МІНІСТЕРСТВО ОХОРОНИ ЗДОРОВ’Я УКРАЇНИ

ХАРКІВСЬКИЙ НАЦІОНАЛЬНИЙ МЕДИЧНИЙ УНІВЕРСИТЕТ

Complex formation in heterogeneous systems. Reactions of precipitation and dissolution
Methodical instructions for 1st year students’ self-work 
in Medical Chemistry
Комплексоутворення в гетерогенних системах. Реакції осадження та розчиненння
Методичні вказівки для самостійної роботи студентів 1-го курсу
 з медичної хімії

                                                                          Затверджено

                                                                          Вченою радою ХНМУ.
                                                                            Протокол № 5  від  20.05.2015
Харків

2015
Complex formation in heterogeneous systems. Reactions of precipitation and dissolution: methodical instructions for 1st year students’ self-work in Medical Chemistry  / compiled by A.O. Syrovaya,  S.A. Nakonechnaya, L.G. Shapoval

 et al. – Kharkiv: KhNMU, 2015. – 17 p. 
Compiled by: 

A.O. Syrovaya,

S.A. Nakonechnaya,

L.G. Shapoval,
V.N. Petyunina,


E.R. Grabovetskaya, 
V.O. Makarov,
S.V. Andreeva,

L.V. Lukyanova,

S.N. Kozub,

T.S. Tishakova,

O.L. Levashova,

E.V. Savelieva,

N.V. Kopoteva,

N.N. Chalenko
Subject  «Complex Formation in Biological Systemstc "Complex Formation in Biological Systems"»

1. Number of hours  2

2. Material and methodological support.
 Tables:   
1. Scheme of structure of the subject.
2. Mendeleyev’s Periodic table.
3. Ions of metals in the metal enzymes.
4. Heme.
5. Chlorophyll.

6. Vitamin B12.

7. Carboanhydrase.

1. Medical Chemistry: manual for medical students / I.V. Zavgorodniy,                          A.O. Syrovaya, E.R. Grabovetskaya et al. – Kharkiv, Ekograf, 2011. – 240 p. 
2. Medical Chemistry. Self-study guide for the 1st year students (English medium) /  A.O. Syrovaya,  E.R. Grabovetskaya,  L.G. Shapoval et al. – Kharkiv:  KhNMU,  2014. –   70 p. 
3. Syrovaya A.O. Medical chemistry. Adapted concise course / A.O. Syrovaya,  E.R. Grabovetskaya,  L.G. Shapoval. - Kharkiv:  KhNMU,  2013. –  160p. 
4. Individual tasks for students’ self-control of knowledge in Medical  Chemistry / A.O. Syrovaya, L.G. Shapoval, V.N. Petiunina, et al. – Kharkiv: KhNMU, 2014.–50 p. 
5. Text of Lecture.
3. Substantiation for the subject. Coordination compounds (complexes) are widely present in the minerals, plants and animals and play many important functions. Many biologically important compounds are coordination compounds in which complicated organic species are bound to metal ions. The common examples are: hemoglobin which is coordination compound of iron, chlorophyll which is coordination compound of magnesium, etc.

4. The purpose of the subject:

- general: to explain the common physical and chemical properties of complexing agent, show an example. 
- specific: to be able to analyze the relationship between complex compounds and other reactants in the living organism.
a) to know: the role of complex compounds in the metabolism of the organism, characteristic of the common enzymatic reactions with participation of complex compounds in the processes of life; to know the application of complexons in medicine.

b) to be able to: determine the type of the complex compound;  name the complex compound; write the equation of the complex ion dissociation; write the equation of the constant of instability of the complex ion;  determine oxidation state of the complexing agent (central ion), the charge of complex ion, coordination number.

5. Scheme of structure of the subject. 

	6. Plan of students' work.

№ 

	Stage

	Time, min

	Training and visual aids
	Location


	1.
	Questions and answers
	10
	Manual
	Class room


	2.


