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The plan of the lecture

. Overall characteristic of s! and s?
elements

. Natural resources of s! and s? elements

. Physical and chemical properties of s-
elements and their compounds

. Biological roles, the usage in medicine
and pharmacy, test reactions for
compounds made from s-elements
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rties of sl-elements

Properties Li Na K Rb Cs
Metallic radius, nm 0,152 0,186 0,227 0,248 0,265
lonic radius , nm 0,068 0,102 0,138 0,149 0,170
The charge density 14,7 9,8 7,2 6,7 59
The radius of hydrated ion, nm | 0,340 0,276 0,232 0,228 0,228
Enthalpy of hydration, =500 -390

AHpoE™, kd/mol

lonization energy, eV 5,390 5,138

|, E0—> E*+ ¢

Electronegativity 0,98 0,93




Li, K, Ba, Ca, Na, Mg, Al, Mn, Zn, Cr, Fe, Co, Sn, Pb, H,, Cu, Hg, Ag, Au

' AH hydration < 0
_|.

AH oxidation > 0O
_|.

AH atomization >




rties of s?-elements

CaoiicTBO Be Mg Ca Sr Ba Ra
Metallic radius, nm 0,113 0,160 0,197 0,215 0,221 0,235
lonic radius , nm 0,034 0,074 0,104 0,120 0,138 0,144
The charge density 58,8 27,0 19,2 16,7 14,5 13,9
The radius of hydrated ion, nm | 0,460 0,440

Enthalpy of hydration, 9,32 7,65

AH;4E™, ki/mol

lonization energy, eV 0,98 0,93

l,E° > E*+e




tural resources of s-elements

Halite - NaCl

Silvinite — mNaCl - nKClI




ral resources of s-elements

Calcite / chalk / limestone /
marble = «the sunlight stone»
— CaCQO,

Magnesite — MgCOs,

Dolomite — CaCO4;-MgCO,




roperties of alkal
metals




-

Chemical properties of s-elements

* The products of their reactions with pure
chemical elements: NaH; Na,C,; Na,Si;
Nas;N; Nas;P; Na,O; Na,S; NaF; NaCl; Nal

* They can react with water and acids

* Oxides (Na,O; K,O; CaO) — are purely
basic (except BeO)

* Hydroxides (NaOH; KOH; Ca(OH),) — are

strong bases (except Be(OH), and
Mg(OH),) I



oxides, peroxides and

oxides
2Na + O, — Na,O,

* 4Na + O, — 2Na,O

* Na,O, + 2Na — 2Na,O

« 2K+ 0O, — K,0,

« K+ O, —» KO,

» K,0O, + 2K — 2K,0

» KO, + 3K — 2K, 0

* Na,O, + 2HCI — 2NaCl + H,0,
» 2Na,0, + 2H,0 — 4NaOH + O




' Reaction of an alkali metal and

walter

e «Alkali metals react with water at room
temperature.

e Sodium and potassium melt soon after the
start of the reaction because of the release
of big amount of heat and low
temperatures of melting

« Hydrogen produced In the reaction
between potassium and water burns (it
reacts with oxygen from the air).

i



lons between
a and K with H,0O




uatic complexes and salt
hydrates

* |n water solutions cations of s-elements
exist as aquatic complexes:

* [LI(H,0),]*; [Na(H,O)¢]";

* [Be(H,0),]**; [Mg(H,0)¢]**; [Ca(H,0)¢]**

* They also can form salt hydrates:

» CaCl,-6H,0 = [Ca(H,0)|Cl,

* Na,CO5;-10H,0; Na,SO,-10H,0




mplex compounds

agnesium, calcium, strontium and
barium can form stable complexes with
polydentate ligands like polyamino
polycarbonic acids.




e formula of
diamminetetraacetate 1on
(EDTA%)




ure of EDTA complex
with Cas*

Ca2*+ EDTA* — [Ca(EDTA)]%




lonophores

T L Such molecules serve as ion
B
N N-° transporters through cell

H;L{J’\[f }O membrane
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Valinomycine
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Ines containing lithium
cations

* LI,CO,; — antipsychotic drug

 Lithium benzoate Is used to treat gout as a
part of urodan.




