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Chemical	Kine:cs	

•  The area of chemistry that is concerned with the speeds, 
or rates, of reactions is called chemical kinetics. 
Chemical kinetics involves the study of the rates and 
mechanisms of chemical reactions.  

•  Chemical kinetics is a subject of broad importance.  
•  It relates, for example, to how quickly a medicine is 

able to work, to whether the formation and depletion of 
ozone in the upper atmosphere are in balance, and to 
industrial problems such as the development of 
catalysts to synthesize new materials. 



The	Objects	of	Chemical	Kine:cs	

   There are broadly two separate, although, 
related objects of chemical kinetics; rates and 
mechanisms. 

•  The analysis of the mechanisms by which 
reactions occur i.e. the sequence of elementary 
steps giving rise to the overall reaction. 

•  The determination of the absolute rates of the 
reaction of its individual steps. 



				Kine:c	studies	provide	valuable	prac:cal	
informa:on	on	the	rate	under	experimental	
condi:ons	such	as;	

•  	reactants	concentra:on,	
•  	temperature	and		
•  medium	of	reac:on.		
	 	 	 	 This	 is	 then	 used	 to	 provide	 the	 basis	 for	
determining	 the	 mechanism	 by	 which	 a	
reac:on	occurs.	



Kine:c	Procedures	

•  The	star:ng	point	of	most	kine:c	inves:ga:on	
of	 chemical	 reac:ons	 is	 the	determina:on	of	
the	reac:on	rate	and	its	dependent	upon	the	
concentra:on	of	the	species	involved.		

•  The	 overall	 rate	 of	 a	 reac:on	 rate	 is	 not	
normally	 measured	 directly;	 rather,	 the	
concentra:on	 of	 the	 reactant	 or	 product	 is	
monitored	as	a	func:on	of	:me.		



	

Mechanis:c	 understanding	 of	 chemical	 reac:ons	 drives	
research	 and	 guides	 teaching	 of	 reac:vity	 in	 chemistry.	
Upper-level	 physical	 organic	 or	 organometallic	 chemistry	
courses	 oQen	 discuss	 reac:on	mechanism	 in	 detail,	 in	 the	
context	of	prototypical	example	reac:ons.	
	
	
	







	
Kine:c	Analysis	of	Complex	Systems.		

	
	



Enzyme	Kine:cs	



	
	

Transi:on-State	Theory	and	
Temperature	Dependence.		

	
	



Nucleophilic	Aroma:c	Subs:tu:on	

1.Nucleofugality	
2.Nature	of	nucleophile	
3.Stereoelectronic	effects	
4.	Solvent	effects.	
5.	Base	catalysis	



Nucleophilic	Aroma:c	Subs:tu:on		
(	SNAr)	Reac:ons	

•  Of the 1086 unique small molecules approved by the U.S.Food 
and Drug Administration (FDA), 640 are found in their 
assemblage, where at least one nucleophilic aromatic 
substitution reaction (SNAr) is involved. 

•  SNAr reaction is used once or more in synthetic schemes en 
route to the following best-selling FDA-approved small 
molecules: abacavir, imiquimod, erlotinib, levofloxacin, 
moxifloxacin, pioglitazone, rosiglitazone, pazopanib, 
febuxostat, itraconazole, ziprasidone, olanzapine, and timolol. 

•  A number of these drugs are listed on the World Health 
Organization’s List of Essential Medicines. 

•  SNAr reaction is an important reaction within industrial circles. 

Isley	N.	A	et	al,	Org.	Le/.,	2015,	17,	4734-4737		
	
	



Leaving	group	effects	on	the	Mechanism	of	SNAr	ReacHons	

J.	Phys.	Org.	Chem	2004,	17,	65-70	



Data	Analysis	
§  Quantitative data for individual rate coefficients was 

obtained by a combination of kinetics data software, and 
spectrophotometry. 

§   This involves following a time dependent change in a 
chemical reactions.  