	Self-work of students with methodological literature, the solution of educational problems, filling of self-study guide
	39


	Methodical instructions for students, text of lecture, manual for students' self-work, self-study guide, reference data, tables
	

	3.


	Laboratory work, filling in the blank 
	20


	Reagents, chemical utensils 
	

	4.
	Control of knowledge
	15
	
	

	5.


	Analysis and conclusions 
	5


	
	

	6.
	Home work
	1
	
	


7. Tasks for self-work:

- List of questions to be studied:
1. Complexes: general aspects, fundamentals of the Alfred Werner’s coordination theory.

2. Structure of complex compounds.

3. Bonding in Coordination Compounds.

4. Spatial Structure and Isomerism in Coordination Compounds.

5. Classification of Complex Compounds.

6. Nomenclature of Coordination Compounds (given by IUPAC).

7. Equilibria in the solutions of Complexes. Stability of Complex Compounds

8. Biologically important complexes. Chelation.

9. Complexometric analysis.

Complexes: general aspects, fundamentals 

of the Alfred Werner’s coordination theory

Complexes (coordination compounds, complex compounds) are a special class of compounds in which the central metal atom or ion is surrounded by oppositely charged ions or neutral molecules more than its normal valence. These compounds are widely present in the minerals, plants and animals and play many important functions. Many biologically important compounds are coordination compounds in which complicated organic species are bound to metal ions. The common examples are: hemoglobin which is coordination compound of iron, vitamin B12 which is coordination compound of cobalt, chlorophyll which is coordination compound of magnesium, etc. 

The properties and structure of complex compounds are explained most successfully by the coordination theory proposed by Alfred Werner (1866–1919), a Swiss chemist, Nobel Prize winner, in 1893. According to the coordination theory, one of the ions in a molecule of any complex compound, generally a positively charged one occupies a central position and is called a complexing agent or central ion. Around it in direct proximity are arranged, or as we say, coordinated, a certain number of oppositely charged ions or electrically neutral molecules called ligands. They form the inner coordination sphere of the compound. The re​maining ions not accommodated in the inner sphere are farther from the central ion and form the outer coordination sphere. The number of ligands surrounding the central ion is called the coordination number. 

The inner sphere of a complex retains its stability when dissolved. Its boundaries are shown in formulas by brackets. The ions in the outer sphere are readily detached in solutions. For this reason, the ions in the inner sphere are said to have a non-ionizable bond, and those in the outer sphere, an ionizable one. Let’s consider the structure of complex compound in detail. 

Structure of complex compounds

Complex ion

As it was mentioned above a coordination compound contains a central metal atom or ion surrounded by a number of oppositely charged ions or neutral molecules. For example, [Co(NH3)3Cl3] is a coordination compound in which the cobalt (+3) ion is surrounded by three ammonia molecules and three negatively charged chloride ions. Other examples are [Ni(NH3)6]Cl2, K[Ag(CN)2], [Cu(NH3)4]SO4, etc. As you can see, a coordination compound contains a complex ion. For example, [Ni(NH3)6]Cl2 contains complex ion [Ni(NH3)6]2+, [Cu(NH3)4]SO4 contains complex ion [Cu(NH3)4]2+, K[Ag(CN)2] contains complex ion [Ag(CN)2]– and so on. A complex ion may be defined as an electrically charged species which consists of a central metal atom or ion surrounded by a group of ions or neutral molecules. For example, [Ni(NH3)6]2+ is a complex ion in which the central nickel ion, Ni2+, is surrounded by six ammonia molecules. It may be noted that the complex ion may be positively charged or negatively charged or a neutral species. 

Cationic complex is a complex ion which has a net positive charge. For example, [Co(NH3)6]3+, [Ni(NH3)6]2+
Anionic complex is a complex ion which has a net negative charge. For example, [Ag(CN)2]-, [Fe(CN)6]4-.

