
Redox Chemistry of Bromine

▪ Bromine in the +VII oxidation state is a very strong oxidizer

▪ Br(VII) compounds have been difficult to prepare, compared to Cl(VII) and I(VII)

Reason: d-block contraction

For bromine:

▪ Electrons have been filled into the poorly shielding d-orbitals of the n-1 shell

▪ Build-up of a large effective nuclear charge

▪ Leading to a contraction of the atom and increase of the ionization energy



Interhalogen Compounds



▪ Only with iodine is the heptafluoride known. WHY?

BrF6
– anion: octahedral

IF6
– anion: distorted octahedral 

Stereochemically inactive lone pair

Stereochemically active lone pair

▪ WHY?

Interhalogen Compounds



Halogen Bonding

▪ σ-hole opposite to the (electronegative) ligand



▪ Iodine compounds are halogen bond donors

▪ The pyridyl group is a halogen bond acceptor

Halogen Bonding



▪ Analogously, there are chalcogen bonds, pnictogen bonds and tetrel bonds

▪ Mainly electrostatic interactions with little covalency

Halogen Bonding



Non-aqueous Solvents

Solvent m.p. (°C) b.p. (°C) Dielectric constant Comments 

H2O 0 100 78  

Anhydrous HF −83.6 19.5 175 Superacidic, toxic, oxidative resistant 

SO2 −72 −10 17.6  

SO2ClF −124.7 7.1   

BrF5 −61.30 40.25  Oxidatively resistant, can react 
explosively with organic materials  

BrF3 8.6 134 107 Significant autoionization 

CFCl3 −110.48 23.77 2.3 Good for non-polar molecules 

Anhydrous NH3 −77.73 −33.34 25 Basic, good for work in highly reducing 
environments 

Supercritical CO2    Remarkable solvation properties, but 

special apparati are needed to allow for the 
high pressure 

 

▪ Protic solvents, examples: H2O, aHF, H2SO4, CH3OH

▪ Aprotic solvents, examples: N2O4, BrF3, BrF5, SO2

▪ Coordinating solvents, examples: CH3CN, Et2O



Na(s) →    Na+
(am) +  e−

(am)

Solvent m.p. (°C) b.p. (°C) Dielectric constant Comments 

H2O 0 100 78  

Anhydrous HF −83.6 19.5 175 Superacidic, toxic, oxidative resistant 

SO2 −72 −10 17.6  

SO2ClF −124.7 7.1   

BrF5 −61.30 40.25  Oxidatively resistant, can react 
explosively with organic materials  

BrF3 8.6 134 107 Significant autoionization 

CFCl3 −110.48 23.77 2.3 Good for non-polar molecules 

Anhydrous NH3 −77.73 −33.34 25 Basic, good for work in highly reducing 
environments 

Supercritical CO2    Remarkable solvation properties, but 

special apparati are needed to allow for the 
high pressure 

 

▪ Solvolyzed electrons in liquid ammonia (NOT NH3(aq)): highly reducing

▪ Low conc.: deep blue

▪ High conc.: golden

Non-aqueous Solvents



3 HF(l)  H2F
+

(HF) +  HF2
−

(HF) ;  pKHF = 12.50

2 HSO3F(l)  H2SO3F
+

(HSO3F) +  SO3F
−

(HSO3F) ;  pKHSO3F = 6.1

Solvent m.p. (°C) b.p. (°C) Dielectric constant Comments 

H2O 0 100 78  

Anhydrous HF −83.6 19.5 175 Superacidic, toxic, oxidative resistant 

SO2 −72 −10 17.6  

SO2ClF −124.7 7.1   

BrF5 −61.30 40.25  Oxidatively resistant, can react 
explosively with organic materials  

BrF3 8.6 134 107 Significant autoionization 

CFCl3 −110.48 23.77 2.3 Good for non-polar molecules 

Anhydrous NH3 −77.73 −33.34 25 Basic, good for work in highly reducing 
environments 

Supercritical CO2    Remarkable solvation properties, but 

special apparati are needed to allow for the 
high pressure 

 

Autoprotolysis equilibria:

▪ Anhydrous HF is a superacid (more acidic than H2SO4); stable for the most 

oxidizing species

2 HF(l) + SbF5(l)  H2F
+

(HF) +  SbF6
−

(HF) 

Acidification by SbF5:

Non-aqueous Solvents



Solvent m.p. (°C) b.p. (°C) Dielectric constant Comments 

H2O 0 100 78  

Anhydrous HF −83.6 19.5 175 Superacidic, toxic, oxidative resistant 

SO2 −72 −10 17.6  

SO2ClF −124.7 7.1   

BrF5 −61.30 40.25  Oxidatively resistant, can react 
explosively with organic materials  

BrF3 8.6 134 107 Significant autoionization 

CFCl3 −110.48 23.77 2.3 Good for non-polar molecules 

Anhydrous NH3 −77.73 −33.34 25 Basic, good for work in highly reducing 
environments 

Supercritical CO2    Remarkable solvation properties, but 

special apparati are needed to allow for the 
high pressure 

 

Non-aqueous Solvents



Ionic liquids

▪ Ionic compounds (salts) that have a low melting point, preferably below RT

▪ Use large cations that do not pack nicely in the solid state:

e.g., ethylmethylimidazolium cation

Non-aqueous Solvents



Mechanochemistry

▪ Some reactions are not carried out in a solvent

▪ It is possible to grind solid reagents together (typically in a ball mill):

Allows reaction to occur because the surface contact is greatlyincreased

▪ In recent years this approach has become more popular

▪ Environmentally friendly because of not solvent waste.



Pseudohalogen


