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Standardization of NaOH 
 

Prepared by Edward L. Brown, Lee University 
 
 
The student will become familiar with the techniques of titration and the 
use of a primary standard, Potassium Hydrogen Phthalate (KHP).   
 

 
 
 
 

 
 
One of the more common experiments in the General Chemistry laboratory is the 
neutralization of an acid with a base.  This reaction is extremely fast, easily reproducible, 
reliable and quantifiable.  The net ionic equation for a neutralization reaction is shown 
below: 
 

H3O+
(aq)  +    OH-

(aq)   →    2H2O(aq) 
 
 
Hydronium ion (H3O+), formed from the reaction of an acid with water, reacts with 
hydroxide ion to form water.  Neutralization occurs when all hydronium ions have 
reacted with an equimolar amount of hydroxide ions.  To see why acid-base titrations are 
successful methods of analysis, look once more at the reaction that occurs between them.  
 
 The reverse of this reaction is the auto ionization of H2O, which has an equilibrium 
constant (kw) of 1E-14.  From this value, the equilibrium constant for the above reaction 
is calculated as 1/(1E-14), or 1E14.  An equilibrium constant of this magnitude reflects a 
chemical reaction that “goes to completion”, a term used when one of the reactants is 
completely consumed in a reaction.  Thus the acid/base neutralization reaction provides a 
fast, reproducible reaction for determining the concentration of either the acid or base in a 
sample by adding a certain amount of a known concentration of the other reactant.  
Determinations of this type are called titrations, and the reagent of known concentration 
is commonly referred to as the titrant.  Titrations have been, and probably always will be, 
the foundation of wet chemical methods.  
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Buret / Buret Clamp Erlenmeyer Flask 
Ring Stand Volumetric Flask (100 mL) 
Volumetric pipet (25 mL) Stir Plate / stir bar (optional) 

CC HH EE MM II CC AA LL SS  

Sodium Hydroxide (solid) Vinegar 
KHP Phenolphthalein 

EXPERIMENT 

18 
 
 
 

OBJECTIVE 
 
 

APPARATUS 
AND 

CHEMICALS

Equation 18.1 



Standardization of NaOH 

Experiment 18 18-2

Ideally, the preparation of a standard NaOH solution would involve accurately weighing 
a certain amount and then diluting to some final volume.  This is not possible, however, 
since NaOH is hygroscopic (it absorbs atmospheric H2O), which prohibits the weighing 
of accurate amounts.  Fortunately, there are reagents which can be weighed out directly 
with a high degree of confidence.  These reagents, called primary standards, are 
available in high purity, do not absorb atmospheric H2O, and are stable for long periods 
of time.  Their name, primary standard, comes from the fact that these compounds can be 
taken directly off the shelf and used as a standard without any additional manipulation.   
 
In this laboratory, KHP (Potassium hydrogen phthalate) is the primary standard used to 
produce hydronium ions when dissolved in water.  These ions are later neutralized with a 
sodium hydroxide solution.  The use of KHP is a common method for standardizing an 
aqueous NaOH solution.  Standardization is the process of determining the 
concentration of a solution.  Potassium hydrogen phthalate is termed a monoprotic acid 
because it has only one acidic hydrogen (a hydrogen attached to an atom other than 
carbon).   
 
 
 
 
 
 
 
 
 
 
 
 The reaction that occurs between KHP and NaOH can be written as follows: 
 

KHP (aq)  +  NaOH (aq)  →  H2O (aq)  +  NaKP (aq) 
 
Notice that the stoichiometry between KHP and NaOH- is 1:1.  In this lab, you will 
dissolve a known mass of KHP in H2O (the volume of water need not be known 
accurately) and add small portions of the NaOH solution that is to be standardized.  Once 
the number of moles of added titrant is exactly identical to the moles of H+ present (the 
equivalence point), the concentration of the NaOH solution can be calculated.  This 
procedure is called standardization, and the resultant NaOH solution is referred to as 
standard NaOH.  A reagent is referred to as standard only if its concentration was 
determined using a primary standard.  
 