Neutral complex is a complex ion which has no net charge. For example, [Co(NH3)3Cl3], [Ni(CO)4], [Pt(NH3)2Cl2]. 

Central ion and Ligands

The cation to which on or more neutral molecules or anions are attached is called central ion while the neutral molecules or ions are called ligands. In the complex ion [Ni(NH3)6]2+, Ni2+ ion is the central ion and the molecules of ammonia are the ligands. Similarly, in the complex ion [Co(NH3)5Cl]2+, Co2+ ion is the central ion while the ammonia molecules and the chloride ion are the ligands. The ligands are attached to the central metal atom or ion through coordinate bonds. It means that while central ion should have vacant orbitals, the ligands should have lone pairs of electrons in the outermost orbitals which can be donated to the central ion. The atom in the ligand which can donate the electron pairs is called donor atom. For example, in ammonia nitrogen is the donor atom and in water oxygen is the donor atom.

Types of Ligands

The ligands may contain one or more than one donor atoms for coordination with the central atom. Accordingly, the ligands are classified as follows: 

1. Unidentate or monodentate ligands are ligands which can coordinate to the central ion through only one donor atom. For example, NH3, H2O, Cl–, CN–, OH–, etc. 

2. Bidentate ligands are ligands which have two donor atoms and the​refore, can coordinate to the central ion at two positions. For example, oxa​late ion C2O42–, Ethylenediamine H2N–CH2–CH2–NH2 (abbreviated as en). 

3. Polydentate ligands are those having more than two donor atoms present in the molecule. Theses may be called tridentate, tetradentate ligands etc. depending upon the number of donor atoms present in their molecules. The doubly charged anion of ethylenediaminetetraacetic acid is a tetradentate ligand:

Coordination Sphere

Central metal atom and the ligands (molecules or ions) directly bonded to it is collectively known as coordination sphere. This part of the complex behaves as one unit and is non-ionizable. It is generally written in a square bracket. For example, [Pt(NH3)4]2+ represents coordination sphere in the compound [Pt(NH3)4]Cl2. The portion outside the square bracket (coordination sphere) is ionizable. Thus, the coordination compound [Pt(NH3)4]Cl2 ionizes as: [Pt(NH3)4]Cl2  [Pt(NH3)4]2+ + 2Cl–. [Co(NH3)3Cl3] does not ionize because there is no group outside the square bracket. 

Coordination Number

The ligands in a coordination compound are attached to the central metal ion through coordination bonds. The total number of ligands attached to a central metal ion is called the coordination number (C.N.) of that ion. In other words, coordination number is the number of ligands in the coordination sphere of the complex compound. For example, the coordination number of central metal ion in different complexes is:

[Ag(CN)2]–


C.N. of Ag+ = 2

[Cu(NH3)4]2+

C.N. of Cu2+= 4

[Co(NH3)3Cl3]

C.N. of Co3+= 6

[Fe(C2O4)3]3–

C.N. of Fe3+ = 6

Oxalate ion C2O42– is a bidentate ligand so one bidentate ligand should be counted as two ligands. Therefore, three bidentate ligands make C.N. = 6. It may be noted that the ions or molecules present outside the square bracket are not counted in the coordination number because these are not bonded through coordinate bonds to the metal ion. For example, Ni(NH3)6]Cl2 C.N. of Ni2+ = 6.

Charge of a Complex ion

The charge carried by a complex ion is the algebraic sum of charges carried by the central ion and the ligands coordinated to it. For example, [Ni(NH3)6]2+ carries a charge of +2 because Ni2+ ion carries a charge of +2 and ammonia molecule is neutral. 

[Ni(NH3)6]2+: Charge = +2 +6(0) = +2.

Similarly, the complex ion [Co(NH3)5Cl]2+, carries a net charge of +2 because it is formed by the coordination of one Co3+ ion with five neutral molecules of ammonia and one Cl- ion. 

