LAB REPORT – TITRATION – LEE MAXWELL

1. [bookmark: _Toc192966292][bookmark: _Hlk193810941]Introduction
[bookmark: _Toc192966293][bookmark: _Hlk192958455]Purpose
The purpose behind this experiment is to add a standard solution of base methodically to a measured volume of an acid solution in order to calculate its concentration in a systematic and controlled manner.
[bookmark: _Toc192966294]Hypotheses
Titration is an analytical method used in biomedical sciences and analytical chemistry laboratories to determine the quantity or the concentration of a known or unknown substance. [1] It is referred to as a form of quantitative or volumetric analysis. This report is based upon what is called an acid-base or aqueous titration. As an acid and a base neutralise each other, upon reaching the equivalence point where the concentration of acid is equal to that of the base, an indicator solution such as phenolphthalein shall change its colour in its transition from an acid (colourless) to a base (pink) marking the endpoint when the colour stabilises.
[bookmark: _Toc192966295]Variables, Terms and Equations
[bookmark: _Hlk193919357]H – Hydrogen
Cl – Chlorine
Na – Sodium
OH – Hydroxide
H2O – Water
HCl – Hydrochloric Acid
NaOH – Sodium Hydroxide
 ------ > 
Neutralisation Reaction: ------ > 
Net Ionic Equation:  ------ > 
Moles Acid  = Moles Base 
  - Calculation outlining moles of acid being equal to the moles of base
 = Molar concentration of Acid
 = Molar concentration of Base
Initial Burette Reading: 
Final Burette Reading: 
 = Volume of Acid
 = Volume of Base – Calculated by 
  - Moles are calculated through molarity divided by volume



2. [bookmark: _Toc192966296]Results
As per the below table the findings during the experiment have been outlined. Utilising correctly calibrated equipment the volumes of acid are accurately measured and  is known prior to the start of the titration experiment. The endpoint is found when the indicator, which itself is acidic and added to the  solution, changes colour demonstrating that the moles of  equal the moles of . The difference between the initial and final burette readings are utilised in the calculation delivering  All burette readings are taken to the closest 0.05ml. 
[image: ]
[bookmark: _Toc192960711]Figure 1 – Titration Data
The first step is to work out the missing figure, namely . This is worked out as follows within test 1:
, thus 
As seen above,  and  are both equal at the point that the phenolphthalein indicator changes colour to a light pink. This was proven out using the following calculation taking test 3 as an example:
, thus: 0.08320818M x 0.025L = 0.0020802045n
, thus: 0.09977M x 0.02085L = 0.0020802045n
The hydrochloric acid and the sodium hydroxide cancel each other out in a stoichiometric reaction forming sodium chloride and water in the process. ------ >  
Seeking an average, and ruling out the pilot (rough) titration, we have the  volumes of  and . This gives an average of  in order to cancel out  of . Therefore the average .


