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2 Mark questions

1. What are lanthanides?

2. Specify the oxidizing state of lanthanides.

3. Which lanthanides form stable +4 oxidation state?
4. Define the coordination number.

5. Dfine ligands.

6. What is an optical isomerism?

7. Give an example of an optical isomerism.

8. Define ionization isomerism.

9. Now give an exmple of ligand isomerism.

10. What is a Stereoisomerism?

11. Calculate the oxidation numbers of the metal atom in the following complex?
a. [PtCla]*

b. [Co(H20)(CN)(en)2]**

5 Marks questions

1. Explain the term Lanthanide contraction.

2. Discuss about the electronic configuration of lanthanides.

3. Give an account of the oxidation state of actinide elements.

4. Write notes on the position of lanthanum in the periodic table.

5. Specify the types of ligands.

6. Describe the geometrical isomerism of coordination compounds.

7. Write the formula for the below coordination compounds?



. Iron (1) hexacyanidoferrate (Il)

o]

b. Pentaaminechloridecobalt (lll) chloride
c. Amminebromidochloridonitrito-N- platinatc (II)
8. For the following compounds write the IUPAC names.

. [CO(NH3)4(H20)2]Cls

o))

b. Ka3[Fe(CN)e]

. K2[PdCly4]

0

10 Marks questions
1. Explain the separation of lanthanides by ion exchange method.
2. To describe the optical isomerism of square planar and octahedral compounds.

3. Describe the different types of structural isomerism with examples

1.1 Lanthanides and Actinides

F block elements are divided into two series, namely lanthanoids and actinoids. These
block of elements are often referred to as inner transition metals because they provide
a transition in the 6th and 7th row of the periodic table which separates the s block and
the d block elements.

Lanthanides
Lanthanoids, also called lanthanides are 15 consecutive chemical elements in the periodic
table from lanthanum to lutetium (atomic numbers 57-71). With scandium and yttrium,

they make up the rare-earth metals. Their atoms have similar configurations and similar
physical and chemical behaviour; the most common valencies are 3.

Location in the Periodic Table

In the periodic table, two additional rows below the main body of the table as parts of the
table’s sixth and seventh row (periods) are the lanthanides and the actinides.

Elements



The fifteen lanthanide elements start from Lanthanum (La) and further go with Cerium
(Ce), Praseodymium (Pr), Neodymium (Nd), Promethium (Pm), Samarium (Sm), Europium
(Eu), Gadolinium (Gd), Terbium (Tb), Dysprosium (Dy), Holmium (Ho), Erbium (Er), Thulium
(Tm), Ytterbium (Yb), and finally Lutetium (Lu).

Oxidation States

All lanthanide elements commonly have the +3 oxidation state. All of the lanthanides can
form +2 complexes in solution.

Lanthanide Contraction

The atomic size or the ionic radii of tri positive lanthanide ions decrease steadily from
La to Lu due to increasing nuclear charge and electrons entering inner (n-2) f orbital.
This gradual decrease in the size with an increasing atomic number is called lanthanide
contraction.

Consequences of Lanthanide Contraction

Following points will clearly depict the effect of lanthanide contraction:
e Atomic size
« Difficulty in the separation of lanthanides
« Effect on the basic strength of hydroxides
o Complex formation

« Theionization energy of d-block elements

1. Atomic size: Size of the atom of third transition series is nearly the same as that of
the atom of the second transition series. For example: radius of Zr = radius of Hf &
radius of Nb = radius of Ta etc.

2. Difficulty in the separation of lanthanides: As there is an only small change in the
ionic radii of Lanthanides, their chemical properties are similar. This makes the
separation of elements in the pure state difficult.

3. Effect on the basic strength of hydroxides: As the size of lanthanides decreases from
La to Lu, the covalent character of the hydroxides increases and hence their basic
strength decreases. Thus, La (OH)3 is more basic and Lu(OH)3 is the least basic.

4. Complex formation: Because of the smaller size but higher nuclear charge, tendency
to form coordinate. Complexes increases from La3+ to Lu3+.

5. Electronegativity: It increases from La to Lu.
6. lonization energy: Attraction of electrons by the nuclear charge is much higher and



hence lonization energy of 5d elements are much larger than 4d and 3d. In 5d series, all
elements except Pt and Au have filled s-shell.

7. Formation of Complex: Lanthanides exhibiting 3+ oxidation state is the larger and
hence low charge to radius ratio. This reduces the complex-forming ability of
lanthanides compared to d-block elements. Still they, form complexes with strong
chelating agents like EDTA, B-diketones, oxime etc. They do not form Pri-complexes.

Electronic Configuration of Lanthanides

Lanthanides of first f-block have a terminal electronic configuration of [Xe] 4f1-14 5d 0O-
16s2 of the fourteen lanthanides, promethium (Pm) with atomic number 61 is the only
synthetic radioactive element. The energy of 4f and 5d electrons are almost close to
each other and so 5d orbital remains vacant and the electrons enter into the 4f orbital.

Exceptions are in the case of gadolinium, Gd (Z = 64) where the electron enters the 5d
orbital due to the presence of half-filled d-orbital and lutetium (Z = 71) enters the 5d
orbital.

Actinides

Actinides are elements with atomic numbers from 90 to 103 following element
Actinium. They include naturally occurring elements of thorium, protactinium and
uranium and eleven transuranic i.e., artificially produced by nuclear reactions.
Nevertheless, all actinides are radioactive.The general electronic configuration of
actinides is [Rn] 5f' '* 6d”" 7s> Here [Rn] is the electronic configuration of the nearest
noble gas which is Radium.

Electronic Configuration of Actinides

Actinides are the second series of elements of the f-block having a terminal electronic
configuration of [Rn] 5f'"'* 6d *'7s”. The energy of 5f and 6d electrons are close to each
other and so electrons enter into the 5f orbital.

Actinide Contraction

The atomic size/ ionic radii of tri positive actinides ions decrease steadily from Th to Lw
due to increasing nuclear charge and electrons entering the inner (n-2) f orbital.

This gradual decrease in the size with an increasing atomic number is called actinide
contraction like lanthanide contraction. Because of the very poor shielding by 5f
electrons, contraction is larger along the period.

Oxidation State of Actinides

Actinides show variable oxidation states because of the smaller energy gap between 5f,
6 d and 7s orbitals. Though 3+ is the most stable oxidation state, other oxidation states
are possible because of the good shielding of f-electrons.




The maximum oxidation state first increases up to the middle of the series and then
decreases i.e. it increases from +4 for Th to +5, +6 and +7 for Pa, V and Np but
decreases in the succeeding elements.

Separation lanthanides by lon exchange method

This is the most effective method now available for the separation of Lanthanide
elements. The notable success of this method lies in the discovery of of trans-uranium
elements from atomic number 97onwards.

Principle: lon exchange resins are organic resins which contains exchangeable cations
or anions. Theseare packed in a long column, a solution containing the ions to be
separated is passed through thecolumn. The various ions get exchanged with the
corresponding ions in the resin. The ions which arenow attached to the rsin are held
with the resin with different strength.These can be eluted with suitable solvents, when
different ions are eliited step-by-step, depending upon the strength with whichthey are
attached to the resin. The ions which is held less firmly is eluted first, the ion which is
heldmore firmly is a eluted next and so on. Thus the various ions may be separated.

Procedure:

In this method cation exchange resins which are usually organic compounds containing
sulphonic acidor carboxylic acid groups are used. The column is packed with cation
exchange resin(HR). The aqueoussolution containing a mixture of tripositive Lanthanide
ions is allowed to pass down the column. In thehydrogen ions from the acid group
readily exchange with the trivalent Lanthanide ions.

Eg. ce®* + 3HR - CeRs + 3H"

Thus all the Lanthanide cations, Ln3+ are attached with the resins as LnR3. Since Lu3+
is the largest insize, it is attached to the resin less firmly, where, La3+, the smallest, is
attached to the resin morefirmly. In order to remove Ln3+ ions, fixed as LnR3 (solid) on
the resin, the column is eluted. Forelution buffer solution such as a mixture of
ammonium citrate and citric acid or EDTA or hydroxybutyricacid is used. During elutions
the less firmly held Lu is eluted out first followed by other members of theseries in order
of decreasing atomic numbers. Individual ions can thus be separated from one another.

1.2 Coordination Compounds

Coordination compounds are chemical compounds that consist of an array of
anions or neutral molecules that are bound to a central atom via coordinate covalent



bonds. Coordination compounds are also referred to as coordination complexes. These
molecules or ions that are bound to the central atom are referred to as ligands (also
known as complexing agents).

Many coordination compounds contain a metallic element as the central atom and are
therefore referred to as metal complexes. These types of coordination complex
generally consist of a transition element as the central atom. It can be noted that the
central atom in these complexes is called the coordination centre.

Central Atoms and Central lons

In a co-ordination compound, the central ion which is attached to various ions or neutral
molecule is called the central atoms and the central ions.

In coordination compounds, the central atoms or ions are typically Lewis Acids and can,
therefore, act as electron-pair acceptors.

Ligands

The atoms, molecules, or ions that are bound to the coordination centre or the central
atom/ion are referred to as ligands.

These ligands can either be a simple ion or molecule (such as Cl- or NH3) or in the
form of relatively large molecules, such as ethane-1,2-diamine (NH2-CH2-CH2-NH2).

Coordination Number
The coordination number of the central atom in the coordination compound refers to
the total number of sigma bonds through which the ligands are bound to the

coordination centre.

For example, in the coordination complex given by [Ni(NH3)4]2+, the coordination
number of nickel is 4.

Oxidation Number
The oxidation number of the central atom can be calculated by finding the charge
associated with it when all the electron pairs that are donated by the ligands are

removed from it.

For example, the oxidation number of the platinum atom in the complex [PtCle])” is +4.

Ligands The surrounding atoms, ion and molecule around the central transition metal



ion are known as Ligands. They act as Lewis base and donate electron pairs to
transition metal ion thus a dative bond is formed between ligands and the transition
metal ion. Hence these compounds are coordination complexes.

Types of Ligands

Based on the nature of the bond between the ligand and the central atom, ligands are
classified as follows:

e Anionic ligands: CN, Br, Cl
« Cationic ligands: NO"
o Neutral ligands: CO, H20, NH3

Ligands can be further classified as:
Unidentate Ligands
The ligands which only have one atom that can bind to the coordination centre are

called unidentate ligands. Ammonia (NH3) is a great example of a unidentate ligand.
Some common unidentate are Cl", H20 etc.

Bidentate Ligands

Ligands which have the ability to bind to the central atom via two separate donor atoms,
such as ethane-1,2-diamine, are referred to as bidentate ligands.

Oxalate ion is a bidentate as it can bond through two atoms to the central atom in a
coordination compound and Ethane-1, 2-diamine:

COO-
CH2 —N<
COO-
COOr
CH: —N{
COO

Polydentate Ligands

Some ligands have many donor atoms that can bind to the coordination centre. These
ligands are often referred to as polydentate ligands.

A great example of a polydentate ligand is the EDTA4- ion (ethylene diamine tetra
acetate ion), which can bind to the coordination centre via its four oxygen atoms and
two nitrogen atoms.

Chelate Ligand



When a polydentate ligand attaches itself to the same central metal atom through two
or more donor atoms, it is known as a chelate ligand. The atoms that ligate to the metal
ion are termed as the denticity of such ligands.

Ambidentate Ligand

Some ligands have the ability to bind to the central atom via the atoms of two different
elements.

For example, the SCN—- ion can bind to a ligand via the nitrogen atom or via the sulfur
atom. Such ligands are known as ambidentate ligands.

IUPAC Nomenclature of Coordination Compounds
Rules For Naming Coordination Compound

The standard rules that must be followed in the nomenclature of coordination
compounds are described below.

1. The ligands are always written before the central metal ion in the naming of
complex coordination complexes.

2. When the coordination centre is bound to more than one ligand, the names of the
ligands are written in an alphabetical order which is not affected by the numerical
prefixes that must be applied to the ligands.

3. When there are many monodentate ligands present in the coordination
compound, the prefixes that give insight into the number of ligands are of the
type: di-, tri-, tetra-, and so on.

