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MOLES II – (Gases)
Topic 5:  Formulae, Equations 
                and Amounts of Substance
6. be able to write balanced full and ionic equations, including state symbols, for chemical reactions

7. be able to calculate amounts of substances (in mol) in reactions involving mass, volume of gas, volume of solution and concentration

These calculations may involve reactants and/or products.

9. be able to calculate reacting volumes of gases from chemical equations, and vice versa, using the concepts of amount of substance

10. be able to calculate reacting volumes of gases from chemical equations, and vice versa, using the concepts of molar volume of gases

14.
be able to calculate percentage yields and percentage atom economies using chemical equations and experimental results
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General textbook refs 

Facer AS Chemistry 
Chapter 3

Department website Factsheets

	02
	Moles and Formulae

	03
	Moles and Equations

	56
	Maths for Chemists 1


Websites

http://www.docbrown.info/
Mole calculations from GCSE but will update your calculation skills 

http://www.chemistrylecturenotes.com/html/mole_calculations.html
A list of definitions and explanations you will need

http://www.avogadro.co.uk
An explanation of the various terms used and a test yourself set of basic mole calculations 

http://www.knockhardy.org.uk/assets/AS1MOL.PDF
additional questions
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THE METHOD

1. Balanced equation

Check that it is balanced
2. Calculate the moles

You must be able to calculate the moles of something!

3. Molar ratio
Ratio:-

What you know : what you need to find out
4. Deduce moles

Means a simple halving, doubling according to the molar ratio.

5. Calculate the answer

From a manipulated moles equation

YOU NEED TO WRITE STATEMENTS FOR STEPS 2-5.

FINALLY CONSIDER SIG.FIGS.
CALCULATIONS INVOLVING GASES AND MOLAR VOLUME OF GASES
Because the actual size of a gas molecule is very small compared with the spaces between molecules, 1 mole of any gas will occupy the same volume at a given temperature and pressure. This volume is called the molar volume. 
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The temperature and pressure must always be stated when giving a value for the molar volume of a gas. The values we use most often are:-

22.4 dm3 (22400 cm3) at 273K (0oC) and 1 atm (standard temperature and pressure)
24 dm3 (24000 cm3) at 298K (25oC) and 1 atm (room temperature and pressure)
The relationship between number of moles and volume is given by

[image: image89.jpg]



It follows from this that equal volumes of all gases at the same temperature and pressure contain equal numbers of molecules. 

For gases, mole ratios in an equation will be the same as volume ratios 

For example the reaction between nitrogen and hydrogen to form ammonia:
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Balanced equation:
N2 (g)  +  3H2(g)  (  2 NH3(g) 
note they are all gases
Mole ratio:

1           :     3          :       2

Volume ratio:

1           :     3          :       2

If 10cm3 of nitrogen is used, volume of H2 needed =  30cm3 and volume of NH3made = 20cm3.

Questions:
1) 
What volume of oxygen is needed to react with 40 cm3 methane and what volume of carbon dioxide is formed?

Equation: 
CH4(g)  +  

2O2(g)   (   

CO2(g)  +  
2H2O(l)
Molar ratios: 1 mole CH4
:
2 moles O2
:
1 mole CO2
2 moles H2O.

Volume ratios: 40cm3 CH4

80cm3
O2

40cm3 CO2
(H2O is liquid)
(N.B. gases only)
Volume of oxygen needed = 80cm3
Volume of carbon dioxide = 40cm3
2) What volume of oxygen is needed to react with 50 cm3 ethane, C2H6(g) when it burns and what volume of carbon dioxide is formed?

Equation:

C2H6(g)   +   3½O2(g)   (   2CO2(g)   +   3H2O(l)

Molar ratios:

1

3.5

2

3

Volume ratios:

1

3.5

2

water is a liquid

(N.B. gases only) 
50cm3

3.5 x 50/1
2 x 50/1
Volume of oxygen needed = 175cm3
Volume of carbon dioxide = 100cm3
3) 
Lithium hydride is used to generate hydrogen when it reacts with water.  Calculate the volume of hydrogen at 298 K and 1 atm which could be obtained from 1.0 kg of lithium hydride. (Molar volume = 24 dm3 at 298 K and 1 atm)

Equation:
LiH(s) + H2O(l) ( LiOH(aq) + H2(g)
Moles LiH = 1.0 x 103 = 126.58227



7.9

Molar ratios LiH : H2 = 1:1

Moles H2 = 126.58227
Vol H2 = 126.58227 x 24 = 3000dm3 (2 s.f.)

