Experiment 12

COULOMETRIC ACID-BASE TITRATION

1 lab period

WORK IN PAIRS

In coulometric titrations, a titrant is generated at a constant rate by anodic or cathodic electrolysis of a reagent that is present in large excess. As the titrant is being formed at the electrode, it reacts with the analyte in the customary fashion. The endpoint of the titration is indicated by some appropriate indicator or by potentiometric means in the same way as in volumetric titrations. Coulometric titrations are fundamentally different in two ways: (i) in the method of titrant introduction (generated in situ, rather than added), and (ii) in the measurement of the amount of titrant necessary to reach the endpoint. This latter quantity is determined by measuring the amount of electricity (the charge; the number of coulombs) that was needed to generate the titrant required to complete the titration. This charge (think of it as moles of electrons) is directly related to the number of moles of titrant that was formed - the relationship can be obtained from the stoichiometry of the relevant electrode reaction. Once the number of moles of titrant have been determined in this way, the calculation of the unknown concentration proceeds in the same way as with “normal” titrations.

In the present experiment, you will generate OH- ions (the titrant) at the cathode by electrolyzing water:




2H2O + 2e-  (  H2 + 2OH-




(1)

The electrons needed for this are supplied by the anode, where bromide ions are oxidized to bromine:





2Br-  (  Br2 + 2e-




(2)

The OH- ions will react with the H+ of the unknown acid in the customary manner, and the endpoint is signaled by a color change in the bromothymol blue indicator.

The titration is carried out at constant current, so the amount of charge passed is given by:






Q = it 





(3)

where Q is the charge in coulombs; i is the current in amperes; and t is the time in seconds.

A chemically more useful amount of charge is the faraday, which corresponds to a mole of electrons. The pertinent relationship is:




1 faraday = 96,493 coulombs




(4)

So if the time t for which a constant current i flows is known, the charge Q (in coulombs) can be determined from (3). This is converted to faradays via (4), and used to find the moles of OH- needed to reach the endpoint from (1).

The anode in this experiment generates Br2 from Br- (eqn. 2), which is evident from the yellow bromine color produced around the electrode. It is important to keep the bromine from cycling - i.e. diffuse back and forth between the anode and cathode and be oxidized and reduced ad infinitum. To prevent this, the anode is isolated in a tube with a glass frit at the bottom - a kind of salt bridge. This allows electrical contact between the bulk solution and the solution inside the tube, without mass mixing.

Prelaboratory Assignment

A laboratory instructor gives a student a coulometric acid-base determination to do. 10.0 mL of a solution of HCl will be used. If titration proceeds at a constant current of 5.0 mA and is to be complete in 40 seconds, what concentration of HCl should the student prepare?

Reagents
Equipment

agar
pH electrode and meter

bromothymol blue indicator
DC power supply

KBr
current controller

KCl
stop watch


magnetic stirrer


glass tube


two nichrome electrodes


glass wool

Procedure

Work in pairs of 2 or 3 people.  

Each group will need a controller (wooden box) and a power source.

Checkout:

1 ml pipet

glass tube

Stopwatch 

nichrome wire electrodes

Procedure:
1. Boil approx. 1 L of water to make all solutions.

2. Prepare 50 ml of about 0.1 M KBr.

3. Prepare glass tube by plugging one end with a small amount of glass wool.

4. Create a salt bridge by dissolving 15g of KCL and  (0.5g of agar in 50 mL of water.  Bring solution to boiling; stir continuously until the solution is clear, approx. 5 minutes.  Remove solution from heat (agar solution will remain in the liquid form until it cools to below 50 (C at which point it will be a gel).  Transfer (1 ml of the hot agar solution into the glass tube and allow the agar to cool and set.  Then add the KBr solution filling the glass tube and insert one of the nichrome electrodes.

[image: image1.bmp]
5. Place 10.00 ml of unknown acid in a 100ml volumetric and dilute to the mark with boiled water.  Pour into a 250ml beaker and add enough KCl to make the solution approx. 0.1 M KCl; stir to dissolve.  Add 3-4 drops of bromothymol blue indicator, and place a nichrome electrode in this solution (wire does not have to be inserted into agar gel).

6. With the isolated anode in the titration vessel (250ml beaker) and the electrode in place, put the assembly on a magnetic stirrer, begin stirring.

7. Bend the top of each nichrome wire electrode over the edge of the beaker so that it stays in place.  Attach the alligator hooks from the controller to the electrodes: the red wire is attached to the anode (bromide oxidation to bromine), while the black wire is attached to the cathode (water reduction). 

8. The controller is then attached to the power supply by plugging in the black and red connections into their respective holes on front of the power supply. 

9. The controller has a milliammeter dial which should read zero when the titrate button is in the “off” position.  

10. To begin titrating press the titrate button on the controller to the “on” position and start the stopwatch simultaneously.  A current reading of 5-6 mA should appear on the controller.  If it is any lower adjust the current dial on the controller or the voltage dial on the power supply. 

11.   Keep an eye on the solution.  You should instantly see hydrogen gas appearing at the cathode.  You will also see a blue color (the basic form of the indicator) appearing at the electrode and then disappearing again.  As the color lasts longer in solution (without becoming permanent yet), you may switch the current and the time off for a while and let the titration solution stir until it is back to its original yellow color; then continue the titration.  By switching the current and the time off and on in this way, you can carefully “add” small amount of OH- titrant to the solution when you’re close to the end point.  The titration can be done very accurately in this way.  A persistent blue color in the solution signals the endpoint.

12. Repeat this process on the unknown acid until three consistent titration values are received.

13. Be aware of a green color that may appear in the solution due to the mixing of yellow and blue colors of the indicator, this is not your end point.

Calculate the acid concentration, the average, and the RSD. 

All reports are to be done individually.

Questions

1.
Why should a coulometric titration like the one described above be intrinsically more accurate than a corresponding volumetric titration? Demonstrate your answer by comparing the quantities of titrant added.

2.
Why was bromothymol blue chosen as the indicator for this titration?

3.
Why did you use boiled water to prepare the solutions?

Further Reading

1. D. C. Harris, Quantitative Chemical Analysis, 5th ed., Freeman and Sons, San Francisco, 1995, Chapter 17. 
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