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[bookmark: _Toc193623611]Purpose of Experiment
This experiment aims to determine the concentration of an unknown hydrochloric acid (HCl) solution by performing an acid-base titration using a sodium hydroxide (NaOH) solution of known concentration. An acid-base titration is a laboratory technique for determining the concentration of an unknown acid or base by reacting it with a known solution. 

This experiment used phenolphthalein (C₂₀H₁₄O₄) as the acid-base indicator. Phenolphthalein is a synthetic organic compound consisting of 20 carbon atoms, 14 hydrogen atoms, and four oxygen atoms, which is colourless in acidic solutions below pH 8.3 and turns pink between pH 8.3 and 10, providing a visible signal when the reaction reaches the endpoint.
[image: Phenolphthalein Indicator]










Figure 1: Phenolphthalein indicator source: sciencenotes.org

In this titration, NaOH is carefully added to HCl until neutralisation occurs. The acid and base react in a 1:1 molar ratio to form sodium chloride (NaCl) and water (H₂O): HCl +NaOH → NaCl +H₂O 

This method is essential for accurately identifying the titration's endpoint through the indicator's colour change.
[bookmark: _Toc193623612]Key Terms Explained

 Hydrochloric Acid
 Sodium Hydroxide
 Sodium Chloride
 Water
 RDX
Formaldehyde
 Ammonia
- = Nitrite ions
 = Carbon Dioxide
 Potential for hydrogen
M = Molarity
V = Volume
N = Number of Moles
 (to be 
 used (25ml)
 (known) (0.09977M)
 used
 = Moles



















[bookmark: _Toc193623613]Hypotheses 
It is hypothesised that adding a NaOH solution of known concentration to HCl will result in neutralisation.

A colour change to pink will indicate this due to the presence of phenolphthalein, which transitions between pH 8.3 and 10 [1].

However, understanding the pH range required for phenolphthalein to change from colourless to pink further aids the visual titration's accuracy by allowing for the detection of errors, such as miscalculations, and ensuring the correct pH equivalence endpoint.
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Table 1: Indicator, pH ranges and colour change - source: [2]


To reach the required endpoint based on the titration formula, the concentration of an unknown HCl solution can be calculated by measuring the exact volume of NaOH required for neutralisation, using the equation.
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[bookmark: _Toc193623615]Experimental Data
The experiment was conducted as per the detail in Appendix A.  Table 1 shows the results from the experimentation.

Table 1 – Recorded Experiment data 
	Morality of the standard solution
	M  = 0.09977M

	FLASK
	1st rough titration
	2nd
	3rd

	V HCl (mL) from pipette
	25mL
	25mL
	25mL

	Initial burette reading
	0.0mL
	20.95mL
	26.15mL

	Final burette reading
	20.95mL
	41.85mL
	47.00mL

	V NaOH (mL)

	20.95mL
	20.90mL
	20.85mL


[bookmark: _Toc193623616]
Conversions and Equations
The appropriate conversions and equations must be applied to correctly calculate the molarity (concentration) of HCl from the experimental data gathered.  This section explains the step-by-step process used to determine the molarity of HCl from the titration results.

Convert (mL) to Litres (L)
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[bookmark: _Toc193623618]Calculating the Moles of the 

 mols
 mols
 mols

[bookmark: _Toc193623619]Calculating the Moles of the  

The Moles of  = Moles of .

 the ratio for a balanced equation. Therefore, the number of moles of  is:

 mols
 mols
 mols

[bookmark: _Toc193623620]Calculating the Morality of 

The value for mols above can be input into the   equation, or the following equation can be used:



where MB is the molarity of the standard base solution, VB is the volume of the base solution used to neutralise the acid, VA is the volume of acid in the flask, and MA is the calculated acid concentration. 




	FLASK
	1st rough titration
	2nd
	3rd

	Volume of NaOH (mL)
	
	
	

	Moles of NaOH

	 
	
	 

	Moles of HCl

	 
	
	 

	Molarity of HCl


	 
	
	


Table 2 – Calculated properties based upon titration.