3. [bookmark: _Hlk193904276]Discussion
The aim of this experiment is to discover the average concentration of the acid by careful addition of the standard base solution into a measured acid solution of unknown concentration. The calculations deriving from the difference between the initial and final burette readings read from the bottom of the meniscus permitted the conclusion of the average value demonstrating the viability of aqueous titration as a tool for quantitative chemical analysis. All three measurements taken of the base including the rough titration fall within the same 0.10ml range which is within acceptable parameters. Tests 2 and 3 are used to calculate the average with test 1 excluded due to being the pilot trial for gaining an approximate endpoint in order to avoid later overestimation. 
Within OME acid base titration is still utilised, predominately for stronger acids. Generally, weak organic acids are titrated by a non-aqueous titration method. This method may however be found useful as a simple and rapid method for the assay of batch samples in quality testing over more expensive tests such as high performance liquid chromatography or capillary electrophoresis. [2] The most commonly used explosive compounds are produced by nitration, which is done through a nitration agent formed from mainly nitric and sulphuric acids. [3] Analyses of explosive materials are carried out for detection and examination of residues on the findings both after and before explosions during forensic investigations. [4] Poteniometric titration, under which acid based titration falls, is also used in the analysis of plastic-bonded explosives such as HMX where aluminium is utilised interchangeably with ammonium perchlorate. If aluminium is present, an aliquot of the nitric acid solution is analysed for this metal by Ethylenediaminetetraacetic acid titration. Ammonium perchlorate is extracted with water. The ammonium perchlorate in the aqueous extract may be titrated potentiometrically with tetraphenylarsonium chloride using a perchlorate-selective electrode. [5] 
It needs to be considered that the density of the colour is not necessarily an indicator of a better reaction as was demonstrated in test 2 where the colouration was significantly deeper than either during the rough titration or test 3. This could be due to an additional drop of indicator being added. While the experiment was successful in evidencing its efficacy, the results are in this case only as good as the equipment and the operators involved evidenced by the fact that in the calculations  always matches  despite small differences in the volume of the titrant. While this form of titration can be relatively accurate it should be considered an educated estimation, particularly as results are based on an average of multiple readings. Errors can creep in if the mixing is not carried out correctly or if titrant is added without sufficient care. Equipment must be high quality to avoid poor marking or warping and selected with the correct measurements in mind. It is also important to ensure that the glassware is of sufficient volume to avoid overfilling which may throw off the reading, particularly if the burette is not read at eye level. If the volumetric containers contain any moisture this will further affect the readings. An air bubble inside the glassware could lead to the volume being read incorrectly. Failing to lower the burette to the point that the tip is inside the flask can lead to spillage. Even evaporation during set up of the experiment or a temperature change could affect the outcome. It must be remembered that a high quality pipette is designed with a residual amount remaining in the tip being accounted for and should therefore not be shaken loose as this would affect the measurement. Human error should be considered the greatest likely cause of an incorrect reading. 



