Lecture Ne5

Chemical properties of elements
from VIIIB subgroup



The plan of the lecture

1.Overall characteristic of elements from VIIIB subgroup
2.Natural resources

3.Physical and chemical properties of elements from the
Iron family

4.Main compounds of elements from iron family
5.1ron containing medicines
6.1ron containing substances in pharmaceutical analysis

/. The usage of cobalt and nickel In medicine and
pharmacy
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1.Overall characteristic of d-elements from VIIIB
subgroup

Properties of Fe, Co and NI are very similar,
but they are different from properties of VIIIB
subgroup elements from 5™ and 6t periods.

Because of this reason Fe, Co and Ni are
usually described together as the elements from
the “iron family”, while heavy metals from VIIIB
subgroup (Ru, Rh, Pd, Os, Ir, Pt) are described as
the elements from the “platinum family”.



2. Natural resources of VIIIB
subgroup elements

Iron is the most abundant metal in the Earth crust after
aluminum. As a pure chemical elements it can be found
In meteorites (~ 300 ton of them fall on the Earth each
year).

Minerals with Fe
~eS, — pyrite (iron persulfide; fool’s gold)
~eCO, — syderite
~e,0, — hematite
~eO(OH) - Ironstone
~e;0, (FeO-Fe,O,) — magnetite




Cobalt — can be found In cobaltine (CoAsS), as
well as In polymetalic ores, nickel can be found
In mixed sulfide minerals like (Fe, Ni),Sg
Elements from platinum family are very rare.
They exist mostly as pure elements. However,
natural platinum contains about ~ 80% of Pt
Itself, 109 of other metals like Fe, Au, Cu, and

other impurities.



3. Physical and chemical properties of metals from
iron family

Iron Is white-gray (Fe), cobalt is pink-gray (Co), nickel
Is yellow-gray (Ni). Pure metals are durable and plastic,
they have high melting points. Metals from the iron
family are ferromagnetic.

In the absence of water iron is resistant to O,, S, Cl,,
Br,. At higher temperature those elements react with
almost all nonmetals.

4Fe + 30, — 2Fe,0,
3Fe + 20, — Fe,0, (t = 570°C)
2Fe + O, — 2FeO (t = 1200 — 1300°C)




Dispersed iron, nickel and cobalt
spontanaously burn at normal
tampearature




Fe, Co and Ni react with carbon and form
carbides of a variable content, but more often
Me,C.

Hydrogen can be dissolved in Fe, Co, Ni.

Nitrogen at high concentration can react
with iron and form Fe,N; Co and Ni cannot
react with nitrogen.

These metals form sulfides with sulfur at
high temperature.

Binary compounds of iron and sulfur are
usually nonstoichiometric: FeS, (1<x<1.4).



Reaction of iron and chlorine gas

2Fe + 3Cl, — 2FeCl,



lons of metals can be hydrated or anhydrous
[Me(H,0)]** Fe?* — pale-green

Co?" — bright-violet

|2+ brlght-green

Co(l, NiCl,

anhydrous . 3 anhydrous




3Fe + 4H,0 — Fe,O, + 4H,1 (t = 570°C)
Fe + H,0 — FeO + H,1 (t = 900°C)

Fe + H,O # (t = 25°C)

4Fe + 6H,0 + 30, — 4Fe(OH),] (t = 25°C)



Metals are passivated by concentrated H,SO, and
HNO, In the cold.

Fe + 6HNO,(conc.) — Fe(NO,), + 3NO, + 3H,0
3Co + 8HNO,(dilute) + 3Co(NO;), + 2NO + 4H,0
3Ni + 8HNO,(dilute) = 3Ni(NO,), + 2NO + 4H,0
2Fe + 6H,SO,(conc.) - Fe,(SO,); +3S0O, + 6H,0

Just iron (from the iron family) reacts with a hot

solution of alkali.
Fe + 4ANaOH(conc.) + 2H,0 - Na,[Fe(OH)] + H,



The most studied compounds of elements
from the iron family

COMPOUNDS WITH METALS
IN +2 OXIDATION STATE

a) oxides MeQO they cannot be dissolved in H,0,
FeO - black but they are rather basic than acidic
CoO - gray-green MeO + 2HCI1 — MeCl, + H,O
NIO — green CoO can be dissolved only in boiling

concentrated solutions of alkali
CoO + 2NaOH + H,0O — Na,[Co(OH),]

FeO reacts with NaOH during the melting process:

FeO + 4NaOH —2H,0 + Na,FeO,



6) hydroxides Me(OH), — Me?* +20H- — Me(OH),|
Fe(OH), — colorless

Co(OH), — pink Co’* + OH- — CoOH* (blue)

Ni(OH), — green CoOH* + OH~ — Co(OH), (pink)
4Fe(OH), + O, + 2H,0 — 4Fe(OH);  Fe(OH), is oxidized to
4Fe(OH), + O, — 4FeO(OH) + 2H,0 iron (I11) metahydroxide

Hydroxides of Me(OH), formula are not known, while Fe(OH), Is
widely used in the chemistry course as an approximate formula for:

Fe,O; - NnH,0 = Fe(OH),
Ni(OH), cannot react with O,. Co(OH), reacts with O, slowly. These

hydroxides react with acids. Acidic properties of Me(OH),
hydroxides are very weak.

