
______________________________________________________________________________________________________

This project has been funded with support from the European Commission. This publication reflects the views only of the authors,

and the Commission cannot be held responsible for any use which may be made of the information contained therein.

Prof. dr Biljana Petrović

Faculty of Science

University of Kragujevac

Methods for investigation of slow 
and fast chemical reactions 



______________________________________________________________________________________________________

This project has been funded with support from the European Commission. This publication reflects the views only of the authors,

and the Commission cannot be held responsible for any use which may be made of the information contained therein.

Rate of reaction

...... ++⎯→⎯++ xXuUbBaA

       
dt

Xd

xdt

Ud

udt

Bd

bdt

Ad

a

1111
==−=−=

Unit = M.s-1



______________________________________________________________________________________________________

This project has been funded with support from the European Commission. This publication reflects the views only of the authors,

and the Commission cannot be held responsible for any use which may be made of the information contained therein.

k – rate constant
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Unit = M1-ns-1  = order of reaction relative to reactant A

 = order of reaction relative to reactant B

n = overall order of reaction =  +  + ..
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First order reactions
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Half-life of the reaction is time taken for the concentration of a 

reactant to drop to half of its original value.

 
2

0
21

A
A =

kk
t

693,0
2ln

1
21 ==For the first order reactions:  



______________________________________________________________________________________________________

This project has been funded with support from the European Commission. This publication reflects the views only of the authors,

and the Commission cannot be held responsible for any use which may be made of the information contained therein.

Second order reactions
- asymmetric -
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2.
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Second order reactions
- symmetric -

A  +  B C  +  D 𝐴 0 = 𝐵 0

Rate:
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Experimental methods: 

Direct: Volumetry, Gravimetry

Indirect: Absorbtion, Emission, Conductivity, Optical rotation

[C] = f(t)
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Experimental methods for 
slow and fast chemical reactions: 

Methods: t½

Flow technics 10-3

NMRspec. constr. 10-6

Pressure jump 10-6

Temperature jump 10-7

Electrochemical 10-8

Puls radiolysis and flesh 
photolysis

10-9

Fluorescence 10-10

Slow reactions:
Fast reactions:

Methods:    t1/2

Volumetry 103

Gravimetry 104

UV-Vis 102

NMR 102

HPLC 102
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- The method has to be faster than the studied reaction.

- Each reaction has to be followed minimum 8-10 halph-lives.

- The method should measure direct or indirect the change 

of concentration of reactant or product of the reaction with time.

- It is necessery to control temperature during the study.

- For determination of entalpy of activation and entropy of activation 

the reactions should be followed at minimum three different temperatures.

- For determination of volume of activation the reactions should be followed at

different pressure. 

Rules:
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UV-VIS

- First step – working wavelength 
determination

- Use TeamViewer to record UV-VIS spectra.
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Recording the spectra of the reaction mixture with time

Working wavelength determination for the reaction between 

Cr(III)-ion and EDTA
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UV-VIS
- Second step – measuring the absorption of reaction mixture at constant 

(working) wavelength vs. time

At – absorbance at time t

A    – absorbance at the end of the reaction∞

t(s) At

0 0.36307

40 0.3645

80 0.36314

120 0.35887

160 0.35577

200 0.35261

240 0.34945

280 0.34493

320 0.34371

360 0.33955

400 0.33698

440 0.33438

480 0.33163

520 0.32659

560 0.32698

600 0.32491

640 0.32206

680 0.32059

720 0.31763

760 0.31623

800 0.31388

840 0.31211

880 0.31004

920 0.30851

960 0.30656

1000 0.30482

1040 0.30395

1080 0.30257

1120 0.30032

1160 0.29804

1200 0.29744

1240 0.2933

1280 0.29509

1320 0.29397

1360 0.29237

1400 0.28887

1440 0.29002

1480 0.28878

1520 0.28747

1560 0.2866

1600 0.28396

1640 0.28431

1680 0.28338

1720 0.28259

1760 0.27831

1800 0.28062

1840 0.28028

1880 0.27894

1920 0.27811

1960 0.27731

2000 0.2769

2040 0.2761

2080 0.27482

2120 0.27351

2160 0.2738

2200 0.27337

2240 0.27239

2280 0.27174

2320 0.27173

2360 0.26928

2400 0.27014

2440 0.26989

2480 0.26931

2520 0.26836

2560 0.26707

2600 0.26759

2640 0.26689

2680 0.26605

2720 0.26598

2760 0.26559

2800 0.26498

2840 0.26261

2880 0.26417

2920 0.26434

2960 0.26357

3000 0.26303

3040 0.26303

3080 0.26265

3120 0.26111

3160 0.26147

The change or absorbance vs. time for the substitution reaction 

between complex {[Pt(L)Cl]2(μ-pz)}Cl2 (where L is 

iso-butylenediamine (ibn)) and GSH at 310 K and 

pH = 7.2 (25 mM Hepes buffer), with the addition of 40 mM NaCl. 
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UV-VIS

- Third step – calculation of the rate constant ( ) ( ) tkAAlnAAln ,

0t −−=− 
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 ExpDec2 of B

Equation y = A1*exp(-x/t1) + A2*exp(-x/t2) + y0

Adj. R-Square 0.9982

Value Standard Error

B y0 0.24253 7.33248E-5

B A1 0.07033 0.00344

B t1 917.84941 34.18435

B A2 0.05639 0.00356

B t2 2626.18843 86.50403

Kinetic traces for the substitution reaction between complex

{[Pt(L)Cl]2(μ-pz)}Cl2 (where L is 

Iso-butylenediamine (ibn)) and GSH at 310 K and 

pH = 7.2 (25 mM Hepes buffer), with the addition of 40 mM NaCl. 

