Exam Practice Grade 11 Chemistry

Review #1: Atomic Theory, Periodic Table and Chemical Bonding

1. Define or explain the following terms:

Atom 


Radio-isotope 

Chemical Groups (Families)
 Electron affinity

Nucleus 


Chemical Period
 
Chemical bond

Proton 


 Isoelectronic 

Stable Octet Rule

Neutron 

Metal 


Halogen 


Ionic Bond

Electron 

Non-metal 

Alkali Metal 

covalent Bond

Atomic Number 

Metalloid 

Alkaline Earth metal 
Pure covalent bond

Mass Number 

Electron configuration 
Noble gas 

Polar covalent bond

Isotope 


Orbital 


Ionization energy

intramolecular bonds

dipole interactions 
hydrogen bonds

surface tension
2. What one piece of information about an atom determines its chemical properties?

3. What holds the electrons in an atom close in to the nucleus?

3. What happens to the potential energy of an electron when it moves further from the nucleus?

5. One isotope of uranium is “U-238”. What does the number represent? How many neutrons does a U-238 atom have?

6. Write electron configurations for Zn, Ar, Ag and I.

7. List any three ions or atoms that are isoelectronic with a Ca2+ ion. Repeat the question for a P- 3 ion.

8. What are the trends on the Periodic Table for the following characteristics:

a) Ionization energy

b) Electron affinity

c) Electronegativity

d) Reactivity of Metals; Reactivity of Non-metals

e) Metallic characteristics (same pattern as reactivity of metals)

9. Draw electron dot and line diagrams (structural representations) for the following compounds:

a) H3P b) CO2 c) C3H8 d) CH2O e) OF2 f) N2H2 g) CHOOH h) C2H2Cl2
Answers Review #1: Atomic Theory, Periodic Table and Chemical Bonding Answers
1. Definitions:

a) Atom: The smallest unit of matter that we study in “everyday” chemistry. The smallest unit of matter that has the properties of an element.

b) Nucleus: the dense centre region of an atom. It contains the protons and neutrons (if there are any).

c) Proton: a sub-atomic particle that is found it nucleus of an atom. Protons have a charge of 1+ and a mass of 1 amu.

d) Neutron: a sub-atomic particle that is found in the nucleus of an atom. Neutrons have no charge and have a mass of 1 amu.

e) Electron: a sub-atomic particle that is found in the space around the nucleus of an atom. Electrons have a charge of 1- and almost no mass (about 1/2000 of an amu).

f) Atomic number: the number of protons in the nucleus of an atom. It is the atomic number that defines the identity of the atom.

g) Mass number: the number of protons plus the number of neutrons in the nucleus of an atom. This gives us a rough idea of the mass of the atom.

h) Isotope: an atom that has the same atomic number but different mass number than another atom of the same element. Isotopes have the same chemical and physical properties as all other atoms of that element.

i) Radio-isotope: an isotope with an unstable nucleus that tends to break down by nuclear decay. The nucleus divides to release energy and/or particles.

j) Alpha-decay: when a radio-isotope breaks down to release an alpha particle (a helium nucleus), another particle and energy 

k) Beta-decay: when a radio-isotope breaks down to release a beta particle (a high-speed electron), another particle and energy 

l) Metal: any element that is found on the left-hand side of the staircase line on the Periodic Table; tends to lose electrons to form positively charged ions.

m) Non-metal: any element that is found on the right-hand side of the staircase line on the Periodic Table; tends to gain or share electrons to complete a stable octet electron arrangement.

n) Metalloid: an element that is found close to the staircase line on the Periodic Table and has properties of both metals and non-metals.

o) Electron Configuration: a way of showing where the electrons are found in an atom. Includes the number of electrons found in each quantum level of the atom, arranged in order from lowest to highest energy.

p) Orbital: a region in three-dimensional space around the nucleus of an atom where there is a 90% probability that an electron will be found. 
(**an orbital is not the same as an orbit!! An orbit is a defined and predictable path

that an object follows. Electrons do not follow any kind of orbit- they just have regions where they are likely to be found- 90% of the time)

q) Chemical groups: the vertical columns on the Periodic Table. All of the elements in a chemical group have the same number of valence electrons (electrons in their outer shell) and for this reason, all of the members of a chemical group have similar chemical and physical properties.

r) Chemical period: the horizontal rows on the Periodic Table. 

s) Isoelectronic: atoms and ions that are isoelectronic have the same electron configuration. Usually atoms gain or lose electrons to form a stable octet electron arrangement, this makes the ions that form isoelectronic with Noble gases.

t) Halogen: the Halogen Family is the common name for the Group VII elements. The Halogen

Family includes fluorine, chlorine, bromine, iodine and astatine.

u) Alkali Metal: the Alkali Metals is the common name for the Group I elements. The Alkali Metals include lithium, sodium, potassium, rubidium, cesium and francium.

v) Alkaline Earth Metal: the Alkaline Earth Metals is the common name for the Group II elements. The Alkaline Earth Metals include beryllium, magnesium, calcium, barium and radium.

w) Noble Gas: the Noble Gases is the common name for the Group VIII elements. The Noble gas elements have a full outer electron shell (stable octet electron arrangement) and include the elements: helium, neon, argon, krypton, and radon.

x) Ionization Energy: the amount of energy that is required to remove an electron from an atom in its gaseous state.

y) Electron affinity: a measure of the attraction that an atom has for a new electron.

z) Chemical bond: the force of attraction between two atoms that occurs when atoms exchange or share electrons to complete a stable octet electron arrangement. A chemical bond results in the atoms being held close together to form a molecule.

aa) Stable Octet rule: atoms tend to gain, lose or share their valence electrons to achieve a full outer electron shell (often the full outer electron shell contains eight electrons).

bb) Ionic bond: the electro-static attraction between positively and negatively charged atoms. The difference in electronegativity between the two bonding atoms is greater than 1.70.

cc) Covalent bond: the force of attraction between two atoms when they share electrons to complete a stable octet arrangement. The difference in electronegativity between the two bonding atoms is less than or equal to 1.70.

dd) Pure covalent bond: the force of attraction between two atoms when they share electrons to complete a stable octet electron arrangement. The difference in electronegativity between the two bonding atoms is less than 0.60, so the electrons are shared approximately equally between the two atoms.

ee) Polar covalent bond: the force of attraction between two atoms when they share electrons tocomplete a stable octet electron arrangement. The difference in electronegativity between the two bonding atoms is greater than, or equal to 0.60 and less than 1.70. The electrons are unequally shared between the bonding atoms- they are pulled closer to the more electronegative atom which results in this atom have a slight negative charge (δ -) while the less electronegative atom has a slight positive charge (δ +).

