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Konstitutionsisomere



Isomerisierungen



Binäre Schwefelfluoride



Disulfur difluoride, S2F2: FSSF or SSF2 ?

Synthesis for S2F2 isomers:



Disulfur difluoride, S2F2: FSSF or SSF2 ?

Resonance scheme for FSSF showing the most important Lewis structures

The negative hyperconjugation interaction of the

type p(LP)S→ σ*(S-F) results in a shorter S-S bond

and longer S-F bonds







Phosphonic acid, H3PO3

Solid state structure of the structure of one H3PO3

molecule (left) and the solid state structure of

phosphonic acid, H3PO3 showing the four

intermolecular hydrogen bonds that each H3PO3 molecule

participates in. For clarity, the atoms of the four other

H3PO3 molecules are indicated in blue (right).

G. Becker, H. – D. Hausen, O. Mundt, W. Schwarz, C. – T. Wagner, T. Vogt, Z. anorg. allg. Chem., 1990, 591, 17 – 31.



Phosphonic acid, H3PO3

As is the case for phosphoric acid, H3PO4 (Ξ OP(OH)3), the central P atom in H3PO3 is possibly hypervalent

(if the sum total of bond orders exceeds 4), but it is not hypercoordinate (only four atoms/ligands coordinated

in total to the central atom). In order to determine whether H3PO3 is hypervalent or not, detailed calculation of

the bond orders would be required



Phosphonic acid, H3PO3

The equilibrium of the two tautomeric forms of H3PO3 lies clearly on the left-hand side

* can be deprotonated either once (pK1 = 2.00) or twice (pK2 = 6.70).

* formation of two series of salts is possible:

(i) hydrogenphosphonates H2PO3
- or

(ii) phosphonates HPO3
2-



Molekülrotationen



Molekülrotationen



JACS 1954, 76, 2565 - 2567



Hydrazin, N2H4

Eigenschaften:

• rauchende Flüssigkeit; Smp. 2°C, Sdp. 113°C; 

• C2 Symmetrie

• endotherme Verbindung (ΔHb = +95 kJ/mol)

• Thermolyse: 3 N2H4→ 4 NH3 + N2

• schwache Base pKb1= 6.1, pKb2= 15.1

Darstellung: 

• Raschig: 2 NH3 + NaOCl → N2H4 + NaCl + H2O

• Bayer-Prozess: 2 NH3 + NaOCl + 2 CH3COCH3→

(CH3)2C=N-N=C(CH3)2 + NaCl + 3 H2O

(CH3)2C=N-N=C(CH3)2 + 2 H2O → N2H4 + 2 CH3COCH3

Anwendung: 

• Raketentreibstoffe

• Reduktionsmittel

• Herbizide





Hydrazine (Raschig)

Overview of the Raschig synthesis for the preparation of hydrazine, N2H4



Hydrazine (Bayer)

This synthesis is similar to the Raschig synthesis, but includes the use of acetone.  In both the Raschig 

and Bayer processes, NH3 is oxidized using aqueous hypochlorite solution:

One advantage of the Bayer process in comparison with the Raschig process is that the acetonazine intermediate 

which is formed can be separated from the reaction mixture before it is converted in the final step into the aqueous 

hydrazine solution 



Hydrazine (Pechiny-Ugine-Kuhlmann)

This process also uses acetone, but has a different oxidizer, namely hydrogen peroxide, H2O2 instead of 

hypochlorite. Again, a ketazine intermediate is formed which is then hydrolyzed to form hydrazine and water 









Pseudorotationen



Beispiel: NH3



Inversion bei pyramidalen EH3 (E = N, P, As, Sb)



The inversion barrier in NH3 is approximately 5 kcal mol−1 and 
that of PH3 is 35 kcal mol−1





Mulliken‘sche Besetzungszahlen
für Valenz-AOs von X in XHn-
Molekülen ohne LPs
(v li n re: s, p, d)



Mulliken‘sche Besetzungszahlen für
Valenz-AOs von X in den lokalisierten
MOs von XHn-Molekülen
(v li n re: s, p, d)
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Gründe für die isovalente Hybridisierung: 

1. HOs überlappen besser. 

2. Durch p-Beimischung zu den LPs, werden diese in Gegenrichtung der X-H
Bindungen verschoben ➔ geringere Pauli- (Fermi-) Abstoßung.

