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[bookmark: _Toc130045650][bookmark: _Toc130045933]​ 1 Purpose 
 
During this experiment, the laboratory topic was titration which can also be called neutralisation. The aim for this was to identify the concentration of hydrochloric acid by using a standard solution of sodium hydroxide. This is displayed on figure 1 of what should be the result of the experiment. 
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Figure 1. Desired outcome of this experiment 
 
The main tasks for this experiment were to complete the experiment by producing a pink colour which will become apparent when the indicator of phenolphthalein. The phenolphthalein appears colourless in acidic solutions however, it appears pink in basic solution. Another aim for this procedure was to complete the experiment by producing the palest coloured pink possible. Personnel were to be careful with glassware in this experiment as this can be a health hazard(cuts) if it were to break and is expensive. Personnel were also advised to always wear safety goggles and a lab coat during the experiment as the HCL and NaOH is corrosive, and the indicator can stain. The experimenter should then conduct calculations based on the results recorded during the experiment to identify the moles solute, moles acid, moles base, moles of NaOH, moles of HCl and the molarity of HCl. 
 
 
[bookmark: _Toc130045934]2 Theory 
 
[bookmark: _Toc130045935]2.1 Basic Concepts of Titration 
 
Titration is a method in which a known solution is used to understand the concentration of an unidentified solution. Usually, the titrant is combined from a burette to a familiar sum of the analyte until the chemical reaction has finished [1]. The titration experiment is performed to neutralise a solution. Direct titration which was used during the experiment is the most basic titration and is used commonly. Direct titration consists of known concentration and volume being combined to a substance to analyse it [2]. The theoretical basis of all neutralisations is the law of equivalence. According to this law the completion of the titration experiment, the volume of the two titrants which have chemically reacted have the same number of equivalents and milli equivalents. [3] 
 
[bookmark: _Toc130045936]2.2 Definitions 
  
Titrant is a solution of an identified concentration, which is combined with another solution whose concentration is yet to be identified [4]. 
A standard solution is a solution of precisely known concentration arranged from a primary standard [5]. 
 Concentration is the amount of a substance [6].  
A solution is a liquid blend in which the secondary component is uniformly assigned within the primary component [7].  
An indicator is a substance can become apparent in two forms, a basic form, and an acidic form and these both differ in colour [8]. 
 
[bookmark: _Toc130045937]2.3 Chemical Equations and Formulas 
 
For this experiment the participants results should be recorded throughout the experiment which can be used for further analyses and calculations on the moles of the volume from the pipette, the moles of the standard solution, moles of the solute, moles acid, moles base and the volume acid and volume base. 
 
 To complete the moles volume of the HCl from the pipette a calculation of the standard base solution by the difference of the volume of initial burette reading and the final burette reading (nNaOH=MV), and the reading should be recorded in moles. 
 
 To identify the moles of the standard solution, the standard solution answer is equal to the moles of the volume of NaOH and therefore is the same (nNaOH=nHCl).  
 
To understand the molarity of the HCl in the pipette the moles of the solution should divide the number of moles of the solution with the volume which was originally in the pipette (MHCl=n/v).  
The moles solute should be calculated by multiplying the molarity by the volume of the pipette (n Solute= MV). 
 
 To calculate the moles acid the moles base should be multiplied by the volume base and divided by the volume acid (Moles acid=M B VB/VA).  
 
To determine the moles base, the Volume base should be multiplied by the moles base (MA=M B VB).  
 
[bookmark: _Toc130045938]2.4 Application 
 
Food processing organisations may use titration to identify the accurate amount of salt in a particular foodstuff [9]. Titration can also be used to identify the amount of contamination in natural rainwater or snow. Environmentalists normally use samples of rainwater and snow to undergo an analysis on them through titration. This does not require extortionate equipment and therefore makes it easier for environmentalists to carry out tests more frequently and in varied locations.[10] 
 
 
 
[bookmark: _Toc130045939]3 Chemicals and Equipment 
 
To perform this experiment and achieve complete this successfully an acid and an alkaline solution must be used as well as an indicator. The equipment used in this laboratory experiment was a pipette, burette, conical flask, funnel, clamp, waste beaker and some white paper. The chemicals used for this procedure were 100mL of standard NaOH, 100mL of HCl solution and a common indicator of phenolphthalein. The phenolphthalein will appear colourless in an acidic solution but will turn pink in a basic neutralised solution. The chemicals used should be kept in a labelled beaker. A 50mL burette should be used to measure the NaOH into and the pipette should be used to fill 25mL of a combination of HCl and phenolphthalein indictor.  
 
[bookmark: _Toc130045940]4 Procedure 
 
The first step of the procedure should consist of washing the equipment before use which allows for a reduced chance of contamination which may affect results. The pipette should be washed with a small volume of HCl which should then be discarded after words into the waste beaker. 
 
