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Actuality of theme
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Biologically active substances of elements of IIIA and IVA groups are of
great importance in pharmacy and medicine.

Aim: Depending on the electronic structure of elements of IIIA and IVA
groups , their properties and the place they occupy in medicine and pharmacy
are determined.

Specific goals:
 Be able to write electronic formulas of elements of IIIA and IVA groups

in various degree of oxidation.
 Know the ways to get and use them in medicine.



Theoretical questions for independent work
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The Qualitative Reaction for Compounds Which Contain
Boron, Carbon, Silicon, Tin, Lead, Nitrogen, Phosphorus and 
Arsenic
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In accordance with the position of the elements in the Periodic 
table, they are divided into s‐, p‐ d‐ and f‐electron families.

Elements of p‐families
p‐Elements are elements that use s‐ and p‐electrons to form a 
chemical bond.

Elements of IIIA group

In the IIIA group are located 5 elements.
We are going to study only Boron and Aluminum, because 
compounds of these elements are used in medicine.
They have the following electron configuration:

B  [He] 2s22p1

Al [Ne] 3s23p1
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Boron
Boron is a chemical element with chemical symbol B and 

atomic number 5. 
Boron atom has the following  orbital box diagram of 

valence electrons:

excited state          
In all compounds boron has oxidation state +3, because

one of the 2s electrons is promoted to the 2p sublevel for
the boron atom. Fore example in BF3 boron has valency 3.  
The three sp2 hybrid orbitales are directed in plane at angles
of 120. Thus, a molecule like BF3 is trigonal planar.
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The molecule of BF3 is a acceptor of electrons pair. It
produces the compound H3NBF3 with molecule NH3 as a 
donor of electrons pairs
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acceptor donor

In this compound Boron has valency 4 in the sp3 hybridization.
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In nature, it occurs in the form of boric acid H3BO3

and sodium tetraborate (borax) Na2B4O710Н2О.
‐ the word comes from the Arabic bawraq
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Boron does not react with air at room temperature, but at
higher temperatures it burns to form boron trioxide.

4B(s)+ 3O2(g) = 2B2O3(s) (700 C)

With the strong reducing agents it has oxidizing properties:

3Na + B = Na3B
sodium boride

+ ‐3

Na3B + 3H2O = 3NaOH + B2H6
diborane
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Interaction with acids:
Boron doesn’t react with HCI, H2SO4(aq), HNO3(aq),

but can reacts with H2SO4(conc.) and HNO3(conc.):

‐3 + B + 3H2O  H3BO3 + 3H+

+2 + SO4
2– + 4H+ SO2 + 2H2O

2

3

2B+ 3H2SO4(conc.) = 2H3BO3 + 3SO2

2B + 6H2O + 3SO4
2– + 12H+ = 2H3BO3 + 6H+ + 3SO2 + 6H2O
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Compounds of Boron

Boron oxide B2O3 is a transparent powder likes to glass.
It dissolves in water with producing of boric acid H3BO3

B2O3(s)+ 3H2O = 2H3BO3(aq)

Boric acid H3BO3 may be preparing from the decahydrate
of sodium tetraborate with the sulphuric acid

Na2B4O7  10H2O(aq) + H2SO4 = 4H3BO3(s) + Na2SO4(aq) + 5H2O

The additional reguired in the equation are Na2SO4 and H2O
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Boric acid, H3BO3 is a weak monoprotic acid (produces H+

rather than OH– in aqueous solution)

H3BO3(s) + 2H2O  [B(OH)4]–(aq) + H3O+ Ka = 7.310–10

When H3BO3 reacts with one mol. of NaOH it forms 
metaboric acid’s salt – sodium metaborate.

