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EXPERIMENT  1	    SHAPES OF MOLECULES
AIM
To investigate the shapes of molecules formed by the bonding of fluorine with atoms of the second row of the periodic table.

INTRODUCTION
A covalent bond is formed by the sharing of 2 electrons between 2 atoms.  These bonding electron pairs, as well as any non-bonding pairs on the central atom, repel each other so that they are as far apart as possible.  It is this repulsion that determines the shape of the molecule.  In order to decide the shape of a molecule it is important to draw the Lewis structure first so that the number of electron pairs around the central atom is known.
Lithium fluoride, LiF, is an ionic solid and the formula gives the ratio of Li+ and F– ions in the crystal.  Beryllium fluoride, BeF2, is a compound that sublimes at 800 oC.  The shapes of the fluorides of the remaining elements of Period 2 of the periodic table are determined in this practical. 

EQUIPMENT AND CHEMICALS
plasticene			toothpicks   (or Molymod sets)
INSTRUCTIONS
Part A	 Fluoride molecules of row 2
1. Boron trifluoride, BF3
	This molecule is unusual in that it does not obey the octet rule – it only has 6 electrons around 
	the central B atom in the molecule.
a) How many valence electrons in the BF3 molecule?  _____________
b) Draw the Lewis diagram of BF3.



c) What is the F-B-F bond angle in this molecule? ____________
d) Using the plasticene and toothpicks build a model of BF3 and draw the 3-D structure below.




e) What is the shape of this molecule?  _______________________  
2. Tetrafluoromethane, CF4
a) How many valence electrons in the CF4 molecule?  _____________
b) Draw the Lewis diagram of CF4.




c) Using the plasticene and toothpicks build a model of CF4 and draw the 3-D structure below.




d) What is the shape of this molecule?  _______________________  
e) What is the F-C-F bond angle in this molecule? ____________

Nitrogen fluoride, NF3
NF3 is a colourless gas with a boiling point of -129 oC.
f) How many valence electrons in the NF3 molecule?  _____________

g) Draw the Lewis diagram of NF3.




h) Using the plasticene and toothpicks build a model of NF3 and draw the 3-D structure below.



  
i) There are ____ bonding pairs of electrons and _____ non-bonding pairs on the central N atom.
j) What is the shape of this molecule?  _______________________  
k) What is the F-N-F bond angle in this molecule? ____________
3. Oxygen difluoride, OF2
OF2 is a gas at room temperature with a boiling point of -145 oC.
a) How many valence electrons in the OF2 molecule?  _____________
b) Draw the Lewis diagram of OF2.




c) Using the plasticene and toothpicks build a model of OF2 and draw the 3-dimensional structure below.




d) There are ____ bonding pairs of electrons and _____ non-bonding pairs on the central O atom.

e) What is the shape of this molecule?  _______________________  

f) What is the F-O-F bond angle in this molecule? ____________

4. Fluorine, F2
Fluorine is a highly reactive diatomic molecule.
a) Draw the Lewis diagram of F2.





b) What is the shape of the F2 molecule?  _________________________


Part B	  Other common molecules and ions
7.	Ammonia, NH3
a) How many valence electrons in the NH3 molecule?  _____________

b) Draw the Lewis diagram of NH3.



c) Draw the 3-dimensional structure below.




d) What is the shape of this molecule?  _______________________  
e) What is the H-N-H bond angle in this molecule? ____________

8.	Ammonium ion, NH4+
a) How many valence electrons in the NH4+ ion?  _____________

b) Draw the Lewis diagram of NH4+.  Note that as an ion the structure must be enclosed in square brackets with the charge outside [  ]+




c) Draw the 3-dimensional structure below.




d) What is the shape of this molecule?  _______________________  
e) What is the H-N-H bond angle in this molecule? ____________

For each of the above molecules (#1-7), state whether they are polar or non polar and justify your 
choice.
_____________________________________________________________________________________________________________________________________________________________
_____________________________________________________________________________________________________________________________________________________________
_____________________________________________________________________________________________________________________________________________________________
_____________________________________________________________________________________________________________________________________________________________
_____________________________________________________________________________________________________________________________________________________________
_____________________________________________________________________________________________________________________________________________________________

EXPERIMENT  2	    FORCES BETWEEN PARTICLES (Teacher demonstration)

AIM
To relate the melting point of a substance to the forces between its particles.

INTRODUCTION
When heat melts a solid, the kinetic energy gained overcomes the attractive forces between the particles. Molecular forces have weak attractive forces between the molecules, whereas covalent network and ionic solids have strong attractive forces (bonding forces) between the particles.
The purpose of this experiment is to compare the melting points of a number of solids and to use the results to deduce the relative strengths of the forces holding the particles together.

EQUIPMENT AND CHEMICALS
	sodium chloride,  NaCl
	sulfur,  S8
	camphor,  C10H16O

	iodine,  I2
	potassium iodide,  KI
	charcoal,  C

	silica,  SiO2
	large tin lid
	



INSTRUCTIONS
1. Arrange very small samples of crystals of each of the seven samples around the perimeter 
of the tin lid. Heat the centre of the lid, and look for evidence of melting and evaporating.  
2. Record observations for each, noting the order with which they change state.

	Substance
	order of melting
	Observations

	sodium chloride
	
	


	silica
	
	


	iodine
	
	


	naphthalene
	
	


	charcoal
	
	


	sulfur
	
	


	potassium iodide
	
	




2. Smell samples of naphthalene and sodium chloride. Record observations.

	Substance
	Smell

	camphor
	

	sodium chloride
	



QUESTIONS
1.	Will the melting point of a crystal be increased or decreased if the bonds between the particles are strengthened?

	____________________________________

2.	Fully discuss the results in table one in terms of the nature of the solids, the particles in these solids and the forces between them.  

	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
__________________________________________________________________________

3.	If a substance has a distinctive odour what does this suggest in terms of the strength of the attractive forces between the particles in the substance? 

	___________________________________________________________________________
	___________________________________________________________________________
	___________________________________________________________________________
	______________________________________________________________________________________________________________________________________________________

EXPERIMENT  3	      ELECTRICAL CONDUCTIVITY

AIM
To investigate the nature of substances in relation to electrical conductivity.

INTRODUCTION
It is known that a substance will conduct electricity if :
· it contains charged particles (ions, delocalised electrons).
· the charged particles are free to move.

EQUIPMENT AND CHEMICALS
	sodium chloride,  NaCl
	lead,  Pb
	wax pellets (hydrocarbons)

	water,  H2O
	acetone,  CH3COCH3
	sugar,  C12H22O11

	conductivity tester
	crucible
	aluminium foil,  Al

	beakers
	
	



INSTRUCTIONS
1.	Test the following for conductivity and record your results in the table below.
	Sample tested
	Conductivity

	water
	

	sodium chloride dissolved in water
	

	sugar dissolved in water
	

	acetone
	

	solid wax
	

	melted wax
	

	aluminium
	

	lead
	



QUESTIONS
1.	Explain the difference in conductivity between solutions of sodium chloride and sugar in water?

	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2.	Which pure substances were good electrical conductors?

	__________________________________________________________________________



3.	Would you expect molten sodium chloride to conduct? Explain.

	__________________________________________________________________________
	__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________

4.	Explain how metals conduct electricity.

	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________


EXPERIMENT  4   	    SOLUBILITY AND BONDING

To investigate the solubility of substances in relation to the polarity of the solvent.

INTRODUCTION
To dissolve a solid, its particles must be separated and dispersed throughout the solvent. The attractive forces between the solvent and the solid particles are greater than the attractive forces between the particles in the solid. Generally non-polar molecular solids dissolve in non-polar solvents, and ionic solids or polar molecular substances dissolve in polar solvents. When discussing the solubility of one molecular substance in another, a frequently used expression is “like dissolves like”.

