C. Y. Yeung (AL Chemistry)

Experiments in Physical Chemistry
Topics and Examples of Experiment in Physical Chemistry

	Topics
	Example of Experiment

	Stoichiometry
	Back Titration

	
	Redox Titration: Iodimetric Titration

	Energetics
	Calorimetry (Hneut / Hsoln / Hc)

	Bonding
	Calorimetry : 

Determination of Hydrogen Bond Strength

	Kinetics
	Continuous Method (Integrated Rate Equation)

	
	Initial Rate Method (Differential Rate Equation)

	
	Colorimetry 

(Monitor the absorbance of reaction mixture)

	Acid-Base Equilibrium
	Determination of Ka of Weak Acid

	
	Determination of conc. of 2 bases in mixture by “Double Indicator Method”

	
	Determination of Ksp


Key words frequently used:

standard solution, known concentration, known volume, equal volumes, regular time intervals,

conical flask, volumetric flask, pipette, burette, precipitate, phenolphthalein, vacuum flask, 

polystyrene cup, calorimeter, volatile, vaporize, fume cupboard, weigh, rinse, filter, separate

(A)
Titration



Criteria of a primary standard:


 
(
It should be pure / it has a fixed composition.



(
It is stable in air.



(
It has high molecular / formula mass.



(
It is very soluble in water.

 
Type of Titrations:



(1)
Acid-base Titration




Indicator used:

	Titration
	Indicator used

	Strong acid – strong base
	Any indicator

	Strong acid – weak base
	Methyl orange

	Weak acid – strong base
	Phenolphthalein




(2)
Redox Titration




e.g.
Iodimetric titrations





(
iodine is titrated by standardized sodium thiosulphate. 






2Na2S2O3(aq)  +  I2(aq) (  Na2S2O6(aq)  +  2NaI(aq)




Starch is used as the indicator, the colour changes from blue to colourless.




(Note: Starch should be added only when the reaction mixture becomes pale yellow.  It is because if it is added too early, the concentration of iodine is so high that it will react with iodine to form a water insoluble complex.  As a result, the amount of iodine available for reacting with sodium thiosulphate becomes smaller.)

(
If we want to determine the concentration of a reducing agent (e.g. vitamin C), we need to use the back titration method.



(1)
Add the standard thiosulphate solution into the burette.



(2)
Pipette 25.0 cm3 of the unknown solution into the conical flask.



(3)
Pipette known amount of potassium iodate(V) solution in the conical flask.



(4)
Add excess amount of I- and dilute sulphuric acid in the conical flask.



(5)
Titrate the excess amount of I2 with thiosulphate solution until the unknown solution turns to pale yellow.



(6)
Add a few drops of starch indicator.



(7)
Record the initial reading of the burette.



(8)
Titrate the unknown solution with standard solution until the end point is reached.



(9)
Record the final reading of the burette.



(10)
Repeat step (2) to step (9).



(11)
The total amount of I2 reacts with the unknown substance is equal to the initial amount of I2 added – the excess amount of I2 determined by titration.




(Note:
Iodate(V) ion, iodide ion and sulphuric acid is used to produce I2:





KIO3(aq)  +  5KI(aq) + 3H2SO4(aq) ( 3I2(aq) + 3H2O(l) + 3K2SO4(aq)





It is because iodate(V) ion is more stable than iodine in air.)



** Other applications of Back Titration: 




Determine of the concentration of NaOCl in bleach
 (B)
Heat of Reaction (Energetics)

(i)
Data to be collected in calorimetric measurement

	Enthalpy Change
	mass (m)
	no. of mol

	Hneut
	mass of acid + base
	no. of mol of water formed

	Hsoln
	mass of water
	no. of mol of solute

	Hc
	mass of water heated
	no. of mol of fuel


Precaution of using the apparatus: 

Pipette:  wash the pipette with water and rinse the pipette with solution used.

(ii)
Procedure of the experiment:

(  Reaction between solid and solution (e.g. 2HCl  +  Mg (  MgCl2 + H2)


(1)
Weigh the empty weighing bottle by the balance.


(2)
Weigh the weighing bottle and solid by the balance.



Calculate the weight of the solid. (Weigh by difference)



(3)
Using the measuring cylinder to measure 50 cm3 of the solution.  Pour the solution in the polystyrene cup.



(4)
Measure the temperature of the solution in the polystyrene cup.



(5)
Add the solid to the polystyrene cup and stir with the stirrer.



(6)
Record the maximum temperature of the solution.



(7)
Calculate the enthalpy change by  
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(  Reaction between two solutions (e.g. HCl  +  NaOH  (  NaCl  +  H2O)


(1)
Wash and rinse the pipette.


(2) 
Pipette 25.0 cm3 of HCl and NaOH into two polystyrene cup separately.


(3)
Measure the temperature of the solution in the polystyrene cup.



(4)
Mix the solutions in polystyrene cup.



(5)
Record the maximum temperature of the solution.



(6)
Calculate the enthalpy change by 
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(iii)
Error of the experiment:


(
Heat loss to the surrounding.


(
Assuming that the specific heat capacity of the reaction mixture equals to that of water


(
Assuming that the density of the solution is the same as that of water.


(
Neglecting the heat capacity of the polystyrene cup and the thermometer.

(C)
Rate of Reaction (Kinetics)

(1)
Continuous Method


In this method, we measure the change of conc./physical properties of the substance (e.g. colour intensity / absorbance) with respect to time.

  
(
Procedure of the experiment:



e.g.
To investigate the order of reaction w.r.t. [A] by Chemical Method:

3A + 2B ( C


(1)
Pipette 25.0 cm3 of the [A] (known conc. and vol.) into the conical flask.


