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THE TRAINING AND EDUCATIONAL GOAL, TASKS, 

MOTIVATION TO STUDY THE TOPIC 

Training purpose: 

– formation of students' basic professional competence for solving diagnostic, research 

and other tasks of professional activity based on knowledge about the structure, properties 

of complex compounds, and their biological role. 

Educational goal: 

– to develop your personal, spiritual potential; 

– to form the qualities of a patriot and a citizen who is ready to actively participate in 

the economic, industrial, socio-cultural and social life of the country;  

– learn to observe academic and labor discipline, the norms of medical ethics and de-

ontology;  

– to realize the social significance of their future professional activities. 

Tasks:  

As a result of the training session, the student should 

know:  

– the essence of Werner’s coordination theory;  

– classification and nomenclature of complex compounds;  

– reactions of formation and dissociation of complex compounds in solutions;  

– the concept of stability of complex compounds, constants of instability and stability 

of complex ions;  

– the biological role of complex compounds, their application in pharmacy and 

medicine; 

be able to:  

– write down the equations of complexation reactions in molecular and molecular-ionic 

forms;  

– classify complex compounds and name them according to IUPAC rules; 

– write down the equations of primary and secondary dissociation of complex 

compounds, expressions of instability and stability constants for complex ions; 

possess: 

– the skills of composing formulas and names of complex compounds;  

– skills in obtaining complex compounds of various types and assessing the stability 

of complex ions based on the values of instability constants. 

Motivation to study the topic: 

Complex compounds play an important role in biology and medicine. For example, 

most of the metals that make up the living tissues of the body are in the form of strong 

complex compounds called chelates. Many medicines also have a chelated structure. 

The use of complex compounds is the basis of complexometry, which is widely used 

in the practice of biomedical, sanitary-hygienic and pharmaceutical analysis. 

Some complex compounds are used as preserving agents for storing blood, while others 

are used as medicines for removing toxic metal ions from the body, including radioactive 

isotopes. 
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NECESSARY EQUIPMENT 

1. Methodological manual for students on the topic "Coordination compounds". 

2. Training tables:  

a) Periodic Table of chemical elements by D.I. Mendeleev;  

b) table of solubility of acids, bases and salts.  

3. Reference materials of basic physico-chemical constants. 

4. Chemical reagents and equipment necessary for laboratory work. 

 

CONTROL QUESTIONS ON THE TOPIC OF THE CLASS 

1. Complex compounds, their structure from the point of view of A. Werner's coordi-

nation theory.  

2. Classification and nomenclature of complex compounds.  

3. Equilibria in solutions of the complex compounds. Constants of instability (stabil-

ity). Reactions of formation and destruction of complex compounds.  

4. The biological role of complex compounds and their application in medicine. 

 

COURSE OF THE CLASS 
 

The theoretical part 

1. COMPLEX COMPOUNDS, THEIR STRUCTURE FROM THE POINT OF 

VIEW OF A. WERNER'S COORDINATION THEORY 

Complex compounds are compounds containing complex ions in crystal lattices that 

can independently exist in solutions or melts. 

Complex (coordination) compounds are compounds in which the covalence number 

of the central atom is greater than its ordinary covalence number. 
 

For example:  

          
Covalence number of Si is 4,  

it is not a coordination compound. 

Covalence number of Si is 6,  

it is a coordination compound. 
 

Alfred Werner in 1898 proposed theory to explain the formation and structure of coor-

dination compounds.  
 

According to Werner’s theory, coordination compounds consist of: 
 

▪ a central atom (ion), known as a complexing agent; 

▪ ligands (ions or polar molecules); 

▪ ions of outer sphere (counter ions). 

Some of the complex compounds don’t contain ions of outer sphere. 
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Figure 1  Structure of complex compounds 
 

Central atoms (complexing agents) are usually metals, and seldom nonmetals (for 

example, B, P, and Si). They are characterized by their:  

a) oxidation numbers,  

b) coordination numbers.  
 