EQUIPMENT AND CHEMICALS
	sodium chloride,  NaCl
	calcium carbonate, CaCO3
	test tubes

	copper sulfate,  CuSO4
	cyclohexane,  C6H12
	iodine,  I2

	droppers
	camphor, C10H16O
	glucose


INSTRUCTIONS
1.	Test the solids listed below for solubility in water by placing one or two crystals of each, in 2 mL of water and mixing thoroughly.
2.	Using dry test tubes, repeat using cyclohexane instead of water. 
Record observations in the table below.

	water as solvent
	cyclohexane as solvent

	Substance
	Observation
	Substance
	Observation

	sodium chloride
	
	sodium chloride
	

	calcium carbonate
	
	calcium carbonate
	

	copper sulfate
	
	copper sulfate
	

	camphor
	
	camphor
	

	iodine
	
	iodine
	

	glucose
	
	glucose
	



QUESTIONS
1.	Is iodine more soluble in water or cyclohexane? Explain.
	__________________________________________________________________________
	__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________

2.	Complete the sentences below using most, some or no to fill in the gaps.

	a) ________ ionic solids dissolve in water.
b) ________ molecular substances dissolve in water
	

	c) ________ giant molecular solids dissolve in water.



3. Complete the table by predicting the solubility’s of the substances based on their bond type and the nature of particles present in the solid
. 
	
	Solubility in

	Substance
	hexane (non-polar)
	water (polar)

	wax (a hydrocarbon)
	
	

	potassium chloride
	
	

	potassium permanganate
	
	

	graphite
	
	


















EXPERIMENT  5	   ENERGY CHANGES

AIM
To observe temperature changes which accompany most chemical reactions.

INTRODUCTION
Most chemical reactions are accompanied by a change in temperature. When heat is given out by a reaction, the temperature of the system (water, test tube, etc) rises. By the end of the reaction there has been a loss of energy by the reactants. This is an exothermic reaction. 

In an endothermic reaction, heat is absorbed and the temperature of the system drops. Using rH notation (where  means “the change in”, H means “the energy content” and the subscript r refers to “reaction”), an exothermic reaction has a negative rH value. We can include this in the equation.
eg when zinc is burned in oxygen heat energy is released. 
2Zn  +  O2	→   2ZnO   	rH is  negative

In this experiment you will note the temperature changes and interpret these in terms of rH notation.

EQUIPMENT AND CHEMICALS
	thermometer
	magnesium sulfate (anhydrous)
	magnesium ribbon

	barium hydroxide
	ammonium chloride
	copper sulfate (anhydrous)

	ammonium thiocyanate
	sodium hydroxide pellets
	hydrochloric acid (1 mol L-1)



INSTRUCTIONS
1.	In the following experiments hold the test tube in your hand to feel the temperature changes. For each reaction record observations (ie temperature changes, colour changes, dissolving).
a)	Place a spatula measure of anhydrous copper sulfate in a dry test tube and add 2 - 3 drops of water.

b) Place a spatula measure of barium hydroxide and a spatula measure of ammonium thiocyanate in a dry test tube and shake.

	reagents
	observations

	anhydrous copper sulfate and water
	

	barium hydroxide and ammonium thiocyanate
	



2.	Use a thermometer to record temperature changes in the following reactions. Place the solution/ liquid in the test tube and record its temperature. Add the second reagent and record temperature change in the table on the next page.

a)	Add 4 pellets of sodium hydroxide to 2 mL of water in a test tube.
b)	Add a spatula measure of ammonium chloride to 2 mL of water in a test tube.
c)	Add approximately 2 g of anhydrous magnesium sulfate to 2 mL of water in a test tube.
d)	Add a 1 cm strip of magnesium ribbon to 2 mL of dilute hydrochloric acid in a test tube.

RESULTS
	
reagents
	initial temp. /C
	final temp./ C
	temp. change/ C

	sodium hydroxide and water
	
	
	

	ammonium chloride and water
	
	
	

	anhydrous magnesium sulfate and water
	
	
	

	magnesium and hydrochloric acid
	
	
	



QUESTIONS
1.	Describe each of the following reactions as exothermic or endothermic.
	reagents
	exothermic or endothermic

	anhydrous copper sulfate and water
	

	barium hydroxide and ammonium thiocyanate
	



2. For each of the following reactions write an equation, state whether the reaction is endothermic or exothermic, and state whether rH is positive or negative.

	reagents
	equation
	exo / endo
	rH +/-

	sodium hydroxide and water
	
	
	

	ammonium chloride and water
	
	
	

	anhydrous magnesium sulfate and water
	
	
	

	magnesium and hydrochloric acid
	


	
	



3.	What factors would have an effect on the size of the temperature changes in these reactions?

_____________________________________________________________________________


EXPERIMENT  6	HEAT CHANGES IN CHEMICAL REACTIONS
Chemical reactions are accompanied by changes in the stored chemical potential energy, or enthalpy, (H) of the substances reacting.  
The change in heat energy, (q) produced by a certain amount of reactants can be calculated  by measuring the temperature change in a known amount of water. 
An exothermic reaction gives out heat energy (as kinetic energy) so the temperature of the products rises above the initial temperature.  An endothermic reaction absorbs heat  energy so the temperature of the products falls below the initial temperature.

EQUIPMENT AND CHEMICALS
1 polystyrene cup ( calorimeter),  8 g sodium hydroxide, thermometer. 
INSTRUCTIONS
1) Measure 100 g of water into a polystyrene cup and allow the water to come to room temperature. Measure the temperature and record in the table below.

2) Weigh out 2 g of solid sodium hydroxide. 
Note: 	Sodium hydroxide is corrosive and deliquescent.  
Do not spill any and do not leave the top off the container of sodium hydroxide.	
3)	Dissolve the sodium hydroxide in the water as quickly as possible with continuous stirring. Carefully observe the change in temperature and record the temperature when the maximum change has been attained.

4)	Repeat this procedure with	 (i)   4 g of sodium hydroxide in 100g of water
					(ii)  2 g of sodium hydroxide in 50g of water	
RESULTS	
The heat capacity of water, C, is 4.18 Jg–1 oC–1 so the heat change, q, can be calculated using the formula q = m x C x T where m is the mass of water in g and T is the temperature change in oC.

	Substance
	Mass water
	Initial Temp.
	Final Temp.
	T 
	Heat change q

	
	/ g
	/ oC
	/ oC
	/ oC
	/ Joules

	2g NaOH
	100
	
	
	
	

	4g NaOH
	100
	
	
	
	

	2g NaOH
	50
	
	
	
	



QUESTIONS
1) In terms of the bonds being broken and new bonds being made, explain why the above  reactions are exothermic. (You will need to consider the different ions present in the solution 
and the relative hydration of each ion).
	_________________________________________________________________________
	_________________________________________________________________________
	____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

2) Discuss what effect doubling the mass of solute, while keeping the mass of solvent the same, has on the observed temperature change of the solution.
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________
3) Discuss what effect halving the mass of solvent, while keeping the mass of solute the same, has on the observed temperature change of the solution.
____________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4) What effect would doubling the amount of solute have on the enthalpy change, rH?
	_________________________________________________________________________
	___________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________

EXPERIMENT  7		MODELS OF ORGANIC MOLECULES
Molecular models are often used by chemists to help their understanding of the shapes of molecules and the changes that occur in reactions. The shape of the molecule can determine the physical properties (eg. boiling point and solubility) and chemical properties (what and how reactions occur).
Using the MOLYMOD model kits
The following code should be used when constructing models:
	Atoms
	Colour of sphere

	hydrogen
	white

	carbon
	black

	oxygen
	red

	nitrogen
	blue

	halogen
	green



	Bonds
	Links

	single
	medium grey or purple

	double
	long grey

	triple
	long grey



It is best not to use the short white links which are used for space filling models.

