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PART 13 
ELEMENT GROUPS AND THEIR BIOLOGICAL ROLE

I. ELEMENTS OF VII GROUP (HALOGENS)

I.I. GENERAL CHARACTERISTICS OF GROUP VII

Elements F, Cl, Br and I belong to the group of halogens. The properties of any element are determined by the electron configuration of the outer electron shell. All of the halogens have an electron configuration s2p5 at the outer electron shell. This electron configuration determines the possible valences and oxidation numbers of the elements. As only one electron is needed to form a complete 8-electron outer shell, the first possible oxidation number of halogens is -1, which is carried out by gaining of one electron from another atom.

For fluorine F this is the only possible oxidation number, as fluorine is the most electronegative element and doesn't loose electrons in any chemical reactions.

Other halogens can have oxidation numbers: -1, +1, +3, +5 and +7. The positive oxidation numbers can be found from the electron configuration, taking into account, that an empty d-electron sublevel exists in the atoms of Cl, Br and I.

Oxidation number +1

Ground state electron configuration of all halogen atoms is [image: image1.wmf] [image: image2.wmf][image: image3.wmf][image: image4.wmf] .Thus, at ground state they have one unpaired electron which can be shifted towards oxygen in the oxygen-containing halogen compounds carrying out the oxidation number +1. Oxidation number of halogen atoms is+1 in the following halogen compounds :

oxides



Cl2O, Br2O, I2O,

corresponding acids

HClO, HBrO and HIO
salts of these acids e g 

KClO, NaBrO or KIO
Oxidation number +3

Oxidation number +3(and covalence 3) is carried out from the 1st excited state, using the empty d‑sublevel, for example, in the case of Cl:
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As one can see, there are 3 unpaired electrons in the first excited state. These 3 electrons can be used to form 3 covalent bonds. In oxygen-containing compounds of halogens these three electrons are shifted towards oxygen atoms and the oxidation number of halogen atom becomes +3. This oxidation number of halogen atoms is observed in the following compounds:

oxides



Cl2O3, Br2O3 and I2O3
acids



HClO2, HBrO2 and HIO2
salts of these acids e.g.

KClO2, NaBrO2 or KIO2.

Oxidation number +5

The oxidation number +5 is carried out from the 2nd excited state of halogen atoms, for instance:
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At the 2nd excited state halogen atoms have 5 unpaired electrons and can therefore form 5 covalent bonds In oxygen-containing halogen compounds all the 5 electrons are shifted towards oxygen atoms andthe oxidation number of halogen atom becomes +5. Oxidation number +5 is observed in the following halogen compounds:
oxides


Cl2O5, Br2O5 and I2O5,

acids


HClO3, HIO3 and HBrO3,

their salts e.g.

KClO3, NaBrO3 or LiIO3.

Oxidation number +7

The oxidation number +7 is carried out from the 3rd excited state (which is allowed for Br and I, but not Cl, see chapter II of Part 11):
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In the 3rd excited state Br and I have 7 unpaired electrons and they can realize the oxidation number +7 and the covalence 7.

For Cl covalence 7 is not allowed, it realizes the oxidation number +7 by complete loss of one electron, which is transferred to oxygen atom, therefore the structural formulas of acids, corresponding to the oxidation number +7 are different for Br or I and for Cl:
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The covalence of Cl cannot be greater than 6, therefore one electron is completely transfered to one of the four oxygen atoms and therefore one of the bonds between Cl and O is ionic In fact, the electron is shared by all the four oxygen atoms and all the bonds between Cl and O are equal -partly covalent, partly ionic. As one can see from the structure of HClO4, the number of covalent bonds formed by Cl atom is 5 

For Br covalence 7 is allowed, therefore all the bonds between Br and O are covalent and the number of covalent bonds formed by Br atom is 7.

Oxidation number +7 is observed in the following compounds of halogens:

oxides



Cl2O7, Br2O7 and I2O7,

acids



HClO4, HBrO4 and HIO4.

salts of these acids e.g.

KClO4, NaBrO4 or NaIO4.
REACTIONS OF HALOGENS WITH WATER AND ALKALIS 

The “usual” halogens Cl2, Br2 and I2 react with water, forming two acids at the same time:
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Here one can see an example of disproportionation  of halogens.

Disproportionation is a phenomenon, that some atoms of an element loose electrons and the electrons are transferred to other atoms of the same element. In such a way, part of the atoms of the same element obtain a more positive oxidation number, and part - a more negative oxidation number.

In our example a part of Cl atoms, having initially an oxidation number 0 loose electrons and obtain an oxidation number +1, forming the compound HClO and another part of Cl atoms gain electrons obtaining an oxidation number -1 and forming the compound HCl.

Reactions of “usual” halogens Cl, Br and I with alkalis also include disproportionation. At room temperature the reaction products are salts of the acids HCl and HClO:
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At a higher temperature other products are formed:

[image: image11.wmf]3Br  + 6KOH        5KBr  + KBrO   + 3H  O

Br  + e         Br

-

o

-

Br  -5e  +6OH          BrO   + 3H  O

o

-

-1

+5

2

2

3

3

2

-

5

-

t

o


Fluorine F is an exception in the group of halogens, as it cannot have any positive oxidation numbers. Its reaction with water is different for this reason:

2F2 + H2O => OF2 + 2HF
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The product of this reaction OF2. OF2 is oxygen fluoride and not an oxide of fluorine, as fluorine has a negative and oxygen - a positive oxidation number in this compound. OF2 reacts further with water, liberating oxygen:

OF2 + H2O => 2HF + O2
therefore the summary reaction of F with water is:

2F2 + H2O => 4HF + O2
I.2. BIOLOGICAL ROLE OF HALOGENS

Fluorine  in little amounts is present in all the tissues of the organism. The greatest amount of fluorine is observed in bones and teeth. Fluoride ion in teeth and bones replaces OH- ions in the structure of hydroxyapatite Ca10(PO4)6(OH)2 forming fluorapatite Ca10(PO4)6F2, which is harder and less soluble in water, than hydroxyapatite and therefore replacement of some part of hydroxyapatite by fluoroapatite is necessary to make the tooth enamel more resistant against action of acids.

