
   

Introduction: 
 Acids and bases are chemical terms used in science to describe many substances such as the 

solutions in the following lab’s acid-base titration.  There are a number of characteristics which define 

acids and bases; acids are bitter substances, have a PH between 0 and 7 and give up an H+ proton when 

dissolved in water.  Bases, on the other hand, are bitter substances which, with PHs between 7 and 14; 

when dissolved in water, bases give up an OH- ion.  These donor properties can be seen by the 

following reaction equations: 

 

HNO3(aq)  H+
(aq) + NO3

-
(aq) 

Observe how the acid, HNO3, acts as a proton donor when in an aqueous form. 

 

NaOH(aq)  Na+
(aq) + OH-

(aq) 

Here the base, NaOH, is also a donor in the presence of water but because it is a base it gives 

up its OH- ion rather than an H+ as seen in the case of acids (Venkateswaran). 

 

Acids and bases vary in strength and acids and bases are usually referred to as either being 

weak or strong.  Often time the strength of acids and bases can be determined by their concentrations, 

with high concentrations being strong and low concentrations being weak.  Acids and bases at high 

concentration dissociate more quickly and more completely than those at lower concentration.  This 

means that when a strong acid or base is added to water the H+ protons and OH- ions will dissociate 

faster than an acid or base at a lower concentration and that there will be less acid or base reactant 

remaining after a reaction with a strong acid or base than there would be with a weaker one. 

Concentration of an acid or base can be calculated using the following equation: 

C=n/V 
In which C is concentration, measured in mol/L (M); n is the amount of solute, measured in 

moles (mol); and V is the volume of the solution, measured in liters (L).   

When diluting an acid or a base the concentration or volume of either the concentrated or 

diluted solution can be calculated using the following equation: 

CCVC=CDVD 

In which CC is the concentrated concentration or initial concentration, measured in mol/L (M); 

VC is volume of the concentrated solution, measured in liters (L); and CD and VD concentration and 

volume of the diluted solution in the same units as their concentrated counterparts(Olmsted, Williams, 

Burk). 

 

In a titration, acids and bases react with one another to form water and salt in what is known as 

a neutrilisation reaction.  When the exact amount of acid needed to neutralize a base (or vice versa) is 

added, causing the PH to become 0 this is known as an equivalent point (Venkateswaran).   
 

  
 

   

 

Procedure: 
    Refer to lab manual for complete procedure (Venkateswaran). 

 

Table 1.  Formation of a stock solution of NaOH  
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Volume of concentrated NaOH 

solution (mL) 
 

 
4.0mL 

 
Concentration of concentrated 

NaOH solution (M) 
 

 
6.0M 

 
Volume of stock solution after 

dilution (mL) 
 

 
250mL 

 
Approximate concentration of 

stock solution (M) 
 

 
0.10M 
 

 

Table 2.  Standardization of Stock Solution of NaOH  
 

Data Trial 1 Trial 2 Trial 3 

 
Concentration of 

Standard Acid solution 
(M) 

 

 
 

0.100M 

 
 

0.100M 
 

 
 

N/A 

 
Volume of Standard Acid 

solution (mL) 
 

 
10.0mL 

 
10.0mL 

 
N/A 

 

 
Volume of stock solution of 

NaOH (mL) 
 

 
48.0mL 

 
45.0mL 

 

 
N/A 

 
Concentration of stock 
solution of NaOH (M) 

 

 
0.0222M 

 
0.0222M 

 
N/A 

 
Average Concentration of 

stock solution of NaOH 
(M) 

 

 
 

0.0215M 

 
Table 5.  Partial Representation of Data Collected from Standardized Stock 
Solution of NaOH Titration 
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Graph 1.  Standardized Stock Solution of NaOH Titration, PH & First Derivative 

vs. Volume (mL) 

Run 1 

 

Graph 2.  Standardized Stock Solution of NaOH Titration, PH & First Derivative 

vs. Volume (mL) 

Run 2 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3.  Determination of the Concentration of an Unknown Acid 
 

Data Trial 1 Trial 2 Trial 3 

 
Sample Number of 

Unknown Acid  
 

 
4 

 
4 

 
N/A 

 
Volume of Unknown Acid 

solution (mL) 
 

 
10.0mL 

 
10.0mL 

 
N/A 

 
Volume of stock solution of 

NaOH (mL) 
 

 
6.82mL 

 
7.00mL 

 
N/A 
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Concentration of stock 
solution of NaOH (M) 

 

 
0.096M 

 
0.096M 

 
N/A 

 
Concentration of Unknown 

Acid Solution (M) 
 

 
0.032M 

 
0.034M 

 
N/A 

 
Average Concentration of 

Unknown Acid solution 
(M) 

 

 
 

0.033M 

 

Table 6.  Partial Representation of Data Collected from Unknown Acid Titration 

 
Graph 3.  Unknown Acid Titration, PH & First Derivative vs. Volume (mL) 

Run 3 
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Graph 4.  Unknown Acid Titration, PH & First Derivative vs. Volume (mL) 

