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Introduction:
ÅGenerally the metallic elements that have 

incompletely filled d or f sub shell in the neutral or 
cationic state are called transition metals. This 
definition includes lanthanides and actinides.

ÅHowever, IUPAC defines transition metal as an 
element whose atom has an incomplete d sub shell 
or which can give rise to cations with an 
incomplete d sub shell. 

ÅThey occupy the central position of the periodic 
table, between s and p block elements, and their 
properties are transitional between highly reactive 
metals of s block and elements of p block which are 
mostly non metals. 

ÅExcept group - 11 elements all transition metals are 
hard and have very high melting point.
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Importance of d- block elements:

ÅTransition metals,iron and copperplay an important role in 
the development of human civilization. 

ÅMany other transition elements also have important 
applications such as
Tungsten in light bulb filaments.
Titanium in manufacturing artificial joints.
Molybdenum in boiler plants.
Platinum in catalysis. 

ÅThey also play vital role in living system, for exampleiron in 
hemoglobin, cobalt in vitamin B12 etc.,
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Position of d- block elements in the periodic table:
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Group 3 to Group 12
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d- Block elements composed of

3d series (4th period) Scandium to Zinc ( 10 elements) 

4dseries ( 5th period) Yttrium to Cadmium ( 10 elements) 

5d series ( 6th period) Lanthanum , Haffinium to mercury. 
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we know that the group-12 elements Zinc, Cadmium and 

Mercury do not have partially filled d-orbital either in their 

elemental state or in their normal oxidation states. However 

they are treated as transition elements, because their 

properties are an extension of the properties of the 

respective transition elements. 

As per the IUPAC definition,

ÅThe seventh period elements, starting from Ac, Rf to Cn 

also belong to transition metals. (6d series ïin complete) 

ÅAll of them are radioactive.

ÅExcept Actinium; all the remaining elements are 

synthetically prepared and have very low half life periods
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Electronic configuration:
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The general electronic configuration of d- block elements can be written as 

[Noble gas] (n ī )d1-10   ns 1-2                  Here, n = 4 to 7 . 

In periods 6 and 7, (except La and Ac) the configuration includes ((n ī2) f orbital

[Noble gas] (n ī2)f14 (n ī1)d1ī10ns1ī2
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Outer electronic configuration of d ïblock elements:
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General trend in properties: 

Metallic behaviour:
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ÅFor example, in the first series the melting point increases 

from Scandium (m.pt 1814K) to a maximum of 2183 K for 

vanadium, which is close to 2180K for chromium. 

ÅHowever, manganese in 3d series and Tc in 4d series have 

low melting point.

ÅThe maximum melting point at about the middle of 

transition metal series indicates that d5 configuration is 

favorable for strong interatomic attraction. 

ÅThe following figure shows the trends in melting points of 

transition elements.
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Variation of atomic and ionic size:
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ÅHowever the increased nuclear charge is partly
cancelled by the increased screening effect of
electronsin the dςorbitals of penultimateshell.

ÅWhen the increased nuclear charge andincreased  
Screening effect balance each other, the atomic  radii 
becomes almostconstant.

ÅIncrease in atomic radii towards the end maybe  
attributed to the electron ςelectronrepulsion.

ÅIn fact the pairing of electrons in d ïorbitals  
occurs after d5 configuration.

ÅThe repulsive interaction between the paired 
electroncauses Increase in Atomic/ ionicradii
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Å It is generally expected a steady decrease in atomic radius along a period as 

the nuclear charge increases and the extra electrons are added to the same sub 

shell.

Å But for the 3d transition elements, the expected decrease in atomic radius is 

observed from Sc to V , thereafter up to Cu the atomic radius nearly remains 

the same. 

Å As we move from Sc to Zn in 3d series the extra  electrons are added to the 3d 

orbitals, the added 3d electrons only partially shield the increased nuclear 

charge and hence the effective nuclear charge increases slightly.
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ÅHowever, the extra electrons added to the 3d sub shell strongly repel 

the 4s electrons and these two forces are operated in opposite 

direction and as they tend to balance each other, it leads to constancy 

in atomic radii.

ÅAt the end of the series, d ïorbitals of Zinc contain 10 electrons in 

which the repulsive interaction between the electrons is more than the 

effective nuclear charge and hence, the orbitals slightly expand and 

atomic radius slightly increases. 

Å Generally as we move down a group atomic increases, the same trend 

is expected d block elements also. As the electrons are added to the 

4d sub shell the atomic radii   of the 4d elements are higher than the 

corresponding of the 3d series. However there is an unexpected 

observation in the atomic radius of 5d elements which have nearly 

same atomic radius as that of corresponding 4d elements. Th is is due 

to lanthanoide contraction which is to be discussed later in this unit 

under inner transition elements.
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Ionization enthalpy.

