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Introduction:  
 
In chemistry there have been a few attempts at describing acids and bases. The first 
theory that we started with was the Arrhenius theory of Acids and Bases which states 
that an acid was a species that dissociated into H+ ions in solution while a base was a 
species that dissociated into OH- ions in solution and that strong acids and bases  will 
dissociate more completely than weak acids and weak bases. The second part of this 
theory stated that when an acid and base reacted with each other they would effectively 
neutralize each other producing water and a salt. While this theory made sense, it was 
limited because it could only explain acids and bases in aqueous solutions. So, another 
theory was introduced to better explain the broader scope of acids and bases, The 
Bronsted-Lowry Theory of Acids and Bases. This theory kept some of the ideas brought 
up in the earlier Arrhenius Theory but elaborated on the idea. The main point of this 
theory stated that interactions between acids and bases had to do with proton transfer 
between them. Acids were considered to be proton donators, while bases were 
considered to be proton acceptors. It also stated that in a reaction, when an acid donates 
a proton it will  for a conjugate base and a conjugate acid is formed when a base accepts 
a proton. (https://www.khanacademy.org/science/chemistry/acids-and-bases-topic/
acids-and-bases/a/bronsted-lowry-acid-base-theory, Saul Khan, Khan Academy) This 
new definition allowed chemists to describe acid-base interactions that occurred outside 
of aqueous solutions. One important way of determining the concentration of an acid or 
base in a solution is through a titration. This where a small amount of a dilute stock 
solution of base with a known molarity is slowly added into an unknown acid solution 
until it reaches the equivalence point when the acid is neutralized and  where the 
number of  moles of acid and base are equal. The titration is generally visibly 
represented  through a pH or titration curve, a graph displaying the change in pH over 
the change in volume. We can tell when the titration is over once the pH on the graph 
begins to level off after the the number of moles of the stock solution outnumber the 
number of moles of the unknown acid. The only real difference in titrating a strong acid 
or base versus a weak acid or base comes from the earlier stated idea that stronger acids 
and bases will dissociate more fully than weaker acids and bases because it will be much 
harder to record the pH changes in the weaker solutions than the stronger ones making 
it much more difficult to clearly locate the equivalence point.  

Procedure:  
As described in the lab manual (What in the World ISN’T Chemistry, Dr. Rashmi 
Venkateswaran, 2016, Exp. 3, p. 73)  

Observations/ Data:  
Part 1: Standardizing the Diluted NaOH Solution  

Trial 1 
After the calibration of the diluted NaOH solution, the titration of the 0.1000M HCl solution 
with universal indicator was commenced, the clear colourless HCl solution began to change 
colour to a pale pink at approximately 10.650 mL.  

Trial 2 
During the second trial, the clear colourless solution began to change to a pale translucent pale 
pink at approximately 10.5 mL. 
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Table 1: Formation of A Stock Solution of NaOH 

Table 2: Standardization of Stock Solution of NaOH  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Table 3: Partial Representation of the Standardization of Stock Solution of NaOH Trial 1 with 
pH and pH Derivative as a Function of Volume  
 

Figure 1: A graph of the Standardization of Stock Solution of NaOH Trial 1 with pH and pH 
Derivative as a Function of Volume 
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Table 4: Partial Representation of the Standardization of Stock Solution of NaOH Trial 2 with 
pH and pH Derivative as a Function of Volume 

Figure 2: A Graph of the Standardization of the Stock Solution of NaOH Trial 2 with pH and pH 
Derivative as a Function of Volume  
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Part 2: Determining the Concentration of an Unknown Acid 

Trial 1 
During the titration, the clear colourless unknown acid solution began to change to a pale pink 
at approximately 11.2mL  

Trial 2 
During the second trial, the colour of the unknown acid solution began to change from clear and 
colourless to a pale pink at approximately 5.65mL  

Trial 3  
During the third trial, at approximately 5.8mL the clear and colourless unknown acid solution 
began to change to a pale pink.  

Table 5: Determination of the Concentration of an Unknown Acid  
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Table 6: Partial Representation of the Titration of Unknown Acid 2, Trial 1 with pH and pH 
Derivative as a Function of Volume  

Figure 3: A Graph of the Titration of Unknown Acid 2, Trial 1 with pH and pH derivative as a 
Function of Volume 
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Table 7: Partial Representation of the Titration of Unknown Acid 2, Trial 2 with pH and pH 
Derivative as a Function of Volume 

Figure 4: A Graph of the Titration of Unknown Acid 2, Trial 2 with pH and pH Derivative as a 
Function of Volume  
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Table 8: Partial Representation of the Titration of Unknown Acid 2, Trial 3 with pH and pH 
Derivative as a Function of Volume 

 
Figure 5: A Graph of the Titration of Unknown Acid 2, Trial 3 with pH and pH Derivative as a 
Function of Volume 
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Part 3: Determing the Mass Percent of Acid in a Juice  
 
Trial 1 
During the first test, the juice solution began to change to a pale pink at approximately 9.2 mL.  

