Elements from IV A group

Lecture 9



Main topics of the lecture

Overall characteristic of the elements from group IVA.
Carbon: natural resources, chemical properties,
important compounds.

. Silicon: natural resources, chemical properties,

important compounds.
Metals from IVA subgroup: natural resources,
chemical properties, important compounds.
. The usage of compounds from IVA group in medicine.
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Overall characteristic of elements from IVA group

Mass % in | Metallic The type of Electron Radius, | Elecrone | Oxidati
the Earth | properties | crystal lattice configuration nm gativity |[on
crust states
C 0.48 Nonmetal | Atomic ...25%2p? 0.077 |2.50 +4, +2,
-4
Si 27.6 Nonmetal | Atomic ...3523p23d° 0.134 (1.74 +4, +2,
-4
Ge 7.0-10* Metalloid Atomic ...3d104s24p%4d° 0.139 |(2.02 +4, +2,
-4
Sn 8.0-103 Metal Metallic or atomic | ....4d*05s25p25d° 0.158 [1.72 +4, +2
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Natural resources of carbon
CO,;
Living organisms;
Oil, gas, and coal;
Minerals (carbonates):

limestone — CaCO,,
dolomite — (CaMg)(CO,),;

As a pure chemical element:
diamond;
graphite.




Crystal lattices of different allotropes of carbon

a. Diamond

b. Graphite

c. Lonsdeilite

d, e, f. Fullerens

g. Amorphous carbon
h. Nanotube

Amorphous carbon may be different:

soot, coal, burnt wood.



Phase diagram of carbon
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Chemical properties of carbon
In normal conditions all the allotropes of carbon are quite inert.
At high temperature the most active form of carbon is amorphous carbon

C+2H, - CH,

2C+H, 2 CH,

C+Si—> SiC

C+4B - B,C

2C + Ca - CaC,

3C +4Al - Al,C

C+0, > CO,

2C+0, - 2C0O

C+2S - CS, S=C=S
2C+ N, > NCCN N=C—C=N
C+2F, > CF,




Chemical properties of carbon

Amorphous carbon reacts with metal oxides, concentrated oxidizing acids, and
even some salts

C+CuO - Cu+CO

C+ Fe,0; - 2Fe + 3CO

3C+ Ca0 - CaC, + CO

C + H,S0,(conc.) - CO, + SO, + H,0

C + 4HNO,(conc.) - CO, + 4NO, + 2H,0
5C + 4KNO; - 2K,CO5 + 3CO, + 2N,

2C + Na,CO; - 2Na + 3CO

4C + BaSO, - BaS + 4CO



C + 4HNO;(conc.) - CO, + 4NO, + 2H,0



Binary compounds of carbon with less electronegative elements
are known as:

Carbides

(according to the type of chemical bonds)

lonic T Metal-like
(salt-like)
TiC, ZrC, VC, NbC,
Li,C,, Na,C,, K,C,, B..C TaC, MoC, WC,
Cu,C,, Ag,C, MgC,, il V,C, Nb,C, Ta,C,
CaC,, AlC; etc. SIC Mo,C, Mn.,C, Fe.C,
Co,C, Ni,C

Nonstoichiometric
Methanides (C)* Acetylides (C,)*



Carbon monoxide
Hb-O, + CO <> Hb-CO +0, stops the transport of O, by hemoglobin

:C=0: 0=C=0

- CO is a stable molecule

- that can be a ligand in carbonyles

- and cannot form salts

- but can participate in redox reactions
- mostly as a reducer

Ag,0+ CO — Ag| + CO,



CO as a reducer:

CO + 0O, - CO,
CO + CuO - Cu + CO,
CO + Cl, - COCl,

Carbonyles of metals:

NI + 4CO — Ni(CO),
Carbonyles are instable:

Ni(CO),— Ni +4CO




Prussic acid = hydrogen cyanide

colorless volatile liquid (t, ., = 26.5 °C) with the flavor
NCCN + H, (t°) > 2HCN  of almond. It is one of the most venomous poisons. A
lethal dosage is just 50 mg.

In industry it is produced in the following way:

2CH, + 2NH, + 30, (t°) = 2HCN + 6H,0
H-C=N: < H-N=C:
Toxic isoform

Toxic isoform of hydrogen cyanide binds cytochrome C oxidase and
breaks down the process of oxidative phosphorylation in mitochondria.

: : : : N
Water solution of HCN is known as prussic acid: |
N > N
. o | X, fuc?
HCN < H"+ CN~ K,~ 10" Fe
: : /,C Cx
Salts of this acid are hydrolyzed N c SN

CN- + H,0 <> HCN + OH- N



In water solution of hydrogen cyanide a reaction of
electrophylic addition proceeds slowly. Amid of formic acid
Is formed as a product of that reaction:

0

H—C=N+ HOH - H—C\

NH,

Cyanhydrates are formed In the reaction between aldehydes
(or ketones) and prussic acid:

_ =0 ~ OH
H—C=N + R—C\H - R_C\\CN
H

Since cyanhydrates are much less toxic (there is no more
lone pair of electrons on carbon), glucose acts as an antidote
for prussic acid.