A coordination number is a number of covalent bonds which a central atom forms 

with its ligands. The most typical coordination numbers correspond to definite oxidation 

numbers (charges) of the central ion: 

Oxidation number   Coordination number 

+ 1     2 

+ 2     4, 6 

+ 3     4, 6 

+ 4     6, 8 
 

Ligands are ions or polar molecules that surround the metals in coordination ions.  

They contain one or several donor atoms bond directly to the metal ions. Ligands are 

classified according to their denticity  the number of donor atoms in a single ligand that 

bind to a central atom in a coordination compound:  
 

▪ unidentate ligands form one covalent bond with a complexing agent. They are: 
 

a) anions: Cl–; Br–; I–; F–; CN–; SCN–; NO2
–; H–; OH–; 

 

b) molecules: H2O; NH3; CO; NO; 
 

c) cations: NH2NH3
+. 

 

▪ bidentate ligands form two covalent bonds with the complexing agents. They are: 
 

a) anions of diprotic acids: SO4
2–; SO3

2–; CO3
2–; C2O4

2–; 
    

b) molecules: NH2-CH2-CH2-NH2 (ethylenediamine); NH2-CH2-COOH (glycine). 
 

▪ polydentate ligands can form three, four, five and six covalent bonds with the 

complexing agents [1-3].  
 

For example, the chelating agent ethylenediaminetetraacetic acid (EDTA) is able to 

form stable complex compounds and has denticity four or six (EDTA binds to metals via 4 

oxygen and 2 nitrogen atoms): 
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EDTA is produced as several salts, in particular disodium EDTA (Trylone B); the 

number of donor atoms is 6: 
 

 
 

2. CLASSIFICATION AND NOMENCLATURE OF COMPLEX 

COMPOUNDS 

Classification of complex compounds 
 

1. According to the nature of their ligands: 
 

a) complexes with monodentate ligands: 
 

▪ aqua complexes: [Cu(H2O)4]SO4; 

▪ ammine complexes: [Ni(NH3)4]Cl2; 

▪ hydroxo complexes: K2[Zn(OH)4]; 

▪ acido complexes: K4[Fe(CN)6]; 

▪ carbonyls: [Fe(CO)5]; 

▪ complexes with mixed ligands: Na[Al(OH)4(H2O)2]; 
 

b) complexes with bi- and polydentate ligands. 
 

Among them the chelate complexes are most important. They contain bi- and polyden-

tate ligands forming cycles. Bidentate and polydentate ligands are called chelating agents 

because of their ability to hold the metal atom like a claw (from the Greek chele, means 

“claw”). For example, a copper (II) complex with ethylenediamine: 
 

 
 

Intracomplex compounds are chelate complexes in which molecules the central atom 

is a part of a cycle and forms covalent bonds in two different ways. 
 

For example, the complex of Fe (III) with oxalic acid contains three iron-oxygen bonds 

formed by the donor-acceptor mechanism and three iron-oxygen bonds formed the coupling 

mechanism: 

 
 

2. According to the charge of inner sphere:  
 

a) cationic: [Cr(NH3)3(H2O)3]
3+Cl3; 

b) anionic: K4 [Fe(CN)6]
4–; 

c) neutral: [Pt(NH3)2Cl2]
0. 
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Nomenclature of coordination compounds 
 

The rules for naming of complex compounds are the following: 
 

1) the cation is named before the anion; 
 

2) within a complex ion the ligands are named first, in alphabetical order, and the metal 

ion is named last; 
 

3) the names of  
 

▪ anionic ligands end with the letter o: 
 

Cl– – chloro;   CN– – cyano;   OH– – hydroxo; 

Br– – bromo;   SCN– – thiocyanato;  H– – hydrido; 

I– – iodo;   NO2
– – nitro;   SO4

2‾ – sulfato; 

F– – fluoro;    NO3‾ – nitrato;   С2O4
2‾ – oxalato. 

 

▪ neutral ligands: NH3 – ammine, H2O – aqua, CO – carbonyl, NO – nitrosyl; 
 

▪ cationic ligand hydrazinium: NH2N
+H3 

 

5) the oxidation number of the metal is written Roman numeral in brackets (II, IV) 

following the name of the metal; 
 

6) if the complex is an anionic type, its name ends with suffix -ate. 
 