 After this the burette should then be cleaned with a small amount of NaOH which should also be emptied into the waste beaker. The funnel should then be washed by pouring a small amount of mL of NaOH into it. The conical flask should then be washed with a small amount of distilled water. The flask does not need to be dried as this does not affect the results of the experiment in any way.  
 
The second step of this experiment consists of Using a small funnel, the burette should be filled with the standard solution NaOH. The solution should then be run through the tap until the trough of the meniscus is in line with the zero level of the burette. In this process no air bubbles should be trapped. 
 
 For step three the initial reading of the burette should now be recorded and using the pipette filler 25mL of HCl should then be poured into the clean conical flask.  
 
Step four should consist of 3-4 drops of phenolphthalein being added to the flask with acid and should be swirled gently. 
 For step 5 use the tap of the burette run the NaOH solution into the conical flask, mixing thoroughly until the solution changes to the colour pink and the final reading of the trough of the meniscus on the burette should be recorded. Steps 2, 3 and 4 should be repeated for as many titrations as intended.  
 
However, each unique titration the NaOH should be run into the acid/ indicator mix until the volume of HCl is within 2 mL of what it is in the rough titration. 
 
 The base should then be run at a slower rate (dripping it slowly and whirling the solution in the flask around) so that the volume of HCL required can be read to neutralise the solution to one drip (0.05mL). An accurate reading should then within 0.05 and should be taken at the first colour change in the solution. The last step consists of repeating steps 6 and 7 until a satisfactory result is obtained. Two results which are obtained within 0.06 of each other and three results within 0.10 of each other.  
[bookmark: _Toc130045941]5 Observations and Data  
 
 
During this experiment it was recognised that the molarity of the standard base solution of NaOH was 0.1002 moles per litre. As seen on the titration data sheet, the volume of HCl in the beaker at the beginning of the procedure was 25mL. The initial burette reading from the first titration was 0mL and the final burette reading 17.1mL, therefore meaning the volume of NaOH is 17.1mL. In comparison, the second titrations initial burette reading was recorded as 17.1mL and the final burette reading 33.9mL, therefore meaning that the volume of NaOH in this titration was 16.8mL. In contrast to the prior two titrations the third and final titration of this procedure had an initial burette reading of 33.9 mL and the final burette reading of 50mL, this therefore produces a volume of NaOH of 16.1mL. The results of the experiment can are shown on the titration data sheet on figure 2. 
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Figure 2. Titration data sheet consisting of the results recorded from experiment.  
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[bookmark: _Toc130045943]6.1 Moles of HCl, Moles of NaOH and Molarity of HCL 
 
During this experiment, the results were recorded onto a titration data sheet. The number of Moles of NaOH was calculated by multiplying the molarity of the standard base which was 0.1002 moles per litre by the volume NaOH in litres which was 17.1x 10^-3 litres. The answer for this was 1.713 x10^-3 mols. Using the same method for the second titration the result for this was 1.683x10^-3 mols. In contrast by using the same method as both calculations previously mentioned the result was 1.613x10^-3 moles as shown in the titration results table (figure 2) and on the calculations sheet A (figure 3).  
 
nNaOH=CV  
nNaOH= 0.1002 x 17.1x10^-3 
nNaOH= 1.713x10^-3 mols  
 
The number of moles for HCl was calculated as the same number of moles as nNaOH=nHCl. This therefore meant that the number of moles of HCl for the first titration was 1.713x10^-3 mols. Therefore, by using the same method it was concluded that the result for the number of moles for HCl for the second titration was 1.683x10^-3 mols. In comparison to this, using the same method the result for the third titration was 1.613x10^-3 mols as shown in the titration results table (figure 2) and on the calculations sheet A (figure 3).  
 
nNaOH=nHCl 
NHCl= 1.713x10^-3 mols 
 
Furthermore, the molarity of moles of HCl was calculated by multiplying the number of moles for HCl divided by the volume of the HCl in litres. Therefore, the calculation recorded for the first titration was 1.713x10^-3 divided by 25x10^-3 and this came out as 6.853x10^-2 mols per litre. Furthermore, by using the same procedure the results of the molarity of the HCl for the second titration was 6.733x10^-2 mols er litre. In contrast, by using the same procedure the results of the molarity of the HCl for the third titration was 6.452x10^-2 moles per litre as shown in the titration results table (figure 2) and on the calculations sheet A (figure 3).  
C=N/V 
C=1.713x10^-3/25x10^-3 
C=6.853x10^-2mols per litre 
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Figure 2. Titration data sheet consisting of the results recorded from experiment. 
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Figure 3. Calculations produced for Moles of HCl, Moles of NaOH and the molarity of HCl.
 
 
[bookmark: _Toc130045944]6.2 Moles Solute, Moles Acid and Moles Base  
 
The calculations for the mole solute were already worked out for the three titrations in the previous calculations and therefore for the number of the moles of HCl and NaOH is equal to the moles solute. Therefore, for the first titration it was recorded as 1.713x10^-3 mols. Also, by using the same method the moles solute for the second titration was 1.683x10^-3 moles. In comparison to this the moles solute for the third titration was 1.613x10^-3 moles as shown on the calculations sheet B (figure 4). 
 
