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OBJECTIVES

• To operate a pH meter
• To graphically determine a stoichiometric point
• To determine the molar concentration of a weak 

acid solution
• To determine the molar mass of a solid weak acid
• To determine the pKa of a weak acid



INTRODUCTION



Potentiometer

A potentiometer is a three terminal 
resistor with a sliding or rotating 
contact that forms an adjustable 
voltage divider which is used for 
measuring electric potential 
(voltage).

The concentration difference in 
solutions causes a electric 
potential difference, which is 
recorded by the potentiometer.



The H+ concentration of a 
solution is measured with a 
potentiometer called a pH meter, 
an instrument that measures a 
potential difference (or voltage) 
caused by a difference in the 
hydrogen concentration of the 
test solution relative to that of 
the 0.1 M HCl reference solution 
contained within the electrode.

pH Meter

Ecell = Eʹ + 0.0592 pH



Titration

Titration is a method of quantitative chemical analysis to determine 
the concentration of an unknown analyte. A reagent, termed 
the titrant or titrator, is prepared as a standard solution of known 
concentration and volume. The titrant reacts with a solution 
of analyte to determine the analyte's concentration. The volume of 
titrant that reacted with the analyte is termed the titration volume.



EXPERIMENTAL 
PROCEDURE & RESULT 
VIDEOS



Overview

The pH meter is used in conjunction with a titration
apparatus and a standardized sodium hydroxide solution to
determine the molar concentration of a weak acid solution
and the molar mass and pKa of a solid, weak acid. Plots of
pH versus volume of NaOH are used to determine the
stoichiometric point of each titration.



Vernier Drop Counter

The Vernier Drop Counter is used to perform accurate, automatic titrations. 
This digital sensor is used in conjunction with a pH Sensor (or other sensor) to 
accurately record drops of titrant added (or mL of titrant, with calibration of 
drop size) during a titration. Using Logger Pro or Drop Counter software on a 
Windows computer, you can collect data, and view plots of pH vs. volume, first 
derivative vs. volume, or second derivative vs. volume.

The Vernier Drop Counter has an optical-path slot that is 5.7 cm (2.25 in.) in 
length. When the infrared beam between the source and detector is blocked by 
a drop of titrant, a digital signal is sent to the LabPro, and the data collection 
program records a drop. The drops are then converted to volume units (e.g., 
milliliters), using a calibration feature in the software.



Overall Experimental Set-up



A. Molar Concentration of a Weak Acid
Solution

Obtain about 90 mL of an acid solution with an unknown
concentration from your TA. Your TA will advise you as to whether
your acid is monoprotic or diprotic. Record the sample number on
the Report Sheet. Obtain a standardized NaOH solution Obtain the
solution from your TA.

Experiment Titration Acid
Type

Solution 1
(in the 100 mL

beaker)

Solution 2
(In the 
reagent 

reservoir)

A
Weak acid 
with strong 

base

HA ? M CH3COOH 0.1 M NaOH



1. Calibration of Drop Volume (in mL)

To calibrate drops so that the volume of titrant is recorded in units of
milliliters, choose Calibrate Drops in your program. This menu choice
helps you to measure the volume of an individual drop by counting
the number of drops that pass through the Vernier Drop Counter and
dividing by the total volume of the drops.

Procedure

1) Connect the pH Sensor to CH 1 of the LabPro or CBL 2
interface, and connect the cable of the Vernier Drop Counter to
the Dig/Sonic 1 channel. Attach the LabPro to a computer.

2) On the Logger Pro program, click on Experiment and then Set
Up Sensors on the menu. Select Auto Detect Sensors.



3) Assemble the apparatus. But do not put the pH sensor in the 
drop counter.

4) Connect the spout and two 2-way valves to the plastic reagent 
reservoir. 
Note:  There are two 2-way valves below the reagent reservoir. 
The bottom valve is used as an on-off valve (either completely 
open or completely shut).  The top valve is used as an adjustment 
valve, to deliver drops at a slow, consistent rate.

5) Make sure that both 2-way valves are in the closed position 
(horizontal), then add about 50 mL of titrant to the plastic reagent 
reservoir. The titrant to start with is a 0.1 M NaOH solution.