INSTRUCTIONS
Part A.  	ALKANES
1.	For each of the given alkanes:
	i)  Make a model.
	ii)  Draw a diagram of the model.
	iii) Write a condensed structural formula of the molecule.
	iv) State the number of bonds each carbon atom has.
	v) Measure the angle between the bonds around the carbon atom

a) methane, CH4     (b) ethane, C2H6      (c) propane, C3H8
	
3-D Diagrams:
	 (a)				         (b)				(c)






Condensed structural formulae: 
	(a) ______________  		(b) _____________  		(c) _______________
	No. of atoms around each C atom:  ______________
	Angle between the bonds around the C atoms: __________

	With the model of C2H6 hold one of the carbon atoms firmly in one hand and try to rotate the other CH3  group.
	Is free rotation possible? ____________



2.  Structural isomers of C4H10
	a)  Take the propane model and replace one of the hydrogen atoms from an end carbon with a CH3 group, to form butane C4H10. This is a straight chain molecule.

	Draw a diagram of this model:







	b)  Take another propane model and replace a hydrogen atom from the central carbon atom with a
      -CH3  group.  This is a branched chain molecule.

	Draw a diagram of this model:



	


	How many C atoms in total in the straight chain molecule?  ________
	What is the maximum number of carbon atoms in the longest chain of the branched chain molecule?  ___________
	How many different ways are there of choosing the longest chain of your branched chain molecule?   ___________
	Give the systematic name of this branched molecule. ____________________________
3.  Structural Isomers of C5H12
	a)  Make a straight chain model of pentane C5H12.
	
	Draw a diagram of this model:







	
	b)  How many branched chain isomers of C5H12 can you make from this model?  _____

	Write condensed structural formulae for all of the branched chain isomers of pentane and name them.







Part B	ALKENES
	Alkenes are unsaturated hydrocarbons that contain a C=C double bond.

1.	 Structure and shape of ethene, C2H4
	Make a model of an ethene molecule by placing a double bond (using the long grey links) between two carbon atoms and attaching two hydrogen atoms to each carbon.
	Sketch a three dimensional picture of ethene:






What size are the H-C-H bond angles?  _______________

	What is the shape of the molecule?  __________________

	Draw the condensed structural formula of ethene:  
			

	Hold one carbon atom firmly and try to rotate the other CH2 group.
	What is the effect of the double bond on rotation? 
	_______________________________________________________

 2.	Geometric  Isomers (cis and trans) 
	a)   Remove one hydrogen atom from each carbon atom so that the non-bonded positions are diagonally opposite each other.  Place a chlorine atom on each free bond.

	What is the molecular formula of this compound?  ____________

	This compound is called 'trans' (across)1,2-dichloroethene.
	Draw a picture of your model:





	b)   Keep your first dichloroethene model and make another 1,2-dichloroethene with the chlorine atoms lying on the same side of the double bond (but still attached to different carbon atoms).  Keep this model.

	This compound is called  cis- 1,2-dichloroethene.
In the space below draw a picture of your model






c)  Try to rotate the trans isomer into the cis isomer.
	Is it possible to convert the trans isomer to the cis isomer by rotation (without breaking any bond)?
						
	A polar molecule contains at least one polar bond (a bond between carbon and an atom 
	other than carbon or hydrogen) and the polar bonds are not symmetrically placed.
	Which isomer of 1,2-dichloroethene is a polar molecule? Explain.
	_________________________________________________________________________
__________________________________________________________________________________________________________________________________________________

3. 	A structural isomer of C2H2Cl2
	Make a third isomer with two chlorine atoms attached to the same carbon atom.
	Draw a diagram of your model:





	Name this compound:  ____________________________
	Does this compound exist in cis and trans forms? _________________
	Is this isomer polar?  Explain. 
	__________________________________________________________________________________________________________________________________________________
	_________________________________________________________________________
4.	To each of the dichloroethene models in 2 and 3 add sufficient hydrogen atoms to saturate the compound.
How many different compounds are possible now?  _________________
Part C	ALKYNES
	Alkynes are unsaturated hydrocarbons that contain a CC triple bond.
1.	Make a model of ethyne C2H2
	Draw a diagram of your model:




	What size is the H-CC bond angle?  ___________________
	What shape is the molecule? _________________________
2.	Make models of the structural isomers of C4H6.  Draw diagrams of your models.




	

What is the difference between the shapes of these isomers?
	__________________________________________________________________________________________________________________________________________________
	Give the general formula for alkynes: _____________________

Part D   CYCLOALKANES
	Cycloalkanes are a series of hydrocarbons which contain a series of carbon atoms joined in a ring.
1. Join 5 carbon atoms into a ring. Add sufficient hydrogen atoms so that every carbon atom has 4 bonds.
	Draw a structural formula for your model.







	Estimate the size of the C-C-C bond angle. __________________

	Name the compound  ___________________________________

	What is the molecular formula? __________________________

2. Repeat 1 using 6 carbon atoms.

Draw a structural formula  of your model.








	Estimate the size of the C-C-C bond angles:  ________________

	Name the compound: ____________________________________

	What is the molecular formula of this compound?  __________

3.	Make and draw cyclopropane and cyclobutane








	Give the molecular formulae of these compounds: ___________

	Which of the cycloalkane molecules appears to have the most strain? _________________

	What is the general formula for the cycloalkanes? _______________

Compare the general formula of the cycloalkanes with that of the acyclic (straight chain) alkanes and alkenes.  Which series has the same general formula?  _________________________


EXPERIMENT  8	PROPERTIES OF ALKANES AND ALKENES

Alkenes are compounds that contain the C=C functional group which readily undergoes addition reactions with compounds such as bromine water.  Cyclohexane, C6H12, and cyclohexene, C6H10, 
are used to demonstrate the typical reactions of alkenes and alkanes.
Draw the condensed structural formula of cyclohexane and cyclohexene.






EQUIPMENT AND CHEMICALS
test tubes 				cyclohexane 			cyclohexene
bromine water		 		0.02 mol L–1 KMnO4		dilute sulfuric acid
INSTRUCTIONS
1.	Comparison of solubility (miscibility) and density
	a)  Place about 1 mL of cyclohexane in a test tube. Add water until the volume reaches about 3 mL.
	Which layer is the hydrocarbon? ________________________

	What does this tell you about the density of the cyclohexane compared to water?
	_________________________________________________________________________
	b)  Shake the mixture vigorously. Stand the test tube for a minute.
	Record and explain your observations after shaking:
	_________________________________________________________________________
	_________________________________________________________________________
	c)  Repeat the above steps using cyclohexene.
	Which layer is the hydrocarbon? _________________________

	What does this tell you about the density of the cyclohexene?
	_________________________________________________________________________
	What happens after shaking and why?
	_________________________________________________________________________
2.	Comparison of reaction with bromine water.
	a)  Place about 1mL of cyclohexane in a test tube.  Add 5-10 drops of bromine water.  Stopper the test tube and shake.
	Observations:_______________________________________________________________________________________________________________________________________

	b)  Repeat the above reaction using cyclohexene.
	Observations:
	__________________________________________________________________________________________________________________________________________________
	Write an equation for any reaction occurring. Give the name of the product/s.
3.	Comparison of the action of dilute potassium permanganate	
	a)  In separate test tubes place about 1mL of each hydrocarbon. Add 1 mL of dilute sulfuric acid to each test tube. Add 2-3 drops of 0.02 mol L–1 potassium permanganate.

	Clearly describe any observations made. __________________________________________________________________________________________________________________________________________________
_________________________________________________________________________

	b)  Repeat the above instructions but do not add any dilute sulfuric acid.
	Observations: _______________________________________________________________________
	_______________________________________________________________________

Possible reduction products of MnO4– (aq)  are:
		Mn2+(aq)  -   manganese(II) ion  (colourless)
		MnO2(s)   -     manganese dioxide (brown)
		MnO42–(aq)  - manganate ion (green)
Which of these ions forms in a)  acidic medium ___________  b)  neutral medium ____________

When the cyclohexene reacts with potassium permanganate a diol is formed.  
Draw the structural formula and name this diol.



