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Name all the aldehyde isomers that have the molecular formula CsH,,O. Name and draw all the isomers of CsH,,.

Complete the following table by identifying an eight-carbon compound in each group.

Group One structural formula Name Saturated/unsaturated

alkyne

cycloalkane

alcohol

ether

Butane can form a primary alcohol, a secondary alcohol, and a tertiary alcohol. Write the structural formula of each alcohol.

State the steps you would take to determine whether or not a molecule has an overall molecular polarity. Explain the significance of each step, and
give an example.

What is the difference between addition polymerization and condensation polymerization? Give an example of a polymer formed by each reaction.
Describe and explain the general trends in atomic radius in the periodic table.
What are the four quantum numbers in the quantum mechanical model of the atom? What do these numbers represent?

Define the term “orbital.” Describe the shape of each type of orbital. State how many of each type are present, and in which energy levels they are
located.

What are the allowed values of m, for an electron with each orbital-shape quantum number.
a)l=3 b) =1

What are the allowed values of | for an electron with each principal quantum number.
ayn=4 b)n=6

Distinguish between the terms “ionization energy” and “electron affinity.”
What is the relationship between atomic radius and ionization energy? Explain your answer.
What are the allowed values of | and m, if n = 2? What is the total number of orbitals in this energy level?

What are the possible values of m; if n =4 and | = 2? What kind of orbital is described by these quantum numbers? How many orbitals can be
described by these quantum numbers?

Using water as an example, differentiate between intermolecular forces and intramolecular forces.
List the different types of intermolecular forces, and give an example for each.

CF, contains polar C—F bonds. How do we know the bonds are polar? Is this molecule polar or non-polar? Identify the different shapes and their
polarities.

The neutralization of nitric acid with potassium hydroxide has an enthalpy change of —53.4 kJ/mol. Write a thermochemical equation for this
reaction.

The specific heat capacity of diamond is 0.5050 J/ge°C. How much energy is required to heat 25.0 g of diamond from 10.5°C to 15.6°C?

Methane burns in oxygen to form carbon dioxide and water. This process releases 882 kJ/mol of methane.
a) Write the thermochemical equation for this reaction.
b) If 15.0 g of methane is burned, how much heat is released?

What is the order of the reaction with the rate law expression r = k[A][B]*?

What physical properties can be measured in each reaction?
a) CaC03(5) + 2HCI(aq) g CaClz(aq) + H20(|) + COz(g)

b) 2H20(g) —> 2H2(g) + OZ(g)

C) HCI(aq) + Zn(s) - chlz(aq) + HZ(g)

d) N205(g) d ZNOZ(g) +% 02

23. The rate constant for the following reaction is 6.0 x 107 s™. What is the half-life of this reaction?
What is the difference between a homogeneous catalyst and a heterogeneous catalyst? Give an example of each type of catalyst.

Give an example of a chemical or physical process that results in an increase in entropy. Explain why this process is an example of an increase in
entropy.

What is the equilibrium constant expression for the following equilibrium reaction?
HzO(g) + Cle(g) = 2HOC|(g)

The equilibrium constant for the following reaction is 4.8 x 10~ at 25°C.
N2O4(g) & 2NOy(q) I

a) Which direction does the equilibrium normally favour?

b) Which species has the greater concentration?

¢) What is the equilibrium constant for the reverse reaction?

List three different strategies that could be used to shift the following equilibrium toward the products.
ZNOCI(Q) = 2NO(g) + Clz(g)

List three different strategies that could be used to shift the following equilibrium toward the reactants. Note: List changing concentration only once.
2803(9) +197 kl & 2802(9) + OZ(g)

Label the conjugate acid-base pairs in each reaction.

a) CO32—(aq) + H20(|) = HCQg—(aq) + OH_(aq)

b) H2504(aq) + H20(|) = H30 (aq) + HSO4—(aq)

Write the equilibrium expres+sion for each equilibrium.

a) HNOz(aq) + H20(|) =g Hgo (aq) ":NOZ_(aq) .

b) HCOOH(aq) + H20(|) < HCOO (aq) T H3O (aq)

Calculate the pOH of a 0.025 mol/L solution of perchloric acid, HCIOg).
Calculate the pH of a 0.000 25 mol/L solution of sodium hydroxide.

List the following acids in order, from strongest to weakest.

HCNO K,=35x 107"
HF K,=6.8x 107"
HIO Ka=23x 107"

HIO, Ky=1.69x 10"
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Which solution represents an equilibrium system? Explain your answer, based on the behaviour of the solute.

A. a solution of copper(I1) sulfate, in which some of the water has evaporated and crystals of copper(I1) sulfate are forming in solution
B. a teaspoon of sugar dissolved in a cup of hot tea cooling on a table

C. a supersaturated solution of sodium acetate at constant temperature

Write the equilibrium reaction and the equilibrium expression for the dissolving of silver sulfide.

Identify the oxidizing agent and the reducing agent in the following redox reaction. Explain your answers.
MnO,— + SO32— — Mn"2 + SO,2—

Identify the oxidizing agent and the reducing agent in the following redox reaction. Explain your answers.
BrOs—+1"+H"—» Br +1,+ H,0

Determine whether the following reaction is a redox reaction. Explain your answer.
SOg(g) + HzO(|) —> H2804(aq)

Determine whether the following reaction is a redox reaction. Explain your answer.
MnO4—+ CN™ - MnO, + CNO™

What is the oxidation number of chlorine in each anion?
a) OCI” b) ClO,—

Complete the following table.

Name Complete structural diagram Class

2-fluoro-3,3-dimethylbutanal

CH;z GH, 0

7
H—C—GC—CH,—C

CH, CH, 0—CH;

4-methylpentanamide

metadimethylbenzene

Draw the structural formula for each of the four isomers of butyl chloride (C4HyCl). Name each isomer.
Use structural formulas to write the equation for the reaction of acetic(ethanoic) acid with 1-butanol.

Fill in the followina outline of a periodic table to show the four energy sublevel (s, p, d, and f) blocks.

On the above outline of a periodic table, use arrows to indicate the directions of increasing
a) atomic radius b) ionization energy c) electron affinity.