6) Place a small beaker under the reagent reservoir.  Adjust the flow 
rate of the two valves of the reagent reservoir by, first, completely 
opening the bottom 2-way valve; then slowly open the top valve until a 
very slow drip rate is achieved -a rate of approximately one drop every 
two seconds. Close the bottom valve.

7) Remove the beaker and pour the solution into the proper waste 
container.

8) Place a clean, dry 10 mL graduated cylinder below the slot of the 
Drop Counter.

9) Start the calibration routine in your program.



10) Open the bottom 2-way (on-off) valve to begin releasing drops 
from the vessel through the Drop Counter (Do NOT adjust the top 
valve.).

11) Continue to release drops until there are between 9 and 10 mL
of liquid in the graduated cylinder.

12) Close the bottom valve on the vessel to stop the drops. 

13) Type the precise volume of liquid in the graduated cylinder in 
the Volume (mL) box of the Calibrate drops dialog box.

14) The number of drops/mL will be displayed. It may be helpful to 
record the value for that particular reagent reservoir for future 
titrations.

15)  Click on OK



Drop Counter Calibration - I



Drop Counter Calibration - II



Result of Calibration



2. Calibrate the pH Sensor

First Calibration Point

1) In your program, choose to do a new calibration.

2) Rinse the pH Sensor with distilled water and place it into a
buffer of pH 4.01.

3) Type "4.01" in the edit box as the pH value. Swirl the
beaker containing the buffer solution gently, wait until the
voltage stabilizes, then choose to Keep the calibration point.



Second Calibration Point

4) Rinse the pH Sensor with distilled water, and place it into a buffer 
of pH 7.00.

5) Type "7.00" in the edit box as the pH value for the second 
calibration point. Swirl the beaker containing the buffer gently and 
wait until the voltage stabilizes. Click Keep, then click OK. This 
completes the calibration.



pH Buffers for pH Sensor Calibration



pH Sensor Calibration at pH 4.01



pH Sensor Calibration at pH 4.01



pH Sensor Calibration at pH 7.00





Washing pH Sensor



3. Begin your titrations

1) Place a 100 mL beaker on the center of the stirrer. 

2) Insert the pH Sensor body through the larger 
round hole on the Vernier Drop Counter.



3) Place a magnetic stir bar in the beaker (this is the preferred method 
for stirring). Tighten the turn screw of the Drop Counter to hold it 
firmly in place.

4) Add the solution to be titrated to the 100 mL beaker. For this run, 
use 25.0 mL of unknown acid solution. Add enough distilled water so 
the solution level covers the bulb of the pH Sensor (about 45 ̴ 50 mL). 
Optional: Add one drop of phenolphthalein indicator. Turn on the 
magnetic stirrer.

5) Set the Data Collection on the computer to Digital Events. Click on 
Done.





6)  The computer screen should display data collection for pH and 
Volume in mL. Start data collection by clicking on Collect, or choosing 
Start. Important: No data will be collected until the first drop falls 
through the Drop Counter's slot. Completely open the lower 2-way 
valve (the upper valve should still be set to a slow drop rate). You will 
now see pH vs. volume data being plotted on a graph.

7) When you are satisfied that the titration has proceeded past the 

equivalence point stop the data collection, and shut off the 

lower 2-way valve of the reagent reservoir.  A plot of pH vs. volume 
will be displayed for your data collection.



Initiation of Titration (Experiment A)



Result of Titration (Experiment A)



Plot the data. Use appropriate software, such as Excel, to
plot the data for the titration curve, pH versus VNaOH. Draw
a smooth curve through the data points (do not connect the
dots!). Properly label you graph and obtain your TA’s
approval. From the plotted data, determine the volume of
NaOH titrant added to reach the stoichiometric point.

Repeat the analysis. Repeat the titration of the samples
of weak acid in beaker 2 and 3. Determine the average molar
concentration of the acid.



