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MOLES I – Solids
Topic 5:  Formulae, Equations and Amounts of Substance
1. know that the mole (mol) is the unit for amount of a substance

2. be able to use the Avogadro constant, L, (6.02 × 1023 mol-1) in calculations

3. know that the molar mass of a substance is the mass per mole of the substance in g mol-1
4. know what is meant by the terms ‘empirical formula’ and ‘molecular formula’

5. be able to use experimental data to calculate:-
i. empirical formulae

ii. molecular formulae including the use of pV = nRT for gases and volatile liquids.
Calculations of empirical formula may involve composition by mass or percentage composition by mass data.

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.

8. be able to calculate reacting masses from chemical equations, and vice versa, using the concepts of amount of substance and molar mass

12. be able to:
i. calculate measurement uncertainties and measurement errors in experimental results
ii. comment on sources of error in experimental procedures
13. understand how to minimise the percentage error and percentage uncertainty involving measurements

15. be able to relate ionic and full equations, with state symbols, to observations from simple test tube reactions, to include:
i. displacement reactions

ii. reactions of acids

iii. precipitation reactions
Also Topic 1: Atomic Structure and the Periodic Table
7. understand the terms ‘relative molecular mass’ and ‘relative formula mass’, including calculating these values from relative atomic masses.
Definitions of these terms will not be expected.

The term ‘relative formula mass’ should be used for compounds with giant structures
Welcome to the first of three packs looking at the amount of substance, ie Moles. This pack forms the basis of physical chemistry and will be used and referred to throughout your course
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What to do if you get stuck 

If you are struggling with this topic here are a few ideas you can try

1) Read p 119-123 in AS Chemistry textbook (you can read a copy on 

line, see GOL  or there are copies in the Library) 

2) See the worksheets folder for Moles 1 on GOL and try some of the basic worksheets, the answers will be attached  

3) See https://www.youtube.com/watch?v=NM0WycKCCDU (for empirical formula)

See https://www.youtube.com/watch?v=b2raanVWU6c (for mole conversions)

See https://www.youtube.com/watch?v=eNsVaUCzvLA (for balancing equations)  

4) Come to clinic on Friday 1-2pm and/or Tuesday 4.15-5pm for some 1-2-1 support from your teachers.   

What to do if you have time left over 
[image: image19.emf]
If you have finished all the set work from your teacher but you still have some of your 5 hours left over here are some things to try 

1) Go to the worksheets folder on GOL and try some of the extension worksheets, the answers are at the back (please note these are fiendishly difficult) 
2) see http://www.rsc.org/learn-chemistry/collections/chemistry-calendar/july-9#otdic_content
Formula

The formula of a molecule, compound or ion gives us the number and type of each different atom/ion present in that substance 

Eg 1 mole of NaOH contains 1 mole of Na, 1 mole of O and 1 mole of H

1 mole of Li2CO3 contains 2 moles of Li, 1 mole of carbon and 3 moles of O. So in 1 mole of Li2CO3 we have 6 moles of atoms. We can use this to work out the molar mass by adding together the atomic masses.
Relative molecular mass
Finding the RMM relative molecular mass (sometimes called the molar mass)

The relative molar mass of a compound is equal to the sum of the relative atomic masses.

e.g. Calculate the relative molar mass of calcium hydroxide, Ca(OH)2.

Mass of Ca(OH)2 = 
       mass of 
        +         mass of             +       mass of




1 mole of calcium
2 moles of oxygen
2 moles of hydrogen



     = 

40
        +

(2 ( 16)        +

(2 ( 1)



     = 74

Complete the table using your periodic table to look up the relative atomic masses. Be careful to read off the correct values and not confuse them with the atomic numbers.
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You should also be able to name these compounds

	Compound 
	Working
	RMM

	H2SO4
	
	

	CH3COOH
	
	

	C6H12O6
	
	

	Fe(NO3)3
	
	

	MgCO3
	
	

