
Chemical properties of elements 
from VA group. 

Part 1 – nitrogen and its 
compounds. 

 
Lecture 10 



                   The main topics of the lecture: 

1. Overall characteristic of the elements from VA 

group. 

2.Nitrogen. Chemical properties of the element.  

3.Compounds of nitrogen in negative oxidation 

state. 

4.Compounds of nitrogen in positive oxidation 

state. 

5.  The usage of nitrogen containing compounds 

in medicine and pharmacy.  





Properties N  P  As Sb Bi 

Mass percentage in the 

Earth crust, % 

1·10-2 8·10-2 5·10-4 4·10-5 2·10-5 

Molar mass, g/mol 14,0 31,0 74,9 121,8 209,0 

Atomic radius, nm 0,070 0,110 0,121 0,141 0,146 

Electronegativity 3 2,1 2,0 1,9 1,8 

Oxidation states -3,-2,-1 

+1,+2,+3,

+4,+5 

-3 

+3,+5 

-3 

+3,+5 

-3 

+3,+5 

 

+3,+5 

Temperature of boiling. оС -195,8 429 615 1634 1552 

Density, g/ml 0,808(ж) 2 5,72 6,7 9,8 

Electrode potential  

(E+3 aq/E), V 

- - 0,3 0,24 0,2 

Properties of elements from VA group 



Acid-base properties of some oxides and hydroxides of 

elements from VA group 
Oxides 

E2О3  

Properties The formula of 

hydroxide and its 

properties 

Oxides 

E2О5 

Properties The formula of 

hydroxide and its 

properties 

N2O3 acidic НNО2, weak 

acid 

N2O5 acidic НNО3, strong 

acid 

Р2О3 acidic Н3РО3, weak 

acid 

Р2О5 acidic Н3РО4, weak 

acid 

As2O3 Amphoteric, 

but mostly 

acidic 

Н3AsО3 As2O5 acidic Н3AsО4, weak 

acid (weaker than 

orthophosphoric 

acid) 

Sb2O3 Amphoteric, 

but mostly 

basic 

Variable content 

хSb2O3∙уН2О 
Sb2O5 acidic Variable content 

хSb2O5∙уН2О 

Вi2О3 basic Вi(ОН)3, weak 

base 

Вi2О5 acidic Hydroxide is 

unknown 



Volume percentage in the air is ~78% 

Animals consume nitrogen as the part of amino acids and 

nucleotides. 

Plants consume nitrogen as the part of nitrates from the 

soil. 

Nitrogen forms such minerals, as nitrates: 

          Chile saltpeter NaNО3, 

          Indian saltpeter KNO3  

          Norvegian saltpeter Са(NO3)2 

 

Just nitrogen fixing bacteria can consume nitrogen from 

the air. 

Natural resources 





Nitrogen is a colorless gas that has no taste and odor. The 

solubility of nitrogen in water and organic solvents is low. 

Nitrogen cannot burn, other substances cannot burn in 

nitrogen, nitrogen cannot react with acids and bases. 

At room temperature nitrogen reacts with lithium: 

 

                 N2+6Li = 2Li3N 

At high temperature nitrogen reacts with active metals 

and forms nitrides.  

            ∙ ∙        ∙ ∙ 

      N    N 



Phosphorus nitride is formed under the electric strike: 

                 6Р + 5N2    →  2Р3N5  

Cyanogen is formed upon the hot coal: 

  N2    + 2C →(CN)2 
Cyanamide of calcium is formed in the reaction with 

nitrogen:  

                          СаС2 + N2 → СаСN2 + С 

Cyanamide of calcium is hydrolyzed into calcium carbonate 

and NH3: 

                 СаСN2 +3Н2О  → СаСО3↓ + 2NH3↑ 

Nitrogen reacts with fluorine: 

                 N2  + 3F2    → 2NF3 



Several ways to produce nitrogen in 

the laboratory: (tоС) 

Pure nitrogen is produced by the decomposition of 

azides of metals:  

                         -1/3                     

          2NaN3 → 2Na + 3N2  

- NH4NO2  → N2 + 2H2О 

- 2N2O  → О2 + 2N2 

- (NH4)2Cr2O7 → N2 + Cr2O3 + 4H2O 

5Mg + 12HNO3  → 5Mg(NO3)2 + N2↑ + 6H2O 

3CuO +2NH3 → 3Cu + N2 ↑ + 3H2O 



Ammonia 

sр3 – hybridization 



NH3 + HNO3 = NH4NO3 

NH3  + Н+   →  NH4 
+ 



Thermal decomposition of ammonium salts (t °C): 

