Determining the concentration of Hydrochloric Acid using Sodium Hydroxide (Titration)
Lab report 2 
David Tolhurst 
2222916
  27/03/2023

[image: A group of beakers with liquid in them

Description automatically generated with medium confidence]


Aim:
To determine the concentration of a solution of hydrochloric acid (HCL) using a standard solution of sodium hydroxide (NaOH)	this will be done by using the method of titration.

Main objectives:
By method of Titration, observe what exact volume of NaOH is needed to completely neutralise a HCL solution of unknown concentration.
Use the observed volume of NaOH used to neutralise the HCL solution to calculate its molarity. 
Theory:
Titration is a very reliable, well-known method of analysing the molarity of a substance. The method itself involves the addition of a reactant which is known as the titrant to the substance of unknown molarity. The substance with unknown molarity is known as the analyte. The titrant is added to the analyte until a chemical reaction occurs. Acid-based titration is the most common method used, this is where and acidic solution is reacted with a base solution until it can be observed that the acid has been fully neutralised using an indicator, in this case phenolphthalein with an approximate pH 8.5. This report studies the neutralisation reaction of HCL and NaOH.

HCL(aq)  + NaOH(aq) → NaCl(aq) + H2O(l)

This acid-base reaction involves the reaction of HCL and NaOH to form NaCl (Sodium Chloride) and H2O (Water). In this case there are no precipitates as NaCl is 100% soluble in water. During this reaction cations and anions combine to form the products NaCl and H2O. For example, the Na+ cations from NaOH combine with Cl- anions from HCL to form NaCl. Simultaneously the H+ cations combine with the OH- anions to produce H2O (water). At this point complete neutralisation has been reached and the product solution will have a pH 7. This is the reasoning behind the use of phenolphthalein indicator is so the exact moment the solution transitions from acidic to basic can be recorded. This is possible because as previously stated phenolphthalein indicator has a pH 8.5. The indication is clear to the chemist performing the titration as phenolphthalein is colourless in an acidic solution but turns pink in a basic solution. To gain the most accurate results in this titration it is essential that the NaOH is added very slowly to capture the exact moment when the solution turns pink. This called the equivalence point which is where the number of moles of acid is equal to the number of moles of base. This can be shown in a simple equation.

Number of moles(acid) = Number of moles(base)

From this we can calculate

Number of moles = Concentration x Volume

Concentration(acid) x Volume(acid) = Concentration(base) x Volume(base)

Therefore

Concentration(acid) =  

Where:
Concentration(base) = Concentration of standard solution 
Volume(base) = The volume of NaOH added to the solution
Volume(acid) = Volume of acid to which the NaOH was added.

Application:
Titration has numerous applications throughout the industries. Some of which are Medicine, Food industry and Education. In medicine titration can be used to obtain a required mix of compound drugs for example, when administering drugs to a patient using an Intravenous drip. Titration is also used to aid people with diabetes, this is done by using titration to monitor the patient’s blood glucose levels. Titration can also be used to determine the level of fats, sugars and vitamins in the food industry. Not only can it be used to determine levels of certain contents it can also be used to determine whether food is safe to consume or not, for example, the cheese industry. Titration also has applications within Ordnance, Munitions and Explosives (OME). Titration is used to determine how much of explosive material(s) is present within an explosive substance, this could help identify the manufacture of the explosives in a criminal investigation scenario.

Equipment:
· Burette (50mL) attached to a burette stand with a clamp 
· Pipette (10mL) with pipette filler 
· Funnel to fill burette 
· 250 mL conical flask 
· White tile or white paper to go under conical flask
· Beaker for waste
Chemicals:
· 100mL of standard NaOH solution 
· 100mL of HCL solution with unknown concentration 
· Phenolphthalein indicator (colourless in acidic solution, pink in basic solution) 



Method:
Notes: 
· Appropriate safety measures should be followed (Goggles, gloves, lab coat etc).
· The burette should be read from eye level and from the bottom of the meniscus. 
· All burette readings should be recorded to two decimal places in which the second figure is either 0 or 5.

Step 1 – Wash equipment 
· Pipette – rinse gently with a small volume of HCL (discard). 
· Burette – rinse gently with a small amount of NaOH, use the funnel to pour into the burette(discard). 
· Conical flask – rinse gently with a small amount of distilled water (discard).

Step 2 – Using the funnel, fill the burette with standard NaOH solution, allow some of the NaOH to go through the tap until the bottom of the meniscus is level with the 0 level. Make sure there are no air bubbles at all as this will affect the volume of NaOH. Take an initial reading. 
 
Step 3 – Using the pipette, fill the clean conical flask with 25mL of HCL solution. 
 
Step 4 – Add 3-4 drops of phenolphthalein indicator to the flask with acid and mix. 
 
Step 5 – Using the tap on the burette, add the NaOH solution in the conical flask, mixing continuously until the solution changes colour to pink (the pink colour must stay for at least 30 seconds). Record final reading. 
 
Step 6 – Repeat steps 2, 3 and 4. 
 
Step 7 – Add the NaOH to the conical flask containing the acid/indicator solution until the volume of NaOH used comes within 2mL of what was recorded from the rough titration recorded in step 5. Slow the rate that the NaOH is being added into the acid mixture until it is flowing drip by drip (this is so you can accurately read the volume of NaOH required to neutralise the solution within one drop (approx. 0.05Ml). Take a reading from the bottom of the meniscus within 0.05mL at the first change of colour (the lighter the pink the better). 
 
Step 8 – Repeat steps 6 and 7 until adequate results are collected (either two results with 0.06 of each other or three results within 0.10 of each other). 

Results: Original data sheet used in experiment

	FLASK
	1 rough titration
	2
	3
	4

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

	Initial burette reading 
	47.6mL
	64.6mL
	81.2mL
	78mL

	Final burette reading
	64.6mL
	81.20mL
	97.8mL
	94.4mL

	V NaOH (mL) 

	17mL
	16.6mL
	16.6mL
	16.4mL

	moles of NaOH

	1.703x
	1.163x
	1.163x
	1.643x

	Moles of HCl

	1.703x
	1.163x
	1.163x
	1.643x

	Molarity of HCl

	6.814x
	6.653x
	6.653x
	6.657x




Calculations:
Results used from 2nd & 3rd titre 

Number of moles(acid) = Number of moles(base)

n(base) = c x v
n(base) = 1.1002 x 16.6x
n(base) = 1.66332x 
n(base) = n(acid)
n(acid) = 1.66332x

Molarity of HCL 
c(acid) =   

c(acid) = 6.65328 

HCL Concentration =0.065 mol/L

Discussion:
Double replacement reactions (double displacement) (article) | Khan Academy
Acid Base Titration Theory | Sciencing
What is a Standard Glucose Solution? (healthfully.com)
Rapid Determination of Nitroguanidine and nitrate ion in the spent sulfuric acid - Chen - 1979 - Propellants, Explosives, Pyrotechnics - Wiley Online Library
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