[bookmark: _Toc192706477][bookmark: _Toc193623621]Key Findings Observed
The HCl solution containing phenolphthalein changed colour to pink when 20.85 mL to 20.90 mL of NaOH solution was added, indicating the endpoint of the titration.

The molarity of HCl was calculated from two trials using the following values based  on the findings of [3]

 


Therefore, the average molarity of the HCl solution was determined as:




It is equally important to consider the measurement uncertainty in the results. Therefore, this calculation estimates the range between the highest and lowest molarity values:


This gives an uncertainty value of  resulting in a final reported value of:

[bookmark: _Toc193623622]Discussion
[bookmark: _Toc193623623]Interpretation of Results
The molarity of HCl was determined using the formula   where M is molarity, n is the number of moles, and V is the volume in litres. 

At the equivalence point in a neutralisation reaction, the number of moles of acid equals the number of moles of base. Therefore, the formula:


was applied, where:
· MA and VA refer to the molarity and volume of the acid (HCl),
· MB and VB refer to the known molarity and volume of the base (NaOH).
The phenolphthalein pH indicator changed from colourless to pink between 20.85 –20.90 mL of NaOH, marking the endpoint of the titration. Based on two consistent trials, the calculated average molarity of the HCl solution was:



[bookmark: _Toc193623624]Relevance to OME
Titration is an essential analytical method in the OME (Ordnance, Munitions, and Explosives) sector, particularly in the manufacturing, monitoring, and disposal of explosives. Acid-base titrations help determine the precise amount of acid or base required to neutralise explosive byproducts, ensuring safety and compliance with environmental regulations. 

For example, RDX (Research Department Explosive), is a powerful nitramine explosive. It is synthesised from hexamine and concentrated nitric acid, resulting in the compound with the molecular formula C₃H₆N₆O₆.
Titration helps monitor or adjust conditions by understanding the chemical structure of RDX at different pH levels. For example, when treated with sodium hydroxide under alkaline conditions (pH 12), RDX undergoes alkaline hydrolysis, which breaks down the chemical compounds and produces a mixture of byproducts. 
For example, formaldehyde (CH₂O), ammonia (NH₃), nitrite ions (NO₂⁻), and carbon dioxide (CO₂). This process safely breaks down the explosive into non-energetic byproducts. This application is evident in the research [4], which demonstrated that pH plays a critical role in RDX degradation.



Finally, the historical and ongoing management of explosives poses health and environmental risks due to releasing toxic byproducts, as [5] demonstrated through titration-based TNT studies. By controlling pH, we can facilitate safer chemical transformations and support cleaner disposal practices that reduce harm to humans and ecosystems.  

[bookmark: _Toc193623625]Limitations for Potential Errors
Several factors may have affected the accuracy and reliability of the titration results:

•	Human error, such as misreading reading the burette at eye level, potentially leading to slight misjudgements in volume measurements.

•	Instrumental uncertainty present in the measuring devices but not initially accounted for in early calculations. The burette has an uncertainty of ±0.05 mL, and the pipette has an uncertainty of ± 0.03 mL, contributing to the results.

•	Incomplete neutralisation could have affected the titration outcome, especially if the reaction did not complete fully before the endpoint.

•	Colour change detection can be subjective; the endpoint, indicated by the phenolphthalein turning pink, may not have been observed consistently, especially during faint changes.
[bookmark: _Toc193623626]Conclusion 
[bookmark: _Toc193623627][bookmark: _Toc51833419][bookmark: _Toc290554257][bookmark: _Toc299621222][bookmark: _Toc299631447][bookmark: _Toc299631509][bookmark: _Toc299631599][bookmark: _Toc299631675]Summary of Findings
The titration experiments successfully determined the average molarity of the unknown hydrochloric acid (HCl) solution. Based on three trials, the final calculated result was:


[bookmark: _Toc193623628]Overall Evaluation
The hypothesis was supported, as the incremental addition of sodium hydroxide (NaOH) neutralised the HCl solution. The result using phenolphthalein showed a successful endpoint, as there was an indication of a change from colourless to pink. 
As previously stated, the molarity concentration of HCl occurred by calculation using the following equation:



[bookmark: _Toc193623629]Future Recommendations
In this case, manual acid-base titration is widely used for quick analysis; however, automated equipment could improve accuracy. For example, a thermometric titrator detects the endpoint based on heat change rather than difficult-to-read visual phenolphthalein indicators, allowing for faster and more consistent results, as recent analytical studies [6] have supported.

