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Chemical properties of 

elements from group VIIВ 

 



1.Overall characteristic of d-elements from VIIВ group 

2.Natural resources 

3.Physical and chemical properties 

4.Compounds of manganese and their chemical properties 

5.Biological role of manganese 

6.The usage of KMnO4 in pharmaceutical analysis 





The properties of elements from VIIВ group 

Mn Tc Re 

The content in the Earth crust (mass %) 3.2∙10-2 traces 8.5∙10-9 

Electronic configuration [Ar]4s23d5 [Kr]5s24d5 [Xe]6s25d5 

Atomic radius, nm 0.127 0.136 0.137 

Ionization energy, kJ/mol 717 702 756 

Electronegativity 1.60 1.36 1.46 

t of melting, 0С 1245 ≈2250 3190 

Density, g/ml 7.44 11.5 21.0 

Oxidation state in compounds +2,+3,+4, 

+6, +7 

+2,+4, 

+6, +7 

 

+2,+3,+4, 

+6, +7 



Mn is situated before Н2 in the electrochemical 

series of metals, while Tc and Re are situated 

after Н2. 

In compounds Mn, Tc, Re demonstrate 

different oxidation states:  0, +2, +3, +4, +6, +7 

Mn demonstartes 0 oxidation state in its 

carbonyl Mn2(CO)10. 

The elements from VIIВ group: Mn, Tc, Re, Bh 



CARBONYLS 

 The atom of a metal in carbonyl has an 

oxidation state of 0. There are mono-, di-, 

and polynucleic carbonyls. Bonds 

between two metal atoms are possible if 

an atom has an odd number of valence 

electrons. 

 At high temperature and pressure carbon 

monoxide (CO) reacts with metals and 

their salts, and form carbonyls. 

 Thermal decomposition of carbonyls is 

used for the coating of surfaces by a thin 

layer of a metal. 

 Some carbonyls are used as catalysts for 

important chemical processes, such as 

the synthesis of carbonic acids. 



GASOLINE ADDITIVE 

Manganese 

methylcyclopentadienyl 

tricarbonyl 



The most stable oxidation state of manganese in salts is +2 

Mn+2 (MnSO4);  

      in oxides the most stable oxidation state is +4 

      Mn+4 (MnO2). 

The most stable compounds of Tc and Re contain these 

elements in the oxidation state of +7. 

 

The nature of the bonds of Mn, Tc, Re in compounds 

with other atoms depends on their oxidation state. 

Compounds with low oxidation state (+2) usually form ionic 

bonds; compounds with high oxidation state (+7) usually 

form covalent bonds (namely, with oxygen). 



2. NATURAL RESOURCES 

Just Mn and Re can be found in nature; Тс is the synthetic unstable 
element. 

 
Pyrolusite MnO2,  

 

 

 

 

 

      Rodochrosite MnCO3                                         

 

 

 

 

 

 

Iron-manganese concretions 

Rhenium can be found in molibdenite as an impurity (up to 1,88% of Re). 



TECHNECIUM – IS A SYNTHETIC ELEMENT 

Technecium has no stable isotopes. 

It is used in nuclear medicine as 99Tc that is a 

metastable gamma-emmitter. The highest 

levels of technecium are accumulated in thyroid 

and stomach. This feature is used for 

diagnostics of thyroid tumors. 



3. PHYSICAL AND CHEMICAL PROPERTIES 

OF MANGANESE 

 Manganese is silver-white, hard metal that is 

stable in the open air. Pure manganese is very 

plastic. At normal temperature it is inert, but 

at high temperature it reacts with the most 

nonmetals. 



Mn + Cl2         MnCl2 

Mn + F2            MnF2      or     2Mn + 3F2            2MnF3 

3Mn + N2               Mn3N2            3Mn + 2P                  Mn3P2        

3Mn + C            Mn3C                    Mn + S               MnS 

2Mn + O2         (2MnO, and traces of Mn2O3, Mn3O4, MnO2) 

Manganese cannot react with hydrogen.        

 Mn + H2O        MnO + H2 

At room temperature Mn reacts slowly with Н2О; with the 

growth of temperature the rate of this reaction increases. 