4. When there are many polydentate ligands attached to the central metal ion, the
prefixes are of the form bis-, tris-, and so on.

5. The names of the anions present in a coordination compound must end with the
letter ‘0’, which generally replaces the letter ‘e’. Therefore, the sulfate anion must
be written as ‘sulfato’ and the chloride anion must be written as ‘chlorido’.

6. The following neutral ligands are assigned specific names in coordination
compounds: NH3 (ammine), H20 (aqua or aquo), CO (carbonyl), NO (nitrosyl).

7. After the ligands are named, the name of the central metal atom is written. If the
complex has an anionic charge associated with it, the suffix ‘-ate’ is applied.

8. When writing the name of the central metallic atom in an anionic complex,
priority is given to the Latin name of the metal if it exists (with the exception of
mercury).

9. The oxidation state of the central metal atom/ion must be specified with the help
of roman numerals that are enclosed in a set of parentheses.

10.If the coordination compound is accompanied by a counter ion, the cationic
entity must be written before the anionic entity.

Examples of Naming Coordination Compounds



Some examples of the nomenclature of coordination compounds can be found below.

Ka[Fe(CN)e]: Potassium hexa cyanide ferrate (II)
[Ni(CN)4] : Tetra cyanie Nickelate (1) ion.
[Zn(OH)4] *: Tetra hydroxide zincate (1) ion.
[Ni(CO)a]: Tetra carbonyl Nickel (O).

Methods of detecting complex formation:
1.3 Isomerism in Coordination Compounds

Two or more compounds that have the same chemical formula but a different
arrangement of atoms are known as isomers. Due to this difference in the arrangement
of atoms, coordination compounds pre-dominantly exhibit two types of isomerism
namely, structural isomerism and stereo-isomerism.

Structural Isomerism
Structural isomerism is exhibited by the coordination compounds having the same

chemical formula but a different arrangement of atoms. These are further divided into
four types:

Linkage Isomerism

Linkage isomerism is exhibited by coordination compounds having Ambidentate ligands.
For example[Co(NH3)sNo]So4 and [Co(NH3)sONO]Soa

Coordination Isomerism

Incoordination isomerism, the interchange of ligands between cationic and anionic
entities of different metal ions present in coordination compounds takes place.

For example: [Co(NH3)e][Cr(CN)e] and [Cr(NH3)e][Co(CN)e).

lonisation Isomerism

lonisation isomerism arises when the counter ion in a complex salt which is a potential
ligand replaces the ligand.

For example: [Co(NH3)s(S04)]Br and [Co(NH3)sBr]SOa.



Hydrate Isomerism

Solvate isomers are a special case of ionisation isomerism in which compounds differ
depending on the number of the water molecule directly bonded to the metal ion.

For example:

[Co(H20
[Co(H20
[Co(H20
[Co(H20

6|Cl3
5CI]Cl2.H20
4Cl2]CI.2H20
3Cl3].3H20

[ ] [ ] [ ]
— N N

Ligand Isomerism

In this type, ligands show isomerism.

For Example:
Co(CH, — CH — CHy), 1 " Co(CH, — CH — CHp), |
| and |
NH, NH, NH, NH,
Stereoisomerism

Coordination compounds which have the same chemical and chemical bonds but have
different spatial arrangement are known as stereoisomers. These are further divided
into optical isomerism and geometrical isomerism.

Optical Isomerism in Coordination Compounds

The isomer which forms non-super imposable mirror image is known as optical isomers
or enantiomers. These are of two types

o Theisomer that rotates plane-polarized light towards clockwise direction is
dextro or ‘d’ or '+' isomer.
o The isomer that rotates plane-polarized light to anti-clockwise direction is leavo
isomer or ‘I', - isomer.
The equimolar mixture of ‘d’ and ‘I isomer is known as the racemic mixture.

Example of Optical Isomerism:
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Geometrical Isomerism

Geometrical isomerism is observed in heteroleptic complexes (complexes with more
than one type of ligands) due to different possible geometric arrangements of the
ligands.

This behaviour is mainly observed in coordination compounds having coordination
numbers equal to 4 and 6. Geometrical isomerism of complexes with coordination
number 4:

o ML4 tetrahedral complexes do not show cis-trans isomerism since ligands are in
different directions.

« MABCD has 3 geometrical isomers. 2-cis and 1-trans.

o MA2B2 complex shows cis and trans isomers.

Example:

[~ Pt(NH,), C1, | 7 | .'\_p,/-

N

a NH,
trans

cis

ML6 octahedral complex does not show geometrical isomerism. MA2B4 complex
shows cis-trans isomerism.

Example: [Co(NH3)4CI2]+
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MA3B3 complex shows facial-meridional isomerism.
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2 Mark Questions

1. What is secondary valency?

2. What is crystal field stabilization energy?
3. What is the John Teller effect?

4. Specify the color of the transition metal ion.
5. Define EAN.

6. Define co-ordination number.

7. State two postulates of VB theory.

8. Define the stability constant.

9. What are labile complexes ?

10. What are inert complexes?

5 Mark Questions

|
NHy



1. What are the salient features of werner&#39;s coordination theory?

2. Explain the Sidwick&#39;s theory with an example.

3. How does the charge of a ligand affect the stability of the complex?

4 write notes on Ligand field theory .

5. Explain the kinetic and thermal stability of complexes..

10 Mark Questions

1. Explain with an example the molecular orbital theory of complex formation.

2. Describe the crystal field splitting in square planar and octahedral complexes.

3. Describe the factors that affect the stability of coordination complexes.

2.1Theories of co-ordination Compounds
Werner’s Theory

Alfred Werner in 1898 proposed Werner's theory explaining the structure of coordination
compounds.Werner's Experiment: By mixing AgNO3 (silver nitrate) with CoCls-6NHz, all
three chloride ions got converted to AgCI (silver chloride). However, when AgNO3 was
mixed with CoCls-5NHs, two moles of AgCl were formed.Further, on mixing CoCls-4NH3
with AgNOs, one mole of AgCL was formed. Based on this observation, the following
Werner's theory was postulated:

Postulates of Werner’s Theory

o The central metal atom in the coordination compound exhibits two types of
valency, namely, primary and secondary linkages or valencies.

« Primary linkages are ionizable and are satisfied by the negative ions.

« Secondary linkages are non-ionizable. These are satisfied by negative ions. Also,
the secondary valence is fixed for any metal and is equal to its coordination
number.

o Theions bounded by the secondary linkages to the metal exhibit characteristic
spatial arrangements corresponding to different coordination numbers.



Difference between Primary and Secondary Valency in Coordination
CompoundsWerner’s Theory

Primary valency Secondary valency

These are ionisable These are Non-ionizable
Satisfied by charged ions Satisfied by ligands
Primary valency does not help in the structure of =~ Secondary valency helps in
complex structure

It can also function as a secondary valence

It cannot function as a primary
valency

Example: CoCI3.6NH3, CoCI3.5NH3. CoCI3.6NH3 is Werner's complex.

HsN I NH3

NHs

O__é_____'

[ury

Such spatial arrangement is termed as coordination polyhedra. The terms inside the
square brackets are coordination complexes and the ions outside the square brackets
are counter-ions.

Limitations of Werner’s Theory

1.

2.

It fails to explain the magnetic, colour and optical properties shown by
coordination compounds.

It failed to explain the reason why all elements don't form coordination
compounds.

3. It failed to explain the directional properties of bonds in coordination compounds.
4.
5. This theory could not explain the nature of complexes.

This theory does not explain the stability of the complex

Sidgwick’s electronic theory

The Sidgwick’s electronic theory explains the formation of coordination

compounds. According to this theory, coordinate bonds are formed when the ligands



donate the electron pairs to the central metal ion.
a. Four ammonia molecules donate four electron pairs to Cu* ion to form the complex
cuprammonium ion, [Cu(NHs)4]*".

b. Six CN’ ligands donate six electron pairs to Fe** and Fe** ion to form the complex ion
ferrocyanide, [Fe(CN)s]* and ferricyanide, [Fe(CN)6.

Effective Atomic Number Rule

Effective Atomic Number Rule is proposed by Sidgwick. The total number of electrons
passed by central transition metal ion after the donation of electrons by the ligand an
effective atomic number. A complex is stable if the effective atomic number is equal to
the atomic number of nearest inert gas.

Example: Calculate the effective atomic number of the following complexes:

. KA[Fe(CN)6]
. [Co(NH3)CI3

1. K4[Fe(CN)6]

Number of electrons in Fe2+ = 24

Number of electrons by Six CN = 2x6 = 12

Total number of electrons possessed by Fe2+ =24 + 12

Therefore, the effective atomic number = 36.

2. [Co(NH3)]CI3

Number of electrons in Co+3 = 24

Number of electrons by Six NH3 = 2x6 = 12

Total number of electrons possessed by Co+3 =24 + 12
Therefore, the effective atomic number = 36.

Valence Bond Theory (VB)

Many approaches have been put forth to explain the nature of bonding in coordination
compounds. One of them is the Valence Bond (VB) Theory. The Valence Bond Theory
was developed in order to explain chemical bonding using the method of quantum



mechanics. This theory primarily focuses on the formation of individual bonds from
the atomic orbitals of the participating atoms during the formation of a molecule.

According to the valence bond theory, Electrons in a molecule occupy atomic orbitals
rather than molecular orbitals. The atomic orbitals overlap on the bond formation and
the larger the overlap the stronger the bond. The metal bonding is essentially covalent in
origin and metallic structure involves resonance of electron-pair bonds between each
atom and its neighbors.

Postulates of Valence Bond Theory

The important postulates of the valence bond theory are listed below.

1. Covalent bonds are formed when two valence orbitals (half-filled) belonging to
two different atoms overlap on each other. The electron density in the area
between the two bonding atoms increases as a result of this overlapping, thereby
increasing the stability of the resulting molecule.

2. The presence of many unpaired electrons in the valence shell of an atom enables
it to form multiple bonds with other atoms. The paired electrons present in the
valence shell do not take participate in the formation of chemical bonds as per
the valence bond theory.

3. Covalent chemical bonds are directional and are also parallel to the region
corresponding to the atomic orbitals that are overlapping.

4. Sigma bonds and pi bonds differ in the pattern that the atomic orbitals overlap in,
i.e. mbonds are formed from sidewise overlapping whereas the overlapping along
the axis containing the nuclei of the two atoms leads to the formation of sigma
bonds.

Number of Orbitals and Types of Hybridization

According to VBT theory the metal atom or ion under the influence of ligands can use
its (n-1)d, ns, np, or ns, np, nd orbitals for hybridization to yield a set of equivalent
orbitals of definite geometry such as octahedral, tetrahedral, square planar and so on.
These hybrid orbitals are allowed to overlap with ligand orbitals that can donate electron
pairs for bonding.

Coganston_ ect gt
Number Hybridisation Space
4 SP3 Tetrahedral
4 dsp’ Square planar
3 Trigonal
° sp'd bipyramidal

6 sp°d? Octahedral



6 d’sp® Octahedral

Limitations of Valence Bond Theory

The shortcomings of the valence bond theory include
« Failure to explain the tetravalency exhibited by carbon
» Noinsight offered on the energies of the electrons.
o The theory assumes that electrons are localized in specific areas.

» It does not give a quantitative interpretation of the thermodynamic or kinetic
stabilities of coordination compounds.

« No distinction between weak and strong ligands.

« No explanation for the colour exhibited by coordination compounds.

Crystal Field Theory (CFT)

Crystal field theory describes the net change in crystal energy resulting from the
orientation of d orbitals of a transition metal cation inside a coordinating group of
anions also called ligands.

A major feature of transition metals is their tendency to form complexes. A complex
may be considered as consisting of a central metal atom or ion surrounded by a number
of ligands. The interaction between these ligands with the central metal atom or ion is
subject to crystal field theory.

Crystal field theory was established in 1929 treats the interaction of metal ion and
ligand as a purely electrostatic phenomenon where the ligands are considered as point
charges in the vicinity of the atomic orbitals of the central atom. Development and
extension of crystal field theory taken into account the partly covalent nature of bonds
between the ligand and metal atom mainly through the application of molecular orbital
theory. Crystal field theory often termed as ligand field theory.

