Overall characteristic of
d-elements.
Elements from groups IlIB —
VIB and their compounds.




The plan of the lecture:
* Terminological issues
* Overall characteristic of d-elements
* Chrome and its compounds
 Compounds of titanium
e Compounds of vanadium




«d-elements» and «transition
metals»
 Transition metals — are the elements in which

the orbitals of the pre-outer shell are
incomplete.

e According to this definition elements from IIB
group are not classified as d-elements.
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Elements from IB group also have
completed d-sublevels in the ground state
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Actinide Series

? about




According to the IUPAC definition, d-elements
are those which are described by at least one
from the two of the following sentences:

* |n the ground state they have incomplete d-
sublevel of the pre-outer level

e d-sublevel in these elements is incomplete in
one of the characteristic oxidation states




Ground state electron configurations with “shifts”
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Lanthanide contraction

e Atomic radii stay almost the same in elements
from the same period in d-block.

* |n f-elements from the 6" period atomic radii
are almost the same as those in d-elements
from the 5t period.

 Heavy d-elements are inert.




Lanthanide contraction

* For example, in VIB group the most active
metal is chrome (it can be dissolved in dilute
sulfuric and nitric acids).

 Molybdenum can be dissolved only in
concentrated nitric acid.




Atomic radii of d-elements
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Hypothesis about the weak shielding

effect of d- and f-electrons
s>p>d>f

.
dik




The theory of relativity

E = mc?

The higher the charge of nucleus,
the faster the movement of
electrons



Valence of d-elements

* For the first five d-elements from the 4t
period the highest valence is equal to the
group number (the sum of 4s and 3d

electrons).
* For the last five d-elements the highest




d-elements are prone to form
complex compounds

* ns, np and (n-1)d orbitals have close energies.
Because of this 9 orbitals can be involved in
the formation of bonds (1 —s, 3—p, 5—d).

e Usually coordination numbers of d-elements
vary from 2 to 6.




Reactions of complexation

* ZnSO, + 4NaOH = Na,[Zn(OH),] + Na,SO,
* ZnSO, + 2NaOH = Zn(OH), + Na,SO,
* Zn(OH), + 2NaOH = Na,[Zn(OH),]

e CrCl, + 6NaOH = Na,[Cr(OH).] + 3NaCl




Reactions of complexation

2KI + Hg(NO,), = Hgl, + 2KNO,
2KI + Hgl, = K,[Hgl,]

6KCN + FeSO, = K,[Fe(CN)] + K,SO,
12KCN + Fe,(SO,), = 2K,[Fe(CN)] + 3K,SO,




The color of compounds containing
d-elements

e Water solution of a compound of d-element is
colored if the cation of that metal has at least
one unpaired electron.

* The color of hydrated ion (aguatic complex)

appears due to the absorption of light at the




Colors of water solutions of salts of
some d-elements

Electron configuration of atom | Electron configuration of ion

violet-red 4s2  3d? 4s0  3d?
™~ ™ ™ ™
pale-pink 45> 3d° 450  3d°
™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™

green 452  3d° 450 3d°
™~

3d10
N N NN NN N

3d10
o RN NN N N N

3d10
R Y N e N N N AN

3d10
RN N e N N N AN

4s?
™~

colorless

colorless




The influence of the nature of ligand
on the color of complex compounds
of d-elements

* [Cu(H,0)]%" - pale-blue
* [Cu(NH,),(H,0),]?* - violet




Oxides of d-elements

* |n many cases oxides of d-elements are
nonstoichiometric compounds.

 Sometimes they can be imagined as mixtures
of oxides of the same metal in different
oxidation states:




Hydroxides of d-elements

* Hydroxides and oxides in which d-elements
demonstrate the lowest oxidation state are basic.

e CrO Cr(OH),

* Hydroxides and oxides in which d-elements
demonstrate the highest oxidation state are
acidic.

* CrOq H,Cr,0,




Hybridization of d-orbitals

As a result of hybridization of d-
orbitals, their shielding effect
disappears

EFERL

Valence electrons are attracted to the
nucleus stronger then in the absence

ERERIRL

5y



Chrome

 Natural resources:
* Chromite: FeO-Cr,0O, = FeCr,0,
Fe(CrO,),




Passivation of chrome

* There is a protective layer of Cr,O; on the

surface of chrome that prevents its further
oxidation.

e Because of this reason, the dissolving of
chrome in non-oxidizing acids (HCI, HBr, HI,




Chemical properties of chrome

 Chrome reacts with oxygen at t°=2000°C
* 4Cr + 30, - 2Cr,0,

* Chrome forms nonstoichiometric compounds
with many nonmetals:




Chemical properties of chrome

* 2Cr + 3H,0 (t°) = Cr,0, + 3H, D

* Cr+H,SO,(dilute) - CrSO, + H, T

* 12CrSO, + O, = 4Cr,(SO,); + 2Cr, 0,
* Cr+ 2HCl - CrCl, + H,T




Compounds of chrome

Dichromates and chromates:
H,0 + Cr,0,% <> 2H* + 2CrO,*
Dichromate + OH & Chromate + H*

Orange <> yellow




Compounds of chrome
2HCrO,” <> Cr,0,2 + H,0

-Cr{0-H + H-O-Cr-  *°]

HCrOy

| 2 -
-Cr-O-Cr .

