
1 d and f block elements 



 General introduction, electronic configuration, 

occurrence and characteristics of transition metals, 

 general trends in properties of the first row transition 

metals – metallic character, ionization 

 enthalpy, oxidation states, ionic radii, colour, catalytic 

property, magnetic properties, interstitial 

 compounds, alloy formation. Preparation and 

properties of K2Cr2O7 and KMnO4. 

 Lanthanoids: electronic configuration, oxidation states, 

chemical reactivity and lanthanoid contraction. 

 Actinoids: Electronic configuration, oxidation states. 
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 The names transition metals and inner transition metals 

are often used to refer to the elements of d-and f-

blocks respectively. 

 There are mainly three series of the transition metals,  

 3d series (Sc to Zn),  

 4d series (Y to Cd) and  

 5d series (La to Hg, omitting Ce to Lu).  

 The fourth 6d series which begins with Ac is still 

incomplete.  

 The two series of the inner transition metals, (4f and 

5f) are known as lanthanoids and actinoids 

respectively. 
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 Transition element is defined as the one which has 

incompletely filled d orbitals in its ground state or in any 

one of its oxidation states.  

 Zinc, cadmium and mercury of group 12 have full 

d10 configuration in their ground state as well as in 

their common oxidation states and hence, are not 

regarded as transition metals. 

 Various precious metals such as silver, gold and 

platinum and industrially important metals like iron, 

copper and titanium form part of the transition metals. 
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 general the electronic configuration of these elements 

is  

 (n-1)d1–10ns1–2 
 The (n–1) stands for the inner d orbitals which may have 

one to ten electrons and the outermost ns orbital may 

have one or two electrons.  

 However, this generalisation has several exceptions 

because of very little energy difference between (n-1)d 

and ns orbitals. 

 Furthermore, half and completely filled sets of orbitals 

are relatively more stable. 
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Q.  Why Zn, Cd and Hg are not regarded as 

transition elements?  

Ans.The electronic configurations of Zn, Cd and Hg are 

represented by the general formula  

(n-1)d10ns2.  

 The orbitals in these elements are completely filled in the 

ground state as well as in their common oxidation 

states.  

 Therefore, they are not regarded as transition 

elements. 
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 Nearly all the transition elements display typical 

metallic properties such as 

  high tensile strength, 

  ductility  

 malleability, 

  high thermal and electrical conductivity and  

 metallic lustre.  

 With the exceptions of Zn,Cd, Hg and Mn, they have 

one or more typical metallic structures at normal 

temperatures. 
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(bcc = body centred cubic; hcp = hexagonal close packed; 

ccp = cubic close packed; X = a typical metal structure). 

Lattice Structures of Transition Metals 
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 The transition metals (with the exception of  Zn, Cd 

and Hg) are very much hard and have  low volatility. 

  Their melting and boiling points  are high. 

 High M.P and B.P - Due to strong metallic bond  and 

the presence of half filled d- orbitals 

 Involvement of greater number of electrons  from (n-

1)d in addition to the ns electrons in  the inter 

atomic metallic bonding. 

 Because of stronger interatomic bonding  

=High enthalpy of atomisation =transition  

elements have high M.P and B.P 
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 In moving along the period from left to right,  the 

M.P of these metals first INCREASES to  MAXIMUM 

and the DECREASES regularly  towards the end of the 

period. 

 melting points of these metals rise to a maximum at  

d5 except for anomalous values of Mn and Tc    and 

fall  regularly as the atomic number increases. 
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 The strength of interatomic  bonds in  transition  
elements is roughly related to the number of half  
filled d- orbitals 

 In the beginning the no. of half filled d- orbitals  
increases till the middle of the period causing  
increase in strength  of interparticle bonds But  
thereafter the pairing of electrons in d – orbitals  
occurs and the no. of half filled orbitals decreases ,  
which also cause decrease in M.P 
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1. Greater the number of valence electrons, stronger 

the  inter atomic attraction, hence stronger bonding  

between atoms resulting in higher enthalpies of  

atomization. 