4) 
A student heated 21.0 g of sodium hydrogen carbonate and it decomposed:-



2NaHCO3(s) ( Na2CO3(s) + H2O(l) + CO2(g)
Calculate the mass of the solid residue formed (i.e. sodium carbonate)
Moles NaHCO3 = 21.0 = 0.25




 84.0

From equation molar ratio NaHCO3 : Na2CO3  =  2:1

Moles Na2CO3 = 0.25/2 = 0.125

Mass Na2CO3 = 0.125 x 106 = 13.25 = 13.3g (3s.f.)

Calculate the volume of carbon dioxide formed

(Molar volume = 24 dm3 at 298 K and 1 atm.)

Molar ratios
NaHCO3 : CO2 = 2:1
Moles CO2 = 0.125

Volume CO2 = 0.125 x 24 = 3.00dm3 (3s.f.)


Further practice
See general calculations 1/2/3/4/5/6 (grimes)

See moles 5 Gas calculations (grimes)/ basic calculations involving gases
gases calculations for AS
Extension reacting gas volumes (AS)
Game http://www.quia.com/rr/67626.html
FINDING HYDROCARBON FORMULAE FROM COMBUSTION VOLUMES
The formula of a hydrocarbon gas can be found using data from information from its combustion.

E.g.
20cm3 of a hydrocarbon gas CxHy, requires 100cm3 of oxygen for complete combustion and produces 60cm3 of carbon dioxide.  What is the formula of the hydrocarbon?

Since equal volumes of gas contain equal numbers of moles,

volume ratio = molar ratio


Molar ratio CxHy:O2: CO2 = 20:100:60 = 1:5:3

The equation will be of the form


CxHy + aO2 ( xCO2 + bH2O

Since every mole of carbon atoms in the hydrocarbon produces a mole of carbon dioxide.

a = 5

x = 3

This makes the equation

C3Hy + 5O2 ( 3CO2 + bH2O

To make the equation balance for oxygen, b must be 4.

This makes the equation

C3Hy + 5O2 ( 3CO2 + 4H2O

To make the equation balance for hydrogen, y must be 8:

C3H8 + 5O2 ( 3 CO2 + 4H2O

The hydrocarbon is therefore C3H8

Questions

1) 
10cm3 of a hydrocarbon gas reacts with 90cm3 of oxygen to produce 60cm3 of carbon dioxide.  What is the formula of the hydrocarbon?





CxHy  +  
aO2(g)  (  
xCO2(g)  +  
bH2O(l)

Volume ratios
10

90

60

Molar ratios

1

9

6

Molar ratios CxHy : xCO2 = 1:6 so x=6 and hydrocarbon is C6Hy
Balance equation for O, so b must be 6 

Then balance for H. CxHy:H2O = 1:6 so y must be 12

The hydrocarbon is 
C6H12

2)
50cm3 of a hydrocarbon gas reacts with 400cm3 of oxygen to produce 250cm3 of carbon dioxide.  What is the formula of the hydrocarbon?





CxHy  +  
O2(g)  (  
CO2(g)  +  
H2O(l)

Volume ratios
50

400

250

Molar ratios

1

8

5

Molar ratios CxHy : CO2 = 1:5 so C5Hy
Balance equation for O and H. CxHy:H2O = 1:6 so C5H12
Put moles into equation and balance
C5H12

3)
10cm3 of a hydrocarbon gas reacts with 95cm3 of oxygen to produce 70cm3 of carbon dioxide.  What is the formula of the hydrocarbon?  If the RMM of the hydrocarbon is 188 is the formula you have deduced the molecular formula?