Thiocyanates:

8CN- + S, = 8SCN-
S=C=N® < ©s—Cc=N

Sodium thiosulfate can be used as an antidote against
cyanides :

KCN + Na,S,0; — KSCN +Na,SO,



Carbon dioxide CO,

O=C=0

Molecules of CO, are nonpolar, and so their solubility in
water is low. At 25°C its solubility in water is about 0.03
mol/L. The process of carbon dioxide dissolving in water has
a chemical mechanism as well:

CO, +H,0 & H"+ HCO; < 2H* + CO,*



Carbonates. Bicarbonates.

Ca(OH), + CO, - CaCO;{ + H,0
CaCO,;, + CO, + H,0 - Ca(HCO,),



Compounds of halogens and carbon (carbon halides)

C + 2F2 — CF4 (carbon reacts directly just with F.)

CF, is an inert gas (t,,,, = —128°C). It cannot react
neither with acids, nor with bases. This is one of the
reasons why CF, and similar compounds (CF,Cl, with
tnelting = —155°C, tyuiing = —30°C) are used as freons in
refrigerators.

Chloroform (CHCI,) is used as a solvent and anesthetic,
iodoform (CHI,) is used as antiseptic.



There are more than 400 minerals of silicon, while the basic motif in those minerals is

silicon dioxide (SiO,).

Quartz

Sand

Silicon (with
concretions of iron
and manganese
oxides)




Production of silicon:

1. In the laboratory silicon can be produced by the way of silicon
dioxide (SiO,) reduction by magnesium:
SiO, + 2Mg = 2MgO + Si

2. In the industry silicon dioxide is reduced by carbon in the
electric oven:
SiO, + 2C =Si +2CO

3. High purity silicon (semiconductor) is produced by the
reduction of SiCl, and SiHCI, by hydrogen:
SiCl, + 2H, = Si + 4HCI,
SiHCI; + H, = Si + 3HCI,
as well as by the thermal decomposition of silane:
SiH, — Si + 2H,.



-1 boiling =1415°C

Si Si Si - hard
- fragile
= - g - semiconductor

Si Si Si

(diamond-like lattice)

Graphite-like lattice of silicon is very instable



Chemical properties of silicon

At normal temperature it reacts just with fluorine:
Si+F, — SiF,

At high temperature:
Si + Cl, — SiCl,

Si+ 0O, — SIO,

Si+C — SIC

Si+ N, —» Si;N,

Si+ Mg — Mg, Si

Si+ H,O0 — SiO, +H,
Si+ 4HF — SiF, + 2H,



Si + 2NaOH + H,0 - Na,SiO; + 2H, T



1
, 2
3

The differences between Si and C:

1.r (Si)>r (C), the formation of m — bonds by p-electrons of in Si is
complicated by the bigger radius of the atom

an B
- w C—C SI—Si

possible complicated

2. However, vacant d-orbitals may form of Si may form i — bonds with lone
pairs of electrons on orbitals of O, N and Cl.



The bonds between silicon and oxygen in silicon
dioxide are strong because of the stabilization by
dative t — bonds



SiO, has many polymorphic variants
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Oxygen containing compounds of silicon

- SIO;

- Si0, — is a compound with atomic crystal lattice
(SiO,),;

- H,SiO; — is better described by mSiO,-nH,0;

- Silicates are salts of silicic acid
00 g9 90 g9 90 g9 90 g9 90 g9 00

% 2 \ 4

9 J
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0 o 0 9 J



Silicic acid(s) - mSiO,-nH,0O

Na,SiO, + 2HCl + H,0 > H,Si0, + 2NaCl
H,Si0, = Si0, - 2H,0

gel

OH ]
| polycondensation / OH \

HO — S — OH H ——0 Si— OH

I |
| \ 1
on \ o/,

Silicic acid (silanol) exists in the water solution upon precipitate of silicagel

-H,0
mSiO,-n H,O — (Si0,).

Silicagel is a well-known adsorbent



Production of silicic acid



SiH, ., Silanes

Silicon hydrides are a family of compounds with formulas
from SiH, until SigH,5. Higher silanes are less stable than
SiH, and Si,Hq.

Mg,Si + 4HCl — 2MgCl,, + SiH, (and other silanes)

All silanes are strong reducers and they are burning
spontaneously in the open air immediately after their
formation:

SiH, + 20, — SiO, + 2H,0

Silanes are relatively stable in neutral and acidic solutions,
while they are easily hydrolyzed in the basic medium:

SiH, + 2NaOH + H,0 — Na,SiO, + 4H,



Production of silanes



Silicon halides
SiCl, + 3H,0 — H,SIO; + 4HC]
Hydrolysis of SiF, has two steps:

SiF, + 3H,0 —H,SIO, + 4HF
AHF + 2SiF, —2H,[SIF]

3SiF, + 3H,0 —H,Si0, + 2H,[SiF,]

2H+ ° S| -




Why carbon ???

