Lecture 13

Chemistry of elements from
groups VII Aand VIII A
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II”“” Main topics of the lecture

. Overall characteristic of elements from VIIA group.
. Natural resources, ¢pphysical and chemical properties

of halogens.

. Hydrogen halides.
. Oxygen containing acids of halogens.
. Blological roles and the usage In medicine and

pharmacy of elements from VII A group.

.Elements of VIIIA group. Overall characteristic.

Physical and chemical properties of noble gases.
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Natural resources of chlorine

Carnallite
(KMgCl;-6(H,0))

Halite (NaCl) Sylvite (KCI)




.||”H| Electron configurations

LClI -nd’ns’np?®
Br, >3 - (n-1)d°nd’ns2np®

85 At - (n-2)f%(n-1)d*°nd’ns?np°




"I”H Overall characteristic
of elements from group VIIA

5roperties = Cl Br I
Atomic radius, nm 0.064 0.099 0.114 0.133
lonic radius (Hal"), nm 0.133 0.181 0.196 0.220
Bond length E - Hal, nm 0.142 0.199 0.228 0.267
Affinity to electron, kJ/mol 349 328 325 295
Electronegativity 4.0 3.2 3.0 2.7
lonization energy, kJ/mol 1681 1251 1140 1008
Standard electron potential, 2.87 1.36 1.08 0.54
V (E, + 2e = 2E)

Potential of ionization, eV 17.4 13.0 11.8 10.45



'l
I”H“ Specific properties of fluorine:
1) flugrine can demonstrate just two oxidation states
because of high electronegativity ( and );

2) fluorine is an obligatory oxidizer that cannot be a
reducer,

3) fluorine molecule is instable because of the absence of d-
orbitals. Other halogens are stabilized by the
overlapping of p-electrons with d-orbitals (not to be
confused with double bonds).




Sio,

In the atmosphere of fluorine even glass and
water are burning:

+ 2F, — SiF, + O,1 Fluorine oxidizes

2H,0 + 2F, — 4HF + 0,1 | oxygen

Fluorine reacts with almost all pure chemical elements

F,

+S — SFK;
+ P — PF:
+ Xe — XeF, (except He, Ne, Ar)




Activity of halogens decreases if we move from top to
bottom of their group

Cl, + 0O, N, C, noble gases #;

Br,, 1, - arelessactive, thanF, and Cl,
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-u”‘” Substitution of iodine and
bromine by chlorine In salts




'||”H Fluorine cannot be dissolved in water, because
It substitutes oxygen in water molecules

2F, + 2H,0 — 4HF + 0,1

Cl,, Br, and |, react with water reversibly and
disproportionate:

Cl, + H,0O (cola) & HCI + HCIO

hypochlorous acid

3Cl, + 3H,0 (hot) « SHCI + HCIO,

chloric acid

Solutions of Cl,, Br, and I, in water are —chloric, bromic and chloric waters



If we add an alkali to chloric water, then equilibrium
shifts to the right and reaction proceeds almost up to the
completion:

2KOH + Cl, —» KC1 + KCIO + H,0 (cold)

potassium hypochlorite

3Cl, + 6KOH — S5KCI +KClO; + 3H,0 (hot)

potassium chlorate

3Br, + 6NaOH — 5NaBr + NaBrO, + 3H,0



Hydrogen halides (HHal)

+ F, — HF (in the dark with a burst)
+ Cl, — HCI (hv or t°C)
+ BI"2 — HBr (t°c)

+ |2 — HI (at very high t°C)




'l
Il“” From HF to HI the strength of an acid

Increases because of the growth of an atomic
radius of a halogen

SiO, + 4HF — SiF,1 + 2H,0

This kind of reaction is possible because fluorine has a
close radius to oxygen




-u”‘” Reaction between glass
and HF




Hydrogen halides may act as both oxidizers and
reducers.

properties of HHal are because of the
presence of H*:

Zn + 2HC1 — ZnClL, + H,1

properties of HHal are because of the
presence of Hal™:

MnO, + 4HCl— MnCl, + Cl,+ 2H,0




In the line F—, CI—, Br—, I~ reductive
properties increase.