 
How does one note the point when an acid and base are present in equivalent 
amounts?   
 
An indicator, phenolphthalein, is added to the aqueous solution of KHP.  Indicators are 
organic molecules that change color over a very narrow range of experimental conditions 
– in this lab, the pH is the variable that influences a color change in the phenolphthalein 
molecule.  At a pH less than 8, phenolphthalein is colorless; above 8, it is red.  When 
using phenolphthalein, one always starts with an aqueous solution of the acid and adds 
base until a faint pink color persists for 30 seconds.  The pH at which this color change 
occurs is called the endpoint.  It is critical that an indicator is chosen whose endpoint 
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occurs at nearly the same pH as the pH at the reactions equivalence point.  It turns out 
that the pka of KHP is 5.5.   
What does this mean and is phenolphthalein a good indicator for the deprotonation of 
KHP? 
 
To answer this question, let’s review the Henderson-Hasselbach equation: 
 
 
 
 
According to Equation 18.2, the pH of a solution containing KHP will be 5.5 (its pka) 
when the [salt] = [acid] (use your calculator to prove that the log of “1” equals zero).   
 
Let’s assume you have 1000 molecules of KHP originally.   
 
When the solutions pH = 5.5, you will have 500 molecules of KHP and 500 molecules of 
KNaP (the H+ in 500 molecules of KHP has reacted and been replaced by Na+).   
 
When more NaOH is added and the ratio of KNaP : KHP is 900 : 100, what is the pH? 
 
 
 
So, when the reaction is 90 % completed, the pH is 6.45.   
 
What is the pH at 99 % completion (990 molecules KNaP, 10 molecules KHP)?  7.50   
 
At 99.9 % completion?  8.50   
 
Using Equation 18.1, our calculations verify that phenolphthalein is an excellent 
indicator for this reaction since its color will change at a pH that occurs when the reaction 
is between 99 and 99.9 % complete. 
 
Sample Problem 18.1 
 
A sample of KHP weighing 0.503 grams was placed in an Erlenmeyer flask and 100 ml 
distilled water was added to dissolve the acid.  Two drops phenolphthalein were added 
and a light pink endpoint was observed after the addition of 27.3 mL NaOH.  What is the 
Molarity of the NaOH solution?  
 
 

 
 

[ ]
[ ]
900

pH = 5.5 + log  = 6.45
100

-3

1 mole KHP 1 mole NaOH0.503 g KHP × ×
204.2 g KHP 1 mole KHP mole NaOHM = = 0.0902 =

L NaOH solution1×10 L NaOH solution27.3 mL NaOH solution ×
1 mL NaOH solution

0.0902 M

[ ]
[ ]
salt

pH = pKa + log  
acid

Equation 18.2 
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 Standardization of an aqueous acid solution involves first the standardization of an 
aqueous base solution with a primary standard like KHP and then using the newly 
standardized base solution to determine the concentration of acid in the aqueous acid 
solution.  In this lab, the newly standardized NaOH solution will be used to determine the 
Molarity [Figure 18.1] of acetic acid (HC2H3O2) in vinegar.  Acetic acid is written with 
one of its four hydrogens listed first in the formula – this notation is used to specify that 
acetic acid is a monoprotic acid.  Also, once the density of vinegar is determined, the 
mass percent of acetic acid in vinegar can be determined using Figure 18.1.  The 
Molarity of the vinegar provides the number of moles of acetic acid in 1 L vinegar – the 
moles of acetic acid can be converted to grams acetic acid (solute) while the 1 L vinegar 
(solution) can be converted in grams of vinegar (solution).  Substitution, as shown, will 
provide the mass percent of acetic acid in a solution of vinegar.   
 