 

2. metals of the second and third series have greater  

enthalpies of atomization than the corresponding  

elements of the first series 
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 Why do the transition elements exhibit 

higher enthalpies of atomisation? 

 

 Because of large number of unpaired 

electrons  in their atoms they have stronger 

interatomic  interaction and hence stronger 

bonding  between atoms resulting in higher 

enthalpies  of atomisation. 
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 In any row the melting points of these metals rise to a 

maximum at d5 except for anomalous values of Mn and 

Tc and fall regularly as the atomic number increases. 

 They have high enthalpies of atomisation which are 

shown in previous slide.  

 The maxima at about the middle of each series indicate 

that one unpaired electron per d orbital is particularly 

favourable for strong interatomic interaction. 

  In general, greater the number of valence electrons, 

stronger is the resultant bonding. 
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 The Atomic/ionic radii first DECREASES till the  

middle, becomes almost  constant  and then  

INCREASES towards the end of the period. 

 New electron enters a d orbital each time the  

nuclear charge increases by unity, But  the  shielding 

effect of a d  electron is not that  effective, hence the 

net electrostatic attraction  between the nuclear 

charge and the outermost  electron increases and the 

ionic radius  decreases 
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 However the increased nuclear charge is partly  

cancelled by the increased screening effect of  

electrons in the d – orbitals of penultimate shell. 

 When the increased nuclear charge and increased  

Screening effect balance each other, the atomic  radii 

becomes almost constant. 

 Increase in atomic radii towards the end may be  

attributed to the electron – electron repulsion. 

 In fact the pairing of electrons in d – orbitals  

occurs after d5 configuration. 

 The repulsive interaction between the

paired  electron causes Increase in Atomic/ ionic radii 
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 However the increased nuclear charge is partly 

cancelled by the increased screening effect of 

electrons in the d – orbitals of penultimate shell. 

 When the increased nuclear charge and increased 

Screening effect balance each other, the atomic radii 

becomes almost constant. 

 • Increase in atomic radii towards the end may be 

 attributed to the electron – electron repulsion. 

 • In fact the pairing of electrons in d – orbitals occurs 

after d5 configuration. 

 • The repulsive interaction between the paired 

electron causes Increase in Atomic/ ionic radii 
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 There is increase from the first (3d) to the second (4d) 

series of the elements. 

 • But the radii of the third (5d) series are virtually the 

same as 4d 

 • This is due to the intervention of the 4f orbital 

which must be filled before the 5d series of 

elements begin. 

 • There is a steady decrease in atomic radii from La 

due to the poor shielding of inner core electrons (4f) 

is known lanthanoid contraction. 
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 Due to an increase in nuclear charge there is an 

increase in ionisation enthalpy along each series of 

the transition elements from left to right. 

 • Ionisation enthalpies give some guidance concerning 

the relative stabilities of oxidation states. 

 • Although the first ionisation enthalpy, in general, 

increases, the magnitude of the increase in the second 

and third ionisation enthalpies for the successive 

elements, in general, is much higher. 

 • Mostly IE1<IE2 <IE3 in each group 
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 The increase in IE is primarily due to increase  

in nuclear charge.  

 As the transition elements  involve the 

gradual filling of (n-1)d orbitals,  the effect of 

increase in nuclear charge is  partly cancelled 

by the increase in screening  effect. 

 

 

 Consequently, the increase in I.E along the  

periods of d – block elements is very small 
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 Oxidation States of the first row Transition Metals 

 

The elements which give the greatest number of oxidation 

states occur in or near the middle of the series. Manganese, for 

example, exhibits all the oxidation states from +2 to +7. 
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Thermochemical data (kJ mol-1) for the first row 

Transition Elements and the Standard Electrode 

Potentials for the Reduction of MII to M 

 

The stability of the half-filled d sub-shell in Mn2+ and the completely filled d10 

configuration in Zn2+ are related to their E0 values, whereas E0 for Ni is 

related to the highest negative ΔhydH
0. 
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Trends in the M3+/M2+ Standard Electrode Potentials 

 

The low value for Sc reflects the stability of Sc3+ which has a 

noble gas configuration. 

