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Last Name: ___________________________________________________________ 
 
First name:  ___________________________________________________________ 
 
Student Number: _______________________________________________________ 
 
 
 
 

CHM 1311 A 
Final Exam 
Fall 2011 

 
 

Professor: Dr. Fox 
 

DO NOT WRITE THIS EXAM IF DR. FOX  
WAS NOT YOUR PROFESSOR! YES, I MEAN IT! 

 
 
 
 
 

Please keep your work covered at all times and keep your eyes on your own 
paper!  Cheating or any appearance of cheating will result in an F in the course 
and possible expulsion from the university.   
 
There are 15 pages in this test.  A periodic table, data tables, and a formula sheet 
are provided at the end.  You may rip these pages off of the exam and use them to 
cover your work. Any scratch work should be done on the back of these pages. 

 
Please show all work to receive partial credit. 

 
 

You have 180 minutes to complete the exam. 
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Question Points Possible Points Earned TA Initial 

1 20   

2 10   

3 10   

4 10   

5 10   

6 10   

7 10   

8 10   

9 10   

TOTAL 100   
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#1. (20 points) Short Answer Questions. 

a) The spdf electron configuration of gallium is: __1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p1_____ 

b) Which of the following ions is the strongest base?     F-    HO2
-  N3

-    NO2
- 

c) Name the following compounds: 

i. CrO3   ____chromium (VI) oxide__________________ 

ii. CaSO4•4H2O  __calcium sulfate tetrahydrate______________ 

d) The solubility of magnesium carbonate is highest in a buffer solution with a pH of   

3.5  8.5  6.5  10.5 

e) For a second order reaction, the plot of ____1/[A]_____ versus ___t______ will yield a 

straight line, where the slope is equal to _______k_________________. 

f) A buffer solution is prepared from 0.450 M HCN and 0.450 M NaCN. The pH of this 

solution is _______9.21________. 

g) In the following reaction, circle the oxidizing agent: 

Fe2O3       +      3 C              3 CO      +        2 Fe 

h) As the activation energy of a reaction increases, the reaction rate  

INCREASES   DECREASES  STAYS CONSTANT 

i) For an ideal gas, a graph of PV versus T will be a linear relationship with a slope that is 
directly proportional to the gas’s: 

KINETIC ENERGY  MOLAR MASS  ENTHALPY  MASS 

j) The concentration of lead (II) ions in a saturated solution of lead (II) chloride is 

____0.017 mol/L________. 

k) A one litre balloon is filled with neon gas. A hole is made in the balloon and the gas 

effuses at a rate of 0.0106 mol/hr. If the same balloon is refilled with argon at the same 

pressure and temperature, its rate of effusion would be _____0.0075 mol/hr_________. 
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l) Write the equilibrium constant expression for the following reaction, and choose the 

best means by which you could encourage the formation of hydrogen gas. 

CH4(g)   +   H2O(g)      CO(g)  +  3H2(g)      ∆Hº = 118 kJ 

i) Increase volume and add heat 

ii) Add steam and remove heat         K = 

iii) Remove carbon monoxide and decrease volume   

iv) Add hydrogen gas and increase volume 

 

m) An orbital is a spherical region of space in which there is a high probability of finding 

an electron.    TRUE   FALSE 

n) The standard heat of formation of solid Fe(OH)3 is -824 kJ/mol. Write the chemical 
equation for the reaction to which this value applies. 

 

 
o) Which of the following would NOT produce a buffer? (HA = a weak acid) 

NaA + NaOH  HA + NaA  NaA + HCl  HA + NaOH 
 

p) If the equilibrium constant for the reaction HA + H2O ⇄  H3O+ + A- is Ka, then the 
equilibrium constant for the reaction A- + H2O ⇄  HA + OH- would be  

Ka Kw/Ka 1/Ka Kb 

 

q) The maximum number of electrons with quantum numbers n = 2 and l = 1 is: _6____. 

(PCO )(PH2)3 
--------------- 
(PCH4)(PH2O) 

Fe (s)  +  3/2 O2 (g)  +  3/2 H2(g)    Fe(OH)3 (s) 
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#2. (10 points) 
(a) Draw a diagram of Bohr’s model of the hydrogen atom showing the transition of an 
electron from the ground state to the n = 4 level. 
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(b) What is the change in energy (in J) of this transition?  
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Answer : _______+2.043 x 10-18 J ___________ 

(c) What is the significance of the sign in your answer for part (b)? 
 