The number of valence electrons is exactly the
same as the number of valence orbitals in carbon
(there are no empty orbitals and lone pairs of
electrons)

Carbon can form single, double, triple and
aromatic bonds

Partially negative charge exists on the carbon
atom, and not on the hydrogen atom (electrons
are “shielded” by protons of hydrogen atoms)
Hydrocarbons have no acidic or basic properties



Fullerenes are found in the outer space




Elements from “germanium family”

1. At room temperature Ge and Sn are resistant to
oxygen, while Pb is slowly covered by a thin oxide layer.

2. At high temperature they form corresponding oxides:
GeO,, SnO,, and PbO.

3. They react with halogens: GeX,, SnX,, PbX,

4. They form sulfides: GeS or GeS,, SnS or SnS,, and
PbS.

5. Metals from germanium family cannot react with
hydrogen, carbon and nitrogen.



Reactions with acids:
Ge + 4HNO — H,GeO, + 4NO, + H,0

3 conc.

Sn + 4HNO, ... — H,SnO, + 4NO, + H,O
Sn + 4HNO, .. — SN(NO3), + NO + H,O

Pb + 4HNO, ... — Pb(NO,), + 2NO, + 2H,O (at high t)
Pb + 4HNO, ;. +— PB(NO;), + NO + 2H,0

Sn + HCI — SnCl, + H,
Pb + H,S0O, 4, — PbSO, + H,

Ge + H,SOy gijyte 7



Reactions with alkalis:

Ge can react with alkalis only in the presence of
oxidizers

Sn + 2NaOH + 2H,0 — Na,[Sn(OH),] + H,

Pb + 2NaOH + 2H,0 — Na[Pb(OH),] + H,



Compounds with halogens EHal,

GeF, - gas
GeCl, - liquid 1. These compounds are hydrolyzed:
» | SnCl,- liquid SnCl, + 6H,0 = 4HCI + H,[Sn(OH) ]
g PbCl,- liquid
:g SnBr,- solid 2. They also participate in
§ complexation reactions:
~ | Gel,-solid GeCl, + 2HCI = H,[GeCl ]

Both properties are the result of free orbitals existence

PbCl, is instable and decomposes in the presence of water by the
mechanism of “intramolecular” redox reaction:
PbCl, — PbCI, + CL,.



SnCl, + 2HCI — H,[SnCl],

H,[ SnCl ] + 2KOH — K,[SnCl ] + 2H,0.

Compounds of halogens with a formula like EHal, are
typical salts

They are hydrolyzed in water solutions.
GeHal, salts are hydrolyzed completely

SnCl, + H,0<$5>SnOHCI, + HCI

GeCl, + H,0—Ge(OH), + 2HCI



Oxides

Mixed
Pb,0,
monoxides dioxides
" GEO Basic Geoz Acidic |
'402: % SnO properties v it Snoz properties
= 5 £t
g8 PbO £¢ | PbO,

GeO and SnO, in contrast to PbO,
disproportionate at high temperature:

2Ge0O — Geo2 + Ge
ZSHO —> SnOZ + Sn

3Pb02 — Pb304 + 02



Hydroxides of Ge, Sn and Pb in the oxidation

state of +2 (xMeO-yH,0O) are amphoteric.
Ge(OH), + 2KOH_.. — K,[Ge(OH),]

Ge(OH), + 2HCI — GeCl, + 2H,0
Sn(OH), + NaOH — Na[Sn(OH).]
At high temperature:

2Na[Sn(OH),] < Sn{ + Na,[Sn(OH),],
Sn(OH), + 3HCl — H[SnCl,] + 2H,0.

Pb(OH), + 2HNO, — Ph(NO,), + 2H,0
Pb(OH), + 2KOH — K_[Pb(OH),] (at pH>13)

Pb(OH), + 4HCI____— H,[PbCl,].

conc.



Hydroxides of Ge and Sn in the oxidation state
of +4 (xMeO,-yH,0) are also amphoteric.

(xPbO,-yH,O are unknown)

Sn(OH), + OH-— [SN(OH)4J>

Ge(OH), + 4H*— Ge** + 4H,0

Compounds with Pb** are strong oxidizers!

PbO, + 4HCl = PbCl,\, + CL, 7 + 2H,0



The usage of compounds of elements from IVA group in
medicine

Activated coal
Na,CO,, CaCO,, NaHCO,

Fullerenes

Isotopes of carbon
Silicon implants and silicon containing lenses.
Sielast is used in dentistry

Pb(CH;COO0), — lead acetate (defrutum).

PbO - is a component of «diachilic oitment».



Thank you for listening!



