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Print your name here:
Problem 1: (50 points) [Oxtoby Problems 10.28 and 10.35]

Vitamin C is ascorbic acid (HC6H7O6), for which Ka is 8.0x10-5. The
molecular weight of ascorbic acid is 176.126 gm/mole. A 500-mg
tablet of pure vitamin C is dissolved in water and diluted to 100.0
mL.
a)(5 points) What is the (initial) concentration of ascorbic acid in
solution before it ionizes and transfers a proton to water? Show all
reasoning clearly.

MW = 176.126 g/mole          500 mg sample = 0.500 g
# moles = 0.500 / 176.126 = 2.84 × 10-3 moles
[HC6H7O6]o = 2.84 × 10-3 moles / 0.100 liters
[HC6H7O6]o = 2.84 × 10-2 moles/liter
[HC6H7O6]o = 2.84 × 10-2 M

b)(15 points) Calculate the [H3O
+] at equilibrium for this solution.

Show all reasoning clearly.

HC6H7O6 + H2O = H3O
+ + C6H7O6

-

Neglect H3O
+ from H2O + H2O = H3O

+ + OH-

HC6H7O6 + H2O = H3O
+ + C6H7O6

-

Co-x                    x           x
Co = 0.0284 M (part a)
Ka = [H3O

+][C6H7O6
-] / [HC6H7O6] = 8.0 × 10-5

Ka = (x)(x) / (Co - x) = 8.0 × 10-5

Since Ka << 1, x << Co →
x2 / Co ≈ 8.0 × 10-5

x2 = (0.0284)(8.0 × 10-5) = 2.27 × 10-6

x = [H3O
+] = 1.51 × 10-3 M

c)(5 points) Calculate the pH of the solution in part (b). Show all
reasoning clearly.

pH = -log10[H3O
+]

pH = -log10(1.51 × 10-3)
pH = 2.82
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Print your name here:

Morphine is a weak base for which Kb is 8.0x10-7. 0.0400 mole of
morphine is dissolved in water and diluted to 600 mL.
d)(15 points) Calculate the [OH-] at equilibrium for this solution.
Show all reasoning clearly.

    M    +   H2O = MH+ + OH-

Co - x                  x        x
(neglects OH- from H2O + H2O = H3O

+ + OH-)
[M]o = Co = (0.0400) / (0.600 liters) = 0.06667 M
Kb = [MH+][OH-] / [M] = 8.0 × 10-7

(x)(x) / (Co - x) = 8.0 × 10-7

Kb << 1 → x << Co →
x2 = Co(8.0 × 10-7)
x2 = (0.06667)(8.0 × 10-7) = 5.334 × 10-8

x = [OH-] = 2.31 × 10-4

e)(10 points) Calculate the pH of the solution in part (d), assuming
that the temperature is 250 C. Show all reasoning clearly.

[H3O
+][OH-] = KW

[H3O
+][OH-] = 10-14 (250 C)

[OH-] = 2.31 × 10-4 (part d)
[H3O

+][2.31 × 10-4] = 10-14

[H3O
+] = 4.33 × 10-11

pH = -log10[H3O
+]

pH = 10.36

Problem 2:  (55 Points) [Much in common with Oxtoby
problems 13.7, 13.35 and 13.39] The following data are
measured for the reaction of A with B:

T=300 K:
A(mol/L) B(mol/L) Initial Rate(mol/L-s)

2.3x10-4 3.1x10-5 5.20x10-4

4.6x10-4 6.2x10-5 4.16x10-3

9.2x10-4 6.2x10-5 1.66x10-2
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Print your name here:

T=310 K:
A(mol/L) B(mol/L) Initial Rate(mol/L-s)

2.3x10-4 3.1x10-5 1.04x10-3

a)  (10 points) Determine the order of the reaction with respect to
species A. Show all reasoning clearly.

