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Chemistry CHM 1310D Test 2
November 25, 2010
Darrin Richeson
Name:


Student Number:



Laboratory Day (circle one): 

	Tuesday 2:30
	Tuesday 6:30

	Wednesday 10:00
	Thursday 2:30

	Thursday 6:30 
	Friday 2:30


Laboratory TA: 


DO NOT TURN THE PAGE OR START THE EXAM UNTIL YOU ARE NOTIFIED.

You will have 80 minutes for the exam. 

There are data and a periodic table on the last two pages.

Feel free to remove these and use them.

	Question
	Mark

	1
	/ 6

	2
	/ 6

	3
	/ 6

	4
	/ 6

	5
	/6

	
	

	Total
	/30


Good Luck.

1. A 2.85 g sample of a base symbolized by B, with a molar mass of  45.09 g/mol, was dissolved in water to produce 100.0 ml of solution with a pH = 11.53.  Write the equation for the reaction of B in water and calculate the ionization constant (Kb) for this base. What is the equilibrium constant for the following reaction? 
BH+ +H2O → B + H3O+ 
Answer: 
B + H2O → BH+ + OH-
pH = 11.53 pOH = 14-11.53 = -log [OH-] = 2.47 [OH-] = 3.388 x 10-3 
B + H2O →
BH+  + 

OH-
I 
0.632 
C
 -3.388 x 10-3 
3.388 x 10-3 
3.388 x 10-3 
E 
0.6286

 3.388 x 10-
 3.388 x 10-3 
(3.388 x 10-3)2/(0.6286) = Kb = 1.826 x 10-5 
The reaction corresponds to Ka of the conjugate acid of base B. Calculated from the relationship Kw = Ka x Kb for a conjugate pair.  
Thus Ka = 10-14/1.826 x 10-5 = 5.47 x 10-10 
2. You are given a weak acid with the formula HAn (122.1g/mol). 
When you make a solution of 0.500 g of HAn and 0.660 g An-Na+ in 0.500 L of water the pH is 5.92.
(a) Calculate Ka for the acid.

(b) If 2.0 mL of 1.0 M HCl are added to this solution what will be the pH?
(c) How many grams of NaOH should be added to this solution to get a pH of 6.25. 
Answer:

(a) This is a mixture of a weak acid and its conjugate base

Ka = [An-][H+]/[HAn]  

[HAn]= 0.500 x 1mol/122.1g in 0.500L = 4.095 x 10-3 moles/0.500L
 [An-] = 0.660 x 1mol/144.1g in 0,500L = 4.58 x 10-3 moles/0.500L
[H+] = 10-5.92= 1.202 x 10-6 moles/L

And  Ka = 1.34 x 10-6
Could use the equation pH = pKa +log [A]/[HA] and will get the same number. 
(b) have added 2.0 x10-3 L x 1mole/L = 2.0 x 10-3 moles HCl. This reacts with An- to yield HAn. Convert 2.0 x 10-3 moles of An- to HAn.  New concentrations are

(4.095x 10-3 + 2.0 x 10-3)moles HAn/0.502L = 6.095x 10-3moles/0.502L
(4.58x 10-3 – 2.0 x 10-3)moles An-/0.502L = 2.58 x 10-3moles/0.502L

[H+] = Ka [HAn]/[An-] = 3.166 x 10-6
pH = 5.50  
(c) For a pH =6.25, [H+] = 5.62 x 10-7M
the ratio[HAn]/[An-] = [H+]/Ka = 0.4197 = (4.095 x 10-3-x)/4.58 x 10-3 + x) 
need to add enough OH- to adjust this ratio. x moles of OH- makes x moles of An- from x moles HAn. 
Solve for x: 

1.922 x 10-3 + 0.4197 x = 4.095x 10-3 –x

1.4197 x = 2.173x 10-3

x = 1.531 x 10-3 moles 

need 1.531 x 10-3 moles x 40g NaOH/mole = 0.0612 g

3. A voltaic cell was constructed using the two half-reactions
:


Ti2+(aq) + 2 e- → Ti(s)
E° = -1.630 V 


Sn2+(aq) + 2 e- → Sn(s)
E° = -0.137 V 

(a) Which of these reactions occurred at the anode? What was would be the Eo for this cell?