The value of energy is positive, indicating that the atom absorbed energy. 

 

 

(d) Calculate the wavelength (in nm) that corresponds to this energy. 
 
 
 

! 

E = h" =
hc
#

$# =
hc
E

=
(6.626 %10&34 J ' s)(2.998 %108m /s)

2.043%10&18J
= 9.72 %10&8m = 97.2 nm

 

 
 

Answer : __________97.2 nm_______________ 
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#3. (10 points). You are given 200.0 mL of an aqueous solution that contains 0.250 M each 
of Ag+, Pb2+, and Ba2+. You wish to precipitate these cations sequentially by adding 
chromate to the solution. 

 
(a) In what order will the solids precipitate as chromate is added to the above solution?  
What are the concentrations of CrO4

2- needed to precipitate each cation? Whichever 
requires the least amount will precipitate first… 
 
For Ag2CrO4:  Ag2CrO4 (s)     2Ag+(aq)  +  CrO4

2- 
Ksp = [Ag+]2[CrO4

2-] 
    ∴  [CrO4

2-] =  Ksp/[Ag+]2 = 1.9 x 10-12/(0.250)2 = 3.04 x 10-11 M 
For PbCrO4:   PbCrO4 (s)     Pb2+(aq)  +  CrO4

2- 
Ksp = [Pb2+][CrO4

2-] 
    ∴  [CrO4

2-] =  Ksp/[Pb2+] = 1.8 x 10-14/(0.250) = 7.2 x 10-14 M 
For BaCrO4:   BaCrO4 (s)     Ba2+(aq)  +  CrO4

2- 
Ksp = [Ba2+][CrO4

2-] 
    ∴  [CrO4

2-] =  Ksp/[Ba2+] = 2.1 x 10-10/(0.25) = 8.4 x 10-10 

 
First = PbCrO4     Second = Ag2CrO4  Third = BaCrO4 

(b) What concentration of chromate will cause the first precipitation?  
 
From part (a), the concentration at which precipitation of PbCrO4 begins is 7.2 x 10-14 M. 
 

Answer: ______7.2 x 10-14 M_________________ 
(c) At the point just before BaCrO4 begins to precipitate, what will be the concentration of 

all of the ions in solution? 
 
BaCrO4 begins to precipitate when the [CrO4

-] = 8.4 x 10-10 M. At this concentration, both 
Ag2CrO4 and PbCrO4 have precipitated. So, what are the concentrations of each ion when 
[CrO4

-] = 8.4 x 10-10 M? 
 
[Ba2+]    0.250 M (still not precipitated) 
 
[Ag+]   Ksp = [Ag+]2[CrO4

2-] 

   ∴[Ag+] =  {Ksp/[CrO4
2-]}1/2   =  {1.9 x 10-12/(8.4 x 10-10)}1/2   =   0.0476 M 

 
[Pb+2]   Ksp = [Pb2+][CrO4

2-] 

  ∴[Pb2+] =  Ksp/[CrO4
2-]   =  1.8 x 10-14/(8.4 x 10-10) = 2.14 x 10-5 M 

 
 
 

[Ag+] = 0.0476 M  [Pb2+] = 2.14 x 10-5 M  [Ba2+] = 0.250 M  
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#4. (10 points) Combustion of 1.110 g of a gaseous hydrocarbon yields 3.613 g of carbon 
dioxide and 1.109 g of water (and no other products).  
 
a) What is the empirical formula of the hydrocarbon? 

 
 

? mol C = 3.613 g CO2 !
mol CO2

44.01 g CO2

!
1 mol C

1 mol CO2

= 0.0821 mol C

? mol H = 1.109 g H2O!
mol H2O
18.02 g H2O

!
2 mol H

1 mol H2O
= 0.123 mol H

"C0.0821
0.0821

H0.123
0.123

# C1H1.5 # C2H3

 

 
Answer: ____C2H3___________ 

 
b) A 0.288 g sample of the same hydrocarbon occupies a volume of 121 mL at 24.8ºC and 

753 mmHg. What is the molecular formula of the hydrocarbon?  
 

n = PV
RT

= 0.00490mol

MM = m
n

= 0.288g
0.00490mol

= 58.7g/mol

EF mass = 27g/mol

!MF mass ! 2 x EFmass

!  MF is 2 x the EF = C4H6

 

 
 

Answer: _____C4H6___________ 
 

c) Write a balanced chemical equation for the combustion of the hydrocarbon. 
 