	Nitric Acid
	
	

	Sodium Carbonate
	
	


Some elements, under normal conditions exist as molecules. Learn the following formulae

H2, O2, N2, F2, Cl2, Br2, I2, P4
N.B. It is essential to LEARN some definitions so you are word perfect. Learn the following very important definitions which you will need throughout the course!
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Moles definitions

Consult:
Curtis Chemistry p119 - 122
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Optional Keynote practical Moles

Video

Atom 1 3223  0.00– 11.30 Evidence for the existence of atoms (moles 1)
Using moles

Curtis Chemistry p120

Mass of one mole of atoms of any element = its atomic mass in grams

Similarly, mass of one mole of any compound (or moles of molecules of molecular elements) = its molecular mass in grams

1. Using relative atomic masses, calculate the number of moles of:

(i) 100g of Fe atoms
(ii) 8g of Br atoms

(iii) 24g of MgSO4
(iv) 10.1g of KNO3
(v) 0.46g of ethanol, C2H5OH

(vi) 8g of Br2 molecules

(6 marks)

2. Calculate the mass of:

(i) 2 moles of C

(ii) 0.1 moles of Si

(iii) 0.5 moles NH3
(iv) 0.25 moles of HNO3
(v) 5 moles of CH4











(5 marks)


For extra practice:- Curtis Chemistry Test Yourself Q1-3.
USING EQUATIONS AND MOLES

We can use a balanced chemical equation and our knowledge of moles to work out masses/volumes/concentrations of reactants/products involved in a reaction.

Example

What mass of carbon dioxide is produced when 64g of methane is burnt in a plentiful supply of air?


Equation:
CH4(g) + 2O2(g) ( CO2(g) + 2H2O(l)
RMM of methane =

Number of moles of methane =

From the equation the molar ratio of methane to carbon dioxide =

So the number of moles of carbon dioxide produced =

Mass of carbon dioxide produced =

Questions

1)
Calcium carbonate is decomposed by heat to give calcium oxide and carbon dioxide.

What mass of calcium oxide would be obtained from 5.00g of calcium carbonate?

Equation:

RMM of CaCO3 =
Therefore, moles of CaCO3 =
From equation mole ratio CaCO3 : CaO =

RMM CaO =

Therefore mass of CaO formed =
2)
Iron reacts with oxygen to form iron(III) oxide.  Calculate the mass of iron(III) oxide formed when 5.6g of iron reacts completely with oxygen.

Equation:

RMM of Fe =
Therefore, moles of Fe =
From equation mole ratio Fe : Fe2O3 =

RMM   Fe2O3 =

Therefore mass of Fe2O3 formed =

Further practice reacting masses worksheet 1 / 2 /3 (Grimes) moles calculations 1a
Relative atomic mass, the Avogadro constant and moles of atoms
You are probably aware of the chemistry unit the mole, but what is it and why do we use it? 

Atoms are extremely small so cannot be seen even under the most powerful microscope.  However, their masses can be compared using a mass spectrometer giving us the relative atomic mass of each element (the larger number in the periodic table).

Since one atom of carbon is twelve times as heavy as one atom of hydrogen, it follows that one gram of hydrogen contains the same number of atoms as twelve grams of carbon.  In fact the relative atomic mass in grams of all elements contains the same number of atoms.  Experiments show that this number, the Avogadro Constant is 6.02 ( 1023. This number of atoms is 1 mole of atoms.
Just as 1 dozen means 12 objects, irrespective of the mass etc of these objects, 
1 mole means 6.02 ( 1023 objects. 


No of atoms = mass  x L   or No atoms = moles of atoms x L   where L= Avogardo constant 


RAM
We can use these ideas to calculate the no of moles of atoms by using no moles= no of atoms/L
Q.  How many atoms are there in 5g of 12C?