3. The chemical properties of an element are determined by the arrangement (configuration) of the electrons, and in particular, by the number and arrangement of an atom’s valence electrons.

5. The electrons are attracted to the nucleus of an atom by electrostatic attraction. The negatively charged electrons are attracted to the positively charged protons in the nucleus of the atom.

6. As an electron moves further away from the nucleus of an atom, the potential energy of the electron increases.

7. For the atom U-238, the number 238 represents the mass number of the atom. Uranium atoms have 92 protons, so a U-238 atom must have (238 – 92) equals 146 neutrons.

9. Ions or atoms that are isoelectronic with a Ca 2+ ion are: P 3- , S 2- , Cl 1- , Ar, K 1+ , Sc 3+
·  these same ions and atoms are also isoelectronic with P3- (they all have 18 electrons)

10. The trends on the Periodic Table for the following characteristics are:

a) Ionization energy:

·  increases from left to right ( )

·  decreases as you move down the groups (electrons are easier to remove as you move down a group)

b) Electron affinity:

·  increases from left to right ( )

·  decreases as you move down the groups

c) Electronegativity:

·  increases from left to right ( )

·  decreases as you move down the groups (larger atoms have a weaker attraction for the electrons in a

bond)

d) Reactivity of Metals:

·  reactivity of metals increases as you move down a group (easier to lose an electron)

·  reactivity of metals decreases as you move from left to right ( ) because electrons are more

difficult to remove

e) Reactivity of Non-Metals:

·  reactivity of non-metals decreases as you move down a group (harder to gain an electron)

·  reactivity of non-metals increases as you move from left to right ( ), except for the Noble

Gases, because electrons are being attracted more strongly

f) Metallic Characteristics:

·  metallic character increases as you move down a group

·  metallic character decreases as you move from left to right ( )

14. What is the difference in electronegativity between bonding atoms in:

ionic compounds? > 1.70, pure covalent compounds? <0.60, polar covalent compounds? 0.60 – 1.70

Review #2 Nomenclature
1. Name these ionic compounds using the IUPAC system:

NH4F


Cu(OH)2

Mg(BrO2)2

 Li2S

FeCO3 


NiCO3

Al2(SO4)3 

Pb(ClO3)2

K3PO4 


Ca(NO2)2

Na3P


ZnSO3

As(MnO4)5 

Cr2(HPO3)3

KClO4 


KClO4

CuSO3 


Si(SO4)2

Mn(NO3)2 

Co(SCN)2

Sn2C 


AgCH3COO

Cu3N2 


HgCrO4

AuN 


Sb2O3

2. Write the chemical formulas for these ionic compounds:

iron (III) acetate 

aluminum fluoride

arsenic (III) hydroxide 
antimony (V) nitrite

sodium bromide 

barium iodide

manganese (IV) oxide 
hydrogen peroxide

chromium(III) sulfide 
magnesium oxide

silver cyanide 

lithium carbonate

mercury (II) chromate 
ammonium nitrate

cesium dichromate
iron (III) perchlorate

phosphorus (V) sulfate 
tin (II) oxide

lithium periodate 
potassium hypoiodite

bismuth (V) thiocyanate 
zinc chloride

mercury (II) sulfite 
gold (I) carbonate

cobalt (II) carbide 
calcium chloride

3. Covalently bonded compounds (non-metals with non-metals) are named using the prefix system. Name these compounds using the prefix system:

CO 

CCl4
P2O5 

N2O4
NO2

CS2
SeI2

 NH3
Answers

1. Name these ionic compounds using the IUPAC system:

NH4F
 ammonium fluoride Cu(OH)2 copper (II) hydroxide

Mg(BrO2)2 magnesium bromite Li2S lithium sulfide

FeCO3 iron (II) carbonate NiCO3 nickel (II) carbonate

Al2(SO4)3 aluminum sulfate Pb(ClO3)2 lead (II) chlorate

K3PO4 potassium phosphate Ca(NO2)2 calcium nitrite

Na3P sodium phosphide ZnSO3 zinc sulfite

As(MnO4)5 arsenic (V) permanganate Cr2(HPO3)3 chromium (III) hydrogen phosphite

KClO4 potassium perchlorate KClO4 potassium perchlorate

CuSO3 copper (II) sulfite Si(SO4)2 silicon sulfate

Mn(NO3)2 manganese (II) nitrate Co(SCN)2 cobalt (II) thiocyanate

Sn2C tin (II) carbide AgCH3COO silver acetate

Cu3N2 copper (II) nitride HgCrO4 mercury (II) chromate

AuN gold (III) nitride Sb2O3 antimony (III) oxide

2. Write the chemical formulas for these ionic compounds:

iron (III) acetate Fe(CH3COO)3 aluminum fluoride AlF3

arsenic (III) hydroxide As(OH)3 antimony (V) nitrite Sb(NO2)5

sodium bromide NaBr barium iodide BaI2

manganese (IV) oxide MnO2 hydrogen peroxide H2O2

chromium (III) sulfide Cr2S3 magnesium oxide MgO

silver cyanide AgCN lithium carbonate Li2CO3

mercury (II) chromate HgCrO4 ammonium nitrate NH4NO3

cesium dichromate Cs2Cr2O7 iron (III) perchlorate Fe(ClO4)3

phosphorus (V) sulfate P2(SO4)5 tin (II) oxide SnO

lithium periodate LiIO4 potassium hypoiodite KIO

bismuth (V) thiocyanate Bi(SCN)5 zinc chloride ZnCl2

mercury (II) sulfite HgSO3 gold (I) carbonate Au2CO3

cobalt (II) carbide Co2C calcium chloride CaCl2

3. Covalently bonded compounds (non-metals with non-metals) are named using the prefix system. Name

these compounds using the prefix system:

CO carbon monoxide CCl4 carbon tetrachloride

P2O5 diphosphorus pentoxide N2O4 dinitrogen tetroxide

NO2 nitrogen dioxide CS2 carbon disulfide

SeI2 selenium diiodide NH3 nitrogen trihydride (ammonia)
Review #3: Calculations using Moles, Simplest Formulas and Molecular Formulas

1.a) One molecule of acetic acid contains _____________ atoms.

b) One molecule of Cr(NO3)3 contains ___________ atoms.

c) One mole contains ________________________ things.

d) One molecule of water weighs (in a.m.u.) __________________.

e) The molar mass of water is __________________.

f) 30 grams of water is ____________________ moles.

g) 30 grams of water contains ____________________ molecules.

h) 30 grams of water contains ___________________atoms.

i) 30 grams of water contains ____________________ atoms of hydrogen.

j) 30 grams of water contains ____________ grams of oxygen.

k) The volume of 10.0 grams of water vapour is ____________________.

l) 100 L of water vapour weigh ____________________ grams.

m) 5.00 L of water vapour contain ___________________ molecules.

2.a) What is the molar mass of CO2 ? ____________________

b) 220 g of CO2 is _________________________ moles.

c) 220 g of CO2 contain ____________________________ molecules.

d) 4.8 x 1024 molecules of CO2 is __________________ moles.

e) 4.8 x 1024 molecules of CO2 weigh __________________ grams.

f) 89.6 L of carbon dioxide at STP is _________ moles weighing ___________________ grams.

g) 8.8 g of carbon dioxide is ___________ moles and contains ___________________ molecules.

h) The volume of 8.8 g of carbon dioxide at STP is ________________ litres.

i) In 44 g of carbon dioxide there are __________________ grams of carbon.

j) In 220 grams of CO2 there are _________ grams of carbon and _________ grams of oxygen.

k) In 220 grams of CO2 there are ________________________ oxygen atoms.

l) 100 L of CO2 contain ____________ grams of carbon and ____________ grams of oxygen.

3. How many moles are there in:

a) 1.5 g of NaCl 


f) 1.0 x 1030 molecules of C3H8
b) 100 g of potassium nitrate 

g) 100 million atoms of neon, Ne

c) 1.0 kg of ammonia, NH3 

h) 4.5 L of CH4 gas at STP

d) 5.0 x 1025 molecules of NO 
i) 1.25 L of propane gas at STP

e) 2.00 L of 6.00 M HCl 

j) 300 mL of a 2.00 M NaOH solution

4. Find the percentage by mass of nitrogen in Al(NO3)3. (19.7%)

5. Calculate the mass of 0.0250 mol of NaF. (1.05 g)

6. Calculate the mass of 1.50 L of argon gas, Ar, at STP. (2.67g)

7. A sample of a chemical was analyzed and found to contain 138 grams of sodium, 36 grams of

carbon and 144 grams of oxygen. Determine the simplest formula for the compound. (Na2CO3)

8. A chemist analyzes a sample of rock from the centre of the earth. It contains 18.61 g of iron and 8.00 g of oxygen. What is the simplest formula for the iron compound in the rock? (Fe2O3)

9. Analysis of an organic compound shows that it contains 61.02% carbon, 11.86% hydrogen and 27.12% oxygen. What is the simplest formula of the compound? If the molar mass of the

compound is 118.1 g/mol, what is the molecular formula of the compound? (simplest formula is

C3H7O, and the molecular formula is C6H14O2)

Answers: Review #3: Calculations using Moles, Simplest Formulas and Molecular Formulas

1.a) One molecule of acetic acid contains 8 atoms. (CH3COOH)

b) One molecule of Cr(NO3)3 contains 13 atoms.

c) One mole contains 6.02 X 1023 things.

d) One molecule of water weighs (in a.m.u.) 18.02 amu.

e) The molar mass of water is 18.02 g/mol.

f) 30 grams of water is 1.6648 or 1.7 moles.

g) 30 grams of water contains 1.0 x 1024 molecules.

h) 30 grams of water contains 3 x (1.0 x 1024 ) or 3.0 x 1024 atoms.

i) 30 grams of water contains 2 x (1.0 x 1024 ) or 2.0 x 1024 atoms of hydrogen.

j) 30 grams of water contains 27 grams of oxygen.

k) The volume of 10.0 grams of water vapour is 12.4 L at SATP.

l) 100 L of water vapour weigh 80.4 grams (at STP).

m) 5.00 L of water vapour contain 1.34 x 1023 molecules.

2.a) What is the molar mass of CO2 ? 44.01 g/mol

b) 220 g of CO2 is 5.00 moles.

c) 220 g of CO2 contain 3.01 x 1024 molecules.

d) 4.8 x 1024 molecules of CO2 is 8.0 moles.

e) 4.8 x 1024 molecules of CO2 weigh 350 grams. (or 3.5 x 102 grams, 2 sig digs)

f) 89.6 L of carbon dioxide at STP is 4.00 moles weighing 176 grams.

g) 8.8 g of carbon dioxide is 0.20 moles and contains 1.2 x 1023 molecules.

h) The volume of 8.8 g of carbon dioxide at STP is 4.5 litres.

i) In 44 g of carbon dioxide there are 12 grams of carbon.

j) In 220 grams of CO2 there are 60.0 grams of carbon and 160 grams of oxygen.

k) In 220 grams of CO2 there are 6.02 x 1024 oxygen atoms.

l) 100 L of CO2 contain 53.6 grams of carbon and 143 grams of oxygen (at STP).