 
 
SSttaannddaarrddiizzaattiioonn  ooff  NNaaOOHH  
 
1. Obtain ~200 mL of a sodium hydroxide solution that is ~ 0.1 M in a clean beaker.  

Label the beaker – either mark on the beaker or write NaOH on a piece of paper and 
set the beaker on top of the paper.   

2. Obtain a clean buret and buret clamp.  Make sure the stopcock on the buret is closed. 

Procedure

Figure 18.1 

Molar Mass 
solute 

g HC2H3O2    + g H2O = g vinegar 

kg H2O 

moles H2O moles HC2H3O2 ml vinegar 

L vinegar 

Molar Mass 
H2O 

1 mL = 1E-3 L 

Density 
vinegar 

1 kg = 1E3 g

2 3 2HC H O
g acetic acid= ×100

g vinegar
Mass%

moles solute=
L solution

Molarity (M)
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3. Add ~ 5 mL of the NaOH solution (from Step 1) to the buret (rotate the buret to wash 
down the sides with this NaOH solution) and empty it into a beaker designated for 
waste. 

4. Repeat Step 3. 
5. Fill the buret to the top with the NaOH solution.  Place the beaker containing the 

waste NaOH under the stopcock and fully open the stopcock allowing ~1 mL of base 
to exit.  Repeat opening and closing the stopcock until no more air bubbles exit the 
tip of the buret. 

6. Obtain three 200 (or 250 or 300) ml Erlenmeyer flasks.  Place Flask 1 on a balance 
and tare its mass (make sure the balance is not fluctuating due to air currents).  Using 
a spatula, add between 0.4 and 0.6 g of KHP to the flask.  Record exactly the mass of 
KHP in Flask 1 [Data Sheet Q1]. 

7. Add 100 ± 5 ml of distilled water to the flask and three drops of the phenolphthalein 
indicator. 

8. Place a stir bar in the flask and place the flask on a stirring plate. 
9. Adjust the buret so that it is directly above the flask and the stirring plate.  
10. Record the volume of NaOH in the buret [Data Sheet Q2] 

and begin to slowly add the base to Flask 1. 
11. As base drops onto the acid solution, a pink color appears 

that rapidly disappears with stirring.  As time passes, the 
color remains longer – you should add the base dropwise 
at this point.  Eventually, one drop of base will change the 
colorless solution to a persistent (for at least 1 minute) 
light pink. 

12. Record the final volume of base used [Data Sheet Q3]. 
13. Determine the volume of base used to titrate the acid in 

Flask 1 [Online Report Sheet Q4]. 
14. Determine the Molarity of the NaOH solution [Online 

Report Sheet Q5]. 
15. Repeat Steps 6 – 14 for Flasks 2 & 3 – record the data 

[Data Sheet Q1 – Q3 Trials 2 & 3] and [Online Report 
Sheet Q4 and Q5 Trials 2 & 3]. 

16. Label the 1 L Nalgene bottle containing the NaOH solution 
with your name and its Molarity.  You will use this solution 
in several labs during the remainder of the semester – 
hopefully its Molarity has been accurately determined.  

17. Determine the average Molarity of the NaOH solution [Online Report Sheet Q6]. 
 
 
DDeennssiittyy  ooff  VViinneeggaarr 
 
18. Obtain a dry 100 mL volumetric flask from your instructor and determine its mass to 

the nearest 0.001 g [Data Sheet Q7]. 
19. Using a suction bulb and a 25 mL pipette, place 25.00 mL of vinegar into the 

volumetric flask. 
20. Determine the mass of the flask and vinegar to the nearest 0.001g [Data Sheet Q8]. 
21. Record the density of vinegar [Online Report Sheet Q9]. 
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CCoonncceennttrraattiioonn  AAnnaallyyssiiss  ooff  VViinneeggaarr 
 
22. Dilute the 25.00 mL of vinegar in the 100 mL volumetric flask with distilled water 

until the final volume is 100.00 mL (add distilled water to the scored mark on the 
volumetric flask). 

