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Introduction: 
 An acid is a substance that acts as a proton (or hydrogen ion) donor when 
dissolved in water and a base is a substance that acts as a hydroxide ion when dissolved 
in water. A strong acid or base dissociates almost completely when placed in water, 
whereas weak acids do not dissociate completely. This lab will be dealing with strong 
acid and strong base titrations.  
 The concentration of an acid or base depends on the amount of acid or base that 
is in a given amount of water. The more acid or base there is compared to the amount of 
water, the more concentrated the acid or base will be and the smaller the amount of acid 
or base in comparison to the amount of water, the weaker the acid will be. The amount 
of solute (i.e. acid or base) is typically measured in moles and the volume of the solution 
(containing both solute and solvent) is measured in litres. Concentration is measured in 
moles per litre and therefore can be calculated using the following equation: 

  Concentration(mol/L)=!"#$%&	#(	)#*$&+	("#*)
.#*$"+	#(	)#*$&/#%	(0)

                                          [1] 
 

The amount of solute in moles can be found by dividing the mass of the solute (in 
grams) by the molar mass of the solute (in grams per mole) 

When acids and bases react, it forms a salt and water and is referred to as a 
neutralization reaction. The point of equivalence in a neutralization reaction is the point 
at which the amount of acid added is exactly the amount needed to titrate the base. The 
amount of acid required to titrate a base is determined by the stoichiometric coefficients 
of the acid and the base. For example, consider the neutralization reaction of sodium 
hydroxide and sulfuric acid: 

H2SO4 (aq)+ 2NaOH(aq)àNa2SO (aq) + 2H2O(l)                                                                [2] 
 

From the stoichiometric coefficients, we can see the following relationship 
between amounts of acid and base (in moles) at the equivalency point: 

                      nNaOH=2nSO4                                                                                                                    [3] 
 

 However, this equation is only valid for the above stoichiometric ratio. The 
general equation can be described by: 

nbase=1
2
 nacid                                                                                                                    [4] 

Where b is the stoichiometric coefficient of the base and a is the stoichiometric 
coefficient of the acid. Also, recall from Equation [1] that the number of moles is also the 
product of the concentration of the solution and the volume of the solution. Therefore, 
we have that:                       CbaseVbase= 1

2
 CacidVacid                                                                   [5] 

 
 If the number of moles of acid and molar mass of the acid of the solution the acid 
in are both known, the mass of the acid can be calculated by multiplying the amount of 
acid (in moles) by the molar mass. Given the density and volume of the solution, and 
that mass is equal to density multiplied by volume, the mass percentage of the acid can 
then be calculated according to the following equation: 

Mass %= 3244	56	2789	(:)
3244	56	45;<=85>	(:)

 x 100%                                                     [6] 
 This experiment deals with the preparation of a standardized solution of NaOH, 
titration involving an acid solution of known concentration (to determine the 
concentration of the standardized base), titration with an unknown acid, and titration of 



 Report Form…Page 4 

a juice sample to determine the percent mass of acid in the juice. All parts of the 
experiment can be completed with a knowledge of the above relationships. 
 
Reference: Jean-Louis Bergot, “Ionic Equilibria in Analytical Chemistry” , Springer, 
Chapter 7, p.123-125, (2012) 
 
Procedure: 
As described in the lab manual (Dr. R. Venkateswaran, “What in the World ISN’T 
Chemistry?”, General Chemistry Laboratory Manual, 2016, p.79). 
 
Observations/Data/Results 
 
Table 1.  Formation of a stock solution of NaOH  
 

 
Volume of concentrated NaOH 

solution (mL) 
 

 
4.05 

 
 

Concentration of concentrated 
NaOH solution (M) 

 

 
6.00 

 
Volume of stock solution after 

dilution (mL) 
 

 
254.05 

 
Approximate concentration of 

stock solution (M) 
 

 
0.0957 

 
Table 2.  Standardization of Stock Solution of NaOH  
 

Data Trial 1 Trial 2 Trial 3 
 

Concentration of 
Standard Acid solution 

(M) 
 

 
0.1000 

 
0.1000 

 
- 

 
Volume of Standard Acid 

solution (mL) 
 

 
9.95 

 
9.95 

 
- 

 
Volume of stock solution of 

NaOH (mL) 
 

 
14.57 

 
14.17 

 
- 

 
Concentration of stock 
solution of NaOH (M) 

 

 
0.0683 

 
0.0702 

 
- 
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Average Concentration of 

stock solution of NaOH 
(M) 

 

 
 

0.0693 

 
Table 3.  Determination of the Concentration of an Unknown Acid 
 

Data Trial 1 Trial 2 Trial 3 
 

Sample Number of 
Unknown Acid  

 

 
1 

 
1 

 
- 

 
Volume of Unknown Acid 

solution (mL) 
 

 
9.90 

 
10.00 

 
- 

 
Volume of stock solution of 

NaOH (mL) 
 

 
12.99 

 
13.78 

 

 
- 

 
Concentration of stock 
solution of NaOH (M) 

 

 
0.0693 

 
0.0693 

 
- 

 
Concentration of Unknown 

Acid Solution (M) 
 

 
0.0455 

 
0.0477 

 
- 

 
Average Concentration of 

Unknown Acid solution 
(M) 

 

 
 

0.0466 

 
Table 4.  Determination of the Mass Percentage of Acid in a Juice 
 

Data Trial 1 Trial 2 Trial 3 
 

Sample Number of Juice  
 

 
2 

 
2 

 
- 

 
Volume of Juice (mL) 