2 C4H6    +   11 O2        8 CO2    +    6 H2O 
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#5. (10 points) In an environmental analysis for copper in soils, the copper must first be 

oxidized to copper(II) ions using permanganate ions in acidic solution, with the following 

half-reactions. 

MnO4
-   →   Mn2+ 

Cu  →    Cu2+ 

a) Determine the overall balanced redox reaction equation. 

 

①       5 e–  +  8 H+  +  MnO4
–         Mn2+   +    4 H2O 

②           Cu         Cu2+   +    2 e– 

 

2 x ①       10 e–  +  16 H+  +  2 MnO4
–         2 Mn2+   +    8 H2O 

5 x ②          5 Cu          5 Cu2+   +    10 e– 

 

OVERALL: 

5 Cu     +  16 H+  +  2 MnO4
–         2 Mn2+   +    8 H2O     +     5 Cu2+ 

 

 

b) A 55.0 g sample of soil was found to react with 12.76 mL of a 0.280 M KMnO4 solution. 

What was the percent composition by mass of copper in the soil sample? 

 

 

? g Cu = 0.01276 L KMnO4 !
0.280 mol KMnO4

L
!

5 mol Cu
2 mol MnO4– !

63.546 g Cu
mol Cu

= 0.567g

%Cu =  0.567 g Cu
55.0 g soil

!100%=1.03%

 

 
 
 
 
 
 
    Answer:   1.03%   



CHM1311A – Final Exam   page 9 of 15 

#6. (10 points)  You wish to prepare a buffer solution with pH = 9.45. 
 
a) How many grams of (NH4)2SO4 would you add to 425 mL of 0.258 M NH3 to do this? 

You may assume that the solution’s volume remains constant.   Kb of NH3 = 1.8x10-5 
 

Ka =
KW

Kb

=
1.0x10-14

1.8x10-5 =5.5x10-10

pH = pKa ! log [NH3 ]
[NH4

+ ]
"

#
$$

%

&
'' ( 9.45 = !log(5.5x10-10 )! log

[NH3 ]
[NH4

+ ]
"

#
$$

%

&
''

log
[NH3 ]
[NH4

+ ]
"

#
$$

%

&
''= 9.45!9.26 = 0.19 (

[NH3 ]
[NH4

+ ]
=100.19 =1.55

)[NH4
+]=1.55*[NH3]=1.55*0.258M = 0.17M

? g (NH4 )2SO4 = 0.425 L* 0.17 mol NH4
+

L
*

1 mol (NH4 )2SO4

2 mol NH4
+ *

132.1 g
mol

= 4.8 g

 

 
    Answer:   4.8 g   
 
b) Which buffer component, and how much (in grams) would you add to 0.100 L of the 

buffer in part (a) to change its pH to 9.30? You may assume that the solution’s volume 
remains constant. 

pH = pKa ! log
[NH3]
[NH4

+ ]

"

#
$$

%

&
''

9.30 = 9.26! log
[NH3]
[NH4

+ ]

"

#
$$

%

&
''

log
[NH3]
[NH4

+ ]

"

#
$$

%

&
''= 9.30!9.26 = 0.04 (

[NH3]
[NH4

+ ]
=100.04 =1.1

 

So, to lower the pH to 9.30, we’ll need to add some acid. But how much? 

[NH3 ]= 0.258 M   and   [NH4
+ ]= 0.17 M + x

!
[NH3 ]
[NH4

+ ]
=

0.258
0.17 + x

=1.1 " x = 0.062 M
 

? g (NH4 )2SO4 = 0.100 L! 0.062 mol NH4
+

L
!

1 mol (NH4 )2SO4

2 mol NH4
+ !