No moles of C atoms = 5/12 = 0.416
No of atoms = 0.416 x 6.02 x 1023 = 2.51 x 1023 atoms 

Using the relative atomic masses calculate the following:
1. How many atoms in:-


(i) 12g Fe 

(ii) 100 g S 

(iii) 9 g of Ag 

No of molecules = mass    x L 
or 
No of molecules = moles x L



       RMM
1. How many molecules in:-
(i) 10 g H2O





(6 marks)





(ii) 50 g CO2





(iii) 75 g H2SO4
2. How many atoms in 

(i) 2 moles Na






(ii) 10 moles H

3. How many molecules in
(i) 0.5 moles CaCO3





(ii) 0.1 moles H2SO4






(iii) 100 moles H2
Using Relative molecular mass (RMM) 
Q How many molecules in 12g of CO2
35.2 g of CO2 contain 35.2/44 moles of CO2 molecules = 0.8 moles of CO2 molecules

Therefore 35.2g of CO2 contains 0.8(6.02 ( 1023 molecules ie 4.82 ( 1023 molecules

1) How many molecules in 1g of CO
2) How many molecules in 10g of CH3COONa

3) How many molecules in 12.4g of  CH3COOH
Now try this
How many atoms in total are there in 35.2g of CO2
1) How many ions in total in 15.6g of CaCl2
2) How many ions in total in 45.7g of Sr(OH)2
3) How many atoms in total in 15g of nitric acid.  

Now working backwards

1) How many grams of Na contain 3( 1023 atoms of Na

Rearrange the equation on p 6 ie. mass = (No of molecules/L) x RAM
2) How many grams of Titanium contain 1(1023 atoms of Ti 
3) (Ext) How many grams of NaOH contain 1(1023 Na+ ions  

We can also use the Avogadro number to work out RAM

1) A is a group 4 element (ie it is in group 4, C to Pb, in the periodic table) 0.1g of the element contains 8.25(1020 atoms. Calculate the RAM of A and suggest the identity of the element.
2) B is in group 1 10g of the element contain 1.54(1023 atoms, calculate RAM and suggest the identity of B

3) C is a group 6 element, 20g contains 3.7625(1023 molecules of C. Calculate the RMM, and hence the RAM and suggest the identity of C. 

Writing equations

Consult:
Curtis p9 - 11
Equations tell us what amounts of substances (molar quantities) react together and what amounts of products are formed.

Writing a chemical equation involves four stages:-
1) Write a word equation:

e.g.
Sodium carbonate + hydrochloric acid ( sodium chloride + carbon dioxide + water
2) Replace the words by the formulae of the reactants and products:
.............................+ ............................  (   .......................  +  .................... + .................
3) Balance the equation

The number of atoms on the LHS = the number of atoms of the RHS

Never alter formulae to balance the equation – you should be confident that these are correct

A number is put in front of the formula to balance the numbers of atoms and nowhere else

.............................+ ............................  (   .......................  +  .................... + .................
4) States of matter are added (state symbols)
The standard symbols are 
(s) solid



(l) liquid (pure substance, e.g. water or ethanol)



(g) gas



(aq) aqueous solution for a substance dissolved in water



       (solute dissolved in water as solvent)

Add these to the balanced equation above
This final equation is a stoichiometric equation. It is balanced and gives the reacting molar quantities.  
It tells us that 
1 mole of sodium carbonate solid reacts with 2 moles of hydrochloric acid solution to form
2 moles of sodium chloride solution + 1 mole of carbon dioxide gas + 1 mole of liquid water.
For extra practice:-
www.chembuddy.com/?left=balancing-stoichiometry&right=toc
http://www.chemistry-drills.com/balance.html

Curtis p10 – 11 Test yourself Q15 -18

Worksheet writing equations
You should note that since equations are written in terms of numbers of moles, expressing molar ratios, and thus refer to many atoms/ions/molecules it would have been correct (though not good practice) to have written the equation as

½Na2CO3(s) +  HCl (aq) ( NaCl(aq) + ½ CO2(g) + ½ H2O(l)
The ½ does not mean half a molecule or atom (which would be meaningless), 

it means ½  a mole i.e. 3.01 ( 1023 molecules/atoms (which does have meaning).