[Co(NH3)5Cl]2+: Charge = +3 +5(0)–1 = +2.

A coordination compound sometimes may not have any charge. For example, [Co(NH3)3Cl3] carries no charge because Co3+ ion carries a charge of +3, three ammonia molecule are neutral and three Cl– ions carry together a charge of -3. 

[Co(NH3)3Cl3] : Charge = +3 +3(0)–3 =0.

Oxidation number or oxidation state of the central metal atom

It is the number which represents the charge which an atom actually has when combined with the other ions or molecules. For example, the oxidation number (O.N.) of Co in the complex [Co(NH3)6]3+ is +3. Oxidation number of the central atom is the main factor affecting the coordination number. A comparison of the most characteristic coordination numbers in solutions and the charge of the central ion is given below:

Charge of the central ion
+1  +2  +3  +4

Coordination number
 2   4,6   6,4  8

The coordination numbers encountered more often when two different kinds of coordination are possible are set here in boldface type. The coordination number 6 is encountered in the complex compounds of Pt4+, Cr3+, Co3+, and Fe3+, the coordination number 4 – in the complexes of Cu2+, Zn2+, Pd2+, and Pt2+, the coordination number 2 – in the complexes of Ag+ and Cu+. 

Knowing the charge of the complex ion, we can calculate the oxidation number of the central metal atom. For this, the oxidation number of the central metal atom is assumed to be x and the oxidation number of all other species are substituted. The sum of the oxidation numbers is equated to the total charge of the complex and the value of x is calculated. 

[Ni(NH3)6]2+:

x+6(0)= +2

or
x = +2 

O.N. of Ni = +2

[Co(NH3)5Cl]2+:

x+5(0)–1= +2

or
x = +3 

O.N. of Co = +3

[Fe(C2O4)3]3- :

+3(–2) = –3

or
x = +3 

O.N. of Fe = +3

K4[Fe(CN)6]:

4(+1)+x+6(–1) = 0
or
x = +2 

O.N. of Fe = +2

[Ni(CO)4]:


 x+4(0) = 0

or
x = 0 

O.N. of Ni = 0

These calculations will be used while writing the names of compounds. The different terms in a complex [Co(NH3)4Cl2]Cl are illustrated below:

Bonding in Coordination Compounds

The main assumptions of Valence Bond Theory for bonding in coordination compounds are listed below:

1. The central metal ion in the complex makes available a number of empty orbitals for the formation of coordinate bonds with suitable ligands. The number of empty orbitals made available for this purpose is equal to coordination number of the central metal ion. For example, if coordination number is 6, six empty orbitals are made available in the central metal ion.

2. The appropriate atomic orbitals (s, p and d) of the metal hybridize to give a set of equivalent orbitals of definite geometry such as square planar, tetrahedral, octahedral and so on. The following types of hybridization are involved for different geometries of the complexes. 
	Coordination number
	Hybridisation
	Geometry

	4

4

6
	sp3

dsp2
sp3d2 or d2sp3
	Tetrahedral

Square planar

Octahedral


3. The d-orbitals involved in the hybridization may be either inner d-orbitals i.e. (n–1)d or outer d-orbitals i.e., nd. For example, in case of octahedral hybridization, the orbitals may be two 3d, one 4s and three 4p (d2sp3) or one 4s, three 4p and two 4d (sp3d2 hybridization). 

4. Each ligand has at least one orbital (of donor atom) containing a lone pair of electrons.

5. The empty hybrid orbitals of metal ion overlap with filled orbitals of the ligand to form metal-ligand coordinate covalent bonds. 

Be2+   +   4:F ​(   [BeF4]2–

acceptor   donor       tetrahedral geometry (sp3 hybridization)

Cr3+   +   6:H2O (  [Cr(H2O)6]3+

acceptor    donor           octahedral geometry (d2sp3 hybridization)

Spatial Structure and Isomerism in Coordination Compounds

Identical ligands are symmetrically arranged in the space around the central atom. The even coordination numbers 2, 4 and 6 are encountered more often. The following geometrical configurations correspond to them:

For the coordination number 4 and tetrahedral configuration, all the positions of the ligands relative to the central atom are equivalent. Consequently, tetrahedral complexes of the [MA2B2] type (where M is the central atom and A and B are ligands) have no isomers. For square-planar configuration two isomers are possible. 

