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1. For which of the following reactions at 25°C would the enthalpy change represent a standard enthalpy of
formation? For those where it does not, what changes would need to be made in the reaction conditions? ( 9 %)

(a) 2Na(s) + 1/205(g) — NaxO(s)

(b) 2K(l) + Cly(g) — 2KCI(s)
(¢) CeHi204(s) — 6C(diamond) + 6H,(g) +302(g)

2. Which will experience the greater effective nuclear charge, the electrons in the n =3 shell inArorthen=3
shell in Kr? Which will be closer to the nucleus? Explain. (9%)

3. The cyanate ion (NCO) has three possible Lewis structures. (a) Draw these three Lewis structures and assign
formal charges to the atoms in each structure. (b) Which Lewis structure should be the preferred one? (10 %)

4. Which of the following molecules or ions will exhibit delocalized bonding? SOs, SO5*, H,CO, 03, NH,". (10%)
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5. Predict whether the following molecules are polar or nonpolar: (a)BF3; (b) CO ; (c) CFs; (d) NCl3; (e) SF,.
(10%) .

6. If we assume that the energy-level diagrams for homonuclear diatomic molecules can be applied to

heteronuclear diatomic molecules and ions, predict the bond order and magnetic behavxor of the following;
(@ CO(b)NO (c) OF". (12%)

7. Consider what happens when a sample of the explosive TNT is detonated. (a) Is the detonation a spontaneous
process? (b) What is the sign of q for this process? (c) Can you determine whether w is positive, negative, or
zero for the process? Explain. (d) Can you determine the sign of AE for the process? Explain. (10 %)
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8. Cyclohexane ( C¢H,2 ) is a liquid hydrocarbon at room temperature. (a) Write a balanced equation for the
combustion of C¢Hiz2 (1) to form COx(g) and H,0(1). (b) Without using thermodynamical data, predict whether
AG® for this reaction is more negative or less negative than AHS. (10%)

9. Calculate AG at 298 K for the reaction of hydrazine and nitrogen dioxide to form nitrogen and water if the
reaction mixture consists of 5.0 X 102 atm NoHy, 5.0 X 102 atm NO,, 0.5atm N, and 0.3atm H;0. (10 %)
( AG°tN;Ha(g) = 159.54 kJ/mol, AG%NO,(g) = 51.84 ki/mol, AG’HO(g) =-228.57 kl/mol )

10. From the values given for AH’ aﬁd AS°, calculate AG® for each of the following reactions at 298 K. If the
reaction is not spontaneous under standard conditions at 298 K, at what temperature ( if any ) would the reaction
become spontaneous? (10%)

(a) 2PbS(s) + 302(g) — 2PbO(s) + 280:(g)
AH°=-844kJ; AS°=-165J/K

(b) 2POCl3(g) — 2PCly(g) + O:(g)
AH =572kl ; AS°=179JK
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