 The highest value for Zn is due to the removal of an electron 

from the stable d10 configuration of Zn2+.  

The comparatively high value for Mn shows that Mn2+(d5) is 

particularly stable, whereas comparatively low value for Fe shows 

the extra stability of Fe3+ (d5).  

The comparatively low value for V is related to the stability  of V2+ 
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Formulas of Halides of 3d Metals 

 

Key: X = F → I; XI = F → Br; XII = F, CI; XIII = CI → I 
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Oxides of 3d Metals 

 

The highest oxidation number in the oxides coincides with the group 

number and is attained in Sc2O3 to Mn2O7. 
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 Transition metals vary widely in their chemical 
reactivity.  

 

 Many of them are sufficiently electropositive 
to dissolve in mineral acids,  

 

 

 Although a few are ‘noble’—that is, they are 
unaffected by simple acids. 
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 When a magnetic field is applied to substances, mainly two 

types of magnetic behaviour are observed: diamagnetism and 

paramagnetism 

 Diamagnetic substances are repelled by the applied field 

while the paramagnetic substances are attracted. 

  Substances which are attracted very strongly are said to be 

ferromagnetic. In fact, ferromagnetism is an extreme form of 

paramagnetism.  

 Many of the transition metal ions are paramagnetic. 

 Paramagnetism arises from the presence of unpaired 

electrons,  

 Each such electron having a magnetic moment associated with 

its spin angular momentum and orbital angular momentum. 
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The magnetic moment is determined by the number of 

unpaired electrons and is calculated by using the ‘spin-

only’ formula, i.e., 

μ = n(n+2) 
where n is the number of unpaired electrons and μ is 

the magnetic moment in units of Bohr magneton (BM).  

A single unpaired electron has a magnetic moment of 

1.73 Bohr magnetons (BM). 
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 The magnetic moment increases with the increasing 

number of unpaired electrons.  

 Thus, the observed magnetic moment gives a useful 

indication about the number of unpaired electrons 

present in the atom, molecule or ion 

1. Calculate the magnetic moment of a divalent ion in 

aqueous solution if its atomic number is 25. 

 Ans: 

 μ = 5(5+2)  

 = 5.92BM 
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Colours of some of the first row transition metal ions in aqueous solutions. 

 From left to right: V4+,V3+,Mn2+,Fe3+,Co2+,Ni2+and Cu2+ . 

42 d and f block elements 



Colours of Some of the First Row (aquated) 

Transition Metal Ions 
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 Complex compounds are those in which the metal ions 
bind a number of anions or neutral molecules giving 
complex species with characteristic properties.  

 

 A few examples are:  

 [Fe(CN)6]
3– , [Fe(CN)6] 

4–, [Cu(NH3)4]
2+ and [PtCl4]

2–  

 

 The transition metals form a large number of complex 
compounds.  

 

 This is due to the comparatively smaller sizes of the metal 
ions, their high ionic charges and the availability of d orbitals 
for bond formation. 
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 The transition metals and their compounds are known 
for their catalytic activity. 

  This activity is ascribed to their ability to adopt multiple 
oxidation states and to form complexes.  

 Vanadium(V) oxide (in Contact Process),  

 finely divided iron (in Haber’s Process), and  

 Nickel (in Catalytic Hydrogenation) are some of 
the examples.  

 Catalysts at a solid surface involve the formation of 
bonds between reactant molecules and atoms of the 
surface of the catalyst (first row transition metals utilise 
3d and 4s electrons for bonding). 
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 This has the effect of increasing the concentration of 

the reactants at the catalyst surface and also weakening 

of the bonds in the reacting molecules (the activation energy is 

lowering). 

 Also because the transition metal ions can change their 

oxidation states, they become more effective as 

catalysts.  