The role of fluoride-containing toothpastes is the replacing of OH- by F- and hardening of tooth enamel. If there is a lack of F- in food and water, tooth enamel is less protected against caries. If there is too much fluorine, a disease called fluorosis  can begin - brown spots are observed in the dental enamel.

Chlorine is present in the organism in the form of chloride ion in blood serum, tissues etc. Its main role is keeping of the osmotic pressure of biological liquids constant.

Iodine. The amount of I in the organism is about 25 mg. It is present in the thyroid gland hormone tyroxine.

I.3. MEDICAL APPLICATIIONS OF HALOGENS 
AND THEIR COMPOUNDS

1. Chlorine. Diluted HCl solution is used per os  in cases, when the acidity of stomach is too low. HCl stimulates the functioning of pancreas, and has also an anti-microbe action.

NaCl is used as an isotonic solution for injections or as a hypertonic solution on purulent wounds. 

Calcium hypochlorite CaOCl2 , which is formed in a reaction between chlorine and calcium hydroxide:

Ca(OH)2 + Cl2 =>CaOCl2 + H2O

and has a structural formula:

[image: image13.wmf]Ca

OCl

Cl

+1

-1


 is used for disinfection.

2. Fluorine. NaF and KF are used as tablets for children lacking of fluoride in the teeth.

3. Iodine. Iodine is used in the form of 5% or 10% solution for disinfection of wounds and skin, or intravenously to prevent aterosclerosis.

Water solution of iodine with KI and with or without glycerin called Lugole solution is used for the treatment of throat inflammations. Iodine in a KI solution forms a complex compound:

KI + I2 => KI3,

and iodine becomes better soluble in water when involved in this complex.

KI is used in the treatment of throat and eye inflammations.

Iodine-containing compounds absorb X-rays, therefore they are used as contrast compounds at X-ray observation of liver, kidneys and bile ducts.

Radioactive I131 is used for functional diagnostics of thyroid gland and for irradiation of malignant tumors.

II. ELEMENTS of VI GROUP (THE OXYGEN SUBGROUP)

II.1. GENERAL PROPERTIES OF oxygen subgroup ELEMENTS

Elements oxygen O, sulphur S, selenium Se tellurium Te and polonium Po (which is a radioactive element and will not be further discussed) belong to this group. The electron configuration of the outer electron shell for this group of elements is s2p4, having 6 electrons in the outer shell:

[image: image14.wmf] [image: image15.wmf][image: image16.wmf][image: image17.wmf]
Oxygen  O is an exception in this group, as it is the second most electronegative element (after F) in the whole periodic table and therefore its properties are specific. Covalence of oxygen using the exchange mechanism is always equal to 2, as oxygen is a 2nd row element (and therefore has no d-sublevel) and no unpairing of electrons is possible. When forming donor-accepter bonds oxygen can expand its covalence up to 4, if it uses its 2 unshared electron pairs and acts as a donor.

Oxidation number of oxygen is always -2, except the few compounds of oxygen with fluorine, where O has oxidation number +2. The most important property of oxygen is its ability to form oxides - almost all the other elements of the periodic table react with oxygen forming oxides. According to the great electronegativity of oxygen, all the elements have positive oxidation numbers in their oxides.

PROPERTIES OF S, Se and Te
These elements can have valences and oxidation numbers, corresponding to their electron configuration. As well as oxygen, at the ground state these elements are able to form compounds with covalence 2, because they have 2 unpaired electrons at the ground state.

The electron configurations of S, Se and Te at ground state and the possible excited states are as follows:
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first excited state
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second excited state
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At the ground state all these elements are able to gain two electrons reaching oxidation number -2 .Hydrogen compounds of the VI group elements H2S, H2Se and H2Te are formed in such a way.

As one can see, from the first excited the elements can form 4 covalent bonds. It is observed in oxygen-containing compounds of the elements where the common electron pairs are shifted tuwards oxygen atoms, therefore the oxidation number of S, Se and Te is +4 . Oxidation number +4 is observed in the following componds:

oxides SO2, SeO2 and TeO2
acids H2SO3, H2SeO3 and H2TeO3, corresponding to these oxides

salts of these acids, e.g.Na2SO3, K2SeO3 and Li2TeO2.

From the second excited state the compounds with oxidation number +6 are formed, such as the oxides

SO3, SeO3 and TeO3
the acids, corresponding to these oxides:

H2SO4, H2SeO4 and H2TeO4 and the salts of these acids, e.g.

CaSO4, Na2SeO4 and K2TeO4
HYDROGEN COMPOUNDS OF VI GROUP ELEMENTS

Hydrogen compounds of VI group elements are H2O, H2S, H2Se, H2Te. All these compounds are weak acids. The acid strength grows in the direction from H2O to H2Te. This could seem unexpected, because the electronegativity of elements grows in the direction from Te to O. The reason of the opposite character of acid strength is the growth of polarizability of molecules with the growth of atom size from O to Te (see chapter “Polarization” from the part “Covalent bond”).

Salts of H2S, H2Se and H2Te are called sulfides, selenides and tellurides respectively.

OXYGEN - CONTAINING COMPOUNDS

Oxygen-containing compounds of VI group elements are [image: image45.wmf]+4
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 type oxides, corresponding acids and their salts.

Acids, corresponding to XO3  type oxides are H2SO4, H2SeO4 and H2TeO4 and their salts sulfates, selenates and tellurates. The acid strength increases from H2TeO4 to H2SO4. H2TeO4 is a weak acid, H2SeO4 is rather strong and H2SO4 is a very strong acid.

Along with all the usual acid properties, concentrated H2SO4 has oxidizing properties and the oxidation number of S is changed in some reactions of concentrated H2SO4:

Cu + 2H2SO4 (conc.) => CuSO4 + SO2 + 2H2O




| Cu° - 2e- => Cu2+



| 4H+ + [image: image47.wmf]+6
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The acids, corresponding to XO2 type oxides are H2SO3, H2SeO3 and H2TeO3, their salts are called sulfites, selenites and tellurites.