Write balanced equations for the following reactions including states of matter

	1. sodium + chlorine ( sodium chloride



	2. hydrogen + oxygen ( water



	3. nitrogen + hydrogen ( ammonia



	4. aluminium + oxygen ( aluminium oxide



	5. methane (CH4) +  oxygen ( carbon dioxide + water



	6. methane (CH4) +  oxygen ( carbon monoxide + water



	7. copper(II) oxide + hydrogen ( copper + water



	8. calcium hydroxide + carbon dioxide ( calcium carbonate + water



	9. iron + hydrogen chloride (gas) ( iron(II) chloride + hydrogen



	10. nitrogen dioxide (gas) + water + oxygen ( nitric acid(V), HNO3



Test Tube Reactions 
A series of experiment to practice writing out equations and making observations
Method

1) Into test tube 1 put 2cm3 of sodium chloride then add  2 cm3 silver nitrate
2) Into test tube 2 put 2cm3 of copper sulfate then add a spatula tip of zinc.

3) Into test tube 3 put 2cm3 of sodium carbonate then add 2cm3 of hydrochloric acid

4) Into test tube 4 put a small piece of magnesium ribbon then add 2cm3 of hydrochloric acid
Results 

In the table below write out your observations and a balanced equation for each reaction. It is important to describe the initial appearance of the substances as well as how they change and their final appearance.
Use correct scientific terms

	Test tube
	Observations
	Equation

	1
	
	

	2
	· 
	

	3
	· 
	

	4
	
	



* See Worksheet Acids and bases, making salts  and Acid base reactions(Grimes) 
Finding the formula of a compound
There are several types of formulae. For example the formula of ethane can be given as
	Empirical formula shows the smallest whole-number ratio of atoms of each element in a compound.
	CH3

	Molecular formula shows the actual number of atoms of each element in a molecule
	C2H6

	Displayed formulae (showing the arrangement of bonds)
	


If the masses of reacting elements are found by experiment, the empirical formula of the compound formed can be calculated.

Then Molecular formula = (empirical formula)x 
where x is a whole number

x    = 
relative molecular mass
empirical formula mass.

Complete the table
	Compound
	Relative molar mass
	Empirical Formula
	Empirical Formula mass
	x
	Molecular

formula

	Ethane
	30
	CH3
	
	2
	(CH3)2 = C2H6

	Propene
	42
	CH2
	
	3
	

	Phosphorus(III) oxide
	
	
	
	2
	P4O6

	Aluminium chloride
	
	
	
	2
	Al2Cl6

	Sulfur
	
	
	
	
	S8

	Phosphorus
	
	
	
	
	P4

	Hydrogen peroxide
	34
	HO
	
	
	

	Carbon monoxide
	28
	CO
	
	
	


Calculating formulae
DO NOT ROUND during calculations otherwise you may get the wrong answer 
particularly when the data is for an organic compound.  
Write the values down to 4/5 significant figures.

You may need to multiply up to make the ratios whole numbers.

In the examination you will not be provided with a grid and you must write in statements.

You must not put numbers equal to one another, which are not.
Example 1

5.8g of aluminium reacts with exactly 22.9g of chlorine.

	
	Al
	Cl

	Mass/g
	5.8
	22.9

	RAM/g mol-1
	27
	35.5

	No of moles (mass/RMM)
	5.8 = 0.2148

27
	22.9 = 0.6451

35.5

	Divide through by the smallest value
	0.2148 = 1.00

0.2148
	0.6451 = 3.00

0.2148

	Molar ratio of atoms
	1
	3


Empirical formula = AlCl3
You do not know whether this is the molecular formula as you have not been given the RMM.

