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1. [bookmark: _Toc161504930]Introduction. 
a. An experiment was carried out to accurately determine the concentration of an unknown sample of hydrochloric acid (HCl). This was done by reacting the HCl with a base solution of sodium hydroxide (NaOH) through a technique known as titration. 

b. When NaOH and HCl are mixed, they react to produce salt and water.

Equation 1: Reaction between HCl and NaOH
If enough NaOH is added to the HCl solution, the amount of acid will be equal to the amount of base. This is known as the neutralisation point. 
The strength of the HCl solution can be determined by accurately measuring the amount of NaOH that is added before the neutralisation point is reached.
c. It is therefore hypothesised that after dilution with a certain amount of NaOH the HCl would be neutralised, and that the volume of NaOH needed to do this would accurately indicate the molarity of the HCl solution.

The findings of this experiment will be calculated using the following equation:


n = moles (mol)
v = volume (L)

Equation 2: Molarity

2. [bookmark: _Toc161504931]Materials and Methods.

a. The following chemicals were used:
· Standard NaOH solution, M = 0.1026 Mol/L. This was used to neutralise the HCl.
· HCl solution of unknown concentration, to be tested.
· Phenolphthalein (HPh) indicator. Hph is colourless in acid but turns pink in a base; added to a solution of HCl, this would indicate when the solution was neutralised. 

b. The following materials were used:
· A 50 mL burette with stand and clamp, to drip NaOH into samples of HCl.
· A 10 mL glass pipette with filler, for measuring HCl samples into beakers.
· 100 mL conical flasks for titrating samples.
· Plastic pipettes for inserting HPh to HCl.
· Deionised water (DI) for washing equipment.
· One sheet of white paper, as a mat for the titration flask.
· A beaker for waste.

c. Before starting the titration, all glassware was rinsed with deionised water. The glass pipette was then rinsed with HCl, and the burette rinsed with NaOH.

The burette was then filled with NaOH until the bottom of the meniscus was level with 0 on the scale. A conical flask was then filled with 25 mL of HCL solution, to which four drops of HPh were added. 

The flask was placed under the burette, and NaOH dripped into the flask until the solution turned pink (i.e., was neutralised). The volume of NaOH used was recorded, a new flask of HCl/HPh was placed under the burette and the titration was repeated until four results were recorded.
3. [bookmark: _Toc161504932]Results
	Titration
	Volume of HCl (mL)
	Initial Burette Reading (mL)
	Final Burette Reading (mL)
	Volume of NaOH Used (mL)

	1
	25
	0.00
	19.45
	19.45

	2
	25
	19.45
	38.90
	19.45

	3
	25
	24.50[footnoteRef:1] [1:  Between titrations 2 and 3, the burette was topped up with more NaOH.] 

	44.15
	19.65

	4
	25
	18.30
	37.60
	19.30


Table 1 - Observed Results of Titration
[bookmark: _Hlk159515209]As seen from the above chart, it took an average volume of 19.46 mL of NaOH to neutralise the HCl solution. 
4. [bookmark: _Toc161504933]Discussion

a. It takes a single NaOH atom to neutralise a single HCl atom (equation 1). Therefore, at the neutralisation point of each titration the amount of NaOH added to the beaker was very close to the initial amount of HCl. 

It is possible to work out the initial molar volume for HCl using Equation 2.


n = moles (mol)
v = volume (L)
       Therefore, 

MAVA = MBVB

MA = concentration of HCl.
VA = the initial volume of HCl.
MB = molarity of NaOH solution.
VB = average volume of NaOH solution used.

∴

∴

∴
 (2dp)
From the calculations above, it is highly likely that the initial concentration of HCl in the solution was 0.08 Mol.

b. The results detailed above are not guaranteed to be accurate. This is due to several possible sources of error within the experimental process:

1. All measurements were taken with the human eye. It is therefore unlikely that all measurements were 100% accurate. 

2. There was some control over the rate at which NaOH was released by the burette, however this was limited. Therefore, especially as the solution approached the neutralisation point, there was often more NaOH added than was necessary. 

3. When HPh was added to the HCl solution, it was measured only in drops from a plastic pipette. It is unlikely that the amount of HPh in each sample of HCl solution was equal.

The issues detailed above concern inaccurate measurement and human error. It is therefore recommended that for more accurate measurement and observation of results, digital measuring equipment and flow control systems be employed.


5. [bookmark: _Toc161504934]Conclusion 

a. In each of the titrations, the HCl solution was neutralised and evidenced by a colour change. The amount of NaOH used was very similar in each titration, providing enough data to calculate the concentration of HCl. The findings of this experiment therefore support the initial hypothesis. 

b. The hypothesis could be further supported by repeating the experiment with more accurate equipment.

c. Within the OME industry, titration has been used to study possible methods for the removal of TNT contamination in soil and water [1], and is regularly used for quality control in the manufacture of energetic materials [2].
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