As the oxidation number +4, that is observed in these compounds, is a medium oxidation number of these elements, the compounds in which the oxidation number of VI group elements is +4 can react both as oxidizing and as reducing agents, for instance:

as reducing agent:
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An example of a full reaction equation for this case can be: 

2KMnO4 + 5Na2SO3 + 3H2SO4 => 5Na2SO4 + 2MnSO4 + K2SO4 + 3H2O
as oxidizing agent:
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S

O

3

2-

 +4e- +6H+ => S° + 3H2O

An example of a full reaction for this case can be 

2H2S + H2SO3 => 3S + 3H2O

II.2. BIOLOGICAL ROLE OF VI GROUP ELEMENTS AND MEDICAL USE OF THEIR COMPOUNDS 

The main role of oxygen is, of course, its use for the oxidation processes in the living organisms.

Use of VI group elements in medicine:

oxygen
oxygen itself - for respiration in the cases of heart or lung insufficiencies, in poisoning of the organism with some gases.

ozone O3.- for disinfection of air. Too high concentrations of ozone are not recommended, because of its toxicity.

hydrogen peroxide H2O2 - in 3% or 30% solutions for disinfection, stopping of bleeding, in high concentrations - for cauterization, as a depigmentating agent in dermatology.

SULFUR

Biological role 

Sulfur is contained in several amino acids - methionine, cystine and cysteine in the form of ‑SH groups or ‑S‑S‑ (disulfide) bridges. Disulfide bridges are involved in the stabilization of the tertiary structure of proteins. Sulfur is also involved in some oxidation-reduction processes in the organisms.

Use in medicine:

The main compounds of sulphur, used in medicine are:

Na2S2O3 - sodium thiosulfate. A 30% solution of this compound is used for injections because of its anti-toxic and anti-inflammation properties. For instance, in case of poisoning of the organism by cyanides thiosulfate is the only agent, that can help - at introduction of thiosulfate the following reaction occurs:

KCN + Na2S2O2 => KSCN + Na2SO3
and the extremely poisonous cyanide ion is converted into a rodanide ion SCN-, which is not poisonous.

Pure sulfur is used in dermatology. Active and highly disperse pure sulphur is obtained in a reaction between a diluted HCl and thiosulfate:

Na2S2O3 + 2HCl => 2 NaCl + S + H2O + SO2
The reaction is carried out directly on the skin of patient.

SELENIUM.

The biological role of Se is not yet very well studied. It is present in relatively large amounts in heart, liver, kidneys, hypophysis and eyes. Selenium is proved to be present in the part of the eye, which is responsible for the vision act and which transfers the solar energy into the electrical potential of the eye.

Use in medicine

Compounds of Se are toxic, but, nevertheless, some of them are infused into organism by means of electrophoresis. The so-called sulsen soap, that is used for treatment of skin diseases of the head, contains selenium and sulfur.

III. ELEMENTS OF III GROUP OF PERIODIC SYSTEM

III.1. GENERAL CHARACTERISTICS OF GROUP III ELEMENTS

Elements boron B, aluminium Al, gallium Ga, indium In and thallium Tl belong to this group. All of them have an electron configuration s2p1 in the outer shell. The last three elements In, Ga and Tl greatly differ in properties from B and Al and their biological role is not important, therefore only the first two elements B and Al will be discussed.

Both Al and B have their “normal” (exchange-mechanism) covalence 3, as they form compounds from the excited state [image: image52.wmf] [image: image53.wmf][image: image54.wmf][image: image55.wmf] and their oxidation number in all compounds is +3. Donor-accepter mechanism allows to expand the covalence of B up to 4 (because B is a second-row element), which is carried out, for instance, in [image: image56.wmf]BF
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BF3 + KF => K[BF4]
and covalence of Al up to 6 (Al is a third-row element and therefore has an empty d-sublevel). Covalence 6 of Al is carried out in the complex compounds of Al, for instance, in [Al(OH)6]3- ion:

Al(OH)3 + 3KOH => K3[Al(OH)6]

The oxides of Al and B are:

B2O3 - acidic oxide, corresponding acid H3BO3
Al2O3 - amphoterous oxide, corresponding amphoterous base Al(OH)3.

Boric acid is a weak acid, it reacts with alkalis, but this reaction is specific. In reactions between boric acid and alkalis salts of another (tetraboric) acid are formed:

4H3BO3 + 2NaOH => Na2B4O7 + 7H2O

(the obtained salt is called sodium tetraborate)

Aluminium hydroxide is amphoterous - it reacts both with acids:

Al(OH)3 + 3HNO3 => Al(NO3)3 + 3H2O

and with alkalis:

Al(OH)3 + 3KOH => K3[Al(OH)6]

III.2. BIOLOGICAL ROLE OF BORON AND ALUMINIUM

Boron is an important microelement in the living organisms. Compounds of boron are present in teeth, muscles, bone brain, liver and thyroid gland. It is pro-posed, that the presence of boron accelerates the growth and development of the organism. The compounds of boron are also involved in carbohydrate and phosphate exchange, they also stimulate secretion of insulin.

Aluminium in great amounts causes a disease called aluminosis.

III.3. MEDICAL APPLICATIONS OF BORON AND ALUMINIUM COMPOUNDS

BORON

Boric acid H3BO3 has an antiseptic action. It is used in liniments or as a 2-3% solution for gargling or as eye or nose drops.

Borax (a trivial name of sodium tetraborate) Na2B4O7 has an anti-microbe action and it is also used as solution.

ALUMINIUM

double salt KAl(SO4)3 is used for cauterization (as solid salt).

AlOH(CH3COO)2 - the basic aluminium acetate - as an 8% solution it is used for the treatment of inflammations, also in stomatology.