Å Ionization energy of transition element is intermediate between those 

of s and p block elements. 

Å As we move from left to right in a transition metal series, the 

ionization enthalpy increases as expected. 

Å This is due to increase in nuclear charge corresponding to the filling 

of d electrons. 

Å The following figure show the trends in ionisation enthalpy of 

transition elements.
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ÅThe increase in first ionisation enthalpy with increase in atomic number along a 
particular series is not regular. 

ÅThe added electron enters (n-1)d orbital and the inner electrons act as a shield 
and decrease the effect of nuclear charge on valence ns electrons. 

ÅTherefore, it leads to variation in the ionization energy values.
ÅThe ionisation enthalpy values can be used to predict the thermodynamic stability 

of their coumponds. 

ÅLet us compare the ionisation energy required to form Ni2+ and Pt2+ ions.

Å Since, the energy required to form Ni2+ is less than that of Pt2+, Ni(II) 

compounds are thermodynamically more stable than Pt(II) compounds.

www.Padasalai.Net                                                          www.TrbTnpsc.Com

Kindly Send me Your Key Answer to Our email id - Padasalai.net@gmail.com



www.Padasalai.Net                                                          www.TrbTnpsc.Com

Kindly Send me Your Key Answer to Our email id - Padasalai.net@gmail.com



www.Padasalai.Net                                                          www.TrbTnpsc.Com

Kindly Send me Your Key Answer to Our email id - Padasalai.net@gmail.com



Oxidation state:

The first transition metal Scandium exhibits only +3 oxidation 

state, but all other transition elements exhibit variable 

oxidation states 

Reason : by loosing electrons from (n-1)d orbital and ns

orbital as the energy difference between them is very small. 

Let us consider the 3d series; the following table summarizes 

the oxidation states of the 3d series elements
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Å At the beginning of the series, +3 oxidation state is stable but towards 

the end +2 oxidation state becomes stable.

Å The number of oxidation states increases with the number of electrons 

available, and it decreases as the number of paired electrons 

increases. 

Å Hence, the first and last elements show less number of oxidation 

states and the middle elements with more number of oxidation states.

Å For example, 

Å The first element Sc has only one oxidation state +3;

The middle element Mn has six different oxidation states from +2 to +7.             

The last element Cu shows +1 and +2 oxidation states only.
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ÅThe relative stability of different oxidation states of 3d 

metals is correlated with the extra stability of half filled and 

fully filled electronic configurations.

Example: Mn2+ (3d5 ) is more stable than Mn4+ (3d3 )

ÅThe oxidation states of 4d and 5d metals vary from 

+3( for Y and La) to +8 (for Ru and Os).

ÅThe highest oxidation state of 4d and 5d elements are 

found in their compounds with the higher electronegative 

elements like O, F and Cl. for example: RuO4, OsO4 and 

WCl6. 

ÅIn Ni(CO)4 and Fe(CO)5, the oxidation state of 

nickel and iron is zero.
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Å Generally in going down a group, a stability of the higher oxidation 

state increases while that of lower oxidation state decreases.

ÅIt is evident from the Frost diagram (ǤG0 vs oxidation number) as

shown below,

Å For titanium , vanadium and chromium, the most thermodynamically 

stable oxidation state is +3. 

Å For iron, the stabilities of +3 and +2 oxidation states are similar.

Copper is unique in 3d series having a stable +1 oxidation state. 

It is prone to disproportionate to the +2 and 0 oxidation states.

A Frost 

diagram or Frostï

Ebsworth diagram is a 

type of graph used by 

inorganic chemists in 

electrochemistry to 

illustrate the relative 

stability of a number of 

different oxidation states 

of a particular substance. 

The graph illustrates the 

free energy vs oxidation 

state of a chemical 

species.
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Standard electrode potentials of transition metals

Å Redox reactions involve transfer of electrons from one reactant to another. 

Such reactions are always coupled, which means that when one substance is 

oxidized, another must be reduced. 

Å The substance which is oxidised is a reducing agent and the one which is 

reduced is an oxidizing agent. 

Å The oxidizing and reducing power of an element is measured in terms of the 

standard electrode potentials.

Å Standard electrode potential is the value of the standard emf of a cell in which 

molecular hydrogen under standard pressure ( 1atm) and temperature (273K) 

is oxidised to solvated protons at the electrode.

Å If the standard electrode potential (E0), of a metal is large and negative, the 

metal is apowerful reducing agent, because it loses electrons easily. 

