Grade 11 o Chemistry




Page 1

Subject: Physical Science In this unit we will focus on the following concepts and skills:
Grade: - Gases and solutions

Content area: Matter and Materials - Stoichiometric calculations

Topic: Quantitative Aspects of Chemical - Volume relationships in gaseous reactions

Change

In this chapter, we will focus on the chemical formulae and well as the working out of chemical equations.

GASES

Gas - A substance that can freely expand to
fill. No fixed shape and no fixed volume

— Molar volumes of gases

The molar volume is the volume of 1 mol of a gas at STP (Standard Temperature and Pressure). Standard
temperature is 273 K and standard pressure is 101,3kPa.

The molar volume of a gas can be easily determined by using an ideal gas law.

Ideal gas law equation: pV = nRT

where:
* Pressure (P) =101. 3 kPa /101 300 Pa
[ ] - 3

Volume = 22,4 dm ' When n # Tmol, then: V, =22,4n,
» Number of moles (n) =1 mol

 Gas constant (R) =8,31JK~1. mol™? @

Reactions & Gases

Chemical reactions can take place between gases. The volumes of the gases can be determined using the NUMBER
of moles since the volume is proportional to the NUMBER of moles.

Equation: Va. %

B
where:
* V,=volume of a
* Vg =volume of b Recall fromgrade 10:
« a =stoichiometric coefficient of a The number/s in front of the reactant/s and product/s
« b = stoichiometric coefficient of b within a balanced chemical reaction is called the
stoichiometric coefficient or the stoichiometric ratio.
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Subject: Physical Science In this unit we will ft?cus on the following concepts and skills:
Grade: 11 - Gases and solutions

. - Stoichiometric calculations
Content area: Matter and Materials el I .u . ! .
) . ) - Volume relationships in gaseous reactions
Topic: Quantitative Aspects of Chemical
Change

SOLUTIONS

—{ Concentration

Molar concentration is the number of moles of
solute per litre of solvent (mol.L-Y).

We use molar concentration to make a standard solution. By calculating the molar concentration we
can know how much solute must be added to a given volume of solvent to make a standard solution.

. n
Concentration: ¢ = v

where:

« ( is the molar concentration (mol.dm) 1dm3=1L=1000 mL =1000 cm3
* V is the volume of the solution (dm?)
e 7 is the number of moles (mol)

Titration

Titrations are used to determine the concertation of an unknown solution.

Titration calculation using:
CAVA a

CBVB b

Note
a &b are coefficients of A& Brespectively
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Subject: Physical Science
Grade: 11 =
Content area: Matter and Materials -
Topic: Quantitative Aspects of Chemical -
Change

Gases and solutions
Stoichiometric calculations

Volume relationships in gaseous reactions

In this unit we will focus on the following concepts and skills:

STOCHIOMETRIC CALCULATIONS

Stoichiometric Flow Diagram

Mass

Concentration

Mass

m m

n=— n=—
M M

Bal d
. Reactant | ance | Product
Concentration Moles | 1 Mol

c=" Equation oles c="

V V
Volume
pV = nRT pV = nRT

Volume

Limiting and Excess Reagents

Lirviting reagents — A reagent that is conrpletely used up during a reaction.

Excess reagents - Areagent that is not conrpletely used up during a reaction.

Example: A(g) +B(g) —» AB(aq)

To calculate the number of moles produced for AB(aq), use the following:

Stoichiometric coeffient of AB

n =N,y X
AB A Stoichiometric coeffient of A

Stoichiometric coeffient of AB

n =Np X
AB B Stoichiometric coeffient of B
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Subject: Physical Science In this unit we will focus on the following concepts and skills:
Grade: 11 - Gases and solutions

Content area: Matter and Materials - Stoichiometric calculations

Topic: Quantitative Aspects of Chemical - Volume relationships in gaseous reactions

Change

STOCHIOMETRIC CALCULATIONS
CONTINUED

Percent yield (%):

The ratio between the actual and theoretical yield of a reaction

Describes the efficiency of a reaction

Remember your
unit conversions

. Actual Yield
o -
/oYIeld Theoretical Yield x100

Application - This is used when meking new medicines and pesticides If the yield is nat up to standard, a new
method of doing the reaction will be determined

— Percent purity (%):

The percentage of the desired chemical ina sanple

Mass of compound

Jopurity = x 100

Mass of solution

When meking a sanple, there could be small traces of inpurities
This needs to be belowa specific level for industrial purpaoses.

Therefore, we need the %purity of a sanple
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Subject: Physical Science In this unit we will focus on the following concepts and skills:
Grade: 11 - Gases and solutions

Content area: Matter and Materials - Stoichiometric calculations

Topic: Quantitative Aspects of Chemical - Volume relationships in gaseous reactions

Change

MOLECULAR AND EMPIRICAL FORMULAE

Achenrical famulas tell you how many atorrs of each element are in a compound, and enrpirical formrulasiis the
sinplest or nost reduced ratio of elementsin a compound

The enpirical formula will be the same as the chemical formula if a compound's chenrical formula cannat be
reduced anynore

The nolecular formrulaiis the tatal nuber of atoms of each element ina conpound

Steps to find the empirical formula: Steps to find the molecular formula:
Step 1.
: Step1:
Find the mass Use the empirical formula to find the

Convert the % mass into grams
by assuming 100g of a given sample

l l

4 ) 4 )
Step 2: Step 2:

Calculate the moles of each element Divide the given molar mass by the

bv usine the formula n = molar mass of the empirical formula
y using ™ that was calculated

\. J \. J

l l

4 N )

molar mass

Step 3: Step 3:
Determine the empirical formula Determine the molecular formula
by diving each number of moles by by multiplying all subscripts in the
the smallest number of moles to get empirical formula by the whole
the simplest whole number ratio number that you calculated in step 2

- AN J
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EXAM QUESTIONS @5, NOV 2018

A balloon is filled with 160 g of argon gas (Ar).
The pressure of the gas is 120 kPa at a temperature of 15 °C.