3. How many moles are there in: (see written answers, attached)

a) 1.5 g of NaCl 0.026 mol f) 1.0 x 1030 molecules of C3H8 1.7 x 106 mol

b) 100 g of potassium nitrate 0.989 mol g) 100 million atoms of neon, Ne 1.7 x 10-16 mol

c) 1.0 kg of ammonia, NH3 59 mol h) 4.5 L of CH4 gas at STP 0.20 mol

d) 5.0 x 1025 molecules of NO 83 mol i) 1.25 L of propane gas at STP 0.0558 L

e) 2.00 L of 6.00 M HCl 12.0 mol j) 300 mL of a 2.00 M NaOH solution 0.600 mol
Review #4: Chemical Equations and Stoichiometry

1. Define limiting reagentr. Why is it significant?

2. Find the simplest formula for the compound with composition:

a) 38.7% carbon, 9.7% hydrogen and 51.6% oxygen (CH3O)

b) 82.4% nitrogen and 17.6% hydrogen (NH3)

3. A certain compound is 40.0% carbon, 6.7% hydrogen and 53.3% oxygen by weight. One mole of this substance weighs 180 grams. What is the molecular formula of the compound? 

4. Balance these expressions. Type of Reaction

a) Al + O2 (Al2O3 _____________________

b) C2H6 + O2 (CO2 + H2O _____________________

c) MgO + H3PO4 (Mg3(PO4)2 + H2O _____________________

d) PbO2 ( PbO + O2 _____________________

e) SiO2 + HF ( SiF4 + H2O _____________________

f) C10H22 + O2 ( CO2 + H2O _____________________

g) Mg + H2SO4 ( H2 + MgSO4 _____________________

h) Sb2S3 + HCl (H3SbCl6 + H2S Can’t classify

5. For the reaction: 2 Fe2O3 + 3 C ( 4 Fe + 3 CO2
What mass of iron will be produced when 50.0 g of iron(III) oxide react with an excess of carbon?(35.0 g)

6. For the reaction: 2 KClO3(s) ( 2 KCl(s) + 3 O2(g)

a) What volume of oxygen gas, measured at STP, is formed by the reaction of 75.0 g of potassium chlorate? (20.6 L)

b) How many moles of potassium chlorate must react in order to form 2.5 g of potassium chloride?

(0.034 mol)

7. For the reaction: 6 CO2(g) + 6 H2O(g) (C6H12O6(s) + 6 O2(g)

a) Which substance is in excess when 100 g of carbon dioxide and 50.0 g of water are reacted?

(water)

b) How much glucose will be produced by the reaction in part (a)? (68.2 g)

8. Octane burns according to the reaction: 2 C8H18 (l) + 25 O2 (g) ( 16 CO2 (g) + 18 H2O (g)

a) What mass of carbon dioxide will be produced when 180 g of octane are completely burned?

(555 g)

b) What volume of carbon dioxide, at STP, will be produced when 62.7 g of oxygen are completely

reacted? (28.1 L)

9. Referring to the activity series, which of the following reactions will proceed (take place)?

If a reaction will occur, write the products (including their states) and balance the equation. If a reaction will not proceed, write “NR” (no reaction):

a) Na (s) + KNO3 (aq) →

b) Li (s) + MgCl2 (aq) →

c) Al (s) + Cu(NO3)2 (aq) →

d) Pb (s) + Na2SO4 (aq) →

e) Ba (s) + H2SO4 (aq) →

Answers Review #4: Chemical Equations and Stoichiometry

1. Define limiting factor. Why is it significant?

The limiting factor is the reactant that runs out first in a chemical reaction. The limiting factor is

significant because once it is gone, the reaction stops. It is the amount of the limiting factor that

determines how much product can be produced.

2. Find the simplest formula for the compound with composition:

a) 38.7% carbon, 9.7% hydrogen and 51.6% oxygen (CH3O)

b) 82.4% nitrogen and 17.6% hydrogen (NH3)

3. A certain compound is 40.0% carbon, 6.7% hydrogen and 53.3% oxygen by weight. One mole of this substance weighs 180 grams. What is the molecular formula of the compound? (C6H12O6)

4. Balance these expressions. Type of Reaction

a) 4 Al + 3 O2 ® 2 Al2O3 synthesis

b) 2 C2H6 + 7 O2 ® 4 CO2 + 6 H2O combustion

c) 3 MgO + 2 H3PO4 ® Mg3(PO4)2 + 3 H2O double displacement

d) 2 PbO2 ® 2 PbO + O2 decomposition

e) SiO2 + 4 HF ® SiF4 + 2 H2O double displacement

f) 2 C10H22 + 31 O2 ® 20 CO2 + 22 H2O combustion

g) Mg + H2SO4 ® H2 + MgSO4 single displacement

h) Sb2S3 + 12 HCl ® 2 H3SbCl6 + 3 H2S Can’t classify

5. For the reaction: 2 Fe2O3 + 3 C ® 4 Fe + 3 CO2

What mass of iron will be produced when 50.0 g of iron(III) oxide react with an excess of carbon?

(35.0 g)

6. For the reaction: 2 KClO3(s) ® 2 KCl(s) + 3 O2(g)

a) What volume of oxygen gas, measured at STP, is formed by the reaction of 75.0 g of potassium chlorate? (20.6 L)

b) How many moles of potassium chlorate must react in order to form 2.5 g of potassium chloride? (0.034 mol)

7. For the reaction: 6 CO2(g) + 6 H2O(g) ® C6H12O6(s) + 6 O2(g)

a) Which substance is in excess when 100 g of carbon dioxide and 50.0 g of water are reacted? (water)

b) How much glucose will be produced by the reaction in part (a)? (68.2 g)

8. Octane burns according to the reaction: 2 C8H18 (l) + 25 O2 (g) ® 16 CO2 (g) + 18 H2O (g)

a) What mass of carbon dioxide will be produced when 180 g of octane are completely burned? (555 g)

b) What volume of carbon dioxide, at STP, will be produced when 62.7 g of oxygen are completely

reacted? (28.1 L)

9. Referring to the activity series to the right, which of the following reactions will proceed (take place)? If a

reaction will occur, write the products (including their states) and balance the equation. If a reaction will

not proceed, write “NR” (no reaction):

A reaction will only proceed if the pure metal is more reactive than the metal that is

part of the compound:

·  If the free (pure) metal is above the metal in the compound on the activity series,

than a reaction will take place because the free (pure) metal is reactive enough to

replace the metal from the compound.

