SOLUTIONS TO THE THIRD MIDTERM EXAM, CHEM 132, FALL, 2013
1) A (ethane) has the lowest normal boiling point.  It is non-polar and has the smallest number of electrons and therefore the weakest dispersion forces.
2) A solution with pH 1.4 is strongly acidic.
3) Sulfate, SO4-2, is the conjugate base of monohydrogen sulfate.
4) Copper has an oxidation number of +2 in copper(II) sulfate.
5) A.  In the reaction bromide is oxidized and chlorine is reduced.
6) B. Elemental barium is below elemental lithium on the activity series and therefore cannot reduce Li+(aq) to lithium metal. 
7) V = (4.3 L) – (8.6 L) = -4.3 L so w = -pextV = -(44 atm)(-4.3 L) = +189 L-atm x 101.325 J/L-atm = 19.1 kJ
8)  = the contents of the can. E = q   = mCspT = (350 g)(4.18 J/g-C)(-22C) = -32.2 kJ
9) Both the enthalpy change (negative, so exothermic) and the entropy change (positive) are favorable so the reaction will proceed spontaneously.
10) The heating path has 3 steps: I, heating from -5.0C to 0.0C; II, melting at 0.0C; III, heating from 0.0C to 15.0C. qI = miceC(ice)[( 0.0C) -  (-5.0C)] = (180 g)(2.06 J/g-C)(5.0C) = 1854 J.  qII = niceHfusion = (180g/18.0 g/mole)(6010 J/mole) = 60100 J. qIII = mwaterC(ice)[( 15.0C) -  (0.0C)] = (180 g)( 4.18 J/g-C)(15.0C) = 11286 J. qtot = qII + qII + qIII = 73.2 kJ.
11) Consider the following two-step path for the reaction: I, breaking all bonds and converting the reactants into C, H, and Cl atoms; II, combining the atoms to form methane and HCl.  HI = D(H-H) + 3D(C-H) + D(C-Cl) = (436 kJ) + (3)(410 kJ) + (330 kJ) = 1996 kJ. HII = -D(H-Cl) + (4)D(C-H) = -[(432 kJ) + (4)(410 kJ)] = -2072.  Hnet = HI + HII = -76 kJ.
12) At the normal boiling point G for the phase change, liquid to gas, is zero so 0 = H - TS so T(nbp) = H/S = (26880 J)/(90.51 J/K) = 297 K.  In order to do this problem, we assume that H and S are independent of temperature.
13) C. According to Arrhenius, an  acid is a substance that produces hydronium ions when dissolved in water.
14) H2S which is a weak acid.  All the other substances are strong acids.
15) C. Hydrogen bonding is especially prominent with the hydrides of F, N, and O.  Hydrogen bonding is particularly strong in the interaction of HF and ammonia.  However, hydrides of chlorine, also a fairly electronegative element, can form hydrogen bonds.  Weak hydrogen bonding is expected with the HCl-HBr pair. 
16) Assume standard conditions in order to answer this question.  In the gas phase, the entropy is a strong function of pressure, i.e. S = S  - Rln(p).  Comparing entropies in the 3 phases, the entropy of gaseous species is high because of the random motion in the gas phase.  Also, S increases with T.  Therefore, A is the correct answer.
[bookmark: _GoBack]17) B. Ca donates electrons to the zinc cation so calcium is the reducing agent and the zinc cation is the oxidizing agent.
18) A. The molecule is neither polar nor ionic.
19) D.  Solid magnesium is the most stable form of the element at ambient temperature.  N.B. Between the melting and boiling point of magnesium, the standard enthalpy of liquid magnesium will be zero.
20) 8 electrons.  The oxidation number of chlorine changes from +7 in perchlorate to -1 in chloride.