 

 
9.98 

 
9.88 

 
- 

 
Volume of stock solution of 

NaOH (mL) 
 

 
12.99 

 
13.78 

 
- 

 
Concentration of stock 
solution of NaOH (M) 

 

 
0.0693 

 
0.0693 

 
- 

 
Concentration of acid in Juice 

(M) 
 

 
0.0334 

 
0.0372 

 
- 
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Average Concentration of 

Acid in Juice (M) 
 

 
0.0353 

 
Density of Juice (g/mL) 

 

 
1.0001 

 
Molar Mass of acid in Juice 

(g/mol) 
 

 
192.14 

 
Mass Percent of Acid in Juice 

(%) 
 

 
0.678 

 
  
Table 5. Titration Results from LoggerPro 
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Fig. 1. Trial 1 of Standardization of NaOH Stock Solution 

 
 
Fig. 2. Standardization of NaOH Stock Solution Trial 2 
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Fig. 3. Titration with an Unknown Acid Trial 1 

 
 
 



 Report Form…Page 9 

Fig. 4. Titration with an Unknown Acid Trial 2 
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Fig. 5. Titration With Juice 2 Trial 1 

 
 
Fig.6. Titration with Juice 2 Trial 2 
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Raw Data: 
 
Table 6: Logger Pro Table 

 
 
Data Tables: 
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Sample Calculation: (Part 1) 
 

1. Approximate concentration of stock solution 
     
CiVi=CfVf 

      Cf= CiVi/Vf 
        = (6.00M)(4.05 mL)/(254.05 mL) 
        = 0.0957 M 
 
 
Sample Calculation: (Part 2) 
 

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

 
Trial 1: [HCl]=0.1000M, VHCl=9.95mL, VNaOH=14.57mL 
 
[NaOH]VNaOH=[HCl]VHCl                          
           [NaOH]= [HCl]VHCl/VNaOH  
                          = (0.100 M)(9.95mL)/(14.57mL) 
                          =0.0683 M 
 

3. Average concentration of stock solution: 
 
[NaOH]avg= (0.0683M+0.0702M)/2 
                   = 0.0693M 
 
Sample Calculation: (Part 3) 
 

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

 
H2A + 2 NaOH à Na2H + H2O 
 

           nNaOH= 2nH2A 
CNaOHVNaOH=2CH2AVH2A 

                  CH2A = CNaOHVNaOH/2VH2A 
 
Using the data from Trial 1, 
            CH2A =(0.0693M)(12.99mL)/(2)(9.90mL) 
                     =0.0455M 
 

5. Average concentration of unknown acid: 
 
[H2A]avg= (0.0455M+0.0477M)/2 
               = 0.0466 M 
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Sample Calculation: (Part 4) 
 

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

 
 
H3C6H5O7 + 3 NaOH à Na3C6H5O7 + 3 H2O,    let H3A be the citric acid. 
 
nNaOH=3nH3A 
  CH3A= CNaOHVNaOH/3VH3A 
 
For trial 1,  CNaOH= 0.0693M, VNaOH=14.45mL, VH3A=9.98 mL 
 
CH3A = (0.0693M)(14.45mL)/3(9.98mL) 
         =0.0334M 

 
7. Average concentration of acid in juice: 

 
[H3C6H5O7]avg=(0.0334M+0.0372M)/2 
                          = 0.0353M 
 

8. Mass percentage of acid in juice: 
 
[H3C6H5O7]= 0.0353M, MMH3C6H5O7=192.14 g/mol, density=1.0001 g/mL, let V=1L for 
convenience.  
 
macid=[H3C6H5O7](V)(MM) 
         = (0.0353M)(1L)(192.14g/mol) 
         = 6.78 g 
 
mass%= (macid/mtotal) x 100% 
             =(6.78g)/(1.0001g/mL)(1000mL/1L) x 100% 
             =0.678% 
 
 
Discussion 
 The concentration of the NaOH solution must be known in order to calculate the 
concentration of the unknown acid solution and of the acid in the juice. The initial 
approximate calculation of the concentration is much higher than the concentration 
determined experimentally through the titration with HCl. This is due to the fact that 
the added volume of water was a rough estimation. Therefore, there could have been 
much more water in the beaker than the amount that we estimated to be in there, 
resulting in a lower concentration than initially calculated.  

Although a useful tool for visualizing the equivalence point of a titration, the use 
of an indicator is not necessarily accurate in determining the equivalence point of a 
titration. This is because phenolphthalein changes colour once the pH is higher than 7, 
meaning that even the slightest colour change won’t occur until the solution is already 
basic and a noticeable colour change won’t occur until the pH is significantly higher 
than 7. Whereas, by using LoggerPro, you can measure the exact point of equivalence 
with much less room for error.   
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Additional sources of error include that extra water may have gotten into the 
burette used to measure out the amount of acid being titrated. Any dilution of the acid 
inside the burette would result in a smaller amount of the acid (in moles) present in the 
acid solution being titrated, meaning that the calculated concentration of the acid would 
be lower than the actual concentration of the acid.  
 
 
Conclusion 
 The concentration of the standardized NaOH solution was determined to be 
0.0693M. The concentration of unknown acid #1 was determined to be 0.0466M. The 
mass percentage of citric acid in juice #2 was determined to be 0.678%. 