Å Standard electrode potentials (reduction potential) of few first transition 

metals are given in the following table.
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Å In 3d series as we move from Ti to Zn, the standard reduction potential
(Eo 

M2+ / M ) valueis approaching towards less negative value and copper       

has a positive reduction potential. i.e.,elemental copper is more stable than 

Cu2+.
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There are two deviations., 

Ç In the general trend, Fig shows that (E0
M

2+
/  M ) value for manganese 

and zinc are more negative than the regular trend. It is due to extra 

stability which arises due to the half filled d5 configuration in Mn2+ and 

completely filled d10 configuration in Zn2+.

ÇTransition metals in their high oxidation states tend to be oxidizing . 
For example,

ÅFe3+ is moderately a strong oxidant, and it oxidisescopper to Cu2+ 

ions. 
ÅThe feasibility of the reaction is predicted from the following 

standard electrode potential values.
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Th electron is spinning around its own axis, in 
addition toe its orbital motion around the 
nucleus. Due to these motions, a tiny magnetic 
field is generated and it is measured in terms
of magnetic moment.

www.Padasalai.Net                                                          www.TrbTnpsc.Com

Kindly Send me Your Key Answer to Our email id - Padasalai.net@gmail.com



Magnetic properties

Paramagnetic Diamagnetic

Substances which do not 

contain any unpaired  

electrons and are repelled 

my magnetic field _  

DIAMAGNETIC.

Substances which contain 
electrons in their orbitals ï
PARAMAGNETIC.

Å PARAMAGNETIC SUBSTANCES
are weakly attracted by the
magneticfield.

Å Substances which are attracted very strongly are said to be

ferromagnetic.

Å In fact, ferromagnetism is an extreme form of paramagnetism.
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ÇMost of the transition elements and their compounds

show paramagnetism.

ÇParamagnetism arises from the presence of unpaired electrons, each

such electron have a magnetic moment.

ÇThe magnetic moment of any transition element or its compound/ion

is given by (assuming no contribution from the orbital magnetic

moment).

Ç ɛs = ãn(n+2) BM

ÇHere n is the number of unpaired electrons
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Questions-
Q. 1: Which ion has maximum magnetic moment

(a) V3+ (b) Mn3+

(c) Fe3+ (d) Cu2+

Ans:  c 

Q.2. What is the magnetic moment of Mn2+ ion (Z= 25) in aqueous solution ?

Ans.- With atomic number 25, the divalent Mn2+ ion in aqueous solution will

have d5 configuration (five unpaired electrons).Hence, The magnetic moment, ɛ

is

ɛ = ã5(5 + 2) = 5.92BM
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Catalytic properties

ÇThe chemical industries manufacture a number of products such as polymers, 
flavours, drugs etc., Most of the manufacturing processes have adverse effect on 
the environment so there is an interest for eco friendly alternatives.

Ç In this context, catalyst based manufacturing processes are advantageous, as they 
require low energy, minimize waste production and enhance the conversion of 
reactants to products.

ÇMany industrial processes use transition metals or their compounds as catalysts. 
ÇTransitionmetal has energetically available d orbitals that can accept electrons 

from reactant molecule or metal can form bond with reactant molecule using its d 
electrons. 

For example, 
Ç Ithe catalytic hydrogenation of an alkene, the alkene bonds to an active site by 
ǳǎƛƴƎ ƛǘǎ ˉ ŜƭŜŎǘǊƻƴǎ ǿƛǘƘ ŀƴ ŜƳǇǘȅ Ř ƻǊōƛǘŀƭ ƻŦ ǘƘŜ ŎŀǘŀƭȅǎǘΦ

ÇThe ̀ bond in the hydrogen molecule breaks, and each hydrogen atom forms a 
bond with a d electron on an atom in the catalyst. 

Ç¢ƘŜ ǘǿƻ ƘȅŘǊƻƎŜƴ ŀǘƻƳǎ ǘƘŜƴ ōƻƴŘ ǿƛǘƘ ǘƘŜ ǇŀǊǘƛŀƭƭȅ ōǊƻƪŜƴ ˉ -bond in the 
alkene to form an alkane.
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Ç In certain catalytic processes the variable oxidation states of transition metals 

find applications. 

ÇFor example, in the manufacture of sulphuric acid from SO3, vanadium 

pentoxide (V2O5) is used as a catalyst to oxidise SO2. In this reaction 

V2O5 is reduced to vanadium (IV) Oxide (VO2).
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Alloy formation
ÅAn alloy is formed by blending a metal with one or more other 

elements. 

ÅThe elements may be metals or non-metals or both. 