Table 1  Naming of metals 
 

Metal In cationic complexes In anionic complexes 

Al aluminum aluminate 

Cr chromium chromate 

Co cobalt cobaltate 

Cu copper cuprate 

Au gold aurate 

Fe iron ferrate 

Ag silver argentate 

Sn tin stannate 

Pb lead plumbate 

W tungsten tungstate 

Ni nickel nickelate 

Hg mercury mercurate 
 

For example,  
 

complex compound of cationic type: 
   

[Cu+2(NH3)4]SO4  tetraamminecopper (II)  sulfate  
 

complex compound of anionic type:  
 

Na3[Cr+3(OH)6 ] sodium  hexahydroxochromate (III)  
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3. EQUILIBRIA IN SOLUTIONS OF THE COMPLEX COMPOUNDS. 

CONSTANTS OF INSTABILITY (STABILITY). REACTIONS OF FORMATION 

AND DESTRUCTION OF COMPLEX COMPOUNDS 

According to their ability to dissociate in aqueous solutions, complex compounds are 

divided into two categories: 
 

a) electrolytes:  K4[Fe(CN)6]; H2[PtCl4]; [Ag(NH3)2]OH 
 

b) non-electrolytes do not contain counter ions: [Pt(NH3)2Cl2] 
 

In aqueous solutions coordination compounds, which are electrolytes, break down into 

ions. Dissociation of complex compounds involves two steps: 
 

▪ primary dissociation which proceeds irreversibly as ionization of strong electrolytes: 

K4[Fe(CN)6] → 4K+ + [Fe(CN)6]
4‾ 

 

▪ secondary dissociation which proceeds reversibly as ionization of weak electrolytes: 

[Fe(CN)6]
4‾ ⇄ Fe2+ + 6CN‾ 

 

The equilibrium constant, which describes metal-ligands equilibrium, is denoted as in-

stability constant (Кins): 

]])CN(Fe[[

]CN[]Fe[
K

4

6

62

ins 

 
  

The lower Кins value, the greater stability of coordination compound. 
 

Stability of complex compounds can be characterized by a formation constant (Кf): 
 

ins

f
K

1
K   

 

Stability of coordination compounds depends upon their structure: 
 

а) the smaller ionic radius and the greater electric charge of a complexing agent, the 

greater attraction of ligands towards it; d-block metals are the best complexing agents; 

b) the greater a number of donor atoms in a ligand the greater stability of coordination 

compounds. 
 

Especially stable chelates. This phenomenon is known as the chelate effect. The chelate 

effect consists in the high stability of chelate complexes in comparison with their non-che-

late analogues [1-3]. 
 

Examples of complex formation reactions: 
 

а) HgI2 + 2KI → K2[HgI4]  (potassium tetraiodomercurate (II)) 

b) AlCl3 + 6NaOH → 3NaCl + Na3[Al(OH )6 ]  (sodium hexahydroxoaluminate) 
 

c) AgCl + 2NH3 → [Ag(NH3)2 ]Cl  (diamminesilver (I) chloride) 
  

Examples of destruction of complex compounds: 
 

а) [Ag (NH3)2]
+ + 2CN– → [Ag(CN)2]

– + 2NH3
0 

more stable complex, Кins[Ag(СN)2]
– < Кins[Ag(NH3)2]

+ 

b) AgNO3 + NaCl → AgCl↓ + NaNO3; 

AgCl + 2NH3 → [Ag(NH3)2]Cl 
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[Ag(NH3)2]Cl + 2HNO3 → AgCl↓ + 2NH4NO3 
Кsp(AgCl) = 1.78×10–10  < Кins[Ag(NH3)2]

+ = 5.75×10–8  

 

[Ag(NH3)2]Cl + KI → AgI↓ + KCl + 2NH3  
Кsp(AgI) = 8.3×10–17 < Кins[Ag(NH3)2]

+ = 5.75×10–8  

 

4. THE BIOLOGICAL ROLE OF COMPLEX COMPOUNDS AND THEIR 

APPLICATION IN MEDICINE 

In a human body all metals (except Na and K) are bounded into stable complexes with 

bioligands: amino acids, proteins, vitamins, hormones and other organic compounds. Most 

important are metal complexes with proteins. They are hemoglobin, chlorophyll and numer-

ous metal enzymes.  
 