CxHy  +  
O2(g)  (  
CO2(g)  +  
H2O(l)

Volume ratios
10

95

70

Molar ratios

1

9.5

7

Molar ratios CxHy : CO2 = 1:7 so C7Hy
Balance equation for O and H. CxHy:H2O = 1:5 so C7H10
Put moles into equation and balance
C7H10

Empirical formula = C7H1O
(RMM empirical)n = RMM molecular

RMM empirical formula = 94
n = 188/94 = 2
Molecular formula = (C7H10)2 = C14H20

Some additional activities:-
http://www.quia.com/ba/44461.html mole battleships

http://www.quia.com/cb/33492.html moles and stoichiometry quiz with calculations
LIMITING REAGENT

When a reaction is carried out the reactants are rarely in the exact quantities (Stoichiometric ratio) needed to react. There is usually one reactant that is used up completely and another that is left over, i.e. is in excess. The reagent completely used up is called the limiting reagent

PERCENTAGE YEILD AND ATOM ECONOMY

PERCENTAGE YIELD

Many reactions do not result in all the reactants turning into products, i.e. the percentage yield is rarely 100%.  This is usually due to the reaction being reversible, or other competing reactions taking place, quite common in Organic chemistry.


The actual yield comes from experiment.

The theoretical yield comes from the equation for the reaction.

There are always 2 stages to these types of problems 

1) Work out what you would get if the yield was 100% 

2) Use this figure to calculate the actual percentage yield.

Question

When 1000g sulfur dioxide is reacted with excess oxygen, 1225g sulfur trioxide is formed 

Calculate the percentage yield of sulfur trioxide product obtained
2SO2 + O2             2SO3 

Stage 1- Calculate the theoretical yield:-

RMM of SO2
= 64.1
Moles of SO2 reacted
 = 1000 = 15.6006



               64.1

From equation, mole ratio of SO2:SO3
= 1:1
Therefore theoretical moles of SO3 formed
=  15.6006

RMM SO3
= 80.1
Therefore theoretical mass of SO3 in grams 
= 15.6006 x 80.1 = 1249.60g
Stage 2- Calculate the percentage yield:-

Actual yield of SO3
= 1225 g
Therefore percentage yield
== 1225 x 100 
= 98.03 %




   1249.6

See Atom efficiency article
Atom economy

Just because a reaction has a high level of % yield it does not mean it is environmentally favourable. This is because of side reactions and high level of waste materials produced.  Therefore chemists introduced the idea of atom economy

The atom economy of a chemical reaction is a measure of the amount of starting materials that become useful products. Inefficient, wasteful processes have low atom economies.  Efficient processes have high atom economies, and are important for sustainable development, as they use fewer natural resources and create less waste. 

The atom economy of a reaction can be calculated: 
Note that, because the total mass of products equals the mass of reactants, you can also calculate it like this: 

% atom economy = mass of desired product from equation  x  100




total mass of reactants from equation

For example, what is the atom economy for making hydrogen by reacting coal with steam?

Write the balanced equation: 

C(s) + 2H2O(g) → CO2(g) + 2H2(g) 

Write out the Ar and Mr values underneath: 

C(s)     + 
2H2O(g) → 
CO2(g)    + 
2H2(g) 




12

2 x 18

44

2 x 2

Remember that the Ar or Mr in grams is one mole, so:  

Total mass of products = 44 + 4 = 48g (note that this is the same as the reactants: 12 + 36 = 48g) 

Mass of desired product (H2) = 4g 

% atom economy = 4/48 x 100 = 8.3%  

This process has a low atom economy and is therefore an inefficient way to make hydrogen. 

It also uses a non-renewable resource: coal.


Additional  activities* AS worksheets calculations 1/ 2 / 4 / 5 (Grimes AS)
REVISION OF MOLES 1 AND 2

Online tutorial and interactive tests
This will take you up to half an hour per section and you will need a calculator.

You may wish to tackle it one section at a time.

The system does record your ongoing marks! – and we can look at them!

Go to www.bestchoice.net.nz
Your user name = your student number/whatever you used
Password = the one you use
· Choose topic ‘1.3 Amount of substance’
· Topics:-, Moles and Avogadro, More practice, Grams to moles, Empirical formulae, and Balancing equations are a revision of Moles I
· Work through the topics:-

Moles and grams ………../53






Concentration …………../42

Leave ‘Precipitation reactions’ for the Ionic Bonding pack

Multiple Choice Questions

Q1.  Hydrogen and oxygen react according to the following equation.