For example, the complex [Pt(NH3)2Cl2] have two isomeric forms differing in colour, solubility, reactivity, and the way of preparation. In one of the isomers, the chlorine atoms are diagonally opposite (trans-isomer), and in the other one they adjacent to each other (cis-isomer). 

Compound [Pt(NH3)2Cl4] (where the coordination number of the platinum is 6) exists in two isomeric forms differing from each other in their colour and in other properties. In one case, the NH3 molecules are at diagonally opposite corners of the octahedron (trans-isomer), and in the other at adjacent corners (cis-isomer).

Classification of Complex Compounds

The basic types of complex compounds include the following.

Ammines – complexes in which ammonia molecules are the ligands, for instance [Cu(NH3)4]SO4, [Co(NH3)6]Cl3. Complexes similar to the ammines are known in which the role of the ligands is played by amine molecules: CH3NH2 (methylamine), C2H5NH2 (ethylamine), H2NCH2CH2NH2 (ethylenediamine), etc. Such complexes are known as aminates. 

Aquacomplexes contain water as the ligand: [Co(H2O)6]Cl2, [Al(H2O)6]Cl3, etc. 

Acidocomplexes. In these complexes, anions are the ligands. For example, K2[PtCl4], K4[Fe(CN)6], Na2[Sn(OH)4], Na2[Sn(OH)6]. 

Transition series exist between these classes, which include complexes with different ligands. Below is given the transition series between the ammines and Acidocomplexes of platinum (II): [Pt(NH3)4]Cl2, [Pt(NH3)3Cl]Cl, [Pt(NH3)2Cl2], [Pt(NH3)Cl3], and K2[PtCl4]. 

Cyclic or chelate (from the Greek word «chele» – claw) complex compounds contain a bi- or polydentate ligand that grips the central atom, as it were, like the claws of a crab. Chelating ligand is attached by two or more donor atoms to the same central metal ion forming a ring structure. For example, when a bidentate ligand such as ethylenediamine attaches to Cu2+ ion through amino groups and forms a ring structure, it is called chelating ligand. The resulting complex ion [Cu(en)2]2+ is called a chelate. 

Similarly, [Fe(C2O4)3]3– is a chelate in which oxalate ion acts as chelating ligand. The group of chelates also includes intracomplex compounds in which the central atom is part of a ring, forming covalent bonds with ligands in various ways – donor-acceptor bonds and bonds at the expense of unpaired atomic electrons. Complexes of this kind are very characteristic of the aminocarboxylic acids. Their simplest representative is aminoacetic acid (glycine) NH2CH2COOH – it forms chelates with Cu2+, Pt2+ ions, for example:

Complexes are also known with more complicated aminocarboxylic acids and their analogues. Such ligands are known as complexons. The doubly charged anion of ethylenediaminetetraacetic acid in the form of its bisodium salt is called complexon III or B trilon; it produces a complex of the following type with a bivalent metal:

Chelate compounds are extremely stable because their central atom is “blocked”, as it were, by the cyclic ligand. Complexons bond metal cations very strongly. That’s why they are used for softening water, in medicine as antidotes in poisonings with metals. Chelate compounds play a great role in nature. For instance, hemoglobin consists of a complex – heme – bonded to a protein – globin. The central ion in heme is the Fe2+ ion around which four nitrogen atoms are coordinated that belong to a complex ligand with cyclic groups. Hemoglobin reversibly attaches oxygen and carries it from lungs via the blood vessels to all the tissues. Chlorophyll, which participates in photosynthesis processes in plants, has a similar structure, but its central ion is Mg2+. 