H3BO3(s) + NaOH(aq) = NaBO2(aq) + H2O

With the two molecules of sodium hydroxide H3BO3
produces sodium tetraborate (borax)

4H3BO3(s) + 2NaOH(aq) = Na2B4O7(aq) + 7H2O

The graphic formula of Na2B4O7 is

Na NaO OO BB
O

O
BB

O

O
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The Qualitative Reaction for Compounds Which Contain Boron

If added concentrated H2SO4 and ethanol (methanol)to the 
compounds which contain boron (B2O3, H3BO3, Na2B4O7), they
are combined to form boroethyl ester:

B(OH)3 + 3C2H5OH = B(OC2H5)3 + 3H2O

This ester is the product of the 
elimination of water molecules from an acid
and an alcohol molecule. The ester blazes by
green fire.
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2B(OСH3)3 + 9O2 = 2Н3BO3 + 6СО2 + 6Н2О23.12.2020



Biological role and application of compounds
of boron in medicine

Boric acid (H3BO3) is used as antibacterial, 
antifungal and antiparasitic means.

Aqueous solution 2% of H3BO3   is 
applied externally in ophthalmology.

If you have irritated eyes, you may suffer from redness, 
discharge and dryness. A boric acid eyewash will ease your
discomfort in a pinch. In a few short steps, you can easily
make a safe and effective 1.5% boric acid solution at home.
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Alcoholic solutions of H3BO3 (0.5%, 1%, 2% and 3%) are 
used in the form of drops or turundas (rolled cotton wool)
wetted with a solution in acute or chronic otitis.

Sodium tetraborate Na2B4O7 (borax)  is used externally as 
an antimicrobial and anti‐inflammatory agent in cosmetology.
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Аluminum
Aluminium (or aluminum) is a chamical

element in the boron group  with symbol Al
and atomic number 13. It is silvery white, and
it is not soluble in water under normal
condition.

Pure aluminum is a malleable, ductile, silvery‐colored
metal of low‐density.

It has the following electron configuration:

Al [Ne] 3s23p1
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Chemical properties

The powdered metal is easily oxidized in air

4Al(s) + 3O2(g) = 2Al2O3(s)

Aluminum is one of a small group of metals, which called
amphoteric metals that dissolves in alkaline (basic) as well as
acidic solution.

2Al(s)+ 6NaOH(aq) + 6H2O = 2Na3[Al(OH)6](aq) + 3H2(g)

2Al(s) + 6HCl(aq) = 2AlCl3(aq) + 3H2(g)

Aluminum doesn’t react with concentrated HNO3 and
H2SO4 because it has on its surface stable film of Al2O3.
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Aluminum Compounds
The mineral corundum, which is used as an abrasive, is Al2O3.

Pure Al2O3 obtained by heating Al(OH)3

2Al(OH)3(s) = Al2O3(s) + 3H2O(g) t C

Al2O3 has amphoteric properties. It dissolves in NaOH(aq)  
and in acidic solution

Al2O3(s) + 6NaOH(aq) + 3H2O = 2Na3[Al(OH)6](aq)

Al2O3(s) + 3H2SO4(aq) = Al2(SO4)3(aq) + 3H2O
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When we add to the water solution of aluminum salts an
OH– we obtain white precipitate of aluminum hydroxide.

Al3+(aq) + 3OH– Al(OH)3(s)

It dissolves in NaOH(aq)  and in acidic solution, because it is
amphoteric to as aluminum and aluminum oxide.

Al(OH)3(s) + 3NaOH(aq) = 2Na3[Al(OH)6](aq)

Al(OH)3(s) + 3HCl(aq) = AlCI3(aq) + 3H2O
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Biological role and application of compounds
of aluminium in medicine

From metallic aluminium are make packaging 
for tablets – blisters.

Aluminum salts are used for water treatment as 
coagulants.

Al2(SO4)3 + 6H2O = 2Al(OH)3 + 3H2SO4
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Aluminum hydroxide, Al(OH)3 is used 
externally in the form of powders, pastes, 
ointments as absorbent and enveloping tools in 
dermatology. It is part of the drug "Almagel" in 
the form of a suspension in a mixture with 
magnesium hydroxide for the treatment of 
gastritis and stomach ulcers as adsorbing and 
enveloping means. 
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Phosphalugel gel oral

23.12.2020

• The main active substance is 
Aluminum Phosphate AlPO4.