Overview of Crystal Field Theory

In order to understand clearly the crystal field interactions in transition metal complexes,
it is necessary to have knowledge of the geometrical or spatial disposition of d orbitals.
The d-orbitals are fivefold degenerate in a free gaseous metal ion. If a spherically
symmetric field of negative ligand filed charge is imposed on a central metal ion, the d-
orbitals will remain degenerate but followed by some changes in the energy of free ion.



A summary of the interactions is given below.

Net gain in
energy
. ‘.::': ---------- Baricenter

Free ion Attraction between Repulsion  Destabilization  Crystal field
metal and ligand due to filled of electrons in splitting of
charges shells d-orbitals d-orbital in a
chemical
environment

Energy

Crystal Field Splitting

Crystal field theory was proposed which described the metal-ligand bond as an ionic
bond arising purely from the electrostatic interactions between the metal ions and
ligands. Crystal field theory considers anions as point charges and neutral molecules as
dipoles.

When transition metals are not bonded to any ligand, their d orbitals are degenerate that
is they have the same energy. When they start bonding with other ligands, due to
different symmetries of the d orbitals and the inductive effect of the ligands on the
electrons, the d orbitals split apart and become non-degenerate.

High Spin and Low Spin

The complexion with the greater number of unpaired electrons is known as the high
spin complex, the low spin complex contains the lesser number of unpaired electrons.
High spin complexes are expected with weak field ligands whereas the crystal field
splitting energy is small A. The opposite applies to the low spin complexes in which
strong field ligands cause maximum pairing of electrons in the set of three t2 atomic
orbitals due to large Ao.

+ High spin = Maximum number of unpaired electrons.

e Low spin — Minimum number of unpaired electrons.
Example: [Co(CN)e]* & [CoFs]*
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[Co(CN),F* [CoF,J
High Spin and Low Spin Complex
« [Co(CN)e]* - Low spin complex
« [CoFe]* - High spin complex
The pattern of the splitting of d orbitals depends on the nature of the crystal field. The
splitting in various crystal fields is discussed below:
Crystal Field Splitting in Octahedral Complex
» Inthe case of an octahedral coordination compound having six ligands
surrounding the metal atom/ion, we observe repulsion between the electrons in d

orbitals and ligand electrons.

This repulsion is experienced more in the case of di*-y* and d.” orbitals as they
point towards the axes along the direction of the ligand.

Hence, they have higher energy than average energy in the spherical crystal field.

On the other hand, dxy, dyz, and dx: orbitals experience lower repulsions as they are
directed between the axes.

Hence, these three orbitals have less energy than the average energy in the
spherical crystal field.

Thus, the repulsions in octahedral coordination compound yield two energy levels:
o t2g— set of three orbitals (dxy, dyz and dxz) with lower energy

« eg - set of two orbitals (d«’-y*and d.”) with higher energy
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Crystal Field Splitting in Octahedral Complex

This splitting of degenerate level in the presence of ligand is known as crystal field
splitting. The difference between the energy of t2g and eq level is denoted by

“Ao" (subscript o stands for octahedral). Some ligands tend to produce strong fields
thereby causing large crystal field splitting whereas some ligands tend to produce weak
fields thereby causing small crystal field splitting.

Crystal Field Splitting in Tetrahedral Complex

The splitting of fivefold degenerate d orbitals of the metal ion into two levels in a
tetrahedral crystal field is the representation of two sets of orbitals as Tq. The electrons
in d«-y* and d.” orbitals are less repelled by the ligands than the electrons present in dyy,
dyz, and dx; orbitals. As a result, the energy of dxy, dyz, and dx: orbital set are raised while
that os the dx’-y” and d” orbitals are lowered.

o There are only four ligands in T« complexes and therefore the total negative
charge of four ligands and hence the ligand field is less than that of six ligands.

« The direction of the orbitals does not coincide with the directions of the ligands
approach to the metal ion.
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Crystal Field Splitting in Tetrahedral Complex
Thus, the repulsions in tetrahedral coordination compound yield two energy levels:

» 12— set of three orbitals (dxy, dyz and dxz) with higher energy



« e - set of two orbitals (d«*-y” and d.”) with lower energy

The crystal field splitting in a tetrahedral complex is intrinsically smaller in an
octahedral filed because there are only two thirds as many ligands and they have a less
direct effect of the d orbitals. The relative stabilizing effect of e set will be -6Dq and the
destabilizing effect of t2 set will be +4Dq

Square Planar Complexes

In a square planar, there are four ligands as well. However, the difference is that the
electrons of the ligands are only attracted to the xyxy plane. Any orbital in the xy plane
has a higher energy level. There are four different energy levels for the square planar
(from the highest energy level to the lowest energy level): d«’y? dxy, dz% and both dx. and
dyz.
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Figure : Splitting of the degenerate d-orbitals (without a ligand field) due to an square
planar ligand field.

Crystal Field Stabilization Energy

In a chemical environment, the energy levels generally split as directed by the symmetry
of the local field surrounding the metal ion. The energy difference between the eg and
t2g levels is given as or 10Dq. It states that each electron that goes into the lower t2g level
stabilizes the system by an amount of -4Dq and the electron that goes into eg level
destabilizes the system by +6Dq. That is the t2g is lowered by 4Dq and the eq level is
raised by +6D,.

For example, the net change in energy for d® and d'® systems will be zero as shown
below.

d® - 3(-4Dq) + 2(+6Dq) =-12Dq + 12Dq = 0
d'% - 6(-4Dq) + 4(+6Dq) = -24Dq + 24Dq = 0

The decrease in energy caused by the splitting of the energy levels is called the “Ligand
Field Stabilization Energy (LFSE)".

Magnetic Properties of Complexes



The complex in which central transition metal ion has unpaired electrons is
Paramagnetic.

1. The complex in which central transition metal ion has no unpaired electrons is
diamagnetic.
2. The magnetic moment of a complex is calculated by the spin only formula

M = v[n(n+2)] BM
BM = Bohr Magneton

The magnetic moment of complex compounds depends upon:

o Type of hybridization.
e The oxidation state of central transition metal ion.

o The number of unpaired electrons.
Colour of Complexes

Complexes in which central transition metal ion contains unpaired electrons shows
colour. It is ‘d — d’ transition. The colour of complexes depends upon:

Number of unpaired electrons in transition metal ion

o Nature of ligands

o The oxidation state of central transition metal ion

o The wavelength of light absorbed and emitted

o The proportion of ligands in the coordination sphere

Example: [Ni(H20)6]+2+en(aq) — [Ni(H20)4en]** - Green Pale blue

John-Teller effect (Distortion in d” configuration): Any non linear molecule in a
degenerate electronic state will be unstable and will undergo some kind of distortion

while which lower its symmetry and split the the degenerate state. This is called John

teller effect.

Let us consider Cu ** ion which has 9 electrons in its 3d orbital, this ion when

present at the centre of an octahedral complex. It will have one vacant orbital in eg level.
According to John teller effect such a system cannot be e a perfect octahedron it will be

distorted in some way.

significance: This effect helps us in understanding the the structure of some
coordination complexes.

Molecular Orbital Theory



The Molecular Orbital Theory (often abbreviated to MOT) is a theory on chemical
bonding developed at the beginning of the twentieth century by F. Hund and R. S.
Mulliken to describe the structure and properties of different molecules. The valence-
bond theory failed to adequately explain how certain molecules contain two or more
equivalent bonds whose bond orders lie between that of a single bond and that of a
double bond, such as the bonds in resonance-stabilized molecules. This is where the
molecular orbital theory proved to be more powerful than the valence-bond theory
(since the orbitals described by the MOT reflect the geometries of the molecules to
which it is applied).

Features of Molecular Orbital Theory

« The atomic orbitals overlap to form new orbitals called molecular orbitals. When
two atomic orbitals overlap they lose their identity and form new orbitals
called molecular orbitals.

o The electrons in the molecules are filled in the new energy states called the
Molecular orbitals similar to the electrons in an atom being filled in an energy
state called atomic orbitals.

o The probability of finding the electronic distribution in a molecule around its group
of nuclei is given by the molecular orbital.

« The two combining atomic orbitals should possess energies of comparable value
and similar orientation. For example, 1s can combine with 1s and not with 2s.

o The number of molecular orbitals formed is equal to the number of atomic
orbitals combining.

» The shape of molecular orbitals formed depends upon the shape of the
combining atomic orbitals.

According to the Molecular Orbital Theory, the filling of orbitals takes place according to
the following rules:

» Aufbau’s principle: Molecular orbitals are filled in the increasing order of energy
levels.

o Pauli’'s exclusion principle: In an atom or a molecule, no two electrons can have
the same set of four quantum numbers.

o Hund’s rule of maximum multiplicity: Pairing of electrons doesn’t take place until
all the atomic or molecular orbitals are singly occupied.

Ligand field theory(LFT)
The crystal field theory regards the bonding in complexes as purely electrostatics
(ionic). It takes no account of possible covalent bonding in complexes, but the physical



measurements such as electron spin resonance, NMR and nuclear quadrupole
resonance suggest that there is some measurement of covalent bonding also in
complexes. It is because of this reason that a kind of modified form of CFT has been
suggested in which some parameters are empirically adjusted to allow for covalance in
complexes without explicitly introducing covalence into CFT. This modified form of
CFT is often called ligand field theory, However, LFT is sometimes also used as a
general name for the whole gradation of theories from CFT to the molecular orbital
theory. Cotton and Wilkinson have called LFT, adjusted crystal field theory ACFT.

LFT is therefore a combination of Crystal Field and MO theories. While accepting the
electrostatic attraction between the ligands and the metal ions, it allows for some
covalent bonding between the orbitals of the metallic iron and the orbital of the ligand.
Depending upon the nature of the metal ion and the ligand the bonding orbitals maybe
of covalent type, where in the electrons are shared approximately equally between the
ligands and the metal or may represent ionic bonding by concentrating more electron
density on the ligands.the

Th LFT is a theory of origin of splitting of (i) orbitals of splitting of inner orbitals of ions
be there for chemical environment and (ii) the consequences of such a splitting.

2.2 Stability of Metal Complexes

The stability of metal complex generally means that it exists under favorable conditions
without undergoing decomposition and has a considerable shelf life period . The term
stability of metal complex cannot be generalized since the complex may be stable to
one reagent/condition and may decompose in presence of another reagent/condition.
The stability of metal complexes can be explained with the help of two different aspects,
namely, thermodynamic stability and kinetic stability.

1. Thermodynamic stability

Thermodynamic stability of a complex refers to its tendency to exist under equilibrium
conditions. It determines the extent to which the complex will be formed or be
converted into another complex at the point of equilibrium. In other words,
thermodynamic stability of complexes is the measure of tendency of a metal ion to
selectively form a specific metal complex and is directly related to the metal-ligand
bond energies. The thermodynamic stability of complexes is represented by formation
constant. The formation constant is also known as stability constant, which is the
equilibrium constant obtained for the formation metal complex.

2. Kinetic stability

Kinetic stability is related to the reactivity of the metal complexes in solution and deals
with the rate of the reaction, its activation energy, etc. Kinetic stability is also related to
how fast a compound reacts rather than how stable it is. It aids in determining the rate
at which the reaction occurs to establish the equilibrium.



Relation between thermodynamic and kinetic stabilities

Complexes which undergo extremely rapid ligand substitution reaction are referred to
as labile complexes, and complexes that undergo extremely slow ligand substitution
reaction are referred to as inert complexes. Sometimes the thermodynamic and kinetic
stabilities of complexes are parallel to one another, but often they do not. One of the
suitable examples for thermodynamically stable and kinetically inert complex is
[Ni(CN)4] as it undergoes ligand substitution reaction very rapidly. On the other hand,
the cobalt complex [Co(NH?)¢] is thermodynamically unstable but kinetically inert. The
complex [Co(NH?)¢] is thermodynamically unstable since the complex was observed
to decompose very rapidly with rate in the order of 10 in acidic solution. However, no
ligand substitution reaction is found when the complex is kept in acidic solution for
several days; hence the complex is kinetically inert. From the above two examples, it
can be interpreted that the stability of a complex mainly depends upon the conditions,
and it is always recommended to specify the conditions such as pH, temperature, etc.
while mentioning the stability of the complex. In brief, it is not necessary for a stable
complex to be inert and an unstable complex to be labile.

