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• Website (Slides, Excercises):

• http://www.chemie.uni-siegen.de/pc/lehre/nanoscitec/

Login Data for slides: 

User: Ludwig   

Password: Boltzmann

Structural and total formulas

Lars Birlenbach birlenbach@chemie.uni-siegen.de 81

structural formula total formula
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Structural and total formulas
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structural formulatotal formula

Delocalized bonds: mesomerism

Lars Birlenbach birlenbach@chemie.uni-siegen.de 83



3

Bindungsform und Molekülgeometrie
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Bonding form and molecular geometry

• Diatomic molecules: 
always linear

• Three-atom molecules: 
linear or angled

• More atoms: more 
complicated shapes

VSEPR-Model
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•aus:Chemistry, 9th Edition KW Whitten, 

•RE Davis, ML Peck, GG Stanley
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Distribution of electronic density:
Dipol moments

• Low electronic density: blue

• high electronic density: red

• average electronic density: green
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Orientation of dipoles in electrical fields
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•aus:Chemistry, 9th Edition KW Whitten, 

•RE Davis, ML Peck, GG Stanley
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Induced dipol moments
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Intermolecular forces
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Folie: 96

Hydrogen bonds

Possible partners: N,O,F,Cl

Hydrogen bond
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Reaktion kinetics

• Basics, describing quantities

• Definition of reaction rates

• Order of a reaction

• influence of temperature
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Some quantities

• molar amount n: number of particles, [mol]    

– Def.: 1 Mol contains as many particles as 12 g of

• molar mass M: Mass of 1 Mol of particles [g/mol]

• molar concentration c: particles per volume, [mol/L]
(molarity)

– another: molality, [mol/kg]
• does not change with temperature
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231Mol 6,022 10 particles 
Das Bild kann zurzeit nicht angezeigt werden.
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• molar fraction x:

• partial pressure p:

• mass fraction w:
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More quantities

reaction rate v

• The higher the educt concentration, the faster the 
product is formed

• Reactions can proceed in both directions
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(AB) (C)fv c c 
(AB) and: (C)f fv c v c 

(A) and: (BC) r rv c v c

(A) (BC)rv c c 

AB C A+BC 
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•Proportionality is not enough for accurate calculations, 
so a constant is introduced:

• for

• Stoichiometric coefficients appear as exponents in the 
rate expression

reaction rate v

2(A) (A) (A)f f fv k c c k c    

(AB) (C)f fv k c c  

2A B

Definition of ,    example reaction: 
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v 2 2H I 2HI 

2(H )dp
v

dt
 

2(I )dp
v

dt
 

(HI)1
2

dp
v

dt


1 A

A

dp
v

dt



reaction rate v
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Definition of the order of a reaction

• The reaction order is the sum of the exponents of the 
concentrations in the rate law

• 2nd Order

2nd Order

• 1st Order

• 0th Order
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(A) ( )v k c c B  

(A)
(A)

dc
v k c

dt
   

(A)dc
v k

dt
  

2(A) (A) (A)v k c c k c    

Reaction 1st Order: A → Product(s)

• rate law:
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Das Bild kann zurzeit nicht angezeigt werden.

Integration by separation of the variables
Das Bild kann zurzeit nicht angezeigt werden.

Das Bild kann zurzeit nicht angezeigt werden.

initial condition: 
Das Bild kann zurzeit nicht angezeigt werden.

0ln (A) ln (A)c kt c  
Das Bild kann zurzeit nicht angezeigt werden.

Determination of the integration constant C 
from initial conditions
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Reaction of first order

Halbwertszeit

Viertelwertszeit

Half-life time

Quarter-life time

Lars Birlenbach birlenbach@chemie.uni-siegen.de 108

Reaction of first order

slope –k      
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Reaction of second order: 
A + B → Products

• rate law: 
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(A) (B)
(A) (B)

dc dc
v k c c

dt dt
      

(A)
(A) (B)

dc
k c c

dt
    one more variable! simplify!

0 0(A) (B)c c0

0

(A) (A)

(B) (B)

c c x

c c x

 
 

2
0( (A) )  

dx
k c x

dt

   0 0(A) (B) (B) (A)c c c x c x    

 2

0(A) (B) (A)c c c x  
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 2

0 (A)
 


dx

kdt
c x

2
0( (A) )  

dx
k c x

dt

Integrate:

0

1 1
(A) (A)

kt C
c x c

  


boundary condition:

0

1
0 :

(A)
t C

c
 

0

1 1
(A) (A)

kt
c c

 

Reaction of second order: 
A + B → products
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3 2 2NO + O NO  + Oexample:
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Reaction 2nd Order: plot 1/p against time