Example 2

Naphthalene contains hydrogen and carbon only.  It contains 6.25% hydrogen and has an RMM of 128

	
	H
	C

	Mass/g
	6.25
	93.75

	RAM/g mol-1
	1
	12

	No of moles (mass/RMM)
	6.25 = 6.25

1
	93.75 = 7.8125

12

	Divide through by the smallest value
	6.25 = 1.00

6.25
	7.8125= 1.25

6.25

	Molar ratio of atoms
	4
	5


Empirical formula = C5H4

RMM empirical formula = 64

n = 128/64 = 2

Molecular formula = (C5H4)2 = C10H8
Note that % values are treated as masses (since they correspond to the mass present in 100g of a compound)

Questions


1.
What is the molecular formula of a compound in which:

1.30g zinc combines with 0.24g of carbon and 0.96g of oxygen to give a compound of RMM  125.4

	
	Zn
	C
	O

	Mass/g
	
	
	

	RAM/g mol-1
	
	
	

	No of moles (mass/RMM)


	
	
	

	Divide through by the smallest value
	
	
	

	Molar ratio of atoms
	
	
	


Therefore empirical formula =
2.
What is the formula of a compound in which 34.6% copper combines with 30.5% iron and 34.9% sulfur.

	
	
	
	

	Mass/g
	
	
	

	RAM/g mol-1
	
	
	

	No of moles (mass/RMM)


	
	
	

	Divide through by the smallest value
	
	
	

	Molar ratio of atoms
	
	
	


Therefore empirical formula =
3.
What is the formula of a compound in which 1.38g sodium combines with 0.95g sulfur and 1.92g oxygen.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Empirical formula = 

4.
What is the molecular formula of a compound in which 40.0% carbon combines with 6.666% hydrogen and 53.33% oxygen.  RMM = 180.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Empirical formula = 

Molecular formula = 

5.
What is the empirical formula of a compound in which 10.0g of calcium combines with 3.00g of carbon and 12.0g of oxygen.

6. 
What is the formula of a compound in which 4.04% hydrogen combines with 24.24% carbon and 71.72% chlorine.  RMM = 99.

Empirical formula = 

Molecular formula = 

7.
What is the formula of a compound in which 52.2% carbon combines with 13.0% hydrogen and 34.8% oxygen.  RMM = 46.

Empirical formula = 

Molecular formula = 

Further practice Curtis p123 Test Yourself Q5 – 6.
Formulae with waters of crystallisation
Crystalline substances like copper sulfate contain molecules of water in their lattice structures.  This is known as water of crystallisation.  When the crystals are heated, the water is lost in quantitative amounts, leaving a residue, which is described as anhydrous (without water).

e.g.
 
CuSO4.5H2O (s)     

(

CuSO4(s)

+
5H2O(l)
blue hydrated copper(II)sulfate
white anhydrous copper(II) sulfate

Anhydrous copper (II) sulfate is used as a test for water.  Explain why this is used:

…………………………………………………………………………………………………
Example of calculating the formula of a hydrated salt:
On heating a 5.40g sample of hydrated iron(II) sulfate, FeSO4.xH2O, steam was driven off. The mass of the residue was 2.95g.  Calculate the value of x in the formula.

Mass of water = 5.40g – 2.95g = 2.45g

	
	FeSO4
	H2O

	Mass/g
	2.95
	2.45

	RMM/g mol-1
	152
	18

	No of moles (mass/RMM)


	2.95 = 0.01941

152
	2.45 = 0.1361

18

	Divide through by the smallest value
	0.01941 = 1.00

0.01941
	0.1361 = 7.01

0.01941

	Molar ratio
	1
	7


The value of x is therefore 7 and the formula of the hydrated compound is FeSO4.7H2O

Questions

1.  Hydrated calcium sulfate has the formula CaSO4.xH2O.  When a 1.886g sample of hydrated crystals is strongly heated, the residue has a mass of 1.492g.  Calculate the value of x in the formula.

Write out the formula of the crystals.