All the classes of complex compounds listed above contain one central atom, i.e. they are mononuclear. Complexes are also encountered with a more complicated structure that contain two or more central atoms of the same or different elements. These complexes are known as polynuclear ones. 

Nomenclature of Coordination Compounds (given by IUPAC)

1. Order of naming ions. In ionic complexes, the cation is named first and then the anion (as in NaCl: sodium chloride). Non-ionic comp​lexes are given a one word name.

2. Naming the coordination sphere. In naming the coordination sphere, the ligands are named first and then the central metal ion. 

3. Names of ligands. The names of negative ligands end in –o and names of positive ligands end in –ium. The neutral ligands are named as such. For example:

a) negative ligands end in –o:

b) positive ligands end in –ium:
NO+ – nitrosonium, NO2+  – nitronium, etc;

c) neutral ligands are named as such

NH2CH2CH2NH2 – ethylenediamine, C6H5N pyridine, etc.

However, there are a few exceptions in naming neutral ligands, for example: H2O aquo (aqua), NO nitrosyl, NH3 ammine, CO carbonyl.

4. Order of naming ligands. When more than one type of ligands are present, they are named in alphabetical order of preference without separation by hyphen. For example, in the complex [Co(NH3)4Cl(NO2)]+, the ligands are named in the order: ammine, chloro and nitro. 

5. Numerical prefixes to indicate number of ligands. When more than one ligands of a particular kind are present in the complex, the prefixes di-, tri-, tetra, penta-, hexa-, etc. are used to indicate their num​ber: two, three, four, five and six respectively. 

6. Ending of names. When the complex is anionic, the name of the central metal atom ends in –ate. For cationic and neutral complexes, the name of the metal is written without any characteristic ending. 

[Co(NH3)6]Cl3 Hexaamminecobalt (III) chloride (cationic complex – no characteristic ending).

K[Pt(NH3)Cl5] Potassium amminepentachloroplatinate (IV) (anionic complex is named with ending of the name of the metal as –ate). 

Ca2[Fe(CN)6] Calcium hexacyanoferrate (II).

 It may be noted that for anionic complexes the Latin names of certain metals are commonly used. For example, ferrate for Fe, cuperate for Cu, argentate for Ag, aurate for Au, stannate for Sn, etc. However, if the complex is cationic the name of the metal ia given as such, e.g. iron for Fe, silver for Ag, gold for Au, copper for Cu, etc. For example: K3[Fe(CN)6] – Potassium hexacyanoferrate (III), [Fe(CO)5] – Pentacarbonyl iron (0). 

7. Oxidation state of central metal ion is designated by a Roman numeral in the brackets at the end of the name of the complex without a gap between the two. It may be noted that the gap should be only between cation and anion. The complex part should be written as one word. 

K+14[Ni0(CN)–14]4– – Potassium tetracyanonickelatе (0)

Cu+22[Fe+2 (CN)–16]4– – Copper hexacyanoferrate (II)

[Pt+4(NH3)04Cl–1(NO2)–1]2+SO42– – Tetraamminechloronitroplatinum (IV)

sulfate 

K+1[Ag+1(CN)–12]1– – Potassium dicyanoargentate (I)

[Ni0 (CO)04]0 – Tetracarbonylnickel (0).

Equilibria in the solutions of Complexes. 

Stability of Complex Compounds

The inner and outer spheres of complex compounds differ greatly in their stability. The particles in the outer sphere are bonded to the complex ion mainly by electrostatic forces and are readily detached in an aqueous solution. This dissociation is called primary. It proceeds almost to the end like dissociation of strong electrolytes. The ligands in the inner sphere are much more strongly bonded to the central atom and are detached only to a small degree. The reversible decomposition of the inner sphere of a complex compound is known as secondary dissociation. For example:

[Ag (NH3)2] Cl ( [Ag (NH3)2]+ + Cl–
primary dissociation

[Ag(NH3)2]+ ( Ag+ + 2NH3

secondary dissociation

The dissociation of the [Ag(NH3)2]+ ions obeys the law of mass action and can be characterized by the relevant equilibrium constant, known as the constant of instability of the complex ion:

The instability constants for various complex ions are quite diverse and can be a measure of stability of a complex. The above formula shows that the smaller the concentration of the decomposition products, i.e. the more stable is a complex, the smaller is its instability constant. 