Trial 2  
For the second trial, a change in the colour of the juice solution to a pale pink was observed at 
approximately 8.5mL.  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Table 9: Determing the Mass Percentage of Acid in a Juice



Table 10: Partial Representation of the Titration of Unknown Juice 5, Trial 1 with pH and pH 
Derivative  as a Function of Volume 

Figure 6: A Graph of the Titration of Unknown Juice 5, Trial 1 with pH and pH Derivative as a 
Function of Volume  
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Table 11: Partial Representation of the Titration of Unknown Juice 5, Trial 2 with pH and pH 
Derivative  as a Function of Volume 

Figure 7: A Graph of Titration of Unknown Juice 5, Trial 2 with pH and pH Derivative as a 
Function of Volume 
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Sample Calculations: 

1. Approximate concentration of stock solution: 

Concentration= amount of solute (mol) 
       volume of solution (L) 

Vol.  of NaOH= 4.5 mL x 1L      = 0.0045 L 
         1000mL 

Concentration of NaOH= 6.0 M        = 6.0 mol/L 
Vol. of Stock Solution= 254.5 mL x 1L       = 0.2545L 
                          1000mL 
Mol NaOH= 6.0 mol/L x 0.0045 L 
Mol NaOH= 0.0270 mol 

Concentration= 0.0270 mol 
       0.2545L 
Concentration= 0.106 M 

Therefore, the concentration of the stock solution is 0.106 M 

2. Exact concentration of stock solution (from visual endpoint and CV 
calculations AND by first derivative from titration curve using 
LabQuest 2 data): 

H2A (aq) + 2 NaoH (aq) —> Na2A + 2 H2O2 

nH2A= nNaOH 

Using Data from Trial #1: 

Visual Endpoint: 
2 (CaVa)=CbVb 

Ca= 0.100 M    Cb=?    Va= 10.00 mL   

Vb(observed)= 10.65 mL 

Cb= [2(CaVa)/Vb] 
Cb= [2(0.100M)(0.010L)/0.01065L) 
Cb = 0.188 M 

Therefore, the concentration of the stock solution based on its visual endpoint is 0.188 
M.  
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First Derivative from Titration Curve: 
2 (CaVa)=CbVb 

Ca= 0.100 M    Cb=?    Va= 10.00 mL   

Vb(from curve)= 11.72 mL 

Cb= [2(CaVa)/Vb] 
Cb= [2(0.100M)(0.010L)/0.01172L) 
Cb = 0.171M 

Therefore, the concentration of the stock solution based on the first derivative of the 
titration curve is 0.171 M 

3. Average concentration of stock solution: 

Average concentration: Cb1 + Cb2 
    2 

Average concentration from Visual Endpoint= 0.188M + 0.160M 
                      2 
Therefore the average concentration from Visual Endpoint= 0.174 M 

Average concentration from First Derivative of Titration Curve 
= 0.171M + 0.166M 
 2 
= 0.169 M 

Therefore the average concentration from First Derivative of the Titration Curve is 0.169 
M. 

4. Concentration of Unknown Acid (from visual endpoint and cV 
calculations AND by first derivative from titration curve using 
LabQuest data): 

Data from Trial #3 

2 (CaVa)=CbVb 

Visual Endpoint:  
Ca= ? mol/L     Cb= 0.171 M   Va= 10.10 mL or 0.0101L 
Vb= 5.80 mL or 0.00580L 

Ca= (CbVb)/(2Va) 
Ca= [(0.171 M)(0.00580 L)]/2(0.0101L) 
Ca=0.049 M 
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Therefore the unknown acid has a concentration of 0.049 M based on the Visual 
Endpoint. 

First Derivative from Titration Curve: 
Ca= ? mol/L     Cb= 0.171 M   Va= 10mL or 0.010L 
Vb= 6.154 mL or 0.006154L 

Ca= (CbVb)/(2Va) 
Ca= [(0.171 M)(0.006154 L)]/2(0.010 L) 
Ca= 0.052 M 

Therefore the unknown acid has a concentration of 0.052 M based on the First 
Derivative from the titration curve. 

5. Average concentration of unknown acid: 

Average concentration from visual endpoint=  Ca1 + Ca2+ Ca3 
         3 

Average concentration from visual endpoint= 0.049 M + 0.046 M + 0.094 M 
         3 
              = 0.063 M 

Therefore the unknown acid has an an average concentration of 0.063 M from its visual 
endpoint. 

Average concentration from First Derivative of Titration Curve 
= Ca1 + Ca2+ Ca3 
 3 
= 0.052 M + 0.0414 M + 0.058 M 
  3 
= 0.052 M 

 Therefore the unknown acid has an average concentration of 0.052 M from its first 
derivative of the titration curve. 