23. Stopper and mix this solution for 1 minute by inverting it several times. 
24. Using a suction bulb and a different 25.00 mL pipette, remove 25.00 mL of the 

“dilute” vinegar and place it in a 200 (or 250 or 300) ml Erlenmeyer flask. 
25. Remove an additional 25.00 mL of the “dilute” vinegar and place it in another 200 

(or 250 or 300) ml Erlenmeyer flask. 
26. Add ~ 75 mL distilled water to each flask. 
27. Add a stirring bar and 3 drops phenolphthalein to each flask. 
28. Perform steps 9 – 14 on each flask. 
29. Record the initial and final volumes of NaOH used [Data Sheet Q10 and Q11]. 
30. Determine the volume of base used to titrate the “dilute” vinegar [Online Report 

Sheet Q12]. 
31. Record the Molarity of the “dilute” vinegar solution [Online Report Sheet Q14] and 

the Molarity of “undiluted” (pure) vinegar [Online Report Sheet Q15]. 
32. Calculate the average molarity of the vinegar [Online Report Sheet Q16]. 
33. Calculate the Mass percent of acetic acid in vinegar using Figure 18.1 [Online 

Report Sheet Q17]. 
 
Waste Disposal 
 
Dispose of all solutions in the sink – flush with water.  Return Clean Burets To Your 
Instructor. 
 
Lab Report:  Once you have turned in your Instructor Data Sheet, lab attendance will 
be entered and lab attendees will be permitted to access the online data / calculation 
submission part of the lab report (click on Lab 18 – Standardization of NaOH).  Enter 
your data accurately to avoid penalty.  The lab program will take you in order to each 
calculation.  If there is an error, you will be given additional submissions (the number 
and penalty to be determined by your instructor) to correct your calculation. 
 
 
Post-Lab Questions:  The questions for this lab can be found at 
http://www.Chem21Labs.com .  Do Not Wait Until The Last Minute!!!!  Computer 
Problems and Internet Unavailability Happen, But Deadlines Will Not Be 
Extended!!     On the Internet, complete any Post Lab Assignments for Lab 18 – 
Standardization of NaOH.  The computer program will check your answers (with the 
correct number of significant figures) as they are entered.  If there is an error, you will be 
given additional submissions (the number and penalty to be determined by your 
instructor) to correct your answer. 
 
 
Late Submission:  Late submission of the lab data / calculations is permitted with 
the following penalties:  - 10 points for submissions up to 1 day late, - 20 points for 
submissions up to 2 days late. 
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Laboratory 18 
Student Data Sheet  

 

 

 
Laboratory 18 
Instructor Data Sheet  

 

 

Standardization of NaOH Trial 1  Trial 2  Trial 3  

1.  Mass of KHP used  
g 

 
g  g 

2.  Initial buret reading  
mL

 
mL  mL

3.  Final buret reading  
mL

 
mL  mL

Density of Vinegar 
 

 
 

   

7. Mass of 100 mL Volumetric Flask  
g 

 
   

8. Mass of Volumetric Flask + Vinegar  
g 

 
   

Titration of Vinegar   Trial 1  Trial 2  

10.  Initial buret reading  
 

 
mL  mL

11.  Final buret reading  
 

 
mL  mL

Standardization of NaOH Trial 1  Trial 2  Trial 3  

1.  Mass of KHP used  
g 

 
g  g 

2.  Initial buret reading  
mL

 
mL  mL

3.  Final buret reading  
mL

 
mL  mL

Density of Vinegar 
 

 
 

   

7. Mass of 100 mL Volumetric Flask  
g 

 
   

8. Mass of Volumetric Flask + Vinegar  
g 

 
   

Titration of Vinegar   Trial 1  Trial 2  

10.  Initial buret reading  
 

 
mL  mL

11.  Final buret reading  
 

 
mL  mL

Name:      
 


