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UNIT 1

CHEMICAL CHANGES AND STRUCTURE
HOMEWORK BOOKLET

The Periodic Table: Bonding and Structure

1.
a)  Copy and complete the following statements.

 i)  Electronegativity is a measure of the ............................... an atom in a covalent bond 

has for the ...................... electrons of the bond.


ii)
In the Periodic table electronegativity .............................. across a period and 


.............................. down a group.


b)  In each of the following pairs identify the element with the greater electronegativity.

   i)  phosphorus or carbon        

ii)  silicon or nitrogen

      
2.
All types of bonding involve electrostatic attraction between positively charged particles and negatively charged particles.


Copy and complete the table showing the three types of strong bonding force.

	Type of bonding
	Positively charged particles
	Negatively charged particles

	
	
	shared electrons

	ionic
	
	

	
	positive nucleus
	


3.
a) Graph 1 shows the boiling points of the Group 7 elements.  Why do the boiling points increase down Group 7?
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b)  Graph 2 shows the melting points of 
  elements from lithium to neon across the second period. Give reasons for the high melting points of boron and carbon.

4.
The Periodic Table below has been divided into four sections - A, B, C and D.
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a)  State the type of structure in each of the four sections A, B, C and D.

b)  In which section(s) will van der Waals’ forces between the particles be significant.




c)  Using elements in the above table as examples, explain briefly the difference between a covalent molecular substance and a covalent network substance.

Trends in the Periodic Table
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5.
a)  Which arrow (A) or (B) indicates correctly a decrease in atomic size?


b)  Explain why atomic size decreases in this way.
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6.
a)  Define the first ionization energy of an element.


b) Which arrow (A) or (B) indicates correctly a decrease in the first   



ionization energy of elements?


c) Give two reasons why the ionisation energy decreases in this 


way.

7.
The graph below shows the first ionisation energies of successive elements with increasing atomic number.
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Elements A, B and C belong to the same group of the Periodic Table. Identify the group
8.
Explain why the third ionisation energy of magnesium (7750 kJ mol-1) is so much greater than the third ionisation of aluminium (2760 kJ mol-1).

9.
Ionisation energies can be found by applying an increasing voltage across test samples of gases until the gases ionise.


The results below were obtained from experiments using hydrogen atoms and then helium atoms.

	Element
	Voltage at which an atom

of gas ionises/V

	hydrogen
	13.6
	no further change

	helium
	24.6
	54.5





a)  Why are there two results for helium but only one for hydrogen?


b)  (i) Write an equation which would represent the first ionisation energy of helium gas.

    (ii) Why is the first ionisation of helium higher than that of hydrogen?


c)  The ionisation energy, I.E. , can be found from:




I.E. = voltage x 1.6 x 10-19 J


Calculate a value for the first ionisation energy of helium.

Bonding in Compounds

10. There are many types of attractive force, some are weak and some are strong.
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A

positively charged ions and negatively charged ions
	B

temporary dipole and induced dipole
	C

positively charged nucleii and delocalised electrons
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D

permanent dipole and permanent dipole
	E

positively charged nucleii and shared electrons
	



Identify the statement(s) referring to 


a)  van der Waals’ forces




b)  the forces between oxygen and hydrogen atoms in water 

c)  the intemolecular forces in HCl gas.


d)  ionic bonds






11.
The covalent bond in hydrogen chloride gas is polar and the molecule is polar. The covalent bonds in silicon tetrachloride are also polar.  Explain why the silicon tetrachloride molecule is non-polar.

12.
There are many types of bonding force between atoms and molecules.
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A

permanent dipole to permanent dipole interactions
	B

non-polar covalent bonds
	C

hydrogen bonds

	D

ionic bonds


	E

metallic bonds
	F

London dispersion forces



a)  Identify the three forces present in hydrogen fluoride.   


b)  Identify the force(s) present in 


      i)  methane    ii)  sodium chloride    iii) hydrogen bromide    iv) neon    v)  oxygen


c)  Identify the bond(s) and/or force(s) of attraction


      i) responsible for the low boiling point of argon. 


     ii) that can exist between molecules.


    iii) that allow electrons a lot of free movement.