                       NH4Cl  → NH3↑  + HCl ↑ 

           (NH4)2CО3 → 2NH3↑  + CО2↑  + H2О 

           (NH4)2 НРО4→ 2NH3↑  + H3РО4 

             NH4 Н2РО4→ NH3↑  + H3РО4 

 (NH4)2 SO4       →   NH3↑  +   NН4НSO4 

3(NH4)2 SO4       →   4NH3↑  + 3SO2  +  N2↑  + 6H2О 

NH4 NО2→ N2↑  + 2H2О 

(NH4)2 Сr2O7 → Сr2O3   + N2↑  +4 H2О 

   
                                     260оС 

                 NH4 NО3  → N2O↑  + 2H2О 

                                  500оС 

                 2NH4 NО3  → N2↑  + О2↑ + 4H2О 



CuSО4+4NH3 →[Cu(NH3)4]SO4  

Pale blue turns to deep dark blue 

Ni(NO3)2+6NH3→[Ni(NH3)6](NО3)2  

Green turns to violet 

4NH3 + 3О2  = 2N2 + 6Н2О         ∆Н = - 1266 kJ/mol 

 

2NH3 + 3Cl2 =  N2 + 6HCl          ∆Н = - 426 kJ/mol 

2(NH3∙ H2O) conc. + 2KMnO4 → 

   → N2↑ + 2MnO2↓ +4H2O +2KOH 

2(NH3∙ H2O) conc. + 3Br2 → N2↑ + 6NH4Br  +8H2O  

2NH4Cl + 3CuO  → 3Cu + 3H2O↑ + 2HCl↑ + N2↑ 



 

• Na + NH3 = NaNH2 + 1/2 Н2 

   sodium amide 

• 2К + NH3 = К2NH + Н2 

   potassium imide 

• 2Al + 2NH3 = 2AlN + 3Н2 

   aluminum nitride 
 

• NaNH2+H2О→ NaOH+NH3 

 

• Mg3N2+6H2О→ 3Mg(OH)2+2NH3 

 

 
 



Amino acids may be described as derivatives of ammonia in which 

one of the hydrogen atoms is replaced by the remain of carbonic 

acid: 

H 

H 

H H 

H H 

→ N N C 

R 

COOH 

 

NH2 – CH2 – COOH  + HCl → Cl[H3N – CH2 – COOH] 



Hydrazine (N2H4) is a colorless, volatile liquid, that is 

poisonous, and bursts in the presence of oxygen. 

                                                           -2 

2NH3   + NaOCl = N2H4 + NaCl + H2О 

                N2H4 + O2 → N2 + 2H2O 



Nitric acid can be reduced by atomic hydrogen into the 

hydroxylamine: 

HNО3 + 6Н = NH2OH + 2Н2О 
                                                          -1 

2NH2OH + I2 + 2КОН = N2 + 2KI + 4Н2О 

 



                                                                         

Hydrazoic acid, azoimide, HN3 

HN3 + H2O → N2 + NH2OH 

рKа = 4.59 

Cu + 3HNN2 → Cu(NN2)2 + N2 + H3N 

Salts of hydrazoic acid are called azides 

HN3 can be produced in the reaction between orthophosphoric 

acid and sodium azide NaN3, while the last one is synthesized 

from sodium amide: 

               2NaNH2 + N2O → NaN3 + NaOH + NH3 

               3NaN3 + H3PO4 → 3HN3 + Na3PO4 



Oxidation Oxides Hydr- Acids Salts 
state oxides 

formula name properties formula The name The name 

+1 N2O Nitrogen (I) 

oxide 

Cannot form 

salts 

- - - 

+2 NO Nitrogen (II) 

oxide 

Cannot form 

salts 

- - - 

+3 N2O3 
Nitrogen (III) 

oxide 

Acidic HNО2 Nitrous Nitrites 

+4 NO2 
Nitrogen (IV) 

oxide 

Acidic. 

Reacts with 

water with 

redox process 

HNО2 Nitrous Nitrites 

HNО3 Nitric Nitrates 

+5 N2O5 
Nitrogen (V) 

oxide 

Acidic HNО3 Nitric Nitrates 

Oxygen containing compounds of nitrogen 



• Nitrogen (I) oxide N2О  cannot form salts. 

• It is used fro narcosis in the mixture with oxygen. 

• In small doses it causes the desire to laugh (due to 

intoxication). In high concentration N2O causes 

narcosis.  