132.1 g
mol

= 0.41 g  

Answer:   0.41 g of [NH4]2SO4   
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#7. (10 points) In the titration of 40.00 mL of 0.200 M HOCl by 0.500 M NaOH: 
(a) Calculate the initial pH (before any addition of NaOH). 
 
HOCl is a weak acid: 

 HOCl(aq)            H+(aq)   +   OCl-(aq) 
Initial 0.200 0 0 

Change -x +x +x 
Equilibrium 0.200-x x x 

! 

Ka =
[H +][OCl"]
[HOCl]

2.9 #10"8 =
(x)(x)

(0.200 " x)

  
  

! 

Assuming that x << 0.200 :

x = (0.200)(2.9 "10#8) = 7.6 "10#5
 

pH = -log(H+) = -log(x) = -log(7.6 x 10-5) = 4.12 
Answer: _____4.12__________ 

 
(b) What is the volume of NaOH needed to attain the equivalence point? Calculate the pH 
at the equivalence point. 
 
At the equivalence point: number of moles of acid = number of moles of base 
mol HOCl = C•V = (0.200 L)(0.040 mol/L) = 0.00800 mol 
∴  mol NaOH = 0.00800 mol and V = 0.00800 mol/0.500 mol/L = 0.0160 L = 16.0 mL 
For the neutralization: 

 HOCl(aq)    +   OH-(aq)           H2O(l)   +   OCl-(aq) 
Before 0.00800 0.00800 - 0 
Change -0.00800 -0.00800 - +0.00800 

After 0 0 - 0.00800 

new [OCl-] = n/V = 0.00800 mol/ (0.0400L + 0.0160L) = 0.143 mol/L 
OCl- is a base and will hydrolyze in water: 

 OCl- (aq)    +   H2O(aq)           HOCl(aq)   +   OH-(aq) 
Initial 0.143 - 0 0 

Change -x - +x +x 
Equilibrium 0.143-x - x x 
 

! 

Kb =
Kw

Ka

=
[H +][OCl"]
[HOCl]

1.0 #10"14

2.9 #10"8
=

(x)(x)
(0.143" x)

   
  

! 

Assuming that x << 0.143 :

x = (0.143)(3.4 "10#7) = 2.2 "10#4
 

 
pOH = -log(OH-) = -log(x) = -log(2.2 x 10-4) = 3.65 
pH = 14 – pOH = 14 – 3.65 = 10.35 
 

Volume of NaOH: ______16.0 mL________  pH: ______10.35__________ 
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#8. (10 points). Steel is an alloy of iron and carbon, with iron being the major component.  
A steel ball bearing has a radius of 5.85 mm and a density of 7.75 g/cm3. If the ball bearing 
contains 0.25% carbon (by mass) and that the percent natural abundance of 13C is 1.108%, 
how many 13C atoms are present in the ball bearing? 
Recall: volume of a sphere = (4πr3)/3 
 
 
 

? radius of ball, in cm = 5.85 mm!
1 cm

10 mm
  =  0.585 cm

? volume of ball, in cm3  = 4
3
!! ! (0.585 cm)3  = 0.839 cm3

? mass of ball, in g = 0.839 cm3 !
7.75 g steel

cm3
  = 6.50 g steel

? mass of C, in g = 6.50 g steel! 0.25 g C
100 g steel

  = 0.0162 g C

? mol of C = 0.0162 g C!
mol C

12.011 g C
  = 0.00135 mol C

? mol 13C = 0.00135 mol C!
1.108 mol 13C

100 mol C
  = 1.50x10–5  mol 13C

? atoms 13C = 1.50x10–5  mol 13C!  6.022x1023  atoms 13C
mol 13C

  = 9.03x1018  atoms

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Answer:    9.03x1018 atoms   



CHM1311A – Final Exam   page 12 of 15 

#9. (10 points) A 0.3268 g sample of caffeine (C8H10O2N4, heat of combustion = -4.243x103 
kJ/mol) undergoes complete combustion in a bomb calorimeter. The bomb calorimeter 
assembly has a heat capacity of 5.136 kJ/ºC. 
 
(a) What mass of oxygen is required for the complete combustion of the sample? 