• The drug has an enveloping 
effect to the stomach and 
antacid.



Aluminum salts exhibit astringent, anti‐inflammatory, 
hemostatic and antimicrobial action.

Aluminum potassium disulphate  KАl(SO4)2∙12H2O
(potassium alum) is used in medical and cosmetic practice in 
the form of aqueous solutions as an astringent and styptic. 
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Elements of IVA group

Some properties of elements IVA groups are resulted in
table.

Atomic mass 12 28 72 118 207

Valence electrons 2s22p2 3s23p2 4s24p2 5s25p2 6s26p2

The principal oxidation states are +2, +4.
Carbon, the first member of group IV A, is a nonmetal. The 

next two members, Silicon and Germanium, are metalloids. 
Tin and Lead are mostly metallic in their behavior.
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Carbon

Carbon is a chemical element with the symbol C and 
atomic number 6. It is a group IV, nonmetallic, tetravalent 
element, that presents several allotropic forms, of which the 
best known are diamond, graphite , graphene and fullerene.

Allotropy or allotropism (coined from Greek "other" + 
"form") is the property of some chemical elements to exist in 
two or more different forms, known as allotropes of these 
elements. The term allotropy is used for elements only, not 
for compounds. 
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The diamond structure has sp3‐hybridization. 

Each carbon atom is bounded to four others in a 
tetrahedral fashion. Diamond is extremely hard. It is used as
abrasives, and diamond is the hardest substance knows. 
Diamond is not an electrical conductor because in its
structure all of the valence electrons of the carbon are fixed
permanently into singly covalent bonds.23.12.2020 30



Graphite has sp2‐hybridization. 

Graphite can conduct electricity. 

The graphite structure.

23.12.2020 31



Graphene is a substance made of pure carbon, with atoms 
arranged in a regular hexagonal pattern similar to graphite, 
but in a one‐atom thick sheet. It is very light, with a 1 square 
meter sheet weighing only 0.77 milligrams.

The Nobel Prize in Physics for 2010 was awarded to Andre 
Geim and Konstantin Novoselov at the University of 
Manchester "for groundbreaking experiments regarding the 
two‐dimensional material graphene".
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A fullerene is any molecule composed entirely of carbon, 
in the form of a hollow sphere, ellipsoid or tube. Spherical 
fullerenes are also called buckyballs, and they resemble the 
balls used in football. 
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Oxides of Carbon
When carbon or any of a variety of organic compounds is

burned in a limited quantity of air, the principal carbon‐
containing product is carbon monoxide

2C(s) + O2(g) = 2CO(g)
An oxidation state of carbon is +2 and oxygen ‐2.


   

C


    
O

2s2
2p2 2p4

2s2
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Oxides of Carbon
When carbon or any of a variety of organic compounds is

burned in a limited quantity of air, the principal carbon‐
containing product is carbon monoxide

2C(s) + O2(g) = 2CO(g)
An oxidation state of carbon is +2 and oxygen ‐2.


   

C


    
O

C O
The number of covalent bonds between atoms carbon and 

oxygen is three. There are two bonds between atoms for 
exchange mechanism, and one of them for donor‐acception
mechanism.

2s2
2p2 2p4

2s2
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Carbon monoxide is very toxic substance. In an excess of
air, carbon dioxide is formed

2CO(g) + O2(g) = 2CO2(g)
Carbon dioxide in laboratory is prepared by treating

sodium carbonate with HCl(aq)

Na2CO3(s) + 2HCl(aq) = 2NaCl(aq) +  CO2(g) + H2O 

A simple industry method of producing CO2(g) involves
heating CaCO3

CaCO3(s) = CaO(s) + CO2(g)

CO2(g) dissolves in water and comes into equilibrium with
carbonic acid, a weak acid that ionizes in two stages

CO2(g) + H2O  H2CO3(aq)  H+ + HCO3
–(aq)  2H+ + CO3

2–(aq)
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Carbonic acid  has the formula H2CO3. It is also a name 
sometimes given to solutions of carbon dioxide in water, 
which contain small amounts of H2CO3. The salts of carbonic 
acids are called hydrogencarbonates and carbonates. It is a 
weak acid. Carbon dioxide dissolved in water is in equilibrium 
with carbonic acid:

CO2 + H2O  H2CO3

Carbonic acid is diprotic, that is it has two hydrogens
which dissociate from the parent molecule, and thus there 
are two dissociation constants:

H2CO3 H+ + HCO3
−

HCO3
− H+ + CO3

2−

Ka1 = 2.5×10−4;

Ka2 = 5.61×10−11
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Neutralization of the carbonic acid by NaOH through the 
first stage produced a salt called a sodium hydrogen
carbonate

H2CO3(aq) + NaOH(aq) = NaHCO3(aq) + H2O

Neutralization through the second stage yields a carbonate

H2CO3(aq) + 2NaOH(aq) = Na2CO3(aq) + 2H2O
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Carbon combines with metal to form carbides. Calcium
carbide is formed by the high‐temperature reaction of
quicklime and coke

CaO(s)  + 3C(s)  = CaC2(s)  + CO(g) 2000 C

Calcium carbide is an impotent product because its
reaction with water produces acetylene, a gas widely used in
the synthesis of organic compounds.

CaC2(s)  + 2H2O = Ca(OH)2(aq)  + C2H2(g)
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Qualitative Identification of Carbonate Ions

Na2CO3(s) + 2HCl(aq) = 2NaCl(aq) +  CO2(g) + H2O 

CO2 + Ca(OH)2(aq)  CaCO3(s) + 2H2O

CaCO3(s) + CO2 + H2O = Ca(HCO3)2(aq)
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Silicon

Silicon is the chemical element that has the symbol Si and 
atomic number 14.

Silicon is a solid at room temperature, with relatively high 
melting and boiling points. Silicon is a semiconductor.

A silicon atom, like a carbon atom, can form four bonds in 
a tetrahedral fashion.  
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Silicon dissolves in NaOH to produce sodium metasilicate
and hydrogen 

‐4 + Si + 6OH‐ SiO3
2‐ + 3H2O

+2 + 2H2O  H2 + 2OH‐

1

2

Si(s) + 2NaOH(aq) + H2O = Na2SiO3(aq) + 2H2(g)

Si + 6OH‐ + 4H2O= SiO3
2‐ + 3H2O + 2H2 + 4OH‐

2OH‐

SiO2 dissolves slowly in strong bases with formation 
silicates

SiO2(s) + 2NaOH(aq) = Na2SiO3(aq) + H2O
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Qualitative Identification of Silicate Ions

The silicic acid resulting from the acidification of silicate
solutions is also unstable; it decomposes to silica (SiO2)

Na2SiO3(aq)+ 2HCl(aq) = 2NaCl(aq) + H2SiO3

H2O

SiO2

Depending on the acidity of the solution, the silica may be
obtained as colloidal dispersion, a gelatinous precipitate, or a 
solid like gel.
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Silica gel is a granular, vitreous, porous form of silicon
dioxide. Silica gel's high surface area (around 800 m2/g).

Silica gel is most commonly encountered in everyday life as 
beads in a small  paper packets. In this form, it is used as a 
desiccant to avoid spoilage or degradation of some goods. 
Because of poisonous dopants  and their very high 
absorption, silica gel packets usually bear warnings for the 
user not to eat the contents.
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Hydrolysis of Sodium Silicate
The hydrolysis of sodium silicate, unlike other similar 

salts, is occured with formation of dimetasilicate‐ion:

Na2SiO3  2Na+ + SiO3
2

SiO3
2 + HOH  HSiO3

 + OH

2HSiO3
 Si2O5

2 + H2O

Total reaction equation of hydrolysis is:

2Na2SiO3 + HOH  Na2Si2O5 + 2NaOH
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Reactions of Tin and Lead
Tin dissolves in HCl(aq)

Sn(s) + 2HCl(aq) = SnCl2(aq) + H2(g)

