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1 Introduction 

The purpose of this experiment is to determine the concentration of an unknown 

sample of hydrochloric acid (HCL), by adding an indicator and gradually adding 

a known concentration of standard solution, sodium hydroxide (NaOH), until the 

indicator reaches the endpoint and changes colour, indicating the equivalence 

point in which the mixed solution is neutralized. This is method is known as 

titration.  

This method is repeated 3 times with an expectation that each time the amount 

of NaOH added should be roughly the same, giving a consistent result in 

concentration when calculated. 

This will identify the concentration to an accurate figure, as it is expected that the 

results will be roughly the same, to a level. 

The dependant variable in this experiment is the amount of standard solution 

added to the unknown, which can be translated into concentration using the 

following equations: 

M = n/V 

Equation 1 - Calculating Molarity 

MAVA = MBVB 

Equation 2 - Balance of Molarity and Volume 

Where: 

n is the number of moles within a substance 

M is molarity of a substance 

V is volume of a substance 

A and B are representative of the unknown and standard solutions respectively.
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2 Results 

The results of the experiment were recorded in the table below: 

TITRATION DATA SHEET 

Molarity of the standard base solution: M NaOH = 0.09977 mol/L  
 

FLASK 1 (rough titration) 2 3 (different batch) 

V HCl (mL)  

from pipette 

25 25 25 

Initial burette 

reading  

0.10 16.80 24.70 

Final burette 

reading 

16.75 33.80 42.15 

V NaOH (mL)  

 

16.65 17.00 17.45 

Moles of NaOH 

 

1.661x10-3 1.696 x10-3 1.741 x10-3 

Moles of HCl 

 

1.661x10-3 1.696 x10-3 1.741 x10-3 

Molarity of HCl 

 

0.0664 0.0678 0.0696 

Table 1 - Titration Data Sheet Results 

The molarity of HCl was calculated by multiplying the molarity of the standard 

base solution of NaOH with the volume used to find the equivalence point, then 

dividing the result by the initial volume of the HCl, represented in Equation 2.  
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The number of moles for both solutions was calculated by dividing the molarity 

by the volume, represented in equation 1. 

The key findings in this data sheet are that the molarity of HCl is roughly 

0.067mol/L. The pattern observed is that the molarity of the HCL is consistently 

±0.002mol/L.
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3 Discussion 

3.1 Significance of results 

The results recorded allow us to accurately calculate the molarity of an unknown 

substance, which can be used to calculate the number of moles within a 

substance and understand its composition and purity better.[1] 

3.2 Relevance of Titration to OME 

Within the OME sector, according to Turk.J.Chem’s paper on ‘Development and 

validation of a new RP-HPLC method for organic explosive compounds’, 

referencing Roy.D.Sarson’s paper on ‘Analysis of Explosives By Nonaqueous 

Titration’, a method known as Nonaqueous Titration can be used to rapidly 

analyse and ‘determine the concentrations of organic explosive materials 

including PETN, TNT, picric acid, HMX, RDX, Tetryl, DNT, EGDN and TNG’[2,3]. 

In ‘Analysis of Explosives by Nonaqueous Titration’ it states that whilst this 

method is particularly effective, especially for precision, some of the past 

equipment such as a nitrometer was ‘particularly cumbersome and requires 

maintenance’, therefore was superseded by another method known as ‘the 

titaneous chloride method’. 

3.3 Limitations and possible sources of error 

Limitations of this experiment are that it can only give you a rough idea of the 

molarity of a substance, as it cannot precisely identify the endpoint. Sources of 

error could include human errors such as misjudging the colour of the indicator 

near the end point, misreading the volume due to refraction of light through the 

meniscus as well as the line of sight in which the meniscus was read, and using 

potentially contaminated solutions could skew the results [4]. Within this 

experiment it could also be assumed that the exact volume of HCl within the 

mixture was not measured as accurately as possible, as a graduated cylinder 

was used to measure it out, rather than something more accurate. Another source 

of error was that there were different batches of HCL used between titrations 2 

and 3, due to lack of availability of the original batch. 
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4 Conclusions 

4.1 Summary and Evaluation 

This experiment identified a rough level of concentration of an unknown 

substance down to 0.001mol/L. This supports the hypothesis that the 

concentration of unknown substance would be calculated consistently. 

4.2 Directions for Future Research 

If this experiment were to be conducted again, a possible improvement could be 

to include the weight of the substances and measure the change in weight, as 

that would allow you to more accurately measure the volume of both the unknown 

and standard solutions. A more accurate way of measuring out the unknown 

solution would also improve accuracy. 
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6 Appendices 

6.1 Appendix 1 – Materials and methods 

6.1.1 Materials and equipment 

The following equipment and materials were used during this experiment: 

Chemicals: 

- 100 mL of Standard NaOH solution, MB = 0.09977 mol/L in a labelled 

beaker 

- ~ 100 mL HCl solution with an unknown concentration in a labelled 

beaker  

- Phenolphthalein indicator (colourless in acidic solution, pink in basic 

solution) 

Equipment: 

- 1x Burette, 50 mL attached to a burette stand with clamp 

- 1x Pipette, 10 mL OR 5 mL, with pipette filler 

- 3x Erlenmeyer (conical) flasks, 100 mL capacity 

- 1x Small funnel to fill the burette 

- 1x Plastic pipette 

- 1x Wash bottle with deionised water 

- 1x Graduated cylinder, 100 mL 

- 1x White tile or white paper to go under the titration flask 

- 1x Beaker for the waste 

6.1.2 Experimental procedure 

1. Using a small funnel, the burette was filled with standard NaOH solution, 

running some of the solution through the tap, until the bottom of meniscus 

was just on the zero level. It was ensured that there were no air bubbles 

trapped. The initial reading was then recorded. 

2. Using the pipette filler, 25 mL of HCl solution was added to the three clean 

conical flasks. 
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3. 3-4 drops of phenolphthalein indicator was added to each flask with acid, then 

swirled gently, with approximately 10 mL of deionised water added using a 

graduated cylinder. 

4. Using the tap of the burette, the NaOH solution was run into the first conical 

flask, mixing thoroughly, until the solution changed colour to pink. This step 

was the rough titration and allowed estimation of the volume of NaOH needed 

to neutralise the measured volume of HCl. The Final reading was recorded. 

5. Step 5 was repeated for the next sample of HCl  

6. This time: 

• The NaOH was run into the acid /indicator/water mix until the volume 

of NaOH was within 2 mL of what it was in the rough titration (Step 5) 

• At this point the base was run at a slower rate (dripping it slowly and 

shaking the solution in the flask) so to read the volume of NaOH 

required to neutralise the solution to one drop (0.05 mL). A reading 

within 0.05 mL was taken and then the reading at the first colour 

change in the solution was also taken. 

7. Steps 6 and 7 were repeated for each sample of HCL, with results recorded in 

the table. 



 

9 

6.2 Screenshot of Data Sheet 

 

Figure 1 - Titration Data Sheet Original 
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6.3 Photos of Lab Equipment and Setup 

 

Figure 2 - Lab Equipment Setup 
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Figure 3 - Resultant Solution Post-Titration 


