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1. Phosphorus
Chemical element
Phosphorus is a chemical element number 15. It is located 
in the VA group of the Periodic Table.
 
P15 + 15) 2e) 8e) 5e
 
The outer layer of the phosphorus atom contains five 
valence electrons, three electrons are missing before it is 
completed. Therefore, in compounds with metals and 
hydrogen, phosphorus exhibits an oxidation state of –3, and 
when interacting with more electronegative elements: 
oxygen, fluorine and others, it exhibits a positive oxidation 
state of +3 or +5.



1. Phosphorus

Chemical element

The phosphorus atom has more electronic layers than the nitrogen 
atom, therefore its electronegativity, oxidizing and non-metallic 
properties are less pronounced.
 
In the earth's crust, phosphorus is in the form of phosphates. 
Calcium phosphate Ca3(PO4)2 is more common.
 
Phosphorus is a vital element. It is a part of nucleic acids and ATP, 
which are necessary for every cell of any living organism. Calcium 
phosphate is found in bone and gives it hardness.



1. Phosphorus
Simple substances
The chemical element phosphorus is characterized by 
allotropy. It forms several simple substances that differ in 
structure. White phosphorus is composed of tetraatomic 
P4 molecules.



1. Phosphorus
Simple substances
It is a white (with a yellow tinge), wax-like substance that 
glows in the dark due to oxidation by atmospheric oxygen.
 

 

Like all molecular compounds, white phosphorus is 
volatile. It has a garlic smell. Not soluble in water, but 
soluble in carbon disulfide. White phosphorus is highly 
toxic. In powder form, it can self-ignite. Store it under 
water.



1. Phosphorus
Simple substances
Red phosphorus has an atomic crystal lattice
 

Red phosphorus is a powder and differs sharply from 
white in its properties. It is odorless, insoluble in water 
and carbon disulfide. Non-poisonous. The activity of red 
phosphorus is lower than that of white phosphorus.



1. Phosphorus

Simple substances

Allotropic modifications of phosphorus are interconvertible. 
White phosphorus turns to red in the light or upon 
prolonged heating without air access. Red phosphorus 
turns into white when the vapor is strongly heated and 
cooled.



Chemical properties

The chemical properties of different allotropic phosphorus modifications 
are similar. White phosphorus is more active and reacts more easily.
 
Phosphorus exhibits oxidizing properties in reactions with active 
metals:
                                               t
                             3Na0 + P0  =  Na+1

3P
−3.

 
The resulting compounds are called phosphides (Na3P - sodium 
phosphide).
 
Unlike nitrogen, phosphorus does not combine with hydrogen.



Chemical properties
Phosphorus exhibits reducing properties in reaction with oxygen. 
White phosphorus ignites spontaneously in air, and red lights up 
when heated. This produces a thick white smoke of phosphorus 
(V)  oxide :
                                        t
                     4P0 + 5O2

0 = 2P2
+5O5

−2.
 

 

Red phosphorus is used in the manufacture of matches.



        Phosphorus (V) oxide
Phosphorus (V) oxide P2O5 is formed during the 
combustion of phosphorus:
                   t
4P0 + 5O2

0 = 2P2
+5O5

−2.
 
P2O5 is a white crystalline substance with a molecular 
structure.



Phosphorus (V) oxide

Phosphorus (V) oxide is very hygroscopic. It actively joins water, 
therefore it is used for drying gases. It is a typical acidic oxide.
 
Phosphorus (V) oxide reacts:
with water:
3H2O + P2O5 = 2H3PO4;
with basic oxides to form a phosphoric acid salt:
3CaO + P2O5 = Ca3 (PO4) 2;
with alkalis to form salt and water:
6NaOH + P2O5 = 2Na3PO4 + 3H2O.



Phosphine
The hydrogen phosphorus compound phosphine PH3 can be 
obtained from phosphides:
 
Ca3P2 + 6HCl = 2PH3 ↑ + 3CaCl2,
 
Na3P + 3H2O = PH3 ↑ + 3NaOH.
 
Phosphine is a poisonous gas with an unpleasant odor that ignites 
spontaneously in air. It is released during the decomposition of 
organic matter. The formation and oxidation of phosphine is 
associated with such a natural phenomenon as wandering bog 
fires.



Phosphoric acid
Phosphoric (orthophosphoric) acid H3PO4 is a solid 
transparent crystalline substance.
 

                                                   Solid phosphoric acid
  
It is very soluble in water (miscible in any ratio) and is 
usually used in the form of solutions.