(3 Marks)

2. Analysis of washing soda crystals gives the following results:

16.1% Na, 4.2% C, 16.8% O, 62.9% H2O.  Calculate the formula of the crystals.













(3 marks)
Evaluating ‘errors’ when carrying out experiments
All practical Chemistry involves errors.  These are not mistakes made by the people doing the work as any mistakes should (in an ideal world) be eliminated by repetition.  


There are two types of error as follows:

1. Measurement errors (also known as precision errors or quantitative errors).  These are the inaccuracies of any measurement taken which involves a piece of measuring equipment and their size depends on the equipment used.  E.g. a large measuring cylinder has a larger error than a small one because the scale is less precise.  The effect of a measurement error can be minimized by
· Using equipment with a more precise scale (ie change the error of the equipment)
· Measuring a larger amount (ie increase the total measurement)
These will reduce the % error

2. Procedural errors (also known as method errors or qualitative errors).  These are due to the problems with the method used which affect the results but cannot be measured.  E.g. heat losses in an energy experiment or problems judging the precise moment a substance changes colour in a rate experiment.
You will need to understand, calculate and discuss the effect of errors whenever you do practical work.  Think about them as you do the 2 experiments to find formulae on the next 2 pages.

Experiment to find the formula of hydrated Copper II Sulfate
Method:

1.
Accurately weigh about 1.00g of the crystals in a crucible.

2. 
Heat the crystals, stirring until no further change in appearance is seen.

Reweigh the crucible when cool.

3. 
Reheat and reweigh.

4. 
Repeat step 3 until there is no further change in mass.  Why is this done? …………………
Results:

Appearance of hydrated crystals: Colour:………………
Shape:……………………….

Mass of empty crucible =A

Mass of crucible + hydrated crystals =B

Therefore, mass of hydrated crystals =B-A

Appearance of anhydrous residue: Colour:……………
Shape:………………………

Mass of crucible + anhydrous residue (1) =C


So, mass of anhydrous solid =C-A

Therefore, mass of water of crystallisation =B-C
	
	Anhydrous residue, ………
	H2O of crystallisation

	Mass/g
	
	

	RMM/g mol-1
	
	

	No of moles


	
	

	Divide by smallest


	
	

	Molar ratio
	
	


Formula of crystals from expt.: ………………….…Formula given in data book:………..……
Errors: (i.e. limitations of the experiment)
The precision of the balance used = +/- 0.005g
Therefore error for 2 mass readings (initial and final) = 2 x 0.005 = +/- 0.01g

Therefore percentage error in your mass of hydrated crystals =
And percentage error in your mass of anhydrous crystals =

Do these precision/measurement errors explain the difference between your result and the data book value?..................What other errors could be responsible?
Experiment to find the formula of magnesium oxide

Method 

1) Weigh an approx 10 cm length of clean magnesium ribbon.
2) Coil it to a suitable size and place the magnesium between 2 ‘crown’ bottle tops and secure them together with wire as shown in the diagram.  Twist the 2 ends together to form a handle at the top.
3) Weigh the whole apparatus (magnesium, bottle tops and wire.)
4) Place it firmly on a pipe-clay triangle on a tripod with the bottle tops horizontal. Heat strongly for approximately 10 minutes. 

5) When there appears to be no further change, cool and weigh wire, bottle tops and magnesium oxide formed.

6) Reheat, recool and reweigh.

7) Repeat step 6 until there is no further change in mass.