Mn + 2HCl(dilute) = MnCl2 + H2 

Mn + H2SO4 (dilute) = MnSO4 + H2        

  

t 

t t 

t 

t 

t 

t 



Cold concentrated H2SO4 and HNO3 cannot react with Mn, but 

at higher temperature they do react. 

3Mn + 8HNO3(conc.)             3Mn(NO3)2 + 2NO + 4H2O 

Mn + 2H2SO4(conc.)        MnSO4 + SO2 + 2H2O 

Mn reduces ions of less active metals from  water solutions of 

their salts 

Mn + СuSO4  → Cu + MnSO4 

 

Complex compounds of Mn(II) are usually instable in water solutions. 

                   MnCl2 + 6NН3  ↔  [Mn(NH 3)6]Cl2 

Stable complexes exist for cyanides: 

                   MnCl2 + 2КСN  →   Mn(СN)2+2КCl 

Mn(CN)2 + 4KCN   →  K4[Mn(CN)6] 

 



4. COMPOUNDS OF MANGANESE. 

MANGANESE (II) COMPOUNDS 

 
MANGANESE (II) OXIDE – MnО is a green solid substance that is 
insolube in water. It demonstrates basic properties. 

                 MnО + 2HCl   →   MnCl2 + H2O 

MANGANESE (II) HYDROXIDE – Mn(ОН)2 (white)  

 On the open air: 

             4Mn(ОН)2 + О2  →   4MnО(ОН)↓ + 2H2O                                                                            
   brown metahydroxide 

 

 4Mn(ОН)2 + 2О2   →  4MnО2 + 4H2O 

                           black-brown Mn(IV) oxide 

 It is soluble in acids: 

             Mn(ОН)2 + 2Н+   →   Mn2+ + 2H2O 



Hydrated Mn2+ – [Mn(H2O)6]
2+ 

                                                          pale pink color 

 

 

 

 

 

 

 

 

Strong oxidizers turn Mn(II) compounds in manganates or 

permanganates 

 

MnSO4+2KClO3+12KOH → K2MnO4+2KCl+3K2SO4+6H2O 

 

2MnSO4+5PbO2+6HNO3 →2HMnO4+3Pb(NO3)2+2PbSO4+2H2O 



Salts of Mn2+ are very hydroscopic 

MnCl2 anhydrous 

MnCl2·4H2O 



 

MANGANESE (III) COMPOUNDS 

 

Manganese (III) oxide – is a solid brown substance. It is insoluble 

in water. The oxidation state of +3 is instable for manganese. 

Manganese (III) oxide corresponds to manganese metahydroxide  

MnO(OH). Their acidic and basic properties are weak. However, they 

can oxidize acids with reductive properties. 

Mn2O3 + 6HCl   →   2MnCl2 + Cl2↑ + 3H2O 

 

Reactions with oxidizing acids: 

                   2MnО(ОН) + H2SO4dilute. →    MnSO4 + MnO2↓+ 2H2O 
                                                                                       disproportioning 

                   2Mn2O3 + 8HNO3(к)   →   4Mn(NO3)2 + O2
 + 4H2O 

                «intramolecular» redox process 



IN COMPLEXES WITH PROTEINS MANGANESE (II)  IONS 

CAN BE OXIDIZED TO MANGANESE (III) IONS 

Mitochondrial superoxide dismutase of 

human 

(tetrameric) 

Mn3+ − SOD + O2
− → Mn2+ − SOD + O2 

Mn2+ − SOD + O2
− + 2H+ → Mn3+ − SOD + H2O2. 

Mitochondrial superoxide dismutase of 

human 

(dimeric) 



AMINO ACID RESIDUES BINDING MANGANESE 

(II) IONS IN PROTEINS OF BACTERIA AND 

EUKARYOTES 

//upload.wikimedia.org/wikipedia/commons/6/64/L-histidine-skeletal.png
//upload.wikimedia.org/wikipedia/commons/6/6e/L-aspartic-acid-skeletal.png
//upload.wikimedia.org/wikipedia/commons/a/a8/L-glutamic-acid-skeletal.png