Al2(SO4)3 is used for water purification. Aluminium sulfate in is greatly hydrolyzed in its very diluted solutions:

Al2(SO4)3 + 6H2O => Al(OH)3 + 3H2SO4
and the formed Al(OH)3 adsorbs the admixtures, that are present in water. Nowadays the abuse of great amounts of Al for these purposes is discussed, as in many countries overdoses of Al in drinking water have caused harm.

IV. ELEMENTS OF IV GROUP 
OF PERIODIC SYSTEM

Elements carbon C, silicon Si, germanium Ge, tin Sn and lead Pb belong to this group. Electron configuration of the outer electron shell of these elements is s2p2. As the result, the oxidation numbers +2, +4 and -4 (in the compounds with hydrogen) and, consequently, two main covalences 2 and 4, are possible for group IV elements.

Covalence 2 and oxidation number +2 is formed from the ground state configuration [image: image57.wmf] [image: image58.wmf][image: image59.wmf][image: image60.wmf], where 2 unpaired electrons are present, but the oxidation number +4 is formed from the excited state configuration [image: image61.wmf] [image: image62.wmf][image: image63.wmf][image: image64.wmf] (4 unpaired electrons).

Table 13.1.Oxides (and their properties) and hydrogen compounds 





of IV group elements.

	Oxides 

(+2)
	Properties of oxides, corresp.

acids/bases
	Oxides (+4)
	Properties of oxides, corresp. acids/bases
	Hydrogen compounds

	CO
	salts not forming oxide
	CO2
	acidic  H2CO3
	CH4

	SiO
	salts not forming oxide
	SiO2
	acidic H2SiO3
	SiH4

	GeO
	amphoterous H2GeO2
Ge(OH)2
	GeO2
	amphoterous H2GeO3

Ge(OH)4
	GeH4

	SnO
	amphoterous H2SnO2

Sn(OH)2
	SnO2
	amphoterous H2SnO3

Sn(OH)4

	SnH4

	PbO
	amphoterous

 H2PbO2 Pb(OH)2
	PbO2
	amphoterous H2PbO3 Pb(OH)4
	PbH4


Oxides with both possible oxidation numbers and hydrogen compounds of the group IV elements are shown in table 1.

When discussing the properties of oxides, one has to take into account, that the basic (metallic) properties of the elements increase with the increase of atom size (it means in the direction down by periodic table), because in this direction the ionization energy grows smaller (electrons of the outer shell are farther from the nucleus and more inner shells lie between the nucleus and the outer one).

The elements C and Si are non-metals, elements Ge, Sn and Pb are amphoterous metals.

IV.2. BIOLOGICAL ROLE OF IV GROUP ELEMENTS

Carbon

Carbon is the main element in all the organic compounds, therefore the content of carbon in the organism exceeds 21.15% of the total organism mass. However, inhalation of carbon dust causes a disease called antracosis (as well, inhalation of silicon dust causes silicosis).

Both these diseases are professional diseases and lead to a decrease of the breathing surface of lungs, that is initially felt as bronchitis, later as sclerosis. They cause changes in the whole organism and are felt as pains in the heart and lung area.

Lead Pb

Lead and its compounds are very poisonous. They penetrate into the organism through food and breathing.

Lead carbonate and sulfate are well soluble in HCl, which is present in stomach. Lead is very slowly excreted from the organism, therefore in the cases of poisoning it accumulates in the bones, liver, kidneys and causes a chronic poisoning.

Historically, while precise chemical analysis were not used in criminalistics, lead acetate was used for a slow and gradual poisoning, by adding it to sugar, as it has a sweet taste. For this reason it was called “legatee’s sugar”, as quite often old rich people were killed by their legatees by using this “method”.

IV.3. MEDICAL USE OF THE COMPOUNDS OF IV GROUP ELEMENTS

Carbogen is a mixture of gases (5-7% of CO2 + oxygen), used for respiration at a poisoning by CO and H2S and during surgical operations, as it stimulates the respiration center.

NaHCO3 - sodium hydrocarbonate (trivial name - baking soda) is used as an antacid (acidity-decreasing) mean. Solutions of sodium hydrocarbonate are also used to treat the inflammations of ears and throat.

PbO - lead oxide is used to make “lead plasters” for the treatment of purulent skin inflammations.

Pb(OH)CH3COO - basic lead acetate in its water solution (called “lead water”) has anti-inflammatory action.

SiO2 is included into the composition of many dental cements.

V. ELEMENTS OF V GROUP OF PERIODIC SYSTEM

V.I. GENERAL CHARACTERISTICS OF V GROUP ELEMENTS

Elements nitrogen N, phosphorus P, arsenic As, antimony Sb and bismuth Bi belong to this group.

The outer shell electron configuration of V group elements is s2p3 or [image: image65.wmf] [image: image66.wmf][image: image67.wmf][image: image68.wmf]
The first two elements - N and P are typical non-metals, As and Sb are amphoterous, but Bi is a metal. The electron configuration of these elements is s2p3 in the outer shell.

The typical oxidation numbers of these elements are:

-3
- in compounds with hydrogen),

+3
- if the three p-electrons are lost and

+5
- if all the five electrons are lost.

According to these oxidation numbers, the typical oxides of these elements are R2O3 (oxidation number +3) and R2O5 (oxidation number +5) type.

The usual oxides (with oxidation numbers +3 and +5) of V group elements and the acids or bases, corresponding to them, are shown in the table 13.2.

As about the covalence, the V group elements have their usual covalence 3, using the three unpaired electrons. Covalence 4 can be achieved, using the remaining unshared electron pair - thus, V group elements can act as donors.

All the V-group elements, except nitrogen, can expand their valence still more, as they have empty d-orbitals.