[image: image2.jpg]2H,(g) + Ofg) — 2H,0(g)




If all volumes are measured at 110 °C and one atmosphere pressure, the volume of steam produced after 50 cm3 of hydrogen react completely with 25 cm3 of oxygen is

[image: image3.jpg]


   A     25 cm3
[image: image4.jpg]


   B     50 cm3   (
[image: image5.jpg]


   C     75 cm3
[image: image6.jpg]


   D     100 cm3
(Total for question = 1 mark)
Q2.  Which of the following gas samples occupies the greatest volume at the same temperature and pressure?

[image: image7.jpg][Relative atomic masses: H=1: C
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   A     1 gram of ethane

[image: image9.jpg]


   B     1 gram of oxygen

[image: image10.jpg]


   C     1 gram of fluorine

[image: image11.jpg]


   D     1 gram of neon   (
(Total for question = 1 mark)
Q3.  Complete combustion of 50 cm3 of a hydrocarbon vapour gave 350 cm3 of carbon dioxide, both gas volumes being measured at the same temperature and pressure. The formula of the hydrocarbon could be

[image: image12.jpg]


   A   C8H18
[image: image13.jpg]


   B   C7H16   (
[image: image14.jpg]


   C   C6H14
[image: image15.jpg]


   D   C5H12
(Total for question = 1 mark)
Q4.  The overall equation for the reaction between sulfur and oxygen to form sulfur trioxide is shown below.

[image: image16.jpg]25(s) + 30a(g) — 2S0:





0.9 mol of O2(g) reacted completely with excess sulfur. What volume, in dm3, of sulfur trioxide would form?  [Assume the molar gas volume = 24 dm3 mol-1]

[image: image17.jpg]


   A   (0.9 × 3/2) × 24

[image: image18.jpg]


   B   (0.9 × 3/2) ÷ 24

[image: image19.jpg]


   C   (0.9 × 2/3) × 24   (
[image: image20.jpg]


   D   (0.9 × 2/3) ÷ 24

(Total for question = 1 mark)
Q5.  The equation for the complete combustion of ethane is

2C2H6(g) + 7O2(g) → 4CO2(g) + 6H2O(l)

What volume of oxygen, measured at room temperature and pressure, is needed to completely burn 0.1 mol of ethane?

[The volume of 1 mol of any gas measured at room temperature and pressure is 24 dm3]
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   A    2.4 dm3
[image: image22.jpg]


   B    4.8 dm3
[image: image23.jpg]


   C    8.4 dm3   (
[image: image24.jpg]


   D    16.8 dm3
(Total for Question = 1 mark)
Q6.  A sample of sodium chlorate(V), NaClO3, was heated and 120 cm3 of oxygen gas was collected.

2NaClO3(s) → 2NaCl(s) + 3O2(g)

Calculate the number of moles of sodium chlorate(V) that were decomposed in the above reaction.

[Molar volume of a gas under the conditions of the experiment = 24000 cm3 mol−1]

[image: image25.jpg]


   A    2.50 × 10−3
[image: image26.jpg]


   B    3.33 × 10−3   (
[image: image27.jpg]


   C    5.00 × 10−3
[image: image28.jpg]


   D    7.50 × 10−3
(Total for Question = 1 mark)
Q7.  3.0 dm3 of sulfur dioxide reacts with 1.5 dm3 of oxygen, under suitable conditions, according to the equation below.

2SO2(g) + O2(g) → 2SO3(g)

What is the maximum volume of sulfur trioxide that can be formed in the above reaction?

[The volumes of the gases are measured at the same temperature and pressure.]

[image: image29.jpg]


   A    6.0 dm3
[image: image30.jpg]


   B    4.5 dm3
[image: image31.jpg]


   C    3.0 dm3   (
[image: image32.jpg]


   D    1.5 dm3
(Total for Question = 1 mark)
Q8.  Potassium chlorate(V), KClO3, decomposes on heating as follows.

2KClO3(s) → 2KCl(s) + 3O2(g)

What is the maximum volume of oxygen, measured in dm3 at room temperature and pressure, which could be obtained by heating 0.50 mol potassium chlorate(V)?

[Molar volume of a gas = 24 dm3 mol−1 at room temperature and pressure.]
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   A    8

[image: image34.jpg]


   B    18   (
[image: image35.jpg]


   C    36

[image: image36.jpg]


   D    72

(Total for question = 1 mark)
Q9.  Carbon monoxide and oxygen react together as follows.