• NH4NО3 →N2O↑ + 2Н2О 

• At high temperature it becomes more active and 

begins to be able to oxidize sulfur, hydrogen, carbon 

and copper, as well as organic compounds: 

   Сu + N2О = СuО + N2 

            700 °С 

 2N2О  → 2N2+О2 

 



The structure of N2O 



Nitrogen (II) oxide NО cannot form salts. NO 

demonstrates both oxidative and reductive properties. 

Nitrogen (II) oxide is easily oxidized by oxygen from the 

air up to nitrogen (IV) oxide 

     2NO + О2 = 2NО2   (∆Н°298 = -113.4 кДж/моль). 

Also it is reduced by hydrogen up to the molecular nitrogen: 

2NO + 2H2 = N2 +2Н2О 

Production:            2NH3 + 5О2 → 4NO + 6Н2О 

A wire made from platinum and rhodium is a catalyst 

for this process 

Water solutions of NO are neutral. Nitrogen monoxide can 

be reduced by halogens up to nitrosyl halides: 

                      2NО + Cl2 = 2NОCl 



N 

  
 
                 2p                    2 covalent bonds 

2s 
  
O 
 
                 2p   
  2s       

Chemical bonds in the molecule of NО  

∙N = О 

Secondary messandger 

Vasodepressor 



NО can play a role of a ligand in complexes. NO 

produces brown complex in the reaction with iron (II) 

sulfate: 

 

[Fe(H2О)6]SО4 + NO →[Fe(H2О)5NO]SO4+H2O 

NO – is colorless. It is produced in the laboratory from 

30% nitric acid in the reaction with copper: 

3Cu  +  8HNO3   → 3Cu(NO3)2  + 2NO + 4H2O 

NO2, that is a subproduct of this reaction, is removed 

by the way of the passing of this gas through the 

water. 

At high temperature NO oxidizes many substances 

(С, Р, S, SО2, Н2 and some metals). 
 



Nitrogen (III) oxide N2O3 exists at low temperatures as  a 

dark-blue liquid, but it is decomposed at 0°С: 

N2О3→NO + NО2 ;      ∆Н°298 = - 41.2 кДж/моль. 

Production: 2HNО3 (50%) + As2О3 = 2HAsО3 + NO + NО2 

HNО2        (Кdissociation= 4·10-4 mol/L).  

Nitrous acid exists only in dilute solutions. 

Production:                 NO + NО2 + Н2О = 2HNО2 

At storage and heating HNО2 disproportionates:  

                3HNО2 = HNО3 + 2NO + Н2О 

Nitrous acid demonstrates oxidative properties: 

2HNО2 + 2HI = I2 + 2NО + 2Н2О 

2HNО2 + H2S = S + 2NО + 2Н2О 



HNО2 



Salts of nitrous acid are called — nitrites  

2NaNО2 +2KI +2H2SО4 = I2+2NO +K2SO4+Na2SО4+2Н2О 

Oxidizer 

2KMnО4+5NaNО2+3H2SО4=2MnSО4+5NaNО3+ K2SО4+3H2О 

                  Reducer 

Nitrites of transition metals show low solubility in water. 

At heating they disproportionate: 

             2AgNО2→ AgNО3 + Ag + NO↑ 

3KNO2 + K2Cr2O7 + 4H2SO4→Cr2(SO4)3 + 3KNO3 + K2SO4 + 4H2O 

Reducer 



Nitrogen (IV) oxide 
 



 NО2                          2р-orbital 

                                

                             sр2-hybridization 

  

    2s         2р                                       sр2 orbitals 

2NО2 ↔ N2О4; 

∆Н°298
= - 58 kJ 



NО2 – nitrogen (IV) oxide 

Production: 

Сu + 4HNО3 = Cu(NО3)2 + 2NО2 +2Н2О. 
 

Nitrogen dioxide disproportionates when it reacts with 

water and water solution of alkali: 
    +4                          +3     +5 

2NО2 + H2О = HNО2 + HNО3   
 

2NО2 + 2КОН = KNO3 + KNО2 + Н2О 

2N2O4 + 2Ca(OH)2(cold)→ Ca(NO2)2 + Ca(NO3)2  +2H2О 



NО2 can be produced in the laboratory this way: 

 

         2NaNО2 + H2SО4 → Na2SО4 + NO + NО2 + H2О 

  

Then NO will be oxidized by oxygen down to NO2. 