 For example, iron(III) catalyses the reaction between 

iodide and persulphate ions. 
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 Interstitial compounds are those which are formed 

when small atoms like H, C or N are trapped inside 

the crystal lattices of metals.  

 They are usually non stoichiometric and are neither 

typically ionic nor covalent, 

 

 for example, 

 

 Because of the nature of their composition, these 

compounds are referred to as interstitial compounds. 
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 (i) They have high melting points, higher than those of 

pure metals. 

 

 (ii) They are very hard, some borides approach 

diamond in hardness. 

 

 (iii) They retain metallic conductivity. 

 

 (iv) They are chemically inert. 
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 Alloys are formed by atoms with metallic radii that are 

within about 15 percent of each other. Because of 

similar radii and other characteristics of transition 

metals, alloys are readily formed by these metals.  

 The alloys so formed are hard and have often high 

melting points.  

 The best known are ferrous alloys: chromium, 

vanadium, tungsten, molybdenum and manganese are 

used for the production of a variety of steels and 

stainless steel.  

 Alloys of transition metals with non transition metals 

such as brass (copper-zinc) and bronze (copper-tin), 

are also of considerable industrial importance. 
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 Oxides and Oxoanions of Metals 

 

 These oxides are generally formed by the reaction of 

metals with oxygen at high temperatures.  

 

 All the metals except scandium form MO oxides which 

are ionic.  

 

 The highest oxidation number in the oxides, coincides 

with the group number and is attained in Sc2O3 to 

Mn2O7. 
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Potassium dichromate K2Cr2O7 

 Potassium dichromate is a very important chemical 
used in leather industry and as an oxidant for 
preparation of many azo compounds. 

 

 Dichromates are generally prepared from chromate, 
which in turn are obtained by the fusion of chromite 
ore (FeCr2O4) with sodium or potassium carbonate 
in free access of air. 

 

  The reaction with sodium carbonate occurs as 
follows 
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 The yellow solution of sodium chromate is filtered and 

acidified with sulphuric acid to give a solution from 

which orange sodium dichromate, Na2Cr2O7. 2H2O 

can be crystallised. 
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•Sodium dichromate is more soluble than potassium 

dichromate. 

•The latter is therefore, prepared by treating the 

solution of sodium dichromate with potassium 

chloride. 

 



 Orange crystals of potassium dichromate 
crystallise out.  

 

 The chromates and dichromates are 
interconvertible in aqueous solution depending 
upon pH of the solution. 

 

 The oxidation state of chromium in chromate and 
dichromate is the same. 
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 The chromate ion is tetrahedral whereas the 

dichromate ion consists of two tetrahedra sharing 

one corner with Cr–O–Cr bond angle of 126°. 

 Sodium and potassium dichromates are strong 

oxidising agents; the sodium salt has a greater 

solubility in water and is extensively used as an 

oxidising agent in organic chemistry. 

  Potassium dichromate is used as a primary standard 

in volumetric analysis.  

 In acidic solution, its oxidising action can be 

represented as follows: 
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 Thus, acidified potassium dichromate will oxidise 

iodides to iodine, sulphides to sulphur, tin(II) to tin(IV) 

and iron(II) salts to iron(III).  

 The half-reactions are noted below: 
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The full ionic equation may be obtained by adding the half-

reaction for potassium dichromate to the half-reaction for the 

reducing agent, for e.g., 



Potassium permanganate    KMnO4 

 

 Potassium permanganate is prepared by fusion of MnO2 
with an alkali metal hydroxide and an oxidising agent like 
KNO3.  

 

 This produces the dark green K2MnO4 which 
disproportionates in a neutral or acidic solution to give 
permanganate. 
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 Commercially it is prepared by the alkaline oxidative 

fusion of MnO2 followed by the electrolytic oxidation 

of manganate (Vl). 
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 In the laboratory, a manganese (II) ion salt is oxidised by 

peroxodisulphate to permanganate. 
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Potassium permanganate forms dark purple (almost black) crystals 

which are isostructural with those of KClO4. 