 
Number HCl/NaOH=Moles solute 
 
NHCl/NaOH=1.713x10^-3 
 
Therefore, Moles solute=1.713x10^-3 moles 
 
The moles base was already provided prior to the experiment and therefore was the same throughout the procedure. The value that was recorded for this was 0.1002 moles per litre and is also shown on the titration data sheet figure 2. 
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Figure 2. Titration data sheet consisting of the results recorded from experiment. 
 
The moles acid was calculated by multiplying the moles base by the volume base (Final volume subtracted by initial volume) and then divided by the Volume of HCl in litres. Therefore, to calculate the first titration 0.1002 was multiplied by 17.1x10^-3 and then divided by 25x10^-3. This managed to record a result of 0.06854 moles per litre. Also, by using the same procedure for the Moles acid for the second titration a result of 0.06733 mols per litre was recorded on the calculations sheet. Furthermore, on the third titration the moles acid calculation a result of 0.06453 moles per litre was found. This can be proof checked as the number of moles acid can be divided with the volume acid which is the volume of the HCl in litres. This should work out to the same answer as the moles acid previously calculated. This is   shown on the calculations sheet B figure 4, figure 5 and figure 6. 
 
 
MBVB=MAVA 
MA=MBxVB/VA 
MA=0.1002x17.1x10^-3/25x10^-3 
MA=0.06854 moles per litre 
 
MA=NA/VA 
MA=1.713x10^-3/25x10^-3 
MA= 0.06854 moles per litre 
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Figure 4. Calculations of moles solute, moles acid and moles base calculations for titration 1. 
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Figure 5. Calculations of moles solute, moles acid and moles base calculations for titration 2[image: ] 
 
Figure 6. Calculations of moles solute, moles acid and moles base calculations for titration 3 
 
 
 
 
[bookmark: _Toc130045945]7 Results and Discussion 
 
The results of this experiment showed that the aim seems to be completed as well as the main tasks. The experimenter was able to identify the concentration of solution of hydrochloric acid, using a standard solution of sodium hydroxide. The calculations that have been produced with the results of this experiment also appear to be correct and the concentration could be calculated with the results recorded from the experiment which was the aim of the experiment. One of the experimental errors that may have influenced this laboratory experiment could be due to human error. This is since the solution produced was a dark pale colour in all three titrations which suggests that the procedure for the second and third titrations was not adhered to adequately. During the second and third titrations the burette consisting of sodium hydroxide was to be run at a slower and more controlled rate which would reduce the risk of inputting excess amounts of sodium hydroxide into the beaker full of hydrochloric acid and phenolphthalein indicator. This would produce a darker and bolder pink colour instead of a pale pink colour which was the desired output. However, despite this it would still seem to show that neutralisation did occur during this procedure. A potential limitation of this experiment could be the accuracy reading of the burette which recorded the volume of the NaOH used in each of the titrations. The burette has a creates a meniscus shape when solution is inputted into it and therefore for accurate readings it is advised that participants read from the trough of the meniscus. This could be considered however, as by reading and recording from the trough of the meniscus there is more solution in the burette than is being recorded on the titration data sheet which could lead to unreliable results. 
 
 
[bookmark: _Toc130045946]8 Conclusion 
 
The purpose of this experiment was to identify the concentration of an acid solution by using an alkaline solution to neutralise the substance. Un this experiment the acid solution used was hydrochloric acid and the alkaline solution used was sodium hydroxide. An indicator of phenolphthalein was also used to make the solution appear pink at the equivalence point which shows the titration has occurred. During the experiment, the results recorded seem to show the concentration of the solution of HCL. This was done by calculating the number of moles of HCl, the number of moles of NaOH and the molarity of HCl. For future reference it should be acknowledged that the participants completing the experiment should understand and consolidate the procedure of the experiment prior to commencing. This would potentially lead to a paler pink coloured solution being produced and less of the hydrochloric acid being filtered into the experiment. 
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nNaOH=CV 
 
nNaOH=nHCl 
 
C=N/V 
 
Number HCl/NaOH=Moles solute 
 
MBVB=MAVA 
MA=MBxVB/VA 
 
MA=NA/VA 
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Figure 1. Desired outcome of this experiment 
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Figure 2. Titration data sheet consisting of the results recorded from experiment 
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Figure 3. Calculations produced for Moles of HCl, Moles of NaOH and the molarity of HCL 
 
[image: ] 
 
Figure 4. Calculations of moles solute, moles acid and moles base calculations for titration 1. 
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Figure 5. Calculations of moles solute, moles acid and moles base calculations for titration 2[image: ] 
 
Figure 6. Calculations of moles solute, moles acid and moles base calculations for titration 3 
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