2NaOH + Fe(OH), — Na,[Fe(OH),] gray-green
2NaOH + Co(OH), — Na,[Co(OH),] violet-red
Ni(OH), cannot be dissolved in alkali




B) Me?* salts  are partially hydrolyzed.
Me?* + HOH =2 MeOH* + H*
MeOH" + HOH = Me(OH),+ H*
They form a lot of complexes
Co(OH), + 6NH; =2 [Co(NH;):](OH), yellow
Ni(OH),+6NH;=2[Ni(NH;)](OH), violet-blue
Ammonia complexes of iron (l1), cobalt (I1), nickel

(11) are stable only in solid phase in the big excess of
ammonia. These complexes are instable In water

solutions.
[Fe(NH,):]Cl, +2H,0 2 Fe(OH), + 4NH; + 2NH,CI

K,[Fe(CN)¢] — «yellow (gold) blood salt»




To check the presence of Ni%* in a solution they use

dimethylglyoxim NG
_C=N-— | |
p HC-C=N=OH o Nt A
C C
e N \# ~on
| |
Fe?* salts are easily oxidized by O~

oxygen in neutral medium up
to basic salts
4FeSO, + O, + 2H,0 — 4Fe(OH)SO,

In acidic medium Fe?* salts are oxidized up to normal
salts Fe3*

4FeSO, + O, + 2H,S0, = 2Fe,(SO,), + 2H,0
Mohr’s salt is more stable against oxidation by oxygen

from the air then other Fe?* salts
(NH,),Fe(SO,), - 6H,O, than FeSO, -+ 7H,0



COMPOUNDS WITH IRON FAMILY ELEMENTS IN
THE OXIDATION STATE OF +3

The most stable oxidation state of iron is +3. There
are many complexes with Fe*3and Co™*3, but for Ni*3 just
a few complexes are known.
a) Oxides Me,O,

Fe,O; Is stable; while Ni,O, and Co,0, are instable
and decompose in normal conditions

6Co0,0; — O, +4Co050,
Fe,O, can be dissolved in acids
Fe, O, + 6HCI + 9H,0 — 2[Fe(H,0)(]Cl,




Ni,O,; and Co,0,; demonstrate oxidative properties.

Ni,O,; + 6HCI — 2NiCl, + Cl, + 3H,0
2Ni,0; + 4H,SO, — 4NiSO, + O, + 4H,0
Fe,O, demonstrates acidic properties when it reacts with alkalis

or carbonates of alkali metals at high temperature in the melt. As a
result, ferrites are formed:

Na,CO; + Fe,O; +-2NaFeO, + CO,1
2NaOH + Fe,0, £-2NaFeO, + H,0
b) You can write Me(OH), or MeO(OH)
Me3* + 30H- — MeO(OH) + H,O
2Co(OH), + NaClO — 2CoO(OH)| + NaCl + H,0O
2Ni(OH), + Br, + 2NaOH — 2NiO(OH)| + 2NaBr + 2H,0




Acidic and basic properties of Co3* metahydroxyde
are not studied well, since it is a strong oxidizer:

2CoO(OH) + 6HC1 —2Co(l, + Cl,1 + 4H,0

4CoO(OH) + 4H,S0, —4Co0SO, + O, + 6H,0

or

4Co(OH), + 4H,5S0,—4Co0S0O, + O, + 10H,0
NIO(OH) reacts In the similar way.
NIO(OH) and CoO(OH) cannot react with water
solutions of alkali, while FeO(OH) can be dissolved iIn
concentrated water solutions of alkali. The product is
hexahydroxyferrate (111) anion.