Results 

Mass of magnesium





=

Initial mass of bottle tops, wire and magnesium 

=

Final mass of bottle tops, wire and magnesium oxide (1) 
=
Final mass of bottle tops, wire and magnesium oxide (2)
=

Final mass of bottle tops, wire and magnesium oxide (3)
=

Therefore mass of magnesium oxide 



=

Mass of oxygen combined with the magnesium

=

	
	Mg
	O

	Mass/g
	
	

	RMM/g mol-1
	
	

	No of moles


	
	

	Divide by smallest


	
	

	Molar ratio
	
	


Formula of magnesium oxide from this experiment = 
How does this compare with the text book formula for magnesium oxide?.................................
A video demonstration of this technique Expt. 5, 11.04 – 13.31 min.
Evaluation of errors for the determination of the formula of magnesium oxide
The percentage error in the mass of magnesium 
=

The percentage error in the mass of magnesium oxide 
=
List the procedural errors which affected the result and explain the effect each one has on the final result.
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
Do you think that the measurement errors or the procedural errors have the greatest effect? Explain why.
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
How could you reduce the measurement errors in the masses measured (2 ways)
· …………………………………………………………………………………………………
· …………………………………………………………………………………………………
Possible side reactions:
Magnesium is a very reactive metal so can react with nitrogen in the air to form magnesium nitride which contains the N3- (nitride ion).  This will be another source of error.
Write the equation for the reaction of nitrogen with magnesium:

………………………………………………………………………………………………………..
Can you think of another reaction which may take place and affect the results?
(Hint – what material is the bottle top made from?)

……………………………………………………………………………………………………….
Revision Notes

Include:

· Definitions
· Avogadro constant

· Moles of atoms and molecules

· Calculations of moles

· Writing equations

· Calculating formula of a compound

· Using combustion data

· Waters of crystallization calculations

· Formula of magnesium oxide method

· Evaluation of errors
Questions 

Q1.
 

Calcium nitrate contains calcium ions and nitrate ions.

Calculate the relative formula mass of calcium nitrate, Ca(NO3)2.

(relative atomic masses: Ca = 40, N = 14, O = 16)

(1)





relative formula mass = ........................................................... 

 

Q2.
(a)  A compound of iron and chlorine was formed by reacting 2.80 g of iron with 3.55 g of chlorine.

Calculate the empirical formula of the compound. 


(3)

empirical formula ...........................................................


(b)  Sodium reacts with chlorine to form sodium chloride.

2Na + Cl2 → 2NaCl

Calculate the maximum mass of sodium chloride that could be formed by reacting 9.20 g of sodium with excess chlorine. 

(3)

mass of sodium chloride ...........................................................

Q3.The mineral nesquehonite is a form of hydrated magnesium carbonate.

The formula, MgCO3.xH2O, shows that nesquehonite contains water of crystallisation.

When a sample of nesquohonite is heated gently, the water of crystallisation is given off and anhydrous magnesium carbonate is left.

Six students are each given a sample of nesquehonite of mass 6.1 g. The students heat their samples for different times. The samples are then allowed to cool before being reweighed.

The table shows their results.

[image: image1.jpg]time of heating/ minutes
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(a)  Plot these results on the grid provided. The last two points have been plotted for you.

Draw a straight line of best fit for the points you have plotted.

(2)
(b)  Predict the mass of sample remaining after heating for 2.5 minutes.

Show on the graph how you obtain your answer.




          (2)
mass after 2.5 minutes = ........................................................... g

(c)  State why the last two masses in the table are exactly the same.

(1)
.............................................................................................................................................

.............................................................................................................................................

(d)  A sample of nesquehonite contains 1.68 g of MgCO3 and 1.08 g of H2O.

Calculate the value of x in the formula MgCO3.xH2O

[Mr of MgCO3 = 84; Mr of H2O = 18]

(3)



x = ........................................................... 

Q4.
 

What is the number of ions in 9.53 g of magnesium chloride, MgCl2?

[Avogadro constant = 6.02 × 1023 mol–1]

(1)
[image: image2.jpg]


   A    6.02 × 1022
[image: image3.jpg]


   B    1.20 × 1023
[image: image4.jpg]


   C    1.81 × 1023
[image: image5.jpg]


   D    6.02 × 1023

 

(Total for question = 1 mark)
 

Q5.
 

Ethanol, C2H5OH, is a member of the homologous series of alcohols.

Calculate the number of molecules in 55.2kg of ethanol.