5.1. Calculate the volume of the balloon? (4)

Molar mass of Argon (Ar) = 40 g. mol 1
Temperature: 15 + 273 K= 288 K
Pressure : 120 kPa x 1000 =120 000 Pa

160
"0 C 4 mol

n=

=

Using pV = nRT

(120 000)V = (4)(8,31)(288)

_9573,12
120000

= 0,08 m3

9.2. The temperature of the gas is now increased BY 20 °C and the initial pressure is
doubled.

Calculate the new volume of the balloon. (4)

Temperature = (20 +15) + 273 K =308 K
Pressure = (120 kPa X 2) X 1000 = 240 000 Pa

Using pV = nRT

(240 000)V = (4)(8,31)(308)

10 237,92 3
“V=———— =10,043m
240 000
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EXAM QUESTIONS Q6, NOV 2018

6.1. In an experiment, a learner added 1,5 g of sodium carbonate (Na,CO,) to hydrochloric
acid (HC#). A volume of 306 cm? of carbon dioxide gas was formed and collected

under standard pressure at room temperature. Take the molar gas volume at room
temperature (V) as 24,45 dn.

The unbalanced equation for the reaction is:
Na,CO,(s) + HC#(aq) — NaC#(aq) + H,0(#) + CO, (g)

6.1.1. Define the term one mole of a substance.

One mole is the amount of a substance having the same number of particles as there are
atoms in 12 g carbon-12.

6.1.2. Balance the equation for the reaction.

Na,COs(s) + 2HC#(aq) — 2NaC#(aq) + H,0(£) + CO, (g)

6.1.3. Calculate the mass of sodium carbonate that reacted.

1dm?3 =1000 cm?3
Volume = 0,306 dm?

n= — =239 _ 00125 mol of CO,
V,, 2445

Na,CO, : CO,

Stoichiometric coefficient ratio1: 1

=n =0,0125 mol of Na,CO,

The molar mass of Na,C0, is calculated to be 106 g.mol ™1

Thereforen =

!

0,0125 =

106

m = 1,325 g
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EXAM QUESTIONS Q6, NOV 2018

6.1.4. Calculate the percentage of sodium carbonate in excess.

Given mass of Na,C0; =15 ¢
% of Na,CO, unreacted = Lo o133
7% of Na,CO; unreacted =11,33 %

x 100

6.2. Zinc reacts with sulphuric acid according to the reaction below.

Zn(s) + H,S0,(aq) — ZnSO,(aq) + Hy(g)
The mass of zinc is recorded during the experiment and is shown on the graph
below. The reaction stops after 2 minutes.

5

Zn(g)

6.2.1. Name the substance that is the limiting reagent Sulphuric acid (H,S0O, )

6.2.2. Calculate the initial concentration of the sulphuric acid if 50 cm? of the acid
was used.

1dm3 =1000 cm?

Molar mass of Zinc (Zn) = 65 g.mol_1
Volume = 0,05 dm?

Initial mass of Zinc=5g

Final mass of Zinc=2 g n
5 . 30461
m SR )
n=— —§ = 0,0769 mol (initial mole of Zn) "= 0.05 3
n=% = == 0,0308 mol (final mole of Zn) = 0,92 mol.dm™

~ Nygeq = 00769 - 0,030 = 0,0461 mol
Stoichiometric coefficient ratio Zn: H,S0, is 1:1

~n =0,0461 mol of H,S0,
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EXAM QUESTIONS Q6, NOV 2017

Decomposing hydrogen peroxide in the presence of a catalyst at a specific pressure and room
temperature is given by the unbalanced chemical equation below.

H,0,(aqg) - H,0 +0,
Oxygen gas is collected and the volume is recorded over time (T).

The results are then graphed below.

600

Volume O, (cm3)

> Time (s)

e

Take the molar gas volume (V,,) to be 24,45 dm? at room temperature and standard pressure.

6.1 Balance the equation
6.2 How will the catalyst influence the reaction?

6.3 Using the information from the graph, calculate the mass of hydrogen peroxide that
decomposed

In an experiment, a learner adds 500cm3 of hydrochloric acid (HC#)
along with a concentration of 0. 36 mol. dm~3 to 1,2 g of magnesiumin a test tube.

She records the change in the mass of magnesium as the reaction proceeds at regular intervals.
The balanced chemical equation for the reaction is:

Mg(s) + 2HC¢(aq) — MgCl,(aq) +H;(g)
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EXAM QUESTIONS Q6, NOV 2017

The mass change of magnesium during the reaction is shown on the graph below.

N
N

Magnesium (g)

» Time (min.)

6.2.1 Identify the limiting agent in the reaction. Give a reason for the answer.

6.2.2 Calculate the number of moles of unreacted hydrochloric acid in the test tube after 3
minutes
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