EXPERIMENT  9	  PROPERTIES OF ALKYNES

AIM
To compare alkynes and alkenes.

INTRODUCTION
Alkynes are hydrocarbon compounds containing a carbon - carbon triple bond, C    C. The simplest and most important alkyne is ethyne (acetylene), C2H2. The reactions of alkynes are similar to those of alkenes. In these experiments ethyne will be prepared and reacted with the reagents that were used with alkenes.

EQUIPMENT AND CHEMICALS
	boiling tube
	cork and delivery tube
	250 mL beaker

	bromine water
	test tubes
	calcium carbide

	potassium permanganate (0.02 mol L-1)
	
	



INSTRUCTIONS
1.	Put water in a boiling tube (about 2 cm deep). Add calcium carbide to the water and cover with the cork and delivery tubing.
2.	Put about 2 mL of bromine water into a test tube. Bubble in the ethyne gas. Record observations.

______________________________________________________________________________

3.	Put about 1 mL of potassium permanganate solution into a test tube. Bubble in the ethyne gas. Record observations.

______________________________________________________________________________

4.	Collect a test tube of ethyne gas by water displacement. Burn the gas. Record observations.

______________________________________________________________________________

QUESTIONS
1.	Explain why the gas can be collected over water.

______________________________________________________________________________

2.	Write an equation for the reaction between calcium carbide and water.

______________________________________________________________________________

3.	Using structural formulae, write an equation for the reaction of ethyne with;
	(i) bromine water, and name the product.

______________________________________________________________________________
	
(ii) potassium permanganate solution.


______________________________________________________________________________

EXPERIMENT  10	       PREPARATION OF A HALOALKANE

The haloalkane 2-chloro-2-methylpropane is prepared by reacting 2-methylpropan-2-ol with concentrated hydrochloric acid - a reaction in which the -OH group is substituted by the chloride ion.

Write the equation for this reaction using condensed structural formulae for the alcohol and the haloalkane.


QUESTION
Is 2-methyl-2-propanol a primary, secondary or tertiary alcohol?  _________________
EQUIPMENT AND CHEMICALS
separating funnel 	distillation apparatus (quickfit) 	anhydrous sodium sulfate 
methylpropan-2-ol 	conc hydrochloric acid              1 mol L–1 sodium hydrogen carbonate solution.
INSTRUCTIONS
· Place 10 mL of 2-methylpropan-2-ol with 35 mL of conc. hydrochloric acid in a separating funnel with 4 g of anhydrous calcium chloride and shake for 10 minutes. (The use of a separating funnel will be demonstrated to you).
· After shaking allow the mixture to stand for a few minutes until the layers have separated. Run off the acid layer (how will you know which is the acid layer)?  
· Add, slowly, 10mL of the sodium hydrogen carbonate solution to the solution. 
· CAREFULLY shake, releasing the stopper frequently to allow the carbon dioxide to escape.
· Discard the aqueous layer. 
· Add 10 mL of 10% sodium chloride solution to the solution in the separating funnel. Run the haloalkane into a small beaker and add a few pieces of anhydrous calcium chloride. Swirl the solution until the halolakane solution is no longer cloudy.  If necessary add more anhydrous calcium chloride.
· Decant the haloalkane into a distillation flask and purify it by distillation, collect the fraction boiling at 49-51 oC (the boiling point of the haloalkane). 
[Your teacher may combine the samples from all groups and do this as a demonstration]

QUESTIONS
1.	What is the purpose of the addition of the sodium hydrogen carbonate?
	_______________________________________________________
	Write an equation for the reaction that occurs.
	_______________________________________________________
2.	What is the purpose of the addition of the anhydrous calcium chloride?
	_______________________________________________________
3. What two reagents would you use to prepare the iodoalkane with the formula (CH3)3I?  

________________________________________________________

4.	Write an equation for this preparation.

	_______________________________________________________

EXPERIMENT  11	   PROPERTIES OF ALCOHOLS
Alcohols are compounds that contain an -OH functional group.  Alcohols commonly undergo reactions involving either substitution or oxidation of the -OH functional group.  They also undergo elimination of water, (in the presence of concentrated sulfuric acid), in a reaction that is the reverse 
of addition and produces an alkene as the organic product.
In this experiment you will investigate the properties of some common alcohols.  
You will look at the way the reactions of the -OH group are modified by their environment and find 
out how to distinguish between primary (1o), secondary  (2o) and tertiary  (3o) alcohols.
Precautions:  Alcohols are highly flammable. Keep stock bottles well away from flames.  
Make sure you are wearing safety glasses.
EQUIPMENT AND CHEMICALS
semi-micro test tubes 		Bunsen burner 		water bath 
ethanol 				butan-1-ol, butan-2-ol  (or propan-1-ol and propan-2- ol) 
2-methylpropan-2-ol 			0.2 mol L-1   solutions of KMnO4  and K2Cr2O7, dilute H2SO4 
INSTRUCTIONS
1. 	COMBUSTION
	a)  Place one drop of ethanol on the end of a COLD spatula. Hold the edge of the spatula in the edge of a clean burning Bunsen flame.  When it ignites, move the spatula away from the Bunsen flame. Since the compound is saturated and one of the C atoms already has one 
	bond to oxygen, the flame tends to burn more cleanly (less yellow and less sooty).
	Write a balanced equation for the complete combustion of ethanol.
	______________________________________________________________________
2.	SOLUBILITY
	Determine the solubility of each alcohol provided by placing about 1mL of water in a test tube.  Add the alcohol being tested, drop by drop until the volume reaches about 2mL OR the alcohol no longer dissolves.  List the alcohols as soluble, partially soluble, or insoluble

	Alcohol
	Solubility

	
	

	
	

	
	

	
	



If a molecular substance is soluble in water what does that indicate about the polarity of the molecule?
____________________________________________________________________________

Describe the nature of the intermolecular bonding present in alcohols.  
____________________________________________________________________________
____________________________________________________________________________
Cyclohexane is less soluble than any of the alcohols used above.  Explain the reason for this.
____________________________________________________________________________
____________________________________________________________________________

3. ALCOHOLS AS REDUCTANTS (Extension: oxidation to aldehydes & ketones )
a)  Reaction with Potassium Dichromate   (Cr2O72–/ H+ )
	Place 5 drops of each alcohol in separate test tubes.
	Add 10 drops of dilute sulfuric acid followed by 2 drops of 0.02 mol L–1  potassium dichromate solution.  Shake.
	If there is no change stand in a water bath at around 60 0C  for 1-2 minutes only.  
Cautiously smell the product. Record your observations in the table below:

	Alcohol
	1o, 2o, 3o
	Observations

	
	
	

	
	
	

	
	
	

	
	
	



b)  Reaction with acidified potassium permanganate (KMnO4 / H+)
Use the method above with 0.02 mol L–1 potassium permanganate rather than dichromate
solution to investigate the reaction of permanganate ion with the alcohols.
	Discuss your observations, clearly linking any observations to the species involved.
__________________________________________________________________________________________________________________________________________________ _________________________________________________________________________
How would you distinguish primary, secondary and tertiary alcohols by this method?
	______________________________________________________________________
	______________________________________________________________________

QUESTION
1.	The action of potassium dichromate with ethanol is the basis for the breathalyser test.  
If alcohol is present the crystals turn blue/green.
	What is the blue/green colour due to? ________________________
	Write half equations for reaction of ethanol to ethanoic acid using acidified dichromate ions, then write a balanced net equation.
4. 
DATA EXERCISE  Boiling points of alcohols compared with alkanes
Alcohols
	 Compound
	Molar Mass
/g mol-1
	    B.P / oC

	CH3OH
	      32
	65

	CH3CH2OH
	
	78.5

	CH3(CH2)2OH
	
	98

	CH3(CH2)3OH
	
	118

	CH3(CH2)4OH
	
	138


Alkanes
	Compound
	Molar Mass
/g mol-1
	    B. P./ oC

	CH3CH3
	30
	-88.6

	CH3CH2CH3
	
	-44.5

	CH3(CH2)2CH3
	
	-0.5

	CH3(CH2)3CH3
	
	  36.1

	CH3(CH2)4CH3
	
	 68.7



a)  	Calculate the molar mass  (g mol–1) of each compound then using the same axes plot a graph of
		(i)   boiling point of alcohols against molar mass
		(ii)  boiling points of straight chain alkanes against molar mass.
b)  	Explain the trends of boiling points of the straight chain primary alcohols.
______________________________________________________________________
c) 	Compare the boiling points of alcohols with that of alkanes of similar molar mass.  
How can you account for any difference?
______________________________________________________________________
	______________________________________________________________________

d)	Place the boiling point of water on the alcohol graph.  Does water follow the general trend?  Offer an explanation for your answer.
	______________________________________________________________________


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



 




EXPERIMENT  12	   PROPERTIES OF ETHANOIC ACID (A CARBOXYLIC ACID)

AIM
To investigate the properties of ethanoic acid, a typical carboxylic acid.