Similarly, a potentiometric titration system detects the endpoint by measuring changes in voltage as the pH shifts. This technique is especially effective in weak acid-base titrations, where traditional indicators are less reliable [7]. It arguably enhances the endpoint accuracy and reduces human error.
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Materials & Methods 

Chemical Solutions used:
· 100 mL of standard NaOH solution (0.09977 mol/L)
· 100 mL of unknown HCl solution
· Phenolphthalein indicator (colourless in acidic solution, pink in basic solution)

Equipment used:
· 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
· 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


Step by Step procedures for the Experiment
The titration procedure was carried out in the following stepwise manner:
· Step 1: Cleaning and Preparation
· Rinse the pipette with deionised water and a small volume of HCl solution; discard the washings.
· Rinse the burette with deionised water, then with a small volume of NaOH solution (discarded). Use a funnel to add NaOH.
· Rinse the Erlenmeyer (conical) flasks with a small amount of deionised water.

· Step 2: Fill the Burette
· Using a small funnel, fill the burette with standard NaOH solution, ensuring some of the solution runs through the tap to remove air bubbles.
· Adjust the level so the bottom of the meniscus rests at the zero mark.
· Record the initial volume reading.
· Step 3: Prepare the Acid Samples
· Using the pipette and filler, transfer exactly 25 mL of HCl solution into each of the three clean conical flasks.
· Step 4: Add Indicator and Dilution
· Add 3–4 drops of phenolphthalein indicator to each flask and swirl gently.
· Add approximately 10 mL of deionised water to each flask using a graduated cylinder.
· Step 5: Perform the Rough Titration
· Slowly run NaOH into the first flask while swirling until the solution turns pale pink.
· This initial trial helps estimate the required volume of NaOH.
· Record the final volume reading.
· Step 6: Begin Accurate Titrations
· Repeat Step 5 for the remaining two HCl samples using the estimated volume as a guide.
· As the endpoint nears (within ~2 mL of the rough titration volume), slow the flow and swirl consistently.
· Step 7: Endpoint Detection
· Deliver NaOH dropwise and observe carefully.
· Stop the titration at the first permanent colour change (pale pink).
· Take an accurate volume reading within ±0.05 mL.
· Step 8: Repeat for Consistency
· Repeat the accurate titration until two final volume readings differ by no more than ±0.10 mL.
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Phenolphthalein Indicator

Phenolphthalein is a pH indicator with the chemical formula CagHyi404
that is colorless in acidic solutions and pink in basic solutions.
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SL Indicator Ideal range Color
No (acid) pH
Acid base
1 Thymol Blue 1.2 2.8 Red Blue
2 Congo Red 3.0 5.0 Blue Red
3 Methyl Orange 3.0 6.3 Red Yellow
4 Bromocresol Green | 4.0 5.6 Yellow Blue
5 Methyl Red 4.2 6.2 Pink Yellow
6 Bromothymol Blue | 6.0 7.6 Yellow Blue
7 Phenol Red 6.8 8.2 Yellow Red
8 Phenolphthalein 8.0 10 Colorless Pink
9 Thymolthalein 8.8 10.5 Colorless | Blue
10 Neutral red 6.8 8.0 Red yellow
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TITRATION DATA SHEET ;
Molarity of the standard bgse solution: M NaoH = ©.09977M

FLASK 1 rough 2 3 4
titration

ik D=l D sl s

from pipette

Initial burette

reading O -0O 20-95 me %SSN,

Final burette :

reading 20‘ qs ({;[sgs"“' 4./_’_7_, Oo M

V naox (mL) 205-95 20~QOml—- 10'851\04,

Moles of NaOH

Moles of HCI

Molarity of HCI

Precision and Accuracy

You should record pipette and burette readings to the nearest 0.05 cm? (approximately one
drop). Consecutive titrations should agree to within 0.10 cm?and, you should repeat the
titration until this is achieved.