In concentrated HNO3(aq), tin is oxidized to SnO2(s)
(nonmetal properties)

Sn(s) + 4HNO3(aq) = H2SnO3(s) + 4NO2(g) + H2O
(SnO2∙H2O)

In dilute HNO3(aq), tin is oxidized to Sn2+ ion (metalic
properties)

3Sn(s) + 8HNO3(aq) = 3Sn(NO3)2(aq) + 2NO(g) + 4H2O
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The reaction of lead with dilute HCl and H2SO4 stop after an
initial brief reaction because the products, PbCl2 and PbSO4
protect the metal from further attack. The products of reaction
lead with HNO3 are Pb(NO3)2 and various oxides of nitrogen.

3Pb(s) + 8HNO3(aq) = 3Pb(NO3)2(aq) + 2NO(g) + 4H2O

‐2 + Pb Pb2+

+3 + NO3
‐ + 4H+ NO + 2H2O

3

2

3Pb + 2NO3
– + 8H+ = 3Pb2+ + 2NO + 4H2O

PbO2 is a strong oxidizing agent

4HCl(aq) + PbO2(s) = PbCl2(aq) + Cl2(g) + 2H2O
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[Sn(OH)4]2– ion is a reducing agent. This reaction can be
used for qualitative identification of tin compounds

3Na2[Sn(OH)4] (aq) + 2Bi(OH)3(s) = 3Na2[Sn(OH)6](aq) + 2Bi(s)

‐2 + [Sn(OH)4]2‐ + 2OH‐ [Sn(OH)6]2‐

+3 + Bi(OH)3 Bi + 3OH‐

3

2

3[Sn(OH)4]2– + 6OH– + 2Bi(OH)3  3[Sn(OH)6]2– + 2Bi0 + 6OH–

black sediment
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3SnCl2(aq) + K2Cr2O7(aq) + 20HCl(aq) =
3H2[SnCI6](aq) + 2CrCl3(aq) + 2KCl(aq)+ 7H2O

‐2 + Sn2+ + 6Cl‐ [SnCl6]2‐

+6 + Cr2O7
2‐ + 14H+ 2Cr3+ + 7H2O

3

1

3Sn2+ + 18Cl– + Cr2O7
2– + 14H+  3[SnCl6]2–+ 2Cr3+ + 7H2O

Tin (II) chloride is a good reducing agent too. 
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Qualitative Identification of Lead compounds

Pb2+(aq) + S2–(aq)  PbS(s) 
black sediment

Pb2+(aq) + 2I–(aq)  PbI2(s)
yellow sediment

23.12.2020 50



Biological role compounds of Carbon, Silicon and Lead
and their application in medicine

The activated carbon is used in chemical, 
pharmaceutical and medical practice as 
adsorbent. One gram of activated carbon has 
a surface area of approximately 500 m² .It is 
used to treat poisonings and mild diarrhea.

A metallic lead and lead compounds are toxic. Maximum
concentration of lead salts makes 10‐5 mg/L. During poisoning
compounds of lead hold out the albumens of red corpuscles, 
then concentrated in blood plasma and entered in kidneys
and liver.
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Actives of sorbent ‐ microcrystalline cellulose and fumed 
silica (SiO2). Excipients ‐ potato starch, powdered sugar.

White Coal is one of the most modern enterosorbents.

White Coal
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The group VA elements consists of some elements:

12/23/2020 54

Nitrogen is least metallic and bismuth is most metallic.

This establishes the order of metallic character within the 
group. 

For group VA the usual decrease of ionization energy 
with increasing atomic number is noted. 

Their outer shell electron configurations are ns2np3. 

nitrogen N, phosphorus P,
arsenic As, antimony Sb, bismuth Bi



Some properties of elements VA

N P As Sb Bi
Atomic mass 14.01 30.97 74.92 121.75 208.98
Valence 
electrons 2s22p3 3s23p3 4s24p3 5s25p3 6s26p3
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Nitrogen

–3 –2 –1 0 +1 +2 +3 +4 +5
NH3

NH4
+ NH2 NH2 NH2OH N2 N2O NO N2O3

HNO2

NO2

N2O4

N2O5

HNO3
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The maximum valence is 4.