[Avogadro Constant = 6.02 × 1023 mol–1]

(2)






 

Q6.
 1.40 g of an alkene gave 3.77 g of a dichloroalkane on reaction with chlorine.

What is the molecular formula of the alkene?

[image: image6.jpg]


   A    C2H4
[image: image7.jpg]


   B    C3H6
[image: image8.jpg]


   C    C4H8
[image: image9.jpg]


   D    C6H12
Q7.
 1.12 g of iron reacts with oxygen to form 1.60 g of an oxide of iron. Use relative atomic masses: Fe = 56, O = 16.

What is the formula of this oxide of iron?

[image: image10.jpg]


   A    FeO5
[image: image11.jpg]


   B    Fe2O10
[image: image12.jpg]


   C    Fe3O2
[image: image13.jpg]


   D    Fe2O3

Q8.
This question is about a carboxylic acid.(which contains carbon, hydrogen & oxygen)
(a)  (i)  This acid contains 40.0% carbon and 6.67% hydrogen by mass. The remainder is oxygen. The molar mass of the acid is 60.0 g mol−1.

Use this information to deduce the empirical formula and the molecular formula of the acid.

(3)
(ii)  What is the total number of atoms in 6.00 g of the acid?

(1)
[image: image14.jpg]


   A    6.02 × 1022
[image: image15.jpg]


   B    2.41 × 1023
[image: image16.jpg]


   C    4.82 × 1023
[image: image17.jpg]


   D    6.02 × 1024
Q9.
 Ammonium carbamate can be used to make urea, a fertilizer. Ammonium carbamate has the empirical formula CH6N2O2.

Ammonium carbamate contains 15.38% carbon, 7.69% hydrogen and 35.90% nitrogen by mass. The remainder is oxygen.

Show that the empirical formula of ammonium carbamate is CH6N2O2.

(3)
Q10.
 A coin, of mass 5.00 g, contains silver. The coin is dissolved in 500 cm3 of concentrated nitric acid to form silver nitrate solution, AgNO3(aq).

50.0 cm3 of this solution is reacted with excess sodium chloride solution to form a precipitate of silver chloride, AgCl.

Ag+(aq) + Cl−(aq) → AgCl(s)

After filtering and drying, the mass of the precipitate was 0.617 g.

Calculate the percentage by mass of silver in the coin. Give your answer to an appropriate number of significant figures.

(4)
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An atom is the smallest uncharged particle of an element. 





An element is a substance that cannot be broken down into two or more different substances





A compound is made up of two or more elements chemically joined together





An ion is a charged atom or group of atoms





A mole is the amount of substance containing the Avogadro number of atoms, molecules or groups of ions, where Avogadro’s number,L is 6.023 ( 1023 mol-1.





The empirical formula of a substance is the simplest whole number ratio of the atoms of each element in the substance





The molecular formula of a compound shows the number of atoms of each element in one mole of the substance.





The relative atomic mass is the weighted mean mass of an atom of an element compared to 1/12 of the mass of an atom of carbon-12 





The molar mass is the mass per mole of a substance. It has the symbol M and units g mol-1 





Thus number of moles of atoms     = 	mass in g


						RAM in g mol-1





Thus number of moles of molecules     = 	mass in g


						RMM in g mol-1





The relative atomic mass of an element is the weighted mean mass of an atom of the element compared to 1/12th the mass of an atom of carbon-12, which has a mass of 12





The Avogadro Constant, L, is the number of atoms of atoms of 12C in exactly 12g of 12C 





A mole is the amount of substance that contains the same number of particles as the number of carbon atoms in exactly 12g of the carbon-12 isotope. 





Key words to use correctly:


solid		solution 	white		colourless


dissolves	reacts		crystals	powder


effervesces





AN EXPERIMENTAL ERROR  is an inaccuracy in the results of the experiment which is caused by a limitation of the method or equipment being used.





Percentage Error	% error = error due to equipment ( number of measurements   (  100


						Total measurement
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