Technician’s guide for Continuing Chemistry

Investigation 1.1 Redox reactions: some examples
This experiment gets students following instructions and making observations based on typical redox reactions some seen in Year 12 and some new in Year 13. They also revise writing ion-electron half equations and combining them to make full equations.
Equipment and chemicals required

(Unless otherwise stated solutions are approximately 0.1 mol L−1, while bench acids and bases are approximately 1.0 mol L−1.)
test tubes 





a few watch glasses or Petri dishes

droppers 





copper sulfate solution

iron powder





concentrated nitric acid

sodium hydroxide solution 



potassium permanganate solution
ethanol






6% hydrogen peroxide solution

iron(II) sulfate solution



oxalic acid solution
potassium thiocyanate solution


limewater
sodium hydrogen sulfite solution





Investigation 1.2 Redox reactions involving halogens
This experiment follows on from Investigation 1.1.

Equipment and chemicals required

(Unless otherwise stated solutions are approximately 0.1 mol L−1, while bench acids and bases are approximately 1.0 mol L−1.)
concentrated hydrochloric acid


lead(IV) oxide(s)



potassium iodide solution



starch solution




sodium thiosulfate solution



iodine solution




silver nitrate solution (0.01 mol L−1)


potassium iodate solution


sodium sulfite solution

Investigation 2.1 Preparation of standard iron(II) ammonium sulfate solution
This experiment enables students to revise their skills for making up standard solutions prior to volumetric analysis involving redox reagents.

Equipment and chemicals required

200 mL volumetric flask



iron(II) ammonium sulfate(s)

250 mL beaker




bench sulfuric acid



wash bottle/distilled water



filter funnel




stirring rod

Investigation 2.2 Standardisation of potassium permanganate solution
This experiment enables students to revise their skills of volumetric analysis using common oxidants and reductants using their standard solution from Inv 2.1.
Equipment and chemicals required

burette






iron(II) ammonium sulfate(aq)

pipette






potassium permanganate(aq)



pipette filler





bench sulfuric acid



clamp and stand




250 mL beaker


conical flasks





filter funnel




100 mL beaker




stirring rod

white tile or paper




wash bottle/distilled water

Investigation 2.3 Standardisation of potassium permanganate solution
This experiment enables students to refine their titration skills in a new situation.

Equipment and chemicals required

burette






oxalic acid(s)

pipette






potassium permanganate(aq)



pipette filler





bench sulfuric acid



clamp and stand




250 mL beaker



conical flasks





filter funnel




100 mL beaker




stirring rod

white tile or paper




heating pad

thermometer





wash bottle/distilled water

Investigation 2.4 Standardisation of sodium thiosulfate solution
This experiment enables students to use the standardised potassium permanganate to standardise sodium thiosulfate by combining 2 redox reactions. 

Equipment and chemicals required

burette






sodium thiosulfate (0.1 M)

pipette






potassium permanganate (0.02 M)

pipette filler





bench sulfuric acid



clamp and stand




10% potassium iodide solution

conical flasks





starch indicator solution

100 mL beaker




measuring cylinder

white tile or paper




250 mL beaker

filter funnel





wash bottle/distilled water

stirring rod
Investigation 2.5 Standardisation of sodium thiosulfate solution using potassium iodate
Iodine is not easy to prepare as a primary standard because of sublimation, so it is made during the reaction.

Equipment and chemicals required

burette






sodium thiosulfate (0.1 M)

pipette






potassium iodate(s)

pipette filler





bench sulfuric acid



clamp and stand




10% potassium iodide solution

conical flasks





starch indicator solution

100 mL beaker




measuring cylinder

white tile or paper




250 mL beaker

filter funnel





wash bottle/distilled water

stirring rod


Investigation 2.6 Analysis of copper
In this investigation Cu2+(aq) is reduced with iodide and the liberated iodine titrated with thiosulfate.

Equipment and chemicals required

burette






copper sulfate solution (provided)
pipette






sodium thiosulfate (0.1 M)

pipette filler





bench sulfuric acid



clamp and stand




10% potassium iodide solution

conical flasks





starch indicator solution

100 mL beaker




measuring cylinder

white tile or paper




250 mL beaker

filter funnel





wash bottle/distilled water

stirring rod


Investigation 3.1 Electrochemical cells 1
This investigation looks at the Daniell Cell.
Equipment and chemicals required

250 mL beakers




zinc sulfate solution (1 mol L−1) voltmeter and leads




copper sulfate solution (1 mol L−1)

salt bridge, or filter paper and KNO3(aq)

zinc electrode, copper electrode

Investigation 3.2 Electrochemical cells 2
This investigation looks at more cells.

Equipment and chemicals required

250 mL beakers




zinc sulfate solution (1 mol L−1) voltmeter and leads




copper sulfate solution (1 mol L−1)

magnesium sulfate solution (1 mol L−1)

zinc electrode, copper electrode

iron(II)/iron(III) solution (1 mol L−1)


magnesium electrode

I2/I− solution (1 mol L−1)



graphite electrode
Investigation 3.3 The lead-acid cell
This investigation looks at the cell that is used in typical car batteries.