AMINO ACID RESIDUES BINDING MANGANESE (II) 
IONS IN PROTEINS OF BACTERIA AND EUKARYOTES 

TOGETHER WITH AN ADDITIONAL LIGAND 

//upload.wikimedia.org/wikipedia/commons/6/64/L-histidine-skeletal.png
//upload.wikimedia.org/wikipedia/commons/6/6e/L-aspartic-acid-skeletal.png
//upload.wikimedia.org/wikipedia/commons/a/a8/L-glutamic-acid-skeletal.png


THE MOTIFS OF SECONDARY STRUCTURE 

AROUND RESIDUES BINDING MANGANESE (II) 

IONS 



THE MOTIFS OF SECONDARY STRUCTURE 

AROUND RESIDUES BINDING MANGANESE (II) 

IONS 



MOTIFS OF SUPERSECONDARY STRUCTURE 

AROUND RESIDUES BINDING MANGANESE (II) 

IONS 



THE NUMBER OF AMINO ACID RESIDUES 

COORDINATING THE SAME MANGANESE (II) ION 



MANGANESE (II) IONS CAN SUBSTITUTE 

MAGNESIUM (II) IONS IN ACTIVE CENTERS OF 

ENZYMES 

 In 20% of cases the sites with Mn2+ ions in 

3D structures of proteins from the Protein 

Data Bank are described as sites for Mg2+ 

binding in the Uniprot database. 



 MANGANESE (IV) COMPOUNDS 

Stable compounds of manganese (IV) –  

                 MnO2, MnF4, Mn(SO4)2 

MnO2 – is a dark-brown or almost black substance. It is insoluble 

in water. This oxide is amphoteric. 

4NaOH + MnO2          Na4MnO4 + 2H2O 
                                                     orthomanganate of sodium 

MnO2 + 4HCl(conc.) →MnCl4 + 2H2O 

                                    MnCl2   Cl2 

MnO2 cannot react with dilute acids. 

MnO2 can act as both reducer and oxidizer: 

a) MnO2 + 2NaCl + 3H2SO4 = MnSO4 + 2NaHSO4 + 2H2O + Cl2↑ 

b) MnO2 + 2FeSO4 + 2H2SO4 = MnSO4 + Fe2(SO4)3 + 2H2O 

c) 3MnO2 + KClO3 + 6KOH             3K2MnO4+ KCl + 3H2O 

t 

melt 

melt  



COMPOUNDS OF MANGANESE (VI) 

 
MnO3 – is unknown. MnO3 corresponds to instable Н2MnO4  that 

disproportionates in water solution 

3H2MnO4   →    MnO2 + 2HMnO4 + 2H2O 

The color of manganates is green. 

Production. 

2MnO2 + 4KOH + O2 → 2K2MnO4 + 2H2O 

MnO2 + 2KOH + KNO3 → K2MnO4 + KNO2 + H2O 

Manganates disproportionate in water. 

3K2MnO4  + 2H2O    →     2KMnO4 + MnO2↓ + 4KOH 

Manganates are stable in basic solutions. 

Manganates are strong oxidizers and weak reducers. 

K2MnO4(oxidizer) + 8HCl(conc.)   →   MnCl2 + 2Cl2 + 2KCl + 4H2O 

     2K2MnO4(reducer) + Cl2  →   2KMnO4 + 2KCl 



COMPOUNDS OF MANGANESE (VII) 

Mn2O7 – is an oily liquid of dark-green color. It forms НMnO4 in 

water solutions. Permanganic acid is known to exist only in cold water 

solutions. At high concentration (>20%) it decomposes by the 

intramolecular mechanism. 

4HMnO4    →     4MnO2 + 3O2 + 2H2O 

Mn2O7 – is an acidic oxide 

2KOH + Mn2O7 →
  2KMnO4 + H2O 

Salts of НMnO4 are called permanganates. They are violet. 

Permanganates are strong oxidizers, especially, in acidic medium. 