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

Data Trial 1 Trial 2 Trial 3 

 
Sample Number of Juice  

 

 
1 

 
1 

 
1 

 
Volume of Juice (mL) 

 

 
10.0mL 

 
10.0mL 

 
10.0mL 

 
Volume of stock solution of 

NaOH (mL) 
 

 
11.0mL 

 
10.0mL 

 
9.3mL 

 
Concentration of stock 
solution of NaOH (M) 

 

 
0.096M 

 
0.096M 

 
0.096M 

 
Concentration of acid in Juice 

(M) 
 

 
0.035M 

 
0.032M 

 
0.030M 

 
Average Concentration of 

Acid in Juice (M) 
 

 
0.032M 

 
Density of Juice (g/mL) 

 

 
1.0003g/mL 

 
Molar Mass of acid in Juice 

(g/mol) 
 

 
192.14g/mol 

 
Mass Percent of Acid in Juice 

(%) 
 

 
0.615% 

 

Table 7.  Partial Representation of Data Collected from Acid in Juice Titration 
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Graph 5.  Acid in Juice Titration, PH & First Derivative vs. Volume (mL) 
Run 5 

 

Graph 6.  Acid in Juice Titration, PH & First Derivative vs. Volume (mL) 

Run 6 
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Graph 7.  Acid in Juice Titration, PH & First Derivative vs. Volume (mL) 

Run 7* 

 
*Run 7, a third run of the Acid in Juice titration was performed to verify accuracy of visual results which had been 

recorded in Runs 5 and 6. 
 

Observations (all parts of the experiment): 
 All solutions used throughout the lab, water, NaOH solution, mystery acid and mystery juice, 

were transparent and colourless liquids.  It was only after the equilibrium point of the titrations were 

reached that the solution turned bright fuchsia, this was because of the presence of phenolphthalein, an 

indicator that was added prior to titration.  As the titration progresses and the solution began to 

neutralize, the water slowly began to show pale pink until the entire solution very quickly turned dark 

fuchsia.  The density of the mystery juice was recorded to be 1.0003g/cm3.   

 
Sample Calculation: (Part 1)  

NaOH(aq) +HA(aq) NaA(aq) + H2O(l)  (where A represents the unknown section of the acid) 

 

1. Approximate concentration of stock solution 

CcVc = CDVD 

(6.0 mol/L)(0.0040L) = CD(0.250) L) 

CD = 0.096 mol/L 

CD = 0.1 mol/L 
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Sample Calculation: (Part 2) 
NaOH(aq) +HA(aq) NaA(Aq) + H2O(l) (where A represents the unknown section of the acid) 

 

1. Exact concentration of stock solution: 

Standard Acid Run 1:  Observed 

CbaseVbase = (b/a)CacidVacid 

Cbase(0.0480 L) = (1/1)(0.1000 mol/L)(0.0100 L) 

Cbase=0.0208 mol/L 

 

Standard Acid Run 1:  Exact 

CbaseVbase = (b/a)CacidVacid 

Cbase(0.0152 L) = (1/1)(0.1000 mol/L)(0.0100 L) 

Cbase=0.0658 mol/L 

 

Standard Acid Run 2:  Observed 

CbaseVbase = (b/a)CacidVacid 

Cbase(0.0450 L) = (1/1)(0.1000 mol/L)(0.0100 L)  

Cbase= 0.0222 mol/L 

 

Standard Acid Run 2:  Exact 

CbaseVbase = (b/a)CacidVacid 

Cbase(0.0134 L) = (1/1)(0.1000 mol/L)(0.0100 L)  

Cbase= 0.0746 mol/L 

 

2. Average concentration of stock solution: 

Observed: 

Cav = (C1 + C2)/2 

Cav = (0.0208 mol/L + 0.0222 mol/L)/2 

Cav = 0.0215 mol/L  

 

Exact: 

Cav = (C1 + C2)/2 

Cav = (0.0658 mol/L + 0.0746 mol/L)/2 

Cav = 0.0702 mol/L  

 

Sample Calculation: (Part 3) 
2 NaOH(aq) + H2A(aq)Na2A(aq) + 2 H2O(l)  (where A represents the unknown section of the acid) 

 

1. Concentration of Unknown Acid: 

Run 3:  Observed  

CbaseVbase = (b/a)CacidVacid 

(0.096 mol/L)(0.0068 L) = (2/1)Cacid(0.0100 L) 

Cacid = 0.032 mol/L 

 

Run 3:  Exact  

CbaseVbase = (b/a)CacidVacid 

(0.096 mol/L)(0.0074 L) = (2/1)Cacid(0.0100 L) 

Cacid = 0.036 mol/L 
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Run 4:  Observed 

CbaseVbase = (b/a)CacidVacid 

(0.096 mol/L )(0.0070 L) = (2/1)Cacid(0.0100 L)  

Cacid= 0.034 mol/L 

 

Run 4:  Exact 

CbaseVbase = (b/a)CacidVacid 

(0.096 mol/L )(0.0067 L) = (2/1)Cacid(0.0100 L)  

Cacid= 0.032 mol/L 

 

 