Consider the followina aranh of ionization energy.
2500 —He

Ne

2000}

1500

1000

First ionization energy (kJ/mol)

0 T T T T
10 20 30 40

Atomic number

a) Describe the trend you observe down a group. Explain this trend, using the atomic model.
b) Describe the trend you observe across a group. Explain this trend, using the atomic model.

49. Complete the following table to describe the three intramolecular forces.
Force Model/diagram Nature of attraction Energy (kJ/mol) Example
ionic
covalent
metallic

Create a table to summarize the differences in the physical properties of the different types of solids (atomic, molecular, covalent network, ionic, and
metallic).

Determine the molecular shape of each molecule, and draw the three-dimensional representation.
a) AsCls b) H,CO c) OCl,

When benzene is reacted with liquid bromine, bromobenzene is formed.

a) Write the balanced chemical equation for this reaction.

b) What type of reaction is it?

¢) What amount of benzene is needed to react with excess bromine to produce 25 g of bromobenzene? Assume 100% yield.



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Explain what is wrong with each set of quantum numbers.

ayn=3,1=3, m=-2; name: 3d b) n=5, 1 =3, m =5; name: 5f
Explain what is wrong with each set of quantum numbers.

ayn=2,1=-1, m =0; name: 2p b)n=3,1=2, m=-2; name: 3d
Fill in the missing value(s) in each set of quantum numbers.

ayn=7?1=1,m =-1; name: 3p b)yn=1,1=? m =7; name: 1s
Fill in the missing values in each set of quantum numbers.

ayn=3,1=2,m=7?; name: ? b)n=2,1=2,m =-3; name: 4f
What is the name of the orbital that is represented by each set of quantum numbers?
an=2,1=1,m=-1 byn=4,1=2,m=0
What is the name of the orbital that is represented by each set of quantum numbers?
ayn=1,1=0,m; =0 b)n=51=3,m=-3
Write the electron configuration for each element or ion.

a) Mn b) Ca c) Ag”

Write the condensed electron confi%uration for each element or ion.

a) Bi b) Zn** c) Al

Draw the orbital diagram for each element or ion.

a) Fe b) Na* c)Cl

What types of intermolecular forces affect each compound or mixture? Explain your reasoning.
a) CH2C|2 b) C5H12

c) O, dissolved in H,O d) NaCl dissolved in H,O

For each molecule; draw the Lewis structure, use the VSEPR theory to predict the shape of the compound, decide whether or not the molecule is
polar, determine the bond angles and draw the dipole movement for the molecule if the molecule is polar
a) NH,+ b) AsCls c)ICl

For each molecule; draw the Lewis structure, predict the shape of the compound, decide whether or not the molecule is polar, determine the bond
angles and draw the polarity for the molecule if the molecule is polar
a) CH,Cl, b) PH; c) Selg

A 26.6 g sample of mercury is heated to 110.0°C and then placed in 125 g of water in a coffee-cup calorimeter. The initial temperature of the water is
23.00°C. The specific heat capacity of water is 4.184 J/ge°C, and the specific heat capacity of mercury is 0.139 J/ge°C. What is the final temperature
of the water and the mercury?

Given equations (1), (2), and (3), calculate the heat of reaction for equation (4).
1 o, _ _
(1) - 5 AH°; = -46.15 kJ
N + 3
Hai) = NHs(g)
B ! AH°; = 33.81 kJ
2 \PY -E Ooter—> NOoim
AH®°:=-241.6 kJ
@) Hag+y '
Oz(g) = H20(g)

7
(4) NHg(g) + = 3
0y > NOyg + 3

H:0()
Given equations (1) and (2), calculate the heat of reaction for equation (3).
1) l 2 AH° =-410 kJ
4 P4(S) + I 1
297 45
(2)  P4Ogs) + 2050 = P4Oigge) AH® = -1344 kJ
(3)  P4Hioe)—> Pygs) + 505

Use standard heats of formation to calculate the heat of reaction for the following equation.
2st(g) + 302(9) —> 2H20(|) + ZSOZ(g)

The heat of formation of NaClOj3, is —360.1 kJ/mol. Use this heat of formation, as well as standard heats of formation, to determine the heat of
reaction for the following equation

E:

.NaC|03(S) d NaCI(S) + E o
2(9)

The experimental data in the table below were collected for the following reaction of nitrogen monoxide and hydrogen. What is the rate law for this

reaction?
ZNO(g) + 2H2(g) e d NZ(g) + 2H20(g)

Trial Initial concentration (mol/L) Initial rate of disappearance of NO (mol/Les)
[NO] [H]
1 0.10 0.10 1.23x107°
0.10 0.20 2.46 x 10~
3 0.20 0.10 492 x107°

Determine the equilibrium constant for the following reaction, based on the equilibrium concentrations below.
Hz( + |2 q) < 2HI
[Hz?: 1.60 mol/L [1,] = 1.00 mol/L [HI] =7.1 mol/L

0.150 mol of SO3 and 0.150 mol of NO are placed in a 1 L container and allowed to react as follows. At equilibrium, the concentration of both SO,
and NO, is 0.0621 mol/L. What is the equilibrium constant?
SO3(g) + NO(g) < SOz + NOg

Suppose that 0.350 mol of A and 0.520 mol of B are placed a 1.50 L container and the following hypothetical equilibrium is established. If the
equilibrium amount of C is 0.150 mol, what is the equilibrium constant for this reaction? Ag + 2By < 3C

The following equilibrium system has an equilibrium constant of 2.0 x 10°. Find the equilibrium concentrations if 0.250 mol of both Hy) and Bry,
are added to a 5.00 L container.
H2(g) + Brz(g) = ZHBr(g)
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Ny () and O, can exist in equilibrium with NO ?1 as shown below. The equilibrium constant at 25.0°C is 4.8 x 10°*". If initially there are 1.25 mol

@
and 0.50 mol of oxygen ina 1.00 L vessel, find the equilibrium concentrations of each species. Na(g) + Oz(g) < 2NO(g

The equilibrium constant for the following reaction is 0.18 at a set temperature. Find the equilibrium concentrations if the initial concentration of
PCl; is 0.225 mol/L and the initial concentration of Cl, is 0.150 mol/L.
PC|3(g) + Clz(g) = PC|5(g)

A s%lution of hydrocyanic acid has an initial concentration of 5.0 x 10~ mol/L. What are the concentrations of the ions at equilibrium, if K, = 4.9 x
107,

A solution of nitrous acid has a concentration of 0.65 mol/L. What is the pH of the solution when equilibrium is established, if K, = 4.5 x 107?