F— cannot act as a reducer




lonic halides

Include alkali and alkaline-earth metals
(NaF, CaF,, Kl);

Covalent halides

Include nonmetals

(SiF,, BBr;, Pl,)




Solubility of 1onic halides in water increases
from top to bottom:

lodide > bromide > chloride > fluoride

The cause of this phenomenon is in the decrease of the
strength of bonds between ions In the lattice




.|I|m|
Covalent (acidic) halides produce acidic
medium in water solutions:

SiF, + 3H,0 — H,SI0, + 4HF

SiCl, + 3H,0 — H,SiO, + 4HCI

lonic halides cannot be hydrolyzed

KBr + H 20 —> reaction doesn’t work




'||”H Halide ions, except (F~), demonstrate reductive
properties which grow from top to bottom:

Clm-Br— -1~

2NaCl + HZSO4(conc.) —> NaZSO4 + 2HC|T

CaF, + H,S0, — CaSO, + 2HF
2KBr + 3H,50(conc.) — 2KHSO, + Br, + SO,1+2H,0




-u”‘” Production of chlorine gas
from hydrochloric acid




FeF; + 3KF — K;|[FeF]

KBr + AlBr; — K[AIBr,}




.|IHH| Oxygen containing acids of halogens

Cl, + H,O0 — HCl + HCIO
+1
HCIO - hypochlorous acid,

Is known In water solutions only

HCIO — HCI+O




-umu 3KCIO — 2KCl+KClO,

Bertholette’s salt

2KCIO — 2KCl + 0,1

Ca(ClO), + CaCl, - bleach




Chlorine water as a bleach




"”“” 3HCIO — 2HCI + HCIO,

+5

HCIO, — chloric acid is a strong acid that is also
known In water solutions only

MnO,

2KCIO, — 2KCI + 30,1

2KCIO, + 12K + 6H,50, — 6K,SO, + 51, + 2KCI + 6H,0



3HCIO, = HCIO, + 2CIO, + H,O

+7
HCIO, — perchloric acid, that is known not just

INn water solutions

HCIO, — chlorous acid can exist in water

solutions only, it is weaker than chloric and

perchloric acids

3NaClO, — NaClO, + 2NaCl



.|||mm Oxygen containing acids of chlorine

property | HCIO | HCIO, | HCIO, | HCIO,
Oxidation state +1 +3 +5 +7
The name of an | hypochlorous chlorous chloric perchloric
acid
The name of hypochlorites chlorites chlorates perchlorates
salts
Standard
potential +15 +1,56 +1,45 +1,38
HCIO,/CI-, V

The increase of the strength —

< the increase of the oxidative properties




Inthe line ClO™ - ClO, - ClO; - CIO,

oxidative properties decrease

stability increases

* the length of the bond decreases ( )
» the stability of the bond INncreases
* the bond becomes more polar
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HBrO, — bromic acid (bromates)

HIO,— 1odic acid (lodates)

«— the increase of acidic properties

the increase of stability —

Br, + 5Cl, + 6H,0 — 2HBrQO; +10HCI




bones < @ . teeth

nails

Ca(PO,);F - fluoroapatite




Chlorine

.|I|m|
In the human body there are about 100 g of chlorine
atoms. play important biological functions:

* they activate many enzymes;
* they help proteins to coordinate cations;

« maintain the osmotic pressure.




II”H| lodine — is an essential element

There are about 25 mg of 1odine in human body.

Almost all 1odine in the thyroid gland iIs included In
thyroxin and triiodothyronine, and just 1% of iodine
exist in form of iodide ions.

R-CO-NH-R,+1,—»R-CO-NI-R, +HI




..|HH| Trilodo- and thetraiodothyronine




"m” There are two types of halogen
containing mixtures and substances:

1. Those containing an active halogen (molecules);

1! Chloric bleach (calcium chloride hypochlorite), as well
as chloramine work just because of the slow release of

molecular )
\

2. Those which doesn’t contain an active halogen
(hydrochloric acid and its salts)




-um” Elements of VIIIA group
’He 152

10N e A

18Ar

36K 1 > ns2np®

54Xe

86Rn )

Possible oxidation states: +2, +4, +6 and
maximum +8, except and




.|I|m|
Xe, Kr, Rn react with fluorine and
demonstrate oxidation states from  to

XeF,, XeF, XeF;
KrF,, Krk,
RnF,




.|I|‘H|
With  water fluorides of xenon
demonstrate acceptor activity:

XeF,+ H, O = XeOF, + 2HF (pH < 7),

XeF, + H,0 = XeOF, + 2HF

Oxofluoride
of

Xenon




~luorides of xenon are prone to disproportioning, and
so they drift from lower to higher fluorides:

+2 0 +4
2XeF, = Xet+ XekF,

+4 0 +6
3XeF, = Xet+ 2XeF,




4K + XeF, + 2HF — Xe + 21, + 4KF

oxidizer

Pt + XeF, + 2HF — Xe + H,[PtF]




'Hl“” 0 +6 +8

+6e -2e
Xe «— Xe — Xe
oxidizer reducer

Xe(OH), + 6KI + 6HCI — Xe + 31, +6KCI + 6H,0

oxidizer

XeO; + O; + 4NaOH — Na,XeO; + O, + 2H,0

reducer sodium xenate




-Radon iIs used In radiation therapy for the treatment of
skin cancer

- Xenon 1s used for encephalography

« Xenon and other inert gases are used for narcosis

- Neon and other noble gases are used in lamps as a source
of light




Thank you for listening!