§  Spreadsheet program can then be used to analysed the data 
for parameters of interest. Examples of such spreadsheet 
program include; 

Ø Macromath Scientist 
Ø OriginPro  
Ø Sigmaplot 
Ø SimFit 



(a)	UV-Vis	Spectrum	of	5	×	10-5	mol	dm-3	2,4,6-trinitrodiphenylamine		
(b)	Kine:c		traces	involving	5.0	×10-5	mol	dm-3	of	3.1	and	0.01	mol	dm-3		aniline	in	acetonitrile,	λ	=	

365nm	at	250C		
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Table	5.	Summary	of	rate	data	for	the	reac:on	of	4d	with	ring-subs:tuted	
anilines	2,	a-l	in	acetonitrile	at	25°C.	

Substituent(s), R K1k2 
(dm3 mol-1 s-1) 

K1kAn 
(dm6 mol-2 s-1) 

kAn/k-1 
(dm3 mol-1) 

k1 
(dm3 mol-1 s-1) 

kAn/k2 
(dm3 mol-1) 

a, 4–OMe 2.9 ± 0.3 90 ± 10 5 ± 1 18 ± 5 31 
b, 4–Me 0.68 ± 0.05 16 ± 1 3.5 ± 1 4.5 ± 1.5 24 
c, 3-Me 0.18 ± 0.05 4 ± 0.5 2.5 ± 1 1.6 ± 0.5 22 
d, Ha 0.08 ± 0.01 2.2 ± 0.2 2.7 ± 0.5 0.8 ± 0.3 28 
e, 4–F 0.045 ± 0.01 1.25 ± 0.1 2.5 ± 0.5 0.5 ± 0.2 28 
f, 4–Cl (5 ± 1) × 10-3 0.23 ± 0.02 1.8 ± 0.5 0.12 ± 0.06 46 
g, 3–Cl (8 ± 1) × 10-4 0.026 ± 0.004 1 ± 0.5 0.026 ± .01 33 
h, 2,4–Me2 0.024 ± 0.004 0.2 ± 0.05 <1 8 

i, 2–Me (4.5 ± 0.5) × 10-3 0.04 ± 0.005 <1 9 

j, 2–Et (1.8 ± 0.4) × 10-3 0.011 ± 0.003 <1 6 

k, 2–F (1 ± 0.2) × 10-4 (8 ± 1) × 10-3 <1 80 

l, 2,6–Me2 (6 ± 1) × 10-5 



Nucleophilic	Heteroaroma:c	
Subs:tu:on	
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Kine:c	Equa:on	
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Applied	Photophysics	SX-17MV	
	Stopped-flow	Spectrometer	



X-Ray	Crystal	Structure	Determina:on	



Figure 2. Independent molecules I (left) and II in the structure of 3b, projected on the plane of ring A.  
Minor (10%) orientations of the CF3 groups are not shown.		

Deposited		in	the	Cambridge	Crystallographic	Data	
Centre	(CCDC)		









Smarter	Chemistry	

	 	 	 	Smarter	chemistry	is	about	connec:ng	ideas	
and	 connec:ng	people.	 It	 begins	with	finding	
relevant	informa:on,	like	data	about	chemical	
reac:ons	and	chemical	compounds.		



RSC’s	ChemSpider	

>34	million	chemicals	from	>500	sources	and	
>40,000	users	per	day	

	



SciFinder	

SciFinder®	 is	 a	 research	 discovery	 applica:on	 that	
provides	 unlimited	 access	 to	 the	 world's	 most	
comprehensive	 and	 authorita:ve	 source	 of	 references,	
substances	 and	 reac:ons	 in	 chemistry	 and	 related	
sciences.	
SciFinder	offers	a	one-stop	shop	experience	with	flexible	
search	 and	 discover	 op:ons	 based	 on	 user	 input	 and	
workflow.	You	can	search	for	substances,	reac:ons,	and	
patent	and	journal	references	any:me,	anywhere.	
		



