
 

Practical Exercises in Physical Chemistry  

Advanced Level  

Freie Universität Berlin, Institut für Chemie und Biochemie 

 

Block III: Kinetic 

Photometric measurements 

1. Objectives: 
Measure the temperature dependent dissociation rate constant of Mn(III) tris-oxalate.  

Estimate the activation energy of the dissociation.  

 

2. Methods: 
Measure the extinction of Mn(III) tris-oxalate aqueous solutions at different wavelengths of a 

mercury gas lamp at 18 0C. 

Select the emission band which is most close to the absorption maximum of Mn(III) tris-oxalate. 

Measure the time dependent extinction of Mn(III) tris-oxalate aqueous solutions at the selected 

emission band at 18 0C, 25 0C and 33 0C. 

Calculate the dissociation rate constant of Mn(III) tris-oxalate using the Beer-Lambert law. 

Calculate the activation energy of the dissociation and the frequency factor using the Arrhenius 

equation. 

 

3. Backgrounds of the problem: 
Kinetic spectroscopy is a convenient direct method to measure time dependent concentration of 

chemical species. The underlying idea of this method is to follow the evolution in time of a 

chemical system from a non-equilibrium state into equilibrium. The development of some of 

these experimental methods was awarded by the Nobel Prize in chemistry 1967 (M. Eigen, R. G. 

W. Norrish and G. Porter: "for their studies of extremely fast chemical reactions, effected by 



disturbing the equilibrium by means of very short pulses of energy"). The modern picosecond 

laser flash photolysis technique provides information about kinetics of chemical events that occur 

in the time scale of picoseconds. The key point of all of these methods is how to force the 

chemical system into a non-equilibrium state by some external action whose duration is small as 

compared to the halftime of the subsequent decay of the non-equilibrium state into the 

equilibrium state. The time dependent concentration of transient substances is generally 

monitored by absorption spectroscopy. 

In this experimental work you study irreversible dissociation of Mn(III) tris-oxalate. The 

formation rate of this metastable complex from precursors in aqueous solution is much smaller as 

compared to the dissociation rate. As a result the long-living non-equilibrium state of the system, 

that is the presence of Mn(III) tris-oxalate, is created chemically. Then, this non-equilibrium state 

evolves slowly to the equilibrium state, that is the full dissociation of Mn(III) tris-oxalate.  

 

3.1  Detection of the absorption 

Absorption of light in a medium can be described by an empirical relationship, called Beer-

Lambert law, which relates the absorption of light to the properties of the medium through which 

the light is traveling: 0 10 (1)c dI I ε− ⋅ ⋅= ⋅ .[1] Here, I  is the intensity of the light after passing 

through the medium; 0I  is the intensity of the incident light; ε  is the extinction coefficient; c  is 

the concentration of the absorbing substance in the medium; d  is the layer thickness. Eq.1 can be 

rewritten as: 0log (2)IE c d
I

ε⎛ ⎞= = ⋅ ⋅⎜ ⎟
⎝ ⎠

, where E  is called extinction. Neither ε  nor d  depends 

on time. In contrast, the concentration c  may change while a non-equilibrium state decays into a 

new equilibrium state. The first-order rate law for the concentrations is: 
0
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Here, 0c  is the concentration at 0t = , ( )c t  is the concentration at the time moment t , c∞  is the 

concentration at equilibrium, that is t → ∞ , and k  is the first order rate. It is obvious, that 

combining eq.2 and eq.3 gives: 
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, where 0E  is the extinction at 0t = , 

( )E t  is the extinction at the time moment t , E∞  is the extinction at equilibrium. It is 

recommended to set the value E∞  to zero and to simplify the eq.4 to: 0ln (5)
( )

E k t
E t

= ⋅ .  



3.2  Activation energy of the dissociation 

The dissociation of Mn(III) tris-oxalate is described by a gross equation: 

3- 2 2
2 4 3 2 4 2

5[Mn(C O ) ] Mn C O CO
2

+ −→ + + ↑  

Although, the precise mechanism of the dissociation is complex, in the first approximation the 

decay can be described using the first-order rate law for the concentrations. The dissociation of 

Mn(III) tris-oxalate is relatively slow since in order to transform the complex into the products, a 

certain amount of energy is required to activate a transition state. This minimum energy is called 

the activation energy AE  of the dissociation. In thermal equilibrium at an absolute temperature 

T , the fraction of molecules that have a kinetic energy greater than AE  can be calculated from 

the Maxwell-Boltzmann distribution, and turns out to be proportional to 
AE

R Te
−

⋅ . Here, 
-1 -18.315  · ·  R J K mol= is the gas constant. The reaction rate constant k  of the activated reaction 

is described by the Arrhenius equation: 
AE

R Tk A e
−

⋅= ⋅ , where the frequency factor A  is a constant 

specific to a particular reaction. Therefore, the reaction rate is increasing when either the 

activation energy decreases or the temperature increases. 