Consider the three complexes [Ni(CN)4] ™, [Mn(CN)¢], and [Cr(CN)¢] . All the
complexes are thermodynamically stable, but kinetically they behave in a different
manner. The rate of exchange can be measured when carbon-14-labelled cyanide ions
are reacted with metal complexes in solution. It indicates that [Ni(CN)“] is labile,
[Mn(CN)?] is less labile, and [Cr(CN)¢] is inert and proves that not all stable
complexes are inert and vice versa.

Factors affecting the stability of metal complexes

There are several factors that can affect the stability of the metal complexes, which
include:

Nature of the central metal ion
Nature of the ligand

Chelating effect

Macrocyclic effect

Resonance effect

Steric effect or steric hindrance

ocogakown~

1. Nature of central metal ion
i) Charge on metal cation

In metal cations, higher oxidation state forms more stable complex than lower oxidation
states with ligands such as NH3, H20, etc. Even few exceptions are there like CO, PMe3,
o-phenanthroline, bipyridyl, CN , which form more stable complex with lower oxidation
state metals.



i) Size of central metal cation

The stability of metal complex increases with decrease in size of the metal cations. For
M ions, the general trend in stability for complexes is

Ba2+<Sr2+<Ca2+<Mg2+<Mn2+<Fe2+<C02+<Ni2+<Cu2+>Zn2+Ba2+<Sr2+<Ca2+<Mg2+<
Mn2+<Fe2+<Co2+<Ni2+<Cu2+>Zn2+

This trend in stability is known as Irving-Williams series.

This order of stability is also in good agreement with the charge to radius ratio concept
because the radii decrease from Ba to Cu and then increased to Zn . The order of
size of dipositive ions is

Ba2+>Sr2+>Ca2+>Mg2+>Mn2+>Fe2+>Co02+>Ni2+>Cu2+<Zn2+Ba2+>Sr2+>Ca2+>Mg2+
>Mn2+>Fe2+>C02+>Ni2+>Cu2+<Zn2+

2. Nature of ligands

Basic character of ligands: The greater is the basic character of ligand, the more easily
it can donate its lone pair of electrons to the central metal ion and hence greater is the
complex stability. In 3D-series metal ion, order of stability of complex with NH3, H20,
and F is:

NH3>H20>F-NH3>H20>F-

The nature of metal-ligand bond also affects the stability of metal complexes. The
higher the covalent character, the greater will be the complex stability. For example, the
stabilities of silver complexes have different halide ligands which are in the following
order:

Agl2->AgBr2->AgCl2->AgF2-Agl2->AgBr2->AgCl2->AgF2-

Ligands having vacant p- or d-orbital tend to form 1t bond and hence form stable
complexes with metals. Ligands that are capable of forming such t bond are CO, CN ,
alkene, phenanthroline, etc.

3. The chelate effect

The chelate effect is that the complexes resulting from coordination of metal ions with
the chelating ligand are thermodynamically much more stable than the complexes with
non-chelating ligands. Chelating ligands are molecules which can bind to single metal
ion through several bonds and are also called as multidentate ligands. Simple (and
common) examples include ethylenediamine and oxalate. Non-chelating ligands are
ligands that bond to just one site, such as chloride, cyanide, and water.



The chelate effect can be understood by comparing the reaction of a metal ion,
respectively, with a chelating ligand and with a monodentate ligand having
similar/comparable donating groups. During the comparison study, the number of
coordination should be maintained equal in both the cases, for example, the value
obtained while adding a bidentate ligand is compared with the value obtained for two
monodentate ligands. For example, coordination of metal ion with chelating ligand 2,2'-
bipyridine can be compared with that of monodentate pyridine ligand. Another such
comparison can be made between coordination behavior of chelating 1,2-
diaminoethane (ethylenediamine = en) and monodentate ammonia. Such comparison
studies revealed that the metal complex formed from chelating ligands are
thermodynamically more stable than the complex formed from monodentate ligand. For
example, formation of complexes from hydrated cadmium ion, [Cd(H20)4]” with
methylamine (CH3NH?), ethylenediamine (en) and triethylenetetramine (trien), and their
stability is in the following order:

[Cd(CH3NH2)4]2+<[Cd(en)]2+<[Cd(trien)]2+CdCH3NH242+<Cden2+<Cdtrien2+

4. Resonance effect

Resonance increases the stability of the complexes. For example, acetylacetonate anion
ligand shows resonance, and as a result it forms stable complexes upon reacting with
metal ion . The ligand-metal it bonding increases the delocalization of electrons
compared to free enolate as shown below and leads to increased stability.
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Figure 1.Resonance structure of acetonylacetonate ligand.
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Figure 2.Acetonylacetonate-metal complex.
5. Steric effect

The presence of bulky substituents in the ligands can affect the stability of the metal
complex, and this type of destabilization of metal complex due to bulkiness of the



substituent is called as steric effect . For example, consider the ligand 8-hydroxy
quinoline and its methyl substituted derivative 2-methyl-8-hydroxy quinolone. Both are
bidentate ligands and form chelated complexes with Ni ion as shown in Figure 3.
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Chelating complexes of Ni(ll) ion showing steric effect.

The complex (I1) is less stable than complex (I) because of bulky group attached to an
atom adjacent to donor atom which cause a steric hindrance and lower the stability of
the complex.

UNIT-V

2 Mark questions

1. What are hydrides?

2
3.
4
5.

6.

7
8.
9

. State two uses of hydrides.

What is the reason for the hypersensitivity of salt type hydrides?

. What are borides?

Give two main uses of borides.

What are carbides?

. How is boron carbide made?

What are nitrides?

. Explain the benefits of nitrides.

10. How are nitrides classified?

11. Define post precipitation.

5 Mark questions



1. Draw a note about Metallic Hydrides.

2. How are borides made?

3. What are the main properties of borides.

4. Explain the properties of carbides with examples.
5. What are the main uses of carbides?

6. What are selective precipitants? Give an example.

10 Mark questions

1. What are interstitial nitrides? How are they originated? What are their notable
properties ?.
2. Classify hydrides and give general properties of each type.

3. What are co-precipitation and post- precipitation? Explain by example.
5.1 BINARY COMPOUNDS

Hydrides

They are binary compounds of hydrogen with other elements whose electronegativity
is lower than that of hydrogen. According to this definition the term hydride is not used
to compounds like H20, H2S, NHs, PHs, HF, HCI, HBr etc.,. This term is not used for the
binary compounds of hydrogen with non metals.

Classification

The hydrides are classified according to the electronegativity of the elements which
form the hydrides, Paneth classified the hydrides as follows:

1. Salt like hydrides
2. Volatile or Covalent hydrides
3. Metallic hydrides and
4. Polymeric hydride
Gibbs classified the hydrides as follows:

1. Salt-like or Saline hydrides



2. volatile or Covalent hydrides
3. Metallic hydrides and
4. Polymeric hydrides

1. Salt-like or Saline hydrides: They are also called electrovalent hydrides. Only
elements with very low electronegativity values can transfer electron to the hydrogen
atom and form salt-like hydrides. The elements of IA, lIA, and IlIA form hydrides of this
type having the composition MHx where x is the group valency of the metal.

2.Volatile or Covalent hydrides: These hydrides are formed by the highly
electronegative elements by sharing of electrons with hydrogen. They have the general
formula XHs-n) where n is the group number of the element. The metal belonging to the
[11B,IV B,VB,VIB and VII B groups form this type of hydrides.

3. Metallic hydrides or Interstitial hydrides: The transition elements and rare earth
metals combine with hydrogen to produce hydrides which are metallic in appearance.
They do not possess definite composition.In this hydrides the hydrogen atoms seem to
occupy the interstices of the metals. Hence they are called the interstitial hydrides.

4. Polymeric hydrides Complex hydrides or Polynuclear hydrates: In polymeric
hydd — — — - - - - - destwo or more metal atoms are linked by hydrogen bridges.
Examples are the complex hydrides of the type LiAlH4, LiBHa.

PREPARATION

1.Preparation of Salt-like hydrides: a) Hydrides of alkali metals (IA): They are easily
obtained by direct reaction between the pure metals and hydrogen at suitable
temperatures (150°C to 800 'C).

700-800°C
2Li + H2 - . - - - - —_—_—_— - > 2H

2Na + H2 - — — —— — — — ——_—_— — > 9NaH
b) Hydrides of alkaline earth metals: They are also prepared in the same manner as

alkali hydrides are prepared.

150-300°C

Ca+H ——— —— — — — ———— — > CaH
800°C

Sr+H — —— —— — — — ———— — > StH
150 °C

Ba+H — —— —— — — — ———— — > BaH

c) Hydrides of llIA groups: Aluminium hydride is prepared by treating an etherial



solution of aluminium chloride with lithium hydride of lithium aluminium hydride.

AICls + 3LIH — — — —— — — — ———— — > AlHs +
3LiCl

Ether
AlICls + 3LIAIH4 — - — —— — — — ———— — > 4AlH3 +
3LiCl
2. Preparation of covalent hydrides: i) By the direct combination of element with
hydrogen.

FP+H--- - - - - ———— - > 2HF

i) By the action of water on borides, carbides, nitrides and silicides of metals.

CaC2+2H 0O — — - —— = — & - — > Ca(OH)
2 + C2H2

AlaC3+6HO — — — —— — — — ———— — > 2Al,03
+ 3CHa4

MgsN2 + 6H0 — — — —— — — — ———— — >
3Mg(OH)2 + 2NHs

iii) By the action of dilute acids on borides, carbides, nitrides and silicides of metals.

MgsB2 + 6HCl — — — —— — — — ———— — >
3MgCl2 + B2Hs

Mg:Si + 4HCl — — — —— — — — ——__ _ >
3MgClz + SiHa

iv) By the action of hydrogen on a metal or its compounds.

AsCls + 6H — = = —— — — — ————- — > AsHs3
3HCI

GeCls + 8H — = = —— — — — ———— — > GeHqs +
4HCI

v) By the reduction of suitable halide with Lithium aluminium hydride.

SNCla + LiAH4 — — — —— — — — ———— — > LiCl +
ACls + SnHa



GeCls + LIAIH4— — - —— — — — ———— — > LiCl +
AICIz + GeHs

3. Preparation of metallic hydrides: The metallic hydrides are obtained by occlusion or
adoption or hydrogen at moderate or high temperatures. For example palladium
adsorbs 900 volumes of hydrogen. Similarly other metals adsorb hydrogen forming
metallic hydrides.

Metallic hydrides are also obtained by adsorption of hydrogen on a metal which is made
cathode during electrolysis.

4. Preparation of polymeric hydrides: When lithium hydride is treated with aluminium
chloride in ether lithium aluminium hydride is obtained.

Ether

ALIH + AICls — — — —— — — — ———— — > LiAlHa +
3LiCl

PROPERTIES

1.Properties of Salt-like hydrides: They are white or colourless crystalline substances.
They are generally insoluble in ordinary solvents at room temperature.

i) They are decomposed at high temperatures

400-500°C
2NaH—- - — —— — — — ————— > 2Na+ H
ii) They react with water dilute acids, alcohols etc. liberating hydrogen gas.
LiIH+HO - — = —— — — — ———— — > LiOH +
H2

LIH+HCl — = = —— — — — ———— — > LiCl +
H2

LH+CHOH—- — = —— — — — ———— — >
C2HsOLi + H2

This reaction shows the saline hydrides are highly reactive. This is because the parent
acid of MH salts viz., H2 is exceedingly weak (Remember the parent acid of CI is HCI).
Thus H and its salts i.e., saline hydrides react instantly and completely with any
substance affording even the minutest traces of H" such as water.



Eg,NaH + HO—- - - —— — — — ———— — > NaOH + H:
iii) They combine with carbon dioxide forming formates.
LIH+CO2— — — —— — — — ———— — > HCOOLi

iv) Alkaline earth metal hydrides react with nitrogen forming their nitrides. Alkali
metal hydrides do not react with nitrogen.

