*Experiment 70 * 


------------------------------------------------------------------------

*Quantitative Titration*

*Problem*

How can the amount of acid in an unknown solution be determined? What is

the percentage of acid in the unknown acids?

*Introduction*

Titration is the name given to the process for determining the volume of

a solution needed to react with a given mass or volume of some

particular chemical sample. This procedure has many applications, but is

especially useful in the reaction between an acid and a base. In this

investigation you will use a titration to determine the strength of an

unknown acid. A prepared solution of a base will be systematically added

to the acid solution. As the OH^– ion in the base reacts with the H^+

ions in the acid solution, water forms. The titration is complete when

the number of OH^– ions added is exactly equal to the number of H^+ ions

that are present in the acid. According to the formula, /M/_acid

/V/_acid = moles of H^+ = moles of OH^– = /M/_base /V/_base , the

molarity of the unknown acid can be determined. The end point of the

titration will be signaled by the color change of an indicator. The

indicator used in this titration is called phenolphthalein.

Phenolphthalein exhibits a pink color in the presence of a base, but is

colorless in the presence of an acid.

*Prelaboratory Assignment*

    * Read the *Introduction* and *Procedure* before you begin.

    * Answer the Prelaboratory Questions.

      *1. *Determine the number of grams of NaOH needed to make 100.0 mL

      of a 1.00 /M/ NaOH solution.

      *2.*
If 24.3 mL of 0.085 /M/ NaOH solution are needed to

      completely neutralize 15.5 mL of an unknown acid, what is the

      concentration of the acid solution?

      *3.*
What is the [H^+ ] in each of the following acid solutions?

          *a.*
0.004 /M/ HNO_3 ?

          *b.*
1.33 /M/ HClO_4 ?

          *c.*
12 /M/ HI?

*Materials*

*Apparatus *

    * Safety goggles

    * Lab apron

    * 2 Test Tubes for 2 Trials

    * 2 Disposable Pipettes

    * Test Tube Rack

*Reagents*

    * Plastic Container with NaOH

    * 1% phenolphthalein indicator solution

    * Glass Container with HCl

    * Vinegar, lemon juice, or some other unknown acid solution

*Safety ** *

*1.*
Wear safety goggles and a lab apron at all times in the laboratory.

*2.*
No food or drink is allowed in the laboratory at any time.

*Procedure*

*Titration of the Unknown Acid with the NaOH Solution*

*1.* Put 12 drops of the acid at your station into both of the test

tubes.  Make sure the drops are the same size by holding the pipette

vertically and dropping the acid back into the original bottle to remove

air from the stem of the pipette.

*2.* Add one drop of phenolphthalein indicator to each of the test tubes

containing acid. Swirl to mix.

    *
Note:* The solution should be colorless at this point. 

What could make it change

colors?_______________________________________________

*3.*
It may be helpful in detecting the end point to place a piece of

white paper behind the test tube as you swirl it.

*4. *Add 1 drop of the base at your station into one of the test tubes. 

Make sure the drops are the same size by holding the pipette vertically

and dropping the base back into the original bottle to remove air from

the stem of the pipette.  As the NaOH drips into the acid, swirl the

test tube to completely mix the acid and base together. Continue

dripping the NaOH into the flask until the first persistent sign of pink

appears.

    *
Note:* A bright magenta color is not satisfactory! You have gone

past the endpoint and must repeat the trial.

*5.* Record the number of drops of the base you added to the test tube.

*6.*
Repeat the titration with the other test tube that contains the

phth and the acid.

*Cleaning Up ** ** ** *

The contents of your titration vessels are safe to be rinsed down the

drain with water.

Why?  What are the products of your

reaction?______________________________________

What is the pH of your products?______________

*1.* Wash all the test tubes and allow them to drain in the rack.  Let

them air dry.

*2.* Throw away your used pipettes.

*3.*
Wash your hands before leaving the laboratory.

*Analysis and Conclusions*

Complete the *Analysis and Conclusions* section for this experiment

either on your Report Sheet or in your lab report as directed by your

teacher.

*1. *For both of the titrations, what is the average number of drops of

NaOH needed to reach the endpoint?

*2. *Calculate the molarity of the unknown acid in each of the samples.

*3. *Determine the average molarity of the unknown acid. Report your

average answer to three significant figures.

*4. *What effect would each of the following have on the molarity of

your acid solution?

    *a.*
Rather than the desired light pink color, a bright magenta

    color marked the endpoint of the titration.

    *b.* Three drops of phenolphthalein, rather than 1, were used in the

    titration.

    *c.*
The test tube was not swirled during the titration, and the

    experiment was stopped at the first sign of pink.

*Something Extra*

*1.*
Using chemical resources, investigate other common indicators. Do

all indicators change color at the same pH?

*2.*
Repeat this experiment to compare the amount of acid in lemon

juice, orange juice, or grapefruit juice samples (or in various types of

vinegar). Report your findings.

*3.*
Using chemical resources, identify the primary acid found in each

of the following:

    *a.*
Aspirin

    *b.*
Vinegar

    *c.*
Milk

*
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*Name___________________________*

*Section___________ Date___________*

*

*Quantitative Titration*

*Prelaboratory Questions*

*1. *Determine the number of grams of NaOH needed to make 100.0 mL of a

1.00 /M/ NaOH solution.