Many substances can be burnt in NO2 

    NО2 + SО2 = SО3 + NО;    ∆Н°298 = - 42 kJ/mol 

At the temperature higher than 150°C nitrogen dioxide 

decomposes: 

2NО2 = 2NO + О2 



Nitrogen (V) oxide N2O5  

Production: 

a) Dehydration of HNО3 by phosphoric anhydrate: 

       2HNО3 + Р2О5 = 2НРО3 + N2О5 

b) Oxidation of N2O3 by ozone: 

       N2O3(liquid)+2О3 → N2O5(solid)+2О2  

c) Oxidation of silver nitrate by chlorine: 

      4AgNО3+2Cl2 → 4AgCl↓+2N2О5+О2 

Dinitrogen pentoxide N2O5 is a strong oxidizer. When it 

dissolves in water, nitric acid is formed: 

          N2О5 + Н2О = 2HNО3 

[NO2
+][NO3

−] ⇌ N2O5 



Nitric acid 



HNO3 can be produced in the laboratory by the way of 

heating sodium nitrate with sulfuric acid 

NaNО3 + H2SО4 = HNО3 + NaHSО4 

 

In industry nitric acid is produced in 3 steps 

4NH3 + 5О2 = 4NO + 6Н2О       ∆Н°298 = - 904 kJ 

2NO + О2= 2NО2 

4NО2 + О2 +2Н2О → 4HNО3 

4HNО3  into the light
  4NО2 + 2Н2О + О2 



Concentrated HNO3 is a strong oxidizer. 

 

Au, Pt, Rh, Ir, Ti, Та are resistant 

    to concentrated nitric acid 

 

Al, Cr, Fe, Ni, Co are “passivated” (at low temperature) 

by concentrated nitric acid.  

 

Corresponding salt, water and a mixture of the following 

products of nitric acid reduction are formed in the reaction 

between a metal and HNO3: NH3, N2, NO, N2О, NО2. 

 

The more dilute the acid, the higher the percentage of a 

product of deeper reduction.  

 



The content of products of HNO3  reaction with metals 

2NO + 2H2 = N2 + 2H2O 

 

N2O + H2 = N2 + H2O 

> 80% 

45 – 75% 

10 – 40% 

<5% 



HNO3 + Metal → 



Tzar’s vodka dissolves gold and other inert metals 

(Pd, Pt, Os, Ru): 

    Au + HNO3 + 4HCl → H[AuCl4] + NO + 2H2О 

All sulfides are oxidized up to higher acids or hydroxides by 

concentrated nitric acid HNО3 (conc.): 

As2S3+ 28HNO3(conc.) = 

   = 2H3AsO4+ 3H2SO4+ 28NO2+ 8H2O 

      HNO3 oxidizes almost all nonmetals: 

       S + 6HNO3 = H2SО4 + 6NО2 + 2Н2О 

       С + 4HNО3 = 4NО2 + СО2 + 2Н2О 

Nitrates are produced in reactions between HNO3 with 

metals, oxides, hydroxides and carbonates. 

2KNО3 + ЗС + S = N2 + ЗСО2 + K2S 



P + 5HNO3 = H3PO4 + 5NO2 + H2O 



      Thermal decomposition of HNO3 salts.  

Nitrates  

МеNO3 

before Mg 

Mg - Cu 

after Cu 

МеNO2 +O2 

МеO  + O2  + NO2 

Ме  + O2  + NO2 

 

t°>700°C 

2NaNO2 → Na2O + NO + NO2 



The usage of nitrogen containing compounds in 

medicine and pharmacy.  

Water solution of ammonia NН4ОН (10% by mass) is used 

for awaking from the loss of consciousness. 

Nitrogen (I) oxide (N2О) is known as laughing gas and 

used in anesthesiology for putting a patient into deep 

narcosis. 



           Nitrites are used for conservation of meet products like 

sausages. Nitrites are deaminating agents which can cause nucleotide 

mutations in DNA and RNA. 

 

 

 A → I → G 

 C → U → T 

             

 

 At high concentration nitrites can turn hemoglobin into 

methemoglobin: 

 

               HbFe2+ + NO2
- → HbFe3+ + NO 

  

 Nitrates act in the similar manner. 

 



Adenine         :        Thymine 

Inosine               :         Cytosine 5-hydroxy-cytosine 

Cytosine Uracil 



Organic nitrites (R—О—N=О) and organic 

nitrates (R—О—NО2) are vasodepressors and 

can help to relieve ischemic heartache. 

Enzymes covert them to NO. 

      The most widely used ones is nitroglycerol. 

 NaNО2 is not recommended now, since it 

can cause metheboglobin hypoxia. 

 



Test reaction for nitrates NO3
- 

Diphenylamine solution (C6H5)2NH in concentrated 

sulfuric acid gives deep blue color with nitrates because of 

the oxidation of diphenylamine by produced nitric acid. 

Nitrites also give the same color with diphenylamine 

solution, but in the presence of a more dilute sulfuric acid. 



Thank you for listening!!! 