3CaH + N2 — - = —— — — — ———— — > C(CasN2 +
3H2

v) They are powerful reducing agents especially at high temperatures.

2C0+ NOH- - - -- - - — ———— — > HCOONa +
C

SiCla+ 4NOH - - - - — - — — ———— — > SjHs +
4NaCl

PbSOs4 + 2CaH2— - - - - — — — ———— — > PbS +
2Ca(0OH)2

2. Properties of covalent hydrides: The covalent hydrides possess low melting and
boiling points. They are volatile. They are non-conductors indicating covalent bonding in
their molecules. They also show partial ionic character. Some of the hydrides contain
bridging hydrogens; eg., boran hydrides. The boron hydrides are called boranes.

i)The boranes are volatile and decompose to boron and hydrogen at right heat.
ii) The boranes are decomposed by aqueous alkalis.

iii) The boranes are decomposed by water liberating hydrogen.

iv) The boranes are oxidized by Oxygen and they explode in air.

v) The boranes react with ammonia to give different products.

low temp.
BoHe + 2NH3 - - - - - — — — ———— — > B2He.2NHs3
BoHs + NH3(excess) — - - ——- — — — ———— — > (BN
high temp.
B2He.2NH3 - - - —— - — — ———— — > Bo2NsHs
Borazole

vi) Boranes react with halogens under controlled conditions.

BoHe + Clp, — — — —— — — — ——_—_—_ — > ByHsCl+



HCI

BoHe + 3Cl, - - - - - — — — ———— — > 2BCls +
3H2

vii) Boranes react with halogen acids to give chloroborides.

Properties of Metallic hydrides: i) The metallic hydrides possess metallic properties
such as hardness lustre and the electrical conductivity.

ii) These hydrides are strong reducing agents. This suggest that the hydrogen is
present in the atomic state.

iii) The quantity of hydrogen present in the metallic hydrides does not be exact
stoichiometric relation.

iv) Formation of metallic hydrides may be accompanied by absorption or evolution of
heat.

4. Properties of polymeric hydrides: Lithium aluminium hydride is a good example for
this.

i) It is a colourless solid which is stable to air.
i) It decomposes on heating.

2LIAIHs — — — —— — — — ———— — > 2LiH + 2Al +
3H2

iii) It is decomposed by water and the reaction is violent.

JLIAIHs + 4HsO— — — —— — — — ——__ _ > LiOH +
AI(OH)s + 4H,

iv) It dissolves in ether and the solution is a powerful reducing agent. It reduces
aldehyde to alcohol.

LiAlH4
RCHO + 4H- - - - - - — — ———— — > RCH0H
v) It is used for the preparation of the hydrides of silicon, tin, boron, aluminium and

germanium.
USES

1.The uses of primary volatile hydrides such as H20, halogen acids (HCI, HBr
etc.,) are well known.



2.The salt-like hydrides are used Claisen condensation and Aldol condensation.

3.The salt-like hydrides are hydrolysed by water and readily yield large quantities
of hydrogen.

4. Calcium hydride is used to determine traces of water in organic compounds.
5. Boron hydrides are very much important as fuel or fuel additives.
6.Some of the covalent hydrides are used as reducing agents in metallurgy.

7.Diborane is used as a catalyst for polymerization reaction.It is used as reducing
agent and for welding torches.

8.The metallic hydrides are used in the manufacturing of vacuum tubes,
catalytically active metals and their reducing agents in metallurgy.

9.Lithium aluminium hydride is used for the preparation of silicon, tin and other
important hydrides.

10.LiAIH4 is used as a reducing agent in organic chemistry.

BORIDES

Borides refers to the binary compounds of boron with a less electronegative element
E.g, metals. Binary compounds of boron with hydrogen, halogen, oxygen, sulphur,
nitrogen or carbon are not considered as borides.

CLASSIFICATION

Majority of known borides are those of transition metals, most of the borides have
metallic properties. Thus borides cannot be classified as in the case of hydrides,
nitrides and carbides.The majority of the borides are interstitial compounds. On the
basis of compositions, they may be classified as MB, MB2,MB4, MBs,M2B, M3B2 and M3B4
types. Such a classification has some basis in structural arrangement also.

PREPARATION
1.By direct combination of elements.

1150°C

Cr+ nB—-—-—-—-—-— —— — — — - — > CrBn



2.By reduction of a metal oxide with boron or boron trioxide and carbon.

1800°C
Sc203+ 7B — — —— — — — ———— — > 2ScB; +
3BO
2000°C
MO + 3B20s + 10C— - = —— — — — ———— — > MBs
+ 10CO

3.By co-reduction with hydrogen: A mixture of boron halide and a volatile metal halide
is heated in an atmosphere of hydrogen.

1300°C
2TiCls + 4BCls + 10H2— = = - = = = = ———— — >
2TiB2 + 20HCI
4 By reduction of metal oxide with boron carbide: This is a large scale method.
1600°C
Eu0s + 3B«£—- - - —— — — — ———— — > 2EuBe +
3CO
7Ti + 3B«C + B20O3— - — —— — — — ———— — > 7TiB2
+ 3CO
PROPERTIES

Most of the borides have metallic properties. The metallic borides have high melting
point, extreme hardness and high electrical conductivity most diborides MB: are
paramagnetic but ZrB2 diamagnetic.

1.With oxidizing agents: The metal borides are inert towards oxidizing agents (except
MgsB2 and MnB). Many are stable in air even at high temperatures. Strong oxidizing
agents such as chlorine, fluorine, nitric acid or hydrogen peroxide decompose the
borides.

2.With acids: The borides are not attacked by acids such as hydrochloric acid,
hydrochloric acid and dilute sulphuric acid. However concentrated sulphuric acid and
concentrated nitric acid decompose the borides.

3. With alkalis: Most borides do not react with alkali. A few e.g.,TiB2,ZrB2, NB2, NbB2
Mo2Bs and MnB: react slowly.

4.With halogens: Fluorine react with borides of all types. The other halohens are less
reactive.

In general metal borides are chemically inert except under oxidizing condition.



USES
1.Commercial borides refractory are powders.
2.Transition metal borides like TiBz, ZrB2
and CrBz are used as turbine blades, rocket nozzles and combustion chamber liners.

3.They are used to make crucibles, thermocouple sheaths,tuyres and higher
temperature reactor vessels.

4. Ferroboron is used in the steel industry.
5. Borides and boron carbide have been extensively used as a neutron shields.

6.Borides have been used as heterogeneous catalyst particularly in
hydrogenation reactions, nickel borides and cobalt borides are comparable to Raney
nickel in reactivity.

CARBIDES

Carbides are binary compounds in which carbon has combined with the elements
which are most electropositive than carbon.

CLASSIFICATION

On the basis of the linkage involved, the carbides are classified into the following four
classes. 1) lonic or Electrovalent or Salt-like carbides.2) Covalent carbides 3) Metallic or
interstitial carbides 4) Borderline carbides.

1.lonic carbides : These are formed by the metals of IA, IIA and IlIA groups. The ionic
carbides are further classified as i) acetylides, which yield acetylene on hydrolysis. ii)
methanides, which yield methane on hydrolysis and iii) allylides with yield and allene on
hydrolysis.E.g., Cacz, Be2C, Mg2Cs respectively.

2.Covalent carbides : Boron carbide, B4C and silicon carbide, SiC are covalent
carbides.

3.Metallic or interstitial carbides or Refractory carbides :These are formed by those
transition metals whose atomic radii are greater than 1.3A°. The radius ratio of Ru /Rc
must be either 1:0.41 or 1:0.59, so that C- atoms can enter into the interstices of the
cubic close packing of the metallic lattice without distorting it. Thus transition metals of



IVA, VA and VIA groups give interstitial carbides. These are of two types i)MC (M = Ti, Zr,
Hf, V, Nb, Ta, Mo, W) and ii) M2C (V, Mo, W ).

4.Border line carbides: Fe, Mn, Co, Ni and Cr have atomic radii less than 1.3 A° (Mn is
an exception). Therefore the octahedral holes in the metallic lattices of these metals are
too small to accommodate C atoms in this without producing great deal of distortion in
the metallic lattice. i.e., metal structure. Hence the metallic lattices are distorted and
these carbides are intermediate between ionic and interstitial carbides in properties.
The radius ratio Rm/Rc has been found to be equal to 0.60 to 0.61. Which places these
carbides closer to the interstitial carbides. These carbides are relatively stable and
liberate a mixture of hydrocarbons and H2 on hydrolysis with H20 or acids. E.g.,FesC,
MnsC.

PREPARATION

1. From metals : Some metals directly combined with carbon when heated.

2Li+ 2C—- — = —— — — — ———— — > Li2C2
2Ag+ 2C— — — == — — — ————— > Ag(C
3Fe+ C— — — —— — — — ———— — > FesC
3Mh+ C — - - —— — = — ————— > MnsC

2. From metallic oxides: Metallic oxides are heated with coke and the carbides are
obtained.

Ca0 + 3C — - — —— — — — ———— — >CaC2 + CO
1

S+ 3¢ ——— —— — — — ———— — > SiC+ 2C0
7

20203+ 9C— — — —— — — — ———— — >AlCs +
6CO1

3. From metallic carbonate: The metallic carbonate is heated with carbon in presence
of an oxidisable metal.

BaCOs + Mg+ C— - - ——- — — — ———— — >3MgO
+ BaC:

4.From acetylene or ethylene: Acetylene or ethylene is passed over heated metal or
its oxide to get the carbides.



4L + CH, - - - - —- = — — ———— — >LiC2 +
2LiH

Ag20 + CoH2— - = —— — — — ———— — >A@C2 +
H20

5.By bypassing carbon monoxide over heated metals.
6Al + 3CO- - - —— — — — ———— — > AlCs + Al20s

6.By heating hydroxides, nitrides and phosphates with carbon.

2Mg(OH)2 + 4C- - - == — — — ———— — > 2MgC2 +
2H20 + O2

CasN2o+ 6 - - ——- — — — ———— — > 3CaC2+ N2

4AIPOs + 19C— — — —— — — — ———— — > AlCs +
4P + 16CO

PROPERTIES

1. Alkali metal carbides are usually soft and transparent when pure. These are non
conductors of electric current in the solid state. They are easily decomposed by water
or acids yielding aliphatic hydrocarbons. These are strong reducing agent.

2. The coinage metal carbides is dark brown. It explodes if heated to 120°C. It
liberates acetylene when dissolved in dilute HCI or KCN solution.

3. Beryllium carbide Be2C and aluminium carbide Als Cs yield methane on hydrolysis.
Mg2Cs yield allene ( CH = C = CH2) on hydrolysis.

4. Of the covalent carbides, silicon carbide is important. It is extremely hard,
chemically inert and does not decompose below 2000°C. It is attacked by chemical
reagents only at high temperatures. The chemical variety is yellow green or blue in
colour. It was brilliant luster. It is not acted upon by hydrofluoric acid. It is oxidised by
fused NaOH in contact with air.

SiC+4NaOH+20—- - —= —— — — — ———— — > Na2C0s3
+ Naz2SiOs + 2H20

5.The interstitial carbides are metallic and opaque. The refractory carbides are
extremely hard, some approaching to diamond in hardness. They have high electrical
conductivity. Many of them show extreme chemical inertness. They resist attack of



chemical reagent even under drastic conditions. Except tungsten carbide and
molybdenum carbide, all the carbides melt at higher temperature than the metal from
which they are formed.

USES

1. In general, carbides are very hard and are used as efficient abrasives, drilling tools
and cutting tools.

2. Silican carbide is used as a abrasive and a deoxidant in metallurgy and as resistors
for electric furnaces.

3. carbides have been used in metallurgy as reducing agents and in electro thermal
work.

4.Carbides are used in furnace lining.
5. Tungsten carbide is used for the manufacture of high-speed tools.

6. Boron carbide is used for cutting diamonds, for drilling holes in rocks, for making
lamp filaments and for making electrodes of electric furnaces.

7. Aluminium carbide is used for the preparation of methane.

8. Calcium carbide is used for the preparation of acetylene.

NITRIDES

The binary compounds of nitrogen with electropositive elements or with the elements
which are less electronegative than nitrogen are called nitrides.