The maximum oxidation state corresponds to its
periodic group number VA.

Nitrogen has the electron configuration 1s22s22p3

the oxidation state of N in its compounds can range
from –3 to +5.



Physical and Chemical Properties of Nitrogen
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6Li(s) + N2(g) = 2Li3N(s)

Nitrogen is react only with lithium without heating

Elemental nitrogen, N2, is rather inert.

N2(g)  is the primary component of air (78%, by volume). 

It badly dissolves in water and in organic solvents.

Nitrogen is colorless gas, tasteless and odorless.



Ammonia and Ammonium Compounds

Nitrogen gas and hydrogen gas will combine to 
produce gaseous ammonia in industry

Ammonia in laboratory is prepared by treating 
ammonium chloride with calcium hydroxide

12/23/2020 58

2NH4Cl(s) + Ca(OH)2(s) = CaCl2(s) + 2NH3(g) + 2H2O

N2(g) + 3H2(g)  2NH3(g)

This reaction is used for the qualitative identification
of ammonium salts.



Smelly ammonia released and a wet strip of a red
litmus paper turns blue.
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NH3(aq) + HCl(aq) = NH4Cl(s)
ammonium chloride

The most impotent use of NH3, is in synthesizing a
host of other nitrogen compounds.

The reaction of ammonia (a base) with acids
produces ammonium salts, such as

NH4
+
(aq) + OH–

(aq) = NH3(g) + H2O(l)

The hydroxide ion removes a proton from the 
ammonium ion to release the ammonia.
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NITROGEN OXIDES

Its main use is as an anesthetic (“laughing gas”).

NH4NO3(s) = N2O(g) + 2H2O

Nitrogen (I) oxide N2O (nitrogen monoxide).

Nitrogen forms a series of oxides in which
the oxidation state can have every value from +1 (N2O)
to +5 (N2O5).

It can be prepared by next reaction:
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Nitrogen (II) oxide NO (nitrogen oxide, nitric oxide)

4NH3(g) + 5O2 = 4NO(g) + 6H2O(g)

Commercially, NO is produced by the catalytic 
oxidation of NH3:

3Cu + 8HNO3(dilute) = 3Cu(NO3)2 + 2NO(g) + 4H2O

Laboratory methods for preparation NO include the
reaction of Cu with cold dilute HNO3(aq):



Nitrogen (III) oxide N2O3 (dinitrogen trioxide)
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It forms upon mixing equal parts of nitrogen oxide and 
nitrogen dioxide and cooling the mixture below −21°C

Nitrous acid and its salts nitrites have red‐ox duality

N2O3(g) + H2O = 2HNO2(aq)

It is the anhydride of the unstable nitrous acid (HNO2), 
and produces it when mixed into water.

NO(g) + NO2(g)  N2O3(g)
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5NaNO2 + 2KMnO4+3H2SO4 = 5NaNO3 + 2MnSO4 + K2SO4 + 3H2O 
+3 +7 +5 +2

reducing agent
‐2 + NO2

– + H2O NO3
– + 2H+

+5 + MnO4
– + 8H+Mn2+ + 4H2O

5

2

3
5NO2

– + 5H2O + 2MnO4
– + 16H+ = 5NO3

– + 10H+ + 2Mn2+ + 8H2O
6

2KI + 2KNO2 + 2H2SO4 = I2 + 2NO + 2K2SO4 + 2H2O
‐1 +3 +2+0

oxidizing agent

+ 1 + NO2
– + 2H+ NO + H2O

– 2 + 2I– I2 1

2

2I– + 2NO2
– + 4H+ = I2 + 2NO + 2H2O



Nitrogen (IV) oxide NO2(nitrogen dioxide)

NO2 produces both HNO2 and HNO3 when it reacts with 
water

4NO2(g) + 2H2O + O2 = 4HNO3(aq)
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2NO2(g) + H2O = HNO3(aq) + HNO2(aq)