30.0 mL of a solution of a diprotic acid, oxalic acid (C,H,0,), is titrated with 56 mL of a 0.050 mol/L solution of potassium hydroxide. What was the
concentration of the oxalic acid?
The solubility of calcium fluoride is 1.6 x 1072g/L at 20°C. Determine K, for calcium fluoride.

Calculate the concentrations of iron ions and hydroxide ions in a solution of iron(ll) hydroxide (K, = 1.8 x 107,

What is the molar solubility of barium fluoride, if K, for barium fluoride is 1.7 x 10767

If 25 mL of 2.00 x 1072 mol/L sodium hydroxide is added to 80 mL of 3.2 x 1072 mol/L magnesium chloride, will a precipitate form? K for
magnesium hydroxide is 1.2 x 107,

50.0 mL of 0.0015 mol/L calcium chloride solution is added to 75.0 mL of 0.010 mol/L sodium sulfate solution (Kg, = 2.0 x 107%). Does a precipitate
of calcium sulfate form?

a) State the oxidation number of each element in the following redox reaction.
. S4062~(ag) * Cr*’(ag) = Cr*"(aq) + 5,052
b) Identify the reactant oxidized and the reactant reduced.

Balance the following redox reaction, using the half-reaction method under acidic conditions.
NOs— + Bi - Bi** + NO,

Balance the following redox reaction using the half-reaction method under acidic conditions.
Cr02—+ 1" Cr+1,

Balance the following redox reaction using the half-reaction method under basic conditions.
CIO™ - CI” + ClOs—

Balance the following redox reaction using the oxidation number method.
MnOZ(S) + Al(s) - Mn(s) + A|203(5)

Use the followina diaaram to answer the auestions below.

Potential Bnergy

a) Is the reaction exothermic or endothermic? Explain.

b) What letter represents the activation energy of the forward reaction?
¢) What letter represents the heat of reaction?

d) What letter represents the activation energy of the reverse reaction?

The forward activation energy of a reaction is 25 kJ/mol, and the heat of reaction is —286.4 kJ/mol.

a) Sketch a potential energy diagram for the reaction. Label the axes, the forward activation energy, the heat of reaction, the transition state, and the
reactants and products.

b) Indicate the numerical values of the forward activation energy and the enthalpy change on your diagram.
¢) Show and label the effect of a catalyst.

92. Use collision theory to explain how surface area affects reaction rate.

93. Use collision theory to explain how temperature affects reaction rate.

94. Use collision theory to explain how concentration affects reaction rate.

Use collision theory to explain how a catalyst affects reaction rate.

Complete the following table, based on the following equilibrium system.
chz(g) + 2H20(g) = 4HC|(g) + OZ(g) AH =+133 kJ

Stress Equilibrium shift

increase in temperature

increase in hydrogen chloride

increase in pressure at constant volume

decrease in volume

addition of inert gas at constant pressure

K, for vitamin C (also known as asborbic acid, CsHgOg) is 8.0 x 10°. If 15 g of vitamin C is dissolved in 1.00 L of water, what is the pH of the
solution at equilibrium?

HCI is used to recover oil in oil wells by dissolving rocks, so the oil will flow more easily. In one process, a 10% by mass HCI solution is injected
into an oil well to dissolve the rocks. If the density of the acid solution is 1.073 g/mL, what is the pH of the solution?

A student wants to determine K, for silver bromate. The student prepares a 1.0 L saturated solution of silver bromate at room temperature. The
student then immerses a piece oFcopper in the solution and leaves it overnight. The next day, the student discovers that the copper weighs 0.26 g less
than it did originally.

a) How many moles of copper reacted?

b) What is the balanced chemical equation for the reaction that occurred?

¢) What is the concentration of silver ions in the original solution?

d) Determine K, for silver bromate at room temperature.

a) State the oxidation numbers of each elgment in the following redox reaction.
Al + NOg—q) . 4H' (i) > AU (o) + NO(g) + 2H,0y
b) Identify the reactant oxidized and the reactant reduced.
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pentanal, 3-methylbutanal, 2,2-dimethylpropanal, 2-methylbutanal

2.
Group One structural formula Name Saturated/ unsaturated
alkyne [ N N octyne unsaturated
[ O A
cycloalkane VAV cyclooctane saturated
G¢—C
>'T"/ \<|:<
EEN cl
C—G
/NN
alcohol | | | | | | | ‘ 1-octanol saturated
AR RN
ether ethoxyhexane saturated




Other answers are possible for the alcohol and the ether.

3. primary: C4HyOH; secondary: C,HsCH(OH)CHj; tertiary: CH3;C(CHs)(OH)CH;3

4. a) Determine whether or not polar bonds are present in the molecule by looking at the electronegativity differences (the ability to attract electrons)
between the atoms within the molecule. High electronegativity differences (very polar bonds) between the atoms result in a bond dipole: a partially
negative charge and a partially positive charge, separated by the length of the bond. An alcohol is a good example of a polar molecule, with the OH
bond establishing regions that have partially negative and partially positive charges.

b) Consider the shape of the molecule. Is there a region with a partial negative charge and a region with a partial positive charge, not balanced by
other, similar regions? Polar bonds exist between carbon and chlorine in a carbon tetrachloride molecule, but the shape is tetrahedral. This shape
minimizes the electron repulsion forces within the molecule, so one region of the molecule does not appear more negative than any other region.

5. Addition polymerization is a reaction in which monomers with double bonds are joined together through a series of addition reactions. For example,
polyethylene is formed from ethene. Condensation polymerization is a reaction in which monomers are joined together by the formation of ester or
amide bonds and water is released. Nylon-66 is an example of a condensation polymer.

6. Atomic radius increases as you go down a group of elements in the periodic table. This trend is a result of increasing numbers of electrons occupying
increasing numbers of energy levels. The effective nuclear charge changes only slightly and therefore does not offset the increase in size due to the
increase in energy levels.