CLASSIFICATION
They may be classified as 1) lonic 2) covalent and 3) metallic or interstitial nitrides.

1.lonic nitrides: These nitrides are derived from tri- negative nitrogen (N*) and are
characterized by the usual valency formula. They are formed by lithium, copper () and
group(Il) metals ( except mercury and thorium). They are crystalline solids.

2. Covalent nitrides: The covalent nitrides are formed by the sharing electrons
between metal and nitrogen atom. They are volatile nitrides derived from non-metallic
elements such as hydrogen, carbon, silicon, chlorine, fluorine etc.,. The nitrides derived
from third group elements such as boron and aluminium are non-volatile. All the
numbers of boron family except thallium form nitrides of the type MN. All the simple



nitrides are covalent compounds.

3.Metallic and interstitial nitrides: These are the true interstitial compounds with
nitrogen atoms occupying the interstices in the metals structure. These nitrides have
atomic radii sufficiently great to allow the inclusion of nitrogen atom in the octahedral
holes in the lattice. The transition metals of group IlIA, IVA and VA form nitrides of the
type MN (M = Sc, Ce, La, Pr, Ti, Zr, Hf, V, Nb, Ta) and other nitrides Mo2N, W2N, MnaN
and FesN result from closely related metals.

PREPARATION

1.Direct combination: Nitrogen combines with many metals at high temperatures. The
metal to be converted into the nitrides is made the electrodes. On striking electric arc
between the electrodes in an atmosphere of nitrogen, the nitrides is obtained. The
nitride of lithium, calcium, strontium, barium, magnesium and aluminium, silicon and
chromium are prepared in this way.

6Li+ N2 — — — —— — — — ———— — > 2LisN
Mg+ No —— — —— — — — ———— — > MgN
B+ Np ——— —— — — — ———— — > 28N

2.Heating metals or oxides in ammonia: When metals or their oxides are heated in
ammonia at high temperature (3000°C) metal nitrides are produced. Nitrides of copper,
zinc, and aluminium, iron, cobalt and nickel are prepared by this method.

6Cu + 2NH3— — — —— — — — ——_—— — > 2CusN +
3H2

3Zn0 + 2NH3— — — —— — — — ———— — > ZnsN2 +
3H20

B2Os + 2NHs3— — — —— — — — ———— — > 2BN +

3H20

3.From amides and imides: Amides and imides decomposed on heating to give
nitrides.

3Ba(NH2)2 — — - —— = — — ———— — > BasN2 +
4NH3

As2(NH)z — = - — = — — — ———— — > 2AsN +
NH3

ByNH); — — — —— — — — ———— — > 2BN + NHs



4.From metallic oxides: Nitrides of certain metals like the aluminium and boron have
been prepared by heating their oxides with carbon and nitrogen.

3Ba(NHz)2 — — = == = — — ————— > BaNz +
4NHs
As2(NH)s — — — —— — — — ————— > 2AsN +
NH3
BaNH)s — — — —— — — — ———— — > 2BN + NHs

5.Action of nitric oxide on elements: Boron nitride is prepared by heating bornin a
current of nitric oxide.

5B+ 3NO— — — —— — — — ———— — > By0s + 3BN

6.From hydrides: Hydrides of certain metals when heated in a current of nitrogen give
nitrides.

3MgH2 + 2N~ — — —— — — — ———— — > MgN2 +
2NHzs1

7. From chlorides: Nitrides of fifth and sixth groups can be prepared by this method.
The chloride is mixed with ammonia and passed through a tube at 800°C.

BClhi+ NH- — — —— — — — ———— — > BN + 3HCI

8.Double decomposition: When halides and amides of certain metals are mixed,
double decomposition takes place and the corresponding nitrides formed.

BiCls + 3KNHo — — — —— — — — ———— — > BiN +
3KCl + 2NHs

PROPERTIES
1.Action of hydrogen: Nitrides are reduced by hydrogen at red heat.

MgsN2+ 6H2— - - - — — — — ———— — > 3MgH2+
2NH3

2.Action of water: Nitrides react with water and are hydrolysed to form the hydroxide
with the liberation of ammonia.

2AIN + 6H.0- - — —— — — — ———— — > 2A|(OH)s +
2NH3

BasN2 + 6H0 — — — —— — — — ———— — > 3Ba(OH)s



+ 2NHs

LsN+ 3H0- - - - - — — — ———— — > 3LIiOH +
NH3

MgsN2 + 6HO0- — — —— — — — ———— — >
3Mg(OH)2 + 2NHs

3.Action of acids: Nitrides are decomposed by dilute acid.

2AIN+ H2S04 + 6H)0O— — — —— — — — ———— — >
2Al(OH)3 + (NH4)2S04

2CusN+ 8HCl — — — —— — — — ———— — > 2NH4CI
+ 6CuCl

4. Action of alkalis: Fused sodium hydroxide and potassium hydroxide decompose
the nitrides with the liberation of ammonia.

AN+ NeOH+ HHO - - - ——- — — — —— - — >
NaAlO2 + NHs

5.Action of halogens: Nitrides react with halogens at 700°C, giving nitrogen gas.

2AIN + 3Ch— - = —— — — — ———— — > 2AlClz +
N2

6.Action of carbon monoxide and carbon dioxide: They decompose the nitrides at
200°C.

BasNo+ 2C0— - - — — — — — ———— — > Ba(CN)2+
2Ba0

MgsN2 + 3C0— — — —— — — — ———— — > 3MgO +
3C + N2

MgsN2 + 3C02 — — — —— — — — ———— — > 3MgO +
3CO + N2

7.Sublimation: Like the oxides, nitrides also sublime without decomposition.

USES



1.Nitrides are used for the manufacture of ammonia.
2. Boron nitride has lubricating properties.

3. Boron nitride is similar to diamond in harness and can withstand temperature
of more than 3000°C. Hence it is used for making industrial tools.

5.2 GRAVIMETRIC ANALYSIS

Principle: Gravimetric analysis is an analytical technique by which one estimates the
amount of a substance present in a given sample by determining the rate of precipitate
obtained from the sample.

Example: To determine the amount of chloride present in the given solution it is treated

with enough silver nitrate solution to precipitate the chloride completely. The precipitate
is filtered off, dried and weighed. From the weight of silver chloride precipitate, amount

of chloride present in the whole of the given solution is calculated.

Characteristics of precipitating agent: A reagent added to a solution of a substance to
be estimated. so, as to precipitate that substance is called a precipitating agent.
Example: To estimate barium in a solution of chloride we use potassium chromate
solution. Thus, potassium chromate solution is the precipitating agent or the precipitant.
An ideal precipitating agent should react specifically with the ion or substance to be
estimated gravimetrically and give a precipitate.

i) The precipitate has sufficiently low solubility, so that losses due to solubility of the
solid is negligible.ii) which is readily filtered and washed free of contaminants iii) which
is un reactive and of known composition after drying or if necessary ignition.

Specific precipitants: Specific precipitants precipitate quantitatively a particular ion or a
substance from a solution. There are no specific precipitants in reality, however some
precipitants may be mentioned which are nearly specific.

Examples:

1. DMG (Dimethylglyoxime) : It is specific precipitant for estimating Nickel and
palladium.

2. oxine (8 hydroxyquinoline): About 24 cations give precipitates with oxine. It is used
to estimate aluminium from a solution with pH around 3.

3. cupron : It is used to estimate copper in dilute ammoniacal solution in presence of
tartarate

4. cupferron, 5. salicylaldehyde oxime 6. ethylenediamine



Selective precipitants:

Selective precipitants precipitate a small group of ions from solutions containing
several ions, most of the gravimetric precipitins for only selective.

Condition of precipitation:

i) The iron or substance to be estimated gravimetrically should be precipitated
quantitatively, so that the filtrate does not contain that substance which is precipitated,
that is solubility must be very low.

ii) The precipitate must be in the form of large particles so that it is readily filtered.

iii) the precipitate must be pure. It should not be contaminated with their substances.
Even if it contains some impurities they must be removable by washing and drying.

iv) The precipitate must have a constant composition that is it should not change its
composition during filtration, drying or if necessary ignition.

Types of precipitates:
Precipitates are of two types ; i) Colloidal. ii) crystalline

i) colloidal precipitates: individual colloidal particles are so small, that they are
not retained on ordinary filtering media .

i) crystalline precipitates: crystalline precipitates are more easily manipulated
than coagulated collide, size of individual crystalline particles can be varied to a degree.

Purity of precipitate : The purity of precipitate is very important for accurate gravimetric
estimation. The precipitate may be contaminated by one or more substances present in
the solution during precipitation.

Co-precipitation: Definition: it is a process by which normally soluble components of a
solution are carried out during the formation of a precipitate.

Explanation with example: In the determination of Barium ions by precipitating as
Barium sulphate other barium salts such as barium nitrate and Barium Chloride occlude
on Barium sulphate precipitate. We know Barium nitrate and Barium Chloride soluble
still during the precipitation of Barium sulphate the soluble compounds occlude on
Barium sulphate particles and are carried down along with Barium sulphate precipitate.
Such a processes known as co-precipitation.

Post precipitation: Definition: It is a process in which an impurity is precipitated from its
supersaturated solution sometimes after the appearance of the substance to be
estimated as precipitate.



Explanation with example: when calcium is determined as its oxalate any magnesium
present in the solution will be precipitated slowly on calcium oxalate. Similarly when
copper or mercury is determined as its sulphide, any Zinc present in the solution will be
precipitated slowly on copper sulphide or mercury sulphide. Post precipitation becomes
pronounced when the precipitate is permitted to be in contact with the mother liquor.

Precipitation from homogeneous solution: definition: this is a process in which the
precipitate is slowly and chemically generated in the reacting solution itself.

Digestion of precipitate: it is the process of allowing the precipitate for several hours at
room temperature of at a desired higher temperature in contact with the solution from
which it was formed.

Washing of precipitate : the digested precipitate contains some other substances as
impurity it its surface. They are removed by washing the precipitate with wash liquid or
solution in which the impurities are soluble. Washing removes the surface impurities
only, usually pure water is not used for washing as it would peptise the precipitate. That
is some precipitate would go into the solution thus leading to the loss of some
precipitate resulting in negative error. Commonly employed wash solution are dilute
acids, ammonium salt solutions and ammonia solution.

Ignition of the precipitate: the precipitate is to be Ignite or dried at a suitable
temperature, it should be ignited at a temperature which is sufficiently high to volatilize
water, wash liquid and other volatile impurities burn out the filter paper completely but
must be well below the decomposition temperature of the precipitate. This is
ascertained from a study of the thermogram of the precipitate. Ignition is done in a
silicon or porcelain crucible directly on a bunsen flame, drying is done in a sintered
crucible use in an oven. It is ignited, cooled and varied till we get constant weight.
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3LiCl
5 ST
AICl3 + 3LIAIH4 - - = —— — — — ———— — > A4AlH3 +
3LiCl

2. sl enswTlIL emam LenT(hems SWTflSH560: 1) 588 seflngeng enam Ly et GHTguwims 65 eneor L (H& )
@emeu FwWimifl s sLiL (h&ledTm 6ot

F2+ H2— - = —-=- = = = ———-=- - > 2HF
i) 2-Geurra GuTenI (H&6T, &MyenLl (H&6T, enbLenr(HlseT whmIb HeSlens (hHssT oy &lwsumhenm

1B(mL6tT 6l emenT LI (H& &) &8L1L9 6metor LIL| emaun Leniy(h&siT Gl mLiLI(HlssTmer.

