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Introduction

The amount of an acid can be measured by reacting it with a stoichiometric amount of a strong base; this process is called titration.  Conversely, a base can be measured by reaction with a strong acid.  One of the keys to obtaining accurate results is to standardize the solutions used for the titration.  

An aqueous solution of sodium hydroxide is often used as the strong base for titration of unknown acids.  Sodium hydroxide is readily available as a solid, but is hygroscopic, making obtaining an accurate mass difficult.  Since the mass measured in making any NaOH solution is suspect, the solution must be standardized by reacting it with an acid that more accurately weighed.  A primary standard is a substance which can be precisely weighed so that the number of moles present can be accurately determined from the measured weight. 
The strong acid often used in titrations is hydrochloric acid.  At room temperature, pure HCl is a gas, but is sold as a concentrated solution in water around 12 M.  The concentration of HCl in any solution made by diluting the concentrated mixture needs to be standardized with a primary standard.  

The process of making the acid and base solutions, followed by standardizing their concentrations is time consuming and tedious, but is necessary for accurate results.  Once the concentrations of the acid and base solutions have been measured with a primary standard, they become secondary standards, and will be saved and used throughout the semester. 

Procedure:
The primary standard acid for this experiment is potassium hydrogen phthalate (KHP). Dry 2.0 grams of KHP in the oven at 110 °C at the start of lab.

The primary standard base for this experiment is tris(hydroxymethyl)aminomethane (THAM). Dry 2.0 grams of THAM in the oven at 110 °C at the start of lab. 
Strong Base Solution: 
1. Calculate and weigh the amount of solid NaOH needed to make 1 L of 0.1 M NaOH. 
2. The dissolution of NaOH is an exothermic process; it is best to dissolve the solid in water using a glass beaker and magnetic stir bar.   

3. Once the solid is completely dissolved, transfer it to the container provided and keep it sealed when not in use.

Standardizing the NaOH Solution:
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Figure 1.  KHP reaction with NaOH

1. Remove your 2.0 grams of the primary standard, KHP, from the oven and store in a desiccator to cool to room temperature.
2. Weigh out to four decimal places, three separate 0.5 g portions of KHP in 125 mL labeled Erlenmeyer flasks.
3. Dissolve the KHP by adding 25-mL of distilled water to each flask

4. Add two drops of phenolphthalein indicator to each flask
5. Rinse a 50 mL burette with a small amount of the NaOH solution before filling it to the zero mark, and check for leaks. 

6. Titrate each KHP solution with the NaOH to a persistent faint pink end point. 

7. Calculate the molarity from each titration, the average, and standard deviation of your secondary standard.
8. Seal and label your standardized NaOH and keep it for future experiments.
Strong Acid Solution:
1. Remove your 2.0 grams of the primary standard, THAM, from the oven and store in a desiccator to cool to room temperature.
2. Caution: HCl is a strong acid, read the Safety Data Sheet for precautions prior to using.  Calculate and measure the volume of 6.0 M HCl needed to make 1 L of 0.1 M HCl.   

3. In the provided sealable container, add the 6 M HCl to enough water to make approximately 1 liter.  Always add acid to water, not water to acid.  Seal the container and mix gently.

Standardizing the HCl Solution:
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Figure 2. Reaction of THAM with HCl
1. To four decimal places, weight three 0.35 g samples of THAM in separate labeled 125 mL Erlenmeyer flasks.

2. Dissolve each sample of THAM by adding about 25-mL of distilled water and a few drops of bromocresol green indicator
3. Titrate each THAM sample with the 0.1 M HCl to a persistent green endpoint. Overshooting the endpoint is indicated by a yellow solution.
4. Calculate the concentration of HCl for each titration, the average concentration, and the standard deviation of the secondary standard solution.
9. Seal and label your standardized HCl, and keep it for future experiments
Questions: 

1. Why is it necessary to dry the primary standards?

2. What physical properties are important for a primary standard to possess? Explain your answer.

3. Consider standardizing the HCl solution with your standardized NaOH solution.  How would this approach compare to using THAM?
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