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A Guide to Titration - RACI



A Guide to Titration prepared by Elaine Bergmann (FRACI CChem) on behalf of the Chemical Education Group of the Royal Australian Chemical Institute, Queensland Branch. This document supports the Queensland 2019 Senior Chemistry Syllabus and the Queensland Titration Competition. For demonstrations of the various techniques involved in Titration , see the links on the RACI website at Contents: 1 Basic Theory of acid -Base Titration 2 Rationale for procedures used in Titration 3 Pipette preparation and use 4 Burette preparation and use 5 Performing a Titration 6 Experiment: finding the concentration of a solution of acetic given a standard solution of HCl 7 Results Sheet 8 Calculations Appendix 1 Sources of Random and Systematic Errors in Titration Appendix 2 Worked example of uncertainty analysis for a single tit

7 6 Experiment Finding the concentration of a solution of acetic acid given a standard solution of HCl 6.1 Aim (i) to standardise a solution of NaOH by titrating it with a standard solution of hydrochloric acid (HCl) (ii) to use the standardised NaOH to find the concentration of a solution of acetic acid. 6.2 Risk Assessment
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    	Transcription of A Guide to Titration - RACI


        
    	1 A Guide to Titration prepared by Elaine Bergmann (FRACI CChem) on behalf of the Chemical Education Group of the Royal Australian Chemical Institute, Queensland Branch. This document supports the Queensland 2019 Senior Chemistry Syllabus and the Queensland Titration Competition. For demonstrations of the various techniques involved in Titration , see the links on the RACI website at Contents: 1 Basic Theory of acid -Base Titration 2 Rationale for procedures used in Titration 3 Pipette preparation and use 4 Burette preparation and use 5 Performing a Titration 6 Experiment.
2 Finding the concentration of a solution of acetic given a standard solution of HCl 7 Results Sheet 8 Calculations Appendix 1 Sources of Random and Systematic Errors in Titration Appendix 2 Worked example of uncertainty analysis for a single Titration Appendix 3 Worked example of uncertaintly analysis for replicate titrations. This document covers the technique of acid -base Titration . The specific skills relevant to this procedure are: proper use of a pipette and a burette ability to perform titrations with a high degree of accuracy and precision calculations and uncertainty analysis.
3 1. 1 Background Theory A Titration involves measuring the exact volume of a reagent solution (the titrant) that is required to react completely with another reagent in solution; it is an example of volumetric analysis. In this experiment, the analysis involves 2 neutralisation reactions: (i) between a solution of a strong acid (HCl) and a solution of a strong base (NaOH). (ii) between a solution of a weak acid (acetic acid CH3 COOH) and a solution of a strong base (NaOH). Equivalence Point, End Point and Choice of Indicator An acid -base Titration is complete when exactly the right amount of base has been added to react with all of the acid in the solution.
4 This point is referred to as the equivalence point. Often it is not possible to directly observe the equivalence point, and so a chemical (an indicator) is added to the reaction to signal the end of the reaction by a colour change. The indicator is an organic dye which changes colour depending on pH. Usually this colour change is very abrupt, taking place with the addition of only one drop of the titrant. This abrupt colour change is referred to as the end point. Each acid -base indicator changes colour over a specific pH range. The pH of the equivalence point depends on the nature of the acid and base being used in the Titration (as the graphs on p.)
5 3 indicate). A good indicator for a particular reaction is one which gives an end point (colour change) very close to the equivalence point. In the following analysis: (i) when NaOH (strong base) is added to HCl (strong acid ), the equivalence point occurs at a pH of 7 (as seen in ). (ii) when NaOH is added to acetic acid the equivalence point occurs at a pH of approximately 9. (as seen in ). Phenolphthalein is chosen as the indicator because: the colour change occurs over the pH range 10, and although this is slightly higher than the equivalence point for the HCl Titration , the volume of base added to change the pH from 7.
6 To is miniscule; and the end-point is very clear as the colour change is from colourless to pink good for beginning titrators. 2. Titration curves In each case, mol dm-3 ( ) base is being added to 50 mL of mol dm-3. ( ) acid . 1. Strong base added to strong acid 2. Strong base added to weak acid 2 Rationale for procedures used in Titration Titration is a procedure which a skilled practitioner can perform with a high degree of both precision and accuracy. For a simple acid -base Titration such as that in the accompanying experiment, experimental error is approximately When the recommended protocols are performed carefully, this level of accuracy can be achieved consistently.
7 The rinsing protocols ensure that the solutions being measured are the same as those supplied, neither contaminated nor diluted. In the hands of a competent titrator, correct pipette transfer method, correct use and reading of the burette, and timely recognition of the end-point ensure that volumes measured are precise and accurate. 3. 3 Pipette preparation and use Safety Note: Do not attempt to attach the pipette filler to a pipette until the teacher has demonstrated the correct procedure. A pipette is used to measure and deliver an accurately-known volume of solution.
8 The desired solution is drawn up into the pipette with a pipette filler. (Do NOT pipette by mouth.) Hold the pipette near the top and gently insert it into the bottom of the pipette filler. Moistening the top end of the pipette with a little water may make it easier to insert. When drawing liquid up into the pipette, always ensure that the tip is well below the liquid surface, in order to avoid sucking air and possibly contaminating the filler. The pipette must be rinsed thoroughly before it is used to measure and transfer the desired solution.
9 First it is rinsed internally with deionised water (3 small rinses). Then it must be rinsed 3. times with the solution to be pipetted, as follows: Transfer about 20mL of deionised water into a clean dry beaker and, using a pipette filler, draw a small amount (5mL) of water into the pipette. Remove the filler, then hold the pipette in a horizontal position, and roll it so that the rinse liquid contacts all parts of the internal walls of the pipette. Discard the rinse liquid. Repeat another 2 times with water, then 3 times with the solution to be pipetted.
10 Measuring and transferring a sample: Make sure that the flask to receive the pipetted liquid is close at hand (do not attempt to carry a filled pipette more than a few centimeters). 4. To fill the pipette, draw the solution up a centimeter or two above the mark using the pipette filler, and then wipe the lower part of the outside of the pipette with a clean tissue (to remove any droplets of solution adhering to the outside walls). Ensure that the calibration mark is held at eye level, and carefully release some solution (into a waste beaker) until the bottom of the meniscus just touches the mark.
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