·  If the free (pure) metal is below the metal in the compound on the activity series,

then no reaction will occur.

a) Na (s) + KNO3 (aq) → NR (sodium is below potassium on the series)

b) 2 Li (s) + MgCl2 (aq) → 2 LiCl (aq) + Mg (s)

c) 2 Al (s) + 3 Cu(NO3)2 (aq) → 2 Al(NO3)3 (aq) + 3 Cu (s)

d) Pb (s) + Na2SO4 (aq) → NR

e) Ba (s) + H2SO4 (aq) → BaSO4 (s) + H2 (g)

Review #5: Solutions, Acids And Bases

1. Define or explain these terms.

Solution % W / V 
Unsaturated 

Neutral solution

Solute % W / W 
Saturated 

Neutralization Reaction

Solvent % V / V 
Super-saturated 
Salt

Solubility 

Molar Concentration 
Acid 
pH

Mixture 

Precipitate 
Base 
Acid-base indicator

2. Compare the physical and chemical properties of acids and bases.

3. Complete the following by writing a word, phrase or number in the space provided:

a) An acid solution tastes .

b) An acid will cause bromothymol blue indicator to turn .

c) All acids contain the element: _____________

d) The ion that gives bases their basic properties is the ____________ ion.

e) Acids react with metals such as magnesium and calcium producing gas.

f) Acids react with compounds containing carbonate ions (CO 32-) to produce gas.

g) Bases taste and feel .

h) A base will cause the colour of phenolphthalein to turn from to .

i) An acid reacts with a base producing and a . The resulting solution

is neither acidic nor basic, thus the reaction is called __________________________.

j) What pH value indicates a neutral solution?

k) Sea water has a pH of 8. Sea water is (acidic, basic, neutral).

l) Lemon juice is very acidic. The pH might be (2, 5, 7, 9, 13).

m) Strong bases are (good, fair, poor) conductors of electricity.

4. Name these acids and bases:

HCl 

HClO4
KOH 

NaOH

NH4OH 
HIO2
HNO3 

H2S

HCH3COO H
BrO3
H2SO3 

HI

H3PO4 

HNO2
5. Write a balanced chemical equation showing the reaction between:

a) magnesium and hydrochloric acid

b) zinc and acetic acid

c) sulfuric acid and calcium carbonate

d) hydrochloric acid and magnesium hydroxide

e) nitric acid and aluminum hydroxide

f) hydrosulfuric acid and sodium carbonate

6. Why are hydrogen compounds such as HCl (g) and H2S (g) not really acids until they are dissolved in water?

7. Explain what is meant by ionization and dissociation.

8. a) What is the difference between a strong acid and a weak acid. Give an example of each.

b) How is a concentrated solution different than a dilute solution?

c) How is a "strong" acid different than a "concentrated" acid?

9. A chemist mixes 50 mL of 18.0 M H2SO4 with water to make a final volume of 250 mL. What is the molar concentration of the final solution? (3.6 mol/L)

10. 80.0 g of lithium hydroxide is dissolved in enough water to make 500 mL of solution. What is the molar concentration of the solution? (6.68 mol/L)

11. What mass of sodium acetate is present in 600 mL of a 4.00 M solution? (197 g)

12. What is the difference between a strong base and a weak base? Give an example of each.

13. Classify each of the following as acidic, basic or neutral:

a) pH 0 to 6.5 _____________ b) pH 7 ______________ c) pH 7.5 to 14 _______________

14. Which of the following are strong acids? (Circle the strong acids)

HCl, H2SO4, HC2H3O2, HBr, H2CO3, H3PO4, NaOH, NH3
15. Write balanced chemical equations for the reactions between the following solutions. Indicate any precipitates that will form.

a) potassium sulfate and copper (II) nitrate c) ammonium bromide and lead (II) chlorate

b) lithium sulfide and barium acetate d) sodium chloride and magnesium nitrate
Answers Review #5: Solutions, Acids and Bases

1. Definitions:

a) Solution: a homogeneous mixture. An impure substance that contains two or more different types of atoms or molecules that are uniformly mixed. Solutions have only one phase; that is, they have only one visible region of matter.

b) Solute: the substance that is dissolved in the solvent, it is usually present in the smaller amount

c) Solvent: the substance that dissolves the solute, it is usually present in the larger amount

d) Solubility: the maximum amount of a certain solute that can be dissolved in a given volume of

solution at a stated temperature. The solubility of a substance in a certain solvent at a certain

temperature is a physical property of that substance.

e) Mixture: an impure substance that is made up of two or more different types of particles mixed together (but not bonded together). Mixtures can be either homogeneous (solutions) or heterogeneous (mechanical mixtures).

f) % W / V: a description of the concentration of a solution. Tells the mass of solute per 100 mL of solution. For example, a 5% W/V solution of sugar would contain 5 g of sugar in 100 mL of solution.

g) % W / W: a description of the concentration of a solution. Tells the mass of solute per 100 g of solution. For example, one type of brass is 35% W/W zinc and 65% W/W copper. That is, this type of brass contains 35 g of zinc and 65 g of copper per 100 g of brass.

h) % V / V: a description of the concentration of a solution. Tells the volume of solute per 100 mL of solution. For example, vinegar is 5% V/V acetic acid in water.

i) Molar concentration: the concentration of a solution given as the number of moles of solute per litre of solution. The units for molar concentration are mol/L, which can be abbreviated “M”.

j) Precipitate: a solid that forms when two solutions are mixed. A precipitate forms during a chemical reaction when a product of the chemical reaction is insoluble (does not dissolve) in water.