2CO(g) + O2(g) → 2CO2(g)

If all volumes of gas are measured at the same temperature and pressure, the volume of carbon dioxide produced after 50 cm3 of carbon monoxide react with 25 cm3 of oxygen is

[image: image37.jpg]


   A    100 cm3
[image: image38.jpg]


   B    75 cm3
[image: image39.jpg]


   C    50 cm3   (
[image: image40.jpg]


   D    25 cm3
(Total for question = 1 mark)
Q10.  Oxygen can be prepared using several different reactions. Which of those given below has the highest atom economy by mass?

[image: image41.jpg]OA
OB
0c
OD

NaNO; — NaNO, + 20,
H,0; > H,0 + %0,

Cl, + H,0 — 2HCl + %0,
PbO; — PbO + %0,



              Answer: B
(Total for question = 1 mark)
Q11.  Which of the following processes has the highest atom economy?

[image: image42.jpg]


   A     Making poly(ethene) from ethene.   (
[image: image43.jpg]


   B     Making ethene from eicosane, C20H42.

[image: image44.jpg]


   C     Making chloromethane from methane.

[image: image45.jpg]


   D     Making magnesium chloride from magnesium and hydrochloric acid.

(Total for question = 1 mark)
Q12.  The equation for the dehydration of cyclohexanol, C6H11OH, to cyclohexene, C6H10 is:

C6H11OH → C6H10 + H2O

50.0 g of cyclohexanol produced 32.8 g of cyclohexene.  
[Molar masses / g mol−1 : cyclohexanol = 100; cyclohexene = 82]  
Calculate the percentage yield of cyclohexene.

[image: image46.jpg]


   A     32.8 %

[image: image47.jpg]


   B     40.0 %

[image: image48.jpg]


   C     65.6 %

[image: image49.jpg]


   D     80.0 %   (
(Total for question = 1 mark)
Q13.  Ethanol (molar mass 46 g mol−1) is manufactured by the hydration of ethene (molar mass 28 g mol−1):

[image: image50.jpg]4+ H,0 — C;H;0H




In a typical process 28 tonnes of ethene produces 43.7 tonnes of ethanol. The percentage yield of ethanol in this process is

[image: image51.jpg]


   A    64%

[image: image52.jpg]


   B    95%   (
[image: image53.jpg]


   C    100%

[image: image54.jpg]


   D    156%

(Total for Question = 1 mark)
Q14.  In an experiment, 1.226 g of potassium chlorate(V), KClO3, was heated. A mass of 0.320 g of oxygen gas, O2, was collected.

2KClO3(s) → 2KCl(s) + 3O2(g)

Use the molar mass of KClO3 = 122.6 g mol−1 and relative atomic mass O = 16.

The percentage yield of oxygen in this experiment is

[image: image55.jpg]


   A    17.4%

[image: image56.jpg]


   B    26.1%

[image: image57.jpg]


   C    66.7%   (
[image: image58.jpg]


   D    100%

(Total for question = 1 mark)
Q15.  Nickel(II) sulfate is prepared by adding an excess of nickel(II) carbonate to 0.010 mol of dilute sulfuric acid.

[image: image59.jpg]NiCO,(s) + H,SO,(aq) — NiSO,(aq) + H,0() + CO,(g)




Solid nickel(II) sulfate crystals are produced with a 20% yield.  How many moles of nickel(II) sulfate crystals are obtained?

[image: image60.jpg]


   A     0.001

[image: image61.jpg]


   B     0.002   (
[image: image62.jpg]


   C     0.010

[image: image63.jpg]


   D     0.050

(Total for question = 1 mark)
Q16.  Sulfamic acid is a white solid used by plumbers as a limescale remover.

(a) Sulfamic acid contains 14.42% by mass of nitrogen, 3.09% hydrogen and 33.06% sulfur. The remainder is oxygen.

(i) Calculate the empirical formula of sulfamic acid.




(3)
[image: image64.emf]
(ii) The molar mass of sulfamic acid is 97.1 g mol−1. Use this information to deduce the molecular formula of sulfamic acid.