 The salt is not very soluble in water (6.4 g/100 g of water at 293 K), but 

when heated it decomposes at 513 K. 



 The manganate and 

permanganate ions are 

tetrahedral;  

 the green manganate is 

paramagnetic with one 

unpaired electron  

 but the purple 

permanganate is 

diamagnetic. 
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 Acidified permanganate solution oxidises oxalates to 

carbon dioxide, iron(II) to iron(III), nitrites to nitrates 

and iodides to free iodine. 

 The half-reactions of reductants are: 
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A few important oxidising reactions of KMnO4 are given below: 



d and f block elements 66 



d and f block elements 67 

Note:  

Permanganate titrations in presence of hydrochloric acid 

are unsatisfactory since hydrochloric acid is oxidised to chlorine. 



 Besides its use in analytical chemistry, 

potassium permanganate is used as a favourite 

oxidant in preparative organic chemistry.  

 

 Its uses for the bleaching of wool, cotton, silk 

and other textile fibres and 

   

 for the decolourisation of oils are also 

dependent on its strong oxidising power. 
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 The f-block consists of the two series, lanthanoids (the 

fourteen elements following lanthanum) and actinoids 

(the fourteen elements following actinium). 

 

  Because lanthanum closely resembles the lanthanoids, 

it is usually included in any discussion of the 

lanthanoids for which the general symbol Ln is often 

used.  

 

 Similarly, a discussion of the actinoids includes actinium 

besides the fourteen elements constituting the series. 
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Electronic Configurations and Radii of Lanthanum and Lanthanoids 

* Only electrons outside [Xe] core are indicated 



 Electronic Configurations 

 

 atoms of these elements have electronic 

configuration with 6s2 common but with variable 

occupancy of 4f level 

 

 However, the electronic configurations of all 

the tripositive ions (the most stable oxidation 

state of all the lanthanoids) are of the form 4f n (n 

= 1 to 14 with increasing atomic number). 
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 The filling of 4f before 5d orbital results in a regular 

decrease in atomic radii called Lanthanoid 

contraction 

 The net result of the lanthanoid contraction is that the 

second and the third d series exhibit similar radii (e.g., 

Zr 160 pm, Hf 159 pm) and have very similar physical 

and chemical properties much more than that 

expected on the basis of usual family relationship 

 The factor responsible for the lanthanoid contraction 

is the imperfect shielding of one electron by another in 

the same set of orbitals. 
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 In the lanthanoids, La(III) and Ln(III) compounds are 

predominant species. 

  However, occasionally +2 and +4 ions in solution or in 

solid compounds are also obtained. 

 This irregularity (as in ionisation enthalpies) arises mainly 

from the extra stability of empty, half-filled or filled f 

subshell. 

 Pr, Nd, Tb and Dy also exhibit +4 state but only in 

oxides, MO2. 

 The behaviour of samarium is very much like 

europium, exhibiting both +2 and +3 oxidation states 
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 All the lanthanoids are silvery white soft metals and 

tarnish rapidly in air. 

 The hardness increases with increasing atomic number, 

samarium being steel hard. 

  Their melting points range between 1000 to 1200 K 

but 

 samarium melts at 1623 K. 

  They have typical metallic structure and are good 

conductors of heat and electricity.  

 Density and other properties change smoothly except 

for Eu and Yb and occasionally for Sm and Tm. 
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 Many trivalent lanthanoid ions are 
coloured both in the solid state and in 
aqueous solutions.  

 Colour of these ions may be attributed 

to the presence of f electrons.  

 Neither La3+ nor Lu3+ ion shows any colour 
but the rest do so.  

 

 However, absorption bands are narrow, 
probably because of the excitation within 
f level.  
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 The lanthanoid ions other than the f 0 type (La 3+ 

and Ce 4+) and the f 14 type           (Yb 2+ and 

Lu 3+) are all paramagnetic.  

 

 The paramagnetism rises to maximum in 

neodymium. 