4. [bookmark: _Hlk193988361]Conclusions
The titration experiment may be considered successful. We calculated the average concentration of the acid avoiding potential pitfalls through carefully taken measurements and strict adherence to the process. Due to potential hazards associated with even the most cautious work environment when handling chemicals this should be considered paramount in any lab. We further concluded through evidentiary findings that the moles of acid precisely match the moles of base at the point of neutralisation. This clearly proves the hypothesis behind this experiment to be true. It needs to be considered that the density of the colour is not necessarily an indicator of a better reaction as was demonstrated in test 2 where the colouration was significantly deeper than either during the rough titration or test 3.
Future research could a comparison between acid base titration, redox titration, precipitation titration and complexometric titration to evaluate the difference in outcome quality alongside time required and expense. Titration could further be useful as part of spill kits for the identification of acid based hazards.
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5. Appendix
Materials and Methods
Chemicals:
· Standard solution of NaOH base
· Unknown concentration of HCl acid solution
· Phenolphthalein indicator
· Deionised water
Personal Protective Equipment:
· Eye protection
· Lab coat
· Gloves (nitrile or latex)
Equipment:
· Burette on stand attached by clamp with 50ml volume, graduations of 0.1ml 
· Graduated cylinder with 100ml volume
· Pipette with safety filler, 5-10ml volume
· Small plastic pipette
· Small funnel
· Waste beaker
· Erlenmeyer flask x3, 100ml
· Wash bottle with deionised water
· White tile or paper
Precautions Prior to Procedure:
· Long hair to be tied back
· Long trousers and closed footwear to be worn
· Awareness of chemical hazards
· Due care to be taken during handling of glassware
Process:
I. Move burette with its stand to a height from which the opening may be easily reached
II. Rinse burette, glass pipette and Erlenmeyer flasks with deionised water and dispose of waste into beaker
III. After inserting the funnel into the burette, verify the tap is firmly shut
IV. Rinse burette with small amount of NaOH, verifying beforehand that the tap is firmly shut, then dispose of waste into beaker prior to removing the funnel
V. Rinse glass pipette with small amount of HCl, then dispose of waste into beaker
VI. Check that all graduations on the burette may be read at eye level, that the clamp of the stand is secure, that the base is upon a level surface and that the burette is not gripped at an angle
VII. Reinsert the funnel, check that the tap is closed and place the waste beaker underneath the burette
VIII. Carefully fill the burette slightly past the zero mark, remove the funnel and drain the excess into waste beaker checking for potential air bubbles while lowering the bottom of the meniscus until it rests precisely upon the zero mark or as close as possible, then remove the waste beaker
IX. Record the initial reading on the datasheet as zero, or the new reading in case of overshoot
X. Using the glass pipette fill precisely 25ml of the HCl solution into each of the Erlenmeyer flasks
XI. Count three or four drops of phenolphthalein into the first Erlenmeyer flask containing HCl using the plastic pipette, then add the exact same amount to each of the others and gently mix the content of all three
XII. Using the graduated cylinder for precision pour 10ml of deionised water into each of the three Erlenmeyer flasks
XIII. [bookmark: _Hlk193993346]Place the first of the three Erlenmeyer flasks underneath the burette upon a white tile or piece of paper to aid in spotting the colour change, then carefully lower the burette until the tip rests inside the flask rendering spillage during either filling or swirling unlikely
XIV. Initiating the pilot titration open the tap on the burette and add the NaOH solution to the HCl in the flask in both a controlled and moderately rapid manner whilst swirling the contents of the flask until it takes a pink hue, swiftly shut the tap
XV. Record the final reading on the data sheet
XVI. Raise the burette and remove the Erlenmeyer flask leaving the tile/paper in place
XVII. Check the level of NaOH against the difference between initial and final readings on the burette from the previous test. 
XVIII. If required reinsert the funnel, check that the tap is closed, top up the NaOH to the required point and remove the funnel
XIX. Record the initial reading on the datasheet
XX. Place the next of the three Erlenmeyer flasks underneath the burette upon the tile/paper, then carefully lower the burette until the tip rests inside the flask
XXI. Open the tap on the burette and add the NaOH solution to the HCl in the flask in both a controlled and moderately rapid manner whilst swirling the contents of the flask until it takes a pink hue, swiftly shut the tap
XXII. Record the final reading
XXIII. Repeat steps XVI to XXII until such time that two volumetric readings of NaOH drawn from the burette are within 0.10ml of each other when added to the Erlenmeyer flasks prefilled with 25.0ml of HCl
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Calculation

0.025L 0.025L 0.025L 0.025L N/A

0.02095L 0.02090L 0.02085L 0.020875L

0.08360726M 0.08340772M 0.08320818M 0.08330795M

0.002090185n 0.002085193n 0.0020802045n 0.00208269875n

0.002090185n 0.002085193n 0.0020802045n 0.00208269875n

0.008426185n 0.008407857n 0.00838955n 0.00839870095625n

Titration Data

M NaOH (MB) = 0.09977M

Test 1 (Pilot) Test 2  Test 3 Average
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DATA SHEET to RECORD OBSERVATIONS, CALCULATIONS and RESULTS

STUDENT'SNAME: _ Lo/ pee””
PARTNERS' NAMES:

REPORT IS DUE MARCH 21, 2025 @ 3.00 pm submitted via Moodle
(DD: March 28, 2025 @ 3.00 pm)

TITRATION DATA SHEET
Molarity of the standard base solution: IVl NaoH = _©.0295 7% 47
FLASK 1rough 2 3 4
titration
V war(mt) ,
rompipette | 25077 o507 | Lsomd
Initial burette
K. veoomd | 20350l | 20057
Final burette
reading 20 35" ye 85 L,Zaor—/
V weon(mi)
20,8577 | 2090w | 20 850
Moles of NaOH
0002080 ¢457| 0.00209533m | 00203020457
Moles of HCl ,
020904857 | 0.0020854337 |0 po 208020457
Molarity of HCl
0.07360726 4 |0, 05340772 # | 0.08320F(FN

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.