Atomic radius decreases as you go left to right across a period in the periodic table. The valence electrons are found in orbitals of the same energy
level. At the same time, the effective nuclear charge is increasing with the increase in nuclear charge, which results in a greater force of attraction
pulling the valence electrons closer to the nucleus. Thus, atomic size decreases.

7. 1) The principal quantum number, n, indicates the energy level of an atomic orbital and its relative size.

2) The orbital-shape quantum number, |, indicates the shape of the orbital.
3) The magnetic quantum number, m,, indicates the orientation of the orbital.
4) The spin quantum number, mg, indicates the direction in which the electron is spinning.
8. 1) The s orbital is spherical in shape. One s orbital is present in each energy level.
2) The three p orbitals are shaped like dumb-bells. They are present in all energy levels, starting with the second energy level.
3) There are five d orbitals. Four of them have four lobes arranged at right angles to each other, in one plane. One d orbital has two lobes and a ring
of probability in the plane, at right angles to the lobes. The d orbitals are present in all energy levels higher than the third energy level.
4) The seven f orbitals have eight lobes arranged in three dimensions. They are present in all energy levels after the fourth energy level.

9. aam=-3,-2,-1,01,2,3 b)ym=-1,0,1

10. a)1=0,1,2,3 b)1=0,1,2,3,4,5

11. lonization energy is the energy that is required to completely remove one electron from a ground state gaseous atom. Electron affinity is the change
in energy that occurs when an electron is added to a gaseous atom.

12. lonization energy is the energy that is required to remove an electron completely from a ground state gaseous atom. This energy tends to increase as
the atomic radius decreases. The closer the electrons are to the nucleus, the great the force of attraction pulling or holding the electrons in the atom.

13. Ifn=2,then1=0,1. Forl=0,m =0.Forl=1,m=-1,0, 1. There are four orbitals in this energy level.

14. The values of m,are -2, -1, 0, 1, 2. The five orbitals described by | = 2 are called the d orbitals.

15. Intermolecular forces are forces between molecules. Water has hydrogen bonds, dipole-dipole forces, and dispersion forces that hold adjacent water
molecules together. Intramolecular forces are forces within a molecule. They hold the atoms together within the molecule. Each water molecule has
polar covalent bonds between the hydrogen atoms and the oxygen atom.

16.

Intermolecular forces Example

ion-dipole sodium ions in water

hydrogen bonds water

dipole-dipole iodine monochloride

ion-induced dipole ferrous ions and oxygen molecules
dipole-induced dipole hydrochloric acid and chlorine
dispersion (London) forces fluorine gas

17. The bond between C and F is a polar covalent bond because the electronegativity difference is greater than 0.4 but less than 1.7. Since CF, is
tetrahedral in shape the effects of the bond dipoles cancel each other, resulting in a non-polar molecule.

18. Since the enthalpy change is negative, the reaction is exothermic. Therefore, the energy term is written on the product side of the reaction equation.
HNOg(aq) + KOH(aq) - KNOg(aq) + H2(|) +53.4 kJ

19.
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AH = mcAT
=25.0 ¢,< 05050 J/ge°C x 5.1°C

~64402
a) CH4(g) +
O2(y —> COx(q) + HoO( + 882 kJ
150 g
by ——— = [0.935 mol
16.05 gimol
882 lJ x
| mal  0.935 mal
x=3825k]

Burning 15.0 g of methane releases 825 kJ of heat.
This is a third-order reaction. (The sum of the exponentsis 1 +2 =3.)

a) mass of calcium carbonate, pH, volume of carbon dioxide gas if pressure constant, change in pressure if volume constant, change in electrical
conductivity

b) change in pressure if constant volume, change in volume if constant pressure

¢) pH, mass of zinc, volume of hydrogen at constant pressure or pressure due to hydrogen at constant volume, change in electrical conductivity

23. The equation has only N,Osq as a reactant, and the molar coefficient is one. Therefore, this is a first-order reaction.
For a first-order reaction,

$1 =0693+k
2
=0.693 + (6.0 x 10757
=116 x 10%s
=19.3 min

The half-life is 19.3 min.

A homogeneous catalyst exists in the same phase as the reactants. An example is the use of ZnCl,q) as the catalyst in the reaction between aqueous
solutions of (CH3),CHOH and HCI. A heterogeneous catalyst exists in a phase that is different from the phase of the reaction it catalyses. An
example is the use of platinum or palladium to catalyse the hydrogenation of alkenes.

Favourable enthalpy changes have a negative sign, and favourable entropy changes have a positive sign.

A variety of examples can be given. One example is water changing from ice to liquid to water vapour. The change in state from solid to liquid to gas
represents a positive change in entropy because the liquid molecules are more disordered than the solid molecules, and the gas molecules are even
more disordered than the liquid molecules. Dissolving an ionic solid in water to form ions is another positive change in entropy, since the number of
particles increases.

[HOCT)?

27. Kygg=———————
" [H,0][CL,0]

a) Since the equilibrium constant is less than 1, the equilibrium favours the reactants.
b) N,Oyq has the greater concentration.
¢) The equilibrium constant for the reverse reaction is the inverse of the equilibrium constant for the forward reaction.

1
Eegipmase) = 7
ey (forward)
1
4.8 %107
=2.1x 104
29. 1) Increase the concentration of NOCl g).

2) Decrease the concentration of either NOg) or Cly(g).
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3) Decrease the pressure.

1) Decrease the temperature. 2) Increase the concentration of either SOy 0r O,). 3) Increase the pressure.
3L
A CO2- + HOp =  HCOyq OH (g ‘
\ base 1 acid 2 conjugate acid 1 conjugate base 2
b)  HaSOuaq) +  HOq e HO' HSO4~aq)
‘ acid 1 base 2 conjugate acid 2 conjugate base 1
[H, D+iuq3] [NO, _inql]
+ -
[H;O (nq]][HCDD EaLc”]
[HCOOH, ]
b) K,=

pH = —log[H;0"]
=—10g[0.025] =1.60
pOH = 14 — pH
=14-160 =12.40

pOH = —log[OH]
= —log(0.00025) = 3.60
pH =14 — pOH
=14-3.60 =10.40

HIO3, HF, HCNO, HIO

Only solution A represents an equilibrium system. Equilibrium exists between the undissolved crystals and the dissolved crystals. In solution B, the
temperature is changing. Therefore, there is not a condition of constant macroscopic properties. In solution C, all the solute has dissolved. Therefore,
there is no solid that could be dissolving at the same rate as the solute is precipitating from the solution.