Equipment and chemicals required

250 mL beaker




bench sulfuric acid 

voltmeter and leads




2 lead electrodes

DC power supply




1.5 V bulb and leads

Investigation 4.1 Heat and phase change
This investigation looks at temperature and phase changes.

Equipment and chemicals required

250 mL beaker




hot water

thermometer





ice

balance

Investigation 4.2 Heats of combustion
This investigation compares the heats of combustion of different alcohols.

Equipment and chemicals required

250 mL beaker




methanol, ethanol 

spirit burner





propan-1-ol, butan-1-ol

thermometer





clamp and stand

stopwatch

Investigation 4.3 Finding the enthalpy change for redox reactions
This investigation compares the ΔH values of reactions to their E° values.
Equipment and chemicals required

50 mL measuring cylinder



copper sulfate solution (0.4 mol L−1)
polystyrene cups




zinc powder, iron powder
thermometer





magnesium powder
Investigation 4.4 Hess’s Law: The law of heat summation
This investigation looks at Hess’s Law (law of conservation of energy).

Equipment and chemicals required

100 mL measuring cylinder


     
sodium hydroxide (1 mol L−1)

polystyrene cups




hydrochloric acid (1 mol L−1)
thermometer





sodium hydroxide pellets
Investigation 5.1 Transition metal chemistry 1: Manganese
This investigation looks at the different oxidation states of manganese.

Equipment and chemicals required

test tubes and rack


     

manganese sulfate solid

filter funnel and filter paper



manganese sulfate (0. 1 mol L−1)

conical flask





bench sodium hydroxide

potassium permanganate (0.01 mol L−1)

sodium hydrogen sulfite solution
Investigation 5.2 Transition metal chemistry 2: Vanadium
This investigation looks at the different oxidation states of vanadium.

Equipment and chemicals required

test tubes and rack


     

ammonium vanadate solid

250 mL conical flask




zinc powder

cotton wool





bench sulfuric acid

100 mL beakers




bench nitric acid

spatula

Investigation 6.1 Hydrogen bonding
This investigation looks at the effect hydrogen bonding has on boiling points.

Equipment and chemicals required

Book of data 
Investigation 7.1 Structure of Organic Molecules
This investigation looks at different organic molecules via models.

Equipment and chemicals required

Molecular models kit (Molymod or similar)
Investigation 8.1 Oxidation of alcohols
This investigation looks at the oxidation of 1°, 2° and 3° alcohols.

Equipment and chemicals required

test tubes and rack




ethanol

250 mL beaker and heating pad


propan-2-ol

or water bath





2-methylpropan-2-ol

bench sulfuric acid




potassium permanganate (aq)








potassium dichromate (aq)
Investigation 8.2 Reaction of alcohols with Lucas’ reagent
This investigation looks at the reaction of 1°, 2° and 3° alcohols with Lucas’ reagent.

Equipment and chemicals required

test tubes and rack




ethanol

Lucas’ reagent





propan-2-ol

dropper





2-methylpropan-2-ol

Investigation 8.3 Preparation of 2-chloro-2-methylprone
This investigation looks at the nucleophilic substitution of an alcohol to prepare an alkyl halide.

Equipment and chemicals required

measuring cylinders




2-methylpropan-2-ol 

separating funnel




concentrated hydrochloric acid

thermometer





sodium bicarbonate (aq)

distillation apparatus




anhydrous sodium sulfate

beaker
Investigation 8.4 Hydrolysis of haloalkanes (alkyl halides)
This investigation looks at the rate of hydrolysis of different alkyl halides.

Equipment and chemicals required

test tubes and rack




1-chlorobutane 

water bath





1-bromobutane  

thermometer





1-iodobutane 

ethanol






silver nitrate (0.01 mol L−1)

Investigation 8.5 Properties of amines
This investigation looks at the properties of amines and compares them to ammonia.

Equipment and chemicals required

test tubes and rack




ammonia solution 

red and blue litmus paper



ethylamine 
U I paper





other amines 

droppers





copper sulfate (aq)

Investigation 8.6 Reactions of aldehydes (alkanals) and ketones (alkanones)
This investigation compares the reactions of aldehydes and ketones.

Equipment and chemicals required

test tubes and rack




ethanal or other aldehyde 

water bath





propanone or other ketone 

Tollen’s reagent




potassium permanganate (aq)

Fehling’s solution 




potassium dichromate (aq)

bench sulfuric acid
Investigation 9.1 Reactions of acyl chlorides (Teacher demo)
This investigation looks at the reactions of the carboxylic acid derivatives – acid chlorides.

Equipment and chemicals required

dry test tubes and rack




ethanoyl chloride 

100 mL beaker




silver nitrate (0.01 mol L−1)
droppers





ethanol
0.880 ammonia
Investigation 9.2 Amide hydrolysis 
This investigation looks at the acid and alkaline hydrolysis of amides.