Phosphoric acid
In aqueous solutions, phosphoric acid dissociates in steps:
 
H3PO4⇄H++ H2PO− 

4,
 
H2PO− 

4⇄H++ HPO2−
4,

 
HPO2−

4⇄H++ PO3−
4.

 
Dissociation at each next stage is weaker than at the previous one. 
Phosphoric acid does not completely decompose into ions and belongs 
to acids of medium strength. It is less active in chemical reactions 
compared to sulfuric, nitric, hydrochloric acids.



Phosphoric acid
Phosphoric acid reacts:
with metals located in the line of activity before  hydrogen:
2H3PO4 + 3Ca = Ca3 (PO4) 2 + 3H2 ↑ ;
with basic oxides:
2H3PO4 + 3K2O = 2K3PO4 + 3H2O;
with bases:
H3PO4 + 3NaOH = Na3PO4 + 3H2O;
with salts, if gas or sediment is released:
2H3PO4 + 3CaCO3 = Ca3 (PO4) 2 + 3H2O + 3CO2 ↑ ;
with ammonia:
H3PO4 + 3NH3 = (NH4) 3PO4.



Phosphoric acid
The reactions can form not only normal phosphate salts with an 
acidic residue PO3-

4, but also acidic ones: hydrophosphates (HPO2-
4) 

and dihydrogen phosphates (H2PO-
4). In the names of acidic salts, 

the prefix hydro- denotes a hydrogen atom, and dihydro- - two 
hydrogen atoms. The composition of the salt depends on the molar 
ratios of the acid and the substance that reacts with it:
 
H3PO4 + 2NaOH = Na2HPO4 + 2H2O,
 
H3PO4 + NaOH = NaH2PO4 + H2O,
 
H3PO4 + 2NH3 = (NH4) 2HPO4,
 
H3PO4 + NH3 = NH4H2PO4.



Phosphoric acid salts
Medium salts of phosphoric acid phosphates (eg Ca3(PO4)2) are insoluble 
in water, except for alkali metal phosphates. Silver phosphate has a 
characteristic yellow color. This property is used for the qualitative 
determination of soluble phosphates. When a silver nitrate solution is 
added to them, a yellow precipitate, soluble in nitric acid, forms:
 
3Ag++ PO3−

4 = Ag3PO4 ↓.
 
Most dihydrogen phosphates (CaH2PO4, etc.) dissolve well in water. 
Hydrophosphates (Ca (HPO4)2, etc.) dissolve better than phosphates, but 
worse than dihydrogen phosphates.



Application
Phosphoric acid is used:
-for the production of mineral fertilizers,
-as a food additive in beverages,
-in the production of synthetic detergents,
-in the production of feed additives for animals.
-Phosphoric acid salts are used as mineral 
fertilizers.



Question for  selfcontrol:
1. Select the characteristic of red phosphorus:
A)a molecule consists of four atoms
B)occurs naturally in free form
C)reacts with oxygen only when ignited
2. Choose the property of phosphoric acid:
А)strong oxidizing agent due to acid residue
С)forms three rows of salts
В)on decomposition forms a solid oxide and water
А)is a solution of gas in water
3. Choose  hydrogen phosphate formula:
А)KH2PO4
В)Ag3PO4
С)(NH4)2HPO4

Выбери формулу гидрофосфата:
•KH2PO4
•Ag3PO4
•(NH4)2HPO4



4.A compound of the composition Ba (H2PO4)2 is called:
А)barium phosphate
В)barium phosphide
С)barium hydrogen phosphate
Д)barium dihydrogen phosphate
5. White and red phosphorus differ in the type of crystal lattice.
А)True
D)False
6. White and red phosphorus are similar in color.
А)True
D)False
7. Phosphorus (V) oxide reacts with substances:
А)BaSO4
В)Na2O
С)NaOH
D)CO2



8.Phosphoric acid reacts with substances:
А)KOH
В)Na2O
С)H2SO3
D)NaCl
9. Phosphoric acid does not react with the substance:
A)CO2
B)ZnO
C)AgNO3
D)Mg (OH)2



10. Establish an accordance between a substance and its characteristics.
 
1 - white phosphorus; 2 - red phosphorus; 3 - phosphoric acid;
4 - phosphorus (V) oxide; 5 - phosphine.

a - used for the production of mineral fertilizers;
b - forms acid when interacting with water;
c - consists of tetraatomic molecules;
d - can turn into white phosphorus;
e - formed by the action of water on phosphides.
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Do you have any questions?