3. Die Hybridisierung führt zu einer vergrößerung des Valenzwinkels ➔
geringere Pauli- (Fermi-) Abstoßung zwischen den X-H-Bindungen.



01.02.2011

1. Warum machen die Elemente der 2. Periode stärker von der 
Isovalenten Hybridisierung Gebrauch ? 

2. Warum besitzen die Hybride der 3. und der höheren Perioden 
trotz teilweise isovalenter Hybridisierung Valenzwinkel von 
nahe 90° ?

Ad 1. 3s-Aos liegen deutlich weiter innen (energetisch niedriger)
als die 3p-Aos. 

Ad 2. Nicht nur die Pauli-Abstoßung zw. den H-Atomen, sondern auch
die Pauli-Abstoßung zw. Den H-Atomen und den LPs ist wichtig,
wenn letztere dominiert → kleinere Valenzwinkel.



Phosphane, PH3

∆Hf = 4.6 kJ mol-1

PH3

average P-H bond energy of 320 kJ mol-1

colorless, highly poisonous gas 

mpt. = -134°C, bpt. = -88°C



Pseudorotationen



Pseudorotationen



Pseudorotationen



Phosphorus pentafluoride, PF5

Solid state structure showing the packing in

the unit cell of the PF5 molecule and the

trigonal bipyramidal shape of the gas-phase

remains and no ionic compound is formed in the

solid state (left) and a comparison of the gas-phase

(values given in red) and solid state (values given

in blue) structures of the PF5 molecule

D. Mootz, M. Wiebcke, Z. anorg. Allg. Chem., 1987, 545, 39.



Phosphorus pentafluoride, PF5

In the Berry pseudorotation mechanism, the axial and equatorial ligands are exchange via a square pyramidal 
intermediate. In the case of PF5 this exchange occurs so quickly with respect to the NMR timescale that the axial 
and equatorial F ligands are equivalent

M. E. Cass, K. K. Hii, H. S. Rzepy, J. Chem. Ed., 2006, 83, 336. 



Phosphorus pentafluoride, PF5

M. E. Cass, K. K. Hii, H. S. Rzepy, J. Chem. Ed., 2006, 83, 336. 





Synchronreaktionen



Erhaltung der Orbitalsymmetrie



Erhaltung der Orbitalsymmetrie



The simple, but incorrect reaction mechanism for the formation of HI from H2 and I2 via a cyclic activated 

complex. Formation of the activated complex is the rate-determining step. The formation of this H2I2 intermediate 
would be symmetry forbidden

Reaction of H2 and I2



Reaction of H2 and I2

The simple, but incorrect reaction mechanism for the formation of HI from H2 and I2 via a cyclic intermediate shown in 

the previous overhead is symmetry forbidden. The combination of the HOMO and LUMO (frontier orbitals) of the H2 and 

I2 molecules would not result in a bonding interaction meaning that the activation energy for this process would be too 

high and does not occur. Therefore, it is a symmetry forbidden reaction for the cyclic intermediate to occur through the 
process suggested by the figure on the previous overhead.



The accepted reaction mechanism for the formation of HI from H2 and I2 via a non-cyclic intermediate. 

Formation of the intermediate is the rate-determining step and involves prior breaking of the I-I bond in I2. 

This is in agreement with the experimental observations in which the use of light of wavelength 578 nm 
speeds up the formation of HI

Reaction of H2 and I2



Reaction of Cl2 and F2

Two possible mechanisms for the reaction of Cl2 and F2 forming two equivalents of the ClF interhalogen molecule. 

The σ-bond metathesis mechanism is Orbitalsymmetrie verboten and does not occur (left), and instead an 

oxidative addition of F2 to one of the two Cl atoms of the Cl2 molecule occurs followed by reductive α-elimination 
of the intermediate forming two equivalents of the ClF molecule (right).



Erlaubte und verbotene Synchronreaktionen



Erlaubte und verbotene Synchronreaktionen



Erhaltung der Orbitalsymmetrie



Chlor-Knallgas und Knallgas-Reaktion



Chlor-Knallgas-Reaktion



Strictly speaking, a detonation is based on the almost instantaneous release of energy, 

while an explosion is the result of a bursting container, in which large amounts of gas are 

released, so that the bursting results in a transient gas release - not throughput as with a 

rocket engine, but its change over time as a result of a rapid increasing outlet opening -

which is responsible for the bang.  