___ C8H10O2N4   +    _13.5_ O2    →    _8_ CO2     +    _5_ H2O   +   _4_ NO2 
 
 

  

! 

mO2
= 0.3268 g caffeine • mol caffeine

194.19 g caffeine
• 13.5 mol O2

1 mol caffeine
• 32.00 g O2

mol O2

= 0.7270 g 

 
 
 

Answer: ________0.7270 g__________ 
(b) What will be the final temperature of the assembly if the initial temperature is 22.43ºC? 
 
First, we find the amount of heat released in the combustion of the caffeine sample: 

  

! 

qcombustion = "H
comb

o #mol caffeine = ($4.243#103  kJ/mol)(0.001683 mol) = $7.140 kJ 

The amount of heat released in the reaction is equal to the amount of heat absorbed by the 
calorimeter, or: 

  

! 

- qcomb = qcal

- qcomb =  Ccal(T2 "T1)

T2 =
"qcomb

Ccal

+ T1

=
"("7.140 kJ)
5.136 kJ/ºC

+ 22.43ºC

= 23.82ºC

 

 
 

Answer: _____23.82ºC__________ 
(c) What is the change in internal energy for the reaction? 
 

∆U = q + w 
This is a constant volume calorimeter, so w = 0, thus: 

∆U = q = -7.140 kJ 
 
 
 

Answer: _______-7.140 kJ__________
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Gas Laws 
PV  =  nRT 

P1V1
T1

=
P2V2
T2

 

PT  =  P1 + P2 + P3 + …  

PA = χAPT 

d = m
V
=
P !MM
RT

 

EK =
1
2
mv2  

urms =
3RT
MM

 

Rate A
Rate B

=
MMB

MMA

 

P+ n2a
V2

!

"
#

$

%
&  V' nb( ) = nRT  

Equilibrium 
KP = KC(RT)∆n 

 

Acid/Base 
pOH = -log[OH-]  

pH = -log[H+] 

pH + pOH = 14  

Ka x Kb = KW 

pH = pKa + log [A-]/[HA] 

  
 

Thermochemistry 

∆U = q + W 

Wsystem  =  -P∆V = - ∆nRT 

∆H  =  ∆U + P∆V  

qP  =  ∆U + P∆V 

q = ms∆T 

q = n∆H 

∆Hrxn° = ∑n∆Hf°(pdts) - ∑n∆Hf°(rxts) 

The atom 
E = hν 

c = νλ 

E = -B/n2 

Kinetics 
[A]t = [A]o – kt 

ln[A]t = ln[A]o – kt 

1/[A]t = 1/[A]o + kt 

k = Ae(-Ea/RT) 

ln(k2/k1) =  (-Ea/R)(1/T2 - 1/T1) 

 

 
Other 
n = m/MM 

C = n/V 

%yield = actual yield
theoretical yield

!100%
 

!A =
nA
nT
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Data For Water 
Density  = 1.00 g/mL (at 25°C)  
s = 2.13 J g-1 K-1 (solid) 
s = 4.184 J g-1 K-1 (liquid) ΔH°fus = 6.02 kJ mol-1 
s = 2.01 J g-1 K-1 (gas) ΔH°vap = 40.7 kJ mol-1 

Constants and Conversion Factors 
1 mmHg = 1 torr    760 mmHg = 1 atm 1 atm = 101.325 kPa  1 atm = 1.013125 bar 
1 cm3 = 1 mL 1000 mL = 1 L 1000 L = 1 m3 

 
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 

 R 0.0831451 bar L·K-1·mol-1 

Planck’s constant h 6.62608x10-34 J·s  

Speed of Light c 2.99792458x108 m·s-1 
Table of Ionization Constants 

 
Table of Solubility Product Constants 

Compound Ksp Compound Ksp 

Mg(OH)2 1.2 x 10-11 Ag2CrO4 1.9 x 10-12 
AgCl 1.8 x 10-10 PbCrO4 1.8 x 10-14 

CaSO4 9.1 x 10-6 BaCrO4 2.1 x 10-10 
AgI 1.5 x 10-16 Hg2Cl2 1.3 x 10-18 

PbI2 8.7 x 10-9 BaSO4 1.1 x 10-10 

PbCl2 1.9 x 10-5 Ag2CO3 8.5 x 10-12 
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