Table 13.2. Oxides, hydrogen compounds, acids and bases, 

formed by group V elements

	Oxides 

(+3)
	Properties of oxides, corresp.

acids/bases
	Oxides (+5)
	Properties of oxides, corresp. acids/bases
	Hydrogen compounds

	N2O3
	acidic: 

HNO2- nitrous acid
	N2O5
	acidic: 

HNO3 - 

nitric acid.
	NH3

	P2O3
	acidic:

HPO2 (meta-)

H3PO3 (orto-) phosphorous acids
	P2O5
	acidic:

HPO3 (meta-) H3PO4 (orto-)

phosphoric acids
	PH3

	As2O3
	amphoterous

HAsO2 (meta-) H3AsO3 (orto-)

As(OH)3
	As2O5
	acidic:

HAsO3 (meta-)

H3AsO4 (orto-)
	AsH3

	Sb2O3
	amphoterous:

HSbO2,(meta-) H3SbO3 (orto-)

Sb(OH)3
	Sb2O5
	acidic:

HSbO3 (meta-)

H3SbO3 (orto-)
	SbH3

	Bi2O3
	basic:

Bi(OH)3
	Bi2O5
	acidic:

HBiO3
	BiH3


EXCEPTIONAL PROPERTIES OF N IN V GROUP

Nitrogen N can have a covalence 3 using the exchange mechanism and its valence can be expanded up to 4 using the donor-accepter mechanism. 

As a 2nd row element, nitrogen has no d‑orbitals, therefore its covalence cannot be expanded further.It is the reason, why nitrogen cannot form orto acids (nitric acid is always HNO3, while phosphorus can form two acids metaphosphoric HPO3 and ortophosphoric H3PO4 with the same oxidation number +5) - nitrogen just cannot be 5-valent.

Nitrogen has some other exceptional properties, too - it forms more oxides, than other elements of the group - oxides N2O (+1), NO (+2), N2O3 (+3), NO2 (+4) and N2O5 (+5) are known.

V.2. BIOLOGICAL ROLE OF NITROGEN AND PHOSPHORUS

Nitrogen is one of the six elements, that form the main mass of the human organism - it is included in the structures of biologically active compounds like proteins, vitamins, enzymes etc.

In vegetable kingdom the binding of nitrogen from nitrates and air is carried out with the help of an iron- and molybdenum - containing enzyme called nitrogenase.

Phosphorus is contained in all the living organisms of the Earth, where it is present in the form of phosphates in nucleic acids, and in the form of calcium phosphate in bones, teeth and brain. The exchange of phosphorus in the human organism is conjugated with the exchange of calcium.

Adenosinetriphosphoric acid ATP is the main accumulator of the free energy in the living organisms and the thermodynamically forbidden processes in the human organism are carried out, using the free energy decrease, that occurs at the hydrolysis of ATP (see part “Chemical thermodynamics”). For instance, protein synthesis is carried out in such a way.

Many compounds (such as fatty acids, proteins, carbohydrates) form biologically active compounds with phosphates - nucleoproteids, phosphoproteids, phospholipids etc.

Presence of phosphorus stimulates development of bones, teeth and blood vessels. The daily consumption of phosphorus should normally be around 1.3 g.

The main component of teeth enamel is hydroxyapatite Ca10(PO4)6(OH)2, ion which a little part of OH- ions must be replaced by fluoride ions F-, forming fluorapatite Ca10(PO4)6F2, which is harder and about 106 times less soluble than hydroxyapatite.

V.3. MEDICAL APPLICATION OF NITROGEN AND PHOSPHORUS COMPOUNDS

Liquid nitrogen is used as a cooling agent (its boiling temperature is -198°C) for the treatment of some skin diseases.

N2O called oxidul is used for anesthesia (a gas mixture, containing 20% oxygen and 80% N2O) and also for pain preventing in cases of severe traumas, during childbirth and in myocardial infarction.

NH4OH - ammonium hydroxide solution is used for inhalations, as it excites the receptors of the upper respiratory tract and the central nervous system, it is also used for washing of surgeon’s hands before operations and added to some disinfecting solutions for sterilizing of surgical instruments.

NaNO2 - sodium nitrite is used in cardiac spasms and cerebral bloodvessel spasms. Nitrite is also one of the counter-poisoning agents against poisoning with CO and cyanides.

NH4Cl ammonium chloride is used as an expectorating agent and as a diuretic agent.

HNO3 is used as a cauterizing agent.

P32 - the radioactive isotope of phosphorus is used for diagnostics and for irradiations in oncology.

Organic compounds of phosphorus (such as calcium gluconate, calcium glycerophosphate, lypocerebrin, phytin) are used for stimulation of blood flow and for stimulation of nervous system at overstrain.

V.4. BIOLOGICAL ROLE OF ARSENIC AND BISMUTH

Compounds of arsenic are very poisonous, but, nevertheless, arsenic is an important microelement, which in very small amounts is necessary to living organisms.

Arsenic can be accumulated in different organs, but it is preserved for long in hair and bones. This fact is used in criminalistics, even after a longer time period after death of a person it is possible to check, if the person has been poisoned by arsenic.

Positive biological role of arsenic is, that it as a microelement stimulates blood generation and hemoglobin synthesis, it is also necessary for carrying out of some oxidation-reduction processes.

As to bismuth, its biological role is not quite clear, but some of its compounds have medical use, see below.

V.5. MEDICAL USE OF ARSENIC AND BISMUTH COMPOUNDS

As2O3 is used in dentistry for devitalization of dental pulp, as it causes necrosis of tissues. It is used (in very small amounts!) in anemia and overstrain.

NaAsO2 - sodium arsenite solution (called - liquor Fowleri) is used internally in anemia and overstrain.

Na2HAsO47H2O is used in mild cases of anemia, as it stimulates generation of erythrocytes.

BiONO3 - the basic bismuth nitrate is used internally as an antacid and as an antiseptic mean in the cases of gastric inflammation or gastric ulcer.

Bi2O3 is included in the filling materials for teeth.

VI. ELEMENTS OF I GROUP OF PERIODIC SYSTEM (ALKALINE METALS)

VI.1. GENERAL PROPERTIES OF Ist GROUP ELEMENTS

Alkaline metals lithium Li, sodium Na, potassium K, rubidium Rb and cesium Cs belong to the 1st group of the periodic system. Fr also belongs to this group, but it will not be discussed, as it is a radioactive element.