37 y AG;S(s) < 2A7" ) + S )
Ksp =[Ag (aq)] [S 7(aq)]

The oxidizing agent is MnO4— because it gained electrons from SO32— to allow SO32— to be oxidized. The reducing agent is SO32— because it lost
electrons to MnO,— to allow MnO,— to be reduced.

The oxidizing agent is BrOs— because it gained electrons from I to allow 1™ to be oxidized. The reducing agent is I because it lost electrons to
BrO;— to allow BrOs— to be reduced.

40. The reaction is not a redox reaction because there are no changes in the oxidation numbers of the elements.
SOz *+ H,0y — H,SO
e L s

The reaction is a redox reaction because there are changes in the oxidation numbers of the reactants. MnO,— is reduced, and CN™ is oxidized.

MnO,— + CN™ — MnO, + CNO™
+7-2 +2-3 +4 -2 +4-3-2

a)+1 b) +7
43.
Name Complete structural diagram Class
2-fluoro-3,3-dimethylbutanal CHs H o aldehyde
7
CH;—C—C—C
oL
CH, F H




methyl-3,3,4-trimethylpentanoate CH, CH, o ester
7
H—C—(‘D—CHZ—C
CH, GCH, 0—CH;,
4-methylpentanamide amide
T °
Ve
cHs—CH—CHg—CHZ—c/
NH,
metadimethylbenzene CH, aromatic
CHs
L
1-chlorobutane le(ff(‘)f(ff(f—
oL
2-chlorobutane *(‘3*?—0—?—
Cl
2-chloro-2-methylpropane
| (\zl |
DA
_C_
|
1-chloro-2-methylpropane
L
Cl—C—C—C—
L
|
44.
45,
| | [
—C|)—(|3—O—C|)—OH + H—O— —(|3— —
\ c|) | |
—(‘3—(|3—O—(|3—C—C—(|3— + H0
46.

47.




ionization energy
and slectron affinity

..
; atomic radius

48. a) lonization energy decreases as you go down a group. This is caused by electrons occupying higher energy levels and therefore being farther from
the nucleus. The increase in distance makes it easier to remove an electron completely from an atom. Thus, ionization energy decreases.
b) As you go left to right across a period, ionization energy increases. This is caused by increasing effective nuclear charge, resulting from increasing
nuclear charge from left to right.

49,
Nature
Force Model of Attraction Energy (kJfmol) | Example
ionic cation-anion 400-4000
MNall
covalent nuclei-sharad 160-1100
electron pair
H—H
metallic cations 75-1000
delocalized
alectons
Fe
50. ANS:
Type of Crystal Solid [Boiling Point Electrical Conductivity in Other Physical Properties of Crystals
Liquid State
IAtom low very low \very soft
Molecular generally low (non-jvery low non-polar: very soft; soluble in non-polar
polar); solvents
intermediate polar -
P polar: somewhat hard, but brittle; many are
soluble in water
Covalent Network  |very high low hard crystals that are insoluble in most
liquids
lonic high high hard and brittle; many dissolve in water
Metallic most high very high all have a lustre, are malleable and ductile,
and are good conductors; they dissolve in
other metals to form alloys
51. ANS:
“3' H L
cl—as C! c—0 0
Y
| vl |
Cl H cl
a) trigonal hipyramidal b) trigenal planar c) hent

52a) C6H6 + Brz i CeHsBr + HBr



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

b) This is a substitution reaction.
¢) 25 g of bromobenzene = 25 g +157 g/mol = 0.478 mol

This number of moles of benzene is needed, based on the balanced chemical equation.

Mass of 0.478 mol of benzene = 0.478 mol x 78 g/mol =37.3 g

a) | cannot equal 3, since the maximum value of | is (n — 1) and d orbitals have an | value of 2.

b) m, cannot equal 5, since the maximum value of m is +I.

ANS:
a) | cannot equal —1, since values of | can only be positive integers.
b) This set of quantum numbers is a valid set.

ANS:
ayn=3 b)I=0,m=0

ANS:

aym =-2,-1,0, 1, or2; name: 3d byn=4,1=3

ANS:
a) 2p b) 4d

ANS:
a) 1s b) 5f

ANS:

a) 152 252 2p® 3s? 3p° 452 3d° b) 1s? 2s? 2p® 352 3p° 4s?

ANS:

a) [Xe] 6s* 4 5d* 6p° b) [Ar] 4s? 3d°

ANS

o [ 0 RS 0 R R R
3

4s 3d

1s 2s 2p 3s

o H It L

1s 2s 2p

o (] {4 [ttt ) It

1s 2s 2p 3s 3p

ANS:

c) 1s% 252 2p® 3s? 3p® 452 3d° 4p® 5s? 4d°

c) [Ne] 3s? 3p*

a) Dipole-dipole: The molecules of CH,Cl, have a molecular dipole.

b) Dispersion forces: The CsH;, (hexane) molecule has covalent bonds between atoms.

¢) Dipole-induced dipole: The H,O molecule has a bent shape, so it has a molecular dipole. This dipole induces a dipole in the O, molecules,
resulting in their mutual attraction.

d) lon-dipole interactions: NaCl dissociates into its ions as it dissolves in H,O. The H,O molecule has a molecular dipole. Hence, ion-dipole
interaction takes place between the ions of NaCl and the polar H,O molecules.

ANS:



65.

66.

8,
TIT
7

I
=
I

.
=

T

wx

b) “Glz
® * - *
2014 pas Cl
o As Y
o . X K©

(ClEECI%
ce oxx

ANS:

H +

|109.5°

N___
7\ H
H W
tetrahedral

cl
4 .Cl

c|ﬁAs§200
1 ¥
Cl

trigonal bypyramidal

| = ClI
linear

i
C=='=CI\‘

7 o
H ‘\GI 100.5

tetrahedral

p
7 NH

Ho H qo730

trigonal pyramidal

a0

|
]!
1>

octahedral

Qlost by mercury
MCAT

(26.6 g)(0.139 J/ge°C)(110.0°C — T))

406.7 — 3.70T;
519.3T¢

T

charged ion

non-polar
molecule

polar molecule

polar
molecule

non-polar
molecule

non-polar
molecule

anined by water
mCAT

(125 g)(4.184 J/ge°C)(T; — 23.00°C)

523T¢— 12 029
124 357

23.9°C

The final temperature of both the mercury and the water is 23.9°C.

