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INVESTIGATION 4

3. If equal molar amounts of NaOH and HCl are mixed, when the reaction is complete
what will be the chemical species in the resulting solution?

4. Will the pH of the mixture in question 3 be acidic, neutral, or basic? Explain.

5. Write the complete chemical equation for the reaction of a 0.1 M solution of acetic acid
(CH,COOH) with a 0.1 M solution of NaOH.

6. How many mL of the 0.1 M NaOH solution will required to react completely with 5 mL
ofa 0.1 M acetic acid (CH,COOH) solution? Explain.

7. When the reaction is complete what will be the pH (acidic, neutral, basic) of the solution
in question 6? Explain.

& How is it possible to determine when an acid-base reaction is complete when one of the
reactant’s concentrations is unknown?

9. Using the table below, explain how indicators are chosen and used during titrations.

B o0,

pH range Color Change

Methyl orange 3.1-4.4 Orange to yellow
Methyl red 4.2-6.2 Red to yellow
Bromthymol blue 6.0-7.6 Yellow to green-blue

Phenolphthalein 8.3-10.0 l Colorless to pink

|
| Thymol blue I 1.2-2.8 Red to yellow _I

¥ EXPLANATION TO STRENGTHEN STUDENT UNDERSTANDING

One of the first titrations you perform is the reaction between a hydrochloric acid
solution of unknown concentration and sodium hydroxide. Since we are analyzing
HCl to determine its concentration, we call it the analyte. The hydrochloric acid
solution would be “titrated” by adding a standard solution of sodium hydroxide
dropwise. The sodium hydroxide solution is called the titrant, and is a standard
solution because its concentration is accurately known. In this example, the titrant
(NaOH) reacts with the analyte (HCI) in the neutralization reaction shown below:

HCl(aq) + NaOH(aq) > NaCl(aq) + H,0()

The point at which enough titrant has been added to react exactly with the analyte
is called the equivalence point. Here, the number of moles of OH- (aq) added is
equal to the number of moles of H* (ag) consumed. Since this point is not visible
to the eye, we use a pH indicator to help us detect it. The point at which the
indicator changes color is called the endpoint, and assuming it has been selected
appropriately, indicates that the equivalence noint has been reached The hect
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INVESTIGATION 4

Step 1: Put 5.0 mL of 0.10 M HCl in a test tube that contains a few drops of
phenolphthalein indicator. Add dropwise a 0.10 M solution of NaOH until a color
change is observed. Count your drops. Be prepared to justify why phenolphthalein
was chosen as an indicator.

Step 2: Put 5.0 mL of a 0.10 M acetic acid solution in a test tube. Select an
appropriate indicator from the list given and add a few drops to the acetic acid
solution. Add dropwise 0.10 M NaOH until a color change is observed. Count your
drops. Be prepared to discuss what the color change of the indicator signifies.

Step 3: Identify the relationship of the volume added to the molarity of
the reactants.

Step 4: Some bottled fruit juices contain C,H,O(COOH), (citric acid). Write

a chemical equation for the reaction between citric acid and NaOH (aq).

Select an appropriate indicator to use in a titration of a citric acid solution (of
unknown concentration) with a solution of known concentration of NaOH to the
equivalence point.

Step 5: Some colas or sodas contain H,PO, (phosphoric acid). Write the equation
for the reaction between phosphoric acid and NaOH. Select an appropriate
indicator to use in the titration of phosphoric acid (of unknown concentration)
using a solution of known concentration of NaOH.

Step 6: If your group needs additional information on performing titrations, access
the animations and simulations below:

1. A simulated titration animation showing the determination of the molarity of a weak
acid (acetic acid) using a strong base:
htip://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/
stoichiometry/acid_base.html!

2. Avirtual acid-base titration experiment in which you can select the acid, base, and
indicator, and perform the experiment including calculations:
http://irs.ed.uiuc.edu/students/mihyewon/chemlab_introduction.html

3. A narrated animation explaining how to perform a titration:
http://auth.mhhe.com/physsci/chemistry/animations/chang_7e_esp/crm3s5_5.swf

4. A particulate view of a neutralization reaction between HCl and NaOH:
http:/group.chem.iastate.edu/Greenbowe/sections/projectfolder/animations/
HClandNaOHtgV8.html

5. Ifa particulate view of the neutralization reaction between a weak acid and a strong base
is preferred to help you form a mental image of the interaction between hydronium and
hydroxide ions as the reaction proceeds, one can be found at:
http://www.chembio.uoguelph.ca/educmat/chm19104/chemtoons/chemtoons.htm

a. Click on “Animation 8 — Titration of a Weak Acid, HA, with a Strong Base”
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INVESTIGATION 4

3. Calculate the pH of the fruit juices or carbonated beverages you tested. Give this
information to you instructor so they can pool class data.

4. Graph pH versus volume of titrant (NaOH) added. In general, as volume of titrant
increases, what happens to pH? Why does this occur?

Argumentation and Documentation

Pool class data and compare primary acid, acid concentration, and associated

pH of the various soft drinks and juices tested. Provide a general statement and
explanation for any trends you notice. In what ways do they surprise you and why?

If you were to perform this experiment again, what changes would you make to
your procedure and why? How do your answers compare to those of other student
groups?

B POSTLAB ASSESSMENT

1. Suppose a student chose to measure solution volumes using the beakers or
graduated cylinders provided. What effect would this have had on the calculated acid
concentration? How might this affect the number of significant figures in your final
answer? Explain your answers.

2. A student rinsed the buret with water, but neglected to rinse the buret with titrant
before conducting the experiment. What effect would this have on the calculated acid
concentration in the juices or sodas? Why?

3. If you did not titrate a carbonated beverage, find another lab group that did so, and ask
them to discuss their procedure and results. What step was necessary to determine the
endpoint when titrating a cola with a standard sodium hydroxide solution, and why did
this step matter?

4. Imagine a lab team that consistently added base past the first appearance of a pale pink
color. What would happen to the average calculated acid concentration of the juices or
sodas? Explain your answer.

5. Create a diagram that shows the molecular interaction between the acid and base as the
titration proceeds. Display this at four points along a titration curve: (a) when 0 mL of
base is added, (b) when 5 mL of base is added, (c) at the equivalence point, and (d) when
an excess of base has been added, and provide an explanation for what is happening at
the molecular level.

6. Review your graph of pH versus volume of base added. Where did the indicator
change color for each trial? What was the pH associated with the color change? What
assumptions can you make regarding the pH at this point and the shape of your titration
curve? Use a diagram to show what you think might be happening at the molecular level.

7. After conducting this experiment, what recommendation(s) might you make for a
person with acid reflux disease or tooth decay despite the fact that they drink juice or
diet sodas? Justify your answer.
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