Ri = k[A]o
n [B]o

m

Row 2: Ri(2) = k(4.6 × 10-4)n(6.2 × 10-5)m = 4.16 × 10-3

Row 3: Ri(3) = k(9.2 × 10-4)n(6.2 × 10-5)m = 1.66 × 10-2

Take ratio of equations for Rows 2 & 3:
k(4.6     ×                10-4)n(6.2     ×                             10-5)m  =  4.16                    ×              10-3           
k(9.2 × 10-4)n(6.2 × 10-5)m      1.66 × 10-2

  

4.6 ×10−4

9.2 ×10−4

 

 
  

 
 

n

=
4.16× 10−3

1.66× 10−2 = 0.2506

(1/2)n = 0.2506
(2/1)n = 3.990
n=2

b) (10 points) Determine the order of the reaction with respect to
species B. Show all reasoning clearly.

Ri = k[A]o
2[B]o

m

Row 1: k(2.3 × 10-4)2(3.1 × 10-5)m = 5.2 × 10-4

Row 2: k(4.6 × 10-4)2(6.2 × 10-5)m = 4.16 × 10-3

Take ratio of equations for Rows 1 & 2:
k(2.3     ×                10-4)2(3.1     ×                             10-5)m  =  5.20                    ×              10-4           
k(4.6 × 10-4)2(6.2 × 10-5)m       4.16 × 10-3

(2.3/4.6)2(3.1/6.2)m = 0.125
(1/2)2(1/2)m = 0.125
(1/2)m = 4(0.125) = 0.500
(0.5)m = 0.5
m=1
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Print your name here:
c) (10 points) Determine the kinetic rate constant (including units!)

for the reaction of A with B at T=300 K. Show all reasoning clearly.

Can use any row of T = 300 K data
Ri = k[A]o

2[B]o

Row 1: 5.20 × 10-4 Ms-1 = k(2.3 × 10-4 M)2(3.1 × 10-5 M)
k = [(5.20 × 10-4) / (2.3 × 10-4)2(3.1 × 10-5)](Ms-1) / M2M
k = 3.17 × 108 M-2s-1

d) (10 points) Determine the kinetic rate constant (including units!)
for the reaction of A with B at T=310 K. Show all reasoning clearly.

Only 1 set of data at T = 310 K
Ri = k[A]o

2[B]o

1.04 × 10-3 Ms-1 = k(2.3 × 10-4)2(3.1 × 10-5)M2M
k = [(1.04 × 10-3 Ms-1) / (2.3 × 10-4 M)2(3.1 × 10-5 M)]
k = 6.34 × 10-8 M-2s-1

e) (15 points) Determine the activation energy for the reaction.
Show all reasoning clearly.

k = Ae-Ea / RT

Simplest assumption: A indep of T
k (310) / k(300) = Ae-Ea/R(310) / Ae- Ea/R(300)

k (310) / k(300) = e-Ea/R(310) / e- Ea/R(300)

ln[k(310)/k(300)] = -Ea(1/310R) + Ea (1/300R)

From c,d ln[k(310) / k(300)] = ln[(6.34 × 108) / (3.17 × 108)]
ln[k(310) / k(300)] = ln 2 = (Ea/R)(1/300 - 1/310)
ln 2 = (Ea/R)(1.075 × 10-4 deg-1)
R = 8.314 joules / mole-deg
Ea = [R ln 2] / [1.075 × 10-4 deg-1]
Ea = (0.693)(8.314) / (1.075 × 10-4) joules / mole
Ea = 53594 joules / mole
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Print your name here:

Problem 3:  (25 Points) [Much in common with Oxtoby
problems 10.17, 10.18, 10.27 and 10.39] The ion product of
water in blood at 98.60 C is 2.4x10-14. In a test of the behavior of
aspirin in blood, a biochemist dissolves 0.01 moles of acetylsalicylic
acid (aspirin), HC9H7O6, in a 100 mL blood sample thermostated at
98.60 C. She measures the pH and finds it to be 3.00.
a)(10 points) Determine the acid ionization constant for aspirin in

blood at 98.60 C. That is, determine Ka for the reaction:

HC9H7O6 + H2O = H3O
+ + C9H7O6

-

Show all reasoning and calculations clearly!