ANS:

NH3g) —
!
Ny +
3

2Hyq

1
7 Na@) + Ozg) = NOy)

AH°¢=46.15 kJ

AH°¢=33.81 kJ

3
7 Hag +

AH®¢ = -362.4 kJ




67.

68.

69.

70.

71.

72.

3

Y0y >

3

2H,0(9
NHs) + AH®; = —281.9 k]

T

*0y) > NOyg) +

3

2H,0(

ANS:

P4O105) = P4Og(s) + 205(g) He = +1344 kJ
P4Og(s) = Pags) + 302 H° = +1640 kJ

P4H1o(9 — Pags) + 502g) AH° = +2984 kJ

ANS:

AHpn = [2(AH% SOyg) + 2(AH H,0())] — [2(AH®s H2S(g)) + 3(AH®t Oyg))]
= [2(-296.8 kd/mol) + 2(-285.8 ki/mol)] — [2(-20.6 kd/mol) + 3(0.0 kd/mol)]
=-1124 kJ/2 mol HzS(g)
=-562 kJ/mol HzS(g)

The heat of reaction is =562 kJ/mol H,Sg).

3

ANS: .
2

AHyn = [AHof NaCI(S) + 3

E&Hof Oz(g))] - [AHof NaCIO3(5) ]

=[-411.2 kJ/mol) +
(0.0 kJ/mol)] - [-360.1kJ/mol)]
=-51.1 kJ/mol NaClOs
The heat of reaction is -51.1 kl/mol C;HsOHyy,.

ANS:

Compare trials 1 and 2: Doubling the concentration of Hy causes the reaction rate to double. Therefore, the reaction rate is first order with respect to

the concentration of Hy(g).

Compare trials 1 and 3: Doubling the concentration of NOy causes the reaction rate to quadruple. Therefore, the reaction rate is second order with

respect to NO.
React [HI]? [Hag]' INO)]?

ANS:TH, (1]

Keq = (7.1 moliL)?
{1.00 mol/L3(1.00 molL)

=504
ANS:
Concentration (mol/L) SOsq) NO(, < SOyq +  NOgyq
Initial 0.150 0.150 0.0 0.0
Change —0.0621 —0.0621 0.0621 0.0621
Final 0.0879 0.0879 0.0621 0.0621




[NO,][50,]
[NO][50,]

Keq = (0.06213(0.0621)
(0.0879)(0.0579)

=499 x 107!
The equilibrium constant is 4.99 x 107,
73. ANS:
Concentration (mol/L) Ag + 2B < 3Cq
Initial 0.350 mol/1.5L 0.520 mol/1.5 L 0.0
=0.233 =0.347
Change 0.100
1 2
——(0.010) ——(0.010)
3 3
5 =-0.033 =-0.067
Final [C] 0.200 0.280 0.150 mol/1.5 L
=0.100
2
[A][EB]
K= (010037
(0.2000¢0.280)°
=6.37 x 1072
The equilibrium constant is 6.37 x 1072,
74. ANS:
Concentration (mol/L) Hag) Bryg) < 2HBrg
Initial 0.250mol/5.00 L 0.250mol/5.00 L
=0.05 =0.05
Chang P X X 2
Final _[HB1] 0.05 — x 0.05 — x 2
[H,][Br,]
Keg = (2:&'}2

(0.05 — 2)(0.05 - x)

=2.0 x 10°
Take the square root of both sides.

4
T 4.47 x 10

0.05-x
2x =(4.47 x 10%)(0.05 — x)
2x =(2.235 x 10%) — (4.47 x 10%)x
2X + (4.47 x 10"x =2.235 x 10°
x =0.05 mol/L
The equilibrium concentration of HBr g is 0.05 mol/L. The equilibrium concentrations of H,) and Bryq) are both approximately zero.
Alternative approach: Since the equilibrium constant is so much greater than 1, assume that the reaction lies very much to the right. Hence, the
reaction will have mainly products and very little reactants.

75. ANS:
Concentration (mol/L) N2 + Oy < 2NQg
Initial 1.25 0.50 0.0
Change —X —X 2X
Final 1.25 —x 0.50 - x 2X




(2x)*
(1.25 - x)(0.50 - )

=48x107%
Since the equilibrium constant is so small, the concentrations of the products will be extremely small. Therefore, 1.25 — x is approximately equal to
1.25, and 0.50 — x is approximately equal to 0.50. Since the expression is a perfect square, take the square root of both sides.

5 4.8 x 10
(2x)

(1.253(0.50)
(2x)? =3.0 x 10*
2x =5.48 x 10*°
X =2.74 x 10*°
The equilibrium concentration of NO, is 2(2.74 x 107*%) = 5.48 x 107'® mol/L. The equilibrium concentration of Ny, is 1.25 mol/L, and the
equilibrium concentration of Oy, is 0.50 mol/L.

ANS:
Concentration (mol/L) PClsg Clyg) & PClgg
Initial 0.225 0.150 0.0
Change —X X X
Final 0.225 —x 0.150 —x X
[PCL]
K=
[FCL;][CLy]
x
(0,225 - 2(0.150 - X
=0.18
x

=0.18
0.03375- 0.375x + x*

x = 0.18(0.033 75 — 0.375x + x?)

= (6.075 x 107%) — 0.0675x + 0.18x?

0.18x? — 1.0675x + (6.075 x 103 =0
Solve for x using the general formula for a quadratic equation.
x = 0.0057 mol/L
The equilibrium concentration of PCls, is 0.0057 mol/L, the equilibrium concentration of PCly g, is 0.219 mol/L, and the equilibrium concentration
of Cly is 0.144 mol/L.