Equipment and chemicals required

test tubes and rack




ethanamide (s) 

droppers





dilute sulfuric acid

red and blue litmus paper



bench sodium hydroxide
Investigation 9.2 Identification of organic unknowns
This investigation looks at the identification of organic unknowns by carrying out a series of reactions to identify the various functional groups. Although the student instructions indicate that they will have 4 unknowns, W, X, Y and Z, there is nothing to stop you telling them that they could be 4 from the following 6 choices:
an amine; an aldehyde; a secondary alcohol; a ketone; a carboxylic acid; an ester; Whatever compounds you use, tell the students the actual names to pick from.

Equipment and chemicals required 
red and blue litmus paper
aqueous sodium carbonate

potassium dichromate (0.1 mol L–1)

copper sulfate solution (0.1 mol L–1)

silver nitrate solution (0.1 mol L–1)

sodium hydroxide solution (1 mol L–1)

ammonia solution (1 mol L–1)

sulfuric acid solution (1–2 mol L–1)
Lucas solution if available

heat source (hot plate or boiling water or 
Bunsen)

test tubes

droppers

unknown solutions as above
Investigation 9.4 Making an addition polymer: slime
This investigation looks at the making of a fascinating polymer – ‘slime’. Polyvinyl alcohol is available from info@conservationsupplies.co.nz.. A 100 g jar costs about $10. Alternatively, obtain water-soluble polyvinyl alcohol plastic bags from a medical supply company and cut the bags into 20 cm squares. 
Equipment and chemicals required

100 mL beaker




6% polyvinyl alcohol

stirring rod





4% borax solution

measuring cylinder




food colouring

Investigation 9.5 Making a condensation polymer: nylon 6:6
This investigation looks at the making of the copolymer nylon 6:6.

Equipment and chemicals required

100 mL beaker




adipyl chloride (5% in hexane)
measuring cylinder




1,6-diaminohexane (5%)
tweezers





paraffin wax
glass rod





hydrated sodium carbonate
Investigation 10.1 Determination of the solubility of barium hydroxide
This investigation determines the solubility of barium hydroxide by means of titration.

Equipment and chemicals required

conical flasks





barium hydroxide
measuring cylinder 100 mL



sulfuric acid (standardised)
filter funnel and paper




methyl orange indicator
pipette 10 mL







burette
Investigation 10.2 Solubility and solubility products
This investigation looks at the solubility of the silver halides.

Equipment and chemicals required

test tubes and rack




silver nitrate (0.01 mol L−1)
dilute ammonia solution



potassium chloride solution
conc. ammonia solution



potassium bromide solution


droppers





potassium iodide solution
Investigation 10.3 The common ion effect
This investigation looks at how a common ion affects the solubility of a compound.

Equipment and chemicals required

test tubes and rack




saturated sodium chloride solution
dropper





conc. hydrochloric acid

Investigation 11.1 Species in solution
This investigation looks at the species in different aqueous solutions and how this affects the pH of the solution.

Equipment and chemicals required

test tubes and rack




0.01 mol L−1 solutions of:
universal indicator solution



ammonium chloride

pH meter





sodium hydrogen carbonate 

droppers





sodium dihydrogen phosphate







sodium carbonate








sodium sulfite

Investigation 11.2 Determination of Ka and Kb
This investigation looks at the measurement of pH and how it is used to determine the acidity and basicity constants of weak acids and bases. 
Equipment and chemicals required

100 mL volumetric flasks



methanoic acid (1.0 mol L−1)
100 mL beakers




ammonia solution (1.0 mol L−1)
10 mL pipette





sodium carbonate (0.1 mol L−1)
borax buffer (pH = 9.18)



potassium hydrogen carbonate buffer (pH = 2.16)

Investigation 12.1 Buffer action
This investigation looks at how different solutions can resist the change in pH when acid or base is added. 

Equipment and chemicals required

100 mL beakers




distilled water



pH meter





hydrochloric acid (0.2 mol L−1)
100 mL measuring cylinder



sodium hydroxide (0.1 mol L−1)
1 mL pipette





hydrochloric acid (0.001 mol L−1)
2 mL pipette





sea water

ammonium chloride (0.1 mol L−1)


ammonia (0.1 mol L−1)

ethanoic acid (0.1 mol L−1)



sodium ethanoate (0.1 mol L−1)

Investigation 12.2 Titration curves
This investigation looks at how the pH of a solution changes during an acid-base reaction.

Equipment and chemicals required

100 mL beakers




sodium hydroxide (0.1 mol L−1)

20 mL pipette





ethanoic acid (0.1 mol L−1)

burette






hydrochloric acid (0.1 mol L−1)

pH meter

Investigation 13.1 A back titration
This investigation looks at how the technique of back titrating is used to determine the amount of calcium carbonate in Quick-Eze tablets.

Equipment and chemicals required

100 mL conical flasks




Quick-Eze tablets

20 mL pipette





sodium hydroxide (standardised)

burette






hydrochloric acid (standardised)

phenolphthalein

Investigation 13.2 Colorimetric analysis
This investigation looks at how the technique of colorimetry is used to determine the amount of copper in brass.

Equipment and chemicals required

100 mL volumetric flask



brass

20 mL pipette





conc. nitric acid

colorimeter





dil. sulfuric acid








copper sulfate (0.100 mol L−1)