The complex particles that are the most stable in solutions have the lowest instability constants. For instance, among the following compounds of the same kind:

[Ag(NO2)2]–
[Ag(NH3)2]+
[Ag(S2O3)2]3–
[Ag(CN)2]–
K inst 1.3 · 10–3
6.8 · 10–8
1 · 10–13
1 · 10–21
the stability of the complex grows in going from [Ag(NO2)2]- to [Ag(CN)2]-.

Lately, it is preferable practice to use the reciprocal of the instability constant, called the stability constant, to characterize the stability of complex compounds. For the [Ag(NH3)2]+, the stability constant is:
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The values of the instability and stability constants can be used to predict the course of reactions between complex compounds: a reaction will proceed in the direction of the formation of a complex with a greater stability constant or, which is the same, with a smaller instability constant. 

Complex compounds containing polydentate ligands are very stable. For example:

[Cu(NH3)4]2+   [Co(NH3)4]2+   Cu(Gly)2    Co(Gly)2   Cu(EDTA)   Co(EDTA)

 Kinst 8 · 10–13   1 · 10–5          5 · 10–16    3.3 · 10–9  1.6 · 10–19    1 · 10–16

Biologicaly important complexes. Chelation
Cations of d-block metals in the organism are tightly bonded with polydentate ligands, as a rule, with polypeptides or cyclic polydentate ligands – derivatives of porphyrins (e.g. in hemoglobin). In the free state these cations exist only in the blood plasma in negligible amounts. 

In the biological systems the amino acids, proteins and acids of Tricarboxylic acid сycle (Krebs cycle) are the main ligands and the metals involved are iron, magnesium, manganese, copper, cobalt, and zinc. Iron enters the composition of hemoglobin, myoglobin, oxidases, peroxidases, cytochromes. More than 60 biologically active substances contain zinc, e.g. enzymes carbonic anhydrase and carboxypeptidase. Cobalt is in composition of vitamin B12 (cyanocobalamin). 
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Formation and destruction of biological complexes occur constantly in the organism and metal-ligand homeostasis is maintained on the definite level. Metal-ligand homeostasis can be disturbed due to deficiency or excess of biometals cations, entering of toxic metals cations, entering or formation of alien ligands. For example, entering into the organism of such toxic ligand as carbon monoxide leads to the disturbance of hemoglobin function and hemoglobin loses its ability to transport oxygen. Toxicity of d-metals in many cases is explained by the stability of biological complexes formed by them. 

Toxic metals and toxic ligands pollute the environment, enter into the human organisms and disturb metal-ligand homeostasis in the result of anthropogenous activity. Complexing agents are used for removal of metal poisoning. Antidote therapy of poisonings caused by heavy metals cations is based on the formation of stable complexes (chelation) between these metals and special ligands. 
Dimercaprol is an effective antidote for the organic arsenical like lewisite, but can be used for poisoning due to antimony, gold and mercury. 
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2,3-dimercaptopropan-1-ol

    (BAL, dimercaprol)

Penicillamine (dimethylcystein)


Penicillamine is an effective antidote for the treatment of poisonings by copper, mercury and lead. Trilon B (bisodium salt of EDTA) is used for treatment of hypercalcemia, poisoning by calcium compounds. 

In general, chelation can be used for sequestration of metal ions, stabilization of drugs, elimination of toxic metals from intact organisms and also for the improvement of metal absorption. Recently, platinum complex cis [Pt(NH3)2Cl2] known as cisplatin has found use in cancer chemotherapy. 