INTRODUCTION
Carboxylic acids are organic acids. Some examples are ethanoic acid found in vinegar, lactic acid, tartaric acid, citric acid, stearic acid, and maleic acid.  

The structure of ethanoic acid is:



EQUIPMENT AND CHEMICALS
	test tubes
	boiling tube
	blue litmus paper

	magnesium ribbon pieces
	calcium carbonate chips
	ethanoic acid (2 mol L-1)



INSTRUCTIONS
1.	Test ethanoic acid with blue litmus paper. Record results.

______________________________________________________________________________

2.	Add 2 mL of ethanoic acid to a piece of magnesium ribbon in a test tube. Collect the gas and carry out the pop test. Record observations.

______________________________________________________________________________

3.	Add 2 mL of ethanoic acid to a piece of calcium carbonate in a boiling tube. 
      Use a delivery tube to bubble the gas through lime water. Record observations.

______________________________________________________________________________

4.	Carefully smell the carboxylic acid, and describe it’s smell.

______________________________________________________________________________


QUESTIONS
1.	Write an equation for the reaction of ethanoic acid with magnesium.

______________________________________________________________________________

2.	Write an equation for the reaction of ethanoic acid with calcium carbonate.

______________________________________________________________________________


EXPERIMENT  13	PROPERTIES OF AMINES.

This experiment looks at the properties of some primary amines and compares them with ammonia.

Caution:  All amines should be treated with care. They are strongly absorbed on wool and their 
odour can be obnoxious.
The amines to be used are aminomethane and aminoethane.
Draw the structural formulae of these amines and show how their formulae compare with that of ammonia.







EQUIPMENT AND CHEMICALS
test tubes		 	droppers 			glass rod	 	
2 mol L-1 ammonia 		aminomethane and aminoethane (10% aqueous solutions), 
1 mol L-1 copper (II) sulfate 	concentrated hydrochloric acid

INSTRUCTIONS
1.	Smell
	Cautiously smell the amine solutions provided and the ammonia solution.
	Describe the smells.
	______________________________________________________________________
	______________________________________________________________________
2.	Indicators
	Place a drop of each amine solution and the ammonia on to small pieces of red and blue 
	litmus paper. Repeat with universal indicator paper.
	Observations:
	______________________________________________________________________
	______________________________________________________________________
Write equations to show why the aqueous solutions of the amines and ammonia are basic.
	______________________________________________________________________
	______________________________________________________________________
	______________________________________________________________________

If possible, comment on the relative basic strength of amines relative to ammonia and place 
the 3 solutions in order of increasing basic strength.
	______________________________________________________________________
	______________________________________________________________________
______________________________________________________________________
3.	Salt Formation
	Hold a drop of conc. hydrochloric acid on a glass rod above 1mL of the amine solutions 
and the ammonia solution.  Describe what happens in each case
	______________________________________________________________________
	______________________________________________________________________

	
The product of the above reactions is a salt.
			RNH2  + HCl    	   	RNH3+ Cl–

Give the formulae and names of the salts formed with aminomethane and aminoethane.



4.	Complex Ion Formation
	To 2mL of copper sulfate solution in a test tube add ammonia solution drop-wise with
shaking. Repeat with each amine and compare results.
	Observations
	ammonia 	_______________________________________________

	aminomethane _________________________________________

	aminoethane 	___________________________________________

	Write the formulae for the complex ions formed when ammonia and the amines are added to copper sulfate solution.
	______________________________________________________________________

QUESTION
Would you expect longer chain (higher molar mass) amines to be more soluble in water or in hydrochloric acid?  Explain.
	______________________________________________________________________
	______________________________________________________________________




EXPERIMENT  14		RATES OF REACTION
AIM
To investigate factors that affect reaction rate.
EQUIPMENT AND CHEMICALS
	2molL-1 HCl
	5 x 1 cm Mg ribbon strips
	thermometer


INSTRUCTIONS
1. Set up 4 test tubes as in the results table below and obtain 5 equal length Mg strips.
2. Predict in which test-tube(s) the Mg ribbon will disappear first.  ___________________
3. Predict which test-tube(s) will cause the largest temperature increase  ________________
4. Add the correct number of Mg strips simultaneously to all test tubes.
5. Note the order of reaction completion (“fizzing” stops) and record the final temperature.
RESULTS
	Test tube
	Volume of 2 molL-1 HCl
	No. of strips of Mg
	Order of finish
	Highest temp / oC

	1
	6 mL
	1
	
	

	2
	6 mL
	2
	
	

	3
	3 mL
	1
	
	

	4
	3mL + 3mL water
	1
	
	


QUESTIONS
1. What factor that affects rate is being investigated. _________________________________
2. Did your results for the order of finish agree with your predictions. Discuss.
__________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________
3. Did your results for the highest final temperature agree with your prediction? Discuss
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. If the experiment was repeated with excess Mg predict which test-tube(s) would produce
(a) the most H2(g)  ____________________________
(b)  The least H2(g) _____________________________


EXPERIMENT  15		CHEMICAL EQUILIBRIUM (Teacher demonstration)

AIM
To introduce and develop the concept of chemical equilibrium using the reaction between Fe3+(aq) and SCN–(aq) to form the complex ion [FeSCN]2+(aq).

INTRODUCTION
Many chemical reactions do not go to completion (where all the reactants form products). Most reach a balance point where there are some reactants left in the reaction system as well as the products that have formed.

EQUIPMENT AND CHEMICALS
	overhead projector
	4 petri dishes
	100 mL beaker

	potassium thiocyanate (0.02 mol L-1)
	iron(III) nitrate (0.1 mol L-1)
	potassium thiocyanate solid

	sodium fluoride solid
	
	



INSTRUCTIONS
1.	To about 80 mL of potassium thiocyanate solution add about 1 mL of iron(III) nitrate solution so that a dark red solution is formed. Put this into four dishes on an overhead projector.

2.	Treat the four dishes as follows, in each case recording any observations in the table below.
a)	Leave one untouched. This is the control.
b)	To one add a few drops of iron(III) nitrate solution. 
c)	To one add a few crystals of potassium thiocyanate. 
d)	To one add a little sodium fluoride. 
(Fluoride ions react with the Fe3+ ions and remove them from solution). 

	Dish
	Treatment
	Observations

	1
	Dish left untouched
	

	2
	
	

	3
	
	

	4
	
	



2. Pour some of the original reference solution into a beaker and heat on a hot plate.
Note any colour change. _______________________________________________

QUESTIONS
1.	Write the equilibrium equation for the reaction that occurs when the complex ion is formed:

					
2. Chemical equilibrium exists when the ___________________ reaction and the ___________________ reaction are occurring at ______________ rates. 
3. 
Discuss the observations in the various dishes above in terms of the shift in this equilibrium.
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. (i) Use the colour change when the equilibrium mixture was heated to determine whether the reactants or products are favoured at higher temperatures. _______________________
(ii) Use this information and Le Chatelier’s principle to determine whether the forward reaction is exothermic or endothermic ________________________________
Justify your answer ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


EXPERIMENT  16                THE PAPER CLIP EQUILIBRIUM SIMULATION
[image: ]AIM

To study the change in rates of forward and reverse reactions as “concentration” changes under conditions of constant temperature and pressure  for the “reaction” A B.
INSTRUCTIONS
1. A starts with 40 paper clips and B starts with none.
2.  For each transfer, A hands over half of their total clips
     while B hands over only a quarter of theirs. 
     Round up numbers (e.g. 7.5 is 8 but 6.3 is 6).
3.  Record your results on the table below.
4.  Continue transferring until equilibrium is reached 
     i.e. when there is no change to the numbers of A or B for 3 consecutive transfers.
5. Calculate the equilibrium constant K= the ratio of products/reactants

	Simulation 1
	A
	B

	
	No of paper clips
	No transferred 
	No transferred
	No of paper clips

	Initial
	40
	
	
	0

	1st transfer
	
	 20
	0 
	

	Outcome
	20
	
	
	20

	2nd transfer
	
	
	
	

	Outcome
	
	
	
	

	3rd transfer
	
	
	
	

	Outcome
	
	
	
	

	4th transfer
	
	
	
	

	Outcome
	
	
	
	

	5th transfer
	
	
	
	

	Outcome
	
	
	
	



Equilibrium constant = products / reactants = no of B / no of A = 

6.  Repeat the previous instructions but this time B starts with 20 paper clips (A still starts with 40)
	Simulation 2
	A
	B

	
	No of paper clips
	No transferred 
	No transferred
	No of paper clips

	Initial
	40
	
	
	20

	1st transfer
	
	 20
	5 
	

	Outcome
	25
	
	
	35

	2nd transfer
	
	
	
	

	Outcome
	
	
	
	

	3rd transfer
	
	
	
	

	Outcome
	
	
	
	

	4th transfer
	
	
	
	

	Outcome
	
	
	
	

	5th transfer
	
	
	
	

	Outcome
	
	
	
	



Equilibrium constant = products / reactants = no of B/no of A = 
 

7.  Repeat the original instructions but this time A starts with 0 paper clips and B starts with 40.
	Simulation 3
	A
	B

	
	No of paper clips
	No transferred 
	No transferred
	No of paper clips

	Initial
	0
	
	
	40

	1st transfer
	
	0
	10 
	

	Outcome
	10
	
	
	30

	2nd transfer
	
	
	
	

	Outcome
	
	
	
	

	3rd transfer
	
	
	
	

	Outcome
	
	
	
	

	4th transfer
	
	
	
	

	Outcome
	
	
	
	

	5th transfer
	
	
	
	

	Outcome
	
	
	
	



Equilibrium constant = products / reactants = no of B/no of A = 

8.  Start from the end point of simulation 1, but remove 10 paperclips from B
	Simulation 4
	A
	B

	
	No of paper clips
	No transferred 
	No transferred
	No of paper clips

	simulation 1 end 
	13
	
	
	27

	Remove 10 B clips 
	13
	
	
	17

	1st transfer
	
	6.5 (7)
	4.25(4) 
	

	Outcome
	10
	
	
	20

	2nd transfer
	
	
	
	

	Outcome
	
	
	
	

	3rd transfer
	
	
	
	

	Outcome
	
	
	
	



Equilibrium constant = products / reactants = no of B/no of A = 

9.  Start from the end point of simulation 4, but add 5 paper clips to A
	Simulation 5
	A
	B

	
	No of paper clips
	No transferred 
	No transferred
	No of paper clips

	simulation 4  end
	10
	
	
	20

	Add 5 clips to A
	15
	
	
	20

	1st transfer
	
	7.5 (8)
	5 
	

	Outcome
	12
	
	
	23

	2nd transfer
	
	
	
	

	Outcome
	
	
	
	

	3rd transfer
	
	
	
	

	Outcome
	
	
	
	



Equilibrium constant = products / reactants = no of B/no of A = 

Comment on the final equilibrium constants for all 5 simulations. 

EXPERIMENT  17                THE EQUILIBRIUM GAME 
AIM

To study the change in rates of forward and reverse reactions as “concentration” changes under conditions of constant temperature and pressure  for the “reaction” A B.

EQUIPMENT AND CHEMICALS
	Two 25 mL measuring cylinders
	two straws of different diameters
	coloured dye



INSTRUCTIONS
Part A
1.	Label a 25 mL measuring cylinder, A, and fill it to the 25 mL mark with water to which has been add a few drops of coloured dye. (It is easier to read the meniscus if it is lightly coloured).

2.	Label a second 25 mL cylinder, B. Leave this one empty and place near A.

3.	Take 2 clean straws of different diameters. Place the larger diameter near cylinder A and the narrow diameter near cylinder B.

4.	Two students A and B, will simultaneously lower their straws into their respective cylinders without blocking the ends of the straws. When the straw reaches the bottom of the cylinder, each will place a thumb over the top of the straw and then carefully transfer the straw and its contents to the opposite cylinder and allow to drain. Record the volumes in each cylinder.

5.	Repeat step 4 until the volumes are no longer changing and equilibrium has been reached.

4. Plot a graph of volume against number of transfers, plotting both A and B volumes in different colours on the same axes. Join up the points with a smooth curve.

RESULTS
		number of transfers	
	volume of cylinder A / mL
	volume of cylinder B / mL

	0
1
2
3
4
5
6
7
8
       9 etc.







	
	



5. 

Calculate the value of the ratio  when the system is at equilibrium.  =  __________


Part B
1. Add 5 mL of water to measuring cylinder A and note the new volumes in both cylinders, A & B.
2. Continue to transfer samples between cylinders A and B using the same 2 straws as before.  After each transfer once again record the volumes in the table below.

3. Repeat step 2 (Part B) until the volumes are no longer changing and equilibrium has been reached.

4. Add this data to the graph of volume against number of transfers, continuing the plots of both A and B volumes in different colours on the same axes. Join up the points with a smooth curve.

RESULTS
	number of transfers
	volume of cylinder A / mL
	volume of cylinder B / mL

	0
1
2
3
4
5
6
7
8
       9 etc.







	
	



5. 

Calculate the value of the ratio  when the system is at equilibrium.   =  _________

QUESTIONS

Compare the values of the ratio  calculated in parts A and B.  




This ratio can be compared to an equilibrium constant K = 


What would you expect the value of the ratio  to be if:
1. We started the experiment with 12.5 mL in each of the two measuring cylinders?

2. We started the experiment with 25 mL in measuring cylinder B?

3. We repeated the very first experiment but swapped the two straws over?

 
EXPERIMENT  18		EQUILIBRIUM SYSTEMS
AIM
To study the effect of changes to systems at equilibrium.

EQUIPMENT AND CHEMICALS
	test tubes
	concentrated hydrochloric acid
	100 mL beaker

	Hot plate
	potassium chromate (0.1 mol L-1)
	potassium dichromate (0.1 mol L-1)

	cobalt chloride (0.1 mol L-1)
	hydrochloric acid (1 mol L-1)
	sodium hydroxide (1 mol L-1)

	copper sulfate (1 mol L-1)
	
	



INSTRUCTIONS
A.	 The chromate, CrO42– / dichromate Cr2O72– equilibrium.

Note:  	A solution of potassium chromate is coloured ____________ due to the CrO42–(aq) ion.
	    	A solution of potassium dichromate is coloured _____________ due to the Cr2O72–(aq) ion.

1.	Place 1 mL of potassium dichromate solution in a test tube and 1 mL of potassium chromate solution in another test tube. Add 1 mL of sodium hydroxide solution to each test tube.  In the table below note any colour changes that occur.