13.
Which of the compounds below have:


Identify the substance(s) where the intermolecular forces are


a)  van der Waals’ forces only.

b)  hydrogen bonds









14.
Elements and compounds show a variety of structures. 

	A

Cl2
	B

Na


	C

NaCl



	D

SiO2

	E

NH3

	F

C(diamond)





Identify the substance(s)


a)  with a tetrahedral arrangement of bonds in a covalent network.


b)  which can conduct electricity because of delocalised electrons.


c)  with discrete covalent molecules





      
15.
Many of the properties of water arise from the presence of polar O - H bonds which make the water molecules polar.


Carbon dioxide contains polar C = O bonds but its molecules are non-polar.


a)  Explain this difference with the aid of diagrams of each molecule, showing polarities.


b)  Water is unusual in that in the solid form (ice) is less dense than the liquid form.


     Explain why water behaves in this way.

16. Both bonded and non-bonded pairs of electrons repel each other and this determines the shape of the molecule.

The following procedure is used to find the total number of pairs of electrons around a central atom.

(i)   Note the number of electrons in the outer energy level (shell) of the central atom.


(ii) Note the number of other atoms present --- each atom provides one electron for bonding.


(iii) Add (i) and (ii) to give the total number of electrons.


(iv) Divide this number by two to give the number of electron pairs - both bonded and non-
bonded pairs.

Example:- with ammonia, NH3, N is the central atom.


(i)  2,5


=  5 electrons


(ii)  3H

3 x 1
=  3 electrons


(iii) Total


=  8 electrons


(iv)  8 electrons gives four pairs.


Since NH3 only has 3 bonds there is one non-bonded pair. The 4 pairs of electrons repel each other, giving the pyramid shape of the ammonia molecule as shown in the first row of the table.


Copy and complete the table.



	Formula
	Outer electrons in central atom
	Total number of electrons
	Bonded pairs
	Non-bonded pairs
	Molecular shape

	NH3
	5
	8
	3
	1
	

	CCl4
	4


	
	4
	0
	

	BeCl2
	2
	4
	2


	
	

	PF5

	
	10

	5
	
	


17.a)  Predict the type of bonding (non-polar covalent, polar covalent or ionic) between the 


following elements.


     i)  magnesium and sulphur      

     ii) oxygen and phosphorus      

     iii) nitrogen and nitrogen        

     iv) fluorine and oxygen           


b)  Justify, by reference to electronegativity values, your answers to i) and iv). 
18.
The boiling points of compounds depend on the intermolecular forces.

	Name
	Formula
	Molecular mass
	Boiling point (0C)

	butane


	CH3CH2CH2CH3
	
	- 0.5

	propanone


	CH3COCH3
	
	56



a)  Copy the table and calculate the molecular mass for each compound.
       


b)  Explain why the boiling points are different.


19.
The Group 5 hydrides are covalent compounds.

	Compound
	Enthalpy of formation/kJ mol-1
	Boiling point/K

	NH3

PH3

AsH3
	-46

+6

+172
	240

185

218



a)  What is the trend in stability of the group 5 hydrides?


b)  Explain why the boiling point of NH3 is higher than the boiling point of PH3  and AsH3.

20.The table below shows the boiling point, molecular mass and structure of the simplest alkanol, methanol, the simplest alkanoic acid, methanoic acid and the ester methyl methanoate which forms when the acid and the alkanol react together in a condensation reaction. 

a) Using molecular mass as the only criterion, use the boiling points of methanol and methanoic acid to predict the boiling point of methyl methanoate and put it in the table.




b)  The boiling point of the ester is in fact 320C. Explain in terms of the intermolecular forces why this value is so different from your prediction.

21.
The bar chart shows the melting points of chlorides of elements 3 to 20 (with no bars for 10, 15 and 18).



a)  Copy and complete this statement describing the pattern for these melting points related 


     to the Group number.


     In general as the Group number increases the melting point of the chloride ................

b)  Explain why no values are given for elements 10 and 18.


c)  From the bar chart, state which of the chlorides has the weakest forces between the 
     molecules.