21)a) HF in the reaction donates a proton to cyanide so it is the Bronsted acid and cyanide is the Bronsted base, the proton acceptor.  Upon losing the proton, the acid HF becomes fluoride, its conjugate base.  Similarly, upon gaining a proton, the base cyanide becomes its conjugate acid, HCN.
b) BF3 is a classic Lewis acid.  The B lacks an octet and is clearly electron deficient.  PH3 which has a lone pair which it can share with BF3 is the Lewis base, an electron donor.
c) Water has lone electron pairs which it can share with the carbon dioxide and therefore is the Lewis base.
18) Approach the problem systematically.  
a) Obtain the half reactions in acid.
2 e-1 + Cl2(aq)  2 Cl-(aq)   R reaction
2 H2O(l) + NH3(aq)  NO2-(aq) + 7 H+(aq) +6 e-1  O reaction
2) To balance: 3 X R  +  1 X O, yielding
  3 Cl2(aq) + 2 H2O(l) + NH3(aq)    6 Cl-(aq) + NO2-(aq) + 7 H+(aq)
3) To convert to basic conditions, add 7 OH- to each side
On the right, note that 7 H+ + 7 OH-    7 H2O.
7 OH-(aq) +  3 Cl2(aq) + 2 H2O(l) + NH3(aq)    6 Cl-(aq) + NO2-(aq) + 7 H2O(l)
4) Cancel redundant waters.
7 OH-(aq) +  3 Cl2(aq) + NH3(aq)    6 Cl-(aq) + NO2-(aq) + 5 H2O(l)

23) a) pH = -log10[H+] = -log10(0.00015 M) = 3.82
b) [OH-][H+] = Kw = 1.0 x 10-14 M2 at 298 K so [OH-] = (1.0 x 10-14 M2)/(0.00015 M) = 6.7 x 10-11 M
c) pH < 7.00 so the solution is acidic.
24) a) Combine the 3 reactions with enthalpy data or their reverse to obtain the net reaction.
A: 2 x (B2H6 + 3 O2  2 H2O + B2O3 ) 	REVERSE OF FIRST REACTION 
B: 2 x (2 B + 3 H2  B2H6) 		FORWARD OF SECOND REACTION
C: 6 x ( H2O  H2 + ½ O2 )		REVERSE OF THIRD REACTION
(2 x A) + (2 x B) + (6 x C) = net reaction
4 B(s) + 3 O2(g)  2 B2O3(s) 
So Hnet = (-2 x 2035 kJ) + (2 x 36 kJ) + (-6 X -241 kJ) = -2552 kJ
b) MH2O = 18.015 g/mol so nH2O = (0.681 g)/(18.015 g/mol) = 0.0378 mol.
From the stoichiometry of the reaction, nB2H6 = nH2O/3 = 0.0125 mol so
Hrxn = nB2H6(2035 kJ/mol) = (0.0126 mole)(2035 kJ/mol) = 25.6 mol
25) a) For the reaction 2 PbO2(s)  2  PbO(s) + O2(g),
H = Hf[O2(g)] + 2Hf[PbO2(s)] + 2 Hf[PbO(s)] = 0 + 2(-217.3 kJ) -2(-2776.4 kJ) = 120.4 kJ
b) S>0 since gaseous products are produced and the number of molecules increases.
c) G = H - TS = (434.6 kJ) – (298.15 K)(0.1972 kJ/K) = 434.6 kJ – 58.795m kJ = 375.8 kJ > 0 so the reaction is not spontaneous at 298 K.  At the breakeven point, G = 0 so Tc = H /S  =               (434600 J)/(197.2 J/K) = 2204 K
26) = zinc;  = water
C = mCsp() = (100.0 g)(4.18 J/g-C) = 418 J/C
T = (28.1C) – (25.0C) = 3.1C,     q = CT = (3.1C)( 418 J/C) = 1296 J
E  = q = - q = -1296 J, E  = mCsp()T  where T  = (28.1C)  - (250.0C) = -221.9C
 Csp() = E /(mT ) = (-1296 J)/[(-221.9 K)(15.0 g)] =  0.359 J/g-C 