All these elements have an electron configuration s in the outer shell - just one electron is present there. For this reason these elements lose their only electron very easily (they have very little ionization energies) and the ionization energy decreases in the direction from Li to Cs - as the atom size increases, the s-orbital of the outer electron shell is situated farther from the nucleus and more inner shells of electrons shield the attraction force of nucleus.

In such a way, the only possible valence of alkali metals is +1. Expanding the valence by use of donor-accepter mechanism, Li can have covalence 4 (as it is a 2nd row element), others can have greater covalences. These additional covalences are used for hydration of ions (for complex-formation with water molecules).

All these metals have just one type of oxides - Me2O type and MeOH type hydroxides, that are strong alkalis, correspond to these oxides.

However, the oxides of alkaline metals (except Li) are not directly formed in the reactions of metals with oxygen. In the reactions of alkaline metals with oxygen peroxides are formed (because alkaline metals are so very active):

2Na + O2 => Na2O2
Oxides of alkaline metals can be obtained from their peroxides in reactions with metal, e.g.

Na2O2 + 2Na => 2Na2O

Alkaline metal peroxides react with water, forming alkaline metal hydroxides and hydrogen peroxide:

Na2O2 + H2O => 2NaOH + H2O2
The alkaline metals themselves react with water, forming hydroxides and hydrogen:

2Na + 2H2O => 2NaOH + H2
Alkaline metal hydroxides are the strongest possible bases and completely dissociate in water.

VI.2. BIOLOGICAL ROLE OF I GROUP ELEMENTS

Sodium Na is the most important element of the intercellular space. It is present in all the biological liquids. Daily consumption of sodium is 4-7 grams. The permeability of cell membranes against K+ is much greater than against Na+, the therefore concentration of K+ is grater inside the cells, but of Na+ - in blood plasma. This phenomenon is the reason for the formation cell membrane potential, which, on its turn, carries out the transfer of nerve impulses.

Presence of sodium ions increase the swelling of proteins, therefore the consumption of sodium has to be reduced, if it is necessary to prevent dropsy - at a reduced presence of sodium the amount of non-bonded water increases and it is excreted from the organism by urine.

Potassium K is included in tissues and organs. It is the main intracellular element. Potassium ions are involved in the synthesis of proteins, in the exchange of carbohydrates, they are included in structures of some enzymes. K+ ions together with Na+, [image: image69.wmf]HCO
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 and Cl- ions act in the water- salt and acid-base balances of organisms.

VI.3. COMPOUNDS OF ALKALINE METALS, USED IN MEDICINE

NaCl. The use of NaCl is due to its osmotic effects:

1) isotonic solution (0.9% NaCl), called also physiological solution, is used for dilution or dissolution of medicines before injections and in some cases as a simple blood replacer.

2) hypertonic solution (3-10%) is used for dehydration of cells at treatment of sore throat and purulent wounds.

NaHCO3 - the baking soda. Used as an antacid (to reduce acidity in stomach), for rinsing of mouth and eyes in cases of inflammations, for neutralization of acids, occasionally poured on skin at accidents.

KCl is used in hypokaliemia (reduced content of potassium ions in organism), observed after vomiting, diarrhea.

Li2CO3 is used in psychiatry to decrease excitation of the central nervous system.

VII. ELEMENTS OF II GROUP 
OF PERIODIC SYSTEM

VII.1. GENERAL PROPERTIES OF II GROUP ELEMENTS

Elements beryllium Be, magnesium Mg, calcium Ca, strontium Sr and barium Ba belong to this group. Their electron configuration of the outer shell is s2, therefore they can loose 2 electrons and their only possible oxidation number is +2. The covalences of these elements are 2 when using the exchange mechanism and it can be expanded up to 4 for Be (as a 2nd row element) and still more for the other elements. The ionization energy of II group elements is higher than of I group elements. II group elements differ rather much in their properties - Ca, Sr and Ba, that are positioned lower in the periodic system, posses very typical metallic properties, their hydroxides are strong bases (therefore these elements are called alkaline earth metals). Thus, the oxides CaO, SrO and BaO are typical basic oxides. The elements Ca, Sr and Ba can react with water or with acids e.g.

Ca + 2H2O => Ca(OH)2 + H2 and

Ca + 2HCl => CaCl2 + H2,

but not with bases.

Beryllium Be is an amphoterous element, its oxide BeO is an amphoterous oxide and both acid H2BeO2 and base Be(OH)2 correspond to this oxide. Beryllium as a free element can react both with acids:

Be + 2HCl => BeCl2 + H2
and with bases:

Be + 4NaOH => Na2[Be(OH)4]+ H2
Magnesium Mg is not amphoterous, but its hydroxide is a weak base and is practically insoluble in water.

VII.2. BIOLOGICAL ROLE OF IInd GROUP ELEMENTS

Calcium is included in every cell of the living organisms. Daily consumption of calcium is 0.8 - 0.9 grams and it is uptaken from milk, vegetables and corn products. Exchange of calcium in the organism is controlled by vitamin D and the hormone of thyroid gland called tyroxine.

Ca is the main component of bone and teeth tissues, in which it appears in forms calcium of phosphate Ca3(PO4)2 (to be more precise, in a form of hydroxyapatite or fluorapatite, see the chapter on V group elements) and calcium carbonate CaCO3. The mineralization degree and the endurance of these tissues depends on calcium content.

Calcium ions act in

transfer of nerve impulses,

muscle contraction,

regulation of heart rhythm,

process of blood coagulation.

Presence of calcium decreases the excitability of central nervous system, therefore its lack in the organism results in spasms.

Calcium ions have an influence on the acid-base balance and the action of endocrine glands.

Calcium ions have anti-allergic and anti-inflammation action.

Strontium Sr is present in bones. It is very important for development and durability of the dental enamel and in bone formation.

Replacement of Ca by the radioactive isotope of Sr in bones is dangerous, as the radioactive Sr has a very great half-life period and the prolonged internal irradiation can cause leucosis or bone sarcoma.

