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Introduction  

A solution of unknown composition can be analyzed quantitatively by adding a second solution of known concentration (primary standard solution) until the reaction is complete.  This procedure is known as a titration.  The titration procedure requires a buret to dispense a liquid, called the titrant, into a flask containing the analyte.  The titrant may be a solution of known or unknown concentration.  The analyte may be a solution whose volume is measured with a pipet or it may be a dissolved solid with a very accurately measured mass.  The reaction is complete when the mole ratio of the two reacting substances are the same as what appears in the balanced equation.  This is the stoichiometric point or equivalence point in the titration.  In this experiment the equivalence point for an acid-base titration is detected using phenolphthalein indicator, colorless in acidic and red in basic solutions.  The point at which the phenolphthalein indicator changes color is the endpoint of the titration.  Indicators are selected so that the equivalence point and the endpoint occur at essentially the same point in the titration.


In this experiment we will determine the molarity of a sodium hydroxide solution using KHC8H4O4 (potassium hydrogen phthalate) as the acid.
KHC8H4O4(aq) + NaOH(aq) ( H2O(l) + NaKC8H4O4(aq)
At the equivalence point equal moles of HCl and NaOH have been combined.  Since the number of moles of NaOH and HCl are equal all we need is the molarity of the KHC8H4O4(aq) (which you will make and calculate) and the volume of NaOH used to get to the equivalence point.

(1)
Molarity of NaOH,   M = mol NaOH = mole KHC8H4O4


        

              Liters of NaOH

Let’s say that you perform a titration with the use of a standardized 0.03 M HNO3 solution.  You pipet 20 mL of this analyte into an Erlenmeyer flask and titrate with a NaOH solution that has an unknown concentration.  It takes exactly 22.5 mL of the NaOH to reach the phenolphthalein endpoint.  What is the concentration of the NaOH?
First calculate the moles of HCl used


based on data given  for HCl      0.03 M,  20 mL used ~ .020 L used

M = mol / L

0.03 M = x mol / .02 L

6 x 10-4 mol HCl

Using equation 1

At the endpoint the number of moles of NaOH equals the number of moles of HCl


Based on data given for NaOH         volume = 22.5 mL ~ .0225 L

MNaOH =   6 x 10-4 mol / .0225 L =   0.0267 M
Procedure:

Part 1:  Making your primary standard acid solution, KHC8H4O4 (potassium hydrogen phthalate)
A) Label 3 Erlenmeyer flasks (1-3)

B) Weigh out three samples of  KHC8H4O4 approximately 0.500 g each
a. Make sure to write down the mass of each (1-3) on data sheet

b. Place in the corresponding Erlenmeyer flasks

c. Calculate how many moles of KHC8H4O4 are in each flask, record

C) Dilute each with 50 mL of DI H2O

a. Write down total volume in L on data sheet for each trial

b. Calculate the Molarity for each sol’n, write in data sheet

D) Add 2 drops of phenolphthalein to each flask

Part 2:  Preparing your Buret and titrant
A) Attain approximately 55 mL of unknown concentration NaOH in a labeled 100 mL beaker
B) Attain a 50 mL buret

C) Condition your buret

a. Wash with DI H2O twice

i. Making sure to get all sides

ii. Making sure to let some out the buret tip

b. Wash with about 5 mL of your NaOH

i. Making sure to get all sides

ii. Making sure to let some out the buret tip

D) Fill your buret with your NaOH

a. Always dispense about 2 mL to make sure tip is clean and NaOH has filled the tip

E) Place your buret in clamp which is attached to ring stand

Part 3:  Titration

A) Record your initial buret volume on data sheet, read to (0.05 mL

B) Place a piece of white paper under trial 1 of the KHC8H4O4 Erlenmeyer flask which should now be under the NaOH filled buret.

C) Slowly add the NaOH solution to the KHC8H4O4, swirling the flask after each addition.  

D) As the rate of the indicator color change decreases, decrease the rate of NaOH addition; proceed with drop addition of NaOH until the indicator endpoint is reached.  This is when 1 drop causes the pink color to last for at least 30 seconds.

E) Record your final buret volume on data sheet, read to (0.05 mL

a. Calculate the volume of NaOH dispensed and record (mL and L)
F) Repeat the titration with the other two flasks of KHC8H4O4
Part 4:  Calculations

A) Fill in moles of KHC8H4O4 in Part 2 data table from Part 1 data table

B) Calculate the moles of base
a. Remember that at the endpoint the moles of acid = moles of base

C) Calculate the Molarity of the NaOH sol’n

a. M = mol/L

D) Calculate the average molarity based on your three trials

a. If your molarity values differ by more than 3% you must do another trial

b. Show me your results
Data Sheet:

Part 1:  Making Primary Standard

	Trial #
	Mass of KHC8H4O4
	Moles of KHC8H4O4
	Total Volume of Sol’n, (L)
	Molarity (mol/L)

	1
	
	
	0.05

	

	2
	
	
	0.05

	

	3
	
	
	0.05

	


Part 3:  Titration
	
	Trial 1
	Trial 2
	Trial 3

	Initial Buret Reading, mL
	
	
	

	Final Buret Reading, mL
	
	
	

	Volume NaOH Dispensed, mL
	
	
	

	Volume NaOH Dispensed, L
	
	
	

	Volume of Acid, L
	0.05

	0.05

	0.05


	Moles of Acid
	
	
	

	Moles of Base
	
	
	

	Molarity of Base
	
	
	

	Average Molarity of Base
	


Pre-Lab Questions:

1. What is a primary standard?

2. What is a titrant?

a) What is the titrant in this lab?

3. What is an analyte?

a)  What is the analyte in this lab?

4. How do you properly clean a buret that you are going to use to dispense a 3M HCl?  (see procedures)
Post-Lab Questions:

1. A mass of 0.497 g sulfamic acid, NH2SO3H, dissolved in 50.0 mL of water is neutralized by 28.4 mL of NaOH at the phenolphthalein endpoint.  What is the molarity of the NaOH solution?  The formula weight of NH2SO3H is 97.1 g/mol
NH2SO3H  +  NaOH  ( NH2SO3-Na+  +  H2O

2.
If the endpoint in the titration is surpassed (too pink) what effect does this have on 
the calculated molarity of the NaOH solution?  Explain.

3.
What is the purpose of placing a white piece of paper under the flask during this titration?
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