 

4.  Work program:  
In this work you are requested to obtain values of the dissociation rate constants of Mn(III) tris-

oxalate at three different temperatures and estimate values of the activation energy of the 

dissociation and the frequency factor of the Arrhenius equation.  

To do that you should experimentally measure: i) the extinction of Mn(III) tris-oxalate aqueous 

solutions at different wavelengths to define the emission band which is most close to the 

absorption maximum of Mn(III) tris-oxalate; ii) the time dependent extinction of Mn(III) tris-

oxalate aqueous solutions at the selected emission band at 18 0C, 25 0C and 33 0C to obtain the 

corresponding dissociation rate constant of Mn(III) tris-oxalate. Finally, you are requested to 

calculate the activation energy of the dissociation and the frequency factor using the Arrhenius 

equation. 

 

Experimental measurement of the extinction 

The experimental measurements of the extinction will be done using a Zeiss Filterphotometer 



PL4. The light source of the setup is a mercury gas lamp, which emits light at several discrete 

wavelengths. Light of a specific wavelength can be selected with special filtering. Since the 

experimental cell may absorb, reflect or scatter a certain amount of the incident light, the 

photometer must be adjusted before each experiment using a cell filled with pure solvent. 

 

The execution order of the work 

Results with sufficient accuracy are only obtained when the accuracy of the measurements is 

sufficient.  

The experimental cells are very fragile and quite expensive - take care. The optical 

windows, the polished sides, should not be touched with bare hands or hard and pointed 

objects. 

Detailed instructions on how to operate the equipment you will find on the desk. The general 

strategy is given below.  

Switch the photometer and stabilize the temperature in the measuring chamber at 18 0C. Fill a 

flask with distilled water and leave it in a thermostat at 18 0C for 5 min. Fill the cell with the 

thermostated distilled water and fix the cell in the chamber. Measure the extinction of pure 

solvent at 365 nm. 

Following precursors are available on the desk: 

Solution N Substance Concentration, mole/l 

1 KMnO4 0.02 

2 MnSO4 0.2 

3 Oxalate acid 0.2 

Mix together in a flask 2 ml of the Solution 2 and 14 ml of the Solution 3 and leave the flask in a 

thermostat at 18 0C for 5 min. Then, add 4 ml of the Solution 1, shake the flask and fill with the 

mixture the measuring cell. Remember, you should note the time at the moment when you add 

the Solution 1 into the flask – it is the time moment 0t =  of your measurements. Fix the cell in 

the chamber and measure the extinction of the mixture at the time moment 60t s= . 

Repeat the same set of the experiments, namely the adjustment of the photometer with distilled 

water and the measurement of the extinction of the mixture at the time moment 60t s= , at 405 

nm, 436 nm, 492 nm, 546 nm, 578 nm and 623 nm. Here and further the water and the 

intermediate mixture of the Solutions 2 and 3 should be thermally equilibrated at the temperature 



of the experiment. 

Select the emission band of the mercury lamp which is most close to the absorption maximum of 

Mn(III) tris-oxalate. Adjust the photometer with distilled water for this band at 18 0C. Prepare the 

aqueous solution of Mn(III) tris-oxalate as described above and measure the time dependent 

extinction stepwise with the step size equal to 60 s  as long as 0.1E ≥ . In this experiment you do 

not need to note the time at the moment when you add the Solution 1 into the flask. The time 

moment 0t =  of your measurements can be selected arbitrary. It is advisable to select the time 

moment 0t =  as the moment which corresponds to the first measured value of the extinction. 

Repeat the same set of the experiments at 25 0C.  

Repeat the same set of the experiments at 33 0C collecting data stepwise with the step size equal 

to 30 s  as long as 0.1E ≥ . 

 

Pay attention to the working instructions for handling chemical substance. Pour the waste only in 

the corresponding, marked bottles. Clean up the working place at the end.  

a) Measure the extinction of the aqueous solution of Mn(III) tris-oxalate thermally 

equilibrated at 18 0C at 365 nm, 405 nm, 436 nm, 492 nm, 546 nm, 578 nm and 623 nm 

after 60 s  of the solution preparation. 

b) Select the emission band of the mercury lamp which is most close to the absorption 

maximum of Mn(III) tris-oxalate. 

c) Measure the time dependent extinction of the aqueous solution of Mn(III) tris-oxalate 

thermally equilibrated at 18 0C for the selected band of the mercury lamp. 

d) Measure the time dependent extinction of the aqueous solution of Mn(III) tris-oxalate 

thermally equilibrated at 25 0C for the selected band of the mercury lamp. 

e) Measure the time dependent extinction of the aqueous solution of Mn(III) tris-oxalate 

thermally equilibrated at 33 0C for the selected band of the mercury lamp. 

 

5. Questions to the work 
1) Does the Beer-Lambert law be applicable for concentrated solutions?  

2) Does a compound with high molar absorptivity have a higher or lower limit of detection 

than a compound with low molar absorptivity? 

3) What is the physical meaning of the frequency factor A ? 