*2.*
If 24.3 mL of 0.085 /M/ NaOH solution are needed to completely

neutralize 15.5 mL of an unknown acid, what is the concentration of the

acid solution?

*3.*
What is the [H^+ ] in each of the following acid solutions?

    *a.*
0.004 /M/ HNO_3

    *b*. 1.33 /M/ HClO_4

    *c.*
12 /M/ HI

*Data/Observations*

    Identity of unknown acid ________________________________________

    Molarity of NaOH ___________

    Titration #1

    volume of acid solution used 
_____________

    initial volume of NaOH solution in buret 
_____________

    final volume of NaOH 
_____________

    Titration #2

    volume of acid solution used 
_____________

    initial volume of NaOH solution in buret 
_____________

    final volume of NaOH 
_____________

    Titration #3

    volume of acid solution used 
_____________

    initial volume of NaOH solution in buret 
_____________

    final volume of NaOH 
_____________

*Analysis/Conclusions*

*1. *For each of the three titrations, determine the number of

milliliters of NaOH required to reach the end point.

        Titration #1

        Titration #2

        Titration #3

*2. *Calculate the molarity of the unknown acid in each of the three

samples.

        Titration #1

        Titration #2

        Titration #3

*3. *Determine the average molarity of the unknown acid. Report your

average answer to three significant digits.

*4. *What effect would each of the following have on the molarity of

your acid solution:

    *a.*
Rather than the desired light pink color, a bright magenta

color marked the endpoint of the titration

    *b*. Ten drops of phenolphthalein, rather than 6-8, were used in the

titration

    *c.* The flask was not swirled during the titration, and the

experiment was stopped at the first sign of pink

*Something Extra*

*1.*
Using chemical resources, investigate other common indicators. Do

all indicators change color at the same pH?

*2.*
Repeat this experiment to compare the amount of acid in lemon

juice, orange juice, or grapefruit juice samples (or in various types of

vinegar). Report your findings.

*3.*
Using chemical resources, identify the primary acid found in each

of the following:

    *a.*
aspirin

    *b.* vinegar

    *c.*
milk

*

*Experiment 70*

------------------------------------------------------------------------

*

*Quantitative Titration*

*Introduction*

*Intent*

This acid-base titration is a classic procedure that gives students the

opportunity to determine the molarity of any unknown acid solution that

you choose. The use of phenolphthalein as an indicator is also

introduced. This experiment best fits in the chapter on acid-base

chemistry and provides a good application of the process neutralization.

*Objectives*

*
1.*
To use an acid-base titration to determine the molarity of an

unknown acid solution.

*
2.*
To understand and apply the /M/_a /V/_a = /M/_b /V/_b relationship.

*Materials *(for each lab team of 2 students)

*Apparatus *

    * Centigram or milligram balances

    * 125 mL Erlenmeyer flasks

    * 100 mL graduated cylinders

    * Weighing paper

    * Burets

    * Ring stand assemblies with buret clamps

    * Safety goggles (2)

    * Lab apron (2)

*Reagents*

    * Solid sodium hydroxide, NaOH, 4 grams

    * 1% phenolphthalein indicator solution

    * Vinegar, lemon juice, or some other unknown acid solution, 100 mL

    * Distilled water

*Preparation Hints*

*1.*
Since this experiment is so adaptable to various acid solutions,

you may wish to have different lab groups within a class test different

substances for acid content and then compare their results.

*2.*
The phenolphthalein solution is prepared by adding 1 g of powdered

phenolphthalein to 50 mL of ethyl or methyl alcohol. When the powder is

fully dissolved, distilled water is added to a total volume of 100 mL.

*3.*
This lab may also be applied to unknown solid acid samples. In that

case, a 1.0 gram sample of the acid may be dissolved in 20 mL of

distilled water, and the titration can proceed as outlined.

*Prelaboratory Discussion*

Although this procedure is straightforward, remind students that they

should take care in their measurements. Burets should be read at

eye-level. Swirling the flask while titrating is important as well. You

may wish to demonstrate to the students before they proceed to the lab

the technique of capturing a drop of NaOH on the very tip of the buret,

so that as the titration nears the end point,small quantities of base

can be added. Remind students that in the titration they are equalizing

the moles of base and acid. Molarity multiplied by volume equals moles.

Therefore:

/M/_acid /V/_acid = /M/_base /V/_base .

Emphasize the importance of a light pink color as an endpoint signal; a

bright pink color indicates that the student has added an excess of base.

Explain that at first, the pink color will appear, then fade as the

solution is swirled. This is their signal that they are approaching the

equivalence point and should slow to a dropwise rate of addition of base.

*Procedure Hints*

Instruct the students to be especially careful with their first trial.

Once they find the number of milliliters required to reach the end point

on the first run, they can speed up the process on the second and third

trials.

*Disposal*

After each titration, the students should simply dispose of the solution

down the drain with plenty of water.

*Postlab Discussion*

In this procedure we are assuming that the unknown acid is monoprotic.