' Test reactions for lithium salts

The color of flame
becomes carmine-red
when you burn a lithium
salt

3Li* + HPO,2 + OH —
— Li,PO,{ + H,0

white




Biological role of sodium

1. Na* —Is the most abundant cation of
Intercellular liquid and blood: it is responsible of
the most part of their osmotic pressure

— Increased sodium concentration in blood — (> 145
mmol/L) leads to dehydration of neurons

— Decreased sodium concentration in blood — (< 135
mmol/L) leads to hyperhydration of neurons

2. Na* ions take part in the creation of bioelectric
membrane potential




edicines containing sodium salts

NaF — to prevent and treat caries

NaCl — in physiological solution (0.85%)
and hypertonic solutions (3, 5 and 10%)

NaBr — sedative drug
Nal — to compensate the lack of iodine

Sodium citrate i1s used for blood
conservation

Na,S,0, — to treat scabies




nes containing sodium
cations

* NaHCO, — table soda;
* Na,SO,-10H,0 — Glaubert’s salt;
* Na,B,0,-10H,0 — borax




est reactions for sodium cations

e Na' cations turn the color
of the flame to yellow

NaCl + K[Sb(OH)¢] — Na[Sb(OH)y]| + KCI
PH =7 white

zinc uranilacetate

NaCl + Zn[(UO,),(CH,CO0),] + CH,COOH + 9H,0 —
— Nazn[(UO,),(CH,CO0),]-9H,0{ + HCI

Yellow-green crystals




'Biological role of potassium cations

1. K* — are the most abundant cations of the
Intracellular liquid: they play an important
role In its osmotic pressure formation

2. K* — play important role in the creation of
bioelectric membrane potential

. They are important for glucose transport

4. The decrease of potassium blood level
(< 3 mmol/L) — leads to muscular
weakness and increased heart beat rate

5. The increase of potassium blood level
(> 5.5 mmol/L) — leads to the decreased
heart beat rate

W




edicines containing potassium
lons

KCI — to compensate the lack of potassium

KBr — sedative drug

Kl — to compensate the iodine deficiency
KMnQO, — Is used as disinfectant
CH;COOK —is a diuretic

Potassium and magnesium asparaginate —
are included in polyvitamin and
polymineral complexes




est reactions for potassium salts

Tartric acid
K* + HOOC-(CHOH),-COOH —

HOOC-(CHOH),-COOK{ + H*

Potassium hydrogen tartrate -
white

2K* + Nas[Co(NO,)s] — K,Na[Co(NO,)] + + 2Na*
yellow

2KCI + H,[PtCls]— K,[PtCl ]V + 2HCI

yellow

Potassium salts turn the color
of the flame to violet




ysical and chemical
properties of cesium

e Cesium Is the most active stable metal.

* Cesium is found mostly in muscles, in the
heart, in the liver. Its blood level is below
2.8 mcg/L.

« Cesium Is not very toxic, but its biological
roles are still to be explored.




cesium and oxygen
from the air




Beryllium Is toxic

* Beryllium dust and soluble compounds are
highly toxic, they demonstrate allergic and
cancerogenic effects. Beryllium can
replace calcium and magnesium in bones
and In active centers of important
enzymes. The resulting disease Is called
berylliosis.




ogical roles of magnesium

Mg?* - is found in
chlorophyll

It holds the second
place among
Intracellular cations

These Ions are
Important co-factors
for enzymes
Involved In replicaton




ng sites In proteins

without other ligands



eractions of Mg and H,O

With cold water magnesium reacts slowly.

« Compact magnesium reacts with hot water and

form magnesium oxide (hydrogen is released in
this process).

