosphorus(+5) oxide, boric acid, sodium peroxide, ozone

(b) Place these elements and compounds into one of the following three groups, depending on whether they exist as (1) gases, (2) liquids, or (3) solids at room temperature and atmospheric pressure: 

(c).  For the compounds that you have identified as solids at STP, indicate whether they are likely to be: (i) ionic solids, (ii) covalent network solids, or (iii) molecular/atomic solids.

(d) Choose compounds from this same list that fit the following descriptions:


(i) A gas that gives an acid solution on dissolution in water without change in oxidation state.


(ii) A gas that gives a basic solution on dissolution in water without change in oxidation state.


(iii) A strongly hygroscopic solid that, when fully hydrated, yields a syrupy (strong) acid. 


(iv) A solid whose structures resemble those of carbon.


(v) An allotrope of oxygen that is an extremely good oxidizing agent.


(vi) A solid which has a sheet-like structure held together by H-bonding


(vii) A liquid that will oxidize iodide to iodine.


(viii) A toxic, paramagnetic gas (and source of "acid rain") that disproportionates in water 

to produce a mixture of acids.


(ix) A strongly oxidizing pale green gas that disproportionates in basic aqueous media.


(x) An unstable solid that can explode on heating to yield only gaseous products.


(xi) An insoluble (in water) salt of an extremely poisonous "soft" metal ion.

7. (50 points) (a) Give Lewis structures for the following species (except B5H9), indicating clearly the electrons and any formal charges on the central atom(s), any multiple bonds, and all important resonance structures:



(i)
(CH3Li)4



(ii)
Al2Cl6 and Al2(CH3)6



(iii)
the sodium(+1) complex of 18-crown-6, [(CH2CH2O)6Na]+



(iv)    B5H9 




(v)
ClF4- 




(vi)
ICl2-
(b) Draw and describe the molecular structures of the species in part (a), indicating clearly the molecular geometry (ignore any bridging hydrogens in B5H9).

(c) For all of these compounds except (v) and (vi), describe the bonding between the atoms in the compound.  For (ii), indicate the average bond order for the element-element bonds in the two compounds that would be anticipated from your Lewis structures.

8. (35 points) The concept of pi-bonding can be used in the following cases to explain their unusual structures and/or unusual chemical behaviour.  In each case,  (a) give the Lewis structures, including all important resonance structures and showing lone pairs and any formal charges on the central atoms, (b) draw and describe the molecular structures, and (c) draw and describe the pi-bonds and indicate how the occurance of this type of bonding can be used to explain the unusual stuctural or chemical feature noted in parentheses.

(i) BF3 (Lewis acid strength)  (ii) B3N3H6 (there is no Al3N3H6 compound)


(iii) [PNCl2]3 (has a planar (PN)3 ring) (iv) (H3Si)3N (has a planar N(Si)3 fragment)

9. (20 points) Compare the oxygen species present in the following compounds with that of elemental O2 itself, indicating what these species are (i.e., separated from the other ions or H+) and, if O-O bonds are present in these species, how the bond orders, bond lengths and strengths, and number of unpaired electrons vary in these species (i.e., rank the species having O-O bonds according to these criteria) [Show how you determined your rankings]: 

hydrogen peroxide, cesium superoxide, lithium oxide, [O2+PtF6-]

10. (15 points) Gallium arsenide is an important semiconductor material. 

(a) Give its molecular formula, 

(b) indicate which elemental (a pure element - not a compound) semiconductor would be most like gallium arsenide in terms of its structure(s) (physical and electronic) and its electrical properties, 

(c) draw and describe a portion of the likely structure for gallium arsenide, 

11. (20 points) Give the formulas for the following compounds: 

(a) arsine,  (b) nitrous acid,  (c) ammonium sulfite,  (d) sodium peroxide, 


(e) cesium nitrite,  (f) aluminum phosphate,  (g) perchloric acid, 


(h) lithium aluminum hydride,  (i) hypoiodous acid,  (j) potassium iodate

12. (40 points) Complete and balance the following reactions  [in the cases where the physical forms of the reactants are given you must give the forms of the products (at STP) for full credit] [for all reactions with H2O, O2 or F2, assume that an excess of these reagents are used]:


(a) 
Cs(s)  +   (excess)   CH3OH(l)   --->


(b) 
[Al(CH3)3]2(l)  +      H2O(l)  --->


(c)
MgH2(s)  +       HO(l)    --->


(d)
SiCl4(l)  +      H2O(l)      --->




(e)
CaO(s)+      H2O(l)      --->
+       CO2(g)     --->


(f)
SOCl2(g) +        H2O(l)         --->


(g)
Na(s)  +     (excess)   NH3(l)  --->


-catalyst-->


(h)
As(s)  +       O2(g) --->



(i)
N2O5  +       H2O    --->


(j)
I2(s)  +        I-(aq)       --->



(k)
F2  +         Se        --->


(l)
Rb(s)  +        Cl2(g)       --->  


(m)
Cl2(g)  +       Br-(aq) --->



(n)
Sb  +       F2  -->                +      F- -->

13. (20 points) (a) Indicate what type of mineral (oxide, halide salt or sulfide) would be the most likely natural source for each of the following elements 

Na, B, Pb and Cl

and (b) describe a reasonable approach (by writing a series of balanced chemical equations) for the recovery of the elements, in reasonably pure form, from these minerals. 

[For the purposes of this question, you should assume that two of these elements (you pick the most likely two) are initially combined in the mineral source as a binary (two-element) compound; for the other elements you should start with the simple (binary) oxide, salt or sulfide.  As possible reagents for these reactions you can use any of the final elements in this list as well as water and whatever you can obtain from the water by appropriate chemical or electrochemical reactions (again, only using these elements and water).  Any special equipment that you need for your reactions is also available]:

