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EXPERIMENT  1	HYDROGEN BONDS.
This practical investigates the way in which hydrogen bonding influences physical properties such as the melting point, viscosity, and the volume change on mixing solutions.  In the second part it uses temperature change as a measure of the strength of these hydrogen bonds (i.e. the energy needed 
to break the bonds)
Materials	boiling tubes, thermometer, 50 mL measuring cylinder, 25 mL pipette, 
cyclohexane and methylated spirits, ethanol and ethyl ethanoate.
Method (Part A)
	Take equal volumes of water and cyclohexane in boiling tubes and mark the liquid levels.
	Solidify each one in a freezer and note the volumes of the solid compound.
	Warm each boiling tube in a water bath until 3/4 of the solid has melted.  
Carefully note any visible differences.
Questions
1.	a) Describe what you noticed during the melting process. 
	__________________________________________________________________________
	__________________________________________________________________________
b) Account for the difference in terms of the relative density of the solid and liquid samples.
Note that density is the mass of a given volume of substance OR the smaller the volume 
occupied by a given mass of substance, the greater is its density.
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
_______________________________________________________________________
2.	Discuss the observations above in terms of the intermolecular forces involved.
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
__________________________________________________________________________
Method (Part B)
	Measure 25mL of water into a 50 mL measuring cylinder.  Using a pipette add 25mL of 
water. Note the final volume in the measuring cylinder.
	Repeat using 25 mL of water in the cylinder and 25 mL of methylated spirits in the pipette.
	Final Volume Water + Water = ___________
	Final Volume Water + Methylated Spirits = ___________
Question
2. Account for the difference in total volumes by considering the different packing arrangements.
	__________________________________________________________________________
	__________________________________________________________________________

Method (Part C)
	2-chloropropan-1-ol boils at 133 0C.   	3-chloropropan-1-ol boils at 165 0C.
	Build molecular models of these structures.
Questions
4.	Draw the three-dimensional structures of these 2 compounds.






5.	Comment on the difference in boiling points of these 2 compounds in terms of intermolecular bonding (between molecules) and intramolecular bonding (within molecules).

	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
__________________________________________________________________________
Method (Part D)
	Draw the structures of glycerol (propan -1,2,3-triol), propan-1,2-diol,  and propan-1-ol.





	Make molecular models of each one.
	Predict which of these alcohols will have the greatest tendency to form intermolecular 
	hydrogen bonds in the liquid form.
	__________________________________________________________________________

	Test the viscosity of each of these alcohols by timing how long it takes to run 10 mL samples of each one through a burette.  
How does the difference in rate relate to the nature of the intermolecular forces?
	__________________________________________________________________________
	__________________________________________________________________________
	__________________________________________________________________________
__________________________________________________________________________
Question
6.	The boiling points (oC) of the 3 liquids are:
		propan-1-ol		 97
		propan-1,2-diol	214
		propan-1,2,3-triol	290
	What factors could contribute to the increasing boiling points within this series of alcohols?
	__________________________________________________________________________
	__________________________________________________________________________
Method (Part E)
1. 	Measure out 5 mL samples of ethanol and cyclohexane and record their temperatures below.  Mix the liquids and again record the temperature.

Temperature ethanol = _______		Temperature cyclohexane = _____
	Temperature after mixing = ____________
	Is heat energy evolved or absorbed? ___________________________
Does cyclohexane form hydrogen bonds? ______________
Does ethanol form hydrogen bonds? _______________
Mixing the 2 liquids causes a break in hydrogen bonds.  
How does this cause the observed temperature change?
	__________________________________________________________________________
	__________________________________________________________________________
__________________________________________________________________________
	__________________________________________________________________________

2.	Record the temperature of 5 mL samples of ethanol and ethyl ethanoate before and after mixing.
	Temperature ethanol = ______   Temperature ethyl ethanoate _____
	Temperature after mixing = _______________
	Is the process endothermic or exothermic? _________________
	Draw diagrams to show how an ethyl ethanoate can hydrogen bond with an ethanol molecule.





Explain the observed temperature change by considering the number of hydrogen bonds 
present in the mixture compared to the separate liquid components.
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________

EXPERIMENT 2 	.ENTHALPY OF A PHASE CHANGE

The specific heat capacity of any material gives the amount of heat energy (in Joules) that would need to be absorbed to raise the temperature of 1 gram of that material by 1oC (or 1K).
	eg. the specific heat capacity of water = 4.18 J g-1 oC-1
Thus if a given mass of water undergoes a known temperature change it is possible to measure the temperature difference and determine the amount of heat (in Joules) that has been gained or lost.

Materials:
beaker,  polystyrene cup,  ice,  thermometer,  measuring cylinder.

Part A:  Temperature Change on Mixing Hot and Cold Water.

Weigh out 100mL of cold water into a beaker and measure the temperature of the water.

		mass of cold water ,  m1  = ________

		Temperature, T1  = _________

Weigh 100 mL of hot water into a polystyrene cup (a calorimeter). 

		mass of hot water,  m2  =________

Measure the temperature of the hot water (T2).  

		Temperature of hot water, T2 = ________

Immediately add the cold water to the hot water and measure the final temperature (T).

		Temperature of cold plus hot water, T3  = ________

The heat energy gained by the cold water = 4.18 x m1  x  (T3 - T1)  = _________________

The heat energy lost by the hot water = 4.18 x m2 x  (T3 – T2)  = ______________________
						
Compare these two results and explain your findings.
	______________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________________________________________________


Part B:  Enthalpy of a Phase Change

Place 100 mL of hot water into the polystyrene cup and measure the mass

	Mass hot water and cup, m4  =  ____________

	Measure temperature of hot water, T4  = ___________

Add about 20g of ice.  Cover with a piece of cardboard  with a hole in the top. Stir well and note the temperature as soon as all the ice has melted.

	Final temperature, T5  =  ________

Remeasure the mass of the cup plus iced water, m5  = _________

	The mass of ice added, mice  = m5  -  m4 = _________________

Using these results calculate 
(i) the heat lost by the mass of hot water on cooling from its initial temperature, T4, to the final temperature, T5, (assume 100mL water = 100g)
		
= 4.18 x 100 x ( T4 - T5)  =  _____________________
	(ii) the heat gained by the ice in warming from 0oC to T5.
			= 4.18 x mice x (T5  - 0)   =  ____________________

Explain the difference between the heat lost by the hot water and the heat gained by the ice in terms of the 'latent heat of fusion'.
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
Questions:
1.	Define the term "enthalpy of fusion", (fusH ).
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

2.	From your results above calculate the enthalpy of fusion for water in kJ mol-1.


3.	Discuss any errors involved in this experiment.
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________


EXPERIMENT  3	HEAT OF COMBUSTION OF ALCOHOLS

Alcohols are useful fuels.  Both methanol and ethanol are used in many countries either as substitutes or extenders for petrol.  In this investigation you will be measuring experimentally the heats of combustions of the alcohols methanol, ethanol and propan-1-ol to determine which would be the best alternative to petrol which has a heat of combustion of about 48 kJ g-1.

Materials
Methanol, ethanol, propan-1-ol, measuring cylinder, thermometer
spirit burner, metal can /calorimeter, 	retort stand and clamp 
Method
1. Collect a spirit burner containing one of the alcohols and weigh it.
2. Clamp the metal can about 3 cm above the burner wick.
3. Pour 200 mL of water into the can and record its temperature.
4. Light the burner and heat the water with continuous stirring until the temperature has risen by about 30 oC. Extinguish the burner and record the highest temperature that the water reaches.

5. Measure the mass of the burner plus remaining alcohol.
6. Record all data in following table including results from other groups.

	Alcohol
	Initial 
Mass /g
	Final 
mass /g
	Mass 
burnt /g
	Amount 
burnt /mol

	Initial T
 /oC
	Final T
 /oC
	T
/oC
	q
/J
	H
/kJmol-1

	methanol
	
	
	
	
	
	
	
	
	

	ethanol
	
	
	
	
	
	
	
	
	

	propan-1-ol
	
	
	
	
	
	
	
	
	

	butan-1-ol
	
	
	
	
	
	
	
	
	

	pentan-1-ol
	
	
	
	
	
	
	
	
	



Calculations
1. Write balanced equations for the complete combustion of each of the three alcohols.
__________________________________________________________________
__________________________________________________________________

__________________________________________________________________
2. For each alcohol, calculate the energy (in kJ) absorbed by the water during combustion of the alcohol. Remember that 4.184 J of heat energy is required to heat 1 g (1 mL) of water by 1 oC .



3. For each alcohol, calculate the energy released per gram of fuel burnt.



4. For each alcohol, calculate the energy released in units of kJ mol-1. 

Questions
1. Compare the values obtained for heats of combustion of methanol, ethanol and propan-1-ol 
in kJ g-1.
a) On the basis of its heat of combustion, which alcohol would be the most suitable alternative 
fuel to petrol?  
_______________________________
b) Explain why it is more useful to compare the heats of combustion on the basis of  kJ g-1 
rather than as kJ mol-1.
_________________________________________________________________________
	_________________________________________________________________________
	_________________________________________________________________________
_________________________________________________________________________
c) What other factors  (apart from energy release per mass) may need to be considered when 
choosing a replacement fuel for petrol.
_________________________________________________________________________
_________________________________________________________________________
2. The heats of combustion for methanol, ethanol and propan-1-ol are 725, 1364 and 2201
kJ mol-1 respectively.  Explain why your experimental values may differ significantly from these. 

________________________________________________________________________________________________________________________________________________________
3. Graph the theoretical heats of combustion (as given in Q2 above) for each alcohol against the number of carbon atoms in each alcohol.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


4. Use your graph to estimate a value for the heat of combustion of butan-1-ol.  _______________
5. Give a possible reason for the trend shown in the graph above.
_______________________________________________________________________________

EXPERIMENT  4 	PREPARATION OF A CARBONYL COMPOUND

This experiment involves the preparation of an aldehyde (propanal) by the oxidation of the appropriate alcohol. Write the ion-electron equations for:

a) oxidation of the alcohol to the carbonyl compound

b)  reduction of the dichromate ion

c) the overall balanced equation for the redox reaction


Materials
quickfit distillation apparatus with dropping funnel, 10 mL measuring cylinders, 0.1 mol L–1  
potassium dichromate solution, propan-2-ol, propan-1-ol, 6M sulfuric acid, boiling chips.
Method
Carefully add 5mL of 6M sulfuric acid to a 50 mL distillation flask. Add 2 or 3 boiling chips.
Set up the distillation apparatus and place a mixture of 5 mL of alcohol and 20mL of the 0.1 mol L–1 
potassium dichromate solution in the separating funnel.
Why is the alcohol mixed with the oxidant prior to addition to the reaction vessel? 
_________________________________________________________________________________

Heat the acid in the flask until it is gently boiling, then turn the burner down low. 
Very slowly drip in the alcohol-dichromate mixture and quickly collect 5 mL of the distillate 
Link the colour change observed to the species involved in the reaction.
_________________________________________________________________________________
_________________________________________________________________________________
By considering the intermolecular forces and hence the relative boiling points of an alcohol and its oxidation product, explain why the product distils off as soon as it is formed.

_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
Why should propan-1-ol not be refluxed with the oxidising agent if the desired product is propanal.
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________

Using quick-fit apparatus
· In the boxes below draw a diagram showing how the quick-fit apparatus is assembled for each of the techniques of “reflux” and distillation. 
· For each method give a brief description of the purpose of each technique
Reflux

Purpose of refluxing:
										
			









Purpose of distillation:












   
   Distillation
EXPERIMENT  5	ALDEHYDES AND KETONES

This experiment will illustrate the difference between aldehydes and ketones by showing their 
different reactions towards oxidising agents.
Glucose						Sucrose

[image: ][image: ]				
Materials
test tubes, droppers, water bath, propanal, propanone, 40% w/v glucose solution, 0.1 mol L–1 potassium dichromate solution, 0.01 mol L–1 silver nitrate solution, 2 mol L–1 solutions of sulfuric acid, ammonia and sodium hydroxide, Benedict’s solution. 
	
Method	
1.	Ease of oxidation
	Compare the ease of oxidation of propanal, propanone (acetone) and glucose (a “reducing” sugar) by adding 5 drops of each substance in turn to a mixture of 2 drops of potassium dichromate solution and 10 drops of sulfuric acid. Warm carefully if necessary.
	Observations:
		propanal ________________________________________

		propanone __________________________________________

		glucose _______________________________________

	Write ion-electron half equations for any observed oxidations.



	Comment on your results:
	______________________________________________________________________

2.	Tollens reagent test for aldehydes (“silver mirror” test)
	Aldehydes are easily oxidised only requiring very mild conditions. The mild oxidant used here is Ag(NH3)2+, a complex ion used to keep Ag+ dissolved in basic solution. If the test is positive the reagent is reduced to silver metal which forms a mirror on the side of the test tube.

	Place 5 mL of aqueous silver nitrate in a clean test tube and add one drop of sodium hydroxide solution.
Record what happens: ______________________________________________________________________
	
	Add dilute ammonia until the precipitate just dissolves.
	Add 5 drops of the glucose solution and warm on a water bath below 60 oC for 10 minutes. 
	(Do not allow the solutions to stand for very long. Tip them into the bucket of soapy water in the fume hood when you have finished).
	Note: Glucose is a sugar which exists as a ring structure with attached alcohols but opens up to form an aldehyde chain.  

	Record observations after warming for 10 minutes:

	____________________________________________________________________


____________________________________________________________________
	
Write the half equation for the reduction of the silver ion, Ag+.
	______________________________________________________________________

Comment on your results.
	______________________________________________________________________
	______________________________________________________________________
3.	Benedict’s solution test
	Benedict’s solution contains complexed copper(II) ions.  It is made by dissolving copper(II) sulfate in a solution of sodium citrate (the citrate ion forming a complex with the Cu2+ ion and so 
	preventing precipitation of Cu(OH)2).
	In a test tube place 3mL of Benedict’s solution.  Add 10 drops of propanal.  
Heat the solution carefully by standing in a water bath for a few minutes. (If necessary you can heat the test tube diretly over a gentle flame but point away to wall and do not allow to boil.)
	Repeat for propanone (a ketone) and glucose (which contains an aldehyde group).
	Observations:
		propanal ___________________________________________

		propanone _________________________________________

		glucose ________________________________________

	Write an ion electron equation for the reduction of the copper(II) ion, Cu2+ to  a red precipitate of Cu2O (copper (I) oxide).

	Which of the compounds you have tested is most easily oxidised? (i.e. has the greatest reducing powers).
	_____________________________________________________________________________

	Draw the structural formula of each of the carbonyl compounds.




	Clearly describe how you would differentiate between an aldehyde and ketone.
	_____________________________________________________________________
	_____________________________________________________________________

EXPERIMENT  6	PREPARATION OF ESTERS
Carboxylic acids react with alcohols to form esters
		RCOOH    +     R'OH     [image: ]	  RCOOR'   +  H2O
Materials
test tubes, water bath, beaker, 0.1 mol L-1 Na2CO3 solution, conc. sulfuric acid, a selection of the following alcohols and acids, methanol, ethanol, propan-1-ol, 2-methylpropan-1-ol, pentan-1-ol, octan-1-ol, methanoic acid, ethanoic acid, propanoic acid, salicylic acid.

Method	
Mix 5 drops of ethanoic acid with 10 drops of ethanol in a test tube.  Then add 1 drop of concentrated sulfuric acid.  Heat the mixture in a test tube of near boiling water for 2 minutes.  Cool.  Add a little sodium carbonate solution to the reaction mixture in the test tube (until the solution stops fizzing). Pour the product into an evaporating basin and smell cautiously.
Record your observations, and write the equation for the reaction and name the product.
Observations: __________________________________________________________________
	
Equation for the reaction (use condensed structural formulae):

Name of product: ________________________________________
Why is the conc. sulfuric acid added?  ___________________________________________________________
What is the reason for adding the sodium carbonate solution?
	__________________________________________________________________________
Repeat the procedure for any other combinations from the acids and alcohols supplied. 
For each combination record the acid and alcohol used, describe the smell obtained, 
write the equation and name the product.

(i)  	Acid: ___________________  		Alcohol: _______________________

	Smell of product: ______________________  Name of product: _______________________

Equation for the reaction (use condensed structural formulae):



(ii)  	Acid: _____________________ Alcohol: _____________________

	Smell of product: ______________________  Name of product: _______________________

	Equation for the reaction (use condensed structural formulae):

						
(iii)  	Acid: _____________________ Alcohol: _____________________

	Smell of product: ______________________  Name of product: _______________________

	Equation for the reaction (use condensed structural formulae):



	Ester				Odour
           propyl methanoate                 apple
           ethyl ethanoate		fingernail polish remover
	methyl salicylate		oil of wintergreen (liniment)
	propyl salicylate                     mint
           2-methylpropyl ethanoate      cherry
	ethyl propanoate		pineapple
	pentyl propanoate                  apricot
	octyl methanoate		orange
pentyl pentanoate                  apple
propyl ethanoate		pear
	pentyl ethanoate		banana
           methyl pentanoate                 flowers



Questions
1. Explain briefly why esters are largely insoluble in water.
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
2. A separating funnel can be used to separate the desired ester from the aqueous solution. 
After the separation, some solid anhydrous calcium chloride is often added to the ester. 
What purpose does it serve?	
_________________________________________________________________________________________________________________________________________________________________

EXPERIMENT  7		ESTER HYDROLYSIS

Ester hydrolysis is the reverse reaction of esterification.  Methyl salicylate (oil of wintergreen) is a liquid ester well known for its characteristic odour and its use in liniments.  It can be hydrolysed to form salicylic acid (a white solid used to prepare aspirin) and methanol.




								    NaOH +  Na+     +   CH3OH
   +    H2O   		

								

	
methyl salicylate				            sodium salicylate	         methanol





	   HCl
	




	salicylate ion				 	    salicylic acid


NOTE:  The reaction is faster if aqueous NaOH solution is used instead of water. 
This produces methanol and the salicylate ion. 
When the reaction is complete the base can be neutralised by addition of conc acid. 
The salicylic acid will then precipitate out as it is insoluble in a slightly acidic solution.
Materials
methyl salicylate (oil of wintergreen), 2 mol L–1 NaOH, boiling chips, conc hydrochloric acid, 
litmus paper, quickfit for reflux
Method
· Place 2 mL of methyl salicylate in a distillation flask.  
· Add 25 mL of 2 mol L–1 sodium hydroxide solution and 2 or 3 boiling chips.
· Reflux the mixture gently for about 25 minutes by which time any oily drops of the ester should have disappeared.
· Cool the residual solution, then add conc hydrochloric acid drop-wise with constant stirring until 
      the solution is just acid to litmus. This causes the insoluble salicylic acid to precipitate out. 
· Filter off the crystals, wash with cold water and leave to dry.
Write an equation that explains the formation of the white precipitate as the conc HCl is added.


Exercises
The manufacture of soap is called a saponification reaction.  
It involves the alkaline hydrolysis of fat, a triester of glycerol.
1.	Draw the structure of a typical fat and circle the 3 ester functional groups.





3. Write an equation for the hydrolysis reaction that occurs in NaOH(aq).

EXPERIMENT  8	SOLUBILITY PRODUCT OF LEAD CHLORIDE

This experiment will determine the solubility product, Ks, of lead chloride by measuring the amount of lead chloride that dissolves to form a saturated solution,

Materials
lead chloride, ammonium sulfate, distilled water, acetone, measuring cylinder, conical flask, filter paper and funnel, balance.

Metho:  Forming a saturated solution of lead chloride
1.	Weigh out accurately, about 5 g of lead chloride and place it in 250 mL of distilled water in a 250 mL volumetric flask.

		Mass of lead chloride =  ________ g

2.	Stopper the flask, shake well and leave it for at least 24 hours.
3.	Weigh a piece of filter paper.  Shake the chloride solution and filter it through this paper.

		Mass of filter paper = ________ g

4.	Collect the filtrate and use it to make sure all the solid residue is transferred to the funnel by rinsing out the conical flask withsome of the filtrate. Wash the residue with some acetone then allow the filter paper and solid residue to drain and dry.

5.  	Weigh the dry filter paper and lead chloride residue.
		Mass of filter paper and PbCl2  = ________ g
	Mass of undissolved PbCl2  = ________ g
	   Mass of dissolved PbCl2	= ________ g
Calculations of solubility product, Ks
Write an equation for the dissolving of lead chloride in water.


From this equation write an expression for the solubility product of PbCl2.


Mass of PbCl2 dissolved = __________ g    	Molar mass of PbCl2	 =  __________ g mol-1

Moles of PbCl2 dissolved = __________ mol      Volume of solution = __________ L

Solubility of PbCl2 in g L–1 =      = ___________ g L–1

			
Solubility of PbCl2 in mol L–1  =      =  __________ mol L–1

Thus 	[Pb2+] =  __________ mol L-1  and  [Cl–]=  __________ mol L–1
			      
Ks   =  ____________

EXPERIMENT  9	THE COMMON ION EFFECT
This experiment investigates how the addition of a common ion shifts the position of equilibrium.
Materials
Boiling tube and stopper, conc. HCl, NaCl, NH4Cl, very dilute ammonia solution (0.01mol L–1),  
phenolphthalein, sodium ethanoate, 0.1 mol L–1 ethanoic acid, pH meter.
Method (Part A)
	Prepare 25 mL of a saturated solution of sodium chloride.  Pour 5 mL of this solution into a 
	boiling tube and add conc HCl drop by drop.
	What do you observe?________________________________________________________
	Write the equation for the equilibrium and the equilibrium constant expression.
	
 Kc = 	       
	Identify the common ion and describe how addition of this common ion affects the equilibrium.
	___________________________________________________________________________
	___________________________________________________________________________
Method (Part B)
	Add a few drops of phenolphthalein to about 10 mL of very dilute ammonia solution in a boiling 
	tube.  Add solid ammonium chloride, stopper and shake until a change is observed.
	What do you observe?________________________________________________________
	Write the equilibrium equation and equilibrium constant expression for this reaction.

Kc = 	
	Identify the common ion and describe how addition of this common ion affects the equilibrium.
	___________________________________________________________________________
	___________________________________________________________________________
Method (Part C)
	Measure the pH of a 0.1 mol L–1 solution of ethanoic acid.		pH = ___________
	Add solid sodium ethanoate, stopper and shake the boiling tube.
	Observations: ________________________________________________________________
	Retest the pH of the solution.		pH = ___________
	Write the equilibrium equation and equilibrium constant expression for this reaction.

Kc = 	
	How has the addition of sodium ethanoate affected this equilibrium?
___________________________________________________________________________

	Does the value of Kc change with the addition of a common ion?  Explain your answer.
___________________________________________________________________________
___________________________________________________________________________

EXPERIMENT  10	DISSOCIATION CONSTANT OF A WEAK ACID
When ethanoic acid is dissolved in water it dissociates according to the following equilibrium:
	CH3COOH(aq)   +   H2O(l)  [image: ]   H3O+(aq)   +   CH3COO–(aq)
From this equation we know that 	[H3O+(aq)]  =  [CH3COO– (aq)] and the value of both [H3O+(aq)]  
and [CH3COO–(aq)] can be calculated from the measured value of pH.
In addition, since CH3COOH is a weak acid it is reasonable to assume that the degree of dissociation into ions is very small ie the concentration of ethanoic acid in the solution is equal to the total concentration of glacial ethanoic acid dissolved.  
It is possible to calculate the dissociation constant Ka for ethanoic acid using the relationship

Ka =   
Materials
250 mL volumetric flask, 10 mL measuring cylinder, glacial ethanoic acid, pH meter.
Method
1.	Place about 50 mL of distilled water in a 250 mL volumetric flask and weigh it on a balance.
2. Use a measuring cylinder to add about 1 mL of glacial ethanoic acid into the flask and 
reweigh it.
	Mass of flask and water = _______ g     Mass of flask, water and ethanoic acid =_______ g
	Mass of ethanoic acid = __________ g

3. Make the solution up to 250 mL with distilled water, mix thoroughly and measure the pH of 
the solution using a pH meter or narrow range pH paper.
pH =  _______________________
Calculations
	     Molar mass ethanoic acid =_________ g mol-1   Mass ethanoic acid = _________ g

		     Moles ethanoic acid = _________ mol	Volume of diluted solution = ________
			c(CH3COOH)    =         = __________ mol L-1
From the pH measurement    [H3O+(aq)] = _________ mol L-1 and [CH3COO–(aq)] = ______ mol L-1
	[CH3COOH]  =  c(CH3COOH) -  [H3O+]   = _____________ mol L-1
Note: If [H3O+] is less than 1/100th the value c(CH3COOH) then this correction can be ignored. 
Substitute these measured values for concentrations into the expression above to calculate Ka

Ka (CH3COOH)  =  _______________   and pKa (CH3COOH)  =  _______________   
Questions
1.	By comparing the measured value of [H3O+(aq)] with the value of [CH3COOH(aq)], show that 
the degree of dissociation of ethanoic acid is very small.
	_________________________________________________________________________
	_________________________________________________________________________
2.	What is the literature value of the acid dissociation Ka for ethanoic acid?   Ka =    _________
3.	How does this compare with your experimentally determined value?  
Account for any difference.
EXPERIMENT  11	NATURE OF SPECIES IN SOLUTION

Data on various 0.1 mol L-1 solutions is presented in the table below.
For each solution, list in order, from largest to smallest concentration, all species present in the solution at equilibrium. Each list must include both H3O+ and OH- but H2O can be excluded (as 55 mol L-1 is very large).

Results
	Compound
	Solubility
	Conductivity
	pH

	NaCl
CH3COONa
CH3COOH
NaOH
CaCl2
NH3
Ca(OH)2
CaSO4
CH3CH2OH
NH4Cl
HCl
C6H12
	S
S
S
S
S
S
SS
SS
S
S
S
I
	SE
SE
WE
SE
SE
WE
SE
SE
NE
SE
SE
NE
	=7
>7
<7
>7
=7
>7
>7
=7
=7
<7
<7
=7



Solubility:	S = Soluble
		SS = Sparingly Soluble
		I = Insoluble

Conductivity:	NE = non electrolytes (i.e. don’t increase the conductivity of  distilled water)
		WE = weak electrolytes (i.e. slightly increase the conductivity of distilled water)
		SE = strong electrolytes (i.e. markedly increase the conductivity of distilled water)

NaCl		Species  

		Equation(s) 	


CH3COONa	Species  

		Equation(s) 	


CH3COOH	Species  

		Equation(s) 	


NaOH		Species  

		Equation(s) 	


CaCl2		Species  

		Equation(s) 


NH3		Species  

		Equation(s) 	


Ca(OH)2	Species  

		Equation(s) 

	
CaSO4		Species  

		Equation(s) 
	
CH3CH2OH	Species  

		Equation(s) 	

NH4Cl		Species  

		Equation(s)
 	
HCl		Species  

		Equation(s) 	

C6H12		Species  

Equation(s) 	

EXPERIMENT  12	ACID/BASE TITRATION CURVES

	A titration curve shows the change in pH as an alkaline solution is added to an acid (or vice-versa).
Materials
pipette (25 mL),  burette,  glass rod,  narrow range pH paper (or pH meter),  conical flask, 
Approx 0.1 mol L-1 solutions  of sodium hydroxide, ammonia, ethanoic acid and hydrochloric acid.
Method
1.	Fill a burette with 0.1mol L-1 NaOH.
2.	Pipette 25 mL of acid into a conical flask (or beaker if using a pH meter).
3.	Measure the pH (pH meter or using a thin glass rod to transfer 1 drop on to indicator paper).
4.	Rinse and dry the glass rod.  Add 2 mL base, swirl the flask and retest the pH.
5.	Continue the process, adding 2 mL aliquots between pH readings up to about 16 mL and then 1 mL aliquots until you have passed the equivalence point.  Continue until 25 mL of base has been added, recording your results in the next table.

6.	On the grid provided at the end of this experiment, plot a graph of pH (vertical axis) against the volume of base added.  Join the points with a smooth curve of best fit.

7.	Repeat steps 1 - 6 using 
	a) 25 mL of aqueous HCl in the conical flask and NaOH in the burette
b) 25 mL of 0.1mol L-  ammonia in the flask and aqueous HCl in  the burette.
	Plot on same graph but use a different colour for each titration
Results:
	CH3COOH with
	  HCl with
	0.1 mol L-1 NH3 with

	0.1 mol L-1 NaOH
	0.1 mol L-1 NaOH
	HCl

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Questions   (For the ethanoic acid/NaOH titration curve).
1.	What is the original pH of the acid?	pH = ______

2.	How many mL of base has been added at the equivalence point?	V (OH–) = ______ mL

3.	Given the concentration of the NaOH and the volumes of acid and base used calculate the concentration of the acid.


4. Name of salt formed in this neutralisation reaction.  _____________________________
5. What is the pH at the equivalence point? 	pH = _____
6. Explain why the pH at the equivalence point is not 7.
__________________________________________________________________________________________________________________________________________________
7. Calculate the concentration of the salt solution at the equivalence point.


8. Mark on the graph the region where the mixture is a buffer solution.
9. When the acid is exactly half-neutralised (i.e half-way to the equivalence point),  pH = pKa
	Use your titration curve to determine the pKa for ethanoic acid and compare it with the literature value.

	From titration curve pKa  = ____________	Literature value  pKa = ____________

Questions   (For the HCl/NaOH titration curve) 
1. Original pH of HCl  = __________  	V (NaOH) added at equivalence point = _________ mL
	Calculate the concentration of HCl = 
	
2. Name of salt formed in this neutralisation reaction.  _____________________________
3. What is the pH at the equivalence point?	pH = _____
Questions (For the NH3 /HCl titration curve) 
1. pH at the equivalence point = _________

2. Name of salt formed in this neutralisation reaction.  _____________________________
3. Explain why the pH at the equivalence point is not 7.
__________________________________________________________________________________________________________________________________________________
4. Mark on the graph the region where the mixture is a buffer solution.
5. When the NH3 is exactly half-neutralised (i.e half-way to the equivalence point),  pH = pKa
	Use your titration curve to determine the pKa for ammonium ion (the weak acid) and compare it with the literature value.

	From titration curve pKa  = ____________	Literature value  pKa = ____________
Consider the pH at the equivalence point in each of the above titrations and discuss the choice of 
indicator to be used in each case.  
__________________________________________________________________________________________________________________________________________________
_________________________________________________________________________

Optional  Predict how the shape of the curve would change if you diluted both solutions.


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



EXPERIMENT  13	BUFFER SOLUTIONS
A buffer solution is one that contains both a weak acid and its conjugate base.  
The presence of both these species means that the pH of the buffer solution does not change significantly when a strong acid or base is added.  
The buffering capacity of a solution depends on the concentration of the species present.
The buffer solutions to be investigated involve mixtures of ethanoic acid/sodium ethanoate and 
ammonia/ammonium chloride.  
Materials
1.0 mol L-1 solutions of   HCl,  CH3COONa,  NaCl
1.0 mol L-1 solutions of   HCl,  NaOH,  CH3COONa, CH3COOH,  NH3,  NH4Cl
pH meter, 2 burettes, two 10 mL measuring cylinders, dropper, two 100 mL beakers
Method
Part A 		Comparing NaCl and CH3COONa
1. Place 5 mL of 1.0 mol L-1 NaCl in one beaker and 5 mL of 1.0 mol L-1 CH3COONa in another. 
2. Measure the pH of each solution.
pH (NaCl) = ___________		pH (CH3COONa) = _______________
Explain the difference in pH of these two solutions in terms of the species present.  
Include a balanced equation to show why the pH is not 7.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. Drop by drop add 10 drops of 1.0 mol L-1 HCl to each solution, measuring the pH after each drop has been added. Record your results in the tables below.

	Sodium chloride solution
	
	Sodium ethanoate solution

	No of Drops
	pH
	
	No of Drops
	pH

	1
	
	
	1
	

	2
	
	
	2
	

	3
	
	
	3
	

	4
	
	
	4
	

	5
	
	
	5
	

	6
	
	
	6
	

	7
	
	
	7
	

	8
	
	
	8
	

	9
	
	
	9
	

	10
	
	
	10
	



Discuss the change in pH of these 2 solutions as the HCl was added.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________


Method (Part B)    Buffering ability of solutions of different concentrations
1. In a 250 mL beaker make up each of the mixtures as shown in the table below. 
2. Measure the pH of each solution as it is prepared and record the value in the table below.
3. Place a 10 mL portion of each solution into two separate 100 mL beakers.
4. To one beaker add 1 mL of 1.0 mol L-1 HCl, and to the other add 1 mL of 1.0 mol L-1 NaOH.
5. Mix well and measure the pH of the solution.  Record in the table below.
	Volume of CH3COOH
/mL
	Volume of CH3COONa
/mL
	pH of mixture
	pH after addition of HCl
	pH after addition of  NaOH

	19
	1
	
	
	

	16
	4
	
	
	

	10
	10
	
	
	

	4
	16
	
	
	

	1
	19
	
	
	

	
	
	
	
	

	Volume of 
NH3 /mL
	Volume of NH4Cl /mL
	pH of mixture
	pH after addition of HCl
	pH after addition of  NaOH

	19
	1
	
	
	

	16
	4
	
	
	

	10
	10
	
	
	

	4
	16
	
	
	

	1
	19
	
	
	



Discuss these results in terms of the buffering capability of the various solutions.  Consider which solutions are least affected by addition of either H3O+ or OH– and explain this in terms of the species present.  Include balanced equations where appropriate.

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________________________

 
NAMES, FORMULAE AND CHARGES 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+
	
	chlorite
	ClO2−

	copper(I)*, cuprous
	Cu+
	
	chromate
	CrO42−

	copper(II), cupric
	Cu2+
	
	cyanide
	CN−

	hydrogen
	H+
	
	dichromate
	Cr2O72−

	hydronium
	H3O+
	
	dihydrogen phosphate
	H2PO4−

	iron(II)*, ferrous
	Fe2+
	
	ethanoate, acetate
	CH3COO−

	iron(III), ferric
	Fe3+
	
	fluoride
	F−

	lead(II), plumbous
	Pb2+
	
	hydrogen carbonate, bicarbonate
	HCO3−

	lead(IV), plumbic
	Pb4+
	
	hydrogen sulfate, bisulfate 
	HSO4−

	lithium
	Li+
	
	hydrogen sulfide, bisulfide
	HS−

	magnesium
	Mg2+
	
	hydrogen sulfite, bisulfite
	HSO3−

	manganese(II), manganous
	Mn2+
	
	hydroxide
	OH−

	manganese(IV)
	Mn4+
	
	hypochlorite
	ClO−

	mercury(I)*, mercurous
	Hg+
	
	iodate
	IO3−

	mercury(II), mercuric
	Hg2+
	
	iodide
	I−

	potassium
	K+
	
	monohydrogen phosphate
	HPO42−

	silver
	Ag+
	
	nitrate
	NO3−

	sodium
	Na+
	
	nitrite
	NO2−

	tin(II)*, stannous
	Sn2+
	
	oxalate
	C2O42−

	tin(IV), stannic
	Sn4+
	
	oxide**
	O2−

	zinc
	Zn2+
	
	perchlorate
	ClO4−

	
	
	
	permanganate
	MnO4−

	
	
	
	phosphate
	PO43−

	*	Solutions oxidised by air.
	
	
	sulfate
	SO42−

	**	Not stable in aqueous solutions.
	
	
	sulfide
	S2−

	
	
	sulfite
	SO32−

	
	
	thiocyanate
	SCN−



2

10


26
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PERIODIC TABLE OF THE ELEMENTS

	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



image1.jpeg
L2 A
¢ A

%




image2.png
CH,OH

H o H CHZOOH H
OH H H HO
OH o CH,0H




image3.png
C=—0
2
H— C— OH
3
HO—C—H
4
H— C— OH
5
H— C— OH
6
CHZOH




image4.wmf

image5.wmf
C

C

C

C

C

C

C

H

H

O

H

H

H

O

O

-



image6.wmf
C

C

C

C

C

C

C

H

H

O

H

H

H

O

O

C

H

3




image7.wmf
C

C

C

C

C

C

C

H

H

O

H

H

H

O

O

H



image8.wmf
 -

33

3

[HO][CHCOO]

[CHCOOH]

x

+

  


oleObject5.bin

image9.png
Formulae for 91390: Demonstrate understanding of thermochemical
principles and the properties of particles and substances
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