6. Concentration of acid in juice (from visual endpoint and cV 
calculations AND by first derivative from titration curve using 
LabQuest data): 

Data from Trial #1 

2 (CaVa)=CbVb 
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Visual Endpoint:  
Ca= ? mol/L     Cb= 0.171 M   Va= 10.10 mL or 0.01005L 
Vb= 9.20 mL or 0.00920 L 

Ca= (CbVb)/(2Va) 
Ca= [(0.171 M)(0.00920L)]/2(0.01005 L) 
Ca= 0.078 M 

Therefore the concentration of acid in the juice would be 0.109 M based on the visual 
endpoint results. 

First Derivative from Titration Curve: 
Ca= ? mol/L     Cb= 0.171 M   Va= 10mL or 0.010L 
Vb= 10. 29 mL or 0.0129 L 
Ca= (CbVb)/(2Va) 
Ca= [(0.171 M)(0.0129 L)]/2(0.010 L) 
Ca= 0.109 M 

Therefore the unknown acid has a concentration of 0.078 M based on the First 
Derivative from the titration curve. 

7. Average concentration of acid in juice: 

Average concentration from visual endpoint=  Ca1 + Ca2 
             2 
Average concentration from visual endpoint= 0.078 M + 0.071M 
                2 
              = 0.075 M 
Therefore the unknown acid has an an average concentration of 0.075 M from its visual 
endpoint. 

Average concentration from First Derivative of Titration Curve 
= Ca1 + Ca2 
 2 
= 0.109M + 0.078M 
 2 
= 0.093 M 

 Therefore the unknown acid has an average concentration of 0.093 M from its first 
derivative of the titration curve. 

8. Mass percentage of acid in juice:  

Data from Trial #1: 

     Mass % of acid in the juice= [(Ca)(MMacid in juice)]/(Densityjuice)(1000 conversion factor 
g/mL —> kg/L) x100% 
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     Molar Mass of H3C6H5O7= 192.14 g/mol Ca= 0.109 M 

Densityjuice= 1.0002 g/cm3 which is equivalent to 1.0002 g/mL 

Mass % of Acid in Juice= [(0.109 M)(192.14 g/mol)]/(1.0002 g/mL)(1000) x 100% 
Mass % of Acid in Juice= 2.09% 

Therefore, the mass percentage of acid in the juice is 2.09 %. 

Discussion:  

 
At the beginning of the lab it was super important to find the volume of the NaOH used to create 
the stock solution because this value would be need to calculate the concentration of the solution   
that would be used throughout the remainder of the lab. It was important to get this 
concentration right because it would be important for many further calculations. During our 
first trial we noted that the graph of our derivative of the pH  showed not one but two major 
peaks. This was initially confusing because there should have only been one major peak 
occurring at the equivalence point but we think this was likely due to the fact that the magnetic 
stirring device was not fully functioning during our first trial and that this could have caused an 
uneven mixture of the stock solution and acid and that it resulted in weird numbers on our 
graph. This error thankfully did not affect the overall results as the second trial appeared to have 
both similar equivalent points visually, and graphically. The two endpoints were fairly close 
together but the disparity was logical because even focusing on the data screen showing the 
increase in volume as the titration progressed it was highly unlikely to get a perfectly accurate 
visual endpoint because the volume was increasing so quickly.  
During the second part of the lab we were testing to find the concentration of the unknown acid 
by using the data we had obtained in the previous part as a reference. We were able to use the 
data to find the mathematical answer as well as observing the pH curves to compare. We noted 
that the graphs appeared to be similar noting that there must be a similar concentration 
although the more gradual slope would appear to indicate that the concentration might be 
lower. We decided to preform three trials of this test because there was one trial where the 
indicator was added later than it should have and as a result the visual endpoint was affected. 
One of the major sources of error for this lab had to do with the sensitivity of the equipment 
used. If things weren't measured or recorded exactly right, it would cause significant issues in 
the resulting data. For example if the materials weren't properly cleaned well enough in between 
tests it would cause problems from the left over residue such as perceiving the results between 
two tests to be more similar because of slight crossover of the solutions. During the third test we 
were testing to find the mass percent of acid in a juice and right away we noticed that the graphs 
were quite different which right away clued in that the composition of this solution would be 
very different than the standard solution. It was quite obvious that the equivalent point was very 
different when the visually retrieved point appeared to occur much quicker than in previous 
tests. The curves between the two trials were however similar enough that it made sense. 

Conclusion:   
The standardization of the NaOH allowed us to set a baseline example for which to compare the 
resulting pH curves and equivalent points of an acid with an unknown concentration and a juice 
with an unknown composition of acid. This comparison allowed us to determine to 
concentration and mass percentage of the respective solutions 
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Reference:  
https://www.khanacademy.org/science/chemistry/acids-and-bases-topic/acids-and-
bases/a/bronsted-lowry-acid-base-theory, Saul Khan, Khan Academy 

Table 12: Partial Representation of the Raw Data of All Seven Titration Trials  
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