ANS:

Concentration (mol/L) HCNag) +  H0q <  HiO'u + CN@
Initial 5.0x10° 0.0 0.0
Change —X X X

Final (5.0 x 107%) — x X X




78.

79.

80.

[H; O7J[CN]

[HCN]

Kaz xj

(5.0% 10— x

=49x 1070

Since x is very small, use an approximation.

Ij

50%107

4.9 %100

X2 =2.45 x 107

X

1.6 x 10°°

The equilibrium concentrations of H30" ) and CN ™z are 1.6 x 10™° mol/L. The equilibrium concentration of HCN g is 5.0 x 10~ mol/L.

ANS:
Concentration (mol/L) HNOj(ag) H.0¢) Hs0" ag) NO»(aq)
Initial 0.65 0.0 0.0
Chan + _ —X X X
FinaI[H3CI ][NDf% ] 0.65 — x X X
[HNO,]
Ka=
£2
065-x
=45x10™

x* = (0.65 — x)(4.5 x 107
X*=(2.9x 107 — (4.5 x 107)x

X+ (45x10x - (29%x10% =0
Use the general formula for the quadratic equation.

x=0.0168

The equilibrium concentration of Hy0" g is 0.0168 mol/L.

pH = —log[H50]
=—l0g(0.0168)
=1.77

The pH of the solution

ANS:

ZKOH(aq) + C2H204(aq) f—t K2C204(aq) + 2H20(|)

Moles KOH=C x V

=0.056 L x 0.050 mol/L

=28x107

is 1.77.

mol

1 ool C,H, 0O,
2 mol KOH

Moles C,H,0, = 2.8 x 1073 mol KOH x

=1.4x1073

#

mol

C alic acia = ;— 107 mol

0.o
=14 x

=4.7 x 1072

The concentration of the oxalic acid was 4.7 x 1072 mol/L.

ANS:

30 L

mol/L

2 —
‘Can(s)Q Ca™ () + 2F ()




[Ca2+(aq)] [':7(aq)]2

[CaFy]

1.6x 107 gL
T8.01 gitmol

=2.05 x 10 mol/L

[Ca™ ag)]= [CaF ] = 2.05 x 10~ mol/L

[Fi(aq)] =2 [CaFZ(S)]

=2(2.05 x 10~ mol/L)

=4.10 x 10 mol/L

e

p= [Ca2+(aq)] [F @l ?

= (2.05 x 10~ mol/L)(4.10 x 10~* mol/L)?

=3.45x 1072

Therefore, K, for calcium fluoride is 3.45 x 107,

81. ANS:
Fe(OH)Z(Z)fD FEZ+(aq) +220H7(aq)
Ksp = [Fe™ (a)] [OH (aq)]

Concentration (mol/L) Fe(OH)yy < Fe™uq + 20H (s
Initial 0 0
Change X 2X
Equilibrium === X 2X

Ksp= [Fe* (ag] [OH (o]
Ksp= ()(20)°
1.8 x 10 =4x*
X=7.66 x 10° mol/L
[Fe* agl= 7.66 x 10° mol/L
[OH (gl= 2(7.66 x 10~° mol/L)
=1.53 x 10 mol/L

82. ANS:
BaFy ®2+Baz+<aq) 2P
Ksp = [Ba™ @l [F (ag)]

Concentration (mol/L) BaF ) < Ba® g + 2F )
Initial - 0 0
Change X 2X
Equilibrium — X 2x

Ksp = [Ba+(aq£][|:7(aq)]2
Ksp = (9(2X)
1.7 x10° =4

x=7.5x10"° mol/L

The molar solubility of barium fluoride is 7.5 x 1073 mol/L.

..
83. ANS: _ il
MQ(OH)z¢ < M@ () + 2 Figpar

[Mgz+(aq)] = [MgClyeg)] x n.os0 L

0.105 L
=(3.2x10’m Vil

— —2
=24 %107 m Fga

[OH (] = [NaOH )] x 0025 L

0105 L
= (2.00 x 102 mol/L) x

=4.8 x 10 mol/L



Qsp = [Mgz+(aq)] [O|—r(aq)]2 R
= (2.4 x 10 mol/L)(4.8 x 10° mol/L J~, .
=55x107 _ patnd

Since Qg > Kqp, Mg(OH), will precipitate until  #7, ; 5 x 107",

84. [Ca*"agy j 5 T, MOVL x
n 19 L

o
=0.0015 mol/L x __ Tt
Ve = 6.0x 107 mol/L

[SO.2—ag] = 0.020 mOl/L » y 75 1.

0125 L

=0.010 mol/L x
=6.0 x 10 mol/L

CaSO4(S) f=—1 Caz+(aq) + 8042_(aq)
Ksp = [Ca2+(aq)] [8042_(aq)]
Qsp = [Ca2+(aq)] [8042_(aq)]

= (6.0 x 10)(6.0 x 10°%)

=36x107°
Since Qg < Kgp, NO precipitate forms.

85. ANS:
a) $4062—(ag) + Cr¥ (aq) = Cr¥¥ag) + $,032—
) +-6 5-6‘53)2 -2 (a) +2 (a) +32 8 (aq)+2 -2

b) The reactant oxidized is Cr** ;. The reactant reduced is S4062q)-

86. ANS:
Oxidation half-reaction:
Bi —» Bi**
Bi — Bi** + 3e”
Reduction half-reaction:
NOg— - NOZ
NOg— i d NOZ + Hzo
2H +e + NO;— — NO, + H,0O
2H" + NOz— —» NO, + H,0
2H +e + NO;— — NO, + H,0
6H"* + 3™ + 3NOs— — 3NO, + 3H,0
Total equation:
6H' + 3e™ + 3NO,— + Bi — 3NO, + 3H,0 + Bi®* + 3¢~
Remove 3e™ to get the balanced redox equation:
6H" + 3NO;— + Bi — 3NO, + 3H,0 + Bi**

87. ANS:
Oxidation half-reaction:
20> |2
210> 1, + 2
61" — 3l, + 6e”
Reduction half-reaction:
Cr,0,2— — 2Cr*
Cr0,2— — 2Cr** + TH,0
14H" + Cr,0,2— — 2Cr** + 7H,0
14H" + 6e™ + Cr,072— — 2Cr** + 7TH,0
Total equation:
14H" + 6™ + Cr,0;2— + 61~ — 2Cr3* + 7TH,0 + 31, + 6e”
Remove 6e™ to get the balanced redox equation:
14H" + Cr,0,2— + 61" = 2Cr** + 7H,0 + 31,

