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Chemistry 102  Test #2  version   Name      
75 points  Part II    Spring, 2006   
 
Potentially useful information:  
ln Pv = k - ∆Hv/RT   ;  R = 8.314 J/mol K;  Avog. number, Navog = 6.02x1023 ; K = °C+273 
density, d = mass/vol ;  Volsphere = (4/3)πr3  ; Volcube = a3 ;  1 Å (angström) = 10-8cm  
ln k = A – Ea/RT 
 
Part II. Problem solving.  DO ONLY 3 OUT OF 4 PROBLEMS.  Each problem is worth a 
maximum of 25 points.  If you answer all, only the first 3 will be graded so make sure you specify which 
ones you want graded.  Make sure you show all your work logically and clearly.  No credit for answers 
without solutions even if the final answer is correct.  Partial credit may be given if the solution warrants it.  
PLACE  FINAL ANSWERS IN THE SPACE PROVIDED.  Return all test papers.   
 
 
1) Consider a reaction whose rate constant quadruples (i.e. becomes 4 times bigger) as the temperature 
increases from 27°C to 40°C.   
 
When a catalyst is added to the reactants at 27°C,  the rate increases by a factor of 105.   
 
Determine the following for this reaction: 
 
a) The activation energy, Ea.  Answer =   83.1  kJ/mol [ 8 points] 
Solution: 
OK, first start off with the expression for ln k at 2 different temperatures:   
ln k2 =A – Ea /RT1 and  ln k1 = A – Ea/RT1  :  take the diff:  ln k2- lnk1 = (A-A)-(Ea/R)(1/T2 – 1/T1) 
OK, ln k2 – ln k1 = ln (k2/k1)  = ln(4) (since the rate quadruples) = -(Ea/R)(1/T2 – 1/T1) 
Solve for Ea :  Ea  = -R ln 4 /(1/T2 – 1/T1) = 
= 8.314 J/mol K (ln 4) /(313-1 -300-1) = 11.5/1.28x10-4 = 8.31x104 J/mol = 83.1 kJ/mol 
 
Substitute the values (remember to convert T to kelvin: T1 =27+273 =300K, T2 =40+273 =313K) 
 
b) By what factor will the reaction rate increase if we heated it up to 60°C without a catalyst? 
Answer =   27.1  [ 8 points] 
Solution: here, k2/k1 is the unknown while the temperatures will be known: (T1 =300K as before while 
T2=60+273=333K) 
Ln (k2/k1 ) = -(Ea/R) (1/T2 – 1/T1)  = -(83100 J/mol /  8.314 J/mol K) ( 1/333K   - 1/300K) = 104(3.30x10-4) 
 =3.30;  so k2/k1 = e3.30 = 27.1 
  
c) What is the value of the activation energy after the addition of the catalyst?  
Answer =   54.4   kJ/mol [ 9 points] 
Solution: first, we need to solve for ∆Ea (the change in Ea as a result of the catalyst). OK, let’s see, the 
temperature is given as 27°C, so we can compare it with the rate at 27°C without the catalyst.  
 
ln(k2/k1) = -(Ea’ – Ea) /RT  (where k2 is the catalyzed rate, Ea’ = activation energy with catalyst) 
We are given:  k2/k1 = 1x105.  So ln(1x105)= + ∆Ea /RT (where ∆Ea = Ea –Ea’  ) 
 Solve for ∆Ea = RTln(1x105) = (8.314J/molK)(300K)(11.5) = 2.87x104J/mol =28.7 kJ/mol 
So the new value for Ea would be:  Ea’ = Ea -∆Ea = 83.1 kJ/mol - 28.7 kJ/mol = 54.4kJ/mol 
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2) Consider liquid bromine, Br2.  It has a vapor pressure of 221 Torr at 25°C and 294 Torr at 32°C. 
 
a) What is the enthalpy of vaporization for bromine? [15 pts]     Answer =     31  kJ/mole 
Solution:  
We can use the expression for ln(P2/P1);  since ln P2 = k –∆Hv/RT2 and ln P1 = k –∆Hv/RT1 
And we subtract:  ln (P2/P1) = ln P2 – ln P1 = (k-k) –{∆Hv/R}  { 1/T2-1/T1}   
Or,  ∆Hv = R ln(P2/P1) / { 1/T1-1/T2}  = (8.314 J/molK)(ln(294/221))/{(1/(25+273))-(1/(32+273))}  
∆Hv = 30800 J/mol = 31 kJ/mol 
 