Cro,~




chromates <& dichromates




The usage of chrome containing
compounds in pharmaceutical
analysis

* Potassium chromate K,CrO, forms yellow lead
chromate with lead cations - PbCrO,, ;




The usage of chrome containing compounds in
pharmaceutical analysis

H,CrO, — for cocaine detection
K,Cr,0, — for dichromatometry

orange

3C,H.OH + K,Cr,0, + 4H,50, —
— 3CH,COH + K,SO, + Cr,(SO,), + 7H,0

green




RedOx indicators

Indicator Color E°, V, at
Ind Ind,, [H*]=
ed =1 mol/L

Diphenylamine Colorless Violet 0.76




Dichromates are strong oxidizers
3K,SO, + 4H,50, + K,Cr,0, > Cr,(SO,), + 4K,S0, + 4H,0




The usage of titanium, niobium and
tantalum in surgery

* Alloys based on titanium are used for
construction of artificial joints and implants
for traumatology, orthopedy, dentistry. One of
the alloys has the following content (in mass
%): titanium 84%; niobium 7.5%; aluminum
6.5%; molybdenum 1.5%; tantalum 0.5%.




Artificial joints




Titanium dioxide

In TiO, lattice each Ti%* is surrounded by six 0%,
while each 0% is surrounded by three Ti%*. It is not
a typical lattice for ionic compounds.

TiO, + 2H,50, - Ti(SO,), + 2H,0




The usage of titanium dioxide in
pharmacy

* TiO, —is used as an additive to polymers
(polyethylene, polypropylene) with the aim to
make them nonpermeable for light. Medicines
covered by polymers with titanium dioxide are
resistant to the light and can be stored not just in




Zirconium bracer

e Zirconium doesn’t play significant biological
roles. Both pure zirconium and its compounds
are inert. So, zirconium bracers are harmless.




Vanadium is toxic

* Vanadium can disturb the synthesis of fatty
acids and cholesterol. Vanadium inhibits many
enzymes, disturbs phosphorylation and ATP
synthesis because its oxide reacts with water
and forms orthovanadic acid similar to




V,0O: —is an amphotheric oxide

* V,0O; + 2HNO; - 2VO,(NO;) + H,0
* V,0. + 6HCI| - 2VOCl, + Cl, + 3H,0

o V4 4+ 2H,0 - V(OH),2* + 2H*

PY 2+ 2+




The usage of ammonium metavanadate in
pharmacy

* NH,VO, —is a strong oxidizer that is used as
a titrant with the aim to determine the
concentration of reducers
(vanadatometry), such as isoniazide (an

antibiotic for the treatment of




The usage of ammonium metavanadate in
pharmacy

* VO; +2H*+e - VO, +H,0
* NH,VO, —is the part of molybdenum vanadium
reactant (MVR)

((NH,),Mo00, + NH,VO,) —is used for the




The usage of molybdenum in pharmacy

* ((NH,),M00, + NH,VO,) — is molybdenum vanadium
reactant used for PO,*> detection

* (NH,),Mo00, —is used for detection of PO,*,
scopolamine

* H3PO, + 12(NH,),Mo00, + 21HNO; —> yellow




The usage of tungsten containing
compounds in pharmacy

* H;PO,-12WO; — phosphotungstic acid that is
used for detection of alkaloids

* Hg[Si(W,0,)] — silicotungstic acid that is also




Heteropolyacids

Heteropolyacids — are complex compounds of
anionic type that contain anions of inorganic
isopolyacids (molybdic, tungstic, vanadic, niobic
and others) as ligands and a single central atom
represented by P(V), As(V), Si(IV), Ge(IV), Ti(lV),




Heteropolyacids

* Heteroatom = p-element
e Metal =d-element
* (Oxygen atoms

 Hydrogen atoms

pH Main ions
1,0 [PW,,0,,]*"
[PW1,0,0]°",
2,2 [P,W,,0,,1°,
[PW ;03]
[PW1,040]%,
[P,W,,0,,]°,
3,5 [PW11039]7',

[P,W1506,1°7,
[P,W140¢,]°"

5,4

[P,W,,0,,]°,
[PW,,050]7,
[P,W350¢,]°"

7,3

[PW40,,]°"

PO,3-, WO,



The usage of cerium (IV) sulfate in
pharmaceutical analysis

* Ce(SO,), —is a strong oxidizer that is used
for titration of medicines which
demonstrate reductive properties, such as
H,O,, and ions: As3*; I;; Sb3*; Mo>*; Sn?*;
S,0;%; Tl*; (cerimetric titration)




The usage of cerium (IV) sulfate in
pharmaceutical analysis

e Ce*+e > Cedt

» 2FeSO, + 2Ce(SO,), — Fe,(SO,), + Ce,(SO,),
* Fe?* + dipyridyl = red color
* HCOH + 2Ce(SO,), + H,0 —

HCOOH + Ce,(SO,); + H,SO,




Molybdoptherine

O Molybdoptherine is a co-factor
of a few enzymes, including
human sulfite reductase



«Volcano»
(NH,),Cr,0, (t°) = Cr,05 + N, T + 4H,0




Thank you for listening!