H,O + FeO(OH) + 3NaOH_,,. — Na,[Fe (OH),]
In the melt:  Fe(OH), + NaOH -— NaFeO, + 2H,0

sodium ferrite



c) Salts of Me3* are
water.

oxidizers. Co3* can even oxidize

4Co** + 2H,0 — 4Co** + 4H" + O,

or

4CoCl, + 2H,0 — 4CoCl, + 4HCI + O,

Salts of Fe** — FeCl,

.6H,0, NH,Fe(SO,), - 12H,0

Salts of Fe3* are partially hydrolyzed (stronger than Fe?*)
Fe3* +HOH 2 Fe(OH)** + H*;

Fe(O
Fe(O
Test reaction for

H)2* +H,0 2 Fe(OH), + H*;
H),+H,0 2 Fe(OH), + H*.

:e3+:

FeCl; + K,[Fe(CN),] — KFe[Fe(CN),]| + 3KCI
«gold blood salt» Prussian blue



Gole» is a worel from 4 letters, so there are 4 atoms of

potassium in the formula of gold bload salt
K, JFe(CN)
«Red» is a word from 3 letters, so there are 3
potassium atoms in the formula of red blood salt
Ky[Fe(CN)gl.




Test reactions for Fe¥*



Test reaction for Fe3*

KSCN + Fe3* — several complex anions

from [Fe(SCN)]?* to [Fe(SCN)]*
But a simplified equation is as follows:

FeCl; + 3KSCN 2 Fe(SCN), + 3KCl

Test reaction for Fe?*

K.[Fe(CN)] + Fe2* — KFe[Fe(CN)y] + 2K*

Prussian blue



Test reactions for Fe?*



COMPOUNDS OF IRON
IN THE OXIDATION STATE OF +6: FERRATES

Fe, In contrast to Co and NI, can demonstrate an
oxidation state of +6.

FeO; and ferric acid (H,FeO,) are unknown, while
corresponding salts are studied well:

2Fe(OH);+4NaOH+3NaClO = 3NaCl + 5H,0 + 2Na,FeO,

Fe + KCIO; + 2KOH = KCI + K,FeO, + H,0

2Fe(OH),+10NaOH+3Br, — 2Na,FeO, + 6NaBr + 8H,0
or
2FeO(OH)+10NaOH+3Br, —2Na,FeO,+6NaBr+6H,0



Ferrates are violet-red solid substances that are
decomposed at high temperattgre:
4K, FeO,20=20C 4KFeO, + 2K,0 + 30,

potassium ferrite
H,FeO, decomposes immediately after formation

4H,FeO, — 2Fe,O;5 + 30, + 4H,0
Ferrates are strong oxidizers, especially in the acidic
medium. They oxidize water stronger than KMnO,
or K,Cr,0O-,
4Na,FeO, + 6H,0 — 4FeO(OH) + §NaOH + 30,
or

2Na,FeO, + 10H,0 — 4Fe(OH), + 4NaOH + O,
Ammonia can be oxidized by ferrates to nitrates

3NH,+8K,Fe0,+14H,0 = 3KNO, + 8Fe(OH), + 13 KOH



IRON IS AN ESSENTIAL ELEMENT

Iron containing proteins are: hemoglobin,
myoglobin, ferritine, transferrine, lactoferrine.

Enzymes: cytochromes, catalase, peroxidase.

The excess of 1ron 1Is known as -
hypersyderosis - a professional disease
assoclated with weakness, weight loss, nausea,
vomiting and, finally, liver failure.



The lack of Fe - is called hyposyderosis, anemia:

weakness, breathlessness, fast heart beat rate.
The treatment includes: — salts of Fe**(FeCl,, FeSO,,
FeCO; ascorbate, lactate, sorbate).




Lactoferrine

7 T * . K \‘x
g5y
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IRON CONTAINING SUBSTANCES USED IN
PHARMACEUTICAL ANALYSIS

1. K,[Fe(CN)4] — to check the presence of Zn* in medicines
3Zn?* + 2K* + 2[Fe(CN)q]* — K,Zn[Fe(CN)¢]|

white

as well as Cu?*:
2Cu?* + [Fe(CN)¢]* — Cu,[Fe(CN)]|

red-brown

2. Iron reduces Cu?* from aquatic complexes
CuSO, + Fe — FeSO, + Cu



Sodium nitroprusside

Na,[Fe(CN):NO]-2H,0 is a test reactant for S,0,* .
Resulting compound is blue.

SO,% - forms a red substance with sodium
nitroprusside

S# -forms a product of violet-red color with
sodium nitroprusside:

Na,S + Na,[Fe(CN):NO] = Na,[Fe(CN):NOS]

4. Fe(SCN), reacts with fluorides:
Fe(SCN); + 6F = [FeF]> + 3SCN-



Cobalt is essential for human body.

Cobalt is a part of vitamin B,,, that is needed for
hemopoesis.

Ni is also used by certain enzymes (like urease)
as a co-factor.



Thani you for listaning!



