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Activity 20:   Generating acid–base curves with a datalogger





Student worksheet














Questions


How could you improve the information that you get around equivalence?


Select a suitable indicator for each acid–base curve using the given data.


Why is it difficult to select an indicator for the weak acid/weak base curve?


Calculate the pH of a 0.075 mol dm–3 solution of sulfuric acid, assuming it to be fully ionised. 


A total of 25.0 cm3 of ammonia solution was added in small portions to 10.0 cm3 of 0.075 mol dm–3 sulfuric acid.  Equivalence occurred when 20.0 cm3 of ammonia solution had been added. Sketch a graph to show how the pH changed during this titration.











From the examiner 


Demonstrate skilful techniques.


Make and record measurements to an appropriate precision.


Analyse experimentally-derived results to reach valid conclusions.








Safety


Wear a lab coat and safety spectacles, tie long hair back.








Data/diagram


Indicators and their pH ranges:


Methyl orange: 3.2–4.2           Alizarin yellow: 10.1–13.0


Phenolphthalein:	8.2–10.0      Methyl red: 4.2–6.3


Bromophneol blue: 2.8–4.6    Bromothymol blue: 6.0–7.6


Bromocresol green: 3.8–5.4








Analysis of results


Write an equation for each titration.


Classify each curve according to the strengths of the acid and the base – e.g. HCl and NaOH is strong acid + strong base.


For each curve note the change in pH at equivalence (when the molar ratio of the acid to base is 1:1) – i.e. the pH at the lower and upper points of the steep rise.











Procedure


Set up the datalogger to read pH for a given volume of added base. Select manual sampling, then select: Keep data only when commanded, enter a keyboard value when data is kept and prompt for a value. (If your datalogger does not have this capacity you may have to record volume of added base separately.)


Pipette 25.0 cm3 of the 0.1 mol dm–3 hydrochloric acid solution into the small beaker.


Measure and record the pH of the acid using the pH electrode and the datalogger.


Add the following volumes of base (0.1 mol dm–3 sodium hydroxide solution). After each addition, stir the solution and record the pH of the solution and volume of base added. 


Volume of added base/cm3: 


5.0; 10.0; 15.0; 20.0; 22.0; 23.0; 24.0; 24.5; 25.0; 25.5; 26.0; 27.0; 28.0; 30.0; 35.0; and 40.0


Use the data collected and your datalogger to generate the pH curve for HCl and NaOH.  


Connect the datalogger to a computer and copy the data to Excel and use the data to plot and print the graph produced.


Repeat the exercise (1– 6) using the following combinations of acids and bases:


hydrochloric acid and ammonia solutions


ethanoic acid and sodium hydroxide solutions


ethanoic acid and ammonia solutions.








Equipment/materials


75 cm3 0.1 mol dm–3 hydrochloric acid solution (low hazard)


75 cm3 0.1 mol dm–3 ethanoic acid solution (low hazard)


100 cm3 0.1 mol dm–3 sodium hydroxide solution (irritant)


100 cm3 0.1 mol dm–3 ammonia solution (low hazard)


Datalogger and pH probe


Stand, clamp and boss for pH probe


Two 50 cm3 burettes


Two burette stands


Four 100 cm3 beakers


Glass rods


Distilled/deionised water


25 cm3 pipette and filler














Objective				


Be able to follow an acid–base titration by measuring the pH after the addition of various volumes of base to the acid.


Be able to collect the data using a datalogger and use the datalogger to generate a graph.
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