 

 The first ionisation enthalpies of the 

lanthanoids are around 600 kJ mol–1, the 

second about 1200 kJ mol–1 comparable with 

those of calcium. 
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 In their chemical behaviour, in general, the earlier 

members of the series are quite reactive similar to 

calcium but, with increasing atomic number, they 

behave more like aluminium. 
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Chemical reactions of the lanthanoids. 



 The actinoids include the fourteen elements from Th 

to Lr.  

 The names, symbols and some properties of these 

elements are given in next slide 

 The actinoids are radioactive elements and the earlier 

members have relatively long half-lives, the latter ones 

have half-life values ranging from a day to 3 minutes for 

lawrencium (Z =103).  

 The latter members could be prepared only in nanogram 

quantities. 
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 All the actinoids are believed to have the electronic 

configuration of 7s2 and variable occupancy of the 5f 

and 6d subshells.  

 The fourteen electrons are formally added to 5f, though 

not in thorium (Z = 90) but from Pa onwards the 5f 

orbitals are complete at element 103.  

 The irregularities in the electronic configurations of the 

actinoids, like those in the lanthanoids are related to 

the stabilities of the f 0, f 7 and f 14 occupancies of the 5f 

orbitals. 
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 Thus, the configurations of Am and Cm are       [Rn] 

5f 77s2 and [Rn] 5f 76d17s2. 

 

 Although the 5f orbitals resemble the 4f orbitals in their 

angular part of the wave-function, they are not as 

buried as 4f orbitals 

 

 and hence 5f electrons can participate in bonding to a far 

greater extent. 
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 There is a gradual decrease in the size of atoms or M3+ 

ions across the series. 

 

  This may be referred to as the actinoid contraction (like 

lanthanoid contraction).  

 

 The contraction is, however, greater from element to 

element in this series resulting from poor shielding by 

5f electrons. 
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Oxidation States of Actinium and Actinoids 



 The actinoid metals are all silvery in appearance but 

display a variety of structures.  

 

 The structural variability is obtained due to 

irregularities in metallic radii which are far greater than 

in lanthanoids. 

 

 The actinoids are highly reactive metals, especially 

when finely divided 
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 The action of boiling water on them, for example, gives 
a mixture of oxide and hydride and combination with 
most non metals takes place at moderate 
temperatures. 

  Hydrochloric acid attacks all metals but most are 
slightly affected by nitric acid owing to the formation of 
protective oxide layers;  

 alkalies have no action. 

 The magnetic properties of the actinoids are more 
complex than those of the lanthanoids. 

 The 5f electrons, will therefore, be more effectively 
shielded from the nuclear charge than the 4f electrons 
of the corresponding lanthanoids.  

 Because the outer electrons are less firmly held, they 
are available for bonding in the actinoids. 
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 Iron and steels are the most important construction 

materials. 

 Some compounds are manufactured for special 

purposes such as TiO for the pigment industry and 

MnO2 for use in dry battery cells. 

 The elements of Group 11 are still worthy of being 

called the coinage metals, although Ag and Au are 

restricted to collection items and the contemporary 

UK ‘copper’ coins are copper-coated steel. 
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 The ‘silver’ UK coins are a Cu/Ni alloy.  

 Many of the metals and/or their compounds are 

essential catalysts in the chemical industry.  

 V2O5 catalyses the oxidation of SO2 in the manufacture 

of sulphuric acid.  

 TiCl4 with A1(CH3)3 forms the basis of the Ziegler 

catalysts used to manufacture polyethylene (polythene).  

 Iron catalysts are used in the Haber process for the 

production of ammonia from N2/H2 mixtures. 
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 Nickel catalysts enable the hydrogenation of fats to 

proceed.  

 In the Wacker process the oxidation of ethyne to 

ethanal is catalysed by PdCl2.  

 Nickel complexes are useful in the polymerisation of 

alkynes and other organic compounds such as benzene.  

 The photographic industry relies on the special light-

sensitive properties of AgBr. 
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