Computa:onal	Chemistry	

•  Computa:onal	 chemistry	 is	now	widely	used	 to	 study	
the	 fundamental	 proper:es	 of	 atoms,	molecules,	 and	
chemical	 reac:ons,	 using	 quantum	 mechanics	 and	
thermodynamics.	

•  Computa:onal	chemists	use	mathema:cal	algorithms,	
sta:s:cs,	 and	 large	 databases	 to	 integrate	 chemical	
theory	and	modelling	with	experimental	observa:ons.	

•  Some	 computa:onal	 chemists	 create	 models	 and	
simula:ons	 of	 physical	 processes,	 and	 others	 use	
sta:s:cs	and	data	analysis	techniques	to	extract	useful	
informa:on	from	large	bodies	of	data.	



Computa:onal	Chemistry	vs	Computer	
Science	

•  Computa:onal	chemistry	is	not	the	same	as	computer	
science,	 although	 professionals	 in	 the	 two	 fields	
commonly	collaborate.	

•  	 Computer	 scien:sts	 devote	 their	 :me	 to	 developing	
and	 valida:ng	 computer	 algorithms,	 soQware	 and	
hardware	products,	and	data	visualiza:on	capabili:es.		

•  Computa:onal	 chemists	 work	 with	 laboratory	 and	
theore:cal	 scien:sts	 to	 apply	 these	 capabili:es	 to	
modelling	 and	 simula:on,	 data	 analysis,	 and	
visualiza:on	to	support	their	research	efforts.	



Tools	of	a	Computa:onal	Chemists	

				Tools	of	computa:onal	chemists	include	
§  electronic	structure	methods,	
§  	molecular	dynamics	simula:ons,		
§  quan:ta:ve	structure–ac:vity	rela:onships,	
§  cheminforma:cs,		
§  full	sta:s:cal	analysis.	



    Using computational chemistry software you can in particular 
perform: 
• electronic structure determinations, 
• geometry optimizations, 
• frequency calculations, 
• definition of transition structures and reaction paths, 
• protein calculations, i.e. docking, 
• electron and charge distributions calculations, 
• calculations of potential energy surfaces (PES), 
• calculations of rate constants for chemical reactions 
(kinetics) 
• thermodynamic calculations- heat of reactions, energy of    
activation, etc 
• calculation of many other molecular and bulk physical and 
chemical properties. 
 
 



Op:mized	Structures	

Oloba-Whenu	&	C.	Isanbor,	J.	Phys.	Org.	Chem,	2015	







Current	Research	

•  Dinitroanilines	and	analogues	are	promising	new	
and	inexpensive	drug	candidates	against	diseases	
caused	by	protozoan	parasites.		

•  Our	 project	 is	 aimed	 at	 providing	 a	 precise	
mechanism	 for	 the	 mode	 of	 interac:on	 of	
dinitroaniline-based	an:parasi:c	drug	candidates	
with	cellular	thiols.	

•  	 This	 interac:on	 is	 believed	 to	 be	 important	 to	
the	 inhibitory	 ac:vity	 of	 these	 drugs	 candidates	
against	protozoa	parasites.	



Challenges	
•  Lack	of	analy:cal	equipment-	NMR,	Stopped-flow	
spectrophotometer	worksta:on	for	fast	kine:cs.	

•  Lacked		of	open	access	to	high	performance	
compu:ng	(HPC)	resources.	

•  Acquisi:on	of	mul:	user	licensed	soQware	for	
chemical	modelling	and	data	analysis.	

•  Lack	of	ins:tu:onal	access	to	electronic	data	
•  Inadequate	current	literature	for	teaching	and	
research.	

•  Poor	funding	for	postgraduate	studies.	



Open	Science	for	Africa	

A	fast,	open	journal	
publishing	high	
quality	research	
across	all	of	
science,	
engineering	and	
mathemaHcs	
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