* Mg +H,O — MgO + H,
* Highly dispersed magnesium still can form

Mg(OH), In the reaction with hot water.
* Mg + 2H,0 = Mg(OH), + H,




INes containing magnesium
salts

* MgSO,:7H,0O — «English salt»;

« MgSO, — 25% water solution — has hypotonic,
analgesic and choleretic effects;

 MgCO, — Is an antacid, prevents stomach
ulcers;

* (MgOH),CO, —Is also an antacid;
« MgO - Is an antacid as well




INes containing magnesium
salts

 Magnesium citrate — compensates the lack of
Mg?+

* Polyvitamin and polymineral complexes usually
contain lactate, orotate or asparginate of
magnesium.

« Glutaminate and ascorbate of magnesium have
a hypotonic effect




eactions for magnesium salts

 Magnesium compounds burn with a shiny
white color of a flame

» MgSO, + Na,HPO, + NH, - MgNH,PO¥
+ Na,SO, Orthophosphate of

magnesium and
ammonium

white,

soluble in



nesium combustion

can be “burnt” in carbon dioxide

2Mg + CO, — 2MgO + C




stion of calcium




lological roles of calcium

The most part of calcium is concentrated in the
bone tissue

Ca,((PO,4)s(OH), Ca,o(PO,)eF

Ca?* — has higher concentration outside the
cells then inside them

These ions are important for muscle
contraction

Ca?" is a factor needed for the formation of
thrombus (clot)

Ca?* is an activator of enzymes
Ca?* is a secondary messenger




m hydroxyapatite

Ca;((PO,4)e(OH),




«EF-hands» - Is a structural motif for
calcium ions binding by proteins

The fragment of N-terminus of human
calmodulin with calcium ions



Zinc lons also bind the protein, but in the other
sSites than calcium ions, unlike manganese ions

The fragment of N-terminus of human
calmodulin with zinc and manganese ions



yr

Calmodulin changes its conformation due to the
calcium ions binding, even though the concentration of
Cas* Is 1000 lower than the concentration of Mg?*

The fragment of N-terminus of human
calmodulin with magnesium ions




Isomorphism of Ca?* and Sr?#*

Ca, (PO,)sl(OH), — hydroxyapatite
Ca,((PO,)]CO, — carboapatite
Isomorphism — is the ability of one type of

lons to replace other type of ions In
compounds

Calcium and strontium have the same type
of crystal lattice, the same charge, simila
chemical properties




trontium can be accumulated Iin
ones. Radioactive strontium (®°Sr) is a
beta emitter with a half-life of 29 years.
Bone marrow is the main target for ®°Sr
radiation. The worse conseguence of Iits
accumulation is leucosis if don’t count
radiation sickness.




lonophore — ionomycine



cines containing calcium ions

» CaCl, — antiallergic, hemostatic
« CaCO, — antacid, antiulcerous

« Lactate, pangamate, pantetonate, gluconate of
calcium are antiallergic, hemostatic medicines
that also compensate the deficiency of calcium




Gypsum

aS0, 2 H,O — gypsum powder;
¢ 2(CaS0O,'72H,0) + 3H,0 — 2 (CaS0O,:2H,0)



//upload.wikimedia.org/wikipedia/en/5/5e/PlasterCast.jpg
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Test reactions for barium salts

Compounds of barium turn
the color of the flame to
yellow-green




est reactions for BaSO,

First insoluble barium sulfate must be boiled with
Na,COg:

BaSO,J + Na,CO, — BaCO,l + Na,SO,

The precipitate then must be filtered and dissolved in
HCI solution.

After that one can test the presence of Ba?* cations in
the solution with Na,SO,

The test of purity (whether there is BaCO; in the sample)
IS performed with acetic acid. BaSO, must filtered. Then
the presence of barium cations must be checked in t
solution.




he usage of compounds
containing st and s? elements in
pharmacy

Ks[Fe(CN),] — test for Fe?*;
K,[Fe(CN),] — test for Zn%* and Cu?*;
Na,HPO, — test for Mg?*;
Na;[Co(NO,).] — test for K*;

Na,S,0; — quantitative analysis of |,;
KMnO, — quantitative analysis of Fe?**;
Na,B,0-, — quantitative analysis of HCI;
CacCl, — test for citrate (at high temperature);
BaCl, — test for sulfate ions




Thank you for
listening!