The reaction of NO2  with water and oxygen describes
the commercial preparation of nitric acid



Nitrogen (V) oxide N2O5 (dinitrogen pentaoxide) 
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N2O5(g) + H2O = 2HNO3(aq)

The reaction of N2O5 with water produces the nitric acid

4HNO3 + P4O10 = 4HPO3 + 2N2O5

Dehydration is a method of preparation N2O5



Nitric Acid HNO3

has the next structure

Pure nitric acid is a colorless liquid (d = 1.50 g/cm3).
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2HNO3 + Ca(OH)2 = Ca(NO3)2 + 2H2O

Nitrate salts are produced by neutralizing nitric acid 

H O N
O

O
H O N

O

O

...
+ . .. . ..
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HNO3  is a good oxidizing agent.

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

NO(g) + O2 = 2NO2(g)  colour – “Fox's tail”

With a less active metal, the reduction product is NO 

4Fe + 10HNO3(very dilute) = 4Fe(NO3)2 + NH4NO3 + 3H2O

4Zn + 10HNO3(dilute) = 4Zn(NO3)2 + N2O(g) + 5H2O

With dilute HNO3  and an active metal (Zn, Mg, Sn, Fe)
the reduction product is N2O (or even NH4

+  in some cases)



Nitric Acid HNO3
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With concentrated HNO3, the product is NO2(g)

S + 2HNO3 = H2SO4 + 2NO(g)

Nitric acid also reacts with nonmetallic elements, 
generally with the formation of an oxoacid and NO(g)

Ag + 2HNO3(conc.) = AgNO3 + NO2(g) + H2O



PHOSPHORUS

Due to its high reactivity, phosphorus is never found 
as a free element on Earth.

–3 0 +1 +3 +5
PH3

phosphine
PH4

+

phospho‐
nium ion

P4
phos‐
phorus

H[PO2H2]
hypophos‐
phorous
acid

H2[PO3H]
phos‐

phorous acid
P4O6

H3PO4

phosphoric 
acid
P4O10
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Configuration of valence electrons 15P 3s23p3
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Phosphorus produced by sintering of phosphate, sand 
and coke (1500 С):

3Ca3(PO4)2 + 10C + 6SiO2 = 6CaSiO3 + 10CO + P4(white)
Phosphorus forms a few allotropic modifications, major 

from them the phosphorus white, red and black.

The basic structural units of white phosphorus are P4
molecules (tetrahedron)
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Oxides and Oxoacids of Phosphorus

The two most important oxides of phosphorus are
oxides having P in the oxidation states of +3 and +5.

The simplest formulas that can be written for these are 
P2O3 and P2O5, with the corresponding names, phosphorus 
(III) oxide and phosphorus (V) oxide.

However, more appropriate molecular formulas are 
P4O6 and P4O10.
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P4O6  is produced when the available quantity of O2  is 
limited

P4O6 + 6H2O = 4H2[PO3H]
phosphorous acid

P4O6 and P4O10 each react with water to produce an
oxoacid

P4 + 5O2 = P4O10

In an excess of O2, P4O10  is formed

P4 + 3O2 = P4O6
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Phosphorous acid is diprotic acid. The graphic formula 
of H2[PO3H] is

One atom of hydrogen is connected with the atom 
of phosphorus directly. It is the diprotic acid of middle
force.

P

O

O O
H

H
H



12/23/2020 75

Orthophosphoric acid forms when P4O10 reacts with an 
excess of H2O

Ionization occurs in three steps

HPO4
2– H+ + PO4

3–

H2PO4
– H+ + HPO4

2–

H3PO4  H+ + H2PO4
–

Acid with a mass percent 83‐98% is liquid as syrup.

Ortophosphoric acid waterless is colorless crystals. 

P4O10 + 6H2O = 4H3PO4
P

O

O O
O

H
H

H
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When orthophosphoric acid is heated to temperatures 
in excess of 215 C, diphosphoric acid is formed

This is probably a polymerized form of
metaphosphoric acid, HPO3, (HPO3)n, where n = 2, 3, 4, 6.