k) Unsaturated: a solution that contains less than the maximum amount of solute that can dissolve in that volume at that temperature. If a seed crystal is added to an unsaturated solution, it will dissolve.

l) Saturated: a solution that contains the maximum amount of solute that can dissolve in that volume at that temperature. If a seed crystal is added to a saturated solution, it will just sink to the bottom. It will not dissolve or cause other crystals to precipitate out.

m) Super-saturated: a solution that contains more than the maximum amount of solute than can usually be dissolved in that volume at that temperature. If a seed crystal is added to a super-saturated solution,

it will cause additional crystals to precipitate out of the solution.

n) Acid: a covalent compound which ionizes in water to produce H+ ions.

o) Base: a compound (usually an ionic compound) which dissociates in water to produce OH 1- ions.

p) Neutral solution: a solution which contains neither H+ nor OH 1- ions (for example, a solution of sodium chloride), or a solution that contains these ions in equal concentrations (for example, water). Its pH is 7.0.

q) Neutralization reaction: a chemical reaction in which an acid is combined with a base. A double displacement reaction occurs and the products of the reaction are water and a salt. In general, a neutralization reaction looks like this:

H-A (aq) + B-OH (aq) → B-A (aq) + H2O (l)

(acid) (base) (a salt) (water)

r) Salt: an ionic compound that is formed when a positive ion (either NH4

+1 or a metal ion) combines with the negative ion from an acid.

s) pH: a measure of the strength of an acid or base. The pH scale goes from 0 to 14, where 0 is the most acidic and 14 is the most basic. The stronger the acid, the lower the pH. The stronger the base, the higher the pH.

t) Acid-base indicator: A substance that changes colour depending on the pH of a solution. For example, bromothymol blue turns yellow in an acid, green in a neutral and blue in a basic solution.

2. Compare the chemical and physical properties of acids and bases:

Property Acids Bases

How they are formed Acids form when a non-metal reacts with water Bases form when a metal reacts with water Does the solution

conduct electricity? The solution will conduct electricity (the better it conducts, the stronger

the acid) The solution will conduct electricity (the better it conducts, the stronger the

base) Which ions are responsible for their properties? H+ OH-

Taste Acids taste sour. Bases taste bitter.

Skin feel Acids feel the same as water on the skin. Bases feel slippery (soapy) on the skin.

Colour with phenolphthalein Phenolphthalein is colourless in an acid.  Phenolphthalein is pink in a base. Colour with red or  blue litmus paper Both red and blue litmus turn pink in

an acid. Both red and blue litmus turn blue in a base. Colour with Bromothymol blue Bromothymol blue turns yellow (orange) in an acid. Bromothymol blue turns blue in a base.

Reaction with metals When metals react with acids, they produce hydrogen gas and a salt.

Bases do not react with metals.

Reaction with carbonates When carbonates react with acids, they produce carbon dioxide gas,

water and a salt. Bases do not react with carbonates. pH pH is less than 7.0 (or less than 6.5,

depending on the definition) pH is greater than 7.0 (or greater than 7.5, depending on the definition)

3. Complete the following by writing a word, phrase or number in the space provided:

a) An acid solution tastes sour.

b) An acid will cause bromothymol blue indicator to turn yellow.

c) All acids contain the element hydrogen.

d) The ion that gives bases their basic properties is the OH1- (hydroxide) ion.

e) Acids react with metals such as magnesium and calcium producing hydrogen gas.

f) Acids react with compounds containing carbonate ions ( 2-

3 CO ) to produce carbon dioxide gas.

g) Bases taste bitter and feel slippery.

h) A base will cause the colour of phenolphthalein to turn from colourless to pink.

i) An acid reacts with a base producing water and a salt. The resulting solution is neither acidic nor basic, thus the reaction is called a neutralization reaction.

j) What pH value indicates a neutral solution? 7.0 (6.5 to 7.5)

k) Sea water has a pH of 8. Sea water is (acidic, basic, neutral).

l) Lemon juice is very acidic. The pH might be (2, 5, 7, 9, 13).

m) Strong bases are (good, fair, poor) conductors of electricity.

4. Name these acids and bases:

HCl hydrochloric acid HClO4 perchloric acid

KOH potassium hydroxide NaOH sodium hydroxide

NH4OH ammonium hydroxide HIO2 iodous acid

HNO3 nitric acid H2S hydrosulfuric acid

HCH3COO acetic acid HBrO3 bromic acid

H2SO3 sulfurous acid HI hydroiodic acid

H3PO4 phosphoric acid HNO2 nitrous acid

5. Write a balanced chemical equation showing the reaction between:

a) magnesium and hydrochloric acid

Mg (s) + 2 HCl (aq) → MgCl2 (aq) + H2 (g)

b) zinc and acetic acid

Zn (s) + 2 HCH3COO (aq) → Zn(CH3COO)2 (aq) + H2 (g)

c) sulfuric acid and calcium carbonate

H2SO4 (aq) + CaCO3 (s) → CO2 (g) + H2O (l) + CaSO4 (s)

d) hydrochloric acid and magnesium hydroxide

2 HCl (aq) + Mg(OH)2 (aq) → MgCl2 (aq) + H2O (l)

e) nitric acid and aluminum hydroxide

3 HNO3 (aq) + Al(OH)3 (aq) → Al(NO3)3 (aq) + 3 H2O (l)

f) hydrosulfuric acid and sodium carbonate

H2S (aq) + Na2CO3 (s) → CO2 (g) + H2O (l) + Na2S (aq)

6. Why are hydrogen compounds such as HCl (g) and H2S (g) not really acids until they are dissolved in water?

Hydrogen compounds such as HCl (g) and H2S (g) are covalent compounds. Covalent compounds do not contain ions because their electrons are shared (not transferred). So these compounds in their pure state do not have H+ ions. Because there are no H+ ions, these substances are not acids. However, when these substances are dissolved in water, the water allows the substances to ionize and form H+ ions. When these substances have dissolved in water and ionized to form H+ ions, they are then considered to be acids.