B. Molar Mass and the pKa of a Solid
Weak Acid

Three samples of the solid weak acid are to be analyzed. Prepare three
clean 100-mL beakers for this determination. Obtain an unknown solid
acid from your TA and record the sample number; your TA will advise you
as to whether your unknown acid is monoprotic or diprotic.

Experiment Titration Acid
Type

Solution 1
(in the 100 mL

beaker)

Solution 2
(In the 
reagent 

reservoir)

B
Identification 

of an 
unknown 
weak acid 

H2A

?
0.1 M NaOH



Acid Acid Type Molar mass pKa*

Adipic acid H2A 146.14 4.43; 5.41

Fumaric
acid(trans)

H2A 116.1 3.03; 4.44

Maleic acid (cis) H2A 116.1 1.83; 6.07

Malonic acid H2A 104.1 2.83; 5.69

Oxalic acid H2A 90.04 1.23; 4.19

Phthalic acid H2A 166.0 2.89; 5.51

Succinic acid H2A 118.0 4.16; 5.61

Tartaric acid H2A 150.1 2.98; 4.34
*pKa values are from Handbook of Chemistry and Physics, 66th Edition, Robert C. Weast, 
Editor, CRC Press, Inc. Boca Raton, Florida, 1985.



Prepare the unknown solid acid samples. On a
weighing paper or dish, measure 0.2 g (± 0.001 g) of a
previously dried unknown solid acid. Complete the mass
measurements for all three samples while operating the
balance. Dissolve the acid with 75 mL of deionized water.

Repeat the procedure.
Run the procedure for this experiment similar to the
procedure above, using 0.2 g of unknown solid acid in the
clean 100 mL beaker.



Mass of Diprotic Acid (Experiment B)



Solvation of Diprotic Acid (Experiment B)



Initiation of Titration (Experiment B)



Intermission of Titration at First Ionization (Experiment B)



Result of Titration (Experiment B)



Calculate the molar mass and the pKa of the weak
acid.
A. Calculate the molar mass of the weak acid
B. Note the volume of NaOH titrant required to reach the

stoichiometric point. Determine the pH (and therefore pKa

of the weak acid) at the point where one-half of the acid
was neutralized.



Cleanup

Discard the sodium hydroxide solution remaining in
the buret as directed by TA. Rinse the glassware and
plastic-ware twice with tap water and twice with
deionized water, discard each rinse through the tip
into the sink.



REPORT SHEET
A. Molar Concentration of a Weak Acid Solution

Monoprotic or diprotic acid?

Trial 1 Trial 2 Trial 3
1. Molar concentration of NaOH (mol/L) (                )
2. Volume of weak acid (mL) (            ) (            ) (            )
3. Buret reading of NaOH, initial (mL) (            ) (            ) (            )
4. Buret reading NaOH at stoichiometric point, final (mL) (            ) (            ) (            )
5. Volume of NaOH dispensed (mL) (            ) (            ) (            )
6. Moles of NaOH to stoichiometric point (mol) (            ) (            ) (            )
7. Moles of acid (mL) (            ) (            ) (            )
8. Molar concentration of acid (mol/L) (            ) (            ) (            )
9. Average molar concentration of acid (mol/L) (                )



B. Molar Mass and the pKa of a Solid Weak Acid

Monoprotic or diprotic acid?                 Suggested mass:

Trial 1 Trial 2 Trial 3
1. Mass of dry, solid acid (g) (            ) (            ) (            )
2. Molar concentration of NaOH (mol/L) (            )
3. Buret reading of NaOH, initial (mL) (            ) (            ) (            )
4. Buret reading NaOH at stoichiometric point, final (mL) (            ) (            ) (            )
5. Volume of NaOH dispensed (mL) (            ) (            ) (            )
6. Moles of NaOH to stoichiometric point (mol) (            ) (            ) (            )
7. Moles of acid (mol) (            ) (            ) (            )
8. Molar mass of acid (g/mol) (            ) (            ) (            )
9. Average molar mass of acid (g/mol) (            )
10. Volume of NaOH halfway to stoichiometric point (mL) (            ) (            ) (            )
11. pKa1 of weak acid (from graph) (            ) (            ) (            )
12. Average pKa1 (            )
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