2.	Place 1 mL of potassium dichromate solution in a test tube and 1 mL of potassium chromate solution in another test tube. Add 1 mL of hydrochloric acid solution to each. Once again note any colour changes that occur.

RESULTS
1.	Complete the following table
	effect
	on CrO42–(aq).
	on Cr2O72–(aq).

	addition of OH–(aq)
	
	

	addition of H+(aq)
	
	


2.	Complete the following equation to represent this equilibrium system:

	2 CrO42–(aq)    +    ___________			Cr2O72–(aq).    +    ___________

3.	An increase in H+(aq) concentration causes more ________________ to be formed.
	An increase in OH- (aq) concentration (by adding sodium hydroxide) causes more  ________________ to be formed.


B.	Effect of concentration changes on a complex ion equilibrium.
	The equilibrium to be studied can be represented by the equation:

	[Cu(H2O)4] 2+    +    4Cl–		[CuCl4]2–    +    4H2O
	     blue					yellow

Colours of ions: [Cu(H2O)4] 2+ is ___________, Cl– is __________, [CuCl4]2– is ____________

If both [Cu(H2O)4] 2+ and [CuCl4]2– are present the colours mix and the solution appears __________
1.	Place 1 mL of copper sulfate solution in a test tube. Carefully add concentrated hydrochloric acid (a source of chloride ions) until you have added about 2 mL. 
Explain the colour changes observed in terms of the equilibrium above.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2.	Pour the contents of the test tube into a 100 mL beaker which is half full of water. 
Again explain the changes observed in terms of the equilibrium above.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

C.	Effect of temperature change on a complex ion equilibrium.
The equilibrium to be studied can be represented by the equation:

	[Co(H2O)6] 2+    +    4Cl–		[CoCl4]2–    +    6H2O
	pink					blue

1.	Place 1 mL of cobalt chloride solution in a test tube. Add concentrated HCl dropwise until the solution is coloured purple.  

2.	Warm the solution by placing in a hot water bath on a hot plate.  
Note the colour change that occurs on heating.  Using the observed results explain how you can identify whether the forward reaction is endothermic or exothermic.

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Notes: 
Heating a reaction which has reached equilibrium favours the ____________________  reaction.

Cooling a reaction which has reached equilibrium favours the ____________________ reaction.

EXPERIMENT  19		STRENGTH OF ACIDS

AIM
To examine the relative strengths of hydrochloric and ethanoic acids.

INTRODUCTION
The strength of an acid is a measure of the degree of dissociation of the acid into ions when in water.  Strong acids will dissociate completely into ions  eg the acid HCl	

HCl    +    H2O			 H3O+ (aq)    +    Cl–(aq)

Weak acids eg CH3COOH only dissociate to a small extent and the undissociated acid molecule is 
in equilibrium with the hydronium ion and the conjugate base.

		CH3COOH   +    H2O		H3O+ (aq)    +    CH3COO–(aq)

The weaker the acid the more the equilibrium favours the reactants, and the lower the concentration of H3O+.

EQUIPMENT AND CHEMICALS
	test tube rack/ test tubes
	100 mL beaker
	hydrochloric acid (6 mol L-1)

	hydrochloric acid (2 mol L-1)
	hydrochloric acid (1 mol L-1)
	ethanoic acid (6 mol L-1)

	ethanoic acid (2 mol L-1)
	magnesium ribbon
	marble chips

	pH meter
	conductivity tester
	



INSTRUCTIONS
Part A Rate of reaction
Place 5 test tubes in a rack. Place about 2 mL of the following solutions into the test tubes.
1.	6 mol L–1 HCl 	2.	2 mol L–1 HCl	3.	1 mol L–1 HCl
4.	6 mol L–1 ethanoic acid 	5.	2 mol L–1 ethanoic acid	
Place a small marble chip into each test tube. 
Note the relative rates of gas production in the table below.

RESULTS
	concentration of acid
	observations for hydrochloric acid
	observations for ethanoic acid

	6 mol L–1
	
	

	2 mol L–1
	
	

	1 mol L–1
	
	



QUESTIONS
1.	Write a balanced equation for the reaction occurring between:
a)	ethanoic acid and marble chips
_____________________________________________________________________________

b)	hydrochloric acid and marble chips
_____________________________________________________________________________


2.	Explain any differences in the reaction rate that you observed, clearly linking between the relevant reactions of the acids with water and the concentration of species present in solution.

__________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________
_____________________________________________________________________________
Part B 
Carry out the following tests using about 2 mL of 2 molL–1 ethanoic and hydrochloric acids in 
separate test tubes.
1.	Use a pH meter to record the pH of each acid.
2.	Test each acid with the conductivity tester and record the value for the conductance.
3. 	Add 1 cm of magnesium ribbon to each. Again record the relative rates of reaction below.
4.  	Dilute each acid about a thousand fold (to 0.002 molL–1) by adding 1 drop of new samples of each acid to about 30 mL of water. Determine the pH using a pH meter and record in the table.
RESULTS
	
	hydrochloric acid
	ethanoic acid

	pH 
	
	

	Conductivity
	
	

	Rate of reaction with Mg
	
	

	pH of diluted acid
	
	



QUESTIONS
1.	Write a balanced equation for the reaction occurring between:
a)	ethanoic acid and magnesium__________________________________________________
b)	hydrochloric acid and magnesium_______________________________________________

2. Explain the differences in the pH and the conductivity of the ethanoic acid and hydrochloric acid solutions, despite the fact they both have the same concentration.
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
3.  10 mL of 1.0 mol L-1 hydrochloric acid and 10 mL of 1.0 mol L-1 ethanoic acid reacted with 
sodium hydroxide solution. Which acid will require the greater quantity of sodium hydroxide for complete reaction? Explain.

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

EXPERIMENT  20             NATURE OF SPECIES IN AQUEOUS SOLUTION

This practical investigates the nature of species present in ionic and molecular solutions.

A soluble ionic solid produces a solution containing hydrated ions that is therefore able to conduct electricity – it is an electrolyte.   Some ionic solids are classed as sparingly soluble meaning that only a small amount will dissolve.  Although the solid appears to sit on the bottom of the test tube, the solution can be tested to see if any ions are present. Sometimes ions present in the aqueous solution of an ionic solid are also able to react with the water in an acid-base reaction and will therefore produce solutions with a pH greater or less than 7 (depending on whether the ion is a proton acceptor or proton donor).  Since solutions of ionic solids are generally strong electrolytes this additional acid-base reaction does not have much affect on the conductivity of the solution.

When a molecular compound dissolves the molecules may simply separate and form a solution containing no more ions than the original water.  Other molecules may be acidic or basic and will react with the water to produce solutions containing ions including either H3O+ or OH-.  The extent of this reaction will determine both the pH of the solution and also the conductivity.

EQUIPMENT AND CHEMICALS
Solids -  sodium chloride,  sodium ethanoate, sodium hydroxide, calcium chloride, calcium hydroxide, calcium sulfate, ammonium chloride

Liquids – cyclohexane, glacial (concentrated) ethanoic acid, ethanol

0.1 mol L-1 solutions of hydrochloric acid, ammonia, sodium hydroxide, barium nitrate (or barium chloride), sodium chloride,  sodium ethanoate, sodium hydroxide, calcium chloride, ammonium chloride, ethanoic acid, ethanol

test tubes 			pH meters 		conductivity testers
filter paper 			straw

INSTRUCTIONS
Part A		Solubility
1. Test small samples of the compounds listed in the following table to see if they can be classed as soluble, sparingly soluble or insoluble. 
Notes
· aqueous solutions of HCl and NH3 are formed by dissolving the respective gases in water – and are therefore classed as soluble molecular substances.
· solutions of CaSO4 and Ca(OH)2 must be tested according to instructions 2 and 3 (below) to check whether there are any ions present in the filtered solution.