Magnesium Mg is contained in the enzymes, that are involved in the exchange of phosphates and carbohydrates, for instance, it is a component of the enzyme called carboxylase, which slows down the heart rhythm.

Depending on the concentration, Mg ions can both stimulate or slow down the transfer of nerve impulses.

Mg ions oppress the brain centers of respiration regulation and bloodvessels, thus decreasing the arterial blood pressure. Mg ions also stimulate the excretion of cholesterol from the organism, the peristalsis and the secretion of bile.

VII.3. COMPOUNDS OF II GROUP ELEMENTS IN MEDICINE

CaCl2 is used in injections or as a solution per os as an anti-allergic and anti-inflammation agent, for increase of blood coagulation, it is also used internally after bone fractures.

CaSO41/2H2O - gypsum is used for bone fixing after bone fractures.

CaCO3 calcium carbonate is a component of toothpastes, it is used also as an antacid to decrease the acidity in stomach.

MgSO4 - magnesium sulfate is used

1) as purgative (as a solution per os),

2)intravenously as a hypotensive (for decreasing blood pressure) and as a sedative,

3) at chronic poisoning by mercury, as a spasmolytic mean.

MgO is used as an antacid.

BaSO4 barium sulfate is used as a contrast material for stomach X-ray diagnostics, as it is insoluble in the HCl, present in the stomach. It is impossible to use barium carbonate (which is also also water-insoluble) for these purposes, as BaCO3, in contrary to BaSO4 is soluble in HCl due to the reaction:

BaCO3 + 2HCl => BaCl2 + H2O + CO2
and barium ions are very poisonous!

VIII. d- ELEMENTS ,THEIR BIOLOGICAL ROLE AND MEDICAL APPLICATION

Elements, having a partly filled d-electron sublevel, are called d‑elements. We will shortly discuss only some of the groups of d‑elements, mentioning their most important properties.

VIII.1. ELEMENTS OF Cu SUBGROUP

To this subgroup belong the elements copper Cu, silver Ag and gold Au.

According to the partly filled d‑sublevel, all of these elements are good complex makers, therefore they are present in the organism only in a form complex compounds.

BIOLOGICAL ROLE OF Cu SUBGROUP ELEMENTS

Copper Cu is present in the organism in its complex compounds with proteins. These complex compounds stimulate the action of some glands of internal secretion and of some enzymes (e.g. catalase and peroxidase), but they oppress the action of some other enzymes (for instance, lypase, amylase etc.).

Cu plays an important role in blood generation, as it stimulates the synthesis of hemoglobin.

Cu compounds are involved in the oxidation - reduction processes in the organisms, as presence of Cu stimulates the conversion of ‑SH groups into disulfide bridges ‑S‑S‑.
Cu is also involved in phosphate metabolism.

Silver Ag is known for its anti-microbe action. Silver salts at great concentrations act cauterizing, at medium concentrations contracting and at low concentrations antiseptically.

Gold Au. Its biological role is not well known yet. It is only known, that some of gold salts have cauterizing action and some of Au (III) compounds have anti - tumor activity.

MEDICAL APPLICATIONS OF Cu, Ag AND Au COMPOUNDS

Copper alloys with silver and gold are used in orthopedic stomatology.

CuSO4 - copper sulfate is used as an antiseptic and contracting agent in eye drops, it can also be used as a vomiting-provocative agent.

AgNO3 - silver nitrate is used externally as a cauterizing or as a contracting agent.

Protargole - the silver complex with proteins is used as an antiseptic agent for the upper respiratory tract, also at urinary tract and as eye drops.

Collargole - a protein - protected silver colloid is used in solutions for washing of wounds, at chronic inflammations of urinary bladder and as eye drops in cases of purulent conjunctivitis.

Gold Au Compounds, in which Au has an oxidation number 1 are used in the treatment of arthritis, but these, in which the oxidation number of Au is +3 - at chemotherapy of malignant tumors.The radioactive isotope of gold is used for irradiations in oncology.

VIII.2. ELEMENTS OF ZINC SUBGROUP

To the elements of zinc subgroup belong zinc Zn, cadmium Cd and mercury Hg. All of these elements have typical a oxidation number +2, as they have 2 electrons in the outer shell. Their coordination number in complex compounds is 4. The chemical properties of Zn and Cd are practically identical, but of Hg - different:

1) Oxides ZnO and CdO are amphoterous and both bases like Zn(OH)2 and acids like H2ZnO2 correspond to them, while the oxide HgO is purely basic (it doesn’t react with alkalis).

Mercury hydroxide doesn’t exist and in the reactions, in which it should be formed, oxide and water is formed instead of it:

Hg(NO3)2 + 2KOH => 2KNO3 + HgO + H2O

2) mercury forms compounds with oxidation number +1, in which it remains bivalent, because mercury can form an ion [image: image72.wmf]Hg
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 in which both mercury atoms have oxidation number +1. The structure of this ion is (‑Hg‑Hg‑)2+.

For this reason the formulas of the mercury (+1) compounds seem to be “doubled” as Hg2Cl2 or Hg2(NO3)2.

3) mercury is known to form a specific compound called white precipitate which includes an amino group:
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This compound has several important ,medical applications, see below.

BIOLOGICAL ROLE OF ZINC SUBGROUP ELEMENTS

Zinc compounds are less toxic than the compounds of cadmium and mercury, but still overdoses of zinc can cause serious harm, therefore the content of zinc in food products is carefully controlled. Nevertheless, zinc is necessary to the human organism as a microelement, because it is involved in some enzymes, for instance in carboanhydrase, see below.

Cadmium is a rather rare element, but it is contained in the pigments for polymer materials, therefore its content is also strongly controlled and it is, for instance, forbidden to use cadmium-based pigments for coloring of plastic masses for toys.

Mercury Hg . In poisoning with mercury salts the action of intestinal tract is destroyed, that is often accompanied by vomiting, heavy inflammations of gums and disturbance of heart action (reduction of pulse frequency).

The poisonous action of mercury is explained by its ability to bind ‑SH or ‑S‑S‑ groups of thiole (sulfur-containing) enzymes, forming soluble albuminates of mercury, which easily penetrate into cells and cause necrosis of tissues.