(1)
[image: image65.emf]

(b) A solution of sulfamic acid contains hydrogen ions. The hydrogen ions react with magnesium to produce hydrogen gas. In an experiment, a solution containing 5.5 x 10−3 moles of sulfamic acid was reacted with excess magnesium. The volume of hydrogen produced was 66 cm3, measured at room temperature and pressure.

i) Calculate the number of moles of hydrogen, H2, produced in this reaction

[The molar volume of a gas is 24 dm3 mol−1 at room temperature and pressure]
(1)
[image: image66.emf]
(iii) Show that the data confirms that each mole of sulfamic acid produces one mole of hydrogen ions in solution.








(2)

Q17.  (a) An impure sample of sodium hydrogencarbonate, NaHCO3, of mass 0.227 g, was reacted with an excess of hydrochloric acid. The volume of carbon dioxide evolved was measured at room temperature and pressure and found to be 58.4 cm3.

[image: image67.jpg]NaHCO; + HCl — NaCl + H,0 + CO,




The molar volume of any gas at the temperature and pressure of the experiment is 24 dm3 mol−1. The molar mass of sodium hydrogencarbonate is 84 g mol−1.

(i) Calculate the number of moles of carbon dioxide given off.




(1)

[image: image68.emf]
(ii) Calculate the mass of sodium hydrogencarbonate present in the impure sample.
(2)

[image: image69.emf]
(iii) Calculate the percentage purity of the sodium hydrogencarbonate. Give your answer to two significant figures.









(2)

[image: image70.emf]
(b) (i) The total error in reading the gas syringe is ±0.4 cm3. Calculate the percentage error in measuring the gas volume of 58.4 cm3.






(1)

[image: image71.emf]
 (ii) Suggest why the carbon dioxide should not be collected over water in this experiment.

(1)
[image: image72.emf]
 (Total for question = 7 marks)
Q18.  0.400 g of magnesium ribbon reacted with exactly 22.2 cm3 of hydrochloric acid of concentration 1.50 mol dm−3.

400 cm3 of hydrogen gas was formed, the volume being measured at room temperature and pressure.

In the calculations that follow, use the following molar masses:

Mg = 24.0 g mol−1
Cl = 35.5 g mol−1
(a) Calculate the amount (in moles) of magnesium used.




(1)
[image: image73.emf]
(b) Calculate the amount (in moles) of hydrochloric acid used.



(1)
[image: image74.emf]

(c) Calculate the amount (in moles) of hydrogen produced.

     [Molar volume of any gas at room temperature and pressure = 24 000 cm3 mol−1]
(1)

[image: image75.emf]
(d) Show that the calculated amounts of magnesium, hydrochloric acid and hydrogen are consistent with the following equation for the reaction

[image: image76.jpg]Mg + 2HCl — MgCl, + H,




(1)

[image: image77.emf]
(e) Calculate the maximum mass of magnesium chloride that would be formed in this reaction. Give your answer to three significant figures.




(3)

[image: image78.emf]
(Total for Question = 7 marks)
Q19.  Sodium burns in oxygen to give a pale yellow solid X.

(a) (i)  1.73 g of sodium reacts with 1.20 g of oxygen.

           Calculate the empirical formula of X.



(2)
[image: image79.emf]

          (ii) The molar mass of X is 78 g mol−1. Give the molecular formula of X.
(1)
[image: image80.emf]
          (iii) Write the equation, including state symbols, for the reaction of sodium with oxygen to produce X.
(2)
[image: image81.emf]


          (iv) Calculate the volume of oxygen in dm3 (at room temperature and pressure) which reacts with 1.73 g of sodium. (The molar volume of any gas at room temperature and pressure is 24 dm3 mol−1.)
(2)
[image: image82.emf]

          (v) Calculate the number of oxygen molecules that react with 1.73 g of sodium. (The Avogadro constant = 6.02 × 1023 mol−1.)
(1)

[image: image83.emf]
(b) If sodium is burnt in air, compound X is not the only product. Suggest why this is so.
(1)
[image: image84.emf]
(Total for question = 9 marks)
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The molar volume of a gas is the volume occupied by 1 mole of the gas under specified conditions of temperature and pressure.





Number of moles = volume of gas


		         Molar volume	





Remember, equations are written in moles.


The large number in front of a formula = number of moles





A limiting reagent is the substance that determines the theoretical yield of a product in a reaction.





Percentage yield is defined as   % yield = actual yield    x   100


						theoretical yield





% atom economy = mass of desired product from equation  x  100


			total mass of products from equation
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