(b) Consider a cell with [Ti2+] = 0.005 M and [Sn2+] = 0.550M. What is the E value for this cell?

(c) When the voltage of the cell in part (b) is 1.520V, what will be the concentrations  of Ti2+ and Sn2+?
Answer:
(a) The overall cell reaction would be:
Ti(s) → Ti2+(aq) + 2 e-
This oxidation occurs at the anode 

Sn2+(aq) + 2 e- →Sn(s)
 This reduction occurs at the cathode
Ti(s) + Sn2+(aq) → Ti2+(aq) + Sn(s)
 

E° = Ecathode – Eanode = -0.137 V – (-1.630 V)  = 1.493V

(b) E = Eo – 0.0592/n(log Q)   = Eo – 0.0592/nlog ([Ti2+]/[Sn2+]) 
E = Eo – 0.0592/n(log Q)  = 1.493– 0.0592/2log(0.005/0.550) = 1.553V 
(c) During the reaction, [Sn2+] decreases and [Ti2+] increases.

     Note that due to stoichiometry

Ti(s) + Sn2+(aq) → Ti2+(aq) + Sn(s)
 

Intial

0.55

0.005-x
Final

0.55-x

0.005+x
E = Eo – 0.0592/2(log Q)  = 1.493 – (0.0296)log(0.005+x/0.55-x) = 1.520V

1.520 = 1.493 – (0.0296)log(Q) 

log Q = (1.520-1.493/-0.0592) x 2 = -0.9122
Q = 0.1224 = 0.005+x/0.55-x
x = 0.0509 
[Ti2+] = 0.005 + 0.0509 = 0.0559 M and [Sn2+] = 0.550 - 0.0509 = 0.499 M 

4. Consider an aqueous solution which is 0.020 M in Pb2+ and 0.20 M in Ag+. 
If concentrated potassium iodide solution (so that volume changes may be neglected) is added gradually with good stirring to this solution. 

(a) Which precipitate will form first? What concentration of iodide begins this precipitation?
Eventually the iodide ion concentration is increase enough to cause precipitation of the second ion.

(b) What concentration of iodide initiates the second cation to precipitate?

(c) What will be the concentration of the ion that precipitated first when the second ion just begins to precipitate?

(d) How do you think that decreasing the pH of the solution will change the solubility of these two species?


Ksp for PbI2 = 7.1 × 10-9; for AgI = 8.31 × 10-17 

Answer:

Part (a)
Ksp (PbI2)  = [Pb2+][I-]2 = 7.1 × 10-9 = (0.02) [I-]2
Ksp (AgI) = [Ag+][I-] = 8.31 × 10-17 = (0.20) [I-]
PbI2 precipitates when [I-] = {7.1 × 10-9/(0.02)}1/2 = 5.96 x 10-4 M I-
AgI precipitates when [I-] = {8.31 × 10-17 /(0.20)} = 4.15 x 10-16 M I-
 AgI will precipitate first

Part (b)

The PbI2 precipitates when at 5.96 x 10-4 M I-
Part (c)

With this concentration we go back to the Ksp(AgI)

Ksp (AgI) = [Ag+][I-] = 8.31 × 10-17 = [Ag+] (5.96 x 10-4)
[Ag+] = 1.39 × 10-13 M
Part (d)

Since the only base that is part of these equilibria is I- and it is a weak (neutral) base, reducing the pH should have no effect. 

5. For the reaction A → C, you are told that increasing the [A] by a factor of three leads to an increase in the reaction rate by a factor of 3. You are also given the following data.
 
[A] M

time (min)
 0.400 

0

0.250 

15.0 

Propose a form for the rate law?

What is the value of the rate constant, k? 

What is the half-life of the reaction? 

How long will it take for ¾ of the original concentration of A to be consumed?
Answer:

The tripling of the reaction rate with triple concentration indicate that the rate law is first order in A

Rate of reaction  = k[A]

Using the integrated rate law provided:

ln[A]t – ln[A]0 = -kt = -k(15min) = ln 0.250 – ln 0.400 = -0.700

k = 0.0313 min-1 

The half-life, t1/2 is the time when half of the original [A] has been consumed. 

Either use 

ln[A]t – ln[A]0 = -kt = -0.0313 min -1(t1/2) = ln 0.200 – ln 0.400 = -0.693
 (t1/2) = -0.693/-0.0313 min -1  = 22.1 min

or t1/2 = ln2/k = 0.693/0.0313
(these are the same!)