As enzymes are proteins, they loose ability of normal functioning after binding of Hg - their spatial structure is distorted and they don’t recognize their substrates any more, therefore the biochemical reactions, catalyzed by these enzymes are terminated.

All this means, that the compounds of Hg are strong but non-specific poisons.

Compounds of Hg are accumulated in the liver, but, nevertheless, the poisonous action at first is observed not as a disturbance of liver function but as a disturbance of the central nervous system - neuroses, followed by loss of memory are observed first.

In the cases of poisoning by Hg compounds the first aid is to provoke vomiting, after that milk or raw eggs are given to the patient .

At the same time, Hg salts in low concentrations are used in medicine because of their bacteriostatic and bactericidal action.

Biological role of Zn
is related to the glands of internal secretion, where the content of Zn is the highest. Zn is a non-replaceable microelement, it is present in more than 40 metalloenzymes, that are responsible for the ox-red processes. Zinc stimulates the formation of insulin in pancreas, functioning of the sexual glands, it effects the growth and development of the organism and especially it stimulates the action of carboanhydrase and, consequently, it influences the acid-base balance of organism.

Increased concentrations of Zn stimulate the discharge of phosphorus and decrease the discharge of Ca from the organism.

USE OF ZINC SUBGROUP ELEMENT’S COMPOUNDS IN MEDICINE

The use of Hg and its compounds is nowadays more historical than practical, because due to the high toxicity of Hg its compounds are more and more replaced by other medicaments. Nevertheless, in many cases it is still necessary to use them.

Metallic Hg is used in the so-called gray mercury liniment, that is used in the parasitary diseases and in the treatment of syphilis.

Mercury as amalgams (solutions of other metals in Hg) is used in dentistry for filling.

When working with Hg, dentists have to take off golden rings from their fingers, as gold forms an amalgam very easily and golden rings can be damaged.

HgCl2 (called sublimate) in solutions 1:1000 or 2:1000 is used for sterilization of surgical instruments (nowadays replaced by irradiation with gamma-rays).

Sublimate is also used in the treatment of skin diseases.

HgO - used in dermatology in liniments.

HgNH2Cl- the white precipitate is also used in dermatology as an antiseptic and anti-inflammatory means.

Hg2O(CN)2 - mercury oxycianide - used in veneric (sexually- transmissive) diseases such as gonorea.

ZnSO4 is well soluble in water and is used as an antiseptic and contractive mean in conjunctivitis in eye drops or for rinsing of the urinary tract in their inflammations. It is also a component of dental cements.

ZnO is used in powder, pastes or liniments as a contractive and antiseptic mean. It is also included in dental cements.

VIII.3. ELEMENTS OF Fe SUBGROUP

In this group the greatest biological role have Fe and Co.

Iron Fe is an absolutely necessary element for life processes. It is included in the structure of hemoglobin (see part “Complex compounds”), thus being responsible for respiratory processes. The main function of iron compounds is to bind and transport oxygen to tissues and CO2 to lungs. Fe participates also in the blood - generation processes, therefore the lack of it causes anemias.

Cobalt Co is included in the glands of internal secretion, hypophysis, pancreas etc. It is often bound in complexes with proteins. These complexes influence the metabolism of proteins, fats and mineral acids, stimulate growth and blood-formation.Cobalt also regulates the action of oxidizing enzymes.

COMPOUNDS OF Fe AND Co IN MEDICINE

Fe together with Co and Ni is used in treatment of anemia. Fe is used only at oxidation state (+2) or as a free metal (highly disperse metal powder called ferrum reductum), but not at oxidation number (+3). Metallic Fe can be used, as it reacts with HCl in the stomach, forming Fe2+.
FeCl3 is used externally for stopping of bleeding.

Cobalt Co as a metal is used in dentistry for the formation of hard alloys used in the dental prosthetics.

Vitamin B12 is a compound of Co, where Co is bound in a similar structure to the one of hemoglobin.

The radioactive isotope Co60 is used for irradiations in oncology.

VIII.4. ELEMENTS OF CHROME SUBGROUP

To this group belong elements chrome Cr, molybdenum Mo and wolfram W. The biological role of wolfram is not clear.

Chrome as a d‑element is bound to some enzymes in complexes, thus stabilizing their structures. It influences blood formation. Chrome is involved in the formation of structures of nucleic acids, it also influences the exchange of glucose, therefore CrCl3 is used for patients suffering from diabetes.

Metallic chrome is used in orthopedic stomatology for alloys. Radioactive Cr51 is used for intratissuar treatment.

Solution of Na2CrO4, marked with isotope Cr51 is used for stomach and intestinal diagnostics.

Molybdenum in the organism is accumulated in liver, kidneys and glands of internal secretion. Daily consumption of Mo is 0.15-0.3 mg. Molybdenum is a non-replaceable component of some enzymes - hydrogenase, phlavine enzymes etc. At too high concentrations of Mo the content of phosphorus in bones is reduced.

VIII.5. BIOLOGICAL ROLE AND COMPOUNDS OF MANGANESE

The greatest content of Mn is observed in lungs, muscles and liver but it is present also in other parts of the organism.

The source of manganese for the organism are fruits and vegetables.

Biological role of Mn is great. It is included in the structures of enzymes, vitamins (B and E) and hormones. It influences the metabolism of fats, proteins, carbohydrates, it is involved in synthesis of ascorbic acid and in cell division and multiplication, growth and development of the organism.

Mn salts together with Cu salts stimulate blood formation, influence state of the central nervous system.

USE OF Mn COMPOUNDS IN MEDICINE.

Practically only KMnO4 is used.

0.01% - 0.1% solution - for rinsing of mouth and throat, but as well, urinary tract in gynecological and urological diseases.

This solution is also used for gastric lavage at poisoning with alkaloids (for instance, morphine) or phosphorus.

0.1 - 0.5% solution - as antiseptic means for rinsing.

2-5% solution - for treatment of burns.