      

d)  Predict a value for the melting point of the chloride of element 15.  

22.
Explain in terms of its structure and bonding why silicon carbide can be used to make stones for sharpening chisels and knives.

23.
Consider the substances:  potassium, bromine and potassium bromide.


a)  Construct a table to show the type of bonding, the structure, the solubility or reaction with water, the state at room temperature and the electrical conductivity of the three substances.


b)  Explain the solubility of potassium bromide in water in terms of its bonding.

24.
Lithium iodide is quite soluble in non-polar solvents e.g. white spirit (a mixture of hydrocarbons).


a)  What does this statement suggest about the type of bonding in lithium iodide?


b)  State, with an explanation, whether you would expect lithium fluoride to be more or less
     soluble than lithium iodide in non-polar solvents.

Oxidising and Reducing Agents
1. 
Which of the following is a redox reaction?


A  
 NaOH   +   HCl   (   NaCl   +   H2O


B
 Zn   +   2HCl       (   ZnCl2   +   H2

C 
 NiO   +   2HCl     (   NiCl2   +   H2O


D  
 CuCO3  +  2HCl  (   CuCl2  +  H2O + CO2
2. 
During a redox process in acid solution, iodate ions, IO3- (aq) , are converted into iodine, I2 (aq).

IO3- (aq)    (   I2 (aq)


The numbers of H+ (aq) and H2O(l) required to balance the ion-electron equation for the formation

Of 1 mol of I2(aq) are, respectively


A
6 and 3


B
3 and 6


C
12 and 6


D
6 and 12
3.
Iodide ions can be oxidised using acidified potassium permanganate solution. The equations are:


2I-(aq)  (  I2(aq)  +  2e-

MnO4-(aq)  +  8H+(aq)  +  5e-  (Mn2+(aq)  +  4H2O(l)


How many moles of iodide ions are oxidised by one mole of permanganate ions?


A
1.0


B
2.0


C
2.5



D
5.0

4.

What is the significance of the acronym ‘OILRIG’ when explaining a redox process.

5.

What is meant by a spectator ion?

6.

For the following displacement reactions write down the relevant ion-electron equations and use them to work out the redox equation.  Do not include the spectator ions.



(a) copper metal reacts with silver(I) nitrate solution to form copper (II) nitrate solution and 


         silver.



(b) chromium metal reacts with nickel (II) sulphate solution to form chromium (III) sulphate 



     solution and nickel.



(c) magnesium metal displaces aluminium from aluminium (III) oxide.



(d) copper is displaced from a solution of copper (II) sulphate by sodium metal.

7.

Give the names of two strong oxidising agents and give two uses of each.
8.

The ion-electron equations below represent the reduction and oxidation reactions which take 
place when an acidified solution of dichromate ions react with sulphite ions.



Cr2O72-(aq)  +  14H+(aq)  +  6e-

2Cr3+(aq)  +  7H2O(l)



SO32-(aq) +  H2O(l) 

SO42-(aq) +  2H+(aq) +  2e-



Write the REDOX equation for this reaction.
9.
Sulphur dioxide is added to wine as a preservative.   A mass of 20 to 40 mg of sulphur dioxide 
per litre of wine will safeguard the wine without affecting its taste.



(a) Describe clearly, with full experimental detail, how 0.05 mol l-1 iodine solution would be 
 
      diluted to give 250 cm3 of 0.005 mol l-1 solution.

(b) The equation for the reaction which takes place is:




SO2(aq)  +  I2(aq)  +  2H2O(l)   (   4H+(aq)  +  SO42-(aq)  +  2I-(aq)



(i) The indicator used in this reaction causes a change from blue to colourless at the 


     end point. Name a substance which could be used as this indicator.



(ii) Write the ion-electron equation for the reduction reaction taking place.

10.


(a) In acid solution, iodate ions, IO3-(aq), are readily converted into iodine.  Write an



       ion-electron equation for this half-reaction.




(b) Use the equation to explain whether the iodate ion is an oxidizing or a reducing agent.
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