Hemoglobin is the protein molecule in red blood cells that carries oxygen from the 

lungs to the body’s tissues and returns carbon dioxide from the tissues back to the lungs. 

Hemoglobin is a globular protein belonging to the group of hemeproteins. Hemoglobin 

can be divided into two parts; a protein part and a heme group. One molecule of hemoglobin 

is made up of four polypeptide chains; two alpha chains and two beta chains.  
 

 

            
 

Figure 2  Structure of hemoglobin, heme group 

 

In vivo, complexes of metal cations and bioligands are continuously formed and de-

stroyed. Exchange with the environment maintains a constant concentration of metals and 

ligands, thus providing metal-ligand homeostasis. 
 

The disturbance of metal-ligand homeostasis in vivo results in different diseases. 
For example, iron deficiency is responsible for anemia, and its excess results in siderosis. 

Sources of iron are meat, liver. 

Calcium deficiency is responsible for osteoporosis, its excess results in cataracts and athero-

sclerosis. Sources of calcium are milk, cheese, cottage cheese. 
 

Modern medicine widely applies complex compounds to correct metal-ligands home-

ostasis in a body and thus treat different diseases.  
 

▪ The cis-isomer of [Pt (NH3)2Cl2] has been used to control tumors and cancers.  

▪ Some complexes of gold, for example Na3[Au(S2O3)2], are used to treat tuberculosis and 

rheumatoid arthritis.  
 

▪ The chelate complex of calcium with EDTA ligands, named tetacine, is applied to treat 

heavy metals poisoning: 



 

 9 

 
 

▪ Chelating agents such as EDTA and its sodium salt are also applied to bind and remove 

toxic metals from a human body. A small amount of EDTA prevents lead cations from acting as 

catalysts for the oxidation of fats and oils. Chelating agents are applied to dissolve kidneys stones. 

Calcium oxalate (Ca2C2O4) which is a component of kidneys stones is readily dissolved in EDTA 

and its sodium salt Na2H2Y according to the equation:  

Ca2C2O4 + Na2H2Y ⇄ [CaY]2‾ + Na2C2O4 + 2H+   [3] 

 

The practical part 

Safety instructions before laboratory work. 
 

LABORATORY WORK  
 

Test 1. Preparing of cationic complexes 
Preparing of Cu (II) ammine complex  

Treat 2-3 drops of copper (II) sulfate solution with some drops of sodium hydroxide solution and 

mark the color of copper (II) hydroxide precipitate. Dissolve a prepared precipitate in 1-2 ml of 25 % 

ammonia solution. Mark a color of a prepared solution. Give a systematic name to the prepared complex 

compound. Write the chemical equations of fulfilled reactions: 
 

CuSO4 + NaOH →  

Cu(OH)2 + 4NH3 →   
 

Preparing of Ni (II) ammine complex  

Treat 2-3 drops of nickel (II) sulfate solution with some drops of sodium hydroxide solution and 

mark the color of nickel (II) hydroxide precipitate. Dissolve a prepared precipitate in 1-2 ml of 25 % am-

monia solution. Mark a color of a prepared solution. Give a systematic name to the prepared complex 

compound. Write the chemical equations of fulfilled reactions: 
 

NiSO4 + NaOH → 

Ni(OH)2 + 6NH3 →  

 

Test 2. Preparing of anionic complexes  
Preparing of Bi (III) acido complex  
Pour 3-4 drops of bismuth (III) nitrate solution into a test tube and add some drops of potassium iodide 

up to the formation of dark bismuth (III) iodide precipitate. Dissolve the obtained precipitate in 1-2 ml of 

potassium iodide solution. What is the color of a prepared solution? Give a systematic name to the prepared 

complex compound. Write the chemical equations of fulfilled reactions: 
 