7. Explain what is meant by ionization and dissociation. Ionization refers to a reaction in which ions form. For example, when a covalent compound such as HCl (g) dissolves in water, the water allows electrons to be transferred from the H atom to the Cl atom and this forms H+ and Cl1- ions. That is, the HCl ionizes or forms ions.

Dissociation just means “to separate”. When ionic substances dissolve in water, their ions dissociate (separate) and spread out through the solution. The ions are already present in the ionic compound, they just dissociate from each other when they are dissolved in water.

8.a) What is the difference between a strong acid and a weak acid. Give an example of each.

A strong acid is an acid that completely ionizes in water; that is, all of the acid molecules form ions so the concentration of H+ ions in the solution is very high. Because there are so many ions present, strong acids are very good conductors of electricity and have very low pH (<4.5). Some strong acids include: HCl (aq), HBr (aq), HF (aq), HClO3 (aq), HNO3 (aq), H2SO4 (aq) and H3PO4 (aq). A weak acid is an acid that does not ionize very much when it is dissolved in water, so most of the acid molecules stay together as covalent molecules with their hydrogen atoms still attached. Because very few H+ ions are formed, weak acids are poor conductors of electricity in solution and the pH of weak acids is closer to neutral (4.5 to 6.5). Some weak acids include H2CO3 (aq), HCH3COO (aq), H2S (aq), and organic acids such as citric acid, amino acids, nucleic acids (DNA) etc. 8b) How is a concentrated solution different than a dilute solution?

A concentrated solution is a solution in which there is a relatively large amount of solute in a relatively small amount of solvent. A dilute solution is a solution in which there is a relatively small amount of solute in a relatively large amount of solvent. 8c) How is a "strong" acid different than a "concentrated" acid? A strong acid is an acid that completely ionizes when it is dissolved in water. The strength of an acid tells us only about how much an acid ionizes.

A concentrated acid is when there are a lot of acid molecules in a relatively small amount of solvent. So, we can have a concentrated, strong acid, for example a 12.0M solution of HCl. HCl is a strong acid because it completely ionizes in water and it is concentrated because there is a lot of acid and very little water in the solution. And, we can have a dilute, strong acid, for example, 0.100 M H2SO4. H2SO4 is a strong acid because it completely ionizes in water (so all of the acid in the solution will be present as H+ ions and SO4 2- ions).

However, the solution is also dilute, because there is not very much acid in the solution.

12. What is the difference between a strong base and a weak base? Give an example of each.

A strong base is a base that completely dissociates in water; that is, all of the base molecules dissolve and dissociate to form ions so the concentration of OH- ions in the solution is very high. Because there are so many ions present, strong bases are very good conductors of electricity and have very high pH (>9.5). Some strong bases include: NaOH (aq), KOH (aq), LiOH (aq) and Ca(OH)2 (aq). A weak base is a base that does not dissociate very much in water, usually this is because the base is not very soluble (many hydroxides are not soluble- remember our solubility rules?). Ammonia is also a weak

base because it does not ionize very much in water. Because there are very few OH- ions in the solution, weak bases are poor conductors of electricity in solution and the pH of weak bases is closer to neutral (7.5 to 9.5). Some weak bases include NH4OH (aq), Mg(OH)2 (aq), Al(OH)3 (aq), Zn(OH)2 and any other insoluble bases. 13. Classify each of the following as acidic, basic or neutral: a) pH 0 to 6.5: acidic b) pH 7: neutral c) pH 7.5 to 14: basic 14. Which of the following are strong acids? (Circle the strong acids) HCl, H2SO4, HC2H3O2, HBr, H2CO3, H3PO4, NaOH, NH3 15. Write balanced chemical equations for the reactions between the following solutions. Indicate any precipitates that will form.

a) potassium sulfate and copper (II) nitrate

K2SO4 (aq) + Cu(NO3)2 (aq) → CuSO4 (aq) + 2 KNO3 (aq)

b) lithium sulfide and barium acetate

Li2S (aq) + Ba(CH3COO)2 (aq) → 2 LiCH3COO (aq) + BaS (s)

c) ammonium bromide and lead (II) chlorate

2 NH4Br (aq) + Pb(ClO3)2 (aq) → 2 NH4ClO3 (aq) + PbBr2 (s)

d) sodium chloride and magnesium nitrate

2 NaCl (aq) + Mg(NO3)2 (aq) → 2 NaNO3 (aq) + MgCl2 (aq)
Review #6 Kinetic Molecular Theory and the Gas Laws

1. Define or explain the following terms:

Kinetic Molecular Theory Temperature Boyle’s Law

Kinetic energy STP and SATP Charles’ Law

Potential Energy Heating and Cooling Curve Dalton’s Law of Partial Pressure

2. Explain these observations in terms of the Kinetic Molecular Theory.

a) Gases are much less dense than solids and liquids.

b) Solids can not be significantly compressed.

c) The volume of a gas increases as it is heated.

3. Explain how a melting curve for a substance can be used as in indicator of the purity of the substance. (How does the melting point of a pure substance differ from the melting point of an impure substance?)

4. Describe what is happening to the motion of the particles of a gas as they are cooled, assuming that there is no change in volume and no change in state.

5. When the temperature of a substance increases, the ________________ (potential/kinetic) energy of the substance _____________ (increases/decreases).

6. When a substance changes state from liquid to gas, the ________________ (potential/kinetic) energy of the substance _____________ (increases/decreases).

7. When a substance changes state from gas to solid, the ________________ (potential/kinetic) energy of the substance _____________ (increases/decreases).