Calculated by Origin Pro8.

- Use TeamViewer to analyse results. 
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NMR

- First step – record the 1H NMR 
spectrum of reactant

- Signals of the reactant and product of the reaction are not on the same 

chemical shifts.

- Singlets, doublets, triples and quarters are suitable for consideration. 

DMSO in D2O
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NMR

- Second step – record the 1H NMR 
spectrum of the reaction mixture

1H NMR spectra in defined time intervals 

for the reaction between K2[PtCl4] and 

DMSO in D2O 

- Third step – on the base of intensities 
of corresponding signals rate constant 
could be calculated. 

- Use Web Accessed Remote Instrumental
Analytical Laboratory (WARIAL) network to
analyse by NMR
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HPLC

- Just for special systems

- Method: Recording the
chromatograph of the reaction
mixture in well-defined time
intervals.

- On the base of the intensities of
corresponding signals rate
constant could be calculated.

- Use Web Accessed Remote
Instrumental Analytical
Laboratory (WARIAL) network to
analyse by HPLC
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HPLC chromatograms for the reaction between complex {[Pt(L)Cl]2(μ-pz)}Cl2
(where L is iso-butylenediamine (ibn)) (5 mM) and 5’-GMP (10 mM) 

at pH 7.2, T = 310 K, λ = 360 nm; (+) – free 5’- GMP (retention time = 2.0 min), 

(*) – product (retention time = 3.1 min), (Δ) – free complex (retention time = 2.3 min).
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Stopped-flow technique

M
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Stopped-flow technique

- Prepare the solutions of each reactant.

- Fill the syringes. 

- Use Kinetic mode.

- Record the spectra with the time to determine working wavelength.

- Pro-Data SX or Origin Pro 8 computational program can be used for calculation.  

- Use TeamViewer to analyse results. 
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Kinetic traces for the reaction between     

K2[Pd(mal)Cl2] and pyrazole, λ = 255 nm, 

T = 297 K



______________________________________________________________________________________________________

This project has been funded with support from the European Commission. This publication reflects the views only of the authors,

and the Commission cannot be held responsible for any use which may be made of the information contained therein.

Author, Editor and Referee References

This remote access laboratory was created thanks to work done primarily at University of Kragujevac.

Contributors to this material were: Biljana Petrović

Refereeing of this material was done by: _____________________

Editing into NETCHEM Format and onto NETCHEM platform was completed by: ______________



______________________________________________________________________________________________________

This project has been funded with support from the European Commission. This publication reflects the views only of the authors,

and the Commission cannot be held responsible for any use which may be made of the information contained therein.
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contact list.
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DESCRIPTION OF THE EDUCATIONAL ELEMENT

Educational element title Experimental methods in Chemical Kinetics 

Educational field Chemistry

Level of study Doctoral academic studies

Title of course in which Educational element is implemented (lecture or lab 

exercise)

Kinetics and mechanism of the substitution reactions

Title of teaching unit Methods for investigation of slow and fast chemical reactions

Teacher Biljana Petrovic, associate professor

Target group (study program, year of study) PhD Study Program  - Chemistry, 2nd year

Educational objectives of educational element
Definition of different experimental methods for determination of kinetic parameters,

Methods for slow reactions, Methods for fast reactions.

Required preliminary knowledge and skills Volumetric methods, UV-Vis, HPLC, 1H NMR

Material available at Moodle platform for the educational element:

- Type (.mp4/.avi/.ppt/.pdf/.doc/.jpeg …):

- Size (MB):

- Used language in the material:

ppt, doc and jpeg

6 MB,

English 

Remote access classroom-laboratory Yes

DESCRIPTION OF REMOTE ACCESS

1. NETCHEM COMMUNICATION SIDES
(NOTE: NETCHEM Communication is defined as event that involves all kinds of internet interactions (in real time and not in real time) between participants via devices (PCs, laptops, tablets and 

mobile phones))

host side
(NOTE: Host side of NETCHEM Communication is defined as PC who invites other users to join 

the session)
participant’s PC in classroom

guest side
(NOTE: Guest side of NETCHEM Communication is defined as PC who joins the invitation to 

session)

participant’s PC in laboratories

1. COMMUNICATION SOFWARE

Team Viewer

Meeting:  yes

Remote control:  yes

Meeting and Remote control simultaneously:  yes

Skype
Call 1:1: yes

Conference Call:  yes

1. COMUNICATION HARDWARE
on host side 1  PC for few  participants
on guest side 1 PC, 1 headsets with microphone, camera

1. INFORMATION EXCHANGE TYPE

Educational 

(one side is dominantly receptive)

Place of Educator participant: host side

Number of educator(s): 1

Place of student participant: host side

Number of student participant(s):  about 3

Consultative 

(two sides are equal in giving-receiving information)
Number of host side participant(s):  No

Number of guest side participant(s):  2-3