	Compound
	Solubility
	
	Compound
	Solubility

	NaCl
	
	
	Ca(OH)2
	

	CaCl2
	
	
	CH3CH2OH
	

	CH3COONa
	
	
	NH4Cl
	

	CH3COOH
	
	
	CaSO4
	

	NaOH
	
	
	C6H12
	

	NH3
	soluble
	
	HCl
	soluble



2. 
Filter the contents of the test tube containing calcium sulfate and add a few drops of BaCl2 solution, Ba2+(aq), to the filtrate. 
Explain any observations in terms of the species involved.  Include an equation for any reaction occurring.
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. Filter the contents of the test tube containing calcium hydroxide and bubble CO2 into the 
filtrate (by blowing through a straw).
Explain any observations in terms of the species involved.  
Include an equation for any reaction occurring.
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Part B		Conductivity
1. Using the conductivity meter measure the electrical conductivity of pure water and of cyclohexane. Record the results in the table below.
2. Using the conductivity meter measure the electrical conductivity of the 0.1 mol L-1 solutions provided.  Record the values in the table below and class each substance as either a strong electrolyte (one that markedly increases conductivity compared to pure water), weak electrolyte or non electrolyte.

	Compound
	Conductivity
	Class of electrolyte
	
	Compound
	Conductivity
	Class of electrolyte

	water
	
	
	
	cyclohexane
	
	

	NaCl
	
	
	
	NH3
	
	

	CaCl2
	
	
	
	CH3CH2OH
	
	

	CH3COONa
	
	
	
	NH4Cl
	
	

	CH3COOH
	
	
	
	HCl
	
	

	NaOH
	
	
	
	
	
	


Discuss these conductivity results in terms of the species present in each of these 0.1 mol L-1 aqueous solutions.  Is there any evidence of species undergoing an acid-base reaction with water and hence increasing the concentration of ions present?  
______________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
Part C	    pH Investigation of solutions
Use the pH meters to measure the pH of each of the aqueous solutions provided.  Using these results list the solutions in each of the following categories:

	pH is less than 7 – solution is acidic
	

	pH = 7 – solution is neutral
	

	pH is greater than 7 – solution is basic
	



QUESTIONS
1. For each solution that does not have a pH of 7, write an equation to show why the pH has increased or decreased above or below 7.













  
2. For each of the 0.1 mol L-1 solutions list all of the species present in the solution from most concentrated to least concentrated. In each case both H3O+ and OH- must be included but water can be ignored as its nominal concentration of 55 molL-1 is much greater than anything else.














3. Which of the following solutions could have a pH=4 (depending on their concentration).
HCl, CH3COOH, H2O, NaOH and NH4Cl.
Justify your answer. 



NAMES and FORMULAE OF SOME COMMON IONS
	Positive ions (cations)
	
	Negative ions (anions)

	aluminium
	Al3+
	
	bromate
	BrO3-

	ammonium
	NH4+
	
	bromide
	Br-

	barium
	Ba2+
	
	carbonate
	CO32-

	calcium
	Ca2+
	
	chlorate
	ClO3-

	chromium(II), chromous
	Cr2+
	
	chloride
	Cl-

	chromium(III), chromic
	Cr3+
	
	chromate
	CrO42-

	copper(I)*, cuprous
	Cu+
	
	cyanide
	CN-

	copper(II), cupric
	Cu2+
	
	dichromate
	Cr2O72-

	hydrogen
	H+
	
	dihydrogen phosphate
	H2PO4-

	hydronium
	H3O+
	
	ethanoate, acetate
	CH3COO-

	iron(II)*, ferrous
	Fe2+
	
	fluoride
	F-

	iron(III), ferric
	Fe3+
	
	hydrogen carbonate, bicarbonate
	HCO3-

	lead(II), plumbous
	Pb2+
	
	hydrogen sulfate, bisulfate 
	HSO4-

	lead(IV), plumbic
	Pb4+
	
	hydrogen sulfide, bisulfide
	HS-

	lithium
	Li+
	
	hydrogen sulfite, bisulfite
	HSO3-

	magnesium
	Mg2+
	
	hydroxide
	OH-

	manganese(II), manganous
	Mn2+
	
	hypochlorite
	ClO-

	manganese(IV)
	Mn4+
	
	iodate
	IO3-

	mercury(I)*, mercurous
	Hg+
	
	iodide
	I-

	mercury(II), mercuric
	Hg2+
	
	monohydrogen phosphate
	HPO42-

	potassium
	K+
	
	nitrate
	NO3-

	silver
	Ag+
	
	nitrite
	NO2-

	sodium
	Na+
	
	oxalate
	C2O42-

	tin(II)*, stannous
	Sn2+
	
	oxide
	O2-

	tin(IV), stannic
	Sn4+
	
	perchlorate
	ClO4-

	zinc
	Zn2+
	
	permanganate
	MnO4-

	
	
	
	phosphate
	PO43-

	
	
	
	sulfate
	SO42-

	*	Aqueous solutions of Fe2+ are readily 
       oxidised by air to Fe3+.
	
	sulfide
	S2-

	
	
	sulfite
	SO32-


50
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	Atomic Number

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	18

	Atomic Mass


1
	

2
	
	
	
	
	1
H
1.0

	
	
	
	
	
	

13
	

14
	

15
	

16
	

17
	2
He
4.0

	3
Li
6.9
	4
Be
9.0
	
	
	
	
	
	
	
	
	
	
	5
B
10.8
	6
C
12.0
	7
N
14.0
	8
O
16.0
	9
F
19.0
	10
Ne
20.2

	11
Na
23.0
	12
Mg
24.3
	

3
	

4
	

5
	

6
	

7
	

8
	

9
	

10
	

11
	

12
	13
Al
27.0
	14
Si
28.1
	15
P
31.0
	16
S
32.1
	17
Cl
35.5
	18
Ar
40.0

	19
K
39.1
	20
Ca
40.1
	21
Sc
45.0
	22
Ti
47.9
	23
V
50.9
	24
Cr
52.0
	25
Mn
54.9
	26
Fe
55.9
	27
Co
58.9
	28
Ni
58.7
	29
Cu
63.5
	30
Zn
65.4
	31
Ga
69.7
	32
Ge
72.6
	33
As
74.9
	34
Se
79.0
	35
Br
79.9
	36
Kr
83.8

	37
Rb
85.5
	38
Sr
87.6
	39
Y
88.9
	40
Zr
91.2
	41
Nb
92.9
	42
Mo
95.9
	43
Tc
98.9
	44
Ru
101
	45
Rh
103
	46
Pd
106
	47
Ag
108
	48
Cd
112
	49
In
115
	50
Sn
119
	51
Sb
122
	52
Te
128
	53
I
127
	54
Xe
131

	55
Cs
133
	56
Ba
137
	71
Lu
175

	72
Hf
179
	73
Ta
181
	74
W
184
	75
Re
186
	76
Os
190
	77
Ir
192
	78
Pt
195
	79
Au
197
	80
Hg
201
	81
Tl
204
	82
Pb
207
	83
Bi
209
	84
Po
210
	85
At
210
	86
Rn
222

	87
Fr
223
	88
Ra
226
	103
Lr
262
	104
Rf
	105
Db
	106
Sg
	107
Bh
	108
Hs
	109
Mt
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Lanthanide Series
	57
La
139
	58
Ce
140
	59
Pr
141
	60
Nd
144
	61
Pm
147
	62
Sm
150
	63
Eu
152
	64
Gd
157
	65
Tb
159
	66
Dy
163
	67
Ho
165
	68
Er
167
	69
Tm
169
	70
Yb
173

	
Actinide Series
	89
Ac
227
	90
Th
232
	91
Pa
231
	92
U
238
	93
Np
237
	94
Pu
239
	95
Am
241
	96
Cm
247
	97
Bk
249
	98
Cf
251
	99
Es
254
	100
Fm
257
	101
Md
258
	102
No
255
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