 

 

 

 

 

KMnO4 cannot be hydrolyzed, since HMnO4  is a strong acid 



PERMANGANOMETRY 

Standardization of a titrant (KMnO4) by a primary standard (H2C2O4) 

KMnO4   +     5Н2С2О4      +  3H2SO4  =   2МnSO4  +    К2SО4  + 10CO2 + 8H2O   

  

MnO4
- + 8H+ + 5ē  →  Mn2+ + 4Н2О    

H2C2O4 – 2 ē  → 2CO2 + 2H+  

Sample 1 – determination of iron (II) ions concentration 

10FeSO4 + 2KMnO4 + 8H2SO4 = 5Fe2(SO4)3 + K2SO4 + 2MnSO4 + 8H2O  

 

MnO4
- + 8H+ + 5ē  →  Mn2+ + 4Н2О    

Fe2+ – ē → Fe3+  

Sample 2 – determination of hydrogen peroxide concentration 

5H2O2 + 2KMnO4 + 3H2SO4 = 5O2 + 2MnSO4 + K2SO4 + 8H2O  

 

MnO4
- + 8H+ + 5ē  →  Mn2+ 4Н2О 

Н2О2 – 2ē → О2 + 2Н+  



REDOX POTENTIAL OF POTASSIUM 

PERMANGANATE DEPENDS ON PH LEVEL 

2KMnO4  + 5Na2SO3 + 3H2SO4 → 2MnSO4 + 5Na2SO4 + 3H2O + K2SO4 

  

MnO4
- + 8H+ + 5ē  →  Mn2+ + 4Н2О    

SO3
2- + H2O – 2ē  → SO4

2- + 2H+ 

2KMnO4  + 3Na2SO3 + H2O  →   2MnO2 + 3Na2SO4 + 2KOH 

  

MnO4
- + 2H2O + 3ē  →  MnO2 + 4ОH-    

SO3
2- + H2O – 2ē  → SO4

2- + 2H+ 

2KMnO4  + Na2SO3 + 2KOH → 2K2MnO4 + Na2SO4 + H2O  

 

MnO4
- + ē  →  MnO4

2-    

SO3
2- + 2OH- – 2ē  → SO4

2- + H2O
 



THE TEST FOR THE PRESENCE OF A DOUBLE 

BOND IN ORGANIC COMPOUNDS 

5CH2=CH2 + 2KMnO4 + 3H2SO4 + 2H2O → 2MnSO4 + K2SO4 + 5CH2OH-CH2OH 



THE TEST FOR THE PRESENCE OF ALDEHYDE 

GROUP IN ORGANIC COMPOUNDS 
2KMnO4 + 5HCOOH + 3H2SO4 → 2MnSO4 + K2SO4 + 8H2O + 5CO2 

 

KMnO4 + CH3COOH + H2SO4 ≠ 



THE COLORS OF MANGANESE 

CONTAINING COMPOUNDS 



MANGANESE IS AN ESSENTIAL 

MICROELEMENT 
Blood level of manganese is around 2·10-7 mol/L. every day 

we need about 3-8 mg of manganese. Mn2+ is an activator of 

numerous enzymes (both normally and as a replacer of Mg2+). 

Metalloenzymes: arginase, DNA-polymerase iota, etc. 

Manganese intoxication. This condition causes the weakness 

of memory, fatigue, permanent desire to sleep. «Manganese-

induced parkinsonism» - develops after several years (or 

decades) of manganese intoxication. 

Insufficiency. This condition is associated with the decrease of 

sex hormones synthesis. Since normally Mn2+ replaces Mg2+ in 

guanylate cyclase and increases its velocity leading to the 

production of gonadoliberin in hypothalamus. 

MnSO4 neutralizes the poison of the European black widow 



THE USAGE OF MANGANESE COMPOUNDS IN 

MEDICINE 

 Solutions of KMnO4 are used in medicine as 

disinfectants. 

 For gastric lavage highly diluted solution of 

KMnO4 is used (0.02-0.1%). 



HOW DOES IT WORK? 

 Atomic oxygen is released from KMnO4 
during the oxidation reaction, as well as 
during its spontaneous decomposition. 

 MnO2 is formed as a product of reduction in 
neutral medium. That oxide binds proteins of 
pathogenic bacteria and disturbs their 
structure. 

 Aromatic amino acid residues are oxidized 
by MnO2. 



POTASSIUM PERMANGANATE AS A 

“PRECURSOR” 

 KMnO4 is used in organic synthesis as an 

oxidizer. 

 The same reactions are used in the 

synthesis of narcotic drugs. 

 Nowadays KMnO4 cannot be sold without 

special permissions. 



THANK YOU FOR LISTENING! 