(2)
Adding reactant B (in large excess) in the conical flask by using the measuring cylinder. 



*** 
[B] appears to be “constant” (effectively constant) during the 
reaction!

(3)
Start the stopwatch to count the time.


(4)
At 5 minutes, pipette 1 cm3 of the reaction mixture in the conical flask containing quenching agent#.


(5)
Titrate the quenched solution with standard solution.


(6)
Repeat the steps (4) and (5) at 10 mins, 15 mins, 20 mins etc.

	t / min
	t1
	t2
	t3
	t4

	[A] / mol dm-3
	[A]1
	[A]2
	[A]3
	[A]4

	ln [A]
	1st order ????

	[A]-1/ mol-1 dm3
	2nd order ????



(7)
Plot suitable graph in order to confirm the order of reaction.


“Integrated Rate Equation”:




(
zeroth order:
[A] = -k’t + [A]0


(
first order:
ln[A] = -k’t + ln[A]0



or
ln([A]0/[A]) = k’t



(
second order:
[A]-1 = k’t + [A]0-1


(#  Method of quenching:



~
lower the temperature of the sample of reaction mixture removed by immersing it in ice/ ice-salt mixture



~
dilute the sample of with water/ an appropriate solvent 



~ 
remove one of the reactants/catalyst by adding an appropriate quenching agent)

(2)
Initial Rate Method

  
(
Procedure of the experiment



e.g.
To investigate the order of reaction w.r.t. [A] in the reaction:

3A + 2B ( C




(1)
Prepare solutions with different [A], with constant [B].




(2)
Pipette 25.0 cm3 of [A] into the conical flask.




(3)
Adding reactant B (known conc. and vol.) into the conical flask.




(4)
Start the stopwatch.




(5)
Measure the initial rate of the reaction. 





(= slope of tangent at t0 in conc.-time graph).



(6)
Repeat steps (2) to (5) using the solution with different [A].
	t / min
	[A]
	[B]
	Initial Rate / mol dm-3 s-1

	t1
	[A]1
	[B]
	rate1

	t2
	[A]2
	[B]
	rate2

	t3
	[A]3
	[B]
	rate3

	t4
	[A]4
	[B]
	rate4





(7)
Plot the graph of log (rate) vs log [A] to find the order of reaction (slope)





“Differential Rate Equation”:
rate = k’[A]m





log (rate) = m log [A] + log k’



(8)
y-intercept = k’,  k = k’/[B]



Example (Initial Rate Method):



Find the rate equation of the decomposition of sodium thiosulphate in fixed amount of dilute hydrochloric acid.





S2O32-(aq) + 2H+(aq) (  H2O(l) +  SO2(g)  +  S(s)


Rate equation:
rate =  k [Na2S2O3]m [HCl]n


**
[A] = [Na2S2O3],  [B] = [HCl]



Procedure:



(1)
Make the solutions of different [Na2S2O3].



(2)
Place known volume of standard Na2S2O3 in a conical flask.



(3)
Put the conical flask on cardboard with a black “X” marked.



(4)
Measure the temperature of the solution.



(5)
Add a fixed volume of standard HCl to Na2S2O3.



(6)
Start the stop watch, note the time when the black “X” marked becomes invisible.


(7)
Repeat steps (2) to (6) using the solution with different [Na2S2O3].


(8)
Plot the graph of log(1/t) vs log[Na2S2O3].




**
log (1/t) = m log [Na2S2O3] + log k’
(m = order of reaction, k’ = k[HCl])




**
rate constant = k = k’ / [HCl]

(D)
Acid-Base Equilibrium
(1)
Determination of Ka of weak acid


(
Procedure of the experiment:




(1)
Use a pipette to transfer a known volume of weak acid into the flask.




(2)
Add a few drops of phenolphthalein.




(3)
Titrate the waek acid with NaOH(aq) from a burette





until phenolphthalein changes from colourless to pink.




(4)
Add an equal volume of weak acid to the mixture.




(5)
Measure the pH of the resulting mixture with the calibrated pH meter.




(6)
Since 
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(2)
Determination of conc. of 2 bases in mixture by “Double Indicator Method”

(
Procedure of the experiment (for example: Na2CO3 / NaHCO3):




(1)
Titrate a known volume of the mixture against a standard acid (e.g. HCl).




(2)
Phenolphthalein marks the completion of reaction between Na2CO3 and HCl, the volume of HCl used is noted as V1. (Na2CO3 + HCl ( NaHCO3 + NaCl)




(3)
[Na2CO3] = [HCl] ( (V1/vol. of mixture)




(4)
Methyl orange marks the completion of reaction between NaHCO3 and HCl,




(5)
the volume of HCl used is noted as V2. (NaHCO3+HCl(NaCl+CO2+H2O)





[NaHCO3] = [HCl] ( [(V2 – V1)/vol. of mixture]
(3)
Determination of Solubility Product (Ksp)


(
Procedure of the experiment (for example: Ca(OH)2):




(1)
Addition of excess Ca(OH)2(s) in distilled water (about 100 cm3) to give a saturated solution by heating in water followed by cooling to room temperature.






(or  by stirring the mixture in water for a long time.)




(2)
Filter the mixture using dry apparatus using filter paper.





(3)
Withdraw 25 cm3 of the filtrate with a dry pipette and titrate the solution with standard HCl(aq) using phenolphthalein.




(4)
Calculate the concentration of OH-(aq) from the titration data.






Since      M(OH)2(s)          M2+(aq) + 2OH-(aq)






and       [M2+] = 0.5 [OH-]   ((  [M2+] :[OH-] = 1:2)






( Ksp = [M2+][OH-]2 = (0.5) [OH-]3
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