Bi (NO3)3 + KI →  

BiI3 + KI →  
 

Preparing of hydroxo complex 

Pour 3-4 drops of chromium salt solution into test tube and treat it with 2-3 drops of sodium hydroxide 

solution up to the formation of precipitate. Mark the color of prepared precipitate and dissolve it in the 

excess of alkali solution. Mark the color of prepared solution and give systematic name for the hydroxo 

complex. Write the equations of the reactions: 
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CrCl3 + NaOH →  

Cr(OH)3 + 3NaOH → 

 

Test 3. Preparing of chelate coordination compound 
Add 3 drops of iron (III) chloride solution to two test tubes. Leave one as a control, and add 3 drops 

of an alkali solution to the other. Add 12-15 drops of 1 M oxalic acid solution to the resulting precipitate 

until it is completely dissolved. Add 1 drop of 0.01 M of NH4CNS solution to both test tubes, which forms 

a red-blood colored solution of iron (III) rhodanide (thiocyanate) Fe(CNS) salt with Fe3+ ions. In which of 

the test tubes is coloring observed? Write the equations of the reactions: 
 

FeCl3 + 3NaOH → Fe(OH)3↓ + 3NaCl 
red-brown ppt 

HO O

O O

Fe
O 

_ 
C = OHO 

_ 
C = O

O =
 
C 

_
 OHO =

 
C 

_
 O

C 
_
 C

=

Fe(OH)3 + 3HOOC-COOH       3H2O +

yelow solution  
 

Test reaction for Fe3+: FeCl3 + 3NH4SCN ↔ Fe(SCN)3 + 3NH4Cl 
                                          red blood sln 

 

Make a conclusion about stability of chelate complex compounds. 

 

Control over the assimilation of the topic 

It is conducted in the form of written independent work of students. 

 

METHODOLOGICAL RECOMMENDATIONS FOR THE ORGANIZATION 

AND PERFORMING  OF INDEPENDENT WORK OF STUDENT (IWS) 

The time allotted for independent work can be used by students for:  

– preparation for laboratory classes;  

– taking notes of educational literature;  

– performing tasks for self-control of knowledge;  

– preparation of thematic reports, abstracts, presentations.  
 

The main methods of organizing independent work:  

– studying topics and problems that are not covered in the classroom;  

– writing an abstract and making a presentation;  

– performing tasks for self-control of knowledge. 

 

List of tasks of IWS: 

1. Calculate the electric charges of the following complex ions:  
 

[Ni+2(CN)4]; [Cr+3(NH3)6]; [Zn(OH)4]; [Pt+4(NH3)4Cl2]; [Cr+3(CN)4Br2]. 
 

Make up the formulas of complex compounds by adding ions of the outer sphere. Give 

systematic names for the obtained compounds. 
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2. Determine oxidation and coordination numbers of central atoms in the following 

coordination compounds:  

K2[PtBr4]; Na4[Fe(CN)6]; [Pb(NH3)6]SO4; [Cu(H2O)4]SO4; [Cr(NH3)5Cl]Cl2; 

K[Co(H2O)2(NO2)4].  

Give their systematic names. 
 

3. Write formulas for the following complex compounds: 

а) tetraamminedicyanoplatinum (IV) bromide; 

b) ammonium diaquatetranitrocobaltate (III); 

c) potassium bromopentanitroplatinate (IV); 

d) tetraamineaquadichlorocobalt (III) chloride; 

e) sodium hexacyanochromate (III); 

f) diamminetetrachloroplatinum (IV); 

g) potassium octacyanomolybdate (IV); 

h) sodium tetrahydroxoplumbate (II); 

i) ammonium tetrafluoroargentate (I); 

j) potassium tetracyanoaurate (III). 
 

4. Write equations for primary and secondary ionization of the following coordination 

compounds: 

а) Na3[FeF4Cl2];     c) [Al(H2O)6]2(SO4)3; 

b) [CoCl(NH3)4H2O]Cl2;    d) K3[Cu(CN)4]. 

Write expressions for Kins of their complex ions. Name the complex compounds. 

 

The control of the IWS is carried out in the form of: 

– evaluation of an oral answer to a question, message, report or presentation; 

– individual conversation. 
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