ÅThe bulk metal is named as solvent, and the other elements in smaller 

portions are called solute. 

According to Hume-Rothery rule 

ÅTo form a substitute alloy the difference between the atomic radii of 

solvent and solute is less than 15%.

Å Both the solvent and solute must have the same crystal structure and 

valence and their electro negativity difference must be close to zero.

ÅTransition metals satisfying these mentioned conditions form a number 

of alloys among themselves, since their atomic sizes are similar and 

one metal atom can be easily replaced by another metal atom from its 

crystal lattice to form an alloy. 

ÅThe alloys so formed are hard and often have high melting points.

Examples: 

Ferrous alloys, gold ïcopper alloy, chrome alloys etc.,
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Formation of interstitial compounds

Å An interstitial compound or alloy is a compound that is formed when small 

atoms like hydrogen, boron, carbon or nitrogen are trapped in the interstitial 

holes in a metal lattice. 

Å They are usually non-stoichiometric compounds.

Å Transition metals form a number of interstitial compounds such as TiC, ZrH1.94 , 

Mn 4 N etc .

The elements that occupy the metal lattice provide them new properties.

(i) They are hard and show electrical and thermal conductivity

(ii) They have high melting points higher than those of pure metals

(iii) Transition metal hydrides are used as powerful reducing agents

(iv) Metallic carbides are chemically inert.
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Formation of complexes
ÇTransition elements have a tendency to form coordination 

compounds with a species that has an ability to donate an 

electron pair to form a coordinate covalent bond. 

ÇTransition metal ions are small and highly charged and 

they have vacant low energy orbitals to accept an electron 

pair donated by other groups. Due to these properties, 

transition metals form large number of complexes. 

ÇExamples: [Fe(CN)6]
4- , [Co(NH3)6]

3+ ,
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Important compound of Transition elements
Oxides and Oxoanions of Metals:

Ç Generally, transition metal oxides are formed by the reaction of transition 

metals with molecular oxygen at high temperatures.

Ç Except the first member of 3d series, Scandium, all other transition elements 

form ionic metal oxides. 

Ç The oxidation number of metal in metal oxides ranges from +2 to +7.

Ç As the oxidation number of a metal increases, ionic character decreases, for 

example, Mn2O7 is covalent. Mostly higher oxides are acidic in nature, Mn2O7

dissolves in water to give permanganic acid (HMnO4 ) , similarly CrO3 gives 

chromic acid (H2CrO4) and dichromic acid (H2Cr2O7). 

Ç Generally lower oxides may be amphoteric or basic, for example, Chromium (III) 

oxide - Cr2O3, is amphoteric and Chromium(II) oxide, CrO, is basic in nature.
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Potassium dichromate( K
2
Cr

2
O

7
)
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Preparation:
STEP 1: Conversion of Chromate ore into potassium di chromate :
Potassium dichromate is prepared from chromate ore. The ore is 
concentrated by gravityseparation. It is then mixed with excess 
sodium carbonate and lime and roasted in a reverberatoryfurnace.

STEP 2 : Conversion of Sodium chromate to Sodium di chromate:

The roasted mass is treated with water to separate soluble sodium 

chromate from insoluble iron oxide. 

The yellow solution of sodium chromate is treated with concentrated 

sulphuric acid which converts sodium chromate into sodium dichromate.
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STEP 3: Conversion of Sodium di chromate to Potassium di chromate:

The above solution is concentrated to remove less soluble sodium 

sulphate. The resulting solution is filtered and further concentrated. It is 

cooled to get the crystals of Na2SO4.2H2O.

The saturated solution of sodium dichromate in water is mixed with KCl

and then concentrated to get crystals of NaCl. It is filtered while hot and 

the filtrate is cooled to obtain K2Cr2O7 crystals.
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Physical properties Of K2Cr2O7 :
ÇPotassium dichromate is an orange red crystalline solidwhich melts 

at 671K and it is moderately soluble in cold water, but very much 
soluble in hot water. 

ÇOn heating it decomposes and forms Cr2O3 and molecular oxygen. 
As it emits toxic chromium fumes upon heating, it is mainly 
replaced by sodium dichromate.
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Ç Both chromate and dichromate ion are oxo anions of chromium and they are 

moderately strong oxidizing agents. 

Ç In these ions chromium is in +6 oxidation state. 

Ç In an aqueous solution, chromate and dichromate ions can be interconvertible, 

and in an alkaline solution chromate ion is predominant, whereas dichromate 

ion becomes predominant in acidic solutions.
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Structure of dichromate ion:
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Chemical properties of K2Cr2O7
1. Oxidation

Å Potassium dichromate is a powerful oxidising agent in acidic medium. 