When either the ortho‐ or di‐ acid is heated to 
temperatures in excess of about 300 C, a glassy product
is formed. 

H3PO4 = HPO3 + H2O

2H3PO4 = H4P2O7 + H2O
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This acid is monoprotic strong acid.

[H2PO2]– + H+ = H[H2PO2]

The free hypophosphorous acid may be prepared by the 
action of a strong acid on these hypophosphorous salts:

P4 + 3NaOH+ 3H2O = 3Na[H2PO2] + PH3

Phosphorus with a hot solution of NaOH forms a salt 
of hypophosphorous acid:

3P4 +20 HNO3 + 8H2O = 12H3PO4 +20NO

Nitric acid oxidizes phosphorus to ortophosphoric acid:

Order Compounds of Phosphorus
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The Qualitative Reaction for compounds 
which contain phosphate ions

Na2HPO4 + MgCl2 + NH3∙H2O = MgNH4PO4(s) + 2NaCl + H2O

If added MgCl2, NH4Cl, NH3∙H2O to the solution which 
contain PO4

3– ion, white sediment of magnesium 
ammonium phosphate is formed:
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Compound of Arsenic, Antimony and Bismuth

As2O3 + 6Zn + 12HCI = 2AsH3 + 6ZnCI2 + 6H2O

Arsine AsH3  is possible to get by reduction of arsenic 
compounds by zinc in the solution of hydrochloric acid.

With hydrogen these elements do not react, although 
they are formed the hydrides of general formula EH3.
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In toxicological practice the test of Marsh is applied. 

On the surface of the tube is formed like a silver mirror.

2AsH3 = 2As + 3H2

It is based on thermal instability of arsine, which 
decomposes at heating.
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As2O3  is the white crystalline matter a water‐soluble.

Arsenic (III) oxide (white arsenic)

As2O3(s) + 3H2O = 2H3AsO3(aq)

It is amphoteric oxide:

orthoarsenous acid

As2O3(s) + 2NaOH(s) = 2NaAsO2(s)+ H2O (t, 0С)
sodium metarsinite

As2O3(s) + 2KOH(aq) + 3H2O = 2K[As(OH)4](aq)

As2O3(s) + 8HCI = 2H[AsCI4](aq) + 3H2O
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Arsenic (V) oxide As2O5 dissolves in water well, forming 
ortoarsenic acid:

2KI + Na3AsO4 + H2SO4  I2 + Na3AsO3 + K2SO4 + H2O

Orthoarsenic acid and its salts have oxidizing
properties only in an acidic solution:

sodium orthoarsenate
H3AsO4 + 3NaOH = Na3AsO4 + 3H2O

With alkalis it reacts with formation of the proper salts.

Orthoarsenic acid H3AsO4 is the triprotic acid of
middle force.

As2O5 + 3H2O = 2H3AsO4

4As +5O2 = 2As2O5

In the atmosphere of oxygen arsenic burns with formation 
of higher oxide:
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In water solution antimony (III) and bismuth (III) salts the 
hydrolysis reaction proceeds up to the end is easy not only 
on the first, but also on the second step:

BiOCI(s) + 2HCI BiCI3(aq) + H2O

At acidifying sediment dissolves:

Bi (OH)2CI  BiOCI(s) + H2O

BiOHCI2 + H2O Bi(OH)2CI + HCI

Bi3+ + H2O BiOH2+ + H+ 

BiCI3 = Bi3+ + 3CI–
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Biological role compounds of elements VA group
and their application in medicine

Liquid nitrogen is an efficient remedy for 
skin diseases (warts, papillomas, ets.).

Nitrogen (I) oxide N2O is also known as 
“laughing gas”. It is used in medicine for 
narcosis when mixed with oxygen.

Ammonia solution 10% NH3∙H2O is used 
for breathing stimulation.
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Arsenic (III) oxide As2O3 – (white arsenic) 
is used in stomatology.

Salts of bismuth are used for treatment of stomach 
ulcer and certain external for skin diseases


