
Chem 102 - PS #6 solutions. 

 

From Whitten: 

Graders Ð 21  (a) and (c) may be in the form of partial pressures Ð thatÕll work 
too. 

 
 

 

 

 

 
 



85. Consider 

 H2(g) + Br2(g) !  2 HBr(g) KC = 1.6 x 105 at 1297 K 

     KC = 3.5 x 104 at 1495 K 

a. Is ! Hû positive or negative? 

 The reaction is exothermic (∆H<0) – it is less product favored at high Temp. 

b. What is KC for: "  H2(g) + "  Br2(g) !  HBr(g) at 1297 K? 

 This will be the square root of the K reported above = (1.6 x 105)1/2 = 400 

c. If you start with pure HBr at 1297 K, what percentage will remain at equilibrium? 

  
 [HBr] [H2] [Br2] 
I 100% 0% 0% 
C -2x x x 
E 100-2x x x 

  

 (100 – 2x)/x2 = 1.6 x 105 

 Assume 2x << 100, and we get:  100/x2 = 1.6 x 105 

 x = 0.025% 

 So basically, 0.05% will decompose (2x, eh?) 

 By the way, this is kind of a lame way of framing the question (in percents that is).  It only works 
because the same number of molecules come out as go in. 

 

1. Consider the following reaction 

 2 SO2(g) + O2(g) !  2 SO3(g)  Kc = 900 M-1 at 400ûC 
a. What is the equilibrium constant for the reverse reaction? 
 
Krev = 1/K c = 1/900 M-1 = 0.0011 M 
 
Which way will the reaction run (forwards or backwards) under the following conditions? 
b. [SO2] = [O2] = 0.10 M, [SO3] = 0 M 
 
forward Ð no products initially. 
 
c. [SO2] = [O2] = 0.10 M, [SO3] = 1.0 M 
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0.13 =1000M-1;  Q > K, rxn goes backwards. 

 
d. [SO2] = [SO3] = 0.10 M, [O2] = 0.0010 M 
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2. The lactose repressor (LacR) is a protein from E. coli that binds to a specific stretch 
of DNA called the lac operator (lacO). The resulting protein¥DNA complex dissociates with 
the following equilibrium constant (indicating that this is a very tight interaction): 
 
 LacR¥lacO !  LacR + lacO  K = 1.0 x 10-11 M 

 
There are 10 molecules of LacR and one lacO sequence in each E. coli cell.  Assume a 
starting condition in which you have 9 free molecules of LacR and one molecule of LacR 
bound to lacO (LacR¥lacO).   The volume of an E. coli cell is 1.0 "  10-16L. 
a. What concentration of lacO will be free at equilibrium? 
 
Initial concentration of LacRfree: 
 

! 

9 molecules
1.0"10#16L

"
1 mole

6.023"1023 molecules
=1.5"10#7M  

 
Initial concentration of LacR¥lacO complex: 
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6.023" 1023 molecules
=1.7" 10#8M  
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x = 1.1x10-12 M 
 
b. What fraction of the total operator sequences in a population of E. coli cells will be 
free? 
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1.1" 10#12M
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= 6.7" 10#5 

 
c. If you started with only one molecule of LacR¥lacO and no free LacR or lacO in the 
cell, what fraction of lacO would be free at equilibrium? 
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x = 4.1x10-10 

 

fraction would be = (4.1 x 10-10 M)/ (1.7 x 10-8 M) = 0.024 

 
3. Consider the following reactions at equilibrium. Predict the response of the system 

to the specified disturbances. (In which direction will the equilibrium shift?) 
 
a. CO (g)  +  2 H2 (g)  !   CH3OH (g)   ! Hû = -18 kJ  
 i. increase pressure #  make more CH3OH (responds to make fewer moles) 
 ii. increase temperature !  make less CH3OH (exothermic reaction) 
 iii. add more CO #  make more CH3OH (Q<K) 
 
b. 2 NO (g)  +  Cl2 (g)  !   2 NOCl (g)   ! Hû = - 77 kJ 
 i. remove NO #  make more NO (Q > K) 
 ii. increase volume #  Make more NO (responds to make more moles) 
 iii. add catalyst #  No effect (catalysts donÕt affect equilibrium) 
 
c. 2 C (s)  +  O2 (g)  !   2 CO (g)    ! Hû = -220 kJ 
 i. add more O2 #  Make more CO (Q < K) 
 ii. add more C #  No effect (solids donÕt affect Q) 
 iii. increase pressure #  Make more O2 (system responds to make fewer moles of gas) 
 

 

 

4. Consider the following reaction: 

 N2(g) + 3 H2(g) !  2 NH3(g)  KP = 0.0011 atm-2 at 450ûC 

a. Starting with 1.00 atm of N2 and 1.00 atm of H2 at 450ûC, how much NH3 
will be produced at equilibrium? 