Its oxidising action  in the presence of H+ ions . 

Å You can note that the change in the oxidation state of chromium from 

Cr6+ to Cr3+.

Å Its oxidising action is shown below.

Å The oxidising nature of potassium dichromate (dichromate ion) is 

illustrated in the following examples.

(i) It oxidisesferrous salts to ferric salts:

(ii) It oxidises iodide ions to iodine:
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(iii) It oxidises sulphide ion to Sulphur :

(iv) It oxidisessulphurdioxide to sulphate ion :

(v) It oxidises stannous salts to stannic salt : 

(vi) It oxidises alcohols to acids: 
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2. Chromyl chloride test:
ÅWhen potassium dichromate is heated with any chloride salt in the presence of 

Conc H2SO4, orange red vapours of chromyl chloride (CrO2Cl2) is evolved. This 

reaction is used to confirm the presence of chloride ion in inorganic qualitative 

analysis.

ÅThe chromyl chloride vapours are dissolved in sodium hydroxide 

solution and then acidified with acetic acid and treated with lead 

acetate. A yellow precipitate of lead chromate is obtained.

www.Padasalai.Net                                                          www.TrbTnpsc.Com

Kindly Send me Your Key Answer to Our email id - Padasalai.net@gmail.com



Uses of potassium dichromate:

Some important uses of potassium dichromate are listed below.

1. It is used as a strong oxidizing 

agent.

2. It is used in dyeing and printing.

3. It used in leather tanneries for 

chrome tanning.

4. It is used in quantitative analysis 

for the estimation of iron compounds 

and iodides.
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Potassium permanganate - KMnO4
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Preparation:
Å Potassium permanganate is prepared from pyrolusite (MnO2) ore. 

Å The preparation involves the following steps.

(i) Conversion of MnO2 to potassium manganate:

Å Powdered ore is fused with KOH in the presence of air or oxidising

agents like KNO3 or KClO3. 

Å A green coloured potassium manganate is formed.

(ii) Oxidation of potassium manganate to potassium permanganate:

ÅPotassium manganate thus obtained can be oxidised in two ways , 

either by chemical oxidation or electrolytic oxidation.
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Physical properties:
Å Potassium permanganate exists in the form of dark purple crystals 

which melts at 513 K. It is sparingly soluble in cold water but, fairly 

soluble in hot water.
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Chemical properties:

1. Action of heat:

ÅWhen heated, potassium permanganate decomposes to form potassium 
manganate and dioxide.

2. Action of conc H2SO4 :

Å On treating with cold conc H2SO4, it decomposes to form manganese 

heptoxide, which subsequently decomposes explosively.
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3. Oxidising property:

Å Potassium permanganate is a strong oxidising agent, its oxidising

action differs in different reaction medium

a) In neutral medium:
Å In neutral medium, it is reduced to MnO2

(i) It oxidises H2S to Sulphur:

(ii) It oxidises thiosulphate into sulphate:
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b) In alkaline medium:
In the presence of alkali metal hydroxides, the permanganate ion is 

converted into manganate.

This manganate is further reduced to MnO2 by some reducing agents.

So the overall reaction can be written as follows.

This reaction is similar as that for neutral medium.
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Bayerôs reagent:
ÅCold dilute alkaline KMnO4 is known as Bayerôs reagent. It is used to oxidise

alkenes into diols. 

Å For example, ethylene can be converted into ethylene glycol and this reaction 

is used as a test for unsaturation.
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c) In acid medium:
Å In the presence of dilute sulphuric acid, potassium permanganate acts 

as a very strong oxidising agent. Permanganate ion is converted into 

Mn2+ ion.

The oxidising nature of potassium permanganate (permanganate ion) in 

acid medium is illustrated in the following examples.

(i) It oxidises ferrous salts to ferric salts.

(ii) It oxidises iodide ions to iodine
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(iii) It oxidises oxalic acid to CO2 :

(iv) It oxidises sulphide ion to Sulphur :

(v) It oxidises nitrites to nitrates:

(vi) It oxidises alcohols to aldehydes : 

(vii) It oxidises sulphite to sulphate : 
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Uses of potassium permanganate:
Some important uses of potassium permanganate are listed below.

1. It is used as a strong oxidizing agent.

2. It is used for the treatment of various skin infections and fungal 

infections of the foot.

3. It used in water treatment industries to remove 

iron and hydrogen sulphide from well water.

4. It is used as Bayerôs reagent for detecting 

unsaturation in an organic compound.

5. It is used in quantitative analysis for the 

estimation of ferrous salts, oxalates, 

hydrogen peroxide and iodides.
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