While a deflagration can be related to the release of energy, a detonation is related to the 

power with the power being the amount of energy transferred or converted per unit time.

Reaction types of an energetic material with Qex = 1000 kcal kg–1. 

reaction type reaction speed /m s–1 mass flow / 
m3 s–1 

gaseous products / 
m3 s–1 

reaction time / 
s m–3 

Combustion 10–3–10–2 10–3–10–2  1–10 102–103 
Deflagration 102 102 105 10–2 
Detonation 104 104 107 10–4 

 



Schematic representation of the pressure-over-time diagram of a combustion, a deflagration
and a detonation. (This diagram is reproduced with slight modification from the original of
Prof. Dr. Manfred Held, who is herewith thanked for his permission to reproduce this.)



r  =  β(T) pα

β: T dependent coefficient

α: pressure index,

< 1 deflagration

> 1 detonation 



Under certain conditions (e.g. strong confinement), a deflagration can change to a Detonation (but not vice 

versa!). This occurs when the reaction front reaches the speed of sound in the material (typical values for the 

speed of sound in different materials are: air 340 m s–1, water 1484 m s–1, glass 5300 m s–1, iron 5170 m s–1) 

and then propagates supersonically from the reacted into the unreacted material. The transition from a 

deflagration to a detonation is known as a Deflagration-to-Detonation Transition (DDT). The term detonation 

is used to describe the propagation of a chemical reaction zone through an energetic material accompanied 

by the influence of a shock-wave at a speed faster than the speed of sound. The detonation zone moves 

through the explosive at the speed of detonation D, perpendicular to the reaction surface and with a 

constant velocity. All of the properties of the system are uniform within the detonation zone. When these 

chemical reactions occur with the release of heat at a constant pressure and temperature, the propagation of 

the shock-wave becomes a self-sustaining process. Chemical substances which are able to undergo a DDT, are 

described as explosives and the corresponding self-sustaining process is called a detonation (Fig.).



Schematic representation of the detonation process and the 
structure of the detonation wave.



Chlor-Knallgas-Reaktion



Thermische und isotherme Explosionen



Knallgas-Reaktion



Knallgas-Reaktion







Substitutionsreaktionen bei Stickstoffverbindungen



Substitutionsreaktionen bei Stickstoffverbindungen



Substitutionsreaktionen bei Stickstoffverbindungen



Substitutionsreaktionen bei Stickstoffverbindungen



Substitutionsreaktionen bei Stickstoffverbindungen





Substitutionsreaktionen bei Stickstoffverbindungen



Substitutionsreaktionen bei Stickstoffverbindungen



Substitutionsreaktionen bei Stickstoffverbindungen



Substitutionsreaktionen bei Stickstoffverbindungen







Hydrazoic acid



Nitrene

A comparison of singlet nitrene and triplet 



Nitrene



Nitrene

The dimerization of two triplet NH diradicals results in the formation of one diimine molecule, 

N2H2. The N=N double bond is formed by the overlap of the unpaired electrons in the σ and 

π MOs of the NH fragment

An exothermic dimerization of triplet NH radicals can occur in the gas-phase to form the diimine molecule, 

N2H2 (ΔHdimerization = -528 kJ mol-1 )

Since solid nitrene is unstable with respect to the formation of N2 and H2, it has to be generated at low 

temperatures. Nitrene is a highly endothermic compound:







Staudinger-Reaktion



Staudinger Reaction
Staudinger Reduction

Mechanism of the Staudinger Reaction

Triphenylphosphine reacts with the azide to generate a phosphazide, which loses N2 to form an iminophosphorane. 
Aqueous work up leads to the amine and the very stable phosphine oxide.



Nitrierungen







Dinitrogen pentoxide, N2O5



Dinitrogen pentoxide, N2O5

Experimental apparatus used in the laboratory preparation of solid N2O5 by the reaction of O3 with NO2



N2O5 in the formation of ADN



N2O5 in the formation of ADN

Route 1 in more detail:



Industrially, ADN can be prepared by the nitration of urea, (H2NC(O)NH2). 

In this process, HNO3 and N2O5 act as the nitrating agents, whereas concentrated H2SO4 is used as a 

dehydrating agent

N2O5 in the formation of ADN