88. ANS:
Oxidation half-reaction:
ClO™ — ClO5—
2H,0 + CIO™ — ClO5—
2H,0 + CIO™ — 4H" + ClO4—
40H + 2H,0 + CIO™ — ClO3— + 4H" + 40H



40H™ + 2H,0 + CIO™ — 4H,0 + ClO5—

40H + CIO” — 2H,0 + CIO3—

40H + CIO™ — 2H,0 + 4e” + ClO5—

Reduction half-reaction:

ClIO” > CI”

ClIO” - CI" +H,0

ClIO"+2H" —» CI" + H,0

ClIO™ +2H" + 20H™ — CI” + H,0 + 20H"~

ClO™ + 2H,0 — CI” + H,O + 20H"

ClO™ + H,0 — CI” + 20H

ClO™ +2e™ + H,0 — CI” + 20H"

2CIO™ + 4e” + 2H,0 — 2CI” + 40H"

Total equation:

40H™ + CIO™ + 2CIO™ + 4e” + 2H,0 — 2CI” + 40H™ + 2H,0 + 4e” + ClO5—
Remove 4e-, 2H,0, and 40H" to get the final equation:
3CIO™ — 2CI” + ClO;—

89. ANS:
MnOZ(S) + AI(S) —> Mn(s) + Alzog(s)
+4 =2 0 0 +3 =2

3Mn02(5) + 4AI(S) 4 Mn(s) + Alzog(s)
3Mn02(5) + 4AI(S) 4 3Mn(s) + 2A|203(S)

90. ANS:
a) The reaction is endothermic. The enthalpy of the products is higher than the enthalpy of the reactants. This means that energy is absorbed as the
reaction proceeds.
b) A c)C d)B

91. ANS:

E, fransition state
P T —efiectofa

reac‘i_érgsjf_ﬁ catalyst

4]
[l

AH = 9864 kJ/mai\\

—o86 4 ¥ !

products

Potential Energy (ad/mob

Reaction Prograss

92. ANS:
Students might include a diagram to show that breaking a solid into smaller pieces provides a greater surface area. Students might also show, on the
same diagram, that more particles of the solvent (or other reactants) collide more frequently with the increased surface area. The increase in surface
area results in an increase in the number of collisions. According to collision theory, this should result in an increase in reaction rate.

greater fraction
at T, with enough
energy to react

Fraction of collisions

93. ANS:
As the Maxwell-Boltzmann distribution diagram shows, the number of particles with energy that is equal to or greater than the activation energy is
increased. This increases the number of successful collisions, thereby increasing the reaction rate.

94. ANS:



As shown in the diagram, an increase in the number of particles of one or more of the reactants increases the probability of collision. The increase in

the number of collisions per unit of time results in an increase in reaction rate.

95. ANS:
A
7 - M‘\“M
ATRANSITION:,
S STATES % lvzed
/ % uncatalyz
Eapwey /7 = 'y
no catalyst / * y
s A
y 4,
6 E ‘\ Ea(rev)
5 alfwd) no catalyst
L% y with catalyst , 4
o ‘ catalyzed \\..&
REACTANTS | '
AH \
l 2. | PrRODUCTS

Reaction progress

A catalyst provides an alternate reaction pathway, or reaction mechanism, that has a lower activation energy barrier. Lowering the activation energy
barrier results in an increase in the number of particles with sufficient energy to have a successful collision. This results in an increase in the reaction

rate.

96. ANS:
Stress Equilibrium shift
increase in temperature to the right
increase in hydrogen chloride to the left
increase in pressure at constant volume to the left
decrease in volume to the left
addition of inert gas at constant pressure to the right

97. ANS:

Moles CgHgOg = Mass = Molar mass
=159+ 176.08 g/mol
=0.085 mol

Initial concentration of CgHgOg

= Moles =+ Volume

=0.085 mol/1.00 L

= 0.085 mol/L
Concentration (mol/L) CesHgOp(aq) +  HyO < HiO'wg CeH706—(aq)
Initial 0.085 0.0 0.0
Change —X X X
Final 0.085— x X X



[H,0%[CeH,047]
[Cﬁ HEDIS]

Ka =
.?[2

0.085—x

=8.0x10"°
Since x is very small, use an approximation.

X2

0.085

x*=6.8x10"°

x=26x10"°

The equilibrium concentration of HzO" ) is 2.6 x 107> mol/L.
pH = —log[H50"]

=—-log(2.6 x 107%)

=2.59
The pH of the solution is 2.59.

=8.0x107°

98. ANS:

Mass of 1.0 L of solution =DxV
=1.073 g/mL x 1000 mL
=1073¢g

Mass HCI =10% of 1073 g

=107.3¢g

Moles HCI = Mass + Molar mass

=107.3 g + 36.46 g/mol

=2.94 mol
[HCI] = [H;07]
=2.94mol/1.0L
=2.94 mol/L
pH = —log[H50]
=—log(2.94)
=-047
The pH of the solution is —0.47. (The negative pH indicates that this is a very strong acid.)

99. ANS:
a) Moles Cu = 0.26g + 63.55 g/mol
=4.09 x 107 mol
b) CU(S) + 2AgBrO3(aq) g 2Ag(5) + Cu(BrO3)2(S)
¢) Moles Ag* g =2 x Moles Cu ,
=2x(4.09%x10"n =
= 518 » 10 mol 818 %107 muol

1.0L
Concentration of Ag* (g =

=8.18 x 10~ mol/L
d) Ky = [AG" (aq)][BrOs—q)]
[BrOs—@g] = [AG' ag)] = 8.18 x 10°° mol/L
Ksp = (8.18 x 107> mol/L)(8.18 x 10~° mol/L)
=6.69 x 107

100. ANS:

a) Al + NOg— o) + 4H* (i = AU g + NO(g + 2H,0
) Aug) NOs= @t 4 @) 2 AU @ * NO@ + 2H:00

b) The reactant oxidized is Au). The reactant reduced is NOg—(q).