Can either use the integrated rate law or realize that ¾ is 2 x t1/2

ln[A]t – ln[A]0 = -kt = -0.0313 min -1(t) = ln 0.1 – ln 0.400 = -1.386

44.3 min. 
Thermodynamic data for temperature = 298.15 K

Ho​(kJ/mol) 

Go(kJ/mol K)
So(J/mol K)

PCl3(g)
-287


-267.8


311.8

PCl5(g)
-374.9


-305.0


364.6

POCl3(g)






222.4

SO2Cl2(g)
-364.0


-320.0


311.9

COCl2(g)
-218.8


-204.6


283.5




Cl2(g)

0


0


223.1

O2(g)

0


0


205.11

SO2(g)

-296.8


-300.2


248.2

CO(g)

-110.5


-137.2


197.7

SO3(g)

-395.7


-371.1


256.8

I(g) 

106.8 


70.25 


180.8 

I2(g)

62.44


19.33


260.7

I2(s)

0


0


116.1



CH​4(g)

-75.0





186.3



CH3OH(l)
-237





126.8



O2(g)

0


0


205.1




N2H4(g)
95.4





238.5

N2O4(g)
11.1





304.4

H2O(g)

-241.8





188.8

N2(g)

0.0





191.6


N2H4(l)
50.6





121.2

N2O4(l)
-19.5





209.2

SnO2(s)






49.04
C(s) 







5.6
Sn(s) 







51.2
CO2(g) 
-393.5





213.8

Solubility Product Constants
Compound
Ksp

Ca(OH)2
 
5.5 x 10-6
Ca(CO3) 

2.8 x 10-9
Ca(SO4)

9.1 x 10-6

BiI3 

8.1 x 10-19 

	Gas Law
PV  =  nRT

PTotal  =  P1 + P2 + P3 + . . . 
KE  = (1/2)mvav2
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Equilibrium

Kp = K(RT)n
Acid/Base

pOH = -log [OH-] 

pH = -log[H + ]
pH + pOH = 14 
Ka x Kb = Kw
pH = pKa +log [A]/[HA]
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Kinetics
k = Ae-E/RT
[A]t –[A]0 = -kt
ln[A]t – ln[A]0 = -kt

[A]t-1 –[A]0-1 = kt 
	Thermodynamics

U = q + w
wsystem  =  PV
H  =  U + PV 
qP  =  U + PV

Cp = Cv + R 
Hrxn=npHf(products) 

               nrHf(reactants)
Srxn=npS(products) 

               nrS(reactants)

qrev = -wmax = nRT ln (V2/V1)

S = qrev / T
ST1-T2 = nCp ln(T2/T1)

S T1-T2 = nCv ln(T2/T1)


[image: image5.wmf]T

H

T

q

S

sys

gs

surroundin

gs

surroundin

D

-

=

=

D

0


Go  =  Ho  -  TSo

G = Go + RT ln(Q)
Go = - RT ln(K)
ln(K2/K1) =  -Ho/R (1/T2 - 1/T1)
Ecell = Eocell – 0.0592/n(log Q)
ocell – (0.0592/n)(log Q)

x = [-b±(b2-4ac)1/2]/2a




Data For Water

Density  = 1.00 g/mL (25°C)


C = 2.13 J g- K- (solid)
C = 4.18 J g- K- (liquid)
H°fus = 6.02 kJ mol-
Cp = 2.01 J g- K- (gas)
H°vap = 40.7 kJ mol-
Constants and Conversion Factors

760 torr = 760mm Hg = 1 atm
1atm = 101.325 kPa
Avogadro’s Number
N
6.022x1023 mol-1

Boltzmann’s constant
k
1.30866x10-23 J·K-1

Faraday’s constant
F
96,485 C·mol-1

Gas constant
R
8.31451 J·K-1·mol-1



R
0.08206 atm·L·K-1·mol-1


R
8.31451 m3Pa·K-1·mol-1

Planck’s constant
h
6.62608x10-34
J·s
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Speed of Light
c
2.99792458x108
m·s-1






�Material  for this problem was not covered in 2013





PAGE  

_1034157496.unknown

_1034158248.unknown

_1034158892.unknown

_1034157603.unknown

_1034157387.unknown