CaC2+ 2HO0 - - - - = - = — ————— > Ca(OH)2 + C2H2
AlzCs3+6HO — - — —— — — — ———— — > 2Al,03
+ 3CHas4
MgsN2 + 6H.0 — — — —— — — — ———— — >
3Mg(OH)2 + 2NHs

i) 2 Geurgs GUITEnIT (H&6IT, & MTenL (H&6IT, 60b Len (Hs6T MM FleSlens (h&sT y &lLeumhenm

B7& 5 L66VkIs (sThL6dT 6l ement b1 @eumenm L1 GlLimevITLD.
MgsB2+6HCl — - - - — - = — ———— — 2> 3MgCl2 + B2He



MgSi+4HCl — - = - = = = = ———— — >
3MgCl2 + SiH4

iv) (I 2-Ceum&H S HIL 6T 60605 HSHeD DL LI CEFTLOS SHIL 65T 6Mib L Feoemest 651 ensur LiLl (h& &)
@eumenm L1 GlLIM6VITLD.
AsClzs + 6H — — — —— — — — ———— — > AsHs 3HCI

GeCla+ 8H — — — —— — — — ———— — > GeHa +
4HCI

V) 6815 Bwib evIblesflwid emam Len(h & meser(h) 588 588 ammenevenl ebHlsE @eaumhenm GClLimeuLD.
SnCls + LiAH4 - -= = = — — = = ————— > LiCl + AICls +
SnH4

GeCls + LIAH4A— — — —— — — — ———— — > LiCl +
AlCls + GeHa

3. 2. Geurrss emam Len (hH&semelr s SIS S S560: SHOMTTET 460608 2 WIT GleuLiLih enev &erfley

6ma L Feg6tT LIFLIL SeurLiLl(heugmey Bi6V6vg] 2 L S6eUFLiL (Heugestmsy 2 Geuras smeun e (ha6T GlumLiu (heéesment.
T(h & &5 M LT85, 900 60T Si6m6 6naun LTenensst GlLisuGsulgwid LIFLIL &eU(hEIm&I. @CaHIGLIT6TM| eFenssT W

2 GeVITEEIS (6THLD 6maD LTenemnssT LITLIL S &eufed) GlF g 2 Geurs emam L eniy(h&enems 6lam(H & &lesTmer.
WletTeaTTmHLI G 6T CUIT G 62(TH 2-GoVTaEHE6m8 6THT(LPEmETTWITE Gl& mevaT(h) & 60T L5 6m6un L Tenement LIFLIL| &6Ulf
QEwig b 2 Geumgsenam L enr(haensL GlLImeVTLD.

4.uevLllg M L 60T (H&ensTs SWMfl&SH60: viblesflid solGerrmeniy (b @& s meSlulisy 2 ererm

SiSlesflwid soLyGermeniy () 2-L 6T 6015 S smam Lenir(h) [Hlemert eyLi(bHl& &) 69186 HWID 2syiLslesflwibd enm LGl ()
GCumevrid. FHIfl6L 2 66 SeVIblesflwid &GCermeni (HiLeT 6916 SWiLd enam LenyLenL sl snertLiLi(H& &) 6018 SwiLd

Siblesflwid enpLenrlenL ClLmeVTLD.
RS

ALH + AICl — — — —— — — — ———— — > LiAlHs +
3LiCl

LI630TLY &61T
1. 201 Gumettm enaum Leniy (h&6T 16T LIstoTL| &6iT: @lensu Glou 6ToTenLo WITesT {60608 HimMM

QU (meTE6iT. @emeu GILITgIeuUTs Sienm GleuLiLihlensvuilsv &me Myt &eniy LILIT6T&6r 160



&0 6US 606060 .

) @ev6u 2 Wiy GeuliLiblemesv seiflev Fleng HlesTmenT.
400-500°C
2NaH e m - - - ———— — > 2Na+H
LH+HO — — — —— — — — ———— — > LOH + Ho

1) 187, BI& 8 HLBl6VMmIS 6T U,60&HAMTEVE 6T GLITsTMEUMMIL 6T Glemen 65 eneot L flbHa

66U L[TEQ60T 6UITWL|606U G185 T (H) & &56dT M 63T
LH+HCl — — — —— — — — ———— — > LiCl + H2

LiH + CoHsOH — — — —— — — — ———— — > CoHsOLi +
H2

@66 smert, 2 LILITTHS 0D LenT(H&6T iHs 65 6emett & HM6dT 68 EToTL M6 6T6ITLIENS &ML (h&leTm6T. @5
g GleoTenfleL MH 2_LiLyss6rfl6sT eLpsv HLBl6VLD 2w mam L Feo6tT LBl&6LD 6| (&6MM HSSI. @elsur mme H mmiLd
SIGH6T 2 LI &6 S Teug| 2 LILTJhg enan Lenghlssr, B CumeTn Wlas G be 6mey H &0 6rmbs
QLT (TH(6THL6T 2_L 63TIgWITEHELD (L (LDEBILD W &6 LD6N 6m60T LILI (56T 60T. 6T (h) & G185 & ML ().
NaH + HHO- - - - - - — — ————— > NaOH + H2
i) @em6u &MILI6T-60L -85 608 (HL6tT Carmhgl LTFGLL (Heener &(mHaeTmesoT.
LiH+ CO2— — — —— — — — ———— — > HCOOLI
iv) &y Wevor 2 Gevrss emam L 6oy (h &6 6mibLreosn|L6tT 611 6nsot L flhg f6umeor

emam L eny(H&seners Clam([H&EeTmert. ST 2 Gevrs snam Loy (H&6T 6mbL st 2 L6tT 61 ensot Li(Hleudlevemey.

3CaH2 + No— — — —— — — — ———— — > CasN2 + 3H2
v) 2wy Qeuliublenev&erflev @eneu b e (hls e & mysvfl semmasll LwlesTL (hehlssTmeor.
2C0+ NeH- - - ——- — — — ———— — > HCOONa
+ C
SiCla + 4NaH — —= = —— — — — ———— — > SiHs +
4NaCl
PbSOs + 2CaHy— — = — = — — — ———— — > PbS +

2Ca(OH)2



2. 51119 eme6soT LIL| 6D L 6o (h 86T 160t LissoTL| &61T: &89 6mett LiL| emam L eniy (hi&6iT (&6mm He

2 (HGHlensy HMID Cl& TSI enen&enerTs 68 mesoT(h 6TeImssT. @lensu e WITE SalgULIEn6.

@eummMlenienL L fLpeVs Fam|serlsy F&L96n6toTLIL| 2 6T6g)| 6TeTLIens (GMILILN (Hb 6uemss U6y @lensU SHL&S ML
QU (HET&6ITITE: 2_6TT6IT6uT. @\6m6L 6RIT6m6Y 3 WwlesflLl ListaremLl Wb G1& mesor(h) 6T 6mest.emam L eniy (h&6rfl6v &Flev Limev
6M6UD L T260TSH606T 8 Gl&s mesot(hl6Terent. 6T(hs &1s &M (H GUTyTest enam L eny(Ha6T. @emeu GLTGT6sTSH6IT
6TEOTMEMLY & &LILI (& l6dTM 60T

1) GuTGretTEH6T 6N WIS Falgllensl. @ens 61&F (6h (&L 1960 Fleng bg CLITTenesT WLb

696 L Fe6m6sT WL G185 T (h) & EledTm6nT.

1) Bflw sryrigsermsy GUTCresTaHsT &lemd s sl (h&letTm6uT.

iii) BiflevrmeL GLITG6sTEHST Flemd & &LILIL (h eman L renemsst GleueIGwimm| &6t meoT.

iv) 8 &Fleoentmev CUITGresTa6T &y 860 GaTmMmLD femL&letTmerT. GLAID @emeu &Tmey

Cleu 9.8 &ledTM6DT.

V) &{CmesflwimeLssr CUTGresTas6iT 68l ement LifiH CleusuGeumi 69 66T LIGILIT (Th 6T SHemerr

Q& m(H & &lesTm6DT.
GmmIHs GCleuliLfblensy
BoHe + 2NHs3 - — - —— - = = ———— = 2
B2Hs.2NH3
BsHs + NHa(excess) — — — —— — — — ———— — > (BN)a
2w Gleulitiflenev
B2He.2NH3 - - - —— - — — ———— — > Bo2NsHs

vi) BLEHULHSSLILLL B LIHS enest serfl6b aammevgnsstaseir GLITGIretras (L6t 65 ment LiLifl 5ledTm 6ot
BoHs + Clz — — — —— — — — ———— — > ByHsCl+ HCI

BoH¢ + 3Cl, - - - ——- — — — ———— — > 2BCls +
3H2

vii) Gamevgnest o4Lblevriss shL6sT GLITGretTa6T 6l ement Liflbg &CsmmGrm GUTGresTaHsmem
Q& m(H& &HetTm 6.

3.2 Gourrs emaun Loy (h &6TfledT LIGTITL| &61T:i) Slg.60T&HSH60T6nL0, 2 G6VTs LISTLISTLIL| LoMmILD LE6sT



&LE55I085 CuTeTm 2 CeumsL LI6STL|&H6emeT )8 messT(h 61T 6mesT.

i) @bs emam L eny(h&6iT 6Us)IEUIT6T 62(h &8 & MT6ernil&6mmELD. 6nauD L Fe6tT s Hlensv uilsy
2 6T6Tg)| 6T60TLIENS @& &L (H&mE!.

i) 2.Geurss enam Len(haerflev 2 6T6m enam Lyeesflest iemey Fiflwimest 6585 5160 SiemLd W
FalgISHTHELD @)6V6m6V.

iv) 2 Geurs emam Leniy (H&6T 2 (Heur & GEUTg) GleuliLib 2 L &eUFLILILEVTLD {60605
CleuerfluglLLILIL6VrTLD.

4. usvLlly ema L eniy(h&6Tf 16T LI6ToTL| S61T;

@smha et FIDbs 6T (H& SIS &M (H 69&5SHWID sv|LlesflLLD 6m6L.D LML M(SLD.

) @351 @@ HowH, HTHHBIE HleneSB\HE s Falg SewToOLD.
i) @seneT (&0 CFLISTL HlensSms!.

2LiAHs — — — —— — — — ———— — > 2LiH + 2Al +
3H2

i) @& BifleoTTev Flemg SaLILI(HE MG, 60 emest Sl FLOTE 2 66T,
2LiAlHa + 4H0— — — —— — — — ———— — > LjOH +
Al(OH)s + 4H»

iv) @& F& 560 HemTHIME. @& &M EFN (I eUaIeUT6T (h& & &myesflwms ClFwsvu(hHiSng!. @&
246019 6D (N HEMEIT Y, VHADTEVEHETTE 6R(h & (HSH MG

LiAlH4
RCHO + 4H- - - ——-— — — — ———— — > RCH:0H

V) &led\& se6tT, 19651, CUITTTEDT, S6v|LSlesfluid I Gl FGELeslwib oy élwieumm st

emam L eny(HseneT SWTlés @& LiweTUHiSIms|.

LIWLI6BT &61T

1. 1B, a6Vt HLO6VMIS 6T CUITESTM 24,68 WM(EGHLD il LILIEnLWIT6sT 6m6.D) L 60y (H 86T 68T LILLIGHT 61T H60T (5
SIBWILL (heTereuT.

2. &0l6mLI 6T LDMMILD SYEVL TV & (ThHE S 65l 6nsuT <y &lleummlev 2 L] GUTesTm snam Leniy(h&eT LiwisoTL(h&lesTmeor.

3. 2.1 Gumestm emam Leny(haseT Hiflermsv srerflghlsv BrmmLI G & &L (b 6 TT6TLmesT f6m6ilev



M6 L Fe06mest 6185 Im(h& &ledTm6oT.

4. sflwg Caymiserfley 2 6Ter Wes&FnMlgemey Heny & aal &meudFlwb enam L eni (b 68 mesor(

Bl jeworuf& & (Lplg.uyLb.

5. eTflGIUT (HET T8 1606V 6Tl GILIT (Th(ETHL6T C&T& G Gl (Herms GUTrTeT enam Leni(h

Cluflg b LwesTL(H&esTmeDT.

6. 2 Ceumraseil wedlev Flev &5 66w LIL| 606D L 60T (H&6T 62(H& 8 & Myesohl &6ITmes LiWlesTL (&6t 6or.

7. ueVLIYUITE &6V 6fll ement S6rflev emL GLITGTetT 6o(h 65l emert Gouss MMHMWITE LWETUHSIMS.@ 5 R R(H\&5Hs
&My6usfl W& 6D LIMMeme LiL| 6T emev & GLD LILIesTL (H&letTm &I

8. 2 Ceurrs emam Leny (h&6T WsEFFMHS @(H& s & Myesoil &6l mELb.