2. Average concentration of unknown acid: (using exact values) 

Observed: 

Cav = (C1 + C2)/2 

Cav = (0.032 mol/L + 0.034 mol/L)/2 

Cav = 0.033 mol/L 

 

Exact: 

Cav = (C1 + C2)/2 

Cav = (0.036 mol/L + 0.032 mol/L)/2 

Cav = 0.034 mol/L 

 

 

Sample Calculation: (Part 4) 
3 NaOH(aq) +H3C6H5O7(aq)Na3C6H5O7(aq) + 3 H2O(l) 

 

1. Concentration of acid in juice: 

 

Run 5:  Observed       

CbaseVbase = (b/a)CacidVacid     

(0.096 mol/L)(0.0110 L) = (3/1)Cacid(0.0100 L)  

Cacid= 0.035 mol/L 

 

Run 5:  Exact       

CbaseVbase = (b/a)CacidVacid     

(0.096 mol/L)(0.0111 L) = (3/1)Cacid(0.0100 L)  

Cacid= 0.036 mol/L      

 

Run 6:  Observed      

CbaseVbase = (b/a)CacidVacid     

(0.096 mol/L)(0.0100 L) = (3/1)Cacid(0.0100 L)    

Cacid= 0.032 mol/L   

 

Run 6:  Exact      

CbaseVbase = (b/a)CacidVacid     

(0.096 mol/L)(0.0105 L) = (3/1)Cacid(0.0100 L)    

Cacid= 0.034 mol/L    
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Run 7:  Observed 

CbaseVbase = (b/a)CacidVacid 

(0.096 mol/L)(0.0093 L) = (3/1)Cacid(0.0100 L)  

Cacid= 0.030 mol/L 

 

Run 7:  Exact 

CbaseVbase = (b/a)CacidVacid 

(0.096 mol/L)(0.0097 L) = (3/1)Cacid(0.0100 L)  

Cacid= 0.031 mol/L 

 

2. Average concentration of acid in juice : 

Observed:       

Cav = (C1 + C2 + C3)/2      

Cav = (0.035 mol/L + 0.032 mol/L + 0.030)/3 

Cav = 0.032 mol/L 

 

Exact:       

Cav = (C1 + C2 + C3)/2      

Cav = (0.036 mol/L + 0.034 mol/L + 0.031)/3 

Cav = 0.034 mol/L 

 

 

3. Mass percentage of acid in juice: 

Observed: 

mass % of acid in juice = ([(Cacid)(MMacid)]/[(djuice)(1000)])100% 

mass % of acid in juice = ([(0.032 mol/L)(192.14 g/mol)]/[(1.0003 g/mL)1000])100% 

mass % of acid in juice = 0.615 % 
 

Exact: 

mass % of acid in juice = ([(Cacid)(MMacid)]/[(djuice)(1000)])100% 

mass % of acid in juice = ([(0.034 mol/L)(192.14 g/mol)]/[(1.0003 g/mL)1000])100% 

mass % of acid in juice = 0.647% 
 

Discussion: 
 Both volume and concentration measurements are critical components when performing 

accurate titrations.  This is emphasized by the extreme precision used during the lab as photogates, 

specialized software, and very precise burets were all tools used during the lab.  Additionally, every 

calculation performed in this lab included both volume and concentrations recorded during the 

experiment.  The concentration of NaOH must be determined before proceeding with any other lab 

calculations because the stock solution is incorporated in each section of the lab, this would make the 

concentrations of the mystery acid and juice impossible to determine making the lab fruitless.  

There is a factor of 1000 included in the equation for the mass percent of acid in the mystery 

juice because the equation contains a density measured in g/mL to g/L because the concentration deals 

in liters rather than milliliters and units must be consistent when together in the same equation. 

In the first set of titrations, the standardization of the stock solutions, the observed results were 

consistent however they were vastly different from the results determined by Logger Pro.  However 

for the mystery acid and mystery juice titrations the observed results were so similar to those 

determined by Logger Pro that the difference between the two sets of data could be considered 

insignificant.  It is believed that as the experimenters became more confident and efficient in titrating 

throughout the progression of the lab that the accuracy of the observations made improved.   
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The most source of error is human error as seen in Part 2.  The experiment requires one to be 

able to record the exact volume at which the solution turns dark pink however because this is a gradual 

change and there is no reference for the exact darkness of the colour it is impossible to get infallible 

data while doing titrations by eye.   

 

Conclusion: 
 In conclusion, the stock solution was determined to have an approximate concentration of 

0.1M and used throughout the three sections of the lab.  The concentrations of the standardized stock 

solution were calculated to be 0.0658M and 0.0746M to produce an average concentration on 

0.0702M.  The mystery acid #4 was calculated to have a concentration of 0.036M and 0.032M 

averaging to a concentration of 0.034M.  Finally the concentration of mystery juice #1 was calculated 

to be 0.036M, 0.034M and 0.031M producing an average of 0.034M and a mass % acid in juice of 

0.647%.  These results were obtained through the use of concentration equations and acid-base 

knowledge outlined in the Introduction section of the lab report.      
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