 
 
b) What is the boiling point of bromine?  [10 pts] Answer = 58   °C 
 
Solution:  
We can use the expression for ln(P2/P1) again except that we can let P2 = 760 Torr since that is the vapor 
pressure at the normal boiling point. 
ln (P2/P1) = –{∆Hv/R}  { 1/T2-1/T1} ; or ln (P2/P1) = +{∆Hv/R}  { 1/T1-1/T2}  
or, 1/T1 -Rln (P2/P1)/∆Hvx = 1/T2   ; or T2 = ∆Hv/ {R ln(P1/P2) + ∆Hv / T1}  
T2 = (30800)/{(8.314)(ln(221/760) + (30800/298)} = 58°C 
 
 
 
3) Consider a hypothetical simple cubic unit cell crystal made up of spherical copper atoms and determine 
the following: 

a)  The % occupancy.  Answer   52%  % (final answer must be an actual number)  [12 pts] 
 
Solution: the answer to this doesn’t depend on the metal.  
% occupancy = vol occupied by the atoms(x100%)/vol occupied by the unit cell. 
 = (1 atom) (4/3  πr3)(100%)/(2r)3 = 4πr3(100%)/(3(8r3)) = π(100%)/6 = 52% 
 
 
    b) If the density of copper metal (i.e. Cu,  63.546 g/mole)  is 8.96 g/cm3 , what is your estimate of the 
radius of the copper atom (in angstroms)? Answer  1.14  Å[13 pts] 
 
Solution: density, ρ = mass/vol =>  
ρ = ρunit cell   = (# atoms/unit cell)(Mw)(1mol/NAvog)/vol of unit cell in terms of r 
 (1 atom)(63.546g/mol)(1mol/6.02x1023atoms) /8r3 = 8.96 g/cm3 . 
 
so, r = { (63.546)/(( 6.02x1023atoms)(8.96g/cm3)) }1/3 = 1.14 x 10-8cm x (1Å/10-8cm) = 1.14 Å 
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4) Consider the following reaction: 
 

2NO2 (g)  + F2 (g) -->  2  NO2F (g)  
 
The hypothetical data for this reaction is as follows: 
 (initial conc ,in mol/L) 
Expt  NO2 F2  initial rate 
1 .10 .10 2.0 x 10-4 mol L-1s-1 
2 .05 .10 1.0 x 10-4 
3 .20 .20 1.6 x 10-3 

 
a) What is the rate law for this reaction? Give all the values including that of the rate constant.  
 
Answer =   v = (.020)[NO2][F2]2     [14 pts ] 
 
Solution: compare Exp 1 and Exp 2:  (divide Exp 1 / Exp 2):  v1 / v2 = ([NO2]1

x/[NO2]2
 x) 

1.0/2.0  =  (0.10/.05)x =(2)x  => x = 1 
 
compare Exp 3 and Exp 1:  (divide Exp 3/Exp1):   
v3 / v1 = ([NO2]3

1/[NO2]1
1) ([F2]3

Y/[F2]1
 Y) = 16x10-4/2x10-4 = 8 = (.20/.10)1(.20/.10)Y 

8/2 = (2)Y => y=2 
to get k, use Expt #1:  k = v1/([NO2]1

1 [F2]1
2

  = (2.0x10-4)/{(.1)(.1)} = 2.0 x 10-2 = 0.020 
so the rate law is v = (.020)[NO2][F2]2 
 
 
b) What is the rate of formation of NO2F in experiment #3? Answer =  8.0x10-4mol/L  mol/Ls [3 pts] 
 
Solution:  d[NO2F]/dt = (1/2)(v3) = (1/2)(1.6x10-3) = 8.0x10-4mol/L 
 
 
c) Give the order of the reaction with respect to each reactant and also overall: 
 
Answer:  1st order in NO2, 2nd order in F2 and 3rd order overall       [3 pts] 
 
Solution: 1st order with respect to [NO2], 2nd order with respect to [F2] and 3rd order overall. 
 
d) Under what experimental conditions might a pseudo-first order reaction be observed? [ 5pts] 
 
Solution: you may observe a pseudo 1st order if one of the reactants is very abundant compared to the 
other reactant. (so that as the reaction proceeds, the concentration of the abundant one remains virtually 
unchanged , i.e. it is almost a constant and the rates dependence on it is experimentally hard to detect.) 
 
 
 
 
 