You may wish to ask the students how they should alter their

calculations if the acid they are investigating is di- or triprotic

instead. They may be interested in knowing that this defines the

difference between molarity of a solution and the normality of that same

solution. Normality reflects the amount of the reactive ion (in the case

of an acid, the available H^+ ); molarity is the concentration of the

molecule that contains that ion. The calculations required for this

experiment should be quite straightforward.

/

/*
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*Quantitative Titration*

*Prelaboratory Questions*

*1. *Determine the number of grams of NaOH needed to make 100 mL of a 1

/M/ NaOH solution.

    /(0.1 L)(1M) = 0.1 mole of NaOH required/

    /0.1 mole (40.0 g/mole) = 4 grams/

*2.*
If 24.3 mL of 0.085 /M/ NaOH solution are needed to completely

neutralize 15.5 mL of an unknown acid, what is the concentration of the

acid solution?

    /
(0.243)(0.085) = (0.155)(M_a )/

        /
M_a = 1.33 M/

*3.*
What is the [H^+ ] in each of the following acid solutions?

    *a*. 0.004 /M/ HNO_3

        /
[H^+ ] = (0.004 M)(1 H^+ / HNO_3 ) = 0.004 M/

    *b.*
1.33 /M/ HClO_4

        /
[H^+ ] = (1.33 M)(1 H^+ / HClO_4 ) = 1.33 M/

    *c.* 12 /M /HI

        /
[H^+ ] = (12M)(1 H^+ /HI) = 12 M/

*Data/Observations*

    Identity of unknown acid _        _/vinegar/_           _ _ _

    Molarity of NaOH _        _/1M/_       _ _ _

    Titration #1

    volume of acid solution used 
_        _/20.4 mL/_       _ _ _

    initial volume of NaOH solution in buret 
_        _/1.1 mL/_      

    _ _ _

    final volume of NaOH 
_        _/14.2 mL/_       _ _ _

    Titration #2

    volume of acid solution used 
_        _/21.0 mL/_       _ _ _

    initial volume of NaOH solution in buret 
_        _/14.2 mL/_     

    _ _ _

    final volume of NaOH 
_        _/27.5 mL/_       _ _ _

    Titration #3

    volume of acid solution used 
_        _/20.8 mL /_      _ _ _

    initial volume of NaOH solution in buret 
_        _/27.5 mL

    /_       _ _ _

    final volume of NaOH 
_        _/40.9 mL/_       _ _ _

*Analysis/Conclusions*

*1. *For each of the three titrations, determine the number of

milliliters of NaOH required to reach the end point.

    Titration #1    /13.1 mL/

    Titration #2    /13.3 mL/

    Titration #3    /13.4 mL/

*2. *Calculate the molarity of the unknown acid in each of the three

samples.

    Titration #1 
/M_a (20.4 mL) = 1.00 M(13.1 mL)/

      
/M_a = 0.642 M/

    Titration #2 
/M_a (21.0 mL) = 1.00 M(13.3 mL)/

      
/M_a = 0.633 M/

    Titration #3 
/M_a (20.8 mL) = 1.00 M(13.4 mL)/

      
/M_a = 0.644 M/

*3. *Determine the average molarity of the unknown acid. Report your

average answer to three significant digits.

*4. *What effect would each of the following had on your answer for the

molarity of the acid solution:

      *a*. Rather than the desired light pink color, a bright magenta

color marked the endpoint of the titration.

    /A bright magenta color indicates that too much sodium hydroxide

    solution has been added. As a result of the volume of base being too

    high, the concentration of the acid will be calculated as

    artificially too high as well. From an algebraic point of view,

    using M_a V_a = M_b V_b as the relationship that is true at the end

    point of a titration, if V_b is too high, M_a will be

    proportionately too high as well./

      *b. *Ten drops of phenolphthalein, rather than 6-8, were used in

the titration.

    /This will not affect the molarity of the acid solution as

    calculated. Phenolphthalein is just an indicator; using an excessive

    amount will simply mean that the color change is more pronounced

    when it occurs./

      *c*. The flask was not swirled during the titration, and the

experiment was stopped at the first sign of pink.

    /If the experiment is stopped at the first sign of pink (usually due

    to the NaOH solution reacting with surface phenolphthalein

    molecules), the volume of base added is too small. This is the

    opposite situation from that found in 4(a). Too small a volume of

    base will cause too small a molarity for the acid./

*Something Extra*

*1.*
Using chemical resources, investigate other common indicators. Do

all indicators change color at the same pH point?

    /There are many common indicators: bromothymol blue, alizarin

    yellow, Congo red, methyl orange. No, they change colors at

    different pH values because the indicators themselves are acids of

    different strengths./

*2.* Repeat this experiment to compare the amount of acid in lemon

juice, orange juice, or grapefruit juice samples (or, alternatively, in

various types of vinegar). Report your findings.

    /
Results will vary./

*3.*
Using chemical resources, identify the primary acid found in each

of the following:

    *a*. aspirin - /acetylsalicylic acid/

    *b.* vinegar - /acetic acid/

    *c.* milk - /lactic acid/