 Complexometric analysis 
Formation of complex compounds is widely used for qualitative and quantitative determination of different substances. Chelates are often coloured and chelation can serve as qualitative test for compounds capable for chelation, in particular for polyatomic alcohols and amino acids.
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The content of calcium and magnesium ions in water determines the total water hardness (H). The complexometric method of analysis is used to determine the quantity of these ions. It is based on the formation of complex compounds of various metals with the complexones. 

Ethylenediaminetetraacetate should be referred to them and is used in the volumetric analysis as the operating solution. The ethylen​ediaminetetra-acetate is often called B trilon. The reaction takes place in the presence of indicator chromogen black or murexide. Ions of metals (Ca2+ and Mg2+) form a complex with the indicator, which is less stable then a complex formed with B trilon. The complex of metal ion with the indicator is broken down in the process of titration, a new complex with B trilon is formed and the indicator is segregated in a free state. The indicator in the free state and the indicator combined with the metal ion are colored differently.

Me2++H2Ind ( MeInd+2H+; MeInd+Na2H2Y ( Na2MeY+H2Ind


      blue
             red
      red        

   
           blue
As pH (pH = 8–10) influenced the equilibrium of the reaction, the process of titration should be carried out in the buffer solution of ammonia. The water used for everyday necessities of life is suitable if its hardness is not more than 8 mmoles per dm3.

Laboratory work

«Water hardness determination»
The operation process 

1. Fill the burette with the B trilon operating solution.

2. Transfer 5 cm3 of fresh water used for the analysis to the titration flask. Add 2.5 cm3 of ammonia buffer solution and two drops of the indicator.

3. Titrate the water against B trilon solution until the coloration changes from red to blue.

The titration process should last until tree coincided results (values) are obtained. The data should be noted down into the table.
The experimental data processing
1. The calculation of the molar concentration of equivalent of standard solution of B trilon, if: M(Na2H2Y) = ______ and there are m = _____ g in V = ____ cm3 of solution:

2. The calculation of water total hardness (the total sum of mmole equivalents of Ca2+ and Mg2+ ions in one liter of water):

8. Tasks for knowledge control

Find the charge of complexing agent and coordination number in the following compound: [Cr(H2O)4Cl2]Cl

1. Complexing agent is:


a.
Cr; 

b.H2O; 


c.
Cl.

2. The charge of the complexing agent is:


a.
+1; 

b.+2;  


c.
+3.

3. The coordination number is:


a.
2; 

b.4; 


c.
6

 Ans. 1– a; 2 – c; 3 – c.
10. Література: а) основна: 1.
К. Н. Зеленін, В. В. Алексєєв «Хімія загальна й біоорганічна». С.-П. 2003. с. 58-70.


2.
Ю. Л. Єршов, В. А. Попков, А. С. Берлянд і ін. «Загальна хімія. Біофізична хімія», «Хімія біогенних елементів». М. 1993.


3.
А. С. Ленський «Введення в біонеорганічну й біофізичну хімію». М. 1989. с. 219-227.

 б) допоміжна (з урахуванням профілізації): 

1. Завгородній І.В., Сирова Г.О., Ткачук Н.М. та ін. Навчальний посібник: «МЕДИЧНА ХІМІЯ» для студентів вищих навчальних закладів ІV рівня акредитації медичних спеціальностей. – Харків, Екограф, 2010. – 268 стор.

2.
Конспект лекцій.
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Complex compounds





Common parts of complex: outer and inner coordination spheres, complexing agent, ligands





Coordinate bonds





Classification of complex compounds








Stability of complex compounds


Стійкість комплексних сполук





Spatial organization  of complex compounds








Nomenclature of complex compounds


Номенклатура комплексних сполук





Biocomplexes





Complexonometry





Chelatotherapy  








_1335121731.unknown

_1335121988

_1335106959

_1335107009