[HC9H7O6]o = Co = 0.01 moles / 0.100 liter = 0.100 M
HC9H7O6 + H2O = H3O

+ + C9H7O6
-

Co - x x    x
x = [H3O

+] = 10-3 (given)
Ka = [H3O

+][C9H7O6
-] / [HC9H7O6]

Ka = x2 / (Co - x)
but x = 10-3, Co = 0.100
Ka = (10-3)2 / (0.100 - 10-3)
Ka = 1.010 × 10-5

b)(15 points) The same biochemist takes a second sample of blood
and dissolves 0.0100 moles of the salt of the conjugate base of
aspirin (NaC9H7O6) in a new 100 mL blood sample also thermostated
at 98.60 C. Determine the pH of this blood solution.  Show all
reasoning and calculations clearly!

C9H7O6
- + H2O = HC9H7O6 + OH-

Co - x x     x
Co = 0.0100 moles / 0.100 liters = 0.100 M
Kb = x2 / (Co - x) = [HC9H7O6][OH-] / [C9H7O6

-]

  
Kb =

HC 9H7O6[ ] OH−[ ] H3O
+[ ]

C9H7O6
−[ ] H3O

+[ ] =
Kw

Ka

Ka = 1.01 × 10-5 (part a)
Kw = 2.4 × 10-14 (given)
Kb = 2.4 × 10-14 / 1.01 × 10-5 = 2.38 × 10-9

Kb << 1 → x << Co
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Print your name here:

x2 / Co ≈ Kb

x2 ≈ (0.100)(2.38 × 10-9)
x = [OH-] = 1.54 × 10-5

[OH-][H3O
+] = Kw = 2.4 × 10-14

[H3O
+] = (2.4 × 10-14) / (1.54 × 10-5)

[H3O
+] = 1.56 × 10-9

pH = -log10[H3O
+] = 8.81

Problem 4 (20 points) The graph on the next page shows data
(initial rate in units of mM/min vs. substrate concentration in
mM=10-3 M) for the decomposition of paraoxon by organophosphorus
hydrase in foam. This is the same data Dr. Giancarlo showed you in
class. Dots represent actual data points, and the solid curve through
the points is the best fit line to these points. The solid straight line at
the top of the graph is the asymptotic limit of the solid curve at
infinite substrate concentration. Answer all of the following
questions assuming the decomposition of paraoxon substrate by
organophosphorus hydrase obeys Michaelis-Menten kinetics.

a)(5 points) Determine the numerical value (including units) of the
kinetic rate constant k2 if the total enzyme concentration is 5x10-6 M.
Show all reasoning clearly by using formulas from the free formula
sheet.

For Michaelis-Menten kinetics, initial rate v is
v = k2 Eo / (1 + Km / [S])
As [S] → ∞, Km / [S] → 0
and v → vmax = k2 Eo

vmax is the asymptotic value on the graph
vmax = 0.037 mM/min
k2Eo = 0.037 mM/min
Eo = 5 × 10-6 M = 5 × 10-3 mM
k2 = (0.037 mM / min) / (5 × 10-3 mM)
k2 = 7.4 min-1
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Print your name here:
b)(5 points) What is the numerical value (including units) of KM, the
Michaelis-Menten constant for this system. Show all reasoning
clearly using formulas from the free formula sheet.

v = vmax / [1 + Km / [S]]
v = vmax / 2 when [S] = [S]1/2

From graph, vmax / 2 = (0.037) / 2 = 0.0185 mM-min-1

[S] = [S]1/2 at v = vmax / 2
From graph [S]1/2 = 0.2 mM
vmax / 2 = vmax  / [1+ (Km / 0.2 mM)]
1 + (Km/0.2 mM) = 2
Km = 0.2 mM

c)(10 points) If the total enzyme concentration is halved to
2.5x10-6 M, give the numerical value (including units) for the
maximum initial rate at infinite substrate concentration and the
value of KM, the Michaelis-Menten constant. Show all reasoning
clearly using formulas from the free formula sheet..

vmax = k2Eo

k2 = 7.4 min-1 (part a)
Eo = 2.5 × 10-6 M (given)
vmax = (7.4 min-1)(2.5 × 10-6 M)
vmax = 1.85 × 10-5 M-min-1 = 1.85 × 10-2 mM/min
Km = (k-1 + k2) / k1 is independent of E=o
Km = 0.2 mM (part b)

The End
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