4) Typical storage duration of a frozen pizza is shown in the following table. Assume that 

the spoiling of this product obeys the first-order rate law. Are the data listed in the storage 

information table consistent with each other? How long one may storage the pizza in 

liquid nitrogen at 77 K? 

In refrigerator 

0 0C 

*Compartment 

-6 0C 

**Compartment 

-12 0C 

**Compartment 

-18 0C 

1 day 1 week 2 weeks 9 months 

(adapted from ref. [2] 

 

6. Data analysis:  
a) Using the experimentally obtained values of the extinction ( )E t  estimate graphically the 

dissociation rate constants of Mn(III) tris-oxalate for three temperatures and their margin 

of error. Compare the obtained values to the reference values: 4 11.4 10disk s− −= ⋅  at 

020T C=  and 4 15.0 10disk s− −= ⋅  at 030T C= .[3] 

b) Using the calculated values of the dissociation rate constants estimate graphically the 

activation energy of the dissociation and the frequency factor using the Arrhenius 

equation with their margin of error. 

c) Compare the obtained dissociation rate constants of Mn(III) tris-oxalate to literature data . 

Do the values agree within the margin of error? If not, can you explain why? 

d) Compare the obtained the activation energy of the dissociation and the frequency factor to 

literature data. Do the values agree within the margin of error? If not, can you explain 

why? 

 

7.  Data presentation: 
You are demanded to include in you report the following tables. Table 1 and Table 2 must be 

filled out during the work.  

 



Table 1. Experimental values of the extinction (60)E  at 18 0C after 60 s  of the solution 

preparation. 

, nmλ  365 405 436 492 546 578 623 

(60)E         

 

Table 2. Experimental values of the extinction at ______ nm.  

1T  = ____ 0C 

,t s  0 60 120 180 240 360 420 480 540 600 660 720 780 840 

( )E t                

 

2T  = ____ 0C 

,t s  0 60 120 180 240 360 420 480 540 600 660 720 780 840 

( )E t                

 

3T  = ____ 0C 

,t s  0 30 60 90 120 150 180 210 240 270 300 330 360 390 

( )E t                

 



Table 3. Evaluation table.    

1T  = ____ 0C 

,t s  0 60 120 180 240 360 420 480 540 600 660 720 780 840 

0

( )ln E t
E

 
1              

0

( )ln E t
E

Δ  
              

 

2T  = ____ 0C 

,t s  0 60 120 180 240 360 420 480 540 600 660 720 780 840 

0

( )ln E t
E

 
1              

0

( )ln E t
E

Δ  
              

 

3T  = ____ 0C 

,t s  0 30 60 90 120 150 180 210 240 270 300 330 360 390 

0

( )ln E t
E

 
1              

0

( )ln E t
E

Δ  
              

 

Table 4. Values of the dissociation rate constants of Mn(III) tris-oxalate at different temperature. 

,T K     

dis disk k± Δ     

 

Table 5. Values of the activation energy of the dissociation and the frequency factor. 

, /A AE E kJ mole± Δ   

1,A A s−± Δ   

 



8.  Error analysis 
Remember: 

a) Experimental uncertainties should be rounded to one significant figure. 

b) In calculations, the intermediate uncertainties should be kept with two significant figure 

and rounded to one significant figure at the end. 

c) The last significant figure in the final value should be in the same decimal position as the 

uncertainty. 

In this work some values and their margin of error should be estimated graphically.  

The margin error of 0ln( / )E E  is 0ln( / ) ln( )E E xΔ ≡ Δ , where 0/x E E= . Further, 

ln( )ln( ) x xx x
x x

∂ Δ
Δ = ⋅Δ =

∂
, where 

0

Ex
E
Δ

Δ =  and EΔ  is the margin of error of E . Thus, 

0
0

0

ln( / ) Ex E EE E
x E E E

Δ Δ Δ
Δ = = ⋅ = . Pay attention that 0ln( / ) /E E E EΔ = Δ  has a reasonable value 

when E EΔ  only.  

 

It may happen that experimentally obtained values strongly deviate from a straight line. In this 

case you should be very careful with the graphical estimation of the values and errors. Namely, 

you will need to find coefficients m  and b  of a linear dependence y m x b= ⋅ + , where y  and x  

are some experimental values. It is advisable to use the Method of the Least Square to estimate 

these coefficients: 
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, where N  is the number of the 

experimental pairs ( ),i iy x . 

The margin of errors for these coefficients can be estimated using equations: 
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Otherwise you can use a suitable computer program.  

 



9. Literature 
[1] P.W. Atkins. “Physical Chemistry”, 3th ed., Oxford University Press, Oxford 1987. 

[2] I.A. Leenson. “The Arrhenius law and storage of food in freezer”, J. Chem. Educ. 1999, 

76, 504-505. 

[3] T. Uehiro, I. Taminaga, Y. Yoshino. ”Decomposition of oxalato complex of 

manganese(iv) in oxalate buffer solutions”, Bull. Chem. Soc. J. 1975, 48, 2809-2812. 

 
This script was corrected by Dr. I. Shenderovich in SS 2006. Comments/corrections are welcome. 


