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Micro Experiment
Process Objectives

@® To measure dispensed solutions by calibrating two pipettes with precision
and accuracy.

@® To observe the quantity of solution remaining in a buret when the
equivalence point is reached.

@ To analyze the data of three different trials by comparing it to the
predicted results of the experiment.

Learning Objectives

® To understand the procedures necessary to standardize the concentration
of a basic solution.

@ T gain experience in calculating the average molarity of an unknown
solution.

Introduction

Titration is a process in which the concentration of a solution is determined by
measuring the volume of that solution needed to react completely with a stan-
dard solution of known volume and concentration. The process consists of the
gradual addition of the standard solution to a measured quantity of the solution
of unknown concentration until the number of moles of hydronium ion, H,07,
equals the number of moles of hydroxide ion, OH™. The point in titration at
which equal moles are present is known as the equivalence point. An indicator
is used to detect the equivalence point in the reaction. Phenolphthalein is an
indicator used in acid-base titrations because it is colorless in acidic solution
and pink in basic solution.

Although phenolphthalein is almost insoluble in water, it is quite soluble in
alcohol. The odor of the phenolphthalein in this experiment comes from the
alcohol solvent. The equivalence point can be quite easily seen because the
solution changes from colorless to colored by the addition of a single drop of
base. Phenolphthalein is also commonly used as a cathartic in over-the-counter
medications. It is the active ingredient in commercial laxatives such as EXLAX
tablets.

At the equivalence point, or neutralization, the number of moles of acid
equals the number of moles of base, if the mole ratio in the balanced reaction
is one to one.

1) moles of H;0" = moles of OH™
(one-to-one mole ratio)

By definition

: les
2 1. 1= —moes
@ mos(ity (ol volume (L)
Rearranging equation (2) in terms of moles yields the equation
3) moles = molarity (mol/L) X volume (L)

Combining equations (1) and (3) yields in the following relationship when there
is a one-to-one molc ratio:
(4) molarity acid X volume acid = molarity base X volume base
(one-to-one mole ratio)
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2 thin stem pipettes graduated cylinder, 10 ml

24 well microplate

Micro Materials

0.500 M hydrochloric acid solution of sodium hydroxide, un-
phenolphthalein indicator solution known concentration.

Micro Procedures
Record your observations as instructed in the procedure.
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CAUTION Whenever you handle acids or bases,
wear safety goggles, apron, and
gloves. Avoid contact with skin and
eyes. Avoid breathing vapors. If any

- acid or base should spill on you, im-
% mediately flush the area with water
and then notify your teacher.

. Calibration éf the acid pipette: Put 5.0 mL of water in the 10 mL graduated

cylinder. Fill the thin stem pipette with water from the faucet. Holding the
pipette vertical, add 20 drops of water from it to the water in the cylinder.
Record the initial volume and the new volume in your Micro Data Table on
the line for Trial 1. Without emptying the cylinder, add 20 more drops and
record the volume of this trial. Repeat this step for a third trial. Mark the
pipette to be the acid pipette.

Repeat Micro Procedure 1 using the pipette that will contain the base.
Record the data in your Micro Data Table. Mark this pipette to be the base
pipette.

. From the Micro Data Table, total the volume of all the drops of water added

to the cylinder by the acid pipette in the three trials. Record this number in
your Micro Data Table. Now calculate the average volume of each drop by
dividing the total volume by the total number of drops used. Show your
calculations.

Calculate the average volume of each drop for the base pipette in the same
manner as in Procedure 3.

Using the acid pipette, put 20 drops 0.500 M HCl and 1 drop phenolphtha-
lein indicator in each of three wells of the 24 well plate. Record the number
of drops added in your Calculations Table. Place the plate on a white sheet
of paper in order to more easily detect the color change.

Using the basic pipette, add the sodium hydroxide solution of unknown
concentration drop by drop to the first well of HCL. Swirl between each
addition. Continue to add drops until the pink color lasts for at least 30
seconds. Record in your Calculations Table the number of drops of NaOH
added to the well. For the next two trials, repeat this process with the other
two wells of HCL.

Clean and rinse the plate and pipettes as your teacher directs and wash
your hands.

Strategy for Measuring
Calibration is used by chemists to
compare one measuring device to
another. The calibration is done
more than once to reduce error. In
this experiment the original 5.0 mL
of water is put in the cylinder be-
cause the bottoms of cylinders are
the most likely place for inconsister
cies to occur.

Strategy for Observing

To get consistent results have your
eyes level with the top of the liquid
each time you read the graduated
cylinder. Always read the bottom
of the meniscus.

Figure 21-3




For Calibrating Dropper ( Not used for calculations except to know how much each drop contains)
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Show your computations. Place your answers in your Calculations Table.

1.
2.
3.

Calculate the volumes of acid used in the three trials. Record in your Calculations Table.
Calculate the volumes of base used in the three trials. Record.

Use equation (3) in the introductory section to determine the moles of acid used in each of the three trials. Record
in your Calculations Table.

. The balanced reaction between HCI and NaOH is HCl(aq) + NaOH(aq) — NaCl(aq) + H20(0)

Use the mole ratio and results from calculation 3 to determine the moles of base used to neutralize the acid in
each trial. Record in your Calculations Table.

The mole ratio of HCl to NaOH in the above equation is one to one. According to equation (1), moles base =
moles acid

. Use equation (2) in the introductory section and the results of calculation 2 and calculation 4 to calculate the

molarity of the base for each trial. Record in your Calculations Table.

. Calculate the average molarity of the base. Record in your Calculations Table.

sample Calculations Table

Hcl NaOH
# Micro Volume Moles # Micro Volume Molarity
Drops Used (mL) Drops Used (mL) (M)
Average Molarity of NaOH =

General Conclusions

1.

2.

Suppose that you are ready to begin this experiment and find that the laboratory is out of phenolphthalein indicator
solution. Suggest a way of preparing more indicator solution from an over-the-counter medication.

Would you expect an EXLAX tablet to dissolve quickly in the stomach?