8. a) What is STP? ________________ and ________________

b) What is SATP? ________________ and _________________

c) 95.0 kPa = _______________________ mm Hg

c) 14.0 PSI = _______________________ kPa

d) 175 oC = _______________________ K

e) 273 K = ______________________ oC

9. To what temperature (in ºC) must a gas be cooled at constant pressure so that it will occupy half of the volume it occupies at 100ºC? (-86.5ºC)

10. Calculate the volume of 1.00 mol of chlorine gas, Cl2, at STP. (22.4 L)

11. What is the volume of 250.0 g of hydrogen gas, H2, at 25oC and 100.0 kPa? (3065 L)

12. At what Celsius temperature will 10.0 grams of ammonia, NH3, exert 700.0 mmHg pressure in an 8.0 L container? (-120oC)

13. 10.0 g of gas occupies 8.00 L at STP. What volume would this gas occupy at 273oC and 160 kPa?

(10.1 L)

14. A gas measuring 0.50 L at 99.0 kPa and 87oC is heated to 127oC inside a rigid container that can not expand. What is the new pressure of the gas? (110 kPa)

15. A technology called “MAP” (Modified Atmospheric Packaging) is used to increase the shelf life of meat products. One of the mixtures of gases used for MAP is nitrogen at a partial pressure of 83.6 kPa and carbon dioxide at a partial pressure of 26.4 pKa. What is the total pressure of the gases in the package?

(110 kPa)

Review #6: Kinetic Molecular Theory of Matter and the Gas Laws Answers

1. Definitions:

a) The Kinetic Molecular Theory (KMT) is a theory that states that all matter is made up of tiny

particles (either atoms or molecules) and that these particles are in constant motion.

b) Kinetic Energy is the energy that objects have due to their motion. As the amount of motion of an object increases, kinetic energy also increases.

c) Potential Energy is the energy that objects have due to their position. As the amount of space between two objects increases, their potential energy (relative to each other) also increases.

d) Temperature is a measure of the average kinetic energy of the particles in a substance. The

Kelvin scale is a measure of the absolute amount of motion the particles have, such that zero

Kelvins (absolute zero) means zero motion of the particles.

e) STP refers to Standard Temperature and Pressure, and this has been defined as exactly 0ºC and 101.3 kPa pressure.

f) SATP refers to Standard Ambient Temperature and Pressure, and this has been defined as exactly 25ºC and 100 kPa pressure. Room conditions are approximately equal to SATP.

g) A heating curve is a graph that shows how temperature changes over time when a substance is heated. In the regions of the graph where the temperature of the substance does not change, the state of the substance is changing (so the potential energy of the particles is increasing).

h) A cooling curve is a graph that shows how temperature changes over time when a substance is cooled. In the regions of the graph where the temperature of the substance does not change, the state of the substance is changing (so the potential energy of the particles is decreasing).

i) Boyle’s Law states that the volume of a gas varies inversely with pressure, when the temperature

and number of moles of gas are held constant. (P1V1 = P2V2)

j) Charles’ Law states that the volume of a gas varies directly with temperature (in Kelvins) when the pressure and number of moles of gas are held constant. (V1 / T1 = V2 / T2)

k) Dalton’s Law of Partial Pressure states that the total pressure exerted by a mixture of gases is  equal to the sum of the partial pressures exerted by each of the gases making up the mixture.

Background for Question #2:

The Kinetic Molecular Theory, as it applies to gases, has five basic premises:

·  All matter is composed of tiny particles, either atoms or molecules. In the gas state, these particles are far apart relative to their size.

·  In the gas state, the particles are in constant random, straight-line motion. The motion follows the normal laws of physics.

·  The kinetic energy of these particles depends on the temperature of their surroundings. The higher the temperature the greater the average kinetic energy of the particles.

·  The forces of attraction between molecules depend on the inter-molecular attraction between the particles. There is essentially no attraction between the particles of a gas.

·  The collisions of gas particles are perfectly elastic. There is no energy lost or gained in these collisions. When the gas particles collide with the sides of the container, they produce pressure. The more collisions that the gaseous particles have with the sides of the container, the higher the pressure of the gas.

2a) Gases are much less dense than either liquids or solids because the particles in a gas are so far apart. In a solid or liquid, the particles have almost no space in between them- they are tightly packed so there is a lot of matter in a small space (high density). In a gas, the particles have a huge amount of space in between them, so there is very little mass in a large volume, and the gas has very low density.

2b) In a solid, the inter-molecular attraction between the particles is very high, and this holds the particles very close together. Because the particles in a solid are close together, there is almost no space in between them, so the particles can not be pushed any closer together. For this reason, solids can not be significantly compressed.

2c) When a gas is heated, the particles gain energy and move more quickly; that is, the average kinetic energy of the particles will increase. Because the particles are moving more quickly, they hit the sides of the container more often and with more force. If the container is made of a material that can expand (such as a balloon), then the extra energy of the particles will cause the container to expand, and the volume of the container will increase. (If a gas is heated in a rigid container, then the pressure of the gas inside the container will increase, but the volume will not change.)

3. When a substance is pure, it will melt at a sharp, defined temperature. The temperature at which a pure substance changes state from a solid to a liquid is called its melting point and it is a physical property of that substance. During the time that a pure substance is melting, its temperature will not change until all of the substance has changed state. Impure substances tend to melt over a range of temperatures; that is, the temperature will change during the change of state. So, by testing the melting point of a substance, if the temperature of the substance remains constant during the change of state, then the substance is likely very pure.

4. When a gas is cooled, the average kinetic energy of the particles is decreased. This tells us that the particles are moving more slowly. If there is no change in the volume of the gas, then we know that the particles are the same distance apart- they are just moving more slowly. They will still fill their container, but they will be exerting less pressure because they will not be hitting the sides of the container with as much force.

5. When the temperature of a substance increases, the kinetic (potential/kinetic) energy of the substance increases (increases/decreases).

6. When a substance changes state from liquid to gas, the potential (potential/kinetic) energy of the substance increases (increases/decreases). 7. When a substance changes state from gas to solid, the potential (potential/kinetic) energy of the substance decreases  increases/decreases).

8.a) What is STP? 0 ºC and 101.3 kPa

b) What is SATP? 25 ºC and 100 kPa

c) 95.0 kPa = 713 mm Hg

d) 14.0 PSI = 94.5 kPa

e) 175 oC = 448 K

f) 273 K = 0 oC
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