 
 PN2(atm) PH2 (atm) PNH3 (atm) 
initial 1.00 1.00 0 
!  -x -3x +2x 
final 1-x 1-3x +2x 
 0.98 0.95 0.034 
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= 0.0011 atm-2  

 x = 0.017 atm 
  
b. What is the theoretical yield in part ÒaÓ and what is the percent yield? 
 
 Limiting reagent is H2 

 Theo Yield = (1.00 atm H2)(2 atm NH3/3 atm H2) = 0.667 atm NH3 
 % Yield = (0.034 atm/0.667 atm) x 100% = 5.1% 
 
c. LetÕs say the equilibrium mixture you calculate in part ÒbÓ is compressed 

by 100-fold.  What will ! G for the reaction be? 
 
 PN2 = 98 atm, PH2 = 95 atm, PNH3 = 3.4 atm 
 Q = (3.4 atm)2/(98 atm)(95 atm)3 = 1.38 x 10-7 
 
 ! G = ! Gû + RTlnQ = -RTln(0.0011) + RTln(1.38 x 10-7) = -54000 J/mol 
 
d.  Calculate ! Hrxnû for this process.  What is the equilibrium constant for this 

reaction at 600ûC? 
 
 ! Hrxnû = (2 mol)(! Hfû NH3) = -92.2 kJ 
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 K298 = K450e

-2.64
 = 3.5 x 10+6 atm-2 

 
 
e. The industrial synthesis of ammonia uses high pressures.  Why? 
 
 At high pressure, equilibrium mixtures will be shifted more towards 

products than at low pressure (see ÒcÓ above). 
 
f. The industrial process also takes place at high temperatures.  Is that favorable from 

an equilibrium point of view?  Explain.  How about from a kinetic point of view? 
 
 Equilibrium does not favor ammonia at high T (see ÒdÓ), but the 

reaction to produce ammonia will proceed more rapidly at high T, so 
if you do it at high Pressure as well, things tend to be not so bad in 
terms of yield. 

 
5. For each of the following reactions, (i) calculate ! Grxnû using free energies of 
formation from Appendix K in the textbook, and (ii) use those values to determine an 



equilibrium constant for the reaction, the (iii) state explicitly whether the reaction is product 
or reactant favored. 
 
Note in ! Gû calcs, one can omit elemental compounds, which have a ! Gfû of zeroÉ  
 
a. 2 NO2(g) !  N2O4(g) - to finally see how good your lab result wasÉ  
(i) ∆G˚ = ∆Gf˚(N2O4) - 2∆Gf˚(NO2) = 97.8 kJ/mol – 2(51.3 kJ/mol) = -4.8 kJ/mol 
(ii) K = exp(-∆G˚/RT) = exp[(+4800 J/mol)/(8.3145 J/molK)(298 K)] = 6.9 
(iii) Product favored  
 
b. Cgraphite + 2 H2O(g) !  CO2(g) + 2 H2(g) Ð an idea for generating H2 gas? 
(i) ∆G˚ = ∆Gf˚(CO2) - 2∆Gf˚(H2O) = -394.4 kJ/mol – 2(-228.6 kJ/mol) = +62.8 kJ/mol 
(ii) K = exp(-∆G˚/RT) = exp[(-62800 J/mol)/(8.3145 J/molK)(298 K)] = 9.8 x 10-12 
(iii) Reactant favored  
 
c. 2 HI (g) #  H2(g) + I2(s) Ð yet another ideaÉ  
(i) ∆G˚ = - 2∆Gf˚(HI) = –2(-1.72 kJ/mol) = +3.44 kJ/mol 
(ii) K = exp(-∆G˚/RT) = exp[(-3440 J/mol)/(8.3145 J/molK)(298 K)] = 0.25 
(iii) Reactant favored… time to keep looking for better ideas… 
 