9. QeumMIL (GLmUISsT, 6l emest Gougs MMM WITE GlFWevL (Hib 2 Ceumssmis 6T &y &lwamenm

ClumeTeiev HWImfl&sea|b 2 Ceuraeilwedley 6H&s &mresmnilwmesab 2 Geurs o8 en& (His6T LiwesTL (h&lesTmer.
10. #6018 &65T 19.60T LOMHM)|LD FE0IETT W (P& &SI enam Len (haensT SwmfllLgmE, 6915 &D

Sivblesflwid emp LGyl () LweTUHISIDS!.

11. sl Geudhlufwedlev 6815 &b Siev|blesflwib emamLenrh) e, @bH\&s &myesilwims

vwestUH&mSI.

Gumeny (6T

2 Bevmasmhiss 6 GLITETM)| 6T6V8 LITTET S6UIT S60T6RLD 6N (860D 6UT S 618 mesoT(h 6T eI

gesflomig 6T GUTTTey|L 6T Cahgl C& T(H & & galyw Fifler CayomisCer Guren (haermELb.

6L L [FED 60T, 24,85 FIZ06DT, 606 L FED6IT Bi6V6VG| &MTLI6T Y &lleunmIL 6T Cl& m(h & &8 Falgwl FiflesT C&FLOMmIS 6T
Gumenry (ha6TersiTm)| & (HSLIL(hleUglevemey.

6UenS LILI () & 81560:

SiHlwiLLL Gureniy (hserlsy GlL(RHLLITeVTesTen6e @6nLHlensy &evfllomis srfleg)|enL Wwsneu

S BW. SCarswrs CUTEny (H&6T 2 608 LIGSTL| &6 618 TesoT(h) 61T 6IT6T, ,6M8s ULIT6V

emam L eny(h&siT LomMILD STenL (h&ssT CLmstTm| CUTenr (H&emeT euenss LIl (H&S (PLgWTE|.

CupbumsvmenT CUTenT (H&6T @evL &6l& (H&60 CILIT (HETS&6T MG L. @eumnlesT @enwlL|ser st

2iglinenLuilsy @eumenm MB, MB2,MB4, MBs,M2B, M3B2 wimmito M3B4 eusna asir ereirmy)



6UEmS LILI(H & SH6VITLD.
SWTfl & 60

1. seflomser Chriguwims CayeuseTmey
.1150°C
Cr+ MB——— —— — — — ———— — > CrB,

2. GUITT6T 6V6VG| GUITTITET l96D] 1,8 608 (h LOMMILD STTLIEH 6L 2,5 MNFOL 62 (h&HGILIMEVITLD.

1800°C
Sco0s + 7B— — — —— — — — ———— — > 2ScB; +
3BO
2000°C
MO + 3B203 + 10C— — — —— — — — ———— — > MBg
+ 10CO

3.e0am et Gl&mesor(h) &8 @bH& & ClF g emam L remeT @Lpedlev GumyTesT Camsnev (h LMHMILD

SpeNWTEEs Falgwl 2 Cevms em6uD 606V (h & lWeuMM6T &eveme (& 6H & wWwliLBlEME).
1300°C

2TiCls + 4BCls + 10H2— — — — — — — — ———— — >
2TiB2 + 20HCI

4. Gurrymett smyenU () C&mesor(h) 2 Cevrs Yy semseL Hl&ED C\Fg!: @8 (F 5 TLSlev

(PEmM WIMEGLD.
1600°C
Fu03 + 3BsC— — — —— — — — ———— — > 2EuBs +
3CO
7Ti + 3BaC + BoOs3— — — —— — — — ———— — > 7TiB2
+ 3CO
LI6B0TL| &61T:

31Gevras CUITEnIT (Has6T 2 GeVITa: LISSITL| &6 G\& metsT(h6T6mesT. 2 W 2 (& Hlensv, W& iheLomeot
SH1960TS SHETEOLDEOW LD, 2 WIFHS L6tTeHL5 8IS MemetT | Cl&s mesor(h 6T ment. 2 GevTss

enLGUITenT (H&6T LTI SMhs S SHetTenid Gla mevorLeney, ,6aTmev FlFGas mesflwib Cumeniy (hgsir



EOILWIT SH60T6MLD )& TETITL ).

1. &,560120CeTmM & miy6vsfl & (6THL60T: 24,860l CesTHm & Miyesofl &(epL6iT 2 Gevras

Gureny (H&6TWHS LTS ClFwesv(hi&leTmet. W& 2 wihs GleuliL Hlensusefley Fal srmlev Liew Gumeni (hHaeT
Blemevwimss 2 siremest. &GCermifleot, LIGsTmifler, enbLiflé SiLbl6VLD L6V &I

emam L Feett QUFTT&ens(h Gumestm 6160 LB)(& 24,8 6rdleGeoTmm) s6ir GUITenIT (Haemerr

Flems & &\6sTm 6ot

2. SiLblevriss L6 : ema LCrme Cermfles oLblevid, smam LGy &Cermiflé oblevid HMID Br&Hs 6ol w, &
SiLblevid GuITesTm SiLSlevraiss 6irmev GCUITen (H &6 &Me &L (heughlsvensy. < ulenib LT &6l uliflé SiLslevld LMMILD
SILT enbLIfle Sbleuld oy &liensy CUTenr (Haemer &Fleng &lesTment.

3. B EHL6IT: Ceoras CLITemy (h 86T & Mg (sThL6tT el emert LI Lifleuglevemev . Lilesg&lev L (HIb GIogeurs
eflement L|ifl&lesTm6DT.

4. QDITEVEITSH 6T 2_L 65T 65l 6m63T: 6T6VEVIT 6UEnS GCUITEnT (h&(EHLEm|LD LIGaTmiflesT 6 sment

HASID&! oMM aMTeV6sT&H6T (&M He Couss gILett 651 ensor LiL|ifl et meuT.

LIWLIGST 61T

1. ufH 58 CUTEnT (H&6T & &MMhIS 61606V SIT6ITSHEITT(E)LD.

2. TiBz, ZrB2 mmibCrB2 Cumestm @enLbleney 2 Ceurss CGumeniy (hseT 6l eng wmiblserflesr

N GCem(H&6T, e CISL (LPEISIT SH6T B6TT6V MM L& &8 &6 GLITetTmeummm (g, LiwiesTL(h&esTmeor.

3. s &6, GClauLILl @) 66wt & 585 (H&6IT, 2615160608 (GLMULISET, 2 W GleuLiLih enev

SIET)|& B(Ih 2606V 86T 160 LiWIedTL(HID ClUM (HL&6T <y &lleumenm Swimifl&s LwlesTL (helssTmeoT.

4. 1.5 Camfimemeneuuilsy CUFCrmGurymest LwaTUHIEMSI.

5. Gumenry (h&6T HMILD CUITTTET &MyenL (H&6T Sy slwene Bl UL FT6eT &6Ugmhis 6l TeL

LwiesTL (h&ledTme6oT.

STyenL (ha6iT
smyLeneT 6L Hle GBI 6T SetTenln Cl& metoT(h 66T &6vf1LOMIS (GTHL 60T STFLI6T C&IHE)
Qam(H&sssalgw Fifler CaFLOMIS G &myenL (h&6TmE)Lw.

6UEnS LILI () & §1560



smyenL (haerlsv 2 66 L9 emesor LiL| g61fledT 24lg LILienL U6y @\emen LN\ 6dT6U (HLD [BIT63T(S) 6L6ME SH6IT TS

6Uens LILI (h & SLIL (H &esTm6DT.

1) owesfl Si6veg 2 Uiy GumesTm &myenL (Hae6T

2) 519 emeteTLIL| &TyemL (ha6T

3) 2. Geurrs sMenL (H&ET H6V6VG| @)D F6IF(HEHD &MTenL (H&6T LMHMILD

4) surbLHlensv & & MyemL (h&6iT

1) ojwssfl sieveug 2 Ly Gurestm &myenu (haseT: IA, 1A wHmib [IIA Q5 TGSlserer 2 Ceurshis sifleTmTey @lensw
2 (Heum&letTmenT. yWliesflamyenL (a6 L sTeu(HLomm| euens LiLi(h& LU (HiéleTment. |) Si&ligemev L (Hs6iT- @)ensu
Brrou@LIer Cumgl HFLyeSenest Clam(HisSlerment. Il) Glog emesT (H&6T -@emeu HrmmHLIELILN 6T CLITE)

158 Cxement G\&sm(h)& &leTm6DT., iii) 160V6m6V 606V (H&6IT- @emeu BITMHLIEG LI 6T CLITE)

Si66Semer QarplaHsTne. rHSSEEM (), weonGu Cace, Be2C, Mg2Cs.

2) gsL19 emeTLiL] &TyenU (haeTCUTTTest &myenL (h LmmID &FleSl& &6t &myenL (h Sy élenel &s L9 enesor L
SMIenL (H&6T & (&)LD.

3) @eL&FRFmE6L sMTenL (6T 1.3 A%-g 68l 460605 Fa.(HSHEVTETT W)Y, T IS N6 Gl TesaTL @lenLblensy
2 Goursrusemmey @emeu 2 (Heurs sl pEermer <y 95w Rm /Re 1:0.41 or 1:0.59 aus @ms s

GouesoT(h)Lb. Sj6LeUT M| @)(HIHSTELSH M6 GIIb (HhIS) QLT HbG SO ESILLL 2 Ceurs SHeTas|T 650f)
Gamemeu wileieiTem @ L Gleuerlgssrlev i6fl Go memeUemL &Flema; &8 ITLD6V & ITITLICHT 658)|& &6IT L& (LPlg.LLiLD.

@sueurpras IVA, VA vpmib VIA Qgrgh @enLblensy 2 Cevrais s @enL&0le a0 &ij[HsemsT
&(mE&edTmenT.@lemen @)(h 6uenss LI (HLD i)MC (M =Ti, Zr, Hf, V, Nb, Ta, Mo, W ) LDMHMILD ii) M2C (V, Mo,
W),

4. euriby Hemev smjemu Giasm: Fe, Mn, Co, Ni wmmib Cr eudweummlesr Siem| @urriger 1.3 A°-gg 6l
GO, @&HMEGLMHIS 658 (T 6 &6l 6v8 (5. sTerTGOU 2 CouTEHS Hlev 2 66T 6TEvoT(LP ) &16M6TT SH6iT FlMWiemen. o8
2 Gouma o 6wl Camemeuenl Fleng &a Moy @eummleh &TTLIET Bew)|& 8(EhHs E) @LLD H6rflehs @)Wwievms). sTeorGeu
@6ueuens smyeoL (Haelsh 2 Geurss 3i650fl & Cas Men6U &6 2 (T (56060 6UENL &6TM 63T, @6LUT DTS @616 68 &
SyenL (Ha6T Sjeumm 6ot LissorL &6rflsv Bywiesils & mienL (haEhe &L @enL&6l&(Hes60 &myenL (ha 6 G0
@evL Ll L Hlemsvuilev 2 simereot. @eummlsit Rm /Re s éflgio 0.60 t0 0.671 sueniy 2 srensnas

smesoTUILIL (HleiTesst. @60\ (HHE @lenel @enL &6l (HEeL &MTenL (h&(Ehs & Si(HSTemp uflsy @LDGILIM|&leTmenT.
@\emeu 1H6m6V S SHEITEMLD (86MM GUTEBTEMEU . [ETITMLIEE SHLILIg65T 6nam LG &TTLIGHT MHMID 606 L FeoesT

S EWene Q& mesoTL sevemsuenw Gleusflell Hi&ermert. sThsgissM (. FesC, MnsC.



SWTfl & 60

1. 2 Geuramigserflev @ (Hbg: Flev 2 Ceumamigs 6T (& h Cle WL HibGUITg)| &TiL6sT 2 L 6ot

Crrpwns go (b &lsTmenr.
Li+ 2C— — = —— — — — ———— — > Li2Ca
2Ag+ 2C— — = == — — — ————— > AgC
3Fe+ C— — — —— — — — ———— — > FesC
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